
GUEST EDITORIAL 

That Animals Might 
Live . . . 

. your patient, and certainly future pa- 
tients, must die. That is the real message 
underlying the rhetoric with which animal 
rights proponents appeal to public sympa- 
thy. 

Their tactics are varied, their arguments 
specious, but their actual aim is simple: to 
quickly bring the day when there are no 
animals in the lab. That this may not be 
the same day when all disease is readily 
cured or prevented by the methods at hand 
is not their problem-it is yours, and your 
patient’s, and that of all future generations. 
The animal rights movement is a serious 
public health hazard. 

The activists, whose premise is “a rat is 
a pig is a dog is a boy,” (1) will claim all 
of the credit for animal lives saved. But 
they will accept none of the blame for 
human lives lost. Rather than admit the 
consequences of their position, they mask 
their goal with emotionally appealing ar- 
guments calculated to garner widespread 
support. 

In public forums, “a rat is a pig is a dog 
is a boy” becomes, “we’re simply asking 
people to extend their circle of consider- 
ation to all creatures with whom we share 
the earth.” (2) Similarly, their abolitionist 
goal is modified publicly to, “We merely 
wish to stop needless animal suffering.” 
(3) What they seldom admit is that, in their 
view, the mere caging of an animal consti- 
tutes “needless animal suffering.” 

The effectiveness of animal rights activ- 
ists cannot be discounted. With extremist 
elements setting the pace, the movement 
has already measurably impeded research. 
And the activists have recruited media 

(Continued onp. 58) 
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Travel Grant Applications Available for 
IUPS Congress in Helsinki 

The U.S. National Committee for the 
International Union for Physiological Sci- 
ences is seeking applications for travel 
awards for the XXX1 IUPS Congress in 
Helsinki, Finland, July 9-14, 1989. 

The Committee will screen the appli- 
cations and the awards will be made by 
APS, which is raising funds for the travel. 
The travel awards will be -$lOO less than 
the lowest-cost round-trip air fare from the 
recipient’s nearest gateway city to Hel- 
sinki. 

The awards are intended for individuals 
who have no other source of funds to at- 
tend the Congress. Federal employees are 
eligible. 

It is anticipated that more applications 
will be received than can be funded. To 
achieve as high a rank as possible, these 

factors should be considered: 
l Complete all questions on the appli- 

cation. 
l Provide copies of letters of invitation 

if you have been invited to the Congress 
to make a presentation. 

l Provide an indication of participation 
in the Congress including presentations 
and attendance for most or all sessions. 

l Have travel plans that include other 
professional visits or work. 

Deadline for submission of application 
for travel award is December 15,1988. The 
application is on p. 89. All applicants must 
submit six copies of the application to 
USNC/IUPS, National Academy of Sci- 
ences, attn June Ewing, 2101 Constitution 
Avenue, NW, Washington, DC 20418. @ 
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I, too, have deference for all species, 
and no researchers whom I know are 
cavalier about experimenting on animal 
life, Human responsibility-not animal 
rights-requires concern for the welfare of 
animals: their feeding, housing, exercise, 
control of their reproductive functions, and 
prevention of needless suffering. This is 
entirely different from the position that no 
animal should ever be used for human 
benefit, If there is a conflict, and harm 
must come to some sentient being, chief 
among those whose interests I represent 
are patients I 
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How should we physicians as patient 
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quences of their position for the public. 
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Aware that there is not a large “rat 
lobby,” and that 90% of all research ani- 
mals are rodents, the activists focus on 
“companion animals”-dogs and cats- 
thereby arousing pet lovers against “pound 
seizure.” No matter that fewer than 1% of 
experimental animals are dogs (to which 
few we owe most of what we know about 
cardiovascular disease, the number one 
killer of humans in the U.S.). As long as 
they can link the laboratory animal with 
people’s love for their pets, they will seek 

(Continued on p. 91) 
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stars, public figures, and even some doc- 
tors. By selective use of facts, they have 
aroused the sentiments of a minority of pet 
lovers, and humane society contributors, 
as well as the moral indignation of legis- 
lators, whom they urge to ban all research 
on “sentient beings” -except sick patients. 

The public does not view this cause as 
a high-priority issue, and is only vaguely 
aware that medical and surgical advances 
are tested-somehow-before being 
given to humans, If healthy, the average 
person is not concerned about his future 
claims on the benefits of biomedical re- 
search. 

He may have only distant fears of AIDS 
or cancer, but he responds readily to the 
suggestion that his pet dog is not going to 
be disposed of for mascara safety testing- 
the reality evoked by the activists. Thus, 
the movement has successfully solicited 
middle-of-the-road Americans to write 
their congressmen decrying the rare in- 
stances of animal abuse that activists pre- 
sent as the norm, and protesting “pound 
seizure.” From a position of moral superi- 
ority, the animal rights activists claim to be 
raising our consciousness about “species- 
ism”-a term linked to racism to make it 
equally pejorative. 



Fall Meeting Mini-Theme on Molecular Biology 

The dramatic advances in molecular bi- 
ology in recent years have opened new 
ways to probe the structural and functional 
bases of physiological events at the molec- 
ular level. As a result, new methods have 
been developed for the study of cellular 
properties and interactions and the eluci- 
dation of the mechanisms by which neural 
and hormonal factors affect physiological 
functions. Scientific advances resulting 
from the application of molecular biolog- 
ical approaches have been particularly no- 
table in research on several areas of cellu- 
lar physiology, e.g., nerve, muscle, and 
endocrine system. Important information 
on physiological regulation at the organ- 
system levels also begins to emerge as a 
result of such applications. 

An example of the utilization of DNA 
technology to study physiological func- 
tions is the method of in situ hybridization, 
which allows the probing of many different 
organs and tissues to detect the presence 
of the mRNA coding for a given protein 
that has a specific physiological function. 
Another example is the use of cDNA cod- 
ing for a particular protein obtained from 
one tissue to clone cDNA from other tis- 
sues and to deduce the nucleotide se- 
quence of these cDNAs. Such studies often 
show that a protein thought to be specifi- 
cally present in one tissue actually has a 
relatively wide distribution and that the 
analogous proteins in different tissues 
often have minor molecular variations that 
account for their different functional man- 
ifestations. These results indicate that mo- 
lecular biology, which is usually consid- 
ered as a science using a reductionist’s 
approach, actually can offer a global pic- 
ture of the physiological roles of specific 
proteins in different organs and tissues. 

The modern technologies of molecular 
biology have made it relatively easy to 
clone a gene of interest, but it is often 
difficult to determine its function. While 
the application of molecular biological 
techniques will help to open new horizons 
for physiological research, molecular bi- 
ology is in search of new problems to 

Department of Physiology and Cellular Biophysics, 
Columbia University College of Physicians and Sur- 
geons, New York, NY 10032; Departments of A.M.E.S. 
(Bioengineering) and Medicine, University of Califor- 
nia at San Diego, LaJolla, CA 92093; and Institute of 
Biomedical Sciences, Academia Sinica, Taipei, Taiwan 
11529, R.O.C. 

Shu Chien 

solve, especially those of physiological rel- 
evance. In physiology, the scope of inves- 
tigations ranges from molecules and cells 
to tissues and organs, and the application 
of the molecular biological techniques to 
elucidate physiological functions can best 
be implemented by physiologists. Hence 
physiologists are in a unique position and 
have the responsibility to bridge the gap 
between molecular biology and organ-sys- 
tem research. 

Since most physiologists were trained 
before the advent of modern molecular 
biology, many may not be familiar with 
these new developments. My own experi- 
ence is that the main difficulty in becom- 
ing familiarized with a new discipline, 
such as molecular biology, is the initial 
barrier in terms of terminology and basic 
concepts. Therefore, several of us in the 
American Physiological Society have en- 
deavored in the last few years to help phys- 
iologists to overcome this barrier through 
APS meetings. 

At the APS Centennial Meeting in Wash- 
ington, DC in March-April 1987, Dr. Jay 
Gargus and I organized a Symposium on 
Molecular Biology in Physiology spon- 
sored by the Section on Cell and General 
Physiology of APS. After two introductory 
talks, six papers were given on the appli- 
cation of molecular biology to solve prob- 
lems related to anion transport protein, 
Na+-K+-ATPase, atria1 natriuretic peptide 
and renin, P-adrenergic receptor, cholin- 
ergic receptor and sodium channel, and 
long-term memory, The feedback we re- 
ceived after the symposium was that it 
would be helpful to have a practicum 
workshop with laboratory sessions to dem- 
onstrate the various basic techniques used 
in molecular biology. 

In accordance with these suggestions, 
Dr. Gargus and I, with the help from Dr. 
Martin Frank, Executive Director, and Dr. 
Carl V. Gisolfi, Chairman of the Program 
Executive Committee of APS, organized a 
Mini-Theme on Molecular Biology at the 
1987 Fall Meeting in San Diego, CA. This 
mini-theme was composed of a sympo- 
sium and a practicum workshop. The work- 
shop consisted of five sessions: DNA 
Isolation and Quantitation; Restriction 
Enzyme Digestion & Electrophoresis; 
Southern, Northern, and Plaque Transfers; 
Sequencing DNA; and Vectors- These ses- 
sions were given by five biotechnology 

companies. We would like to express our 
sincere thanks to the participating compa- 
nies: Beckman Instruments, Inc., Bethesda 
Research Labs., Bio-Rad Labs., Interna- 
tional Biotechnologies, Inc., and Strata- 
gene Cloning Systems. 

On each of three afternoons, all five 
workshops were given. A rotation system 
was set up, so that a scientist can attend all 
five sessions in sequence. Altogether ap- 
proximately 200 scientists attended these 
workshops. After the workshop a survey 
was conducted. Most of the responses were 
very positive, illustrated by the data in Fig- 
ure 1. Many of the respondents wrote in 
comments such as, “It is truly an excellent 
move from the APS. Please keep such qual- 
ity courses going, ” “Excellent idea. I per- 
sonally benefited from just seeing the tech- 
niques. Thank you for assembling such a 
worthwhile program,” “a very positive ex- 
perience overall, ” “Having started with al- 
most no background in molecular biology, 
I learned a great deal. Actual demonstra- 
tion of methodology was helpful,” “This 
was an enjoyable and very useful experi- 
ence, the highlight of the Fall Meeting,” 
‘Very good. Appropriate activity for the 
Society,” “Excellent service. I wish I had 
been able to attend all workshops.” 

There were many constructive sugges- 
tions and some critical comments These 
are summarized below. 

1. More introductory talk and/or mate- 
rials. Each session would be aided by hav- 
ing a hand-out on the general principle 

Fig. 1. 
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C. Southern, Northern, and Plaque Trans- 
fers (Bethesda Research Labs.) 

I>. Sequencing DNA (International Bio- 
technologies, Inc.) 

Fig. 2, 

with a bibliography. Integrate the various 
techniques and illustrate how they can be 
used to answer physiological questions. 

2, More hands-on experience. In this 
regard, the respondents contrasted the var- 
ious sessions and praised those with hands- 
on opportunities. This is reflected in the 
uneven ratings received by the various 
workshops (Fig. 2). 

3. More time for each session. While 
the workshops were useful, they were too 
brief and too crowded in time to impart 
learning information. Better to lengthen 
the session or to cover a narrow range of 
topics. 

4, Have two types of workshops aimed 
at scientists with different backgrounds, 
i.e., sessions that are elementary as well as 
those that are more advanced, 

5. Less emphasis on specific instru- 
ments made by the companies. 

Based on these comments and also en- 
couraged by the resolution by the APS 
Council to promote cellular and molecular 
biological approaches to the study of phys- 
iology, we have organized another Mini- 
Theme on Molecular Biology at the 1988 
APS Fall Meeting in Montreal. This time 
we have changed our approaches to take 
into account the comments and advices by 
the attendees at the 1987 Fall Meeting. 

The schedule of the Mini-Theme is as 
follows. 

October 10, 1988 

P.M.: Tutorial 

Chair: J,J+ Gargus 
1:30-3:30 S. C hien: Introduction to Molec- 

ular Biology 
3~30-3~40 Intermission 
3:40-5:00 Discussion (J-J. Gargus and 

panel of experts from participating com- 
panies) 

October 11, 1988 

A.M.: Symposium on Molecular Biology of 
the Cardiovascular System 

Chair: S. Chien 
8:30-8:40 S, Chien: Introduction 
8:40-9:15 C.P. Emerson: Genes Control- 

ling Myogenic Determination 
9:15--950 E. Morkin: Regulation of Cardiac 

Myosin Heavy Chain Genes by Thyroid 
Hormone 

9:50-lo:25 P.C. Simpson: Hypertrophyand 
Gene Expression 

10:25-1035 Intermission 
10:35-WI0 C. Seidman: Studies on ANF 

Gene Expression: Insights into Molec- 
ular Basis of Cardiac Development and 
Myocardial Disease 

ll:lO-11:45 J.F. Riordan: Molecular Biol- 
ogy of Angiogenin 

11:45-12:OO General Discussion 

P.M.: Workshop A 

1:30-4~30 Practicum 
A, DNA Isolation and Quantitation 
B. Restriction Enzyme Digestion & Elec- 

trophoresis 
C. Southern, Northern, and Plaque Trans- 

fers 
D. Sequencing DNA 

October 12, 1988 

A.M.: Workshop B 

8:30-11:45 Practicum (Each of the four 
simultaneous, sessions will be -90 min. 
The first half will be for beginners and 
the second half will be for scientists 
with more advanced knowledge on the 
subject, 

A, DNA and RNA Isolation and Quantita- 
tion (Beckman Instruments, Inc.) 

B, Restriction Enzyme Digestion & Elec- 
trophoresis (New England Biolab.) 

The structuring of this mini-theme pro- 
gram has been greatly aided by the results 
of the survey conducted after the mini- 
theme held at the 1987 Fall Meeting. The 
salient features are as follows (with the 
numbers corresponding to the comments 
summarized previously). 

1. The mini-theme will begin with a 
relatively long (two hours) tutorial talk in 
the morning of October 11, 1988. This is 
specifically designed for people who have 
had little or no prior knowledge on molec- 
ular biology, so that they would gain suf- 
ficient information in terms of basic con- 
cepts and terminology as a preparation for 
the workshops. There will be hand-outs on 
the general principles of molecular biol- 
ogy, including a glossary and some refer- 
ences. #The tutorial talk will be followed 
by a Discussion Session when Dr. Gargus 
and the workshop instructors will form a 
panel to answer questions raised from the 
audience and further amplify the materials 
given in the tutorial talk. All “beginners” 
are advised to participate in this afternoon 
session as a “prerequisite” to be able to 
benefit from the workshops that follow. 
This afternoon session is not for people 
who are already well versed on the subject. 

2. The participating companies have 
agreed to try to have more hands-on ex- 
perience for the participants, but in some 
cases practical limitations may make some 
of these procedures as a demonstration. 

3. In the 1987 practicum, we had only 
about 30 minutes for each session. The 
time available for each session will be tri- 
pled at the 1988 Montreal meeting; this 
will allow a more in-depth treatment of 
each topic. The corollary is that each par- 
ticipant will only be able to attend one 
session each day (two of the four sessions 
during the week). 

4. We will have two types of workshops 
on each subject for scientists with different 
backgrounds, That is, the first half of each 
session is for beginners and the second 
half is a more advanced session. Conceiv- 
ably, in some cases the participants after 
finishing the first half may become suffi- 
ciently prepared for the second half, If 
there is a space limitation in the second 
half, however, preference will be given to 
those with advanced knowledge and have 
not attended the first half. 

5. We have requested the companies to 
stress the general principle and put less 
emphasis on specific instruments, when- 
ever possible. 

By making these changes in the organi- 
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zation of the practicum, we hope to im- 
prove the results over those obtained last 
year in San Diego. Because of the space 
limitation in these workshops, we have to 
use the principle of first come, first served. 
Therefore, please sign up for the sessions 
in the registration area of the Montreal 
Convention Centre to be able to attend. 

The symposium in the morning of Oc- 
tober 11, 1988 is focused on the molecular 
biology of the cardiovascular system. After 
a very brief introduction, five papers will 
be given on the application of molecular 
biology to studies on the cardiac muscle 
(including genetic determinants, thyroid 
hormone regulation and cardiac hypertro- 
phy), the atria1 natriuretic factor (in rela- 
tion to cardiac development and myocar- 
dial disease), and angiogenin (a protein 
that causes angiogenesis). This symposium 
is sponsored by the Cardiovascular Section 
of APS and the topics have conceivable 
relevance to the main theme of the 1988 
Fall Meeting, viz. growth and develop- 
ment. Although the speakers are all experts 
working at the forefronts of these fields, 
they will endeavor to make their talks un- 
derstandable to physiologists who are not 
familiar to molecular biology except for 
the exposure to the tutorial session on the 
previous day. It is hoped that the sympo- 
sium will serve to illustrate how molecular 
biological techniques can be used to solve 
problems of physiological interests. 

The repeat of the workshops on the 
morning of October 12 will allow the par- 
ticipant to select a different topic, and this 

time with the added knowledge gained 
from the symposium. 

Physiologists are in a unique position to 
bridge the gap between molecular biology 
and organ-system research. To do so effec- 
tively, we physiologists must have a basic 
understanding of molecular biology. The 
aim of this mini-theme is not to convert 
physiologists into molecular biologists. 
On the contrary, the purpose is to 
strengthen our position as physiologists. 
We will continue to work on organ-system 
physiology, but we will make use of these 
powerful new tools to our advantage. His- 
tory has proven that physiologists have 
adapted very well to changes in life science 
technology and have always been able to 
effectively apply new methods to answer 
their quests for understanding physiologi- 
cal functions. Therefore, I am confident 
that we will be able to succeed in making 
use of molecular biology, as we did so 
many times before with other new tech- 
niques and concepts. 

As we enter into the second century of 
the American Physiological Society, phys- 
iology is poised at the threshold of a 
golden period. If we can take advantage of 
the new technologies developed in molec- 
ular biology, we will not only make signif- 
icant advances in physiology per se but 
also place physiology at the center stage in 
this new era of development in biomedical 
sciences. 

-Ask not only what molecular biology 
can do for physiology, but also what phys- 
iology can do for molecular biology. 

Travel Fellowships for 
Minority Physiologists 

The American Physiological Society has 
been awarded a grant by the National In- 
stitute of Diabetes and Digestive and Kid- 
ney Diseases (NIDDK) to provide fellow- 
ships for young underrepresented minority 
students and physiologists to attend the 
Annual APS/FASEB Meeting in New Orle- 
ans, Louisiana, March 19-23, 1989. At the 
national meeting, fellows will be hosted, 
introduced to prominent investigators, and 
exposed to a variety of research areas. 
Funds will provide transportation, meals, 
and lodging. The specific intent of this 
award is to increase participation of pre- 
and post-doctoral minority students in the 
physiological sciences. Applicants need 
not be members of the American Physio- 
logical Society but should be United States 
residents. 

Advanced undergraduate and pre- and 
postdoctoral scientists interested in re- 
search in the physiological sciences may 
apply. Underrepresented minority stu- 
dents from all institutions are eligible. 
Those who have obtained their undergrad- 
uate education in MBRS- and MARC-eligi- 
ble institutions as well as students in the 
APS Porter Development Program are en- 
couraged to apply. Applications may also 
be submitted by minority faculty members 
at the above institutions. 

Applications should include informa- 
tion on 

1) academic background and experi- 
ence; 

2) a written statement of interest in re- 
search in physiology; 

3) a letter of recommendation from the 
applicant’s mentor; 

4) a list of publications, if available; 
5) a statement indicating the ethnic mi- 

nority with which the applicant identifies 
himself/herself; 

G) an estimate of required travel and per 
diem expenses. 

Submit applications to NIDDK Travel 
Fellowships, c/o Dr. Martin Frank, Execu- 
tive Director, American Physiological So- 
ciety, 9650 Rockville Pike, Bethesda, MD 
20814. 

The deadline for receipt of completed 
applications is November 15, 1988.0 
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AI’S NEWS 

American Physiological Society 
139th Business Meeting 

Time: 1O:OO A.M., Wednesday, May 4, 1988 
Place: Las Vegas Hilton Hotel, Las Vegas, 
NV 

I. Call to Order 

The meeting was called to order by the 
President, H. V. Sparks, Jr., who welcomed 
the members to the 139th Business Meet- 
ing of the Society and announced that Carl 
Gisolfi would be the parlimentarian. The 
agenda and ballot for the Election of New 
Members were distributed to the members 
along with Proposed Amendents to the 
Bylaws, Article III., Membership (Nomi- 
nations and Elections of Members), and 
Article V., Standing Committees (Publica- 
tions and Finance Committees), which had 
been published in the December 1987 is- 
sue of The Physiologist. 

II. Report on Membership 

The current status of the membership 
and deaths since the last meeting was re- 
ported by the President-Elect, Aubrey Tay- 
lor. 

A. Summary of Membership Status 
The Society, which continues to grow, 

is very healthy, and Dr. Taylor expressed 
appreciation for the hard work of the Mem- 
bership Committee in its efforts to increase 
the membership. Since the Fall Meeting, 
the total membership reached 6,562, 
which includes 4,767 Regular, 19 Honor- 
ary, 188 Corresponding, 771 Associate, 657 
Emeritus, and 160 Student members (see 
p. 82). 

B. Deaths Reported Since the Fall Meet- 
ing 

The names of 17 deceased members, 
who had dedicated their lives to physiol- 
ogy, were read by Dr. Taylor. The mem- 
bership stood for a moment of silence in 
tribute to these physiologists (see p. 84). 

III. Election of Officers and Society Affairs 

The Executive Director, Martin Frank, 
was pleased to report that the procedure 
for the election of officers, under the new 
Society governance, ran smoothly. A Nom- 
inating Committee consisting of Section 
chairpersons selected a slate of candidates 
from nominees advanced by the member- 
ship. He was pleased to announce that as 
a result of the Election of Officers by mail 
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ballot, Vernon S. Bishop was elected Pres- 
ident-Elect. The four new Councillors, 
serving alternate terms to allow for the 
rotation of two Councillors each year, were 
Beverly Bishop (1991>, Allen W. Cowley, 
Jr. (1989), Gerhard H. Giebisch (1990), 
and Peter D. Wagner (1991). 

The Society staff has settled in the new 
wing of the Lee Building on the FASEB 
campus and Dr. Frank invited members to 
visit their Society Headqaurters when they 
are in Bethesda. As part of the Society 
reorganization, Brenda Rauner has been 
appointed Publications Manager following 
the death of Stephen Geiger. 

IV. Membership 

A. Appointment of Tellers 
President Sparks appointed John Hall, 

Harold Modell, and James Terris as Tellers. 
Members were instructed to strike those 
names from the ballot for whom they did 
not wish to vote, and Tellers were asked 
to collect the ballots for the election of 
new members. 

B. Election of New Members 
Following the tally of the ballots, Dr. 

Taylor announced that all candidates, who 
had been recommended for membership 
by the Membership Committee and Coun- 
cil, were unanimously elected to member- 
ship (see p. 82). 

V. Awards and Presentations 

A. Ray G. Daggs Award 
The Ray G. Daggs Award was presented 

to Horace W. Davenport, 34th President of 
APS (see p. 66). 

B. Caroline turn Suden Professional Op- 
portunity Awards 

Caroline turn Suden was one of the first 
women members of the APS, who had a 
long and productive career as an investi- 
gator and teacher. She left a sizable un- 
designated bequest to the Society, and six 
Caroline turn Suden Professional Oppor- 
tunities Awards are given each year to grad- 
uate students or postdoctoral fellows pre- 
senting papers at the Spring FASEB Meet- 
ing. Selected by the Women in Physiology 
Committee, the recipients receive a $500 
check to attend the meeting, a paid regis- 
tration and placement service fees. 

Helen Cooke, Chairperson of the 
Women in Physiology Committee, took 
pleasure in presenting the six awards to 
Hyung-Mee Han (Columbia University), 
Jeffrey W. Kiel (University of Texas), 
Douglas Light (Dartmouth Medical 
School), Kenneth D. Massey (University of 
Texas), Karen M. McGillivray (University 
of North Carolina), and Mark S. Siskind 
(Boston University). 

C. Procter & Gamble Professional Op 
portunity Awards 

The Society provides support (spon- 
sored by the Procter & Gamble Company) 
for 17 predoctoral students who are within 
12-18 months of completing their Ph.D. 
degrees. Candidates, presenting papers as 
first authors at the Spring Meeting, must 
be U.S. citizens or hold a permanent resi- 

Caroline turn Suden Professional Opportunity Awards. 
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Recipients of 1988 Procter & Gamble Professional Opportunity Awards. 

dent visa. Dr. Cooke announced that each 
awardee receives a $500 cash award and a 
paid registration fee to attend our Spring 
Meeting. The recipients of the 1988 Proc- 
ter and Gamble Professional Opportunity 
Awards are Bryan F. Cox (University of 
Iowa), William Durante (University of To- 
ronto), Nicholas S. Gantenberg (University 
of Alabama), Laura L. Hall (Uniformed 
Services University of Health Sciences), 
Christopher Hardin (University of Cincin- 
nati), Yu Ru Kou (University of Kentucky), 
Ingrid K. Krampetz (University of Mani- 
toba), Fred S. Lamb (University of Michi- 
gan), D. L. Mattson (Medical College of 
Wisconsin), David L. Osborne (East Caro- 
lina University), Anthony J, Pacitti (Uni- 
versity of Florida), Nayel Moh’d Rawash- 
deh (Bowman Gray School of Medicine), 
Hal A. Skopicki (The Chicago Medical 
School), Holly Van Remmen (University 
of Texas), Allison K. Wilson (University of 
Illinois), Jamie Young (University of 
Louisville), and Menggia Zhao (Albert Ein- 
stein College of Medicine). 

VII. Amendent to the Bylaws 

The proposed amendments to the By- 
laws, published in The Physiologist 30:284, 
1987, were approved by Council. Article 
III. Membership, Sections 9 and 10, allows 
for the immediate acceptance of associate 
and student membership applications by 
the Executive Director if all the established 
criteria are met. The membership will con- 
tinue to elect regular, corresponding, and 
honorary members by secret ballot at the 
Society Business Meeting. 

A motion to amend the Society Bylaws 
Article III. Membership, Section 9, Nomi- 
nations for Membership and Section 10, 
Election of Members was seconded. 

An amendment to the motion to insert 
‘proposed” before regular and corre- 
sponding members (line 2) in Section 
Y(a) of Article III. Membership was 
adopted. 

The motion was unhzimously approved 
as amended. 

It is important that the Council is rep- 
resented in the APS Headquarters Office 
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by the Executive Director. Therefore, the 
proposed amendment to Article V. Stand- 
ing Committees, Sections 1. Publications 
Committee and 2. Finance Committee to 
assure the Publications and Business Man- 
agers are responsible to the Executive Di- 
rector. 

A motion was unanimously approved 
to amend Article V Standing Committees. 
Section 1, Publications Committee and 
Section 2, Finance Committee of the By 
laws aspresented. 

V. State of the Society 

Dr. Sparks stated, “I am glad to report 
that your Society is entering a second cen- 
tury with a full head of steam. Almost every 
committee is working hard to make our 
Society the best it can be. I will only report 
on a few of the most prominent changes at 
this point in time. Six months from now in 
Montreal, Aubrey Taylor will be able to 
report on many more. 

Finance 
A $7 million budget in the Society has 

been ably managed by Francis Haddy and 
his Finance Committee. We are in good 
financial shape and are strengthening the 
Society by building a $1 million program 
endowment fund to assure that the proper 
resources are available to provide pro- 
grams of top quality for our members. At 
present we are approximately three-quar- 
ters of our way to this goal. We hope that 
a combination of giving by Society mem- 
bers and by our friends in industry will get 

us to our goal in the immediate future. We 
now have a much more aggressive stand in 
managing our investments to be sure that 
the return on our reserves is the best pos- 
sible gain given our conservative fiscal phi- 
losophy. 

Publications 
Our journals continue to lead the field, 

with more pages of high quality work 
being published each year. We are starting 
a new journal, The American Journal of 
Physiology: Lung Cellular and Molecular 
Physiology. We feel that this will fill a sig 
nificant need for the publication of pul- 
monary literature. Donald Massaro has al- 
ready begun to assemble his editorial staff. 
Another exciting development is a new 
publication dealing with advances in phys- 
iology education. This will be a semian- 
nual supplement to the American Journal 
ofPhysiology with Harold Model1 as editor. 

Paul Johnson, chairman of the Publica- 
tions Committee, has led the book pro- 
gram away from possible financial disaster 
into a new era of fiscal restraint. Oxford 
University Press has now taken on the re- 
sponsibility of publishing our books. This 
arrangement protects the American Phys- 
iological Society from the financial risk of 
new book ventures, yet gives us freedom 
to be more innovative in our book pro- 
gram. The Handbook series and the clini- 
cal physiology series will continue. There 
will also be a new technique series and a 
continuation of People and Ideas books. 

Program 
The Chairman of the Program Commit- 

tee, Carl Gisolfi, has organized an exciting 
meeting for Montreal, where the theme 
will be growth, development and aging. 
We will be meeting jointly with pharma- 
cologists, and this promises to be an ex- 
cellent effort for both parties. The Program 
Committee is experimenting with a num- 
ber of innovative ideas in the program. 
One of the most significant is a tutorial 
series on molecular biology organized by 
Shu Chien. This series started in San Diego 
and was a great success and will continue 
in Montreal. The Program Committee is 

Second row, left to rig&W. S. Spielman, C. V. Gisolfi, R. B. Reeves, N. C. Staub, S. Chien, and F. G. Haddy. First 
row, left to right: M Frank, H. V. Sparks, Jr., F. G. Knox, V. S. Bishop, and A. E. Taylor 
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making a number of other innovative ap- 
proaches to programming that are in- 
tended to make the meetings more useful. 
We recently wrote to you to encourage you 
to work with your section to state the type 
of program you want at our meetings. The 
sky is the limit. 

Public Affairs 
We have been taking a more pro-active 

stance on the animal issues. My letter urg- 
ing you to write your legislators regarding 
the Pet Protection Act has paid off! Appar- 
ently, Senator Ford has decided to with- 
draw the Senate bill because of your let- 
ters. This is only one small victory, but it 
shows that it is important to educate our 
lawmakers. Thank you for writing. David 
Ramsay, chairman of our Animal Care and 
Experimentation Committee, and our new 
GRIP Committee (Government Relations 
Initiative Program) has a series of plans to 
help you in presenting our case to lawmak- 
ers, your peers, and your students. These 
will be bearing fruit over the next few 
months. In the meantime, keep writing 
your congressmen, senators, and presi- 
dent. 

Long-Range Planning 
Ernst Knobil, Chairman of our Long- 

Range Planning Committee, is leading a 
long-range study of the relationship be- 
tween physiology as a discipline, physiol- 
ogy departments, and our relationship with 
other sciences. This is an important under- 
taking because it will help us define the 
directions of the Society over the next few 
decades. 

Education 
We have a second group of minority 

students supported by the National Insti- 
tute of Diabetes, Digestive and Kidney Dis- 
eases (NIDDK) at this meeting. This pro- 
gram developed by Martin Frank has al- 
lowed us to bring a number of outstanding 
minority students to our Fall Meeting in 
San Diego and now our Spring Meeting 
here in Las Vegas. This is an excellent 
opportunity for us to recruit bright young 
minds into the field of physiology. 

Harvey V. Sparks, Jr., APS president, introducing 
George K. Radda, Oxford University, The Walter B. 
Cannon Memorial Lecturer. 

Sections 
Our new governance system has begun 

to work. The sections provided a nominat- 
ing committee and a slate of officers of this 
year’s elections. Our new Councillors are 
evidence of the strength of the new system. 
The sections should be the powerhouse of 
our Society. It is up to you to work through 
your section to be sure that you are getting 
what you want from the Society in terms 
of leadership, publication, and meetings. 
The Society also encourages the formation 
of special interest groups that enhance 
your interactions at the meetings. Once 
you have formed an interest group, you 
will have input in the programming as well 
as access to the resources of the main office 
in Bethesda. 

International Programs 
Professor Vladamir Skok, Vice President 

of the All Union Pavolvian Physiological 
Society, is visiting us here in Las Vegas. 
This represents a continuation of a linkage 
with Society physiologists initiated in 1985 
by John West and Orr Reynolds, The next 
step in building this relationship will come 
when Frank Knox and Martin Frank visit 
the USSR later in May. 

You will remember that we recently 
opened the Society to all qualified phys- 
iologists living in The Americas. This was 
met with great enthusiasm by the Latin 
American physiologists and they cospon- 
sored our meeting in San Diego. On that 
occasion a delegation of Latin American 
physiologists met with us. Aubrey Taylor 
and I will attend the meeting of the Latin 

APS Presidents. Second row, left to right: A. C. Guyton, R. M. Berne, D. H. Bohr, H. Rahn, E. H Wood, A E. 
Taylor, W. F. Ganong, and H. W. Davenport, First row, left to right: J. B. West, E. Knobil, B. Schmidt-Nielsen, A. 
C. Barger, A P Fishman, and H. V. Sparks, Jr. 
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American Association of Physiological Sci- 
ences, which will be held later this month 
in Buenos Aires, Argentina. Finally, we are 
in the midst of developing a number of 
initiatives to help our colleagues in devel- 
oping countries. It is too early to give you 
the details, but I suggest by the time of the 
Fall Meeting you will have more informa- 
tion 

Summary 
In summary, the Society is in a state of 

change, but the snapshot at this moment 
shows a healthy and powerful force pro- 
moting physiological science. It is safe to 
say that we are well positioned for a second 
century of progress.” 

VI. New Business 

A. Organization of a New Section 
Carlton Hazelwood, Baylor College of 

Medicine, expressed an interest in looking 
into the possibility of forming a new sec- 
tion on water and cellular function. The 
scope of the section is to present and study 
water as it relates to water organization and 
the dynamic aspects of cellular function. 
Dr. Sparks encouraged Dr. Hazelwood to 
discuss the proposal with Dr. Frank, who 
would be helpful in providing a mailing to 
APS members who might be interested in 
affiliating wtih such a section. 

B. Publications Review Process 
Another member expressed concern 

about the Society’s review process. In his 
opinion, the referee should evaluate 
whether a paper is properly done. It is not 
the responsibility of the referee to agree 
or disagree with the evaluation or results 
of the paper. However, for many years, if a 
referee disagrees, the paper is rejected 
with the suggestion that the author read 
the referee’s last publication. The member 
emphasized that this is a very serious busi- 
ness because too often, the best papers are 
rejected. (There was applause from the 
audience.) 

Dr. Sparks said that this is a serious 
issue. Our journals are to serve our mem- 
bers If this is not being done, the Council 
needs to know about it. The Chairman of 
the Publications Committee, Paul Johnson, 
commented that the editors are there to 
hear complaints and, he, too, has received 
letters that the overall review process is 
not working right. The Publications Com- 
mittee is concerned and welcomes your 
comments on ways of improving the re- 
view system. 

C. Undergraduate Physiology Programs 
Another member suggested that the So- 

ciety should promote undergraduate phys- 
iology programs, which could be done by 
proposing curriculum. Also, promoting the 
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active participation of undergraduate re- 
search would be most useful. Unless there 
are a lot of undergraduate students in the 
pipeline interested in physiology, one can- 
not expect to have many students going 
into graduate programs. It is time for the 
APS to recognize that physiology does exist 
outside of the medical schools. Dr. Sparks 
expressed thanks and said he would pass 
the recommendation on to the Education 
Committee Chairman, William Spielman. 

Harold Model1 agreed with the criticism 
and interpreted the suggestion that the 
Society provide a session for undergradu- 
ate students to present their undergraduate 
projects at the Spring or Fall Meetings. An 
important step in recognizing the educa- 
tional needs of the Society has been the 
initiation of the Education Supplement to 
the AJP where peer-reviewed scholarly 
work in the educational fields of physiol- 
ogy will be published. Another issue to be 
addressed along these lines is the mem- 
bership policies, which should be directed 
to the Membership Committee to consider 
teaching and education development as a 
much more scholarly effort than is pres- 
ently done. 

D. XXX1 IUPS Congress 
Dr. Frank reminded the group that the 

XXX1 International Congress of Physio- 
logical Sciences will be held in Helinski, 
Finland, July9-14,1989. Secretary General 
Osmo Hanninen has provided a list of Con- 
gress sessions, symposia, and satellite pro- 
grams. Also, as in previous years, the APS 
will manage a travel grant program. These 
materials will be appear in the August issue 
of The Physiologist. In the interim, infor- 
mation may be obtained from the APS 
Headquarters Office. 

There being no other business, the 
139th Business Meeting was adjourned at 
lo:45 A.M., May 4, 1988. 

Aubrey E. Taylor 
President-Elect 

APS/FASEB Spring Meeting 
New Orleans, LA 
March 19-23, 1989 

AF5 Sponsored Symposia 

Myocardial Function in Shock and Sepsis. 
F. L. Abel, Organizer 

Congestive Heart Failure: Molecular Mech- 
anisms and the Rationale for Inotropic 
Intervention. N. R. Alpert, Organizer 

G Proteins and Ionic Channels. A. M. 
Brown, Organizer 

The Cardiac Gap Junction: Protein to Pa- 
thologies. M. M. Burt, Organizer 

Bronchial Circulation in Lung Edema. J. 
Butler, Organizer 

Function and Modulation of Glutamate 
Receptors. E. Costa, Organizer 

Genetic Determination of Ingestion. D. 
Denton, Organizer 

Regulation and Identification of Transport- 
ers Involved in Epithelial Na and Cl 
Absorption. M. Donowitz, Organizer 

Receptor Mechanism in the Development 
of Respiratory Control. J. P. Farber, Or- 
ganizer 

Human Colonic Fermentation of Dietary 
Carbohydrate: Physiological, Nutritional 
and Clinical Implications. C. L. Kien, 
Organizer 

Physiological Mechanisms of Hypertonic 
Saline Resuscitation, G. C. Kramer, Or- 
ganizer 

Endothelial Barrier Function. A. B. Malik, 
Organizer 

People and Ideas in Endocrinology. S. M. 
McCann, Organizer 

Regulation of Synthesis of Membrane 
Transporters. A. McDonough, Organizer 

The Proximal Tubule Interactions With the 
Renin-Angiotensin System. L. G. Navar, 
Organizer 

Membrane Mechanisms of Ischemic Brain 
Damage. E. M. Nemoto, Organizer 

The Influence of Temperature on Muscle 
and Locomotory Performance. L. C. 
Rome, Organizer 

Integrative Factors in Gut Function. S. K. 
Sarna, Organizer 

Recent Advances in the Physiology of the 
Vascular Endothelium. S. C. Silverstein, 
Organizer 

Sexual Dimorphism in Regulation of 
Blood Pressure and Water and Electro- 
lyte Homeostasis. L. Share, Organizer 

Signal Transduction in Renal Cells. W. S. 
Spielman, Organizer 

Functions of the Purine Nucleotide Cycle 
in Skeletal Muscle. R. L. Terjung, Orga- 
nizer 

Biologic Responses to Prolonged Infu- 
sions of Atria1 Natriuretic Factor. N. C. 
Trippodo, Organizer 

Cellular and Molecular Aspects of Growth 
and Contractile Activity in Vascular 
Smooth Muscle. R. C. Webb, Organizer 

Tutorial 
Using the Microcomputer in the Class- 

room. H. I. Modell, Organizer 

Guest Society Symposia 

Cellular and Molecular Basis for the Influ- 
ence of Nutrition on Aging and Longev- 
ity. R. A. Good (SEBM), Organizer 

Development and Evaluation of Chemi- 
cally Modified Hemoglobins as Blood 
Substitutes. H. W. Kim (BMES), Orga- 
nizer 

Fractal Analysis of Bio-Medical Systems. J. 
E. McNamee (BMES), Organizer 

Modern Analysis of Complex Systems, II. 
R. Sclabassi (BMES), Organizer 

“Mechanisms of Adaptation to 
the Environment” Thematic 
Symposia 
Central Nervous Mechanisms of Host De- 

fense Responses. C. M. Blatteis, Orga- 
nizer 

The Uptake, Synthesis, and Physiological 
Function of Organic Osmolytes in Bio- 
logical Systems. T. J. Bradley, Organizer 

Factors Determining VOz max in Humans. P. 
Cerretelli, Organizer 

Adaptations to Asphyxia-Lessons From 
Diving Animals. S.-K. Hong, Organizer 

Response and Adaptation to Hypoxia: Or- 
gan to Organnelle. S. Lahiri, Organizer 

Frontiers in Environmental Physiology. E. 
R. Nadel, Organizer 

1989 FASEB Spring Meeting 
Abstract DEADLINE: 

November 1,198s 

Vol. 31, No. 4,1988 65 



The Ray G. Daggs Award, 1988 

Horace Willard Davenport was the 34th 
President of the American Physiological 
Society from 1961 to 1962. He was Presi- 
dent after serving on Council for five years 
from 1951 to 1955 and again in 1959-1960. 
He served on the Central Committee for 
the Survey of Physiology, the Membership 
Advisory Committee, the Committee on 
the Use and Care of Animals, the Porter 
Fellowship Committee, the Education 
Committee, and the Committee on Matters 
Related to Loyalty. He was also a member 
of the Editorial Board of the American 
Journal of Physiology and the Journal of 
Applied Physiology, on the Senior Physiol- 
ogists Committee, the Centennial Com- 
mittee, and the Honorary Membership 
Committee. As President of the Society, he 
restructured the finances and founded the 
Publications and Finance Committee, 
which have served us well over the past 25 
years. In addition, the Journal of Neuro- 
physiology was brought under the wing of 
the Society during his Presidency. 

Dr. Sparks said he would not dwell on 
his successes as a teacher or as a scientist, 
since these were well documented. Almost 
every physiologist is familiar with the ABCs 
of Acid-Based Chemistry, and his many 
research accomplishments are evidenced 
by his membership in the National Acad- 
emy of Sciences. 

“When I was becoming involved in the 
affairs of the Society,” stated Dr. Sparks, 
“Horace took me into his office and ex- 
plained to me that I would find that partic- 
ipating in the affairs of the Society would 
be like becoming a member of a family. 
He told me I would find that each member 
of Council contributed his/her own 

unique skills and that the blend of these 
produced a positive effect for the Society. 
He emphasized that the most rewarding 
part of service to the Society is the deep 
friendships which would result. In his Past 
President’s address, delivered in Buffalo in 
1962, he ended by raising his arms and 
saying, ‘I love you all’. Horace, the Ray 
Daggs Award is our way of saying that we 
all love you.” 

Dr. Davenport expressed thanks to Pres- 
ident Sparks for the Ray G. Daggs Award. 

Plus Ca Change . . . 

When Harvey Sparks gave me the Daggs 
Award at the Society’s business meeting on 
4 May 1988 he spoke of some of the things 
I had told him when he himself began to 
be involved in the Society’s affairs. He said 
I had told him that the officers and the 

committee members make up a family and 
that each brings something unique to the 
Society. This is not the place for me to say 
what I think I contributed, but two topics 
that came up at the meeting reminded me 
of what others had done in my time, con- 
tributions now forgotten by all except us 
graybeards. 

Harvey Sparks said the budget was 
something like $10 million and that Coun- 
cil was trying to build a reserve of $1 
million. Once long ago at a business meet- 
ing the president, I forget who, said the 
dues would be raised from something like 
$3.50 to perhaps $4.00. Ajax Carlson, who 
was sitting in the front row, got up to 
denounce the officers for extravagance; 
such high dues, he said, would keep the 
younger and poorer members out. Louie 
Katz, who was on Council and who was 
sitting next to Ajax, rose to say: “I’m not 
eighty, but I must be getting senile too.” 
Then he spoke about adequate support for 
the Society’s work. When he himself was 
president he did more than anyone before 
him to put the finances on a sound foun- 
dation. Julius Comroe, who was also on 
Council, helped too. Julius passionately 
believed that physiology had done much 
for medicine and that it is medicine’s duty 
to repay in cash. That resulted in the cate- 
gory of institutional members, and each of 
us had the job of trying to persuade a drug 
company or an instrument maker to con- 
tribute. Julius started Physiology for Physi- 
cians, a four-page sheet that eventually 
became a department of the New England 
Journal of Medicine. The subscriptions by 
physicians went directly to the Society’s 
treasury. Julius organized teaching ses- 
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Recipients of Ray G. Uaggs 
Award 

sions at medical meetings, which physi- 
cians paid to attend. I well remember 500 
crowding into a room in Philadelphia to 
hear us talk about some practical applica- 
tions of physiology. Those of us who par- 
ticipated paid our own way or, as I once 
did, used a Project Site Visit to get us to 
where Julius was giving his course for phy- 
sicians. 

Someone at the meeting made a plea 
for an effort to each college undergraduate. 

In the days Ed Adolph was on Council and 
was president, that was one of the Society’s 
major concerns. Ed Adolph and Ladd Pros- 
ser and Ruth Conklin and others I forget 
prepared laboratory exercises suitable for 
undergraduate use that were widely dis- 
tributed. Many of us visited college and 
cultivated the dedicated men and women 
who taught physiology courses. I can’t tell 
all that was done, but I can cite what we 
did in Michigan where there are a couple 
of dozen first-class colleges within two 
hundred miles of Ann Arbor. We brought 
likely undergraduates to visit our depart- 
ment, and some, Rusty Johnson among 
them, became our graduate students. One 
weekend we brought 30 or 40 college pro- 
fessors to Ann Arbor for a refresher course. 
On the last evening my wife and I gave 
him a dinner at our house, and on that 
occasion one said to Dorothy Luciano, “Are 
you the wife of the man who wrote that 
wonderful book?” That wonderful book, 
Vander, Sherman and Luciano’s Human 
Physiology, really has done something for 
college teaching of physiology, and it is 
the product of our effort to reach the very 
large undergraduate population in our uni- 
versity. As a result, we had 500 students a 
year in what was the second most popular 
course in the university, History of Art 

being the first. I am sure many other de- 
partments of physiology in medical 
schools had similar programs. 

At that dinner one college professor said 
he had an arrangement with his wife: on 
his birthday or other anniversary she was 
to give him another volume of one of the 
Society’s Handbooks of Physiology. Others 
joined him in expressing their debt to the 
Handbooks. When Maurice Visscher, an- 
other past president, persuaded Council 
and the Board of Publication Trustees to 
risk their $300,000 on the Handbook ven- 
ture, he wanted the Handbooks to replace 
the German Handbuche that had been 
killed by the war, and he thought the 
Handbooks might be a vein from which 
textbooks could be mined. I don’t think 
he anticipated their reaching+into the col- 
leges, but I am sure he would have been 
pleased to know they did. Does that still 
happen, or have the Handbooks become 
so specialized that they serve only the most 
recondide physiologist and not the college 
teacher? 

Perhaps these memories have two mor- 
als: that officers of the Society have tried 
to serve physiology in many ways and that 
what they have tried to do is easily forgot- 
ten. 

H. W. Davenport 

Committee Reports 

ANIMAL CARE AND EXPERIMENTATION AND PUBLIC AFFAIRS 

The joint meeting of the Animal Care 
and Experimentation Committee (ACEC) 
and the Public Affairs Executive Commit- 
tee (PAEC) was held May 1, 1988, at the 
Las Vegas Hilton Hotel in Las Vegas, NV. 

The first item of business was a review 
of the minutes of the Committee on Gov- 
ernment Relations Initiative Programs 
(GRIP), which held its first meeting in 
March. David Ramsay said that the APS 
Council formed GRIP because there had 
been a lack of movement by either the 
ACEC or the PAEC and that there was con- 
fusion as to the roles of the two committees 
since both were concerned with the animal 
issues. One of the purposes of the GRIP 
Committee is to develop initiatives for 
both the ACEC and the PAEC so that each 
would have defined objectives. 

The consensus was that this is a good 
plan and that initiatives relating to the an- 
imal issues should be given to the ACEC 
and that the initiatives for the PAEC should 
be concerned with broad public education 
and information programs. 

William Samuels reviewed federal leg 
islation involving animals. Among the re- 

Vol. 31, No. 4, 1988 

cent actions by APS was the mailing of a 
letter in April to all APS members by the 
Society’s President, Harvey V. Sparks, Jr., 
requesting the members write or tele- 
phone their congressional delegations to 
oppose the Pet Protection Act. Mr. Samuels 
reported that the Senate has since with- 
drawn its version of the bill but that the 
House version was likely to be added as 
an amendment of the NIH reauthorization 
bill. He also reported that the Society had 
testified before a Senate appropriations 
committee urging the funding for the An- 
imal and Plant Health Inspection Service’s 
enforcement program be increased, and he 
said APS would submit a statement for the 
record to a House subcommittee citing the 
Society’s concerns about the consumer 
products safe testing bill. 

In the discussion of the pet protection 
bills, Norman Marshall said he had sent 
550 letters to industrial physicians urging 
them to tell their congressmen of their 
opposition to the bill and that he planned 
to send more letters to industrial physi- 
cians through the Pharmaceutical Manufac- 
turers Association. He also noted that pet 

protection legislation was on the agenda 
for his meeting with the APS Liaison With 
Industry Committee. 

William Samuels reported that in Janu- 
ary Sen. Howell Heflin (D AL) is expected 
to introduce a bill that would make break- 
ins and thefts at federally funded animal 
facilities a federal offense. The bill would 
be similar to the bill drafted by APS and 
introduced in the House in 1985, but its 
scope would be broader so that it would 
also include all facilities wherein animals 
are housed or used, including farms. Both 
committees urged that APS support this bill 
when it is introduced. 

A discussion was held on how to de- 
velop materials that would have a positive 
impact upon the public concerning the use 
of laboratory animals., Several suggestions 
were made, including the development of 
video tapes, programs honoring well 
known scientists, researchers, and investi- 
gators who use animals in their work, and 
public forums for discussing accomplish- 
ments of physiologists. No action was 
taken on any of the suggestions. 

Being no further business the meeting 
was adjourned at 1:45 P.M. 

David J. Ramsay, Chairman 
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New in 1989 

Advances in Physiology Education 

Two Issues a Year-June and December 

A peer-reviewed publication concerned with issues of education in physiology 
at all educational levels. Includes scholarly essays on the direction and scope of 
physiology training as well as practical aids to teaching. Contributions are invited 
by the Editor, Harold I, Model& Department of Radiology RC-70, University of 
Washington, School of Medicine, Seattle, WA 98195. 

Advances in PhysioZo~ Education can be ordered by subscription for $15.00 in 
US. ($17.50 elsewhere) from The American Physiological Society, 9650 Rockville 
Pike, Bethesda, MD 20814, It will appear as a supplement to the American Journul 
of Physiology in June and December and will be sent to APS members with The 
Physiologist and NIPS, 

EDUCATION 

The meeting was convened Monday, 
May 2, 1938, in Las Vegas. 

1. Bill Spielman said the Education 
Committee would consider the charge 
adopted by Council at its October 1987 
meeting. 1) Develop a model curriculum 
leading to the Ph.D. in physiology. New 
approaches to graduate education should 
take into account the need to integrate 
systems physiology and cellular and mo- 
lecular biology. In this regard the Educa- 
tion Committee should approach the 
ACDP for input. 2) Develop tutorials, sem- 
inars and workshops designed to introduce 
graduate students and established investi- 
gators to the use of the new tools such as 
cell and molecular biology. 

A. The development of a model curric- 
ulum that incorporates contemporary ap- 
proaches of molecular and cellular biology 
into the training of physiologists without 
abandoning the perspective of organ/sys- 
tem integration, It was decided that Bill 
Spielman will develop a draft document 
that outlines the principles, objectives, and 
general plan (including timetable) for the 
development of such a curriculum. This 
draft will be distributed to the Education 
Committee members before the next 
meeting. The principle task of the Educa- 
tion Committee at the next meeting will 
be to generate a document for presentation 
to Council. 

It was decided that to develop a useful 
curriculum, it was first necessary to gen- 
erate a list of Educational Objectives for 
the training of graduate students. It was 
acknowledged that this was a major under- 
taking that should involve the various Sec- 
tions of APS, including the Teaching Sec- 
tion/Interest Group, and will require sev- 
eral iterations of review and revision. 

B. Seminars, tutorials, and workshops 
to introduce graduate students and mem- 
bers to new techniques and approaches. It 
was decided that the Education Committee 
should have official iepresentatives to the 
Program Advisory Committee (PAC) . Jerry 
Herlihy and Frank Powell will serve as the 
Education Committee PAC representa- 
tives. Ideas for symposia, workshops, and 
tutorials will be developed and forwarded 
to the Program Committee at the Fall and 
Spring Meetings of the Society. 

Suggestions will be solicited from the 
membership via announcements in The 
Physiologist. Attempts will be made to co- 
ordinate topics with the themes of the up- 
coming meetings, Financial and technical 
support from pharmaceutical/biotech 
companies should be explored. 

Jerry Herlihy will develop a symposia/ 
workshop involving the intracellular im- 
aging of fluorescent indicators to be sub- 
mitted to the PAC at the upcoming Fall 
Meeting of the APS. 

2. FASEB High School Science Teacher 
Program. The Federation has undertaken 
to support a program to support high 
school teachers for summer research ex- 
periences in active laboratories of its mem- 
bers. While the concept was felt to be 
outstanding, it was generally thought that 
APS could support our own program. Chris 
Barney stated that he was aware of similar 
programs supported by national agencies 
(i,e., NSF, NIH, Hughes) and indicated he 
would be willing to develop a program for 
submission to Council. The possibility of 
using the program for minority high school 
teachers was also discussed. 

3. Overlap of Education Committee 
mission with the mission of other standing 
committees. Bill Spielman suggested that 
the Education Committee mission overlaps 
to some degree with the Career Opportu- 

nities Committee, the Program Commit- 
tee, and possibly the Industrial Liaison 
Committee. Other areas of apparent over- 
lap are the Teaching Section/Interest 
Group and the publication of an Educa- 
tional Journal for the APS. This issue was 
raised by Bill Spielman in a letter to Nor- 
man Staub, Chairman of the Committee on 
Committees. The Committee op Commit- 
tees is currently attempting to more clearly 
define the mission of the various standing 
-committees. It was decided that as a first 
step to ensure coordination of activities 
between committees, the Education Com- 
mittee would send representatives to the 
other committees meetings: Career Op- 
portunities, Bill Spielman; Liaison with In- 
dustry, Bill Spielman; Program Advisory, 
Frank Powell and Jerry Herlihy. It was also 
decided that a representative from the 
Teaching Section/Interest Group would 
attend the meeting of the Education Com- 
mittee as an Ex Officio member. 

4. Declining scores on the Physiology 
section of the National Boards given to 
medical students. Concern has been ex- 
pressed that scores of the physiology sec- 
tion of the national board taken by medical 
students is falling and is among the lowest 
of the basic sciences. Bill Spielman will 
contact Don Jewett of the National Board 
to determine if indeed that this is a prob- 
lem and report back to the Education Com- 
mittee, 

5. Recognition of efforts to utilize mo- 
lecular/cellular biology approaches in 
physiological research. A suggestion was 
made to explore the possibility of award- 
ing someone for their efforts in the use of 
molecular biology or cellular biological 
techniques to address physiological re- 
search issues, It was suggested that this 
might serve to promote and encourage oth- 
ers to expand their approach to these 
newer technologies. No action was taken. 

6. Chairman of Education Committee to 
be on sabbatical from August 1988 to Au- 
gust 1989. During the above period, Jerry 
Herlihy offered to serve as deputy Chair- 
man of the Education Committee and will 
attend council at the Fall meeting in Mon- 
treal, 

7. Next meeting of Education Commit- 
tee. It was decided to have a meeting of 
the Education Committee on June 14,198s 
at APS headquarters in Bethesda. The 
meeting will be followed by selection of 
the Wellcome Fellows. 

The meeting was adjourned at 1130 P.M. 

William S, Spielman, Chairman 
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FINANCE 
APS Balance Sheet, December 31, 1987 

The charge to the Finance Committee 
at its Spring Meeting is to review and mod- 
ify the 1988 budget that was presented to 
Council in October 1987. Together with 
the Executive Director, the Committee re- 
viewed the Society’s performance in 1987, 
revised the 1988 budget, and submitted it 
to the Council for revision and adoption. 
Based on the performance of the Society 
in 1987, the Finance Committee recom- 
mended an overall budget for fiscal year 
1988 of $7,514,690, 

Assm 
Cash, including savings 

accounts 
Certificates of deposit 

LIABILlTIEs 
329.600 

During 1987, the Society’s journal op- 
erations ended the year with income over 
expenses in the amount of $703,386, a 
portion of which was directed to the Con- 
tingency and Reseme Account. The Soci- 
ety’s operating fund, derived from direct 
membership activities, ended the year with 
income over expenses of $71,642. The So- 
ciety’s book operations ended the year 
with expenses in excess of income of 
$96,836. The Centennial Celebration Fund 
was closed out with an income over ex- 
penses of $30,090, which was allocated to 
the Program Endowment Fund. 

The Finance Committee is also respon- 
sible for reviewing the performance of the 
Society’s managed accounts. As a result of 
a review of previous performance, the 
managed accounts were divided among 
three different managers under the direc- 
tion of E. F. Hutton in February 1987. Over- 
all, the managed accounts weathered the 
October 19 crash well, experiencing less 
damage than the Dow Jones Composite 
Index. Over the year, the total value of the 
accounts was reduced by approximately 
$100,000. As of December 31, 1987, the 
accounts had the following market value: 
Operating Reserve Investment Account = 
$2,486,213; Publications Contingency and 
Reserve Account = $2,122,412; Caroline 
turn Suden Account = $257,946; IUPS Ac- 
count = $170,967; and the Perkins Me- 
morial Fund = $170,327. 

The Publications Contingency and Re- 
serve Fund is a long-term fund established 
by the publications trustees of which the 
income can be used by Council for emer- 
gencies of the Society including publica- 
tions, Its utilization is determined each 
year at the Spring meeting, keeping in 
mind that the primary goal is to return as 
much is possible to capital investment. 
The Operating Reserve Investment Fund 
was authorized in 1976. These are funds 
derived primarily from advance subscrip- 
tion fees received for Society publications; 
hence they are diverted from the current 
operating cash account in an attempt to 
generate capital gains. Our long-term goal 
is to have sufficient funds in properly man- 

U.S. Treasury Bills, at 
cost which approxi- 
mates market value 

Marketable securities, 
at cost, market value: 
1987, $4,530,082; 
1986, $4,658,874 

Accounts receivable, 
including $20,000 in 
both 1987 and 1986 
due from FASEB 

Advances to section ed- 
i tors 

Prepaid expenses 
Inventories 
Deferred audiovisual 

costs 
Furniture, fixtures and 

equipment, net of 
accumulated depre- 
ciation of $28,992 

$1,736,813 

2,300,OOO 
4,036,813 

1,451,350 

Accounts payable and 
accrued expenses, 
including $68,727 in 
1987 and $77,843 in 
1986 due FASEB 

Unearned income 
Subscriptions 
Dues 

4,076,980 

3,704,933 
248,922 

3,953,855 
4,283,455 

1,118,407 
470,849 

Unexpended grants 
and programs 

Commitments 5,401,862 

FUND BMANCES 
145,500 

7,116 
1,384,367 

93,475 

Publications general 
fund 

4,903,726 

Publications special 
fund 

607,045 

120.601 

11,787,051 

Net assetS restricted 
and allocated for 
unexpended grants 
and programs: 
Cash, including sav- 

ings accounts: 
1987, $128,651; 
1986, $108,494 

Certificate of deposit 
U.S. Treasury Bills, at 

cost which ap- 
proximates mar- 
ket value 

Marketable securi- 
ties, at cost, mar- 
ket value: 1987, 
$598,981; 1986, 
$556,170 

Accounts receivable 
(payable) net 

Society general fund 

Publications contin- 
gency and reserve 
fund 
Program Endowment 

Fund 
Principal 
Income 

179,672 

500,000 

1,098,651 
2 14.502 

212,060 7,503,596 
$12,905,458 

100,000 
197,098 

610,855 

(1,606) 

1,118,407 
$12,905,458 

aged accounts to underwrite the activities 
of APS for one to one and a half years. 

The annual audit of APS by Coopers and 
Lybrand was received and reviewed by the 
Finance Committee as part of its responsi- 
bility. The audit found the operations of 
the Society to be “in conformity with gen- 

erally accepted accounting principles” and 
the statements “present fairly the position 
of the American Physiological Society.” 

F, J. Haddy, Chairman 
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GOVERNMENT RELATIONS 
INITIATIVE PROGRAMS 
(GRIP) 

The second meeting of the Committee 
on Government Relations Initiative Pro- 
grams (GRIP) was held May 3,15X38, at the 
Las Vegas Hilton Hotel in Las Vegas, NV. 

The first item of business was a review 
of the minutes of the March 10-11, 1988, 
meeting, which were approved without 
change. 

In response to the request of the GRIP 
Committee, Louis Ramazzotto, who is the 
APS representative to the American Asso- 
ciation for Accreditation of Laboratory An- 
imal Care (AA&AC), was invited to discuss 
AAALAC policies and procedures. Ramaz- 
motto gave the history, composition, and 
role of AAALAC and he agreed with Com- 
mittee members that there are concerns 
and problems about AAALAC procedures, 
He said he would be willing to voice APS’ 
concerns to the AAALAC governing board. 

David Ramsay appointed a subcommit- 
tee-Drs. Arthur Guyton (chairman), Fran- 
cis Haddy, and Howard Lowensohn-to 
identify APS members’ concerns and to 
develop recommendations to be presented 
to AAALAC. The subcommittee is to invite 
input from Dr. Ramazzotto and is to pre- 
sent its findings and recommendations at 
the fall meeting of the GRIP Committee. 

The chairman then told of his meeting 
earlier in the day with the APS Council and 
reported that the Council had endorsed all 
of the GRIP Committee recommendations 
from its March meeting. He also noted that 
many of the recommendations already 
have been started by staff, including bro- 
chures on animal usage and a handbook 
for dealing with the Congress, (The GRIP 
Committee members are to review the 
handbook before it goes to the printer). 

One of the approved recommendations 
is the development of a source book/ 
newsletter. A subcommittee-Drs. Richard 
Malvin (chairman), Allen Cowley, Francis 
Haddy, and David Ramsay-was appointed 
to develop a source book/newsletter for- 
mat, including kinds of information to be 
collected, who should receive the mate- 
rials, cost factors, etc. This information is 
to be presented to the GRIP Committee at 
its fall meeting. 

In preparing for the 1989 Spring Meet- 
ing in New Orleans, Dr. Fred Zechman 
was named chairman of the subcommittee 
to develop a workshop program to be con- 
ducted the afternoon before the start of the 
meeting. Other members of the subcom- 
mittee are Drs. Thomas Burks and Sidney 
Solomon. The subcommittee is to coordi- 
nate its planning with the APS staff to avoid 
possible conflicts and to assure adequate 
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meeting space. The subcommittee is to 
report its progress at the Committee’s fall 
meeting, which is Sunday afternoon, Oc- 
tober 9, 1988, in Montreal, Canada. 

David J. Ramsay, Chairman 

INTERNATIONAL 
PHYSIOLOGY 

The International Physiology Commit- 
tee on Tuesday, May 3, 1988. The meeting 
was chaired by Alfred Fishman. After some 
opening remarks, the committee consid- 
ered a series of initiatives that Harvey 
Sparks and Martin Frank have undertaken 
during the past year. They reported on a 
meeting with Mr. William Walsh, Jr., Vice 
President for Operations of Project Hope. 
We found two areas of possible interaction. 
First, Project Hope will be able to arrange 
to distribute a number of the Society’s 
books. We have an overstock of several of 
our Handbooks and Clinical Series and 
Project Hope feels these would be useful 
to a number of their clients in developing 
countries. They will take the books from 
our warehouse and arrange for their distri- 
bution. Project Hope is also interested in 
collaborating with the American Physiol- 
ogy Society to obtain support to send phys- 
iologists to developing countries to partic- 
ipate in the training programs of Project 
Hope. In a number of instances they have 
found that the training of practitioners in 
developing countries is less than optimum 
because the practitioners do not have an 
adequate basic science background. They 
would like to be able to come to us for 
names of individuals who have expertise 
in particular areas who would be willing 
to spend four-to-six weeks in a developing 
country putting on a course on the specific 
area needed to prepare practitioners for 
advanced training. After some discussion 
of this, the Committee endorsed the plan 
and recommended that we continue to 
explore the possibility of extramural fund- 
ing of this activity. 

Dr. Sparks reported on a request from 
AAAS to provide the Society’s journals for 
distribution for subsaharan African coun- 
tries through a program that AAAS has 
worked out with the U.S. Agency for Inter- 
national Development. The plan is that we 
will provide the journals to USAID, which 
will ship the journals to libraries in subsa- 
haran Africa as specified by AAAS. 

Brenda Rauner, Publications Manager, 
has estimated that the cost of a run of an 
additional 100 copies of the American 
Journal of Physiology and the Journal of 
Applied Physiology would be $6,000. The 
International Committee endorsed the 
idea of proceeding with this project and 

recommended that Council should give 
approval on this expenditure. 

Dr. Sparks then described an explora- 
tory letter that had been sent to several 
funding agencies that proposes that the 
APS be supported to be a clearing house 
for American physiologists who wish to 
teach and do research in developing coun- 
tries The Society is also prepared to foster 
linkages that would provide training for 
predoctoral students in physiological sci- 
ences 

The International Committee members 
encouraged Dr. Sparks and Dr. Frank to go 
ahead with these fund-raising efforts. How- 
ever, the members encouraged Drs. Sparks 
and Frank to do a survey to find out how 
much of this type of activity is already 
going on in Departments of Physiology in 
the United States. Drs. Sparks and Frank 
agreed to prepare a questionnaire for Phys- 
iology Chairmen. 

LONG-RANGE PLANNING 

The Long-Range Planning Committee 
(LRPC) met on Wednesdav. March 16. 

1988, in the APS 
Headquarters. Dr. 
Ernst Knobil said that 
the LRPC will con- 
sider the charges 
adopted by Council at 
its October 1987 
meeting. 

1. Develop a 
“white paper” on the 

future of physiology and the ways in which 
the Society can be useful to the progress 
of the discipline. This should include a 
consideration of strategies to foster the use 
of tools of cellular and molecular biology 
to solve the important questions of systems 
physiology. 

2. Make recommendations on how APS 
should relate to FASEB and other societies, 
e.g., the Society of Neuroscience, the Bio- 
physical Society, the American Society for 
Cell Biology, and the Endocrine Society. 

3. Develop a plan for more active lead- 
ership in the development of programs. 
The Long-Range Planning Committee 
should consider the success of the Publi- 
cations Committee as a model for what 
may be possible in the area of Program. 

4. Make recommendations on how the 
Society can best serve those Sections that 
currently have minimal participation in its 
meetings. 

5. Make recommendations about the 
number and characteristics of the meetings 
of the Society. 

It was reiterated that the agenda for this 
first meeting of the LRPC was the deter- 

THE PHYSIOLOGIST 



mination of how the group would ap- 
proach these five charges. An animated, 
freewheeling discussion followed that 
ranged over all the issues confronting 
physiology in the past, present, and future 
as well as its opportunities. It was empha- 
sized that before substantive progress 
could be made by the Committee, agree- 
ment must be reached regarding the defi- 
nition of physiology, because the word 
means different things to different people 
at different times. It was recognized that, 
when discussing the future of physiology, 
its several aspects must be kept clearly in 
mind lest confusion result: 

1. The Science of Physiology. The sci- 
ence of physiology uniquely deals with 
issues in regulatory or integrative biology 
at all levels of complexity from the molec- 
ular to the organismic. All biologists con- 
cerned with these issues may be consid- 
ered physiologists, Viewed in this light, 
physiology is thriving at an unprecedented 
pace and will undoubtedly represent the 
next revolution in biology, the last having 
been molecular biology. 

2. The Discipline of Physiology. Because 
of physiology’s rapidly advancing and 
changing frontiers, it is no longer possible 
to view physiology as an easily encompass- 
able and circumscribable discipline as it 
once was thought to be. When we speak of 
the discipline of physiology what exactly 
do we mean? 

3. Physiology Departments. Depart- 
ments of physiology are largely in medical 
school and exist principally because of 
their curricular responsibility of teaching 
courses in medical physiology to medical 
students and other health professionals. 
Much of the research conducted in these 
departments is no longer directly relevant 
to their teaching mission and much of what 
may be considered to be research in phys- 
iology is pursued in other university de- 
partments and nonteaching enterprises. 
Some major medical schools have consid- 
ered departments of physiology to be su- 
perfluous and have abolished them in sub- 
stance if not in name. Major problems exist 
in this arena. 

4. The American Physiological Society. 
The mission of the APS is to serve physi- 
ology and physiologists in the broadest 
sense. Its future needs to be considered in 
the light of the future of regulatory biology 
as a scientific endeavor (very bullish), the 
future of physiology as a traditional disci- 
pline (bleak), and the future of physiology 
departments and their missions in medical 
curricula (problematic). In any case, these 
several futures may not necessarily have 
parallel courses and each must be dis- 
cussed in its own right. 

It is expected that all charges to the 

Committee will be executed within the 
next three years, culminating in the publi- 
cation of the “White Paper on the Future 
of Physiology.” 

It was decided that the five charges to 
the LRPC be initially addressed by small 
subcommittees that will generate discus- 
sion papers for consideration by the group 
as a whole. 

Charge 1 
The Committee limited the “future” to 

be addressed to the year 2,000. This, how- 
ever, may well be extended as the work 
progresses. It was agreed to have Dr. 
Schultz generate a discussion paper en- 
compassing possible contents of the 
“White Paper” in consultation with Dr. 
Knobil. This discussion paper will then be 
circulated to the members of the Commit- 
tee for emendation and redrafting. This 
reiterative process, along with periodic 
discussions at Committee meetings, 
should eventually result in a document that 
reflects the views of the LRPC. The dead- 
line for the preparation of the initial dis- 
cussion paper is August 1, 1988. 

Charge 2 
The relationship between the APS and 

FASEB have been thoughtfully considered 
by Council for many years. The last Task 
Force to address this issue, chaired by F. 
E. Yates, made its report in 1973. The his- 
toric conflicts between FASEB and its con- 
stituent Societies have recently intensified 
once again and a FASEB retreat to consider 
current issues has been scheduled for Sep- 
tember. Following the retreat Drs. Frank 
and Knobil will prepare a discussion paper 
for distribution to the members of the 
LRPC. 

Charges 3 and 4 
It was pointed out that the Program 

Committee of the APS has customarily 
dealt with very immediate programming 
issues, while our Group is charged with 
addressing broad long-term matters such 
as the number and nature of our annual 
meetings. 

The Program Committee, in response-to 
a request by Council, will recommend that 
the APS reduce its annual meetings from 
two to one and that this singular event be 
held in conjunction with the FASEB meet- 
ing. While withholding judgement regard- 
ing the nature and venues of future meet- 
ings, the LRPC, after brief discussion, voted 
unanimously to endorse the recommen- 
dation of the PC that the APS have but one 
Society meeting per year. 

In an attempt to delineate the task of the 
LRPC in this arena, Dr. Knobil will invite 
Dr. Gisolfi, the chairman of the PC, to meet 
with it in Las Vegas in April. 

Charge 5 
This charge, like most of the others, is 

inextricably linked with Charge 1. To help 
identify some of the issues inherent in this 
charge, Dr. Knobil will invite Dr. Blake 
Reeves, the Chairman of the Section Advi- 
sory Committee, to meet with the LRPC in 
Las Vegas. Further discussion with Dr. 
Reeves and his committee should assist in 
defining a point of departure for further 
activity in this arena. 

To facilitate the work of the Committee, 
Dr. Frank agreed to supply it with back- 
ground information relating to the affairs 
of the APS not readily available in the 
recently published history of the Society. 
In addition, he will attempt to procure 
position and policy papers of the American 
Association of Anatomists and the Ameri- 
can Association of Zoologists who con- 
fronted many years ago some of the same 
problems of current concern to the APS. It 
would be useful for the LRPC to peruse the 
recent, scientific programs of these two 
organizations, which are now seemingly 
alive and well despite earlier predictions 
of their certain demise. 

Ernst Knobil, Chairman 

PORTER DEVELOPMENT 

The report of the Porter Development 
Committee to the Society again provides 
the opportunity of informing the members 
that fellowship funds are available for able 
minority students both at the pre- and post- 
doctoral level in keeping with the legacy 
of William Townsend Porter to “encourage 
and assist more young men and women of 
promise in the study of physiology.” The 
current predoctoral fellows being- sup- 
ported by the Porter Development Com- 
mittee are 

l Karen Anderson, a candidate for the 
Ph.D. degree in the Department of 
Physiology and Biophysics at Colorado 
State University; 

l J. Michael Gonzales-Campoy, a candi- 
date for the Ph.D. degree in the De- 
partment of Physiology at Mayo Medi- 
cal School; 
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l Jean A. King, a candidate for the Ph.D. 
degree in the Department of Biology 
at New York University; 

. John Okwusidi, a candidate for the 
Ph.D. degree in the Department of 
Physiology and Biophysics at Howard 
University College of Medicine; 

. Darlene K. Racker, who recently re- 
ceived the Ph.D. degree from the De- 
partment of Physiology and Biophysics 
at Chicago Medical School; 

l Paulene Washington, a candidate for 
the Ph.D. degree from the Department 
of Physiology at the University of West- 
ern Ontario. 

The Committee has continued funding 
for the Atlanta consortium, a program or- 
ganized with the assistance of the Depart- 
ment of Physiology at Emory Medical 
School. Two former Porter Development 
Committee Fellows, Drs. Pamela Gunter- 
Smith and John C. S. Fray, have been Vis- 
iting Porter Lecturers in the Atlanta Pro- 
gram. The Dillard Program in New Orleans 
has been assisted by the staff of the De- 
partments of Physiology at Louisiana State 
University and Tulane University. 

The Committee is also providing sup- 
port for a Summer Student Research Pro- 
gram for Native American Indians in the 
Department of Physiology and Biophysics 
at the College of Veterinary Medicine and 
Biomedical Sciences at Colorado State 
University and for a minority summer 
math-science program at Arizona State Uni- 
versity. The Porter Development Summer 
Research Fellowship Program at the Ma- 
rine Biological Laboratories at Woods Hole 
provided support for W. Hernandez, B. 
Dwight, K. Brewton, A. Freepong-Boudo, 
and E. Cruise. 

Note the publication of an important 
book on science education among native 
American Indians: Searching, Teaching, 
Healing: American Indians and Alaskan 
Natives in Biomedical Research Careers, 
edited by Edwin W. Haller and Ruth A. 
Myers of the University of Minnesota-Du- 
luth. It is available from Futura Medical 
Services, Inc., 295 Main Street, Mount 
Kisco, NY 10549. 

We again express our appreciation to 
the Harvard Apparatus Foundation for its 
continuing support of the Porter Develop- 
ment Program. We should also like to ac- 
knowledge gifts from the Lederle Labora- 
tories of the American Cyanamid Company 
and individual members of the American 
Physiological Society. 

Dr. A. Clifford Barger 
Dr. Eleanor Ison Franklin 

Co-Chairmen 

PUBLICATIONS 

In 1987 the journal program continued 
to operate in the black despite the added 

cost of publishing 5% 
more pages and a 3% 
loss of subscriptions. 
Subscription prices 
for 1988 were in- 
creased 9% for the 
AJP journals, JN, and 
PRV and 15% for JAP 
to cover the expected 
publication of even 

more pages in 1988 and expected in- 
creases in mailing and paper. Submitted 
manuscripts increased by 9% in 1987. 

On the recommendation of the Com- 
mittee, the Council approved the founding 
of a new journal, American Journal of 
Physiology: Lung Cellular and Molecular 
Physiology, which will begin as a bi- 
monthly in 1989 with Donald J. Massaro as 
editor. The first issue of the journal is 
scheduled for August 1989. The Commit- 
tee is grateful to Alfred P. Fishman for 
continuing to serve in 1988 as editor of the 
Journal of Applied Physiology; the search 
continued for a new JAP editor. 

The Committee approved the publica- 
tion of an educational periodical to be 
distributed twice yearly to APS members 
with The Physiologist and NIPS. It will be 
indexed as a supplement to the American 
Journal of Physiology and also be available 
by subscription. Harold I. Mode& Univer- 
sity of Washington, was chosen as editor. 

The transition of editorship for News in 
Physiological Sciences from Knut Schmidt- 
Nielsen to John T. Shepherd went very I 
smoothly. Dr. Shepherd’s able group of 
assistant editors at Mayo and approximately 
60 international associate editors will en- 
sure the continued success of this presti- 
gious journal. Dr. Shepherd’s first issue as 
editor will be August 1988. The Society 
owes a debt of gratitude to Knut Schmidt- 
Nielsen, whose editorship was responsible 
for the excellence of this well-received 
IUPS/APS publication. Dr. Schmidt-Niel- 
sen has agreed to serve as Consulting Edi- 
tor beginning with the August issue. The 
Publications Office is cooperating with 
IUPS in locating subscribers in developing 
countries who could benefit from the 
$10,000 IUPS has available for subsidized 
subscriptions. 

In response to the concerns of the jour- 
nal editors and the Publications Commit- 
tee over the length of time from receipt of 
manuscript to publication, the Committee 
has asked the Publications Manager to in- 
vestigate the production time for compar- 
able journals in the field and look into 

ways of reducing APS production time. 
Manuscripts on disks will be solicited 
through announcements in the journals in 
an effort to develop the benefits of the new 
technologies. The use of FAX machines 
and computers is already shortening com- 
munication time between the Publications 
Office and Editors. 

Six books were published by the Society 
in 1987: two volumes of the Handbook 
(Higher Functions of the Brain, vol. V in 
the Nervous System, and Gas Exchange, 
vol. IV in the Respiratory System), one 
Clinical Series book (Atria1 Hormones and 
Natriuretic Factors), and three history 
books (Physiology in the American Con- 
text, 1850-1940; History of the American 
Physiological Society: The First Centu y, 
1887-1987; and Renal Physiology: People 
and Ideas). 

In December 1987 a contract was signed 
with Oxford University Press under which 
Oxford agreed to take over publication of 
new A&-sponsored books in the future 
and the distribution of all current titles as 
of January 1988 (see the April 1988 issue 
of The Physiologist, p. 25). The transitional 
period in the book program has gone very 
well. Book orders have been fulfilled by 
Oxford since January with a significant in- 
crease in sales as books on consignment 
were paid for by dealers. Domestic and 
overseas stock has been moved from Wil- 
liams & Wilkins to Oxford’s warehouses. 
Oxford is developing an aggressive pro- 
motional campaign for all APS books, both 
old and new. Members are being offered a 
35% discount on all books. 

It was agreed that the four Gastrointes- 
tinal System Handbooks should be fin- 
ished in-house, as well as the Clinical Se- 
ries book, the Clinical Physiology of Sleep, 
and the two history books, Endocrinology: 
People and Ideas and Membrane Trans- 
port: People and Ideas. 

The Renal Physiology Handbookwill be 
the first Handbook published by Oxford 
University Press for APS. The Editor, Erich 
E. Windhager, is working closely with OUP 
to arrange royalty contracts and expedite 
publication. 

The Publications Committee plans to 
appoint a committee to oversee the plan- 
ning of Handbooks and one to oversee the 
new technique book series; the Clinical 
Series Book Committee is already in exist- 
ence. Once the in-house books are com- 
pleted, the financial burden on the Society 
of maintaining an expensive book program 
will be alleviated. Already the Publications 
Committee, Executive Director, and Pub- 
lications Manager are concentrating their 
efforts on streamlining the journal program 
to counter the escalating publications costs 
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faced by all publishers, 
1987 was an eventful year for publica- 

tions, with the unexpected death of Ste- 
phen R, Geiger and the appointment of 
Brenda B. Rauner as Publications Manager 
and Executive Editor, the signing of the 
book contract with Oxford University 
Press, the search for editors for the new 
American Journal of Physiology journal, 
the Journal of Applied Physiology, and 
News in Physiological Sciences. The Pub- 
lications Committee held many extra meet- 
ings and conference calls, and I thank 
them for their efforts, Amid all this activity, 
the flow and quality of the APS books and 
journals continued without interruption 
throughout the year because of the dedi- 
cated commitment of our editors, editorial 
board members, reviewers, and especially 
of our headquarters staff. 

Paul C. Johnson, Chairman 

New AJP Journal 

The Publications Committee of the 
American Physiological Society announces 
the establishment of a new journal, the 
American Journal ofPhysiolofl: Lung Cel- 
lular und Moleculur PhysioEogy. Donald J. 
Massaro has agreed to serve as Editor. He 
is joined by a distinguished group of As- 
sociate Editors and Editorial Board mem- 
bers. The new journal is scheduled for 
publication in August 1989. The decision 
to establish the new journal followed ex- 
tensive review of the continuing growth of 
respiratory physiology and the demands it 
placed on current journals of the Society, 
specifically the highly successful Journal 
of Applied Physiology. 

The American Journal of Physiology: 
Lung Cellular and Molecular Physiology is 
intended to provide a publishing outlet for 
a growing segment of the respiratory phys- 
iology community with interests in the cel- 
lular and molecular area. At present no 
journal has emerged to meet the needs of 
this group, and the work is dispersed in a 
wide variety of publications. The new pub- 
lication will enable workers in this area to 
obtain peer review of their research by 
others whose interests are closely related 
to their own. The journal should also be of 
benefit to other respiratory physiologists 
who should find this type of research more 
readily accessible in a sectional journal of 
the American Journal of Physiology. 

The American Journal of Physiology: 
Lung Cellular and Molecular Physiology 
will publish original investigative and the- 
oretical papers dealing with molecular, 
cellular, and morphological aspects of nor- 
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Formation of Hypoxic Interest Group 

The APS is in the process of for- 
mally establishing a multidiscipli- 
nary Hypoxic Interest Group and in- 
vites any member of the APS who is 
interested in any aspect of the phys- 
iology of low oxygen to join. We 
have been meeting informally at 
lunch time at the last two FASEB 
meetings with great success. Speak- 
ers have discussed diverse subjects 
such as control of erythropoietin, 
fluid balance, and cardiovascular ad- 
aptation to hypoxia. We will con- 
tinue these lunch time discussions 

at future FASEB meetings as well as 
possibly programming “hypoxia” 
scientific sessions, 

You can join the Hypoxic Interest 
Group without affecting your affili- 
ation with an APS section. Reed Hoyt 
and Hershel Raff are the organizers 
of the Interest Group, If you are 
interested in joining, please write to 
Dr. Hershel Raff, St. Luke’s Medical 
Center, Medical College of Wiscon- 
sin, 2900 W. Oklahoma Avenue, Mil- 
waukee,WI 53215. cit$ 

ma1 and abnormal function and response 
of cells and components of the respiratory 
system; this is meant to include the nose 
and sinuses, the conducting airways, lung 
parenchyma and pleura, neural cells in- 
volved in the control of breathing, neu- 
roendocrine and immunological cells in 
the lung, and cells of the diaphragm and 
thoracic muscles. Areas of interest include 
the following: metabolic control at a cel- 
lular level, regulatory and informational 
molecules, gene expression, the structure, 
composition, and turnover of macromole- 
cules, cell-to-cell and cell-matrix interac- 
tions, cell motility, secretory mechanisms, 
membrane function, surfactant, matrix 
components, mucus and lining materials, 
lung defenses, macrophage function, elec- 
trolyte and water transport, development 
and differentiation of the respiratory sys- 
tem, and the response of the respiratory 
system and its components to the environ- 
ment. Reports of research using innovative 
techniques and approaches of molecular 
and cell biology, cell physiology, molecu- 
lar genetics, biochemistry, biophysics, and 
morphology are especially welcome. 

Additional features of the new journal 
will include I) Invited Reviews that are 
devoted to an in-depth review of important 
topics; 2) Commentaries that are short 
comments on timely topics, topics that 
have been overlooked and warrant atten- 
tion, and reviews of workshops, seminars, 
and meetings of interest to readers; 3) 
Historical Vignettes that are intended to 
provide a perspective on the development 
of the field of lung cellular and molecular 
physiology, including essays on those as- 
pects of classic respiratory physiology that 
form the basis of contemporary lung cel- 
lular and molecular physiology; 4) Letters 
to the Editor generally dealing with articles 

that appeared in the journal, but readers’ 
views on other topics of interest are also 
solicited; and 5) Rapid Communications 

Until now the needs of the respiratory 
physiology community have been served 
by the Journul of Applied Physioloa. That 
journal has a long and distinguished his- 
tory; it is one of the largest and most rap- 
idly growing journals in the APS family of 
journals. The Journal ofApplied Physiology 
has served and will continue to serve as 
the premier outlet for research on a broad 
variety of topics in respiratory, exercise, 
and environmental physiology. It has at- 
tracted relatively few papers in the area of 
emphasis of the new journal and, as a con- 
sequence, the two journals will comple- 
ment one another, The new journal is ex- 
pected to have little effect on the content 
of the Journal ofApplied Physiology. 

Further information about the new jour- 
nal will appear periodically in the journals 
of the Society. Manuscripts are now being 
accepted for review. Authors are directed 
to the current American Journal of Pbysi- 
010~ Information for Authors for manu- 
script submission requirements. Dr. Mas- 
saro invites authors to provide the names 
of four to six individuals whom they con- 
sider appropriate reviewers for their man- 
uscripts, Although the editors will seri- 
ously consider these nominees, they re- 
serve the right to use any or none of the 
proposed names for reviewers, 

Submitted manuscripts and subscription 
inquiries should be directed to the Amex- 
ican Physiological Society, 9650 Rockville 
Pike, Bethesda, MD 20814, and inquiries 
about scientific content to Dr. D. J. Mas- 
saro, Pulmonary Research R-120, Univer- 
sity of Miami, P.0. Box 016960, Miami, FL 
33101. 

Paul C. Johnson 
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NIDDK Travel Fellowships for Minority Students Program 

A most successful APS/NIDDK spon- 
sored travel fellowship program provided 
an opportunity for 18 highly qualified mi- 
nority students and scientists to attend the 
1988 Spring FASEB Meeting. To enhance 
their experience at the meeting, the fel- 
lows were introduced to mentors at an 
orientation reception on preceding the sci- 
entific sessions. Throughout the week, the 
mentors assisted the fellows in selecting 
the appropriate scientific sessions. At an 
American Cyanamid Company-sponsored 

luncheon, held on the 
last day of the meet- 
ing, L. Gabriel Navar 
addressed the group, 
and there was an en- 
thusiastic exchange of 
experiences. The pro- 
gram, which has been 
extremely well re- 

ceived, will be provide funds for 10 fellows 
to attend the Fall APS Meeting in Montreal, 
Canada. 

Recipients of the spring 1988 fellowship 
program were Ricardo Brown (Howard 
University); Margaret Colden-Stanford 
(Baylor College of Medicine); Barbara A. 
Davis (Tucson, AZ); Dominique Delma 
(City College of New York); Carla Harwell 
(University of California, Los Angeles); Lu- 
cretia A. Hernandez (University of South 
Alabama); Cynthia Ann Jackson (University 

of California, Davis); John Okwusidi 
(Howard University); Hilda M. Osorio 
(University of Puerto Rico); Darlene 
Racker (University of Health Sciences/The 
Chicago Medical School); Alfred0 Rego 
(Georgetown University); Jose Romero 

(University of Puerto Rico); Lisa Rubero 
(University of Puerto Rico); Annabell Se- 
garra (New York University); Amilcar Toro 
(University of Puerto Rico); and Thomas 
B. Trite (North Carolina Agricultural and 
Technical State University). @ 

1988- 1989 Standing Committees and Sections 

APS Council H. Lowenshon (1991) 
A. E. Taylor, President 
H. V. Sparks, Jr., Past President 
V. S. Bishop, President-Elect 
M. Frank, Executive Director 
B. Bishop, Councillor 
S. Chien, Councillor 

R. L. Malvin (1991) 
R. A. Murphy (1990) 
L. Ramazzotto (1989) 
N. B. Marshall, ex officio (1991) 
W. M. Samuels, ex officio 

A. W. Cowley, Jr., Councillor 
G. H. Giebisch, Councillor 
N. C. Staub, Councillor 
P. D. Wagner, Councillor 
C. V. Gisolfi, ex officio 
F. J. Haddy, ex officio 
P. C. Johnson, ex officio 

Career Opportunities in Physiology 
S. A. Nunneley, Chair (1989) 
F. G. Hempel (1989) 
N. Manson (1991) 
R. S. Moreland (1990) 
J. T. Reeves (1989) 
M. Townsley (1991) 

R. B. Reeves, ex officio 
W. S. Spielman, ex officio 

Committee on Committees 
N. C. Staub, Chair (1989) 
K. H. Berecek (1989) 

Society Standing Committees H. J. Granger (1990) 
L. R. Johnson (1991) 
H. A.“Kontos (i99Oj 
C. L. Seidel (1989) 
J. Van Liew (1989) 

Animal Care and Experimentation 
D. J. Ramsay, Chair (1989) 
S. M. Cain (1990) 
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R. G. Daggs Award 
R. G. Berne, Chair (1989) 
0. E. Reynolds (1990) 
D. F. Bohr 

Education 
W. S. Spielman, Chair (1988) 
C. C. Barney (1990) 
P. C. Churchill (1990) 
J. P. Filkins (1991) 
J. C. Fray (1989) 
J. T. Herlihy (1989) 
M. G. Levitzky (1991) 
F. L. Powell, Jr. (1990) 

Finance 
F. J. Haddy, Chair (1989) 
N. R. Alpen (1991) 
D. Rennie (1990) 

Honorary Membership 
E. H. Wood, Chair (1989) 
R. M. Berne (1990) 
J. R. Pappenheimer (1991) 

International Physiology 
A. P. Fishman, Chair (1989) 
C. Blatteis (1991) 
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S. IL Hong (1990) 
0. Jennings (1991) 
L, B. Rowe11 (1990) 
N, L. Stephens (1990) 

Liaison With Industry 
N. B. Marshall, Chair (1991) 
M. Blaustein (1991) 
J# W. Fara (1991) 
S. F. Flaim (1990) 
L. Hamilton (1991) 
P, M. Vanhoutte (1990) 
C. V. Gisolfi, ex officio (1991) 
W. S. Spielman, ex officio (1991) 
S. Nunneley, ex officio ( 1989) 

Long-Range Planning 
E. Knobil, Chair (1990) 
G. Giebisch (1991) 
J. P. Granger (1991) 
J. E, Greenleaf (1990) 
R, R, Llinas (1990) 
J. Mitchell (1991) 
E. R. Nadel (1990) 
S. G. Schultz (1989) 

Membership 
C. Levinson, Chair (1990) 
N. S. Cherniack (1990) 
I. G, Joshua (1990) 
R. Korthius (1991) 
C M. Tipton (1989) 

Perkins Memorial Fellowship 
H. V. Sparks, Jr,, Chair (1991) 
S. Chien (1989) 
R. H. Kellogg (1989) 
C, Paganelli (1991) 
J. R. Pappenheimer (1989) 
J. Hauck, ex officio 

Porter Physiology Development 
A, C. Barger, Cochair (1989) 
E. L. Ison-Franklin, Cochair (1990) 
A. B. Craig, Jr. (1990) 
D. L. Crandall (1989) 
J. C. Fray (1990) 
P. J. Gunther-Smith (1989) 
L, G. Navar (1991) 
J, G. Townsel (1991) 

Program 
C. V, Gisolfi, Chair (1991) 
P. D. Harris (1990) 
S. K. Hong (1989) 
L. G, Navar (1989) 
V. S. Bishop, ex officio (1989) 
M, Frank, ex officio 

Program Advisory 
(Section Appointments) 
Cardiovascular-J. W. Downey (198s) 

and H, J, Granger, ex officio 
Cell and General Physiology 

L. Mandel (1990) 
Comparative Physiology 

L, I. Crawshaw (1989) 
Endocrinology and Metabolism 

D, Wasserman (1988) 
Environmental, Thermal and Exercise 

Physiology-E. Nadel (1990) 
Gastrointestinal Physiology 

J. D. Wood (1990) 

Nervous System 
R. Lydic (1989) 

Neural Control and Autonomic 
Regulation-M. I. Phillips (1988) 

Renal Physiology-R. G. O’Neill (1989) 
and L, S. Costanzo (1990) 

Respiratory Physiology 
R, A, Klocke (1991) 

Teaching of Physiology 
R. Carlin (1989) 

Water and Electrolyte Homeostasis 
E, H, Blaine (1988) 

Clinical Physiology Group 
J. F. Biebuyck (1988) 

Epithelial Transport Group 
R. A. Frizzell (1988) 

History of Physiology Group 
D. Gilbert (1990) 

MYOBIO Group-M. Siegman (1988) 

Public Affairs Executive 
R. L. Malvin, Chair (1989) 
A. C. Barger (1989) 
S. Solomon (1990) 
N. 8. Marshall, ex officio (1991) 
W. MI Samuels, ex officio 

Publications 
P. J, Johnson, Chair (1991) 
F, Abboud (1990) 
J. S. Cook (1989) 
M. J. Fregly (1991) 
S. H. White (1990) 
A. E, Taylor, ex officio (1989) 
M. Frank, ex officio 
B. Rauner, ex officio 

Section Advisory 
B. R, Reeves, Chair (1990) 
Cardiovascular Section 

N. R, Alpert (1989) 
CeII and General Physiology Section 

L. Reuss (1989) 
Comparative Physiology Section 

A, F. Bennett (1991) 
Endocrinology and Metabolism Section 

L. S. Jefferson ( 1989) 
Environmental, Thermal and Exercise 

Physiology Section-E, R, Buskirk 
(1991) 

Gastrointestinal Physiology Section 
J. A. Williams (1991) 

Nervous System Section 
R. R. Llinas (1990) 

Neural Control & Autonomic Regulation 
Section-P, G. Schmid (1988) 

Renal Physiology Section 
W, J, Arendshorst (1990) 

Respiratory Physiology Section 
R. W. Hyde (1990) 

Teaching of Physiology Section 
H. Model1 (1990) 

Water and Electrolyte Homeostasis 
Section-L. Share (1988) 

Senior Physiologists 
R. 0. Greep, Chair (1990) 
R, W, Berliner (1989) 
J. R. Brobeck (1990) 
H. W. Davenport (1990) 
S. M, Horvath (1990) 
R. E. Johnson (1989) 

Women in Physiology 
C. Chew, Chair (1989) 
H. V. Carey (1990) 
H. J, Cooke (1991) 
B. Horwitz (1989) 
S. Opava-Stitzer (1990) 
M, Frank, ex officio 

Society Representatives to 
Other Organizations 

American Association for Accreditation 
of Laboratory Animal Care 

II, Ramazzotto (1989) 

American Association for the 
Advancement of Science 

M, I, Phillips (1989) 
L. C. Senay, Jr, (1989) 

American Institute of Biological Sciences 
M. Frank (Indefinite) 

Council of Academic Societies of the 
Association of American Medical 
Colleges 

G. A. Hedge 91990) 
Jm L-8 Kostyo (1989) 

Federation of American Societies for 
Experimental Biology 

Board 
H, V. Sparks, Jr. (1989) 
A. E. Taylor (1990) 
V, S, Bishop (1991) 
Executive Committee 
V. S. Bishop (1991) 
Executive Officers Advisory Committee 
M. Frank (Indefinite) 
Education Committee 
W, S, Spielman (1990) 
Finance Committee 
H. E. Morgan (1988) 
Life Sciences Advisory Committee 
W. B. Seevers (1991) 
Meetings Committee 
C. V, Gisolfi (1990) 
Progrum Committee 
M, Frank (Indefinite) 
Public Affuirs Committee 
R. L. Malvin (1991) 
Public Information Committee 
M. Cassidy (1991) 
Publications Committee 
L, S. Jefferson (1991) 
Research Conference Advise y  Committee 
C, V, Gisolfi (1988) 
D, N. Granger (1990) 
3M Life Science Award Committee 
W. E. Crill (1990) 

National Association for 
Biomedical Research 

M, Frank (Indefinite) 

US National Committee for IUPS 
A. P, Fishman (1989) 
H, V. Sparks, Jr. (1989) 
A, E, Taylor (1990) 
V. S. Bishop, ex officio 
M. Frank, ex officio 
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US National Committee on Biomechanics 
J. S, Petrofsky (1990) 

R. R. Llinas, Section Advisorv Committee (1990) 
S. M. Barman, Councillor (i989) 

Section Reports 

Society Sections 

Cardiovascular 
N. R. Alpert, Chair and Secion Advisory Com- 

mittee (1989) 
D. M. Griggs, Treasurer (1989) 
A. L. Mark, Secretary (1989) 
J. S, Janicki, Cardiac Mechanics Subsection 

(1988) 
D. N. Granger, Splanchnic Circulation Subsec- 

tion (1988) 
H. J. Granger, Program Advisory Committee and 

Nominating Committee (1990) 
J# W. Downey, ex officio, Program Advisory 

Committee (1988) 
H. Kontos, Nominating Committee (1989) 
J. B. Bassingthwaighte, Nominating Committee 

(1991) 

Cell and General Physiology 
L. Reuss, Chair and Section Advisory Committee 

(1983) 
C. Pace, Secretary-Treasurer (1989) 
A. Fabiato, Councillor (1990) 
N, K. Willis, Councillor (1991) 
L. Mandel, Program Advisory Committee (1990) 

Comparative Physiology 
A. F. Bennett, Chair and Section Advisory Com- 

mittee (1991) 
W. K. Milsom, Secretary (1989) 
W. M, Danttzler, Treasurer (1990) 
L. Crawshaw, Program Advisory Committee 

(1989) 

Endocrinology and Metabolism 
L. S. Jefferson, Chair and Section Advisory Com- 

mittee (1989) 
C. Desjardins, Secretary-Treasurer (1989) 
G. A, Hedge, Councillor (1990) 
J, L, Kostyo, Councillor (1991) 
A. D. Cherrington, Program Advisory Committee 

(1989) 
D I Wasserman, Program Advisory Committee, ex 

officio (1989) 

Environmental, Thermal and Exercise 
Physiology 

E. R. Buskirk, Chair and Section Advisory Com- 
mittee (1991) 

E. R. Nadel, Program Advisory Committee 
(1990) 

B. A. Horwitz, Counciilor (1990) 
C Tipton, Councillor (1990) 

Gastrointestinal Physiology 
J, A, Williams, Chair and Section Advisory Com- 

mittee (1991) 
J, Fondacaro, Secretary-Treasurer (1991) 
J, A. Christensen, Councillor (1990) 
H. J, Cooke, Councillor (1989) 
P. Rayford, Councillox (1991) 
J. D, Wood, Program Advisory Committee 

i1930) 

Nervous System 
R. Lydic, Chair and Program Advisory Committee 

(1989) 

L. A, Campfield, Councillor (1989) 
L. T. Landmesser, Councillor (1990) 
E. Taub, Councillor (1990) 

Neural Control and Autonomic Regulation 
P. G. Schmid, Chair and Section Advisory Com- 

mittee (1988) 
C, M. Heesch, Secretary (1988) 
M. P. Kaufman, Treasurer (1988) 
M. I. Phillips, Program Advisory Committee 

(1988) 

Renal Physiology 
W. J. Arendshorst, Chair and Section Advisory 

Committee (1990) 
W, S. Spielman, Secretary (1989) 
T. C. Welbourne, Treasurer (1991) 
R. G. O’Neill, Program Advisory Committee 

(1989) 
L. S. Costanzo, Program Advisory Committee 

0990) 

Respiratory Physiology 
R. W. Hyde, Chair and Section Advisory Com- 

mittee (1990) 
M. P. Hlastala, Secretary (1991) 
N, H. Edelman, Treasurer (1990) 
J. R, Rodarte, Councillor (1990) 
R. A, Klocke, Program Advisory Committee 

(1991) 

Teaching of Physiology 
H. Modell, Chair and Section Advisory Commit- 

tee (woj 
E. Rosenberg, Secretary (1989) 
D, Richardson, Treasurer (1990) 
D. Bruce, Education Committee Liaison (1989) 
R. Carlin, Program Advisory Committee (1991) 

Water and Electrolyte Homeostasis 
L. G. Navar, Chair (1991) 
J. E, Hall, Councillor (1990) 
E. Blaine, Program Advisory Committee (1988) 
L. Share, Section Advisory Committee (1988) 

Epithelial Transport Group 
R. A. Frizzell, Chair and Program Advisory Com- 

mittee (1988) 
P. Aronson, Steering Committee (1988) 
D. Dawson, Steering Committee (1988) 
E. Wright, Steering Committee (1988) 

History of Physiology Group 
J. B. West, Chair (1988) 
D, Gilbert, Secretary-Treasurer and Program Ad- 

visory Committee (1990) 
R, H, Kellogg, Member-at-Large Steering Com- 

mittee (1988) 

MYOBIO Group 
Ma Siegman, Chair (1988) 
R. S. Eisenberg, Steering Committee (1988) 
R. L. Moss, Steering Committee (1988) 
J, A. Rall, Steering Committee (1988) 
F. S. Fay, Steering Committee (1988) 
A, W. Jones, Steering Committee (1988) 
A. Fabiato, Steering Committee (1988) 
M. Lieberman, Steering Committee (1988) 
R. J. Solaro, Steering Committee (1988) 
M. Siegman, Program Advisory Committee and 

Section Advisory Committee (1988) 

CELL AND GENERAL 
PHYSIOLOGY 

For the past four years, the Cell and 
General Physiology Section of the Ameri- 
can Physiological Society has offered re- 
search awards to undergraduate and post- 
doctoral students. The awards are made 
based on the quality of a recipient’s re- 
search in the field of cell physiology as 
represented by an abstract submitted to the 
Spring FASEB meeting. This year cash 
awards and certificates of recognition were 
made to two students. 

Dr. Burton Horowitz, a postdoctoral stu- 
dent, presented an abstract in collabora- 
tion with Dr, R. A. Farley from the Depart- 
ment of Physiology & Biophysics, Univer- 
sity of Southern California, Los Angeles, 
entitled “Synthesis of mammalian Na, K- 
ATPase: Alpha and beta subunits in the 
yeast 54 cereuz3ia,” 

The undergraduate award was given to 
Paul A. Negulescu, who, in collaboration 
with Drs, W. W. Reenstra and T. E. Machen, 
from the Department of Physiology-Anat- 
omy, University of California, Berkeley, 
submitted an abstract entitled “Intracellu- 
lar Ca requirements for stimulus-secretion 
coupling in the parietal cell,” 

The awardees were recognized during 
the banquet/lecture on May 4 at the Las 
Vegas Hilton Hotel. Dr. Susumu Hagiwara, 
from the Department of Physiology, Uni- 
versity of California, Los Angeles, gave a 
lecture entitled “Biophysics in strange an- 
imals.” Dr, Hagiwara, who is one of the 
foremost membrane biophysicists in the 
world, delivered an inspiring lecture cov- 
ering his scientific accomplishments and 
personal, often humorous, scientific ex- 
periences. 

Members of APS who are primarily in- 
terested in Cell and General Physiology 
are encouraged to inform APS, by letter, 
that you wish to have your primary affilia- 
tion in APS-Cell. In addition, encourage 
your students to submit an abstract for the 
APS-Cell Research Award, as soon as pos- 
sible, after the deadline for receipt of ab- 
stracts for the 1989 FASEB meetings and 
before Feb. 1, 1989, to Dr. Lazaro Mandel, 
Department of Physiology, Duke Univer- 
sity Medical Center, Durham, North Caro- 
lina, 27710, 

Caroline S. Pace 
Secretary/Treasurer 
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COMPARATIVE PHYSIOLOGY 

The Comparative Physiology Section 
held its annual business meeting at the 
FASEB Meetings in Las Vegas in May. Sev- 
eral items of note were discussed at this 
meeting. 

1. It was the consensus of all present 
that the Section should continue to have a 
keynote speaker begin the Scholander 
Award Session at the FASEB Meetings. 
Such an address at the beginning of this 
session was considered to be potentially 
valuable and the Program Committee of 
the Section is currently soliciting sugges- 
tions for future speakers. 

2. It was also the consensus of those 
present that the Section should pursue the 
idea of hosting a Comparative Theme at 
the APS Fall Meeting every fourth year 
beginning with the meeting scheduled for 
San Antonio in 1990. This year was chosen 
so that these meetings would not conflict 
with the IUPS Meetings scheduled for 1989 
or the IUBS meetings scheduled for 1991. 
Both international meetings will also con- 
vene every fourth year after these dates. It 
was envisioned that these “comparative” 
Fall Meetings would be held jointly with 
the Division of Comparative Physiology 
and Biochemistry of the American Society 
of Zoologists, allowing us to continue the 
successful collaboration that has devel- 
oped over the years (APS Meetings in To- 
ronto in 1980 and San Diego in 1982 and 
1987). 

3. Alan Hargens, Ron Millard, and Steve 
Wood reported that a Kjell Johansen Com- 
memorative Symposium has been set for 
July 6-8, 1989, at the Krogh Institute in 
Copenhagen, Denmark. This Symposium, 
which will be a satellite symposium of the 
IUPS Congress in Helsinki, will feature 
speakers chosen by their association with 
Kjell Johansen in the areas of metabolism, 
circulation, gas exchange, and blood gas 
transport. There is still room available in 
the program for a number of poster pres- 
entations; anyone wishing to make a pres- 
entation or simply attend this symposium 
should contact one of the organizers as 
soon as possible. 

4. Finally, at the completion of the busi- 
ness meeting, Al Bennett assumed the 
chair of the Section from Roger Fedde and 
is joined by Bill Danzler (Treasurer), Larry 
Crawshaw (Program Advisory Committee 
Representative), and Bill Milsom (Secre- 
tary) as the executives for the coming year. 

At the FASEB Meetings in Las Vegas, the 
Comparative Physiology Section spon- 
sored one symposium and two contributed 
paper sessions. There were eight contest- 
ants in the Scholander Award Competition, 
which was won by Gary Malvin. Gary re- 
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Roger Fedde, Chairman of Comparative Physiology 
Section, presenting Scholander Award to Gary Malvm. 

ceived his B.A. from the ‘University of 
Michigan (1976) and his Ph.D. from the 
University of New Mexico (1983). He is 
currently completing postdoctoral work in 
the Department of Physiology and Bio- 
physics at the University of Washington 
before taking a position as an Associate 
Scientist in the Biomedical Research Divi- 
sion of the Lovelace Medical Foundation 
in Albuquerque, New Mexico. Gary was 
presented the Scholander Award by the 
Chairman of the Section, Roger Fedde, at 
the Comparative Section Social. The Social 
also featured a presentation by Gerry Kooy 
man of his associations with Pete Scholan- 
der. The Section wishes to thank Gerry as 
well as Al Bennett and Stan Hillyard for 
their efforts in organizing the activities of 
our Section at this meeting and all the 
participants in the Scholander Award Com- 
petition. The judges also wish to acknowl- 
edge the overall high standards of all the 
contestants in this year’s competition. 

William K. Milsom, Secretary 

GASTROINTESTINAL 

The Steering Committee of the Gas- 
trointestinal Section has continued to com- 
municate by phone and informally at the 
FASEB Meetings. Communication with the 
membership has included mailing of three 
newsletters and an annual business meet- 
ing held after the GI Dinner at the FASEB 
Meetings. 

A nominating committee consisting of 
Drs. Norman Weisbrodt, Jean Morisett, and 
Travis Solomon was chosen to identify can- 
didates for election to the Steering Com- 
mittee. Dr. John Williams was elected 
Chairperson and will replace Dr. Helen 
Cooke, who will continue for an additional 
year as councilor. Dr. Williams will serve 
as Section Advisory Committee Represent- 
ative and will replace Dr. Norman Weis- 

brodt. Dr. Joseph Fondacaro was elected 
secretary/treasurer to replace Dr. Herbert 
Ormsbee, and Dr. Phillip Rayford will as- 
sume the position of councilor. 

The Steering Committee has been in- 
volved in the revision of bylaws for the 
section to comply with the new guidelines 
of the APS. These were approved unani- 
mously by the membership. 

The GI Section sponsored two symposia 
at the Spring FASEB Meetings entitled 
“Physiology and pathophysiology of reac- 
tive oxygen metabolites in the digestive 
system” organized by Drs. Neil Granger 
and Mark Grisham and “Neural control of 
the intestinal epithelium” organized by Dr. 
Helen Cooke. Dr. Jack Wood has solicited 
topics for symposia and has presented 
three symposia titles to the Program Advi- 
sory Committee for consideration for the 
1989 FASEB Meetings. 

The Gastrointestinal Prize for merito- 
rious research was awarded to Dr. Gabriel 
Makhlouf who spoke on “Stimulus trans- 
duction in smooth muscle of the gut” at 
the GI Dinner. 

The recipients of the Young Investigator 
Awards for 1988 included Mr. John Mend- 
lein, a graduate student under the direction 
of Dr. Ernest Wright from the University of 
California at Los Angeles. His abstract was 
entitled “In vitro translation and glycosyl- 
ation of the intestinal Na+-glucose trans- 
porter.” Dr. Leslie Reinlib received the 
Young Investigator Award in the postdoc- 
‘toral category. He was recognized for his 
work “Single cell microfluorescence analy- 
sis indicates a prolonged elevation of cy- 
tosol-free Ca++ is responsible for car- 
bachol-induced Cl- secretion in an intes- 
tinal cell line.” This work was carried out 
in the laboratory of Dr. Mark Donowitz. 

Helen J. Cooke, Chairperson 

RESPIRATORY PHYSIOLOGY 

The annual Business Meeting of the Res- 
piration Section of the American Physio- 
logical Society was held in Ballroom F of 
the Hilton Hotel, Las Vegas, Nevada on 
May4,1988, Chairperson Richard W. Hyde 
presiding. 

1. The first item of business was a report 
on the new journal entitled AJP: Lung Cel- 
lular and Molecular Physiology. The new 
Chief Editor is Don Massaro. Members 
were informed that the new journal would 
appear bimonthly starting in the fall of 
1989. The scope was clearly defined as 
being cellular and molecular physiological 
research pertinent to the lung and its sup 
porting structures (chest wall, neurocon- 
trol mechanisms, etc.). As such, it was per- 
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ceived that it would have minimal impact 
on the Journal of Applied Physiology. It 
was lamented that the American Thoracic 
Society has essentially identical plans in 
progress with its publications. This means 
that two almost identical new journals will 
appear simultaneously from these two So- 
cieties 

2. Dick Hyde communicated a message 
from Sue Hurd at NIH requesting Section 
members to provide input to the Lung 
Division at NHLBI for areas in need of 
further research. 

3. The next report was from the Nomi- 
nating Committee chaired by Joe Rodarte 
(other members were Bob Johnson and 
Don Massaro). The nomination process 
was discussed. Currently, the Nominating 
Committee proposes two candidates for 
each position up for election, and these 
are voted on the membership through a 
mail ballot. Members of the Section have 
always been able to submit additional can- 
didates to be placed on the voting ballot 
provided they can obtain at least three 
signatures of endorsement, submit the 
name at least two months before the ballot 
is to be mailed, and secure an agreement 
from the candidate that he/she is willing 
to serve if elected. Dr. Rodarte suggested 
that the interests of the Section might be 
better served if the Nominating Committee 
proposed a single candidate for each po- 
sition. Of course, members of the Section 
would still have the opportunity to submit 
their own candidates in the manner de- 
scribed above. It was, however, pointed 
out that at all other levels within the APS, 
a slate of candidates is proposed, among 
whom members must choose in the man- 
ner that we currently also employ within 
the Section. It was decided that this issue 
should be brought to the membership by 
means of the next Section newsletter. This 
year, two Steering Committee members 
were to be elected (a Treasurer to fill the 
unexpired term of Harold Menkes, and a 
Secretary to replace Peter Wagner as of 7/ 
l/88). The ballots had been circulated in 
the January 1988 newsletter, and of the 493 
Respiration Section members, 182 re- 
turned properly marked ballots. This is 
about double the turnout of previous mail 
ballots. Dr. Norman Edelman was elected 
to the position of Treasurer and Dr. Mi- 
chael Hlastala to the position of Secretary. 
Dr. Edelman will also be Dinner Chairper- 
son in 1989, and Dr. Hlastala Dinner Chair- 
person in 1990. 

4. Dr. Klocke, who is just beginning his 
tenure as Program Advisory Committee 
representative from the Respiration Sec- 
tion, discussed programming. He empha- 
sized that the major influence that a Sec- 
tion has in the APS is through program- 

78 

1989 FASEB Spring Meeting Abstract DEADLINE: 

NOVEMBER 1, 1988 

ming at the Spring and Fall Meetings by 
means of proposing symposia, etc. He 
noted the poor input from membership in 
the past in this regard and urged members 
to be more active in suggesting symposia 
and other means of communication at the 
Spring and Fall Meetings. In this vein, he 
noted that special forms must be filled out 
to submit to the Program Committee when 
proposing symposia and that these forms 
must be in the hands of the APS by March 
1 and September 1 of the year preceding 
the meeting at which the symposia is to 
take place for the Spring and Fall Meetings, 
respectively. 

Finally, Dr. Klocke emphasized that the 
next opportunity for programming input 
according to this schedule will be the 1989 
Fall Meeting. This is particularly important 
to the Respiration Section because it is a 
joint meeting between the APS and the 
ATS. The membership was encouraged in 
the strongest possible way to provide ideas 
for symposia and any other format of com- 
munication for the fall meeting next year. 

5. The Secretary-Treasurer’s report was 
next given by Peter Wagner. He reported 
that, with a very low voter turnout (20 
ballots), the new bylaws of the Section 
were passed unanimously. A financial re- 
port was given. As part of the financial 
report, it is noted that the Respiration Din- 
ner this year sold 232 tickets, about double 
the turnout from last year when we had 
mailing list difficulties. 

6. A letter from Karl Wasserman pro- 
posing a memorial function in the name of 
Harold Menkes be considered was tabled 
since Dr. Wasserman could not be present, 
This will be reviewed sometime in the 
future. 

7. The Section Chairperson Dr. Hyde 
reported that the Long-Range Planning 
Committee of the APS is seriously consid- 
ering the future of the Fall Meeting. There 
are apparently suggestions to reduce the 
number of meetings per year to one from 
the current two, although this is the subject 
of much discussion and no decisions have 
yet been made. Dr. Hyde noted that next 
year the Respiration Section will have di- 
rect input into APS Council nominations 

and asked the membership to become in- 
volved in that. He also mentioned that the 
Committee on Committees strongly re- 
quests the Sections to provide names of 
people to fill the many committee posi- 
tions that are continually opening up in 
the APS structure. He also mentioned the 
need to continue to recruit members to the 
Respiration Section of APS. 

8. In the absence of any new/old busi- 
ness, Dr. Hyde adjourned the meeting. 

Peter D. Wagner, Secretary/Treasurer 

RENAL 

Johnathan Bortz and Leslie Lescale-Matys. 

The Renal Section has announced its 
1988 Awardees for Research Excellence. 
The recipients of the graduate study and 
postdoctoral fellow categories after judg- 
ing at the past FASEB meeting were Leslie 
Lescale-Matys and Dr. Johnathan Bortz. Ms. 
Lescale-Matys’ study was entitled “Serum 
repletion increases Na+, K+-ATPase syn- 
thesis pretranslationally in MDCK cells via 
sodium flux”; she is a third-year graduate 
student from the University Southern Cal- 
ifornia School of Medicine working in the 
laboratory of Dr. A. McDonough. Dr. 
Bortz’s study was entitled “Co-localization 
of insulin-like growth factor I mRNA in rat 
kidney collecting duct”; Dr. Bortz is a post- 
doctoral fellow in nephrology/endocrinol- 
ogy/metabolism at Washington University 
in St. Louis working in collaboration with 
Dr. Hammerman. The recipients of this 
coveted award receive an honorary plaque 
and a check for $200.00. Announcements 
for the 1989 competition are mailed to all 
members and affiliated members of the 
Renal Section. 
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Call for Symposia Topics-Spring 1989 

Members are urged to submit proposals 
for APS symposia to their Section Program 
Advisory Committee representatives. Or- 
ganizers should consider multidisciplinary 
approaches with other sections and the 
contribution by experimentation at multi- 
ple levels of investigation. 

What specific questions will the sym- 
posium address? Are there two or three 
conflicting issues that warrant presentation 
and discussion? What does the symposium 
offer to the intended audience? Are further 
directions considered in the material to be 
presented? 

Symposia proposals are welcome for the 
Spring or Fall Meeting. For the 1989 Spring 
FASEB Meeting, submit proposals to the 
appropriate Section Program Advisory 
Committee representative by January 15, 

1989, All proposals should include the fol- 
lowing: 1. Title; 2. Organizer and address; 
3. Abstract (150 words); 4. Number of half- 
day sessions; 5. Names of session chairper- 
son(s); 6. Presentors/Discussants-ap- 
proximately six per half day (list the par- 
ticipant’s name and title of presentation as 
it would appear in the program); 7. Brief 
biographical sketch (2-3 sentences) of 
each speaker in the symposium; 8. Budget 
information-symposia are evaluated on 
the basis of their scientific merit; however, 
to coordinate fund-raising efforts by the 
national office, the anticipated costs to sup- 
port the travel and lodging of symposia 
speakers are needed. Organizers will be 
notified immediately on acceptance of the 
symposia and given a budget for nonmem- 
ber participants. 

Section Program Advisory Committee 
Representatives: 

Chair 
Carl V. Gisolfi 
Dept. of Exer. Sci. & Phys. Ed. 
Univ. of Iowa 
N420 Field House 
Iowa City, IA.52242 
319-335-9494 

Cardiovascular 
James M. Downey 
Dept. of Physiology 
Univ. of South Alabama 
College of Medicine 
Mobile, AL 36688 
205-460-7004 

Harris J. Granger 
Dept. of Med. Physiology 
Texas A&M Cal. of Med. 
College Station, TX 77843 
409-845-7816 

Cell & General 
Iazaro Mandel 
Dept. of Physiology 
Duke Univ, Med. Ctr. 
Box3709 
Durham, NC 27710 
919-684-6638 

Comparative 
Larry Crawshaw 
Dept. of Biology 
Portland State Univ. 
P.O. Box 751 
Portland, OR 92707 
503-464-4209 

Endocrinology & Metabolism 
David Wasserman 
Dept. of Molec. Physiol. & Biophysics 
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Light Hall, Rm. 613 
Vanderbilt Univ. Sch. of Med. 
Nashville, TN 37232 
615-322-7014 

Environmental, Thermal & Exercise 
Ethan R. Nadel 
John B. Pierce Fndn, Lab, 
290 Congress Ave, 
New Haven, CT 06519 
203-562-9901 

Gastrointestinal 
Jackie D. Wood 
Dept* of Physiology 
Ohio State Univ. Col. of Med. 
333 West 10th Aven. 
Columbus, OH 43210 
614-292-5449 

Nervous System 
Ralph Lydic 
Pulmonary Div. 
Dept* of Medicine 
Hershey Med. Ctr. 
Hershey, PA 17033 
717-534-5625 

Neural Control & Autonomic Regulation 
M. Ian Phillips 
Dept. of Physiology 
Univ. of Florida Col. of Med. 
JHMHC, Box 274 
Gainesville, FL 32610 
904-392-3791 

Renal 
Roger G. O’Neil 
Dept. of Physiol, 8k: Cell Biol. 
Univ. of Texas Hlth. Sci. Ctr. 
P.0, Box 20708 
Houston, TX 77225 
713-792-5282 

Linda S. Costanzo 
Dept. of Physiol. & Biophysics 
Med. Cal. of Virginia 
Box 551, MCV Station 
Richmond, VA 23298 
804-786-7559 

Respiratory 
Robert A. Klocke 
Dept. of Medicine & Physiol. 
SUNY at Buffalo 
462 Grider St, 
Buffalo, NY 14215 
716-898-3988 

Teaching 
Joel Michael 
Dept. of Physiology 
Rush Med. Col. 
1750 W. Harrison St, 
Chicago, IL 60612 
312-942-6426 

Water & Electrolyte Homeostasis 
Edward H. Blaine 
Dept. ofa Pharmacol. 
Box 8103 
Washington Univ. Sch. of Med. 
660 S. Euclid Ave. 
St. Louis, MO 63110 
314-362-2724 

Clinical Physiology ( 
J. F. Biebuyck 
Dept* of Anesthesia 
Penn. State Univ, Co1 
Hershey, PA 17033 
717-534-5697 

roup 

. of Med. 

Epithelial Transport Group 
Ray Frizzell 
Dept. of Physiol. 81: Biophysics 
Univ. of Alabama 
Birmingham, AL 35294 
205-934-7210 

History of Physiology Group 
Dan Gilbert 
Biophysics Lab. 
NINCDS, NIH 
Bldg+ 9, Rm. lE124 
Bethesda, MD 20892 
301-496-3204 

MYOBIO Group 
Marion J. Siegman 
Dept. of Physiology 
Jefferson Med. Col. 
1020 Locust St. 
Philadelphia, PA 19107 
215-928-7893 

Liaison With Industry 
Stephen F. Flaim 
Dept. of Pharmacol. 
Squibb Inst. for Therapeutic Res. 
P.O. Box 4000 
Princeton, NJ 08540-4000 
609-921-4743 
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Physiology and 
FASEB 1988 Tin1 

Reeived APS 

FASEB Program Designation 
Tot.4 

ASBMB ASPET AAP AIN AA1 
The 1988 FASEB Meeting in Las Vegas 

was a joint meeting of the six FASEB mem+ 
ber societies and several guest societies. 
Over all, 9,093 abstracts of volunteered 
papers were submitted, an increase of 30% 
over 1987. Of this total, 2,418 papers were 
submitted by the APS membership and 
three APS guest societies: the Society for 
Experimental Biology and Medicine 
(SEBM) 1 the Biomedical Engineering So- 
ciety (BMES), and the Society for Mathe- 
matical Biology (SM3). The physiology 
component of FASEB ‘38 represented 27% 
of the short communications presented by 
APS members and guests. 

Of the APS-sponsored papers, 17% 
(408) were the scientific efforts of women 
physiologists as first authors and 7% (172) 
were by members from outside of the 
Americas. A~I, 9% (219) were received 
from U.S. government laboratories and 2% 
(56) were received from physiologists em- 
ployed by industry. Table 1 shows the var- 
ious departmental abstracts received by 
APS. 

Of the 2,418 APS member-sponsored 
abstracts, 21% (504) were designated by 
the authors for inclusion in topics pro- 
grammed by other FASEB member Sock- 
ties (Table 2). 

Tables 3 and 4 show the distribution of 
volunteered papers, programmed by APS 
and its guest societies, in relation to Soci- 
ety sections. of the 2,330 papers pro- 
grammed by the Program Advisory Com- 
mittee, 1,511 (65%) were scheduled for 
poster sessions, 733 (31%) for slide ses- 
sions, and 86 (4%) for poster-discussion 
sessions. Over all, there were 99 poster 
sessions, 64 slide sessions, 35 symposia 
sessions, and 5 poster-discussion sessions. 
A total of 203 physiology sessions were 
scheduled, an increase of 2% over FASEB 
‘87 and a 19% increase over FASEB %6.@ 

2,275 1,771 53 17s 2,275 
(94%) (73%) WV (7%) ew (3%) Ii3 (1%) 

SEBM 1QO 36 9 17 17 16 5 100 
BMES 38 29 3 0 6 0 0 38 
SMB 5 2 1 0 1 1 0 5 

XX.4 2,418 1,338 66 ‘192 212 87 23 2,418 

TABLE 3. AFYS kientific Sessions at FA5EB ‘88 

Section Slide Poster Symposia TOtA 

Cardiovascular 
Cell & genera1 
Comparative 
Endcxrinul & nxtztbokrn 
Bnvirunmental, therm1 

8 ewcise 
Epithtlial 
Gastr43inwstinal 
Histcuy 
Musck 
Nervous system 

Neural ccwol and 
autonomic rqylatian 

Renal 
Respiration 
Teaching 
Water & electrolyte 
BMES 
SEBM 
ml3 
SGP 
Clinical 
Theme 
Special 

21 20 4 45 
3 8 2 13 
1. 1 US 2.5 
6 7 2 15 
5 8 O+S 13.5 

3 
2 

I’ 
2 
us* 
2.5’ 
I 

2* 
4 2 
1 

1.5’ 
2 
2 
2 
0.s 
2 
4 
1 

5 35 

1 
1 
5 

6 
4 

16 
20 

2 
8.5 
6 
2 
2 
0.5 
2 
8 
1 

203 

3 
2 

1 

Total 64 99 
* Session sponsored jointly by two or mare sections. 

Cardiwascular 
Cell & general 
Comparatiue 
Endcninol & me~bolism 
Environmental, thermal 

43 exercise 
Epithelial 
Ga5tfcdntestinal 

History 
MUSCk 

Nervous system 
Neural amrul and 

au tondmic reguhtion 
Rend 
Respiration 
Teaching 
Water Br electrolyte 
BMES 
Theme 

233 
37 
10 
73 
50 TABLE I. Author Affiliations of Prqgrammcd 

Volunteered Papers 

Department No. of Papers % Total 72 110 
47 loo 

2 2 

105 114 
42 53 
4s lU4 

38 
33 

Physiology 676 
Physiology & Biophysics 172 
Medicine 212 
P harmacdogy 128 
SiOlQgy 50 
Surgery 6s 
Amzthcsiology 101 
Pediatrics 64 
Pathology 28 
Biochemistry 39 
Engineering 67 
Kinesiology 11 
Other 802 

28 
7 

9 
5 
2 

3 
4 
3 
1 
2 
3 

9 
11 
59 

61 
48 

63 124 

315 79 442 

9 7 16 
56 91 
24 43 
49 61 

35 
19 
12 

33 Total 733 1,511 36 2,330 



News From Senior Physiologists 

Letters to Horace Davenport: 

Kao Liang Chow reports that he still 
keeps an office in the department of neu- 
rology at Stanford and participates in the 
department’s scholarly and social func- 
tions despite having retired three years ago 
after working there for 23 years. In retire- 
ment he has been chairman of one of the 
NIMH study sections, served on several 
committees, and co-edited a book. Now he 
has decided to pursue only avocational 
activities by spending only a few hours in 
the office reading and talking with col- 
leagues and at home swimming, practicing 
Chinese calligraphy, listening to classical 
music, and reading Chinese poetry and the 
classics. 

Kenneth G. Kohlstaedt writes, “We 
moved from Indianapolis to Palm Springs 
in 197% I have maintained my interest in 
research and medical education by an as- 
sociation with the Eisenhower Medical 
Center. I am a member of the institutional 
review board and the hospital medical eth- 
ics committee, I also serve as an advisor to 
the Annenberg Center for the Health Sci- 
ences, which is located on the campus of 
the Eisenhower Medical Center,” 

Letters to Roy 0. Greep: 

Harold Copp gave up his headship of 
the Department of Physiology at the Uni- 
versity of British Columbia in 1980 but still 
retains his office, laboratory, and research 
grant. “Science is a great hobby,” he writes, 
“and I am now working on a previously 
unrecognized calcium regulating hormone 
from the corpuscles of Stannius of fish 
which we have named Teleocalcin.” His 
laboratory isolated the pure hormone in 
1986, and last year Donna Butkus and her 
colleagues at the University of Melbourne 
isolated the gene and by cDNA analysis 
determined the full structure, It contains 
231 amino acids and 15 cysteines and has 
no homologies with any other known pro- 
tein Among other activities, he is involved 
in establishing the university’s first clinic 
in postmenopausal osteoporosis and has 
recently j’oined the Board and Science 
Advisory Committee of Science World of 
B, C., which is in the process of building a 
world class Science Center. 

David E. Goldman and his wife are living 
on Cape Cod and “ageing as gracefully as 
we can manage? He is learning to use a 
personal computer and writing up some 
experimental material on it, Completion of 
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one project on the population dynamics of 
small rodents is delayed until that he tries 
to keep up with the literature, he finds it 
hard to stay in touch with the ever increas- 
ing pace of developments leading to more 
specialization. “This is not merely a matter 
of age.” He remarks in closing, “The Amer- 
ican Physiological Society is now 100 years 
old. Does that mean it is ready for a geria- 
tric consultation? Perish the thought!” 

Charles Sawyer writes: “For 45 years 
prior to retirement I led a double life; 
doing research on physiological aspects of 
neuroendocrinology and teaching medical 
gross anatomy. My neuroendocrine friends 
would never believe I taught “gross,” and 
our med students thought I did nothing 
else.” Having closed his research labora- 
tory at UCLA three years ago, Sawyer is still 
teaching “gross” as a volunteer and writing 
up “ancient research data” and historical 
essays for publication. Retirement pro- 
vides more time for listening to classical 
music, his principal avocation. 

Werner P. Koella, who retired in 1982 
from the Friedrich Miescher Institute in 
Basel, Switzerland, wrote “. . . and this is 
my ‘word of wisdom’ for my younger col- 
leagues-if one comes closer to the day 
when one has to vacate the office and the 
laboratory, one should carefully plan the 
many years ahead and ‘organize’ the kind 
of activities from which one still is well 
suited in spite of failing vision or hearing, 
reduced capabilities of memory read-out, 
and a general slowing down of the mental 
processes, Still, one should organize one’s 
retirement activities in a way that one still 
has time for a few hobbies that help keep 
the mind and body in shape. I have taken 
up hiking. In the course of the last five 
years I have crossed Switzerland on foot 
four times. And I still have time to practice 
my trumpet playing, for my weekly re- 
hearsals with the Base1 Brass Choir, and 
for an occasional jam session with a Dix- 
ieland band.” But what has kept him busy 

during the last two years was writing a 
book: The Physiology of Sleep-An Intro- 
duction. 

Estelle R. Ramey retired last year from 
Georgetown University and reports that 
she has been active on the lecture circuit, 
consulting, and generally enjoying life, “I 
am often asked how I developed the ability 
to speak without nervousness to big audi- 
ences without notes. I point out that for 
more than 40 years I lectured to medical 
students, the most hostile audience in the 
world. After that, no audience intimidates 
me.” 

Clara M. Szego writes, “There seems less 
time to carry out the various work-and- 
play-related projects I has so confidently 
anticipated. Nevertheless, I keep up with 
tennis, a bit of piano, and quite a healthy 
amount, of literary aspiration-with inspi- 
ration striking occasionally, especially in 
the middle of the night.” She reports that 
she presently has two scientific papers in 
press, one which appeared in the June 
issue of AJP. 

Carl A. Bunde writes, “January 1, 1988, I 
agreed to come out of almost complete 
retirement to take over a fulltime job. A 
24-bed clinical pharmacology facility (Hill 
Top Pharmatest, Inc.), which I started in 
1976 and retired from in 1981, had lost its 
general manager and medical director; and 
I was asked to assume the job until a re- 
place could be found. It is now a 54-bed 
unit and twice as many employees.” He 
also has been chairman since 1981 of the 
Hill Top Research Institutional Review 
Board, which allows him to delve into new 
areas of research. 

Donald F. Proctor reports that he is still 
writing and that he has “two chapters. in 
the recent Handbook OfPhysiologyand two 
chapters in the forthcoming Textbook oj 
Respiratory Medicine. My book Breathing 
Speech and Song has been translated into 
Japanese.” His one regret is that not having 
sources for travel funds, he cannot attend 
the scientific meetings which he enjoyed 
and that he especially misses the respira- 
tion dinners. 

Herbert J. Spoor writes that he has not 
been able to do very much for the last 
seven years as a stroke has reduced his 
visual field and some recognition and re- 
call capacity. 

James T, Wing reports that he retired as 
an editor of the Archives of Oral Biology 
last year and does nothing more than 
empty the dishwasher and help make the 
bed. He also reports that he will soon have 
a hip replacement. 
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Membership Status 
(March 1988) 

Regular 4,767 
Emeritus 657 
Honorary 19 
Corresponding 188 
Associate 771 
Student 160 

Total 6,562 

Newly Elected Members 
The following, nominated by Council, were elected to membership in the Society at 

the Spring Business Meeting, 1988, Las Vegas, NV. 

Regulilf 

Latifeh Amini-Sereshki 
Univ. of Pennsylvania Sch. Vet. Med. 
Georgia Andrianopoulos 
Univ. of Illinois, Chicago 
Daniel E. Atkinson 
Univ. of California, Los Angeles 
George P, Biro 
Univ. of Ottawa 
Jesse W, Bowen 
Univ. of Missouri, Columbia 
Bruce D. Butler 
Univ. of Texas Med. Sch., Houston 
Peter J+ Campbell 
Vanderbilt Univ. 
Shih-Wen Chang 
Univ. of Colorado Hlth. Sci. Ctr., Denver 
Stefan H, Constable 
USAF Sch. of Aerospace Med., Brooks AFB, TX 
Leslie H, Cronau 
Univ. of Texas Med, Sch,, Houston 
Deborah M. Drechsler-Parks 
Univ. of California, Santa Barbara 
Gary A, Dudley 
The Bionetics Corp. 
Larry J, Findley 
Univ. of Virginia Med. Ctr., Charlottesville 
Theodore Garland, Jr, 
Univ. of Wisconsin, Madison 
David L. Geenen 
Montefiore Med. Ctr., Bronx 
Joey P, Granger 
Eastern Virginia Med, Sch, 
Matthew B. Grisham 
LSU Med, Ctr., Shreveport 
Harvey J, Grill 
Univ. of Pennsylvania 
Steven R. Gullans 
Brigham & Women’s Hosp. 
David D. Gutterman 
Univ, of Iowa Hospitals 
Bernard M. Hitzig 
Harvard Medical School 
Eileen M. Hasser 
Univ. of Missouri, Columbia 
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Steven R. Hays 
Univ. of Texas/Southwestern Med, Ctr. 
Raymond P, Henry 
Auburn Univ. 
David R. Hodgson 
Washington State Univ. 
Richard L, Hughson 
Univ. of Waterloo, Ontario 
Philip B. Hultgren 
Kirksville Cal, of Osteopath. Med,, MO 
Kenneth T. Xzutsu 
Univ. of Washington 
Frederick J, Kaskel 
State Univ. of New York, Stony Brook 
Abram Katz 
National Insts, of Health 
Debra Ann Kirby 
Harvard Sch, of Public Hlth. 
Richard L, Lieber 
VA Med. Ctr., San Diego 
Michael P. Lilly 
Rhode Island Hosp. 
Robert F. Lodato 
Univ. of Texas Med, Sch., Houston 
Gary W. Mack 
John B. Pierce Fndn. Lab, 
Jane A, Madden 
Zablocki VA Med, Ctr. 
Danuta H. Malinowska 
Univ. of Cincinnati 
Scott Manaker 
Hosp. of the Univ. of Pennsylvania 
Martin J. Mangino 
Washington Univ. Sch, of Med, 
Daniel C, Marcus 
Boys Town Natl. Inst ,, Omaha 
Steven W. Mifflin 
Univ, of Texas Hlth. Sci. Ctr., San Antonio 
Suzanne Moreland 
The Squibb Inst. for Med, Res. 
Alan H. Morris 
Univ. of Utah Sch. of Med. 
Brian Mulloney 
Univ. of California, Davis 

Gary F. Nieman 
State Univ. of New York, Syracuse 
Keith B. Nolop 
Univ. of Miami Sch. of Med, 
Terry J. Opgenorth 
Abbott Laboratories 
Kaushik P. Pate1 
Univ. of South Dakota 
Gregory De Loss Potter 
Univ. of Texas Med, Sch,, Houston 
Patricia A. Preisig 
Univ. of Texas/Southwestern Med. Ctr, 
J, Usha Raj 
Harbor-UCM Med. Ctr 
Vazhaikkurichi M. Rajendran 
Yale Univ, Sch. of Med, 
Andrew J. Rankin 
Memorial Univ., St. John’s, Newfoundland 
Peter S. Reinach 
Washington Univ, Sch. of Med. 
Diego Restrepo 
Monell C hem, Senses Ctr., Philadelphia 
Paer Richardson 
Baylor Col. of Med. 
Ellis B. Ridgway 
Medical College of Virginia 
Robert D. Roer 
Inst. for Marine Biomed. Res,, Wilmington, NC 
Hari haran Sankaran 
VA Med, Ctr., Portland, OR 
Daniel P. Schuster 
Washington Univ. Sch. of Med. 
Steven S. Segal 
‘Pennsylvania State Univ,, University Park 
Daniel I. Sessler 
Univ, of California, San Francisco 
Mohammad Shenasa 
Hasp, Sacre-Coeur, Montreal 
Sanjeev G. Shroff 
Michael Reese Hosp., Chicago 
Michael L, Smith 
McGuire VA Med. Ctr., Richmond, VA 
Lou Ann Stephenson 
US Army Res. Inst. of Environ. Med., Natick, MA 
Joseph Lee Unthank 
Indiana Univ, Sch, of Med., Indianapolis 
Joseph G. Verbalis 
Univ, of Pittsburgh 
Elizabeth M, Wagner 
Francis Scott Key Med. Ctr., Baltimore 
Benjimen R. Walker 
Tulane Univ. Sch. of Med. 
Lawrence C, H. Wang 
Univ. of Alberta 
Jean-Michel Weber 
Univ. of Texas Med. Branch, Galveston 
Jerry L. Wessale 
Purdue Univ, 
Randall C. Wetzel 
Johns Hopkins Hosp. 
Carin Wittnich 
St I Michael’s Hasp,, Toronto 
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Tadataka Yamada 
Univ. of Michigan Med. Ctr. 
Douglas A. Young 
Sandoz Res. Inst. 
John C. Young 
Boston Univ. 

Corresponding 
Piergiuseppe Agostoni 
Univ. of Milan0 
Angela Corcelli 
Bari Univ., Italy 
Bertrand Crozatier 
Hosp. Leon Bernard, LimeilBrevannes, France 
Razi Dmi’el 
Tel Aviv Univ. 
Gerolf Gros 
Med. Hochschule Hannover, FRG 
Ann Harrison 
Kuwait Univ. 
Philippe A. Herve 
Paris-South Univ. 
Ryo Hosotani 
Univ. of Arkansas for Med. Sci. 
Heidrun F. Kiwull-Schoene 
Ruhr Univ., Bochum, FRG 
Jaime Requena 
IDEA Ctr. for Biosciences, Caracas, Venezuela 
Stefan Silbernagl 
Univ. of Wurzburg, FRG 
Peter A. Wieringa 
Delft Univ. of Technol., The Netherlands 
Jing Tian Xie 
Nankai Univ., Tainjin, PRC 
Derek M. Yellon 
The Rayne Inst./St. Thomas’s Hosp., London 
Ahad N. K. Yusufi 
Mayo Clinic & Fndn. 

Associate 

Frederic S. Bongard 
Harbor-UCLA Med. Ctr. 
William E. Dale 
Univ. of Missouri, Columbia 
James P. Dixon 
USAF Sch. of Aerospace Med., Brooks AFB, TX 
Mark B. Effron 
Francis Scott Key Med. Ctr., Baltimore 

Vol. 31, No. 4, 1988 

Diane Eliades 
Uniformed Services Univ. of the Hlth. Sci. 
Gabriel P. Frommer 
Indiana Univ. 
Matthew R. Glucksberg 
Roosevelt Hosp., New York 
Drew A. Hildebrandt 
Univ. of Mississippi Med. Ctr. 
E. Heidi Jerome 
Univ. of California, San Francisco 
Jeffrey W. Kiel 
Univ. of Texas Hlth. Sci. Ctr., San Antonio 
Kevin C. Kregel 
Univ. of Arizona 
Henry A. Lester 
California Inst. of Technol. 
Edward D. Lewandowski 
Baylor Cal. of Med. 
Elizabeth A. Miescher 
Johns Hopkins Univ. Hosp. 
Carol S. Packer 
Indiana Univ. Sch. of Med. 
Dietrich Walter F. Schwarz 
Univ. of British Columbia 
John A. St. Cyr 
Univ. of Minnesota, Minneapolis 
D. Lowe11 Stacy 
Eastern Virginia Med. Sch., Norfolk 
Joe R. Strader 
Texas Col. of Osteopath. Med. 
Terrie M. Williams 
Sea World Res. Inst., San Diego 
David C. Zawieja 
Texas A&M Univ. 

Student 

Melisesa M. Cheeseman 
Univ. of Kentucky Col. of Med. 
Michael D. Delp 
Univ. of Georgia 
Kiran S. Deoras 
Temple Univ. Sch. of Med. 
Laurie R. Dodd 
Univ. of Arizona Col. of Med. 
Anne Folta 
Univ. of Michigan 
Ritchie Froehlich 
Univ. of Delaware Sch. of Life & Hlth. Sci. 
Suzanne Greenberg 
Med. Col. of Wisconsin 
Timothy W. Henrich 
Texas A&M Univ. 
Mary C. Hines 
Univ. of Louisville 
Vijayanand C. Kowtha 
Rutgers Univ. 
Ingrid K. Krampetz 
Univ. of Manitoba 
Eugenio A. Longo 
Univ. of Puerto Rico Sch. of Med. 
Donald J. Meyer 
Univ. of Missouri, Columbia 

Raymond B. Penn 
Temple Univ. Sch. of Med. 
Kathleen Z. Refinetti 
Univ. of California, Santa Barbara 
Jann Rhodes 
Texas A&M Univ. 
Kenneth J. Rodnick 
Stanford Univ. 
Christopher R. Ross 
Univ. of Missouri, Columbia 
Craig S. Stump 
Univ. of Arizona 
Catherine F. T. Uyehara 
Tripler Army Med. Ctr., Honolulu 
Barbara A. Vance 
Dartmouth Med. Sch. 
Ning Wang 
Harvard Sch. of Public Hlth. 
Jay H. Williams 
Texas A&M Univ. 
Cindy M. Wilson 
East Carolina Univ. 
Martin L. Wolf 
Univ. of Nebraska Col. of Med. 

Honorary 

Setsuro Ebashi 
Nat’l. Inst. for Physiol. Sci., Okazaki, Japan 
Erwin Neher 
Max-Planck-Inst. for Biophys. Chem., Gottingen, 

FRG 
Ewald R. Weibel 
Univ. of Bern, Switzerland 

Fifty-Year Members 

David I. Abramson, 1937 
Errett C. Albritton, 1933 
Willard M. Allen, 1934 
Samuel B. Barker, 1938 
S. Howard Bartley, 1935 
Richard J. Bing, 1922 
Emil Bozler, 1932 
Chandler McC. Brooks, 1933 
Paul C. Bucy, 1933 
Hubert R. Catchpole, 1938 
K. K. Chen, 1929 
Robert W. Clarke, 1936 
Madeleine F. Crawford, 1933 
Phoebe J. Crittenden, 1937 
Ray G. Daggs, 1935 
Hallowell Davis, 1925 
Louis B. Flexner, 1933 
Florent E. Franke, 1934 
Maurice H. Friedman, 1929 
A. Pharo Gagge, 1937 
Frederic A. Gibbs, 1935 
Aruthur S. Gilson, Jr., 1927 
Harold D. Greene, 1936 
James B. Hamilton, 1938 
Chester W. Hample, 1936 
John W. Heim, 1936 
Frances A. Hellebrandt, 1933 
Charles B. Huggins, 1932 
J. Raymond Johnson, 1938 
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Jane Sands Robb Johnson, 1925 
Joseph L. Johnson, 1934 
Frederic T. Jung, 1930 
Nathaniel Kleitman, 1923 
Arnold Lieberman, 1931 
Donald B. Lindsley, 1937 
Rafael Lorente de N6, 1937 
Horace W, Magoun, 1937 
Ade T. Milhorat, 1934 
Hayden C. Nicholson, 1932 
Seward E. Owen, 1938 
Irving II. Page, 1937 
Herbert Pollace, 1933 
C. Ladd Prosser, 1935 
Paul Reznikoff, 1927 
Oscar W, Richards, 1934 
Curt P. Richter, 1924 
John J. Sampson, 1932 
Carl F. Schmidt, 1929 
Francis 0. Schmitt, 1930 
Wilbur A. Selle, 1937 
James A. Shannon, 1933 
Herbert Shapiro, 1937 
Herbert Silvett, 1933 
Paul W. Smith, 1933 
Fanklin F. Snyder, 1936 
Samuel Soskin, 1930 
J. Newell Stannard, 1938 
Isaac Starr, 1929 
George W. Stavraky, 1937 
Theodore J. B. Steir, 1938 
Eugene U. Still, 1928 
Maurice L. Tainter, 1929 
Sarah S. Tower, 1932 
George E. Wakerlin, 1933 
C. Beecher Weld, 1936 
Harold C. Wiggers, 1937 
Robert A. Woodbury, 1936 
Clinton N. Woolsey, 1938 

Deceased Members 

Andre Cournand, New York, NY (02-19-88) 
Thaddeus S. Danowski, Pittsburgh, PA 

(09-12-87) 
Helge E. Ederstrom, Grand Forks, ND 

(10-02-87) 
Robert C. Grubbs, Columbus, OH (Sept. 1987) 
Rita Guttman, Brooklyn, NY (1984) 
Reginald E. Haist, Toronto, ON (06- 15-87) 
A. Baird Hastings, La Jolla, CA (09-24-87) 
John A. Johnson, Minneapolis, MN (11-05-87) 
Jerzy Kaulbersz, Cracow, Poland (Dec. 1987) 
George F. Koepf, Buffalo, NY (Dec. 1987) 
G. N. Loofbourrow, Prairie Village, KS 

(12-10-87) 
George R. Menelly, Shreveport, LA (09-06-87) 
J. Eugene Millen, Richmond, VA (Feb. 1987) 
Joseph M. Stinson, Nashville, TN (Feb. 1988) 
George B. Theil, Nashville, TN (07-29-87) 
Leland C. Wyman, Boston, MA (Ol- 13-88) 
John A. Zapp, Kennett Square, PA (04-02-87) 

APS and Section Awards 

The APS Caroline turn Suden Profes- 
sional opportunity Awards, which are pre- 
sented at the Spring APS business meeting, 
include a $500 prize, paid registration and 
placement service fees, and a certificate. 
Six awards are given annually to graduate 
students or postdoctoral fellows present- 
ing papers as first authors at the Spring 
FASEB meeting. Candidates are required 
to submit to APS an abstract with an accom- 
panying letter from the sponsor certifying 
that the author is a student or postdoctoral 
fellow and the approximate date the nom- 
inee will be available for employment. 

The Cardiovascular Section presents 
three annual awards-Fellowship, the 
Lamport Award, and the Carl J. Wiggers 
Award, Nominations for Fellowship 
Awards must be made by at least two ex- 
isting fellows with supporting letters sent 
to the steering committee for vote, The 
total number of fellows cannot exceed 5% 
of the APS regular members who have pub- 
lished meritorious research in cardiovas- 
cular physiology, The Lamport Award is 
presented to a young investigator under 
the age of 36 showing outstanding promise 
in his/her field of cardiovascular research. 
The recipient, who receives a certificate 
and a $200 check, is selected by the Wig- 
gers awardee of the previous year. The Carl 
J. Wiggers Award honors a founder of the 
section who has made outstanding and 
lasting contributions to cardiovascular re- 
search. 

The Ceil and General Physiology Section 
offers an award of $200 to an undergradu- 
ate student and a $300 award to a postdoc- 
toral student after three years of obtaining 
an M,D. or Ph.D. degree. The award is 
based on research that is judged to be an 
outstanding contribution. Recipients are 
selected from those scientists who submit 
abstracts for the Spring FASEB Meeting in 
the field of cell physiology. 

The Comparative Physiology Section 
Scholander Award is presented annually to 
recognize an outstanding young investiga- 
tor presenting a paper as first author in a 
comparative physiology slide session at the 
Spring FASEB Meeting. Candidates must 
be graduate students or postdoctoral fel- 

lows, not more than five years beyond their 
highest degrees. The recipient receives a 
cash award of $100 and a certificate from 
the American Physiological Society. 

The Young Investigator Award of the 
Envrionmental, Thermal and Exercise Phys- 
iology Section is for the recognition of 
excellence in research by a graduate stu- 
dent. Candidates must be first author on a 
paper presented at a previous APS Fall 
Meeting or the Spring Meeting at which 
the award is presented. Honoring Har- 
wood S. Beling, an award of $150 is pre- 
sented at the Temperature Regulation Din- 
ner. 

The Gastrointestinal Physiology Section 
Student Prize is designed to challenge and 
reward students and postdoctoral fellows 
who are conducting their research efforts 
in gastrointestinal physiology. Two 
awards-one for work done while enrolled 
as a student for a doctoral degree and the 
other for work performed during the first 
through the third postdoctoral years-are 
presented at the Spring FASEB Meeting. 
Applicants must be first author on abstracts 
submitted for the Spring FASEB Meeting, 
which are accompanied by a letter from 
the applicant’s advisor indicating whether 
the applicant is a graduate student or post- 
doctoral fellow. 

The Van Harreveld Memorial Award of 
the Nervous System Section is to honor the 
best APS student presentation at the Spring 
FASEB Meeting, The first annual cash 
award will be presented at the 1989 spring 
FASEB meeting at a section meeting, din- 
ner, or reception. 

The Renal Physiology Section Award for 
Excellence in Renal Research is to promote 
and develop excellence in research related 
to molecular, cellular, and organ mecha- 
nisms expressed by the kidneys. Annual 
awards are presented to a graduate and a 
postdoctoral students with judging based 
on abstract submission (25%) and meet- 
ing presentation (75%). Papers are evalu- 
ated by three judges in renal hemody- 
namics, epithelial transport, and metabo- 
lism. A certificate and prize of $200 are 
presented to the recipients at the annual 
renal dinner. 

1989 FASEB Spring Meeting Abstract Deadline: 
November 1, 1988 

THE PHYSIOLOGIST 



PUBLIC AFFAIRS 

APS Members Got Their Two-Bits Worth As Letter 
Campaign Brings Withdrawal of Pet Bill 

For only two-bits, it had to be the best 
buy of the year. 

The quarters spent by APS members for 
a first-class stamp to send a letter objecting 
to Sen. Wendell Ford’s proposed Pet Pro- 
tection Act resulted in an avalanche of mail 
that soon convinced the Kentucky law- 
maker to withdraw Senate Bill 1475. 

Ford had been pushing the legislation 
since last year when a class B animal dealer 
in eastern Kentucky purchased for a re- 
search facility dogs that allegedly were 
pets. As a means to rectify the incident 
Ford introduced a bill that would have 
denied federal funds to researchers who 
use random source animals. 

“I tried to attack the problem of pet theft 
from another angle, that of S 1475, the Pet 
Protection Act, but that became too em- 

broiled in the highly controversial matter 
of pound seizure,” Ford said in withdraw- 
ing the bill and introducing another bill 
that limits the source of animals available 
to class B dealers. 

“Today, I separate the two issues, leav- 
ing pound seizure for some other person 
to deal with on some other day.” 

The letters to Ford were the result of a 
letter to the Society membership from APS 
President Harvey V. Sparks, Jr., who urged 
the members to express their concerns 
with the Pet Protection Act and its effect 
on research. 

Ford’s bill was virtually identical to the 
House version of the Pet Protection Act 
(HR 778). Although Rep. Robert Mrazek 
(D-NY), sponsor of the House proposal, 
has not indicated a willingness to withdraw 

American Physiological Society 
Statements on Animal Usage 

The Use of Animals is Necessary for the Proper Teaching of Students 
of the Biomedical Sciences 

The Amerrcan PhysiologIcal Socte~ beheves the use ofanimals IS important In the education 
of students m the bmmedrcal sciences The use of ammals gives the srudrnt a direct under” 
standing of ho% livmg systems work, an understanding that cannot he gamed by readmg a 
textbook, watchmg a video, or usmg a computer To achteve the best blomedrcal education, 
students must have a complete lcarnmg experience mcludmg the use of laboratory animals 

Animal Research is the Most Humane Response 
to Human Suffering from Disease 

Deprlvmg sick human beings of the benefits of animal research I:, Inhumane and reprehen 
able. The American Physloioglcal Soctety advocates the use of ammals for research and 
tcJchrng rls the most human response to the need to relieve mankmd from the sutferrng caused 
tq thseu~ l‘hr use of ammals IS necessary IF researchers are to combat illness, wtuch affects 
hoth human hemgs and ammats. The correct training of physlclans and medical sc1entlbts ~150 
requtres the uw ofanImals for laborato? teaching Textbooks, lbolated ceils, computer models, 
and other representanons of the Intact Irving organism can pro\‘& onI!: a pan121 understandrng 
of i~fe processes for both the medical researchers and the student Efforts to deny rhc humltn 
race the best possible curative power of modern sciences mu51 he repulal 

Pound Animals 

i;ndJrmcd pound animals (random source dogs and CXS) have proved to he the mart 
useful animals for the purposes of research and teaching Medical advances benefltrng borh 
humans and animals were possible because of the availabllrty of unclaimed pound amm& for 
use m research The American Physiological Socrety strongly belwes that denial of the 
av:nlablhty of random source anrmals would be a catastrophic setback, and the Society Ftrongl) 
endorse, the continued use of unclaimed pound animals for basrc and cltmcal rcsedrch and 
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his bill, enthusiasm for such legislation 
seems to have declined among House 
members with the withdrawal of the Senate 
bill. 

Legislation Ford now is proposing, the 
Pet Theft Act (S 2353), would restrict class 
B dealers from obtaining dogs and cats 
from any source other than a state, county, 
or city owned and operated pound or shel- 
ter. Any dealer purchasing such animals 
from pounds or shelters will have to doc- 
ument the purchase and provide the recip- 
ient with a copy of the documentation. 

Moreover, before the animal can be ob- 
tained by a dealer, the facility will have to 
have held the animal for at least one week 
to assure that the owner has had a chance 
to recover it or that the animal has had a 
chance for adoption. 

Violation by the dealer would result in 
fines for the first two offenses and a per- 
manent revocation of the dealer’s license 
by the U.S. Department of Agriculture for 
a third offense. 

The bill, which would be an amendment 
to the Animal Welfare Act, has been re- 
ferred to the Committee on Agriculture, 
Nutrition, and Forestry. 

California Scientists Stage 
Demonstration in Support 
of Animal Research 

Hundreds of supporters of animal re- 
search demonstrated at the University of 
California in Berkeley, but the media paid 
little notice, probably because there was 
no violence, no laws broken, nor outra- 
geous acts. 

The event was a “Celebration of Life and 
Health Day” and was sponsored by the 
Association For Animals and Animal Re- 
search (AFAAR), a newly formed organi- 
zation composed of university students 
and staff who support biomedical research. 
It is believed to be the first time scientists 
have conducted a public demonstration to 
refute the animal activists. 

Among the speakers were UC. physiol- 
ogy professor Charles Nicoll, who told of 
the benefits to both humans and animals 
derived from animal research, and Steve 
Carroll, the director of the incurably ill For 
Animal Research. Nicoll also urged scien- 
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tists to become familiar with political is- 
sues such as Pet Protection bill in the Con- 
gress. 

That so many scientists are compelled 
to conduct a demonstration in support of 
animal research is testament to the prog- 
ress animal activists have made and the 
threat they represent to scientific progress, 
said Sharon M. Russel, a research physiol- 
ogist , 

Our organization and activities have 
lifted the spirits of the animal research 
community on campus, she added, and our 
celebration and subsequent activities have 
shown the Berkeley community-at-large 
another side to the issue, since citizens 
mainly hear only the anti-animal research 
position. 

One of the major issues is the funding 
for the Northwest Animal Facility, a build- 
ing needed to replace the antiquated facil- 
ity now used for housing animals. Animal 
activists have been working to block con- 
struction, but AFAAR already has gained 
more than 1,100 signatures supporting 
construction of the new animal facility. 

William M. Samuels 

The More Things Change, 
The More Things Stay - 
The Way They Are 

an eminent physiologist’s observations 
about animal activists: 

u A few words should be said about 
the ‘employment of living organisms for 
investigative pu .qmes. Every student of 
physiology shou ld be aware of the contro- 
k&y over the justification for animal ex- 
perimentation. . Regardless of how irra- 
tional the position of the opponents of 
animal experimentation may be, this group 
of self-styled antivivisectionists is poten- 
tially important. Restrictive legislation pre- 
venting many types of experimentation is 
already in effect in several places and may 
spread. 

“Scientists do not live and work in a 
vacuum, and scientific progress depends 
in many ways upon custom and popular 
opinion. Consequently, students of sci- 
ence have an obligation to consider such 
attitudes. The ethical basis of the antivivi- 
sectionist movement rests upon the as- 
sumption that either all, or some group of 
living animals, have equal rights to “life, 
liberty and the pursuit of happiness.” It is 
an extension of the democratic political 
doctrine to species of animals other than 
man. There are many degrees of opposi- 
tion to animal experimentation, Some par- 
tisans object only to the use of domesti- 

cated animals, others to all species Various 
specific objections are raised, the com- 
monest being that animal experimentation 
causes suffering and pain, the intentional 
infliction of which is said to be improper. 
Another common objection is that the 
moral standards of the experimenter him- 
self are lowered by his actions. 

“Ethically, there would seem to be no 
essential difference between the sacrifice 
of animal life for human food or for ad- 
vancement of knowledge. Until the sacri- 
fice of animal life for human food is aban- 
doned, it would seem that the use of ani- 
mals for the advancement of knowledge 
need not be abandoned. As to the effect of 
animal experimentation on the morals of 
the persons who conduct it, the obvious 
answer would seem to be to inquire as to 
whether the qualities of kindness, honesty 
and industry are conspicuously absent in 
the medical profession, which primarily 
sponsors animal experiments. I don’t think 
they are. To the contrary, the kindest, most 
honest, most industrious people are in 
medicine. 

“Not all antivivisectionists show consist- 
ency between their professed ethics and 
their own actions. To be logical, they 
should not eat meat, fish, fowl, milk, or 
eggs, because animals have had to suffer 
pain or inconvenience in order that such 
foods be made available. Further they 
should not wear leather, fur, feathers, wool 
or silk for the same reasons. There are 
probably no antivivisectionists who carry 
their ethical principles fully into effect in 
their own activities and sume of them are 
flagrant violators, eating meat, wearing fur, 
hunting animals, etc. 

“The science of physiology, and much 
of the rest of the science of medicine has 
grown out of animal experimentation. The 
ethical problem is really whether man is 
justified in his use of other animals to gain 
much of this knowledge. No person who 
answers this question in the negative has 
any right to use the fruits of modern med- 
icine, either as a patient or a physician. 

‘Nevertheless, scientists generally, and 
physicians in particular, have an obligation 
to prevent pain and suffering. Therefore, it 
is a rule in physiological laboratories that 
animal experiments be conducted with 
every attention paid to the humane treat- 
ment of the animals employed. In the lab- 
oratory is posted a set rules concerning the 
treatment of animals. I would like you to 
read them and follow them.” 

Editor’s no#e: The text is from the lecture 
given to University of Minnesota medical SW 
dents in the 1940s by Maurice B. Visscher enti- 
tled, ‘Introduction To Physiology,’ thereby 
proving once again that there really isn’t very 
much new under the sun. 

APS Testifies on APHIS 
Funding and Consumer 
Product Testing Bills 

Two major legislative statements were 
presented to the Congress this summer by 
APS. 

In testimony before a Senate agriculture 
appropriations committee, APS Executive 
Director Martin Frank urged that the US. 
Department of Agriculture’s Animal and 
Plant Health Inspection Service funding 
for the enforcement program of the Animal 
Welfare Act be increased to $10 million. 

A statement for the record was submit- 
ted to a House subcommittee urging rejec- 
tion of the Consumer Products Safe Testing 
Act (HR 1635). The bill would prohibit the 
use of laboratory animals for the LD50 and 
Draize tests. 

APS OTestimonv for Animal and 
Plant Health inspection 
Service 

Mr. Chairman and Members of the Sub- 
committee: 

My name is Martin Frank and I am the 
executive director of the American Phys- 
iological Society. I am here to speak on 
the behalf of the Society’s 6,600 members 
who support the U.S. Department of Agri- 
culture’s Animal and Plant Health Inspec- 
tion Service (APHIS) as the appropriate 
agency to assure that the standards and 
regulations of the Animal Welfare Act are 
properly enforced. 

Fur nearly two decades the Society has 
been on record in its support of APHIS’ 
role and since 1982 it has presented testi- 
mony and statements urging the Congress 
to assure that sufficient funds are made 
available to enable the agency to inspect 
facilities and to monitor the care and hand- 
ling of animals. Adequate funding support 
for APHIS so that it can do its job effec- 
tively is the one area wherein the scientific 
community and the animal welfare orga- 
nizations are in agreement despite a cen- 
turies-old disagreement over the use of 
laboratory animals for the purposes of re- 
search, teaching, and testing. 

This year the Administration is propos- 
ing in the APHIS budget a 20% reduction 
in the funds for the enforcement program 
of the Animal Welfare Act, This proposed 
reduction is not new, however, as every 
year since 1982 the Administration has 
sought by some means to remove APHIS 

Presented by Martin Frank before U.S. Senate 
Subcommittee on Agriculture, Rural Develop- 
ment, and Related Agencies, April 27, 1988. 
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from its responsibilities for animal welfare 
as mandated by the Animal Welfare Act 
and each year the Congress has rejected 
the Administration’s proposal, for which 
the Society applauds the Congress for its 
wisdom. 

The Administration’s proposal for Fiscal 
Year 1989 would cut $1.3 million from last 
year’s appropriation of $6.2 million. The 
Society’s recommendation to the subcom- 
mittee is that APHIS funding should not 
be reduced, but rather it should be in- 
creased to $10 million, a figure that is in 
concert with the recommendations of 
other scientific societies and animal wel- 
fare organizations. 

The recommendation of $10 million is 
in the best judgment of the Society a nec- 
essary amount if the public, in general, and 
the scientific and animal welfare commu- 
nities, in particular, are to be assured that 
the federal government does intend to 
have an effective program of enforcement 
of the Animal Welfare Act. The figure is 
based on the fiscal requirements to main- 
tain current operations plus additional 
funds that will be needed in Fiscal Year 
1989 to implement the standards and reg- 
ulations the Congress has added to the 
Animal Welfare Act. 

view of appropriations for programs of the 
Department of Agriculture, the funding of 
the program to enforce the provisions of 
the Animal Welfare Act must be given 
every consideration because an effective 
inspection program is essential to maintain 
public confidence in research involving 
the use of animals. 

In making the recommendation the So- 
ciety acknowledges the pressures the con- 
gress has in its efforts to reconcile spend- 
ing for federal programs in light of a major 
budget deficit. However, to succumb to 
this pressure at this time very well could 
be the death knell of the Animal Welfare 
Act as a system for detecting animal abuse 
inasmuch as insufficient funding of this 
program would without doubt result in 
inadequate enforcement of the standards 
and regulations for the care, use, and treat- 
ment of animals. 

The need for a strong system of enforce- 
ment of the standards and regulations for 
animal welfare, especially for the care of 
laboratory animals, is of major importance 
to the American Physiological Society, 
whose members are among the largest 
users of animal models for purposes of 
research and clinical teaching. Further- 
more, there is a growing public interest in 
animal welfare which the Congress certi- 
fied in 1985 by its amendments to the 
Animal Welfare Act that raised the stand- 
ards for animal care and provided addi- 
tional restrictions on animal use. 

The standards and regulations added to 
the agency’s inspection coverage include 
such diverse areas as institutional respon- 
sibilities for animal care and use, licensing 
of dealers, registration of research facili- 
ties, and requirements for adequate veter- 
inary care at research facilities. If APHIS- 
or any other federal agency for that mat- 
ter-is to be effective in its inspections it 
is most obvious that APHIS will need ad- 
ditional qualified personnel and will have 
to broaden its training programs to assure 
that the inspectors are capable of assessing 
proper veterinary care and institutional an- 
imal care and use as now prescribed by the 
law. 

The Society is committed to the conduct 
of research and teaching under the opti- 
mum of scientific and ethical standards and 
conditions, including the humane and con- 
servative use of animals. The Society be- 
lieves that the Congress also shares in this 
commitment by its demonstrated legisla- 
tive interests to assure the public that ani- 
mals are cared for humanely. 

Mr. Chairman, the American Physiolog- 
ical Society appreciates the opportunity 
given by the subcommittee to express its 
concerns as to the need at this time to 
increase the funding for the enforcement 
of the Animal Welfare Act. Should you or 
any member of the subcommittee have any 
questions, I will be pleased to answer 
them. 

Thank you. 

Additional personnel and training re- 
quirements and adjustments for inflation 
account for $3.8 million of the Society’s 
recommendation. When this amount is 
added to the current appropriation level of 
$6.2 million, the funding recommendation 
total is $10 million. 

APS Statement on Consumer 
Products Safe Testing Act 
(HR 1635) 

It is the Society’s belief that in the re- 

The American Physiological Society ap- 
preciates the opportunity to submit its 
comments for the record on HR 1635. the 
“Consumer Products Safe Testing Act.” 

Continuation of the inspection func- 
tions by APHIS is of critical importance, 
especially if federally funded research is 
to continue to be conducted under stand- 
ards prescribed by the federal government. 
Although there are laws in all 50 states and 
the District of Columbia that address ani- 
mal abuse, none of these laws reflect the 
nature of the Animal Welfare Act. Collec- 
tively, these laws are a disparate body of 
rules, statutes, and regulations incapable- 
both technically and philosophically-of 
addressing violations of federal standards 
and regulations. 

Moreover, the enforcement of the Ani- 
mal Welfare Act not only is a legitimate 
function of the federal government, it is a 
function that is best served by the federal 
government. Any abdication of this respon- 
sibility-even if by insufficient funding- 
would be of serious consequence for the 
welfare of all animals. 
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While the Society commends the bill’s 
sponsor, Rep. Barbara Boxer (D-CA), for 
her stated intention to clarify the federal 
government’s position on the use of labo- 
ratory animals for consumer product test- 
ing, there are concerns among the Soci- 
ety’s 6,600 members as to how HR 1635 
would affect accepted testing practices in 
biomedical research should this legislation 
be enacted as currently written. 

The purpose of the bill is to promote 
the use of acute toxicity testing methods 
that do not require the use of laboratory 
animals. To accomplish this purpose the 
bill would 1) ban all federal agencies from 
accepting LDSo test results and 2) require 
federal agencies to publish a justification 
for using any animal toxicity test when 
nonanimal alternative methods are said to 
be available. 

Of major concern of the American Phys- 
iological Society is that the bill implies 
that the legislation is limited to the testing 
of consumer products, when in fact the 
bill, if enacted, also would affect some of 
the testing methodologies used to biomed- 
ical research. 

Despite Rep. Boxer’s claim that the pro- 
posed legislation would only prohibit fed- 
eral agencies from considering the classic 
LD5,, test when making regulatory deci- 
sions, the bill goes beyond the LDso test 
and the public’s concept of consumer 
products which, by and large, are cosmet- 
ics and household soaps, bleaches, pol- 
ishes, cleansers, and the like. The reason 
for this, perhaps, is that it is difficult to 
separate the testing of cosmetics and 
household products from medical and 
pharmaceutical testing. 

For example, the difficulty in separating 
cosmetics from topical medicine is that the 
ingredients used in the formulations of 
cosmetics are similar to those used for the 
application of drugs to treat skin or other 
diseases. The reason that the general cos- 
metic base is used is that the base has a 
low irritancy, nontoxic, and emollient 
properties that support the pharmaceutical 
agents. Not to test these agents could have 
serious medical consequences and poten- 
tially could represent an unnecessary 
threat to public health. 

But what is important to understand is 
that drugs and support media cannot be 
tested separately but must be tested to- 
gether. Because of this, animal testing is 
obligatory inasmuch as a single cell does 
not give the same physiological or toxico- 
logical information as what is learned from 
an intact animal. In both basic and applied 
research the only tool for predicting toxic 
effects in humans is animal testing, which 
provides information on the total effect on 
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the animal’s biological system, not just the 
target organs. 

Should the Congress enact the Con- 
sumer Products Safe Testing Act much of 
the federally funded research and testing 
into the cause, treatment, and prevention 
of disease would be seriously curtailed or 
stopped because of delays imposed by the 
requirements for federal agencies to re- 
view and promulgate regulations specifing 
what nonanimal tests can be used and to 
prepare and publish justifications for con- 
tinuing the use of animal tests. These bu- 
reaucratic delays virtually would halt re- 
search efforts to develop or improve ther- 
apies or vaccines for the treatment of 
maladies that range from cancer and AIDS 
to acute and chronic pain. 

The American Physiological Society be- 
lieves that the supporters of HR 1635 do 
not appreciate the complexities of toxicity 
testing nor understand the relationships 
between consumer product testing and 
biomedical research in assuring the pub- 
lic’s continued state of well-being. More- 
over, the bill itself is somewhat misleading 
in that it gives the impression that there 
are nonanimal tests readily available to 
replace the animals test. This simply is not 
the case. 

It is true that some in vitro tests have 
been developed in recent years and other 
nonanimal toxicity tests are being devel- 
oped. It also is true that the numbers of 
animals being used for toxicity testing has 
been greatly reduced in recent years as the 
classical LDso test which required as many 
as 200 animals has been refined to where 
only 3-6 animals now are needed. 

We still are some years away from hav- 
ing reliable nonanimal toxicity tests that 
can be used in place of animal tests. Sci- 
entists have been working and will con- 
tinue to work in the development of relia- 
ble nonanimal testing methods. But the 
enactment of HR 1635 as currently written 
not only would delay progress toward the 
elimination of animal testing, it also would 
delay progress in the development of ther- 
apies and vaccines that require toxicity 
testing. 

The American Physiological Society 
would be most willing to work with Rep. 
Boxer and the members of the subcom- 
mittee to develop responsible legislation 
that would achieve the desired goals with- 
out curtailing toxic testing that could seri- 
ously impact upon the development of 
therapies and vaccines. 

Submitted to U.S. House of Representatives’ 
Committee on Energy and Commerce Subcom- 
mittee on Health and the Environment, May 19, 
1988. 

IUPS NEWS 

Kjell Johansen 
Commemorative Sate1 
Symposium 

lite 

The Kjell Johansen Commemorative 
Symposium will be held July 6-8, 1989, at 
the August Krogh Institute in Copenhagen, 
Denmark. It will be a satellite symposium 
to the IUPS Congress in Helsinki the fol- 
lowing week. The themes of the sympo- 
sium, reflecting the interests of Kjell Jo- 
hansen, are metabolism, circulation, gas 
exchange, and blood gas transport. Anyone 
wishing to present a poster on one of these 
topics may submit an abstract by Septem- 
ber 1, 1988, to Stephen C. Wood, Lovelace 
Medical Foundation, 2425 Ridgecrest Dr., 
Albuquerque, NM 87108. Abstracts should 
not exceed two pages, double spaced. A 
selection committee will notify authors by 
November 1, 1988 whether their abstract 
was selected for presentation. The pro- 
ceedings, oral communications, and poster 
abstracts will be published. (B$ 
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1. 

2. 

3 . 

4 . 

5 . 

Name and degrees: 

Faculty position or employment title: 

Address: 
(Telephone # 

Country of Citizenship: Visa Status if not US. citizen: 

Attending entire Congress? Yes NO If not, which days will you attend? 
Will you present an invited paper or poster at the congress? Yes No 
If so, please indicate the sessions you will address. If invited,, attach letter of invitation. 
Invited to public lecture (give title) 

Invited to Congress symposium (give title; indicate if Chairman) 

6. Do you intend to submit a poster (title)? 

SURNAME 

XXX1 IUPS CONGRESS 
Helsinki, Finland 
July 9-14, 1989 

Year of highest degree: 

Year of birth: 

7. Please describe your area of specialty (i.e., cell physiology, cardiovascular physiology, neurophysiology, 
etc.) 

8. Member of: APS ; SGP ; Div. Comp. Physiol. & Biochem., AS2 ; Sot. Neuru- 
sci. ; BMES ; Microicirc. Sot. ; Other 

9. Are you employed by the Federal Government more than one-half time? 

10. Travel: a. City of departure b. Support requested c. Amount of other travel 
support available (excl. personal) 

11. Recent publications (not more than 5 titles giving full references). If listing abstracts or manuscripts in press, 
please indicate this. 

Signature 

Deadline for postmark of applications-December 15, 1988 
Submit six (6) copies to USNC/IUPS, National Academy of Sciences, 2 101 Constitution Ave NW, Washington, DC 
20418. Attn: June Ewing. 

(over) 
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SURNAME 

12. ABSTRACT (not more than 250 words on paper or poster you plan to present at the Congress, including names 
of author and coauthors and indicate presenter. If none, abstract of current work.) 

13 . Give a brief resu me of the scientific Pu rposes and goals of your trip, including other meetings, satellite 
laboratories you plan to visit, work on collaborati ,ons, etc ‘? in addition to attending the Congress. 

symposia, 
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EDITORIAL 

(Contitzuedfrom p. 58) 

to outlaw such research to “save the life’ 
of a pound animal. 

Fifteen million dogs and cats are de- 
stroyed every year. Some 250,000 of these 
animals are giving answers desperately 
needed for improved medical treatment, 
while 15 million are incinerated. It is in 
fact the researcher, not the activist, who 
assigns the greater value to those lives. 
What an enormous legacy from the pound 
dog used in the lab, as compared to 15 
million of its mates. 

“We don’t have to have advanced tech- 
niques in surgery and medicine to treat 
established disease since it is mostly pre- 
ventable by now, with healthier lifestyles, 
and improved nutrition, “the activists mor- 
alize. But in the imperfect world in which 
I practice, I don’t know enough to suc- 
cessfully treat, let alone prevent, many of 
the problems I see. I wear a seat belt and 
try to drive safely, but I do not find time 
to preach about this. during resuscitation 
in the emergency room, 

To say that we can stop research because 
we already know enough, but just need to 
apply our knowledge better, is a cruel hoax 
to many accident victims, most patients 
with cancer, and all victims of AIDS. To 
give up on the most successful method of 
obtaining real results-immediately appli- 
cable to human and animal illness alike- 
is more than anti-intellectual. It is suicidal. 
And this lethal decision is the more de- 
testable since it is not limited to one’s self, 

“We have alternatives to animal re- 
search, not being adequately used, to im- 
prove treatments,” say the animal rights 
activists. Where? Enter the computer, a pro- 
posed substitute for flesh and blood in the 
laboratory. If it worked satisfactorily as a 
substitute, which of us as teachers/re- 

searchers/practitioners would forego a 
technique that produced such good re- 
sults? We do use computers. What we get 
out of them is what we put into them, with 
some mixing of the information in be- 
tween. Often, much of the input informa- 
tion is wrong, How do we know that, or 
how do we know that the output product 
doesn’t work? By testing it in life. Life is 
not hypothetical, and it is continually cor- 
recting our mistakes. we welcome any 
technique that will help us to get to the 
truth. There are no alternatives that are 
satisfactory substitutes, only adjuncts to 
help ultimately test where we practicing 
life scientists work. 

“After all,” the animal rights advocates 
insist, “animals and humans are so differ- 
ent. All the tests are falliable. Use patients 
w,ith disease, not healthy animals, to do 
your research.” We do, within ethical 
bounds. Do any of your potential patients 
wish to step forward to generously offer to 
test an untried drug, device or operation? 
The only conscionable treatments I can 
employ in clinical research with patients 
are those for which there is proven prom- 
ise of therapeutic results-proven in 
biomedical research models, Without that 
proof we cannot raise the hopes of pa- 
tients, The activists’ argument also ignores 
the use of animal-proven teatments for an- 
imal benefit. 

“Experiment on criminals, or volun- 
teers, or prisoners, or defective people, or 
limit the subjects to those people who 
would directly benefit from the research 
product, rather than experiment on inno- 
cent, healthy animals.” All patients are in- 
nocent, All people alive have paid their 
dues. All deserve the benefits of health 
care science. 

Such are the arguments voiced by those 
who have the luxury of discussing in the 
abstract the relative ethics of harming var- 

ious species of sentient beings. But then 
the phone rings, and you and I have to 
respond to the real-world urgency of a 
patient and a problem. There is no debate 
now. To the extent that you are able to do 
anything medically to help solve the prob- 
lem, the solutions are direct and immedi- 
ate benefits of biomedical research that 
have produced, tested and taught us what 
we know and can do. 

What if the patient is the animal rights 
advocate with whom you have argued? As- 
sume that the vegetarian patient in plastic 
shoes and cotton clothes insists that, to be 
consistent with his position, no treatment 
be employed that has been developed 
through animal research. What in your 
black bag can still be used? Since there is, 
I believe no medical practice that qualifies, 
you might offer to treat the patient anyway 
despite his beliefs. As an individual, he 
might still refuse. That is his right. We do 
not impose treatment, nor do we impose 
our beliefs on him. But do not let him 
make that choice for you, for me, for all of 
our present patients, and for those yet to 
come. 

That animals might live, we cannot let 
those patients die. 

Glenn W. Geelhoed 
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BOOK REVIEWS 

They Threaten Your Healtb 
Ernest Verhetsel 
Tucson, AZ: Nutrition Information Center, 
1986,115 pp., index, $13.95 

For the first time, perhaps, there is a publi- 
cation on the public book shelves that defends 
the use of laboratory animals in biomedical re- 
search, Usually, book marts are limited to those 
publications that condemn the use of laboratory 
animals; scientists seldom take the time to write 
for public consumption. 

The publication is They Threaten Your 
HeaM and is described as a critique of the 
antivivisection/animal rights movement. The 
author uses the pseudonym Ernest Verhetsel, 

Vol. 31, No. 4, 1988 

If the reader is looking for a publication that 
trashes animal activists, there will be disappoint- 
ment. What the publication does do is to exam- 
ine the issues, in general, and the writings, in 
particular, concerning the now centuries-old 
conflict between the scientists and those who 
advocate the abolishment of the use of live ani- 
mal models for biomedical research, And it is 
the latter that he does best, thus making the 
publication a worthwhile consideration for pur- 
chase, 

In reviewing the literature Verhetsel provides 
references throughout that a reader may wish to 
check for the accuracy of the statements. In one 
chapter he examines 15 pamphlets and 11 books 
written by animal activists wherein “the truth” 
(the statement used by the animal activist) and 

“the whole truth” (the complete text from which 
the statement was taken) ire presented to show 
how statements taken out of context are used to 
mislead the readers of those pamphlets and 
books. 

While They Threaten Your Health does not 
rank as high in readability as some of the books 
published by animal activists, nevertheless it stiI1 
is worth both the time to read it and to recom- 
mend its readings to those who are unsure about 
their beliefs regarding the use of laboratory an- 
imals in biomedical research, 

William M, Samuels 

( Continued on p. 93) 
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PEOPLE AND PLACES 

Long-time member Gerald H. Jacobs, 
Ph.D., professor of psychology at the Uni- 

versity of California, 
Santa Barbara, is one 
of 21 leading scientists 

j working in the fields 
of optoelectronics or 
nutrition to receive 
one of this year’s Rank 
Prizes. The prizes, es- 
tablished by the Brit- 

ish industrialist Lord Rank in 1972, are 
intended to recognize and encourage sci- 
entific achievement in two fields that 
closely reflect his career and interests in 
flour milling and the film industry. Jacobs 
and three other scientists were jointly 
awarded a prize for their research into the 
retinal and genetic bases of color vision 
and color blindness. Jacobs, who has been 
conducting research that is broadly di- 
rected toward understanding the biology 
and evolution of color vision, received 
&7,500. He has shown that color vision 
varies among some other species in much 
the same way that it varies among individ- 
ual humans. He has also studied the varia- 
tions in photopigments that cause differ- 
ences in color vision both in humans and 
in a variety of other species. 

The Universita di Bologna conferred to 
Richard J. Bing, M.D., Huntington Memo- 
rial Hospital, Pasadena, CA, the Honorary 
Degree in Medicine and Surgery, The old- 
est university in Europe, the Universita di 
Bologna celebrated its 900th anniversary. 

Clifton A. Baile, Ph.D., Monsanto Com- 
pany, has promoted to Distinguished Fel- 
low in Monsanto’s prestigious Fellow pro- 
gram. In the history of the program there 
have only been 15 members, and Baile is 
currently one of eight to receive the high- 
est honor in this program. A member since 
1968, he is also the director of research 
and development in the animal sciences 
division at Monsanto, St. Louis; adjunct 
professor, department of medicine, Wash- 
ington University; and adjunct professor, 

department of animal science, University 
of Missouri. 

Carmine D. Clemente, Ph.D., University 
of California at Los Angeles, was one of 
262 scholars selected from among 3,264 
applicants to receive the John Simon Gug- 
genheim Memorial Foundation fellow- 
ship. Fellows were selected “on the basis 
of unusually distinguished achievement in 
the past and exceptional promise for future 
accomplishment.” Clemente, a member 
since 1957, received the honor for “studies 
in the regeneration of nerve fibers in the 
central nervous system.” 

David J. Ramsay has been elected chair- 
man of the California Biomedical Research 

Association, a non- 
profit organization de- 
fending the use of lab- 
oratory animals. He is 
senior vice chancellor 
for academic affairs at 
the University of Cali- 
fornia Medical School, 
sari F rant i sco, and is 

chairman of the APS Committee on Gov- 
ernmental Relations Initiative Programs 
and the Committee on Animal Care and 
Experimentation. 

APS member Gerald E. Loeb, M.D., has 
been appointed professor and director of 
special projects in the biomedical engi- 
neering unit and professor of physiology, 
Queen’s University. Loeb has been ap- 
pointed under the Queen’s National 
Scholar Program to develop research and 
teaching in the general areas of neural 
prosthetics and sensorimotor control. For 
the past 15 years, he has been with the 
Laboratory of Neural Control, NINCDS, Na- 
tional Institutes of Health, most recently 
as section chief of neurokinesiology. 

Gary Kamen, Ph.D., has recently moved 
from Indiana University school of health, 
physical education and recreation to the 
neuromuscular research center at Boston 
University. 

Formerly with the Center for Alcohol 

Studies, University of North Carolina, APS 
member Robert D. Myers, Ph.D., has joined 
the department of pharmacology, East Car- 
olina University. 

Jerry Radziuk, M.D., C.M., Ph.D., has 
become director, clinical investigation 
unit, Ottawa Civic Hospital, Ontario. Rad- 
ziuk was at the Royal Victoria Hospital in 
Montreal. 

APS member Andrew R. Labarbera, 
Ph.D., Prentice Women’s Hospital in Chi- 
cago, has accepted a position in the de- 
partment of obstetrics and gynecology at 
the University of Cincinnati college of 
medicine in Cincinnati. 

James P. Knochel, M.D., has been named 
chairman, department of internal medi- 
cine, Presbyterian Hospital of Dallas. Kno- 
chel was formerly chief, medical service, 
Veteraps Administration Medical Center, 
Dallas. 

Andrew P. Somlyo, M.D., has accepted 
the chairmanship of the Department of 
Physiology, University of Virginia School 
of Medicine, Charlottesville. Somlyo has 
been director of the Pennsylvania Muscle 
Institute and professor of physiology, Uni- 
versity of Pennsylvania, Philadelphia. 

The new department chairman at the 
University of Nevada School of Medicine, 
Reno, is Kenton M. Sanders, Ph.D., who has 
been professor at that institution. 

John E. Zehr, Ph.D., professor, depart- 
ment of physiology and biophysics, Uni- 
versity of Illinois, Urbana, has accepted the 
chairmanship of that department. 

-~---- _--- 
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BOOK REVIEWS 
( Continued from p, 31) 

Hypoxia, Pulycythemia, and 
Chunic Mountain Sickness 
Robert M. Winslow, M.D. and Carlos 
Monge C, M. ID. 
Johns Hopkins University Press, $50.00. 

Devotees of Gilbert and Sullivan will recall 
that the Duke of Plaza-Toro was “well-con- 
nected,” and the same could be said of this 
welcome book on aspects of high altitude phys- 
iology and pathophysiology, One author is the 
son of Caxlos Monge M, who developed the 
Peruvian Institute of Andean Biology at San Mar- 
cos University in Lima, Peru, and provided the 
first clinical description of chronic mountain 
sickness that bears his name. Many of the pi- 
oneering studies of Carlos Monge M appeared 
in a book Acclimatization in #be Andes also 
published by Johns Hopkins University Press 
some 40 years ago. The other author, Dr. Wins- 
low, is a hematologist who is well known for his 
research on native highlanders of Peru and Ne- 
pal and for his contributions on the 1981 Amer- 
ican Medical Research Expedition to Everest. 

The book begins with an interesting histori- 
cal chapter and then goes on to deal with many 

aspects of human responses to high altitude 
including polycythemia and hemopoiesis, he- 
moglobin, cardiorespiratory function, renal 
function, exercise tolerance, and the effects of 
hemodilution. Chronic mountain sickness is an 
elusive clinical syndrome characterized by hy- 
poventilation affecting the high altitude native 
or long-term resident that, by aggravating hypox- 
emia, leads to excessive polycythemia. The au- 
thors regard this as the tail of the normal distri- 
bution rather than any specific disorder. They 
point out that the original patient described by 
Monge M “is now (1986) living and well in Lima, 
living proof of the reversibility of chronic moun- 
tain sickness by descent to sea level,” 

The book raises many intriguing physiologi- 
cal questions including why the kidney is the 
chief site of production of erythropoietin that 
controls erythropoiesis. The authors note that a 
characteristic ofthe kidney is its high blood flow 
and therefore venous POz and that the same is 
true of the carotid body, another organ that has 
important regulatory functions in hypoxia, The 
issue of the physiological advantage of polycy- 
themia at high altitude is discussed, Certainly 
marked degrees of polycythemia appear to be 
deleterious. Presumably the genetic pressure for 
the development of the erythropoietin-hemo- 
poiesis control mechanism was exerted over 

thousands of years at sea level rather than in 
response to man’s attempt to go to high altitude+ 
Whereas at sea level the regulatory mechanism 
is important in restoring red cells lost through 
trauma, parasites, etc., it may be that the poly- 
cythemia of high altitude is an inappropriate 
response. 

An interesting related topic is whether the 
hemoglobin levels of Himalayan highlanders are 
lower than those of Andean natives at the same 
altitude, There is some evidence to suggest this, 
though it is disputed. One hypothesis is that the 
native population of Tibet has been at high 
altitude far longer than the relative newcomers 
in the Andes, and they therefore have a more 
advanced genetic adaptation to high altitude. For 
example, the incidence of chronic mountain 
sickness appears to be less in the Himalayan 
regions than in the Andes. The question of 
whether we are seeing human evolution in ac- 
tion here is a fascinating one. 

This book will be of great interest to many 
physiologists, not only those who work on high 
altitude but also those who are concerned with 
other aspects of hypoxia and the respiratory 
functions of the blood. Certainly no biomedical 
library can afford to be without it. 

John West 
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cations. Thomas G. Pretlow II and Theresa P, 
Pretlow (Editors). New York: Academic, 1987, 
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poietic T&sues, Masayuki Miyasaka and Zdenek 
Trnka (Editors). New York: Dekker, 1988, 531 
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Molecules. P, W, Adkins, New York: Scientific 
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ANNOUNCEMENTS 

A&G/Westinghouse Award 
Nominations are invited for the AA&/West- 

inghouse Award for Public Understanding of 
Science & Technology. This is an annual award 
for working scientists and engineers from all 
disciplines who make outstanding contributions 
to public understanding of science and technol- 
ogy but are not members of the media. The 
award, a $2,500 prize, will be presented during 
the AAAS Annual Meeting in San Francisco Jan- 
uary 15-20, 1989. Deadline for nominations is 
October 1, 1988. Information: Patricia S, Curlin, 
Administrator of the Award, AAAS Committee on 
Public Understanding of Science & Technology, 
1333 H Street NW, Washington DC 20005. 
Phone: (202) 326-6600. 

3M Life Sciences Award 
The Federation of American Societies for Ex- 

perimental Biology announces the 14th annual 
3M Life Sciences Award. The award, a $25,000 
prize, will be presented at the 1989 FASEB An- 
nual Meeting in New Orleans, IA. Deadline for 
receipt of nominations and supporting letters is 
October 15,1988. InfWmation: Marge Averi, 3M 
Life Sciences Award Committee, Executive Of- 
fice, FASEB, 9650 Rockville Pike, Bethesda, MD 
20814, Phone: (301) 530-7092. 

Science Scholars Program 
The Division of Research Grants (DRG) an- 

nounces its Science Scholars Program. A few 
senior scientists from outside the Federal Gov- 
ernment will have the opportunity to participate 
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in analyses of extramural scientific merit review, 
in policy evaluation, and in the formulation of 
recommendations for DRG. Science scholars 
will work in DRG on short-term assignments, 
3-6 months. Information: Jerome G. Green, Di- 
rector, DRG, Room 450, Westwood Building, 
NIH, Bethesda, MD 20892. Phone: (301) 496- 
7211. Donald H. Luecke, Deputy Director, DRG, 
Room 448, Westwood Building, NIH, Bethesda, 
MD 20892. Phone: (301) 496.7461. 

Pharmacology Congresses 
The XII Congress of the Latin American So- 

ciety of Pharmacology and the III Interamerican 
Congress of Pharmacology will be held in Car- 
acus, Venezuela, on October 2-7, 1988. Infor- 
mation: Dr. Anita Stern-Israel, Org. Secretary, 
Apdo. Postal 69116, Altamira, Caracas 1062, Ven- 
ezuela. 

Research Proposal 
Competition 

Research proposals that can lead to a Ph.D. 
dissertation are invited from doctoral candidates 
on the “Relationship of Diet and Environmental 
Contaminants to Disordered Behavior.” Creative 
and innovative ideas are encouraged. A packet 
of information on the subject plus Guidelines 
for Submittal is available on request to John A. 
Wacker, Wacker Foundation, 10848 Strait Lane, 
Dallas, TX 75229. Phone: (214) 368-0150. 

Submittal deadline is December 15, 1988. 
Winning entrees will be determined by a panel 
of eminent scientists and will receive favorable 
consideration for funding. First place prize is 
$2,500; second place, $1,500; third place, $500. 
Winners will be announced in February 1989. 

ISHIB Call for Abstracts 
The International Society on Hypertension in 

Blacks announces the Fourth International In- 
terdisciplinary Conference on Hypertension in 
Blacks June 28-July 2, 1989, Kenyata Interna- 
tional Conference Center, Nairobi, Kenya. The 
conference is hosted by Kenya Cardiac Society, 
Kenya Medical Association, Kenya Medical Re- 
search Institute, and Pan African Society of Car- 
diology. The conference includes three sec- 
tions: Basic Science, Clinical, and Community 
Research in hypertension in blacks. Awards will 
be presented for Distinguished Research, Out- 
standing Community Service, and Outstanding 
Health Professional Student in hypertension in 
blacks. The deadline for submission of abstracts 
and nominations for awards is December 1, 
1988. 

Mail request for Abstract Rules and Guide- 
lines, Rules for Awards, Nominations, and Con- 
ference Registration information to Ms. Cecile 
Cate, Executive Director, International Society 
on Hypertension in Blacks, 69 Butler Street, SE., 
Atlanta, GA 30303 USA. 

Scientific Award 1988 
Hildegard Doerenkamp and Gerhard Zbin- 

den Foundation for Realistic Animal Protection 
in Scientific Research will award a prize of DM 
50000 for outstanding scientific contributions 
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leading to the reduction of animal use in 
biomedical research (with preference given to 
large animals, i.e., dogs, cats, monkeys). This 
year’s topic is “Reduction of Animal Use in 
Biomedical Research by Computer Modeling.” 
Applications may consist of published or unpub- 
lished reports on computer use in all areas of 
biomedical research that are directly relevant to 
the topic. Computer programs for simulation of 
animal experiments in teaching and research are 
also acceptable. Deadline: December 31, 1988. 
Applications should be sent to: Professor G. 
Zbinden, Institute of Toxcicology, Schoren- 
strasse 16, CH-8603 Schwerzenbach, Switzer- 
land. 

Conference on Potassium 
Transport 

The Department of Physiology and Biophys- 
ics at the University of Texas Medical Branch in 
Galveston is sponsoring a conference entitled 

“Regulation of Potassium Transport Across Bio- 
logical Membranes: A Symposium” on October 
24 and 25, 1988. It will be held in the Tremont 
House in Galveston. Information: Symposium 
Secretary, Department of Physiology and Bio- 
physics, Thy University of Texas Medical 
Branch, Galveston, TX 77551. Phone: (409) 761. 
1826. 

Conference on Nuclear 
Analytical Methods 

An international conference entitled “Nu- 
clear Analytical Methods in the Life Sciences” is 
being organized by the National Bureau of 
Standards in cooperation with the International 
Atomic Energy Agency. It will be held in Gaith- 
ersburg, Maryland, USA on April 17-21, 1989. It 
is cosponsored by the American Nuclear Society, 
U.S. Department of Energy, and Food and Drug 
Administration. 

Scientific contributions to this conference 
will be accepted on topics that are related to the 

1988 MEETING OF THE AMERICAN SOCIETY OF ZOOLOGISTS 
and 

AMERICAN MICROSCOPICAL SOCIETY, ANIMAL BEHAVIOR SOCIETY, 
THE CRUSTACEAN SOCIETY, INTERNATIONAL ASSOCIATION OF ASTACOLOGY, 
SOCIETYOF SYSTEMATIC ZOOLOGY, AND WESTERN SOCIETYOF NATURALISTS 

SAN FRANCISCO HILTON A TOWERS 
SAN FRANCISCO, CALIFORNIA 

DECEMBER 27 - 30 

SYM POSlA/WORKSHOPS: 
Recent Developments in the Study of Animal Migration 

Parasites and Sexual Selection 
Evolving Concepts of Chemical Mediation: A Symposium in 

Honor of Howard A. Bern 
Marine Invertebrate Allorecognition and the Evolution of Immunity 

Concepts of Efficiency in Biological Systems 
Concepts of Adaptation in Aquatic Animals: Deviations from 

the Terrestrial Paradigm 
Cellular and Molecular Biology of Pattern Formation 

Developmental Neurobiology of the Cnidaria 
Antarctic Marine Biology 

Chemical Factors that Influence the Settlement and Metamorphosis of Marine 
Invertebrate Larvae 

Cracking a Black Box: Field Inferences in the Ecology of Marine Invertebrate Larvae 
Species and Evolution in Clonal Organisms 
Biology of Nonmammalian Chordate Testis 

A History of Regeneration Research 
Science As A Way of Knowing - Cell and Molecular Biology 

Sex Attraction, Mating Behavior and Insemination in the Crustacea 
The Complete Biology of Giant Kelp 

Workshop on Science Comes to Calilornia 
Workshop on Research-Education at Small College and Universities: Duality Science on 

a Frayed Shoestring 
*t******tt***** 

Hosted by the California Academy of Sciences 
Daphne G. Fautin and Ralph I. Smith 

Co-Chairpersons of the Local Arrangements Committee S A N F R A N C I S C 0 

NUMEROUS SOCIALS, SPECIAL PROGRAMS 
COMMERCIAL EXHIBITS.. . . . 
JOB PLACEMENT SERVICE.. . . . 

For more information, contact: 

Mary Adams-Wiley, Executive Officer 
American Society of Zoologists 
104 Sirius Circle 
Thousand Oaks, California 91360 
Telephone: (805) 492-3585 
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analytical utilization of nuclear techniques to 
determine the chemical and structural compo- 
sition of biological materials or to the applica- 
tion of such techniques in research and devel- 
opment. Contributed and invited papers will be 
presented in oral sessions over five days. Ses- 
sions will be organized to include the following 
topics: new and emerging methodology; activa- 
tion techniques; quality assurance; comparison 
of activation analysis with other methods; and 
applications of nuclear analytical techniques in 
biology, medicine, biotechnology, agriculture 
and nutrition, and in public, occupational, and 
environmental health. 

For additional information: Rolf Zeisler, Gen- 
eral Chairman. National Bureau of Standards, 
Center for Analytical Chemistry, Room B125 
Building 235, Gaithersburg, MD 20899. Phone: 
(301) 975-6290. 

ASCB/ASBMB Joint Meeting 
The American Society for Cell Biology and 

the American Society for Biochemistry and Mo- 
lecular Biology are pleased to announce their 
joint meeting to be held in the Moscone Con- 
vention Center, San Francisco, California, Janu- 
ary 29-February 2, 1989, The deadline for re- 
ceipt of abstracts in Bethesda is August 15,1988. 
Forms and information about the meeting, reg 
istration, and lodging are available from ASCB/ 
ASBMB Meeting Office, Room L3111, 9650 
Rockville Pike, Bethesda, MD 20814. Phone: 
(301) 530-7153. 

Bristol-Myers Awards 
Research Grants 

Five $500,000 no-strings-attached research 
grants announced by Bristol-Myers Company are 
the first in a program to support basic research 
in the neurosciences, investigating how the 
brain and central nervous system work-and 
what goes wrong in disorders from Parkinson’s 
and Alzheimer’s diseases to schizophrenia and 
other major psychiatric illnesses. The first recip 
ients are the Johns Hopkins School of Medicine, 
Yale University/Conneticut Mental Health Cen- 
ter, Cornell University Medical College, Univer- 
sity of California-San Diego, and University of 
California-Irvine. 

Executive Summary 
In an effort to assess the health of the U.S. 

research system, The Conference Board and the 
National Governors’ Association, with the sup- 
port and participation of the National Science 
Foundation, undertook a joint project. The proj- 
ect solicited the views of the nation’s Governors, 
senior officers of U.S. companies, and presidents 
and deans of U.S. colleges and universities on 
the relationship of U.S. competitiveness to our 
human resource base and research and devel- 
opment capacity. The views of these key leaders 
were obtained through a survey and three re- 
gional meetings held in April 1987. The study, 
titled The Role of Science and Technology in 
Economic Competitiveness, focused on three 
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POSITIONS 
AVAILABLE 

Director of Cardiovascular Research, 
University of Kentucky. The Division of 
Cardiovascular and Thoracic Surgery seeks 
applicants for a new tenure track position 
as Director of Cardiovascular Research. Ap- 
plications will be considered from quali- 
fied cardiovascular physiologists, biomed- 
ical engineers, or biochemists with either 
a Ph.D or M.D. degree. Postdoctoral train- 
ing is a prerequisite, with computer knowl- 
edge preferred. The development of a 
high-quality basic science research pro- 
gram will be expected. Laboratory interests 
should relate either to ventricular function, 
myocardial blood flow, electrophysiology, 
and/or cellular metabolism. The success- 
ful candidate will be expected to develop 
an independent funding program. Senior 
applicants, therefore, should show a good 
record of grant support. Considerable op- 
portunities for interaction with basic sci- 
ence departments exist. Please send curric- 
ulum vitae, representative reprints, and 
three letters of recommendation to W. Ran- 
dolph Chitwood, Jr., M.D., Division of Car- 
diovascular and Thoracic Surgery, College 
of Medicine, University of Kentucky, Lex- 
ington, KY 40536. [EOAAE] 

Physiology Faculty Positions. The De- 
partment of Physiology, The University of 
Wisconsin-Madison, invites applications 
for tenure-track junior- and senior-level 
faculty positions in cellular and molecular 
physiology. The department especially en- 
courages applications from individuals 

Positions Available 

There is a $25 charge per issue for each 
position listed. A check or money order 
payable to the American Physiological 
Society must accompany rhc copy. Pur- 
chase orders will not he accepted unless 
accompanied by payment. Ads not pre- 
paid will not be printed. Copy must be 
typed double-spaced and limired to I50 
words. All copy is subject to the editorial 
policy of The Ply~iologist. EOAAE indi- 
cates Equal ~~l~ortuni~/~~firlnativc Ac- 
tion timplow and appears only where 
given on o$nal copy. Copy deadline: 
copy must reach the APS office before 
the lith of the month, 2 months preced- 
ing the month of issue (e.g.. before De- 
cember 15 for the Ff2bruat-y 1987 issuej. 
Mail copy to APS, 96% Rockciile Pike, 
Bethe&, MD Z&31& 

with tesearch interests in regulatory or de- 
velopmental aspects of cellular and sub- 
cellular function but will give serious con- 
sideration to outstanding applications in 
other areas. The search will favor individ- 
uals whose research entails the use of bio- 
chemical, biophysical, or molecular bio- 
logical probes of physiologically relevant 
processes. Excellent opportunities exist 
for participation in campus-wide interdis- 
ciplinary research and training programs. 
These positions will be available after July 
1, 1988. Women and minorities are specif- 
ically encouraged to apply. Applicants 
should send curriculum vitae, a summary 
of research interests and plans, and the 
names of three references to Dr. Richard 
L. Moss, Chair, Department of Physiology, 
University of Wisconsin, 1300 University 
Avenue, Madison, WI 53706. [EOAAE] 

primary topics: the adequacy of our human re- 
sources and their relationship to our ability to 
compete; U.S. investment in research and devel- 
opment; and technology transfer, i.e., the ability 
to transform research findings into new products 
and processes. For copies of the study, contact 
National Science Foundation, Washington, DC. 

Proposal Review at NSF 
The National Science Foundation conducted 

a survey in late 1986 of more than 14,000 appli- 
cants whose proposals for research support had 
been awarded or declined during fiscal year 
1985. The principal purpose was to seek the 
views of individual investigators at academic 

institutions about NSF’s competitive proposal 
review and decision-making process. More than 
9,500 people responded. Nearly half the appli- 
cants were satisfied with the review process, but 
a substantial proportion (38%) were dissatis- 
fied. Declinees (two-thirds of the applicants) 
were much more likely to be dissatisfied. The 
report also contains results according to field of 
research, principal investigator, multidiscipli- 
nary research, and resubmission of proposals. It 
also contains the first cross-tabulation of appli- 
cants’ field of research to the Foundation’s re- 
search support divisions, and the initial chart of 
award rates by division for first proposals and 
resubmit&. Copies of the report are available 
from Forms and Publications Unit, Room 232, 
National Science Foundation, 1800 G Street NW, 
Washington, DC 20550 (Report NSF 88-4). 
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Know Your Sustaining Associates 

The American Medical Association 
The American Medical Association pro- 

motes the art and science of medicine and 
the betterment of public health. The AMA 
accomplishes this mission by advancing 
standards of medical education, promoting 
support for biomedical research, repre- 
senting the medical profession, providing 
information about medical matters, and 
upholding professional conduct and per- 
formance. 

Beckman Instruments, Inc. 
Beckman Instruments, Inc. is a major 

international manufacturer of bioanalytical 
and diagnostic instruments and related 
products for science and medicine. The 
company was founded in 1935 by Dr. Ar- 
nold 0. Beckman, who was inducted into 
the National Inventors Hall of Fame on 
Feb. 8, 1987. In 1982, the Orange County- 
based company merged with Smith Kline 
in Philadelphia to form SmithKline Beck- 
man Corporation, a leading health care and 
life sciences company recognized world- 
wide. 

Beckman’s business is to combine 
chemistry and engineering. Its product 
lines include hundreds of instruments and 
related products. For the life sciences, 
Beckman manufactures centrifuges, liquid 
scintillation counters, spectrophotome- 
ters, and pH meters. For health care, the 
company produces clinical systems, diag- 
nostic kits, reagents, and quality controls. 
A complete sales and service force sup- 
ports Beckman customers. 

Berlex Laboratories, Inc. 
Berlex Laboratories, Inc. is a U. S. sub- 

sidiary of the multinational pharmaceutical 
and chemical firm, Schering AE West Ger- 
many (not connected with Schering- 
Plough Corp. or Schering Corp. of New 
Jersey). It conducts research and markets 
prescription drug products primarily for 
cardiovascular, diagnostic imaging, meta- 
bolic, endocrine, and central nervous sys- 
tem uses. 

Coulboum Instruments 
Coulbourn Instruments, Inc. manufac- 

tures electronic instruments for in vivo life 
science applications. Products include the 
LabLinc Modular Instrument System for 
physiological signal conditioning, experi- 
ment control, and data acquisition, featur- 
ing over 100 modules, including computer 
interface ports, signal conditioning and 
processing, and counting and timing mod- 
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ules for chart and computer-based poly 
graphs. 

The company also produces trans- 
ducers, biotelemetry, signal processors, 
stimulators, and auditory and animal be- 
havior test equipment. 

Major markets include pharmaceutical, 
chemical, and biotechnological firms, uni- 
versities, research hospitals, and govern- 
ment laboratories. 

Dagan Corporation 
Dagan Corporation manufactures elec- 

tronic instruments used in electrophysiol- 
ogy. Dagan offers a full line or’ analog and 
digital products, including preamplifiers 
for use in intracellular and extracellular 
recording, single and two electrode volt- 
age/current clamps, patch clamps/whole- 
cell clamps, signal averagers, programma- 
ble multichannel stimulators, and ionto- 
phoresis generators. 

Glaxo, Inc. 
Glaxo Inc., a leading research-based 

pharmaceutical company headquartered in 
Research Triangle Park, North Carolina, 
manufactures and markets prescription 
medicines including treatment for respi- 
ratory ailments, ulcers, hypertension, in- 
fectious diseases, and diseases of the skin. 
Glaxo is a wholly owned subsidiary of 
Glaxo Holdings p.1.c. 

The Grass Foundation 
The Grass Foundation underwrites the 

annual Walter B. Cannon Lectureship 
given at the Spring Meeting of the Ameri- 
can Physiological Society. The naming of 
this lectureship serves two functions: to 
commemorate the enormous contribution 
of Dr. Cannon to the growth of knowledge 
of physiology and to pay a tribute to Dr. 
Cannon on behalf of many of the founding 
trustees of the Grass Foundation who were 
members of his research group at Harvard 
Medical School, early in their careers. 

This lectureship is in accordance with 
the Grass Foundation’s charter mandate to 
support research and education in neuro- 
physiology, Other programs include fund- 
ing for other annual and visiting lectur- 
ships, summer fellowship support for 
young students, and occasional relevant 
course support. 

Harvard Apparatus 
Harvard Apparatus, since its inception 

in 1904 at the Haward Medical School, 

continues to design, develop, and supply 
the unique apparatus that has shaped the 
development of teaching and research in 
physiology and allied science, including 
syringe peristaltic and respiration pumps, 
recording systems, and research accesso- 
ries. 

ICI Pharmaceuticals Group 
ICI Pharmaceuticals Group is com- 

prised of two significant marketing arms- 
ICI Pharma and Stuart Pharmaceuticals. 
Worldwide research and development ac- 
tivities are conducted in behalf of the or- 
ganization in two major research centers. 
One of these is located at our headquarters 
in Alderley Park, Cheshire, England and 
the other in Wilmington, Delaware. Drug 
discovery activities in cardiovascular, pul- 
monary, central nemous system, oncology, 
arthaitis, metabolic disease and infection 
are conducted in these sites. In total, the 
company employs nearly 2,800 people 
worldwide in pharmaceuticals research 
and development, of which approximately 
25% are located in the United States. 

Jandel Scientific 
Jandel Scientific designs and sells IBM 

compatible software for scientific research. 
Products include Sigma-Plot for publica- 
tion quality scientific graphs (with auto- 
matic error bars, regression lines, and 
many other scientific graphing options); 
Sigma-Scan for x-y digitizing, morphomet- 
ric measurement and analysis; and PC3D 
for generating three-dimensional recon- 
structions of objects from serial sections. 
JAVA, our latest product, is a video analysis 
system capable of image processing, den- 
sitometry, automatic object counting and 
edge tracking, and morphometric meas- 
urement. JAVA works with a video digitiz- 
ing board and input from a video camera, 
VCR, or other video source. 

Janssen Pharmaceutics 
Janssen Pharmaceutics was founded in 

Belgium in 1953 by Dr. Paul Janssen. It is 
now an international company built on the 
foundation of research and a bedrock of 
innovation. The company remains under 
the direction of Dr, Paul Janssen and has 
an unparalleled record in the successful 
development and marketing of new phar- 
maceutical products. According to the Ja- 
pan Drug Research studies, Janssen was 
responsible for more significant new drug 
discoveries during the period 19704983 
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than any pharmaceutical company in the 
world. 

The company currently has approxi- 
mately 6,000 employees worldwide. It is a 
world leader in medication used in the 
treatment of allergies, mental disorders, 
digestive and intestinal problems, cardio- 
vascular conditions, and worm and fungal 
infections. Janssen’s compounds have also 
enabled major advances in anesthesia and 
immunology. In addition, Janssen has also 
discovered many chemical compounds to 
identify and characterize receptors in the 
brain and the periphery that have played a 
prominent role in advancing our knowl- 
edge about neurotransmitters. 

Nacro Bio-Systems 
Narco Bio-Systems designs, manufac- 

tures, and distributes the Physiograph@ 
physiological recording systems for use in 
clinical, research, and teaching applica- 
tions A selection of multichannel chart 
recorders are available with a complete 
line of modular input preamplifiers, signal 
conditioners, transducers, and accessories. 
This allows maximum flexibility to design 
your own system for recording physiolog- 
ical functions. 

Ortho Pharmaceutical Corporation 
Ortho Pharmaceutical Corporation, 

headquartered in Raritan, New Jersey, is a 
research-based pharmaceutical company 
engaged in the development and manufac- 
ture of a wide range of health care products 
marketed in more than GO countries 
around the world. A wholly owned subsid- 
iary of Johnson & Johnson, Ortho’s four 
operating divisions produce a variety of 
contraceptives, gynecological therapeu- 
tics, prescription and proprietary skin-care 
products, self-care diagnostics, and a grow- 
ing number of biotechnology-derived 
pharmaceuticals, including immunomod- 
ulators and monoclonal antibodies. 

With more than 4,000 trademark regis- 
trations worldwide, Ortho continues its 
commitment to an intensive research and 
development program to ensure tomor- 
row’s innovative health care products in 
the areas of conception control, immuno- 
biology, and the treatment of gastrointes- 
tinal disorders and cardiovascular disease, 

Pennwalt Pharmaceuticals 
Pennwalt Pharmaceuticals Division, 

based in Rochester, New York since 1886, 

has continually been committed to provide 
physicians and consumers with excellent 
products. In addition to providing fine 
pharmaceuticals, Pennwalt has become a 
leader in the technology of controlled drug 
delivery systems. Existing or imminent 
consumer and prescription products in- 
clude agents to treat cardiovascular and 
neurological diseases, pain, infections, im- 
munological disturbances, eating disor- 
ders, colds, and allergy. Current research 
promises to yield additional and products 
targeted for these therapeutic areas. 

Pharmacia 
Pharmacia is the world’s leading sup- 

plier of separation and purification prod- 
ucts for the biotechnology industry as well 
as a research-intensive international man- 
ufacturer of products for use in areas of 
medicine, including gastroenterology, 
rheumatology, oncology, ophthalmology, 
blood volume replacement, allergy, and 
dermatology. 

The Procter & Gamble Company 
Procter & Gamble is a multinational, 

technically based consumer products cor- 

Handbook of Physiology 
Section 1: The Newous System 
Sectim Editors: ,JOHN M. BROOKHART 

and VERNON B. MOUNTCASTLE 

Volume IV: 
Intrinsic Regulatory Systems 

of the Brain 
Edited by FLOYD E. BLOOM, 

Scripps Clinic and Rcscnrch Fmmdntion 
Drawing on vital research innovations of the last dec- 
de, this volume examines thk components in the 
braids reticular core that provide the mechanisms rc- 
sponsible fur integration of the external environment 
with the needs of the whole organism. 
1986 850 pp.; ,371 illus. S206cd-4 x2w.00 

Volume V, Parts 1 & 2: 
Hi her Functions of the Brain 

Edited f y FWD PLUM, Comcll Medical Center 
This volume reviews mechanisms underlying psychol- 
ogy and behavior in animals and. hurnti1-q and exam- 
ines the field comprehensively from a physiolo@cal 
standpoint. 21 substantive essays survey such topics as 
learning and memory in nonmammalian and simple 
systems, and mechanisms of emotion, attention, and 

perception. 
lW7 945 pp. ; 367 illus. 520662-2 $C325.00 
2-volume set 

Volume I, Parts 1 & 2: 
Cellular Biology of Neurons 

Edited bv ERIC R. KANDEL 
1977 1238 pp.; 57&us. ,52065&4 mFM) 
2-1Yh?le set 

Volume II, Parts 1 & 2: 
Motor Control 

Edited by VERNON B. BROOKS 

“A stellar collection of magisterial papers that most 
neuroscicntists will want and that every library will 
11 Wd .” -The New Englmd Journcd ofMdicinc 
1981 1548 pp.; 732 illus. S206S9-2 it24S.00 
2-volume set 

Volume III, Parts I& 2: 
Sensory Processes 

Edited by IAN DARIAN-SMITH 
IW4 1244 pp. ; 636 illus. 520660-6 8275.00 
2-volume set 

~h’dahic httt Oxhd IJrli\vtsity l’rcss. 
To order, or for more itttimtt;itiott, plcasc witc: 

hl;wkctirtA Ihxtor for hledicd fkmks, 

Oxford University Press 
,300 Madison Awxnue, New Ii)rk, NY, 10016 
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poration with operations in 28 states and 
36 foreign countries. It has four technical 
centers and its world headquarters in Cin- 
cinnati, Ohio. Technical centers are also 
located in Egham and Newcastle, England; 
Brussels, Belgium; Schwalbach, Germany; 
and Osaka, Japan. 

Last year’s R&D expenditures were $576 
million. World-wide Ph.D. population is 
-850, divided equally between chemists 
and life scientists, and total employees 
number 75,000. 

Sales last year reached $17 billion in the 
paper, soap and detergent, health care, per- 
sonal care, pharmaceutical, beverage, and 
food categories, making it the 18th largest 
U.S. corporation. Fortunemagazine has re- 
cently named Procter & Gamble as the 4th 
most admired corporation in the United 
States. 

Schering-Plough 
Born out of a 1971 consolidation of two 

companies-Plough, Inc. and the Schering 
Corporation-Schering-Plough is dedi- 
cated to the discovery, development, and 
marketing of novel therapeutic entities. 
The company focused its research in the 
fields of -anti-inflammatory, antiallergic, 
cardiovascular, and anti-infective disor- 
ders. The company has also attained a lead- 
ing position in immunolog and recombi- 
nant DNA technology. 

Smith Kline & French 
A division of Smith Kline Beckman Cor- 

poration, Smith Kline & French Laborato- 
ries is a technology-intensive, worldwide 
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healthcare company. Smith Kline & French 
is a leading supplier of pharmaceuticals to 
treat infectious, gastrointestinal, cardiovas- 
cular, and arthritic diseases and a leader in 
the research, development and marketing 
of innovative medicines. 

Squibb Corporation 
Squibb Corporation, a leading world- 

wide developer, manufacturer, and mar- 
keter of pharmaceutical and allied health 
care products, is organized into the Squibb 
Operating Group and the Science and 
Technology Group. 

The Squibb Operating Group is respon- 
sible for the manufacturing, marketing and 
distribution of products and services. 
Squibb’s pharmaceutical products are mar- 
keted by Squibb International and Squibb 
United States. The Medical Products seg- 
ment consists of ConvaTec and the com- 
panies of Edward Week Incorporated. 

The Squibb Science and Technology 
Group is composed of The Squibb Insti- 
tute for Medical Research, Worldwide Reg 
ulatory Affairs and Licensing. Celebrating 
its 50th anniversary in 1988, The Squibb 
Institute is among the nation’s first indus- 
try-sponsored research centers. In recent 
years, it has focused on four main areas: 1) 
cardiovascular disease; 2) infectious dis- 
ease; 3) diagnostics; and 4) inflammatory 
disease. It has recently broadened into mo- 
lecular biology, the neurosciences and 
metabolic disorders. 

The Upjohn Company 
The Upjohn Company, a multinational 

corporation headquartered in Kalamazoo, 
MI, is celebrating its centennial year as a 
maker of fine pharmaceuticals. It is one of 
the 15 largest research-based pharmaceu- 
tical manufacturers in the world. It has 
research, production, and warehousing fa- 
cilities in more than 45 countries and its 
products are sold in more than 150 coun- 
tries. 

Upjohn has long been committed to the 
research, development, manufacture, and 
marketing of pharmaceuticals. Human 
health care is the heart of Upjohn’s en- 
deavors. 

Waverly Press, Inc. 
Waverly Press, Inc., are printers of mag- 

azines and journals for the association mar- 
ketplace. 

Committed to servicing their customers 
through sharing knowledge, providing the 
best in modern technology, and establish- 
ing mutual respect, they offer full-range 
publishing services including design, edi- 
torial, composition, printing, binding, 
mailing, warehousing, subscription fulfill- 
ment, and ad sales. 

Waverly practices team-concept man- 
agement. Both client and staff are part of 
the team. Through this management con- 
cept each publication receives close per- 
sonal attention. 

Striving for excellence in the graphic 
arts industry is traditional at Waverly-one 
that continues. They believe in quality 
product and service through quality peo- 
ple. @ 
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History of Department 
of Physiology 
at Rochester, 1924-1969 

EDWARD F;. ADOLPH+ 
Department of Physiology 
University of Rochester 
Rochester, New York 14642 

The University of Rochester Department of Physiology 
started under two novel circumstances: it was founded 
by plan (without antecedents), and its first chairman was 
selected without interview by dean or president. 

The University of Rochester was established in 1850. 
It was chosen as the site of an endowed School of 
Medicine and Dentistry in 1920. This choice was made 
by officers of the Rockefeller Foundation, partly in view 
of citizen George Eastman’s interest in support of med- 
icine and dentistry. 

The Professor of Physiology was Wallace 0. Fenn, 
who was brought to the attention of Dean George H. 
Whippie and President Rush Rhees. Since Wallace Fenn 
in 1924 was working in London (in collaboration with 
A. V. Hill), he was selected unseen, on the basis of the 
strong recommendations of senior persons who knew 
him.’ As events turned out, Wallace Fenn was repeatedly 
entrusted with top responsibilities in American and in- 
ternational physiology during (and after) his 35 years as 
Department Chairman. Fenn was followed as Chairman 
by William D. Lotspeich (1859-67). 

In 1924 most departments of physiology consisted of 
three faculty members: professor, assistant professor, 
and assistant. The professor did most of the lecturing; 
the others guided students in performance of experi- 
ments that were described in a laboratory manual. Most 
research was completed by the three working as a team. 

In Rochester, Edward F. Adolph became Assistant 
Professor in 1925, sharing equally with Fenn in teaching 
and in independence of research. For seven years no 
faculty appointees were added. 

The annual classes of medical students gradually 

1 I have been asked how Fenn was appointed Chairman of this De- 
partment without interview by Dean Whipple or President Rhees. Fenn 
was in England in the two years 1922-1324. He was highly regarded 
by Walter B. Cannon and Simon Flexner, both of whom told Whipple 
about him. in London at the time, George W. Corner, already Chairman 
of the Department of Anatomy here, was asked to get acquainted with 
Fenn. JR. Murlin, Chairman of our Department of Vital Economics, 
already knew Fenn, and A. V. Hill sponsored his work abroad. Ail these 
expressed unusually enthusiastic opinions of Fenn’s suitability for the 
position.. Conclusive action was taken by sea mail. 

+ Deceased. 

climbed from 22 to 45 in the first decade. Graduate 
students were enrolled from 1928 onward; some young 
physicians came into the Department for one-year pe- 
riods, and two technical assistants were at work. Certain 
medical students were fellows in physiology for one 
year each. They joined in the teaching activities that 
occupied four months every spring (1) .2 

Teaching 
A Department of “Vital Economics” was founded in 

the Faculty of Arts and Science at Rochester seven years 
before the Department of Physiology came into exist- 
ence. Its Chairman was John R. Murlin. In 1925 it was 
given space in the new School of Medicine and Dentistry 
and contributed to the instruction of medical and other 
students in areas of nutrition and metabolism. For this 
reason the Department of Physiology was able to con- 
centrate its teaching in other areas, 

In the first years, lectures in the new Department were 
few; laboratory projects were outlined orally, and group 
conferences offered opportunity for discussions of lab- 
oratory results and of reading topics. Fenn always 
planned personally the instruction of medical students. 
He varied the programs substantially from year to year; 
an instructor rarely restricted his responsibility to subject 
areas of his own specialty. I recall a conversation with 
the dean of another medical school in about 1930. He 
inquired how our topics of instruction were divided 
between two departments and then said, “No member 
of your Department would be considered for a chair- 
manship elsewhere, since you do not teach all of phys- 
iology.” How much both physiologists and deans have 
changed in a half century! 

In the first year of the new Department’s work, every 
laboratory need had to be anticipated. Needs were cur- 
tailed by division of students into groups, each group 
rotating from one set of experiments and equipment to 
another set. After three or four years the laboratory 
procedures were written, and hand-outs enabled stu- 
dents to plan experiments ahead of time. 

During the first decade the laboratories were always 
open (2), and a few students extended their laboratory 
observations into modest investigations that they “wrote 
up.” Several such reports reached journal publication, 
standing as products of individual efforts encouraged by 

’ A few details about the initial plans for the Department may be of 
interest. Provisions were being made for teaching and for research and 
involved hard estimates for future space and equipment. 

The School expected to instruct a maximum of 70 students in each 
medical class, a few graduate students, and 25 student nurses every 
year. No students for the degree D.D.S. were at any time accepted by 
the School, but dental graduates became candidates for Ph.D. or M.S. 

In 1925 the Department had five members: Fenn, Adolph, P.L. Gray, 
assistant, W.B. Latchford and CC. Smith, technicians. Fenn and Adolph 
each had research experiments in progress. Preparations for teaching 
began in January 1926; the first class started work in March. Each group 
of seven or eight students rotated through three laboratory units of 
one week each; by this arrangement only one-third as much apparatus 
was needed. Each day the group’s experiment was explained orally. 
Results obtained were later discussed in conversations and in note- 
books. Weekly conferences were held in each group. There were 
seminar type reviews of journal papers, and weekly class lecture, 

Each first-year class of medical students spent half their time in the 
study of “physical physiology” in the Department of Physiology. In the 
second-year curriculum the same students spent a similar period of 
time studying “chemical physiology” in the neighboring Departmend 
of Vital Economics. 
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Department of Phystology, 1926. Top, lef to right: Donald S. Martin 
(student fellow), Edward Adolph, and Cohn C. Smith (technician); 
bottom. William B. Latchford (technician), and Wallace Fenn. 

instructors. In later years each student chose a personal 
project, involving either designed experiments or jour- 
nal searches or both. Oral and written presentations 
provided opportunity for initiative by the experimenter 
and discussion by fellow students. 

In each year several clinical teachers were invited to 
present patients before the physiology class. These 
teachers were adept at showing the reasonings involved 
in diagnoses and treatment. 

A library was, of course, essential to both teaching and 
research. Since the Medical School was under one roof, 
the medical library served all departments. Students as 
well as faculty used the stacks and requested purchases. 
Journals could be borrowed on the same terms as books. 
Little need was felt for a library within the Department 
of Physiology. 

Decades 
In the 1930s the number of medical students per class 

increased to 45, in 1944 to 60, in I950 to 68, and in the 
1970s to 96. Graduate students from various departments 
joined the medical class for the course in physiology. 

Two features of education were early emphasized: 
laboratory methods and results and group discussion of 
those results and of journal publications. 

At the end of the first decade (1936) there were 8 
instuctors each working with 6-12 students. Class lec- 
tures had increased to five each week, with an occasional 
demonstration. Some demonstrations showed on-going 
research in faculty laboratories3 

By 1946 the Department of Vital Economics (3) had 
fused with Physiology, almost doubling the Physiology 
teaching time available and the number of instructors. 
New topics were introduced from the experiences of 
wartime research (e.g., effects of altitude and of tem- 
perature stresses). Numerical problems were designed 

3 In the years after 1936, modest funds became available in the De- 
partment, which were used principally for the support of selected 
postdoctoral physiologists. These were promising persons who, in the 
depths of the financial “depression” (1930.1940), were turned loose 
from other universities with new degrees and no jobs. 

for student solution. Each student developed, as in ear- 
lier years, a library project of his choice. Faculty efforts 
continued to prevent the instruction from being stereo- 
typed. 

By 1956 the physiology course was divided into six 
independent units, some given in spring and others in 
autumn periods. Each period lasted four weeks and was 
attended by half the students, then repeated for the other 
half. Each instuctor and assistant thus taught for eight 
weeks. Even the lectures were repeated, becoming less 
formal. Laboratory experiments were emphatically the 
core of instruction, being somewhat more sophisticated. 

By 1966 the instruction was radically revised, as 
planned by Lotspeich. Where possible, all students 
worked the same experiment on a given day. Topics 
were sequentially arranged. Group conferences were 
intensified, being designed to build student learning by 
means of topics in-depth. Neurophysiology had been 
transferred to a course in neurosciences in which several 
faculty physiologists participated. 

What differences between the student experience in 
physiology in I926 and that in 1966 now impress one? 
The teachers were less formal and more enthusiastic in 
1926; each was present throughout the course. The logic 
of experiment was easier to follow when focused on a 
one-day problem. The student felt called upon to solve 
procedures and to reach conclusions alone, being one 
of only 30 individuals in the class and treated personally. 
By contrast, in 1966 the student knew more of the 
textbook. Students learned to correlate the multiple 
phenomena of hypoxia or the many factors in develop- 
ment of edema. Written examinations required more 
connected reasoning. Lock-step made learning and sub- 
ject matter more alike for all, instead of bringing diverse 
insights to diverse individuals. 

Fenn employed an efficient method of securing 
prompt grades on student examination papers. He in- 
vited staff members to work for an afternoon at the 
committee-room table. There each read and graded the 
answers to the question for which he was responsible; 
then he passed each paper to other staff members. Thus 
comraderie, promptitude, and occasional amusement 
over a students’s misunderstanding accomplished what 
in separation would have been a drawn-out task. On one 

Wallace Fenn, 1965. 
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occasion Fenn planted a fictitious examination paper 
with a worthless answer written in learned terminology. 
The faculty reader assigned a low grade, but not a zero, 
much to the enjoyment of the graders’ circle. 

When medical graduates speak of their days as first- 
year students, they most often recall practical aspects of 
laboratory work. They have indelible memories of the 
“smoked drum.” They were impressed by being subjects 
of their own experiments, e.g., muscular exercise in hot 
room or breathing 7% carbon dioxide. They do not 
forget their observations of the exposed turtle heart, or 
the decerebrate cat, or the mouse in insulin shock. 
Drama was wherever they discovered it. 

For faculty members and assistants, teaching was the 
core activity. Graduate students and postdocs from for- 
eign and nearby lands contributed to the medical stu- 
dents’ horizon. All saw education as a special mission of 
the Department. 

In the 35 classes from 1926 to 1959, some 1,900 
medical students and at least 140 graduate students in 
various biomedical sciences were educated in the annual 
physiology course, Over 100 instructors were present on 
various occasions in laboratory and conference sessions. 
From 1960 to 1969, the 10 classes consisted of 670 
medical students, in contact with about 110 different 
instructors. 

Instruction by means of additional departmental 
courses extended to undergraduate college students, to 
graduate students, and to student nurses, In each case, 
as planned usually by Adolph, laboratory experiments 
were emphasized. In the undergraduate courses the 
graduate-student assistants had more responsibilities 
and more varied experiences. By 1945, seminar-type 
courses were offered to graduate students, one each 
semester-aviation physiology, body fluids, endocrinol- 
ogy, neurophysiology, and other topics were explored. 

Graduate students now reported the results of their 
thesis research in the weekly departmental seminar. 
Members of the faculty participated in the oral exami- 
nations of MS, and Ph.D. candidates, not only candidates 
in physiology but also those in other branches of learn- 
ing. 

Teaching included invited visits of our faculty mem- 
bers to other institutions of learning. The medical school 
in Lagos (Nigeria) entered into an agreement with the 
school in Rochester for faculty exchanges, beginning in 
1962. Two physiologists came from Lagos for study and 
research in Rochester during suitable periods. Four per- 
sons from the Department of Physiology in Rochester 
spent up to one year in residence in Lagos. 

Service visits abroad were made, chiefly in the inter- 
ests of teaching, as follows: India (Nasset, Adolph), 
Libya (Nasset), Lebanon (Nasset), Mexico (Cohen, 
Adolph), Japan (Honig), Norway (Craig), Philippines 
(Nasset), and Peru (Rahn). Department members also 
served briefly as visiting professors in many departments 
of physiology in the United States and Canada. 

The enormous effort that goes into teaching is often 
underestimated in annual reports and other accounts of 
faculty activities. In part this is because much teaching 
is taken for granted. Also, the teaching is mostly done 
by schedule and on the home grounds. However, teach- 
ing by word and by example is, for some, the chief life 
of the faculty mind; its fervor often is no less than that 
of research. 

Research 
From the founding of the Department onward, it was 

taken for granted that everyone wanted to engage in 
research. In the early years no faculty members expected 
to receive specific funds to pay research expenses. The 
Department, however, was able to provide equipment 
and supplies for a majority of laboratory investigations+ 
For most projects, specialized apparatus was not needed 
and not available. However, items used in teaching 
could be employed for researches during off seasons. 
“Make-do” was a virtue to be cultivatedV4 

Over the decades, specialized items came into use: 
galvanometers, stroboscopes, microscopes, and spectro- 
scopes, then flame photometers, gas analysers, oscillo- 
scopes, and isotope counters, and finally ink-writers and 
small computers. From 1942 research grants were avail- 
able for all projects. 

Topics of research that occupied faculty members of 
the Department varied widely, and each new member 
was encouraged to develop his own interests, Graduate 
students, medical student fellows, and postdoctoral in- 
dividuals usually elected work related to ongoing pur- 
suits of professors, since the initiates wished to retain 
the interest of their seniors in what they did. Also, 
equipment and methods were more available for related 
projects. When human subjects were required, team 
work resulted, but even then each worker was an inves- 
tigator. During World War II, certain “conscientious 
objectors” served as subjects and observers in ongoing 
researches. 

Some scientists regard research and teaching as two 
activities that compete for their time and effort. Only in 
small part has this been true here; instead, the two 
seemed to enhance one another. Fenn declared that “it 
is in the preparation of lectures that most ideas for 
creative work are born” (4). Moreover, concentration of 
anyone’s teaching into a period of one to three months 
per year was usual and hardly allowed him to begrudge 
the effort expected in teaching. 

Collaborations in research with faculty members in 
other departments developed in the early years. Medi- 
cine (exercise, muscle tonus), pediatrics (insensible 
losses), and microbiology (bacterial growth) furnished 
interdepartmental activities. 

Services for hospital patients were developed, partic- 
ularly in electroencephalography. 

Other research projects are discussed next in connec- 
tion with various faculty members. More complete ac- 
counts of research can be found in the published papers 
available in the bound collected publications of the 
Department (7). 

Early Faculty Members 
Brief notes on several faculty members are here given. 
For Fenn a mention of his chief research will suggest 

* In the year 1954 only 41% of the Department’s expenses came from 
the regular budget 6f the University; the remainder originated in 19 
grants and contracts received within the Department. In 1958 there 
were 14 active grants and contracts; 29 of the 39 fuil-time members of 
the Department were mainly supported by funds from those sources. 
Ever since 1942 the number of Department members was partly 
determined by the extent of such funds. During the ensuing years the 
proposals for research that originated here were thus funded with- 
exceptional regularity. 
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how he came to be considered outstanding among phys- 
iologists of the United States and of the world (5-7). 
Before he came to Rochester, Fenn completed highly 
original studies of phagocytosis by white blood cells 
and energy liberated in contractions of muscles. In 
Rochester he measured respiration in isolated nerve 
during stimulation, tension in human muscles. potas- 
sium and related electrolytes in muscles and other tis- 
sues, mechanics of breathing, and effects of high 
compression in several tissues. Each of these topics of 
research in Rochester occupied many years and was 
shared by collaborators. The mechanics of breathing has 
been summarized in some detail in a published history 
(8) ’ 

Faculty members were led to discuss unorthodox top- 
ics. At one stage they met periodically as “biotheorists,” 
speculating about physical bases of life processes. At 
another stage they met with other scientists to learn 
about the basic assumptions being developed in their 
fields. One aim was to bring to light various philosophies 
about nature that go unrecognized in daily work. 

A former graduate student wrote, “Dr. Fenn impressed 
me with his ability to accomplish much and to concen- 
trate completely on the subject of the moment. When I 
would discuss our research with him, at the appointed 
time he would turn aside from what he was doing, giving 
me his undivided attention. After our discussion, he 
would return to what he had been doing before I left 
the room.” 

The departmental atmosphere was one of self-help. 
Eleonore Ohr (later Associate Professor of Physiology 
in Buffalo) recalls the following incident of graduate 
student days. “Tom0 Asano was typing a paper very 
slowly with the hunt-and-peck system. In sympathy I 
offered to type his paper for him. His response was: ‘No, 
Dr. Fenn type, therefore Tomo type’.” 

Fenn indicated his judgments without “throwing his 
weight around.” On the morning after a certain Ph.D. 
student passed his final examination, Fenn expressed 
the opinion that both the thesis and the experience of 
the student had been skimpy. The opinion was not 
pressed, but subsequent performances of graduate stu- 
dents were certainly scrutinized more carefully. His 
reticence in exercise of authority sharpened others’ co- 
operation instead of emphasizing differences of judg- 
ment. 

Fenn retired from the chairmanship of the Department 
in 1959, continuin as a Distinguished University Pro- 
fessor for 12 years. B 

Adolph, before coming to Rochester, had inquired 
how frogs, earthworms, and protozoa could live in fresh- 
water, a medium of low osmotic pressure, without end- 
less swelling of the body. In new studies, both intake of 
water through skin and excretion through kidneys or 

5 A major threat to the stability of this Department occurred in 1936. 
Fenn was offered the chairmanship of the Department of Physiology 
at Columbia University. He characterized that job as being “twice as 
large in every respect.” He soon decided to stay in Rochester but went 
through the generous formality of asking for comments of colleagues. 
They agreed that his future here was unusually bright. For instance, all 
knew that the visions of the School’s objectives and prospects were 
amazingly identical between Dean Whipple and Chairman Fenn. After 
his decision to stay here had been made, the University Trustees 
tendered a dinner in Fenn’s honor. A silver bowl was inscribed for 
“the event that did not happen.” 
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Edward Adolph, 1943. 

vacuoles showed special controls over water move- 
ments. After any disturbance, the body’s water content 
returned to the norm. 

“Adolph recognized early in his researches the signif- 
icance of regulatory controls,” wrote M. J. Fregly and M. 
S. Fregly (9). “His book on Physiological Regulations of 
1943 has become a classic in the field of regulatory 
physiology, as are his publications on the role of water 
in living organisms, physiological regulation of body 
fluids, body size, and body temperature. He has also 
published studies on development of regulations and 
adaptations in animals, self-regulation of heartbeats, and 
other characteristics.” (9, 10). 

Adolph officially retired in 1960, continuing his labo- 
ratory research for 15 more years. Thereafter he contin- 
ued to write for publication. 

Alfred M. Wedd was a member of the Physiology 
Department for 35 years, beginning in 1931. He prac- 
ticed cardiology off campus for half of every day, ap- 
pearing in the laboratory on campus in the remaining 
half-day with great regularity. He wanted to know what 
such drugs as digitalis did to excitability and contractility 
of hearts. He exposed turtle ventricles, recording me- 
chanical and electrical contractions. He put great weight 
on the suggestions of others, especially Blair. However, 
he relied on his own suggestions in the area of phar- 
macology. His teaching was in lecture rooms, where he 
attracted intense student interest at his appearances dur- 
ing the courses both in physiology and pharmacology. 
He took a personal interest in the health of colleagues, 
always without intrusion (10). 

Alfred M. Wedd, 1959. 
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termination he warned, “But maybe not.” These words 
left the door open to other ideas than those of this 
modest man. 

Wallace Fenn and Henry A. Blair. 

Melvin Fregly (now Professor of Physiology in the 
University of Florida) witnessed a quick Wedd encoun- 
ter. Rebeca Gerschman walked down the corridor with 
some foil-wrapped candies in hand. She met Wedd and 
said, “Doctor Wedd, would you like a kiss?” Wedd 
quickly shifted his gaze upward and remarked, “That 
ceiling certainly needs repainting!” 

Henry A. Blair joined the Department of Physiology 
in 1932. His background was in physics and biophysics. 
He taught a full share of the physiology course for 
medical students, emphasizing sensory phenomena and 
their analysis. In his research he measured electrical and 
mechanical excitabilities of isolated nerve and muscle, 
building new millisecond timing equipment for the 
purpose. He deduced the energies required for starting 
of a nerve impulse, which led to new understanding of 
membrane processes and of impulse conduction (12, 
13). He collaborated with Wedd in the studies of excit- 
ability and conduction in turtle heart. 

During the war Blair measured the mechanical effects 
of intestinal gases and methods of controlling their 
volumes during atmospheric decompression. 

In 1948 Blair became Director of the “Atomic Energy 
Project” in the medical faculty and Chairman of the 
Department of Radiology Biology( 14). He retired from 
the responsibilities in I965 and died in 1971. For 17 
years before retirement he continued to be a part-time 
member of the Physiology Department but was unable 
to share actively in its research or teaching. 

In any scientific discussion, Blair usually created a 
hypothesis or a suggestion that he outlined clearly. At 

Lotsneich came to Rochester in 1959 from the Chair- 
manship of Physiology at the University of Cincinnati. 
He had developed research interest in renal excretion 
and metabolism, which he enlarged at Rochester with 
the assistance of postdoctoral workers. He was especially 
known for his research on regulation of citrate metabo- 
lism and extracellular pH in kidneys. In 1959 he pub- 
lished a monograph on “Metabolic Aspects of Renal 
Function” (15). Subsequent studies included the effects 
of potassium deficit and renal hypertrophy. 

Lotspeich devoted much energy and time to the teach- 
ing of medical students. conducting regular conferences 
and laboratory explorations with them (16, 17). He 
especially helped students to understand biochemical 
principles as applied to physiological problems; in this 
statement I quote colleague Julius Cohen (18). 

Lotspeich had a background of interest in arts, litera- 
ture, and religion. He and his family participated in 
domestic and overseas programs of the American 
Friends Service Committee. He resigned from the faculty 
of the University of Rochester in I967 to become Exec- 
utive Secretary of that committee. However, he was 
found to have a chronic disease, which ended his life in 
1968. 

Lotspeich was a concerned individual. One day he 
and I were walking downstairs to the medical library in 
earnest conversation. As we issued from the stairs into 
the hospital’s outpatient area, Lotspeich suddenly saw a 
woman in distress. Without losing a step he went to her, 
supported her from falling, and placed her in a chair. 
Then he turned to the nurse in charge and secured her 
attention to the patient. It seemed entirely natural for 
him to aid an individual in a moment of need. 

Other researcher-teachers in this Department should 
be characterized in the near future by their surviving 
colleagues. All contributed heavily to the sum of scien- 
tific efforts. This chapter is designed to end with 1969, 
when Paul Horowitz became the Department’s third 
chairman. 

Since it is not possible to record here the many activ- 
ities that characterized this Department, I have written 
a more detailed supplement for the benefit of those who 
were intimate in the Department before 1969. The doc- 
ument includes lists of faculty, doctorates, fellows, pub- 
lications, meetings, social activities, grants, honors, and 
memberships. It would take a book to record details 
about them all. Those persons who worked here sub- 
stantiate the belief that this department was unique in 
its achievements. 

The manuscript and footnotes from the supplement are in the 
archives of the Edward G. Miner Library, University of Rochester School 
of Medicine and Dentistry, FC 3, Box 60, Folder 28 (supplement, 
Folder 30). The photographs are courtesy of the Edward G. Miner 
Library. Many thanks to Christopher Hoolihan, History of Medicine 
Librarian, for his assistance in preparing this manuscript. 
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History of Department of 
Physiology and Biophysics, 
University of Texas Medical 
Branch at Galveston 

M. MASON GUEST 
Shriners Burns Institute 
Galveston Unit 
Galveston, Texas 77550 

Early History 
In 1881 the Texas Legislature brought to fulfillment a 

prime objective of the Republic of Texas. This objective, 
to establish a state university, was consummated 45 years 
after Texas won its independence from Mexico and 36 
years after it became the 28th state. The University of 
Texas was conceived as an academic institution with a 
medical department or branch. The medical department 
was to be located either in the community selected as 
the site of the main campus or in another city. The 
decision regarding the locations of the main university 
and the medical department was decided by popular 
vote. The citizens of Texas selected Austin, the state 
capital, as the site of the main university and they favored 
Galveston over Houston for the location of the Medical 
Department (1). 

Galveston, with a population of about 23,000, was at 
the time of the university location vote the largest and 
most prosperous city in Texas. It had been the site of 
two or more medical schools. One of these, the Galves- 
ton Medical College, was the Medical Department of 
Soule University. Soule University’s main campus was in 
Chappell Hill, Texas. The Medical Department of Soule 
University opened in Galveston on October 23, 1865, 
less than five months after the surrender of the Confed- 
erate Trans-Mississippi Forces in Galveston. The Galves- 
ton Medical College was terminated when Soule Uni- 
versity moved to Louisiana in 1873. Coincident with 
closing of the Galveston Medical College, a charter for 
the Texas Medical College and Hospital was obtained 
from the state (March 1873). Ashbel Smith, the famed 
Texas physician, military leader, and politician, was 
elected President of the Board of Trustees (2). 

When the state University was established in 1881, the 
Texas Medical College and Hospital closed its doors to 
permit the Medical Department of the University of 
Texas to begin operation. However, no financial support 
was forthcoming from the state until 1890, when con- 
struction of a Medical School building began. In the 
meantime (1888), to fill the gap, the Texas Medical 
College and Hospital was reorganized. However, it again 
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Ashbel Smith Building (the Red Building). 

disbanded when the Medical Department of the Univer- 
sity of Texas opened in 1891. 

The faculties of both the Galveston Medical College 
and the Texas Medical College and Hospital included a 
member with the title of Professor of Physiology. In- 
struction in physiology was given in the third year of the 
medical course in both schools (3); apparently it was 
presented entirely by lecture. 

The initial Medical School building of the University 
of Texas Medical Department, designed by the famed 
architect Nicholas Clayton, was completed in 1891. For 
a number of years the strikingly conspicuous red brick 
structure, architecturally romanesque in design, housed 
the entire medical school. With the advent of other 
Medical School buildings it became known as the Red 
Building or Old Red, Later it was officially named the 
Ashbel Smith Building, thus honoring Dr. Ashbel Smith, 
the first Chairman of the Board of Regents of the Uni- 
versity of Texas. The University is a monument to Ashbel 
Smith’s tenacious campaign to foster public education 
in the State of Texas, Unfortunately though, Smith did 
not live to attend the dedication of the building that 
would later be named after him. 

The laboratories and offices of the Department of 
Physiology continued to be located in the Ashbel Smith 
Building until 1953, when they were moved to the newly 
completed Gail Borden Building. In 1971 the Physiology 
Department was again relocated in the Libby Moody 
Thompson Basic Science Building. 

In the 96 years the University of Texas Medical Branch 
has been in existence (1891-1987) there have been 
eight heads or chairmen of the Department of Physiol- 
ogy and approximately 70 academic staff members. Dur- 
ing this period the Medical School graduates (physi- 
cians) have numbered 8,454. Since 1952, 51 master’s 
degrees and 33 doctor of philosophy degrees in physi- 
ology have been awarded. The Department has also been 
involved from time to time in teaching physiology to 
student nurses and allied health science students. 

Clopton, First Professor of Physiology 
The original faculty of the University of Texas Medical 

Department, eight in number, included Albert G. Clop- 
ton, M.D., Professor of Physiology and Hygiene. Clop- 
ton, a native of Georgia, had served in the United States 
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Left: Arthur G. Clopton, first Head of Department of Physiology, 1891- 
1898; right, William Spencer Carter, second head of Department of 
Physiology, 1898-1922. 

Army under General Zachary Taylor during the Mexican 
War. After the war Clopton obtained his M.D. degree 
(1852) at Louisiana Medical School (now Tulane). He 
then practiced medicine in several different communi- 
ties in Arkansas and Texas, but in keeping with his ardent 
secessionist advocacy, when the war between the states 
began, he organized and originally commanded Com- 
pany D of the First Texas Infantry Regiment in Hood’s 
Brigade. On January 2, 1962, he was promoted to major 
and transferred to the Confederate Medical Department 
in Richmond, Virginia (7). 

During Dr. Clopton’s seven-year tenure as the Profes- 
sor of Physiology he developed a reputation as a master 
of flowery oratory. In discussing an item of physiological 
information he was reported to have said, “At the foot of 
this great truth dead theories lie as thickly strewn as 
dead soldiers at the feet of a Grecian war god after 
battle.” He also, the students claimed, graded examina- 
tion papers according to their weight measured on a 
postal scale. One student stated that he had proven this 
by submitting instead of an answer to an examination 
question a voluminous description of the jetties, then 
under construction along Galveston’s water front, and 
he had received a grade of 95 (4). 

William Spencer Carter 
The second head of the Department of Physiology at 

the University of Texas Medical Department was William 
Spencer Carter, M.D. At the time Dr. Carter was named 
Professor of Physiology and Hygiene he was a 28year- 
old medical graduate of the University of Pennsylvania. 
He arrived in Galveston with his wife the year after the 
1897 outbreak of yellow fever. 

Before coming to Galveston Carter had served an 
internship in the Philadelphia hospitals and after his 
internship had been appointed to the faculty of the 
University of Pennsylvania as Demonstrator of Pathology 
and Assistant Professor of Physiology. Two years after 
receiving the M.D. degree Carter was awarded the Boyls- 
ton Prize for his investigation of leucocytosis (5). 

After his arrival in Galveston Carter organized one of 
the first physiology laboratories in the South for the 
teaching of medical students. At the completion of his 
tenure as head of the Department of Physiology he wrote 
a description of some features of physiology laboratory 
teaching at the University of Texas Medical Branch. The 
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description was entitled, “The Physiology Department 
from 1898 to 1922” (8). Excerpts from his brief treatise 
follow. 

The space allotted to the department of physiology 
in the old original building of the Medical School of 
the University of Texas consisted of three rooms 
adjacent to the lower lecture-room on the first floor. 
The room on the north side of the hall was the only 
space available for a teaching laboratory. It will be 
well remembered by the students who received in- 
struction there from October 1898 to February 1922, 
the period during which the writer was in charge of 
the department. 

When the new Laboratory Building on the south 
side of Strand [Street] was opened, the benches of the 
old lower lecture-room were torn out and the entire 
rounded west end of the first floor, together with 
corresponding space on the ground floor, was made 
available for a teaching laboratory. 

This made it possible for the first time for the entire 
class to work in laboratory exercises at the same time. 
That is still possible even though the size of the 
classes has been increased to one hundred members. 

The equipment of the laboratory of physiology in 
1898 was very meager indeed and totally inadequate 
for giving systematic laboratory instructions. It con- 
sisted of a single kymographion with two small drums, 
which together with a few minor pieces of physiolog- 
ical apparatus, such as levers, tambours, etc. had been 
imported from Cambridge, England. The small drums 
could not be used for class demonstration as tracings 
could only be made for short periods of time. The 
frequent smoking and changing of drums would make 
effective teaching, impossible. 

One of the first things to be done was to make 
drums carrying long stretches of glazed paper, so that 
tracings could be made over considerable periods of 
time. It was also necessary to provide driving power 
for moving the drums at different speeds. This was 
done by means of conical pulleys driven by the motor 
in the machine shop. Fortunately the machine shop 
was located in the basement directly under the labo- 
ratory. It was also necessary to arrange for recording 
the time in seconds on the tracings by means of an 
electro-magnet. 

Gradually improvised apparatus, which was made 
in the college machine shop, increased the amount 
of equipment so that laboratory demonstrations were 
carried on systematically during the first two or three 
years. 

Two courses of instruction were given: (1) a course 
for the freshman class consisting of two lectures and 
two laboratory exercises per week during the second 
half of the first year; and (2) the sophomore course 
consisting of five lectures and five laboratory periods 
of two hours each during the first semester of the 
second year. 

The first course included the properties of different 
foodstuffs, methods of separating them, and the 
changes which they undergo in the different digestive 
processes; also the physiology of blood. The labora- 
tory exercises for this course were given for the most 
part in the laboratory of chemistry by providing a few 
additional reagent bottles on the chemical desks. The 
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entire class could work there at the same time. When 
the use of microscopes was necessary, as in the study 
of blood, the class was taken in sections to the labo- 
ratory of histology. 

The sophomore course covered the remainder of 
the field of physiology. The limited size of the teach- 
ing laboratory made it necessary to divide the class 
into two sections as more than one-half of the class 
could not be accommodated in the laboratory at one 
time. 

During the first few years of the period under 
consideration (1898 to 1922) all laboratory exercises 
in physiology for the sophbmore class consisted of 
demonstrations. This was made necessary by the lim- 
ited equipment and laboratory facilities. Gradually 
the amount of equipment was increased by purchases 
from the Harvard Apparatus Company, as far as the 
limited appropriations would permit each year. Much 
of the apparatus was made by the mechanic of the 
college, Mr. Michael Little. In these ways sufficient 
equipment was finally accumulated so that the indi- 
vidual students could themselves perform experi- 
ments and not merely observe others do so. 

Beginning about 1902 we were able to provide 
thirteen work tables equipped with sufficient appa- 
ratus for the individual students to carry on their own 
experiments. Two students worked together at each 
table. They were able to make graphic records of such 
observations as could be made on each other, such as 
pulse tracing, respiration, etc. They also carried out 
experiments on frogs and turtles making graphic rec- 
ords when that was possible. In this way they become 
familiar with experimental methods and acquired 
manual dexterity. 

Experiments on mammals continued to be con- 
ducted in the form of demonstrations in which the 
students assisted in rotation. The work in the labora- 
tory was correlated as closely as possible with the 
didactic teaching by means of frequent quizzes 

The development of the laboratory exercises in 
which the individual students working in pairs per- 
formed experiments themselves was made possible 
by the enthusiastic co-operation and valuable assist- 
ance given by the late Dr. Oscar II. Plant. He became 
interested in experimental physiology during his un- 
dergraduate course and for two sessions acted as 
student assistant. After graduation he continued as 
full-time instructor for several years until he went to 
the University of Pennsylvania as assistant professor 
of pharmacology. He went from there to the Univer- 
sity”of Iowa as professor and head of the department 
of pharmacology and continued in that position until 
the time of his untimely death. 

It has always been a matter of great pride and 
satisfaction to the writer that Dr. Plant laid the foun- 
dations for his professional career in the laboratory of 
physiology of the University of Texas. 

Hurricane 
Two years after Dr. Carter arrived in Galveston the 

1900 hurricane (September 8) devastated the city and 
greatly damaged the Medical School building (the Red 
Building) and the hospital. It completely destroyed the 

nurses’ residence, but fortunately when the building 
collapsed all of the nurses were in the hospital. The 
storm caused the greatest loss of human life of any single 
natural disaster during the history of this country. More 
than 6,000 people were reported to have been drowned 
or otherwise destroyed. Galveston, a barrier island, and 
at that time not protected by a seawall, was defenseless 
against the powerful winds and the even more devastat- 
ing high water. Furthermore, the lack of (or indifference 
to) advance warnings precluded preparation for the 
storm or significant evacuation. 

At the time of the storm Carter and most of the other 
members of the faculty were away from the city on 
vacation. Perhaps because the Medical School was not 
in session, no faculty member or member of the student 
body lost his or her life. 

Alan J. Smith, M.D., Professor of Pathology, was in 
Galveston preparing for his vacation when the hurricane 
struck the city. He surveyed the damage after the storm 
and reported his observations in the University Record 
of March 1901 (9). Excerpts from his description of the 
damage to the Medical Department building (the Red 
Building) follow. 

The walls of the college building stood, but much 
of its adventurous architecture was gone; the great 
dome was down and a huge gap in the middle part of 
the roof and front wall marked where formerly it had 
stood. The ornaments of the side roofs, the cornices 
and gutters, the slates from nearly the whole broad 
covering of the building, the minaret-like caps of the 
ornamental pillars of the structure-all were gone or 
wrecked, . l . To one climbing over this rubbish and 
wading into the basement, one great jumble and 
tangle of chemical tables, gas and water pipes, bottles 
and apparatus impeded the passage, in some places 
piled high, in others in low heaps of broken lumber. 
The floor of the west end, where the concrete pave- 
ment did not extend, rose in hills as high as the waist 
and partitions and tables were thrown into an indes- 
cribable mess. . . l 

In the library, several of the alcoves were pene- 
trated by the water and the books soaked; and these 
not discovered for several days, were soon covered 
by a luxuriant growth of mould and only saved in 
their harmed state from total ruin by being at once 
taken out, cleaned and dried. . l . 

Looking out of the north doors (of the Red Build- 
ing) the dead house could be seen unroofed and 
swept clean of its contents and here and there among 
the rubbish its uncanny inhabitants, intended for the 
dissecting room, were found, unfit for use when op- 
portunity came for their recovery and storage, The 
great smokestack, one hundred and twenty feet high 
originally, was broken off at about the middle of-the 
first floor and in its fall it had utterly destroyed the 
roof of the boiler room and crashed in masses upon 
the remaining boiler and could be seen as piles of 
rubbish lying with (in) the enclosure, . l . 

In A Hi’stoT of Galveston, Texas by C .S. Griffin, sume 
of the destructive effects of the storm on the city are 
described (lo), 

Fully 3,600 buildings were completely destroyed 
and in the area from Avenue P to the Gulf, the entire 
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length of the city, no one house was found on its 
original location. Many were completely demolished, 
no vestige remaining by which to identify them. In 
the extreme western end of the city, the force of the 
water had swept entirely across the island, leaving 
nothing but death and desolation in its path. Because 
of the indescribable conditions existing afterwards, 
no actual count of the dead was ever made. The lowest 
estimate places the number at 5,000. The weather 
bureau in its report dated Sept. 23rd states that 3,536 
bodies had been identified, with possibly 1,500 more 
disposed of without identification, such procedure 
being imperative. The Galveston News in its issue of 
October 7, 1900, just one month afterwards, listed 
4,236 identified dead. 

Although before the storm the support from the state 
for the Medical Department had been relatively penu- 
rious, after the storm the Board of Reagents became 
more generous and legislative appropriations were in- 
creased. Money for rebuilding the Red Building and for 
the replacement of equipment was almost immediately 
appropriated. The people of Texas were proud that the 
Medical Department of their University had survived 
such a great disaster. Help also came from all over 
America. Doctors and nurses, including the famed Clara 
Barton, came to the stricken city to assist with its sudden 
plethora of medical problems. 

Medical school classes were resumed by order of the 
Board of Regents on November 15, 1900, and the 1900- 
1901 session terminated on June 29, 1901, just one 
month late (6). 

Carter, Dean of Medicine 
In 1903 Dr. Carter was made the Dean of the Medical 

Department. He also continued as head of the Depart- 
ment of Physiology. Throughout almost all of the 24 
years Carter served as Head of Physiology he taught the 
freshman and sophomore physiology courses, lectures 
and laboratories, with usually only one associate faculty 
member to assist him. He also organized (1899) and 
taught (1899-1904) a course in hygiene involving as- 
pects of public health, biostatistics, sanitation, and epi- 
demiology. When this course was transferred to the 
Department of Bacteriology in 1904 Carter introduced a 
course in pharmacodynamics, which he taught for sev- 
eral years. 

Carter was reported to have been one of the first to 
point out the danger of drinking raw milk, and he 
vigorously advocated the pasteurization of milk. He also 
worked for the establishment of sanitary water supplies 
in communities. Although Dr. Carter’s bibliography was 
not voluminous, his research publications provided im- 
portant information. Among his published studies were 
the pathologic effects of the various species of amanita 
(mushrooms), the changes in cerebrospinal fluid pres- 
sure with withdrawal of the fluid and with intraspinal 
injections, the use of titrated blood in transfusion, and 
the functional features of renal epithelium. 

In 1917 Carter was elected and served as President of 
the Association of American Medical Colleges. During 
his tenure as Dean the name of the Medical Department 
was officially changed in 1919 to the University of Texas 
Medical Branch. 

Dr. Carter’s stint as Head of Physiology ended in 1922 
when he took a leave of absence and became Associate 
Director of the Medical Sciences Division of the Rock- 
efeller Foundation. After serving in the Philippines, Aus- 
tralia, South Africa, Java, New Zealand, China, and India, 
Carter returned to Galveston in 1935 to resume the 
position of Dean. He retired in 1938 and moved to 
Auburndale, Massachusetts. 

The third head of the Department of Physiology was 
Charles Cullom Gault, M.D. Gault had held an appoint- 
ment as Assistant Professor of Physiology at the Univer- 
sity of Minnesota before coming to Galveston. He served 
for only two years (academic years 1922-1923 and 1923- 
1924). 

Porter Named Chairman in 1924 
Eugene Lyman Porter, Ph.D., was appointed head of 

the Department of Physiology in 1924. He and his family 
arrived in Galveston in November and had their first 
Galveston Thanksgiving Day dinner on the Gulf shore 
beach. 

Porter, a native of western Massachusetts (Spring- 
field), obtained his baccalaureate degree from Harvard 
University, his master’s degree from the University of 
Michigan, and his Ph.D. degree from Harvard University. 
He had successive appointments on the Physiology De- 
partment staffs of the University of Pennsylvania Medical 
School and Western Reserve Medical School before com- 
ing to Galveston. 

Porter’s primary interest in physiology was the nervous 
system. Most of his research was in this field and his 
carefully planned classical demonstrations of neural 
phenomena to the student body were colorfully instruc- 
tive. In addition to his demonstrations of decorticate, 
middle ear disrupted and decerebellate pigeons, he 
skillfully presented before the student body mammals 
with various nervous system lesions and human patients 
with neurological disorders. His presentations of George 
Prater, a quadriplegic who had suffered a spinal transec- 
tion in an automobile accident, were lessons, not only 
in the functional features of the nervous system and the 
neural control and mechanics of respiration, but also a 
demonstration of the art of showmanship in teaching. 

Porter’s tenure as Head of the Department appears to 
have been reasonably tranquil until 1939. Understanda- 
bly, there were problems before 1939, such as lack of 

Eugene Lyman Porter, third head of Department of Physiology, 1924- 
1941,1943-1948. 
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funds for equipment and for staff salaries plus difficulties 
in teaching the laboratory portion of the course because 
of space and scheduling inadequacies. The alloted space 
for the physiology student teaching laboratory was di- 
vided between the first floor of the Red Building and its 
basement. With usually not more than two assistants and 
the class divided into a first floor and basement contin- 
gent, coordination of the teaching was difficult. 

The Spies Interval 
January 1939 to August 1942 was a tempestuous period 

at the University of Texas; the storm centered at the 
Medical Branch. John W. Spies, M.D., a native Texan and 
brother of the famed Tom Spies,’ was appointed Dean 
of the Medical School by the Board of Regents; he 
arrived at the Medical Branch as its chief administrator 
in January 1939. Spies, a University of Texas alumnus 
and a medical graduate of Harvard University, came to 
Galveston from the position of Director of Tata Memorial 
Hospital in Bombay, India. He was an advocate of strong 
central authority in the operation of a medical center 
and in this philosophy he was encouraged and supported 
by the President of the University and the Board of 
Regents. On the other hand, the faculty had become 
accustomed, with Dr. Carter as the Dean, to a democratic 
format in the operation of the Medical School. Under 
Spies, faculty meetings, which had a bearing on the 
academic and administrative processes, were dispensed 
with and the faculty executive committee was chosen by 
the President of the University rather than elected by 
the faculty. 

As a result of the conflict between Spies and most 
members of the faculty, the Medical School remained in 
constant turmoil. In the late winter and spring of 1942 
the controversy reached its climax. The Board of Regents 
held hearings in which members of the faculty and Dean 
Spies were asked to testify. Throughout the University 
the issue became highly emotionalized. The President 
of the University, Dean Spies, and the Chairman of the 
Board of Regents were all hung in effigy by students on 
the Austin campus (11). 

Porter, who supported the concept of faculty input in 
the management of the Medical School, during the aca- 
demic year 1940-1941 had been supplanted as Head of 
the Department of Physiology by Carl August Nau, M.D. 
Nau had originally joined the Department of Physiology 
as an adjunct professor in the fall of 1928 and served in 
this capacity through the spring term of 1929. He re- 
turned to the Medical Branch during the Spies period 
and became one of the few active supporters of Dean 
Spies among the faculty. In the interim between his 
initial sojourn at the Medical Branch and his return he 
had obtained the M.D. degree from Rush Medical School 
in Chicago. 

An interesting although nefarious episode enveloped 
the Department of Physiology during the Spies period. 
A young man who said he was David Walton Fell, B.M., 
was interviewed in New York City (1940) for a faculty 
position by Dean Spies. Spies, it was reported by mem- 

’ Tom Spies, M.D., at about the time of the appointment of John W 
Spies had been widely recognized by popular communication media 
for his research on pellagra in people of the southern states with 
marginal incomes and deficient diets. 

bers of the UTMB faculty, recommended Fell’s employ- 
ment without asking for credentials. He was given an 
appointment as Assistant in Pathology. Later he was 
advanced to Assistant Professor in Pathology and in 
Physiology and then to Associate Professor of Physiol- 
ogy* 

Porter, who had continued to supervise the student 
physiology laboratory after the appointment of Nau as 
Head of the Department, recognizing that Fell was in- 
competent as a teacher of physiology, sent a memo 
indicating this to Nau. At about the same time, Howard 
Swann, who was in Galveston for only a short period 
before he left to join the Army Air Corps, recognized 
Fell as a former student at the University of Chicago. 
Fell denied the connection with the University of Chi- 
cago and he continued as a member of the physiology 
staff until December 24, 1941. It was reported in a 
medical student publication that a group bf students, 
becoming suspicious of Fell’s credentials, asked him 
during a clinical rounds to examine an artificial eye in a 
patient. Fell examined the interior of the glass eye with 
an opthalmascope, describing in detail the nerves and 
blood vessels of the fundus oculi, 

The jig was up for the bogus Dr. David Walton Fell. 
Through inquiry to the University of Chicago it was 
discovered that the man claiming to be Fell had been a 
medical student who was dismissed because of inade- 
quate grades. His real’ name was found to be Charles 
Peter Wisotsky and his original home had been in New 
York City. According to word-of-mouth information from 
faculty members who were at UTMB then, Wisotsky 
during the Spanish Civil War had roomed with an Eng- 
lish physician, named Fell, who died during the period 
of the conflict. The real Dr. David Walton Fell had been 
educated in England and had graduated from the Uni- 
versity of London with the bachelor of medicine degree; 
hence Wisotsky attempted to assume the mannerisms 
and speech of the English surgeon-physician as well as 
his medical degree. 

Since the Second World War was in progress, Wisotsky 
was prosecuted by the federal government for false draft 
registration and for violation of the Harrison narcotic 
laws. His prison sentence was suspended on the condi- 
tion he immediately join the armed forces of the United 
States (12). 

In the summer of 1942 Spies was asked to resign and 
Chauncey D. Leake, Ph.D., a world renown pharmacol- 
ogist, was appointed as a vice president of the University 
of Texas and Dean of the Medical School. In January 
1943 Dr. Porter was reinstated as the Chairman of the 
Department of Physiology. (In line with Leake’s demo- 
cratic philosophy the title Head of Department was 
changed to chairman.) 

Porter’s Staff 
The faculty member who remained for the longest 

period was Wilbur A. Selle, Ph.D. He had received his 
doctorate from Stanford University and came to the 
Medical Branch in 1929 as an associate professor. While 
at the Medical Branch his major research interest was 
related to cancer. Selle continued on the physiology staff 
until 1949 when he became Professor of Biophysics at 
the University of California School of Medicine, Los 
Angeles. 
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During 1925-1926 Associate Professor W.T. Dawson 
served on the physiology staff. Dawson transferred to 
the Department of Pharmacology at UTMB where he 
later became Professor and Chairman. 

Francis Joseph Mullin, Ph.D., was a member of the 
physiology staff from 1936 to 1938 as Assistant Professor. 
He later became President of Shimer College in Mt. 
Carroll, Illinois. 

W(illiam) Doyne Collings, who had obtained his 
Ph.D. degree from Princeton University, was a member 
of the physiology staff from 1942 to 1945 with the rank 
of Assistant Professor. From Galveston he went to East 
Lansing, Michigan, where he served as Associate Profes- 
sor and then Professor of Physiology at Michigan State 
University. 

The Ogden Chairmanship 
During the academic year 1948-1949 Eric Ogden, with 

bachelor of science and medicine degrees from the 
University of London, replaced Porter as Chairman. Sev- 
eral years later Porter was made Professor Emeritus. He 
continued to teach until his death after a short illness in 
1962. 

Dr. Ogden, a Sharpey Scholar at the University of 
London, had been brought from the University of Cali- 
fornia School of Medicine, San Francisco, to the Medical 
Branch in 1943 by Chauncey D. Leake. His fields of 
research included the physiology of the heart, respira- 
tion, hypertension, and the kidney. During his tenure at 
the Medical Branch, graduate courses in physiology were 
developed and taught by the physiology staff. 

Ogden resigned from the chairmanship of physiology 
at UTMB at the end of the academic year 1948-1949 to 
become Chairman of the Department of Physiology at 
Ohio State University College of Medicine. He later 
moved to the National Aeronautics and Space Adminis- 
tration’s Ames Research Center, Moffat Field, California, 
where he was Chief of the Division of Environmental 
Biology. 

Among the staff members in physiology during Og- 
den’s chairmanship, in addition to Porter, Selle, Coll- 
ings, and Swann, were M. Brucer, Charles Eric Hall, 
Mario Gaudino, and Ruven Greenberg. Brucer, who had 
obtained the M.D. degree from the University of Chi- 
cago, served as Instructor and then Assistant Professor 
before he moved to Oak Ridge, Tennessee, where he 
became Chairman of the medical division of the Oak 
Ridge Center for Nuclear Studies. 

Hall, who came to the Medical Branch in 1947, con- 
tinues as a member of the physiology staff, although as 
of 1987 on a partly retired basis. He obtained his Ph.D. 
degree under the supervision of Hans Selye at the Uni- 
versity of Montreal. He and his talented wife Octavia, 
who served for many years as a research associate and 
then as a research scientist in the Department, have 
published widely on the endocrine control of the car- 
diovascular system. In addition to their professional 
activities in teaching and research the Halls are avid lay 
ornithologists. They have made an avocation of photo- 
graphing birds, not only on Galveston Island but also in 
many other locales throughout the world. 

Goudino, with an M.D. degree from the University of 
Buenos Aires and a Ph.D. degree from New York Uni- 
versity, was a member of the departmental staff for two 
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academic years (1948-1950). After leaving Galveston he 
joined the Ciba-Geigy Pharmaceutical Corporation 
where he became Director of Medical Compliance. 

Greenberg, Ph.D., Ohio State, a neurophysiologist, 
was a member of the physiology staff from 1949 until 
the summer of 1952, when he moved to Chicago to join 
the physiology staff at the University of Illinois College 
of Medicine. 

Howard G. Swann, who obtained his baccalaureate 
degree from Harvard University and his Ph.D. from the 
University of Chicago, was given an appointment as 
Assistant Professor of Physiology at UTMB in the spring 
of 1942. Later in the academic year 1942-1943, as a 
result of volunteering for military service with the U.S. 
Army Air Corps as an aviation physiologist, he received 
orders to report for duty at the School of Aviation Med- 
icine in San Antonio, Texas. He was granted a leave of 
absence from the Medical Branch and continued on 
active military duty until the academic year 1945-1946, 
when he return to Galveston. In the summer of 1949 
after Ogden had resigned to take the chairmanship at 
Ohio State, Swann was named Acting Chairman. 

Swann, an effective teacher and researcher, continued 
to serve as Professor of Physiology until his untimely 
death in 1971. His research contributions included stud- 
ies on the function of the adrenal gland, investigation of 
the mechanisms bringing about death in hypoxia, patho- 
physiologic changes in freshwater and saltwater drown- 
ing, procedures for resuscitation of drowned animals, 
including humans, and rheological studies of blood. He 
was a remarkably dynamic and versatile individual. 

Guest Appointed Chairman 
M. Mason Guest, Ph.D., accepted the appointment as 

Professor and Chairman of Physiology at UTMB during 
the fall of 1950, and in January 1951 he moved to 
Galveston from Detroit, Michigan, where he had been a 
member of the physiology staff at Wayne State University 
College of Medicine. Before this he had served in the 
Army Air Corps as an aviation physiologist. His under- 
graduate education had been completed at the Univer- 
sity of Michigan and his graduate studies at the College 
of Physicians and Surgeons of Columbia University. His 
supervisory professor at Columbia was Ernest L. Scott, 
the scientist who some medical historians consider to 
be the discoverer of insulin. 

The Guest family, Mason, Alice, and their two sons 
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M. Mason Guest, Chairman of 
Physiology, 1951-1973. 

Avery and John, arrived in 
Galveston by automobile in 
late January 1951. The 
weather, in contrast with the 
cold and the ice and the 
snow in Detroit, was warm 
and sunny; the grass was 
green and throughout the 
city flowers were blooming. 
Then suddenly, about a 
week later, a “blue norther” 
hit Galveston. Everything 
changed. The temperature 
fell from the high sixties 
into the teens; exposed 
water pipes froze through- 
out the city; freezing rain 
made the streets almost im- 
coat of ice on windows and passable; it formed a thick 

windshields. The Guests became popular with their 
neighbors because of their supply of windshield ice 
scrapers, which had been given away with the purchase 
of gasoline at service stations in Detroit. 

The rented house in which the Guests resided at that 
time, like most of the houses in Galveston, did not have 
a basement. It stood on concrete piers and the cold 
north wind whistled through the open space between 
the ground and the floor. The house was heated by 
unvented gas stoves. Although several windows were 
left partly open, water vapor from the burning natural 
gas condensed on the floors and formed a slick coating 
of ice, even though the air temperature in the rooms 
was above 70 OF. This was the Guests’ initiation into life 
in a semi-tropical city. 

Physical Facilities 

When Guest arrived in Galveston, the Department of 
Physiology was still housed in the original Medical 
School building, the Red Building. Lectures were given 
in an amphitheater patterned after an amphitheater at 
the University of Pennsylvania. Student laboratory ses- 
sions were conducted in space provided on two different 
floors as in the later period under Carter. The laborato- 
ries had been named the Carter Physiology Laboratory 
and an engraved copper plate acclaimed this designa- 
tion. A circular stairway connected the two floor levels. 

Much of the equipment had been designed by Carter 
or Porter and had been crafted by the school’s machin- 
ists. When Guest arrived the Department employed Carl 
Maynes, a self-taught machinist. Carl was a talented and 
resourceful Maine Yankee who had migrated to Galves- 
ton to obtain care and treatment for a brain-damaged 
(cerebral palsy) son. Maynes cleverly constructed many 
items of equipment that were used both in the student 
laboratory and in research. 

In 1951 the Physiology Department occupied the 
basement student laboratory on the west end of the Red 
Building and all of the first floor with the exception of 
the dean’s office on the east end of the building. How- 
ever, a new building, the Gail Borden Building, which 
would house the medical school library, pharmacology, 
physiology, microbiology, and biochemistry, was under 
construction. In 1953 the Physiology Department moved 
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into the Gail Borden Building.* It occupied the second 
floor of this block-long building. 

In 1963 the physiology student laboratory in the Gail 
Borden Building was remodeled to provide offices and 
laboratories for the research activities of the departmen- 
tal faculty. The student physiology laboratory was moved 
back into renovated space in the Red Building. 

Physiology Teaching: 1950s and 1960s 
The major teaching responsibility of the Department 

was instruction of first-year medical students. The class 
size varied between 120 and 200 students. Instruction 
in physiology was also given to graduate students and 
allied health science students. The course in physiology 
for first year medical students was (and still is) given 
during the second half of the academic year. In the 
1950s and 1960s it consisted of lectures, lecture-dem- 
onstrations and clinical correlation presentations (about 
80 hours), student conferences in groups of 16 to 20 
students (30 hours) and laboratory exercises (about 118 
hours). The total contact teaching hours for all courses 
(clock hours) during the freshman year was reduced 
from 1,362 to 1,092 for the 1951-1952 academic year 
and during the succeeding years. The Physiology De- 
partment was allotted 224 hours for teaching freshman 
medical students compared with 270 hours during the 
1940s. In each of the years from 1951 to 1973, the 
physiology teaching faculty consisted of 7-10 members. 

Faculty Members in Physiology While 
Guest Was Chairman 

Only individuals with their primary appointments in 
physiology are listed. Each name is followed by the 
degree, where it was obtained, and year of appointment 
at UTMB. If the faculty member left UTMB, the year he 
resigned and where he went is indicated. Those marked 
with an asterisk are discussed later. 

E. L. Porter, Ph.D., Harvard; 1924; 1962, deceased 
Howard G. Swann, Ph.D., Chicago; 1942; 1971, deceased 
Charles Eric Hall, Ph.D., Montreal; 1947 
Ruven Greenberg, Ph.D., Ohio State; 1949; 1952, Univ. 

of Illinois, Chicago 
Harold Diserens, M.A., Univ. of Texas; 1951; medical 

practice, San Antonio 
Gerald R. Seaman, Ph.D., Williams College; 1951; 1958, 

Barnard College, Columbia Univ. 
Melvin Schadewald, Ph.D., Minnesota; 1952; 1954, de- 

ceased 
Bruce D. Fallis, M.D., Univ. of Washington; 1952; 1955, 

medical practice, Plano, TX 
Victor C. Calma, M.D., UTMB; 1952; 1959, Memorial 

Hospital, Corpus Christi, TX 
Robert C. Barnett, Ph.D., Chicago; 1955; 1958, New 

Guinea 
Sidney Ochs, Ph.D., Chicago; 1956; 1958, Univ. of Indi- 

ana, Indianapolis 
Warren Johnson, M.A., Boston Univ.; 1956; 1959, medi- 

cal practice, Dallas 

’ Gail Borden developed methods for preserving meat, milk, and milk 
products; he was the first collector of customs at the Port of Galveston. 
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Arnold Nevis, M.D., Harvard; 1957; 1958, Univ. of Florida 
Samuel N. Kolman, Ph.D., UTMB; 1958;* 1975, Wright 

State Univ. School of Medicine, Dayton, OH 
Edgar A. Blair, Ph.D., Vanderbilt; 1958;* 1970, retired 
F. Hermann Rudenberg, Ph.D., Chicago; 1959” 
Emil Burger, M.D., UTMB; 1959; 1960, medical practice, 

Downey, CA 
R. David Baker, Ph.D., Iowa State; 1960* 
Luddo B. Nanninga, Ph.D., Univ. of Amsterdam; 1961; 

1983, retired 
Charles H. Wells II, Ph.D., Michigan State; 1962; 1964, 

South Carolina Medical College; 1967, returned to 
UTMB; 1979, Kriticon, Los Angeles, CA 

Donald W. Stubbs, Ph,D., UTMB; 1963* 
James R. Walker, Ph.D., Univ. of Mississippi; 1965* 
Daniel L. Traber, Ph.D., UTMB; 1966* 
Henry A. Germer, Jr., Ph.D., Univ. of Houston; 1968; 

1974, DuPont, Wilmington, DE 
James L. Rae, Ph.D., Michigan State; 1968; 1979, Rush 

Medical College, Chicago 
Edward L. Beckman, M,D., Northwestern Univ.; 1969; 

1972, Texas A & M Univ., College Station 
Marvin E. Turbow, Ph.D., Univ. of Illinois; 1970; 1971, 

medical practice, Fountain Valley, CA 
Robert E. Barrow, Ph.D., Wayne State Univ.; 1970; 1977, 

Marine Biomedical Inst., UTMB 
James E. Blankenship, Ph.D., Yale; 1970; currently As- 

sociate Dean Graduate School, UTMB 
H. Lowell Stone, Ph.D., Univ. of Illinois; 1971; 1977, 

Univ. of Oklahoma Health Science Center, Oklahoma 
City 

Robert Feinstein, Ph.D., Univ. of Michigan; 1971; 1978, 
anesthesiologist, St. Louis, MO 

Harold M. Pinsker, Ph.D,, Univ, of California, Berkeley; 
1971; 1986, deceased. 

In part because it was impossible to present by lecture 
in the time available all of the physiologic information 
students needed as a foundation for their clinical studies, 
an attempt was made to make the time provided for 
lectures intervals for intellectual stimulation and illus- 
tration while depending on assigned reading for an 
adequate knowledge of physiology. Hence during much 
of the time allotted for lectures, lecture-demonstrations 
or in some cases demonstrations with little or no didactic 
embellishments were presented. Also, on the average, 
one clinical correlation session per week was included 
in which a patient was presented by a member of the 
clinical faculty. After the patient returned to the hospital, 
a panel consisting of the clinical faculty member and 
several members of the physiology staff involved the 
students in diagnostic and prognostic discussions with 
emphasis on the pertinent basic physiology. 

In addition to demonstrations by members of the then- 
current physiology staff, including Dr. Porter, former 
physiology faculty members were invited to return to 
UTMB to give demonstrations in the areas of their spe- 
cial interests. For example, Eric Ogden returned yearly 
for a number of years to give his demonstration and 
keen analytical evaluation of Starling’s heart-lung prep- 
aration. 

While a member of the physiology staff at Wayne State 
University College of Medicine, Guest had been im- 
pressed by the teaching acumen of Arthur (Bill) Derby- 
shire, Ph.D., who was then a fellow member of the 

physiology faculty at Wayne State. Consequently, he 
invited Derbyshire to give a series of lecture-demonstra- 
tions to the freshman medical students at UTMB. Der- 
byshire’s demonstrations on electroencephalographic- 
recorded phenomena, especially epileptic disorders, 
and on the middle ear and cochlea (cochlear micro- 
phonics) were received with enthusiasm by both staff 
and students. Derbyshire continued his colorful pres- 
entations at Galveston through most of the 1950s and 
1960s. 

Among the full-time members of the faculty who were 
especially adept at demonstrating physiologic phenom- 
ena were R. David Baker (gastrointestinal tract), Howard 
G. Swann (cardiovascular and respiratory systems), Ed- 
gar A. Blair, and Donald W. Stubbs (hemodynamics). 
Blair, who joined the Department in 1958, had been, 
before he volunteered for service in the U.S. Army, the 
faculty member in the Department of Physiology at 
Washington University in St. Louis who worked with 
Erlanger on the electronics used in the research leading 
to the Nobel Prize (Erlanger and Gasser 1944). At UTMB, 
although he did not pursue a specific research project, 
Blair was exceedingly helpful in advising and assisting 
other faculty members who were involved in active 
research. He was also an effective purveyor of physio- 
logic information to students and faculty. He was named 
Professor Emeritus when he retired in 1970. 

About the time when F. Hermann Rudenberg, Ph.D., 
joined the staff in 1959, the Department began to employ 
the use of television in the presentation of demonstra- 
tions to the students. Rudenberg worked diligently in 
the application of television to the teaching of physiol- 
ogy. It was found that with television screens strategi- 
cally placed in the lecture hall, visual information could 
be effectively presented to the entire class, which oth- 
erwise could only be seen by three or four students at 
one time. Television screens were also effective convey- 
ors of information that had been previously recorded on 
video tape. 

Beginning in the 195Os, mimeographed study guides 
were given weekly to students during the physiology 
course. These emphasized information in texts and other 
sources that were important in the students’ acquisition 
of physiologic knowledge. At first the guides mainly 
indicated page assignments in textbooks and other 
source books, with annotations about the assigned ma- 
terial, Eventually, however, they developed into purve- 
yors of specific information plus detailed descriptive 
evaluations of textbook and other assignments. By the 
late 1960~ the guides had evolved into a syllabus-like 
format, which gradually expanded in their coverage of 
physiologic information and in descriptive details. In 
the 1970s during the chairmanship of Arthur (Buz) 
Brown the study guide-syllabus supplied the core ma- 
terial for the textbook Medical PbysioZom, edited by A, 
M. Brown and D. W. Stubbs. 

Also in the 1950s teaching quizzes were introduced. 
These were objective in format and were made up of 
about 20 objective questions of the type used on National 
Board Examinations. The mimeographed questions re- 
lating to topics covered during that week were given to 
the students a day or two before the student conference 
sessions. Students were requested to answer the ques- 
tions before the conference. During the conference the 
instructor gave the answers to the questions, which had 
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been agreed on by the physiology staff, or in more recent 
years, the instructor called on students to answer the 
questions and give the reason for their answers. In either 
case many of the questions served as focal points for 
discussion and the development of understanding of 
functional entities and their relationshiDs to other as- 
pects of living processes. A student’s peiformance on a 
teaching quiz was either not used in the calculation of 
his overall grade in physiology or if used for credit, it 
constituted only an insignificant part of his total grade. 
Currently the quizzes have progressed from objective 
questions to a non-objective-type format. 

In the 196Os, the Department of Physiology at UTMB 
initiated a laboratory learning experience that was enti- 
tled the Free Choice Physiology Laboratory. Its purpose 
was to stimulate interest in the acquisition of (physio- 
logic) knowledge through experimentation. The labo- 
ratory experience was designed to promote maximal 
student participation in the learning process. The term 
“free choice” was based on a system in which each 
student team, consisting of four students, decided on an 
experiment that they wished to perform during the 
following week. The experiment could be one that was 
conventional 1Y performed in physiology student labo- 
ratories or it could be, and frequently was, an original 
approach to obtaining an answer to a physiologic prob- 
lem. In the planning session with an instructor and the 
other students in their section of 16 students, a repre- 
sentative of each research team described the team’s 
proposed experimental protocol and obtained sugges- 
tions and criticisms from the assembled group. A tech- 
niques manual was supplied to the students by the 
Department. It outlined standardized procedures and 
described the available equipment. When the experi- 
mental project was generally agreed to be feasible and 
worth doing, the list of equipment and the animal re- 
quirements were turned over to the laboratory supervi- 
sor for assembly of the required items. 

In addition to the planning session and performing 
the experiment, in the hour before the following-week 
planning session, the results of the performed experi- 
ments were described. These report-sessions followed 
the format of national (and international) scientific 
meetings. A student reporting for his team was given 10 
minutes to make his presentation, The length of the 
discussion period that followed, however, was usually 
timed on the basis of the importance of the subject to 
the students’ understanding of physiology. 

Although the Free Choice Laboratory was successful 
in stimulating the students’ interest and in expanding 
their knowledge of physiology, it was expensive with 
respect to cost of animals, supplies, and equipment and 
to time devoted to the procedures by the physiology 
staff. When the Department moved to the new Libby 
Moody Thompson Building (1970), in part because suf- 
ficient separately located independent departmental stu- 
dent laboratory space for each basic discipline was no 
longer provided, an integrated functional laboratory 
(IFL) was established that encompassed physiology, 
pharmacology, cell biology, and genetics with some 
laboratory exercises involving biochemistry and pathol- 
ogy. The integrative features usually bring together in 
one laboratory exercise important aspects of several 
basic disciplines. The same space is also used for labo- 
ratory exercises in neuroscience, histology, microbiol- 

ogy, and pathology. 
The IFL, which is devoted primarily to physiology and 

pharmacology, consists of two 3- to 4-hour laboratory 
periods plus two l- or Z-hour discussion periods per 
week, during two 14-week terms (last term of freshman 
year and second term of sophomore year) l The instructor 
leads a discussion of the experimental laboratory results 
and questions the students concerning the significant 
physiology and pharmacology involved. Usually 16 stu- 
dents are assigned to a laboratory and discussion group 
(four teams of four students per team). 

The integrated functional laboratory has been under 
the supervision of Daniel L. Traber, Ph.D,, since its 
inception in 1970. Traber, who obtained his Ph.D. de- 
gree in physiology at UTMB and now holds a joint 
appointment as Professor of Physiology and Biophysics 
and Professor of Anesthesiology, has done an outstand- 
ing job in organizing and directing the IFL. He has been 
ably assisted in its supervision by its codirector, James 
L. Walker, who came to UTMB after obtaining his Ph.D. 
degree under Dr. Arthur Guyton at the University of 
Mississippi College of Medicine. In addition to Traber’s 
administrative duties, his activities on University com- 
mittees, and his teachingi assignments, he conducts re- 
search in his productive laboratory at the Shriners Burns 
Institute and he is the coordinator of research for the 
Institute. His laboratory has gathered and published 
significant research-generated information about circu- 
latory shock (primarily endotoxin produced), the effects 
of smoke inhalation on pulmonary circulation and pul- 
monary lymph flow and composition, and about the 
pathophysiologic effects of thermal trauma, 

Traber’s supervisory profession in his quest for the 
Ph.D. degree at UTMB was Samuel N. Kolmen. Kolmen 
received his Ph.D. degree in physiology from UTMB and 
he became an able administrator and a popular and 
effective teacher, especially in small group sessions. 
During the early 1970s he served as research coordinator 
at the Shriners Burns Institute, He left UTMB to become 
the Chairman of the Department of Physiology at Wright 
State University School of Medicine in Dayton, Ohio. In 
1984 he moved to Philadelphia where he became Dep- 
utv Dean of Medicine at the School of Medicine of 
Hihnemann University. It is interesting to note that 
Kolmen and Kolmen’s-student, Traber, have both been 
very successful in the education of Ph.D. candidates. 

Research During the 1950s and 1960s 
Research in the Department of Physiology throughout 

the 1950s and 1960~ was diversified and in most cases 
supported by grants to individual staff members. Guest 
believed that the prime responsibility of a basic medical 
science department was instruction to medical students; 
hence faculty members were selected to cover, with 
reasonable competence, as many of the major subdivi- 
sions of the science of physiology as possible. The 
research projects of Guest, Swann, Hall, Kolmen, Sea- 
man, Baker, Rae, Traber, and Barrow were mostly sup- 
ported by grants from the National Institutes of Health. 
Other members of the teaching staff either did their 
research through collaboration with grant-supported col- 
leagues or, in a few cases, limited funds were supplied 
from the departmental budget. 

In the middle and late 1960s and the early 1970s the 
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major departmental research effort was supported by a 
program project grant. This grant involved several other 
departments in addition to physiology. The other de- 
partments included internal medicine, biochemistry, 
cell biology, and pathology. Guest was the principal 
investigator and W. C. Levin, M.D., an internist who later 
became President of UTMB, was the coprincipal inves- 
tigator. The grant was for studies on the blood and the 
microcirculation. It was the first NIH program-project 
grant to be funded at UTMB, 

Graduate School at UTMB 
Although graduate-level courses had been initiated 

during Ogden’s tenure as Chairman, the basic medical 
science departments had not been approved for docto- 
rate programs by the Graduate School of the University 
of Texas. Some members of the faculty on the Austin 
campus considered the Medical School to be a nonaca- 
demic branch of the university (“a trade school”); this 
attitude was deeply resented by the faculty and admin- 
istration of the Medical Branch. In consequence, a series 
of faculty meetings soon after Guest arrived in Galveston 
were devoted to the planning of a campaign to achieve 
approval for doctorate programs. Donald Duncan, Ph.D., 
the Chairman of the Department of Anatomy, and Guest 
were elected to represent the UTMB faculty in efforts to 
promote graduate education and to obtain approval for 
graduate degree programs at UTMB. After much corre- 
spondence and numerous trips to Austin during the early 
l%Os, the Departments of Anatomy and Physiology were 
given equal standing with the departments of the Uni- 
versity of Texas at Austin in the operation of programs 
leading to the awarding of the Ph,D. degree. 

When the other basic science departments were ap- 
proved for doctorate programs a short time later, Duncan 
was appointed to be the Associate Dean of the Graduate 
School at Galveston and Guest was elected as the rep- 
resentative (with Duncan) for UTMB in the University 
of Texas Graduate School Legislative Assembly. Duncan 
and Guest continued to hold these positions until the 
UTMB graduate program was granted essentially com- 
plete autonomy in the mid 1960s. With autonomy, the 
UTMB Graduate School was headed by a dean with 
equivalent functions to the dean of the Graduate School 
of the University of Texas at Austin, After establishment 
of the essentially autonomous UTMB Graduate School 
Guest was elected to be its representative on the Grad- 
uate Council of the Biomedical Institutions of the Uni- 
versity of Texas System; he served in this position until 
he retired from the Chairmanship of Physiology in 1973. 

Graduate Degrees Conferred 
19534987 

Individuals who obtained graduate degrees (primarily 
Ph.D. degrees) following study and research in the 
department of physiology (and biophysics) at UTMB are 
listed below. The name is followed by the degree, the 
year it was conferred, and the position (or positions) 
held after the degree was conferred. 

Stanley R. Mohler (M.D.), M.A., 1953; vice chairman, 
department of community health, director aerospace 

medicine, Write State College of Medicine, Dayton, 
OH 

Earl T. Carter (M.D.), Ph.D., 1955; recently retired from 
chairmanship, division of preventive medicine, Mayo 
Clinic College of Medicine, Rochester, MN 

Samuel N, Kolmen, Ph.D., 1957 
Sidney Cassin, Ph.D., 1957; professor of physiology, 

Univ. of Florida, Gainesville 
Fred S. Sanders (M.D.), Ph.D., 1958; adjunct assistant 

professor of geriatrics, Univ. of Indiana School of 
Medicine; medical practice, Indianapolis 

Larry Joe O’Brian (M.D.), Ph.D., 1958; chairman of phys- 
iology, Texas Tech College of Medicine; currently 
medical practice, Lubbock, TX 

Sheldon F. Gottlieb, Ph.D., 1960; dean of graduate 
school, Univ. of S. Alabama; currently professor of 
biological science, Univ. of S. Alabama, Mobile 

Jess M. McKenzie, Ph.D., 1960; chief of stress analysis 
research, Civil Aeromedical Institute, Oklahoma City, 
OK 

Richard G. Cooper, Ph.D., 1964; associate professor of 
physiology, Univ. of Missouri, Columbia 

Daniel L. Traber, Ph.D., 1965 
Jackie G, Weatherred, Ph,.D., 1965; professor and coor- 

dinator of physiology, School of Dentistry, Medical 
College of Georgia, Augusta, GA 

Mary Jean McNabb-George, Ph,D., 1966; assistant pro- 
fessor of biochemistry, Lamar Univ., Beaumont, TX 

Elbert J, McCoy (M.D,), Ph.D., 1966; associate professor 
of physiology, Temple Univ., Philadelphia; more re- 
cently medical practice, Millinocket, ME 

David D. Michie, Ph.D., 1966; chairman of physiology 
and bioengineering, Eastern Virginia Medical School; 
more recently president, Clinical Physiology Associ- 
ates, Fort Myers, FL 

Lana Claire Parson, Ph.D., 1968; professor of nursing 
and assistant professor of physiology, Univ. of Virginia 
School of Medicine, Charlottesville, VA 

James P. Noone (M.D.), Ph.D., 1968; assistant professor 
of physiology, Univ. of Pennsylvania School of Medi- 
cine; more recently medical practice, Towanda, PA 

Mary E. Guinen (M.D.), Ph.D., 1969; clinical research 
investigator of venereal disease, U.S. Center for Dis- 
ease Control, Atlanta, GA 

Margaret Young (M.D.), Ph.D., 1969; instructor of pa- 
thology, UTMB 

Earl W. Ferguson (M.D.), Ph.D., 1970; commandant U.S. 
Air Force Hospital, Little Rock, AK 

Larry Priano (M.D.), Ph.D., 1970; associate professor of 
anesthesiology, Univ. of Oregon School of Medicine, 
Portland, OR 

Malcolm J, Wall (M.D.), Ph.D., 1970; associate professor 
of physiology, Marquette Univ. School of Medicine; 
more recently medical practice, Gainesville, TX 

Roger A. Maunz, Ph.D., 1973; postdoctoral fellow Rock- 
efeller Univ., New York, NY; more recently faculty 
member, Univ. of City of New York 

Robert E. Schoen (M.D.), Ph.D., 1973; research associate 
of physiology, Univ. of South Florida College of Med- 
icine in Tampa; currently medical practice, New York, 

Salah Ayachi, Ph.D., 1974; associate professor of inter- 
disciplinary studies, School of Allied Health Science, 
UTMB 

Nick C. Trippodo (M.D.), Ph.D., 1974; postdoctoral fel- 
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low with Arthur Guy-ton, Univ. of Mississippi School 
of Medicine; currently associate professor, L.S.U. 
School of Medicine, and coordinator of research, 
Ochsner Research Foundation, New Orleans, LA 

Walter Hugh Vance, Ph.D., 1975; rehabilitation engineer, 
Valley Children’s Hospital, Fresno, CA 

Carl T. Bohs, Ph.D., 1976; postdoctoral fellow, anesthe- 
siology, UTMB; currently medical librarian for law 
firm, Portland, OR 

Michael K. Rock, Ph.D., 1977; associate professor of 
interdisciplinary studies, School of Allied Health Sci- 
ence, UTMB 

Thomas A. Miller (M.D.), Ph.D., 1977; assistant professor 
of anesthesiology, Baylor College of Medicine, Hous- 
ton, TX 

M. J. Denn-Young (M.D,), Ph.D., 1977; postdoctoral 
fellow, Marine Biological Institute, UTMB; currently 
medical practice, Orlando, FL 

Michael E. Andresen, Ph.D., 1978; assistant professor of 
physiology and biophysics, UTMB 

Richard F. Martin (M.D.), Ph.D., 1978; postdoctoral fel- 
low and more recently resident anesthesiology, Univ. 
of Washington School of Medicine, Seattle 

George C. Kramer, Ph.D., 1979; postdoctoral fellow and 
more recently assistant professor, department of hu- 
man physiology, Univ of California School of Medi- 
cine, Davis 

J, B. (Duke) McHugh (M.D,), Ph.D., 1979; postdoctoral 
fellow, internal medicine, Univ. of Colorado School 
of Medicine, Denver 

Elizabeth A. Murray, Ph.D., 1979; postdoctoral fellow, 
NIH, Bethesda, MD 

Aldo J. Castiglione, Ph.D., 1980; postdoctoral fellow, 
Univ. of California, Los Angeles; more recently assist- 
ant professor of veterinary anatomy, Texas A & M 
Univ., College Station, TX 

Gerald W. Davis, Ph,D., 1980; postdoctoral fellow, bioin- 
formation systems, California Institute of Technology, 
Pasadena 

Thomas H. Adair, Ph.D., 1980; postdoctoral fellow, phys- 
iology and biophysics, Univ. of Mississippi; more re- 
cently associate professor of physiology and biophys- 
ics, Univ. of Mississippi School of Medicine, Jackson, 
MS 

David B. Butler, Ph.D., 1980; postdoctoral fellow, Wolf- 
son Institute, Univ. of Dundee Medical School, Dun- 
dee, Scotland 

Eric M. Lasater, Ph.D., 1980; postdoctoral fellow, de- 
partment of biology, Harvard Univ., Cambridge, MA 

Harold D. Shone, Ph.D., 1980; assistant professor, de- 
partment of neuroscience, Children’s Medical Center, 
Boston, MA 

Jack P. Douglas, Ph.D., 1981; research assistant, Baylor 
College of Medicine, Houston, TX 

Lewis B. Eberly, (M.D.), Ph.D., 1981; resident, neurol- 
ogy, Univ. of Texas School of Medicine, Dallas 

Mark S. Ifshin, Ph.D., 1981; postdoctoral fellow with Dr. 
Simon Lewis, department of physiology, Yale Univ. 
School of Medicine, New Haven, CT; more recently 
with Smith, Kline and Beckman, Philadelphia, PA 

Kai Sing Lee, Ph.D., 1981; research staff member, phys- 
iology, Yale Univ. College of Medicine, New Haven, 
CT; more recently with Upjohn Co., Kalamazoo, MI 

Kenneth P, Madden (M.D.), Ph.D., 1981; resident, inter- 
nal medicine, San Antonio, TX 

Franca Sant’Ambrogio, Ph.D., 1981; research instructor 
of physiology and biophysics, UTMB 

Karin Westlund High, Ph.D., 1981; associate professor 
of anatomy, UTMB 

Michael H. Droge, Ph.D*, 1982; assistant professor of 
biology, Texas Women’s Univ., Parkland Campus, Dal- 
las 

Kevin D, Gerhart (M.D.), Ph.D., 1982; resident, rehabil- 
itation medicine, Univ. of California, Irvine 

Greg Redmann, Ph.D., 1982; laboratory of neurophysi- 
ology, NIH, Bethesda, MD 

Steven W. Mifflin, Ph.D., 1983; postdoctoral fellow, Univ. 
of Heidelberg, Heidelberg, Germany; more recently 
postdoctoral fellow, Univ. of Iowa School of Medicine, 
Iowa City 

Erwin Shibata, Ph.D., 1984; postdoctoral fellow, Cana- 
dian Heart Foundation, Univ. of Calgary, Calgary, Al- 
berta, Canada 

David Packey, Ph.D., 1984; instructor, department of 
chemistry, Univ. of Alaska, Fairbanks 

Paul Munch, Ph.D., 1985; NIH postdoctoral fellow, Univ. 
of California, San Diego 

Thomas Anastasio, Ph.D., 1986; postdoctoral fellow, Wil- 
mer Institute, Johns Hopkins Hospital, Baltimore, MD 

Donald Campbell, Ph.D., 1986; postdoctoral fellow, Ca- 
nadian Heart Foundation, Univ. of Calgary, Calgary, 
Alberta, Canada 

Michael Curran, Ph.D., 1986; NIH postdoctoral fellow, 
Bethesda, MD 

Randall Newman, Ph.D., 1986; postdoctoral fellow, phys- 
iology and biophysics, Univ. of Miami, Miami, FL 

Alan M. Frace, Ph.D., 1987; postdoctoral fellow, Emory 
Univ. Medical School, Atlanta, GA 

Carla 
In early September 1961 another devastating hurri- 

cane struck the Texas Gulf Coast. This one was named 
Carla. There had been other hurricanes that visited Gal- 
veston between the 1900 storm and Carla, but Galves- 
ton’s seawall, constructed by the US. Corps of Engineers 
after the 1900 storm, protected the city from major 
damage. Carla, however, was different. When it came 
close to the Texas coast, its center didn’t cross the 
shoreline as most hurricanes did, but it remained over 
water where the storm continued to grow in strength 
and size until the wind raking the coast reached a 
velocity of 175 miles/h in some of its major gusts. Finally 
after four days of sashaying unpredictably up and down 
the Texas Coast, the center of the storm came ashore at 
Port Lavaca, south of Galveston. The major damage to 
Galveston resulted from three tornados that took their 
toll as the hurricane moved inland. The tornados ripped 
buildings apart and uprooted trees. High water from the 
abnormal tides and the torrential rains also caused sig- 
nificant damage l 

As the storm progressed, the Department of Physiol- 
ogy on the second floor of the Gail Borden Building 
became a refuge for physiology staff members, their 
families, and in some cases their friends. Wives of staff 
members worked in the hospital kitchens helping to 
prepare food for the patients and the many refugees who 
had come to the hospital to escape the raging winds and 
high water. Physiology staff members with other faculty 
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members and students formed a human chain to move 
library books to a safe, dry location above the basement 
and first floor of the Gail Borden Building when sea- 
water mixed with rain water began to flow in. 

Most of the damage to the Medical Center was caused 
by the high water. The electrically operated equipment 
including air conditioning, heating systems, and booster 
pumps in the basements of the college and hospital 
buildings were damaged or destroyed. Fortunately the 
tornados missed the medical complex, although one of 
them cut a swath through the town a few blocks away. 

After the storm, teaching, research, and patient care 
were resumed, albeit often under trying circumstances. 
Air conditioning and heating were finally restored. Ef- 
forts were made to better locate and protect these amen- 
ity-producing paraphernalia in case of another Carla- 
type storm. 

Brown Appointed Chairman in 1973 

In 1971 Guest was named Acting Chairman of Physi- 
ology in line with a ruling that an administrative position 
requiring regental approval could not be held after an 
individual had reached the age of 65. He continued as 
Acting Chairman until the arrival of the newly appointed 
Chairman, Arthur M. Brown, M D., Ph.D., in 1973. At .* 
about the time when he retired from the acting chair- 
manship Guest was elected Ashbel Smith Professor of 
Physiology. After Brown arrived Guest moved his office 
and research laboratory to the Shriners Burns Institute 
(on the UTMB campus). However, he continued to teach 
medical and graduate students in physiology. As of 1987, 
on a part-time basis, he does some teaching and contin- 
ues to direct a research laboratory, 

Arthur M. (Buz) Brown, M.D., Ph.D,, came to Galves- 
ton from the College of Medicine at the University of 
Utah in Salt Lake City (Departments of Physiology and 
Internal Medicine). A Canadian by birth, he had ob- 
tained his M.D. degree from the University of Manitoba 
Faculty of Medicine and his Ph.D. degree from the 
University of London (England). Before his appointment 
at the University of Utah Brown had successive academic 
sojourns in the Department of Physiology, Middlesex 
Hospital Medical School, London, England, and in the 
Cardiovascular Research Institute, University of Califor- 
nia, San Francisco. His major research interests while at 
Galveston involved the cardiovascular system, neuro- 
physiology, and cell membrane function. Brown brought 
with him from Utah, and recruited from other centers, a 
capable and highly motivated group of young scientists, 
most of them with primary interests in the cell mem- 
brane field. Under Brown the number of physiology 
faculty members and the departmental name were ex- 
panded; it became the Department of Physiology and 
Biophysics. 

During Brown’s chairmanship, although the number 
of academic faculty members of the Department of Phys- 
iology and Biophysics increased, more individuals than 
previously were supported completely or in part from 
funds supplied by grants. A number of the staff members 
named next have (or had) appointments in both physi- 
ology and biophysics and a second department at UTMB; 
however, only faculty members with their primary ap- 
pointment in physiology and biophysics are listed here. 

New Faculty Members During Brown’s 
Chairmanship 

Names of new faculty are followed by the academic 
degree, where it was obtained, year of appointment at 
UTMB, year of resignation, and where he or she went. 
Only individuals with their primary appointment in 
physiology and biophysics are listed, 

Arthur M. Brown, M.D., Ph.D., Univ. of London (Eng- 
land); 1972; 1985, Baylor College of Medicine, Hous- 
ton, TX 

Diana 11. Kunze-Brown, Ph.D., Univ. of Utah; 1973; 1985, 
Baylor College of Medicine 

Harvey M. Fishman, Ph.D., Univ. of California, Berkeley; 
1973 

Douglas C. Eaton, Ph.D., Univ. of California, San Diego; 
1973; 1985, Emory Univ., Atlanta, GA 

R. Thomas Dowall, Ph.D., Univ. of Iowa; 1973; 1977, 
Univ. of Oklahoma Health Science Center, Oklahoma 
City, OK 

John M. Russell, Ph.D., Univ. of Utah; 1973 
Malcolm S. Brodwick, Ph.D., Univ. of California, Los 

Angeles; 1974 
Giuseppe Sant’Ambrogio, M.D., Univ. of Milan Medical 

School (Italy); 1975 
Brian A. Hills, Ph.D., Adelaide Univ. (Australia); 1975; 

1980, Univ. of Texas Health Science Center, Houston 
Gabor Szabo, Ph.D., Univ. of Chicago; 1976 
Norio Akaike, M.D., Univ. of Kumanimoto (Japan); 1975; 

1976, Japan 
Lee E. Moore, Ph.D., Duke Univ.; 1976 
Syozo Yasui, Ph.D., M.I.T.; 1976; 1979, Japan 
Paul R. Adams, Ph.D., Univ. of London (England); 1977; 

1981, Stony Brook, NY 
Burgess N, Christensen, Ph.D., Univ. of Utah; 1977 
Susan L. Hamilton, Ph.D., Univ. of Colorado; 1979; 1985, 

Baylor College of Medicine, Houston, TX 
Aileen K. Ritchie, Ph.D., Johns Hopkins Univ.; 1979 
King Wai Yau, Ph,D., Howard Univ.; 1980; 1986, Howard 

Hughes Institute, Baltimore, MD 
Michael C. Andresen, Ph.D., UTMB; 1981 
Robert K. S. Wong, Ph.D., Univ. of Alberta; 1981; 1986, 

Columbia Univ. 

Teaching During the 1970s and 
Early 1980s 

Teaching medical students during the period when 
Brown was Chairman was under the supervision of Don- 
ald W. Stubbs, Ph.D. This assignment is still extant 
(1987). Stubbs obtained his Ph.D. degree at UTMB in 
biochemistry and physiology. He is an excellent teacher 
and an able administrator. In 1983 the textbook Medical 
physiology (edited by Brown and Stubbs; New York: 
Wiley) was published. The contributors were members 
of the UTMB physiology and biophysics faculty. The 
book has gone through a third printing. 

During the late 1960s the faculty of medicine at UTMB 
began an in-depth evaluation of the curriculum. The 
study extended over a three-year period and the new 
curriculum was initiated in 1971. Its major feature is a 
division of the curriculum into three parts with provision 
for selected applying students to graduate in three years. 
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Left: Arthur M. (Buz) Brown, Chairman of Physiology and Biophysics, 
1973-1985; right: John M. Russell, Jr., Acting Chairman of Physiology 
and Biophysics, 1985-1986. 

The three parts are a basic science core over a period of 
about a year and one-half, a clinical core occupying a 
second year, and one half period and a so-called “track” 
program, which is scheduled as the fourth year of med- 
ical training. During the third year students may apply 
for graduation at the completion of that year. A faculty 
committee screens the applicants, approving those who 
have demonstrated maturity and a good academic record 
during their medical training. If students are required to 
take the track program (and the majority are), the time 
is spent on elective programs, on graduate study toward 
a M.S. or Ph.D. degree, or on a remedial program. 

The basic core consists of 14 or 15 courses. Among 
these are physiology and biophysics, neuroscience, and 
endocrinology. About 64 lectures are given in physiol- 
ogy; they cover biophysical phenomena and cardiovas- 
cular, pulmonary, renal, and gastrointestinal physiology. 
Each week at a Wednesday lecture the students are 
handed a l?question, essay-type, quiz that they take 
home to answer at their leisure. They are free to use 
textbooks and lecture notes to find answers. On Friday 
morning of the same week, a two-hour conference is 
held. The instructor calls on computer-selected individ- 
uals in the group of 16 students to answer questions that 
had been preselected by the staff. Usually six or seven 
students are asked to give answers and each of these 
students receives a grade; however, it only counts a 
fraction of 1% of the total grade for the course. 

The courses in neuroscience and endocrinology are 
taught primarily by the staff members in physiology and 
anatomy with input from other basic science depart- 
ments and some clinical departments. The organization 
and presentation of neuroscience and endocrinology are 
under the aegis of faculty committees. The integrated 
functional laboratory, described previously, is an impor- 
tant feature of the basic science curriculum. The current 
curriculum is again under evaluation and changes will 
doubtlessly be made in the near future. 

Research During the 1970s and 1980s 
Brown’s “game” plan was to put together a faculty 

with research strengths focused on physiologic prob- 
lems related to the function of cell membranes. He was 
successful in recruiting a staff that amply met this goal. 
In general, the early wave of new faculty members 

Vol. 31, No. 4, 1988 

reflected the state of membrane physiology at the time, 
in that the group was heavily committed to the study of 
membrane electrical phenomena (i.e., nerve potentials 
and fundamental studies of how electrical charges cross 
biological membranes). Over the next lo-12 years the 
membrane physiology theme of research at Galveston 
became clearly dominant, and as more new faculty mem- 
bers were added the Department gained additional tech- 
nical wherewithal in membrane physiology. 

Because of common interests in the field of research 
being pursued in the Department of Physiology and 
Biophysics at UTMB, communication among the faculty 
members was effectively promoted. One result of this 
intellectual intercourse has been the relatively large 
number of research projects involving two or more staff 
members. The Department during Brown’s tenure had 
been the most successful of all academic departments at 
UTMB in obtaining extramural funds for its research 

Brown Moves to Baylor 
When Brown resigned in 1985 to take the Chairman- 

ship of Physiology and Biophysics at Baylor College of 
Medicine in Houston, John M. Russell, Jr., Ph.D., was 
appointed Acting Chairman of Physiology and Biophys- 
ics at UTMB. Russell, who came to Galveston in 1974 
after serving a postdoctoral fellowship in the Depart- 
ment of Physiology and Biophysics at Washington Uni- 
versity in St. Louis, had obtained his Ph.D. degree in 
pharmacology in 1971 at the University of Utah. He ably 
served as Acting Chairman until the arrival of Dr. Reuss 
in the summer of 1986. 

When the search committee was appointed to find a 
replacement for Brown, there was a strong effort by the 
members of the Department who had been brought to 
Galveston during Brown’s chairmanship to have the 
search committee recommend for appointment a person 
with a background in cell membrane research. After 
considering a number of highly capable physiologists, 
the one who has invited to take the position was a well 
recognized biophysically oriented physiologist with a 
background of research primarily in epithelial transport 
and in the cell membrane field. Luis Reuss, M.D., origi- 

nally a resident of Santiago, 
Chile, had obtained his med- 
ical degree from the Univer- 
sity of Chile. In 1972 he 
came to the University of 
North Carolina as a Fogarty 
fellow. Then, after also serv- 
ing as a Louis G. Welt fellow 
at North Carolina he was ap- 
pointed in 1975 to the aca- 
demic staff in the Division of 

Luis Reuss, Chairman of Physiol- 
Nephrology, Department of 

ogy and Biophysics, 1986-pre- 
Medicine, University of 

sent. North Carolina. From 1976 
to 1986 Reuss was succes- 

sively Associate Professor and Professor in the Depart- 
ment of Physiology and Biophysics at Washington Uni- 
versity School of Medicine in St. Louis. 

Dr. Reuss has recruited several new staff members. 
These include Simon A. Lewis, Ph.D., University of Cal- 
ifornia, Los Angeles; Nancy K. Wills, Ph.D., University of 
Virginia; Michael L. Jennings, Ph.D., Harvard University; 
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and Brian E. Peerce, Ph.D., University of Alabama. Dr. 
Pompeo Volpe and Dr. Bruce Simon are joining the staff 
in 1988. 

The Department continues with its major research 
drive in the fields of electrophysiology and membrane 
transport. Under the capable leadership of Luis Reuss 
and with the addition of the new faculty members Phys- 
iology and Biophysics is again one of the strongest 
research-oriented departments at the University of Texas 
Medical Branch. 
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Appendix 
1 am making some comments and suggestions based 

on my half century as a working physiologist. At the 
beginning of my career (middle 1930s) physiology in 
medical schools was largely taught by individuals with 
broad training in physiology and the other basic sci- 
ences. During the graduate training period knowledge 
in-depth about a specialized topic was accomplished 
through an extensive perusal of the literature in the field 
of the dissertation research. When young physiologists 
received their graduate degrees they were equipped 
with the information needed to teach others and they 
were versed in the accepted ways to obtain additional 
information, both that which had already been recorded 
and that which are still essentially unknown. 

In contrast to the status of medical physiology in the 
1930s and into the 1950s many physiology departments 
in the W6Os, lWOs, and 1980s developed into research 
organizations, depending on funds from the National 
Institutes of Health for their continued existence. Sala- 
ries of the departmental staff members were usually 
paid, at least in part, by grants (federal funds); tenure 
depended on ability to write grant proposals and the 
number of publications and not on ability to teach phys- 
iology to medical and graduate students. 

As a holdover from the ancient days of physiology 
departments in medical schools in which the prime 
function of the departments was teaching, supplemented 
by a search for additional basic knowledge, I look back 
with a degree of nostalgia. The research done in those 
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days was not the means for obtaining salaries for the 
departmental staff. Salaries in medical schools before 
the 1950s were paid by the schools. Funds were limited 
and in many schools the departmental chairmen raised 
money by appealing to philanthropic sources, Thus the 
chairmen among other duties were frequently money 
raisers. The teaching staffs were free to effectively teach 
and to do research. Faculty members were scientific 
investigators because they were curious individuals, or 
in some instance because pressure was exerted on them 
to publish by the chairman or the dean. In those years 
faculty members did not spend their potentially produc- 
tive time in writing grant applications and progress 
reports. 

Today the cost is high for maintaining a teaching 
faculty with ancillary personnel and facilities in a basic 
science discipline such as physiology. Hence, deans are 
on the hunt for departmental chairmen who-are adept at 
obtaining funds from grants and who can recruit suc- 
cessful grant-writing staff members. These grants supply 
a part (often most) of the salaries of the departmental 
personnel. However, each grant is commonly funded for 
the investigation of a topic that deals with only a small 
fraction of the science of physiology. Consequently, 
individuals recruited to staff a grant project are often 
trained in only a limited aspect of physiology. Unfortu- 
nately these recruits have little or no familiarity with the 
other features of physiological science and they find it 
difficult to present coherent, meaningful physiologic 
information to medical, dental, nursing, and allied 
health science students. Furthermore if most or ail of 
the departmental grant support is for only one facet of 
physiology, the training and orientation of recruited 
faculty members tend to be limited to the one facet. The 
teaching in many physiology departments is relegated 
to a secondary position in the departmental activities+ 

we cannot (and should not) move back into the 
pattern of the 194Os, but I believe that teaching and 
research should be realigned in the future medical 
school setting. Major research projects should have the 
full attention of the principal investigators, and this 
leaves little time for teaching and the sharpening of 
teaching skills. 

Based in part on the preceding observations, I am 
suggesting that two categories of medical school basic 
science faculty members be formally recognized. The 
first group would be scientist-teachers with an accepta- 
ble and recognized limitation on the amount of time 
devoted to research. The second group’s function would 
be primarily research. To formalize the dichotomy, 
which currently actually exists in some physiology de- 
partments, a change in funding for health science in- 
structional schools is required. Funding for the basic 
science departments to cover the cost of teaching, in- 
cluding salaries for instructional staffs, could continue 
to come from institutional or state or federal sources, 
and in most cases a combination of these sources. These 
funds should be sufficient to cover the costs of research 
projects that require no more than one half of the sci- 
entist-teacher’s time and involve the services of no more 
than one or at the most, two technicians. A major change 
in the funding procedure would be that the scientist- 
teacher-generated research projects would be under the 
aegis of local committees and application for funds for 
such research would be made to the local committee. 
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The amount of federal funds to cover the salaries of 
scientist-teachers would not necessarily be greater than 
that currently used for salaries of departmental staff 
members now paid by the NIH. Furthermore. the routine 
allotments of funds to the medical school administration 
(for disbursement by a local committee) for covering 
the cost of the supplemental research performed by the 
scientist-teachers might actually reduce NIH central ex- 
penses, 

More extensive (and intensive) research projects sup- 
ported by the NIH or NSF would continue to be handled 
as they currently are. However, the primary researchers, 
i.e., the principal investigators in such projects, would 
not be counted on to provide a significant amount of 
instruction to medical students, but they might contrib- 
ute a limited amount of specialized types of information 
during the medical student teaching program. On the 
other hand, the primary researchers would be responsi- 
ble, as would the other departmental faculty members, 
for providing instruction to graduate students. I also 

believe that the primary researchers should be active 
laboratory participants in the research and not just desk- 
oriented supervisors. The fact that they would be re- 
lieved of medical school teaching duties should permit 
active involvement in the laboratory phase of the re- 
search. 

The retrieval of excellence in the teaching of physi- 
ology could lead, I believe, to a revitalization and a 
unification of an inherently coherent scientific disci- 
pline. Scientist-teachers who have had training in many 
facets of physiology and who participate in the instruc- 
tional presentation of the entire subject to the students 
(in contrast to giving a few lectures relating to one organ 
or one organ system) should bring physiology back into 
focus; teachers could form a dedicated corps of scientists 
with an objective to reestablish the discipline of physi- 
ology in a parallel position with morphology as one of 
the two primary basic disciplines in biology and medi- 
cine. 
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History of Physiology 
at University of New Mexico 

SIDNEY SOLOMON 
Department of Physiology 
School of Medicine 
University of New Mexico 
Albuquerque, New Mexico 87131 

Early Days 
In the legislative session of 1961, an enabling bill was 

passed to establish a medical school at the University of 
New Mexico. The first person to be appointed was the 
first Dean of the Medical School, Dr. Reginald Fitz. Dean 
Fitz had been an assistant dean at the University of 
Colorado and was familiar with the problems and assets 
of educational institutions of the Southwest. Only a 
courageous, optimistic, and adventurous dreamer such 
as he could have accepted the appointment and really 
thought that it was possible to build a quality medical 
school in an economically lagging state with a popula- 
tion less than 1 million. These characteristics were gen- 
eral characteristics of the faculty who had early appoint- 
ments at this institution. Dean Fitz’s attitudes about the 
way to build a medical school were shown by the se- 
quence in which he picked his first chairpersons. Solo- 
mon Papper, M.D., became Chairman of Medicine in 
I962 and Sidney Solomon, Ph.D., became Chairman of 
Physiology in 1963. The school accepted its first class in 
September 1964. It was the view of Dean Fitz that these 
were the two disciplines that formed the backbone of 
medicine in the broadest general terms. As a result, he 
was responsible in a large measure for the early growth 
and whatever successes were enjoyed by this Depart- 
ment during the early years of the school. 

Curricular decisions were left to a consensus estab- 
lished by the faculty. However, Dr. Fitz and all following 
deans have had a strong influence on the outcome of 
these decisions through the appointments they have 
made. All of the new chairpeople were committed to try 
to find a new and better curricular form, and all were 
interested in developing some kind of integrated curric- 
ulum. After much deliberation, we ended our first years 
with a curriculum similar to that developed at Western 
Reserve University Medical School but with some sig- 
nificant differences. 

The strong emphasis placed on teaching during the 
formative years of the school influenced Dr. Solomon 
with regard to the appointments he would make in the 
Department. He thought, as did other chairpersons, that 
the students would be best educated if the instructors 
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were doing research in the areas in which they were 
teaching, or else at one time or another had an interest 
in those areas of physiology. His own areas of interest 
were renal physiology, peripheral nerve, and cell phys- 
iology. 

The first classes had only 24 students; this grew to 48 
over the next two years. In the beginning each basic 
science department had only two positions supported 
by school money. It was decided that during the first 
year the areas of greatest need were cardiovascular phys- 
iology and neurophysiology. Consequently, in 1964, Sol- 
omon appointed Agammemnon Despopoulos, M.D., to 
teach cardiovascular physiology. Although Dr. Des- 
popoulos’ primary interest was in organic acid transport 
with emphasis on the kidney, he had previous experi- 
ence with research on cardiovascular problems while at 
the National Institutes of Health. The second appoint- 
ment, also in 1964, was Donald Frazier, Ph.D., a recent 
graduate from University of Kentucky and a neurophys- 
iologist. 

The appointment of Dr. Despopoulos proved to be 
fortuitous. He came to New Mexico from the Department 
of Pharmacology at Louisville, Kentucky. Since no phar- 
macologists were appointed until two years after the 
start of the school, Dr. D (as he was called) filled a 
major function in teaching this discipline with the as- 
sistance of whomever could give him some help. 

Although he was not a full-time faculty member, Har- 
old Sonnenberg, Ph.D., was another important appoint- 
ment. He came for postdoctoral training with Dr. Solo- 
mon and was helpful in setting up certain of the teaching 
exercises, as well as in doing research. 

Both teaching and research were given equal priority. 
It was easier to get grants for medical research in the 
1960s than in the mid 198Os, but awards were not auto- 
matic. Nevertheless, all of the physiology faculty ob- 
tained support from various agencies and all were pro- 
ductive and publishing by the third year (1966) of this 
school’s existence. 

To build a strong research effort, it was quickly rec- 
ognized by all departments that a graduate program was 
required. In those days, a new graduate program first 
required approval by the general faculty, approval by the 
Board of Regents, and finally, approval by the Board of 
Educational Finance-a creature of the state legislature 
that was responsible for evaluating the economic impli- 
cations of new programs. The board then approved or 

Agammemnon Despopoulos and two technical associates. 
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Left: Sidney Solomon; right Harold Sonnenberg 

disapproved of the programs in accordance with its 
judgment as to whether the state could provide the 
necessary support. 

It was recognized that no group would ever approve 
programs in the sciences where only three faculty would 
provide training. Yet the school had a great deal of 
talented faculty, who by working together could do a 
very acceptable job. This characterization was true not 
only of the basic science faculty but was an equally valid 
statement for the individuals in the so-called clinical 
departments. Since the school was only a two-year med- 
ical school for the first three years, the clinical faculty 
had relatively little teaching responsibilities outside of 
cooperating with basic science faculty in teaching fun- 
damental biology and clinical correlations. Nearly all 
had research interests with many of them active in areas 
that were considered to be physiology. It was decided 
to take advantage of this situation. 

Three faculty were assigned by Dean Fitz to develop 
and present a plan for a graduate program. They were 
Sidney Solomon, Chairman of Physiology; Leonard Na- 
politano, Ph.D., from Anatomy (now Dean of the Medi- 
cal School); and Joseph Scalletti, Ph.D., from Microbi- 
ology. The program that was approved in 1965 was a 
Ph.D. in Medical Sciences rather than in departmental 
disciplines. In this way the basic scientists could take 
advantage of the interests of appropriate clinical faculty 
and involve them in the graduate program. Whether 
such an approach was wise may be debatable, but it 
worked during the early years of this institution. 

Collaborative arrangements were best expressed by 
the joint training grant awarded to Solomon Papper and 
Sidney Solomon in nephrology in 1965. At this time of 
the formative years of this school (1964-1970), inter- 
departmental training grants were relatively rare. This 
grant provided funds not only for postdoctoral trainees 
in medicine and physiology but also for qualified faculty 
of other departments (later trainees in anatomy, phar- 
macology, and pathology were supported from this 
source). Undergraduate medical students, graduate 
Ph.D. students, and postdoctoral trainees with both M.D. 
or Ph.D. were all supported by this grant. This collabo- 
ration and mutual support was one of the strongest 
features of the early days of this Department. Not only 
were we involved with each other in research and teach- 
ing of basic scientists and medical students, but basic 
scientists were also involved with clinical teaching. 
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Very often we were invited to participate in various 
departmental rounds. We were also asked to participate 
in Grand Rounds and to formally present information to 
clinicians, interns, and residents. It was not important as 
to whether one had an M.D. or a Ph.D.; it was the 
knowledge that any of us could bring to a given situation 
that was valued. 

Intermediate Years and Changing 
Emphasis 

The attitudes and philosophy that underscored the 
early years were prevalent from 1964 to about 1969. At 
the end of this period, there were signs developing that 
the nature of the school was changing. It was getting 
larger. In 1968 Albert Ratner, Ph.D., was appointed to 
fill the teaching gap in endocrinology. Other depart- 
ments were also expanding. It now became almost im- 
possible to know all the faculty as we had in earlier 
years. Certainly, the spirit of intimacy and mutual sup- 
port between members of different departments was 
being reduced and even lost. The faculty started to 
withdraw behind departmental identity, a process that 
manifested itself in several ways. 

There was a withdrawal from an integrated curriculum 
to a more conventional structure by departments other 
than Physiology. It is unfortunate, but there is a lesson 
that comes from this retreat from a collaborative struc- 
ture. If one is to have integrated teaching, one needs 
integrated teachers. We had deluded ourselves, and what 
we had was a juxtaposed curriculum. Although there 
were some individuals who had broad biological knowl- 
edge in other departments, physiologists in general have 
a wider appreciation and understanding of biology. As a 
result, this Department supported the continuation of 
an integrated curriculum, but in the long run it was 
unable to successfully oppose the increasing departmen- 
tal parochialism that developed. 

These attitudes also expressed themselves in research. 
Whereas there was lot of collaborative and interdiscipli- 
nary research in the early years, these activities tended 
to decrease as time went on. Faculty members no longer 
needed each other. There was a movement toward an 
increasing number of individual departmental seminars, 
accompanied by a decrease in attendance by faculty and 
students based outside of the concerned departments. 

Frank Albert Ratner; back: Harold Spurgeon. 
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Other factors also contributed to further compartmen- 
talization into individual, less interactive departments. 
Most of these factors related to increased responsibilities 
that were identified with individual departments. For 
example, allied health programs were developed that 
had courses in them given by a single departmental 
faculty. Physiology developed a course for physical ther- 
apists. 

Beginning about 1970 collaboration did, however, 
develop between individuals working at different na- 
tional laboratories in New Mexico and our faculty. Cer- 
tain employees at Los Alamos requested that we give a 
course in physiology at that institution. The course was 
first established as an overall review of the discipline. 
The Los Alamos students wanted more physiology and 
the establishment of a Master’s program. Eventually the 
single course evolved into a complete Master’s program. 
Required allied courses (chemistry, biochemistry, phys- 
ics, statistics, and others) were already offered by some 
Los Alamos personnel, while members of additional 
medical school departments offered courses in biomed- 
ical sciences (e.g., histology and immunology). 

For those of us in physiology this period (1970-1975) 
was one of the most exciting and satisfying periods in 
our history. In 1971, the American Council of Higher 
Education released its evaluation of graduate programs, 
and our Department was named as one of the better 
ones in the country. We were producing Ph.D.s on the 
Albuquerque campus and MS. degrees at Los Alamos. 
The latter activity was a particular source of pleasure. 
The students were highly motivated, very bright, and 
imaginative. Many were already well trained in science 
and held advanced degrees including the Ph.D. Most of 
these were in physical sciences, but we also had biolo- 
gists, social scientists changing careers, and one phar- 
macist. Although the program has all but disappeared, 
there were still a few students finishing degrees in 1986. 
The residual benefit to this Department is that it resulted 
in an increased collaborative research with scientists at 
Los Alamos, much of which still continues. 

More faculty were added during this period. Gerry 
Weiss, Ph.D., was recruited in 1969 for his expertise in 
neurobiology and cardiovascular physiology. He taught 
and did research in those areas. We also lost faculty. 
Donald Frazier moved to Kentucky and was replaced by 
Kenneth Kastella, Ph.D., in 1971, who later moved back 
to Alaska and was replaced by Dr. Donald Partridge 

Left Gerry Weiss; right Donald Priola. 
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Left William Galey; right Roger Shannon. 

(1976). Donald Priola, Ph.D., transferred from our De- 
partment of Pharmacology, wherein he was first re- 
cruited (1970). William Galey, Ph.D., was recruited in 
1972 to teach cellular and gastrointestinal physiology, 
and Roger Shannon, Ph.D., became the respiratory ex- 
pert in 1970. He later moved to the University of South 
Florida and was replaced by Stephen Wood, Ph.D. 
(1974). Dr. Despopoulos resigned and moved to Europe 
in 1976. He and his wife were lost at sea while trying to 
cross the Atlantic from England to the United States in 
his sailboat. He is the only faculty member who is 
deceased. 

The Department at this time had expertise in most 
areas of physiology. It had seven members, a number 
that according to several articles represented a minimal 
critical mass, whatever that means. Although our re- 
search was in different subareas of physiology, we had 
enough breadth, as individuals, to understand each oth- 
er’s work, to talk to each other, and to collaborate when 
opportunities presented themselves. Although there was 
a lessening of interdepartmental dependency and co- 
operation, there was a strengthening of intradepartmen- 
tal bonds between faculty. Many of the programs that 
were initiated strengthened both the Department of 
Physiology and the institution as a whole, while the 
same program could produce negative effects on one or 
another administrator or person. As one would predict, 
divisiveness between departments developed over im- 
plementation of new programs, assignment of time in 
the curriculum, and allocation of space, personnel, and 
money. As might also be expected, on individual issues, 
some departments were hurt and some would reap ben- 
efits. An institution seems to reach maturity when 
changes produce both positive and negative results. 

The final end of the intermediate years is probably 
marked by July 1978, when Dr. Sidney Solomon resigned 
as chairman after serving 15 years. He was replaced ~by 
Dr. Donald Priola, who still serves in this capacity. 

Latest Years -Maturation of Department 
Physiology at the University of New Mexico is only 23 

years old, very young when compared to other institu- 
tions. Nevertheless, it has reached a mature stage of 
development in that it probably is hard now to distin- 
guish its structure and role from Departments of Physi- 
ology at other institutions. We have had all of the indi- 
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cations of success that are thought to show departmental 
achievement. The research of the Physiology Depart- 
ment at the University of New Mexico has been recog- 
nized. Faculty are invited to present papers at symposia 
and small meetings. They have served and continue to 
sense on study sections of NIH, review panels of the 
National Science Foundation, as well as other research 
review and award groups of other agencies. 

The quality of individual faculty has been recognized 
in that other institutions have tried to recruit them and 
in some instances have been successful. “Second-gen- 
eration” scientists who have spent time at this institution 
are starting to make their mark on physiology. Dr. Harold 
Sonnenberg has already been mentioned as being an 
early postdoctoral appointee. He is better known for his 
pioneering work on atria1 natriuretic factor, Harold Spur- 
geon, Ph.D., a postdoctoral associate of Dr. Priola, has 
reached a responsible position in the NIH geriatric 
institute at Baltimore while Yang Park, Ph.D., another 
postdoctoral appointee, is Chairman of Physiology at 
Yonsei University in Seoul, Korea. Some of our locally 
produced doctoral awardees are also starting to be 
known, three of them are William Alter, who is now 
Chief of the Chemical Defense Division at Brooks Air 
Force Base in Texas; Jay Lyons, who has become Profes- 
sor and Chairman of the Southeastern College of Osteo- 
pathic Medicine at North Miami Beach Florida; and Gary 
Malvin, who will be returning to Albuquerque as an 
associate of the Lovelace Foundation. 

These statements lend a positive note to this history. 
However, there are problems facing this Department 
that are also the problems facing other departments. 
One can mention increased difficulty of research fund- 
ing at this time, curricular changes that interfere with 
the quality of teaching of physiology, difficulty in ob- 
taining adequate support for the University as a whole 
(and indirectly, thereby, of the Department), and re- 
duced applications for graduate school (although this 

trend may be changing). Another view that may be 
forthcoming from this accounting is that a department 
has developed to maturity when societal problems such 
as anti-intellectual attitudes and changes in funding pat- 
terns are predominant in determining academic activi- 
ties, rather than the philosophy and idealism of the early 
years. Many of the problems that we face result for the 
most part from factors outside the University, Medical 
School, and Department. 

One additional development has occurred within this 
Medical School that may have impact on the future 
development of all departments. A new teaching pro- 
gram, The Primary Care Curriculum, has been instituted 
at this Medical School on an experimental basis. It is 
based on a problem-solving approach, with the teaching 
unit being a five-student tutorial, In 1986, 25 students 
were bring served by this program. The tutors are all 
faculty who are involved for a period of eight weeks. 
Students learn the basic sciences through studying those 
topics that are necessary to understand and resolve the 
cl inical problem ,. As migh .t be expected, such a program 
is controversial, As might also be expected, the Depart- 
ment of Physiology was one of the early ones where 
faculty became involved extensively. The breadth of 
biological knowledge needed by physiologists make 
them well suited for their jobs as tutors, More important 
the program has served as a vehicle for enabling faculty 
members from different departments to get to know 
each other. The program could well serve to provide a 
focal point that could produce an increase in interdisci- 
plinary research as well as teaching. In any event, al- 
though we are now a mature organization, we are not SO 

conservative that we cannot participate in radical change. 
The writing of the next history of this Department will 
answer the questions as to whether the experiment 
improved teaching, the quality of the students graduated 
from our school, and the quality and breadth of research 
done by the faculty. 
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Special Events Social Program 

APS Business Meeting 
Wednesday, October 12, 5:30 P.M.-6:30 

Mozial Convention Centre, Room 408A 

Bowditch Lecture 
Wednesday, October 12, 4:30 P.M.-5:15 

P.M. 
Montreal Convention Centre, Room 408A 

APS Public Affairs Workshop 
Tuesday, October 11, Noon-l:30 P.M. 

Montreal Convention Centre, Room 4O6B 
Title: Influences of Animal Care Commit- 

tee on Research 
Moderator: David J. Ramsay 

Practicum of Molecular 
Biology Techniques 

(A series of four hands-on workshops pre- 
sented in cooperation with a number of 
biotech companies) 

Tuesday, October 11, 1:30 P.M.-445 P.M. 

Wednesday, October 12, 830 A.M.-11:6 
A.M. 

Montreal Convention Centre, Rooms 404A, 
404B, 4b5A, and 405B 

John V. Croker Memorial 
Lecture 

Monday, October 10, 11:30 A.M.-12:30 P.M. 
Montreal Convention Centre, Room 407C 

Bernard B. Brodie Award 
in Drug Metabolism Lecture 

Monday, October 10, 5:45 P.M.-6:45 P.M. 
Montreal Convention Centre, Room 407C 

Torald Sollman Award 
in Pharmacology Oration 

Tuesday, October 11,11:30 ~.~.-12:30 P.M. 
Montreal Convention Centre, Room 4 1lB 

ASPET Society Business 
Meeting 

Tuesday, October 11,4:45 P.M.-6:OO P.M. 
Montreal Convention Centre, Room 4llB 

Otto Krayer Award 
in PharmacologyLecture 

Wednesday, October 12, 113 A.M.-12:30 

Mozkal Convention Centre, Room 4llB 

ii 

Opening Reception 
Sunday, October 9, 8:00 P.M.-10:00 P.M. 

Luncheon Meeting of APS 
History Group 

Compke Desjardins, adjacent to the Mon- Wednesday, October 12, Noon-l:30 P.M. 

treal Convention Centfe Montreal Convention Centre, Room 410C 
Topic: Aspects of the History of Soviet 

APS Past President’s Address Space Flights 
and Societal Banquet Speaker Vanessa Koslovsky 

Tuesday, October 11,6:45 P.M.-10:OO P.M. 

Topic: A Physiologist in Africa Lending a 
Queen Elizabeth Hotel, Duluth Room 

Helping Hand in Developing Countries 
Speaker: Harvey V. Sparks, Jr. 

Wednesday, October 12, 7:00 P.M.-Mid- 

French Canadian Night 

night 
Alza Restaurant, Complexe Desjardins 

Montreal Symphony Orchestra 

The Montreal Symphony Orchestra, conducted by Charles Dutoit, with guest 
soloist Emmanuel Ax, will be performing in Montreal on Wednesday evening, 
October 12. The program includes Three Preludes de Palestrz’no by Psitzner, 
Sympbonette by Zemlinski, and B&m’s Concerto No. 2 for piano. Discounted 
tickets are available at the box office on a space availability basis. 

Theme: Growth, Development and Aging 

Symposia, Tutorials, 
Lectures, and 
Workshops 

Monday AM 
Theme Symposium 

Nutritional and physiological ap- 
proaches to the study of aging 

Symposia 
Molecular biological approaches to the 

study of pharmacologic sciences 
Neurotransmitters in opioid analgesia I 
Current concepts in gravitational physi- 

ology 
Tutorial 

Blood volume flow measurement 
in the rat 

Application of spreadsheet software 
to the analysis of physiological pa- 
rameters 

Lecture 
John V. CrokerMemorial Lecture 

Monday PM 

Theme Symposia 
Angiogenic polypeptide growth factors 
Theories of aging 

Symposia 
Interactions of xenobiotics with cvto- 

chromes P-450: implications for the 
perturbation of heme biosynthesis 

Neurotransmitters in opioid analgesia II 
Receptor-effector system of ANF 

Tutorials 
Introduction to molecular biology 

(Mini-Course) 
Physiological biotelemetry-systems for 

wireless monitoring of unrestrained 
animals 

Lecture 
Bernard B. Brodie Award in Drug Metab- 

olism Lecture 

Tuesday AM 
Theme Symposia 

Age-related changes in excitation-con- 
traction coupling metabolism in the 
heart 

Changes in organ systems with age 
Symposia 

Targets for the pharmacologic and toxi- 
cologic modulation of cellular energy 
metabolism 

Molecular biology of the cardiovascular 
system (Mini-Course) 

Neurotransmitters in opioid analgesia 
III 

Altered vascular noradrenergic innerva- 
tion and function in hypertension 
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Recent space flight results in gravita- 
tional physiology 

Lecture 
Torald Sollman Award in Pharmacology 

Oration 

Tuesday PM 

Theme Symposia 
Age-related changes in adrenergic con- 

trol of the cardiovascular system 
Cellular mechanisms in the develop- 

ment of respiratory control 
Renal growth and development 

Symposia 
Reactions of hydroperoxides in biolog- 

ical systems 
Neuropeptides and thermoregulation 
Recent advances in coronary blood flow 

pharmacology 
Workshops 

Integrative study in physiology and med- 
icine 

Influence of Animal Care Committee on 
research 

Practicum of molecular biology tech- 
niques (Mini-Course) 

Lecture 
Behavioral interventions for somatic dis- 

orders: biofeedback and techniques 
from the deafferentation laboratory 

Wednesday AM 
Theme Symposia 

Age-associated alterations in the metab- 
olism and disposition of foreign com- 
pounds: relation to toxicity 

The development of motor control 
Thermoregulation: development and 

decline with age 
Symposia 

Modern developments in platelet phar- 
macology 

Microgravity and the lung 
Workshop 

Practicum of molecular biology tech- 
niques (Mini-Course) 

Lecture 
Otto Krayer Award in Pharmacology Or- 

ation 

Wednesday PM 

Theme Symposia 
Factors influencing drug disposition and 

drug response in the elderly 
Intestinal growth and development 
Pharmacological treatment of Alz- 

heimer’s disease 
Symposia 

The teaching of undergraduate, non- 
professional pharmacology 

Thromboxane receptor antagonists in 
acute myocardial infarction 

Workshop 
Integrative study in physiology and med- 

icine 
Lecture 

Bowditch Lecture: Control of hyper- 
trophic versus hyperplastic growth of 
vascular smooth muscle 

Thursday AM 

Theme Symposia 
Changes in receptor responses and neu- 

rotransmitters with age I 
Regular exercise, growth and develop- 

ment 
Symposium 

Evolving concepts in liver injury 

Thursday PM 

Theme Symposia 
Changes in receptor responses and neu- 

rotransmitters with age II 
Oxygen stress and aging 
Ovarian follicuiar development and 

regression 

APS Bowditch Lecture 

Gary K. Owens, University of Vir- 
ginia, Charlottesville, will present 
the Bowditch Lecture entitled “Con- 
trol of Hypertrophic Versus Hyper- 
plastic Growth of Vascular Smooth 
Muscle” at the APS Fall Meeting, 
Montreal, Canada, on Wednesday, 
October 12, 1988, at 415 P.M. in the 
Montreal Convention Centre. 
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Sessions and SvmDosia With Associated Abstracts 
d 1 

Monday AM 

Atria1 Natriuretic Peptide I 
Endothelial-Dependent Respon- 

ses I 
Cardiac Muscle Physiology 
Control of Breathing I 
Metabolism 
Biotransformation I 
Absorption and Distribution 
Metals; Halogenated Hydrocarbons 
Developmental Pharmacology 

and Toxicology; Mutagenic 
and Teratogenic Agents 

Lipid and Fatty Acid Metabolism 
Insulin-Glucagon-CHO Metabo- 

lism 
Alcohol and Anesthetics 
Neuropeptides 
Neurotransmitters and Neuro- 

modulators I 
Biomedical Engineering 
Comparative Physiology 
Microcirculation 

Monday PM 

Gravitational Physiology I 
Vascular Smooth Muscle Phar- 

macology I 
Arrhythmias I 
Control and Mechanics of Breath- 

ing 
Skeletal Muscle Physiology I 
Cardiotonic Drugs 
Temperature Regulation/ 

Hibernation 
Hyperthermia/Hypothermia 
Pharmacokinetics 
Environmental Pharmacology 

and Toxicology 
Sex Hormones/Gestation/ 

Reproduction/Development 
Central Autonomic Nervous Sys- 

tem Control 
Catecholamines 
Adrenergic Pharmacology 
Ocular Pharmacology 
Lung Fluid Balance 
Adrenal Cortex/Metabolic Diseases 

Tuesday AM 

Molecular Biology of the Cardio- 
vascular System 

Coronary 

Al 

A3 
A4 
A6 
AS 

All 
A13 
Al4 

Al6 
A17 

Al9 
A21 
A23 

A25 
A27 
A28 
A29 

A31 

A33 
A35 

A37 
A38 
A39 

A42 
A43 
A44 

~46 

A49 

A52 
A53 
A55 
A57 
A58 
A60 

~62 
A62 

Mechanics of Breathing I 
Biotransformation II 
Temperature Regulation 
Hypertension I 
Metabolism Relationship to Tox- 

icology I 
Cholinergic Pharmacology 
Vascular Smooth Muscle Pharm- 

acology I I 
Neuromuscular Pharmacology 
Calcium Homeostasis/Calcium 

Action 
Calcium Antagonists I 
Respiration Pharmacology 
Pulmonary Circulation I 

Tuesday PM 
Cardiovascular Pharmacology I 
Pulmonary-Respiratory Pharma- 

cology 
Metabolism Relationship to 

Toxicology I I 
Receptors 
Exercise I 
Gravitational Physiology II 
Renal Pharmacology I 
Renal Hemodynamics 
Renin-Angiotensin 
Renal Transport and Body Fluid 

Regulation I 
Sympathetic Nervous System In- 

teractions 
Drug Abuse I 
Psychotropics 
Chemotherapy 
Epilepsy: Anticonvulsants, Neuro- 

pharmacology and 
pathophysiology 

Immunopharmacology and Im- 
munotherapy 

Pulmonary Epithelium I 

Wednesday AM 

Serotonin and Antagonists 
Neurotransmitters and Neuro- 

modulators II 
Aging and Cardiovascular Function 
Cardiac Electrophysiology 
Skeletal Muscle Physiology II 
Pulmonary Epithelium II 
Liver/Pancreas 
Smooth Muscle Physiology 
Gastrointestinal Motility 
Gastrointestinal Mucosa 

A64 
A66 
A68 
A70 

A73 
A78 

A82 
A84 

A86 
A87 
A89 
A92 

A94 

A96 

A98 
Al00 
A102 
A104 
Al05 
A108 
All0 

All1 

All2 
All4 
All7 
A121 

All9 

A121 
Al24 

Al25 

Al27 
A129 
A130 
Al32 
Al34 
Al35 
Al37 
A139 
A141 

Ion Channels 
Altitude 
Peripheral Circulation 1 
Cardiovascular Pharmacology II 
Analgesics and Antagonists I 
Clinical Pharmacology 
Exercise I I 

Wednesday PM 
Gravitational Physiology III 
Analgesics and Antagonists II 
Hypertension II 
Calcium Antagonists II 
Exercise I I I 
Pulnionary Ventilation 
Control ,of Breathing II 
Control of Heart Rate 
Arrhythmias II 
Atria1 Natriuretic Peptide II 
Neurotransmitter Receptors 
Aging-General 
Cell Biology of Cultured Cells 
Cell Biology of White Cells and 

Platelets 
Mechanisms of Microsomal Oxi- 

dation 

Thursday AM 

Pulmonary Circulation II 
Drug Abuse II 
Blood Pressure 
Renal Transport and Body Fluid 

Regulation II 
Pituitary/Neuroendocrine 
Prostaglandins and Leukotxienes 
Endothelium-Dependent Re- 

sponses I I 
Receptors for Peptides and Other 

Hormones 
Cyclic Nucleotide Phosphodi- 

esterases 
Cardiac Muscle Pharmacology 
Cardiac Physiology 
Cerebral Circulation 
Mechanics of Breathing II 

Thursday PM 

Behavioral 
Pharmacology 
Peripheral Circulation II 
Renal Pharmacology I I 

Teaching Materials and Methods 
Author Index 

Al44 
Al45 
Al47 
Al49 
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Al56 
Al57 

Al59 
Al61 
A163 
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A200 
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Integrative Study in Physiology and Medicine 
APS Fall Meeting, Montreal, Canada 

October 11, 12, 1988 

Joseph Engelberg 
Department of Physiology and Biophysics, Albert B. Chandler Medical Center, 

University of Kentucky, Lexington, Kentuckv 
J 

The fourth annual “Workshop on Inte- 
grative Study in Physiology and Medicine” 
will be held at the 1988 Fall M’keting of 
the American Physiological Society on 
Tuesday and Wednesday, October 11, 12, 
1938, from 1200 to 2:00 P;M. The work- 
shop is organized by a group of physiolo- 
gists from seven universities in the United 
States, Canada, and the Phillipines. The 
focus of discussion will be the fetal and 
neonatal state, specifically, a medical case 
history describing multiple disease proc- 
esses in a newborn child. 

The principal purpose of these work- 
shops is to provide a congenial atmosphere 
for the discussion of scientific questions 
free from limitations imposed by areas of 
specialization. Medical case histories serve 
as natural integrative devices since during 
a major illness an initial pathologic pertur- 
bation ultimately spreads its baneful influ- 
ences to all parts of the organism. This 
transmission occurs in part via coupled 
feedback cycles as they maintain homeo- 
stasis, The involvement of the entire hu- 
man body in disease allows medical case 
histories to serve as bases for discussion of 
phenomena from the molecular through 
the cellular, organ, organ-system, whole- 
body, and social levels. 

A second purpose of these workshops is 
to work up medical case histories to intro- 
duce students in the health professions and 
graduate students to physiology at the level 
of the whole organism. Case histories Se- 
lected for these workshops are among the 
must complex published in the medical 
literature. They are not simplified for 
teaching purposes. Rather, frameworks for 
thought are developed that enable individ- 
uals with even modest backgrounds in 
physiology to obtain Significant insights 
into the physiology of the human organism 
and the physiologic basis of health, illness, 
dying, and death. 

The medical case history to be discussed 
at the Montreal APS meeting follows. 

Patient: A twenty-hour-old cyanotic in- 
fant suffering from congenital heart dis- 
ease. 
Source: New Enghnd Journal of Medi- 
cine 278: 496-504,1968. Case 9-1968. 
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Speakers: 
Robert L. Vick, Baylor College of Med- 
icine 

Edith Rosenberg, Howard University 
College of Medicine 

Andrew M. Roberts, University of Louis- 
ville School of Medicine 

Sidney Solomon, University of New 
Mexico School of Medicine 

George P. Biro, University of Ottawa 

Wayne Cafley, Lamar University 

Juliet Vex-Bareng, University of the East 
Ramon Magsaysay Memorial Medical 
Center 

A twenty-hour-old male infant was ad- 
mitted to the hospital because of respira- 
tory distress and cyanosis. 

The patient was the product of an un- 
eventful forty-one-week pregnancy in a 
twenty-two-year-old primigravida. The vag- 
inal delivery had been normal, and the 
infant weighed 8 pounds, 6 ounces. At the 
time of birth his color was fair, but he 
seemed to be in mild respiratory distress, 
with grunting respiration. Three hours 
later his color became dusw, and the res- 
piratory distress increased. ‘He was put into 
an oxygen atmosphere, with little change 
in his appearance until eight hours before 
entry, when the cyanosis deepened, and 
the cardiac rate rose to 200. The tempera- 
ture was 102.2”F. Digoxin, 0.05 mg, peni- 
cillin, kanamycin sulfate and vitamin K 
were administered. 

The mother and father were in good 
health. There was no family history of di- 
abetes, heart disease, respiratory disease or 
congenital anomalies. 

The patient was a cyanotic ‘infant who 
appeared moribund. The respiration was 
gasping, with sternal and subcostal retrac- 
tion. The head was normal; the fontanels 
were open. The skin was dry, without loss 
of subcutaneous tissue; the fingernails 
were long. The configuration of the chest 
was normal; a few breath sounds were au- 
dible, and there were fine rales in both 

lung fields; the respiratory excursion was 
poor. No cardiac murmur was heard. The 
abdomen was soft; the edge of the liver 
was felt 2 cm below the right costal margin, 
and the spleen was palpable at the left 
costal margin. The femoral pulses were of 
good quality, There was minimal response 
to painful stimuli. 

The temperature was 97” F, the pulse 
140, and the respirations 80. 

The urine had a specific gravity of 1.016 
and gave a ++ test for protein; the sedi- 
ment contained 3 to 5 red cells per high- 
power field, The hematocrit was 64%, and 
the white-cell count 50,000, with 55% neu- 
trophils, 7% band forms, 26% lympho- 
cytes, 9% monocytes, 2% eosinophils and 
1% basophils: there were 5 late erythro- 
blasts and 1 normoblast per 100 white 
cells. The sodium was 140 mEq, and the 
potassium 5.5 mEq per liter. The urea ni- 
trogen was 33 mg, and the fasting glucose 
58 mg per 100 ml. A specimen of arterial 
blood, with the patient receiving 100% 
oxygen by funnel, taken via an indwelling 
umbilical-artery catheter, revealed that the 
partial pressure of oxygen was 35 mm of 
mercury, the partial pressure of carbon 
dioxide 110 mm of mercury, and the pH 
6.82. An electrocardiogram demonstrated 
a sinus rhythm at a rate of 150, with an axis 
of +120 O ; the P waves were prominent in 
Leads 2,3 and a VF; in Leads VI and V2 the 
R waves were prominent but within normal 
limits for the age of the patient, X-ray films 
of the chest disclosed total homogeneous 
opacification of both lung fields with 
prominent air bronchograms; the dia- 
phragmatic leaves lay at the level of the 
tenth ribs; the liver appeared normal in 
size a 

Digoxin, penicillin and kanamycin sul- 
fate were continued. A nasotracheal tube 
was inserted, curare was administered, and 
the lungs were ventilated with humidified 
100% oxygen by a mechanical respirator. 
Culture of blood-stained material aspirated 
from the trachea yielded a moderate 
growth of klebsiella sensitive to tetracy- 
cline, chloramphenicol, streptomycin and 
colistin. Sodium bicarbonate was given in- 
travenously. Four hours after entry, with 
the patient breathing 100% oxygen, a spec-* 
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imen of the arterial blood showed that the 
partial pressure of oxygen was 26 mm of 
mercury, the partial pressure of carbon 
dioxide 71 mm of mercury, and the pH 
7.06. Two hours later a Grade 2 systolic 
murmur was heard along the left sternal 
border. 

On the second hospital day the patient’s 
color was unchanged. The murmur was 
audible over the back and left upper por- 
tion of the chest. The arterial partial pres- 
sure of oxygen was 36 mm of mercury, and 
the partial pressure of carbon dioxide 62 
mm of mercury; the pH was 7.36, Meral- 
luride, 0.1 ml, was administered, but a 
diuresis did not result. An x-ray film of the 
chest showed marked clearing of the lung 
fields, with a few persistent mottled den- 
sities in the hilar regions; the heart ap- 
peared moderately enlarged; the pulmo- 
nary vascularity was not congested. The 
hemoglobin was 9,4 gm per 100 ml, and 
the hematocrit 29%; the white-cell count 
was 14,600, with 79% neutrophils and 6% 
band forms. The sodium was 143 mEq, the 
potassium 4.8 mEq, and the chloride 101 
mEq per liter. Packed red cells, 40 ml, 
were given intravenously. An electrocar- 
diogram showed a sinus rhythm at a rate 
of 125; the QRS axis was +140”; digitalis 
effect was demonstrated. On the third hos- 
pital day the right upper extremity and the 
right side of the thorax and head were less 
cyanotic than the remainder of the body, 
with a sharp line of demarcation down the 
midline of the sternum separating the pink 
skin on the right side from the blue on the 
left side. The sodium was 117 mEq, the 
potassium 4.0 mEq, and the chloride 83 
mEq per liter. The urea nitrogen was 32 
mg per 100 ml. A specimen of arterial 
blood, taken with the patient breathing 
100% oxygen, revealed that the partial 
pressure of oxygen was 28 mm of mercury, 
the partial pressure of carbon dioxide 39 

mm of mercury, and the pH 7.42. The 
inspired oxygen concentration was de- 
creased to 40%, without change in the 
infant’s color or condition. 

On the morning of the fourth hospital 
day the nasotracheal tube was removed; 
the patient was able to breathe with mini- 
mal retraction. Four hours later the partial 
pressure of carbon dioxide was 41 mm of 
mercury, and the pH 7.40. X-ray films of 
the chest showed no change. In the eve- 
ning the respiration became more labored, 
and the breath sounds were fainter; the 
cyanosis increased, and he became unre- 
sponsive. The partial pressure of carbon 
dioxide was 70 mm of mercury, the carbon 
dioxide content was 33 mEq per liter, and 
the pH was 7.28. The nasotracheal tube 
was replaced, with resumption of artificial 
ventilation. On the following morning sei- 
zures involving the left side were ob- 
served. A specimen of blood from the right 
radial aitery, taken with the patient breath- 
ing 60% oxygen, revealed that the partial 
pressure of oxygen was 67 mm of mercury, 
the partial pressure of carbon dioxide 24 
mm of mercury, and the pH 7.55; in a 
specimen of blood simultaneously ob- 
tained from the umbilical artery the partial 
pressure of oxygen was 25 mm of mercury, 
the partial pressure of carbon dioxide 33 
mm of mercury, and the pH 7.51. The 
calcium was 5.6 mg, the phosphorus 5*6 
mg, and the protein 4.4 gm per 100 ml. 
After the administration of calcium gluco- 
heptonate the seizures subsided. He re- 
mained moderately cyanotic while on the 
respirator. 

On the sixth hospital day the sodium 
was 134 mEq, the potassium 6.5 mEq, and 
the chloride 110 mEq per liter. The urea 
nitrogen was 9 mg per 100 ml, and the 
hematocrit was 58%. An electroencepha- 
logram was within normal limits. On the 
filEowing day an x-ray film of the chest 

showed areas of consolidation with slight 
loss of volume in each upper lobe, Artifi- 
cial ventilation was continued. On the 
eighth hospital day a specimen of blood 
from the right radial artery, taken during 
the administration of 60% oxygen, showed 
that the partial pressure of oxygen was 65 
mm of mercury, the partial pressure of 
carbon dioxide 35 mm of mercury, and the 
pH 7,43. The calcium was 9,3 mg per 100 
ml. Curare was discontinued. The-patient 
was unable to maintain adequate ventila- 
tion, with striking intercostal retractions 
and gasping respiration. On the tenth hs- 
pita1 day the cardiac rate slowed from 150 
to 120 and diminished during the evening 
to 60. An electrocardiogram demonstrated 
complete bundle-branch block, atrioven- 
tricular dissociation and ectopic ventricu- 
lar complexes. The peripheral pulses dis- 
appeared, and the infant died. 

Normal Values at Birth 

Test Birth 

Hemoglobin 
Hematocrit 
WBC count 
Neutrophil 
Lymphocytes 
Immature cells 

15-24 g/d1 
44-64 % 
9-30/mm3 
457 0 

307 
10; 

Sodium 
Potassium 
Calcium 
Phosphorus 
Chloride 
Fasting glucose 
Heart fate 
Respiratory rate 

Temperature 

134-144 mM/L 
3.7-5.0 mM/L 
7+0-12.0 mg/dl 
3.5-8.6 mg/dl 
96-106 meq/L 
20-90 mg/dl 
12O-16O/min 
6O/min for 1-2 days 
25-40/min there- 
after 
36.5-37.3’ c (97.7- 

9901°F) 

Fall Meeting Mini-Theme on Molecular Biology 
October 1042, 1988 

Montreal Convention Centre 
Shu Chien 

(see p. 59) 
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5.1 
ISOLATION AND CHARACTERIZATION OF A NOVEL DIURETIC, 
NATRIURETIC AND HYPOTENSIVE PROTEIN FROM RAT ATRIA. 
T.G. FLYNN*, ANOOP BRAR*, LINDA TREMBLAY*, CHRISTINA 
LYONS",VID HYNDMAN*, KATHY BENNETT*, INDER SARDA* 
and D,B. JENNINGS. Queen's University, Kingston, 
Ontario, Canada K7L 3N6. 

During the purification of atria1 natriuretic 
peptides (ANP's) from rat atria we isolated and 
purified a ZO-residue peptide that had a unique 
amino acid sequence. This peptide was chemically 
synthesized and used to generate antisera for the 
development of a specific radioimmunoassay (RIA). 
The RIA allowed us to monitor the purification by 
gel-filtration and reverse phase high performance 
liquid chromatography of a larger protein (Mr = 
10,500) than was originally detected. This protein 
exhibited diuretic, natriuretic, hypotensive and 
smooth muscle relaxing activity and the amino acid 
sequence revealed that a portion of the protein bore 
considerable homology to rANP (1-28). We have named 
the ANP homologous peptide iso-rat ANP (iso-rANP) 
since it seems to be an isomeric.form of rANP. The 
presence of this peptide in atria and the discovery 
of brain natriuretic peptide clearly indicates that 
atria1 natriuretic factor is comprised of a family 
of ANP's all of which are distinct gene products. 
Supported by Queen's University. 

5.2 
ANP-LIKE RAT ATRIAL FACTOR (iso-rANP) HAS SIMILAR BUT LESS 
POTENT CARDIOVASCULAR AND RENAL EFFECTS AS ATRIAL 
NATRIURETIC PEPTIDE. D.B. JENNINGS. I.R. SARDA* AND T.G, 
FLYNN*. QUEEN'S UNIVERSITY, KINGSTON, ONTARIO, K7L 3N6. 

We have isolated, purified, sequenced and chemically 
synthesized a novel peptide (30 amind ac ids) 
which exhibits homology with rANP. The nat 

from rat atriH 
.ve peptide and i 

synthetic 
bioassay, 
pentobarb 

peptide were examined physiologically. For 
Sprague- Dawley rats were anesthetized with sodium 

ital and given a constant infusion of saline. 
After control measurements, a bolus injection of vehicle, 
native peptide or synthetic peptide was administered I.V. 
and measurements obtained over 20 min. In this 
preparation, 2 pg rANP (l-28) gave a decrease in mean 
arterial pressure of -21X, a mean decrease in heart rate of 
-10x, and a renal response with increased urine volume 
(+687%) and Na+ excretion (+1574%). A comparable 

hypotension was obtained with 10 pg of the new atria1 
peptide, iso-rANP, but there were slightly lesser heart 
rate and renal responses than with rANP.- There was also a 
less potent va sorelaxant effect of the native peptide or 
iso-rANP on rabbit aortic smooth must le in comparison with 
rANP. These studies indicate that the atria produce at 
least two genetically different peptides, exhibiting 
homology within the disulfide ring, which have similar 
cardiovascular and renal activities. Supported by Queen's 
University, 

5.3 

EFFECTS OF INTRAVENOUS NOREPINEPHRINE ON URINE FLOW, 
HEMODYNAMICS, AND PLASMA LEVELS OF VASOPRESS1N AND ATRIOPEPTIN 
IN NORMAL AND CARDIAC-DENERVATED DOGS, Jialong Zhup Bin C. 
Wang, Robert J, teadley, Jr.? and Kenneth L Goetz. St 
'Luke's Hospital and boundation, Kansas City; FTI) 64111: 

Norepinephrine (NE) infused intravenously into 
anesthetized dogs produces a decrease in plasma vasopressin 
(AVP) and a water diuresis. It has been"suggested that the 
decrease in plasma AVP may cause the diuresis, We now 
describe the effects of intravenous NE on plasma AVP and urine 
flow in con cious dogs. 
(0.5 ~g4cg-fwhr~) 

After a 30 min control period, NE 
was infused into sham-operated 

(SO) and cardiac-denervated (CD) dogs for 30 min. 
Norepinephrine increased urine flow (P x 0.05) in the CD dogs 
but not in the SO dogs; plasma AVP levels, however, did not 
change in either group. The NE infusion increased mean 
arterial pressure (MAP), left atria1 pressure (LAP) and 
central venous pressure (CVP), and decreased heart rate (HR) 
in SO dogs; in CD dogs NE infusion increased MAP and HR, 
decreased LAP, and caused no change in CVP. Plasma levels of 
atriopeptin tended to increase during NE infusion in SO dogs, 
but decreased in CD dogs. These results demonstrate that NE 
infusion does not alter plasma AVP in conscious dogs, 
Therefore the diuresis that occurs during NE infusion is not 
caused by AVP in these dogs. Dur results also suggest that 
the change in plasma atriopeptin induced by the infusion of NE 
is mediated by the concomitant change in atria1 pressure. 

5.4 
QpwGnE- 05m wAn(3HR)m~ rwn(la EIIS) Am II 
ImlmTImmmF-sTImImm~m- - - mu& 
Pierre Roubert*, Pierre-Etienne Chabrier*, Pascale Plas* and Pierre 
Bracauet. I.H.B. Res. Labs. 1, BV. des Tropiques, 91952 L&S ULIS, France. 

Atria1 natriuretic factor (ANF) and angiotensin II (ANG II) act as 
physiological antagonists in the control of blood pressure and fluid 
homeostasis. The biological action of ANF in vasculature (i.e. 
vasorelaxation) is attributed to a stimulation of CGMP production 

although only a small number of ANF receptors present in vascular cells 
is c0upled to guanylate cyclase. The present study investigated the 
effect of ANG If preincubation on ANF-induced c@!P production in rat 
cultured smooth muscle cells. 

CAMP production induced by ANF and binding of 
125 

I-AW wer 
measured after 1 hr and 18 hrs (10 

% 

cells/dish) at 37OC wi 
f/h 

ANG II (10 
-gPreincubation of the cells 

M). After 1 hr preincubation, ANG 
II attenuated ANF eO- M)-induced cGMP production (control and ANG II : 
13 and 10 pmol/lO cells/5 min, respectively) without significantly 
modifying the number of ANF binding sites. On the cont:v, 18 hrs 
preincubation with ANG II enhanced the action of ANF 20 M) on e 
production (control and ANG II : 14 and 24 pmol/lO cells/5 min, 

reqectively) and paradoxally diminished the total number of AMP binding 
sites by 66 %. 

These results suggest that short term effect of AHG II tends to 
decrease Al@-stimulated e whereas long term effect, corresponding to 
an adaptation of the cells to ARG II, increases the biological response 
of ANF by down-regulating the non guanylate cyclase-coupled ANF 
receptors. 

5.6 
KINgTICS AbTD DYWAHICS OF rANF(99-126) IN CONSCIOUS 
RABBITS. S, Harleau,* H, Ong*, A. DeL6an and P. du Souich. 
Faculty of Pharmacy and Department of Pharmacology, 
Wniversitb de Elontr&al, Canada. 

The aims of this study were 1) to compare the dynamics of 
a bolus of rAWF(99-126) (AM?) to those of an infusion, and 
2) to relate the effects to ANF plasma concentrations in 
conscious rabbits. After the bolus, ANF kinetics were 
first-order, with an estimated half-life of 0.8 + 0.1 min 
(SEW, an apparent volume of distribution of 139 & 9 ml/kg 
and a systemic clearance (ClmF) of 132 + 10 ml/min/kg. A 
reduction in ClmF to 59 and 70 ml/min/kg (p < 0.01) was 
observed following ANF infusion at rates of 81 (x 140 min) 
and 126 ng/min/kg (x 480 min), respectively. A bolus up to 
300 rig/kg produced a transient dose-independent increase in 
diuresis from 8 to 28 ml/h (p < 0.05). During AbIF infusion, 
a good correlation was observed between the percentage 
reduction in mean arterial pressure, renal plasma flow and 
the change in the concentration of AWF. AHF effects on 
renal excretion parameters were negligible. AW infusion 
decreased plasma renin activity but was followed by an 
abrupt increase after 5 hours of infusion. We can conclude 
1) the kinetics of AblF are zero-order after an infusion, 2) 
this non-linearity is secondary to a reduction in Clm, 
and 3) the renal effects are minimal, possibly due to 
activation of counter-regulatory mechanisms. (Supported by 
8 nrant from Canadian Heart Foundation). 

5s 
-AuF~~:DrsTncT~~(xIIlpfgDAm 
--mB. Pierre-Etienne Chabrier*, 
Pierre Roubert*, MichUe Harle*, Pascale Plas* and Pierre Brasuet. 
I.&B. Res. Labs. 1, av. des Tropiques, 91952 LES WLIS, France. 

'ppio subtypes of atrial natriuretic factor (ANF) xeceptors are 
present in vascular cells : one that stimulates &Q prduction, the 
other (about 95 % of the total nu&er of ANF binding sites) not coupled 
to guanylate cyclase. Since ARF receptors are sensitive to homologous 
down-regulation, we examined the time course of the effect of ANF 
preexposure of rat cultured vascular smooth muscle cells on ANF bindhg 

and c@!P responsiveness. 
Preincuktfon of the cells in DMPI at 37O C with ANF (10m7M) showed 

a rapid diminution of the number o 
control binding) as measured by 

f#F binding sites (- 70 % from 
I-rAFV binding assay, witbout 

modification of the Kd value (0.3 nM). The maximal effect appeared after 
30 mfn and persisted at 18 hrs. A slower decrease of the response of 
ANF-st %lated cGMP production was observed after ANF preexposure - cGMP 
(pmol/lO cells/5 min) induced by 0.1 @l ARF were from control cells vs 
ANF treated calls ; after 2 hrs : 15.2 vs 12.0, after 6 hrs : 14.3 vs 
9.8, after 18 hrs : 13.7 vs 4.9, respectively. 

After 18 hrs preincub&ion with ANF (10m7M) followed by an 
extensive washing and a reincubatlon in IHEM, about 85 % recovery of ANF 
binding was measured after 2 hrs whereas almost no recovery of c@!P 
responsiveness was noted after 6 hrs. 

These results suggest a different regulation of the two ANF 
receptors subtypes reflecting probably distinct physiological roles. 
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5.7 

BRATN AND PITUITARY ATRIAL PEPTIN AND ITS ROLE IN OSMO- 
REGULATION OF EURYHALINE FISH. Sara M. GaIli*. Birnittq 
Kimura* and M. Ian Phillit& Department of Physiology, University 
of Florida, Gainesville, FL. 32610. 

We have reported the presence of AP-like peptide in plasma 
and brains of teleost fish (Gaili et at., Fed. Proc., 1988). To 
further investigate the possible participation of AP in fish 
osmoregulation, we studied two euryhaline species, -anus tau 
(toadfish) and Munil ceDhalu% (mullet). We determined the main 
site of brain AP production and the forms produced. Second, we 
correlated brain, pituitary, spinal cord and plasma’ AP responses in 
fish from seawater adapting to lower salinities for 24 hours, 4, 7 
and 10 days. The highest levels of brain AP were found in the 
hypothalamus (HYP) of mullet (100-l 50 rig/g) and 40-70 rig/g in 
toadfish HYP. Adaptation of toadfish for 24 hours to 50% SW 
increased HYP-AP from 29.96 & 1.39 to 43.80 + 4.29 rig/g tissue, 
PIasma AP decreased from 47.85 + 11.95 to 21.38 f 8.71 pg/ml. 
Longterm adaptation (7-10 days) to 50% SW enhanced these 
responses. If fish are back to SW, plasma AP returns to control 
SW levels. In mulIets adapted to 75 and 50% SW for 24 hours or 4 
days, HYP-AP did not change significantly. After 10 days in fresh 
water, AP in the HYP increased from 57.32 f 4.97 to 70.74 f 6.50 
ng/mg tissue. Pituitary AP increased after adaptation to 50% SW 
and freshwater. Gel filtration of extracted brain AP revealed a low 
and a high molecular weight AP. Our results indicate high 
concentrations of AP in the HYP region and suggest that pituitary, 
HYP and plasma AP are involved in the osmoregulation control of 
euryhaline fish. (Funded by: Am. Heart Assoc.) 

5.9 
VAGOTOMY AFFECTS RENAL AS WELL AS CARDIOVASCUUR RESPONSES 
TO ATRIAL NATRIURETIC PEPTIDE. S.E. Robertson*. T.G. 
mn*. J& D.B. Jennina. Queen’s University, Kingstort, 
Ontario, K7L 3N6. 

Ackermann et al. (Can. J Physiol. Pharmacol. 62:819- 
826,1984) reported that vagal affewents, in inactin 
anesthetized rats, were involved in the cardiovascular, but 
not the renal, responses to I .V. injection of atria1 
extracts containing ANF. We studied 250 to 300 g Sprague- 
Dawley rats anesthetized with sodium pentobarbital. 
Vagotomy not only completely abolished the hrpotension and 
bradycardia associated with injections of ANP (1-28) 
between 2 to 6 pg, but reduced increases in urine flow, and 
Na+, K+ and Cl- excretion to about one-third those seen in 
intact rats. We therefore examined the effects of 
infusions of rANP (2 pg*kg-l*min-1) in similar groups of 
intact and vagotomized rats anesthetized with inactin. In 
intact rats, infusion of rANP caused a transient 2000% 
increase $n urine volume, compared to controls, within the 
first 10 min. In contrast vagotlmized rats did not 
exhibit a significant increase in urine volume in this same 
time period- compared to sham vagotomized rats. Unlike 
Ackermann et al. (1984), we conclude that the vagus nerve 
is important in mediating the effects of ANP on water and 
electrolyte 
University. 

excretion in-the kidney, Supported by Queen's 

5.11 

INDICES OF FLUID STATUS DURING PROtONGED PHYSICAL AND 
PSYCHOLOGICAL STRESS. gonstantine KaloPeras*, Bonnie L, 
Smoak*, Georee P. Chrousos*, j?hllliD W. Gold* and Patricia A, 
Peuster. National Institutes of Health and Human Performance 
Laboratory, Uniformed Services University of the Health 
Scfences, Bethesda, MD 20892, 

Indices of fluid status were assessed in 37 US Navy men 
(age 21.9 + .5 yrs; mean & SEM) before (B) and after (A) a 5 
day period of psychological stress, physical exercfse, and 
sleep deprivation known as "Hellweek" (HW). Fasting blood 
samples and 24-hour urine collections were obtained, and 
dietary intake was monItored. Body weight increased by 2.1 f 
0.2 kg during HW despite an energy surplus which could 
explain a gain of only 0.24 kg. Mean sodium (Na) intake 
increased from 304 mmol/d BHW to 375 during HW, and plasma 
volume increased by 11.9%. Further, urinary Na excretion 
increased from 168 + 14 mmol/24h BHW to 306 + 30 AHW. 
Plasma atria1 natriuretic factor increased from 31.4 f 2.1 
pg/ml BHW to 82.7 & 5.9 AHW and aldosterone decreased from 
21.0 f 2.3 ng/dl BHW to 14.1 4 1.7 AHW. There were no 
changes in serum osmolality,‘ but edema was noted in the 
extremitfes of most subjects. In conclusion, indices of 
fluid status were markedly altered in men undergoing 5 days 
of psychological stress, continuous physical activity, and 
sleep deprtvation. Whether these changes reflect adaptive 
responses to severe prolonged stress or simply an increase 
in Na intake remains to be elucidated. Supported by NMRDC 
N0002487WR13039. 

5.8 

NEUROMODULATORY EFFECT OF ATRIAL NATRIURETIC 
FACTOR ON PURlNEREIC NEUROTRANSMISSION IN RABBIT 

l ISOLATED VASA DEFERENTIA. fi Drew-and, 
ad r7.J. Trachte. Depts. of Ph.armacology & Physiology, Univ. of 
Minnesota-Duluth, School of Medicine, Duluth, MN 55812. 

Previously reported results from this laboratory (FASEB J, 2: 
A310, 1988) showed that ANF (rat, 101-126) had an inhibitory 
neuromodulatory effect on adrenergic neurotransmission in the 
vas deferens. The present study considers the ANF effect on 
purinergic neurotransmission in the rabbit vas deferens. Vasa 
deferentia were placed in organ baths containing Krebs- 
bicarbonate buffer at 37*C, passed through platinum electrodes 
and electrkatly stimulated over the frequency range of 0.54 2 Hz. 
ANF concentrations of 103, 104, & 105 pM shifted the frequency- 
response curve to the right of control in a statistically significant 
manner. ANF (101-I 0s PM) inhibited electrically-induced 
purinergic force at 4 Hz in a concentration-dependent manner, 
for every 1 O-fold increase in ANF concentration there was a 5% 
decrease in purinergic force. ANF (102-105 PM) had no effect 
on adenosine 5’ triphosphate(ATP)-induced contractions. 
Therefore, the inhibitory effect of ANF on purinergic 
neurotransmission appears to be prejunctional on the release of 
ATP from the nerve. At present attempts are being made to 
measure electrically-induced ATP release from the vas def8rens. 
(Support: PHS ROl HL35934 and BRSG SO7 RR05896) 

5,lO 
RELEASE OF ATRIAL NATRIIJRETIC FACTOR IN RESPONSE 
TO VOLUME EXPANSION IN CONSCIOUS, DIABETIC RATS. 
R.A. Hebden*, M.E. Todd*& S. Sanderson” and J.H. McNeill. 
Div. Pharmacology & Toxicology, Fx. Pharmaceutical Sci., & 
8Dept. Anatomy, Fat. Medicine, Univ. British Columbia, 
Vancouver, Canada, V6T lW5. 

We have examined the effect of a 25% blood volume expan- 
sion on the release of Atria1 Natriuretic Factor (ANF) in cop 
scious Wistar rats (13-15 weeks old) treated 6 weeks earlier 
with streptozotocin (STZ, S5 mg/kg) or saline (Sal). The 
ST&treated rats showed a significant (P<O.O5) resting hypotension 
(132*2/91*1 mmHg, systolic/diastolic) and bradycardia (340*5 
beatslmin) compared to the controls (143*2/98*2 mmHg; 377*8 
beats/min). Resting plasma ANF levels were slightly, but signifi- 
cantly (P<O,OS) elevated in the ST&treated rats (STZ: 87~4 
pg/ml; Sal: 72*4 pg/ml) although resting right atria1 pressures 
(RAP) were not different (STZ: 5.2kO.6 cmHaO; Sal: 6.0*0,8 
cmHaO). Volume expansion with donor blood significantly elevated 
plasma ANF levels in both groups, but the increase in the control 
group (+527*80 pg/ml) was significantly (P<O,OS] greater than 
that of the diabetic group (+323*45 pg/ml), Both groups showed 
similar elevations in RAP (Sal: +1.8*1,3 cmH,O; STZ: +1,6*0.4 
cmHaO). Morphological studies are currently in progress in order 
to determine the possible cause of the impaired release of ANF 
in the diabetic animals. 
This work was supported by the MRC (Canada) and the B.C. 
Heart Fdn. RAH is a B.C. Heart Fdn Post-Doctoral Fellow. 

5.12 
ACUIEEFFECWFCANCERCHEMO ?IHEwPYADMINIsTRA- 
TION ON PLASMA ANP AND AVP SECRETION. LaJvrence G. 

P. ~0s” 
. . 

w w. * (Span: 
Pasicia A. Deusterl. Ahepa General Hospital, Thessalonti, md 
BPB/NIMH.Be&sda, MD 20892. 

The effect of alternate monthly cycle ad&nislfWion of two cardiot0xic 
chemotherapeutic agents Epirubicin and Mi&xantro~ on plasma atrial 
natriuretic peptide (ANP) and arginine vasopressin (AVP) secretion was 
studied in 7 patients with metastatic breast cancer. A 20 to 40 min infusion 
of either drug in 180 ml of 5% dextrose was administered (80 m&2, and 
12 mg@ respectively). Blood samples were collected in EDTA 20 min 
before the infusion @%I), at the end of the infusion (EI) and 20 min after the 
end of the infusion (PI), far determination of plasma ANP and AVP levels 
by RM. Plasma conantrations of Na, K, Ca remained in the noxmal 
range, Both agents induced an increase in ANP with a parallel decrease in 
AVP. 

EDirubicin 
ANp@gW) AwP@w 

BI 25.5&O 3.7M.5 23.Q2.7 3.820.6 
EI 50,3&10.8 2.9+0.5 42.9d3.1 3.2a.6 
PI 56.el0.7 2.94.5 43.1k5.7 3,5&0.6 
P value c 0.01 < 0.05 co. 10 < 0.05 

Adminislration of two different cardiotoxic chemotherapeutic agents was 
associati with ANP mtion. Whether this mpmsents a direct cardiac 
effect of these agents or is a result of the fluid infusion remains to be 
elucidated. 
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6.1 
EFFECT OF EPJDOTHELIAL CELL INJURY ON Vl4SQDILATLopJ OF SKELETAL 
MUSCLEARTERIOLES INVIVD. Akos Keller*: Michael S. Wolin, 
tird J. Messina andr Kaley, New York Medical College, 
Valhalla, N.Y. 10595 l 

To demonstrate the’role of endothelial cells (EC) in 
dilation of skeletal muscle microvessels, we injured EC in a 
40-50 ,um segment of third order arterioles (16.6Q.7 m) of 
rat crernaster muscle by eqloying the light/dye (Lt/D)tech- 
nique (Rosenblum et al. Stroke;l987:18:927). Impairment of 
EC and selectivity of the injury were assessed by topical ad- 
tinistration (100~1) of acetylcholine (ACH), known to cause 
EC-dependent relaxation of large vessels in vitro and adeno- 
sine (ADO), whose actions are not EC-depeaent. Increases in 
arteriolar di Fte_r6beforf injury were 5.3k2.0, 7.921.8, 15.3 
~S.Ojm to 1o--6 10 -J 1O- MACH, and 7.3k3.5, 11.9k2.9, 15.9 
f 4.lpm to 10 , 10 
injury lo-'M ACH 

10m4M, ADO, respectively. After L/p 
ca&d vasoconstriction (-2.8k2.5~); vase- 

dilation to 10m6 and 10d5M ACH was inhibited by 82% and 77%, 
respectively. In contrast, responses to ADo were unchanged, 
indicating that vascular smooth mscle reactivity was unaf- 
fected. In addition, after EC injury, arteriolar dilation to 
arachidonic acid was completely abolished. However, respons- 
es to prostaglandin (pG)E2 were still present. Arteriolar 
dilation to bradykinin (OJug) was decreased 57% by indeth- 
acin (lOpg/U and the remaining dilation was completely 
eliminated following L/D injury. These results indicate the 
L/D injury is specific for EC and that EC can fieediate arteri- 
olar dilation, via prostaglandins and/or other EC-dependent 
processes. Supported by NIH HL37453 6 Westch. Heart Assoc. 

6.3 

MODULATORY ROLE OF MAGNESIUM AND CALCIUM ON 
VASCULAR SMOOTH MUSCLE TONE BY ENDOTHELIUM- 
DEPENDENT AND ENDOTHELIUM-INDEPENDENT MECHANISMS. 
&f.E. 9 * * Gold*. G,M, Bu2R.E.s Ienarro 
Department of Pharmacology, UCLA School of Medicine, Los Angeles; 
CA 90024-1735 

The objective of this study was to determine the mle of magnesium (Mg) 
and calcium (Ca) on EDRF formstion/release and cGMP formation in 
bovine intrapulmonary artery (A) and vein (V). Rapid removal of 
extracellular (XC) Mg (1.2 &I) elicited E-dependent transient relaxation of 
prwontracted rings followed by sustained E-independent contraction. 
Relaxation and increased cGMP levels were blocked by hemoglobin and 
methylene blue. Relaxation was enhance-d by superoxide dismutase and 
M&B22948 and inhibited by pyrogallol. Removal of XC Ca (1.5 mM) 
reversibly inhibited &xation produced by removal of Mg; readdition of Ca 
prc&csd EDRFdependent relaxation with elevated CAMP levels. Removal 
of XC Ca (but not Mg) caused smooth muscle relaxation, not associated 
with an increase in cGMP levels. In bioassay studies, perfusates from A or 
V were superfused over 3 E-denuded strips of A or V. Removal of Mg from 
the perfusion medium enhanced EDRF formation/release. Removal of Ca 
inhibited EDRF formation/release. The data suggest that Mg and Ca 
function as physiological antagonists in the endothelium to modulate 
vascular smooth muscle tone elicited by EDRF and cGMP. (Supported by 
HL35014) 

6.5 
ENDQTHELIAL DEPENDANT VASOCONSTRICTION (EDCF) IM 
HUMAN SAPHENOUS VEIN IS PROSTAGLANDIN MEDIATED. 
Olav Thulesius 8t Hani Shuhaiber*, Faculty of 

l .  Medlclne, P,O, Box 24923 Safat, 13110 KUWAIT, 

Human saphenous veins were obtained from donor 
vessels for cardiac by-pass surgery. Control (C) 
and de-endothelialised (DE) ring preparations were 
tested in organ baths with isometric tension re- 
cording. Dose-response curves were calculated for 
norepinephrine (NE, 10-8-10-3M)a In contrast to 
arteries and as shown before (Thulesius et al,FASEB 
J 2:A 1481, 1988) the dose-response curves to NE 
were shifted to the left in C and the maximum res- 
ponse higher compared to DE, moreover acetylcholine 
(ACh) often induced a further constriction in pre- 
contracted rings, In 5 out of 6 rings addition of 
indomethacin shifted the dose-response curve to the 
right and reduced the maximum response, moreover it 
inhibited contraction to ACh and unmasked a relaxa- 
tion. A possible candidate for EDCF in veins is the 
new 9 alpha, 11 b-eta-Prostaglandin F-2, a vaso- 
constrictor and inhibitor of platelet aggregation 
(cf.Pugliese et al. Adv,Prostagland., Thromboxane 
& Leucotriene Res, 17: 50, 1987). The PG12-analogue 
iloprost did not induce contraction, 
Supported by Grant KU MR OlS/KFAS 87-07-02. 

6.2 
CHARACTERIZATION OF DIFFEXEXT ENWTHELIUM-DEPENDEEFT 
REZAXING FACTORS RELWSED FROM CANINJZ ARTERfES 
N.A. Flavahan*and P,M. Vatioutte, Dept. of Physiol., 
Mayo Clinic, Rochester, MN 55905, U.S.A. 
The present experiments were performed in order to assess 
possible differences in the endothelium-derived relaxing 
factors released from canine arterfes. Rings of canine 
femoral and left circumflex coronary arteries were 
suspended for isometric tension recordTng in organ chambers 
filled with physiological salt solution, gassed with 95% 
02/5% C02 (37OC). In femoral arterfes, endothelium- 
dependent responses produced by acetylcholine, bra+kinin, 
UK 14,304 (alpha2-adrenergic agonist) and calcium ionophore 
(A23187) were not affected by incubation of the rings wfth 
a phospholipase A2 antibody (courtesy of L.H. Popescu), or 
by blockade of cytochrome P450 with metyrapone or SKF 525A. 
In coronary arteries, these interventions inhibited the 
endotheli&-dependent responses to acetylcholine, but did 
not affect the endothelium-dependent relaxations evoked by 
bradykinin, UK 14,304 and A23187. Bioassay experiments 
suggest that the endothelium of both arteries release a 
cytochrome P450 metabolzte in response to muscarinic 
stimulation but that the femoral artery is relatively 
insensitive to the factor. In both arteries, A23187 and 
activation of alpha2-adrenergic and bradykinin receptors 
stimulate the release of a distinct factor, unrelated to 
the metabolism of arachldonic acid. 

6.4 
SUPEROXIDE ANION MEDIATES ENDCrmELIUM-DEPENDENT CONTlWCTIONS 
TO CALCIUM IONOPHORE A23187 IN THE CANINE BASILAR ARTERY. 
Z.S. Katusic and P.M. Vanboutte.. Mayo Clinic, Rochester, 
MN 55905. 

The calcium ionophore A23187 causes endothelium-dependent 
contractions in canine basilar artery. The present 
experiments were designed to determine whether or not 
superoxide anion is the endothelium-derived contractile 
factor mediating this response. Rings with and without 
endothelium were suspended for isometric tension recording 
in Krebs-Ringer bicarbonate solution. In rings with 
endothelium contracted with uridine 5'-triphosphate (UTP), 
A23187 caused concentration-dependent, endothelium-dependent 
further increase in tension. Removal of the endothelium, or 
treatment with indomethacin, superoxide dismutase, Or 

superoxide dismutase plus catalase did not affect the 
contractions to UTP, but abolished the endothelium-dependent 
contractions to the calcium ionophore. Catalase and 
deferoxamine did not affect endothelium-dependent 
contractions to A23187. Superoxide anion generated by 
xanthtne plus xanthine oxidase, in the presence of catalase, 
caused contractions of the rings without endothelium, which 
were abolished by superoxide dismutase, or inactivation of 
xanthfne oxidase by heat. These results suggest that 
superoxide anions generated by the hydroperoxidase function 
of the endothelial cyclooxygenase, is the endothslium- 
derived contracting factor released by A23187 in the canine 
basilar artery. 

6.6 
PKRTUSSIS TUXIPI INHIHTS EHTXKHELIUH-DEPENTJm RESPONSES IN 
CANINECOROHARYARTERIES 
P.H. Varihwtte. H. Shimokawa* and I3.A. Flawhan*. Dept. 
Physiol., Nay0 Clinic, Rochester, m 55905, U.S.A. 
The present experiments were performed in order to evaluate 
the effect of pertussis toxin, an inhibitor of Gi protein 
function, on endothelium-dependent responses in canine 'Left 
circumflex coronary arteries. Arterial rings were 
suspended for isometric tension recording in organ chambers 
filled with physiological salt solution, gassed with 95% 
02/ 5% co2 (37OC). In arterial rings contracted with 
prostaglandin F2,, p ertussis toxin inhibited the 
relaxations evoked by UK 14,304 and by acetylcholine, but 
did not affect the relaxations produced by bradykinzn, 
adenosine diphosphate or by the calcium ionophore A23187. 
The potassium channel antagonists, procaine, quinidine and 
4-aminopyridine also inhibited the relaxations produced by 
UK 14,304 and by acetylcholfne but did not affect the 
relaxations produced by bradykinin, adenosine diphosphate 
or A23187. The results suggest that the effects of 
certain endothelial receptors are mediated by activation of 
the pertusais toxin-sensitive Gi-protein. The Gi-protein 
may initiate endothelium-dependent relaxation by activating 
potassium chaMels* 
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6.7 

EFFECT OF ENDOTHELIUM ON THE BLUNTED RESPONSES TO ADRENERGIC 
AGENTS IN MESENTERIC ARTERY RINGS OF TERM-PREGNANT RATS. 
A. Parent*, J. St-Louis and EL Schiffrin. Clinical 
Research Institute of Montreal. Montreal, Canada HZW lR7 

Concentration-response (C-R) curves to adrenergic agents 
were measured on rings of the mesenteric arteries of 
non-pregnant and Zl-day pregnant rats. In the latter, the 
C-R curves to norepinephrine (NE) phenylephrine (PE) were 
significantly shifted to the right by comparison to rings of 
non-pregnant rats. Maximum responses to each agent were 
similar in the two groups of tissues. In PE (0.3 PM) 
pre-contracted vessels, the C-R curve to isoproterenol was 
not significantly different in the two groups. The pD 's of 
PE and NE were inversely related to the presen e of ? 
endothelium. A drop of one unit of the pDp of each agent was 
calculated from the total absence to the full presence of 
functional endothelium. This relationship (pD vs, endo- 
thelium) was similar in slope in tissues from zl on-pregnant 
and pregnant rats, but the intercepts were significantly 
different. The sensitivity of the rings to isoproterenol 
was proportional to the presence of endothelium, but the 
curves were similar in both groups of tissues. These results 
demonstrate that the sensitivity of mesenteric artery to 
adrenergic agents depends on the presence of the endothelium 
in tissues of both groups of rats, The endothelium of 

mesenteric arteries is not involved in the blunted responses 
to a-adrenergic agents during pregnancy. 

DIFFERENTIAL EFFECTS OF CHRONIC ESTROGEN-TREATMENT ON 
ENDOTHELIUM-DEPENDENT AND INDEPENDENT RESPONSES IN RABBIT 
ARTERIES. WI Miller and PM Vanhoutte Dept+ Physiol., Mayo 
Clinic and Fndn., Rochester, KN 55905; USA. 

Chronic treatment with e?trogens can alter endothelium- 
dependent relaxations, sensitivity of adrenergic receptors 
and synthesis of prostanoids. In order to determine- whether 
such changes occur with uniformity throughout the 
vasculature, rings of aorta and carotid arteries from 
estrogen-treated and untreated rabbits were suspended for 
isometrtc force measurements in vitro. Estrogen- treatment 
increased the sensitivity of aortas but not carotid arteries 
to norepinephrfne. Endothelium-dependent relaxations to 
acetylcholine (in the presence of indome that in) were 
unaffected by estrogen-treatment in either artery. HowevW, 
endothelium-dependent relaxations to the calcium lonophore 
A23187 were enhanced in aortas from estrogen- treated 
rabbits. Arachidonic acid initiated endothelfum-dependent 
contractions in both arteries; these were augmented by 
estrogen-treatment only in aortas. Prostacyclin initiated 
contractions of the smooth muscle in both arteries, which 
were enhanced by estrogen-treatment in aortas. These 
results indicate that chronic treatment with estrogen 
affects adrenergic and endothelium-dependent responses 
differently depending on the anatomical origin of the blood 
vessel. Estrogen-treatment can alter both the production 
and the sensitivity of the smooth muscle to prostaglandins. 
(Supported in part by NIH 31183 and AHA MN 85-F12.) 

6.9 
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DIETARY MODULATION OF ENDOTHELIUM-DEPENDENT RESPONSES TO 
AGGREGATING PLATELETS TN PORCINE FEMORAL VEINS. )c. Komori*, 
HI. Shimokawa* and P.M. V@outte, Department of Physiology 
and Biophysics, Mayo Clinic, Rochester, MN 55905, U.S.A. 

ROLE OF ENDOTHELIUM IN EXPERIMENTAL HEART FAILURE: 
=WLYCERJN IN CORONARY & PERIPHERAL BLOOD VESSELS J.Main* 
C. Forster. P. Armstronq*. Univ.of Toronto, Ontario, M5S IA8. 

To study the effects of high-cholesterol diet or dietary 
fish oil on endothelium-dependent responses in veins, 
Yorkshire Pigs were fed a regular diet, 2% high- 
cholesterol diet (for 10 weeks), or regular diet plus cod- 
liver oil (30 ml/day for 4 weeks). Endothelium-dependent 
responses were examined in vitro in rings of porcine femoral 
veins. Ip control pigs, aggregating platelets caused 
endothelium-dependent relaxations, which were mediated 
mainly by adenosine diphosphate (ADP) and serotonin. In 
cholesterol-fed pigs, the platelet-induced relaxations were 
not altered, while fn oil-fed pigs the endothelium-dependent 
relaxations to platelets, ADP and serotonin were augmented. 
In quiescent rings, platelet-induced contractions were 
significantly reduced in rings with endothelium taken from 
oil-fed pigs, while they were comparable in rings without 
endothelium among the three groups. Relaxations to the 
calcium fonophore A23187 or sodium nitroprusside and 
contractions to potassium chloride were comparable among the 
three groups. These results indicate that in porcine 
femoral veins, hypercholesterolemfa does not affect, but 
cod- liver oil facilitates the endothelium-dependent 
relaxations to aggregating platelets due to the augmented 
responses to ADP and serotonin. 

The influence of the endothelium on vascular relaxations 
in Heart Failure (HF) is unknown. Accordingly, we investigated 
the role of the endothelium in modulating nitroglycerin (GTN) 
responses foIlowing pacing-induced heart: failure. The potency 
of GTN on endothelial intact (I) & denuded (D) rings of canine 
circumflex artery (CX) & saphenous vein (SV) was examined in 
precontracted vessels (n) from 5 control (C) and 5 HF dogs, 
EC50 (x&sem:nM) & maximum % relaxation (x_+sem) for GTN are 
shown: HE 

I/SV 14 
zif 

1: 
Es!2 Ma& 

5OO*:I 50 66_+6 61+12 h 75&3 h 
D/SV 5 28Okl50 55*5 4 30*13*" 88+2*" 
I/CX 13 7.7&l .3 1 oofl 16 7.6kl.l 100&l 
D/CX 14 3.3kl.l' 1 OO+o 16 4.4&l* 1 oo+o 
l p<O.O5 D vs I, *p<O.O5 HF vs Control 
Because denudation in both C & HF rings enhances the relaxant 
effect of GTN, we conclude that the endothelium plays an 
inhibitory role in GTN relaxations in the CX and SV. At HF, 
the high potency & efficacy of GTN in the CX is unaltered in 
contrast to the SV which becomes more sensitive, The greater 
selectivity of GTN for the CX in C & HF rings and the enhance- 
ment of I the SV response at HF, may reflect a lower activity 
level of the cGMP messenger system in the SV, relative to the 
CX. Supported by the Ontario Heart & Stroke Foundation 

7.1 

RYANODINE DOES NOT ELIMINATE THE SR Ca CONTENT IN 
RESTING RAT OR Na LOADED RABBIT VENTRICULAR MUSCLE, 
Donald M. Bers and David M. Christensen* University of California, 
Riverside, CA 9252 1. 

In rabbit ventricular muscle (Rbt V) rest decay of twitches and 
loss of SR Ca content (based on rapid cooling contractures, RCCs) are 
greatly accelerated by ryanodine (Ry) (t -90 s + 1 s) and rapid 10~s of 
cellular Ca during rest with Ry is obse k ed with Ca-microelectrodes 
(Bers et al., Can.-& Ph s. Ph&m. 65:610-618, 1987). Rousseau et al. 
(Am. J.Physiom53. 364-C368, 1987) also reported that Ry “locks” d+ 
the SR Ca-release channel in a partially open state, We hypothesize 
that during rest, Ry allows the SR Ca to leak into the cytoplasm where 
it can normally be rapidly extruded by Na/Ca exchange. When Rbt V is 
Na-loaded by Na-pump inhibition, Ry no longer abolishes RCCs induced 
after rest. In rat V, rest resuks in potentiation of the twitches and 
RCCs and the cells gain Ca during rest. Rat V also has a higher restin 
Nai activity than Rbt V (Shattock and Bers, Bi0phys.J. 53&O&,1988 !  
favoring Ca entry via Na/Ca exchange at rest. Here we show that 
where Ry abolishes RCCs in Rbt V, Ry only partially inhibits RCCs in 
rat V. If rat V is exposed to low [Cal, during rest (4OpM), then rest 
decay occurs and RCCs are abolished by Ry. However, simultaneous 
reduction of [Ca 
RCCs similar to bl 

and [Na], (at constant [Na]3l[CaD with Ry results in 
ose in control Ry solution. These results support the 

above hypothesis and suggest that Na/Ca exchange is a critical 
determinant of the loss of SR Ca in both the absem=e and presem=e of 
RY* Furthermore, it appears that the SR Ca-pump can, under some 
conditions, keep up with the SR Ca “leak” induced by Ry. 

canbrol 57.el.7 37,%1,0 141.2k2.6 58,&2.6 0.32N.03 
Tkmplmt 26.e3.1 22.lk3.6 8O.t&9.5 23.e3.0 0.27fl.04 
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7.3 

CONTRACTILE DYSFUNCTION IN SKINNED RAT PAPILLARY MUSCLES 
FOLLOWING HYPOCHLOROUS ACID OXIDATION D.W. ELEY,* H. FLISS,* 
AND B. KORECKY. UNIVERSITY OF OTTAWA, OTTAWA, CANADA, 
KlH 8M5 

Hypochlorous acid (HOCL) is a powerful oxtdizing agent 
generated by activated neutrophils, and may contribute 
substantially to the cellul& necrosfs aft& reper fusion 
ischemic myocardium. Isolated . rat pap illary muscl es 

of 

contracting isometrically developed contracture when exposed 
to HOC1 (300 uM) for 80 minutes. These muscles were then 
chemically skinned (5 mM EDTA, 0.1% Trfton X 100) and stored 
(50% Glycerol, 5 mM EDTA, 20 mM Imidazole) at -20” C for up 
to 4 weeks. TRsion development was recorded (32" C) at 
increasing [Ca ] (pCa 9 to 4) by altering the Ca/Ca-EGTA 
ratio. When compared to control (no HOCl) skinned muscles, 
the oxidized skinned muscles developed less maximal tension 
(p<O.O5 at pCa 5.0), suggesting that the cant racti le proteins 

were damaged. The pCa/relative tensi .on curve s wer e not 
different, suggesting that the sensitivity of the myofibrils 
to calcium was not altered. Protein SH (P-SH) levels were 
significantly lower fn the HOC1 treated muscles. 
Dithiotreitol (DTT 1 mM) treatment produced a restoration of 
P-SH, which correlated wfth a significant restoration of 
contractile function. We conclude that the decline in 
mechanical function observed in thf .s oxidized skinned 
papillary muscle preparatfon is due in part to an alteration 
of the P-SH redox status within the contractile proteins 
themselves. 

7.5 
THE TIME COURSE OF MYOCARDIAL STIFFNESS: DIFFERENCES 
FROM THAT OF VENTRICULAR ELASTANCE. 0. Nwasokwa* and 
M. Bodenheimer* (SPON:N. rmm ). Long Island Jewish 
Medical Center, New Hyde Park N.Y. llO42. 
Defined as the slopes of isochronal curves, myocardial 
stjffness and ventricular elastance are analogous. We 
therefore studied the time course of isometric 
stiffness, S(t), in 7 in-situ canine papillary muscles and 
contrasted it with the known time course of ventricular 
Isovolumetrti elastance, E(t). We recorded the time 
course of isometric force, F(t), at successive lengths 
above and below Lmax under servo contro1; plotted 
isochronal F-L curves at Zmsec htervah with a 
computer and fitted them with plynomials. For each 
twitch, we computed S(t) as the slope of tiochronal 
curves, (dF/ iL), at successive points, 2 msec apart, 
where they intersected its F(t) curve. Whereas 
isochronal elastance is constant, isochronal stjffness 
increased with muscle length over most length rarges. 
Developed stiffness peakd at a mean length (&SD> of 
8'7.8k3.4% Lmax Between 76.346.134 Lmax (designated Lmin) 
and Lmax, S(t) increased with the duru contraction 
and decreased with relaxation. Below Lrnti and above 
Lmax S(t) decreased with contraction and increased with 
relaxatbn At Lmin and at Lmax, S(t) was constant 
throughout the twitch Thus S(t) varies with length but 
E(t) is known to be almost invariant with volume. 

7.7 

HYPERTROPHY DOES NOT ENHANCE CARDIAC FUNCTION IN KT.T.0 IN 
AGED RA9X vvt*. Julie A. l 

*  OtMe& . Kagn A, Esser+ and 
P. Whit& Department of Kiuesiology and Institute of Gerontology, The 

University of Mi- Ann Arbor, MI 48109-2214. 
My-dial function in vitro and myosin heavy chains (MHCs) were studied in 

hypertrophkd hearts of adult (9-10 mo) and aged (25-B mo) female F344 rats. 
Seven d&s after constriction ofthe z&ding a& hearts from experimentai and 
age-matched mntrol rats were removed under ketamine/rompun anesthesia. 
Iktional measure were made in an isolated perfused work& h&t preparation. 
Left ventricular mass of aged control hear&s was 127% of the adult control value 
(484 + l2 mg; X + SEM). Aortic-constktion haeased left ventricular mass to 110 
and 112% of-control vaIues in adult and aged rats, respectively. Peak left ventricular 
pressure development in tim was 150 & 7 mmHg in adult control hearts and did not 
differ due to age. Following aortic-constriction, there was a trend for peak left 
ventricuk pressure to increase in adult rats (p 5 0.17) and decrease in aged rats 
(p s 0.08), resulting in a significant interaction for this variable (p 5 0.05). 
Maximum rate of pressure development in control hearts of aged rats was 75% of the 
adult value of ll,264 + lJ2'7 mmHg/sec and was not affected by hypertrophy at 
either age. a-MHC acGounfed for 83 2 1% and 46 + 3% of the total left ventricular 
MHC for the adult and aged control groups, respectively, Hypcrtrophy had no effect 
011 the percentage of left ventricular a-MHC in the adnIt cohort, but increased the 
variance 5-fold in the aged group. The adaptive responses of the myocardium to 
aortic-wutriction differ in an age-related manner, and the capacity for pressure 
development in vibv is not e&&din heartsof aged rats. 

Supwed by Ante&tan Heart Assmiatiun of Michigan and NIH AG-06130 and 
A-114. 

7.4 
CHANGES IN CARDIAC ACTOMYOSIN WIT8 HALOTHANE AND ISOFLURANE 
ANESTHESIA. Theodore J. Schmahai a& Wio A. Inchiosa, 
Jr., Departments of Pharmacology and Anesthesiology, New 
York Medical College, Valhalla, NY 10595 l 

Rat (Fischer 344) cardiac actomyosin (ACTO) was isolated 
following halothane (HAL) and isoflurane (ISO) anesthesia. 
Intrinsic ACT0 turbidity and ATP-induced superprecipitation 
(SPPT) were measured. HAL exposure at O-2-1.4% for 4 hr and 
cumulative days (l-3) of exposure to 1% HAL (4 hr/day) were 
studied. ACT0 turbidity and SPPT showed dose- and time-re- 
lated changes: initial turbidity increased (p<O.OOl), rate 
of aggregation increased (p<O.O5), time to peak aggregation 
decreased (p<O.OOl), and area under the time-turbidity curve 
decreased (p<O.OOl), indicative of a more intense and rapid 
interaction, HAL-induced changes in ACT0 turbidity and SPPT 
exhibited a time-dependent reversal over a 4-15 day period. 
Semi-log regression curves of recovery were all significant 
(p<O.Ol). The th's of recovery ranged from 5 to 10 days; 
this is consistent with contractile protein turnover in the 
heart. Biochemical analyses (ionic strength precipitation, 
lipid content, gel ffbtration chromatography, SDS gel 
electrophoresis and F NMR) revealed no differences 
between ACT0 from control and HAL-exposed rats. Effects on 
ACT0 turbidity and SPPT were less with IS0 anesthesia 
(1.0-2.00 for 4 hr). HAL anesthesia induced a higher 
initial state of aggregation of ACT0 and an accelerated 
SPPT, which reversed in viva with protein turnover. 

7.6 

Thermodynamfc Studies on the Interaction of ADP with Norma.1 
and Thyrotoxic Cardiac Myosins. G. Kaldor 6 D. Hoak 
VAMC, Allen Park 48101 & Dept. of Pathology 
Wayne State University, Detroit, MI 
We studied the heat production of rabbit normal and thyrotoxic 
cardiac myosins at varfousnu'cleotide (ADP) concentrations 
25OC and 15*C+ In the presence of a large ADP excess, and 
at 25*C, the enthalpy of ADP-myosin interaction was -13.0 Kcal 
.mol al for the normal and -17.5 with the thyrotoxic myosin. 
The free energy change of the same interaction was -6.5 and 
-5.5 Ecal.mol-l with the normal and thlrotoxic protein respect- 
ively. The entropy change of the ADP-myosin interaction was 
21.8 with the normal and 43.60 cal.K'l.mol with the thyrotoxic 
cardiac myosin. 
cal.K-l.molll 

The heat capacity change was -240 and -350 
with the normal and thyrotoxic proteins respect- 

ively. In general the ADP- cardiac myosin interaction was 
characterized by a large negative enthalpy change suggesting 
a conformational change. The large decrease of heat capacity 
and increase of enthalpy may be connected to a hydrophobic 
effect in connection with the conformational change. The 
thyrotoxic cardiac myosin-ADP interaction showed qualitatively 
similar but significantly larger changes of these 
thermodyamic parameters than did the normal protein, 

Supported by a VACO Grant 

7.8 

MECHANISM OF NEGATIVE STAIRCASE IN RAT VENTRICULAR 
MYOCARDIUM. R. Bouchard* and D. Bose, Depts. of Pharmacol, & Therap, 
Anesthesiology and Internal Medicine, Univ. of Manitoba, Winnipeg, Man, 
Canada, R3E UW3 

A progressive increase in stimulus frequency (Fs) results in a positive tension 
staircase in the myocardium of most species studied. However, in rat cardiac 
musde increasing Fs causes a progressive reduction in tension development. This 
raises the question of whether the negative staircase is i) due to decrease filling of 
the sarcoplasmic reticulum (SR) as a resuIt of a reduction of transsarcolemmal 
(TSL) Ca entry with the faster drive rates or ii) due to overloading of the SR due to 
increased amounts of Ca entering the cell at the faster stimulation rates. To test 
this hypothesis we used post-rest tension development (RT) and rapid cooling 
contracture (RCC) at different external Ca concentrations to guage sarcoplasmic 
reticular (SR) Ca release and storage. Increasing Fs from 0.2 to 0.5 or 1.0 Hz 
resulted in a significant decline in peak isometric tension development in 2.5 mM 
external Ca When the external Ca was lowered to 1.25 mM, the contraction 
amplitude in response to a steady stimulus tram at different Fs was reduced but the 
pattern of response was similar to the one seen at the higher external Ca 
concentration. Increasing Fs was found to significantly enhance the RT and RCC 
after 30, 120 and 240 seconds rest at both external Ca concentrations which is 
consistent with increased loading of the SR with Ca rather than under-loading. In 
summary, the negative tension staircase accompanying increasing Fs is inversely 
related to the changes in SR Ca content and release as measured by RT and RCC, 
Since a period of rest is needed to demonstrate the Fs-dependent increase in SR 
Ca poo1 size in the rat, these data suggest that decreased filling of the SR may not 
be the cause of the negative staircase in the rat heart. The results are consistent 
with a frequency-dependent decrease in release of activator Ca from the SR release 
site in the rat. Supported by the MRC of Canada and Manitoba Heati Foundation. 
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7.9 
Hum--CYCLE TRIGGERED JET VENTILATION (CTJV) DURING ACUTE 
PULMONARY VASCULAR HYPERTENSION (PVH), J.M. Maarek, R. 
Naeije, and H.K. Chang, Biomedical Engineering Dept., Univ. 
of Southern California, Los Angeles, CA 90089. 

In order to examine the effects of CTJV on pulmonary 
hemodynamics during PVH, we gradually raised pulmonary artery 
pressure (PPA) to 25, 35 and 45 mmHg in 7 dogs by injecting 
controlled amounts of glass beads (0.15 mm diameter). Pres- 
sures in the 2 ventricles (RVP and LVP), aortic pressure, 
cardiac output (CO), RV end-diastolic vqlume (EDV) and pul- 
monary vascular impedance were measured during brief apneic 
pauses and while the animals were jet-ventilated, The timing 
of the jet was synchronized to the heart rate (HR) and ad- 
justed to occur during 1 of 4 phases: early or late systole, 
early or late diastole. Although CO was invariant when PPA 
was raised, stroke volume (SV) decreased linearly while 
diastolic RVP and EDV nearly doubled when PPA was 45 mm Hg. 
Characteristic impedance dropped by 50% when PPA was raised 
to 25 mm Hg and changed more moder ,ately afterwards. No 
ma rked differen .ce existed between apnea and CTJV but HR in- 
creased slightly and RV diastolic pressure and EDV decreased 
when the inflations occurred during systole. We conclude that 
cardiac function is minimally disturbed by CTJV but that CTJV 
brings no hemodynamic improvement during PVH. (Supported by 
NHLBI Grant HL-36908). 

7.10 
MYDCARDIAL RESPONSE TO ISOTONIC CONTRAST MEDIA DURING 
CORONARY ANGIOGRAPHY IN THE DOG. P. Millet *, M. Sestier *, 
A.M. Donadieu *, B. Bonnemain *. f. Sestier. Notre-Dame 
Hospital, Montreal Quebec, Canada, H2L 4Ml 

Hemodynamic etfects {HE) of a 10 ml sliw injection of 3 
low osmolar contrast media (LOCM): sodium-meglumine Ioxa- 
glate (IQXA), Iohexol (TUNE), Iopamidol (IOPA) and an isoto- 
nic saline solution (ISS) were studied during left coronary 
angiography (LCA) in 10 anestized dogs. IOXA is an ionic 
LOCM with physiological sodium concentration. IOHE and IOPA 
are non ionic LOCM (NI) with no sodium. Aortic flow and 
heart rate were not significantly altered by any solution. 
A biphasic variation (short decrease followed by an increase) 
of myocardial contractility (MC), left diastolic ventricular 
pressure (LDVP), first derivative of LDVP (dP/dt max) and 
systolic aortic pressure (SAP) was observed. Every LUCM 
increased LDVP, dP/dt max and decreased SAP more,than ISS. 
IOHE increased LDVP more than IOXA, and decreased'SAP mOre 
than IQXA and IOPA, NI increased dP/dt max more than IOXA. 
NI increased MC, SAP and decreased aoptic arterial resis- 
tance more than ISS, whereas IOXA did not. Ionic LOCM 
seem to be safer in animals than MI. We conclude that sodium 
concentration close to physiological values minimize HE 
during LCA. 

7.11 

REGIONAL AND GLOBAL LV PRESSURE VOLUME LOOP AREA IN IN SITU 
CANINE HEARTS USING FAST CT. Namsik Chung”, Xuesi Wu* and 
Erik L. Ritman. Mayo Medical School, Rochester, MN 55905 

We have confirmed that the relationship (R) (described by 
Suga et al> between LV pressure volume loop area (PVA) and 
myocardial oxygen consumption (mVO2) is linear in anesthe- 
t ized, closed chest intact dogs (N. Chung et al: The Physi- 
ologist 30(4):154, 1987). To evaluate regional LV PVA and 
mVO2 R, 11 dogs (8 control, 3fl-block) were anesthetized with 
fentanyl and droperidol and ventilated with an N20/02 mix- 
ture. Regional LV chamber volume (cross-sectional area of LV 
chamber x thickness of slice scanned) were measured from fast 
CT (DSR) images of the whole LV at 33msec intervals through- 
out a cardiac cycle. The cardiac chambers were opacified 
with a right atria1 injection of nonionic contrast agent 
(Iohexol 30~~). LV pressure was measured using a catheter 
tip micromanometer. PVA was varied by inflating a balloon in 
aorta or in inferior vena cava. Myocardial blood flow (MBF) 
was measured by radiolabelled microspheres and mVO2 was cal- 
culated from the product of coronary arteriovenous difference 
of blood 02 content and MBF. Global PVA (Y) related to re- 
gional PVA (X) as YeO.52 x +12.0, r=0.787. For an hypotheti- 
cal, spherical, LV we would expect the slope of the R to be 
0.67. Under control conditions LVmVO2 (Y), in mjoule/gm/ 
cycle, related to regional PVA (X) value as Yz2.47 X +4.33, 
rz0.701 (n=24). With/3-block, Y-2.31 X -1*49, rm0.904 (n=9). 
We conclude that like global PVA to mVO2 R a linear regional 
LV PVA to mV02 R exists and it changes similarly with&block. 
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MRYNGEAL CONTROL OF AIRFLOW AND VOLUME AFlXR 
CESAREAN SECTION BIRTH IN MOBS, Alastair A, Hutchiso * 
John A, Wozniak,* Randal A. Otto,* Haan Go Choi.* Philix, C, Kos?Ih, 

obert M. Ab anq Univ. of Florida Gain&le Fl 32610 
The aimr of this stud was ;o determink ;he 

diaphragmatic control of ai ri 
la& eal 

H 
and 

ow pattern in newborn lambs. n 6 fetal 
sheep, mean gestational a e 133 + /-0.2 (SE) days, thyroaqtenoid ETA], 

$” 
terior cricoarytenoid f PCA] and diaphragmatic electrodes and a 

rachial arterial catheter were placed. After 7 days, the lambs were 
delivered by cesarean section (with s inal 
with a neumotacho 

K f 
aph applie . B 

anesthesia) and a face mask 
The lambs (3M:3F; mean 

birthweig t 3.4+ /-0.3 g) were asph ‘ated at birth and 4 required 
intubation. They were studied aw ar e, prone with their heads in a 
neutral posture. After the onset of sustamed spontaneous respiration, 
the airflow pattern in each lamb was characterized, in early expiration, 
by zero or vear zero flow, coincident with TA activity but without 
draphragmatrc post-inspiratory ins iratory activity. Expiratory PCA 
activity was recrprocal to that of 1p 
minimal e 

A, decreasing during the period of 

during the “p 
iratory flow but evident when exprratory flow increased 

braked 
atter part of expiration. Sighs augmented the expiratory 

P 
attem and initially resulted in increases in end-expiratory 

volume EN). By 3.5 hours, in 5 of the 6 lambs, the markedly braked 
pattern was absent, being replaced by decreased TA activity and 
increased expiratory PCA activity, The change in respirato attern 

if! $dp”,“:, appear to be related t,o, differences in temperature, p , aC0 

? 
. After birth, actrvrtres of laryngeal muscles are tern 

ii 
oral y I2 

related o the patterns of airflow and volume and to increases in EV. 
(Supported by an ALJLF grant and NIH grant HL39858-01.) 

8.2 
THE PULMONARY CHEWREFLEX IN NEWBORN RABBITS. Teresa 
Trippenbach, Dept. of Physiol., McGill Univ., Montreal, 
Quebec, Canada H3G lY6. 

This study was performed on six one-day-old rabbjts 
anesthetized with urethane. Diaphragmatic EdG (EMGdl), tidal 
volume (V,), esophageal pressure (P ) and blood pressure 
(P ) were recorded. 15 and 25 ~1 of lac?!k acid (LA) injected 
i&o a jugular vein only slightly increased minute 
ventilation IV 1, V 
Effidi. 50 ~1 LA (76gt' 

mean inspiratory flow (Vt/TI) and 
2 33 pi/kg) resulted in an increase in 

respiratory rate (fl with or without fncrease in end 
expiratory volume and a decrease in V (response I) followed 
by an intemittent phase of breath&y-breath increase in 
timing parameters (response II) and increased V,, V 
and EMGdi (response III). The first two Q 

, Vt/Ti 
respons s were 

vagally mediated, while response III remained qualitatively 
the same after vagotq. A decrease in Pb was dose dependent. 
LA did not affect the dynamic mechanical properties of the 
lungs. Our results may suggest that the pulmonary chemoreflex 
is mature at birth. However, the effective LA dose when 
normalized for body weight was about 8 times higher in 
newborns than that reported by others in adult rabbits. This 
low C-fibre sensitivity nray represent a protective mechanism 
against respiratory and cardiac disturbances during the first 
hours of life when the absorbtion of the amniotic fluid takes 
place in the lungs. (Supported by the MRC of Canada and the 
Hospital for Sick Children Foundation, Toronto). 
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EFFECTS OF XANTHINE AND ADENOSINE ANALOGS ON CONTRACTILITY OF 
THE NEWBORN RAT DIAPHRAGM. K.L. McGilliard and L.C. Farrell, Jacopo P. Mqrtola and Lfjing Xu*. Dept. of Physiology, M&ill 
Dept. of Zoology, Eastern Illinois Univ., Charleston IL 61920. univ., Montreal, Quebec, Canada, H3G lY6. 

We asked to what extent, within a species, differences in 
egg mass, hence in eggshell surface area and 0, conductance, 
could affect the development of the avian embryo. Large (L, 
about 70 g) and small (S, about 55 g) fertile chicken eggs 
were simultaneously incubated and the embryos studied at day 
18, i.e. before the onset of lung ventilation. Embryo mass 
and 0, consumption (90,) (measured with a manometric 
technique) normalized per mass of the freshly laid egg were 
higher in S than fn L, while no differences occurred after 
normalization by egg surface area (%A.). Egg water vapour 
conductance, which Is proportfonal to 0, conductance, was 
also found to be directly proportional to egg S.A. Hence, 
the mass and 80, of the embryo are more closely related to 
the 0, conductance of tie eggshell than to eggpss, giving 
support to the concept that the avian embryo's VO, is not an 
invariable species characteristic, but a variable dependent 
on 0, availability. Hatching and viability did not differ 
between 1 and S, and the specific mass of heart and lung and 
their cellular (DNA) concentration were also similar between 
the two groups of embryos. Therefore, differentiation of 
tissues and organogenesis do not seem to be affected by the 
dffferences in total 0, availability determined by the 
differences in egg mass, while they are probably more 
important than total tissue mass fn setting the time of 
hatching (Due. Lung Ass.). 

Methylxanthines (MX) are commonly used in the treatment of 
neonatal respiratory disorders. Certain MXs have been found 
to increase diaphragmatfc contractility and reduce diaphragma- 
tic fatigue in adult animals and man. The effects of xanthine 
and adenosine (ADO) analogs were tested on isolated, 
electrically-stimulated diaphragms from S- to 7-day-old rat 
pups to determine the role of ADO antagonism on diaphragmatic 
contractility in the neonate. Caffeine (CAF) (0.05 to 5 tnM) 
increased twitch tension in a dose-dependent manner in both 
directly and indirectly (phrenic nerve) stimulated diaphragms. 
Directly stimulated diaphragms had sfgnificantly larger 
responses to CAF than did indirectly stimulated diaphragms. 
Theophylline also produced a dose-dependent increase in 
tension in directly stimulated diaphragms. Enprofylline 
(EW t which lacks ADO antagonistic prope 
twitch tension at 1 mM. 6 ties, increased 

ADO (1 mM) and N -cyclohexyladenosine 
(CHA) (I mM) significantly inhibited contraction of the 
diaphragm, although the effects of ADO were transient, CHA 
reduced the response to CAF at all CAF doses, suggesting an 
antagonistic relationship. These data suggest that the MXs 
may stimulate diaphragmatic contractility by antagonism of ADO 
A receptors. The obsenration that ENP stimulates contracti- 
lity suggests that a second mechanism, perhaps inhibition of 
cyclic AMP phosphodiesterase, may also be involved. Supported 
by a PMA Foundation Research Starter Grant. 

8.5 8.6 

AIRFLOW LIMITATION IN NEONATAL CALVES WITH PULMONARY 
HYPERTENSION FOLLOWING CHRONIC HYPOBARIC EXPOSURE 
S.C. Inscore 9, K.R. Stenmark +, C.G. Irvin. Pulm. Phys. Unit, Natl. 
Jewish Ctr. for Immun. and Resp. Med. and CVP Res. Lab., U. of 
Cola, Filth. Sci. Ctr., Denver, CO -80262 

VOLUME RECRUITMENT AND AIRFLOW RETARDATION AFFECT MEASUREMENTS 
OF RESPIMTORY SYSTEM COMPLIANCE IN THE NEWBORN. 
F. Ratjen*, R. Unman*, AR Stark*, MEB Wohl. Department of 
Pediatrics, Harvard Medical School, Boston, MA 02115 

To assess respiratory system compliance (Crs) over a volume 
range exceeding the tidal volume (Vt), we used the expiratory 
volume clamping technique (EVC) [JAP 62: 2107, 19871 to study 
Crs in lohealthysleeping newborn infants during regular 
breathing. Volume changes were measured with a pneumotacho- 
graph attached to a face mask and confirmed by respiratory 
inductance plethysmography. A two port valve system was used 

Marked airflow limitation has been observed in human neonates 
with pulmonary hypertension. The neonatal calf chronically exposed 
to altitude develops severe pulmonary hypertension with functional 
and structural changes in the pulmonary artery. We postuIated that 
airways might be similarly effected. At birth, one of a pair of age- 
matched calves (N = 5 pairs) were continually exposed to hypobaric 
hypoxia (HH group) at 4300m simulated altitude; the other remained 
at 1500m (C group). Measurements of dynamic lung compliance 
(Cd ), 
co nrl 

resistance (RL), static end-inspiratory respiratory system 
p iance (CRS ) and mean pulmonary artery pressure (MPAP) were 

made in both groups at 4300m before and following cumulative doses 
of nebulized methacholine (0.6-100 mg/ml). After 2 weeks of hypoxia 

MPAP increased (HH:120*7 vs C:35*1.7 mmHg). 
~~~~~~~ (HH:4.87*0.56 vs C:2.60*0.19 cmH O/L/s, 

3 
p < 0.00%1 

further, Cd decreased (HH:0.079*0.008 vs 00. 
p < 0.05) Gthout 

05&0.01 L/cm H20, 

C:O.58*0.008 
signiJi;)nt 

L/cm 
change in Crs (HH:0.49*0~002 vs 

Or methacholine responuveness. 
HistologicalIy, circumfereitial increases of fibrous tissue and smooth 
muscle in large airway were observed with increases in smooth muscle 
in terminal bronchioles. Foliowing chronic hypoxia exposure in 
neonatal calves and associated with pulmonary hypertension, marked 
airflow limitation without hyperresponsiveness was observed, 
presumably due to fibrous proliferation of the central airways. 

&7 
THE EFFECTS OF CLINICAL DOSES OF A SURF'ACTANT 
SUPPLEMENTATION ON IMMATURE RABBIT LUNGS. Alan J. Mautone*, 
Mary B. Catalet<o*, Hala Chinoy* and Emile M. Scarpelli, 
Children's Hosp. of N.J., Newark; Research Center, 
Schneider Children's Hosp-LIJMC, New Hyde Park, N.Y. 

A bovine surfactant preparation (BSP) in clinical doses 
intratracheally was assessed in inanature fetal rabbits both 
by initial air volume-pressure diagram in vitro during 
high speed cinephotomicrography and in viva during 
mechanical ventilation at the onset of breathing. 
Comparison of BSP to control in vitro revealed: w 
Aeration of BSP group was more rapid and to higher volumes 
()2x) comparable to mature fetal lungs. (21 Volume 
acceleration, an index of recruitment, was 2x control. (3) 
Untreated lungs were unstable, while stability was 
established in BSP lungs by formation of intrasaccular 
bubbles with surfactant films of zero surface tension. 
Comparison in vivo -- revealed: (4) BSP lungs retained 275% 
Vmax at operational pressures in vivo, indicating high-risk 
to reduced pulmonary blood flow, impaired ventilation and 
parenchymal damage: (5) Bubble formation was not 
restricted to saccules, so that airways were frequenz 
occluded (possibly because BSP dose exceeded normal lung 
concentration of surfactant. Desired effects of BSP [(l-3)] 
result from formation of intrasaccular bubbles, Undesired 
effects [(4-5)J probably result from excess foaming of BSP 

DEVELOPMENT Of THE CHICK EMBRYO: EFFECTS Of EGG MASS. 

to allow selective expiratory occlusions. The pressure-volume 
relationship of the EVC maneuvers was compared to Crs during 
tidal breathing using the passive flow-volume technique (PFV) 
[ARRD 129: 552, 19841. The volume increase achieved by EVC 

with 3-8 breaths was 77 2 30% of Vt (AV? SD). Crs measured 
by the EVC technique was unexpectedly greater than during 
tidal breathing (&s + SD ml/cmH,O: EVC 6,41 2 0.94, PFV 4.05 
2 0.63 p(O.0005, paired t-test). In 6 infants we compared PFV 
to the multiple expiratory occlusion technique (MO) 1S.Afr.J. 
Med. 50: 128, 19761. In 5 out of 6 infants Crs measured by 
PFV exceeded Crs measured by MO firs f SD ml/cm HzO: PFV 4.17 
f 0.73, MO 3.19 2 0.32 p<O.Ol). In summary: (1) Crs increases 
above Vt, likely due to volume recruitment. (2) PFV gives 
higher Crs values than MO, possibly because of expiratory 
breaking following end inspiratory airway occlusions. Crs 
measurements must-therefore be interpreted with caution in 
the unsedated newborn. (Supported by NIH HL 34606 + DFG). 

8.8 
TH;HfFXTS OF AGING ON THE FUNCTION OF THE CAROTID BODY. 

M. Ikuta, P.A. Rechnitzer, D.H. Paterson, 
ror ACtlVirty and Aging, m  

The carotid hod Is known to partially control the level 
of steady state vent I lation during exercise and is an import- 
ant determinant of the rate of attainment of steady state 
ventilation after the onset of exercise. The purpose of this 
study was to determine the effects of aging o;$ht;;ptila- 
tory control function of the carotid body. con- 
sisted of 7 oung (Y,24+0.5y), 7 elderly (E,71+ .8), and 7 d 
trained elder 1 (TE, 70+0,9) men. Each subject performed two 
~z~ma;~~l I cyc e ergome:er tests at ox gen concentrations of 

21% and by eight minutes o P a constant workrate. 
(904 of ihe anaerobic threshold at 12% oxygen). The insfired 

gas was switched to pure oxygen for 30 second interva s at 
minutes 2.5 and 6 (modified Dejour's test). The kinetics of 
ventilation at the onset of the workrate and the magnitude of 
change of ventilation during the pure ox gen 
determined, A breath by breath system o 8 

intervals were 
analysis was used 

to determine the ventilation and 
The 

ulmonary gas exchange 
levels throu hout the exercise. P ower oxygen concentra- 
tions (X2%,1 %) 3 resulted in a faster change toward steady 
state ventilation at the onset of the workrate, and a lar er 
decline in the ventilation In response to the 

F 
we oxy en 

s 
T  or 

all three groups. There was a significant dif erence n both 
;L;tt;e respnsfs, between the Y and E (p=O,O18). The TE, 

had a slrmlar response to that seen in the Y. The 
results'indicate that the carotid body function is reduced in 
the elderly, by both parameters used in this stud . However, 
this change seems to be a reflection of inact vity rather Y 
than aging, 

Supported by NSERC Grant (~2787) 
and require further study. 
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8.9 
THE EFFECTS OF INHALED SALBUTAMOL ON RESPIRATORY MECHANICS, 
DEAD SPACE AND GAS EXCHANGE IN THE HORSE. L.R. Soma and A+ 
Baldock* l University of Pennsylvania School of Veterinary 
Medicine, Philadelphia, PA 19104 

Salbutamol, a fl2-agonist was administered by inhalation 
during a 4-minute period of rebreathing through a 1OL dead 
space. This was to assure a constant tidal volume. The 
first 3 horses were treated with the drug and the second 3 
with the saline. The procedure was later teversed, and 4*25 
and 8.5 mg were administered in this manner, Baseline (BL) 
measurements were made, followed by inhalation of drug or 
vehicle and measurements at 15, 30 minutes and 1, 2, 3, 4 
hours. The rebreathing method of administering the saline 
vehicle produced a slight decline in 
returned to BL within 1 hour. 

resistance (RL) which 
The dose of 4.25 mg produced 

a significant reduction from BL and from the saline controls 
for RL and significant increases in respiratory minute 
volume (i ) and respiratory flow (RF). These changes lasted 
for 1 hair. There were no changes in compliance (C 

fK 
), 

tidal volume (V > or 
T 

frequency. After the 8*5 mg, 2re 
were significan reductions in R 

k 
and transpulmonary pres- 

sure (Ptr) and increases in V,, F and VT. The RL changes 
were present for at least 4 hours; the other for only 1 
hour. The inhalation of 8.5 mg produced a significant 
increase in dead space (VT/V,) for the 4-hour study period. 
No changes were seen in O2 or CO2 gradients, blood gases or 
oxygen consumption. 

METABOLISM 

CYTOCHROME P-450 ACTIVITY IN HEPATOCYTE MONOLAYER CULTURES 
(MLC) TREATED WITH EPIDERMAL GROWTH FACTOR (EGF). mo;;imL 
Dickinson*, Shu-Whei Tsa& and Darrell & pbernethy 
Univ. , Division of Clinical Pharmacology, Providence, RI. 

Adult mammalian hepatocytes when placed in culture tend to 
dedifferentiate and express functions associated with fetal 
liver. Albumin production and activity of liver specific 
enzymes can be maintained for several weeks in serum free 
chemically defined medium. Cytochrome P-450 amount is 
maintained by the addition of specific inducing agents, but 
adult isozyme pattern is not. Eptdermal Growth Factor (EGF) 
is known to stimulate hepatocyte DNA synthesis, and prolong 
viability in MLC. To evaluate the effect of EGF on P-450 
activity in MLC, ethoxycoumarin deethylation (ECDE) was 
compared in nicrosomes prepared from adult rat hepatocytes 
cultured with 20ng/ml EGF in addition to standard growth 
medium. 

Control EGF 
Day 0 152+28 (100%) 152+28 (100%) 
Day 2 9.5 (6.3%) 5.2 (3.4%) 
Day 2 6.0 (4.5%) 9,8 (6.4%) 
Day 3 14.729.1 (9.7%) 8.9k5.5 (5.9%) 
Day 4 10.027.7 (6.6%) 5.7k3.8 (3.8%) 
Day 5 10.4k7.8 (6.8%) 4.9k.2 (3.2%) 
Day 6 16.6 (10.9%) 3,5 (2.3%) 

Microsomal protein and DNA content and protein to DNA ratio 
were similar in both groups, ECDE activity declined more 
rapidly in cells treated with EGF. This may be consistent 
with the previously described EGF mediated shift toward less 
differentiated forms of cellular function. 

9.3 
INFLUENCE OF AGING ON ETHANOL-INDUCED MICROSOWL DRUG HETABOL- 
ISH ACTIVITIES. L.S. Rfb and m*. Dept. of 
Phararacology, Univ. of Oklahoma, Okla, City, OK 73190. 

The effects of ethanol on drug rnetabolisrn have not been 
examined previously with respect to aging. The purpose of 
this study was to determine how aging affects the induction by 
ethanol of the hepatic eRicrosofiba1 rnonooxygenase system. 
Female Fischer 344 rats, aged 4, 14, and 25 months, were fed 
ethanol-containing or control liquid diets for 15 days, Liver 
microsomes were prepared and analyzed for cytochrome P-450, 
cytochroeae c reductase, aniline hydroxylase, p-nitrophenol 
hydroxylase, p-nltroanisole 0-demethylase and benzphetamine N- 
demethylase activities. Hicrosomal drug metabolism activities 
of rats fed the control diet decreased with age and were 25 to 
30% lower in old rats than fn young rats. Ethanol-induced 
activities, however, were 50 to 608 lower in the old rats. 
When considered on a body weight basis, old rats consulned less 
diet and less ethanol than did young rats. Thus, the induc- 
tion of drug metabolism activities was proportional to the 
intake of ethanol, In order to equalize ethanol Intake, a 
group of young rats was fed a diet with the ethanol content 
adjusted to produce the same intake as that of the old rats. 
The induction by ethanol in this group of young rata was the 
same as in the old rats. The results suggest that old rats 
are as susceptible as young rats to the effects of chronic 
ethanol intake on hepatic microsorrral drug metabolism. 
Supported by NIA Grant AGO4984 and a contract from OCAST, 

9.2 
OXYGEN DEPENDENCE OF ACETAMINOPHEN METABOLISM IN HEPATOCYTES 
FROM RATS EXPOSED TO CHRONIC HYPOXIA. T.Y. A+. A.H, 
Slllau. and D.P. Jones . Department of Biochemistry, Emory 
University School of Medicine, Atlanta, GA 30322. 

Chronic hypoxia was induced in rats by exposure to a 
controlled atmosphere of 12% 02 for 8-9 days. Freshly 
isolated hepatocytes were incubated with 5 mM acetaminophen 
for 30 min under- steady-state 02 concentrations, Glucu- 
ronidation, sulfation and conjugation with glutathione were 
markedly inhibited at low 02 concentrations. Formation of 
the sulfate conjugate was half-maximal (P50 value) at 1.8 PM 
02 compared to cells from normoxic (control) animals (3.8 PM 
02>, and the maximal rate (0.73 + 0.05 nmol/106 cslls/min) 
was 70% that of control. The PsO for glucuronide formation 
occurred at 2.0 PM 02, which is lower than that for control 
cells (4.5 FM 02), bum sfmilar to that for sulfation. Maxi- 
mal rate of glucuronidation (1.33 2 0.11 nmol/ lo6 cells/ 
mfn) was 68% of control. The P50 for glutathione conjuga- 
tion (4.0 PM 02) was similar to the control (4.5 fl 02>, but 
the maximal rate was 40% higher, consistent with an induc- 
tion of cytochrome P450 during chronic hypoxia. The lower 
P50 values for acetaminophen metabolism in hypoxic cells are 
consistent with a lower P50 for oxidation of mitochondrial 
cytochromes in these calls. The results suggest that during 
chronic hypoxia, impairment of glucuronidation and sulfation 
reactions may affect the disposition of other endogenous and 
exogenous compounds metabolized by these pathways. Support- 
ed by NIH grant GM 36538. 

9.4 
ME!rMoLfsM AND MWTAGENICITY QF 1,2,34RI -PANE. N.A. 
MahmmW, L.T. Burka* and H.L. Cunnim* (SpQN$ LA - 
m). Systemic toxicology, NTP, ME%, RTP, NC 27709. 

l,&%Trichloropropane (XP) is used as an ,iM?u&rial 
solvent Bhd degreaser. It has been reported to be a 
contermimt in some agricultural pesticides ti oa~ry) 
undergrwnd water supplies and has also been identified in 
sedimnts of the Great Lakes. Preliminary evidence from an 
NTp study of n3p toxicity ti carcinogenicity indicates that 
TCP administration results in an increased incidence of 
tars in r&e and femle F344 rats and B6C3F1 nricca. W@ 
have undertaken studies to (1) detetine the arstabolisra ti 
distribtion of WP(14-C) in F344 rats a& (2) identify 
mutagenic metablites. Foll&ng an acute exposure Of T8 
at 30 m@g (8-10 ~i/animal, p.o.), approximately 50,2O,and 
20% of the dose was excreted in the urine, feces amI as 
carbon dioxide respectively, at 60 hr. TCP derived 
radioactivity was most concentrated in liver, kidney md 
forestomach. m urinary metahulites wre isolated 

7 
IiPIX 

and identified as N-acetyl-S-(3-chloro-2-hydroqprw ) 
cysteine (ACPC) and 3-chloro-Z-hydroxyprogyl cysteine by 
NMFt, MSS spectroscopy and cmrison with synthetic 
stmdards. Studies of mtagenicity in the Mes assay using 
T.A 100, demnstrated Tcp to be mtagenic in the rerence but 
not in tie absence of S9 or microscms. r Mutagen city wm 
fourxl to decrease upon addition of glutathione. No 
mutagenicity was observed when urine or synthetic ACPC -IS 
added in the assay. The results iradicate the iarportant role 
of glutathione conjugation in the biotransformation of Tcp. 
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8.17 
Effect of Various Chemotherapeutic Agents Against 
B16BL6 Melanoma After Glutathfone Depletion Brian 
D. Thrall* and Gary G, Meadows. Washington State 
University, College of Pharmacy and Pharmacology/ 
Toxicology Program, Pullman, WA 99164-6510. 

The growth response of B16BL6 (BL6) murine melanoma 
cells to levodopa methylester (LDME), 1,3-(Z-chloroethyl)- 
l-nitrosourea (BCNU), dacarbazine (DTIC), and bleomycin 
(BLEO) was determined after depletion of intracellular 
glutathione by the thfol-modulating agent buthionine 
sulfoxfmine @SO). Exposure of BL6 cells to 50 uM BSO for 
24 hours depleted intracellular glutathione to less than 
15% of untreated cells. BSO was not toxic alone after 24 
hours exposure, but growth inhibition was observed at 48 
hours (24 hours after the BSO was removed from cells). 
Pretreatment of BL6 cells with BSO potentiated the cytotoxfc 
effects of all drugs tested. These studies emphasize 
the importance of intracellular glutathione in detoxification 
of chemotherapeutic drugs in melanoma cells and suggest a 
role for BSO as an adjuvant in chemotherapy of malignant 
melanoma. (Sponsored in part by American Institute for 
Cancer Research Grant #85B79 and National Cancer Institute 
Grant #CA 42465,) 

9.18 
DISPOSITION OF THE CALCIUH CHANNEL BLOCKER 
TIAPAMIL IN THE RAT. $ Nawoot*, K, Talluri*. 
D.C. Mays* and N, Gerbe;. The Ohio State Univ. 
Cal. of Med., Columbus, OH 43210 

Following a 10 mg/kg i,v, injection of 14-C 
tiapamil (specific activity 2.0 mCi/mmol) to the 
rat, an average of 30 and 67% of the total radio- 
activity was recovered in 72 hr urine and feces 
respectively. Highest concentrations of tissue 
total radioactivity 0.5 hr after i.v. injection 
of the same dose were found in the small 
intestine (32% of the dose) and the liver (23% of 
the dose). Tiapamil was extensively metabolized 
in the rat. only a small amount of the dose (< 
1%) was excreted in bile as tiapamil while 13% of 
the dose was excreted as tiapamil in urine in 24 
hrs. Reverse phase HPLC with ammonium formate/ 
acetonitrile gradient separated six major 
radioactive peaks in unhydrolyzed urine and bile. 
Hydrolysis with A-glucuronidase showed three 
major conjugated metabolites. Nortiapamil,a N- 
demethylated product of tiapamil, was a major 
metabolite recovered in urine and bile and 
accounted for 11% of the dose. 

BIOTRANSFORMATION I 

10.1 

MULTIPLE PATHWAYS FOR NEPHROTOXIC CYSTEINE CONJUGATE METABO- 
LISM IN RAT KIDNEY HOMOGENATE. James t. Stevens, Paul 8. 
Hatringer and Patrick Hayden (SPON: S. Lau). W. Alton Jones 
Cell Science Center, Lake Placid, NY 12946 

We have shown previously that S-(l,Z-dichlorovinyl)-L- 
cysteine (DCVC) is a substrate for L-amino acid oxidase 
(iAOx) and cystelne conjugate fi-lyase (CBL). In this 
investigation we have characterized the structure activity 
relationship for cysteine conjugate metabolism by LAOx. 
Also, the relative roles of MOx and CBl in the metabolism 
of cysteine conjugates by kidney homogenate were studied 
using aminooxyacetic acid (AOA) and Z-hydroxy-3-butynoate 
(2H38), selective inhibitors of CBL and lAOx, respectively. 

S-(1,2,3,4,4-Pentachlorobutadienyl)-L-cysteine (PCBC) 
and DCVC were the best substrates for IAOx. Several ali- 
phatic halogenated conjugates were poor substrates. AOA was 
ineffective as an inhibitor of LAOx but 2H3B was a potent 
antagonist while having no effect on CBL. Using these 
selective inhibitors, the relative roles of the two enzymes 
were assessed in rat kidney cortex homogenates. lAox 
contributed 30% and 40% of the metabolism of DCVC and PCBC, 
respectively. However, 2H3B did not block binding of 
["S]?abel from ["SJDCVC to cellular macromolecules. 

Based on previous studies (JBC 261, 15529, 1986) and 
these results, we suggest that in rat kidney homogenate as 
much as 65% of DCVC may be metabo?ized to its corresponding 
a-keto acid and only 35% by B-elimination. 

Lo.3 

BIOTRANSFORMATION OF 3,3’-DICHLOROBENZIDINE * BY PURIFIED, 
PORCINE LIVER FMVIN MONOOXYGENASE. M H, Chen a d M H Iba 
(SPON: R. Snyder). Rutgers Univ., Pisckaway, NJn088& 

Evidence from previous studies (Iba and Thomas, 
Carcinogenssis 9:717,1988) suggested the participation of 
the flavin-dependent monooxygenase (FMO) in the hepatic 
activation of 3,3'-dichlorobentidine (DCB) to mutagens in 
the rat. Therefore, the present studies were carried out to 
assess the ability of the enzyme to metabotire DCB. Highly 
pyrified FM0 from porcine liver nricrosomes (0.03 U/ml), 

C-DCB (100 uM, 0.01 mCi/mol), and MDP)1 (408 uH) were 
incubated in 0.1 M tricine buffer, pH 8.3 at 37 C, followed 
by extractjon of the incubation mixture with either ethyl 
acetate (A) or methylene chloride (B). Reversed phase HPLC 
analysis of the dried organic extracts revealed one major 
metabolite in either A (metabolite I, retention time = 11 
min) or B (tnetabolite 2, retention time = 26 min). The 
latter was identified 18 azo-DCB by mass spectrometry. 
Extraction studies with C-ethyl acetate and comparative 
chrotnatographic and spectrometric studies with authentic 
N'-acetylDCB suggested metabolite 1 to be an addition 
ilfodu;t between the solvent ethyl acetate and a metabolite 

Formation of the latter obligatorily required NADPH 
and was neither abolished by catalase nor accompanied by 
tl 0 formation. The data suggest that DCB may' be oxidized 
d?rktly to a reactive species by FMO, (Supported by EPA 
R-812459). 

10.2 
EFFECT OF THE MECHANISM-BASED INHIBITOR l-AMINOBENZOTRIAZOLE 
(ABT) AND THREE OF ITS N-ARALKYIATED DERIVATIVES ON THE CYTO- 
CHROME P-450 (P-450) KONOOXYGENASE SYSTEM OF GUINEA PIG 
LIVER. Pimberlev J. Wuodcroft*. Edward W. Szczenan* and John 
Jt. Bend. Department of Pharmacology & Toxicology, University 
of Western Ontario, London, Canada N6A 5Cl. 

We previously reported that N-benzyl-ABT (BBT) and N-o- 
methylbenzyl-ABT (a-MB) are more potent and isozyme selective 
suicide inhibitors of P-450 than ABT in rabbit lung (Mol. 
Pharmacol. 30, 25, 1986). In the present study the ability 
of N-a-ethylbenzyl-ABT (a-EB), a newly synthesized analogue 
of ABT, to destroy spectrally analyzed P-450 and to inhibit 
7-ethoxyresorufin 0-deethylase (ERF) and 7-pentoxyresorufin 
0-dealkylase (PRF) activities was compared with ABT, BBT and 
a-MB %n hepatic microsomes from guinea pigs. When pre- 
incubated with NADPH for 45 min ABT, BBT, a-MB and a-EB 
(100 @) all destroyed P-450 (50-703). At lower concentra- 
tions (5 and 10 PM) a-EB was a less potent inhibitor of ERF 
activity than equimolar concentrations of BST or a-MB. BBT 
or a-MB (100 pM) inhibited virtually all ERF activity whereas 
this concentration of a-E3 only inactivated about 80% ERF. 
All three compounds were more potent suicide inactivators of 
ERF than ABT. Similar results were obtained for PRF 
activity; BBT and a-MB were more effective inhibitors than 
a-EB or ABT. In hepatic microsomes of the guinea pig neither 
ABT nor its N-aralkylated analogues showed marked selectivity 
for inactivation of the P-450 isozymes catalyzing PRF vs ERF 
activity. Supported by MRC of Canada. 

10.4 
EFFECTS OF AGE ON HEPATIC DRUG METABOLISM IN VIVO AND IN VITRO 

-  l IN MINIATURE SWINE. d.0, P-Ins and M. Weiner ‘, (SPON: G.G. Buterbaugh). 
Dept. of Pharmacology and Toxicology, School of Pharmacy, Univ. of MD at Bait., 
Baltimore, MD 21201. 

Previous in vitro experiments demonstrated dramatic differences in hepatic phase I 
and phase II drug metabolism btween young (IO mo - 4 yr) and middle-aged (5 - 7 yr) 
miniature swine. There were significant increases in the specific activities of various 
microsomal mixed function-oxidase enzyme activities as well as in the concentration 
of cy-tochrome P-450 in middle-aged pigs. This study was performed to determine 
whether the observed changes in vitro were predictive of changes in viva. 
Acetaminophen(APAP) was chosen as a model drug. Young (2 yr) and middle-aged (6 
yr) pigs were canulatsd and APAP administered (20 mg/Kg, IV bolus). 8lood samples 
were drawn at times ranging from 1 min to 7 hr; plasma was separated and analyzed 
for APAP and its major metabolites by HPLC. The data was analyzed using ADAPT and 
PCNonlin, two non-linear regression programs. Initial estimates for the kinetic 
parameters were obtained using the curve stripping program JANA. Age did not affect 
the cfearanoe(3.3 vs 3.4 ml/minl)<g), half-life{1 16.2 vs 119.5 min), or volume of 

distribution (0.635 vs 0.590 UKg) of APAP in young vs middle-aged pigs. The rate of 
production of the sulfate conjugate was 2-3 time faster in middle-aged compared to 
young animals. The plasma cont. of APAP-glucuronide was lower for the first 30 min 
in middle-aged compared to young pigs but this pattern reversed after 60 tin and the 
middle-aged values became greater. The rates of elimination were not affected for 
either metabolite. The production of the cysteine conjugate, the primary phase I 
metabolite, was not affected by age; although the peak plasma conc.(Cmax) was 2 
times higher in middle-aged pigs when compared to young animals. Analysis of the 
plasma metablite data indicates that the in tivc metabolism of APAP is a combination 

of both first and zero order processes. Some of the age differences observed, such as 
the increase in the cyst&e conjugate Cmax, can be predicted by the changes seen in 
wi&c. Others, like the differences in glueuronide con&, are better explained by 

physiological changes, i.e. an increase in volume of distribution. 
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10.5 
EFFECTS OF ADENOSINE, lNOSlNE AND HYPOXANTHlNE ON HEPATIC 
GLUCURONIDATIQN OF PARA-NITROPHENOL IN SPRAGUE-DAWLEY 

* l RATS. M. Centra . W. W. Dav . and M. Weiner l (SPQN: E.E. El-Fakahany). 
Dept. of Pharmacology and Toxicology, School of Pharmacy, Univ, of MD at 
Balk, Baltimore, Maryland 21201 

Previous studies in this laboratory have demonstrated that adenosins (ADO) 
Inhibits the formation of para-nltrophenol (pNP)-glucuronide in rat hepatocytes. 
Studies were conducted to determIne whether the ADO metabolltes, inosine 
(INO) and hypoxanthine (HX), Inhibit hepatic pNP- gluCUrOnld8 formation. 
Hepatocytes were isolated from male Sprague-Dawtey rats and Incubated with 
ADO (500pM), IN0 (500pM), and HX (500pM). The fdrmatlon of glucuronide 
and sulfate conlugates of pNP were measured. Control values (mean f S.E.M.) at 
15 and 30 mln were 15.32 f 1.04 and 28.09 f 2.26 nmoles pNP-glucuronide 
/t O6 cells and 4.45 f 0.61 and 8.90 f 0.94 nmoles pNP-sulfate/106 cells. The 
formation of pNP-sulfate was not inhibited by ADO or its metabolites. ADO 
inhibited pNP-glucuronide formation by 40% at 15 and 30 min. A similar pattern 
of Inhibition was observed for INO, with 23% inhibition of pNP-glucuronide 
malntained from 15 to 30 min. I-IX caused a 24O/ inhlbltlon at 15 min; by 30 
min, glucuronide formation returned toward Control ValU8S. ADO increases 
hepatic endogenous cyclic AMP levels and it is this Increase which has been 
postulated to mediate the inhibitory effects of ADO on hepatic glucuronidation. 
Cyclic AMP leveb were determined at 3, 5 and 15 min. ADO stimutated basal 
cyclic AMP levels (4.87 f 0.61 pmolss/l O6 cells) 2.3 fold, with maximal 
stimulation occurlng at 5 min. IN0 and HX did not stimulate cyclic AMP at any of 
the three sampling times. ADO, IN0 and HX did not directly inhibit the activity of 
the conjugating enzyme, glucuronyl transferase. These data suggest that IN0 
and HX inhibit hepatic pNP-glucuronide formation, but this inhibition occurs via a 
mechanism which differs from ADO. 

10.7 

Metabolkm of McN-5195 in Rats. W. N. Wu, K. T. Ng and 
3. HasuccS (SPON: B. H. Dvorchik), McNeil Pharmaceutical 
and Janssen Research Foundation, Spring House, PA 19477-0776. 

HcN-5195- 14C HCl [3-(Z-bromophenyl) octahydroindoli- 
ztne-14C hydrochloride], a potentjal analgesic, was admln- 
jstered orally (60 mg/kg) to 52 male and female W-istar rats 
as a solution, In the seven days followlng dosing, 59% of 
the dose was excreted in urine and 40% of the dose Sn 
feces. A quantifiable amount of unchanged McN-5195 was 
found only in fecal extracts (Z-6% dose), Metabolites from 
plasma, urlne, fecal, liver and brain samples were profiled 
and isolated using TLC, HPLC and column chromatography. 
Unchanged McN-5195 plus eleven metabolites were Sdentffied 
by MS and NMR. Several metabolites were derivattzed prior 
to spectroscopfc analyses. IdentSfled metabolltes accounted 
for >60% of the total 14C in each sample. The most 
dominant pathway of McN-5195 in rat appeared to be oxidation 
at the octahydroIndolizine ring to form 5-OH-McN- 5195. 
This was followed by rfng-opening, oxidatjon, dehydration 
and N-methylation to form five carboxylIc acid metabolites. 
Hydroxylation at the phenyf ring and oxfdation at other 
sites of octahydroindolirine rfng produced four mfnor 
metabolites. U-MS and U-MS fragmentation patterns for the 
important metabolites and the proposed metabolic pathways 
for McN-5195 in the rat wfll be presented. 

JO.9 

HUMAN LIVER TYROSYL SULFOTRANSFERASE (TST). 
W.F. Youna, Jr.* (SPON: R.M. Weinshilboum). Div. of 
Endocrinology, Dept. of Pharmacology, Mayo Clinic, 
Rochester, MN 55905. 

The enzyme(s) responsible for protein sulfation on 
tyrosine residues has(have) 
in man. 

not yet been described 
TST was characterized in normal human liver 

tissue with Boc-cholecystokinin-8 (Boc-CCK-8) as the 
sulfate acceptor substrate: 3@-phosphoadenosine-5'- 
phosphosulfate (PAPS) was the sulfate donor. Sub- 
cellular distribution studies showed that TST was 
localized to the microsomal (m-TST) 
Cc-TST) fractions. 

and cytoplasmic 
Experiments with pooled homo- 

genates showed that m-TST and c-TST were separate 
enzyme activities based on pH optima, sensitivity 
to inhibitors (2,6-dichloro-4-nitrophenol (DCNP) and 
SKF 525A 

1 
and effect of NaCl. 

very sim iar 
c-TST appeared to be 

or identical to the thermostable form 
of phenol sulfotransferase (TS PST) measured with 
p-nltrophenol. 

m-TST c-TST TS PST 
pH optima 5.8 6.8 6.6 
DCNP, IC-50 0.5 mM 5 PM 5 PM 
SKF 52511, IC-50 0.5 mM 2mM 2.5 mM 
NaCl, 125 mM t 335% 4 66% 

246 Boc-i=CK-8 Km 
The "true?' Km value for Boc-CCK-8 with purified 
liver TS PST was 304 MM. Therefore, at least-two TST 
enzyme activities are present in human liver homo- 
genates. Further studies should clarify the roles of 
these enzymes in tyrosyl sulfation. 

10.6 
EFFECT OF COMMONLY USED ANESTHETIC AGENTS ON PHASE I AND 
PHASE II METABOLISM IN RATS. C.T. Gombar, L, Gutzait*, L. 
MeurGer*, G. Stelman*, J.P. Hsu an * 
Schmidt*, M Cyronak* SK&F Labs, King'of Prussia, PA '9406, 

Anesthetics are friquetly used to prepare animals for 
investigations of the pharmacokinetics and metaboli$m of 
experimental compounds, but the effect of the anesthetics 
on the metabolism of these compounds is usually not known. 
Barbiturates are known to affect drug oxidation, and diethyl 
ether (E) is known to inhibit glucuronidation. In the 
present study, the effect of pretreatment of rats with E, 
methoxyflurane (M), pentobarbital (P), and ketamine/ 
xylazine (K) on drug oxidation and conjugation was 
determined. Drug oxidation was assessed by measuring the 
clearance of antipyrine (15 mg/kg, i.p.), sulfation was 
assessed by measuring the clearance of a low dose of 
acetaminophen (APAP) (40 mg/kg) and glucuronidation was 
assessed by the clearance of a high dose (300 mg/kg) of 
APAP. The difference in mean area under the plasma concen- 
tration-time curve (AUC) between each anesthetic pretreated 
group and an untreated control group for each drug was 
evaluated for statistical significance with Dunnett's test. 
Pretreatment with P significantly decreased the clearance 
of AP, and the clearance of high dose APAP was significantly 
decreased by E (p 0.05). None of the other comparisons were 
statistically significant. Therefore, the positive controls 
showed the expected response, but the other anesthetics had 
no effect on phase I or phase II metabolism. 

10.8 
THE DISPOSITION OF RECOMBINANT INTERLEUKIN-2 IN THE ISOLATED 
PERFUSED RAT KIDNEY. R.W. Nadeau* and D.J, Liberate*. 
(Spon: S.J. Kolis) Dept. of Drug Metabolism, Hoffmann-La 
Roche Inc., Nutley, NJ 07110. 

Recent clinical studies of recombinant interleukin-2 
(rIL-2) in cancer patients have demonstrated that rIL-2 
is rapidly cleared from serum with a half-life of 1 to 
2 hours, It was also recently shown in mice (J. of 
Immunol. 130:2203, 1983) that the rate of IL-2 clearance 
from serum was ZO-fold less when the kidneys were removed 
from the circulation by ligation of the renal vascular 
pedicle. This sttidy utilizing the isolated perfused kidney 
was undertaken to better define the role of the kidney 
in the clearance of rIL-2. Kidneys from male Sprague-Dawley 
rats (370-410 grams) were isolated and perfused at 32ml/min, 
110 mmHg pressure in a recirculating system. Various 
concentrations of rIL-2 were added to the system after 
which urine and perfusate samples were taken every ten 
minutes for two hours. Perfusate and urine were assayed 
for biologically active rIL-2 by a sandwich capture antibody 
bioassay. Doses of 20, 200, and 2000 units/ml of rIL-2 
were cleared from the perfusate in a linear fashion. 
Interleukfn-2 bioactfvity was detected in the urine only 
at the 2000 units/ml dose. 
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11.1 

FOOD IS A CRITICAL FAnOR IN BI0EQUIVALENCE STUDIES 
OF SUSTAm RELEASE THFDPHYLLINE PRODUCTS. 

I G, Karen. M, Bolom*. and J.J. Thiessen*, Faculties of 
Pharmacy & Med, Univ. of Toronto, Toronto, Ont., M5S 2A2, and Div. 
of Clin. Pharmacol. & Tox., The Hosp. For Sick Children, Toronto, 

Theo-D@, a sustined release (SR) theophylline product, maintains 
relatively constant blood levels over a 12 hr dosing period. Recently, 
Sony generic companies have begun manufacturing SR theophylEne, 
witi the intent of creating a ‘%iquivalenV product. We compared 
ThwD@ (TD) and a SR theophylline pmduct manufactured by Forest 
(F-T) in 12 h&thy young adult, non-smoking males . In random order, 
on 4 days at 1 week intervals, subjects took each product after an 8 hr fast 
or a standardized McDonalds’ breakfast. Activity, beverages, meals, time 
of day, and other known variables affecting theophylline disposition, 
and/or drug absorption were carefully controlled and monitor&. In a 
Clinical Research Unit, 20 blood sampIes were drawn at specified times 
over 48 hr and analyzed for thmphyIline by HPLC. The area under the 
curve (AUC), the maximum concentration achieved in the serum (Gnu), 
thetimetoreachc map (Tmax) and the fnean residence time (MRT) were 
compared and analyzed (ANOVA), The mean half-life (6.5 fir) and 
AUC’s did not differ significantly on the 4 days, suggesting similar 
clearances and comparable total absorption. However, large and 
significant differences were seen for &a~, Tmax and MRT. In the fasting 
state, Cmax for TD was 23% > F-T (p~O.05). F-T had a long and highly 
variable TIWX among subjects. After f&, the mean Tmax for F-T was 
6.5 hours longer than for TD (p&05). Furthermore, fwd altered the rate 
of absorption for F-T, but not for TD, demonstrating bieinequivalence. 

11.3 
EFFECT OF DIAZEPAM ON THE ABSORPTION RATE OF 
ATROPINE. Brian J. Lukev*, Connie R. Clark*, 
Gerald H. Daniel*, Robert C. Smallridge* and David 
H. Moore* (SPON: Larrel W, Harris). USAMRICD, 
APG, MD 21010-5425 

This study was done to determine whether 
intramuscular co-administration of atropine (ATR) 
and diazepam (DIA) affects the rate of absorption 
of atropine. Six sheep were used in a cross-over 
design; each week, all received 2 mg ATR sulfate 
equivalent and half received 10 mg DIA in a single 
site via a special tandem syringe,. Blood samples 
were taken from 0 to 300 minutes by jugular 
venipuncture. Serum ATR concentrations were 
determined by a radioimmunoassay. The average ATR 
concentration-time profile fits a two- 
compartment open model. Maximum ATR 
concentrations were 9.3 and 9.4 rig/ml in the 
absence and presence of DIA, respectively. The 
time to reach maximum ATR concentration was 
significantly shorter (~(0.05) when ATR was given 
alone (6.0 min.) than when co-administered with 
DIA (9,5). However, the ATR concentration at 6.0 
minutes when co-administered was 98% of the 
maximum ATR concentration when given alone. 
Although atropine is absorbed more quickly when 
given alone the difference is minimal. 

11.5 
ATROPINE LEVELS IN RAT PLASMA AFTER ADMINISTRATION 
OF ATROPINE BY JET SPRAY AHD NEEDLE INJECTION. 
Claire N. Lieske*, Howard G. Meyer*, Robin T, 
Gem*, Isaac J, Hayward*, and Brian J. r;ukey*, 
(SPON': Larrel W, Harris). USAMRICD, Aberdeen 
Proving Ground, MD 21010-5425 

The characteristics of atropine levels in rat 
plasma after jet spray injection were compared to 
needle injection (im) in 12 male rats, 6 per 
group. Blood samples were sequentially collected 
from the tip of the tail over a 7-hr period. 
Injection of atropine sulfate (8.0 mg/kg) with the 
jet spray resulted in mean peak plasma levels of 
595 rig/ml (SD = 36.8) compared to 445 rig/ml (SD = 
23.7) with needle. Times to reach maximum 
concentration were 26.4 min (SD = 5.1) and 49.1 
min (SD = 4.4) for the jet spray and needle, 
respectively. Histopathologic examination (5 days 
post injection) of target muscle showed that 
minimal fiber damage resulted from using the low 
pressure setting on the jet spray. The results 
suggest that, in cases of anticholinesterase 
poisoning, jet spray may offer a means of 
increasing the antidotal benefit over that 
achieved with conventional techniques using 
presently available therapeutic formulations. 

11.2 
AUTORADIOGRAPHIC LOCALIZATION OF OCTYLONIUM BROMIDE IN THE 
GASTROINTESTINAL TRACT. P. Baroldi*, F. An-tents, F- Ferrante, 
A. Meli* and P. Napoleone. (SPON: M.F, Lokhandwala). 
Universitg "La Sapienza", Dipartimento Scienze Neurologiche, 
Rome and "taboratori Farmaceutici A. Menarini, Florence 
(Italy). 

Octylonium bromide (SP 631, a quaternary ammonium 
derivative, shown to possess smooth muscle relaxing 
properties, is currently Utilized in the irritable bowel 
syndrome. In an attempt to explain the mechanism of the 
antispasmodic activity of the drug, its autoradiographic 
localization was studied in in vitro and in viva experiments. 

(14C)-SP 63 was specifically bound to sections of rat 
colon and rectum. It was localized primarily within the inner 
(circular) and, to a lesser extent, the outer (longitudinal) 
smooth muscle layer. In contrast, no significant binding 
occurred at the level of the stomach or the small intestine, 

The labelled compound was also bound, in a 
dose-dependent manner, to colonic smooth muscle after 
intraluminal and oral administration. 

The whole of the present data suggest that the 
anti-spasmodic action of SP 63 is related to its direct 
interaction with large intestine smooth muscle. 

11.4 

PHYSIOCHEMICAL CRITERIA FOR THE RETENTION OF DRUGS IN THE 
UVEAL TMCT OF THE EYE. P.A. Zane*, S.D. Brindle*, 
P. Robertson* and S.L. Trfpp* (SPON: A. Kotake), Preclinical 
Drug Metabolism, CIBA-GEIGY Corp., Ardsley, N.Y. 10502 

The relationship between the physiochemical characteris- 
tics of 40 new drug candidates and their retention in high 
concentration by an organ, such as the uveal tract (UT) of the 
eye, was examined. The ability to anticipate the disposition- 
al fate of a drug based on its chemical and physical charac- 
teristics, prior to administration to animals or man, may 
allow one to predict the organ(s) most likely to exhibit tox- 
icity. For example, chloroquin is well-known to be taken up 
by melanin-containing tissues and this affinity is correlated 
with the ototoxfc and retinotoxic effects of this drug. 

In the present investigation, tissue distribution data 
were obtained from whole-body autoradiograms of pigmented 
Long-Evans rats sacrificed 96 hours after dosing. The physio- 
chemical parameters considered include molecular weight, pKa 
and octanof/water partition coefficient (Log PO/,) determined 
using an HPLC method. 

The results showed that UT retention in rats was a func- 
tion of both pKa and Log PO/,, whereas no correlation with 
molecular weight was found. More specifically, retention is 
based on a combination of lipophilicity and the acidic or 
basic nature of the ionizable groups within the molecule. 

11.6 

SECRETION OF NIZATIDIW INTO HWAN BREAST MUX. B.D A 
Obermeyer*, R.F. Bergstrom*, J.T. Callaghan, A. Golichowske, 
M.P. Knadler*, and A. Rubin. Eli Lilly and Company, and 
Indiana Univ l School of Medicine, Indianapolis, IN 46202. 

Secretion of the H2-blocker, nizatidine (N), was studied 
in breast milk (M) of lactating women. Blood samples were 
collected after a single 150 mg dose and after the 5th 
150 mg dose of a q12h regimen from five lactating and five 
nonlactating women. M samples were collected from the five 
lactating women over the same time period. N concentrations 
in M were directly proportional to the collection-interval 
averaged concentrations in serum. A total of about 90 pg N 
was secreted into M over a period of 12 hours after either 
one dose or after multiple doses; this 90 vg was less than 
0.1% of the maternal dose. Mean pharmacokiaetic values for 
N in serum were : 

t+ App.Clear. App . Vd 
hrs L/hr L/kg 

Single Dose 
l Lactating 1.3 42.0 1.3 
l Nonlactating 1.6 37.6 1.4 

5th q12h dose 
l Lactating 1.3 39.2 1.1 
l Nonlactating 1.7 44.6 1.9 

Data show that N is secreted into M and that the serum 
kinetics are similar in lactating and nonlactating women. 
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11.7 

DISPOSITION OF A NEW ANTIISCHEMIC AGENT, LY256548, IN MICE, 
RATS ANTI DOGS. T.D. Lindstrom and K,J. Ruterbories*. Lilly 
Res. Labs, Eli Lilly and Co. Indianapolis, IN. 46285. 

Mice 'rats and dogs were given a-single 50 mg/kg (PO) 
dose of 14C-LY256548. Plasma levels of radioactivity (RA) and 
LY256548 (LY) were determined as well as the excretion of RA. 
Peak plasma levels of LY occurred prior to those of RA in mice 
and dogs but were coincident in rats. The C of LY in rats, 
mice and dogs was 0.17, 0.3 and 0.05 pg/mI, %pectively. 
However, the C of RA was ten fold greater than LY in rats 
and mice, and ygXfold greater in dogs. The Tl/Z’s of LY were 
substantially less than those of RA in rats (5 vs 32 hr), mice 
(4 vs 29 hr) and dogs (2 vs 55 hr). Based upon iv admini- 
stration of 14C-LY to rats (10 mg/kg) and dogs (5 mg/kg), 
an oral absorption of 45% and 7% was derived, respectively. 
The bioavailability of LY in rats (6.4%) and dogs (0.4%) was 
low. Extensive biotransformation of LY was observed in all 
three species. Only 22% (iv) and 3% (PO) of the plasma RA was 
LY in rats, 12% (iv) and 1% (PO) in dogs and 2% (PO) in mice. 
Fecal excretion of RA was the primary mode of elimination 
being 96x, 81% and 100% in rats, mice and dogs after oral 
administration, respectively, and 83% and 93% in rats and dogs 
after intravenous dosing, respectively. Single dose oral 
tissue distribution studies in rats indicated that RA was 
appreciable in the GI tract, organs of excretion, bone marrow 
and skin. Of 27 tissues evaluated, the mean tissue IU T1/2 
was 16 + 1 hr. 

113 

Disposition of [14C]L-Buthionine-&&-sulfoxamine (BSO) in Mice 
and Dogs Dosed Intravenously or Orally. S.M. El Dareer, K. 
Tiltery and D.L. Hill. Southern Research Institute, Birmingham, 
AL 35255. 

CD2Fl mice (4males) and beagle dogs (males and females) were 
dosed with [I CJBSO, an inhibitor of glutathione (GSH) 
biosynthesis. For mice dosed iv. with 768 mg/kg, the u and /3 
half-lives for elimination of rrrdioactivity from plasma were 6 and 
5 12 min, respectively. In 24 hr, 73.9% of the dose was excreted 
in urine; of this amount, 24.2% was metabolites. For mice dosed 
orally with 5000 mg/kg, the (Y and /3 phases were 40 min and 21 
hr, respectively. For dogs dosed iv. with 127 mg/kg, 
disappearance of [14C]BS0 from plasma also occurred in fwo 
phases, with half-lives of 34 min and 485 min. In 24 hr, urinary 
excretion of the unchanged drug was 93.1% of the dose with no 
detectable metabolites. After oral gavage of dogs with 739 
mg/kg, radioactivity in plasma was highest between l-3 hr. In 24 
hr, 41.4-59.594 of the dose was excreted in . urine and 13,9-44.6% 
in feces, indicating incomplete absorption from the gut. In both 
species, there was an inverse relationship between levels of BS0 
and the content of GSH in tissues. These results demonstrate 
that, after administration of [14C]BS0 to mice md dogs, most of 
the dose is rapidly excreted in urine, apparently unmetabolized by 
dogs but with appreciable metabolism by mice. Supported by 
Contract NO1 -CM-67905, NCI. 

11.9 

Drug Interactions between Hz-blockers and Theophylline (T) or 
Warfarin (W). J.T. Callaghan, E.H. Nyhart, Jr.* Lilly Labora- 
tories for Clinical Research, Eli Lilly and Co. and Dept. of 
Medicine and Pharmacology, Indiana University Medical School, 
Indianapolis, IN 46285. 

Male volunteers (21 to 54 yrs), participated in two trials 
using T  or W as probes to study whether nizatidine (N), a 
recently approved Hz-blocker, inhibited hepatic metabolism. 
N effects were compared to ranitidine (R), cimetidine (C), 
and placebo (P). For 4 to 6 days the daily dosing regimens 
were: 1. N 300 mg, 2. R 300 mg, 3. C 1 to 1.2 g, and P qid, 
The alterations in T  and W kinetic variables during each 
regimen are listed below: 

Rx* 
T  (4.0 mg/kg iv) w (20 mg po) 

Beta Cl Beta Cl 
(hr-“) (L/W (hr”) (Llhd 

N 0.20(.07) 6.4(2.3) 0.03(.02) 0.20(.09> 
R 0.18(.07) 6.1(2.3) 0.03(.01) 0.20(.04) 
P 0.18(.06) 5.8(2.1) 0.03(.01) 0.23(.03) 
C 0.13(.06) 4.3(1.8) 0.02(.01) 0.18(.03) 

*n= 7 and 7; no Rx changed Vd (Tz.47 L/kg and GT=.ll L/kg). 

C inhibited T  metabolism as indicated by a significant 
decrease in beta and apparent Cl, while N and R did not 
inhibit T  metabolism. No Rx inhibited W metabolism signifi- 
cantly, although after C the apparent Cl and beta trended 
downward. Conclusion: At therapeutic dosages N like R should 
not profoundly affect hepatic oxidases. 

METAU;HALCXENA?EDHYDBOCAIllsONS 

12.1 

Wa have identified in tie rat brain 0 Isbtallothimsin W ~thesis is 
stimlatod follarring im bat ti ip MMnistratim of aim. m,  
the zinwinducsd protein prodwet two isoforms by iorrer&mge 
~~oaD&AB-Saphadsx~25oolrmsmdby~~~~60md 
6l rrnilm acid rosidims &17 d 18 CrJlatoim residnss, reqmtholy, but 
m  -tic rriM acids. Qm of tbs diffms lmkrsan this protsin a& 
the heprtic mstrllothionein is that the brain mstrllothimin binds 
seleutively ziwr and mt  &himt. Ils &ci&d to SW &is m  
ftmther by maring the induction of mstnllothimein in htman 
nsaroblrstam -32 0~11s by einc, c&i= aad rbraraathnsom u&g tbs 
hrllrn Qang livar OS118 as 1 Gmrkol. Both UsdllliIm (1% aad zixm (loo @I 
significantly onhmced the incorporation of [ SloJrstsLm fate 
mtaIlothiamins ioolaW frm both -lastour aad Qmng 1 fvsr cells, 
M dsrrrasthamm (2.5 po uuued the mWlathionsin ti mly tb 
amqg 0ulls. mm degm of -ion of mtallothiamb in thn umng 0011s 
~~~nrs~andbyrincnas6f01C,~sbothmsCIIs~~ 
~tallothi~ins in * nsrtroblrstaarr cells to tbs extent of 24th Ihe 
Pst&blsstma IMk32 mhibiw less tolerance to the toxici- of lmth 
cathim am! eiuu thmn dm Qmg cells did, whi& my correlate with the 
inboront ability of these ions to induco mstallothioneins in these 
dissimilar oslls, 2ha msnlts of tbsss stmdiss me fntmpmted to indkto 
that ti factor(r) regulating the msis of WAlothimmins in tibs 
flrran 41s & mu&1aatmw cells is pot i&ntica1, sng&ssting the 
prosarsos of dis&ilnr tiim in tho li#r aad in t&e brain. (W 
iaprrtbgrgnntf~l=B3~W.) 

1212 
ZINC METAUUIWWEIN QIWE FSION IN RAT BRAIN. V.K. Paliml*, 
&L. Iveasn* R J umbra, + & H. Bbadi L Ibpt . of phrrascol , WV. 
NQb. Coll. Wsd., Us, NE, 68105 and +fnot l of Env. D4ed. New York, 
Uuiv. bd. Ctr., kdo, NY, 10987 

Metrllothfonsin isoforms I and If (nCrX rqd mI1) have been 
identified in the rat brain, monkey brain, bovine retina, pInea 
gland and hippocampus and in the neorr&lrstma IDE 32. Sims tb ip- 
rdainistered zinc passes across the blood-brain barrier slarrlp the 
rat brain aetallothionein can be indaosd in a ties- and doss- 
dependent fashion by icv-administered aino at a rate of 0.20 
~ls/&hr for 24 hrs using Al t mfnfpmrp, The i&wed protein 
inckporntss 
incorporates 

t51arge qusntity of 35 S uystsiaa, md the protein that 
S cystsine binds %n rend has an idsntioal elation 

profile to hepstia W. In this o-iortion, we report that iov 
l binirtorsd zinc Ln a boIur of 0.1, 0.5 and X,0 -1s inursusd ths 
spthssis of poly A+ RNA at 6.6, 8.0, and 9.8 pg/g brain tisstrs. 
Furthermore, we probed the poly A+ mA ~4th 8 Plabslled 180 base 
pair BarHl/PvaII restriction frrgmsnt oontrining tho cONA 
infortnntfon for hepatic MIT1 frm the -11-3 plasaid. Slot blot 
analysis revealed a dose dspendsnt increase in brrin MTII 
hybridizable mENA nndsr high stringenoy conditions. Thsso datr 
provide svidenoe that the zinc-induced W synthesis in the brain is 
associated with the aoonmalrtion of dW whioh is analogoar to the 
zinwindmed synthesis of lmpatio MT a, lkwsver, other ovidenco 
indicates that the factors regmlrting the rynthosfs and the 
functiou(s) of the brain and the h-tic arstallothioasins aru not 
ideatfoal. (S-ted in psrt by a grant frop 11sHE -03949). 
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EFFECTS OF CADMIUM (Cd2+) ON LLC-PKl CELLS IN CULTURE. 
W.C. Prozialeck and R,J, Niewenhuis’, Philadelphia College of 
Osteopathic Medicine, Philadelphia, FA 19131. 

Although the renal toxicity of Cd’+ is well known, the 
mechanisms underlying this toxicity have yet to be elucidated, 
In the present studies, we have examined the effects of Cd2+ 

on the general morphology and on the structure of microfila- 
ments in cultured LLC-PKl cells, This cell 1 ine is derived 
from porcine kidney and exhibits morphologic and functional 
properties similar to those of proximal tubular epithel ial 
cells. lLC-PKl cells were grown t6 confluency in alpha-MEM 
supplemented with 10% calf serum, exposed to varying concen- 
trations of CdC12, and then examined wlth a phase contrast 
microscope. tn some instances, the ccl 1s were processed for 
the histofluorescent vlsualization of microfilaments. Non- 
treated ccl 1s were shaped irregularly and formed complete 
monolayers, with very tight intercellular junctions. Exposure 
to 40 mi croM Cd 2+ for 4 hours caused many cells to shrink, de- 
tach, and assume a spherical shape. interestingly, similar 
concentrations of several other agents including Hg2+, Pb2+, 
A13+ and CN- did not cause this effect even after 24 hours. 
Exposure to Cd 2c also altered the structure of microfilaments; 
fewer filaments were visible than in the non-treated cells and 
the filaments that were present often showed an atypical gran- 
ular or tangled appearance, These results indicate that Cd2+ 
has a relatively specific damaging effect on LLC-PKl cells and 
that this effect may involve the disruption of key cytoskele- 
tal elements and intercellular junctions. 

12.5 

DICH-ILINE-IN-D NEP~XICITY IN THE FISCHER 344 
RAT, H.H. LO* AND G.O. RANKIN. -- Dzpt. of Pha~cology, 
MarshalmivTScbl of Fneaicine, Huntington, WV 25704-2901. 

Halogenat& anilines are widely used chaical intermediates 
in the synthesis of industrial and agricultural products. 
Previous studies frun our laboratory have dearwms trated that 
aniline and mhlorcanilines are capable of inducing 
nephrotoxicity in rats. The puxrpose of this study was to 
exafnine the nephrutoxic potentials of dichlomnilines, 
naanely: 2,3-, 2,4-, 2,5, 2,6-, 3,4-, and 3,4dichloroaniline 
(2,3-, 2,4-, 2,5, 2,6-, 3,4-, and 3,5-W), in the male 
Fischer 344 rat. Rats were given a single injection of a DCA 
(0.4, 0.8 or 1.0 ml/@, i.p.) or 0.9 % saline (2.5 ml/kg, 
i.p.1. Renal function was mitered at 24 and 48 hr post- 
injection. Tk administration of 2,4-, 2,5- and 3,5-m at 
the dose of 0.8 ml/kg produced proteinuria, Mnaturia, and 
elevated the blood uTea nitrogen (StaJ) concentration. Both 
basal aid lactatest imulatd para-ainohippurate NW 
accmulatims were depressed. The aMinistration of 2,6-m 
was capable of producing tkre same renal effects but at a 
higher dose, 1.0 ml/kg. 2,3-DCA or 3,4-m (1.0 ml/kg) 
atilnistration altered some but mt all of the renal 
parameters rrw#litored. The administration of any DCA at the 
dose of 0.4 ml/kg did mt pzroduce any evidenoe of 
nephrotoxicity. The results of these studies indicate that 
dichlozroanilines are nephrotoxic at tl-e dose of 0.8 or 1.0 
ml/kg in Fischer 344 rats. (Supported by NIH Grant DK 
31210). 

ALT RELEASE BY ISOLATED SUSPEHDED RAT HEPATOCYTES FOLLOWIMG 
EXPOSURE To EIGHT HALOGEHATED HYDROCARBOHS. 
L, Dahlotrom-Kim*. J. couture* * c. Lamour0u~, 
T. VailZsncourt* and G.L* Plaa. Univ. de nontrbal, 
nontrbal, Quebec, Canada, H3C 357 

In rats, concomitant exposure to halogenated hydrocarbons 
(HH) can result in additive, supra- or infra-additive 
effects on liverr injury. Such experiments require large 
numbers of animals. We wished to determine if isolated rat 
hepatocytes directly ewosed to HH could mimic the 
in vivo phenomena. HH (S-40 ml!) were added directly to 
vials containing isolated hepatocyteo. ALT release was 
measured for 30-180 min as an indicator of cell integrity. 
1,1,2,2-Tetrschloroethane and tetrachloroethylene caused 
the most severe cytotoxicity, followed by carbon tetra- 
chloride, trichlorosbthylene and 1,1,2-trichloroethane. Low 
cytotoxicity occurred with chlorofom, l,l,l-trichloro- 
athane , and l,l-dichloroethylene. This ranking in 

cytotoxicity was dissimilar to fn vivo results, where 
1,1,2,2-tetrachloroethane and tetrachloroethylene had no 
effect and carbon tetrachloride was the most potent hepato- 
toxicant, ALT release from hepatocytes exposed to HH in 
vitro does not constitute an adequate endpoint for the 
study of HH hepatotoxicity. (Supported by LJSERC and IRSST). 

12.4 
ATTENUATIa OF ACUI'E N-(3+DIC~~HENYL)SI#XINIMIDE- 
INWD NEPHFUI0XICITY BY&EPHAL0RIDINE. G.O. Rankin, V.J. -- 
Teets and D.W. Nicoll . Marshall Univ. Sch. of Med., 
Huntington, 

-- 
WV 25704-2901 

Recently, interest has developed within the scientific 
-unity in the interactive potential of subtoxic doses of 
toxicants with other toxicants. Previous studies in ow 
laboratory have demonstrated that th experimental 
agricultural fungicide, N-(3,5-dichlorqhenyl)succinimide 
(NIX%) induces renal proxtil tubular necrosis follcrwing 
acute exposure in rats. The pulrpose of this study was to 
determine if subnephrotoxic doses of cephaloridine, a 
nephrotoxic cephalosporin, mid alter the nephrotoxic 
potential of NWS. Male Fischer 344 rats (4/group) were 
pretreated with cephaloridine (500 q/kgr i.p.1 in 0.9% 
saline (2 ml/kg) 1 hr before a single, i.p. injection of NDES 
w.2, 0.4 or 1.0 ml/kg) or sesame oil (2.5 ml/kg). Renal 
function was monitored at 24 and 48 hr. Cephaloridine 
pretreatment did not enhance the nephrotoxic potential of 
NDPS (0.2 ml/kg). Hcrwever, cephaloridine markedly 
attenuated all aspects of NW3 (0.4 and 1-O mm>l/kg)-induced 
nephrotoxicity. These results indicate that cephaloridine 
(500 q/kg) tis not enhance NE%-induced nephropathy but 
rather markedly inhibits the development of NDPS-induced 
renal effects. The mechanism of the interaction between 
these tw nephrotoxicants r-ins to be determined. 
(Supported by NIH grant DK31210). 

12.6 

TOXICITY OF QUINONES, HYDROQUINONES, AND HYDRO- 
QUINONE-GLUTATHIONE CONJUGATES TO RABBIT RENAL 
PROXIMAL TUBULES (RPT). p.'G, Schnellaann, S.S, Lau 
and* Univ. Georgia Vet. Med., Athens, 
GA: Univ. Texas, Austin, TX; and Univ. Texas p9.D. 
Anderson Cancer Ctr., Smithville, TX. 

Numerous compounds with a quinone nucleus are 
nephrotoxic. The goal of this study was to examine 
the toxicity of quinone (Q), hydroguinone (HQ), 
bromoquinone (BQ), bromohydroquinone (BHQ), gluta- 
thion-S-yl-hydroqufnone (HQ-GSH), and 2,3,5-(tri- 
glutathion-S-yl)-hydroquinone 
suspensions. 

(HQ-(GSH)$ to RPT 
The compounds (0.2 mM) were incubated 

with RFT for 15 or 60 min. At 15 min, BQ, Q, and 
BHQ decreased GSH content 92, 92, and 81%. HQ and 
HQ-GSH had no effect on GSH content. 
creased GSH content 19%. 

HQ-(GSH)3 in- 
BQ, Q, and BHQ decreased 

nystatin-stimulated oxygen consumption 
71, 64, and 26%. 

WY=Q02 1 
HQ, HQ-GSH and HQ-(CSH) 3 did not 

have an effect on NYS-QO . 
z 

At 60 min, GSH contents 
and Q02 were similar to hose seen at 15 min. E& 
Q, and BHQ produced marked LDH release while, HQ, 
HQ-GSH and HQ-(GSH) 
of potency is BQ=Q> HQ>>HQ=HQ-GSH=HQW(GSH)~. a 

did not. The cytotoxic order 
These 

results are in contrast to those found in the rat 
in which HQ-(GSH),>HQ-GSH>BHQ>HQ=BQ=Q. Differences 
in renal transport and/or biotransformation may 
account for this species variation. 
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The Dissociation Between Aminoglycoside Serum 4 
Concentrations and Nephrotoxicity. G. Km M.D.. J. Kla 

SC.. S, MacLeod. M.D., Ph.D, From the Div. of Clinical 
Pharmacology, Dept. of Pediatrics & The Research Institute, Hospital for 
Sick Children, Dept, of Pediatrics & Pharmacology, University of Toronto. 

Aminoglycosides (AG) are the most widely used antibiotics for the 
treatment of Gram negative infections. The therapeutic administration of 
any of the AG leads to some degree of renal injury. Current 
recommendations call for a daily dose which will produce a steady state 
peak concentratoin of gentamicin between 5 - lO’mg/L and a trough 
concentration of less than 2-3 mg/L. This is considered the “safe range”. 
In the present study we tested the hypothesis that not the serum 
concentration of the AG but rather the amount reabosrbed by the renal brush 
border is the factor causing tubular damage. Using newborn and adult rats 
we tested the correlation between AG dose, resultant serum and renal 
cortical concentrations and nephrotoxicity evidenced by serum and urine 
creatinine, urine N-ace@-R-glucosaminidase (NAG), R2-microglobulin and 
tissue sphyngolmyelinase (SM). Although serum concentrations in adult 
rats were much lower than in newborn rats (0.18 k 0.07 vs 2.87 zk 1.02 
mg/L at 40 mgkglday gentamicin) nephrotoxicity was significantly more 
evident in the adult rats than in the newborn rats. The renal accumulation of 
the same dose of gentamicin was substantially higher in the adult rats 
compared to the newborn rats (174 pglg vs 94.4 kg/g tissue). These data 
indicate that high AG serum concentrations are not causing nephrotoxicity 
but rather reflect secondary accumulation after renal damage. Supported 
by MRC MA8544. 

13.3 

THE OCCURRENCE AND INDUCIBILITY OF CYTOCHROME P450lIlA 
DURING RAT FETAL DEVELOPMENT. Janis E. Hutla" and Mont R. Juchau. 
Department of Pharmacology, University of Washington, Seattle, WA 98195. 

The focus of this study was to quantify cytochrome P450lllA in fetal and 
maternal livers of uninduced and pregnenolone-lGa-caMnitrite (PCN)-induced 
rats during fetal development. lmmunoreactivity with anti-P450lllA and 
triacetyloleandomycin (TAO)-inhibited debenzylation of benzyloxyresorufin were 
used to assess levels and activities in hepatic microsomes from fetuses at 15 to 
21 days of gestation. As expected, P450lllAwas not detectable by immunoassay 
in uninduced livers. However, when maternal animals were induced with PCN, a 
range of 59.3 to 116 m P45OlllAImg protein, quantified by Western blot 
densitometry, was detected in the maternal livers. Changes in debenzylase 
activity of 15.9 to 46.5 pmol resorufiwmg proteinlmin were mnsistent with these 
findings as were the changes in TAO-inhibitable activity. In the induced fetal liver, 
debenylase activity increased steadily from 0.19 pmol resotufinlm@min, at day 
15, to 9.34 at day 21 and was paralleled by the TAO-inhibitable activity which 
ranged from 0.09 pmol resorufin/mg/min at day 15 to 3.33 at day 21. A 
corresponding increase in immunoreactivity, 0.5 to 28.7 pg P450lllAlmg fetal 
microsomal protein was determined. When the dose of PCN used to induce the 
maternal animals was increased from 50 mg/kg, lx daily for 3 days to 40 mglkg, 
2x daily for 4 days, fetal debenrylase activity was decreased by approximately 
lo-20% over the gestational period as was the TAO-inhibited debenzylase 
activity. Analogously, immunoquantifiable P45QlllA was also decreased. These 
data suggest that fetal livers are PCN-inducible as early as day 15 of gestation 
and that inducibility increases with fetal age. Our results also indicate that a 
higher dose of PCN diminishes this inductive response. (NIH grants ES-04041 
and ES-031 57) 

13.5 

PRENATAL EXPOSURE TO NICOTINE PERTURBS BLOOD PRESSURE CONTROL 
IN ADULT RATS. E. Mills, I. Tayyeb* and 3. W, Bruckert*. 
Duke University Medical Center, Durham, NC 27710 

Pregnant rais were infused continuo&ly with nicotine 
(6 mg/kg/day) via osmotic minipump from the 4th through the 
Zlst gestational day. Offspring were studied at 40-50 days 
of age. Unanesthetized rats exposed to nicotine prenatally 
responded to stress (restraint + air blast) with enhanced 
pressor responses. Blood pressure measured after ganglionic 
blockade with chlorisondamine or after pithing was elevated. 
In pithed preparations maternal nicotine enhanced the sensi- 
tivity of the pressor response to electrical stimulation of 
the SNS innervation of the vasculature (decreased EF50 = 
stimulus frequency for 50% maximum response). Heightened 
sensitivity was prejunctional in origin as sensitivity of the 
pressor response to injected NE (ED50) was unchanged. Heart 
rate at rest, after stress or after ganglionic blockade was 
unaffected, but the accelerator response to electrical stim- 
ulation demonstrated decreased prejunctional sensitivity 
without a change in-sensitivity to isoproterenol. We con- 
clude that adult rats exposed to nicotine during gestation 
demonstrate (1) Hyper-reactive pressor responses to stress 
due to facilitation of impulse mediated neurotransmitter re- 
lease in the SNS innervation of the vasculature; (2) Compen- 
satory, possibly baroreflex, changes in the cardiac SNS that 
blunt the stress response; (3) Enhanced non-neuronal contri- 
bution to resting blood pressure, Supported by NIH HL-29403. 

13.2 
MORPHINE-3-B-D-GLUCURONIDE PHARMACOKINETICS IN FETAL LAM3S. 
George D. Olsen and Karen M. Sommer*. Dept. of Pharmacology, 
The Oregon Health Sciences University, Portland, OR 97201 

Morphine-3-p-D-glucuronide (M3G),-an active hydrophilic 
compound, is the major metabolite of morphine in fetal 
lambs. A 46 mg dose of M3G was injected into the inferior 
vena cava of 5 fetuses of gestational age 122 to 127 days. 
(Term is 147 days). M3G was quantitated by a specific and 
sensitive high performance liquid chromatography assay with 
ultraviolet detection following solid phase extraction. 
Morphine was not detected in analyzed samples. Mean elimi- 
nation half-life of M3G was 15 hr. Mean & S.E.M. total body 
clearance was 2.5 ? 0.4 ml*min-l, steady-state volume of 
distribution was 3.0 ? 0.3 L, and estimated fetal weight was 
2.2 t 0.1 kg+ Amniotic fluid M3G concentrations peaked at 
21 hours and were 5 times that in fetal plasma. M3G was 
undetectable in all but one maternal plasma sample. In one 
fetus, renal clearance of M3G, which is not protein bound, 
and creatinine were 1.9 and 2.6 ml*min-l, respectively. 
Renal clearance of M3G was 82% of total body clearance. M3G 
elimination is primarily by glomerular filtration and 
excretion into amniotic fluid and not by placental transfer 
from fetus to ewe or hydrolysis of M3G to morphine, Slow 
elimination of rapidly formed M3G explains its extensive 
accumulation during morphine infusion. (Supported by NIDA 
grant DA03585.) 

13.4 

ACUTE METHADONE DEPENDENCE IN THE t4-DAY-OLD CHICK 
l EM8RYO. M.E. 

’ 
U. Minn., Dept. 

Pharmacology, Mpls., MN 55455 
Chick embryos injected with a single dose of methadone on day 

3,7orll ofembryogenesisfail to show dependence on day 14, 
measured as a significant overshoot in motility above baseline 
levels after challenge with naloxone (IO mg/kg egg). Constant 
infusion of methadone (1 or 10 mglkg egg/day) from day 7 to 14 
also failed to produce evidence of dependence on day 14. However, 
the tq/2 for methadone in brain on day 14 is 2.5 hrs. (Seran and 
Sparber, Pharmacol. Biochem. Behav., in press}, indicating rapid 
excretion and/or metabolism. To address the question of whether 
the 14-day-old embryo is capable of developing or expressing (via 
an increase in motility) dependence/withdrawal, 
isobutylmethylxanthine (5 mglkg) was injected directly into the 
embryo, resulting in a significant increase in motility and thus 
demonstrating the capacity to express quasimorphine withdrawal. 
Moreover, if a low (2.5 mglkg egg) dose of either methadone or 
morphine is given on day 14, followed by naloxone (IO mglkg egg} 
one hour later, there is a significant overshoot in motility above 
control levels, indicative of withdrawal. These results suggest 
that the 14-day-old embryo is capable of becoming acutely 
dependent on opioids and of expressing opioid withdrawal. Timing, 
however, is very important as ts choosing the correct combination 
of doses of both agonist and antagonist. (Supported in part by 

USPHS grant DA 01880). 

13.6 

LITHIUM(Li)~CESIUM(Cs) INTERACTION AND THE NEWBORN. I, 
Geller and F.S* Messiha. Texas Tech. Univ. Hlth. Sci. Ctr., 
Liibbock, TX; Southwest Foundation for Res, and Education, San 
Antonio, TX and Dept. of Pharmacology, Univ. of North Dakota 
School of Medicine, Grand Forks, ND 58201. 

The contrasting pharmacological properties between 
LiS and Cs" salts were utilized to study their interaction as 
related to Li toxicity in the newborn. Female albino mice 
ingested 1 mEq of LiCl, CsCl or both combined at conception, 
during pregnancy and until weaning of the offspring. The 
offspring were then separated from maternal nursing for a 
subsequent 3 weeks prior to sacrifice. The maternal 
Li-treatment caused 8% (p < 0.01) reduction in offspring's 
brain weight compared to 6% (p < 0.05) decreases after 
maternal Cs exposure. BY contrast, the combined 
alkali-metals treatment increased offspring's brain weight by 
7% (p < 0.01) from controls. Maternal Li-exposure increased 
offspring liver weight (p < 0.05) which was nulified by 
coadministration of Cs salts. Maternal li or Cs-treatment 
decreased offspring's testis weight by 34% (p < 0.001) and 
13% (p < 0.01) from controls, respectively. The combined Li 
and Cs exposure negated this effect. Changes in offspring 
spleen weight were also observed by maternal exposure to 
these alkali metals. The results show a Li-mediated toxicity 
on the newborn and suggest a CS-mediated antagonism on 
certain organs. (Laboratory work was performed at the 
initial Institution) 
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AGE DEPENDENT EFFECTS OF DEXAMETHASONE (DEX) ON PERINATAL 
SERUM TESTOSTERONE (T) CONCENTRATIONS AND DEVELOPMENT OF 
HEPATIC STEROID METABOLISM IN THE MALE RAT. H. Gunny*, W. 
Slikker, Jr. and J.E.A. Leakey*. National Center for 
loxlcological Research, Jefferson, AR 72079 and University of 
Arkansas for Medical Sciences, Little Rock, AR 72205 

Perinatal serum T concentrations are thought to influence 
the development of male-specific pituitary and hepatic 
function. Because exposure to glucocorticoids such as DEX 
suppresses T in adult male rats, it was postulated that 
perinatal serum T  might be susceptible to glucocorticoid 
suppression durjng the critical period of prenatal and early 
postnatal development. To test this hypothesis, pregnant 
rats were treated during mid-gestation on gestational day 
(GD) 14 or perinatally on GD-21 or postnatal day (PND) 1 with 
10 ug/g DEX and the effect on postnatal serum T was measured. 
GD-14 treatment significantly decreased the serum T  peak 
which occurred 2 hours postpartum but no significant differ- 
ences were seen 12, 24 or 36 hours postpartum. Neither GD-21 
nor PND-1 treatient affected T during the perinatal period 
examfned. Al though DEX administered on GD-14 affected 
postnatal T profiles, this treatment did not significantly 
femjnize hepatic male-specific cytochrome P-450h related 
activities toward T in 70 day old male offsprfng. This 
treatient did however significantly decrease female-specific 
Sa-reductase activity toward T. These data suggest that 
decreases in the birth peak of T does not affect androgen 
Imprinting of the male-specific hepatic P-45Oh. 

l3*9 
FlETABoLIspI OF 2,6-DIAMIN - A WC 
WXEEN. M.L. Cunningham* and H.B. Matthews* (SW. 
L.S. Birmmm). Systemic ?oxicology Branch, National 
Institute of Envir&mental Health Sciences, Research 
Triangle Park, NC 27709 

2,6-Diaminot~luene (2,6-MT) is a major industrial chemical; 
approximately 100 million pounds are used annually in the 
synthesis of 2,6-toluene diisocymate. 2,6-MT is mutagenic 
in Salmnella t himurium TA98 requiring S9 activation, but 
was found not * uce tumors in F344 rats fed 250 or 500 
pp or B6C3Fl mice fed 50 or 100 pprn in 2-year bioassays. 
2,6-flAT is rapidly absorbed following oral tinistration 
and excreted primarily in the urine, 85% within 24 hours as 
four metablites l Resolution of the metabolites excreted in 
the urine by reversed phase WLC and analysis by electron 
impact and fast atom &mbardment mss spe&rosc&y identi- 
fied the mtabolites as a) N-hydroxy-, b) N-hydroxyacetyl-, 
c) wacetyl-, and d) N,N-diacetyl-derivatives of 2,6-MT. 
The N-hydroxyacetyl metabolite was found to be highly 
mtagenic and the N,N-diacetyl mtabolite was slightly 
mutagenic in TA98 with mtabolic activation. The other 
mtabolites were not mtagenic in the presence or absence of 
s9. Results of this work indicate that 2,6-WLT is 
mstahlized by the rat to ccmpounds which are proximate 
mutagens, but-since 2,6-ll~~ iS not carcinogeni& these 
proximate mutagens are either not carcinogenic or are not 
further activated in viva. -- 
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13.8 
TERATOGENI C EFFECTS OF CHRONl C COCA1 NE EXPOSURE IN Ml CE. 
Michael P. Mahalik and Henry W. Hitnerk. Philadelphia College 

I 
of Osteopathfc Medicine, Ph’ Iladelphia, Pennsylvania 19131. 

The purpose of this study was to observe the dose-response 
relationships of chronic maternal cocaine administration on 
fetal development. Gravid CF-1 mice received daily injections 
of 7,5, 15, 30, 60 or 120 mg/kg cocaine hydrochloride S.C. 
from days 5 through 18 of gestation and were compared to 
saline and+untreated control animals. Fetuses were removed 
from the mother on day 18, sexed, weighed, and processed for 
subsequent skeletal and soft ‘tissue examination. Maternal 
toxicity progressed in a typical dose-response fashion with 
100% maternal lethality at 120 mg/kg. Maternal weight gain 
during gestation and mean fetal weight decreased as dosage of 
cocaine Increased, while the incidence of premature births and 
both skeletal and soft tissue defects increased with dosage. 
There were no significant differences from controls in fetal, 
sex or resorption ratios. No maternal toxicity or significant 
teratogenicity was observed at 7.5 mg/kg. The specific anoma- 
lies observed in this study were similar to those reported 
previously and included CNS, ocular and genitourinary defects. 
Related malformations have been reported for human offspring 
of cocaine addicted mothers. Results suggest that higher doses 
of cocaine produce complications associated with enhanced ma- 
ternal toxicity, whereas the defects occurring at lower doses 
appear to be due to alterations in maternal-fetal ci rculat ion 
or to direct effects of the drug on the fetus. 

13.10 
AVIMUTAGENIC ACTIVITV EF 1,3-INDANDIOYE (IPD). 

hing Y. Wang. K/m Zukowskr and Mel-Sic Lee . Michigan Cancer 
Foundation, Detroit, MI 48201 

It is believed that chemicals initiate oarcinogenesis and 
mutagenesis via electrophilic reactions with DNA. Thus, IDD 
which oan be ionized to an enolate or a carbanion may be a 
trapping agent of ultimate carcinogens and mutagens. This 
hypothesis was tested in the Ames’ system using the direct-acting 
mutagens, methylnitrosourea and 2-n&off uorene, and the 
indirect-acting mutagens, aflatoxin B and benzo ajpyrene, that 
require activation by rat liver S-9. &, 10 pmoI/p ate, 1 
inhibited the mutagenic9 of 2-nitrofluorene and methylnitroso- 
urea by 90%. However, It did not inhibit the mutagenicity of the 
latter when it was added I hr after the addition of the mutagen. 
At 20 pmol per plate, IDD completely inhibited the mutagen- 
icities of aflatoxln B1 and benzo[a]pyrene. When tested In 
an in vitro system employing the binding of these carcinogens 
to tRNA, 0.5 mM IDD inhibited rat liver microsome-catalyzed 
binding of aflatoxin B1 to tRNA by 5096, and cytosol-catalyzed 
binding of N-h 

z 
droxy-2-acetylamlnofluorene to tRNA by 90%. 

How8v8r, its e ect on the binding of benzo[a]pyrene to tRNA 
catalyzed by microsomes was not as remarkable. Reaction of IDD 
with an activated 2-aminofluorene yielded a compound which,upon 
hydrolysis, 

T/f 
reduced IDD, and I-hydro - and 3-hydroxy-2-amino- 

fluorene. % ese data demonstrate that I D can trap ultimate 
carcinogens, and suggest that IDD may ossess anticarcinogenic 
activity. Supported by NIH grant CA2 38&l and CA37885 

14.1 
POST FIBER SUPPLEMENTATION EFFECT ON SERUM GLUCOSE, LIPIDS, 
AND LIPOPTOTEIN CHOLESTROL PROFILES IN DIABETIC AND NONDIABETIC 
SUBJECTS. John 0: ORunwole, David L. Trout, Esther E. Glover* 
and Jimmy L. Smith*. Alcorn State University, Lorman,MS 39096 
and USDA, Beltsville, MD 20705. 

The feeding and withdrawal effects of a dietary fiber 
supplement (FIBER EXCELL) were tested in 8 clinically dia- 
gnosed diabetic (fasting serum glucose)100 mg/dl) subjects 
(2 males and 6 females) and 8 nondiabetic subjects (2 males 

and 6 females). Subjects were fed 30 grams of supplement dia- 
ly for two weeks. Blood samples were collected just before 
the beginning of supplement and at the end of week 1 and week 
2 supplementation periods. Data are being analyzed for 
possible fiber-nutrient interaction effect on plasma glucose 
(G), total Cholestrol (TC), HDL, LDL Cholesterol, triacly- 
glycerol (TG) and Glycosylated hemoglobin (HbAlc) Profiles. 
Average daily nutrient and caloric intakes were not signi- 
ficantly different (P(O.05) between the two groups during the 
study period. The measured metabolites were consistently hi- 
gher in the diabetic subjects (D) than the nondiabetics (ND) 
in the basal, supilemental, and withdrawal periods. Thus it 
appears that, (1) the metabolic effects of diatary fiber de- 
pends on the physiological state of individuals, (2) post fi- 
ber supplementation effect is not uniform on all metabolites 
and (3) while fiber intake resulted in a decrease in total 
cholestrol, LDL-Cholestrol level was not affected in diabetics. 

14,2 
INFLUENCE OF SEX HORMONES ON THE HYPOLIPIDEMIC 
ACTIVITY OF NiCARDIPINE(NlC) IN FRUCTOSE-FED RATS 

I (FFRs). Morris J. Clarke”. Setrlna Hunter*. Rov L. Hawke . Jo S. 
Euik-ki II - a nd Richard M Welch. Weiicome Ras. Labs. Research 
Triangle Park, N.C. 27769. 

Oral administration of NIC lowers serum LDL-cholesterol 
(LDL-C) and raises HDL-choIesterroI(HDL-C) in male rats fed a 
normal or chotesterollchoiic acid (CC) diet (Blochem. Pharmacol. 
33:2199-2205, 1984). Serum LDL-C and HDL-C levels were 35% 
highar after 5 days of feeding a 60% fructose diet than after 
feeding a normal diat to rats. We have observed that oral NIC 
(IO-100mglkglday for 3 days) reduced serum LDL-C lsvels 44 to 
14 mg/dl without affecting HDL-C levels In male FFRs on day 8. 
NIC administered to female FFRs reduced LDL-C levels from 55 to 
20 mgldl and raised HDL-C lsvels from 49 to 74 mgldl. Additional 
studies were undertaken to axamlne the sex difference in HDL-C 
response to NIC In gonadectomired animals(GFFRs) with and 
without hormone replacement. Serum LDL-C and HDL-C levels in 
GFFRs were ths same as levels In sham-GFFRs. Gonadectomy did 
not alter the 60% reduction in LDL-C observed after NIC in intact 
FFRs. However, the 50% increase in HDL-C In female FFRs was 
completely blocked by ovarlactomy. Estrogen replacement in 
female GFFRs restored th8 NE effect on HDL-C. These 
Influences of sex hormones on NIC Induced hypollpldemla in 
GFFRs are consistent with raported antiatherogenlc effects of 
sstrogsn with no or opposite effects of testosterone. 
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14.3 
STOICHIOMETRIC ANALYSIS OF LDL LIPID PEROXIDATION, 
M.L. Lenz,* H. Hughes,* C.V. Smith,* D.P. Via,* A.M. GOtto,* 
and J.R. Mitchell, Department of Medicine, Baylor College of 
Medicine, Houston, TX 77030. 

Oxidation of low density lipoprotein (LDL) causes changes 
in the biological properties of LDL that may be important in 
athexogenesis. That LDL oxidation is accompanied by lipid 
peroxidation has been demonstrated but previous analyses of 
the products of LDL oxidation have not included measurement 
of specific lipid hydroperoxy and hydroxy acids. In this 
study LDL was isolated from plasma of normal volunteers aPQ 
exposed to 02 for up to 24 h in buffer containing 5 uM Cu . 
Oxidized LDL showed decreased linoleate (18:2) and 
arachidonate (20:4) content with increased concentrations of 
thiobarbfturic acfd reactive substances (TBARS) and hydroxy 
and hydroperoxy 18:2 and 20:4; the electrophoretic mobility 
of the LDL protein also was increased. Following reduction 
the hydroxy fatty acids were characterized by GC-MS analysis 
of the TMS ether Me ester derivatives. The hydroperoxy and 
hydroxy derivatives accounted for more than 70 percent of the 
linoleate consumed during LDL oxidation and represented 
greater than loo-fold more product than was measured by TBARS 
analysis. Conclusion: Examination of the stoichiometry of 
the peroxidation of LDL lipid revealed that hydroperoxy and 
hydroxy acids are the major products formed; numerous 

14.5 

PLASMA LIPOPROTEIN CHANGES AFTER A LOW CALORIE HIGH SOLUBLE 
FIBER DIET IN OBESE SUBJECTS, J.L* Durstine,* R.G. Sargent,* 
W-P. Bartioli,* S, Streater,* B, Boardman,* (Span. S, Powers), 
Univ. of South Carolina, Columbia, SC 29208 

Twenty one obese subjects (2 20% of ideal weight) were 
divided into Group I (GI) (n=lO) and Group II (GII) (n=ll). 
GI was given a low Kcal/fat diet (mean = 918 2 45 Kcal/d) (54% 
carb.; 20% pro.; 26% fat) plus 80 g of oat bran supplement. 
GII followed a similar dietary plan (1025 + 81 Kcal/d) (58% 
carb,; 20% pro.; 22% fat) with no oat bran supplement. After 
eight wks a cross over design was followed with GI following a 
low Kcal diet (948 f 82 Kcal/d) similarly followed by GII 
(1055 + 80 Kcal/d) plus the oat bran supple- merit. Plasma 
lipoproteins were determined at baseline, cross over and at 16 
weeks. Total cholesterol (TC) did not differ between the 
groups at baseline (GI 176 f 11; GII 177 f ll), Triglycerides 
also did not differ at baseline (GI 163 f 10; GII 159 f 28). 
Although, reductions in TC were observed, no significant 
differences were found in either treatment group over the 
sixteen wk period. However, when those in each oat bran 
treatment group were segregated into those having TC greater 
than or lower than 175 (HI n=6, LO n=8) significant reductions 
were not found in the LO group, but were in the HI (LO pre 156 
+ 6, post 150 + 6) (HI pre 201 f 7, post 187 f 7). Similar 
reductions were found in LDL-C while no changes were seen in 
HDL-C. Therefore, a high soluble fiber diet may exert its 
affects in groups with high cholesterol levels. 

14.7 
IDENTIFICATION OF ATRIAL NATRIURETIC PEPTIDE (ANP) RECEPTORS 
IN BROWN ADIPOSE TISSUE. Hiroake Okamura*, Paul A* Kelly*, 
GBrard Morel*, Marthe Belles-Isles* and Seymour Heisler. 
McGill University, Montreal, QC H3A 1A1, Universits Lyon-Sud, 
69600 Oullins, France and Lava1 University, Quebec, QC 
GlV 4G2. 

The binding and metabolic effects of ANP were investigated 
in rat interscapular brown fat. Membranes from this tissue 
specifically bound [ 1251]-ANP, The association of labelled 
peptide was very rapid; at 2S'C equilibrium was achieved 
within S mfn, Analysis of binding data revealed a single 
class.of high affinity ANP binding sites with a KD value of 
1.7 nM and a receptor density (Bmax) of 226 pmol/mg protein. 
Binding of [ 1251]-ANP was completely inhibited by unlabelled 
ANP (IC50 = 0.86 nM) but not by other adlpocyte-active drugs 
such as insulin, ACTH or (-)isoproterenol. ANP stimulated a 
concentration-depqndent increase in the synthesis of cGMP 
(EC50 = 2.5 x lo- M) in isolated adipocytes. The atria1 
peptide, however, did not exert any in vitro effect on -- 
(-)epinephrine-induced glycerol production. The data 
demonstrate the presence of specific and biochemically- 
functional ANP receptors in brown fat which are not coupled 
to lipolysis in these cells. The physiological function of 
the atria1 peptide in brown adipocytes remains unknown. 
(Supported by the Medical Research Council of Canada, the 
Quebec Heart Foundation and the Royal Victoria1 Hospital 
Research Institute) 

14.4 
STRESS EFFECTS ON SERDM TRIGLYCERIDE, NEFA, AND TOTAL 
CHOLESTEROL X&VELS IN WkU RATS. D,Hershock* and W.B. Voael. 
Thomas Jefferson University, Philadelphia, PA 19107 

Serum triglyceridea, aone8terified fatty aci& (-A), and 
total chole8terol were mea8ured after acute and chronic(4 
&y) immbilixation stress (1 hour) in adult male Sprague- 

Dawley rat8. An-18 were fed either Fuzina Rat Chow OE the 
same diet 8upplemented with 1% Chole8terol ad 10% pmnut 
oil. R&8 were either nonfaated, fa8ted (24hour), or 
nonfasted high chole8tero1, high fat fed prior to 8tre88. 
Blood was obtained from indwelling jugular Catheter8. 
During 8CUt6i 8tre88, nonfasted 8erum triglyceride values 
deCrM8ed, fasted lem18 imrea8ed, and nonfa8ted high 
chole8terol fed levels al8o increa8ed. NOnfa8ted 8erua NEFA 
levstl8 ranafned lower than ba8eline w&rea8 fa8ted and 
nonfasted high cholerterol fed rat8 8howad a nignificant 
dacrea8o aftex 5 IRd 15 minute8 of 8tre88, increasing after 
15 minutes. Serum total cholesterol lemls were not altered 
by 8trU88. After chronic (4 day) 8tre88, nOnfa8ted 
triglyceride level8 remained constant, ChOle8terOl did not 
change, but NEPA wa8 con8i8tontly higher at all 8tM88 tiana 
point8 after day 3. It can be coacluded that acute 

inmrnkiilization 8tw88 affected 8erum triglyceride 8ti NEPA 
value8. In contra8t, chole8texol mined unaltered by 
8tre88 l During chronic 8tra88, NEFA reared l~oze 8enritiva to 
change whereas triglyceride8 and total Cholelltezol remained 
stable. 

14*6 

Cl-lOLESTEROL IS REQUIRED FOR THE SECRETION OF THE VERY LOW 
DENSlfV LIPOPROTEIN (VLDL) BY THE RAT LIVER: um STUDIES. 

v mn. Hem G. Wilcox. and mav w Department of 
Pharmacology, College of Medicine, University of Teniessee-Memphis, 
Memphis, TN 38163. 

We reported previously that cholesterol (C) is a necessary 
component for the secretion of the VLOL by the isolated perfused rat 
liver (FASEB. 2:1620 (1988)). To reduce the putative hepatic 
metabolic pool of C, normal male rats were fed lovastatin (L, 0.1*16) in 
the diet for one week. Control rats were fed unsupplemented ground 
chow for one week. Another group received chow containing both 0.1% 
L and 0.1% C. Rats In each group were then injected with Triton WR- 
1339 in 0.9% NaCl (50 mg/tOO g body wetght) or saline alone via the 
sacral vein. After 2 hours, the rats were exsanguinated, and the VLDL 
was isolated from the plasma by ultracentrifugatlon. Secretion of 
VLDL-triglyceride (TG) was 1.69 ~mollhrlg liver in the control 
group, as calculated from differences in plasma VLDL-TG concentrations 
between saline and WR-1339 treated groups. Addition of L to the diet 
reduced the output of VLDL-TG by 47% (p<O.O5). Supplementation of 
the diet with both L and C returned the output of VLDL-TG to control 
values. The molar ratios in the VLDL of phospholipid, C, and C esters 
relative to TG did not change in any experimental group, suggesting the 
secretion of VLDL particles unchanged in composltion. The data obtained 
I~&Q appear to support prior observations with the isolated liver tfiat 
C is required for the secretion of the VLDL and transport of TG. 

14s 
COD LIVER OIL EFFECT ON DIET INDUCED RABBIT ATHEROGENESIS. 
E. L. Beard, S. E, Skelly*, E. A. Michals* and J+ Q 
Touchy*. Loyola University, New Orleans, LA 70118: 

Cod liver oil (CLO) supplemented atherogenic dieting re- 
duced the severity of atherogenesis in rabbits, Cholesterol 
levels in the blood plasma and platelets of Cm treated 
rabbits were markedly reduced and those of lung and kidney 
lysosomes were below atherogenic control values. Phospho- 
lipid levels of plasma and platelets were lower in CL0 
supplemented animals in the second month of dieting than 
were control tissues. Plasminogen activator activity rose 
in th,e blood plasma and platelets of CL0 supplemented 
rabbits in the second month of study. 

Plasminogen activator activity increased in extracts of 
homogenized lysosomes from lung, liver and kidney lysosomes, 
Platelets of CL.0 treated rabbits responded to insulin expo- 
sure by taking up somewhat more glucose from the suspension 
medium than did non supplemented controls. In another 
experiment, rabbits fed normal diet (Purina Rabbit Chow) 
were compared to atherogenic dieted animals with half of the 
animals on each diet type receiving CL0 supplementation. 
Diphosphoglyceric acid (DPG) levels of atherogenic dieted 
rabbits were lower than in animals maintained on normal diet 
compared to atherogenic dieted ones. DPG was higher in CL0 
supplemented atherogenic dieted rabbits than in those fed 
atherogenic diet alone. Atherogenic plaque development in 
Cm-AD rabbits was reduced in comparison to AD controls. 
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LIPOPROTEIN LIPASE ACTIVITY IN ADIPOSE TISSUES OF RATS 
FOLLOWING A MEAL HIGH IN STARCH OR SUCROSE. Marie-Josee 
Martineau* and Yves Deshaies* (SPON: J. LeBlanc). Dept. 
Physiology, Lava1 Univ., Quebec, Canada GM 7P41 ’ 

To further investigate the disparate effects of various ty- 
pes of dietary carbohydrates on lipid metabolism, serum lipids 
and lipoprotein lipase (LPL) activity in white (WAT) and brown 
(BAT)adipose tissues of rats were measured at various time 
points following a meal high in either starch (STA) or sucrose 
(SUC) (65% of energy). Diets were fed ad libitum for 4 weeks 
prior to the test meal. The postprandial triglyceride increase 
was maximal 2 hr after the meal, and it tended to be larger in 
SUC-fed (130% over fasting) than in STA-fed animals (87%). 
Insulin increased 3-4-fold over fasting levels 30 mn after 
meal intake. Total insulin response to the meal (i.e. area un- 
der insulin curve) was 3-fold larger in the SUC-fed rats than 
in animals given STA, whereas the small post-meal elevation in 
glucose was comparable in both groups. Meal intake increased 
LPL activity in WAT similarly in both groups (50% over fasting 
levels), but enzyme activity was Z-fold higher in SUC-fed ani- 
mals compared to STA-fed rats at all pre- and post-meal time 
points. LPL activity in BAT was stimulated only by the high- 
STA meal (42% over fasting). This study showed that LPL in 
both WAT and BAT is sensitive to the type of dietary carbohy- 
drates, The results agree with the notion that insulin may be 
a determinant of the LPL response to STA and SUC in WAT, but 
not in BAT. (Supported by NSERC of Canada). 

IW'STREXMIWITEI DL. AnnePaulin* andYws kshaies* 
(SPON: J. LeBlanc). Dept. Physiology, La-1 Univ., w c* 

Canada ax ?P4. 
Sinoecate&olbs are- to decreaseinvitr0lip 

prutein lipase (WL) activi~inwhiteadipose tiss~ MT) of 
the rat, this stWywas carriedout tovwifywhetherthe 
~~onin~activitythatoccursin~rcisetr~nsd 
rats couldbe p~~ted~chronicbeta-adrenergic blc&a&. 
W grow of mle rats was train& (T) (1 hr of daily tread- 
mill tig) for 30 mm days, and her gYo* was 
kept sedentary (S), Half of ea& group -iti r&o101 in 
their diet (25 q/kg, stificient to induce bradycardia). S 
rats m killed at rest and T  antils Lately after their 
last mng session, bothgroups king in theptprandial 
stati.E>riercisedecreas~IPLactivity inW (63% klwS 
levels) and in bran adipse tissue (-57%) as well as serm 
total triglyceride (-79%) and oholesterol (-24%) levels, but 
increased senm nonsterified fatty acid mnmtratim (117%). 
&do101 treamt did not affect either the exercise induced 
changes in sevzlm lipid variables or WL activity in WAT. This 
St&y suggests that in trained rats the beta-adrmergic wth- 
way is not involved in the ezrcise induced reduction in IZL 
activity of FIAT. 
(Swrted by NSEK of Canada) 

15.1 

ADENOSINE IS NOT NECESSARY FOR INSULIN-STIMULATED 
GLUCOSE UPTAKE IN INTESTINE. M.P, McLane*. W,R. Law. and 
m Loyola University, Stritch School of Medicine, 
Maywood, IL. 60 153, and the V.A. hospital, Hines, IL, 60141+ 

Recent studies have shown that basal adeaosine is necessary for 
insulin-stimulated glucose uptake in the heart. To investigate whether 
basal adenosine is necessary for insulin-stimulated glucose uptake (GU) 
in the intestine, healthy mongrel dogs (20-25 kg) were anesthetized 
with sodium pentobarbitaf (30 mg/kg ix), intubated and ventilated 
artificially with a Harvard respirator. A catheter was inserted into 
the portal vein. Inferior mesenteric and pancreaticoduodenal arteries 
were ligated. Blood flow was measured with an electromagnetic flow 
probe on the superior mesenteric artery. Intestinal metabolism was 
determined using the Fick technique. 

After baseline measurements were calculated, 8 hyperinsuiinemic 
(4U/min i-v,), euglycemic (D2oW) clamp (INS) WBS established in the 
presence or abtince of adenosine rece tor blockade via arterial 
infusion of &phenyltheophylline (lo- 0 mol/min, 8-PTH), 

Basal INS Basal 8-PTH &PTH+INS 

GU 0.7 f .4 1.1 f .4 1.1 f .4 0.7 f .3 1.1 f .3 
@g/min) 

Conclusions: 1) Insulin increased glucose uptake in the intestine. 
2) Basal adenosine mainbins 8 tonic intestinal glucose uptake. 
3) Adenosine is not necessary for insulin-stimulated glucose uptake in 
the intestine. (Supported by NIH Grant HL-31163 and the V.A,) 

THE EFFECTS OF GLUCOSE AND OTHER SUGARS ON CULTURED ADRENAL 
MEDULLARY CELLS: IMPLICATIONS FOR DIABETIC NEUROPATHY. J.E. 
Fedyna*, I. Lopez*, and D.B. McKay* (SPON: A.M. Burkman) The 
Ohio State University, Columbus, Ohio 43210. 

Evidence exists that elevated glucose concentrations can 
alter neuronal function or cause neuronal damage (e.g., dia- 
betic neuropathy). Since cultured bovine adrenal medullary 
(BAM) cells are embryologically homologous to neurons, the 
effects of elevated sugar concentrations on BAM cells were 
investigated. Acute treatment ((60 min) with glucose, galac- 
tose and ribose had little or no effect on cellular catechol- 
amine content, on nonstimulated catecholamine release or on 
nicotine-stimulated catecholamine release. Acute sugartreat- 
ment3with glucose and galactose (30 mM) inhibited the uptake 
of [ H]myo-inositol (MI) by 58%*6X and 31%+5%, respectively. 
Fructose had no effect on uptake. For cells treated 7 days 
with glucose, galactose and fructose (30 mM), after removal 
of the sugar [ HIMI uptake was reduced by 51%*15X, 24%*17% 
and 23%&14%, respectively. When cells were treated (40 mM) 
for 4 days with glucose, galactose and ribose, the total cate- 
cholamine content of the adrenal cultures was reduced by 18X* 
7%, 12%*9% and 49%+17%, respectively. The sugar effects were 
both time-dependent and concentration-dependent. These re- 
sults a) demonstrate that chronic sugar treatment of cultured 
BAM cells produces alterations in MI uptake and catecholamine 
content and b) suggest that a parallelism exists between 
neuronal and BAM cell responses to elevated sugar levels. 
(PHS NS24814). 

15*2 
BILE FL0W THROUGH THE JEJUWM IMPROVES GLUCOSE UTILIZATION 
IN RATS. M. Rudnicki*, D-G, Patel, D.W. McFadden*, M.S, 
Nussbaum*, A, Balasubramaniam*; J,E, Fischer*, Depts, of 
Surgery and Pharmacol. & Med. Chem., Coil. of Pharmacy, 
University of Cincinnati, Cincinnati, OH 45267, 

Jejunoileal bypass excludes approximtely 90X of the 
small intestine which alters glucose homeostasis and inhib- 
its postprandial insulin response, This study investigates 
the effect of blind ended short jejunal conduits (BJC) and 
bile flow through these conduits on glucose homeostasis and 
insulin response. Blind ended (7cm long) Roux-en-Y conduits 
(BJC) were created in 12 rats with intact bfliary tracts. 
Another 11 rats had choledochojejunostomies (CJ) in which 
the bile ducts were anastomosed to the proximal blind ends 
of the jejune1 conduits. 12 intact rats were used as 
matched controls. 2 hours oral glucose (0.75g/kg) tolerance 
tests (OGTT) were performed at 3 months. Insulinogenic 
indices were calculated using the ratio of the areas under 
the curves for plasma insulin and glucose after OGTT. 

Control BJC CJ 
Ins. Index 0.178+0.016 0.132f0.013* 0.238f0.002*# 

Mean f SEM, *p<O.O5 vs control, #p<O.OS vs BJC 
The diabetogenic effect of an excluded, blind ended conduit 
is improved with btie flow through it* This part of the 
jejunum may play an important role in the bile mediated 
mechanism of glucose utilization in rats. 

15.4 
EFFECTS OF VANADIUM ON M0DULATIOH OF,GLUCOSE TRANSPORT IN 
VITRO. Ivan Bihler and Paul C. Sawh . Dniv. of Manitoba, 
Winnipeg,HB R3B OW3,Canada. 

Vauadate and vanadyl (V02') ions are known to have 
insulin-like effmts in various systems. We have wtudied the 
effects of VU2- on the eaeBlrbraae transport of glucose in 
isolated adult rat cardiac myocytes and in pigeon erythro- 
cytes. Initial influx rates of the nonretabolized glucose 
analog 14C-3-@@thyl-D-glucose (3-MG) were measured by 
liquid scintillation counting. 
to 10% vo2- 

In the cardiac myocytes 10 
-S 

increased 3-W influx to a tierate extent, 
enhanced transport stimulation by swximal or supramaximal 
concentrations of insulin or by hyperomlarity (100 H 
mannitol) and increased even more the stimulatory effect of 
5x10-%! epinephrine. 3-MG transport in pigeon erythrucytes 
does not respond to insulin but is stimulated by 4x10% 
epinephrine and this was strongly enhanced by V02-- stimu- 
lation by N2 was not altered. V02- by itself also increased 
transport to a minor extent. These results indicate that 
the insulin-like effect of vanadium develops rapidly and may 
be studied in vitro. The ability of V02" to enhance trans- 
port stimulation by some agents but not by others suggests 
possible differences in their mechanisms of stimulation. 
vanadyl may be a useful tool to study mechanisms of glucose 
transport wdulation in various cell types. (Supported by 
grants from the Canadian Diabetes Association and the 
Manitoba Heart Foundation). 
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15.5 
EFFECTS OF INSULIN AND CATECHOLAMlNES ON RESPIRATION, 
LIPOLYSIS AND GLUCOSE TRANSPORT IN BROWN ADlPOCYTES 
ISOLATED FROM GENETICALLY OBESE ZUCKER RATS . A. Marette* 
and L.T. Bukowiecki I;aval University, Medical School, Quebec, GIK 7P4. 

The effects of insulin and catecholamines on oxygen consumption, lipolysis 
and glucose transport were investigated in brown adipocytes isolated from 
interscapular brown adipose tissue (BAT) of lean (Fa/?) and obese (fa/fa) 
Zucker rats. The results showed that tissue cytochrome oxidase activity was 
not altered in obese rats suggesting that BAT mitochondrial oxidative 
capacity is normal in this phenotype. Catecholamines (norepinephrine or 
isoproterenol) increased 8-12 times cellular oxygen consumption in both lean 
and obese rats. However, there was a small, but significant, decrease in 
norepinephrine (NE) sensitivity with obese BAT cells compared to lean (l/2 
Vmax: 200 nM vs 50 nM). The lipolytic sensitivity to NE was also decreased 
but no significant differences were seen in NE-stimulated glucose transport. 
Dibutyryl cyclic AMP similarly stimulated oxygen consumption in both 
phenotypes suggesting that the decrease in NE sensitivity resulted from a 
deactivation of the receptor-adenylate cyclase compIex. On the other hand, 
the antilipolytic and antithermogenic actions of insulin were markedly 
reduced in obese BAT cells (-lS% and 45% respectively). Insulin-stimulated 
glucose transport was also significantly decreased in sensitivity (l/2 Vmax: 2 
nM vs 0,3 nM1 and responsiveness (4-fold vs 7- fold). These results 
demonstrate that: (a) insulin actions are highly impaired in brown 
adipocytes from obese Zucker rats, (b) the sensitivity of these cells to the 
lipolytic and thermogenic effects of NE is decreased, and (c) their maximal 
thermogenic capacity is not changed. (Supported by MRC, CDA and FRSQ). 

15.7 

EFFECTS OF 7 WEEKS OF ACARBOSE TREATMENT ON METABOLIC AND 
THERMAL PARAMETERS IN DIABETIC RATS. M.J. Katovich, M. 
Meldrum* and J.R. Vaselli. Department of Pharmacodynamics, 
University of Florida, Gainesville, FL 32610. 

Streptozotocin (STZ) diabetes is characterized by polyuria, 
polydipsia, glucosuria, hyperglycemia and an altered tail skin 
temperature (TST) response to administration of isoproterenol 
(ISO) and heat stress. Acarbose (Bay.g-54211, a alpha gluco- 
sidase inhibitor of intestinal absorption of carbohydrates, 
was evaluated on the metabolic and thermal characteristics of 
ST&induced diabetes. Three groups of male rats received ST2 
(65mg/kg, IV) while the remaining group received the vehicle. 
Two of the ST2 groups received acarbose in the diet (20mg/lOOg 
and 40mg/IOOg). Metabolic parameters were measured daily in 6 
animals from each group. Acarbose treatment significantly re- 
duced the glycosuria, polyuria and polydipsia observed in the 
untreated ST2 diabetic rats. Blood glucose was also signifi- 
cantly reduced in the acarbose treated groups during the 3rd- 
7th week of the study. The rise in T S T  associated with admin- 
istration of IS0 and heat stress (32OC) was significantly re- 
duced in the STZ diabetic rat suggesting a defect in thermo- 
regulatory vasodilatory responses. Although acarbose treat- 
ment did not restore any parameter to control values, the 
severity of the responses were attenuated* Collectively these 
results suggest acarbose may be beneficial in the treatment of 
diabetes related symptoms. (Supported in part by Miles 
laboratories and NIH Grant HD18133). 

15.9 
EFFECT OF INSULIN AND GLUCAGON ON HEPATOCELLULAR ALAMNE 
TRANSPORT IN RATS. Anwar B. Bikhazi, Habib Alloush*, Fadia 
Uthman*, Rula Abbud* and Najla Fakhreddine*. American 
University of Beirut, Faculty of Medicine, Beirut, Lebanon. 

Hepatocytes from normal and streptozocin-treated diabetic 
rats were dispersed by collagenase perfusion. Cells were 
suspended in Ca-Mg-free phosphate buffer containing oxamic 
acid and treated with insulin, glucagon and/or cycloheximide 
prior to measurement of 14C-alanine transport. Samples were 
withdrawn at specified intervals, centrifuged, and hepatocel- 
lular uptake was monitored by measurement of alanine intra- 
cellularly and in supernatant. Alanine uptake in insulin- 
tregted normal cells increased (86%) compared to controls. 
However, in cycloheximide-treated cells, uptake decreased by 
25%. Cycloheximide presence with insulin blocked increased 
uptake induced by insulin treatment. Diabetic cells showed 
27% increase in uptakecompared to normals. Insulin treatient 
enhanced uptake (67%), while cycloheximide decreased it by 
13% compared to diabetic controls. No change in uptake was 
observed when diabetic cells were treated with insulin and 
cycloheximide simultaneously. Insulin enhances alanine 
transport in normal and diabetic hepatocytes contrary to 
the effect of cycloheximide. However, the data disagrees with 
the "down-regulation" concept. The increase in uptake 
exhibited by diabetic cells may be explained by increase in 
glucagon plasma levels. (Supported by RADAC, A.U.B., and 
the Nadim Andraos Foundation). 

15.6 
MECHANISM OF ENHANCED LIPOLYSIS DURING COLD-ACCLIMATION IN I- 
SOLATED RAT ADIPOCYTES, Louise Rochon* and Louis Bukowiecki. 
Dept. Physiology, Fat. Medicine, Univ. taval, Quebec, GlK 7P4. 

The aim of this study was to determine the effects of cold 
exposure (CE) and cold acclimation (CA) on the regulation of 
lipolysis in white adipose tissue (WAT), Rats were divided in 
3 groups: cold exposed (CE) 7 days at 5OC, cold-acclimated 
(CA) 21 days at 5 C and warm-acclimated (WA) (25OC). Lipoly- 
sis was measured in isolated adi pocytes as glycerol release 
in umoles/lO6 cells/l5 min (U), Basal lipolysis was signifi- 
cantly higher in CE and CA groups than in WA animals (0.29 & 
0.02, 0.31? 0.04 and 0.18~ 0.03 U respectively; ~~0.05). Li- 
polytic responsiveness and sensitivity of adipocytes to cate- 
cholamines were significantly decreased in CE and CA rats. 
The inhibitory effect of cold on lipolysis was still observed 
in the presence of adenosine deaminase, Incubation of adipocy- 
tes with dcAMP and theophylline stimulated lipolysis to'the 
same extent in all groups. Glucagon (GLU) and ACTH stimulated 
lipolysis significantly more in CE and CA rats than in WA con- 
trols (2.06~ 0.2 and 0.91~ 0.06 vs 0,37* 0.05; l~O.05 for GLU 
and 4.2kO.18, 2.25kO.42 vs 2.5* 0.24; ~0.05 for ACTH). The 
antilipolytic effect of insulin was found to' be significantly 
decreased in both CE and CA groups. Altogether, these results 
suggest that the increased lipolysis in WAT observed during 
CA is the result of an increased sensitivity of the adipocytes 
to the lipolytic effects of glucagon and ACTH rather than to 
catecholamines. 

15,8 

IN VITRO REVERSAL OF INSULIN RESISTANCE IN MUSCLE 
FROM NIDDM RATS. D.A. Young, R.H. McIntosh*, and J.E. Foley. 
Sandoz Research Institute, IZast Hanover, N.J. 07936. 

In a previous study it was found that muscles from 
hypoinsulinemic-hyperglycemic rats exhibited significant insulin 
resistance (IR), and that this IR could be reversed by prolonged incubation 
in vitro in the absence of insulin (Wallberg-Henriksson, JBC, Vol. 
262:7665,1987), We have repeated this experiment using a 
streptozotocin (STZ) rat of model of NIDDM. Rats were made diabetic 
by a single injection of 37.5 mg/Kg STZ, and exhibit hyperglycemia 
(>200 mg%) with normal insulin levels c25 pU/ml). However, unIike 
animals used in the previous study, following an overnight fast NIDDM 
rats exhibit normal blood glucose values (-80 mg%). These animals still 
exhibit IR however, as judged by euglycemic clamps perfomed in vivo 
(average 90-120 tin glucose infusion rates in normal and ST2 animals 
were 25.4 f 2.6 and 13.5 & 1.4 mg/Kg/min respectively, P<O.Ol), or by 
insulin stimulated 3-methylglucose transport (3-MG) in epitrochlearis 
muscles in vitro (7.16 f 0.70 vs. 3,35 f 0.40 floI/ml/hr, P ~0.01). When 
muscles were incubated for 5 hours with 5 mM glucose in the absence of 
insulin, 3-MG transport reversed 50% of the way toward normal. The 
data indicates that NIDDM rats exhibit marked IR in vivo and in vitro, 
and that this resistance can be acutely reversed in vitro. This suggests that 
there is something unique about the diabetic state, other than 
hyperglycemia, which prevents reversal of IR in vivo. 

15JO 
PROGESTERONE RECEPTOR-MZDIATED REGULATION OF INSULIN RECEPTOR 
SINDING ACTIVITY AND INSULIN ACTION IN TEE ZR-75-1 HW 
BREAST CANCER CELL LINE, R. Poulin* and P. Labrie, MRC Group 
in Molecular Endocrinology, Lava1 University Medical. Center, 
Quebec G1V 4G2, Canada. 

In order to gain better understanding on the function of 
the progesterone receptor (PgR) in raarrrtzlary tumors, we have 
studied the effect of the synthetic progestin R5020 (promeges- 
tone) on cell proliferation and insulin receptor (InsR) con- 
tent in the hormone-responsive ZR-75-l human breast can&r 
cell line. No effect of the progestin (up to 100 nM) w&s 
observed on ZR-75-1 cell proliferation at the end of a SZ-day 
growth period in the absence of estrogens, or in estrediol 
(EJ-supplemented media (1 nM) containing insulin (0,5 ~11111) l 

However, when no insulin was added, R5020 inhibited the mito- 
genie effect of E, by about 65% (IC,O = 30 PM), The potent 
antiprogestin RU486 (mifepristone, 300 nh), but not the anti- 
androgen hydroxyflutamide (3 @> reversed the effect of R502O 
in a competitive manner, thus indicating a PgR-mediated ef- 
fect, In the presence of E,, increasing concentrations of in- 
sulin completely reversed the effect of R5020 (10 nM) with a 
half-maximal mitogenic effect similar to that observed in ste- 
roid-deprived (control) cells (EC,, - 0.5 and 0.6 rig/ml, res- 
pectively). InSR binding activity was increased by up to 
3-fold after 4 days in intact ZR-75-l cells incubated with 10 
nM R5020 and 1 nM E,. These results suggest that insulin 
action might be greatly potentiated by PgR-mediated up-regula- 
tion of InSR in breast cancer cells, 
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El 1 
EFFECTS OF MATERNAL ALCOWOLISM,ON FETAL BRAIN 
GLUCOSg METABOLISM4 A.K Snyder S.P Sinab F. 
Pullen and &a . V.;. Medicai Cenier and'The 
Chicago Medical School, North Chicago, IL 60064 

We have reported reduced blood glucose (BG) 
and insulin (1Rf) levels in term fetuses of 
ethanol-fed (EF) rats: fetal brain weight cor- 
related with BG. In the present study, rats were 
fed liquid diet containing ethanol (30% of total 
caloric intake) or control diet throughout gesta- 
tion. In term fetuses of EF rats, BG was 20 and 
30 0 lower than in those of pair-fed (PF) and & 
ubitum-fed (AF) controls, respectively. Glucose 
uptake by dissociated fetal brain ce 
by incubation for 2 minutes with 3 la, measured 

H-2-deoxy-D- 
glucose, was reduced (~~0.02) in the EF group 
(2.29 f  0.23 nmoles/min/mg protein, vs 3.64 k 
0.39 and 4.24 f  0.26 in PF and AF controls, re- 
spectively). Uaring whole brain plasma membranes 
from EF, or AF litters, maximum binding 
( 
as 

f& 
I porcine IRI was 6 

0. ax) Of and 6.4 f  0.5 % and that of 
&f 0.7, 6.5 1 

I recombinant 
insulin-like growth factor-l was 12.0 f 0.7, 16.1 
f  1.0 and 15.6 f  2.4 % respectively. Reduced BG 
and brain cell glucose uptake may contribute to 
the brain growth retardation we have observed in 
fetuses from ethanol-fed rats. 

15.12 

suBREG1mAL MIcmvAscuLAR AND Mm!AmT.Jc EwwuREs OF 
THE RAT ARRA P0Sn. P.M. Gross, J.J. PanyR, 
D,S. Wainman*, S.W. Shaver* and M. Kadekaro . 
Neurosurg. Res. 7 Unlt,fZEG.,on, Ont. 
K7L 3N6 and YIiv. Neurosurg., Univ. Texas Med. 
Branch, Galveston, TX 77550 

The area postrema (AP) of rats is differentiated 
in cytoarchitecture and distribution of neuroactive 
substances. We tested the hypothesis in albino rats 
that the normal linkage between capillary density 
(CD) and tissue glucose metabolism (GM) would be 
topographically related within AP. CD was assessed 
by morphometry in 1 urn-thick coronal sections at 3 
rostrocaudal levels (obex -0.2 to -0.6 mm). GM was 
measured using [ "Vjdeoxyglucose and image 
processing. Four zones were discerned within AP in 
order of CD: medial = lateral > dorsal = ventral 
(range = 173 to 407 capillaries/ma for vessels 5 
7.5 um id). Corresponding topography of GM was in a 
range of .55 to .70 umol/g/min. In dehydrated rats, 
GM increased most (up to +38%) in the medial and 
lateral zones which contain the densest distri- 
butions of vagal afferent terminals, catechol- 
amines, and neuropeptide Y. CD and GM reflect the 
complex cytoarchitecture and potential diverse 
neurochemical interactions within individual AP 
zones that may be functionally discrete. 
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16.1 
ETtiAWIRWCED DEPRESSIM OF IWM CMTICAL REUROWS ME MLTAIWZED 8Y toI& 
4St3: EVIDEWCE FRM INTRAOCULAR TRMSPLAMTS I# ATHYMC RATS, B, Mffetl , M, I I 
~~k8d0ttOr+~lS3M2, 1, ttrolrbera , phl]lD 8t ig42 , 1, DIeon 2, A, $~i&, M, 

y&MB* , md N, Pahrl. ‘Dept. :f Phar~calogy Univ of Co10 HSC Denver 
CD 80262, USA, *Dept, of Histolgy, Katolinska inatitke, St&oh,‘Su~dm, 
‘Dept. of Neurological Surgery, U~iv, of Hiaai School of hd, 

Hum fetal tissue fr# the cerebtal cortex uaa collected following 
eltr;tive abortiotts in the eighth to aleveath reek of ge8tatlon wing procedures 
approved by the Ethical Co&tee of the Karolinska Hoepital aad conforain9 to 
USES guide1 iaes, The human cortical tissue was traasplankd to the anterior 
eye charber of athyric aude rata, The cortical transplants irereared 
significaatly in size ja wlq and be~ale vaacularired fra tb@ hoat iris, 
Different claaae8 of neurons were identified with iaWMhiat&MiStry. 
lxtracellular reeordia6 of sia6le unit activity was perforaed in 9 tramsplank 
after 3-t waths ia ocula, Single action poteatiela shoved a aore illature 
waveforr in youagar transplanta, with long durationa and very alon opontaneoua 
discharges, Fjria9 ratea ranged froa DA to 6.0 Hz, Superfa$im with known 
eoncentratioaa of ethaaol elicited predominantly inhibitioaa of baeeliw firing 
rates, with occasiwlal excitationa at low concentratione (I-tOti), The 
traaaplanta could be djvided into two groups with respect to neuron41 etharml 
eeneitivity with ECSfh of 28.9 J1 (~13) aad 2JO W (~41 respectively. 
Superfuaioa with (lol$-4613 cavaed a aigniflcent antavniu of ethanol-induced 
inhibitiona, Ma afltag&a lasted for M-2 hours, whereafter the te8poase 
to ethrr#rl returned to control levels, IR conc?usion, ethanol elicits dose- 
depetit inhibitions of discharge in tranaptanted hu#n cortleal celle. This 
Iahfbition i8 antagonM by RoW45t3. 

16.3 

BONE DEFECT ASSOCXATED WITH ETHANOL CONSUMPTION IN RATS. 
X-G p8np, Department of Phartlaacology, School of Medicine, 
University of North Carolina, Chapel Hill, NC 27599. 

We have previously reported that acute administration 
of ethanol causes a fall in both total serum calcium (Ca) 
and serum ionized Ca while chronic treatment with alcohol 
results in alteration of bone. The color of dried bone from 
rats fed a liquid diet containing 8% ethanol (ELD) for 4-6 
weeks was darker than that of rats fed control liquid diet 
mm I and scanning electron microscopy of femurs revealed 
defects in trabscular structure (the presence of thinner and 
more fragile trabeculae compared with controls,) We recently 
found that ethanol may act on osteoblasto to suppress serum 
levels of ostsocalcin (255212 [CLD] vs 172&13 ng/rpl [ELD]; 
mean&SE; p<O*001)* This noncollagenous bone protein has 
been implicated in the development and maintenance of bone 
tfSSU8. With a 3-point bending test, we noted that the 
femurs of Em-fed rats were weaker than those of controls, 
Linear regression analysis revealed a significant correla- 
tion (p<O.OOl--<O;OS) between each of four mechanical 
properties (strength, stiffness, toughness, and ductility) 
md the ratio of ethanol dose to body weight. Preliminary 
bone histomorphometric study showed reduced cortical bone 
areas at the tibia1 junction, trochantsr region, and mid 
femur levels compared to control bones. Our results indi- 
cate that ethanol causes a bone defect, and that the rat 
model facilitates research on osteopenia and osteoporosis in 
alcoholics. 

16.2 
SEROTONIN UPTAKE lNHlBlTORS (SUI) MAY INTERACT WITH THE 
NOREPINEPHRINE (NE) SYSTEM TO REDUCE ETHANOL (E) MMO-DRINKING 
BEHAVIOUR IN RATS. Mary 0 i~wrln*, Edward M. Sellers and Claudia A 
Naranjo. Clinfcat Psyct~~pharmacdogy Program AMctlon Res~rch Fourxlatlon; 
Departments of Pharmacology and Medicine, Untverslty c# Toronto, Toronto, 
Canada. 

Brain serotonln (5-HT) pathways are thought to importantly regulate E 
consumption. For example, we show that all nominally selective SUI tested (1,3, 
lo,30 mg/kg Lp. zimelidlne; 1, 3, 10, 30 mg/kg Lp. citalopram; 1,3, 10, 30 mg/kg 
Lp. paroxetlne; 1, 3, 10, 30 mg/kg 1.p. fluvoxamine; 0.1, 0.5, 1, 5, 10 mg/kg Lp. 
fluoxetine;etc.) produce a dose-related decrease In EIntake/pderence and alter 
the pattern of E micro-strroctural drinking behavbur (increerse latency to first E 
drinking e&ode; decrease number, size, duration of E drinking episodes) at lo- 
to 50-fold lolwer doses than reparM using 241rour E preference models (ANOVA, 
p c 0.01). Mkrute-to-minute characterization of male Wistar rat (250 g, n = 
4/group) 60% to 100% free-&Ice E preference drinking pattern (6% E v/v) ts 
assessed In a continuously-monitored computerized vdumetrlc micro-drinking 
system. However, the rank order potency of SUI to reduce E micro-drinking does 
not correlate with 5-H uptake specificity (IC [WT) nM) (r = 4.64) but does 
correlate with S-I-IT uptake selectivity (IC, [&lC, [S-t-IT]) (r = 0.86) and with 
SUI aMty to block NE uptake Into brain synaptosomes (IC [NE] nM) (r = 0.87). 
Furthermore, 1, 2, 5 mg/kg 1.p. desmethylimlpramine (DMra more selective NE 
uptake InhibItor, decreases ethanol microdrlnklng by 30% to 60% h a dose- 
related manner and 1 mg/kg Lp. DMI produces a 4-fold potentiation In the the 
decrease In E microdrinking both with selective and specific WI: fluoxetlna (1 
mg/kg 1.p.) and cltalopram (3 mg/kg Lp.) and with selective 5-W am&t, MK212 
(3 mg/kg 1.p.) (ANOVA, p < 0.05). NE may be a determinant of SUl drug action 
and may ktteract with 5-HT in tb regulation of E consummatory behaviour. 

16.4 

ETHANOL DISCRIMINATION BY RATS AFTER SELF-ADMIMISTRATION BY 
DRINKING, e &a- hU&i&d’f! ti &!&X3 &V’Ya J.?I. 
University of Pittsburgh Sohool of Dental MedIcin@, Pittsburgh, 
PA 15261 

Male albino rats on a food deprivation aohedule were trained 
to preaa different levers for food pellets depending on whether 
or not the lo-min. session w&a prsoeded by fnt&e of ethanol 
(2 g/kg). The alternative fluids were 40 ml/kg tap water, 
aontalnlng either 59 w/v ethanol and 9.466% eruoroae or an 
iaooaloric ooncentration of BUCFO~ (18.93%). One group (N*8) 
self-administered the fluid by drinking from a burette between 
30 and 20 min. before the session. The fluid was gastrically 
intubated in another group (N=?) at 30 min. before the session. 
Moat of the rats in both groups learned the dlaoriminatlon. An 
important attribute of the discriminative atlmulua for both 
groups was presenoe or absence of the agstemlo effect of 
ethanol. This was lndloated by tests with lntraperltoneal 
inJeution of ethanol or saline wjthout the drinking or 
intubatlon of the usual fluid. The ethanol stimulus was 
stronger In the lntubation group, preerumably beoause of the 
more rapid intake or the absence of differential taste as an 
additional stimulus. Both groupa were divided into two 
subgroupa, with the alternative fluida in distinctively 
different environments or equally often in both environments. 
Thene preoedine environments had little oonslstent effect on 
the dia~rimlnative lever preaaing by either subgroup. 



A22 ALCOHOL AND ANESTHETICS MoNDAVAM 

16.5 
INSULIN RESISTANCE IN ISOLATED ADIPOCYTES FROM ETHANOL TREATED 
RATS. J,M, Harrer*, V.R. Grund, and D,G, Patel. Division of 
Pharmacology and Medicinal Chemistry, College of Pharmacy, 
University-bf Cincinnati, Cincinnati, OH 45267-0004. 

Ethanol (ETOH) has been demonstrated to adversely affect 
glucose tolerance in rats, The hypothesis was tested that 
insulin's antilipolytic action in adipose tissue might also be 
influenced by ETCH feeding. This study compares effects of 
insulin on isolated adipocytes from 3- and 13-month-old 
Fischer 344 rats. Rats were divided into three diet sub- 
groups: ethanol, control ad libitum and control pair-fed. 
ETOH diet was isocaloric with control diets except that ETOH 
(30% of calories) was substituted for fat. Rats were fed the 
respective diets for two months. The effect of insulin 
(Z-40 W/ml) to inhibit norepinephrine (NE)-induced lipolysis 
was examined in isolated adipocyte preparations. NE (lo-7M) 
elevated free fatty acids 2-7 fold. ETOH feeding resulted in 
a right-ward shift in the insulin dose-response curve in both 
young and old rats, Insulin (4 VU/ml) inhibited lipolysis in 
old untreated animals by 43% whereas no inhibition of 
lipolysis was demonstrated in ETOH treated rats (p( 0.05). 
Fat cells from young rats appeared less responsive to 
insulin's antflipolytic effect compared to fat cells isolated 
from old rats. These results indicate that ETOH feeding 
reduces insulin's antflipolytic sensitivity in rat adipose 
tissue. (Funded by NIAAA #l ROl AA6701.) 

16.7 

EFFECTS OF L-LYSINE ON TEIE =PATIC REDOX STATES, EZCHANOL 
AND ITS METABOLXTES, AND LIPIDS OF RATS RECEIVING ETHANOL 
CHRONICALLY. C.A. Lau-Cam*. H,W, Char*, V, Romeo* and 
A. Kapoor+ (WON: B. Toburn). St. John@& University, 
Collage of Pharmacy and Allfed Health Professions, 
Jamaica, NY 11439 

The effect8 of L-lyeine on the hepatic redox 8tat86, 
ethanol and its m8tabolit88, and lipids were studied fn 
maI8 Sprague-Dawley rats pair-fad an athanOI-Containing 
Lieber-DeCarli liquid diet for 53 daya. L-Lysins sig- 
aificantly prevented the decrease in the cytoeolic and 
mitochondrial NAD+/NADH and NADP+/NADPB ratios during 
the firet 28 day8 of th8 study, and insignificantly at 
53 days. Likewise, th8 amino acid significantly pre- 
vented the increases in hepatic ethanol, acetaldehyde, 
and acetate leveler, while significantly protecting 
against the hepatic accumulation of cholesterol and tri- 
glyceridea, The protective effects of L-lyeine appear 
to be related to the ability of the amino acid to form 
a transient adduct (Schiff base) with acetaldehyde, aad 
to the subnequent utilization of 
for the stabilization of the adduct aa -ethylly8ine. 

16.9 
EFFECT OF GOSSYPOL AND PYROGALLOL ON ENDOTHELIUM 
DEPENDENT TOLEMNCE TO ETHANOL IN THE AORTA. 
mard T. Knych, Department of Phmcology, University of 
Minnesota-Duluth, Duluth, MN 55812 

Two days of ethanol intoxication produces a tolerance in the aorta to 
ethanol (E) induced contraction. Expression of this tolerance is 
dependent upon a functional endothelium suggesting the mediation of 
endothelium-derived relaxing factor (EDRF), To test this hypothesis the 
effect of gossypol (G) and pyrogallol (P) on E-induced contractions of 
aorta with endothelium from control or tolerant male S-D rats was 
studied. G inhibits the foxmation or release of EDRF while P inactivates 
EDRF be generating superoxide radicals. E tolaance was produced by 
administering E, orally, twice daily fax 2 days according to Majchrowicz 
(Psychopharm. 43:245,1975). Rings of thoracic aorta were suspended 
in tissue baths for 1.5 hrs and then tested for the presence of functional 
endothelium by measuring carbachol (C) induced relaxation. 1 hr after 
testing, G (10-7 to 1%SM) or pyrogallol (10-S to lo-4M) was added to 
the tissue bath. 15 min later either E or C dose-response cuxves were 
generated EC50 values for E contraction or C relaxation were estimated 
by linear regression for each individual curve. E treatment produced 
tolerance as manifest by a significant shift of the E dose-response curve 
to the left. Pretreatment of tolerant a&c rings with either gassy@ or 
pyrogallol produced a significant shift of the-E dose-response c-&e to 
the left, Both G and P induced effects on E dose-response were 
correlated with their ability to inhibit C induced relaxation. These data 
support the hypothesis that tolerance to E-induced contraction of the 
aorta is dependent upon EDRF. (Supported in part by NIAAA ROf- 
AA06272 and the Graduate School, Univ. of Minnesota). 

l&6 
BEDUCTIOM OF BILfARY PHOSPHOLIPID SECRETION BY KTHANOL Il 
RATS. S, wla1mi,* 1.n. Yousef.* B, Tuchweber,* 
H Sharkawi A-' Dbpartement de pharmacologic, WniversitB de 
Mont&al, Hontrbal, Quebec, Canada, H3C 337. 

Chronic administration of ethanol results in increased 
concentration of cholestarol in blood and liver in rats and 
man, Such increase could result from increased synthesis, 
decreased excretion and/or redistribution of cholesterol. 
In this study we investigated the effect of acute ethanol 
administration on biliary lipid secretion, a major route 
for cholesterol excretion and catabolism. The bile duct and 
a jugular vein of ma18 Sprague-Dawlsy rats weighing ZOO g 
were cannulated, Bile was cOlleCt8d for 90 min, initial 
period. Ethanol was then infused at a rate of 80 mg/hr/lOO 
g body weight for four hours and bile was cOll8Ct8d every 
30 minutes. Appropriate controls were given saline. *Ethanol 
treatment increased bile flow without increases in secre- 
tion rates of bile acids or cholesterol. Howevert phospho- 
lipid secretion was significantly reduced when blood and 
biliary ethanol levels w8re about 1 mg/mL, The lithogenfc 
index in ethanol-treated animals was consistantly higher as 
compared to controls. These data indicate that ethanol can 
be eliminated in bile and that acute ethanol administration 
r8dUC8S biliary phospholipid secretion tiich results in an 
increase in the relative biliary sacretion of cholesterol, 
This imbalance may results in the precipitation of 
cholesterol in bile possibly leading to gallstone formation, 

16.8 
INDUCTION OF CHMRDIAZEPOXIDE META3OLISM AFTER CHRONIC 
ETHANOL OR CHUlRDIAZEPOXIDE DIET INTAKE. &thur W.K. Chan. 
Research Institute on Alcoholism, NYS Division of Al‘coholism 
and Alcohol Abuse, Buffalo, NY 14203. 

Chronic ethanol administration in CS7BL/6J mice did not 
cause an induction of ethanol metabolism (Ghan et al., 
Pharm. Biochem. Behav. 17, 1239, 1982). Using the same diet 
protocol, we now report an induction of chlordiazepoxide 
(GDP) metabolism in ethanol-dependent mice in response to a 
challenge dose of CDP (120 mg/kg) on day 3 of ethanol 
withdrawal. Significantly lower blood levels of CDP, but 
higher levels of N-demethyl-CDP (NDCDP), were observed in 
ethanol-dependent mice compared to pair-fed controls for the 
first two hours after CDP injection. Mice treated 
chronically with a CDP diet were tested on day 3 of CDP 
withdrawal with a challenge dose of either ethanol (3.5 
g/kg) or CDP (80 or 120 mg/kg). CDP-dependent mice showed 
significantly lower blood levels of CDP and NDCDP than pair- 
fed controls. Although the former group also showed lower 
blood alcohol concentrations (BAC), the rate of fall of BAC 
was not different in the two groups. Thus, chronic CDP 
treatment affected the absorption and distribution of 
ethanol. These results provide a metabolic basis for the 
manifestations of CDP tolerance and ethanol cross-tolerance 
that have been reported in CDP-dependent mice. The design 
of a mouse model of combined GDP/ethanol dependence needs to 
take into account the induction effects of both drugs. 
(Supported in part by PHS grant #MO6016.) 

116.10 
EFFECTS OF VO'LATILE ANESTHETICS ON RESPONSES TO 
NOREPINEPHRINE (NE) AND ACETYLCHOLINE (ACH) IN GUINEA PIG 
ATRIA. A. B. Seifen*. R. H. K8nnedy. E. Seifen. J. P. Bra? 
and 0. A. BB. University of Arkansas for Medical 
Sciences, Little Rock, AR. 72205. 

Myocardial sensitization to catecholamines by hydrocarbon 
anesthetics has been described in both patients and intact 
animals; however, the mechanism of this action is not firmly 
established. Dose-response curves for NE- and ACH-induced, 
alterations in developed tension (DT) and spontaneous 
paceFaking activity (HR) were obtained in left and right 
atria, respectively, isolated from guinea pig heart. These 
preparations were suspended in Krebs-Henseleit buffer 
saturated with 9S%02, S%CO plus varying concentrations (0, 
0.6 and 1.2 MAC) of ha othane 2 (H), isoflurane (I) or 
enflurane (E). The chronotropic actions of NE and ACH were 
not significantly affected by any of the anesthetics. Of the 
three volatile agents only H affected the positive inotropic 
response to NE, causing a slight but statistically 
significant rightward shift (less than a 2.S-fold increase in 
EDso> in the dose-response curve. The only anesthetic which 
altered ths inotrupic action of ACH was 1, causing a Z-fold 
increase in the EDso value for this response. These data 
suggest that commonly used volatile anesthetics have no 
appreciable direct effect on the inotropic and chronotropic 
actions of NE or ACH in isolated guinea pig atria. 
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X6.1 I 
MECJMHISHS OF THE IHHl3ITIOB OF FAST AXOPAL TRAHSPORT BY 
LOCAL AHESTHETfCS. P.-A. Lavoie, P.R. Filion* and 
T, Khazen*, D&p. phamacologie, Univ. de Montreal, B¶ontc&al, 
Canada H3C 3Jf. 

Bullfrog spinal nerv88 w8re incubated in vitro with local 
anssthatico under conditions known to inhibit transport, and 
the effects of these exposures to local anesthetics on the 
content of adenosine triphoraphate (ATP) in nerves and on the 
density Of miCrOtubules in umye1inated axons were 8KatlRin8d. 
Lidocaine, at concentrations of 14 &i or 20 KM, did not 
reduce significantly the ATP content, and the density of 
microtubules was also not affected by 14 WH lfdocaine; SOIRB 
other arrechanim must therefore be r8spOnsibl8 for the 
inhibition of fast axonal transport by 14 TM lidocaina. 
Significant reductions in ATP content were observed with 1 tnM 
or 2 M tetracaine, and with 0.5 W or 1 mM dibucaine; 
however, comparison with the effectq of 2,4-dinitrophenol 
indicated that these reductions were insufficient to inhibit 
transport in the case of 0,s n@l dibucaine or could at best 
only partly explain the transport inhibition in the other 
cases. Since the density of microtubules was not affected by 
1 I&¶ tetracain8 and was not sufficiently reduced by 0.5 mkl 
dibucaine to inhibit transport, som other effect must again 
largely contribute to or be solely responsible for the 
inhibition of fast axon81 transport by these concentrations 
of dibucaine and tetracaine. (This study was made possible 
by funds frost the I¶RC of Canada) 

16.13 
CARBOXYHEMO6LO6IH PROWTIW DURING THE IN VIVO MTABOLISM DF VOLATILE 
AMESTHETICS VIA THE HEPATIC CYTOCHROHE P-450 DEPENDENT MDMOXYGENASE 
SYSTEM. M.B. Dunning III*, Jeanne Seagard and Donna Van Wynsberghe. 
Univ. of Wisconsin and V.A. Medical Center, Milwaukee, WI 53201. 

The in vitro and in vivo Iretabolism of volatile anesthetics has 
been the subject of considerable research. CytochroRse P-450 
en-s have been iqlfcatcd and many of the biochemical pathways 
and Retibotites elucidated. The current study was undertaken for 
tm purposes: 1) Detemfnatfon of carboxyhemgtobfn (COW) as a 
possible fnterrmrdiate rnetabolfte during the administration of the 
inhalation anesth&cs hatothane and isoflurane and 2) Elucidation 
of the mhanfsllr responsible for any changes seen in CD% levels. 
Male Sprague-Dawtey rats were anesthetized (sodium pentobarbital 
Shg/kg .I, intubated and the carotid artiry cannutated. Mood 
samt es were obtained at the onset and every 30 minutes for 150 
minutes during exposure to 1.5 MAC hatothane or 2.5 MAC 
isofl urane. Data cot tected included: body weight, liver weight, 
heart rate, PaD2, PaCO2, pH, base excess, KO3, Sa02, Hb, metHb, 
COHb, and cytochrome P-450 concentration. Significant increases 
were seen in the CO% levels with hatothane and isoflurane 
atinfstration. Further investigation is underway to detemfne if 
the Pd50 inducer sodim phenobarbital or the P-450 inhibitor 
dfettwl mleate, will alter COHb production to detemine if this CO 
production is Alediated by way qf the cytochrone P-450 oxidase 
system. 

1612 

PHARMACOLOGICAL PROFILE OF ORF 20085, A NEW POTENT, LONG 

Corporation, Rarftan, New Jersey 'o8869. 
ORF 20085, 2-(4-d1butylam~nopropoxyphenyl)-8-methyl1m~- 

dazoCl,Z-a1 pyrtdine HCl Ss a potent, long-acting local 
anesthetic. RegIonal inflltratlon of the mouse sclat1c 
nerve showed ORF 20085 (EDsO-0.0078%; 90 n!n, duration) 
to be more potent and longer acting than bupivacalne (8; 
ED5 =0.035%; 
mjn ! I  

30 m1n), etidocalne (E; ED50=0.025%; 30 
or lidocaine (t; ED5 ~0.18%; 15 cnin). On \h& rait$t 

cornea, topIca ORF !0085 (ED50=0.023%: 
duratjon) was more potent and longer actjng than i 
(EO50-0.056%; 90 mln), E (ED50-0.049%; 45 mln) or L 
(ED5@.0%; 30 m1n). In the guinea pig pjn-prick assay, 
fntradermal URF 20085 (ED O-0.017%), B (ED5p0.016%) 
and E (EO5D-0.02%) were equ potent; f but L (ED50=0,072%) 
was less potent. b vltra, frog sciatic actlon potential 
amplitudes were reduced by ORF 20085 (2.5 x lo-3#) and L 
(5. 

s 
x lo-31111 wtth B or E being more potent (5.0 X 

10' ML In mice, the acute 1.m. therapeutic Indexes CT1 
I LD5D/ED50) of ORF 20085 (TI=77) and E (TM121 were 
greater than B (TI-29) or L (TI-36) suggesting a margIn of 
safety, comparable or superior to other agents. These 
results and Its low potentjal for dermal irrftation or 
contact sensitization suggests that ORF 20085 may have 
clinical utility as an injectable and/or topIca agent. 

16.14 
INDUCTION OF ATAXIA AND LOSS OF RIGHTING REFLEX (LORR) DUE TO 

HIGH PRESSURE ARGON IN ALCOHOL SHORT SLEEP (SS) AND 1ONG 
SLEEP (LS) SELECTION MICE. T.K. Akers and J.K. Belknap, Dep- 
artments of Physiology and of Pharmacology, UND School of 
Medicine, Grand Forks, ND 58202. 

Anesthesia, ataxia, sedation are due to alcohol and gaseous 
anesthetics. The site of action of these drugs is the mem- 
brane. Membrane binding drugs are thought to alter fluidity 
of the membrane. For poorly lipid soluble gases like argon, 
high pressure is needed to achieve concentrations which will 
allow for alteration in membrane fluidity. In the present 
experiment, we studied the effect of argon at high pressure on 
SS and LS mice. Animals of both lines were placed in an open 
cage in a hyperbaric chamber. Enough 02 was added for main- 
tenance. Argon was added at 10 lbs/min, In one series of ex- 
periments, the animals were allowed to roam free in their 
cage, Threshold of LORR was detected by observing ataxic walk 
and the pressure at which this occurred. In the second, a 
tumbling cage was used periodically at different pressure 
levels. Pressure at which the animals could no longer right 
themselves was threshold of LDRR. Five signs were analyzed: 
weaving, staggering, LDRR, return of righting reflex (RORR) 
and ambulation. There was significantly less sensitivity 
shown by the SS animals for all of these measures than shown 
by the LS animals, which roughly paral Iels results with 
alcohol on LORR and RORR, for which these mice were speci- 
f ical ly bred. (Supported by AA06243 and BRSG 4314). 

MEUROPEFI’IDES 

COMPARATlVE ONTOGENETlC DEVELOPMENT OF THE mRNA’S FOR 
CALMODUUN (CM), PROENKEPHALIN (ENK) AND PROSOMATOSTATIN 
(SS). M. Clmino*. F. Chen* u W&s Department of Pharmacology, 
Madlcal Cdtrw of Pennsylvania, Phlladelphra, PA 19129 

To understand moTe fully the role CM and other neuropeptldes piay In 
regulating nsurotransmisslon in vlvo at the level of gene expression, 
we determined the dIrtrib&lon and mtogenetlc development of the 
mRNA’r for CM, ENK and SS in the developing brain of the rat using in 
altu hybrldlzation httiochemlatry. The probes were synthetic 
dlgonucleotlder complementary to 8pecIfic reglono of the different 
mRNA’s. They were radiolabeled with 3%dATP by terminal 
deuxynucleutldyl tranrferaoe and hybridized to fixed bratn auctions of 
rirtr one to 64 dayu of aga. The formation of radioactive hybrids was 
detected by fllm autoradiography and quantttatively analyzed using a 
DUMAS Image Analyala System. CM mRNA Increased markedly after birth 
In the granular layer of the cerebellum, colnclding with the migration 
of granular cella to the granular layer. In the adult relatively htgh 
level8 were found In htppoeampur, pyrIform cortex, striatum and 
thatamlc nuclei. ENK mRNA was highly localized to tb corpus striatum, 
Th?r incresrsd between 1 and 16 dayo of age, then declined. SS mRNA 
w# more dlffurely distributed In brain, though hlghty localized to 
8pectflc cell typsr. At birth It was present in high concentrationsr In 
thm inferior collIculur and anterior olfactory nucleus. With 
lnonting ago the den&y of 88 mRNA decreased In inferior cdliculus. 
IBe- reault8 demonstrate thut the mRNA’o for difterent modulator 
peptlder arm dlfferentlally distributed In tlw braln and develop 
Independently. (Supported by QM34334) 

17-2 
NEUMPWMOBYAND -DBEtwED PEPrIm IN BollmE PINW 
WAND-* C_1 M. w Dspartamt 
of Phamauology, Uuiv. Neb. till. Mad., khn, M3 68105' 

The mama1 ian retinas and pinsnl glands, having developed as 
disncsphalic evaginations, share numerous mdxphological, 
jmuuologioal, bioohemioal, and biologioal properties including the 

possession of sole& peptidargic transmission whiuh is being further 
investigated and reported in this oommunioation. Fresh bovine 
pineals were rinwd, haaogenired in lM aoatic acid oontainfng 0.02 N 
El, 0.S mroapto8thauo1, boiled and centrifuged at 20,oOOxg for 20 
mins. The pellets were rsextraotsd with the same solution, and the 
supmnatant ombinsd, lyophil izsd, and assayed radioimmochemical ly 
for muropeptids Y (WY) using antibody raised against a hmyaniw 
WY oonjogats, and for ankQpbrli1~1ifn psptils IHI) using a CL 
terminal directed antiserum to a Wet I-enkephaliu-hemocyania 
ooqjugate. Ihe radioimoassayed WY and MX yielded valass of 1.50 
snd 1.28 pmolss/mg protein respsotively. Furthermore, studies 
iuvolviag gel fil ttation on Biogsl FlO revealed the presence of 
only ono peak for NPP-like and raltiplo peaks for YE-lito 
immorea~tivity. These paptides were mdotsotabls in bovine retina. 
Those and other data support the aontontion that ths multipte 
funotiwr of tho -Iian pineal gland, ia addition to mlatanin 
ryntharis, are brought forth by peptidorgie transmission inuluding 
WY and ME-omtaining nmrons, whoso ocourrouoo in the rotfna is 
apparently less iqortant. (Supported in part by grant8 fropl Amer. 
Heart Aam, and IEWES -3949.1 
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17.3 
DIURNAL. VARIATION IN THE EFFECTS OF METHYLXANTHINES 
ON RAT BRAIN LEVELS OF (3.ENDORPHIN. Maedi R. I. Soliman. 
Nabil S. Himaya* and Charles M. Winget, College of Pharmacy, Florida 
A&M University, Tallahassee, FL 32307. 

Previous studies conducted in our lab have shown that caffeine and 
theophytline affect the levels of methionine-enkephalin in rat brains and 
that these effects are diurnally controlled. The present investigation 
was designed to study the effects of these methylxanthines on the 
levels of P-endorphin in rat brains, Male Sprague-Dawley rats (150 - 
200 g) adapted to a 12h light: 12h dark illumination cycle were used 
in this study. Caffeine (30 mgjkg) or theophylline (30 mg/kg) was 
administered i.p. to rats either in the light phase (11:OO hr) or in the 
dark phase (23:00 hr). Control rats were injected with saline. Animals 
were sacrificed by decapitation one hour later. The brains were dis- 
sected and their P-endorphin levels were determined by radioimmuno- 
assay. Caffeine administration in the light phase resulted in a signifi- 
cant decrease (43.9%) in the levels of P-endorphin in rat brains. A 
similar significant decrease (33.450/) o in brain P-endorphin was observed 
following theophylline administration in the light phase. However, the 
administration of caffeine in the dark phase did not significantly alter 
brain levels of fl-endorphin. On the other hand, a significant decline 
in brain P-endorphin levels (57.04% decrease) was observed following 
theophylline administration in the dark phase. These results clearly 
indicate that methytxanthines affect the levels of P-endorphin in rat 
brains in addition to their effects on rat brain levels of methionine 
enkephalin previously reported. Moreover, these effects are also diurnally 
controlled. (Supported by NIH grant RR02660) 

17.5 
THE EFFECT OF SUBMERSION ON PLASMA B-ENDORPHIN LEVELS IN 
EXPERIENCED SCUBA DIVERS. H.L. Tripathi*, N.W. Eastman*, 
and W.L. Dewey. Dept. of Pharmacology/Toxicology, Medical 
Coil. of VA/VA Commonwealth Univ., Richmond, VA 23298 and 
Dept. of Health and Physical Education, Univ. of Richmond, 
Richmond VA 23173. 

A recent study from our laboratories demonstrated 
that submersion in a state of buoyancy by relatively 
inexperienced divers produced a mean increase of 495% in 
plasma B-endorphin immunoreactivity (B-EIR). The present 
study was designed to measure the changes in B-EXR in more 
experienced (3-23 years) instructor-level subjects after 
submersion. Plasma B-EIR was measured by radioimmunoassay 
in eight male scuba divers before and immediately after 
remaining motionless 10 ft under water for 20 min in a 
state of neutral buoyancy. Seven subjects showed an 
increase in s-EIR. The average concentration rose from 
30.1 * 1.2 to 35.5 -4 1.6 pg @EIR/ml of plasma. The 
percent increase in levels varied from 0 to 48% of the 
control, with a mean increase of 19%. All divers reported 
subjective feelings of "well being", "relaxation", or 
"euphoria" afterward. It is concluded that extensfve 
experience in scuba diving produces adaptation to the 
increase in B-EIR but not to the feeling of well-being or 
euphoria. This work supported by NIDA Grant #DA01647-09. 

17.7 
POSSI8LE INVOLVEMENT OF DELTA OPIOID RECEPTORS IN CHOLECYSTO- 
KININ OCTAPEPTIDE-INDUCED ANALGESIA IN MICE. Eun K. Hong* 
and A.E. Takemorl. Department of Pharmacology, Unlverslty of 
Minnesota, Mlnneapolis, MN 55455. 

When given l.c.v., sulphated cholecystoklnln octapeptlde 
(CCK-8; Asp-Tyr-S&H-Met-Gly-Trp-Met-Asp-Phe-NH2) produced 
analgesia in the wrlthlng test In mice. When given l.t., 
CCK-8 produced partial analgesla at low doses (7.5-60ng/mouse] 
and hyperalgesla at doses over 120nghouse. There was no 
hyperalgesla shown even at high doses of CCK-8(1&v.), 
Analgesia produced by CCK-8 (l&v* and i.t.) was antagonlzed 
by naloxone (NLX) glven S.C. but hyperalgesla induced by CCK-8 
(1.t.) was potentiated. pA2 value for CCK-8 (i,c.v.) against 
NLX (s.c.) was 5.88 which lndlcated that CCK-8-induced analge- 
sia was mediated through non-p oplold receptors. Studies 
using selective opiold antagonlsts showed that CCK-8-Induced 
anatgesla was most significantly antagonized by 6 antagonists 
such as ICI 154,129 and naltrlndol (NTI) which Increased ED50 
from 30 to 96 and 106 rig/mouse, respectively. There was 
little antagonism of CCK-8 (i.c.v.) by S-FNA, a selective p- 
oplold antagonist and no antagonlsm by nor-BNI, a selective K- 
oplold antagonist. b-Oplold agonist blndlng study uslng 
CaHJDADLE in mouse braln membrane preparations showed that 
there were no changes In B mx or Kd in the presence of CCK-8. 
These data suggest that CCK-8 (i&v.) produces analgesja via 
Gopiold receptors lndlrectly through release of endogenous 
oplolds that Interact with &receptors. 
Service Grant DA00289.) 

(Supported by USPH 

17.4 
AGE-RELATED CHANGES IN BETA-ENDORPHIN LEVELS IN SHR, WKY and 
SD RAT BRAIN. A.J. Ingenito and S-J. L-l*, Dept. of Pharma- 
col., Sch. of Med. East Carolina Univ., Greenville, NC 27858 

Brain beta-endorphin (BE) may have a pathophysfological 
role in SHR hypertension. We investigated age-related 
changes in BE levels in various brain areas of SHR and their 
normotensive, age-matched WRY and Sprague Dawley (SD) con- 
trols, using BE radioimmunoassay. No signif icant differ- 
ences between rats were found in hypothalamus, midbrain and 
brainstem at equivalent ages, but statistically significant 
differences were found in pituitary, as below. Aging de- 
creased anterior pituitary BE but increased it in posterior 
pituitary. These data are consistent with a role for 
pituitary BE in the development of SHR hypertension. 

BE-like Immunoreactivity in Pituitary (nmol/mg protein) 

&te WI SHR WKY SD 
Anterior 4 1.53+0.05 1.66+0.05 1.00+0.05 

Pituitary 8 1.00?0.06 1.087rO.05 0.76TO.02 
12 0.62~0.01 0.94To.04 * 0.5270.01 
16 0.68TO.04 0.97To.04 * 0.56-iO.03 - - 

Posterior 4 7.67+0.79 8.03+1,04 7*01+0.91 
Pituitary 8 11.06~2.80 8.23’70.86 16.44T2.78 

12 12.80~1.10 5.96TO.42 ** 11,92%,54 
16 11.9370.66 8.54T1.23 * 13.2470.93 

* p(O.05, ** p<O.Ol as compared with THR group. (n-7=8). 

17.6 
FIYPERTHYR0IDISM AND up 6 AND K OP!On, RRCEPTopS IN 
BRAIN REGIONS. Georlce A. Matwyshyn , P. Ramurao , A. 
Guhti’ and H.N. mva, Dept. Pharmacodpami~, Wniv. IL at 
chhgo, chicago, IL 6061%. 

Chronic 8-c. administration of thpxine (Tq) (1 mg/kg) to maIe 
-eDawley rats on alternate days for 18 days -ted in 
dwelopment of typicaI symptoms of hyperthyroidism. !IBey 
included decreased rate of twdy weight gain, Incas&! colonic 
temperature, incre~~& systolic blood pressure and heart rate and 
inereasd serum cona~~tration of Ts and T in corn- to the 
euthyroid rats. me binding of %-DAGO, 4 H-=LE and %I-RKC 
top, band Ic opioid~to~inbrainnqgi~ofhyperthy&dand 
euthyroid rats was determined. m binding of 3H-DAG0 to 
ctmygdala and hypothalarnrrs, of sH-mE to memkanm of 
amygdala, hypothalamus, ports + medulla and striutum and of aH- 
EKC to p011s + medulla of T4 treated rats was greater than in 
vehicle treated rats. The binding of 3H-13KC to amggdala 
rnernhuhm of T4 hated rats was lower than in vehicle tmated 
mts. The binding of 3H-MC to amypI& membrclnes of T4 
treatd rats was Xower than in vehicle injected r&k The changes 
in opioid binding was due to changes In the Bmax v&w. The 
resuIts Mt that opioid receptors are -eraIly -ted in 
hJtperthyroid rats @upported by a grant from Chicago Heart 
Assdation and a grant DA-02598 &om the Ndiond htitute on 
I)nrg -L 

S7,8 
NICOTINE AND OPIOID INDUCED ANTINOCICEPTION IS ANTAGONIZED 

BY ICI 174,864. Nancy Neldt Rome* and A.E. Takemorl ,Dept. of 
Pharmacology, Univ. of Minnesota Medical School, Minneapolis, 
MN 55455. 

We have previously reported that (-)-nicotine dl(+) 
tartrate induces antinociceptlon In mice that is antago- 
nized by naloxone (NLX). Those results supported the hypothe- 
sis that N Induces antinociception through an opioid mediated 
mechanism. To further test this hypothesis, ICI 174,864 
(N,N-dlallyl-Tyr-Aib-Aib-Phe-Leu-enkephalln), a highly selec- 
tive 6 antagonist, was used versus N, Morphine(M) or DPDPE 
([D-Pen*, D-PencJ-enkephalln). ICI 174,864 Inhibited DPDPE- 
induced antlnoclceptlon, raising the ED50 value (1.c.v.) by 
2.3-fold In the hot plate (HP) assay and 3.9-fold In the tail 
flick (TF) assay. It also slgnlftcantly Increased the ED50 
values of N (i.c.v.) in the HP and TF assays, by 1.7 and 
5.7-fold, respectively. The EDso value of N (l*t.) and DPDPE 
(i.t.)was increased 2.3-fold and 2.9-fold by ICI 174,864 In 
the HP assay. We also determined whether the ntcotlnlc anta- 
gonist, mecamylamlne (MEC), blocked N- , M-, or DPDPE-Induced 
antinocieptlon. Regardless of the route of admlnlstratlon of 
N or the assay used, MEC slgnlflcantly Increased the ED50 
values of N. MEC had no effect on either M- or DPDPE-induced 
antlnoclceptlon. These results support the hypothesis that N 
Induces antlnoclceptIon through an oplold mediated mechanism 
and suggest that the opiold component may be a post- 
nlcot!nic receptor mechanism which Involves 6 optold recept- 
or. (Supported by USPH Service Grant DA00289.) 
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IN VW0 DECREASE OF GLUTAWTE IN THE FRONTAL CT)RTEX OF AGED 
RATS. J.M. Peinado and R.D. wers. Dept. Biochem. Univ. Gra- 
nada. Spain and Dept. Phamcol. Univ. East Carol ina, Green- 
ville, NC 27858. 

The “in viva” release of amino acids neurot ransmitters was 
examined in the frontal cortex of young and aged rats. Guide 
tubes for push-pull perfusion were implanted bilaterally in 
the frontal cortex of two graps of rats of 3 and 24 mo. of 
age. After 8-12 days postoperative recmery, perfusion 
sessions started. ln each perfusate the cant ent of Glu, Asp, 

Gln, Gly and Tau was analyzed by high presure liquid chrm- 
tography with electrochemical detector. The experimental pro- 
tocol consisted in two consecutive sessions of perfusions. 
The first ws used to determine the basal levels of amino 
acids. The second perfusion, containing either 25 or 50 n-M 
K+ added to the artificial CSF, MS used as an artificial 
depolarization procedure. 

The results show, that a selective dticrease in the levels 
of glutmte (38%; p (0.001) occurs in the aged rats when 
c-red to control. In both groups of rats, KS at concentra- 
tion of 50 n&t, increases significantly the release of gluta- 
mte (149?6, control; 143% agd, p (0.02) and taurine (173, 
cat rol ; 145% aged. p <0.02). 

These data support the hypothesis for a role of glutamate 
in the frontal cortex during the nom1 process of aging. 

l&3 
LIPOPHILIC ENDOGENOUS SUBSTANCE WITH HIGH AFFINITY FOR THE 
CENTRAL BENZODIAZEPINE RECEPTOR. H.L. Komfskey, S,E, Demick,* 
and A. Rahman*, University of Illinois, College of Medicine, 
Rockford, Illinois, 61107-1897. 

Several compc\unds have been suggested as possible endog- 
enous ligands of benzodiazepine receptors. In this study a 
lfpophilic compound was extracted from rat brain.tfssue, ex- 
amined for affinity to central benzodiazepine binding sites, 
and for an ability to affect gamma-aminobutyric acid (GABA)- 
stimulated chloride (Cl-) uptake by synaptoneurosomes. 

The central benzodiazepine binding sites in homogenate 
of rat cerebral cortex were labeled with 3H-flumazepil. In- 
cubations were conducted at 0-4"C, Specif fc bfnding was 
measured as the difference between the 3H-flumazepil bound in 
the absence and presence of 1pM clonaz-epam, The lipophilic 
compound had slightly more affinity for the central benzo- 
diazepine binding sites than diazepam. 

Synaptoneurosomes were prepared from rat cerebral cor- 
tex. Five seconds following the simultaneous addition of 
drugs and 36C1-, the uptake of 36C11 by the synaptoneurosomes 
was terminated. The lipophilic compound decreased GABA-stim- 
ulated 36C1- uptake. 

Based on the chemical characteristics of the lipophilic 
campound, it does not appear to be a benzodiazepine, a beta- 
carboline or a polypeptide. 

la5 
IN VIVO EFFECTS OF TACRINE (9-AMINO-1,2,3,4-TETRAHYDRO- 
ACRIDINE, THA) ON RAT BRAIN CHOLINERGIC AND MONOAMINERGIC 
NEUROTRAfiSMISSION. Y-H. Shih*, S. Whetzel* and T. A. 
Pugsley: Parke-Davis Pharm. Res. Div., Warner-Lambert Co., 
Ann Arbor, MI 48105. 

It has- recently been shown that THA in combination with 
lecithin improved the symptoms of patients with Alzheimer's 
disease (AD). This study examines the effects of THA on the 
turnover of acetycholine (Ach), norepinephrine (NE), dopamine 
(DA) and serotonin (5-HT) in rat brain. THA administration 
(0.63 - 10 mg/kg Lp.) caused a dose-dependent decrease in in 
vitro sodrum-dependent high affinity choline uptake (HACU) 
into rat hippocampal synaptosomes, as did physostigmine (1 
mg/kg Lp.), Unlike the latter, THA also inhibited HACU 
uptake in vitro. This indicates that both agents are 
increasimergic function presumably due to a buildup 
of Ach which consequently activates pre- or postsynaptic 
cholinergic receptors resulting in decreased Ach turnover. 
THA increased the turnover of DA in DA enriched brain areas, 
as well as that of NE and 5-HT indicating increased 
monoaminergic neuronal activity. Whether the latter effects 
are indirectly mediated by increased cholinergic activity or 
by other mechanisms is unclear. In view of the neurochemical 
evidence that AD involves multiple neurotransmitter systems, 
the efficacy of THA in affecting monoaminergic as well as 
cholinergic neuronal systems in the CNS may contribute to its 
action in treatment of AD. 

18.2 
USE OF AN WLC ON-LINE HYDROLYSIS PROCEDURE TO EVALUATE 
SOURCES OF GABA IN HUMAN CSF. Joanne M. Miller*. Thomas N. Ferraro* and 
Theodore A. Hare. Thomas Jefferson Univ,,PhiladeIphia, PA 19107 

GABA concentrations in human CSF become elevated by several orders of 
magnitude during hydrolysis. Part of this increase can be accounted for by release of 
constituents from GABA-containing peptides, e.g. homocarnosine. A novel HPLC 
system was developed which uses on-line hydroIysis to screen for additional 
compounds that Ii&rate GABA. The system contains a Cl8 reverse phase column 
which is eluted with water/methanol. The column eluent is then combined on-line with 
2N NaOH prior to enteting a 36 minute delay coil located within a heating vessel 
maintained at 1ooOC to hydrolyze peptides and other components into constituent 
amino compounds. timary amines present in the coil effluent are derivatized on-line 
with o-phthalaldehyde and are then detected fluorometricaIly. CSF from 4 individuals 
and a CSF pool (n=lO patients) were deproteinized in 5% sulfosalicylic acid, 
centrifuged, filtered and frozen until time of analysis. Reference standards were treated 
the same as the CSF samples and included physiological amino acids and related 
amines as well as Z-pyrrolidinone, the GABA I&&m. &e amino acids present in Lhc 
CSF sampIes generally eIuted near the front. Measurement of 2-pyrrolidinone standards 
and CSF samples spiked with known quantities of 2-pyrrolidinone produced linear 
standard curves with a detection limit of 400 pmol/ml. 2-Pyrrolidinone was not 
detected in any of the CSF samples studied. Total GABA determined in acid 
hydrolyzed C$F by ion-exchange chromatography with fluorometric detection was 
greater than 5 nmol/ml, and therefore the contribution of 2-pyrrolidinone accounted for 
less than 8% of the total GABA pal . These data conflict with a recent report (1, 
Neurochem. 49:1402, 1987) which found CSF 2-pyrrolidinone concentrations to be in 
the range of 2-3 nmoi/ml, i.e., onehalf of the total GABA pool in human CSF. 

18.4 
GABA AND BENZODIAZEPINES MODULATE THE INHIB 
OF POTASSIUM-STIMULED 'H-NOREPINEPHRINE ( 4 

TION BY MORPHINE 
H-NE) RELEASE IN 

RAT FRONTAL CORTICAL SLICES, R,W, Peoples and G.E. Isom, 
Dept. of Pharmacol. and Toxicol., School of Pharmacy and 
Pharmacal Sciences, Purdue Univ., W. Lafayette, IN 47907. 

Agents active at GAl3A or benzodiazepine receptors can 
modulate certain effects of opioids, such as analgesia. In 
this study, interactions 
diazepam affecting 

betwee? morphine and GABA or 
release of H-NE from rat fron al 

cortical slices were examined. GABA, low4 and lo* M 5 

reversed the inhibition of 27.5 mM potassium-sti ulated 
NE release induced by 1 fl morphine. GABA, x 

3Hl 
lo- M, shifted 

the morphine concentration-response curve to the right, 
increasing the ECsO of morphine approximately 100 fold. The 
reversal of morphine inhibition by GABA was reduced by (-I- 
bicuculline methiodide, 10a4M, Exposure of the s ices 
(&> -baclofen, 10m4M, did not affect the release of 3 

to 
H-NE in 

the absence or the presence 
10e4M, enhanced 

o 
I 

1 PM morphine. Diazepam, 
spont neous 

potassium-stimulated 3 
H-NE release, but inhibited 

H-NE release and augmented the 
inhibition produced by morphine. These results support a 
role of the GABAA/benzodiazepine receptor complex in 
modulating the action of opioltds on the noradrenergfc system 
in the cerebral cortex of the rat. (Supported by PHS grant 
SO75505586). 

18.6 
NORADRENERGLC RESPONSES IN RAT HIPPOCAMPAL GRANULE 
CELLS IN VITRO. Jean-Claude Lacaille. Universite de 
Montreal, Montr&al, QuBbec, Canada H3C 357, 

Short applications of norepinephrine (NE) produce 
long-lasting potentiation of extracellular responses of 
hippocampal granule cells (GC). NE and related compounds 
were applied by micropressure to the soma of intracellul- 
arly impaled GCs in hippocampal slices to determine the 
cellular actions of NE. 75% of NE-sensitive GCs were 
depolarized by NE. NE depolarizations were associated 
with increases in input resistance (Rin), reversed near 
-84 mV, and were blocked by timolol, In 38% of sensitive 
GCS, NE produced hyperpolarizations. NE hyperpolariza- 
tions were associated with decreased Rin and reversed 
near -99 mV. Both types of NE responses were observed in 
low Ca’+/high Mg’*. Isoproterenol (ISO) also produced GC 
depolarizations, which were blocked by timolol and 
associated with increased or unchanged Rin. NE may 
increase excitability of GCs by activating beta receptors 
and closing a K’ conductance active at resting membrane 
potential, 

Supported by CAFLR, FRSQ, Savoy Foundation and Sloan 
Foundation, 
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18.7 
ROLE OF GABAERGIC NEUROTRANSMISSION IN THE SUBSTANTIA INNOMI- 
NATA/LATERAL PREOPTIC AREA (SI/LPO) IN THE HYPERMOTILITY (HM) 
RESPONSES PRODUCED BY EXCITATORY AMINO ACIDS (EAA) INJECTED 
INTO THE NUCLEUS ACCUMBENS (NA). P.E. Shreve* and N.J. Uretsky, 
The Ohio State Univ. Coil. of Pharmacy, Columbus, OH 43210. 

The SI/LPO is a region of the ventral pallidurn that re- 
ceives a GABAergic projection from the NA. The injection of 
muscimol (MUS) into the SI/LPO has been show-n to inhibit the 
HM responses to heroin and amphetamine suggekting that in- 
hibition of this GABAergic projection may mediate these HM 
responses. The purpose of this study was to determine the 
role of GABAergic neurotransmissfon in the SI/LPO on the HM 
responses to EAAs and picrotoxin (PTX) after their injection 
into the NA. As shown previously, the EAAs, a-amino-3-hy- 
droxy-5-methylisoxazole-4-propionate (AMPA), kainfc acid, and 
N-methyl-D-aspartic acid, as well as PTX produced intense HM 
responses after injection into the NA. The responses to all 
of these drugs were antagonized by the injection of MUS into 
the SI/LPO, while injection of MUS outside this region did 
not produce inhibition. MUS injected into the SI/LPO alone 
neither reduced locomotor activity (LMA) nor produced cata- 
lepsy as compared to controls. These results support the 
concept that the SI/LPO is a critical neural substrate for 
the stimulation of LMA produced by drugs injected into the 
NA and suggest that a decrease in GABAergic neurotransmission 
in the SI/LPO may mediate this effect. Supported by NS 22582. 

18.9 
A NON-NMDA EXCITATORY AMINO ACID MEDIATES SUBTHRESHOLD SYNAPTIC 
ACTIVITY INFLUENCING CAT LUMBAR MGTONEURONS DURING QUIET AND 
ACJIVE SLEEP. p. J. So&*. F. J m*m M. H. chase Physiology & Anatomy 
Depts., & the Brain Research Institute, U&4 Schmf of Mdicine, Las Angeles, CA 90024. 

The present study was performed o determine whether an excitatory amino acid may be in- 
volved in mediating the spontaneous subthreshold synaptic potentials which influence lumbar 
motoneurons during quiet sleep (QS) and the non-REM periods of AS. In the chronic unanesthe- 
tized cat, discrete synaptic depolarizing potentials were detected during QS and AS using a 
recently developed computer system (J. Netuosci. Meth. 13: i9-35,1985). Under drug-free control 
conditions, spontaneous depolarizing potentials present during QS were characterized by their 
relatively large am$itude and brief time course. The group mean (A SEM) waveform parameters 
during QS were 0.61mV f 0.02, + amplitude; 0.58ms f 0.01 JO-90% rise-time; 1 .WmV/ms 
kO.05. maximal rate-of-rise;2.77msf O.lS, lO-90% decay time; and 1.6Zms f O.O7,halfdecay- 
width. During AS, the amplitude and rising phase were similar to those of the depolarizing 
potentials obswved during QS (fiO.05); however, the 10-W% decay time and halfdecay-width 
were reduced by 19.6% and 14.2%, respectively (PcO.05). The reduction in the decay parameters 
is probably due to the concurrent presence of postsynaptic inhibition which occurs during AS 
(Bruin Res. 225: 279-295, 2981). Following juxtacenular microiontophoretic applications of 
kynurenic acid (KYN, 0.15M, pH8.0) during QS and AS, subtbreshold depolarizing synaptic 
activity was markedly suppress~ or abolished; the remaining potentials were characterized by 
their reduced amplitude and prolonged time course. The group mean (* SEM) waveform 
parameters of those potentials remaining af&r KYN were 0.49mV f 0.03, peak amplitude; 0.67ms 
f 0.02,10-90% rise-time; 0.78mVIms f 0.06, maximal rate-of-rise; 3.0911~ f 0.14, lo-90% decay 
time; and 1.87ms f 0.13, half-decay-width (P&05). Microiontophoresis of the N-methyl-D- 
aspartate (NMDA) antagonist, 2-amino-5-phosphtmovaleric acid (APV, O.ZM, pH8.0) during QS 
and A% suppressed polysynaptic EPSPs evoked by sciatic nerve stimulation and motoneuronal 
depolarizations induced by juxtacellularly applied NMDA. However, during QS and AS, APV 
failed to block or modify the time course of the spontaneous subthreshold synaptic potitials when 
complied to those recorded under drug-free con~ols (Pti.05). Qn the b=is of the documented 
selectivity of KYN and APV in antagonizing the postsynaptic actions of NMDA versus non- 
NMDA-like excitatory amino acids, the present results suggest that the subthreshold excitatory 
drive(s) that impinges on the soma and proximal dendrites of lumbar motoneurons during QS and 
AS are mediated primarily by a non-NMDA-like neurotransmiU. Supported by grant NS23426. 

18.11 
COMPARISON OF THE BETHANECOL- OR GAMIN-INDUCED 
HYPERPOLARIZATION OF MUDPUPPY PARASYMPATHETIC 
POSTGANGLIONIC NEURONS, < 
m. University of Vermont, Burlingtoz, V: :54:5. 

Parasympathetic neurons in the mudpuppy cardiac 
ganglion are hyperpolarized by bethanecol or the 
neuropeptids, galanin. The present study compares the 
characteristics of the hyperpolarization induced by these 
two agents. With both bethanecol and galanin, the 
hyperpolarization reversed near -105 mV and was dependent 
on the extracellular potassium concentration. However, 
the time course of the hyperpolarization induced by 
bethanecol and galanin application was different; the 
galanin response developing more slowly and lasting much 
longer than the bethanecol-induced hyperpolarization. In 
addition, raising extracellular calcium potentiated the 
galanin-induced hyperpolarizatfon without any consistent 
effect on the bethanecol-induced hyperpolarization. 
Substitution of manganese for extracellular calcium 
inhibited the galanin-induced hyperpolarization and 
either had no influence or potentiated the 
bethanecol-induced-hyperpolarization, The 
hyperpolarization produced by either bethanecol or 
galanltn is due to the activation of a potassium 
conductance. However, The galanin-induced 
hyperpolarization is dependent on extracellular calcium 
suggesting that this peptide may activate a calcium 
dependent potassium conductance. Supported by NS 23978 
and NSF BNS 8605611. 

18.8 
acuTE EFFECTS 0~ THE NEUR~TOXIN B-N-METHYLAMINO-L-ALANINE ON 
CA1 CELLS IN THE HIPPOCAMPUS. ’ A. Baskys, E. Grime*, D.R. 
McLschlan* and P L Carlen. Playfair Neuroscience Unit, 
Depts. of Physiology and Medicine, Univ. Toronto, Toronto, 
Ont. M5T 2S8, Canada. 

The in vitro hippocampal slice preparation was used to 
investigate the neuronal effects ofp-N-methylaminwL-alanine 
@MAA), a plant neurotoxin presumably responsible for the 
high incidence of amyotrophic lateral sclerosis and parkiw 
sonism/dementia complex of Guam. Intracellular recordings 
made from CA1 neurons included measurements of membrane 
potential, R l n, 

i 
Ca-dependent afterhyperpolarization 

(AHP) and synap ic potentials. Addition of 0.4-10 uM D;L- 
BMAA to the perfusate resulted in 2-18 mV membrane depolari- 
zation associated with cell firing and qccurring in a concew 
tratiorr-dependent manner. 0, L-BMAA had no effect on the 
AHP. This finding differs from N-methyl-D-aspartate (NMDA) 
actions which also included suppression of the AHP at 0.2-0.5 
uM concentration (8askys and Carlen, Sot. Neurosci. Abs., 
1987). These preliminary data show that BMAA and NMDA do not 
have identical electrophysiological actions. 

Supported by OMHF and MRC of Canada. 

MODULATION OF PROCONVULSIVE BEHAVIOR OF EXCITATORY AMINO 
18.10 

ACIDS (EAA) BY 2-AMJNO-4-PHOSPHONOBUTYRIC ACID (AP-4). 
P. D. Williams* and D. R. Helton* (SPONt P. I. Eacho), 
Lilly Research Laboratories, Toxicology Division, 
Greenfield, IN 46140 

The activation and antagonism of EM receptor subtypes 
are of interest due to their possible involvement in neuro- 
toxicity, epilepsy, and ischemia. The present study was 
designed to evaluate the proconvulsive actions of 
N-methyl-d-aspartic acid (NMDA), 1-aspartic acid (ASP) and 
1-glutamic acid (GLU) and their antagonism by (AP-4). 
Male CD-l mice were administered NMDA, GLU, ASP, or AP-4 
intraperitoneally ten minutes prior to electroconvulsive 
shock. Additional groups of mice were given AP-4 (12.5 
mg/kg) ten minutes prior to either NMDA, GLU, or ASP. 
Electroshock was administered through cornea1 electrodes and 
the number of tonic and tonic-extensor type seizures were 
recorded, 
Compound (dose; mg/kg) CDSO’mA) 

Control 7.5-8.3 

CD50(mA)+AP-4 

7.4-8.2 
NHDA (6.25/12.5) 4.2i2.1 6.315.6 
GLU (500/1000) 7.2/5.0 5.7/3.9 
ASP .(500/1000) 7.8/5.3 7.4/6.5 

These results suggest that selective patterns of activation 
(glutamate) and inhibition (NMDA) may be associated with the 
functionality of the AP-4 receptor in modulating EM 
activity. 

18.12 
INTRACELLULAR INJECTION OF AMINOPYRIDINE AND CESIUM INHIBITS 
ASSOCIATIVE LONG-LASTING POTENTIATION OF SYNAPTIC RESPONSES IN 
CAT MOTOR CORTEX. A. Baranyi% M.B. Szente+and C,D, Woody, 
UCLA Med. Ctr., MRRC, BRI, Los Angeles, CA 90024. 

Associative long-lasting potentiatfon (LLPP) of excitatory 
postsynaptic potentials and currents (EPSPs/EPSCs) was studied 
in intracellular microelectrode and single channel voltage 
clamp 
EPSPs/ 

experiments in 
EPSCs evoked by 

the mo 
stimu 

tor cortex of 
lation of the 

con&cfous 
pyramidal 

cats. 
tract and 

thalamic VL nucleus were paired with orthodromfc, antidromi'c 
or current-induced action potentials (ISI: O-200 ms, ITI: 
O,l-0,s Hz). EPSP-spike pairings (20-60x) induced LLP of the 
paired EPSP for 20 min or longer in 37 of 61 (60%) cells. More 
selective enhancement of explicftly paired thanunpairedinputs 
was found in each condftioned cell tested conjointly, Comparable 
LLP was not observed following pseudorandom presentations of 
EPSPs and action potentials. In other experiments potassium 
channel blockers: 3-aminopyridine (3AP), Cs, apamin, and TEA 
were pressure injected intracellularly before pairings. Injec- 
tion of 3AP induced increases in VL and PT EPSPs in 16 of 21 
cells in with both EPSPs could be elicited. Then pairfngs as 
above induced LLP in only 5 of 64 (8%, 3AP) and 0 of 6 (OX, 
Cs) injected cells. The ability to induce LLP was not affected 
significantly by apamin (8 LLP of 14 cells) or TEA (5 LLP of 
8 cells). Our results suggest that induction of LLP in neocor- 
tical neurons depends on reduction of a 3AP-sensitive potas- 
sium conductance locally near the postsynaptfc sites of the 
paired EPSCs. (Supported by AFOSR F49620 and HD 05958.) 
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ml 
COUPLING BETWEEN CARDIAC AND LOCOMOTOR RHYTHMS. PHASE LAG 
BETWEEN PEDAL THRUSTS AND HEART BEATS. R, Lee Kfrby*, 
Donald A. MacLeod* and Alan E. Marble* (SPON: J.P. 
Finley) l Dalhousie Univ., Halifax, NS B3H 4K4. 

During some rhythmic exercises, the heart and exercise 
rates become identical and may remain so for up to 5 oin- 
utes. We hypothesized that, if the i ntraarterial and 
skeletal intra?nuscular pressure cycles were reciprocal, 
blood flow to exercising muscle would be maximized and 
cardiac load minimized. In this study 9 subjects pedal- 
led, at a frequency natural to them, on an electronf- 
tally-braked bicycle ergometer which held the power output 
constant regardless of pedalling rate. To assess the 
phase lag between pedal thrust and heart beat, pedal-by- 
pedal plots of the ECG channel were generated throughout 
the S-min workload at which the rates were within 1.0X of 
each other for at least 30 s. While rates were within 1% 
of each other, each subject's phase lag gradually length- 
ened and shortened. The results of this study illustrate 
the importance of beat-by-beat analysis (rathe r than awer- 
agfng data) when studying coupling phenomena and suggest 
that our preliminary assumption, that the apparent coup- 
ling between cardiac and locomotor rhythms was on the 
basis of a single ischemic muscle group, was unwarranted. 
(Supported by the Medical Research Council of Canada.) 

39*3 
A LINEAR 2ND ORDER MODEL OF THE CAROTID SINUS WALL AND 
BARORECEPTOR PROPERTIES OF THE RABBIT. Henry 0 Stinnett. 
Physiol. Dept. UMD Sch. Med., Grand Forks, ND 58202. 

Using TUTSIM (Palo Alto, CA) computer simulation 
procedures a model was designed with 4 degrees of freedom 
(df) for wall and 6 df for receptor elements. Preliminary 
2nd order models with less df were eliminated by comparison 
to mean (n=14) dynamic and near steady state responses of 
sinus wall and multifiber nerve activity following a 
critically damped step increase and decrease in intrasfnus 
pressure. A set of receptor elements consisted of 3 units 
which simulated "slow" (positional responders), "fast 
adapting" and "resetting" (velocity responders) responses of 
baroreceptors. Two receptor sets were placed in model 
regions representing "media-adventitia" and more peripheral 
"adventitia" locals. Model wall elastic coefficients (Kl to 
K4) were equal at 400 N/m and viscosity coefficients (Cl to 
C4) ranged from l.OE3 to 1.34E5 N(s)/m. Activity (a) 
transduction coefficients were, 1.36E6 a/m for positlonal and 
4.OE7 & 7.238 a(s>/m for velocity responders. By comparison, 
model wall and receptor responses closely simulated 
experimental data. 
"diastolic silence", 

Baroreceptor characteristics of 

and "gain" 
varied "threshold activation pressure" 

were simulated by, model receptors. Part support: 
UND Fat. Res. Corn., ORPD and BRSG NSS Z-SO7 RR05407 -27. 

Transdemal delivery of- peptide/protein drugs by 
ionto@oresis for systemic medication has been the 
subject of many studies for its potential applica- 
tions. A new equivalent circuit was proposed to 
represent the eiectrical properties 03 &in andto 
predict transderml iontophoretic prmess. This analog 
skin model encmpasses an equivalent capacitor of 
stratum corneum, a switch controll~ by threshold 
powtial, and several resistors which are functions 
of size and physicochemical properties of the charged 
molecules. T%e current flowofchargedmlecules 
under @se d.c. field was simulated at various 
wnditiomii. The remits of simulation indicated that 
the time constant of polarization should be smaller 
than that of depolarization in order to achieve high 
efficiency, i.e., the duty cycle of it periodic d.c. 
electrical field applied should be less than 50%. The 
coxmetition factors between lame and small molecules 
we& found to be dependent upon-the relative ionic 
corapositions of the donor solution. A comparison was 
made between current model and Nernstt-Plank/Poisson 

19.2 
BKIN ELBcmxQLfi mPBRTIE8 Am-- 
IoNmPmRBTIC D%mvBRY OF AzmmIm va8oPRB88IN (Awl?) l 

la nos Jue aen Liu*.and Yie Chien*. 
John KY Li;. Ruigers University, PLtaway, 

w 08855-0709 
The objective of this study was to correlate 

the electrical proprties of the excistti hairless rat 
skin during a prolw passage of pulse current with 
the iontophoretic skin permeation of AVP. The 
trzvlsmembranepo~ntialduringacollE3tant~cu~~t 
application was measured by a pair of Ag/AgCl micro- 
elbow. An~~skinpe~tionstudywas 
performed under passive diffusion and iontophoresis. 
The experiment on current-voltage relationship for 
the skin revealed a nonlinear behavior when the 
applied current exceeded a certain value. At this 
region, the skin impedance decreased rapidly during 
the first ten-minute application, and then approached 
platem. The decrease in imp&mm was found to be 
dirctly related with the applied current. Thismaybe 
responsible for the enhanced AVP flux at higher 
current. The rmoval of the stratum eomeum 
significantly reduced the skin impedance aM no 
enhancement in the transport of AVPwas abs%mmd 
through the use of iontophoresis. The result of h 
vitro iontophoretic skin permeation was coqared with 
that of h ViVQ. 

19.4 
LOCAL CEREBRAL BLOOD FLOW INCREASED IN RAPID EYE MOVEMENT 
SLEEP. R.M. Abrams. .J,C, Post** D.J. Burchfield*, A.A. 
Hutchison*, R.J. Gomez* and M. Conlon*. Departments of 
OB/GYN, Otolaryngology, Pediatrics and Statistics, University 
of Florida, Gainesville, Florida 32610. 

In fetal lambs a positive correlation exists between rates 

regional changes in fetal cerebral blood flow also rise 
during REM sleep. Four 36 guage Cu-Const thermojunctions (TJ) 
wound with lo-12 turns of 42 gauge urethane-coated copper 
heater wire were implanted in cerebral cortex and subcortex 
of 4 near-term fetal lambs. Electrocorticogram, electrooculo- 
gram and neck EMG leads were also implanted to determine 

applying 250 mAmps to one heater while using the contra- 
lateral unheated TJ as a reference. The AT in REM sleep was 
lower than in NREM sleep (p<.O2) reflecting convective heat 
loss from increased blood flow. Differences inAT between 
sleep states depended on location of TJ (p<,OO2). The thermo- 
couple method gives qualitative, continuous information on 
local fetal cerebral blood flow which will be useful in 
assessing the time course of the vascular response to 
changing behavioral states. Supported by NIH Grant H13-20084, 

equations. 
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20.1 
OLFACTORY RECEPTOR RESPONSE TO UPPER AIRWAY CO2 IN 
THE BULLFROG. E. tee Coat& and Earv 0. Ballam Lovelace 
Medical Found. and Univ. of New Mexico, Albuquerque, NM 8713 I. 

Previous studies have reported that bullfrogs and several species 
of reptiles (Epicrates striatus, Thamnophis sirtalis, and Tupinambis 
nigropunctatus) depress ventilation when exposed to upper airway 
(UA) CO,. This response is abolished when the olfactory nerves are 
transected, indicating that CO,-sensitive receptors are Iocated in the 
olfactory epithelium. The purpose of the present study was to 
record the electro-olfactogram (EOG) of the olfactory receptors in 
the bullfrog, Rana catesbeiuna, in response to a 1 set pulse of 4% 
co,. The EOG, a slow change in the dc potential recorded on the 
surface of the olfactory epithelium, is the summed generator 
potentials of a population of receptor cells. It was found that 4% 
CO, caused a negative monophasic wave (mean duration = 7 set) 
with a rapid rising phase and a slow return to baseline. The mean 
amplitude of the EOGs from 8 sites (N = 3) was 106~~. At two 
sites, 1.2% CO, was delivered to the olfactory epithelium. The EOG 
ampIitudes in these cases were 20~~ and 40~~. Pulses of air caused 
no apparent change in the dc potential. The mean amplitude of the 
EOGs recorded in response to a control odor (1O’fM amyl acetate) 
at the same 8 sites was 1 .lmv. These data show that there is a 
measurable olfactory receptor response to CO, in the bullfrog. It is 
concluded from these data that the ventilatory depression observed 
in amphibians and reptiles in response to UA CO, is initiated with 
an olfactory receptor response to CO,. 

Supported in part by grants from the NHLBI #29342 and the 
Flinn Foundation #047-286-002-85, 

20.3 

RED CELL, GILL AND RENAL RESPONSES TO ANION 
EXCHANGE INHIBITION IN THE SHARK, Squalus 
acanthias. E.R. Swenson and P.A. King, University 
of Washington, Seattle, WA,, Emory University, 
Atlanta, GA., and Mt. Desert Island Biological 
Laboratory, Salsbury Cove, ME. 

Cl-/HCOJ- exchange is thought to be necessary 
in CO2 elimination and acid-base 

7 
egulation 'n 

fish. The effects of DNDS t (4,4 -Dinitro-2 -2 
stilbene hisulfonic acid), a reversible nontoxic 
stilbene disulfonate were studied in a marine 
elasmobranch. In five resting sharks, 50 mg/kg, 
caused a mild respiratory acidosis by one hour 
t PC02 2.0 43.5 mmHg) but had no effect on urine 
pH or output. The rate of branchial HC03- 
excretion following a 9 mmol/kg NaHC03 load was 
unaffected by DNDS either given systemically or in 
ambient seawater at 100 uM. Peak plasma levels of 
DNDS given systemically were 100-200 uM and the 
half time for drug clearance by the ki@ey was& 
90 minutes. DNDS inhibited 50% of the Cl efflux 
from red cells in vitro at O°C with a KI of less 
than 10 uM. These data show the role of red cell 
band 3 protein in CO2 elimination but no 
demonstrable effect of anion exchange inhibition 
with this drug on gill or renal acid-base 
transfers. 

20.5 
BRANCHIAL SHUNTING IN TEE RAINBOW TROUT, Salmo nairdnsri. 

N. Heislar+, I. Ishimatsu*. G. Iwama+ and P. Neumann*(Spon: J. Piiper). 
Dept. Physiology, Max Planck Institute for Experimenlal Medicine, 
D13400 Gottingen, PRG. 

The fraction of cardiac oatpt bypassing the systemic circulation 
and being returned directly to the sinus vemosus was estimated in 
rainbow tmut by application of a number of different techniques. 
Blood flow in ventral and dorsal aorta was determined by the Fick 
principle and multiple application of indicator distribution methods. 
Radio-laballed microspheres and inulin were iqjbcted and blood w&h&awn 
for blood gas and radioactivity analysis at four different sites: caudal 
vein, bnlbas atieriosus of the ventral aorta, proximal dorsal aorta, 
and the candal artery. No significant differences could be fand between 
gill blood flow estimated by the Fick principle, and ventral and dad 
aortic blood flows determined by indicator distribution techniques. 
These findings, suggesting insignificant afferent or effereut branchial 
shunting of the systemic circuit, were corroborated by data obtained 
from application of our recently developed new technique for in vivo 
chronic cannulation of. the brnnchial vein. Using haemoglobin as an 
indicator, the flow thmugh the central venous sinus (thus bypassing 
the systemic circulation) was estimated on the average to be less 
than 7 96 of cardiac output, These data are in considerable contrast with 
those obtained from in vitro isolated head and gill preparations (30- 
70 96 flow bypassing the systemic circulation). It is concluded that 
changes in intrabramhial pressure pmfues and largely elevated cimulatiag 
cattcholamine levels may be responsible for the substantially elevated 
shunt frsction in vitro as compared to in vivo oonditions. 

20.2 
ANION GAP DURING SEVERE SEPSIS WITH METABOLIC ACIDOSIS. Eric 
C. Rackow, Crafg Goldstein, * Mark E, Astiz,* Carter Mecher,* 
David McKee,* and Max H.-Well, UHS/The Chicago Medical 
School, Noi‘th Chicago, IL 60064 

It is assumed that the development of metabolic acidosis 
during eeptic shock is secondary to lactic acidosis, To test 
this hypothesis, severe sepsis was induced in 5 rats by cecal 
perforation with 5 rats serving as sham operated controls. 
Ar$eri+ blo_od was sampled at 6 h for blood gases, and plasma 
Na , K , Cl , total CO*, lactate (L), pyruvate (P), beta- 
hydroxybutarate (B), acetoacetate (A), citrate (C), urea 
nitrogen (BUN), albumin (ALB) and amino acids (AA). 

Sham 
147m 1.6 

P 
<*Oi 

5.9 + 0.4 3.5 T  0.1 <*Ol 
Cl- mEq/L 109.6 7 1.6 108.9 T  0.8 NS 

2::: ;:a :i$:: 
18.2 7 1.6 29.2 T 0.6 <*Ol 
21.6 + 1.6 13.2 T  0.5 <.Ol 

PaCO mmHg 24.9 7 3.6 42.2 T 2.4 <.Ol 
pH u it its 7.41 T  l 04 7.43 T l 02 NS 
Lactate mEq/L 2.2 T l 03 049 rF .02 <*Ol 

There were no differexces in P, B, A, c'; BUN, ALB or AA. 
Only 15% of the increase in anion gap in septic animals could 
be accounted for by lactate. Neither lactic acid nor the 
other metabolic intermediates accounted for the anion gap. 
This provides an explanation for the poor correlation of the 
anion gap and arterial lactate during clinical shock states. 

20.4 
DO LUNG MECHMXCS B.lq!uIN BRRATHIHG PATTERN IN THE COATfMlR?B~? 
D.F. Boas, G, Baltopoulos" and C, G, Irvin, U, of Montana, 
Missoula, Mt.. 39812; Nati'ona-1 Jewish Hosp., Denver, Co. 80206. 

It has been shwn that Te/Ttot is an interspecific constant 
of 0.65 (Bogga & Tenney, Resp, Physio1,,1984). The coatimundi 
deviates from that pattern with an expiratory time (Te) only 
0.48 of total breath time (Ttot), and it has a large tidal vol- 
ume (v, = 56 ml) and low frequency (f = 22) for its body size 
(mean values for 5 coatis, 4.6 kg). To begin to investigate 
the basis of this pattern, we masured lung volumes, static 
and dynamic mechanics of 3 (5 kg) coatis in a volume-displace- 
ment plethysmagraph. 

Mean Lung Volumes (ml/kg) 
TLC vc IC FRC ERV RV 

154 -118 
- - 

-r 54 26 25 
RI, (cm H,O/ml/sec) Compliance (ml/cm H20) 

Tot al 
0 

LmsD &&- + 
32 - 48 

TLC is 2.5 tims predicted for an animal this size, hence 
Vt is not an unusual proportion of TLC. Resistance, abit low 
for this body size, is appropriate to the large lung volume 
and does not explain the timing pattern. CL is quite high and 
CCW is low (which may be important to the coatis cli&ing be- 
havior), but CBS is appropriate to this lung volum. Inspir- 
atory 'drim (Vt/Ti) is not unusual for an aninval this size, 
but chemosensory aspects of the control of Te may represent 
an important avenue of study to explain the coatis peculiar 
intro-breath timing pattern, 

20.6 
TAUROFINE DEHYDRNENASE IN MOLLUSKS AND BRACHIOPODS. C.S. 
Hammen and S.C. Woodbury*. Dept. 2001, Univ. Rhode Island, 
Kingston, R.I. 02881. 

The tissues of certain species of marine mollusks and 
bwachiopods contain an enzyme that catalyzes the reductive 
condensation of pyruvate with taurfne to form a compound first 
called rhodoic acid, but later re-named tauropine, by analogy 
with the formation of octopine from pyruvate and arginine in 
cephalopod mollusks. Enzymes such as octopine dehydrogenase 
(EC 1.5.1.11), alanopine dehydrogenase (EC 1.5.1.17), and 
tauropine dehydrogenase (TDH) apparently serve the same func- 
tion in metabolism as lactate dehydrogenase (LDH), which is 
often present at very low levels of activity in marine inver- 
tebrates. In assays containing 2.0 mM pyruvate and 80 mM 
amino acids, tissue extract of the adductor of the abalone, 
Haliotis rufescens, had TDH activity more than twice as great 
as LDH. In the foot muscle of the same animal, ODH activity 
was twice as great as LDH, and TDH was lacking. Another 
gastropod, Littorina littorea, had ADH in the foot muscle in 
the same range as LDH, and lacked both ODH and TDH. Both 
internal tissues and pedfcle of the small lingulid brachiopod, 
Glottidia pyramidata, were examined. There was very hfgh 
T'DH activity in both, moderate ADH, and extremely low LDH. 
Kinetic properties of TDH were the same in both tissues. 
More species should be examined, and the properties of these 
enzymes should be studied, in order to explain their dis- 
tribution. 
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2a7 20.8 
PHYSIOLOGICAL RESPONSES OF THE AVIAN EMBRYO FOLLOWING 
MICROWAVE-INCUBATION. Donald E. Spfers. John B. Pierce 
Foundation Laboratory, New Haven, CT 06519 
This study determined if repeated exposure of the japanese 
quail embryo to microwaves results in abnormal development. 
Eggs were exposed (8 h/day) for the first 15 days of 
incubation to either sham or microwave (2450 MHz) conditions. 
Microwave power density was either 5 or 20mW/cm2. Exposure 
temperature (T ), set at either 35 or 3O"C, respectively, 
resulted in an8egg temperature of approximately 37*5OC (i.e., 
normal incubation level) for the microwave-exposed eggs. 
Embryos were individually tested in ovo at 16 days of 
incubation to determine thermal and metabolic responses to 
test T  130.0, 32,5, 35.0 and 37.5'C. 
a tempgrature-controlled chamber, 

Each egg was tested in 
Oxygen content of chamber 

effluent air was measured to estfmate metabolic rate 
(Watt/egg) and an implanted thermocouple determined internal 
egg temperature. At 16 days, growth of sham-exposed embryos 
had slowed by 1 day for every Z°C reduction in exposure T  
below 37.5'C. Wet mass of embryos exposed to 5 and 20 mW/cm' 
microwaves was 106 and 86% of normal mass, respectively. 
Comparisons of thermal and metabolic responses as a function 
of wet mass showed no differences between the responses of 
microwave-exposed and normal embryos. Microwave incubation 
can be effectively utilized to increase growth of the avian 
embryo, without altering physiological development. 
(Supported by NIH Grant 5R23ESO3769-03). 

CREATINE KINASE (CK) AND LACTATE DEHYDROGENASE (LDH) IN 
MUSCLE AND SERUM OF EXERCISING PIGS. 
F. Doizg*, R. Laporte and L. DeRoth. Facultg de M&decine 
vgtgrinarie, Universi tg de Montrgal, St.Hyacinthe, Que. 
J2S 7C6 Canada. 

In order to determine the response of skeletal muscle to 
exercise, six Landrace pigs were submitted to 10 min. running 
on a treadmill (O.Sm/sec., 12%) and were compared to six 
controls. Blood samples were obtained just before, 24 and 
48 h after the exercise. Muscle biopsies were taken from the 
m. longissimus dorsi (mLD) tlnd biceps femoris (mBP> 24 h 
after the exercise. The total CK activity was not different 
in the two groups however total CK activity in m3F repre- 
sented only 59% of that observed in mLD. A mean CK-MB value 
of 2.5% was found in the control group for both muscles but, 
it significantly increased with exercise to 9.5% (P<O.O5) for 
mBF and 12.2% (p<O.Ol) for mLD. The total LDH was the same 
in both muscles. There was a tendency to a lower LDH5 
(P<O,l) and a higher CDHl (P<O.l) activity in both exercised 
muscles. Serum samples exhibfted a similar pattern. Thus 
necrosis occured in the oversized fibers of pigs selected for 
muscularity, moreover, this is the first time that CR-MB is 
reported in skeletal muscle of pigs. 

MICROCIRCULATION 

21,l 
6Lucx)SE IS REQUIRED FOR THE MINE- OF ImATED IK)VINE 
CEREBRK MHYWESSEL WY STATE HP/ADP RATIO) 
Chrktophw Gaposchkln* and Anthony L. McCall. Boston 
Unlversfty School of kdfclne, Boston, Ma 02116 

Isolated cembral alcrovessels (I-1 were Incubated 
for up to flve hours with various sfngle mtabol lc fuels 
to detemlm their role ln the malnteuance of mIcrovessel 
snergy state. UltrasensItive biolunlnescent masurenents 
of the ATP and NIP contents were made hourly. In fuel- 
free lncubatlon, akrovessel ATP/ADP ratios decreased frm 
about 3 to 1. 61 ucose (5.5 AM) prevented the drop in 

-ATP/ADP and frequently Increased thts ratlo above the 
~,8Iues of fuel-free control s. By contrast, pyruvate (2.0 
nM1, B-hydroxybutyrateG!.O RM), and gl utanatef2.0 nW 
showed no effect, despite lsotoplc evidence of their 
OXldd3tIOk lncubatlon with oleate or paInitate(O.33 MI 
Increased mlerovessel ATP/ADP ratios slightly only when 
ce~ncubated with cwnltlne. Fuel-free Incubations rlth 
P-tetradecy 1 gl ye 1 date, a speclflc tnhlbttor of long 
chalmd fatty acid mldatlon, decreased ATP/ADP ratios 
by 7% when capared to drug-free lncubatioms. These data 
suggest that: 1) glycolysls 1s a maJw sowce of ATP for 
MM%, and 21 their use of 0mg0mus fatty fuels m8y 
llmlt loss of ATP content durlng fuel deprivation. 

2L3 
DIFFERENTIAL RESPONSES OF FEED AND TERMINAL ARTERIOLES TO 
EXERCISE OF RAT CREMASTER MUSCLE. David E. Mohrman and Lois 
J. Heller, Univeriity of Minnesota, Duluth, m 55812, 

The purpose of this study was to evaluate possible 
communication and coordination of action between consecutive 
vascular segments. Standard videomicroscopic techniques were 
used to re c&d the time course of arteriolar diameter 
responses to exert ise of rat cremaster muscle. In 15 
preparations, diameters of 21 terminal arterioles and their 
respective feed arterioles were observed (maximum diameter 
with topical 1mM adenosine - 24 2 2 w and 54 2 6 p 
respectively). At rest, terminal a2 terioles were invariably 
closed whereas feed arter ioles were at 26 2 5% of their 
maximum diameter. Responses to tetanic stimulation of the 
motor nerve (2 set @ 20 Hz) and twitch stimulation (3 min @ 1 
Hz) were studied. Peak responses occurred at 25 set with the 
tetanic and 3 min with the -&itch stimulus. In each case, the 
two vessel segments followed an ident ical time course in 
reaching the peak response. Terminal and feed arterioles 
recovered fr& the twitch contraction bout with half times of 
98 2 11 ane 252 ? 56 set respectively. Terminal arterioles 
recovered monotonically from the brief tetanic contraction 
with a half time of 38 2 10 set whereas their feed 
arterioles recovered with a much slower and biphasic time 
course l These results suggest coordinated vasodilation but 

21.2 
SURVIVAL OF STRESS-INDUCED MACROCYTES IS CRITICALLY DEPENDENT 
ON CELL GEOMETRY, James M. Norton. University of New England, 
Biddeford, ME 04Or- c___ 

To investigate the role of red blood cell (RX) geometry in 
the survival of stress-induced macrocytes, RBC volume, dia- 
meter, and filterability through 3 )-' and 5 p filters were 
measured on RBCs from control rats and from phenylhydrazine- 
(PHZ)-treated rats during a 28-day recovery period following 
the peak hematopoietic response to PHZ-induced anemia. Mean 
cell volumes (MCV) were calculated from volume distribution 
curves; RBC diameters were obtained from peripheral blood 
smears; surface area (SA), sphericity index (SI), and mean 
cylindrical diameter (MCD) were calculated using a biconcave 
erythrocyte model. At the time of the peak macroreticulocytic 
response to PHZ, both MCD and MCV were sncreased cFared to 
controls (3.07 p vs 2.57 p, and 102.1~ vs 59.7 p , respec- 
tively), SI increased (0.794 vs O-741), SA/MCV was reduced 
(1.405 vs l-670), and RBC filterability through 3 p and 5 p 
pores was significantly reduced. During the 28-day recovery 
period MCV, SI, SA/MCV, and filterability returned toward con- 
trol values, MCD was inversely correlated with filterability 
through both 3 p (r = -0.861, ~4.005) and 5 p (r = -0.767, 
~4.01) pores, and MCD fell below 3.6 p in 97.5% of the animals 
despite the presence of large macrocytic subpopulations. 
These results demonstrate the correlation between RBC geometry 
and deformability, and support the existence of pore-like in 
vivo restrictions 3.6 p in diameter limiting RBC lifespan.- 
(supported by the AHA/Maine Affiliate, Inc.) 

21.4 
MICROVASCULAR AND PERIPHERAL HEWDYNAMIC RESPONSES 
TO NEURQPEPTIDE Y IN RATS, P.L. Hester’, B.P. 
Fleming, and K.W. Barron. Dept. of Physiology and 
Biophysics, Univ. of Kentucky, Lexington, ICY, 40638. 

The arteriorar responses to neuropeptfde Y 
(NPY) were studied in the rat cramaster muscle. NPY 
in the suffuaste produced vasoconstriction of ZA, 3A 
and 4A arterioles during alpha-adrenergic blockade 
with a threshold dose of SXIO-~~ M. A SO% vasoeon- 
striction of all vessels was produced by 3x10-= M 
NPY. The 3A arteriolar responses to sympathetfc 
nerve stimulation and exogenous application of 
noraptnephrine were not affected by threshold doses 
of NPY. For comparison, the peripheral vascular 
effects of intravenous NPY were examined in 4 
conschm rats. NPY produced dose-dependent (OS, 
1.0 and 2.0 nmoles/kg) increases In mean arterial 
pressure (MAP) and total peripheral resistance 
(TPR), and decreased cardiac output (CO). At 2.0 
nmole/kg, NPY increased MAP to 120% of control and 
TPR to 144%, with CO falling to 86% of control. In 
summary, NPY produces non-adrenergically mediated 
arteriolar vasoconstriction in rat skeletal muscle 
consistent with its ability to produce increases in 
peripheral resistance. Support: NIH HL366S2. 

uncoordinated vasoconstriction between immediately consecutive 
microvascular segments. (Supported by NHLBI HL32686.1 
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21.5 
SUBSTANCE P (SP) PREFERENTIALLY DILATES PRECAPILLARIES IN 
FACIAL AND NASAL TISSUES OF DOGS. K, Pleschka, T, Ikeda* and 
M.Sugahara*.Max-Planck-Institut f. physiologische & klinische 
Forschung, W.G. Kerckhoff-Institut, 6350 Bad Nauheim, F.R.G. 

Total blood flow and perfusion pressure (PP) of the inter- 
nal maxillary artery (IMA) were recorded bilaterally at rest 
and during unilateral IMA infusion of SP at doses of 1, 2, 5, 
10, 20 and 50 pmol/min in anaesthetized, paralyzed and arte- 
ficially ventilated dogs. Distribution of IMA flow to preca- 
pillaries (CAP flow) and arteriovenous anastomoses (AVA flow) 
was determined by the tracer microspheres technique. 
I.> Total IMA flow: Unilateral SP infusion caused a dose- 
dependent increase in ipsilateral, and at higher doses also 
in contralateral 1MA flow, At 50 pmol/min IMA flow increased 
by 78% above resting level (32.0 ml/min). Flow increases were 
due to graded decreases in resistance to flow of the IMA. 
Heart rate, PP and catecholamines were barely affected by SP. 
II.> IMA flow distribution: About 70% of IMA flow was drained 
as AVA flow and 30% as CAP flow, Increases in CAP flow were 
clearly dose-dependent in contrast to AVA flow increases. As 
a result fractional contribution of CAP flow increased, while 
that of AVA flow decreased during SP stimulated increases of 
total IMA flow. 
III.) Flow compartmentalization: CAP flow revealed substan- 
tial differences in 
ments analyzed. The 

flow low and high 

flow rate between the various compart- 
relationship between compartments with 
rates which were found under 

conditions largely persisted at all SP concentrations. 
control 

21.7 

EFFECTS OF BRADYKININ ANTAGONISTS ON VASCULAR PERMEABILITY IN 
RAT SKIN. brrv R. Steranka. Richard Rodriguez* and 
ChristoDher ,I. DeHaas*. Nova Pharmaceutical Corporation, 
Baltimore, MD 21224 

Bradykinin UW induces an increase in vascular 
permeability which has been reported to be inhibited by BK 
antagonists in rabbits, but not in rats (Whalley et al., NS 
Arch. Pharmacol,, 336:430-433, 1987). Since the effects of 
the bradykinin antagonists alone were not examined in this 
study, and since they have been reported to degranulate mast 
cells, we examined the effect of the BK antagonist, D- 
Arg[Hyp3,D-Phe'JBK (NPC 567), on plasma extravasation in rat 
skin using the Evan's blue dye method and found it to induce 
a dose-related increase in vascular permeability in the range 
of 10eg to 10m7 moles/injection. BK produced comparable 
extravasation at lo-fold lower doses. To examine the role of 
mast cell mediators, we examined the effects of diphenhydra- 
mine (DPH) and cyproheptadine (CYP) on extravasation induced 
by histamine, serotonin (S-HT), BK and NPC 567. CYP 
inhibited 5-HT- and histamine- induced extravasation with 
comparable potencies, while DPH inhibited only histamine- 
induced extravasation. CYP (5 mg/kg) produced a > lOOO- 
fold rightward shift in the NPC 567-induced extravasation 
dose-response curve, indicating that the increased vascular 
permeability produced by NPC 567 is mediated by S-HT and 
histamine, presumably released from mast cells by the 
compound. When rats were pretreated with CYP, NPC 567 
markedly inhibited BK-induced extravasation. 

21.9 
PHALIBIDIN PEEOTECTS THE STRWTUW AMJ FUTKTION OF RETB 
CAPfLLARIES AGAIHST INJURY BY HYPOXIA ANII RIWERFUSION. B.A. 
Resio, M. Bendayant, C.A. Gareerky, S.J. Alexander* and D. 
Sh?pro. II8pital Notre-Dame, Montreal, Que., HZL4M1, Canada. 

The effects of phallo:din IO-BM on blood capillary 
structure and permeability were studied in the countercurrent 
perfused rete mirabile of the eel swimbladder. 1n the normal 
r&e, the addition of phallo”rdin to the perfusion medium did 
not induce nrorphological or functional changes, In the rete 
subjected to atagnatlt hypoxia and reperfusion, cell membrane 
blebs and vacuolization, mitochondrial swelling and 
interstitial oedw were observed. A progressive breakdown 
of the intercapillary barrier during reperfusion resulted in 
an increaste of th8 permeability coefficients to radiolsbeled 
albumin, sucrose and sodium by a factor of 3.5 to 4.5 above 
beeline values. The permeability to water was not modified. 
When the 8-e protocol ww repeated with phallozdin present 
in the medium throughout the experiment, the structural 
integrity of the endothelial cells was completely preserved; 
many pericytes were filled with filewnt-like structures. 
The pe=ability to albumin, PWCX”OB~ and sodium increased 
more slowly and only by 8 factor of 1.5 above baseline 
values, a si$nificant reduction by comparison with the 
experiments without phallo’idin. It is concluded that 
phafloIdin IO-BM does not improve the capillary barrier of 
the normal rete but protects it against sttructural md 
functional damage induced by hypoxia and reperfusion. 
Supported by grants from MRC, QHF and USPHS. 

21.6 
EVIDENCE OF STRETCHED PORES IN THE MICROVASCULATURE OF 
ISOLATED PERFUSED RABBIT HEARTS. . &E. Go- D.R. Van 
Houtsn* and C J J!wau*. Dept. Pharmacology & Toxicology, 
Dartmouth Medical Sch., Hanover N.H. 03756. 

Interstitial fluid oozes continuously from the epicardial 
surface of non-beating, quinidinized hearts perfused with 
Ringers in the Langandorff manner. During atsady-state per- 
fusion the surface drip rate ia a measure of the net filtra- 
tion rate (Jv). Two lines of evidence suggest that raising 
the perfusion pressure (Pa) enlargea microvessel pores 
through which thia filtration occura. First, J, is beat 
described as proportional to (P,)n where the mean n = 1.58 
(f.04). Because the pressure gradient acrosa the capillary 

wall in this preparation appeara to be a linearly increasing 
function of Pa, we conclude that the capillary filtration 
coefficient (CFC) increased progressively with Pa between 0 
and 250 m m  Hg. At least in the upper range, it is unlikely 
that capillary recruitment was responsible for the rise. 
Second, in these abnormally leaky hearta, macromolecules 
even 1s large aa Blue Dextran (mecan 2 x lo6 0) eacape into 
the interatitiuzn. The sieving ratio (SR) of Blue Dsxtran 
was evaluated as the steady-state concn. ratio of Surface 
drip/perfusion fluid. In most hearts SR rose when Jv was 
increased by elevating Pa (in no case did SR fall). Thus BD 
transport appears to be purely convective. The rise in SR 
suggests pressure-induced increansa in pore diameter. At 
all P, levela, SR, Jv and CFC were much lower when the 
perfusion fluid contained bovine serum albumin (0.5 or 1%). 

21.8 

TOTAL PROTEIN REFLECTION COEFFICIENT OF NORWL AND ISCHEMIC 
MYOCARDTUM. Charles F. Pilati*(SPON: M. Maron). Dept. of 
Physiology. N.E. Ohio Univ. Col. Med. Rootstown, OH 44272. 

In this study I determined the total protein reflection 
coefficient (0) of canine coronary vessels. Myocardial 
lymph was collected from the anterior interventricular 
lymphatic trunk (located on the anterior surface of the LV) 
of anesthetized dogs, and 0 determined from the lymph-to- 
plasma protein concentration ratio (L/P) measured during 
elevated coronary sinus pressure. L/P's were independent of 
lymph flow at lymph flows (QL) greater than 12 times 
baseline. It was necessary to infuse adenosine (0.4 
pmoles/min) into the left anterior descending coronary 
artery (LAD) concurrently with elevated coronary sinus 
pressure to produce lymph flows of this magnitude. Mean L/P 
was 0.78 under baseline conditions and decreased to 0.33 + 
0.02 (u - 0.67) during elevated coronary sinus pressure 
and adenosine infusion, Mean QL increased 18.5 times during 
this tfme. In a second group of dogs (n - 4), Q was 
determined during reperfusion following 60 min of ischemia 
produced by occluding the LAD. When coronary sinus pressure 
was elevated in this group (adenosine was not necessary), 
L/P decreased only slightly from 0.79 + 0.05 to 0.70 & 0.05 
despite a 30-fold increase in QL. These results indicate 
that u for coronary vessels is about 0.7 and decreases 
markedly following ischemic injury. (supported by AHA, Ohio 
Affiliate), 

21.10 
NEUTROPHIL MEDIATED INJURY TO THE SKELETAL MUSCLE MICRO- 
VASCULATURE IN THE ABSENCE OF -MIA. p,L. &den*. J.K. Smith*, 

R.J, Korthuk. Department of Physiology, Louisiana State 
University Medical Center, Shreveport, LA 71130. 

It is becoming increasingly apparent that neutrophils play a major 
role in producing ischemia/reperfusion (I/R) injury. However, the 
complexity of the chemical and physical alterations (hypoxia, 
acidosis, xanthine oxidase) accompanying I/R make this a difficult 
model to study the mechanisms involved in neutrophil-mediated 
changes in vascular permeability. The purpose of this study was to. 
determine if activated neutrophils increase skeletal muscle 
microvascular permeability in the absence of ischemia. Granulocyte 
activation with zymosan activated plasma (ZAP) was associated with 
neutrophilic superoxide production and myeloperoxidase release. 
Intradermal ZAP injection produced a marked increase in tissue 
myeloperoxidase activity indicating that ZAP induced migration of 
neutrophils into the tissue. Perfusion of isolated canine gracilis 
muscles with ZAP (10 ml ZAP/100 ml blood in perfusion reservoir) 
produced a decrease in the osmotic reflection coefficient for total 
plasma proteins from 0.91&O. 14 to 0.59iO.09 indicating a dramatic 
increase in microvascular permeability. Moreover, the ZAP-induced 
increase in microvascular permeability was very similar to that 
noted in canine gracilis muscles subjected to 4 hours of inflow 
occlusion and 1 hour of reperfusion. The results of this study 
indicate that 1) neutrophil activation, in the absence of ischemia, 
produces an increase in microvascular permeability which is very 
similar to that noted after prolonged I/R and 2) in vivo granulocyte 
activation with ZAP is a useful model to study neutrophil-mediated 
changes in skeletal muscle microvascular permeability. Supported by 
NIH HL-36069 and HL-07710 and AHA 880818. RJK is an EI of the AHA. 
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;11*11 
ROLE OF IRON IN ISCHEMIA/REPERFUSION INJURY TO SKYMA; 
MUSCLE MICROVASCULATURE. LReith Smith*. D.L. Garde . , I . . . ra D. Nell Grwr. R.J. Ko thu#< Department of Physiology, 
Louisian State University Medical Ceiter, Shreveport, LA 71 I30 

Iron catalyzed formation of hydroxyl radicals has been postulated to occur 
during reperfusion of ischemic tissues. To assess the role of iron-catalyzed 
oxidant production in ischemia/reperfusioa (I/R) injury in skeletal muscle, we 
examined the effects of deferoxamine (DF, an iron chelator) and apotransferrin 
(ATF, an iron binding protein) on the increased vascular permeability 
produced by &hernia/ reperfusion in rat hindquarters. Osmotic reflection 
coefficients (u) were measured in hindquarters subjected to 2 hours of ischemia 
and 30 minutes of reperfusion with either no pretreatment, or pretreatment 
with deferoxamine, apotransferrin, or iron-loaded deferoxamine(Fe-DF). I/R 
alone was associated with an iacre8se in vascular permeability (as indicated by 
a fall in the osmotic reflection coefficient), DF or ATF pretreatment 
attenuated this permeability increase, while pretreatment with Fe-DF offered 
no protection. 

GROUP 
Control 
I/R 
I/R + DF 
I/R + ATF 
I/R + Fe-DF 

0.8&.02 
0.68*0.03* 
0.83kO.03 
0.86kO.02 
0*71*0.02* 

These findings lend support to the hypothesis that iron-catalyzed oxidant 
production is important in the production of microvascular injury following 
ischemia/reperfusion. This study was supported by grants from the NIH (HL- 
36069 and HL-07710) and AHA (#880818). RJK is a recipient of an AHA 
Established Investigatorship (#880 197). 

21.13 21.14 

LEUKOCYTE ADHERENCE TO MICROVASCULAR ENDQTHELIUM 
DVRING ISCHEMIA-REPERFUSION (I/R). J. Russell*. J.N. Benoit, h4.B, 
Grlswand D.N. CT- LSU Medic81 Center, Shreveport, LA 71130. 

Leukocyte adherence &per 100 urn vessel length), leukocyte rolling 
velocity, vessel diameter, and red cell velocity were measured in cat mesenteric 
venules (~30 urn). Venular blood flow, wall shear rate and the number of 
extravasated leukocytes (NEL) were also determined. All parameters were 
measured under control conditions, during 60 min. partial occlusion of the 
superior mesenteric artery (SMA), and following reperfusion. SMA occlusion 
led to 8 75-80% reduction in venular blood flow, wall shear rate and leukocyte 
roliing velocity. Leukocyte adherence increased 3.5-, 6-, and g-times during 
ischemia and 10 min & 60 min after reperfusion, respectively. NEL increased 
3.4-, 5- ould g-times control during the s8me periods. PooIed data from all 
time periods produced a significant negative correlation between adherent 
Ieukocytes snd wall she8r rate, and a positive correlation between NEL and 
adherent leukocytes. The results of this study indicate that I/R promotes 
ieukocyte adherence to microvascular endothelium 8s well as leukocyte 
extr8vasation. The low wall shear rates associated with I/R appears to be an 
important factor that facilitates leukocyte adherence and extravasation. 
(Supported hy DK 33594), 

XANTHINE OXIDASE INHIBITION ATTENUATES ISCHEMIA- 
REPERFUSION (I!R) INDUCED LEUKOCYTE E,XTRAVASATION. p,N\ m Granner. J.Russell . M.B. Grlsbrn and J. N. Benolt. LSU Medical Center, 
Shreveport, LA 71130 

Xanthine oxidase-derived oxidants have been implicated in the neutrophil 
infittration associated with reperfusion of the ischemic intestine. We examined 
the influence of allopurinol pretreatment on leukocyte adherence and 
extravasation induced by I/R in cat mesentery, which con&ins 60-80 mU/g 
tissue xanthine oxidase activity. Leukocyte rolling velocity, vessel diameter 
and red cell velocity were also measured in m30 vrn diameter venules. All 
parameters were measured under control conditions, during 60 min. partial 
occlusion of the superior mesenteric artery (SMA), and following reperfusion. 
The responses of venular bIood. flow, wall shear rate, and leukocyte rolling 
velocity to ischemia and reperfusion did not differ between control (untreated) 
and allopurinol-treated animals. However, the number of extravwted 
leukocytes following reperfusion, but not during &hernia, ~8s significantly 
(~50%) lower in the 8llopurinol-treated animals. The results of this study 
support the hypothesis that xanthine oxidase plays an important role in 
mediating the neutrophil infiltration initiated by reperfusion of ischemic tissues 
(Supported by DK 33594). 

21.12 
LIMITING OXYGEN AVAILABILITY DURING’ REPERFUSION ATTENU- 
ATES MICROVASCULAR INJURY IN P0STISCHEMIC SKELETAL 

l .  
-  *  MUSCLE, R.J. Korthuu Keith Swh . and D.L. Carden *. Department of 

Physiology. LSU Medical Center, Shreveport, LA 7 1130. 
The purpose of this study WBS to test the hypothesis that molecular oxygen 

must be provided at reperfusion to produce ischemia/reperfusion (I/R) injury 
in skeletal muscle. Isolated, maximally vasodilated (papaverine) canine gracilis 
muscles were reperfused, after 4 hr of inflow occlusion, from reservoirs 
containing autologous blood equilibrated with either 95% 0 
N,-5% CO gas mixtures. Arterial PO 
5 mm Hg during the use of nitrogen,, 

fell from -120 mm 
-5% CO, or 95% 

5 
h g to less than 3- 

he osmotic reflection coefficient for 
tot81 plasma proteins (a) was determined for the following conditions: control 
(no &hernia), reperfusion with oxygenated blood after 4 or 5 hr ischemia, and 
reperfusion first with anoxic blood and then oxygenated blood. Reperfusion 
with oxygenated blood, after 4 hr of ischemia, significantly reduced u from 
0,93&0.02 to 0.63&0.02, indicating 8 dramatic increase in v8scular permeability. 
When reperfused with oxygenated blood after 5 hr of ischemia, Q averaged 
0.6OiO.05, In muscles reperfused with anoxic blood, Q averaged 0.82+0.06. 
During the latter experiments, shifting the perfusate from anoxic blood to 
oxygenated blood further reduced Q to 0.6OiO.05. This data indicates that 1) 
molecular oxygen, normally provided at reperfusion, is necessary to produce 
increased skeletal muscle vascular permeability during reperfusion and 2) 
reoxygenation of previously hypoxic skeletal muscle results in microvascular 
injury which extends beyond that which can be attributed to the ischemic 
process alone. Supported by grants from the NIH (HL-36069 and HL-07710) 
and the American Heart Association (#880818). RJK is the recipient of an 
Established Investigatorship from the American Heart Association. 

MONDAY PM GRAVITATIONAL PHYSIOLOGY I 

EFFECTS OF MICROGRAVITY ON THE DIFFERENTIATION OF GRAVISEMSING 
CELLS IN THE LENTIJ ROOT. G&rald Perbal and Dominique Driss- 
Ecole. Universit6 P et M Curie. Paris. France. 

A morphometric analysis of cell polarity of statocytes was 
performed on lentil roots grown for 25h : (1) on the ground, 
(2) on the lg centrifuge on board, (3) in microgravity or (4) 
in microgravity and subjected to lg for 3h, Dry seeds were 
hydrated in space and the seedlings were chemically fixed in 
microgravity. This analysis allowed us to distinguish : (1) 
the direct effects of microgravity on the distribution of 
amyloplasts and on the location of the nucleus, (2) the 
indirect effects of this factor on the number of amyloplasts 
per cell in section and on the morphometry of the aggregates 
of endoplasmic reticulum, (3) the role of a 3h stimulation on 
the number of mitochondrias. The comparison of the average 
area of the statocytes in section in the four samples showed 
that the volume of these cells was greater in seedlings grown 
in space, whatever the g conditions were. This could be due 
to other space factors as cabin atmosphere or cosmic rays. It 
is concluded that in space experiments on cell biology a lg 
control is necessary to discriminate between the effects of 
microgravity and those of other space factors, 

28.2 

THE EFFECT OF SUSPENSION ON NICOTINIC ACETYLCHOLINE RECEPTOR 
NlMER AND AFFINITY AT THE RAT NEUROMOSCULAR JUNCTION. 
Joyce E. Royland* and Lavern J. Weber. OSU Hatfield Marine 
science Center, Newport, OR 97365. 

We investigated g possible neuromuscular component to space 
induced muscle atrophy. Experimental rats were suspended by 
the Morey-Ho't ton rat-tail suspension mode. Weight-matched, 
pair-fed controls were housed singly in identical cages. 
Animals were housed, fed and killed according to NIH guide- 
lines. Using the specific nicotinic acetylcholine receptor 
1 igand, b-Bungarotoxin, receptor number (Bmax) and affinity 
(!Q) was measured in the tonic soleus and phasic gastroc- 
nemius, triceps brachii, and tibialis. We found no change in 
B 

7 
x or lQ in any phasic muscle. In the tonic, antigravity 

so eus we found an apparent two-fold increase in 8max when 
measured as fmoles&m wet wt tissue, but the increase dis- 
appeared when measured as fmols bound/whole muscle. Thus we 
found a concentrating effect due to decreases in muscle mass 
and nonmembrane protein, but no real increase in receptor 
number. About a 50% decrease in soleus Kd indicated an in- 
crease in receptor affinity. Work supported by OSU Pharma- 
cology Department. 
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28.3 
BIOCHEMICAL AND HISTOCHEMICAL OBSERVATIONS OF VASTUS 
MEDIALI~ FROM RATS FLOWN IN COSMOS 1887 (EXPERIMENT K608). 
X, J. Musacchia, Joseph M. Steffen, and Ronald K. Fell. Univ. -- -- -- 
of Louisville, Louisville, KY 40292 

Vastus medialis was obtained from rats exposed to weight- 
lessness. Lyophilized samples were used for protein (mg/mg 
dry wt) RNA and DNA (ug/mg dry wt) and lactate dehydrogenase 
(LDH) and citrate synthase (CS) activity (U moles/min/gm). 
RNA in flight (F) subjects (5.5_+_.1) was significantly reduced 
below basal (B) controls (6.e.l). DNA in F; vivarium (V) and 
B subjects were similar. Protein concentrations in F, B and 
synchronous (S) subjects were comparable (0.7 to 0.8 ug/mg dry 
wt) . The level of LDH activity (>2100) is characteristic of 
fast twitch highly glycolytic (type II B) fibers. Conversely 
the oxidative capacity (10 u moles/min/gm*) as measured by CS 
activity was low and characteristic of fast twitch muscle. 
Frozen sections were stained for ATPase activity, fiber area 
and density measured and capillary distribution assessed. 
Composition was almost completely type II fast twitch fibers, 
F rats showed significant reductions (25%) in type II fiber 
area. Fiber densities (cells/&) were inversely related to 
areas. F and V subjects showed an increase in cell density 
as compared to B controls. Although some morphological para- 
meters indicate a degree of atrophy, biochemical analyses 
suggest these may be minimal. These results agree with pre- 
vious observations of another type II fast twitch muscle, the 
EDL, from SL-3. (Supported by NASA NAG2-386 and COSMOS 
A53745c (CPL). 

28.5 
NORMALISATION OF BONE CELLULAR RESPONSES OCCURS BETWEEN 
7 AND 14 DAYS OF SIMULATED WEIGHTLESSNESS IN RATS. 
Vito L., Alexandre C. Faculte de Mtdecine, Saint-Etienne, France. 

Two experiments of rat tail-suspension, according to Wronski 
and Morey -Ho1 ton recommendations, have been performed in 
order to be further compared with results obtained from the 
Biocosmos 1667 (7d.) and 1887 (14d.) spaceflights. Rats used in 
both real and simulated microgravity experiments were of the 
same strain, #age (- 12 weeks) and weight (-310 g). Bone 
histomorphometric parameters were evaluated in proximal t i b i al 
metaphysis at the level of the secondary spongiosa where bone 
remodeling occurs. The bone volume is reduced to the same level 
in both suspension experiments. Resorption parameters i . e. 
osteoclast number (determined with a specific histoenzymologic 
method) and active resorption surfaces show a twofold increased 
after a 7d. suspension while they are normal after 14 days. 
Formation parameters i,e. mineralization rate (measured after 
double tetracycline labeling) and osteoid surfaces are decreased 
in the shorter suspension while they show normal values in the 
longer. We concluded that two bone remodeling phases occurs in 
this model: the first in which resorption activity increases 
whereas formation activity decreases, resulting in bone loss and 
the second in which bone cellular activities come back to 
equilibrium and bone tissue loss is no longer observed. Same 
dynamic evolution of bone mass could occur in weightlessness. 

28.7 
HYDCARDIAI, DEGENERATION IN RATS EXPOSED TO 12-5 
DAYS OF PIXCROGRAVITY. D. Em Philpott, K. K&o*, J. 
stevenson*, w. Sapp*, 1. Papova* and t. serova*. 
space Physiology Branch, NcIsA-Ames Research 
Center, Moffett Field, CA 94035 

The flight of Cosmos. fm7 provided an oppwtuni- 
ty to examine hearts uf rats exposed to 12.5 days 
in Earth orbit. Left ventricles (LV) were r-ved 
frm five rats exposed to microgravity and two 
sets of five rats that acted as ground cmtrol s. 
Each LV was dissected into f0ur parts, two Qf 
which were placed in fixative (Triple Fix) for 
electron microscopy and the rmaining tissue fra- 
Zen for later biochemical analysis, Tissues were 
shipped f fu#n Hoscc)w, USSR ta WSA Ames Research 
Center for processing, enrbedding in plastic, ul- 
tra-thin sectioning and ultrastructure ex alni na- 
tion, Volume density (VD) of the mitochmdria was 
determined by point counting, VD of the flight 
tissue mitochondria was 9X less than the controls 
(pCA5L There was degeneration of mitochmdria in 

we af the flight tissue myofibrils, an increase 
in glycogen granules and myeloid bdie!s, Blebbing 
also occurred m  the inner walls of some of the 
capillaries- Generalized edema was alreo present, 
These preliminary results suggest that the myocar- 
diura undergoes degeneratim in rrrfcrogravity. 
(Supported by NASA and CO~~BIOI~ 18871, 

28.4 
DEcREAsEDSwELLINGP~S~QpRATNu~USputposUSAsSocIATED 
WEH SIMULATED WEIGHTLESSNESS. & 
Mahmood*. Space Physiology Ranch, NASA-Ames Research Center, Moffett 
Field, CA 94035 and Dept. of AMES-Bioengineering, Univ. Calif., San Diego, 
La Jolla, CA 92093 

Intervertebral discs are important load-bearing tissues of the spine ad lose 
height during upright posture. Although the disc is implicated in the etiology of 
back pain experienced by astronauts during weightleehmess, little is known about 
its fluid balance with prolonged unloading. Therefore, this study examined 
swelling pressure within discs obtained from rats exposed to actual and 
simulated weightlessness and compared these pressures with those in several 
groups of control rats. Samples of nucleus pulposus were obtained from lumbar 
discs of : 1) five 3oOg male Wistar rats expossd to 12.5 days microgravity on 
Cosmos 1887, 2) two groups of ground-bas& controls (N=lO), 3) seven 2OOg male 
Sprague-Dawley rats exposed to 7 days of tail suspension, and 4) another two 
groups of controls (N=14). Lumbar samples were pooled for each rat and 
equilibrium swelling pressure was determined in a compression-type osmometer 
for sample volumes of 5-10 microliters. Swelling pressures were 690, 675 and 
622 mmHg for flight rats, synchronous controls and vivarium controls, 
respectively. For simulated weightlessness, swelling pressures were 295, 610 
and 527 mmHg for tail-suspended rats, cage controls, and vivarium controls, 
respectively. Unfortunately, rats aboard Cosmos 1887 were re-exposed to 
normal gravity for over 50 hours prior to tissue harvesting and therefore, 
swelling pressures of their discs were probably readjusted to normal gravity. On 
the other hand, swelling pressure within discs of tail-suspended rats is about half 
that in controls, suggesting that fluid may move into the disc during prolonged 
simulated weightlessness. However, more studies of flight animals are needed to 
determine if tail suspension is a good mtiel for disc physiology under conditions 
of actual weightlessness. (Supported by NASA and Cosmos 1887) 

28.6 
MODIFICATIONS OF BONE ATROPHY SEEN WITH HINDLIMB SUSPENSION 
BY EXERCISE AND DOBUTAMIME. S.Bloomfield*, B.Girten*, S. 
Wefsbrode", E.&eland*, and L.Kazarian*, (SPON: D.R. Lamb), 
The Ohio State Univ., Columbus, OH 43210 and Armstrong 
Aerospace Medical Research Lab., WPAFB, OH, 45433, 

This study evaluated effects of exercise(EX) and dobut- 
amine(DOB), a synthetic catecholamine, on morphometric 
markers of bone loss seen with hindlimb suspension (SUS). 
Adult male S-D rats were randomly assigned to treadmill EX 
or sedentary(SED) treatments for 11 weeks. Half of each 
group were then suspended by tail traction for 14 days uti- 
ilizing the Morey-Holton X-Y axis support system. During 
this period half of the SUS and half of the non-suspended 
(CON) rats received injections of DOB; others received 
saline(SAL). Fluorescent markers for bone growth were 
injected in all rats on days 0, 7 and 14 of SUS. Three-way 
ANOVA (40.05) revealed a 17% decrease in cortical bone 
area(CBA) at mid-diaphyseal femur in the SED/SUS/SAL rats. 
Unexpectedly, 3 of the EX groups had osteopenic changes 
similar in severity to that of the SED/SUS/SAL rats; how- 
ever, the CBA of the EX/SUS/SAL group was not different 
from baseline. DOB appeared to prevent osteopenic changes 
due to SUS in SED rats, but had variable effects in EX rats, 
It also had no effect on the decreased perfosteal formation 
rate seen in SED/SUS/SAL and EX/SUS/SAL rats. In summary, 
EX was counterproductive in maintaining bone mass; DOB 
prevented osteopenic changes only in SED rats. 
Sponsored by AAMRL/BBD/AFOSR Project ## 2312V6. 

28.8 

PLASMA STRESS HORMONES IN RESTING RATS. EIGI-ITY FOUR DAY 
STUDY, Vojin Popovic and Clegg Honeycutt*. Emory University 
School of Medicine, Atlanta, Georgia 30322. 

Fifty six male white rats (Sprague-Dawley) with implanted 
cannulas (PE 10) in aorta and in ventricle of right heart as 
well as with aortic blood flow probes (pulsed doppler, Crystal 
Biotech) were used in this study. The implantation was done 
at a body weight of 180 + 10 g. Microsamples of aortic blood 
(0.3 ml) were withdrawn once every 15 days from unrestrained, 
unanesthetized resting rats. During blood withdrawal the rats 
were placed in a nontransparent "sampling box" with slits on 
the top of the chambers for exteriorization of the cannulas. 
The aortic blood was withdrawn 30 minutes after the rat was 
placed in the sampling box, sufficient time for plasma stress 
hormones to return to resting values after being elevated due 
to handling of the animal. The experiment lasted 84 days 
(duration of cardiovascular experiments to be performed on 
NASA SLSI and SLSII flights}. After 84 days, all animals were 
alive, their cannulas patent and their blood flow probes 
functional. The plasma levels of stress hormones (ACTH, 
corticosterone and prolactin) were at low resting values and 
stayed unchanged during the 84 day long study indicating that 
body weight growth, aging or seasonal changes do not have 
detectable effects on resting levels of stress hormones in 
rats. Thus, determination of the level of plasma stress 
hormones can be used to assess stresses occurring during and 
immediately after space flight, (Supported by NASA contract 
NASZ-10527.) 
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!NFLUENCES [IF SIMULATED WETGHTLESSNESS AND CHEMICAL SYWPATHECTOMY ON THE 
VO2 MAX OF RATS, C.R. Wootin*, C.S. Stump, S,M. 3eaulteu*, 2, Rahman*, 
L.A. Sebastfan*, and C.M. Tipton, Dept. Exercfse L Sport Sciences, 
Unfversfty of Arfzona, Tucson, AZ. 85721. 

tkximum oxygen consumption (VO2 max) has been shown to be reduced 
in humans and rats after perfods of simulated weightlessness, To detemfne 
whether the sympathetic nervous system was associated with this process, 
female and male Sprague-Dawley rats were either chemically syrnpathectomized 
(Synur) with injection of quanethidine sulfate, or saline injected (Sham) 
after birth and assigned to one of three groups for 14 days; head-down 
suspension (HDS), horizontal suspension with all l!mbs bearing weight 
(HI@), or cage-control (CC). The rats were tested for V02 max (ml/min) 
prior to suspensfon and on days 7 and 14. For comparison with our prevfous 
findings (kd. ScI. Sport Ex. 20(2):S48, 1988) only the results from females 
are lfsted (i, SE, N, * statistical sfgnfficance at 0.05 level}. 

Maximum Oxygen Consumptfon (ml/mfn) 
GROUP ! !  BEFORE DAY 7 DAY 14 
cc: syrax 6 21.b1.3 22.311,8ZXKl 

Sham a 22.9k1.2 24.2k1.4 22.8k1.2 
HWB: Smx 7 23,0*1,1 22.0*0,8 2231.2 

Sham a 21.9kO.9 2O.Oti.7* 21.3*1-O 
HDS: Symx 7 21.3kO.7 21.720.7 21.8*1,3 

Sham 7 23.4kO.5 20.7*1.3* 20.6*1.0* 
It was conc!uded that sympathectomy and weight karfng attenuate the 
reduction of VO2 max assocjated wfth sfmu'lated weightlessness. A similar 
trend was observed fn males, 

(Supported by NASA Grant, NAG-2-392,) 

VASCULAR SMOOTH MUSCLE PHARMACOLOGY I 

29.1 
SHORT TERM VASCULAR REACTIVITY AND HISTOLOGICAL CHANGES OF 
AUTOLOGOUS VEIN GRAFTS. Adel S. Soliman*and Randall L. 
Tackett, Cardiovascular Pharmacodynamica lab, College of 
Pharmacy, Univeristy of Georgia, Athens, GA 30602 

tre 
of 
int 

Autologous vein gr a fts have been use d extens ively to 
at vascular insuffi C ienc Y in angina. However , recu rrence 
angfnal sympt ems has been reported at different time 
ervals. This study was designed to investigate the short 

term changes that may relate to loss of graft patency. Saph- 
the enous vein graft was- implant ed into the caroti .d artery by 

reversed end to end t echniqu .8 in mon grel dogs. After one 
week the graft was harvested, rings were cut from the mid 
port ion of the graft and suspended in organ chambers fo r iso- 
metr ic force measurements. Dose re sponse curves to var ious 
vasoac tfve compounds we re determined and compared with those 
of the normal saphenous vefn and carotid artery. Grafted 
vessels showed a signfficant decrease in maximal response to 
norepinephrine, tyramine, 5-HT, and BH-T933. Additionally, 
these vessels demonstrated a leftward shift of the 
norepinephrine and S-HT curves. Several grafts developed 
vasospastic activity, spontaneously or after being exposed to 
tyramine or norepfnephrtne. Histologically these grafts 
showed proliferation of the subendothelial cell layer, and 
disorganization of the medial smooth muscle layer, According 
to our results, enhanced vascular reactivity, development of 
vasospasms and structural disorganization of the graft 
integrity may be contributing factors for the early failure 
of vascular grafts, 

293 
ADRENERGIC MODUTION OF THE NA+ PUMP IN CAMNE VASCULAR 
SMOOTH MUSCLE. J.C. AlLen, S.S. Navran* and R.S. Hasters* 
Baylor College of Medicine, Houston, Texas 77030, 

a-and p-adr8n8rgfC agonists are well known modulators 
of smooth must le tone. The agoni ,sts, phenylephrine (a- 
clonidine (a-2 )and isoproterenol (#3-)stirmlate the Na+ 
pump (ouabain sensitiv8 86~b 
iC lpanneY. The a-agonist s 

uptake) in a receptor Sp8C 

tfmulation is due to a Na+ 

11, 

if- 

gating mechanism and is blocked by low Na8, amiloride and 
Na preloading. The B-mediated stimulation does not in- 
volve Na+ influx, since none of the above procedures af- 
fects isoproterenol stimulation of the pump. Thus the Na 
pump can bs stimulatad by both contractile-and relaxing 
agonists, at concentrations where tone is also affected. 
In addition, the phorbol ester, TPA, stimulates the Na 
purup, suggesting a c-kinase mchanism. Since a-l stimula 
tion consists of generation of IP3 and DAG, a-1 receptor 
activation may induce an IP3 related contractile response 
coupled with a DAG relaxation response, suggesting complex 
Ilnultipl8 control of tension development. These &ta sug- 
g8st tha t activation of the Na+ Pump bY both a-and p- 
agonists may play a role in controlling the contractile 
r&ponsa ani that multiple mechanisms of Na pump 
stimulation are involved in the regulation of vascular 
smooth muscle tone. Supported by HL24585. 

29.2 
ROLES OF PROTEIN KINASE C, Na+jH+ FXCHMGE AND CALCIUM IN 
CONTRACTION INDUCED BY VASCULAR ALPHA-2 ADRENERGIC STIMULA- 
TION, T,K. Aburto and R,C. De&, College of Pharmacy and 
Allied Health Professions, Northeastern University, Boston, 
MA 02115 

We investigated the involvement of protein kinase C (PKC), 
Na+/@ exchange and extracellular calcium in contractions in- 
duced by the stimulation of alpha-2 adrenergic receptors a2- 
AR) in rabbit saphenous vein. Staurosporine (0.1 uM; a PKC 
inhibitor) when preincubated for 20-25 min with the tissue 
preparations inhibited contraction elicited by the specific 
a2AR agonist UK 14,304 (UK) by 80%. Direct activation of PKC 
by phorbol dibutyrate (PDBu; 1 uM) provoked a biphasic con- 
traction and inhibited subsequent UK-induced contractions by 
90%. Surprisingly, nifedipine (0.5 uM) potentiated PDBu- 
induced contraction and had little effect on UK-induced con- 
traction (20% decrease), Studies undertaken in Ca* free 
buffer, however, did indicate a requirement for Ca* influx 
in order for contraction to be elicited via a2AR stimulation. 
Amiloride, ethylisopropylamiloride and dimethylamiloride 
(50 upi) all potently inhibited both norepinephrine- and UK- 
induced contraction by up to 80%. Indomethacin (0.1 UM) did 
not affect UK-induced contraction. These findings indicate a 
possible role for PKC activation in a2AR mediated arterial 
responses as well as PKC modulation of receptor coupling 
events. Amiloride and its analogs may inhibit these events 
either at the level of agonist binding or by blocking Na+/TJ+ 
exchange. 

29.4 
MITOGENIC AND A-1 ADRENERGIC MODULATION OF THE NA+ PUMP IN 
PRIMARY CULTURES OF VASCULAR MUSCLE. S.S. Ne 
&,M. K&n*. C.J,, Seidel. and J,C. Allen. Baylor College of 
Medicine and University of Texas Health Sciences Center, 
Houston, Texas 77030. 

We have demonstrated that phenylephrine (PE) stimu- 
lates the Na+ pump of vessels by activation of an 
amiloride sensitive Na+ fnflux. This a-l response is 
present in isolated vascular muscle cells (VSMC) 
maintained in a serum-free defined medium. However, if 
VSMC are grown to confluence in serum, and then deprived 
of se- for 24 hrs, PE stimulates little or no inositol 
phosphate (IP) production, Na+ influx or Na+ pump 
activation. In contrut, the re-addition of serums, 
stimulates IP production, an amiloride sensitive Na+ 
influx and Na+ pump activation. Thus after proliferation 
in fetal calf serum, the a-1 receptor transducing 
mechanism linking Na+/H+ exchange and Na+ pump control is 
altered, while the nitogenfc activation of this 
transduction system remains intact, The data suggest 
common actfvation pathways for mitogen and a-l receptors, 
and may be explained by heterologous desensitization of 
the a-1 adrenergic receptor pathway. (Supported by 
HL34280, HL35866, HL40624, and ANA Texas.) 
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29.5 
RELJUATIW IN BMXURARTERY (BA) AND THORE1C AORTA (TA) 
FROMMXWI'ENSIVE (NR) AND COARCTATIONHYPERTENSIVE RATS 
(CHR1. F.M. Lai. A. Cohzzi*, C. She&erd*, A. Hoffman*, T. 
knikel~a* and i). Cervoni. C&diovasc. Biol. Res., American 
Cyanamid Companv, Med. Res. Div., Pearl River, NY 10965 

Acetylchoiin;?iACh) and nitroglycerin(NG] relaxation of BA 
and a of CHR at 1, 4 and 14 days post-surgery was studied 
in vitro and compared to tim-matched, sham-operated normo- 
Enwrats(SNR) and in TA and BA with and without endo- 
thelium(m) from NR. Blood pressure and plasma renin 
activity of CHR were significantly higher than time-matched 
SNR. ENDO removal from RA or TA of NR significantly dimin- 
ished ACh-induced relaxation in RA and TA, had no effect on 
-induced relaxation in BA but potentiated ffi relaxation in 
TA. ACh sensitivity did not change in 1 day CHR but decreased 
4- and g-fold in 4 and 14 day CHR, respectively. NG sensi- 
tivity increased 3-fold, did not change and decreased g-fold 
in 1, 4 and 14 day m, respectively. Norepinephrine(NE) sen- 
sitivity in TA increased 3-, 15- and 13-fold in 1, 4 and 14 
day CHR, respectively. In BA, ACh- and NGinduced relaxation 
was not altered in 1, 4 or 14 day CHR. The data suggest that 
1) in CHR there is a complex progression of changes in the 
effects of NE, ACh and NG in TA at various stages of hyper- 
tension; 2) loss of dependent relaxation in CHR is 
tissue specific (TA but not BA); 3) vascular response to NG 
in CHR is heterogenously altered; 4) TA a may provide an 
acute protective mechanism to counteract the increased sen- 
sitivity of smooth muscle cells to NE. Prolonged hypertension 
appears to override this mechanism. 

29.7 

EFFECT OF AGE ON aI-ADRENERGIC RECEPTOR SUBTYPES IN RAT 
AORTA. Peter W. Abel* and Wanyun Zeng* (Span: F.J. Dowd). 
Creighton Univ. School of Medkine, Dept. of Pharmacology, 
Omaha, NE 68178 

Subtypes of ai-adrenergic receptors causing contraction of 
rat thoracic aorta were studied in vitro. Ring segments of 
aorta from vounq (149 + 3 qms) aYGTbTa391 + 4.6 gms) male 
Sprague Dawiey Fats weFe prepared and contraFtile responses 
to norepinephrine (NE) and phenylephrine (PE) were measured. 
The irreversible a-adrenergic receptor antagonist chlorethyl- 
clonidine (GE%; 100 PM) had little effect on the contractile 
response to NE in aorta from young rats but caused a 240-fold 
decrease in the potency of NE in causing contraction and a 
decrease in maximal contraction in aorta from old rats. Pre- 
incubation of aorta from old rats with 1 MM prazosin, pre- 
vented these effects of CEC. Schild plots were constructed 
for inhibition of PE-induced contraction by the a-adrenergic 
receptor antagonist WB 4101. pAn values obtained from the 
Schild plots were significantly different and were 9.1 2 0.1 
in young and 8.6 + 0.1 in old aorta. These data suggest that 
in young aorta, NT-induced contraction is caused by stimula- 
tion of Qla receptors that are insensitive to inactivation by 
CEC and have a high affinity for WB 4101. In old aorta, NE- 
induced contraction is caused by stimulation of a1 

P 
receptors 

that are inactivated by CEC and have a lower affin ty for 
WB 4101. (Supported by a grant from the Health Future 
Foundation.) 

29.9 

AMILORIDE PROMOTES RELAXATION VIA RVRACELLULM 
ACIDIFICATION IN CANINE TRACHEAL SMOOTH MUSCLE Jnpcid K. 
gramPet and Ratna Bose, * Dept. of Pharm. and Therap., Univ. of Manitoba, 
Winnipeg, Canada, R3E OW3. 

We have previously demonstrated the reIaxant effect of amiloride (a 
Nat/H’ exchange blocker) on isolated canine tracheal smooth muscle - an 
action which may be promoted by a decrease in calcium release and influx Based 
on the documented properties of this compound in other tissues, and on our own 
observations that external acidtication promotes a transient relaxation in tracheal 
smooth muscle, we hypothesized that these effects were mediated by an increase 
in intraceIIular proton concentration. To test this hypothesis, intracellular pH was 
measured simultaneously with tension in isolated muscle strips using the pH- 
sensitive intracellular dye 2’,7’-bis-(2carboxyethyl)-S(and -6) carboxyfluorescien 
(BCECF). Muscle strips were suspended isometrically under physiological 
conditions in the beam of a Perkin-Elmer fluorescence spectraphotometer md 
incubated for 30 min. in 2 uM BCECF acetoxymethyl ester in Krebs-Henseleit 
medium. FIuorewnce was measured at an excitation wavelength of 503 nm, and 
au emission wavelength of 530 nm. After a 30 min. equilbration period, strips 
were contracted with carbach (1 uM) or KC1 (80 mM), and amiloride was 
added at plateau tension. The addition of amiloride produced intracellular 
acidification during both forms of stimulation. The time course and magnitude of 
this acidification closely paralleled the observed decrease in tension. AcidGcation 
was also observed with the addition of amiloride in uncontracted tissue, and in 
sodium-free medium. These data indicate tit regulation of intracellular pH via 
the Na+/H* antiporter may play an important role in respiratory smooth muscle 
contraction. 

Suppotied by the Manitoba LungAssociation. 

29-6 
Responses of Isolated Fetal and Maternal Ovine Blood Vessels to 
Vasoactive Drugs. D. C. Dver. Dept. of Veterinary Physiology and 
Pbarmcology, Iowa State Univ., Ames, IA 50011. 

Terminal aorta (FIA), intra-abddmtnal urnbilfcal artery (IUA) and 
umbilical artery (UA, midpoint to placena) from the fetus and the 
rrraternal terminal aorta (MTA) were removed from pregnant sheep 
within 3 weeks of term. Isotonic muscle activity was monitored 
fron helically-cut strips bathed in a dnodified webs-Herrseleit 
solution oxygenated with 02:CO2 (95:5). All fetal tissues were 
placed under 1 g tension while the MTA was under 3 g tension. 
Initially a dose response to KC1 was determined on all strips 
followed by a dose response to a specific vasoactive agonist. The 
potency order for vasoconstrfctors was as follows: PTA: 
angiotensin (A) > 8-arginine vasopressin (VP) > norepinephrine 
(NE) > serotonin (S) 1 dopamine (DA) > KCl; IUA: A 1 VP > NE > DA 
> KCI; UA: A 1 VP > S > DA 2 NE > KCl; MTA: A > NE > S > KC% (VP 
was inactive). The maximal response to each agotist differed on 
the three fetal tissues when compared to KC1 with the agonist 
providing the greatest response as follows: FTAi NE; IUA: S, UA: A 
1 s. All responses to NE were antogonized by prazosin. 
Isoproterenol (I) did not relax KC1 (30 ti) contracted MTA stips 
but did those of the IUA and UA. Relaxations to I were 
antagonized by propranolol, The data suggest that receptors to 
vasoactive drugs vary in their distribution in the main arterial 
conduit blood vessels of the fetus, Supported in part by the Iowa 
Heart Association. 

29.8 

DIFFERENTIAL SENSITIVITY OF K+- AND AGONIST- 
INDUCED ARTERIAL CONTRACTIONS TO INHIBITION BY THE 
PROTEIN KINASE C INHIBITOR, H-7, AND THE 
CAI&loDULIN ANTAGONIST, W-7. & H. Bat&. Eastern 
Virginia Medical School, Norfolk, VA 23501 

This study investigated the mechanism of stress- 
maintenance in arteries by comparing the inhibi- 
tory efficacy of H-7 and W-7. H-7 more effectively 
inhibited KCl- than phenylephrine (PhE) -induced 
contractions (ICsO (uM): KCl; 4, PhE; 14). W-7 
produced the opposite result (KCl; 60, PhE; 40). 
H-7 (10 uM) reduced KCl-induced stress and myosin 
phosphorylation (Mp) by, respectively, 74% and 22% 
compared to controls, while PhE responses were 
reduced by 36% (stress) and 44% (Mp). The level of 
steady-state Mp produced by PhE was about 1.7-fold 
greater than that produced by KC1 (PhE; 61.2%, 
KCl; 36.3%, n=3), while stress values were more 
similar and at or near maximal (S )levels 
KCl; 87, PhE; 101, n=3). These resu ts P 

(%S,: 
imply that 

protein kinase C may be involved more in KCl- than 
PhE-induced stress-maintenance. Alternatively, 
differences in sensitivity to inhibition of stress 
may have been caused by intrinsic differences in 
the level of KCl- and PhE-induced crossbridge 
activation, as measured by steady-state Hp. 
Support: PMAF Starter and Jeffress Trust Grants. 

29.10 
SEXUAL DIMORPHISM IN VASOPRESSlN(VP)-INDUCED CONTRACTION OF 
RAT AORTA. J.N. Stallone, J.T. Crofton, and L. Share. Dept. of 
Physiology, University of Tennessee, Memphis, TN 38163 

Previously, we reported that in the rat, pressor responsive- 
ness to VP is higher in males than in females in mostphasesof 
the estrous cycle. To explore the role of the vasculature in 
this sexually dimorphic response to VP, we examinedthe reactiv- 
ity of male and female rat thoracic aortae to VP. Aortic rings 
(3.0 m m  width) were prepared from age-matched (13-15 wks) male 
and female Sprague-Dawley rats and mounted for isometric ten- 
sion recording (in Krebs-Ringer-bicarb., 37OC, 2.50 g passive 
tension). After equilibration (2 hr),acumulativedose-response 
curve (D-R) to arginine VP (10W11-10-6 M) was obtained. The 
maximum response of female aortae to VP (3,88$*150mg, na.27; 
mean* SEM) was nearly twice (PeO.01) that of male aortae (2,160 
*254mg,, n=lj). Similarly, the sensitivity of female aortaeto 
VP was substantially higher (WO.01) than that of male aortae 
(EC-50: tO.88k0.68 vs. 19.04f 1.63 nM, respectively).Maximum 
response and sensitivity of female aortae did not differ sig- 
nificantly during the estrous cycle. In contrast, when a cumu- 
lative D-R for phenylephrine (Phe) was obtained in separate 
aortae, maximum response of female aortae to Phe (1,023f 114 
mg,  n=8) was less than half (PeO.01) that of male aortae 
(2,461f204 mg,  n=7); sensitivity did not differ significantly 
(EC-50: 0.29f0.04 vs. 0.34tO.07 NM, respectively).These data 
suggest that vascular reactivity of the rat aorta to VPand Phe 
may be modulated by the gonadal steroids in a specific, inde- 
penden t manner. (Supported by NIH: HL-07339 and HL-19209) 
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S11701 ZNHIBITS NmTROWL UPTAKE AND FACILITATES RELEASE OF 
NOREPINEPHRINE.IN ISOUTED BLQQD VESSELS M. Feletou, C. 
Vallet, J, Lepagnol, and B, Teisseire (SPON: P.M.Vanhoutte). 
Institut De Recherches Servier (Fondax) 92800 Futeaux, France 
To determine the effect of S11701 [(morpholinyl-Z)methoxy]- 
8 tetrahydro-1,2,3,4 quinoleine on adrenergic neurotrans- 
mission rings of canine saphenous veins were suspended in 
organ chambers for isometric tension recording. s11701 
shifted the concentration-response curve to norepinephrine 
to the left in a dose-dependent manner. The shift induced 
by S11701 was similar to that produced by cocaine and 
imipramine, The effects of S11701 and the inhibitors of 
neuronal uptake were not addftive. S11701 inhibited 
tyramine-induced contractions. The response to electrical 
field stimulation was potentiated both by 511701 and the 
inhibitors of neuronal uptake, with no additive effect. In 
quiescent tissues S11701 induced contractions which were 
blocked by the alpha -adrenoceptor antagonist rauwolscfne 
or by 6-hydroxydopa ml ne. Incubation with cocaine prior to 
the addition of S11701 did not prevent the contraction. 
Addition of S11701 in veins contracted with electrical 
stlrraslation caused a potentiation which was more pronounced 
than that obtained with inhibitors of neuronal uptake. 
These results suggest that S11701 inhibits the neuronal 
uptake of norepinephrine and releases norepfnephrine from 
abrenergic nerve endings by a mchanism which does not 
involve-the cocaine-sensitive neuronal uptake. 

ARRHYTHMIAS I 
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BRADYARRHYTHMIAS OF SLEEP APNEA. Larry J. 
Virginia, Charlottesville, VA 22908. 

Hypoxemfa augments bradyarrhythmias during sleep in 
patients with sleep apnea. Animal studies show that hypox- 
emia Increases adenosine in cardiac tjssue and produces 
bradyarrhythmias. Therefore, we hypothesize the brady- 
arrhythmias during sleep in patients with sleep apnea are 
caused in part by adenosine. 

Two patients with obstructive sleep apnea recefved oral 
dipyridamole (75 mg TID), a drug which blocks the uptake of 
adenosfne and increases plasma adenosine levels. Holter 
monitoring In these two patients showed multiple episodes of 
bradycardia (heart rate less than 45/min.), sinus pauses as 
long as 4,7 seconds, and AV block including complete; heart 
block. The first patient stopped the dipyridamole and had no 
prolonged sfnus pauses and fewer episodes of bradycardia (8 
vs. 75 episodes/24 hrs.). The second patient then begun 
taking the adenosine antagonist theophylline in addition to 
dipyrSdamole. This patient had no episodes of heart b'tock 
and fewer episodes of bradycardia (4 vs. 132 episodes/Z4 hrs.) 
whfle taking theophylline. 

Blocking adenosine uptake by dipyridamole provoked brady- 
arrhythmias In these two patients with sleep apnea. The 
adenosine antagonist theophylljne decreased bradyarrhyttnnias 
in one patient. These observatfons suggest the bradyarrhy- 
thmfas occurring during sleep in patients with sleep apnea 
are caused in part by adenosine. 

TRIGGERED REPOLARIZATION AND THE INDUCTION OF VENTRICUIAR 
FIBRIUTION. Michael MacConaill. Dept. Pharmacol,, Univ. 
Ottawa, Ottawa, ON, Canada, KlH 8M5 

It is well established experimentally that a single 
stimulus of adequate strength applied during the vulnerable 
period can induce a ventricular fibrillation even though 
current models of the process require a series of rapid 
stimuli to initiate the arrhythmia. Experiments in 
Langendorff-perfused rabbit hearts have shown that under 
appropriate conditions, a stimulus of diastolic threshold 
strength applied within the first half of the cardiac action 
potential can induce ventricular fibrillation, and that the 
characteristic high frequency irregular activity appears 
immediately following the extrasystole. While it could be 
postulated that the conventional 'early' or 'late' oscillatory 
afterdepolarizations are involved in the initiation of the 
fibrillation, both processes are too slow to serve as adequate 
mechanisms. Monophasic electrograms of the induction of 
fibrillation suggest that the inducing stimulus can abort an 
ongoing act ion potential, presumably by triggering 
repolarization. It Is known that triggered repolarization can 
be followed by a rebound depolarization: if this rebound were 
weakly damped, it could oscillate at a time course matching 
that of an induced fibrillation. Such a mechanism would also 
explain how weak stimuli applied early in the cardiac action 
potential can elicit extrasystoles with a prolonged latency. 

30*2 

SMALL ANIMAL 3-D ELECTROCARDIOGRAPHY USING STANDARD 
EQUIPMENT. Wm. C. Van Arsdel III* and Tibor Balazs, FDA, 
Division of Drug Biology, Washington, DC 20204. 

A small animal electrocardiographic system (ECS) was 
developed for animal toxicology equivalent to that used in 
clinical diagnosfs by electrocardiologists who utilize 12 
ECG leads (but can use a 3-lead orthogonal or orthogonal 
loop system), and where computers are utilized widely to 
separate probabilities. This small animal ECS adapts the 
human clinical ECS by simplification to provide, with only 
4 electrode lead positions and standard ECG equipment, a 12 
lead (orthogonal hexaxial) ECS which can be used like the 
human 12-lead (hexaxial limb leads and 6 chest leads) in 
lead pattern recognition, and/or with only 3 select leads, 
can also provide 3-dimensional orthogonal lead ECG 
recordings, vectors, vector constructions, vector 
projections, vector loops, special vector loop 
constructions, and/or complete computer analyses. We have 
with this animal orthogonal ECS collected over 600 control 
and treated animal EC& The ECS has provided reproducfble 
control recordings, and has revealed changes after cardjac 
damage induced by varfous treatments. A computer program 
has been prepared (at NIH) and published for the analysjs 
of the rat ECG utilizing this 3-dimenslonal system of ECG 
data collection, 

30.4 
VERAPAMIL PROTECTS AGAINST COCAINE INDUCED VENTRICULAR 
FIBRILLATION 

George E. Billman, Richard S, Hoskins*, Dept. of Physiology 
The Ohio State University, Columbus, Ohio 43210 ' 

There is increasing evidence that cocaine use can trigger 
lethal cardiac events, including ventricular fibrillation 
(VF). The mechanism responsible for these lethal cardiac ar- 
rhythmias remains to be determined. Therefore, 13 mongrel 
dogs were instrumented to measure heart rate, left ventricular 
pressure (LVP) and d(LVP)/dt. After a 3-4 week recovery per- 
iod, the left circumflex coronary artery was occluded for 2 
min., beginning 
continued for 1 

during the 
min. after 

last minute bf exercise (EX) and 
the cessation of EX. None of the 

dogs developed cardiac arrhythmias during the control EX plus 
ischemia test. On a subsequent day, the test was repeated 
after the injection of cocaine HCL (1.0 mg/kg). Cocaine sig- 
nificantly (p<O.O1) elevated heart rate (19,5X), systolic LVP 
(30.2%) and d(LVwdt (28%) and elicited cardiac arrhythmias 
in 12 of the 13 animals during the EX plus ischemia test. In 
fact, 11 animals developed VF. Verapamil, a calcium channel 
antagonist (250 ug/kg) attenuated the hemodynamic effects of 
cocaine and prevented VF. Thus, these data suggest that co- 
caine can induce VF during myocardial ischemia and further, 
that these lethal arrhythmias can be prevented by a calcium 
channel antagonist. (Supported by NIH Grant HL36336), 
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30*5 
BETA ADRENOCKPTOR BLOCKING ACTIVITY OF DIPRAFENONE (II), A NEW 
CLASS Ic ANTIARRHYTHMIC AGENT: A COMPARISON WITH PROPRANOLOL 
(PROP) AND PROPAFENONE (P). *Stan S. Greenberg and E. Cantor. 
Dept of Pharmacology, Berlex Laboratories, Inc. Cedar Knolls, 
N. J. 07927. 

D Is a new class Ic antiarrhythmic agent approximately 3x 
more potent than P (class Xc). We compared the hemodynamic and 
cardiac beta adrenoceptor antagonistic effects of D, to that 
of P and PROP (class II) in pentobarbital anesthetized dogs 
(N+S/group). Isoproterenol (ISO) (0.01 and 0.03 ug/kg) was 
given as bolus injections, Iv, before and 20 min after iv 
infusions of antiarrhythmic doses of D or P (0.3, 1 and 3 
mg/kg) or PROP (0.03,30.1 and 0.3 mg/kg>. The ablllty of D, P 
and PROP to displace H-dihydroalprenolol (DHA) blnding in 
isolated cardiac membranes wag also examined. Each agent 
produced competitive mixed beta adrenoceptor blockade of the 
hemodynamic and heart rate (HR) responses to ISO. PROP was the 
most potent beta adrenoceptor antagonist, while D was more 
potent than P. The apparent pA2 values against HR were 0.05, 
0.1 and 0.6 mg/kg, while those against diastolic pressure were 
0,016, 0.1 and 0.6 mg/kg, respectively. The Ki values for dis- 
placement of MA by PROP, D and P were 2.7, 14.3 and 252 nM, 
respectively, corresponding to the rank order of potency of in 
viva beta adrenoceptor blockade. These data show that D is 6x 
more potent as a beta adrenoceptor blocking agent than P. The 
potent beta adrenoceptor blocking activity of D in combination 
with Its class fc antiarrhythmic activity may make D a more 
effective antiarrhythmic agent than P or PROP, 

30.7 
INCREASED ANTIARRHYTHMIC POTENCY OF DANTROLENE SODIUM ON 
MULTIPLE ORAL ADMINISTRATION TO RATS. Robert R. Brooks, 
George E. Decker*, and John F. Carpenter*. Norwich Eaton 
Pharmaceuticals, Inc., Norwich, NY 13815, A Procter & Gamble 
Company. 

Dantrolene sodium CDS), a clinically useful, direct- 
acting skeletal muscle relaxant, prolongs action potential 
duration of cardiac fibers in vitro, prevents or abolishes 
ventricular arrhythmias (VA) in animals, and ameliorates VA 
in man during,malignant hyperthermia crises. In rats in the 
gastrocnemius muscle assay, the estimated single oral dose 
of DS for inhibiting twitch tension 50% (GTT-EDSO) was 13.1 
mg/kg. After 7 days of once-per-day dosing, the GTT-ED50 
was 4.6 mg/kg, not markedly different. In contrast, in the 
anesthetized rat model of VA induced by coronary artery 
ligation and reperfusion (CALR), the CALR-ED50 (dose 
giving arrhythmia score of SO, where lOO=no effect, O=no 
arrhythmias) changed from 56.9 (1 dose) to 3.6 (7 doses) 
mg/kg , The CALR-ED50 values for quinidine under these 
conditions were 28.9 (1 dose) versus 18.2 (7 doses) mg/kg 
p.0. While these single determinations limit statistical 
analysis, the 15-fold increase in antiarrhythmic potency 
versus less than 3-fold increase in muscle relaxant potency 
on multiple dosing suggests that cardiac and skeletal muscle 
responses to dantrolene sodium are different. 

30.9 
ELECTROPHYSI$LOGICAL ACTIONS OF MONO-N-DEALKYLDISOPYWMIDE. 
William Tov and 3ettv I. Sasvniuk. McGill University, 
Montreal, Canada, H3G lY6 

Mono-N-dealkyldisopyramide (MND), the major metabolite of 
Disopyramide (D), occurs in patients in significant 
concentrations; yet, little is known of its electrophysiol- 
ogy* We therefore assessed the sodium channel blocking 
properties 09 MND in canine Purkinje fibers superfused in 
vitro using Vmax as an index of sodium channel blocking ac- 
tivity. Also, effects on action potential duration and ef- 
fective refractory period (ERP) were determined. At a basic 
cycl& length of 1 set, FD (4-32 pg/ml), produced a cone de- 
pendent decrease of Vm,,, amplitude and all phases *of 
repolarization of the actfon potential. To assess frequency 
dependent block, fibers were stimulated with pulse trains at 
cycle lengths of 0.4, 0.6, 1 and 2 sec. MND produced a cone 
dependent incretse in the magnitude and kinetics of onset of 
rate dependent Vmax block. Magnitude of block Increased as 
pulse train rates increased. Significant tonic block oc- 
curred only at the highest cont. Recovery from rate depen- 
dent block followed a single exponential time course with a 

r;: of 5.23*0,90 sec. MND, 4 p&/ml, shortened all phases of 
reG:larization and ERP at cycle lengths of 0.25 to 1 set with 
more pronounced effects at the slowest rates. Combrnation of 
MND with D produced additive frequency dependent V block 
with Zrec intermediate to those of MND and D alone, %s, MND 
must modify the clinical effects of D. 
Supp. by MRC and Roussel Laboratories, 

30*6 
EARLY AFTERDEPOLARIZATIONS INDUCED IN A MODEL OF ISCHEMIA- 
REPERFUSION IN RABBIT CARDJAC PURKINJE FIBERS, Gee ge 3 
Rozanski and Ricbrd C. Witt . University of Nebraska lolleg; 
of Medicine, Omaha, NE 68105 

The mechanisms of ventricular arrhythmias upon reperfusion 
of previously ischemic myocardium are poorly understood. 
Thus, the arrhythmogenic effects of ischemia (I) followed by 
reperfusion (R) were studied in vitro in seven isolated 
rabbit Purkinje fibers. Microelectrodes were used to record 
transmembrane potentials from fibers exposed first to con- 
trol, oxygenated Tyrode's solution, to an ischemic-like 
solution (low P 2 

f 
and pH, high [Ktjo) for 45-60 min, and 

again to contra Tyrode's to mimic R. At the end of the.1 
period, maximum diastolic potential (MOP), action potential 
amplitude (APA) and duration (measured to 90% of repolari- 
zation; APO9 ) were reduced from contra) by 19,9 f 2.3 mV, 
23,6 f 3.3 m , % and 119.8 k 37,O ms, respectively (pt0.01). 
Within five minutes of R, MOP and APA returned to control 
values but APO90 was prolonged by 140-6 + 84.3 ms. This delay 
in repolarization favored the development of early afterde- 
polarizations (EADs) which elicited coupled premature beats 
(coupling interval = 500.9 & 125,9 ms; n = 5) and sustained 
runs of repetitive responses (cycle length - 399,7 f 57.0 ms; 

- 4) at low levels of membrane potential (-63.3 t 4.8 mV). 
yhus, these data suggest that triggered responses arising 
from EADs in Purkinje tissue may underlie the arrhythmias 
occurring in vivo upon reperfusion of ischemic myocardfum. 

30.8 
EFFICACY OF PROPAFENONE IN VENTRICULAR TACHYCARDIA (VT)- 
INVERSE CORRELATION WITH EFFECT ON CONDUCTION TIME. T. Ku& 
M. Dubuc*, C. Lambert", R. Nadeau", M. Shenasa, Sacr&Coeur 
Hospital, Univ. of Montreal, Montreal, Canada, 

The efficacy of propafenone (P) in preventing VT induction 
by programmed electrical stimulation was studied in 17 
patients (pts> with old myocardial infarction and spontaneous 
sustained (sust) VT. Right ventricular (RV) drive at 2 basic 
cycle lengths (BCL) and 1 to 3 extrastimuli at 2 RV sites was 
done without and on oral P (7851188 mg/day). P prevented 
induction of sust VT in 6 pts (Group A): 1 noninducible, 5 
nonsust (<30 set>. In the other 11 pts (Group B), P slowed 
VTCL from 280445 to 377+66 ms. P did not affect sinus CL but 
prolonged AH and HV intervals and QRS duration equally in both 
groups. With RV pacing, P also prolonged RV effective (E) and 
functional IF) refractory period (RP) equally in both groups. 
However, as shown below, there was significant inverse 
correlation between efficacy and $ change (A) in paced QRS 
duration (~~0.02). 
BCL 400 %A VERP %AFRP %AQRS P 5-OH P 

-is- -G--- - 
- - 

CrouD A 1522 2.5-Fl.l 0.3ko.2 
Group 3 18+13 14dl 37522 1.6~1.3 0.2kO.l 

Neither P nor 5-OH P plasma levels were significantly 
different between group A and B. A critically balanced A in 
RP and conduction time may be necessary to interrupt a reentry 
circuit. Excessive phase 0 depression may be counter- 
productive. 

80.10 
RATE AND VOLTAGE DEPENDENT EFFECTS OF DISOPYRAMIDE IN 
CANINE CARDIAC PURKINJE FIBERS. Betty I, Sasvniuk and 
Matthew Flew. McGill University, Montreal, Canada, 
H3G lY6. 

The purpose of the study was to investigate the dose 
response relationships and kinetics of the rate dependent 
effects of disopyramide (D) on Vmax, conduction and effec- 
tive refractory period. D (2-16 ug/ml) produced a cone 
dependent increase in rate dependent Vmax block (RDB) and 
rate independent tonic block. Hill plots for tonic and 
RDB showed different slopes. At therapeutic cones the 
magnitude of RDB did not change when extracellular potas- 
sium c&c was increased from 4 to 8 mM whereas tonic block 
increased progressively. Similar effects were seen for 
conduction suggesting that D would produce greater conduc- 
tion block in ischemic tissue independent of rate. 
Recovery from RDB was best fit by two exponentials with 
time constants of 506 & 76 msec and 15.1 f 1.6 sec. D 
produced a selective block of Vmax at steady state cycle 
lengths less than 400 msec. D prolonged the ERP of prema- 
ture responses to double and triple extrastimuli sig- 
nificantly more than that of basic responses. The r8SUltS 

may explain the effectiveness of D in preventing inftia- 
tion of ventricular tachycardia by programmed electrical 
stimulation. 
Supp+ by MRC and Roussel Laboratories. 
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CAFFEINE-NOREPINEPHRINE INTERACTIONS IN CARDIAC PURKINJE 
FIBERS. moyasu Satoh* ad Mario Vassalb l SUNY, Health 
Science Center, Brooklyn, NY 11203. 

The interactions between caffeine and norepinephrine on 
electro-mechanical events were studied in canine cardiac 
Purkinje fibers perfused in vitro. Caffeine (0.5-l mM) 
increased and then decreased contractile force but had 
little effect on the action potential. In the presence of 
norepinephrine (NE, 1 UH), caffeine increased force more and 
then decreased it less (or not all). The force decrease was 
abolished by raising [K], to 12 mM. In the presence of 
caffeine, NE increased force but gradually less as caffeine 
was increased from 0.5 to 2 mM. In 9 mM caffeine, NE still 
increased force but slowed the final phase 3 repolarization. 
Caffeine had the usual biphasic effects in 0.1, 1 and 10 uM 
NE. In NE plus caffeine, high [Ca] (8.1 mM) increased 
force. In NE (1 uM) plus propranolo P (1 uM), caffeine had 
only a positive fnotropic effect, Caffeine had the usual 
biphasic effects in the presence of methoxamine, but 
methoxamine decreased force in the absence and increased it 
in the presence of caffeine. The initial increase in force 
by caffeine was eliminated by theophyllfne. In the presence 
of iodoacetic acid and 2-deoxyglucose, NE caused contracture 
and caffeine exaggerated it. Thus, within limits, NE appears 
to diminish the calcium overload induced by caffeine in the 
cytoplasm, presumably by overcoming the caffeine-induced 
impairment of calcium reuptake into the sarcoplasmic 
retfculum. Supported by NIH grant 627038. 

CONTROL AND MECHAWCS OF BREATHING 

31.1 

EFFECTS OF AlTERIMG LUNG MECHMICS UN TtlE INITfAl RESPONSE UF 
PLLMWARY RAPlIlLY ADAPTING RECEPTORS TO HISTAMINE IN CATS. 
Jun Vu+ and bdrew M. Roberts. Dept. of Physiology and 
Biophysics, Univ. of Louisville, Louisville, KY 40292 

Higtami ne stimla tes pulmonary rapidly adapting r+cep- 
(RAF3s) di rhct1y, and indirectly by alterating lung 

Wer did experiments to determine the relative 
importance of 

course of the 
these two 

response 
modes of 
n eneathe 

stimu 
*titcd 

ation in the 
open-chest I 

time 
artifi- i 

cially ventilat4G cats. WC compared the rerponse of RARs to 
right atria1 injection of histamine (50 )Ig/kgl with the 
response to mechanically decreasing dynamic lung compliance 

by decreasing positive end-expiratory pressure (PEEP). 
increased the activity of 13 RARa from 1.3fO.S to 

5.ti1.4 imp/s at 10.6 s when was decreased by 34.8%. 
This increase was similar to (5.2f1.2 imp/s) caused by 
mechanically decreasing C by the same amount (34.8%). 
firing pattern of RN?% ch#ed from a relatively irregulsr 

The 

pattern to a more pronounced respiratory modulation when 
was decreased by histamine injection or by decreasing PEE $ 

YN 
l 

The response evoked by hi~tminc reqrched its peak (7.2fl.J 
imp/s) at 24.7 I after injectCon and the firing pattern 

further changed from the respiratory to a cardiac modulation. 
This increase in activity war greater (p<O.O5) than that 
caumd by mechanically decreasing C 
mgge%t that in cats, histamine ini PY 

Nm Our experiments 
ally stilnulates RARs 

mainly by slterating lung mechanics. Supported in part by a 
grant from Univ. of touirville mica1 Reoaarch Cammittae. 

31.3 
UKALIZED VARIATIONS IN THE RESPONSE OF TJJE HUMAN UPPER 
AIRWAY TO APPLIED POSITIVE PRESSURE. mn P. Strohl. 
Peter L. Hoekae J. Brooks*. Case 
Western Reserve University, Cl8V8hnd, OH 44106 

We used Magnetic Resonance Imaging to image the upper 
airway (oropharyngeal, hypopharyngeal, supraglottic, and 
extrathoracic tracheal regions) in 6 supine, awake, healthy 
male subjects before and during application of +lO cmH20 
pressure via moUthpi8c8. All subjects showed increases in 
airway size in most of these regions during the application 
of positive pressure. In the oropharynx, -the lateral walls 
and the anterior wall (genioglossus) were dfsplaced outward 
in 5 of the 6 subjects, while in the sixth the tongue was 
displaced posteriorly, reducing atrway area, Outward 
displacement of the lateral and anterior walls was also seen 
in the hypopharynx, though the position of the epiglottis was 
relatfvely stationary (n-6 1. The greatest increase in 
airway size occurred in the supraglottic regions and was 
characterized by unfurling of the aryepiglottic and lateral 
glossoepiglottic folds and expansion of the esophageal inlet 
(n-6); enlargements were observed in areas constraining the 
flowing airstream as well as in cul-de-sacs. The tracheal 
areas expanded more isotropically, and by smaller amounts 
(n-6). We conclude that there are substantial regional 
differences in the upper airway response to positive pressure 
due in part to anatomic features. These inhomogeneities may 
relate to dynamic features of upper airway flow resfstance. 

31.2 
BREATHING FREQUENCY AFFECTS DIAPHRAGM FATIGUE, 
Frank Cerny, Martin Lawler*> Jeff Mador*, Depts. Physical 
Therapy & Exercise Science and, Medicine, SUNY/Buffalo & V.A. 
Med. Center, Buffalo, NY 14214. 

The pressure developed across the diaphragm 
(Pdi=gastric(Pga)-pleural(Pp1)) and the duration of 
contraction (Ti) are primary contributors to diaphragm 
fatigue. The purpose of this study was to determine if 
breathing frequency (f) also had an effect on fatigue, Pdi, 
with esophageal balloons, and tidal volume (Vt), with a 
spirometer, were measured in 4 healthy males (22-41) years) 
breathing against a load requiring 60% of Pdi maximum. Vt, 
TilTtotal (inspiration=O.5 of total breath) and Pdi were 
held constant at breathing frequencies of 15, 30, & 45/min, 
in random order on separate days. Subjects breathed with a 
metronome and inspired using d iaphragm only such that Pga 
was 50% of Pdi, and so that fl ow approached a square wave, 
Pdi and Vt, with appropriate targets, were displayed on an 
osci 
unab 

llosc 
le to 

ope. 
reac 

Fatigue was measured when 
60% Pdimax. If frequency has 

subjects were 
no independent h 

effect total number of breaths to fatigue should be the same 
under each condition. Total "work" ((Vt+Pdi)*f) and number 
of breaths to fatigue were different (p 0.05) from 15 to 45 
breathslmin with 30/min intermediate. These data indicate 
that breathing fre quency has an indepen dent, but p roba blY 
small, effect on di aphragmatic fat igue. 

31.4 

ACTIVATION OF MASSETER MUSCLES WITH INSPIRATORY RESISTANCE 
LOADING- Douglas E. Hollowell*, Dudley F. Rochester and 
Paul M. Suratt. U. Virginia, Charlottesville, VA 22908. 

Closure of the jaw exerts traction on muscles which insert 
on the hyoid bone, We postulated that the masseter muscles, 
whtch close the jaw, would be activated when the patency of 
the upper alrway is threatened, We therefore measured EMG's 
of the masseters during inspiratory resistance loading and 
compared it to EMG's of chin muscles and alae nasl in 10 
normal subjects. EMG's were measured with surface electrodes 
and displayed as a moving time average. Subjects were studied 
supine, while breathing through their nose with a mask over 
their face and a catheter in their pharynx. We observed no 
masseter activation during quiet unloaded breathing but as 
pharyngeal pressure became lower there was a sfgnjficant 
increase in masseter actfvation in all subjects which was 
similar to that of chfn muscles and alae nasi. 

Actfvation of the masseter preceded the fall in pharyngeal 
pressure as also occurred In the chin muscles and alae nasi. 
We conclude that the masseters are activated by inspiratory 
loading and may function as accessory muscles of respiration. 
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3.u 31.6 

SYNAPTIC TlWNSMISSION OF THE CENTRAL RESPIRATORY RESPIRATORY CIECHAHICS XW D&S WITH HYDROSTATIC LUMG EDEMA. 
OUTPUT TO THE PHRENIC MOTONEURONS IN RAT. L. 
Fedorko* & K, Kranz *. (SPON: A. Charles Bryan) 
Mt. Sinai Wasp, Rea, Inst. Toronto, Ont M5G 1X8. 

In vitro studies suggest that glutamate 
receptors are involved in transmission of 
respiratory synaptic excitation to phrenic 
motoneurons (PN). An in vivo newborn rat (5-11 
day) preparation was developed and glutamate 
agonists/antagonists were applied to the exposed 
spinal cord, Respiratory activity was determined 
from the vagal and PN neurograms in spontaneously 
breathing rats anesthetized with ketamine/ 
acepromazine, The agonist kainic acid (1 mM) first 
increased and then irreversibly abolished phasic 
and tonic activity of PN. Its excitotoxic effects 
were prevented by kynurenic acid (KA), The 
antagonists KA and piridino dicarboxylic acid 
(2,5, 10 mM) reduced PN discharge by only lo-24%. 

Ketamine IlmM), a selective NMDA receptor 
antagonist, had no effect on PN activity. 
Aminophosphoro butyric acid (l-51nM) reduced PN 
discharge 20-50%, These studies, in contrast to 
in vitro studies, demonstrate that glutamate 
receptors play only a small role in PN synaptic 
excitation in the intact 5-11 day old rat. 
Supported by MRC (Canada) Grant #MA9849 

31.7 

STIMULATION OF PULMONARY C-FIBER AFFERENTS PRODUCES EXPIRATORY 
MUSCLE ACTIVATION. P.S. Clifford and R.L. Coon. oepts. of 
Anesthesiology and P'hysiology, Medical College of Wisconsin 
and VA Medical Center, Milwaukee, WI 53295 

Stimulation of pulmonary C-fiber afferents with capsaicin 
has been shown to result in apnea followed by tachypnea, 
hypotension and bradycardi a. However, previous investigations 
have utilized only respiratory measurements related to 
inspiratory muscle activity such as phrenic nerve activity, 
diaphragm EMG or airflow. We examined the response of an 
expiratory muscle - triangularis sterni - to intravenous 
injections of capsaicin at doses of 1,2,4,8,16 and 32 ug/kg in 
spent aneously breathing dogs anesthetized with sodium 
pentobarbital. Trfangularis sterni and external intercostal 
EP1Gs were recorded from fine wire electrodes inserted into the 
muscle through the chest wall. At doses of capsaicfn above a 
threshold for each particular dog (4-8 ug/kg), intercostal EMG 
was sjlenced whereas triangularls sterni EMG activity was 
markedly augmented. Both the anplftude and period of 
augmented triangularis sterni EMG actjvi ty increased with 
incremental doses of capsaicin. Cervical vagotomy abolished 
the early apneic period and the corresponding effects on both 
inspiratory and expiratory muscle activity. These findings 
show that stimulation of pulmonary C-fiber afferents results 
not in a total cessation of all respiratory activity but 
rather an inhibition of fnspiratory muscle activity and 
concomitant activation of expiratory muscle activity. 
(Supported by VA Medical Research Service) 

F. Shardanofsky*, H. SkaburskW, F. Robatto*, R-P. Mchel 
and J ~lic-ttrrrl1. MeakinsXWistVe Latmratwies, km 
Un&stty, mweal, Quebec, Canada, H3A 2M. 

Fl've dogs were anesthetized, tracheotmired, Paralyzed, 
and ventilated wr'th a Siemens constant flow ventilator. 
Respl'ratory mechanjcs were studied wl'th the end inspiratory 
occlusion technique. Dividing the imediate and subsequent 
tracheal pressure drops following flow interruption by the 
preced'l'ng flow gave Rrs,min and Rrs,diff, respectively. In 
the dog, Rrs,ml'n reflects primarily airway resistance and 
Rrs,diff the viscoelastic properties and pendelluft of the 
respiratory system. Lung (1) and chest wall (w) mechanics 
were partjtioned by using an esophageal balloon. 
Measurements were made before and up to 60 min after the 
administration of a buffered Ringer's lactate solution (40 
ml/kg in 30 min]. H1'stology showed interstitial edema -in 
all dogs. Rrs,min and both lung (Est,l] and chest wall 
(Est,w) static elastances increased significantly with the 
fluid load. Rrs,diff did not change. Interstitial edema 
increases airway resistance and Est,l and Est,w, without 
producing significant changes in viscoelastic properties. 
(Supported by the Medical Research Council of Canada and the 
Canadian Lung Association.) 

31.8 

FLOW DEPENDENCE OF PULMONARY RESISTANCE IN 
BRONCHOCONSTRICTED CATS, M, Skaburskis*, F, Shardonofsky* 
3. Milic-Emili. Meakins-Christie Labs, McGill University, 
Montreal, Quebec, Canada H3A 2B4 

5 anesthetized and paralyzed cats were placed in the 
supine position, tracheostomized and mechanically ventilated 
with a Siemens 9OOC constant flow ventilator. Expiratory 
isovolume pressure-flow curves were constructed by 
pressurizing or depressurizing the expiratory limb of the 
ventilator for a single expiration. Pressures between +3 and 
-15 cmHZ0 were randomly selected. Animals were then treated 
with progressively increasing doses of intravenous serotonin 
{10,20,50 and 100 pg/kg/min) and all measurements repeated at 
each dose, Isovolume pressure-flow curves at 0.25, 0.5 and 
0,75 tidal volume tended to be curvilinear under all 
conditions. In 315 cats volume-dependence of isovolume RL 
was demonstrated. However, all cats showed significant flow 
dependence of RL, Increases in isovolume RL were 
proportionally different when calculated for different 
isof lows. Given this source of variability in isovolume RL, 
resistance measurements using inspiratory data alone may be 
preferable when inspiratory flow can be kept constant. 

Supported by the Canadian Lung Association. 

SKELETAL MUSCLE PHYSIOLOGY I 

Be inwstigated the effect of veight trrining exercise on urimry 3- 
methylhudine (3-ME) a1cretions in untrained subjects. For 19 
coamcutiw days, 11 m&s were fed might maintenance, lactu- 
Wgatdan di8ti which contained th8 RDA (0.8 & kg” 0 day-l) for 
pot&~ No exercise vas pwfornwd for the rmt 7 &ys of the study, 
Subjects were &rength t8&ud 0x1 by 8, and performed uppar and lover 
body weight training exercim from tiys 9-19. ~mplet6,24-hour urine 
co~ctims were obtained from ewh subj& oil $ daUy b&. Stip18S 
W8f3 8S#yd for C&in8 srnd 3-m. St&18 bW8lins 3-m v&BBS Wet’8 
pmmnt during the pr8-eDercim control period. Significmt incr883es in 
S-ME eccurmd by study bay 11, which VW the third day of weight 
trriain~ erercim This was true r8gardlm of whether the data were 
expd by daily excretions (u&la darl, pdMl~, per unit of body might 
(uM* kg-l. day-l, p4I.O@), or per unit of cr88tinin8 excretion (uI& g 
bat-l- by-l, pd).oOl). Since urinary 3-ME is an index of actin and 
fiyo8in catabebm, th8db data support the hypothmis that the rate of 
skeletal muscle degmdatim is incmased during strength building 
8l8dS88. 

Funded in part by a Uniwmity of Ho~stoo Remarch Initidon Grant. 

32.2 

EFFECTS OF SLEEP LOSS AND MENSTRUAL CYCLE ON RESPIRATORY 
MUSCLE FUNCTION. H.1, Chen and Y.R. Tang*, Department of 
Physiology, College of Medicine, National Cheng-Kung Univer- 
sity, Tainan, Taiwan, R.O,C. 

Sleep loss is co-n in patients with respiratory disorder. 
To determine whether sleep loss affects respiratory muscle 
function, we compared 30 normal male subjects' respiratory 
muscle and pulmonary functions after normal sleep with those 
measured after a 30-h sleepless period. We found that ins- 
piratory muscle endurance was decremented from 673f46 to 
Sol+49 s after sleep deprivation. 12-s maximal voluntary 
ventilation was also significantly reduced after sleep loss, 
Nevertheless, the respiratory muscle strength, forced 
expiratory volume in 1-set and forced vital capacity were 
unaltered, In addition, to investigate the effect of 
menstrual cycle on respiratory muscle function, respiratory 
muscle and pulmonary functions were measured and compared in 
the mid-follicular phase and in the mid-luteal phase of the 
menstrual cycle on 20 healthy adult women. We observed that 
the inspiratory muscle endurance was greater in the mid- 
luteal phase than in the follicular phase (822234 vs. 671+63 
s respectively) while the respiratory muscle strength and 
pulmonary function were unchanged. We conclude that inspira- 
tory muscle endurance decreases after 30-h sleep loss and 
increases in the mid-luteal phase. 
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MAXIMAI. 0, UPTAKE LIMITATION DURING CAEBON MONOXIDE AND ANEMIC 
HYPOXIA. C.E. King. Queen's Univ., Kingston, Ontario K7L 3N6. 

The present experiments examined the mechanisms underlying 
the 0, limitation-in contracting skeletal muscle during car-- 
bon monoxide hypoxia (COH) and anemic hypoxia (AH). The gas- 
trocnemius muscle was surgically exposed in anesthetized mon- 
grel dogs. The tendon was cut and attached to a force trans- 
ducer. Muscle blood flow was controlled at constant perfusion 
pressure (100-120 mmHg). Three groups of animals were studied 
under conditions of normoxia (NOR) or AH (Hct=15) or COB 
(COHbm.GOX), mscle 0, uptake (VO,), delivery, extraction, 
blood flow and tension development were measured at rest and 
during 5 q in of isometric contractions at 1, 2, 4, and 6 Hertz 
(Hz), These frequencies represented 25, 50, 90 and 100% max- 
imal 0, uptake (MVO,). At 2 Hz, VO, was reduced (~40.05) du- 
ring both COH (47%) and AH (25%). 0, delivery was not diffe- 
rent between the three groups at 2 Hz but 0, extraction was 
lower (p<O.OS) in the COH group as compared to both NOR and 
AH. At 4 Hz, NO, values were 120 and 68 ul"g'l*min'l 
NOR and AH respectively; an MVO, of only 40 ul*g-' .min 

$ring 
was 

observed during COH. These data suggest that the lower VO, 
during COH and AH at 2 Hz was associated with a diffusion 
limitation, At 4 Hz, the difference in VO, between NOR and AH 
was primarily the result of the greater 0, delivery during 
NOR. The greater VO, limitation during COH at 4 Hz was asso- 
ciated with a further diffusion limitation and/or increased 
0, affinity effect. Supported by Dean's MRC,ARC,PDF,Queen's U. 

32e.5 
MUSCLE GLYCOGENOLYSIS IS UNALTERED BY GLYCOGEN CONTENTDURING 
MAXIMAL ELECTRICAL STIMULATION. C.B. Campbell*, L.L. Spriet, 
D.R. Marsh*, L. Berardinucci*, and T.E. Graham, School of 
Human Biology, Univ. of Guelph, Ontario CANADA NIG 2Wl. 

To axamine the effects of mUSC18 glycogen content on glyco - 
genolysis during maximal 8 lectric al stimulation, rats were 
Randomly assigned to one of three groups: Control (C, sti- 
mulated only); Swim (S, stimulated 21 hr after a 3 hr 
swim); Fasted (F, stimulated after a 20 hr fast). Prior to 
stimulation, glycogen (urn01 glucosyl units/g dry muscle) 
in the whit8 and red gastrocnemius (WG, RG) and soleus 
(SOL) muscles was increased in S (13-25%) and decreased in 
F (15-27%) as compared to C. Hindlimb blood flow was 
occluded 60 s prior to stimulation to produce a predomin- 
antly anaerobic environment and muscles were stimulated for 
60 s at a train rate of 1.0 Hz (100 ms, 80 Hz). Glycogenol- 
YSiS, estimated from the accumulation of glycolytic 
intermediates and the decrease in glycogen, was unaffected 
by the resting glykogen content (mean 2 SE): 

WG RG SOL 
C 96.5 + 2.4 58.1 + 4.2 8.4 + 2.2 
S 95.5 + 4.0 58.8 7 4.0 12.7 7 2.5 
F 88.6 + 2.5 58.1 T  1.6 12.6 + 2.2 
Hindlimb isometric tension and kscle anaerobic ATP 
production during contraction were also similar across 
groups. The results of this study suggest that in vfvo -- 
pho sphorylase activity is not regulated by its substrate 
glycogen during maximal contractions in an anaerobic 
environment. Funded by N.S.E.R.C. 

32.4 
EFFECTS OF CHMRZOL&fIDE (CLZ) ON CONTRACTILE PROPERTIES OF 
ISOLATED PERFUSED CAT SOLEUS. M.1. Lindfnger* and-G. Gras* 
(SPON. L.L. Spriet). Abteilung Vegetative Physiologic, 

Medizfnische kochschule Hannocer,-Hannover, West G&many. 
Effects of muscle carbonic anhydrase (CA) inhibition by CLZ 

on contraction of blood-free perfused cat soleii were studied 
at 4 [CLzJs of 5x10-7, -6, -5 and -4 M. Maxfmal twitch (Pt) 
and tetanic (PO) tensions were illicited once/l5 min prior 
to, during and after CL2 perfusion. After CLZ, perfusion with 
CLZ-free medium showed,that PO and Pt were irreversibly 
reduced at all [CLZ]s. The largest decrease in Pt (-22%) 
occurred at the lowest [CLZ]; 5x10-4 M CL,2 showed only a 9% 
decrease. PO progressively decreased with increasing [CLZ], 
showing a 50% decrease after 90 min of perfusion at 5x10-4 M!, 
The time to Pt was reduced by 9% only at the high [CLZ] *Time 
to PO was reduced by 13% and 70% at the 2 highest [CLZjs, 
r8Sp8CtiV8ly; this effect was fully reversible at the lower 
[CLZ] but only 57% reversible at the highest [CLZ]. Twitch 
l/2 relaxation times (RTs) were reversibly reduced at the two 
highest [CLZ]s by 10% and 20% respectivaly. CLZ was without 
effect on tetanus l/2 RTs, but at the 2 highest [CLZJs the 
tim8 required for full relaxation to occur following the 
tetanus was increased from 320-420 ms (controls) to 540 ms 
(SxlO-5 M) and >2000 ms at the highest [CLZ]. CLZ appears to 
have both reversible and non-reversible effects. Rapid ef- 
fects may result from reversible inhibition of CA isozymes 
located within the intercellular matrix or externally on the 
sarcolemma. The irreversible and partially reversible ef- 
fects at higher [CLZ]s are consistent with intracellular CLZ- 
binding and CA inhibition. Supported by MRC Canada and DFG. 

32.6 
RELATIONSHIP BETWEEN OXIDATIVE CAPACITY AND ANTIOXIDANT 
ENZYME LEVELS IN RAT SKELETAL MUSCLES. fll.H. Lamlin. T, 

L Smith*. 0. Bfom, W, Sexton, ad R,,J, 
Korth&*. Dspt of Biomed Sci and Dalton Res Ctr, Univ of 
Missouri, Columbia, MO 65211 and *Dept of Physiol, LSU 
Med Ctr, Shreveport, UI 71130. 

The purpose of this study was to characterize the 
relationship between oxidativ8 capacity and antioxidant 
enzyme levels in skeletal muscles composad of different 
fiber types and to determine ff this relationship was 
altered by endurance exercise training. Hale, Sprague- 
Dawley rats were axercise-trained (ET) on a treadmill 2 
hr/day at 32 m/min (15% incline), 5 days/week, or were 
cage-confined (C) for 12 weeks. In both C and ET rats, 
catalase (CAT) t superoxide dismutase (SOW, and 
glutathione peroxidase WX) activities increased as 
functions of the percentage of oxidative fibers in the 6 
mSC18S tested. Also, IllUSC18S Of the ET rats had 
increased oxfdative capacities and increassd SOD and GPX 
activities as comparsd to the same musclss of the C rats. 
However, CAT activities w8re lower in the muscles of ET 
rats relative to C rats. Thus, these data indicate that 
while antioxidant enzyme activities are related to 
skeletal muscle oxidative capacity, the effects of 
exercise training on antioxidant enzyme levels in skeletal 
muscle are not solely detarmined by changes in oxidative 
capacity. 
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33,l 
LY249933: A POSITIVE INOTROPIC I,4-DIHYDROPYRIDINE LACKING 
VASCa EFFECTS. Donald R. Holland*. James H. Wikel*. 
Jeffrey K. Smallwood*, Karen Zimerman*, Barbara E. 
Utterbacl#, Mitchell I. Steinberg, and Raymond F. Kauffman*. 
Lilly Research Labs, Eli Lilly & Co., Indianapolis, IN 46285. 

Calcium agonists (e.g., Bay-K 8644) show little selectivity 
for cardiac vs. vascular smooth muscle. LY249933' (LY) and 
its diastereomers (RR and SR) displaced [3H]nitrendipine bound 
to cardiac membranes (Kds 3-7nM). In isolated rat ventricular 
strips RR and LY increased contractile force (ECsos 2, 8 FM); 
SR was a weak negative inotrope, Inotropic effects of RR were 
not antagonized by prazosin, propragqlol, or carbachol, and RR 
produced a leftward shift in the Ca dose-response curve. In 
isolated canine cephalic veins, the contractile response to 
2OmM KC1 was increased by RR, decreased by SR, and unaffected 
by LY. In pentobarbital-anesthetized dogs, effects of LY, RR, 
and SR (200 pg/kg/min, i.v.) on inotropy (dP/dt,,), stroke 
volume (SV), mean arterial pressure (MAP), vascular resistance 
(VR), and heart rate (HR) were (%A** 

VR dP/dtsQ SV ’ ti 
~0.05 vs. vehicle): 

HR 
LY249933 (n=6) 43+15* 42+9* Of5 -7f 4 -22f 
RR (n=4) 20f 9 5f9 18*1 41?16* -18? 2 
SR cn=4) 25215 67f9* -42k7* -592 6-k -12212 
Thus, combined effects of R$ (agonist) and SR (antagonist) 
yield a cardioselective Ca* modulator (LY) that increases 
contractility without adversely effecting afterload. %)-1, 
4-dihy?ro-2,6-di~thyl-5-nitro-4-thieno-[3,2-c~-pyridin-3-y1- 
3-pyridinecarboxylic acid, l-phenylethyl ester. 

33.2 
DETEmHATIOH OF THE ORAL EFFICACY OF B&12152 IN COloSCXOUS 
CHROmICALLY ImSTE&mD DOGS. 

The sffecto of R&12152, a new positive inotropic agent, and 
milrinone(HIL) were studied in a group of 5-6 conscious dogs 
prepared to monitor dP/dt, arterial prsrnsure and heart rate 
(RR), RG12152, MIL and 0.5% methylcellulo8e(MC) were 
administered via gavage in increasing doses at lhr intervals 
in a crossover design with 6 days between treatments. 
RG12152 0.3, 1 and 3 mg/kg,p.o. increaered dP/dt (max: 13&7, 
32&4 and 32&5X, respectively) while not significantly 
affecting MAP or HR. MIL 0.1,0.3 and lmg/kg,p.o. increased 
dP/dt (max: 19*4,43&3 and 49&8X, rsapectively) and HR (max: 
4*6,23&19 and 44&31X, respectively) while not affecting mean 
arterial preasure(MAP). The ED(25) for dP/dt for RG12152 
and ML waa 570 and 140 ug/kg,p.o., respectively. RG12152 
lW/btg,P.o*, MIL 0.3mg/lsg,p.o. or MC were administered to 
the mme group of doga and the effects monitored for 5 hrs 
with ~72 hre between treatments. RG12152 and MIL increased 
dP/dt 30-300 min posttreatment with the maximum increases of 
29kS und 2Of6, respectively occurring at 75-90 min. 
RG12152 did not affect HR or MAP while MIL increased RR 
31*16X (15-24Omin) and decreased HAP @ax: 11*3X 15-135 
min) . It ia concluded that BE-12152 iar an orally effective 
positive inotropic agent in the co~cious dog. 
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33.3 

EFFECT OF RG-12152, A NEW POSITIVE INOTBOPIC/VASODILATOR 
AGENT, IN THE IVORMAL AND DEPRESSED MYOCARDIUM OF 
ANESTHETIZED DOGS. JA BARRETT. RF WOLTMANN. R SWILLO, 
A SPADA. RG PENDLETOA AND MB PERRONE. 
RORER CENTRAL RESEARCH, HORSHAM PA 
The effects of RG12152 6-[3’-cyano-6*methyl-2’-oxo-(lB)- 
pyridin-5’-yl]-1-methyl-2H-pyrido [3,2-b]-1,4-oxazin-3 
(4H)-one and milrinone(MIL) 30,100 and 3OOug/lcg,i.v. were 
studied in separate groups (B=6-8) of normal and cardiac 
depressed (mecamylamine(M) 2mg/kg,i,v. and propranolol(P) 
lmg/kg,i.v. +0.3mg/kg/hr) anesthetized dogs prepared to 
monitor contractile force(CF), heart rate(HR), arterial 
pressure and aortic flow(AF), In normal dogs, K-12152 
and MIL increased CF and HR while decreasing mean arteri- 
al pressure(MAP) and not affecting AF. The ED(50) values 
for CF were 218 and 25 ug/kg,i.v., respectively. At the 
ED(S0) HR increased 22 and 7% while MAP decreased 16 and 
3X, respectively. In the cardiac depressed dog, RG-12152 
and MIL increased CF and HR while decreasing MAP and not 
affecting AF. The ED(50) values for CF were 195 and 35 
ug/kg,i.v., respectively. At the ED(50) HP was increased 
by 22 and 10% while MAP was decreased by 20 and 5%, 
respectively. It is concluded that RG-12152 is a 
selective direct acting positive inotropic/vasodilator 
agent which appears to possess more vasodilatory activity 
per unit of fnotropy than milrinone. 

33.5 

COM?ARATIw HEMODYNAMICS OF MILRINONE AND MEDORINONE IN ANES- 
THETIZED DOGS; K. Lee, P. Cannifp, D. Hamel*, G. Roth*, D. 
Fort*, A. Ezrin; Sterling-Winthrop Res. Inst., Department of 
Pharmacology, Rensselaer, N.Y. 12144 

The hemodynamic effects of the selective phosphodies- 
terase III isozytne inhibitors, milrinone (a bipyridine) and 
medorinone (a 1,6 naphthyridine), were investigated in B- 
adrenoreceptor blocked (nadolol, 1 mg/kg, i.v.) anesthetized 
dogs. When compared with vehicle (n=B), milrinone and 
medorinone (0.01, 0.03, 0.1 and 0.3 mg/kg cumulatively, i.v., 
n=6 each) increasbd the rate of change in left ventricular 
pressure (+dP/dt) in a dose related manner (2570+440 and 
142Oti70 mm Hg/sec, max. changes, respectively ). The increase 
in +dP/dt induced by milrinone was significantly greater than 
that induced by medorinone at doses higher than 0.01 m&kg. 
Milrinone and medorinone decreased mean arterial pressure 
(-18&j and -15&B mm Hg), syapmic vascular resistance (-1620f570 
and -1700&270 dynes.sec.cm- ), right atria1 pressure (-2.lfl.O 
and -1.5k0.3 m Hg) and increased heart rate (34&5 and 24&4 
b/min). Left ventricular end diastolic pressure was decreased 
by milrinone (-2.90.8 mm Hg) but not by medorinone. Cardiac 
output and stroke volume were not affected by either agent. In 
conclusion; milrinone is more potent than medorinone as a 
positive lnotropic agent, both agents are equi-effective as 
vaaodilators and milrinone is more effective than medorinone 
in reducing cardiac preload in &adrenoreceptor blocked anes- 
thetized dogs. 

33.7 

Therapeutic Effects of Milrinone (M) in Rabbits with Chronic Aortic 
hsufficiency (AI). A, DeFelice*, S. Fein*, K. Daudiss*, P. Horan* 
and R. Frering* (Spon: P. Silver), Sterling-Winthrop Res. Inst., 
Rensselaer, NY, and Cardiol. Div., Albany Med. Cent., Albany, NY 

The aim of this study was to evaluate effects of M in chronic AI 
induced in New Zealand rabbits (l-2 kg) via aor tic valve puncture. 
After 24 mo., left ventricular (LV) size, aortic diameter, forward and 
reverSe aortic mean flow velocity (F Fl Vel; R Fl Vel), and heart rate 
(HR) were measured by M-mode/Doppler echography, from which 
mean velocity of circumferential fiber shortening (Vcf), forward and 
regurgitant stroke volume (F St V; R St V), and total and forward LV 
output (TCO; FCC) were derived. Basal mean LV end-diastolic 
diameter and F Fl Vel of AI rabbits (n=8) were 139% and 154% of 
sham-perated values (p< 0.05). Basal F St V and TCO were elevated 
by 155483% (p<O.Ol), but FCO was normal. M (10 pg/kg/min) 
decreased TCO of AI rabbits by 25% (p< 0.02) but FCO remained 
normal; HR increased by 13%. M reduced LV regurgitation: R St V, 
R Fl Vel/F Pl Vel ratio, and LV end-diastolic diameter were 48% 
(p < 0.05), 84% (p < 0.05) and 93% of values seen after vehicle (saline/ 
lactic acid) alone. Vcf rose from 2.8 to 3.9 circumf./sec (p < 0.03), 
Le. that seen in sham-operated rabbits. Thus, M reduced total LV 
output and regurgitation, maintained normal forward CO, and 
restored Vcf in rabbits with chronic AI and eccentric LV hypertrophy. 
In further studies, M changed LV dP/dt and diastolic BP of normal 
rabbits by +23% and -18% (p< 0.05), respectively. Thus, beneficial 
effects of M in AI may derive from positive inotropic and 
vasudilat ing activities. These results sugest possible utility of 
milrinone in treating AI. 

33.4 
THE EFFECTS OF MILRIMONE IN RATS WITH CONGESTIVE HEART 
FAILURE INDUCED BY LONG-TERM PRESSURE OVERLOAD. Suzanne 
Desjardins" and Michael J. Cauchy* (SPON: Madhu B. Anand- 
Srivastava) Bureau of Drug Research, Health and Welfare 
Canada, Ottawa KlA OL2, 
The effects of iv mflrfnone (MIL) were measured in old rats 
with longstanding (82-93 weeks) pressure overload induced by 
aortic clipping. Based on heart weight and pathological 
findings, rats with an aortic clip tiere divided into 2 
groups : with congestive heart failure (CHF) or without 
(CLIP) CHP. Three groups of anesthetized rats received MIL 
iv boluses of 0.1, 0.5, 1, 5 and 10 mg/kg at 20 min. 
intervals: Gr 1, SHAM (n=9), Gr 2, CHF (n=lO) and Gr 3, CLIP 
(n=22). One group of 3 CHF and 5 CLIP rats received only 

the vehicle which had no effect on any hemodynamic or ECG 
parameters measured. MIL at doses of 1, 5 or 10 mg/kg 
Induced ventricular fibrillation and death in-a total of 10 
rats (n=2,1, and 7 in Gr1.2 and 3 respectively, P=O.8, Chi-’ 
square analysis). The major effect of NIL on the ECG was a 
significant increase in QRS interval duration at all doses 
tested in Gr 1 and at the 2 highest doses inGr 2and3. 
There was no effect of MIL on heart rate. MIL induced a 
significant decrease of arterial and left ventricular 
pressures and of dP/dt min. in all 3 groups. MIL had either 
no (Grl and 2) or a negative (Gr3,2 highest doses) effect on 
dP/dt max. It is concluded that MIL has no positive 
inotropIc effect in old anesthetized rats and that rats with 
CHF may be less sensitive to the toxic action of MIL. 

33.6 

COrPARATIVE EFFECTS OF MILRINONE AND MEDORINONE ON RENAL 
FUNCTION AND REGIONAL BLOOD FLOWS IN ANESTHETIZED DOGS P. 
Canniff*, K. Lee, D. Hamel*, G. Roth*, D. Fort*, A. Ezriz 
Sterling-Winthrop Rea. Inst., Rensselaer, N.Y. I2144 

The effects of the selective phosphodiesterase III 
isozyme inhibitors, milrinone (a bipyridine) and medorinone (a 
1,6 naphthyridine) on regional blood flows and renal Function 

were investigated in B-adrenoreceptor blocked (nadolol, 1 
W/kg, i.v.) anesthetized dogs. Milrinone and medorinone 
(0.01, 0.03, 0.1 and 0.3 m&kg cumulatively, i.v. n=6 each) 
were equi-effective in decreasing mean arterial pressure in a 
dose-related manner (-18~3 and -15*8 mm Hg, max. changes, 
respectively). Cardiac output was not affected by either 
agent. When compared with vehicle (n=8), milrinone smifi- 
cantly increased renal, blood flow (RBF) at 0.1 and 0.3 m&kg 
(24Y7 and 32f8 ml/min, respectively). Medorinone did not 
significantly affect RBF. Milrinone had no significant effect 
on femoral blood flow (FBF) but medorinone (0.1 mg/kg) signif- 
icantly increased FBF (11*7 ml/min). When oompared with 
vehicle, milrinone did not significantly affeot urine output 
(UV) while medorinone (0.1 &kg) significantly increased W 
(0.32&0.09 ml/min) Urinary Na and K excretion rates were not 
affected by either agent. In oonclusion, milrinone and 
medorinone are equi-effective in decreasing afterload; 
milrinone selectively increases RBF whereas medorinone 
selectively increases FBF. Despite a decrease in renal 
perfusion pressure (indicated by hypotension) , renal function 
was not altered by milrinone and ~8s enhanced by medorinone. 

33.8 
PIHOBENDAN INCREASES HYOFIBRILLAR RESPONSIVENESS TO Ca++ IN 
IliTACT MAMMALIAN HYOCARDIUH. J-N, Kap,~&r* and W.K.H,Lc** 
(SPOW: J.R. Blinks). Department of Pharmacotoav, Have 
Foundation, Rochester, HN 55?Dg 

-.. - 

Pimobendan is an inotropic agent that increases myocardial 
CAMP levels by inhibiting PDE activity. However, the drug+$oel 
not abbreviate contraction8 and increases nyofibrillar Ca - 
sensitivity in chemically skinned bundle8 of heart muscle -- 
actions inconsistent with a primarily CAMP-dep,endent inotropic 
mechanism. 
hi+* 

Ut measured tension devetopment and intracellular 
transients simultaneously to de$$rminr whether a change 

in myofibrillar responsiveness to Ct play8 t Significant 
role in the inotropic effect of pimobendan In intact cells. 

Hultipte superficial cells of ferret (n=b) and cat (n=Z) 
papillary muscles were mlcrofnjected with aequorin, Isometric 
contractions and aequorfn signals were monitored, first a8 
Es++1 was varied from 2 to 8 mH (32’ C; 0.5 Hz; 0.5 UK (k,l- 

bupren8lol throughout). fhtn TySCtt8 Were exposed t0 20 Mp 
(-I-pimobendan (in 2.25 RIM Ca ), which approximately tripled 
tension development and doubled the amplitude of the aequorin 
signals, with Little change in the time course of either 
signal. Plots of max dP/dt (or peak tensCon) vs. peak light 
Here shifted in the $Jrcction of increased myofibrillar 
responsiveness to Ca in the presence of the drug. The 
pimobendan was then washed out, end after IO-20 min the 
aequorin Signal had returned to or nearly to control levcI8, 
uhii$ contractile force declined relatively litttt. When 
[Ca I was now verl~$, 

greatt: at every CCa 
tension development wts SUbStantTally 

I than before txposure to the drug, and 
the curve retating mex dP/dt to peak light was shifted more 
strikingly than in the contCnutd presence of the drug. These 
result8 indfcate tha$+pinobenden does increase myofibrillar 
reSpOnSiVttbt88 t0 Ca in living myocardiun, and that it dot8 
80 by a mechanism djfftrent f$fm that responsible for the 
increased amplitude of the Ca trensitnt (which may be 
pho8phodie8ttra8e Inhibition). Support: USPRS grant hL12186. 
Pimobendan was provided by Dr. W. Diederen, Karl Thomas Gmbtl. 
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3L9 
CARDIOVASCULAR EVALUATION OF ORF 22867: A POTENT, 
LONG-ACTING POSITIVE INOTROPE AND PERIPHERAL VASODILATOR 
AGENT, &bert Falotlca. Barbara Haer$lein. Constance 

eiss. John 6. Moore, Donald W. combs and Alfonso J 
Research Laboratories, Ortho Pharmaceutlcai 

Corporation, Rarftan, New Jersey. 
ORF 22867, (ORF) 16-(3,4-dlhydro-3-oxo-1,4(2H)-benzo- 

xazinn7-yl)-2,3,4,5-tetrahydro-5-methylpyr~daz~n-3-oneJ is 
a potent, orally effectfve cardlotonlc agent with a long 
duratlon of action. In anesthetized dogs, ORF (ED5 

P 
= 

5.4 )rglkg, 1.0 is equipotent to Indolldan, four t mes 
more potent than milrlnone and 15 tlmes more potent than 
lmazodan as a posltlve inotropel In conscious dogs, ORF 
Increases dP/dt, x 86-130% after oral admWstrat1on of 
30-300 pg/kg ($50 = 10 pg/kg, p.o.1. A long dura- 
:Fn2;f ,a;tlon Is observed with fnotroplc activity for up 

strips (Ed 
ORF relaxes phenylephrine contracted aortic 

(20 - lOd? yn 
0.29pM) and increases femoral blood flow 

d enervated canine hindlimb (0.02 - 2,O 
)rg/kg, f.a.1. ORF Is a potent, competitive and selective 
Inhibitor of canine cardiac phosphod1esterase (PDE) frac- 
t1on III, (Ki = 70 nM). The lnotropfc effect Is not 
antagonlzed by propranolol pretreatment. In an acute heart 
failure model, ORF (25 pglkg, 1.~1 Increases cardiac out- 
put and stroke volume, while reducing elevated fflling pres- 
sures and afterload. ORF ts currently undergoing clinical 
evaluation for the management of congestive heart failure. 

33.11 

THE BINDING OF (3HI-OUABAIN TO MYOCYTES ISOLATED FROM 
GUINEA PIG HEART. Sarah Samuelov*and The&t-e M. Bra 
Department of Pharmacology and Toxicology, Michigan State 
University, E. Lansing, Ml 48824. 

Increasing ouabain concentrations reduces the viability of isolated 
myocytes from guinea pig heart. The reduction in viabi Ii ty appeared 
to correlate with a non-linear Scatchard piot describing the specific 
binding of ouabain to myocytes. With low ouabain concentrations 
that had no significant effect on myocyte viability, an almost Iinear 
plot was observed. As the number of viable cells was reduced by 
higher ouabain concentrations, linearity of the ptot was lost. For 
this reason, studies on the specific binding of C3H) ouatjain to non- 
viable myocytes were conducted. A Scatchard plot of non-viable, 
rounded ceils (97%) was linear from 0.1-20 HM ouabain. Its slope, 
Kd and Bmax values were similar to those obtained with rod-shaped, 
viable ceils (77%) at the high ouabain concentrations. This Scatchard 
plot is higher than that extrapolated from the linear portion of 
a similar plot observed with low ouabain concentrations in viable 
myocytes. These findings suggest that the non-linear behavior 
of the Scatchard plot of isolated guinea pig heart myocytes is a 
consequence of cell death resulting from the higher concentrations 
of ouabain. As the viability of myocytes is reduced, the population 
of receptors which specifically binds ouabain increases while their 
affinity is decreased. (Supported by USPHS grants Ht-16052 and 
AC-02398). 

33.13 
EFFECTS OF DPI 201-106 ON ACTION POTENTIALS, Ca++ TRANSIENTS, 
AND CONTRACTIONS OF MAMMALIAN CARDIAC HIJSCLE. Y,-d, Cai*, 
H.K.M. let*. and J.R. glinks. Department of Pharmacology, Hayo 
Foundation, Rochester, MM 55,905 

DPI 201-106 (Sandot) is an inotropic and antiarrhythmic 
agent that delays inactivation of the sarcolemmal Ns channel, 
thus prolocging th$+actJon potential and increasing the entry 
of both Na and Ce into the cardiac cell during the action 
poztntiat. Th4s might be expected to increase the amount of 
Ca stored in and liberated froT+the sarcoplasmic reticulum, 
and thus the amplitude of the Ca transient. However, the 
drug has also been reported to increase myofibrillar Ca++- 
sensitivity in chemically skinned bundles of hear$+muscle. We 
measured tensIon development and 4ntracellular Ca transients 
sImultaneouoly to assess the relative importance of these two 
letions_ In intact mammalian myocardium. Multiple (50-100) 
supirficial cells of cat papillary muscles were microinjected 
wfth aequorjn. Isometric contractions and aequorln (light) 
signals uert monItored simultaneously in all experiments; in 
some, transmembrane potentials were also recorded before and 
after the administration of the drug. Muscles were studled at 
30’ and 37OC, 0.25 Hz, with beta-adrenoctptor blockade. 

DPI 201-106 (0.3-10 MM) produced substantial concentration 
dependent fncreases in tension development and in the ampli- 
tude of the aequorin signal; the action potential was pro- 
longed as much as threefold. There was llttie change in time 
to peak tension or peak- light, but relaxation Has slowed some- 
what, and the etquorin signal remained perceptibly above base- 
line for the duration of the action potential, Yhen the action 
potential uas sufficiently prolonged, there was often a secon- 
dary rise jn luminescence, and the twitch uas followed by a 
low-amplitude shoulder of tension maintenance that ended with 
repolarization. High cogfentrations of DPI 201-106 increased 
the ampljtude of the Ca transient less than did equally ino- 
tropic elevations of tCa++l 
myoffbrfllar responsivtness”~o Ca 

whi$t indicates that fncreased 
also contributes signifi- 

cantly to the inotropic effect of the drug. (Support: Ht12186) 

33.10 
[3H]OUABAIN BINDING TO REGIONS OF RAT HEART AS DETERMINED BY 
AUTORADIOGRAPHY. p.L, Evans*. L.M. Plunkettz, R.H. Kennedy 
and E. Seifen. University of Arkansas for Medical Sciences, 
Litt 8 Rock, AR 72205, 

3 [ HJouabain binding to left and right ventricular, septal, 
and papillary myocardium isolated from male Fischer-344 rats 
was analyzed by autoradiography. After removal, hearts were 
perfused with Krebs-Henseleit buffer, frozen, and cut into 8 
um sections. Sections were incubated for 1 hr at 37 'C in a 
medium containing 100 mM NaCl, 5 mM MgC12, 503mM Tris-HCl, 5 
mM Tris-ATP, and a single concentration of [ HJouabain (950 
nM; sp. act. 24.1 CL/M). Nonspecific binding (20-30%) was 
determined in the presence of 1 mM unlabeled ouabain. 
F llowing 

3 
incubation, sections were exposed or 14 days to 

[ HI-Ultrofilm. The amount of bound 5 [ Hlouabain was 
determined by computerized densitometry (DUMAS System) and 
expressed as fmol/mg protein, assuming a homogeneous 
distribution of protein across the sections. Binding sites 
were quantified in various myocardial segments. Under these 
conditions, septal tissue had a significantly higher level of 
specific ouabain binding (26.3 fmol/mg protein) than papillary 
or right ventricular muscle (20.5 and 18.0 fmol/mg protein, 
respectively). There was no difference in specific binding in 
septum vs, left ventricular muscle (22,6 fmol/mg protein). 
These results suggest that there are regional differences in 
specific ouabain binding in rat heart. 

33.12 
EFFECTS OF DIGOXIN ON GLOBAL CARDIAC FUNCTION OF 
HYPERTENSIVE-DIABETIC RATS. JoseDh M Carpasso. Bruce WaIPrvn, 
Laura M. Ouatt occi, Giornio Olivetti. Piero AnversR. New York 
Medical College, Valhalla, NY 10595 

To determine whether cardiac glycosides ameliorate global cardiac 
hemodynamics in an animal model of myocardial dysfunction, adult 
male rats with two kidney, one-clip, renal hypertension and 
streptozotocin induced diabetes were treated with digoxin (500 ug/kg 
body weight) for a period of 8 weeks. Systolic arterial pressure 
(BP) and blood glucose concentration (BGC) were comparable 
throughout the study in the two experimental groups. However, BP 
and BGC were approximately 15fold and 3.0-fold greater in these 
animals than in age-matched control rats. Because of the variation 
in body weight among the three animal groups, cardiac hypertrophy 
was determined by left ventricular weight-to-body weight ratio. In 
comparison with controls, this parameter was increased by 71% in 
digoxin treated rats and 52% in placebo subjected animals. 
Ventricular function measured at sacrifice showed that left 
ventricular peak systolic pressure (LVPSP) was 196 + 23 and 186 f 7 
mmHg and left ventricular end diastolic pressure (LVEDP) was 27 f 6 
and 13 + 5 mmHg in placebo and digoxin treated rats, respectively. 
The difference in LVEDP was statistically significant (p<O.O002). 
Corresponding values of LVPSP and LVEDP in sham operated controls 
were 129 f 16 and 6 & 2 mmHg. The cardiac glycoside had no ef feet on 
+dP/dt, and -dP/dt was depressed in both groups of hypertensive- 
diabetic rats with respect to controls. In conclusion, digoxin 
failed to enhance the inotropic state of the myocardium when 
hypertension and diabetes are simultaneously present. 
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34.2 
PERIODIC HYPERSENSITIVITY TO MICROWAVE IRRAI?IATION IN THE 
DEVELOPING RAT. Eleanor R. Adair and Donald E. Spiers. 
John 3. Pierce Foundation, New Haven, CT 06519 

To explore the potential for microwave incubation of 
infant mammals, we pinpointed critical periods in the 
first 16 days of life when the developing rat may be 
adversely sensitive to microwave exposure. Groups of 8 
pups underwent daily 8-h sham or microwave (2450 MHz, 20 
mW/cm2) exposure at an ambient temperature (T > of 30 *C, 
from 2 to 5 (Grp'I), 6/7 to 11/12 (Grp II), aor IL/12 to 
15/16 (Grp III) days of age. Animals were weighed before 
and after each exposure. One day post-treatment, steady- 
state body temperatures (Tb) and metabolic rate (M) were 
measured at test T  of 35, 32.5, 30, and 25 "C to assess 
thermoregulatory ability. Animals from Grps I and III 
showed a significant % loss of body mass during microwave 
exposure, re sham-exposed, and a few animals died during 
treatment. -M and T  of these 
exposed only at certbain test T  . 

rats deviated from sham- 
Growth rate, M, and T  

of Grp II microwave-exposed r&s were similar to shami 
exposed; all survived the treatment. Results indicate two 
critical periods of hypersensitivity to 2450~MHz microwave 
exposure, one immediately after birth and the other at 1 
1/2 weeks of age. 30th are related to thermal stress: a 
high rate of energy absorption in newborns and greater 
insulation in older rats. (Supported by USPHS Grant 
HD18002). 

THERMOREGULATORY AND CARDIOVASCULAR (CV) RESPON- 
SES TO PASSiVE HEATING IN FISHER 344 RATS. KC. Kregel, 
3.A. Tayior*, C.M. Tipton and D.R. Seals. Depts. of Exercise dc 
Sport Sciences and Physiology, Univ. of Arizona, Tucson, AZ 85721. 

s The purpose of this study-was to compare the thermoregulatory 
and CV adjustments to acute heat stress in mature (MAT, 12 mo, 
N=6)vs senescent (SEN, 24 mo, N=6) unanesthetized Fisher 344 rats. 
On 2 separate days (48 hr apart) MAT and SEN were exposed to an 
ambient temperature of 420C until a colonic temperature (T,) of 
41oC (T 1) was attained. 
lactate La) were obtained-from a carotid artery catheter. Baseline 4 

Heart rate (HR), blood pressure (BP), and 

T, (37.4 2.2 vs 37.2 2.3, XL SE, MAT vs SEN) was not different in 
the 2 groups; however, the rate of increase in T, was greater 
(.09 2.01 vs .06 + .OiOC/min, p = .07), and the time to T4i was 
shorter (46 4 5 vs 69 2 6 min, p = .02) in MAT during the 1st 
exposure. The increase in HR from baseline to T41 was 2-f old 
greater in SEN (38 2 10 vs 80 + 13 bt/min, p q .04), whereas the 
increases in AP (14 + 7 vs 13 -t 7 mmHg) and La (1.15 + .23 vs 

1.75 + .37 mmol/R ) were not different in the 2 groups. The rate of 
increase in Tc was greater in both groups during the 2nd heat 
exposure; however, the magnitude of the change was 4-fold greater 
inSEN(29+10vsi17+35%,p=.02). Fourof6SENdied <24hr 
after the 2nd heating whereas only 1 of 6 MAT died during %is 
period. These preliminary findings indicate that heat tolerance 
during an initial exposure-is not impaired, and may be enhan ted, 
with advancing age in Fisher 344 rats. Howev er, older anim ds dem- 
onstrate a more marked reduction in heat tolerance and a greater 
mortality rate in response to a subsequent thermal challenge, 

34.3 
THERMOREGHLATION IN DIABETIC RATS. T.H. Shalaby*, 
R.K. Dupre* and M.K. Yousef. Dept. of 13101. Sci,, Univ. of 
Nev., Las Vegas, Las Vegas, NV 89154 

34.4 
CoMPmATIVE EFFECTS OF UT-50,488H (USO) AND CHLORPROMAZINE 
(Cl%), ALONE AND IN COMBINATION, ON BODY TEMPERATURE (Tb) IN 
RATS AND GmA PIGS. pui.W. v, and EJ. Ge&. Temple 
University School of Medicine,Philadelpfiia, PA 19140 

As reporkd in earlier studies from this I&oratory, the combinsrtion of the selective 
kappa opioid agonist U50 (80 mg/kg, SC) and the neuroleptic Cpz (5 mg/kg, SC) causes 
a profound hypothermia in rats, amounting to over 8°C at 20°C ambient. Because of 
the mter density of kappa opioid receptors and the increased ratio of kappa to mu 
receptors in the guinea pig brain, the drugs were tested in this species. The subjects 
were young adult male Hartley guinea pigs weighing 350400 g. Groups of 5-8 
animals were injected SC with 2.5 or 5.0 mgkg of CI?Z and 40 or 80 mgkg of LEO, 
alone or in combination, ?‘he low dose of Cpz produced a drop in Tb of -1 .37M.10°C 
and the high dose, -1.58iO.24*C. These decrease s in guinea pigs were virtually identi- 
cal to those found in our earlier studies in the rat. The U50 alone, however, produced 
drops of -4.56k0.21°C and -7.lMo.69T for the low and high doses, respectively, in 
theguinea pigs. T&echangeswere markdly greaterthanthedrop of approximateIy 
2°C seen in rats. Though the combination of 5 mgkg CPZ and 80 mgkg U50 was 
found to produce a marked hypothermia, there was no addition or potent&ion in the 
guinea pig; in fact, the effect was the me as with U50 alone. The combination of 
lower doses of the drugs (2.5 mg/kg CPZ and 40 mgkg U50) produced a drop in Tb of 
-6.67OC, slightly greater than the additive effect of the drugs individudy, but less than 
the potentiation seen with these doses in the rat. Other differences between the two 
species in the effects of US0 and the combination were also noted. For example, U50 
produced escape behavior and excessive urination in the rat, but not in the guinea pig. 
In addition, the combination caused deaths in the guinea pig, but not in the rat. 
Although the reason for the differences between these species is not known, it is 
reasonable to qx.cuIate that it may be due to different ratios of opioid receptors in sites 
critical for tempmture regulation, This study provides further support for our hypo- 
thesis that kappa receptors mediate the hypothermic actions of opioids. Supported by 
grant DA 00376 from MDA. 

Little attention has been given to thermogenesis fn 

iabetic indi 
that has not 

by controlled laboratory studies. 

animals with major "chronic" diseases. 
th ermoregulation in d vidual 
SC ientiffc judgement been 

Impairment of 
rema 

ully 
ins a 
substantiated 

Thermal responses and 
skin microcirculation were measured in streptozotocin- 
induced diabetic (SD) rats during exposure to ambient temper- 
atures ranging from about 5C to 35C. Exposure of the SD 
rats to 35C and SC caused a sharp rise and decline in 
rectal temperature (Tre), respectively. At 35C, hyperthermfa 
in the SD rats was associated with greater increase in VO2 
than controls. At 5C, VU2 changes similarly in both the SD 
and control rats. Tail skin mfcrocirculatfon (SKBF) was 
measured using a Laser-Doppler. At 28C, tail skin micro- 
circulation SKBF measured by Laser-Doppler was greater in SD 
than in control ‘rats. During exposure to 35C, the percent 
increase in tail SKBF was about the same in both SD and 
contr *ol group 6. However , at 5C, the percent decrease in 
tail SKBF was greater in the control than in SD rats. The 
data suggest that hypothermia in SD rats may be associated 
with impairment of vasoconstriction 
related to greater VO? that was not 
vasodilation. 

and hyperthermia may be 
accompanied by h igher 

34.5 

HI3ERNATION PERIODS. D. Anderson*, D. Bewernick*, S. Brazal*, 
RENAL CHANGES IN THE GROUND QUIRREL DURING ACTIVE AND 

J. Ponder*. 5. Russoms and G. A. Lonez, California State 

34.6 

SPERMOPHI LUS LATERALIS. J,M. Steffen" 
&.vhia' W:K. Mil&~!~$%e"" T  

OBSERVATIONS OF SKELETAL MUSCLE FROM 4 HIBERNATOR, , 

Burlington’. Univ. of Lou/sv~lle, Louisville, KY'40292 
:Unlv. of British Columbia. Vancouver. B.C. V6T 2A9, 
'Central Michigan Univ., Mt. Pleasant, MI 48859, - 

Hindlimb skeletal muscles (soleus, plantaris, EDL) from 
hibernating and winter-active aolden-mantled qround 

l E* 

University at Los Angeles, Los Angeles, CA 90032 
In previous studies, animals hibernating for only brief 

periods of time have been compared to active counterparts 
regarding differences in renal glomerular morphology and 

squirrels [S ermo hillus late&is) were examined 
histochemica y myosln Avase staining) and biochemically +d-- 
(protein, RNA &d DNA contents as well-as a-actin mRNA 
levels) to elucidate cellular alterations associated with 
hibernation. There were no significant differences in body 
weights, absolute or relative (mg/g body wt.) muscle 
weights, protein and DNA contents or concentrations (mg/g 
muscle wt.) between active and hibernating groups. Type I 
slow twitch fibers in soleus muscles from hibernators 
exhibited a 30% greater cross-sectional area than winter 
active controls. Absolute RNA content was reduced 30% 
(Pc.05) in soleus muscles from hibernators while RNA 
concentrations were reduced from 2.6 to 1.8 ug/mg muscle 
(45%). a-actin mRNA levels, dete@ned by hybridization of 
LiCl precipitated total RNA to a P-label1 ed cDNA probe, 
were unchanged in the soleus but markedly elevated in 
plantaris muscles from hibernators. These results are 
suggestive of complex cellular alteration in muscle during 
the hibernating season. 

physiology. In the present study, the golden-mantled ground 
squirrel, Spermophilus lateralis, is used to evaluate these 
differences at seven time-points during a one-year active- 
through-hibernation cycle. 
lasted- from November to May. Renal cortical tissue was taken 
for transmission electron microcopy (TEM) and trunk blood was 
collected for plasma renin activity (PRA). Glomerular endo- 
telial pore number decreased 70% from mid-active to mid- 
hibernation period and then increased 57% by the onset of 
activity. Epithelial slit pore number showed a similar 
pattern (26% and 30%, respectively). No changes occurred in 
podocytic foot process size or width of the glomerular base- 
ment membrane. Mesangial cells showed an increased phagocytic 
activity and PRA levels were greater during hibernation, These 
data suggest that during hibernation: 1) the decrease in 
membrane pore number is designed to maintain cellular 
hydration and sodium conservation; 2) mesangial cells may 
cleanse the basal lamina of increased toxins and; 3) decreased 
renal perfusion pressure leads to an uncompensated increase 
in PRA. (Supported by NIH #5-S06-RR08101). 

The hibernation period typically 
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METABOLIC RESPONSES TO CAFFEINE AND COLD EXPOSURE IN HUMANS. 
K.W. MACNAUGHTPN* and T.E. GRAHAM, School of Human Biology, 
U. of Guelph, Guelph Ontario, NIG 2Wl 

Caffeine (Cf) and cold air (CA) have each been reported 
to increase serum FFA and VO2 in resting humans. We 
examined the possible interaction of these stimuli in 6 non- 
caffeine consuming young men (22+3 yr). Each subject was 
tested twice while sitting in a 28 and 5'C environment for 
2 h after receiving Cf(5mg/kg) or a placebo. V02, VCO 
venous FFA levels were determined before and 30 min af $ 

, and 
er 

ingeztfon, and at 5, 30, 60, 90, and 120 mfn of either 28 
or 5 C exposure, There were no significant differences 
between the inftial and the 30 min post ingestion times in 
any measures. CA alone did not have a significant effect 
on serum FFA levels, but V02 and VCO were increased while 
mean skin and mean body temp, were decreased significantly 
throughout the CA trials. In contrast, Cf did not influence 
these parameters but significantly increased FFA in both the 
28 and 5'C trials. Thus, Cf and CA appear to act independ- 
ently on metabolism of resting humans, 

Supported by Canadian Fitness and Lifestyle Research 
Institute and by NSERC 

HYPERTHERMIA/WFWHERMIA 

THE EFFECTS OF HYPOTHERMIA ON THE BLOCKADE OF MUSCA- 
RINIC RECEPTORS BY DIBENAMINE, CIIENG S. TSAFAND RI- 
CHARD F. OCHILLO. LABS OF PHARMACOLOGY AND TOXICOE- 
GY. XAVIER UNIVERSITY OF LA. NEW ORLEANS, LA. 70125. 

Hypothermia facilitated a parallel rightward 
shift of the dose-response curve of ACh. To decipher 
the changes induced by hypothe rmia, we used dibena- 
mine as the alkylating agent t o measure the activity 
constants for muscarinic receptors of the smooth 
muscle. 
erratic. 

However , the results of our attempt were 
We have therefore hypothesized that the oc- 

clusion of the receptors and the recovery from the 
binding may be temperature dependent. The response 
of isolated longitudinal muscle to ACh at 37 and 
240C was recorded before and after incubation of the 
preparation with dibenamine for 20 min. After diben- 
amine treatment, the contractions were reduced to 60 
2 8.0 and 70 -t 7.0% respectively. The recovery at 
370C was not significant within 60 min. However, the 
recovery at 240C was rapid and a complete recovery 
occurred after washing off the unoccluded dibenamine 
. We concluded that the lack of reversibility of the 

effects of dfbenamine at 370C is due to the predomi- 
nance of covalent binding between the receptors and 
dibenamine whereas at 240C the blockade is mainly 
due to simple occlusion. (Supported by grant N-00014 
-84-K-065 from U.S. Office of Naval Research and 
grant #RR-O8008 and #MR 1 R 25 HL37736 from NIEI). 

35.3 
CHANGES IN PUSMA CATECHOIAMINES DURING HYPERTHERMIA. C.V. 

r. and K.C. Kweael. 
Exercise Science Dept., Univ. of Iowa, Iowa City, IA 52242 

Our laboratory has proviQed evidence that a selective loss 
of compensatory splanchnic vasoconatriction may be an impor- 
tant mechanism signaling circulatory failure in heat stroke. 
Is this decline in splanchnic vasoconstrfction associated 
with a decline in circulating catecholamines? Twenty-five 
male Sprague-Dawley rats (270-300 grams) were assigned to one 
of 5 groups based on their color& temperature (T,) (37,39, 
41,43,44’C) at sacrifice. HE, mean blood pressure, T,, and 
renal, caudal, and superior mesenteric (SM) artery blood 
flows were monitored during heat stress under a-chloralose 
anesthesia (12.5 mg/ml @ 1 ml/hr). At each predetermined T,, 
an aortic blood sample was drawn and analyzed 

6 KkSE) for nor- 
epinephrine (NE) and epinephrine (E). At Tc>41 C, renal and 

44OC 
NE, P&l 4828* 

k27 $69 k26 &293 +631 

E, pg/ml 947 2161 2418 6856* 10069* 
&395 &556 &840 &:877 ~563 

*Significantly different (p<O.O5) from all other groups, 
*Significantly different (p’<O.OS) from all groups but 44’C. 

caudal blood flows fell as SM flow rose. From 41-43’C, NE 
rose Isarkedly and E rose significantly. Thus, the elevation 
in SM flow can not be attributed to reduced levels of cir- 
culating catecholamines. (Supported by NIH HL38959-01) 

35.2 
XANTHINE OXIDASE D-O FORM CONVERSION AND FERRITIN 
IRON RELEASE. J. Skibba, A. Stanicka* and R. Powers*. 
Medical College of Wisconsin and. Zablocki VAMC, Milwaukee, 
Wisconsin 53226 

Hyperthermic liver perfusion has been proposed as a 
treatment for certain forms of inoperable liver cancer. A 
problem of this method is hepatotoxicity which appears to be 
a function of lipid peroxidation. We have shown that incubation 
of milk xanthine oxidoreductase (X0) with partially purified 
ferritin and xanthine results in the release of ferrous iron, a 
process which is inhibited by the inclusion of allopurinol, 
superoxide dismutase and increased by inclusion of catalase in 
the incubation. The rate of iron release in a similar incubation 
using rat liver X0 was seen to be a function of time of pre- 
incubation of X0 at 37 or 42.5*. This pre-incubation resulted 
in a significant conversion of X0 from the dehydrogenase to 
the superoxide-generating 0 form. The ability of X0 to cause 
release of iron from ferritin upon incut>ation with xanthine 
was correlated with the % 0 form. We suggest that conversion 
of hepatic X0 from the D to 0 form as a function of 
hyperthermic liver perfusion contributes to the formation of 
superoxide and the release of iron from ferritin, conditions 
consistent with the processes of lipid peroxidation. 

35,4 
ALTEIIED THERMAL RESPONSE TO INTWHYPOTHAUMIC IN;TECTION OF 
NOREPINEPHkINE AND 5-HYDROXYTRYPTAMINE DURING HYPERTHERMIA 
IN RATS. U. Sachdeva*. G. S . Chhina* and B. SinP;h* (SPON: 
D.B. Jennings). Department of Physiology, All India 
Institute of Medical Sciences New -Delhi 110029 (Jndia). 

Thermogenic and thermolytic responses have been 
demonstrated by injection of 5-hydroxytryptamine (5HT) and 
norepinephrine (NE) 'into the preoptic-anterior hypothalamus 
(PCAH) of normothermic rats. To assess the role of 5HT and 
NE in hyperthennic rats (TH), experiments were conducted in 
rats a) with PGE2 centrally induced pyrexia, b) with direct 
hypothalamic heating, and c) in a control group (TN). 
Rectal (Tree) and skin (T,) temperatures were monitored 
following injection of 5HT and NE (10 ugm in 0.2 ul) into 
the POAH. The results suggest that injection of 5HT in TN 
rats induced a rise in Tree (2.02 + 0.4OC) associated with 
a fall in T, (1.7 f 0.16°C). NE injection induced a 
biphasic thermal response with an initial fall in T,,, 
(0.42OC) followed by a rise (1.18oC). This was accompanied 
by a fall in T, which was preceded by a slight elevation. 
In contrast, injection of 5HT in TH rats failed to induce 
the rise in T,,, and fall in T,. NE application in TH rats 
induced a potentfated monophasic hyperthermia with 
abolition of initial fall in Tree and rise in T,. The 
results suggest that the thermal responses of 5HT and NE 
are altered in TH rats whereas NE acts as a predominant 
thermogenic neurotransmitter and 5HT effects are inhibited, 
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36.1 
COMPARATIVE BIOAVAILADILITY OF TWO DIFFERENT FORMULATIONS 
OF DILTIAZEM (D) IN HEALTHY VOLUNTEERS. S. Boucher ,* 
G. Caill&,* and P. du Souich. Dhpartement de 
pharmacologie,Universit& de Hontr&al, Montreal, Canada. 

Diltiazem is usually administered in fractionated dose 
ranging from 60 to 90 mg t.i.d. or q.i.d. In this 2 X 2 
Latin square design study, 24 healthy male volunteers 
received 240 mg D sustained release (D.S.R.) orally once 
daily or 2 x 60 mg (D.I.R.) twice a c¶ay, for 7 days. 
Plasma samples were collected on Day 0 anU on Day 6 for 
determination of the kinetic profile and before dosing on 
Days 1 to 5. The plasma concentrations were analyzed by 
using a HPLC method with U.V. detection. The mean maximum 
plasma concentration (Crnax) for D.S.R. on Days 0 and 6 were 
141.2 and 178.1 ng/mL respectively. For D.I.R. Cfnax were 
103.4 and 172.2 ng/mL respectively. The areas under the 
curve (AUC) for D.S.R, were X811.3 and 2425.0 ng.h/mL’I 
after single close and after repeated dosing. For D.I.R. we 
obtained 1340.8 and 2390.3 ng.h/ml'l respectively after 
normalisation. The minimum plasma concentrations (Cmin> 
were 30.1 ng/mL and 53.5 ng/mL for D.S.R. and D.I.R. on 
Day 5. The fluctuation (Cmax-Cmin/Cmin> was 2.2 for D.I.R. 
and 4.9 for D.S.R. According to those results, the 240 mg 
D.S.R. is a good formulation of D for a once daily regimen. 

36.3 

DOSE-DEPENDENT INHIBITION OF CYCLOSPORINE METABOLISM 
IIV VW0 IN MICE BY FLUCONAZOLE. I. La Delfa*. Y. Xia*. T.F. 
Blaschke, Stanford Univ Medical Center, Stanford, CA 94305. 

Fluconazole (FZ), a new bis-triazole antifungal drug, is a more 
potent antimycotic agent (mg/mg) when compared to ketoconazole (KE), an 
imidazole antifungal. We have previously shown that FZ is a potent 
inhibitor of the cytochrome P-450 enzyme system (CP450) in mice. The 
CP450 is a major pathway of cyclosporine (CyA) metabolism and is 
inhibited by KE. We investigated whether FZ had any effect on CyA 
metabolism in mice. CD-l male mice were assigned to 4 groups: contxol 
and 3 FZ groups (1, 5 and 20 mg/kg), Forty minutes after intraperi- 
toneal (ip) injection of FZ, to allow plasma concentrations to peak, 
CyA (2.6 mg/kg with a radiolabelfed tracer dose) was injected ip. Blood 
samples were obtained for 8 hr after CyA injection in each animal, The 
dpm/ml of unchanged jH-CyA in whole blood was determined by HPLC 
and scintillation counting. Terminal rate constants (kel), half-lives 
(t$ of unchanged SH-CyA were (mean f SD): 

Gmu2 n &l(min-ll t+ (hrj t% of Control) 
A. Control 8 .0027&0007 4.6k1.2 t1w 
B. FZ 1 mg/kg 8 .0021*.0005 5.8~11.4~ 026) 
C. FZ 5 mg/kg 8 .OO 16i.0005 X9&2.2’* 2 (172) 
D. FZ 20 mg/kg 8 .0010*.0003 13.2~4.2~ (287) 
‘pr0.05 vs A; 2pd05 vs B, D; Jp<O.Ol vs A, B 

We conclude that FZ, at doses required for antifungal efficacy in mice, 
produces dose-dependent inhibition of CyA metabolism in vivo in mice. 
The effects of FZ on the CP450 in man are unknown and should be 
evaluated. (Supported by NIH Grant GM22209). 

36.5 
ATRACURIUM PHARMACOKINETICS IN OBESE PATIENTS. J; 
Ducharme"=, F. Varinl J G BesnerLL1 Y --..a ..-I ,: U..V. A!- Th&o- ~~~...~~.--.- 
get"=, D, It. Bevan* and F. Donati*3.LUniv. de Mon- 
W&al and =McGill Univ., Montreal, Canada, H3C 357. 

All non-depolarizing muscle relaxants, including 
atracurium (ATRA), are polar compounds which have a 
volume of distribution nearly equal to that of the 
extracellular fluid (ECF). An increase in the ef- 
fect and duration of ATRA-induced neuromuscular 
blockade is expected in obegle patients, because of 
reduced fraction of the ECF volume over the total 
body weight. Blood samples were obtained for up to 
2 hours afser the injection of ATRA IO.2 _mg/Kg) in 
3 obese (X: 104 Kg) and 4 non obese (X: 68 Kg) 
patients, scheduled for elective surgery. Obese 
patients had values of CLtot and Vss which were 
reopectively 30% and 27 % lower than those of non 
obese patients, while there was no difference in 
the MRT. The absence of correlation between V&s and 
the excess over ideal body weight, confirms that 
ATRA does not distribute into fat. Since ester 
hydrolysis and Hofmann elimination of ATRA are both 
independent of liver function, it is suggested that 
the decrease in CLtot observed in obese patients is 
related to a reduced excretion of ATRA into bile or 
to a decreased activity in non specific plasma 
esterasea, which could be secondary to pathological 
changes (e.g. steatoais) observed in these pa- 
tients. (Supported by MRC grant) 

36.2 
PHARMACOKINETICS AND DISPOSITION OF SK&F 103829 IN MALE 
SPRAGUE-DAWLEY RATS. G. Stelman*, G. Joseph*, M. 
Carbonaro*, 3. Kao, and C. Gombar. SK&F Labs, King of 
Prussia, PA 19406. 

SK&F 103829 (8-hydroxy-7-methylsulfonyl-2,3,4,5- 
tetrahydro-lH-3-benzazepine) is a serotonin agonist that 
has been shown to cause marked increases in lower 
esophogeal sphincter pressure in animals. Following oral 
administration of 10 mg/kg of 14GSK&F 103829, 74% of the 
14C was recovered in urine, and 18% was recovered in 
feces over 96 hr. After i.v. dosing of 5 mg/kg recovery of 
radioactivity was 79% and 10% in urine and feces, 
respectively. The plasma protein binding and blood to 
plasma concentration ratio, determined in vitro at 
concentrations ranging from 0.01 to 10 G/ml,as about 5% 
and 0.99, respectively. The clearance of SK&F 103829 from 
plasma after i.v. administration of 5 mg/kg was 26 
ml/min/kg, the steady state volume of distribution was 1.7 
I/kg and the terminal half-life was 1.7 hr. SK&F 103829 
was administered orally at doses of 50, 100, 300 and 1000 
mg/kg and the plasma concentrations determined for 24 hr 
after dosing. The area under the plasma concentration-time 
curve was proportional to dose over the entire range. The 
apparent elimination half-life was about 4 hr, and the oral 
bioavailabiIity was approximately 60%. Therefore, SK&F 
103829 appeared to be rapidly and completely absorbed after 
oral administration with about 60% of the oral dose 
available to the systemic circulation. 

36.4 
RELATIONSHIP BETWEEN SALBUTAHOL (SAL) HYPOKALIEUIC EFFECT 
AND ITS PLASMA CONCENTRATIONS. 8. Perreault*, H. Ona* and 
P. du Souich. Univ. of HontrCal and H8pital H&e1 Dieu of 
MontrBal, QuCbec, Canada. 

To assess SAL plasma kinetics and SAL hypokaliemic 
effect, 6 rabbits received 120, 120 and 2400 mcg/kg of SAL, 
intravenous (i.v,), intratracheal (i.t,) and per OS (p.o.), 
respectively. Multiple plasma saraplea were drawn to assay 
SAL (RIA) and K* . Even though the bioavailability was 
0.8% for the p.o. route and 15% for the i-t. route, SAL 
plasma kinetics ware independent of the dose and route of 
administration, e.g. clearance 0.2 L/min and volume of 
distribution of 10 L. Maximal decrease in kaliemia was 
1.31, 0*84 and 0.70 lrmol/L for the iv,, it. and p.o. 
routes, and was observed between 30 and 45 minutes after 
SAL peak plasma concentrations (56.4 f 3.9, 5.2 f 0.9 and 
2.8 f 0.2 ng/mL, respectively). The hypokaliemic effect was 
not related to SAL plasma concentrations. Using an integra- 
ted model I defining the effect and the concentrations in 
the compartment model, the estimated values of Emax were 
1.71 and 1.05 mnol/L with a CE50 of 5 and 0.7 ng/mL for the 

and the i-t, routes, respectively, This model did not 
iit’ the effect following the oral dose. Based on the 
decrease in kaliemia and the computer generated data, we 
conclude that SAL hypokaliemic effect is dependent on the 
route of its administration. 
(Supported by grants of HDPl (S.P.) and HRC) 

36.6 
INFLUENCE OF FOOD (F) ON THE PHARHACOKINETIC PAMMETERS OF 
KETOPROFEN (K). D. PILOW,* G. CAILLt$ P. du SOUICH and 
Y. LAVASSEe Dbpartement de pharmacologic, Universitb de 
Hontrbal, Montreal, Quebec, Canada. 

To assess how F affects ketoprofen plasma and urine 
concentrations, following single and lrrultiple adminis- 
tration (twice daily for five days), twelve healthy volun- 
teers received orally 100 mg of enteric-coated ketoprofen 
alone and after a meal according to a 2 X 2 Latin square 
design. Blood samples drawn and urine collected after 
single and multiple dosing were assayed by an HPLC method 
using an W detector. After a single dose, F reduced the 
peak plasma concentration (Cmax) from 10.7 to 6.3 ng/mL; 
increased the time to attain Cmax (Tmax) from 2.8 to 7.1 h 
and decreased the area under the curve (AUC 0 + 00) from 
23.8 to 13.3 ng.h/ml. Similar changes were observed after 
multiple administration: Cmax from 12.1 to 8.0 ng/mL; Tmax 
from 2.8 to 7.6 h and AUC 0 + 12 h from 29,3 to 16.8 
ng.h/mL. All these changes were statistically 
significant. However, in the &ine, K recovery was not 
altered significantly by F. It is concluded that F 
affected the plasma kinetics of II administered either 
stingly or repeatedly, whereas it did not affect the total 
amount recovered in the urine. 
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96.7 
A PHYSIOLOGICALLY BASED PAARMACOKINETTC HODRL FOR ORAL 
ADHINISTRATION OF CONTROLLED RELEASE HISOPROSTOL. James 
Stolzenbach, Ken Kowalski, Paul Von Doehren, Grant Schoen- 
hard. (SPON: F.M. Radzialowskil. G.D. Searle & Co.. Skokie. 
Tnoo7j 

r . I 

Misoprostol is a PGEl analog known to be effective in de- 
creasing the production of stomach acid. Previously reported 
results from in vitro experiments with isolated parietal 
cells demonstrate that the major metabolite, which is the 
free acid of misoprostol (X-30695), is the compound which 
actually binds to parietal cell receptors and causes the 
biological effect. SC-30695 is also absorbed into the sys- 
temic circulation after oral administration of misoprostol 
and the concentrations of circulating SC-30695 are hypo- 
thesized to influence the extent of side effects of the 
drug. The goal of this computer model is to simulate the 
slow release of misoprostol into the stomach in a manner 
similar to a sustained release formulation which may mini- 
mize the circulating concentrations of SC-30695. This model 
allows prediction of the plasma and organ concentrations of 
SC-30695 that will occur after dose administration. The 
model was developed and implemented using a computer program 
called SimuSolv. The model incorporates estimates of the 
metabolic capabilities and partioning characteristics of 
several tissues including the gut, liver, kidney, lung, and 
uterus. Current use of the model involves determining low 
various gut metabolic rates may effect plasma and organ con- 
centrations of SC-30695 during slow release into the sto- 
mach. The model may be applied to either the dog or the rat. 

36.9 

KINETIC DIFFERENCES OF PURE AND SOIL-ADSOBDED 
XYLENE IN ORALLY EXPOSED FEMALE RATS. R,M. 
Turkall* A H. Kadyy* G A p-t- Skowronski* and Y S -I--i------ ----L-3. 
fidel-Rahman, Toricol. Lab., Pharmacol, Dept., 
N.J. Med. chool, UMDNJ, Newark, N.J. 07103 

The extent of risk whiah ooeurs following 8x- 
porore to contaminated soil depends upon the ohem- 
ioal’s rbilityl&o desorb from soil and enter the 
body. spci of C-m-rylene alone (P) or with 0.5 g 
of sandy (S) or clay (C) soil was suspended in 
aqueous gum acaoia and administered by gavage to 
fasted female rsts. Maximum plasma oonGentration 
of radioactivity for S was higher than for P and 
c. S also significantly increased the area under 
the plasma concentration-time curve. S and C dem- 
onstrated longer absorption half-lives, while S 
showed a significantly shorter elimination half- 
lif8 V8rSUS P. Fat oOntain8d the highest tissue 
;Ini;;tfE;o; of14 adioactivity followed by stomach 

primarily in irine 
C activity was excreted 

followed by expired air with 
<I% in f808S. S produced a signifioant decrease 
of radioactivity in urine during the O-12 hr ool- 
18GtiOn period.- Methyl hippuric aaid was the 
major urinary metabolite detected in all treatment 
groups. Supported by NSF~Industry~Univ. Center for 
Research in Hazardous and Tori0 Substances. 

36,ll 

COMPARATIVE PHARMACOKINETICS OF LORACARBEF AND CEFACLOR 
IN THE DOG. J, F. Quay, L. S. Finch,* S, R, Johnston,* 
and J. F. Stucky II*. Lilly Research Labs, Div. of Eli 
Lilly & co., Fndianapdlis, IN 46285. 

Loracarbef (LY163892, KT3777)(1), 7-[D-(aminophenylacetyl) 
amino]-3-chloro-8-oxo-l-azabicyclo[4.2.Ojoct-2-ene-2- 
carboxylic acid, is the carbacephem analogue of the oral 
antibiotic cefaclor (II). The antibacterial spectrum of I 
and II are similar but I is more stable in aqueous solution, 
Following oral administration of single 3.75 mg/kg doses to 
female mongrel dogs, I and 11 are efficiently absorbed with 
apparent bioavaflabilities of 97% and 115X, respectively, 
as measured by the oral/IV ratio of areas under the plasma 
concentration verses time curves (AUC). However, the post- 
absorption pharmacokfnetics of I and II differ in this 
species 
saturab 

Bo 
ie re 

th drug s undergo renal exe retion modified by 
absorpt ion that a .pproaches completion at low 

plasma drug concentration. The terminal plasma half-life of 
II (2 hr), limited by solution instabflity, is much shorter 
than that of I (8 hr). After a sfngle 3.75 mg/kg IV dose, 
51% of I survives to be excreted in urine and 30X of II. 
After IV administration of graded doses of I and II AUC 
increases as dose increases, but in a less than propor- 
tionate manner, and the percent 
increases. 

of dose excreted in urine 

363 
EFFECTS OF SOIL ADSORPTION ON KINETICS OF ORAL 
TRICHLOROETHYLENE IN FEMALE RATS. G. A. 
Skowronski* A Y  Kadrv*, RA@&-Tgrkall+ and M S ---------A--A-A-- ------------t-t 
&eel-Rahman --------L Toxicol. Lab., Pharmacol. Dept., 
N,J, Med. Sohool, UYDNJ, Newark, N.J. 07103 

More informed evaluations of the potential 
health hazards following ingestion of soil- 
adsorbed trichforoethylsns (TCE) can be achieved 
by the bioavailability data from these studies. 
Peak plasma levels of activity were similar for 
TCE alone (P) and sandy soil-adsorbed chemical (S) 
but higher for clay (Cl soil. Although the half- 
life of absorption was statistically longer and 
the half-life of elimination was statistically 
shorter in S, the area under the plasma concentra- 
tion-time curve was approximately equal for all 
groups. Kidney represented the main rOtIt of 
excretion following P or C treatment with lungs as 
a secondary route. Equal amounts of the dose w8rB 

excreted in both urine and expired air for S with 
a statistical increase of radioactivity in expired 
air throughout the 72 hr study period. The highest 
tissue concentrations of radioactivity were found 
in liver and kidney. Trichloroethanol was the 
primary urinary mstabolite for all groups. Sup- 
ported by NSF~Indastry~Univ. Center for Research 
in Hazardous and Toxic Substances. 

ANTI-LFA-lcr MONOCLONAL ANTIBODY PHARMACOKINETICS IN RABBITS. 
36.10 

S.H. Norris, J.N. Johnstone*, and H, Silverstein*, Boehringer 
Ingelheim Pharmaceuticals, Inc,, Ridgefield, CT 06877. 

Anti-LFA-lol, a mouse monoclonal antibody (MAb), blocks the 
adhesion function of human lymphocyte LFA receptors. The 
pharmacokinetics of 1251-anti-LFA-la were studied in rabbit, a 
species with which the MAb cross-reacts. Rabbits were dosed 
i.v. (0.3 or 3 mg/kg). A 2nd dose of 1251-MAb was given 8 
days after the 1st. Prior to the 2nd dose, plasma 125I fell 
to undetectable levels, and 125I excretion had plateaued. The 
time course of plasma I251 levels (all TCA-precipitable) had 3 
phases. An initial distribution phase (tJ=2.3 hr) preceded a 
slow elimination phase (ti=55 hr). The 3rd phase, beginning 5 
days after dosing, was a rapid elimination phase which seemed 
to accelerate. The initial volume of distribution (Vd) 
equaled the expected plasma volume of the rabbits; the steady- 
state Vd (prior to the onset of the 3rd phase) was 50% larger. 
Estimates of pharmacokinetic parameters were the same for both 
dose levels, After the 2nd dose of 125I-MAb, only a single 
phase of very rapid decline in plasma levels was observed. 
The rapid elimination seen in the 3rd phase after the first 
dose and throughout the 2nd dose suggests the presence of an 
antigenic response, I251 was eliminated almost entirely in 
the urine as TCA-soluble 1251 after both the 1st and 2nd 
dosings, However, 1251 was eliminated more rapidly after the 
2nd dose ehan after the 1st. These results suggest that the 
pharmacokinetics of 125-anti-LFA-la are similar to those of 
other heterologous MAb's reported in the literature. 

36.12 
HODELIMG OF CYCLOSPORINE (CSAI PHARHACOKINETIC D 
INTERACTIONS Ia BEAGLE DOGS, D.Du~ras*. G.Powis 
I.Jardine*. Hayo Clinic, Rochester, HN 55905 

Previous studies conducted in our laboratory demonstr 
ed that clinically important drug interactions involv 
cyclosporine (CSA) and rifampin or ketoconarole could 
duplicated in the beagle dog. The mechanism underly 
these interactiona appears to be an alteration in the me 
holism of CSA. We have further evaluated the effects 
cimetidine, erythromycin and diltiarem on the pharmacok 
sties (PKin) of CSA using this “model” system. Cimetidi 
a known inhibitor of oxidative drug metabolism, had no 
fects on the PKin of i.v. CSA nor on the disposition of 
2 major mctabolites of CSA, metsbolites nl” (Hl) and ” 
(H21) in beagle dogs. These results were consistent 1~ 
the reported lack of interaction of these 2 drugs 
humans. Diltiatem did not effect the PKin of CSA or 
disposition of Ml and H21 in beagle dogs. This may dif 
from the situation in humans; however, the reports of 
teractions have not been conclusive. Erythromycin decrea 
the clearance and increased the terminal half-life of 
in beagle dogs. Further there appears to be a selective 
hibition of the formation of the N-demethylated metaboli 
H21. The effects of erythromycin are much less than th 
of ketoconazole, which is consistent with the effects s 
in humans. In addition, ketoconazole is more potent t 
erythromycin as an inhibitor of the in vitro metabolism 
CSA. OUF results suggest that clinically import 
pharmacokinetic drug interactions involving CSA and ot 
drugs may be modeled in beagle dogs, and further that t 
system may be useful in the elucidation of the mechan 
underlying these interactions. 
Supported by NIH grant GM34866 
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?&l3 
DOSE-DEPENOENT ELIMINATION OF ETHYLDEOXYURIDINE BY THE 
ISOLATED PERFUSED RAT LIVER. J.M. JoIy* and W.M. Williams. 
Universiv of Louisville, Louisville, 

The kinetics of elimination of the antiviral drug 5-ethyl- 
2'-deoxyuridine (EdUrd) by the isolated perfused rat liver 
were investigated. EdUrd was injected into the perfusion 
fluid and serial blood samples were taken for HPLC 
determination of EdUrd and its metabofites 5-ethyluracil 
(EUra) and 5(1=hydroxyethyl)uracil (OH-EUra). Experiments 
were performed at three EdUrd doses and a hepatic flow of 20 
ml/min. The kinetic data are shown beluw: 

Dose, Kinetic Constants Plateau Conc.,uM 

12.9 (41 25.3 f 0.6 3.81 f 0.2 57.6 f 6.1 56.4 f 4.7 
39.0 iSj 36.4 f 1.4 2.49 f 0.2 122 f 5.3 82.8 f 10 

Yalues are mean l SL (n) 

Semilogarithmic plots of cont. vs time showed apparent first- 
order (mono- or bi phasic exponential) disappearance of EdUrd. 
However, with increasing dose, there was a progressive 
increase in terminal t 

Y2 
and decrease in clearance (Cl), 

indicating a saturable p ocess. After EdUrd injection, EUra 
and OH-EUra cones. increased steadily and approached plateau 
levels, which were proportional to the dose. It was 
concluded that the hepatic elimination of EdUrd may involve 
both first-order and zero-order metabolic processes. 

36.14 
MORPHINE ANALGESIA AND DISPOSITION FOLLOWING BURN INJURY IN 
THE RAT A. Razianis*, P.F. Osgood, J.W. Kemp*, N.E. 
Atchison*, D.B. Carr*, & S.K. Szyfelbein* Shriners Burns 
Institute, Harvard Medical School, Boston, MA 02114 

Time after injury appears to effect the analgesic potency 
and elimination half-time of morphine (MS) in burned children. 
In order to reduce confounding variables that may effect our 
clinical studies, we assessed these pharmacologfcal parameters 
at 2 and 5 days post burn (DPB) using a rat model. Venously 
cannulated male S,D. rats (n=29) were subjected to either a 
scald or sham buLn (50% body surface area) while anesthetized. 
Analgesia was assessed by tail flick latency (TFL), and 
analgesic potency was determined by analyzing the area under 
the time-course curve of the TFL response to MS. Elimination 
half-time was assessed by measuring MS levels over time via 
HPLC (electrochemfcal detection). TFL and MS levels were 
obtained before MS (8.0 mg/kg), and 5, 15, 30, 60, 120, 180 
and 240 minutes after the dose. At 2 DPB the analgesic 
potencies and elimination half-times of sham and burn rats 
were not significantly different (p > 0.05). However, at 
5 DPB both analgesic potency and elimination half-time were 
significantly less in burn rats (p < 0.05). These results 
suggest that the analgesic potency and rate of elimination of 
morphine diminish as a function of time after burn. 

(Supported by SBI grant) 

36J.5 Xl 6 
TLWtICOKINETICS OF 2 -mL (BE): EFFECTS OF AGE, EFFECT OF EXERCISE ON ATROPINE PHARMACOKINETICS IN 

exposure to BE causes severe hemlytic antia with 
older rats being nwe sensitive than yowger rats. Recently, 
we have shown that butoxyacetic acid (BRA) is the ultimate 
hewlytic agent, and inhibition of alcohol dehydrogenase by 
Wrazole protected rats against B&induced hemlytic anemia, 
In contrast, pretreatnsent of rats wiIq probenecid pctentiated 
BEiiraduced anetia. The kinetics of C-BE rt&ab~lim and 
clearance wre studied in control adult (3-4 w) and old 
(12-13 mo) male F344p rats and in rats treated with pyrazole 
or probnecid. Results of these studies shmed no difference 
in the half-life (U/2) of BE in adult and old rats. Hmer, 
tlfl, area under the curve WC), and rmximm plasma 
concentration (FIFC) of BAA mre significantly higher in older 
rats. This difference was mre pronounced at high doses. 
Pretreatnt of rats with pyrazola resulted in a significant 
increase in the tl/z and AIX of BE. In contrast, pYrazole 
significantly decreased WC of BAA, prestlnrably due to 
inhibition of BE rw&alxlism to BAA. Probenecid had no effect 
on the t1/2, ALJCr or WC of BE, but significantly increased 
the U/2 and AX of BAA. These data suggest that comprdsed 
urinary elimination of M in old rats, rather than altered 
~Wlism, may account for their higher sensitivity. Finally, 
cmrtised BAA elimination in old rats and treatrwnt of adult 
rats with probenecfd is thought to involve thaw cation 
transport system in the kidney. 

YOUNG MEN. G.H. Kamimori*, R.C. Smallridae*, KM. 
O’Donnell*, D-P, Redmond*, G.L. EWenky* and H.G. Pein* 
ISPON: S M So ‘) Departments of Elehavioral Biology and 
Clinical bh;siolrgF’ Walter Reed Army institute of Research, 
Washington, D*C. 20307-5100 

Seven healthy males (19-32 yts) underwent each of four separate 
conditions in a repeated measures design. In each trial subjects 
received 2.0 mg atropine sulfate (A) i,m. in the antero-lateral 
portion of the left thigh: at rest (Tl); prior to three exercise (EX) 
bouts (25 min cycling at 40% V02 max with 5 min rest) (TZ); after 
one EX bout (T4); and after one and prior to three EX bouts (TS), 
T3 was similar to T2 with substitution of a placebo. Serum samples 
were collected over a 12 hr period and atropine concentration was 
determined by RlA. Kinetic parameters were determined by 
PCNONLlN and statistical analysis consisted of an ANOVA with 
orthogonal contrasts. All trlais were compared to Ti. EX prior to 
A (T4) significantly (P(O.05) decreased (277 vs 232 1) Vz. EX 
following A (T2) compared to T 1, significantly decreased t l/2 (4.2 
vs 3.5 hr), Vz (278 vs 198 I), and Cl (763 vs 638 ml/min) and 
increased Cp (6.7 vs 12.3 rig/ml) and AUC (44.1 vs 53.1 ng/hr/ml). 
EX prior to and following A (T5) compared to T1, SignificantIy 
decreased t1/2 (3.4 hr), Vz (182 I), and Ci (630 ml/min, P=,O54) and 
increased Ka (.482 vs l.l), Ke (.0015 vs .0012), Cp (14 rig/ml), and 
AUC (53.3 ng/hr/ml). These results demonstrate that mild to 
moderate exercise affected the pharmacokinetics of i.m. atropine, 

POTASSIUM CYANIDE-INDUCED RELEASE OF NEUROTRANSMITTERS IN 
NEURAL MODELS. E.U. Maduh, R.W. Peoples, J.L. Borowitz and 
G.E. Isom, Dept, of Pha,rmacol. & Toxicol., Sch. of Pharmacy 
& Pharmacal Sciences, Purdue Univ., W. Lafayette, IN 47907. 

Recent findings from our laboratory demonstrate that 
acuta cyanid poisoning elevates total- brain calcium in 
mice, which correlates with CNS-mediated symptoms of 
toxicity* Additionally, KCN tnduces ultrastructural changes 
in a neuronal cell model, characterized by depletion of 
secretory granules. In the present study direct alteration 
of catecholamine secretion by KCN was investigated in a rat 
pheochromocytoma cell line (PC12 cell) by high performance 
liquid chromatography with electrochemical detection. 
Exposura of PC12 cells to KCN (10 x&l) markedly increased 
levels of norepinephrine (NE) and dopamine (DA) in the cell 
suspension media lo-30 min following addition of cyanide. 
Similarly, addition of KCN (l-10 mM) to rat 
slices loaded with 3H-NE, 

neocox ical 
fncreasad the release of 5 H-NE 

over a lo-30 min period. In both systems, the extracellular 
release of NE and DA decreased in absence of c lcium in the 
psrfusion medium or with prior addition of s 10- M diltiazem, 
a calcium channel antagonist. These observations indicate 
cyanide elicits exocytotic release of neurotransmitters in a 
calcium-d8psndent manner and th5s effect may contributs to 
the CNS ntediated symptoms of intoxication, (Supported by 
NIR grant ES04140). 

CHANGES IN THE GLXJTAMATE NEUROTRANSMITTER SYSTEM FOLLOWING 
POTASSIUM CYANIDE TREATMENT, M.N. Patel, B.K. Ardelt, E.U. 
Maduh, G.K.W. Yim, J.L. Borowitz and G.E. Isom. Dept. of 
Pharmacol. & Toxicol., School of Pharmacy and Pharmacal 
Sciences, Purdue Univ., W. Lafayette, IN 47907. 

Following exposure to cyanide, a marked increase in 
neuronal cytoiolic free calcium occurs, leading to a number 
of n8uronal events including release of neurotransmitters. 
Since cyanide produces convulsions and tremors, it was of 
interest to study the effect of KCN on the 
excitotransmitter, glutazaate, in a number of neuronal 
models. Incubation of PC12 cells with 10 mM KCN for over a 
30 nin period i creased the 
from 0.33 m/l0 % 

spontane us 
cells to 0.57 pm/10 8 

release of glutamate 
cells. In mouse brain 

cortical slices, incubation with 10 mM KCN for 30 rnin 
increased the spontaneous release of glutamate from 4.27 
pm/g wet weight to 7.14 pm/g wet wt. 
cortical slices with 10m5M diltiazem, 

Pretreatment of 
a calcium channel 

blocker, inhibited the cyanide-induced increase of glutamate 
release. Thirty min after adm of KCN (7 mg/kg, SC) to mice, 
cerebellar glutamate levels increased from control levels of 
8.9 pm/g to 15.4 pm/g, whereas cortex glutamate levels were 
not significantly elevated over controls. These 
observations indicate KCN directly interacts with the brain 
glutamata system and this may contribute to the excitatory 
manif8stations of intoxication. (Supported by PHS grants 
5T32ES07039, ES04140 and SO75505586). 
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cy;tniaeintcorication&arise&~~0fcyanide- 
mrIMxGyfaads,fran~tiox-eJq3osure, andfmlldnqs 
withcyanide-liberrrtingmieties. Rhdanse (thiosulfate: 
qani& Sail-f- (E.C. 2.8.1.1)), a miwm 
enzyme mtalyzes ti fonaation of relatively mc 
thi~tefrunqanideinthepresemeofasulfurdoll6lr. 
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dialysispxmi& ametkbodtopmtectthee3lzyme invivo 
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redbloadcellsby~cdialysis~q~~. Afterthe 
~ls~~~arrd~ed,~carrierredblood 
Oellsminj~htravmaIs lyiITk#emazlM tail vein. 
AgqrdmWly WmQ fcftlr hwrs later these mice - 
&alleqedwitha s&lMd0se ofcyanide (5rqAq)and 
blood EST@= m witMrawn by cardiac pmchre at 
predetermined tirrres after qanide admhktmtior~ 'Cohen 
carrier red blood &ls Wining rhodanese - 

l l m,rapid-ionofcyanidetithelesstuxic 
aiqamw m. soaiumnthio6ulfatearxI~a~ 
rhodanese Were observed to reduce blood cyadde 
c -ially. (SuppM by NM Fell-p 
#l-FX+EO5456 aM NIBE GKZIW #03951). 

37s 
ACUTE NEPHROTOXICITY OF THE ACROLEIN-GLUTATHIONE 
ADDUCT tN MALE SPRAGUE-DAWLEY RATS. J. Horvath’, C. 
Witmer*. and G, Witr*. 
Program In 

(SPON: R. Snyder . Joint Graduate 
’ loxicology, Rutgers Univ. and U d DNJ Robert Wood 

Johnson Medical School. Piscataway. NJ 08855. 
Acrolein (Acr) is an alpha.beta-unsaturated aldehyde that may 

be found in the environment as an air pollutant ot formed in vivo 
as a result of metabolism of xenobiotics such as cyclophosphamide 
and ally1 alcohol. Acr may express part of its toxicity through 
the alkylation of vital sulfhydryl groups of cellular constituents. 
One reaction shown to occur in vitro is formation of the acrolein- 
glutathione adduct (Acr-GSH). There is some evidence that this 
adduct is also formed in vivo. Until recently, formation of similar 
adducts has been considered a detoxification reaction. Our studies 
were undertaken to assess the in vivo toxicity of Acr-GSH in the 
male Sprague-Dawley rat. Rats given this adduct as a single 
intra-portal vein dose of 0.5 or 1 mmol/kg showed do-dependent 
increases in serum urea nitrogen, 24 hr urine volume, and 24 hr 
urinary glucose and -protein excretion. Histologic examination of 
these rats revealed proximal tubule degeneration associated with 
increased deposition of proteinacious-staining material in the distal 
and collecting tubules. No toxicity was evident in rats given Acr- 
GSH at 0.1 mmol/kg. Pretreatment of rats with an inhibitor of 
alcohol dehydrogenase (pyrazole) or aldehyde dehydrogenases 
(disulfiram) did not alter the course of the nephrotoxic response in 
rats subsequently given Acr-GSH at 1 mmol/kg. 

37.7 

NERVE GROWTH FACTOR ENHANCES RESISTANCE OF PC12 
CELLS TO REACTIVE 02 SPECIES. J O’Brien* and F.C 
Kauffman., Dept. Pharmacol. and Exper. Therap., Univ. Md. Sch. of 
Med., Baltimo~, Md. 21201 

Reactive 02 species have ken im@icatd in a variety of physical and 
chemical injuries to neural tissue. Accordingly, rat pheochromocytoma 
cells, PC12, tiere employed as a model to examine alterations in 
sensitivity to oxidative stress that accompany neuronal differentiation, 
Studies were perfmed using control and NGF-treated cells. Neuron- 
like differentiation was achieved by exposure of cells to 100 ng 7s 
NGF/mlfor +Iays. Reactive @species weregenerated byexposureof 
cells to either Hz@ (250 w) or methylene blue (1 @I), which 
undergoes redox cycling and forms Hz@ via a photosensitive 
mechanism. Decreases in cellular ATP and phosphocreatine (PCr) 
induced by both agents were attenuated by treatment with NGF. For 
example, ATP and PCr were about 30% lower in control compared to 
NGF-treated cells exposed to methylene blue for 4 h (ATT: 12.1 f 2.5 vs. 
30.2 f 1,6 nmole/mg protein; PCr: 12.1 f 1.1 vs. 18.0 f l.lnmol/mg 
protein). Similar results were+ noted in cells treated with Hz@* 
Destruction of Hz@ occurred more rapidly in cells treated with NGF and 
recovery of high energy phosphate stores after destruction of Hz02 was 
faster in NGF-areated cells than in control cells, Collectivey, these data 
suggest neuronal differentiation induced by NGF is accompanied by 
enhanced resistance to reactive @ species. (Supported in part by PHS 
Grant HD- 16596.) 

37.4 
ROLE OF CYCLIC GMP IN CAR80N MONOXIDE-INDUCED RELAXATION OF 
AORTXC SMOOTH MUSCLE. J.J. M&path, H. Lln and K. Ramos, 
Depts. Physiology and Pharmacology, Texas Tech University 
Health Sciences Center, LlJbbock, TX 79430. 

We have shown earlier that carbon monoxide (CO) relaxes 
aortic smooth muscle (Lin and McGrath, 19881, and that this 
relaxation is associated with a decrease in calcium 
concentration (McGrath and Lln, 1988). In these studies, 
the effects of CO on c-GMP levels were investigated in 
culttlres of aortic 'smooth mtlscle cells prepared from rat 
aortae. Confluent cultures were placed in chambers at 37°C 
and treated with air enriched with 5% CO2 (N2 f 21% 02) or 
air enriched with 5% CO2 and 5% CO (CO + 21% 02). 
Methylisobutylxanthfne (50 mM) was added to the cultures to 
inhibit cyclic GMP phosphodfesterase. After 30 and 60 min 
of incubation, the following cyclic GMP concentrations were 
obtained: 
Treatment Cyclic GMP(pmole/mg protein) 

30 min. 60 min. 
N2 + 21% 02 0*330*5X71 0.360+0.108 
co + 21% 02 0.489&178* 0.634&195* 

"P < 0.005. Students t-test F f SE 
These results suggest that CO may interact with 

guanylate cyclase to stimtllate the formation of c-CMP and 
thereby generate the intracellular signal for initiating 
smooth muscle relaxation. (Stlpported by NIH Training Grant 
W HL07289). 

3x6 
DIETARY FLAVONOID, A POTENTIAL SOURCE OF OXY- 
RADICALS IN THE INTESTINE. Andrew Canada, David 
Watkins, and Toan Nyu;ren*. Duke Univ. Med. Ctr. 
Durham, NC 27710 

Approximately 1 g of flavonoids are ingested 
by man daily. Although these compounds have been 
proposed to be antioxidants, there is now evidence 
that some of these compounds generate toxic oxy- 
radicals upon hydrolysis and possibly through 
intracellular recycling. Our studies are 
designed to 1. Confirm the presence of oxyradicals 
upon oxidation and 2, Investigate the effect of 
these compounds on isolated enterocytes. 

The flavonoids with either dihydroxy- (quercetin) 
or trihydroxy- (myricetin) configurations on the 
b ring were found by EPR to generate both super- 
oxide and hydroxyl radicals on autoxidation. 
Enterocytes isolated from guinea pigs were in- 
cubated with 50, 150, and 450 uM of each of three 
flavonoids and viability determined. After 3 h 
incubation, significant toxicity was seen with 
450 uM of each of the compounds. Toxicity was also 
observed with exposures as low as 50 uM, a concen- 
tration potentially achieved in vivo. 
Supported by a grant from theNational Foundation 
for Ileitis and Colitis. 

37.8 
ARACHIDONIC ACID METABOLITES mDULATE THE INELmRY a 
RESPONSE To ACUTe OZONE EXPOSURE IN SUSapTIBLE MI=, S.R. 
KleeberRer*(SPON: E,W, Spannh&e). The Johns Hopkins Medical 
Gutions, Baltimore, MD 21205 

We have demonstrated that c57BL16J inbred mice are susceptible 
to acute moneindued airway inflauxnation, To test the bpotheais 
that selective metabolites of arachidonic acid (AA) contribute to 
airwsy inflation, we pretreated male mice (2F23g) with a 
cycloomrygenase blocker (indmthacin or sodium Eclofenamste) or 
vehicle (control> 30 min before 3 hr qosure to 2 PRf ozone. 
Pulmonary inflation was assessed 6 and 24 hr after exposure by 
differentid cell count and total protein in bronchoalveolar 18vage 
( I I W  l Six hr post-atone, the percentage of polymorphonuclear 
leukocytes (ms) in B& of treated mice was significantly less 
than vehicle controls (2.8 to.7 vs 17.2 f, 1.4%, P<O.OOl), although 
total B&, protein concentrations were not different (370 5 23 vs 
348 + 21 ug/& P>O.O5). menty-four hr post-aone, the percentage 
of PG7s in treated mice was significantly less than controls (3.7 +, 
0.7 vs 6.3 + 0.7%. P<O.OS), and total B& protein concentrations 
were still not significantly different (462 +_21 va 421 +, 20 &ml, 
P>O*O5) l To determine whether thranbomne A2 (-1 contributes to 
ozone-induced inflammation, mice were pretreated with a w 
synthetam inhibitor (K-37,248) or saline vehicle and erqx>sed to 
ozone* No significant differences in lavagable MS or protein 
were &tected bemeen treatment and control groups at aq tiPae 
point. These data suggest that cycloqgenase metabolites of AA 
other than Yt+ play a central role in the aa;oncinduced inflrtrr of 
PM& in mice. Supported by Es03505 and HL37O61. 
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37.9 
OXIDATIVE DESULFURATION OF PARATHION BY MOUSE BRAIN IN VIVO. 
T.M. Soranno*, L,. Woods*, and L,G. Sultatos, Dept. of Pharma- 
cology, New Jersey Medical School, UMDNJ,-Newark, N.J. 07103 

Oxidative desulfuration in vitro of the insecticide 
parathion 0,0-diethyl-0-(4Gitrophenyl) phosphorothioate (PS) 
with a corresponding release of atomic sulfur produces diethyl 
phosphoric acid, p-nitrophenol, and the toxic acetylcholin- 
esterase inhibitor paraoxon 0,0-diethyl-0-(4-nitrophenyl) 
phosphate (PO) l Since much of the atomic sulfur produced is 
known to bind covalently to cytochrome P-450 and/or surround- *- 
ing macromolecules, covalently bound ("S) can be used as an 
indicator of oxidative desulfuration after administration of 
(35S)PS in vivo and in vitro. Brains from mice treated with 
(35S)PS (specific acZv-t7r=17 mCi/mmol; 17 mg/Kg, ip, corn 
oil vehicle) were dissected into 8 regions. Covalent binding 
of (35s) to protein was identified in all brain regions as 
well as various peripheral tissues, Three hours after (35S)PS 
administration, the hypothalmus and olfactory bulb had the 
most sulfur bound - 360 and 258 fmol/mg tissue, respectively; 
whereas, the midbrain had the least at 134 fmol/mg tissue. 
While significant regional differences exist, these findings 
suggest that certain cytochrome P-450-dependent monooxygenases 
within mouse brain have the capacity to oxidatively desulfur- 
ate and therefore probably metabolically activate this insec- 
ticide. (Supported by Grant ES04335 from NIEHS), 

37.11 

a-AMINO-H-M INOPROPIONICACIDAND ALUMINUM: m- 
MENTAL TOXINS IMPLICA~ IN GUAM AMY-PHIC LATERAL 
SCLERCIGIS (ALS) AND PAFZKINSONISM WITH DmIA (PD), Etienne 
A. Grim*, Catherine Bergeron* and Donald R, McLachlan* 
(Spn: P.G. Wells) U of T, Toronto, hario, MSS lA8, 

-sure to either a-amino-kmthyl- aminopropionic acid 
(BMW) or aluminum (Al) has been postulated as a factor in 

developnt of Guam ALs/PD neurological syndromes. BMM is a 
neurotoxic plant amino acid found in the nut of Q& cir- 
cimlis, a traditional Guaman ianfood; Al is found in high 
levels in the Guamn ian envkonment and is associated with 
neurofibrillary degeneration. Dose responses (0.04~5,O 
mg/rat brain) have been established for intra-cerebro- 
ventricular/striatal binistration of D,L-BMAA in adult 
male Wistir rats, and the resulting lesion(s) characterized 
by light microscopy. Systemic exposure to ligand bound Al 
(ti maltol) (7 mg Al/Kg body weight/day) is acutely toxic 
and results in differential tissue distribution. Rats given 
a sublethal dose of 26 ~$5 D,L-BMAA into the right ventricle, 
after a 2 day intraperitoneal pretreatint of 7 mg Al/Kg 
b& weight, exhibited a significantly higher (p=O,O5) level 
of Al in the ipsilateral hemisphere than controls, 24 hours 
later, These studies indicate BMAA & Al are potent toxins 
when administrd alone, BMAA increases brain uptake of sys- 
temically administered Al in test animals. These results in- 
dicate that exposure to multiple environmental factors my 
be important for the development of the Guaman ian disorders. 
(Support: ALS Society of Canada) 

87.13 

EFFECTS OF WASTE SITE LEACHATE ON 8ENZO(A)PYRENE-DNA ADDUCT 
FORMATION IN RAT LUNG, S. S. Bentfveana* and C, M, Witmer* 

(SPON: R. Snyder). Joint Graduate Program in Toxicology, 
Rutgers Univ. and UMDNJ Robert Wood Johnson Medical School, 
Piscataway, NJ. 08855. 

Benzo(a)pyrene (BP), a widespread environmental 
pollutant,$orms adducts with DNA which can be detected 
using the P-postlabelIng method of Randerath et af.(PNAS 
78:lU 1981, Carcinggenesis 7:9 1986) with a sensjtivity of 
greater than 1 /lO bases. As an approach to studying the 
potential effects of mixtures, we have exposed male CD-l 
rats simultaneously to BP (5 mg/kg i.p.) and a waste site 
leachate (500 ul i.p.) and analyzed the BP-DNA adducts in 
lung tissue for changes in number or amount. Animals were 
sacrificed 48 hours after dosing and DNA isolated from lung 
was subject to the postlabeling procedure. Relative adduct 
labeling values (RAL) were calculated from the cpm in the 
adguct spots and are presented as the number of adducts per 
10 bases. Animals treated with 8P flone showed two adduft 
spots, adduct A had an RAL of 58x10 , adduct 8 of 5.3x10 . 
Animals treated with both BP and the leachate had two adduct 
spots yigrating in the same7region with RAL values for A of 
3.7x10 and for B of 5.8x10 . Animals treated with leachate 
alone did not show adducts in this system. (Supported by 
the NSF Industry/University Cooperative Center for Research 
in Hazardous and Toxic Substances and EOHSI). 

37.10 
MPTP AND MPTP ANALOGS INDUCED CELL DEATH IN CULTURED RAT 
HEPATOCYTES INVOLVING THE FORMATION OF PYRIDINIUM 
METABOLITES. R.K. Kutty*, Y. Sinqh*, E. Swanson*,E. 
Sokoloski*, and G. Krishna. NHLBI, NIH, Bethesda, MD 20892 

MPTP (l-methyl-4-phenyl-1,2,3,&tetrahydropyridine) which 
produces a Parkinson-like syndrome in humans and monkeys, 
also causes cell death in cultures of rat hepatocytes.- 
Deprenyl, a specific inhibitor of monoamine oxidase 6 (MAO- 
81, the enzyme known to catalyze the conversion of MPTP to l- 
methyl-4-phenyl pyridinium ion (MPP+) prevented the toxicity 
of MPTP, but not that of MPP+. When analogs of MPTP were 
tested, N-acetyl amino MPTP was found to be virtually non- 
toxic, whereas N-butyl PTP, 4'-amino MPTP, and 2'-methyl 
MPTP were found to be toxic, but to a lesser degree than MPTP 
itself. The 4'-fluoro and 4'-chloro analogs evoked toxic- 
ities similar to that of the parent compound. Deprenyl 
decreased the toxicities of N-butyl PTP, 4'-amino MPTP, 4*'- 
fluoro MPTP, and 4'-chloro MPTP, but not that of the 2'- 
methyl analog. The conversion of all of these compounds, 
except the N-acetyl amino analog, into their corresponding 
pyridinium metabolites by liver cells was confirmed by high 
pressure liquid chromatography and plasma desorption mass 
spectrometry. Deprenyl inhibited their formation to varying 
degrees. Moreover, MPTP and its analogs were substrates for 
monoamine oxidase in rat liver mitochondria to varying de- 
grees. These findings indicate that the formation of 
pyridinium metabolites is essential for expression of 
toxicity of the analogs. 

t37.12 

INHALATION OF SOMAN: EFFECTS ON GUINEA PIG ALVEOLAR 
CELL FUNCTION. Fay K. Kessler*, Rosalind 6. Coles*, 
James E. Lyddane*, Billy R Martin, and Richard A 
Carchman. Va. Commonwealth UiivJMed. College of Va.: 
Richmond, VA 23298 

Using a "nose only" inhalation chamber, guinea 
pigs were exposed to volatilized soman at 0.01, 0.05, 
or 0.1 LD50. Alveolar cells obtained via broncho- 
alveolar lavage were greater than 85% alveolar macrophages 
(AM) exhibiting 90% cell viability under all test condi- 
tions. The functional assays performed were as follows: 
1) macrophage spreading PMA (phorbol-l&13-myristate 
acetate) showed small but significant increases within 
each treatment group; 2) at 0.05 LO50 soman produced 
a 2-fold increase in macrophage chemotaxis to PMA; 
3) soman did not change the ability of the AM to recognize 
a normal (3T3) or tumor (P815) target cell line using 
a 51Cr release assay; 4) A23187 (lo-6M) produced a 
maximal lysosomal enzyme secretory response (31%) in 
both sham and soman-exposed cells; 5) phagocytosis 
of Ab-51Cr-sR5C was enhanced 2-fold by 0.05 LD50 soman 
while the other concentratioins of soman were slightly 
inhibitory; 6) superoxide anion production PM stimulation 
was virtually identical between sham and soman-treated 
groups. The specificity of the inhalation of soman 
on important AM functions such as chemotaxis and phagocyto- 

al4 
COMPARISON OF BROMODEOXYURIDINE AND TRITIATED THYMIDINE FOR 
IN-VIVO DETERMINATION OF CELL PROLIFERATION, William E. 
Ribelin*, Alan G.E. Wilson*, Dorothy A. Edwards*, and 
Marianne L, Kitchell*. (SPON: D-H, Will). Monsanto Environ. 
Health Laboratory, St. Louis, MO. 63167 

Tritiated thgidine (H3) is commonly used as a marker for 
thymidine incorporation into DNA during the S phase of cell 
proliferation, The technique requires radioactive nucleo- 
side and several weeks tissue processing. Consequently 5~ 
bromo-2'-deoxyuridine (BrdU) uptake demonstrated by immuno- 
peroxidase techniques is becoming increasingly used as a non- 
radioactive substitute for H3. 
a more sensitive marker than H3. 

This study shows that BrdU is 
Fisher and S rague-Dawley 

rats were given single 1.P. doses of BrdU or H 5 18 hours post- 
hepatectomy and killed 6 hours later. BrdU labelled 3 to 4 
times more hepatocytes than H3 depending upon the rat strain 
used. The "window" during which BrdU or H3 were available 
during the cell cycle is obviously limited as cells in 
mitosis were frequently unlabelled. Compounds were studied 
which both damage liver and cause proliferation of liver, 
thus many labelled cells are endothelial, biliary or sinu- 
soided macrophages as well as hepatocytes. Cell counting 
should therefore include a distinction as to the cell type 
being counted. 
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39.1 
PRENATAL ADMINISTMTION OF ACTH OR NICOTIME DEIAYS SEXUAL 
MATURATION EN FEMALE MTS. Annabell C. Segarra, Cheung -- 
Wang* and Fleur L. Strand, PI - New York University, Biology 
Dept., Washington Square, New York, N.Y, 10003 

Previous studies in our laboratory have indicated that 
prenatal. nicotine or ACTH administration has a negative 
effect on several male reproductive parameters. We decided 
to investigate if the reproductive system of the female 
progeny was affected also, Sprague-Dawley rats were ordered 
3 days pregnant and injected with either nicotine hydrogen 
tartrate CO.25 mg/kg) or ACTH l-24 (10 ug/kg) twice daily 
from gestation day 3-21. Onset: of puberty was delayed and 
the estrous cycle was shortened in both the nicotine and 
ACTS treated grwps. Ovarian weight was increased in the 
nicotine treated group. There are several mechanisms by 
which ACTH might delay puberty and shorten the estrous cycle. 
Various investigators have reported that ACTH decreases 
lutefnizing hormone (LH) release by inhibiting gonadotropin- 
releasing hormone (GnRH) or indirectly via elevated 
glucocorticoid levels. In contrast, nicotine may exert its 
effect by interacting directly with the hypothalamic- 
pituitary-gonadal axis or by its well known ACTH-releasing 
effect. This study was supported by a grant from the 
Council for Tobacco Research and by a MARC fellowship to 
A.C.S. 

39.3 

4-MA, A POTENT INHIBITOR OF PURIFIED HUMAN PLACENTAL 3p-HYDRO- 
XYSTEROID DEHYDROGENASE/A"-ISOMERASE. V. Luu-The*, M. 
Takahashi* and F. Labrie, MRC Group in Molecular Endocri- 
noh3y, Lava1 University Medical Center, Quebec, GlV 4G2, 
Canada, 

4-m (N,N-diethyl-4-m@thyl-3-oxo-4-aza-5u-androstan-l7~-car- 
boxamide), a compound synthetized by Merck Sharp & Dohme 
Research Laboratories, is well known as a Sa-reductase inhibi- 
$or but devoid of estrogenic and progestational activity and 
has no significant gonadotropin inhibitory potency. Recently, 
Chan et al.1 have reported that it is a potent inhibitor of 
FSH-stimulated progesterone synthesis in porcine granulosa 
cells and suggested that it may have a direct inhibitory 
action mediated by androgen receptor on the induction of 3p- 
HSD activity. Using purified enzyme, we have shown that 4-MA 
has a direct effect, in vitro, on purified human placental 
3B-HSD. It is indeed a potent inhibitor of enzymatic activity 
with a Ki of 80 nM with pregnenolone as substrate and a Ki of 
220 nM when dehydroepiandrosterone is used. Trilostane [(2a,- 
4u,5a-178)-4,5- epoxy-17-hydroxy-3-oxoandrostane-2-carbonitri- 
le), a well known inhibitor of 3b-HSD activity in rats has a 
Ki of 54 nM in our purified system, Dixon plot analysis indi- 
cates that the two inhibitors have the same active site. The 
present data indicate that in addition to its activity as in- 
hibitor of Sa-reductase activity, 4-MA may play a useful role 
by blocking 3b-HSD activity. 
Khan, W.K,, C.Y, Fong, H.H. Tiong and C.H. Tan (1987) 
Biochem. Biophys. Res, Comn. 114: 186. 

39.5 

INHIBITORY EFFECT OF DIHYDROTESTOSTERONE (DHT) ON THE GROWTH 
OF HUMAN BREAST CANCER CELLS (ZR-75-l) IN NUDE MICE. S. 
Dauvois* and P. Labrie, MRC Group in Molecular Endocrinology, 
Lava1 University Medical'Center, Quebec, GlV 4G2, Canada. 

Androgens have been used with success in the therapy of 
breast cancer, but their mechanism of action is poorly under- 
stood, For the first time, we have recently shown that DHT 
inhibits the growth of ZR-75-l cells in culture in the presen- 
ce as well as in the absence of estrogens. In the current stu- 
dy, we have studied the effect of DHT on the same cells in 
vivo in nude mice. The mice were ovariectomized (OVX) and sup- 
plemented with estradiol (E,) implants before inoculation of 
ZR-75-1 cells. After tumor development, the original implants 
of E, were removed and four groups were studied: OVX, OVX + 
E 9, OVX + DHT and OVX + Is, + DHT, E, and DHT were released 
constantly from Silastic implants of appropriate size. Tumor 
diameters were measured every 3 days. In the group of OVX 
mice, tumor volume decreased by 50% after 30 to 50 days. DHT 
accelerated the inhibition of tumor size, a 50% tumor regres- 
sion being obtained after only 15 days, With E, implants, on 
the other hand, tumor volume remained stable during the whole 
treatment period. DHT, given in association with E, caused a 
50% tumor regression after 20 days. The present data show 
that DHT is not only able to inhibit the growth of ZR-75-1 
cells as observed in vitro but that it also decreases tumor 
volume of developed tumors and blocks the effect of E,. 

39.2 
EFFECT OF 00% OF PREGNANT MARES SERUM GONADOTROPIN (PMSG) ON 
OVARIAN STEROID AND PROSTANOIO LEVELS OURING OVULATION IN PM%/ 
hCG-PRIMED IMMATURE RATS. Yasuhiko Hiquchi* and Lawrence Espey. 
Trinity University, San Antonio, TX 78284 

Pregnant maresPserum gonadotropin (PMSG) and human chorfonic 
gonadotropin [hCG) are corrmonly used in sequence to induce 
ovulation in immature rats. Low doses of PMSG are necessary 
for ovulation, but high doses inhibit the process. In the 
present study, PMSG was administered to different groups of 
B-day-old Wistar rats in graded doses of 5, 10, 20, and 40 IU, 

On day 25 of age, all rats were given 10 IU hCG, SC, to 
Skiate ovulation. Owes of 0, 5; LO, 20, and 40 IU of PMSG 
induced ovulation rates of 0, 19.9, 64.6, 30.5, and 2.5 ova/rat, 
respectively. At 0, 1, 2, 4, 8, and 12 h after hCG, ovaries 
from each PMSG group were homogenized and extracted for assay 
of progesterone (P), estradiol (El, prostaglandin E (PGE), and 
prostaglandin F (ffif). All doses of PMSG increased P during 
the first 12 h of the ovulatory process, but the lower doses 
caused the greatest increase. There was a transient increase 
in IT, followed by a sharp decline at 4 h after hCG, especially 
with the lowest dose of PM% The two lower doses of PMSG 
caused a sharp increase in both PGE and PGF by 4 h after KG, 
but the two higher doses caused very little change in the 
prostanoids during ovulation. In conclusion, the reduction 
in ovulation following high dosaae of PMSG is associated with 
a slightly lower production of-ovarian P and a substantial 
reduction in the synthesis of ovarian prostanoids. (Supported 
in part by NIH Grants HD21649 and P30-H010202), 

39*4 
ALTERED SERUM LUTEINIZING HORMONE (LH) CONCENTRATIONS IN MALE RATS 
EXPOSED TO 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD1.U.N. Piper, 
L.L. Bestervelt* and D.W. Piper* Toxicology Program, School of 
Pubtic Health and Department of Pharmacology, Medical School, The 
University of Michigan, Ann Arbor, MI 48109-2029. 

Adverse effects of TCDD reported for the mate reproductive system 
in laboratory animals include testicular hypoplasia and impaired 
spermatogenesis. Previous research in our laboratory has shown that 
administration of TCDD to male rats resulted in decreased activity 
of two microsomat cytochrome P-450 dependent enzymes in the 
testosterone biosynthetic pathway, 17-hydroxylase and 17,20-lyase. 
The decreases in the activity of these two enzymes paralleled 
decreases observed in testicular microsomal cytochrome P-450 after 
administration of TCDD. Decreases in the biosynthesis of and the 
amount of testicular heme, as well as a decrease in the serum 
concentration of testosterone have also been demonstrated after TCDD 
exposure. Since LH regulates the synthesis of heme and testosterone 
in the testis, it is important to determine the early effects of 
TCDD on serum LH concentratidns in the rat. Male Sprague-Dauley 
rats (220-240s) were given a single oral dose of TCDD (SOug/kg). 
Serum LH levels were determined by RIA on days 1,2,3 and 7 folkouing 
TCDD treatment. Serum LH concentrations were decreased to 60% of 
controls as early as day 1 and continued to be depressed on days 2 
and 3 at 50% and 60% of control values respectively. Serum LH 
(evels returned to control levels by day 7. It appears as if TCOD 
is capable of causing an early depression of serum LH levels in male 
rats. This early depression of LH may be related to the known 
subsequent decreases of hemoprotein, cytoch rome P-450-mediated 
reactions participating in testicular testosterone biosynthesis. 
(Supported by ES-02423 and ES-070621. 

39.6 
INFLUENCE OF DIETARY FAT AND CALCIUM ON GROWTH OF HUMAN 
BREAST CARCINOMAS MAINTAINED IN ATHYMIC NUDE MICE. C. Welsch, 
C. Heil$ D. O*Connor$ S. Wysonq? M. Gonzalezt and L. Sheffield 
Michigan State Univ., E. Lansing, MI 48824 

The purpose of this study was to determine whether altera- 
tions in dietary fat or calcium can influence the growth of 
human breast carcinoma xenografts in athymic nude mice. Two 
human breast carcinoma cell lines, i.e., MCF-7 (hormone respon- 
sive) and MDA-MB-231 (hormone non-responsive) were grafted S.C. 
as 2 mm' slices to mature female athymic nude mice. Commencing 
5 days after grafting, the mice were divided into 5 groups and 
fed for 8 weeks a diet containing standard levels of calcium 
(0.5%) but varying in fat content, i.e., (3)5% corn oil, (If) 
20% corn oil, (III)20% butter, (IV)19% beef tallow-l% corn oil 
and (V)l9% fish(Mendaden) oil-l% corn oil. Mean (fSD) volume 
(mm3) of the breast carcinomas (19-36 carcinomas/group) at 
termination of diet feeding for MCF-7 was II)852 f 120, (111 

1006 f 182, (III)591 f 93, (IV)589 & 102 and (V)335 f 48 and 
for MDA-MB-231 was (I)262 + 122, (II)771 & 381, (III)577 f 181, 
(IV)418 + 195 and (VI275 f 49. MCF-7 and MDA-MB-231 carcinoma 
growth was significantly (PXO.05) reduced in butter, beef 
tallow and fish oil fed mice compared to corn oil (20%) fed 
mice. In additional experiments, MCF-7 and MDA-MB-231 car- 
cinoma growth, while responding to the fat diets as described 
above, did not significantly respond to changes in levels of 
dietary calcium (1.0% vs 0.1%). (Supported by Wisconsin Milk 
Marketing Board research grant #III-17) 
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39.9 
EFTECTS OF =ID STIMUIKCfNG HMMME (TSH) ARD ADREMXORTI(XXH3PIC 
HORWNE (Am) ON THE DmHfENT OF THE EYELIDS ARD INCISOR TEEM OF 
NmNATAL RATS. 

Leo G, Pamer, Long Island JewiSh Medical Center, New Hyde Park, NY 11042 

Thyroid hormone, glucocorticoids, q ineralocorticoids, and epid8rml 
growth factor have similar 8ff8CtS in producing pr8cOCiOUS OpeniItg of the 
eyelids and eruption of th8 incisor teeth when injected intO rodentls. 
a8 mOS8 Of this Study WaS to d&e& whether the newbm rat's 
thyroid or adrenal cortex can be Stimlat8d by pituitary tropic homnes 
to pr0duc8 8 supply Of 8ndogemuS homomS t0 result in the Sm 
deV8lOpEWltar precocity. Tm, day old rats of the Sprague-Dawley strain 
were injected sc into the rrpp%r dormm of the aniraal. A dose of O,Su/gm 
b&y wt of ACTS (Parke-Davis) was given. Despite subsequ8nt gain in body 
weight, it was decided to give the initfal dosage daily over a 7 day 
period. It wan detemined that an average total of 28U of ACTH resulted 
in the eyelids opening an averge of 1.6 days and incisor bet& erupted 
1.8 days Sarli8r as compared to 1ittermatsS inj8Cted with only th8 
diluent. Up to 48U ACTH per rat over 7 days was more effective and no 
gross evidence of toxicity WBS noted. TSH, O.Olk/gm, (Thyrotropar, 
Armour ti,) givert over 7 days (average total 0.911) produced comparable 
8ff8Cts on eyelid6 and t#th. TheIS8 Studies Sw8St th& the ZMOIMtal 
rat's thyroid or adrenal cortex can be Stimulated to produce a qwN&ity 
of endogenous hormone that results in pr8cociouS d8v8lopmsnt of eyelids 
and teeth. The effects ltre similar to previously reported injecti<ms of 
(exogenous) thyroid and adrenal hormone. 

39.11 
THE ROLE OF THE RENAL SYMPATHETIC NERVOUS SYSTEM DURING 
DEVELOPMENT. Francine G. Smith* and Jean E. Robillard. 
Dept, of Pediatrics, Univ. of Iowa, Iowa City IA 52242 

-Despite growing interest in factors modulating renal 
sympathetic nerve activity in the adult, there is little 
information available on the role of the renal nerves 
during development. It was the purpose of this study to 
record renal nerve traffic in the ititure animal and 
thus provide direct evidence for a role of the renal 
nerves during the perinatal period. Chronically 
instrumented newborn lambs (aged 3-10 days, n=lO) were 
studfed. Following surgery, at least 24 h were allowed 
for recovery. 
nerve traffic 

During 
was amp1 

the experimental period, renal 
ified, filtered and recorded from 

conscious newborn animals using standard recording 
apparatus and an on-line computer. Inhibition of nerve 
traffic was achieved with the pressor agent 
norepinephrine (Levophed; iv bolus). This inhibition was 
dose dependent (O.OS-l-0 pg/kg) and proportional to the 
rise in systemic arterial pressure. Nerve traffic was 
able to be increased with 5-10 ug/kg acetyl choline 
chloride (Miochol), Our study provides the first direct 
recording of renal sympathetic nerve activity in the 
immature animal and opens a new avenue for investigating 

39.8 
POTENT INHIBITORY EFFECT OF ESTROGENS ON BREAST GROSS CYSTIC 
DISEASE FLUID PROTEIN-15 (GCDFP-15) mRNA LWELS IN ZR-75-l 
HUMAN BREAST CAXER CELLS. J. Simard*, AX. Hatton*, C. 
Labrio*, HF. Zhao*, L. Petitclerc* and F. Labris. MRC Group 
in Molecular Endocrinology, Lava1 University Medical Center, 
Quebec, Canada, GlV 4G2, 

Androgens and glucocorticoids are known to stimulate expres- 
sion of GCDFP-15 in human breast tissue. The concentration of 
this glycoprotein is correlated with androgen receptor concen- 
tration within breast tumors. Our group recently demonstrated 
the antiproliferative effect of androgens and glucocorticoids 
in the ZR-75-1 breast cancer cell line. In order to further 
characterize the hormonal control of GCDFP-15 gene expression, 
we studied the effect of a g-day incubation with 17p-estradiol 
(E,; 1nM) alone or in combination with dihydrotestosterone 
(DHT; 1nM) and/or dexamethasone (DEX; 3OOnM) on GCDFP-15 mRNA 
levels, Specific cDNA probes (kindly provided by Dr. &eigh 
Murphy and Dr. Tom Parrish) were used for dot blot hybridizat- 
ion. Treatment with E, doubled cell growth while cell number 
was decreased by-about 40%.following exposure'to DHT or DEX, 
GCDFP-15 mRNA levels in cells incubated with DEX or DHT were 
increased by 280% and 600%, respectively, Moreover, GCDFP-15 
mRNA levels measured in cells incubated with E,, E, + DEX, E, 
+ DHT or E, + DEX + DHT were measured at 15, 65, 125 and 325% 
of those of control cells, respectively. The present data 
clearly demonstrate that E,, DHT and DEX have opposite effects 
on GCDFP-15 gene expression and cell growth. 

39.10 

MATERNAL ALCOHOLISM: CORRELATION BETWEEN FETAL FUELS AND 
GROWTH RETARDATION. S.P. Singh, G.L. Pullen*, and A.K. 
Snyder*, ChScago Medlcal School and Veterans Adminfstration 
Medfcal Center, North Chlcago, IL 60064 

We have reported reduced blood glucose (BG) and hepatic 
glycogen stores in the fetuses of ethanol-fed rats. The 
present study examines growth and energy substrates of the 
term offspring of rats (EF) fed ethanol (30% of caloric in- 
take) in liqufd diet and of controls gjven isocaloric con- 
trol diet by patr-feeding (PF) or ad ISbltum (AF). Weight 
gain was reduced equally in the EF and PF mothers, but only 
the EF group differed (~(0.05) from AF controls in mean fetal 
body weight. BraIn weight was lower (p<O.OOl) ip EF fetuses 
(Mean + SEM = 195 + 2 mg) than in PF (206 2 2 mg) or AF '(209 
+ 2 mgT fetuses. EC levels were nearly 20% less in EF and PF 
Than AF dams (~(0.05) but fetal BG was decreased only in EF 
pups (p<O.O5). EF pups had an elevated (p<O.OOl) blood lac- 
tate:pyruvate (L/P) ratio (88.6 2 6.4 vs 52.9 2 3.9 in PF and 
53.0 -) 3.6 In AF fetuses). Circulating acetoacetate was re- 
duced 24% p<U.OOl) in the EF fetuses. Brafn L/P ratio was 
increased t ~(0.01) In EF fetuses (63.3 + 5*6 vs 45.9 + 6.9 in 
PF and 38.4 + 2.7 in AF fetuses, n = 30?n each groupr. Fetal 
body weight correlated positively (r = 0.4075, ptO.0001) with 
BG but inversely with lactate (r = -0.2802, p<O.OOS), and B- 
hydroxybutyrate (r = -0.2089, p<O.05)* Conclusion: Alter- 
ations in the availability of fetal fuels may play a role in 
fetal growth retardation due to maternal alcoholfsm. 

39.12 
RESPONSE OF PLASMA CORTISOL To MEAL FEEDING IN INFANT, 
JUVENILE, AND ADULT BABOONS. Douglas S. Lewis and Eveyln M. 
Jackson*. Southwest Foundation for Biomedical Research, San 
s Texas 78284 

The effect of meal feeding on plasma cortisol concen- 
trations was examined in 24 infant (lo-12 weeks old), 12 
juveniles (24 weeks old), and 12 adult (> 6 years old) 
baboons. Infant baboons were bottle-fed four times daily, 
juveniles fed chow two times daily, and adults fed chow once 
daily. In infant but not adult baboons plasma cortisol and 
ACTH significantly decreased (p < qO.05) within 30 min after 
feeding. In juvenile baboons plasma cortisol decreased 60 
min after 'feeding. The meal-associated decrease In cortisol 
was dependent upon the ingestion of food since fasting and 
presentation of either an empty or a water bottle did not 
influence plasma cortisol concentrations. The meal related 
decrease in plasma cortisol in infants was independent of 
time of day. A highly synchronized ultradian cortisal 
rhythm with periodicity of 3 hours was observed in infant 
baboons: zenith prior to feeding and the nadir at 60 min 
following feeding. These results demonstrate meal associated 
changes in plasma cortisol concentrations in infant primates 
reared with regular bottle feedings. These rhythms begin to 
disappear soon 
the adult. It 
response 
f eading 

to feeding 
schedule. 

after weaning and are completely 
is not known whether differences 

are due to age, type of 

absent in 
in cortisol 

diet, or to 
the role of the renal 
postnata 1 period. 

nerves during the critical 
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&l3 39.14 
REGIONAL,. DISTRIBUTION OF GLUCOSE UTILIZATION IN THE CYSTEINF PROTEINASES IN RAT ORGANS lNJRING PREGNANCY. 

John C. Rose*, Ruth Kleinfeld* and James F. Lenney. 
Univ. Hawaii, School of Medicine, Honolulu, HI 96822 

DEVELOPING CHICK HEART AT 31 DAYS OF INCUBATION, 
David R. Kostreva and James Wood. Med. Col. WI. 
and VA Med. Ctr., Milwaukee, WI -53295 

Glucose is known to be one of the primary 
metabolic substrates of the developing heart. 
Fourteen developing chicks at 11 days of incubation 
were administered a single bolus of 6 uCi of [14C] 
2-deoxyglucose (specific activity 55 mC/mmol) 
through the vitelline vein. After 45 minutes at 
37"C, the chick fetuses were rapidly removed from 
the eggs and frozen in -4O*C isopentane. The 
chicks were then frozen sectioned sagittally at 20 
urn and placed on glass coverslips, warmed, covered 
with film and stored in x-ray cassettes with a set 
of [14C] standards for 2 days. The autoradiographs 
were then developed and scanned using a 
computerized densitometer. The autoradiographic 
data revealed that glucose utilization -is-not 
uniform across the walls of the heart,nor from the 
base of the heart to the apex. The apex uses 
considerably less glucose than the base, and the 
right ventricle and septum uses more glucose than 
the left ventricle. However, there are some well 
defined regions of the left ventriclar wall which 
have relatively hl.gh glucose utilization. This 
study demonstrates that glucose utilization by the 
developing heart is not uniform. 

39.15 

ANALYSIS OF ENDOGENOUS NON-CONJUGATED AND ACYL STEROID CONCEN- 
TRATIONS IN THE LIPOPROTEIN FRACTIONS OF HUMAN FOLLICULAR 
FLUID, R, Roy*, A. %langer*, S. Moorjani* & S. Caron* (SPON: 
A. DUPONT), Lava1 Univ. Med. Center, Quebec GlV 4G2, Canada. 

Transport of cholesteryl esters within lipoproteins has been 
well described. Within the human follicular environment, we 
have found elevated levels of pregnenolone acyl esters which 
may also be associated with endogenous lipoproteins. To study 
the relationship between acyl and free steroids and the lipo- 
proteins present in follicular fluid (FF), 4 ml volumes of 
fresh FF were subjected to sequential ultracentrifugation, 
Fractions were collected and were then measured for choleste- 
rol and protein content. 
by SD&PAGE, 

Purity of the fractions was assessed 
1.0 ml aliquots were taken from each fraction 

from which steroids were extracted using ethanol and hexane. 
Extracts were then treated using reverse-phase liquid chroma- 
tography. Non-conjugated and ester fractions were then chro- 
meitographed on LH-20 columns (Sephadex) to isolate steroids, 
the concentrations of which were thereafter determined using 
radioitnmunoassay. In FF, we observed a low concmtration of 
very low density (VLDL) and low density (LDL,) lipoproteins, 
High 'density lipoprotein (HDL) concentrations are quite simi- 
lar to those of plasma. 77.4 f lO,l% of the pregnenolone (P) 
present in HDL fractions was esterified while 88.4 f 3.3% of P 
in the fraction containing albumin was non-conjugated. The 
preient results indicate that transport differs between free 
and acyl steroids and that acylated steroids favour a lipopro- 
tein carrier. 

ESTR0GENALTERSSTIERODB0GE~IS ACITVATGR pOLYPE~E(SAp) 
IN RABBIT CORPUS LUTBUM. m, sf C-.-l RV %@y*, m*, and RC 
m*. &qts of obstetrics $ Gynecology, of Biochemistry $ Molecular Biology, 
and of pathology, University of Chicago, Chicago, IL 60637, and of Biochemistry, 
SUNY, Buffalo, NY 14214. 

Estrndiol (E2) is believed to stimulate pragestin production in the rabbit corpus 
lnteum (CL) via induction in vivo (AJP 243:H188,1982). We tested whether expression 
of SAP (J Stw B&hem 27:731,1987) is E2-sensitive in this m&l. The CL at day 9 
ofpseudopregnancywereE2-stimulated~-stim)orE2-deprived~-depr)usingsilastic 
cap&es placed s.c. in vivo. As expected, over the 48 hr tratment period, serum 
prqestmme (the pincipal source of which is the CL) 

ClL 
E2dim 1.2 f 0.3* 2.9 iO.1 0.2~0.1 0.2 f 0.1 
s 2.9 f 0.7* 3.0 f 0.1 0.2 f 0.1 0.3 f 0.1 
mm f sem SAP n@ng protein; * = different by p < 0.05, ANGV 

dtoppedfromSO~5tol~ln@L(x~sem)inE2depributremainedelevatedin 
EZ-stim rabbits. SAP, measured by RIA on acid extits of whote homogenates of 
sekcted tissues collectad on day 11 of pseudqe8nancy, was lower in the CL from EZ- 
slim than from E2depr rabbits (p < 0.05). Conversely, Western blot oulafysis of CL 
extracts with an an&rum directed against aC-terminal region of glucose-regulated 
prokin-78 demon- higher Bevels of a small cross-mtive pro&, but lower levels 
of a large crowactive protein in B2-stim CL than in E2-depr CL. SAP levels in the 
admab, kidneys, and liver were untiected by E2, Thw data are consistent with a . func&m& r&ion&p between SAP and E2-sensitive progeti production in the rabbit 
CL. [CA27476, GMO7183, AHASS-805, AM18141]. 

The uterine response to pregnancy involves major 
structural modifications characterized by regional 
variations in cell growth, cytodifferentiation, cell 
death and cell migrations. The roles proteinases may play 
in these processes are of great interest. 

The concentrations of two lysosomal cysteine 
protefnases were measured in organs of the pregnant and 
stimulated pseudopregnant rat. Cathepsin B (M, 25,000) and 
Cathepsin J (Mr 230,000) were separated by chromatography 
on Fractogel TSK-HW55s and assayed fluorometrically using 
benzyloxycarbonyl-phe-arg-aminomethylcoumarin as substrate. 

The concentration of cathepsin B in the rat uterus 
increased 15-30-fold during pregnancy or pseudopregnancy, 
while the concentration of cathepsin J increased 3-6X. 

Significant increases in the levels of these pro- 
teinases were observed in the liver and lung during preg- 
nancy, but not in the kidney. These striking increases in 
the concentrations of these enzymes correlate in part to the 
major restructuring of the endometrium in the latter half of 
pregnancy' and to the formation of the metrial gland. 

3,9,16 
SYNERGISTIC EFFECTS OF DELTA-9-TETWROCANNABINOL, FOLLICLE- 
STIMULATING HOWONE AND EPINEPHRINE ON LACTATE SECRETION BY 
SERTOLI CELLS. S.C.Newdon*, A.'Bartke* and L.L,Murphy* (SPON: 
R. Browning) Southern Illinoie Univ., Carbondale, IL 62901 

Lactate; a product of the Sertoli cell and a preferred sub- 
strate for developing germ cells, is an excellent marker for 
Sertoli cell function. Sertolf cells contain receptors for 
both follicle-stimulating hormone (FSH) and catecholamines and 
direct effects of delta-9-tetrahydrocannabinol(THC) on Sertoli 
cell function have been reported. In the current study, the 
effects of Sertoli cell lactate secretion were investigated 
using immature rat Sertoli cells in culture.Sertoli cells were 
isolated from 18 day old Sprague-Dawley rats. After 1 week in 
culture the cell monolayera were treated with serum free media 
(Dulbecco Modified Eagles Media:Hams F-12, 1:l) containing 1mM 

MIX and 1 ug/ml of THC alone or in various combinations. 
Aliquots of the media were obtained 24 hr after initiation of 
treatment for lactate measurement. FSH and EPI are not stimu- 
latory using this protocol and THC had no effect on lactate 
production when compared to untreated controls (25.0 * 2.7 ug 
lactatelug DNA), However, FSH + 0.8 or 3.1 ug THC significant- 
ly stimulated lactate secretion (108.9 k 10.0 and 56.0 f 7.5ug 
lactate/pg DNA, respectively;p<O,Q5) as did EPI + 0.8 or 3.1 
ug THC (52.4 f 5.4 and 76.7 -t 9,2 pg lactatelug DNA, respect- 
ively; p<O,OS). These results fndfcate that THC synergizes 
with FSH and EPI to induce lactate secretion from Sertolf 
cells,but the mechanism of THC action remains unclear at this 
time. (Supported by DA 03875.) 
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VENTRAL MEDWLLARY SURFACE (VMS) INPUTS CONTRIBUTE 
TO THE ‘APPEARANCE OF MAYER WAVES. &f.A. Haxhiu*. E.c 
peal. E. VU Lunteren. and N.S. Cherniack. Case Western 
Reserve University, Cleveland, OH. 44 106 

Increased discharge from peripheral chemoreceptors may induce 
the appearance of nonrespiratory related slow regular oscillations 
in arterial blood pressure (ABP) that occur at the rate of about 
20-40 s (Mayer waves). Recently we showed that structures 
located near the VMS have profound effects on respiratory 
modulation of sympathetic activity (van Lunteren et al., Am. J. 
Physiol. 252:Rl032-R1038, 1987). In the present work we ex- 
amined the contribution of VMS inputs in production of Mayer 
waves. Experiments were performed in 18 chloralose anesthetized 
and paralyzed cats hyperventilated to phrenic neural apnea. 
Application of pledgets containing N-methyl-D-aspartic acid 
(NMDA), a synthetic excitatory amino acid, to the intermediate 
area of VMS raised ABP (32&6%, &SEM) and had variable effects 
on heart rate, Furthermore, NMDA caused instability of ABP 
manifested as “Mayer waves”. The cardiovascular effects of 
NMDA were blocked by the topical administration of lidocaine 
(2%) on the VMS. In addition, lidocaine diminished Mayer waves 
induced by an increase of peripheral chemoreceptor discharge. 
These results suggest that VMS structures may produce slow 
regular nonrespiratory related oscillations of ABP, and modulate 
the fluctuations caused by stimulation of peripheral chemo- 
receptors. Support: HL-25830, HL-0 1600, HL-38701 

40.3 
REGIONAL HEMODYNAMIC EFFECTS PRODUCED FOLLOWIEJG MEDULLARY 
VENTML SURFACE APPLICATION OF L-GLUTMC ACID IN THE CAT. 
Philip J. Gatti* and V. John Massari. Howard University 
College of Medicine, Washington, D.C, 20059. 

It is known that application of the neuroexcitant amino 
acid L-glutamfc acid to the intermediate area of the cat ven- 
trolateral medulla evokes an increase in arterial pressure. 
The aim of the present study was to determine the changes in 
regional vascular resistance which occur following the appli- 
cation of this amino acid to this site. Experiments were per- 
formed in chloralose anesthetized artificially respired cats. 
Blow flow (ml/min) was measured in the renal and femoral 
arteries using a transft time ultrasonic flowmeter. Regional 
resistance was calculated by dividing diastolic aortic pre- 
ssure by the diastolic flow in each particular vessel. Re- 
sults are expressed as percent changes in resistance from 
control. Bilateral application of L-glutamic acid (5 ~1 of a 
I M solution) produced an Mediate rise in resistance in the 
renal artery (13 + 4.6%, n=6) and a rise in femoral resistance 
(38 -+- 7.8x, n=6).- These effects lasted no more than lo-15 

min. The difference between the rise in resistance in these 
two vessels was statistically significant (p < .05, Student's 
unpaired t-test) l These data suggest that supraspinal con- 
trol of femoral resistance may be greater than renal resist- 
ance. (Supported by the American Heart Association/Nation’s 
Capital Affiliate). 

40.2 
SELECTIVE SENSITIZATION OF REFLEX BRADYCARDIA BY GLUTAMATE 
RECEPTORS IN ROSTRAL VENTROLATERAL MEDULLA OF CHLORALOSE- 
ANESTHETIZED RATS. Xin Zhang*, A-R. A. Abdel-Rahman and W. -e -m 
R. Wooles. East Carolina University School of Medicine, -- 
Greenville, NC 27858. 

Glutamate (G) microinjection caused a dose-related and 
correlated increases in sympathetic efferent discharge (SED) 
and mean arterial pressure (MAP) and decreases in heart rate 
(HR). The glutamate antagonist, glutamate diethyl ester, 
abolished all'3 effects of G suggesting involvement of -- 
specific G receptors in these effects.- Sinoaortic dener- 
vation and cardiac autonomic blockade by atropine (A) and 
propranolol (P) abolished the decrease in HR without influ- 
encing peak increases in SED and MAP evoked by G suggesting 
the bradycardia was baroreflex mediated. Further, the de- 
crease in HR was attenuated by P and was converted to a 
small but significant increase following A pretreatment 
suggesting a major involvement of the vagal component in the 
response. The decrease in HR for any given increase in MAP 
evoked by G was significantly greater than that evoked by 
phenylephrine (PE) and the baroreflex slope evoked by PE was 
significantly greater after G. These findings suggest G 
receptors in the RVL sensitize the central mediation of the 
baroreceptor HR response. This effect is G-mediated since 
equal volume of vehicle had no effect. The data also sug- 
gest the effect of G fs selective to the HR response since 
baroreflex control of SED was not influenced by G. 

MI.4 
NEUROKININ A AND NEUROKININ B-LIKE 
IMMUNOREACTIWTIES ARE PRESENTNEARTHESURFACEUF 
THE VENTRQLATERAL MEDULLA. LC. Deal. Jr*. T. Dick. A, . Thomas. N.S. Che n&. a nd M.A. Haxhiu. Case Western Reserve 
University, Clevel&d, OH. 44 106 

The present study examined the distribution of two new mammalian 
tachykinins: Neurokinin A (NKA) and Neurokinin B (NKB)-like immuno- 
reactivity in the ventral medulla of 7 normal, colchicine untreated 
cats. Findings were compared to the distribution of Substance P-like 
immunoreactivity in the same animals. Mapping of the three mammalian 
tachykinins was done between the caudal border of the corpus trape- 
zoideum and the caudal bundles of the hypoglossal root. Using a 
modified technique of Sternberger and applying polyclonal antibodies, 
SP, NKA and NKB-like immunoreactive neurons were found in the 
ventral part of medulla in close relation to the surface. These large, 
multipolar and more sparse cells were situated 2-4 mm from the mid- 
line and anterior to inferior olivary nucleus, which contained small, 
unipolar and dense tachykinin-like immunoreactive cells. Furthermore, 
SP neurons were seen in the nucleus interfascicullaris hypoglossi, pars 
ventralis. NKA and NKB-like immunoreactive cells had the same distri- 
bution as SP-like immunoreactive cells, but were slightly more 
frequent. SP, NKA and NKB-reactive fibers which extended to the 
ventral surface of medulla were also visible in caudal, as well as in 
more rostra1 levels, where no immunoreactive cells were found. These 
results suggest the possible importance of NKA and NKB, besides SP 
neurons in central control of respiration and airway tone. Support: VA 
Merit Review, HL-25830, HL-39921 

CENTRAL CARDIOVASCULAR ACTIONS OF CORTICOTROPIN- 
RELEASING FACTOR IN SAFFAN-ANESTHETIZED RATS. 
L.A. Fisher and J.M, Q ertQn Dept. of Pharmacology, College of 
Medicine, Univ. of ArizoLa, Tucson, AZ 85724 

Corticotropin-releasing factor (CRF), a 4 1 -residue neuropeptide, acts 
within the central nervous system (CNS) to produce an integrated 
pattern of endocrine, autonomic, visceral and behavioral responses in 
conscious animals. Administration of CRF into the CNS elicits 
simultaneous elevations of arterial pressure (AP) and heart rate (HR) 
coincident with marked locomotor activation. To determine whether 
CRF-induced elevations of AP and HR are secondary to locomotor 
activation, cardiovascular responses to intracerebroventricular (icv) 
administration of CRF were compared in unrestrained, chronically 
instrumented rats receiving continuous intravenous (iv) infusions of 
saline or the anesthetic agent, Saffan (Glaxovet). Saline infusion (10 
pl/min) did not alter resting AP or HR. In saline-infused rats, 
treatment with CRF (0.15 nmol) elicited immediate (within 5 min) and 
sustained (at least 60 min) elevations of HR (80- 100 bpm) and AP (15- 
20 mm Hg) accompanied by gross locomotor activation, i.e., exploratory 
behavior, burrowing, grooming and chewing. Saffan infusion (120 
pg/min) reduced resting AP (5-10 mm Hg), increased resting HR (lo-20 
bpm) and induced torpor. In Saffan-infused rats, CRF treatment 
elevated HR (60-100 bpm), but had variable effects on AP (increases, 
decreases and biphasic changes) and did not alter behavior. These 
results suggest that CRF-induced tachycardia is not secondary to 
behavioral or locomotor activation. 
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12 day-long PF of OON to DMNL Iaasbeen ShaJn to cause 
sumtic andrmtalmlic respmses idimtive of poorer coping by 
tDJ+F. WBanl~male~~~leyratsreceivedDMNL. One 
OON grmp was fed ad libitm (mADLIB), amtbr CON graup 
was PF to DMNL (OON-PF) for 6 post-ap (POP) I&. DMEJlrvs. 
oQN-pIDLIBmmhyp@mgic andhadrducdbodyulfeight (EN and 
lineargrmthbutnoml ward carcass fat&ee Index). 
Hmever, C1ON-PFweigM less EhanDMNLandODN-ADLIB though- 
out6wks. Lineargrmthwas reduced in~PFvsDMF&at6 
viks but not at 3 wks mP. Carcass fatwas reduced in OON-w 
vs DMNL andvs OON-ADLIB. Absoluteweight of liver, kidnqs, 
epididml fatm (PADS) adsplmwaslmr inWPFvs 
DMM, (both grrxlpshad mllerorgans thanooN-ADLI& %&es, 
-1s andbrain~~carlxlrable~OO~PFarmdDMNtbut 
mdler inbothgsaupsvs aN-ADLIB. Organ grmtWmebbolic 
size of Ever, ms and kidneys-s cwrable in DMNL an3 
OON-PFwhereas testes andbrainwereheavierad spleen 
lighter inooN-PFvs DMNL rats. E3dmim of tlx PF tim 
mgerates the poorer response of OON-PF vs DMNL ad ccmfims 
past findbsthat l~rf~~takeardEIWrtlaybe%o~l" 
fort& DBQ&rak Su~rtdbyVAadBaylorfunds, 

41.1 

ALPHA-ADRENERGIC AGONIST PROPERTIES OF RING 2- AND 64UORI- 
NATED ANALOGS OF EPINEPHRINE. Dennis R. Feller, Adeboye 
Ade.iare*. Urusa Intrasuksri*. Yanamee Shin* and Kenneth L. . k k" toll Ph The Ohio State Univ Columbus, OH 
&: and NiDD$%l: Bethesda, MD 20892:' 

The effects of 2-fluoro- and 6-fluoroepine hrine [Z-FE 
and 61FE, respectively] and (-)-epinephrine (E P were examined 
in rat thoracic aorta and human platelets as representative 
alpha - 

A 
and alpha 

3 
-adrenoceptor systems. The comparative 

rank rder potent es, EC D 
3 

's for the compounds as agonists 
of human platelet primar wave aggre ation and rat aorta 
contraction were E (0.53 upI) = 6-FE 9 0.55 uM) > Z-FE (3.35 uM) 
and E (0.13 vM) 2 6-FE (0.31 uM) > 2-FE (0.69 uM), respec- 
tively. Aggregation responses to these agents were blocked 
by yohimbine and phentolamine, but not by prarosin. The 
potencies of E and 6-FE, and rank orders of potency for these 
compounds were the same in the two systems, Z-Fluoro rin 
substitution of E, as in 2-FE, gave significant (P < 0.05 B 
decreases of 6.1- and 2.2-fold in agonist potency as compared 
to 6-FE. Thus, fluorine atom ring substitution of E at the 
2-position, but not at the 6-position, confers a negative 
effect on the biological activity of the parent drug in 
alpha - 

4 
and alpha 

subst tuent effec ? 
eadrenoceptor systems. These fluorine 
s with E are similar to those previously 

reported with norepinephrine on a-adrenoreceptors (J, Med. 
Chem. 22: 1493, 1979) - [Supported.in part by NIH GM 293581. 

41.3 

RELEASE OFcATEcHOIAMINEs F'ROMPERFUSEDRATADRENAL 
GIANDSANDSLICESz EFFECTSOFCHRONICHYPOGLYCEMIC 

* * sTREss. P.R.~CEg&I!# .DA ~ONARO *Am 
~+LJIALV.WNTVERSI'TYOF0%IFORNIA,DAWS CA 95616 

Long term stress is known to produce a wide variety of biochemkai 
dlangtswithin the nmnmalh adrenal medulIa, induding changes in the amount 
of epinephrjne released by a standard dose of amtylcholjne. The present study 
was-de&d to investigate the morphology of ad&al chrom&celk in ra& 
subjected to chronic hyp@yc&a induced by long a&g insulin, andtoassess 
this morphology in terms of ass&ate-d changes in catechdamine content and 
release.~Surg&llyidad,perfudadrend&ds andadrenalslice 
prepartions were ut&ed to character& the functional release of 
cate&olami= from &e rat adrenal medulla. Retreatment with long acting 
~~resurtedinaselectivedepletionofep~ephrinestoresanda~tylcholine- 
mediated epinephrk release, but did not apw to significantly alter either the 
levels or the release of norepkphrine. The bkhemicaI effects of long acting 
insulin persisted for scvaal days -after termination of the treatment, exiibit& 
a gradual recowq over a perid of approximatdy 5 days. Electron miCrOSU@C 
examination of the adrenal medulIa revealed a progwkve degranulation and 
vacuolization of numerous dlromaf% cells followed 
towardthemorpW=of control cells The results 

maybe partiaUy~ccousUd for by-&nges krringat 
medulla itself, independent of both the antral nervous 
sympathetic neuroris itmewatingthe adrenaIghd 

tile level of 
system and 
- 

the adrenal 
*the 

41.2 
SYNTHESIS lgMD AIXFJIERGIC PROPERTIES OF 2- AND 6- 
-FLUORUEPINEPHRINE AND 2,5- &ND 2 6-DIFLUORO- 
M~n~INEPHRINl$. C. R. Crevelsna, k. Gusovglky*, G. 
m 

, A. Adelarn. L. Kllr)r*, and J. W. Ualy. 
9 Bethesda iYL Zc)8YZ 

The synthesis of 2-, 5- and 6-fluoro- 
norepinephrines (FNEI was reported in 1979 and led 
to the u'nex ected observatioh that, depending-upon 
the site o fp 
s acificit 

ring fluorination, the adrenergic 
P Y 

of nore 
a tered. n brief !  

inephrine (NE) was marked1 
he adrenergic activity of 

was changed so that Z-FNE was a relative1 
B E 

B-adrener ic a onist and 6-FNE redominan 1 
agonist w&l, ?-FNE retained bo!h the a- f,r!!i"c 
a rener 

8 
ic 

reporte 
activity of NE. Most recently we*have 

the synthesis and adrenergic 
Z- and 6-fluoroepine hrines 
subsitution of E on !  

(2-FE, 6-F@OPeH:::!i:: 
he Z- and 6-carbon of the 

aromatic ring alters the selectivity of E towards 
a- and 8-adrener ic 
with NE. Unlike f 

receptors, in the manner seen 
he FNEs however. fluorine 

substitution of E also markedly increases potency 
at either a- or B-adrener ic 
fundamental mechanismlsl if 

receptors. The 
or the observed effects 

of ring-fluorination tin'the biolo ical pro erties 
of these adrenergic a onists is s ill not B B 
understood. In an ef B ort to illucidate the 

ully 

mechanism for the "fluorine effect" we have 

Ii 
repared the 2 5- 
E. 

and 2,6-difluoroderivatives of 
The affinity of 2,6-diFNE (Ki = 0.75cLprI vs 

~;~~~~~ne) for a, -adrenoce tors is similar to the 
h 

observed for Z- FNB 
than 6- E (Ki = 0.012 M). 

0 73pM) rather 
carbon aDDears to neua b! 

4 &=fluorlne on the 2 
e the induction of u- 

seIectiv"lty of fluorrne on carbon 6. 

41.4 
MECHANISMS OF DOPAMINE REGULATION IN THE STRIATUM: CATABOLISM 
AND NEW SYNTHESIS VERSUS REUPTAKE AND RE-RELEASE. John W. 
~~'~~~0t"r~~~De~~~a,o,'H~~~:~1., McGill Univ., 3655 m 

In condikions of minimu; stress, electrIcalstimulation 
of the nigrostriatal, dopaminergic fibers does not cause an 
increase in the synthesis and Aletabolism of dopamine (DA). 
In conditions of normal stress, however, synthesis and 
metabolism of DA are increased by electrical stimulation. 
Infusion of TTX (3.0~10~' M, 1.5 ~1, 1.0 ~1 min-'1 into the 

medial forebrain bundle, causes a marked increase in the 
synthesis and metabolism of striatal DA. Therefore, 
paradoxically, under conditions in which DA release is 
jncreased, DA synthesis and metabolism are not increased, and 
under conditions in which DA release is reduced (TTX), the 
synthesis and metabolfsm of DA are increased. It is concluded 
that under physiological conditions, the principal mechanism 
of DA conservation fs by reuptake and re-release. The 
synthesis and metabolism of DA seem to be increased under a 
wide variety of conditions, many of which may not be related 
to functional neurotransmission. Therefore, it follows that 
DOPAC and HVA are products of intracellular DA metabolism, 
and are not indicative of functional dopaminergic neuro- 
transmission. High concentrations of intracellular monoamines 
may, however, affect neuronal function. However, the 
mechanSsms of these postulated intraneuronal effects are not 
at present understood. 
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41.5 

$tE EFFECTS (X CHLORIIX ION ON TI-E ACCUMLLATION OF 
H-DOPAMINE BY SYNAPTIC VESICLES PURIFIED FROM RAJ 

STRIATUM. Norman Weiner, Jeffrey K. Disbrow-‘, Ellen M. Barnes 
and Joseph M. Masserano. Department of Pharmacology, University 
of Colorado F-le8lth Science Center, Denver, CO 80262. 

The effects of Cl- ion on the transport of 3H-&pamine ?H-DA) 
iJlto synaptic vesicles purified from rat striatum has been evaluated. 

H-DA uptake was abolished in synaptic vesicles incubated in vitro 
with reserpine (7 nM) and in vesicle preparations obtained from rats 
pretreated with resepine (5 mg/kg, i.p., 18 hr). The inclusi? of 10 
mM Cl-ion in the incubation medium produced an increase in H-DA 
;fccumulation fmm 1.8 nmol/mg to 3.7 nmol/mg. Kinetic analysis of 

H-DA uptake at 1.5 min indicated t_hat uptake was satrated at 5 PM 
in the present and absence of Cl ian. Uptake of H-DA in the 
presence and absence of Cl- ion was temperature sensitive, ATP 
dependent and was decreased by drqs that inhibit ATPase activity, 
quercetin (50 PM), DCCD (50 MM), and WW (200 PM) or by drug that 
disrupt the electrochemical proton grdient, FCCP (1pM). 
Compounds which influence Cl- ion permeability across biological 
membranes were 
accumulation of 

glso examined for their effect on the steady-&ate 
H-DA. SCN- ion (10 mM>, SITS (100 PM) and 

duramycin (2 w/m9 selectively inhibited (90%) the stimulatory 
effect of Cl- ion on H-DA uptake. 3CN-ion (40 mM), SlTS (500 PM) 
and duramycin (10 w/ml) inhibited I-I-DA uptake in the absence of 
Cl* ion. These data support a role of Cl- ion as a regulator of the 
transmembrane electrochemical proton gradient of rat striatal 
vesicles. Supported by U5PHS grants NSO9199 and NS07927. 

41 l 7 

EFFECTS OF CARBlDOPA ON THE PERiPHERAL AND CEREBRAL METABOLISM OF 

6-[18F]-L-FLUORODOPA IN RODENTS. l W.P.bga . A. l w . M, 
l l Per11 ’ l (SPON: R. Pechnick). Division of 

Nuclear Medicine, UCLA School of Medicine. Los Angeles,CA 90024 
S-i1 6F)-L-fluorodopa (FD) is a probe used for the in vivo assessment of 

presynaptic dopaminergic function with positron emission tomography(PET). In 
this work we have characterized the kinetics and metabolism of FD in the 
presence of carbidopa, a peripheral aromatic aminoacid decarboxylase 
inhibitor. Sprague-Dawley rats (275-325 g) were pretreated with CD (5 
mg/kg s,c.) 60 min prior to an FD injection (800 PCilkg) via jugular cannulae. 
Plasma samples were obtained at 3, 10 and 30 min after the FD injection. The 
animals were sacrificed by decapitation at 30 min; the striatum was remov8d 
and prepared for HPLC analysis (C-18 reverse phase column, 80% 0.1 M 
Na2HP04, 2.6 mM OSA, O.imM EDTA; 20°h MeOH, pH 3.3); the FD metaborites 
were identified by comparison with authentic standards. CD pretreatment 
increased the plasma levels of FD byl50%, and 3-0-methylfluorodopa 
(30MFD) by 350%; striatal levels of FD were unchanged, but 30MFD increased 
400% and fluorodopamine (FDA) increased 500%. CD inhibited peripheral 
metabolism of FD to FDA, fluorohomovanillic acid (FHVA), and their 
corresponding sulfates. In contrast,significant amounts of sulfoconjugated FDA 
and FHVA were detected in plasma (10% of total) and striatum (20% of total) 
from animals without CD pretreatment, Thus, the total radioactivity arterial 
input function obtained with CD can be resolved into FD (3 min, 80%; 10 
min,6f% and 30 min, 23% of totar)and 30MFD (3 min,20%; 10 min, 38%; and 
30 min, 74% of total) components for tracer kinetic modeling of PET studies. 
Supported by DOE contract DE-AC03-78-SF0012, NIMH grant ROl-MH- 
37916-02, NIH grant ROl -NS-20667-06,and PO1 -NS-15654. 

4L9 

ALPHA2-ADRENERGIC REGULATION OF PLASMA 

CATECHOlAMlNES IN GLllWCUKTlC0lD HYPERTWSl0N 
l m  .  adv . Irwin J. Koprn and Qayld & 

NIH, Bethesda MD 20892 

Alpha-2 adrenoceptor regulation of sympathoadrenomedullary 
function was assessed during glucocorticoid-induced 
hypertension in conscious, unrestrained Wistar-Kyoto rats. 
Cortisol administered for seven days using a subcutaneous 
resevoir pump produced hypertension, decreased body weight 
and suppressed sympathoadrenomedullary activity as indicated 
by plasma norepinephrine (NE) and epinephrine (E). Systemic 
iv administration of the alpha-2 adrenoceptor antagonist, 
yohimbine, increased plasma levels of NE and of 
dihydroxyphenylglycol (DHPG), the main intraneuronal 
metabolite of NE. Cortisol treatment abolished these responses 
to yohimbine. Systemic Iv administration of clonidine, an 
agonist at alpha-2 adrenoceptors, decreased plasma NE, and 
cortisol treatment did not affect the proportionate decrease in 
plasma NE after clonidine. Cortisol treatment also did not affect 
Inhibitory effects of clonidine on the reflexive catecholamlne 
responses to nitroprusside-induced hypotension. The results 
suggest that hypercortisolemia Indirectly interferes with the 
function of central neural alpha-2 adrenoceptors regutating 
sympathoneural outflow. 

41.6 
NICOTINIC RECEPTOR REGULATION OF r3H1NOREPINEPHRINE UPTAKE 
IN CULTURED BOVINE ADRENAL MEDULLARY-CELLS. 
W.B. Hunter*. =t3Ei%.N. D. Del Paaaio* and J.L. Burnside* 
?atil) The-Ohio State University, Columbus, OH‘ 43210. 

Cultured bovine adrenal medullary (BAM) cells possess a 
high affinity catecholamine transport system which is similar 
to the3Uptake 
that [ H]nore b 

system of sym athetic neurons, We have found 
inephrine (f H NE) 5 uptake in cultured BAM cells 

is inhibited by nicotine. These studies were designed to in- 
vestigate the mechanisms responsible.for nicotine? inhibi- 
tory actions on adrenal catecholamine uptgke. Nicotine caused 
a concentration-dependent inhibition of [ HjNE uptake in BAM 
cells which paralleled nicotine's effects on release. Hexa- 
methonium prevented nicotine's action on release and anta- 
gonized nicotine's action on uptake. Reserpine pretreatment 
(72 hr) or omission of calcium did not prevent nicotine's 
inhibitory effects on uptake, but did reduce or inhiQit cate- 
cholamine release. Depolarizing concentrations of3K a,lso 
produced a concentration-dependent inhibition of [ HjNE up- 
take which paralleled the effects of K on release. Other 
secretagogujs (e.g., histamine, veratridine,'barium) also 
inhibited [ H]NE uptake in BAM cells. These results suggest 
that the high affinjty catecholamine uptake system of cul- 
tured BAM cells (and, possibly, of sympathetic neurons) may 
be regulated by processes involved with stimulus-secretion 
coupling which are independent of release. (PHS NS24814). 

41.8 

CARDIOVASCULU RESPONSES TO CENTRAL ADMINISTRATION OF 
EPINEPHRINE 'CEPI) AND NORHPINEPHRINE (NE) IN THREE STRAINS 
OF RATS Yang Zhapand Raymond F. Orzechowski, Phila. 
College of Pharmacy & Science, Philadelphia, PA 19104 

Systemic arterial blood pressure and pulse rate were 
measured in conscious unrestrained rats prior to and up to 
2 hours after intracerebroventricular (ICV) administration 
of EPI or NE, 20ug total dose in a volume of 1 ul. 
Normotensive Sprague-Dawley and Wistar-Kyoto rats, and the 
hypertensive SHR strain were studied. Catecholamines were 
delivered into the right lateral ventricle, via an 
indwelling 30 ga. stainless steel cannula, at 3 different 
rates: 20ug dose given in 10, 40, or 160 sec. Blood 
pressure and pulse rate were obtained from a chronically 
implanted aortic cannula; analog pressure signals were 
monitored on a Grass Model 7D polygraph and digitized for 
storage/data analysis on an IBM PC-XT computer. NE 
produced greater pressor responses than EPT in all three 
strains of rats. EPI typically elicited biphasic pressure 
changes (immediate increase followed by longer lasting 
decrease). Slower rates of EPI infusion (40 OZ: 160 set) 
resulted in more pronounced secondary hypotension; khen 
injection time was 10 set, little or no depressor response 
was noted. Our data illustrate the variation in cardio- 
vascular responses to centrally-infused EPI and NE when 
the same tdtal dose is given at different infusaon rates. 

41.10 
DIFFERENTIAL EFFECTS m NOREPINEPMRINE ON PHOSPHO- 
INaITa, TURNOVER IN Tl-iZ BRAINS OT, LONG SLEEP (LS) AND 
SHORT SLEEP (SS) MICE. Eric A. Weiner=, Thorn= A. Frenchr and 
Joseph M. Masserano. Department of Pharmacology, University- 
Colorado Health Sci ence Center, Dover, CO 80262. 

We have previously reported th& the ethanol-induced sleep times 
of the LS mice decreased and those of the SS mice increased 
following tb intraventricular injectim of norepinephrine (W (3. 
Pherm. Ejcp. Ther. 221: 404, 1982). Thase mice were selectively bred 
for differences in CNS sensitivity to ethanol withLS mice exhibiting 
much greater sendtivity to hypnotic doses of ethanol than SS mice. 
fn the present study, the effects of NE on phosphoinositol (PO 
turnover were evaluated in five brain regions of the LS and SS mice. 
PI twno’ver was measured by tf” method of gerridge et aI (Biochem. 
J. 212: 473, 1983) utilizing H-inositol. H-PI turnover in non- 
stimulated tissues was simificantly hi#er in the SS mice as 
compared to the LS mice in the locus ceruleus (22%], hypothalamus 
@Z%), eerebellLtm (470/g), hiFocampls (56%) andAcortex (233%). 
Likewise, the stimulation of I-WI turnover by 10 M F\E was aiSo 
sigificantly hi&er in the SS mice as compared to the LS mice in the 
locus cerulells (38%), cerebellun (LOWI), hippocampm (83%) and 
cortex (130%), but not in the hypothalamus (4%). Preliminary studies 
indicate th 
stimulated 

3 80 mM ethanol has no effect on either basti or w- 
H-PI turnover in the hypothalamus and cerebellun of LS 

and SS mice. Additional studies are in progress to evaluate the 
effects of &hanoi on NE-stimulated PI tmnover, Supported by 
-PHS grant AAO3427. 
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PHARMACOLOGICAL AND BIOCHEMICAL EFFECTS OF SZL49, AN ALPHA-l 
ADRENOCEPTa PROBE. John W, Kusiak*, Josef Pitha*, and Michael 
T. Piascfk. (WON: Stephen P. Baker]. “Macromolec. Chem., NIH, 
NIA, Baltcmore, MD 21224 and &pt. Pharmacol., Univ. Kentucky, 
College of Medicine, Lexington, KY So536 

1-I -Amino-6,7-dimethoxy-2-quinazolinylj-4-(2-bicyclo- 
t s 2.2. octa-2,5-diene-2-carbonyl)piperazine (SZL49) was used 
to characterize alpha-l adrenoceptors in rat tissues. In 
bindin 

7 
studies, SZL49 exhibited high affinity For brain cor- 

tical SC) 3H-Prazosin binding sites and irreversibly blocked 
-50% of these sites. It had no irreversible effect on 
3H-Dihydroalprenolol or 3H-Yohimbine binding and blocked only 
-15% of 3H-Spiperone binding su 

7 
gesting specificity at alpha-l 

sites. In comparing SZL49 
(CEC) (1W5Mj 

(lo- M) and chloroethylclonidine 

f 
alpha-l and alpha-2 selective), both irrever- 

sibly blocked 251-HEAT binding in 6C membranes about 30% in 
high ionic strength buffer, but in 1OmM HEPES, pH 7.4, CEC 
(lo-6M) blocked &O% and SZl49 (10-7M) about 36% of receptors. 
In either buffer, [-)Norepinephrine [NOR) was able to prevent 
cwnpletely the irreversible blockade of CEC. (-)NOR and 
[-)Epinephrine had little effect on the SZL49 blockade. In 
functional studies, SZL49 preincubated with aortic rings 
right shifted the phenylephrine (PE) d se-contractile response 
after a 1.5 and 4 hr washout. 

ra 
low &;1 a plateau in the 

response was noted. At high a maximal response was 
obtained. SZL49 may be a useful alpha-l subtype selective 
ligand. 

42.3 42.4 

ALPHQ ADRHNOCEPTORS IN MEH WTH SYMPTWTIC AND ASYMPTOMATIC 
BENIGN PROSTATIC HYPERPLASIA (BPH). Herbert Leper*, and 
Daniel I, Gup** (SPON: K.A. Hruska). Washington University 
School of Medicine, St, Louis, MO 63110. 

ALPHA2-ADRENOCEPTOR BLOCKADE BLUNTS THE HYPERGLYCEMIC RESPONSE TO AN OYL 
GLUCOSE CHALLENGE IN NORMAL RATS. J. Paul Hieble, Anthony C. Sulpfzio , 
Charles Sauermelch* and Robin Goldstefn*. Smith Kline & French Laboratories, 
Philadelphia, PA, 19101. 

There is increasing clinical evidence that infravesical ob- 
struction in men with BPH is relieved by alpha1 adrenergic an- 
tagonists. The role of alphal adrenoceptors in the develop- 
ment of bladder outlet obstruction has not been studied pre- 
viously. Prostate adenoma specimens were obtained from 9 men 
with asymptomatic BPH undergoing cystoprostatectomy, 11 men 
with symptomatic BPH undergoing open prostatectoq and 12 men 
with symptomatic BPH undergoing transurethral resection of the 
prostate (TURF% A quantitative symptom score analysis and 
urinary flow rate determination documented the absence of 
bladder outlet obstruction in men undergoing cystoprostatec- 
tomy and confirmed the presence of bladder outlet obstruction 
in men undergoing prostatectomy. Saturation experiments using 
125I-Heat were used to determine alpha1 adrenoceptor density 
(B-x) and the bi di n ng affinity of 1251~Heat (Kd) in the above 
mentioned prostates. The mean Kd of I25I-Heat in TURP, open 
prostatectomy and cystoprostatectomy specimens were 95 PM, 72 
pM, and 79 PM, respectively. The mean Bmax of alpha1 adreno- 
ceptors in TURP, open prostatectomy and cystoprostatectomy 
specimens were ,17 fmol/mg wet w-t, .30 fmol/mg wet wt, and .lg 
fmol/mg wet wt, respectively. The development of infravesical 
obstruction in men with 
tion or altered binding 
the prostate adenoma. 

BPH is not associated with up-regula- 
affinity of alpha1 adrenoceptors in 

42.5 

YOHIMBINE ENHANCES 
NOCICEPTIVE REFLEXES. 

SPINAL BUT NOT SUPRASPINAL 

M. Bansinath, K. Ramabadran, H, Turndorf and 
M. M. Puig, Dept Anesthesiology, NYU Medical 
Center, 550 First Avenue, New York, NY 10016. 

The tail flick response represents a 
monosynaptic spinal reflex, while th8 jumping 
response in hot plate test iS a pOlySynaptiC 
reflex involving higher centers. In the present 
study, the ef feet8 of Yohimbine (Y: 1, 3 and 10 
q g/kg s.c.) were evaluated on nocfeptive reaCtiOnS 
in the tail immersion (water bath 50°C, cut off 15 
set) and hot plate ( 60°C, cut off 60 set) tests. 
Drug and test naive mice (SW 20-25 G, lo-lb/group) 
were used. The post-drug (30 min) reaction latency 
was expressed as 8 of control latency. Y 
significantly lowered the tail flick latency 
(F 3.57 = 14.3, p < 0.0001). The post-drug 
latencies were: 09 + 7, 57 + 0, 34 t 6 and 27 + 3 
for control, 1, 3 and 10 mgfig of Y, respectively. 
When compared to controls, all the doses of Y 
siginificantly (p < 0.05) lowered the reaction 
latency. On the contrary, Y did not affect the 
jump latency in hot plate test. The results 
demonstrate that adrenergic alpha-2 receptors 
influence the spinal but not supraspinal 
nociceptive reaction. 

CHANGES IN VASCULARMl -RECEPTOR RESERVE IN PACING- 
INDUCED HEART FAILURE. Christine Forster and Paul Armstronq* 
University of Toronto, Toronto, Ontario, M5B IW8. 

The dorsal pedal artery (a) and saphenous vein (v) show 
increased responsiveness to & 1-agonists from dogs with 
pacing-induced heart failure (HF). Accordingly we determined 
the A 

d 
-receptor reserve (RR) using fractional inactivation 

in a an v from 4 dogs before and at HF. Concentration-effect 
curves to phenylephrine (PE) were constructed in the absence 
and presence of phenoxybenzamine (concentration causing a 
reduction in PE maximum by 25-30%). Individual EC50’s CUM), 
dissociation constants (KAxM), % receptors occupied to give 
50% response (%) and RR were determined. Results were expres- 
sed as jl with 95% confidence limits or *em where appropriate 
and are shown in the table for a and v. *I+.05 before vs at HE 

Before HF (n=7 rings) At HF (n=8 rings) 

EC50 4.6(2.:7.6) 3.0(2.:4.2) 1.9(1.?-2.6)* 1.5(1.: 1.6)* 

kA 
14 (9-24) 22 (15-34) 9 (5-12) 48 (29-81) 
22.4k4.2 17.4&3,8 7.3+1.4* 5.62 2.7* 

RR 7.5d.6 13.4&l .2 40.0&9.8* 37.5+10.8* 
These results show that at HF there was 1) a significant reduc- 
tion in EC o,2) a decrease in % occupancy and 3) an increase 
in RR in 33 0th a and v. Thus, at HF, there was an increased 
vascular sensitivity to PE associated with increased RR 
suggesting that the peripheral vascular contractility is 
enhanced. 

Glucose stimulated fnsulin release from the pancreatfc islet cell fs known 
to be enhanced by a?pha2-adrenoceptor blockade. An oral glucose challenge (2 
g/kg) produced an increase in plasma glucose from a basal concentration of 
102 + 6 mg/dl to a peak concentration of 195 + 10 mg/dl in fasted (18 hr) 
male Sprague-Dawley rats, with the peak concentration occurring 30-60 min 
post dosing. Signfficant hyperglycemia was sustained for 120 min following 
dosjng. Peak glucose concentrations were not significantly attenuated by tol- 
butamide ( 50 mg/kg, PO, adminfstered concurrently with the glucose)(178 + 8 
mg/dl), how v e er, plasma glucose was depressed by tolbutamide 60-240 mfn fol- 
lowing glucose challenge (120 2 10 and 92 + 5 mg/dl fn control and tolbuta- 
mide groups , respectively, at 240 min). Qrazosjn, a selective alphal-adreno- 
ceptor antagonjst, (3 mg/kg, PO) had no effect on the glucose levels during 
or subsequent to the glucose challenge (peak response = 193 + 6 mg/dl), In 
contrast, the alpha2-adrenoceptor antagonists, rauwolscine (5 mg/kg, PO) and 
SK&F 86466 (15 mg/kg, PO) sfgnfficantly attenuated peak plasma glucose con; 
centrations (168 + 10 and 139 + 12 mg/dl, respectively), but did not affect 
plasma glucose 120-240 mfn followjng the glucose challenge. SK&F 86466 was 
most effective in this regard, probably because of the rapid oral absorption 
of thts agent. These studies show that SK&F 86466 blunts the peak hypergly- 
cemic response to an oral glucose challenge in rats, Since sfmllar effects 
have been reported with other alphapadrenoceptor antagonfsts in normal and 
diabetic animals as well as in diabetjc patients, this type of agent may be 
useful in maintaining normal plasma glucose concentratfons in non-insulfn 
dependent dfabetics. 

EFFECTS OF DIETARY LIPIDS ON a2-ADRENOCEPTOR FUNCTION IN THE 
RAT VAS DEFERENS. Peggie J. Hollingsworth*, Wafter R. Dixon 
and Charles B. Smith, Dept. of Pharmacol., Univ. Michigan, 
Ann Arbor, MI 48109 and Dept. of Pharmacol. and Toxicol., 
School of Pharmacy, Univ. Kansas, Lawrence, KS 66045. 

Previous studies indicated that feeding rats with a diet 
enriched in saturated fat results in a subsensitivity of a2- 
adrenoceptors, on adrenergic neurons in rat tail arteries 
whereas a diet enriched in unsaturated fat results in a super- 
sensitivity of these receptors. In the present study, the 
effect of a dfet containing 16% (w/w) of either coconut oil 
(saturated fat) or sunflower oil (unsaturated fat) upon a~- 
adrenoceptor function was assessed with the isolated, elect- 
rically stimulated rat vas deferens. The EC50 for clonidine 
for vasa deferentia from control rats (fed standard Purina 
Rodent Chow) was 11.7 m~O.6 (n=4), The EC5O’s for clonidine 
were 8.7 nM ~0~8 (100% inhibition, n=3) and 10.5 nM tl.6 
(93.6 k3.7% inhibition, n=4) for vasa deferentia from rats 
fed a sunflower oil or a coconut oil diet, respectively. In 
the presence of idazoxan, 10r7 M, the ECSO’s for clonidfne in 
the two groups were 14.9 uM 20.9 (n=13) and 20,l nM is.7 In=4), 
respectively. The present study shows that, unlike cr2-adren- 
oceptors on adrenergic neurons in the rat tail artery, CIZ- 
adrenoceptors on adrenergic neurons in the vas deferens are 
not altered by either diets high in saturated or in unsat- 
urated fats. 
(Supported by MDA grants DA 03504 and DA 025438) 
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(+I-AJ 76. A SELECTIVE ANTAGONIST OF DOPAMINE AWTORE- 
\ - I  -~- -  - ,  

CEPTORS. M.F,Piercey, J,T.Lum*, and W.E.Hoffmann*. The 
UDiohn Company, Kalamazoo, MI 49001 

'-Svensson'et-il. report &at (+)-AJ 76 and (+&UH 232 increase 
locomotor acGity and dopamine (DA) metaboiism (Naunyn-Schmei- 
deberg 334~234, 1986). We describe here 1) the antagonism of DA 
autoreceptor stimulation in substantia nigra pars compacta (SNPC), 
and 2) the use of 2-deoxyglucose (2-DC) autoradiography to map the 
neuroanatomical distribution of (+)-AJ 76 effects. DA neurons of 
chloral hydrate rats were depressed by stimulation of autoreceptors 
with 100 ug/kg apomorphine (APO). (+)-AJ 76 and (+)- Ul-l, 232 
reversed APO effects with EDSO's of 4802233 and 1032 53 q/kg, 
respectively. The greater potency for (+)-WI 232 as an autorecep- 
tor antagonist contrasts with its weaker stimulant effects (Svensson 
et al., ibid) suggesting that (+)-AJ 76 may be a specific antagonist 
for autoreceptors. Using a standard Z-DC protocol (Sokoloff et +., 
J. Neurochem. 28:897, 19771, 15 mg/kg i.v, (+)- AJ 76 injected 5 mm 
prior to 2-X increased glucose metabolism in SNPC, VTA, globus 
pallidus, and n. accum bens, sites stimulated by DA agonists and 
depressed by DA antagonists. Locus coeruleus metabolism was also 
increased. Like dopamine postsynaptic antagonists, (+)-A3 76 stim u- 
lated the lateral habenula. It is concluded that (+I-AJ 76 is a 
selective autoreceptor antagonist. 

42.8 
DA7 DOPAMINE RECEPTORS AND AtPHAz-ADRENOCEPTORS IN THE CANINE 
STELLATE GANGLION, Y Satoh** JD-Kohli, LI Goldberg. Clinical 
Pharmacoloqy, UnivermChwhicago, IL 60637 

42.9 
INTERACTION BETWEEN PREJUNCTIONAL PURINOCEPTORS AND 
ADRENOCEPTORS IN REGULATION OF NOREPINEPHRINE RELEASE IN 

RAT CAUDAL ARTERIES. 
K. Shinozuka*, R.A. Bjur* and D,P, Westfall. Dept. of 
Pharmacology, University of Nevada School of Medicine, 
Reno, NV, 89557. 

The present experiments were performed to determine 
the influence of purinergic agonists on the inhibition of 
the release of norepinephrine (NE) produced by adrenergic 
agonists and also whether adrenergic agonists influence 
the inhibitory action of. purinergic agonists. Rat caudal 
arteries were subjected, in vitro, to electrical field -- 
stimulation with 0.5 msec pulses for 3 min at 1 Hz. 
Endogenous NE was quantified by HPLC-electrochemical 
de tecti on techni ques 

co ncent rat ion of 0.1 uM 
Z-Chloroad enosi ne at a 

did not a ffect NE -rele ase but 
markedly potentiated the inhibitory action of clonidine 
(1 uM) on the release of NE. On the other hand, 
clonidine at 0.01 uM did not alter NE-release 
significantly, but potentiated the inhibition of NE- 
release by 2-chloroadenosine (10 uM), These results 
suggested that there is a potentiative interaction 
between prejunctional adrenoceptors and prejunctional 
purinoceptors in the regulation of norepinephrine- 
release. (Supported by NIH grant HL38126). 

42.11 

EFFECT OF CHRONIC NOREPINEPHRlNE(NE) ADMINISTRATION 
ON NEUROTRANSMISSION IN THE ISOLATED PERFUSED RAT 
KIDNEY, D.C. Eikenburg and P, Glass*, Dept. of Pharmacology, Univ. 
of Houston, Houston, TX 77204-5515 

Chronic epinephrine administration to rats produces prejunctional alpha- 
adrenoceptor desensitization and a 2-fold increase in stimulus-induced 
neurotransmitter overflow in the kidney (JPET 244,1 l- 18, 1988). The 
present study examines the effects of chronic NE treatment on sympathetic 
neurotransmission in the rat kidney. Male rats were treated for 6 days with 
NE (IOOccg(kg/hr, SC). On day six, animals were anesthetized, the right 
kidney isolated and perfused with Krebs solution at 37’, 6 mllmin. 
Stimulus-induced (lHz, 90 V, Imsec, 2 tin) overflow of endogenous 
neurotrtinsmitter was measured in the presence of cocaine (low) and 
corticosterone (40w) using HPLC-EC. Plasma NE concentrations in the 
NE treated group during surgery on day 6 were approximately 33 nM. NE 
treatment increased NE content of the kidney from 525.ti19.7 pmol/g to 
6 11.5k42.1 pmoI/g(pcO.O5). Absolute stimulus-inducti overflow of NE 
from the kidney was increased by NE treatment from 10.2fl.O pmol,/g to 
14.5f 1 1 1 pmol/g(pcO.O5). This increase was not simply due to the 
increased NE content of treated kidneys as fractional overflow was also 
increased (C: 1.7Ozt0.14%; NE: 2. lm. 11%)@<0.05). Phentolamine (lo- 
9- IO-5M) produced dose-dependent increases in stimulus-induced overflow 
in both groups. However, the dose-response curve in the NE treated 
group was shifted slightly to the right. In conclusion, chronic NE 
treatment resulted in an increase in both absolute and fractional stimulus- 
induced overflow of neurotransmitter from the isolated perfused rat kidney 
which apears to be due to a decrease in prejunctional alpha-adrenoceptor 
function. (Supported by AHA and NIH HL38767) 

Receptors mediating the inhibitory effects of norepineph- 
rine (NE) and dopamine (DA) on ganglionic.transmission were 
studied. Cardioaccelerator nerves were electrically stimu- 
lated pre- or post-ganglionically in anesthetized open-chest 
dogs. Drugs were injected i.v., or into the arterial supply of 
the stellate ganglion i.a., monitoring heart rate for neuronal 
activity. UK-14,304 (UK), an alpha2 agonist, NE, phenyleph- 
rine (PE), a selective alpha1 agonist, dipropyl DA (DPDA), a 
preferential DA2 agonist, DA, and fenoldopam (FE), a selective 
DA1 agonist, i-a, inhibited ganglionic transmission. The 
potency order was UK>>NE>PE for the alpha agonists and DPDAP 
DA>>FE for the DA receptor agonists. The composite potency 
order was UK>NE>DPDA>DA>PE>FE. 
do-6 moles. 

ED5D's ranged from 1.5x10-9 to 
SCtI 23390, a DA1 antagonist, and domperidone, a 

DA2 antagonist, (both 10 pg/kg i.v,) had no effect, but rau- 
wolscine, an alpha2 antagonist (300 pg/kg i.v.) markedly aug- 
mented the preganglionic frequency response curve. I.A, rau- 
wolscine (20, 60, 200 pg) facilitated preganglionic, with sig- 
nificantly less effect on postganglionic, stimulation. SCH 
23390 had no effect on DA or NE while domperidone antagonized 
DA but had no effect on NE. Rauwolscine antagonized NE at 60 
and 200 pg i.a. but DA only at 200 ug. These results support 
the presence of DA2 and alpha2-adrenoceptors in the canine 
stellate ganglion and suggest alpha2-adrenoceptors may be more 
important physiologically, NIH grant GM-22220. 

42.10 
EFFECT OF S-11701 ON ADRENERGIC NEUROEFFECTOR INTERACTION IN 
ISOLATED CANINE SAPHENOUS VEINS. H.-Y. &JOE. R.R. Lorenz* 
and P.M. Vanhoutte, Department of Physiology and Biophysics, 
Mayo Clinic, Rochester, MN 55905, U.S.A. 

The effect of s-11701 [ (morpholinyl-2)methoxy]-8 
tetrahydro-1,2,3,4 qufnoleine] on adrenergic neuroeffector 
interaction was investigated in isolated canine saphenous 
veins. Tissues were incubated with 3H-norepinephrine (3H- 
NE) for one hour fn the absence or presence of S-11701, The 
content of 3H-NE and its metabolites was determined after 
the incubation. S-11701 caused a concentration-dependent 
inhibition of the accumulation of 3H-NE and its metabolites, 
except for 3-methoxy-4-hydroxy-mandelic acid (VW). Helical 
strips of canine saphenous veins were tncubated with 3H-NE 
for two hours and then suspended for isometric tension 
recording and the measurement of the overflow of labeled 
transmitier and its metabolites. Under basal conditions S- 
11701 significantly increased the basal efflux of 3H-NE and 
its metabolites (except for VMA) without affecting resting 
tension. During electrical stimulation, S-11701 increased 
the contractile response and the overflow of 3H-NE and 3,4- 
dihydroxyphenylglycol (DOPEG). The present experiments 
indicate that in the canine saphenous vein: (a) S-11701 
causes a concentration-dependent inhibition of neuronal 
uptake; (b) S-11701.enters the adrenergic nerve terminals 
and displaces 3H-NE from its storage sites. 

CARDIOVASCULAR AND TACHYPHYLACTIC EFFECTS OF PHENYLPROPANOL- 
AMINE IN BEAGLE DOGS. Sydney Ellis and James A. Vick*, 
FDA, Division of Drug Biology. Washington, DC 20204, 

Blood pressure effects of i.v. phenylpropanolamine 
(PPA) yielded dose-response curves which are steep, but the 
responses to PPA injected i.a. into the femoral artery 
autoperfused with a roller pump produced very flat curves. 
Norepinephrine (NE), however, produced steep dose-response 
curves by both routes of administration. An additional 
contrast between central and peripheral cardiovascular 
effects is that PPA was found to potentiate i.v. 
administered NE b,ut did not potentiate responses to i.a. NE 
in the perfused femoral bed, Marked changes in cardiac 
contractile force and nasal volume occurred at mfnimal 
pressor doses of PPA and showed sharp dose-response 
effects. Prazosin severely Inhibited the pressor-response 
to PPA without modifying the increase in cardiac 
contractile force. TachyphylaxIs was demonstrable only 
after large sSngle doses of PPA and was greater and more 
complete in the cardiac than in the pressor responses. 
After the pressor response to a large tachyphylactic PPA 
dose dissipated, potentiated responses to NE as well as to 
tyramlne and isoproterenol persisted for several hours. 
During this period the pressor response to bflateral 
occlusion of the carotid arteries was reduced. 
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42.13 
QUANTITATION OF BIOGENIC AMINES AND METABOLITES IN 
NEONATAL CSF BY HPLC AND MULTIELECTRODE 

Pharmacol. 

Quantitation of chemicals in neonatal CSF has 
been hampered by small sample volumes and by the 
chemical diversity of the various neurochemicals, 
precursors and metabolites. The Neurochemical 
Analyzer (ESA, Inc., Bedford, MA) combines 
gradient elution HPLC with a 16-electrode 
coulometric electrochemical detector to permit the 
quantitation of a large number of 
elctrochemically-active compounds from a small 
sample (50 uL) with little or no sample 
preparation. A high degree of analytical specif- 
icity is derived from the HPLC separation and by 
setting each electrode of the detector to a 
specific oxidation potential (0 to 900 mv in 60 
mv increments). This method enables the quanti- 
fication of femptomole amounts of precursors, 
products and metabolites of biogenic amines. The 
technique has been employed for the analysis of 
CSF specimens to establish profiles for biogenic 
amines and other electrochemically active 
compounds as a function of age and disease. 
(Supp. by Eastern Virginia Medical Foundation). 

42.14 
INTRAVENOUS IUTODRINE THERAPY AND PLATELET ACTIVATION. 
A. A. Saleh*, K. G. Fahey*, A. M. Farag*, E. F. Mammen* 
and S. F. Bottoms* (SPON: M. A. Marrazzi). Pontiac 
General Hospital, Pontiac, Michigan 48053 

F&cent reports link platelet activating factor (PAF) to 
the onset of preterm labor. Reports measuring the unique 
platelet activation markers, platelet factor 4 (PF4) and 
6 thromboglobulin (BTG) I in preterm labor are lacking. 
We measured PF4 and BTG by RIA in six patients with pre- 
term labor before and after ritodrine (which is a 62 ad- 
renergic agent used to inhibit labor). The levels were 
compared with those of six matched pregnant controls not 
in labor as shown below. Student and paired (t) tests 
were used and ~~0.01 was considered statistically signif- 
icant. 

BEFORE AFTER 
RfTODRlNE RITODRINE CONTROL 

PF4 rig/ml 90 A 40 36 k 36 8f7 
f3TG ng/mf 160 + 43 90 k 61 45 f 34 

PJ?4 and BTG 1 evels before ritodrine were significantly high- 
er than after ritodrine (p<O.Ol) as well as control levels 
(p<O .OOlJ l The after ritodrine levels were not statistic- 
ally different from controls. Platelet activation takes 
place in preterm labor and is inhibited by ritodrine 
therapy. 

42.15 
SPECTRAL ANALYSIS OF MONOPHASIC AND BIPMASIC RENAL 
SWPATHETIC NERVE ACTIVITY IN THE RAT. D. R. Brown, D. C. 
Randall, and J. D. Yinqling*. Dspts. Biomed. Engin. and 
Physiology 6r Biophysics, Univ. of KY, Lexington, KY 40536, 

Monophasic and biphasic r8COrdingS of renal sympathetic 
nerve activity in urethane anesthetized rats (n-6) were 
digitized at 10,000 Hz and their spectral content analyzed 
using a Fast Fourier Transform (FFT), The power spectrum of 
the biphasic signals was roughly normally distributed with 
a center frequency of 200 Hz and decay to zero at 25 and 350 
Hz with no ‘tDCft offset. The upper limit of the power spectrum 
of the monophasic signal was similar to the biphasic 
signal, but there was no apparent decay to zero at the lower 
limit. Biphasic and monophasic recording techniques were 
modelled by sumrmtng randomly distributed, zero mean sine 
waves (biphasic) and positive mean sine waves (manophasic) 
with a frequency of 200 Hz. The power spectrum of the 
theoretical signals was determined using an FFT and found to 
closely approximate the exPerimentally measured biphasic and 
monophasic sympathetic neme traffic. We find empirical and 
theoretical evidence of a smaller spectral band width for 
biphasic recordings of sympathetic activity compared with 
monophasic recordings, and we find sympathetic spectral 
activities at higher frequencies than usually reported. The 
spectra of biphasic and monophasic pecordings of sympathetic 
activity can be explained by a summation of neural impulses 
with similak frequencies. (Supported by NIH Grant HL 19343) 
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43.1 
ATYPICAL M-ADRI!WOC%PToR MEDIATE8 PRENYLEPHRINE- 
IWOUCED MYDRIIISIS. gohn A. Hev. Tseaaai 
Gherezgbiher and Midhael C. KQSS. Univ. of Okla. 
Hlth. Sci. Ctr., Oklahoma City, OK 73190 

Mydriasis and nictitating membrane W) 
contractions elicited by pharmacological activation 
of dnh&-adrenoceptors h viva were produced by a 
constant infusion of -adrenoceptor 
agonist 

the aumQ 
phenylephrine, in anaesthetized cats. 

Phenylephrine was given at a constant rate (150 
kwmin, Lv.). Steady-state mydriasis and NM 
contraction responses were attained about 20 
minutes after starting the phenylephrine infusion. 
Following plateau-level pupillary and NM responses, 
administration of the alDbl-adrenoceptor 
antagonist prazosin (.Ol-1.0 mg/kg, 1.~) produced 
a dose-dependent blockade of the NM contraction 
without altering phenylephrine-induced mydriasis. 
In contrast, 
antagonist 

treatment with the al&$-adrenoceptor 
WB-4101 (0.1-1.0 mg/kg, i.v.) or 

pretreatment with phenoxybenzamine (3.0 mg/kg, i.v) 
blocked both the NM and pupillary responses. These 
results suggest that b vivo mydriatic response to 
phenylephrine is mediated by an atypical alpha- 
adrenoceptor that cannot be readily classified as 
an BlDha - or -adrenoceptor. 
Research i 

m 
B 

(Supported by 
o Prevent lindness and NSF) 

RESPONSES OF EQUINE, PORCINE AND FELINE IRlDES TO 
CHOLINERGIC DRUGS. Ropat N. Patil and Joyce P. Griffiths*. The 
Ohio State Universh, Columbus, Ohio 43210. 

Dose-response cuks were constructed for the isometric 
contraction of excised irides, suspended in a tissue bsth with 
carbachol (CARB) or pilocarpine (PLO). Histamine (HIS) was 
tested in equine iris strips,and dissociation binding constants 
(K8) for atropine (ATR) were determined in porcine and equine 
irides. 

I I 
-log M EDSO % max contraction* 

SPECIES -I MRBfDSO ?A Plt.0 
(mean) (mean) 

(* CqREM~OiIH) 
m I 

l-lorse n=4 6.86 n=4 5.39 67 
Pig n=9 6.66 n=6 5.65 so 
Cat n=3 6.75 n=3 5.48 61 

The -log M EDSOs for CARB and PltO were similar across species. 
PILO was a partial a 
corn 

8 
ound structural y related to PILO was a partial agonist; it P 

onist in all three species. Histamine, a 

pro uced 56% of maximum contraction in the equine iris (-log 
M ED50 5.79). KB of atropine (ATR) against CARB in porcine iris 
(1 .I3 x 10-g M) was similar to the K8 for ATR against PILO in 
equine iris strips ( 1.19 x 10-g M), and the curves enerated were 
consistent with competitive antagonism. lrides 3 rom horse, cat 
and pig reacted similarly to these cholinergic drugs. 



As8 OCULAR PHARMA~LOGY MONDAY PM 

WULAR -TIaL T, Gherewhihev ti M.C. Koss. Dean m 
EyeInstitute, OkldnTm city, OK 73104 

~eissubs~~ev~toindi~~~tp~~g~- 
dins (K's) asellasmnPG subsWsmdiateacuteelev- 
ati0nsof intre pessure (IOP) tieto laserirr&atiOn 
ofttaeiris,Inthepre~ts~,~determined~~~l 
laser~~~s~~prducethemximlriseinIoPin 
~~zedrabbits.P~~~atio~ofpi~~r~it 
iris m&anacuterise in IOP thatwas at1eastllHrnHg 
higherinttaeexperimentaleyewhenoanpElredtothe~n~l 
eye. The onset of -iOn mcurredwithinl5minandr~ 
mkedelevatedforatleast9Omin.Thrise inIOPwas ace 
arrpanied&miosisandan -se in aqueous pmtein corlcen- 
tration, mis krypertensive *se was follmed by a delayed 
hyptony at 24 burs that lasted for at least 4 days. I* 
mthacin we-mt (O.Ol-3Qq/Rg, ip) p&a a dose * 
ardent block of the acuti rise and th delayed fall in IOP, as 
kfellastk hcreaseinaqxouspmtein cmcmtration. Simila- 
rly, topical tipfen (0.03-0.3%) and aspirin suppository 
(600~~) preva~&d the laser id&rise in IOP.These retits 

supprt thewntention tittiis*wgulation jnduced 
ocularhypertensioninpirpnentedrtiiti&dbeusedasa 
wtialanimal mdelofocularhflmfb&ionto screw 
~~steriodal~titilamnati~ageylts (SumMinpartby 
&sexch ti Prevat Blindness). 

43.4 
IiETINOID ANTAGONISM OF FUZTINOL EFFECTS ON RETINAL PIGF+!ENTED 
EPITH$LIUH RNA SYNTHESIS. J.D. Gabourel, J.M.B. Bradley: T.S. 
Acott. Oregon Health Sciences University, Portland, OR 97201 

The effects of retinol and several other retinoids on 
RNA synthesis by cultured human retinal pigmented epithelium 
(RPE) was investigated. Retinol, complexed to serum retinol 
binding protein (R-SRBP), stimulated RNA synthesis when added 
to the cultures. At a retinol concentration of 1.0 pg/ml the 
average rate of 3H-uridine 2 s.e.m. incorporation was 142 f 
5.6% of control. The stimulation was concentration dependent 
over the range 0.25 - 1.5 pg/ml. Stimulation of RNA synthe- 
sis was seen with native R-SRBP as isolated from pooled human 
serum and with R-SRBP reconstituted by addition of retinol to 
apo-SRBP in vitro. Other retinoids complexed with apo-SRBP in 
vitro failed to stimulate RNA synthesis in this system. Free 
retinol and retinoids, complexed with serum albumin in the 
culture medium, also failed to stimulate RNA synthesis. Most 
of the retinoids when complexed with serum albumin selectively 
antagonized the R-SR3P induced RNA synthesis suggesting that 
they interfere with retinol action or transport rather than 
directly inhibiting RNA synthesis. The order of potency for 
this selective effect roughly parallels the incidence of 
ocular toxicity (night blindness and/or excessive glare sensi- 
tivity) reported when these retinoids are used clinically to 
treat various dermatological disorders. 

Supported by a grant from Hoffman-LaRoche Inc. 
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- OF READING VISION BY FISH DIET 
Richard F. Tislow, M,D. Philadelphia State Hospital, 
Philadelphia, PA 19103 

This is a progress report of the effect of cold water 
fish in improving the reading (macular) vision of the 
author. 

I observed blurring of visual acuity in June 1986 and 
the chart of examination at the Scheie Xnstitute of the 
Univ l of Penn., recorded on 7-8-86, some RPE in the macula 
of both eyes, and confirmed it on 7.21-86. 

Starting in the summer of 1986 1 started eating flounder 
caught and flash frozen irk the cold waters of the North 
Atlantic, for its beneficial effects on tile Cardiovascular 
system, 1 noticed that my vision improved but did not 
connect it wit.h the fish diet (3 - 4 oz. per meal about 
3x/weekly). Durinh the winter of 1987 1 neglected the 
fish diet and in February and March noticed a worsening 
of my reading vision, eg. difficultihs in reading the book 
seLtion of the N.Y. Times. With some excitement I. resumed 
the fish diet and within I week 1 was able to read the 
N.Y, Times; also after 6 weeks 1 was able to read small 
numbers stamped onto small tablets. Recent examination 
by an opthalmologist gave easy and clear reading of Jaeger 
print #I, This personal experience is communicated because 
of the importance of vision, in the aging population. 

44.1 

INCREASED PERMEABILITY FOLLOWING INTRAVASCULAR PARAQUAT IS 
POTENTIATED l&Y LACK OF INTEPAL CALCIUM II ISOLATED RAT LUNG. 
J.W. Barnard , W.A. Womack , S.M. Smith , and A.E. Taylor, 
Dept of Physiol,, Univ of South Alabama, Mobile, AL 36688 

Paraquat (PQ) causes pulmonary injury including increased 
permeability and edema formation. We examined the effects of 
O.OlM paraquat on the capillary filtration coefficient (K 
ml/min/cmH O/lOOg) and on lung wet:dry weight ratio. fpf6 
isolated i it lungs perfused with 5% human serum albumin and 
2,SmM Ca in Krebs buffer, neither the Kf c nor wet:dry 
weight changed, In lungs perfused with Krebs buffer omitting 
calcium, both K and the wet:dry weight were elevated, 
When the slow f&lcium channel was blocked with 2OOpM 
nifedipine, K and wet:dry weight both rose. 

fdjisELINE DATA +2.5 HOUR DATA 
Kf,c 

2,5mM Ca*/O.OlM PQ 
W:D Kf,c W:D 

mean 0.48 7.87 0.51 8.11 
kSE3i *0*09 0.63 0.07 0.54 

No added Ca /O.OlM PQ 
mean 0.45 6.80 2.14 8.44 

HEM 0.07 
Ca*/O.OlM 

1.39 1.11 0.71 
2.5mM PQ/ZOOpM Nlfedipine 

mean 0.41 8.73 0.76 9.34 
fSEM 0.09 1.67 0.13 1.99 

We conclude that intracellular calcium plays a protective 
role in the etiology of paraquat-induced lung in-jury. 
Supported by NIH HL22549, 

LEUKOCYTE MEDIATION OF PROTAMINE MICROJASCULAR DAMAGE &N DOG 
LUNGS, J.C. Parker, &.A. Hernandez , T. Shibamoto , P. 
Cokex , and B. Buchanan . Dept. of Physiology, University of 
South Alabama, Mobile, AL 36688 

Protamfne sulfate (PR) can cause iFcreased capillary 
permeability to fluid and proteins. To determine the 
contribution of polymorphonuclear leukocytes to microvascular 
damage, two groups of dog left lower lobes were constant 
pressure perfused with either 5% albumin ig Kreb's solution 
(ALB; n-5) or the same perfusate with 10' autologous dog 
white cells added (PMN; n-4). Lobe wefght, perfusate flow 
and vascular pressures were monitored to calculate capillary 
filtration coefficient (Kfc) and 
vascular resistance 

In ml/min/cmH20/100g, 
(Rt) in cmH O/l/min/l00g. Sequential 

doses of PR of 100, 1000, 3000,26000, and 10,000 mg were 
adminfstered. The following data were obtained (*=p<.O5 vs. 
0; **=p<.O5 vs. ALB). 
PR Dose (mg) 2 6000 -. 

ALB &LB PHN 
Kfc . lKO8 .192.15 .5-.18* 2.04+1.11** 
Rt 7.724.1 8.1k4.1 12.2;2.3* 75.8?39.6** 
These data indicate PR activated the PMN's which in turn 
augmented the increased Rt and vascular permeability in lung 
capillaries. Supported by HL24571. 
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44.3 
EFFECT OF HYPEROXIA AND HYPOXIA ON PARAQUAT-INDUCED IWCREASES 
IN PULMONARY VASCuLqp PERMEABIL;KTY. T, Shibamoto , L.A. 
Hernandez , A. Moise , K. Peevy A.E. Taylor, and J.C. 
Univmh Alabama, Mobile, AL 36688. Parker. 

Paraquat (PQ) is believed to induce lung damage by oxidant 
injury. The effects of hyperoxia (PvO2 400-500 mmHg) and 
hypoxia (PvO2 30-50 mmHg) on PQ-induced vascular damage were 
studied in isolated blood-perfused dog lungs. Vascular 
permeability was assessed using the filtration coefficient 
(Kf) and fsogravimetric capillary pressure @CA) l $n 

nonventilated l-ygs Kf was fncreased at PQ doses of IO- M 
(n=6) and 4x10 M (n-5) at 3 hr and 5 hr, respectively. 
Lungs were also treated with 4x10-3M PQ and exposed to 
hyperoxia (Hyper+PQ, n-5) and hypoxia (Hypo+PQ, n=5) using 
95% 02/5X CO2 and 95% N2/5% CO , respectively, for 5 hr. The 
group data are summarized in t e a table. 

Group 
Kf(ml/min/cmH20/100g) 
BL 3hr Shr 

Pc,i(cmH20) 
- 3hr BL 

Con rol .13*.05 .14?.03 
5M 

.18+.02# 9e520.9 8.621.5 
10- 
~x~O-~M 

,11~,02 ,602:,26* .47i.O8* 9.920.7 7.4?1.6* 
.122.01 .20*.09 .422,15* 9e220.7 7.922.5 

Hyper+PQ .lS?.OZ .52~.28*# 1.862,13*# 9.121.1 6.921.0* 
Hypo+PQ .lSt.O2 .24?.08 ,90$.49* 9e3'0.7 8.920.9 
*p<O.O5 from baseline. #p<O.O5 from 4x10- M. Mean 2 SD. 
We conclude that PQ caused a dose related fncrease in 
pulmonary vascular permeability which was accelerated bY 
hyperoxia but not prevented by hypoxia. Supported by NIH 
HL24571 and HL24459. 

4.5 
EFFECT OF VASCULAR AND ALVEO'LAR PRESSURES ON PERIALVEOLAR 
INTERSTITIAL PRESSURES IN ISOLATED DOG LUNG. M. Glucksberpr 
and J. Bhattacharva. St. LukeIs-Roosevelt Hospital Center 
and Departments of Physiology and Medicine Columbia College 
of Physicians and Surgeons, New York, NY, 10019. 

Lung perialvedlar liquid clearance may depend on the 
interstitial pressure gradient from alveolar junctions 
(Pjct) to microvessel adventitia (Padv). We reported that 
the gradient falls with lung expansion (Fed. Proc. 44: 1911 
1985). To determine the effect of vascular pressure, in 
each of 4 excised lobes of dog lungs we filled the 
vasculature with Microfil to abolish filtration. Then by 
micropuncture, in each lobe we measured Pjct and Padv at 
different of vascular (Pvas) and alveolar pressures. The 
data are shown as cmHz0 above pleural pressure (mea&SD). 

Alveolar Pressure: 7 15 
pvas 

5 
p ct 

d -. 2.8 
Padv 

-2.Fb.2 
p ct 

3 
Padv 

-3. f.5 -3,5k.4 
15 - .7&:.7 -3.3+,2 -3.4-t-.7 -4.72.8 

Increase of vascular pressure always increased the 
Pjct-Padv gradient. The gradient increased from 1.6kO.8 to 
2.6f0.8 cmH20 at low alveolar pressure (P<O.O5), and from 
0.2f0.2 to 1.2f0.3 cmH20 at high alveolar pressure (P<O.Ol). 
Therefore high vascular pressure prevented the gradient from 
being abolished during lung expansion. We speculate that 
when vascular pressure increases, an fnterstftial mechanism 
for edema prevention operates by widening the Pjct-Padv 
gradient for improved perfalveolar liquid clearance. 
(Support: HL36024, HL01696, HL07652 and AHA860681), 

M.7 

INJURY OF ISOLATED RAT LUNGS BY PHORBOL MYRISTATE ACETATE 
(PMA)-ACTIVATED HUMAN MONONUCLEAR CELLS. M.L. Perry*and A,E. 
Taylor, Dept. of Physiolbgy, 

Isolated rat lungs were perjused with 5% human serum 

University of South Alabama, 

albumin in Krebs buffer and 3x10 isolated human mononuclear 
cells (MN) (recirculating volume - 30 ml). 

Mobile, AL, 

Lung weight (LW, 
8) and vascular pressures were continually monitored. 
Predicted pulmonary capillary pressure (P cmH 0) was 
used to estimate hydrostatfc pressure c&frf& wh?le the 
capillary filtration coefficient (K 
was used as an index of permeability. f&-p~;;~:~;c;g~;; 
then challenged with either 5pg PMA in dimethylsulfoxide 
(DMSO) (n-7) or DMSO (n=4). Both substances were added to 
the perfusate. DMSO-treated lungs showed no change 90 
minutes after challenge versus control, while all measured 
parameters were increased 90 minutes following PMA (mean 2 
SE; *:p<O.O5 versus control): 

K 
f 

LW 
Contro "90 min ControP1Pc98 min Control 90 min 

DMSO 0.33 0.33 5.9 5.7 1.8~0.2 2.2tO.3 
20.03 AO.04 x0.2 20.2 

PMA 0.38 1.00* 6.1 56.9* 2.220*2 3.520.7* 
to.08 TO.28 20.3 i25.6 

We conclude from these results that PMA-stimulated MN are 
capable of producing an acute lung injury, Supported by NIH 
HL22549. 

44.4 
HIGH PEAK AIRWAY PRESSURES INCREASE MICBOVASCULAR PERM&- 
ABILIm JN ADULT QBBIT LUNGS. K. Adkfns , L. Hernandez , 
A. Eloise , K. Peevy , B. Buchanan, and J.C. Parker, Depts. of 
Physiology and Pediatrics, University of South Alabama, 
Mobile, AL. 

To determine the effect of intermittent positive pressure 
ventilation (IPPV) with high peak airway pressure (Paw> on 
microvascular permeability in tsolated rabbit lungs, groups 
of closed-chest adult rabbits were subjected to 1 hour of 
IPPV at peak P 's of either 15 (n=5), 30 (n=5>, or 55 (n=5) 
CmH 0. 

P 
The an?!!ls were then exsanguinated; the lungs were 

exe sed and perfused with a mixture of blood and 5% albumin 
in Kreb's solution using constant flow perfusion at 37*C. 
Microvascular permeability was evaluated using the capillary 
filtration coefficient (K ) in ml/min/cmH20/100g. Vascular 
resistance (I$) in cmH O&/min/lOOg and pre/post-capfllary 
resistance ratios CR 3R 1 were calculated from vascular 
pressures, flow anda &uble occlusion pressures. The 
following data were obtained: 
Peak Paw 
7 cm AL 

% 
0,0113?.0023 0.0117+.0015 

R /R 1.22k.15 1.432.17 
.0200+*00~9” 

2.47t.53 
*asi&ificant difference from 15 cmH 0 group (peO.05). 
These data indicate that IPPV w th high P $ increases 
pulmonary microvascular permeability probably azwa result of 
overdistentfon. Supported by NIH HL24571. 

144.6 
HYALURONAN DETERMINES EXTRAVASCULAR WATER CONTENT IN RAB3IT 
LUNG. Bhattacharva. S.*, T, Crux. B, Anderson Bray and 
J. Bhattacharva. St. Luke's-Roosevelt Hosp. Ctr. and Depts. 
Physiol. & Med., 
York, N.Y. 10019. 

Columbia College of Phys. & Surg., New 

We have investigated the effect of reducing lung 
h aluronan content on extravascular lung water in unanes- 
t K etized rabbits. In 8 pairs of rabbits we gave 
hyaluronidase (Bovine Testicular, Sigma) intravenously at 
750 units/[K 
volume of sa f 

mmin] over two hours to one animal and an equal 
ine (-1% body weight) to the other. In each 

rabbit, we estimated extravascular water content in one lung 
by the wet-dry method. We analyzed the other lung for 
hyaluronan content by our reported methods (Fed. Proc. 
45~283, 1986). Lung hyaluronan of hyaluronidase treated 
rabbits (73434 u / dry) was 40% lower than that of controls 
(122&50 ug/ 

f 
dry !f$ P<.Ol). Nine other pairs received similar 

doses of sa ine or hyaluronidase, followed by volume 
expansion with intravenous saline amounting in volume to 24% 
of body weight given over two hours. The table shows 
extravascular lung water content (mea&SD g/g dry). 

Condition 
Baseline 
Volume Expansion 

Saline 
4.1k.4 
4.3k.5 

Hyaluronidase 
3.5k.4 

6.3k2.5 

In hyaluronidase treated rabbits, extravascular lung water 
was 14.6% lower than control at baseline (P<.Ol), but 47% 
higher than control after volume expansion (P<,Ol). We 
interpret that in lung, hyaluronan content determines the 
extravascular water content, possibly by direct water 
binding, as also by an effect on the microvascular barrier 
(Supported by HL36024, AHA860681). 

EFFECTS OF IV SALINE INFUSION ON FETAL LUNG LIQUID 
SECRETION. T,A. Davis*, G. Gause*. M. ter Riet*. H. Kuck*, 

Suggestions were made previously from this laboratory that in 

A,M, Perks and S, Cassin, Dept. 

anesthetized, exteriorized fetal goats, the lungs may play a role 
in regulating fetal body fluid volume and electrolytes. 

of Physiology, College. of 

Since 

Medicine, Univ. of Florida, Gainesville, FL 32610. 

fetal lungs are responsible for the secretion of large amounts of 
lung liquid (ILL; 200-400 ml/day), variations in body fluid volume 
or osmolarity may be reflected in the rate of LL secretion. To 
test this hypothesis further, chronically catheterized fetal sheep 
(131-142 days gestation) were infused intravenously with isotonic 
saline at 4 different rates. After 1 hr of mixing, LL secretion 
rates were measured for 1 control hr, 2 hrs during infusion, and 
1 hr after infusion. Infusion rates of 0.076 ml/min were 
followed by significant increases in secretion rate after infusion 
in 3 out of 5 expmts. Higher infusion rates (0.76 mI/min (N=S), 
1.0 ml/min (N=1) and 1.25 ml/min @=I)) produced no significant 
changes during the 2 hrs of infusion. However, at 0.76 ml/min 
there was a significant decrease in secretion rate in the hr 
after infusion had ceased (hrs 1, 2, 3 (4-35 k 0.60, 5.08 k 0.98 
and 4.48 f 0.56 ml/hr.kg respectively) vs hr 4 (2.47 f 0.16 
ml/hr.kg). This suggests that saline infusions may have some 
influence on LL secretion rate, but that the effects are less 
clear and consistent than in the acute goat. The disparity 
between these and earlier studies may be due to a) species 
variation, b) use of the anesthetic chloralose, or c) the state of 
hydration of mother and fetus. (Supported in part by NIH HL10834) 
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44.9 

EFFECT OF ALSUMIti CONCENTRATION ON HYDRAULIC CONDUCTIVITY OF 
PULMONARY INTERSTITIUM. N. L. Rochester*. S. J. Lai-Fook and 
t. V. Brow*‘. Biomedical Enqineering Center, University of 
Kentucky, Lexington, KY 40506. - 

To study the.inters$itial conductivity of rabbit lungs (Fed. 
Proc. 46:330, 1987), we inflated degassed lungs with silicon 
rubber through the airways and vessels at 15 cm H20 pressure. 
We sliced the lung into 1 cm thick slabs and bonded two 
reservoirs to opposite ends of the slab enclosing a vessel, 
1-3 mm d'iam. We filled the reservoirs with normal saline and 
applied a driving pressure of 15-25 cmH20 across the inter- 
stitium surrounding the vessel, The flow rate of the 
following solutions was measured in sequence: saline, a 3, 8 
or 15% albumin solution, 0.02% hyaluronidase solution and 
albumin solution, Albumin-to-saline flow ratios averaged 
1.00 + 0,23 (SD), 1.63 + 0,68 and 1.54 j-O.36 for the 3, 8 and 
15% albumin solutions, respectively. Despite an increased 
fluid viscosity, flow increased with albumin concentration. 
Hyaluranidase increased flow 27-fold (2 24, n=21). After 
hyaluronidase, albumin-to-saline flow ratios decreased; thus, 
flow of albumin became more viscosity dependent. Hyaluronan 
was responsible for the increase in interstitial conductivity 
with protein concentration, This might be attributed to a 
reduced excluded volume by hyal uronan to flow of albumin. 
(Supported by HL 40362). 

44.11 

INHIBITORY EFFECT OF CALCITONIN GENE-RELATED 
PEPTIDE (CGRP) ON CONTRACI’IPN *OF SMOOT ySz!Q 
OF THE RAT AIRWAYS. A. Cadeux q C. Lanoue q S o s , 

d J. Bar&, Dept. Pharmacology, Fat. of medic&, Univ. 
of Sherbrooke, Sherbrooke, Que. Canada JlH 5N4 

Calcitonin gene-related peptide (CGRP) is localized to 
afferent nerve terminals both in human and rat airways, In 
vitro, human ol-CGRP contracts isolated human bronchi, 
producing equivalent contraction to carbachol. In the 
present study we have compared the effects of rat and 
human a-CGRP in rat isolated airways. Our results revealed 
that the resting tension of trachea, stem bronchus and 
parenchymal strips were not affected by the additionh6 of 
either rat or human a-CGRP in concentrations up to 10 M. 
Similarly, both peptides had-, no relaxing effect on the 
contraction developped by 10 M carbachol, However, rat 
a-CGRP (but not human a-CGRP) caused a shift to the right 
of concentration response-curves for carbachol and 5-HT in 
the three preparations. This inhibitory effect of rat a-CGRP 
was found to be concentration dependent, was greater in 
peripheral tissues than in trachea and was accompanied by a 
decrease of maximal response. The addition of 

ropranolol (lo- M), 
FM 

% indomethacin ( 10m6M) tetrodotoxin (1 O- 
19 as well as the absence of extracellular calcium in the 

Krebs solution did not influence the a&on of the peptide, 
suggesting a direct effect of rat a-CARP on airway smooth 
muscles. (Supported by the MRC of Canada) 

44.10 

PAF lNCREASES PROTElN EXTRAVASATION IN RAT 
AIRWAYS: EFFECT OF BN-52021 AND L-655,240. M.G. Sirois*, 
E.E, Plante*, S. Jancar*, P. Braauet* and P. Sirois* (SPON: J. 
8arab6). Dept. Pharmacology , Fat. Med., University of 
Sherbrooke, Sherbrooke, P. Q., Canada. 

The effect of PAF (platelet activating factor), a potent 
inflammatory mediator was studied on vascular protein 
extravasation in rat airway tissues using the Evans blue dye 
(EB) as a marker. EB ‘was injected with doses of PAF (1 .O and 
5.0 wkg) in the caudal vein. The animals were killed, the dye 
was extracted using formamide (4 ml/g wet weight tissues) and 
the content was expressed as EB pg/g dry weight. Significant 
increases of ES extravasation as a function of time (from 5 to 
60 min) and doses (1.0 and 5.0 pglkg) of PAF were noted in 
the trachea, upper and lower bronchi. However, the EB 
extravasation was not seen in the parenchyma. 8N-52021, a 
PAF-antagonist (10 mglkg), produced a dose-dependent 
inhibition of the PAF effects on the trachea, upper and lower 
bronchi (80-l 00%). This antagonist given in the absence of 
exogenous PAF reduced significatively the EB L ;;$;;;ation 
below basal levels in the parenchyma. - a 
thromboxane antagonist (1.0 and 5.0 mglkg), slightly ’ reduced 
the protein extravasation induced by PAF in the airway tissues. 
These resu Its confirm the role of PAF in inflammatory 
reactions and underline the difference between the effects of 
PAF on protein extravasation and its effects on fluid 
extravasation (oedema) reported in other studies. (Supported 
by the MRC) 

443 
LUNG SCANNING WITH RADfONUCLfDES:RF.GIONAL RELATIONSHIP RETWEEN 
TISSUE ATTENUATION AND GAS VOLUME. M.L. Groth *  , J.A. Sliver- &, 
and W.M, Foatsr. VA Northport qnd SUNY at Stony Brook, NY 11799. 

Regional differences in tiasue density permit noninvasive 
scanning of soft tissue organs, eg. renal and pulmonary tissues, 
using gamma emitting radionuclldes. We hypothesized that regional 
differences in gas volume and/or pulmonary capillary blood volume 
should correlate to tissue attenuation during transmission scans 
of the lung. For 10 healthy subjects in an erect position planar 
images of the lung at functional residual capacity {FRC) were ac- 
quired from posterior aspect with Anger camera under 2 condi- 
tions: 1)nith liquid filled, uniform radionuclide source (Tc 99m 
in 45.7 cm X 45.7 cm X 2.5 cm lucite phantom) held parallel to 
the thorax, and 2) with rebreathing gas technique after equi- 
librium of radio-tracer gas (Xe 133 ) was achieved. Planar images 
were analyzed for distribution of count per unit time by dividing 
the right lung field from apex to base into 10 rectangular areas 
of equal height and lung width. The distribution of radioactivity 
imaged within each area was expressed as percent activity of the 
entire lung field. Both acanning technics demonstrated a 
relationship between the distribution of counts and lung height. 
For instance, from lung apex to base, regional gas volume in- 
creased (Xe 133 activity) at a constant rate and attained a maxi- 
mum volume at approximately 302 of the lung height, and below 
this height, regional volume in most cases gradually decreased. 
With respect to tissue attenuation, a similar association to 
height was observed for the trnnsalssion scan. For transmlaslon 
and equilibrium gaa scans, the ratio of b cts dTc/Xr?) for nil ten 
area8 of the lung ranged between 0,566 and 1.535 with A mean of 
1.003 +/-0.157 SD. Ratio values near unity indicate that on a % 
basis the regional tissue attenuation was equated to regional gas 
volume. These data indicate that in the upright position dif- 
ferences in regional gas volume known to be related to lung 
height, correlate also to regional differences of tissue atten- 
tuation. The influence of pulmonary capillary blood volume on the 
relationship between regional gas VQ lume and attenuat! Tn, cr 
whether similar relationships exist for other lung volumes above 
and below FRC, need to be evaluated. Supported by VA and NIH 
HL31429-04, Washington, DC. 

ADRENAL COPTEX/ARETABOLIC DISEASES 

45.1 
SIMILAR SITES OF ACTION OF ATRIAL NATRIURETIC 
FACTOR AND OF GUANABENZ QN ALDOSTERONE BIOSYNTRETIC 
PATHWAY. M, Brochul, J. F&thi&rea C. Coderreg, H, 
Onga and A. De L&an. Lab, Pharmacologic 
Molhculaire, IRCM, Montrkal, QuBbec, HZW lR7. 

This study was performed to determine the site 
of action of ANF and guanabenz in adrenal 
steroidogenesis. We compare the effect of these 
two compuunds on the precursors of aldosterone (A) 
i.e, piegnenolone (*reg), progesterone mm) 9 
deoxycorticosterone (DOG) and corticosterone (B) 
with or without trilostane (T) which blocks the 
step between pregnenolone and progesterone. The 
steroids from culture medium of zona glomerulosa 
cells were separated by HPLC and then measured by 
radioimmunoassay, In the absence of T, AI1 
increased 4 to lo-fold A, B and DOG levels while 
Prog and Preg levels were increased by less than 3 
times, In the absence of T, both ANF and guanabenz 
profoundly and dose-dependently inhibited A and B 
with an EDSO of 40 pM -for ANF and of 35 IBM for 
guanabenz. When tEilostane is added the two 
compounds inhibited the synthesis of pregnenolone. 
In conclusion, the results obtained document that 
guanabenz mimics the effect of ANF on A 
biosynthetic pathway in zona glomerulosa cells, 

REGULATION OF PROSTATIC SPERPIINE-BINDING PROTEIN GENE EXPRES- 
SION BY DEHYDROEPIANDROSTERONE AND ANDROSTEWEDIONE IN THE RBT. 
C. Labrie*, J, Simard*, H,F. Zhao*, A, B&lanprer*, G. Pelle- 
tier* and F. Labrie, MRC Group in Molecular Endocrinology, 
Lava1 University Medical Center, Quebec, Canada GlV 4G2. 

Human adrenals secrete large quantities of dehydroepiandro- 
sterone (DHEA) and androstenedions (Ah-dione) which are con- 
verted into the potent androgen Sa-dihydrotestosterone (DHT) 
in the prostatic tissue. We have studied the effect of the 
continuous administration of DHEA and A'-dione on two sensiti- 
ve and specific parameters of androgenic activity in the cas- 
trated adult rat, namely ventral prostate weight and prostatic 
spermine-binding protein (SBP) gene expression. Steroid-relea- 
sing implants were used to obtain plasma concentrations of 
DHEA and Ah-dione similar to those found in the sera of adult 
men. SBP mRNA were measured by in situ hybridization using a 
[SW-labelled cDNA probe generously provided by Dr. M.G. 
Parker, Treatment of castrated rats with Ah-dione, Ah-dione + 
DHEA or testosterone resulted in SBP mMA levels similar to 
those found in intact animals while DHEA alone was less potent 
(50% relative to control intact animals), These stimulatory 
effects were reversed by concomitant administration of the 
pure antiandrogen flutamide (5 mg, b.i,d.), Similar effects 
were observed on ventral prostate weight and prostatic ste- 
roid-binding protein Cl component JIIRNA levels. These results 
clearly demonstrate the stimulatory effect of DHEA and A'-dio- 
ne on androgen-dependent gene expression in the rat prostate 
and support their iqortant role in prostatic cell function. 
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45.3 
LIPID PEROXIDATION IN THE ADRENAL GLANOS OF MALE RATS EXPOSED TO 
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD). L.L. Bestervelt*, 0-U 
PiDer* and W.N. Piper Toxicology Program, School of Public Health 
and Department of Pharmacology, Medical School, The University of 
Michigan, Ann Arbor, MI 48109-2029. 

Toxic effects of TCDD such as chloracne. hirsutism. anorexia. 
weight lo ss and hypoglyc emia suggest alterati ons in endocrine 
function, and po tential e ffect s on the adrena t gland. Previous 
studies in our laboratory have shown that exposure of rats to TCDD 
results in decreased adrenal 21-hydroxvlase activity associated with 
depressed levels of microsomal cvtochrbme P-450. it has been shown 
that increased porcine adrenal r microsomal Lipid peroxidation is 
associated with -decreased cytochrome P-450 Iev’els and loss of 21- 
hydroxyl ase 
uhether TCDD could. induce microsdmal 

activity. study was 

adrenal glands of male rats. 
tipid pet-oxidation in the 

Male Spragie-Dailey rats (220-240s) 

undertaken to determine 

received a single oral dose of TCDD (50ug/kg) on day 0 and were 
killed at days 1,2,3,5, and 7. Adrenal glands uere removed, trimmed 
of adhering fat and weighed. Microsomes were obtained by 
differential- centrifugationi Malondialdehyde (MDA) production, a; 
measured by the thi obarbi 
lipid perox idation. The 

t uric acid test served as 
amount of t4DA ’ formed was 

i ndex 
fa:und to 

of 
be 

siinificantly higher than controls at days 1,2,3 and 5 following 
administration of TCDD. The amount of MDA produced was increased 
1.9 fold retative to controls on day 1, whereas at days 2,3 
the amoun t produced was increased 5. 3.5 and 2.7 fold. respect 
No difference in MDA production has observed at bay i. 

and 5 
ivelv. 

These 
results indicate that’ TCDD causes early increases- in adrenal 
mic rosoma 1 lipid peroxidation. It is possible that the early 
inc reases of lipid peroxidation seen in rat adrenal microsomes after 
exposure to TCDD are associated with the destruction of microsomal 
cytochrome P-450 causing subsequent decreases 
activity. (Supported by ES-02423 and ES-070621 

in 21-hydroxylase 

45.5 

CARDIAC CONTRACTILE PERFORMANCE OF BB/WOR DIABETIC RATS. 
D,J. Paulson, S.J. Kopp, R,C. Jurak*, J.P. Tow*, and M.D. 
Galle”. Dept. of Physiol., Chicago Collxsteopathic Med., 
Chioago, IL. 

Studies of patients with insulin dependent diabetes 
mellitus (IDDM) as well as drug-induced animal models have 
shown that myocardial contractile function is impaired. The 
purpose of this study was to determine whether the BB/Wor 
diabetic rat exhibits similar alterations. Cardiac 
performance was assessed 1 ) in vivo by measuring left -- - -. 
intraventricular pressure and its derivatives under basal 
conditions and in response to various doses of i,v. 
dobutamine; and 2) in vitro perfused hearts by progressively 
increasing the volumea balloon inserted into the left 
ventricle. Hearts were paced at 300 beats/min and perfused 
with normal (0.4mM) and elevated (1.2mM) levels of palmitate 
plus 5.5mM glucose. For 8 weeks the rats were maintained on 
PCI insulin (0.8 to 1.2 U/day), The BB/Wor rata were then 
divided into 2 groups baaed on the levels of blood 
glycosylated hemoglobin (% fib), No alterations in in viva 
cardiac function were found under basal conditions, but 
BB/Wor rats with high $ Hb exhibited a depressed response to 
dobutamine. No differences were found between either of the 
BB/Wor groups or control group in the in vitro perfused heart 
protocol. These findings indicate thz 8eks of IDDM in 
the BB/Wor rat does not cause significant alterations in 
cardiac contractile function but may impair the B1-adrenergic 
receptor system. (NIH grant DK39200 and RR05972). 

45.7 

DIFFERENTIAL UPTAKE AND DISTRIBUTION OF RADXOTODTDE BASED ON 
I and I- PRETREATMENT. K.D, Stout* and R.J. Bull. 
P$armacology/Toxicology Program, College of Pharmacy, 
Washington State University, Pullman WA. 99164-6510 

Various inorganic forms of iodine have been considered 
more or less equivalent in the body. To challenge this 
notion, we have undertaken studies to determine whether 
pretreatment of rats with-12 alters the distribution of a 
radioiodide tracer (125-I ) relative to pretreatment with 
equivalent doses of I-. Rats were pretreated for seven days 
with water supplemented with 1, 3, 10, 30 or 100 ppm I- or 
I . 

6 
At the end of seven days the rats were dosed with 125-I- 

a d sacrificed 1 hour later. Thyroid uptake decreased in a 
dose-dependent manner in both II and I pretreated animals, 
but the effect was greater in the I- gpoup. 125-I- 
accumulation in peripheral tissues was significantly greater 
in I pretreated animals versus both control and Ir animals 
at t e dose of 1 ppm. i Peripheral distribution of 125-I- in 
100 ppm I pretreated rats converges with levels observed in 
the I 

8 
group. This suggests that a physiological adaptation 

in io ine metabolis! is induced by low doses of I that is 
not observed with I . 
9-226). 

(Supported by NASA Grant N8. NAG 

45.4 
DIURNAL CHANGES IN PLASMAACTH, CORTISOL, AND ADRENAL RESPON- 
SIVENESS TO ACTII IN SWINE. H.G. Klerncke, J.A. Nienabeti, 
C.L. Hahn*. USDA-ARS RLHUSMARC, Clay Center, NE 68933. 
-study was conducted to measure diurnal rhythms of ACTH 
and cortisol (P) in castrated male pigs (barrows). Fourteen 
barrows with indwelling jugular catheters were bled at 6 hr 
intervals for a 24 hr period. Significant changes in plasma 
ACTH were evident with peak levels (61 f 6 pg/ml) evident at 
0100-0700 hr, and a trough (38 * 4 p$/ml) at 1900 hr. Changes 
(P<.OS) in plasma F were also present in barrows with a peak 
(44 * 6 rig/ml) at 0700 hr, and a trough (21 * 5 rig/ml) at 1900 
hr. Plasma norepinephrine and epinephrine were measured con- 
comitantly and did not differ among hours. The ratio of F to 
log10 ACTH at 0700 hr (25.3 + 3.0) was greater than the ratio 
at 1900 hr (12.9 2 2.7; P<.O5), and suggests an enhanced adre- 
nal responsiveness to ACTH in the morning. Sequential blood 
samples were tiken on four of the barrows 12 and 26 day.8 
later. Plasma ACTH did not differ among hours (P>.OS), but 
plasma F on both dates was greater (P<.O5) at 0100 or 0700 hr 
than at 1900 hr. The ratio of F to log10 ACTH at 0700 hr was 
always greater (P<.O5) than at 1900 hr. These studies are the 
first to demonstrate diurnal changes in plas.ma F in barrows, 
and are the first direct measurements suggesting similar 
changes in plasma ACTH in pigs. The apparent diurnal change 
in adrenal responsiveness to ACTH suggests that it is in part 
responsible for diurnal changes in plasma F. 

45.6 
EXPERIMENTAL MODELS OF DIABETIC AUTONOMIC NEUROPATHY: ALTERATIONS IN 

MADDER FUNCTION AND PHARMACOLOGICAL USE OF GANGLIOSIDES. M. Pare*, G 

Italiano*, I. Petrelli*. M, Prosdocimi, R,A+ Travaali*. R. Zanoni*, A.F: 

Sims* (1). Fidia Research Laboratories, 35031 Abano Tense - Italy and (1) 

University of Manitoba, Winnfpeg, Canada 

Previous studies in the experimental models of diabetes have demon- 

strated functional and structural polyneuropathy Involving the autonomic 

nervous system. The purpose of this study was to assess the effects of 

chronic dSabetes and phawacological treatment with gang1 iorides on uri- 

nary bladder function in allonan diabetic rats and B3 rats, We investi- 

gated bladder function in an in viva sjtuation in anjmals with 3-6 months 

of diabetes. Rhythmic contractions evoked by the micturition reflex were 

recorded following controlled bladder distension. In alloxan diabetic 

rats the rythmic bladder contractions of micturition were irregular and 

their frequency was reduced to S@ and 34% of the normal value after 3 

and 6 months respectively. ln 6B rats the frequency was reduced to 33% 
and 26% of the normal value after 4 and 6 months of diabetes. In both mo- 

dels this functional jmpairment was associated with marked hypertrophy as 
reflected by an increase in bladder weight and threshold volume for the 

micturition reflex. The functional findings in both models were corre- 

lated to morphological and morphometric changes in autonomic nerves (pel- 

vic and hypogastric) constituting the neural reflex arc. Pharmacological 

treatment with insulin restored the metabolic condition and, partially, 

the functional alterations of urinary bladder. Bovine brain gangliosides 

(10, mg/kg i .p:) treatment improved the bladder function in alloxan dia- 

betic animals studied at three months, as shown by a reduction in thresh- 

old volume and an increase in rate of bladder contractfon (90% of nonnal 

value). 



A62 MOLECULAR BIOLOGY OF THE CARDIOVASCUIAR SYSTEM TUESDAYAM 

49.4 
REGULATION OF CARDIAC MYOSIN HEAVY CHAIN 
GENE EXPRESSION. Euqene Morkin, Joseph J. Bahl* 
and Bruce E. Markham.* University Heart Center, 
University of Arizona, Tucson, AZ 85724 

3,5,3' -Triido-L-thyronine (T3) is an 
important regulator of cardiac myosin heavy 
chain (MHC) gene expression. Recent studies 
have established more clearly the molecular 
basis of this control by transfection of 
plasmids containing a-MHC 5' flanking sequences 
fused to the chloramphenicol acetyltransferase 
(CAT) gene into cultured fetal rat heart cells. 
The response time and doses of T 
induction of CAT activity and U- d 

required for 
HC mRNA were 

similar, suggesting that the synthetic and 
endogenous genes have common mechanisms of 
control. The role of the product of the proto- 
oncogene, c-erb-A, in control of this process 
has been established by showing that the 
activity of a-MHC/CAT can be blocked by co- 
transfection of a clone encoding the anti-sense 
message for c-erb-A. Progressive deletions of 
u-MHC 5' flanking sequences indicate that more 
than one region is required for control. A 
protein factor which binds to one of these 
regions has been identified as have several 
possible binding sites for the c-erb-A product, 

49.6 

HOLECUUR ANALYSES OF Tl3E ATRIAL NATRIURETIC FACTOR GEN3 C.E. 
Seidman*, J,A, Jar&o* and R. Fenton* (SPON. S. Chien)+ 
Harvard Medical School and Brigham and Women’s Hospital, 
Boston, MA 02115. 

To understand the genetic basis for regulated 
expression of Atria1 Natriuretic Factor (ANF), we have 
analyzed sequences 5’ of the ANF gene for their ability to 
promote cardiac-specific expression and appropriate 
developmental regulation of the prokaryotic marker protein 
chloramphenicol acetyltransferase (CAT), Hybrid genes 
containing putative regulatory sequences derived from the rat 
ANF gene were fused to CAT gene sequences and transfected 
into primary cultured atria1 or ventricular cells or used to 
produce transgenic mice, A region bearing 1,s kb of 
sequences 5’ of the ANF gene was found to direct high level 
CAT expression in adult atria, low level expression in the 
ventricles and even lower levels in the hypothalamus. 
Developmental analyses of transgenic mice bearing rat ANF-CAT 
sequences showed early, high level transgene expression in 
fetal atria1 and ventricular tissues but marked reduction of 
ventricular expression following birth, Further studies 
showed differences in the perinatal ventricular expression of 
the rat ANF transgene compared with the endogenous murine ANF 
gene. These data demonstrate that the cis-acting signals 
required for correct tissue specificity and developmental 
regulation of the rat ANF gene are encoded in 5’ sequences 
which act in a dominant fashion in the transcriptional milieu 
of the murine ventricle. 

CQRQNARY 

49.7 
THE MOLECULAR BIOLOGY OF ANGIOGENIN. James F. Riordan* 
(SPON: S. Chien). Ctr. Biochem, Biophys, Sci. & Med., 
Harvard Med. Sch., Boston, MA 02115 

Angiogenin, a single-chain polypeptide (Mr=14,124) is a 
potent inducer of neovascularization on the chick chorio- 
allantoic membrane, Its amino acid sequence is highly homo- 
logous to that of pancreatic ribonuclease and it exhibits a 
specific ribonucleolytic activity that is related to its 
biological function. Originally obtained from medium con- 
ditioned by human HT-29 tumor cells, angiogenin was subse- 
quently isolated from normal human plasma. In order to obtain 
sufficient material for detailed studies, mammalian cell 
expression systems were investigated. 3aby hamster kidney 
cells were transformed with DNA sequences derived from the 
gene for angiogenin and expression was controlled by the 
mouse metallothionein I promoter. The recombinant protein 
isolated from the cell culture medium was identical with 
authentic angiogenin. Even greater quantities of material 
have been obtained from E. coli cells transformed with a 
synthetic gene coding for angiogenin. The availability of 
these recombinant expression systems has made it possible to 
examine structural features of angiogenin responsible for its 
function., Site-directed mutagenesis has been used to iden- 
tify residues involved in both enzymatic and angiogenic 
activity. In particular, replacement of Asp-116 by Asn, Ala, 
or His markedly enhances both activities while replacement of 
Lys-40 by Gln abolishes them. These data support a critical 
link between the two activities of angiogenin. 

53.1 
MYOCARDIAL INFARCTION DOES NOT PRODUCE: APICAL DENERVATION, 
John Bianchi, James M. Levett, and Candyce A, McClernan. 
Deborah Research Institute, Browns Mills, NJ. 08015 

Myocardial Infarction (MI) has been reported to denervate 
myocardium apical to the MI. This study was to determine 
biochemically, electrophysiologically, and histologically if 
this is trye. Eight dogs received latex injection 
(0.1-0.3cm ) in medial branch of left anterior descending 
artery producing a homogeneous MI. Epicardial wires were 
placed in a line from base to apex.Strength interval curves 
were produced by extra stimulus technique, 1-2 x/wk. After 

53.2 
INHIBITION OF S’NUCLEOTIDASE (5’NT) IMPROVES MYOCARDIAL RECOVERY 
FOLLOWING ISCHEMIA WITHOUT INCREASING ATP CONCENTRATION. John 
vShlafer. The University of Michigan, Ann Arbor, MI 48109 

We tested the hypothesis that inhibiting 5’NT would improve myocardial function 
following globai ischemia (GI) and reperfusion (R) by increasing ATP repletion. 
Administration of the 5’NT inhibitor alpha-ILmethyleneadenosinu5’diphosphate (AMP-W 
25@M) in a model of 60 mia of normothermic GI and R of isolated buffer-perfused rabbit 
hem iqroved myocardial recovery. We studied three groups of hearts: 1) 2hr no&&tic 
controls; 2) hearts subjected to GI and R; and 3) administration of AMP-CP 5 tin before G1 
and for the first 15 min of II. Thia AMP-CP concen!ration inhibited (>95%) purified 5’NT 

in vitro. AMP-CP reduced amounts of hypoxantine (HX>7 
Effluent Putia* Contant sod inosine (INO) efflux (measured in the coronary 

Bmform Glob81 Taohamia effluent) before GI, compared to untreated hearts (see 
286, hearts were removed under pentobarbital anesthesia and 
samples of 4 areas, base to apex were taken. Biochemical and 
histological studies were performed. It was determined thaf 
infarction produced no decrease of norepinephrine, expected 
if neural processes were destroyed. Nor was there evidence 
of changes in receptor density in tissue apical to MI. 
Adenylate cyclase activity did not increase in apical myo- 
cardium when compared to normal. 0 

?i 
consumption indicated 

that denervation did *not occur as a renergic stimulation of 
this tissue did not produce an increase. Histology studies 
confirmed that intact neural processes were depleted of 
neuronal content, calcitonin gene related peptide and neural 
peptide y. Our study confirms that infarction does not 
result in denervation of myocardium, persay; but, 
histological evidence suggests a derangement in neuronal 

graph), suggesting an al&ration in purine degradation; 
effluent adenosine (ADO) levels were elevati in the AMP- 
CP group. Upon R, there was a significant increase in HX 
and IN0 efflux in all ischemic hearts. There were no 
between-group differences in HX or ADO efflux during R; 
IN0 efflux remained lower in the AMP-CP group. Left 
ventricular developti pressure (LVDP) declined from 9255 
mmHg preischemic period to If1 mmHg during R in 
nontreated hearts (p&001). Postischemic recovery of 
LVDP of AMP-CP treated hewts was greater (23k3 mmHg; 
p<O.O5), as was the recovery of dP/dt (45M% vs 3f2%; 
p<O.Ol). AMP-CP significantly reduced creatine kinasc 
loss from the hearts (9m6 vs 21m480 pg PO4lminlg 
tissue wet wgt; p<O.Ol). There were no between-group 

differences in intracellular ATP, phosphocreatin& or pH during GI or R (simultaneous 31P- 
NMR assessment). We conclude that: AMP-CP provides modest cardioprotection under 
conditions of severe GI; the beneficial effect of AMP-CP ir not due to increased ATP 
concentration; and under the conditions imposed, AMP-CP may increase ATP synthesis (but -- 

activity which can contribute to arrhythmogenesis. not concentration) upon R. 
(Supported by a grant from the American Heart Association of Michigan) 
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533 
PROSTAGLANDIN El (PGEl), SlGNlFlCANTLY ATTENUATES 
PROLONGED POSTISCHEMIC CONTRACTILE DYSFUNCTtON IN 
THE STUNNED WYOCARDIUM. [m . 
Mediial College of Wisconsin, Milwaukee, WI 53226 

Previous work has shown that treatment with certain vasodilators 
(es*, iloprost and papaverine) results in enhanced myocardiaf 
postischemic functional recovery after a brief coronary occlusion 
(OCC) and subsequent reperfusion (REP) which, following other 
vasodilators (es., sodium nitroprusside) or in untreated animals, 
exhibits prolonged contractile abnormalities in the absence of tissue 
necrosis (stunned myocardium). While the prostanoid vasodilator, 
PGEl has been shown to decrease infarct size, its role in the stunned 
myocardium is unknown. In this study, the effect of intravenous PGEI 
(1 .O pglkglmin) on the recovery of segment shortening (%SS) after 
15 min OCC and 3 hr REP was compared to a control, saline-treated 
(SAL) group in anesthetized dogs. PGEI was infused 15 min prior to 
and throughout OCC. Risk areas, myocardial blood flow and %SS prior 
to and during OCC were similar in all groups. PGEl decreased arterial 
pressure during OCC and early reperfusion (30 min) and significantly 
improved %SS throughout REP without affecting normal area %SS. 
lschemic %SS; l P<O.O5 vs C group. 

CONTROL Ooc 30 mln 1 hour 2 hour 3 hour 
SAL 19fl -7*-i 7k2 8S2 6i2 4k2 
PGEl 24zkl -9zt2 17*1+ 17f2* 15*2* 14-t2* 

PGEl attenuates the stunning phenomenon possibly by both 
hemodynamic and cytoprotective effects and may have potential 
therapeutic benefit for the treatment of transient ischemic episodes. 

53.5 

~lZUNDlRONC4TAL~THE~g%JoF~BY 
HYDROGEN PEROXIDE. W. Inauefi. P.R. M ietvs and M.B. Grisha~ Dept. 
of Physiology and Biophysics, LSW MedTcal Center, Shrevepoit, LA 
71130. 
We have recently demonstrated that hydrogen peroxide 
interacts with intracellular iron (Fe) to generate a potent 

(H O$ 
oxi ant 8 

that injures cultured endothelial cells. Because cells contain very 
little, low molecular weight Fe we proposed that ferritin, the Fe- 
storage protein, may act as an intracellular source of Fe. The 
objective of this study was to assess the ability of ferritin-bound 
Fe to catalyze the H&dependent formation of hydroxyl radical 
(-OH) in vh Hydroxyl radical was detected by its ability to 
degrade deoxiribose (DR) to yield malondialdehyde (MDA). 
Incubation of ferritin (0.5 mg/ml) with H 0 (lmM), DR (5mM), EDTA 
(OJmM) and phosphate buffer (10mM; pH5.a) for 30 min, 37’C produced 
9.0 f 0.16 nmoles MDA/ml. Omission of HzOz, ferritin or EDTA 
produced approximately 80% inhibition of MDA formation, Control 
studies demonstrated that the requirement for EDTA was not due to 
its ability to remove Fe from ferritin. Addition of catalase (15 p g/ 
ml), SOD (100 pg/ml), deferoxamine (O.O5mM), DMSO (20mM) or DMTU 
(20mM) resulted in 70-80% inhibition suggesting that iron, H,O and 
superoxide (03 were required for -OH-mediated degradation o t DR. 
Taken together, our data suggest that H2U2 intera_cts with ferritin- 
associated Fe to produce ‘OH via the formation of 0;. We propose that 
ferritin-bound Fe may act as an intracellular catalyst for the 
production of cytotoxic oxidants. This work was supported by a 
grant from the NIH (DK 39168). 

53,7 

COCAIN$'S CORONARY AND CARDIOVASCULAR ACTIONS; Gary F. 
Me’rrill, Hwu Meek Wei.* and Greg Fredericks Rutgers 
University, New Brunswick, N.J: 08903 

We have investigated the coronary and cardiovascular 
actions of cocaine in anesthetized, instrumented dogs (n-5) 
and pigs (n=S) and in isolated, Krebs-Ringer perfused 
guinea pig hearts (n=15). In dogs and pigs we have com- 
pared the intravenous (iv) and intracoronary (ic) routes of 
administration employing a dose range of 0.02-20.0 mg/kg. 
Under the latter conditfons, no animal survived a cumula- 
tive dose greater than 400 mg (iv) or 10 mg (ic) for more 
than 30 minutes. Cumulative doses of 5-10 mg (lc) produced 
sudden cardiac death within one minute of adminfstration . 
In dogs and pigs the coronary vascular response to cocaine 
was biphasic and dose-dependent. Initial, transient 
vasodilation was followed by more sustained, but temporary, 
vasoconstriction. In isolated guinea pig hearts, cocaine 
caused both coronary vasodilation (n=5) and vasoconstric- 
tfon (n-5). The cardiac and coronary vascular responses to 
fsoproternol in the latter preparation were intensified by 
cocaine. We conclude that the coronary and cardiovascular 
effects of cocaine are 1) multiple, 2) dose-dependent, 3) 
temporally related and 4) probably mediated by both direct 
and indirect mechanisms. More work is needed in this area. 

53.4 

ALLOPURINOL IMPROVES REPERFUSION IN A XANTHINE OXIDASE FREE 
m)DEL (PI61 OF REVERSIBLE HYOCARDIAL ISCHEMA. You Su Sun*, 
Roshanak Etemad-Moghadam*, Ron F. MorrIson*, Robert M.Lust, 
East Carolha Unfv. School OF MedIcrne, Greenville, NC m 

Allopurlnof (ALU) has been shown to reduce reperfusfon 
Injury followfng myocardial ischemla, suggesting fnvolvement 
of xanthine oxidase (X0) mediated substrates. To determine ff 
the protective effects of AL0 were due to Inhfbitfon of X0, 
and whether pretreatment was necessary, reversible fschemia 
was produced fn 11 domestfc pfgs. An 8 minute occlusfon/4 hr 
reperfuslon of the clrcumffex coronary artery was used. LV 
and aortfc pressure, ekg, and regional wall motion 
(sonomicrometry) were monitored throughout. RegIonal blood 
flow ImWospheres) were obtained before, during and 5, 10 and 
30 minutes after ischemia. At the time of occlusion, 45 
minute 1.~ infusions of AL0 (5mg/kg, n=6) or salfne (equal 
volume, n=5) were begun. Occlusion decreased transmural flow 
at the mfdpapillary level by 75% (0.28 vs 1.10 ml/mfn/g, 
p<.Ol). ALO was assocfated with a mild, generalized hyperemfa 
at ffve minutes (fschemic zone: 1.44 vs 1.10 ml/mWg, p<.Ul) 
which had returned to control levels at 10 and 30 minutes. In 
contrast, salfne was associated with only 80% restoration of 
resting flow at 5 mins. (0.84 vs 1.10 mf/mfn/g, p<.O5) whfch 
decreased and stabilked at 63% of control at 10 and 30 mfns. 
Sfnce pigs have no detectable levels of X0 actMty, ALO must 
exert protectfon by some other mechanism. Since protectfon was 
observed w7 thout pretreatment, benef kf al I nfl uences are not 
necessarily the result of ALO degradation products. 

53.6 

PROTECTION AGAINST SUPEROXIDE INACTIVATION OF CA PUMP IN ENDO- 
PLASMIC RETICULUM OF PIG CORONARY ARTERY, A,K. Grover 6 S.E. 
Samson. Department of Neurosciences, McMaster University, 
Faculty of Health Sciences, Hamilton, Ontario. L8N 325 

Superoxide inactivates the 100 kDa subunit Ca pump in the 
endoplasmic reticulum (ER) enriched fraction of pig coronary 
artery smooth muscle. Pig coronary artery smooth muscle also 
contains superoxide dismutase (SOD). Cu-Zn-SOD is distributed 
primarily in the soluble (SOL) fraction. Some Cu-Zn-SOD and a 
small amount of Mn-SOD are also present in a fraction enriched 
in mftochondria but also containing other fractions. The 
plasma membrane (PM) and the ER enriched fractions contain 
little SOD. Addition of SOL to ER caused protection of the 
inactivation of the Ca-pump by two mechanisms. The first 
mechanism is the superoxide dismutation by the SOD present in 
SOL. The second is due tb the presence of DTT used in the 
homogenization medium and thus present in SOL. The protection 
due to DTT is not due to its action as a scavenger for super- 
oxide. We conclude that superoxide inactivates the Ca-pump 
by acting directly or indirectly on one of the sulfhydryl 
groups of this protein since PCMB and DTNB also inactivate the 
pump and DTT protects from the superoxtde inactivation. 
Supported by Heart and Stroke Foundation of Ontario. 

53.8 
COMBINATION OF THE THROMBOXANE RECEPTOR ANTAGONIST, 
SULQTROBAN (BM 13,iTt), WITH STREPTOKINASE: DEMONSTRATION OF 
THROMBOLYTIC SYNERGY. G,A. Kopla* and L.J. Kopaclewlcz* (SPON: RR. -- 
Ruffulo, Jr,) Smlth Ktlne & FrezLaboratories, Klng of Prussia, PA 19406. 

We examined the ablilty of the thromboxanelendoperoxide antagonist, 
suiotroban (BM) to enhance the thrombolytlc efficacy of a minimaiiy 
effective thrombolytic dose of streptoklnase (SK). Thrombi were formed In 
the Iefl circumflex (LCX) coronary +ery of anesthetized open chest dogs by 
applylng a tSO@A anodai current to a wlre placed within the lumen of the 
LCX. A crltlcal steno&s sufficient to just abolish the hyperemic response to 
a 20 set total occlusion was placed on the LCX just dlstai to the current wire 
using an adjustable screw occiuder clamp. Anlmals were then given either 
SK (20,000 IU bolus + 2000 IUlmln X 180 min, n=lO) or SK+8M (5 mglkg 
bolus + 5 mglkglht, kl0). A second study was performed wherein animals 
received either the same dose of SK used above + heparin (H, 300 iU/kg 
bolus + 100 IUlkglhr, n=9) or SK+H+BM (n=9), Of IO animals receiving SK 
alone only 1 reperfused at 55 mln after the start of SK Inflrsion. Conversely, 
9 of IO animals recelvlng SK+BM reperfused at 79.4kt0.5 min post-SK 
(pe.05). in the second study, 8/9 animals receiving SK+H (89%) reperfused In 
an average of 66.8f8.6 min after the start of SK infusion. Reperfuslon 
Incidence was similar in animals receiving SK+H+BM (919, lOO%, p=NSj but 
occurred more rapldly after the start of SK Infusion (25.4k5.2 min, pe.05 from 
SK+H group). BM alone failed to produce reperfuslon In this animal model 
(016 anlmais reperfused). We conclude that BM can enhance the efficacy of 
even mlnlmaiiy effective thrombolytic doses of SK and can sIgnHicanr$ 
shorten the tlme to SK-induced reperfuslon in the presence of H. 
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53.9 

PERSISTENT RIGHT CORONARY FLOW RESERVE DURING SEVERE 
NONISCHEMIC MYOCARDIAL HYPOXIA. H. Fred Downe 
Murakami.* and Arthur G. Williams.-&.kex. 
Med., Ft. Worthm6107- - 

We recently described persistent right coronary flow 
reserve at low coronary perfusion pressure (FASEB J. 
2:303,1988). The present study was conducted to determine 
if a flow reserve persisted during severe hypoxemia. The 
right coronary artery of 5 anesthetized dogs was cannulated 
and perfused at 100 mmHg with either normal arterial bJood 
(control condition) or with blood containing less than 1 ml 
0 /lOO ml blood (hypoxemia). Blood was deoxygenated 
pzdiatric oxygenator supplied with 5% CO 

by a 
, 95% N2. Venous 

blood was collected from a right corona y vein, ? so right 
ventricular oxygen consumption could be determined. Under 
control condjtions, right coronary blood flow was 39+7 
ml/min/lOO g, and right ventricular oxygen consumption was 
3.5tO.4 ml 0 /min/IOO g. During hypoxemia, right coronary 
blo<d flow &creased by 533+72%, but right ventricular 
oxygen consumption fell by -86+4%. Although oxygen supply 
was not sufficient to meet right ventricular oxygen demand, 
intracoronary infusion of adenosine caused a further 21+7% 
increase in coronary blood flow. Although severe hypoxeiia 
caused pronounced dilation of the right coronary 
vasculature, a significant flow reserve remained. (Supported 
by Ht-35027) 

53.10 
THE EFFECTS OF AGE ON CORONARY COLLATERAL 
DEVELOPMENT IN THE MINIPIG. S. Dobbs-soanes*, F. White, IJ, 
Roth, c* Bbq. UCSD School of Medicine, La Jolla, CA 92093. 

We studied growing [G] and mature [M] minipigs to determine the 
effect of age on coronary collateral development. ‘Coronary collateral 
reServe [CCR] was measured using tlu-ee methods (exercise [Ex], 
adenosine infusion [AI], and pacing [PI). Nine G (0.7+0.1 year) and 
eleven M (4.44.09 years) pigs were studied 9&l weeks following 
placement of an ameroid accluder on the left circumflex [LC] coronary 
artery. We measurd endocardial blr>od flow [Qen] with radiolabeled 
microspheres during EX (heart rate 263H hats per minute [BPM], 
mean arterial blood pressure = 138+7 mmHg), AI (lmg&,/min), and 
pacing (180 BPM). CCR during AI [AIR], the ratios of Qen in the 
ischernic and nonischemic myocardium, and transmural infarct 
percentages 1% JNFt] as a 96 of the LC bed were as foIlows: 

P Oes (mUmin/g) EX Oen AIR (~H&nl/~n/g) %lNIT 
G 0.33+0.U4(n=4) 0.3w.O8(n=5) 3.15fl.45 (n=7) 3.03_+0.45(n=9) 
M 0.38+0.06@=6) 0.27+0+07(n=5) 3.25+0.43(n=ll) 3.33fl.39 (n=lO) 

There were no signficicant differences between G amd M pigs in any 
of the measured parameters. Thus normal myocardiaI growth does not 
affect coronaq collateral development in the minipig. 

V=ION* G. Blaise*, II. Girard* 

53.11 

J.Buluz~*andR.Meloche*(SPCN: 

EFFECT OF 
, C.Holhnn*~ 

HALOTHANECN~CCRCNARYARTERYRINGS 

H. Brumengmbr). 
university of Montreal, Notre-Dame Hospikl, Dept.of 
Anesthesiology, Montreal., @l8bC, WL ml, CANADA. 

DISTRIBUTION OF REGIONAL TRANSCORONARY TRANSFER 
FUNCTIONS USING FAST CT,, MalcoIm R, Bell.* Wolfnann J. T, 

53.12 

ynvra * . 

A METHOD FOR CHARACTERIZING THE SPATIAL 

Xuesl w u,* l .  Paul J. Thomas.* and Erlk L. man . 
Mayo Clinic, Rochester, MN 55905 

Increase in corom~ tine and spasm in response to 
different vasoconstrictors are important features of coronary 
artery diseaS8. These events c8n occur duHng anesthesia. We 
stuiied the response of human coronary artery rings to 3 
mediators of spasm (serotonin, histamine and FGFSalpha) in 
the presence and absence'of halo-e, 8 volatile anesthetic. 
Human hearts were harvested during; ore Q-ansplantation. 
Coronaz arteries (RCA, LAD ti LGX) were dissected, cut into 
rings, suspended between two stLmpps and introduced in organ 
&&mbrS fined with ovg8nh8d Krebs-Ringer solution. The 
rfngs were connected to a t,msducer for ismtric force 
steasurements and stretched to the* optimal tension. The 
response to serotonin, histine, EGFSalpha were detemed 
in control and halothane treated rings. At the end of the 
experiment, the ~Lngs were sent for histological sttiiea. The 
results showed that serotonin, hisune, and IW%al~ are 
potent vasoconstrictors of hm coronazz ar&~ rings; The 
potency being FGFZ-alpha>hiskmine> aerotonin. Halothane 
depresses the response to these agonists, swesting that 
halothane c&n pr8V8IIt or treat spasm during anesthesia. 
(J%nded by the &dfcal Research Council of Canada and the 
Canadian Heart Foundation Grants). 

The transfer function (TF), or impulse response, of an organ 
describes the probability density function of all transit times 
through a vascular bed. The frequency distribution of these 
transit times is characterized in part by mean transit time 
(MW. A deconvolution technique to estimate canine trans- 
coronary (global) TF was reported by Knopp et al. (Ann Biomed 
Eng 1976;4:44) using indocyanine-green whereby dye dilution 
curves (DC) of aortic root and coronary sinus were used as 
input (Ci,) and output (C,,,) functions, respectively. To test 
whether Fast CT can characterize TF in an analogous manner, 6 
closed-chest dogs were anesthetized and 30 cc of Iohexol in- 
jected over 2 s into the aortic root during a 20 s sequence of 
60/s scans. DCs were generated from the aortic root (C,,) and 
in 4 quadrants of myocardium (C,,) during control and 
maximally vasodilated states. Employing the Knopp method, 
regional TF and MTT in 24 different regions (mean 3.7k0.5 s 
during control and 2.4~0.2 s during vasodilated states) were 
derived. Skewness of the TFs was similar to those described by 
Knopp and, if normalized for MTT, regional TF curves were 
coincident to each other. The amplitude of TFs of vasodilated 
regions were greater than control with a greater proportion of 
shorter pathways represented. We conclude that Fast CT may 
be used to determine regional transcoronary TF. 

k54J 

DIAPHW BtOOO FLOW (Qdi) DURIffi -XIC AWD HYPOXIC 
CUMDfTIU#S AT ISO-DIAPHRA6M WORK. A. Cmto-is*, F. He and 
AX* Wassino. Meakins-Chr1 stje LaboratorSes, WGT m 
VmveMty, and Notre-Dam Hospr'tal, UnWersr'ty of b&Weal, 
Quebec, Canada. 

Hypoxia has been shown to increase Qdi. However, these 
increases I'n Qdl' were caused mostly by augmented work of 
breathing I'nduced by the hypoxic stimulus. The purpose of 
thr's study was to investigate the effect of hypoxia on Qdi 
under iso-work condftions. 
of 

We hypothesfzed that low levels 
PO2 would increase conductance to Qdi. In 5 

anaesthetired dogs, left phrenic artery blood flow (Qpha) 
was measured (Doppler) during various levels of phrenl'c 
nerve stimulation. Pacing frequency was set at lO/min and 
duty cycle at 0.25, 0.50 or 0.75 during Inhalatr'on of room 
air or 7.6% 02 l'n N l 

parabolic function o ‘f 

Changes in Qpha during normoxia was 
TTdi. 

for hypoxia, 
This relationship was also seen 

left. 
but was slightly shl'fted upward and to the 

TTdi optimal at which Qdi reached a maximum was thus 
lower during hypoxia. 
higher during hypoxia 

Vascular conductance was slightly 

unchanged from normoxia, 
while VO2 of diaphragm remained 

We conclude: I) Qpha is a function 
of TTdi both during normoxl'a and hypoxia; 2) Hypoxia affects 
directly smooth muscles of the diaphragmatic vascular bed 
and 3) Vascular conductance change maintains constant 
diaphragmatic VOe* 
Council of Canada.) 

(Supported by the Medical Research 

54.2 
RELATIONSHIP OF TWITCH F0RCE TO VOLUNTARY FORCE DURING NON- 
ISOMETRIC CONTRACTIONS. S.H. Jx>riu. and M.B. Hershen on* 
Harvard Schools of Medicine & Public Health, Boston, MA' 02i15 

Activation of the diaphragm has been assessed by phrenic 
stimulatfon. The increase in pressure caused by a supramaxi- 
ma1 shock to the phrenic nerve (P,q twitch) decreases lfne- 
arly with increasing voluntary ef&t, so that the extrapo- 
lated value of voluntary Pdf for zero Pdi twitch equals 
maximal vohntaq Pd 
might not be valid, f; 

(Pdfmax). Linear extrapolation 
OW8V8rt when muscle contraction is not 

isometric. To test this, we examined the relationship between 
voluntary and twitch force of the adductor pollicb during ul- 
nar verve stimulation in “isometric” contractions against a 
steel wire and non-isometric contractions against stretched 
rubber tubing (compliance - ,2 cm/N). Muscle length was held 
constant during voluntary contractions, During non-isometric 
contractions (Fig.) the plot of voluntary vs, twitch force was 
concave upward, so that if volun- t3 - 
tary force were limited to submax- 

-mi 
,'f I 1 A a 

ma1 values, the extrapolated maxi- 'i 
ma1 force would be falsely low. ew 

% 
01 

\5 IMI#mc 

We speculate that diaphragmatic Q' 
contraction against a compliant 

OS 

rib cage may lead to the erroneous t 

\ OS Howmrmc 
d \ l T 

conclusion that that diaphragm is :; 
0 \ \ 

maximally active during inspira- 
i --. -- II 

O- A? - a - dc 
tory efforts when P 
submaximal. HL3300 $ 

i is I- -01. - -r---t--, -t- -1 1 &m l &a I a 
, KO7633. 
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64.3 
MECHANICAL ARRANGEMENT OF THE PARASTERNAL INTERCOSTALS IN THE 
DIFFERENT INTERSPACES. A. De Troyer and G.A. Farkas. 
Thoracic Diseases Research Unit, Mayo Clinic and Foundation, 
Rochester, MN. 

We have previously demonstrated that the shortening of the 
canine parasternal intercostal8 during inspiration results 
mostly from the muscles’ own activation (JA?? 64:1546, 1988). 
When a parasternal intercostal is selectively denervated in 
phrenicotomized animals, however, it continues to shorten with 
inspiration. In the present studies, we have tested the 
hypothesis that this persistent inspiratory shortening resul ts 
from the acti on 0 
interspaces. The 

f the paras t ernals locat ed in the other 
third righ .t paras ternal was dener vated in 

eight supine phrenicotomized dogs, and changes in length of 
the muscle were measured by sonomi crometry . The inspiratory 
mu8 cle shortening increased after denervat ion of the third 
left paras ternal. However, i t gradually decreased as the 
parasterna 1s situated in the second, fourth, and fi fth int er- 
spaces were successively denervated. Stimulating selectively 
the thi rd left parasternal in the apneic animal produced 
muscle lengthen ing , whereas bi late ral st imulation of the 
parastcrnals in either the second or the fourth interspace 
promoted muscle shortening. We conclude that: 1) The two 
parasternals si tuated in the same interspace on both sides of 
the sternum are mechanically arranged in series; 2) The 
parasternals located in adjacent interspaces are mechanically 
arranged in parallel. (Supported b y NIH grant HL21S84). 

SHIFCS If THE HAXICIIII PRESSURE-FLOW RElATIOIIS#IP MTER 
IHSPxaAToRY WSUE FATIGUE. T.L. Clanton, B.T. Ameredes, and 
S.G. Kelsen, The Ohio State University, Columbus, OH, 43210 
and Temple University Sch. of Med,, Philadelphia, PA 19140. 

Four normal hmn subjects performed maximum dynamic 
inspirations from a constant flow generator at mouth flows 
ranging from 0 to 3.5 L/set. Changes in thoracic volume and 
thoracic flow were measured with a volume plethysmograph and 
plotted against mouth pressure. Measurements were made in the 
resting state and in the sustainable portion of an isoflow 
endurance test. ne endurance test consisted of repeated 
plaxi~ dvic inspirations at a muth flow of 1.0 t/set (T 
- 2 see; T  After 10 min, a sustainable pressur 
developmen was reached and flow was changed, for single 

OT = 4 set). Q 

breaths, in a random fashion every 3rd to 5th breath, 
RESULl% At a sustainable level of inspiratory aluscle fatigue, 
the lraximum pressure-flow relationship was shifted, at each 
lung volm studied, down and to the left, in a parallel 
fashion, There were no significant changes in slope. 
However, the y-intercept (max. flow) was reduced from 9,5*2.6 
Sll to 6.3~2.4 L/see (p ~0~05) at a lung volume of 0.5 L above 
relaxation volume1 and from 8.6*4.0 to 5.5* 2.0 L/set (~~0.5) 
at 1.0 L above relaxation volu~. coIICLUSIowS: At a 
sustainable level of inspiratory mscle fatigue, the maxirrum 
pressure-flow relationship is shifted in a parallel fashion 
such that the capacity to generate peak flow is greatly 
reducsd. NIH HL34770-03, 

54*7 

DIAPHRAGMATIC CONTRIBUTION TO TIDAL VOLUME ESTImTF,D FROM 
FLUOROSCOPY OF Tj# DIAPHRAGM: Knight Hf Petrol1 WMtRochester, 
DF. University of Virginia School of Medicine,Charlottesville 
VA 22908. We hypothesized that the contribution of the diaph- 
ragm to inspired volume could be estimated from the product of 
the diaphragm's descent and the cross-sectional area (CSA) of 
the thorax at the level of the diaphragm. In 4 supine, anes- 
thetized dogs, AP fluoroscopy of the right hemidiaphrap was 
recorded during two tidal breaths (range 270-330 ml). From 
fluoroscopic images at FRC and end-inspiration we measured 
the vertical descent of the diaphragm dome in the midline,and 
of the lateral costophrenic angle (CPA), CSA was approximated 
by rr*, where r was the horizontal distance between the mid- 
line and the lateral chest wall. Diaphragm contribution to 
tidal volume was calculated as the product of CSA and descent 
of either the dome or the CPA. Mean values for the descent of 
the dome and CPA were 0.89 + S.D. 0.32 cm and 1.50 + S.D. 0.45 
cm respectively. Diaphragmacic contribution to tidal volume 
based upon dome descent ranged from 26-843 of VT (mean 50%). 
Volume contribution calculated from CPA descent was signifi- 
cantly greater in each case and on occasion exceeded 100% of 

VT* Calculations done from CT scans in a single dug support 
the validity of the estimates from dome descent. The fact that 
CPA descends more than the dome may imply a change in shape of 
the diaphragm. We conclude that fluoroscopy of the descent 
of the diaphragm dome can be used to estimate diaphragmatic 
volume contribution. 
Supported by BRSGCZ-50?-RRO5431-26 

54.4 
CONTRIBUTION OF RIB CAGE AND ABDOMINAL EXPXRATORY MUSCLES TO 
TIDAL VOLUME IN HEAD UP DOGS. G.A. Farkas. M. Estenne. and A. 
De Troyer. Thoracic Diseases Research Unit, Mayo Clinii and 
Foundation, Rochester, MN; and Erasme Univ. Hospital, 
Brussels, Belgium. 

When anesthetized dogs are tilted from the supine to the 
head up posture, there is considerable recruitment of the rib 
cage and abdominal expiratory muscles, However, when this 
postural change is produced over a 2-3 sec. period, there is 
an initial apnea during which all muscles are silent; quiet 
breathing subsequently resumes with phasic expiratory muscle 
activation. In the present studies, we took advantage of this 
initial electrical silence to establish the change in end- 
expiratory lung volume (relative to passive FRC) produced by 
the expiratory muscles in head up posture; this change, in 
turn, represents the expiratory muscle contribution to tidal 
volume (Vt 1. Eight animals were studied. V, in head up pos- 
ture was (mean + SE) 515 + 77 ml, and the expiratory muscle 
contribution amzunted to 329 2 70 ml (62 + 6% Vt). When the 
internal intercostal nerves in interspaces 3 to 8 were sec- 
tioned at the rib angles so as to denervate the rib cage 
expiratory muscles, the expiratory muscle contribution to V, 
was still 243 + 84 ml (49 + 10% Vt). Therefore, the contri- 
bution of the rib cage expiratory muscles initially was only 
54 + 19 ml (11 f 4% Vt>. We conclude that in head up tilted 
dogs the abdominal muscles, but not the rib cage expiratory 
muscles, contribute a very substantial fraction of tidal 
volume. (Supported by NIH grant HL21584). 

54.6 

llERElATIoHsHIPoF EXERCISEIMXEDOYSPWTOCIMWXS INmURRL. 
PRESSME IN wow3cILS AMI CUP0 PATIEMlS. S. We*, P. BeqW and 
A-E. Grassim. NotmOw Hospital, Mversity t m-1 

s-CMsE~e -tories, Mill lkriversr'ty, M&l, @et& 

Previous studies have found a dr'rect relationship between 
dyspnea and pleural pressure (Ppl) swl‘ngs. Thlis study examines the 
sensl'tivity (the Ppl) at whl'ch dyspnea is first percel'ved and 
response, the ratio between dyspnea level and Ppl swl'ngs. Six COPD 
and five normal subjects performed graded exercise tests on a cycle 
ergometer w-ith inspiratory flow, pleural and gastric oressures 
measured. Rl'b cage (RC) and abdominal (Ab) excursions wre 
measured as well. Dyspnea was rated inspiratory effort sensation 
(KS) levels using a Borg scale. All subjects demonstrated a 
diwt relationship between KS and Ppl. Sensitl'vity thresholds 
were similar amongst nom1 subjects and l‘n patients rrere equal or 
higher than normals. Although response was siml'lar in all normal 
subjects, COPD patients shwd ti mal’n patterns: low and high 
responders. me low response swns to k related to the ability of 
the patients to suddenly release abdomjnal muscle tone at the onset 
of inspiration. We conclude that nom1 subjects have similar 
sens-itivl'ty thresholds. Dyspnea is linearly related to Ppl. COP0 
patients demonstrate dl'fferent sensitivity thresholds and varyl'ng 
response. The causes for such behavl'our may be related to the 
chest wall/lung impedance, degree of hyperinflation and mainly to 
coordination of chest wall muscles. 
(Supported by Mdical Research Council of Canada.) 

LE4.s 

BRONCHIAL VASCULAR HYPERPERMEABILITY ACCOMPANIES 
HYPERPNEA-INDUCED BRONCHOCONSTRICTION (HiB) IN GUINEA 
PIGS DW Rati CM X)oerschul& M Jackson*x Hermes S Eamd, 

eff. and J Solwav. Dept. of Med., Univ. of Chicago, Chicago, IL; 
and Dept. of Path., Univ. of British Columbia, Vancouver, B.C. 

To evaluate whether vascular hyperpermeability accompanies HIB in guinea 
pigs (GP), we performed 5 types of experiments in 23 anesthetized GP given 
0.5 ml Monastral Blue (3%) suspension (MB) iv. (i) Negative Control: 3 GP 
were mechanically ventilated (6 ml/kg, 60 br/min) for 20 min, then exsan- 
guinated and their lungs removed. During this period, no change in respira- 
tory resistance (Rrs) occurred and no MB staining of the central airways was 
found. (ii) Posifive Control: 3 GP also received capsaicin 50 mg/kg SC at 
the start of the 20 min ventilation period. Rrs rose 7&fold, and MB staining 
wag evident from the trachea through generations 3-4. (iii) Dry Gas Hyper- 
pnea (Uyp): 12 GP received 5 min of eucapnic HYP (f-150 br/min) with 
VT 3-6 ml, followed by 15 min control ventilation. Peak Rrs after HYP rme 
with VT during HYP. MB stained the central airways, but neither the inten- 
sity nor extent of staining correlated with VT during HYP. 2 GP ventilated 
with 3 and 4 ml had little bronchoconstriction and no MB staining. (iv) Hu- 
mid Gas Hyp: 3 GP received eucapnic HYP with humid gas (5 ml), and dis- 
played reduced HIB (peak Rrs less than l/S that of dry gas GP) and little or 
no MB staining. (v) Tachykinin Depleted: 2 GP received capsaicin 50 mg/kg 
SC 1 week prior to study, and received dry gas HYP using 5 ml V 

B 
. Peak 

Rrs was reduced to l/4 that of non-pretreated GP, but similar M staining 
was observed. These results show that bronchial vascular hyperpermeability 
accompanies HIB in GP, and that vascular and airway responses to dry air 
hyperpnea have differing stimulus-response relationships. Supp. by HL34702, 
HL07432, HL32495, the Trudeau Scholar Award, and the Whitaker Fnd. 
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54.9 
lNTRAVENOUS PAF -ACETHER CAUSES BRDNCHOCONSTRICTION WITHOUT 
BRONCHIAL HYPERRESPONSIVENESS IN SHEEP. Tahic Ahmed dnd 
Alfred0 Ferrtandez*. Mount Sinai Medical Center, Mimi Ekdch, 
FL 33140. 

We studied the effects of intravenous PAf on airway 
mechanics and bronchial responsiveness to cacbachol in sheep. 
We measured specific lung resistance (SRL=lung resistance x 
thordclc gds volume) in ten unsedated sheep before, immed- 
idtely after and serially up to 2 hours following dn intro- 
venous injection of PAF (0.3 ug/kg). Bronchial responsive- 
ness to carbachol wds expressed ds the cumulative provo&ting 
dose of cdrpdchol (in breath units) which incredsed SRt to 4 
cm H$l-set- IPD4): one breath unit wds defined ds one breath 
of 1% carbachol solution. PO4 wds determined on a control 
day, 2 hours dnd 48 hours after PAF. Mean +iiR~ increased 
from 0.85+.14 before to 4.3822.07 cm H@*sec immedidtely 
after PA!; while Cdyn decreased from 0,08+.03 to 0.04+,02 
L-cm Hz0 (P<.OS) l SF?L returned to bdselTne by one hour, 
while Cdyn wds still 79% of baseLIne dt 2 hours. Pldtelet 
dnd WBC counts decreased to 56% dnd 39% of baseline, respec- 
tively (P<.OS). PAF hdd no significant effect on carbachol 
responsiveness: Mean PD4 wds 33+15 breath units on the 
control day, 33+16 breath units dt 2 hours dnd 42+24 breath 
units dt 48 ho;rs post-PAF. We conclude that rn sheep, 

54.11 

CLINICAL UTILITY OF PARTIAL EXPIRATORY FLOW-VOLUME 
CURVE (PEFV) MEASUREMEfTS IN THE HORZE. p.8. 
Tessrowski. T. Whiting_. V' ** 
Clin. Studies, O.V.C.; Guelph, Canada NlG 2Wl. 

PEFV curves have been successfully used in children 
and to evaluate the response to bronchodilators in 
adults. The present study was designed to assess the 
stability and clinical utility of these tests in non- 
sedated, standing horses. Expired airflow was 
recorded when horses (n-21) were challenged with in- 
halation of 10% CO in room air to simulate the forced 
vital capacity. Tit e PEFV curve was evaluated by 
measuring expired volumes in the time domain, mean 
transit time, peak flow and time constant. All values 
with the exception of the time constant were re- 
peatable (r > 0.52) and the most stable measurement 
was total expired volume with a within day, and 
between day within horse r value of 0.799 and 0.756 
respectively. The measured forced vital capacities 
approached the values expected on the basis of 
comparison with other species although peak flows were 
65% of predicted. Habituation to the testing 
procedure was not observed. The technique 
bemonstrated good stability and is currently in use in 
the laboratory measuring response to therapy. 

5410 
COMPARATIVE DISTRTBUTIONQF MUSCARINIC AND 
PARASYMPATHETIC CONTRACTILE RESPONSESTNMAJOR 
DIAMETER AIRWAYS OF DOGS, F.M. Munoz*.T. Shiova*. and A.& 
Leff. Pulmonary and Critical Care Med. and Comm. Clin. Pharmacol., 
Univ, of Chicago, Chicago, IL 60637. 

The distribution of muscarinic and parasympathetic contractile 
responses within airway generation (Gen) O-5 was examined by tantalum 
bronchography in 10 anesthetized dogs in vivo. Responses were assessed 
as change in airway diameter (dDaw) at functional residual capacity and 
as change in lung resistance (RL) obtained at the plateau of the response 
to each stimulus. Dose-response curves to 10-l’ to 10” mol/kg i.v. 
methacholine (MCh) were generated in 5 dogs, and stimulus-response 
curves were generated in 5 other dogs by bilateral electrical stimulation 
(l-20 Hz; 20 V) of the vagus nerves. The dDaw elicited by maximal 
vagus nerve stimulation (10 Hz; 20 V) increased progressively from 28.8 f 
4.4% for Gen 0 to 42.4 f 3.6% for Gen 5 airways. In contrast, a dose of 
MCh ( 10d7 mol/kg) causing comparable dDaw (45.6 f 7.4%) in .Gen 5 
caused substantially less dDaw in Gen 0 (8.1 f 2.6%; P x 0.001) and Gen 
1 (21.6 f 2.1%; P < 0.001) vs vagal stimulation. Vagal stimulation causing 
- 45% dDaw in Gen 5 caused increase in R, to 1634 f 173% of baseline 
value vs 981 f 107% (P x 0.01) for MCh-treated dogs having the same 
dDaw in Gen 5. We demonstrate substantial differences between post- 
junctional muscarinic and parasympathetic stimulation in major diameter 
airways, These data indicate that parasympathetic innervation is greatest 
among tracheal airways and mainstem bronchi, Parasympathetic activation 
also differs substantially between central and peripheral airways of canine 
lung. [Supported by NHLBI HL-35718, HL-32495, and HL-013981. 

55.1 

-CTERIZATIoN OF CYTOCNROME F-4501 ISOZYMES IN 
HUMAN LUNG. C.W. and T.PI. 

Mmooqgenase activity in the lung is of great 
toxicological significance. We have therefore used 
nmt&0lic (Ethv rin +deethylase (mD) BC- 
tivity) and immma&mical (solid phase RXA) methods 
to study the pattern of qtochmm P-450 isozymes, 
specifially those of the P-4501 (polycyclic aromatic 
hydrocarbon inducible) family in human lung biopsy 
samples. Honoclaal antibody 1-7-1, which recqCzea 
P-4501 iaozymss in rat liver, mcognized correqotiing 
isozyme(s) in all human lung samples. The RIA- 
detected levels of these isoz~ correlated highly 
with EfEOD activity (~0.949), indiatiq the presence, 
at lcrw levels, of cytwhrm8 P-4501 isozymes in human 
lun51* Total w P-45Olevels am low in huroan 
lung cmpmed to nonprimate lung, but the ratio of 
type I isozymes to total P-450 is relatively higher in 
h-lung. ER0D activity, P-4501 isozyme levels, and 
total P-450 content in humn lung are all similar to 
those values found in lung micmsomes from untreated 
-. Therefore, human lung does not appear to 
reflect a highly sPAH-tiucedw state- SwPo- bY 
HIS CA-46129 and a-01287. 

59.2 
EVIDENCE FOR STEREOSELECTIVE INHIBITION OF FERROCHELATASE CFC’) 
BY N-ALKYLATED PORPHYRINS. $.A. McCluskey*, R.A. Whitney*‘ * 
and G.S. Marks. Deparaent of Pharmacology and Toxicology, 
Queen’s University, Kingston, Ontario. Canada, K7L 3N6. 

Mechanism-based inactivation of cytochrome-P-450 (P450) by 
3,5-diethoxycarbonyl-1,4-dihydro-Z,4,6-trimethylp~idine (DDC) 
and related analogues results in the formation of a mixture of 
N-alkylprotoporphyrin IX (N-alkylPP) regioisomers. The FC- 
lowering activity of 4-ethyl- and 4-propyl-DDC is attributed 
predominantly to the formation of the A (NA) and B (NB) pyrrole 
ring substituted regioisomers of N-propylPP and N-ethylPP, 
respectively, The goal of this study was to determine if NA + 
NB regioisomers pf synthetically and biologically generated N- 
alkylPPs differ with respect to their FC-inhibitory potency, 
Biological N-ethylPP and N-propylPP were isolated from the 
livers of phenobarbital-pretreated rats while synthetic 
compounds were prepared by heating PP and ethyl- or propyl- 
iodide at lOO*C, The N-alkylPPs were separated into their 
regioisomers by HPLC. The N-alkylPP regioisomers obtained from 
rat livers were found to be optically active using circular 
dichroism spectropolarimetry; the synthetic regioisomers were 
optically inactive. The NA + NE regioisomers of synthetic N- 
ethylPP and N-propylPP were found to be less potent inhibitors 
of chick embryo hepatic FC-activity than the optically active 
N-alkylPP regioisomers obtained from rat livers. This suggests 
that the FC-binding site can better accommodate the 
enantiomeric form of-N-ethylPP and N-propylPP derived from the 
inactivation of P450, (Supported by the MRC of Canada) 
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65.3 
FERROCHELATASE (FC) INHIBITION PRODUCES A GREATER INDUCTION 
OF 6-AMINOLEVULINIC ACID SYNTHASE (ALAS) ACTIVITY THAN DOES 
SUICIDAL INACTIVATION OF CYTOCHROME P-450 (P450). 
Jane E, Mackie* and Gerald S. Marks. Department of 
Pharmacology and Toxicology, Queen's University, Kingston, 
Ontario, K7L JN6, Canada. 

This study compares the effects of three groups of 
compounds related to 3,5, -diethoxycarbonyl-1,4-dihydro-2,4,6- 
trimethylpyridine (DDC) on the activity of ALAS; ALAS is 
controlled by heme through feedback repression, The first 
group of compounds lowers cellular heme levels by inhibiting 
FC activity and destroying the heme of P450 through suicidal 
inactivation, The second group lowers heme levels through FC 
inhibition, The third group lowers cellular heme levels by 
suicidal inactivation of P45O. An hepatic cell culture was 
prepared from 17-day-old chick embryos, and the medium was 
changed 24 hr later. Drugs were added after a further 24 hr 
and ALAS activity was determined at various time points, 
4-Ethyl DDC, a member of the first group, caused a peak 
increase in ALAS activity at 12 hr after administration (565% 
of control levels). N-ethylprotoporphyrin IX, a member of the 
second group which is produced by P450-mediated oxidation of 
4-ethyl DDC, caused a peak induction of ALAS activity at 3 hr 
(444% of control). 4-Isobutyl DDC, a member of the third 

group, produced a peak induction of ALAS activity at 3 hr 
(210% of control). These data suggest that the inhibition of 

FC is the more important factor involved in induction of ALAS 
activity by DDC analogues. (Supported by MRC of Canada) 

MOLECULAR CLONING AND SEQUENCING OF A RAT LIVER 
ARBOXYLESTERASE TRIFkyOROACETYLATED2#Y 
R.M. 1.o~ . HI. Satth . R.M. Martin . 

FJ G-3 ii L-R. Pohl' 
Pharmaool., NHLBI, %lin. Neurosoi: 

Br., NIMH, and 3Lab. Molec. Carcinogen., NCf, NIH, 
Bethesda, MD 20892. 

On8 of the immunogena associated with halo- 
thane-induoed hepatitis is a trifluOrOac8tylat8d 
59 kDa llvsr microsomal oarboxylesterase (XSSX 88, 
Kobe, Japan, Abs. III-403~Pt2). To ohar&ot8riz8 
this enayme, molecular cloning and sequencing Of 
the oD#A encoding the protein have been initiated. 
Several clones were isolated from rat liver lambda 
gtll libraries sor88n8d with pOlyClOnal anti-59 
kDgl antibodies. Clones that SUbS8qU8ntly hybrid- 
ized with oligonuoleotidea prepared from amino 
aoid sequenoes ,of tryptic fragments of the 
purified 59 kDa protein were subcloned into pGEM 
and Ml3 and s8qu8no8d by the dldeoxy ahain 
termination method. The largest clones hybridized 
to an mRNA of 2 kb, ooded for a peptide contain- 
ing the catalytic active site regions of serfne 
esterases, and had 665 amino aoid homology to 8 
rabbit liver CarbOxylesteras8 of 60 kDa (JBC 
263:3486, 1988). (RML is supported by a PRAT 
Fellowship from NIGMS, NIB.) 

55.7 

VARIATION BEmEN ANI- AND BEIWEEN HEPATIC 
COLLAGEN CONTENT OF LIVER SPECIMENS 

been evaluated. 
undertaken 1) 

A study was 
to analyze the variation a) between animals 

and b) between lobes of the same liver 111 hepatic collagen 
content following CCL+induced cirrhosis, and 2) to evaluate 
the correlation between morphometric and calorimetric 
evaluations of hepatic collagen content. The results revealed a 
significant correlation (r = 0.9458, 

OB 
<O.OM) between the 

morphometric and calorimetric meth s of collagen evaluation; 
both methods also distinguished data obtained from controls 
and cirrhotic rats (p< 0.0005). 
cirrhosis, 

Following induction of 
a highly s@fkant variation in hepatic collagen 

content was observed between animals (p~O.0001). B 
contrast, no significant difference was observed (p> 0.05 Y, 
between hepatic lobes of a given animal, Our results point 
out, that in this model of liver cirrhosis, the interpretation of 
metabolic data would benefit by bein 
of hepatic collagen infiltration of eat % 

related to the severity 
animal, Our data also 

show that representative values on the total hepatic collagen 
content can be obtained from a single liver specimen 

55.4 
CYTOCHROME P-45& AS A TARGET FOR DESTRUCTION BY 4-ALKYL 
ANALOCUES OF 3,5-DIETHOXYCARBONYL-1,4-DIHYDRO-2,4-&TRIMETYL- 
PYRIDINE (DDC). D.S. Riddick*, G.S. Marks, S.S, Park*, and 
H.V. Gelboin. Department of Pharmacology and Toxicology, 
Queen's University, Kingston, Ontario, K7L 3N6, and 
Laboratory of Molecular Carcinogencsis, National Cancer 
Institute, Bethesda, MD 20892. 

DDC analogues cause mechanism-based inactivation of cyto- 
chrome P-450 (P450) via heme destruction. The goal of the 
present work was to examine the selectivity of DDC analogues 
with respect to the major phenobarbital (PB)- and f3-naphtho- 
flavone (BNF)-inducible P450 isozymes of rat liver. Hepatic 
microsomes from uninduced, PB-induced (PB microsomes), and 
BNF-induced (BNF microsomes) rats were incubated with NADPH 
and a DDC analogue, and then analyzed for P450 content, 
isozyme immunoreactivity, and enzpatic activity. 4-Isopropy 
DDC and 4-hexyl DDC caused less P450 destruction in f3NF micro 
somes and PB microsomes, respectively. Western blots probed 
with monoclonal antibodies (MAbs) to the major inducible 
P450 isozymes revealed that, in f3NF microsomes, DDC analogues 
cause formation of lower molecular weight proteins showing 
reactivity to MAbs directed against the major BNF-inducible 
isozyme (P45Oc). DDC analogues also cause mechanism-based, 
NADPH-dependent loss of enzyme activity selective for P45Oc 
(7-ethoxyresorufin 0-deethylase), but not that of the major 
P3-inducible isoayme, P450b (7-pentoxyresorufin 0-dealkylase) 
These data suggestthat P45Oc is a target for mechanism-based 
inactivation by DDC analogues, (Supported by MRC of Canada) 

65.6 

CHRONIC ETHANOL TREAlXiENT INCREASES 
MORPHINE GLWCURONIDATION IN RABBm. Sbla $ 
JGum* and Harold S. Yost* SPON: WiIliam K. Nichols). 
Washington State University, I Pu man, WA 99164-6510 and 
University of Utah, Salt Lake City, UT 84112. 

Male New Zealand white rabbits were injected ip with 15 
m /kg morphine sulphate in normal saline, treated with ethanol 
(I%% m drinking water for 14 days) and were again injected t with 
morphine. Blood samples were collected from ear arteries om 5 
min to 360 min after the ip injections. Plasma samples were 
analyzed by HPLC for morphme and mo 
Plasma concentration curves from four rabbits s T 

hine glucuronide. 
owed an increased 

area under the plasma concentration curye AUC) for morphine 
glucuronide by an average of 23% (r 

Yii 
57 e lo-4 %) and a decreased 

AUC for the arent compound morp ‘ne by an average of 32% 
(range IO-7581) after ethanol treatment, Thus, mo hine 
metabolism after chronic ethanol treatment was increased ue to fp 
an increase in its glucuronidation. Morphine dis 

r 
sition studies 

after acute alcohol treatment with chronicall alto ol-induced and 
untreated animals will also be resented. 
Grant AAO6555. GSY is a USP f3 

H u 
S Research 

ported by USPHS 
CL 

Awardee (HUG1 19) 
eer Development 

65.8 

THE NAm HEPATGCYTE HYPOTHEBIS APPLIES TO THE C- 

res . C Dub6 . and P.M. Huet 
H6 l St&c, Univ. de *Mont&l, Mont&al *QuC 

%l 
Canada 

liver diseases, a wide spectrum’of v&in D (D) status 
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55.9 
CHARACTERIZATION AND IMMUNOREACTIVITY OF HUMAN LIVER DEHYDRO- 
EPIANDROSTERONE SULFOTRANSFERASE. Charles N, Falany*, Mary E. 
Vazquez*, and John M, Kalb* (SPOT: P.M, Hinkle). University - ----- 
of Rochester, Rochester, NY 14642. 

Dehydroepiandrosterone sulfotransferase (DHEA-ST) was puri- 
fied from human liver cytosol by chromatography on DEAE- 
Sepharose 4B and adenosine 3',5'-diphosphate-agarose. The 
resolved enzyme was capable of sulfating a number of different 
steroids, including pregnenolone, B-estradiol and androsterone, 
but was inactive towards p-nitrophenol and dopamine. DHEA-ST 
displayed a subunit molecular weight of 35,000 daltons follow- 
ing SDS-polyacrylamide gel electrophoresis. Antibodies raised 
in rabbits against the subunit form of the enzyme recognized 
a single band in human liver cytosol following Western blot- 
ting and did not react with purified M- or P-phenol sulfo- 
transferases. Also, antibodies raised in rabbits against the 
human platelet N-phenol sulfotransferase did not react with 
DHEA-ST. Of several human tissues tested by Western blotting, 
immunoreactive proteins were detected by the anti-DHEA-ST anti- 
body only in cytosol prepared from liver and the adrenals. In 
adrenal cytosol, two bands were observed with molecular sizes 
of 35,000 and 30,000 daltons. These results indicate that the 
DHFA-ST in human liver is distinct from the sulfotransferases 
which react with small phenols and catecholamines and is 
immunologically similar to the form of the enzyme present in 
human adrenals. Supported by NIH grant GM-38953. 

55.11 

IN VITRO PROTEIN BINDING OF SULFAMETHAZINE AND ITS . 
MAJOR MEWBOLKE Yu Chung: Tsane* and Jake J. messen * (Sp: 
J.P. Uetrecht). Faculty of Pharmacy, University of Toronto, Toronto, 
Ontario M5S 1Al. 

As part of a study examining dose-dependent drug acetylation, the 
possibility of nonlinear protein binding of sulfamethazine (SMZ) was 
studied in rabbit serum, Serum solutions comprising various 
concentrations (-0.01 - 1 mM) of SMZ and its acetylated metabolite, N4- 
acetylsulfamethazine (AcSMZ), were prepared. These ‘control’ samples 
were also mixed via a Latin square design to study the interactive binding 
of SMZ and AcSMZ to the proteins. Equilibrium dialysis was conducted 
for 8 hours. 

Postdialysis measurement of SMuAcSMZ in the buffer and serum 
chamkrs provided the free and bound fractions based upon equilibrium 
total serum concentrations. The ‘control’ data revealed concentration- 
dependent binding for both drugs while the interaction study clearly 
indicated the presence of competitive binding, Computer analysis of the 
observations identified the most appropriate binding model to consist of 
specific and non-specific binding. The mean (SE) ‘control’ parameter 
estimates for PtsMz, PtAcsMzI KdsMz, KdAcsMz, NSPSMZ, 
NSPA~SMZ were: 0.561(0.041), 0.605(0.024), 0.078(0.006), 
0,03 l(O.002) [mM], 0.205(0.053) and 0.229(0.042), respectively. In the 
interaction study these values were: 0,599(0.022), 0.479(0,019), 
0,091(0.004), 0.023(0.001), 0.228(0.020) and 0.434(0.061), 
respectively. These findings indicate that AcSMZ binds more strongly to 
serum proteins than SMZ. The metabolite can therefore alter the in vr’vo 
SMZ binding thereby in turn changing the acetylation rate. 

55.10 
METABOLIC AND PHARPiACOKINETICS OF TRIPROLIDIm HCL 1N RATS. 
Richard M. Welch, Steve Weller* and Chacko Verghese*, The 
Wellcome Research Laboratories, Research Triangle Park, NC 
27709. 

Although triprolidine [(E) -2-{3- (l-pyrrolidinyl) -1'E- 
tolylpropenyl)pyridine XI,]-is a widely used antihistamine, 
little is known regarding its pharmacokinetics and 
metabolism in animals and man. The present study examined 
the pharmacokinetics and metabolism of triprolidine in male 
and female rats following the oral administration of 
10 mg/kg, 30 mg/kg, 60 mg/kg and 120 q/kg of triprolidine 
BCL. Marked non-linearity in AUC for triprolidine was 
observed in rats between oral doses of 10 mg/kg and 
120 mg/kg. Although the dose was increased 12-fold, the AUC 
for triprolidine increased mOre than X00-fold indicating 
saturation of metabolism. This phenomenon was very apparent 
even at doses between 10 mg/kg and 30 nq/kg. After a po 
dose of 10 q/kg of CL4-triprolidine HCL, the major plasma 
metabolite was the carboxylic acid formed by oxidation of 
the tolyl-methyl group. This metabolite comprised over 40% 
of the total radioactivity in plasma. Comparisons of' the 
AUCs for triprolidine after oral and iv doses of 10 mg/kg 
indicated an absolute oral bioavailability of 5% and,l3% in 
male and female rats respectively. After an iv dose of 
10 mg/kg, the plasma t&B was 45 min, and no sex difference 
was observed. These results indicate that triprolidine 
undergoes extensive first-pass metabolism in the rat and 
that its metabolism is easily saturable. 

55.12 
UPTAKE OF ENALAPRILAT BY THE PERF'USED RAT LIVER IS BARRIER- 
LIMITED. Andreas J. Schwab, K. Sandv Pana;*. and Carl A, 
Gores& *Fat, of Pharmacy and Dept of Pharmacologv.Universi- 
tY of-Toronto, Toronto, bnt. M5S 2S2, and Univergity Medical 
Clinic, The Montreal General Hospital, Montreal, Que H3G lA4. 

Previous experiments with perfused rat liver, using a 
steady-state protocol, led to the conclusioti that enalapril 
(El readily enters hepatocytes, where it is deethylated, 

yielding enalaprilat (EA), which is subsequently predominant- 
ly excreted into bile, and that the more polar product EA, 
when presented to hepatocytes from within the vascular space, 
is not readily taken up because of a barrier effect at the 
plasma membrane. We have now been able to support this hypo- 
thesis in a more direct fashion with multiple indicator 
dilution experiments usfng tracer EA. Tritiated EA was in- 
jected fnto the portal vein of a perfused liver, together 
with the non-sequestered reference indicators 51-Cr-labelled 
red blood cells, 125-I-labeled albumin and [14Cjsucrose, 
Timed samples were collected from the hepatic vein and anal- 
yzed for the tracers. Extrapolated recovery of EA in venous 
blood was 95%, with 5% appearing in bile. In a single pass, 
87% of the injected EA traveled along the vasculature without 
entering hepatocytes, Of the remaining 13%, 40% was excreted 
into bile, and 60% returned to the vascular compartment. The 
calculated permeability-surface area product ("diffusional 
clearance") was 0.26 ml/min/g. This corresponds proportion- 
ally to 23 % of' blood flow, The plasma membrane of the 
hepatocytes thus provides a substantial resistance to EA 
transfer, in either direction. 

TEMPERATURE REGULATIQrcJ 

56.1 

THE EFEECIS OF REPEATED COLD STRESS TESTS ON 
COLONIC TEMPERATURE LOSS AND HEAT PRODUCTION IN 
ADULT AND AGED MICE. * m TP~ Tu 
Gerontology Research Center, N.I.A., N.I.H., Baltimore, Md. 21224 

Adult and aged C57Bu6J mice (14 and 29 mo) were subjected to 3 
consecutive Cold Stress Tests (CSTs) (3 hrs restraint at 6°C) repeated 
with 2 week intervals between tests. The change in colonic 
temperature [Tco) (“C/hr) was measured and metabolic Heat 
Production (mHP) (kcal/body weight%r) was calculated. Aged mice 
had a much steeper loss in Tco and a much smaller mHP than 
adults. Only adults exhibited an habituation to repeated CSTs (a 
significant improvement by test 3 when comparing the three tests) in 
both Tco and mHP. In a second experiment, adult and aged mice 
(S-11 and 30 mo) were subjected to three CSTs each preceded by a 
Baseline Test (BT) (1 hr restraint at 23”C), both repeated with 2 week 
intervals between tests, during which Tco and mHP were calculated. 
During the CSTs, aged mice once again had a much steeper loss in 
Tco and a much smaller mHP. Unlike the previous experiment, 
neither adult nor aged mice exhibited habituation in either Tco or 
mHP. Adults produced greater mHP in CSTs than in BTs, while 
aged mice produced similar amounts of mHP in CSTs and BTs. In 
both experiments, the increased loss of temperature in the aged 
mice compared with adults during the CSTs is, probably, related to 
their inability to compensate by increasing mHP in the cold. 

56.2 
BEHAVIORAL FEVER IN GUINEA PIGS BEFORE AND AFTER KNIFE CUTS 
IN THE BRAINSTEM. C.M, Blatteis. Department of Physiolow 
and Biophysics, University of Tennessee College of Medi- 
cine, Memphis, Tennessee, 38163. 

Several studies have implicated the preoptic area 
(PO) I lateral hypothalamus (IX), posterior hypothalamus 
(PH), and medulla oblongata (MO) in the behavioral therno- 
regulation of various species. In guinea pigs, all these 
regions but the PH also activate autonomic febrigenic re- 
sponses to locally injected interleulcin-l/3 (ILl). Since 
behavioral adjustments are an integral part of fever devel- 
opment, the thermopreferenda of guinea pigs &/group) free- 
ly moving in a thermocline (end-to-end gradient 27 to 38°C) 
were monitored before and after microinjection of IL1 (10 
ng/ul, bilaterally) into these sites; body temperature was 
recorded by radiotelemetry. Behavioral fevers were evoked 
when IL1 was administered into the PO or LH, but not when 
it was given into the PH or MO. Possible interactions 
among the sites were examined by disconnecting them with 
microknives and injecting IL1 iv or directly Into each 
site. Iv injections induced behavioral fevers in all the 
animals, but no response was elicited by any intracerebral 
injection (although autonomic fevers were produced by in- 
traM0 IL1 injections). These results suggest that the 
neural elements mediating autonomic and behavioral fevers 
may be distinct, (Supported by NIH grants NS-14929 and 
22716) 
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THE THERMIC EFFECT OF COCAINE DURING STRESS. 0.0. Aroyewun 
(SPON: M. Matsuzaki). NYS Division of Substance Abuse Service 
Brmklyn, N.Y. 1121'7 

Experiments were performed to determine whether cold stress 
alters cocaine thermolytic action in the rats in a manner 
similar to the reported stress-induced alterations of cocaine 
behavioral functions. Intraperitoneal injection of cocaine 
(5-30 mg/kg) elicited dose-dependent hypothermia in rats 
exposed to cold (hoc). It had no significant effect on the 
rectal temperature of rats maintained at a thermoneutral (22- 
23 oC) ambient temperature. The signifscant interaction of 
the drug with cold stress supports the contention that stress 
potentiatss cocaine effect, The hypothermia induced by 
cocaine (20 mg/kg) in the cold was attenuated by yohimbine, 
verapamil or reserpine, enhanced by methysergide, but 
uxlaltered by pretreatment with haloperidol, ascorbic acid, 
naloxone, atropine, nimodipine, DL-propanolol, alsha-alethyl- 
paratyrosine, nialamide or parachlorophenylalanine. Procaine, 
a local anesthetic, had no effect on the temperature of rat 
in the cold. It seems that endogenous level of noradrenaline 
might be of some importance in the hypothermia. Rats treated 
chronically with cocaine (20 mg/kg/twice per day for 15 dws) 
and exposed to 2-hr cold stress every other day of drug 
injection developed tolerance to the thermoregulatory effect, 
The tolerance may not depend entirely on the habituation 
of the stress component, since rats exposed to the cold 
stress for the first title after the drug treatment regimen 
also showed some dimunition in thermic response. 

56.7 

HEAT REGULATION DURING GRADE WALKING: A CAL0RIMETRIC STUDY, 
Paul Webb, Francis J. Nagle apd Dan M. Wanta** Biodynamics 
Laboratory, University of Wisconsin, Madison, WI 53706. 

Heat loss, for example by sweating, rises to match the 
need for heat dissipation, sometimes called "total heat", 
which is the sum of metabolic rate plus energy received (as 
in resistive cycling, diathermy and downhill walking) minus 
power output (as in the external work of cycling and uphill 
walking). It has been thought that thermoregulatory sweating 
responds principally to rising internal temperature, modi- 
fied to some degree by the level of skin temperature. But it 
is possible to make heat dissipation so easy with a water 
cooled suit that one can exercise without sweating, yet not 
affect the usual rise in Tre, The same water cooled suit, 
properly insulated and instrumented, is a direct calorimeter. 
We measured heat loss with the suit calorimeter and metabolic 
rate during grade walking in 10 fit young men. They walked at 
a constant treadmill speed of 90 m/min (5.4 km/hr) at grades 
of -lo%, -5%, OX, 5% and 10% for 70 to 90 min to insure 
steady levels of heat loss and body temperatures. Evapora- 
tive water loss was only 80-190 g/hr, with higher rates at 
higher exercise levels, so that evaporative heat loss was 
about 15% of total heat loss. Heat loss was more closely 
correlated to total heat than to metabolic rate and Tre 
correlated better with heat loss and total heat than with 
metabolic rate. It appears that heat loss is the independent 
(regulated) variable, with Tre dependent on it. 

56.4 
TYMPANIC TEMPERATURE IS A CORE TEMPERATURE IN HUMANS. Michel 
Cabanao and Heiner Brinnel*. Dept. Physio't., School of l@X- 
Lava1 Univ. Quebec, Canada, GlK 7P4 and HGpital de I'Arbresle 
BP lf6,69210 L'Arbresle, France. 

The validity of tympanic temperature as an index of core 
temperature can be questioned since it has been found to be 
affected by ambient temperature during exposure to cold. This 
work has been undertaken to explore the possible influence of 
head skin temperature on tympanic temperature. In a group of 
ten subjects at rest, mean temperature on the lower anterior 
quarter of the tympanic membrane was O.l°C higher than oeso- 
phageal temperature. Tyrnpanic, oesophageal, interdigital, and 
mastoid skin temperatures were recorded in 6 subjects during 
30 min exposure to cold at O°C and the following 30 min reco- 
very. When the thermocouple was placed on the lower anterior 
quarter of the tympanic membrane, the influence of skin tem- 
perature on tympanic temperature was as low as 0.006°C per O°C 
fall in skin temperature, and the influence of air temperatu- 
re as low as 0.0025°C per OC fa71 in air temperature. At cold 
ambient temperature, the changes in tympanic temperature were 
strikingly parallel to those of oesophageal temperature where- 
as skin temperatures generally evolved in the opposite direc- 
tion. These results suggest that tympanic temperature, when 
measured accurately, is a good index of core temperature and 
its variations may reflect variations in brain temperature 

(Supported by D.R,E,T. and F.R.M.F, France) 

56.6 

ENERGY EXCHANGE IN DOWNHILL AND UPHILL WALKING: A CALORIMETRIC 
STUDY. Francis J. Nagle, Paul Webb and Dan M. Wanta*. Biodyna- 
mics Laboratory, University of Wisconsin, Madison, WI 53706. 

From the principle of conservation of energy, energy 
balance can be expressed as (1) GM = 6HL + 6W + dhHb, where 0 
is power (watts), M metabolic rate, HL heat loss, W external 
work and AHb change in body heat storage. When submaximal 
treadmill exercise continues long enough, body temperature 
stops changing, AHb becomes zero and the heat storage term is 
dropped from (1). For uphill walking the equation becomes (2) 
GM - dHL + hWvert, and for downhill walking it becomes (3) 
GM = 4HL - GWvert. The study tested energy balance eqs. (2) 
and (3) with direct measurements of heat exchange using a suit 
calorimeter and standard measurements for respiratory gas 
exchange. Ten healthy men 28.4 25.6 yr, 73~4.7 kg walked on a 
motor driven treadmill at 90 m/min at grades of 0%,5%,10%,-5% 
and -10% for 70 to 90 minutes, insuring steady state. Values 
for each term of eqs. (2) & (3) demonstrated that -0Wvert is a 
power input which appears as heat and that +QWvert is a power 
output separate from heat loss. Furthermore, there is a 
quantity of nonthermal energy, dWwlk, needed to satisfy the 
energy balance equation that was significant at 0% grade, 5% 
and 10% but small and not significant at -5% and -10%. Delta 
efficiency for +bWvert was 24% and for GWwlk 26%. These data 
confirm previous findings of Webb, et al (Fed. Proc l 46:318, 
1987) for a nonthermal energy component in level walking and 
extends them to grade walking. dWwlk appears to be work done 
on the walking surface. 

1562 
THERMAL RESPONSE AND SKIN BLOOD FLOW OF OLD WOMEN DURING 
EXERCISE IN HEAT. M,K. Yousef, K, Shiraki, K,A. Reed* and 
L*A. GoldinK*. Desert Biol. Res. Ctr,, Dept. of Biol. Sci., 
Univ. of Nev., Las Vegas, Las Vegas, NV 89154 

Recent data suggest that increased heat strafn in older 
yet healthy individuals seems to be an impaired cardiovascular 
and vasomotor functions. The objective of this experiment was 
to examine some thermal responses and Laser-Doppler measure- 
ments of skin blood flow (SKBF) of 6 young (YW: 20-25 y old) 
and 7 old (OW: 63-72 y old) women during rest and exercise in 
heat (41C and 40% RH) and in a thermoneutral temperature 
(27C, 40% RH). Esophageal (Tes), 
(9), 

rectal (Tre), 02 uptake 
sweat rate (SR), and SKBF on the arm and shoulder were 

measured. The experimental protocol for all subjects was to 
rest in a chair for 45 min then exercise for an additional 30 
min on abicycle ergometer at a work load equal to 40% of 
vo2 max. During rest at 41C, the OW had increased their VO2, 
Tre and Tes similar to the young, however, SKBF increased - 
more in the YW than the OW. During exercise at 41C, SR was 
about the same in both groups (5,84 and 6.86 g/m**min in OW 
and YW respectively), However, Tes and not Tre increased 
significantly more in the OW (A Tes: 0.96 and 0.68 in OW and 
YW respectively). The percentage increase in SKBF was 
greater in YW. Ventilation equivalent was higher in OW during 
rest and exercise. The data support the premise that problems 
encountered by the elderly in hot environments may be 
primarily a loss of efficiency fn the vasomotor responses. 
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56.9 
UTILIZATION OF ENERGY SUBSTRATES DURING COLD EXPOSURE IN 
MAN. A.L. Vallerand, and I, Jacobs*. Defence and Cfvfl 
Institute of Environmental Medicine, Toronto Ont. M3M 3139 
Canada. 

Although it is well known in animals that shivering 
thermogenesis markedly increases the oxidation of energy 
substrates, this phenomenon is poorly understood in man. 
This study intended to compare substrate utilizatfon in 
seven healthy young male subjects that were either exposed 
to the warm (29OC; semi-nude, fasted) or to the cold for 2h 
(1OOC). Mean body temperature (Tb) was assessed by: 0.67 
rectal + 0.33 mean skin temperature. Metabolic rate was 
determined via indirect calorimetry. Substrate utilization 
was calculated using the nonprotein respiratory quotient, 
which was derived from the urinary urea nitrogen output. 
Cold exposure induced a 3.2 f O.l*C drop in Tb and a body 
heat debt of 866 f 54 kJ (p<O.Ol), These parameters remain- 
ed essentially unchanged in the warm. Cold exposure also 
elevated the 2h energy expenditure by 2.5 fold in comparison 
to the warm (pcO.01). This enhanced thermogenesis was 
accompanied by a 580% increase in carbohydrate oxidation 
(p<O.Ol), a 63% increment in fat oxidation (p<O.O5), and an 
unchanged oxidation of protein. The results demonstrate 
that cold exposure causes a much greater increase in the 
utilization of carbohydrate than lipid. It is suggested 
that these substrates are mainly oxidized in the shivering 
skeletal muscles. 

HYPERTJZNSION I 

57.1 

Temperature dependent sensitivity in the SHR aorta after 
endothelium removal. J.M. Price. University of South 
Florida, Department of Physiology and Biophysics, Tampa, FL 
33612. 

The objective of this study is to determine if removal of 
the endothelium from the SHR aorta eliminates temperature 
induced changes in its norepinephrine sensitfvity. We have 
found that sensitivity to norepinephrine, maximum active 
wall tension, and resting wall tension in the intact SHR 
aorta are significantly increased when bath temperature is 
increased from 37Oc to. the SHR's body temperature, 39'c, 
The endothelium was removed by gently scraping the intima 
with a wooden stick (lmm dia.). The absence of endothelium 
was tested by exposure of norepinephrine contracted rings to 
acetylcholfne. In preliminary experiments the vessel rings 

were examined histologically for the absence of endothelia 
cells with a scanning electron microscope and with a light 
microscope. Aortic rings from 16 week old SHRs were 
examined for the effect of an increase in temperature from 
37OC to 39'C on their sensitivity to norepinaphrine. Rings 
without the endothelium produced a greater maximum active 
Wall tension and were mor 
The ED50 was 1.1+0.3 lo- M at 39OC and 2.0~0.4 IO-'M at 5 

sensitive at 39OC than at 37'c. 

37Oc. It may be concluded that the endothelium does not 
cause a temperature dependent sensitivity in the SHR aorta. 
Supported by NIH grant HL21103, 

$7.3 
THE EFfECT OF VOLUHE 0EPLET:OM ON THE ABILITY OF HIGH-AND- 

LOW-RURHOTENSIVE SUBJECTS TO MAINTAIN SlOOD PRESSURE DURING 

LOYER BODY NEGATIVE PRESSURE {LBNP). 4;r K~~DD*. L Evans*. 

L DuPl8ssis*, L B_ta L Kotchsn*, p. Tdl~lor*, L Ott 

and L Kotchen*, Univ8rsIty of Kentucky, Lexington, KY. 

The cardiovascular responses of 24 normotensive male 

subjtcts (12 high and 12 low nornottnsivcs) were measured 

during LBRP (2 mIn each at control, -10, -20, -30, -40, -50 

and -60 mnHg). Each subjtct Has studied following 36 hrs. 

on a 250 meq NA+/da ditt and folkowing 36 hrs. on a 10 meq 

NA+/da diet plus furoseaidt (40 mg, p.o. x 2). For the 

whole group, HA+ dtprivation 8ignificantly decreased 

extrtctllukar fluid volume (10.5 2 0.5 to 9.2 2 0.5 Lit), 

cardiac output (CO) (5.75 2 .39 to 4.91 = ,32 L/min), 

systolic BP (120 2 3 to 110.5 L 2 mnIHg) end stroke volume 

(SV) (92 2 6 to 76 + 6 ml) while significantly fncreasing 

v8scular resistance ISVR) (15.9 2 1.1 to 18.5 2 1.3 

nmHg/~L/rin)). There wa8 no changt in diastolfc BP (64 + 3 

to 64 t 2 nmHg) or heart rate (HR) (63 i 2 to 66 k 3 

b/min). During LBNP tht incrtsse in HR and SVR Mere 

significantly greater in #IA + deprived subjects but wert 

insufficitnt to maintain CO and BP due to the significantly 

smalltr SV. Higher levels of LBRP combined with volumt 

depletion rtsulted in a drop of diastolic pressure in high 

normotensives from 75 = 4 to 70 2 2.5 mmRg. LOU 

normotcnoives did not havt a significant diastolic BP 

response to LBNP fn either state. Supportad by RIB Grant 

#tiL 37753 and UK Center for Iioaedical Engintering. 

57.2 
INOTROPIC RESPONSE TO PRENALTEROL IS PRESERVED DESPITE IN- 
CREASED WALL STRESS EARLY IN HYPERTENSION. RP Shannoq*A 
L HitMa*. R Gela&*. I' Hirsky. and SF Vamer, Dept of 
Medicine, Harvard Med School, New England Regional Primate 
Research Center, Southboro, MA 01772 

To test the hypothesis that the inotropic response to fi- 
adrenergic stimulation is altered early in hypertension 
(HTN), we studied LV systolic function during infusion of the 
&-specific agonist, prenalterol, in 10 conscious dogs while 
normotensive (NORM) and 2-3 weaks after the development of 
perinephritic HTN. There was a significant increase (pXO.05) 
in LV systolic pressure (121A3 mmHg vs, 168+5 mmHg), mean 
arterial pressure 
stress (168f7 g/cm 1 

91&4 mmHg vs. 126k7 mmHg) and LV systolic 
vs. 242+11 g/cm2) following HTN, associa- 

ted with a 28% increase in LV mass (p<O.O5). Both isovolumic 
and ejection phase fndfces were increased in response to pre- 
nalterol following HTN (see Table). 

Pranalterol (ua/ke/min) 
&,V dP/dt Cwsec) mtro& 4 8 

NORM 2868f217 3983k342 5212k444 
HTN 39974294* 5034f322* 6472f531* 

bv dD/dt Qunbec) 
NORM 68k6 93f5 109k7 
HTN 07+7* 111&8* 13ok9* 

* Different from NORM, 60.01 
Thus, the inotropic response to the &-specific agonist, 
pr8naltsro1, is preserved aarly in the course of perinephri- 
tic HTN despite greatly increassd systolic wall stress. 

62.4 
QUANTITATION OF B-ESTRADIOL AND PROGESTERONE IN CYTOSOLIC 
AND NUCLEAR FRACTIONS OF TERM PLACENTAE OF NORMAL AND 

Phamcol, Sch. of Pharm, 
Ob/Gyn/Reprod Sci The&iv of TX Fled Sch at Houston 
Houston, TX. 77D3i3. 

The correlation between concentrations and production of 
placental estradiol (E2) and progesterone (P) with 
hypertensive or pre-eclamptic pregnancy have been reported. 
In this study, concentrations of E and P in five NP 
(placentae of normal patients) an 5 HP (placentae of 
hypertensive patients) were determined by radioimnunoassay. 
Concentrations of cytosolic E2 were significantly greater 
in NP (2.4 times in average) compared ta those in HP, while 
those of nuclear E2 were less (0.38 times) in NP than those 
in HP. The mean value of the ratios of nuclear E2 to 
cytosolic E 2 was seven times as much in HP as in 
NP. Althoug no significant difference in cytosolic P 
concentrations was observed for NP and HP, the nuclear P 
concentrations of NP tended to be less than those of HP. 
The ratios of nuclear P to cytosolic P in HP was relatively 
greater than those in NP. The data further demonstrated 
that greater nuclear concentrations of estradiol and 
progesterone in placentae are associated with hypertensive 
pregnancy. Supported by HL07434 and 2 SO7 RR-05745-15. 
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67.5 

EFFECT OF INCREhSED DIETARY CALCIUM ON THE DEVELOPMENT OF 
REDUCED RENAL MASS SALINE HYPERTENSION IN RATS. M. Pamnani, 
HI Bryant, S, Chen*, J. Schooley* and I?. Haddy. Department of 
Physiology, Uniformed Services Univ., Bethesda, MD 20814 

Diet-fortified with C&o3 has been reported to reduce blood 
pressure(BP) in low renin and salt sensitive hypertensive 
patients. We have therefore examined the effect of increased 
dietary Ca on the development of reduced renal mass (RRM)- 
Saline (S) hypertension (HT) in rats, a classical low renin, 
volume and Na dependent model of HT. Rats with 70-75X RBM were 
divided into experimental (E) and control (C) groups. The E 
rats were fed a Na free diet supplemented with CaCo3 (2.0% Ca) 
and drank 1% S for 5 wks whereas C rats consumed the Na free 
diet and drank 1% S for the same period. In C rats as expected 
BP progressively increased from a control value of lZO.ti1.2 
to 174.251.2 mmHg by the 5th wk. In contrast, in E rats, Ca 
significantly attenuated the development of HT; the BP only 
increased from 117.0f1.2 to 134f3.8 mmHg by the Sth wk. In 
E rats this was associated with a decrease in S intake, which 
by the 5thwk had declined by 30% with a proportionate decrease 
in W and UNaV, but not UKV. No such decreases were seen in C 
rats. At the end of the treatment period plasma levels of Na, 
K, Ca, creatine, BUN and protein were not different but plasma 
Cl and Mg were lower in E rats; vascular muscle cell Ems were 
not different. These data show that dietary CaCo3 can attenu- 
ate the development of RRM-S HT in the rat, possibly in part 
by altering Na and water intake. 

EFFECTS OF BUFALIN, A Na+,K*-ATPase INHIBITOR, ON CARDIOVASCU- 
LAR HmODYNAMICS AND RENAL WATER AND SODIUM EXCRETION IN DOGS 
AND RATS. F.J. Haddy, M.B. Pamnani, D.C. Eliades, B.T. 
Swlndall*, J.F. Schooley* and J.R. Johnston*. Department of 
Physiology, Uniformed Services University, Bethesda, MD 20814 

Studies in Lichstein's laboratory suggest that the endoge- 
nous digitalis-like substance (DLS) implicated in volume 
expansion (VE) and low renin hypertension (LRH) might be a 
steroidal dienolide derivative, If true, the bufodienolides 
should block * vasodilation, potentiate NE vasoconstriction, 
increase vascular resistance, increase left ventricular dP/dt, 
raise arterial blood pressure (BP), and produce natriuresis 
and diuresis. We have examined these parameters in the anes- 
thetized dog and Wistar rat while infusing bufalin (aglycone), 
a bufodienolide, intrabrachially (IA) (dog) and IV (dog, rat). 
In the dog, IA infusion of 5-25 ug/min with brachial arterial 
blood flow held constant produced a dose-dependent increase in 
perfusion pressure, decrease in the vasodilator response to IA 
injection of KC1 (but not to Ach) and increase in the vasocon- 
striction response to IA injection of NE. IV infusion at 5 to 
SO vg/min produced dose-dependent increases in dP/dt and BP. 
In the rat, IV infusion of 0.5-0.16 pg/min produced dose 
dependent Increases in dP/dt, BP, UV, UNaV, and UKV. Thus 
bufslin does in fact have the physiological characteristics 
required to be considered a candidate for the DLS found in VE 
and LRH, The data also show show that a DLS can raise BP 
despite its diuretic and natriuretic effects. 

57.9 

HEMODYNAMIC ALTERATIONS lN ONE KIDNEY, ONE CLIP 
GOLDBLATT HYPERTENSMZ IRATS WITH EXTRACORP0REAL 
CIRCULATION -R RENAL* ARTERY UNCLIPPING. Yunn- 
z Department of Pharmacology, 
IJniversi~of Minnesota, Minneapok Minnesota 55455 

Removal of the renal arterial clip (knclipping) in one key, one clip 
Goldblatt hypertensive rats is followed by return of blood pressure (BP, 
mmHg) to normotensive levels. In order to evaluate unctipping-induced 
hemodynamic changes, including changes of renal blwd flow (RBF, 
ml/min), the renal venous effluent of inactin-anesthetized (120 mgkg, 
i.p,) rats was shunted via a vena caval cannula through a flow-through 
electmnagnetic flow prok into a rese~ok The blood collected in the 
reservoir was returned to the rat via the jugular vein using a pump that 
was semxontrolled based on the volume of blood in the reservoir, thus 
the rats’ blood volume was maintained constant, BP was monitored 
from a carotid artery. The trachea and urinary bladder were cannulated. 
BP in rats with extracorporeal circulation was 1799 (n=5) and 19W9 
(n=3) before unclipptig and sham unclipping, respectively. Fifty min 
after unclipping, BP decreased to 128=t9 (p<O.Ol) in unclipped rats 
corn- to 204k12 in sham-operated rats, After unclipping, RBF 
increased 54.6&10.5% (n=5) from a basal level .of 7.4&l. 1 but did not 
change in sham-unclipped rats. Head rate did not change in either group, 
The stability of this preparation was cornpa& with rats studied without 
the extracorporeal circulation. BP was 178k6 before and 14kt4 fifty 
min after unclipping, and 183k8 and M&t2 in rats that were sham- 
unclipped (n=6, p&05). Supported in part by HL 26111. 

57.6 
NALOXONE (NX) INDUCED BRADYCARDIA IN CONSCIOUS 
NORMOTENSIVE (NT) AND HYPERTENSIVE (HT) RATS. Subhash . Vyas*. m Z. Kurowski* and Julianna E, Sz~la~ i Dept. of 
Pharmacology, Univ. of Houston, Houston, TX 77004. 

Opiates have been linked to cardiovascular control in the hypertensive 
state. Chronic administration of NX to HT rats has been shown to reduce 
blood pressure and heart rate as well as levels of circulating l3-endorphin. 
NX administration is also known to attenuate the development of 
hypertension. We investigated the effect of short-term intravenous 
infusions of NX (1 mg/k&nin for 30 min) on blood pressure and heart 
rate in conscious NT and 2-kidney Goldblatt HT rats in order to elucidate 
the mechanism of action of NX on the cardiovascular system. NX was 
tested alone and after ix administration of atropine (OS mg/kg), 
propranolol(1 mg/kg) and clorisondamine (3 mg/kg). Mean arterial blood 
pressure was not significantly affected by NX infusion in either group of 
rats, In contrast, NX produced a significant fall in heart rate in both NT 
and HT rats but the magnitude of the response was greater in the HT rats 
(-32k5 versus -526 bpm respectively). After atropine the NX induced 
bradycar&@ was enhanced in both NT (-77z!z6 bpm) and HT (-9m bpm) 
rats. Neither propranolol nor clorisondamine significantly affected the 
NX induced bradycardia in NT rats. In HT rats the fall in heart rate due 
to NX was only slightly, but not significantly, diminished by these two 
substances. These data indicate that the influence of endogenous opiates 
on heart rate is greater in HT animals compared to NT rats, however, the 
mechanism by which NX reduces heart rate has yet to be determined. 
Interestingly, the data suggest that the NX induced bradycardia is not 
neuronaliy mediated. (Support: AHA #85-739) 

67.8 
CXRCADXM DETERMINATImS0F m -TURE X10 SBRARKI m- SALT HWERIENSNE 

RATS. 8. Cardoso. M. Shafi*. E. Sonsu-Mice*, P. O#uJi*, 5. oyUsi*. S. Abell* and 

J. Llmo8-uuwdo*. Univ. of Tmneasee, bqhla, TI 38163, Rust College, Holly 

Springs, B 38635, 

Spontanmusly ~rtenaiva rats (SHR) am hypmthomic when comgured with 

normotensive KY. To chsractarias the hyperthermfa of SHR, circadian 

detarminatims of rectal tqsraturm mre carried out in m, WKY end Sprague- 

Dalmy rat8 (SD). Also, to v*riPy the influmnem of hypertension psr a0 on corm 

tmperaturb, a group of 30 rata were madm hypmrtermive by unilateral ne#trectomy 

folhd by trmatmont with DOCA (25 m/k&, 1x waak) and ad lib intak8 of 1% 

#til+O.2% KC1 8olution replacing water. Mmn the blood proasuro of thmss SD rats 

reached hyprrtmsive levels (> 100 pm El&), circadian determinationa of core 

tmraturr wma caxrird out and cqared with there of sham operated SD rata on 

saline, not r*ceivAng WCA. Tha data are prwentad bmlwr. 

Rectal "Core" T-mature 'Celsius (MemskSEI 

Time of Day 

0700 1100 1500 1700 2000 2300 0300 

sm 37.W.2 37.9i.17 37.5k.2 39.2k.12 39.6*.16 39.7i.10 38.6*.1 

MY 37.2*-l 37.4*.12 37.7*.12 38.4s.14 39.2k.07 37.9i.16 37.5i.18 

SDControl 37.0+.1 36.ti.06 37.3*.1 --- 38.0&.08 38.7k.13 --- 

SD WeA-Salt 36.7*.08136.8i.04 36.6+.2 --- 38.Oi.l 38.2i.12 --- * r 
Rats (R=lS/Group) on U&/dark achedulm of 12:12; lights: 0600 to 1800 hrr. 

Thm romultm obtain4 dwstrato: (1) a raaarkable hyperthenniain SHRw. 

W an8 =-Salt hypmtensW.ve rats; (2) mrthemia in SEIR is present through 24 

hr. cycle, but im groata during the active phaao of thair day (early dark 1900 to 

2300 hours); (3) that hmertmsion ia not neceaaarily casually related to the 

hypertlwrmia obbrervul in SIR. 

67.10 
FUNCTlONAL ARTERlAL WALL PROPERTIES IN GENEIICALLY OBESE RATS. 

RD Bockus Research Institute, Graduate 
Hospital, Philadelphia, PA 19146. 

Twelve week old male genetically obese (Zucker falfa) rats were 
studied along with age-matched control lean (Zucker FAIFA) rats. By 12 
weeks, body weight was significantly elevated (501 vs 350 g) in the 
obese rats, while systolic blood pressure measured via the tail-cuff 
method did not differ between the two groups. Serum electrolytes did not 
differ between the two groups at 12 weeks, except Cl which was reduced 
in the obese animals. As expected, serum triglycerides, cholesterol and 
glucose as well as blood urea nitrogen were elevated in the obese rats. 
Rings of aortic and caudal arteriaf smooth muscle were obtained for in 
vitro measurements of vascular reactivity. No significant differences in 
passive or active mechanics between lean and obese rats were obsenred. 
The aorta from the two groups showed no differences in maximal 
responses to KCI, norepinephrine (NE) or serotonin (5HT); however, 
sensitivity to NE and the ED50 for NE and 5HT were increased in aorta 
from obese rats. Meanwhite, caudal artery from obese rats showed an 
increase in maximal response to KCI, NE and 5HT with no differences in 
sensitivity or EDso to these agonists. Aortic smooth muscle from the 
obese rats precontracted with a submaximal concentration of NE 
displayed greater maximal relaxation to acetylcholine (ACH) with no 
difference in relaxation to nitroprusside (NP), Caudal arterial smooth 
muscle from obese rats showed enhanced relaxation to ACH but reduced 
relaxation to NP. Thus, the obsenred changes in arterial responsiveness 
in genetically obese rats may be related to the elevated serum lipids. 
(Supported by NIH grant HL 39388.) 
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57*11 57.12 
NEUROPEPTIDE Y ACTIVITY MAY BE E!NHANCED IN HYPEE?I!lZNSION. 
R.N. kly*, J.P. Hieble, M.I. Roberts*, R.R. Ruffolo, Jr. 
and M S Krelder. Smith Kline and French Laboratories, 
Philadelphia, PA 19406 and University of Pennsylvania, 
Philadelphia, PA 19204 

Neuropptide Y (NPY) has been shown to facilitate 
adrenergic neurotranstission and may be involved in the 
pathogenesis of hypertension. We cmpared the contractile 
effects of field sttilated release of endogenous NPY in 
superfused segments of caudal arteries from normotensive 
(Wistar-Kyoto, WKY) and spontaneously hypertensive (SHR) 
rats. Perfusion of SHR arteries with a plyclonal anti-NPY 
antibdy to block WY-mediated responses resulted in a 
significant depression of contractile responses at all 
frequencies tested (0.5-64 Hz). In contrast, field stinxl- 
lated responses in arteries fm WKY rats wre slightly, 
but not significantly, reduced throughout the frequency 
response curve. wasurement of levels of endcgenous NPY in 
this tissue by radiomoassay revealed no significant 
diffe=nces in concentration between WKY and SHR (46.9 + 6 
vs 49.6 + 5 pg/rrg tissue wet weight). These findings 07 
unaltered tissue levels and enhanced release of NPY in 
caudal arteries of SHR rats suggest that the functional 
activity of NPY systems is incEased in this model of 
hypertension. 

57.13 

NEUROPEPTIDE Y (NPY) POTENTIATION OF ALPHA ADRENERGIC 
RESPONSES IN PITHED RATS. Joan M. Hunter*, Bob Wilffert* and 
Barbara L. Pegram*.(Spon: Merrill B. Kardon). Alton Ochsner 
Medical Foundation, New Orleans, LA 70121 and Janssen 
Research Institute, Neuss, FRG. 

Male Wistar rats (200~) were anesthetized with hexobar- 
bital, pithed and catheters placed in the carotid artery and 
jugular veins to monitor arterial pressure and inject drugs, 
respectively. Prarosin (P; O.lmg/kg) or rauwolscine (R; 
lmg/kg) were injected 15 min prior to agonists. Vehicle 
(Sul/kg/min) or NPY (460 pmol/kg/min) infusion began 4 min 
before cumulative agonist response curves. NPY infusion 
increased diastolic pressure by 23+2 mmHg and was unaltered 
by adrenergic receptor blockade. iifedipine (N;l mg/kg,ia) 
decreased the direct effect of NPY to 1241 mmHg. Following P 

oc2-adrenergic responses induced by norepinephrine (NE;iv) 
or NE released by tyramine were potentiated by NPY as were 
responses to the a2-adrenergic agonist 8HT-920. Similarly, 
blockade of the ti2-adrez@rgic receptors by R indicated 
that NPY potentiates the 6cl-adrenergic responses of 
exogenously administered or endogenously released (tyramine) 
NE. N completely blocked the NPY potentiation of 
o( -adrenergic 

i! 
responses to exogenous NE. The data indicate 

t at NPY produces a calcium entry dependent increase in 
diastolic pressure via adrenergic receptors, while direct 
vasoconstriction by NPY is only partially calcium entry 
dependent. 

57.15 
NEUROPEPTIDE Y (NPY) LEVELS ARE ELEVATED TN PLASMA AND DUO- 
DENUM BUT DEPLETED IN ADRENAL GLAND AND VENA CAVA DURING 
DEVELOPMENT OF ENDOTOXICOSIS IN THE RAT. Ronald R, Fiscus. 
Xian WanE*. Chi-De Han*, Zheng:-Zheng Zhou*, Jianp: Gu*, and 
Stephen B. Jones. Department of Physiology, Loyola Univer- 
sity Medical Center, Maywood, IL 60153 and Deborah Cardio- 
vascular Research Institute, Browns Mills, NJ 08015 

Epinephrine (Ep) and norepinephrine (NE) are thought to be 
involved in compensatory mechanisms of endotoxin (ET) shock. 
Since NPY is sometimes co-released with Ep and NE and is a 
potent vasoconstrictor, NPY may also participate. We tested 
whether plasma NPY levels are elevated and organ levels de- 
pleted by ET using RIA and immunohistochemistry. Male Sprague 
-Dawley rats (300-3SOg) were anesthetized and arterial and 
venous cannulae implanted. Following 2 days recovery, ET (16 
mg/kg of LPS from salmonella enteritidis) was injected and 
samples taken after 30 min and 3 hr. We found that plasma NPY 
levels were elevated at 30 min (saline control [SC]- 905+108 
vs ET-= 1510&223 pg/ml) and 3 hr (SC- 95Oklll vs ET- 1590&153 
p&/ml). Levels of NPY in duodenum rose at 3 hr (C- 15725.2 vs 
ET- 204k9.9 pg/mg), but not at 30 min. Marked depletion of 
NPY was obsewed in adrenal gland (C- 346&35 vs ET at 30 min- 
203k22 & 3 hr- 178219 pg/mg) and vena cava (C- 73.427.5 vs ET 
at 30 min- 53.5~10.5 & 3 hr- 43.625.5 pg/mg). We conclude 
that injection of ET into rats causes release of NPY from ad- 
renal gland and vena cava, thereby elevating plasma NPY le- 
vels, which may help to preserve blood pressure during com- 
pensatory phase of shock. Support NIH HL331163 and AHA 860962 

NEUROPEPTIDE Y WY) POTENT-IATES NOREPfNEPHRINE (NE) 
RESPONSE IN PITHED SPONTANEOUSLY HYPERTENSIVE RATS (SHR). 
Merrill B. Kardon, Joan M. Hunter* and Barbara L. Pegram*. 
Alton Ochsner Medical Foundation, New Orleans, LA 70121. 

Male SHR (12-13 wks) anesthetized wjth hoxabarbital were 
pithed and artificially ventilated. While supporting body 
temperature, catheters for arterial pressure measurement and 
drug infusion were implanted into the left carotid artery 
and both jugular veins, Following a short control period, 
ti-adrenergic antagonists (rauwolscine (R); 1.0 mg/kg or 
prazosin (P); 0.1 mg/kg) were injected. Eleven minutes later 
either NPY 
ul/kg.min'l) 

(460 pmol/kg.min'I) or vehicle (5 
infusion was begun. Four minutes hence a 

cumulative dose-response for 
pressure (DBP) fob NE (3x10-l 1 

iastolic arterial blood 
to 3~10'~ mol/kg) or 

tyramine (Ty; 7x10' to 2x1o-4 mol/kg) was begun. NPY 
infusion raised DBP>17.4+3.4 mmHg after 4 minutes. When 
compared to vehicle DBP responses, NPY augmented the 
dose-response to both NE and Ty. Neither&l-blockade by P 
nor a2-blockade by R altered the NPY potentiation of the 
NE dose-response. In a similar manner, NPY augmentation of 
the Ty DBP dose-response was not altered. Consequently, in 
SHR, NPY potentiates both al- and a2-responses to both 
exogenously infused or endogenously released (Ty) NE, These 
data are in agreement with those derived from normotensive 
rats indicating a generalized NPY enhancement of DBP by 
alpha adrenergic mechanisms. 

57.14 

HEMODYNAMIC EFFECTS OF NEUROPEPTIDE (NPY) IN CONSCIOUS RATS 
UNALTERED BY ADRENERGIC BLOCKADE WITH PHENTOLAMINE. Barbara 
L. Pegram* and Joan M. Hunter*- (Spon: Merrill B. Kardon). 
Alton Ochsner Medical Foundation, New Orleans, LA 70121. 

To determine if phentolamine (Ph;O.Smg/kg) would alter 
the systemic and regional hemodynamic effects of NPY, 
catheters were placed in femoral arteries, vein and left 
ventricle of anesthesired Wistar rats. Four hours later, 
control mean arterial pressure (MAP), cardiac index (CI, 
reference sample), heart rate (HR) and regional hemodynamics 
(microspheres) were determined after injection of vehicle. 
Measurements were repeated after vehicle, NPY (4ug/kg) or Ph 
and NPY. No significant changes were seen in vehicle 
animals. *p<O.OS compared with vehicle, 

VEHICLE NPY NPY+PH 
&MAP (mmHg) 2+1 17+ 3* 
& HR (b/min) -3?3 -36T 5" 

22+3* 
-33+4* 

A CI (ml/min/kg) -17+18 -52720 -34%a 
aTPRI (units) o.oz+o.o2 0.14%.04* O.O8TO,O2* 

Decreased blood flow rml/min/g) to-kidneys (7:2+0.6 vs 
4.6+0.3) and skin (0.2QO.02 vs 0.09+0.01) induced by NPY 
were similar to those in rats receiving Ph and NPY (8.320.4 
vs 5.320.5 and 0.1620.02 vs 0.08~0.01, respectively). The 
MAP increase induced by NPY is associated with an increased 
TPRI and bradycardia that tends to decrease CI. This marked 
decrease in renal blood flow suggests a direct effect of NPY 
on the kidney independent of the adrenergic receptor. 

57.16 
HECHANISM OF BRADYKININ STIMULATION OF PROSTANOID SYNTHESIS 
IN AORTIC SMOOTH MUSCLE CELLS. 
H. Zhang, T.S. Gaginella and D.G. Cornwell. Departments of 
Physiological Chemistry and Interaal Hediciue, The Ohio State 
university, Columbus, OH 43210 

Bradykinin (BK) releases srachidonic acid (AA) in many 
cell types. This effect is presumed to be due to stimu- 
lation of phospholipase A2 or C activity. We have used cul- 
tured smooth muscle cells @MC) from guinea pig aorta to 
study further the mechanism of action of BEE. SMC were 
stimulated by BK, in the absence and presence of exogenous 
~~~.1,,6,-;",',to-~~~E'#G) was estimeted by BIA. Cells also 

C-AA to determine by HPLC the pathway 
responsible for PG synthesis. BK, with or without AA, 
increased PG levels (*P<O.O5). 
Amount (a moles/plate) zf PG (&an f S.E.M., n=experitaents) 

No AA 6Ofl M 
Control 9 0.45_+0.08(17) 1.45_+0.30(14)* 1.723.16 ll)* 
3radyLcinin 

5o fl 0.85+0.25(12)* 2.39+0.69(g)* 2.89+0.42(6)* 
100 JIM l.U%.21(6)* 2.54%.24(6)* 2.99%.22(6)* 

88; also enhanced release of labeled M metaboliter, which was 
abolished by 1OpM of indomethacia (IM). The enhanced PC 
fptheeis even in the presence of exceee M and blockade of 

C-M metabolite release by IH, suggests that in aortic SpfC 
BK stimulates PG synthesis through enhanced cyclooxygenase 
activity, not via M release from membrane phospholipids. 
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RECEPTORS FOR KININS IN ISOLATED DOG ARTERIES. 
NQlpEddine Rhaleb, St&ham, Dim, Guy Drar>eau, Noureddine 
Rouis$i and Domenioo Reaoli . Department of Pharmacology, 
Medical School, University of Sherbrooke, Sherbrooke 
Jl H 5N4. 

Two dog isolated vessels, the carotid and renal artery, with 
and without endothelium were us8d to characterize kinin 
receptors and elucidate the kinin mechanism of action on 
arterial smooth muscles. Using bradykinin (BK) and other B 
receptq stimulants and antagonists as well as the B, agonis ii 
de&g -BK receptor antagonist, it was demonstrated 
that: 

and a B1 
th8 dog carotid artery has B receptors in the 

endotbelium, mediating arterial relaxation 5 hrough the release 
of an endothelium derived relaxing factor (EDRF); the same 
was found in the renal artery: 
and B 

however, in this tissue, B2 

demons rated 1 
receptors (presumably on the smooth muscle) were 

in the absence of 8ndothelium. The effects of 
kinins on muscular B receptors were blocked by 
indomethacin, sugg8stin 8 

and BI 
that the muscular kinin receptors act 

through the aotivation of the arachidonic acid cascade. B1 
receptors were found to b8 present in the dog renal vessels 
from the beginning of the incubation and did not appear to be 
generated de novo. These findings may be of considerable 
importance for interpreting the meohanism of action of anti- 
hyp8rt8nsive agents that may sot by potentiating the action of 
kinins in vivo. 
Supported by the Medical Research Council of Canada. 

57.18 
BRAINSm@MB0LI[C C0wTES OFTEEDEPRESSUR 
RESPONSE TO AREA POS- STIHULATIW IN RATS. 
S.W. Shaver*, D.S. Wainman*. A.V. Feruuson and 
P.M. Gross. Neurosurg. Res. Unit and Dept. -- 
Physiol., Queen's Univ. Kingston, Ontario K7L 3N6 

Electrical stimulation (ES) of the area postrema 
(AP) in anesthetized rats produces arterial hypo- 
tension and bradycardia. AP neurons project to 
pontomedulLary sites that may regulate cardio- 
vascular depressor reflexes, such as dorsomedial 
NTS subnuclei, dorsal motor nucleus of the vagus 
nerve (DMN), and nucleus ambiguus (NA). Using 
albino rats ventilated with N,O, 0, and halothane, 
we studied the metabolic activity of AP projections 
by applying the [ 14C]deoxyglucose method during 
sustained hypotension (20% decrease in MAP) 
produced by ES of the dorsocentral AP (120-200 uA, 
15 Hz). Rates of glucose metabolism (umol/g/min; 
control values given) in dorsal strip, commissural 
and medial subnuclei of NTS were increased twofold 
(mean = 0.61). DMN (0.56), NA/AI. noradrenergic cell 
group (0.63), locus coeruleus (0.88), and lateral 
parabrachial nuclei (0.56) were also activated 
(avg +47%). Th e results indicate that excitatory or 
inhibitory neuronal mechanisms in AP pathways, 
either of which could increase glucose metabolism, 
are active and integrated during arterial 
hypotension resulting from AP stimulation, 

AWTIHYPERTENWE RESPOMSE TO A SINGLE DOSE OF A NEW ACE1 
RS-10085. Jan N, Lessem, Walter Flamenbaum and John Koshiver$ 
Syntex Research, Palo Alto, CA 94303, Beth Israel, New York, 
NJ. 10003 

RS-10085 is a novel non-sulfhydryl angiotensin converting 
enzyme inhibitor (ACEI), which is converted to an activediacid 
RS-10029, 30 patients with mild to moderate hypertension, 9% 
114 mnHg, age 26-70, mean of 48 years, were enrolled into a 
single dose, double blind placebo controlled study, to deter- 
mine duration of effect. Patients were randomized to receive 
3.75, 7.5, 15, 30 and 60 mg of RS-10085, or placebo after two 
weeks washout of prevfous antihypertensive medication. SDBP 
and SSBP was measured each 15 minute during the first hourpost 
dose, hourly up to efght hours, and then 12, 24 and 48 hours 
post dose, using a random zero sphyqnomanometer. ACE activity, 
PRA and plasma concentrations of RS-10085 was measured at the 
same time points, SDBP significantly decreased with 15, 30 
and 60 mg RS-10085 while 7,5 mg was equal to placebo, and 3.75 
mg less active than placebo. The peak anti hypertensive effect 
occurred for al 1 dose 2-4 hours post dose, lasted for 24 hours 
for 15, 30 and 60 mg but returned to baseline 48 hours post 
dose. HR was not affected by RS-10085, Blockfng of the ACE 
correlated well with antihypertensive effect and for 15, 30 
and 60 mg a 100% blocking occurred with a gradual increase 
over the first 4 hours. Plasma concentration of RS-10029 or 
85 did not correlate with the antihypertensive effect. ft is 
concluded that RS-10085 is a novel long acting ACEI. 
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68.1 
PREVENTION OF CARDIOVASCULAR EFFECTS OF COPPER DEFICIENCY BY 
TREATMENT WITH DIMETHYL SULFOXIDE (DMSO). Jack T. Saari. 
USDA-ARS, Human Nutrition Res. Ctr., Grand Forks, ND 58202 

Dietary Cu deficiency produces a variety of cardiovascu- 
lar defects, some of which may result from oxidative damage. 
DMSO, an antiinflammatory agent and hydroxyl radical scav- 
enger, was u&d to try to prevent the effects of Cu defi- 
ciency. Forty male, weanllng, Sprague-Dawley rats were fed 
a Cu-deficient, Zn-deficient, sucrose-egg white based diet 
for 4 weeks. Their water contained 10 ppm Zn and either 2 
ppm Cu (CuA, n-20) or no Cu (CUD, n-20). Ten of the CuA and 
ten of the CUD animals received DWO (5%) in their water. As 
indicated in the table: CUD animals were significantly Cu 
deficient and remained so under DM50 (co1 2); the enhanced 
heart weight/body weight ratio (HW/BW) caused by Cu defi- 
ciency was significantly inhibited by DMSO (co1 3); the 
anemia occurring In Cu deficiency was significantly inhibit- 
ed with DMSO (co1 4), as was the depression of heart Cu (co1 
51. These findings support the idea that oxidative damage 
may play a role in Cu deficiency and that chronic treatment 
with an antioxidant may partially prevent the damage. 

Diet Liver Cu(&g) HW/BW’(mg/g) Hct($) Heart Cu (pg/g) 
CuA 6.3 f 2.3 4.2 zt 0.1 wz-5 7.4 f 2.1 
CuA-DMSO 72.0 2 1.6 4.2 f 0.2 45 f 2 18.0 AZ 4.0 
CUD 0.8 iz 0.4 7.5 f 1.8 22 f 10 4.1 * 0.6 
CUD-DMSO 0.9 f 0.8 5.5 f 0.5 32 f 7 6.1 2 1.2 

POTENTIATION OF CIS-PLATINUM NEPHROTOXICITY BY COPPER DEFI- 
CIENCY, B, Noordewier* and J.T. Saari. Dept. of Pharmacol., 
Univ. of North Dakota and USDA-ARS, Human Nutrition Res. 
ctr., Grand Forks, ND 58202 

Cellular protection against nephrotoxins may involve 
Cu-dependent enzymes. This study examined the nephrotoxicity 
of cis-Pt in Cu-deficient rats. Weanllng male Sprague-Dawley 
rats were fed a purif fed diet deficient in Cu and either 
distilled water (Depl) or water with 5 ppm Cu (Repl). After 
24 days, rats were given (iv) either cis-Pt (5 mg/kg) or 
saline in a 2x2 design. Rats from each group were killed on 
day 0 (preinjection) and 4 day postinjection. Compared to 
Rep1 rats, the Depl rats on day 0 showed physiologic evi- 
dence of Cu depletion: Lower body weight, lower hematocrit 
and greater heart weight. The blood urea nitrogen (BUN, 
mg/dl) of Depl rats given cis-Pt was 50.9 on day 4 versus 
19.3 on day 0. Saline administration did not affect BUN of 
Depl rats (21.4 on day 4). The BUN of the Rep1 rats given 
saline fell from 14.4 (day 0) to 11.9 (day 4), while that of 
cis-Pt rats rose to 26.0. Two-way ANOVA revealed that bth 
diet and cis-Pt effects on BUN were significant (p<.OOl). 
Further, the Depl rats were more sensitive to cis-Pt than 
the Rep1 rats (p<.O5). Cis-Pt decreased food consumption and 
increased water consumption in both Depl and Rep1 rats, 
though these effects were more marked in the Depl rats. 
These data support the hypothesis that, in part, cellular 
protection against cis-Pt involves Cu dependent processes. 
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CARBON TETRACHLORIDE TOXICITY IN PRECISION-CUT RAT LIVER 
SLICES. Shana Azri*, A. Jay Gwndolfi, Klaus Br@nd@l, 
Departments of Anesthesiology and Pharmacology, University of 
Arizona, Tucson, AZ 85724. 

The toxicity of CC1 was examined in precision cut rat 
liver slices from mle iprague-Dawley rats (225-245 g). Liver 
slices were in&ted in a roller culture system in Waymouth’s 
media (10 mg/inl genmcin) at 37'C for upto 3-9 hr. The 
slices were exposed to Ccl, by vaporizing mall volumes (l-10 
~1) from a suspended paper wick. 2.5 ~1 of vaporized Ccl, 
produced an initial concentration of 0.6 nrM in the media. 
Intracellular K+ and enzyme release (GPT Evtd IQm) were used 
as indicators of toxicity. The toxicity of CC1 was found to 
be dose4ependent. At 0.6 mM CC14, K+ leakage (4 60%) 
occurred between 6 and 9 hr. Higher concentrations produced 
significant losses of K* by 3 hr ( 5 70%). Liver slices 
obtained from rats pretreated with phenobarbital were more 
rapidly intoxicated even at the lower CCL, concentrations. As 
expected, the CC1 

As the 8, 
toxicity to the liver slices was 0 

dependent. atmospheres became mre hypoxic (95 + 2$ 
O2 ), the toxicity was increased and appeared faster (A 50% K+ 
by 3 hr with 0.6 mFI: Ccl,). This anode1 will allow us to 
investigate the susceptible target cells for CCL, intoxication 
in a biological system where all the architecture for the 
liver is retained. (Supported by a38290). 

58.5 

CYTOTOXLCZTY OF CEPHAMRIDINE IN PURIFIED RAT KIDNEY PROXIMAL 
AND DISTAL TUBULAR CELLS. Lawrence H. Lash* (SPON: P.F. 
Hollenberg). Wayne State Univ. Sch. Med., Detroit, MI 48201 

Proximal (PT) and distal (DT) tubular cells were 
purified from rat kidney cortex by collagenase digestion and 
Percoll density-gradient centrifugation. Purity was assessed 
by activity of marker enzymes and by respiratory 
characteristics, Four populations of cells were obtained: 
Fraction 1 (top) contained some m cells, and cell debris; 
fraction 2 wa8 the most highly enriched in PT cells, as 
judged by high alkaline phosphatase (AP) and Y-glutamyl- 
transferase (GT) activities, and by stimulation of 
respiration by succinate; fraction 3 contained a mixture of 
PT and DT cells; fraction 4 (bottom) was the most highly 
enriched in DT cells, as judged by high hexokinase and low AP 
and GT activities. Fractions 2 and 4 were employed to study 
the cell-type specificity of cephaloridine (CPH)-induced 
nephrotoxicity, CPH was toxic in PT cells but not in DT 
cells; viability of m cell8 incubated with 0.1 or 1 mM CPH 
for 2 h was 45% or 15X, respectively, compared to 80% for 
control cell 8 ; viability of DT cells incubated with 0-l or 1 
mM CPH for 2 h was 70% or 65X, respectively, compared to 70% 
for control cells. These results demonstrate the usefulness 
of isolated PT and DT cells to examine mechanisms of nephron 
cellular heterogeneity with regard8 to metabolism and 
disposition of xenobiotics. (Supported by a PMA Foundation 
Starter Grant and NIH Grant DK40725.) 

5&7 

IN VlTRO EVIDENCE FOR LIPOXYGENASE-CATALYSED BIOACTIVATION 
OF PHENYTOIN. Stanley Kubow* and Peter G. Wellq, Faculty of Pharmacy, 
University of Tomnfo, Toronto, Canada. 

The anWmvulsant drug phenytoin can be bbactivated by prostaglandin 
Synth8tas8 (PGS) to a reactive free radical intermediate that may be 
toxicologically relevant (Kubow and Wells, Pharmacobgist 28: 195, 1986). 
Gooxidation of xewtics has been shown to occur during PGS catalysed 
reduction of hydroperoxy PGG2 to the hydroxy PGH2. Since arachidonic acid 
also ts a substrate for the wxygenasa &PO) pathway, whkh catalyses a 
similar r-ion of 12-HPETE to 12-HETE, this study evaluated the potential 
bbaetivation of phenytoln by LPO. Unlabelied phenytoin (0.1 mM) and 3H- 
phenyloin (4.24 nM, 0.2 @I) was incubated for 60 min at 37°C with rat liver 
microsomes (RlM) or equine thyroid microsomes (ETM) in the presence or 
absence of 6.0 mM arachidonic a&f. Bbacthration of phenytotn to a reactive 
intermediate was quantified by the irreveFstbl8 (covalent) binding of 
radiolabelled ph8nytOin lo nkrosomal protein. Addition of arachidonic acid to 
RLM or ETM resutted in r8Spediv8 4.1-fold and 5.7-fold increases in the 
covalent binding of phenytoin (~~0.05). Addition of 0.2 to 2.0 mM 
nordihydquaiaretic acid, an inhibItor of LPO that do8s not inhibR the 
cyclooxygenase pathway, inhibited the arachidonic acid-dependent covalent 
binding of phenytoin in RLM by 68%, and in ETM by 77’% (peO.05). These 
studies suggest that LPO may be an alternative pathway for the bioactivatbn of 
ph8nytOin to a readiv8 intermediate. (SuppOrt8d by th8 Medical Research 
Council of Canada). 

58.4 
CYCLOSPORIN A (CsA) TOXICllY u PRIMARY RABBIT PRQXIML 
TUBULAR CELLS. Paul P, Sokol", Peter D. Holohanfi and 
Charles R, Ross. SUNY-Health Science Center, Syracuse, WY 
13210 and Indiana University School of Medicine, 
Indianapolis, IN 46202 

Primary proximal tubular cells were used to study CsA 
nephrotoxicity. These cells, grown on miUicel1 inserts, 
retain the functional polarity of the proximal tubule, 
i.e. generate a transepithelial pH gradient (ApH). +ms 
brush border compartment acidifies indicative of Na /H 
exchange. The chemicals tested were as follows: 
Sandtmmune, the comercfal form of CsA; its vehicle, 
Cremophor El; and CsA in ethanol. The effect of these 
compounds on the ApH was tested, SandWune (25 and 5OpM) 
administration Inhibited the generation of the ApH in 24 
hours. Surprisingly, the cremophor also blocked the ApH, 
albeit to a lesser extent. In contrast, 10yM CsA had no 
effect on the ApH for up to 96 hours. In conclusion, 
these cells are sensitive to certain forms of CsA and to 
the vehicle. These findings suggest that the vehicle may 
contribute to the well established nephrotoxicity of CsA. 
(Supported by NIH #02835) 

58.6 
MOLECULAR MECHANISMS OF ALLYL ALCOHOL INDUCED 
C~OTOXICITY IN ISOLATED HEPATOCYTES J. Silva”, D.L. Drolet* and 
P.J. Q’Rrien’ (SPON: P.G. Wells), Facutky of Pharmacy, University of Toronto, 
Toronto, Canada, M5S 2S2. 

Ally1 alcohol induced hepatotoxicity, primarily s88n in the periirtal region, 
probabty oc~;urs following metabolic activation to acmlein by alcohol 
dehydrOgenaS8. Ally1 alcohol and acmlein was found to readily deplete 
glutathine in isolated hepatocytes before cytotoxicity ensued. Th8 changes 
induced by ally1 alcohol but not acroletn were prevented by pyrazote > > 
dimethylsulfoxide or allopurinol. Almhol dahydmgenase was also inhibited. 
Metyrapone or imidazole had no 8fkct whereas aztde enhanced these 
changes. This suggests that alcohol dehydf’og8nas8 and not CatalaS or mixed 
function oxldase was responsibfe for th8 alcohol activation. Allyt alcohol and 
acrolein induced cytotoxicity, but not glutafhlone depletion, was delayed by 
antioxidants or th8 fertic Chelator desferrioXamln8 whereas lipid peroxidation 
was compl8tely prev8nted. Lipid peroxidation did not occur as a resul! of 
glutathione depletion but was attributed to a mimsomal mixed function oxidase 
catalysed autooxidation of acrolein to peroxy radicals and peracids which 
initiate lipid peroxidation. The bcatbn of ally1 alcohol induced necrosis could 
therefore refl8cf the hiher oxygen concentration in Zone I being higher than 
that in the Zone Ill region of ih8 liver. (Supported by the Medical Research 
Council of Canada.) 

The corveraion of toxic CE to tbr 1~8 toxic SCI b rhod8mro ir lidkd by #a 
rvrflrbility of rulfur for tbti mtiolt. The effectirewrr of tm rlkyl xutbrk 
tMuttifide8 in potentiatina the wlfU? donating activity of 8Odiu tbiodfrk Co 
?b#d~e8e N exuined in the #uinea pig liver prmprtion 8ccordiM to th wthod of 
Ikrtley WV. Ent. 39:327, 107SI. The ktF88Ulf ide8 ub61Q3 IS,S’-ditbio 
bir(wthylxmthrte)) and AH6169 (S,S'-ditbio bilkpropylxrratik)), rt 8 
CoBNIttrrtiOII of 1 a, IIF@ IXuiMd is th, pP@#W@ rad 8bd#B# Of 8Odiu tbiO8Idf8k 

rmfing ia cmantration from 0.01 t0 10.0 ti. Tba #Urn pit liar rh&nUe urry in 
tbo p?o#xC@ of thiortilfrk riono beh8VW UCO?dily to tk follorin# tiCbUli8-hIhM 
qmtion: 1/vo1ocity = 2.99 fi l/t#~tr8tol + 1.58 (PO,@% !wfo,M tro1@8hin/@ 
proteia, &=1.85 ry). ml05 dec?eUed th8 81Op fFO8 3.89 to 0.25 (?=0.8771, 
increued I,, froi 0.61 to OS67 ud dwmuad I, from 1.85 to O,lU, AB6199 decnrred 
the rlopr from 2.89 to 0.73 Irr0.911, dacrauti vm, from 0.04 to 0.60 and dwwamd 
x, from 1.85 to 0.44, hither rlkyl xrsthrk Wruulffdr 8i@fiCMtly cbn#d I-, 
indicrting that neither ml05 nor A#86169 N wtiag rlom u mlfa dOnO?8. 
Rower, u ovidmced by tbm demued & of AM8108 (0.181 md AM6169 (0.411, kth 
rlkyl xanthrk tetraaulfidaa mre able to potontirk rbodawrm activity in ti 
pF#8lBC# Of t~iONlf8k. blddlOs pHIred 1342 YIM Off&CtiV# 88 I 8UlfW 8OU?C# thM 
thbiOHUlf&k 8lOno, tiilr -169 111 43% m?4 offWtiV# U 8 8tIlfW tiOWC# tbrn 
thiorulfrk 810~. Dotb MU185 ud AN68169 increued the rata of forntios of 8cI 
fro8 CR and 8igst prove u#ful in enbuleirg ti mlfwdoMtisg metivity of 
thiorulfrk In the convertiiom of CI. 
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COHPARXSON OF GUANIDXNOSULFID~ WITH THIOSULFATE 
(S 0 ) IN THE CONVERSION OF CYANIDE (CN) To 
TH&mISCN}BYGUINEAPIGLIVER mE. 
S. EWkin, 14, tianey, Jr.*, Lt. Pellicore* and R. 
LRgere* WSMRICD, Pharrnacol. Div., APG, MD 21010 

39le rate of formation of the less toxic SCN from CN 
b rhodane6e i6 de-tint on the sulfane-sulfur source 
A Can be stidatd in vitro by the presence of 
Certain Dolvgulfides. 2T2’ guanidinoethane 
hexa-kulffdi (G) and 2, 2' gu&idinoethane tetrasulfide 
(TS) (1 mEI) were examined for their donor activity to 
rhdmese in thu absence or presence of O,Ol-10 mM 
so. 
4% 

minea pig liver rhcdanese activity was masured 
ollowing the formtim of SCN at 460 m (Westley, 

Mv. m. 39:327, 1973). TS and HS shwed 38 a& 276% 
greater effect, respectively, than eguimlar S20 
alom. In tk presence of S 0 (0.01-10 IW!), TS and d 
shmmd 351 ti 237% greater %i# ect than S 0 alone. The 

a4 
of rhodanesewithTS,HSandSO a l&i% was 0 57 

0. 5 and 0.40 m, respectively and2&e vww was 0172: 
OS3 and 0.16 umolmnm protein, respectively. These 
data suggelst that the length of the polysulfide 
differentially inflmncw m ability 
act as a sulfur donor and to stimulate 
atdies may provide u6eful therapy for the conGersion 
of CN to sm. 

58.11 
BKlTRANSFORMATlON AND TOXICIn OF ACETAMINOPHEN 1N 
CONGENIC RHA RATS WITH BILIRUBIN GLUCURONYL TRANSFERASE 
DEFICIENCY. $usanna Y.M. Chow*. Sonia M.F. de MO a’s* and Peter G. 
Well& Fctcuity of Pharmacy, University of Toronto, Toronto, &ada. 

Acetaminophen (APAP) is eYminat8d primarily by glucuronidation. APAP 
(750 m@g ip) was administered to ~0rQ8nic heterozygous and hCmOZygOUS 
RHA rats with normal (++I, moderately deficient (+]) and severely deficient (jj) 
activities of bilkbin gkrarronyl transferase (GT). APAP metaboliies were 
measured by hih-performance IQuid chromatography and production of the 
APAP-gluarronide (GLUC) conjugate was quantified by the area under the 
plasma concentration-time cuw8 (AUC) for APAP-GLUCIAUC APAP. 
Hepatdoxicity and nephmtoxidty were assessed respectively by the peak 
plasma alanine aminotransferase (ALT) concentration and blood urea nitrogen 
(BUN). Rwjj rats showed a 5% reduction in APAP glucuronidatbn (p<O.O5), 
and resp8ctive 63-fold (~0.05) and 4-fold increases in ALT and BUN 
comaared to RHAk+ controls (tableI. 
TA8LE: Toxkitv of APAP, 750 m&o ip. in 14 week old rats 
Strain GLUC ALT (ItJILl BUN (ma/dLI 
RHAI++ 0.28kO.02 118k26 17.23f0.74 
Rw+ 0.24kO.02 -132 19.06f2.21 
Rt-lNi 0.1 s-to 04* 9753*4650* 67.43&51,16 
Data a e mean f  SE. l different from RHAI++ and RHA/i+ t~<O.O51. 
AlT erkvatkm correlated with d8creased APAP gkrcuronidation (r=-0.80, 
p<0.001). rnw r8sults using congenic controls support earlier studies using 
non-congenic controls (Hepatology 7: 1046, 1987) which suggested that the 
enhanced susceptibtl~ of GT-deficlent rats to APAP toxicii is due to 
decreased glucuronidation. (Support: Medical Research Council of Canada). 

h&l3 

IN VIVO MURINE STUDIES ON THE 8lOCHEMICAL MECHANISM OF 
NAPHTHALENE CATARACTOGENESIS. Petar G. Wells, Barrv Wilson* and 
m, Faculty ol Pharmmy and Department of Ophthalmology, 
University of Torom, Tofonto, Canada. 

The pomlc aromatic hydrocarbon naphthalen (N) is bbactivated by 
cytochmme8 P-450 to an 8ktmphitk epoxide intermediate, which 
subsequently fs metabolked to naphttqu~ne (NQ), and possibly to a free 
ti ti8mrediat8. -f-b668 f8aethr8 intermediates may bind COVaf8ntly t0 
kntkular tksues, cause oxidant stress awor lipid pmxidation, thereby 
iMating catamck In C578U8 mice, cataracts were caused by N (125-1000 
mgkg ip) R a dose-dependent fa8hbn. The incidence of N-induced cataracts 
was ~&iced by pretreatment with the P-450 inhibRors SKF 525A and 
m8tyrapon8, the antbxldants caffek acid and vitamin E, the glutathione (GSH) 
pr8cuFsor N-mtylcysteine, and the free radii1 spin trapping agent afpha- 
wyl-N-t-butylnitrne (p~O.05). N cataractogenkity was enhanced by 
pretreatment with the GSH depletor di8thyl maleate (DEM) (p<O.O5), and 
unaffected by pretreatment with the prosta@andin synthetase inhibitor aspirin. 
Cataracts w8m inUlat8d by 1,2-NQ and 1,4-NU (5-125 mgkg ip) in a dose- 
dependent faahlon, with a molar potency about lo-fold h!gher than that of N. 
NQ cataractogenk#y was enhanced by pretreatment with DEM (p~O.05). 
Th8se results suggest that N cataractog8nesb requires P-450-catalysed 
bbacthtbn to a reaclkre Intermediate, which may be the NQ and/or a free 
radical derivattve. (Support: Medical Re88arch Council of Canada and the 
Connaupht Fund, University of Toronto) 

58.10 
ASCORBIC ACID DEFICIENCY AND HEPATIC UDP-GLUCURONYL- 
TRANSFERASE. C. M. Neumann* and V. G, Zannoni. Univ. of 
Michigan, Ann Arbor, MI 48109. 

The effect of dietary ascorbic acid on hepatic microsomal 
UDP-glucuronyltransferase (UDPGT) activity towards p-amino- 
phenol (p-AP), p-nitrophenol (p-NP), bilfrubin and acetamino- 
phen was Investigated. Ascorbate-deficiency produced a 33% 
reduction towards p-AP and a 46% reduction towards p-NP. 
There was no difference in ascorbate-deficient and supple- 
mented guinea pigs ifi the activity towards bilirubin or 
acetaminophen. Competitive kinetics of p-AP and p-NP suggest 
the effect of the vitamin is on a specific isoenzyme. No 
difference was found in the apparent affinity for p-AP or 
UDP-glucuronic acid (UDPGA). Differences in UDPGT activity 
towards p-AP occurred between the two groups with sonication, 
triton X-100 and emulgen 911. These membrane-perturbants 
increased activity 3.3-fold in the ascorbate-supplemented 
animals and 1.4-fold in the deficient group. The addition of 
ascorbate u vitro could protect against the detrimental 
effects of excess p-AP by maintaining a linear enzymatic rate 
over a 30 min. period. Glutathione was as effective as 
ascorbic acid; cysteine and dimethyltetrapterdine were 
partially effective. Ascorbyl-2-sulfate and a-tocopherol had 
no effect. Phosphatidylcholine, an essential phospholipid 
for UDPGT, had no significant effect on UDPGT activity in the 
ascorbate-supplemented group while it increased the activity 
by 34% in the ascorbate-deficient group. 
(Supported by Hoffmann-LaRoche Grant 23007) 

68.12 

IN VIVO STUDIES ON THE BIOCHEMICAL MECHANISM OF 
ACETAMINOPHEN CATARACTOGENICITV USING C578U6 and DBN2 
MICE. mrrv M. Lubek*, Barrv Wilson* and Peter G. Wells, Faculty of 
Pharmacy and Department of Ophthalmology, University of Toronto, Toronto, 
Canada. 

C57BU6 and DBcV2 mice are respectively susceptible and resistant to the 
cataractogenicii of acetaminophen (APAP), which may involve cytochromes P- 
45O-catalysed bioactivatbn to a toxic reactive intermediate. Following induction 
of P-450 using beta-naphthoflavone (BNF), the cataractogenicity of APAP (400 
mg/kg ip) in C57BU6 mice was reduced by pretreatment tlw P-450 inhibitors 
SKF 525A and metyrapone, the glutathione (GSH) precursor N-acetylcysteine, 
the antioxidant vitamine E and th8 free radical spin trapping agent alpha- 
phenyl-N-t-butyltiroone (p&05). APAP (200 mg&g) cataractogenicity was 
8nhaw8d by pretreatment with the gamma-glutamylcysteine synthetase 
inhibitor buthionine sulfoximine (BSO) (p<O.OS). No significant effect on APAP 
cataractogenicity was observed using the prostaglandin synthetase inhibitor 
aspirin or th8 GSH r8ductas8 inhibitor 1,3-bk-(2-chbroethyl)-l-nitrosourea 
(BCNU). In DB#2 mice induced with BNF, APAP (750 mg/kg ip) was not 
cataractogenic, even after pretreatment with DEM, BSO or BCNU. These 
results suggest that APAP cataractogenicity results from P-450~catalysed 
bioactivation of APAP to a reactive intermediate, possibly a benzoquinone 
imine andlor a free radical, the toxicity of which is reduced by GSH-dependent 
reactions. (Support: Medial Research Council of Canada and the Connaught 
Fund, University of Toronto) 

INDUCTIVE PROPRRTIES OF ALIPHATIC ~OLJOKETO~ES ON CYTOCHROME 
P-450 OXIDASES. Hanon VBzina*, Patrick du Souich, Lise 
Jutras* and Gab&i L. Plaa. Universftb de Mont&al, 
Mont&al, Quebec, H3C 357, Canada. 

Aliphatic monoketones are solvents widely used industcial- 
lY* Cytochrome P-450 has been postulated as a contributing 
factor in the potentiation of liver injury by some ketones. 
The inducing properties of nine (9) monoketones of different 
chain lengths were evaluated by preparing rat liver and 
kidney mic~osomes . Ketones were given by gavage at a dosage 
of 7.5 ml/kg to groups of 4 rats for 3 days: 2-propanone 
(3C), 2-butanone (4C), 2-pentanone (5C), 2-hexanone I6C), 
4-methyl-2-pentanone (W), CyClOheXanOn8 (6C), 2-heptanone 
(7% 2-methyl cyclohexanone (7C) and 2-octanone (8C)+ 
Cytochrome P-450 total. liver content was significantly in- 
creased in microsomes from rsts given 2-propanone, 2-buta- 
none, 4-methyl-2-pentanone and Z-hexanone, whereas the 
kidney content was- not affected by any ketone. Proteins of 
47, 49, 50, 51, 53, 56 and 57kD were separated by gel elsc- 
trophoresis. Th8 49, 51 and 53kD fractions were signifi- 

increased in liver microsornes of rats given ketones. 
and 53 kD fractions were most often increased in the 

kidney. The inducing potency differed according to the 
source of microsomes- and the ketone used. The 6 most 
promising ketones in terms of induction are Z-propanone, 
2-hexanone, 4-methyl-Z-pentanone, cyclohexanone, 
Z-heptanone and 2-octanone. (Supported by HSERC and KRC). 
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58.15 
METABOLISM OF ACETAMINOPHEN IN ISOLATED HEPATOCYTES, T.A. 
Smolarek, C.V. Higgins, D.E. Amacher, and S. Cohen (SPON: 
M.Schach vog Wittenau), Pfizer Central Research, Groton, 
CT, 06340, -Univ. of Connecticut, Storrs, CT 06268 

To determine the mechanisms of acetaminophen (APAP) in- 
duced hepatotoxicity, the metabolism of APAP in isolated 
hepatocyte cultures from sensitive and resistant species 
was studied. The amounts of APAP metabolized and the 
amounts of conjugates formed varied for the sensftive and 
the resistant species: 20 HOUR EXPOSURE TO 2mM APAP 

ZAPAP % Metabolite in vitro -- 
Metabolized A B C Toxicity 

Rat (resistant) 53 41 54 5 - 
Rabbit (resistant) 57 1185 4 - 
Dog (sensitive) 31 16 83 i -t-l- 
Monkey (sensftive) 42 1 97 2 + 
HPLC analylses demonstrated the presence of APAP-sulfate(A), 
APAP-glucuronide(B) and APAP-gLutathione(C) conjugates in 
all species. The percentage of APAP metabolized in the re- 
sistant species was higher than for the sensitive species. 
The rat formed the highest percentage of APAP-sulfate conju- 
gate. The glucuronide conjugate was the major metabolite 
formed for all three species while the glutathione conjugate 
was a relatively minor metabolite for all three species. 
Thus these results indicate that the study of APAP metabo- 
lism in isolated hepatocyte cultures correlates with the 
species specific differences in APAP induced hepatotoxicity 
in viva. -- 

58.17 

KlNETlC CHARACTERIZATION OF ACETYLATDR GENOTYPE- 
DEPENDENT AND - I NDEPENDM ARYLAMINE N-ACETYL- 
TRANSFERASE l6MYMES IN HOMOZYGOUS RAP ID AND SLOW 
ACENIATOR HAMSTER LIVER CYTOSOL. A. Trinidad, W.G. 
Kirlin, F. Ogolla, A. Andrews, T. Yerokun, R. Ferguson, 
and D.W. Hein. Dept. of Pharmacology, Morehouse School 
of Medicine, Atlanta, GA 30310. 

We have characterized the expression of hepatic N- 
acetyltransferase (NAT) frm homozygous rapid (RR) and 
hmorygous slow (rr) acetylator inbred hamsters towards 
the arylamine carcinogens P-mlnofluorene (AF) and 
4-aminobiphenyl (ABP). We previously showed that 
partial purification of the NAT activity In liver of RR 
and rr acetyiators yields two NAT isozymes In each 
acetylator genotype. This study characterizes I iver 
cytosol and the two NAT isorymes with respect to their 
kinetic constants towards AF and ABP. Both crude 
cytosol and the first eluting NAT isozyme exhibited a 
significantly greater apparent Vlrrax (6 to lo-fold) and 
Km in RR acetylator I iver cytosol towards AF and ABP, 
while the second eluting NAT isoryme did not exhibit 
Vmax and Km variations towards AF and ABP between 
acetyiator genotypes. This study suggests that the 
acetyiator genotype-dependent expression of aryimine 
carcinogen NAT activity in hepatic cytosol is due to 
structural variants of a polymrphic NAT isoryme. 
(Supported by USPHS CA-34627 RR-06248 and GM-07808 n 1 

58,19 

m ACETYLaTION GENOTYPE DETERMINATION BY URINARY CAFFEINE 
METABOLITES, AJ Kilbane*, LK Silbart*, M Manis", IZ &i-tins** 
and WW Weber*. Departments of Pharmacology* and Pediatric &do- 
crinology,*@ Univ. of Mich. Sch, of Med., Ann Arbor, MI. 

With a modification of a previously published HPLC method 
(Tang et al, 1987), the human acetylation genotype can now be 
reliably determined, by measuring urinary caffeine metaboli.tes* 
The method, which again utilizes the molar ratio: AAMu/(AAMU f 
1-U + 1-X) has been modified, to facilitate the chromatographic 
separation of 1-U from other interfering methylxanthine and 
methylurate metabolites. Consequently, the delicate separation 
of 1-U from 7-X is consistently achieved, by the addition of a 
phenyl column in tandem with a C-18 reverse phase calm, while 
running a methanol:acetic acid gradient solvent system. An 
AAMU molar ratio < 38% indicates slow acetylator genotype and 
an antimode at 65% separates hetero- and homozygous rapids, 

Twenty subjects phenotyped with dapsone, exhibited 100% 
concordance when compared with the caffeine method. The slow 
acetylator gene frequency(q), estimated from studying 44 un- 
related individuals, was 0.69. The genotypic distribution- 
4(RR), lg(Rr), 21(rr)- satisfied the Hardy-Weinberg law of 
population genetics(X~=O.Olk). Definitive pedigree analysis 
of 18 families(80 subjects) yielded a trimodal distribution 
pattern and agreed with expected Mendelian segregation. 

A non-invasive acetylator genotyping method is described, 
which potentially has more widespread use, in future invest- 
igation of the acetylation polymorphism and clinical disease. 

Supported by USPHS Grants GM-27028 and CA-39018.. 

58.16 
COVARIATION IN THE POLYMORPHIC EXPRESSION OF AcCoA- 
DEPENDENT N-ACETYLTRANSFERASE AND O-ACETYLTRAN- 
SFERSE ACTIVITY BY H-UMAN BLADDER CYTOSOL. 
W,G. Kirlin. A. Triniad. T. Yerokun. F, O_poUa. R.J.Fermson. A-F, 

.K Brady. and D.W. Hein. Department of Pharmacology, 
School of Medicine, Atianta, Georgia 30310. 

The capacity of human bladder to N-acetylate arylamines, via 
N-acetyltransferase (NAT), may be involved in metabolic pathways 
leading to bladder cancer. Another possible step is direct 
O-acetyltransferase (OAT) activation of N-hydroxy arylamines. 
Human bladder cytosol from 9 fresh autopsy specimens were studied 
for NAT activity towards p-aminobenzoic acid (PABA), and the 
arylamine carcinogens 4-aminobiphenyl (ABP), 2-aminofluorene (AF), 
and beta-naphthylamine (BNA). Apparent Vmax NAT activities 
towards ABP, AF, and BNA separated the bladders into rapid or slow 
acetylator phenotypes, Four bladder cytosols had mean activities sig- 
nificantly (pc.01) higher (lo-fold) than the mean NAT activities of the 
other five bladder cytosols towards each aqlamine carcinogen. 
However, no difference was detected in their PABA NAT activities. 
OAT-mediated binding of N-OH-3,2’dimethyWaminobiphenyl to 
DNA also was significantly (p=.OOOZ) higher (2-fold) in iapid 
N-acetylator bladder cytosols, and correlated (r=O.94) with NAT ac- 
tivity. These results suggest that NAT and OAT activity of the human 
bladder vary concordantly with N-acetylator phenotype. PoIymorphic 
expression of acetylation activities may be important risk factors in 
human susceptibility to arylamine-induced bladder cancer.(Supported 
by USPHS CA-34627, RR-08248). 

58.18 

GENETIC CDNTROL OF ARYIAM I NE N-ACETYLTRANSFERASE 
ACTIVITY IN LIVER, INTESTINE AND COLON CvTosoL OF 
SYRIAN INBRED HtiTERS. Fred Ogolla, Ronald Jm 
Ferquson, Ward G. Kirlln, Alma Trinidad, Tokunbo 
Yerokun, Allen F. Andrews, and David W. Hein. Dept, of 
Pharmacology, Morehouse School of Medicine, Atlanta, 
GA 30310, -- 

N-acetyltransferase (NAT) catalyzes the acety1ation 
of a number of arylamine and hydrazine drugs and 
cart i nogens . AC&A-dependent IdAT activity towards 
p-aminobenzoie acid (PABA) and the arylamine carcinogen 
2-aminof iuorene (AF) was measured and compared in 
I iver, intestine and colon cytosols of inbred hamsters 

of defined acetylator genotypes. A slgnif lcant 
x8tyIatOr gene-dose response was observed for NAT 
activity in colon and intestine cytosols towards PABA 
and AF analogous to that observed in liver cytosol. 
Determination of colon and intestine cytosolic NAT 
activities in an F2 generation ylelded a trimodai 
distributtm of progeny consistent with 1:2:1 ratio of 
homorygous rapid, heterozygous, and homorygous slow 
acetylator genotypes similar to liver. These results 
identify NAT activity in gut and colon 
regulated by the acetylator gene locus. 

tFiLi ,I; 

expression of high levels of NAT activity in gut and 
coion may contribute to the predisposition of hum 
rapid acety I atom to arylamine-related coiorectal 
cancer. (USPHS grants CA 34627 and RR 08246). 

68.20 
OXIDATIVE CYCLIZATION, 1,4-BENZOTHlAZINE FORMATTON AND 
POLYMERlZATION OF 2-BROMO-3-(CYSI’EIN-S-YL)HYDROQUINONE 

u The Univ. Texas 
M.D. Anderson Cancer Center, Science Park-Research Division, Smithville, 
TX 78957, NHLBI, NIH, Bethesda, MD 20892 and Div. of Pharm., The 
Univ. of Texas at Austin, Austin, TX 78712. 

The Enal specific toxicity of quinol-linked glutathione (GSH) conjugates is 
probably a result of their selective accumulation by proximal tubular cells 
mediated by y-glutamyl transpptidase, Transport of the resultant cysteine 
conjugate followed by oxidation to the quinone may be the mechanism of 
toxicity. Factors modulating the intracellular concentration of the cysteine 
conjugate will be important determinants of toxicity. We have now syntksized 
and purified 2-bromo-3-(cyst&-S-yl)hydroquinone. The compound is unstable 
and undergoes a pH dependent Earrangement that requires initiaI oxidation to 
tie quinone. UV spectroscopy revealed the formation of a chromophore 
consistent with 1,4-benzothiazine formation. This product arises via cyclization 
of the cyst&e residue via an intramolecular 1,4-Michttel addition. At neutral 
pH, further reaction ~sults in the precipitation of a pigment which exhibits 
properties of a pH indicator. The pigment undergoes a marked pH dependent 
batho 

i 
hromic shift (-100 nm); it is red in alkali (&ax 480 nm) and violet in 

acid ( maX 578 nm). These properties are similar to those of the tichochrome 
polymers which are formed during melanin biosynthesis from cystein-S-yl- 
DOPA, Since the intramolecular cyclization reaction removes the reactive 
quinone moeity from the molecule, it might be regarded as a detoxification 
reaction, However, the ultimate formation and intracellular accumulation of 
insoluble polymers might contribute to the mechanism of toxicity of quinol- 
linked GSHkysteine conjugates. (Supported by ES04662 and GM39338) 
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5821 
MULTIPLE GLUTATHIONE ADDITION TO 1,4-BENZUQIJINONE: 
CORRELATION OF NEPHROTOXICITY WITH INCREASED 
GLUTATHIONE SUBSIlTUTION AND OXIDATION WI’ENTIAL Brriw 

Temnce J. Mow Div. of 
Pharm., The Univ. of Texas at Austin, Austin, TX 78712, NHLBI,NIH, 
Bethesda MD 20892 and The Univ. Texas M.D. Anderson Cancer Center, 
Science Park-RtsearchDivision,Smithtille,TX78957. 

We have previously shown that the oxidation of 2-bromohydroquinone (2- 
BrHQ) in the presence of glutathione (GSH) gives rise to both mono- and di- 
substituted GSH adducts. 2-Br-(diGSyf)HQ is a potent and selective 
nephrutoxicant. We have now studied the reaction of 1,4benzoquinone (BQ) 
with GSH and identified 2-(GSyl)HQ, 2,3-(diGSyl)HQ, 2,5-(diGSyl)HQ, 2,6- 
(diGSyl)HQ , 2,3,5-(triGSyl)HQ and 2,3,5,6-(tetraGSyl)HQ as the products, 
The initial conjugation of BQ with GSH did not affect the oxidation potential 
(E,) of the compound. However, subsequent oxidation and GSH addition 
resulted in conjugates which, dependent upon the position of addition, became 
increasingly more difficult to oxidize. Increased GSH substitution which 
resulted in higher E, also resulted in enhanced nephrotoxicity. 2,3,5-(Tri- 
GSyl)HQ was the most potent nephrotoxicant; each of the three di-GSyl 
conjuga&s exhibited similar degrees of toxicity. In contrast, 2-(GSyl)HQ was 
only slightly toxic and 2,3,5,6-(tetraGSyl)HQ was not toxic. Thus, with the 
exception of fully substituted isomer, the severity of the necrosis comlated with 
the extent of GSH substitution. Thus, the conjugation of GSH with quinones 
does not necessarily result in detoxification, even when the rresulting conjugates 
are mom stable to oxidation, The lack of toxicity of 2,3,5,6-(tetraGSyl)HQ is 
probably a consequence of its inability to alkilate tissue macrom&cules. 
(Supportedby USPHS awardS ES04662amIGM39338) 

58.23 
GLUTATHIONE HOMEOSTASIS AND OXYGEN CONCENTRATION MODULATE THE 
CYTOTOXICITY OF CC14 IN RAT HEPATOCYTES. J,C. Veltman* and 
M*W. Anders, Department of Pharmacology, University of 
Rochester, Rochester, NY 14642. 

An inverse relationship was observed between oxygen concen- 
tration and the cytotoxic effects of CC14 in rat hepatocytes. 
With 5% O2:90% N2:5% C02, CC14 (2.5-7.5 YOM) elicited a concen- 
tration- and time-dependent loss of cell viability, signifi- 
cant increases in lipid peroxidation and in binding of [14C]- 
CC14 metabolites to hepatocyte lipids, and depletion of cellu- 
lar glutathione concentrations, These effects were not seen 
in CCl4-exposed hepatocytes incubated under 95% 02:5% CO2. 
Addition of the antioxidant N,N' -- -diphenyl-E-phenylenedfamine 
(DPPD, 0.01 mM) inhibited lipid peroxidation but not the bind- 
ings of [14C]CC14 metabolites to hepatocyte lipids; CC14- 
fnduced cytotoxicity was delayed, but not prevented, by DPPD, 
and DPPD did not block the CClq-induced loss of glutathione. 
Addition of precursor amino acids for glutathione biosynthesis 
(5 mM, L-Met, L-Glut, Gly) blocked the binding of [14C]CC14 
metabolites to lipids, inhibited lipid peroxidation, and 
blocked the cytotoxicity of CCl4. Moreover, precursor amino 
acids prevented the CClq-induced loss of hepatocyte gluta- 
thione l Glutathione may protect hypoxic hepatocytes by form- 
ing an adduct with CC14 metabolites. This hypothesis is based 
on the observation that only modest increases in glutathione 
disulfide concentrations are seen in CCl4-exposed hepatocytes 
and the possible formation of an adduct of CC14 only in hyp- 
oxic cells. (Supported by grants ES03127 and HLO7475.1 

58.25 
RATE-LIMITI 
L-CYSTEINE 

NG STEPS FOR ACTIVATION OF S-(1,2-DICHLORUVINYL)- 
(DCVC) AND N-ACETYL-S-( 1 J-DICHLOROVINYL)-L- 

CYSTEINE (NAC-DCVC) BY PURIFIED RAT KIDNEY PROXIMAL TUBULES. 
Guo-tlong ihanq and James L. Stevens, (SPON: S. Lau), W. 
Alton Jones Cell Science Center, Lake Placid, NY 12946 

Cysteine. and N-acetyl-cysteine conjugates of some 
halogenated hydrocarbons are known to be nephrotoxic. 
Specifically the S3 segment of the proximal tubules is most 
sensftlve. The S, and S, segments are unaffected at doses 
which damage the S3 segment. To clarify this specificity we 
have identified the rate-1imftIng steps leading to the acti- 
vation of DCVC and WAC-DCVC in Isolated proximal tubules. 

The uptake of DCVC and NAC-DCVC was medfated by Nat- 
dependent and Na +-independent processes. With increasing 
Nat concentration in the medium the uptake increased. The 
amount of DCVC and NAC-DCVC taken up over a period of 10 
minutes Is similar. Kinetics study with DCVC suggested the 
existence of two transport systems. Probenecid, a well- 
known inhIbItor of the renal tubular organfc anion transport 
system, caused a slgnifieant InhIbItion of NAC-DCVC uptake, 
but not DCVC, suggesting that only NBC-DCVC is transported 
via the organic anion transporter. The bindlng of ['"S] to 
trlchloroacetic acids insoluble materfal was much greater 
from DCVC than NAC-DCVC. We propose that the transport of 
DCVC across the tubular membrane is the rate-limiting factor 
for DCVC activation, but deacetylation is the rate-limiting 
step for NAC-DCVC activation. 

58.22 
APKALVERSUSBASOLATBRALMEDIATEDTOXIC~YOF2,3,5-(TBI- 
GLUTATHION-S-YL) HYDROQIJINONE IN LLC-PKl CELLS. J&barn A, 
ml* Temnce J MQgkS and Se& S. m Div. of Pharm., The univ. of 
Texas at Austin, Austin, TX 78712 aIld The Univ. Texas M-D, Anderson Cancer 
Center, Science Park-Research Division, Smithville, TX 78957, 

We have previously shown that the conjugation of simple quinones with 
glutathione (GSH) results in tbe formation of multi-substituted GSH adducts 
which are potent and selective nephrotoxicants in rats. The Eason(s) for the 
target organ toxicity of these conjugates are unclear but may be ielated to their 
selective uptake into proximal tubular cells mediated by pglutamyl tmnspeptidase 
(GGT). For example, the in vivo inhibition of GGT by AT-125 protects animals 
from 2,3,5-(tri-GSyl)hydroquinone [HQ-(GSH)3] nephrotoxicity. We have now 
developed a ceil culture model in which LLC-PKl cells (pig renal epithelial cell 
line) are grown in Costar Transwell Cell Culture Chambers. The cel1s can be 
treated from either the apical (brush border membrane) or basolateral (plasma 
membrane) cell surface. Diffusion across the monolayer at confluency is minimal 
as evidenced by the inability of these cells to actively transport para- 
aminohippurate. Apical treatment of confluent LLC-PKl cells with HQ-(GSH)3 
caused a dose- and time- dependent leakage of LDH. Thus, apical treatment with 
0.5 mM HQ-(GSH)3 caused maximal LDH leakage (68.0 f 5.9%) after 15 hr. 
In contrast, basolateral treatment with 0.5 mM HQ-(GSH)3 caused only 17.5 f 
0.1% LDH leakage after 15 hrs. These results correlated directly with the GGT 
activity measured at confluency. The activity of GGT within the basolateral 
membrane represented only 17% of that present on the apical brush border 
membrane. The in vitro data support previous in vivo observations and suggest 
that GGT-mediated transport plays an important role in concentrating quinol- 
linked GSH conjugates in proximal tubular cells. (ES 04662 and GM 39338) 

58.24 
L-THIOMORPHOLINE-3-CAR3OXYLIC ACID (L-TMC)-INDUCED CYTOTOX- 
ICITY IN ISOLATED RAT KIDNEY CELLS. Kathy D. Webster* and 
M. W. Anders, Dept. of Pharmacology, Univ. of Rochester, 
Rochester, NY 14642. 

L-TMC is the cyclized product of g-(2-chloroethyl)-L-cys- 
teine (CEC), which is cytotoxic in vitro and nephrotoxic in -- 
vivo. To determine whether L-TMC may play a role in CEC-- 
induced toxicity, the cytotoxicity of L-TMC was studied in 
isolated rat kidney cells. L-TMC produced time- and concen- 
tration-dependent cytotoxicity. Hat kidney cytosol catalyzed 
the metabolism of L-TMC to a product absorbing at 300 nm. The 
absorbance at 300 nm was quenched with KCN (5 mM) and NaBH4, 
which indicated the formation of a cyclic imine, The increase 
in absorbance at 300 nm was accompanied by an increase in oxy- 
gen consumption and was inhibited by increasing concentrations 
of L-a-hydroxyisocaproic acid. When L-TMC was incubated with 
rat kidney cytosol and NaB2Hq was added at the end of the 
incubation period, GC/MS analysis of the L-TMC tert-butyldi- 
methylsilyl ester showed the formation of [2H]L-TMC, indicat- 
ing the intermediate formation of an imine; chemically synthe- 
sized L-TMC imine showed similar behavior. The enzyme respon- 
sible for the metabolism of L-TMC was purified from rat kidney 
and was identified as L-AAO. L-Pipecolic acid (piperidine-Z- 
carboxylic acid) was not a substrate for L-U0 and was not 
cytotoxic. These results show that L-TMC is a substrate for 
L-MO and support a role for L-AA0 in the bioactivation and 
cytotoxicity of L-TMC. (Supported by NIH grants ES03127 and 
ES05380.1 

5826 

mIpuf;ATION OF GmAmIONE -Ls IN CULmD IICJMAN 
MJ?JAN- CEXW. V, Teovic and T.M, Guenjzhney 
Bept . of Pharmcology, u. of Illinois College of 
wiche, Chicago IL 60680 

Glutathione (GSH) is a major cellular defense 
against toxic electrophiles, including antineoplastic 
alkylatiw agents. As one means of enhancing the 
selective toxicity of alkylating agents towards human 
melanmna, we have investigated the possibility of 
manipulation of GSH levels in these cells. We have 
studied the effects of N,N-&-(2-chloroethyl)-N- 
nitrosourea, a selective inhibitor of GSH reductase, 
and Doxorubicin, a promotor of oxidative stress 
within the cell, on GSH levels in an established 
human melm cell line. High doses of either 
CQBnpound alone will deplete GSH levels to about 20% 
of control values in these cells. When low doses of 
the two cvunds are given in combination, a 
depletion of GSH that is both enhanced and prolonged 
is obsem&. Initial in viva perfusion experiments 
in dogs indicate that doses greater than those usd 
in culture do not deplete GSH in normal tissue. 
Depletion of GSH by these agents in culture enhances 
the cytotoxicity of the alkylating agent melphalan to 
melanma cells. Supported by PHS CA-01287. 
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58.27 
GLUTATHIONE ESTER PROTECTS AGAINST GLUTATHZONE DEFICIENCIES 
DUE TO AGING AND ACETAMINOPHEN. Theresa S. Chen, John P. 
Richie Jr. and Calvin A. Lang. DepmTmrnzoE 
Bndxicolw,andiochemrstry, University of Louisville, 
Louisville, KY 40292. 

Our previous results indicated that a glutathione (GSH) 
deficiency occurs in many aging tissues and organisms and 
also after acetaminophen (APAP) administration. To correct 
these deficiencies, glutathione monoethyl ester (GE) was 
injected i*p., 10 mmol/kg, into mature (12 mo) and old (30 
mo) male C57BL/6 mice. Two hours later, the mice were 
killed and liver samples were taken, processed and analyzed 
for GSH using HPLC with dual electrochemical detection. 
Another series of mice was injected with GE and 30 min later 
with APAP, 375 mg/kg, i.p. Liver GSH content in 12 mo was 
6.45 f 0.184 and was 30% lower in old mice. This aging 
decrease was completely prevented by GE administration. 
Liver GSH content in 30 mo old was 4.53 f 0.609, which 
decreased 70% four hours after APAP injection. Similarly, 
this decrease was completely prevented when GE was given 
prior to APAP. All changes were statistically significant 
(pcO.01 to 0.005). In conclusion, GE is an effective 
enhancer of tissue GSH cont. and thus is effective in 
protecting against biological aging and APAP toxicity. In 
addition, the results confirm the specificity of GSH in 
aging and detoxification* (Supported by Kyowa Hakko Kogyo 
Co., Tokyo, Japan). 

58.28 

CHLORPROMAZINE (CPZ) INHIBITS THE TOXICITY OF CYSTEINE 
S-COMJUGATES IN LLC-PK, CELL. Qin Chen and James L. Stevens 
(SPON: S. Lau). W. Alton Jones Cell Science Center, Lake 
Placid, NY 12946 

Nephrotoxic cystelne S-conjugates cause cell death in 
the pig kidney-derived cell line LLC-PK, proceeded by the 
formation of reactive metabolites via the f!-lyase pathway. 
To study the processes by which covalent binding of the 
metabolltes leads to cell death, a number of cellular 
functional inhibitors were studied. CPZ, whi'ch has been re- 
ported to be a phospholipase inhibitor, calcium channel 
blocker and a calmodulin antagonist, was found to protect 
LLC-PKI cells from S-(1,2-dichlorovinyl)-L-cysteine (DCVC) 
toxicfty as reflected by LDH release and a decrease in 
protein synthesis. CPZ is effective from 10 PM to 50 MM, 
and over a wfde range of DCVC. The toxicity of S-(2-chloro- 
1,1,2-trifluoroethyl)-L-cysteine (CTFC), and S-(1,1,2,2- 
tetrafluoroethyl)-L-cystejne (TFEC) is also inhibited by CPZ 
(25 d). This effect is not due to the inactivation of 
cysteine conjugate S-lyase nor a decrease in the binding of 
[""S] metabolites from [ 3sSJDCVC to cellular macromolecules. 
Furthermore, In LLC-PK, cells, cell death caused by the 
alkylating agents fodoacetamide, and peroxidative toxin 
t-butylhydroperoxide can also be blocked by CPZ. The data 
suggest that CPZ blocks cell death at a step which is drstal 
to the binding of reactive metabolites from cysteine conju- 
gates. 

CHOLINERGIC I’HARMACOuH3Y 

59.1 

MUSCARIWIC EEFI’OR SUBTYPE SPECIFICITY OF CYCLOHEXYL- 
APROPHEN ANALWS H. Leader*, R.M, Smejkal*, J.W. Covington*, 
F.N. Padilla*, R.K. Cordon* and P.K. Chimq. Walter Reed 
Amy Institute of Research, Washington, DC 20307-5100 

In the search for muscar ink receptor subtype specific 
antagonists, aprophen (2,2-diphenylpropimic acid N,#-di- 
ethylaminoethyl ester) analogs were synthesized with alter- 
ations Ln (1) the chain length between the carbonyl and 
nitrogen groups, (?) the alkyl groups on the amino nitrogen, 
sod (3) a cyclohexyl group replaceglent for one of the phenyl 
rings. These analogs were tested for their inhibitiorl of 
acetylcholine-induced contraction of guinea pig ileum versus 
carbachol-stimulated release of a-amylase front rat pancreatic 
acinar cells (each tissue representing a different mscarinic 
receptor subtype). With the exception of one analog, the 
Introduction of the cyclohexyl group Increased the speci- 
ficity of the analogs for the pancreatic acinar cells over 
the ileum. In the ilem, the N,N-diethylamino and W,N- 
dimethylamino analogs were equipotent, but the #,W- 
dimethylamino analws were more potent in the acinar cells, 
Increasing the chain length beyond three laethylene groups 
decreased the potency of the analogs in both assays. In the 
arinar ccl IS, the cyclohexyl N,N-dimethylaminopropyl ester 
ana 1 og was the mst potent and showed the most speck f ic i ty , 
being owtl: 100- fold mre active in acinar WI 1s tharl irk 
ileua. Thcls, thi* compound may be a potent discriminator bh 
twccn thr? mt~%~c,.rirrir receptor subtypes of ileum and pancrcr*+ 

59.3 

CHOLINERGIC ACTIVITY WITH DMAE ANALOGS 
J.R. Flynn*, Bula Bhattacharyya*, T-D. Anderson*, T.K. 
Chatterjee*, A.M. Nyanda*, T. Lee*, M.D. Sokoll*, J.G. 
Cannon*, R.K, Bhatnagar, and J,P* Lonq Departments of 
Pharmacology and Anesthesia, Division of Medicinal Chemistry, 
University-bf Iowa, Iowa City, Iowa 52242 

Five analogs of IMAE (4,4'-bisEN-(2,2'-diethoxy ethyl)-N,W 
dimthylaminoacetall-biphenyl dibromide) mre tested for anti- 
nicotinic activity, inhibition of choline transport, inhibition of 
acetylcholinesterase, interaction on neurorrruscular transmission and 
protection against drganmhosphate (O-P) induced-toxicity (I-Tax), 
IWE, TL-402 (8-hydroxyl DMAE), W242 (bicyclohexyl W), NAM-250 
(8-hydroxyl NAM-242), and the acetyl ester of hemlcholinium-3, TL- 
404, and its reverse carbolry analog, JGO110, wre equi-potent 
inhibitors of the tchronotropic response induced by nicotine in 
isolated guinea pig atria, All compounds protected mice from O-P 
I-Tox; TL-402 is the m0st active. TL-402 and IMAE antagonized WP 
in vitro using the voltage claw technique at the neuromuscular -- 
junction of frog sattorius rmscle and decreased spontaneous minia- 
ture end-plate currents and time constants of decay. DMAE is a 
potent inhibitor of choline transport in synapto%olPes but its 
analogs are weak. All are very yak inhibitors of bovine erythrocyte 
acetylchoinesterase. Protection against WP I-Tox correlates with 
anti-nicotinic activity and does not depend on inhibition of choline 
transport. Structurally the @-carbony analog of DMAF, is a &tter 
protective agent than the hydroxy. Changes at the end of the chain 
do not enhance activity. Army Cont. No, DAMD17-87-C-7113. 

59.2 

MUSCARINIC CHOLINERGIC RECEPTORS IN NORM& AND NEUROGENIC 
BLADDER. Ellen Shapiro*, Herbert Leper*, and Daniel Gup*. 
(SPON: K.A. Hruska). Washington University School of Medicinq 
St. Louis, MO 63110. 

Bladder dysfunction secondary to neurologic conditions 
occurs in all age groups and is associated with significant 
morbidity. The role of neuroreceptors in the development of 
detrusor dysfunction has not been studied previously. Control 
bladder tissue specimens were obtained from 8 children with 
ureterovesical reflux undergoing ureteral reimplantation and 
14 adults with bladder carcinoma undergoing cystectoIIIy. Neu- 
rogenic bladder specimens were obtained from 10 children with 
zqyelomeningocele and 4 adults with neurogenic bladder dysfunc- 
tion undergoing augmentation cystoplasty, Saturation experi- 
ments using 3H-N-methylscopoltine (3H-NMS) were performed in 
control and neurogenic bladder homogenates. The mean Kd in 
the neurogenic and control bladders was 0.40 nM and 0.55 nM, 
respectively. The mean Bma~ in the neurogenic and control 
bladders was 0.35 fmol/mg wet wt and 0.65 tiol/mg wet wt, 
respectively (p<O.O5). Competitive binding experiments with 
3H-NMS and various MCh antagonists indicated that the pharma- 
cology of MCh binding sites were similar in neurogenic and 
control bladders. Age was not significantly correlated with 
MCh receptor density in control and neurogenic bladders. MCh 
binding sites are homogeneous in neurogenic and control blad- 
ders. The lower density of MCh receptors in the neurogenic 
bladders may represent down regulation of MCh receptors or a 
replacement of smooth muscle by fibrosis. 

EXPRESSION OF NICOTINIC RECEPTORS BY QUIN 2 FUJORESCENSE IN 
A - NEUROBIASTOMA CELL LINE. Jesasmld*. &drsa 
Patton* and Jdita Nom&a Blob Jr. l M (Snon. zJ.J. Klaerl .  

NOVA Pharmaceutical Corp., Baltimore, MD 21224 and NINCDS, 
Lab. of Molecular and Cellular Neurobiology,' Bethesda, MD 
20892 + 

Human SK-N-SW neuroblastoma cells treated with 
carbachol (CBC), or nicotine (NIC) showed a 3-5 fold 
increase in intracellular calcium ([Ca2+]i) accumulation as 
detected by quin 2 fluorescence. Resting [Ca2+]i values 
rose from 220 f 12 nM to 1470 f 243 nM with CBC (1.0 mM). 
Muscarine and oxotremorine (1.0 mM) produced barely 
detectable signals, Atropine (10 @i) partially blocked 
both NIC and CBC-mediated [Ca2+]f increase (- SO%). 
Tubocurarine (10 H) blocked the NIC response by 100% and 
CBC-induced [Ca2+]i accumulation by -55%. Atropine and 
tubocurarine togather (10 fl each) abolished the CBC- 
induced response. TTX (3 #i) and TEA (10 phi) had no effect 
on [Ca2+]i accumulation induced by either agonist. W2+l i 
increases were not observed in a Ca2+-free EGTA containing 
buffer in response to both CBC and NIC. The data suggest 
that in addition to (M3) muscarinic receptors (Fisher and 
Heacock, J. Neurochem. 50:1988), SK-N-SH cells also express 
nicotinic receptors that mediate Ca2+ influx. 
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59.5 
PHARMACOLOGICAL ACTIVITY OF N-METHYL-CARBAMYLCHOLINE, A NOVEL 
COMPOUND lNTERACTlNG WITH NICOTINlC RECEPTORS. 
P. Boksa*, 0, ArauJo*, M. Quik, P.A. Lapchak*, B, Co1 I ier and 
R. Quirion, McGill University, Montreal, Canada H3G lY6 

We have shown that the novel radio1 igand T3HjN-methyl- 
carbamylcholine (MCC) specifically labels nicotinic (but not 
muscarinic) acetylcholine (ACh) receptors in brain and is re- 
sistant to chol inesterase, providing distinct advantage over 
previous neuronal nicotinic radioligands. We now report on 
the pharmacological activity of MCC in several cholinergically 
innervated tissues, At CNS nicotinic receptors, MCC (10m8- 
10-S M) was more effective than nicotine in stimulating re- 
lease of ACh from rat hippocampal slices, an effect blocked by 
nicotinic but not muscarinic antagonists. At CNS muscarinic 
receptors, a muscarinic agonist, oxotremorine, inhibited the 
release of ACh evoked from hippocampal slices by 25 mM K+, 
while MCC (10 -6 M) had no effect. At peripheral nicotinic re- 
ceptors, MCC stimulated catecholamine release from cultured 
adrenal medul lary ccl Is, induced depolarization of the rat 
sympathetic ganglion and stimulated contraction of the frog _ . - - 
rectus abdominis muscle; all activities were blocked by nico- 
tinic but not by muscarinic antagonists and MCC was about 
equipotent with carbachol at these sites. At peripheral mus- 
carinic receptors, MCC contracted the rat ileum, but with a 
potency about l/both that of carbacho?, Thus MCC has the pro- 
file of a cholinergic agonist with greater activity at nico- 
tinic than at muscarinic sites, Supported by MRC of Canada. 

59.6 
ACTlONS OF NlCOTlNE AND DMPP ON LlMBlC NEURONS RECORDED IN 
VITRO. Linda A. WonGand Joel P. Gallaah&r. Univ. of Texas Medical Branch at 
Galveston, Texas 77550. 

Based on Information from behavioral studies, nicotine has been shown to 
be the effective component of cigarette smoke responsible for improving 
information processing. Its mechanism of action at the membrane level has not 
been dearly established. The present study was designed to examine the 
pharmacology of nicotine on CNS neurons. We used the rat septal brain slice 
preparation as a model for In vitrq drug testing since the rat septum contains 
nicotinlc binding sites and is part of the limbic system involved in learning and 
memory. 

Intracellular recordings were obtained from dotsolateral septal nucleus 
neurons (DUN). Nicotine and DMPP (dimethyl phenyl piperarinium) were 
applied by superfusion (l-10 PM) or pressure ejection (10 mM, lo-300 mS, 5- 
10 psi). Both nicotinic agonists produced membrane hyperpotarization (4-14 
mV; n= 19) accompanied by a decrease in input resistance (I&40%). This 
response could be blocked by mecamylamine (50 pM; n =3), a competitive 
ganglionic blocker, but not a-bungarotoxin (0.5 PM; n=3), a neuromuscular 
blocker. Neither lTX (0.5‘fiM) nor low Ca*+/high Mg*’ superfusion medium 
altered the response to nicotinic agonists. Nicotine and DMPP also depressed 
the inhibitory synaptic potentials evoked by orthcdromic stimulation. The 
findings suggest that nicotinic receptors in the DLSN resemble those on 
autonomic ganglia. Our results indicate that nicotinic agonists may have direct 
actions on postsynaptic receptors to produce changes in the intrinsic 
membrane properties as well as actions on ptesynaptic receptors to modulate 
the release of inhibitory neurotransmitters. 
(Supported by DAMD-17-86C4-032). 

$9.7 

MODULATION OF SPONTANEOUS ACETYLCHOLINE RELEASE: DEPENDENCE ON 
INTRINSIC NEURONAL ACTIVITY. Vladimir Dolezal* and Lynn 
Wecker. LSUMC, New Orleans, LA 70112. 

The spontaneous release of acetylcholine (ACh) from 
striatal slices is about 3-fold greater than from hippocampal 
slices. Since studies have suggested that the regulation of 
ACh release may differ between these brain regions, we 
compared the effects of the muscarinic receptor antagonist 
atropine on the spontaneous release of ACh from striatal and 
hippocampal slices. Atropine increased ACh release from 
striatal slices only. This increase was: a) dose-dependent 
from 1 nM (30% increase) to a maximum at 1 uM (92% increase); 
b) Ca+-dependent; and c) abolished by tetrodotoxin (1 uM), 
When ACh release induced by 4-aminopyridine (S-AP) was 
measured, a concentration-dependent increase was observed by 
both brain regions; an effect that was 2-fold greater in 
striatal slices than in hippocampal slices with 100 uM 4-AP. 
In contrast, potassium depolarization (35 mM) increased ACh 
release from striatal slices by 400% and from hippocampal 
slices by 600%. Results suggest that spontaneous impulse 
activity in the striatum (containing cholinergic interneurons) 
and not in hippocampus (containing only cholinergic nerve 
endings) may be responsible for the differences observed 
between the effects of atropine and 4-AP and those of 
potassium. (Supported by NIMH-33443.) 

$9.9 

INDUCTION OF CHOLINE ACETYLTRANSFERASE, TYROSINE HYDROXYL- 
ASE, AND ORNITHINE DECARBOXYLASE BY 1,1,3 TRICYANO-Z-AMINO- 
l-PkOPENE IN THE PC-12 CELL LINE. J, West Paul* and John P. 
DaVanzd Department of Pharticology, School of Medicine, 
East Carolina University, Greenvfiie, NC 27858 

Experiments showed 1,1,3 tricyano-2-amino-1-propene 
(Triap) to induce neurite outgrowth and potentiate nerve 
growth factor (NGF) in the PC-12 cell line. This lead us to 
examine the effect of Triap on several enzyme systems in the 
PC-12 cell line. Triap alone had no effect on ornithine 
decarboxylase (ODC) activity at concentrations that induced 
neurfte outgrowth. Combined with NGF, levels of Triap which 
potentiated NGF increased ODC activity far above the level 
of NGF alone. At concentrations of Triap that potentiated 
neurite outgrowth, choline acetyltransferase (ChAT) was 
increased several fold. Triap at these concentrations also 
increased tyrosine hydroxylase (TH) activity to the same 
level as that seen with NGF. Trfap combined with NGF showed 
no increases in TH activity over that of NGF or Triap alone. 
The induction of enzymes fnvolved in neuronal differentia- 
tion and neurotransmitter synthesis may be an important 
factor in considering compounds that may be useful in the 
treatment of neurodegenerative diseases such as Alzheimer's 
and Parkinson's disease. (Supported in part by Hoechst 
Roussel, Inc. and thanks to Dr. Gordon Guroff for the PC-12 
cell line.) 

59.8 

EFFECTS OF g-AMINO- 1,2,3&TETRAHYDROACRIDINE (THA) 
AND 4-AMINOPYRIDINE@-AP) ON PHOSPHATIDYL- 
INaSITOL(PI) TURNOVER AN-D [3H]NOREPINEPHRINE (NE) 
RELEASE IN RAT CEREBRAL CORTICAL SLICES. W. Petko*, C.P. 
Smith* and F.P. Huger*. (Spon: D.B, Ellis). Hoechst-Rozsel 
Pharmaceuticals, Inc., Somerville, NJ 08876. 

THA, a potent cholinesterase inhibitor, has been compared structurally 
with 4-AP, but affects Na+ channels as well as K+ channels. The 
purpose of this study was to compare mA and 4-AP in two functional 
assays which may reflect differences in ion channel selectivity. 

THA and 4-AP were tested for ability to increase PI turnover in 
pre-labeled cortical slices. We found that 4-AP had no effect at 
concentrations up to 10 mM, but THA (l- 10 mM) did stimulate PI 
turnover, Stimulation by THA was not blocked by atiopine, prazosin, 
methysergide, pyrilamine, excitatory amino acid antagonists or 
tetrodotoxin, Calcium-entry blockers aIso failed to block the effect of 
THA. Measurement of electrically-stimulated release of [“WINE from 
cortical slices also showed that THA and 4-AP increased non-stimulated 
as well as stimulated release. However, 4-AP had no effect on 
non-stimulated release in Ca*+-free buffer, but TIBIA did increase 
non-stimulated NE release in the absence of calcium. 

In summary, the THA stimulation of PI turnover appears to be a 
direct, non-receptor mediated effect. The lack of effect of 4-AP 
suggests that the stimulation by THA may be mediated by Na+-channel 
effects and not by F-channel blockade. A second major distinction 
between THA and 4-AP was revealed by the difference in 
Ca2+-dependency for release of [3H]NE. 

59.10 
EFFECT OF MUSCIMOL ON THE SYNTHESIS OF ACETYLCHOLINE AND ON 
THE ACTIVITY OF VARIOUS NERVE TERMINAL FRACTIONS OF CHOLINE- 
0-ACETYLTRANSFERASE (EC 2.3.1.6) IN RAT HIPPOCAMPAL TISSUE. 
P.T, Carroll and L.K. Smith*, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430 

Incubation of rat hippocampal tissue with the hyper- 
polarizing agent muscimol reduced the synthesis of acetyl- 
choline and the activity of detergent soluble choline-O- 
acetyltransferase (EC 2.3.1.6; ChAT) associated with a 
crude vesicular fraction. In contrast, this treatment 
augmented the activity of a water soluble fraction of ChAT 
in the cytosol without altering the activity of the major 
nerve terminal CMT fraction, that which can be solubilized 
by pH 7.4 salt, When hippocampal tissue was incubated in a 
normal Krebs solution containing phospholipase C from B. 
cereus, both lactate dehydrogenase (EC 1.1.1.27) and the 
water soluble ChAT fraction were liberated from the 
cytosol, whereas the salt soluble ChAT fraction was not. 
These results may suggest that muscimol reduces the synthe- 
sis of ACh fn rat hippocampal tissue by preventing the 
water soluble cytosolic ChAT fraction from associating with 
membranes; also, that the water, but not the salt soluble 
ChAT fraction, may float freely in the cytosol under 
physiological conditions (Supported in part by NINCDS - 
2ROl NS 21289-04). 
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59.11 
DIFFEREXES IN ACUTE CHOLINERGIC AND HISTOCHEMICAL TOXICLTY 
BmEN SARIN AND VX. Ramsh C. Gupta, Gary T. Patterson* and 
Wolf D. Dettbarn. Department of Pharmcology, Schoolof Med. 
Vanderbilti University, Nashville, TN. 37232 

A sublethal SC dose of sarin (110 pg/Kg) or VX (12 pg/Kg) 
produced onset of toxic signs within 5-15 min, maximal sever- 
ity by 30-60 tin, and lasted for 5-7 hrs. The toxic signs we 
predtinately of central origin. Myonecrotic lesions appear& 
as early as 1 hr following both agents. Maximum n* of 
lesions when determined after 24 hrs was seen in all muscles, 
diaphragm was affected the most and EDL the least. Repair of 
lesions was slow since a reduced nti was still present 
after 7 days. Among skeletal muscles AChE of soleus was 
markedly reduced to 23% with sarin and 8% with VX. AChE of EDL 
appeared less sensitive to sarin than to Vx (17% and 82% of 
antrol, respectively). Activity of AChE molecular forms 
reflected a similar pattern. Within 1 hr both sarin and Vx 
redu& the AChE activity to l-6% in brain, with the except- 
ion of the striatum after VX (41%), Cortex was filaxirrrally 
affected. A slm but significant reoovery of AChE was evident 
after 24 hrs and more so after 7 days. The inhibition and 
recovery pattern of BuChE was similar to AChE, hover, rate 
of r-very was more rapid. ft is concluded that differences 
k&-n these inhibitors my be due to differences in their 
susceptibility to enzymic hydrolysis, storage sites with slcx~ 
release and unspecific binding sites in plasm, liver and 
other tissue. (Supported by the US Army DAMD17-83-C-3244) 

59.13 

3-CARBAMYL-l-ALLYLQUINUCLIDINIUM BROMIDE: 
PHARMACOLOGICAL EFFECTS ON CHOLINERGIC ACTIVITY AND * 
PROTECTIOJ AGAINST 
R. LEECH'; 

SOYN G.H. STERLING, P.H. DOtTzcAS", 
C, JACKSON , K.J,'NEILL'" s- -- -- andm. O'NEILL 

Dspts, of Pharmscology, Hahnemtlnn Univ. and Temple Univ. 
School8 of Medicine, Philadelphia, PA 19102 

N-allyl-3-quinuclldinol (NAQ), a potent selective 
inhibitor of high affinity choline uptake (HAChU) 
developed in thfs laboratory, significantly enhances the 
protectfon afforded by atropine/pralidoxfme against soman 
intoxication in rat a@ guinea pig. Previous studies have 
also demonstrated the effectiveness of carbamate 
pretreatment in reducing organophosphate toxicity. In 
these studies, we examined the combined attributes of 
interference with acetylcholine aynthesls and 
carbamylatfon of cholinesterase In protection against 
soman toxicity. The carbamate derivative of NAQ, 
3-carbamyl-l -ally1 quilauclidfnium bromide (CA3) was 
synthesized and evaluated in several In vitro screens and 
in vivo protection Studies. The R-is%&~CAB proved 
to bean effective inhibitor of erythrocyte and plasma 
cholineaterase as well as HAChU. When. administered with 
atropinc, the compound prevented deaths against soman for 
l-2 hours at doses up to 4 LD50, which normally ptoduces 
an LDlOO withfn 0.5~1H. The data confirms our previous 
results and provides insights for the design of 
protectants against organophosphate intoxication. (This 
work was supported by USAMRDC-DAMP 17-86-C-6243). 

59*15 
PROTECTION AGAINST SOMAN BY PRETREATMENT WITH 
PHYSOSTIGMINE AND AZAPROPHEN. R. P. Solana”, L. 
W. Harrisr W. H. Carter, Jr.*. B. G. Talbot”. 
R:A. Cawchman and C. dennings" USAMRICD; 
Aberdeen Proving Ground, MD 21010-5;25 

A pretreatment combination of physostigmine 
and aiaprophen (6-methyl-6-azabicyclo- 
[3.2.1]octan-3-ol-2,2-diphenylpropionate)p a 
novel cholinolytic, was evaluated for its ability 
to minimize soman-induced incapacitation (SII) 
and lethality in guinea pigs, This was 
accomplished by using Response Surface 
Methodology to model and analyze the combination, 
varying physost igmine from 0 to 194 ug/kg, 
azaprophen from 0 to 5 mg/kg, and soman from 30 
to 150 ug/kg. 100% survival was achieved against 
5 LD50s of soman using as little as 100 ug/kg of 
physostigmine in the presence of 5 mg/kg of 
azaprophen. Both survival and SII were similarly 
affected by this pretreatment combination. For 
both endpoints, greater efficacy was achieved 
with the combination than could be achieved with 
either component alone (therapeutic synergism). 
This suggests that such a pretreatment 
combination may prove very efficacious against 
soman-induced lethality and incapacitation in 

59.12 
EFFICACY OF AZAPROPHEN AND PHYSOSTIGMINE AS A 
PRETREATMENT FOR SOMAN-INDUCED INCAPACITATION IN 
GUINEA PIGS BY RESPONSE SURFACE MODELING (RSM). 
Chris Gennings*, Richard P. Solana*, W.H. Carter, 
Jr.*, Larrel W. Harris, Richard A. Carchman , 
E.D. Campbell*, R.M. Boyle*, and Brian G. Talbot* 
(SPON: L.W. Harris). Med Coil, of VA, Richmond, 
VA 23298 and USAMRICD, APG, MD 21010-5425 

The efficacy of physostigmine/azaprophen 
(PHY/AZA) pretreatment was evaluated in soman- 
exposed guinea pigs. The endpoint measured was 
duration of soman-induced physical incapacitation 
(SPI) l RSM was employed to describe the 
relationship of the pretreatment combination with 
SPI. The significance of the combination 
relative to PHY alone was evaluated; pretreatment 
combinations that yielded minimal time to 
recovery from SPI (optimum responses) were also 
determined. Analysis of the fitted response 
surface indicated that combination pretreatment 
with these compounds significanctly reduced the 
time to recovery from SPI when compared to 
pretreatment by PHY alone. Hence, a pretreatment 
combination of carbamate and cholinolytic appears 
to have potential as a beneficial pretreatment 
against oxganophosphate exposure. 

59.14 
EFFECT OF SOMAN ON TRACHEAL SMOOTH MUSCLE 
CONTRACTILITY. M. Adler, D. Moore* and M. 
Filbert*. Neurotoxicology & Physiology Br., 
Pathophysiology Div., USAMRICD, APG, MD 21010. 

Constriction of airway smooth muscle is one of the 
life-threatening consequences of nerve-agent 
intoxication. To determine the mechanisms underlying 
such constriction, we examined the actions of the 
irreversible cholinesterase (ChE) inhibitor, soman on 
contractions evoked by supramaximal electric field 
stimulation (EFS) in canine trachealis strips. Exposure 
to 10 nM soman led to a 2.9-fold increase in the 
amplitude and a 7.8-fold prolongation in the 
half-relaxation time of contractions evoked by 10 Hz EFS 
trains. The soman-induced alterations began within 3 min 
and were maximal after 20 min of incubation. At these 
times, ChE activities were reduced by 21 and 58X, 
respectively* 
were enhanced 

The actions of soman on- muscle tension 
by factors that increase acetylcholine 

(ACh) secretion (e.g., increases in the frequency, 
amplitude and duration of the EFS pulses) and were 
antagonized by factors that reduce ACh persistence such 
as addition of purified ChE. These results suggest that 
there is little excess hydrolytic activity in canine 
tracheal smooth muscle. This is in marked contrast to 
the large muscarinic receptor reserve found in the same 
preparation. 

59.16 
SOMAN AIcTIVm MUSCANNIC m IN HJLLERE sYMPm3ETIC 
-ON -AA &&n&aM JIF. Ehka. 
Dept.Anat.and Wurobiol., Jhiv, of Vermnt 
toll. W., Burlington, Ve 05405. 

The effects of solTLan in the presence of a muscarinic 
blocker were examined with intracellular reardings from B 
cell neurons in the 9th and 10th ganglion isolated from the 
paravertebral sympathetic chains of the bullfrog m . ai-. Saran UOuMl addition induced (1) a &rane 
depolarizatim of 6.0 rrrV (2) a decrease in tirane’ 
resistance “49% (3) a shortentig of the hyperpolatizing 
afterpotential (HAP) by “33% and (4) a decrease in the 
current elitude un&rlying the HAP, Atropine UOuMI 
addition subgequent to m treatment reversed only the 
saman-induced depolarization of the mrane potential 
(within 5 min) to near pretreabnt levels, but did n& 
restore the mrane resistance, duration of tie HAP (current 
clam@ near the resting potential), or the wlitude of the 
current underlying the HAP within at least 30 min. rhese 
results demnstrate that sme of somn’s actions are mdiated 
through mscarinic receptors aM are partially reversed with 
mscarinic receptor blockade subsquat to some exposure. 

This work was supported in part by the Us Army Medical 
Research and &velopmt CamclEtnd, -tract No. 
mMD17-86x4031 l 

higher species. 
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69.17 
EFFICACY OF PHYSOSTIGMINE (PHY) AND ADJUNCT 
PRETREATMENT AGAINST SOMAN INTOXICATION. Larwel 
W. Harris, Brian G, Talbot*, Willard J. Lennox*, 
Dana R. Anderson* and Richard P. Solana*, 
USAMRICD, Aberdeen Proving Ground, MD 21010-5425. 

A pretreatment for soman intoxication should 
prevent lethality and convulsions (CNV) at 2 
LDSOs, be behavioral-decrement-free (BDF) when 
given alone and rapidly reverse debilitation at 5 
LD50s. BDF pretreatment regimens (PRGs) for 
guinea pigs consisted of Phy (0.15 mg/kg, im) and 
adjunct (ADJ); ADJs [mg/kg, im] tested were 
atropine (At) [16], azaprophen (AZA) [5J, 
trihexyphenidyl (THP) 121, scopolamine f0.081, 
ethopropazine 1121 I dextromethorphan L7.51, 
benactyzine [1.25] and promethazine [51. PRGs 
were given 30 min before soman (60 ug/kg, SC; 2 
LD50s); animals were then observed and graded for 
signs of intoxication, including CNV at 7 time 
points and at 24-hr. Phy alone reduced CNV and 
lethality by 50%, whereas PRGs abolished lethality 
and shortened recovery to < 2-hr. CNVs were 
observed in animals except those receiving a PRG 
including AT, AZA or THP, which all possess 
cholinolytic activity. The data show that several 
PRGs are effective against soman and may hold 
promise for higher species. 

0.U. Scmnin*, A.M.E. Scremin*, S.M. SaMni and E. Giacobini. Veterans 
Plcministration Med. Ctr. Albuquerque, PM, 87108 and SIU School of Medicine, 
Springfield, IL @79!-930. - 

3H physostigrrine (Phy) 50 &kg was tiinistered i.v. to rats ti its 
concentration (cont.) fn 40 brain regions was assessed by wantitative &o- 
radiography. Reese values were ~related with mebral blood flew (rcBF), 
measured with Iodo-14Cantipyrine autoradiogrpahy, in ccntrol rats md in 
animals injected i.v. with a similar &se of phy. A high degree of oar- 
relation was found between Phy oom=. ti rcBF (~81) at 0.5 min af&r drug 
ititiion. Ibis correlation was progressively lost with increasing intervals 
bet~m Phy @j&ion and sacrifice of the animals (5 tin: PO.61, 12 min: 
rcO.09). Regions with a high hlinesterase aivity, bever, Wed great- 
er mentim of Phy mer time than those with lcw activity of the enw. In 
the regions with lcw &&n&erase levels, dnrg mention was miprxally 
related to dBF levels. lbe highest initial Phy 03~~. was foumi in miens 
lacking a blti brain barrier (range-10.4-23.8 nCi/q) ad the Iwest in 

white titer (rangeel.2-2.6 &i/Q). m brain regions quilibratti rapidly 
with Phy shred the highest m. initially and then declined gradually up TV 
12 min. The elimination rate mnstants of Phy fran these regions ranged frun 
0.058 to 0.18. Phy oonc. in wions #at tied an increase in rcBF were 
cuparable to regions that did mt ShaJ KBF brim. -MS nJles ait 
variatims in dnrg access to brain regions & the t-r&anism underlying ~Iw 
topographical variations of the cerebmascular action of Phy. (Supported by 
the Veterans Pchn'nistration ad U.S. Army Cowtract DpfyD 17-83-C-3195). 

5921 

TETRAHYDROAMlNOACRIDlNE IS CONCENTRATED IN BRAIN 
FOLLOWING INTRAPERITONEAL ADMINISTRATION. D. 

06340 
Pfii8f C8ntral R8s8afch, Grotofl, CT 

THA is a cholinesterase inhibitor that is currentty undergoing clinkal trials for 
use in Alzheimer’s Disease. We have examined some properties of THA in 
vitro and in v&o to define the mechanism by which THA produces its 
therapeutic effects. In vfim, TIiA inhibits acetylcholinesterase (AChE) from 
rat brain and human erythrocytes with an IC50 of 220 nM. The kinetics of 
enzyme inhibition are best fitted by a model incorporating mixed competitive 
and non-competitive inhibition, with a Kii-246 nM a Kisx 145 nM. THA is 
consfderably more potent at inhibiting butyrylcholin8sterase, with an IC50=9 
nM. We examined the ability of THA to displace a numb8r of ligands from rat 
braln membranes, Binding to cholinergic receptors was weak, with 50% 
displacement of 3H-QNB (muscarinic) at 5.2 uM, 3H-AFDX-1 16 (M2) at 1.7 
uM, 3H-telentepine (Ml) at 10 uM and 3H-nicotine at >I0 uM. THA 
displaces 3H-prazosin (al adrenergic) with an IWO of 3.3 uM and 
3H-mepyramlne (HI histamine) with an IC50 of 5 uM. Monoamine oxidase 
from brain or Ilver was not s$nificantly inhibited by THA below 100 uM. In 
vko, THA exhibited an unusual distribution. Foliowing 3.2 mg/kg Lp., a dose 
active in mouse pas&v8 avoidance, THA was lo-fold higher in brain than in 
plasma from 20-120 min, with the highest brain concentration (at 20 min) of 
2.4 uM. At 120 min, brain THA was 0.34 uM, well above the IC50 for inhibition 
of AChE. A monohydroxylated metabolite of THA was observed In brain and 
plasma; this ntetabotite was a weak inhibitor of AChE. We conclude that the 
inhibition of brain AChE by THA is sufficient to explain its tharapeutic action in 
Atzheimer’s Disease. 

59.18 

IN VIVO DOSE RESPONSE OF PHYSOSTIGMINE AND METABOCITE CON- 
CENTRATIONS VS. CHOLINESTERASE ACTIVITY IN RBC AND TISSUES OF 
RATS. S.M. Somani and S.N. Dube*, Dept. Pharmacol., SIU 
School of Medicine, Springfield, IL 62708 

In order to study dose response, various dosages (25 to 
500 pg kg-l, Cm.) of 3H-Physostigmine (Phy) were ad- 
ministered to rats and 15 min later, blood and tissues were 
analyzed for cholinesterase (ChE) activity by radiomet-ric 
method (Johnson and Russell, 1975, Anal. Biochem. 64:229) and 
Phy and its metabolites by HPLC (Somani and Khalique, 1988, 
Fund Appl. Tox. 6:327). A comparison of ChE values in dif- 
ferent tissues of rats indicated that dhE activity was high- 
est in brain (7.11 umol min-lg-l) and least in dia- 
phragm (0.67 umol min'lg'l). The enzyme activity was 
eleven times more in brain as compared to diaphragm. PhY 
produced a dose-dependent inhibition of ChE in REX (18-42%), 
brain (23-55%) and diaphragm (X-35%) from 50 to 200 ug 
kg-', then ChE inhibition was plateaued from 200 to 500 
vg kg-l in these tissues. A dose related ChE inhibition 
was seen in heart (16-50%) and thigh muscle (8-53%) from 50 
to 500 vg kg-la Phy concentration increased linearly 
from 50 t,o 400 pg kg-l in plasma, brain, heart and thigh 
muscle. Eseroline and two unknown metabolites Ml and M2 
were present in plasma and tissues, however, another M3, 
metabolite (rt 10.5 min) was found predominantly in heart and 
thigh muscle. These results indicate that ChE inhibition is 
1 inear up to 200 vg kg-l in RBC and tissues. (Supported 
by U.S. Army Contract DAMD 88-c-8024). 

59.20 
PHENYLMETHYLSULFONYL FLUORIDE (PMSF) INHIBITION OF BRAIN AND 
MUSCLE ACETYLCBOLINESTERASE. K.A. Skau* & M.T, Shipley* 
(SPON: D,G, Patel) Div. Pharmacol.Med.Chem. d Dept. Anat.Cell 
Biol. U.Cincinnati Med. Ctr., Cincinnati, OH 45267, 

Sulfonyl fluorides have been proposed as possible drugs to 
treat symptoms of Alzheimer's disease as these agents are 
long-lasting inhibitors of acetylcholinesterase (AChE) and 
appear to selectively inhibit brain vs. peripheral AChE, To 
further explore this selectivity we have studied inhibition of 
brain and muscle AChE molecular forms. Injection of PMSF 
(85 mg/kg) inhibited the brain tetrameric (G4) AChE peak by 
70%; brain monomeric (Gl) AChE was inhibited only 50%. The 
A12, G4 and Gl-AChE forms in muscle were inhibited 70, 60 and 
30%. In vitro studies showed that the rate of inhibition of -- 
solubilized brain AChE was 2-‘3 times as fast as muscle enzyme 
at PMSF of 0.5-1.0 mM; at lower concentrations (0.1 mM) this 
difference was not evident. Similarly, purffied G4-AChE was 
more sensitive to PMSF than was purified G1 enzyme. These 
results suggest that the selectivity of PMSF for brain enzyme 
may be due to a selective effect on the G4 form which is the 
predominant form of brain AChE but a lesser form In muscle. 
(Supported in part by U.S. Army DAMD 17-86-C-6005.) 

59.22 

HPLC VS RIA FOR ASSAY OF PYRIDOSTIGMINE (PYR). 
Howard G. Meyer*, Brian J, Lukey*, Robin T. Gepp*, 
and Claire N. Lleske* (SPON: Larrel W. Harris). 
USAMRTCD, APG, MD 21010-5425 

The purpose was to show the relative merits 
of two methods for assaying Pyr in plasma or 
serum. The HPLC method, currently the standard, 
employs sample preparation on a C-2 Bond elut 
cartridge, separation on a Beckman Altex 
Ultrasphere-Octyl column, and estimation at 208 nm 
with a UV detector. The immunogen used for the 
production of the antibody in our radioimmunoassay 
(RIA) was prepared by covalently binding a Pyr 
analong [l-(5-carboxypentyl)-3-(N,N-dimethyl- 
carbamyloxy)pyridinium bromideJ to Keyhole Limpet 
Hemocyanin. Assay parameters of sensitivity 
specificity, accuracy, precision, throughput, 
sample size, and cost are objectively examined for 
each assay. Direct measurement by HPLC has 
superior specificity, but accuracy and precision 
of each are similar. The lower limits for the 
HPLC and the RIA are 2.0 rig/ml and 0.5 rig/ml, 
respectively. The RIA reduces sample size from 
0.5 to 0.1 ml and decreases cost per assay from > 
$20 to < $2. Thus, the RIA is an attractive 
alternative to the HPLC assay. 
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60.1 
EFFECT OF CYCLOSPORIN A ON VASCULAR PRESSOR RESPONSES. 
Alfredo R-o*, Roberto Vamas*, Marie I, FOeLlh* and Peter W. Ramwell. 
Georgetown University Medical Center, WashIngton, D.C. 20007 

Cyclosporln A (CsA) therapy Is assuclated with an Increased 
Incidence of hyp8d8nsiOn. The mechanism Involved Is sttll poorfy 
understood. We ex8min8d the mechanism by which CsA caus8s Increment 
of mean arterial pressure (MAP) in normotenslve rats. CsA injected 
intravenously in a bolus of 10-20 mg/kg to rats under nlcotlnk blockade 
induced by chlorIsondamine 1.0 mg/kg, signlfioantly rab~ the MAP (42-M 
mmHg) in a dose-dependent, immediate and lung lasting (30-45 mln) 
manna. This response Is not affected by either alpha-l adrenoceptor 
blockade (prazosln, 1 .O mg/kg) or muscarlnk blockade (atropine, 1.0 
mg/kg). Heart rat8 was 308~10 beats/min aft@ blockade, j$d did not 
change with CsA injection. After CsA injection the calcium (Ca ) channel 
block8rs nifediplne and vempamii (10 ug/kg; 100 ug/kg respectlveiy) had 
only a tmnsient hypotenslve. P8rfuston of the isolated rat messent8ric 
vascular bed with CsA (0.08-8.3 uM) signlficantiy enhances the r8spons8 of 
that prepatatlon to norepinephrine (0.2-3.0 ug) In 2&52% and of KCI (35-500 
ug) In M-45%. This effect Is also dostiewdent, almost lmmedlate and 
would not wctsh out. The CsA-Induced Increment of B 

r8ssur responses Is not 
obsewed when the preparation Is perfused with Ca ’ fr88 solution and, is 
abolished (response to KCI) or attenuated (r8sponse to NE) when nlfedlplne 
or Vera mii are added to the p8rfusion solution, How8ver, after washing out 
the Ca r + channel blockers, the CsA-Induced Increased responses are again 
observ8d. These data confirm that CsA directly affects general vascular 
res stance, and suggest that the effect is greateiy dependent on 8xtracellular 

4 Ca +. [Supported by NIH grant # l-IL 31241 & HL 349741 

60.3 

CONTRACTILE RESPONSES OF ARTERIES FRCM DIABETIC RATS To 
mOl?BOL DIBUTYRATK. W.Abebe*, K.H,Harris* and K.M,Hackod 
Univ. of British Columbia, Vmcouver, B.C. V6T lW5, C~IM&. 

Previous studies have shown that arteries from male rats 
with chronic streptozotocin (STZ)-induced diabetes are more 
responsive to the contractile effects of norepinephrine 
(NE) than their age-matched controls. In order to examine 
whether protein kinase C (PKC)-mediated mechanisms are 
enhanced in diabetic arteries, we investigated the respon- 
siveness of aortic and mesenteric artery rings isolated 
from 12 week STZ-diabetic rats and age-matched controls to 
the PKC activator, phorbol dibutyrate (PDB). PDB elicited 
dose-dependent contractions of arteries in the presence of 
2.5mM Ca2+. Maximum contractile responses to PDB (3VM) were 
greater in diabetic arteries than those in control prepara- 
tions, although the increase was significant only in diabe- 
tic mesenteric arteries. In the absence of extra cellular 
Ca2+, or in the presence of the Ca2+ influx blockers nife- 
dipine or verapamil, contractile responses of aortae and, 
to a greater extent, mesenteric arteries, to PDB were redu- 
ced. Under these conditions, no significant difference in 
the magnitude of the PDB response could be detected between 
control and diabetic arteries. These results suggest that 
PKC-mediated responses are increased in arteries from 
diabetic rats, and this effect appears to be dependent on 
increased Ca2+ influx through cell membrane Ca'* channels, 
(Supported by MRC (C) and the B.C. Heart Foundation) 

60.5 

Serotonin and calcitonin-gene related peptide induce endothelium- 
independent vasoditatation in isolated guinea pig pulmonary 

l ’ I I  l *  .  arteries. j?. Saban . S. &&er. E. M. Hams N. IJ and J. A. Wlu, 
Departments of Anesthesiology and Veterinary Sciences, 
University of Wisconsin, Madison, WI 53792 

Responses to serotonin, without pre contraction, were examined In 
the presence and absence of endothellal cells. The responses 
serotonin consisted of two contractile phases separated by a 
relaxation phase. Removal of the endotheiiai ceils enhanced both 
contractile phases without alteration of the relaxation phase. In 
arteries pre-contracted with phenylephrine, serotonin was unable 
to further contract the vessels but produced dose-dependent 
relaxations that also were not altered by the removal of the 
endothelial layer. in contrast, the relaxant responses to neurokinin 
A and substance P, in arteries pre-contracted with phenylephrine, 
were of short duration and endothelium-dependent. Relaxation 
induced by calcitonln gene-related peptide (CGRP) was independent 
of the presence of endothelium and about the same magnitude of the 
responses induced by serotonin (58% and 64 % of papaverine 
maximum respectively). Since CGRP is found in the vascular wall 
it might be possible that in the guinea pig pulmonary artery there is 
a co-mediation between CGRP and serotonin in inducing 
vasodilatation. 

60.2 
STIMULATION OF PROTEIN KINASE C ACTIVITY l3Y PROLACTIN IN RAT 
AORTIC SMOOTH MUSCM. Marie D. Sauro, Arthur R. Buckley, 
Paul Crowe, Ronald G. Coffey and David F. Fitzpatrick . 
University of South Florida, College of Medicine, Tampa, FL 
33612 

It has been previously shown that prolactin (PRL) admin- 
istration causes elevation of blood pressure. Furthermore, 
it has been suggested that calcium and phospholipid dependent 
protein kinase, protein kinase C (PKC), may be the intra- 
cellular second messenger for prolactin action in a number of 
tissues. We examined the effects of PRL on PKC activity in 
aortic smooth muscle from 8 to 20 week old male Sprague 
Dawley rats. Aortic strips incubated with varieyf 
ogical concentrations of ovine PRL (PRL-18) (10 

phyfiol- 
-10 pi) 

at 37OC for 25 minutes showed a significant stimulation of 
PKC activity. A lipophilic derivative of phorbol ester, 
phorbol 12, 23-dibutyrate, a substance known to directly 
stimulate PKC activity in many tissues by mimicking diacyl- 
glycerol, also caused a large increase in PKC activity. 
We speculate that PRL may cause elevation of blood pressure 
through an increase in vascular smooth muscle PKC activity, 
possibly resulting in sustained vascular tone and/or an 
increased sensitivity to various contractile agonists. 

60.4 
ImHANclm RESIKMS~S To NoREPImPHRINE m THE ABsmcE 
AND FWSSWCE OF CALCIUM m ARTmrEs FRal ImRETIc RATS. 
K. H. !4acLeod, W. Abebe*and K.H. Harris* Univ. of British 
Columbia, Vancouver, J3.C. V6T lW5, Canada 

Aortae and mesenteric arteries from male rats with 
chronic streptozotocin-induced diabetes exhibit a selective 
increase in responsiveness to the contractile effects of 
norepinephrine (NE). In the present investigation, the 
dependence of this increased responsiveness on 
intracellular and extracellular Ca2+ was determined. 
Following incubation of arteries in Ca2+-free medium with 
1.0 mM EGTA for 15 min, phasic responses of diabetic 
arteries to maximal concentrations of ME were significantly 
increased compared to those of control arteries. However, 
when expressed as a proportion of the NE response in the 
presence of Ca*+, the magnitude of the NE response in the 
absence of Ca2* was similar in control and diabetic 
arteries. In addition, contractile responses of diabetic 
arteries in the presence of Ca2+ to NE were blocked to a 
greater extent by maximal concentrations of the Ca" influx 
blockers nifedipine and verapamil than were responses of 
control arteries, These results suggest that both the 
release of intracellular Ca2+ and the influx of 
extracellular Ca'+ in response to NE are enhanced in 
arteries from diabetic rats. (Supported by the Medical 
Research Council of Canada). 

60.6 
THE ROLE OF TYPE I PHOSPHODIESTERASES (PDE I) IN REGULATING 
RABBIT AORTA (A) AND PmONARY ARTERY (PA) RELAXATION 
RESPONSES. R, L. Panek, T. C. Major, D. C. Kobylarz-Sinqer 
and R. E. Weishaar. Dept. of Pharmacology, Parke-Davis Res. 
Div,, Warner Lambert Co. Ann Arbor, MI 48105 

We have identified three s&classes of PDE I from A and 
PA (see Table) and have characterized their role in 
requlatinq relaxation responses. 
subclass soluble (S)/ substrate calmodulin selective 

particulate (P) sensitivity inhibitor ' 
IA S/P cAHP,cGMP ttt m-11 

IB S CGMP t TCV-3B 
IC S CGMP M&B 22,948 

Tissues were contracted with 1 uM phenylephrine (PE) and 
exposed to increasing concentrations of inhibitor alone or 
pretreated for 30 min with vehicle or a single concentration 
of inhibitor. Pretreated tissues were then relaxed by the 
cumulative addition of sodium nitroprusside NW, an 
activator of soluble guanylate cyclase or atriopeptin III 
(AP-III), an activator of particulate guanylate cyclase. 
TCV-3B and M&B 22,948 directly relaxed PE-contracted A and PA 
rings, with TCV-38 being more potent and producing a greater 
maximal relaxation in both vessels. TCV-3B and PI&B 22,948 
also potentiated the SNP and AP-III induced relaxation in A, 
but only the AP-III induced relaxation in the PA. The data 
indicate that differences may exist in the involvement of PDE 
IB and PDE IC in regulating A and PA contractile function. 
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STIMDUTIUN OF Na/K ATPase BY NE IN RAT AORTA DOES NOT INVOLVE 
Na/H or Na/Ca EXCHANGE OR PROTEIN KINASE C. F, Shen and R.C. 
Deth. College of Pharmacy and Allied Health Professions, 
Northeastern University, Boston, MA 02115 

The role of protein kinase C (PKC) or sodium transport 
pathways during norepinephrine (NE-induced stimulation of 
Na+/@ ATPase was studied using the method of ouabain-sensi- 
tfve 86Rb uptake (os-Rb uptake) in rat aorta. NE (10 @i) nor- 
mally caused a transient increase of 46% in os-Rb uptake which 
peaked at 2 minutes of agonist exposure. The phorbol ester, 
phorbol dibutyrate (PDBu; 100 nM) stimulated os-Rb uptake by 
46%. Staurosporine (100 nM) reduced os-Rb uptake by 25% and 
inhibited PDBu stimulation. NE was still able to stimulate up- 
take in the presence of staurosporine. In tissues displaying 
high basal levels of os-Rb uptake, NE was only able to cause a 
stimulation after prior staurosporfne treatment. Inhibition of 
Na+/@ exchange (with methylisobutylamiloride; 100 m) or 
Naf/Ca* exchange (with propylbutyldimethylbenzamil; 4 w) 
caused a partial reduction of basal os-Rb uptake (20% and 30% 
respectively), indicating a role for these pathways in deter- 
mining basal Na+/+ ATPase activity. NE was still able to 
stimulate os-Rb uptake in the presence of each or a combin- 
ation of these Naf transport inhibitors. Our results suggest 
significant roles for PKC, Na+/H+ and Na+/Ca* exchange in the 
basal Na+/e ATPase activity in rat aorta. However, NE stimu- 
lation of Na+/K+ ATPase does not appear to involve these 
pathways. 

60*9 
CHARACTERISTIC VASORELAXING ACTION OF KT2-158, A NEW 
SYNTHESIZED BENZOTHIAZEPINE DERIVATIVE, IN RABBIT AORTAS: AN 
INHIBITOR OF RECEPTOR OPERATED CHANNELS (RX) AND INTRACELLU- 
LAR Ca-RELEASE, S, Shibata, N. Satake*, A. Tomiyama* and S. 
Wakabayashi*. Dept. Pharmacol,, Sch. Med., Univ. of Hawaii, 
Honolulu, Hawaii 96822 

In rabbit aortas, KTZ-158 shifted the responses of nore- 
pinephrine (NE), methoxamine (MO) and clonidine (CL) to the 
right with reduced maximal responses. KT2-158 also inhibited 
the responses to 5-hydroxytryptamine (5-HT), but had no effect 
on the responses to histamine. In a Ca2+-free medium NE, MO 
and CL induced a phasic response and a subsequent addition of 
Ca2+ induced a tonic contraction (ROC). KT2-158 and nitro- 
glycerin (NG) inhibited both the agonists- and Ca2+-induced 
contractions. The effect of NG on the responses to NE and CL 
was greater than that of KT2-158. NG and KT2-158 similarly 
inhibited the residual responses to MO, but the inhibitory 
action of KT2-158 on the Ca2 -response in the presence of MO 
was greater than that of NG, In the aortas contracted by NE, 
KT2-158 caused relaxation. NG potentiated the relaxation by 
KT2-158, Further, KT2-158 markedly inhibited the increase in 
the level of inositol monophosphate (IP) caused by NE. These 
results suggest that KT2-158 inhibits the a-agonists induced 
contractions due to RCC or Cai release, and IP metabolism. In 
addition, the inhibitory action of KT2-158 is different from 
that of NG. Further, KT2-158 inhibits the 5-HT receptors. 
(Supported by a research grant from the University of Hawaii,) 

60.11 

ALPHA- AND BETA-ADRENORECEPTOR BLOCKING PROPERTIES OF 
BEVANTOLOL IN VASCUM SMOOTH MUSCLE. S. Chai*, H.R. Kaplan 
and R.C. Webb. Wniv. of Michigan and Warner-Lambert 
Pharmaceutical Research, Ann Arbor, MI 48109. 

Bevantolol, a cardioselective, beta-adrenoreceptor 
antagonist, lowers blood pressure in renal hypertensive rats 
whereas propranolol does not. This study characterizes 
vascular actions of bevantolol in order to gain information 
about its pharmacological activity. Helically cut strips of 
dog femoral veins and rabbit aortae and mesenteric arteries 
were suspended in organ chambers for measurement of isometric 
force development. Bevantolol (LO -7,lO"4M) did not alter 
resting force in the segments nor did it alter contractile 
responses 
(10’g-10-W to 

KCl. In veins (n-61, isoproterenol 
caused relaxation of contractions 

prostaglandin P2x ( lO+M) . ( lo-8-10-G 
and bevantolol ( 10-T- 10-5Pi) ProTri: :$ relaxation 
resmnses to isoproterenol in a dose-related manner; 
bevintolol was apprbximately l/5 as potent as propranolol in 
this action. Contractions to norepinephrine (10-9-10-6M) 
in rabbit aortae and mesenteric arteries (n=4-6) wre 
inhibited by bevanto 101 (lo-6-10-Q and phentofamine 
(LO-T-10'6ML Dose-response curves to norepinephrine 
wre shifted to the right in a non-parallel fashion by 
btvantolol and the inhibitory effect of bevaatolol was 
approximately l/25 that of phentolamine. We conclude that 
bevantolol acts as an antagonist of both alpha- and 
beta-adrenoreceptors in isolated arteries and veins. 

60.8 
SELECTIVE INHIBITION OF RECEPIDR-OPERATED Ca2+-CHANNELS (ROC) 
BY QUXNACRINE IN RABBIT AOR?IA. N, Satake*, M, Morikawa* and 
S, Shibata. Dept. Pharmacol., Sch. Med., Univ. of Hawaii, 
Honolulu, HI 96822 

Quinacrine inhibited the concentration-response curve of 
nore inephrine 

f 
(NE) non-competitively. However, quinacrine 

(10' M) had no effect on the responses to histamine and KCl. 
In a Ca2+-free medium containing EGTA and nifedipine, NE 
induced a contraction and a subsequent addition of Ca*+ 
induced a tinic contraction. Quinacrine inhibited the Ca2+- 
response in the presence of NE, but did not affect the 
residual NE-response. Further, the effect of quinacrine 
the Ca2+-response in the presence of NE was not affected 
indomethacin, nordihydrquaiaretic acid, methylene blue, 

on 
bY 

propranolol, forskolin and tetraethylammonium. In addition, 
removal of endothelium did not affect the inhibitory action 
of quinacrine. M&B 22,948 inhibited the Ca2+-response and 
reduced the inhibitory effect of quinacrine, However, M&B 

22,948 also inhibited the residual NE response. Incubation 
of the aortas with NE caused an increase in the level of 
inositol monophosphate (IP), Quinacrine had no effect on the 
IP-level, These results suggest that quinacrine selectively 
inhibit the responses due to Ca2+-influx through ROC. 
Further, the inhibitory action of quinacrine is not related 
to arachidonic acid metabolism, cGMP, &MP, B-adrenoceptors, 
K+-conductance or endothelium. (Supper 
grant from the University of Hawaii. ) 

ted by a research 

60.10 
AWTORADIOGRAPIIIC LOCALIZATION OF MUSCARINIC BINDING . . SITES IN BLOOD VESSELS, Sue Piper Duclcles. T<eshe E. Bailey. and 
Frances M. 

. 
14eslle, * Department of Pharmacology, College of 

Medicine, University of California, Irvine, CA 92717 
Functional and xadioligand binding studies have shown that 

vascular muscarinic receptors are distributed on both smooth 
muscle and endothelial cells. To explore the distribution and 
properties of these receptors, autoradiography has been used to 
visualize binding sites for the ligand, 1251-quinuclidinyl 
benzilate (QNB), in cross sections of the rabbit carotid artery. 
Non-specific binding, which was defined using atropine 
( 10e6 M), represented 50% of total binding. Comparison of 
autoradiograms and corresponding sections stained with 
cresyl-violet suggests that specific QNB binding sites show a 
uniform density acruss the entire smooth muscle cell layer, and 
that the endothelial cell layer also contains binding sites for 
QNB. Patches of binding are also found in the adventitia, but 
further studies are necessary to estabIish the density of 
specific binding in the adventitia and to determine if the 
pharmacology of these sites differs from binding sites in 
smooth muscle or endothclial cells. Saturation- isotherms 
derived by computerized image analysis revealed a Kd for QNB 
binding in the combined media and adventitia of 0.2 nM. Using 
this technique we can compare the properties and distribution 
of muscarinic receptors across the blood vessel wall as well as 
from vessel to vessel. 
Supported by NIH grants #PO1 36289 and NS 22215. 

60.12 
EVIDENCE FOR ATP AND NOREPINEPHRINE AS CO-NEUROTRANSMITTERS 
IN THE GUINEA-PIG PORTAL VEIN. 
William L. Chau* and David P, Westfall. Department of 
Pharmacology, University of Nevada School of Medicine, Reno, 
NV 89557. 

The present study wes designed to investigate the 
possibility of cotransmission by ATP and norepinephrine (NE) 
in the guinea-pig portal vein. Field stimulation of isolated 
segments of portal vein (16 Ha, OS msec pulses) produced a 
biphasic contraction. Guanethidine (3 uM) which prevents 
transmitter release from adrenergic nerves, diminished both 
phases of the biphasic contraction equally. Praeosin (0.3 
uM), an alphal-adrenoceptor antagonist, decreased the second 
phase of the contraction more than the first phase. After 
pretreatment with reserpine (1.0 mg/kg for 24 hrs) the second 
phase of the contraction was diminished substantially while 
the first phase was only slightly decreased. Cocaine (3 uM) 
a catecholamine uptake blocker, enhanced both phases of the 
contraction. Alpha, beta methylene ATP (10 uM), an analog of 
ATP that desensitizes P2 purinergic receptors, reduced only 
the first phase of the contraction. In the presence of both 
prazosin (1 uM) and alpha, beta methylene ATP (10 uM) both 
phases of the contraction were diminished. The results of 
this study indicate that the first phase of the neurogenic 
contraction appears to be mediated by both ATP and NE, while 
the second phase is mediated by NE exclusively. (Supported 
by NTH grants AM07478 and HL38126). 
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60.13 

NOREPZNEPHRINE ACTS ON VASCULAR DOPAHINE RECEPTORS IN RAT 
PERFUSED MESENTERY:INPLUEWCE OF AGE. 3X. Wanstall* and 
S.R. O’Donnell, Department of Physiology and Pharmacology, 
University of Queensland, Brisbane, Australia, 4067. 

Dilator responses to norepinephrine 0% 5-75 nm01), 
isoproterenol (I, 0.1-1.5 nnol) and dopalnine (DA, S-150 nmol) 
were obtained on isolated perfused mesentery preparations 
from reserpinised rats of different ages. Preparations were 
treated with 1 laH phenoxybenzamine and perfused with 
physiological salt solution containing 10 p?! cocaine, 20 mH 
KC1 and 0.1 w vasopressin. Dilator responses to 1 were 
abolished by 0.1 @ propranolol (Prop) and those to DA by 
10 nM SCH 23390 (DA1 receptor antagonist; 8-chloro-2,3,4,5- 
tetrahydro-3-methyl-5-pheny~-~E-3-benzazepine-7-o1 maleate), 
but responses to NE could only be blocked with Prop and 
SCH 23390 together. On DA1 receptors (Prop present), the 
potency ratio DA:{-)NE was 7:l and the isomeric potency ratio 
(-)NE: (+)NE was only 5:l (c-f. >50:1 on b-adrenoceptors), DA1 

receptor-mediated responses were seen in rats aged 1, 2 or 4 

months but not 6 or 24 months. b-Adrenoceptor-mediated 
responses were seen at all ages except 24 months. Responses 
to isobutylmethylxanthine and nitroprusside were not blocked 
by either of the blocking drugs and were seen at all ages. It 
is concluded that dilator responses of rat mesenteric 
arterioles to NE are age-dependent, and, in young but not 
mature or aged rats, they involve DAI receptors as well as 
#b-adrenoceptors. (Supported by the National Health and 
Medical Research Council of Australia). 

60.15 

AMBIGUOUS SIGNALLING BY ADENOSINE IN VASCULAR 
SMOOTH MUSCLE CELL MEMBRANES FROM PORCINE 
CORONARY ARTERY: EVIDENCE FOR BOTH Al AplJD A2 

l 

RECEPTOR SUBTYPES. ba MilIs* and Hm Gewla . Rhode 
Island Hospital, Brown University, Providence, RI 02903 

We tested the hypothesis that more than minimal cmnw &olar 
tone in the setting of a coronary stenosis and reduced myocardial blood 
flow may reflect ambiguous signalling by adenosine. Stimulation of the 
Al adenosine mptm results in inhibition of adenylate cyclase (AC) 
and could offset in part vas&ilation due to A2 receptor agonism which 
stimulates AC. The ability OE phenylisopropyladenosine (PIA, Al 
agonist) to inhibit Gpp (NH@ stimulated AC was measured in a crude 
membrane preparation (8OWxg) of cultured porcine coronzuy artery 
vascular smooth muscle cells. Basal AC of 2X0.5 pmol/min/mg 
(meankSEM;N=3) was roughly doubled (4Sfo. 1) by the addition of 
0.1 PM Gpp (W)p. PIA (2 x 10-g M) consistently (pc .05) inhibited 
Gpp (NH}p stimulatexl AC but only weakly (4.lfo.03). This inhibition 
was reversed by 1 mM theophylline. PIA at higher concentration (2 x 
10-5 M) was an A2 agonist and enhanced 1.0 PM Gpp (NH)p 
stimulated AC (26&5 to 33&7;N=7). Finally, in one study cyclopentyl 
adenosine (Al agonist) in the presence of the A2 antagonist, 30 nM 
CGS 15943 (triazolquinazoline derivative), reduced 0,l @I Gpp 
(NH)p stimulated AC from 4.8 to 3.5 (26%). Thus, in addition to A2 
receptor activity, porcine vascular sMooth muscle displays evidence of 
Al receptor activity. However, weak inhibition of AC by PTA suggests 
that Al receptor activity may consibute only m&e&y to the regulation 
of myocdial bl& flow. 

NEUROMUSCULAR PHARMACOLOGY 

60.14 
G-PROTEIN REGULATION OF a-ADRENOCEPTOR COUPLING TO INOSITOL 
PHOSPHOLIPID BREAKDOWN IN RAT TAIL ARTERY. J;. Feltham.* Y.D, 
Cheunp.-kP,M. ompson.* and C Trignle Faculty of 
Medicine, Memorial University of Nfld., St. John's, NF, 
Canada AlB 3V6 

It has been suggested that postsynaptic "1 and a2 adrenocep- 
tors, both mediating contraction, co-exist in vascular smooth 
muscle (VSM) and, furthermore, membrane polyphosphoinositide 
(Pins) metabolism plays a major role in VSM excitation- 

contraction coupling. In the present study we have inves- 
tigated and compared the role of Pins breakdown in the 
actions of a number of adrenoceptor agonists and antagonists 
on the rat-tail artery (TA). In addition we have studied 
the effects of prior in vivo and in vitrq administration 
of pertussis toxin (PT) and in vitro N-ethylmaleimide (Nl%X) 
on adrenoceptor mediated increases in Pins metabolism. Norep- 
inephrine (NE) and phenylephrine stimulated Pins metabolism 
40-60 fold above basal and this effect was antagonized by 
10-7 -10e6M prazosin, but not by 10m6M rauwolscine. Similarly, 
the effects of the "2 selective agonist, UK 14304, were 
prazosin sensitfve and rauwolscine resistant. The actions 
of NE were not altered by either in Vitro (5 pg/ml) or h 
viva (1.5 pg/lOOg rat/i.p, for 48 hrs) PT but were inhibited 
by in vitro 3ON NEM. These results indicate that increases 
in Pins metabolism in the TA are mediated by "1, but not 
“2s adrenoceptors coupled to a PT insensitive, m sensitive 
G protein. (Supported by the Canadian Heart Foundation) 

60.16 

VASCULAR REACTIVITY TO BOVINE a-THROMBIN AND MEIZOTHROMBI~ 
IN RABBIT,FEMORAL ARTERIES, L,P, Thompson, M*F. Doyle, 
K.G. Mann and J.A. Bevan, Dept. of Pharmacology and 
Biochemistry, University of Vermont, Burlington, VT 05405 

Contractile responses of the rabbit femoral artery to 
bovine a-thrombin and meizothrombin were compared. 
Meizothrombin is of interest in that it is a catalytic 
intermediate in the forma.tion of a-thrombin which retains 
the lipid binding region of its precursor prothrombin. 
Arteries were cut into ring segments, placed in a tissue 
bath containing aerated physiological buffer (37°C) and 
mounted on a myograph apparatus for measurement of force. 
Contractile responses to cumulative doses (3E-10 - 3E-7M) 
of a-thrombin and meizothrombin were measured. Maximal 
contraction to a-thrombin (4.2 f .6 g; n = 10) and 
meizothrombin (3.3 f .6 g; n = 9) was not significantly 
different and was approximately 60 4 7% of total tissue 
maximum. Vascular sensitivity value) for 
meizothrombin (-8.2 f 

(log ED50 
.2) was significantly greater (p < 

.Ol) than a-thrombin (-7.5 f -2). Neither a-thrombin nor 
meizothrombin caused relaxation although acetylcholine 

(  l ~IJM) and sodium nitroprusside (1OvM) caused maximal 
relaxation. These results indicate that meizothrombin 
exhibits potent contractile activity and that the 
sensitivity of rabbjt femoral arteries to meizothrombin is 
greater than a-thrombin, Supported by HL 35058, 

61.1 
ALTERATION OF EVOKED AND SPONTANEOUS RELEASE OF 
ACETYLCHOLINE DURING PARALYSIS OF RATS WITH 2,4-D!- 

* 
THIOBIURET. William D. Atchison, Dept. of PharmacolJToxicol. 
and Neurosci. Program, Michigan State Univ., E. Lansing, MI 48824. 

Daily treatment of rats with Z,4-dithiobiuret IDT8) causes a 
flaccid neuromuscular weakness in rats first seen in the hindlimbs 
after 5-6 days of treatment at 1 mglkglday, i.p. This weakness 
is thought to be due to impaired release of acetylcholine (ACh). 
The purpose of this study was to investigate effects of DTB toxicity 
on neuromuscular transmission in affected rats using the extensor 
digitorum Iongus preparation. Endplate potentials (EPPs) and minia- 
ture endplate potentials (MEPPs) were recorded from single junctions 
of muscles from DTB-treated animals (1 mglkglday, 6 days] or 
pair-fed controls. EPP amplitude and mean quanta1 content were 
decreased at the time of observable weakness in DTB-treated rats; 
depression of quanta1 content was not more pronounced when stimulus 
frequency was increased from US-50 Hz, although increasing stimulus 
frequency was associated with an increased incidence of transmission 
failures. Neither increasing extracelIular Ca2+ nor application 
of 4-aminopyridine could restore quanta1 content of the DTB-treated 
group to that of control. Mean MEPP frequency was significantly 
reduced in the DTB-treated animals. DTB-paralyzed preparations 
were characterized by the presence of very large MEPPs with pro- 
longed rise and decay times. Moreover, rise and decay times for 
EPPs were also prolonged in the treated rats. Thus, paresis due 
to chronic DTB treatment is associated with prejunctional alterations 
of both evoked and spontaneous ACh release. (Supported by NIH 
grant NS20683.1 

61.2 

DETERMINATION OF UNBIASED QUANTAL RELEASE PARAMETERS, 
INCLUDTNG SPATIAL VARIANCE TN P, USING MINIATURE ENDPLATE 
POTENTIAL (MEPP) FREQUENCIES. Michael D. Miyamoto. E. Term. 
State Univ., Johnson City, TN 37614 I< 

A method has been developed for handlihg two problems 
which have hindered the use of quanta1 release parameters in 
analyzing transmitter release. The first, involving biasing 
in the estimates, is resolved by use of new equations to 
compute spatial variance in probability of release (var 1. 
The second, involving inaccuracies due to nerve SE stimulat on, 
is avoided by use of mepps alone (the nlmnber of mepps in a 50 
msec “bin” replacing the E of a single nerve-evoked epp). A 
sample of 500 bins was used to compute each point, as the 
estimates of p obtained with 400 or more bins did not differ 
from those obtained with 1000 bins. Temporal variation was 

minimized by dividing data into subgroups of 100 and 
discarding data not passing stationarity tests, Increasing 
[K+l caused an increase in E, 4 and 2 with a saturation in 
the Patter response (in accord with prior results obtained 
with nerve stimulation), Vars was unchanged by tK+l but 
the values obtained were slightly negative. This c&d be 
explained by the presence of some temporal variance tiich 
escaped detection. Calculatio92 of vary could be used to 
mo9ftor non-uniformity in CCa 1, (e.g., that produced by 
Ca release from intracellular organelles) . The results 
support the continued use of quanta1 release parameters for 
investigating the release process. Supported by RDC of ETSU. 
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61.3 
EVIDENCE FOR COMPARmATION OF CYCLIC AMP EFFECTS IN THE 
MOTOR NERVE TERMINAL. J.K. Hirsh*. C.S. Solsona*. and 
E.M. Siw. Northwestern University, Chicago, IL 60611 

A study was made on the effects of agents which elevate 
cytoplasmic levels of cyclic adenosine monophosphate (CAMP) 
on (i) acetylcholine (ACh) release and (ii) the effects of 
adenosine derivatives in motor nelcve terminals of the frog 
cutaneous pectoris. The permeable CAMP analogs dibutyryl 
CAMP and 8-(4-chlorophenylthio) CAMP were found to increase 
irreversibly the level of spontaneous ACh release (miniature 
end-plate potential frequency or m.e.p.p.f) from 2-to 5-fold. 
These CAMP analogs occasionally produced smaller and rever- 
sible increases in evoked ACh secretion (M). The CAMP anal- 
ogs also decreased the potency of the inhibitory adenosine 
derivatives. In contrast, cm delivered to the cytoplasmic 
aspect of the presynaptic membrane via phospholipid vesicles 
reduced both M and m.e.p.p.f, resembling the action of adeno- 
sine. The results are consistent with the hypothesis that 
the adenylate cyclase system is compartmentalized within the 
motor nerve terminal and may mediate and/or modulate the 
effects of adenosine derivatives. These results are also 
consistent with the suggestion that elevation of CAMP levels 
at the vesicle membrane may increase release while elevation 
of CAMP levels at plasma membrane sites may decrease release 
(Moskowitz and Puszkin, J. Theor. Biol., (1985) 112, 
513-534). (U.S. Public Health Service NS 12782) 

61.5 
OPIOID DRUGS BLOCK K+ CONTRACTURES BUT NOT CAFFEINE CONTRAC- 
TURES IN FROG'S SKELETAL MUSCLE. Tushar G, Kokate and 
George B, Frank. Dept. Pharmacology, University of Alberta, 
Edmonton, Alberta, Canada. T6G 2H.7 

K+ contractures in skeletal muscle are produced by the 
entrance of extracellular Ca* ions via voltage dependent 
calcium channels located in the t-tubules. Morphine and 
several other opiofd agonists in concentrations ranging from 
10-O M to 1O-5 M inhibited K+ contractures when tested in 
frog's toe muscle. This was a nonstereospecific effect and 
resistant to antagonism by naloxone, While opioids completely 
blocked K+ contractures they did not produce any effect on 
caffeine contractures showing that opioids do not deplete 
intracellular Ca++ stores nor inhibit the rele se of Ca* 
from intracellular stores. 
and methadone (lo-' 

Thus morphine (10' 4 

M and 10M7 
M and low7 M) 

M) caused 69% to 100% inhibi- 
tion of K+ contractures but showed little or no effect on 
caffeine contractures. It was concluded that several opioid 
drugs can block K+ contractures by blocking voltage sensitive 
slow calcium channels in fro 's skeletal muscle without 
affecting the release of Ca +$ from intracellular stores, 
i.e. the sarcoplasmic reticulum. 

(Supported b y the Medical Research Council of Canada). 

61.7 

ANTHELMINTIC-INDUCED BLOCK OF MAMMALIAN NEURO- 
MUSCULAR TRANSMISSION. 9 *, Ben Man-- 

* . . l ~a* and WIlllam 0 A- Department of Pharmacologylfoxi- 
cology, Michigan State Univ., E. Lansing, Ml 48824 

Levamisole (11 and Pyrantel (PI are anthelmintic drugs believed 
to act at the nicotinic cholinergic receptor in parasitic nematodes. 
L and P are characterized by low therapeutic indices, which severely 
limit their use. In this study, we examined the effects of L and 
P on somatic nicotinic cholinsrgic transmission in the rat isolated 
hemidiaphragm preparation in order to assess the effects of these 
drugs on vertebrate chotinergic transmission. Contractile responses 
to electrical stimulation of the phrenic nerve were measured before, 
continuousJy during bath application of 1 and/or P and during wash 
with drurfree media. At concentrations of 10-100 PM, P caused 
a dose-dependent decrease of nerve-evoked twitches. Within the 
range of 1 O-50 NM, a time-dependent suppression occurred; a com- 
plete block occurred within l-2 min at 100 pM P, In contrast, 1 
MM L caused a 1 O-30% reduction in twitch tension within 10 min. 
At 100 MM, L completely blocked nerve-evoked twitches; the onset 
of block was slower than with P. Twitch depression was reversible 
by washing with drurfree media; however, physostigmine did not 
cause a dramatic recovery of twitch tension following L and P. 
With both drugs, twitch depression was preceded by a brief period 
of facilitation. For comparative purposes, 1 pM nicotine facilitated 
twitch responses whereas 10-50 pM significantly reduced twitch 
tension. These results arti consistent with depolarizing block of 
vertebrate neuromuscular transmission by L and P, (Supported 
by a grant from The Upjohn Co.1 

61.4 
HYPERPOLARIZATION OF Em BY THEOPHYLLINE IS NOT SEEN IN 
CHRONICALLY HYPOXIC HAMSTER DIAPHRAGM MUSCLE, S, A. Esau 
Univ. of Virginia, Charlottesville, VA 22901 

The resting membrane potential (Em) of hamster dia- 
phragm muscle in vitro is hyperpolarized by theophylline. 
The mechanism is unknown. The effect of hypoxia on the 
hyperpolarfzation produced by theophylline was examined. 
Three hamsters (Group A) were maintained in a hypoxic en- 
vironment (Fi02=0.10) for 7-10 days prior to study. The 
diaphragm strips were removed and stored in Krebs solution 
at @C and 21%0 /S%CO (20-60 minutes). Strips were studied 
in Krebs solutign aerited with 15%0 /S%CO (p0 =119) at 
36'C. Em was measured using 3M KC?-fillzd g&s micro- 
electrodes (lo-20 mtip resistance). After initial mea- 
sures theophylline 1 mM was added and Em was remeasured, 
Grp B animals (n=4) were not exposed to hypoxia prior to 
study, otherwise, an identical protocol was followed. Em 
before theophylline was -7324 mV in Grp A and -75-43 mV 
(meantS.D.) in Grp B, In muscle strips exposed to chronic 

hypoxia in viva, theophylline had no effect on Em I-07458 mV>. 
With only acute hypoxia (Grp 3 strips) theophylline did hyper- 
polarize Em to -8e4 mV, ~4.015. Thus, chronic hypoxia 
abolished theophylline induced hyperpolarization. This 
suggests that theophylline requires a substrate which is 
decreased by chronic hypoxia for its action on Em. 
Supported by NHLBl grant fKO8 HL01183-05 

EFFWTOFANIsoatJINoLINE~ANDHALUE~ON~~S- 
CUIAR TF?ANSMISSI@J. M. A, Maleque*, M. M. Williams-Johnson*, 
and A. Brossi* (SW: D. C. Shockley). &pt. of mcol., 
&harry Med. toll., Nashville, TW 37208, Lab. m. Chm., NIH, 
B&ksda, MD. 20205. 

Synthetic congeners of the alkaloid frmn the Wxican cactus 
Pachycereus Wxri have been shun to reversibly block neuro- 
muscular transmi ssion in rats and frogs. Thesecmdshave 
a structural similarity with the hallucinogen mescaline. * 
ever, a cwative study of these agents has not ken done. 
Fiescaline (ME) and 2,3,4,5-tetramethoq+ -phenethylamine 
(#l) were studied f or their effects on eletrotonic potentials 
(APs), end plate and minature end plate potentials (EPPs, 

MEPPS) in frq sartorius muscle-sciatic nerve prewations. 
Both cornpunds (10'4 M) slightly decreasti the amplitude and 
avershmt of directly evoked APs and slti their rate of rise 
and falling phase. mese compounds did not alter MEPP ampli- 
tude or frequency. However, MES prolongti the rate of rise of 
EPP and decreased the amplitude of EPP. MES, but not #l, de- 
creased the quanta1 content. Inhibition of neuromuscul~ 
transmission by these agents may involve different mechanisms 
on pre- and postsynaptic mnbranes. 
(supported by NIH (MBRS) #sO6-RRO8037-Al) 

EdA 
A PREJUNCTION#X EFFECT OF NUN-DEPWARIZING MUSC$E 
BLOCKING Drugs. Thamas Baker and hna Stanec . 
St. Jaseph's Haspital and Medical Center I 
Paterson, NJ 07503 
This study investigated Ule prejunctional effects 
of the non-depolarizing neuromuscular blocking 
drugsr vecuroniumr panturOniumr atracurium! and 
d-tubocurarine, and the non-depolarizing 
gang1 ionic blocking agent, hexamethonium 1C&) I 
The cat soleus nerve-muscle preparation developed 
bY Standaert and Aiker utilizes the capacity of 
so 1 eus motor nerve endings tcr generate etimulus- 
bound repetition (SBR) after high frequency 
conditioning. This in vivo preparation was 
employed to determine the inridenre of SBR in the 
dbSente and presence of these agents. fill the 

non-depolarizing muscle relaxants suppressed S8R 
in a dase-related manner in a dose range that did 

not affect single impulse transmission, The dose- 
response regression slopes were similar- C-6 also 
suppressed SBR in a dose related manner and its 
dose-response regression slope was similar to me 
slopes of the muscle relaxants. The data suggest 
that the prejunctional nicotifiir receptor 
responsible for SBR supression differs from the 
post junctional receptor I 
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61.9 
ARTERIAL AND VENOUS ATRACURIUM LEVELS DURING OMET 
OF NEUROMJSCULAR BU)CKADE. F, Varin=, J, Duchar- 
me*%. J.G. Beaner"=, Y. Th&orCtui, D.R.3 an”’ and 
F. Don&i"% Wniv. de Montwhal, 3 Mc& Univ., 
Mont&al, Canada, H3C 3J7. 

The pharraacokinetic parameter8 of non-depolar- 
izing neuromuscular relaxants are norraally obtained 
using either arterial or peripheral venous blood 
8al@e8. VeXbOUEl (V) levels are expected to be 
lower than the arterial (A) one8 during the onset 
of blockade, because of tissular drug uptake. The 
extent of thiler phenomenon wagl rrtudied with 
atracurium (ATRA). Four ASA X-XI patient8 were 
given ATRA (0.2 mg/Kg, IV). A and V sample8 from 
the antecubital fossa were collected for at least 
20 Enin and additional V samples were drawn for 90 
rain to characterize the elimination phaoe, Neuro- 
muscular blockade waer monitored by recording the 
adductor poilicis muscle tension in re8ponse to 
train-of-four stillaulation of the ulnar nerve, The 
maximum block obtained was 90% at 6.9 rain, ATM ki- 
netic8 could be described by a two compartment 
model with a t z/p a of 2.4 rain and a tiyn I of 17.2 
min. Over the first 20 min the AU& wa8 20.8% 
higher than the AUCv euggeertirtg that the uptake of 
ATRA by muscle tissue wagl sufficient to cause Big- 
nificant difference8 between A and V levelgl. 
(Supported by MRC grant) 

61.10 
THE EFFECTS OF ISOANDRDSTERDNE, A WEAK ANABOLIC STEROID, ON 
SURGICALLY INDUCED WOUND HEALING IN ANTERIOR LEG MUSCLES. 
H.S. Pitkow, A. Keis,* L. Cjcchinelli,* M. Kressler,* and M. 
Bitar*. Penna. Cal. 
m 

of Podiatric Medicine, PhilaTfi 

In order to determine the effects of Isoandrosterone (IS) 
on Anterior Leg Muscle (ALM) wound healing in normal as well 
as diabetic rats, adult male Sprague-Dawley rats (200 gms; 
10 animals/group) were injected with streptototocin (STZ) 
(65mg/kg) for 30 days prior to the experiment and their 

blood sugars checked. Four groups of rats (oil control, IS 
control, oil dimabetic, IS diabetic) were either injected 
subcutaneously daily with either 0,Zml sesame oil or IS (500 

m) two days pre-surgical to 5 days post-surgical wound in- 
duction (Snnn Baker biopsy punch under anesthesia) at which 
time all rats were sacrificed. We observed that IS signifi- 
cantly increased the percentage of wound healing in the ALM 
when compared to normal oil injected controls on day 5 post- 
surgery. Both the muscle tensil strength (1360.b~ 282.0 gms 
force) and the 6mm plug weight (70.828.2 mg) were signifi- 
cantly greater in the IS injected diabetic group when com- 
pared to the values (654.2 2112.3 and 42.7 ~4.1 respective- 
ly) of the oil injected diabetic group on day 5. Our data 
suggests that IS has a signfficant effect in both normal ALM 
wound healing as well as in diabetes where it can noticeably 
improve wound healing as evidenced by the significant in- 
crease in the 6mm plug weight and muscle tensil strength. 

CALCIUM IIWE0STABIS/CALCIUM ACITOM 

University of Saskatchewan, Saskatoon, Saskatchewan, 

Abnor&ities of the sympathetic nefyous system in hypertension could reflect 
defects subsequent to the actual process of neurotransmrssion in addition to, or 
even instead of, defective neurotmnsmission per se. To test this hypothesis, the 
contrctction-relaxation characteristics of vascular smooth,muscle taken from 2 
animal models of hy rtension we= examined. 5 mm sections of aorta from 

i! 
enetic hypertensive SHR) wnd normotensive (WKY) rats, and from rats made p” 
ypertensive by injections of 2.5 mgkg dexamethasone (Dex H) and vehicle 

treated normotenslve controls (Veh N), were placed in an o an bath at 37 
de rees C. Maxim81 contraction was induced with 20 
m B 

lr 
tassium. Relaxation was observed in normal P 

% nora Enaline or 80 
rebs buffer, in calcium 

free rebs and in normal Krebs mntaining the calcium channel blocker diltiazem 
10 w. Aortas from ocher rats wefe tested in similar buffer solutions containin 
the cyclooxygenase inhibitor indometbacin 1 p Tale maximal contractron o 1 
SHR aorta was less than that of the WKY m normal Kreba buffer and was 
further reduced by indometbacin. There were no diffe=nces in the maximal 
contraction of Dex H and Veh N aortas in Krebs or in 1 uM indometbacin. 
Following maximal contraction, SHR aort8s relaxed faster in Krebs buffer than 
WKY aortas and this difference was amplified in calcium f=e and diltiazem 
containing buffers* Indomethacin im i&d spontaneous relaxation in normal 
Krebs, but potentiated relax8tion in ca cium free and diltiazem buffem. Dex H p” 
aortas relaxed faster than Veh N mrtas in normat Krebs. These results su 
that hy rtensive and normotensive tissues differ in calicum handling an 

gest 

p” 
% that 

ii 
rostag andins ma 
ndings to the etio 7 

be involved in this diffemnce. The relationship of these 
ogy of hypertension remains to be established. 

Supported in pm by grants tim the Saskatchewan Heart Foundation. 

623 
EFFECT OF (Na+) ON AGONIST-STIMULATED Ca2+ INFLUX IN HUMAN 
BLOOD PLATELETS 

Elaine A. Batka* and Harold Feinberg, Department of Pharma- 
cology, University of Illinois at Chicago, Chicago, IL 60612 

Cytosol ic (Ca2+) rise, an important component of stimulus/ 
resptinse coupling in platelets, occurs by two mechanisms: 
mobi?ization of intracellular bound Ca2+, and CaZ+ influx. 
The mechanism of influx is not known. Na+/CaZ+ exchange, 
shown to reside in platelet plasma membrane, could function 
as a Ca2+ influx mechanism during activation. Thus, agonist- 
induced Na+ influx, which occurs via Na+/H+ exchange, should 
stimulate Nafout/Ca2+in exchange. Conversely, preventing 
Na+/H+ exchange (by decreasing either extracellular (Na+) or 
pH) should inhibit CaZ+ influx. We tested this hypothesis 
using washed, aspirin-treated platelets, and a 45Ca2+ uptake 
assay. Thrombin (.075 U/mL for 1 min.) induced a significant 
uptake of 4SCa2+. Reducing extracellular (Na+) from 145 to 
80 mM abolished this response. Lowering external pH from 
7.40 to 6.70 inhibit&d 45Ca2+ uptake of both resting and 
thrombin-stimulated platelets, &Ca2+ did not increase in 
response to ADP (10 uM), although platelets became activated 
as evidenced by loss of discoid shape. Thus Ca2+ influx is 
dependent upon the agonist used, as well as the extracellular 
levels of Na+ and H+. These results support the concept of 
Na+/Ca2+ exchange as a Ca2+ influx mechanism, (Supported 
by BRSG and HL 29721 l ) 
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62.5 
a-DIPLUOROMETHYLORNITHINE INHIBITS BONE RESORPTION WITHOUT 
ALTERING LYSOSOMAL ENZYME ACTIVITY. R.C. Lucas.* 
J. Seidenfeld and P.H. Stern, Northwestern University, 
Chicago, It 60611 

We previously reported that a-diffuoromethylornithine 
(DUO), a mechanism-based irreversible inhibitor of ornithine 
decarboxylase (ODC), inhibits bone resorption stimulated by 
PTH and calcitrfol u vitro and that DEMO decreases calvarial 
putrescine and spermidine content. Further Jn vitro studies 
with cultured neonatal mouse calvaria suggest that DEMO's 
effect on stimulated resorption may be independent of ODC 
inhibition. Exogenous polyamines (putrescine, spermidine, 
spermine), at 200 or 500 M, have generally failed to reverse 
the inhibitory effect of DEMO on calcitriol-stimulated 
resorption; higher concentrations of the polyamines (>lO mM) 
were themselves inhibitory, Although ornithine, the normal 
substrate for ODC, had no effect on resorption at concentra- 
tions up to 20 mM, inhibition was observed at 30 mM and 
higher, To further characterize the mechanism of the inhibi- 
tory action of DFMO on bone resorption, effects of the agent 
on lysosomal enzymes in bone were determined. Surprisingly, 
concentrations of DEMO (15 and 20 mM) which inhibited 
calcitriol-stimulated resorption did not inhibit stimulation 
of /?-glucuronidase activity. The failure of DMO to inhibit 
lysosomal enzyme activity suggests that inhibition of bone 
resorption by DEMO, and possibly by the polyamines, may be a 
result of its effects at a step beyond secretory events in 
osteoclasts, perhaps one involving the bone matrix. 

PHmmTm (IP2 & IP3) AND --m cAIc3m. Scott D. 
Dwyeet Tao Zhengp and Jeffrey BinRham Smith. Dept. of 
Pharmacol., Univ. of Alabama at Birmingham, UAB Station, 
Birmingham, Alabama 35294, 

Cytosolic free Ca (Cai) was monitored with fura- in human 
skin fibroblasts (FB) and dog coronary endothelfal cells grown 
on coverslips. Replacing Na, with other cations transiently 
increased Cai by several fold. The half-maximal increase in 
Cai in FB occurred at 20 mM Nao. Removing Na, had no effect 
on 4SCa influx, but strongly stimulated 45Ca efflux either in 
the presence or absence of extracellular Ca in both cell 
types. Na, removal decreased total cell Ca in FB by 40% 
within a few min. Bradykinin (BK) decreased total cell Ca 
more rapidly than Nao removal, but to the same maximal extent. 
Prior stimulation of FB with BK prevented the rise in Caf in 
response to replacing Na, and vice versa. IP3 and IP2 in FB 
increased 2 to 4 fold in 30 set in response to Na, replace 
merit, Pertussis toxfn strongly inhibited the effects of Na, 
replacement on Cai and 4SCa efflux in Fl3 suggesting that the 
"Na sensitive receptor" is coupled via a G protein to phospho- 
lipase C. The "receptor" probably senses a change in extra-, 
not intra-, cellular Na because Na-loading had no effect on 
the stimulation of 45Ca efflux by Na, removal, Calcium 
mobilization evoked by Na, replacement in FB was independent 
of Na pump, Na/H exchange, or Na/H/Cl cotransport activity. 
(Supported by grants HL32508 and DK39258 from NIH), 

62.6 
DEPLETION OF MITOCHONDRIAL GLUTATHIONE AND Ca2’ 
BY OXIDATIVE STRESS IS ENHANCED BY ANOXIA. Dean P. 
Jones, Diane L. Tribble* and Tak Yee Aw.* Dept. Bioch- 
Emory Univ., Atlanta, GA 30322 

Hepatocytes are more susceptible to oxidative injury under 
anoxic conditions than under aerobic conditions. Cellular GSH 
and NADPH are decreased to a greater extent, and GSH synthesis 
and NADPH supply are limited To examine the senstivity of 
mitochondrial function to oxidative stress during anoxla, we 
incubated hepatocytes under either aerobic or anaerobic conditions 
with a toxic mncentration (0.6 mM) of t-butylhydroperoxide CL- 
BuOOH). Changes in mitochondrial GSH and NADPH were measured 
following digitonin fractionation. Mitochondrial Ca2’ was measured 
by selective release with FCCP in the presence of extracellular 
arsenazo II I. Respiration rate was measured polarographic&y. 
The results show that GSH is depleted to a much greater extent 
in the mitochondrlal fraction of the anoxic cells by $-BuOOH 
than in either the cytosol from these cells or the mitochondrial 
fraction of aerobic cells with t-BuOOH. The decrease in GSH 
was associated with a decrease h mltochondrial NADPH, a loss of 
mitochondrial Ca2* and an inhibition of 0 consumption. For all 
parameters, the changes induced by t-BbO0H were greater for 
anoxic than aerobic cells. Of particuk importance, recovery of 
these parameters was dramatically impaired by anoxia. Thus, the 
enhanced sensitivity of anoxic cells to oxidative injury is 
associated with the inability of mitochondria to recover normal 
function. Supported by NIH Grant GM 36538. 

62*8 
EFFECTS OF METHYLMERCURY ON RESPIRATORY CONTROL 
AND 45Ca*+ UPTAKE BY MlTOCHONDRIA ISOLATED FROM 

l *  l 

RAT BRAIN. Paul C. Levesque*’ and Wllllam lX Atdson, Dept. 
of PharmacolJToxicof. and Ctr. for Environ. Toxicol., Michigan 
State Univ., E. Lansing, Ml 48824. 

Previous microelectrode recording studies provided evidence 
that methylmercury (MeHg) may stimulate spontaneous quanta1 
refease of acetylcholine at the rat neuromuscular junction subsequent 
to an interaction with mltochondria to prevent uptake of Ca*+ 
or to promote its release (Levesque and Atchison, Tox. Appl. Pharm. 

u 315, 1987; J& 55, 1988). The present study was designed to 
obtain more detailed information regarding the direct effects of 
MeHg on mitochondria isolated from rat brain. The ratio of State 
3 to State 4 respiration [Respiratory Control Ratio) was measured 
as a means of assessing the functional integrity of isolated mltochon- 
dria in the absence and presence of MeHg. Control ratios of from 
3 to 5 were marginally reduced by 2 uM MeHg but were greatly 
reduced by 10 and 20 uM MeHg. The higher concentrations of MeHg 
markedly stimulated State 4 respiration while inhibiting State 3 
respiration. The effects of MeHg on Ca*+ sequestration by mito- 
chondria were assessed by measuring uptake of 4ka2+ into mito- 
chondria as a function of time and MeHg concentration. Uptake 
of 45Ca*+ was reduced by about l5-20% in the presence of 10 uM 
MeHg and by over 60% at 100 or 200 uM MeHg, The results of 
this study indicate that MeHg impairs mitochondrial respiration 
as well as the ability of this organelle to sequester Ca*+. (Supported 
by NIEHS grant ES03299.) 

CALCIUM ANTAGONISTS I 

63.1 

BRAIN CALCIUM CHANNEL BINDING SITES ARB ALTERED IN ALZHEIMER'S 
DISEASE. Richard G, Williams*, Donald T. Eagle*, Joseph A. 
Oibo*, Gary D. Miner*, Robert-A. Calvin* (SPON: J.L. Valentin4 
Dept. of Pharmacology, ORU School of Medicine and Familial 
Aliheimer's Disease-kesearch Pgundatfon, Tulsa, Oklahoma 74137. 

We studied the binding of [ H]-nitrendipine (MT) in normal, 
Alzheimer's di8ease (AD), and non-Alzheimer's dementia (MD) 
age-matched brains. Plasmalermna were incubated at 37OC for 30 
min in 132 LH NaCl, 5 I& KCI, 1.3 mM MgC12, 1.2 mM CaCl, 10 mM 
glucose and 25 mM TRIS-HCl pH 7.4. Scatchard analysis of satup 
atfon Isotherms yielded maximal binding capacity (13 ) and 
binding affinity (Kd) with the following results (M% i S.D.): 

DIAGNOSIS (n) Kd (nM) Bmax (pMol/d 

FRONTAL Normal (2) 0.578 2 0.46 0.134 f l Ol 
CORTEX NAD (3) 0.870 A 0.26 0.114 f l 003 

AD (3) 1.52 k 1.23 0.100 k .042 

TEMPOR& Normal (2) 0,613 f 0.30 0.129 k .045 
CORTEX NAD (3) 0.777 i 0.32 0.102 f .012 

AD (3) 1.15 f 0.63 0.0955f ,022 

t3H]-NIT binding in the frontal and temporal cortex of AD was 
of reduced affinity when compared with normal and NAD brains. 
The changes in binding site density were less striking. The 
results suggest that derangements in neuronal calcium metabo- 
lism may occur in AD and that drugs which modulate calcium 
channel activity may provide novel therapeutic approaches to 
the treatment of AD. 

63.2 
PROTECTIVE ACTIONS OF THE NEW CALCIUM CHANNEL BLOCKER TA-3090 
IN CEREBRAL ISCHEMIA. W.Morrone*, R.Zobrist*, T.Mecca and 
J,Lacz*. Marion Laboratories, Inc., Kansas City, MO 64134 
xous studies have demonstrated beneficial effects of 
calcium channel blockers in cerebral ischemia. This study 
investigated the ability of TA-3090 (TA), 8-chloro diltiazem, 
to reduce the consequences of experimental ischemia in the 
Mongolian gerbil. Animals were divided into sham control, 
stroke control (SC), prestroke (PRE) and post-stroke (POST) 
drug treatment groups. In the (PRE) drug treatment group 
TA-3090 (TA; 3 mglkg), diltiazem (DTZ; 20 mg/kg), nimodipine 
(NIM; 1 mg/kg), and verapamil (VER; 30 mg/kg) were 
administered BID by oral gavage starting 24 hours pr3lor to 
unilateral carotid artery occlusion (UCAO). In the (POST) 
treatment groups, drug adminfstration began 1 hour after 
UCAO. Drug treatment continued BID for 5 full days after 
UCAO in all drug treatment groups. In the TA PRE and POST 
groups s neural damage was decreased by 45% and 25X, 
respectively, as compared to the SC group. In these same 
groups ischemia-induced stereotypic behavior was decreased 
by 77X and 70X, and 5 day survival rates were increased by 
197X and 80%, respectively, when compared to SC. NIM produced 
similar results, whereas DTZ and VER were less effective. 
These results suggest that calcium channel blockers are 
beneficial in reducing the negative consequences of cerebral 
ischemfa and that TA is as effective as NIM in this regard. 
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INTERACTION OF A NOVEL BISPHOSPHONATE Ca CHANNEL BLOCKER, 
BMY-21891 (SR-70371, WITH THE CHANNEL ACTIVATING AND 
INACTIVATING BINDING SITE, J,G. Sarmiento", C.A, Childs*, 
R.L. Cavanagh*, G.D. Go&gins* and J.P. Buynfski. 
Pharmaceutical Research and Development Div., 
Bristol-Myers Co., Wallingford, CT 06492 

BMY-21891, tetrabutyl 2-(2-phenoxyethyl)-1,3-propylidene- 
diphosphonate, is a novel chemotype discovered by Symphar 
S.A, in Geneva, Switzerland that interacts at the dihydro- 
pyridine (DHP) binding site of Ca channels from brain, 
cardiac and smooth muscle tissue. BMY-21891 displaces 
3H-PN 200-110 from cardiac binding sites (Ki = 22.7 nM)'and 
brain binding sites (Ki = 22.0 nM) in an apparent competitive 
manner, though less potently than nifedipine (cardiac mem- 
branes Ki = 0.5 nM), BMY-21891 partially displaces 
3H Bay K 8644 (Ca channel activator) from rat cardiac mem- 
branes, 20% of the 38 Bay K 8644 remains bound at 1uM; 
BMY-21891 has an IC50 = 320 FM and the slope of the probit 
analysis is less than 1, indicative of a noncompetitive 
interaction with the agonist binding site of cardiac mem- 
branes. In rat aortic smooth muscle strips BMY-21891 was 
equipotent to nifedipine in blocking contraction where Kb 
values for each compound are about 0.5 nM. BMY-21891 
reverses the activation of contraction induced by Bay K 8644 
in partially depolarfzed rat aortic strips, in an apparent 
competitive manner and thus resembles the reversal occurring 
with certain DHP antagonists. These data suggest that 
BMY-21891, although structurally unrelated to the DHP's, 
can interact potently at both the inactivating and activating 
sites for DHP's as shown by radioligand binding and 
pharmacological studies. 

63.5 

SKELETAL MUSCLE FROM MALIGNANT HYPERTHERMIA-SUS- 
CEPTIBLE SWINE CONTAINS DECREASED LEVELS OF MONO- 
CLONAL ANTiBODY REACTIVE DIHYDROPYRIDINE RECEPTOR. 
R.J, Chang*l, M. Dershwitzz, F.A. Sr&er2, and I-I. Smilowitzl. ‘Dept. of 
Pharmacology, Univ. of Conn. Health Center, Farmington, CT 06032; 
and 2Dept. of Muscle Research, Boston Biomedical Research Inst. and 
Dept. of Anesthesia, Massachusetts General Hospital, Boston, MA 02114. 

The basic biochemical defect in human and swine malignant hyper- 
thermia (MH) is not known; much evidence suggests an abnormality in 
calcium regulation. Decreased [3H] nitrendipine binding to transverse 
tubule vesicles from MH swine has been reported [J.M. Ervasti, et al., 
FASEB J,, 2, A394 (1988)]. Our results confm that membranes pre- 
pared from MH swine muscle contain 30-40% less [3H] PN2OO-110 (a 
dihydropyridine antagonist) binding sites than control swine muscle mem- 
branes, Furthermore, we found that MH muscle membranes contain 
60-70% less [3H] D888 (desmethoxyverapamil) binding sites. We pre- 
pared a monoclonal antibody to the 170 kDa subunit of the dihydro- 
pyridine receptor (DHPR), and found 50% less antibody immunoreactive 
DHPR in MH muscle as evidenced by ELISA and immunoblotting 
techniques. Ca2+-ATPase and cholesterol levels were comparable, 
however, in control and MH muscle membranes. These results suggest 
that an abnormality in DHPR participation in excitation-contraction 
coupling may be involved in susceptibility to MH. Studies are now in 
progress to determine if other transverse tubular components or other 
DHPR subunits are selectively altered in swine MH muscle. 

Supported by NIH Program Project Grant HL33026, Center Grant 
GM15904, and GM1 1656. 

63.7 

GUANOSINE TRIPHOSPHATE-DEPENDENT STIMULATION OF L- 
TYPE CALCIUM CHANNErS OF VASCULAR SMOOTH MUSCLE 
CELLS. Y, Ohyc & N. SpereUis, Dept. of Physiology bc 
Biophysics, Univ. of Cincinnati, Cincinnati, OH 45267-0576 

Possible involvement of guanosine triphosphate #TP) in the 
regulation of L-type (slow-type, high-threshold) Cax+ channel in 
vascular smooth muscle was examined using patch-clamp single- 
channel recording. Single Ca 2+ channel current (conductance of 
about 20 pS) was recorded, in cell-attached mode, from freshly 
isolated single cells of guinea-pig portal vein. The intracellular 
content was modified by permeabilizing the membrane at one end of 
the cell. The pipette contained isotonic Ba2+ and 1 p M Bay-K-8644 
(Ca2+ channel agonist), and the bath contained high-K+ solution to 
depolarize the membrane to near 0 mV. Although Ca2+ channel 
activity initially decreased just after permeabilizing the membrane, 
it usually continued for over 15 min. In about 50% of the examined 
patches, application of 100 p M GTP7-S to the bath (access to cell 
interior) enhanced the channel activity or prevented its run-down; 
100 p M GTP had effects similar to GTPy-S. Pretreatment with 
GDP+-S prevented ihe effects of GTP?-S. These results suggest 
that GTP may contribute to the regulation of the L-type Ca2+ 
channel in vascular smooth muscle cells, probably via a GTP-binding 
protein, as reported for cardiac and skeletal muscles (Yatani et al., 
1987). The Ca2+ channel may be directly activated by ax??- 
binding protein, as it is not activated by CAMP in smooth muscle 
cells (Ohya et al., 1987). (Supported by NIH grant HL-31942.) 

63.4 
CHARACTERIZATION OF HIGH AFFINITY BINDING SITES FOR 
CHARYBDOTOXIN IN SARCOLEMMAL mMBRANE VESICLES DERIVED FROM 
BOVINE AORTIC SMOOTH MUSCLE. Maria L. Garcia*. Jesus 
Vazquez*, John P. Reuben and Gregory J. Kaczoroweki*, 
Merck Sharp & Dohme Research Laboratories, P.O. Box 2000, 
Rahway, NJ. 07065. 

Charybdotoxin (ChTX), a 37 amino acid peptide, purified 
from venom of the scorpion Leiurus quinquestriatus var. 
hebraeus blocks with high affinity (Ki = 2 nM) high- 
conductance Ca2+-activated K+ (PK,Ca) channels in cultured 
bovine aortic smooth muscle cells. ' ChTX has been radio- 
labeled with 125 I and the mono-iodo component was separated 
and characterized. 1251-ChTX binds with high affinity 

(Kd = 100 PM) to 8 single class of receptor sites in 
sarcolemmal membrane vesicles derived from bovine aortic 
smooth muscle that display a density of ca. 500 fmol/mg 
protein. Binding of ChTX is modulated by ionic strength of 
the medium and by a number of mono- and divaleht cations 
which are known to interact potently with PK Ca channels. 
In addition, tetraethylammonium ion, which 'blocks PK Ca 
channels with high affinity by binding to the extracellufar 
face of the channel, inhibits ChTX binding by decreasing 
toxin affinity. All these data, taken together, suggest 
that the receptor sites identified for ChTX are function- 
ally associated with 
the utility of 

PK,Ca channels and further illustrate 
ChTX for elucidating the pharmacological, 

biochemical and physiological importance of PK,Ca channels. 

63.6 
Comparative effects of doxorubicin and aclacinomycin on 
calcium levels, protein kinases and calcium uptake in 
sarcoplasmic reticulum. 0. Akogyeram and W.L. West, 
Department of Pharmacology, Howard University, Washington, 
D.C., U.S.A. 

Doxorubicin (5 w/kg) significantly increased the 
myocardial tissue calcium over control of Sprague-Dawley 
rata when these animals were injected with the drug two 
times a week for 4 weeks. Aclacinomycin, an analogue of 
doxorubicin, which has been ahown to be less cardiotoxic, 
also increased myocardial tissue calcium. However the 
increase in calcium in the doxorubicin group was 
significantly greater than that of the aclacinomycin 
group. In vitro studies of these drugs on 
phosphorylation processes such as phosphorylation of 
phospholamban and other proteins hewn to be substrates of 
three different types of protein kinases as well as 
calcium up take into canine cardiac sarcoplasmic reticulum 
showed that these drugs did not affect the phosphorylation 
processes. Doxorubicin up to 100 uM did not influence the 
calcium uptake of cardiac sarcoplasmic reticulum but 
aclacinomycin inhibited this calcium uptake. Also 
aclacinomycin stimulated nitredipine binding to cardiac 
sarcoplasmic reticulum whereas doxorubicin did not. These 
different effects on the biochemical processes per se do 
not explain the difference in their cardiotoxicity. 

63.8 
EFFECTS OF AMINOPYRIDIMES ON 3H-DOPAMIHE RELFASE AND CALCIUM 
UPTAKE IBI RAT STRIATAL SYWAPTOSOHAL PREPARATIONS, H.Scheer* 
(SPON: H, Sharkawi) Department of Pharmacology, Univeraitb 
de Hontreal, Montreal, Canada. 

Aminopyridines (APs) enhance release of neurotransmitters 
in the peripheral nervous system by facilitating Ca2+-influx 
into the nerve terminal via as yet unidentified means. To 
investigate effects of Aps in the CM, rat striatal 
synaptosomal preparations were tested for Aps ability to 
release preloaded 3H-dopamine (3H-DA) and to stimlate 
45Ca2+ uptake. In Krebs-Ringer buffer, 3H-DA release was 
stimulated to a similar extent by both 4-AP and 3,4-AP in a 
Ca2+-dependant manner at concentrations up to 200 W. 
2-AP, 3-AP, 2,6-AP, pyridine-4-aldoxime and adenine did not 
induced release 3H-DA themselves nor altered 4-AP (100 @¶I 
release (25.1 + 2.1 3H-DA stores released at 10 min). 4-AP 
and 3,4-AP stimulated synaptosomal 45Ca2+ uptake similarly 
(2.7 4 0.5 and 2.9 2 0.3 nmole Ca*+/mg protein), Neither AP 
depolarized synaptosomes as judged by distribution of 
3H-triphenylmethylphosphonium. Of the various compounds 
tested for their ability to inhibit AP induced 3H-DA release 
hp g ha;Fe;en;Mi;;i, CtdeZt+rodotoxinl only the 

Ri2+ and Co*+ 
inorganic 

-c 
(ICs0: 4@¶, 500 @l and 650’ m resp.) l 

were effective 
The relative ability 

of these ions to inhibit both 3H-DA release and 
45Ca2+-uptake suggests that Ap effects in synaptosomes may 
be linked to activation of Ca*+-channels. 



TUESDAY AM CALCIUM ANTAGONISTS I AS9 

CALMODULIN-BINDING PROTEINS AND MULTIDRUG RESISTANCE. M. Ido" 
and J.G, Chafouleas* (Spon: F. Labrie), MRC Group in Molecular 
Endocrinology, Lava1 Univ. Med. Center, Quebec GlV 4G2, Canada 

The mechanism of multidrug resistance to anticancer drugs 
such as vinca alkaloids, anthracylins, actinomycin D, and VP- 
16 is not fully understood. Cal+-CaM-dependent processes may 
be linked to multidrug resistance, However, the CaM content is 
not different between drug-sensitive and -resistant cells. 
This study was designed to determine whether the calmodulin- 
binding proteins (CaMBPs) might be different between drug-sen- 
sitive and resistant cells. CHO cells were induced to become 
drug resistant with vincristine. The resistant cell line 
(CHO/VCR) exhibited the classic multidrug resistance pattern 
and demonstrated cross-resistance to vinblastine, adriamycin 
and VP-16. Total cellular proteins of CHO and CHO/VCR cells 
were analyzed by %-dimensional gel electrophoresis. As expect- 
ed, when the gels were stained for total proteins with silver 
stain, essentially no discernable differences between the pro- 
tein patterns of the two cell lines could be detected. Repli- 
cate gels were also processed by the 1351-CaM overlay procedu- 
re in order to distinguish the CaMBP pattern. Most of the 
CaMBPs were also identical between the sensitive and resistant 
cell lines. However, distinct changes in the expression of 
several CaMBPs were indeed observed between these two cell 
lines. These data suggest that changes in the expression of 
several CaMBPs occur during induction of drug resistance. 
Future studies will clarify the relationship between drug 
resistance and these CaMBPs, 

63.10 
SELECTIVE lNHl8lTlON OF CALMODULIN (CM) *DEPENDENT ENZYMES BY 
PHENOTHIAZINE-CM ADDUCTS. S.-P. Zhann*. W. Prozialeck. and 8. 
Weiss, Departnient of Pharmacology, Medical College of Pennsylvania, 
Philadelphia, PA 19129 

Drugs that inhibit calmodulln (CM) activity by binding directly to 
it are relatively non-selective in that they Inhibit all the CM- 
dependent enzymes. In an attempt to develop more selective CM 
antagonists we have synthesized a numb8r of drug-CM adducts and 
examined the influence of these adducts on severaf CM-dependent 
enzymes, including phosphodiesterase and Ca2+-ATPase and on the non- 
CM dependent enzyme, protein kinase C. A chlorpromazine-calmodulrn 
(CPZ-CM) adduct was formed by irradiating CPZ with CM. A fluphenatine- 
N-mustard (FNM)-CM adduct forms irreverslbfy without. UV irradiation. 
These two phenothiarlnes form different types of adducts since the 
binding of CPZ to CM occurs on the phenothiatine nucleus whereas the 
binding of FNM to CM occurs on the ethylene chloride side chain. 
Neither of the adducts activated any of the enzymes studied. However9 
they differentially blocked the activation of CM-dependent enzymes 
induced by native CM. Both CPZ-CM and FNM-CM inhibited CM- 
stimulated phosphodiesterase (QO=IOO nM and 1000 nM, respectively) 
but neither had any effect on the activation of ATPase by CM. Moreover, 
unlike the phenothiazines themselves, neither adduct Inhibited protein 
kinase-C activity. These findings support the possibility of 
developing a new class of selective CM antagonists that are directed at 
CM binding sites on CM-sensitive enzymes. (Supported by GM343341 

RESPIRATION PHARMACOLOGY 

64.1 

EFFECT DF THE K+ CHANNEL ANTAGONIST CHARYBDOTOXIN (ChTx) 
ON GUINEA PIG AIRWAY SMOOTH MUSCLE. T.R. Jones, L. 
Charette*, and E. ChampIon*. Merck Frosst Canada Inc,, P,O, 
Box 1005, PoInte Claire-Dorval, Quebec, Canada, H9R 4P8. 

ChTx Is a 37 am'rno acid protetn purlf'red from scorpton 
venom (Lelurus quinquestrladus), It has nM affinity for 
ca2+ -activated Kt channels and 1s a potent InhIbItor of 
Kt-conductance in smooth muscle, In the present study we 
lnvestjgated the acttons of the purlfled tox'rn on Isolated 
gutnea pig trachea (GPT). ChTx (5 - 90 nM) 'induced slowly 
developlng, concentration-dependent contractions of GPT 
which were tonic and well malntalned In the absence of 
IndomethacIn but were usually more variable, phasfc and not 
well maintatned In the presence of jndomethacin, ChTx was 
not a full agonjst but was approximately 100 times more 
potent than hjstamlne at the EC40 level, ChTx-Induced 
contractions were reversed by the Ca2+-entry blocker 
nlfedlpine, the Kt-channel agonist, BRL-34915, the beta 
agonist, Isoproterenol, the phosphodIesterase InhIbItor, 
amtnophylline and Nat nltroprusstde but were not reversed 
by PGEl or PGE2. In another series of experiments, low 
concentrations of ChTx did not potentlate contractjle 
responses to htstam'rne on Indomethacln-treated tjssues, The 
present fIndIngs demonstrate that ChTx Is a potent spasmogen 
on guinea pig trachea, This toxin should be very useful to 
probe the physIologIca role of Ca2+-activated 
Kt-channels In the regulation of alrway smooth muscle 
contractility. 

PLATELET-ACTIVATING FACTOR {Paf) IN AIRWAY HYPERRESPONSIVE- 
NESS IN THE GUINEA PIG. T. Inoue* AND M.S, Kannan*. (SPON: 
A. Larson). Department of Veterinary Biology, Coil. of Vet. 
Med., St. Paul, MN SSlO8. 

The role of Paf in airway hyperresponsiveness was inves- 
tigated in guinea pigs challenged in viva for 7 days, 10 min 
each day, with saline aerosol containing 0.2 mg Paf. Control 
animals received saline aerosols. The isometric tension res- 
ponses and the membrane potential were measured in vitro in 
response to histamine (H), acetylcholine, and KC1 in ikolated 
central airway smooth muscle (ASM). ASM from Paf-treated 
animals showed increased sensitivity to all the three agonists, 
with most pronounced changes in the concentration to elicit 
50% of maximum contractions to H (about a lOOO-fold shift in 
the concentration-response curves). The resting membrane pot- 
entials (Em) of the cells from ASM of control and Paf-treated 
animals were similar. However, H-induced depolarizations were 
greater in the ASM cells from treated animals than in the 
controls. Contractions to threshold concentrations of H were 
unaccompanied by any detectable changes in Em. The results 
suggest non-specific hypersensitivity to agonists in vitro 
following in vivo Paf challenge in the guinea pig ASM, with 
characteristic changes in the excitation-contraction coupling 
to histamine. 
Supported by the University of Minnesota School of Graduate 
Studies and the Canadian Heart Foundation. 

64.2 

ARACHIDONIC ACID-INDUCED BRONCHOSPASM AS A METHOD FOR EVALUA- 
TING DUAL CYCLOOXYGENASE/LIPOXYGENASE INHIBITORS. Thomas 
Kirchner*, Anita S. Meeks* and David M+ Ritchie, Or-arm- 
aceutical Research laboratories, Raritan, New Jersey 08869. 

Currently, evaluation of the in vivo activity of dual -- 
cyclooxygenase/lipoxygenase inhibitors relies on several 
different test systems. Pu'lmorlary models which determine 
inhibition of a specific agonist or models involving 
arachidonic acid (AA) products produced endogenously are used 
along with models of inflammation. An in vivo method to eval- -- 
uate inhibitors of both metabolic pathways in the same animal 
has been developed. By challenging a guinea pig with low dose 
arachidonic acid (1.0 mg/kg, i.v.), a rapid bronchospasm 
results which can be prevented by cyclooxygenase inhibitors. 
Indomethacin has an ED 
(10 mg/kg) in the press8 

of 0.09 mg/kg, i.v. High doses of AA 
ce of indomethacin (IO mg/kgj and pro- 

pranolol (0.1 mg/kg) result in a sustained bronchoconstriction 
associated with elevated LTB blood levels. 
Indomethacin had no effect o! this response while FPL 55712, 
a leukotriene receptor antagonist, produced inhibition (ED = 
3.2 mg/kg, i.v.). Phenidone, a lipoxygenase inhibitor, no ?O 
only blocked the high dose AA response (ED = 5.04 mg/kg, 
i.v.), but also prevented the elevation of5&rculating LTB 
levels (ED 
vivo evalu ii? 

= 14.1 mg/kg, i.v.). This model allows the itf 7 ion of cyclooxygenase and/or lipoxygenase inhlbi- 
tors which may be useful anti-allergic or anti-rheumatic 
therapies. 

64.4 
BRONCHOPULMONARY AND CARDIAC EFFECTS OF SEVERAL XANTHINES IN 
THE ANESTHETIZED GUINEA PIG. J.A. Schenden*. S.L. Macon*. 
D,E. Wilkins*. B.J, CanninE*. W.J. Kinnier and R.E. Howell*. 
Nova Pharmaceutical Corporation, Baltimore, MD f 21224-2788 

Theophylline's usefulness in the treatment of asthma, as 
well as its cardiac side effects, have been attributed to 
adenosine antagonism and to phosphodfesterase WEI 
inhibition. We examined the ability of several xanthines to 
reverse histami .ne -induc ed bronchoconstriction and to 
prophylactically inhibit antigen-induced bronchoconstr ic- 
tion, as well as their effects on heart rate, in 
anesthetized guinea pigs. The potencies in reversing 
histamine-induced bronchoconstriction were ranked: 
isobutylmethylxanthine (IBMX)>enprofylline> theophylline>8- 
phenyltheophylline (8-PT), which follows their potencies as 
PDE III inhibitors. The prevention of antigen-induced 
bronchoconstriction at a dose of 10 mg/kg was ranked: 
IBMX>enprofylline>8-PT, Interestingly, theophylline was not 
effective in preventing an antigen-induced bronchoconstric- 
tion at 10 mg/kg; however, it did significantly prevent the 
bronchoconstriction at greater doses (2 18 mg/kg). Heart 
rate was increased by the PDE III inhibitors IBMX, 
enprofylline and theophyllfne, but not by the adenosine 
antagonist 8-PT. These results suggest that at least two 
distinct mechanisms of action are involved in theophylline's 
effectiveness in the treatment of asthma. 
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CA.5 
SnmEs tF -IC, MHMkIETt6TC REIAXATIOHS fW AU 
ISUATED, IMUVATED WEMTG TRNXbL PREPARATION. D-F. Bims*. 

The guinea-pig trachea is innervated by cholr'nergl'c excitatory, 
and inhibitory sympathetic and nonadrenergic noncholinergic (NANC) 
nerve fibers. We determined the origin of NANC-anediated 
relaxa tjons -in innervated guinea-pig tracheal tube preparations, l'n 
vitro. Tracheal tubes with the vagi and recurrent laryngeal nerves 
-intact were obtained fran guinea Pl'9S anesthetized with 
pentobarbital, They were mounted in Krebs solution gassed @ith 
95%@/5%D -in a 25-1111 organ bath and stl'rmlated alternately via 
the vagi ? NS) or via field stimulation (FS), while changes in 
intratracheal pressure were measured. In the presence of 
guanethidine (10 uM) and propranolol (5uM), FS induced 
current-dependent relaxations, and NS mfnimal or no relaxations, 
before, or after atropine (0.5 &I). Responses to FS and NS of 
tracheal tubes from guinea plugs gl‘ven 6-hydrulxydopamine (50 mg/kg, 
I'p) 12 h before experiment, were similar to those of control 
animals, Tetrodotoxl'n (1 uM) almost totally eliminated contractile 
and relaxant responses to FS and NS. Thus, in #is preparation r'n 
vitro, the relaxant responses are dependent on sodjumchannel 
opening, hover, parasympathetic afferents and efferents, and 
sympathetic efferents do not mediate NANC inhibitory responses, 
(Supported by the Medjcal Research CouncU of Canada.) 

64.7 

LEUKOTRIENE(LT) RECEPTOR ANTAGONISTS; DEVELOPMENT OF LY203647. 
C.A. Whitesitt&, S.K. Sigmund*, S.L. Liferqr, R.A. Hahn*, 
C.R. Roman'k, L.E. Rinkema, J,H. Fleisch and W.S. Marshall. 
Eli Lilly and Company, Indianapolis, IN 46285. 
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A series of acetophenone LT receptor antagonists, I, 
were prepared and tested for their ability to antagonize 
LTD4- and LTEa-induced contractions of guinea pig ilea and 
trachea. The compounds were also examined as antagonists of 
pressor responses to i.v. LTD4 in pithed rat and to LTDd- 
and antigen-induced bronchospasm in anesthetized guinea pigs. 
LY203647, I, m=4, n=4, x=5-tetrazolyl, proved the best 
compound in the series. pKB values of 7.1 and 7.4 were 
obtained against LTD4 and LTE4 on ileum and 6.4 and 6,8 
against LTD4 and LTE4 on trachea. LY203647 did not alter 
smooth muscle responses to a variety of other agonists, 
Pressor responses in rats to LTD4 were reduced by LY203647 
in a dose-dependent manner; EDsoz7.5 mg/kg i.v. LY203647, 
3 and 10 mg/kg i.v. or 10 and 30 mg/kg p.o,, blocked broncho- 
constri 
induced 
w/k. 
LY20364 

ct ion caused by LTD 4 in the guinea pi g- Antigen- 
b ronc hospasm was blocked by i.v. dos es of 3 and 10 
Based on its pharmacologic and toxic0 logic p rofiles, 

7 was chosen for clinical evalua tion a s a LT receptor 
antagonist in diseases thought to be associated with an 
overproduction of LTD4 and LTE4. 

64.9 

LEUKOTRIENE (LT) E4 RECEPTOR ANTAGONISM AND PHOSPHODIESTERASk 
(PDE) INHIBITION OF LY171883, ISOBUTYLMETHYLXANTHINE (IBMX), 
AND THEOPHYLLINE (THEO) TN VITRO AND IN VIVO. L. E.,Rinkema, 
C. R. Roman*, K. G. Bemis*, W. S. Marshall, and J. H. Fleisch. 
Eli Lilly and Company, Indianapolis, IN 46285 

The pharmacologic consequence of LT receptor antagonism and 
of PDE inhibition on the activity of LY171883, IBMX, and THEO 
was assessed. Potentiation of isoproterenol (ISO) was used as 
an indicator of PDE activity. Carbachol-contracted guinea pig 
trachea were relaxed with IS0 before and after LY171883, IBMX, 
or THEO. A 2 fold leftward shift in ISO-induced relaxation 
was produced by 2.5 PM IBMX, 28 FM LY171883, and 140 IJM THEO. 
At these concentrations, IBMX or THEO did not antagonize LTEd 
in trachea whereas LY171883 had marked LTE4 blocking activity. 
Dose related bronchospasms to i.v. histamine were obtained in 
anesthetized guinea pigs. IS0 was infused a t a constant ra te 
and the histamine dose response curve (DRC) repeated. IS0 
caused a 3-4 fold rightward shift of the histamine DRC. Drug 
or vehicle was given i.v. and 20 minutes later histamine DRCs, 
without and with ISO, determined. LY171883, 30 mg/kg, had no 
effect on either the histamine DRC or on the shift induced by 
150. IBMX, 1 mg/kg, only reduced histamine responses. IBMX, 
3 mg/kg, or THEO, 30 mg/kg, reduced the histamine-induced 
bronchospasm and potentiated the response to ISO, IBMX or 
THEO did not antagonize bronchospasm induced by LTE4; LY171883 
was active at 3 mg/kg. Therefore, LY171883 functioned 
primarily as an LTE 4 receptor antagonist whereas the actions 
of IBMX and THEO appeared to reflect PDE inhibition. 

64.6 
U-949 INHIBITS THE DEVELOPMENT OF AIRWAY HYPERREACTIVITY 
(AH} IN A NEW "IN VIVO" AH MODEL. J.E. Low*, C.D. Schuman*, 
D.O. Thueson*, and M.C. Conroy, Parke-Davis Pharm. Res. Div., 
Warner-Lambert Co., Ann Arbor, MT 48105. 

An "in viva" AH assay was developed to examine the abili- 
ties of U-949 (5-methoxy-3-(1-methylethoxy}-l-phenyl-h-l!- 
tetrarol-5-yl-I&indole+-carboxamide, C-arginine salt) and 
standard compounds to inhibit the development of AH. AH was 
present in ovalbumin (OVA)-sensitized guinea pigs 24 hr after 
a 6 min aerosolized OVA (5 mg/ml) challenge under the cover 
of mepyramine pretreatment. Dose-response (D/R) curves of 
compliance and resistance changes in challenged animals 
infused with IV bolus doses of histamine were shifted, in a 
parallel manner, 2-3 fold to the left of the D/R curves 
obtained from sensitized unchallenged control anjmals. The 
compliance or resistance baselines obtained from control and 
challenged animals immediately prior to IV histamine infu- 
sions were not statistically different. N-949 (100 tig/kg IP) 
administered either 20 min before or immediately after OVA 
challenge completely prevented the development of AH. Pre- 
treatment with hydrocortisone (40 mg/kg IP, BID 3 days) or 
nedocromil (100 mg/kg IP) was also examined. The rank order 
of efficacy obtained with the compounds tested was CI-949 > 
hydrocortisone > nedocromil. When administered after OVA 
challenge, nedocromil was completely ineffective. These 
results demonstrate the superior ability of CI-949 to protect 
in both a prophylactic and non-prophylactic regimen against 
the development of "in viva" AH. 

64.8 

DIFFERENTIAL INFLUENCE OF THE EPITHELIUM ON ISOLATED GUINEA- 
PIG TRACHEAL RESPONSE 10 NEUROKININ A AND SURSTANCE P. C,K. 
Buckner, S.V. Ghanekar"and R,D. Krell, ICI Pharmaceuticals 
Group, ICI Americas, Inc., Wilmington, DE 19897 USA. 

The airway epfthelium has been suggested to be a site of 
action and/or metabolism of several bronchoactive substances. 
This study examined the influence of the epithelium using 
paired ring segments of guinea-p9g trachea suspended in 
isolated tissue baths containing Krebs bicarbonate solution 
with indomethacin, 5 x 10-h M. Cumulative dose-response 
curves for contractile effects of neurokinin A or substance 
P were obtained also inthe absence and presence of metabolic 
inhibitors, Removal of the tracheal epithelium resulted in 
a leftward shift of the substance P dose-response curve and 
a smaller alteration of responses to neurokinin A, 
Phosphoramidon and thiorphan, 1 x IO-6 M, potentiated both 
agonists without altering responses to carbachol. When 
examined in combination with thiorphan, other enzyme 
inhibitors captopril, loupeptin and bestatin did not influence 
dose-response effects of neurokinin A or substance P. After 
removal of the influence of the airway epithelium and 
metabolic degradation, neurokfnin A was about 3-fold more 
potent than substance P. These studies illustrate the 
importance of controlling experimental conditions in the 
determination of relative potencies of peptides acting at 
neurokinin receptors to contract the guinea-pig trachea. 

64.10 
REVERSAL OF A23187-INDUCED AIRWAY CONSTRICTION IN THE GUINEA 
PIG. P.W. Stengel and S.A. Silbaugh. Eli Lilly and Company, 
Indianapolis, IN 46285 

Previously, we examined the initiation of A23187-induced 
bronchoconstriction (Prostaglandins 33:567, 1987). In this 
study, we determined mediators maintaining this response. 
Conscious, male Hartley guinea pigs were exposed to A23187 
aerosol (4 mg/ml) until dynamic compliance (Cdyn) decreased 
by 50% (~5 min). By 10 min, Cdyn was 20-25x of baseline and 
remained at that level in control animals. At 20, 25, and 30 
min, cumulative i.v. doses (mg/kg) of these drugs were given: 
salbutamol (SA) and LY53857 (5-HTz antagonist), .Ol-.l; 
pyrilamine (PY), .04-.4; atropine [AT), .07-.7; indomethacin 
(IN) and dazoxiberi (DAZ, thromboxane synthetase inhibitor), 
l-10; and aminophylline (AM), phenidone (PH), REV-6866 
(5-lipoxygenase inhibitor), SRI 63-072 (PAF antagonist), and 
LY183001 (LTD4/E4 antagonist), 3-30. At 35 q in, animals were 
killed and excised lung gas volumes (ELGV), i.e. pulmonary 
gas trapping, measured. ELGVs were compared-to final Cdyn 
values. After the final dose, SA, PH, AM, DAZ, LY53857, 
REV-6866, and LY183001 reversed Cdyn by 61 4 11, 53 k 11, 42 
? 10, 38 ? 6, 28 + 10, 26 +, 5, and 13 k 5% respectively. The 
other drugs had little or no effect. Reversal of Cdyn was 
highly correlated with reduction of pulmonary gas trapping 
(r = - l 86, p c 0.0001). We conclude that (1) thromboxane AZ, 
serotonin, and lipoxygenase products may play a role in 
maintaining A23187-induced smooth muscle constriction and (2) 
the model is useful to study reversal of airway obstruction. 
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LEUKOTRIENE AND PROSTAGLANDIN PRODUCTION FOLLGWING ANTIGEN 
INHALATION IN PRIMATES. R.H. Gundel*, C.A. Torcellini*, C.C. 
Clarke*, J. Watrous*, C.A. Hornon*, P. Kinkade*, P.R. Farina*, 
and C-D, Wegner* (SPON: L.G. Letts). Depts. of Pharma. and 
Eochem., h&ringer Ingelheim Pharma., Inc., Ridgefield, CT. 

Seven anesthetized adult male cynomolgus monkeys with a 
naturally occurring sensitivity to Ascaris suum extract were 
studied.- Threshold doses of Ascaris extract were administered 
via IPPB for 2 minutes. Respiratory system resistance (Rrs) 
was measured by forced oscillations (4-40 Hz) prior to and 10 
minutes following antigen challenge, after which bronchoalveo- 
lar lavage (BAL) was performed. BAL samples were made 80% 
ethanolic and concentrated approximately 5 times before quan- 
titation of inununoreactive leukotriene C4 (i-LTC4) and pros- 
taglandin D2 (I-PGD2) by radioimmunoassay. Selected BAL sam- 
ples were also analyzed by RP-HPLC. Dexamethasone (1 mg/kg, 
im -24, -4, and 0.5 mg/kg, im -1 hr prior to antigen, N-7) 
inhibited I-LTC4 (71.1 +- 6.3%) and i-PGD2 (37.3 ? 21.4%) while 
having no effect on antigen-induced changes in Rrs. Phenidone 
(30 mg/kg, po -24, -4, -1 hr, N-4) weakly inhibited i-LTC4 
(47.4 + 26.5%) and did not alter i-PGD2 (3.2 fi 18.6%) or 

changes in Rrs. Indomethacin (10 mg/kg, ip -24, -4, -1 hr, 
N-4) had a variable effect on i-LTC4 levels (6.2 + 50.5%), 
strongly inhibited i-PGD2 ( 85.3 + 10.3%) and did not alter 
changes in Rrs. This study indicates that specific antigen 
inhalation results in the production and release of i-LTC4 and 
I-PGD2 which are recoverable by BAL and that the production of 
these mediators can be affected by biosynthesis inhibitors. 

64.12 
THE RELATIVE EFFECTS OF VARIOUS AGONISTS ON ISOLATED HUMAN 
AIRWAY OF VARYING DIAMETER. Robert N, Gryfe* and 
E.A. Zorychta*(SPON: 5.13. Richardson). McGill University, 
Montreal, Quebec, Canada H3A 2B4 

Cumulative dose -response curves we re determined for con- 
tractile agon ists on isolated human a irway obtained from 9 
autopsies within 6 hours of death. Relative potencies were 
calculated by comparing ED50 values of different drugs in the 
trachea (T), main large bronchus (LB), 4-6 mm diameter medium 
bronchus (MB) and 1-2 mm diameter small bronchus CSB). 

Relative Potency 
Drug T  LB MB SB 
Acetylcholine l*O 1.0 0.82 1.4 
Histamine 0.29 1.2 1,o 2.8 
Phenylephrine 0.26 0.05 0 0 
Serotonin 0.19 0 0 0 
Leukotriene C4 2500 -- 6300 1600 
Leukotriene D4 2100 -- 2300 1600 

AKTAGONISTIC ACTION OF AMILORIDE ON THE MUSCARINIC RECEPTOROF 
RAT TRACHEA AND BRAIN. Guido E, Santacana* and Walter Silva. 
Depts. of Physiology and Pharmacology, Univ. Central delcari- 
be, Sch. of Medicine, Cayey, P.R. 00634 

Amiloride (A) is a well known potassium sparing diuretic, 
The effects of (A) at the cellular level include blockade of 
the Na*/H+ exchange in several tissues and inhibition of pas- 
sive sodium flux in epithelia. More recently, antagonistic 
actions of (A) at the muscarinic receptor level have been des- 
cribe in rabbit pancreas. Results from our laboratory show 
that (A) (10'4M-lo-3M) non-competitively inhibits acetylcho- 
line(Ach) induced rat tracheal contractions (Ki=478pM), This 
effect is observed also in a Na+ free choline medium. 
indicating that it is not dependent on Na+ 

Thus, 
transport processes 

inhibited by (A). Moreover, binding studies in rat brain vesi 
cles in which QNB displacement has been studied in the pre- 
sence of (A) have demonstrated that (A) produces significant 
displacement of QNB (Ki=12,3yM). 

These results indicate that (A) non-competitively inhibits 
the muscarinic receptor of rat trachea and brain in a dose 
dependent manner. This effect of (A) is receptor related and 
additional to its effect in cell membrane Na+ transport. 

64.15 

MATURATION OF BETA-ADRENORECEPTOR BINDING AND 
BIT TRACHEAL SMOOTH MUSCLE. Craig M, 
1 M. Gm. Univ. of Pennsylvania, School of 

Medicine, Children’s Hosp. of Philadelphia, Philadelphia, PA 19104. 
To evaluate whether maturational changes in tracheal smooth muscle 

(TSM) responsiveness to beta-adrenoreceptor (BAR) stimulation are coupled 
to altered BAR biding and receptor&fector coupling, BAR binding affinity 
(pKa) and receptor reserve were determined by analysis of the functional 
antagonism of BAR with muscarinic stimulation. Isometric tension was 
monitoti in TSM isolated from 2-wk old and adult rabbits, and mounted in 
organ baths con-g modified Krebs-Ringer solution ae 

B T 
ted wi 95% 02 

/ 5% CO2. Cumulative doses of isoproterenol (ISO: 10’ to 10’ M) were 
@ministered during contraction of each TSM with varying concentrations of 
methacholine. The tissues’ pKa and receptor reserve values were then 
determined by comparing equipotent relaxant responses to ISO, as per 
Furchgott’s technique. Values for pKa, maximum relaxation (Rmax), 
sensitivity (negative log concentration associated with 50% Rmax: pCS0) 
obtained during half-maximal choline@ stimulation, and receptor reserve 
(Rres=pCSO-pKa) are shown Wow. 

-  -7 

Rmax KS0 DKA pCSO-pKA 
2 week (9) 90.7f2.6 7.26fo.25 5.89i0.13 1.3 l+Q.26 
Adult (8j ’ 54.5f8.4 6.02fo.14 5.43fo.15 0.65s.23 

p<o.o005 p<0.005 pd.05 p<o*o5 
These data demonstrate that: 1) TSM maximal responsiveness and sensitivity 
to IS0 signi&antly decrease with age; and 2) the latter are associated with 
significant diminutions in functional 8AR affinity and receptor reserve. 
Further, the decrease in receptor reseme in adult TSM implies a reduced 
efficstcy of BAR coupling with age. 

Serotonin increased the choli .nergic excitatory respons e to 
electrical field st imula tion in 69% of tissues tested. The 
rate of response to leukotrienes, assessed by comparing time 
to l/2 maximal contraction, was inversely related to airway 
diameter, 

Drua 
Relative Response Rate (0.1 uM) 

T  MB SB 
Leukotriene C4 1.0 0.87 0.54 
Leukotriene DL 1.2 0.68 0.51 

64.14 
EvmENcEFcwAN--- FaclmINsmEP. 
Jo 1 assyJc, a l& am*, m m&Q J *,AndrewT mi 
William M. i4bramm. university of PC&at M Simi 
Medical W, Miami Ba&, Florida 33140. 

~tmtltdaetbr dxep ainmy epit&liura releases a 
xelamnt factor (-1 by D if: a) epiwial 
m affects tracheal gllDoth -1e (TSM) -c-tile 
sspnses; b) Wmcti inflm this result and; c) 
t&~couldbebioassa yed. Sheep TSM strip6 (~7 for 
all p-la) - huq m 2g -ion in organ baths 
CoIdiningM aeit mlution (39%) equilibrated with 
95% OJ andt 5% q. For sbdim a ard b, W strip wia 
(ep) andwithuk (ep) epithelium- studied-my, 
tile for the bimy (WC) *!EDl strip6 (qt/ep; 
ep+/ep+: ep-/ep-) - hung 2n one organ bath. Imtric 
fom -t&in v ti ming mtions of 
e&o1 (10 to 10 M)wasrismred~-~ 
mtration required to pm a 50% mximrn antraction 

W fcrund Wt TSM (ep-) wasmore sensitive than= 
-8.WO.l vs -7.820.1 v 

tively, RO.05). (5 @4) did llot -this 
diffm. WhenTSMstripsshuqtqether,TSM(ep- 
b-1 (log ED = -7.950.2) were more sensitive (p(O.05) 
- Tw m+B+) (log ED = -7.740.2). mm&rips 
@P+-/em - hung m-z -, the - 

. 

tiviw of TSM (ep) was lost. 
dmp airway epiwium pm a -P mid m. 
supp.mde&F+LmtlgAssoc.; NM HIr33897 & NRSA H&07578. 

64.16 
MECHANISM OF LTB4-INDUCED AIRWAY OBSTRUCTION IN THE GUINEA 
PIG. Steven A. Silbaugh, Peter W. Stengel, Sandra L. 
Cockerham*, Barbara E. Mallett* and D. Mark Gapinski*. 
Eli Lilly and Company, Indianapolis, IN 46285 

Although leukotriene B4 (LTB4) is recognized as a potent 
chemotactic agent, less is known concerning its.airway 
constrictive effects. Male Hartley guinea pigs were given 
intravenous LTBd or other challenge agents, killed 1.0 min 
later, and the severity of airway obstruction evaluated by 
measurement of pulmonary gas trapping. LTBd produced dose- 
related increases in excised lung gas volumes (ELGV) that 
were highly correlated with dynamic compliance values at the 
time of death (r=-0.883, p<O.OOl). Maximum ELGV increases of 
219i26% occurred at 3.0 vg/kg. On a molar basis, LTB4 was 
approximately 12 times more potent than histamine and 5 times 
less potent than LTD4 in producing elevated gas trapping. 
ELGV values did not increase with 6-trans LTB4 or 5S,lZS 
DiHETE (all trans) stereoisomers, but 20-OH-LTB4 was nearly 
as potent as LTB4. Indomethacin or atropine pretreatment 
prevented LTB4 -induced ELGV increases. The LTB4 antagonist 
LY203057* inhibited both LTBd and 20-OH-LTB4 effects, but 
not histamine or LTDa effects. These results suggest that 
LTBd-induced airway obstruction 1) is a stereospecific 
response mediated via LTB4 receptor activation, 2) involves 
the release of contractile cyclooxygenase products and 3) 
requires intact cholinergic pathways. *5-(3-Carboxy- 
benzoyl)-2-((6-(4 -methylsulfinyl)-phenyX)-S-hexenyl)oxy) 
benzenepropanoic acid. 
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ACIVICIM (AT-1251 PREVENTS BIOTRANSFORMATION OF LEUKOTRIENE 
(LT)Cy TO LTD4 BY GUINEA PIG TRACHEA. Y Ma-e*? N Gerard*. 
E Iwel*md J Drazea Harvard Med. Sch., Boston, MA 02215. 

Bioconversion of LT; to LTD by target tissues can 
complicate interpretati%n of physiological data obtained 
using LTC4 as an agonist. Although serine-borate complex 
has been shown to block this biotransformation, the 
availability of additional agents with a similar action would 
provide an alternative method to differentiate the effects of 
LTC4 and LTDt(. We examined the effects of AT-125, a 
gamma-glutamyltranapeptidase inhibitor, on guinea pig 
tracheal spirals. TissEes were suspended in oxygenated 
Tyrode's solution at 37 C and incubated with 1mM AT-125 for 
periods of g-3.5 hrs. Then 1OnM LTC containing trace 
amounts of H-LTC 
minutes. LTC4 an 8 

was added to the tf aths for 40 
LTD 

quantitated by scintil atjon counting. Without AT-125 Y 
were separated by RP-HPLC and 

pretreatment, 32% of the H-LTCg was converted to 
LTD4. Pretreatment with AT-t25 for 0.5, 1 and 3.5 hrs. 
reduced this conversion by 05, 31% and 842, respectively. 
Another group of animals was treated with AT-125 in vivo 
(30mg/kg, intraperitoneally) one day prior to study. In this 
group, bioconversion of LTC to LTD was reduced by 622, 
66% and 75% following addittonal tr$atment with AT-125 in 
vitro for 0, 0.5 and 1 hr., respectively. These data 
demonstrate that AT-125 can reduce LTC4 to LTD4 
conversion by guinea pig trachea. 

VAGAL INNERVATION OF THE GUINEA PIG RIGHT 
BRONCHUS. B.J, Undem . D.Weinreich, I-I. Barthlow and A, 
Meyers*\ Johns Hopkins Un*iversity and University of M&land School 
of Medicine, Btiltimore, MD 2 1239, 

The right main stem bronchus was isolated with the right vagus newe 
intact, and the preparation was superfused with buffer solution at 37OC. 
Parasympathetic ganglia within the right bronchus were consistently 
identified without staining. Vagal stimulation caudal to the recurrent 
laryngeal nerve with a single square pulse of subthreshold intensity 
evoked multiple EPSPs in the ganglion cell. Increasing the intensity 
consistently evoked action potentials (50-70 mV, n = 10). These events 
were abolished by hexamethonium. Stimulation of the vagus nerve 
immediately distal to the nOdose ganglion with IO set trains of pulses 
resulted in a biphasic contraction of the bronchus, consisting of a rapid 
and short-livedatropine sensitive phase and a prolongedcapsaicin- 
sensitive phase. The rapid cholinergic contraction was abolished by 
hexamethonium. The frequency-dependence of the two types of 
contractions was similar. However, longer pulse durations were required 
to elicit the noncholinergic contractions. The 112 maximal pulse durations 
for the noncholinergic and cholinergic contractions were 0.32 f .09 msec 
and .07 f.01 msec, respectively (p < 0.01, n = 9). At maximal 
stimulation the ratio of the amplitude of the noncholinergic contraction to 
that of the cholinergic contraction was 0.41 -t- .08. This ratio was 
positively correlated with that obtained with field stimulation (slope = .9, 
rz= .6 , p < 0.01, n = 17). These data describe a single preparation in 
which the physiology and pharmacology of the bronchial ganglion, as 
well as synapse-dependent cholinergic and synapse-independent 
noncholinergic contractions can be investigated. 
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65.1 
'MF, CCMPARATI~ EFF‘ECT OF NIFEDIPINE ON RABBIT PlJIJXlNARY 
VEINS CONTMm BY NPY, VINE AND 40&l KCl, R. H. 
Kinse?, S. F. Gwin& and J. A. Russell. State University 
of New Yark at Buffalo, Buffalo, NY 14214 

Contractions of pulmonary vein rings isolated from 
rabbit lungs were studied using in vitro tissue bath 

Rings contracted by exGu= 40mM KC1 in 
containing Webs solution stied a cmcentratim- 

d&dent decrease in tension when exposed to increasing 
curmlative cmmtrat ims of $fedipine. 

7-5x1O 
Tissuea pretreated 

wi& Nif edipine (5x10 M) in the presence of 2,5mM 
Ca exhibited concentration-dependent depressions of the 
cumulative concentration response curves for both 
Phenylephrine (PI?) and porcine Neuropeptide Y (NPY). p 
EC O’s for Nifedfpine in the presence of 4@~iM KCl, 3x10 M 
PE5and 107M NPY were 7.6~10-~M, 1.2x10- M, and 1.5xlO*M 
respectively. The control contractions for the three 
agonists at the above concentrations wge not significantly 
different. Incubation of tissues in Ca free Krebs for 15 
minutes caused 84?5%, 58*5%, and 30+10% reductions of 
contractions induced by 40&i KCl, 10~‘M NPj!+ and 3x10M6M PE, 
respectively. In tissues incubated in Ca free Krebs plus 
5x10-h Nifedipine, the response to W KC1 was abolished, 
whereas contractions induced by lo7 M NPY and 3x10M6M PE: 
were r&ed by 82+8% and 67?5%, respectively. We cag@de 
that the order of dependence on extracellular Ca for 
contraction appears to be KCl>NPY>PE. (Supported by 
HL 34323 frosn WI.) 

65.3 
ANTIGEN-mDUCED CONTRACTION OF GUlNEA PIG 
PULMONARY ARTERIES, L.J. KelIv*. R,J. Undem* and G,K, 

dams. III. The Johns Hopkins Medical Institutions, Baltimore, MD 
21239. 

The purpose of this study was to characterize the kinetics of and 
determine the mediators responsible for antigen-induced vasoconstriction 
in pulmonary arteries (Pa), We isolated the main Pa, which was divided 
into proximal and distal halves, as well as the left and right branches 
from actively sensitized guinea pigs. Ovalbumin (10-Z mg/ml) caused 
greater contraction in the branches than in either half of the main Pa (60 
r4 7% of BaCl2 maximum, n = 10 vs. 35 f 6%, n = 15). The kinetics of 
the contraction were similar in all segments. The peak of the response 
was reached by 2 min and then decayed by 50% at 4 min, 6 min, and 5 
min in the proximal Pa, distal Pa, and branches, respectively. 
Pyrilamine (IO-6M) delayed the onset of contraction and decreased the 
peak of the response by more than 50% in all segments. Metiamide( lOa 
M) partially reversed this effect, The addition of indomethacin (10-6MJ 
to the combination of pyrilamine and me&ride had no significant effect. 
However, the further addition of the LTD&IQ receptor antagonist 
SKF 104353 (10-5M) essentially abolished the contraction in the 
branches and distal Pa and reduced the contraction in the proximal Pa by 
80%* These results suggest that, like the isolated guinea pig trachea, 
histamine and leukotriene receptor activation is predominantly 
responsible for antigen-induced contraction of pulmonary arteries. 
However, the kinetic characteristics of the response are different from 
the trachea in that the contraction is not maintained but returns more 
rapidly to baseline. 

65.2 
CIRCULATING AGENT CAUSES PULMONARY VASOCONSTRICTION AFTER 
INT&XISTERNAL VERATRINE ADMINISTRATION IN THE 
SPLENECTOMIZED DOG. M.D. '&ron. Dept. of Physiology, NE 
Ohio Univ. College of Medicine, Rootstown, Ohio 44272 

The administration of veratrine intracis ternally to the 
chloralose-anesthetized dog produces systemic and pulmonary 
hypertension and neurogenic pulmonary edema. To determine 
if pulmonary vasoconstriction, mediated by a circulating 
agent, contributes to the pulmonary hypertension, I isolated 
the left lower lung lobe (LLL) perfusion of 5 dogs so that 
the LLL could be perfused at constant flow and outflow 
pressure with blood pumped from the left pulmonary artery. 
The LLL was denervated by removing it from the dog. Since 
hematocrit increases substantially after veratrine adminis- 
tration, the spleen was removed to eliminate any effect of 
increased blood viscosity. Veratrine (120 ug/kg) increased 
arterial pressure to 218 * 19(SE) torr (p < 0.005) and LLL 
vascular resistance (LLLVR) by 50.2 f 2.5% (p < 0,01). LLL 
arterial and venous resistances (partitioned by the double 
occlusion technique) rose, respectively, 33.9 f 9.8 (p < 
0.05) and 65.3 f 11.6% (p < 0.01). The lobar response was 
similar to that which we previously observed during the 
infusion of exogenous catecholamines (m 49:73, 1980). 
Since plasma catecholamine concentrations are elevated after 
veratrfne administration (Fed Proc u:284, 1986), these 
substances are likely candidates for mediating the LLL 
vasoconstriction, HL- 31070 

65.4 
CHANGES IN ALVEOLAR LYSOPHOSPHATIDYLCHOLINE (LPC) AND EXTRA- 
VASCULAR LUNG WATER AFTER ISCHEMIA/REPERFUSION (I/R). 
B.D. Butler, I, Davies and R.E. Drake, Dept. of Anesthesi- 
ology, Univ. of Texas Medical School, Houston, TX 77030 

Bronchoalveolar lavages were collected frofn 6 anesthetized 
dogs followfng 5 hours of left lower lobar (LLL) pulmonary 
ischemia/l hour reperfusion for phospholipid analysis using 
2-dimensional thin layer chromatography and phosphorous 
analysis. The contralateral right pulmonary lobes were used 
for controls. In a second group of 5 dogs the extravascular 
lung water ratio (EVLW) was measured in the left and right 
lobes following I/R. The percentages of LPC to total phos- 
pholipid comparing the lavages from the right lung to the 
ischemic LLL increased significantly (~~0.05) from 0.0182 
.003 to 0.029+.004. Increases in EVLW (3.23t.81 to 5.00*.30, 
~~0.05) following I/R indicated some edema formation. No 
significant changes were observed in pulmonary artery or left 
atria1 pressures. Exogenous administration of LPC (20 mM> 
into the LLL airways of 5 normal dogs resulted in EVLW ratios 
of 3.79kO.63 in the right lungs and 6.7721.03 (pcO.05) for 
the left lungs. LPC is derived from phosphatidylcholine by 
hydrolysis with phospholipase A2. Its membrane perturbing 
characteristics may alter permeability by increasing trans- 
port pathways or disruption of component lipid structure. 
Pulmonary edema formation following I/R may therefore be the 
result of interacting mechanisms that include the toxic 
effects of LPC on membrane function. 
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65.5 
FIRST PASS UPTAKE OF SUFENTANYL (Suf) AND ALFENTANYL (Alf) IN 
THE HUMAN LUNG. D.L.,Roerig, K. Kotrly*, S.8. Ahlf*, C.A. 
Dawson and J.P. Kampine. Depts. of Anesthesiology, 

Pharmacology/ Toxocology and Physiology, Med. College of 
Wisconsin and VA Med. Ctr., Milwaukee, WI 53295 

The first pass uptake of i.v, administered Suf and Alf 
were studied in patients undergoing anesthesia prior to 
surgery using double indicator dilution with indocyanine green 
dye (ICG). A 2 ml bolus of 10 mg ICG and 25 ug of Suf or 250 
ug of Alf was injected via a central venous pressure catheter 
and 1 ml blood samples (l/set) withdrawn via a pump from the 
radial artery for 45 sec. Blood cont. of ICG and Suf or Alf 
were determined from absorbance at 805 nm and by specific 
radioimmunoassays respectively. Difference in the area under 
the normalized cont. vs. time curves for ICG and Suf or Alf 
are proportional to the fraction of drug taken up by the lung. 
First pass uptake of Suf was significant with 60.2+3.1% of the 
injected dose remaining in the lung after 95% of tEe ICG had 
passed through the lung. This is compared to 82.6+1.4% uptake 
for fentanyl determined in previous studies. This results in 
twice as much of the injected dose of Suf entering the 
systemic circulation immediately after injection compared to 
fentanyl. With Alf, preliminary data indicate a first pass 
pulmonary accumulation of only 9.7+,3% of the injected dose. 
The lower first pass uptake Suf and the very small pulmonary 
uptake of Alf in comparison to fentanyl may contribute to some 
of their pharmacological differences such as time to onset of 
action and incidence of cardiovascular effects. 

65.6 
NEUROPEPTJDE Y INHIBITS ADENYLATE CYCLASE IN RABBIT 
PULMONARY VEIN. James A. Russefl, T. L. m&and E. C. 
Gies& State UniveGEV of NW York at BUtfalO, w 14214 
xe effect of neuropeptide Y (NPY) m admylate cyclase 
activity in isolated pulmonary vein rings was investigated 
using 3tn vitro tissue bath techniques. The effect of NPY an 
relaxaaanduced by various agents that utilize the 
adenylate cyclase pathway wa8 determined in cmtrol versus 
test veins. Active tone in control pulmonary veins was 
elicited by addition of U-46619, a putative thrmbome 
4 receptor ageist, to the bathing solution. Test veins 
were cmtracted by a 

T 
ination of a 1-r cmcmtration of 

u-46619 plus 3 x 10 - NPY, a pulmonary venoconstrictor 
itself. Far a given relaxing agmt, cmtractions induced in 
cmtml versus test veltns were not si 

$ 
ificantly different. 

fs roterenol 
0% 

(1p7 M) , pGf2 (3 x 10’ U), and farskolin (3 x 
LO’ M) relaxed control veins by 77-t 4%, 66 * 9%, and 
84 f 3X, respectively and test veins by 35 & 6%, 36 + 4%, 
and 26 f 3%, respectively. Thus, the presence of 3 x lo-8M 
NPY significantly reduced the relaxation _rsespoose to all 
three of these agents. In contrast, 3 x 10 M NPP fo~$;:, 
effect on relaxations induced by B-brano-cAMP (10 - 
We conclude that NPY inhibits adenylate cyclase activity in 
the smooth muscle of rabbit puImamy veins. (Supported in 
zrhkr HL 34323 frm the Heart, Lmg, and Blood Institute 

l 

65.7 

THE EFFECT OF HISTAMINE (HIS) ON THE CANINE PULMONARY 
CIRCULATION UNDER CONTROL AND ELEVATED TONE CONDITIONS. S-A. - _--- 
Barman* and A.E. Taylor, Dept. of Physiology, Unfversityof 
South Alabama, Mobile, AL 36688. 

The canine pulmonary circulation was divided into large 
and small (RSA) artery and large (RLv) and small (R ) 
resistances using arterial, venous, and do&ye 

occlusions in isolated lungs perfused under constant pressure 
(CP) or constant flow (CF). Under CP (n-5) or CF (n=5), HIS 
(3mg) greatly increased the venous resistance. When vascular 
tone (CON-T) was elevated by the thromboxane analog U46619, 
histamine's effect (HIS-T) on venous resistance increases 
under CP and CF was attenuated, while under CF, small artery 
resistance decreased (see Table) which shows that elevated 
tone alters HIS responses to pulmonary (especially postcapil- 
lary) vascular resfstance (supported by NIH HL22549). 

CP 

Segmental Resistances (cmH2O/l/min/lOOg) 

%A RSA RSV RLV % 

CON 
HIS 
CON-T 
HIS-T 

CF 
CON 
HIS 
CON-T 
HIS-T 

4.520.6 1.8~0.3 2.820.4 4.9+0*5 14.0,*1*1 
4.8k1.5 3.921.4 58.8k13.1 45.3210.2 112.8219.3 
7.722.4 8.3t2.0 18.422.7 20.221.9 54.6T5.4 
6.7k1.9 7.7*2.8 25.524.6 33.9z8.3 73.8t6.5 

4.720.5 2.5kO.3 
4.421.4 4.521.5 
5.521.4 4.021.4 
4.421.9 2.5t1.4 

2.820.3 3.420.4 13.4kl.L 
17.0?5.0 22.6i2.2 48.523.5 
11.321.1 19.7k1.3 41.3k3.9 
12.923.2 29.2k2.3 49.Ok5.6 

65.9 
EFFECTS OF HISTAMINE Hl AND H2 BLOCKADE ON HYPOXIC 
VASOCONSTRICTION IN ISOLATED LAMB LUNGS. J.3. Gordon and T. 
Hakim, Montreal Children's Hasp; McGill Univ., Mtl., Que., 

Histamine infusion causes pulmonary vasodilation in 
newborn lambs. This study examined the effects of 
Hl (chlorpheniramine 2mg/kg) and H2 (cimetidfne lOOug/ml 
perfusate) blockade on hypoxic vasoconstriction (HPV) in 
isolated, blood perfused lungs of newborn lambs. The 
distribution of resistances during hypoxia were also 
assessed by inflow-outflow occlusion which partitions the 
puImonary circuit into non-compliant up- { A Pa) and 
downstream (A aV> gradients and a compliant middle gradient 
(Ah). Results are mean f SE (mmHg), groups compared by 
ANOVA. Hypoxia caused an increase in the total pressure + 
gradient (A Pt) of all groups, however the gradient in Hl 
blocked lungs was greater than controls. Occlusion showed: 

(n) APa Apm APV 
control (5) 6.8k2.3 7.Ok4.4 2,810.5 
HI block (5) 12.2+5.5 18.6&5* 1.8+0.2 
82 block (6) 9.5k2.2 8.5&l 4.320.3** 

HI blockade accentuated HPV primarily by increasing the 
gradient accross APm (*p<.O5). H2 blockade did not 
significantly increase APt; however it did cause an increase 
in APv (** g.05). These results suggest that endogenous 
histamine modulates HPV fn isolated lungs of newborn lambs 
and HI and H2 receptors reside in different segments of the 
pulmonary circuit. Supported by the Quebec Heart Foundation 
and the M.C.H - McGill Res. Inst. 

65.8 
PULMONARY PLATELET SEQUESTRATlON IS INCREASED IN 

. MONOCROTALINE PYRROLE-TREATED RATS. Susan M. Whrte * 
md Robert A. Roth. Dept. of PharmacoIogylToxicoIogy, Michigan 
State Univ., East Lansing, MI 48824. 

1 ll~n-labeled ptatefets were used to study the localization and 
survival of circulating platelets at various times after a single, 
intravenous administration of 3.5 mglkg monocrotaline pyrrole 
(MCTPI to rats. lung injury, assessed from elevated lung weight 
and from lavage fluid total protein and albumin concentrations 
and lactate dehydrogenase activity, was evident at Days 8 and 
14. In addition, right ventricular hypertrophy was manifested by 
14 days after MCTP administration. Pulmonary sequestration of 
1 f 1 In-labeled platelets was also elevated by Days 8 and 14, while 
circulating blood platelet number remained unchanged. Concomitant- 
ly, the hemoglobin concentration and total hemoglobin content 
of the lung homogenate supernatant in MCTP-treated rats on these 
days was decreased when compared to controls. A decrease in 
splenic platetet sequestration on day 14 was accompanied by an 
increase in the radioactivity of both the heart and kidneys. Platelet 
half-life and mean life span were increased only on Day 14. A 
higher dose of MCTP (35 mg/kg) caused moderate lung injury at 
6 hr. However, this treatment did not result in increased platelet 
sequestration in the lungs, although a trend was observed. Data 
from this study support the hypothesis that platelets are invoIved 
in the development of the pulmonary hypertensive response foIlowing 
MCTP-induced lung injury. (Supported by NIH grant ES02581.1 

65.10 
EFFECT OF LUNG VOLUME ON THE DISTRIBUTION OF PULMONARY 
VASCULAR RESISTANCE. C.A. Dawson, D.A. Rickaby, T.A. 
Bronikowski, and J.H. Linehan. Medical College of 
Wtsconsln, Mtlwaukee, WI 53226; Zablocki VA Medical Center, 
Milwaukee; WI 53295; and Marquette University, Milwaukee, 
WI 53233, 

We used the low viscosity bolus method to evaluate the ef- 
fect of lung volume on the longitudinal distribution of lo- 
cal vascular resistance (R) with respect to cumulative vascu- 
lar volume within a dog lung lobe. The figure is an example 
of the results as the lobe perfused with constant flow, was 
inflated by increasing the alveolar pressure (PA) minus pleu- 
ral pressure from 3 to 11 torr while maintaining lobar ven- 
ous pressure (P,) equal to alveolar pressure. The horizon- 
tal cumulative volume axis starts at the lobar artery on the 

left and ends at the lobar 
----vein on the right. Infla- 

tion in this manner resulted 
in an increase in total 
blood volume and a marked 
change in the R distribution 
from a bimodal distribution 
at low lung volume to a un- 
imodal distribution at high 
lung volume. Supported by 
Grant HL-19298 and the 
Veterans Administratton, 
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65.11 65.12 

OSCILLATORY BEHAVIOR IN ISOLATED SMALa, PULMONARY ARTERTES 
FROMTHE CAT. m A. s V.A. Medical Center & The Medical College of 
Wisconsin. 53295. 

Small bid vessels, particularly precapillary resistance vessels, from many animal 
species exhibit oscillatory changes in tension and diameter. We have noted that, under 
certain experimental conditions, 250-350 p diameter cat pulmonary arteries will 
oscillate. Art&es were dissected from cat lungs and mounted on muscle myographs. 
Eight h&red mg of tensiosl wm then applied which increased the resting diameter an 
average of 2.4 tima. The vessels were equilibrated in physiological saline solution 
(PSS) at IQ 140 torr, PC02 37 torr, and pZ!I 7,37 fw at least 1 fir, In 19 arteries 
which oscillated, 11 began after exposure to po2 < 50 tom and 6 began spontaneously 
during the equilibration phase. characteristics of the oscillatory behavior are a 
beginning baseline tension of 427 f 73.5 mg, a @ conttaction of 678.9 f 133.3 mg, 
and a peak-to-peak period of 21.2 f 3.5 min. The oscillations could be sustained for as 
long as 2A hours. These oscillations differ from those reported in other arterial beds in 
several respects. ti magnitude of the condons is greater and the petiti is much 
longer. Additionally, these pulmonary arteries are larger than those which usually 
exhibit oscillations. Various experimental intervention were tried on the arteries in an 
effort to stop the oscillations and restore a quiet baseline. Those interventions which 
attenuated CK stop@ the oscillations included dropping the temperature to 28-31° C, 0 
mM Ca, verapamil, ouabain, or 30 mM KCI. Except for those arteries treated with 
ouabain, the oscillations resumed after stopping the intervention. Vasodilators such as 
nivssi& and acetylcholine had f~) effect. The magnitude and/or the period could be 
increased by TEA, and further exposure to hypoxia. The physiological mechanisms and 
relevance of oscillatory behavior, particularly in the pulmonary arteries, are not fully 
understood, but may result from both mechanical and humoral factors. Sup- by 
VA Medical R-h Funds. 

IBUPROFEN ALTERS THE RESPONSE OF ISOLATED SMALL PULMONARY 
ARTERIES TO PROSTAGLANDIN F2 ALPHA. m J. Ww 
m*. VA Medical Center & Medical Colkge of WI, Milwaukee, WI 53295 

Isolakd small pulmonary W&I-& respd to prostaglandin F2 alpha (FGEza), and 
indomethacin appears to blunt this repe under hypxic condim. Ring segments 
2 mm long were cut from small pulmonary arterk (200 - 3Q0 pm diameter) which 
were harvested from adult mongrel cak The a~@& and thread& with two 22 @m 
tungsten wires. The wires were fastened over the jaws of apen stainks st#l rings, 
One ring was anchored and tk other awl& to a Msitive load c4l (KuliE 
Semiconducm, Rklgef~~ld, NJ). Under control conditiolls the vessels were suffused 
with physiologic saline solution (PSS) in a 100 ml reservoir bath berated with a gas 
mixture giving a po2 of 140 Torr, X02 of 35 Tofi, pH of 7.35 to 7.45, and 
temprafm of 35 to 36%. Vessels were placed under a standard passive load of 700 to 
800 mg and allowed to equilibrate for 60 to 90 min, Solutions of XQ were 
prepad in PSS and cumuIative dose response curyes were peaformed under control 
conditions in the presence of lo4 M ibuprofen. The bath wlution was replaced with 
fresh PSS, ibuprofen added, and ti dose response curve for FGb @ under 
hypoxic conditions lpo2 < 50 Torr). The maximum mponse to PGFa occurred at 
3~10-~ M under both control and hypxic amdtions. Under hypoxic conditions the 
constrictor resp~lse to pGF2a appears blunted at lower mcentiations. m ED50 for 
control conditions was lo-9 M and for hypoxic coaditions 10-7 M. Although tie 
effects of i&m&in and ibuprrofen have ken different in ode preparations, these 
differences are not readily apparent in OUT w. 
Supported by VA Resemh Funds and The Medical College of Wisca&. 

65.13 

CARBOH HOWXIDB mAKB ARD RBLBASB BY UEOLB BLOOD (UB) ARB 
MOT DESCRIBED BY A FIRST LAY COIIDOCTAIICE, 9(CO). E_d_tii_n_ 
Heidelber_ge# and -------- -- Robert Blake_ Reeves. SUNY Schl. of Med., 
Dept. of Physiol., Buffalo, NY, 14214 

Can a First Law conductance, 9(CO), be used to describe 
\JB CO uptake and release? We present here new measurements of 
the time course of CO uptake and release (PCo: 0 - 6.6 tom) 
obtained isocapnically (6% CO2) at 37oC on 14 thin films of 
WB (thickness: 1.4 +, 0.2 pW, PsO(O2): 26.3 torr) using a 
naked thin layer technique (Heidelberger and Reeves, Fed. 
Proc. 46: 1427, 1987). 02 lfptake and release (Po2: 0 - 105 
torr) kinetics were also measured on each film. Time(msec) 
required to reach 0.5 S is 7.1 f 1.7 for 02 uptake 15.3 2 5 
for 02 release, 336 +, 18 for CO uptake and 1108 f 146 for CO 
release. For each WB film, we calculate both Q(C0) and 9(02) 
as a function of S, 9 q (IdS/dtj*C)/P -Peq where C is 
capacity of WB for gas (ml gas/ml WB), B is gas tension 
external to RBC and Peq is equilibrium Fartial pressure 
obtained from measured S and equilibrium binding curve. B 
(02) vs. S Is stiilar to data reported earlier. B(CO,uptake) 
Is highest at low SC0 (3.4 ml CO/min*torr*ml WB) and falls as 
SC0 increases. e(C0, release) at SCo= 0.95 is circa 30 ml 
CO/min*torrhl WB, rises to a broad maximum at SCC=O.5 (34.4 
ml CO/min*torr*ml WB) and gradually falls as SC0 decreases. 8 
is not a property of RBC but a function of experimental 
conditions. Both 9(CO) and 8(02) are strongly saturation and 
flux direction dependent. There is no true 8 for either 02 or 
co* (SuppOrt8d by NIH grant H6285421, 

CARDIOVASCULAR PHARMACOLOGY I TUESDAY PM 

72.1 

CARDIOTONIC EFFECTS OF A POTENT ADENOSINE ANTAGONIST DURING 
PENTOBARBITAL-INDUCED HEART FAILURE IN RATS. 

e Garavilla. HL Valentine*. SE Tacker*. KN Jackson* and RC 
;aZson. NOVA Pharmaceutical Corp., Baltimore, m 21224 

Due to the negative chronotropic and inotropic affects 
of adenosine (ADO), we postulate that ADO may have 
detrimental cardiodepressant effects during heart failure 
UW . To determine this, we tested two xanthines, NPC 205 
(1,3-di-n-propyl-8-(4-hydroxyphenyl) xanthine), a potent ADO 
antagonist, and theophylline, a weak ADO antagonist, in a 
model of pentobarbital-induced (PB) HF. Rats were 
anesthetized with PB (60 w/h3 P iP> and surgically 
instrumented to monitor left ventricular dP/dt (LV dP/dt), 
mean arterial blood pressure (MABP) and heart rate (HR). 
Animals were put into PS-HF using a loading dose of 60-70 
w/kg, iv, of PB and maintained with an i.v, infusion of 0.2 
mg/kg/min, resulting in a 50-603 decrease in LV dP/dt. NPC 
205 was then administered in a cumulative dose-response 
manner at 1, 3, 4.5 and 6 mg/kg and percent recovery was 
calculated. NPC 205 caused a dose dependent recovery in LV 
dP/dt from 25&5% to 67213% (pc.05) at 1 and 6 mg/kg, 
respectively. Maximum recoveries in HR and MABP were 53&4O% 
at 3 mg/kg and 36&9% at 6 mg/kg, respectively. Neither of 
these effects appeared to be dose related. In contrast to 
NPC 205, theophylline did not improve LV dP/dt or MABP during 
PB-HF, but did elicit a maximal recovery in HR of 108&20% 
(pc.05) at 50 mg/kg, iv. It is concluded that NPC 205 is a 
potent cardiotonic agent during drug-induced HF. 

72.2 

INOTROPIC AGENTS IN EXPERIMENTAL CARDIAC TRANSPLANTATION: 
LACK OF EFFICACY WITHIN ACUTE REJECTION. Louis Dumont, 
Anique Duchame*, Pierre Laflamne*, Eric Daqher*, Chrfstine 
Lord* and Claude Chartrand*. DBpartement de Phamcologie, 
Universith de Mont&al, Chirurgie Cardlovascujalre, H8pital 
Ste-Justine, Montrbal, Qc, Canada 

Acute or chronic rejectlon remains a major problem 
following cardiac transplantation. In this situation, hemo- 
dynamic instabllity requires administration of inotropic 
agents but cellular damnage may render these interventions 
ineffective. This hypothesis was tested In a canine cardiac 
transplantation mcldel. Wlthout imrwnosuppresslon, trans- 
planted dogs survive for 8-M days. Ouabain 20 pg/kg Intra- 
venous bolus; amrinone 0.75 mglkg Intravenous bolus + 200 
pg/kg/min infusion and calcium 0.05 mEq/kg were studied. 
All three agents sfgniflcantly Improve cardiac function in 
the post-op period (40-80X). Two to three days after trans- 
plantation the same inotropic challenges stIl1 have 
beneficial but reduce hadynamic effects. Within acute 
rejection, 8-10 days post-transplantation all transplants 
have evidence of myocardial failure which could not be 
reversed by any of the selected inotropic agents (10-20X). 
These data suggested that rejection, because of severe 
myocyte abnormalities such as membrane dlsruption ot intra- 
cellular enzyme deficit, complicated the design of effective 
pharmacological strategies in this critlcal condition, 

Supported by FQMC, FRSQ, ADS and Universite de Montreal. 
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72.3 72.4 
INDEPENDENCE OF OSCILLATORY AFTERCONTRACTIONS FROM 
OSCILLATORY AFTERPOTENTIALS IN DIGITALIS TOXICITY. Tai 
Akera, Kyosuke Temma and Hiroshi Kondo* National Children's 
Hospital Medical Research Center, Setagaya-ku, Tokyo 154 and 
Kitasato University School of Veterinary Medicine and Animal 
Sciences, Aomori 034, Japan 

SELECTIVE BIOCHEMICAL ACTION OF CK-2130 IN DOG MYOCARDIUM. 
Elinor H. Cantor, David C. Pang, Debra Natyzak*, Michael A. 
Walega*, and William R. Ingebretsen. Berlex Laboratories, 
Inc. l Cedar Knolls, NJ 07927 

The hypothesis that oscillatory aftercontractions (OAC) 
observed with toxic doses of the cardiac glycosides are 
caused by oscillatory afterpotentials (OAP) was examined 
using heart muscle preparations isolated from pentobarbital 
anesthetized dogs. Transmembrane potentials and the force 
of contraction were simultaneously recorded in Purkinje 
fibers, atrial muscle or ventricular muscle, In the presence 
of 0.1 PM timolol, an exposure of Purkinje fibers to 30 nM 
ouabain caused a modest positive inotropic effect that 
reached the peak at about 70 min after the drug addition. 
Approximately 40 min later, OAC was observed coincident with 
the onset of OAP. In Purkinje fiber preparations, OAP and 
OAC were seemingly related, In atria1 and ventricular muscle 
preparations, higher concentrations of ouabain (50 and 100 
nM, respectively) were required to produce OAC. No OAP was 
observed at the time when clear OAC developed. OAC and 
OAP in Purkinje fibers and OAC in atria1 or ventricular 
muscle preparations were eliminated by ryanodine. These 
results indicate that the oscillatory Ca2+ release from the 
sarcoplasmic reticulum directly causes OAC, and that OAP is 
not the necessary condition for the development of OAC. 

Ck-2130 (4-ethy~-1,3-dihydro-S-[4-(2-meth~l-lH-imidazoI- 
1-yl)benzoyl]-2H-fmidazol-2-one) is a selective cardiotonic 
agent. It Increases left ventricular dp/dt in anesthetized 
dogs with no significant change in heart rate or blood 
pressure l Thfs inotropic activity may der-Lve from a variety 
of biochemical effects. To investigate the mechanism of 
action of CK-2130 in dog heart, we studied ft in several 
systems that have been shown to be affected by various 
cardiotonfc ‘hgents, CK-2130 inhibited canine cardiac 
particulate CAMP phosphodiesterase (PDE, IC5 = 64 2 1s PM, 
mean + SEM, n*6>, but was less potent than m  lrinone P 

$0 
-= 3 + 1 PM, n=12) or 3-isobutyl-I-ruethylxanthine 

= 177 4 PM, n=12). CK-2130 had no effect on the 
foll!wing (highest concentration tcsteg shown In parentheses): 
adenylate cyclase activity (100 @i), 1 tijdigydroalprenolol 
binding to p-adrenergic receptors (1 u&f), [ H]quinuclidfnyl 
benzylate binding to muscarinic receptors (100 m), 
sodium/potassium-, calcium-, and myofibrillar-ATPase activity 
(100 uM), mitochondrial respiration (100 PM), or 
sodium-calcium exchange (100 PM). Thus, CK-2130 is a 
selective inhibitor of CAMP PDE. Its relatively low potency, 
however, suggests that mechanisms other than those 
investigated in these studies may also contribute to its 
positive inotropic effect. 

72.5 
NEGATIVE CHRONOTROPIC AND VASODILATOR EFFECTS OF SUBSTANCE P 
IN THE ISOLATED PERFUSED GUINEA-PIG HEART. Donald B. Hoover, 
East Tennessee State Univ., Johnson City, TN 37614 

Substance P(SP)-containing afferent nerves are located 
in the heart and coronary vasculature of several species. 
The present study was designed to characterize the pharma- 
cological effects of SP on the heart and coronary blood 
vessels. Hearts from male Hartley guinea-pigs were perfused 
at a constant rate with buffer. Bolus injections of SP (2.5 
to 100 nmoles) caused a dose-dependent bradycardia that was 
usually followed by a slight tachycardia, The negative 
chronotropic effect of SP was blocked by I IAM atropine and 
potentiated by 0.5 PM neostigmine. A potent vasodilator 
effect of SP (ED50 = 0.21+ 0.05 pmoles) was observed after 
elevation of perfusion pressure with 1 PM vasopressin, The 
vasodilation was not blocked by atropine and reached a 
maximum at doses well below the threshold for eliciting 
bradycardia. SP alsq caused vasodilation in hearts in which 
perfusion pressure was elevated by using buffer that 
contained 40 mM KCl, The ED50 was similar to that measured 
in the presence of vasopressin. Infusion of 25 nmoles SP/min 
caused desensitization to the vasodilator effect of SP, The 
results indicate that acetylcholine mediates the bradycardia 
but not the vasodilation produced by SP, These findings are 
consistent with speculation that SP may have a role in 
modulation of coronary blood flow and activity of cardiac 
parasympathetic neurons. (Supported by NIH grant HL38705) 

72.7 
IN VITRO STUDIES ON THE INOTROPIC MECHANISM OF W-2130, 
J. Wi ins E, Cantor, A, Smart*, M. Carroll*, R. MacNaul* and 
T. A&L:;‘*. Berlex Laboratories, Cedar Knolls, NJ 07927 

CK-2130- 4-ethy1-1,3-dihydroS-[4-(2-methyl-1H-f~idazol-l- 
yl)benzoyl]-ZH-imidazol-2-one) increases left ventricular 
dp/dt in anesthetized dogs with no significant change in heart 
rate or blood pressure. We investigated the mechanism of this 
inotropic action in isglated ferret papillary muscle, stimu- 
lated at 0.2 Hz. At 35 C, CK-2130 (0. I-30 PM) caused a concen- 
tratiotrdependent increase in isometric force (P) of contrac- 
tion (EDsO 13 PM), with a concomitant Increase in df/dt but no 
significant change in relative rate of relaxation (-df/dt/F) 
or In time to peak force, Nadolol (100 @) did not affect this 
response. The negative inotropic effects of carbachol (lOO@i), 
but not tetrodotoxin (2 PM) were increased in the presence of 
CK-2130, CR-2130 had no siqificant effect on normal calluIar 
electrophysiology, but in K -depolarized (22 mM, Em--49 mV) 
tissue, 3 vk+f CK-2130 increased the rate of rise, amplitude, 
and duration of the slow response action potential. CK-2130 
(3 @i) potentlated the lnotropic effect of 1 TM isoproterenol. 
It inhibited ferret heart particulate phosphodiesterase (PDE, 
IC50=80 w), but tissue levels of CAMP were not measurably 
changed by 100 utEi M-2130. The physiologic data are consistent 
wfth an involvement of CAMP not mediated by the Bfadrenergic 
eystem. Rowever, the lack of effect on cAMP and the 
dieccepancy between fnotropic potency and PDE inhibition 
suggest other mechanisms may also be involved. 

72.6 
DIRECT CARDIAC AND PERIPHERAL HEMODYNAMIC EFFECTS OF 
INTRACORONARY RS-93522. Hoysey M. Povzhitkov,* Kirk E. 
Kanady* and Gregory T. Bates* (Spon. A.P. Rosrkowski). 
Syntex Research, Palo Alto, CA 94304 

The hemodynamic effects of a new Cat+ entry blocker 
2-[4-(2,3-Dihydroxypropoxyjphenyljethyl methyl-1,4-dihydro- 
2,6-dimethyl-4-(3-nitrophenyl)-3,5-pyridine-dicarboxylate 
(RS-93522) were studied in pentobarbital anesthetized 
closed-chest dogs (n = 14). Under fluoroscopic control the 
left main coronary artery and coronary sinus were 
catheterized for drug adminIstration and blood flow (CBF) 
determination respectively. Intracoronary (IC) administra- 
tfon of RS-93522 at doses of 0.02-62.5 pg/kg produced a 
significant dose-related increase in CBF, as measured by 
thermodIlution technique. At the same time significant 
decreases from baseline occurred in diastolic blood pressure 
and coronary vascular resistance. A statistically 
significant drop In systolic blood pressure was observed 
only after 62.5 pg/kg IC dose of RS-93522. No meaningful 
changes in heart rate, left ventricular (LV) end diastolic 
pressure, pulmonary capillary wedge pressure, (dP/dt max)/P, 
LV relaxation time constant, MV02 or lactate extraction 
occurred at any K dose of RS-93522. These results suggest 
that IC administratlon of RS-93522 in the dog produces 
marked coronary and peripheral vasodilation with no 
indications of negative inotropicity. 

72.8 
CARDIOVASCULAR RSSPONSES TO INTRAVENOUSLY 
AD-RED RAP-PA OPIOID RECEPTOR AGONISIS IN THE 
RAT. Anil Gulati* and Hemendra N. Bhargava, Dept. of 
Phnrmacodynamics, Univ. of ill. at Chiw, Chicago, IL 60612. 

The eff&ts of ulree kam opioid receptor ag&&ts namely U- 
50,488H, bremazoche tid tiflu&om were studied on hood 
m and iwart rate in urethanmesthetized normal and 
bilateral adrenal demedull&ed rats. U-50,4888 (O-2 to 0.6 mg/kg, 
i-v.) produced a -pendent b?adyuMia and hJTpote&m in 
wrmal rats, and bath of these effects were blodced in wlateral 
adreti demedullated rats. Tifluadom (0.1 to 0.4 mg/kg, i.v.1 
prducd an hithI armat of heart beat followed by bradym 
which recovered in about 60 min. YWept for a very transient 
mteusim immediately after drug administration no fidgnifieant 
effect on blood pressure was okerved. In adrenal demedullated 
rats, tifluadom i&wed initial arrest of heart was liof affected but 
thesubsequent~dy~wasbl~ed. Rememcine(0.8to 0.6 
mg/kg, i-v.) praduced a &wAepudeM txW@caMa, while only O-4 
m&kg dwe pmbced significant hypterwion. BremaaocIne effects 
wem m lastiqg. Bilateral adrenal demeduRation did Hof affect 
kern- Mueed hypte@on, however, the bradym was 
bbked. The differential effects of kappa opioid receptor qpnists 
on blood pmmure and heart r&e m either these agents 
interact differerrtidup with Irappa opiold ~ptom or the sub- 
of kappa opioid reaeptm &st (wed by grants from NIDA 
DA-02598 and Chicago Heart Association). 
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72.9 

COMPARISON OF ASPIRIN (A) TO THE SELECTIVE THROMBOXANE 
RECEPTOR ANTAGONIST, SULOTROBAN (S), ON LYSIS TIME AND 
REOCCLUSION RATE FOLLOWING tPA-INDUCED CORONARY 
THROMBOLYSIS IN THE DOG. R.J. Shebuskj* and 3.M. Smith*, 
Jr. (Spon: R.R. Ruffolo, Jr.) Smith Kline & French Labs., 
King of Prussia, PA, 19406, 

The potential benefit of A was compared to S (SK&F 95587, 
BM 13,177) on thrombolysis time and reocclusion in the 
anesthetized dog. Thrombotic occlusion of the circumflex 
coronary artery was produced by electrical injury to the 
intimal surface of the artery in the presence of a critical 
stenosis. 45 m-in after spontaneous occlusion, heparin (300 
U/kg, i.v.) was administered followed by either vehicle 
(V), A (5 mg/kg, i.v.), S (10 mg/kg plus 10 mg/kg/hr, i.v.) 
or A plus S. tPA (Spec. Act. = 540 IU/pg) was administered 
to all dogs 15 min later at a dose of 10 ug/kg/min, i.v, 
Animals treated with V (n=15) lysed at 32 + 6 min with an 
acute reocclusion rate of 80%. A-tregted animals (n=7) 
lysed at 26 + 6 min and reoccluded in 66% of cases. 
S-treated (n=8) however, lysed at 11 + 2 min (p < O-05 vs. 
V) and had a reocclusion rate of only li% (p < 0.05). A 
plus S-treated (n=8) lysed at 24 + 3 min and reoccluded at 
75%. Thus, S decreased lysis time and prevented acute 
reocclusion whereas A did not exert this effect in this 
model. Furthermore, A masked the beneficial effect of S, 
as expected, Therefore selective thromboxane receptor 
antagonism with S may be a more effective means to improve 
thrombolytic therapy. 

72,11 

TOPICAL NICOTINE PROVOKES AN INCREASE IN CUTANEOUS ERYTHRO- 
CYTE FLUX. John Teqeris* and Jonathan K. Wilkin. Medical 
College of Virginia, Richmond, VA 23298-0001. 

Many studies describe the profound cutaneous vasocon- 
striction which occurs during systemic administration of 
nicotine. This vasoconstrictor property is regarded as an 
important factor in the deleterious effect of nicotine in 
peripheral vascular disease. We tested the hypothesis 
that topically applied (-)-nicotine base (NIC) would 
produce dose-dependent changes in cutaneous erythrocyte 
flux by laser Doppler velocimetry, In 7 healthy, non- 
smoking (NS) and 6 smoking (SM) volunteers, the cutaneous 
erythrocyte flux values after topical application of 25 ul 
of 0, 0.3, 1.0, 3.0, lO,O, and 30.0% nicotine in aqueous 
solution, in quadruplicate, on both volar forearms are 
presented (means k SEM): 
XNIC 0 0 3 1.0 3.0 10.0 30.0 
NS 27-3 + 

A 
3843 48*4 101-14 + 225-35 + 347-41 + 

SM 25*3 35+5 43"7 64*8 195*28 247-+28 
These differences between nonsmokers and smokers were 
significant (~~0.05) for only 3.0 and 30% concentrations of 
nicotine, but erythrocyte flux was greater in NS for all 
concentrations tested. These data Indicate a local, dose- 
dependent cutaneous vasodilator effect of nicotine, which 
may be reduced in chronic nicotinism. At the dosages 
tested in this study, no systemic, vasoconstrictor effect 
of nicotine was detected. 

72.10 
ROLE OF PROSTAGLANDIN ENDOPEROXIDES IN THE MEDIATION OF ARA- 
CHIDONIC ACID-INDUCED CONTRACTIONS OF RABBIT AORTA. 
P.J, Paqanp*, S.F. Roethel*, W.C. Sessa* and A. Nasjletti. 
Department of Pharmacology, New York Medical College, 
Valhalla, NY 10595, 

Arachidonic acid (AA) can elicit endothelium-dependent con- 
tractions of vascular smooth muscle. This effect is mediated 
by a metabolite of AA by cyclooxygenase, but the precise 
nature of the mediator is not known. The purpose of this 
study was to examine the contribution of prostaglandin endo- 
peroxides (PE) and thromboxane A2 (TxA2) to the contractile 
effect of AA in rings of rabbit thoracic aorta bathed in 
Krebs buffer. AA (lo-6 -5x10m5MvI) elicited dose-dependent con- 
tractions of aortic rings, which were blocked by cyclooxygen- 
ase inhibition with aspirin (500 PM) or PE/TxAz receptor an- 
tagonism with SQ29,548 (1 PM) or BM13.177 I10 PM). In con- 
trast, inhibition of TxA2 synthesis with CGS-13080 (10 PM) did 
not affect the AA-induced contraction. In aortic rings in 
which cyclooxygenase had been inhibited irreversibly with as- 
pirin and then washed, the ability of AA to elicit vascular 
contraction was restored upon addition of exogenous cyclooxy- 
genase (ram seminal vesicle microsomes) to the bathing media. 
Again, this effect of AA was blocked by SQ29,548. These data 
indicate that AA metabolites by cyclooxygenase, including PE, 
interact with PE/TxAz receptors to mediate the contractile 
effect of AA in rings of rabbit aorta. This work was sup- 
ported by NIH Grant HL 36670. 

72.12 

PHARMACOLOGlC CHARACTERIZATION OFCULTURED CHlCKAND FROG MYOCAROIAL 
B-ADRENERGIC RECEPTORS. J.D,,Port*.C. C, D&sllis*c M, R, &I&w* (SPON: 
IIN, FRANZ), Univ, of Utah, Salt LakeCIty, UT 84132. 

The human R-adrenergic receptor (R-AR) pathway is dramatIcally altered by 
heart failure, However, the mechanisms of receptor down-raulst!on and 
desensitization are not fully understood. Since human mmdial tissue is not 
amenable to cell culture, we used primary culture of chick and frog myocsrdial 
mlls maintained in serum-frm media to determine their usefulness as model 
systemsforstudylngthe lnfluencesufcatecholamlm on the&AR pathway. Chl& 
cellswereobtained fram 10 day old embryos and frog cells (Xenopus laevis) fram 
stage 64-66 frm. FAR Mslties were &term&I usfng the nonselectfve 
antagonist 12SI-cyanopindolol(ICYP).ThechlckcellO-AR modeledfor asingleluw 
affinity site b& on competition WWBS with tCYP vs betaxobl ur bisoprolol, both 
131-selective, or ICI-118551 (erythr~~)-t-(7methy~-i~-4-yloxy)-3- 
isopropylsmino-butan-2-011, which Is J32-&ctive, indicating that f3wim is 
n8ith8r fl1 or fl2 with regard to 8ntagonIStS. t-iowever, In agonist c;ompetltion 
curves and in terms of the ability of agonfsts to stimul&e &ny!ate cyclase (AC), 
the rank order of potency w@s Isoproterenol (ISO) > epinephrine (EPI) = 
mu*api#phriM ( NE), or fi I like, In contrast, frog cells modeled for approximately 
50/50 R l/82-AR with affinities very similar to mammalian B-AR subtypes based 
on IcYp- bstaxolol and ICI-1 18551 ccKnpetition curves. In mist cumpetftiwl 
curves and in terms of their ability to sttmulate AC, the overall order of potency 
was tSO 1 EPI = NE, similar to that of chick cells. We conclude that both chick and 
frog myocardial cells In primary culture ere useful models for studying the effects 
ofcatecholamines on the VW~OUS components of the B-AR pathww. supported in 
part by NIH grant#Hl13108. 
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73.1 

PHARMACOLOGICAL PROFILE OF SK&P S-1116203, A NOVEL LEUKOTRIENE 
(LT) RECEPTOR ANTAGONIST, IN GUINEA-PIG AIRWAYS. D.W.P. Hay*, 
R.M. Muccitelli*. L.M. Vickerv-Clark*, K.A. Wflson*. L. 
Bailey*, S.S. Tucker*, T,.P. Yodis*, RID. Eckardt*, ;.F, 
Newton, J.M. Smallheer*, M,E. McCarthy*, J,G. Gleason*, M.A. 
Wasserman and T.J. TorDhv. Smith Kline & French Laboratories. 

1 d 

King of Prussia, PA 19406-0939. 
, 

In guinea-pig isolated trachea SK&F S-106203 3(S)-[2-(car- 
boxyethyl)thioj-3-[2-(8-phenyloctyl)phenyl]-propanoic acid 
antagonized LTD4- and LTE4-Induced contractions (pKg'7.6 and 
7.3, respectively) but had little effect on LTC4-induced con- 
tractions tpK~- -5.5). SK&F S-106203 (10 PM) had no effect on 
contractions produced by histamine, carbachol, KCl, U-44069, 
PGF2(r or PGD2. Tn anesthetized, spontaneously-breathing 
guinea pigs, when given i.v. (bolus) and ied., the SK&F 
S-106203 lD5os for inhibition of the increase in resistance, 
RL, produced by aerosolized LTD4 were 1.1 and 2.2 mg/kg, 
respectively. By i.v. infusion the steady-state plasma con- 
centratfon for 50% inhibition of LTD4-induced increase in RL 
was 0.79 pa/ml, Oral (i.g.) pretreatment with 49 mg/kg SK&F 
S-106203 for up to 24 hr essentially abolished LTD4-induced 
bronchospasm; this correlated with well-maintained compound 
plasma levels. Aerosolized SK&F S-106203 (0.25-4.9 pg/animal) 
produced dose-related inhibition of LTD4-induced broncho- 
spasm. The data indicate that SK&F S-106203 is a potent and 
selective LT receptor antagonist that is actfve via aerosol, 
oral and i-v. routes of administration. 

73.2 
MRAVENUUSANDORAL PHARMACOKlNETlCSOFl-HELEUKOTR1ENE 
RECEPTOR ANTAGONISTS, SK&F s-106203 AND SK&F 104353, IN 
GUINEAPIGS. l *  l *  l ,J.F.Newton .L.P.YecJls .C.wSay&nno .J.C; l won .J.r\liL 

l n.W.P. Hw 
’ Smith Kline & French Laboratories, King of Prussia, PA 194d6-0939 

The pharmacokinetics of SK&F S-106203 (3(S)-(2-oarboxyethylthio)-3-[2-(8- 
phenyloctyt)phenyflpropanoic acid] and SK&F 104353 [2(S)-hydroxy-3(R)-@- 
carboxyethylthio)-3-[2-(&phenylodyl)phenyl]propanoic acid] were compared 
in unanesthetired guinea pigs. Plasma concentrations of both compounds 
were determined by HPLC following methyl formate extraction. Following an 
i.v. dose (25 mg/kg), SK&F 104353 disappeared from plasma In a biphasic 
fashion with half-lives of 0.05 (87 % of the area under the plasma 
concentration time curve (AK)) and 0.4 hrs (13 % of the ALE). Following an 
i.v. dose {25 mg/kg), SK&F S-106203 disappeared from plasma in a biphasic 
fashion with half-liv8S of 0.1 (50 % of the AUC) and 11 hrs (50 % of the AUC). 
The AUCs obtained for SK&F S-106203 and 104353 following i.v. 
administration were 87 f 7 and 29 fl pg-hrlml, respectively. Following an oral 
dose of SK&F 104353 (100 mg/kg), the C ma and T&a were 2.4 f 0.9 Crg/ml 
and 0.1 hrs, respadively. The AUC was less than 4 pg-hrlml. In contrast, 
following an oral dose of SK&F S-l 06203 (100 mg&g), the Cm= and Tmax 
were 21.6 f 2.3 wml and 4 hrs, respectively. The AUC was 235 k 33 pg- 
hrlml. The oral bioavailability in the guinea pig was estimated to be C% and 
~65% for SK&F 104353 and S-106203, resp8ctively. The88 studies indicate 
that SK&F S-106203 ha8 a superior pharmacokinetic profile, compared to 
SK&F 104353, following oral administration to guinea pigs. 
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73.3 
CHARACTERIZATION OF SK&F 104353, A POTENT AND SELECTIVE 
LEUKOTRIENE (LT) RECEPTOR ANTAGONIST: EFFECTS ON PULMONARY 
FUNCTION IN GUINEA PIGS. T. J. Torphy, M.A. Wasserman, 
D. Underwood*, L.M. Vickery-Clark*, L.S. Rafley*, R.R. 
Osbornf, J.F. Newton*, L.P. Yodis* and D.W.P. Hay*. Smith 
Kline & French Laboratories, King of Prussia, PA 19406. 

The ability of SK&F 104353 [2-hydroxy-3-[(2-carboxyethyl) 
thfo]-3-[2-(8-phenyloctyr)phenyl]-propanoic acid] to 
antagoni ze LTD4-induced bronchoconstrf ct ion wa s examined in 
anesthet ized, spontaneously breathing gu inea p igs. Change 8 in 
airways resistance (RL) and dynamic lung complfance (Cdyn) 
were monftored over a period of 15 mfn following the adminis- 
tration of a standard aerosol LTD4 challenge that produced a 
300-&M% increase in RL and a SO-70% decrease in Cdyn. Aerosol 
administration of SK&F 104353 (0.15-62 pg/animal) inhibfted 
LTD4-induced bronchoconstriction in a dose-dependent manner. 
The response to LTD4 was abolished for at least 2 hrs after 
the aerosol administration of 62 Ug SK&F 104353. Pretreatment 
(10 min) with i.v. SK&F 104353 also reduced LTD4-induced 

bronchoconstrfction with an ED~Oo0.275 mg/kg. SK&F 1114353 
administered fntraduodenally 1 hr before challenge antagonized 
responses to LTD4 with an E~5O~l6 mg/kg. Consistent with fts 
poor oral potency relative to its f.v. potency, SK&F 104353 
was found to have an oral bfoavaflabilfty of less than 3%. 
SK&F 104353 (10 mg/kg, i.v.) failed to antagonize responses 
to histamine, methacholine or U-44069, Thus, SK&F 104353 is a 
potent and .selective LT antagonist that is active by inhalant, 
Intravenous and oral routes of administration. 

73.5 

PLATELET ACTIVATING FACTOR (PAF-ACETHER) INDUCES HISTAMINE 
SECRETION FROM RABBIT BASOPHILS: EFFECT OF WEB 2086 AND 
AZELASTINE. N. Chand, J. Pillar*, K, Nolan*, W, Diamantis 
and R. D. Sofia, Wallace Laboratories, Div. of Carter-Wallace, 
Inc., Cranbury, NJ 08512. 

PAF-acether has been considered as an important mediator of 
inflammation and airway hyperreactivity. In the present 
study, PAFlacether (0.01-10 rig/ml) was found to release hista- 
mine from rabbit mixed leukocytes with an approximate ECSD of 
10 rig/ml. The PAF-antagonist, WEB 2086, exerted a concentra- 
tion-dependent inhibition of PAF-induced histamine secretion 
with an I&O of 0.002 PM. These observations suggest the 
existence of specific PAF-receptors on rabbit leukocytes 
(basophils). dl-Atelastine HCl (10 min, preincubation) 
exerted nondose-related (bell shaped) inhibition of PAF- 
induced histamine secretion with a peak inhibition of 27 *7X 
at 05 pM+ The d-isomer exerted concentration-dependent 
inhibition o.f PAF-induced histamine secretion (I&o = 0.9 PM). 
The l-isomer exhibit&d extrtimely weak activity, The addition 
of dl-azelastine HCl or DSCG (0.05-54 uM) imnediately before 
PAF-acether addition did not inhibit histamine secretion. 
Ketotifen (0.05-5.0 PM, 0 min) exerted significant inhibition 
of PAF-acether-induced histamine secretion, but its effect 
was nondose-related. 

73.4 
INHIBITION OF ALLERGIC AND NONALLERGIC MEDIATOR RELEASE BY 
d- AND l-ISOMERS OF AZELASTINE, R, 0. Sofia, N, Chand, 
J. Pillar*, K. Nolan*, and W. Diamantis. Wallace Laboratories, 
Div. of Carter-Wallace, Inc., Cranbury, NJ 08512. 

Azelastine HCl, an orally effective, long acting anti- 
asthmaticlantiallergic drug, is a racemic mixture of d- and 
l-isomers, In the present study, the ability of dl-arelastine 
and its isomers to influence allergic LTC4 synthesis in 
actively sensitized guinea pig chopped lung and A23187(0.2.pM)- 
stimulated LTCI, formation in rat mixed peritoneal cells (RMPC) 
was evaluated and compared to specific 5-lipoxygenase inhib- 
itors (NDGA and AA861). 

ICsD, 95% Confidence Limits, UM 
Drug Guinea Pig Lung (2 hr) RpMC (10 min) 

dl -Azelastine 14 (9.3-20.9) 21.2 (11.2-40.1) 
d-Azelastine 13 (5.9-28.9) 9.6 (5.2-17.7) 
l-Azelastine 59 22.7 (.17.1-30.2) 
NDGA 9.1 (6.2-13.3) 0.1 (0.02-O-42) 
AA861 1.1 ,(0.9-1.3) 0,034 (0.013-0.092) 

The data summarized above demonstrate the relative inhibitory 
activity of dl-azelastine and its isomers in allergic and 
nonallergic LTC, synthesis in actively sensitized chopped lung 
and RMPC. 

INHIBITION OF PAOSH~DIESTERA~~ (PDE) 1s07m~s IN GUINEA PIG 
73.6 

TRACHAEL SMOOTH MUSCLE (TSM). A. Harris*, P. Silver, A. 
Wallnce*, E. Pagani, E. Dani& D. Eiildreth*, M. Connell*, R. 
Gordon*; Sterling Winthrop Research Institute, Dept. of 
Pharmacology , Rensselaer, N. Y. 

The purpose of this study ma to evaluate the effect of 
inhibiting the rolipram -(RI and/or CI930 -(Cl sensitive PDE 
III on TSM relaxation (Rx). Inhibition of PDE III by R or C 
produced a biphasic concentration-response (CR) relationship. 
However, In the presence of a fixed concentration of either R 
(100 @I) or C (3 u), a single-phase aigmoidal CR relationship 
was observed l These results suggest that TSM PDE III contains 
both RGPDE III and C-PDE III isozymes. An analogous study was 
performed using carbachol-contracted TSM. A similar biphasic 
CR relationship to C or R for TSM R* was observed; in the 
presence of a fixed concentration of C or R (3 @!I, a single- 
phase sigmoidal CR for TSM Rx was obtained. The EC 
TSM Rx by C (1 @) was similar to the IC value f% Z fyi 
(0.3 pM), however the EC value for R (a?02 &M) was less than 

the IC5P 
value for RPDS'III (4.5 @f). Other compounds were 

tested or their ability to Inhibit TSM PDE III and relax TSM 
pretreated with C or R. No signifioant correlation was 

observed between R4DE III Inhibition and TSM Rx (R=0.21), 
however a significant correlation was observed for C-PDE III 
inhibition and TSM Rx (R=O.95, p<O.Ol). These data suggest 
that R-induced TSM Rx may be differentially linked to R*DE 
III inhibition whereas inhibition of WDE III is directly 
linked to TSM Rx, 

73.8 

COMPARISON OF REACTIVITY OF INTACT GUINEA-PIG TRACHEA (GPT) 
IN VITRO TO INTRALUMINAL & EXTRALUMINAL 8RQNCHOACTIVE 
AGENTS. J.S, Fedan and D,G* Frater. Physiology Sectjon, 
Div. R~sD. D~s, Stud., NIOSH, Morgantown, WV 26505 

The airway epjthelium modulates reactivity of GPT a an 
ep1thel1um-derived relaxing factor (EplDRF). We sought 
evidence for agontst-Induced release of EpiDRF using an 
intact tracheal perfusIon preparation (Munakata & al., 3. 
Appl, Physiol. 64:466, 1988). Pressor responses to EC50 
concentrations of EX- and IN-applied methacholtne (MCh), 
hjstamjne (H-tst) and isoproterenol (Iso) were compared jn 
unstjmulated and KCl(30 mM; EX)-contracted preparatjons. 
Regardless of the order of application to the lumtnal and 
serosal surfaces of the GPT, no relaxations to IN-MCh or 
IN-Hjst were observed. Contractions to EX-MCh, EX-Htst and 
relaxations to EX-Iso were larger than those after 
Iti-applkatlon, regardless of order of administration, As 
reported by Munakata et al., IN-KC1 evoked relaxation. The 
eplthel1um 1s thus a substantial dtffus1onal and/or 
metabolic barreler to the actdon of these agents, The 
1nabfl1ty of IN-MCh and IN-H1st to induce a relaxation 
suggests 1) that, -In contrast to KCl, EpiDRF 1s not 
released by these agontsts acting on the apIca surface of 
ep1thellal cells, 2) that the release of Ep'rDRF could 
result from an actlon of the agonists on the basolateral 
surface of epithelfal cells, or 3) that the release of 
Ep1DRF is contfnuous and unaffected by these agonists, 
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73.9 

PTRENZEPINE ELIMINATES’THE DIFFERENTIAL RELAXATION OF 
CANINE TRACHEAL SMOOTH MUSCLE ELICITED BY FORSKOLIN. 
R.W, Mitchell, SM. Koenig? E. Kelly*. A,R. Leff and K.J. PQDovich*t 
Sect. of Pulm. and Crit. Care Med. and Comm. Clin. Pharmacol., Div. 
Biol. Sci, Univ. of Chicago, Chicago, IL 60637 

It has been demonstrated in canine tracheal smooth muscle (TSM) that 
forskolin (FSK) relaxes active tension elicited by potassium chloride (KCl) 
with greater potency than active tension elicited by acetylcholine (ACh). 
The role of the M 1 -muscarinic receptor in differential relaxation to FSK 
was studied in 42 strips of cervical TSM from 9 dogs. To determine the 
maximum concentration of pirenzepine (PIR) that blocked MI without 
antagonizing M2-muscarinic receptors, concentration response curves to 
ACh were elicited in the presence of 10m8 to 10W6M PIR. 10m7M was the 
maximum concentration of PXR that caused no change in ATmax (active 
tension elicited by 10’sM ACh) or EC ,, (concentration of ACh eliciting 
50% of ATmax) of ACh vs controls: A -P max = 2991 k 202 vs 3015 f 259 
g/cm’; EC,, = 2.8 & 0.9 vs 1.8 + 0.5 X IO-‘M (P = NS, Unpaired T-test). 
After pretreatment with 10w7M PIR, strips were contracted to target 
tension (TT - 50% of active tension elicited by 127 mM KCI-substituted 
Krebs-Henseleit solution) with ACh and KC1 and reIaxed with FSK (10” 
to IO-‘M). The concentrations of FSK $iciting 50% relaxation from 
?T $RC,,) were ACh, 2.54 + 0.26 X 10 M > ACh + PIR, 1.00 + 0.14 X 
10’ M w KCl, 1.02 f 0,16 X 10-7M (P < 0.05 ACh vs ACh + PIR, KCl; P 
= NS ACh + PIR vs KCl; ANOVA). We demonstrate that in the presence 
of specific Ml-muscarinic receptor blockade with PIR, FSK relaxes 
active tension elicited by ACh and KC1 equipotently. (Supported by the 
American Lung Association and the Schweppe Foundation) 

73.10 
PIRENZEPINE AUGMENTS RELAXATION OF ACETYLCHOLINE- 
ELICITED CONTRACTION BY ISOPROTERENOL IiN*CANINE 

l 11 AIRWA’f SMOOTH MUSCLE IN VITRO. vKoen 
E. Kelly . A.R. Leff and K.J. POPO lch*. Sect. of Pulm. and Crit. Care 
Med. and Comm. Clin. Pharmacol, &. Biol. Sci,, Univ. of Chicago, 
Chicago IL 60637 

Prior investigations have demonstrated that acetylcholine (ACh) antago- 
nizes the relaxation of canine airway smooth muscle by isoproterenol 
(ISO). To elucidate the mechanism accounting for this inhibition, cervical 
and thoracic canine tracheal smooth muscle (TSM) strips and 4th genera- 
tion bronchial rings were pretreated with 10m7M pirenzepine (PIR), a 
concentration eliciting specific M1-muscarinic receptor blockade. TSM 
strips and bronchial rings were contracted to target tension (TT = 50% of 
active tension elicited by 127 mM KCI-substituted Krebs-Henseleit solu- 
tion) with ACh and relaxed with ISO. PIR increased the potency of ISO- 
elicited relaxation vs controls: RC,, (concentration of IS0 eliciting 50% 
relaxation from TT) was 2.3 f 0.4 x 10’8M vs 9.6 f 2.3 x 10a8M for cer- 
vical TSM and 5.3 f 1.6 x 1O”M vs 13.2 f 2.0 x 10’8M for 4th generation 
bronchi (P < 0.05). RC (concentration of IS0 causing 30% reIaxation 
from TT) for thoracic ?SM was 2.5 f 0.8 x 10h7M vs 13.1 f 4.4 x 10e7M 
(P < 0.05). RC, was chosen because XSO was less potent in relaxing 
thoracic TSM, eliciting a maximum relaxation of 45% of TT  for the con- 
trol group. IS0 relaxation of cervical TSM exposed to PIR and contracted 
to TT  with KC1 were not different, The data demonstrate that 1). M,- 
muscarinic receptors exist in cervical and thoracic TSM and 4th genera- 
tion bronchi of canine airways; 2) blockade of the M1-muscarinic recep- 
tor with PIR augments relaxation of ACh-elicited contractions by ISO. 
(Supported by: American Lung Association and Schweppe Foundation.) 

METABOLISM RELATIONSHIP TO TOXICOLOGY II 

74.1 
IDENTIFICATIm OF m MUTATIONS RESPONSIBLE m VARIANT F0RMS 
OF w SEElIlM CWOLXNESTERASE BY GENE AMPLIFICATIW. B. LR Du, 
W.C.McGuirei C.P,Noaeir~ H.Lid&&~&md O.l;oc~ Pept. 
of Pharmacology, University of Michigan, AM Arbor, MT 48109. 

Complete Elzgino acid sequence (mckridge et al., J. Biol. 
Qlem. 262:549,1987) and cI3NA sequence of hurwn serum cholin- 
e&erase (McTiernan et al., P.N.A.S.,84:6682,1987), and the 
location of the 3 introns at positions base -93, base 1433, 
and base 1600 in our laboratory pedts direct DNA sequencing 
with selected priraers after gene a@ification of the coded 
region m by the polmrase chain reaction (PCR) technique. 
DNA isolated from peripheral white blood cells from subjects 
with known variant forans of sew cholinesterase has been nmp 
lified and sequenced for the mjor exon, which contains about 
85% of the entire coded region. In 4 members of 2 unrelated 
families carrying the atypical (dibcaine-resistant) variant 
gene, all had a point amutation at position 70 (Aspartate to 
GlyCine), due to one base change at position 209 (GAT-, m). 
One hamzygous “silent” m showd a frame-shift mutation 
at glycine 117 ( W). Other faratly stirs with these 
alleles, and with the fluoride-resistant variant are now being 
analmed. 

F;rrther studies on the relationship between variak forms 
of cholinestefase and the enzyaae’s stability and catalytic 
properties will be greatly facilitated by the application of 
the PCR qlification method. Supported by NIH grant -27028. 

74*2 
PROCAINAMIDE (PA) IS WCHLORIFWTED BY MYELOPEROXIDME m (MPO) -IMPLICATIONS FOR PA TOXICITY. &&s Ue and m 
c. Faculties of Pharmacy and Medkfne. Un&rsBy of Toronto, Toronto, 
Canada M5S lA1, 

The use of PA Is associated with a h&h incidence of drug-induced lupus. 
It is alsO associated with a signikant incidence of agranulocytoais. We 
have proposed that these toxicities are due to a reactive metabollte lnvolv- 
ing the a@amine group- We demonstrated that reactive hydro@amme 
and nitroso metabolites were formed by activated monoqtes and neu- 
trophies, apparently due to MPO and H202. In the presence of Cl’, MPC Is 
also known to chlorinate substrates and N-chIorination of the arylamlne 
of PA would also lead to a reactive metaboIite. We, therefore, 80-t evl- 
dence for the formation of N-chloroPA. PA was Incubated with puriRed 
Mpo, Hz02 and Cl- and formation of produti was monitored by HPLC. N- 
ChloroPA was detected and idenmed by its spontaneous conversion to o- 
chloroPA. o-ChloroPA was Identified bsf maas sp&roscopy and comparf- 
son with. synthetic o-chIoroPA The same product was formed when PA 
was treated with hypochlorite. We propose that the drug-induced lupus 
and agr~ulocytosls are due to formation of reactive nitroao and/or N- 
chIoroPA metabolitee formed by monocytes and neutrophfIs respecBve@. 
Supported by a grant from the Medical Research Council of Canada 
WA93361. 
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74.3 

OXIDATION OF ETDRAIAZINE BY MONOCYTES A8 A MECEANISM OF 
HYDRNAZINE INDUCED LUPUS. Mela Hofstra+ and Jack Uetrecht. 
Faculty of Pharmacy, University of Toronto, Toronto, Ontario M5S 1Al. 

Therapy with the antihypertensive agent hydralazine is associated with 
development of a lupus syndrome. The induction of lupus has been linked 
to increased amounts of the oxidative metabolite of hydralazine, phtha- 
lazinone (PO). It has been postulated that reactive intermediates that form 
PO rather than PO itself are responsible for disease induction, Consistent 
with this hypothesis hydralazine is oxidized by rat liver microsomes and 
NADPH to two &dative metabolites phthalazinone (PO] and phthalazine 
(PZ). However, reactive intermediates formed during the oxidation of hy- 
dralazine would not be expected to live long enough to escape the liver and 
induce an immune response. We have shown that the myeloperoxi- 
dase(MPO]/hydrogen pertie system in neutrophfls and monmes stim- 
ulated to undergo respiratory burst can oxidize drugs with easily oxidiza- 
ble functional groups to reactive metabolites. Such drugs are associated 
with idiosyncratic reactions such as lupus or agranuloqtosis, When we 
incubated hydralaztne with pu&ed MPO/hydrogen pertie, two metabo- 
lites, PO and PZ, were produced. This reaction was dependent on the 
amount of enzyme present and the reaction rate was increased in the pres- 
ence of Cl - ion. The same two metabolites were produced when we incubat- 
ed hydra&tie tith NaOCl. When we incubated hydralazine with stimulat- 
ed human leukocytes, PO was produced. We speculate that hydralazine old- 
dation by stimulated monocytes could lead to reactive intermediates that 
could bind to the surface of the monocyte. Sjnce monocytes are involved in 
antigen processing and presentation, this binding of reactive intermedi- 
ates could trigger an immunologic reaction leading to the induction of au- 
toantibodies and a lupus syndrome. Supported by a grant from the Medical 
Research Council of Canada (MA9336). 

74.5 

DIETHYtDlTHlOCARBAMATE (DEDC) DOES NOT ENHANCE OXIDATIVE 
STRESS C’rcTOTOXICITy BY INHIBITING SUPEROXIDE DISMUTASE (SOD) . l I  *  V-VW . and P.J 0 Bna l (SPON: J,P. Uetrecht) University of Toronto, 
Toronto, Ont., M5S 2S2. 

Thiot drugs are widely used to overcome the life threatening effects that may 
occur following a drug overdose or metal poisoning. DEDC was considered a 
unique thiol drug in that it inhibits SOD and thereby enhances oxidative stress 
mediated cytotoxicity eg. erythrocyte haemolysis induced by 
1,4-naphthoquinone-2-sulphonate (NM). We have confirmed that DEDC 
markedly enham=es the cytotoxkity of NQS and 1 +naphthoquinone (NQ). DEDC, 
however, protects against oxidative stress mediated cytotoxicity induced by 
nitrofurantoin, 2,3dimethoxy-l &naphthoquinone and hydrogen peroxide (H202). 
In view of the controversy as to whether SOD plays a role in cell function, it is 
propOS8d that the enhancsd cytotoxkity is probably due to disuffiram (DS) and 
H 02 formed duting the oxidation of DEDC by NQ and NQS. DS rapidly oxidises 
G&H in hepatocytes. DS cytotoxiciiy is mati8dly enhanced by 5fold if the GSH of 
the hepatocytes is depleted with DEM, This suggests that GSH reductively 
detoxifies DS in the hepatocyte. Since no GSH Is available to detoxify DS by 
reduction back to DEDC, DS accumulates and prevents the calcium buffering 
function of mitochondria thereby increasing cytosolk calcium and causing 
cytotoxicity. (Supported by National Scientific and Engineering Research Council 
of Canada.) 

74.4 
METABOLISM OF ISONUZID HY ACTIVATED NEmROPHlL& S.M. An- 
gela Li* and Jack Uetrecht. Faculty of Pharmacy, University of Toronto, 
Toronto, Ontatio M5S 1Al. 

Isoniazid (INHI is associated with a high incidence of severe hepatotox- 
icity, It has been proposed that this is related to the metabolism of INH to 
reactive intermediates in the liver. INH is also associated with drug- 
induced lupus. However, these intermediates are unlikely to escape the liv- 
er to interact with the leucocytes to elicit an autoimmune response. Re- 
cently, we have shown that myeloperaxfdase (MPO)/H202 ti activated neu- 
trophils and monocytes can oxidize other lupus-inducing drugs, such as 
procainamide, to reactive metabolites, When INH was incubated with acti- 
vated human neutrophils, isonicotinic acid (INA) was formed. INA was 
also detected with the MPO/H202 system in vitro. The rate of INA fonna- 
tion was increased by the presence of Cl-, and was dependent on time, sub- 
strate concentration and enzyme concentration. This suggests that reac- 
tive metabolites/intermediates are formed in tivo when neutrophils are 
smulated to undergo respiratory burst releasing both MPO and H202. 
Since INH-specific antibodies towards the isonicotinyl group have been de- 
tected in the serum of patients hypersensitive to INH (J. Allergy Clin. Im- 
munol. 1987. 80:582-585)+ the binding of these reactive metabolftes/ 
intermediates to the monocytes likely precedes the development of autoan- 
tibodies and a lupus syndrome in INH-treated patients. Supported by a 
grant from the Medical Research Council of Canada (MA9336). 

74.6 
DIFFERENCES IN THE TOXICITY AND METABOLISM OF 
DIGITOXIN IN RATS AND HAMSTERS. C. Dorian*. M. Halvorson*, 
R.H. AlDer and A. Par-. Kansas University Medical Center, 
Kansas City, KS. 66103 

Digitoxin (dt,) is a highly toxic cardiac glycoside. When admini- 
stered ip at 10 mg/kg, dt, caused 100% lethality in rats, but had no 
obvious adverse effects on hamsters. Most hamsters survived a dose of 
1000 mg dt,/kg. We have undertaken studies to determine why hamst- 
ers are essentially resistant to the toxic effects of dt,, It has been 
shown previously that induction of liver microsomal cytochrome P-450 
by steroidal agents can protect rats from the toxic effects of digi- 
toxin. Therefore, we determined by WPLC the pathways of dt, metab- 
olism catalyzed by liver microsomes from rats and hamsters. Interest- 
ingly, rat iiver microsomes converted dt, primarily to digitoxigenin 
bisdigitoxoside (dt,), whereas hamster liver microsomes converted dt, 
primarily to 17oc-hydroxy-dt,. To assess the significance of this diff- 
erence in digitoxin bio&sformation, we attempted to measure the 
plasma half-life of dt, in rats and hamsters. However, this experiment 
was complicated by the fact that surgical implantation of arterial and 
venous catheters in hamsters caused a prolonged suppression (7 days) 
of liver microsomal cytochrome P-450. This suppression of cytochrome 
P-450 was associated with -50% decrease in the rate of dt, metabolism 
catalyzed by hamster liver microsomes. The marked and prolonged 
effect of surgery/catheterization on hamster liver microsomal cyto- 
chrome P-450 was an unexpected observation, with important impIica- 
tions for drug metabolism studies. Supported by NIH grant GM-37044. 

74.8 

The 14C-DimethyInitrosamine Breath Test: An In Vivo 
Assay of P-45Oj. P.B. Watkins* and &A, Mamy* (SPON: 
W. W. Web@. Dept. of Medicine, Univ. of Michigan Medical Center, 
Ann Arbor, Mz 48109 

The acetone-inducible cytochrome P-45Oj (P-45OIIEf) is the Iow- 
Km catalyst of N-dimethylnitrosamine @MN) demethylation in rat liver. 
To see if a simple breath test could predict the in viva activity of P-45Oj, 
14 adult S-D rats received acetone @ml/kg i.p) and, 0.5 to 36 hrs 
thereafter, tail-vein injections of 1GDMN. WQ production (% dose 
exhaled/M) was inhibited up to 85% compared to controls at 1 hr and 
then rose to control levels at 10 hrs and up to 2-fold over control at 16-22 
hrs. Analysis of liver microsomes prepared from these rats revealed that 
DMN. demeAylase activity and immunoreactive P-45Oj were induced by 
3 hrs and resched a maximum at 12 hrs (3.0 fold over control). From 
16-36 hrs, breath test results correlated well with both microsomal 
demethylase activity (R=O.83) and specific content of P-450j protein 
(R=O.83), and &I three parameters had returned to control levels by 30 
hrs. In a similar experiment in 8 rats, acetone pretreatment did not at any 
time significantly influence the production of WO2 from W-N-methyl 
erythromycin (ERM), a substrati selectively demethylated by P-450~~ 
Likewise, acute administration of P-45Oj inducers ethanol, ether or 
pyrazole inhibited production of W& after W DMN (>85%) but not 
after I4C-ERM. W e conclude that the DMN breath test may provide a 
quantitative and specific assay for the in viva activity of P-45@ 
Furthermore, the acute !ti viva inhibition of. DMN metabolism by P-45Oj 
inncg4ry be a specific effect on P-4503. Suppun& by ROl 

. 
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ENHANCED B lOACTIVATiON AND HEPATOTOXIC1lY OF 
ACETAMINOPHEN BY PRETREATMENT WITH THE INTERFERON 
INDUCER POLYINOSINIC-POLYCTTIDYLIC ACID. Grazvna M. Kalabis” and 
Peter G. Wells. Fatuity of Pharmacy, University of Toronto, Tomnto, Canada. 

Murine acetaminophen (APAP) hepatotoxicity is enhanced when APAP is 
given 24 days after interferon induction (Kalabis and Wells, Fed. Proc. 46: 
1140, 1987), possibly due to induction by interferons of the cytochromes P-450- 
catalysed bioactivation of APAP to a toxic reactive intermediate. Male C578U6 
mice were given the interferon inducer polyinosinic-potycytidylic acid (PIG), 10 
mg&g ip, followed 24 days later by APAP, 300 mg ip. Hepatotoxicity was 
quantified by plasma alanine aminotransferase (ALT), and APAP metabfites 
by high-performance liquid chromatography. APAP bioactivation was quantified 
by production of the glutathione-derived metabolites cysteine and mercapturic 
acid. PIC pretreatment produced a 5-fold increase in the APAP-induced ALT, 
from 456f223 to 2259&586 IU/L (mean f SE) (p&05), which correlated with 
histotogical evidence of necrosis. PIG pretreatment produced respective 3-fold 
and 1.3-fold increases in the production of cysteine and mercapturic acid 
conjugates (p&05), which correlated with peak ALT concentrations (cysteine, 
r=O.92, ~~0.001; mercapturic acid, r=O.75, p=O.OOS}. These resutts suggest 
that interferon induction can enhance the hepatotoxiciiy of APAP through 
increased bioactivation by P-450. (Support: Medical Research Council of 
Canada} 

74.11 74.12 

IN VITRO STUDIES ON THE MECHANISM OF ACETAMINOPHEN TOXlCITY 
IN GUNN RATS. Sonia M.F. de Morais*, Zhuohan Hu*, Manr K. Naaai* and 
Peter G. Wells, Faculty of Pharmacy, Univ. of Toronto, Toronto, Canada. 

Acetaminophen (APAP) is primarily glucuronidated, which avoids 
cytochromes P-45O-catalysed bioactivation to a toxic reactive intermediate. 
Gunn rats genetically deficient in bilirubin UDP-glucuronyl transferase show up 
to a 72% reduction in APAP glucuronidation and 11 O-fold higher hepatotoxicity 
compared to Wistar controls (Hepatology 7: 1046, 1987). To evaluate 
alternative determinants, enzymes involved in APAP bioactivation and 
detoxification (alutathione S-transferase, GSTI were measured in vitro (tabtel. 
Enzyme Substrate W&tar? Het. Gunna Horn. Gunna 
P-450 Contentb 0.88*0.08 0.59ko.04 0.74k0.06 
P-450 Activityc ER 2,31&O-53 2.3740.29 1.87kO.55 

PR 0.56kO.07 0.59kO.04 0.43f0.04 
AN 0.53kO.09 0.57kO.15 0.59kO.06 

GST Activityd CDNB 1.04&o .07 1.21f0.13 0.98+0.10 
DCNB 0.04~0.005 0.04~0.003 0.03~0.002 
EA 0.01f0.001 0.02Ik0.002 0.0210 001 L 

a. Data are mean f SE. t-let., heterozygous; Horn., homozygous. 
b. nmole/mg microsomal protein. c. nmole/min/mg protein; ER, 
ethoxyresorufin; PR, pentoxyresorufin; AN, aniline. d. ~mote/min/mg protein; 
DCNB, dichloronitrobenzene; CDNB, chlorodinitrobenzene: EA, ethacrinic acid. 
Gunn rats did not show increased P-450 or decreased GST activities, 
suggesting that in vivo susceptibility to APAP toxicity is due to reduced 
gluarmnidation and resultant increased bioactivation. (Support: Medical 
Research Council of Canada) 

MOLECULAR MECHANISMS FOR THE TOXiClfY OF THIONO-SULFUR 
DRUGS IN ISOLATED HEPATOCYTES SD. Jatoe*, V.V.M. Lauriault* and 
P.J. O’Brien* (SPON: J.P. UetreCht), Faculty of Pharmacy, University of 
Toronto, Toronto, Ontario MSS lA1. 

Disulfide metabolites of thiono-sulfur drugs were found to be much more 
toxic to h8patOcyt8S than the parent dnrg. Propylthiwracil sulfonic acid and 
thiiurea sulfinic acid w8~e much less toxic than the corresponding disulfide 
metabolites. The order of decreasing cytotoxicity was propylthiouracil disuffide, 
disulfiram > phenylthiourea disulfide > cystamlne > formamidine disulfide. All 
disu lf ides including cystamine readily depleted hepatOCyt8 g lutathione. 
Cytotoxicity could b8 partially prevented if the reducing agent, dithiothreitol, was 
added after the disutfides suggesting that part of the cytotoxicity is due to 
oxidative stress. However, disulfides readily disrupted Ca2+ homeostasis by 
isolated mitochondrfa as a resutt of membrane modification rather than 
NAD( P)+ hydrolysis. The increased cytosolic Ca2+- that may initiate 
cytotoxicity may therefore be due to ATP depletion as well as oxidative 
inactivation of plasma membrane Ca2+-Alraa3e. A 70-75% depletion of 
glutathione with diethylmaleate or ethactynic acid inhibited disulfide 
detoxification and cytotoxicity occurred at 5-6 fold lower disulfide 
mncentrations. (Supported by the National Research Council of Canada) 

74.10 
METHEMOGLOBINEMIA INDUCED BY ACETAMINOPHEN ANALOGUES 
S (Sponsor: P.G. Wells), Faculty of Pharmacy, 
University of Tomnto, Toronto, Canada, M5S 2S2. 

High doses of acetaminophen (APAP) in vivo causes liver damage and, in -- 
some cases, kidney damage. In an attempt to find a safe acetaminophen 
analogue, we have compared the toxicity of various analogues. Surprisingly, 
several anatogues caused rapid and extensive methemoglobinemia in male 
CD-1 mice injected intraperitoneally. The order of effectiveness in causing 
methemoglobinemia was ortho-APAP > 3,5-(CH3)2-APAP > APAP > 2,6- 
(CH&-APAP. N-methyl-APAP and meta-APAP did not cause 
methemglobinemia. The methemoglobinemia probably results from hepatic 
N-deacetylation as the methemoglobinemia was inhibited by the injection of bis- 
(p-nitro-phenyi)-phosphate {SO mg/kg), an irreversible deacetylase inhibitor, 30 
minutes beforehand. The corresponding aminophenols were also more 
effective than the acetaminophen analogues at inducing methemoglobinemia. 
Methemoglobinemia could also be prevented by diethytdithiocarbamate but not 
cysteamine, N-acetylcysteine or ascorbii acid. Comparing the 
methemoglobinemia effectiveness of the acetaminophen analogues with the 
corresponding aminophenols suggests that ortho-APAP undergoes 30% N- 
deacetylation & w whereas N-CH3-APAP is not deacetylated. The 
analgesics N-CH3-APAP or meta-APAP may therefore be safer than APAP. 
(Support: Medical Research Council of Canada) 

RECEPTORS 
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CO-CULTURE OF EMBRYONIC CHICK ATRIAL CELLS AND CILIARY 
GANGLIA ENHANCES PARASYMPATHETIC RESPONSIVENESS. 
Barnett*and Jonas B, Galper? (SPON: B. T. Liang). ?%$ik and 

' Momen's Hospi ta 1 and Harvard Medical School, Boston, hA 02115 

We have developed a system for co-culture of embryonic 
chick heart cells 3 l/2 days in ovo with ciliary ganglia (CG) 
from chick embryos 7 days jn GoTAfter 3 days in culture, 
removal of the CG results Gzplete degeneration of the 
neuronal processes leaving the post-innervated heart cell 
culture devoid of neuronal elements. Embryonic chick heart 
cells 3 1/Z days in ovo are unresponsive to muscarinic stim- 
ulation. Followi~3ays of co-culture with CG OP with 
medium conditioned by growth of heart ccl 1s and CG cells 
developed a negative chronotropic response to muscari nit 
stipulation with a 40% decrease in spontaneous beat rate at 
10 M Carbamylcholine. Comparison of the levels of c1 and 
u 
c IIf 

measured by ADP-ribosylation of homogenatjg of emb@onic 
ck heart cell cultures in the presence of P-NAD and 

pertussis toxin demonstrated a 50% increase in the levels of 
a 

28 
and u 

e lanati $1 
compared to cells cultured without CG. One 
of these data is that innervation may induce 

parasympathetic responsiveness by increasing the availability 
of guanine nucleotide binding proteins which couple the 
muscarinic receptor to a physiologic response. 

75.2 
SHORT-TERM REGULATION OF MUSCARINIC RECEPTORS IN PRIMARY 
CULTURE OF CORTICAL CELLS. C. Eva, S. Kieei-Gamaiero, E. 
Genazzani and E. Costa. a) Institute of Pharmacology, 
University of Turin, Italy and b) Fidia-Georgetown 
Institute for the Neurosciences, Georgetown University, 
Washington, D.C., 20007 

Exposure of rat cortical cells to muscarinic agonists 
induced a rapid decrease in the density of cell membrane 
surf ace muscarinic receptors, as detected by 3H-NMS, 
{N-methyl-scopolamine) binding to intact cells which was 
accompanied by a concomitant desensitization of increase in 
PI (Phosphoinositide) hydrolysis at muscarinic receptors. 
This decrease may reflect receptor internalization for it 
was not accompanied by a significant change in the number 
of total cellular receptors (as measured by 3H-QNB binding 
to cortical cell homogenate). Agonist incubation lasting 
longer than 1 hr induced a gradual loss of total cellular 
receptors. Once 
in 1 hr. 

the agonist was removed, recovery ensued 
Exposure of cortical cells to the protein kinase 

C, (PKC) activator 12-O-tetradecanoyl phorbol-12,13-acetate 
(TW also induced a rapid and dose dependent decrease of 
3H-NMS binding, while the PKA activators forskolin or 
8-Br-CAMP were ineffective. Thus, phosphorylation of the 
receptor by PKC might trigger endocytosis of the receptor. 
Moreover, experiments will be presented whereby one can 
exclude PKC translocation in the homologous regulation of 
muscarinic receptors. 
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75.3 
MUSCARINIC RECEPTORS IN GUINEA PIG BLADDER: CORRELATION 
AMONG PHOSPHOINOSITIDE BREAKDOWN, ADENYIATE CYCLASE 
INHIBITION AND DETRUSOR MUSCLE CONTRACTIONS IN VITRO AND m 
VIVO. Lalita Noronha-3lob*. Valerie Lowe*. Dianne 
Costello*. Andrea Patton*. Brendan Cannina* and William J. 
Kinnier, Nova Pharmaceutical Corporation, 6200 Freeport 
Centre, Baltimore, MD 21224. 

Activation of muscarinic cholinergic receptors (MR) in 
the gufnea pig (g.p*> urinary bladder leads to 
phosphoinositide (PI) breakdown, adenylate cyclase (AC) 
inhibition and detrusor smooth muscle contraction in vitro -- 
(Noronha-Blob et al,, Life Sci. 41:1987, Costello et al., 
Pharmacologist 27:1985). h viva, MR antagonists decrease 
peak intravesicular bladder pressure (fvesP) in the slow 
filling cystometrogram (CMG) and inhibit the micturition 
reflex (Noronha-Blob et al., FASEB J. 2(4):1988). 
Significant positive linear correlations were found among the 
inhfbitory potencies of ten muscarinic antagonists to inhibit 
PI turnover and detrusor muscle contraction in vitro (r-0.88, c- 
pX.001) or PvesP b vivo (r-0.81, p<.OOl). In contrast, no 
significant correlation (p>O.S) was seen between the potency 
of MR antagonists to block the AC inhibitory response and 
both contractile activities (in vitro and in vivo). The data 
suggest that PI breakdown which is associated with calcium 
mobilization may function as the transducing mechanism for 
cholinergic muscle contraction in the g.p. bladder. 

75.5 

THE LIGAND BINDING SITE OF THE HUMAN PLATELET ar2-ADRENO- 
CEPTOR: IDENTIFICATION BY PHOTOAFFINITY LABELING AND PEPTIDE 
MAPPING. John W. Rem*. Hiroaki Matsui*. Marc G. Caron and 
Robert J, kfiowitz. Howard Hughes Medical Institute, Duke 
University, Durham, NC 27710. 

Specific covalent incorporation of two photoaffinity 
ligands was localized to the fourth transmembrane spanning 
domain of the a2-adrenoceptor by peptide mapping, Partially 
purified human platelet a2-adrenoceptors were radiolabeled 
with either the antagonist photoaffinity ligand [3H]SKF 
102229 (3-methyl-6-chloro-9-azido-lH-2,3,4,5-tetrahydro-3- 
benzazepine) or the agonist [3HJPAZC (p-azidoclonidine). 
Photolabeling of the a2-adrenoceptor by these ligands could 
be blocked with appropriate pharmacology: yohimbine> 
prazosin; p-amfnoclonidine>(-)epinephrine; (-)epinephrine> 
i+)epineph;ine. As determined by autoradiography following 
urea SDS-PAGE, lysylendopeptidase treatment of the [3H]SKF 
102229-labeled receptor gave one peptide of Mr 2400 as the 
product of a complete digest. Using [3H]PAZC-labeled 
receptor a similar Mr 2400 peptide was obtained after 
digestion with lysylendopeptidase. From the observed 
cleavage pattern, and the known amino acid sequence of the 
q-adrenoceptor, this Mr 2400 peptide corresponds to a 
23-residue peptide that represents the fourth membrane 
spanning domain of the receptor. With respect to the 
structures of the lfgands used %n this study, the catechol 
moiety of epinephrine may interact directly-with this domain 
during binding to the a2-adrenoceptor. 

75.7 

MODULATION OF THE CYTOPLASMIC LEVELS OF THE a-SUBUNIT OF THE 
STIMUIATORY G-PROTEIN, G,, BY /3-ADRENERGIC RECEPTOR STIMULII- 
TION. Lennart A. RansnAs, Petr Svoboda, and Paul A. Insel. 
University of Calffornia San Diego, La Jolla, CA 92093 

We have investigated subcellular distribution of G, using 
S49 lymphoma cells. Cells were treated with 1 PM l-isopro- 
terenol for various time periods, subjected to nitrogen 
cavitation and the homogenate was spun at 9OOxg for 5 min, 
The supernatant was then spun at 150,OOOxg for 1 h and the 
resulting pellet and supernatant were used in determinations 
of G, by a competitive ELISA, based on antfpeptide antibodies 
directed against the a-subunit. This antibody recognizes 
selectively dissociated Q* and not a, in its heterotrimeric 
form; by assaying with or without 20 m A13+, 10 mM Mg2', and 
10 mM F’ both forms can be quantitated. We assessed dis- 
tribution of as+as/3y (% of original starting material) by use 
of the antibody and functional presence of G, in supernatant 
and pellet fractions by reconstitution with G,-deficient 
membranes and assay of adenylate cyclase activity (pmol/min) 
after various treatment times with 3soproterenol: 

Control 0.5 h lh 11 h 
Pellet (0) 87 95 68 60 
Supernatant (%) 15 13 27 48 
Pellet (pmol/min) 663 474 
Supernatant (pmol/min) 32 614 
The a, present in the supernatant was of the dissociated 
form. From these findings we can conclude that /3-adrenergic 
stimulation causes a, to relocate to the cytoplasm. 

75.4 

HOMOLOGOUS 
C-COUPLED 

DESENStTIZATION OF PHOSPHOLrPASE 
NEUROTRANSMITTER RECEPTORS IN 

CEREBELLAR GRANULE CELLS. O.-M. Chuana and 0. 
Dillon-Carter, Lab. of Prectin. Pharmacol. NlMH Neuroscience 
Center at St. Efizabeths Hosp. Washington, D.C. 20032 

We have found that cerebelk $ranule celIs express 
phospholipase C-coupled muscarinic chotinergic (mAChR), 
histaminergic (H,), adrenergic (alpha ) and serotonergic (5HT ) 
receptors. Prestimulation with saturadng concentrations of each 
of these receptor agonists was found to cause a time-dependent 
desensitization to subsequent stimulation of inositol phosphate 
formation with the desensitizing agonist. Thus, prestimulation 
for OS, 4 and 18 hr decreased carbachol response to 87, 52 and 
40% of the control, respectively, histamine response to 37, 24 
and 18% respectively, norepinephrine response to 55, 14 and 10% 
respectively and 5-HT response to 36, 18 and 9%, respectively. In 
all cases, the responses mediated by receptors which were not 
prestimulated remained virtually unchanged, thus indicating 
homologous deS8nSitizatiOn. Loss of mAChR binding sites in intact 
cells was detected after 2 hr prestimulation and progressively 
increased up to 18 hr. Biological ty active phorbol ester, 4 
&phorbol 12-myristate 13-acetate (PMA) rapidly attenuated basal 
phospholipase C activity as wetl as the responses mediated by 
carbachot, histamine, norepinephrine and 5HT, suggesting that 
activation and translocation of protein kinase C might play a 
role in the desensitization of phospholipase C-coupled receptors. 

FUNCTIONAL CHARACTERIZATION OF ALPHA-2 ADRENERGIC RECEPTOR 

75.6 

SUBTYPES IN CONTINUOUS CELL LINES. D-B. Bvlund, C. 
Ray-Prenge$and T.J. Murphy? Dept of Pharmacology, University 
of Missouri, Columbia, MO 65212. 

We have defined subtypes of alpha-2 adrenergic receptors 
(A2AR) on the basis of their pharmacological specificity in 
binding studies. In the NG108 cell lfne (A2AR-B), prazosin, 
ARC-239 and chlorpromazine are 20- to 60-fold more potent 
than in the HT29 cells (A2AR-A). By contrast, oxymetazoline 
is 60-fold more potent at A2AR-A. More recently, we have 
identified third subtype (A2AR-C) in the OK cell line. In 
order to confirm the results of these binding studies, we 
have determined the KB values by Schild analysis for various 
antagonist in reversing AZAR inhibition of cyclic AMP produc- 
tion in intact cells using the adenfne prelabelling technique. 

DRUG 
Yohimbine 

K, Value. nM 
Y 

HT29 Cell' NG108 Cell 
5.6 k 0,9 3.4 2 1.2 

Phentolamine 14 ?l 12 +3 
ARC-239 950 2 90 12 22 
Prazosin 1700 t 70 39 *4 
The correlations between the K. values from bindinn studies 
and K values from functional St&dies were excellent-(0.99 for 
HT29 %ells and 0.98 far NG108 cells). These results confirm 
the radioligand binding studies, and further support the 
subdivision of A2AR into at least two subtypes. (Supported by 
Grant HL 32931). 

75.8 
FURTHER EVIDENCE FOR THE DIRECT CATION REGULATION OF . . HEPATICV~RECEPTOR.Y.GODD * V * and 

eele. Dept. of Pharmacology and PhysioJogy, Univ. of Saskatchewan, 
Saskatoon, SK. S7N OWO ; Div. of Basic Med. Sci., Memorial Univ. 
Newfoundland, St. John’s, NF. AlB 3V6. Canada. 

Recently, we reported that Mg2+ (1 mM) enhanced the affinity of 3H AVP 
binding to the hepatic V 1 Eceptor but decreased the affinity of the 3H Vl 
antagonist. It was postulated that this differential role of Mg2+ for the 
agonist/antagonist interaction may occur via activation of a cation binding site 
located on/or associated with the Vl receptor. in otder to assess the regulatory role 
of this metal ion binding site further, we studied the effects of trivalent cations on 
the binding of the two radioligands to rat liver plasma membrane. Fe3+ and A13+ 
failed to affect the binding of either radioligand whereas La3+ (1 to 200 w) 
produced concentration dependent inhibition of both 3H AVP and 3H VI ant. 
binding. However, 3H AVP binding was more sensitive to La3+ blockade (Ki 
16 w) than that of the 3H Vl ant, (Ki 41 w), Inclusion of La3+ in saturation 
binding assays increased the Kd for 3H-AVP both in the presence (from 0.12 to 
1.20 nM by 20 PM La3+) and absence (from 2.40 to 23.70 nM ) of Mg2+. La3-t 
(20 PM) also increased the Kd for the 3H Vl ant., but the changes were less 
marked (from 0.10 to 0.27 nM in presence and 0,OS to 0.3 1 nM in the absence of 
Mg2+). The Bmax of the agonist and antagonist were similar under all conditions 
(Bmax-500-900 fmollmg). Competitive binding studies were in agreement with 
the saturation data. finally, in kinetic experiments, addition of La3+ inhibited the 
rates of association of the radioligands whereas it did not affect the rates of 
dissociation. The results provide further evidence for the presence of a metal ion 
binding site on the Vl receptor. While both cations regulate the affinity 
characteristics, in contrast to Mg2+, La3+ in the w range induces a Iow affinity 
conformation of the Eceptor (Supported by the MRC, Canada). 
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75*9 
COMPETITIVE REGULATION OF A HORMONE-RESPONSIVE ELEMENT BY MUL- 
TTPLE TWS-ACTING STEROID RECEPTORS, P. Patel* and M.V. 
Govindan* (Span: A. DuPont), MRC Group in Molecular Endocrino- 
logy, CHUL and Dept, Microbiology and Immunology, Lava1 
University, Quebec ClV 4G2, Canada, 

The elucidation of molecules and mechanisms that mediate 

75.10 
ISOLATION AND SEQUENCE OF THE HUMAN GLUCOCORTICOID RECEPTOR 
GENE PROMOTER. Claude Lefebvre* and Manjapra V. Govindan* 
(Span: A. DuPont), MRC Group in Molecular Endocrinology, Lava1 

University Medical Center, Quebec, Canada GlV 4G2. 
We have isolated the promoter region of the human gfucocor- 

ticoid receptor (HGR) gene from the XEMBL-3 human genomic 
library using synthetic oligonucleotides corresponding to the 
5' end of hGR cDNA, The clone was fine mapped by restriction 
digestion, by hybridization with hGR cDNA probes and by DNA 
sequence analysis and found to contain an open reading frame 
corresponding to the hGR cDNA from amino acids 1-131 separated 
by a large intron from the 5' non-coding sequences. The promo- 
ter regj.on of the HGR has been identified by primer extension, 
S, nuclease mapping using hGR mRMA from human prostatic carci- 
noma cells (LNCaP) and human breast tumor cells (MCF-7), by in 
vitro transcription using HGR-DNA fragments as template and by 
DNA sequence analysis. The sequence of 1600 base pairs of the 
HGR promoter reveals that it contains a 'ICMT" box but no 
+'TATA" box and has an extremely high "G+C" content. Co-trans- 
fection of GR expression vector show with HGR-CAT chimeric 
plasmids into COS-1 and CV-1 cells show that the hormonal re- 
gulatory sequences of HGR is contained within a 4.5kb ERI-ERT 
fragment, 

specific gene regulation in , response to exogenous inducers 
such as hormones or growth factors is a 
eukaryotic molecular biology. 

central problem in 
At the level of trarkcription, 

this regulation appears to be resulting through positive and 
negative effects mediated by trans-acting proteins interacting 
with cis-acting DNA-promoter elements. Steroid hormones trig- 
ger complex developmental and physiological processes. The 
understanding of i) how the receptor protein is able to recog- 
nize its co gnate hormone, ii) how this binding results in the 
inter action of the receptor with target gene promoter ele- 
ments, iii) how this interaction leads to initiation of speci- 
fic gene transcription and iv) what is the role of the hormone 
in these processes, is a prerequisite to the understanding of 
the molecular mechanism' of steroid hormone-regulated gene 
expression, These receptors are structurally related and share 
sequence homology with the avian erythroblastosis virus (AEV), 
V-erbA oncogene, The experiments demonstrating the transcrip- 
tional regulation and competition among various steroid-recep- 
tors after co-transfectik with chimeric plasmids containing 
the steroid-responsive elements and ba .cterial chloramphenecol 
acetyl transferase may give some idea in the target tissue 
specificity of hormone regulated gene transcription. 

CLONING OF THE HUMAN ANDROGEN RECEPTOR cDNA. Manjapra V. 

75.11 

Govindan, (Spon: A, DuPont), MRC Group in Molecular Endocrino- 
logy, Lava1 University Medical Center, Quebec GlV 4G2, Canada, 

In order to define the functional domains of the human 
androgen receptor (MR) involved in gene regulation by andro- 
ens t complementary DNA (cDNA) clones encoding the human an- 
drogen receptor have been isolated from a human testis hgt-11 
cDNA library using synthetic oligonucleotides homologous to 
the human glucocorticoid, estradiol, progesterone and aldoste- 
rone receptors as probes, The cDNA clones were characterized 
after their insertion into a bacterial expression vector in 
the proper orientation and in vitro transcription using T7-RNA 
polymerase and in vitro translation of the mRNA in rabbit 
reticulocyte lysate followed by incubation with tritium- 
labelled DHT (dihydrotestosterone) in the presence and absence 
of various steroid hormones. The clones giving rise to pro- 
teins which bound [3H]-DHT with high affinity and specificity 
were chosen for further studies, Northern hybridization 
results obtained by using the AR cDNA as probe, detected the 
presence of multiple mRNA species in human MCF-7 cells, human 
LNCaP cells and rat ventral prostate, Using a similar ap- 
proach, human mineralocorticoid receptor and human progeste- 
rone receptor (hMR) cDNAs from the human testis cDNA library 
were also isolated. 

GLYCOSYLATXOU OF THE ESTROCEU 
75.12 

-(ER) MJRIffiBBBAST CBBCX- 
N0UfM?ILWTION Xm TM!5 LYMPH~PBS. kmuII,HakimGrCharle 
E. Joseph*.Loyolr Univexdty Hedfarl tinter, mywood. fllf~ofs 
G Univerrfty Southern cllifornih -8 AngaIs8, Califomfa, 

Earlier 8tudiu reported on cloning of an *rtmgen receptor 
(ER) gene elcprerrad in hman breut camet (Jomeph P mkim FAS 

EB Journal 2t8718, 1988. HakimBump.J, Cmoer Clin,Oncol,23( 
1111758, 1987)rhwed thatHf?-utradiol mediated glmylation 
of hman bxeut uarcixaoau g-h faotor mceptor. In the folio- 
wing e~eriment8, ERmwereprepued fraaralomdMce7m+, h M 
acceptor, M diqwt of tha ER w&a glyaorylated using 8tMdard 
teChniqUU8 With 8mCifict 8ialyltrUWfeXue, m WU rrialylated. 
Mmmclonalantibobfu WERand WialylZERuere demlopad 
aglinrt ER md S%alylER, ‘hnaar as118 were obtained fra lmh 
no& 8pfn-Cantrifugmd k&11 greparation8. The t-r 08118 we= 
elrpanded in 8oft rgaz, then examined with the HAbItIt & WibSialyl. 
ER by the parotidam t+ahniqw. Ml the node8 (225) front pati- 
ents With di88spinated BCa rmatd With UbSfalylER. mty fi- 
ve ud 223 out of 258 lymph node8 frm patients with bout ca- 
ncer at PS t reacted with MbBR and MIlbsirlylRR. Tmom~ are of 
variable receptor, i.e. thoee oontaining reoegtor pomltive and 
negative -ant8 , alWay gener&ted mh8tatiC node8 as muld 
be alcpaated if reaeptor negative cellm ua indeed the lore agg- 
ressive, Hmtmtatia 8pxS8d of BCa to tagional lymph node is more 
mn in patient8 With ER%sgative gEiWie8 thM in thOSf3 With 
ER+podtive gruariu. After prtiuy rurgery, patienta at high 
risk for early recurrenaa arm umarlly magative and reacted 
with M&bSirlylER arMbodies. 

EXERCISE I 

M. Wills*, R S, &zeo* and S. M. Horvath. Univ. of &lifortia, 
Santa Barbara, CA 93106. 

Agerelated decreases in vascular smooth responstivenesrs to 
catecholamines have beefi well-docurrrented, hewer, there are f&r 
studies on the effects of endurance training on aging in the 
vasculature. In this study, we wdmted the effect s of endurance 
training on contractility of aortic smooth muscle in rats of 
different ages, F-e Fischer 344 rats (3(Y), 12(M), 24(O) mths 
of age) were pairmatched based on predetermined V$ max for 10 
wks for 1 hour daily. The atis were sacrificed, thkcic aortas 
removed, cut into helical strips, and mounted in a muscle bath. In 

vitro dose respnse cunres to norepinephrine (NE) were determined. 
VG increased 11,18,2a for the Y,M,O groups respectively, In 
the S grou 
(3.71 g/n%& 

the maximal contraction [Em& to NE of the 0 group 
was s'gnificantl reduced as cornpar& with the Y and M 

groups (7.74g/d, 6.4Og./m$). In the T  grow, there were no 
sign'ficant differ 
d ml! 0, 10*43g/ lnz 

ces between the M and 0 groups' E& (M, 10.43 

the ; group 
1. ere was no sign'ficant tr&ng effect in 

(7.74g) 61, s*o3g/ 2 (T)). In slt~t~~ry, we 
conclude that training attenmted the age related difference in 
contractility to NE. 

76.2 
THE EFFECTS OF OPEN VS. CLOSED CIRCULATION ON CONTRACTING RAT 
MUSCLE ANAEROBIC METABOLISM. L.LL. Sprfet, School of Human 
Biology, University of Guelph, Ontario Canada NIG 2Wl. 

The hindlimbs of anesthetized rats were stimulated to 
contract maximally at a train rate of 1.0 Mz'(200 ma, 80 Hz) 
with an open or closed circulation. The gastrocnemius (red, 
RG and white, WG), plantaris (PL) and soleus (SOL) muscles 
were sampled pre- and post-stimulation, Total ATP production 
with a closed circulation was 351t 7, 245 2 11, 293 + 15 and 
122 + 4 umol/g dry muscle in WG, RG, PL and SOL, respectively. 
Opening the circulation had no effect on ATP production in the 
fast-twitch muscles, but reduced ATP production in SOL to 
84 + 9 umol/g. Decreases in glycolysis (40%) and phospho- 
creatine degradation (16%) accounted for the decreased ATP 
provision* SOL ATP content fell from 19.29 + 0.37 umol/g at 
rest to 17.93 + 0.43 and 15.63 + 0.42 umol/g in the open and 
closed conditions, respectively. Isometric tension generation 
by the triceps surae muscles was signifkantly higher during 
open circulation at 45 and 60 s of stimulation. The results 
suggest that, during short-term stimulation in anesthetized 
rats, blood flow to the fast-twitch muscles did not increase 
sufficiently with an open circulation to permit significant 
aerobic metabolism. Increased blood flow to SOL with an open 
circulation permitted oxidative ATP production, thereby 
accounting for the increased tension generation late in the 
stimulation period. 

Funded by the Nat, Sci. and Eng. Res. Council of Canada. 
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76.3 
METABOLIC RATE AND LACTATE UPTAKE BY IN SITU CANINE 
SKELETAL MUSCLE. L, Bruce Gladden. Exercise 
Physiology Laboratory, University of Louisville, 
Loui svi lie, KY 40292 

It was the purpose of this study to measure lac- 
tate uptake/output by skeletal muscle exposed to an 
elevated blood lactate concentration at different 
metabolic rates. The gastrocnemius-plantaris muscle 
group was isolated in situ in eleven anesthetized 
dogs. Lactic acid mused at a pH of 3.5 - 3.6 
(Gladden and Yates, J. Appl. Physiol. 54:1254-1260, 
1983.) to establish a blood lactate concentration of 
approximately 9 mM, while maintaining normal blood 
gas/pH status. During three consecutive 30-min 
periods, the muscles were 1) allowed to rest, then 
stimulated to produce twitch contractions at 2) 1.0 
Hz I and 3) at 4.0 Hz. Steady state oxygen uptake 
was 11.9 ml/kg*min at rest, 39.0 at 1.0 Hz, and 
124.6 at 4.0 Hz. Steady state lactate uptake by the 
muscles increased from 113 umol/kg*min at rest to 
329 umol/kg*min (p>.05) at 1.0 Hz, and to 715 umol/ 
kgamin at 4.0 Hz (p<.05 vs. Rest and 1.0 Hz). These 
results suggest that steady state lactate uptake by 
skeletal muscle at elevated blood lactate concentra- 
tion increases as metabolic rate is elevated by con- 
tractions. (Supported by NSF Grant #RII- 8610671 
through Kentucky EPSCoR Program.) 

76.5 76.6 

RELATIONSHIP OF OXYGEN CONSUMPTION TO HEAT PRODUCTION IN 
RATS DURING AN INCREMENTAL TREADMILL EXERCISE. S.N. Dube*. 

EFFECTS OF ACUTE EXERCISE AND AMBIENT TEMPERATURES ON 
SYMPATHETIC NERVOUS SYSTEM ACTIVITY IN DIFFERENT TISSUES. 

P. Buckenmeyer*, V. Garcia*, S.M. Somani and R, Knowlton*: 
Southern 111inois University Sch. Med., Dept. of Pharm,, 
Springfield, IL 62708. 

Open circuit indirect calorimentry was used to determine 
the metabolic variables in rat during exercise on treadmill 
fabricated in our SILLSM Research-Services Shop. Twelve male 
Sprague-Dawley rats (180-230 gm) were exercised on a motor 
driven treadmill for 35-55 min up to an intensity of 20m/min 
at a 10% grade. The animals were run in an enclosed 5 1. 
chamber with a positive flow-rate pressure of 4 l./min. Dur- 
ing the incremental exercise protocol, oxygen consumption 
(VO2) and heat production were analyzed using a computerir- 
ed oxyscan analyzer, Omnitech Inc., Ohio. VO increased 
from 19.63 f 1.43 to 28.51 f 1.14 ml/kg/min an i also heat 
production increased from 1260.75 f 87.77 to 1810.82 f 69,08 
cal/hr. during exercise. A highly significant correlation of 
0.99 was observed between VO2 and heat production at dif- 
ferent levels of exercise. Values for cholinesterase in RBC 
and different tissues (brain, heart, diaphragm and thigh mus- 
cl e) , pyruvate, lactate and hemoglobin were also determined. 
This data indicated that the heat production did not differ 
significantly beyond an exercise intensity of 90% VO2 max 
and also, there appears to be a specific exercise intensity 
at which heat production plateaued in the exercising rdt. 
(Supported by U.S. Army Contract No. DAMD 88-C-8024.) 

76.7 
SYMPATHETIC RESPONSES TO EXCITATORY STIMULI IN ENDUR- 
ANCE ATHLETES (Ath) AND UNTRAINED SUBJECTS (Untr). D R z 
Seals, L,A, Clayton-Bare* and M.J. @eiling*. Depts. Exercise dc 
Sport Sciences and Physiology, Univ. of Arizona, Tucson, AZ 85721. 

To determine whet-her the state of physical training influences 
the sympathetic neural responses to known excitatory stimuli, we 
measured muscle sympathetic nerve activity (MSNA; peroneal 
nerve, r. leg), heart rate (HR), and arterial blood pressure (AP) in 10 
Ath (aged 24 2 2 yr, x t SE) and 9 Untr (aged 28 + 2 yr) before 
(control) and during the following interventions: a) non-hypotensive 
lower body negative pressure (LBNP) at -5, -lo,-15, and -20 mmHg 
for 2 min each; b) isometric handgrip exercise at 30% of maximal 
force for 2.5 min; and c) ice water immersion of one hand for 
1.5 min. Control MSNA (23 t 2 vs 21 2 3 burstslmin, Ath vs Untr) 

and mean AP (92 2 2 vs 93 2 2 mmHg) were similar in the two 
groups, but HR was lower in Ath (56 f. 3 vs 69 4 4 bt/min, p < 0.05). 
During each successive level of LBNP, MSNA tended to increase less 
in Ath (1 i 1, 2 2 1, 7 + 1, and 9 -+ 2 bursts/min) vs Untr (5 2 2, 7 4 1, 
10 + 2, and 12 2 2 burstslmin; p< 0.05 at -10 mmHg only). The 
increases in MSNA, HR, and mean AP above control during exercise 
(6 + 3 vs 10 2 2 bursts/min, 10 2 2 vs 13 2 2 bt/min, and 16 2 2 vs 
16 2 2 mmHg; Ath vs Untr) and during ice water immersion (24 2 4 

vs 17 2 2 bursts/min, 14 2 2 vs 12 -t 3 bt/min, and 18 + 2 vs 
17 + 3 mmHg) were not different in the two groups (all p > 0.05). 
These preliminary results suggest that, in general, the autonomic 
adjustments to these excitatory stimuli are not markedly influenced 
by endurance exercise training. 

76.4 
INHIBITION OF GIWTH AND METABOLIC RATE IN STRAIN 13 GUINEA 
PIGS AFTER LONG-TERM DAILY EXERCISE. C. T. Liu. U.S. Army 
Med. Res. Inst. Infect. Dis., Ft. Detrick, Frederick, MD 21701 

Strain 13 guinea pigs are corl~nonly used for physiologic 
studies, and also have been chosen as an animal model for 
studying pathogenesis of arenavirus-induced hemorrhagic fevers 
(Current Topics Microbial. Immunol. 134: 5, 1987). The 
purpose of this study was to develop techniques for exercising 
strain 13 guinea pigs without using electrical shock to drive 
the animal to the moving drum of a treadmill. This was 
accomplished by using a tailor-made sling with extended 
collar. While the body, including the neck was wrapped with 
the sling, the animal's position on the treadmill was loosely 
fixed at the back (T2 level) to a stationary metal rod without 
supporting the body weight, Guinea pigs were exercised at 0.3 
M/set for a maximal 90 min /day in 3 sessions separated by a 
minimum of 30 min. This exeriising program was continued for 
40 consecutive days and selected physiological responses to 
imnediate and long-term effects of exercise were measured. 
Both body weight and metabolic rate were depressed -15 days 
post-exercise, while food and water intake were not markedly 
altered. No significant changes in rectal and body surface 
(head, forelimb, hindleg, and abdomen) temperatures were 
observed. In conclusion, special designs have been developed 
for successfully exercising strain 13 guinea pigs on a drum 
treadmill. Long-term daily exercise decreased the animal 
growth and metabolic rates without marked changes in water and 
food intake, or in rectal and body surface temperatures. 

D. Richard Univ. LavaI, QuBbec, P.Q., 
Canada, Gl K-7P4. 

The main and interactive effects of exercise and ambient temperature 
on oxygen consumption (V02) and sympathetic nervous system (SNS) 
activity in various tissues were studied. Albino mice were exposed to 
4O, 14O and 24% for 1 hour. During the exposure period, the animals 
were either kept in resting conditions or exercised on a motor-driven 
treadmill. VO2 was continuoustly monitored in each group of mice. 
Accumulation of dopamine (DA) after the blockade of the dopamine beta- 
hydroxylase activity with I -cyclohexyI-2-mercapto-imidazole 
(CHMI) was used to assess SNS activity. Mice were injected with CHMI 
30 minutes before being placed in the various ambient temperatures and 
killed immediately after the exposure time. Heart, interscapular brown 
adipose tissue (iBAT) and pancreas were then rapidly removed. DA was 
extracted from the tissues and measured by high performance liquid 
chromatography. The results show that ambient temperature and 
exercise interact on VO2; at 24W, VO2 was higher in exercising mice 
than in resting animals whereas there was no difference between active 
and non-active mice exposed at 14O and 4OC. DA accumulation in heart, 
pancreas and iBAT progressively increased while ambient temperature 
was dropping. Exercise was not shown to markedly affect SNS activity. 
However, exercise selectively reduced DA accumulation in BAT, In 
conclusion, the present results show that BAT thermogenesis, a SNS- 
mediated process, is substituted by exercise-derived heat in mice living 
at low ambient temperatures. (Supported by the CRSNG and the FCAR) 

76.8 

CONTROL OF EWTHRKYTE (E) VOLUME DURING AND F'OWffi HIGH 
INIENSITYCY~ -Y. R.S. McKelvie*, M.1, Lindinqer* 
and G.J.F. Heiqenhauser. McMaster University, Hamilton, 
titario, Canada L8N 325. 

Previous studies have dmnstrated no change in E volume 
during heavy exercise. The purpose of this study was to 
examine the ionic exchange bet= plasma and E that may be 
responsible for maintaining E volllme. Five healthy r&es per- 
forrraed four 30s bouts of rwximal isokinetic cycling with 4-min 
rest perids between each but. Arterial bl& ws s-led 
during and for 90 min following exercise(EE3). During EE3, the 
arterial E [K+] rose by 11.0 mlQ/l intracellular fluid 
(138.0 - 149.0 ndQ/l). Follming the fourth EB E [Kfl fell 
rapidly to below the control and rercrained there throughout 
recovery. Arterial E [Cl'] increased 14 mlQ/l (77.0 - 
91.0 -1) during EB, decreasing throughout recovery to 
80 mEq/l. During I33, E [lactate] increased fra 0.2 rnQ/l to 
9.6 mEq/l. There was a prqressive decrease throughout re- 
covery to 0.3 mQ/l at 90 min. No significant difference was 
observed for arterial E [Na+]. An increase in the total nea- 
sur& E [ion] occurred during m (270 - 315 mEq/l) with a 
decrease during recovery to 260 m&/l. These changes corres- 
ponded to the change in plasma osmlality. There was a loss of 
fluid from the vascular space during EE3, with reabsorption 
into the vascular space during recovery. Despite a 15% 
decrease in plasma ~01~ during EE3, no difference was observ- 
ed in E volume. Therefore changes in E volume during EB may be 
prevented by movement of K+, J;a- and Cl- into the E. 
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77.1 

aNTZNUING STUDIES OFYELLS" FLIGHTHARDWARE, J.Duke*, J.Moore* 
and D.Montufar-Solis U.Texas Dental Branch, Houston,TXm 

TFe CELLS experimentwill test the effectofpg on development 
in vitro of a cell sensitive in vito to gravitational changes-- 
the mammalian chondrocyte. Drops of cell suspensions, prepared 
from limb buds of 12 day embryonic mice,areinoculatedinto the 
hardware at densities promoting cartilage differentiation.The 
main unit of the Cells hardware is a culture chamber with two 
wells, and in each, a bladder of a gas exchanging material 
(Silastic) which expands or collapses as medium is added or 
removed through the gasket between the chamber and the bottom 
plate. A deflector ring in the bottom of the chamber prevents 
medium injection and withdrawal from dislodging the cells. 
Initial injections for cell culture are made using a Hamilton 
syringe inserted through the gasket and through a silicon plug 
in the deflector ring into the chamber'scenter. Aftera Zor 20 
hr attachment period, L8ml of medium is added,expanding the 
Silastic bladder. For preliminary studies, cultures were setup 
on Thermanox coverslips with or without Cell-Tak in BEX hard- 
ware, or as controls in Corning 24-well plates. Four BEX hard- 
ware were sealed in a Biorack Type I container, and it and a 
control plate were placed in a 37oCincubator (humidity,S%C02). 
Cultures were observed daily for cartilage formation,fixed 
after 2-5 days ofculture,and stained with Alcian blue fordetec- 
tion of cartilage nodules. Thechamberswere found to supportcarti- 
lage differentiation,and theamountofcartilage formedwas found 
to be less with longer cell attachment times and also less on 
Cell-Ta k coated coverslips. Supported by NASA NCC2-243. 

77.3 

TEMPERATURE HOMEOSTASIS IN RATS EXPOSED TO ZG, E.M, 
. lhm* D M Murw* and C.A. Fullel: . Dept. of Animal 

Physiology, University of California, Davis, CA 95616. 
This study examined the effect of light and dark on the 

regulation of body temperature in the hyperdynamic 
environment. Body temperature of 8 male Wistar rats was 
measured with an implanted biotelemetry system. Rats exposed to 
a control 24 hr light-dark cycle (LX, 12: 12) in 1G demonstrated a 
normal circadian rhythm in body temperature. When the 
animals were exposed to a high frequency light-dark cycle (LD 
3:3) for 24 hours, there was a significant increase in body 
temperature during the dark periods of the rats subjective day 
(inactive phase). In contrast, there was a significant depression 
of body temperature during the light periods of the rats 
subjective night (active phase). These results demonstrate that 
light and dark have important influences on the regulation of 
body temperature. The rats were then exposed to a 2G field for 10 
days via centrifugation. The influence of the high frequency 
Iight-dark cycle was then reexamined. After exposure to the 2G 
field, the rats exhibited: 1) a reduced circadian rhythm of body 
temperature, and 2) a significantly reduced influence of the high 
frequency light-dark periods on the regulated IeveIs of body 
temperature. These results demonstrate the long term effects of 
hyperdynamic fields on the mechanisms of body temperature 
regulation. [This study was supported in part by NASA grant 
NAG2-349.1 

77.5 

EFFECT OF lNCREASED ACCELERATlON ON LUNG 
EXPANSlON IN DOGS: PRONE VS. SUPlNE BODY POSITIONS. 

l ucla@a. aM 
F. Kne Biomedical Engineering Center, University of 

Kentucky, Lexington, KY 40506. 
Under earth’s gravitational acceleration (G), vertical gradient in 

pleural pressure (Ppl) was larger in supine than in prone dogs (J. 
Appl. Physiot. 59: 597, 1985). In 4 anesthetized, spontaneously 
breathing dogs, we measured Ppl under conditions of 1 G, 2.2G 
and 3.2G. Animals were oriented in our 25 ft radius centrifuge so 
that resultant acceleration vector (Accl.) was in direction either 
dorsal-to-ventral (prone) or ventral-to-dorsal (supine), with a 
negligible cranial-to-caudal vector. Ppl was measured by 2 rib 
capsules, one positioned near the ventral surface, the other 
dorsally. Vertical distance between capsules was -8 cm. Table 
summarizes Ppl data at FRC (cmH?O, mean f SD): 
’ Acct. Ppl (prone) Ii Ppl (supine) 

1 ventral dorsal ventral dorsal 
1G -2.5f 1.3 -5.5* 1.3 -4.9 f 1.4 +0.7 f  2.4 
2.2G +4.2f 3.2 -3.6f1.3 ' -8.7i3.9 -0.5 f  4.6 

13.2G 11 +5.6&7.6 1 -2.3k3.3 1 -10.8f3.2 1 -2.Of4.3 1 
With increased G, Ppl decreased in supine position but increased 
in prone; thus lung-expanded in supine position but contracted 
in prone. Lung damage may be less under high acceleration in 
the prone position. (Suppported by I-IL 40362 and l-IL 36597). 

77.2 
SKELETAL MUSCLE ANTIOXIDANT ENZYME LEVELS IN RATS AFTER 
SIMULATED WEIGHTLESSNESS, EXERCISE AND DO3UTAMINE. B. Girten? 
C. Oloff*, P. Plato*, E, Eveland*, A.J. Merola* & L. Kazaxian:* 
(SPON: D.R. Lamb) Armstrong Aerospace Medical Research 
Laboratory, Wright-Patterson AFB, OH 45433 and The Ohio State 
University, Exercise Physiology Laboratory, Columbus, OH 43210 

Effects of hypokinesia/hypodynamia(H/H) hindlimb suspension, 
exercise training (EXER) and intraperitoneal dobutamine (DOB) 
injections on catalase (CAT) and superoxide dismutase (SOD) 
levels were examined in the soleus muscle of rat& (n=48). Half 
of the adult male Sprague-Dawleys were exercise trained for I1 
weeks and half were not (SED), Animals in both the EXER and 
SED groups were randomly assigned to one of four additional 
treatment groups. H/H rats were suspended (-30&L.) for 14 days 
by tail traction, utilizing the Morey-Holton x-y axis system. 
Half of the H/H group were injected twice a day with DOB (H/H 
DOB), while the other half received saline (H/H SAL). Control 
animals (CON SAL and CON DOB) were treated similarly, *but were 
not suspended. Overall ANOVA and Tukeys pairwfse comparisons 
indicated that antioxidant enzyme levels in the EXER groups 
were significantly greater (p<*O5) when compared to their SED 
counterparts; the only exception was CAT in the H/H SAL group 
(p=.O6). The H/H SAL groups had lower (pC.05) enzyme levels 
than the CON SAL groups, These findings indicate that exercise 
training prior to H/H suspension and DOB treatment during the 
suspension helps prevent large decreases in skeletal muscle 
antioxidant enzymes that would otherwise occur 
(Supported in part by AFOSR/AFSC, USAF Project !'tZh31! 6i 1) 

77.4 
EFFECTS OF 7 DAYS OF MICROGRAVITY ON RAT PLASMA HORMONE LEVELS. 
M. Vasques*, R, Grindeland, M, 'Martinelli* and R. Fuxlanetto 
Santa Clara University, Santa Clara, CA, 95053, NASA/ Ames 
Research Center, Moffett Field, CA. 94035, and Philadelphia 
Children's Hospital, Philadelphia, PA. 19104. 

To further clarify the effects of microgravity on endocrine 
function, concentrations of 8 hormones have been measured in 
plasmas of male rats flown on the 7 day Space Lab 3 mission, 
Reports from our laboratory have shown decreased GH secretion 
by flight rat somatotrophs, decreased thymus and testes 
weights, but no change in adrenal weights. Flight rats, 7 
large (400g; LF) and 12 small (25Og; SF), were anesthetized 
with halothane and bled by cardiac puncture 11-17 hrs after 
landing, Simulation controls (LC;SC) were maintained under 
similar conditions at lg. All hortriones were measured by 
established methods. Thyroxine (T4), triiodothyronfne (T3), 
prolactin (P), corticosterone (C), immunoassayable GH (IGH), 
and somatomedin C (SMC) levels did not differ between F and C 
rats of either size (p>O.O5), Testosterone titers (rig/ml) 
were decreased 75% or more; LC-9.2 + 2.5 vs LF 0.3 -f- 0.1; SC 
2.3 + 0.5 vs SF 0.5 + 0.3 (p<O.Ol).- Bioassable GH (BGH) 
leveis were also significantly lower (-50%) in LF and SF rats. 
Thus, secretion of T4, T3, P, C, IGH and SMC were either 
unaffected by space flight or recovered before bleeding, In 
contrast, exposure to microgravity resulted in sustained 
decreases in secretion of BGH and testosterone. All studies 
complied with ARC AHB 7180-X. (Supported by NASA). 

77.6 
NMR MUSCULAR EXERCICE BEFOR AND AFTER LONG 

DECUBlTUS 
Jacques PRADERE, CHU Rangueil 

1 Avenue du PP. Poulhis - 31054 TOULOUSE Cedex - FRANCE 
(SPON : C.N. E.S.) 

Our aims is to study the effect of one month of antiorthostatism as 
Q method of weightlessness simulation for space flights, on eight 
volunteers. We use Q supmconductive magnet Biospec Bruker 2.35 T, 
45 MHz 31-P. Each volunteer do a four minutes exercice and rest 
three minutes, with the leg in the magnet after one month of decu- 
bitus, PCr/Pi (phosphocreatine/inorgunic phophorusl does not decrease 
cts well as the first time and mainly PCr/Pi restoration is not so good. 
Xn agreement with phosphocreatine shutle theory this imply a faZr in 
the oxydative phospho?yIation. 
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97.7 

CHANGE OF MJSCLE FUNCTION AND SIZE WITH BFJREST. G.A. 
mley, P.D, tillnick, V.A. Convertino and P. Buck. 
'17he Blonetics Corporation and Biomedical Operations and 
Research Office-dA, Kennedy Space Center, l?L 32899 and 
Washingtin State University, Pullman, WA 99164 

The In vlvo torque-velocity relations of the knee 
extensor (ICE') and knee flexor (KF) rmscle groups of 7 males 
were determined pre and post 30 days of 6” head-n bedrest 
ta examine changes in rmscle strength during stilated 
mlcmgmvity. Canputed timgraphy scans of the thigh and 
histochemical amlyses of needle biopsy samples of the 
vastus lateralis provided measures of muscle size. The KI3 
and KF &wed an avwage decrease of angle specific, peak 
torque across speeds of concentric and eccentric muscle 
actions of 22% (P(O.05) and 6% (P>O.O5), respectively. 
These responses were not related to the speed or type of 
rmscle action. Total cross sectional area of the thigh 
decreased (P(O.05) by 8+1 %. Slow- and fast-twitch fiber 
size decreased (P<O.O5)-by 11% (4124+191 to 3656+207 u& 
and 17% (4456+338 to 3672+177 um2) r respectively. The 
results sugges7 tImt St&h loss is greater in extensor 
t&n flexor mwcle groups of the lower limb with bedrest, 
that rmsculature atrqhy w r#>t solely account for this 
response and that this m;ldel of slrmlam microgravity does 
not cause preferential atrophy of slow-twitch fibers. 

Conducted under NASA-KSC Contract (CASIO-10285) 

77.8 

CAROTID BAROREFLEX RESPONSE FOLLOWING 30 DAYS EXPOSURE TO 
SIMULATED MICROGRAVITY. V.A. Convertino, D.F. Doerr* D L -L s 
Eckberg, J.M. Fritsch*, - and J. Vernikos-Danellis, NASA, 
Biomedicalxerations and Research Office, Kennedy Space 
Center, FL 32899; Ames Research Center, Moffett Field, CA 
94035; and Medical College of Virginia, Richmond, VA 23249. 

To determine if exposure to simulated microgravity altered 
baroreflex function, response curves for the baroreceptor- 
cardiac reflex were generated in eleven healthy men (30-45 
yr) on day 4 of pre-bedrest control (C4), days 1, 3, 12 and 
25 of 6” head-down bedrest (BRl, BR3, BR12, BR25) and on days 
2, 5 and 30 of post-bedrest recovery (R2, R5, R30), At the 
end of BR, the subjects underwent a posture test for 
determination of orthostatic tolerance, The sfgmoid 
baroreflex response curve shifted downward and to the right 
with the progression of BR and did not return to baseline by 
R5. Compared to C4, minimum, maximum, range of, and baseline 
R-R intervals as well as maximum slope of the response curves 
were reduced (P < .OS) from BR12 through R5. The reduction 
in maximal slope of the response curve for syncopal subjects 
was greater (P < *OS) than the reduction in non-syncopal 
subjects (-1.8 + .7 vs. -.4 T  .4 msec/mmHg). Long-term 
exposure to microgravity may induce significant resetting and 
decreased responsiveness and buffer capacity of the carotid 
sinus baroreflex. Attenuated carotid baroreflex sensitivity 
may be a primary mechanism contributing to orthostatic 
intolerance following spaceflight longer than 12 days, 

77.9 

SECRETION OF ATRIAL NATRIURETIC FACTOR DURING HEAD-DOWN TILT. 
C. Gharib, G, Gauquelln, G, Geelen, J.0, Fortrat and 

M Cantin* Fat. Med Grange-Blanche 69m Lyon CGdex 08 
Fiance *Cnn, Res. In&. Montreeal Q.C. HZW lR7 Canada. 

In man, head-down tilt (HDT) has been currently used 
during the past 15 years to simulate weightlessness. Although 
until 1983 only vasopressin (AVP), plasma renin activity 
(PRA) and aldosterone (Aldo) had been studied, it is now 
obvious that the atria1 natriuretic factor (ANF) is involved 
in the hormonal responses to HDT. To study the role of AMF in 
such conditions we used 3 protocols : short-term effects (4 
hrs), Tong-term effects (4 wks) of HDT -6'. During a third 
protocol + studied the effect of a night HDT, as differences 
have been observed during nfght in renal responses to an 
analogous situation (water immersion), Our results in a 4 hr 
HDT show that the increase in ANF is very rapid and returns 
to control values in 3 hrs, while PRA and Aldo remain 
decreased during a longer time. The same response was 
observed during night HDT, excluding the possibility that the 
different renal responsiveness at night could be related to a 
modified ANF secretion. During the 4 wk HDT, no major 
modifications were noted for ANF, in contrast to what was 
observed for PRA. Further experiments are necessary to 
determine to what extent ANF is involved fn plasma volume 
regulation during HDT (and weightlessness). 
Grants from CNES (1986-1987), DRET (no 87.056) and Universite 
C. Bernard (Physiol. Environ.). 

RENAL PHARMACOLOGY I 

78.1 

SPINAL ACTION OF SUBSTANCE P EFFECTING RENAL FUNCTION TN THE RAT. 
Rejean Couture and Gustave Denis. Dept. Physiology, University of 
bntrgal, Montreal, Qudbec, HX 337. 

Substance P (SP) may be a transmitter in a bulbospinal pathway 
that regulates renal activity through sympathetic preganglionic 
neurons originating from the thoracic and l&ar spinal cord. The 
aim of this study was to measure the changes in renal function 
elicited by the intrathecal (i.th,) administration of SP at T-9 
vertebral level in the pentobarbital anesthetized Wistar rat. 
Diuresis was induced by an i,v, infusion (150 */min) of a solution 
containing mannitol 2,5% and NaCl 0.45%. Both ureters were can- 
nulated with a PE-10 catheter for urine collection at 5 min inter- 
vals. Urine concentrations of sodium (U,) and potassium (Uk) 
were masured by flame photometry with an internal lithim stan- 
dard. Glomerular filtration rate (GFR) was taken to be the clear- 
ance of inulin. &an arterial pressure (MAP) was monitored from a 
carotid artery. The i.th. administration of SP (10 ng-10 w) caused 
a dose-dependent and short-lasting (5 min) fall of the urinary flow 
rate (Vu), and of U,, and Uk excretion (UnaV and I&V>. These ef- 
fects were followed by a long-lasting increase of UnaV while Vu and 
\V had returned to basal levels. MAP was slightly increased by low 
doses of SP (10 and 100 ng) and briefly (5 min) decreased by higher 
doses (1 and 10 pg). SP (10 pg) also caused a transient decrease of 
the GFR, All these parroters remained unaffected by the i. th. 
administration of vehicle (CSF, 10 pl)+ These results suggest that 
bulbospinal SP-containing fibers increase renal excretion of sodium 
via a mechanism &ch does not appear to be secondary to hemodynamic 
changes. (Supported by the Canadian Kidney Foundation). 

78.2 

SYNTHETIC THROMBOXANE A7 EFFECTS ON PORCINE RENAL BLOOD 
Flow, M. CIrlno*, H. M&ton*, C. MacDonald*, 3, Hadden*, 
A.W, Ford-HutchInson. Merck Frosst Canada Inc., P.0, Box 
1005, PoInte Claire-Dorval, Qubbec, H9R 4P8. 

Thromboxane A2 (TxA2) 'rs dn unstable arachldonid acid 
metabolite result'rng from the enrymatlc acttons of cycle-- 
oxygenase. TxA2 has been Implicated as a medjator of many 
cardiovascular and renal diseases, The first synthesis of 
TxA2 was reported by Bhagwat et al. (1985). In the pres- 
ent studies this methodology was modlfjed and the effects of 
synthetic TxA2 (TxA2-S) on porcine renal blood flow were 
compared to those of the endoperoxjde analog, U44069, Do- 
mestlc pigs were anesthetized w'rth sodjum pentobarbltal and 
instrumented for measurement of systemtc (MAP) and pulmonary 
(PAP) arterlal pressures, heart rate (HR) and renal blood 
flow (FLOW), InjectIon into the renal artery of saline or 
platelet poor plasma decreased FLOW by 5% and 2% respective- 
lY* IncreasIng doses of TxA2-S Injected directly Into the 
renal artery produced dose-related decreases In FLOW which 
were s'rmllar to those produced by U44069, However, TxA2-S 
was more potent than U44069 In ellcMng a response, There 
were no effects on MAP, PAP or HR, The maximal effects pro- 
duced by both U44069 and TxAz-S on FLOW were reproductble 
and this response remalned unchanged after the animals bad 
been heparlnjred ellmlnatlng the posslblllty that these 
effects were secondary to platelet aggregatjon, Both 
TxA2-S and U44069 appear to have a modulatory role In 
regulating porcine renal blood flow. 
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78.3 
DIETARY Na INDUCED CHANGES IN URINARY DOPAMINE AND ELECTRO- 
LYTE EXCRETION IN RATS. A.L. Jadhav and M.F. Lokhandwala, 
Texas Southern University, and University of Houston, 
Colleges of Pharmacy, Houston, TX. 77004. 

Effects of dietary Na on plasma, urinary, and renal corti- 
cal catecholamines (CAs) and electrolytes were studied in 
male Sprague-Dawley rats for 4 weeks during which they were 
divided into three groups, each receiving a diet differing in 
its Na content i.e., 0.29%, O,OS%, and 3.4% for the control, 
low, and high Na groups respectively. No significant differ- 
ences were observed in systolic blood pressure; plasma, or 
renal cortical CAs; and urinary NE or Epi of any group. 
Urine volume and urinary elimination of Na & K of the high 
Na group was significantly greater than that of the control 
group for all four weeks on the diet. Urinary excretion of 
DA was significantly greater in the high Na group compared 
to the control group during the first week (39,8* 2.4 and 
21.7 21.9 nmol/24 hr respectively, p <(0.05), however, it 
declined significantly during the weeks 2,3, and 4 (0.27 + 
0.12, 0.12 kO.09, and 4.95+ 2.9 nmol/24 hr respectively). 
These results indicate that high Na intake increased the 
urinary elimination of DA during the first week without af- 
fecting CAs levels in the plasma or the renal cortex, and 
that DA , may have prompted the increased diuresis and nat- 
riuresi 5. It appears that factors other than renal dopami .ne -- 
may have participated in maintaining Na balance during weeks 
2 to 4 of high Na intake. (Supported by NHLBI grant H101707). 

78.5 

PLASMA ELECTROLYTES AND COMPENSATORY RENAL GROWTH IN RATS IN 
RESPONSE TO STEROIDS AND CYCLOSPORIN A. G.A. Kinson, R. 
Layberry*, A. Levine* and K. Sarkar*. Univ. of Ottawa Health 
Sciences, Ottawa, Ontario, Canada KlH 8M5. 

Utilizing the unilaterally nephrectomized rat, compensa- 
tory renal growth and electrolyte status was evaluated after 
two weeks of drug treatment. Groups of rats were injected 
s*c. twice weekly with 0.75 mg/Kg body of testosterone, cor- 
ticosterone, prednisone or 10 mg/Kg body of cyclosporfn A. 
Blood samples were taken by cardiac puncture for Na, R, Cl, 
Ca and Mg determinations by flame photometry and colorfmetric 
analysis. The remaining kidney was examined histologically 
and growth assessed by protein and nucleic acid determina- 
tions. The 35% renal overgrowth arising 3 weeks after 
nephrectomy was not due to change fn water content but dfd 
involve a significant increase in tissue DNA, suggestive of 
hyperplasia. Corticosterone and prednisone sustained compen- 
satory renal growth in terms of mass, protefn and nucleic 
acid contents. Cyclosporin A treatment caused additional 
increases in kidney DNA and RNA whereas testosterone induced 

marked declines in protein and RNA suggestive of a catabolic 
action. Nephrectomy was without effect upon plasma K and Cl, 
but lea to reduction in Na levels. This effect was unaltered 
by treatment with steroids and cyclosporfn A. Testosterone 
and cyclosporin A gave rise a 10 and 15% drop in plasma Ca 
with a more pronounced change in Mg levels, Further 
investigation with other doses wfll be necessary to more 
clearly define actions on kidney function. 

78.7 
EFFECTS OF ENALAPRIL IN GLYCEROL-INDUCED MOOERATE RENAL 
FAILURE IN THE RAT. R.P. Rosenkranz and D,L, McClelland*. 
Inst. of Pharmacol., Syntex Research, Palo Alto, CA 94304. 

Glycerol-induced myohemoglobinuria in the rat is 
characterized by intense renal vasoconstriction and ischemic 
pathologic changes. Angiotensin converting enzyme (ACE) 
inhibitors have proven effective in reducing glomerular 
capillary hypertension and associated sclerotic damage in 
progressive renal failure models. Our aim was to determine 
if ACE inhibitors afforded similar kidney benefits in 
moderate acute renal failure. 24 hr water-deprived male 
Sprague-Dawley rats 300-350 g were treated with glycerol 25% 
w/v, 10 ml/kg, i.m., followed by once daily enalapril 
administration (0.1, 0.3, 1.0 or 4.0 mg/kg, p.o.) for 48 hr, 
81ood samples were drawn 4, 24 and 48 hr post-glycerol for 
serum creatinine (CR) and BUN determinations. Lower doses of 
enalapril (0.1 & 0.3 mg/kg) elicited no changes in renal 
function or mortality. 1.0 mg/kg of enalapril significantly 
improved renal function @serum CR & BUN) with no increase 
in mortality. The highest dose (4 mg/kg) significantly 
reduced renal function (Tserum CR & BUN) and Increased 
mortality. Our results suggest dosage level is of crucial 
importance in renal failure treatment. Lower doses of 
enalapril appeared ineffective, while high doses may have 
resulted in reduced perfusion, a drop in GFR and further 
deterioration in the failing kidney; only a narrow midrange 
of doses provided effective renal functional improvement. 

78.4 
SORBINIL PRODUCES NATRIURESIS AND DIURESIS IN RABBITS AND 
RATS. L Fildes*, J- Snrinaate*. J- VanLiew. L. Feld and M. 
Acara. Depts. Pediatrics, Georgetown Univ. Washington,D,C., 
Pediatrics, Children's Hospital, Physiology, V.A.M.C. and 
Pharmacology and Therapeutics, SUNY at 3uffalo, NY 14214. 

The aldose reductase inhibitor, sorbinil, was 
administered orally to rabbits (65mg/kg,d) and rats 
(BOmg/kg.d) over a five day period to examine how 
interference with sorbitol production might affect renal 
function. Urines were collected during access to water and 
during the final 18hrs of a 24hr. water deprivation, pre and 
post drug. Sorbinil increased urine flow rate in rabbits 
during water access from 22.1 to 27,2ml/kg,d (pc.05) and 
from 9.9 to 15.7ml/kg.d (p.01) during water deprivation. 
Sodium excretion increased from 1,44 to 2.92mEq/kg.d (pc.01) 
during water access and from 1.44 to 3.30mEq/kg.d (p<.Ol) 
during water deprivation. Sorbinil increased urine flow 
rate in rats from 2.82 (control) to 3.4ml/kg.d (pc.01) 
during water deprivation and sodium excretion increased from 
1.3 to 1.9mEq/kg.d (p<.OS) during this same period. Rats 
also showed a significant decrease in urine osmolarity from 
1544 to 1280mOsm/kg.H20 (pg.05) suggesting an inability to 
optimally concentrate urine. Thus, the aldose reductase 
inhibitor, Sorbinil, is a diuretic and natriuretic agent and 
its mechanism of action may be related to its inhibition of 
the production of the intracellular osmotic solute, 
sorbitol, in the renal medulla. 

78.6 
A GLYCEROL-INDUCED MODERATE RENAL FAILURE MODEL IN THE RAT. 
D.L. McClelland*, M.P, Fulks* and R.P, Rosenkranr. Inst. of 
Pharmacol., Syntex Research, Palo Alto, CA 94304, 

A single i.m. 10 ml/kg injection of 50% w/v glycerol (GLY) 
induces an established acute renal failure in the rat. 50% w/v 
GLY produces consistent, although severe renal failure (>2/3 
reduction in GFR to x0.49 ml/min) often associated with 
mortality. We attempted to establish a model for pharmacologic 
assessment of renotropic agents by producing a moderate level 
of renal failure (GFR -1 ml/min; serum creatinlne [CR] -1 
mg/dl) utilizing lesser GLY concentrations. 24 hr water- 
deprived male Sprague-Hawley rats 180-280 g were treated with 
vehicle, 12.5, 25 or 50% w/v, 10 ml/kg, GLY Km. Blood 
samples were taken 0, 4, 24, 48 and 96 hr post-GLY for 
analysis of creatinine CR and BUN. Dose responsive increases 
in BUN and CR were observed following i.m. GLY treatment. Hean 
pre-GLY control levels of CR=0.3 mg/dl; BUN=20 mgldl. Peak 
GLY-induced levels were: CR=0.5+, 1.4t and 6.3+ mg/dl, 
and BUN=13+, 68+ and 257+ mg/dl at the 12.5, 25 and 50% 
concentrations, respectively. The most severe renal disfunc- 
tion occured at 24 hr following 12.5 and 25% treatment; 48 hr 
following 50% GLY treatment. Survival at 96 hr was 93, 100 
and 67% at 12.5, 25 and 50% GLY, respectively. These results 
indicate that it is possible to consistently Induce a moderate 
reversible acute renal failure in the rat utilizing GtY at a 
25% concentration w/v, This model may prove useful as a rapid 
pharmacological screening method for renotropic agents. tpx.05 

78.8 
RENAL EFFECTS OF FENOLDOPAM, IN THE ANESTHETIZED DOG. 
1 Mich Mur h * 
University of Chicago, Chica$o, IL 60637. 

Go1 dberq, The 

The renal vasodilator and natriuretic effects of the 
dopaminel (DAl) receptor agonist fenoldopam (Fen) may be 
compromised by enhanced sympathetic activity and renin 
release, due to its hypotensive action following systemic 
administration. Therefore, we examjned the response to 
tirect renal artery infou;i;e of Fen (0.05 or 0.1 og/kg/min) 

anesthetized expanded, 
iiperiments were 'performed with 

mongrel dogs, 
or without 

antagonist SCH 23390 (O-5 ug/kg/min) i.v. 
the DA 

Fen alone di a 
not alter mean BP (MBP;tZ+l%) or heart rate (HR;+3kZ%). 
Fen increased renal blood flow (RBF;t42&8%), urine flow 
rate (V;+94+27%) and sodium excretion 
p<o.o5, without changing glomerular 

(UN V;t61+15%), 
P 

all 
iltration rate 

(GFR;+4&3%), Thus, filtration fraction (FF;-12+2%) and 
fractional excretion of sodium 
significantly. 

(FEN ;+78&27%) 
All indices had returne 3 

changed 
to control values 

20 mins after discontinuing the Infusion. SCH 23390 
blocked the effects of Fen: RBF;t7&4%, V;-16+10X, UNaV;- 
17&10%, GFR;-3+4X, FE 

!B 
;-15&9X, while the combination had 

no systemic effects: P;t2&1% and HR;+O+l%, (all p>O.O5), 
Therefore, Fen exerts diuretic and natriuretic effects, by 
activating intra-renal vascular or tubular DA1 receptors in 
the anesthetized dog. NH Grant GM2220 
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18.9 
CISPWTIN NEPHIUI'OXICITY IN STREPI'GZUIEIN (STZ) INUUCED 
DIABETIC FISQiER 344 (F344) RATS. Laurie Scott* and Monica 
Valentovic* (SPON: GO. Rankin). MamesESchool 
of Medicine, Dept. Pharmacology, Huntington, WV 25755-9310. 

Tb purpose of the follcrwing stdy was to determine if 
cisplatin nephrotoxicity was altered by diabetes in the F344 
rat. Male F344 (21+310 g) were injected with 27 mg/kg ST2 
or citrate buffer {pH 4.6). Fourteen days lpst ST2 or 
vehicle acbninistration, rats were injected with 5 mg/kg 
cisplatin or vehicle. BUN levels were increased (P<O.O5) 91% 
and 50% 4 days after cisplatin treatment in the nomlycaic 
and diabtic rats, resp. Cisplatin markedly increased 
proteinuria and glucosuria in the nozmcglycesnic rats within 
72 hr. Renal cortical slice accumulation of tetraethyl- 
milan (W) as well as basal and lactate stimulated p- 
aminohippurate (Pm) uptake were decreased (P(O.05) in 
normalgyCemic rats 4 days-after cisplatin injection. PAH 
and TEA uptake were mt altered 4 days post cisplatin 
injection in the diabetic rats. In a separate series of 
ex&.l nornqlycernic F344 rats were permit&d free access to 
0 or 10% dextrose in the drinking water prior to cisplatin 5 
mg/kg (ip) injection. Cisplatin increasd BW levels and 
kidney wt within 96 hrs in the dextrose treated rats. Renal 
cortical uptake of TEA and lactate stimulated PM *re 
diminished (P(O.05) in the dextrose treated rats. The 
mechanisan for diabtes protection of cisplatin cannot be 
attributed to glucose diuresis. (Supportd by NIH RRO5870). 

78.11 

SMALL ANIMAL MRI: RENAL STUDIES WITH CONTRAST AGENTS. M. 
Acara, L Mazurchuk* and R, Fiel* Depts, Pharmacology and 
Therapeutics, SUNY/Buffalo, 14214 and Biophysics, Roswell 
Park Memorial Institute, 14263. 

Magnetic resonance imaging (MRI) of mice and rats using 
custom-built or small extremity coils in clinical scanners 
produced high quality images of kidneys in whole body 
images. T- -weighted pulse sequences delineated the 
cortical-me 8 ullary-papillary junction (C/M/P) in normal 
animals. Three contrast enhancing agents: 1) manganese 
(II) acetate [Mn(II)Ac] having nonrenal excretion; 2) 

manganese (III) tltraphenylporphine sulfonate 
[Mn(III)TPPS4], having renal excretion; and 3) gadolinium 
diethylenetriaminepentaacetic acid [GdDTPA], a recognized 
kidney image enhancer modified the magnetic resonance signal 
fntens ftY bY virtue of their paramagnetic properties. All 
three agents significantly reduced the relaxation time of 
excised whole mouse kidneys and dissected kidneys from rats 
when measured at 10.7 MHZ in a relaxometer. An increasing 
Tl gradient from cortex to papilla was demonstrated with and 
without enhancing agents. GdDTPA and Mn(III)TPPS but not 
Mn(II)Ac delineated the C/M/P/ structure when short TR spin 
echo pulse sequences failed to achieve sufficient contrast. 
Similarly, the same agents improved the conspicuity of the 
boundaries when long TR spf .n echo pul .se sequences were used. 

Supported in -part by Toxicology Research Center, 
SUNY/Buff alo. 

78.13 

COMPARATIVE TOXICITY OF CEPHALOSPORIN ANTIBIOTICS IN THE 
RABBIT AND IN A RABBIT KIDNEY CELL LINE (LLC-RK,). 
BueninE, M. K., Williams, P. D.*, 'Gries, C. L.*: Laska, 
D, A.*, and Heim, R. A.* Lilly Research Laboratories, 
Toxicology Division, Eli Lilly and Co., Greenfield, IN. 

The nephrotoxic potential of 4 oral cephalosporin 
antibiotics, cephalexin, cefaclor, LY195885 and LY171217, 
were determined by single P.O. gavage at 500 mg/kg. 
Histopathological changes, blood chemistry, and ex-vivo 
renal slice function were evaluated after 48 hr. In 
addition, the viability of renal cells in culture (RR) 
was tested with each antibiotic at 0.5-2.0 mg/ml for 48 
hr exposure using nigrosin dye exclusion as an endpoint of 
toxicity. Only LY171217 was significantly nephrotoxic in 
vivo with prominent lesions observed at SO0 mg/kg as well 
as 7-fold increases in BUN and serum creatinine, and 70% 
decreases in ex-vivo renal slice gluconeogenesis and PAH 
and TEA uptake. In vitro toxicity to RR cells correlated 
well with these resultsyielding TD values (TD 
producing 50% lethality; mg/ml) of ??86 ‘P 

=dose 
(cephalex n), 1.41 

(LY19588S), 1.21 (cefaclor), and 0.41 (LYl72217). These 
results indicate that the cellular toxicity of the oral 
cephalosporins tested in renal cells in culture correlates 
well with their nephrotoxic potential in vivo. -- 

78.10 
I?OZ DIRECT EFFECT OF CEPHAIXRIDINE CN RENAL CORTICAL 
GLUED-NESIS IN NORMOGLYCEMIC AND DIABEZTIC TISSUE. Monica 
Valentovic* .and John Ball* (SPON: GO. Rankinj. Marshall 
University scb1of Medicine, Dept, Phamacoloay, -- 
Huntington, w 25755-9310. 

Previous work in our lab has shown streptozotocin (ST21 
induced diabetes modulates cephaloridine nephrotoxicity. The 
purpose of the following studies was to determine the direct 
toxicity of cephaloridine on renal cortical slices obtained 
fm normoglycemic or diabetic rats. Male Fischer 344 (F344) 
rats (250-320 g) were injected with 27 mg/kg streptozotocin 
ISTL ip) to induce diabetes. Diabetes was confirmed by 
glucosuria in excess of 200 mg/dl. Fourteen days post ST2 or 
citrate buffer injection, the rats were ether anesthetized, 
blood was obtained from the dorsal aorta and the kidneys were 
excised. Renal cortical slices (75-100 mg) were incubated 
for 15 or 30 min with 0, 1.25 or 2.5 m cephaloridine at 37OC 
under an oxygen atmosphere and constant snaking. Pyruvate 
stimulated gluconeogenesis was measured 45 min after the 
addition of 10 mM pyruvate. Upon termination of the 
incuption, the media was centrifuged at 1,000 xg for 10 min 
at 4 C. Glucose levels were measured using a glucose oxidase 
method. Cephaloridine produced a dose dependent inhibition 
of pyrwate st-imulated gluconeogenesis in the normoglycemic 
tissue. Cephaloridine decrease pyruvate stimulated 
gluconeogenesis less markedly in the diabetic tissue. These 
results indicate cephaloridine is directly toxic to renal 
cortical slices frcsn normoglycemic and diabetic rats. 

78.12 

ENHANCED NEPHROTOXICITY IN NEWBORN RATS ADMINISTERED 
GENTAMICIN AND VANCOKYCIN. S, Kacew. W.R, Hewitt and J.8, 
Hook. Dept, of Pharmacology, Univ. of Ottawa, Ottawa, Ont. 
Canada KlH 8M5 and Dept. of Investigative Toxicology, Smith 
Kline and French Labs, Philadelphia, P.A. 

In humans the incidence of nephrotoxicity is greatly 
increased in the presence of gentamicin (GEN)-vancomycin 
(VAN) combination therapy in comparison to the use of either 
drug along. Since enhanced nephrotoxicity was also reported 
in pediatric patients, the objective of this study was to 
determine the influence of GEN-VAN administration on newborn 
rat kidney metabolfc indicators of tissue damage. GEN (100 
mg/kg/day) administered (SC) for 4 days elevated kidney 
weight and phospholipid content but decreased Na+-K-t ATPase, 
alkaline phosphatase and pyrfdoxal-5-phosphate. VAN (500 
mg/kg/day) given ip increased kidney weight and phospholipid 
levels associated with a fall in pyridoxal-S-phosphate 
content. Simultaneous GEN-VAN treatment resulted in a 
greater rise fn renal phospholipid accompanied by further 
reduction in alkaline phosphatase and pyridoxal-5-phosphate 
compared to either drug alone. Surprisingly the renal 
concentration of both antibiotics was lower in the combined 
group as compared to VAN alone. These data suggest that 
combination GEN-VAN produces enhanced nephrotoxicity in 
newborn rat and that concentration of GEN may play a 
critical role. (Supported by the Medical Research Council 
of Canada). 

FUNCTIONAL AND MORPHOLOGIC TOXICITY OF CISPLATINUM IN THE 
AVIAN KIDNEY. 

78.14 

Iris M. Fink*, Klaus Stemmer* and William 
Cacini. University of Cincinnati College of Pharmacy, 
-nati, Ohio 45267-0004. 

Bird et al. (JPET 231: 752, 1984) have reported high -- 
susceptibility of chickens to the nephrotoxic effects of the 
antineopfastic drug, cisplatinum (CIS). The purpose of the 
present study was to quantify the functional and structural 
effects of clinically relevant doses of CIS on the chicken 
kidney. Inulin clearance (CIN), PAH clearance (CPAH), urine 
glucose and urine protein were determined in mature Barred 
Rock chickens before and after administration of CIS at doses 
ranging from 1.75 to 4.0 mg/kg. Dose related decreases in 
both CIN and CPAH were evident at all doses within 2 to 4 
days. Moderate glucosuria was evident at 3.0 mg/kg but 
proteinuria was not consistently evident. Body weight losses 
were seen at all doses. Microscopic examination of H&E 
stained kidney sections showed parallel dose-related morpho- 
logic alterations of both proximal and distal tubules within 
2-5 days of dosing with CIS. Tubular necrosfs was evident at 
all doses, with glomerular damage seen at 3.0-4.0 mg/kg, 
These results indicate that the avian kidney is a sensitive 
model for CIS toxfcity studies. 4he multifocal pattern of 
damage produced parallels that seen in humans and suggests 
that advantage may be taken of the avfan portal circulation 
in relevant mechanistic studies of CIS nephrotoxicity. 
(Supported by Kidney Foundation of Cincinnati and NIH 
grant f R15 CA47361-01.) 
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78.15 
ROLE OF LIPID PEROXIDATION IN GENTAMICIN 
CYTOTOXICITY IN PRIMARY CULTURES OF RAT KIDNEY 
CORTICAL EPITHELIUM J. Swarm* ad I?. Acos~ College of 

l Pharmacy. University of Texas, Austin, Texas 78712 
Several reports in the literature of gentamicin-induced lipid 

peroxidation h viva prompted an investigation of this phenomenon in 
cell culture. Primary cultures of rat renal cortical epithelium were used to 
determine whether lipid peroxidation occurs prior to or during 
unmistakable cytotoxicity caused by gentamicin. Primary cultures were 
prepared from the renal cortex of 7 to 12 day old Sprague-Dawley rats 
and exposed to 2mM, 3mM and 4 mM concentrations of gentamicin in 
cell culture medium, when the cultures were 2 to 3 days old. Cellular 
injury was assesed by leakage of cytosolic lactate dehydrogenase (LDH) 
into the culture medium after 12,24, 36 and 48 hours of exposure and 
by morphologic alterations observed by phase contrast microscopy. 
Significant LDH release occurred after 24 hours of exposure to 3 mM 
(psO.05) and 4 mM (~10.001) gentamicin and after 48 hours of 
exposure to 2 mM gentamicin (pIo.01). Morphological derangements 
caused by gentamicin were time- and concentration-dependent and 
included vacuole formation and cell rounding, Lipid peroxidation, as 
estimated by malondialdehyde production, occurred, but was not 
significant, after 6, 12 and 24 hours of exposure to these same 
concentrations of gentamicin. We conclude that lipid peroxidation, while 
it may be caused by gentamicin, did not seem to be a factor in the 
cytotoxicity of gentamicin in cultured kidney cells. 

78,16 
RESERPINE BUT NOT DENERVATION REGULATES RENAL 8-ADRENERGIC 
RECEPTORS. Timothy L, Fortin* and Pavur R. Sundaresan* (SPON: 
M.L. Mangiapane). Univ. of Rochester, Rochester, NY 14642. 

The effects of unilateral surgical denervation or reserpine 
(0.5 mg/kg intraperitoneally daily for 7 days) on renal B- 
adrenergfc receptors (BAR) were examined in rat kidney. 1251- 
Iodocyanopindolol (ICYP) specific binding was used to quanti- 
tate the BAR in the particulate fraction prepared from the 
renal cortex, Denervatfon had no effect on BAR concentration 
seven days post surgery (36.1k1.9 vs. 33.9T3.3 fmol/mg pro- 
tein, n=7). In contrast, reserpine treatment increased BAR 
concentration 30% (42.0?1,9 vs* 32.3?1,2 fmol/mg protein 
(? S,E,, n=B, p < .05)), Tissue catecholamine levels indi- 

cated that both the denervation and the reserpine treatment 
depleted the norepinephrine (NE) levels to a significant 
extent. The reserpine effect was investigated further, Reser- 
pine increased both Bl- and B2-adrenergic receptor subtypes, 
as determined by computerized curve fitting of betaxolol com- 
petition curves, but did -not change the relative proportion of 
these receptors. Isoproterenol stimulated CAMP accumulation 
was increased over control by 49% (27.1~0.7 vs. 18.2k1.4 pmol/ 
mg protefn/min, n=6, p < .OS) after reserpine treatment, indi- 
cating that the elevated receptor number was associated with 
increased function. Our results suggest that factors other 
than sympathetic nerve terminal NE may be involved in the 
regulation of renal BAR. (Supported by NIH grant AM-34539.) 

[3H]-IDAZOXAN IDENTIFIES A NON-ADRENERGIC BINDING SITE IN RAT 
KIDNEY. M.C. Michel", H.J. Motulsky, P.A, Insel, UCSD, La 
Jolla, CA 92093 

Recent data have indicated that the a,-adrenergic receptor 
radioligand [3Hj-idazoxan (RX) might label a different site 
than [3H]-rauwolscine (RAU), In homogenates of rat kidney, 
RX bound specifically to an apparently single class of sites 
with a K, of 22 nM (non-specific binding defined by tola- 
zoline 100 j&i>. However, the number of binding sites was 
twice that of RAU. In competition experiments, only half of 
the specific binding of RX could be displaced by reasonable 
concentrations of epinephrine, norepfnephrine, prazosin, and 
yohimbine. Specific RX binding was completely displaced by 
the guanidine guanabenz and some imidazoline compounds 
(indanidine, UK 14,304 (5-bromo-N-(4,5-dihydroimidazol-Z-yl)- 
6-quinoxafinamine), tolazoline, idazoxan) but only half 
displaced by other imidazolines (clonidine, oxymetazoline, 
moxonidine, phentolamine). In contrast, all compounds tested 
completely displaced specific RAU binding. When phentolamine 
prevented RX binding to a,-adrenergic receptors, the competi- 
tion of the a2 -adrenergic agonist UK 14,304 for RX binding 
was not sensitive to Naf or GTP. We conclude that some (but 
not all) imidazolines bind with high affinity to two sites in 
rat kidney: az-adrenergic receptors and an additional non- 
adrenergic site. 

RENAL BEMODYNAMICS 

79.1 

THE AGE-RELATED DECLINE IN CREATININE CLEARANCE IS NOT DUE TO 
A DECLINE IN CARDIAC OUTPUT. R. S, Danziger*, E. G. Lakatta, 
J. Tobin* and J, 1. Fleg*. Gerontology Research Center, NIA, 
NIH, Baltimore, MD 21224 

Whether the well documented age-associated decline in the 
glomerular filtration rate, manifest as a decline in creati- 
nine clearance (CCr), is related to an age-related change in 
cardiac output is presently unknown. To determine the role of 
cardiac output in the age-associated decline in CCr, ye com- 
pared 24 hour CCr indexed to furface area (ml/min/m ) with 
cardiac index (CI) in L/min/m measured via gated cardiac 
blood pool scans (Technetium pyrophosphate imaging) in the 
sitting position in healthy males (n = 101) and females (n = 
46) from the Baltimore Longitudinal Study on Aging (ages 25 to 
82 yds selected for the absence of cardiovascular disease 
(normal resting and maximal stress EKG, normal stress thal- 
lium scan), renal disease and relevant medications, By linear 
regression analysis CCr of the entire group declined with age 
(CCr = 89.0-0.31(age), r = .31, p<.OO1); resting CI did not 
vary with age (r = .03, p = .74) and CCr was not related to CI 
(r = .04, p = .59)* Furthermore, CCr was not related to CI in 
either sex (r = .13, p = .37 and r = .02, p = .85 for females 
and males respectively). Thus, CCr declines with age even 
within a population in which CI does not. This indicates that 
the age-associated decline in CCr is not cardiac in origin but 
rather intrinsic to the kidney. 

79.2 

RENAL HEMODYNAMICS IN HgCl -INDUCED ACUTE RENAL FAILURE (Hg- 
ARF): INDEPENDENCE FROM RZNAL ADENOSINE (ADO). N, Rossi, 
T ,  Kontry, S. Gunther, A. Bidani)f and P. Churchill*. Wayne 
State University, Detroit, Michigan 48201, U.S.A. 

ADO-mediated renal hemodynamic changes m$y be pathogenic 
in reducing glomerular filtration rate in ARF. ADO receptor 
antagonists are protective in some models of ARF. We studied 
the role of ADO in Hg-ARF. Rats were treated with HgCl2 4.7 
mg/kg. Control (C) and experimental (E) rats received vehicle 
or theophylline (TH) twice daily, respectively. Serum creati- 
nine was higher in E at 48 and 72 h (~~0.05, N=lO). In other 
experiments, clearances of inulin (C 1 and PAH (C ) and 
fractional excretion of sodium (FE jNwere measuregArn sham 
controls (S) or in three groups of NaHgCl 

? 
-treated animals: 

vehicle (H+V), TH (H+T), and N -cyclohexyladenosine (H+C). 

S 9 hNO 6 . l 23 .:p~H1 2 -  l 0.S7FEP%*15 

H+V 4.8 f 0.3" 11.3 i 0.8* 2.32 f 0.24* 
H+T 5.5 + 0*4* 10.6 i 1.2" 3,85 4 0.21* ** 
H+C 0.7 iI 0.2* + 2.3 f 0.7s + 2.63 k 0.42" 
*p~0.0001 vs S; +p<O.OoOl vs H+V, H+T; **p<O.O005 vs H+V, H+C 
Lastly, kidneys were perfused at constant pressure in a non- 
recirculating system. Infusion of HgC12 (320 to 1250&M) pro- 
duced a dose-dependent decrease in perfusate flow. ADO in 
venous effluent was elevated at 320pM (1.28 + 0.15 nM/min/g) 
and decreased linearly to less than control at 1250~1M (0.23 ! :  
0.03 nM/min/g). ADO does not mediate the hemodynamic changes 
in Hg-ARF, but HgCl2 may interfere with renal ADO metabolism. 
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79.3 
EFFECT OF LOW CALCIWM DOSES ON RENAL HEMODYNAMICS AND 
SODIUM EXCRETION. V. Lahera*. MJ Flksen-Olsen*. and 
JC Romero Mayo Foundation, Rochester, MN 55905. 

We studied the effects of intrarenal infusions of 
calcium gluconate (Ca *+) (1, 10, 100 and 400 pg/kg/min) on 
renal blood flow (RBF), glomerular filtration rate (GFR), 
urine (U) excretlion of Na+, and K+ in 7 anesthetized dogs 
(Pentobarbital 25 mg/kg). After 2 clearance periods, each 
dose was infused at a rate of 1 ml/min for 30 min, followed 
by 3 recovery periods. Five control dogs were infused with 
saline. The first 3 doses of Ca2+ produced 10, 25, and 94% 
increases in GFR without affecting RBF, while UNa increased 
1.5, 2.5, and 9.5 fold respectively along with UK. 
Fractional excretion of Na+ (FeNa) increased 1.4, 2 and 4 
fold as well. The highest dose of Ca*+ induced a 50% 
reduction fn RBF, a 60% reduction in GFR but UNa and FeNa 
increased further by 30 fold. U volume increased 1.3, 1.5, 
3, and 7.5 fold for each Ca*+ dose. No than es were 

f observed in blood pressure, plasma Na+ and K . We 
concluded that low doses of Ca increase GFR, UNa and FeNa. 
However, the mechanisms for natriuresis appears to be 
independent of GFR due to a decrease in tubular 
reabsorption. 

79.5 

MAINTAINED STRETCH-DEPENDENT MYOGENIC TONE IN RENAL ARCUATE 
ARTERIES IN VITRO. R, Bevan and G. Goggins, Dept. of 
Pharmacology, University of Vermont, Burlington, VT 05405 

Renal blood flow measured in anesthetized rabbits is 
efficiently regulated between 75 - 11Omm Hg (Ott and Vari, 
1979). We have studied maintained stretch-dependent tone 
in isolated young adult male white New Zealand rabbit renal 
arcuate artery segments 2mm in length, cannufated, 
pressurized and filled with oxygenated physiologic salt 
solution at 37OC and continuously perfused with an 
identical solution. They were viewed through a microscope 
coupled with a TV camera and video dimension analyzing 
system enabling lumen diameter to be measured (Halpern, 
Osol and Coy, 1984). At 5Omm of Hg, lumen diameter was 282 
k 4vrn (n=i5). Active and passive reproduci ble lumen 
diameter changes in response t .o stepwi se 1Omm Hg changes in 
pressure were obtained. Below a mean of 77,5mm Hg & 24 
<n=lS) lumen diameter@anges were passive, but above this 
level maintained Ca -dependent constrictor responses 
developed up to about 110 - 13Omm Hg. Within this range 
increases in pressure caused an immediate small rapid 
dilatation, followed by constriction, reaching equilibrium 
within a few minutes. Similar responses were obtained in 4 

792 
EFFECT OF ACUTE RENAL DECAPSULATION ON PRESSURE NATRIURESIS 
IN SHR AND WKY RATS. A. A. Khraibi and F. G. Knox, Mayo 
Clinic, Rochester, MN 55905 ' 

Recently we have shown that pressure natriuresfs and 
dfuresis response is attenuateh in the spontaneously 
hypertensive rat (SHR) and that thfs attenuation is 
associated with a blunted increase in renal interstitial 
hydrostatic pressure (RIHP) in comparison with Wistar-Kyoto 
(WKY) rats. The objective of these experiments was to 
study pressure natriuresis in SHR and WKY rats during acute 
renal decapsulatfon. Renal decapsulation did not affect 
the relationships between renal perfusion pressure (RPP), 
RIHP, and fractional excretion of sodium (FENa , which were 
blunted in the first place, in the SHR. At RP & of 134~1~2 
and 16Ok3.6 mtHg (n-5), RIHP was 3.8kO.3 and 4.2~0.3 mmHg, 
r& FENa was 0.11&0.03 and 0.35$0.10X in the decapsulated 

. In the WKY, acute renal decapsulation (n-4) prevented 
most of the increase in RIHP observed when RPP increases in 
control WKY, and almost abolished pressure natriuresfs and 
diuresis response. When RPP was increased from 106~1.2 to 
129k2.5 mmHg in the decapsulated WKY, RIHP and FENa did not 
change (3.940.7 mmHg and 0.26kO.1416 to 4.3~0~6 mmHg and 
0.33&0.14X). We conclude that the renal capsule is not 
essential for the demonstration of the already attenuated 
pressure natriuresis and diuresis response in the SHR; 
however, its presence is of critical importance for the 
increase in RIHP and the brtsk pressure natrluresis and 
diuresis response in the WKY rat. 

79.4 
ROLE OF PROSTAGLANDINS (PG) ON GLOMERUM FILTRATION RATE 
(GFR) AND URINARY SODIUM EXCRETION (UNaV) IN RESPONSE TO 
INCREASED RENAL VENOUS PRESSURE (RVP). Marv J. Fiksen- 
Olsen*. J.C. Burnett Jr.. J.C. Romero. Department of 
Physiology, Mayo Foundation, Rochester, MN, 55905 

While increases in RVP are known to increase UNaV and 
renal interstitial pressure (RIP) without altering GFR, the 
role of PG in the response has not been defined. There- 
fore, the effect of increases in RVP (3, 15 and 30 mm Hg) 
on mean arterial pressure (MAP), renal blood flow (RBF), 
GFR, UNaV, and urinary prostaglandin E2 excretion (PGE2) 
was studied in 6 pentobarbital anesthetized dogs before and 
after blockade of PG synthesis with meclofenamate (Meclo) 
(5 mg/kg i,v.). RIP was estimated with matrfx capsules 
chronically implanted fn the kidney. Elevations in RVP 
increased RIP (6 11, 11 f 2, 23 + 4 mm Hg), UNaV (22 5 7, 
24 + 4, 56 & 12 pEq/min) and PGE2 (1046 + 230, 1404 & 355, 
6939 & 3944 pg/mfn). MAP, ElBF and GFR remained unchanged, 
Following Meclo the increases in RVP produced similar 
increases in RIP and UNaV. PGE2 levels were undetectable 
and RBF (126 f 14, 108 2 16, 77 k 13 ml/min) and GFR (22 2 
4, 22 f 3, 11 & 3 ml/min) which were lower than during 
control decreased further with 30 mm Hg RVP, MAP remained 
unchanged. In summary, PG are important for the main- 
tenance of GFR and RBF during increased RVP, but not in the 
natriuresis associated with renal vein constriction, 

Supported by NIH grant HL16496 

79*6 
SLIGHT PRESSURE NATRIURESIS DURING WATER DIURESIS IN 
PHENYEPHRINE-INFUSED DOGS. W.H. Wauah and T.E. Bales*. 
East Carolina Univ. Sch. of Med*, Greenville, N.C. 27858 

In contrast to Aperia et al (AJP 220:1205,1971), we now 
report that pressure natriuresis slopes can be slight during 
water diuresis with low fractional Na excretions (FENa). 
Loads of 41 mM NaCl-50 mM glucose to 3% body wt. were given to 
7 dogs (80 mg/kg chloralose;l mg/kg pentobarb). Soln of 7 r&f 
NaCl-3 mM KHCO 

? 
-100 mM glucose-O.1 ug/ml aldosterone was in- 

fused at 0.3 m /kg/min, With minimal surgery, clearances were 
done at initial mean renal arterial pressures (MMP) & during 
iv infusion of l-phenylephrine*HCl (PEP) at low pressor rate 
(2 pg/kg/mid - before (B), during the last 20 min of 35 min 
of MRAP reduced by suprarenal aortic balloon inflation (Infl), 
& during the last 20 gin of 35 m&n of resumed high M&AP 

MRAP V NaE %FENa C,Cr 
(R)& 

ERBF 
PRE-PEP 127210 3.5621.0 19k9.5 0.169+0.082 72f5 270f32 
PEP-B 153f13 6.15fl.O 22k4.5 0.223+0,046 76+4 286+25 
PEP-Infl lOlf4 5.20f0.8 7,6+2.5 0.07920.024 71f3 290+17 
PEP-R 149210 7.6441.0 21+6,3 0.210+0,064 751'3 297+17 
Slope decreases in NaE & FENa were only 2.42+0,46 & 0.023f 
0.005 X per 10 mm Hg decrease, resp. (PcO.01). Percent changes 
from mean of PEP-B & -R values were 9.6+3.0% & 8.8*3.3% per 10 
mm Hg decrease, resp* (P<O,OS). Serial hematocrits were 33,3* 
1.4, 43.2k2.2, 44.122.0, & 45.1+2.0X. Serial plasma renin 
agtivities were 3.9f1.2, 3.6k1.2, 5.3?1,3, & 3.8+1,2 ng/ml/hr. 

ml or pEq/min/lOO g kidney wt; ERBF=effective renal bl flow 

79.8 
-INEREmPIm - - lQmmENsw II 
lNAJcED-IN~mmINm* B.J. 
Holvcross* arid E.K. Jam I Vwilt Unimity, 
mille, TPJ 37232. 

&@-in II (-1X) elicits a m indblood 
flerw(RRF) ~tiqfmm~pptide~sabili~tocmstrict 
bkh pre ard @qlmar arterioles. Adenorsh (Am) 
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80.1 80.2 
THE ROLE OF ANGIOTENSIN II IN THIRST INDUCED BY THERMAL HYPOTHALAMIC (Ht) PEPTIDASES INACTIVATING GONADOKELIN (GnRH) 
DEHYDRATION OR WATER DEPRIVATION IN RATS. C. C. BARNEY, J. I.A. Kamberi, R.A. Skaf*, R.M. Jaffe* and D.H. Belsky*, 
S. Williams and D. H. Kuiper. Dept. of Biology, Hope Hendrickson Center for Reprod. Med. CH/U'MC and Dept OB/GYN, 
College, Holland, MI 49423. RW Johnson M. Sch. and SOM UMDNJ, Camden, NJ 08103 

Male 
role of 

Sprague-Dawl 
angiotensin 

ey rats were 
II in the th 

used 
.rst 

to investi 
induced by 

gate the 
two types i 

of dehydration, thermal dehydration and dehydration due to 
water deprivation. Thermal dehydration was brought about 
by exposure of rats to a 40°C environment without water for 
O-4 hours. Water deprivation-induced dehydration was 
brought about by denying rats access to water for 44 hours. 
Exposure of rats to the heat for 2 or 4 hours did not alter 
plasma renin activity. Bilateral nephrectomy performed two 
hours prior t 0 the beg inning of heat exposure did not alter 
the increase in water intake observed following 3 hours of 
heat exposure. Administration of the angiotensin convert- 
ing enzyme inhibi 
without effect on 

tor captopril 
thermal dehyd 

100 mg 
ation- 

/kg, i.p.) 
induced th 

was also 
irst. In r 

contrast, water deprivation caused a four-fold increase in 
plasma renin activity. Administration of captopril 
(100 mg/kg, i.p.> one hour prior to allowing the rats 
access to water significantly reduced the 
the water deprived rats. Thus t angiotens 

water intake of 
in II appears to 

take part in the development of thirst in rats dehydrated 
by water deprivation but not in rats dehydrated by exposure 
to heat. (Supported by NIH grant DK 36857-02 and NSF grant 
BBS-8722566.) 

80.3 
LOCAL ADMINISTMTION OF D-ALA', d-LEU' ENKEPHALIN INCREASES 
PLASMA RENIN ACTIVITY IN ANESTHETIZED DOGS. R. E. Laskey* 
and R. L. Tackett. Cardiovascular Pharmacodynamics Lab, 
College of Pharmacy, University of Georgia. 

Several recent studies have implicated opioidergic 
involvement in cardiovascular regulation. The present study 
was designed to investigate the possible interaction of 
opioids with release of renin from the canine kidney as 
measured by plasma renin activity (PRA). Following 
laparotomy, left and xfght renal veins were cannulated for 
sample collection. Electromagnetic flow probes were placed 
on both renal arteries. Saline infusion was established in 
the left renal artery at .5 cc/min. Blood pressure and heart 
rate were monitored. Injection of the specific delta opioid 
receptor agonist, DADL (12 pg/kg), into the left renal artery 
caused a significant increase in left renal vein PRA at 1 and 
10 minutes post injection without significantly affecting PRA 
in contralateral renal vein samples. MAP and RBF were not 
significantly diminished by DADL. Naloxone infusion (7 pg/ 
kg/min) prevented the increase in PRA. Injection of DAGG, a 
specific mu opioid receptor agonist, had no effect on the 
parameters measured. Additionally, studies performed with 
the isolated perfused rat kidney showed an incre:ge in renin 
secretion rate with the addition of DADL (10 M) to the 
perfusate. 

80.5 
PRORENIT "CONVERTASE" FROM*RAT RENAL CORTICAL SLICES, R. 
Ismail , L. Mavrogiannis and D H Osmond. Univ. of -LL- 

Toronto, Toronto, Canada M5S 1A8. 
Conversion of prorenin to renin in the systemic 

circulation is not established, leaving open the role of 
plasma prorenin. Bilateral nephrectomy (2NX) raises plasma 
prorenin in rats, indicating an extrarenal source, while 
active renin disappears, suggesting loss of a renal prorenin 
"convertase". We incubated renal cortical slices at 37OC for 
30 min in Krebs-Henseleit buffer, pH 7.4. The resulting 
incubate converted essentially all the extrarenal prorenin 
in 2NX plasma to renin. To characterize this powerful renal 
convertase we used the protease inhibitors trasylol, soybean 
twypsin inhibitor, lima bean trypsin inhibitor, benzamidine 
and N-ethylmaleimide, as well as the specific kallikrein 
inhibitor, Phe-Phe-Arg chloromethyl ketone, None of these 
inhibited convertase, thereby ruling out kallikrein, plasmin 
and other favoured proteases. Cathepsins are unlikely 
candidates because convertase is very active at pH 8. 
Activity was recovered in the isoelectric pH range of 4.9 
to 5.4. Thus, the powerful prorenin convertase may be a new 
enzyme, or a known one not yet implicated as a prorenin 
activator. 
Supported by the Heart and Stroke Foundation of Ontario. 

Previously we have shown that GnRH and amino acid detivati- 
vea of 4-nitroanilides are degraded by peptidase activities 
(PA). In this study, PA towards specific substrates, the 4- 
nitroanilides of L-alanine, L-leucine, L-phenylalanine, L- 
tyrosine, L-cystine, L-glutamic acid, and L-glycine, have 
been investigated in different regions of the Ht of adult 
male and castrated female rats. It was found that the PA 
activities with respect to these substrates decreased in the 
order listed above, in all tissues examined (cerebral cor- 
tex, median eminence and anterior, posterior or lateral Ht). 
The arylamidase activity toward L-leucine-4-nitroanilide 
(Leu-4-NA) and L-alanine-4-nitroanilide was elevated in Ht 
tissues as compared to the cortex. In our enzyme kinetic 
studies we found that the addition of GnRH inhibited degra- 
dation of Leu-4-NA in a dose depended manner. Estradiol and 
progesterone given to castrated adult rats increased the Ht 
PA with concomitant decrease in GnRH as measured by RIA. 
Adult female rats androgenized in the neonatal period, also 
had increased Ht PA and decreased GnRH content as compared 
to diestrus rats. Conclusion: PA in the Ht modulate, at 
least in part, the amount of releasable GnRH which in turn 
triggers the gonadotropin surge and consequently ovulation. 

80.4 
PROSTAGLANDINS AND ANGIOTENSIN AS REGUkATORS OF rjiENIN 
RELEASE AND PRORENIN ACTIVATION. P. foannou , R. Ismail and -- -- 
D.H. Osmond. Univ. of Toronto, ---- Toronto, Canada M5S lA8 -2 

There is a large pool of blood prorenin, for which an 
activating mechanism, 
produce systemic renin, 

or "convertase", is required to 
The nature of convertase, and its 

regulation, need to be established, especially the role of 
prostaglandins 
known to r’=g ulate the release of active r enal renin, 
Convertase is released by rat renal cowtica 1 slices into 

(PGs) and angiotensin II (An@, which are 

their incubation medium and is determined by its capacity to 
activate the extrarenal prorenin present in post-nephrectomy 
(2NX) rat plasma, which is renin-free. S lices were incubated 
for 30 min. at 37"C, pH 7.4, in the presence of Ang, ZpM, or 
PGs, 5.6 PM. As expected, Ang inhibited, while only PGs I 
and E 2 stimulated renin release, by about 34% in bot i? 
directlons. Ang inhibited convertase activity while PGE2 
stimulated it in the incubate. PGs 12, D2, FZot , and 6-keto- 
F Inl ? did not stimulate convertase, Our data point to the 
&Tease of a convertase by renal slices and to its down 
regulation by Ang and up regulatioil by PGE,. Thus, in 
addition to PG and Ang regulated renal secreeion, active 
renin may arise by similarly regulated renal and extrarenal 
prorenin conversion. 
Supported by the Heart and Stroke Foundation of Ontario. 

80.6 
CNS ACTIONS OF ANGIOTENSIN II (AII) DURING PREGNANCY, E.W. 

- Quillen, Jr, and B.S. Nuwayhid. McGill Univ., Montreal. 
During pregnancy, diminished direct pressor actions of AI1 

are well known but the indirect effects of AIL acting via the 
CNS are not known. Consequently, the pressor response to 1.~. 
infusions of AI1 at 5,10,20 and 40 ng/kg/min has been observed 
under normal intact conditions and during ganglionic blockade 
with hexamethonium (HEX) to determine the direct vs. indirect 
effects. Possible alterations in the indirect contributions 
quring pregnancy were studied in nonpregnant (RF; n-5) & 115~ 
125 day pregnant (PG; n=6> sheep prepared with arterial and 
venous catheters and a pulmonary artery blood flow probe, Ba- 
sal mean arterial pressure (MAP) and cardiac output (CO) ave- 
raged 8822 mmHg and 3,50_+0.20 L/min in NP, and 8123 mmHg and 
6.24kO.25 L/min in PG ewes. The rise in MAP at all AII levels 
was greater during HEX averaging 149% in NP and 210% in PG 
ewes when compared to the intact response. CO, under intact 
conditions, was reduced by 14% and 16% in RP and FG, reepec- 
tively, With HEX, basal CO in NP ewes was unchanged, but was 
increased by 17% with AII. With HEX, basal CO in PC ewes was 
reduced to 4.39.5 L/min, AII infusion increased CO by 26%. 
Thus, the rise in total peripheral resistance (TPR) with HEX 
in NP ewes averaged 80% of the intact response, but the rise 
in TPR with HEX in PG ewes averaged only 35% (p<.Ol). This 
suggests that indirect actions account for 20% of the total 
response in nonpregnant sheep. During pregnancy, the relative 
role of the central actions of AII are increased and may con- 
tribute 65% of the overall pressor action. MRC9804. 
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80.7 80.8 
ROLE OF PERIPHERAL 5-HT2 RECEPTORS IN THE RENIN RESPONSE TO 
SEROTONIN AGONISTS. Richard H. Alper. University of Kansas 
Medical Center, Kansas City, KS 66103 

STUDIES ON INHIBITJON OF ANGIOTEWIN II RECEPTORS IN RABBIT 

We have shown previously that quipazine, a non-selective 
serotonin (S-HT) agonist, decreases renal blood flow (RE!F) 
and increases plasma renin activity (PRA) when injected 
intravenously (iv), but not when injected into the lateral 
cerebral ventricle; the decrease in RBF was not altered by 
prazosin or enalapril, The current experiments investigated 
the actions of quipazine and the selective S-HT2 agonist 
fDO1 [+-1-(2,5-dimethoxy-4-iodophenyl)-Z-aminopropane HCl] 
administered iv on PRA and RBF in chronically instrumented 
conscious rats. Both S-HT agonists &creased R3F and 
increased PRA. Two highly selective S-HT2 antagonists, LY 
53857 (100 pg/kg, iv), a drug that enters the CNS, and 
xylamidine (100 pg/kg, iv), a peripheral S-HIT2 antagonist, 
abolished the RBF and renin responses to quipazine and DOI. 
Also, the p-antagonist fpropranolol (1 or 3 mg/kg, iv) did 
not alter the increase in PRA produced by quipazine and only 
slightly attenuated the renin response to DOI. Since LY 
53857 and xylamidine have been shown to have a similar 
affinity for 5-HT2 receptors in vitro but dfffer only in 
their CNS effects, and propranolol did not markedly alter 
the renin response to either 5-HT agonist, it appears that 
quipazine and DOI act primarily within the renal vasculature 
to reduce RBF thereby increasing PRA. 
(Supported by a grant from the PMAF and NIH Grant # HL-38072) 

ADRENAL AND AORTA. Robert G, Pendleton, George Gessner* and 
Eugene Homer*. Rarer Central Research, King of Prussia, PA 
19406 

Angiotensin II (AII) labelled with 125 
I binds to rabbit 

adrenal cortical membranes over a concentration range from 0.5 
to 20 nM at a single site with a KD of 5 nM. This binding was 
inhibited in a surmouqtabl8 fashion with re3pect8to AI1 by the 
peptide analogues Sar ,Leu AI1 and Phe ,Val ,Tyr AI1 when not 
preincubated with their receptors prior to AII addition, With 
a 30 minute preincubatfon, however, the former displayed 
non-surmountable kinetics while the profile of the latter was 
unaffected. 

In rfbbftgaortic strips with the same preincubation time, 
the Sar ,Leu AI1 analogue was a non-surmountable antagonist of 
the4cont3actige effect of AI1 while the inhibition produced by 
Phe ,Val ,Tyr AI1 was surmountable by increasing agonist (AII) 
concentrations. The inhibitory effect of the former was main- 
tained after repeated washing of the tissue white th2t ofSthe 
latter was readily reversible. Addition of Phe ,Val ,Tyr AII 
to the bath 5 mjnutes prior to preincubation prptectgd the 
tissue from the prolonged AI1 inhibition by Sar ,Leu AII. 

These findings indicate different kitetic5modeR of AI1 in- 
hibition by these two antagonists, Phe ,Val ,Tyr AII behaves 
as 
Sar 

f revErsible, competitive inhibitor of AI1 binding, while 
,Leu AII combines with the AI1 receptor in a slowly dis- 

sociable manner and is therefore not readily displaced by AII. 
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81.1 81.2 
ROLE OF RENAL CAPSULE IN RENAL INTERSTITIAL HYDROSTATIC 
PRESSURE AND PRESSURE NATRIURESIS OF WISTAR RATS. 
J. A. Haas. A. A. Khraibf.. and F G . . K nox, Department of 
Physiology and Biophysics, Mayo Clinic, Rochester, MN 
55905 

ROLE OF PROSTAGLANDINS IN PROXIMAL TUBULE SODIUM 
REABSORPTION: RESPONSE TO ELEVATED RENAL INTERSTITIAL 
HYDROSTATIC PRESSURE, Y. Kinoshita* and F. G. Knox. Dept. 
of Physiology, Mayo Clinic, Rochester, MN. 55905 

The objective of this study was to establfsh the 
relationship between renal perfusion pressure (RPP), renal 
interstitial hydrostatic pressure (RIHP), and fractional 
sodium excretion (FENa) after acute renal decapsulation in 
the Wistar rat, A polyethylene matrix was implanted 
chronically in each kidney of Wistar rats (n-lo), and was 
utilfzed for the measurement of RIHP, A servo-controlled 
cuff was placed around the abdominal aorta for the 
manipulation of RPP. Acute renal decapsulation was 
performed on one kidney and the contralateral kidney was 
used as control. RIHP measured 3.3~0.4 mmHg in the 
decapsulated kidney and 4.1&0,4 mmHg in the control kidney 
(p<O.O5> at an RPP of 10051,2 m&g. At this RPP, 
glomerular filtration rate and FENa were similar in both 
kidneys (1,25&0.10 ml/min/g kidney wt. and O.S7+0.15% for 
decapsulated, and 1.44iO.09 ml/min/g kidney wt. and 
0.86&0.17X for control). When RPP was allowed to increase 
to 123k1.3 mmHg, RIHP and FENa increased significantly to 
4.3kO.4 mmHg and 1.77&0.41X in decapsulated and 6,9+O.S 
mmHg and 2.56kO.38% in control kidneys. We conclude renal 
decapsulation attenuates the relationships between RPP, 
RIHP, and FENa. We suggest that other maneuvers may 
produce shifts in these relationships, 

The objective of the present study was to investigate 
whether proximal tubules respond to the elevated renal 
interstitial hydrostatic pressure (RIHP) and whether the 
inhibition of prostaglandin synthesis would alter the 
effect of elevated RIHP on proximal sodium reabsorption. 
Expansion of renal interstitfal volume by injecting 100 ~1 
of 2.5% albumIn solution through a chronically implanted 
matrix increased RIHP similarly in control rats (from 
3.0-t-0.3 to 5.720.5 mmHg, n-8) and in indomethacin (from 
2.6+0,3 to 4.8~0.3 mmHg, n-8) or meclofenamate-treated rats 
(from 2.0+0,2 to 4.7~0.7 mmHg, n-7) rats. In the absence of 
prostaglandin synthesis inhibition, renal interstitial 
volume expansion significantly increased the fractional 
delivery of sodium (FDNa) at the superficial late proximal 
tubules from S6.54 6.1 to 67.0+6.S% (P<O.Ol) with an 
accompanying increase in the fractional excretion of sodium 
(FENa) from 2.120.5 to 3.0~0.42 (p<O.Ol). In the presence 
of indomethacin or meclofenamate, renal interstitial volume 
expansion failed to augment FDNa and FENa. In summary, 
these studies demonstrate that the synthesis of 
prostaglandins might be crucial for renal interstitial 
hydrostatic pressure to regulate sodium reabsorption by the 
proximal tubules. 

81.3 

ARTERIAL PRESSURE (MAP) - URINARY SODIUM EXCRETION (UNAV) 
RELATIONSHIPS DURING PREGNANCY. B,Nuwayhid and E.Quillen. 
McGill Univ., Montreal. 

To determine the effects of long-term changes in sodium 
intake on MAP regulation during pregnancy, nonpregnant (NP; 
n-8) and 110-140d pregnant (PC; n-6) ewes received daily 
sodium intakes (NaIN) of 25, 75 and 360 mm01 until fluid and 
electrolyte balance was achieved (5-7 days). Daily water 
intake (H2OIN) and urine output (W) were varied directly 
(p<,Ol) with NaTN in the NP, but not in PC ewes. At NaIN of 
25 mol, H201N (522e734 vs. 26012321 ml) and UV (3245&80 vs. 
18782195 ml) were greater (p<.Ol) in PG than in NP animals. 
Plasma angiotensin IT (pAI1) averaged 13.5~1~8 pg/ml in NP 
ewes at NaIN of 25 mmol, and was undetectable (<2pg/ml) at 
NaIN of 360 mmol. In PG ewes, pAIT (20.8~5.6 pgfml) was 
greater (p<.Ol) than the NP level at 25 rnmol, With NaTN of 360 
mm;mkpt$I averaged 19.526.2 pg/ml. UNaV and 24h average MP 

: - ~<,05 CP. nonpregnant data) 
NP;> - 25 75 -366 25 75 360 <= PG 

UNaV (mmol) 24+4 7729 344430 26+7 81+16 338+12 
MAP hw 8021 8o+l 84k2 70;3* 7a;2+ 792" 
During pregnancy, the MAP-UHaV relationshi is shifted to a 
lower- ievel, but the sodium sensitivity of MAP unchanged. 
Also, the inverse relationship of NaIN and pAIT is blunted 
suggesting a reduced role for ATT in the maintenance of renal 
function during pregnancy. Supported by Kidney Foundation of 
Canada. 

81.4 

EFFECTS OF A GROWTH HORMONE-RELEASING FACTOR 
ANTAGONTST ON THE MAXIMUM RENAL REABSORPTION OF 
PHOSPHATE IN IMMATURE AND ADULT RATS. Aviad 
Haramati. Michael D. T,umPkin* and Susan E, Mulronev:. Dept. of 
Physiology, Georgetown Univ. School of Med., Washington, DC 20007 

The maximum renal reabsorption of phosphate (TmPi) per ml GFR 
is greater in immature rats compared to adults, possibly because of 
the increased demand of the neonate for Pi during growth. We 
evaluated the role of growth hormone in this process by comparing 
the effects of an 

4 
ntagon’ t 

Y 
to growth hormone-releasing factor 

(GRF-AN: [N-AC-TYR -D-ARG ]-GRF-(~-~~)-NH~) on growth and TmPi 
in immature and adult rats. We have recently shown that GRF-AN 
inhibits the pulsatile release of growth hormone in both immature 
and adult rats. Silastic catheters were placed in jugular veins of 18 
immature (4-5 wks) and 11 adult Wistar rats, and either GRF-AN 
(100 ug/kg) or vehicle was injected I.V. twice daily for 4 days. The 
rats were then prepared for clearance experiments to determine the 
TmPi. During the chronic injection period, growth slowed markedly 
in GRF-AN treated immature rats (body weight increased 542% vs 
25k3% in control rats), The rate of growth in control adult rats was 
less than in neonates (7~2%), but was completely suppressed during 
GRF-AN treatment t-2+2%). The inhibition of growth by GRF-AN 
was associated with a decrease in the TmPi in immature rats (4.6kO.3 
vs 3.3kO.l umol/ml, PxO.01) but not in adults (3.6+0-l vs. 3.3+0.2 
umol/ml). Thus, the effects of GRF-antagonist to inhibit growth 
and the TmPi are more prominent in immature rats. These results 
support the notion that growth hormone, directly or indirectly, 
contributes to the enhanced renal Pi reabsorption in immature rats. 
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81.5 

RESISTANCE TO THE PHOSPHATURIC EFFECT OF PTH INDUCED 3Y 
SHORT TERM LOW PHOSPHATE DIET (LPD) IS BLUNTED BY 
PROPRANOLOL (PRO) IN RATS. A. Rvbcztiska*, A. HoDD~*~ and 
F. G. Knox Dept. of Physiology, Mayo Clinic, Rochester, 
MN 55905 - 

The LPD induces resistance to the phosphaturic effect of 
PTH within hours. The present study evaluated if fi- 
adrenergic blockade by PRO might correct this diminished 
response to PTH. Animals were fed LPD (0.07%) for 0.5, 1, 
2, 3, or 4 days before the experiment. All rats were 
acutely TPTX, and after 1 hour of infusion with or without 
PRO (20 pg/kg/min) clearance samples were collected. The 
infusion was supplemented with PTH (synthetic l-34, 33 
U/kg+1 U/kg/min) and after 1 hour samples were recollected. 

LPD (davs) 0.5 1 2 3 4 (n-5-2) 
1. PTH FEpX 26.8” 14.0w 7.9 2.2 0.9 
2. PRO+PTH FEp% 45.4 34.3 14.7 3.9 0.5 

A (2.-l.) 18.6 20,3 6,8 1.7 -0.4 

FEp, fractional excretion of phosphate; n, number of 
animals; *p<o.o5. 
In rats fed normal phosphate diet PRO did not increase 
response to PTH. No differences in plasma phosphate 
between groups 1 and 2 were observed. We conclude that 
immediate, but not long term, resistance to the 
phosphaturic effect of PTH as a result of LPD seems to be 
mediated by stimulation of renal p-adrenoceptors. 

81.6 

MAGNESIUM BALANCES AND 28Mg and 47Ca STUDIES IN MAN. Herta 
Spencer and Date Osis*:, Metabolic Section, V.A. Hospital, 
Hines, IL 60141 

Magnesium balances were determined in adult males for 
several weeks during a constant analyzed dietary magnesium 
intake in a Metabolic Unit. Magnesium analyses of the diet 
and of urinary and fecal excretions were determined. The in- 
testinal absorption of magnesium was determined as net 
absorpsgon from magnesium 
fecal 

balances and from 6-das8cumulative 
Mg excretions following an or MgCl and 

by the double tracer technique using orally and i tra- i; 
venously. The endogenous magnesium was also determined 
with intravenous doses of The absorption of magnesium 
determined by the above describej8three methods agreed well 
and averaged 47% of the dose of Mg or of the dietary magne- 
sium intake, Calcium intakes ranging from 200 up to 2000 
mg/day did not change the magnesium balances nor the ab- 
sorption of magnesium showing that this high calcium intake 
did not decrease the absorption of magnesium in humans in 
contrast to results obtained in animal studies. The exretion 
of magnesium into the intestine, i.e., the endogenous fecal 

sa!g and 
nesiuma7was low and averaged 7% of the dose. Comparative 

Ca studies showed differences in both the jntesti- 
nal absorption and the urinary excretion of the two minerals. 
In chronic renal failure, the intestinal absorption of magne- 
siurn was reduced to one third the normal value. 

81.7 

IDENTIFICATION OF THE ORGANIC CATION (OC+/H+) EXCHANGER IN 

CANINE RENAL BRUSH BORDER MEMBME VESICLES. Peter D. 

Holohan*, Paul P. Sokol* and Charles R, Ross. SUNY-Health 
Science Center, Syracuse, NY 13210 and Indiana University 

School of Medicine, Indianapolis, IN 46202 

The renal OC'/H' exchanger was identified on SDS-PAGE by 

irreversibly labeling sulfhydryl (SW groups with 

[3H]N-ethylmaleimide (NEM). This was accomplished because 

the exchanger has essential SH groups whose reactivity is 
affected by the substrate, Nl-methylnicotinamide (J. Biol. 

Chem. 261:3282-3287, 1986). The optimal condftfons for 

labeling were established by following the rate of WEM 

inactivation of NMN transport in the presence and absence 

of substrate. The labeled peptide was identified by 

SDS-PAGE under reducing and nonreducing conditions. The 

findings suggest that the OC'/H+ exchanger is an integral 

membrane protefn consisting of a single polypeptide chain 

of 1lOkd. (Supported by NIH #02835) 
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HYPOXEMIA INCREASES SYMPATHETIC ACTIVITY BUT NOT 
CATECHOLAMINES IN HUMANS AT REST. P.B. Chase*, 
D.R.Seals,D.C. Johnson, K.A.Comess* and L.B. Rowell. 
University of Arizona, Tucson, AZ 85721 and University of 
Washington, Seattle, WA 98 195 

The purpose of this study was to determine whether hypoxemia 
increases skeletal muscle sympathetic nerve activity (MSNA) in 
humans at rest. In 9 healthy subjects aged 20-34 yr, we measured 
MSNA (peroneal nerve), venous plasma norepinephrine (PNE) and 
epinephrine (PE) levels, arterial blood pressure (AP), heart rate 
(HR), and end-tidal 02 and CO2 before (control) and during 
breathing of: a) 12% 02 ( -Pa02 40 mmHg) for 20 min, b) 10% 02 
(= Pa02 34 mmHg) for 20 min, and c) 8% 02 ( 1 Pa02 28 mmHg) for 
10 min -- in random order. MSNA increased above control in 5, 6, 
and ail 9 subjects during 12, IO, and 8% 02 breathing, respectively, 
but only after some delay. On the average, MSNA (total activity) 
increased 83 -t 20, 260 -+ 146, and 298 2 109% above con_trol by the 
last min of 12, 10, and 8% 02 breathing, respectively (X f. SD; ail 
p < 0.01). However, neither PNE nor PE increased above control 
during any level of hypoxemia. HR increased inversely with the 
level of inspired 02, whereas AP either decreased slightly (10 and 
12% 02) or not at al1 (8% 02) vs control. Individual changes in 
MSNA during hypoxemia were not related to changes in HR, AP, or 
end-tidal CO2. We conclude that, in contrast to other 
sympathoexcitatory stimuli such as exercise or cold stress, 
moderate to severe hypoxemia increases MSNA but not plasma 
catecholamines in humans at rest. (Supported by NHLBI: HL 1692.0 
and an Arizona Heart Association Grant-in-Aid). 

82.2 

TEMPORAL DISSOCIATION OF VASCULAR RESISTANCE AND 
SYMPATHETIC NEURAL DISCHARGE DURING PROLONGED 
CARDIOPULMONARY BAROREFLEX INHIBITION IN HUMANS. 
MA. Joyner, XT. Shepherd and DR. Setis. Mayo Clinic, Rochester, 
MN 55905 and University of Arizona, Tucson, AZ ‘85722. 

The purpose of this study was to determine if proIonged unIoad- 
ing of the cardiopulmonary baroreceptors (CPBR) elicits constant 
increases in forearm vascular resistance (FVR) and muscle sympa- 
thetic nerve activity (MSNA) in humans. In 8 healthy subjects 
(21-29 yr) we measured forearm blood flow (FBF, venous occlusion 
plethysmography), MSNA (microneurography, peroneal. nerve), heart 
rate (HR), and arterial bIood pressure (AP) during consecutive 
ZO-min periods of rest (control) and non-hypotensive (-15 mmHg) 
lower body ne ative pressure (LBNP). During rest, FVR and MSNA 
averaged &SE 22.6 2 0.5 units and 23.0 2 0.5 burstslmin, respec- 3 
tively, and showed no consistent temporal pattern of variability. 
During the first min of LBNP, FVR increased to 38.0 f. 2.9 units. By 
the fifth min of LBNP, FVR had declined to 32.9 4.3.4 units (p < 0.05 
vs min one) and remained lower during the final 15 min of LBNP 
(z = 30.1 + 0.9 units; p < 0.05 vs min one). In contrast, MSNA 
increased to 29,O 2 2.9 bursts/min during the first min of LBNP 
(p < 0.05 vs control) and remained constant at this elevated level 
during the entire 20-min intervention period (range 27.4 + 2.4 to 
33.8 + 2.6 burstslmin). HR and AP remained constant during rest 
and LBNP. These results demonstrate a dissociation between the 
reflex increases in FVR and MSNA during proionged inhibition of 
cardiopulmonary baroreflexes. (Supported by a grant-in-aid from 
the AZ Affiliate of the AHA and the Mayo Foundation.) 
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FACTORS WHICH MODIFY THE CONTENT OF NEUROTENSIN (NT) IN THE 
STELLATE (SC;) AND StJ?ERIOR CERVICAL (SCG) GANGLIA OF THE CAT. 
M.M, Caverson, M, Bachoo*, J, Ciriello and C. Polosa. Depts. 
of Physiologp, McGill Univ., Montreal, Canada and Univ. of 
Western Ontario, London, Canada. 

During cholinergic block, stimulation of the preganglionic 
(SPN) input to the SG or SCG produces a slow increase in heart 
rate or contraction of the nictitating membrane, respectively, 
The response is lost with prolonged stimulation (Zh) and re- 
covers slowly (days), coincident with loss and recovery of NT- 
immunoreactivity in SC and SCG fibers. NT injections into the 
blood supply of these ganglia evokes similar slow responses. 
These data suggest a role of NT in non-cholinergic transmis- 
sion. The present study was done, using a NT radioimmunoassay, 
to obtain quantitative data on the effect of prolonged SPN 
stimulation or transection on the NT content in O,SM acetic 
acid extracts of SG and SCG, In control animals (n-5) the con- 
tent of NT in RSG or RSCG was not different from that in LSG 
or LSCG, respectively. However, the SG had a IO-fold greater 
amount of NT than the SCG. Prolonged electrical stimulation 
(2h, 40Hz) or chronic decentralization (7 days) of the SPN in- 

put to the ganglia resulted in a 40-50X and 80-902 decrease, 
respectively, in NT content (n=6). Since sensory and post- 
ganglionic axons contain little NT the measured NT is contai- 
ned in SPN axons. The depletion after stimulation suggests 
that NT is released from SPN axons in the SG and SCG, 

(Supported by MRC of Canada and Quebec Heart Foundation), 

n 213 f 44* 135 ,+ 25 93 ,+ 15* 
NP EL 130 ,+ 12 157 k 36 146 f 23 
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aily.~gmaWrriseinplasraaNEafterNPvsHh 
s0rats~tobeduetadsactivationof~HpB 
amI~sime~lesiom,MtmtSAD,blod)ced~ 
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82.6 
DESENSITIZATION TO NOREPINEPHRINE AND ISOPROTERENOL IN CON- 
SCIOUS DOGS, N Uemura*. J Neiima** TH Hintze. DE Vatner. EW 

Dept of Med, Harvard Med Graham*, CJ. Homcv. and SF Vatner. 
Sch and New Engl Reg Primate Res Ctr, Southboro MA, 01772 

To study the extent to which catecholamine desensitization 
occurs in the intact animal, mini-osmotic pumps were implan- 
ted s,q. in 2 groups of dogs instrumented with left ventricu- 
lar (IV) pressure gauges and aortic catheters. The pumps de- 
livered norepinephrine (NE, n-6) or isoproterenol (ISO, n-5) 
over 3-4 weeks. Baseline values of LV dP/dt, an index of LV 
contractility, tended to increase with NE pumps from 3221k247 
to 3984+374 mmHg/sec, and with IS0 pumps, from 3463kl86 to 
39932417 mmHg/sec. The effects of an acute challenge to NE 
(0.4 pg/kg/min) and IS0 (0.4 pg/kg/min) were examined in the 
same conscious dogs before and 3-4 weeks after pumps. The in- 
creases in LV dP/dt (A mmHg/sec) in response to the acute 
challenges of NE and IS0 are shown in the table. 
Before NE Puma, After NE Pump Before IS0 Pump After IS0 Pump 

NE 14662341 11004196 1607-tl54 321+122* 
IS0 48072619 1914&377* 6006+939 2635+570* 

* Significantly less after pump (p<O.O5) 
In dogs with NE pumps the inotropic response to ISO, but not 
NE, was depressed significantly, In dogs with IS0 pumps re- 
sponses to both NE and IS0 were depressed significantly. 
Thus, desensitization to IS0 is readily demonstrated with 
either chronically elevated levels of NE or ISO, but desen- 
sitization to the neurotransmitter, NE, is only readily 
demonstrable in the presence of chronically elevated ISO. 

82.8 

EFFECTS OF CLONIDINE ON THE EXERCISE PRESSOR REFLEX IN DOGS. 
P. Tim Wall*, George A. Ordway, Jere H. Mitchell. UT South- 
western Medical Center, Dallas, TX 75235 

Clonidine, an alpha2-adrenergic agonist, recently has been 
shown to attenuate pressor reflexes. We investigated the 
influence of this drug on the exercise pressor reflex in 
chloralose-anesthetized dogs. A lumbar laminectomy was per- 
formed to isolate the L7 ventral roots. The cut ventral roots 
were stimulated bilaterally at l-3 X motor threshold before 
and after the adminfstration of increasing doses of cloni- 
dine. Clonidine (2.5, 25, and 250 pg) was dissolved in 100 
~1 of saline and slowly injected intracerebroventrfcularly 
(ICV) into the interpeduncular space. Control injections of 
the saline vehicle also were performed. Prior to the alphaa- 
adrenergic blockade with clonfdine, there were significant 
(p<O .05) increases in arterial pressure and heart rate when 
the L, ventral roots were stimulated. Although clonfdine 
produced a significant dose-related decrease in pre-stimufa- 
tion arterial pressure and heart rate, ventral root stfmula- 
tion still produced marked increases in these variables at 
the two lower doses of the drug. Following the highest dose 
of clonidine (250 pg), there was a slight decrease in arter- 
ial pressure and an attenuated increase in heart rate when 
the ventral roots were stimulated. These results indicate 
that, in anesthetized dogs, ICV clonidine lowers arterial 
pressure and heart rate but has little effect on the exercise 
pressor reflex, except at relatively high doses. 
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EFFECTS OF PROPRANOLOL AND ETHANOL ON ORNITHINE DECARBOXYLASE, 
RNA AND PROTEIN IN THE RAT HEART. D.C. King* and M. Hirst. 
University of Western Ontario, London, Canada N6A SCl. 

Severe, ethanol intoxication for 2 days produces cardiac 
hypertrophy in the rat, an effect suppressed by propranolol. 
As a result, the time course of effects of propranolol and 
ethanol on ornithine decarboxylase (ODC), RNA and protein in 
rat hearts was examined. Male, Sprague-Dawley rats were given 
ethanol (lo%), or isocaloric maltose-dextrin (17%) in a 
liquid-diet, by gastric intubation, every 8 hr for up to 48 
hr: blood ethanol levels in excess of 300 mg/dL were achieved. 
Animals were decapitated at 0, 8, 16, 24 and 48 hr and hearts 
were collected. Hearts used for ODC were grozen in liquid 
nitrogen and all hearts were stored at -80 C until assayed. 
The results show that ethanol intoxication induced a signifi- 
cant increase in ODC activity by 8 hr. By 48 hr the activity 
declined to a level not significantly elevated above control. 
Total RNA content was significantly elevated by 8 hr and 
remained so over the 48 hr test period. The protein content 
was significantly increased by 16 hr and continued to increase 
through the study. All increases were suppressed by co-treat- 
ments with propranolol. It is concluded that the ethanol- 
induced increase in proportional cardiac weight is, in part, 
the result of an initiation of de novo synthesis of protein. -- 
This increased synthesis appears to be preceded by a beta- 
adrenoreceptor initiated increase in the level of ODC activity 
and subsequent RNA synthesis during the eriod of intoxication. 

(Supported by the Heart 6 Stroke Foun 1 ation of Ontario) 

82.10 

A NEW ANTIDOTE TO COCAlNE LETHAL INTOXICATION. R. TROI IVF”. G.G 
MHASdSlTR~N * and C. I ATOUR l * Columbia University, 630 Wi66th St., 
New York 10032 and INSERM U26, Hopttal Wiial, 75010 Paris. 

The antidote effects of calcium channel blockers in cocaine lethal intoxication 
have been attributed their properties of antagonkiw the cocaine induced stimu- 
lation of sympathetic system.The present study was designed to investigate the 
possible role of angiotensin I I in cocaine intoxication, by treating it with Enalapri- 
lat (ENL), a converting enzyme inhibitor. 32 rats fitted wi?h a caudal catheter, 
were connected to a computerized monitoring system. All re@ved 60 mgkg of 
cocaine IP and one of the folIowing treatments. 
Group Nb Enalaprilat Diazepam Sutvival time 

1 8 0 0 9'49" f 4'56" 
2 3 0 10’08Y6’05” 
3 7 .3 +.3 mgkg* 

'y&l 
4:12’27Y2’07”, 3:>24h 

4 7 .3 +.3 m@kg* fww >24h 
5 7 .3 mgkg* *7 ww ~24 h 

l each dose of .3 rn@g administered 4' before and 1’ after intoxication in group 
and 4, group 5 treated Safter intoxication. 
Oiazepam is not an antidote to cocaine lethal intoxication. ENL abne controlsd 
blood pressure, but it did not prevent convulsions since It does cross blood brain 
barrier. Combinatbn of ENL and dkepam was an eff eclkre treatment: no convul- 
sions occured and cardiovascular parameters were comparabk to those obtained 
with nitrendiplne treaW8nt. As AGII is a potent vasoconstrktor and controls sym 
pathetic activity, lt is still unclear tf ENt exerts its antidote effects thmugh de- 
crease of sympathetic activity only, or if mine effects (including inhibition of ga- 
baergic activity in the brain) are mediated by AGII. Both of these eflects are 
perhaps present. 

82.11 

ASSESSMENT OF THE ACTION OF LOW AND AND HIGH OOSES OF PRAZO- 
SIN ON SYMPATHETIC NEUROTRANSMISSION IN THE ISOLATED MESEN- 
TERIC VASCULATURE OF RATS. R. Yamamoto, W.H. Cline and K. 
Takasaki, Miyazaki Med. College, Miyazaki 88946, Japan and 
Southern IL Univ. Sch. of Med., Springfield, IL 62794-9230 

The overflow of endogenous norepinephrine (NE) for the 
isolated rat mesenteric arterial vasculature was determined 
along with the perfusion pressure responses to periarterial 
nerve stimulation (PNS) at 4-12 Hz. The PNS-induced pressor 
responses 

F 
re abolished by pratosin at 3 x low8 M but 

not at 10' M. The pressor responses to PNS which re- 
mained after prazosin at low6 M were abolished by alpha, 
beta-methylene ATP at 3 x low6 M. The PNS-induced endo- 
gen us ME overflow was significantly augmented by prazos'n at 
10' 8 M but was unaffected by prazosin at 3 x 10N b M. 
Pressor responses &o exogenous !E were abolished by prarosin 
at both 3 x 10' M and 10" M. These fi dings 
gest that, in the presence of prazosin at 10’ IIF 

sug- 
M, ATP is 

coreleased with NE from sympathetic nerves innervating the 
mesenteric vasculature and that ATP acts as a vasopres or 
neurotransmitter in this preparation. Prazosin at 10" d M 
appears to block prejunctional alpha-2 receptors resulting in 
an increased PNS-induced overflow of endogenous NE, These 
mechanisms should be considered when using high doses of 
prazosin in studies of the transmitters involved in the vaso- 
pressor responses to PNS in rat mesenteric vascular prepara- 
tions. (Supported in part by AHA/IL Affiliate). 
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viqinia, RidQmnd, lm 23298. 
The cmptitive N-m&ybPasprtate (NMW) 

l 
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83.2 

EFFECTS OF THE ACUTE AND CHRONIC ADMINISWTION OF 
MR-801 ON THE RELEASE OF ACI’H AND PROLACTIN IN THE 
RAT. &N. Pechnick. R. GemEe and R.E. Poland Department of 
Pharmacology, UCLA School of Medicine, Los Angel ; CA 90024-1735 

Ifi vitro biiding studies indicate that phencyclidine & ) interacts at two 
distinct binding sites, termed the PCP and the sigma receptors. The 
differential roles of these two xceptors in mediating the effects of PCP is 
not currently known. We have found that the acute administration of PCP 
stimulates the release of ACTH and inhibits the release of prolactin (PRL). 
While little tolerance develops to PCP-induced AC’TH release, inhibition of 
PRL release is not observed in chronically-treated subjects. MK-801 
[(+)&methyl- l0,l~-dihy~5H-diben~[~d~cy~lohepten-5,l0-imine 
maleate] has been found to have a high degree of selectivity for PCP over 
sigma receptors, The present study chamcterized the ef%ts of the acute and 
chronic administration of MK-801 on the release of ACTS and PRL. For 
acute studies, male rats were injected with 0.9% saline or MK-801 (0.012, 
0.12 or 1.2 mgflcg s.c.) and sacrificed 60 min later. For chronic studies, 
rats were injected daily for 7 days with 0.9% saline or MK-801 (0.012, 
0.12 or 1.2 mg/kg s.c.). On Day 8 the rats were sacrificed 60 min after 
injection. Plasma levels of ACTS and PRL were measured by 
radioimmunoassay. As we have previously reported, the acute 
administration of MK-801 stimulates the release of Am, but unlike PCP, 
does not inhibit the release of PRL. In contrast to the effects of chronictily 
administered PCP, significant tolerance occurrs to MK-8014nduced ACTS 
release. PRL levels were not altered in chronically MK-801~treated 
subjects. Thus, PCP and sigma receptors may be differentially involved in 
the development of tolerance to the effects of PCP and MK-801 on ACIH 
release. (Supported by USPHS grants DA-041 13 and MH-00534). 
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83.3 
REINFORCING EFFICACY OF SELF-ADMINISTERED PHENCYCLIDINE (PCP) 
AND KETAMINE 
Moreton. Dept 
Schoolof Pha 

83.4 
MORPHINE SELF-ADMINISTRATION DPING ADJUVANT-INDUCED 

IN RATS. K.L. Marquis, M.G. Webb* and J.E. 
. of Pharmacol. 6 Toxicol., Univ. of Maryland 

rmacy, 20 N. Pine St., Baltimore, MD 21201. 
Sprague-Dawley rats self-administered PCP (0.125, 0.25 or 

ARTHRITIS IN RATS. F.L. Smith-*, J.E. Heavner and W.H. 
Lyness. Departments of Pharmacology and Anesthesiology, 
Texas Tech University Health Sciences Center, Lubbock, TX 
79430 l 

0.5 mg/kg/inj) or ketamine (#ET; 2, 4 or 8 mg/kg/inj) on a 
fixed ratio (FR) schedule of reinforcement under limited 
access conditions (3 hr) following an initial training with 
cocaine. 3aseline number of injections per session (IPS) 
were determined at FRIO. The ratio was then incremented 
geometrically (10 to 80) every fifth daily session resulting 
in a decrease in the IPS for each dose of both drugs. This 
reduction in IPS was greater for PCP at 0.25 mg/kg than 
at 0.5 mg/kg while the 0.125 mg/kg dose was not reliably 
self-administered by all subjects. Similarly, the rate of 
decrease in IPS for the various doses of KET was different. 
Using this procedure the relative reinforcing efficacy of 
the different doses of PCP and KET could be discriminated. 
Percentage of TPS at each FR did not discriminate the 
reinforcing efficacy of the different doses of each drug as 
well. A comparison of this data with progressive ratio tests 
using a substitution procedure will be presented. 
(Supported by NTDA Grant DA031733 

83.5 

EFFECTS OF LSD ON FLASH-EVOKED POTENTIALS IN THE AWAKE, 
RESTRAINED CAT: AN ANALYSIS OF PRINCIPLE COMPONENTS. 
Douglas M1, Wllkison. Medical College of Wisconsfn, 
Milwaukee, WI 53226. 

THE EFFECTS OF CHRONIC MARIJUANA SMOKE EXPOSURE ON COMPLEX 
BEHAVIOR IN THE RHESUS MONKEYS. M.G. Paule, D.E. McMillan, 
J.R. Bailey*, A.C. Scallet*, S. F. Ali* and W. Slikker, Jr. 

TR 1 Jefferson, AR f2U79 
Actions of lysergic acid diethylamide (LSD) have been A large scale study involving 30 periadolescent male 

described on the retina, lateral geniculate, and cortex of rhesus monkeys was designed to assess the behavioral effects 
the visual pathway. No hypothesis relates these actions of exposure to marijuana smoke for 1 yr. All monkeys were 
to the changes in perception produced by LSD and other trained (n=7-8/group) under 5 complex operant schedules, 
hallucinogens. To investigate global effects of LSD on matched between groups for behavioral performance and body 
sensory integration, flash-evoked responses at multiple weights, and exposed to either the smoke of 1 marijuana cig- 
cortical sites, including vjsual-specific (VI9 and arette (mask) once a day, 7 days/wk, or 2 days/wk. Two con- 
sensory non-specific areas of the posterior suprasylvian trol groups were also exposed 7 days/wk; One received smoke 
gyrus (PSS) were studied in seven unanesthetized cats 
implanted with electrodes under halothane anesthesia. 

from a cigarette devoid of cannabinoids (placebo) and one was 
sham-exposed (no smoke). Behavioral assessments occurred 5 

Single doses of LSD (25-100 pglkg) were admjnistered 1v days/wk 23 hr after exposures. Chronic marijuana smoke de- 
once a week. Predrug, up to 3 hr postdrug, and 24-hr data 
samples were collected. A prtnc1ple component analysis of 

creased task completion in conditioned-position response 

the combined data GAS) .yielded six independent factors. 
(high dose) and incremental repeated acquisition (IRA) tasks 
(low and high dose). The decreases noted in the IRA task 

Factor 3 (100-200 msec latency) was s!gniffcantly increased 
by LSD, dose effect P < 0.01 at PSS and VIS. Factor 5 

were primarily due to decreased accuracy of responding. When 

(30-60 msec latency) was significantly depressed at all 
compared to either placebo or sham groups, progressive-ratio 

sites. Factor 5 lfkely represents the primary visual 
response rates and breakpoints were stgnificantly decreased 

response which 1s depressed by LSD. Factor 3 1s indicative 
in both the low and the high dose marijuana smoke groups. 

of alterations In long latency Integrative function, 
These data demonstrate that complex behaviors can be routine- 
ly assessed in a large number of monkeys. The data also 

These effects of LSD appear closely related to visual 
projectfon pathways, rather than more global nonspecific 

suggest that chronk marfjuana exposure whether daily or on 
weekends only, produces deficits in complex behavior. 

areas. Supported by ROl DAD3785, (Supported in part by NIDA-IAG #224-83-0005). 

83.7 

EFFECTS OF CHRONIC MARIJUANA SMOKE EXPOSURE ON URINARY 
CORTISOL (UC) EXCRETION IN THE RHESUS MONKEY. J.R. BAILEY*, 

UC excretfon by RfA before and during 1 yr of marijuana smoke 
exposure. Groups of monkeys (n=lS or 161, matched for body 
weights were exposed to either the smoke of 1 marijuana 
cigarette (2.5% delta-9-tetrahydrocannabinof fTHC]) by mask 7 
days/uk (high dose), or 2 days/wk (low dose). Two control 
groups, one receiving smoke from an extracted cigarette 
devoid of cannabinoids (placebo) and one sham exposed (no 
smoke), were also treated daily. Plasma THC concentrations 

were 76 + 22 rig/ml 45 min after smoke exposure in the high 
dose groTip and ( 2 rig/ml (below assay sensitivity) in the 
control groups. UC baseline values from all groups were not 
significantly different (p > 0.05). There were no signi- 
ficant differences in UC between the low dose marijuana, 
placebo and sham groups during the 12 mo of exposure. There 
was however, a significant overall treatment effect (p < 
0.0001) with UC excretion in the high dose group higher than 
all other groups at 1 mo, higher than placebo controls at 4 
mo and higher than sham controls at 6 and 8 mo (p < 0.01). 
These data suggest that chronic daily marijuana smoke 
exposure in the monkey produces a physiological stress 
response as indicated by elevated UC excretion. (Supported 
in part by NINA IAG #224-83-0005). 

Pain-free animals implanted with chronic i.v. cannulae 
rapidly learn to self-inject morphine (5.0 mg/kg/injection) 
and maintain a daily drug intake of 92.6 ?; 16.2 mg/kg/24 hr 
despite a gradual increase in Fixed-Ratio schedules up to 
FR-16. Rats pretreated with Freund's adjuvant were moni- 
tored dally for changes in paw diameter, body weight and 
response to tail pressure. After the onset of paw edema 
and an increased sensitivity to tail pressure (164.8 2 11 
mm Hg vs. 231.7 ? 9 mm Hg in vehicle controls), arthritic 
animals were implanted with chronic cannulae and allowed 
access to the self-injection device. These rats maintain a 
morphine intake of 32.6 + 7 mg/kg/24 hr even with increas- 
ing FR-schedules. Injection of indomethacin (0.5 mg/kg 
s.c.) failed to alter morphine self-injection in pain-free 
rats but markedly reduced self-injection fn adjuvant 
treated arthritic rats. These data suggest that animals in 
a chronic pain state and allowed access to morphine, 
self-admlnister the drug for its analgesic actions and not 
its euphorfgenic properties. 

83.6 

83.8 
TFSTICULAREIEZAJDLISMOFGL~INRATS - TO DELTA-+ 
---AND-. Syed Husain, -pt. of 
Pharmacology, Schoolof Pticine, university of NwthDakota 
Grand Forks, ND 58201. 

Wtabolim of energy substratesliJceglucoseaxld fructise 
isvitalti the functioningof different tissues in them. 
Thisisparticularlytrue incaseof brainand testis. 
Previously, m reportea that delta-9-tetrahydrocaMd3iml 
(THC) has aninhibiw effecton themtalmlismof these 
substratxs in ti tistis, The follaJ;ing studies were conduclsd 
to ve the THC effects with cosine IOOCI on the 
n&aImlim of glumse in the rat testis. Groups of rats =e 
treated acutely with 10 &kg,po,THC or 40 &kg,ip,coC. 
Control rats received 2ml/kg of se- oilor saline.THc 
treatedratswe sacrifioed 2 hrpostinjectionwhereasCOC 
animls me kill& at 15 and 30 tin follmving drug a&inis- 
eation. Their testes wre remved and section4 into -11 
pies. With these tissues, radio-respiranetric studies-e 
conduct& using 5.5riMradiolabledgluooseas the substrati. 
Testes frmrats treatedwith= s-a 29% Wition 
(p<O,OOl) in gluoose mmlisn as cmpardmti their controls. 
Ontheotherhand, Wsticular tissueof rats treatedwithoX 
and sacrifioed either at 15 or at 30 min had no significant 
differ- in gluoose metabolism frm their respective 
oontrols (3.76$,59 vs. 3,68+0.64 and 2.89$0.26 vs. 2.8420.32 
-1cOdgdry tissue~1OOmG]. These Mtml obsematiom 
suggest different effects of THC and Ooc on glucose 
metabolism in rat testis (se by NmA grand DAO3595). 
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83.9 

COCAINE INDUCES HYPERTENS!UN AND ANALGESIA BY A CENTRAL 
NERVOUS SYSTEM (CNS) MECHANISM. SM. Stand s *. J.A. KiritsyRov*, and 

Department of Neurology, Veterans AdminiLtktion Medfcal Center and L.C. Terry. 
University of Michigan, Ann Arbor, MI 48105. 

Cocaine (C) is a potent CNS stimulant that has recently been reported to induce a 
state of analgesia In several rat models (IAnti., Brain Res., in press). In addition, 
systemic administration of C increases Mood pressure (BP). These experiments test 
the hypothesis that C acts in the brain to cause analgesia and hypertension. 

Male, Sprague-Dawtey rats were surgically implanted with cannulae in the carotid 
artery for BP and heart Me (HR) recording, and in the right lateral cerebral ventricle 
for intracerebroventricuiat (Icv) drug admlnistration. BP and HR were recorded 
continuously in conscious rats and antlnoclception was assessed using the hot 
plate test (52.5’C) with a 45 set cut-off latency. C was Injected at doses of SO-250 
ug in 10 ul icv. Contrd animals recehred 10 ul of saline. Separate groups of rats had 
systemic injections of C (250 ug Intraarterially or 25 mg/kg ip). 

Icv Injections of C produce dose-r8lated Increases In BP. Systolic BP increases 
from 12425 to 169220 and 21228 mmHg and diastdlc BP increases from 84~6 to 
1132 t 0 and 14526 mmHg at 2 min after 200 and 250 ug of C, respectively. HR 
increases marginally only with the highest dQse of C. Lower doses are ineffective. 
Intraarterial injection of 250 ug of C has no significant effect on BP or HR, indicating 
that the effect occurs centrally. The higher dose of 25 mg/kg ip increases systolic 
and diastolic BP by 3124 and 2434 mmHg and reduces HR by So+10 bpm. Hot 
plate msponse latency increases from 1732 set to 30~6,4144 and 4530 set at 5 
min after 62.5, 125 and 250 ug of C icv. tatencles return to baseline by 20 min. 

These results indicate that cardiovascular effects of C are mediated at site(s) 
wIthin the CNS. These studies also suggest that the antinociceptive properties of C 
bpe$yQ$plate test are related to a central rather than a peripheral mechanism. 

83.11 

BUPRENORPHINE IN COMBINATION WITH COCAINE: EFFECTS ON THE 
PERFORMANCE OF A DISCRIMINATION IN RATS. C.W. Berthold* 
and J.M. Moerschbaecher. LSU Medical Center, New Orleans, 
LA 70112. 

Responding in rats was maintained by food presentation 
under a fixed-ratio discrimination procedure, Drug 
effects on this discriminative performance were evaluated 
using a cumulative-dosing technique, When administered 
alone, cocaine (0.32-18 mg/kg) decreased overall response 
ra te in a dose-dependent manner, but increased errors only 
at the higher doses. Buprenorphine, when administered 
alone, had little or no effect on the performance of the 
discrimination at doses lower than 0.1 mglkg. When 
administered in combination, buprenorphine at a dose of 
0.018 shifted the cocaine dose-effect curves for both 
response rate and e rrors to the left bY approximately 
l/2-log unit. Simi larly buprenorphi ne at a dose of 0.032 
and 0.i mg/kg shifted the cocaine hose-effect curves to 
the left by approximately l- and 1 l/2-log units 
respectively. These data replicate and extend to rats, 
previous results obtained in monkeys (Pharmacologist 
29:201, 1987) indicating that the effects of cocaine may 
be modulated by doses of buprenorphine which have no 
effect when administered alone. The results further 
suggest that buprenorphine may substantially increase 
behavioral toxicity of cocaine in relation to complex 
discriminative behaviors. (DA 03573 & DA 04775). 

the 

83.13 

INFLUENCE OF MECAmAMINE, ATROPINE AND NICOTINE ON THE 
#CAINE-INDUCED LOCOMOTION IN MICE. Arvlnd K. Chaturvedi. 
Dept. of Pharm. Sci./Toxicol., Coil. of Pharmacy, N.D, State 
Unf’v., Fargo, ND 58105 

Cocaine has been reported to interact with nfcotinic, as 
well as muscarinio, acetylcholine (ACh) receptors. There- 
fore, to evaluate the possible involvement of the choline&c 
receptors during the behavioral effects of cocaine, influence 
of mecamylamine (ME; 7.5, 14.9, 29.9 & 59.8 umol/&, fp), 
atropine (AT; 7.2, 74.4 & 28.8 umol/kg, lp) and nicotine (NX) 
on the cocaine-induced locomotion in ICR male mice (21-24 g> 
was investigated. The locomotion was measured using animal 
activity cages crossed with six photocells, Interruptions of 
photocells were recorded by electromechanial counters. A 
dose-response curve indicated that cocaine at 44.1 umol/kg, 
ip, produced a submaximal locomotion (5909 counts/mouse/hr) l 

This t~alue was about 225% more than the basal locomotion. 
This cocaine-induced locomotion was decreased (7-64%) by 
pretreating the animals with ME, while it was enhanced 
(23147%) by the AT pretreatment (n=lO). NI, at 1.5 & 12.3 

urnoX/& ip, doses, was effective In enhancing the locomotion 
by about 33%. However, at 30-8 umol/lcg dose, NT decreased the 
locomotion by 91%. These observatons indicated that the loco- 
motor actions of cocaine, at least in part, are mediated by 
cholinerglc receptors. It appears that the blockade of nico- 
tinic receptors lowers, while the blocbge of muscarinfc 
receptors enhances the cocaine-caused locomotion. 

83.10 

COCAINE: TOLERANCE AND CARDIOVASCULAR CONSEOIJENCES. Mario 
D. Aceto, Susan M. Tucker* and Geoffrey S. Feiguson*, Dept. 
of Pharmacol. and Coxicol., Medical College of Virqinia, 
VirgSnia Commonwealth University, Richmond, iA 23298-0613. - 

The right jugular vein and descending aorta of male 
Sprague-Dawley rats in the weight range of ZOO-250 g were 
cannulated for purposes of drug administration and measure- 
ment of direct blood pressure, respectively (Weeks, J.R., J. 
APPl+ Physiof. 19, 540, 1964). When fully recovered from 
surgery, unanessetired rats were given a bolus dose of 
cocaine (80pg/kg in 5&L saline i.v.). Blood pressure 
(mmHg; Mean 4 S.E.M.) promptly rose from 8626 to 13057 and 
returned to pre-injection levels within 15 sec. When this 
dose was given at minute intervals complete tolerance 
developed by the 4th injection. In other experiments, a 
time-course study conducted at 10, 20 and 40 min indicated 
that tolerance gradually dissipated over 40 min. This dose 
regimen of cocaine also produced abnormalities in the ECG 
which were obvious by the 7th injection and were charac- 
terized by altered or missing P waves and a slowed heart 
rate. These results provide further evidence that dramatic 
changes in cardiovascular measures in the rat are associated 
with clinically relevant doses. 

Supporte& by NIDA Grant DA02396. 

ATTENUATION OF BEHAVIORAL EFFECTS OF COCAINE AND AMPHETAMINE 

83.12 

BY 5'-N-ETHYLCAR80XAMIDE AQENOSINE. R,D. Spealman and V.L. 
Coffin*. Harvard Medical School and New England Regional 
Primate Research Center, Southborough, MA 01772 

The behavioral effscts of cocaine and c-amphetamine were 
studied alone and after pretreatment with 5'-N- 
ethylcarboxamide adenos ine (NECA) or haloperfdol in squirrel 
monkeys. Whsn administered alone cocaine (.03-1.0 mg/kg) 
and c-amphetamine (.Ol-0.3 mg/kg) produced dose-related 
increases in response rate under fixsd-interval schedules 
involving different consequences and schedule parameters. 
NECA (.0003-.03 r&kg) and haloperidol (.0003-.03 mg/kg) had 
little effect on response rate at 1 ower doses, but decreased 
responding at higher doses. P retre atment with NECA (.OOl- 
.01 mg/kg) attenuated the rate-increasing effects of both 
cocaine and c-amphetamine. The degree of attenuation 
depended on the dose of NECA and usually was greater when 
NECA was combined with c-amphetamine than when it was 
combined with cocaine. Haloperidol (.OOl-.Ol mg/kg) also 
attenuated the rate-increasing affects of cocaine and d- 
amphetamine. Over the range of doses studied, haloperidol 
and NECA were comparably effective, NECA might have utility 
in the pharmacological management of stimulant intoxication. 
(Supported by USPHS Grants DA02658, DA00088, DA00499 and 
RR00168) l 

83.14 
INHERITANCE OF SUSCEPTIBILITY TO THE LOCOMOTOR 
STIMULATING ACTION OF COCAINE, Lance Logan*, John M, 
Carney*, and Thomas W. Scale*. (SPON: D, Christensen). Univ. 
Oklahoma Hlth. Sci. Ctr., Oklahoma City, OK 73190 and Univ. 
Kentucky Col. Med., Lexington, KY 40536 - - 

Little is known about the genetic determinants influencing inherent 
susceptibility to the behavioral effects of central stimulants. Two 
strains of inbred mice, C57BL/6ByS and BALB/cBy3 (8 wk old males 
obtained from the Jackson Laboratory), differed markedly from one, 
another in the efficacy of (-Icocaine HCI-induced stimulation of 
locomotor activity (LA). Dose response curves indicated that 
C57BL/6ByJ mice (n=lO each dose) were stimulated by ip cocaine 
doses up to 56 mg/kg. Maximal stimulation (324%) occurred at a dose 
of 32 mg/kg. Maximd stimulation of BALB/cE%yJ mice by cocaine, 
only 54% above basal LA values, occurred at a dose of 17.8 mg,fkg. 
Higher doses had no effect or depressed activity in this strain. The 32 
mg/kg dose which maximally stimulated LA in C57BL/6By3 mice had 
no significant effect on BAL,B/cByJ mice. This dosage was chosen to 
evaiuate the genetic transmission of the cocaine response trait. F1 
hybrid animals from reciprocal crosses showed an intermediate level 
of LA stimulation. LA responsiveness of 6 CXB recombinant inbred 
lines established that 3 lines were phenotypically indistinguishable 
from their BALB/cSy3 progenitor and 3 responded in a manner similar 
to the C57BL/68yJ strain. These data suggest that the LA cocaine 
susceptibility difference bet ween these mouse strains is inherited as 
an incompletely dominant autosomal trait which may be under the 
control of a single major gene. 
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83.15 
COCAINE - INDUCED ARTERIAL INJURY IN RABBITS. C.L, Bement*, 
L. Cohen*, S.W. Nielsen* and R.0, Langner, University of 
Connecticut, Storrs, CT 06268 

The potential for cocaine administration to induce arterial 
damage in rabbits was evaluated. Male New Zealand rabbits 
were given daily IV injections of cocaine (5 mg/kg) for 14 
days. Control rabbits were injected with saline. Heart rate 
was monitored prior to, during and following the injections. 
On day 15 the rabbits were killed, the thoracic aorta was re- 
moved, a section was taken for histolo 
the remaining tissue was incubated in ~t~a~r~~~~,““‘i~~il~tng - . 
incubation the tissue was homogenized and assayed for protein 
synthetic rates and protein, cholesterol, collagen, cyclic 
AMP and calcium content. The injection of cocaine resulted in 
the development of lesions in the aorta that were characterized 
by severe disruption and fragmentation of the elastic media and 
minimal intimal changes. Biochemically the aortas exhibited 
increased collagen and noncollagen protein synthetic rates and 
elevated cyclic AMP levels. The injection of cocaine did not 
cause uniform injury since two populations were identified 
on the basis of biochemical changes in the aorta. The arterial 
in jury was not the result of cocaine-induced elevation in heart 
rate. These data show that repeated injections of cocaine 
are capable of inducing arterial damage; therefore, cocaine 
abuse should be considered as a risk factor in the pathogenesis 
of arteriosclerosis. (Supported by NIDA Grant DA03846.) 

83.16 

DIFFERENTIAL ACTION OF HALOPERIDOL ON THE MOTOR 
ACTIVITY STIMULATING EFFECTS AND REWARDING PROPERTIES 
OF COCAINE IN C57BL/63 MICE. Melissa Place*, Lance Logan*, 
John M. Carney* and Thomas W. Scale*. (SPON: D, Christensen). 
Univ. Oklahoma Health Sciences Center, Okiahoma City, OK 73190 

83.17 

ACUTE EFFECTS OF AMPHETAMINE (AMP) ON COMPLEX OPERANT 
PERFORMANCE IN RHESUS MONKEYS. G.E. SCHULZE* AND M.G. 
PAULE, NCTR, JEFFERSON, AR 72079 
Te acute effects of iv AMP on performance in a food- 
reinforced operant test battery (OTB) were examfned. The 
DT8 contained incremental repeated acquisition (IRA, n=9), 
conditioned-position response (CPR, n=f), progressive-ratio 
(PR, 11431, delayed matchfng-to-sample (KS, n=6), and tem- 
poral response differentialjon (TRD, n=5) tasks. Perform- 
ance in these tasks is thou ht to depend upon specific brain 
functions such as learning 9 IRA), color and position dis- 
crimination (CPR), motivation to work for food (PR), short- 
term memory and attention (DMTS), and time perception (TRD). 
AMP (0.01-1.0 mgfkg), given 15 min presession produced sJg- 
nlficant dose-dependent decreases in the number of rein- 
forcers obtained in each task. Response accuracy was 
significantly decreased at doses of 0.3 and 1.0 for TRD and 
at 1.0 mg/kg for CPR when compared to saline injections. 
Accuracy was not consistently affected in the DMTS and IRA 
tests. Response rates decreased or response latencfes 
increased significantly at doses of 0.3 and 1.0 in the PR 
and DOTS tests and at the 1.0 mg/kg dose in the CPR and IRA 
tests. A dose of 0.1 mg/kg significantly decreased percent 
task completed for the IRA and TRD tests, 0.3 mg/kg for 
DMTS, and 1.0 @kg for the CPR tests. Thus, the relative 
sensltivitfes of these tests for detecting AMP behavioral 
effects were IRA = TRD > PR = DMTS > CPR. 

PSYCHOTROPICS 

(-)Cocaine is believed to exert its behavioral and physiological 
effects through its blockade of catecholamine and dopamine reuptake 
and its local anesthetic actions. The ability of (-Icocaine HCI to 
induce stimulation of locomotor activity (LA) and drug-seekin 
behavior, assessed by the conditioned place preference (cP4 
paradigm, and the ability of the dopamine antagoinist, haloperidol, to 
block these effects were investigated. Low intraperitoneal doses of 
cocaine (e.g. 1 mg/kg) had no significant effect on LA but induced 
CPP following 3 days of conditionin , Maximal stimulation of LA and 
of CPP occurred at a dose of 32 mg P kg ip. Dose response curves were 
determined for the action of haloperidol on both basal and cocaine- 
stimulated LA. A 0.3 mg/kg dose of haloperidol completely blocked 
the stimulation of LA by cocaine (32 mg/kg) but had no impact on the 
acquisition of CPP induced by this dose. A dose of haloperidol which 
decreased basal LA by 60% did not impair expression of cocaine- 
induced CPP. From these data it appears 1) that LA and CPP require 
different doses of cocaine to stimulate maximal effects, 2) that the 
rewarding properties of cocaine, as judged by CPP, are not dependent 
on locomotor activity stimulation and 3) that the two behaviors are 
not equally susceptible to the blocking effects of haloperidol. 

84.1 
EFFECTS OF B-CARBOLINE-ETHYL ESTER ON PLASMA CORTI- 
COSTERONE--A COMPARISON W!TH DIAZEPAM WITHDRAWAL. 

era and -me Johnson*, Univ. Minn. Duluth, 
Sch.ofMed.,Dept. Pharmacology,buluth MN55812 

Diazepam has been shown to produce’physical dependence based 
on changes of behavioral or hormonal indicators during antagonlst- 
precipitated withdrawal. The behavioral excitation appears similar to 
that observed following the adminlstratlon of B-carboline esters- - 
agents reported to interact with banzodiazepine receptors and termed 
“inverse agonists.” Experiments were done in conscious unrestrained 
male Sprague-Dawley rats, with chronic i.v. catheters, using sound- 
attenuated one-way vision boxes. These studies compared the 
hormonal and behavioral changes induced by O-carboline ethyl ester 
(l3CCE) with CGS-8216-precipitated withdrawal in rats treated with 
diazepam for 8 days. Chronically treated diazepam rats (5 mg/kg) 
showed a significant increase in plasma corticosterone (CS) following 
CGS-8216. Behavioral abstinence scores were also significantly 
elevated. RCCE (0.5-5.0 mgkg) showed a significant dose-related 
increase In plasma CS. Behavioral scores were also increased at 
doses of 0.5 and 2.0 rng/k@ OCCE-induced plasma CS increases 
were antagonized by CGS-8216 at doses of 1 .O and 2.0 mgkg but not 
by 0.5 mgkg. In animals chronically treated with diazepam, OCCE 
evoked a more prolonged plasma CS elevation than in vehicle-treated 
animals suggesting a dual agonist/antagonist effect. These data 
suggest similarities between the action of BCCE and diazepam 
withdrawal. (supporjed by DA 03845) 

84.2 
ELECTROPHYSIOLOGICAL AND BEHAVIORAL EFFECTS OF CLONIDINE IN 
MAUDSLEY MR/Har AND MNRA/Har RATS. R.L. Commissaris*, A, 
Curtis*, H.J. Altman*, G.M. HarrinEton* and J. Marwah, ISPON: 
R.T. Louis-Ferdinand), 
Wayne State Univ., 

Sch. of Med. and Coll. Pharmacy, 
Detroit, MI 48202, 

Based upon differences in open field defecation and 
behavior in the conditioned suppression of drinking (CSD) 
paradigm, the Maudsley Reactive (MR/Har) and Non-Reactive 
(MNRA/Har) lines have been proposed as a genetically-based 
“animal model” for the study of anxiety and/or emotionality. 
It has been proposed that stress and/or anxiety relates to 
increased activity of noradrenergic neurons in the nucleus 
locus coeruleus (LC). The present study examined the 
possible relationship between LC activity and CSD behavior 
in MR/Har and MNRA/Har rats. Both basal activity and the 
responsiveness to the alpha-2-adrenergic agonist clonidine 
were examined. MNRA/Har rats accepted more shocks in non- 
drug CSD sessions than did their MR/Har counterparts. There 
was no strain difference in basal firing of LC neurons in 
these rat strains, In the CSD, clonidine (5-80 ug/kg, IP) did 
not exert an anti-conflict effect in either strain, Clonidine 
(1.25-10 ug/kg, IV) depressed LC activity to a similar extent 
in the two strains. These data suggest that the MR/Har versus 
MNRA/Har differences in CSD behavior are not related to 
differences in LC activity or alpha-2-adrenergic sensitivity. 
(Supported by MH #42501-01; studies in accordance with NIH 
Guide) - 
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84.3 84.4 
ACUTE AND CHRONIC BEHAVIORAL EFFECTS OF LORAZEPAM AND 
ALPRAZOLAM IN MICE. T. Burke,* L. G. Miller* and J. M. 
Moerschbaecher. LSU Medical Center, New Orleans, LA 
70112. 

STUDYONPLASMA NEUROLEITIC LEVELS BYRADIORECEPTORASSAY 
INSCHTZOPHRENICPATIENTSRECEIV~GHZGHDOSES. 

Two groups of mice were maintained under either a 
fixed-ratio (FR) 30 schedule or a fixed-interval (FI) 
2-minute schedule of food presentation. Both Xorazepam and 
alprazolam produced dose-dependent decreases in response 
rates under the FR schedule. However, under the PI 
schedule, alprazolam produced an inverted U-shaped 
dose-effect curve. That is, at low doses, response rates 
were generally increased, while at higher doses response 
rates decreased. In contrast, lorazepam only decreased 
overall response rates, The FI schedule was found to be 
ten-fold more sensitive to the rate-decreasing effects of 
both drugs than was the PR schedule. These same drugs were 
also administered chronically to mice maintained under a FI 
2-minute schedule. Tolerance developed to the 
rate-decreasing effects of lorazepam in all animals tested 
while, with alprazolam, tolerance developed either more 
slowly or not at all. The behavioral results were compared 
to the results obtained from an in vivo benzodiazepine 
receptor binding assay in each of th=e same subjects, The 
data suggest that the tolerance is 
accompanGd by a 

development of 
down-regulation of benzodiazepine 

receptors. (DA03573, DA04775, DAO5258). 

ls2w3*, 3. JX PaolplJ*, &$. -2*, a Le&&*, S, . w** andD.LRvesouelm3*.(SPON: F.Labriel). lMolecul~ EndocrinoIogy 
Research Unit, *Mental Health Reseah Unit and 3Schoo1 of Pharmacy. Lava1 
University, QuWc, QuWc GlV 4G2, Canada. 

Clinical efficacy ofne~leptics (NL)is well established; however,wideindividua1 
variations in the response to NL is observed in patients re&ting similar doses. In 
this study, plasm levels of vrvious NL were measured using a radioreceptor assay 
(RRA) on 32 outpatients of a mental hospital who consenti to have their medication 
reduced. Subjects,suffetigf&nsev~ mentaldisorders butwhoseclinicalcundition 
was stable for at least 3 months, hti been exposed to high dosages of NL (the 
equivalent of 18 mg or more of halopridol per 0s per day) for al least 6 months. For 
the first 5 months, dosages of NL were reduced by 50% at the rate of 10% per month 
and then the reduced dosages of NL were maintained for 5 months. The RRA that we 
have set up is based on the method of Creese and Snyder (Nature, 270:180,1977) md 
use8 haloperidalcompetition for[3HJspipoebinding to dopaminereceptorsin rat 
striatum membranes. Plasma levels of mleptia were measured 3 times: before and 
immediately after the 50% reduction and finally 5 months later. A significant decrease 
of neuroleptics plasma levels following the 50% reduction &=0,0027) and 5 month 
latex (p4.001) is observed (Wilcoxon signed-rank test). A linear carrelation is observed 
&ween neuroIeptics plasma levels obtained by RRA and the administered dose& (in 
“halopidol” quivaknts), before the reduction (p=O.oOll) and 5 months after the 50% 
reduction (pO.0054). However, no correlation between plasma levels and doses was 
observed when assayed immediately after the 50% reduction. These results will be 
discus& in terms of therapeutic window, symptomatology and clinical usefulness of 
RRA assays. Supported by the MedicaI Research Council of Canada.. 

84.5 

EFFECT OF PIMUZIDE AND HALOPERIDOL ON BIOGENIC AMINES 
METABOLIZING ENZYMES. Nieves Madrid and F.S. Messiha. Texas 
Tech. Hlth. Sci, Ctr,, ‘Lubbock, TX and Dept. of Pharmacology, 
University of North Dakota School of Medicine, Grand Forks, 
ND 58201. 

Pimozide (PMZ) and haloperidol (HAL) are the drugs of 
choice in the management of Tourette's disease which may 
implicate a dopaminergic (DA) dysfunction. The aldehyde 
metabolite of DA is either reduced by alcohol dehydrogenase 
(ADH) or oxidized by aldehyde dehydrogenase (ALDH) to the 
corresponding neutral or acidic metabolite, respectively. 
The short-term effect of PM2 or HAL, (30 mg/kg, ip/day) given 
for 2 days, on endogenous liver (L) ADH and L-ALDH was 
studied in adult male rats. The HAL and PM2 treatment 
inhibited L-ADH by 42% (p < 0,Ol) and 51% (p < 0.001) from 
controls, respectively. Cytopl asmic (CT), but not 
mitochondrial ALDH, was inhibited by HAL from controls by 33% 
(p < 0.01) compared to 43% (p < 0.001) inhibition determined 
by PMZ, Conversely, HAL, but not PMZ, induced heart CT 
lactate dehydro enase isoenzymes LDH and LDH by 16% (p < 
0.05) and 31% 9 p < 0.02) from con&s, resp ctively. 2 The 
results suggest that PM2 has less cardiac toxicity compared 
to HAL and indicate the sensitivity of ADH and ALDH to these 
drugs. The inhibition of hepatic enzymes studied could cause 
a build-up and/or alter metabolic pathway of endogenous 
monoamine aldehydes. (Laboratory work was performed at the 
Initial Institution) 

84.7 

CORTICAL BETA ADRENOCEPTORS (BAC) WITH HIGH 
(R ) AND LOW AGONIST AFFINITY (R ): EFFECT 
OFHATYPICAL ANTIDEPRESSANTS AND &-IARACTBRIZATION 
OF "THE INDUCIBLE (R ) POPULATION. David D. 
Gillespie, D. Hal Mknier and Fridolin Sulser. 
Vanderbilt U, Sch. of Med., Nashville, TN 37232. 

The mianserin induced desensitization of 
the NE BAC coupled adenylate system in the rat 
cortex has been shown not to be linked to a 
downregulation of BAC's. Non-linear regres- 
sion analysis of agonist competition binding 
curves following mianserin explains this dis- 
crepancy. Thus, chronic administration of mian- 
serin significantly decreases RH (linked to 
adenylate cyclase) while not changing either 
R or the agonist affinities of isoproterenol 
f&r the 2 sites. The chronic administration 
of fluoxetine had no effect on either R 

RL in the cortex of the normal rat or o F 
or 
rats 

with an increased R following 5,7-dihydroxy- 
tryptamine. The phkrmacological analysis of 
the inducible R sites rules out 5HT and 5HTlA 
sites but showsLthat this receptor pgpulation 
has characteristics of a 5HT site. (Supported 
by USPHS grant MH29228 and t AB e Tennessee Dept. 
of Mental Health and Mental Retardation). 

84.6 

A MODEL DF CENTRAL SIGMA SYSTEMS, Edgar T. Iwamoto. Dept. 
of Pharmacology, Univ. of Kentucky, Lexington, KY 40536 

A major gap-in the understanding of the functions of the 
sigma receptors of the CNS is the lack of information about 
the effects that are elicited after the endogenous sigma 
system is activated. We have evidence for a model of central 
activation of endogenous sigma systems in the rat. The model 
is the locomotor syndrome that is initiated by a challenge of 
1.6 mg/kg SC of d-butaclamol (dB) at time t = -30' and 10 
mg/kg SC of l-N-allylnormetazocine (lJ) at t = 0' in rats 
which had received 4 daily injections of 10 mg/kg of 1N prior 
to the dB-IN challenge. The dB-1N challenge caused abirarre- 
behavior syndrome of backwards walking, side-to-side head 
movements, and hindfoot pivoting which peaked at t = +lO'; 
this was followed by intense forward locomotion (LOCO) which 
peaked at t = +60', range +15' to +llO’. The birarre-behav- 
ior/LOCU syndrome was not antagonized by the following SC 
treatments given at t = -20': 50 mg/kg sulpiride, 0.2 mg/kg 
spiperone, and 0.2 mg/kg R(+)SCH23390; however, the magnitude 
of the syndrome was significantly diminished by 30 mg/kg IP 
of rimcazole (BW234U) and by 0.2 mg/kg SC of haloperidol. 
The data suggest that the dB-lN-induced bizarre behavior/LOCO 
syndrome is not mediated by dopamine since it is not blocked 
by Db or Dg antagontsts; the data further suggest that the 
synd ome m y be mediated by central sigma mechanisms since 
it was blocked by rimcazole, a sigma receptor antagonist, and 
by haloperidol, which has a high affinity for CNS sigma 
binding sites, (Supported by KTRB and UKMCRF) 

84.8 

INHIBITORY ACTION OF SOME TRICYCLIC ANTIDEPRESSANTS (TCA) ON 
THE PRESYNAPTIC MUSCARIMIC RECEPTORS OF THE ADRENERGIC NERVF.- 
TERMINALS IN THE RABBIT HEART. G.T.Somogyf* and ,I,M. Perel. 
Clinical Pharmacology Program,Western Psychiatric Institute 
and Clinic,Univ.of Pittsburgh,Pittsburgh, PA 15213. 

Strips of the right atria1 tissue obtained from male New 
Zealand rabbits were incubated in Krebs buffer containing 10 
uCI/ml 3H-NE at 30"C.After 90 min washing with Krebs solution 
containing 1uM cocaine and yohimbine, 2 min effluents were 
collected for 96 min.The preparations were stimulated 4 times 
for 3 mln Sl,Sz,S ,S4(field stimulation 2Hz lms 60V) and the 
tritium content 0 1 the samples was measured by scintillation 
spectrometry, Sl served as a control and at S 
dose response curve was taken expres ing the ose-related 

3 
2" 

oxotremorine 

fnhibition of the evoked release of H-NE as percent of the 
control. Atropine shifted the dose-response curve to the 
right producing a pA2 value of 9.4. The TCAs also displaced 
the dose-response curve to the right but their inhibitory 
effect was two orders of magnitude lower and the maximal in- 
hibitory effect was reached at around 5 uM.The order of 
efficacy was as follows: amitriptyline>imipramine>nortripty- 
line>desipramine.These results are in good correlation with 
the isolated muscarinic receptor studies as well as with the 
cardiotoxic effects of TCAs experienced in the course of 
clinical applications. The corresponding hydroxy metabolites 
are being currently evaluated. (Supported in part by NIGH 
Grant MH-30915 and FFRP #77-612). 



TUESDAY PM PSYCmTROPIcs All9 

84.9 

EFFECTS OF AMITRIP’T’YLINE AND ETHANOL ON SYNAPTIC PLASMA 
MEMBRANE STRUCTURE. m. cl-l* and B.B. MuhoberE**, 
Department of Pharmacology/Toxicologyl, Indiana University School of 
Medicine and Department of Qlanis@, Indiana University-Purdue University at 
Indianapolis, Indianapolis, IN 46223. (SPON: H.R. Besch Jr.11 

bvivo studies have indicated greater than additive CNS depression by 
amitriptyline and ethanol which results in impaired psychomotor abilities. We 
have previously repted that the h m combiation of amitriptyline and ethanol 
synergisticaI~ inhibits Na+/K+ ATPase (NKA) activity of rat synaptic plasma 
membranes ( H PMs) (The Toxicologist 8(1):37, 1988). In the present study the 
effects of these dna 
characteristics of e fluorescent biomembrane if 

on SPM structure were evaluated by examining the binding 
robe l-anilinonaphthalene-8- 

suIfonic acid (ANS). ANS binds noncovalen s y to biomembranes near the 
phospholipid head groups, and its fluorescence is sensitive to changes in its 
mimvironmont. ANS titrations (lo-50 @Q with Scatchard analysis gave K 
and F, values at various i8 Y&Q concentrations of amitriptyline (O-20 @Q z# 
ethanol (0,100 and 200 mM). Amitriptyline produced a concentrationdependent 
increase of up to 18 9b in FM that correlates (~0.99, p<O,Ol) with the O-100 % 
inhibition of NKA Etivitv over the same concentration range. while Ka, and 
Lax remained unchanga. The invariant K,, indicates co-change izrANS 
binding atrem&. However, the increase in F, alons; with the unchanged hnaw 
indica& that bitriptyline perturbs the SPM surface & to increase the &mber 

___-__ 
but 

not the polarity of ANS binding sites. In contrast, ethanol had no effect on F,, 
K,, or Lax. Ethanol is known to change biomembrane structure toward the 
interior of the bilayer. Thus, tie-se simultaneous but distinct structural aherations 
of SPMs by amitriptyline and ethanol may be responsible for the synergistic 
inhibition of membrane-bound NKA activity, (Supported by NiAAA 6935) 
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85.1 

AN INTEGRATIVE MODEL OF LONG TERM BRAIN EXCITABILITY FOR 
SEIZURE REGULATION IN THE EPILEPTIC GERBIL INVOLVING 
FEEDBACK, FEEDFORWARD, AND ADAPTIVE MECHANISMS, Paul L. 
Prather*- & W. B. Ituriian, Dept. of Pharmacol. i Toxicol., 
Univ. of Georgia, Athens, GA 30602 

Current treatment of epilepsy emphasizes symptomatic as 
opposed to rectifying interventions. Mafntenance of long 
term homeostasis involves feedback, feedforward, and adaptive 
control systems. This concept, when applfed to control of 
brain excitability, offers novel insight into epileptogenesis 
and potentsal development of curative treatments for 
epflepsy . We chose the epileptic gerbil, a widely accepted 
model of tonfc-clonic epilepsy, to quantify relevant 
components in a systems analysis approach to the long term 
(days) control of seizure susceptibility. We suggest a model 
in which specific endocoids, such as prostaglandins, opfoids, 
peptides, and benzodiazepines provide sequential feedback 
information about current brain excitabflity to an analyzer 
(or oscillator). By feedforward mechanisms, this actfvity is 
then relayed to an integrator. Although many factors affect 
integration, a critical modifier appears to involve the 
interval (in daya) between seizure testing. 
the signal is adjusted by adaptive contr 

The amplitude 
aibutions such 

of 
as 

habituation, postseizure inhibition and relative degree of 
sensory kindling. A composite command is then produced, 
seizure or no seizure l This model, if substantiated, 
provides various points of interventfon not addressed by 
epileptic research and treatment to date. 

85.3 

SEIZURE SUSCEPTIBILITY AND OSHOLALITY: EPIiAPTIC 
INTERACTIONS ARE IMPORTANT. R. David Andrew. Department 
of Anatomy, Queen’s University, Kingston, Ontario, K7L 3N6. 

Seizure susceptibility generally increases as plasma 
osmolalfty is lowered. Conversely, seizure is less 
frequent when osmolality rises. The evidence comes from a 
diverse experimental and clinical literature over several 
decades yet the cause is unknown. We examined the effects 
of osmolality changes upon epileptiform activity induced by 
0 Mg*+ saline in hippocampal slices. In -30 raOsaa saline, 
interictal burst amplitude recorded extracellularly from 
stratum pyramidale increased by 41% 2 21.1% (SE) from 
control (n = 9 slices). In +30 mOsm, amplitude decreased 
by 27% + 9.3%. Intracellular records revealed little 
change in single cell properties. In 12 slices with CA1 
cells displaying repetitive electrographic seizures, + 30 
mOsm saline reduced ictal spike amplitude (n=12) and could 
terminate seizures altogether (n-8). A -30 mOsm change 
increased spike amplitude (n=12) and reactivated seizures 
in 4 of 7 slices. The evidence suggests that lowered 
osmolality reduces the extracellular space which increases 
field (ephaptic) interactions arising from the larger 
amplitude population events. The restricted space may also 
amplify the depolarizing effect of K+ accumulating 
extracellularly during seizure onset. Thus, hyposmotic 
swelling of cortical neurons will tend to synchronize and 
promote population discharge characteristic of the 
epileptic state. 

85.2 

SYNERGISTIC ANTICONVULSANT ACTION OF NIMODIPINE 
AND m-801 IN MICE ADMINISTERED PENTYLENETETRAZOL. 
G.T. Bolner* and S.K. 9 0 N u (SPON: CR. Triggle) Division of Basic 
Medical Sciences, Faculty of Medicine, Memorial University of 
Newfoundland, St. John’s, Newfoundland AlB 3V6 

Both NMDA-receptor antagonists and nimodipine have been shown 
to possess anticonvulsant activity in mice administered the cortical 
convulsant pentylenetetrazol@PTZ). We have investigated the effects 
of i.p. administered nimodipine and the potent NMDA antagonist MK- 
801, either alone or in combination, on PTZ (85 mg/kg i.p.) convulsions 
in male CD-1 mice. PTZ produced severe clonic convulsions and 
posture loss in 85% of the mice (mean onset 7 1 & 3 set; mortality 
23% following full tonic-clonic seizures), Nimodipine (20 mg/kg) 
increased the mortality (30%-50%) from PTZ convulsions. In contrast, 
10 and 20 mg/kg nimodipine significantly increased (- two fold) 
clonic convulsion onset time. MK-801 (0.1 and 0.5 mg/kg) neither 
altered the onset time nor the number of animals experiencing clonic 
convulsions, but did prevent death due to PTZ convulsions. Combinations 
of nimodipine and K-801 at doses as low as 2 mg/kg and 0.5 
mg/kg respectively, resulted in an increased onset (- three fold) and 
a reduction (50%) in both the number of animals experiencing clonic 
PTZ convulsions and the severity of the convulsions. Furthermore, 
death due to PTZ convulsions was prevented at all dose combinations 
of nimodipine and MR-801 investigated. These results suggest that 
the combination of MK-801 and nimodipine may provide a safe and 
beneficial adjunct therapy fur epilepsy. 0X-801 is (+)-5-methyl- 
l0,11-dihydro-5-H-dibenzo(a,d)cyclohepten~5,lO-imine mafeate) 

Life 
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85.5 
EFFECIlS OF ANTITUSSIVES ON EPILlWUFORn AmIVITY AND 
NHTIA RESPONSES IN HIPPCKAHPAL SLICES. D.J. Braitman* and 
J.P. Apland* (SPON: M. Adler), Neurotox. Br., U.S* Army 
Med. Res. Inst. of Chem. Defense, A.P.G., MD 21010 

The centrally acting non-narcotic antitussives 
dextromethorphan (DM), caramiphen (CM) and carbetapentane 
(CB) are potent anticonvulsants (Tortella and Musacchio, 
Fed.Proc., 46:708, 1987). DM blocks epileptiform activity 
fntical slices by blocking NMDA receptors (Wong et 
al,, Neurosci, Ltrs., 85~261, 1988). We have investigated 
the effects of DM, CM and CB on epileptiform activity, and 
responses to NMDA in hippocampal slices. Transverse slices 
of guinea pig hippocampus were placed in a total 
submersion chamber at 32’C in normal oxygenated Ringer’s 
for extracellular recording. DM (SO-100 uM) blocked 
responses to bath-applied NMDA as well as epileptiform 
activity induced by Mg++ free medium, but had little 
effect on the amplitude of the field potential evoked by 
stimulation of the Schaffer collaterals. Responses to NMDA 
were blocked for two hours after exposure to DM. In 
contrast, CM and CB (100-300 uM) reduced the amplitudes of 
field potentials, but did not block NMDA responses. 
However, CM and CB did block epileptiform activity induced 
by Mg++ free medium. These results indicate that these 
antitussives all block epileptiform activity in 
hippocampal slices in contrast to their actions in 
olfactory cortex (Apland et al., Neurosci. Abstr,, 1988). 

85.7 

ALTERATION OF THE ANTICONVULSANT ACTIVITY OF BENZODIAZEPINES. 
G.J. Yutrzenka (SPON: A,A, Hagen). Dept. Physiology and 
Pharmacology. Univ. So. Dak. Sch. Med. Vermillion, SD 57069. 

Chronic benzodiazepine (BZ) administration has been linked 
to the development of tolerance to the anticonvulsant activity 
of these drugs. The present study evaluated the time-course 
for the development of tolerance to the anticonvulsant action 
of diazepam (DZ) and midazolam (MZ). Male, Sprague Dawley 
rats (200-2509) were prepared with ip cannulas for chronic 
infusion of DZ (2.5 or 5.0 mg/kg/24hr) or MZ (2.5, 5.0 or 10 
mg/kg/24hr). Rats were infused for 8 days with DZ or MZ and 
then with vehicle for 4 days. Prior to and at 2, 4 and 8 
days of BZ infusion and at 2 and 4 days of subsequent vehicle 
infusion, rats were challenged with pentylenetetrazol (PTZ) 
administered via tail vein using a timed infusion method. PTZ 
was infused until onset of a myoclonic convulsion and a 
Minimal Convulsive Dose (MCD) was determined. Chronic DZ ad- 
ministration resulted in a slight, non-significant, reduction 
in MCD during the 8 days of DZ infusion. During the following 
drug-free period, the MCD was noted to be significantly in- 
creased to values that were 90% to 120% greater than the 
initial MCD. The MCD for MZ was noted to be significantly 
decreased at 4 and 8 days of chronic infusion with a return to 
initial MCD values by day 4 of the drug-free period. Thusr 
there was evidence for the induction of, and recovery from, 
tolerance to the anticonvulsant activity of DZ and MZ. 
(Funded by a grant from the General Research Fund, University 
of South Dakota.) 

85.9 

AN AN~YSIS OF THE ROLE OF QUISQUALATE RECEPIORS IN 
THE INCREASED SEIZURE SUSCEPTIBILITY OF EPILEPTIC FOWL. 

n C.J. Pedder*. Robert Wilcox*. Ju M. Tuchek .& Dee 
Johfison, Deptient of Pharmacology, University of Saskatchewan, 
Saskatoon, Saskatchewan S7N OWO. 

The high seizure susceptibility seen in epileptic fowl is due to an 
autosomal recessive mutation. Epileptic birds (homozygotes) have 
abnormal EEG patterns and spontaneous seizures throughout their lifespan 
while their carrier (heterozygotes) hatchmates do not, The ability of the 
potent glutamate-quisqualat receptor agonist, &amino-3-hydroxy-5 
methyl-Qisox:lzolepropiunic acid (AMPA) to prduce seizures was tested in 
l-3 day-old epileptic and carrier chicks, AMPA was administered i.p. in 5 
different doses (5.0 to 50.0 FmollKg) with at least 8 chicks tested at each 
dose. Characteristic tonic-clonic seizures were produced in epileptics (ED50 
= lo,8 pmol/Kg) with 100% seizure activity at 25.0 PmollKg. No seizures 
were observed in carrier chicks with doses up to SO,0 pmol/Kg. Seizures 
produced in the epileptics could be attenuated by prior administration of the 
quisqualate antagonist 6cyano7-nitroquinoxaline - 2,3 - dione (CNQX) 
but not by the N-methyl-D-aspartate (NMl3A) antagonists 2-amino-7- 
phosphonoheptanoic acid (2AP7) and-S-methyl- 10, 1 f, dihydro-SH-di- 
benzo [a,d] cyclohepten - S,lO-imine maleate (MK-801). Analysis of the 
binding sites for [yH]AMPA showed a reduction in binding affinity (KD) 
but increases in the number of binding sites (B,,) for epileptics when 
compared to carriers, These results suggest that abnormalities in the 
quisqualate receptor may influence seizure susceptibility and thatquisqualate 
induced seizure activity appears to be indepenhnt of NMDA receptor 
responses. Supported by MRC. 

85.6 

EFFECTS OF CLONAZEPAM ON REM SLEEP IN THE COBALT-EPILEPTIC 
RAT. Brenda K. Colasanti and Charles R. Craig. Depts. of 
PharmacolJToxicol, and Ophthalmol., WVU Health Sciences 
ctr., Morgantown, WV 26506 

Adult female Sprague-Dawley rats rendered epileptic by 
bilateral cerebral implantation of cobalt wire were simulta- 
neously prepared with permanent cortical and temporalis 
muscle electrodes for continuous recording of EEG and EMG 
activities. Clonarepam (4,lO or 40 mg/kg) in gum acacia was 
administered intraperitoneally once daily for 5 days com- 
mencing 9 days after cobalt placement. Cobalt-epileptic rats 
either not treated or administered the highest volume of 
vehicle and normal rats administered the highest clonazepam 
dose served as controls. Results indicated that a dose- 
related delay in onset of REM sleep occurred in the epileptic 
rodents during the majority of the treatment days. The delay 
in REM sleep onset in response to the high dose, however, was 
not significantly different from that for naive ratits. REM 
sleep time after the high dose, which completely suppressed 
seizures, likewise did not differ from that of epileptic 
controls or naive rats on any of the treatment days. On the 
other hand, these values were significantly higher than those 
for rats receiving the 10 mg/kg clonarepam dose, which had a 
lesser effect on seizure frequency. These results suggest 
that the epileptogenic state of cobalt-treated rats may lead 
to differential effects of clonazepam on REM sleep. 
[Supported by NIH (NINCDS) Grant # NS 20226.1 

85.8 

= CONVUISWE SHOW HIGH AFFINITY E0R 35S-TBPS BINDING 
SITES BUT I0W TOXICITY. Richard F 

vr 
* NKI, Cranvebmg, HY 10962 

2 Squires and Else -- 

veral polychlor~nat& convulsani insecticides have been 
reported to potently block the binding of 35S-TBPS to sites 
on rat brain membranes (Lawrence and Casida, Life Sci., 
35~171, 1984) and e have canfirr& these results. Further, 
K find that these same polychlorinat& insecticides, like 
all “cage” convulsants, potentiate the protstive effect of 
200 r&l &Cl against heat inactivation of 3H-flunitrazepam 
binding sites , providing additional evidence for direct 
coupling btwri picrotoxln, GASA and bentiiazepine binding 
sites. The rank-orders of potencies in the TV systems is 
similar (a-endosulfan > endrin > dieldrin > tomphene > 
lindane). The W mst potent pal chlorinated insmticides, 
a-endosulfan and endrin, inhibit 35 S-TBPS binding with IC5O 
values near 10 nM, making these two of the most potent 
Xigands for picrotoxin receptors, although their tixicities 
in mice are low (LD50 values 76 and 20 @kg, resmtively). 
By prison, TBF0 has an SD50 value near O.~CE&cg/&~ 
an IC50 value (35S-TBPS binding) of 73 nM. 
about l,OOO-fold mOre potent as a convulsant, &t 7-fold 
less potent as a blocker of 3%TBPS binding. %is finding 
could reflect partial W-neutral properties of a-endosul- 
fan and endrin in mammals, not previously reported for 
ligands binding to picrotoxin receptors, but -hat analo- 
gous to P& 15-1788, a W-neutral ligand for benzodiazpine 
receptors. Completely -neutral ligands for picrotoxin 
in (TBPS) receptors might be potentially useful antidotes to 
both picrotoxin-like convulsants and barbiturate-like 
anesthetics, 

85.10 
THE ANTIEPIlEPTIC ACTIVITY OF EIGHT DIHYDROPYRIDINE CALCIUM 
CHANNF, ANTAGONISTS: MECHANISM OF ACTION. M.A. Mordn*, TL 
Yaksh* and C.W. Stevens* (SPON: S.R. Taylor). Neurosurgical 
Research Laboratory, Mayo Clinic, Rochester, MN 55905. 

Antiepileptic and anticonvulsant activity have been 
reported for the dihydropyridine (DHP) class of calcium 
channel antagonists (CCA) in various seizure models. Current 
thought holds that the DHP CCA exert their antiseirure effects 
via neuronal calcium channel antagonism; however, no evidence 
substantiating this mechanism has been reported, In order to 
investigate this possible mechanism we used the awake rat with 
chronically implanted EEG leads to examine the antiepileptic 
activity of 8 DHP CCAs utilizing an intracerebroventricular 
(i.c,v,) route of administration to circumvent differences in 
brain penetration and peripheral metabolism and distribution. 
The ordering of i&v. DHP antiepileptic activity is compared 
to reported IMP brain binding affinity. The DHPs examined 
were nimodipine (NM), nitrendipine (NT), nifedipine (&tW{, 
nisoldipine WI t nicardipine (NC3 1 felodipine 
floridipine (FLR) and PN2OD-110 (PN), Seizures were ind;ceA 
with metrazol (35 mg/kg i.p.) and quantitated by EEG Spike 
counting. The m50 and 95% CI (vg) were: M, 136 (109468); 
NT, 167 (100-277); FLP, 185 (113-304); NS, 219 (122-392); NF, 
NC, PN and F-R all >300. This ordering of activity does not 
correspond to binding affinities for: PN >> NS > NT > NM > NF 
=', NC. This finding suggests that DHP CCA may be exerting 
their antiepileptic effects by more than just simple neuronal 
calcium channel antagonism. (Supported by grant NS-24329. ) 



TUESDAY PM CHEMOTHERAPY A121 

86.1 
ANTICARCINOGENIC ACTIVITY OF AN AYURVEDIC FOOD SUPPLEMENT, 
MAHARISHI AMRIT KALASH (AK), Chandradhar Dwivedi, Bryan CI 
Satter", and Hari M. Sharma*. College of Pharmacy, South 
m State Univ. Brookings, SD 57007 and Dept. of Pathol., 
The Ohio State Univ,, Columbus, OH 43210, 

AK, an Ayurvedic food supplement (provided by MAPI, Stone- 
ham, MA 02180) is tested for anticarcinogenic activity 
against 7,12-dimethylbenz(a)anthracene (DMBA) induced mammary 
tumors in rats. Fifty day old Sprague-Dawley rats were divid- 
ed in 4 poups having 20 rats in each group. Group 1 (C) and 
group 3 (P) were placed on a rat chow diet. Group 2 (I) and 
group 4 (ItP) were placed on a rat chow diet supplemented 
with 0.2% AK, All animals were given DMBA (75 mg/kg in 1 ml 
of sesame oil) by gavage after being on the diet for one week. 
One week after the DMBA administration, I group was placed 
back on normal chow diet and P group was placed on AK supple- 
mented diet, Rats were weighed and examined weekly for the 
presence of mamary tumors for a period of 18 weeks after 
DMBA administration, At 18 weeks the tumor incidence was 67, 
85, 25 and 31% for C,I,P and I+P groups respectively; the 
average number of tumors/animals was 1.4, 2, 1 and 0.5 for 
C,I,P and ItP groups respectively, There was no significant 
difference in weight gain of animals among all the groups. 
These results indicate that dietary AK protects against DMBA- 
induced mammary carcinogenes only during the promotion phase, 
(Supported in part by Lancaster Foundation) 

86.2 
ANTICARCINOGENIC ACTIVITY OF AN AYURVEDIC FOOD SUPPLEMENT, 
M4. Hari M. Sharma', Bryan C. Satter"' and Chandradhar Dwivedi. 
College of Pharmacy, South Dakota State Univ., Brookings, SD 
57007 and Dept. of Pathol., The Ohio State Univ. Columbus, OH 
43210 

MY, an Ayurvedic food supplement (provided by MAPI, Stone- 
ham, MA 02180) is tested for anticarcinogenic activity 
against 7,12-dimethylbenz(a)anthracene (DMBA) induced mammary 
tumors in rats. Fifty day old Sprague-Dawley rats were divid- 
ed in 4 groups having 20 rats in each group. Group 1 (C) and 
group 3 (P) were placed on a rat chow diet, Group 2 (I) and 
group 4 (I+P) were placed on a rat chow diet supplemented 
with 6% M4. All animals were given DMBA (75 mg/kg in 1 ml 
sesame oil) by gavage after being on the diet for one week. 
One week after the DMBA administration, I group was placed 
back on normal chow diet and P group was placed on M4 supple- 
mented diet. Rats were weighed and examined weekly for the 
presence of mammary tumors for a period of 18 weeks after 
DMBA administration, At 18 weeks the tumor incidence was 60, 
31, 7 and 14% for C,I, P and ItP groups respectively; the 
average number of tumors/animal was 1.3, 0.4, 0.1 and 0.1 for 
C,I,P and ItP groups respectively. There was no significant 
difference in weight gain of animals among all the groups. 
These results indicate that dietary M4 protects against DMBA 
induced carcinogenesis during both the initiation and the 
promotion phases. However, a higher degree of protection is 
observed during the promotion phase. 

86.3 86.4 
BIOCHEMICAL EFFECTS OF Ro 15-5458 ON SCHISTQSOMA MAN- 

Dept. of Pharmaco1.l SONI. Feleke Eshete* and James 1. Bennett 
Toxicol., Michigan State Univ., E. Lansing, Ml.48824. 

A 15 mglkg single oral dose of Ro 15-5458, a 9-acridanone hydra- 
zone derivative given to mice infected with& mansoni will eliminate 
atl parasites within 7 days. We evaluated various biochemical 
changes in the parasites during the first 4 days after drug administra- 
tion since no apparent physiological changes were observed during 
this period. Glycogen was measured by enzymatic hydrolysis to 
glucose and subsequent assay of the hexose. Protein, lactate and 
ATP were measured using conventional methods. The relative 
turnover rates of protein were studied by double isotope labelling 
method described previously by Arias & A. (J. Biol, Chem. 224: 
3303, 1969) and Dehlinger and Schimke cj. Biol. Chem. 246 2574, 
1971). While no drug effect could be demonstrated on lactate produc- 
tion, and glycogen, gut pigment or ATP content of the parasite, 
a significant reduction in parasite biomass and protein content 
was observed when worms were recovered from mice after 3 days 
of dosing. Possible drug effects that may contribute to the protein 
loss have been investigated, With drug-treated worms we noted 
a reduced incorporation of 3H-leucine into proteins without a change 
in turnover rates of the proteins. We tentatively conclude that 
Ro 15-5458 selectively inhibits protein synthesis in the parasite. 
Mechanisms responsible for the observed phenomena are being 
investigated. (Supported by Hoffmann-LaRoche Co., Basel, Switzer- 
land.) 

TRANSPORT OF MEMYLGLYOXAL BIS(GUAWLHYDRAZONE) AND 
RESISTANCE IN Ll210 MUNNE LEUKEMIA CELLS. $. Kanthawatana* 
3 d A. H. Neims, Dept. of Pharmacology, Univ. of Florida COIL of Medicine, 
&inesville, FL 32610 

Qur laboratory has been studying the antiproliferative and cytotoxic actions of 
MGBG and related polyamine analogs. This work deals with the reversible 
resistance to MGBG which developed w&h consistency in L1210 cells within a 
few days of exposure to sublethal doses. When exponentially-growing Ll210 
cells were exposed to u. 1 PM MGBG, the cells accumulated the radiolabelled 
drug with an apparent Km of 9.04 (SD, 0.34) w and a Vmax of 0.271 (0.019) 
fmoles/cell/hr. ln 24 hr, the apparent intracellular cone of MGBG was > 2W@ 
fold higher than that of the medium. Experiments with isolated mitochondria and 
with digitonin-permeabilized ceuS revealed that the high intracellular [MGBG] 
was not due to mitoctindrial accumulation of the drug. Decreeased extracellular 
pH was associated with increased rates of influx of MGBG, most likely due to 
selective transport of the divalent cationic form of the drug. Cell doubling time 
increased several fold over the next few days, but then returned to control 
values despite the continued presence of MGBG in the medium. When the 
initial MGBG concentration in the medium exceeded 5 w, the cells lost 
clonogenicity and viability. But with M. 1 PM MGBG, the apparent intracellular 
cone of MGBG decreased from > 2mM after two days of exposure to m. OS 
mM by day 6, to c 0.1 mM by day 20 of incubation. After 6 days of exposure, 
the rate of influx of MGBG has decreased significantly [Km, 24.87 (1.36) w; 
Vmax, 0.142 (0.013)J. The rate of efflux of MGBG was unchanged. The 
influx of MGBG returned to control values within one month of incubation in 
drug-free medium. Although Ll210 cells that a~ near plateau growth exhibit 
decE& accumulation of MGBG, it is importa to note that chronic exposure 
of cells to a sublethal concentration of MGBG caused the reversible adaptation 
of decEased influx in association with control rates of cell-doubling. 

IbfMUNOPHARMACOLOGY AND IMMUNOTHERAPY 

87.1 
DOSE OF INTERLEUKIN-1 (IL-l) AND STIMULATION OF THE 
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS. A.R. Gwosdow, 
M.S.A. Kumar, P,A, Meara* & fi.H. Bode*.Shriners Burns 
Inst.& Harvardd *Sch. , Boston ,MA 02114, 

The effect of varying doses of purified human IL-l 
(Cistron) on rectal temperature (Tr), hypothalamic 
corticotropin releasing hormone (CRH), pituitary 
adrenocorticotropic hormone (ACTH), plasma ACTH and 
plasma corticosterone (B) was examined in male rats at 
24*C. Tr was measured using thermocouples. CRH, ACTH 
and B were determined by radioimmunoassay. Intravenous 
(iv) administration of IL-l (0.50 to 1.5 ng) resulted 
in a dose-dependent hyperthermia that began 20 min 
post-injection and continued for an additional 30 min, 
The 0.5 ng dose of IL-1 resulted in no change in 
hypothalamic CRH, pituitary ACTH or plasma ACTH, 
Plasma B was significantly (P<O.OS) elevated 30 min 
after IL-l administration and returned to control 
levels within 30 min. IL-l doses of 0.75 ng or above 
elevated (P(O.05) plasma ACTH and B 30 min 
post-injection and remained elevated for an additional 
90 min. These observations suggest two mechanisms of 
action for IL-l: low doses may act directly on the 
adrenal gland while higher doses may stimulate the 
hypothalamic-pituitary-adrenal axis, (Supported by 
Shriners Wospi tals for Crippled Children Project 
15867). 

87.2 

ANIMAL HUDELS OF INTERLEUKIAI-2 (k-2) TOMCITY: EHEVC AND 
CARDIORESPIRATORY EFFECTS. S.F. malves.atieUj .k 

sqtl Dapt. of Phmmcol. and Toxlro;. and 
Surgwg, Dartmouth Medical’ School, Hanover, NH 03756. 

Toxte effects of IL-2 fn cancer thefupg Include vomltlng and 
phgslologlcal collepre. We found that IL-2 (200 @g, irn) 
tnjucted repeatedly at 24 h intervnls produced vomiting wNh 
avg. onsets of 23 and 16 h In 4 normal end In 3 ehruntc aree 
postrema (API-ablated cats, re~ectlvelg. Accuracy of the Ap 
teslons wus conftrmed phsrmncoluglcally and histalogkally. 
Thus, IL-2 acts Independonttg of the AP to induce vomiting, 
perhaps utilizing u secondary agent. Hoasurements In 
anesthetized cats revealed IM notable changes In cardio- 
respiratory functions after acuts tv and Uncute im treatment 
with IL-2. Bg contrast, rats pretrented with IL-2 im fur 3-4 
daus prior to their ncute phgslological experiment subsequent&j 
responded with a prograsslve deellne In arterial pressure and 
death from respiratory faflure. Autopsy showed hydrcrthoran and 
hsmorrhagic pulmonary edema, (Supported bg HHS Grant 
ES04063 end Amertcan Health A@sfstanca Foundation. 
Recombinant humun IL-2 gonerouslg donated bg Cetus Carp.1 
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VASCULAR LEAK SYNDROME WITH INTERLEUKIN 2 THERAPY. 
D.W. Mulvin’, C.A, Kxuse*. M. Grosso*. and M.R. Johnston* (SPON: 

I. McMurtry). Univ. of Colorado, Denver, CO 80262 
Constant infusion of recombinant Intetleukin 2 (IL-2) has been 

reported to induce tumor regression in patients with advanced 
malignancies, A side effect of IL-2 therapy is vascular leak 
syndrome. The mechanism of the vascular leak is unknown, Our 
previous data shows that IL-2 does not cause injury in salt 
perfused rat lungs. We hypothesize that IL-2 damages endothelium 
via a mediator in the blood rather than by direct action on, the 
endothelial cell. We studied the effect of various concentrations of 

IL-2 in either blood perfused or Krebs Henselite salt perfused rat 
lungs, Lungs were isolated, ventilated, and perfused for one hour. 
Vascular leak was measured by increase in lung weight, wet to dry 
ratio, and pulmonary arterial pressure. 

IL-2 Cont. Weight Gain (g) Wet/Dry Ratio 
Blood Salt BIood Salt 

Control (0) *0.70+.1 0.60+.2 *4.72+. I 5.1+.3 
333U/ml(SO,OOOU) 1, I 8+.3 0.40+.3 5.1 Ok.5 5.22.4 
666U/mI( 100,OOOU) *2.25+.7 0.6Ok.2 V.95k.4 5.32.2 

(n=6 all groups) *p<O.Ol (mean*SD) 
Significant vascular leak was demonstrated in the blood perfused 
lungs as compared to salt perfused as measured by the above 
parameters. No change was seen in PA pressures between groups. 
IL-2 induced vascular leak is caused not by its direct action on 
endothelial cells but via an intermediatry in the blood. 

87.5 

PLATELET-ACTIVATING FACTOR PAW ANALOGS 
INHIBIT HITOGEH-INDUCED HUMAN PERIPHERAL BUK)D 
T-CELL PROLIFERATION Travers, J.B.* and 
Fertel, R.H. The Ohio State University, 
Columbus, OH. 43210 

Platelet-activating factor (l-O- 
hexadecyl/octadecyl-2-acetyl-sn-glycero-3- 
phosphorylcholine;PAF), l an ether 
phospholipid that is produced bcsleukocytes and 
is a potent mediator of acute allergic and 
inflammatory reactions. We determined the 
effect of several analogs of PAF on mitogen- 
stimulated T-cell proliferation. The addition 
of the synthetic thiazolium-containing PAX? 
analogs CV3988 and R0193704 to 72-hour cultures 
of phytohemagglutinin (PHA)-stimulated human 
peripheral blood mononuclear leukocytes 
resulted in a dose-dependent inhibition of 
(3H)-thymidine incorporation into T-cells 
(IC50: 2 and 0.25 micromolar, respectively). 
The PAF receptor antagonist BN52021 (Ginkolide 
B) had no effect (up to 100 micromolar) on T- 
cell proliferation in this system. The results 
of this study suggest that PAF may play a role 
in lymphocyte function- 

87.7 
CYSTEAMINE PRODUCES DOSE RELATED BIDIREC’S;IONAL 
IMMUNOMODULATORY EFFECTS IN MICE. H.U. Brvant . E.W. 
Bernton*, T.K. Shakarjiat? and J,W. Holaday. Dept. Med. Neurosci,, 
Div. of NP, Walter Reed Army Inst. Res. Washington, D.C. 20307. 

Cysteamine (CSH), a sulfhydryl reducing age& known to function- 
ally inactivate prolactin (PRL) and other immunomodulatory 
neurohormones, was tested for its effects on several immunologic and 
neuroendocirne parameters. CSH was given to C3H/HeN mice once 
per day for 3 consecutive days. Low doses of CSH ( 12,5 mg/kg) 
stimulated lymphocyte proliferative responses induced by both con- 
canavalin A (Con A) and lipopolysaccharide (LPS), Serum PRL levels 
were also elevated (67%) at low doses of CSH. By contrast, 300 and 
400 mg/kg doses of CSH resulted in significant reductions of both COP 
A and LPS induced proliferation. This suppression of mitogen induced 
blastogenesis was accompanied by thymic atrophy. Levels of both 
PEiL and corticosterone were suppressed at the 400 mg/kg dose of 
CSH (44 and 63% respective reductions relative to control). A strong 
positive correlation was noted between serum PRL and mitogen 
induced proliferative responses. Interestingly, a similar pattern of 
stimulation of mitogen induced proliferation at low doses followed by 
suppression at higher doses were observed with in vitro addition of -- 
CSH (33% elevation with 0.1 mM cysteamine and 44% suppression 
with 2.0 mM CSH on lymphocyte proliferative responses to 0.5 ug/ml 
Con A). These studies indicate that, depending upon the dose, CSH 
has bidirectional effects on immunologic endpoints that are 
correlated with changes in circulatin PRL, but may also be observed 
upon direct addition of the drug to stimulated lymphocytes in culture, 

87.4 
PROTEOLYTIC REGULATION OF ANTIGEN PRESENTATION: CLEAVAGE OF 
Ii to p25 AND OF CLASS II /3 CHAIN AT Lys72/Arg73, 
Arg93/Argg&, Lawrence J, Thomas* and Robert E. Humphrevs* 
(SPON: Neal C. Brown), Dept. of Pharmacology, Univ. of 

Massachusetts Medical School, Worcester, MA 01655 
The 25,000 dalton protein (p25), which is seen in 

immunoprecipitates with antibodies to human class II MHC 
molecules or I 
fragment: of 1,: 

, has been shown to be a C-terminal 
Antibodies to a C-terminal peptide of 

Ii precipitate p25 in mixtures of denatured class II MHC 
and associated molecules, while antibodies to an N-terminal 
peptide did not. Digestion by various proteolytic enzymes 
of native class II complexes containing Ii yielded 
proteins migrating at or near p25 in 2-D gels. 

Human class II j3 chains contain 2 pairs of 
well-conserved, basic amino acids, Lys 

Argg3-Arg?4* 
Such basic dipeptides ha% been shown in 

-ArgT2 and 

other sys ems to be targets of proteolytfc cleavage. These 
2 pairs of residues bracket the third hypervariable region, 
which may form part of the class II desetope. In 
immunoprecipitates from Raji cells, a peptide of about 8,400 
daltons has been found to be linked by a disulfide bond to 
the class II complex. This is the weight of the predicted 
N-terminal peptide generated by proteolytic cleavage of the 
beta chain at the basic dipeptfdes. Such proteolytic 
cleavages of I 

E 
and class II molecules might regulate the 

presentation 0 foreign peptides to the T  cell receptor, 

87.6 
ADENOSINE RECEPTORS AND MODULATION OF NATURAL KILLER CELL 
ACTIVITY (NK) BY NUCLEOSIDE ANALOGS. T. Priebe*, C. D. 
Platsoucas* and J. A. Nelson. Dents, Ex~tl. Pediatr. and 
Immunol l , Univ. Tex* M, D, ALderson' Cancer Center, 
Houston, TX. 77030, 

The adenosine analog tubercidin (TUB) inhibits where- 
as the deoxyadenosine analog 2-fluoroadenine arabinoside- 
5’-phosphate (FAMP) stimulates NK. To test the possibility 
that adenosine receptors mediate these6 differential 
effects, an adenosine Al receptor agonist (N -S-phenyliso- 
propyladenosine, PIA) and a potent adenosine A receptor 
agonist (St-N-ethylcarboxamidoadenosine, NEEA) were 
incubated witQl 
presence of 

C3H/He mouse spleen cells in vitro in5ihe 
Cr-loaded YAC-1 cells. RelZof Cr 

during 4-hr incubation was used to measure NK, PIA (10pM 
to 10nM) stimulated whereas NECA (1nM to 1pM) inhibited 
NK, These effects were prevented by the adenosfne receptor 
antagonist, 1,3-dipropylxanthine (XAC, 1pM). The results 
are consistent with the negative modulation of NK by 
dibutyryl cyclicAMP, XAC also inhibited the NK stimula- 
tory effect of FAMP (ImM), but failed to influence the NK 
inhibition by TUB (1 to 100 PM). The nucleoside transport 
inhibitor, nitrobenzyl thioinosine monophosphate (10 PM), 
had no effect on NK; however, it prevented nucleotide for- 
mation from TUB and inhibition of NK by TUB. These data 
suggest a possible role for the A1 receptor in the stimu- 
latory effect of FAMP; however, nucleotide formation may 
be required for the inhibitory response to TUB. 

IN VITRO AND IN VIVO PURINE NLJCLEOSIDE PHOSPHORYUSE (PNP) INHIBITORY 

87.8 

ACTIVITY OF PD 116,124. Mi. K. Don@. Mark J. Suto*, J&nadish C. Sirc&, 
and Richard 8. Gilbertsen. Parke-Davis Pharm. Res. Div., Warner-Lambert 
co., Ann Arbor, MI 48105. 

PNP inhibitors are of interest for ti treatment of cancer, auto-e 
diswes, psoriasis, transplant rejection, malaria, and gout. PD 116,124 
(8-amino-2'-nordeoxyguanosine; 2-[(2,8-diamino-6-hydroxy-9&purin-9-y1)- 
methoxy]-1,3-propanediol) is a reversible, competitive inhibitor of human 
PNP (Ki = 0.42 @) that is highly water-soluble. In the presence of a 
noninhibitory concentration of Z'-deoxyguanosine (GdR, 10 IJM), PD 116,124 
inhibited growth ( 3H-thymidine uptake) of hm MOLT-4 (I$, = 3.3 m) and 
cm ms* = 1.0 m) T  lymphoblasts, but not ML-8 or NC-37 B lymphoblasts 
(IC50 >500 W). PD 116,124 alone was nontoxic for T  lymphoblasts up to 
500 pM. PD 116,124 produced concentration-related elevation of dGTP in 
T  lymphoblasts cultured with GdR, Acctrmulation of dGTp was significantly 
greater (49.0-fold control) and more sustained in the presence of PD 
116,124 than when only GdR was added to medium. Both the inhibition of 
growth of T  cells and the accmlation of dGTP were prevented by 10 @ 
2'-deoxycytidine. When administered p.0. to normal rats, PD 116,124 
caused significant and dose-related elevation of plasma inosine (Ino) 1 hr 
postdosing. The maximal Ino concentration il.4 w (17.4-fold vehicle)] 
was achieved at 500 mg/kg p.o. (highest dose tested). When administered 
i.v. at 50 w/kg, PD 116,124 produced a sharp increase in Ino (1.7 @!, 
56.3-fold vehicle) 15 min after injection, and Ino levels remained 
elevated for at least one hr post dosing, Hence, PD 116,124 is a potent 
PNP inhibitor possessing significant in vitro and in vivo activity. 
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SUPPRESSION OF LYMPHOCYTE AND ADRENAL CORTICAL 
FUNCTION BY CORTICOSTF$OIDS: E VI!0 ANTAGONISV BY 
PROLACTIN. E .W. Bernton , H.U. Bryant , J, Wo1deyesus and 
S.W. Holaday. Dept. Med. Neurosci., Div. of NP, Walter Reed Army 
Inst. Res. Washington, D.C. 20307, 

We recently described immunosuppression resulting from pharma- 
cologic suppression of pituitary prolactin (PRL) secretion in mice and 
suggested that PRL may serve as an “‘immunotrophicg* hormone 
(Science 239:40 1,1988). In further experiments we examined the 
effectsof treatment with exogenous PRL on spleen lymphocyte pro- 
liferative responses and adrenal corticosterone (CS) secretion in mice 
treated sub-chronically with exogenous corticosteroids, which can 
suppress both these measures. Coincident treatment with ovine PRL 
(20ug/day by sustained release pellet) or with metac1opromide (MC) 
t.25 mg/day, a dopamine antagonist which stimulates pituitary 
secretion of endogenous prolactin) significantly reversed the 
suppressed proli f et-at ion observed in rnitogen-stimulated spleen 
lymphocytes from mice treated with 100 ug/day of hydrocortisone for 
4 days. Mitogens used were Con-A, lipopolysacharide, and PHA. In 
further studies, groups of 5 male C3H/Hen mice were treated 4 days 
with dexamethasone (Dex) 100 ug/day and either vehicle, MC, or 
ovine PRL (20ug/day). Serum CS was determined 30 min following ip 
injection of ,5 units of ACTH, CS levels after ACTH were reduced by 
89% in Dex-treated mice compared to untreated controls; coincident 
treatment with either MC or PRL prevented this reduction. These 
data suggest that both lymphocytes and adrenal cortex may be targets 
of opposing regulatory effects of corticosteroids and prolactin, 

87.1 I 

THE EFFECTS OF NONSPECXFIC CELL MEDIATED fMMUHfTY ON 
CfIEMICAL CARCPNOGENESIS, G.G. Hather, J. H. Exon and 
J*L*BIl?Bsiere. (Span: W.L. Hayton) Pharm./Tox Program, 
Dept. Vet. Sci., Univ. of Idaho, Moscow, ID 83043. 

Nonspecikfiyleyll mediated immunity as demonstrated by 
natural Cdl WC) and macrophage OW 
cytotoxicity is thought to be a critical first line of 
defense in carcinogenesis. This hypothesis was examined 
in the Sprague-Dawley rat using an established tumor 
model system that leads to a 50-60 percent tumor 
incidence twelve weeks after subcutaneous injection of 3- 
methylcholanthrene. This was accomplished by depleting 
NK cell and M# populations b viva after intraperitoneal 
injection of specific monoclonal antibodies. Antibody 
treatments during initiation/early promotion, late 
promotion (pre-tumor) and early tumor formation were 
examined and their effects on tumor incidence, giae and 
latency recorded. Secondly, experiments were designed to 
implement augmentation of nonspecific cell mediated 
immunity using the naturally occurring cytokines 
interleukin 2 and interferon a#. Previously, use of 
these agents as immunomodulating drugs has been limited 
due to the severe toxicities associated with high doses. 
IDW doses of IL2 and IFN q3 (20 U and 125 U/lo6 cells 
respectively) were demonstrated to significantly increase 
NKC and q cytotoxicity following an 18 hour incubation 
with spleen cell suspensions. Furthermore subcutaneous 
injection of 9 week old S-D rats with either 20,000 U 
HurfL2 and r&t 5000 U IFN q9 also increased NKC and w 
cytotoxicity indicating potential for use of low dose 
combination lmwnotherapy in future cancer treatment8. 

87.13 87.14 
FUNCTiONAL ALTERATION OF MURINE MONONUCLEAR PHAGOCYTES BLASTOGENESIS OF PERIPHERAL BLOOD LYMPHOCYTES IN YOUNG PIGS 
FOLLOWING tN’ VlVO EXPOSURE TO BENZENE. M.J. Klan*, J.C. AFTER EXPOSURE TO MULTI-STRESSORS, Yoshimi Niwano*, 
Lewis* and D.Q. Adams* (SPON:, M. Abou Donia). Dept. of B. Ann Becker and Harold D. Johnson. Univ. of Missouri and 
Pathology, Duke University, Durham, NC 27710. USDA-ARS, Columbia, MO 65211 

These studies were conducted to determine the toxicity 
of exposure in vivo to benzene on the murine mononuclear 
phagocyte system. Treated animals received daily 
subcutaneous injections of benzene (800 mglkg) for 5 days. 
Macrophages (M0) were obtained by tavage from the 
peritoneal cavity after ip injection of peptone or casein. 
Enumeration, peroxidase histochemistry and a series of 
functional assays were performed. Animals exposed to 
benzene displayed a decreased number of M0 elicited by 
peptone injection. In contrast, casein injection of 
treated animals produced an increased number of cells 
compared to controls. Varied but def’inite alterations of 
MO functions included a 50% decrease of Fc receptor- 
mediated phagocytosis, and a 20% enhancement of PMA- 
stimulated Ii202 release. Examination of elicited and 
none1 icited M0 suggested that benzene treatment was 
affecting developing monocytes and not resident mature 
cells. Alterations of M0 functions in vehicle controls 
suggested that determining the primary effect of exposure 
to benzene is complicated by the inflammation induced by 
treatment. Continuing studies are investigating the full 
extent of benzene toxicity on the mononuclear phagocyte 

A study was conducted to evaluate cell-mediated immune 
function in young pigs after exposure to multi-stressors, 
Ten pigs were handled, marketed and transported for 36 hr, 
Ten pigs (controls) remained in home pens. Blood samples 
were obtained on d 1, 3, 6, 13 and 21 after relocation. 
Number of leukocytes and blastogenic responses of whole blood 
(W) and isolated (I) peripheral lymphocytes to T-cell mitogen 
phytohemagglutinin (PHA) were determined. No significant 
differences in responses of I lymphocytes to PHA were found 
between treatments. In contrast, responses of W lymphocytes 
to PHA revealed a 60% and 50% reduction on d 1 and 3, 
respectively. On d 6 and 13 the degree of suppression 
gradually lessened and by d 21 no differences were found, 
Changes in leukocyte numbers paralleled changes of W 
lymphocytes. The data suggest that cell-mediated irrmune 
function of young pigs is suppressed for several days after 
exposure to multi-stressors and that such reduction is 
attributable to decreased number but not function of 
circulating lymphocytes. 

87.10 
EFFECT OF CYCLOSFORINE A ON 3-METHYLCHOMNTHRENE-INDUCED 
TUMORIGENESIS. J.L. Bussiere, J.H. Exon, and G.G, Mather. 
(SPON: W,L, Hayton) Pharm,/Tox. Program, Dept. Vet, Science, 
Univ. of Idaho, Moscow, ID 83843 

The effect of the immunosuppressive agent, cyclosporine A 
(CsA) on 3-methylcholanthrene (3-MC)-induced tumorigenesis was 
determined in Sprague-Dawley rats, Natural killer (NR) cell 
activity, and interleukin 2 (TL-2) and prostaglandin E2 (PGE2) 
production were measured following tumor formation. Two 
treatment schedules for CsA were tested: daily doses at 2.5 
mg/kg were injected S.C. for 3 days prior and 2 weeks follow- 
ing a single sec. injection of 5 mg/rat 3-MC; and twice weekly 
doses of 5 mg/kg CsA were given for 10 weeks following 3-MC 
exposure. There was no effect on NK activity at day 5 or day 
8, however, by week 17 and week 32, NK activity was suppressed 
in CsA-treated rats over 3-MC controls, CsA caused a decrease 
in IL-2 and PGE2 production at week 17, but not week 32. 
Tumor incidence by week 17 was approximately 90% in 3-MC rats. 
Animals treated with CsA did not develop 3-MC-induced ffbro- 
sarcomas, The effect of CsA treatment during the first two 
weeks of chemical carcinogenesis (i.e., initiation, early 
promotion) may be due to the immunosuppressive effects during 
this critiical time. Further testing with this 3-MC model may 
begin to characterize the importance of the immune system in 
chemical carcinogenesis, which could then be used for testing 
immunotherapeutic treatments of cancer. 

87.12 
A PRESSURE/INCUBATOR CHAMBER FOR IN VITRO LYMPHOCYTE 
STUDIES USING HYPERBARIC OXYGEN. J.R Wilson*.= Hw .t is* . 

an* Pm Texas College of Osteopathic Medicine,Ft. Worth,Tx. 
76107 and S.F. Gem+ Univ. of S. Alabama, Mobile, Al. 36688 

Hyperbaricoxygen(HBO)therapy hasbeensuggestifuruseclinicaHy in several 
conditions wherethepatient's immune responsecontributestothe disease pathology. 
Thus,HBO is proposed toactasan immunosuppressivedrug. Inordertodefinethe 
dose response curve of this putative immunosuppression on lymphocyte 
mitogenesis, we have developed a pressure/incubator chamber for growth of 
lymphocytecultures understerileconditions.Thechamberutilizes 100% oxygenor 
airatvariouspressures betweenambientand6 ATA,atacontolled temperatureof 
37CflC. The@ quilibmtes completely in 96 well microcultureplates. ControI 

measurements include pa&lel cultures in 5% m in air at ambient pressure and air 
at pressures ~1 ATA. Preliminary experiments with murine splenocy@s show no 

changeincellviability(~blueexclusion)whenHBOtreated ceIlsare compared 
(twice daily) to 1 ATA air and pressure controls over 3 days. Oxygen dose was 

varied toapproximate clinical treatment protocols (doses)ofZperday for 3 days: 
l.SATA, 60 min BID, 2.0 ATA, 90 min BID and 3.0 ATA, 90 min BID. 
Superoxide dismutase (SOD),measuxed by inhibition ofNADHoxidation in Con A 
treated human lymphocytes subject4 to 6 hr HBO at 3 ATA,was lower than 
unueated control cells. 

system. 
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Disposition of 2’,3’-Dideoxyinosine (ddI) in Mice Dosed Orally or 
Intravenously. D.L. Hill, K. Tillery and S.M. El Dareer. Southern 
Research Institute, Birmingham, AL 35255. 

Male CD2Fl mice were dosed with ddI, a compound under consideration 
as an anti-AIDS agent. In preliminary experiments, ddI was determined to 
be stable in blood, plasma, and urine from mice, dogs, and humans when 
these samples were maintained at 4”, 25”, or 37” for 3 hr. There was no 
appreciable binding to plasma proteins. For mice dosed orally with 54.5 
mg/kg, dd1 was eliminated from plasma with a half-life of 15.8 min. 
Following an oral dose of 452 mg/kg, which was absorbed and eliminated 
more slowly, two elimination phases with half-lives of 8.6 and 55.9 min 
were evident. The contents of ddI in liver and kidney were generally higher 
than those in plasma. For mice dosed intravenously with 51.2 mg/kg, 
elimination phases with half-lives of 3.02 and 24.7 min were observed. For 
the high dose, the corresponding values were 7.80 and 25.8 min. For both 
doses, 32-33% was excreted in the urine as ddI. Less than 1% appeared in 
the feces. These studies demonstrate that dd1, in oral and intravenous doses 
to mice, is rapidly eliminated from plasma, and, to an appreciable extent, 
excreted unchanged in the urine. A dose-dependent effect is apparent. 
Supported by Contract NOi-CM-67905, DCT, NCI. 

PULaMONARY EPITHELIUM I 

88.1 

EFFECT OF AMINOPHYLLINE ON LUNG LIQUID CLEARANCE IN 
ANESTHETIZED SHEEP. Y, BERTHIAUME, DEPT. OF MEDICINE, 
UNIVERSITY OF CALGARY, CANADA, TZN 4Nl. 

We have reported that terbutaline increases alveolar and 
lung liquid clearance in sheep (JCI 79, 335-343, 1987). Since 
CAMP analogs and phosphodiesterase inhibitors can increase 
sodium transport in isolated Type II cells or isolated rat 
lung, the increase in lung liquid clearance with the beta 
adrenergic agonist in sheep could depend on an increase in 
CAMP, To test this hypothesis, we used a phosphodiesterase 
inhibitor, aminophylline, to increase cyclic AMP, We 
instilled 100 ml autologous serum (N=5), serum mixed with 
aminophylline 10 -SM(+I.V. amino, N=3), 10'3M(+I.V, amino, 
N=3) into one lower lobe of ventilated, anesthetized sheep, 
There was no significant difference in the pulmonary hemo- 
dynamics. After 4H, we removed the lungs and measured excess 
lung water and the changes in protein concentration of the 
instilled liquid. The table summarizes the data (mean 2S.D.). 
Condition No. Excess Lung Increase in Protein 

Water (ml) Concentrations (g/dl) 
Serum alone 5 75.9 f 9.1 2*2 f 0.7 
Serum + amino lU-5M 3 76.9 k 6.2 2.0 f 0.1 
Serum + amino 10-3M 3 62.4 + 0,8 3,2 f 2.2 
While 10-5M, in a dose similar to the dose of terbutaline used 
previously did not have any effect on liquid clearance, 10-3M 
aminophylline increased liquid clearance. The regulation of 
lung liquid clearance depends in part on cyclic AMP. 

88.3 

NEUROKININ A (NKA) AND NEUROKININ B (NKB) lNCREASE 
CANINE TRACHEAL GLAND SECRETION IN VIVO. R. na& 
H-C. Tsena l -  l and MA* Ha CVRI and Depts of Pediatrics 
and Medicine, University of California San Francisco, CA 
94143. 

These 8xperiments examined the local effects of two new 
mammalian tachykinins, NKA and NKB, on tracheal gland 
secretion. In anesthetized, atropinited (Img/kg) dogs with lungs 
ventilated via the tower trachea we counted the hillocks of 
secretion appearing in the upper trachea from single submucosal 
glands in an exposed field of tracheal epithelium (1.2cm2) coated 
with powdered tantalum. Following a 60s baseline period, 1 ml of 
saline, NKA or NKB were infused into a superior thyroid artery 
ov8r 30s and hillocks appearing in the subsequent 60s were 
counted; some infusions were preceded by 1 ml of thiorphan 10-S 
M (CT). NKA increased the maximum rate of appearance of 
hillocksIlOs as follows: (a) from 1.33 & 0.33 to 6.m3.8, 10-6 Fvl 
(mean &SE); (b) from 2.15t0.3 to 7.1&l .9, 1 O-7 M; and (c) from 2.7 
f 0.6 to 9.3 * 2.54, 10-6 M. In 5 dogs NKB IO-5 M increased the 
rate of apearance of hillocks. NKA was more potent than NKB in 
stimulating tracheal gland secretion . Thiorphan (lo-5 M) 
increased the number of hillocks stimulated by NKA and NKB. 
The data show that NKA and NKB increase fluid secretion from 
airway submucosal glands and their effect can be modulated by 
peptidases which cleave neuropeptides such as neutral 
endopeptidase or enkephalinase.(Supported by NHLW Grant 
24136 and Grants from the Cystic Fibrosis Foundation) 

88.2 

SUBSTANCE P INCREASES LYSUZYME OUTPUT FROM 
FERRET TRACHEAL GLANDS IN VIVO. H,C. T& 

Haxhlu and B. Davis. CVRI and Depts of Pediatrics tid 
Medicine, h&r&y of California San Francisco, CA 94143 

We m&red thi effect of substance P on lysozyme output of 
tracheal glands in viva, In anesthetized ferrets with lungs ventilated 
via the lower trachea, secretion was collected by perfirsing an isolated 
segment of ti upper trachea at a constant rate of 3 ml /5 min via a 
cannula connected to a syringe infusion pump. Perfusate for the first 
20 min was discarded. After three 5 min. baseline collection periods, 
0,8 ml. of saline or different concentrations of SP (10-7~ 10-6, 1W5 
M.) in 0.8 ml of saline were injected into a jugular vein over 0.5 min. 
After each injection, perfusates were collected for five periods of 5 
min as control or ‘stimulated’ secretion. All samples we= assayed for 
lysozyme activity spectrophotometrically by a modification of the 
method of Shugar (Biochem Biophys Acta. 8:302-309,1952). 
Following different doses of SP, peak lysozyme output increased from 
(a) 0.35fo.03 to 0.68f0.10 pg/5 min, ( 10m7M; mean &SE) ; (b) 
0.39 a.08 to 2.7 f 0.81 pLg15 min, (10-6M); (c) 0.35kO.02 to 
6.4fo.96 @5 min, (10*5M). The output of lysozyme was increased 
for 15-45 min following the injection. Pretreatment with 811 injection 
of thiorphan (lo-5M), an inhibitor of neutral endopeptidase, 
potentiated the effect of substance P (IO-7 M) on lysozyme output 
(n=3). The data shows that SP causes dose dependent increases in 
lysozyme output from tracheal submucosal glands. Potentiation of SP 
induced lysozyme output by tbiorphan may be caused by inhibition of 
neutral endopeptidase which degrades SP. (Supported by NHLBI 
Grant HL 24136 and Grants from the Cystic Fibrosis Foundation) 

88,4 

THE EFFECT OF EPITHELIUM REMOVAL ON AIRWAY CONTRACTILITY IS 
NOT MEDIATED BY ARACHIDONIC ACID HETABOLITES OR NITRIC OXIDE. 

Robert R. Lore=* -hew Gao.* and Paul M. Vanhoutte. 
Dept. of Physiology and Biophysics, Mayo Clinic and Mayo 
Foundation, Rochester, MN 55905. 

Removal of the epithelium increases airway responsiveness. 
The present study was designed to determine whether this 
effect is mediated by arachidonic acid metabolites or nitric 
oxide. Rings or segments of canine third order bronchi, in 
some of which the epitheliurn had been removed mechanically, 
were mounted in organ baths and isometric tension was 
recorded. Removal of the epitheliurn augmented the 
contraction of the preparation in response to acetylcholine. 
Indomethacin (10M5 H) and Bay G 6575 (10m5 M), inhibitors of 
cyclooxygenase and lipoxygenase, respectively, were without 
effect on the aqqentation. The tissues without epfthelium 
exhibited a dose-dependent relaxation to nitric oxide, which 
could be blocked by oxyhemoglobin (10m5 M); an antagonist of 
endotheliun-derived relaxing factor, or methylena blue (lOa 
n); an inhibitor or guanylate cyclase. Neither oxyhemoglobin 
nor methylene blue prevented the effect of epithelium- 
removal. Sodium oxide dismutase (150 U/ml), which potenti- 
atesl the effect of nitric oxide, did not augment the effect 
of epithelium-removal. These observations suggest that 
metabolites of arachidonic acid or nitric oxide do not play 
important roles in the effect of epith8lim-r8mOVal on airway 
responsivanes. (Supported in part by NIH grant HL21584). 
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LDMG PHOSPHOLIPIDOSIS: COMPARING THE ALVEOLAR RESPOMSE IBI 
MICE TO AHIODABObllZ AND CHLORPHENT&BldINE. H. Hottlet*, 
M*G+ Cat&, Univ. de MontrBal, Honk&al, Canada H3C 357 

Amiodarone, B benzofurane currently used as an antiar- 
rythmic, is known to cause an accumulation of phospholipfds 
in various cell types and tissues. Inhibition of phospho- 
lipase and/or impaired degradation by binding to phospho- 
lipids may explain this phenomenon. Amiodarone interacts 
with the hydrophobic site of phospholipids while Chlorph8n- 
termine (CP) binds with the hydrophilic part and inhibits 
phospholipase A2. Experimental groups received either 50 
~&kg bw CP or 130 mg/kg bw Amiodarone hydrochloride, three 
times a week. Differences were previously observed between 
the pulmonary response seen in animals treated with the 
clinical preparation of Arrtfodarone and the rssponse de- 
scribed for CP. For this reason, controls were given the 
corresponding dose of Amiodarone vehicle (tween 801, 
Animals w8r8 instilled intratracheally with kamovsky’ 
solution after 1,2,4 and 6 waeks of treatment. optical 
microscopy showed a similar increase in the number of 
vacuoles in the type 2 pneumocyte. Theses results were 
corroborated with electronic microscopy. The major dif- 
ference was in the increased number of neutrophils s8en only 
in Amiodarone treated animals. This difference could be 
related to the binding site or to the interaction of CP with 
phospholipase A2 and the arachidonic acid pathway. 

ULTRASTRUCTURAL ASSESSMENT OF REGIONAL DIFFERENCES IN FETAL 
LUNG DEVELOPMF.NT AND MATURITY USING A STRATIFIED BLOCK 
DESIGN. Y. fin, D.E. Bender*, and, A.J. Lechner. Dept. 
Physiol., St. Louis Univ. Sch. Med., St. LOUIS, MO 63104, 

Although fetal lung morphology has been widely investi- 
gated, there is no information regarding the regional 
differences in ultrastructural features within the same 
lung. We have devised a mapping system which divides the 
entire left fetal lung into specific regions along 
longitudinal and lateral axes. Groups of 4-6 Hartley- 
strain guinea pig fetuses were examined at gestational ages 
of 55, 60, and 65 days; their lungs were sectioned into a 
parallel array of six planes and 18 blocks within the left 
cranial and caudal lung lobes. Lung morphology and 
morphometry of each block were compared within and among 
animals. Measured parameters included surface (Sv), volume 
(vv) J and numerical densities (NV) of endothelial, 
epithelial, and progenitor cells, with emphasis on 
epithelial type XX cells and lamellar bodies. Harmonic 
mean thickness and Sv of alveolar type I epithelium were 
also measured to determine regional diffusing capacities. 
The Sv, Vv, and NV of type II cells and lamellar bodies 
increased significantly with age and body weight. The 
block locations within the map indicated crania-caudal 
gradients as well as planar differences associated with 
proximity to the central airways. This map technique will 
be used to monitor other aspects of fetal lung maturation. 
(Supported by NIB grant HL-37386). 

88.7 
1UOX 02 INCREASES ETWANE PRODUCTION FROM LllNGS Of 
EXSANGUINATED, VENTILATED RATS AND IN VITRO. Habib MP* --.--v---.2 
Dickerson F+ Katz MA. University of Arizona and VAMC, ---..I_-- 
Tucson, AZ, 85723. 
Ethane in alveolar expiratc may have its source in organs 
other than luny and be Transported to lung for elimination. 
To determine if lung is a source of increased ethane 
production during exposure to 100% 02, we measured ethane 
in the enpirate of 9 exsanguinated, Sprague Dawley rats 

mechanically ventilated (.75cc/lWgm, rate 70 cpm) with 
hydrocarbon free air #IFA) and then with 100% 02. Xn al 1 9 
animals, ethane eiimination rates on 100x 02 increased 
(maan:16.2 rangs:Z.l?-56.31 pmoles~min~10Ug~ compared with 
HFA values (mean:2.18 range:0.23-5.05) (P<.OS, Wi ICUX~II). 
In 5 of the 9 rats, HFA ventilation was reinstated after 
02. In all 5, ethane elimination feii with WA ventilation 
(mean: 2.33 range 0.6-6.65) compared to the value on 100% 
W=.062, Wilcoxin). Luflgf) slices from 6 other rats were 
incubated in saline at 37 C with FeCl2 (1Osrg) added to 
enhance free radical tormatiorr. Paired lung samples from 
the same rat were incubated with either WA or lOOX 02. 
Headspace gas was analyzed chromatographically for ethane 
at 120 min. Mean (+ SD1 ethane in the 02 samplo~ was 
higher (15.6 + 1.65 pmoies/gm) than for WA (3.98 + 
I .58) 4% .005). Rat lung tissue is a major source of 
increased ethane production during 100% 02 exposure. 
Supported by DOD contract WPP7853, BRSG and the VA. 
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UNSURMOWTABLE ANTAGONISM AS A PROBLEM FOR 5- 
HYDROXYTRYPTAMINE RECEPTOR CLASSIFICATION: W-‘ILITY 
OF AGONIST PROBES. p. A. Bpnd*. JX A. Qaie*. A. G. Ornstein* 
and D. E, Clarke. Dept of Pharmacology, University of Houston, 
Houston, TX 772045515 

The pharmacological definition of receptors rests heavily upon 
antagonist molecules. However, many 5-hydroxytryptamine (5HT) 
antagonists act unsurmountably in test systems. The mechanisms remain 
ill-defined, but receptor modulation via allosteric regulation may be 
involved. The isolated perfused rat kidney was used to investigate this 
problem. The kidney was perfused at a constant rate with Krebs 
bicarbonate solution containing cocaine (30 @I) and prazosin (0,l @I). 
Changes in base-line perfusion pssure were measured to bolus injections 
of 5-HT, which evoked only vasoconstictor responses. These responses 
were antagonized unsurmountably by: metergoline, methiothepin, 
methysergide, mesulergine, ketanserin, cyproheptadine, spiperone, and 
ICS 205,930. Only (-)-propranolol acted competitively (pA,=6,45). 
Unsurmountable antagonism with mete?oline, the most potent antagonist, 
was inhibited by (-)-propranolol(3xlO- M), suggesting an action at the 5- 
HT receptor, rather than via an allosteric effector. At the present time, a 
slow off-set rate of metergoline from the receptor, in the face of limited 
receptor reserve for 5-HT, appears to be the simplest explanation for the 
unsurmountable antagonism. Receptor classification as a 5-HT2 receptor 
was made upon the basis of agonist probes and the equilibrium dissociation 
constant for 5-HT &=185nM). The results underscore the utility of 
a onist molecules and the complexity of antagonist molecules for receptor 
c K assification. (Supported by NM Grant NS 24871). 

94.2 

DIFFERENTIAL EFFECTS OF KNOWN AND NOVEL SEROTONIN-ACTIVE 
COMPOUNDS IN TWO PUTATIVE 5-HT2 RECEPTOR CONTAINING VASCULAR 
TISSUES. A.L. Killam,* S.S. Nikam,* E.W. Taylor,fi A.R. 
Martin,* and D.L. Nelson. Departments OF Ph.qrm./Tox. and 
Pharm. Soi., UnZversity of Arizona, Tucson, Arizon/a, 85721 

We have shown previously that several tetrahydro- 
pyridylindoles exhibit serotonln (5-HT) agonist activity in 
the rabbit femoral artery (RFA) and antagonist activity in 
the rat aorta (RA). Both of these tissues purportedly 
contain only the 5-HT2 receptor subtype. We have extended 
these studies to detemalne the affinity constants for the 
partial agonists as well as adding several antagonists to the 
tissue comparison studies. Affinities for these compounds in 
the RA show a linear correlation to 5-HT2 binding 
affinities In the rat frontal oortex. In contrast, the 
affinities for the same compounds in the RFA show no 
correlation to the 5-HT2 binding. One novel benzyl- 
substituted tetrahydropyridylindole tested is an antagonist 
In both preparations with Ra'S being significantly different 
(p<.O25) between the RA (-51 nH) and the RFA (-190 nM). 
Whether the differences represent subtypes of the 5-HT2 
receptor, differences in affinity (slmllar to the suggestion 
of Bevan et al., TIPS 9(3): 87, 19881, or dlfferenoes In the 
excitation contraotlon ooupling, is under study. (Supported 
by NIH grants NS16605 and NSOIOOg). 
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STIMULATION OF 5HT2 AND 5HTj RECEPTORS BY M- 
CHLOROPHENYLPIPERAZINE APPARENTLY CAUSES OPPOSITE CHANGES 
IN BLOOD PRESSURE, HEART RATE, AND PLASMA CATECHOLAMINES IN 
THE CONSCIOUS RAT. Gyo q.y Bagdy, Kat& Szeme ed , Den ‘s I Mu phy 
(SPON: D.M. JACOBOWITZ). LrCS, NIMH, ‘and NINCDS, ilH( iethe:da, MD && 

The serotonin (5HT) agonist, m-chlorophenylpiperarine (m-CPP), has been shown 
to increase blood pressure (BP), heart rate (HR), and ptasma catecholamine (CA) 
levels in rodents. While the 5HTj/5HTz antagonist, metergoline, partially blocks 
these responses, the contributions of different 5HT receptor subtypes and of other 
neurotransmitter systems to these effects of m-CPP have not yet been evaluated. 
In the present study, we examined some potential contributions to these effects 
using different selective 5HT receptor antagonists (ritanserin, xylamidine, MDL 
72222, and metergoline), adrenergic receptor antagonists (pratosin, yohimbine, and 
pindolol), and the opiate antagonist, naloxone, in conscious, freely moving rats. The 
selective centrally acting 5HT2 antagonist, ritanserin, significantly attenuated the 
plasma norepinephrine and epinephrine elevations produced by m-CPP. Ritanserin 
pretreatment also converted the pressor and cardioacceleratory responses to m- 
CPP into a hypotensive response accompanied by a reduction in HR. The other 
antagonists produced minimal or nonsignificant effects on m-CPP-induced CA 
changes except naloxone, which attenuated epinephrine responses. BP responses 
were also only partially affected by the other antagonists, including xylamidine and 
metergoline. Decreases in HR after m-CPP were found after pretreatment with 
yohimbine and, initially, pindolol. These results suggest that m-CPP acts via 5HT2 
receptors to increase plasma CAs, BP, and HR. In the presence of central 5HT2 
blockade, m-CPP reduces BP and HR, most likely via 5HT1 B receptor stimulation. 

94s 

5-HYDROXYTRYPTAMINE-INDUCED RELAXATION OF RAT AND 
MOUSE OESOPHAGEAL SMOOTH MUSCLE. CR. Trinnle. S.E. 
Ohia* and D. Biener*, Faculty of Medicine, Memorial Univ. of Nfld, 
St. John’s, NF, Canada, AlB 3V6. 

We have evidence that the 5-hydroxytryptamine (5HT)-induced 
relaxation of the rat oesophagus is insensitive to several putative 5- 
HT, or 5-HT, receptor antagonists and persists in cold stored prepar- 
ations.‘a2 The aim of the present study was two ‘fold: (a) to examine 
the effects of selective 5-HT, receptor agonists and antagonists and 
(b) to investigate the effects of 5-HT in mouse oesophageal smooth 
muscle. Isometric tension induced by muscarinic receptor activation 
was measured and the inhibitory effects produced by 5-HT and the 
selective 5-HT, receptor agonists were examined on proximal and distal 
segments of the oesophagus, 2-methyl-5-HT was about 400-fold less 
potent than 5-HT in relaxing the rat oesophagus whilst phenylbiguanide 
had no effect. 5-HT elicited a concentration-dependent relaxation of 
the mouse oesophagus with an ECSO in the 5 nM range, ICS 205-930 
and MDL 72222 inhibited relaxations induced by 5-HT in both species 
competitively (PA, - 7-9); blockade caused by BRL 43694 and metoclo- 
pramide was noncompetitive (pD2 - 5.5) and quipazine and D-tubocur- 
arine had no effect on the S-HT-induced relaxations. We conclude 
that the non-neuronal receptors mediating the relaxation of rat and 
mouse oesophageal smooth muscle to 5-HT arc identical and may 
share some properties of the neuronal 5-HT, receptor. (Supported by 
MRC) 
1 Bieger, D. & Triggle, C. (1985) Br. J. Pharmac. 84, 93-106 
a Akbarali, H. el al. (1987) Can. J. Physiol. Pharmac. 6S, 23-29 

94.7 

BIOLOGICAL ACTIVITY OF A PARTIALLY PURIFIED BRAIN ENDOCOID 
FOR 3H-KETANSERIN (3H-KET) RECOGNITION SITES. J.A. Apud, 
M.L. Barbaccia, E. Costa (SPON: B. Wise). FGIN, Georgetown 
University, Washington , D.C. 20007 

An endocoid that displaces labeled 3H-KET from specific 
recognition sites located in crude synaptic membranes has 
been partially purified from rat brain (Ann. Rev. 
Pharmacol. Toxicol. 28:451, 1988). This endocoid is not 
located in S-HT nerve terminals {Clin. Neuropharmacol. 9 
(Suppl. 4):223, 1986). Major steps for its purification 
include: ajhomogenization (1:6;w:v) of brain with O.lM 
acetic acid b) heat inactivation (90°C, 10 min) c) gel 
filtration of the 40,000 x g supernatant on Biogel P-10 
column equilibrated with O.lM acetic acid:20% methanol d) 
cation exchange CM-Sephadex chromatography (elution with 1M 
ammonium acetate pH 6 to 81, e) C-18 uBondapack HPLC 
reverse phase. This endocoid preferentially displaces 
3H-KET binding when compared to 3H-Mianserin, 3H-DEW or 
3H-Flunitrazepam binding. Displacement of 3H-KET binding 
is decreased after +pronase digestion of the endocoid. At 
concentrations twice the IQ0 for displacing 3H-KET 
binding, this endocoid blocked serotonin-induced platelet 
aggregation but failed to counteract collagen or 
ADP-induced aggregation. The present data suggests that 
this partially purified 3H-KET binding displacing material 
may represent an endogenous ligand for 5-HT2 receptors. 

94.4 

SEROTONIN INDUCED DEPOLARIZATION OF RAT DORSAL, ROOT 
GANGLION (DRG) CFLLS IS B-D BY 5-HTz ANTAGONISTS, 
S. Todorovic* and E. G. Anderson, Dept. of Phamco- 
logy, Univ. of Ill. Co11 of Med., Chicago, IL 60680. 

Serotonin induces a slow depolarization with in- 
creased rn&rane resistance and a fast transient 
depolarization with decreased membrane resistance in 
bullfrog DRG cells (Brain Res. 327:71, 1985) and 
guinea pig enteric neurons (WAS 83:9799, 1986). 
Using intracellular recordings from isolated rat DRG 
cells, we observed 5-HT to depolarize 88% of the 41 
neurons studied (30 A type and 11 C type neurons). 
The input resistance increased in 63% of the cells 
affected. The 5-m induced depolarization was dose 
dependent in concentrations between 0.01 and 10 uM. 
No desensitization occurred. The 5-m dose response 
curve was shifted to the right by 1 uM spiperone. 
mis antagonism did not appear competitive since 100 
uM of 5-HT only partially overcame the block. The 5- 
HT dose-response curve returned to control after 5-10 
minutes of wash. The putative S-mm agonist, 8-OH- 
dipropylaminotetralin did not consistently mimic 5-m 
in these cells. Methiothepin (1 uM) blocked the 
response of l-10 uM 5-HT, with very slow washout. 
Ketanserin also blocked the responses to 5-m. These 
data suggest a 5-m2 receptor mediates the S-HT 
induced depolarization. (USPII grant NS17834). 

94.6 

ESTROGEN-INDUCED MODUIATION OF SKROTONIN 5-ETlA HEELATED 
RESPONSES INTHEDOXALRAPHENUCLTWS (DEW). 
Joan M. Lakoski. University of Texas Medical Branch, 
Galveston, TX 77550. 

We are investigating the role of serotonin (5-HT) neuronal 
sys terns in mediating the central regulation of female 
reproductive function and have hypothesized that exposure to 
gonadal steroid hormones, including estrogen (E) , may 
directly modulate 5-HT autoreceptor function. Steroid- 
induced changes in the pharmacology and physiology of 5-HT 
mediated responses were evaluated in young (3-4 mo) fema e iA 
Fischer 344 rats (anesthetized with chloral hydrate) 
utilizing standard extracellular recording techniques in the 
DRN. Animals were ovariectomized 7 days prior to S.C. 
implantation of a silatitic capsule delivering physiological 
proestrus levels of estrogen (3) or sesame oil vehicle (V) 
for 48 hr prior to recording. 3 exposure produced a 
significant shift to the right in the cumulative dose of the 
selective 5-HT agonist 8-OHDPAT (i,v.) required to inhibit 
spontaneous ce 14 firing; E vs V animals were subsensitive to 
administration of this 5-HT agonist (ED50, 10 pg/kg vs 2.5 
M/kg) l 

Similarly, evaluation of the iontophoretic 
sensitivity to 5-HT applied in E vs V treatment groups 
revealed a significant E-induced subsensitivity (IT50, 848 f 
142 vs 266 f 26) demonstrated directly at the cellular 
level. These data provide support for a role for gonadal 
hormones in modulating central serotonergic function in the 
young female rat. Supported by AG 06017. 

94.8 

EFFECT OF BRL 43694 ON EMESTS IN THE DOG INDUCED BY IONIZING 
IRRADIATION. R.K. Harding, K.E. Leach* and L. Prud'homme- 
Lalonde*. Defence Research Establishment Ottawa, Ottawa, 
Ontario, Canada KlA 024, Department of Physiology, Univ. of 
Ottawa, Ottawa, Ontario, Canada KlH 8M5. 

BRL 43694 is a member of a new class of 5-HT3 receptor 
blockers. We have evaluated the efficacy of this new 
antiemetic compound in the irradiated beagle dog. Dogs were 
used because their radiation-induced vomiting response 
(sensitivity, latency, severfty) is most like that observed 
in man. 
Gy) s 

DoggOreceived whole-body, bilateral irradiation (7 
from a Co gamma source. Thirty min prior, or 60 min 

post-irradiation, they received an iv bolus injection of BRL 
43694 made-up in saline, or saline alone. 6/6 saline-treated 
animals vomited, latency, 95 min., mean number of episodes, 
5. 214 animals in groups receiving 0.1, 0.5 or I.0 mg/kg BRL 
43694, 30 min before irradiation vomited. The latency to the 
first episode was significantly increased (164 min) and the 
number of episodes was reduced. 318 animals receiving 0.5 
mg/kg of drug 60 min after irradiation vomited. The latency 
to the first episode was significantly increased (152 min), 
and only 1 episode was seen in each animal. There was no 
therapeutic advantage in splitting the drug dose (0.2 mg/kg 
30 min before and 60 mfn post-irradiation). BRL 43694 
abolishes or reduces radiation-induced vomiting in the dog. 
No adverse side-effects were observed. 
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EFFECTS OF TRIFLUQROMETHYLP HENYLPH’ERAZINE (TFMPP) IN THE NON-SELECTIVE SEROTONIN (5-HT) ANTAGONIST PROPERTIES 
ELEVATED PLUS-MAZEMOUSEANXIE'I"YMUDBL. OF l-(I-NAPHTHYL)PIPERAZINE (l-NP) ON OPERANT BEHAVIOR 
Daniel Benjamin,* Harbans Lal, and Laurence R. Meyerson, American Cyanamid 
Co, Mod Rcs Div, Ramapo Coil, Mahwah, NJ 07430, and Dept Pharmacol, Texas 
Call Qsteop Mad, Ft Worth, TX 76107 

The scrotonergic system has been implicated in the modulation of anxiety 
states, and a number of drugs sclcctivc for scrotonln receptors have anxiolytic 
effects, TPMPP binds to S-HT1 -‘like’ receptors, and is a preferential agonist at 
the 5-HT,H receptor. To test for an anxiogenic effect of 5HT 
stimulation in the mouse, TPMPP was administered before tcs Ing in the elcvatcd P 

receptor 

plus-me, (Lister RG, Psychopharmacol. 92:t80-185, 1987). The clevatcd 
plus-maze has two open arms, and two arms with vcrtkal sides, which extend from 
a central platform. Compared to vehicle controls, anxioIytic agents increase 
both the numht of entries the mice make Into the open arms, and the length of 
time spent on the opn arms. These two parameters arc consistently decreased by 
anxiogenic drugs. PentylenttttrazoI, an anxiogenic drug, and diazepam, an 
anxiolytic drug, prtiuccd significant. dose-related decreases and increases, 
respectively, on the number of entries and the length of time spent on the open 
arm. TFMPP dose-dependently decreased the percent of total entries made into the 
open arm, and the pe&t of time spent on tht open arm, General motor activity 
(total number of arm entries) WBS not decreased by TPMPP. Pretreatment with 
diazepam at 1.56 mg/kg completely abolished the e&cts of TPMPP on plus-maze 
performance. Collectively, these results suggest that TFMPP is an anxiogenic 
substance, and demonstrate the utility of the mouse elevated plus-maze as a tool 
to study anxiety-like behaviors in animals. 

OF SQUIRREL MONKEYS. J. W. McKearney. Worcester Fdn. 
Exptl. Biology, Shrewsbury, MA 01545. 

I-NP has been reporied to have 5-HT2 antagonist properties, 
whereas it has been suggested that it may have 5-HTl agonist act- 
ions. In the present experiments, the effects of l-NP alone and in 
combination with a variety of 5-HT agonists were studied. The 
phenalkylamine hallucinogen 
(DOB, 0.003 - 

4-bromo-2,5-dimethoxyamphetamine 
0.3 mg/kg), thought to act predominantly at 5-HT2 

sites, reduced responding under FI schedules of food presentation, 
and these decreases were blocked by l-NP (0.3 - 1.0 mg/kg) or by 
the selective 5-HT2 antagonist ketanserin (KET). 1 -Im-chloro- 
phenyl)piperazine (C PP) and 1 -(m-trifl uoromethylphenyl)piperazine 
(TFMPP), both thought to act primarily at 5-HTl sites, also 
decreased responding and this effect was blocked by methysergide 
(METHY) and by l-NP, but not by KET. The effects of I-NP 
given alone were not like those of CPP or TFMPP. I-NP produced 
moderate increases in responding under shock-avoidance schedules 
whereas only decreases in responding were seen with CPP and 
TFMPP. All three drugs do produce similar decreases in respond- 
ing under food schedules, but the effects of CPP and TFMPP are 
blocked by the nonselective 5-HT antagonist METHY and not by 
the 5-HT2 antagonist KET whereas the effects of I-NP are not 
changed by either antagonist . l-NP is a non-selective 5-HT antag- 
onist whose T-HT agonist properties, if any, differ from those of 
CPP and TFMPP. (Grants: DA-01015 and MH-18421) 
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PHORBOL ESTER-INDUCED TRANSLOCATION OF PROTEIN 
KINASE C (PKC) PRECEDES ITS EFFECTS ON INSULIN 
RECEPTORS AND GLUCOSE UPTAKE IN ASTROCYTE GLIAL 
CELLS. Laura M. Mudd* and Mohan K, Raizadg University of 
Florida, Gainesville, FL 326 10. 

Previous studies have shown that 12-O-tetradecanoyl phorbol 
13-acetate (TPA) stimulates insulin binding and 2-deoxy-D-glucose 
(2DGlc) uptake in cultured astrocyte giial cells from rat brain. 
These effects were observed as early as 5 and 30 minutes, 
respectively, with maximal insulin binding and 2DGlc uptake 
occurring in 2 and 5 hours, respectively. This study was 
undertaken to determine whether TPA induces immunoreactive 
(JR) PKC translocation from the cytosol to the membrane fraction 
under the same conditions. IR-PKC was present throughout 
cultured astrocyte glial cells as demonstrated by 
immunocytochemistry. Western blotting indicated a protein of 
MW 80kD which was predominatly locaiized in the cytosolic 
fraction. Treatment of cells with 1OOnM TPA caused a 
significant decrease in IR-PKC in the cytosolic fraction with a 
concomitant increase in the membrane fraction within five 
minutes. This translocation was complete within 15 minutes. IR- 
PKC was absent from both cytosolic and membrane fractions after 
24 hours of TPA treatment. These data suggest that TPA- 
induced translocation of IR-PKC precedes and, thus, may 
contribute directly or indirectly to TPA’s stimulation of insulin 
receptors and 2DGlc uptake. (Supported by NISI #MH09471-02) 

85.3 

PREPROTACHYKINW GENE EXPRESSION IN SENSORY 
NEURONS: REGULATORY ROLE OF BLOOD COMPONENTS 

Sub~ta.nce P (SP)containing C-fibers from the trigeminal ganglia 
innervate cerebral vessels and may be involved in the transmission of pain 
inform&ion associated with blood in the subarachnoid space. We 
monitored neuropeptide lmels in the cerebral arteries and trigeminal 
ganglia, and preprotachytiin mRNA levels in trigeminal ganglia, 
following the intracisternal injection of blood. Marked, 50% decreases in 
basilar artery SP levels were found within 4 h. The middle cerebral artery 
and circle of Wilh were exposed to less blood and normal SP levels were 
maintained. In trigeminal ganglia, levels of SP peptide and 
preprotachykinin mRNA (Northern blot analysis), were also elevated in 
the trigeminal ganglia at 48 h. To investigate the pathophysiological 
mechanism b vitro, tachykinin-producing F-l 1 cells (neuroblastoma x 
dorsal root ganglion) were cultured and exposed to hemoglobin (Hb). At 
24 hrs, Hb caused a dose dependent reduction in SP in these cells. 
Preliminary results indicate that this reduction is accompanied by an 
increased expression of preprotachykinin mlWA. These results are 
consistent with blood-induced alteration of preprotachykinin gene 
qression in cerebrovascular sensory fibers, which may be partially 
mediated by Hb. Supported by NSO8166, NSIO828, The McKnight, 
Sloan and the American Parkinsons Disease Associations. 

95.2 

EVIDENCE FOR THE PRESENCE OF TWO SUBTYPES OF 0~ - 
ADRENERGIC RECEPTORS ( o(,-AR)INNEURONALCULTURE& 
FROM THE RAT I3RAIN. Mohan ‘K. Raizada, Anthony J. Pacitti*and 
Colin Sumners. Department of Physiology, University of Florida, 
Gainesville, Florida, 326 10, 

Our previous studies have demonstrated that although NC from 
the brains of hypertensive rats contain 2-3 times the density of ocl- 
AR compared to controls, the ability of norepinephrine (NE) to 
stimulate phosphoinositide hydrolysis (PI) is significantly attenuated. 
We have used clonidine, an a-agonist, to support the hypothesis 
that NC possess two subtypes of al-AR, one coupled to PI 
hydrolysis and occurring predominately in normotensive neurons and 
the other not coupled to PI, and occurring predominantly in SH 
neurons. Incubation of NC with clonidine caused a time- and dose- 
dependent downregulation of =,-AR with an ED,, of 300 nM and a 
maximal 40% decrease with IOuM clonidine. This effect was not 
blocked by rauwalscine but was attenuated by phentolamine, 
indicating that clonidine’s action was mediated directly via its 
interaction with the =,-AR. Clonidine also stimulated =,-AR 
mediated PI hydrolysis, In contrast, however, this effect was only 
observed at a concentration of 30uM, a dose well above that 
required (1 OuM) to maximally downregulate the receptor, This 
suggests that neuronal cells may possess two subtypes of =,-AR, 
and that the majority of ax,-AR in SH neurons may be of the 
subtype which has a high affinity for clonidine and is not linked to 
PI. Supported by AHA FL affiliate and NIH, NS I9441. 

95.4 

SUBSTANCE B: CONDITIONAL MODULATION OF NEURO- 
TRANSMISSION WITHIN MAMMALIAN BRAIN. ! ! . I  .EkE?. 
Pearce and Theresa A . . . ,......,.,.....,...,. I.* ..,,,..,...... .,..,,,. *,.. ,,,.,.. . . . . . . . . . . . . . . . * . . . . . Buck* (Span: J.W. Estes). . ..ll.l.ll..l...l.....ll.l..... . . . . . . . . . . . . . . . . l...l......l. 
Dept. Pharmacology, Boston University School of 
Medicine, Boston, MA 02118. I 

Substance B (SB) is a novel conditional neuro- 
modulator reported to antagonize inhibitory 
presvnaptic agonist effects on Deripheral neuro- 
transmiksion {Pearce et al. PNA$ 83:7979,1986), We report here on the efTecE'jiii‘ o.rsK....cK DresynaPtlc 

reEeptor control of central cholinergic he&o- 
transmission. KCl-evoked release of radiolabeled 
transmitter was studied using a ra 

Rat brain syna toeomes 
~~~~~~&d with 5 PM (159 PCi 

(1 g 
id su erfusion 

w/m P 300 ug) 

choline were 
80 Ci/mmol)'l3HJ 

su erfused with'Krebs buffer 
under 40 psi 20 ii 

pII 7.4 
0~ at 0.5 ml/see with 4.A second 

fractions obtained for 67.2 seconds, Caz+-dependent 
KC1 (20 mM)-evoked release of radiolabel accounted 
for 53% of the total release. The muscarinic 
agonist oxotremorine (100 NM), reduced 60.5 % 
inhibition of Ca*+-dependent KC P 
release. 

(20 mM)-evoked 
Oxotremorine inhibition was time dependent 

reaching a maximum at 33.6 seconds. The preaynaptic 
muscarinic receptor-mediated inhibition was 
completely reversed by the introduction of 

e 
urified 

SB. However, SB alone did not have a direc 
stimulatory effect on transmitter release nor did it 
facilitate KC1 (20 mM)-evoked release. These 
results demonstrate for the first time that SB 
modulates inhibitory presynaptic receptor function 
within the CNS, This work was su pF;t;dRbi a PMA 
Foundation Research Starter Gran le . . I 
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95.5 

IN VIVO AND IN VITRO CO-OPERATIVE EFFECTS OF NGF AND 
GANGLTOSIDES ON CNS CHOLINERGIC NEURONS. A.C. Cuellofi, L. 
Garofalosc, R. KenigsbergA & D. Maysingerfc McGill Univ., 
Montreal, Que. H3G lY6 

The intracerebroventricular (i.c.v.1 administration of 
nerve growth factor (NGF) in the rat prevented the retrograde 
degeneration of forebrain cholinergic neurons of the nucleus 
basalis magnocellularis (NBM) which occur 30 days after a 
partial lesion of the neocortex. The monosialoganglioside GM1 
(Smg/kg body weight/ day, i.c.v. for 7 days) produced similar 
protective effects. The combined application of NGF with GM1 
resulted in an amplification of the NGF effects on choline 
acetyl transferase (ChATI enzymatic activity both in the NBM 
ipsilateral to the lesion and in the remaining ipsilateral 
cortex. In an IN VITRO model of dissociated septal cells, NGF 
was found to increase ChAT activity as well. The application 
of NGF in combination with 10m5M GMl, which produced a 
moderate stimulation of ChAT activity or with lo-'M GMl, 
which is ineffective in these cultures, produced a much 
greater increase in ChAT activity than NGF alone. 

95.7 

NON-COMPETITIVE N-METHYL-D-ASPARTIC ACID (NMI3A) 
RECEPTOR INHIFMTORS PROTECT AGAINST DYNQRPHIN A 
(DYNkXNDUCED SPINAL CORD INJURY IN RATS. J.B. Long*, A. 
Martinez-Arizaia*C, D.D. Rigamonti*, and J.W. Holaday. Dept. of 
Med. Neurosci., WRAIR, Washington, DC. 20307 

Lumbar spinal subarachnoid injection of DYN causes vasospasm, 
decreased blood flow, ischemia, neuronal degeneration, and persistent 
hindlimb paralysis in rats. NMDA receptors have been implicated as 
mediators in the pathophysiology of ischemic CNS injury due to the 
neuroprotective effects of selective NMDA receptor antagonists. We 
therefore evaluated DYN-induced hindlimb (HL) motor dysfunction 
following treatment with: 1) the competitive NMDA antagonists DL- 
2-amino-5-phosphonovaleric acid (APV) and DL-2-amino-7-phosphono- 
heptanoic acid (APH), and 2) the phencyclidine/u non-competitive 
NMDA anatagonists ketamine (KET), dextromethorphan (DEX), and 
MK-801, HL motor function was graded following L4-LS spinal sub- 
arachnoid injections of 20 nmoles of DYN in male SD rats 
(N?8/group). Thirty minute S.C. pretreatment with KET, DEX, or MK- 
80 1 (100, 35, and 5 mg/kg, respectively) failed to alter DYN paralytic 
effects. Immediate i.t. preinjections of APV and APH (3 pg) also 
failed to improve recovery, and at higher doses caused HL flaccidity 
themselves. KET, DEX, and MK-801 (1000, 350, and 50 ug, i.t*, 
respectively) failed to block DYN-induced loss of I-IL motor function; 
however, rats treated with these compounds had significantly 
improved I-IL motor scores by 24 hours postinjection. Thus, NMDA 
receptors appear to be involved in the mechanisms by which DYN 
causks spindl’cord injury leading to persistent HL paralysis. 

95.9 

INTERACTION BETWEEN N-METHYL-D-ASPARTATE (NMDA) AND GLYCINE 
SITES OF THE NMDA RECEPTOR COMPLEX AS REVEALED BY SELECTIVE 
ANTAGONISTS. Lawrence D, Snell*, Susan M. Jones* and Kenneth 
M. Johnson. Univ. Texas Medical Branch, Galveston, TX 77550 

We have previously reported that glycine indirectly 
enhances radlollgand binding to the PCP receptor located 
within the N-methyl-D-aspartate @MDA) receptor channel via 
a strychnine-insensitive site that is located near the NMDA 
recognition site. The present study compared the effects of 
the selective glycine antagonist cycloleucine (CYCLO) on 3H- 
glutamate (GLU) binding to the NMDA recognition site and 
conversely the effects of NMDA receptor antagonists on %I- 
glycine (GLY) binding to rat cortical membranes. 

CYCLO produced a maximal 40% inhibition of GLU binding at 
1OmM that was completely reversed by addition of 10uM 
glycine. In contrast, the 60% displacement of GLU binding 
by 3M 3-((+)-2-carboxypiperazin-4-yl)propyl-l-phosphonic 
acid (CPP), a selective NMDA antagonist, was not altered by 
addit ion of glycine, lOOtiM CPP produced a maximal 50% 
displacement of GLY binding that was completely reversed by 
the NMDA agonists L-Glu and L-homocysteate (1OpM and lOOuM, 
respectively). In contrast, ImM CYCLO produced an approxi- 
mate 50% displacement of GLY binding that was unaltered by 
addition of 1OpM L-Glu. Kynurenate (KYN), a non-selective 
glutamate receptor antagonist, completely displaced GLU 
binding (IC50=lOOpM) and was reversed by glycine. Further, 
KYN completely displaced GLY binding (IC50=3OpM) and was not 
reversed by NMDA agonists* Supported by DA-02073. 

95.6 
s11701 FACILITATES NORADRHNERGIC AND CHOLINERGIC 
TRANSMISSION IN THE BE&IN J. LeDagnol. LV Breton. M. 
Brocco. and C. Biton (SPON: P.M, Vanhoutte). IxlstLtut De 
Recherches Servier, 92150 Suresnes, France 
s11701 [(rorpholinyl-Z)nethoxy]-8tetrahydro-1,2,3,4 
quinoleine] protects the brain against hypoxia and enhances 
learning and memory retention. Experiments were designed 
to determine the effects of S1170f on cerebral noradre- 
nergic and cholinergic transmission. In synaptosomal 

!3 
reparations from rat brain, S11701 inhibited the uptake of 
H-norepinephrine 1n a concentration-dependent manner; 

unlike imipraine or viloxazine, preteamnt of the donor 
animals with the compound did not alter the uptake. Brain 
slices of the rat were superfused. S11701, whether given 
to the donor animals or administered directly, enhanced the 
stimulated release of norepinephrfne; no additive effects 
were obtained wfth S11701 and cocaTne. The facilitation 
of noreplnephrine-release was prevented by imipramine. At 
concentrations facflitat%ng the evoked release of 
norepinephrine, 511701 also augmented the sttilated 
release of acetylcholine. These results suggest that 
s11701: (a) facilftates noradrenergic neurotwansmission 
possibly by interfering with the fmipramine-sensitive 
neuronal uptake; and (b) enhances cholinergic neuro- 
transmission. These actions may help to explain the 
protective effect of the compound against cerebral hypoxia 
as well as the improvement of memory that it causes. 

95.8 

CHARACTERIZATION OF KYNURENIC ACID AS A NEGATIVE MODULATOR 
OF NMDA-SENSITIVE GLUTAMATE RECEPTORS. W. Danysz*, E. 
Fadda*, J.T. Wroblewski and E. Costa. FGIN, Georgetown 
Univ. Sch. of Med., Washington, D.C. 20007. 

Kynurenic acid (KYN) inhibited the binding of 13tI]gly- 
tine to rat synaptic membranes (X50 = 56 uM). Among two 
reportedly selective NMDA antagonists, 2-amino-5-phosphono- 
valeric acid (APV) inhibited [3H]glycine binding (IC50 
= 250 PM), while 3-(2-carboxypiperazin-4-yl)propyl-l-phos- 
phonic acid (CPP) reduced this binding by 30%. The binding 
of [3H]glutamate was inhibited by CPP and APV with Ki= 
0.39 and 2.1 )1M, respectively. Since KYN reduced 
[ 3H Jglutamate binding by only 80%, this displacement, 
unlike that by CPP and APV, may not be competitive. 
[3H]MK-801 binding, which is activated by glutamate, was 
inhibited by CPP, APV and KYN with potencies similar to the 
inhibition of glutamate binding. Glycine antagonized 
preferentially the effect of KYN, while glutamate reversed 
the actions of all three antagonists, It seems that both 
APV and KY?4 but not CPP may interact with glycine binding 
sites. In behavioral studies KYN (0.1~1, icv) disrupted 
passive avoidance learning in rats, similarly to CPP and 
APV. The negative modulation of WA-sensitive glutamate 
receptors by KYN may result from a preferential interaction 
with glycine recognition sites but also an interaction with 
glutamate recognition sites appears to be operative. 

95.10 
L-ARGININE-L-ASPARTATE (AA) AND ELECTROCmLSIVE TREATKENT (ECT): 
FACILITATION OF RECOVERY AND LACK OF MEMORY DEFICIT. G. Cehovic*, 
R.B. Chronister* and M. Veldt* (SPON: R.J. Matthews), Pharmakon 
Laboratories, Waverly, PA 18471. Departments of Anatany and 
Psychiatry, The University of South Alabama, College of Medicine, 
Mobile, Alabama 36688 U.S.A. 

Thirty-two Sprague-Dawley male rats (150-200 grams body weight) 
were separated randomly into 2 groups of equal number, The AA group 
received 6 daily doses of AA (500 mg/kg). All animals received either 
the drug or water at 9 A.M. by esophageal intubation for 6 days, on 
the 7th day, the animals were placed in a modified standard BRS 
shuttle box: a dark portion with a floor grid, and a well-illuminated 
portion with a Plexiglas floor. 
portion, a 2 mu constant current was applied to the grid. 

When an animal entered the dark 
The animal 

ias removed immediately from the apparatus and given ECT (100 V, 0.4 
second duration, Me&&aft B24) using ear clip electrodes within 2 
minutes. Twenty-four hours after training the animals were placed 
into the avoidance chamber on the Plexiglas platform. The animals 
wete scored on whether or not they entered the dark zone and the total 
amount of time spent in the dark zone. Analysis of the entry data 
revealed that the AA group did not enter the dark zone (Le.; 
remembered the task) as much as did the control animals (p(O.01) and 
accordingly spent less time in the dark zone (T=3.69,p<O.Ol,df=20). 
The AA treatment and water treatment in conjunction with the ECT was 
continued for the next 6 days and recovery times measured on days 5, 6 
and 7. An analysis of variance showed a significant difference in the 
rate Of recovery between the AA and water treated groups 
(F=28.9,p<O.OOOI,df=l+l7) with no difference in the repeated measures 
(F=1.66,;>0.20,df=2.2). These combined data indicate that the AA had 

a protective effect on ECT induced memory disruption and clearly 
facilitated the recovery fram ECT induced seizures. 
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96.1 

EXERCISE OF OLD RATS IMPROVES MYOCARDIAL PERFORMANCE AND 
SARCOPLASMIC RETICULUM (SR) Ca++ UPTAKE 
Taffet, G.E.* 

Michael, L.H. I 
, and Tate, C.A. Sects, of Cardfwascular 

Sciencesand Geriatrics, Baylor College of Medicine, Houston 
TX 77030 

Aging deleteriously affects the futlctZon of isolated rat 
papillary muscle and SR Ca++ uptake. Studies by other inves- 
tigators indicated an improvement of relaxation with exer- 
cise trailing and suggested the involvement of the SR In 
the presant study we tested this hypothesis of SR involve- 
ment and exercise trained 24 mo. male retired breeder 
Fischer 344 rats for 8 weeks. Followinf+the training pro- 
gram, contracttie parameters and SR Ca uptake by the whole 
homogenate tachtique were examined with the following 
results: Ca++ 

(mol gyP;~tp 

TPT (ms) RT l/2 (ms) pr0tlmi.n) 
Sedentary 14-mo. 129 2 2 113 2 1 5.97 + l 79 
Sedentary 26-mo, 150 2 38 134 + 6' 3.13' T  .23 
Exercised 26-mo. 136 + 2 116 - 3 5.32 : l 54 

TPT, time-to-peak tension; RT l/2, one-half relaxat;ion 
time; N = 12-16 
a different from the other two groups, p < 0.01 
These data directly demonstrate that the SR is imrolved in 
the improved relaxation of the myocardium with exercise in 
old rats. Supported by AG 06221. 

96.3 

AGING : EFFECTS ON STIMULATION-INDUCED CHANGES IN 
INTRACELLULAR Na+ ACTIVITY IN RAT ATRIAL MUSCLE. E=. 
Kennedy. S. Ruth*. W-B. Im* and E. Seifen. University of 
Arkansas for Medical Sciences, Little Rock, AR. 72205 

Previous reports indicate that sarcolemal Na,K-ATPase 
activity and Na -pump reserve capacity of the myocardium 
decrease during aging in F344 rats. This suggests that 
senescence m&Y enhance the sensitivity to conditions 
promoting Na+ influx such as high stimulation frequency. To 
test this hypothesis, mean intracellular Na+ activity was 
measured with Na+-selective microelectrodes in left atria1 
muscle isolated from 4, 15, and 25 month-old F344 rats. 
These preparations were bathed in a low-Ca*, 1 0 mM Mn++ 
containing Krebs-Henseleit buffer (37'C) in order ;o prevent 
contractile movement and allow for stable impalements during 
stimulation at increasing frequencies between 0 and 12 Hz. 
Action potential characteristics were also monitored. There 
were no age-associated differences in intracellular Na' 
activit 

T  over the stimulation frequencies tested, suggesting 
that Na influx may decline concomitantly with the Na+-pump 
in aged preparations. This possibility is supported by the 
decrease in maximum upstroke velocity which was also 
observed in senescent tissue. 

96.5 

BETA BLOCKADE ALTERS THE EXERCISE-INDUCED INCREASE IN 
DIASTOLIC FILLING RATE IN YOUNG, BUT NOT OLD, HEALTHY MEN. 
Steven L &hulman,* Edward G, Lakatta, Jerome &. Fleq,* Lewis 
L JScker, Myron L. Weisfeldt, &y &erstenblith*, Johns 
Hopkins Hosp, Gerontology Res, Ctr,, NIA, Baltimore, MD 21205. 

Aging alters some cardiovascular parameters during exercise 
(Ex) so as to suggest a diminished responsiveness to beta 
adrenergic stimulation. Catecholamines enhance relaxation in 
animal models and may mediate, in part, the increased filling 
necessitated by the higher heart rate and stroke volume during 
Ex in man, Therefore, the effect of beta blockade (BB) with 
propranololJ5 mg/kg i.v. on peak filling rate (PFR,EDV/sec) 
was determIned from gated blood pool scans during upright Ex 
in young (Y) (mean age = 36) and old (0) (mean age = 64) 
healthy men in the presence and absence (C) of BB, Ex data 
below are expressed as the change in PFR from rest to 100 watt 
(DPFR-100) and maximum (DPFR-MAX) workloads. Data = mean &SD, 

PFR-Rest 
;-;g=;g, ~-~~!n;lO) 

DPFR-100 2:82Gi .2+ - 1:99;:8 

p$;' 

3123Ti.9 

~W~=~' 

3:27:1:4 
DPFR-MAX 5*42I.8** 4.03+1*1 4.15;1.5 4.2521.7 
*p < 0.05 vs O-C, tp x 0.08 vs Y-BB, and **p < LO1 vs Y-BB. 
BB diminished the Ex augmentation in PFR in Y but not 0 men, 
Thus, catecholamines mediate, in part, the increase in PFR 
during Ex in Y but not 0, and the age difference in response 
to BB is another example of the age associated diminished 
cardiovascular responsiveness to beta adrenergic stimulation. 

96.2 
AGING: DIGOXIN TOXICITY IN ANESTHETIZED F-344 RATS. S. 
Ruth*. E, Seifen and R. H. Kennedy. University of Arkansas 
for Medical Sciences, Little Rock, AR. 72205, 

Age-dependent alterations in the tolerance to 
cardiotoxic actions of digoxin were monitored using a 
constant f.v. infusion of the steroid (880 ug/kg/min) in 
urethane-anesthetized 4, 14 and 25 mo-old Fischer- (F-) 344 
rats. Doses of urethane were adjusted relative to the age- 
related changes in anesthetic requirements for surgery (950, 
815 and 725 mg/kg i.p, in 4, 14 and 25 mo-old, 
respectively). Rats were breathing room air spontaneously 
throughout the experiment, Blood pressure was monitored 
from a carotid artery, and an EGG was obtained by limb 
electrodes, Serum digoxin levels were determined at death 
using [3H]digoxin as a tracer in the infusion solution. 
There were aging-related reductions in both the time to 
initial AV-dissociation and the time to continuous irregular 
ventricular rate. However, there were no significant 
differences in lethal doses or serum levels of digoxin at 
death. The positive chronotropic action of digoxin was 
significantly reduced in aged rats. In conclusion, these 
results indicate that there is an aging-related increase in 
the sensitivity to digoxin-induced AV-block and dysrhythmic 
activity in urethane-anesthetized F-344 rats which may be 
mediated, at least in part, by alterations in the autonomic 
nervous system. 

96.4 
DEVELOPMENT OF UPREGULATION OF BETA RECEPTOR SUBTYPES IN 
THE SENESCENT RAT HEART. N. Turner”,* W.T. qouck* 3.1 Roberts 
J. Med. Coil, of PA. Dept. Pharmacol., Phila., PA 19129 

Beta receptor mechanisms in older hearts respond to 
procedures which cause upregulation of the beta adrenergic 
receptors (Turner et al, 1987). To determine which beta 
receptor subtypes are responsible for the development of 
upregulation as a function of age, we studied the ratio of 
beta - to beta -adrenergic receptors in the membrane 
prepirations fro: the ventricles of Fischer-344 hearts at 6 
mo and 24 mo of age. The animals were injected with 6- 
hydroxydopamine hydrobromide (6-OHDA) (2x50 mg/kg, i.v.) on 
days one and eight and they were decapitated on day 
fifteen. The depletion of nor inephrine in the heart was 
about 86% in each age group. 1% ‘I-iodopindolol (IPIN) was 
used as the radioligand at the final concentration of 25 
uM. Inhibition of specific IPIN binding was studied by 
adding ICI 89,406 (Beta1 selective antagonist) and ICI 
118,551 (Beta2 selective antagonist) at 25 pM to 40 uM. 
The relative proportions of the beta receptor subtypes were 
determined using a competition radioligand selective 
binding and computer modeling technique. The ventricles 
contained about 67% beta 
receptors at 6 and 24 mo o E 

and 33% beta2 adrenergic 
age; the ratio remained the 

same in sympathectomized animals. These data suggest that 
both subtypes of cardiac adrenergic receptors participate 
in the response to chemical denervation by 6-OHDA with age. 
(Supported by NIA grant AGO3326). 

96.6 

REDUCED SUSCEPTABILITY TO VAGALLY-hUEDIATED SYNCOPE (VS) IN 
ADVANCED AGE. L,A,sitC ER, Q@t*. 1, Koestner*. and l.Y, 

*’ l ,  D. webrew Rehab. Ctr, for Aged, Beth Israel and 
Brigham & Women’s Hasps,, Harvard Med. Sch., &ton, MA 02115 

Although the eldwly have blunted heart rate (HR) responses to 
ortho&sis, our recent studies of cardiovascular responses to head-up 
tilt (HUT) in elderly subjects (El with and w/o unexplained syncope 
and in young controls (Y 1 were complicated by VS in 4 of 9 Y and 
only 1 of 22 E (P=,O2). We hypothesized that decreased beta- 
adrenergic responsivenes3 in old age protected the E duriag HUT via 
unopposed alpha-mediated vasoconstriction or decremed vagai reflex 
&ivtion. To examina the potential protective effect of beta- 
blocktie, blood pressure (BP), HP, and forearm blood flow (FBF1 
responses to 600 HUT in 10 healthy E (81+/-8 yrs) were compmd to 
those of 11 Y (21+/-4 yrs1 randomized to IV propanoiol iP;O.lmg/kgJ 
or saiina, l/2 hr. prior to HUT, Supine HR in Y and E was the me 165 
BPM) and increased more in Y I+ 14+/-N than E (6+/-5, P=,oOS) during 
1 min HUT. In Y given P, HR response to HUT vas blunted th8 me as 
old w/out P. BP and FRF responses were the same in Y & 0, and Y with 
br w/o P, Sudden onset of bradycardia, characteristic of VS, occurred 
by 15 min of HUT in no E and 4 Y, independent of P. Thus, VS during 
HUT is less common in old age, despite blunted cardioacceleration and 
un8n hanced vasoconstriction + Propanolol does not prevent VS I 
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96.7 

AGE-RELATED DIFFERENCES IN REACTIVITY OF THE CENTRAL 
CIRCULATION TO HEAD-UP TILT, Katherine W. Tawnev.* Emily C, 
Joh son.* E nest R. Greene* (SPON: G.O. Ballam), Loverace Medical 
Founndation, Albuquerque, NM 87 108 

Declines in tolerance to orthostatic stress with age are well 
known. To examine age-related differences in central circulatory 
responses to orthostatic stress in normal subjects, we measured the 
immediate changes in cardiac output (CO), stroke volume (SV), 
heart rate (HR), and mean blood pressure (BP) in response to passive 
700 head-up tilt (HU) in orthostatically tolerant young and older 
subjects, Pulsed Doppler ultrasound was used to measure CO non- 
invasively from the suprasternal notch of fasting, healthy, echogenic 
subjects aged 30-39 years (Gl;n-8) and 58-74 years (G2;n=8) during 
supine rest (TO), and 20 (Tl), 40 (T2), and 60 (T3) set after HU. 
Statistical analyses were performed by ANOVA and Neuman-Keuls 
tests. X f SEM (% change from TO): 

G1 3A-zG.L A 
CO -2726 -13*9* -29~6 - 13&7* -31*5 - 9i8* 
sv -38k5 -24*7* -43zk.5 -2945’ -47*5 -28*6* 
HR +17*3 +15A3 +27&4 +23k4 +31&4 +27*4 
BP . t 5i3 to*o* 

l significant (px.05) difference between Gl and G2 

We conclude that the rapid response of the central circulation to 
caudal translocation of blood is blunted in the aged, which may 
reflect a compensatory reaction to changes in vascular compliance. 

%.9 

AGING: EFFECTS ON ANESTHETIC POTENCY AND CARDIAC ACTIONS OF 
HALUTHANE. G.E. lass*. R.H. knpedv. E. Seifen and A,B. 
Seifen*. U. Arkansas for Med. Sci., Little Rock, AR. 72205 

Anesthetic requirements of inhalational agents are 
decreased in geriatrfc patients, and the cardiovascular 
depression elicited by these anesthetics is more severe in 
the elderly, This study was designed to 1) determine if MAC 
values for halothane are reduced with age in F344 rats and 
to 2) monitor direct effects of this volatile agent in 
myocardial preparations isolated from 4, 14 and 25 mo-old 
rats. MAC values were determined by tail- and paw-clamping. 
Isolated cardiac preparations were perfused with Krebs- 
Henseleit buffer (37OC) saturated with 95% 02/S% CO2 with 
and without various levels of halothane. Chronotropic 
actions were monitored in spontaneously beating right atria, 
while inotropic effects were measured in electrically paced 
cardiac muscle, Results indicated that MAC values for 
halothane are reduced approximately 15% in senescent rats. 
However, there were no significant differences in the 
negative chronotropic actions or in the negative inotropic 
effects observed in atria1 or ventricular muscle when 
compared on a ~01% basis. Langendorff preparations from 
young adults were more sensitive to the halothane-induced 
decline in contractility; however, there was no difference 
between 14 and 25 mo-olds. These results suggest 1) that 
the anesthetic potency of halothane increases with 
senescence in F344 rats and 2) that direct cardiac effects 
of volatile agents are not affected during aging. 

96.8 
AGING: EFFECTS OF CHRONIC STRESS ON MOCARDIAL BETA-ADRENERGIC 
RECEPTOR BINDING. L.M. Plunkett*. R.H. Kenn dv and E. Seifen. 
UAbfS , Dept , of Pharmacology, Little Rock, AR: 72205 

Aging is associated with changes in cardiovascular 
function as well as a decreased capacity to respond to stress. 
This study examined the effects of chronic stress on beta 
adrenergic receptor binding in hearts removed from male F344 
rats, 4, 14 and 24 months of age. Groups of rats of each age 
swam for 30 min two times a day for 5 days in 25 ‘C water. On 
the sixth day, both stressed (S) and control (C) rats were 
sacrificed by decapitation, and their hearts removed and 
perfused with Krebs-Henseleit buffer. Ventrfcular tissue was 
separated and frozen at -70 ‘C until assay. Beta adrenergic 
binding was determined in crude ventricular membrane 
homogenates incubated in 75 Tris-HCl, 
increasing concentrations of T  

25 mM MgC12, and 
[ Hldihydroalprenolol (DHA; s.a. 

95 Ci/mmol) a beta receptor antagonist. Non-specific binding 
was determined in the presence of lo-' nadolol. The results 
showed that aging itself is associated with a signfficant 
decrease in the K 

t 
for DHA and a trend towards a decrease in 

B max * Chronic SW m stress led to: 1) a significant reduction 

in Bmax in 14 mo old rats, 2) a trend towards a decreased B 
in 4 mo old rats, 3) no change in Bma 

f 
in 24 mo old'rats, 4f"r: 

significant increase in Rd in 24 mo o d rats, and 5) no change 
in Kd in the 4 or 14 mo old groups. These data suggest that 
aging itself is associated with changes in myocardial beta- 
adrenergic receptors and that chronic stress in the aged rat 
does not produce changes in myocardial beta receptor number. 

96.10 

HEART DISEASE AND ATRIAL FIBRILLATION SEX DISTRIBUTION AND 
INCIDENCE: DESCRIPTION AS 4 FUNCTION OF AGE, AND EARLY MALE 
INITIATION. Richard P. Spencer, Dept* Nuclear Medicine. 
Univ. Connecticut Health Center, Farmington, CT 06032. 

Certain disorders occur in both sexes but are usually con- 
sidered "male diseases" such as atria1 fibrillation (AF) and 
death from coronary artery disease (CAD). Using the observat- 
ion of Burch, that the death rate from malignancies was a 
power function of age, we have plotted log of incidence (I) 
of the cardiovascular disorders as a function of the log of 
age. For the death rate from heart disease in Scotland (Kenn- 
edy, 198S), in terms of cases/lOO,OOO population: 

Males log I CAD = 5.89 log (Age) - 7.75, Corr, coeff. 0.99 
Females log I CAD = 6.52 log (Age) - 8.98, Corr. coeff, 0.99 

Slope for the females is higher than for males, but the male 
line is displaced to the left (earlier male initiation), The 
same type of analysis was applied to the 2 year incidence of 
chronic atria1 fibrillation in the Framingham study (Wolf, 
Abbott, Kannel, 1987)* 

Males log I(AF)= 5.63 log (Age) - 9.28, Corr. coeff. 0.98 
Females log I(AF)= 7.29 log (Age) -12.57, Corr. coeff. 0.99 

Again the slope for females was higher, but the male line was 
displaced to the left (earlier male initiation or delayed fem- 
ale initiation). The 2 lines cross at age 96 years. The ratios 
of the equations gave a good description of the male/female 
ratio from age 60 years up. Thus while not elucidating etiol- 
ogy, the equations describe incidence quite well, 
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TRANSITIONAL STATES BETWEEN AUT0hIATICITY AND QIJIESCENCE IN 
MODELS OF CARDIAC CELLS. M, D.C. Micbls. P. Jx>rente w 
Jalife. SUNY Health Science Center, Dept of iharmacology , &use, NY*13210, 
U.S.A. 

SimulaGons of single cardiac cells ba& on either the Van Capelle and Durrer 
(VCD) model or the Noma and Jxisawa (NI) model we18 used to study the dynamics of 
transitions -ween ~emaker and non mm domains. For the simpler two state 
VCD model, continuation-bifumation (CB) techniques were used to classify behavior 
patterns observed when the pmeter q, which sets equilibrium potential and 
depolarization threshold level, was v8r&l. Within th8 q parameter space 5 zones of 
specific behaviors were observed, including: (1) a single stationary stable state, (2) 
coexisting stable stationary and stable pacemaker states, (3) a single stable pacemaker 
state, (4) 2 stable periodic (high and low amplitude) states and 2 unstable @riodic and 
stationary) states, and (5)a single stationary stable state. ln zone(2),unstable orbits 
behaved as separa&es between attractor basins corresponding to steady state and 
peaiodic solutions in the membrane potential vs activation phase plane. Under these 
cunclitions, small depolarizing pulses could initiate sustained periadicity from a stable 
state, perturb but not alter periodic activity, or annihilate @odic activity depending 
on the phase, amplitude and sign of the pulse. &dictions made from the CB analysis 
were conf’rrmed in simulations where single depolarizing pulses were applied at 
various phases in the more physiologically accurate M -1. In the normal model, 
pulses led to only transient perturbations. However, when bias h-l&zing current 
was appl&l (analogous to changing the q parameter), single current pulses were able 
to annihilate spontaneous activity. We conclude that the pacemaker annihilation 
phenomenon may be related to a pacemaker/non pacemaker phase transition and that 
the computation of attractor basins is able to predict when and how pacemaker 
rhythmic activity can be suppressed. 

97.2 

BTSTABlLI’IY AND HYSmSIS IN EXCITBLE CARDIAC CEUS. 
P.*M v * . SUNY Health Science Center. Dept of 
Pharmacology, Syracuse, NY 13210, U.S.A. 

Multiple stable states and hysteresis phenomena in response to repetitive 
elect stimuli have not been ckscriw previously in isolated card& tissues. Yet, 
experimental evidence in nerve and a recently described theoretical model of the 
heartcell suggestthatthesephenomenamay indeedoccurinexcit&lecardiac tissue 
preparations. We investigated this possibility in 14 quiescent sheep Purkinje fibers 
driven by de@arizing current p&es of constant duration and cycle length, applied 
through a suction pipetk Stepwb v-n in the current strength was used as the 
input parameter. Starting always ti a stable 1:l pattern, the zone of threshold 
current for excitation was scanned by decreasing and then increasing the input 
parameter value, and noting the values at which the 1:l to 1:O and 1:O to 1:l 
transitions occurred. Reproducibility and stability of patterns were the required 
criteria to validate the results. All but We preparations showed hysteaesis. In fact, 
bistabiity between 1:l md 1:O was observed in 61 runs in which either pattern was 
demonstrable at the Same value of current strength, depending on previous history. 
Moreover, the transition from 1: 1 to 1:O always occurred at lower levels of current 
strength than the reverse transition (i.e., from 19 to 1:I). The area of the loop was 
used as an index of the degree of hysteresis under various experimental conditions. 
LOOP= M gradually, and eventually w, as pulse duration was 
inc~from2to50msec.Ontheothexhand,loop~increasedsignificantlyas 
the temperature of the bathing m&urn was flfmead from 37 to 25 &gn%s 
Centigrade. We conclude that the excitability of cardiac Purkinje fibers depends on 
past history, which may have important implications in cardiac rhythm and 
ctxKiuctiondisturban~. 
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ELECTRICAL AND MECHANICAL EFFECTS OF STRONTIUM IN SHEEP 
CARDIAC PURKINJE FIBERS. Mario D, Gonzalez* and Mario 
Vassalle. SUNY, Health Science Center, Brooklyn, NY 11203. 

The effects of strontium (Sr) in the absence of calcium 
were studied in sheep cardiac Purkinje fibers perfused in 
vitro. In a Ca-free solution, Sr (1,35-lo,8 mM): 1) causes a 
time-, rate- and concentration-dependent shift of the 
plateau to more positive potentials, prolongs the action 
potential and decreases the maximum diastolic potential; 2) 
increases the time to peak and amplitude of twitch and 
causes a tonic force which relaxes only on repolarization; 
3) is rapidly overcome in its effects by calcium 
administration (1.35-2.7 mM); 4) is antagonized by Mn (1 mM) 
and Cd (0.1-0.2 mM); 5) is potentfated by norepinephrine 
administration (0.1 uM>; 6) can induce action potentials in 
27 df wi,; 7) induces a tail following the action potential 
in prescence of Cs; 8) can induce a tail in 8 mM [K], which 
sustains force development and is reduced by calcium 
antagonists; 9) if applied to a quiescent fiber, induces a 
prolongation of the first resumed action potential and tonic 
force but a small twitch and these effects are antagonized 
by Ca and Mn; and 10) induces a strong twitch after 
quiescence in low [NaJo. Thus, that an increased Sr influx 
(due to a slow inactivation of Isi) and a decreased Sr 
extrusion through an electrogenic Na-Sr exchange (due to a 
short diastole) accounts for the pronounced and progressive 
electrico-mechanical effects of Sr in cardiac Purkinje 
fibers. Supported by NIH grant HL 17451. 

97.5 

QUJNIDINE BLUCK OF INWARD RECTIFIER K CHANNELS 
IN HEART Jeffrev R. Balser”, Dan M. Roden*, Paul B. Bennett* 
(SPON: Luc M. -Honde hem), 
Medicine, Nashville, TN 3 7 232 

Vanderbilt University School of 

We have investi ated the effects of uinidine on single inward 
rectifier potassium K) channels using ce 1 attached patch recording P 4 
techniques in enzymatically dispersed guinea pig ventricular myo- 
cytes. To eliminate current through non-K channels while maintain- 

hysiologic K gradients, we used 
L N-methyl-d-glucamine 150; HE 

atch electrodes containing (in 
ES 20; CaCla 0.1; CdClz 0.1; 

0.1; $ucose 10; and KC1 4S. Voltage clam 
tials negative to EK (-80 mV) revealed inwar B 

steps to poten- 
rectifier unitary 

currents with a main conductance level of 2.7 pS and, as described 
by Sakmann and Trube (1984), a prominent subconductance Ieve of 
1.4 pS. The existence of substates, rather than multiple channel 
types, was verified in patches with only one K channel: both the 
main and subconductance states were observed, but never simulta- 
neously. Single channel conductance was unaltered by IO-50 PM 
quinidlne; however, the probability of channel opening was reduced. 
Moreover, the 
(mean 2 SD, n= B 

robability of substate op nings was reduced from 
) .04 + .O2 to .006 + .007 ( f SO%), while the probab- 

ility of opening to the ma’n conductance level was only reduced 
from .14 3: .13 to .06 of: .03 ( 1 59%) These data suggest that block of 
the inward rectifier K channel results from dru -induced inhibition 
of channel opening; the Breater reduction o B substate openin s 
relative to mam state openmgs suggests that quinidine preferential y f 
inhibits particular conformational transitions of this K channel. 

97.7 

EFFECTS OF CALCIUM MODULATORS AND ETHANOL UN ATRIAL 
MEMBRANE POTENTIALS. R. G. Carpentier. A, Gallardo- 
Carpentier. R P Salvatici* and R,L, Isaacson= 
Howard U, Washington, DC 20059, and SUNY, 
Binghamton, N.Y. 13901, 

The acute effects of E and calcium modulators 
<CMs> on atri'al membrane potentials (MP) were stud- 
ied. Rat atria? strips superfused with Tyrode’s so- 
lution (36 OC> were driven at 5 Hz whiIe recording 

MP with intracellular microelectrodes, E 2.4 g/l 
reduced the amplitude of the action potential (AAP> 
without affecting the membrane resting potential 
(MRPJ or the Vmax of phase 0 <Vmax 0). The velocity 
of repo1arkation of phase 2 cdV/dt 21 was increas- 
ed, while the velocity of phase 3 CdV/dt 31 was not 
modified. which caused a decrease in the action po- 
tent ial duration <APD>. Nimodipine 1.75 mg/l CN) 
had the same effects, Similar results were obtained 
with N + E. Bay K 8644 250 ug/? <B> increased the 
AAP wf thout changing fiRP or Vmax 0, The dV/dt 2 was 
decreased, whi le the dV/dt 3 was nut changed, which 
resulted in an increase in the APD. The MP remained 
unchanged wfien the preparations were exposed to 3 + 
E. In summary, E and N exerted similar actions on 
the MP while B had opposite actions. The effects of 
E and B cancel 1 ed each other l Supported by NI H/MBRS 
and ECFMG grants. 

97.4 
CONTROL OF Ca CURRENT STAIRCASE AFTER REST IN RAASBIT 
VENTRICULAR MYOCYTES. Larry V, Hryshko* and Donald M. Bers, 
University of CaIifornia, Riverside, CA 92521, 

The post-rest recovery of Ca current (I 
rabbit ventricular myocytes at 3OOC. Pate s 

a) was characterized in 
pipettes contained (in 

mM): 135 C&l, 5 Mg-ATP, 5 l-IEPES, and 10 EGTA, Bath soiution 
contained: 140 TEA-Cl, 2 CaCl,, 5 HEPES and IO glucose at pH 7.40. 
From physiological hoiding potentials (-80 to -9OmV), ICa at the first 
post-rest pulse was smaller than at steady state (200 ms ctamp pulses 
to 0 mV at 0.5 I+), apparently due to accelerated inactivation. IQ 
recovery occurred within 4-10 pulses. The magnitude of I 

cilir 
depression 

was relatively constant over a range of rest intervals 5 set to 5 
min). These positive staircases could be abolished by replacement of 
extracellular Ca with Ba (or less so with Sr), Either of these cations 
decreased inactivation rates and seemed to prevent the inactivation 
responsible for the post-rest staircase. Conversely, the staircase was 
augmented by elevated Ca, (6mM) whereas lowering Ca, (0.5mM) had 
the opposite effect. The staircase was not altered by ryanodine (I uM) 
suggesting that transiently unbuffered Ca. release was not invdved, 
3,4-diaminopyridine (50uM) was aIso wit out h effect on currents or 
staircase supporting the lack of involvement of potassium currents. 
These data suggest that Ca entry at the first few post-rest pukes has a 
facilatory effect on ICa at subsequent pulses (perhaps by accom&tion 
of Cai-dependent inactivation). This contrasts with results obtained at 
less negative holding potentials (-50 to -4OmV) where negative 
staircases are observed which are likely to be due to the slow recovery 
from inactivation of Ca channels at these potentials. 
(Supported by grants from Am. Heart Assn., Calif. Affil. and USPHS) 

97.6 
PHORBOL ESTER HAS TIME-DEPENDENT AND VOLTAGE- 
DEPENDENT EFFECTS ON CARDIAC CA2+ CHAWELS. 
Antonio E. Lacerda*. David Rams* and Ar&ur M. Brown. 
Baylor College of Medicine, Houston, TX 77030. 

Phorbol esters produce inhibitory and stimulatory effects on voltage- 
dependent cardiac Ca2+ channels. In bath cases activation of protein kti 
C (PKC) was implicated. To examine the discrepancy, we measured 4sC$+ 
uptake and single cardiac Ca2+ channel currents in response to phorbol esm 
treatment. The phorbol ester 1 Z-O-tetradecanoy~p~orbol- 13-acetate (TPA) 
stimulated dihydropyridine sensitive 4sCa2+ influx in primary cultures sf 
neonatal rat ventricular myocytes within 5 seconds. However after a m 
minute pre-incubation period, TPA markedly inhibited 4sCaz+ influx. The 
sequence of stimulation foilowed by inhibition was confa in c& 
attached patch clamp recordings of single Ca2+ channel carreats, Toae 
probability of opening of Ca2+ channels was initially increased by TPA and 
later was reduced which explains the opposite effects on cardiac C$* 
channels that have been reported, The Na+/H+ antiporter ww bprti&ve 
in the 0 Na+ solutions we used. The stimulatory effect of TPA was ty@x#y 
an order of magnitude faster at 0 mV than it was at -40 mV. This led to 
the novel conclusion that the rate of PKC activation is modulated by t& 
state of the Ca2+ channel. Supported by HL36930, HL37044, HLO7651, 
and HL07348. 

97.8 
DEMONSTRATION OF THE FATIGUE AND SLOW RECOVERY IN THE HUMAN 
ATRIOVENTRICULAR NODE (AVN), A. Mokrane", M. Shenaqa, 9. 
Lacroix*, M. Dubuc*, A.-R. LeBlanc", Sac&-Coeur Hosp. Univ. 
Montreal, Canada. 

The "fatigue phenomenon" already described in the rabbit AVN 
is defined as a time-dependent prolongation in AVN conductisfl 
time during fast pacing rate over several minutes. The 
characteristics of AVN fatigue and recovery in man were less 
defined. In 10 patients, a beat-to-beat analysis of AVN 
conduction (AH interval) was done during atria1 pacing over 
periods of 30 seconds to 2 minutes. Computer-assisted 
analysis of digitized signals (sampling rate: 2 KHz) from 
tape recordings was used. The basic cycle lengths were 800 OP 
700 ms. Fatigue was determined during fast atria1 pacing 
cycle lengths of 500 or 400 ms and the recovery was determined 
during return to basic cycle length. In all cases, an instan- 
taneous prolongation in the AVN conduction was observed gt the 
onset of the fast rate which stabilized with some degree of 
beat-to-beat variation in AVN conduction (5-20 ms), Upon 
return to the basic drive (recovery), a beat-to-beat decrease 
in AVN conduction was observed for several beats depending qn 
the cycle length and duration of the fast rate. These 
observations suggest that fatigue and slow recovery do occur 
in intact human AVN and can be manifested only with fast 
pacing rate for long periods. 
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UNCOUPLEl7 TIME COURSE CHANGES IN SINOATRIAL AND ATRIOVENTRICU- ATRIOVENTRICULAR NODAL FUNCTIONAL PROPERTIES AND ASSESSMENT 
LAR NODAL RESPONSE TO ATROPINE IN MAN. M. Shenasa, M. Dubuc*, 
T, Kus*, D. Lacroix', R. Nadeau, Sacre-Coeur Hospital, Univ. 
of Montreal, Montreal, Canada. 

OF NODAL RECOVERY TIME IN RABBIT HEART. J. Zhao, 5. Billette 
and R. Mgtayer, Dept. of Physiology, Univ. of Montreal, 
Montreal, Canada, H3C 357. 

To test the hypothesis that the sinoatrial (SA) and 
atrioventricular (AV) nodal response demonstrate different 
phase response curves to vagal inhibition induced by atropine 
(Atr), we studied 17 subjects with normal SA and AV nodal 
function. The sinus cycle length (SCL), AV nodal conduction 
time (AH interval), and atria1 pacing CL that induced Wencke- 
back phenomenon (WPCL) were measured before and after I.V. 
Atr. Atr was given as 0.4 mg/kg body weight in divided doses. 
Changes in SCL, AH interval, ratio of AH/XL and WPCL were 
measured at 0.5, 1, 2, 5 and 10 minutes after Atr injection. 
SA node responded faster to Atr than the AV node by 45-190 
seconds (mean 115 + 40 seconds). Dose response curves to Atr 
were obtained by calculating the maximum percentage changes 
(%A 1 from baseline values: 
Atropine IV: 0.4 mg 0.8 mg 1.2 mg I,6 mg 2.0 mg 
% A SCL - 8% -12% -22% -29% -35% 
%A AH - 6% -13% -20% -49% -50% 
A AH/ASCL 13% 17% 15% 20% 24% 
%AWPCL - 9% -16% -25% -29% -32% 

The data suggest that the SA and AV node demonstrate a 
different time course change and a non-linear dose response 
curves to vagal inhibition induced by atropine. This dis- 
similar pattern may be due to differential responsiveness of 
the two nodes to vagal modulation. 

The origin of apparent differences in nodal functional 
properties according to the variable used to assess nodal re- 
covery time was studied in 6 isolated rabbit heart prepara- 
tions l Premature conduction times (A2H2 intervals) were ob- 
tained at control, during a facilitatfon, during a steady- 
state fatigue and during a combined facilitation and steady- 
state fatigue all of which were induced with specifically 
designed periodic premature stimulation protocols applied to 
the atrium. These A2H2 intervals were plotted against both 
the corresponding preceding atria1 (AlA2) and His-atria1 
(H1A2) intervals, yielding for each preparation 4 AA- and 4 
HA-recovery curves, respectively. The AA- and HA-recovery 
curve associated to any given protocol had an identical form 
and differed only in the position on abcissa by a Constant 
equal to nodal conduction time of last basic beat. Moreover, 
when the AA-recovery curves were corrected for recovery- 
dependent changes in conduction time of last basic beat, the 
relative changes in AZR2 intervals caused by the last 3 pro- 
tocols as compared to the control one were identical on the 
AA- and the HA-recovery curve. In conclusion, the same in- 
trinsic nodal functional properties can be identified on the 
AA- and HA-recovery curves. (Supported by Medical Research 
Council of Canada and Quebec Heart Foundation.) 
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HISTOCHEMICAL PROFILES QF SOLEUS MUSCLE GrZAFTS FOLLOWING 
TRAINING. &thm I, Clark*. P&o G. Morales*, and Timothy P. White. 
Department of Kinesiology, The University of Michigan, Ann Arbor, MI. 
48109-2214. 

The objective was to characterize the effect of endurance training on fiber size 
and fiber type of soleus muscle grafts in rats. We tested the hypothesis that run- 
training initiated 28 days following grafting would increase fiber cross-sectional area 
concomitant with an increase in muscle mass, Nerve-reimptant orthotopic grafting 
surgery was performed on 6 week old rats anesthetized with pentobarbital sodium, A 
cohort of the animals began running 28 days later. Grafted muscles from non-run and 
run-trained animals were compared to unopcrated control muscles from age- 
matched, non-run rats. Run training increased graft mass 34% over the non-run graft 
value of 82 + 7 mg  at 56 days post-grafting (i.e. after 28 days of running). Mass 
continued to increase through 112 days, but the magnitude of change was smaller 
(129 k 9 mg  in run grafts vs, 93 f 5 mg  in non-run grafts). Running had no effect on 
fiber cross-sectional area of grafts through 56 days, Continued running through 112 
days increased fiber area 21% over non-run gaft values (1193 f 115 pm*). Running 
had the greatest effect on the cross-sectional area of type I fibers, a transient effect on 
type IJB fibers and no effect on IIA fibers. By 112 days muscle fiber composition was 
not different between control muscles, grafts, or grafts from run-trained animals. We 
conclude that the effect of run-training on muscle mass and fiber cross-sectional area 
differs with respect to the time course and magnitude of the increase, 

PLASTICITY OF SOLEUS AND PTARIS MUSCLES 1; 15- . 
AND 28-MO F344 RATS. Timothv P. White. CbxlstoDher K aw * 

. 
and Susan c+ Kandarra * D epartment 0; 

itute of Gerontology, The Unikersity of Michigan, 
Ann Arbor, MI 48109-2214. 

The objective was to study the plastici 
$ 

of soleus and planks 
muscles in 15- and 28-mo rats as evidenced y the adaptive response 
to ablation of syner ‘st muscle. 

p;’ 
Hypotheses were tested regarding 

mass, muscle and fi 
isometric force 

er cross-sectional areas (CSA), and maximum 
Rats were anesthetized wrth pentobarbital 

sodium before 
(Pq . 

!  urn ateral ablation of the 
muscle. Soleus and plantaris muscles were stu tf 

astrocnemius (GTN) 
ied 28 days thereafter; 

Supporied by NIH DE-07687. 

contralateral quscles served as controls. Contractile properties were 
measured in vitro followed by histolo ical pre 
was measured by image analysis. Fol owin !  

f 
E 

aration. Fiber CSA 
a lation in 15-mo rats, 

soleus muscles maSs was 106% of the contra value (81 f 3 mg) while 
P,was not different from 1.22 f 0.02 N (X k SE). In 28-mo rats, mass 
and PO were 133 and 150% of the res ective control values of 66 f 8 
mg and 0.79 k 0.19 N 

P 
< 0.05). In 1 P -mo rats, plantaris muscle mass 

and PO were 119% an 108% of the control values of 192 f 9 m and 
4.02 f 0.30 N, respective1 

9 
. In 28-mo rats, mass and PO were 17 s and 

213% of the control v ues of 116 f 16 mg and 1.74 f 0.56 N, 
respectively (p < 0.05). While there was a trend toward increased 
fiber CSA due to ablation, the high variability obviated si &ant 
differences. Ada 

P 
tation to GTN removal was greater in so eus and K” 

plantaris muscles rom 28- compared to 15-mo rats. 
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HYPERTROPHIC RESPONSE OF SKELETAL MUSCLES TO 
SYNERGIST ABUTION IN 28-MO RATS FOLLOWING 4 MO 

~~~~~N’* 
ChnstoPher K. Daw*. Susa C. Kandarlan , 

r *  Ti rnothv P. v/b 

l 
*  

ite DepartmeZ of Kinesiology 
and Institute of Gerontology, ?‘he Univekty of Michigan, Ann Arbor, 
MI 48109-2214. 

ENHANCEMENT OF RECOVERY FROM CONTRACTION-INDUCED INJURY OF 
SKELETAL MUSCLE IN MICE BY OXYGEN-FREE RADICAL SCAVENGERS. 
Eileen Zerba* and John A. Faulkner. DePartment nf 
Physiology and Institute of Gerontology, The Uncversity of 
Michigan, Ann Arbor, MI 48109. 

Lengthening contractions cause his tological evidence of 
injury and decreases in the maximum force developed by 
muscles. We tested the hypothesis that the recovery of 
muscles after contraction-induced injury are enhanced by 
oxygen-free radical scavengers. Extensor digi torum long-us 
(EDL) muscles of young and aged mice ere injured in situ 
by a 5 minute protocol of repeated lengthening 
contractions. Experimental animals mre injected ip with 
1000 units/kg of polyethyleneglycol superoxide dismutase 
(SOD), an oxygen-free radical scavenger, 24 hrs pre-injury 
and 24 and 48 hrs post-injury. Contractile properties 
were measured in situ before and after the injury protocol 
was per formed. Compared to control values, 3 days after 
contraction-induced injury maximum force was 36% and 25% 
for muscles in young and aged mice respectively. In the 
presence of SOD, injured EDL muscles from young mice 
recovered 100% of maximum force by day 3, tiereas those of 
aged mice recovered 60%. The data support our hypothesis 
that recovery from contraction-induced injury is enhanced 
by oxygen-free radical scavengers, but rrluscles from aged 
mice are protected less than muscles from young mice. 
Supported by AG 06 157 l 

The aim was to determine the influence of 
the adaptive response to synergist removal in s E 

rior run-trainin on 
P eletal muscles rom 

aged rats. Following completion of 4 mo of run-training 5 d/wk, 
16 m/min, 45 min/d, 15% grade , 27-mo female F344 rats 

b 
n = 13) 

underwent unilateral ablation o the gastrocnemius @TN) muscle. 
Further comparisons were made with age-matched sedentary rats 
(n = 8) following unilateral ablation. Twenty-eight days after surgery, 
contractile pro erties of soleus and plantaris muscles were studied in 
vitro followed i y histolo@cal preparation. Fiber cross-sectional area 
(CSA) was measured by image analysis. After ablation, soleus muscle 
mass increased 33 and 20% compared to the control values of 
66 f 8 mg (X f SE) and 78 + 6 for sedentary and run-trained rats, 
respectively. Maximum isometric force (PO), specific PO, and fiber 
CSA increased due to ablation independent of run-trainin 
(p < 0.05). The run-trained animals exhibited an increase (p < 0.05 B 
in soleus muscle PO, specific PO, and fiber CSA but not muscle mass 
(p = 0.12). Changes in plantaris muscle were qualitatively similar for 
most variables. Although most variables from run-trained animals 
were greater than sedentary rats, prior run-trainin did not alter the 
relative magnitude of compensatory 

izllf 
owth in must es of aged rats. ‘i 

Supported by NIHAGUi3130 AG-00114. 

Supported by AGO6130 and AGOOI14. 
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98.5 
POWER OUTPUT OF EDL MUSCLES FROM YOUNG AND OLD MICE. BIOENERGETICS OF SKELETAL MUSCLE POWER, FORCE AND FATIGUE: 
Susan V. Brooks'and John A. Faulkner, Dept. of Physiology NEW INSIGHTS USING 31-P NMR. C.R. Bridges*, B.J. Clark*, 
and Bioengineering Program, University of Michigan, Ann R.L. Hammond*, W.A, Anderson*, F.D, DiMeo*, B. Chance, L.W. 
Arbor, Michigan 48109 Stephenson. Univ. of PA, Philadelphia, PA 19104. 

With aging, the extensor digitorum longus (EDL) muscle 
of the mouse shows a decrease in force of ZO-30% and no 
change in velocity of shortening. We hypothesized that 
EDL muscles from young (2-3 months) mice develop and 
sustain higher power (force x velocity) than EDL muscles 
from old (26-27 months) mice. A frequency-power relation 
for maximum power during a single contraction was 
determined for stimulation frequencies from 80-350 Hz. 
With fiber length (Lf) optimized for force development, 
a Cambridge ergometer produced constant velocity 
displacements from 105% of Lf to 95% of Lf. At each 
frequency, the velocity was adjusted for maximum power. 
The maximum power ~8s 308+22 W/kg and 264218 W/kg for EDL 
muscles from young and olld mice respectively. The power 
sustained over time was determined with muscles stimulated 
at 150 Hz. Repetitive contractions began at a train rate 
of I Hz with increments of 1 Hz every 5 minutes for young 
muscles and 0.5 Hz every 10 minutes for old muscles. The 
power sustained by the crmscles from young mice plateaued 
at 8,6+0.5 W/kg and a train rate of 7 Hz and those from 
old m&e at 4,4+0,4 W/kg and a train rate of 1,s Hz. 
Muscles from the- old mice could not function at train 
rates greater than 3-4 Hz. Supported by AG 06157. 

A model is presented which allows measurement of the 
power output of latissimus dorsi muscle with simultaneous 
aqufsition of 31-P NMR spectra. Skeletal muscle ventricles 
(SMVs) were constructed from mobilized canine latissimus 
dorsi muscle (N-4). A device was inserted into the SMV 
cavity which allows for independent control of preload and 
afterload. The SMV was stimulated via the thoracodorsal 
nerve at 25 and 85 Hz burst frequencies both during fso- 
volumetric and isotonic contractions. Using a surface coil 
placed directly over the SMV, spectra were obtained during 
an 11 minute exercise period for each protocol. During the 
first three minutes Pi/PCr correlated with power output 
both at 25 Hz (RxO.9) and at 85 Hz (Ra0.7). The ratio 
(Pf/PCr)/(wall stress) [m&g]-' was .025 k ,003 for isovol- 
umetric, and ,036 2 .005 for isotonic exercise (pc.03). 
During isovolumetric stimulatfon at 25 Hz, SMV wall stress 
decreased,by 32%, while the (Pi/PCr)/(wall stress) ratio 
increased from ,027 2 .004 to ,035 + ,003 (pc.03). In 
contrast, at 85 Hz this ratio remained constant despite a 
72% decrease in wall stress. These data demonstrate a 
higher energy cost of isotonic vs. isovolumetrfc contrac- 
tion at equal levels of stress and support the hypothesis 
that high frequency fatigue is not metabolic in origin. 

98.7 
IN-VIVO C-11 ALPM AMINOISOBUTYRIC ACID (AIB) SKELETAL 
MUSCLE TRANSPORT IN STARVATION. M.T. Corbally, J.R. Bading, 
J. Fissekfs, G.R. DiResta, K.C. Conlon and M.F. Brennan, 
(SPON: L. Freedman), Memorial Sloan-Kettering Cancer Center, 

New York, N.Y. 10021. 
To determine the role of A-system amino acid transport in 

the metabolic 
amino acid C- 

adaptation 
ml1 AIB was u 

to starvation, 
,sed to measure 

the non-metabolized 
hindlimb A-system 

transport in the intact dog (n=6) before (B) and after 
fasting (S) for 14 days. Capillary (Ecap) and cellular 
(Ecell) extraction of AIB were determined following bolus 
femoral artery injection and external residue detection. A 
mathematical model was used to determine cellular transport 
(PScell). Regional plasma flow (F) was determined from the 
kinetics of co-injected Tc-99m labelled human serum albumin 
HSA by the height/area method. Capillary clearance (FxEcap) 
of AIB was also computed. 

Flow PScell Clearance 
(ml/min/10Ogm) 

B. 23 28 0.51~0.1 3.9t2.7 
S. *1.420.3 0.8liO.2 *1.320,6 
Data are mean t SEM, *p<O,O5 by repeat measures ANOVA. 
A-system transport is low in skeletal muscle and does not 
change in response to starvation. The finding of decreased 
regional p lasma flow and clearance suggests that capillary 
flow may regulate peripheral amino acid exchange, 

98.9 

~IWaCTI0NTRERTMENTFCWMllSCIE UEENERATION. P.K. law, 
T.G. -win*, H-J. Li” and M. m*. kpts. of New01 and 
P@siolbiopihy, Univ. of Tennessee, M-is, TN 38163 

A tr&abnent has ken developed to prevent hindlimb and 
intercostal muxle ~XRSS in murine dystro&y. Injection 
of histoinccmpatible normal rrryoblasts into dystrophic 
intercostal and 1~ muscles improved the structure and 
function of the muscles to almost no-. Imnunosuppression 
of the C57E%/a4y%yar hosts was by way of daily subcutar~ 
BOW injection of cyclosporina. Inject4 dystroeic muscles 
exhibited greater cross-sectional area, total fiber number, 
&~ight,and mitchand tetanus tensions sixmonths post- 
opratively, Fiber typiq was more defined ti tiny 
oontainedmore normal-appearing and less abnormal-Waring 
fibers than non-injm controls. Eleven out of nineteen 
mice titreceivedq&last injections onboth sides shod 
such behavioral improvement that their locclmotive patterns 
wre Distinguishable from normdL, using dimeric isozymes 
as genotyp markers for host ti donor cells, the deman- 
stration of parental and hybrid iso- inside t& i.njeCtea 
muscles substantiated the survival aA develpentof donor 
ny&lasts into mrmal myofitirs, and the fusion of normal 
myoblasts with dystrophic satellib cells to form geneti- 
silly mic qofibers. Since the treatnmt design is based 
onmuscle develmenu processes universal to all-s, 
it IHS mtial for clinical application. (Supported by 
EM E-20251 & E-26185). 

98.6 

98.8 
IN VIVO SKELETAL MUSCLE GLUTAMINE T'RANSPORT IN CANCER. 
K.C.Conlon*, .T,R.Bading*, A.S.Gelbard*, M.T.Corbally*, G.R. 
DiResta*, N.A.Vydelingum*, M,F,Brennan*. (WON: G.W.Pasternak) 
Memorial Sloan-Kettering Cancer Center, New York, NY 10021 

To determine the role of transport in the glutamine (GLN) 
efflux that accompanies acute starvation and other catabolic 
states, we examined GLN transport in the hind limbs of normal 
(N, n=l2) and VXZ tumor bearing, cachectic (TB, n=5, >15% 
weight loss) rabbits, using an in vivo residue detection 
technique following bolus femoral artery injection of L- 
(amide-N-13)GLN and Tc-99m Human serum albumin (HSA). Graph- 
ical analysis and a two barrier Renkin-Crone model were used 
to compute transport parameters for cellular entry (PScell) 
and intracellular fractional washout rate (k3) for GLN. 
Regional plasma flow (PF) was computed from the HSA kinetics 
and transmission measurements of tissue mass. Hindlimb GLN 
flux was also measured. 

PF PScell k3 GLN flux 
(ml/min/lOOg) (%/min) (~mol/min/lOOg) 

N 5.820.7 3.520.5 0.7720.07 -0.17+0.13 
TB 6.821.4 3,lzl.O 0*71?0.14 -0.51+0.05* 
Data are mean + sem; * PcO.05. Results suggest the increased 
GLN efflux in tumor induced cachexia is not associated with 
altered GLN transport, but reflects increased net intra- 
cellular production of GLN. 

98.10 

THYROID HORMONE REGULATION OF NA-CHANNELS IN CULTURED RAT 
MYOTUBES. S.R. Sampson AND Chaya Brodie. Bar-Ilan 
University, Ram&t-Gan, Israel. 

The 
increase 

number 
S with 

of Na-channe 
we end is 

innervation and 

1s in mammal 
influenced 

possible 

ian 
by 

skeletal 
several 

tropbic 

muscle 
factors 

factors. The including 
role of hormones has not yet-been studied. We have examined 
the effects of thyroid hormones (TH) on the number and 
activity of Na-channels in cultured rat skeletal myotubes, 
as measured by [3H]Ssxitoxin (STX) in myotubes of age 7-9 
days in vitro. Cultured myotubes display parallel increases 
in the number of Na-channels and the rate of rise and 
frequency of spontaneously-occurring action potentials with 
age. TH caused dose-dependent increases in PHISTX 
binding and frequency of spontaneous action potentials. The 
increase in number of channels was prevented by treatment 
with cyclohexemide. Scatchard analysis of [3HjSTX binding 
shoed that hormone-treated cells have channels with lower 
affinity than control. Blockade of Ca-influx potentiated 
the effect of TH. Action potentials in TH-treated cells had 
faster rates of rise and fall than those in control 

myotubes. We conclude that TH play an important role in 
regulation of Na-channels of skeletal muscle. (Supported by 
The Ben and Effie Raber Neuroscience Research Fund and The 
Spingold Foundation.) 
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99.1 

-C-LOF ~DERIVEDREWWTFACIOR 
(EpDRF). A. UN, C. aistensen, 3. Rw?, 

Mehniailremrval of W epithelim awts the 
txa&eal SmoQth nude tension responses to acewl- 
ehaline,~lybyeliminatingthe~~.~pres~t 
&tWytesWtiha thatthereleaseofmWis: 
1) - rfascarmc mcEQbr contml; and 2) inhibited by 
mtiaebym/M3 minicmceptom.mi- 
%mxts were performed in vitro at 37% on 164 rabbit 
tra&ml strip.Blockade ofM2receptorswithgallamirie 
(10’7M) ablished the epithelial eff&. On the other 

hard, ptraw with pim2zepinq an Ml receptor 
bloder (10%) , a- W epithelial effect during 
Amstimlus msplm ClJmEs. oorrversely, an Ml receptor 
qonist @MT-A-343) abli&ed the epiwial effect. 
sinw we have prwiausly ShaJn that cmling tratieal 
strip abolides the effect ofepithelial mmml onthe 
?hmm response relatim&ip, m also e the 

an M2/M3 agonist, 
IUmval of tb epithelium was associated with 

left& shift of the Wltipirenzepinedose 
~ww~.Thepreserrtsbdy~tithehypothe~ 
dsthat~prdwtion~orreleaseisraodulatdby 
#istin& pplatims of musmrinic~~located on 
the 2esphtmy epiulelial oells. 

99.3 

BACTERIAL PROTEASES INCREASE THE CLEARANCE OF ggmTc-ALBUMIN 
FROM THE AIR SPACES OF GUINEA PIG LUNGS. A.O. Azghani*, J. 
Connelly, A.R. Johnson, and B.T. Peterson. The UnW of 
Texas Health Center at Tyler, Tyler, Texas 75710. 

We tested the hypothesjs that-elastase from Pseudomonas 
aeruainosa contributes to the pathoqenfclty of this bacteria 
by increaslng the permeabflity'of tie lung-epithelium to 
macromolecules. Elastase (4OOpg/O.5 ml) was instilled 
intratracheally Into 5 anesthetized, ventilated gufnea pigs. 
After 15-20 minutes the animals were ventjlated for 6 
minutes wjth an aerosol -of 99mTc-human serum albumin (HSA). 
A gamma camera, which monitored the fall in the HSA 
concentration in the chest during the next 2 hours, allowed 
us to calculate the clearance rate of the HSA (K). The 
postmortem measurement of the lung weight (gm/kg body wt.) 
showed that 3 guinea pigs developed moderate edema 
[lung wt.< 2x control) and 2 developed severe edema. 

Group Number 
Contr61 4 

K (%/mln) Lung wt. (gm/kgl 
0.12 * 0.02 5.0 * 0.4 

Elastase: Moderate 3 0.26 l 0.07 5.9 * 1.6 
Severe 2 0.77 l 0.06 11.9 l 0.4 

The increase in the HSA clearance rate (K) correlated well 
with the degree of lung injury assessed by the lung weight 
(r=0.93, p(O.01). The Increase in the HSA clearance 
&pports the hypothesis that elastase of p. aeruginosa 
contrIbutes to the pathogenicIty of the bacteria by 
Wcreasing lung epithelial permeability to macromolecules. 

99.5 
DOSE-RESPONSE RELATIONSHIP FOR AMILORIDE IN 
ISOLATED PERFUSED LUNGS OF GOLDEN SYRIAN 
HAMSTERS. William F. Waltz and Barbara E, Goodman. Dept. of 
Phvsioloe;v and Pharmacology, University of South Dakota School of 
MGdicinc Vermillion, SD 57&9. - 

We examined the res 
P 

onse of isolated perfused lungs of Golden 
Syrian hamsters to ami oride and determined the dose-response 
relationship. The degassed lungs of male Golden Syrian hamsters were 

erfused wth Krebs-Ringers-bicarbonate (KRB) equilibrated with 95% 
8 n in &%c%and~~p$a $ 37” C chamber. The lungs were lavaged with 

B contammg 4C-sucrose, and fluorescein isothiocyanate 
dextran 20 FITCDZO). ‘After collecting samples for a 30 minute control 
period, ami moride was added and samples were collected for a 30 minute I 
&st 

F 
eriod. The permeability surface area products (PS) were 

mlcu ated for each labeled solute based on the a earance of these 
markers in the perfusate 

J 
assing out of the lungs an BF ick’s First Law of 

Diffusion. 

95 
%f 

ercent S change (%PSA) was used to determine the 
creae in a PS and was calculated by dividing the difference in 

Amllorrde decreased the S f r 

124 

Na PS from control pry2y test period by the control value. 
Na in 

“5 
dose-dependent manner over 

concentration range of 10’ M to 3x10’ M. No changes in the PS for 
C-sucrose or FITCD#o were seen. Amiloridf4showed a maximal 

%PSa of 50% at 2x10’ M, an ED of 1.75x10 M, and a log dose- 
response slope of 5.29 between 1 3’Y o and 85% maximal effect. The 
correlation coefficient was 0.67. Amiloride decreases net sodium flux, 
probably by decreasing transepithelial sodium transport and sodium 
conductance. This is the first demonstration of active sodium trans ort 
in hamster lungs. (Supp. by AHA-Dakota and Parson’s Grant-USD i M) 

99.2 

INTERLEUKIN 2 (IL-2) INCREASES ALBlJMlN PERMEABIUTY (P) OF 
CULTURED PULMONARY ENDOTHEUAL CELL (PEC) MONOLAYERS. 
Gordon H, Downle? M-n M. Hennessv* and M&hell Frbdmaq . 
Unlverslty of North Cardlna, Chapel Hill N.C. 27599. 

IL-2 W&n results In a Vascular leak” syndromq The 
mechanism(s) for this Increase In vascular permeability are unknown. 
To study the direct effects of IL-2 on P, bovine PEC were grown to 
confluence on gelatin-coated polycarbonate filters and incubated either 
with recombinant IL-2 (500 or 5ooo units, Cetus), vehlde only (as a 
negative conWd), or with 2000 unlts of tumor neCroSls fatior (TNF, as 
a positive control) in serum-free media for 4H at 37oC. The PEC were 
washed, fresh serum-free media added and the atters mounted in a Aux 
chamber. Steady-state P was computed as the average rate of 
1251-albumin dearance (%/hour) during the W-240 minute period after 
addition of tracer to the upper well 0. cell. Physid. 129:237,19BB). 
Each experImental pcbt represents the average P of paired fbrs. The 
data are shown below as mean + SEM [*slgnificant (pc.01) difference 
from vehlde; +slgnlfkant difference (pc.01) from 500 unit valuesf: 

VEHICLE IL-2 (500 UNITS) IL-2 (5000 UNITS) 
(n=4) (n=4) 

5.7 + 0.2* 
(n=4) 

3.3 k 0.4 7.8 & 0.3*+ 
TNF Increased P 1.740.3-fold above control values (n=3). Using an 
enzyme-linked lmmunosorbent assay to measure IL-2 In the media, 39~4% 
of the added IL-2 was present at 4 hours. These data demontim& that 
IL-2 is toxic to cultured PEC, causing increased P of PEC mondayers In 
the absence of serum components or other cell types. This suggests a 
rde for direct IL-2-medbted PEC injury in the pathogenesis of the 
Vascular leak” syndrome (Supported by NIH grant HL-39720). 

99.4 

EFFECTS OF AMIL0RIDE AND PHLURIDZIN ON TRANS- 
EPITHELIAL Na AND $LIJ:OSE 

J.L. Anderson 
FLUXES fN RAT LUNG!. BE, 

acology, Univ. 
J.K, Ste sd Dept. of Physiology 

0; South Dakotaf;e&ilion, SD 57069. 
Both active sodium transport and active glucose transport have 

been implicated in the clearance of solutes and water from the airspaces 
of the lungs. Amiloride is known to inhibit conductive Na+ entry into 
cells. Phloridzin inhibits Na + -coupled D-glucose ent into intestinal 

the separate and corn x ined effects of 
on the fluxes of 2 2 Na,l 4 C-D-glucose, 
from airspace to vascular space in 

isolated perfused rat lungs. Airspaces were mstilled with KRB solution 
containing the three tracers, In some experiments, P (3 x 10m8 M) was 
included m the instillate. After a 30 min sampling period, A (10’5 M) 
was added to the 

P 
erfusate. Based on a single-pass techni ue and Fick’s 

First Law of Dif usion, the permeabili 
each tracer were calculated before an 2 

-surface area pro % ucts (PS) for 

PS are shown below. 
after A. Sigmficant changes in 

A P P+A 
Na+ 4 40% J 24% 4 44% 
D- lucose 
F&D*0 

t 39% 4 89% NC. 
4 34% NC, A 29% 

Column 1 compares A to KRB by paired t-test. Column 2 compares P 
to KRB by l-way ANOVA. Column 3 compares P + A to P by paired 
t-test. Both active transepithelial sodium transport and Na+-cou led 
D- Iucose transport are present in rat lungs. 

If A-Dakota Affiliate & Parson’s Fund-USDSM). 
(Supporte B by 

A 

99.6 

BRONCHIAL MUCUS IN CANINE SINWE LUNG TRANSWANTATON. &l, King, 5-G 
as. A. Paul. 0. Mar&. J.A.S. Wilson. D.S. Mu& Pulmonary DefenseGrouP, Univ. of 

Alberta, Edmonton; Dept. of Surgery, Montreal Gene;4 Hospital, Montreal, CANADA. 
We studied the bronchial mucus from dogs undergoing lefl lung trsnsplarrtation. Four 

groups were studied: A) Autotransplants -- remova! and re-implantation of the native I& 
lung, implying total denervation and bronchial devascularization. B) Allotransplants -- 
removal of the left lung from a donor dog and its implant&ion in a size-matched recipient; 
these dogs received cyclosporin 20 mglkglday p.o. to prevent organ rejection. C) Left 
sleeve upper tobectomy, a quasi-control, i.e. partial denetvaion and devascuiariration. A, 
B, and C dogs were studied 3 weeks after surgery. 0) Rejected allotransplants, one WE& 
after withdrawal of cyclosporin. Mucus was collected under xylazinebalium anesthesia by 
resting a cytology brush for IQ min on either mainstem bronchus below the anastomosis. 
The mucus was stored at -80” until analyzed by magnetic microrheometry. Mechanical 
impedance, G* (“viscosity + elasticity”) and loss tangent, tan b (%iscosity/elaSticity”) were 
determined at 1 and 100 fad/s. Log G* at 1 r&/s (mean s SE) varied as follows: 

N L-lung R-lung 
Qroup A 6 2.54t.09 2.3&l 1 .iL 

Group B 6 2.85+.22 2.39*.09 .17 

Qroup c 5 2.58*.11 2.75t.04 s2 

Group D 2.42~14 .5Q 

The variations in log G* z 100 rad/s2~&‘~imilar. Variations in t&n 6 were not significant 
except Group A at 100 rad/s, where L lung values were lower than R lung (p<.O5). The 
increase in log G* in autotransplant lung is consistent with otssenrations for atropine 
administration, and suggests the mucus is less easily clembl8 by ciliary action. m 
additional decrease in tan 8 at high frequency (augmented elasticity) indic&es an even 
greater reduction in clearability by air flow. The changes in non-rejected allotransplants 
are qualitativeiy similar; these aRedons in mucus are most likely related to denervetion. 
In group C dogs, with only partial denenration, the differences were mintmal. The post- 
rejection data indicate that native lung mucus remains Vormal', while mucus in the 
rejected lung becomes less rigid than control, perhaps indicating transudation. 
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99.7 

ACTIVE ION TRANSPORT ACROSS PRIMARY CULTURES OF 
FETAL TYPE II EPITHELIAL CELLS. B.A. Orser*, L. 
Fedorko*, W. Post*, H, O'Brodovich. Hosp. Sick 
Children, Res. Inst. Toronto, Canada, M5G 1X8, 

To determine if the alveolar epithelium 
actively transports electrolytes and is therefore 
involved in fetal lung liquid secretion we studied 
alveolar like structures (ALS) isolated in primary 
culture from 20 day gestation fetal rats. ALS 
are spheres of type II epithelium polarized with 
cell apices directed inward towards the lumen, 
ALS were punctured with micropipettes and 
potential difference (PD) was recorded with a high 
impedence amplifier at room temperature, Under 
baseline conditions the recorded PD relative to 
bath (n = 74) showed a bimodal distribution at 
-1OmV and -22 mV, The average PD was reduced 
(p < 0.01) by 57% with 10 -3M ouabain and increased 

by 32% (p (0.05) with 10W4M terbutaline. This 
study demonstrates that fetal type II epithelium 
actively transports electrolytes and could 
participate in fetal lung liquid movement. This 
ion transport is Na-K ATPase dependent and can be 
augmented by beta adrenergic stimulation. 
Supported by MRC (Canada) Grant #MA7486 

99.8 

COUGH ENHANCES CLEARANCE Of MUCUS FROM ME NORMAL LUNG. 
W. Bennett and M!&. Fosm. SUNY at StonyBrook, N.Y. 11794. 

Previous studies have concluded that cough is effective at clearing mucus from 
the lung only when the mucociliary system is compromised by disease. Using 
monodispef’se aerosols radIolab8fled with Tc99m, we studied the effectiveness 
of cough for clearing mucus in ten (IO) nonsmoking subjects with normal lung 
function. On two separate study days, each subject breathed 6um (MMAD) 
Tc99m-iron oxide particles under controlled breathing conditions while seated in 
front of a gamma camera. Retention (R) of lung activity (measured as o/b of 
initial activity) was measured over the initial 2 hours and again at 24 hours 
following particle inhalation. On the control day the subject sat quietly In front 
of the camera, while on the, cough day each subject performed sixty (60) 
controlled coughs during the first hour of retention measurements. Because 
breathing patterns were controlled for particle inhalation, initial lung deposition 
patterns (measured as a central to peripheral airway ratio of lung activity, 
C/P) were matched on control and cough study days (control C/P P: 2.20 
+/-1.25 and cough C/P = 2.19 e/- 0.97). By paired analysis, retentions at both 
1 and 2 hours (Rl and R2) for the cough measurements were significantly less 
than control (mean control Rl = 85% vs. mean cough Rl = 71%, pc.005, mean 
control R2 I 76% vs. mean cough R2 = 65%, pc.02). Retention at 24 hrs (R24) 
was not significantly different between cough and control measurements (mean 
cough R24 P 35% and mean control R24 = 36%). In other words, the rate of 
mucus clearance was increased by coughing in these normal subjects. This 
enhancement of clearance by cough may be due to air-mucus interaction (i.e. 
two-phase gas-liquid flow) or to stimulation of the muccciliary apparatus (I.e. 
increased secretion6 or ciliary activity) by increased shearing of the airway 
surface. Supported by NIH New investigator Award HL36107 and NIH HL3t 429. 

99.9 

MATURATION OF MUCOCILlARY AND COUGH CLEARANCE IN YOUNG CHRONIC 
BRONCHITIS PATIENTS WITH AND WITHOUT CYSTIC FIBROSIS. EM App, D. 
KMler, H. Matthys (SPON: M. King). Div. of Pulmonary D&eases, Dept. of Internal 
Medicine, University of Freiburg, FRG 

Sweral lines of evidence indicate that mucociliary clearance (MC) undergoes age 
related changes. Our group has previously demonstrated a strong inverse relation- 
ship between MC and age in healthy adults 20 to 80 years old (Eur J Respir Dis 1985; 
66: 93). Hwever, Whaley et at (J Appl Physiol 1987; 82: 1331) found slower 
trrmchd clearan~ in immature beagle dogs compared with young adults of the same 
species, showing that MC also exhibits a maturation effect. These otiations led us 
t0 investigate whether a similar maturation effect in MC exists in human subjs. We 
also wanted to study the relationship between cough clearance (CC) and MC in 
younger patients, since our previous studies in chronic bronchitis (CSR) had 
demonsbated an inverse relationship between the two. We therefore sttudied a total 
of 42 young patients of both sexes -- 23 with cystic fibrosis (Ct=) and 19 with CBR. 
Each patient was studied twice. MC was measured by using a gamma camera to 
detect movement of 69mTc labeled erythrocytes during one hour following inhalation. 
CC was determlned by the amount of radioactivity clearable by forced expiration 
maneuvers. In patients with CF, MC appeared to peak in early adulthood [r=O.41, 
p<O.ot, 2nd-order polynomial], while CC was directly related to age [r=+0.36, 
p<O.Olj. There were no signifioant age correlaii~~s in patients with CBR, but the 
relationships were consistent with those obsenred in CF. In line with previous 
Studied, there was an inverse relationship between MC and CC in CBR patients 
[r=-OH, pcO.OO3J a? all ages, but not in CF. The age related changes in MC fit well 
with previously described age efFects in other pulmonary functions. Presumably with 
increasing seventy of illness, there is a progressive loss of mucociliary function and a 
shift to a dependence upon cough clearance, which seems to be insufficient in CF. 

LIVER/PANCREAS 

loo.1 
TRACERUPTAKEAND BULKSECRETION OF NOREPINEPHRINE . BYTHE DOG LIVER. C1.A.Gw.G. Bach, 

v S.Gor&y. University Mcdkal Clinic, Montreal General Hospital, 
Monml,Quebec,HXilA4 

In vho noxphphrhe handling by the liver was appraised in the dog by 
carrying out ~WH transient multiple indicator dilution studies under various steady 
state conditions: in a basal situation; during norepinephrine infusion; and after 
desiprarnine administration. In the basal situation, tracer norepinephrine extr&on 
was 60%, on average, whereas the steady state extraction of bulk norepinephrine was 
only 25%; iutrahepatic S6cretion of unlabeled norepinephrine accounted for the 
difference. Infusion of norepinephriue constricted the hepatic vascular space but did 
not change proportional tracer extraction; norepinephrine secretion remained 
essentiafly unchanged au4$ as a rest& bulk extraction converged on tracer extraction. 
Analysis of tracer uptake provided values for influx, efflux, and sequestration 
coefficients; and simultaneous analysis of bulk levels provided au estimate of the 
concomitant rate of secretion of unlabeled norepinephrine. Tracer estimates of 
prmeability surface products for influx and effIux, expressed per g liver, remained 
unchanged with uorepiuephriue infusion, and desipramine was found not to affect 
uptake k&tics, indicating that uptake was virtually completely non-neurogenic (it 
was presumably hepatocytic). This study demonstrated that norepinephrine secretion 
cmxists with uptake, that the major uptake process is hepatocytic, and that this does 
notsatwate. 

loo.2 

meahofmisstudywzbstomlWl~the~veinflu- 
eme oftkmlic xtivityandtkuptzh on#e elimi- 
mtim of 3 m+nqs in rats wim m4-m 

. 

rhds:~ine(A)(an idex of -tic fumtionrml&y 
prolpranolol (P) (lipid mluble with hi@ eim)and 
tmr&mlati(T)(mW mluble with hi@ exhactim).!Ihe 
livem mm perfused at a fluv xate(Q)of 2m/hin in a 
cl& c-t, ti W cl- ti extmctim(E)of all 3 
-bswms-in~~. using the shl- 
midal mim m,ths htrh3ic clearanoe (Cli)was 
&riWfruntb~ of E m Q as 
cli(niI@n)of the 3 m m e 

adzf&z 

Iive~~ in vti to ~ls;l.l8kO.l4 to 0.85kO.32 for 
A(-28%),78.9&15.9 to 28.4fl2.5 for P(-65%)ti 65.W 3.4 to 
9.9f6.2 for T(-85%).lhe m infumtimmlmasas- 
sessedby antipvrina cannot amoclapletely forthe 
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100.3 

RAT LIVER REGENERATION -R PARTIAL HEPAT- 
ECTOMY: INFLUENCE OF THE CALCIUM AND VITAMIN D 
STATUS. C. Ethier*. F. Lambert*. C, Dube*. M. Gascu n- 

H8 . Barre*, (SPON: P, DuSouich St-Luc, and Dept 
Pharmacologic, Universite de L l ontr al, Montreal, Quebec, 
Canada. 

Vitamin D D) and calcium are known to influence cell 

P 
roliferation 6 an /or differentiation. To study their effect on 
iver regeneration, hypocalcemic D-depleted rats were treated 

with D, 
Tz 

or calcium alone while controls received vehicule 
only. ey were then subjected to 2 3 
sham operations. Liver weight, total b 

hepatecto 
NA, RNA, 

ny (HPX) or 
H-thymidine 

into oration into DNA, and omithine decarboxylase activi 
(4 were determined 4,16,24,30,48,72hr after HPX. In a? 1 

f 
roups, maximum ODC was found 16hr post-HPX with, 
owever, a 2nd peak of activiy at 3 

treated rats respective1 . Maximum 3 
and 48hr in D3 and Ca- 

K 
H-thymidine incorporation 

occured 24hr after HP in D3 and Ca-supplemented rats with 
a 2nd phase of activity occuring at - 50hr while in D-depleted 
rats, a single eak 

K 
was ap arent 

i 
33hr post-HPX. 72hr after 

HPX, liver wei 
P 

t was 3.32 
representing 

.2, 2.8k0.1, and 2.3+O.lg/fOOg b.w. 
7 %, 71% and 62% of sham operated animals in 

the D3, Ca-treated, and controls respectively (D vs D- 
feP&p9 

J 
< 0.02; Ca-treated vs D-depleted, p < 0.01; I3 3 vs Ca- 

5). These data indicate that, following partial HPX, 
D-deplktion perturbes the normal pattern of liver regeneration 
as well as of liver weight recuperation which seems, however, 
to be restored by calcium and/or D3 supplementation. 

100s 

PHENOBARBITAL (Pb) IMPAIRED BILTAR&EXCRETION Ol$ACCETAMINOPHEN 
METABOLITES IN RATS. K.L.R. Brouwer and J. Jones [SPON: T.S. Miya], 
School of Pharmacy and Curriculum in Toxicology, University of North 
Carolina, Chapel Hill, NC 27599. 

The effects of chronic Pb pretreatment (58 mg/kg/l2 hr x 5 d) on 
acetaminophen {AA) and metabolite disposition were examined following 
AA (100 mg/kg IV bolus) administration to rats. AA, acetaminophen 
glucuronide (AG) and acetaminophen sulfate (AS) concentrations in 
serum, bile and urine were quantitated by HPLC. Mean ,+ SEM recovery of 
AA and metabolites in bile and urine is listed below (n=4/group; 
expressed as mg equivalents of AA; *p<O.O5, **p<O.OOl): 

Bile: AA 
-tact Kidney: - 

AG AS - - 

Pb 0.24+0.21 0.27~0.12* 0.33+0.13* 
Vehicle 0.09~0.01 1.96~0.52 1.01~0.23 

Renal Ligated: 
Pb 0.11~0.07 0.6420.07* 1.42~0.31 
Vehicle 0.09+0.02 2.25~0.35 2.16+0.26 

Urine: 
0.74+_0.17* 

** ** 
Pb 7.57~0.23 10.00~0.37 
Vehicle 0.18-+_00.11 3.45~0.56 13.7920.38 

Pb pretreatment significantly decreased the total amount of AG and AS 
excreted in bile. Biliary excretion of AG was impaired to a greater 
extent than AS, Pb and/or Pb-glucuronide appear to inhibit the biliary 
excretion of acetaminophen metabolites. (Supported by a PMA 
Foundation Research Starter Grant) 

100.7 

MIREX (M) BUT NOT KEPONE (K) DECREASES THE UPTAKE OF 3H-ESTRA- 
DIOL-17~-D-GLUCURONIDE (E717G) and 3H-TAUROCHOLATE (TC) INTO 
ISOLATED RAT HEPATOCYTES TIRH). Steve Teo and Mary Vore, Dept, 
Pharmacol., Grad, Ctr. Toxicol., Univ, Kentucky, Lexinston, KY. 

M is an insecticide that decreases the biliary excr&ion of 
drug metabolites in vivo,and the uptake of the organic anions, 
E217G and TC in IRH.7 the present studies, female Sprague- 
Dawley rats were treated with M (50mg/kg/day p.0.) or K (6.25, 
12.5 or 18.75mg/kg/day p.0.) for 3 days and XRH prepared 
(viability 88-95X by trypan blue exclusion), K, a metabolite 
of M,had no effect on the uptake of 0.5 or 10pM E217G or 1OwM 
1°C. The effect of M on kinetic parameters for E217G uptake 
were determined using 15 concentrations ranging from 0.1 to 
100pM. The data fit best to a 2 site model using a Least 
Squares Modelling Program (l/y2 weighting factor): C=control, 
corn oil; M=mirex; N=4; M+SEM; *p<O.Ol, 

Vmaxl Km1 Vmaxz h? 
C M C M C M C M 

0.21 0.06 3.80 1.48 3.51 1.08 237 43 
40.04 +o.oz* +1*0 kO.58 AO.40 +0.09* 227 All* 

M decreased Vmax (nmol/min/mg protein) for both low and high 
affinity uptake sites and decreased the Km (MM) for the low 
affinity site. In addition, the inhibitory action of M on 
organic anion uptake by IRH is not mediated by its metabolism. 
(Supported by a grant from E, I. DuPont de Nemours #532481) 

100.4 

STIMULATION OF HEPATIC MITOCHONDRIAL AND CYTOSOLIC ACETO- 
ACETYL-COA THIOLASE ACTIVITY BY LOVASTATIN. W, Salam? B. 
Khan?L. Cag;en, H. Wilcox and M. Heimberg;. Dept. of Pharma- 
cology, Univ. of Tennessee, Memphis, TN 38163 

Lovastatin feeding (Oil% sipplement to normal chow diet 
for one week) to normal male rats increased the specific 
activity of liver mitochondrial AcAc-CoA thiolase (from 
0.4110.04 to 0.83+0.07 pmol/min/mg>. This stimulation was 
not reversed by perfusion of the livers for 4 hours in vitro 
in the absence of lovastatin (0.7340.09 vs. 1.59kO.17 pmol/ 
min/mg for control and lovastatin fed animals, respective- 
ly) * Lovastatin feeding also elevated the activities of 
cytosolic AcAc-CoA thiolase (from O.ZOkO.01 to 0.61~!10.04 
pmol/min/mg) and microsomal HMG-CoA reductase (from 302k88 
to 834f78 pmol/min/mg), estimated after 4 hours of perfu- 
sion. The stimulatory effect of lovastatin on the activi- 
ties of hepatic mitochondrial and cytosolic AcAc-CoA thio- 
lase and microsomal HMG-CoA reductase was prevented by in- 
clusion of cholesterol (O,l%) in the diet. Inclusion of 
cholesterol (as human low density lipoprotein) in the per- 
fusion medium also reduced the activities of these three 
enzymes in livers isolated from lovastatin-fed animals. The 
activity of cytosolic AcAc-CoA thiolase in livers from nor- 
mal chow-fed animals was not affected after 4 hours of per- 
fusion by inclusion of lovastatin (10 or 100 pg/ml) in the 
medium, These data suggest that the activity of mitochon- 
drial, as well as cytosolic AcAc-CoA thiolase, is regulated 
in part by a putative metabolic pool of cholesterol. 

100.6 

EXCRETION OF DRUGS IN RAT PERFUSED INTESTINE. Jin-ding Huanq* 
(SPON: H.I. Chen). Nation+ Cheng Kung University, 
Department of Pharmacology, Tainan, Taiwan, Republic of 
China. 

Intestine of anesthetized rats was perfused with Tyrode's 
solution, Drug solutions were infused via the jugular vein 
and the blood samples were take through the carotid artery, 
The rate of drug appearance in the intestinal perfusate was 
divided by serum concentration of the drug to determine the 
gastrointestinal clearance (CLg). For most drugs studied, e, 
g. thiobarbiturates, barbiturates, dextran, and other 
molecular weight markers, CLg is limited by the flow of 
intestinal perfusion. Lipophilicity of drugs did not 
significantly affect CLg of the drug, but CLg were 
proportional to the unbound fraction of drugs (fu). CLg of 
thiobarbital, thiopental, and thioseconal varied as fu of the 
drug varied; the unbound CLg of the drugs were nevertheless 
the same, Among polar molecular weight markers, increased 
molecular weight decreased Ctg. Dextran of N. W. 77,000 
showed a significant CLg (0.53+0,19 ml/h). A few lipophilic 
basic drugs 
larger than 

p e. 
the 

g. disopyramide, quinidine, showed a CLg 
perfusate flow, indicating a non-diffusional 

pathway of gastrointestinal excretion. A-physiological 
model was constructed to explain the observations. (The work 
was supported by grants NSC77-0412-3006-022 and NSC77-0412- 
BO06-05 of National Science Council, Republic of China,) 

PHARMACOKINETICS OF THE LHRH AGONIST [D-Trpe, des-Gly-NH,lo]- 

100.8 

LHRH ETHYLAMIDE IN MEN. B. Candas*, D. L&oste*, FI Lahrie, 
and M. Normand, Lava1 University, Quebec, Canada GlK 7P4. 

The kinetics of immunoreactive [D-Trp6 , des-Gly-NH, l*lLHRH 
ethylamide in plasma were studied in 9 adult men for 24h fol- 
lowing a rapid sc injection of 1 or 10 pg/kg BW of the pepti- 
de, If the apparent volume of distribution is set proportional 
to the log of the concentration, both time courses are statis- 
tically well represented by a 2-compartment model coupled to + 
source compartment representing the SC input. The SC diffusion 
to plasma is 5 times faster than any other fractional trans- 
port rate (S%/min). No exchange between the lst, which inclu- 
des plasma, and the 2nd compartment exceeds 1% of the compart- 
mental contentlmin, Elimination occurs at maxtmum rates of 
0,50 and 0,25%/min, for the 1st and 2nd compartments, respec- 
tively. According to simulation, 90% of the steady-state is 
reached 13.75 h after the onset of a SC continuous infusion, 
whereas it is reached approximately 30 min earlier following 
an i.v, infusion. A molecule spends on average 6h to 9.75h in 
the body, 30-50% of this period being accounted for by the 1st 
compartment. The apparent volume of distribution reaches 208 
ml/kg BW and the MCR is 1.18 ml.min-l.kg BW-1 at a steady-sta- 
te of 1 rig/ml plasma. Plasma dynamics of the LHRH agonist in 
men is at least 10 times slower than that of LHRH, thus demon- 
strating the relevance of its clinical use for the suppressive 
therapy of gonadotropic hormone secretion. (Supported by 
MRC) I 
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loo.9 

HEPATOBILIARY ELIMINATION OF THE LEUKOTRIENE (LT) 
ANTAGONIST, Ro 23-3544, IS INHIBITED BY DIBROMSULFOPHTHALEIN 
(DBSP) IN THE RAT. A, Takacs*, C. Laurencot* and J. Carbone* 
(SPON: F.-J. Lefnweber) Dept. of Drug Metabolism, 
Hoffmann-La Roche, Inc., Nutley, NJ 07110. 

Ro 23-3544, chroman carboxylic acid, is being developed 
as a leukotriene antagonist in the treatment of inflamma- 
tion. 
DBSP) 

The LTs and other organic anions (bile acids and 
undergo shared carrfer mediated hepatobiliary 

transport. The aims of this study were to determine if 
the biliary excretion of Ro 23-3544 fs carrier mediated 
and inhibited by DBSP, Ro 23-3544 was administered to 
anesthesized rats at iv doses of 0.1, 0.5, 1, 5, 10 and 
20 mg/kg (n=3-4). Bile was collected via cannulas at 
various Intervals up to 4 hours after dose and Ro 23-3544 
concentrations were determined by HPLC assay. The maximum 
biliary excretion rate (30 min) of Ro 23-3544 increased 
in proportion to dose at the three lower doses, but was 
non-linear at higher doses, The total ug of Ro 23-3544 
excreted in 4 hrs were 154.3 * 5.4 (X * S.E.) after Ro 
23-3544 (1 m /kg) 

4 
administration alone and decreased 

significantly P<,O5) to 75.0 * 15.1 (X * S.E,) when 
the inhibitor DBSP (10 mg/kg) was administered 30 set 
after Ro 23-3544. The maximum biliary excretion rate 
of Ro 23-3544 was also less after DBSP administration. 
These data suggest that hepatobiliary transport of Ro 
23-3544 occurs via a carrier mediated process shared by 
DBSP, 

100.11 
Hepatic tibohydrate and -YY= Metabolism During 
mrtrophic Liver Gmwth. J, mrbrough and H. mdr. 
Div. of Structural and Systems Biology and Phammcology, 
Univ. Hissouri-Kansas City, Kansas City, m 64108. 

In intact (INT) rats, mirex (MX) induces adaptive liver 
growth that involves hyperplasia and hypertrophy. However, 
in thyroidectomized (THX) rats, its effect is exclusively 
hypertrophic. The purpose of this study was to investigate 
whether these different responses to MX are accompanied by 
changes in hepatic carbohydrate and oxygen metabolism using 
perfused livers from INT and THX rats 48 hrs after an oral 
dose of MX (100 mg/kg). Rates of glucose production in 
livers of control INT rats were 121223 umole/g/hr. These 
rates were diminished by 94% in livers from MX-dosed rats. 
However, in livers from M-dosed THX rats, rates of glucose 
production were decreased only by 66% compared to control 
THX rats. In both INT and THX rats, decreases in glucose 
production were accompanied by corresponding decreases in 
product ion of lactate and pyruvate. However, in both 
MX-dosed INT and THX rats, rates of glucose and lactate 
production were increased significantly upon the infusion of 
fructose (5 mM). Livers from both INT and THX MX-dosed rats 
showed significant and similar increases in 0 uptake over 
corresponding control values. These data suggest that 
hepatic carbohydrate metabolism plays an important role in 
determining the type of liver cell growth induced by MX (ES 
04778). 

loo.10 
Hepatic Intermediary Metabolism During Hyperplastic Liver 
Gmwth. Ht. Badr and J, Yarbrouqh. Divisions of Phammcology 
and Structural and Systems Biology, Univ. Missouri-Kansas 
City, Kansas City, m 64108, 

In intact (INT) rats, mirex (MX) induces adaptive liver 
growth that involves hyperplasia and hypertrophy. However, 
in adrenalectomized (ADX) rats, its effect is predominantly 
hyperplastic. The purpose of this study was to investigate 
whether these different responses to MX are accompanied by 
changes in hepatic intermediary metabolism. Glycogenolysis, 
gluconeogenesis and oxygen uptake were studied in perfused 
livers from INT and ADX rats 48 hrs after an oral dose of MX 
(100 mg/kg). Rates of glucose production in control INT rats 
were 121+23 umole/g/hr which were diminished by 94% in 
MX-dosed rats. Similarly, MX-dosed ADX rats showed a 93% 
decrease in glucose production compared to control ADX rats. 
However, infusion of fructose (5 mM) into livers from both 
MX-dosed INT and ADX rats, increased glucose production 
significantly to 60f5 and 78+11 umole/g/hr, respectively. 
Livers from MX-dosed INT rats had significantly higher 0 
uptake than control INT rats. Conversely, livers from AD ii 
rats showed no change in O2 uptake after MX. Thus, while 
carbohydrate metabolism was similarly altered during 
hyperplastic and hypertrophic liver growth, hepatic oxygen 
uptake increased only under conditions of hypertrophy 
suggesting a link between oxidative phosphorylation and 
mechanisms involved in liver hypertrophic growth {ES 04778). 

SMOOTH MUSCLE PHYSIOLOGY 

101.1 
ACETYLCHOLINE, SEROTONIN, AND FMRFAMIDE ENHANCE DEPOLARIZA- 
OF MOLLUSCAN MUSCLE BY POTASSIUM-FREE SOLUTION. Robert B, Hill 
University of Rhode Island, K&ngston, RI 02881 

The radular protractor muscle of Busycon canaliculatum 
has a complex response to K-free solution, in which the 
depolarizing component is relatively slow and slight, and 
accompanied by a slight slow contraction. This response is 
susceptible to a concentration-dependent modification by 
acetylcholine (ACh), serotonin (5HT), or phenylalanyl- 
methfonyl-arginyl-phenylalanine amide (Pa). The modification 
takes the form of an increase in speed of onset and amplitude 
of the depolarization and the appearance of superimposed 
rhythmicfty. Contractile force parallels the depolarization. 
Modification ncreases with the c ncentrati n of ACh from 
lO-7 M to lo- 3 M of 5HT from LO- 8 

from 10V8 to lo- ? 
M to IO- z M, and of Fa 

M, The depolarizing component of the 
response to K-free solution is abolished in Na-free solution 
and is blocked by 10m5 
solution or lOa 

M ouabain or strophanthidin. Na-free 
M strophanthidin also block the modification 

induced by ACh or 5HT. Na-free solution blocks the modifi- 
cation induced by Fa. 

101.2 
BETA-ADRENERGIC SENSITIVITY IN TRACHEAL SMOOTH MUSCLE IS 
DEPENDENT ON THE RECEPTOR-RESERVE OF THE CONTWCTILE AGONIST. 
S.J. Gunst, J.Q. Stropp and N.A. Flavahan. Department of 
Physiology, Mayo Clinic and Foundation, Rochester, MN 55905. 

Beta-adreneigic stimulation is less effective at'inhibiting 
the contractile responses evoked by acetylcholine (ACh) than 
those evoked by 5-hydroxytryptamine (5-Ht) in tracheal smooth 
muscle. The present experiments were performed to analyze the 
possibility that this difference in sensitivity may result in 
part from the large difference in receptor-reserves available 
for these contractile agonists (Gunst et al., J. Appl. 
Physiol. 62:1755, 1987). Strips of canine trachealis muscle 
were suspended for isometric tension recording in organ 
chambers which were filled with physiological salt solution 
and were gassed with 95% 02/5% CO2 at 37O C. Muscles were 
contracted with equipotent concentrations of ACh, 5-Ht, and 
McN 343 (a muscarinic agonist of low efficacy) and then 
relaxed with cumulatively increasing concentrations of 
isoproterenol. The sensitivity to isoproterenol relaxation 
was McN 343 > 5-Ht >> ACh. The potency of pirenzipine at 
inhibiting contractions to ACh and McN 343 was similar. The 
results suggest that the relative resistance of ACh-induced 
contractions to relaxation by isoproterenol may result from 
the large receptor-reserve available for this agonist and that 
it is not an inherent quality of muscarinic receptor 
stimulation. The large receptor-reserve may in turn enable 
ACh to initiate subcellular mechanisms that are unavailable to 
agonists of lower efficacy. Supported by PHS-HL 29289. 
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101.3 101.4 

ALTERATIONS IN MEMF3RANE PHOSPHOLEPID BlLAYER COMPOSITION EFFECTS OF K+ ON CALCIUM INFLUX AND INOSITOL 
WITH AGE IN TttE FISHER 344 RAT AORTA, T,N. Tulenko, 0 
LopatofsKy, R.H. Cox. The Medical of Penna I ; 

TRISPHOSPHATE (IP?) GENERATION TN THE RAT VAS DEFERENS. 
co1 1 ege M.A. Khoyi*, M.A.>Smith*, I.L.O. Buxton and D.P. 

Philadelphia, PA 19129 Westfall. Dept. of Pharmacology, University of Nevada 
The object of thi5 istudy wa5 to determine whether arterial 

cell membrane 1 ipid composi tian is affected by the aging 
proces5. Segments of thoracic aorta were obtained from 
anesthetized Fisher 344 rats of age5 1, 2, &, 12, 24 and 30 
months. The adventitia was carefully removed in Krebs 
solution, and the vessel lipids extracted using the Folsch 
procedure, The organic phase was subjected to. GLC 
chromatography and 2-D TLC to mea5ure unesterified 
chol e5teral (FC) and the individual phosphol ipid (PLI 
c 1 a55es. Total PL content decreased with age while FC 
increased only in the 24 and 30 mo anirrlals. The FWPl ratio, 
an index of membrane uiscasity, i ncrea5ed wi th senescence 
i24-30 mol. Reorganizat ion of membrane PL wi th age was also 
apparent. For the most part, all PL classes remained 
constant ooer the 6 to 24 month ages. Sene5cence was 
a5sociatcd with reduced PI, ly5oPC and DPG content and 
increased PA content. Developmental changes Ii-6 mo) were 
also observed with PC and PE contents falling and PS rising. 
These result5 clearly indicate that cell membrane5 of the 
arterial wall undergo 5ignif icant reorganization with 
rerpect to cholesterol and phosphol ipid profiles during the 
developmental and sene5cent periods, but are relatively 
constant throughout the middle adult life period in the 
Fisher 344 rat. (Suppported by PHS Grants clGO4908 & HL30496) 

School of Medicine, Reno, NV 89557 
A large number of studies indicate that K+ induced 

contractions of smooth muscle depend on extracellular 
calcium, If these contractions depended exclusively on 
extracellular calcium then contractile resposes to 140 mM 
K+, which are larger than the responses to 35 mM K+, 
should be associated with a larger influx of 45Ca. This 
was not the case in the vas deferens from reserpine 
pretreated rats. During a 2 min interval, 45Ca influx 
induced by 35 mM K+ was 147.5 + 22.4 umoles/kg wet weight 
and 140 mM K+ produced an identical influx (147.4 + 1.94 
umoles/kg wet weight). This suggests a second mechanism 
may be involved in responses to the higher K+ 
concentration. Indeed, 140 mM K+ caused a 320% increase 
above control in the formation of IP3 in tissues pre- 
labelled with 3H-myoinositol whereas 35 mM K+ did not 
increase LP3. IP3 is thought to cause the release of 
calcium from internal stores, If so then it appears that 
in the rat vas deferens high K+ promotes tension in 
smooth muscle by a dual mechanism: influx of 
extracellular calcium and release of calcium from 
internal stores via an IP3 mechanism. (Supported by NIH 
grants HL38126 and HL 35416). 

101.5 

EFFECT OF EXTRACELLULAR Ca2+ AND Na+ ON CYTDSDLIC FREE 
Ca2+ AND Ca 2+ INFLUX OF CULTURED VASCULAR SMOOTH MUSCLE 
CELLS. Raouf A. Khal il and Cornel is van Breemen. 
Department of Pharmacology, Miami, Florida 33101 

The effect of extracetiular Ca2+ and Na+ on agonist-induced 
fluctuations in cytosolic free Ca2+ ([Ca’+]c) and Ca2+ influx of cuhured 
SHR aortic smooth muscle ceils was investigated by paraUe1 
measurements of the changes in fura- fluorescence and %a influx; 
respectively. In the presence of external Caz+ and Na+, angiotensin II 
(100 nM), vasopressin (1 PM) and ATP (10 pM) induced an initial rapid 
rise followed by a maintained increase in [Ca2+], without stimulation 
of %a influx. The initial rise in [Ca2+lc was reduced in Ca2+-free 
solution but not in Na*-free solution. On the other hand, the 
maintained steady-state increase in [Ca2+], was not inhibited by 
diltiazem but was completely abolished by La3+ or in Ca2+-free solution. 
In contrast, the steady-state increase in [Ca2+Jc was augmented in Na+- 
free solution without a concomitant increase in %a influx. These 
results indicate that this cell line lacks receptor-operated Ca2+ channels 
and therefore the Ca 2+ leak becomes a potential source of activator 
Ca2+ when Ca2+ uptake by the sarcoplasmic reticulum is compromised 
by the continuous presence of an agonist. These results also suggest 
that the Na+-Ca2+ exchange is an important Ca2+ extrusion mechanism 
during agonist activation of these vascular smooth muscle cells. 

101.7 

EFFECTS OF AGING ON THE FUNCTIONAL PROPERTIES OF THE 
ARTERIAL Na-PUMP IN FISCHER 344 RATS. Robert H. Cox and 
Thomas N. Tulenkp. Graduate Hospital, University of Pennsylvania, and 
Medical College of Pennsylvania, Phila., PA. 19146. 

Segments of thoracic aorta, carotid and tail artery (TA) were 
obtained from male Fischer 344 rats at ages of 1, 2, 6, 12, 24 and 30 
months. Na-pump activity was determined using ouabain-sensitive a6Rb 
uptake and cell Na+ was determined using *2Na efflux. Following removal 
from the animals, segments were cleaned of surrounding tissue and place 
in normal Krebs solution at 37% for 2 hrs. One half of the tissues were 
then placed in K+-free Krebs for 4 more hours to Na+ load the tissues. 
Total, ouabain insensitive and ouabain-sensitive 8sRb uptake showed an 
age-related decline at all three arterial sites under both normal and Na+’ 
loaded conditions. The largest of these changes occurred over the early 
ages from 1-6 months but a significant aging change (6-30 months} 
occurred in TA. There were no significant differences in levels of cell 
Naf with age under either normal or Na+ loaded conditions. The effects of 
varying ouabain tevets on Na-pump activity was also determined. The 
lC50 value of ouabain -(50% inhibition) was not significantly different 
among the various ages or between different arteries. The effects of 1 - 
IO mM external K+ was also determined. There were no significant age- 
related changes in the apparent equilibrium constant (Km) while the 
maximum Na-pump activity (Vmax) decreased with age, The results of 
these studies suggest that changes in the Na-pump activity of arterial 
smooth muscle with age occurs as a result of a decrease in the number of 
kinetically similar pump units. (Supported by NIH AG 04908). 

101.6 

Effect of Vanadate on Skinned Smooth Muscle Contraction and 
Myofibrillar ATPase activity. Siow-Kee Kon * and Newman L, 
~~'p~~~l;la,U;;f~.O~~.Mani~oba, Dept. ok Phys!ology. Winnipeg 

Some decent studies have indicated that vanadate (Vi) 
can inhibit active tension development in the skinned smooth 
muscle preparation. In the current study we wished to deter- 
mine whether the inhibitory effect of Vi was due to the form- 
ation of an inactive complex: M.ADP.Vi. Canine tracheal 
smooth muscle (TSM) was skinned for at least 2 hr in buffer 
solution containing 1% Triton X-100, at 25*C. The skinned 
TSM developed 786 g/cm2 ? 59.9 (SE) active isometric tension 
in a contraction solution containing 2mM ATP and lo-5M Ca*; 
showed tension could be maintained for at least 1 hr. Assays 
showed that 200-300 uM ATP was hydrolyzed during the contrac- 
tion. Skinned TSM which was preincubated with 200 uM Vi with 
or without 400 uM ADP prior to the addition of 2mM MgATf and 
10M5M Ca*, developed only 184 g/cm 2 ’ 20.5 (SE) and 187 g/cm2 
2 30,6 (SE) maximal isometric tension, respectfvely. However, 
the maximal tension was not maintained for more than a minute 
and thereafter fell back to resting tension level. Contrary 
to this, the contraction of skinned TSMcould almost completely 
be abolished by adding 200 uM Vi at the plateau of a maximal 
isometric contraction induced by 2mM MgATP and Ca* with or 
without 400 UM ADP. Biochemical studies also indicated that 
200 uM Vi with or without 400 uM ADP could significantly in- 
hibit TSM myofibrillar ATPase activity, These results suggest 
that Vi may act: directly on the actomyosin complex and dis- 
sociate actin and myosin, rather than by forming the inactive 
complex: M.ADP.Vi. Vi may prove to be a useful toof for study 
of smooth muscle contraction. 

101.8 
SOMAN EFFECTS ON CALCIUM UPTAKE IN MICROSOMES AND 
MITOCHONDRIA FROM RABBIT AORTA. Chao-Yu Hu, Chia- 
Hsuh Hsu and Casey P, Robinson. College of 
Pharmacy, University of Oklahoma, Health Sciences 
Center, Oklahoma City, O&73190 

Effects of soman on Ca uptake by microsomes 
and mitochondria prepared from rabbit 
deadventitiated aorta were determined. Some 
aortae were obtained from rabbits given 5 dkg 
of soman S.C. per day for 7 days. The effects of 
acutely-added soman on calcium uptake were 
determined in aortae from rabbits receiving no 
soman. Soman, added acutely in concentrations 
from 1 to 100 PM, did not alter calcium uptake by 
either microsomes or mitochondria. 
soman administration, however, 

Seven@; 
reduced 

uptake at O-5, 2, 4, 6 and 8 minutes with both 
preparations. At eight minutes, calcium uptake 
was reduced in microsomes from 252 f 18 to 885 
28 p mols/g protein (different at P <O.OS>, and 
in mitochondria from 135 2 3 to 51 f 9 p mols/g 
protein (different at P CO.005). This impairment 
of calcium uptake may alter contractions or 
relaxations of vascular smooth muscle. Supported 
by DOD Contract DAMD17-85-C-5114, 
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101.9 
SODIIM-CAUIT =CHMGE IN CANINE AIRWAY SMOOTH MUSCLE 
Yuanshensz Gao and Paul H. Vanhoutte. Dept. of Physiology 
and Biophysics, Mayo Clinic, Rochester, MN 55905 
A sodi--calcium exchange mechanism exists in resprratory 
-0th -Cl8 Of guin8a-pig, bovine and humam. The present 
study was designed to deternine whether it also operates -In 
canine airway smoth muscle. Rectangular strips of canine 
trachealis &cl8 were xounted in or&n chambers filled 
with nodified Kreb-Ringer bicarbonate solution maintained 
at 37OC and aerated with 95% Oz-5% CO2 (pH=7.4). Isometric 
tension was recorded. All experiments were perfomed in the 
presence of atropine (10w5H), phentolarnine (10e6H), 
propranolol (5 x 10w6M), and ninodipine (5 x 10m6M), to 
antagonize cholinergic, alpha and beta-adrenergic receptors 
and calcium channels, respectively. fmw-sodium solutions 
(1.2 to 60 I&¶; sodiurn replaced by equimolar choline) 
induced concentration-dependent contractions which were 
blocked by calcium-free solution. The relaxation after 
contractions due to exposure to low-sodium in calcium-free 
media, depended upon the extracellular sodiurn concentration 
as it was slowed down in low-sodium solution. Potassium- 
free solution (potasstum replaced by equirnolar sodium) or 
ouabain (10m5M and 10m4W), which increase intracellular 
sodium by inhibiting the sodium potassium puolp, also 
caused contractions which depended on the external calcium 
concentration. These observations suggest that a sodiuta- 
calcium exchange is operatzve in canine airway smooth 
muscle. (Supported in part by NIH grant HI21584). 

101 .lO 

THE INFLUENCE OF VASCULAR SMOOTH MUSCLE CONTRACTION ON THE 
VISCOELASTIC PROPERTIES OF THE ARTERIAL WALL. N. R. Bandick. 
W. Williams*, K J. Clark*, W. P. McCall*,and 0: Ei Roberts. 
Western Oregon State College, Monmouth, OR 97361 and US Army 
Research Institute of Environmental Medicine, Natick, MA 
01760 

Elastic and viscous constants of rat femoral arteries and 
abdominal aortae were measured to determine the extent of 
influence that active contractility has on the viscoelastic 
properties of arterial walls. Helical strips from these 
arteries were observed while 

b 
he strips were in maximal 

contraction from a dose of lo- g/ml of norepinephrine and 
after the strips could no longer contract due to sug$rfusion 
in a physiological salt solution free of added Ca . We 
found, for both types of arteries, that all elastic and 
viscous constants increased significantly (~~0.05) during 
vascular smooth muscle contraction. 
the fFmora1 arteries 

The Young's modulus fog 
increased from 0.76 to 1.05 X 10 

dydc~ q whejeas the abdominal aortae went from 0.90 to 1.1 
X 10 dyn/cm . The viscosity of the femoral wal&.s showed 
the greatest changes going from 0.40 to 0.85 X 10 poise/cm. 
By compar$son, the aortic viscosity climbed from 0.34 to 
0.55 X 10 poise/cm. In answer to the question of what % of 
the total wall stiffness and viscosity is due to muscular 
contraction, the folowing was observed. Abdominal Aortae: 
viscosity = 28%, Young's modulus = 18%. Femorals: viscosity 
= 60%, Young's modulus = 28%. 

GASTROINTESTINAL MOTILITY 

102.1 

A RADIOTELEMETRY CAPSULE EMPTIES FROM THE STOMACH 
DURING THE INTESTINAL HOUSEKEEPER IN MAN: A 
NONINVASTVE METHOD OF DETECTING PHASE III OF THE 
lWGRPTfNpGH MOTOR COMF’:? (MMC). P Moiaverian. JC 
Rqno ds . Vlasses. F Wirth S &yang*. Division of Clinical 
Pharmacology Jefferson Medical College and GI section, Department of 
Medicine, University of Pennsylvania, Philadelphia, PA, 

The purpose of the present investigation was to determine the 
phase (P) of the MMC when a pH sensitive radiotelemetry Heidelberg 
capsule (HC) empties from the stomach, and if the HC alters the character 
or timing of the MMC. 77 MMCs were recorded over 94.3 h in 6 normal 
male subjects in 12 studies using 8 catheter-mounted strain gauges 
(Milk Ins@. The catheter (2.6 mm) was passed transnasally and 
positioned fluoroscopically in the duodenum and jejunum, The signal of 
a HC, 7mm x 20mm, was recorded after ingestion until the pH rose > 3 
units. The duration of P’s in the control recordings and with the HC 
present were similar, PM.1 (P I 35.3k3.4 vs 34.61.6, P II 55.1+7 vs 
40.9& 1.6, P III 5.1 vs X240.5 min). No effect was seen on the motility 
index during each P. The HC had no effect on the pattern of contractions. 
In 4 subjects in the right lateral position, the HC emptied with, and never 
before, the fist gastric MMC. Only in 2 subjects in the left lateral 
position, the capsule emptied with the rrrst MMC. In summary, character 
and duration of MMC are UnGhanged by the presence of a nondigestible 
capsule iu the stomach. Nondigestible solids are shown for the first time 
in man to empty from the fasted stomach during P IIL The HC may be 
used as a noninvasive method to examine the physiology of MMC, the 
presence of Phase III, and the emptying of enteric coated and solid 
controkXi release formulations. 

102.3 

PRESENCE OF NEURAL UPTAKE SITES FOR ["H]GABA IN RAT MYENTERIC 
PLEXUS AND ANTRAL MUCOSA. A. Krantis* and T, Webb. Digestive 
Diseases Research Group, De$t. of Physiology, University of 
Ottawa, Canada KlH 8M5. 

y- Aminobutyrate (GABA) fs a myenteric neurotransmitter in 
the guinea-pig, and putative enteric transmitter in the rat, 
cat and human intestine (Tanaka 1985, Life Sciences, 37: 
2221-2235). Recently, Harty and Franklin (1986, Gastroente- 
rology 91: 1221-1226) showed GABA to modulate nerve-mediated 
release of gastrin and somatostatin from rat antrum in vitro. -- 
The dispositfon of GABAerglc neurones in the rat antral 
mucosa is unknown. Therefore we sought to determine the 
disposition of high affinity uptake sites for t3H]GABA in the 
rat stomach, Autoradiography (Krantis et al. 1986, 
Neuroscience 17(4): 1243-1255) was performed on segments of 
the rat antruq 
[~]GABA, 5.101 

incubtted with 50 Ci/mmole (Amersham) 2,3 
to LO- M, in the absence/presence of specific 

inhibitors of high affinity GABA uptake, and GABA 
degradation. Radfolabelled GABA was accumulated to myenteric 
gaigl$a, and to a subpopulation of mucosal cells. In some 
instances, labelled processes could be seen around the base 
of the gastric pits. These results show that GABA is 
transported into neural elements of the myenteric plexus and 
mucosa of the antrum by a high affinity system. 

102.2 

THE EFFECT OF GABA ON CYSTEAMINE INDUCED DUODENAL ULCER, M, 
Nicholson* and A. Krantls. Digestive Diseases Research Group, 
Dept. of Physiology, Univ. of Ottawa, Canada KlH 8M5. 

Various neurotransmitters are affected during the develop- 
ment of duodenal ulcer (DU), including GABA, GABA agonists 
(icv) aggravate cysteamine-induced DU in the rat, while GABA 
antagonists are protective. GABA is a putative enteric 
transmitter in the rat, and enteric GABA modulates gastrin 
and somatostatin release from mucosal cells, Recently, we 
showed cysteamine to in ,teract/ inte rfere with enteric 
neurone s. Therefore enteric GABAer gic sites may be involved 
in the development of DU. We present here evidence for 
systemically applfed GABA to augment cysteamine incuded 
ulcer. Sprague Dawley rats were given Cysteamine-HCL 28 
mg/lOO g pIo., 1-3 times on day 1 and maintained on H O-0.1% 
cysteamine for 24-40 hr. Drug pretreatments used 1 nclude 
aminooxyacetic acid (AOAA) 2.5 mg/lOO g SC. with GABA 10 
mg/lOO g, SC. or AOfi-%ABA and/or bicuculline, 30 pg/lOO g 
SC. Cysteamine (3 doses) caused DU by 24 hr. By 48 hrs, 
penetrating ulcers were evident. Cysteamine (2 doses) caused 
less ulceration at 48 hr, and none at 24 hr. AOAA+GABA 
caused an increase This effect of 
AOAA+GABA was 

redub;g p<O.C5) in DU. 
bY the antagonjst bicuculline. 

Bfcucullfne alone also reduced (sig peO.05) ulceration. 
These results suggest peripheral GABA-receptors can modulate 
cysteamine-induced DU, 

102.4 
THE ACTIONS OF ETHYLENEDIAMINE IN THE RAT INTESTINE IN VITRO, -- 
A.E. McKay and A. Krantis*. Digestive Diseases Research 
Group, Dept. Physiology, Univ, of Ottawa, Ottawa KlH 8M5. 

Ethylenediamine (EDA), a non-toxfc agent, exerts direct 
actions in the rat central and peripheral nerv6us systems 
through GABA receptors. However, it has been recently shown 
in the guinea-pig small intestine that EDA does not have 
direct GABA-mimetic actions at enteric GABA receptors. 
Rather, EDA stimulates the release of endogenous GABA. There 
is now considerable evidence for GABA and its receptors to be 
present in the rat intestine, Therefore we sought to examine 
the effect 8 of EDA I in isolated gut preparations of the rat 
duodenum and ileum. EDA induced concentration-dependent 
relaxations of the rat small fntestine which were determined 
to be predominantly "myogenic". In a small proportion of the 
responses, tetrodotoxin (TTX) partially (36210%) antagonized 
(sig. p<O.OS) the induced relaxations, therefore indicating a 
small neurogenic component to the actions of EDA. Whether 
this neurogenic action of EDA is due to GABA-mimetic 
action(s) of this agent or to EDA-evoked release of endoge- _- 
nous GABA is unclear. EDA "myogenic" actions were not anta- 
gonized by adrenergic blockade (phentoalmfne + propranolol), 
adenosine triphosphate (ATP) tachyphylaxis, or purinergic 
blockade (cibacron blue). Furthermore, EDA was comparable to 
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102.5 
FUNCTION OF SMOOTH MUSCLE AND NERVE IN RAT SYNGENEIC SMALL 
INTESTINAL TRANSPLANTATION. E. Zorychta: T, Taguchi: R. 
Sonnino~ F. Guttman*(SPON: J.B. Richardson). McGill 
University, Montreal, Quebec, Canada H3A 2B4 

The effect of transplantation on motility and innervation 
of the small intestine was studied in the Lewis rat. Animals 
received heterotopic isografts of jejunum using microvascular 
anastomosis. The graft (G) and an identical segment of 
native bowel CC> were removed from each of 2 animals at 4, 6, 
8, and 10 days after surgery. Circular rings and longitudi- 
nal strips of jejunum were mounted in isolated tissue baths, 
bubbled with 95% 02/s% CO2, and maintained at 37OC. Trans- 
mitter release from nerve endings was evoked by electrical 
field stimulation, Receptor activity on the smooth muscle 
was determined by adding graded concentrations of drugs to the 
bath. Spontaneous rhythmic activity in both G and C was 
about 30/min. All preparations contracted in a dose dependent 
manner to cholinergic agonists, serotonin, and Substance P, 
and were relaxed by noradrenaline; potency of each drug was 
similar in all C and G. Stimulus-response characteristics of 
innervation were determined. Excitatory innervation was 
similar in C and G, but the inhibitory response was altered by 
transplantation. Maximal inhibition of G occurred at 5 Hz 
and 0.5 ms compared to 30 Hz and 2 ms in C, reflecting 
absence of extrinsic adrenergic inhibitory nerves in the 
graft. Smooth muscles, receptors, and intrinsic nerves were 
intact and functional in the transplanted intestine. 

102.7 
STANDARDIZING THE IN VITRO MEASUREMENT OF SMALL INTESTINAL 
SMOOTH MUSCLE CONTRACTIONS, M.S. Werley*, J.S. Martin, 
F.M. Kendall and M.F. Tansy. Temple Univ., Philadelphia, PA 
19140 

The intercontractile interval (ICI) has been used as a 
means of assessing small intestinal motility (Bull. Environ. 
Contam. Toxicol. 21: 496, 1978). Duodena were studied immed- 
iately after removal from sacrificed male rats, Segments 
were mounted in chambers containing Tyrodes (pH 7,4) gassed 
with 95% 02 and 5% CO2 at 37'C. Spontaneous isometric force 
data were recorded on magnetic tape and later input to a PDP 
11/40 computer which determined elapsed time between zero 
axis crossings by means of a quartz-crystal clock operating 
at 1 KHz. These data were used to construct ICI histograms. 
Sample sizes ranged from 500 to 2000 events which represented 
observational periods from one-half to two hours. Etherized 
rats had significantly shorter mean ICIs than those sacri- 
ficed by decapitation or pentobarbital. ICIs for Long-Evans 
and Spontaneously Hypertensive rats were significantly short- 
er than those of Sprague-Dawley and Wistar rats. Fasting 
regimen had little effect upon mean ICIs, Increasing temper- 
ature and Ringers solution greatly decreases and increases 
mean ICIs respectively. Mean ICI is dependent upon the in- 
testinal segment employed, Preloading of the duodenal seg- 
ment from l-3 g did not significantly alter the mean ICI. In 
sum, isolated motility studies should employ standard proto- 
cols which ensure adequate definition of biological and phys- 
ical parameters. 

102.9 
NICOTINE GUM DOES NOT EFFECT GASTRIC EMPTYING. Sidney Fink* 
and Tapan K, Chaudhuri, V.A. Medical Center, Hampton, 
Va. 23667 

We studied the effect of nicotine (N) gum (NG) upon 
gastric emptying (GE) in ten habitual cigarette smokers 
(ages 38-76, mean 56 years) who had negative gastrointestinal 

histories. 
GE of a Tc-99m-sulfur colloid labelled semisolid meal 

was measured by dynamically recording scintiphotos of the 
stomach every three minutes for two hours on two occasions. 
The subjects fasted and refrained from smoking for 10 hours, 
then chewed gum containing two mg of N during the first 
15 minutes of the study in one test and identical gum devoid 
of N in the other. NG caused minor local symptoms in every 
patient but no tests had to be discontinued. 

The difference in GE lxtween NG and placebo gum was not 
statistically significant. There was no order versus 
medication effect, and no correlation btween GE and patient 
age, high or low N cigarette use, or years of cigarette 
use. 

We conclude that NG does not delay GE or thereby 
influence the absorption of other drugs. 

102.6 
ACUTE EFFECTS OF IONIZING IRRADIATION ON INTESTINAL MOTOR 
ACTIVITY. K.Z. Ram*, R.K. Harding and A. Krantis. Digestive 
Diseases Research Group, Dept. of Physiology, Univ. of Ottawa 
and Defence Research Establishment Ottawa, Ottawa, CANADA. 

Many unpleasant and potentially dangerous symptoms, such 
as vomiting and diarrhea, characterize the early stages of 
radiatfon sickness and these symptoms are suggestive of a 
disruption in intestinal motility. Therefore, we fnvestiga- 
ted the acute effects of Irradiation on intestinal motor 
activity stimulated by specffic myogenlc, neurogenic, and 
humoral agents. Experiments were performed on isolated 
gut-bath preparatfons of rat duodenum and jejunum harvested 
from both unirradiated and irradiated animals. Contrp$+ed 
irradiations were performed using a shielded bilateral Cs 
drawer source which delivered a unifom, whole-body dose of 
10 Gy. Irradiated rats were sacrificed at 1, 12, 18 and 24 
hours post-irradiation. Effects were statistically signifi- 
cant at 18h post-irradiation. The concentration-response 
effects of carbachol (cholfnergic muscle stimulant) in the 
duodenum indicated an increased sensitivity (p<O.Ol) to this 
agent. In the jejunum, the concentration-response effects of 
DMPP iodide (ganglionic nicotinic agonist) also showed an 
increased sensitivity (p<O.O5). Responses elicited by 
histamine, bradykinin and electrical stfmulation in both 
regions of the intestine were unaffected by irradiation at 18 
h post-exposure. These results suggest that exposure to 
irradiation leads to a hypersensitive cholinergfc system. 

102.8 

DIFFERENT EFFECTS OF CERULEIN AND CCK-8 ON GUINEA PIG 
JEJUNAL PROPULSION, M,G, Ulrich-Baker, Z.C. Lian: L.R. 
@mson, and W.A. Weems: Univ. of Texas Health Science 
Center at Houston. TX. 77225 

Experiments were conducted in vitro to determine whether 
arterial perfusion of cerulein or CCK-8 into isolated 
segments of terminal jejunum from guinea pfgs could affect 
their propulsive behavior. Segments (17 cm in length) were 
attached to a propulsion evaluation system that required 
hydrostatic work to affect fluid movement. In all segments 
(n=8), cerulein (10 -8 M) decreased the time interval between 
propulsive complexes an average of 44% as compared to 
control values (range of 20-63% of control, P<.Ol), but did 
not alter complex duration. In contrast, CCK-8 (10-8 M) did 
not alter average interval or duration (n=6). However, the 
propulsive behavior of jndividual segments was altered in 
one of two ways: interval was decreased (33-6% of control, 
P<,Ol, n=3) or duration was increased (128-270% of control, 
P<.O5, n=3). At a higher dose (10 -7 M), CCK-8 perfusion 
(n=4) both decreased complex interval (n=4) and increased 
complex duration (n=3). Additionally, CCK-8 at both doses, 
but not cerulein, increased the maximum rate of fluid 
ejected per complex, but did not affect amount of fluid 
ejected. These data indicate that both cerulein and CCK-8 
can decrease complex interval but that CCK-8 can under 
certain conditions also increase complex duration as well as 
rate of fluid ejection. (Supported by NIH grant DK 32760). 

102.10 
KAPPA OPIOID AGONISTS INHXBIT GASTROINTESTINAL 
TRANSIT IN MICE. 
K, Ramabadran, M. Bansinath, H. Turndorf and 
M. M. Puig, Dept Anesthesiology, NYU Medical 
Center, 550 First Avenue, New York, NY 10016. 

The effect of selective kappa agonists, viz., 
U-69593 and W50488H as well as the (+) isomer of 
the latter, U-53455& on gastrointestinal 
propulsion was studied using charcoal meal test. 
Prior to the test meal, mice (SW 20-25 G) were 
injected i.p. with either vehicle, 3, 10 or 30 
mg/kg of the agonist alone, or along with the 
kappa antagonist, Mr 2266 (3 mg/kg). The animals 
were sacrificed 45 min after the meal to measure % 
of the total length of the intestine traversed by 
charcoal. u-69593 (ANOVA: F3,;69 = 11.2, 
p < 0.0001) as well as U-50488H (F,,,, = 5.6, 
p < 0.004) Inhibited the gut transit. When 
compared with controls, both drugs significantly 
(Newman-Keuls: p < 0.05) inhibited the transit at 
all doses. In contrast, the (+) isomer, U-53455E, 
did not modify the gut transit. Mr 2266 
completely antagonized the effects of u-69593 
(F 1.52 = 11.7, p < 0.001) as well as U-50488H 

dem&&te 
( Fl 10.5 p < 0.002). The results 

that stereospecific kappa opiate 
receptors are involved in gut inhibition. 
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102.11 

ANMGBIC AND DD OPIOID EFFECTS OF THE: PEPTIDE 
E e 15-25: FUKMER TWIDmClZ FOR DELTA SIZECMYITY. 
T.P. Bvis, T.F. Burks, T.H. s. Dept. of %axlMcology, 
allqe of Eaedicine, Univ. of Arizona, Turn, AZ 85724. 

pleptide E, a 25 a&w acid, w-selective opioid peptide 
derived f= p-in A, is m to be xkemlically 
comerted to the fragxmt 15-25 (PE15-25), which la& an 
amino ten&al Qmsine ht is a potent delta-selecrtive 
qioid &J vitro. To mluate potential endogenous activity, 
we have adminisbred PE15-25 intra~~entricularly (icv) 
to The, and measured mlgesic (mu and delta) and 
in%tinal transit inhibition (rrru only) responses. Analgesia 
was asses& by the hotplate test. Inhibition of 
gastrointestinal transit was measured by the geomtric 
center method, with radimum as a non-aborbble 
marker. PElS-25 (125 w) proltucsed potent analgesia of short 
(<20 ti) duration, which was ccrnrpletely antagonized by 
~10x0~ (2 mg/kg SC) pretrmmt. PE15-25 did not cause 
signifimt inhibition of inkstinal transit at doses up to 
125 pg iw. T?I~s results are consistent with the & vitro 
delta selectiviv of PE15-25, as delta selective agents 
given iw are analgesic but do wt inhibit intestinal 
transit. The data fwther support the role of HZlS-25 as an 
endogenous delta-selective opioid. Supported by USPN3 grants 
DK36289, MH42600, and cA44869. 

GASTROINTESTWAL MUCOSA 

103.1 

IHE S-OPIATE RECEPTllR ALTERS ELECTREENIC IQN TRWSP0RT IN 
POBLCINE DISTAL JEJWW. Francis J.. Ou’ o an Da i R 
(SPON: Scott O’Grady). Dept. of Vet. erolo,i, Ulit. if 

Brown' 

Minnesota, St. Paul, MN 55108 
Opiates are widely used in the treatment of diarrhea. 

In vitro studies in rodent and pig gut suggest that opiates 
interact with mucosal receptors to inhibit active anion 
secretion and decrease short-circuit current (Isc), a 
measure of ion transport. We evaluated the potencies of 
receptor-s elective opiate agonists 

f “j 
decrea sing Isc and the 

mechanisms by which they act. Dista ejunal WJ) mucosa I 
segments were excised from weaned pigs, stripped of smooth 
muscle and mounted in Ussing chambers. Serosal [D-Pen2,D- 
Pen5 j-enkephalin (DPEN; &-selective), [D-Ala2, N-Me-Phe4, 
Gly5-ol]-enkephalin (DAW; p-selective), and U50,488H (USO; 
E-selective) maximally decreased 8-bromo-CAMP-induced 
elevations in Isc by 26 = 8, 12 2 3 and 31 f 4 pA/cm2, 
respectively. The agonists displayed a rank order of potency 
DPEN > DAGO >> U50 (1:3:895) with DPEN qo = 1.9 nM. 
Agonist effects were reversed by naloxone.%der basal 
conditions, DPEN maximally decreased Isc by 24 f 7 d/cm2 
with ‘ED,, = 5.3 nM, Elimination of buffer Cl- or HCOI- or 
treatment with the cyclooxygenasellipoxygenase inhibitor 
ETYA (0.1 IM) reduced basal Isc responses to DPEN; atropine, 
phentolamine or hexamethonium (1 fl) had no effect. Thus, S- 
opiate receptors mediate basal transport in DJ through 
anion- and eicosanoid-dependent mechanisms. 

103.3 

COMPARATIVE EFFECTS OF ATRIAL AND ILEAL SELECTIVE 
MUSCARINIC ANTAGONISTS ON GUINEA PIG ILEAL ELECTROLYTE 
TRANSPORT AND MUSCLE CONTkCTILITY m VITRO. B.L. 
Sturm *. T.S. Gaginella. J,. Noronha-Blob* and J,F. Kachur*. 
NOVA Pharmaceutical Corp., Baltimore, MD and Dept. of 
Medicine, Ohio State Univ., Columbus, OH. 
There is increasing evidence to support the concept of 
distinct ileal and atria1 muscarinic M2-receptor subtypes 
[Br.J. Pharmac. (1987) 90, 7011. Well known 
cardfoselective (AF-DX 116, methoctramine) and ileal- 
selective muscarinic antagonists (4-DAMP, HHSiD) were used 
to investigate lnuscarinic receptor selectivity in guinea 
Pit3 ileal lnucosa. The antagonists behave dc bmpetitively 
both against carbachol-induced contractions of longitudinal 
muscle strips and against carbachol-induced Cl'secretion in 
segments of-ileal m&osa (Ussing chambers). 
Antwonkt Muscle KbAEl Mucosa Kb (nM) 
4-DAMP 2.9 + 0.6 2.7 4 0.2 
HHSiD 18.3 & 3.0 23 1 a.5 
AF-DX 116 369 k 22 844 & 145 
methoctramine 207 & 48 342 k 108 
Thus, these agents do not discriminate between muscarinic 
receptors mediating Cl-secretion and muscle contractility 
suggesting a pha&tacological similarity between the two 
muscarinfc receptors. 

103.2 

THE INFLUENCE OF CALMODULIN ANTAGONISM ON 
CALCIU&TRANSPORT IN RAT INTESTINE. J.T. Pento and G.K. 
Mousissian . College of Pharmacy, Division of Pharmacodvnamics 
and Toxicology, Uriiversity of Okkhoma, Health Sciences #Center, 
Oklahoma City, OK 73190. 

Calmodulin is a ubiquitous calcium-binding protein that mediates 
the intracellular activity of several important calcium-de 
enzymes. The calmodulin antagonists, trifluoperazine (T JF 

ndent 
) and 

chloropromazine (CPZ) were used in this study to evaluate the 
influence of calmodulin inhibition on calcium transport and uptake 
in duodenal segments of rat intestine. The everted gut-sac method 
was employed to measure calcium translocation m 
Sprague-Dawley rats. The addition of either TFP of 3 

oung male 
PZ to both 

the mucosal and serosal surfaces of the duodenal segments decrease 
calcium transport and tissue uptake in a dose related fashion over 
a concentration range of 0.1 to 1 mM. The calmodulin antagonists 
produced a greater reduction in calcium transport than in tissue 
retention. Further, TFP and CPZ produced a dose-related decrease 
in the intracellular calcium space in pieces of duodenal tissue. 
When TFP (1mM) was placed on the mucosal side alone or on both 
sides of the intestine, calcium trans art and tissue uptake were 
decreased. However, when TFP (lm il ) was placed on the serosal 
side alone there was no change in calcium transport or tissue 
uptake. The results of this study suggest that calmodulin is 
involved in the regulation of calcium translocation in duodenal 
tissue and that this process occurs within the mucosal layer of the 
intestine. 

103.4 
ADR-847 and ADR-851: NEW ANTAGONISTS OF SEROTONIN-INDUCED 
COLONIC SECRETION. T,S. Gaginella and C. Arrl~oai. Ohio 
State University College of Medicine and Adria Laboratorles, 
Columbus, OH 43210 r 

~-847[(S)-5-chloro-N-(Z-pyrrolidfnyl~thyl)-2,3-dfhydro- 
benzo[6]furan-7-carboxamide] and Its 4-amino congener ADR-851 
are novel antiemetics whose mechanism of action is incom- 
pletely under8 toad. We report that these agents are antag- 
onists of serotonin (S-HT)-induced colonic secretion. Rat 
distal colon was stripped of muscularis, mounted In an Uasing 
chamber and bathed with physiologfc buffer (pH 7.4, 37*C) 
gassed with 95% 02/5X COP. The effects on short- circuit 
current (ASCC) of serosal addltfon (l-100 p) of ADR-847 or 
AUR-851 against the approximate EC50 of 5-HT (1pM) were 
determined; antagonist& were added 15 min. before to 5-HT. 

tinge {PA/C& in SCC (Means + S.E., n-5 or more) 
with Gtagonfst (@) 

5-HT Only 1 10 - 100 
143.4+21.9 49.6+15.3* 20.2-t a.3* 1.Zi.W W-847 

ADR-851 118.4Tl7.2 71.G21.4 4i.3+1i.i* i.iTi.i* 
*p<.o5; - *P&OOf compared to 51HT. 
ADR-851 al9 had agonist activity; SCC increased by 
50,4+12pfcm at le. ADR-847 was approximately equiacttve 
with the 5-HT antagonist MDL-72222 in our system. ADR-847 
and m-851 iii re 5-HT antagonists on rat colonic mucosal 
secretion. The apparent difference in potency may be due to 
the dual agonist/antagonist activity of AD&851. 
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103.5 

EFFECT OF GOLD SALTS ON THE CANINE COLONIC MUCOSA 
- DIRECT AND INDIRECT EFFECTS. A. deBeaux*, C.M. 
Keenan*, K. Tvtaat* and P.K. Ranaachari. McMaster 
University, Hamilton, Ontario, Canada. L8N 
325 

Oral gold salts used to treat rheumatoid 
arthritis produce diarrhea in 40% of patients. The 
underlying mechanisms were studied using two 
preparations from the canine colon - a lQnucosa*l 
with intact muscularis mucosa and attendant 
submucosal plexuses and a functionally Werve 
free" epithelium. Auranofin, a lipophilic 
compound, increased short circuit current (1s~) 
across both preparations on serosal and luminal 
addition. However, serosal responses were seen at 
concentrations 100 fold lower. TTX, which 
attenuated serosal responses on the mucosa,had 
no effect either on luminal responses nor on the 
epithelium. Cl- removal reduced responses. Sodium 
aurothiosulphate, a hydrophilic compound, elicited 
responses on serosal addition alone;TTX inhibited 
these Ouabain decreased the Isc across the 
epitheiium. Thus gold salts stimulate Cl' 
secretion across the colon, a signif icant neural 
component is present and luminal permeation is 
essential. Na+ pump inhibition cannot explain the 
results obtained. (supported by MRC, Canada) 

103.7 

LONGITUDINAL VARIATION DF ELECTROGENlC D-GLUCOSE AND 
L-AtANFNE TRANSPORT IN NECTURUS SMALL INTESTINE: A MICRO- 
ELECTRODE STUDY. Thierry Chinet*, S.Randail Thomas and Tttkis 
Anaqnostopoulos% INSERM U,192,H8pitel Necker,F-75015 Paris. 

We determined the longitudinel distribution of electro- 
genie sodium-dependent D-glucose and L-alanine cotransport 
in isolated mucosa from the proximtll (n=30) and disttlL 
(r&5) Necturus small intestine. The glucose- and alanine- 
induced changes in the short-circuit current (d&> and 
apicat memb rune potential difference (OVmc> were taken as 
epitheliel and cellular indexes of transport. Varying topical 
concentsations (0.5 to 2OmM) of glucose or alanine led to 
linear tineweaver-Burk and Eadie plots both in the proximal 
and distal intestine, arguing against the presence of 
multiple transporters for either substrate. Kinetic studies 
based on AVmC showed 8 proximo-distal decrease in maximel 
effects of both substrates (Alanine: 47.9 t 1.5 vs. 24.9 +. 
6.9mV; glucose: 21.3 + 0.7 vs. 10.0 -+ 0.6mV), but no 
Hpparent proximo-distal change in Kt. (Alanine: 1.4 + 0.2 vs. 
1.4 2 1.4M; glucose: 1.3 + 0.1 vs. 1.1 rf 0.2 Wl). No 
difference was found in sodium dependence or pH sensitivity 
of these transports along the gut. These results suggest 
that in Necturus, for the range of concentration studied, 
there is only one type of D-glucose Na+ cotransporter and 
one tYPe of L-alanine Na+ cotransporter along the gut, and 
thctt their number pey absorbing cell is reduced in the 
disttll compared to the proximal intestine. 

103.9 

pH-DEPENDENT HETEROGENEITY OF GLUTAMIC ACID TRANSPORT IN 
RABBIT INTESTINAL BRUSH BORDER MEMBRANE VESICLES (BBMV), 
David D. Maenzf, Sylvie Breton* and Alfred Berteloot. 
University of Montreal, Quebec, Canada H3C 357. 

Na+-dependent carrier-mediated transport of glutamic acid 
by rabbit jejunal BBMV is known to be affected by changes in 
pH and we now report kinetic and inhibition studies aimed at 
characterizing this pH-dependence. Eadie-Hofstee plots of 
initial rates of L-glutamic and D-aspartic acids uptake at pH 
8 and D-aspartic acid uptake at pH 6 were found to be Linear 
and thus consistant with the presence of one transport sys- 
tem. However, a curvilinear plot was obtained for L-glutamic 
acid uptake at pH 6 indicative of flux through both a high 
and low affinity transport system. Amino acids known to be 
transported by the high affinity acidic amino acid carrier 
showed complete inhibition of D-aspartic acid uptake at pH 6 
and 8 and L-glutamic acid uptake at pH 8 but only partial 
inhibition of L-glutamic acid uptake at pH 6. Moreover, neu- 
tral amino acids were found to inhibit L-glutamic but not D- 
aspartic acid uptake with a maximum effect at pH 6. pH acti- 
vation curves showed an increase in the activity of the low 
affinity system with decreasing pH from 8 to 5 while the high 
affinity system showed a bell-shaped profile with maximum 
transport at pH 7.0-7.5. We conclude that systems XTG and 
Xi are present in the rabbit jejunal brush border and that 
L-glutamic acid is transported by both systems at acidic pH. 
(Supported by MRC grant MA-7607). 

103.6 
DIFFERENTIAL EFFECTS OF VERATRINE ON IONTRANSPORTIN 
INTACT AND STRIPPED MOUSE JEJUNUM. Russell J. she_lldon*. Margaret 
L Malarchik? \ PQ~ Department of 
Pharmacology, University of Arizona Health Sciences denter, Tucson, AZ 
85724 

The ion transport effects of neural stimulation were studied using 
veratrine (VER), a mixture of neuroactive plant alkaloids, to evoke 
neurotransmitter release in intact (all mucosaf, neural and muscular 
components present) and stripped (mucosa, lamina propria and muscularis 
mucosa) preparations of mouse je j unum. Short-circuit current (Isc) was 
measured as an indicator of net ion transport using standard Ussing 
chamber techniques. In the intact jejunum, VER (75 PM) and tetrodotoxin 
(TTX) (0.1 PM) produced a tonic, decrease of basal Isc (35 pA/cm2) when 
applied to the serosal medium, suggestive of a net proabsorptive and/or 
antisecretory effect with regard to sodium and chloride transport. The 
response to VER, but not to TTX, was antagonized by serosal application of 
yohimbine (YOH, 3 PM), an a2-adrenoceptor antagonist; naloxone (NLX, 2 
PM), an opioid antagonist, failed to antagonize the effect of *either of these 
agents. In stripped preparations, VER elicited a tonic increase of Isc (220 
PA/cm2 maximal increase), a response that is characteristic of an increase 
in anion secretion. In contrast, ITX was without effect. serosal 
application of YOH or NLX neither affected the response of VER, nor 
revealed a response of ITX in stripped preparations, These findings 
suggest that neurons in the mouse jejunum, intimately associated with the 
intestinal mucosa, may serve a predominant prosecretory role on mucosal 
transport processes, while neurons more distant to the mucosa, which are 
partly adrenergic, may serve to limit net intestinal secretion, via 
antisecretory and/or proabsorptive mechanisms. 

103.8 

TEMPERATURE EFFECTS ON INTESTINAL D-GLUCOSE (GLC) AND D- 
ASPARTATE (ASP) TRANSPORT AS MEASURED USING A FAST SAMPLING, 
RAPID FILTRATION APPARATUS (FSRFA), S. Breton* and A. 
Berteloot, Membrane Transport Research Group, University of 
Montreal, H3C 3J7. 

Uptake time courses of Asp and Glc have been evaluated 
under Na-gradient conditions over the temperature range 5- 
35OC using rabbit intestinal brush border membrane vesicles 
and our recently designed FSRFA, With both substrates, the 
time (TM) at which -maximum overshoot values (0~) were 
recorded--was shifted towards earlier time points with initial 
linearity corresponding to the first 10-15X of TM. 
Increased 0~ were also recorded over the whole temperature 
range for Asp but only up to 2S°C for Glc while decreasing 
thereafter, In the presence of Na+-(out > in) and Kf-(in > 
out > gradients, both TM and OM for Asp uptake followed 
the pattern observed with Na’ alone but absence of initial 
linearity was the major finding. Arrhenius plots of these 
data were linear for Asp with similar activation energies in 
the presence or absence of Kf while deviation from linearity 
above 25oC was noted with Glc. It is concluded: i) that the 
membrane lipid physical state may not affect transport acti- 
vities; ii) that X+-activation of Asp transport may not 
involve an acceleration of free carrier recycling; iii) that 
presteady states in Asp uptake may be observed under appro- 
priate conditions (supported by MRC grant MA-7607). 

103.10 

Naf-Hf EXCHANGE IN RAT COLONIC BASOLATERAL MEMBRANE (BL!) 
VESICLES. P.K. Dudeja*, E.S. Foster* and T.A. Brasitus 
(Spon: D.A. Bushinsky) Univ. of Chicago Hospitals and 
Clinics and Michael Reese Hosp. and Med. Ctr., Pritzker 
School of Med., Univ. of Chicago, Chicago, IL 60631 

An acridine orange fluorescence technique and Na 
uptake studies were used to demonstrate the presence of a 
neutral Naf-H+ exchange process in rat colonic BLM. An 
outwardly directed Na radient stimulated H+ influx and 
an inwa 
Uphill 54 

ly directed Na 9 
gradient stimulated H+ efflux. 

Na uptake was induced by an outwardly directed H+ 
gradient exhibiting an “overshoot phenomenon.” Under Na+ 
efflux conditions an acidification of intravesicular spa e 
occurred : 1) due to electroneutral exchange of Na+ for H $ 

2) due to electrical coupling of Naf and H+ fluxes. The 
; 

former accounted for more than 75X of hP” total proton 
influx. Na+ stimulated Hf efflux and Na uptake 
exhibited saturation kinetics with an apparent Km for Na+ 
of approx. 6.50 mM. 
inhi 

Amiloride (1 mM$ significantly 
ted (60-80X) Na+ stimulated H efflux and influx, 

and 33. Na uptake. Inwardly directly Li+ and NH + gradients 
also stimulated H+ efflux with an apparent Km 4 or Li+ of 

Conclusion: An electroneutral car rier 
exchange process is preqent in co1 onfc BLM 

and may be an important mechanism of Na’ transport: across 
contraluminal membrane of colonocytes. 
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103.11 

CAMP REGUtATION OF Cl- SECRETION IN PORCINE GALLBLADDER. 
K.R. Hildebrand*, P.J. Walters*, D.R. Brown, and S.M. 
O'Gradv. Univ of Minnesota. Vet Biol. St Paul. MN 55108 

The neural regulation of ion transport in rhammalian 
gallbladder is not well understood. We examined the actions 
of two cholecystic neurotransmitters, norepinephrine(NE) 
and vasoact,ive intestinal peptide(VIP) on ion transport 
in porcine gallbladder mucosa in vitro. Gallbladder stripped -- 
of seroserl musculature was mounted in Ussing chambers 
and bathed in a Ringer-WC0 
a serosa positive transepi helial 2 

solution. The mucosa generates 
potential of 4~7 mV 

and a short circuit current(Isc) of 90-AZ0 PA/cm . Serosal 
VIP increases Isc and stimulates net Cl secretion. Serosal 
NE causes net NaCl absorption and nullifies Isc. The selective 
adrenergic antagonists, yohfmbine (a,), but not prazosia 
(a > 

4 
inhibits NE action. The effects of VIP and NE are 

un ltered by tetrodotoxfn. B-Br-CAMP mimics the effects 
of VIP and prevents the Isc inhibition by NE. To assess 
the involvement of CAMP as a second messenger of VIP-induced 
Cl- secretion, CAMP levels were measured in control epithelia, 
VIP-exposed, and VIP/NE-exposed tissue. Cyclic AMP levels 
of VIP-exposed epithelia is 2,5-fold higher than controls 
whereas the VIP/NE-exposed epithelia does not differ signiff- 
cantly from controls. These results suggest (i) VIP and 
NE affect epithelial transport directly, (ii) CAMP acts 
as a second messenger of VIP stimulation, (iii) NE inhibits 
VIP-induced secretion by decreasing CAMP levels. 

103.13 

DEVELOPMENTAL BIOLOGY OF INTESTItW OXIDANT PRODUCTION AND 
PROTECTION, Karen 0, Crissinger", Matthew B. Grisham, and 
0. Neil Granter. LSU Medical Center. Shreveport, LA 71130 

The pathogenesis of neonatal necrotizing enterocolitis 
is unknown, but a possible rule for reactive oxygen 
metabolites has been postulated. We evaluated whether 
developmental differences exist in the activities of (1) 
free radical-generating enzymes (xanthine dehydrogenase/ 
xanthine oxidase (XD/XO) and myeloperoxidase (MPO)), (2) 
free radical-scavenging enzymes (superoxide dismutase {SOD), 
catalase (CAT), and glutathione peroxidase (GSH Px)), and 
(3) endogenous antioxidants (glutathione (GSH)) in the 
intestinal mucosa. RESULTS indicate that in the ileum and 
colon of 1 day, 3 dameweek, and 1 month old piglets, no 
XD/XO activity exists, although this enzyme is present in 
adult pigs. MPO activity is significantly lower in one day 
than in one month old piglets. SOD activity is significantly 
higher, CAT no different, and GSH Px and GSH significantly 
lower in ileum and colon of one day vs one month old animals. 
CONCLUSIONS: Based on the lack of free radical-generating 
enzyme activity, the intestine of one day old piglets 
appears to be less susceptible to mucosa’l damage by 
generation of reactive oxygen metabolites than that of one 
month old animals. (Supported by DK33594 and DK08056). 

103.15 

INFLUENCE OF VlLLOUS MOVEMENT ON UNSTIRRED WATER LAYERS 
l .  (USWL) IN CANINE INTESTINE. D. 

grid D.N GrwUniv. Houston, l-fouston, TX 77004 and Univ. S. 
Alab. Med. Schl., Mobile, Al 36688. 

The movements of villi in canine jejunum and ileum were obsenred 
videomicroscopicalty and compared to the transport of labelled W20 
or fatty acids measured simultaneously in vivo in a perfusion 
chamber. The aim was to determine if increased viltous movement 
increased the stirriw of the USWL as reflected by increased mucosal 
to serosal absorptive fluxes. Net and absorptive Ii20 fluxes were 
significantly correlated with increased perfusion rate in jejunal 
segments with no change in villous contraction rate. There was no 
correlation between perfusion rate and lauric acid absorption. Volume 
expansion with saline increased villous motfflty but decreased lauric 
acid absorption onfy at lower perfusion rates. Villous motility was 
greater in the jejunum than in the ileum . Butyric acid absorption was 
correlated with perfusion rate in the jejunum but not in the ileum but 
there was only one perfusion rate at which the difference between 
jejunal and ileal absorption was significantly different. It was 
conctuded that villous motility does not stir the USWL. Supported by 
NIM AM32139, AM33594 and NRSA AM 07792. 

103.12 

F-MET-LEW-PHE-INDUCED CHANGES IN INTESTINAL MUCOSAL 
PERMEABILITY IN VW0 ARE NOT CAUSED BY NEUTROPHIL- 
MIGRATION* ACROSS THE MUWSA. 

l C. van R tter . D.N. G ante r. LSU Medical Center, Shreveport, LA 71130. 
The chembtactic peptida FMLP increases permeability in epithelial cell cultures 
by inducing neutrophil-migration across the epithelial monolayer. Lumenal 
perfusion of the terminal ileum of rats with FMLP also increases mucosal 
permeability, an effect that is largely prevented by neutrophil depletion. In this 
study we addressed the question of whether the FMLP-induced changes in 
mucosal permeability in rats are caused by migration of neutrophils across the 
epithelial barrier. Myeloperoxidase (MPO) activity was used as a marker to 
assess the number of neutrophils present in the perfusate. Despite a fourfold 
increase in mucosal permeability, two hours of FMLP-perfusion did not 
increase the levels of MPO in the intestinal lumen. To exclude the possibility 
that transmigrated neutrophils were trapped underneath the adherent mucus 
layer, we added the mucolytic agent, N-acetyl-cysteine (IOmM), to the 
perfusate. Mucolysis also failed to increase lumenal MPO. Our data suggest that 
FMLP-induced increases in mucosal permeability in the terminal ileum of the 
rat are not caused by migration of neutrophils across the epithelium. Tissue 
damage mediated by neutrophil-derived toxins is a more likely mechanism to 
explain the effect of FMLP on mucosal permeability. Preliminary data indicate 
that neutrophil derived oxidants, i.e., superoxide, hydrogen peroxide and 
hydroxyl radicals, are important in this respect, Supported by DK 33594. 

103.14 

Polyamine-dependent growth and transport in a duodenal 
crypt cell line. D-D, Gintv. D.L. Osbowne & E-R, Seidel 
Dept. of Physiof., East Carolina Univ. Greenville, NC 27858. 

The IEC-6 cell is a normal, undifferentiated duodenal 
crypt epithelial cell line derived from the fetal rat, 
Cells were grown in DMEM containing 5% fetal calf serum. Re- 
verse phase HPLC analysis revealed that serum contains 
(uM) 28.4 + 4.9 putrescine, 77.4 5 12.5 spermidine and 
136.78 1 23.8 spermine. Analysis of serum after 48 h of 
dialysis showed all polyamines to be completely removed by 
this procedure, thus dialyzed serum was used in all 
subsequent experiments. Addition of 5 mM difluoromethylorn- 
ithine, a specific inhibitor of polyamine biosynthesis, com- 
pletely inhibited growth of IEC-6 cells. This effect was 
reversed by addition of 10 uM putrescine to the media 
demonstrating the absolute requirement for polyamines during 
IEC-6 cell proliferation. To determine whether these cells 
could transport polya 
solution containing ( !Pt 

Ones, cells were incubated in Tyrode's 
Cjputrescine. Michaelis-Menton 

analysis of transport data indicated a K, of 1.3 uM and a 
v of 5,2 nmoles putrescine/mg prot.-hr. 
b%trs of polyamine 

Specific inhi- 
transport such as MGBG, and other 

polyamines blocked putrescine transport by approximately 95%. 
These data demonstrate that addition of putrescine to 
polyamine-deficient cells will support normal growth through 
a specific membrane polyamine transport system. 
This work supported by AGA and Sigma Xi. 
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104.1 
BICARBONATE PERMEABILITY AND pH DEPENDEYCE OF THE OUTYARDLY- 
RECTIFY NC 

I ANION CHANNEL. 
Riordan and J.W. Hanrahanl ?kpt?"","f""~l T.J. Jensen ' W McGill University, 
McIntvre Bids., 36mohd St., Montreal, P'.'Q., H3G lY6 Canada, 
and 2' Hosp. for Sick Children and- Univ. of 'Torokb, Toronto, Ont.; 
MSG 1X8 Canada 

Epithelial bicarbonate transport is reduced in cystic fibrosis 
(CF) but the HC03 pathway and its lesion have not been identified. 

z;a;;e;died ,HC03 p ermeation through the outwardly-rectifying cl 
which IS abnormally regulated in CF, 

it could also provide a route for HC03. 
to determine whether 

Inside-out membrane patches 

experiments were carried out wl 
from cultured sweat duct and TM ce',e,w;;;,,u=,edq. ;ntrot pH 

solutions. 
CO ,HC03 free 

Lowering cytoplasmic pH (pHi) stepwise to 6. increased 
channel conductance by -221, induced flickering, and eventually 
caused reversible deactivation; elevating pHm to 9.7 reduced 
conductance by -10%. Extracellular pH had qua itatively similar 1, 
effects on conductance but did not alter gating. Bicarbonate 
permeation was studied from both ends of the channel under biionic 
conditions. Substituting HCO 
reversal potential to shift + .2 mV, consistent with a HCO :Cl a 

for extracellular Cl caused the 

permeability ratio of 0.70. However, comparison of HC03 an d C1 
currents at positive membrane potentials suggested a permeability 
ratio of 1.28 for anion influx: i.e. external HC03 appears less 
permeant than Cl according to reversal potentials but more permeant 
according to conductances. This disc-panty was not detectable from 
the cytoplasmic side: Replacing intracellular Cl by HC03 shifted the 
reversal potential to -13.4 mV, consistent with a permeability ratio 
of 0.59. This value is similar to the HC03:C1 conductance ratio of 
0.53 obtained for anion efflux. Finally, when only 8-12 mM Cl was 
added to a pure HC03 solution at the cytoplasmic surface, 
conductance increased to near that measured with 150 mM Cl, and the 
reversal potential shifted toward 0 mV. We conclude that activation 
of the outwardly-rectifying Cl channel could increase epithelial 
bicarbonate conductance and transiently lower cell pH. Defective 
modulation of this channel might partially account for reduced HC03 
transport in CF. Support: U.S. and Canadian CF Foundation. 

104.3 

PENETRATION OF CYANIDE INTO NEURONAL CELLS THROUGH CHLORIDE 
CHANNELS. J.L. 3orowitz, A. Rathinavelu and G.E. Isom. 
Dept. of Pharmacology & Toxicology, School of Pharmacy & 
Pharmacal Sci., Purdue University, W. Lafayette, IN 47907. 

The possibility that cyanide anion may penetrate into 
neuronal cells by chloride channels was examined in rat 
pheochromocytoma (PC12) cells, a cultured neuronal model. 
Cells (0.5 to 5 x 106/ml) were exposed to 14C labeled KCN 
(0.1 mM) for 1 hr at 37'C with or wfthout agents known to 
Influence chloride flux into cells. DIDS (4,4' 
diisothiocyano-2,2' -stilbene disulfonic acid) (0.1 to 0.8 
mM), a specific irreversible inhibitor of anion transport, 
decreased the 14 CN content of PC12 cells in a dose related 
manner to a peak of 50% of control. By contrast GABA (0.01 
to 1 mM) enhanced cyanide accumulation in PC12 cells by a 
maximum of 40%. The cyanide antidote sodium thiosulfate (l- 
4 mM) inhibited cyanide penetration into PC12 cells by a 
maximum of 20 percent whereas 4 mM sodium sulfate had no 
effect. Thus a substantial part of cyanide entry into PC12 
cells occurs by way of chloride channels, and both DIDS 
sensitive and GABA activated chloride channels appear to 
allow penetration of cyanide into these cells. Blockade of 
cyanide influx into neuronal cells through chloride channels 
may be an effective means of treating cyanide intoxication, 
(Supported by PHS grants 5323so7039, ES04140 and 
5075505586). 

104.5 

STRETCH-ACTIVATED ION CHANNELS IN ISOLATED HEHANORECEPTOR 
CmLS FRO?! THE COCKROACH. Andrew S. French and Lisa L. 
Stockbridge*. Department of Physiology. University of 
Alberta, Edmnton, Alberta. Canada T6G 2H7 

The second antenna1 se-t (pedicel) of the cockroach. 
contains several mechanosensory structures s including the 
connective chordotmal organ and Johnston’s Organ. These 
tm, structures each contain mre than 100 mechanosenso~y 
neurans . Ye have developed a procedure for isolating 
single mecbanosmsory cells from this preparation. 
Dissected pedicels w%=e digested with papain at 37oC for 
15 min., foll& by mild centrifugation to separate 
single cells from undigested tissue. This procedure was 
repeated several tiaras and the separated cells plated onto 
tissue-culture dishes and maintained in insect medium at 
29% I Bipolar neurms cJlere obtained thFou@mut the 
digestion with cell body diameters in tm> clear &roups of 
-30 @I and -10 @I. The larger size agrees well with 
published descriptions of connective chordotonal organ 
neurons, while the smaller cells may originate from 
Johnston% organ. Single channel recordings using the 
excised inside-out patch-clamp technique have sbom 
stretch-activated ion channels of several sizes. including 
a channel of approximately 100 pS permeant to potassim 
and sodimiam. 

Supported by the Canadian Medical Research Council and 
the Alberta Heritage Foundation for Medical Research. 

104.2 
IMHYILY RECTIFYING K” m-r IN R&T ffiTEWTS. 
Stepb M. Simsj and S. Jeffrey Dixon. Dept, of Physiology 
and Divisim of Qral Biolqy, Miv. of &stem Clntario, 
Lmdm, btario, Canada. M 5C1 

WJhol=~ll patcklamp r=ording mthods ore us& to 
study membrane currents af -t-lasts, ti7e mu1tinucleated 
cells responsible for he resorption. Freshly isol&& 
fram langbes of newborn rats, Et-lasts rangd in site 
fram 40 to 70 w in diater, and had total call rapacitme 
of 26 to 165 p4= (m B * 34 pF, SID n=31). Lhder voltage 
clamp, hyperpolarizing romman ds from -70 mV inducd inward 
currents while depolarization elicited only linear leakage 
currm ts. Curmt-voltage (I-V) curves sm inward 
rstificatim. Raising external K+ cmcmtratim to 140 M 
shift& tb I-V curve mitive almq tk voltigc; axis, 
consistent with tM whole-cell currmts king carried by K+ 
ims. Both cesium and barium, applied extracellularly, 
blmked the inward r=tificatim. W cmclude that tM 
dominant current exhibited by rat -t-lasts is an inwardly 
ratifying K+ curmt, rmbling th& m in several otbr 
cell tym, including macrophages, c=ardiac and skeletal 
muscle and tunicate qgs* In currmt clamp configuration, 
cells bd two stable mbrane patmtials, -7Ql mV and -20 mV. 
Transition br;tm tm tm levels could b inducti by 
inj-tim of current, but also occurrti spontanmsly. This 
is tk first description of imir currwrts and "excitable" 
bhavicwr in Et-lasts. (apported by mX: Canada.) 

104.4 

CHLORIDE WANNEtS IN THE APICAL -RANE OF HWAN NASAL 
EPITiBLIAL CmLS. M. Duszyk’, A.S. French and S.F.P. Han. 
DepartmeWs of Physiology and Hedicine, University of 
Alberta, -ton, Albert& Canada T6G 2H7 

The single channel patch-clamp technique was used to 
characterize chloride channels in apical mmbranes of 
hm nasal epithelial cells araintained in prbaFy 
culture. Seals k#l”e obtained on isolated cells or on cells 
at the edges of confluent sheets. Single channels yere 
studied in the cell-attached and excisml inside-out 
conf iguratims. At least 4 different sized chloride 
channels were seen, with the mst corrmon channel having a 
conductance of M-23 pS at physiological chloride 
concentrations. This channel was seen in -6% of total 
patches (n=3t6). It did not rectify in symmetric chloride 
solutions. The dependence of channel cmductance on 
chloride concentration was corapared with the predictions 
of tm, models of channel permeation. The effects of 
isoproterenol W and other CA?@ mediated agonists, on 
channel activity was studied. 1sqmoteren01 changed the 
kinetics and permeation characteristics of chloride 
channels, increasing their probability of opening and 
inducing rectification in symetric chloride solutions. 

Supported by the Canadian Medical Research Comcil and 
the Alberta Heritage Foundation for Hedical Research. 

104.6 
DIMETHTYL SULFOXIDE POTENTIATES ELECTROPHYSIOLOGICAL 
RESPONSE KINETICS OF BALANUS PHOTORECEPTORS. H. Mack Brown, 
Dept. Physiol., Univ. of Utah, Salt Lake City, Utah 84108 

Increased stimulus strength increases receptor potential 
amplitude and decreases stimulus-response latency in recep- 
tors of many modalities. DMSO added to the saline bath of 
isolated Balanus eburneus photoreceptors exerts similar 
effects. A 1% (v/v) solution of DMSO a) increased receptor 
potential amplitude 40-50% and b) shortened time to peak and 
latency 20-25%. The light sensitive membrane current of 
voltage clamped cells was increased systematically as DMSO 
concentration was increased from 1% to 10%. This potentia- 
tion of light-induced current in large part accounts for the 
increase in receptor potential amplitude; a smaller contri- 
bution is made by a decreased dark conductance. The null 
potential of the light-sensitive current was unaffected by 
DMSO with short pulses of light, whereas sustained illumina- 
tion shifted the null potential in the negative direction by 
15 mV. This indicates that DMSO has no direct effect on ion 
selectivity of the light sensitive channel, but that DMSO 
increases conductance of the light-sensitive channel so 
effectively that the driving force for the ions involved is 
run-down during sustained illumination. Due to the simi- 
lari ty of the effects between DMSO and increased light 
intensity, it is suggested that DMSO acts by potentiating a 
critical catalytic stage in the phototransduction process. 
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104.7 

APPARENT DITHIOERYTHRITOL INHIBITION OF Rb+ FLUX 
IN SARCOPLASMIC RETICULUM VESICLES: DUE TO 
INCREASED MEMBRANE LEAKINESS? L, Gailis and A.J. 
Williams*, Cardiothoracic Inst., London, U.K. 

The uptake of ssRb+ was measured In rabbit 
skeletal muscle sarcoplasmic reticulum (SR) 
vesicles loaded with 100 mM Rb glutamate (glu) and 
preincubated for 10 min with dithioerythritol 
(DTE). Rb+ uptake was expressed as % of total a sRb 
in the medium. At 37"C, ssRb+ uptake peaked at 20 

min and then declined linearly by 26% over 40 min. 
DTE (7 mM) decreased the initial 10 min 8 6Rb+ 
uptake from 0.19+0.01% (~4) to 0,08+0.01X 
(p<O.OOl)* At 60 min, the vesicle @aRb+ content 
declined to 0.005~0.006%, compared to 0.168+0,010% 
for the controls (pcO.001). A similar effect was 
seen with 2 nM DTE. In control vesicles loaded 
with glvs H, glu-'H loss was only seen during the 
first 20 min of incubation. DTE accentuated the 
early decline, but did not cause a continued loss; 
after 60 min, glu-SH content of the treated 
vesicles was still 52% of control (pt0.02). The 
results show that under our conditions, DTE 
renders SR vesicles more permeable to glu and Rb+; 
however, the loss of glu may not entirely account 
for the Rb+ loss. (Supported by the Schering 
Travelling Fellowship and Nuffield Foundation). 

104.9 
THE IN VITRO INSERTION OF MONOAMINE OXIDASE 3 INTO MITOCHON- 
DRIAL OUTER MEMBRANES.* 
Z. Zhuang, M, Hogan and R, McCauley,* Department of 
Pharmacology, Wayne State University, Detroit, MI 48201 
Bovine MAO B has been synthesized in vitro using a 
reticulocyte lysate translation system directed by bovine 
liver poly A+ RNA, The newly synthesized enzyme apparently 
lacks a cleavable N-terminal extension, but MAO B is readily 
incorporated into mitochondria or isolated mitochondrial outer 
membranes prepared from rat liver. ATP is not required for 
the binding of the newly synthesized enzyme to the outer 
membranes, but it is necessary for the insertion of NAO B into 
these membrane vesicles. The ATP ie not required to generate 
a mitochondrial membrane potential as assembly occurs under 
conditions that preclude either the formation or the 
maintainance of the potential. MAO B will bind to but not 
become incorporated into outer membrane vesicles which have 
been treated with trypsin suggesting that the insertion of MAO 
3 also depends on protein factors present on the outer 
membranes. This work was supported by the American Heart 
Association of Michigan and the Wayne State Center for 
Molecular Biology. 

ALTITUDE 

104.8 
MONENSIN-INDUCED CATION MOVEMENTS IN BOVINE 
ERYTHROCYTES. Earl Dixon. Department of 
Physiology, Sch. Vet. Med., Tuskegee University, 
Tuskegee Institute, AL 36088 

Monensin is an ionophore that increases cation 
movements across the cell membrane. The objectives 
of these experiments were to determine the ability 
of this ionophore to stimulate sodium and 
potassium movements across bovine erythrocyte 
membranes and study the effects of anion channel 
inhibitors in altering the action of this 
compound. Erythrocytes were isolated from cattle 
ranging in age from 2 weeks to 10 years. 
Erythrocyte ion content analysis revealed that all 
of the animals used in this study were low 
potassium(LK). The cells were washed, incubated 
in synthetic media and exposed to the ionophore 
for various time periods. It was found that 
monensin facilitated the movement of sodium and 
potassium down their respective concentration 
gradients. Blockade of the anion channel with 
DIDS or substitution of chloride with gluconate, 
acetate or sulfate reduced the cation stimulation 
by monensin. These studies suggest that monensin 
can be used to change the internal cation and 
water content of cells and the action of the 
ionophore may be modified by manipulation of the 
anion channel. 

305.1 

CHRONIC CO INHALATION DOES NOT AFFECT CAROTID BODY 
CATECHOLAMINE CONTENT IN THE RAT. 0. Penney, S. 
Lahf ri l K. Albertine. and A. Mokashi*. Univ. of 

penna.; Sch. of M d Phil's PA 19TO4-6085 and 
the Wayne State Unit " Detroii' MI 48201 

The hypothesis *'that erythropoietld stimulus 
would stimulate carotid body cellular metabolism, 
structure and function was tested. As a part of 
the study the effects of chronic CO (0.05%-0.07% in 
air) inhalation for 22 days on catecholamine 
contents of carotid body (CB) along with blood 
hematocrits were measured in the rats. The control 
rats breathed room air. Rats were anesthetized, 
tail -blood was sampled for hematocrit and CB was 
collected in cold O.lM perchloric acid for the 
measurement of dopamjne (DA) norepinephrine (NE) 
epfnephrine (E) and protein. The hematocrit 
fncreased from 48% to 75% but DA, NE and E in CB 
did not change significantly. Since a simSlar 
hemotocrit increase due to chronic hypoxia 
strWngly increases catecholamine contents of CB 
we conclude that CO did not significantly lower CB 
tissue PO2 for the chemosensory stimulation and 
for enhanced catecholamine metabolism. [Supported 
in part by grant HL-19737). 

105.2 
CHRONIC CARBON iMONOXIDE (CO) INHALATION 
STIMULATJ5S ERYTHROPOIESIS BUT NOT CAROTID BODY (CB) 
GROWTH. A.K. Sherpa? KM, Albertine. D.G. Penney. B, . 

om AndS,Lah * iri. University of Pennsylvania and Jefferson 
Medical College, Phila, PA, and Wayne State University, Detroit, MI. 

The hypothesis that CB structure is altered by the stimulus which 
enhances erythropoiesis unless a special local feature distinguishes the 
CB from erythqoietic tissues was tested by using chronic CO inhalation 
(0.050.07% in room air for 21 days) in young male rats. Age-matched 
control rats were maintained in room air. Venous blood was sampled for 
hematocrit and the CBS were fixed in situ. Calibrated electron 
micrographs were used to determine changes in Type I and Type II cell 
volume density (Vv), numerical density (NV), and average cell volume . m 
171 W minds steredcmc methods~ TIE : 1 
Group Twe I Cell 

nl Vv NV IceI&,!!> 
Control OS3 12.9xlO~ 424 0*03 3.3x108 90 

(5) kOo.08 f 2.3~108 & 121 t 0.01 t 0.8~108 &221 
co 0.54 12.5x108 441 0.04 2.8x1@ 146 
0+0.03+2,2x1o9~__24~0.01~1.3x1o8+59 
Chronic CO inhalation stimulated ervthronoiesis (hematocrit=4& for 
control and 72% for CO) whereas dB gkwth wis not stimulated (no 
change in Vv, NV, or v). We conclude that the moderate 
carboxyhemoglobinemia did not compromise tissue P@ and hence did 
not stimulate CB growth. This conclusion is consistent with the fact that 
acute carboxyhemoglobinemia does not stimulate CB chemorzceptors 
(J.A.P. 50580, 1981). [Supported by grants HL 07027 and HL 197371 
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105.3 

0 DEPENDENCE OF CYTOCHROME C OXIDATION IN HEPATOCYTES 
ISOLATED FROM HYPOXIC RATS. A, H. Sillau, T. Y. Aw and D. 
P. Jones, Dept. of Physiology, Univ. Puerto Rico, San Juan, 
PR 00936 and Dept. of Biochem,, Emory University, Atlanta, 
GA 30322. 

The 0 concentration needed to oxidize cytochrome c by 
50% (PSO) 3s 6-7 PM in freshly isolated hepatocytes and-only 
0.6 PM in isolated mitochondria. It has been postulated 
that this difference is due to the resistance of the cytosol 
to the diffusion of 0 
mitochondria in clust rs (Jones, A.J.P. % 

and to the uneven distribution of 
247:C83, 1984), The 

clustering of mitochondria increases their effective radius 
and their 0 dependence. To explore the possibility that 
exposure to2chronic hypoxia changes the 0 

2 
dependence of 

mitochondrial function in cells we have s udied the oxida- 
tion of cytochrome 2 in isolated hepatocytes, digitonin- 
permeabilized hepatocytes and isolated mitochondria from 
livers of normoxic (N) (PI02-140 torr) and hypoxic (H) rats 
(PICz-80 torr for 8-9 days). PSO was smaller in hepatocytes 
isolated from H rats (5.8 + 0.3 vs 7.2 + 0.2 m) and in 
digitonin permeabilized hepatocytes (2.9 + 0.1 vs 3.9 + 0.3 
PM). However, PSO of isolated mftochondria was not changed 
by hypoxia. Using the model of Boag (Curr. Top. Radiat. 
Res. 2:141, 1969) the calculated effective mitochondrial 
radius of the digitonin permeabilized cells was 20% smaller 
in the H than in the N rats. These results indicate that 
chronic hypoxia results in a decrease in the 0 
of mitochondrial function and that this could ii 

dependence 
e due in part 

to a redistribution of the mitochondria. Supported by NIH 
grants GM 36538 and GM 11900. 

105.5 

COMPENSATION OF HYPOCAPNIC ALKALOSIS INDUCED AFTER ACCLIMATION 
TO SIMULATED ALTITUDE IN RATS. Norberto C. Gonzalez, Richard 
L. Clancy and Thomas Albrecht*. Department of Physiology, 
University of Kansas Medical Center, Kansas City, KS 66103 

We have observed that rats acclimated to simulated altitude 
for 3 weeks (3WHA, PB 370-380 torr) regulate plasma pH better 
than normoxic rats (Nx) when made hypercapnic. The objective 
of these experiments was to study the opposite end of the 
spectrum, hypocapnic alkalosia. Alkalosis was induced in con- 
scious 3WHA and Nx by.lowering FIO from 0.10 to 0,075 (3WHA) 
and from 0.209 to 0.10 (Nx) for %. Control plasma pH was 
7.47-10.004 and 7.4620.005 in 3WHA and Nx, respectively (NS). 
At 15 min of decreased FI02 plasma pH had increased by 
O.O96+O.OO4 in 3WHA and by O.t46+O.OOg in Nx (pcO.01). As 
hypocapnia was maintained, non-respiratory compensation was 
more evident in Nx than in 3WHA: the ratio plasma dHCO*/dpH 
(mmol/pH x L) increased, in the Nx group, from 15.2k2.5 it 15 

min, to 37.653.6 at 180 min of hypocapnia (pcO.01) while it did 
not change significantly in 3WHA. In a separate group, hypo- 
capnia resulted in an increase in the net renal excretion of 
base that was 2.5 times larger in Nx than in 3WHA. This 
difference was due in part to a larger increase in the excre- 
tion of HCO; by Nx. These results show that correction of 
respiratory alkalosis is less complete in rats acclimated to 
altitude, and suggest that a less effective renal compensation 
may be one of the mechanisms. Supported by NIH grant HL39443. 

105.7 

MuxLEPIBER SIZE IN LOWLAND RWCDENTS BEPORE ANDAFTER 
ALTITUDE ACCLIMATIZATION. A.J. Young, P.D. Neufer, P.L. 
Besslink and J,T, Beeves. US k Research Institute of 
Environmental Medicine, N&tick, MA mg1780 and University of 
Colorado Health Science Center, Denver, CO 80262 

A reduction in muscle fiber area was previously observed 
in subjects participating in a 40 day hypobaric exposure 
which simulated the ascent of Yt, Everest. A decreased fiber 
area might be beneficial at high altitude (EM) since 
diffusion distance for 02 would be shortened. However, it is 
unknown whether or not acclimatization to moderate altitudes 
would produce this adaptation. In the present study, resting 
va&tus lateralis samples were obtained from 10 lowland 
natives, once at sea level (SL) and again on day m> of 
continuous residence at 4WO m. Type I and II muscle fibers 
were differentiated and fiber cross-sectional areas were 
determined, Type II fiber Breas were larger than Type I 
(P<O.Ol), Type I fiber areas (k*SB) were the s&me (P=O.20) 
at SL (4395 +383 &) as on day 20 at HA (4949 *ti46 urn*). 
There were no differences in area of vpa II fibers at SL 
(4828 a328 um*) compared to HA (6138 a697 um*)* Maximum 02 
uptake (PO2 

i! ) 
was 27 *3X lower (P(O.01) at HA than SL, but 

no relations 5 was observed between the decrement in 402 
at HA and the percent fiber type distribution or fiber ar:E 
Thus, acclinatisation to moderate altitude does not result in 
reduced muscle fiber area as observed during sojourn to 
extreme altitude. 

105.4 

ALTERED PULMONARY VASCULAR REACTIVITY IN CHRONICALLY HYPOXIC 
RATS EXPOSED TO 10,000 FT AT 2 OR 30 DAYS OF AGE. A. Tucker, 

I). &&yam. and W.L. Wilke*. Cola. State Univ., Ft Collins, 

Studies of pulmonary vascular reactivity (PVR) have 
demonstrated reduced responses to acute hvrroxia and enhanced 

(0.05 to 0.46 ug), and*PGF2, $!O ugr: ZOK m0 rats exhibited 
more polycythemia and muc greater right ventricular 
hvnertronhv than did the YNG rats at all ap;es. Baseline 
+mona* Jartery pressure was elevated in thz 10K NE0 rats 
compared to controls, but not in the YNG rats. Pulmonar 

R 
i;sya;sresponses to acute hypoxia increased with a e 

but were much greater at 30 days in 10K 
and then'decreased with age. 

Fb 
in 5 z 

EO rats 
No signiffcant changes in the 

hmoxic pressor responses were seen in the SK or 10K YNG 
r'ats. Oulmona 
increased in al !7 

p+essor responses to AII and PGF2a were 
10K rats, but the responses were markedly 

increased in the NE0 rats at all three azes. Thus+. exnosure 

:o,n:,"icOuOIOarfthyipner~~~~~y 
rats induces -pal c the&a *right 

and enhanced $& and these 
responsas are more marked the youn er the a L at initial 
exposure to altitude. (Supported by BPA #R-812843010) 

105.6 

ALVEOLAR AND MIXED VENOUS OXYGEN TENSIONS DURING RAPID LOSS OF 
AtRCRAFT CABIN PRESSURE. Albert J. O? szowka and Hermann Rahn. 
Dept. Physiol. State Univ. of New York at Buffalo, Buffalo, NY 

A computer simu?ation was performed to analyze the changes 
in alveolar, arterial, and venous blood composition during sud- 
den decompression from a cabin pressure of 6500 ft. (P 
Torr) to an altitude of 34,000 ft. (Pi02 - 29 Torr). l%d;c::d’ 
changes in arterial oxygen tension at rest and exercjse are 
consistent with “time of useful consciousness” measurements 
obtained by Busby et al. (Aviat Space Environ. Med., 1976) in 
simulated decompression, In genera?, alveolar oxygen fal Is 
rapidly in parable? with changes in inspired oxygen until mixed 
venous tenslons are reached. Thereafter, changes in tension 
are slowed by reversal of the oxygen gradient between venous 
blood and the alveol i. The latter changes depend on the size 
of effective blood volume and the metabol ic rate. A similar 
reversal in the oxygen f?ux between venous blood and the alve- 
01 i has been described in breath-hold divers as a result of 
rapid expansion of the lungs during ascent (Olszowka and Rahn, 
In: Hypoxia and Co?d, Praeger Press, 1987). 
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106.1 

GtUCOSE-INDUCED INTESTINAL HYPEREMIA AND AUTOREGULATION IN 
DEVELOPING SWINE. Nancy M.Buckley and Isaac D.Frasier*, Albert 
Einstein College of Medicine, New York, NY 10461 U S ? ’ .A* 

Gavage feeding with 2% and 5% glucose (G, 10 ml/kg) was 
carried out in 28 swine aged 1 day, 1 week, 2 weeks or 1 month. 
All were fasting and anesthetized (20-30 mg pentobarbital/kg). 
Abdominal aortic and intestinal venous pressures and regional 
blood flows (intestinal, renal, femoral)were recorded, Arterial 
and venous 02 contents were determined by Lex02Con or Hemoxime- 
ter. Recordings and blood samples were taken before a feeding, 
at 15 and 30 minutes after a feeding,and at end of experiments. 
Blood flow autoregulation before and after each feeding was 
tested by one-step compression of the supraceliac abdominal 
aorta to 80-901 control pressure. Intestinal vascular resis- 
tance (R) was calculated as mean pressure difference/mean flow, 
and 02 consumption (VOz) as arteriovenous 02 difference X mean 
flow. Data were normalized to initial control values and 
grouped according to age to compare mean values by ANOVA and 
t-tests.Significant effects of G feedings were: decreased R 
and increased WO2 at all ages; widened arteriovenous 02 differ- 
ence only after 2XG in 1-day-olds; decreased femoral but 
unchanged renal blood flow at all ages; autoregulation of in- 
testinal blood flow after 5%G in 2-week-olds. Thus, G in the 
intestinal lumen can lead to redistribution of blood from hind- 
limb to small intestine in swine at birth. However, further 
maturation is required before this metabolic stimulus can in- 
duce intestinal blood flow autoregulation. {Supported by PHS 
Grant HL-21865). 

106.3 

VASOACTIVE INTESTINAL PEPTIDE(VIP)RELEASE AND MESENTERIC 
(M~s)FLOW(P)RESPONSE TO FEEDING IN THE NEWBORN, AC Yao, CV -- 

Coren*, #BJ Buckley*, M Blank*, #NA Kaplan*, #N Gootman, BM 
Jaffe, PM Gootman. SUNY, Health Science Ctr. Brooklyn, E 
11203, #The Schneider Children's Hosp., New Hyde Park, NY. 

The effects of feeding on MesF and release of VIP into 
the systemic circulation were examined to determine their 
possible relationship. Six term Yorkshire piglets 1-3 days 
old weighing 1.5-2 Kg were lightly anesthetized (halothane). 
Phasic MesF, abdominal aortic pressure (AoP), ECG were 
recorded continuously for 2 hr. After 1 hx stabilization, 
the animals were gavage fed 26 ml/kg of modified cow's 
milk. Plasma samples were taken pre-and postprandially at 
0, 15, 60 and 120 min for radioimmunoassay of VIP 
concentration. RESULTS: (Mean + S.E.) 
Change fwom Minutes Postprandial 

Control 0 15 60 120 
AMesF 12.2*+ 31.6** 28.2 13.1 l p<o.o3s 

(ml/min) +3*x +7.9 +11.7 
-6.8* 

+10.4 **p<o.011 
AVIP -6.4 - 3.0 - 2.0 VS 

@01/l 1 +2.2 +2.8 +3.0 +3.2 control 
Mes vascular -resistanFe (AoP/MezF) dscxezsed as the MesF 
increased. There 
postprandial VIP 
suggest that the 

was 
release 

a 

transient 

temporal 
and 

VIP 
increased MesF. The data 

release after feeding may 

association between 

modulate the MesF response in newborn piglets. 
Supported by NHLBI Grant HL-20864. 

106.5 

METABOLIC AND CIRCULATORY RESPONSES OF NORMOXIC SKELETAL 
MUSCLE TO WHOLE BODY HYPOXIA AND a-BLOCKADE. p.1. Bredle, . 
CmK* Chaplar. and SM. Cam U. of Ala, at Birmingham, 
Birmingham, AL 36294 and Queen's U,, Kingston, Ont, K7L 3N6 

We previously reported that global hypoxia increased 
peripheral 0, d.emand due to catecholamine calorigenesis which 
required /3,-adrenoceptors (FASEB J Z:A1311, 1988). If sympa- 
thetic vasoconstriction were also present, a-adrenoceptor 
blockade might im rove muscle blood flow in hypoxia and 
further increase s OS. Innervated hindlimbs of 6 dogs pre- 
treated with phenoxybentamine (a-block) were pump-perfused at 
constant flow with autologous blood kept normoxic by a 
membrane oxygenator. The animals were ventilated with room 
air or 9% 0, !n Na. a-block prevented the increase in 
normoxic limb VO, previously observed in unblocked dogs 
during severe hypoxia. Limb resistance increased in hypoxia 
in spit8 of a-block, demonstrating non-adrenergic vasocon- 
striction. We repeated the protocol using constant-pressure 
perfusion (n=3). Regardless of perfusion method, results 
with a-block were surprisingly similar to those with fl,- 
block. we Conclude that both a- and &receptors are 
necessary for the hypoxia-stimulated increase in muscle 0, 
demand. Since flow and resistance were similarly affected in 
all groups, adrenergic effects on muscle 0, uptake were 
mediated by microcirculatory distribution of blood flow 
and/or by Some direct action on muscle cell metabolism. 
Support: HL #26927, 6T32HL0765305 and MRC. 

106.2 
THE CRITICAL OXYGEN DELIVERY IN CANINE LIVER. FI.W. Sam&*, D. 
Cherqul,* A. Pletrabiss&* WM. Sanders,* M. Ron&la,* J.C. Emend,* and P.T. 
Schumacker. Univ. of Chicago, Chtcago, IL 60637. 
As 02 delivery (Qo2, = blood flowX arterial02 content) falls, tissues must extract 
increasing amounts of 02 from blood, in order to maintatn a normal 02 
consumption (v02). Below a critical dellvery (Qozc), increases in the 02 extraction 
ratto (arteriovenous content difference/arterial content) cannot compensate for the 
falling dellvery, and VOZ falls In a supply dependent fashion. While studies have 
identified a systemic Q02c in whole animals, the regional contrtbuttons are not fully 
understood. In the present study, we explored the limits of 02 extraction in 8 
normal, ex uiwo pump-perfused &nine Ilvers, using anesthetized supportdogsas 
a source for oxygenated blood. By lowering the blood flow, the relatlonshlp 
between VO2 and Qo2 was explorti over the entire physiologic range of Q&. 
The critlcal Q02 was 2825 (SD) ml/kg/mln; the Silvers extracted 6&7% of the 
delivered 02 prtor to reaching supply dependence, suggesting the hepatlc 02 
extra&on capacity to be similar to the rest of the body, and to other Isolated 
tissues. At high blood flows,theIivers exttrrcted approximately 10% oithelactate 
dellvered by the Mood, but the atiertovenous lactate differences were small. At 
low blo& flows, however, the livers changed from lactate consumption to 
prtiuctlon, The 02 delivery coinclding with the fall in lactate consumptbn (27t8 
ml/kg/min) dM not dtffer slgnlflcantly from the Qozc. Laser dopp4er measurements 
suggested that as Mood flow was reduced, both derecruItment of caplllarles and a 
fall in blood velocfty contributed to the drop in Mood flow. We conclude that 
lactate extraction by the her remains constant until the Qo2 has fallen to the 
crttlcat point, where 02 consumption also becomes 02 supply dependent. 
Supported by HLO1857, Hl01682, and HL32646. 

106.4 

ASSOCIATION OF BAND-3 PROTEIN WITH ANOXIA-INDUCED RELEASE OF 
ATP FROM HUMAN ERYTHROCYTES. G.R. Bergfeld* and T, Forrester. 
Department of Physiology, St. Louis University Medical Center, 
1402 S, Grand Blvd., St. Louis, MO 63104. 

ATP levels increase in plasma effluent from exercising 
muscle (Forrester, J, Physiol. 224: 611), but the source of 
this ATP is unclear. Washed human RBCs were sus 
-Henseleit solution at cell counts of~5000,mm- s 

ended in Krebs 
. ATP was 

quantified in the suspension fluid using firefly extract. At 
37’C background levels of ATP average 5 x 105molecules.cell-1 
and correspond to a 1X hemolysis as assessed by measurement of 
free hemoglobin in the suspension fluid. Incubation of RBCs 
at 40°C produced a time-dependent increase in ATP release 
which peaked after 2hrs at 2.5 x 106molecules,cell~1. When 
the RBCs were exposed to a pulse (< lmin) of anoxia, ATP 
levels also rose from background to 2.5 x 106molecules,cell-1. 
Hemoglobin levels in the suspensions did not increase in 
response to temperature or anoxia, indicating hemolysis was 
not the cause of the increase in extracellular ATP, Exposure 
of the RBCs to 5OpM niflumic acid, a band-3 anion channel 
inhibitor, abolished the increase in ATP in response to tem- 
perature and anoxia but did not affect the background level 
of ATP. It is concluded that RBCs slowly release ATP in 
response to temperature, rapidly release ATP in response to 
anoxia, and that, as indicated by niflumic acid inhibition, 
band-3 protein may be the site of ATP release from the RBC. 

106.6 

NEURAL REGULATION OF SKELETAL MUSCLE BMOD FLOW DURING 
HIYPOXIC HYPOXIA. p. Kubes*. S. M. Cain and C. K. Chapler. 
Depts. of Physiology, Queen's Univ., Kingston, Ontario, K7L 
3N6 and Univ. of Alabama at Birmingham 35294. 

The role of sympathetic innervation;in the regulation of 
hindlimb skeletal muscle blood flow (QL) was studied prior 
to and during hypoxic hypoxia UW in anesthetized, 
paralyzed and ventilated dogs (n-9). Neural activity in 
the sciatic nelfve was reversibly cold blocked while the 
animals were ventilated on room air, and again at 15, 30 
and 60 min of 9.1% 02 (P502-24+2 mmHg). Mean arterial 
blood pressure (MAP) and QL were measured continuously; 
values f?r cardiac output and whole body and limb oxygen 
uptake (VO2) were calculated. Both limb and whole body VO2 
were decreased (p<O.Ol) during HH: Cardiac output was 
increased (p<O.Ol) during HH, but QL and MAP remained pt 
prehypoxic levels. With nerve cold block prior to HH, QL 
increased to a mean peak value of 111 ml/kg/min and at 15, 
30 and 60 min of HH the peak values w$re 137, 151 and 160 
ml/kg/min, respectively, These peak QL values during HH 
were greater (~~0.05) than that observed during nerve block 
prior to HH, indicating that sympathetic tone to the 
hindlimb was increased aF this time. Further, the 
obsewation that the peak QL at 60 min was significantly 
greater than at 15 min of HH demonstrated that sympathetic 
activity progressively increased during HH, with the result 
that QL was maintained at the control level. (Supported by 
KRC of Canada and NHLBI 14693) 
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106.7 

EFFECT OF INSULIN ON FORELIMB VASCULAR RESISTANCE AND K+ 
VASODILATION IN THE NORMAL DOG. D. Eliades, B. Swindall*, 
M. Pamnani, and J?. Haddy. USUHS, 3ethesda, MD 20814-4799. 

Insulin sthulates Na K-ATPase in skeletal muscle but its 
effect in vascular smooth muscle is not known. If locally 
administered insulin stimulates vascular smooth muscle 
Na K-ATPase, we would expect local vasodilation and increased 
K+ vasodilation, We have examined these parameters in the 
forelimb of the anesthetized dog perfused at constant flow 
with arterial blood while infusing purified Porcine insulin 
(Lily) intrabrachially (IA). Infusion of insulin (0.6 mu/kg/ 
tin) for 20 mfn slightly increased the A-V Glu difference 
across the limb without changing arterial Glu concentration. 
However brachial artery perfusion pressure (PP) and K+ vaso- 
dilation (KC1 injected IA) were unchanged from control during 
and after the insulin infusion. When the Na K-ATPase was 
partially Inhibited by IA infusion of ouabain (4 pg/min), 
addition of Insulin did not reverse the inhibited K' vasodi- 
lation and PP did not change. With a lo-fold increase in 
insulin and euglycemic Glu clamp, PP was still unchanged. To 
determine if alpha-mediated vasoconstriction were masking the 
vasodilator potency of insulin, another series of animals had 
limb nerves cut and phentolamine (loo-150 Ug/min) administered 
IA, However, PP and K+ dilation were unchanged, even when 
the Na K-ATPase was partially inhibited with ouabain. Thus 
insulin does not appear to be a direct vasodilator when 
administered locatly in the forelimb of the anesthetized dog. 

106.9 

ATRIAL NATRIURETIC FACTOR (ANF) INFUSION INTO BLOOD-PERFUSED 
DOG GRACILIS MUSCLE DOES NOT PRODUCE VASODILATION. 
Richard E. Klabunde and Mary C. Helgren? Abbott Laboratories, 
Abbott Park, IL 60064. 

Precontracted blood vessels in vitro relax when exposed to 
ANF; however, blood vessels in Evohave been shown to either 
constrict or-dilate when ANFTsadministered systemically. 
This study evaluated the effects of rat ANF(5-28) infusion 
into the blood-perfused dog gracilis muscle at concentrations 
ranging from 30 to 10,000 pg/ml. The vasculature of gracilis 

muscles from anesthetized beagle dogs was isolated and 
pump-perfused at constant flow with blood utilizing an 
extracorporeal circuit. Flow rate was adjusted to glove a 
control perfusion pressure of 110 mmHg. Maximal vasodilatory 
capacity was determined by adenosine injection. ANF, in 
0.1% BSA saline solution, was infused into the arterial 
circuit to produce increasing arterial blood concentrations. 
Each infusion lasted 10 min. Systemic arterial pressure, 
central venous pressure, cardiac output and heart rate did 
not change during ANF infusion into the gracilis vasculature. 
ANF at arterial blood concentrations up to 10,000 pg/ml did 
not produce significant vasodilation although the vasculature 
showed pronounced vasodilation in response to adenosine. 
Therefore, rat ANF(5-28) at concentrations within and well 
above physiological and pharmacoloaical ranges does not 
produce vasodilation in dog skeletal muscle. 

106.11 

a oId . atta bee. G e E. a a . a d Robe t I? Spear& Louisiana 
Ea:e Unzeiitv Medical l&er. &E&or: LA 7 1 lr30. * 

Heart rate, blood pressure (MAP), and vascular resistance 
responses to phenylephrine (PE) and sodium nitroprusside (NP) were 
compared in 13 portal vein-stenosed (PS) and 11 sham-operated rats 
(So) chronically instrumented for pulsed Doppler flowmetry. Ten days 
after stenosis, MAP was lower in PS than in So (93 4 3 vs 103 & 3 mmHg; 
px.O5), and PS heart rates (HR) were higher (330 + 9 vs 301 f 8 BPM; 
p<.O2). PE pressor responses were attenuated in PS (ED50 = 12.9 + 0.6 
vs 9.5 + 0.9 ug/kg/min; p x .Ol), whereas NP depressor responses were 
not different (ED50 = 30 f 4 and 35 + 6 ug/kg/min for PS and SO, 
respectively). HR baroreflex gain with PE-induced increases in MAP 
was greater in PS rats than in So (-2.29 k 0.21 vs -1.51 f 0.10 
BPM/mmHg; p x .025), but HR gain did not differ with NP-induced 
decreases in MAP (- 1.97 f 0.32 and -2,68 f 0.3 1 BPM/mmHg for PS and SO 
grows, respectively; px,l). After ganglionic blockade, differences 
between PS and SO Dressor responses were no longer apparent (ED50 = 
7,5 + 0.7 vs 6.6 + 6.6 ug/kg/r&n for PS and SO-groups, respectively); 
NP depressor responses ilso did not differ (ED50 = 14 + 2 vs 15 + 2 
ug/kg/*min for I% and SO, respectively). ‘Basal HR OF PS remained 
greater than SO (3 18 & 12 vs 289 t 8 BPM; p < ,051. When renal artery, 
abdominal aorta, and superior mesenteric artery vascular resistance 
responses to PE and NP were compared after ganglionic block, PS and 
PO group responses did not significantly differ. These findings 
suggest that the reduced PE pressor response of conscious, 
unrestrained PS rats was due to increased HR baroreffex gain and not 
decreased resistance vessel responsiveness in renal, skeletal 
muscle, and visceral vascular beds. 

106.8 

BLOOD FLOW DISTRIBUTION WITH ADRENERGIC AND HISTAMINERGIC 
ANTAGONISTS. Carlem H. Baker. Darrell J,. Davis. E. Trdtt 
Sutton*. Dept. of Physiol. & Biophysics, Coil, of Med., 
Univ. of So. Fl., Tampa, FL 33612 

Stimulation of the superficial fibular nerve (SFNS) 
causes increased pre- and post-capillary resistances as well 
as increased capillary permeability in the dog hindpaw, 
These responses indicate possible adrenergic and histaminer- 
gic interactions. The distribution of blood flow between 
capillaries and arteriovenous anastomoses (AVA) may depend 
on the relative effects of these neural inputs, Right hind- 
paws of anesthetized heparinized dogs were vascularly and 
neurally isolated and perfused with controlled pressure. 
Blood flow d 
cove 

f3 
of Sr 85 

tribution was calculated from the venous re- 

1 
-microsp 

iI! 
res (15pm). The mean transit times 

of I -albumin and Sr -microspheres were calculated. The 
effects of adrenergic and histaminergic antagonists with and 
without SFNS were determined. Phentolamine blocked the 
entire response to SFNS. Prazosin attenuated increases in 
total and AVA resistance. Yohimbine prevented increased 
total resistance, attenuated the AVA resistance increase and 
revealed a decrease fn capillary circuit resistance. 
Pyrilamine attenuated total resistance increase while SFNS 
increased capillary and AVA resistances. Metiamide had no 
effect on blood flow distribution with SFNS, The increase 
in AVA resistance with SFNS apparently resulted from a com- 
bination of "1 and a2 receptor stimulation but not 
histaminergic effects. 

106.10 

Atrial notriuretic 
venoeonstrictian. 

peptide reverse8 angiotonsin 
R. W. tee, R. Gay snd S. Goldman. Tucson 

VAHC and U of Arizona, Tucson AZ. To determine if strial 
natriuretie peptide (ANPI can reverse anglotenein ;tnduced 
venoconetriction, ANP ~88 infured (0.3 pg/kg/min) in the 
presence of angiotenoin hypertension in 6 splgnectonized 
and ganglion blocked dogs. Angiotensin wae edfiinistered to 
increase NAP 50% above contrul. Anglotensin did not change 
HR, and LV dP/dt but increased tot81 peripheral v88aular 
rasristsnce (TPVR), and LVEDP. CO fell from 190~12 to 
167+12 nl/kg/nrin Ip<O.UlL Hean circulatory filling 
premure fHCFP1 incremeed, 6.2+0.3 to 9.9+0.3 mHg 
(p<O. 0011 and venou8 compliance (VC) deereamed, 2.1+0.1 to 
1.4~0.1 nh/mmHg/kg (p<O.OlL Unstresrsed volume did not 
change but central blood volume (CRVI fncreaeed (p<O.UOl). 
ANP infusion during angiotenein hyperteneion decreased HAP 
from 124~9 nnHg to 99tp anHg (pc0.05) but TPVR did not 
change. There were no changes in RR or tV dP/dt. ANP 
decreaeed CO further from 167~12 to 144327 nl/kg/min 
!p<O*QlL LVEDP returned to baseline with AEIP (pCO.001). 
AHP 8180 decreased HCFP from 9.9+0.3 to 6.420.3 8Mg 
(p<U. 001) and normalized VC from 1.4$.1 to 1.9~0.5 
ml/mnHg/kg (p<O.O% There ~88 no change in total blood 
voluq but CBV decreased. In eumnary AfIP cm reverse the 
arterial and venoconatriction produced by angiotensin. The 
increase in VC cause8 volume mobilization and reeulte in a 
decresse in CO and arterial premure,. 

106.12 
BACTEREMIA IN THE SHEEP: SITE OF INJECTION DICTATES SITE OF 
UPTAKE AND INJURY. u m A.E. Warner. R-M, Molina. 
J.D. Braia, Harvard School of Public Health, Boston MA 02115 

We have previously shown that inert particles injected 
into the systemic circulation of sheep are taken up by 
pulmonary intravascular macrophages (PIMs), and that similar 
uptake of endotoxin is associated with rapid development of 
inflammatory lung injury. Bacteremia may be caused by 
translocation of enteric bacteria from the gut lumen to portal 
blood. We asked whether the route of bacterial injection in 
sheep would determine the sfte of uptake and of consequent 
tissue injury. We injected live Fsuedoma mnosq (3~10~ 
cfu/kg) into a mesenteric vein or into the jugular vein of 
sheep (n4/group). Clearance from the blood was rapid in both 
groups (T1,~11.0 min). Quantitative cultures of organ 
homogenates showed predominantly hepatic uptake after portal 
injection (95.6 f 1.7% recovered dose) and pulmonary uptake 
after jugular injection (93.2 & 2.4%). Electron microscopy 
localized bacteria to phagosomes of Kupffer cells in the liver 
and PIMs in the lungs. Site of uptake at one hour correlated 
well with morphologic evidence of early tissue injury. After 
jugular injection, lung capillaries were congested with 
neutrophils, red cells, platelets, and fibrin, and similar, 
though less severe, inflammatory changes were seen in liver 
after portal bacteremia. We thus can target lung or liver 
macrophages in sheep by route of injection of bacteria, and 
localization within either organ initiates inflammation and 
local injury. (Supported by ML01670 and HLO7118). 
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INCREASED SUSCEPTIBILITY TO g. COLI ENDOTOXIN SHOCK IN 
CHRONIC ANEMSC PIGLETS. John C. Lx Charles D. McGrath", 
Robert Martin" and Margaret H. Wilson". VA-MD Regional 
College of Veterinary Medicine, Blacksburg, VA 24061. 

The purpose of this study was to assess the effect of 
chronic anemia on the sensitivity to g. coli endotoxin shock 
in neonatal pigs. Piglets of 1 to 5 weeKZf age were anes- 
thetized and-prepared for hemodynamic and metabolic studies. 
E. coli (E, 
eachpiglet. 

1 w/kg) was given intravenously over 1 min to 
In piglets with normal Hct (N, n = 5, Hct = 

30.5 2 1,6%), there was no significant reduction of MASP 
after 60 min exposure to E. In contrast, piglets with 
spontaneous anemia (A, n = 5, Hct = IS.9 f. 0.6%) showed a 
significant decline in MABP 45 min after E (P < 0.025). Sy 
60 min the M&UP had slipped to severe hypotension (30.5 f 5 
tig), while the HR was significantly increased in N but not 
in A. The plasma NE and Epi increased sharply approx 7-fold 
from control in A. However, there was no significant change 
in N. Normal piglets with acute h-dilution with dextran 
exchange (H, n = 5) Hct reduced from 28.3 * 0.5% to 10.9 + 
0.9% exhibited no increased sensitivity of h-dynamic 
stress to E when compared to N. The changes in plasma NlZ 
and Epi were more than N but markedly less than A. It 
appears that factors other than reduced oxygen carrying 
capacity may contribute to the increased sensitivity to 
endotoxic shock in chronic anemia. 

106.15 

INCREASED FIBRONECTIN SYNTHETIC RAI'E FOLLOWING ACUTE PMTIGH- 

LATE-INDWCED PLASMA FIBRONECTIN DEPLETION. P. Vincent*, E. 
Cho*, T.M. Saba. Albany Medical College, Albany, NY 12208 

Injection (i.v.) of gelatinized particles into rats elicits 
acute depletion of plasma fibronectin (pFn), followed by 
restoratfon to normal levels in 7-8 hrs and hyperfibronectin- 
emia by 24 hrs. Depletion of pFn reflects its opsonic con- 
sumption during particle clearance by the RES. We determined 
ff Increased pFn Trthesis helps rest95e pFn. We measured the 
incorporatlon of Selenomethionine ( Se-Met) into pFn after 
its acute depletion and the effect of block33g protein synthe- 
sis on the response. Net incorporation of Se-Met over 3-8 
hrs equaled total pFn times pFn specific activity. Rats 
fnjected with-Eartfc+s s had a greater (p<O.OOl) incorporation 
(cpm*SEM x 10 )‘Of Se-Met into pFn than controls (3 hrs- 
13.6141.59 vs 9,70+0.61; 4.5 hrs-12.89k1.66 vs 8,14+0.92; 6 
hrs-13.3722.64 vs 7.5820.46; 8 hrs-12.05+1.4Fvs 7.84t 0.72). 
ExperSmenta aso showed less (pxO.05) fncorpzatfon (cpm$SEM 
x lo- ) of $3 Se-Met' into total plasma proteins than controls 
(3 hrs-1.67t0.07 vs 1.8920.08; 4.5 hrs-1.63+0.06 ~8 1.7920.08; 
6 hrs-1,55+0.05 v;;11.74*0.05; 8 hrs-1.512 0.06 vs 1.71~ 0.08). 
Inhibition of przein synthesis by cycloheximldrinhibited 
about 50% of the total pFn recovery. Thus, there is a specif- 
ic increase in pFn synthetic rate following acute pFn deple- 
tion. Moreover, (a) release from a preformed storage pool; 
(b) release from the tissue pool; and/or (c) re-utilization 
coupled with increased synthesis normalize pFn levels. 
(CM-24117; HL-07194) 

106.14 

DETERMINATION OF THE SYNTHESIS RATE OF PLASMA FIBRONECTIN IN 
INJURED AND SEPTIC NUMANS. C, Thompson*. F,A, Blumenstock. 
T,M, Saba, P. Feustel, J.E. Kaplan, L. How&, J. Hassel- 
barth*, and V, Gray** Albany Medical College, Albany, NY 
12208. 

Plasma ffbronectin (pFn) is important to reticuloendo- 
thelial phagocytic functfon and host defense. pFn concen- 
trations decrease in humans after trauma and burn injury. 
Sustained depressions have been noted fn some patients 
manifesting sepsis following injury. Thfs sustained depres- 
sion may be due to increased consumptfon or decreased 
synthesis. Previous studies from this laboratory have shown 
that the fractional synthesfs rate (FSR) fn normal volun- 
teers by the methods used in thfs study is 39,37+1,0%/ day 
(FASEB J. 2:A1512, 1988) wfth a synthesis rate (Js/V> of 
5.07?0.14 ug/ml/hr. The present study measured the synthe- 
sis of pFn fn injured humans using stable isotope (15-N 
glycfne) infusion. This group consisted of 4 studies of 
injury without sepsis and 3 studies of injury with sepsis. 
The results of thfs study revealed that the mean Js/V of the 
entire group was 3.32tO.17 ug/ml/hr. The FSR in the whole 
group was 27.27+1.07X/day. These preliminary studies 
suggest that injured patients may have decreased fibronectin 
synthesis compared to normals. The influence of sepsis on 
this pattern is being investigated. (GM-15426) 

106.16 

PERIPHERAL AND CIRCULATORY CORRELATES OF BRAIN MISSILE 
WOWNDfNG IN ANESTHETIZED PARALYZED CATS, Dan Torbati, Michael 
E, Care9 and Juaa F. Davidson? Deptartmant of Neurowrgery 
Louisiana State University, Medical Center 1542 Tulane Ave. 
New Urleanc, LA 70112. 

Cardiac output (CO), arterial blood pressure {BP) and 
blood flow in brain, heart, kidney, spleen, adrenals, 
skeletal muscle and spinal cord were measured (microsphere5 
m&hod) before and after Brain Missile Wounding I=) both 
during noxmoteasivc and hemorrhagic hypotensive conditions. 
EEG and ECG were recorded and blood was periodically sampled 
for gas and pH rmly5is. Cats were wounded in the right 
hemisphere by a Zmm, 31 mg steel sphere penetrating an intact 
cranium (280 m/s, 1.4 3). Normotensive injured cats showed 
significant reductions in blood flow in most organs at 
variable times during the 90 min post-BMW period, associated 
with metabolic acidosis, However, heart blood flow increased 
transiently, accompanied by severe cardiac arrythmias. These 
changes preceeded significant reduction in brain blood flow. 
Post-BMW hemorrhagic hypotensioa (BP of 106, 63 and 44 Torr), 
further reduced organ blood flows to less than 40% of the 
controls’. CO and EEG were sevcrcly depressed and metabolic 
acidosis was intensified, Blood reinfusion did not restore 
CO, and organ blood flows to normal levels, except in kidney 
and adrenals. These data indicate that the peripheral 
pathophysiological correlates of BlQW, particularly following 
hemorrhagic hypotension may aggravate BMW-induced pathology, 
Supported by contract No. DAMD17-86-C-6098 LAIR, USMRDC. 
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HYPOXIC PULMONARY HYPERTENSION IS PREVENTED BY 
PHENYLISOPROPYL ADENOSINE(PIA).KG S&& EL ZQuhd 
m fihl&a? Univ.Okla,,Sept.Pediatr.,Okla. City,OK. 

Adenosine analogs are potent vasodilators. In 
newborn lambs we tested the hypothesis that PIA 
would prevent the increase in pulmonary artery pres- 
sure (Pap) and resistance (PaR) without a signifi- 
cant decrease in aortic pressure (AoP) during hypox- 
ia. Under anesthesia, catheters were placed in the 
pulmonary artery (PA), aorta, inferior vena cavar 
and flow probe around PA. After recovery 7 animals 
(3-14 days old) were studied in the following 
sequence:l)control period, 2)hypoxia (9 Fi02, PO2, 
25iS tort), 3)PIA (10 or 20 &kg IV bolus), 
4)PIA+hypoxia. Heart rate (HR), respirations (RR), 
PaP, PaR and flow, AoP and arterial blood gases were 
measured. Results are: 

Cont. Hypoxia PIA PIA+Hypoxia 
HR (rate/min) 163228 261~77* 101+34* 131229 
RR (rate/min> 44214 58+16* 3 824 66226* 
PaP (torr) 1225 20*6* 923* 1sk4** 
PaF (ml/kg/min)285~132 324~151* 202286 2412117 
PaR (units) 922 14+10 1327 1225 
AoP (torr) 68221 7Okl5 44221* 58214 
(* px.05 VS. controls; ** p<.O5 VS. hypoxia) 

The results suggest that PIA prevents increase in 
PaP and PaR during hypoxia with moderate decrease in 
AoP.(Individual experiment control values not shown) 

107.2 

Effect of Pinacid on Comfy Flow ti Function in isolated Perhrsed Rat or 
Gukwa Pig Hearts During lsch8micor Nonischemic CMtiis 

SF. Flaim, PG. Sleph*, M.T. StranierV and &I. Grover. Squibb fnstitut8 for 
Medical Research, Princeton N.J. tBM3400. 

In order to determine the retatfve coronary dilator and cardiodepessant effeds 
of the @as&urn charnel 8ctiMtor pinacidil, isdat8d Mfer perfused guin8a pis 
hearEs w8r8 used. Pbcidil i1~8ased ffow and deereased eontractik force in a 
dowdepend8ntfashii. Flowwasincreasedapproximately40,50,and75%at 
the 0.01, 1.0, and 100 HAM doses respeclively while force was decreased 20,30, 
and ~90% for them doses. To determine if pin&&l may possess SUM direct 
cy@mtbve effects, rat hearts preWat8d with 1, 10, or 100 PM pinacidl 
were subjected to 25 min of @aI ischemia and 30 min of reperfusii. Post- 
ischemic function {left ventriarlar developed pressure X HWlOOO) was 
signifmntly improved ody with the 10 PM dose compared with vehicle aKctrds 
(2W vs 9&l for pimdil and vehkle groups respectively). End diastolic 
pressure during rep8rfu~iOn was SiE)nificanty ifW8ased in V8hkf8 hearts (s&4 
mm Hg) and this was reduced with tO fl pinacidil to 26ti mm Hg. LDH r8kas8 
was diwtly, but not significantly reduced with 10 fl pinacidil(21f2 and 16ti 
U/g for vehide and pinaddil). Flow during r8p8rfwion was reduced in contfds 
and this no-reflow was not altered with pinacidil. No beneficial effects were 
noted at the 1 and 100 FM dose of pinacidif. Treatment with tie potassium 
channel inactivator, glyburide (10 PM) resulted in a complete revefsd of the 
beneficial effects of 10 PM pinacidil. Thus, pinacidil is both a coronary 
vasodilatcr and a cardiodepressant agent. Piiil also improves post-itiemic 
~fuMonasw8llaseardiaccompIiance. 
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Coronary Vasodilator and Card& Futional Effects of the Potassium Channel 
Activator Cromakalim in lschemic and Nonischemic Rat and Guinea Pig Hearts. 
GJ Grover, PG Slem’, M Stranieri* and SF Wm. Squibb Institute for Media 
Resead, Princeton, NJ. 085434000 

To determine the relative coronary dilator and cardiodepressant effects of 
the potassium channel activator cromakalim (CRO), isolated guinea pig hearts 
were used. Coronary flow increased and cardiac function decreased in a dose 
dependent fashion (cumulative) with coronary flow increasing 30% (n.s.) and 
75% (~~0.05) at the 0.3 fl and l@M doses respectively. Function decreased 
15% (n.s.) and 40% (p>O.O5) respect!veIy at these doses. We also examined the 
effect of CR0 on post-ischemic recovery of function and LDH release following 
global Memia in isolated, rat hearts. Rat hearts were subjected to vehicle w 1 
and 7 PM CR0 (noncumulative) 10 min prior to ischemia. The ischemia was 
maintained for 25 min at which time the hearts were reperked with non-drug 
treated buffer for 30 min. Preischemic function (HR X left ventricular developed 
pressure/l 000) was not affected by either dose of CR0 ( 33.&l .2, 30.940.7, 
and 33.8kl.3 for vehide, 1, and 7 PM CR0 respectively). Pre-ischemic flow 
was significantly increased with CR0 compared to control. At 30 min post- 
ischemia, function in vehicle hearts was depressed (10.6k2.8) and this was 
significantly improved only with the high dose of CR0 (22.M .a). Reperfusion 
end diastolic pressure was high in vehicle hearts (w mmHg) and this was 
reduced with 7 PM CR0 (231k4 mmHg). LDH release during reperfusion was 
high in the vehicle group (20k1.9 U/g) and this was significantly reduced with 7 
PM CR0 (1 if1 U/g). A m-reflow phenomenon was observed during reperfusion 
and CR0 did not significantly improve reflow. Thus, CR0 is a coronary 
vasodilator and to a lesser extent a cardiodepressant. At 7 FM, CR0 
significantly improves post-ischemic function and compliance, while reducing 
necrosis as measured by LDH release. 

107.5 

BUCINDOLOL IS A POTENT B-ADRENERGIC RECEPTOR ANTAGONIST BUT 
LACKS MYOCARDIAL DEPRESSANT ACTIVITY IN VIVO. M.J -- 2 
Panzenbeck, R,L, Cavanaeh*, A.P. Florczvk*. J.P. Buvniski 
and M,J, Antonaccio. Pharmaceutical Research and 
Development Div., Bristol-Myers Co., Wallingford, CT 06492 

Bucindolol (B) is a non-specific B-adrenergic antagonist 
with vasodilator activity, The present experiments were 
performed to determine the effects of B in isolated electri- 
cally stimulated guinea-pig left atria and in anesthetized, 
vagotomized ferrets. In left atria, B antagonized the 
developed tension to iFoproterenolo1 with an affinity con- 
stant (Kb) at the B-adrenergic receptor of 0,32 nM. 
Propranolol (P) exhibited a Kb of 1.8 nM. B OK P given 
alone induced direct negative inotropic effects with EC50 
values of 48 PM and 27 PM, respectively. In reserpine 
pretreated atria, these values increased significantly to 
120 UM and 43 PM, respectively. In ferrets, i.v. injection 
of cumulative doses of B (0.01 - 1,O mg/kg) resulted in dose 
related decreases in mean arterial pressure (MABP) but no 
change in heart rate (HR) or right ventricular contractile 
force (RVCF). In contrast, propranolol causes reductions 
in HR and RVCF, In ferrets pretreated with reserpine 
(4 mg/kg, i.p.>, B significantly increased HR and RVCF at 
these doses. Thus B is a potent f3-adrenergfc antagonist 
that causes vasodilation without myocardial depression 
in vivo; -- B would be useful in cardiovascular therapy where 
B-blockade is indicated and cardiac depression is to 
be avoided. 

107.7 

SUPEROXIDE ANION (0 -) PRODUCTION FROM ZAP (ZYHOSAN 
AcTrvATm PLASMA)- &VATED GRANULOCYTES IN CANINE: WHOLE 
BLOOD. Geetha Ghai and Kevin Mullane*, Research Dept, 
CUBA-GEIGY, Summit, NJ 07901 - 

The role of oxygen-derived free radicals (FR) in 
cardiovascular disease has been inferred primarily from the 
effects of either FR scavengers or xanthine oxidase 
inhibitors, given at arbitrary doses and producing variable 
results. Determining the efficacy of scavengers in vivo is 
difficult without complicated electron paramagnetic 
resonance (EPR) spectroscopy. Consequently, we have 
modified an ex-vivo technique for measuring granulocyte 02- 
production in whole blood (Bellavite et al Eur 3 Clin 
Inves, 1983, 13, 363). Canine blood (0.1 ml) 
anticoagulated with heparin (10 IU/ml) was incubated with 
ZAP (25 to 200 ul) and the 0 - formation was measured by 
the superoxide dismutase inh bitable reduction of 1 
cytochrome C. ZAP was prepared by incubating canine plasma 
(obtained from blood containing 1 IU of heparin/ml) with 
hydrolysed zymosan (3 mg/ml) for 40 min at 37 2 1’C. ZAP 
induced a concentration- dependent 02- generation which was 
linear over a 30 min incubation period. gor example, 100 ul 
of ZAP stimulated 5.4 + 1.6 nmol 02- /lO leukocytes / 30 
min (n=5). Thus, FR can be measured ex-vivo in whole 
blood. This method may provide a simple means to assess 
the activity of FR scavengers in vivo. 

107.4 

PROBUCOL REDUCES SEVERITY OF ISOPROTERENOIAND 
Mg-DEFICIENCY INDUCED MYOCARDIAL LESIONS 

.  l 

. Beni& F,-*. Ww IX Wegbla d 
Depts. of Pathology and Medicine, The George 

Washington University, Washington, DC, 20037 
Probucol (Pm), or hmlco@, an antihyperlipidetiti agent, is u& cbically to 

mduce blood cholesteml. The mechanbm(s) of action of Pro at the cellular level is 
still undefined. Recent studi- sug@ that Pro m antioxidant properties. 
Since Mg-deficiency (MD) and isoprote~nol (ISO) induced m n& 
(MN) may be linked ti f me radicals, tmtment with an antioxidant, in this ca88 
Pro, should provide protection. Hamsters- kept for 14 &ys on MD diet (0.5mM 
Mg) with or without Pro. On day 14 hipecific pup FBcBivBd IS0 i.p. Hams& 
hearts were excised 48 hr la&r, and H&E stained dons anal@ for MD and 
IS0 lesions. MD-MN was morphologically di&inct from ISO-MN. However, MD 
wm shown to potentiate the Eteverity and abundance of ISO-MN. ktrnent with 
Pro significantly decreased the numbr of ISO-induced lesions in MD hamsters 
and MD-MN in animals not given IS0 as shown in the follovrring table. 

-Pro 
(# lesions as 8 of normal mvdiurn) 

E+lSO :: :i’ t:1 
The observed protection with Pro again& l&ons developed in IS0 and MD is 

consistint with iti anti-radical properties, and mggest that both ISO- and MD- 
indud lesions involve a fm radical me&a&m. Supprt& by NIHPOl--79 
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BETA BLOCKADE DOES NOT PREVENT INSULIN RESISTANCE 
DURING ENDOTOXIN SHOCK W.R. Law. M.P. McLane*. and R.M. 
Ravmona Loyola University, Stritch School of Medicine, Maywood, IL. 
60153, and the V.A. hospital, Hines, IL, 60141. 

Catecholamines can antagonize the glucose uptake (GU) stimulating 
capability of insulin (IN). Elevation of plasma catecholamines is a 
recognized event associated with endotoxin shock (ES), and may be 
responsible for the observed IN-resistant state in the heart. Thus, we 
sought to determine if p-adrenergic blockade (BAB) during ES would 
restore myocardial IN responsiveness with respect to GU, Mongrel 
dogs of either sex (20-25 kg) were anesthetized with pentobarbital 
sodium (30 mg/kg i,v,) and ventilated. Aortic (A) blood and blood 
pressure were obtained through a catheter inserted via a femoral 
artery. Cannulas were placed in a femoral vein for infusion of IN 
(Lilly) and 20% D-glucose. The heart was exposed through a left side 
laparotomy and instrumented to obtain coronary sinus (CS) blood 
samples and circumflex artery blood flow (Q; qlectromagnetic). GU was 
calculated as the product of Q and the A-CS concentration difference. 
After baseline measurements ES was caused by iv, S, gvphimuriurn 
endototin (1 mg/kg; Difco). Control dogs received no ES. Basal shock 
measurements were made 60 minutes post-ES. BAB was achieved with 
propranolol ( 150 pg/kg; 5 pg/kg/min). The response to IN was 
determined under hyperinsulinemic (4U/min), euglycemic clamp 
conditions during continuous BAB. BAB did not affect IN stimulated 
GU in control dogs, but did not restore the response to IN during ES. 
Thus, increased beta-adrenergic activity cannot explain myocardial IN- 
resistance during ES. Supported by NIH GranWHL31163 and Vet. Adm. 
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OPPOSITE CARDIOVASCULAR EFFECTS OF TWO ADENOSINE 
ANALOGS IN THE CONSCIOUS LAMB. Paul L. Toubas*. Kris -- ___-- 
Sekar*, and Thomas W. Scale+. (SPON: D. ChCistensen). Univ. 
Oklahoma Health Sciences Center, Oklahoma City, OK 73190 

Few studies describe the c&diovascuiar effects of adenosine 
agonists on unanesthetized animals. The chronically instrumented 
sheep is a valuable clinical model for the characterization of changes 
in cardiopulmonary regulation associated with the transition from 
fetal to neonatal life. Lambs (n=5, 5-20 days old) were instrumented 
with a catheter implanted in the pulmonary artery with a 10 mm 
magnetic flowprobe around the vessel, into the inferior vena cava 
for IV drug delivery and in the abdominal aorta. Basal values 
following vehicle administration were stable 3 days after recovery 
from surgery. Heart rate (HR), aortic blood pressure (AOP), 
pulmonary artery flow (VAP) and pressure, stroke volume (SV), 
respiratory rate and 02 saturation were determined as a function of 
acute doses of Nb-(2-phenylisopropyl)adenosine (RPIA) or 2- 
phenylaminoadenosine (CVl808). HR was depressed by RPIA and 
elevated significantly by CV 1808 (basal value 154+28; RPIA 8 1+10, 
CVl808 233~29 bpm). AOP decreased with RPIA (75+12 vs a+9 
mmHg) while no significant change occurred at the highest TV1858 
dose. VPA decreased significantly after RPIA administration but 
increased after CVl808, SV increased following RPIA. These data 
indicate that prototype adenosine A-l receptor agonist RPIA and the 
prototype adenosine A-2 selective agonist CVi808 have distinctiy 
different cardiovascular effects on the conscious lamb. 
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ALTERATIONS IN CARDIOVASCULAR RESPONSES AND 
ADENYLATE CYCLASE ACTIVlTY IN CARDIOMYOPATHIC 
HAMSTER HEARTS. PG. Conway** J.W.Hubbard, A.P.Angelac*, 
J.E. Roehr”, L,L.Ricker* and H-B, Hartman”, Dept. of Biological 
Research, Hoechst Roussel PharmasInc., Somerville, NJ 08876 

The cardiac effects of rate and force as well as the biochemical 
functions of the cardiac adenylate cyclase system were studied in 
200-250 day old genetic cardiomyopathic hamsters (CHF-146). 
Langendorff studies indicated that the increase in cardiac contractile 
force, but not rate, produced by dobutamine (0.03-3.0 nM) was 
significantly less in CHF-146 (CHF) hamsters compared to age matched 
normals (NOR). In an attempt to explain this effect biochemically, the 
functional activity of the cardiac adenylate cyclase (AC) system was 
studied in vitro. Both basal and forskolin stimulated AC activity were 
found to be significantly reduced in the CHF hamster heart, NOR 
hamsters exhibited basal AC activity of 13.3*2.6 pmol/mg protein/min. 
and a Vmax for forskolin stimulation of 315*18 pmol/mg proteirs/min, 
whereas these values for CHF hamsters were 6.4k.64 and 228f13 
pmol/mg protein/tin., respectively. Additionally the potential for an 
alteration in the activity of the guanine nucleutide stimulatory subunit 
(Ns)was also determined by studying cardiac AC activity in the presence 
or absence of NaF. The Ns subunit of CHF hamsters appears, however, 
to function normally since NaF enhanced both basal and forskolin 
stimulated AC activity equally in NOR and CHF hamsters. These 
studies demonstrate that the reduced inotropic response to dobutamine in 
congestive heart failure may be explained in part by diminished cardiac 
AC levels as well as responsiveness. 

107.11 

CARDIOVASCULAR ACTION AND DOPAMINERGIC ACTIVITY OF DERIVA- 
TIVES OF &HYDROXYL, 5-METHYL AMINOINDAN. S.X. Ma, J.P. Long, 
J.R. Flynn and J.G. Cannon. Depts. of Pharmacology and 
Medicinal Chemistry, Univ. of Iowa, Iowa City, IA 52242 

The * Isomer 4-hydroxyl, 5-methyl-di-;-propylaminoindan 
(RD-211) (0.03, 0.09, 0.3, 0.9 molzg) produced dose- 
dependent decrease heart rate, mean arterial blood pressure 
and inhibition of tachycardia and hypertension induced bY 
stimulation of cardioaccelerator nerve in anesthetized cats. 
The duratfon of action was l-2 hours following i.v. adminis- 
tration. Concentration (0.03, 0.09, 0.3, 0.9 pM) dependent 
inhibition of tachycardia and force increase induced by 
transmural stimulation was observed using isolated right cat 
atria. All of the above pharmacological responses were 
signif icatly fnhi bi ted by the dopamine-receptor antagonist 
sulpiride (0.29 umol/kg, PM), and not by the a3-adrenoceptor 
antagonist yohimbine (2.56 umol/kg, m) using-both in VIVO -m 
and in vitro preparations. -- 

Results suggest that RD-211 preferentially stimulates 
presynapt ic dopamine receptors thus decreasing sympathetic 
neuronal transmission and does not effect a2-ad .renoceptors. 
Dopamine receptor agonist properties are apparently not due 
to wtabolic activi tion of the compound. Othe r neuronal 
sit es of action may also produce the hypot .ensive and brady- 
cardlc activity of the chemical. The compound is stereo- 
specific, Lower n-alkyl analogs are much less active as DA2- 
receptor agonists. (Supported in part by NIH Grant HL-38136). 

107.13 

AUTORADIOGRAPHIC LOCALIZATION OF DOPAMINE RECEPTORS 
Ip3 THE CARDIOVASCULAR SYSTEM. Francesco Amenta* ( 
SPON:M.F.Lokhandwala). Univ. Tor Vergata,Dip. Sani- 
tB Pubblica & Biologia Cell.,00173 Roma (Italy) 

Combined radioreceptor binding and autoradio- 
graphic techniques were used to characterize phar- 
macologically and to visua+lize anatomically dopa- 
mine DA1 and DA2 receptor sites in the rat cardio- 
vascular system. 

DA1 receptors were labelled using (3H)-SCH 23390 
as a ligand. DA2 receptor sites were labelled with 
(3H)-spiperone plus Ketanserin. 

In the heart prejunctional DA2 receptor sites 
located primarily in the right atrium predominate. 
Ventricular myocites bind both (3H)-SCH 23390 and 
(3H)-spiperone. 

In the blood vessels DA1 receptors were found 
postjunctionally,within smooth muscle cells of the 
medial layer. DA2 receptors are located prejunc- 
tionally as well as within the endothelium of the 
intimal layer. The density of both DA1 and prejunc- 
tional DA2 receptor site&shows an inverse relation 
with the size of blood vessels. 

To know where cardiovascular dopamine receptors 
are located -may contribute to better understand 
their role in health and disease. 

107.10 

INHIBITORY ACTION OF (+)3PPP IN THE RAT TAIL ARTERY 
AND RABBIT EAR ARTERY MAY BE MEDIATED BY 

l *  PREJUNCTIONALDOPAMINERECEPTORS. T. -samin *  and 

S.P. Duckles, Department of Pharmacology, College of Medicine, 
University of California, Irvine, CA 927 17. 

While sigma agonists have been shown to potentiate the electrically 
evoked contractile response in both guinea pig and mouse vas deferens, 
we have previously demonstrated that (+)3PPP (3- [3-hydroxyphenylj-N- 
(l-propyl)-piperidine) inhibits TNS induced contraction in the perfused 
rat tail artery. Perfused rabbit ear arteries and rat tail arteries were 
stimulated transmurally (TNS: 2-4 Hz, 4OV, 2 ms pulse duration, 2 s 
train duration). In the rat tail artery, the inhibitory response to (+)3PPP 
(l- 100 PM) was reversed to a marked potentiation in presence of the 
dopamine antagonist sulpiride (3 FM), In the rabbit ear artery, however, 
(+)3PPP shows a dual effect. (+)3PPP (0.1-5 PM) potentiated the 
contractile response to TNS in 4 experiments and inhibited in 5. In the 
latter case, haloperidol (3 PM), a dopamine and putative sigma 
antagonist, reversed the inhibitory effect of (+)3PPP to a potentiation. 
Furthermore, in the rabbit ear artery, the contractile response to TNS was 
potentiated by the sigma agonist, (+)pentazocine, contrary to the rat tail 
artery in which (+)pentazocine caused little or no effect. Further studies 
will test the hypothesis that by blocking the dopaminergic effect of 
(+)3PPP, a prejunctional potentiating action on sigma receptors may then 
be unmasked 
Supported by NIH grant # DK36289. 

107.12 
INHI3ITORY EFFECTS OF ANTIHYPERTENSIVE AGENTS p CARDIOVASCW RF- 
FLEXES. K.H. Park”, J.P. Long and J&, Cannon-. Depts. of Pharma- 
cology and Medicinal Chemistry, Univ. of Iowa, Iowa City, IA 52242 

Since clonidine and DA2 receptor agonists inhibit sympathetic 
neurotransmission only at lcrw frequencies of stimulation, perhaps 
these frequency specific agents might have, compared with a nonspe- 
cif ic inhibitor guanethldine, no or eak Inhibitory action on car- 
diovascular reflexes associated with high frequencies of sympathetic 
outflow. In anesthetized rats, two equi-hypotensive doses (32-47 mn 
Hg fall, i-v.) were chosen for comparison. Guanethidine (I and 3 mg/  
kg) depressed rrrarkedly the responses to 45” head-up tilt, bilateral 
carotid occlusion (BCO) and sciatic nerve stimulation (SNS), In con- 
trast, clonidine (2 and 6 &kg) or two D 

4i 
receptor agonists, apo- 

morphine (100 and 300 &kg) and VICO 81 trans-6,9-dimethoxyl-n- 
propyl-1,2,3,4,4a,5,lU,lOa-octahydrobenzo~g~q~noli~ HC1,6O and 200 
pg/kg) depressed moderately the tilt reflex delaying the compensa- 
tion tinul, Apolnorphine inhibited EC0 slightly, not affecting SNS. 
However neither the BCO nor the SNS response was influenced by clon- 
idine or VICO 81, On the other hand, S-HTlA receptor agonists, &OH- 
DPAT (8-hydroxy-2(di-n-propylamino)tetralin HBr, 100 and 300 &kg) 
and PM 1000 (lO-methyl,ll-hydroxy aporphine HCl, 1 and 3 u&kg), did 
nut inhibit the tilt response, Instead the arterial pressure level 
was slightly higher than controls during tilt. Although BCO and SNS 
were not influenced by 8-OH-DPAT, both responses were slightly de- 
pressed by a higher dose of PM 1000 (3 &kg). It was concluded that 
these reflex responses reveal the frequency specific inhibition by 
antihypertensive agents, (Supported in part by NIH Grant HL-38136). 

107.14 

AUTORADIOGRAPHTC LOCALIZATION OF a -ADRENOCEPTORS IN THE RAT 
MEDULLA BEFORE AND AFTER VAGOTOMY ZND NODOSE GANGLIONECTOMY. 
John C. Hancock, Mark W, Cloud* and mnald B. Hoover. Dept. 
of Pharmacology, Quillen-Dishner College of Medicine, East 
Tennessee State University, Johnson City,3Tennessee 37614 

Light microscopic autoradiography of [ Hlclonidine binding 
was used to determine the effect of efferent denervation by 
vagotomy and afferent denervation by nodose ganglionectomy 
(NG) on the localization of’ a 2vqrenoceptors in the rat 
medulla dblongata. High density [ Hjclonidine binding was 
localized in the dorsal motor nucleus of the vagus (DNV) and 
the nucleus of the solitary tract (NTS). Neither vagotomy 
nor NG affected binding fn these nuclei, Specific binding 
was inhibited by unlabeled phentolamine (10 PM). Loss of 
AChE in vagal efferent neurons in DNV as a result of axotomy 
was verified by staining of al ternate sections for 
acetylcholinesterase (AChE). No changes in AChE staining 
were seen in the medulla of sha ‘4 

operated rats. Failure to 
see changes in the binding of I: H1 clonidine after vagotomy 
indicates that binding was not associated with efferent cell 
bodies in the DNV, Failure to see changes in the NT’S after 
NG indicates that clonidine binding was not associated with 
central terminals of afferent neurons in the nodose ganglion. 
The results indicate that the a -receptors which mediate the 
hypotensive and bradycardic e & ects of clonidine are not 
associated with efferent cell bodies of the DNV or vagal 
afferent nerve terminals within the NTS, 
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EFFECT OF MYO-INOSITOL (INOSITOL) AND/OR TRIIODO- 
THYRONINE (T3) TREATMENT ON MYOCARDIAL LIPID LEVELS 
AND CARDIAC FUNCTION IN ST&DIABETIC RATS. Hong 
Xiang*, C.E. Heyliger* and J.H. McNeill. Fat. Pharm. Sci,, 
U.B,C., Vancouver, V6T lW5. 

The beneficial effects of inositol (a lipotropic agent) and 
T3 were studied in streptozotocin(55 mg/kg, i.v.)-diabetic rats. 
Inositol (2.5 g/kg/day, in the drinking water) and T3 (30 
ug/kg/day, s.c.) were given for a 8-week period three days after 
diabetes induction. Untreated diabetic rats were characterized 
by a decreased body weight, hyperglycemia and hypoinsulinemia, 
which were not altered after either treatment. Thyroid status 
of diabetic animals was normalized by T  aione or in combination 
with inositol, but not by inositol alone. 3r he elevations in plasma 
and myocardial lipids associated with the diabetic state were 
prevented by inositol. However, the plasma lipid and myocardial 
choiesterol levels in diabetic rats remained elevated or were 
further increased with T3 or inositol plus T3 treatment. Inositol 
partially improved cardiac performance in STZ-diabet ic rats. 
T  alone did not prevent cardiac dysfunction in diabetic rats. 
T# ere was, however, some improvement in heart function in 
the groups treated with both, associated with a significant 
decrease in the myocardial triacylglycerol level. The data indicate 
that a possible correlation may exist between elevated myocardial 
triacylglycerol levels and cardiac dysfunction in diabetic rats. 

(Supported by the B.C. Heart Fdn.) 

107.17 

BLOOD PRESSURE RESPONSES OF AWAKE RATS EXPOSED CHRONICALLY 
TO NICOTINE AND COTININE. John D. Connor, Dept.Pharmacol., 
Penn State Univ. College of Medicine, Hershey, PA 17033. 

Cardiovascular effects of nicotine have been reported 
mainly after acute treatment, often in anesthetized animals. 
The contribution of cotinfne, a major and persistent 
metabolfte, to the pressor effects of nicotine has received 
only limited attention, Pellets containing 0.5, 2.5, 10 or 
25 mg of nicotine or cotinine were implanted subcutaneously 
into young male Sprague-Dawley rats. Placebo pellets were 
implanted in one group, qnother was left untreated (5 or 6 
rats per group). No mortalities or overt signs of toxicity 
were observed. Blood pressures were monitored for 21 days 
by a tail cuff method. Systolic pressures in placebo- 
treated and untreated controls rose about 30 mm Hg during 
the course of the study, Cotinine had little effect on 
blood pressure at any of the ndosesq' utilized, Higher 
concentrations of nicotine sfgnificantly (ANOVA) depressed 
pressures by the end of the study. For example, mean 
systolic pressure in the nicotine-25 mg group was 17 mm Hg 
lower than placebo by day 21. At earlier times, the blood 
pressures were not different from controls. Rats given low 
dose pellets of nicotine tended to have elevated pressures 
at later times. These results suggest that in awake rats 
pressor and depressor responses to nicotine are functions of 
dose and duration. Cotinine may not be involved in these 
responses. (Supported by a research grant from RJR 
Nabisco). 
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EFFECT OF NIFEDIPINE AND INHALATIONAL ANESTHETICS ON HEART 
RATE, CONDUCTION AND CONTRACTILITY IN ISOLATED GUINEA PIG 
HEARTS. L.A, Gallenberg, E.Y. Cheng*, 2.3. Bosnjak and J.P. 
KamDine. Dept. of Anesthesioloqy, Med. College of Wisconsin 
anded. dtr., Milwaukee, WI 5j?95 - 

Effects of the nifedipine (NIF) plus halothane (HAL,O.Z+.Ol 
mM), enflurane (ENF,0.4+.04 mM) or isoflurane (IS0,0.2+.0lmM) 
on atria1 interval (AIT, atrial-septal conduction time (AST) 
and left ventricular pressure (LVP) were examined. Hearts were 
perfused via the aorta at constant pressure (55 mmHg). Elec- 
trodes were placed in the right atrium, septal and right ven- 
tricular walls. LVP was significantly decreased by 0.7 MAC 
ISO, HAL and ENF VS. control and NIF (NIF 1.5 & 3x10'8 M; 77 + 
4% & 69 + 5% of control) (Table 1). NIF plus anesthetic sig- 
nificantry decreased LVP vs. anesthetic alone. AI was signifi- 
cantly prolonged with NIF (1.5~10~~ = 317 + 5 msec; 3~10'~ = 
329 + 4.3 msec) and also with ISO, HAL or Es vs. control (276 
+ 3kec) (Table 2). NIF plus ISO, HAL or ENF significantly 
Frolonged AI vs. anesthetic alone, No significant changes in 
AST were caused by NIF plus ISO, HAL or ENF. 

m-8 M 16.7 w\ 10.7 MAC) 

0 90*1&l -5’ 75.6ti.7’ 73.7t2.9’ 300.4~8.5* 309.3&s* 330.0~5.8’ - 
1.5 56.8;+9.?+ 48.5&S+ 47.7~8.6+ 

II 

351.4+13.4+ 350.4~11.8+ 356.4&4.4+ 

3.0 53-l&.8+ 48.9&.9+ 44.8&Q-3+ 343.3~11.2+ 348.1&l 8.3+ 370.7~8.6+ 

STUDIESUNTHBVElWTIMMINS INDUCED BURSTING RHYTHM 
IN THE SINOATRIAL NODE OF THE GUINEA PIG. GD. w 
V. MC-. Dartmouth Medical School, Hanover, NH 03756 

Veratramine (>I @I) often inducm a periodic rhythm (similar to IICU- 
ronal bursting) in spontaneously-beating isolated guinea p& sinus-atria 
(Hawkins, f. Pharmacol. 137:306-12,1%2). We have studied this pheno- 
menon with atrial electrograms, atrial electrical stimulation and pacing, and 
transmembrane potential recordings from the guinea pig sinostrial node 
main&&d in Krebs-Henseleit solution at 37.5 “C. Periodic rhythm was ex- 
tremely sensitive to mechanical deformation of the tissue, and was rarely seen 
in preparations mounted flat. In undeformed pmparations, periodic rhythm 
was often produced within 30-90 min by 2.4 w Vera&tie. Ifpcriodic rhy- 
thm did not appear (or just before it appeared), brief overdrive pacing induced 
a period of asystole lasting several seconds, followed by a transient tachy- 
cardia. If periodic rhythm did not appear with 2.4 pM veratramine, it could be 
induced by increasing [Ca*]o from 2.5 mM to 5 mM. Conversely, bursting 
could be converted to regular rhythm by reducing [Ca*Joa During the bursts 
the frequency of the action potentials increased and then decreased gradually, 
as did also the rate of spontaneous diastolic depolarization (pacemaker poten- 
tial), while the maximum diastolic potential usually dccmased slightly and 
then increased. The last beat in the burst was usually followed by a small 
oscillatory afterdepolarization. Membrane polarization usually mew 
during the first few seconds of asystole following a burst, then slowly de- 
creased until the start of the next burst. These observations suggest under- 
lying mechanisms similar to those in bursting neurons. (This work was sup- 
ported by a Gram-in-Aid from the American Heart Association with funds 
contributed in pm by the New Hampshire Affiliate.) 

107.18 

EFFECT OF KETANSERIN (K) AND METHYSERGIDE (M) ON HYPOXIA 
AND SEROTONIN INDUCED PULMONARY VASOCONSTRICTION. A.S. 
Tadepalli. Department of Pharmacology, 3urroughs Wellcome 
co., Research Triangle Park, NC 27709 

Effects of K & M on pulmonary hemodynamic responses 
induced by systemic hypoxia (HYP, 10% O2 ventilation) or 
serotonin (5HT) infusion (30 ug/kg/min) were examined in 
anesthetized open chest cats. Both challenges were 
performed for 10 min. and repeated after cumulative doses 
of 1 and 3 mg/kg i.v. of K or M. During control period HYP 
caused significant increases in pulmonary arterial pressure 
(PAP) and vascular resistance (PVR) and increased cardiac 
index (CI). Systemic arterial pressure (SMAP) and vascular 
resistance (SVR) were slightly reduced. Pulmonary venous 
pressure (PVP) was little affected, SHT tnfusion increased 
PAP, PVR and PVP but reduced CI, SMAP and SVR. 
Tachyphylaxis to SHT or HYP did not develop as indicated 
from time control experiments. Neither K nor M affected 
the HYP responses indicating a lack for 5HT involvement in 
hypoxic pulmonary vasoconstriction. M, a 5HTl&2 
receptor antagonist reduced 5HT induced increment in PAP. 
In the presence of K, a 5HT2 receptor antagonist, 5HT 
caused a decrease in PAP. Thus, the results suggest that 
5HT causes constriction of pulmonary arteries via SHT2 
receptor activation, while vasodilation occurs with 5HTl 
receptor stimulation. 

107.20 

COMPARATIVE ANTIHYPERTENSIVE EVALUATION OF K’ 
CHANNEL EFFLUX STIMULATORS IN CONSCIOUS 
SPoNTANEGUSLY*HYPERTENSIzE RATS, (SHR). F,C *G&&o*, 

ev .EM .DAShnver.RFtiodAJ 
Tobh Research Labs, 0rtho Pharmaceutical Corp., Raritan, N.J. 08869 

Studies were conducted to evaluate the oral and iv blood pressure 
lowering effects of a novel class of vasodilators that reportedly stimulate 
efflux of potassium ions from smooth muscle cells. The carotid artery was 
catheterized for direct measurement of systolic and diastolic blood pressure 
and rats were restrained in Bollman cages during the 4 hr test. The doses 
that decreased mean arterial blood pressure (MABP) by 30% (ED30) for 
chromakalim (C), pinacidil (P), nicorandil (N) and minoxidil sulfate (M) 
are shown below. Maximum decrease in MABP in response to C, P and 
N occurred 15-20 min post-drug, whereas M lowered MABP gradually 
with the maximum decrease occurring 3-4 hr post-drug. In a different 
group of conscious SHR, duration of action was determined by infusing 
each drug into a jugular vein for about 5 min until a 35-40% drop in 
MABP was observed. Drug infusion was then stopped and the time 
required for MABP to return to 95% of pre-drug values was determined. 

-0195% FL) 
C 0.18 (0.13-0.25) mg/kg 
P 0.90 (0.19-3.40) mg/kg 
L 3.11 (0.;2:11;;8) mg/lcg 97 f19 min 

0,90 (0. 6 5. 8) me/k? 5.0 hr 
The data indicate that C is 5-17x (ofal) and 4-25x (iv) m&e potent than P, 
N or M, however, M has a significantly longer duration of action. 

‘P 5 0.05 WI. control; +P s 0.05 vs. anesthetic alone and control 
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HEMODYNAMIC PROFILE IN DOGS OF K+ EFFLWX 
STIMULATORS, A NOVEL CLASS OF VASODvyTORS., u Katz, . . 
ECGlsudzno .EMOslfchn .‘IRKasev .RAShn e.R Falottw and A$ 
TobiB Resekh Labs, & Pharmakukl Corp., Raritan, NJ. 08869 

Studies were conducted in pentobarbital anesthetized open chest dogs 
to evaluate the hedynamic effects of chromakalim (C), pinacidil (P), 
nicorandil (N) and minoxidil sulfate (M). Cardiac output (Co), coronary 
artery blood flow (CBF) and femoral artery blood flow (FEW) were 
measured using electromagnetic flowmetry. Total peripheral resistance 
(TPR), coronary vascular resistance (CVR) and femoral vascular 
resistance (FVR) were calculated as the ratio of mean arterial blood 
pressure (MABP) to blood flow. At iv doses that significantly lowered 
MABP, C, P, N and M significantly decreased TPR, CVR and stroke 
work, with no change in CO, heart rate, dP/dt, stroke volume or FVR. 

ms” wp ‘l”pR CBF CVR T)ose MF Rm 
C 0.043 -28%4 -35s 163f46 -69k6 0.1* 31fll -46i5 
P 0.43 -27&2 -33s 167f34 -72f3 0.6 -25f14 -34i7 
N 0.43 -25s -2W4 132k28 -32f7 1.2 &I*15 -59k8 

P), or 60 min post-infusion (M). In a different group of closed chest 
anesthetized dogs, antihypertensive doses of each drug significantly 
decrea& renal vascular resistance (RVR) with variable, non-significant 
increases in renal blood flow (RBF), suggesting that these compounds 
dilate regional circulations other than the renal bed. In summary, these 
novel vasodilators have similar hemodynamic profiles, differing in their 
potency and duration of action. 

ANALGESICS AND ANTAGONISTS I 
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SIKJLTW =a= C/maDYX%MIC MODEIJ3G OF 
FEKTANYL IN TnERAT: AppL;ICXl?IoNTo~JZSIC -IES. T.H A 
Kramer*, P.K. Locke*, and T.F. Bwks. Dept. Hmrmcolqy, 
College of Wicine, Univ. of Arizona, Tucson, AZ 85724. 

In vivo comentration/response relationships for fentanyl 
(FEN) analgesia wee developed in the rat. Jugular venotls 
cannulae m implanted in male Sprague-Dawley rats under 
general anesthesia. 3 days later, m (30-100 wkg) was 
inject& SC, IP, or IV. Wtiple blood saqles and hotplate 
analgesia tests m performed thr~@~ 5 hours after 
injection. Plasm FEN comtrations me deteti by 
RIA. ~cotitic parameters of Fl3I were calculated usirq 
the trapezoidal rule- & standard vtions. The best-fit 
phaxmwkinetic model for each rat was link4 to a model of 
pharmacologic effect (Hill quation) and the two quations 
solved s&l tanemsly‘ by a -vteriz& nonlinear least- 
SW=- lT&hd ( W) to e&ix&e the IXSOss (EC50 at 
steady-state) of FEN in vivo. Mean pharmacokinetic 
prm&ers @St. Ikv.) were: Clearance = 209.7 (81.1) 
ml/kg/&; half-life = 119.8 (38.5) mini volume of 
distribution = 41.34 (21.34) l/kg. Values of fentanyl EcsOss 
ranged frm 3.95 to 8.58 q/ml, and aprto be independent 
of route of a&i&ration. This method appears to produce 
precise e&in&es of potency using fewer animal subjects, 
and may have adhrantages over traditional dose-response 
studies of analgesics, Support& by USEIS grant DK36289. 

108.3 
CHARACTERIZATION OF THE MU AGONIST, DAHPGO, fN SPINAL 

AUTINOCICEPTION. L. J, Sp%nos* and T. Crisp.* (SPON: 

E.C. Krimmer). Northeastern Ohio Universities College 

of Medicine, Roototown, Ohio 44272 
The monoamintrgic contribution to mu receptor 

mediated spinal %ntinociception wss assessed in msle 

Sprague Dawley r%tB. Rlts (340~40~) were cennulattd 

with indwelling PE-10 catheters under ketanine 

%ntsthtSi%. After a one week recovery period, the 

animals were injected intr%thecally, ti.t.1 with the 
mu agonist, DAMPGO, and monitored for changes in tail 

flick latency (TFL). Analysis of dose response data 

indicated that DAMPGO (0.1 nmol/lO~l) significently 

elevated TFl. Naltrexone (0.3 fig/l0~1) effectively 
blocked the analgesic response to the opioid. To 

determine the possible involvement of edrtntrgic 

system8 in mu-mediated spinal enti-nocictption, either 

YB-4101, en elphe, antagonist, or yohimbine, en alphe 

antagonist, uas administered i.t. 10 minutes prior to 

the opioid end tested for the ability to alter DAMPGO- 

induced %nelgtsia. 30th noradrenergic antagonists 

effectively rtttnuattd opiofd-induced elevations In 

TFL. A aerotonergic component Yes else indicrted by 

the ability of serotonin entegonists (e.g., pindolol 

end ritanserin) to block the response to DAHPGO. None 

of the antagonistB administered alone produced 

significant changes in TFL. 

108-2 
SPINAL BETA-ENDORPHIN DIFFERENTIALLY INTERACTS WITH SPINAL 

MONOAMINE SYSTEMS TO ALLEVIATE DIFFERENT TYPES OF PAIN. 

f. Crisp l > J.L. Stefinskv l 8nd H. Uram *<Span: M.D. 

Schechter). Northeastern Ohio Universities College of 

Msdicine, Rootstoun, Ohio 44272 
Male Sprague-Oawlty rsts (350-400 g) were chronically 

implanted with indwelling PE-10 spinal catheters, and the 

analgesic efficacy of beta-tndorphin (B-EP) administered 

intrethtcally (i.t.) was %BSeSSed using the tail-flick end 

hot plete ttBts. 3-EP dose-dependently elevated tail-flick 

latencies (TFL) and hot plate lattncics (HPL) in a 

naltrexone-reversible manner. In experiments designed to 

tvaluatt the local Bpinal involvement of serotonin (S-HT) 

in the entinociceptive action of B-EP, it was observed that 

opioid-induced elevations in TFL end HPL were blocked by 

the 5-MT sntagonists spiroxatrine, ritanserin and ICS 205- 
930. Yhen experiments uere done to determine the local 

spinal nor%drenergic (NE) medistion of B-EP, it was noted 

that the alpha 1 antagonist We-4101 feilcd to significantly 

alter the analgesic actions of the opioid on both the tail 

flick and hot plate tests. The %lphs 2 antegonist 

yohimbint completely blocked g-EP-induced elevations in 

TFL, but wes without effect egainot the antinociceptivc 

effects of the opioid on the hot plate test. These d%ta 

indicate that B-EP differentially interacts with spine1 

monoeninergic systems to diminish different types of 

noxious Btimuli. 

108.4 
CLONIDINE ANTINOCICEPTION INVOLVES DIFFERENT RECEPTOR 
SUBTYPES IN DIFFERENT TYPES OF PAIN. R.A.R. Taskerl. B.J. 
Connell and R. Melzack2 (SPON: J.F. Burka). lAVC, 

I 
UPEI, 

Charlottetown, PEI, ClA 4P3 and LMcGill University, Montreal, - _ 
Qu-, H3A 131. 
Many studies using the rodent tail-flick test have concluded 
that clonidine antinociception is mediated predominantly by 
the HZ receptor subtype in this test. However, there is 
considerable evidence that different mechanisms mediate 
antinociception in different pain tests. We chose to 
investigate the relative role of bothdl and ti2 adrenoceptors 
in the mechanism(s) of clonidine antinociception in different 
types of pain. Dose-response curves (DRC) for i.p. clonidine 
(male LE rats) were constructed using the tail-flick test 
(TF) and the formalin test (FORM). Clonidine was 2.7 times 
more potent in FORM than in TF. Prior injection of 
tolazoline (20 mg/kg) antagonized clonidine (ED50) analgesia 
in both tests. Prior injection of yohimbine (2 mg/kg) 
antagonized clonidine (EDSO) analgesia in TF but not in FORM, 
whereas prazosin (0.15 mg/kg) completely antagonized 
clonidine (ED50) analgesia in FORM but was without effect in 
TF. We are currently investigating the actions of various 
antagonists on the full clonidine DRCs in both tests. 
Results obtained to date indicate that the role of different 
Mteceptor subtypes in antinocfception is a function of both 
the dose of clonidine used and the pain test employed. 
Supported in part by NSERC Grant A7891 to RM. 
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FURTHER CHARACTERIZATION OF THE BEHAVIORAL AND HYPOGLYCEMIC 
EFFECTS OF INTRATHECAL MORPHINE IN MICE. U. Estrada,*F. Lux,* 
D. A. Brase and W. L. Dewey. Medical College of Virginia, 
Virginia Commonwealth University, Richmond, VA 23298. 

The i.t. injection of morphine in mice was reported to 
cause a dose-dependent, naloxone-antagonizable hypoglycemia, 
and caused scratching, biting behaviors an'd seizures (JPET 
245: 187, 1988). 
(50 ug) and 

Further studies showed that (+)-morphine 
(-) -morphine-3-glucuronide (1-2 ug) also produced 

a behavioral syndrome, but not hypoglycemia. Several other 
opioids tested at a dose of 50 ug, i.t., produced either ma 
saline-like hyperglycemia [methadone, (-)-ketocyclazocine, 
U-50,488H. (-)- and (+)-N-allyl-normetarocine, levomethor- 
phan, DAGO, (-)- and (t)-pentazocine, (-)- and (+)-naloxone] 
or no significant change from basal blood glucose levels 
[heroin, ethylmorphine, levorphanol, (-)- and (+)-codeine]. 
Leu- and met-enkephalin (10 ug each) and DPDPE (5 ug) failed 
to mimic morphine-induced hypoglycemia or behavior. Only 
i.t. normorphine mimicked all of these effects. Parts of the 
behavioral syndrome were also produced by the glycine antago- 
nist strychnine (5 ug) or the histamine releaser, compound 
48/80 (20 ug), which were not hypoglycemic; but the effects 
of i.t. morphine (40 ug) were not blocked by i.p. pretreat- 
ment with glycine (5 g/kg) or diphenhydramine (lo-20 mg/kg). 
Thus, the hypoglycemic effect appears to be quite selective 
for (-)- morphine and normorphine, and does not occur simply 
as a result of behavioral activation, (Supported in part by 
USPHS grants DA-01647 and DA-00490.) 

108.7 

A SELECTIVE KAPPA OPIOID AGONIST DOES NOT PROVOKE FELINE RAGE, 
W. Butt*, B. Krevsky*, B.J. Chase* and A. Cowan. Depts. of 
Pharmacology and Medicine, Temple U., Philadelphia, PA 19140 

It is not clear whether the opioid-induced rage-reaction in 
cats is mediated solely by mu binding sites. In the present 
work, we compared autonomic/behavioral changes in cats result- 
ing from the Km. injection of saline (S), morphine (M) or 
U-50,488H (3,4-dichloro-N-methyl-N-[2-(l-pyrrolidiny~)cyclo- 
hexyll-benzene-acetamide) (U), a selective kappa agonist. 
Adult female cats (n=5) were given S (0.1 ml/kg), M (0.5, 1 
and 5 mg/kg) or U (0.25,. OS and 1 mg/kg) and scored under 
blind conditions for 1 hr for the following: agitation, body 
tremor, ataxia, circling, convulsion, defecation, dozing, 
emesis, hunchback posture, licking, micturition, piloerection, 
pupillary and respiratory changes, salivation, sedation, 
staring and vocalization. M caused emesis at all doses and 
provoked psychomotor excitation (rage) at 5 mg/kg. U did not 
induce emesis. U caused behavioral depression at all doses. 
Miosis after U and mydriasis after M were consistently noted. 
A weighted cumulative autonomic/behavioral score was developed 
and the results are shown below. 

S M(0.5) M(1) M(5) S U(O*25) u(o.5) u(1) 
Mean 5.5 14.4 16.0 16.9 7.5 12.1 15.7 10.2 
SEM 2.1 1.2 1.5 1.8 2.6 1.5 2.0 1.4 

It is concluded that (a) morphine and U-50,488H may be 
distinguished in the cat on the basis of behavioral and auto- 
nomic changes, and (b) feline rage is probably mediated by mu, 
rather than kappa, binding sites. 

108.9 

lstior 
d 

hanol Exhibits Multiple Actions On The Opiold Receptor System. p.j. 
Hora and I.K. Ho Dept. Pharmacol. and Toxlcol., Univ. Ms. Med. Cntr. Jackson, 
MS 39216 
Butorphand is a potent, synthetic narcotic analgesic presently under non- 
controlled status. However it’s actions relative to morphine are largely unknown. 
Therefore studies were undertaken exploring both the pharmacologic and 
biochemjcal properties of butorphand and morphine. Male Sprague-Dawley rats 
received equimolar icv infusions of morphine and butorphanol (52.3 nmols/hr) for 
3 days-The addictive liabilities of these compounds were then evaluated via 
precipitated wIthdrawal with naloxone. Maloxone challenge induced a wide variety 
of withdrawal behaviors, with the EDbO of naloxone for the production of wet 
shakes and escape behavior being equivalent in animals recelvlng either morphine 
or butorphanot. In a separate study, animals were adminlstered equlmolar doses 
of morphine and butorphanol (36.4 and 22.9 mg/kg,respectlvely) in addition to a. 
dose of butorphanor approximating it’s ED5 
Urine volume was then evaluated at 1,2,4, ‘6 

In the rat tail flick test (5.7 mg/kg). 
, and 8 hours, in addition to urine 

osmolality at 8 hours post-dosing. Butorphanol produced a marked increase in 
urine volume in contrast with morphine, which produced an antldluresls. However, 
by 8 hours after dosing, urine osmolatlty was reduced compared to control in both 
morphine and butorphanol treated animals. In b &Q radioli and dlsplhcement 
studies, morphine and butorphanol were potent displacers of % H-DAGQ binding. 
In contrast, butorphan was approxima ely 10 and 40 times more potent than 
morphine in inhibiting H-DPDPE and B H-(-)EKC binding , respectively. Both 
ligands were weak displacers of 3H-(t)SKF10047 bInding, yielding lC60 values> 
IrcM. These results demonstrate that butorphanol posesses a substantial 
addfcttion liability. In addition, butorphanol appears to have agonistic properties at 
mu and kappa opioid receptors, and also interacts potently with the delta opioid 
receptor type.(Supported by NIEHS grant ES-07045) 

108.6 

INHIBITION OF MORPHINE SULFATE (MS) ANALGESIA BY INTRACERE- 
BROVENTRICULAR (ICV) CLONIDINE IN MICE* Ja es M. Fu.limoto 
a d Kathleen Schaus Arts VA Medical :enter, 
&lege of Wisconsin, Milwaikee, WI 53295. 

Medical 

Even though a synergjstfc Interaction might be expected 
between MS and clonidine, we find that clonidjne hydro- 
chloride (CL) given SC antagonized the antinocIceptive 
effect of morphine in the XCR Sasco male mice in the tail 
flick (TF) test, ED50 values (95% CI), mglkg, were for SC 
CL 0.55 (0.26-1.13) at 15 min and MS 7J (4.4-11.4) at 20 
min. At a normalized relat'lve dose ratio of l/l, the 
combinatfon had an ED50 greater than the theoretical 
additlve ED50 by the tltchffeld Wilcoxon potency ratio 
comparison. Similar antagonism was shown for SC CL on ICV 
MS* This antagonistic effect was due to the supraspinal 
action of CL because XCV CL given 10 min before TF test 
(but not intrathecal, IT CL) was shown to antagonize TT, 
ICV or SC MS. Thus, CL ICV, 0.6 pg, followed in. 5 min 
by I T  MS shifted the MS ED50 to the right by 4 fold 
(,83/A, pg/pg)* For ICV MS, ED50 value of MS 
shifted 12 fold (28*3/2*3). For SC MS ED50 (MS given 10 
min before CL) shift was 2 fold (15.1/7,1). These results 
indicate that supraspinally, an alpha adrenergic s,ystem 
exists which can produce an antagon!stic effect on 
morphine analgesia. (Supported by VA and DA00451). 

108.8 

ANTINOCICEPTION AND SUBSTANCE P ANTAGONIST ACTIVITY 
IN ASERIES OF ANALOGS OF SUBSTANCE P6-11. S. J. Ward, E.R. 
B&man*, and B.A. Morgan*. Dept. of Pharmacology and Medicinal 
Chemistry, Sterling-Winthrop Res. Inst., Rensselaer, NY 12144. 

Antagknists of-Substance P (SP), a putative primary afferent 
transmitter, may be antinociceptive. Analogs of SP6-11, including 
some with novel azole dipeptide-mimetic fragments, were tested & 
vitro for antagonist potency at SP-P (neurokinin-1) receptors in the 
Epinized guinea pig ileum @PI). In vivo SP antagonist potency was -- 
assessed by attenuation of SP-induced scratching in mice after 
intrathecal (Lt.) co-administration with SP. The mouse ACh-induced 
writhing test assessed antinociception, and a mouse rotarod assay 
revealed motor impairment. SP6-11 analogs showed both in vitro -- 
antagonist activity vs SP (pA 

Q 
= 7.3-4.0) and Lt. antagonist potency 

in vivo (SP scratching ED = .07 - HO yg/kg, i.t,). A clear correlation 
wasund between anti&i?eption (ACh ED = 0.7 - >lO pg/kg, i.t.) 
and in vitro SP antagonist potency (p< O.&l). Correlations were 
less zextween SP scratching EDsO and either in vitro pA2 (p = -- 
0.17) or in vivo ACh ED 

“9. 
(p = 0.11). Though most analogs impaired 

rotarod performance in an lnociceptive doses, 3 analogs, including an 
azole peptide-mimetic (PA = 7.3) produced antinociception but were 
inactive in the rotarod a 0 doses rv 30 times the antinociceptive 

ED5O* We conclude that some SF antagonists can produce anti- 
nociception in vivo that is dissociated from impairment of motor 
performance. - The specific tachykinin receptor with which these 
antagonists may interact in vivo is not known. 

108.10 

THE NMDA RECEPTOR: CENTRAL ROLE IN MEDIATING PAIN INHIBI- 
TION IN RAT PERIAQUEDUCTAL GRAY. Yasuko Jacquet. Behavf- 
oral Neuropharmacology Lab., Nathan Kline Institute, 
Orangeburg, NY 10962. 

The role of the periaqueductal gray (PAG) in the media- 
tion of opiate analgesia is well established (Jacquet & 
Lajtha, Science 1974). An injection of morphine in the 
PAG resulted in a naloxone-reversible analgesia, indicat- 
ing an opiate receptor mediated action. The present study 
investigated what role, if any, the excitatory amino acids 
(EAA) may also play in pain inhibition at this CNS site. An 
injection of the EAA analogue, N-methyl-D-aspartate (NMDA) 
(10 nmol) in the rat PAG resulted in potent analgesia in 2 
analgesia tests (Tail Flick & Noxious Pinch). A prior in- 
jection of the NMDA antagonist, (-)-Z-amino-7-phosphonohep- 
tanoate (D-AP7)(3 nmol) antagonized this action, indicating 
a receptor-mediated action. D-AP7 also completely blocked 
morphine analgesia. NMDA (10 nmol) given with morphine (25 
nmol) potentiated morphine analgesia, while the opiate anta- 
gonist, naloxone (5 nmol), only partially reversed this anal- 
gesic action. These results are consistent with the view 
that opiate-mediated analgesia in the PAG may be due to a 
disinhibitory action on an excitatory descending pain inhibi- 
tory pathway (Basbaum & Fields, Ann Rev Neurosci., 1984). 
The present findings delineate for the first time a function- 
al role for the NMDA receptor in the control of pain in the 
mammalian central nervous system, 
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Analgesic Profile of the Sodium Salt of Pemedolac. 
T.T. Chau and B.M. Weichman. Wyeth-Ayerst Research 
Princeton, NJ 08543-8000 

Pemedolac sodium, iis-I-eth I-1,3,4,9-tetrahydro- 
4-(phenyl methyl)-pyrano [3,4-b -indofe-l-acetic acid f 
sodium salt, showed potent analgesic activity in different 
writhing models in mice. Similar analgesic potency was 
observed regardless of the routes of administration (PO, 
im, iv), with ED values ranging from 0.3 mg/kg (vs 
acetylcholine) ts'4.3 mg/kg (vs PBQ). In the rat Randafl- 
Selitto assay, using Freund’s complete adjuvant as the 
hyperalgesic stimulus, the median analgesic dose (derived 
from a flat dose-response curve) was 1 vg/kg for all 3 
routes of administration. 
we1 1 absorbed. 

Thus, the compound appears to be 
It had a fast onset (15 min po, 5 min im, 2 

min iv) and a long duration of action (7-9 hr po, 12-18 hr 
im, 5 hr iv). Intracerebroventricular (icv) injection of 
large doses of pemedolac Na produced a naloxone-insen- 
sitive antinociceptive effect in the mouse PBQ writhing 
test (ED = 43,5 pg/mouse). Pemedolac Na had a low iv/ 
icv rati of 2 compared to 20 for morphine, and further, so 
was inactive in the hot plate and tail flick assays at 100 
pg/mouse icv. These results suggest that pemedolac Na, a 
potent and long acting analgesic, exerts its effect via a 
peripheral, non-opiate mechanism. 

108.13 
PHENYL-P-QUINONE WRITHING IN MICE: CAN IT PREDICT 
ANALGESIC EFFICACY? D. Luttinaer’, D. Koonz*,and S. 
Chip@* (SPON: S.J. Ward). Dept. of Pharmacology, &erlinF 
Winthrop Research Institute, Rensselaer, N Y 12 144. 

Phenylmuinone (PPQ) has been used routinely as a writhing 
stimulus to assess antinociceptive effects of compounds. This is due 
in part to the fact that both opiate and NSAID analgesics inhibit 
PPQ-induced writhing. However, NSAlDs are generally believed to 
be less efficacious at alleviating pain than opiates. The present 
studies investigated whether the clinically-observed differences in 
efficacy between opiates and NSAIDs could be detected by varying 
the dose of PPQ. Mice were dosed orally with the antinociceptive 
compound twenty minutes before i.p. administration of PPQ (1 or 3 
mg/kg), then observed for the presence of writhes between 5 end 20 
minutes post-PPQ injection by an observer blinded to the treat- 
ments. The opiates, morphine, and codeine and the mixed 
agonist/antagonist, pentazocine, were effective and equipotent at 
inhibiting writhing induced by the two doses of PPQ. The NSAIDs, 
aspirin, indomethacin, ibuprofen and zomepirac effectively inhibited 
writhing induced by 1 mg/kg PPQ in a dose-related fashion. How- 
ever, writhing induced by 3 ma/kg of PPQ was not significantly 
inhibited by NSAID at doses that were 3 to 30 fold higher than those 
necessary to inhibit PPQ (1 mg/kg)-induced writhing. Naproxen was 
unique among the NSAIDs in that its profile resembled that of the 
opiates. These results suggest that by varying the dose of PPQ, this 
model is better able to predict the potential antinociceptive effi- 
cacy of compounds that act by different mechanisms. 

108.15 

Change in the MuItiplicative Interaction of Antinociceptive 
Effects of Intrathecal (Lt.) Norepinephrine and Morphine in 
Morphine Tolerant 

l .  

Mice $. L&a cl. Ibe- G. L. Wh 
Dept. of -logy, Univ. of Minnesota, Minneapolis, MN 55455 

Morphine sulfate (MS) and norepinephrine (NE) given i.t. produce 
antinociception in the substance P (SP) biting and scratching behavior 
test. When MS and NE are given concurrently it., a multiplicative 
interaction for the antinociceptive response occurs (Lei and Wilcox, 
Neurosci. Abst, 1987). The present studies investigated the interaction 
between it. MS and NE in morphine pellet (MP) implanted mice which 
have been shown to show a decrease in the antinociceptive multiplicative 
interaction between intracerebroventricular (i.c.v.) and it. morphine. 
Male, ICR mice (25-30 g) were implanted subcutaneously with either 
placebo (PP) or MP (75 mg) for 72 hr. MS and/or NE were 
coadministered it. with SP and behaviors were scored for 1 min. ED50 

EE Me EE 
MS183 (128-237) 1392 (975-2141) 17.2 (11.3 -24.3) 42.4 (30.2-60.4) 
NE9.4 (7.1-12.3) 5.4 (4.017.1) 1.9 -(l&2.4) . 4.2 -(3.2-5.5) . 
Interactions between coadministered MS and NE were analyzed 
isobolographically and showed that the multiplicative interaction be&en 
MS and NE in PP mice changed to an additive interaction in MP animals. 
This changed interaction is similar to that found for i.c.v. plus i.t. 
morphine in the tail flick test and supports the role of a descending 
noradrenergic system in development of tolerance to morphine. 
(Supported by NIDA grants: DA01933 and DA04274). 

108.12 

CHANGES IN THE CHARACTERISTICS OF K-OPIOID AND 5HT 
SITES IN U50,488H TOLERANT MICE. Begonia Y. HO* an ! I  

BINDING 
A.E. 

Takemori. Department of Pharmacology, University of 
ma, Minneapolis, MN 55455. 

Tolerance to the analgesic effect of U50,488H (ftrans-3,4- 
dichloro-N-methyl-N-(2-C1-pyrrolidinyl~cyclohexyl)-benzene- 
acetamlde), a selective K-opioid agonist, was induced fn mice 
using a slow release method. Tolerance appeared 30 hr after 
treatment and was maintained up to 60 hr. The ED50 of sub- 
cutaneous U50,488H increased from 6.7pmotlkg to 57ymollkg. A 
smaller degree of cross tolerance to the analgesic effect of 
serotonin (5-HT) was developed also. The ED5 
serotonin increased from 66.5nmollmouse to If. P 

of fntrathecal 
nmollmouse. 

Cortical, strlatal and spinal tissues of control and tolerant 
mice were used for K-opioid and 5-HT2 receptor binding studies+ 
In the cortex, strfatum and spinal cord, the K 's of 
[SHJethylketazocine (EK) were found to be 1.9n/, 1.2nM and 
1.3nM, and those of CBH]ketanserln were found to be 0.8nM, 
2.DnM and Z.ZnM, respectively. An approximately twofold 
increase fn the KD's of both ligands was found In most of the 
regions. 
ligands. 

There was no change in the Bmax’S of these two 
Competitive binding studies using U50,488H and nor- 

binaltorphimine (nor-BNI), a selective K-OpiOid antagonist, 
showed a similar increase In the K+. These fIndings suggest 
that a slight decrease in the afffnities of K-OpiOid and 5-HT2 
receptors occurred with the development of tolerance to 
U50,488H. The densities of these receptors appear not to be 
altered. (Supported by USPH Service Grant DA00289.) 

108.14 

CHANGE IN MORPEIINECIDNIDINE INTERACTION INDUCED BY 
OPIOID BUT NOT NORADRENERGIC ANTAGONIST TREATMENT. 

l 

SC. R-F. 
.  

Klno * and rJ L Wilcox, Department of Pharmacology, 
University of Minnesota, Minneapolis, MN 55455 

Interactions between opioid and noradrenergic agonists for production of 
antinociception were studied using morphine sulfate (MS) and clonidine 
(Cl) as inhibitors of Substance P (SP)-induced behavior in male, ICR mice. 
MS and/or Cl was coadministered intrathecally (i.t.) with SP and biting and 
scratching episodes we= counted for 1 min. ED50 (95% CI) values were 
calculated and MS/Cl interactions were evaIuated isobolographically. A 
multiplicative interaction between MS and Cl was found, Addition of it. 
naloxone (Nx) or idazoxan 

0.008 (0.006-0.01) 
The opioid antagonist (Nx) changed the MS+Cl interaction from 
multiplicative to additive, while the a2 antagonist (Id) did not, even though 
both antagonists had similar effects on MS or Cl given alone. Thus, the 
opiate/noradrenergic interaction is more susceptible to opioid than 
nomdrenergic antagonism (supported by DA01933 and DAO4274). 

108.16 

CHARACTERIZATION OF SPINAL KAINIC ACID (KA) RECEPTORS SUPPORTS 
POSSBLE INVOLVEMENT IN NOCICEPTIVE SYSTEMS. LE. Detander 
and J.J. Wahl, Oregon State University, College of Pharmacy, 
Corval 1 is , OR 97331 l 

Investigations in our laboratory and others have centered 
upon similarities among agonists selective for NMDA excitatory 
amino acid (EAA) receptors and other putative pain neuro- 
transmitters, such as substance P (SP). In the present study, 
we examined the pharmacology of spinal KA EAA receptors. Mice 
exhibited a characteristic biting and scratching behavior 
after 60 pmof KA injected Lt. Behavior was similar to that 
seen after i.t. injections of SP or NMDA. I&induced behavior 
was inhibited by 5 nmol kyurenate (Lt.), a non-selective EAA 
antagonist that also inhibits NMDA-induced behavior, but 
unaffected by Z-amino-7-phosphonoheptanoate, a selective NMDA 
receptor antagonist. As previously reported for NMDA and SP, 
KA-induced behavior could be inhibited by N-ethyl-carboxamido- 
adenosine (Lt.) or by pretreatment with 1 ug morphine i.c.v. 
PCP receptor selective agonists PCP and MK801 were partially 
effective as inhibitors of I&induced behavior. I&induced 
behavior was also inhibited by D-proz-D-tryp7kubstance P 
(i .t.), a substance P receptor antagonist. The results 
suggest interactions at KA receptors may be involved at spinal 
sites mediating nociception. It is not clear whether inter- 
actions at these receptors might directly mediate transmission 
of nociceptive stimuli or whether they serve to modulate the 
actions of other putative pain neurotransmitters. 
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MU-OPIOID COMPONENT OF THE 
ETH-YLKETOCYCLAZOCINE (EKC) DISCRIMINATIVE CUE. 
T. A. Wettlaufefl, K. W, Locke*, B. Gorney*, M, Comfeldt*, and 
S. Fielding. Dept. Biological Research, Hoechst-Roussel 
Pharmaceuticals, Inc., 

The opioid receptor selectivity of the ERC discriminative 
stimulus was characterized in Fischer rats trained to discriminate 
0.3 mg,/kg SC of EKC from saline in a two-choice discrete-trial 
avoidance paradigm. The putative kappa-opioid receptor agonists 
EKC and U50,488H completely generalized with the EKC cue at 
doses of 0.3 and 10 mg/kg SC, respectively. In contrast to other 
reports (Shearman, G. T. and Herz, A,, J, Pharmacol. Exp. Ther. 
=:735, 1982), the putative mu-opioid receptor agonists morphine 
and fentanyl aIso dose-dependently generalized with the EKC 
stimulus, This generalization pattern may reflect a lack of opioid 
receptor selectivity of the EKC stimulus. However, distinct mu- 
and kappa- opioid components of the EKC cue could be identified 
using a relatively low dose of naloxone (0.1 mg/kg SC). The 
discriminative effects of morphine and fentanyl were blocked by 
this dose of naIoxone, whereas the discriminative effects of EKC 
and U50,488H were not. These results suggest that EKC produces a 
complex discriminative stimulus with mu- and kapja- opioid 
components that can be separated using narcotic antagonists such as 
naloxone. 

TAIL PINCH LATENCY TEST: CONDITIONED VOCALIZATION IMPROVES 
RELIABILITY WITHOUT PRODUCING OPlOID MEDIATED STRESS ANALGESIA 
J.W. Kemp*, P.F. Osgood, A, Kazianis*, N-E. Atchison*, D.B. 
Carr*, 6 S.K. Szyfelbein*, Shriners Burns Institute, Harvard 
Medical School, Boston, MA 02114 

Training (Tfi) rats-to squeak in response to a tail pinch 
improves reliability of the tail pinch latency (TPL) test of 
analgesia, but may be stressful and could thus produce a 
stress induced analgesia. Since the endogenous opioid beta- 
endorphin (B-EP) may be sensitive to stress analgesia, we 
examined the effect of TRN on baseline TPL and B-EP in order 
to determine whether TRN improves reliability of the tail 
pinch test without producing opioid mediated stress analgesia 
or confounding the study of B-EP. Ten male S.D. rats were 
implanted with i.v. cannulae on day one, sampled for B-EP 
before and after TRN on day two, and sampled for B-EP before 
and after determination of baseline tail pinch latency on day 
three. An additional group of 10 rats was sampled in a 
parallel fashion but did not receive TRN, Termination of a 
tail pinch served as negative reinforcement and was used to 
condition the squeak response. TRN did not significantly 
effect B-EP within or between groups at any point (Fw = 0.9 & 
Fb = 1.0, p > 0.05, 2-way ANOVA). However, TRN did signifi- 
cantly effect baseline tail pinch latency (t = 2.6, p < 0.05), 
reducing the coefficient of variation (SD/x) by 67X. These 
findings suggest that TRN rats improves the reliability of 
baseline TPL without producing stress analgesia or confounding 
the study of endogenous pain inhibitory systems that may be 
sensitive to stress. (Supported by SBI grant) 

CLINICAL PHARMACOLOGY 

109.1 

THE PHARMACOKINETICS AND PHARMACODYNAMICS OF SQ 29,852, A 
NEW METABOLICALLY-STABLE PHOSPHORUS-CONTAINING ANGIDTENSIN- 
CONVERTING ENZYME (ACE) INHIBITOR. J.Foley*, R. Morrison*, S. 
Singhvi, J. Manning*, and D. Willard*, Squibb Institute for 
Medical Res. and the Princeton Medical Center, Princeton, NJ 

SQ 29,852-14C [SQ; (S)-1-[6-amino-Z[[hydroxy(4-phenylbut- 
yl)phosphinyl]oxy]-1-oxohexyl]-L-proline] was given to eight 
healthy male subjects as single lo-mg i.v* and oral doses 1 
week apart in random order using a balanced crossover design. 
SQ was analyzed by thin-layer radiochromatography in plasma 
and urine up to 96 hours after dosing. Serum ACE activity was 
measured up to 24 hours after each dose. The mean (+SEM) 
absolute bioavailability of oral SQ was 67 * 3%; no metabo- 
lites were detected in plasma or urine. Tmax and mean absorp- 
tion time averaged 3.9 + 0.1 and 5.6 + 0,5 hours, respec- 
tively. Elimination half-life and mean residence time were 
14.8 + 0.9 and 6.2 * 0.3 hours, respectively, for the i.v. 
dose; the steady-state volume of distribution averaged 16.5 
f 0.8 L/kg. Total clearance (57 & 3 mUmin) was essentially 
renal, with 1% of the i.v. dose of radioactivity recovered in 
the 0 to 96-hour feces. The extent of ACE inhibition was 
correlated with plasma levels of SQ (r = 0,89, p < 0.001) and 
was 94% 1 hour after the i.v. dose, decreasing to 44% at 24 
hours. For the oral dose, maximal inhibition (92%) occurred 
at 2 to 4 hours, declining to 56% at 24 hours. 

109.3 

SIMULTANEOUS DETERMINATION OF SIX CAROTENODS IN HUMAN 
l SERUM. u R. Ca[ .  Dartmouth 

Medical School, Hanover, NH 03756. 
A method for the simultaneous determination of serum concentrations 

of stx carotenoids (lutein, xeaxanthin, cryptoxanthin, lycopene, 
alpha-carotene, and beta-carotene) was developed utilizing 
reverse-phase high-pressure liquid chromatography, ultraviolet 
detection, and an kocratic mobile phase (acetonitrite: tetrahydrofuran: 
methanol: 1% ammonium acetate, 65:25:6:4), Triple extractlon of 
ethanol-denatured serum with hexane was followed by evaporation of the 
hexane layer to dryness under nitrogen at 4OoC and resuspension of the 
residue in 50 ul ethanol (with 0.1% ascorbic actd as preservative), 
with further dilution into 150 ul mobile phase prtor to Injectlon. 
Quantitatlon of serum carotenoids was accomplkhed with a standard 
curve prepared from a solutbn of pure carotenoid compounds. The 
precision of the analysis of carotenoids In control human serum 
(within-day coefficients of variation, N=5 ) was determined for 
hJtein/zeaxanthin (3.6%); cryptoxanthin (11.20/o); lycopene (3.7%); 
alpha-carotene (5.9%); and beta-carotene (4.0 %). Sensitivity of the 
assay was IO-30 nglmi for the group of carotenoids, Specificity of the 
assay was confirmed by measuring the ratio of absorbance at 450 nm to 
436 nm of pure carotenotd solutions and patient specimens. Accuracy 
was determined for beta-carotene by demonstrating close agreement 
between determinations of beta-carotene using this method and an 
estabkhed method known to be in agreement with National Bureau of 
Standards reference values. 

109.2 

PHARMACOKTNETICS OF AZTDOTHYMTDINE TN PATIENTS WITH 
ATDS RELATED KAPOWS SARCOMA. R.P. Agarwal, D. Kolonias*, 
A. K&ban*, R. Uttamchandani*, and M.A. Fischl*. Univ. of Miami 
Sch. of Med., Debts. of Oncologv and Medicine, Miami, FL 33101. 

3V-Azid&3V-heoxythymid& (AZT) is a ‘thymidine analog that 
inhibits the infectivity and the cytopathic effects of human immuno- 
deficiency virus (HIV) both in vitro and in vivo. Pharmacokinetics of 
AZT and its 5’-glucuronide’nm) werrstudid in 6 male patients 
with AIDS-associated Kaposi’s sarcoma who were also treated with 18 
million units of u-interferon (INF; 1 q d x 8). One hundred mg AZT 
was given orally q 4 hrs and blood samples were collected at 0, 5, 15, 
25, 35, and 45 min and 1, 1.25, 1.5, 1.75, 2, 2.5, 3.0, 3.5, and 4 hr 
after the ingestion of an AZT dose. Following solid phase extraction 
of AZT and GAZT from serum, the drug and the metabolite were 
quantitated by high performance liquid chromatography. The peak 
AZT and GAZT cont. 2.02 + 1.5 ~1 M and 4.7 z 1.9 p M were achieved 
at 69 + 29 min and 80.6 + 23.4 min, respectively, following ingestion 
of the-drug. The AU&-from O-4 hr for AZT and GAZT were 2.5 4 
0.9 and 6.0 + 1.9 p M x hr, respectively. Cumulative half-lives of 
serum AZT &d GAZT were estimated to be about 80 and 52 min, 
respectively. These parameters were consistent with those obtained 
without INP (Laskin et al, Clin. Res., 36, 366A, 1988) except that the 
ratio of GAZT/AZT in the present study was much lower (2.3) than 
the ratio of 3.6 observed in the absence of INF. To fully assess the 
toxicity of AZT chemotherapy in combination with INF, the knowl- 
edge of intracellular metabolism of AZT is necessary. (Supported by 
NIH-NOl-AI-62536). 

109.4 

RAPID ANALYSIS OF IFOSFAMIDE (IFO) IN HUMAN PLASMA BY 
THERMOSPRAY-LC/MS/MS. Robert A. Newman and Daniel A. 
Gartiez*. Dept. of Medical Oncology Univ. Texas M.D. 
Anderson Cancer Center, tlouston, TX 77030 and TEXms Inc., 
Houston, TX 77030 

IF0 is a widely used anticancer drug. There'are, at 
present, only two methods to quantitate IF0 in plasma. A GC 
procedure (Pantarotto et al, J. Pharm. Sci. 63, 1554, 1974) 
and an HPLC method (Ma%iGn et al, Biomed. mrom., I, 101, 
1986). The GC procedure invofieFextensive sample preparation 
and a derivatization step. During the assay, however, decom- 
position is likely to occur. The HPLC procedure reduces the 
sample preparation time, but lacks the use of an internal 
standard. When cyclophosphamide (CYC) is used as the internal 
standard, its retention time is ca 16 minutes. The lengthy 
run time limits the usefulness of the analysis for large 
numbers of samples. We now report a rapid thermospray 
K/MS/MS analysis method for IFO, using CYC as the internal 
standard. The MS/MS spectrum of IF0 displays a daughter at 
m/z 92 which contains the chloroethyl substituent on the ring 
nitrogen. This daughter is not present in the spectrum of 
CYC which displays a daughter at m/r 140 arising from the di- 
chloroethyl substituents on the phosphoramido nitrogen. These 
daughters were used to quantitate IF0 in human plasma. 
Because complete separation was not necessary, it was possible 
to reduce analysis time to less than 3 minutes. Results will 
be presented and discussed. 
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909.5 
A HBTEfOD FOR SAMPLING HUMAN BLOOD FOR MEASUREMENT OF PLASMA 
ADENOSINE. J. Shryock*, M,T, Boykia*, L. Belardinelli, Univ. 
of Florida College of Med., Gainesville, FL 32610 

The half-life of adenosine in human blood is estimated to 
be 1-2 set at 37OC, In order to measure plasm adenosine 
concentration, it may be necessary to inhibit the metabolism 
of adenosine during transit of blood through the saslpling 
catheter, We have tested a double-lumen catheter for this 
purpose, “Stopping solution" (dipyriwle, 20m; AOPCP, 
fm; RHNA, 5 m; EDTA, 4.2laM; heparin, 25Ujml; pH 4.5) and 
14C-adenosine were delivered via an inner lumen, mixed with 
blood at the catheter tip, and withdrawn to a collektion 
syringe in an outer lumen (transit time 7 set). Recovery of 
14C-adenosine was 84f7% (aea&S,D.+n=8) at 1w [Ado], and 
was a linear function of the content of label in the sample 
over the range of adenosine concentrations 0,3-loF3M. In 
contrast, when "stopping solutionif was mixed nith blood in 
the collecting syringe rather than at the catheter tip 
(single lueaen catheter model), recovery of 14C-Ado was 822% 
(n=8) at 1pM [Ado], The importance of inhibition of 
pathways of uptake/degradation of adenosine and formation of 
adenosine during transit through the catheter was further 
dmnstrated. The results suggest that accurate estimation 
of human plasma adenosine concentration necessitates the 
inhibition of adenosine metabolism during blood withdrawal. 

A double-lumen catheter is suitable for this purpose, 
Supported by a grant from NIH (HL35272) 

109.6 

USE OF A NEW OPTICAL ASSESSMENT DEVICE TO IrqEASURE 
OPIOID-IFUCED CHANGES IN* PUPILS. P. Welch,* A, 
Radzius, 3. Henninqfield and E.J. Cone. NIDA 
Addiction Research Center, Baltimore, #D 21224 

109.7 
DEVICE WITH IMMOBILIZED CHELATOR FOR EXTRACORPOREAL REMOVAL 
OF EXCESS C~S-DIAMMINEDICHLOROPLATIN-UM (CDDP) FROM BLOOD. CM 
Ambrus, K Karakousisf S Anthone: C Horvatht K Kalghatgit F 
Riederst Children's Hospital, SUNY Buffalo, NY 14222, Roswell 
Park Mem. Inst. Buffalo NY 14263, Yale Univ. New Haven, CT, 
06520, National Med. Services, Willow Grove, PA 19090. 

The dose of CDDP applied to patients with malignancies is 
limited by toxicity of platinum. CDDP canbe delivered directly 
to the tumor when the organ or extremity with the tumor has a 
single well defined artery, The bulk of CDDP leaves through 
the venous draihage into the systemic circulation. A hollow 
f-lber device was developed with immobilized chelator (Amber- 
lite-IRC-718 (AMB)) for the extracorporeal removal of CDDP 
from blood. As blood flows through the fibers the chelator 
behind the fiber membrane retains platinum that crosses the 
pores (cut-off value IOK dalton). Thus, CDDP removal. can be 
accomplished without the chelator entering the blood. Blood 
samples of 150 mL, collected from melanoma patients during a 
6 hrs iv infusion of 40 mg/m 2 CDDP were recirculated through 
AMB devices for 60 min,at 100 mL/min speed, at 37oC. Within 15 
min, 40-60% of blood CDDP was removed. AMB devices applied to 
dogs for 2 hrs in an extracorporeal circuit did not: produce 
physiological side effects, nor biochemical or hematologic 
changes. Clinical trials are planned for regional CDDP therapy 
with AMB devices applied to the venous drainage of the tumor, 
The goal is to chelate CDDP when most of it is still in the 
ultrafiltrable form, to reduce systemic toxicity of CDDP. 

EXERCISE II 

Acute administration of opioid agonists to man 
reliably constricts pupils. Methods for pupil 
measures have changed little since the early 1960% 
when pupil diameter was measured photographically. 
We compared a new computer-controlled pupilometry 
system (PupilscanTM) with photographic measures. 
Two doses of each of 6 opioids were tested under 
placebo-controlled double-blind conditions. Pupil 
measures were made prior to and periodically after 
administration. Measures of absolute pupil dia- 
meter and change from baseline were similar by both 
techniques and were significantly correlated. The 
Pupilscan system also measured rate of constriction 
in response to light stimuli. At the time of maxi- 
mum opioid effect, the rate of constriction and 
re-dilation was decreased in comparison to placebo. 
It is likely that the drug-induced constriction in 
baseline diameter prior to light stimulus challenge 
accounted for the effect. Overall, the Pupilscan 
optical unit appears to provide an accurate means 
of measuring drug-induced pupillary effects in man. 

9L IO,1 

MAXIMAL VENTILATION, BREATHING PATTERN, AND EELV. T, Babb*, 
J. Rodarte, and J. Young*. Mayo Clinic & Mayo Foundation, 
Rochester, MN 55905, 

Given the maximum flow-volume (FV) envelope, maximal 
ventilation (VE max) during exercise is determined by tidal 
volume (VT), breathing frequency (fb), duty cycle (Ti/Ttot), 
and end-expiratory lung volume (EEL& Using individual FV 
curves, VE max was computed for various VTS and EELVs, 
assuming Ti/Ttot of .42-.50. &I plots of VT vs fb these 
curves are steeper than constant ventilation isopleths, Two 
fit subjects with borderline and mild airflow limitation 
underwent progressive cycle ergometry. At low VE EELV 
decreased. As VE approached maximum for that VT and EELV, 
they increased 
EELV rather than 
increasing VT or 
decreasing 
Ti/Tt,t (figure). 
This EELV pattern 
differs from that 
observed in 
normals. 
(Supported by 
grants HL 21584 
and 07222). 

Subject #2 

$0 
fb (b/min) 

110.2 
CARDIAC VAGAL TONE DURING EXERCISE III HUMANS Jean-Pierre L 

Dujardin. Dorothy L Jack$on* and George E. gillman, The 

Ohio State University, Columbus, Ohio 43210. 

Although it is well known that cardiac vagsl tone is 

gradually withdrawn with increasing levels of dynamic 

exercise, until recently no method was available to study 

this process in detail. In this study respiratory sinus 

arrhythmia (RSA), 8 well-accepted index of cardiac vagai 

tone was determined continuously using a 8ignat prOCesSing 

technique developed by Porges (1986). In this technique 

apactral 8n8lySiS iS applied on the fluctuating heart 

period function after removal of non-periodic trends using 

a moving cubic polynomial filter. RSA is determined as the 

spectral density in the respiratory frequency band. In 14 

college age student8 of both sexes, ECC, respiratory rate 

and V02 Were determined at rest and during a maximal 

exercise stress test on a bicycle ergometer. The workload 

was increased in 150 kpm/min. steps. HR and cardiac vagal 

tone uert plotted as e function of V02 and XV02MAX. It Y8S 

cone 1 udtd that thi8 technique is well Suited t0 study 

dynamic changes in cardiac vagal tone during exercise. 

(Supported by NIH grent HL363361 

Porgcs, S.W. (1986). Reapirstory SinUS arrhythmia: 

Physiological basis, quantitative method8 and clinical 

implications. In P. Grossman, K. Janssen and 0. Vaitl 

(eds.) Cardiac Respiratory and Somatic Psychophysiology 

(101-115) New York: Plenum Press. 
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110.3 

SKIN VASCULAR RESISTANCE IN THE FOREARM AND CALF 
DURING ONE-LEG CYCLING. J.A. Taylor*, M.3. Joyner, 
P.B, Chase* and D.R. Seals. Depts. of Exercise & Sport Sciences 
and Physiology, Univ. of Arizona, Tucson, AZ 85721. 

We-have recently reported (FASEB J 2:A520, 1988) that during 
brief (3 min ea), 

f 
raded (40, 55, and 70% peak 02 uptake) one-leg 

cycling exercise EX): 1) forearm vascular resistance (FVR) de- 
creased during the initial 60-90 s and then increased progressively 
to or above baseline ievefs, and 2) contralateral calf vascular resist- 
ance (CVR) was unchanged initially and then increased progres- 
sively, exceeding baseline levels, The purpose of the present study 
was to determine the contribution of changes in skin vascular resist- 
ance in the forearm (FSVR) and contralateral calf (CSVR) to the 
respective whole limb responses during EX. In 5 subjects, arterial 
blood pressure (AP) was recorded and skin blood flow was measured 
in the forearm and contralateral calf using laser-Doppler veloci- 
metry before (control) and during EX. FSVR and CSVR were calcu- 
lated from AP and skin flows. FSVR was unchanged from control, 
during the initial 30-60 s of EX and then increased progressively to 
end EX (115 t 5, I26 + 13, and 143 + 20% of control at 40, 55, and 
70% peak 02 uptake). CSVR was dso unchanged from control ini- 
tially but decreased thereafter (64-83% of control at end EX). 
Thus, after the initial. min of EX, forearm skin vasoconstricts 
whereas calf skin vasodilates. We conclude: 1) the decrease in FVR 
at the onset of EX is mediated solely by skeletal, muscle vasodila- 
tion, 2) skin vasoconstriction contributes to the time-dependent 
increase in FVR during EX, and 3) the increase in CVR during EX is 
mediated solely by skeletal muscle vasoconstriction. 

1 to.5 

HYDWXJLIC RESISTANCE EXERCISE INCREASES FAT-FREE MASS OF 
OLDER W M-D, Becaue* and V.L. K&h* (Span: T.P. White). The 
University of Michigan, Ann Arbor, MI, 48 109-22 14. 

Previous data are equivocal whether muscular hypertrophy and growth 
of fat-free mass occur in response to conventional resistance weight 
training fn older males. The purpose of this expertient was to deteme 
the effects of hydraulic resistance weight training on fat-free mass (FFM) 
and muscular strength of older mdles. 30 males between 60 and 78 F 
(X = 65 yrs) participated ti an 18 wk control/exercise program. Subjects 
were tested before (Tl) and after (Tz) a 6 wk control period, and after a 12 
wk exercfse program (T3). Subjects exercised for 42 min. 3 times per wk 
for the first 6 wks and 4 times per wk for the last 6 wks (42 sessions). 
Hydraulic resistance exercise equipment designed to exercise the major 
muscle groups of the body with only shortening contractions was used. 
Body compositfon was determined by underwater weighing at residual 
lung volume. Peak torque, total power, and total work were assessed 
during 6 standardfied work tests. Data analysfs included repeated 
measures ANOVA with multiple post hoc analyses. 

Tl T2 T3 
Body Mass 75.4 k 1.8 76.0 k 1.9 75.0 f 1.8 
FFM 53.6 f 1.3 53.5 AZ 1.2 54.9 z!z 1.3* 
Fut Mass 21.8 1 0.9 22.5 f 1.0 20.1 -t- 0.9* 

No change (p>.Ol) was noted for body mass, while a significant (pc.01) 
2.6% fncrease In FFM was found along with a significant (pd.0 1) 9.5O/6 
decrease in fat mass, Increases in peak torque ranged from 0 to 6O/6; total 
power and total work increased between 0 to 14%. These data 
demonstrate that older males increase both FFM and strength as a result 
of whole body hydraulic resistance training. 

Supported by Hydra Fitness Industries. 

110.7 

VENTILATORY RESPONSES TO PHYSICAL CONDITIONING DURING 
PREGNANCY. P.J. Ohtake*, L.A. Wolfe*, P. Hall* and M.McGrath* 
(SPON: C.E. King). Queen’s University, Kingston, Ontario, 
Canada K7L 3N6. 

Pulmonary responses to aerobic conditioning during preg- 
nancy were studied in 27 healthy pregnant women (EG) who 
underwent cycle ergometer conditioning during the 2nd and 3rd 
trimesters (Tm's). Results were compared with a sedentary 
pregnant control group (CG, n=20). Data were obtained at 3 
levels of steady state, submaximal cycle ergometer exercise 
at the end of the lst, 2nd and 3rd Tm’s and 3 months post- 
partum (PP), In both groups, minute ventilation (V,), al- 
veolar ventilation and the ventilatory equivalent for oxygen 
were greater throughout pregnancy at all work rates relative 
to PP. Significantly greater tidal volumes (VT) contributed 
to the increase in VE. VD/V 

T  
decreased with increasing ex- 

ercise intensity and was una tered by pregnancy or condition- 
ing. PETCO, remained constant during exercise and was lower 
during pregnancy than PP. The magnitude and time course of 
pulmonary adaptations to submaximal exercise in pregnancy 
were not altered significantly by physical conditioning. Fun- 
ded by ARC (Queen's Univ.), Ont. Min. of Health, Can. Fit. 
Lifestyle Res. Inst., Can. Heart Foundation. 

110.4 

EFFECTS OF LOW-LEVEL EXERCISE TRAINING (ET) ON RESTING 
AND AMBULATORY BLOOD PRESSURE (BP) IN OLDER PERSONS 
WITH HYPERTENSION. M.J. Reilinpl*, L.A. Clayton-Bare*, 
P.8. Chase* and D.R. Seals. Depts. of Exercise & Sport Sciences 
and Physiology, Univ. of Arizona, Tucson, AZ 85721. 

To determine the influence of ET on BP in older men and women 
with mild essential hypertension, we measured systemic 
hemodynamics at rest in the laborat_ory (L) and 24-hr ambulatory (A) 
BP in 8 subjects aged 62.1 + 2.6 yr (X 4. SE; range 52-70) before and 
after 6 mo of ET (walking 3-4 d/wk for 30-40 min/d at 40-50% max 
02 uptake). ET increased max 02 uptake slightly (6-7%) but 
significantly (26.7 4 2.0 vs 28.6 2 2.3 ml/kg/min; 2.10 4 0.15 vs 
2.23 4 0.16 rt/ min; both p < 0.05). Systolic (146 + 4 vs 138 + 5 
mmHg, ns), diastolic (94 4 1 vs 88 + 2 mmHg, p < 0.051, and mean 
(111 2 2 vs 104 + 3 mmHg, p < 0.05) L-BP were lower after ET. This 
lower L -BP after ET was associated with decreases in cardiac 
output and stroke vol.ume; heart rate and vascular resistance were 
unchanged. In contrast to the training-induced reduction in L-BP 
observed, systolic (138 2 5 vs 138 + 5 mmHg), diastolic (88 2 2 vs 
92 + 3 mmHg), and mean (104 t 2 vs 104 + 3 mmHg) A-BP were 
unchanged (p > 0.05) after ET. Neither body weight (79.6 4.3.0 vs 
78.8 2 3.0 kg) nor % body fat (25.9 2 2.6 vs 24.8 4 2.4) were changed 
after ET (both p >0.05). These preliminary findings suggest that 
prolonged, low-intensity, aerobic exercise training lowers casually- 
determined BP at rest but not 24-hr ambulatory BP in older men and 
women with mild hypertension. (Supported by NIA AG06537). 

110.6 

CENTRAL VERSUS PERIPHERAt ADAPTATIONS IN HIGHLY TRAINED 
SENIORS. J. L. Fles*. S. Schulman*. G. Gerstenblith*, A. 
Goldberg*, C. Tan~erdey?, 1. Becker* 3 Clulow*.- D. 
Drinkwater*, 1. Lakatta* and E. G, Lakitta: Gerontology 
Research Center, NIA, NIH, and Johns Hopkins Medical 
Institutions, Baltimore, MD 21224 

Whether the well documented marked increase in maximal oxy- 
gen consumption (VO max> of older endurance trained men rela- 
tive to that of a e-matched B peers is mediated primarily by 
central versus peripheral adaptations is unclear. We perform- 
ed radionuclide ventriculography and respiratory gas exchange 
measurements during maximal upright bicycle ergometry in 8 
endurance trained (mean age = 65 L 5 yr, treadmill V02max = 51 
+ 4 ml/kg/min) and 6 age-matched sedentary (treadmill V02maX = 
31 + 4 ml/kg/min) men?. The maximum workload (MWL), the 
measured VO2 at MWL (peak VO ) and cardiac output (CO) at MWL 
and derived average arteriov &ous oxygen difference (A-V)02 at 
MWL are shown below (mean + S.D.). 

EnduranFe Trained Sedentary 
MWL (watts) 

P 
172 + 31 129 + 19 .02 

Peak VO (L/min) 
CO (L/m&) 

2.27 3: 0.33 1.52 T  0.30 .003 
17.6 7 4.2 15.9 7 3.4 NS 

(A-V)0 (vol. %) 13.4 T  2.9 9.9 T  2.7 .05 
Thus, 2the augmented aerobic capacity of endurance trained 
seniors at exhaustion during upright bicycle exercise is due 
primarily to peripheral rather than central adaptations. 

110.8 

HORMONAL CHANGES AND EXERCISE-INDUCED AMJZNORRHEA IN 
HIGHLY-TRAINED FEMALE ATHLETES 
M. &gimbal*, G.A. Kinson and M, Jette*. Univ. of Ottawa 
Health Sciences, Ottawa, Ontario, Canada K1H 8M5 

The study was carried out to evaluate levels of sex 
steroids in amenorrheic body-builders. Androstenedione, tes- 
tosterone (free), progesterone and estradiol-17B were mea- 
sured by RIA in serum samples collected every 7th day through 
two monthly cycles. Amenorrhea developed during intensive 
weight-training in all 7 body-builders. Mean androstenedione 
levels were 17.61 higher in athletes and free testosterene 
was elevated by 27.25%. Estradiol levels were unchanged in 
comparison to control values. This was surprfzing since all 
subjects were amenorrheric and the literature indfcates 
marked decreases in estrogens under comparable conditions. 
Most dramatic changes occurred fn serum progesterone with a 
93% reductfon in the athletic subjects. Coupled with changes 
in basal body temperature, the low progesterone is strongly 
indicative of anovulation. Current clinical concerns over 
endometrial hyperplasia and the suggested use of progesterone 
supplementation are likely associated with lack of 
progesterone and unopposed estrogen action, as substantiated 
in the present study. Elevations in androgen titer In 
response to severe exercise may reflect some influence on 
aromatase systems and peripheral steroid metabolism with 
changes in female fat: lean body distribution. 
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mgiT& Indpls IN 47401 
Phosphatehas lxenprmsedas anergogenicaid since it 

my mhance 02 delivery and cardiac mrk efficiency by in- 
creasing -(FEE) phosphate(Pi), 2,3-diphosph~lycer- 
ate(DFG), RBC adenosine tri@ns@nte (ATP), and P50. In 10 
norml males 12hrs post-prtiial w measured cardiac output(Q) 
bycO2 reeathing, stioke volum(SV), heart rate(m), 02 de- 
ficit(OZDef), aerobic metaImlim(vo2), and systemic arterio- 
venous 02 difference(A.VO2) during constant load cycle ergo- 
meter exercise@O% of peak vO2). Afta a basal venous bla 
sample for RBC Pi, DpG,RBCATP,arad P50 (3hrs tiforeexer- 
cise) a single dose of dicalcium phosphate(l2m1) and gLu- 
cuse(5Oom1/1O%sol) (PEW), or inert pla&, ms administered 
in arandm,crossovw,daubLe blind fashion.Blood sat@ing 
was r-ted immdiately before and after the 2hr exercise 
perid tomnitor thehmtological variables. WithHOS there 
t imreases(p<.05) in RBC Pi(3.9 to 5,&g/dl); DpG(11.8 to 
13,l~l/gHb); RBC ATp(4.2 to 4.4uml/gHb); and P50(26.8 to 
28.&mHg), ht P50 was not different across conditions at 
exercise onset (pHo5 P50=28.0, Placebo P50=28.3rmHg). No 
differences inQ,SV,HR,02DEF,V02,orA-~2menoH 
across treamts.Thus, the acute increases in FDChighen- 
ergy phoswtes resulting frm PFDS do not affect 02 delivery 
or cardiac atput during exercise at this intensity. Supported 
in part by a &tord Grant in Aid. Indiana University. 

STLJDY OF THE ENERGY BALANCE JN ELITE FEMALE SWIMMERS. E, 
Valt&res*, A. Tremblay*, and L. St-lean* (Spun: D. Richard). Physical 
Activity Sciences Laboratory, Laval, University, Quebec, Canada, GlK 7P4. 

Despite the high energy cost of their exercise-training, female 
endurance athletes frequently report low b moderati energy in&ke, 
suggesting th& their intake could be inadequate b equilibra their daily 
energy expenditure. In the present study, we reevaluated this concept in 
six elite female swimmers performing about 15 hrs of training/week. 
Their daily energy needs were assessed during a 30 day cycle of training 
being representative of their annual training schedule. Three-day 
dietary and activity records as well as body composition measurements 
were performed at the beginning and at the end of the study. A mean 
daily energy intake of 2472&O kcal was observed during the testing 
period. This intake corresponded to 108% of the recommended dietary 
allowance (RDAI for sedentary female subjects of the same body weight. 
The mean energy expenditure C&76*87 kcal/day) did not differ 
significantly from the mean energy intake (p>o.U3). The body 
composition measurements showed a slight increm in fat-free mass 
during the study tAd.0d.4 kg, p&O>), while body weight and fat mass 
remained unchmged. The comparison of the blood profile with the 
composition of the diet suggested that some subjects were at risk to 
develop iron deficiency. Results of this study show that energy intake 
wa adequate to satisfy the increase in energy expenditure associated 
with training, suggesting that their energy needs were not as high &s 
they would have been predicted on the basis of the extra caloric cost of 
exercise. 

110.11 

COMPONENTS OF ENERGY EXPENDITURE AND BODY 
COMPOSITION OF MALES CONSIDERED TO BE SMALL 
EATERS OR 1ARGE EATERS. V.A. George*, A! 
Tremblay*, G. Fournier*, J.P. Despr&*, C. Leblanc*, and 
C. Bouchard*, (SPON: J. Leblanc). Physical Activity Sci. 
Lab., Lava1 University, Ste-Foy, Qugbec GiK 7P4. 

Young males (N= 30) were categorized as small eaters 
(SE) or large eaters (LE) according to their energy intake 
(EI), following 14 days in a controlled environment. SE 
were individuals with an EI of I 170 kJ/kg body weight 
(N = 8) and LE those with an EI ? iI30 kJ (N q 7). SE had 
an average EI 65% of that of LE. Yet, SE were 
significantly (p < 0.01) heavier, fatter and had a greater 
fat-free mass. Resting metabolic rate and the thermic 
response to a 4.18 MJ meal were greater for LE than for 
SE, but not significantly so. There was no difference 
between the groups in thermic response to submaximal 
exercise or VO2 max. When the daily estimates for energy 
expenditure (EE) were considered, LE expended 15% more 
energy for activity. Thus, for the sedentary 1E who were 
in energy balance, there may have been additional EE 
during regular daily tasks, spontaneous bodily movement or 
fidgeting. This type of EE may be important in explaining 
EI variations among individuals. Supported by Health and 
Welfare Canada and FCAR, Quebec. 
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116.1 
POSTURAL EFFECTS IN THE: BABOON ON THE WINDKESSEL MODEL OF 
CIRCUMTORY DYNAMICS. Ricky .D. Latham,* Bernard J. Rubal, 7 Robert S. Schwartz,* Cardiology Service, Brooke Army Medical -----A 
Center, Fort Sam Houston, TX. 78234 

We evaluated the hemodynamic response to passive upright 
70° tilt in 6 baboons to assess the effects of gravity on 

characteristic aortic input impe- ~~~~~i(cZ,‘,om~~danpcgerl~Ch~;al 
l resistance (R). High-fidelity 

catheters were used to record aortic root pressure and flow 
velocity which were digitized at 200 Hz. Thermodilution 
cardiac outputs were obtained. Pressure and flow data were 
fitted to a computer model (CM) of a 3-element Windkessel to 
estimate Zc, C, R. These were compared to conventional 
calculations (CC) of SVR, Fourier analysis for Zc, and the 
time constant of pressure decay for C. 

It42 -5 
(d*s*cm > (d*sRcm-5) (cc/kHg) 

CM (supine) 140216 3678396 .37+.07 
CC (supine) 151438 36482241 .36%02 
CM (tilt) 8898 393 lL1.396 .57z.10 
CC (tilt) 113'21 35672450 .42?.03 

+SE *p < .05 
These data show that the CM fit of pressure and flow to 
determine Zc, C, and R produces similar results to indepen- 
dent calculations of these parameters. Finally, gravita- 
tional stress to passive upright tilt has its most prominent 
effect on C and little effect on Zc and R, 

116.2 

HXGIONAL A0RTIC PRESSURE APPARENT PHASE -ITIES INTHE 
BABOON DtlRING PASSIVE 70 DEGREE TILT. 'Barclay Butler*, 
Bernard J. mb& Rickv D, La-* and Rotxrt S. Schwartz*. 
lJrwke -Medical Mter, Fort Sam Houston, TX 78234 

This study examines the effect of wsive'tilt on mean 
apparent phase velocities (C,,,) at seven co&i-us 
segments from the ascendi- aorta (Asc-Ac) to the iliac 
bifurcation (IB) in Ikpio anubis (n=4). High-fidelity 
pressures were simultaneously record& at 5 cxk intervals 
using a multisensor micramanometric catheter. After 
pressure waveforma were computer digitized (ZoOliz), a 
discrete Fourier mlysis was performed. Differences in 
phase wle between pressure waveforms at adjacent sites 
were used to calculate regional CGX. cai (+ SD) (m/s4 
derived from aver&ng harmonics > 3Hz were: 

cm Ids=) 
As040 Descending Aorta IB 

Supine; 568 706 615 540 761 1435 
(@Dl +123 t202 +158 2103 k258 +I375 

Upri&t : 478 659 588 654 754 1665 
(+sD) +I25 ?I46 2142 +I51 +I86 +I407 

Cm were similar supine arad upright. This swgest that 
vascular characteristic relating to pulse transmission are 
similar supine aupright in the sedatedbtin n&el. 
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116.3 

PER-a EIE-Y POWNG +G,-m mss p ~SCIaE- 
NESS (GIX) , Jdm W. Buns and Pam . LEAF Sch. 
of Aerospace Med,, Brooks AFB, 'IX 78235 

Tactical maneuvering of high performance aircraft can 
impose severe head-to-foot inertial stress (6,) on pilots, 
with the potential for GL(x: and possibly loss of aircraft and 
life. Efforts are underway to both protect the pilot against 
GLZ, as well as shorten the recovery period following m. 
The unanesthetized baboon has been developed as an animal 
model for m research. Seven male baboons (avg wtz20.6 kg) 
have been successfully trained with a simple shock-avoiddnce 
performance task on the LGAFSM h-n/animal centrifuge. A 
red light is presented to the animal every tw seconds. tie 
second is allowed for a trigger pull response to turn off the 
light. If no response, a one second shock is presented to the 
lower legs. 7he shock can be abbreviated (escape) by a fate 
trigger pull. thus, the animal can avoid, escape, of accept 
the full shock. Transcranial EEG is obtained on all animals 
for correlation with a, Lclc is induced by exposure of the 
unprotected (no Gsuit) animal to 8 SG, at 6 G/s, sustained 
untif LZ. IZ is determined to occur with the appearance of 
an isoelectric EEG, which is observed at 8-10 s after onset of 

SGZ’ Performance recovery is measured from the time of return 
to 1 +G, to the restoration of task performance. This tech- 
nique is excellent for the investigation of methods to shorten 
performance recovery time after GLK, and/or to extend the 
latency period before LIX occurs during +G,. 

116.5 

TEN WEEK AEROBIC TRAlNlNG DOES NOT ALTER LOWER BODY NEGATIVE 
PRESSURE RESPONSES. JTt. RP Cl-. DJ Torok. TW Joumell. a 
Fortney* Johns Hopkins University, Baltimore, MD 21205 and Miami University, 
Oxford, OH 45056. 

It has been speculated that aerobic training may alter the gain of both 
low-pressure and high-pressure mechanoreceptors which would then change 
LBNP tolerance. An experimental group (EXP) of 8 male subjects (22.1&I .4 yrs; 
mean&SD) underwent a 10 week treadmill and cycle training program which 
resulted in an average 20% increase in 902max (3.46k.09 Vmin vs. 4.16k.13 
Vmin; meantiSE, ~~0.05). A control group, (CON;3=3; 26.Ok5.2 yrs), which did 
not undergo training had no significant changes in V02max (3.94f.30 llmin vs. 
4.09k.22 l/min). PRE- and POST-training, the EXP and CON groups, participated 
in LBNP tolerance tests (terminated at presyncope) and neck pressure-suction 
testing (to describe the carotid sinus-heart rate baroreflex; BR). LBNP 
tolerance, as defined by three different indices, and carotid sinus-heart rate gain 
(GAIN) were not altered in either group (see table). Furthermore, there were no 
changes in LBNP heart rate, blood pressure, leg circumference, and forearm 
blood flow (FBF) responses at any level of LBNP challenge. 

re EXP-POST CON-PRE CON POST 
Stress Index (min*mm Hg) 94k67 73&98 1038*146 * 903&l 82 
Duration of exposure (min) 20.57*1 .14 19.2&l .4 23.29&l .72 21.54k2.4 
Pressure tolerated (-mm Hg) -73&4 -w 7732 

mm Hal 8.Dt.15 10.4+ 74 w+? 32 11.5s.47 
In conclusion, ten weeks of aerobic training did not affect LBNP tolerance, LBNP 
responses, low-pressure mechanoreceptors (as indicated by FBF), or high- 
pressure mechanoreceptor functioning (as indicated by BR GAIN). Supported 
by NIH Ht07534 and HL10342. 

116.7 

CENTR& WDWAMIC EFFM=TS OF TRANSITION ~SUPINETO 
IIPRIGHT P06ITIONS IN PATIENTS WITH CHEST PAIN S-. 
Ber&J. Rubal, David S. Gmttd, Julio J. Bird*, and Ricky 
D. latham*. Brooke Army Medical Center, Fort Sam Houston, Tx 
78234 

This study compares supine and upright hemodynamics in 6 
patients undergoing cardiac catheterization for chest pain 
( ages : 40+6 years) , High-fidelity left and right heart 
hemodynamic data were obtained with multisensor catheters. 
These catheters were hydrostatically 
filled catheter while patients were 

referenced to a fluid- 
supine, Mgiographic 

stdies revealed 3 ok the 6 patients had atherosclerotic 
coronary disease. Transition from supine to a sitting or 
swing position was assooiated with a significant decrease 
(p<O.M) in left ventricular WI end-diastolic ( 50%) , 
pulmonary artery (33% and right ventrictiar (RV) ed- 
diastolic pressures (33%). Changes in RV ejection time 
(16%), RV pre-ejection period (21%), LV pre-ejection period 
(ll%), LV ejection time (14%) and aortic pressure were not 
significant. In addition, the high-fidelity recordings 
permitted the recognition of the following: disappearance of 
LV a-wave, reduced amplitude of puLmonary artery wave 
reflections and r&ti rate of RV and LV filling during 
transition to upright postures These data suggest that 
transition from zero Gz to +lGz in&33 subtle changes in 
cardiac loading importit in the ambulation of patients 
recovering from cardiac events or deconditioned stabs, 

116.4 

HEMODYNAMICS OF LEG VEII@ DURING A 30 DAYS,BED REST - 
EFFECT OF LBNP. F .Louisy- and C.Y. Guezennep (SPON : A. 
GUEIJ& CERMA - LCBA 5 bis avenue de la port: de S&res 
75731 PARIS CEDEX 15 - FRANCE - 

Six healthy young subjects were exposed to one month of 
bed-rest (-6O) (CNES Cooperation ) in order to study the 
behavior of capacitating vessels of the lowers limbs and 
the effect of LBNP countermeasure during simulated 
microgravity. The leg vein distensibility was measured by 
means of mercury strain gauge plethysmography with veinous 
occlusion prior to the decubitus period (Dc) on D6 and D20 
of decubitus (D6, D20) and on the fifth day of recovery 
(D+5). Three subjects were exposed to regular LBNP 
sessions (LBNP group), the other three (no LBNP) were used 
as control group. 

In the control group, veinous compliance significantly 
increased during the bed rest exposure, while in the' LBNP 
group ,there was no significant difference in the veinous 
compliance values Dc,DG, D20 and D+5. These results 
demonstrate a progressive increase in the distensibility 
of the veins of the lower limbs during an experiment of 
microgravity simulated means of bedrest with a LBNP 
"protecting effect". They arise the question of mecanisms 
involved in veinous dilatation during exposure to 
microgravity. 

116.6 

DIFFERENCE IN CARDIOVASCULAR RESPONSES TO BLOOD 
POOLING PATTERNS BETWEEN LBNP AND HJXAD-UP TILTING 
STIMULATED AFTER MILD SUPINE CYCLING IN WOMAN. 
S.Torikoshi. KJokozawa. J.Nagano. YSuzuki, 
Lab.of Human Physiol,Tokyo Woman's Christian Univ. 
Suginami-ku Tokyo Japan 

In the present study, 5 female students were 
investigated cardiovascular responses to gravita- 
tional stresses given after mild supine cycling 
by JO*Head-Up Tilting (HUT) and LBNP,which was 
closely estimated as a LBNP developed by the HUT 
in each subject. Increasing in calf volume after 
the cycling got two times in HUT more than in LBNP. 
Fcre-arm blood flow (FBF) and arterial blood pres- 
sures after exercise slowly decreased in HUT,foll- 
owing transient increases with changing body posi- 
tion,more than in LBNP,while recovering HR, VO , 
and cardiac output (ICO) had a little higher le 4 els 
in HUT,respectively. HUT would be make a bigger 
blood pool in the calf but a less total leg.volume 
more than these in LBNP,bnd this fact may bring 
about the difference in cardiovascular responses 
between the two gravitational stimulations after 
mild supine exercise. 

116.8 

INCREASING CENTRAL BLQOD VOLUME WITH HEAD-DOWN 
TILTING WOULD INHIBITE WATER INTAKE DURING MILD 
PEDALING AT 25k AND 35t ROOM TEMPERATURES IN 
WOPIAN.K.Yokozawa,S.Torikoshi,J.Nagano andY.Suzuki 
Tokyo Woman's Christian Univ.,Z-6-l,Zenpukuji, 
Suginami-ku,Tokyo,Japan 

The present study has investigated the effect of 
alterating central blood volume(CBV) estimated by 
stroke volum(SV) with changing in tilting 
position on water intake during a mild 
pedalling at 25t and 359c room temp. in 5 female 
students.WI was determined as a water volume 
drunk at 50 min.during exercise by each subjects. 
lOohead-up tilting(HUT) had a excess of the WI 
over lO"head-down tilting(HDT), while skin 
temperature (Tsk)and forearm blood flow were 
higher than these in HDT,and while SV increased 
in HDT but decreased in HUT from the supine 
resting levels. Despite of changing body temp., 
WI would be affected by CBV( with respect to SV) 
alterated in exercise position,because WI might 
be inhibited by increasing in atrium fulling 
pressure as CBV increased in HDT. 
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116.9 

WlJmR 8IHuIAT1oss ALeALYSIS or TItr IbrrGcTs OF C001oTtIU+- 
SORE8 rOR RR-Xl4TfY ORTHOSTATIC INTfLEFWlCE. R. Srinivaaan , 
John B. Charles , Joel I. Leonard , (SPON: C. L. Huntoon). 
NASA Johnson Space Center, Houston, Texas, 77058. 

Replacement of fluids and electrolytes (fluid-loading) and 
application of lower-body positive pressure (anti-g suit 
inflation) are two coxunonly-used countermeasures to combat 
the problem of orthostatic intolerance experienced by Shuttle 
astronauta as they return to Earth following a spaceflight. 
Although the beneficial effects of these remedial measurea 
have long been recognized, the physiological responses 
resulting from their use have not been fully evaluated. 
Knowledge of the response patterns ia essential for the 
develomnt of effective countermeasures to improve ortho- 
static tolerance. The requisite data cannot readily be 
obtained experimentally in an operationally-oriented environ- 
ment. This study uses computer simulation to provide 
theoretical answers to questions related to the use of fluid- 
loading and anti-g suit during Shuttle re-entry. The results 
suggest a hypertonic fluid-load just prior to re-entry for 
maximum effectiveness. The simulations pertaining to 
application of lower-body positive pressure indicate that, 
for g-forces of 2 G and less, inflation of anti-g suit ia 
warranted only if the blood volume loss exceeds 10 percent. 
(Supported by NASA Contract NAS9-17720). 

.  

Institute of Physiology, Prague, Czechoslovakia 

a method of testing the reactiona during al- 
ternating hypo- and hypergravity statest repeated 
IO-tiaes during one flight in a small tranaport 
plane was elaborated, In 10 experiments with 4 
experienced pilots the inflight performance 
during a standardized acrobatics programme was 
telsrted before tYld after the exposition to the 
mentioned alternating gravity states. It was 
found that the tested pilot performance vla;9 mar- 
kedly better after alternattig gmvity flights. 
It is supposed that at least in some subjects 
adaptation to the mentioned states is possible. 
This seem to be of importance to the problem of 
artificial gr3vity during the space flights. 

116.11 

SWNfFfCANCE OF LfGHT AND SoctAL CUES tN THE MAINTENANCE OF TEMPORAL 
ORWNIZATION IN MAN. w. h&&a KM. m Spaoe Life 
~~~s~,Natlenal~iarandSpeqeAdrni~~.A~ResesrchCeK?er, 

, Oakda 84035, and mrnent of Biobglcal Sciencq San Jose State Universtty, 
SanJose,Mtbfn&tgSl%L 
fhbshldywas~nedto~~~emrlronmentalcondilicw#l~wil~encounteredin 
future fqace mf#fcns, such m long-term confinement and Isol&tbn, excfusfon of pertodk 
emrkonmentsl aynchronizessl, tiered woMest schodufes, and the change In group compositbn 
following exchange of crew memtwrs. We focused on the relative importance of two 

Izers (e.g., fight and so&t Interactbn) In the reguMon of many bkfcgkat 
9 (HR) rectal temperatwe (RT), rest/actlvfty (RA), feed/fast, and 
parmeters. Two 2034 year old mate subjed triads (NR and SR) 
3.4x6.2meteuroomsfor1OS~(d). Athirdtriad(ER)llvadatthe 

test mnter dudq the study and served = mbo&ed hut confined controts. The NR and SR 
~$ubjeeEoweree~to1BL~D(LD)and~~llght~L)phot~whichde~ed 
a approxhmafythrse mk Interval, white t& ER grwp WBB maMabed in LO. At the start of the 
last errperlmental mglmen (regfmen 5, d34), s&jed S3 kom the SR grwrp was exchanged wfth 
~NSfromtfIeNRgmop. The(mportancedsocialinteradbnbetweenwbjecttriadsaaa 
~#ntheregulsabnofphyab@M pfwess42e was shown byi (I) parallel changes in Ckcadlan 
Rhythms (CR) phase and pwhl during LL wfthhh the SA and NR grorqe; (2) dktfnct differences In 
CR w length9 between the NR (24.3 hr) and SR (24.3 hr) grwp a- in LL; (3) the fack of 
omshm dff- lmtwen CR pmmdws h LL and LD (which indkated that mutual s&al CR 
syndwwlmbn p&My pmwnted the chmgm h CR amplitude, phase and wave&ape normally 
obsenred In shyly Mated sbjeds In LL); (4) tha oocuw of CR hwhrontzatbn in subjea 
N6, wbkh oocurrd aftw the m tramsfer on d&4, ahhwgh N5 WM exposed to an unchanged 
LD - durhg this trwmitbn; ad (6) the disswhtbn of the CR of SW S3 from the CR 
ofthaotherNRgroqa&jec#fnLLondQS. fheRAandRTC~sof53su~u~ly~ntemal~ 
deeynchronlzedu!DDi02. Thsserwksarestathtkatfysf@f-ntbyanonparamsttiepproach 
(pd.05). In oonduakn, m reeutts of this study indicate that smal groups adapt well to brig-term 
conAnementand~,thatsome~ofsodelkrieradioncanaffeaph~icalprocesses 
h a phfve manner (e.g., moat CR syndwonfzation) 01 nq@ive mannsr (CR desyndworizatbn 
#sodtad with eddame of a wsss rsspnse) and tha mwe investigation is needed to identify 
idvlduai physbbgical and peydwbgicEJ clmacterfstlcs whih &My indiviials who may have 
proMem h adqtlng to future space statbn mbsMs. UseM information was obtafned refative to 
CIBW size, mhbn, seleulm and psychological 8ufqmr1 and intertibn btween crew and 
ground w personnel. Our resluhs also suggest the utYlty of several countermeasurea to 
maintab ckcadbn rhythm entrainment and cpttmlze adaptability to required work-rest schedule 
&qeeinfuturaq=eslatbnmbskns. 
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117.1 117.2 
THE EFFECTS OF INTRATHECALLY-ADMINISTERED CALCITONIN 
GENE-RELATED PEPTIDE (CGRP), ALONE AND IN COMBINATION 
WITH VARIOUS OPIATE RECEPTOR-SPECIEIC LIGANDSJN MOUSE 
ANTINOCICEPTIVE TESTS. S.P. Welch-., A. Singha-‘, W.L. 
Dewe . 
d 

Dept. of Phamacm. of 
, A Comnonwealth Univ., Richmond, VA 23298. 

CGRP has been shown to produce small antinociceptive 
effects following intracerebroventricular (icv.) 
administration. High binding of CGRP in.the spinal cord 
led to testing for the antinociceptive effects of CGRP 
following intrathecal administration (i.t.) usin 

9 
the 

tail-flick (TF) and hot-plate (HP) tests. CGRP 0.01 vg 
throu h 

9 
10 pg/mouse, i.t.) produced no antinociception. 

CGRP 1 p 
morphine 9 

i.t.) di$ block the antinociceptive effects of 
MOR), Ca and ionophore A23187 (all i.t,), as 

well as S.C. MOR, i/both TF and HP tests, but blocked MOR 
(icv.) in only the TF test. In contrast, CGRP (1 ug icv.) 
blocked MOR (s.c.), but not MO@ (i.t,) in the TF test. 
CGRP (icv., lug) did block Ca (Lt.) in the TF test. 
CGRP (1 pg i.t.) did not block i.t. U50,488 (kappa 
agonist), but did alter the antinociceptive effects of 
DAGO i.t. (mu agonist) and DPDPE i,t. (delta agonist). 
CGRP appears to produce predominantly spinal modulation of 
antinociception via alteration of neuronal calcium. This 
work was supported by NTDA grants #DA01647-09 and 
DA05340-01, 

INTERACTION OF A MU AND A KAPPA OPIOID RECEPTOR AGONIST IN 
THE RAT P.F. Osgood, J.W. Kemp*, A. Kazianis*, N.E. 
Atchison*, D.B. Carr*, & S.K. Szyfelbein*, Shriners Burns 
Institute, Boston, MA 02114 

Since the receptor specific attributes of the predominant- 
ly opiofd kappa agonist butorphanol (BT) suggest that it may 
provide greater pain relief in the burn victim than the mu 
agonist morphine (MS), we assessed the analgesic effects of 
BT and MS alone and in combination in the rat burn model. 
Male S.D. rats were anesthetized and subjected to a scald or 
sham burn. At 2 days post-burn MS, BT or BT with a fixed 
dose of MS were administered i.v. Analgesia was assessed by 
tail flick latency (TFL) for 4 hrs. While MS had equipotent 
effects in sham (SH) and burn (BR) rats, BT had greater 
potency in the BR than in SH. When BT was combined with MS, 
in SH there was an immediate rise in TFL to higher levels 
than with BT alone, but then TFL fell rapidly so that analge- 
sia was markedly shorter in duration. In BR, on the other 
hand, dose-effects for TFL were reversed (the slope of the 
dose-effect curve was negative). Thus when given alone BT 
had greater analgesic potency in BR. When combined with MS, 
however, responses in SH and BR are similar to the results 
of a study by Wallenstein et al, 1986, who found that when 
given to non-tolerant human subjects, a fixed dose of MS with 
increasing doses of the kappa agonist pentazocine augmented 
analgesia, but in patients tolerant to MS analgesia was re- 
versed just as in the TFL response in BR. Possibly the 
marked increase in beta-endorphin that follows burn injury in 
the rat (Osgood et al, 1987) may have led to a relatively 
"tolerant" state at 2 days post burn. 

‘&m::~. by a grant from the Shriners Hospitals for Crippled 
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117.3 

STRESS-INDUCED POTENTIATION OF MORPHINE ANALGESIA IN MORPHINE 
TOLERANT RATS. Sharon W. Fleetwood* and Stephen G, Holtzman. 
Emory University School of Medicine, Atlanta, GA 30322 

This investigation was designed to determine whether 
rats that were tolerant to the analgesic actions of morphine 
(M) would be tolerant to the stress-induced potentiatfon(SIP) 
of M-induced analgesia. Male Sprague-Dawley-derived rats 
(210-235g) were given scheduled access (10 min every 6 
hrs) to either M solutions(0,5mg/ml) or drug-free tap water. 
Daily M intake averaged 46 mg/kg. Nontolerant and M tolerant 
rats were tested for M analgesia (tail-flick method) while 
either unstressed or stressed (i.e., immobilized in Plexiglas 
cylinders) l M (1.0-8.0 mg/kg,s.c,) produced dose- and 
time-dependent increases in tail-flick latencies. Stressed 
rats consuming drug-free tap water were more sensitive 
to the analgesic actions of M than their unstressed counter- 
parts: ED50~2.39 vs, 4.14 mg/kg (p<O.O5). Increased sensi- 
tivity to M analgesia was also evident for stressed rats 
consuming M chronically when compared to their unstressed 
counterparts: ED50'4.05 vs. 6,OO mg/kg (p<O,O5). Stress 
potentiated the analgesic effect of M comparably in nontol- 
erant (1.8 fold) and tolerant (1.5 fold) rats. Differential 
tolerance to M analgesia and to SIP of M analgesia suggests 
that different mechanisms mediate these two effects. 
Supported by Grants DA00541 and K05 DA00008, 

117.5 

MORPFIIWGINDUCED TOLERANCE AND DBPENDBPJCFI IN THE 
RAT Es ASSOCfATED WfTE ALTERATIONS IN BRAIN REGIONS 
AND SPINAL CORD %I-SCH 23390 RBCOGNI’I’ION SITES. 
Hemendm N- Hnergmm and Anil Gulati*z Wpt. of 
Phmnaedyftttmi~ Univ. of Ill. at Chicago, Chicago, IL 6961% 

Male +agueikwley rats were ridered tolerant to and 
dependent on morphine by sot* implantedon of 6 IlWphhe @k?ts 
each cc&W@ 75 mg of morphine fbee bese dorm a lday period. 
Rats Implantea 

si 
milarly with @ati wets sewed as controls. 

The bInding of H-H 23399 to variou3 b&n regions ti @MI 
cod wes determined in rats from which pII& were either 
removed tahMnent fo? 16 b) or left int8ct bnektinent rat& 
TIw wnding of 3IieII 23399 to memfxanes of k&n regions md 
SpIrral cord of nonaldnent morphzrre dependent and their plambo 
m-1 rats did wt differ. However, the bsnding of 3WBCH 23390 
to striat8l and hypothalamic membranes of abtinent rata was 
much greater than in the control mts. me illBQiWhwndingW= 

due to 8 combbtbn of Incwa!w in Bmex velue and dwreaww in 
&g value of 3H4CH %3390. Similar effects we oberved In @MI 
cod9 Illebha~Ql rezqmmw to dopmine Dl rcxeptor Qgonist, 
SKP 38393 were e&30 enbnmd in morphine ddnent rats when 
aompred to pIeceb con-k nie rwults indicate that in 
mofphine tohmmt~nt rats mdmgdmg withdmwel, dopunine 
D1 receptom m WIIferated but in -withdrawing rats dopamine 
D1 vtors ere maffected (5uppwted by a wt DA48598 fbm 
the NationaI Institute on Drug Abuse). 

117.7 

Opioid and Opioid Factors in Starvation-l nduced Analgesia. 
Hi Akunne* -and K.F.A. Soliman. College of Pharmacy, 

I norida A&M IJ niversity, Taitahassee, FL 32307. 
The effect of - opioid and non-opioid factors in 

starvation-induced analgesia were investigated in male 
Sprague-Dawley rats. Animals were starved for 12 hours 
and were divided into 8 groups. Four groups were fed for 
2 hours and were treated intraperitoneally with tryptophan 
(200mg /kg), naloxone (5mg /kg), methysergide (3mg / kg) 
and methysergidelnaloxone. The remaining four groups 
were not fed but received the same drug treatments. All 
animals were tested for pain sensitivity before starvation, 
after starvation, after feeding and at 30 minutes and 2 
hours following the various drug treatments. Starvation 
resulted in significant (p< .Ol) increased pain threshold 
which was not reversible by institution of feeding. 
Consequent administration of tryptophan resulted in 
increased pain threshold while naloxone caused a decrease 
in pain threshold. Also after starvation, treatment with 
naloxone or methysergide resulted in a significant (IX .05) 
decrease in pain threshold though the combined treatments 
did not enhance this effect, These results indicate that 
starvation-induced anaIgesia was not reversible by 2 hour 
feeding but was enhanced by tryptophan and reversible by 
methysergide or naloxone. (Supported by grants NASA 
NAG 2-411; NIH RR0811; NIH RR03020). 

117.4 

DOPAMINE D-1 AND D-2 ANTAGONISTS POTENTIATE ANALGESIC AND 
MOTOfI EFFECTS OF MOFIPHINE. J-A Kirftsy-Roy”. SM. Standish” and L.C. 

Department of Neurobgy, Veterans Administration Medical Center and Terry. 
University of Michigan, Ann Arbor, MI 48105. 

Brain dopamlnerglc systems have been implicated in mqny of the pharmacologic 
effects of morphine (MOR), but the rde of d-mine receptor subtypes Is not clear. 
These studies compare ana@sIc and cataleptic responses to MOR in the absence 
and presence of SCH 23390 (SCH) or etklopride (FTC}, highly selective D-1 and D-Z 
rmptor antagonists, reqctlvely. 

Male, Sprague-Dawley MS were pretreated with &her saline, SCH (50-l 00 ug/kg 
ip) or FTC (20-150 ug/kg Ip) IO mln prior to MOR (12 mg/kg ip). Antinociception 
was asseswd at 5 min intervals for 15 min before and for 40 min after treatment 
using the hot plate test (52.S°C). Hindpaw tick or mpe attempt were used as 
endpdnts (maximum latency=45 set). In additional experiments using the same 
drug treatments, catalepsy was assessed by placing a hindiimb on a 3.5 cm cork 
and recording the latency to stepdown (maximum latency=45 set). 

MOR increased analgesic response latency to 44.5+7-g% of the maximum 
possible response within 30 min, but dM not prdong stepdown iatency’in the 
catalepsy test. Pretreatment with either SCH or ETC potently enhanced the 
analgesic effeot of MOR and elicited a state of catalepsy. Peak analgesic responses 
to MOR increased to 91.937.594 and 100% of maximum with the highest doses of 
SCH and EE, respectivdy. Neither antagonist atone produced significant anatgesia 
at doses that potentiated MOR analgesia, although both drugs were madly 
cataleptigenic. However, when administered in combination with MOR there was a 
pronounced cataleptic responsa. These restis indicate that the inhibitory 
relationship between dopamine and opioids Involves both D-1 and D-2 dopamine 
receptors and provMe support for the thesis of a functional interaction between D-1 
and D-2 receptors in some brain regions. (DK 37669) 

117.6 

EFFECT OF w-50,488& A KAPPA OPIOID RECEPTOR AGONIST 
ON TOLERANCE To ITS PBARMACOLOGKAL EFFECTS AND 
BILAM AND SPINAL CORD KAPPA OPIOID RECEIVORS, bduri 
Remerao+ Anil GuIati* tam3 Hem& N. Bharga 
Pharmacodgnamios, University of Mlim 

va, rh9fiix 
isatChicag0,ChbgoJL 

60612. 
lntmperitmwl administration of U-50,488H (U) prduced doare- 

depe&W8naIge&,h~thermiasnddiuresIsinmaIesprague- 
Dawley rats Chronic adminIstt8tion of II 05 mg/kg), twice a day 
for 4 dam rWuIW in the deveIopWWt of tolerance to its diMI@c 
and hypothermic effects but not to the dimtic effect. MC 
miminbtmtion of W (10,2U and 40 mg/kg) m a ilsy for 5 &ya did 
not produce tokance to its pbrmacobgic8I effett& however, the 
sarnedosesofUgi~twlcea~y~~Inthe~of 
tolerance to both mmlgmic Md hygmthemic effects. The 
developtnent of tolerance to U was Mated with m 
binding of 3H-ethyIketoqclakWne (3EEEKc) to se&ted tWain 
region tpm~ + medulla, midbrain, cortex) 8nd spinax & 
membranes but the wndir4g to hypWIamic membrane did not 
differ in cIwo& u and its vehicle treated rats- Tire Iresult auggwt 
that awe I dQy injection of u upto 40 mg/kg does not mce 
tolerance but twice a by hjectb~3 8re m to bduce 
tol-ce to the @armac&gkal effects of U, and that it is 
~~l~(&-gWonofW.nandspiW~lcappa 

supported by Q gmnt DA42598 from the NatId 
bnrstitute on m ARM and a vt from the CIWaga Beart 
hHleiatiod. 

117.8 

Attenuation of Morphine-Dependent Precipitated Withdrawal 
Siqns by Oral and lntraperitoneal Administration of Glucose. 
L.- Hardy*, C, Akunne* and K.F.A. Soliman. College of 
Pharmacy, I-lorida A&M University, Tallahassee, FL 32307. 

MaI& Sprague-Dawley rats maintained under controlled 
I ighting and temperature conditions were used in this 
experiment. Morphine dependency was induced by giving 
increasing doses of morphine by intraperitoneal injection. 
Animals were injected with 10,20,30 and 50 mg/kg of 
morphine sulfate at days 1,2,3 and 4 respectively. After 
being divided into two groups the morphine dependent 
animals were given naloxone by the intraperitoneal route to 
precipitate withdrawal. Glucose (5g/kg, 8glkg or tOg/kg) 
was given orally 1 hour prior to the administratlon of 
naloxone to one group and glucose (5glkg or 8g/kg) was 
given intraperitoneally 20 minutes before naloxone to the 
second group. All drug treatments had their proper 
controls. Withdrawal signs were assessed by observing the 
presence of diarrhea, erection, salivation, plloerection, 
hunchbacked posture, body tremor, teeth chattering, 
escape attempts, territorial exploring, restless activity, 
irritability to handling, vocalization, and jumping w Results 
obtained indicate that oral glucose administration at lOg/kg 
and intraperitoneal glucose at 8gIkg abolished most of the 
withdrawal signs. It was concluded from this study that 
hyperglycemia could suppress morphine withdrawal signs. 
(Supported by grants NASA, NAG 2-411; NIH RR0811; NIH 
RR03020). 
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117.9 

MECHANISMOFOPIOIDEFFECTSONBASAL FLUID ABSORPTION IN 
THE MOUSESMALLINTESTINE. Qijiana*.RwellJ. S&Jdon* andF a& 
Porreca. Department of Pharmacology, University of Arizona Health Scieices 
Center, Tucson, AZ 85724, U.S.A. 

Central and peripheral sites of opioid action on basal fluid absorption 
were studied in viva Male, ICR mice (20-30 g) previously fasted for f5 hr 
were anesthetized with intraperitoneal (i.p.) urethane (1.2 g/kg) and a loop 
of small intestine (upper jejunum) isolated. Each end of the intestinal 
segment (15-20 cm) was ligated and filled with an isotonic solution (0.7- 
1.0 ml). Compounds were given intracerebroventricularly (i.c.v.) or i-p., 15 , 
or 20 min, respectively, prior to filling the intestinal loop. The loop was 
excised 20 min after filling, weighed, the contents expressed and reweighed. 
The volume of fluid absorbed was calculated as the difference between the 
filli g volume and the residual intestinal volume. When given i.c.v., [D- 

1 Ala , NMPhe4, Gly-ol&nkephalia (DAGO), morphine, ED-Pen2, D- 
Pen$nkephalin (DPDPE) and U50,488H increased fluid absorption in a dose- 
related mannner - DAGO was 3.7, 573 and 2579 times more potent than 
morphine, DPDPE and U50,488H, respectively. All compounds except DPDP 
were antagonized by naloxone (1 - 10 pg, i*c,v,, concurrently with the 
agonist); DPDPE was also unaffected by the S antagonist, ICI 174,864 (IO 
pg, i.c.v.). With the exception of morphine, none of these agonists altered 
fluid absorption when given i.p. The effects of i-p. or i.c.v. morphine were 
antagonized by i.c.v., but not imp., N-methyl levallorphan (SR 58002C), a 
quaternary opioid antagoais t . Pretreatment with i,c.v. p-funaltrexamine (p- 
FNA)(ZO nmol, 4 hr prior to testing) blocked the effects of i.c.v. DAGO, but 
not U50,488H. These results suggest that opioids enhance basal fluid 
absorption exclusively through central sites in this species. Furthermore, 
both central p and it opioid receptors are involved in this mechanism. 

117.10 

MAGONXST ACT?ONS OF THE OPIOIlD ANALGESICS 
NALBUPHIM AND BUTORPHANOL IN HUMANS. Geore 

e L Pmtog, The Johns Hopkins University School 
of Medicine, Baltimore, MD 21224. 

The extent to which the opioid mixed agonist-antagonist 
analgesics nalbuphine and butorphanol would display agonist actions 
versus antagonist actions when administered to opioid-dependent human 
volunteers was assessed on a variety of subjective, behavioral and 
physiological measures. Hydromorphone (4 and 8 mg) and naloxone 
(O* 1 and 0.2 mg) sexed as profiles of a protoypic mu a onist and opioid 
antagonist and were compared to saline, nalbuphine 0. f 75,0,75,1.5,3 
and 6 mg and butorphanolO.375,0.75, 1.5,3 and 6 mg in two groups 
of 5 subjects. Subjects wae adult, male opioid abusers enrolled in 
methadone maintenance treatment (30 m&lay, p.o.). Drug conditions 
wcz given IM under double-blind conditions in 2.5 hr experimental 
sessions. Naloxone precipitated opioid abstinence, as indicated by 
increased subject- and observer-rated withdrawal symptoms and signs. 
Nalbuphine and butorphanol precipitated withdrawal as indicated on 
subjective, behavioral and physiological measu=s. Nalbuphine 3 mg 
and butorphanol 1.5 mg produced effects approximately equivalent in 
magnitude to naloxone 0.2 mg. The profile of nalbuphine-induced 
withdrawal effects was qualitatively simiiar to, and indistinguishable 
from, that of naloxone; in contrast, butorphanol precipitated a withdrawal 
syndrome that differed somewhat from that of naloxone. Neither 
nalbuphine nor butorphanol produced any measurable hydromorphone- 
like agonist effects in these opioid-dependent subjects. (Supported by 
USPHS Grant DA-04089). 

r17.11 

drug injecting point run parallel with B.C. or/and iv. inj. 
Three charaoteristics were re~eaJ.ed. Firrstly, the onset a& 
potenoien of aain pammeter of TetrsLeol, Demefline, morphine, 
insulin and NB are much futer and stronger than thut given 
by 8.0. iqj und nearly equal to that of iv. inj. Seoondly,the 
pstency after Acu-P inj does not strictly relate to the rate 
of abaorptioa, for example, the radioactivity of 1251~insulin 
in plam and liver 5 min. after AM-P inj was 5.86 und 9 
folds lene, than th& of iv. inj at same doere basi8, but with 
ccuam ~oglyoemlo potenoy. Thirdly, there may be additional 
unique pharrmacological mechsnim(s) in case of Am-P inj. 
Analgersic potemy of moqhine ad hypoglyoeplic activity of in- 
erulin were not az effectively antagonized by naloxone and glu- 
wagon oorreapondingly as that by B*CI. or iv. inj, Rotation 
induced nyerta@nograph of rabbit waa equally inhibited by "Yi 
-Fengn Acu-P or iv.inj, but not inhibited by 8.~. inj of Sco- 
polwnine, Suns of the results are shown as followa: LD50 of 
Tetrasol Auu-P 42.47 mg/kg(20.L7-64.04), iv. 43.65( y8.35- 
49.61), 8.~~ 102.80(91.46-155.55)g of Demefline Acu-P 3.12 ( 
3.%3.32)mg/lrg, s.c.4.07(3.81-4.34 

25.47i13.92, iv. 25.541t9.61, 8.~. -5.95kl2.43 5 min. after 
ilhjection. 

HYPERTENSION II 

118.1 

ENDOGENOUS ANGIOTENSIN AUGMENTS EPINEPHRINE 
RELEASE IN EZATS ON A LOW SODLWM DIET. Aegis R. Vollmer, 
Sharon P, Cqrey* and Steven ‘J+ Fluharty*. University of 
Pittsburgh, Pittsburgh, PA 15261 and University of Pennsylvania, 
Philadelphia, PA 19 104 

Experiments were conducted to investigate the relationship 
between adrenal medullary epinephrine release and endogenously 
formed angiottnsin fl: in - male Sprague-Dawley rats that were 
maintained on a low or normal sodium intake for one month. 
During stimulation of the thoracolumbar cord in pithed low 
sodium rats I.Ol% sodium by weight of diet) the amount of 
epinephrine released into blood was significantly elevated above 
the levels observed in normal sodium rats (,3% sodium by weight 
of diet). Blockade of the renin-angiotensin system with either the 
converting enzyme inhibitor, captopril, or the angiotensin IT 
receptor antagonist, saralasin, resulted in a decrease in the 
amount of epinephrine released in the low sodium rats but did not 
alter release in the normal sodium animals. Thus, the net result 
was to equalize the release fn low and basal sodium animals. In 
addition, significant increases were found in the of 
adrenal - mgdullary 

density 
angio tensin II receptors and tyr&ne 

hydroqlase activity in low sodium animals. The results of the 
present study support the hypothesis that endogenous angiotensin 
II is capable of providing a positive modulatory influence on the 
neurally mediated release of adrenal catecholamines, [Supper ted 
by NliH HL.26212 and NSF BNS85-18035,) 

STUDY ON THE MECHANISM OF CLONIDINE REDUCED DIURESIS. 

118.2 

Jolanta GutkowskaIt LinRhe Pa+ (SPOH: M.B. Anand-Srivastava). 
Clinical Research Institute of Montreal, Montreal, Canada. 
HZW lR7 

The ICV administration of clonidine in conscious rats 
evoked a significant, dose-dependent increase in urine 
output. With a dose of O-5 pg of clonidine, urinary sodium 
excretion was enhanced from 5,43&S. 43 to 18.555.3 aEq/l 
(p < 0.001) and plasma IR-ANF rose fron 30.728.8 to 
113.3f32.3 p&ml (p < 0.05), Urinary cGMP was augmented from 
8.49f4.29 to 27,725.O pmoles/min (p < 0.05). This effect 
was accompanied by an apparent decrease of blood pressure. 
Pretreatment with peripherally-administered anti-ANF 
(400 ~1) abolished the diuretic effect of clonidine ICV; 
urine output decreased from 1.49fo,41 to 0,42HI.21 ml/hr, 
The urinary cGMP level after anti-ANF serum fell from 
25.027.56 to 7.1+3,5 pmoles/apin (p < 0.05). Peripheral 
pretreatment with the az-adrenergic antagonist yohiabine, or 
with the opioid antagonist naloxone partially abolished 
clonidine’s diuretic impact: urine output dropped from 
1.9140*55 to 0.42f0.18 nl/hr and to 0.46W, 18 al/hr 
(P ( 0.0% respectively, At. the same time, plasma IR-ANF 
decreased from 113.3232.2 to 30.3f11,4 after yohiabine and 
to 24.6?12,1 pg/ml after naloxone treatment (p < 0,05), We 
cone lude that central stiaalation of opioid and 02- 
adrenergic receptors enhanced release of AM?, 



A164 HYPERTENSION II WEDNESDAY PM 

118.3 118.4 

ALTERED INHIBITORY EFFECT OF B-HT 920 ON PERIARTERIAL NERVE 
STIMULATION-INDUCED RELEASE OF ENDOGENOUS NOREPINEPHRINE FROM 
THE MESENTERIC VASCULATURE OF ADULT SHR. William H. Cline 
and Linda L. Stephenson. Southern IL. Univ. Sch. of Med., 
Springfield, IL 62794. 

DIFFERENCES IN AGONIST-INDUCED 3H-myo-INOSITOL LABELLING, CON- 
TRACTILE RESPONSE, AND Na+/H"1' EXCHANGE IN SHR VS. WKY ARTER- 
IES. T.P. 'Ek, S. Cpta & R,C. Deth. College Df Pharmacy and 
Allied Health Professions, Northeastern University, Boston, 
MA 02115 

The effects of infusion of the selective alpha-2 
adrenergic agonist, 8-HT 920 (10'7~ final concentration), 
on periarterial nerve stimulation-induced (PNS) release of 
endogenous norepinephrine (NE) from isolated mesenteric vas- 
cular-intestinal loop preparations of 13-16 week old Wistar 
Kyoto rats (WKY) and spontaneously hypertensive rats (SHR) 
were determined. B-HT 920 infusion produced a frequency- 
dependent inhibition of PNS-induced release of endogenous NE 
in WKY preparations. Significant inhibition of NE release 
was observed at 4, 6, 8, 10 and 12 Hz but not at 14 Hz in WKY 
preparations. In contrast, B-HT 920 infusion did not alter 
PNS-induced endogenous NE release in SHR preparations at any 
of the PNS frequencies from 4-14 Hr. Mesenteric vascular 
perfusion pressure responses to PNS of 4-L4 Hz were not 
altered during B-HT 920 infusion in WKY preparations but were 
significantly reduced in SHR preparations at higher PNS fre- 
quencies. Similarly, perfusion pressure responses to exogen- 
ous NE were not altered in WKY preparations but were 
significantly reduced in SHR preparations at higher NE con- 
centrations. These findings indicate that significant 
changes in both the pre- and postjunctional actions of B-HT 
920 occur in the SHR mesenteric vasculature. (Supported by 
AHA/IL Affiliate). 

Recent observations have suggested a possible elevation of 
protein kinase C (PKC) activity in arteries of spontaneously 
Hypertensive (SHR) rats. We conducted studies to determine 
whether elevated PKC might lead to altered a-adrenergic res- 
ponses (contraction and PI turnover) or altered basal Na+/H+ 
exchange (a PKC-activated process). Basal incorporation of 3H- 
myo-inositol into inositol monophosphate (IP) was similar for 
SHR and WKY groups. However, after a 30 min exposure to NE 
(10 PM), SHR arteries failed to show an increase in 3%IP 
levels while labelling was increased 219% in WKY arteries. SHR 
contractile responses (NE; 10 PM) were smaller than WKY with 
a reduced tonic phase. Treatment of WKY tissues with the 
phorbol ester TPA induced a pattern of reduced NE response 
similar to that observed in SHR. We measured Na+/H+ exchange 
in aorta of SHR and WKY rats using ethylisopropylamiloride 
(EIPA), a selective inhibitor of this process. In SHR tis- 
sues, the EIPA-sensitive component of 22Na+ uptake was 6.38f 
compared to 3.892 nmoles/min/mg for WKY representing a 65% 
increase, Since PKC regulates Na+/H+ exchange, these obser- 
vations are compatible with an elevation of basal PKC which 
may also be responsible for reduced al receptor responses in 
the SHR. 

118,s 

COMPLETE VASODILATOR DOSE RESPONSES ON A SINGLE HUMAN ARTERI- 
OLE, A.M.M. Shepherd, R,W. Yee*, Y. Yang*, L. Rico-Penny*, C. 
Brodie*, P. Comeau*. Depts, Pharmacol./Ophthalmol., Univ. of 
TX Health Science Center, San Antonio, Texas 78284. 

Pilocarpine has a direct vasoconstrictive effect on 
vascular smooth muscle, However, its net effect on many 
arteriolar beds is vasodilation, probably by releasing 
endothelium derived relaxation factor (nitric oxide) from the 
vessel endothelium. We describe a method of obtaining 
complete vasodilator dose response curves to topical pilocar- 
pine in a single human conjunctival arteriole as a means of 
studying local vascular reactivity without activating sys- 
temic reflexes. Sixteen ul of ophthalmic pilocarpine solu- 
tion were applied to the conjunctival sac of six healthy male 
volunteers followed by occlusion of the puncta. A Zeiss 
photo slit lamp biomicroscope was used to take slides of the 
conjunctival arteriole. Maximum vasodilation was,determined 
to be at 4 min. followed by a reflex vasoconstriction in 
arterioles of 15-25 microns luminal diameter. Pilocarpine of 
concentrations ranging from 0.0001% to 4X, was then adminis- 
tered at 4 min. intervals to 5 healthy male volunteers, 
Triplicate photographs were taken and analyzed to determine 
the change in luminal diameter. A well defined log dose of 
pilocarpine versus degree of vasodilation response curve was 
obtained. Threshold effective dose of pilocarpine was 0.1% 
and maximal vasodilation was seen at a concentration of 2%. 
Conjunctival arterioles may be used as a model for the study 
of arteriolar responses in human cardiovascular research. 

118.7 

PERSISTENCE OF ELEVATED MYOCARDIAL CONTRACTILITY IN CHRONIC 
1KlC HYPERTENSIVE DOGS. Marilys G. Randolph*, Getachew 
Mekasha* and Eleanor L. Ison-Franklin. Howard Univ., 
Washington, DC 20059. 

In6 chronically instrumented male dogs, weighing 17-22 Kg, 
changes in left ventricular (LV) volumes, pressures and 
indices of myocardial contractility were measured during a 
normotensive control period and for four weeks following the 
production of 1KlC Goldblatt hypertension. Simultaneous 
recordings of mean arterial pressure (MAP), LV pressure (LVP), 
maximum rise of ventricular pressure (dP/dt max) and sono- 
metric measurements of LV dimensions were used to evaluate 
myocardial adjus tment s and changes in LV mass duri .ng the 
deve lopmen t and stabi lization of t he experimen .tal hyper- 
tension. These primary variables were used to calculate 
cardiac output (CO), stroke volume (SV), end diastolic volume 
(EDV), end systolic volume (ESV), ejection fraction (EF), 
total peripheral resistance (TPR), wall tension (WT), mean 
velocity of circumferential fiber shortening (MVCF), heart 
rate (HR) and LV mass*(LVM). Despite a significant increase 
in afterload, CO, EDV, ESV, and MVCF remained unchanged from 
control. However, dP/dt max normalized to the LV-to-body 
weight ratio remained significantly elevated (pc.05) indicat- 
ing an increase in contractility. These results suggest that 
the norad renergic system may be involved in protecting cardiac 
function during the development and maintenance of 1KlC 
hypertension in dogs. 

118.6 

ATTENUATED BAROREFLEX CONTROL OF RENAL 
SYMPATHETIC NERVE AFTIVITY DURING EARLY DOC 
HYPERTENSION. N, Ka a oe ,. D.B. Averill. and CM. 
Cleveland Clinic Foundat io:. &eveland, OH 44 195. 

Ferrario, 

In a preliminary study we found that efferent renaf sympathetic 
nerve activity (ERSNA) was suppressed one week after onset of 
desoxycorticosterune (DOC) hypertension in dogs. This observation 
prompted us to study the baroreflex control of ERSNA in dogs given a 
single dose of DOC (20 mg/kg, i,m.) or equal volume of saline (sham). 
One week later dogs were anesthetized with morphine (2 mg/kg) and 
pentobarbital sodium (15 mg/kg). To examine reflex controX of ERSNA, 
baseline mean arterial pressure (MAP) was decreased by 40 mmHg and 
increased by 20 mmHg by subsequent infusion of nitroprusside (100 
pg/kg/min) and phenylephrine (20 pg/kg/min). For each dog the 
relation between MAP and ERSNA was fit to a logistic function. Baseline 
ERSNA of DOC treated dogs was significantly suppressed (0.85&0.13 
pv*sec/S set, n=l I) compared with sham treated dogs (2.61kO.44, n=l 1, 
p<O.OOl). Comparison of the relation of MAP vs ERSNA between DOC 
and sham groups revealed two significant effects of DOC treatment. 1) 
Over the same range of MAP, the change in ERSNA of the DOC group 
was smaller than that of the sham group (3.65k1.35 ~v*s/S set and 
6.84*0.87 pv*s/S set, respectively; p<O.Ol). 2) The maximum sensitivity 
for reflex control of ERSNA of the DOC group was approximately one- 
third that of the sham group (-O.lO*O.Ol pv*s/S sec/mmHg and - 
0.29SO.07 pv*s/5 sec/mmHg, respectively; p<O.Ol). These results 
demonstrate that the early phase of DOC hypertension in dogs is 
accompanied by diminution of tonic sympathetic traffic to the kidney and 
reduced baroreflex control of sympathetic outflow to the kidney, 
(Supported in part by HL-6835 and HL-33713) 

118.8 

INCREASE IN CARDIAC OUTPUT AT THE ONSET OF ALDOSTEROF4E 
HYPERTENSION. J-P. Montani*, H.L. Mizelle*, T.H. Adair and 
A.C, Guyton. Dept. of Physiology & Biophysics, Univ. Miss. 
Med. Center, Jackson, MS 39216. 

The classical hemodynamic transients of volume-loading 
hypertension (HT) have been difficult to demonstrate in al- 
dosterone HT. One of the reasons is that aldosterone HT 
develops slowly and the expected initial increase in cardiac 
output (CO) may be lost in the background noise. In the 
present studies we monitored the CO continuously for days 
because our measurements indicate that this is superior to 
short-term recordings, especially in demonstrating small 
changes in CO. In 4 chronically instrumented dogs housed in 
metabolic cages and maintained on a fixed sodium intake of 
150 mEq/day, we infused aldosterone (12 pg/kg/day, iv) for 
10 days while monitoring arterial pressure (AP) and CO 
(electromagnetic flow probe) continuously 20 hours each day. 
Aldosterone caused the mean AP to slowly increase from a 
control value of 87 & 1 (SE) mmHg to 108 k 2 mmHg over a 
period of 10 days. CO increased transiently from a control 
of 2.19 t 0.22 L/min to a peak value of 2.42 2 0.21 (days 3- 
4 ), and remained slightly elevated throughout the infusion 
period (2.35 t 0.19: days 8-10). When the infusion was 
stopped, mean AP and CO returned to control (90 k 2 ramHg, 
and 2.10 + 0.18 l/min). Therefore, the hemodynamic changes 
associate; with aldosterone HT are consistent with those of 
classical volume-loading HT. (Supported by HL 11678) 
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118.9 118.10 
ACUTE STRESS AUGMENTS THE RENIN-RESPONSE TO AORTIC OCCLUSION 
IN SPONTANEOUSLY HYPERTENSIVE RATS (Sm) . James P. Porter. 
Dept. of Physiol., Univ. of Louisville, Louis., KY 40292 

Activation of the central nervous system in Sprague-Dawley 

B DISRWPTIOLQ STIMOUTES m  S’PPIBDY-STATE SODIUH 
PDMP ACTIVITY OF R&T TIXOUCIC MRTA. David D. Ku, Dept. of 
Pharmacol . , Wnfv. of Alabama at Birmingham, AL 35294 

The importance of endothelium-derived relaxing factor 
rats can enhance the renin-response to reductions in renal 
perfusion pressure (RPP). In the present study, the follow- 
ing questions were addressed. 1) 1s the renin-response to 
reductions in RPP greater under basal conditions in the SRR, 
which exhibit increased basal sympathetic outflow, than in 
control Wistar Kyoto (WRY) rats? 2) Will acute stress 
increase the sensitivity of this response more in SHR than in 
WRY rats? Adult SHR or WKY rats were instrumented 2 days 
ahead of time with a catheter in the lower abdominal aorta 
and an occluding cuff around the aorta proximal to both renal 
arteries. Plasma renin activity (PRA) was determined before 
and at the end of three 5-min periods of aortic occlusion to 
reduce RPP to 100, 75, and 50 mmHg. One hour later a stress 
in the form of a jet of air to the face was applied and the 
occlusion protocol was repeated. Linear regression was used 
with each individual rat to determine the relationship 
between PRA and RPP, Comparison of the slopes of these 
relationships showed that in the control state, SklR and WKY 
rats exhibited the same responsiveness. However, the appli- 
cation of the air significantly increased the slope of this 
relationship in the SHR but not the WKY rats, SHR have a 
normal renin-response to reduced RPP under basal conditions, 
but in the presence of a stress these animals exhibit an 
enhanced responsiveness. Supported by HI,38993 

(EDRF) in the regulation of vascular smooth muscle cell (VSM) 
reactivity has recently been established. More recently, it 
has been suggested that EDRF-induced relaxation is associated 
with hyperpolarization of the VSM. To determine whether EDRF 
may also modulate the vascular sgdium pump activity, ouabain- 
sensitive *6Rb uptake was measured in rat thoractc aorta in 
the presence and absence of endothelial cells (EC). The 
steady-state ouabain-sensitive g6Rb uptake (4.7kO.4 nmoles/ 
mg dry wt/lO-min, M+SEM of 6 rats), but not the non-specific 
ouabain-insensitive -86Rb uptake (2.9+0.2), was significantly 
increased to 6.920.5 (M&SEW of 11 rats) following mechanical 
EC disruption. The maximum capacity of the sodltum pump (17,7 
+0.2) estimated in sodium-loaded aorta, on the other hand, 
was not altered. Pretreatment of EC-intact aorta with 10 PM 
hemoglobin, a known inhibitor of EDRF, d1d not produce any 
significant effect on the sodium pump activity. In isolated 
rings of aorta, the rate of development of sodium pump 
inhibition-induced contractile force was also significantly 
increased in the EC-disrupted aorta, while the maximum 
developed force was not altered. Thus, these results 
demonstrate that EC also exerts a potent inhibitory effect on 
the VSM sodium pump and that this latter EC inhibitory effect 
appears to be independent of the EDRF. (Supported by grant 
from NIH DK-39258) 

118.11 

NONPWIDE ANGIOTENSIN II (AII) RECEFFOR ANTAGONISTS: STRUCKJRE- 
FUNmON STUDIES. A.T, ’ * - l * * a P-f.. m. W-q, . Jr * MJMC Thoolen* A.L. Johnson* and P.B.M.W.M. Tlmmermans. 
E.1, du Pont de Nemours $ Company, Inc., Medical Products Department, 
E40014241, Wilmington, DE 19898. 

2-Butyl-4-chloro- l-(2-nitrobcnzyl)imidazole-5-acetate, sodium (S-8308). 
was found to be a weak but specific antagonist of AXI mediated responses 
(Chiu et al., Eur. J. Pharmacol., in press, 1988). To improve on its affinity 
for the AII receptor, a series of imidazole-S-acetate derivatives defining lhc 
critical substituents on the phenyl ring was synthesized and evaluated. 
Three analogs substituted with either 4-carboxy-benzyl (EXP6155), 4-(Z- 
carbox ybcnzamido) benzyl (EXP6 159) or 5-methylacetate of EXP6 159 
(EXP6803) were found to inhibit the binding of 3H-AI1 to AI1 receptors in 
rat adrenal cortical microsomes with 12”, 35- and 125-fold higher 
affinity, respectively than S-8308 (Kg0 15 uM). Scatchard analysis of 3H - 
AI1 revealed that in the presence of EXP6155 (lo-6 M), the dissociation 
constant for AII was increased from 1.2 to 3.9 nM whereas the total number 
of binding sites remained unchanged suggesting a competitive nature of 
antagonism, A sirnil= order of affinity or potency (saralasin >> EXP6803 > 
EXP6159 > EXP6 155 > S-8308) was observed in displacing 125I-AH from 
binding to rat smooth muscle cells, blocking 45Ca2+ iflux induced by AI1 
in rat aortic rings, and shifting the concentration-response curve of AI1 in 
a parallel manner in isolated rabbit aorta. Responses ( 45Ca2+ and 
contraction) elicited by norepinephrine (10-T M) or by KCI (55 mM) were 
unaltered by these agents at concentrations of up to 10-d M. These data 
demonstrate that imidazole-S-acetate derivatives are specific, competitive 
receptor antagonists of All. 

118.12 

FENOLDOPAM ENHANCES URINARY DOPAMINE EXCRETION IN MAN, 
William J. Elliott*, Michael 8. Murohv* (Span, Leon 
I.Goldberg). Committee on Clinical Pharmacology, The 
University of Chicago, Chicago, IL 60637. 

Some studies have suggested that renal dopamine (DA) 
mobilization may be a prerequisite for dietary or drug 
induced natriuresis, Since DA induced natriuresis is 
mediated through the DA1 receptor we hypothesized that the 
response to the selective DAI receptor agonist fenoldopam 
(Fen) should not require enhanced DA excretion. 

Therefore, sodium (U aV> 
measured prior to an 1 

and dopamine (UDAV) excretion were 
during the iv. administration of Fen 

in 19 hypertensive patients (18 black, 8 male, aged 4713 
years) at 0,05-0.5 ug/kg/min. Similar measurements were 
made in 6 control patients (6 black, 4 male, aged 43+2 
years) treated with nitroprusside (0.25-1.5 ug/kg/min). 
Fen increased UN V from 210240 to 428+65 uEq/min (pt0.001) 
and UDAV from !31+40 to 349+58 ng/min (p<D.Ol), while 
nitroprusside increased UN V from 147&34 to 182460 uEq/min 
and UDaV from 228+51 to 2%3+53 ug/kg/min (p<O.D2). The 
increment in urinary DA excretion per uEq Na was 0,76 ng 
for Fen and 1.00 for nitroprusside (p=n.s,), The data 
indicate that a DAI agonist causes similar increments in 
the ratio of urinary dopamine to sodium excretion as other 
vasodilators. 

CALCIUM ANTAGONISTS II 

119.1 

INTERACTION OF VERAPAMIL WITH CNS a7 RECEPTORS IN THE CAT. 
Joseph R. Holtman, Jr.* and Michael- T. Piascik. Dept. of 
Pharmacology, U. of Kentucky, Lexington, KY 40536. 

Radioligand binding and' physiological techniques were 
used to study the interaction of the Ca++ channe antagonist, 
verapamfl, with CNS "2 receptors in the cat. 3 [ H]yohimbine, 
an "2 receptor antagonist, bound to sites in the medulla. 
The affinity (Kg) and density (Bmax) were 1.62 nM and 0.075 
pmlhg. [3H]yohimbine (1 nM) was displaced by (-)des- 
methoxyverapamil and by (+) and (-)verapamil. The KI's 
were 150nM for (-)desmethoxyverapamil, 15OnM for (-)vera amil 
and 480nM for (+)verapamil. Specific binding of [3Hydes- 
methoxyverapamil could not be detected in the medulla but 
was observed in the cortex. To assess the possible role 
of verapamil binding at the CNS "2 receptor in blood pressure 
control, the drug was administered intracisternally in four 
chloralose-urethane anesthetized cats. Verapamil (loo-1000 
nmol) produced hypotension in 2 of 4 animals tested. Pre- 
treatment with yohimbine did not attenuate verapamil-induced 
hypotension. Similar doses of verapamil consistently produced 
hypotension when administered peripherally. In conclusion, 
verapamil binds to CNS "2 receptors. However, this inter- 
action does not appear to be important in the control of 
blood pressure. Furthermore, the lack of [3H]desmethoxy- 
verapamil binding in the medulla argues against the 
hypotensive actions of verapamil being due to interaction 
at calcium channel sites. (Supported by the AHA-KY affiliate 
and HL 38120). 

119.2 

ISOLATION AND PARTIAL CHARACTERIZATION OF FRACTIONS FROM 
STOMACH AND BRAIN THAT INHIBIT 1,4-DIHYDROPYRIDINE 8INDING 
AND CALCIUM CHANNEL CURRENT (CCC). D.E. Johnson*, A.V. 
Shrikhande*, R,T, McCarthy*, H.K. Fry*, and 'R.A. Janis. 
Miles Institute for Preclinical Pharmacology, 400 Morgan 
Lane, West Haven, CT 06516. 

Lamb stomach was subjected to acid extraction and several 
purification steps to determine if a 1,4-dihydropyridine 
(DHP)-displacing substance that modulates calcium channels 
could be isolated. 
phase columns 

A fraction that eluted from Cl8 rgverse 
at 45-50% acetonitrile inhibited [ H]DHP 

binding to cardiac membranes. Further purification yielded 
an 8 kDa peptide and a low molecular weight ((1 kDa) 
fraction (SSI), both of which inhibited DHP binding. 
Electrophysiological studies were carried out on rat 
anterior pituitary cells (GH3) using the whole cell 
variation of the patch clamp. SSI produced a time- and 
voltage-dependent effect, such that block of slowly-inactiv- 
ating CCC is maximized by prolonged depolarization, This 
inhibition is similar to that produced by DHPs. A fraction 
that inhibited DHP binding and L-type CCC was also isolated 
from hexane extracts of lyophilized brain. Partial 
purification was achieved using solid phase extraction 
techniques as well as normal and reverse phase HPLC. The 
results suggest that these fractions contain endogenous 
substances that may regulate slowly-inactivating calcium 
channels. 
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119.3 

Nimodipine as an antidote in amphetamine lethal intoxication.wG. NAHAS 
d mTRO= Columbia University, 630W168th st,,NewYork 

10032. 
Since some calcium channel blockers are efficient antidotes against acute co- 

caine intoxication, they were also evaluated in amphetamine lethal intoxica- 
tionflunarizine, nimodipine (NM) and nicardipine (NC) did not influence lethali- 
ty which was preceded by convulsions and symptoms of parasympathetic 
stimulation resulting in cardiac and respiratory arrest. 27 rats(260-31 Og) were fit- 
ted with a caudal catheter and connected to a computetired monitoring sys- 
tem. AII received 120 mg/kg of amphetamine sulfate I.P., a lethal dose. Diltia- 
zem (DL), Atmpine (AT), Diazepam (DZ). 
Gp NM NC DL AT DZ survivaltim 
1 0 0 0 0 0 19’51 “f 10’03” 
2 40 0 0 0 0.5 3:32'50"&18'47', 3:>24h 
3 30 0 240 0.32 1 >24h 
4 0 50 0 0.32 1 3:16'5OY lt'24", 4>24h 
Calcium channel blodters in ug, Atropine and Diazepam in mg. 
Gmup 2 did not present any convulsion but 3 animals died after respiratory ar- 
rest. In group 3, NM and DZ were associated with AT, to control parasympathet- 
ic stimulation, and with DL to prevent the myocardial lesions observed in groups 
1 and 2. In group 4, treatment with NCdid not always prevent respiratory arrest, 
no signs of infarction were present. Association of NM, AT, DZ and DL is an ef- 
fective treatment against amphetamine lethal intoxication. NM prevents the res- 
piratory arrest through a central mechanism, which remains to be clarified. In 
contrast with oocaine lethal intoxication, succesfully treated by selected calcium 
channel blockers given alone, amphetamine requires a combination of drugs 
which indicates differ8nC8S in the mecahnisms of action of these two psycho- 
stin&nts. 

119.5 

EFFECT OF VERAPAMIL, AMIODARONE AND DESETHYLAMIODARONE ON 
LACTATE DEHYDROGENASE (LDH) RELEASE AND INTRACELLULAR INCLU- 
SIONS IN ISOLATED RAT HEPATOCYTES. Pitambar Somani, 
Subhankar BandvoPadhvav*, and James E. Klaunia*, Med. Coil. 
of Ohio, Toledo, OH 43699 

We showed earlier that release of LDH (cytotoxicity) and 
intracellular inclusions were induced by amiodarone (AM), its 
major metabolite, desethylamiodarone (DA) and propranolol in 
the primary rat hepatocyte culture model, In the presen$+ 
study, we investigated the effect of verapamil (V), a Ca 
channel blocker with cationic amphiphilic structure, on LDH 
release and electron microscopic changes in this preparation. 
After 24 hr incubation of the hepatocytes with various cone 
(5-400 fl) of V, AM or DA, the LD5O's were found to be 225 
fl, 60 fl and 25 fl respectively. Incubation of the hepato- 
cytes with subtoxic cone of V (IO0 fl) and DA (8 PM), but not 
AM (7.6 fl) resulted in a significantly (P<,O5) greater 
release of LDH than with either drug alone: 

AM DA V V+AM V+DA 
% LDH release 28.8 29.5 37.6 45.1 62.3” 
f SEM l 9 .9 3.7 1.1 4.1 
As with AM or DA, electron microscopic examination showed 
that numerous multilamellar inclusions were found in hepato- 
cytes incubated with V (50 or 100 PM). These data show that 
(1) V can induce intracellular inclusions in the isolated rat 
hepatocytes without showing cytotoxicity; (2) the combined 
effect of V+DA on cytotoxicity is significantly greater than 
either drug alone, 

119.7 119.8 

LOSS OF CELL ATP DUE TO INCREASED UPTAKE OF CALCIUM AS A 
POSSIBLE MECHANISM OF MAITOTOXIN-INDUCED CELL DEATH IN 
CARDIOMYOCYTES. G. Santostasi*, R.K. Kutty* and G. Krishna. 
NHLBI, NIH, Bethesda, MD 20892 

PLATEtETACTIVATI;ON~~RSTHELrrlCE~~CTOF 
DEl-ERGENTSMWTOlXDBY LACTATE-- 
RELEASE. David c:.B. Mills- J. 

m 
DrStefaaJ;1 *. Temple 

Univ., Philadelphia Pa. 19140. 
Maitotoxin (MTX), a water soluble toxin (MW 3424) isolated 

from the dinoflagellate, Gambierdiscus Toxicus, is one of 
the most potent marine toxins known. In isolated heart, MTX 
induced calcium-dependent tonic contracture, arrhythmias and 
ultrastructural derangement. The main aim of the present 
study is to investigate the mechanism of MTX cardiotoxicity. 
In cultured neonatal rat heart cells, MTX induced time and 
dose dependent cell death (as measured by LDH leakage), with 
a TDsD of 90 pM (0.3 rig/ml) at 24 h. Time course of MTX 
induced LDH leakage into culture medium paralleled leakage of 
14C labeled adenine nucleotides from the cells. These 
effects of MTX were completely abolished by reduction of 
calcium concentration in the medium from 1.36 mM to 0.1 mM. 
MTX also induced a rapid uptake of 45Ca from the medium 
containing 1.36 mM calcium. The uptake was linear up to 30 
min, at 1 rig/ml of MTX. Thereafter the 45Ca declined in 
parallel with the release of LDH from the cells. Verapamil, 
a calcium channel blocker, at 100 MM concen ration com- 
pletely blocked the MTX induced uptake of 45 Ca as well as 
LDH leakage. The increase in calcium is associated with a 
decrease in cell ATP followed bj+leakage of LDH suggesting 
that increased intracellular Ca may inhibit mitochondrial 
oxidative phosphorylation and thereby cause cell death. 

119.4 

DILTIAZEM REOUCES LIPID PEROXIDATION IN REPERFUSED RABBIT 
HEARTS. Patrick T. Keller*, David R. Marshall*, and Steven 
R. Beromann. Washington Universltv, 3t. LOUIS, MO 63110 J 

Riperfusion of isihemic myocardjim is thought to result in 
formation of oxygen centered free radicals (OFR) which may 
induce injury by peroxidation of membrane lipids. We previ- 
ously demonstrated in intact dogs that diltiazem enhances 
salvage after reperfusion without altering myocardial blood 
flow or work, Using a calorimetric thiobarbituric acid (TBA) 
assay we showed that diltiazem prevented increased effluent 

malondialdehyde (MDA, a product of lipid peroxidation) levels 
during reperfusion of isolated hearts. However, the TBA assay 
is nonspecific because of non-MDA but TBA reactive substances. 
Accordingly, we developed a specific HPLC assay and measured 
MDA tissue content in 5 nonperfused hearts and in 6 isolated 
hearts after 60 min control perfusion, or 60 min of low flow 
ischemia (n = 61, or after 60 min low flow ischemja and 3 min 
reperfusion alone (n = 7) or with 5 x 10-7 M diltiatem (n = 
7) in the perfusate, MDA content averaged 0.39 f 0.29 (SD), 
0.83 f 0.76, 0.77 f 0.90, 3.64 k 1.59 and 1.64 f 1<03 nmol/g 
wet weight in nonperfused, control, and ischemic hearts; 
and in hearts reperfused without and with diltiarem, respec- 
tively (p < 0.02 between reperfused groups). The results dem- 
onstrate that increased lipid peroxidation in reperfused myo- 
cardium can be attenuated with diltiazem, a mechanism which 
may be responsible for its salutary effects in vivo. 

119.6 

DIHYDROPYRIDINE RECEPTOR AND CALCIUM ANTAGONISTS INTERACTION 
IN CARDIAC TRANSPLANTATION, Christine Lord*+ LOUIS Dumont, 
and Claude Chartrand*. Dept. de Pharmacologic, Universite de 
Montr6al; Chirurgie Cardiaque, H8p. Ste-Justine, Montreal 

Cell membrane abnormalities have been identified within 
acute rejection after transplantation. We hypothetired that 
dihydropyridine receptors might also be altered. Heterotopic 
heart implantation was carried out In dogs. Both native and 
implanted hearts were harvested after rejection. Purified 
sarcolemnal membranes were isolated. Llgand bindfng experi- 
ments were performed using *H-nitrendipine (78.3 Ct/mnol), 
40 pg of sarcolemnal proteins in 1 mL buffer (NaCl 150 mM, 
Tris-HCl 50 mM, CaCl, 1 a#, pH 7.4) at 37*C. Competition 
studies were done using nitrendipine (NTD), nifedipine 
(NIT), verapamil (VER) or diltiazem (OIL). The following 
results were obtained with Hofstee computer transformation: 

KD NTD [nM) NIF (iM) VER ItrM) 
Control 1.2 f 0.7 1.8 f 0.5 c4.0 - 303 
Rejection 1.0 f 0.4 2.9 * 2.0 Cl.5 - 529 

In low concentration diltiarem increases btnding sites popu- 
lation of nitrendipine receptor by 29% (control) and 44% 
(rejection). For all experiments, we observed a significant 
decrease in total binding sites within rejection; computed 
Bmax were: 2.OkO.5 (control) and 1.4f0.6 (rejectton) pMol/mg 
protein. These results suggested an altered in vivo 

- - response to calcium antagonfst withIn rejection. 

Supported by FRSQ, FQMC and Universlte de MontrCal. 

Lactate Dehydrogenase(LDh)was measuredin 
suspensions of washed human platelets by a phenazine - 
tetrarolium technique in 96 well microtiter plates, using INT 
(p-iodonitrophenyl tetrazolium violet) at 490 nm (17 
mAU/nmoIe) or MTT (3-[4,5-dimethylthiazol-2-yl]-2,5- 
diphenyl tetrarolium bromide} at 562 nm (34 mAU/nmole) in a 
final volume of 200 1.11. Enzyme activities measured in 
suspensions of resting platelets were 2 - 5% of the levels 
obtained after lysis with 0.5% Triton X-100. Treatment of 
platelet suspensions with different detergents caused lysis and 
the appearance of increased LDh activity, in the potency order:- 
Saponin - BAC (benzyldimethyl-n-hexadecylammonium 
chloride) - CTAB (cetyltrimethylammonium bromide) - Triton 
X-100 - SDS {sodium dodecyl sulfate) - DOG {sodium 
deoxycholate) - CHAPS (3-(3-cholamidopropyI)- 
dimethylammonio)-1 -propanesulfonate. Prior activation of the 
platelets with thrombin (0.1 - 5 u/ml) or the ionophore 
A231 87 (0.2 - 3 pM) caused some increase in LDh activity in 
the absence of detergents, and a dramatic increase in the lytic 
effect of the rwitterionic detergent, CHAPS. Pretreatment of 
platelets with prostaglandin El, to raise the level of 
intracellular cyclic AMP, had the opposite effect. 
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119.9 
HUMAN ALPHA AND GAMMA THROMBINS STIMULATE BONE RESORPTION 
AND INOSITOL PHOSgHOLIPID METABOLISM I; BONE. P,H. Stern, 
V-& Stathopoulos and J.W. Fenton, Ix . Northwestern 
University, Chicago, IL 60611 and New York State Department 
of Health, Albany, NY 12201 

Human alpha-thrombin (a-Thr), in addition to procoagulant 
function, has a number of other actions, including mitogenic 
ac 
(Y 

tivity and stimulat ion of bone reso rption Gamma- thrombi 
-TM I an enzymatic cleavage produc t of Q: Thr, la .cks 

n 

procoagulant activity but retains mitogenic potential. To 
determine the specificity of the effects of thrombin on bone 
and the poss ible second mes senger fo ,r these effects, we have 
cultured 19- day fetal rat 1 imb bones with human a-Thr or 
y-Thr and measured resorption, inositol phosphate turnover 
and cyclic AMP (CAMP) production. Resorption was determined 
after 72 hr of thrombin treatment and assessed by release of 
previously-incorporated 45Ca. CAMP was measured in the medium 
it the end of this incubation. Inositol phosphates were 
determined after 5 min of thrombin treatment of bones pre- 
labelled for 48 hr in vitro with 3H-inositol. Both a-Thr and 
VW at 1 m, stimulated bone resorption and production of 
inositol phosphates, Only cr-Thr increased CAMP production at 
this concentration. The results indicate that the structural 
requirements for stimulation of bone resorption by thrombin 
may be similar to those for mitogenic activity. Fur ther, 
they a re consistent with a second messenger role of inosi to1 

119.10 

DRUG AND HORMONE BINDING TO CALMODULIN: A SPECTROPLUOROMETRIC 
APPROACH. M. Pouliot*', J, Vocelle*, P.H. Naccache* and J.G. 
Chafouleas* (Span: F, Lab&), MRC Group in Molecular 
Endocrinology, Lava1 University Medical Center, Quebec, 
Canada, GlV 4G2. 

Calmodulin (CaM) is the main intracellular Cal+ receptor in 
etiaryotic cells. Upon binding to Cal+, the fluorescence of 
the two CaM tyrosine (tyrl residues increases. Conversely, 
anti-CaM drugs, upon binding to CaM, cause a specific quench- 
ing of this Ca 2+-dependent tyr fluorescence, which is dose- 
and affinity-dependent. Therefore, drug-binding to CaM can be 
measured by evaluating the quenching of the CaM tyr fluores- 
cence. It is accepted that CaM has a key role in hormone 
metabolism. The purpose of this study was to evaluate hormone 
and antihormone binding to CaM using the spectrofluorometric 
analysis of tyr fluorescence, A variety of naturally occurring 
steroids were tested for their ability to bind CaM, Some of 

phosphates in the action of thrombin on bone. 

MODIFICATION OF CALCIUM CHANNELS IN AGING RAT HEART 
S. Navaratnam* and Jagdish C. Matter (Span: D. Bose) 

Our earlier studies have demonstrated an enhanced 
inotropic response to dihydropyridine calcium agonist 
BAY K 8644, with aging in rats. In the present study, 
3H BAY K 8644 was used to investigate the state of calcium 
channels in these aging rats. Sarcolemmal vesicles were 
isolated from 2 and 12 month old rat ventricl s by the 
method of Pitts (1979 

I 
Specific binding of 5 . H BAY K 8644 

was determined wjth t e concentration, ranging from 1 nM to 
10 nM, The non-specific binding was defined as the amount of 
radioligand bound in presence of 1 uM Nitrendipine. Specific 
binding was saturable and the Scatchard analysis showed a 
single binding site, Specific binding was reduced to half 
with the addition o 

1 
1 mM EDTA and was restored to control 

values with 2 mM Ca ? Maximum number of binding sites was 
signif'cantly higher in 12 month old rats (2.3 pmoles mg 

- 1 )as compared to 2 month old rats (1.6 pmoles mg 
p% -I}. 
5 

The affinity of the receptor to bind 
H BAY K 8644 was however significantly reduced In older rats 

than young ones (Kd 14.5 nM vs 4.8 nM at 15'C). These 
results indicate that the myocardial calcium channels may be 
modified in the process of aging, 
(Supported by Manitoba Heart Foundation.) 

EXERCISE III 

them, more specifically the estrogens,.appear to interact with 
CaM, altering significantly the tyr fluorescence. More inte- 
restingly, antiestrogens, such as Tamoxifen, demonstrate an 
even greater capacity to quench tyr fluorescence than that 
observed for anti-CaM drugs. Future studies will fully charac- 
terize the hormone and antihormone binding to CaM which should 
result in a better understanding for the role of CaM in hormo- 
ne action, Supported by CRM and FRSQ, 

120.1 

CAPILLARY ADAWATIONS TO EXERCISE TRAINING AND 
CHRONIC ALTITUDE EmURE. DC Poole* and 0, 

-Cow Dept. of Medicine, UCSD, La Jolla, CA 92093 
There is evidence that skeletal muscle capillaries 

proliferate in response to exercise training and, in some 
instances, during chronic exposure to altitude. One putative 
common stimulus for such adaptations is a reduced 
intramuscular PU2* To investigate this iSSW separate groups 
of rats underwent 1) 4 wks training 2) 5 months at 3800 m 
(PI@=91 Torr), or 3) were caged at sea level, Capillary 
to;t&ty and 
perfusion-fixed 

capillary length/ fiber volume were estimated in 
M. Soleus by comparison of transverse and 

longitudinal sections. Capillary diameter was estimated by 
image analysis (>150 capillaries per muscle) on transverse 
sections. Compared to control values (i.e., 1886&73 mmM2) 
capillary length/ fiber volume -y significantly increased by 
exercise training (2496&180 mm ) and slightly decreased by 
altitude exposure (1510+70 mmd2). As previously reported, 
capillary tortuosity was a direct function of sarcomere length 
under all conditions. Capillary diameter was not changed 
(control=4.66&0.21, trained=4.5 1~0.13, altitude=4.26&0.17 pm). 
Consequently, capillary surface area changed in proportion to 
capillary length/ fiber volume. In conclusion, the demonstrated 
capillary proliferation after exercise training but not after 
chronic altitude exposure does not support the hypothesis that 
altered intramuscular PO2 stimulates capillary growth under 
these conditions. Supported by grants from NIH (HL-17731 & 
07212) and The American Lung Association of California. 

120.2 

CAPILLARY SUPPLY OF HARBOR SEAL ANTI DOG SKELETAL 
MUSCLES. 0, Mathieu-Costello. Dept. of Medicine, UCSD, La 
Jolla, CA 92093. 
This study examined capillarity in various muscles of animals 
tolerant to severe hypoxia (Harbor seal; body weight, 18-40 Kg), 
compared to dogs (14-30 Kg). A total of 20 muscles were fixed by 
vascular perfusion k & at sarcomere lengths ranging from 1.5pm 
to 3.Ipm. Because of the effect of fiber shortening on muscle fiber 
cross-sectional area, capillary tortuosity (Fed. Proc., 46: 352 & 1534, 
1987) and capillary-to-fiber perimeter ratio (FASEB J,, 2: A1864, 
1988), morphometric estimates of fiber size and capillary-to-fiber 
perimeter ratio were normalized to the same sarcomere length, 2pm, 
in order to take into account differences in fiber length among 
samples. Over the broad range of capillary length/ muscle fiber 
volume found in both species (seal, 1200-2100 mm- ; dog, 1500-2600 
mme2), seal muscles showed: 
- smaller diffusion distances (fiber size: seal, 322 pm; dog,4%2pm) 
- smaller capillary to fiber ratio (seal, 0.7-1.5; dog, 2.0-3.3) 
- similar capillary diameter (ca 5 pm) 
- smaller capillary- to-fiber perimeter ratio (seal, 0.14-0.29; dog, 
0.30-0.42). 
Despite the large myoglobin content of seal muscles and its role for 
02 diffusion facilitation, it is notable that in the seal, it is diffusion 
distance rather than capillary circumferential distribution around the 
muscle fibers which is optimized compared to the dog. 
Supported by NIH grants 5POl HL-17731 and HL-01534. 
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120.3 

THE INFLUENCE OF ANESTHESIA AND EXERCTSE ON PLASMA ATRIAL NATRIURETIC 

PEPTIDE (ANP) IN TRAINED AND NON-TRAINED SPONTANEOUSLY HYPERTENSIVE RATS 

(SHR), C.S. Stump, S.M, Beaulieu*, J.M, Overton, L.A. Sebastian*, 2. 

Rahman*, and C.M. Tipton, Department of Exercise & Sport Sciences, 

University of Arizona, Tucson, AZ 85721. 

To determine the interrelationships between hypertension and various 
experimental interventions, ANP plasma concentrations were measured (RIA 

kit, Peninsula Laboratories, Belmont, CA) in non-trained (NT) and trained 

(T) rats under conditions of ketamine/aceprom$zine anesthesia (A), conscious 

resting (C), and treadmill running at 60% of VO2 max after 10 minutes 

(E), Attempts were made to secure data for each condition in all'anfmals. 

Rats were. trained for 14-17 weeks on a motor-driven treadmill at 40-65% 

of their VO2 max (NT=107,4+1.9; T=118,8*1.1 ml l min'l l kg-l). Blood 

samples were drawn from and donor blood reinfused into indwelling carotid 

and jugular catheters respectively. 48 hours separated multiple sampling. 

Results (X&SE, *  p 5 0.05 from C, number in parentheses = N) are as follows: 

) 

Anesthetized conscious 

Group Resting Resting Exercise 

NT 8O.W 9.3 (10) 191.7*26.9 (13) 340.5*65.5* (8) 

T 84,2*11.2*(10) 236.3k40.4 (15) 358.4*42.3*( 13) 

These data show that ANP concentrations are lower during A and significantly 

elevated during E. There were no significant differences in ANP 

concentrations between NT and T. Supported by Arizona Heart Association 

(G-2-23-87) and NASA (NAG 2-392). 

120.5 

POSTURE AND STROKE INDEX DURING EXERCISE RECOVERY. 
l 

11v C. Johuon? Tracee I,. Hudsa* E nest R. G ee es (WON: 
G.O. Ballam). Lovelace Medical Foundation, Albuquerque, :M 87108 

Immediately 
patients and 

after 
thus 

exercise 
cardiac 

Accordingly, to determine 

testing, 
loading and 

the orthostatic 
performance 

status 
may vary. 

of 

the effects of posture on post-exercise 
stroke iid& (SI), we noninvasively measured beat-to-beat SI using 
pulsed Doppler ultrasound during supine (SU) and seated (SE) 
recovery from graded, sitting, cycle ergometer exercise to 70% of 
age-predicted maximum heart rate in 13 normal subjects aged 23-32 
years. SI was determined during peak exercise and throughout IO 
min of recovery. Results of SI (in ml/mg) and heart rate (HR in 
bpm) were: 

Rest Peak Exercise Peak Recovery 
HE SE 65*12*+ 153i6 139&12*+ 

SU 5848+ 153*5 129*13+ 

sl SE 65*15*+ 84&14 86~17’ 
su 9Ok18 85kl4 110*20+ 
‘px.01 versus SU +p<.O 1 versus exercise 

SE and SU peak vaiuas of SI occurred at 30 s and 180 s, respec- 
tively, while SE and SU peak HR occurred at 20 s. SI during SE 
remained constant for 2 min at peak exercise values before de- 
creasing. Compared to exercise, ST during SW increased for 3 min 
(px.0 I), then decreased. We conclude that posture significantly af- 
fects recovery SI and that SI during SU exceeds peak SI attained 
during seated, submaximal exercise. 

(Supported by the American Weart Association, New Mexico Affiliate) 

120.7 

BAROREFLEX CONTROL OF SKIN BLOOD FLOW DURING EXERCISE IN 
THE HEAT. G.W. Mack, H. Nose" and E.R. Nadel. J.B. Pierce 
Fndn. and Yale Univ. School of Medicine, New Haven, CT 06519. 

To determine whether baroreflex mediated cutaneous vasocon- 
striction could be abolished by an opposing vasodilator drive 
associated with dyn 
man arterial pressure 

a mic exer cise in the heat, we measured 
MAPI and forearm blood flow to calculate 

forearm vascular resistance (FVR) during rest and supine 
cycle ergometer exercise (40% ?Opax> in &ix volunteers with 
and without lower body negative pressure (-40 mmHg LBNP) 
at ambient temperatures of 25 and 35OC. The FVR and MAP values 
with L3NP were: 

25% 35% 
LBNP 0 -40 0 -40 
REST FVR 29 + 4 57 + 4* 13 + 2 23 + 4* 

MAP 88 T 3 a3 7: 3 a1 - a4 E 2 E 2 

EXER. FVR 19 + 2 31 + 4" a+1 11 + 3 
WP 105 7 2 93 T 3* 99 T 1 92 i 2* 

* -40 vs 0 LBNP, ~(0.05; MAP, mmHg. 
During passive heating or mild dynamic supine exercise in 
a cool environment, the skin retained its ability to vaso- 
constrict in re spon se t o ba r orec eptor un loading. However, 
there was no ba rore flex -med i ated vasocon striction during 
mild, supine exercise in the heat. We conclude that cutaneous 
vasodilation in response to increasing body core temperature 
during mild, supine exercise in the heat overrides the cutaneous 
vasoconstrictor response to LBNP. 

120.4 
RESPONSES OF THE QT INTERVAL OF THE ELECTROCARDIOGRAM TO 
PHYSICAL AND EMOTIONAL STIMULI. Stewart Wolf, Ming H, 
Huang* and Jacob Ebey*. Totts Gap Medical Research Labs., 
Bangor, PA 18013 

Continuous recording of the electrocardiogram, arterial 
pressure, respiration, heart rate and QT interval were made 
by a highly precise, on-line computerized recorder newly 
devised by J.E. The subjects were studied during resting, 
stationary bicycle exercise while maintaining 25 watts of 

power, stress interviews, and attempts to both shorten and 
prolong the QT  interval by biofeedback. RESULTS: 
1. Changes in heart rate and QT did not correlate during 
resting. During the first minute of exercise QT  remained 
fixed while heart rate accelerated an average of 30 beats, 
although as exercise continued, QT shortened progressively 
as heart rate accelerated further. 2. During emotional 
stress characterized by resentment and anger QT shortened 
consistently in a range of 4 to 51 msec. while mean heart 
rate increased only 6 beats and mean systolic pressure 
rose 22 and diastolic 10 m m  Hg. 3, Shortening of QT by 
as much as 34 msec and lengthening by as much as 18 msec 

was achieved by biofeedback without corresponding heart 
rate changes. CONCLUSION: The potential independance of 
QT from heart rate, observed in earlier work, was confirmed. 
The data suggest that QT  is linked to cardiac contractility 
rather than to heart rate. The subjects were 13 men and 
11 women ranging in age from 26 to 74. 

120.6 
Atria1 Natriuretic Peptide Response to Graded Supine and 
Upright Cycle Exercise. C;A. Ray*, M.D. Delp, D.K. Hartle*, 
and H.F. DuVal*. Exercise Physiology Laboratory and College 
of Pharmacy, The University of Georgia, Athens, GA 30602. 

The purpose of this investigation was to test the 
hypothesis that supine exercise elicits a greater atria1 
natriuretic peptide (ANP) response than upright exercise due 
to higher right atria1 filling pressure obtained in the supine 
posture. Venous ANP concentration, corrected for plasma 
volume shifts, was measured during continuous graded supine 
and upright exercise in 8 healthy men at rest, following 4 min 
of cycling exercise at 31, 51, and 79% of VO following 2 
min of cycling exercise at VO Speak' anipesk'and 15 min 
post-exercise, ANP concentration was signicantly increased 
(p<.O5) above rest by 52, 103, and 157% during supine exercise 
at 51, 79%, and VO 
exercise, ANP concentra on was significantly increased only 2efak' respectively. During upright 

:E&fak (',"('."o'?.$ 
Following 15 min of recovery, ANP remained 

only in the supine posture, ANP 
concentration was 59, 69, and 67% higher (p<.OS) in the supine 
position during exercise at 51, 79%, and VO 
diastolic, and mean blood pressures were ?3~aksign~~~~~S;~~~ 
different (p>.O5) between postures. Heart rate was lower 
(p<.O5) in the supine posture compared to upright posture. In 
conclusion, these results suggest that supine exercise elicits 
greater ANP release , presumably due to a greater central blood 
volume, venous return, and concomitant right atria1 filling 
pressure and stretch. (Supported by m-Georgia Affiliate) 

120.8 
EXERCISE, VAGAL-CARDIAC ACTIVITY AND THE CHRONOBIO- 
LOGY OF' BLOOD PRESSURE. Ronald E. De Meersman. 
Teachers College - Columbia University, New York, 
NY 10027 

The possibility that a progressive decline in 
vagal-cardiac activity and the age-dependent rise 
in blood pressure could be attenuated through 
regular aerobic exercise has not been tested. In 
the current investigation 72 physically active males 
(PA) t ages.15 to 81, were tested for maximal aerobic 
capacity (VO2max), vagal-cardiac activity (RSAJI 
and resting blood pressure (BP). All data were 
compared to an age and weight matched sedentary 
control group (S). Average BP's per decade 
revealed significant differences between the PA and 
s group (p (0.01). Significant differences were 
found between groups in vagal-cardiac activity as 
measured by the amplitude of the respiratory sinus 
arrhythmia (pcO.05). Maintenance of a normotensive 
blood pressure was seen for all decades of life for 
the physically active group, whereas a borderline 
to near hypertensive state was found for the seden- 
tary group. The possible mechanism responsible for 
this observation could be the presence of augmented 
vagal-cardiac activity following aerobic training 
in the physically active group as compared to the 
sedentary control group, 
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X20.9 

FREE FATTY ACIDS, LACTATE AND AMMONIA DURING STEADY-STATE 
EXERCISE. T. Graham, B. Kiens*, M. Hargreaves*, and E. A. 
Richter*. August Krogh Institute, Univ. Copenhagen, Denmark. 

Previous studies associated muscle ammonium (NH41 produc- 
tion with anaerobic processes rather than am in0 acid (AA 
tabolism, We determined the NH4 and lactate (La) release 

1 me- 

during steady-state exercise and the impact of elevation of 
free fatty acids (FFA) on these measures since FFAs may inhi- 
bit AA metabolism. Subjects (n=lO) performed 1 h of knee ex- 
tensor exercise (80% of peak performance capacity) in a con- 
trol condition with one leg and then with the other leg during 
infusion of intralipid (20%, 1.7 ml/min). Leg blood flow 
(thermal dilution) and femoral arterial-venous La and NH4 were 

measured every 10 min. In the control condition La release 
peaked at 10 min (2.8kO.5 mmol/min) and was only 35% of this 
value by 60 min. In contrast, NH4 release rose, doubling its 
value from 10 to 60 min (43+17 to 81+10 pmol/min). The FFA 
infusion resulted in approximately a 400 PM increase in arte- 
rial FFA throughout the exercise. La release was not different 
from control, but the total NH4 release for the hour was only 
65% of the control (4.4kO.6 vs 2.4kO.5 mmoles) with the effect 
being greatest in the last 30 min. Thus, La and NH4 release 
are not temporally related in steady-state exercise. The in- 
crease in NH4 release with exercise duration and the inhibi- 
tion associated with elevated FFA suggest that AA metabolism 
could play a major role in NH4 formation. 
Supported in part by NSERC of Canada. 

120.11 

ALTERED METABOLIC RESPONSES DURING GRADED EXERCISE IN IRON 
DEFICIENT WOMEN. HC Lukaski, WA Siders* and CB Hall*, USDA, 
ARS, Human Nutrition Research Center, Grand Forks, ND 58202 

To determine the influence of Fe deficiency (FeD) without 
anemia on metabolic responses to graded exercise, we studied 
11 women aged 28 f 2 (z f SE) 
unit and consumed FeD (4 rngmdl Ji 

r who resided on a metabolic 
> and Fe repletion (FeR; 16.2 

mggd-'1 diets made of conventional foods for 80 and 100 d. 
For the last 14 d of FeR, an Fe supplement of 50 rngmd-' WE- 

also fed. Maximal, graded exercise on a cycle ergometer was 
performed at admission and at the end of each diet period. 
FeD resulted in a negative cumulative Fe balance, a reduction 
in serum ferritin (Ftn), an index of body Fe stores, and 
reductions fn hematocrit (Hct) and hemoglobin (Hb) which 
were within the range of normal values. FeR resulted in an 
accretion of body Fe and increases in Ftn, Hct, and Hb, 

Hct Hb Ftn 00, kb, RER LAC 
% gadl-1 g n mm1 -1 L.rniE-' ml*mcin'-' mM 

Entry 38.5 13.4 26.3 1.81 112.4 1-06 6.8 
FeD 35.5* 12.1* 5.5* 1.78 96.9* 1.23" 9.8* 
FeR 36.4** 12.-i’** f1*8** 1.89 110.7 1.11 7.1 

*p CO,05 from entry; **p (0.05 from FeD 
Peak oxygen uptake (00,) was unchanged. FeD depressed O2 
kinetics (kd2), increased respiratory exchange ratio (RER) 
and postexercise blood lactate (LAC) levels. Thus reduction 
of body Fe stores without anemia affects the metabolic re- 
sponse to progressive work by reducing rate of oxygen uptake 
and increasing carbohydrate use as an energy substrate. 

120.10 

TBE DISTRIBUTION OF AMIQNIA AND OF Z;ACJ?ATE IN BLOOD IS 
ALrERED WITH EXERCISE. R.T. Harris9 and G.A. hdley. 
Ohio University, Athens, OH 45701 and The Bionetics 
CoworatIon, Kennedy Space Center, FL 32899 

Subjects (3 M, 3 F) worked (4 rnin) on a cycle ergometer 
at 115% of PO2 max. Venous sa@es were drmn pre, 
directly after (POST) and 15 mln after @EC) exercise and 
analyzed for armnonia (NH3) and lactate [contenti] of 
Pla=% whole blood and red blood cell (RBC) to examine 
tk effect of exercise on blood lW and lactate 
distribution. Exercise increased (P<O.O i? the [NH31 of 
plasma and RBC with the larger change (P<O.@) In plasma 
than BBC (1.8- vs OJ-fold). This reduced (P<O.O5) the 
R&c to plasma [Ni33 ratio of 2.1 at rest to 1.3. The 
plasma to BBC [lactate] gradient (P(O.05) at rest (0.5 
ml.1"1) increased (P<O.O5) 16-fold POST exercise (8.7 
ml.1~l), reflecting the greater Increase (P<O.O5) in 
plasma than in RW lactate (15.5 vs 7.5 ~THIX%~-~). 
[Lactate] and [NH31 did not decrease (P>O.O5) POST 
exercise to recovery. Plasma and whole blood [NH31 or 
[lactate] were correlated (r's > 0.93, P<O.Ol) at all 
sample times, but the slopes of tk relations for NH 
(PO22 vs REC) or for lactate (pre and POST vs REC 7 
differed (P<O.@), Tk results indicate that exercise 
alters the distribution of NH3 and of lactate betieen 
plasma and RN, thus changing the relation beWeen plasma 
and whole blood contents of these metabolites. 

120.12 

Effect of esercise on the adaptation in energy 
intake to a high-fat diet, A, Tremblay, G, 
Plourde, J,P. Desprks and C. Bouchard (Span: D, 
Richard). Physical Activity Sciences Laboratory, 
Lava1 University, Quebec, Canada, 
This study was performed to investigate the 
effect of esercise on short-term regulation of 
energy intake when consuming a high-fat diet, Sis 
young adult males were tested during, two Z-day 
sessions during which all foods available had a 
FQ 9.8% The>- Kere inactive for at least two 
daq-s before each session except for the fact that 
a 90-min exercise was performed at 3h PM the day 
preceding one session. The caloric content of the 
post-esercise dinner, was adjusted to compensate 
the surplus in energy espenditure induced br this 
esercise, The mean increase in daily energy 
intake noted during the session following 
exercise was not statistically significant, but 
considerable interindividual variations were 
observed t-340 to 537 kcal/day). These variations 
in energy intake were highly correlated with 
esercise-induced changes in mean RQ or RQ/FQ 
ratio (r=0.89 and 0.95? respectively). These 
results show that esercise may a'ttenuate or 
amplify the high-fat diet-induced hyperphagia, 
depending 0 H the magnitude of the esercise- 
induced increase in fat oxidation, 
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121.1 

-F!!ANDsEalmImG~AKrPEmsm~ 
THE ExmRED ALmmAR GAS. Julio C. Cruz. Bwti of 
~thesiolqy and physiology. M&id College of Ohio, 
Toledo, OH 43699. 

The parallel v nmXL (CM) (JAP 21:749, 1966) 
and the -is CM (JAP 21:1331, 1966) w modified here 
andcabhdtoesq?lainthe&ang~ inthe@seIIIandIV 
ofthe~iredalveolargas. For a subjectwitharmsur& 
rwSdmlv01ur~ (rrv) of 1.4 L, fUmtimmlresidmlcagaci~ 
(FE) of 4 Land WbllungmpaciQ (TIC) of 7.8 L, seven 
4thoxderpolyx1&al wtionshavebeen derived. Eachone 
eibsthe fillingand/orerr&ingpttem fmnits 

corresponding RI (9 to 27% of regional 
~)to~whereallalveoli~assumed 
equally aed (FIG 1). When he 
iMales a breath of 1.9 L of 79% v 
(Ar) in 02 inhaled froIn EXE and tiled 
to mr, his broth is distrtiw 

,9‘ accordingtotheparallela. Since& 

4-e I is llot fully mjxed in a& parallel 
uP#u-r-- m m  Il"rt----LIM- carprbmt with its mgioml F%, 7 

~nmtialcurves~us&to describe 
the decay of Ar fra&ion fram .79 at the 
tm&m as a fumtion of 18 aliqmts of 
gas VOluHe for each parallel WlpmmIt. 
me results are shmn (FIG 2) for 0, 5 

-l-"-al ti 10 secoMs bmth holding tti. 

121.2 

DOES POLYCYTHEMIA IMPAIR PUMONARY GAS EXCHANGE? 
J. B. West. A.B. BalEos. D, C, Willford. Section of 

Physiology, University of California San Diego, La Jolla, 
CA, 92037, I 

There is considerable disagreement in the literature on 
whether polycythemia causes hypoxemia. Several studies 
have claimed that it does, and in some studies phlebotomy 
has been shown to increase arterial PO2. However contra- 
dictory results have been reported in other studies. We 
produced acute normovolemic polycythemia in anesthetized 
dogs by exchange transfusions of packed red cells and 
measured ventilation-perfusion (VA/Q) relationships using 
the multiple inert gas elimination techni.que. The mean 
baseline hematocrit was 43 f 5% and this was increased to 
57 f 4% and 68 f 8% respectively by two transfusions of 
packed cells. Subsequent plasma transfusions returned the 
mean hematocrit to 44 f 4%. Polycythemia caused no sig- 
nificant arterial hypoxemia; indeed there was a slight: 
improvement in the alveolar-arterial PO2 difference. The 
multiple inert gas measurements showed no increase in 
VA/Q inhomogeneity although there was a shift of the 
distributions to higher VA/Q values due to a decrease in 
cardiac output caused by Increased blood viscosity. We 
conclude that acute polycythemia has no deleterious ef- 
fects on pulmonary gas exchange in dog within the hemato- 
crit rdnge of 36 to 76%. Supported by NIH HL 17731. 
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121.3 221.4 
EXERCISE CAPACITY FOLLOWING ACUTE EXPOSURE TO HIGH ALTITUDE. 
N.K. Burki, R. Liles*, J,W. McConnell*. Pul Div/Dept. of Med., 

University of Kentucky , Lexington, KY ,40536 
The increase in resting ventilation (V,) following acute 

exposure to high altitude (HA) is mediated primarily by an in- 
crease in respiratory frequency (f) with little tidal volume 

change and this is not affected by acute admltistration of 
O2 (Burki, J. Appl Physiol 1984; 56:1027). We examined the 

effects of HA exposure on exercise capacity in terms of ventila- 
tory pattern and oxygenation in 11 healthy subjects (age range 
19-46 yrs) at low altitude (LA; elevation 550 m above sea level) 

and after rapid transport to HA (elevation 4480 m) where they 
were studied for 4 days. Subjects exercised according to a stan- 
dard protocol on a calibrated bicycle ergometer at 0, 50, 100 and 
150 watts for 2 minutes at each workload. At HA, mean resting 

arterjal O2 saturation was 8124% (mean barometric pressure 
444.8amHg). At HA, c for any given exercise level was not sig- 
nificantly different p>0.05) from LA at any level of 0 e 
(\iO ); however, 

uptake 

INSPIRATORY FU)W RATE AND DEAD SPACE IN DOGS. G Berdine*, a 
Johnson*, D Dale*, and J Lehr" (SPON: R King). Univ Tex 
Hlth Sci Ctr and Audie Murphy VA Hosp, San Antonio, TX 78284 

nif cantly f 
f was significantly (p<O.Ol) greater and2VT sig- 

lower (p<O.Ol) for any given workload or 00 . 
rate was significantly {p<O.Ol) higher at all workloads? 

Heart 
Thus, 

HR) was lower for any given workload at HA. At 
of 100% O2 did not alter any of the ven- 

tilatory parameters on exercise, nor was there any effect of 100% 
O2 on these parameters at IIA. We conclude that the changes jn 
ventilatory pattern at rest induced by exposure to HA hypoxia are 
maintained during exercise, and are not affected by the acute 
administration of 100% oxygen. 

The stationary front model of gas transport predicts that 
increased inspiratory flow rate increases dead space (VD). 
We tested this hypothesis by measuring physiologic VD and 
the kinetics of multiple breath washouts of helium (He) and 
sulfur hexafluoride (SFg) from 4 anesthetized, paralyzed 
dogsl(14 - 22 kg). Tidal volume was 20 ml/kg and rate was 12 
min . pC02 was measured from femoral arterial blood 
after 20 min of ventilation using fnspiratory times of 280, 
500, 1000, and 2000 msec applied in random order. CO2 
production was calculated from expired gas collections, lung 
volume was measured by He dilution, and washouts of 10% He 
and 2% SF6 were measured by mass spectrometry. VD for He 
and SF6 were calculated from end expiratory concentrations 
using breath 1 and a pool of breaths 2 - 10. Increased 
inspiratory flow rate did not increase VD for CO2, He, or 
SFg. This is inconsistent with the stationary front 
hypothesis, For each washout, VD for both He and SF6 was 
less for breath 1 than for subsequent breaths and V 
(breaths 2 - 10) was less than that for SFg. Breat R 

for He 
1 VD 

for He was not significantly different than that for SFg, 
The difference between breath 1 and subsequent breaths is 
more consistent with axial stratification than parallel 
inhomogeneity. 

121.5 

INFLUENCE OF THE PARTICULATE NATURE OF SLOUD ON PULHONARY 
OXYGEN EXCHANGE, William J. Federspiel. So&on University, 
Boston, NA 02215 

The classical view of oxygen (02) uptake in pulmonary 
capillaries assumes implicitly that capillary blood can be 
regarded as a continuouEc hemoglobin solution. In this study 
a theoretical model ves used to examine the role played by 
the particulate (two-phese) nature of blood on pulmonary 
oxygen exchange. Red cells were lnodellcd a% dlacrete 
hemoglobin (Hbl containing spheres flowing in single file 
through a cylfndrical capillary surrounded by B uniform 
annulus of alveoler tissue. The model accounted for the free 
diffusion of a2 frora elveolar air space through tissue end 
plasma, free and Hb facilitated diffusion of O2 inside red 
cells, and the intracellular kinetics of UZ-Hb binding. 
Oxygen uptake was driven by a specified O2 tension at the 
air tissue interface, Calculated membrane diffusing 
capacities ID ) and hence pulmonary diffusing capecities 
(D 1 decrease3 

il 
with increasing separation distance between 

re cells. The reduction in Dm with cell spacing was 
dependent on the thickness of the tiesue and plaema layer 
relative to red cell dimensians. The reeults support the 
hypothesis that the functional area of the alveolar 
capillary membrane depends on the red cell content of 
capillaries. Thus D cannot be considered solely 8s a 

morphological param#ter, but has a functional component as 

well, (Supported by NXH Grant HL-37106,) 

Ib) (Wlocm/hr) cl/Q (% of Shall) 
0 13 + 4 2.0 + 1.5 0.46 + .07 1W 
4 15 7 9 7.0 3 2.2* 0.65 T  .04* ml* 
8 25 T  5* 7.2 7 1.6” 0.52 7 .09 163* 

24 29 T  5* 9.9 ‘7 0.5* 0.58 7 .13 172* 
48 14 T  4 7.0 +- 5.5 0.56 7 .14 144* 

*sigtdficant tiff-&x0 at Pm< 0.05. Flm ra'z;as w as 
ml per 10 mof kad~& lm. c1/@ is the ratio of 
mlzatims in lycTp3h ti plasma. 
a%El-: The- whi&mdiatesndreir&ced 
@qmmiaaM~almimmascu ar pmeability arm 
atamxhuCUh3ur3pst-injuxy. SWabgiesti defirred 
mati W response~befocusedmtheimnediate~~ 
injtKy t&m period. 

-e,M,canada,-ti1Az. - 
k studied MMw !xx& position carld be used in concert with positWe 

end-expiratiry pressure (PEEP) or high tr'dal volms (VT) to inpm 
matching of ventilatl'on (v) with perfusim (t>) 7'n aqmtical lung disease. 
Ten anaesthtized ventilated (F@ 1 .O) dogs were studied fn 2 groups: ~1 m  
ISI Or tight decubr'tus (Qq), chiq PEEP 5 and 12 oM$, at ti 12 or 24 
cc/kg, befoe and after 1’mtion of right lung OedBM using etkh~owyml. 
L&dimtlynmsuwd~ ando 3~ each lung andexpressed than proportl'mately 
(VR/vToT and &/ilT) and derivd ccnpliam CCf&), shunt (@/Q$ and 
alveolar-ar&Hal oxygen gratient (A-a). 

\DR(vT - ; : : 1 - 

Pa@ varkd fmn 125 to 451 mHg with interventions. Supine, PEEP irrpmved 
gas exchange tyjq~m!fq V to tk dam@ lung. Whitis, while PEEP 
I'mmas~I both V and Q. to the dam@ lung, the bemfkial effects of V 
rPdistribution prpdarrinated. T+ effects of b wee ml1 but adchtive to 
those of PEEP. In this m&l, V distr'htbn best explaiwd l’mpnwed gas 
exchangeduting PEEP. 

121.8 

FOR.MATlON AND MATHEMATICAL MODELLING OF RESO- 
NANT AMPLIFICATION DURING HIGH-FREQUENCY OSCIL- 
LATION (HFO), E.H. Bush’, D.R. Spahn*, P.F. Nicdcrcr*, E.R. Schmid. In- 
stitute of Biomedical Engineering and Medical Informatics, University of Zurich 
and Swiss Federal Institute of Technology, 8092 Zurich and Institute of Ancsthcsi- 
ology, University Hospital, 8091 Zurich, Switzerland. 

In artificial ventilation on the basis of HFO, the oscillatory volume effectively 
delivered to the lungs is frequency dependent and shows distinct resonance phe- 
nomcna. With a linear mathematical model, which takes into account the wave 
propagation characteristics of oscillatory flow, parameters were identified, which 
determint these resonance characteristics. HFO-circuit properties were found to be 
essential for the ratio of the oscillatory volume delivered to the lungs in relation to 
the piston displacement, whereas lung surrogate properties were insignificant. The 

resonance frequencies were mainly determined by the length of the tube connecting 
the piston pump with the lung surrogate, and the resonant amplification by the 
damping factor of the tubes. In addition, the dead space volume (vd) of the piston 
pump (volume between the piston at a mean position and the entrance to the tube) 
showed a striking influence upon the resonance characteristics. At vd = Oml, a first 
resonance frequency (frcs) of 40Hr, at vd = 200ml a frcs of 22Hz resulted. Thcsc 
theoretical findings have been substantiated by means of experiments with diffcrtnt 
lung surrogates. With large piston displacements, additional nonlinear mechanisms 
influencing the resonance characteristics were found, It is concluded that resonance 
phenomena during HFO are caused by the wave characteristics of the oscillatory 
flow and the resulting superposition of primary and reflected waves. 
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122.1 
~ANALYSISOFPHASIC~~AND~ 
-aLmsAL= (-1 ACEVITY IN ICETENS, J.F. 
W&&b* K,W, se&.* T.L. O#I3ay,* B.S, Broz&,* and 
FD GJUX& Univmi*ofPiw 
Pi&, ;A 15213 

mdi&S&ool, 

phasic expti* (E) m activity is fmqtxmtly 
~~inassociatioawith&emi~lys~ated 
-h-Y (1) m mcnlimmtinmeki~(2mRw 
FWpir Dis 137:379, 1988). ~-w--P-~ 
dasity (PSD) ofthe~duringIandEtodeWmnethe 
simihriti~and diffwww-ar 
electriml activitiesof Wgenioglossus meduring 
~krfo~~ofti~iratoryqcle. m 
a&ivitymsreoordedfrmbipolarel~emWdd& in 
Wgmiqlmrmscleinfcxlr anethetized (1.25~1.50% 
m-1 ~~dkitbmdurig~toa 
hypaxic gas rdxkure (FiO@.13). A fast Fwrier tramfor- 
raatioaofmfreem-usedtowthePSDofthe 
m. Greatithan90%oftimwiatheEMGggPSD 
wasa30-500HzduringberthI&E. Themcen- 
boid freqmq (2SD) was 278_+29 Hz ming I and 276+26 Hz 
during E (p=.71). m~,thedistrtition 0fpcrtFer 
withinthe~PSD~~e~IandE* m 
wnclude~tIandEEMGqgPSDare&nilar. Sincethe 
a==-- t&&originate inthe- 
mmwsqstem,~ speculatethat I and E EKggactivities 
share-neural-. 

122.3 

EFFECTS OF INHALATION ROUTE ON RESPIRATORY PATTERN 
AND PULMONARY FUNCTIONS OF HEALTHY ADULTS EXPOSED 
TO 2 PPM SULFUR DIOXIDE John F. Bedi* and Steven 
M.* Hoqath. Institute of EnVGonmental Stress, 
University of California, Santa Barbara, CA 93106 

We have previousily reported of the pulmonary 
effects of sulfur dioxide (S02) exposure in normal 
subjects at concentrations above 
investi 

1 ppm. We 

respira ory z 
ated changes in the pulmonary response and 

patterns during incremental work of 
normal subjects following a half hour of 
continuous exercise in 2 ppm SO2 with either 
unencumbered breathing or with forced oral or 
forced nasal breathing. Fourteen healthy subjects 
(7 me;oanznz women), 
of 

non-smokers, between the ages 
44 years, participated in three 

exposures 
Three 

to 2 ppm SO2 and one to filtered air. 
forced expiratory maneuvers w?re recorded 

;;z;=e and after the,eTposure. Following exposure 
was a significant (p<O. 0125) pre-post 

decrease in peak flow independent of the exposure 
condition. There was a significant interaction 
effect (p<O.O3) 
Forced 

betw;;iw p;;-T;;t exposure for 
Expiratory probably a 

consequence of differences in pre-values observed 
between forced oral and unencumbered SO2 trials. 
There were no differences in the breathing pattern 
until crossover with the exception of nasal volume 
and workload The had 
substantial 

(p<.OOl). 
oral breathing at a 

subjects 
lower workload 

during oral SO2 exposure. (EPRI) 

122.5 

STIMUZrATION OF RAPIDLY ADAPTING RECEPTORS (RARs) IN THE 
CANINE LUNGS BY A SINGLE BREATH OF CIGARETTE SMOKE. 
Y. R. Kou* and L.-Y. Lee. De& of Physiology, Univ. of 
Kentucky, Lexington, KY 40536. 

We previously suggested that the augmented inspiration 
evoked upon the first breath (b) of cigarette smoke inhala- 
tion in dogs is caused by a smoke-induced stimulation of 
RARs in the lungs (JAP 54~562, 1983). To study the effects 
of cigarette smoke onPARs, we recorded their activity from 
afferent filaments of the vagus nerve and delivered approxi- 
mately 120 ml of high- (HNCS) and low-nicotine cigarette 
smoke (LNCS) separately in a single ventilatory cycle in 8 
anesthetized, open-chest and artificially ventilated dogs. 
Upon the first breath of smoke delivery, HNCS caused an 
intense and short burst (lasting l-2 b) of activity in IS of 
18 RMW; their activity increased from a baseline of 3.1~0~7 
imp/b to a peak of 12.4&1,9 imp/b (meanMEN, n=18). After 
IO-18 set when the receptorls discharge returned toward the 
baseline, a delayed increase in the phasic activity emerged 
(peak activfty=8.6*2.8inrpjb, n=18) in 8 of these 18 RARs and 
lasted for 3-6 b. LNCS evoked a similar Mediate stimula- 
tion in only 2 of the 15 receptors stimulated by mCS; the 
same 2 receptors were also stimulated by the gas phase of 
WCS. A mild delayed stimulation (4.1~0.9 imp/b, n=18) in- 
duced by LNCS was also noticed. Based upon these preliminary 
results, we conclude that RARs are stimulated by nicotine 
delivered in the cigarette smoke. (KTRB grant 41066) 

122.2 

RESPIRATORY ADAPTATION TO HYPERCAPNIA IN NEWBORN RATS AND ITS 
LONG TERM EFFECTS. R. Rezzonico* nd J.P. Mortola, Dept. of 
Physiology, McGill Univ., Montreal, Quebec, Canada H3G lY6. 

We asked which effects chronic hypercapnia in the neo- 
natal period may have on lung growth and the regulation of 
breathing. Newborn rats were exposed to 7% CO,-21% 0, from 
day 1 to day 7 after birth (Exp) and compared to control 
litters growing in normocapnia-normoxia (C). At day 7, Exp 
had similar body weight as C. Ventilation (\jE), measured by 
flow plethysmography, was higher in Exp since the first day 
of exposure with an almost double tidal volume. Lung and 
heart masses were slightly decreased in Exp, with similar 
total DNA. At day 7 some Exp rats were returned to normo- 
capnia-normoxia for measurements at 45-50 days, i.e. post- 
puberty. At this age, Exp had a lower VE t-13%, P < 0.005, 
measured by the barometric method) because of a smaller tidal 
volume (-17%, P < O.OOl), with similar oxygen consumption 
(measured by a manometric technique). In addition, the acute 
VE response to hypercapnia (10% CO,) was less than in C rats, 
while that to hypoxia (10% 0. ) was the same. We conclude that 
a) newborn rats respond to chronic hypercapnia with a 
sustained hyperventilation not associated to an increase in 
lung mass, differently therefore to the response known to 
occur during neonatal chronic hypoxia, and b) long term 
effects on the regulation of VE persist at least until post- 
puberty. (MRC Canada and Migliarina's Foundation). 

122.4 

~BEVEL0~OF~~C~SASAs 
BY B REDXDRG. W,E. Qmeron. J.S. Jodkcrwskj*, 
I& F.* and R.D. Qrthrie. Departmerrts of Nmiology and 
-atria, Univ. of Pit- and mgw Hospital, 
Pi-, PA 15213 

Theelectm@ysiolqicalp~iesof~elopingphrenic 
nabmumm T e at W postnatal ages (30-42 and 
59-66 dap) and B to W of adult cats. Phrenic 
~l~~intheC5andC6~ofthesptil 
cord m identified by anti-c stimulation. This 
st~~wasdeXiveredbya~l~electrodeplacedon 
the thoracic @zenic nerve close to its me entry. me 
criteria for a sumessful intracellularimpal&wasa 
nwbram potential of at least -60 rnV and a positive 
clvershOOt of the action mtial. Axonal conduction 
velocity (CV) was calculated frm the wrductiontk and 
theaistanoebe~*~atiqand~rdiqelectrodes: 
(values are neax~ f S.D.) 
we ~days) 30-43 59-66 mu 
mrd. tinE (ltwc) 2.3kO.4 2.2kO.5 2.320.4 

moml cv w-a 33.2k5.5 44.e7.7 61.8k8.3 
Significant diff- (pr.0001) were found for m axonal 
CV be- all w tile no signifimt diffm were 
faund for moan -ion time. Therefore, the increase in 
axoml CV with age offsets the -fold N inlqth 
ofthe~cnenreandprwidesaconstantconductiontime 
at all ages, e- by a grant fram NM (HD22703). 

122.6 

COMPETITIVE INHIBITION OF CAROTID CHEMOSENSORY 
RESPONSES TO CO2 BY 02. R. Bajaj*, W. Huang*, 
C. Di-Giulio*, A. Mokashi* and S Lahiri. Dept, of 
mysiol., Univ, of Penna., Sch. df Med,, Phila., PA 
19104-6085. 

To further test whether 02 and CO2 effects on 
carotid chemosensory afferents is of competitfve 
Wm we studied the responses to CO2 saturation 
dose during hypoxia (mean + sem, 48 + 3.8 torr) and 
hyperoxia (354 + 19 torr) iii anesthetfied, paralysed 
and artificially ventilated cats. In one series, 
steady-state graded levels of CO2 inhalation showed 
linear response until a plateau of 18.6 f 1.7 imp/set 
was reached at 178 + 18 torr PaC02 during hyperoxja 
and 2&l + 2.3 iKp/sec at 109 + 11 torr PaCO2 
during hypoxia. In another series, a mixture of 
saline and blood (3 ml) at PC02 of 270 torr was 
delivered to the carotid body by close intraarterial 
injection over 8-10 sec. The injectate PO2 and 
arterial PO2 were matched, The injections were 
promptly followed by a peak chemosensory activity 
and subsequent adaptation, The peak responses were 
63.6 t 8.5 imp/set and 62.3 + 6,6 imp/set during 
hypoxl: and hyperoxia respectfiely. A competitive 
stimulus interaction between 02 and CO2 was 
confirmed by these studies of CO2 saturation 
kinetics. (Supported by NIH grant HL-197371, 
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122.7 

ATRIAL NATRIURETIC FACTOR (ANF) STIMULATES CAROTID 
BODY CHEMORECEPTORS. V.V. 'Mat&s*, W. Huang*, A, 
Mokashi*. C. Di-Giulio* and S. Lahiri. Deot. of 
Physiol .I Univ. of Penna. Sch. of Med., Phila',, PA 
19104-6085. 

It is known that ANF is released from cardiac 
granule stores during hypoxia and is involved in 
cardiovascular reflexes. Since carotid body 
initiates hypoxic chemoreflexes it was of interest 
to study the role of ANF in the hypoxic stimulation 
of carotid body chemoreceptor afferents. We studied 
the effect of close intraarterial injection of ANF 
on carotid body chemoreceptor activity in the anes- 
thetized male cats which were paralyzed and artifi- 
cially ventilated. Graded doses of ANF (lo-40 ug) 
were administered by slow bolus injections at four 
steady-state levels of arterial PO2 at a constant 
PCO2, ANF increased the chemoreceptor activity 
over 5 to 10 set following the injection. These 
responses were dose dependent, and increased with 
the decrease of arterial POz: the average A 
imp/set being 0.6, 1.3, 2.9 and 3.9 respectively at 
arterial PO2 of > 400, 80, 40 and 30 torr. Since 
ANF is vasodilatory, the stimulatory effect may be 
attributed to other than vascular responses, 
(Supported in part by grants HL-19737 and 5T32 
HL-07027). 

122.9 

EVIDENCE FOR 07-SENSITIVE IONIC CHANNELS IN CAROTIO BODY 
TYPE-I CELLS. k Marco A. Delpiano*, ‘JC~rqen Heschefer* and 
Helmut Acker*. (SPON: R. Kinne) MPI FGr Systemphysiol. 
Oortmund, F.R.G., ‘Univ. des Saarlandes, Homburg/Saar, F.R.G. 

Type-I cells from rabbit carotid bodies in primary-culture 
were studied in voltage-clamp experiments using the whole cell 
arrangement of the patch-clamp technique. With a pipette con- 
taining 140 mM K+ and 3 mM Mg-ATP as intracellular medium and 
a modified Locke’s solution as extracellular medium, large 
outward currents were seen positive to a threshold of -30 mV 
(-50 mV holding potential). Negative to -30 mV, the slope con- 
ductance was low (outward rectification). The currents were 
blocked by K+ channel blocker (Cs+ 
(TEA)) and Co2+ (1 mM). 

and tetraethylamonium 
Slowly inactivating inward currents 

were recorded after replacing K+ by Csf in the intra- and 
extracellular solution. They showed an U-shaped I-V curve with 
maximal amplitude of about 300 pA at 10 mV, which was reduced 
by Ca*+ channel blockers (Co2+ 1 mM, 0600 3/uM, and dihydro- 
pyridine (PN ZOO-110) lO/uM). Lowering ~02 from control of 
about 150 Torr (air-gassed medium) to 28 Torr (hypoxia) did 
not affect inward currents but reduced reversibly outward 
currents. These data suggest the presence of 1) Ca2+-activated 
K+ channels, 2) voltage-activated Ca2+ channels, and 3) a 
linkage between pO2 changes and the K+ conductivity of volt- 
age-gated K+ channels, which could be responsible for cell 
depolarization and chemosensory response in the carotid body. 
The nature of this linkage remains to be determined. 

122.11 

EFFECT OF CAPSAICIN ADMINISTERED INTO THE LOWER AIRWAYS. 
F. Palecek*. G. Sant'Ambronio. F.B. Sant'AmbroEio and O.P, 
Mathew. Dept. Physiology & Biophysics and Dept. Pediatrics, 

The cardiopulmonary 
The Univ. of Texas Medical Branch, Galveston, TX 77550. 

effects of intravenous capsaicin 
have been extensively studied. However, it is not clear 
whether these effects can be elicited by administering 
capsaicin as an aerosol or topically into the lower 
airways. We compared the effects of capsaicin injected 
intravenously, administered topically to the intrathoracic 
trachea or as an aerosol in 5 anesthetized dogs and 7 rats 
breathing through a tracheostomy. We measured systemic 
arterial blood pressure, esophageal pressure and/or 
airflow. Capsaicin aerosol (100 pg/ml solution for lo-20 
s) or topical administration of the same solution (0.05 ml 
in rats and 0.2 ml in dogs) produced a prolongation of 
expiration 
those of i 

or 
.V. 

apnea and 
injections 

transient hypotension similar to 
(5-40 m/kg). At variance with - 

intravenous injections, the apnea after capsaicin into the 
airways was not generally followed by tachypnea. Topical 
instillation of capsaicin was at least as effective as 
aerosol administration in eliciting these reflexes. We 
conclude that: 1) capsaicin sensitive receptors are 
accessible from both the airway lumen and the pulmonary 
circulation; 2) extrapulmonary afferents play a major role 
in the reflex responses to intraluminal capsaicin. 
Supported by NIH Grants HL-20122 and HL-32921. 

122.8 

EFFECTS OF HISTAMINE (H) INFUSION ON RAPIDLY ADAPTING RECEP- 
TOR (RAR) ACTIVITY AND PULMONARY LYMPH FLOW (PLF). C.f. 
Kappdgoda, K. Ravi* and K.K. Tea*. Dept. of Med., Unm 
Al berta, Edmonton, Alla. Canada T6G 2R7. 

Experiments w&e done on anesthetized dogs to examine 
whether: 1) there is a sustained stimulation of RAR during H 
infusion and 2) the stimulation occurs through mechanisms 
other than airway smooth muscle contraction. H was infused 
through a catheter placed at the right atrium. RAR activity 
was recorded from the right cervical vagus. Pulmonary lymph 
was collected by catheterizing the right lymph duct at the 
neck. During infusion of a threshold dose of H (0.4 ug/kg/ 
min) for 10 min, there was a sustained stimulation of RAR. 
The neural activity increased significantly from 108*47 imp/ 
min to 140*61 imp/min (PcO.05, n=6). There was no significant 
change in the airway pressure. In five other dogs, infusion 
of a higher dose of H (4 ug/kg/min) for 10 min also.stimulat- 
ed the RAR in a sustained manner. The RAR activity increased 
from 40*30 imp/min to 151*41 imp/min (P<O.OOl, n=5). At this 
dose, the peak airway pressure increased significantly from 
6.2iO.3 mmHg to 7.3kO.2 mmHg (P<O.O5). During H infusion at 
the rate of 4 ug/kg/min for 30 min, the PLF increased sig- 
nificantly from 1.04kO.34 ml/30 min to 2.93kO.51 ml/30 min 
(P(O.05, n=4). Thus small doses of H infusion produce a sus- 
tained stimulation of RAR, independent of airway smooth mus- 
cle contraction. It is suggested that an increase in the 
permeability of the bronchial vasculature may stjmulate RAR. 

122,lO 

RESPONSES OF RAPIDLY ADAPTING RECEPTORS (RAR) AND SLOWLY 
ADAPTING RECEPTORS (SAR) TO PULMONARY VENOUS CONGESTION (PVC) 
AFTER REDUCING THE CONCENTRATION OF PLASMA PROTEINS (WC), 

ept. of Med., Univ of Alberta, 

Experiments were undertaken in anesthetized dogs to exam- 
ine whether the responses of RAR to PVC could be enhanced by 
reducing the PPC. Action potentials (API were recorded from 
RAR and SAR in right cervical vagus. PVC was produced in a 
graded manner by distending a balloon in the left atrium to 
increase the left atria1 pressure (LAP) by 5, 10 and 15 mnHg 
above control. The PPC was reduced by plasmaphoresis. After 
identifying a receptor, the effect of graded PVC on it was 
examined (5 min at each level) both before and after plasma- 
phoresis. A reduction in PPC from 4.5kO.2 g% to 3.9kO.2 9% 
enhanced the responses of RAR (n=ll) to PVC significantly (PC 
0.05). There was no significant effect upon the activity of 
SAR (n=5), These results are summarized below: 

LAP (mm Hg) 
RAR activity (AP /min) Control +5 +lO +I5 
Before plasmaphoresis 40*10 95*30 l65k66 189k53 
After plasmaphoresis 54*16 136*40 267*83 352UO8 
SAR activity (AP /min) 
Before plasmaphoresis 1627*207 1753*212 1916k211 2166*243 
After plasmaphoresis 1679*262 1743*258 1813*261 20222264 
It is suggested that the stimulus to RAR could be fluid 
transfer in the bronchial vasculature. 

122.12 
HEXAMETHONIUM PREVENTS CIGARETTE SMOKE INDUCED STIMUmTION 
OF VAGAL PULMONARY C-FIBERS IN DOGS. L.-Y. Lee, Y.R. Kou*, 

We previously suggested that vagal pulmonary C-fibers are 

C.E. Woolfolk* and D.T. Frazier. Dept. of Physiology, Univ. 

stimulated by nicotine delivered in the cigarette smoke 
(FASEB J. 2:A1297,1988). To test this hypothesis, we 

of Kentucky, Lexington, KY 40536. 

s-the responses of these receptors to cigarette smoke 
before and after pretreatment with hexamethonium bromide 
(0.8-1.2 mg/kg, i.v.). We recorded the activity of 
pulmonary C-fibers from afferent filaments of the vagus 
nerve and delivered 200 ml cigarette smoke in a single 
respirator cycle in anesthetized, open-chest and 
artificially ventilated dogs. Cigarette smoke stimulated 8 
out of 10 receptors: the activity increased from a 
base-line of 0.5 f 0.2 imp/s to a peak of 11.0 f 3.3 imp/s 
{mean f SEM) within l-2 set after the smoke delivery. After 
hexamethanium pretreatment, the same amount of smoke did not 
activate any of these receptors (peak activity = 0.4 f 0.2 
bP/s)' In comparison, responses of the same receptors to 
right-atria1 injection of capsaicin (5 vg/kg) were not 
abolished by hexamethoniurn pretreatment: their peak 
responses to capsaicin were 36.1 f 3.9 imp/s before and 29.9 
2 4.3 imp/s after hexamethonium, respectively. These 
results further support the role of nicotine in the 
cigarette smoke-induced stimulation of pulmonary C-fibers. 
(Supported by KTRB grant 41066). 
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122.13 

CHARACTERIZATION OF MEDULLARY E NEURONAL RESPONSES TO LUNG 
INFLATION PATTERNS. J. Bajic*, F.A. Hopp and E.3. Zuperku. 
Med. Cal, Wisconsin and VA Med. Ctr., Milwaukee, WI 3295 

The responses of E-neurons in the caudal ventral medulla to 
various inflation patterns were analyzed in sodium-thiopental 
anesthetized, paralyzed dogs, A constant level of minute ven- 
tilation was obtained from ranp inflations delivered during 
the I-phase of control breaths by a cycled-triggered solenoid 
ventilator. 
sure (PT), 

Test patterns, measured as transpulmonary pres- 
consisted of graded ramps, reverse ranps, and 

steps, and were delivered during the E-phase following 6-8 
control breaths. The laterality of the responses was assessed 
using weak electrical stimulation of the intact, desheathed, 
vagus nerves. Neuronal discharge patterns were quantified us- 
ing cycle-triggered-histograms. Based on inflation responses, 
most of the neurons were of two types: 1) PT inhibited neur- 
ons and 2) bidirectional PT sensitive neurons, i.e. excited 
by PT<3-5 mmHg and inhibited by P >5-7 mmHg. 

J 
Responses of 

both types appear to be mainly PT ependent with a smal? de- 
gree of time-dependence. Neuronal responses to electrically 
evoked input patterns were qualitatively similar to those of 
inflation and indicated that the responses are graded with re- 
spect to stimulus strength and frequency. For Type II neur- 
ons, the excitatory component appears to be bilaterally media- 
ted by the largest slowly-adapting pulmonary stretch receptor 
(PSR) afferents, while the inhibition is mainly mediated by 
ipsilateral PSR afferents with smaller diameters, suggesting 
the involvement of two types of PSR afferents. 

122.15 

IWE DlBIAMIC3 OF arrrPr,= IR RESPIRATIOII AND BRAIHSTBH I&WD 
PLOY WJRmG mXIA Ill THE, RAT. Robert A. Darnall*, (SPON: D, 
Rochester) .Universfty of Virginia, Charlottesville, VA 22908, 

Changes in brainstem blood flow (BSBF) may contribute to 
the changes In ventllatory drive ocourlng during hypoxia, 
Real time dynamics of these changes have not been described. 
We recorded changes in phrenic nerve discharge (PND), blood 
pressure (BP), endtidal cy)2, and heart rate during 20 episodes 
of hypoxic hypoxia (Ff02=O.f0) in 9 halothane (0.8%) 
anesthesized, paralyzed, ventilated rats, and during an 
addItIona 3 episodes of hypoxia In 2 carotid body denervated 
animals (CBD). In three intact and one CBD, laser doppler 
techniques were used to simultaneously estimate real time 
&anges In perfusion on the dorsal surface of the brainstem. 
During hypoxia BSBF decreased in both intact and CBD. PND was 
blphasfc (see table) in the intact animals and deoreased in 
(5 change from baseline) MEW peak Pm law 
intaot -53 f 11 157 f 22 48 t 25 
denervated 17 f 17 

BP fell during hypoxia. 
rrw- -11 * 3 

the CBD group. PMD decreased while 
BP and BSBF were both deoreaslng. BSBF exhibited a reper- 
fusion peak In both intact and CBD groups (115 k 31 and 174 A 
385, respectively) after BP returned to baseline. In the 
Intact animals, an fnf’usion of phenylephrine which maintained 
BP during hypoxia resulted in a sustained increase In both 
BSBF and PND. We conclude that BSBF Is pressure passive 
during hypoxia and that the decrease in PND is not due to an 
alkalosis induced by an lnorease in BSBF. (R01HL3984) 

122.17 

EFFECTS OF PERIAQUEDUCTAL GRAY (PAG) STIMULATION 
ON VENTILATION IN THE AWAKE GUINEA PIG. Agnes J, 
m* and F Chandler Deal. Jr, Case Western Reserve 
Universiti and the VA Medical Center, Cleveland, OH. 44106 

One of us (AT) has shown that electrical stimulation of the PAG in 
awake animals produces a strong tranquilizing effect, decreasing heart 
rate, EEG frequency, and galvanic skin potential for several hours 
(Physiol. Psychol., 12285, 1982). In the present studies, electrodes 
were implanted in the PAG (coordinates AP 0.0, lat 0.5, depth 5 mm) 
in 7 guinea pigs (GP). Two weeks after surgery, breathing was 
assessed in a body plethysmograph while GP’s were awake and 
breathing room air. Electrical stimulation (0.5 msec pulses, 50 Hz, 
0.1 mA for 10 set) decreased mean minute ventilation (VE) from 
419.1k16.8 (x&SEM) to 280.9k27.2 cc/min (p~O.002). A second 
experiment assessed the interaction of these responses with chemical 
drive to breathe. While GP’s breathed 100% 02, stimulation decreased 
VE from 316.4252.0 to 188.5+ 28.2 cc/min 10 min post stimulation 
(~~0.01). Slopes of steady state CO2 curves were not significantly 
changed, but the post stimulation curve was shifted down and to the 
right. Twenty-four hrs after stiinulation, VE on 100% 02 was 
increased toward baseline, but was still significantly reduced. Rectal 
temperature was unchanged by PAG stimulation. These data indicate 
that PAG stimulation decreases ventilation while animals breathe 
either room air or 100% 02, and does not affect CO2 responsiveness, 
suggesting that PAG stimulation may lower 02 consumption by an 
unknown mechanism which is unrelated to hypothermia. Supported 
by: HL-25830 and VA Merit Review 

122.14 
EFFECTS OF PROGRESSIVE MEDULLARY RESECTIONS ON RHYTHM 
GENERATION AND CO2 RESPONSIVENESS OF THE IN VITRO BRAINSTEM- -*- 
SPINALCORD OF THE NEONATAL RAT. H.McLean & J.Remmers, Depts. 
Medicine & Physiology, U,Calgary, Calgary CANADA T2N 4Nl. 

The isolated brainstem-spinalcord preparation provides a 
novel experimental model for the study of neural substrates 
underlying respiratory rhythm generation and central chemo- 
sensitivity. However, two principle concerns of this prepara- 
tion need to be addressed. One relates to the adequacy of 02 
diffusion to the tissue. One approach to reduce hypoxia in this 
preparation is to reduce the diffusion distance for 02 by re- 
secting medullary tissue not essential to rhythmogenesis or 
central chemoreception, This approach introduces the other 
concern, the possibility that surgical removal and sectioning 
may fundamentally alter these respiratory properties. We have 
tested the effect of medullary resection on the rhythm genera- 
tion and CO2 responsiveness of the preparation. Three progres- 
sive resections were made:l) removal of the pons 2)a unilateral 
resection of the rostra1 medulla 3)a coronal section, removing 
the dorsal half of the medulla. Respiratory activity was re- 
corded from C3 roots. Removal of the pons increased respiratory 
frequency while subsequent sections reduced it slightly. The 
responsiveness of the preparation to 0,3,5, and 10% CO2 were 
greater after tissue resection than in the intact medulla. The 
data show that the most rostra1 aspect and the dorsal half of 
the medulla are not critical for respiratory rhythmogenesis or 
central chemoreception. Supported by MRC //MA-9719 & CFSID 

122.16 

ADENOSlNE INHIBtTS FETAL BREATHING AND EYE 
MOVEMENTS IN SHEEP. Brian J. Koo;2a3$ Kazuhiro Matsuda*. 
Loma Linda University, Loma Linda, CA . 

Hypoxia may inhibit fetal breathing and eye movements by 
decreasing the cellular phosphate potential (J. Dev. Physiol. 8:67, 
1986). A fall in the phosphate potential would increase cellular 
production of adenosine, which would likely depress breathing. 
This possibility was tested by infusing intravenously adenosine 
(0.18 ? 0.04 (SE) mg/kg/min) to 5 chronically catheterized fetal 
sheep at 125-I 30 days gestation (0.8 term). Mean fetal P 02 
(24.4 -+ 1.0 Torr), P&O (45.4 2 2.6 Torr) and pH (7.278 2 
0.021) were not significant y affected by adenosine. During the 4 h ? 
control period, the incidences of% low voltage electrocortical activity, 
rapid-eye-movements, and breathing activity were 36 ? 1.8 min/h, 
34 + 2.5 min/h, and 29 k 1.9 min/h, respectively. During the 
experimental hour, adenosine reduced the incidence of low 
voltage electrocortical activity by 20% (N .S.), rapid-eye- 
movements by 61% (P c 0.05), and breathing movements by 77% 
(P < 0.05). These effects on breathing and eye movements are 
virtually identical to those observed during severe fetal hypoxemia 
(APa = -10 Torr), and they suggest that a hypoxia-induced rise 
in circulating adenosine concentrations might contribute to 
hypoxic inhibition in the fetus. (Supported by NIH Grant HD- 
18478) 

122.18 

ACIIVATION OF SUBFORNICAL ORGAN NEURONS INFLUENCES 
RESPsRATtON IN THE MT. j.T.Fisher. LM.m*. and AV.Ferauwn 

* Dept. Physiolqy, Queen’s University, Kingston, Ont, Canada K7L 3N6. 
Despite R’s inability to cross th8 normal Mood brain b8rrier 

angiotensln II (All) has been repotted to act within the CNS to 
influence respiration. Th8 subfomlcal organ (SFO) is a potential CNS 
Stt8 of action for the respiratory 8ffectS of All since it Contains a 
high density of All receptors, and lacks a normal blood brain barrier- 
The SF0 Aso sends 8ff8r8nt @ySynaptic COnnectiOnS to the medUllary 
respiratory centres, an important CNS site in the contrd of 
r8Spimtion. The present studies were designed to examine whether 
activation of SF0 neurons influences respiration. Sprague Dawley rats 
were anaesthetised with urethane (1.4 g/kg). A tracheal cannula / 
pneumograph was inserted to m8asure flow and respkatory timing. 
A stimulating electrode was advanced into the region of the SF0 using 
Standard st8reotaXic pmCedUres and the effects of 8ktrid 
stimulation @OOuA, lOHz, 10s) on respiration was evaluated. Augmentad 
breaths were observed in 91% of anlmals tested with SF0 stimulation 
8kh8r during or immediately following the stimulation peri& while 
stimulation In adjacent anatomIc regions was without effect. No 
significant changes in respiratory timing, mean inspiratory flow, 
tkial vdume or ventilation were observed during SF0 StimUhtiOn 
(ANOVA p>O.O5). The demonstration of augmented breaths as a result 
of SF0 stimulation supports a rde for this circumventrlcular 
strutiure in the neural contrd of respiration. 
Supported by the MRC of Canada. 
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SIZE-DURATION PRINCIPLE IN PHRENIC ACTIVITY. W. Wang*, 
c. Liu*, A, Mokashi*, A.K. Sherpa*, C. Di-Giulio* and 
‘s Lahlri. Ilept. of Physiol., Univ. of Penna., Sch. ot 
Meda+, 
of Gina. 

PA 19104-6085, USA and People's Republic 

We studied burst duration and firing threshold of 
single phrenic units in anesthetized, vagotomised, 
paralyzed and artificially ventilated cats. The 
activities of 3-6 units in 3 filaments were compared, 
The duration of smaller units was 2.2 + 0.9 set (mean + 
S.D., n=42), and of larger ones 1.3 TO.6 set (n=42), 
The difference was significant (P lJ.01). Hypocapnia 
gradually diminished the unit activity. The larger 
units were silenced first. Hypoxia restored the 
activities, and the smaller units with longer duration 
reappeared first. Carotid sinus nerve (CSN) section 
diminished the phrenic activities, the larger units 
being affected first. Hypercapnia restored the 
activities with the same relative order of excitation. 
Hypoxia extinguished the larger units first which, 
after withdrawal of hypoxia, reappeared last. We 
conclude that the phrenic burst duration and excita- 
bility are an inverse function of unit size, The 
size-duration principle holds for the hypoxic effects 
on phrenic unit activities with+ and without intact 
CSN. (Supported in part by grants NS 21068 and 
HL-19737). 

122.21 

PATTERN OF CYCLIC OXYGEN DE- E RE-SATURATION PREDICTS CENTRAL 
VS OBSTRUCTIVE APNEA AT 1400 M ALTITUDE, Michael D. Goldman 
and Kenneth R.Casey.*Univ.of Utah, Salt Lake City, UT 84132. 

Continuous monitoring of arterial oxygen saturation (SaD2) 
during nocturnal sleep is used to detect episodic desaturation 
occuriing with sleep apnea, Osci 1 lographic records of Sa02 
provide a useful overview of the pattern of arterial oxygenat- 
ion over the course of the night, but comparable levels of 
hypoxemia occur with central and obstructive apnea; and conven- 
tional oscillographic records do not permit distinction between 
the two, We have developed a high resolution computer-assisted 
oximeter data recording’and analysis method which samples Sa02 
and heart rate once per second, records these va 
and simul taneously disp lays them on the monitor. 

1 ues on d i SC 
Obstruct ive 

apnea is characteiited’by’a progressive fall in Sa02 followed 
by an abrupt rise after vent i lat ion resumes, because resumption 
of ventilation occurs in a “square wave” manner. In contrast, 
following a central apneic/hypoventilatory episode, ventilation 
resumes in a gra dual igs ne wa vet’ manner and the ti me course 
of resat urat ion is more close ly similar to that of the preced- 
ing desaturat ion. Changes in heart rate are much larger in ob- 
structive than central-apnea. In a series of 71 consecutive 
studies heart rate variability was typically 2O-50% during ob- 
structive apnea, and j-IO% during central. The “sawtooth” wave 
of Sa02 correctly predicted obstructive apnea in all but one of 
66 studies while the “Sine wave” pattern correctly predicted 
central apnea/hypopnea in each of 11 studies. 

122.23 122.24 

ARTERIAL BLOOD GASES AND ACID-BASE BALANCE IN BEAGLE DOGS WITH 
HYPERSENSITIVITY PNEUMONITIS. 8. Beta*, P.S. Clifford and 
RO.L. Coon. Depts. of Anesthesiology and Physiology, Medical 
College of Wisconsin and VA Medical Ctr., Milwaukee, WI 53295 

Following sensitization to pigeon serum, acute exposure to 
this antigen produces an inflammatory condition known as 
hypersensitivity pneumonitis. Commonly observed sequelae to 
the development of this condition include a marked tachypnea, 
To investigate the mechanism of the tachypnea, we studied five 
dogs which were sensitized and subsequently insufflated with 
aerosolized pigeon serum. Arterial blood samples were 
obtained from exteriorized carotid artery loops and blood 
gases were measured under control conditions and at hourly 
intervals after insufflation. Prior to insufflation, blood 
gases were within normal limits (PO2=89.8 mmHg, PCO2=36.4 
mmHg, pH=7.413). By the second hour, hypoxemia, hypercapnia 
and acidosis wre evident. The largest changes in PO 
(67.6 mmHg), PC02 (47.8 mmHg) and pli (7.292) were observe 2 
at the third hour. Breathing frequencies were also maximal at 
the third hour. Arterial blood gases had returned to control 
levels by 6 hours and remained stable through the end of the 
experiment (8th hour). We conclude that these data are 
consistent with mediation of the observed tachypnea via 
traditional chemoreceptor mechanisms, although, on the basis 
of these experiments, w cannot exclude the possible 
involvement of lun 
humoral agents. a 

receptors, chest wall receptors or other 
Supported by VA Medical Research Service) 

122.20 

8fEAwmmTH VARIABILIM IW 01FFmm PHASES OF TIE lMEmlIwG 
CVCLE IN ~IZEII OOGS AT REST. W, de Vries* and J.H.T. BaWs. 
bkins-Chtistie Laboratories, k6i11 UHverxf& m-1, @&E I 
H3A 2B4 Canada. 

Under steady-state metabolic conditions, an animal usually 
breaths vev regularly. There are, however, always slight breath- 
to-breath variations in the breathing pattern. We have devel aped a 
computer program that automatically analyses breath-i ng patterns by 
dividl‘ng a flow signal, recorded frm a regularly breathing animal, 
into individual breaths. Instead of considering only the 
insp-iratory and expiratory parts of each breath, as is usually 
done, we subdivide each breath into three portl'ons: an fnspiratory 
part, an expiratory part, and a third part label1 ed the pause. The 
pause is defined as that part of the breath during which the volume 
of the lungs (above functional resr'dual capacity) is less than 5% 
of the tidal volume. We analyzed 10 records of flow containing 41 
to 105 consecutive breaths, obtained at 5 minute intervals during 
regular breathing in each of two nomal , anesthetized 
(pentobarbital sodium), intubated, mongrel dogs. We found in every 
case that by far the greatest percent and absolute variability 
occurred in the duration of the pause (standard deviation of pause 
duration for the bo dogs 0.211 s and 0.106 s). The inspiratory 
durations (s.d's 0.052 s and 0.037 s) and expiratory durations 
(s-d/s 0.025 s and 0.036 s) were much mire regular. This suggests 
that, in these animals, once inspiration started, its course was 
relatively fixed and that subtle breath-to-breath adjuswnts in 
ventilation were achieved by varyl'ng the time at whr'ch each 
inspiration was initiated. (Supported by MRC Canada.) 

122.22 

Immediate Diaphmgmatic EMG Resw to Impemptible Me&a&l * Loads in Conscious &mans. Erik J. KobyIa$J& F. M&o em 
md J. Am, Thayer School of Engineering, Dartmouk * 
College, and Department of Physiology, Dartmouth Medical School, 
Hanover, NH 03756. 

An esophageal electrode was used to measure the amplitude (EPIC) 
and inspiratory (ETI) and expiratory (ETE) timing responses of the 
electrical activity of the diaphragm in response to flow resistive (R) and 
elastic (E) loads at or below the threshold for conscious detection and 
applied to the external airway of two normal subjects. The pseudorandom 
loading technique of Daubenspeck and Bennett (J.Appl.Physiol. 
s: 1160-l 166,1983) was used to estimate the immediate electrical 
responses to loads that are not contaminated (a) by conscious behavioral 
reactions, (b) by humoral reflexes, nor (c) by any modulating influences of 
the complex interactions of intrinsic muscle properties and mechanical 
configuration that would be involved in coupling neural drive to the 
respiratory mechanics to provide mechanical airflow. Thus these electrical 
responses are a closer estimate of neural respiratory drive than has been 
previousIy available under these loading conditions, There is clear evidence 
in these results that (1) a rapid, first breath neural reflex exists to modify 
respiratory timing such that ETE is prolonged significantly in response to 
R in one subject and shortened in response to E loading in both, and (2) 
one subject significantly and immediately augmented EPK in response to 
both R and E loading, while the other did not. These timing responses are 
consistent in direction with optimally adaptive pattern regulation governed 
by neural mechanisms. (Supported in part by NM: grants EL29068 and 
HLO7449). 

EFFECT OF HEAD-UP TILT ON HUMAN ABDOMINAL EXPIRATORY REFLEX 
(AER) TO GRADED EXPIRATORY THRESHOLD LOADS (ETLs), J.A. 

Hirsch, B- Bishop. & L Cernv. Depts. of Physiology, 
Physical Therapy and Exercise Science. SUNY/Buffalo, 
Buffalo, NY 14214. 

Human abdominal muscles are recruited during ETLs of 3- 
25 cm H20, The ETL required to activate these muscles 
depends on many factors that modulate abdominal motoneuron 
(MN) excitability. Our goal is to determine how 
gravitational loading alters the AER. We change MN 
excitability by tilting the subject (S) from supine to 60°, 
thereby shifting the viscera and stretching the abdominal 
wall, From digitized surface EM&, airflow recordings, and 
changes in gastric and pleural pressures, obtained from 
esophageal balloons, we determine the end-expiratory lung 
volumes and ETLs at which the AER 1) is just detectable and 
2) generates sufficient gastric pressure to aid exhalation, 
In supine Ss, end-expiratory lung volume (EELV) is reduced; 
abdominal muscles are silent during ETLs below 15 cm H20, 
thus EELV increases. On ETLS of 15 cm H20 or greater phasic 
abdominal activity appears concurrent with expiratory 
increases in Pga and partially reverses the increase in 
EELV. With 60' tilt abdominal muscles are tonically active 
with or without ETL; phasic expfratory activity and Pga 
oscillations appear at an ETL of 9 cm H20; and EELV is not 
increased until ETL is 20 cm H20. Thus, the enhancement of 
AER by head-up tilt facilitates expiration and helps 
maintain EELV close to control FRC. 
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REPLACEMENT VS SUPPLEMENTATION OF DIETARY LIPID WITH FISH 
OIL: EFFECTS ON CARDIAC INOTROPIC RESPONSIVENESS TO 
PHENYLEPHRINE. Diane K. Reibel, Michael D. Brown and Carl 
E. Hock. Thomas Jefferson University, Phila., PA 19107 and 
University of Medicine and Dentistry of New Jersey-SOM, 
Camden, NJ, 08103. 

Weanling rats were fed either purified diets in which 
the lipid was replaced with corn oil (CO) or menhaden oil 
(MO) (REP diet) or diets in which the CO or MO was added to 
a standard rat chow (SUP diet). Following four weeks of 
feeding, hearts were isolated and perfused at 60 mmHg 
aortic pressure, The alpha-adrenoceptor agonist, 
phenylephrine, was infused into the aorta in graded doses 
and inotropic responsiveness was monitored by changes in 
the rate - of left ventricular pressure - development 
(A+dP/dt). At each dose of phenylephrine -ployed A+dP/dt 
in hearts of rats fed the MO REP diet was 50% lower than 
that in hearts of rats fed the CO REP diet, The MO SUP diet 
resulted in a 25% lowerA+dP/dt in hearts when compared to 
the CO SUP diet. The n-3/n-6 fatty acid ratio in myocardial 
phospholipids was IO-fold higher with MO REP and 3-fold 
higher with MO SUP when compared to the respective CO 
diets. The data suggest a correlation between the change in 
the n-3/n-6 fatty acid ratio in myocardial phospholipids 
and the reduction in inotropic responsiveness to 
phenylephrine with fish oil feeding. 

123.3 123.4 

EFFECT OF PHARMACOLOGICAL BLOCKADE OF THE RENIN-ANGIOTENSIN 
SYSTEM UPON THE HEART RllTE POWER SPECTRUM. D.C. Randall, 
J.D. Yingling" and D.R. Brown". Depts. Physiol. & 
Biophys. and Biomed. Engin., Univ. Kentucky, Lexington, KY 
40536. 

Previous reports indicate that the renin-angiotensin (R-A) 
system modulates the amplitude of the heart rate spectral 
peak located at -0.03 Hz., thereby potentially partici- 
pating in the moment by moment regulation of the cardio- 
vascular system. This was further tested by recording heart 
rate (HR) for one hour (cf: The Physiologist, 30: 193, 1987) 
from each of seven awake, mongrel dogs in the control state 
and fifteen minutes after administering an angiotensin 
converting enzyme inhibitor (Enalaprilat, 300 g/kg; supplied 
by Merck Sharp & Dohme, West Point, PA). The HR power 
spectrum was calculated by a Fast Fourier Transform; the 
average amplitude and frequency of the spectral peak between 
0,003 Hz. and 0.077 Hz. were determined. We did not obsemte 
consistent changes in either variable pre- vs. post- 
treatment: The average (&SD) amplitude and frequency in the 
control state were 2.54 k.55 (relative units) and 0.029 
k.003 Hz, respectively; the corresponding data after 
enaliprilat administration were 2.84 ~1.44 and .030 k.002 
HZ. We conclude that the renin-angiotensin system does not 
participate in the short-term regulation of HR. (Supported 
by NIH grant HL-19343 and KTRH 41066) 

123.5 

EFFECT OF RENIN-ANGIOTENSSN SYSTEM SUPPRESSION ON HEART RATE 
'POWER SPECTRUM IN CONSCIOUS RABBIT. J.D. Yinglfng*, J.B. 
Charles, C.E.Ott, D.R.Brdwn*, D.C.Randall. Dept. of 
Physiology and Biophysics, Univ. of Kentucky, Lexington, KY 
40536. 

Previous studies indicate that the renin-angiotensin 
(R-A) systam modulates the heart rate spectral peak at 0.04 
HZ., and is thus capable of cardiovascular regulation on the 
order of seconds to minutes. To test this hypothesis, a 
renin-deplete mod81 was developed in rabbit (n=ll>. Heart 
rate was recorded for 30 minutes in the control state, and 
again after at least seven days treatm8nt with DOCA (1 
n&kg/day) and saline ad lib. Data are from two groups. In 
the first group (n=5), control data were taken, followed by 
DOCA/saLt treatment. The protocol of the second group (n=6) 
was reversed, with a minimum of 14 days recovery between 
DOCA/salt and control. A power spectrum was calculated 
using a Fast Fourier Transform to determine average 
qlitude and frequency -of the peak between 0.003 Ha. and 
0.1 Hz.. There was no significant difference in the 
amplitude of this peak after suppression of the R-A system 
(Control = 1.22 2 0.80; DO-/salt = 1.74 2 1.58). HOW8Ver, 
there was a modest decrease (p<O.O5) in the frequency of 
this spectral peak (Control = 0.031 + 0.006 Hz.; DOCA/salt = 
0.025 2 0,006 Hz.). Th8S8 data suggest that the R-A system 
does not participate in short term regulation of heart rate. 
(Supported by NIH grant HL 19343) 

123.2 
EFFECTS OF POLAR AND NEUTRAL SUGAR DIGITALIS AGENTS ON 
CARDIAC SYMPATHETIC NERVE ACTIVITY (SNA). Robert W. 
Caldwell, Nona R. Rebagay*, and Clinton-B. Nash.e 
Medfcal College of Georgia, Augusta, GA 30912. 

Sympathetic nerve activity can be reduced by digitalis 
through sensitization of certain reflexogenfc areas or 
increased by actfvation of CNS or peripheral sftes. Our 
purpose was to determine the actions of contfnuous, 
progressive i.v. administration of either ASI-222, a polar 
aminosugar digitalis agent, or digoxin, a neutral 
cardenolide, on cardiac SNA. Digoxin or ASI- were 
infused into anesthetized dogs at dose-rates which caused 
cardiac arrhythmias in about 100 mins; these were 1.2 and 
0.7 u/kg/min, respectively. Cardiac SNA was monftored and 
recorded by a system of differential amplifiers and a 
digital storage oscilloscope. Infusion of ASI- 
progressively reduced cardiac SNA with increasing doses to a 
maximum depression of about 38%; the SNA remained depressed 
even through the onset of cardiac arrhythmfas. Digoxin also 
depressed cardiac SNA ("30% at nadir) at low and 
intermediate dose levels; but when 70% of the toxic dose had 
been delivered, cardiac SNA began to rise progressively 
through the time at which cardiac arrhythmias occurred. Our 
data indicate that cardfac sympathetic nervous activation is 
not a component of the cardiotoxfcity of ASI- as it is 
for digoxin. Further, it appears that the polar 
aminocardenolide, ASI-222, does not fnteract with the same 
array of reflexogenic areas as digoxin. 

OEPENOENCE OF INTRINSIC HEART RATE ON AUTONOMIC 

INWERVATION. J.M. Evans*. C.F’. KnapD*, J.H. Funk*, J.D. 

Yinglina*. U.C. Randall. and D-C, Randall, Depts. of 

Biomedical Engineering and Physiology, University of 

Kentucky, Lexington, KY 40506. 

Previous studies indicate that surgical cardiac 

denervation results in a lower rate of depolarization of 

the heart’s pacemaker cells than does autonomic effector or 

ganglionic blockade (grunsting et al., Am. II. Physiol. 245: 

H592, 1983). Our study used pharmacologic autonomic 

blockade to unmask the intrinsic heart rate (IHR) in 29 

normally innervated and 20 surgically denervated dog 
hearts. Effector blockade (t-3 mg/kg propenolol, 0.1-0.3 

mg/kg atropine and 20-30 mg/kg dibenzylene) in 14 normally 

innervated dogs resulted in an IHR of 140 L 8 b/min uhile 

ganglionic blockade (hexamethonium 20 mg/kg and atropine 

0.1 mg/kg) in 15 normally innervated dogs resulted in an 

IHR of 128 L 6 b/min. In dogs which had undergone surgical 

denervation 3 weeks earlier, effector blockade resulted in 

an IRR of 98.5 z 4 b/min in 14 dogs while ganglionic 

blockade produced an IHR of 90 + 9 in 6 dogs. The 

decreased IHR due to surgical denervation was significant 

in both effector and genglionicelly blocked animals. The 

interaction between cardiac sympathetic and parasympathetic 

innervation of the pacemaker to determine IHR is being 

explored using selective surgical parasympethectomy. 

Preliminary results (N=3) yield an IHR of 510 t 6 b/min. 

Supported by AFOSR Grant #80-0039 and NIH HL 19343. 

CARDIAC RECEPTORS DO NOT PLAY A ROLE IN MEDIATING ENHANCED 

123.6 

PLASM RFIN ACTIVITY DURING HEMORRHAGE IN CONSCIOUS DOGS 
Y-T Shag . DR Knight*. JX Thomas, Jr. and SF Vatner. Dept of 
Medicine, Harvard Medical School, New England Regional 
Primate Research Center, Southboro, MA 01772 

To study the role of cardiac receptors in mediating in- 
creases in plasma renin activity (PRA) in response to hemor- 
rhage, 3 groups of conscious dogs; 8 intact, 6 with chronic 
surgical cardiac denervation (CD) and 4 with acute CD (in- 
trapericardial lidocaine) were examined. CD was confirmed by 
absence of reflex heart rate and depressor responses to vera- 
trine alkaloids, Baseline PRA levels were similar in the 3 
groups (intact 0.7kO.2, acute CD 0.5fO.l and chronic CD 0.6 
kO.2 ng AI/ml/h), suggesting that cardiac receptors were un- 
important in the tonic inhibition of PRA. Baseline values of 
mean arterial and right atria1 pressures were also similar in 
the 3 groups. Hemorrhage (25 ml/kg) reduced mean arterial 
pressure similarly in the 3 groups (intact 64f5, acute CD 
59+7, and chronic CD 6925 mmHg), and reduced right atria1 
pressure similarly in the 3 groups (intact -2,1+0.5, acute CD 
-2.5kO.5, and chronic CD -3.0+0.5 mmHg>. The increase in PRA 
in response to hemorrhage (25 ml/kg) was not sfgnificantly 
different among the 3 groups (intact 6,4*1.8, acute CD 7,8? 
1.9 and chronic CD 10.4-t- 2.1 ng AI/ml/h). Thus, after either 
acute or chronfc CD, both hemodynamics and PRA responses to 
hemorrhage were not different, indicating that cardiac re- 
ceptors do not play an important role in mediating enhanced 
PRA durine hemorrhaee in conscious does. 
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EFFECT OF SELECTIVE SURGICAL SA-NODAL PARMYMPATHECTOMY UPON 
HEART RATE POWER SPECTRUM IN AWAKE DOG. W.C. Randall, 
D.R. Brown*, D.C. Randall & J.D. Yinglinq". Dept. 
Physiol. & Biophys., Univ. Kentucky, Lexington, KY 40536. 

Heart rate (HR) was recorded for one hour in four awake, 
normal dogs, The SA node (SAN) of each animal was then 
parasympathectomized (PSx), leaving the sympathetic innerva- 
tion of the pacemaker intact (cf: Am. J. Physiol,, 248:H61, 
1985). RR was recorded again, with and without 8-adrenergic 
blockade (propranolol, 1 mg/kg), after the dogs recuperated. 
A HR power spectrum was computed using a Fast Fourier 
Transform (cf: The Physiologist, 30:193, 1987), The table 
shows the average (2 SD) amplitudes (relative units) of the 
spectral peaks centered around -0.025 Hz (low frequency, 
LF) and -0.32 Hz (high frequency, HF): 

Normal SAN-PSX 
LF HF LF HF 

control 2.4z.5 2.Og.3 1.5z.l .04+,05 
B-block 0.620.6 .02*.02 

The PSx essentially eliminated the HF spectral peak associ- 
ated with respiratory sinus arrhythmia, confirming the vagal 
mediation of this rhythm. The PSx decreased the average 
amplitude of the LF peak in three of four dogs; addition of 
B-blockade to the PSx further decreased this amplitude, 
supporting the dual role of the 8-adrenergic and parasympa- 
thetic components of the autonomic nervous system in 
controlling this rhythm. (Supported by NIH Grant HL 19343) 

123.8 

SINO-AORTIC BARO/CHDfO-RECEPTOR ENERVATION IN PREGNANT SHEEP. 
G.W. Aberdeen', D. Archambault*, JX. &lifer*, B.S. Nuwavhid 
and E.W. Quillen, Jr. McGill Univ., Montreal. 

Ongoing investigations in our lab require studies in the 
absence of reflex-compensation from arterial baroreceptors. 
Todate, 6 nonpregnant and 4 pregnant(PG) ewes have been 
operated with the following methods and results. Anesthesia 
was induced with pentothal and maintained under halothane, N20 
and 02* Left thoracotomy allowed placement of atria1 and 
aortic catheters, a pulmonary artery blood flow probe, and 
aortic arch denervation via surgical stripping. Recovery was 
routine for both PG and NP ewes, After 7-10 days, a second 
surgery permitted bilateral carotid denervation, Mean arterial 
pressure (MAP) and blood gases (P02 and X02) were monitored 
during ventilation before (VI) and after (VX) denervation, and 
in the unanesthetized state O-3hr (POST) following surgery. 

NP=> VI vx POST VI vx POST <=I% 
MAP bw 79* 134&17 113210 7222 11227 3025 
PO (mdg) 234+50 249~31 
PCs* (mmHg) 4974 

62+4 
4873 

262240 299~40 44~3 
48+3 49+4 51+9 6&4 

POST data are Worst case onlyduring attempts-to r&&e the 
ewes from the respirator. In NP ewes, n&al levels were 
achieved with l-2hr of passive 02 after which blood gases 
could be maintained with room air. Fully conscious PG ewes 
required respiratory assist with 02 for 2-3hr and nasal 02 for 
12-18hr to avoid a shock state. These data suggest an in- 
creased role for the chemoreceptors during pregnancy. 
Supported by MRC-9804, 

123.9 

CAROTID BARORECEPTOR FIRING CHARACTERISTICS EVOKED BY DYNAMIC 
PRESSURE STIMULI. JLSeagard, C.A.Salter, F.A.Hopp, C.Dean, 
and J.P.Katmine. VA Medical Center and Med. Col. Wisconsin. 
Milwaukee, WI. 53295. 

Previous studies which recorded single-fiber carotid baro- 
receptor activity during slow pressure ramps (1-2 mnHg/sec) 
have identified two types of receptors, based on baroreceptor 
activity/carotid sinus pressure (CSP) function curves: Type I, 
with discontinuous, hyperbolic discharge patterns, and Type II, 
with continuous, sigmoidal discharge patterns. Type I barore- 
ceptors were found to have larger afferent fibers and greater 
threshold and saturation frequencies, pressure thresholds and 
sensitivities (slopes) than Type II baroreceptors. This study 
was performed to examine whether either type of baroreceptor 
altered their firing characteristics during more dynanic 
changes in CSP, Single fiber carotid baroreceptor activity was 
recorded from the dissected carotid sinus nerve from a vascu- 
larly isolated carotid sinus in anesthetized dogs (sodium thio- 
pental, 25 mg/kg + 10 mg/kg/hr). Afferent activity was record- 
ed from the same baroreceptor during carotid sinus pressure 
ramps of I-30 mmHg/sec. Pressure ramps of 15-30 mmHg/ set were 
found to significantly increase the sensitivity and pressure 
threshold of Type I biroreceptors, with the greatest. changes 
seen for baroreceptors with the largest afferent fibers, Type 
II baroreceptor firing characteristics were not altered by dif 
ferent ramp speeds. Results suggest that Type I baroreceptors 
have more dynamic sensitivity than Type II baroreceptors. 
(Supported VA Merit Review 7793). 

ARRHYTHMIAS II 

124.1 

IN SITU CARDIAC ELECTROPHYSIOLOGY AND ANTI-REENTRY EFFECTS OF A 
NEW ANTtARRHYTHMK AGENT-AHR-12234C. Kuei-Menq Wu,* Anthony 
Proakis, Thomas Hunter* and John Satterfield,* A. H. Robins Research Labs, 
Richmond, VA 23220. 

We have evaluated the effects of AHR-12234C on cardiac 
electrophysiology (EP) in normal anesthetized dogs and on a reentry model 
for atrial tachycardia (RAT) in conscious dogs. Three cumulative doses of 
AHR-12234C (5, 10 and 10 mg/kg, IV) were employed in open-chest dogs 
(n = 6) instrumented with atrial and ventricular epicardial electrodes and 
intraarterial His bundle catheter electrode locating near the aortic 
valves.AHR-12234C at 5 mg/kg, an effective dose for ablating ouabain- 
induced arrhythmia in dogs, increased atrial ERP and AH, HV intervals 
without affecting other EP parameters during pacing at 300 ms cycle length 
(CL). At higher cumulative doses (IS-25 mg/kg), increased AERP, ventricular 
ERP and AH, HV, PR, QRS intervals while QTc (sinus rhythm) remained 
unchanged. In the RAT model, as created by contiguous T-shaped incisions 
situated along intercaval region and right atrium front free wall parallel to 
AV groove, AHR-12234C (6.5-l 6.5 mg/kg, IV) prolonged RAT CL by 83 f 36% 
from 134 ? 17 to 248 f 72 msec (P<O.OS) and terminated the circus 
movement in 4/4 dogs. From the extent of RAT CL prolongation and EP 
effects in normal heart, AHR-12234C may be considered as a Class I 
antiarrhythmic agent without significant toxic depressant effects on 
conduction and pacemaker systems in the heart. 

124.2 

ANllARRHYTHMlC PROPERTIES OF AHR-12234C. Anthony Proakis, Kuei-Meng 
Wu,* James Shanklin, Jr.,* John Satterfield,* and Thomas Hunter.* A. H. 
Robins Research Labs, Richmond, VA 23220. 

AHR-12234C, N’-[Z-(diethylamino)ethyl]-N-[3-(diethylamino)propyl ]-N-[2- 
(phcnylsulfonyl)ethyllurea, 2-hydroxy-1,2,3-propanetricarboxylate hydrate 
(2:4:1), was evaluated for antiarrhythmic effects in several canine arrhythmia 
models. A dose of 5 mg/kg, IV, infused over S min, of AHR- 12234C terminated 
ouabain-induced ventricular arrhythmias in 6 of 7 dogs whereas lidocaine was 
effective in 3 of 4 dogs after an infused cumulative dose of 10 mglkg, IV. In 
conxious dogs with ventricular arrhythmias (PVC) induced by prior (24 hr) left 
anterior coronary artery occlusion, AHR-12234C, infused at a rate of 0.5 
m&g/min, produced complete suppression of PVC in 4 of S dogs at a mean f 
S.E. dose of 3.8 f 0.9 mg/kg, IV, with no adverse effects within this therapeutic 
range. Quinidine was effective in only 4 of 7 dogs at a significantly (~~0.05) 
higher dose of 11.5 k 3.5 mg/kg, IV. Complete arrhythmia suppression (4 of 5 
dogs) with 20 mg/kg, PO, of AHR-12234C was similar (4 of 7 dogs) to that 
produced by the same dose of disopyramide. The antiarthythmic action of 
AHR-12234C persisted beyond 3 hr vs 2.3 hr for disopyramide. AHR-12234C 
terminated reentrant atrial tachycardia in 2 chronicatly instrumented dogs 
after 20 mg/kg, PO, and in 2 other dogs after an additional 40 mg/kg. 
Termination of the tachycardia was associated with prolongation of cycle 
length. In the same dogs, a sustained tachyarrhythmia was inducible at 48 hr 
but not at 24 hr after 60 mg/kg, PO, of AHR-12234C. These results indicate that 
AHR-12234C is an orally effective antiarrhythmic agent. 
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VENTRICULAR FIBRILLATION: MAGNESIUM ION INHIBITS ITS 
ELECTRICAL INDUCTION AND ISCHEMIA ABORTS IT. J. Morgan*, C. 
Powell* and L. Cohen University of Chicago, Chicago IL 60637 

We have developed a model of electrically-induced 
ventricular fibrillation (EIVF), using the spontaneously 
beating (250-325 bpm) Langendorff isolated rat heart. Each 
heart was surroundgd by a 38 C heating iacket and perfused 
(100 cm H291 at 38 C with Krebs-Henseleit solution (5.9 mM K'; 
I.2 mM Mg ), aerated with 95% 02, 5% CO2 (pH 7.4). The 
coronary flow (CF) was 5-10 ml/min. After a 30 min 
stabilization period, the left ventricle was stimulated with 
two stainless steel wire electrodes. Four such sequences were 
carried out at 30 min intervals with 2 set pacing bursts (2.5 
msec pulses; 200 Hz). The voltage was increased in small 
increments, at 10 set intervals, from 0.140 volts (V) up to 
the voltage at which the heart had been in EIVF for 100 sec. 
The threshold capture voltage (TCV) was 2.0 f 0.5 V. EIVF was 
first observed (EIVF-1) at 4.2 f 0.8 V, and reached a 
cumulative time of 100 set (EIVF-100) at 5.8 f 1.7 V. EIVF- 
lOg+was aborted within 49 f 32 set of stopping CF at 1.2 mM 
M9 l 

Similar studJ$s were performed using 3 hearts at each 
of 10 different [Mg 1, from ,Ol to 5 
in VF was inversely related to the 9 

M, The cumulative time 
[Mg '1. EIVF-100 occurred 

in 23/30 studis% and the voltage required was hyper#lically 
related to [Mg 1 (Km 0.82 f 0.25 mM). TCV was [Mg l-inde- 
pendent. Thust+VF was electrically induced in the isolated 
rat heart; Mg inhibited EIVF; and, ischemia aborted EIVF. 

124.5 

THE EFFECTS OF PROPAFENONE, PROPWOLOL, AND VERAPAMIL ON 
CLOFILIUPI-INDUCED PROARRHYTHMIC RESPONSES IN CONSCIOUS DOGS. 
K.J. Sansone* and M.E. Sullivan* (SPON: E,H. Cantor). Berlex 
Laboratories, Inc., 

(Prop), and verapamll (V) on proarrhythmic responses induced 
by clofilium (C, a selective class III antiarrhythmic agent). 

Cedar Knolls, NJ 07927. 

The study was conducted in conscious dogs 4-7 days following 

We investigated the effects of propafenone (P), propranolol 

myocardial Infarction produced by a two-stage occlusion of the 
LAD. Prior to administratlon of C (l-2 mg/kg,iv) the mean 
percent ectopic activity was 1+1X (n=49), Proarrhythmic 
responses were observed in 29 of the 49 animals treated and 
consisted of an increase in ectopic activity to 39+3X (p<O.OS) 
or the appearance of non-sustained ventricular tachycardia. 
These 29 animals were randomized fnto 4 groups for subsequent 
treatment with saline (n=7), P (2 mg/kg,lv; ~8), Prop (1 
mg/kg,iv; n=d), or V (O,l mg/kg,iv; n-8). Neither saline nor 
Prop had any effect on the C-Induced proarrhythmic response, 
However, both P and V reduced the C-induced ectopic activity 
from 3457% to 1426% (~(0.05) and from 465% to 242% (p<O.OS), 
respcctlvelg. These data indicate that beta-adrenergic 
blockade has no effect on the C-induced proarrhythmic 
response; however, class I (P) or class IV (V) agents decrease 
this effect. This study suggests that class I and/or class IV 
agents may be useful in suppressing potential proarrhythmic 
effects of class III agents. 

124.7 

SYNERGISTIC ANTIARRHYTHMIC ACTION OF PROPRANOLOL AND 
SEMATILIDE IN EXPERIMENTAL MY~CARDIAL INFARCTION. C.M. 
Doroshuk*-and M.E. Sullivan* (SPON: E.B. Cantor). Berlex 
Laboratories, Inc. , Cedar Knolls, NJ 07927. 

We investigated the antiarrhythmic activity of propranolol 
(P), sematilide (S, a epeciflc class III agent), plnd the 
combination of P + S against programmed electrical 
stimulation-induced reentrant ventricular tachyarrhythmias 
(PES-VT) in conscious dogs 3-22 days folloting an experimental 
myocardial infarction produced by an occlusion (120 mia>/ 
reperfusion technique. S administered alone (0.1-10 mg/kg,iv) 
was effective in preventing PES-VT in 7 out of 8 experiments 
at a mean dose of 1.6 mg/lcg,iv, P administered alone (O-3-3 
mg/kg,iv; n=S) was ineffective. In another group of dogs, a 
subtherapeutic dose of S (0.3-l mg/kg,iv; n-5) was 
administered and found not to protect from PES-VT. The 
addition of P (0.5 mg/kg,iv) to these dogs following the 
suktherapeutic dose of S protected against PES-VT in 4 out of 
5 dogs. No adverse cardiovascular or CNS effects were noted at 
any doae tested in animals receiving the agents alone or in 
combination. In animals receiving the combination therapy, 
ventricular refractory period (RP) increased 8% following S 
and 18% with the addition of P, P used alone at this dose had 
DO ef feet ou RP, These data suggest a synergistic action 
between these two agents. Modulation of beta-adrenergic tone 
can enhance class III activity and may provide additional 
therapeutic benefit in preventing PES-VT in dogs follouing 
myocardial infarction. 

124.4 

EFFECTS OF TWO CALCIUM CHANNEL BLOCKING AGENTS 
ON THE VAGAL CHRONOTROPIC RESPONSE IN DOGS. 
D.Wt Wallick, P.Jt w and S,L, Stuesse, Neurobiology 
Department, NEOUCOM, Rootstown, OH 44272 and Div, of Invest. 
Med., Mt. Sinai Med. Center, Cleveland, OH 44106 

A brief burst of electrical stimuli (3 pulses per burst, Ims 
duration, IOms interpulse interval) delivered to the vagus nerve 
during the cardiac cycle elicits a triphasic cardiac chronotropic 
response. The card iac cycle le ngth initially increases, then 
briefly decreases, and subsequent1 Y  increases again, We compared 
the effects of two cakium channel blocking aients, verapamil and 
nifedipine, on these responses to vagal stimulation in morphine- 
chloralose anesthetized, open-chest dogs (N=4 per group) in 
sinoatrial nodal rhythm. Verapamil (two doses of lOOug/kg each) 
did not significa ntly affect the tr *iphasic chronotropic r esponse. 
Nifedipine (three separate doses of lOug/kg, 40ug/kg, and 
respectively) atte nuated the initi al increase in - card 

5W/ks 
iac C&G 

length caused by vagal stimulation but did not affect the other 
components of the chronotropic response, 
slowin g cau sed by vagal 
while other components 0 f” timulation is blocked by nifedipine 

the vagal chronotropic response are 
not. 

Thus the initial 

124.6 

tNTERACTlONS OF PROLONGED EXPOSURE TO COCAINE AND 
SPRINT TRAlNtNG ON VENTRtCULAR ARRHYWlMtAS IN RATS. 
Paul V. Fior&, Robert L. Hamlin, Robert L. BarkIs* Exercise 

The purpose of this study was to evaluate the interaction of 
cocaine (C) and sprint training (ST) on ventricular arrhythmia 
(VA) in rats. Sixty rats were separated into four groups: (t) 
sedentary (S)/no C; (II) ST/no C; (Ill) ST/C; (IV) SIC. ST was 

Physiology and Veterinary Physiology and Pharmacology, The 

performed for 14 weeks, 4 days per week. Twenty-five mg/kg C 
was given subcutaneously 4 days per week. After 14 weeks, rats 

Ohio State University, Columbus, OH 43210-1092. 

were anesthetized with 2OA halothane, watched for 
spontaneous arrhythmias, and then given graded doses of 
epinephrine (epi) to determine the arrh 

Y 
thmic dose. Rats were 

euthanatized. They were weighed (8W, hearts were weighed 
(HW), and hearts were graded for percent m ocardial fibrosis 
(MF). Trained rats or rats receiving cocaine t ad significantly 
greater HW:BW. There were no differences in Oh MF among 
groups. No rats manifested spontaneous arrhythmias. There 
was no differnce in arrhythniic doses of epi among groups. 
Groups receiving C developed more serious ventricular 
arrhythmias (eg., sustained tachycardia, R on T, torsad de pointe) 
and fewer rats in those groups recovered from those 
arrhythmias than rats denied C. Conclusions are that ST neither 
aggravates nor protects rats, treated with C for 14 weeks, from 
ventricular arrhythmias provoked by epi. 

124.8 

AMHAL N0DELS OF -1CULAR FIBRILLATION (VF)/SuDDEN CARDIAC 
DEATH (SCD) FOR ASSESSMENT OF ANTI- IC/ANTIFIBRILLATORY 
AGENTS. P.S. Ghan, T.K. McLendon*, G.J. Quirk*, M.A. 
Ron&erg*, S. Bielen* and P. Cemoni. Cardiovasc. Res., Med. 
Res. Div., American Cyanamid Contpanv, Pearl River, NY 10965. 

SCD is a major kilier in the b.S:- today and efficacious 
agents for its prevention are lacking. VF is considered the 
irrmaediate cause or final event of SCD. Accordingly, using 
VF/SCD as an end point we examined members of all 4 classes 
of antiarrhythmic agents in 6 animal models in order to shed 
light on their efficacy in the prevention of VF/SCD. In 
coronary artery occlusion- 
domestic pigs, 

and reperfusion-induced VF/SCD in 
sotalol was the most active, followed by 

@-adrenoceptor blockers (Class II), procainamide and quini- 
dine (Class IA). Typical Class III and IV agents were inac- 
tive. Class II agents were very active in coronary artery 
occlusion- and reperfusion-induced VF/SCD in rats and 
thevetin (cardiac glycoside)-induced SCD in guinea pigs. In 
CaCl, - or KC&induced VF in mice, Class IA, IB and amiodarone 
and clofilium of Class III were active, while Class IC 
(flecainide and encainide), Class II, sotalol and bretylium 
of Class III as well as Class IV agents were inactive. In 
isoproterenol-induced VF/SCD in heavy rats, Class IV agents 
were inactive while most members of other classes were 
generally active. In conclusion, several rt&els of VF/SCD 
have to be employed to assess the potential of an agent for 
the prevention of VF/SCD. 
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AN TN VITRO GUINEA PXG HEART MODEI, PROVIDING CONTRKTILJTY 
AND ELECTROPHYSIOU)GY DATA ON ANTImyTaIC COMPOUNDS. Kim 
E. Miller *, John F. Carpenter*, and Robert R. Brooks, 
Norwich Eaton Pharmaceuticals, Inc., Norwich, NY 13815, 
A Procter & Gamble Company. 

Langendorff guinea- pig hearts perfused with Krebs- 
bicarbonate solution were paced at 180 bpm after removal 
of the right atrium, Following baseline determinations of 
coronary flow rate (CF), right ventricular pressure (RVP), 
the rate of pressure increase (+dP/dt) and decrease 
(-ww , electrocardiographic intervals PR, QS, and, QT, 

R-wave amplitude, and effective refractory period (ERP), 
hearts (4-6/compound) were perfused with solutions 
containing reference antiarrhythmic agents (0.03-100 upi) for 
20 min and measurements were repeated. The Class I agent 
quinfdins decreased CF, RVP, +dP/dt, -dP/dt, and increased 
PR, QT, and ERP. Procainamida also increased PR and QT. 
Of Class II agents, atenolol had insignificant effects on 
measured parameters, while propxanolol was negatively 
inotropic and increased PR, QS, and QT. The Class III drug 
clofilium increased both QT and ERP. Sotalol acted like 
propranolol, but also increased QT and ERP. A plot of ERP 
vs QT approximated a straight line with Class III drugs in 
the upper right quadrant. Class IV drugs, bepridil and 
verapamil, had chiefly negative inotropic actions, This 
model may be used to characterize potential new anti- 
arrhythmics and identify those with Class III actions, 

124.1 I 124.12 

DIFFERENT MODES OF RECOVERY OF EXCITABILITY AS 
DETERMINANTS OF PERIODIC AND NONPERIODIC DYNAMICS IN 
CARDIAC PURKINJE FIBERS. P.R. Ch’al o*. P.C. MichaeIs*. and J. Jalife, 
SUNY Health ScienceCenter,Dept. ofPkLology,Syracuse,NY 13210. 

Supernormality (SN), which can be definedas greater than normal excitability 
duringorimmeditily followingactionpotentialrepoIarization, hasbeenobserved 
in a variety of cardiac preparations. However, as yet, no description of the dynamics 
of tissue response to repetitive stimulation in the presence of SN has appeared. 
Isolated sheep cardiac Purkinje fibers (2-5 mm in length) were superfused with 
Tyrode solution and stimulated with depolarizing current p&es through a suction 
pipette.Tberecovery ofexcitabilityandtheresponsepa~weremeasuredineach 
fiberfora wide rangeofcurrentamplitudesandstimulation frequencies. When the 
KC1 concentration of the Tyrode solution was decreased from 8 to 2 mM, the 
recovery functionconsistently changed from monophasic (“normal”, N),tobiphasic 
(“supernormal” type 1, SNI), to triphasic (“supernormal” type 2, SN2). in all 
cases, SN2 corresponded to the boundary between quiescence and spontaneous 
pacemaker activity. During repetitive stimulation, type N preparations responded 
only with phase-locked responses (i.e., Wenckebach-like patterns, etc). However, 
type SNI and SN2 preparations yielded complex nonperiodic response patterns. An 
anaIytical model was developed to further investigate the nature of these behavioral 
transitions. Model results sugest that the topological changes in the recovery 
function from SN2 to N (produced by the change in KC1 concentration) might be 
due to "damping" by an unknown subcellular process that is absent in the 
oscillatory condition and strongly present in the N case. Our results provide a more 
accurate description of the “supernormality” phenomenon, predict the expected 
behavior under such conditions, and suggest a hypothetical subcellular process 
which induces the three types of recovery. 

124.13 

HYSTERESIS IN THE EXClTABlLlTY PROPERTIES OF THE SINGLE 
l .  VENTRlCUtAR MYOCY7E. m nemrto D&&. PacoSprente l 

Jose Jajj&. SUNY/Health Science Center. Syracuse , NY 13210. 
Hysteresis is a properly common to many physical and biological systems, in 

which the transition from one stable state (A) to another (8), follows a path that 
varies according to the direction of the transition (i.e., A *B # B =A). We 
have analyzed the existence of hysteresis in the excitability properties of the 
single ventricular myocyte when changing it from its active (A) to its quiescent 
(Q) state, or vice versa. 

The membrane potential of freshly dissociated guinea pig ventricular 
myocytes was recorded with suction pipettes in the whole cell, current clamp 
configuration, and the minimum amount of current necessary to generate an 
active response following a long (>l min) period of quiescence (lth Q + A) was 
compared to the amount of current needed to maintain cell activation after the 
cell had been excited regularly at a basic cycle length of 1000 ms (I,,, A * Q). 
In all instances, lth Q-A was greater than lth A 3 Q, hence exhibiting 
hysteresis. 

The transition Q =j A showed a temporary period of “accommodation” in 
which the delay between-the beginning of the current input and the action 
potential upstroke decreased from one action potential to the next, until a 
steady-state was achieved. On the other hand, A * Q transition was 
characterized by a “relaxation” process, in which the amplitude of the 
subthreshold response decreased progressively following the first failure 
Finally, after the addition of CoC12 to the bath solution, both hysteresis and 
the transitional state were significantly diminished or abolished, thus 
suggesting that activation of the calcium current plays a significant role in 
determining these phenomena. 

124.10 

EFFECTS OF HIGH DEXTROSE, AND ADENOSINE DURING REPERFUSION 
IN PURKINJE FIBER. M.L. Bhattacharyya and M. Pattanayek. 
Meharry Medical ColLege, Nashville, TN 37208 

We reported earlier that reperfusion of an ischemic Pur- 
kinje fiber ( ischemfa mimicked with a hyposic, hyperkalemic 
and acidotic solution containing 20 mM lactate) leads to 
arrhythmia (uncontrolled electrical and mechanical activity), 
subsequent depolarization and cessation of contractile force. 
In the present study we report that, the manipulation of 
(Cd,, (Mg),, and/or the presence of calcium channel blockers 
in the perfusate or reperfusate could not prevent the subse- 
quent electrical and mechanical dysfunction during reperfu- 
sion. However, the presence of high dextrose (55 mM) during 
reperfusion stopped arrhythmia in 8 out of I1 experiments. 
Sucrose in similar concentration was much less effective 
(prevention of arrhythmia in I out of 5 expt.). Adenosfne 
(3 mM), if present during reperfusion, was also protective 

against reperfusion induced arrhythmia. High dextro.se was 
also able to restore normal electrical and mechanical activi- 
ty of a depolarized tissue (depolarized due to arrhythmia) 
much sooner (lo-15 min.) if administered after the onset of 
arrhythmia during reperfusion. These studies seem to in- 
dicate that maintenance of an optimum (ATP)f is more impor- 
tant than other interventions, in preventing reperfusion 
induced dysfunction. 

IBgDUCTIOI BY RESIBUGENIN OF DELAYED AFTERDEPOLARI- 
ZATlONS IN RABBIT HE&T IN VfVO JT.Xj,a,I;H.Xie,CL.l& 
N,Liana and X,FenR.(S~on:DH,Sinr) Medical Research 
Center, Nankai Univ. Timjfn,PR,China 300072 

Epicardial monophasic action potential (MAP) elec- 
trode secordiags were used to determine whether re- 
sibufogenin (RBG) induced the development of delayed 
afterdepolarizations(DADa) in,vivo in the aneathe- 
tieed rabbit heart (n-20) similar to those described 
Jn vitro, Exposure to RBG O&g/kg IV for 30 min was 
associated with a decline in spontaneous heart rate 
(from 280+24 to 277+22 BPM) together with decrease 
in MAP am;letuda (f&m 30.2~5 to 16.7~4 mV> and in 
MAPD50 (frm 91.5217 to 86.7217 ms).DADa develop in 
4/20 animals, They occurred during the terminal por- 
tion of phase 7, and exhibited a phasic depolarfza- 
tion process, 

DAD characteristic3 were similar to those describ- 
ed in single cardiac fibers exposed to digitalis 
glycosfdes $n vitro. The DAD's did not reach thre- 
shold and triggered rhythms did not appear. The 
findings are furhter evidence for the electrophysio- 
logic slmllarities between RBG and digitalis and 
suggest that DAD's may contribute to dysrhythmias 
induced by toxic doses of the former. 

124.14 

PROVOCATIVE TESTING Of SINUS NODE FUNCTION tN THE DOG. 
Faita B&asi* and Robert t. Hamlin. Department of Veterinary 
Phys1oloqy and Pharmacology, The Ohio State University, Columbus, 
OH 4321&1092 

-- w- 

Dysfunction of the sinus node (SN) has been recognized since 
sick sinus syndrome (SSS) was teported in dogs. One of the most 
commonly employed electrophysiologic tests used to diagnose SN 
dysfunction in man is overdrive atrial pacing (AP). The response of 
the SN to AP in both human and dog (experimental research) is a 
transient suppression generally known as sinus node recovery time 
(SNRT). Further investigation of the SNRT in normal dogs IS 
necessary to establish its usefulness in deteain SN dysfunctiqn, 
particularly 555, in dog. The purpose of this stu 8 y was to establish 
the optimum duration and frequency that consitiently yie&M the 
Ion est SNRT in healthy dogs before and after cholinergic blockade. 
tn 9 1 anesthetized dogs, the right atrium was paced at varying rates 
(IO-90 beats above basic sinus rhythm) and for varying durations 
(B-120 set). This study showed that within a certain range 
(frequency of 10 to 60 beats above sinus rhythm and duration of 15 
up to 60 set) there is a consistent direct relationship between 
corrected sinus node recovery time (CSNRT) and duration and 
frequency of AP. The longest average CSNRT (336 f 45 m&y;; 
observed when AP was performed for 60 set at a frequen 
beats above basic heart rate. Atropine administration signi icantly 7 
shortened the average CSNRT (136 4 16). This data could serve to 
standardize duration and fre 
against which CSNRT obtaine 1 

uency and provide the normai timits 
from dogs with suspected SSS can be 

compared. 
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SURGICAL INTERRUPTIONOFVAGA?,POSTGANGLIONIC PATWAYS TO THE 
CANINE SINOATRIALNODE. M.F. O'Toole, W.C. Randall, 
R.D, Wurster, W.H. Wehrmacher, M.F. Duff* andJ.L. Ardell. 
LoyolaUniversity Medical Center, Maywood, 1160153 

Synapses mediating right andleftvagalcontrol of 
sine-atrial node (SAN) functionhave been localized in the 
fatpadnear the right superior pulmonary vein (PVFP). Vagal 
postganglionic pathways to SANwere surgically delineated in 
7 dogs. Changes in SAN and atrioventricular node (AVN) 
functions to electrical stimulation of the right and left 
cervrcal vagi andof the sympathetic ansae subclaviae were 
assessed before andafter sequential surgical lesions placed 
caudal from the junction of the superior vena cava and the 
pericardium, past the PVFP, andacross the suclus terminals 
to apointmidway across theventral surface of the right 
atrium. In4/7 dogs these incisions totally interrupted 
vagal input to the SAN, A lO-15% residuum of rightvagal 
input remained in 3/7 dogs, whichwas ablated by lesions of 
fat pads on the right superior pulmonary vein, suggesting a 
dorsal route to the SAN. Neither right nor leftvagal input 
to the AVN nor the sympathetic supply to SAN and AVNwas 
interrupted. Thus, the major parasympathetic postganglionic 
innervation to the SAN is via the free wall of the right 
atrium, andvulnerable to surgical interventions in this 
region. Research supportedby NIH Grant HL 27595. 

124.17 124.18 

Effect of Adenosine on Potassium and Calcium Currents in 
Guinea Pig Atria1 Myocytes. S, Visentin*# S-N Wu*, L. 
Belardinelli, Univ. of Florida, College of Medicine, 
Gainesville, FL 32610, 

Adenosine (Ado) decreases the atria1 action potential 
duration (APD) and increases the acetylcholine (Ach) 
regulated potassium current (iK,Ach), In atrfal cells Ado 
like Achl causes a small decrease in calcium inward current 
(i-1 ' In this study we examined the relative contribution 
of iK,Ach and iCa to the Ado-induced shortening of atria1 
APD, Experiments were carried out in single atria1 myocytes 
isolated by enzymatic digestion. Both membrane potentials 
and currents were measured by the whole-cell patch clamp 
technique, Hyocytes were superfused (2-4 rllmin) with 
prewarmed (35floC) Rrebs-Henseleit solution (pD 7.4) 
containing 2.0 ma++, Ado caused a dose-dependent a) 
shortening of APD, b) increase in iK,Ach and c) decrease in 
peak inward current (iCa), Ado at 3m and 10 w increased 
ik,Ach by 41.5*5,3 and 83*3X, whereas it decreased iCa by 
only 2M5 and 26f7%, respectively, This apparent decrease 
in iCa is overestimated because of a concurrent increase in 
iK,Ach. The se concentrations of Ado decreased APD at 90% 
repolarizatton by 3Sf8 (3W) and 56sB,OX (10~M), In 
conclusion, the shortening of atria1 APD is mainly due to an 
increase in iK,Ach and the contribution of iCa to this 
effect is negligible. 
Supported by a grant from NIH (HL35272) 
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COHPARISON OF Ti-LE ANTICHOLINERGIC ANDd -ADRENERGIC BLOCKING 
ACTIVITIES OF LNC-834 AND QUINIDINE IN ISOLATED SMOOTH 
MUSCLE, Chau-Ting Huang snd R. B. Burns*, Norwich Eaton 
Phsrmaceuticals, Inc., Norwich, NY 13815 

LNC-834 (LNC) (3S-hydroxy-lO,ll-dihydroquinidine hydrogen 
sulfate pentahydrate) is an analog of quinidine (Q), the 
benchmark of antiarrhythmic therapy. In anesthetized dogs, 
LNC might not have anticholinergic ord-adrenergic blocking 
activity. To confirm these findings, we compared the effects 
of LNC and Q in both isolated quinea pig ileum and rabbit 
aortic strip. At 1 to 100 ppi, both LNC and Q decreased ileal 
responses to acetylcholine (ACh) in a concentration-related 
manner, yet their effects were much weaker than that of 
atropine, Unlike atropine, both LNC and Q shifted the 
curve to the right and similarly reduced the maximum ACh 
(300 nM) responses. In isolated aorta, like phentolamine, 
Q (30 and 100 @iI shifted (p<O.OOl) the norepinephrine 
(NE) concentration-response curve to the right in a 
parallel manner, suggesting a specific, competitive 
inhibition. LNC (up to lOO/-rW, on the other hand, pro- 
duced much less effect on NE responses. In addition, the 
aortic response to histamine was not affected by Q or LNC. 
These results indicate that Q exerts greater antagonism 
ofd-adrenoceptor-mediated effects than LNC, a difference 
that may be clinically significant as hypotension and 
vssodilation are undesirable side effects of Q in 
antiarrhythmic therapy. 

Control of junctional conductance in heart; the phosphoryla- 
tion hypothesis. W.C De Me110 Department of Pharmacology,Medi- 
cal School,UPR,San Juan PR,00936, USA 

The hypothesis that CAMP increases the junctional conductan- 
ca(gj) through the activation of a protein kinase and phospho- 
rylation of junctional proteins(De Mello,1983) was tested in 
cell pairs obtained by enzymatic dispersion of adult rat ven- 
tricle.The junctional resistance was obtained by using two se- 
parated voltape-clq circuits. After giga-ohms sealing was a- 
chieved the membrane was broken and whole cell clamp was pro- 
duced. The holding potential. of both cells was -40 mV.Cell 1 
was then pulsed to -20 mM while the membrane potential of cell 
2 was maintained unchanged.gj was estimated from junctional 
current and transjunctional voltage.lsoproterenol(lO-6M) added 
to the bath increased gj by 40% within 20 sec.When an inhibi- 
tor of CAMP-dependent protein kinase was dialyzed into both 
cells no change in gj was found in the first 5 min.Isoprotere 
nol(lO-GM) added to the bath had no effect on gj in cell pairs 
exposed to protein kinase inhibitor. These results support the 
view that CAMP is a fast modulator of gj in heart and that the 
activation of protein kinase is an essential step in the pro- 
cess of enhancement of gj. 
Supported by grant HL-34148 from NIH, 

AMIODARONE-DIGOXIN INTERACTION IN RATS: A REDUCTION IN 
HEPATIC EXTRACTION, C. Lambert*, 0, tamontagne*, l-l. 
Hottlet*, P. du Souich. Research Center, H6pftal du Sac6 
Coeur, and Department of Pharmacology, Univ. de Montrhal. 

The mechanism of the amiodarone-(Am)-digoxin (D) inter- 
action, resulting in a marked increase in the D serum con- 
centrations, is still unexplained. The influence of Am on D 
hepatic extraction in rats was investigated. The D hepatic 
extraction ratio (ER) was determined using isolated- 
perfused livers of control and Am-treated (25, 50 and 100 
mg/kg/day for 5 days) rats, When plotted as a function of 
time, an inverse relationship between the ER and the dose of 
Am was evident, Dose-related reductions were observed in 
mean D hepatic clearance (from 20 + 1 to 3 + 1 at 12 min, 
and from 17 + 1 to 2 +‘0.3 ml/min at 20 min. of D infusion; 
p <O,OS, X 2 SEM). An analysis of the hepatic effluent by 
HPLC revealed only D in both control and Am-treated rats. 
Using liver homogenates, no differences were found in the 
ability of control or Am-treated (50 mg/kg/day for 5 days) 
rats to metabolize D. These changes occur without 
significant lesion of the hepatocytes, as the SGPT and SGOT 
concentrations were not affected by the administration of 
Am, Furthermore, a microscopic study of the liver revealed 
no significant cellular modifications. It was concluded 
that Am increases the D serum concentrations by inhibiting 
its hepatic extraction, 
(Funded by CAFIR, Universite de Montrbal), 
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125.1 

MOLECULAR CHARACTERIZATION OF THE BOVINE ADRENAL 
ATRIAL NATRIWRETIC FACTOR-RI RECEPTOR. s, 
Meloche*, 8. Liu*, N, McNicoll*, H, Ons* and A. De 
Lean, Clin. Res. Inst. and Faculty of Pharmacy, 
Univ. of Montreal, Montreal, Canada HZW lR7 

Atria1 natriuretic factor (ANF) potently UI- 
hibits aldosterone secretion by interacting with 
specific receptors in adrenal zona glomerulosa 
cells. The adrenal receptor serve as a model for 
the functional ANF-RI subclass or receptors, The 
ANF-RI receptor was purified 13,00&fold, to appa- 
rent homogeneity, by affinity chromatography on 
ANF-agarose and steric exclusion HPLC. SDS-PAGE 
alld silver staining of the purified receptor re- 
vealed the presence of a single protein of Mr 
130,000. This protein showed the same pharmacolo- 
gical specificity as the native receptor and was 
sensitive to modulation by amiloride. The receptor 
also displayed high guanylate cyclase activity in- 
sensitive to ANF. Trypsin treatment of the protein 
produced a 70 KDa fragment which has lost guanylate 
cyclase (GC) activity but retains intact binding 
properties and sensitivity to neuraminidase. These 
results suggest the presence of a region highly 
sensitive to proteolysis distal to the glycosylated 
binding domain and the membrane spanning domain, 
but proximal to the GC catalytic domain. 

125.3 

ImINSIC AND EXTRINSIC RECEPTORS F'OR ATRIAL NXI'RIURETIC 
PEPTIDES IN BOVINE AORTIC -ELIAL CELLS. A.Y. Jen 

+ Lehmann, 3. Iljus, and L.P. Wennogle (SPON: G.B. Weiss . 
Research Department, CIBAGEIGY Corp., Summit, NJ 07901 

Two receptor subtypes for the twenty-eight amino acid 
atria1 natriuretic peptide, ANp(99-126), were &racterized 
in cultured bovine aortic endothelial cells. [ Il-labeled- 
ANp(99-126) binding was resolved into two components by dis- 
placement with ANf(lO3-123): a predominate high affinity 
component (K = 0.24 nM, B = 145 fml/mg protein) and a 
less-abundan? low affinity%&nent (K = 700 nM, B = 28 
fmol/mg protein). Two bands with appro&ate molecu!& 
weight of 65,000 and 135,000 were detected by crosslinking 
followed by SDS/polyacrylamide gel electrophoresis. These 
bands were present in a 85~15 proportion and the 65K band 
was preferentially displaced by ANP(103-123). The 65K band 
could be removed by sonication or by trypsin digestion of 
intact cells, whereas the 135K hand was resistant to either 
treatments. When trypsin digestion was performed in broken 
cell preparations, the l35K band was degraded to a band of 
75K. These results indicate that the 65K receptor is peri- 
pherally associated with the membrane while the 135K 
receptor is a transmembrane protein which is sensitive to 
protease digestion only from the cytoplasmic surface of the 
membrane. 

125.5 
IDENTIFICATION OF ATRIAL NATRIURETIC PEPTIDE (ANP) RECEPTORS 
IN MOUSE Y-l ADRENOCORTICAL TUMOR CELLS. Seyraour Heisler and 
Bernard P. Schimmer*, Universitc Laval, Quebec, Que. GlV 4G2 -- 
and University of Toronto, Toronto, Ont, M5G lL6 

ANP inhibits glucocorticoid synthesis and secretion from 
bovine and human adrenal cells. Currently, we sought to 
establish whether ANP could bind to mouse Y-l adrenal tumr 
cells alter,cyclic nucleotide metabolism,and affect steroido- 
genesis. Y-l cell membranes specifically bound [1251]-ANP. 
Association (22'C) was rapid with equilibrium reached within 
45 min. Binding of [ lz51]-ANP was inhibited in a concentra- 
tion-dependent manner by unlabelled ANP and atriopeptin I 
UC50 z 1.2x1o-g M and 1.6~10" M, respectively), but not by 
C- or N-terminal deleted ANP fragments, ACTH or AVP (up to 
lO'6 M), Scatchard analysis revealed a sinfie class of high 
affinity binding sites with a K 
2,8x10-I1 M/mg protein. P 

of 1.6x10 M and a I3max of 
ANP st mulated cGMP synthesis and 

secretion by Y-l cells (ECso E 3.5~10~' M); the latter 
process was inhibited-by probenecid (IC50 g 5~10~~ M). While 
the atria1 peptide partially inhibited ACTH-stimulated CAMP 
formation (ICso = 10m8 M), it had no effect on basal or 
ACTH-stimulated steroidogenesis- The data demonstrate the 
presence of specific and saturable ANP receptors in Y-l cells 
which are coupled to cyclic nucleotide generating effector 
enzymes, but which are not coupled to the steroid response of 
the cells. (Supported by the Medical Research Council of 
Canada and the Quebec heart Foundation) 

125.2 
COVALENT PHOTOAFFIWJY LABELING OF BOVINE ADRENAL ZONA 
GLOMERULOSA (BAZG) AW RECEPTOR BY UNDERIVATIZED f2"I-ANF. 
5. L&use% N, Maicoll*, g.__E9chex, S. &lo&e*, W. Onq* ana I 
A De Lean 
&bec , Canada, 

IRCM, Univ. Montreal and Univ, Sherbrooke. 

The potent physiological effects of atria1 natriuretic 
factor (ZWF) on cardiovascular homeostasis suggest that it 
could be involved in the pathophysiology of certain forms of 
hypertension, These effects are mediated through specific 
high affinity MF receptors, which have been characterized 
and purified from BAZG. In the process of further studying 
the molecular properties of ANF receptor binding domain, we 
have uncovered an unexpected reactivity of the honnone- 
receptor complex to near-UV. light exposure, Incubation of 
BAZG membranes or solubilized ANF receptors with 1251-ANF 
(99426) followed by U.V. light exposure revealed by SDS gel 
efectrophoresis and autoradiography a single band with an 
apparent molecular weight of 130 KDa. Prevention of the 
photoaffinity labelling was dependent on the concentration of 
native ANF (99426) and was not observed with ANF (103423). 
Upon photolysis, the label became irreversibly associated 
with the ANF receptor as suggested by its resistance to heat, 
guanidine-HCl, urea and trichloroacetic acid denaturation, 
The yield of covalent labeling of ANF receptors by photolysis 
was time dependent and reach 2.5% of the specific 12SI-ANP 
bound after 30 min. of U.V. exposure. This method could be 
very helpful for further studies of the specific active 
binding site on ANF receptor. 

125.4 
ANF RECEPTOR SUBTYPES IN RAT AND BOVINE TISSUES. Matthew A. -- 
Sills and Michael Williams. (SPON: J. Liebman). CIBA-GEIGY -- 
Pharmaceutical Corp., Research Department, Summit, NJ 07901. 

The presence of-ANF receptor subtypes has been the focus 
of increased attention (Maack et al., Science 238: 675), In 
the present study, competition experimstfiat ANF(1-28) 
and the C-receptor selective compounds ANF (%25)(atriopeptin 
I; APl) and the ring-deleted analog C-ANF(4-23) were performed 
in demedullated rat kidney, rat adrenal and bovine adrenal. 
In rat kidne 

3 
, API and C-ANF(4-23) inhibited only 55% of 

specific [ l2 I]ANF binding, with IC50 values of 3 and 1 nM, 
respectively. ANF(l-28) inhibited 60% of the binding with an 
IC50 value of 0.15 nM and the remainder of the binding with 
and IC50 value of about 30 nM. In bovine adrenal, only ANF 
(l-28) was able to inhibit [ 12SI]ANF binding with high affin- 
ity (0.34 nM). In contrast, APl inhibited 64% of the binding 
in rat adrenal with an IC50 value of 2 nM, and the remainder 
of the binding with an IC50 value of 140 nM. ANF(l-28) in- 
hibited all of the binding in rat adrenal with an IC50 value 
of 0.44 nM, whereas CANF(4-23) was unable to inhibit a signi- 
ficant degree of binding. These results indicate that rat 
kidney contains both B- and C-type ANF receptors and that 
bovine adrenal contains primarily the B-type ANF receptor. 
In addition, the ability of AP1 to inhibit a component of bind- 
ing in rat adrenal that is insensitive to C-ANF(4-23) may be 
indicative of additional components (states or subtypes) of 
the ANF receptor. 

125.6 
ATRIAL NATRIURETIC FACTOR (ANF) RECEPTORS ARE COUPLED TO 
ADENYLATE CYCLASE IN RAT PLATELET MEMBRANES, M.B. 
Anand-Srivastava, A.K. Srivastava, J. Gutkowska* and Ma 
Cantin*. Clinical Research Instftute of Montreal, Montreal, 
Quebec, Canada H2W lR7, 

We have shown previously that ANF receptors in various 
tissues are negatively coupled to adenylate cyclase. Human 
platelet membranes, which are shown to be devoid of particu- 
late guanylate cyclase activity have also been reported to 
have ANF receptors. The present studies were undertaken to 
investfgate if the ANF receptors in platelets are coupled to 
adenylate cyclase system. ANF inhibited adenylate cyclase 
activity in a concentration and GTP-dependent manner. The 
maximal inhibition observed was about 50X with an apparent Ki 
between l-5 nM. ANF was also able to inhibit the stimulatory 
effects of hormones and forskolin on adenylate cyclase to 
various degrees. In addition, 1251-Iabeled ANF bound speci- 
fically to rat platelet membranes with an apparent Kd of N 
200 PM. Affinity cross-linking of 1251-ANF to its binding 
sites in rat pletelet membranes and analysis by SDS-polyacry- 
lamide gel electrophoresis followed by autoradiography showed 
a predominant labelling of a protein band with an apparent Mr 
of 66,000. However, no significant labelling of a protein 
band with a Mr of 130,000 was observed under these condi- 
tions. These data suggest that in the platelets the ANF re- 
ceptor of Mr 66,000 may be coupled to adenylate cyclase 
system+ (Supported by grants from MIX & QHF). 
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125,7 

C~CTEP.XZATION OF ATRIAL NATRIURETIC FACTOR RECEPTORS ON 
PC12 CELLS. ,A. Rathinavelu, D.B. Wainscott, J. Giridhar, 
G.E. Isom. Dept. of Pharmacol. & Toxicol., School of 
Pharmacy & Pharmacal Sciences, Purdue University, West 
Lafayette, IN 47907. 

Atria1 Natriuretic Factor (ANF) is a peptide hormone with 
potent diuretic, natriuretic and vasorelaxation properties, 
Specific high affinity receptors for ANF have been 
identified in the adrenal zona glomerulosa in which ANF 
inhibits both basal and stimulated aldosterone synthesis, 
We have identified and characterized high affinity receptors 
for ANF on PC12 cells, a rat pheochromocytoma cell line 
widely used as a model for catecholamines synthesis and 
secretion. 
6.29 x 10 -1'M and Bmax was 1.94 x lo- M. 

The apparent dissociation cfvtant for ANF was 
The receptor 

density in these cells calcul ted as 194,000 & 20,00O/cell, 
Photoaffinity labelling with 125 [ I]-ANF as the ligand on the 
membrane revealed two classes of receptors with apparent M, 
70,000 and 130,000. Labelling of both classes of receptors 
was inhibited in the presence of 2 m cold ANF in the 
incubation medium. Internalization of the ligand-receptor 
comple as 

2s 
observed when the cells were incubated at 37'C 

with [ 2 I]-ANF and the rate of internalization increased 
with increasing concentration of ANF. These results suggest 
that PC12 cells have functional ANF receptors which can be 
used as model for studying ANF receptor regulation. 
(Supported by grants from the Indiana Heart Association and 
PHS SO75505586). 

125,9 

RENAL EFFECTS OF A LOW DOSE OF ATRIOPEPTIN III ARE INDEPENDENT 
OF DA1 DOPAMINE RECEPTOR ACTIVATION. AS. Bass* and M.6 A 
Murphy* (SPON: LJ. Goldberg). Clinical Pharmacology, 
University of Chicago, Chicago, IL 60637 

The renal effects of a pharmacologic dose of atriopeptin 
III (ANF) are independent of DA1 dopamine (DAl) receptor 
activation (Clin Res 34:712A, 1986). To determine if physio- 
logic concentrations of ANF might mediate its renal effects 
through DA1 receptors, we examined the renal responses to an 
infusion of ANF at 2,5 ng/kg/min iv, in anesthetized, euvole- 
mic dogs with and without the DA1 receptor antagonist, SCH 
23390 (SCH, 0,5 ug/kg/min iv). At this dose SCH completely 
blocks the increments in urinary sodium excretion (UNaV) and 
renal blood flow (RBF) produced by an intrarenal-arterial in- 
fusion of the DA1 receptor agonist, fenoldopam. Results: 

UNaV (vEq/min) GFR (ml/min) 
VEH SCH VEH SCH 

Control 24+16.0 37+20.1 31+5.4 27+3.9 
ANF 64+29.5* 83+38.0* 34x9* 3oT4,1* 
Recovery 29i10*2 58722.1 33+5 l 2 3oF3.9 

mean + SEM;-*p<O.OS, co%rol vs ANFT GFR-glomerular 
filtrztion rate; VEH-vehicle; VEH: n=7, SCH: n=9 

Infusion of ANF produced comparable increments in UNaV and GFR 
both in the absence and in the presence of SCH. RBF and mean 
arterial pressure were not affected by ANF or ANF in the pre- 
scence of SCH, These results demonstrate that the renal 
effects of physiologic concentrations of ANF are independent 
of DA1 receptor activation, NIH grant GM-22220. 

125.11 

EFFECTS OF LONG-TERM ELEVATION OF CIRCULATING LEVELS OF 
ATRIAL NATRIURETIC FACTOR ON ARTERIAL PRESSURE REGULATION IN 
ANGIOTENSIN II HYPERTENSIVE DOGS. J-P. Grwer! Dw 

J&@ u. & Rock*. Dept. of Physiology, Eastern 
Virginia Medical School, Norfolk, Virginia 23501 

In vitro studies have suggested that ANF is a potent 
antagonist of the vasoconstrlotor actions of angiotenain II. 
The purpose of this study was to determine the effects of 
long-term elevation of circulating levels of AM' on arterial 
pressure regulation In oonsclous dogs (N=g) with angfotensln 
II-Induced hypertension, Infusion of angiotensln II at a 
rate of 10 ng/kg/min for 7 days increased mean arterial 
pressure from 8&3 to 13&4 mmHg. Thfs increase In MAP was 
associated with an Increase in total peripheral resistance 
and d8CF8as8 in cardiac Output. After 7 days of anglotenain 
II Infusion, ANF was then Infused simultaneously at a rate of 
20 ng/kg/min for 7 days. Plasma levels of ANF inoreased from 
59*15 to 285&8 pg/mL Inoreasing plasma ANF levels for 7 
days had no signffioant long-term effect on arterial pressure 
(!3&4 va 12a mm&) or-cardiac output and total peripheral 
F8SiStanU8, There were also no significant changes in sodium 
balance, glomerular filtration rate or plasma aldOst8rOn8 
concentration durfng the 7 days of ANF IntiSiOn. These data 
Indicate that long-term increases in circulating levels of 
ANF have minimal chronic hypOt8nSiVe effects in dogs with 
angiOtenSin II hypertension. 

125.8 

NEUTRAL ENDOPEPTIDASE (24.11) PLAYS A ROLE IN THE CLEARANCE OF 
ATRIAL NATRlURETlC PEPTIDE FROM THE CtRCUlATlON. M. N. Delanu 
C. Dorso. V. Krmis. H. Cheuna. R. Tuna. R. Neubeck. and J. Norm The Squibb 
Institute for Medicaf Research, Princeton, NJ. 08543-4000 

The effects of exogenously administered rat ANF-(99-126) on plasma cGMP and ANF 
concentrations were examined in Sprague-Dawley rats in the presence of the selective 

neutral endopeptidase inhibitor SQ ?s,SOS. Plasma ANF concetiation was determined 
by a radioreceptor binding assay, which det8cts only biologically active forms of the 
peptide. Plasma cGMP concentration was determined by an RIA procedure. SQ 28,603 
(100 pmollkg @ 1 ml/kg Lv.) alone produced modest but statistically significant 

increases (about 2-fold) in plasma &MP concentration that lasted fof at least one hour, 
but it did not elicit statistically significant changes in the endogenous levels of plasma 

ANF. ANF (3 nmolhg @ 1 ml/kg i-v.) produced marked, but transient increases in 
plasma cGMP and ANF concentrations. SQ 28,603 (100 ~mol/kg @ 1 ml/kg Lv.) 
administered 30 minutes before ANF (3 nmollkg @ I ml/kg Lv.) markedly augmented 
both the magnitude and the duration of the ANF-induced increases in the concentration of 

plasma cGMP and ANF. These results support the hypothesis that neutral 
endopeptidase contributes to the inactivation and clearance of ANF from circxrtation. 

125.10 

HEM3DYNAMIC AND HlXMATUmIC RlZSpoNSl3S ~pHySIOLxx;T+C DOSE 
ATiXIAL NATRIWIC Pl!!IDE (ANP) IN CONSCIOUS SHXEP. B. A. 
Breuhaus, North Carolina Slate Univ., Raleigh, NC 27606, 

Six- conscious unstressed sheep with chronic catheters 
in their right atria md aortic roots and electrmetic 
flowmeters on their main pulrnon~y arteries were used to test, 
the effect of 28 mine acid ANP (25 n$/kg/min for 60 minutes) 
on arterial pressure (AP), heart rate {I-R), right atrial 
pressure (W) , card-ix output (Co), total peripheral resis- 
tance (TPR), stroke volme (SV), pk& cell volume (IW), 
totil solids (m), plasm osmlality (OSMI)), plasma volume 
(W), md mean circulatory filling pressure (WFP), AW 
decreasd W, cc>, md SV (p<.O5) without changing AP, HR, 
w, or Mm?, TPR, XV, and Ts were increased (p<,O5)* These 
&tA support t.he hmthesis that AW decreases W and a by 
i.ncre~ing the resi.stmce t;o venous return to the heart. 

AP HR RAP Ix) SV 
ynmm m manHa L/min rrrmHsf'min/L ml 

Control 82 70 2.8 5.47 14.89 78.1 
ANP (60 min) 80 14 -0*5* 4,59* 18.00* 61.6% 
Post Control 80 71 0,4* 4.561: 17.67* 63.4* 

Ts MCFF W 
% $m/dl &m/L ml 

Control 24.1 6.1 307 12.2 2851 
ANP (60 min) 25,5* 6,2,: 301 11.2 2610 
Post Control 25.5Jr 6,l 304 IO,3 

# p<.O5 re Control Supped by ~U37085 

125.12 

EFFECT OF ATRIAL NATRIURETIC PEPTIDE ON 8LOOD PRESSURE 
AND VASCULAR PERMEABILITY: INFLUENCE OF SODWM INTAKE. 
Jean Pierre Valentin** Jean Ribstein* and Albert Mimran* 
(SPON: D. Casellas), CHU, 34059 Montpellier, France. 

Atria? natriuretic peptide (ANP) antagonizes the effects of 
some vasoconstrictors, and induces a fluid transfer from the 
intra - to the extravascular compartment. The influence of 
sodfum intake (LS: low and I-IS: high sodium for 4 weeks) on the 
effects of 2 infusion rates of ANP (LD: low = 0.1 md t-!D: high 
dose = 1 pg/kglmin fur 30 min) was assessed in 
binephrectomired anesthetized rats by measuring blood 
pressure (BP), hematocrlt Wet) and plasma protein 
concentration (PRY. During I-ID infusion, BP decreased more 
markedly in LS (-23.7%) than I-6 rats M.S%l, whilst the 
response to LO was similar in LS and t-6. The increase in I-U 
was significantly blunted in LS when compared to HS rats for 
both ANP infusion doses. The increase in PPC associated with 
ANP infusion was similar in all groups, and was less marked 
than that of Hct. These results indicate that chronic sodium 
intake exerts opposite influence on ANP-induced vasodilation 
and permeability; the vascular renin system may be a major 
determinant of the responses to ANP. 
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125.13 

MYOCARDIAL DEPRESSION BY ATRIAL NATRIURETIC FACTOR AT 
PATHOPHYSIOLOGICAL LEVELS IN THE ANESTHETIZED RABBIT, 
Andrew J. Rankin and Fred V. Swift*. Faculty of 
Medicine, Memorial University of Newfoundland, St. 
John's, Nfld., CANADA Al8 3V6, 

Several studies have shown that pharmacological 
levels of atria1 natriuretic factor (ANF) decrease 
cardiac contractility; others have suggested that this 
effect is secondary to hemodynamic changes. This study 
was designed to investigate the cardiac actions of ANF 
at levels within the pathophysiological range while 
monitoring plasma levels of the peptide by 
radioimmunoassay, Inotropic state (dP/dt max) was 
measured during ANF infusion in two groups of 
anesthetized rabbits: one in which hemodynamic 
variables that influence inotropic state, heart rate 
and afterload, were prevented from changing in response 
to ANF; and a second group in which hemodynamic 
variables were allowed to freely change. Myocardial 
depression was noted in both groups suggesting that ANF 
has some direct action on cardiac contractility. 
Supported by MRC and Canadian Heart Foundation. 

125.15 

EFFECT OF SHORT TERM TREATMENT WITH EITHER LEAD OR CADMIUM 
ON TIiE ATRIAL NATRIURETIC FACTOR (ANF) SYSTEM. Jaisri 
Giridhar and Gary E. Isom. Dept. of Pharnacol. & Toxicol., 
sch, of Pharmacy & Pharmacal Sci., Purdue Univ., W. 
Lafayette, IN 47907. 

Changes in the ANF content has been associated with the 
progression of hypertension. In this study, the 
interactions of lead or cadmium, metals associated with 
altered cardiovascular function, were observed on the ANF 
sys tern. Male rats (150-175 gms in wt) were treated with 
0.01-1.0 mg/kg of Pb or Cd twice a day for 7 days and then 
maintained for a total of 30 days. The treatment did not 
alter water consumption and all Pb doses and only the 1 
mg/kg Cd dose produces significant decreases in urine output 
(p<O.Ol). On day 30, the rats were sacrificed and the 
atria, hypothalamus and plasma were extracted and the 
content of ANF estimated by RIA, Pb slightly decreased ANF 
content in the atria and hypothalamus and appeared to have 
no effect on the release of ANF, whereas Cd appeared to 
enhance both synthesis and release of ANF. Incubation of 
PC12 cells with Cd (50 pM) for 90 min decreased the ANF 
receptor binding by almost 4 fold (Kd-0.18 nM, Bmax-10.7 PM) 
as compared with bfnding in control cells (KdN0.91 nM, 
Bmax48.1 PM). These observations indicate Cd produces a 
significant interaction with the ANF system and these 
effects may contribute to its cardiovascular toxicity. 
(Supported by grants from the Indiana Heart Association and 
PHS 5075505586). 

125.17 

TACmCARDIA, ATRIAL DIMENSIONS AND ATRIAL NATRIURETIC 
PEPTIDE (YP) IN ANESTHETIZED RABBITS. J.R. Ledsome and 
K.A. King . Department of Physiology, University of 
British Columbia, Vancouver, B.C. V6T lW5 

Tachycardia has previously been shown to increase mean 
right atria1 pressure (RAP) and plasma immunoreactive ANP 
(IANP) although it was not clear whether ANP release was 
mediated by the increase in heart rate (HR) or atria1 
stretch or both. During tachycardia the increase in RAP may 
be due to increased amplitude of the "a" wave rather than an 
increase in atria1 filling. Therefore, the effects of 
tachycardia on rfght atria1 dimensions (RAD), a more direct 
measure of atria1 size was investigated in 
urethane/chloralose anesthetized rabbits. Pacing the heart 
at a rate of 6 Hz (control=4,2 Hz) did not affect mean 
arterial pressure (UP) or RAD, although it did 
significantly increase RAP and iANP (from 12.9 +/- 2 to 29.6 
+/-8.6 pg/ml; n'7). Administration of atenolol (0.4 mg/kg) 
increased RAP, decreased MAP and HR and increased both RAD 
and IANP. Tachycardia after atenolol caused a decrease in 
MAP, an increase in both RAP and RAD and a much larger 
increase in iANP (from 24.7 +/- 3.6 to 298.6 +/- 71.1 pg/ml; 
n'7). The results suggest: that both an increase in HR and 
an Increase in atria1 dimensions can increase iANP 
independently. &en both stimuli occur simultaneously, iANP 
release is potentiated. 
Supported by the B.C. Heart Foundation and MRC of Canada. 

125.14 
EFFECTQFElASSIVEWEIGIfi~~ION~ATRXAL NATRIORETIC 
FAC?DR IN SmMEUJSLY OBESE RATS. David L. Crandall, 
Robert J. Lozito*, Gregory 13. Ferraro* and Peter Cervoni. 
Dept. Cardiovascular Biological Research, Arrterican Cyanamid 
Company, Medical Research Division, Lederle taboratories, 
Pearl River, NY, 10965 LS.A. 

Spontaneously obese rats (799421 g) were subjected to a 
program of gradual weight reduction ultimately resulting in 
an average 40.8% decrease in body weight, or a quantitative 
reduction of 326 g/rat. Values obtained from these weight- 
reduced rats were compared to obese, control rats which 
exhibited a final body weight of 721423 g. Transition from 
the obese to lean condition was associated with a reduction 
in heart weight, atria1 weight and left ventricular thick- 
nessI while &y length remained constant. Adipose tissue 
depot weight decreased significantly during body weight 
reduction, and adipocyte volume decreased from 611279 pl to 
104217 pl. An acute oral dose of furosemide (10 mg/kg) 72 hw 
before sacrifice yielded 12.3k1.6 ml of urine in obese rats 
and 8.741.5 ml of urine in reduced rats over a 4 hr test 
period. Circulating PrANp was 191213 pg/ml plasm in reduced 
and 123218 pg/ml in obese rats when blood was collected 
directly from the tail artery in the conscious state, yet 
mean arterial blood pressure remained normotensive for both 
groups. These results provide insight toward the role of ANP 
during experimental obesity, as well as during the transition 
to the lean condition when significant changes in fluid 
volumes are documented to o&r. 

125.16 

NATRIURESIS AND ANF RELEASE DURING VOLUME 
EXPANSION 1N ADRENALECTOMIZED RATS. Victoria Cachofeiro. 
Gaetan Thibault. Marc Cantin* and Raul Garcia. Clinical Research 
Institute of Montreal, Montreal, Quebec, Canada, H2W 1R7 

The effect of adrenalectamy and replacement therapy on the 
natriuretic response and release of atria1 natriuretic factor (ANF) 
during acute -blood volume expansion (2 increments of 10% of 
calculated total blood volume) was investigated. Basally, 
adrenalectomized (ADR) animals showed lower urinary volume (WV). 
Blood volume expansion increased WV in all groups except in Dot?- 
treated ADR rats, Urinary I sodium excretion was significantly 
increased in sham-operated animals (p < O.OOl), and ADR rats 
(p < 0.05). ADR+DEXA and ADR DOC rats had lower plasm8 ANF 
levels than controls, volume expansion did not modify these values in 
any group. However, plasma levels of ANF (1-98) increased after 
volume expansion only in sham-operated animals (p < 0.05). ADR and 
ADR-DEXA rats had higher hematocrit than the other 2 groups 
(p < 0.05). This pattern was not modified by the volume expansion, 
although a gradual and marked decline in hematocrit was seen in all 4 
groups (p c 0.001). The lower BP values observed in ADR rats es 
compared to controls (p < 0.001) raised after volume expansion 
(p < 0.05) Similar changes in left atria1 pressure were observed in all 
groups. It can be concluded that adrenalectomy attenuates the 
natriuretic response during acute blood volume expansion which was 
not restored to normal with replacement therapy. This lower response 
was not associated with changes in plasma ANF. 

125.18 

NATRIURETIC/KALURETIC PROFILES OF SIX ATRIAL NATRIURETIC 
PEPTIDES/ANALOGS AND THREE REFERENCE DfURETICS. P.R+ Kastner, 
L. Enmert*, R. Bohnke*, G. Hage*,F. Hassman*and 3.M. Berman* 
Merrell Dow Research Institute, Indtanapolis, IN 46250 and 
Cincinnati, OH 45215 

Studies with atria1 natriuretic peptides (ANP) suggest 
some may be potasslum sparing. Experiments were carried out 
to assess and compare the natriuretic/kaluretic activities of 

drochlorothiaride (HTZ)(n=4),furoseiide (F)(n=3) and amilorjde 
(A)(n=4). Each compound (except HTZ1.3 and 3 mg/kg IP) was dis- 
solved in saline and was infused through a needle-tipped cat& 
eter into a renal artery of an anesthetized dog. Both ureters 
were cannulated for urine collection. Successive doses of A 
(.0048-244.8 nmol/kg/min),F(.03-1000 ~g/kg/min),I,II,III and 
Aoa8-10 (1.2-153.6 pmol/kg/min) and 8-15 and cin8 (lo-10,000 
pmol/kg/min) were infused to obtain peak excretory responses. 
Vd output, Na and K excretion (UNaV,UKV) renal blood flow, BP 
and HR were measured. Based on peak UNaV and UK\J, the order of 
natriuretlc potency was Fj XII> II>HTZ>cin%I78-19~Aoa and the 
order of kaluretfc potency was F~III~TZ~II~IX~~~~~-~~~A~~~A. 
Only A decreased UKV. Peak Na/K excretory ratio greatly favor- 
ed A(51.4) with 8-15 second(l2,O)and I last (5.8). Based on 
fi;;e results, ANPs are not potassium sparing in anesthetized 

I 
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125.19 
PREGNANCY-INDUCED REFRACTORINESS TO THE UTERINE REIJXANT ACTI- 
VITY OF ATRIAL NATRIURETIC PEPTIDE (ANP) IN RATS. W, Potvin* 
and D. R. Varma, Dept. Phamacol. Ther. McGill Univ. Montreal, 
Quebec, Canada H3G lY6 

Despite its general smooth muscle relaxant properties, syn- 
thetic rat ANP was ineffective in relaxing pregnant rat ute- 
rine strips. To determine if this was due to high levels of 
progesterone, virgin rats were either treated with progeste- 
rone (2 mg/kg for 3 d) or 1 uterine horn was ligated before 
mating. Progesterone abolished the tocolytic activity of AMP. 
ANP relaxed the nongravid but not the gravid horn of the ute- 
rus from pregnant rats. Ovarectomy decreased the tocolytic 
activity of AMP, but it could be restored by estrogen pre- 
treatment. Refractoriness to the tocolytic activity of AMP 
was not associated with significant changes in its effects on 
aortic strips nor in the effects of isoprenaline; also, it was 
unrelated to prostaglandins and leukotrienes, Data suggest 
that the tocolytic activity of ANP is modulated by estrogen 
and progesterone. Pregnancy-induced refractoriness of the ute- 
rus to AMP is probably due to high levels of circulating and 
placentally produced progesterone. Progesterone may alter ANP 
activity by affecting ANP receptors and/or second messenger. 
These possibilities are currently being studied, Tbe lack of 
effect of ANP on pregnant uterus might be physiologically and 
pharmacologically relevant especially because ANP lowered the 
blood pressure and increased placental blood flow in rats. 

NEUROTRANSMITTER RECEPTORS 

126.1 126.2 

RECEPTOR-COUPLING OF THE M, MUSCARINIC ACETYLCHOLINE 
RECEPTOR (mAChR) EXPRESSED IN A MURINE FIBROBLAST 
CELL LINE. &I.‘ Yamamura, L. Mei*, J. Lai*, W.R. 
Boeske, and J C Venter Univ. 
85724 and NINkDi, NW, 

of Ark, Tucson, AZ 
B)ethesda, MD 20892. 

A gene for the mAChR was cloned from a rat 

CHARACTERIZATION OF MUSCARINIC RECEPTORS MEDIATING PHOSPHO- 
INOSfTIDE HYDROLYSIS IN 132-1Nl HUMAN ASTROCYTOMA CELLS BY 
AGONISTS AS M2 TYPE. B. V. Rama Sastry and Clifford C, Stephan*, 
Dept. of Pharmacology, Vanderbilt University School of Medicine, 
Nashville, TN 37232. 

Stimulation of muscarinic receptors increases phosphoinosi- 
tide (PI) hydrolysis in 132-1Nl human astrocytoma (AC) cells. 
To evaluate whether Ml or M2 subtype of receptor mediates PI 
hydrolysis in AC cells, different muscarinic agonists were 
studied. The cell pools of inositol-phospholipids were pre- 
labeled by incubating AC cells in a low inositolcontainingmedia 
(CMRL-1066) supplemented with [3H]inositol (2 pCi/ml) for 20-24 
hours at 37OC. The cells were washed with a physiological salt 
solution (PSS, composition in mM, NaCl, 118; KCl, 4.7; CaC12, 
3.0; MgS04, 1.2; KH2PO4, 1,2; EDTA, 0.5; glucose, 10; HEPES, 
10). The cells were resuspended in PSS, and PI hydrolysis was 

measured by accumulation of [3H]inositol-l-phosphate in the 
presence of 10 mM LiCl, These studies gave the following results: 
(a) 5-methylfurfuryltrimethylammonium, carbachol, and dl-mus- 
carine were full agonists (EC50 in pM: 14, 37, and SO respec- 
tively); (b) Ml ret eptor agonist (McN-A-3431, partial M2 recep- 
tor agonist (5-hydroxymethylfurfuryltrimethylammonium), acetyl- 
choline-releasing agent: (5-methoxyfurfuryltrimethylammonium) 
and nicotine did not exhibit significant effects. These results 
indicate that the M2 receptor is linked to PI hydrolysis in AC 
cells. (Supported by The Smokeless Tobacco Research Council, 
Inc. and The Council for Tobacco Research, USA, Inc.) 

genomic library and transfected into a murine 
fibroblast (B82) cell line (Lai et al., 1988). The 
mAChRs expressed in these transfected cells were 
characterized with the non-selective muscarinic 
antagonist E3H](-) QNB. Kinetic studies showed that 
association and dissociation of the ligand occurred 
at 37'C with a Kd value of 14 PM. Saturation studies 
showed that the binding was of high 2ffinity with 
a Kd of 12 pM and a Bmax of 17 fmol/lO cells. The 
M, selective antagonist pirenzepine was more potent 
than the s selective antagonist AF-DX 116 in 
competition studies. The molecular weight of the 
ml9ChR was 80 kD. Carbachol stimulated the hydrolys- 
is of inositol lipids in the transfected cells. 
Pirenzepine was more effective in blocking the 
stimulation than AF-DX 116. Pertussis toxin and the 
phobol ester (PMA) both reduced the stimulation. 
Carbachol did not alter the basal or agonist-in- 
duced stimulation of CAMP formation. We conclude 
that the mAChRs in the transfected I382 cells are of 
the M, type and are associated with the hydrolysis 
of inositol lipids through a G-protein. 

126.3 126.4 

M28 SUBTYPE OF MUSCARINIC RECEPTORS INVOLVED IN THE STIMULATION 
OF PHOSPHOINOSITIDE HYDROLYSIS IN 132-1Nl HUMAN ASTROCYTOMA 
CELLS, Clifford C, Stephan* 'and B, V. Rama Sastry, Dept. of 
Pharmacology, Vanderbilt Univ. Sch. Med., Nashville, TN 37232. 

Muscarinic (M)agonist-induced phosphoinositide (PI)hydroly- 
sis in l32-lNl human astrocytoma (AC) cells suggests that M2 
muscarinic receptors are linked to PI hydrolysis. To evaluate 
these M2 receptors, pA2 values of different muscarinic antago- 
nists for PI hydrolysis in AC cells were determined. The cell 
pools of inositol phospholipids were prelabeled by incubating 
the cells in a low inositol containing medium (CMRL-1066) sup- 
plemented with [3H]inositol (2 uCi/ml) for 20-24 hours at 37OC. 
The cells were washed with a physiological salt solution (PSS, 
composition in mM, NaCl, 118; KCl, 4.7; CaC12, 3.0; MgSO4, 1.2; 
KH2PO4, 1.2; EDTA, 0.5; glucose, 10; HEPES, 10). The cells were 
resuspended in PSS, and PI hydrolysis was measured by accumula- 
tion of [3H]-inositol-l-phosphate (IP) in the presence of 10 mM 
LiCl, The following results were obtained: (a) AllM antagonists 
caused a concentration dependent decrease in the level of t3H]- 
IP formed in response to carbachol (100 PM); (b) The rank order 
of potencies of antagonists (pA2 values) has the following order: 
atropine (8.8) > HHSiD (hexahydra-sila-difenidol, 7,6) > piren- 
zapine (6,8) > methoctramine (6.0) > AF-DX 116 (an analog of 
pirenzapine, 5.8). These results support the concept that M2B 
receptors are linked to PI hydrolysis. (Supported by The 
Smokeless Tobacco Research Council, Inc. and The Council for 
Tobacco Research, USA, Inc.) 

ANOMALOUS PIRENZEPINE-INDUCED ANTAGONISM OF MUSCARINIC 
RESPONSES. W. Surichamornz, C,L. Amrheinz. M, McKinnev?, E. 
Richelson. S. StenstromII, C.L, Cioffi and E E El-Fakahanv. 
Univ. of Maryland Sch. Pharm., Baltimore, iD'21201, Abbott 
Labs,, Chicago, IL 60064 and Mayo Fnd., Rochester,, MN 55905. 

Pfrenzeplne (PZ) selectively antagonized muscarinic recep- 
tor (MR)-mediated cGMP formation in a noncompetitive fashion 
in mouse neuroblastoma NlE-115 cells. These effects of PZ 

were time and concentration dependent and they were also 
reversible. Interestingly, while atropine elicitedcompetitive 
antagonism of the cGMP response at low concentrations, it 
also behaved like anoncompetitive antagonistathigher concen- 
trations and its effects were partially reversible. We inves- 
tigated whether this deviation from competition could be due 
to the short time of exposure to MR agonists (30 s> employed 
in cGMP measurements. Our data indicated that the mode of 
PZ-induced antagonism of lfgand binding to MR was different 
when assessed using nonequilibrium (30 s) or equilibrium (1 
hr) incubations. Thus, PZ appeared to be noncompetitive and 
competitive under these two conditions, respectively. Further- 
more, although PZ blocked receptor-mediated phosphoinositide 
hydrolysis competitively when the response was measured at 
20 min, it was clearly noncompetitive using 5 min incubations. 
Therefore, the noncompetitive antagonism by PZ detected in 
cGMP assays might be only apparent and might be attributed, 
at least in part, to a lack of an equilibrium state under the 
specific conditions of these assays. 
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126.5 
INHIBITION BY FORSKOLIN OF SMOOTH MUSCLE CONTRACTION IS 
IQTENTIATED BY CHOLERA AND PERTUSSIS TOXINS R.M, SmeJkal*, 
J.W. Covington*, H.K. Yeung*, B.F. Hill*, K.B, Seamon+ and 
P.K. Chiang Walter Reed Army Institute oi‘ Research, 
Washington, DC 20307 and +NIH, Bethesda, MT1 20892 

The control of adenylate cyclase throllgh thp C-proteins 
has been implicated in the regulatln’ll of many receptor- 
mediated processes. Stimulation of the muscarinic receptor 
of guinea pig ileum by acetylchol ine (A&) induces a 
concentration-dependent contraction. We have found that 
forskolin inhibits Ach-induced contraction of guinea pig 
ileum, yielding a pA2 of 6.1. 7-Deacetyl-forskolin, which 
has 10% of the cyclase-stimulating activity of forskolin, 
yielded a pA2 of 5.1. The stimulation of CW production in 
ileum homogenate by forskolin and its 7-deacetyl analog 
showed the same f&fold difference in potency. t,g-Dideoxy- 
forskolin was inactive in both assays. The effect of 
forskolin on ileum contraction was maximal when added 45 
seconds prior to the addition of Ach. Cholera toxin (lo-7 H) 
and pertussis toxin (10-o El), which affect the G and G. 
proteins, respectively, have no effect on Ach-induged iled 
contraction by themselves at these conqntrations, but 
potent iated the effects of forskolin, 3-lsobutyl-l- 
q ethylxanthine (TBMX) (10-S M) and RoZO-1724 (IO-7 M) also 
potentiated the inhibitory effects of forskolin These 
results show that the regulation of smooth rnl;qc:lr cC\.b!raction 
may be mediated by adenylate cyrlasc at?d thd C-p~oke.~ 

126.7 
N-METHYL-D-ASPARTATE RECEPTORS IN THE GUINEA PIG ILEUM 
MYENTERIC PLEXUS. Barry D, Sawye@ and Harlan E. Shannon. 
Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, IN 46285. 

L-GLU, NMDA and carbamyl choline produced concentration- 
dependent contractions of guinea pig myepteric plexus- 
longitudinal muscle preparations in Mg' -free Krebs'. 
Responses to L-GLU or NMDA, but not c$rbamyl choline, were 
bloCked noncompetitively by 0.6 mM Mg' . In the absence of 

Mg2 ? concentration-dependent responses also were elicited 
by L-ASP, L-homocysteate and D-GLU, but not by quisqualate, 
kainate or quinolinate.' L-GLU was antagonized competitively 
by D-AP5, CPP (3 x lo+ to 3 x 10v5M) or GDGG (3 x 10B4M), 
and noncompetitively by GDEE (3 x 10B4M). GAMS (3 x 10-"M) 
did not block L-GLU-induced contractions. Etoxadrol, 
dextromethorphan and MK-801 noncompetitively antagonized 
I,-GLU. The present results confirm that excitatory amino 
acid receptors of the NMDA subtype are present in the guinea 
pig myenteric plexus, and are consistent with the inter- 
pretation that this receptor is qssociated with an ion 
channel which can be blocked by Mg2 as well as MK-801 and 
other phencyclidine-like drugs. 

126.9 

MODULATION OF BOVINE AORTIC a-2 ADRENERGIC RECEPTORS BY GUANYL 
NUCLEOTIDES (GN), Na+ AND AMILORIDE (AML). G, Jagadeesh and 
R.C, Deth. College of Pharmacy and Allied Health Professions, 
Northeastern University, Boston, MA 02115 

The interaction of bovine aortic plasma membrane a-2 re- 
ceptors with the agonist epinephrine (EPI) and its modulation 
by Na+, GN and AML analogs have been examined in radioligand 
binding studies with the antagonist ligand 3H-Rauwolscine 
(RAU). The mean KD and &lax for 3H-RAU were 3.6 nM and 120 
fmol/mg protein, Addition of Naf and GN increased the number 
of 3H-RAU binding sites by 15-20% and decreased the KD by 2- 
fold. However, AML analogs caused a concentration dependent- 
decrease in KD and &lax. EPI bound with differing affinities 
(KDH 50 nM, % RH 40-60; KDL 3 PM, % RL 40-60) to two differ- 
ent binding sites of a-2 receptors. Na+ and GN significantly 
decreased (2-4-fold) the affinity of EPI for 3H-RAU. The sim- 
ultaneous addition of Na+ and GN decreased the affinity of EPI 
4-S-fold at both the high and low affinity classes of sites, 
thus indicating a synergistic effect of these two agents. Such 
synergism reflects different, albeit, closely linked, sites of 
action for Na+ and GN acting on a-2 receptors, AML (Ki=54 PM) 
decreased the affinity of EPI for a-2 adrenoceptors in both 
high and low affinity binding states, However, it did not al- 
ter the % of sites in each state. The data presented here in- 
dicate that cc-2 receptors possess allosteric binding sites 
that are sensitive to Na+ and AML. Further, it is suggested 
that these allosteric sites are on the a-2 receptor protein 
itself. 

f. 26.6 

MUSCARtNtC RECEPTORS fN THE MUCOSA OF THE CANtNE LARYNX AND UPPER TRACHEA. 
Shtaeru Kane*, Junit H Kim* and Jarnshid t.atifpour* GPON: R.M,Wetss). Department of 
Surgery, Yale University, School of Medicine, New t-ken, CT 06510 

Mucous secretion has a fundamenbl rote in the physiologicst function of the larynx 
(lubric&ion of the vocal fotds). Because laryngeal secretion con be influenced by 
anticholinergic drugs, we studied the muscartnic receptor characteristics in the mucous 
membranes of various parts of the larynx and upper trochea using radiotigsnd btndtng 
khniques. The mucosa was stripped off under a surgical microscope from the fottowtng 
regtons : suprsgtottis (laryngeat surface of the eplgtottts), glottis (ventride), 
subglottis and trachea 12nd to 7th ring). Muscarinic receptors tabelect with 
3H-quinucttdlnyl benzylete Uf3) showed the followtng characterk3tics: 

Ttssue Ifmol/ma~ Ipfl) (fmol/moI (pti1 
Supragtottis 26i 4 91*16 21*5 lS5*49 
Glottis ll* 2 228* 11 13&2 156& 8 
Subgtottis 91*12 85k 6 4&9* 72* 4 
Trachea 22* 2 94* 3 17*6 54* 3 

Bmsx = maximum number of receptors, KD = equilibrium dissociation constant 
“slgntftcantty different from comparable vatue tn femate (p< ,025) 

The data- indtcate the presence of sex and regional differences In muscarinic 
receptor densities in various ports of larynx and upper trahcea. (Supported in part by 
NtH grtlnt OK 383 11) 

126.8 

RECONSTITUTION OF BOVINE AORTJC CL -ADRENOCEPTORS INTO 
PBOSPHATIDYLCHOLINE DOES NOXRESTORE HiGH AFFINITY ERAZOSIN 
BINDING. S. Martin Shreeve- and Julia E. Valliere" (SPON: 
Miles P. Hacker). Univ. of Vermont, Burlington, VT 05405 

Solubflization of the membrane-bound bovine aortfc 

5 -adrenoceptor with digitonin reduces the affinity of 
prazosin while having no effect on the affinities of 
several other adrenergic lfgands (Shreeve, J. Pharmacol. 
Exp. Ther., in press). We hypothesized that the native 
lipid environment regulates the membrane-bound 

-adrenoceptor and can affect prazosfn affinity. 
Tisted 

This was 
bY reconstituting the soluble receptor into 

phospholipids. Digitonin solubilized receptors were mixed 
with egg phosphatfdylcholine (solubilfzed in sodium 
cholate) and reconstituted by gel-filtration on Sephadex 
G-50. In other experiments the receptor was applied to 
DEAE-Sephacel and digftonin was then exchanged for sodium 
cholate. The partially purified receptor was eluted into 
solubilized phosphatidylcholine and reconstituted by 
treatment with Biobeads followed by gel-filtration 
chromatography. In both cajes cloudy fractions w ,BE5 pooled 
and assayed using [ Hfprazosin and I]HEAT. 
Approximately 55% of the unpurified receptors and 15% of 
purified receptors were detected in reconstituted 
preparations, Phosphatidylcholine did not restore* high 
affinity prazosin binding. 
Supported by USPHS Grant HL38853 to S.M.S. 

126.10 

E3H]L-657,74 
RADIOLIGAND 

3 (K-912): A NEW, HIGH AFFINITY, SELECTIVE 
FOR BRAIN a2-ADRENOCEPTORS. D,J. Pettfbone, 

SD. Flags.* J.A. Totaro,* 6.K Clineschmidt. 3.R. Huff*', 
and R. Chen*, Merck, Sharp and Dohme Research Laboratories, 
West Point, PA 19486 USA 

L-657,743, a highly potent and selective a2-antagonist 
(Naunyn-Schmied. Arch. Pharm. 336: 169, 1987) was tritiated 
to a high specific activity andts binding characteristics 
to brain tissue were detemined. The specifk binding of 
C3H]L-657,743 (50 mM TrisaHCl, pH 7.4, 80 mins at 22O, 
C) to rat cerebrocortex was saturable, reversible, and 
dependent on tissue concentration. C3H]L-657,743 binding 
was resolved into two high affinity components exhibiting Kd 
values of 81 and 880 pM with densities of 81 and 660 
fmole/mg protein, respectively, [3H]Rauwolscine saturation 
binding also exhibited 2 components with somewhat lower 
affinities (Kd’s; 0.25 and 14 nM) but sjmilar densities 
(Bmax; 38 and 790 fmoles/mg protein). Based on the potencies 
of various compounds with differing receptor selectivities, 
the sites labeled by C3H]L-657,743 were characteristic 
of a2-adrenoceptors. In contrast to a2-antagonists, 
a2-agonists displayed shallow competition curves. In the 
presence of 100 PM GTP, GPP(NH)~ or 150 mM NaCl, the 
competition curve for epinephrine was shifted to the right, 
whereas that for yohimbine was unaffected. In human 
cerebrocortical tissue, C3H]L-657,743 also bound with high 
affinity to sites characteristic of a2-adrenoceptors. 
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EFFECTS OF Z-BENZYLIMIDAZOLINE AND Z-BENZYLIMIDAZOLE ANALOGS 
ON ALPHA -ADRENOCEPTORS IN HUMAN PLATELETS. Urusa Intrasuksri*, 
Gamal ShLns*, Karl J. Romstedt*, Adeboye Adejare*, Michael 
Clark*, Akihiko Hamada*, Duane D. Miller* and Dennis R. 
Feller. Div. of Med. Chem, and Pharmacol., Coil. of Pharm., 
Theio State Univ., Columbus, OH 43210. 

Benzylimidazolines represent a major chemical class of 
alpha-adrenoceptor agonists, We have examined the effect of 
Z-(3',4'-dihydroxybenzyl)-imidatoline [DHBI] and imidazole 
analogs on human platelet function. DHBI and the Z-fluoro 
(Z-F), S-F- or 6-F- phenyl ring analogs inhibited epinephrine 
(E)-induced primary phase aggregation (AGG) with similar IC 
values (26,40,62 and 31 uM, respectively}. Z-(3',4'Dihydroxp 
benryl)imidazole [Cmpd I] and its alpha-hydroxy imidazole 
analog [Cmpd II] were inhibitors of E-induced AGG 
and 631 uM, respectively. 

(IC o = 131 
Only Cmpd II was an agonis 5t EC 

= 39 PM) and blocked AGG by arachidonic acid, ADP (seconda 8 
wave) and U46619 [(15S)-hydroxy-lla,Sa-(epoxymethano) prosta- 
5Z,13E-dienoic acid, a thromboxane A2 agonist]. The compounds 
reversed PGEl-mediated inhibition of ADP-induced AGG with a 
rank order of inhibitory potency of 5-F-DHBI > Cmpd I > DHBI 
> Cmpd II > Z-F-DHBI > 6-F-DHBI. Thus, these drugs act as 
partial agonists of alpha -adrenoceptors 

? 
in human platelets; 

the alpha-hydroxyl group s important for aggregatory activity, 
and these results differ from their reported activities on 
vascular alphal-adrenoceptors. [Supported by GM 293583. 

126.13 

FOTENTIATION m ISOPFWERENOL INDUCED CAW ACCUMUTION IN 
HEWN LYMPH-ES BY PROTIEN KINASE A OR C INHIBITORS. Ka Kit 
Hui and Jun Liang Yu*. UXA Sch of Mti, Los Angeles,CA,m 

To investigate the interaction of various protein kinase A 
(PKA) or protein kinase C (PKC) inhibitors on-beta adrenergic 
agonist-induced CAMP accwrmlation, intact human lymphccytes 
from healthy subjects were incubated with lo*-104 M isopro- 
terenol (ISO) and phosphodiesterase inhibitor (IBRZX, I.0 ti!) 
at 37°C for 12 min after 20 tin preincubation in the presence 
or absence of various concentrations of PKA inhibitors [type 
III, purified from porcine heart (PKI III) and synthetic pep- 
tide by rabbit sequence (PKIS)] or structurally different PKC 
inhibitors [tamoxifen (TAM), cltiphene (CLD), neomycin (NEU) 
polymyxin B (POLB), N-(6-aminohexyl)-5-chloro-l-naphthalene- 
sulfonamide (W-7) or calrnidazoliurn (CAL&!)]. 

All XA inhibitors increased basal CAMP levels by 20-50% 
while all PKC inhibitors show& inhibitory effects (O-80%) 
on basal CAMP levels in a dose dependent manner. In contrast, 
they all, at certain concentrations, [PKI III (1.5 ug/ml), 
PKIS (0.3 ug/ml), TAh! (0.1 uhl), m (0.1 UM), NE0 (10 UM), 
Pm3 (0.1 IM), W-7 (10 uM) and CALM (0.1 uM)l, potentiated 
ISO-incuced cAMP accumulation (by 56%, 36%, 55%, 18%, 36%,24% 
68% and 42% respectively). These data suggest that the poten- 
tiation may be relatd to the inhibition of PKA and/ or PKC, 
which have been shown to be involved in beta2 adrenoceptor 
phosphorylation and desensitization. 

126.15 

ADRENERGIC INHIBITION OF HUMAN NEUTROPHXL OXIDANT PRODUC- 
TION. James D. McCafferty*,.Robert A, Clark*, and Ross D, 
Feldman. Department of Internal Medicine, University of 
Iowa, -Iowa City, IA 52242. 

Adrenergic receptor agonists may be important modulators 
of neutrophil activation. To determine the role of a-adren- 
ergic receptor (AR) activation on neutrophil function, we 
studied the effect of AR agonists on superoxide anion (SOA) 
generation as assessed by superoxide dismutase-inhibitable 
ferricytochrome C reduction in intact human neutrophils, 
The aAR agonist, phenylephrine (PE) did not activate SOA 
generation nor did it augment threshold fMLP (30nM)-induced 
SOA generation. PE reduced the rate of submaximal fMLP 
(100-500nM)-stimulated SOA generation by 7229% with an ID5o 
of 95nM (-24nM, +33nM). However, the BAR agonist isopro- 
terenol (ISO), also inhibited submaximal fMLP-stimulated 
oxidant production (91*3%) with an ID 

El 
of 8.85nM (-1.72nM, 

+2,15nM). Moreover, inhibition of ox ant production by 
both PE and IS0 was attenuated by the BAR antagonist, nadol- 
01 with an EC5 

? 
of 132nM.(-47nM, +73nM) and 139nM (-15nM, 

+17nM), respec fvely. Further, PE inhibition of SOA genera- 
tion was not blocked by the alAR antagonist, prazosin nor by 
the a2AR antagonist, yohimbine. The data confirm that @AR 
activation inhibits human neutrophfl oxidant production and 
that aAR activation does not. Consistent with data from 
radialigand binding studies, our findings suggest that there 
is not a functional alpha-adrenergic receptor population on 
circulating human neutrophils. 

126.12 

LACK OF CROSS-DESENSITIZATION BETWEEN INIDAZQLINES (Imid) AND 
FHENETHYLAHINES IN THE RAT VAS DEFERENS IVD) : A RECEPTOR 
BLOCKADE PHENOHENON. Peter J. Rice*, Anwar Hamdi*, Thomas 
Abraham+ & Judy Hardin* (SPON: E.A. Daigneault). Dept Pharm- 
acology, East Tennessee State Univ., Johnson City, TN 37614. 

VD repeatedly exposed to 10ptl oxymetazoline (OXY) become 
desensitized ta Imid agonists but continue to respond to 
phenethylamine agonists (Ruffolo et al, 1977). This study 
examines the role of receptor blockade and agoniet efficacy 
In deBensitizatlon and response of the VD, 

VD were mounted under 300 mg  isotonic tension in PSS at 
37OC aerated with 95% 0 /5X CO2* R-adrenoreceptors, neuronal 
uptake, extraneurona 1 uptake and COHT vere blocked, 
Following a cumulative (-)-epinephrine IEPI) concentration- 
effect (C-E) curve, paired VD were exposed to either 3nH 
phenoxybenzamine (PBZ) or five x 2 min lOpH OXY at 20 min 
intervals; another EPI C-E curve wag constructed. EPI Kd and 
fraction of receptors remaining vere estimated. 

Both PBZ and OXY treatment blocked 050X of a-adrenoceptors 
in the VD; paired pKda for EPI (7.2f0.3 vs 6.8kO.4 (no41 1 
did not differ significantly, suggesting OXY occupies a- 
adrenoreceptors as an antagonist with a slow washout. Imids 
tetrahydrozoline or naphazoline algo appeared to block EPI 
reeponse with individual washout characteristics, 

TheBe results suggest that the cross-desensitization diff- 
erenceg between Borne imidazoline and phenethylamine agonists 
can be explained by kinetic end receptor differences, 
(Research Bupported by TN Affiliate Amer. Heart Aasn & ETSU). 

126.14 

COMPARISON OF DISSOCIATION CONSTANTS ESTIMATED BY B-ADRENO- 
CEPTOR INACTIVATION AND DESENSITISATION R.M. Eglen*, 
W.W. Montgomery*, and R.L. Whiting* (Spon: A.M. Strosberg) 
Inst. of Pharmacology, Syntex Research, Palo Alto, CA 94304 

Receptor inactivaiion-by exposure to BAAM (bromoacetylal- 
prenolol) or desensitisation by isoprenaline reduces the ino- 
tropic responses of rat isolated left atria to B-agonists. 
Using methods developed by Furchgott (1966), estimates of the 
dissociation constant (-log Ka) of prenalterol were calcu- 
lated after receptor inactivation and desensitisation. The q 
values refer to the remaining receptor number. 

The pKa values calculated after exposure to BAAM at .032, 
l L .32, 1.0 and 3.2 PM (60 min) were 6.7, 7.0, 7.1, 6.5, 

and 6.2, respectively, with corresponding q values of 
.37, l 15, .05, .03 and .004>. The pKa values calculated after 
exposure to isoprenaline at 3.2, 32, 320, and 560 nM 
(120 min) were 7.1, 6.9, 6.9 and 6.8, respectively, with cor- 
responding q values of .52, .34, .15 and .OB. Utilizing me- 
thods developed by Stephenson (1956) pKa values calculated 
after exposure to BAAM at .l and 3.2 PM were 7.1 and 6-0, 
respectively. The pKa value calculated after exposure to iso- 
prenaline at 560 nM was 7.1. 

In contrast to receptor inactivation by BAAM, desensitisa- 
tion with isoprenaline provides estimates of the Ka value 
independent of the level of inactivation. Desenitisation 
provides the more reliable estimate of the dissociation con- 
stant of partial B-agonists. 

126.16 

tNVESTtGATION OF THE GENETlC REGUlATlON OF &ADRENERGIC RECEPTORS 
fN 3TsLt FIBROBLASTS. M.T. Nakada*, KM. l-task&, D-J. Ecker*, J.M. Stadel*, and 
S-T. Crooke. Univ. of Pennsylvania, Phila, PA 19104 and Smith Kline and French Labs, 
Phila, PA 19101 

padrenergic receptors (par) from mouse 3T3-tl fibroblasts are up regulated through 
genetic mechanisms by glucocorticoids (glut) and butyrate. We cfoned and sequenced 
a 5 kb region of genomic DNA from 3T341 cells containing the &ar gene and a 
significant amount of 5’ and 3' flanking sequence. Analyses of the sequence revealed 
an exact match to the reverse of an 8 bp consensus sequence which can confer phorbol 
ester (PE) responsiveness to genes, Further investigation into the role of this site 
revealed that PE attenuated the regulation of &ar expression by glut but did not affect 
the regulation by butyrate. This effect was likely due to the observed PE-induced 
decrease in glut receptor number. We examin& the methylation of a CG-rich region 
occurring immediately 5’ to the coding region the 3T3-tl &-ar gene with methylation- 
sensitive restriction enzymes and found no changes in methylation of this region upon 
glut or butyrate treatment. Within the 5 kb sequence, 16 putative glut regulatory 
elements were found which may mediate the glut-induced increase in &ar. Five of 
th8se sites are cons81yed in the human &ar sequence. Interestingly, long stretches of 
5’ and 3’ flanking regions from mouse and human &-a’ genes seem to have been 
subject to selective pressure to preserve their sequences, suggesting that these regions 
may be necessary for genetic regulation of &ar. The &- and &-ar genes differ not only 
in their coding SequencBs, but also in their 3' and 5' flanking sequences. This difference 
is refiected in the abilities of gene activating agents such as glut and butyrate to 
independently regulate the two mr subtypes. The genetic analyses of regulatory 
sequences of the two subtypes confirm the obsenred physiologic controls of receptor 
Subtype expression and offer an explanation as to why the subtypes diffa in genetic 
regulation. 
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126.17 

"ATYPICAL" /3-ADRENERGIC RECEPTOR ANTAGONISTS STIMULATE 
ADEmTE CYCIASE. J .R. Jasper*, M. C. Michel*, 3, Conner* and 
P.A. Insel, Department of Pharmacology, University of 
California, San Diego, La Jolla, CA 92093 

126.18 
STRATJXIES OF MAKING MONOCLONAL ANTIBODIES AGAINST DOPAMINE 
RECEPTORS. L.K. Srivastava*, S.B. Bajwa* and R.K. Mishra. 
Depts. of Psychiatry & Neurosciences, HSC-4N52, McMaster 
University, Hamilton, Ontario, Canada L8N 325. 

The biochemical characterization of central nervous 
Several compounds, such as cefiprolol (CEL), dichloroisopro- 
terenol (DCI), and pindolol (PIN), which act as antagonists 
at the fl-adrenergic receptor (PW, also possess a small 
agonistic component and stimulate @R-mediated responses 
without measurable increases in adenylate cyclase (AC) 
activity. Because the diterpene forskolin can potentiate @AR 
agonist (e.g, isoproterenol [ISO])-stimulated CAMP accumula- 
tion several fold, we reasoned that incubation of target 
cells with forskolin might reveal stimulation of AC by the 
partial agonists. As recently reported (FASEB J,, 2_:A782, 
1988), incubation of wild-type (WT) S49 lymphoma cells with 1 
FM forskolin plus CEL, DCI, or PIN, but not propxanolol, 
stimulated CAMP accumulation Z- to s-fold. We now report 
that this potentiation by forskolin occurs in another cell 
type (3C,H, muscle cells) as well as in S49 cells. Forskolin 
fails to induce a response to these partial agonists in cyc' 
or uric S49 variants with absent or altered G,, respectively. 
We also have found that the partial agonists can elicit CAMP 
accumulation in WT S49 cells even in the absence of for- 
skolin, if CAMP is assayed using a very sensitive RIA. Thus, 
these partial agonists induce a very modest stimulation of AC 
by BAR and forskolin appears to amplify this stimulation by 
enhancing interaction with the G, protein. 

system dopamine receptors (both DI and D2 subtypes} has so 
far been rather slow mainly due to the lack of suitable 
biochemical tools. A monoclonal antibody (M&b) against the 
receptor would greatly help in purification, localization 
and structure-function studies of the receptor. Recently, 
we made several attempts to produce McAbs against both 
dopamine D1 and D2 receptors, and observed that the solubil- 
ized receptors are better antigens in eliciting antibody 
production than membrane-bound or partially purified 
receptor. As assayed by their ability to inhibit radio- 
active ligand binding to the receptor, a panel of hybridomas 
were selected that secreted antibody against D1 and D2 
receptor. However, these hybridomas ceased to produce anti- 
receptor antibody following subcloning. We have now devised 
an extremely sensitive and rapid sandwich immunoassay method 
to screen large number of hyridomas. Using this method, we 
now show that mice injected with solubilized receptors show 
a high serum titre of antibodies against the receptors, 
which should be an advantage in successful development of 
hybridomas secreting antibodies against the receptors. 
(Supported by OMHF, Canada.) 

126.19 

mP&iINE D1 RECEPTORS IN RABBIT CEREBRAL CORTEX AND NEOSTRIATUM 
T.A. Read&, L, Grondin*, B, Montreuil* and K.M. Dewar*. 
DPpartement de physiologie, Faculte de ddecine, Universitg de 
MO&r&l, Mont&l, QuPbec, H3C 357, 

The novel benzazepine compound (RI-(+I-8 chloro-2,3,4,5-tetra- 
hydro-3lnethyl-5-phenyl-lH-3-benzazepine-7-ol hemima leate or 
SCH23390, has been employed to specifically label dopami.ne 
receptors of the Dl subtype in the rat striatum El]. The use of 
[3H]SCH23390 has enabled the characterization of dopamine D1 
receptors in the rat cerebral cortex [ 21. In the present survey, 
membrane preparations were obtained from the cerebral cortex 
(CIX) and the neostriatm (CPU; caudate-putamen) of adult male 
New-Zealand rabbits (2.5-3,O kg). The saturation binding iso- 
therms revealed that [3H]SCH23390 bound with high affinity in 
both tissues, with densities of 150 fmol/mg protein for CTX (Kd 
25°C = 0.15 nM) and of about 1,000 fmol/mg protein for CPU (Kd = 
0.10 nM1. The specificity of binding to the cortical D1 receptor 
was verified in competition experiments with the enantiomers of 
the D1 agonist l-phenyl-2,3,4,5-tetrahydro-lH-3-benzazepine-7,8- 
diol or (+)SKF38393 (XC50 = 100 nM) and (-jSKF38393 (IC5g = 
11 PM) as well as with Ketanserin (I$0 = 7 PM), thus confirming 
the stereospecificity of [%]SCH23390 and excluding the labelling 
of a serotonin S2 site. 
flj Billard W. et al. (1984) Life Sci, 35: 1885, 
f2] Reader et al. (1988) J. Neurochem, 50: 451. 
Supported by the MRC (Canada) and the FRSQ (Qu&bec). 

126.21 

DOPAMXNE RECEPTOR BLOCKADE AUGMENTS CERVICAL SYMPA- 
THETIC NERVE ACTIVITY INDEPENDENT OF CHEMOREFLEX 
EFFECTS. S. Lahiri, W. Huang*, and A. Mokashi*, 
Dept. of Physiol., Univ. of Penna*, Sch, of Med., 
Phiia., PA 19104-6085, 

Dopamine and dopamine receptors are associated 
with oxygen sensing in the peripheral chemorecep- 
tors. Since the cervical sympathetic nerves (SN) 
respond to hypoxia with and without peripheral 
chemoreflex and the sympathetic ganglia contain 
catecholamines we hypothesized that dopaminergic 
mechanisms may play a role in regulating the SN 
activity. We studied the effects of dopamine 
ID21 receptor blocker on the pre- and post 
ganglionic SN along with the phrenic nerve (PN) 
responses to hypoxia in the anesthetized cats which 
were vagotomised, paralyzed and artificially 
ventilated. In one series, domperidone (0.5 mg/kg) 
was administered before carotid sinus nerve tCSNl 
section and in another, after CSN section. In 
either case domperidone significantly stimulated 
the SN activity regardless of PN activity. We 
conclude that dopamine (Dp) receptors are 
inhibitory to the sympathetic neurons just as it is 
for the peripheral chemoreceptors. (Supported in 
part by grant NS-21068). 

126.20 

[3H]m-12935 BWIW IN mIIJEKE= CANINE STRIATW. F.R. 
Sallee", R.L. Stiller, H.B. Nimik*, N.H. Bzmi*, P, 
Seemin, and J.M. &ml. clinical BIanTBwl. prog. WPIC, 
Univ. of Pi-, Pi-, Pa. 15213 and Depts. of 
Medicine and PharxMcol. univ. of m&, WW, 0nt. 
M5sJA8 

[3HJGBR-12935 (l-[Z-(diphenyltxy)ethyl]-4-(3- 
~lprapyl)-pi~zine) binding siM m solubilized 
f~caninestriatal~ranes withthen digitonin. 
The biMing of [3H]GE-12935 ti solubilized pmtims was 
specific, saturable andl memible with a dissociation 
cmsbnt of -3 rW and a bw site dmsiw of 3.4 plh 
p-in. [3H]@&12935 also bcrund ti solubilized siW in a 
duwir&pdmt manna with a % of "6 rrM atd a 60% 
decmas in site Caensity. ~upta&inh&itorsard 
substates inhibited [3H]GSR-12935 binding in a 
sbmoelectiveaId~tiondepIent~ wim a 
rank o* of potencyraatchirq tM literam for the 
mmbranebad site. WlqQvaluesforuWe~ 
in the solubiliz& preparation 00&a- with [3H]GBR-12935 
biMkq in the rWive state (M.84, p<.OO5). - log % 
for theB m in the solubilized mtim also 
m&at& with their IC50 values on 13H]acpamine u@al~ 
(Po.95, pc.002) l DE [3H]GBR-12935 ba site appears to 
beat~~~~&xaneglyqr&.einbyvkWe of its abwxption 
and wific eltiidn frm WGA-lectti c&am. Solubilizatim 
of the [3H]GEB+12935 biMirq site witi full aion of 
bindinqactivi~~all~ forwifiatia. 

126.22 
CONDITIONS FOR [3tr]RACl0PRIDE BINDING To DOPAMINE D2 RECEPTORS. 
KM. Dewar*, 3. Montreuil*, L. Grondin* and T.A. Reader. 
Dgpartement de physiologie, Facultg de m&decine, UniversitP de 
Mont&al, Mont&al, Quebec, H3C 357. 

The subs t it uted benzamide Raclopride has been proposed to 
label specifically central nervous system dopamine D2 receptors 
[I]. To establish the conditions of opt imum binding, &petit ion 
experiments were conducted with the D2 antagonist (*)Sulpiride 
using membrane preparations from rat and rabbit neostriatum in 
Tris-Cl buffer 50 d (pH 7.4). The addition of NaCl (150 ti) was 
found to be essential for [3H]Raclopride binding, and the IC50 
for (*)Sulpiride was determined to be of 250 nM. On the other 
hand, the addition of calcium and magnesium reduced binding by 
30% El, although the ICsn for (*)Sulpiride was unchanged. 
Thereafter, nonspecific binding was defined as the counts in the 
presence of 300 M of (*)Sulpiride. To determine the selectivi- 
ty of labelling, inhibition cumes were performed with dopaminer- 
gic agents in Tris-Cl buffer containing 120 &I NaCl and 5 mM 
KC1. In this incubation medium, the rank of potency of dopami- 
nergic drugs to displace [ 3H]Raclopride binding was (+&uta- 
clam01 > Spiperone > (-)Apomorphine > (*)Sulpiride > (+)Apo- 

demonstrating ihe morphine Ketanserin > (-)Butaclamol, 
stereospecificity of this ligand for the dopamine D2 receptor. 
[l] Kbhler, C. et al, (1985) Biochem. Pharmacol. 13: 2251. 
[2] Stefanini, E. et al. (1987) Pharmacol. Res. Camn. 19: 777. 
Supported by the MRC (Canada) and the FRSQ (Qu6bec). 
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126.23 

DOFAMINE AND SEROTONL! BINDING POTeNCY OF APORPHINES. &A, Leonard:, 
J.P. Long, H, Ja&son , R.K. Bhatnagar, T.K. Chatterjee , P, Mohan , 
and J.G. Cannon l Depts. of Pharmaco 1. and Med. Chem., Univ. of 
Iowa, Iowa City, IA 52242 

We f orwrly showed lkwthyl, il-hydroxy aporphine is a potent 5- 
HT,n receptor agonist essentially devoid of dopaminergic action in 
coZrast to the potent dopamine receptor agonist apomrphine 5-HTla 
and D3 bi .nding aff inlet ies of some related aporphines using [ 3 Hl8-OH- 
DPAT ‘in rat -cortex and [ %] spiperone in rat stciatum are shown 
beloW. 

x Y 2 R 5-HTla 02 x Y  2 R 5-HT1, 02 
Ki(ntI) Ki(nfl) Ki W> Ki (nn> 

spiperone 27 U. 045 OCH3 H H cH3 19 740 
8-OH-GPAT 2,l 3500 OCH3 H H C3H7 100 820 
OH CM H m3 3.6 2500 OCH3 H C3CH3 W3 8.6 260 
OH H t-l CH3 30 96 OCH3 H OCH=j C3H7 24U 950 
tOH OH H CH3 330 28 ttApomorphine) 

sites; x may 
always prefer 
m-38136. 

These results suggest that 1) substitution at Y 
is sterically tolerated at both binding sites; the 
greater selectivity and potency that results re- 
lates to lipophilicity or to electronic or confor- 
mational effects; 2) replacewnt of hydroxy with 
methoxy at X does not abolish binding at these 

be 8 hydrogen bond acceptor; 3) these sites do not 
the N-propyl moiety. Supported in part by NIH Grant 

126.25 

COHPARISOW OF THE BILSDILJG PROFILES OF [3H]-BREHAZOCINE AND 
[3H]-ETHYLKETAZOCINE GUINEA-PIG CEREBELLUM. 

J. &gnan* and H. Tib%* ;:OH: G. Caill8) Univ. de 
nontr&al, nontrbal, Canada H3C 337 

We have reported that [3H1-bremazocine (Brem) labels 
more than V-, 6- and K-opioid binding sites in the 
guinea-pig brain. The present study was undertaken to 
assess the presence of this additional, non-conventional 
opioid site in the guinea-pig cerebellum. We have measured 
the relative equilibrium dissociation constants (KD) and 
binding capacities of non-selective opioids such as Brean and 
[3H]-ethylketazocine (EKC) and selective v-, 6- and 
K-ligands. Results show that there are respectively 0.96, 
0,65 and 5.11 pmoles/g tissue p-, 6- and K-sites fn 
this preparation for a total opioid capacity of 6.71 pxnoles/g 
tissue. EKC labels the same total population of opioid sites 
(6.55 pmoles/g tissue) with a KD of 0.19 nH. The satura- 
tion curve for Brem is best-fitted to a two-sites model with 
a high-affinity KD of 0.12 a and a capacity of 10.97 
pmoles/g tissue and a low-affinity component with a KD of 
3.54 nH and a capacity of 7.67 pmoles/g tissue. Thus Brem 
has a total binding capacity of 18.6 pmoles/g tissue, a 
value which is significantly higher than that of EKC or of 
the sum of u + d + K sites. We conclude that Brem 
labels additional opioid sites different from the convsa- 
tional p-, 6- and K-sites and that EKC does not 
recognize those new sites with high-affinity. 
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[3HJ-ETHYLKETAZOCINE AHD [3HJ-BREMAZOCINE LABEL MORE 
THAN p-, 6- and K-OPIOID BIHDING SITES IN THE GUIMA- 
PIG SPINAL CORD. M. Tiberi* and J. Hagnan* (SPOI: 
G. CaillB). Univ. de Hontrbal, Honk&l (QuBbec), H3C 357. 

The present stuc¶y investigates whether the non-selective 
ligands [3HJ-Ethylketazocine (EKC) and 13H]-Bremazocine 
(BREW label only v-, 6- and K-opioid sitas in guinaa- 

pig spinal cord. Using saturation studies, the equilibrium 
dissociation constant (KD) and the binding capacity (RI of 
selective and non-selective opioid ligands were evaluated by 
computerized curve fitting program. The results show that 
v-1 a- and K-selective opioid ligands each label one 
single class of binding sites with respective R values of 
4,S9, 0,9S and 1.96 pmoles/g for a total of 7.51 pmoles/g. 
&KC discriminates two binding classes with R values of 4.40 
pmoles/g for the high-affinity sites (KD = 0.41 nH) and 
5.82 pmoles/g for the low-affinity sites (KI) = 4.73 nH) 
that corresponds to a total of 10.23 pmoles/g opioid sites. 
Furthermore, BREH binds also to high- and low-affinity sites 
with R values of 7.54 pmoles/g (KD = 0.30 nM) and 10.32 
pmoles/g (KD = 2.63 TM). Thus, the total R obtained with 
BREH was 17.9 pmoles/g, a value statistically different frown 
that obtained with EKC. In conclusion, the results show 
that EKC and BRIW recognize mOre that w-, 6- and 
K-binding sites and might suggest that the classification 
of opioid receptors in guinea-pig spinal cord is more 
complex than the one previously proposed. 

126.26 

TEMPERATURE EFFECTS ON [aXI]-Ro5-4864 BINDING TO THE 
PERIPHERAL BENZODIAZEPINE RECEPTOR IN RAT LIVER. A.L. 
Parola*& L.R. Contardi*l, A.R. Bucklev*$ C. W, Putnam*m D.H. 
a, and H.E. Laird Ia. Depts. of Pharm/Toxl, Pharm. , 3 
Surgery4, ColIs, of Pharm/Med., U of Arizona, V.A.M.C.5, Tucson, AZ; 
Dept. of Pharm/Therap 2, U of S. Florida, Tamp;., I%. 

in the present study, we studied the effects of temperature 
variation on the PBZR. Temperature changes from 4oC to 250C 
resulted in a 30% decrease in the specific binding of 2nM [3H]-Ro5- 
4864 (4’-chlorodiazepam). The loss of specific binding at 25W 
occurred by 15 minutes. To study the effects of temperature variation 
on ligand binding, a liver membrane preparation at 4oC was then 
equilibrated at 25oC. [3H]- Ro5-4864 was added and the temperature 
was reduced to 4oC to determine recoverable specific binding. 90% of 
the specific binding was recovered by 3 hours with 10% of the specific 
binding irreversibly lost, even after 24 hours at 4oC, Saturation 
binding experiment-s were performed at constant temperatures and by 
varying the temperature as stated above to determine the loss of 
activity due to changes in receptor affinity or binding sites, Scatchard 
analysis of the constant temperature saturation data revealed the Kd 
for [3H]-Ro5-4864 at 4W and 25X was 2.4 k 0.5 nM and 10.3 2 1.9 nM 
respectively, with the same Bmax for both temperatures. When the 
temperature was varied, there was no change in receptor affinity but 
the number of binding sites decreased by 15% versus controls 
maintained at 4W. Therefore, a change in temperature inactivates lo- 
15% of the ligand binding sites and has no apparent effect on the 
affinity of the remaining PBZR. (Supp. by the Amer. Fnd. Pharm. Ed., 
AZ Dis. CtrI. Res. Corn., and The Plinn Pnd.) 

127.1 

ISOLATION OF ACATALASEMIC MUTANTS AND A GENETIC CHARACTERIZA- 
TION DURING THE DEVELOPMENT ANQ SENESCENCE OF DROSOPHILA 
MELANOGASTER. William J. Mackay* and Glenn C. Bewley* 
(SPON: M. Frank). North Carolina State Univ., Raleigh, NC 
27695-7614 

Oxygen free radicals are highly reactive in biological 
systems and are capable of disrupting the structural and 
functional integrity of the cell. The biological consequences 
of free radical damage are thought to be contributing factors 
to aging, tumor promotion, and a number of aging related 
disorders. Catalase (H202:H20 oxidoreductase, E,C. 1,11.1.6) 
is one of several enzymes invo ved f in scavenging activated 
oxygen species. At present, no true acatalasemic alleles have 
been isolated from any multi-cellular eukaryotic organism, 
Initially we recovered a gamma-ray induced deficient 
uncovers the catalase structural gene (Df(3L)Cat ,,I,$;“;~ 

have subsequently isolated 41 mutations uncovered by this 
deficiency, Thirty-five mutations are lethal as homozygotes 
and none affect the catalase structural gene. We also 
recovered six viable acatalasemic mutants from this screen. 
Subsequent analysis has revealed that these mutants have 
extremely shortened life-spans in addition to severe effects 
on their relative viability and reproductive capacity, 
These acatalasemic mutants are also hypersensitive to the 
dietary administration of hydrogen peroxide, (Supported by 
NIH Grants No, AGO1739 and No- AG05380). 

127.2 
PUmONARY FUNCTION RESPONSES OF HEALTHY OLDER 
ADULTS TO REPEATED OZONE (03) EXPOSURES. JI,M, 
Prechsler-Parks, &M. Horv&th- and J,F. d’*. 
Institute F- 
California, 

of Environmental Stress, Univers ty of 
Santa Barbara, California 93106 - 

Young adults exposed to 03 on 3-5 cotisecutive 
days usually have larger decrements in 
functivn, of! the second day, pulmonaz followed 
&;;;;lt;zatlon over days 3-5. Although older 

ear 
young adu !ia s, 

to be less responsive to 03 tt;t 
it is unknown whether they have 

same pattern of responses to consecutive days of 
exposure. The pulmonary function of 16 non- 
smokers, 60-89, rs, 

‘f 
was-measured pre and post 2-hr 

;;FoEures to fl,tered&r A(t)! and 0.45 ppmli:e;n 
consecutive three days 

Subjects alternated 20-min periods of rest ani 
exercise (ventilation = 25 L/min). Forced vital 
capacity (FVC) and its associated f;E$zrs were 
measured pre- and post-exposure. were 
analyzed b 

day) l 
Da a on forced ex iratory f 

repeated measures ANOVA (time period, 
flow in one set 

(FEV-1) suggests: (1) FA R ad no effect, 
A 

2) the 
first and second 03 exp?sures induced ecrements 
of 5.EhEnd ~~5%ie=~speCtlVely,,~3) FEV-1 return;: 
to fol-lowlng the third 
exposure, and remained at the FA level 
the 03 exposure three days later. 
responses of the individual subjects were quite 
variable. Three subjects had responses similar 
to those of young adults. (EPA R813049-01-l) 
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127.3 127.4 
EFFECT OF AGE ON THE RESPONSE OF SKIN BLOOD FL011 IN THE 
HUMAN FOREARM TO DIRECT HEAT. Daniel Richardson. 
Dept. Physiology, Univ.of Kentmexington, KY 40536. 
For this study three groups each of 20 male subjects: 
Young (Y - 20 to 39 yr); middle aged (M - 40 to 59 yr) 
and elderly (E - 60 to 79 yr), consented to have total 
forearm blood flow (FBF) measured by strain gauge 
plethysmography and skin blood flow (SSF) in the forearm 
measured by a Laser Doppler Flowmeter. The laser 
Doppler, a TSI Model 403, combines frequency and 
amplitude modulation of the reflected light into a 
measurement of volume flow. With the forearm in a 30% 
water bath there were no significant between group 
differences in either F8F or SBF, Elevating bath 
temperature to 40°C increased FBF and SBF in all groups 
(P < 0.001). However, the increments were less in the M 
anF E groups compared to the Y group (P( 0.05). 
Respective mean values of FBF at 40°C for the Y, M and E 
groups were 9.7, 7.9, and 6.9 ml/min/lOO ml. 
Corresponding respective means for SBF were 6.3, 5.0 and 
4.2 ml/min/lOO ml. The frequency modulation of the laser 
light, an index of flow velocity, was also lower in the M 
and E groups at 40°C (P ( 0.03). It is concluded that 
aging decreases the response of human skin blood flow to 
the direct effects of heat, The laser Doppler data 
suggest that this is mediated by a reduced flow response 
of individual microvessels. Supported by the KY Heart 
Assoc. and NIH grant AG05082. 

THE EFFECT OF AGING ON ENDOTHELIAL MODULATION 
OF RAT VASCULAR CONTRACTILE RESPONSES TO 
ADRENERGIC NERVE STIMULATION. R.R. Gonzalez. Jr., 
and S.P, Duckles, Departments of Physiology and Pharmacology, 
School of Medicine, Loma Linda University, Loma Linda CA 92350 
and College of Medicine, University of California, Irvine CA 

Basal release of endothelially derived relaxing factor (EDRF) 
attenuates vascular contraction due to adrenergic nerve stimulation; 
however, the effect of aging on this modulation is unknown. 
Proximal tail artery segments (4 cm) from male Fisher-344 rats 
(6, 12, 20, 27 mo) were perfused (2 ml/min) in vitro with Krebs- 
Henseleit solution. The vessels were contracted with methoxamine 
(3 PM) and endothelial integrity was confirmed by relaxation to 
methacholine (20 nmol). Responses to transmural nerve stimulation 
(40 V, 0.3 ms, 0.1 - 3 Hz) were not significantly different across the 
age groups, but were greater than responses by 250 g Sprague- 
Dawley rats. Treatment of the segments with methylerie blue 
(10 l&i, 30 min) tripled the response to stimulation at 0.1 to 0.6 Hz 
and doubled it from 1 to 3 Hz in all age groups except 6 mo, where 
the effect of methylene blue was twice that of the other ages. These 
data imply that while moduIation of vascular tone by the basal 
release of EDRF appears greatest in 6 mo rats, this effect remains 
constant thereafter. 
Supported by NIH grant #RN AG06912. 

127.5 

AGING - INDUCED MYOCARDIAL DAMAGE IN THE LEFT 
VENTRICULAR MYOCARDIUM OF MALE FISCHER 344 RATS, 
Laura M. Ouatt occi. Joseoh M. CaPasso. Gioraio Olivetti. Piero 
Anversa. New Ykk Medicai College, Valhalla, NY 10595, 

To determine whether aging affects the structural characteristics 
of the left ventricfe, hearts of male Fischer 344 rats at 4, 12, and 
20 months after birth were fixed by perfusion of the coronary 
vasculature and the myocardium examined morphometrically. The 
quantitative analysis involved the evaluation of the number of foci 
of replacement fibrosis present within the tissue of the outer, 
middle, and inner layers of the wall, Consistently, there was an 
increase in the density of lesions as a function of age. Whereas 
comparable numbers of areas of scarring were found in the epicardium 
and midmyocardium at any age, the endocardium showed values which 
were 2.9~, 2.9-, and 2.0-fold greater than those of the remaining 
tissue at 4, 12, and 20 months, respectiveIy, From 4 months to 20 
months, the numerical concentration of lesions in the outer region 
increased from 1.6 + 0.6 per mm2 to 7.3 +. 0.6 per mm2 and this 
difference was found to be statistically significant (p~O.0001). 
Corresponding results for the midwall were 2.0 +. 0.3 per mm2 and, 
7.7 + 0.6 per mm2 (p<O.OOOi). In the subendocardium, values of 4.6 
+ 0.4 per mm2 and 14.9 + 0.8 per mm2 (p~O.0001) were obtained. In 
conclusion, aging of the heart is accompanied by a significant 
amount of myocyte cell loss which preferentially occurrs in the 
su bendocardium. 
(Supported by NIH HL 38132 and HL 39902) 

127.7 

Molecular Forms of Acetylcholinesterase (AChE) in 
Subcortical Areas of Age-Matched Normal and Alzheimer (DAT) 
Brain. Judith K. Marquis, Gordon C. Sick*, -- -- Eric B. Fishman*, -- 
and ‘tori S. Katz*, -- 

We previously reported that the 10s membrane-bound 
form (G4) of AChE is selectively lost from several cortical 
areas of DAT brain. We have since microdissected the 
hippocampus, amygdala and cingulate areas of non-demented 
and DAT brain. Tissue homogenates were analyzed for ChAT 
activity; suerose density gradient fractions were assayed 
radiometrically for AChE activity to define both the 10s 
and 4s (Gl) molecular forms. Hippocampal areas, in 
particular, exhibited a distinct pattern of alteration of 
G4/GI activity consistent with the histopathology reported 
in DAT. The contribution of detergent- and salt-soluble 
species to the overall enzyme loss in DAT was also 
investigated. (Supported in part by U,S. AR0 DAAG29-K-85- 
0071 and the Eppley Foundation.) 

127.6 
INTRAVENOUS NICOTINE INFUSION STUDIES IN ALZHEIMER’S 
DISEASE AND YOUNG NORMAL VOLUNTEERS. Paul A. 
Newhouse*, Trey Sunderland”, Cynthia Galinski*, Dennis L. Murphy* 
(Span: G J. Kant). Univ, of Vermont Coli. of Med., Burlington, VT 
05605 anb NIMH, Bethesda, MD. 
A significant loss of central nicotinic cholinergic receptors has been 
described in the brains of patients suffering from Alzheimerk disease 
(AD). Pilot data from a series of nicotine bitartrate infusions in 6 AD 
patients at 0.125, 0.25, and 0.5 &kg/min (Psychopharmacol; in press) 
showed a small decrease in intrusion errors on a free recall task with 
several subjects developing signif icant short-lived negative mood 
changes. We have now completed dose-response studies in 14 AD 
patients and 22 young normal volunteers. Results to date in the AD 
patients continue to show a decrease in immediate intrusion errors 
after the 0.25ug dose and an improvement in recall consistency at 8 
hours. IV nicotine also produced significant (pC.05) dose-related 
increases in ACTH and cortisol in both groups consistent with central 
nicotinic stimulation, More mildly demented patients appear to show 
less mood changes during nicotine infusions, However, young normals 
also show a dose-related increase in negative affect, suggesting that 
nicotine may have specific effects on mood. The degree of the mood 
changes in the AD patients may be a factor of the severity of the 
disease and the extent of damage to the central nicotinic cholinergic 
system. Intravenously administered nicotine may be a useful probe of 
the integrity of central nicotinic cholinergic systems. Whether 
chru>nic nicotinic stimulation will be a useful therapeutic strategy in 
AD will have to be assesed in longer term studies. 

127.8 
EFFECT OF AGE ON K+STIMULATED ALDOSTERONE SECRETION (AS) BY 
RAT ADREnTAL CAPSULES. Karen Radke, School of Nursing and 
Department of Physiology, School of Medicine, University of 
Rochester, Rochester, NY 14642. 

The effect of age on basal and K' -stimulated AS by adrenal 
capsules from male Fischer 344 rats, 3-5 and 19-21 mos. of 
age, was examined. Capsules were perifused with either normal 
@X1=4.0 mM) RingerIs-Bicarbonate solution (RBS), gassed with 
95% 02 and 5% CO2, or modified RBS with various concentrations 
(3.0-9.0 mM) KCX. Basal AS by adrenal capsules from young 

rats was 82 4 15 pg/min/adrenal capsule (n=24) as compared to 
12 f 2 pg/min/adrenal capsule (n=24) by capsules from aged 
rats (p 0.05). At each concentration of KC1 in the range of 
5.0-9.0 mM, K+-stimulated AS was markedly (pdO.OS) elevated 
above basal levels within each age group. The threshold for 
K+-stimulated AS occurred at a concentration of 5.0 mM KC1 for 
both+young and old animals. However, the magnitude of change 
in K -stimulated AS by capsules from aged rats was 
significantly (p<O.O5) less than that for pung rats at each 
concentration of KC1 in the range of 5.0-9.0 mM. Thus, there 
is an age-associated significant decrease in basal AS and a 
significant reduction in capacity of the rat adrenal capsule 
to produce aldosterone under K+-stimulated conditions. 
(Supported by IJniversity of Rochester School of Nursing BRSG 

and Alumni Seed Fund, and American Heart Association - NY 
State Affiliate) 
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AGE-RELATED ADAPTATION OF PITUITARY-ADRENOCORTICAL RESPONSES 
TO STRESS: M. Odio* and A. Brodish, Wake Forest University 
Medical Center, Winston-Salem, NC 27103 

An important functional characteristic of the hypothalamic- 
pituitary-adrenal system (HPAS) is its adaptation from an 
acute to a chronic stress by attenuation of response to 
repetitive stress exposure Because the HPAS has been 
implicated as an important endocrine link in the process of 
biological aging, an understanding of the effects of age on 
adaptational capacity of the HPAS is vital. Studies were 
carried out on F-344 male rats, 6 months of age (young) and 
22 months of age (old), on day 1 and day 3 acute exposure to 
a 2-way shock-escape stress and on day 28 and day 56 chronic 
stress exposure. On each of these days rats were sacrificed 
at various times during the stress session, Corticosterone 
(CORT) and adrenocorticotropin (ACTH) determinations showed 
that: a) CORT responses increased from Day 1 to Day 3 in 
young but not in old rats; b) attenuation of AGTH and CORT 
responses to chronic stress was greater in young than in old 
rats; c) exposure to chronic stress appeared to delay/reverse 
age-related changes in HPAS function. In conclusion, short- 
and long-term adaptive capacity of the HPAS declines with 
age. However, it appears that chronic activation may sustain 
the functional integrity of the HPAS of aged rats. 
(Supported by NIH grant IjAG-04207). 

127.11 127.12 

EFFECT OF LONG-TERM CALORIC RESTRICTION ON BRAIN MONOAMINES 
IN AGING MAlE AND FEMALE FISHER 344 RATS. Malak G. Kolta*, 
Peter Duffv*, and Ronald Hart* (SPON: W. Slfkker, Jr.). 

ABILITY OF ETHANOL TO EXACERBATE DIABETES AS A FUNCTION OF 
AGE. D.G. Patel. Div, of Pharmacology & Medicinal Chemistry, 
College of Pharmacy, University of Cincinnati, OH 45267-0004, -_- 

m Repro. i Develop. T  ' 1 National Center-for 
T&ological Research, ~~~"f~r&, AR 72079 

Dietary restrictfon has been shown to alter numerous phys- 
iological and biochemical parameters. The present study 
examines the changes fn central monoamines and their metabo- 
lites in aged male and female rats after chronic caloric 
restriction. Fisher 344 rats of both sexes (n=MO/group) 
were maintained after weaning and for 18 mo on one of 2 
dfetary regimes: ad libitum (AL) to NIH 31 diet or restric- 
ted (RES) to 60% of AL intake supplemented wSth vttamfns and 
mineral s . At 18 mo of age, rats were sacrificed; their 
brains were quickly removed and several regions were dis- 
sected. Caudate nucleus (CN), hypothalamus (HYPO) and ol- 
factory bulb (OB) were assayed for content of dopamine IDA), 
serotonin [S-HT) and their metabolites (DOPAC, HVA and 
5-HIAA) and norepinephrfne (NE) using HPLC/EC. Relative to 
AL groups, the RES rats of both sexes showed drastic declfne 
in NE content in CN, HYPO and OB. Significant decrease in DA 
and 5-HT contents were also found in CN and HYPO of male 
rats, while 5-HT and 5-HIAA were markedly decreased only in 
HYPO of female RES groups. These prelimj nary results suggest 
that long-term calorfc restriction alters brafn monoamines, 
an effect whfch may in turn alter the normal physiological 
aging process. 

127.13 127.14 

EFFECT OF FOOD RES-JRiCTION ON BILE FORMATION, MEMBRANE LIPID 
COMPOSITION AND Na K ATPase ACTIVITY. 
M. Messier: 6. Tuchweber, M, Audett IA Yousef? 
Department of nutrition and Department of Pediatrics 

EFFECT OF AGING AND FOOD RESTRICTION ON BILE ACID METABOLISM 
IN RATS. G. Ferland*, 8, Tuchweber, and M. Yousef*. 
Departement de Nutrition et Departement de Pharmacologic, 
Universite de Montreal, Montreal, Quebec, H3C 357, I 

Universite de Montreal, Mont&l, Quebec, Canada H3C 357. 
We previously demonstrated that life long food restric- 

tion exerts a beneficial effect on age related decline of 
bile formation in rats (Life Sciences, 41, 2091, 1987) 
underlying mechanism is not known,thus we examined NaFK+lhe 

ATPase activity, cholesterol and phospholipids content in 
liver cell plasma membrane fractions enriched in canalicular 
complexes (LCPM). Female Sprague Dawley rats were subjected 
soon after weaning to a restricted diet (RD) (60% diet 
consumed by rats fed ad libitum) and bile formation deter- 
mined at 5 months of age. Bile flow and bSle acid secretion 
were significantly increased (about 25%) when compared to ad 
libitum fed group (AL). Enzyme enrichment of LCPM from rats 
of RD group did not differ significantly from AL group. 
Values were for RD and AL groups, respectively: leucine 
am]-nvpeptidase 10x and 95; 5' nuclGotidase 15x and 13x, 
Na K -ATPase 9.6x and 10.4x homogenate specific activity. 
The cholesterol/phospholipids ratio of the membranes was not 
modified by RD (.70&.08 in RD vs .59LO8 in AL). In conclu- 
sion, DR results in an increase in bile formation which is 
not associated with structural and functional changes of 
hepatocytes membrane. The improved bile formation may be 
related to enhanced bile acid pool and secretion, 
(Supported by NSERC). 

127.10 

THE EFFECT OF OMEGA CONOTOXIN ON RELEASE OF NOREPINEPHRINE 
IN THE HEART AS A FUNCTION OF AGE. J. Roberts, M-L.. 

Mortimer,* P.J. l?y.an*and N. Turner.* Med. Coil. PA, Dept. 
Pharmacol., Phlla., PA 19129. 

Increased age is associated with a decrease in 
adrenergic control of cardiac function. It has been shown 
that the release of norepinephrine (NE) is diminished in 
older rat heart preparations as compared to young rat 
hearts (Daly et al, in press). We 2;h+ave found that 
increasing the extracellular cal2c;lum (Ca ) in old hearts 
is not sufficient to restore Ca -dependent release of NE 
(Mortimer et al, 1988). To investigate this observation 
further we studied 
neuronal Ca2+ 

the effect of omega conotoxin (a 
channel blocker) on release of NE in hearts 

isolated from male Fischer-344 rats at two ages, 6 mo and 
24 mo. Hearts were perfused with Krebs-Ringer solution and 
the right cardiac sympathetic nerve was stimulated 
electrically at frequencies of 2,6,and 12 Hz. 10 nM omega 
conotoxin inhibited the release of NE in preparations from 
both 6 and 24 month-old animals at each of the frequencies 
employed. For example, the reduction in NE released at 2 
Hz in heart preparations from 240month-old animals was 
approximately 76X (0.2 ng/1.4 ng), while in the 6-month old 
it was only about 56X (1.7 ng13.8 ng). 

The data suggest that there might be quantitative 
differences in the response to omega conotoxin at the 
different ages. (Supported by NIA grant AGO3326) 

Although ethanol and aging individually show diabetogenic 
effects, the interaction between them is not reported. Fisher 
344 male rats of 3 and 13 months were divided into three 
subgroups; ethanol, control ad lib and pair fed. Ethanol diet 
was isocaloric with control diets except that ethanol (30X of 
calories) was substituted for fat. Rats were fed respective 
diets for two months. Oral glucose (0.75 g/kg) tolerance 
tests were performed in the non-fasted state. Insulinogenic 
indices were computed as the ratio of the areas under the 
curve for insulin and glucose after oral glucose loads. In 
young rats fed control diets there was significant difference 
between pair and ad lib fed,rats (0.44 2 0.01 vs 0.51 + 0.02, 
p x0,05), but no such difference was observed for old control 
rats l Ethanol feeding induced significantly lower insulino- 
genie indices in both young (0.33 + 0,Ol vs 0.44 2 0.01, 
p cO.05) and old (0.25 2 0.01 vs 0,36 5 0.01, p <0,05) rats 
when compared with those in respective control rats. Mean 
insulinogenic indices were significantly lower in aged rats 
compared to their respective diet fed young rats. These 
results indicate that aged rats exhibit diabetogenic glucose 
homeostasis compared to young rats, Chronic ethanol feeding 
deteriorates glucose tolerance in both young and old rats. In 
conclusion diabetogenic effects of aging were observed to be 
exacerbated by ethanol. (Funded by NIAAA Wl ROl AA6701.) 

We examined in female Sprague-Dawley rats the influence 
of aging and life long food restriction (FR) (60% of the ad 
libitum intake) on bile flow, total bile acid (BA) secretion 
as well as BA composition and conjugation pattern. Rats were 
cannulated at 3.5, 12 and 24-27 months of age and bile 
collected for BA analysis. With age, there was a significant 
reduction in bile flow and total BA secretion (expressed per 
g liver or per 1OOg body weight). FR exerted a beneficial 
effect on the age-related decline of bile formation. Studies 
of BA composition indicated that 12d hydroxylated BA (cholic 
acid and deoxycholic acid) secretion decreased in aged rats 
compared to rats at 3.5 months of age. This was associated 
with a corresponding increase in secretion of 6P hydroxylated 
BA (muricholic acids and hyodeoxychotic acids) and of 
chenodeoxycholic acid. A similar pattern of change was ob- 
served in aging rats subjected to FR. Aging did not affect 
significantly BA conjugation with taurine and glycine. The 
increase secretion of BA in FR group was associated with 
higher secretion rate of tauroconjugates, A striking change 
at 24-27 months of age was an increase in secretion rate of 
glyco BA, This may reflect a sparing of taurine or its 
precursors for other physiologic functions. (Supported by 
NSERC), 
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THE FRACTAL DIMENSIONS OF CULTURED VERTEBRATE CENTRAL 
NEURONS. T. G. SMITH, W. B, MARKS, G. 0. LANGE, W. H. SHERIFF* 
AND E. A. NEALE. Labs, of Neurophysiologyand Neural Control, and 
Instrumentation and Computer Section, NINCDS and Lab. of 
Developmental Biology NICHD, NIH, Bethesda, MD 20892. 

Tissue cultured neurons were injected with horseradish peroxidase 
and viewed with a light microscope. Their images were captured with a 
TV camera and analyzed with an image processor. The fractal 
dimensions (0) of the borders of 27 CNS neurons were determined by 
three different methods. For each neuron the three methods gave 
stastically insignificant differences in 0, but across the group, D varied 
from 1 .I4 to 1.60. The estimated D’s correlated well with other, but ad 
hoc, methods of measuring morphological complexity of borders, 
Therefore, the borders of neurons may be considered fractal objects. 

The methods were based on the fractal geometry (FG) of Mandelbrot 
(The Fractal Geometry of Nature, W.H. Freeman & Co. N.Y.,1982). The 
methods were calibrated against fractal images of known D and their 
estimated D’s differed from the known D’s by 40%. Thus, these 
methods may provide a “tool” to provide a quantitative morphological 
measure of cellular complexity, 0, in the context of a general theory of 
geometry (FG). In particular, D may be the dependent variable of any 
experiment where in an independent variable may be thought to 
influence cellular morphology. These concepts and methods may, 
therefore, become the basis of a quantitative cellular morphometry. 

128.3 128.4 
INFLUENCE: FAYITY ACIDS mGAP JUNCTION-MEDIA?t!ED lXIF,XEIXJ- 
IAR ~IcA?'IoN IN WIm' MR a. C.M. Hasler,* M.H. 
bXbk,* 

-. 1 
and J.E. Trosko*(SFW: R.A. IWh), Mxhlgan State 

vniversity~.~sing, 48824 
Gap junction-Mat.& titercellular cmrnunication (GJIC) 

is critical in the regulation of cell growth and differentia- 
i&II. An inhibition of GJIC my play a significant role in 
tumor prmtion. Dietary fat has been shown to act as a tu- 
mr prmter in vivo, possibly by modulating GJIC, Unsatur- 
ated fatw ac%TA), but not saturated fatty acids (SFA), 
have ken shown to inh+itGJIC in t&V79 Chinese hamster 
mtabolic cooperation assay. me objective of this study was 
to assess the effect of fatty acids (FA) on WIG in Wilms' 
tumor cells in vitro, utilizing two techniques recently devel- 
opd in our laboratory (scrape-lading/dye transfer and Fluor- 
escence &distribution After Photobleaching). P-tic (PA, 
16:0), oleic (OA, 18:1), linoleic (LA, 18:2), linolenic (m, 
18:3), and docosahexaenoic (Dm, 22:6) acids were tested by 
incubatig with concentiations ranging from 25 to 250 uM for 
5 min to 24 hr. 12-0-Tetradecanoylphorobl-13-acetate (TPA), 
knmn to inhibit GJIC in vitro, was used as a psitive con- 
txol. Ethanol served as avent control. OA, LA, LN, PA, 
and solvent had no effect on EJIC, tile DHA corrcpletely in- 
hibit& GJIC at concentrations > 125 uM within 5 min. GJIC 
returned to norm1 within lhr. This study demonstrates that 
DHA inhibits GTIC in this cell system, while Other FA teSted 
had no effect. 

ISOLATION AND CHARACTERIZATION OF PERITONEAL MESOTHELIALCELLS. 
J, Thomas Hjellel, Barbara Golinska2, David R. McCarrol13 and 
James Debbie'. Basic Sciences1 and Pediatricsj, Univ. Illinois 
College of Medicine at Peoria, and HOIR-Amer. Red Cross3, 
Peoria, IL 61606, Inst. Biochem. Univ. Agric.2, Poznan, Poland 
and Renal Therapy4, Baxter Healthcare, Round Lake, IL 60073. 

Although continuous ambulatory peritoneal dialysis (CAPD) 
represents a life support system for approx. 50,000 patients 
worldwide, little is known of the physiology and pharmacology 
of the mesothelial cells that constitute the primary site of 
fluid exchange during CAPD. In this report, methods for isola- 
tion and tissue culture of peritoneal mesothelial cells are 
described. Cells were harvested from the inner surface of the 
abdominal walls of rats and rabbits using a solution of HAM's 
F-12 medium containing 0,5 mg/ml colfagenase (Worthington, 
Type II). Cells digested from the surface were grown in HAM's 
F-12 containing 20% horse serum. Cells grew readily to con- 
fluence and were easily subcultured following dispersal using 
EDTA in Ca*- &trypsin-free Hank's solution. The mesothelial 
origin of these cells was supported by 1) fmmunochemical 
staining for cytokeratin and vimentin, but not vonWfllebrand's 
factor and 2) electron microscopy (EM) that showed microvilli 
and cytoplasmic vesicles typical of these cells (Stylianou et 
g* J Periton. Dialys. Int. B:Abst,#36, 1988). EM also revealed 
the presence of membrane limited vesicles on the cell surface 
and in the culture medium suggesting a secretory role for 
thes e cells. (Supported by a grant f rom Baxter Healthc are.) 

128.5 128.6 
SPECIFIC HIGH-AFFINITY UPTAKE OF ASCORBATE BY RAT OSTEO- 
BLASTS IN VITRO. John X. Wilson and S, Jeffrev Dixon, 
University of Western Ontario, London, Ontario, Canada N6A 
5Cl 

Ascorbic acid is essential for the formation of bone by 
osteoblasts in vitro, but the mechanism by which osteobla- 
sts transport ascorbate has not previously been investig- 
ated. We examined the uptake of L-[14C]ascorbate by the 
osteoblast-like cell line ROS 17/2.8 and by 
cultures of rat calvarial cells, Cells took up [ 1E 

rimary 
C]asc- 

orbate from the external medium during incubations of l- 
30 min at 37OC, pH 7.3. Uptake proceeded more quickly 
than did efflux, so the cellular accumulation of radioact- 
ivity increased with incubation time. Consistent with a 
carrier-mediated mechanism, uptake was both saturable and 
stereoselective. Competition experiments indicated that 
unlabeled L-ascorbate was a much more potent inhibitor 

(I%0 - 3 x 10-5M> of L-[14 C ascorbate transport than was 
2 isoascorbate (IC50 = 3 x 10' M). Uptake was dependent on 

both the incubation temperature and the extracellular 
concentration of sodium (Na+,), since it was largely 
inhibited by cooling to 4'C, 
ion of K+, Li+ 

as well as by the substitut- 
or N-methyl-D-glucamine+ for Na+,. We 

conclude that osteoblasts 
affinity, Na+,-dependent 

possess a specific, high- 
uptake system for ascorbate. 

This system may play an important role in bone formation. 
[Supported by the Medical Research Council of Canada]. 

128.2 
INDUCTION AND POTENTIATION OF NEURITE OUTGROWTH IN THE PC-12 
CELL LINE BY 1,1,3 TRICYANO-2-AMINO-I-PROPENE. John P. 
DaVanzo, J. West Paul* and Bruce K. Schrier. Dept. of 
Pharmacol., Sch. of Med. East Carolina Univ., Greenville, NC 
27858, Molec. Neurobiol., NICHD, NIH, Bethesda, MD 

In 1961 Egyhazi and Hyden demonstrated that 1,1,3 
tricyano-2-amino-1-propene (Triap) increased the protein, 
lipid and RNA content of isolated nerve cells (J Biophys 
Biochem Cytol 10, 1961). Later in our laboratory, Triap was 
shown to reduce recovery time in sciatic nerve crush studies 
and to induce neurite formation in chick spinal ganglia. 
Using the PC-12 cell line we compared the induction of 
neurite outgrowth caused by Triap and nerve growth factor 
(NGF). Results show that Triap has a maxfmum effect on 
inducing neurite outgrowth at a concentration of 20 ug/ml 
(151 uM) with toxicity occurring at 50 ug/ml or greater. 
These concentrations of Triap correlate well with those seen 
to increase the rate of hind limb regeneration in the newt 
(Houlihan & DaVanzo, Exp Neural 10, 1964). Triap at a con- 
centration which did not induce neurite outgrowth (1nM) 
potentiated the morphological effect of NGF. This potentia- 
tion occurs at concentrations of NGF that do not produce 
neurite outgrowth. The mechanism by which Triap exerts its 
effect remains to be completely elucidated. (We acknowledge 
Hoechst-Roussel Pharmaceuticals, Inc. for support of these 
studies and Dr. Gordon Guroff for supplying us with the PC- 
12 cell ltne.) 

A COMPARISON OF PICHINDE VIRUS INFECTION AND IUS ONCOGENE 
INSERTION ON THE 1H NMR SPECTRA OF CLONE2 CELLS. J.W.Frazerl*, 
A.W.Boddie,jr.l*, C.Hazlewood2, P.Wyde12 , and L.Dennisj= 
(Spon:C.T.Liu) 1, M,D.Anderson Hosp.&Tumor Inst.Houston,Tx 
77030,Z. Depts. Physiol,and Microbiol&Immunol. Baylor Col,Med. 
Houston,Tx 77030. 3. Exxon Res.&Eng Co.,Baytown,Tx. 

Ras oncogene insertions in rat fibroblasts or 3T3 cells 
were accomplished by transfection from spleen cells, Pichinde 
virus, an arenavirus selectively affecting strain 13 guinea 
pigs, was applied to VERO cells and to a guinea pig lung cell 
line, JH4, in culture. NMR spectra were obtained at 200 and 
300 mHz using deuterium exchange or suppression by constant 
irradiation to avoid the large water peak. Major differences 
in the region of the spectrum dominated by glycosidic groups 
(3.2-5.0 ppm) appeared when the RAS oncogene was present.These 
differences were less marked when 3T3 cells were transfected 
than when rat pulmonary fibroblasts were transfected. Although 
the precise distribution of protons and their coupling to wa- 
-ter was different from the spectral alterations found with 
RAS oncogene, the results suggest that Pichinde virus infec- 
-tion produces alterations in glycoprotein expression at cul- 
-tured cell surfaces which are detectable and quantifiable 
with a variety of NMR analytical procedures. 

Partially supported by contract DAMD-17-87-M-9102, U.S. Army 
Institute of Infectious Diseases. 
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STRUCTURAL REQUIREMENTS OF PHENOXYCARBOXYLIC ACID COMPOUNDS 
FOR PEROXISOME PROLIFERATION IN PRIMARY CULTURED RAT HEPATO- 
CYTES. T. Esbenshade*, F. Loiodice*, V. Tortorella*, H. A. I. 
Newman, D. Witiak*, G. Krishna and D. Feller, Dept. Med, 
Chem., Univ. of Bari, Bari, Italy; NHLBI, Bethesda, MD 20892; 
Coll. of Medicine and Pharmacy, The Ohio State Univ., 
Columbus, Ohio 43210. 

A TEaNIQUE TO ESTABLISH SEPARATE PRIMARY CULTURES OF MICRO- 
VASCULAR ENDOTBELIAL CELLS AND ASTROGLIAL CELLS FROM RAT 
FOREBRAIN. Ellen L. Gordon*, Per E. Danielsson* and 
H. Richard Winn, Univ. of Washington, Seattle, WA 98195. 

We have developed a technique to prepare separate cultures 

The hypolipidemic agent clofibrate and chemically related 
phenoxycarboxylic acids produce hepatic peroxisome prolifera- 
tion in rodents which has been linked to chemical carcinogene- 
sis. We evaluated the concentration-dependent (0.03 to 1.0 
mM) effects of a series of phenoxycarboxylic acids on the 
induction of peroxisomal fatty acyl-CoA oxidase (FACO) and 
microsomal laurate hydroxylase (LH) activities in cultured 
hepatocytes exposed to the compounds for 72 hours, Optimal 
induction of the peroxisome proliferation-associated enzymes 
FACO and LH was produced by phenoxyacetic acids possessing 
1) a chlorine atom at the 4-position of the phenyl ring, 2) 
a d&methyl or mono-ethyl substitution at the alpha-carbon 
atom of the carboxylic acid side chain and 3) the S(-)-orien- 
tation, for the chiral analogues which have a mono-ethyl sub- 
stituted alpha-carbon atom, These results show that changes 
in the chemical and stereoisomeric structures of phenoxyacetic 
acids alter peroxisome proliferation and are consistent with 
a receptor mediated mechanism. (Supported by NIH HL-12740) 

of cells from rat forebrain that are enriched for astrocytes 
(AC) and microvascular endothelial cells (EC). After an ini- 
tial homogenization step, filtration through a 149 ti filter 
removes most of the large blood vessels. Additional enzyma- 
tic treatments and density gradient centrifugations result in 
a mixture of microvessel fragments and single cells of sever- 
al different types. Subsequent key aspects of the protocol 
are: 11) filtration through a 10 p nylon mesh to separate 
individual cells from microvessel fragments; (2) preincuba- 
tion on poly-D-lysine-coated plates for 24 hours to select 
for AC; and (3) the use of feed mixes and matrices to opti- 
mize growth of either cell type, Vessel isolation has been 
monitored by SEM and cells lines characterized by SEM and 
TEM. EC cultures possess Factor VIII antigen and take up 
acetylated LDL labeled with fluorescent probe, l,l'-diocta- 
decyl-3,3,3', 3'-tetramethyl-indocarbocyanine perchlorate 
(Dil-Ac-LDL). EC cultures analyzed by flow cytometry with 
Dil-Ac-LDL axe >98% pure in primary and subculture. AC are 
reactive with antiglial fibrillar acidic protein (GFAP) anti- 
body. An additional cell type, possibly pericyte, is also 
obtained. This method provides a means to study cells sepa- 
rately and in co-culture which have been prepared from the 
same tissue source. (Supported by AIiA and NIH 21076.) 

128.9 128.10 

EVALUATION OF A NOVEL ANTIESTROGEN ANALOG II 
USING MCF-7 HUMAN BREAST CANCER CELLS IN CULTURE. 
P.T. JAW.* J.T. PENT.0. R A, MAGARIAN* M. GRIFFIN* 
and J3 C, GRAVES.* Uniiersi 
Center; Oklahoma City, OK 731 %I 

of Oklahoma, Health Sciences 

halog II (1,l di&hloro-a-2,3-di hen I clo ro ane, A-II) is 
antiestrogenic in the mouse (J. Pharm. &$!69, I&*$ and inhibited 
the owth of DMBA-induced tumors in the rat (Nutr. Cancer 1:239, 
198 f ). A series of derivatives of A-II was synthesized in an attempt 
to enhance antitumor activity while retaining pure antiestrogenic 
activity. In the present study the antitumor activity of AI1 was 
examined using MCF-7 &Is in cu ture. 
multiwell plates at a density of 5x10 4 

Cells were plated in 
cells/well in 3 ml of RPM1 

1640 media (without phenol red) su plemented with 5% calf serum, 5 
mM Gglutamine and antibiotics. 6 ells were allowed to attach and 
were in logarithmic growth during drug treatment. Cell 

f 
owth was 

measured on alternate days using the hemocytometric rypan lue 
exe sion method. Cell growth was enhance B with est adiol (10’ to 
10’ F 4 M) and inhibited with tamgxifen (10’ to 10’ 5 

dependent manner. 
M) in dose- 

Further 10’ M tamoxifen inhibited estradlol 
stimulated cell growth which confirmed the estrogen-dependent 
nature of the MCF-7 cells used in this study. Our results indicate 
that A$1 inhibi&ed the growth of MCF-7 cells at the concentration 
of 10’ to lo* M. In addition to the lead compound (A-II), a 
series of cycle ro 1 derivatives till be evaluated for antineoplastic 
activity usm 
part by N d 

w -7 cells in culture. This study was supported in 
a grant (RAM & JTP) C 40458). 

128.11 

HYALURONATE RECEPTORS ARE DIFFERENTIALLY 
EXPRESSED ON DIVIDING EPITHELIAL CELLS Anna Maria 

wand Charles B. 1Tnderm Department of Anatomy and Cell 
Biology, Georgetown university l Medical Center, 3900 Reservoir 
Road, Washington D.C. 20007 (SPON : W. Wo j  c i k) 
The extracellular matrix component hyalunorate HA) has been 
implicated in a variety of phenomena involving ccl 1 behavior, such 
as cell to cell adhesion, migration, phagosytosis and locomotion, 
These phenomena may be mediated through the cell surface 
receptor for HA. We have studied the distribution of HA and its SO 
kD receptor in adult hamster epithelial tissue using a monoclonal 
antibody (K3 MAb) for immunostaining of the HA receptor and a 
proteoglygan probe for histochemical detection of the HA. HA 
showed a widespread distribution, being present in basement 
membranes and between the cells in stratified epithelium. Positive 
staining with K3 MAb was detected in basal layers of the 
epidermis as well as on the surface of a variety of other epithelia. 
The K3 immunoreactive material from skin was identified as the 
HA receptor by Western blot analysis. When present, the HA 
receptor was preferentialiy located in regions of active cell growth, 
such as in the basal layers of stratified epithelium and in the cypts 
of Lieberkuhn of intestinal epithelium. In most tissues there was a 
co-localization of HA and HA receptor. The differcrtial 
distribution of the HA receptor on dividing epithelial cells sugl ests 
that the receptor regulates cell adhesiveness of the epithelial :ells 
at different stages of maturation. 

TRIAP IS TROPHIC FOR CULTURED PERIPHERAL NEURONS 
B.K. Schrier. A-M. Duchemin*, T.T. Quach*, W. Paul* 
and J.P. DaVanzo. Mol. Neurobiol. Unit, NICHD, NIH, 
Bethesda MD 20892; Neuropsychiatry Br. , NIMH, St. 
Eliz. Hosp., Washington D.C. 20032 and Dept. Pharm. 
E. Carolina Univ. Sch. Med., Greenville NC 27858 

Triap (1,1,3-tricyano-2-amino-l-propene) enhances 
sciatic nerve regeneration in dogs and promotes 
neurite outgrowth from chick DRG explants. We tested 
Triap for trophic activity in a miniaturized assay 
(Terasaki wells) with neurons from 12 d.o. chick 
embryo sympathetic ganglia which do not survive the 
first 20 h of culture without trophic support (NGF, 
wounded cerebral cortex factor, frog oocyte transla- 
tion products of wounded cortex mRNAs, etc-). All 
cells bearing neurites were counted and results for 
each [Triap] were compared to control (no trophic 
support) and NGF (at its optimal 20 rig/ml) in each 
assay. The combined data from 5 assays (8-26 wells 
per datum) show a broad biphasic [Triap] curve with 
a peak activity (3-fold > control, 95% of NGF effect 
at 10'11 M and 30% increments over control at 10-l b 

and 10m6 M. Morphologically, Triap-treated cells 
were indistinguishable from NGF-treated cells. We 
conclude that Triap can function as a survival tro- 
phic factor for chick sympathetic neurons in culture. 

128.12 

DOXORUBICIN AFFECTS TAU PROTEIN IN HUMAN NEUROBLASTOMA CELLS, 
A. Argasinski*, H, Huynh*, B. Fingado*, H. Sternberg*, P.S. 
Timiras. University of California, Berkeley, California, 
94720. 

Tau protein, a microtubule-associated protein found pri- 
marily in neurons, was detected in a human neuroblastoma cell 
line, LAN-5. LAN-5 cells treated with 2.0 x lo-% retinoic 
acid differentiate and form processes morphologically similar 
to neurons. Both differentiated and undifferentiated LAN-5 
cells were treated with varying concentrations of doxorubicfn, 
an anthracycline antibiotic with antineoplastic activity. 
Doxorubicin killed many of the dividing undifferentiated cells 
but few differentiated cells. After 2 or 4 days of treatment 
with doxorubicin, the cells were harvested, protein concentra- 
tion was determined and a SDS-PAGE was performed. Proteins 
were blotted onto nitrocellulose paper and immunostained with 
either rabbit antisera or mouse monoclonal antfbody to tau, 
Undifferentiated LAN-5 cells treated with 4.0 x 10-8~1 doxo- 
rubfcin for 4 days and cells treated with 8.0 x lo-8M doxo- 
rubicin for 2 days showed a distinct lower tau band (just be- 
low 50kd) that was either absent or very faint in the con- 
trols. Currently, we are trying to determine whether this 
low molecular weight tau band is due to a difference in the 
phosphorylation of tau. (Supported by State of Californi+, 
Department of Health Services, Alzheimer's Disease Program) 
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TURNOVER OF PLATELETS ADHERED TO FIBRINOGEN-COATED SURFACES. 
C.J. Jenfi and H.M. Wanp;"(SPON: H.I. Chen). Department of 
Physiology, College of Medicine, National Cheng-Kung Univer- 
sity, Tainan, Taiwan, R,Q.C. 

The dynamic interactions between platelets and fibrinogen- 
coated surfaces were investigated by using a tube-flow device 
and a rotating rod device. Platelet accumulation to the 
fibrinogen-coated surfaces of both devices required Ca2+ and 
reached the maximal values of 30-40 platelets/l000 um'. The 
density of platelets adhered to the tube surface increased 
with flow time and decreased with distance from the tube 
inlet. These adhered platelets were difficult to be washed 
off the tube surface and showed little turnover. The 
platelet accumulation kinetics in a rotating rod device 
increased with rotation speed from 300 rpm to 1200 rpm. At 
1200 rpm, about half of these platelets adhered to the rod 
were exchangeable with platelets in the suspension whereas 
the rest of them were permanently attached. The detachment 
of platelets from the rod surface depended on the presence of 
erythrocytes and platelets in the suspension and it was 
facilitated by Ca2+ removal from the suspension. These 
observations suggest that the turnover of platelets adhered 
to fibrinogen-coated surfaces depends on experimental condi- 
tions. 

129.3 

STUDIES ON THE BIOSYNTHESIS OF 5-LIPOXYGENASE IN HL60 
CELLS. S. KargmanYr*, R.A.F. Djxont*, R.E. Jones+*, 
R.E. Dfehlf* and C.A. Rouzery* (SPON: A.W. 
Ford-Hutchlnson), YMerck Frosst Canada Inc. P,O. Box 1005, 
Polnte Clajre-Dorval, Quebec H9R 4P8 and t Merck Sharp & 
Dohme Research laboratories, West Point, PA 19486, 

Exposure of human HL60 cells to DMSO results In their 
differentlatlon to mature granulocyte-like cells which 
concomlttantly acquire the capacjty to synthesize 
leukotrlenes. Immunobfot analysts of protein from 
dlfferentlated HL60 IdHLdO) cells revealed an 80 kD species 
comigratlng with 5-llpoxygenase &LO) purlfled from human 
leukocytes. The dHL60 cells contajned approximately 5-fold 
more 5-LO protein and 540 enzyme activity than did 
undlfferentlated cells. Analysis of HL60 cell total RNA, 
using a human 5-LO cDNA probe, detected a single 2700 
nucleottde RNA species in the dHL60 cells only; therefore 
5-LO appears to be transcrlptionally regulated. Metabolic 
labelltng studies demonstrated that In dtiL60 cells, 540 Is 
a quantltatlvely m'lnor protein with a t l/2 of - 30 
hours. Actlvatlon of dHL60 cells wjth Ca2+ lonophore 
A23187 resulted In the loss of 540 protein and actlvlty 
from the cytosol and the accumulation of inactive 5-LO 
protein In a membrane fraction. Despite the loss of total 
5-LO actlvlty after lonophore treatment, no augmentation of 
5-LO synthesis occurred. Flnally, we were unable to detect 
any glycosylatlon, fatty ac!d acylatlon or phosphorylatlon 
of human 5-LO In HL60 cells, 

129-S 

EFFECT OF IN VIVO ENDOTOXIN ON NEUTROPHIL (PMN) . SUPEROXIDE (a-) RELEASE IN AWAKE SHEEP. F.011. J r.*, 
Y. Ishihara*. S.P. Peters*. K,H. Al$ertine and M.H.Gee. Jefferson 
Medical College, Philadelphia, PA 19107 

We have previously shown that phorbol myristate acetate (PMA) 
stimulated 02- release from PMNs isolated 24 h after intravascular 
complement activation is decreased, To determine if endotoxemia has a 
similar effect on PMN function we infused 5.0 pg/kg (0.17 pg/min) into 
chronically instrumented sheep. PMNs were isolated before, 24,48, and 
72 h after infusion and PMA stimulated (lo-11 M to 10-S M) @- release 
was measured in vitro. Circulating PMN counts decreased to 20% of 
baseline for 6 h after endotoxin. Recruitment occurred within 24 h 
resulting in PMN counts 3 to 4 times baseline on day 3. Twenty four h 
after endotoxin the sensitivity of these PMNs to subthreshold doses of 
PMA was increased (3.6 nmoles/45 min at 10-11 M) compare-d to baseline 
(0.7 nmolesl45 min at 10 11 M), There was no change in 02- release due 
to maximal stimulation (5.5 1 nmoles/45 min with IO-7 M vs 6.22 
nmoles/45 min with 10-T M at baseline). Sensitivity to subthreshold PMA 
decreased 48 and 72 h after infusion with no change in maximal release. 
These data show that irt vt’ito endotoxin enhances 02- release from PMNs 
stimulated with subthreshold doses of PMA. In viva endotoxin may 
augment PMN mediated tissue injury by enhancing the effect of PMN 
stimuli which would normally produce a minor injury, [Supported by 
NIH grants HL 36237, HL 34014, HL38075, AT 24509 and the Center 
for Critical Care Research] 

129.2 

INACTIVATION OF CALPAIN BY LEUPEPTIN ALTERS THE KINETICS OF 
PROTEIN PHOSPHOVYLATION IN IONOMYCIN STIMULATED PLATELETS. 
Lynn M, Brumley" and Robert W. Wallace. Univ. of Alabama at 
Birmingham, Birminghar Al. 35294 

Protein kinase C (PKC), myosin light chain kinase (MLCK) 
and a Ca*+/calmodulin-dependent phosphatase (calcineurin) are 
degraded by cal pain upon ionomycin-induced platelet 
activation. Hydrolysis by calpai n activates the phosphatase 
and PKC, but inactivates MLCK. 32P-Labelled platelets were 
stimulated by ionomycin in the presence and absence of 1 mM 
leupeptin to determine the effects of calpain on the 
phosphorylation of myosin light chain (LC), a substrate for 
MLCK, PKC and calcineurin. Calpain activation was monitored 
by following the autolysis of the 80 kDa catalytic subunit on 
western blots. In the absence of leupeptin, significant 
autolysis occurred within 5 set and was complete by 20 set; 
leupeptin inhibited autolysis. The initial rate of 
incorporation of 
level of 32 

32P into the LC was increased, but the final 
P was significantly decreased, when platelets were 

treated with leupeptin. These data indicate that inhibition 
of calpain alters the kinetics of phosphorytation of the LC 
in ionomycin stimulated platelets possibly by blocki'ng 
proteolysis of PKC, MLCK and calcineurin. Supported by NIH 
grant HL29766. 

129.4 

ALKALINE PHOSPHATASE AS A MARKER OF NEUTROPHIL 
(PMN) MATURITY IN PERIE’HERAL BLOOD AND BONE MARROW 
OF SHEEP. D.L. Rosolia*. F. Cerasoli. Jr.** P.J. McRenna*, S+P* 
Peters*. M.H, Gee. and KH, Albertine. Jefferson Medical College, 
Philadelphia, PA, 19 107. 

Infusion of zymosan-activated plasma (ZAP) in awake sheep is 
associated with down regulation of PMN superoxide anion (02-j release 
24h after the infusion. This effect appears to be on leukocytic stem cells 
in bone marrow. Therefore, the maturational status of releasable PMNs 
may be an important determinant of PMN inflammatory function. The 
present study was done to compare PMN maturation cytochemically in 
blood and bone marrow from control sheep and sheep 24h after ZAP 
infusion. Smears of arterial blood and bone marrow aspirates from the 
superior iliac crest were stained for PMN alkaline phosphatase (PAP) 
activity (Sigma Kit 86-R). PAP activity in 100 PMNs was ranked from 0 
10 4. The table smarizes the average results-= percemes. 

urce tn) 
. 

Penod PAP0 PAP 1 PAP 2 PAP 3 PAP4 
Blood (5) Baseline 0 1 16 34 49 
Blood (2) 24h after ZAP 0 2 14 51 33 . (41 R&ne 16 21 17 7.4 22 
24h after an in viva ZAP infusion, there is a shift in the percentage of 
circulating PMNs which exhibit PAP 3 and PAP 4 activity, suggesting 
that younger cells have entered the circulation, most likely from bone 
marrow. This apparent shift toward less mature cells may help explain the 
observed decrease in PMN inflammatory function after ZAP-induced acute 
lung injury. [Supported by NIH grants HL36237, HL34014, HL38075, 
AI24509, and the Center for Critical Care Research] 

129.6 

SUPEROXIDE (02-) RELEASE FROM MATURING NEUTROPHILS 
(PMNs) ISOLATED FROM SHEEP BONE MARROW. J’J\ . * cKegna*. F Cerasoll Jr. . D. Rosol ia* 

l M.H. Gee. K*Hm Albert ine, 
Jefferson Medical College, Philadelphia PA 19107 

We have shown previously that PMN “down regulation” occurs 24 hrs 
after in viva zymosan activated plasma (ZAP) infusion into awake sheep. 
Since the half life of circulating PMNs cannot explain this result, we 
hypothesized that ZAP affects maturing PMNs within the bone marrow. 
The purpose of these initial studies was to characterize &- release from 
maturing neutrophils isolated from normal sheep peripheral blood and 
bone marrow aspirated fn>m the superior iliac crest . Neutrophils were 
isolated on a Percoll-plasma discontinuous gradient. Mature PMNs 
obtained from peripheral blood and marrow separated at the 80/70% layer 
while PMN precurser cells from marrow separated at the 70/60% and 
60150% layer. 250,000 cells from each layer were plated in microtiter 
wells and stimulated (lo-11 to lo-5M) with phorbol myristate acetate 
(PMA). PMNs collected from the 80/70% and 70/60% layers released 5 
to 7 nmoles &- upon maximal stimulation (lo-TM PMA) while PMNs 
collected from 60150% released 50% less @-. There was no difference in 
the sensitivity of the density layers to PMA, These data suggest 1) 
immature and mature PMNs can be separated based on density, 2) mature 
PMNs exist in marrow and are capable of 02- release, and 3) immature 
PMNs in marrow release less superoxide than mature PMNs, 
Comparison of PMN populations and function in blood and marrow may 
lead to an explanation of PMN “down regulation”. [Supported by NTH 
grants HL 36237, HL 34014, HL 38075, AT 24509 and the Center for 
Critical Care Research] 
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INTRACELLULtR pH REGULATION IN SQUID LEUCOCYTES. 
LA. Heming S.E. Brown* C. Vanoye" & A. Bidani. 
Univ. of Texis Medical Brinch, Galveston, TX 77550 

Intracellular PHI of squid (SeDioteuthis 
Jessoniana) leucocytes was followed using the 
fluorescent dye 3CECF (2,7-biscarboxyethyl-5,6- 
carboxyfluorescein). Leucocytes were obtained-from 
branchial heart hemolymph (-S*106 cells/ml) and 
loaded with BCECF (40 min, 25 "C). Leucocyte pHi 
was 7.31kO.01 in nominally C02-free saline (mM, 425 
NaCl, 10 KCl, 63 MgC12, 0.6 HEPES; 16 mg% dextrose, 
PHO 7.4 at 25 "C). pH1 varied little over the 
extracellular pH, range 6.8-7.8; pHim6.52+0.11 pHo, 
Acidification with weak acids, K-acetate or Na- 
propionate (40 mW, rapidly reduced pHi by 0,20* 
0.02 units (tl 2-20 set). 

l 
pHi then recovered with 

tl/2-3.5kO.5 m n. pHi recovery was independent of 
external Na, insensitive to 0.1-l mM amiloride, but 
was blocked by 1 mM NEM (N-ethylmaleimide). The 
data indicate that in squid leucocytes, PHi 
recovery from an intracellular acid load (pHiz7.1) 
does not involve a Na/H antiporter, The results 
support the presence of a previously unrecognized 
mechanism, specifically a NEM-sensitive H-ATPase, 
in these invertebrate leucocytes, similar to the H- 
ATPase recently described in mammalian alveolar 
macrophages (Brown et al., FASEB J, 2:A719, 1988). 

MECHANISMS OF MICROSOMAL OXIDATION 

130.1 

INTERFERON EVOKED CHANGES IN THE mRNA LEVELS FOR 
CYTOCHROME P-452. L C. Knickl& and K.W. Renton. 
D8pt of Pharmacolog& Dalhousie Univ., Halifax, 
N.S., Canada 83H 4H7 

Interferon and immuno-modulators are well known 
to depress cytochrome P-450 and related drug 
biotransformation. fn this study the effect of 
interferon on the synthesis of the cytochrome P- 
452 apo-protein was investigated using a synthetic 
oligodeoxyribonucleotide hybridization probe to 
assess cytochrome P-452 mRNA levels in rat liver. 
All animals were induced with clofibrate. RNA was 
isolated from the livers of induced animals 
treated with poly rI.rC (an interferon inducer) or 
saline. The levels of cytochrome P-452 xnRNA were 
determined by Northern blot experiments using a 20 
base oligomer probe specific to cytochrome P-452 
S818Ct8d from th8 cytochrome P-452 cDNA sequence 

(1) l 
Cytochrome P-452 mRNA levels were found to 

be depressed in poly rf.rC treated animals 
compared to controls. These changes in mRNA 
levels will be correlated with microsomal 
cytochrome P-452 content as determined by lauric 
acid hydroxylation. 
(1) Hardwick, J.P. et al. (1987). J. Bfol. Chem. 
262, 801-810. 
Supported by Medical Research Council of Canada. 

130.2 

STRUCTURALANDPUNCTIONALCIIARACTERIZATIONOP A DOG 
LIVER CYTOCHROME P-450. Paul J. Ciaccio and James R. Habert.* 
University of Arizona, Tucson, AZ 85721. 

A cytochrome P-450 called PBD-1 isolated from liver microsomes 
of an adult male Beagle dog treated with phenobarbital (PB) possesses 
structural and functional similarities to steroid-inducible P-450 forms 
from rat liver microsomes. The sequence of the first 28 amino acids is 
identical in 16 and 15 positions to that of rat PCNa and PCNb, 
respectively. In addition, upon immunoblot analysis, polyclonal 
antibodies raised against PBD-1 recognize PCNb and polyclonal 
antibodies raised against PCNb cross-react with PBD-1. Like rat 
steroid-inducible forms, PBD-1 loses catalytic activity upon 
purification. Triacetyloleandomycin (TAO) complex formation and 
erythromycin demethylase, marker activities for steroid-inducible 
forms from the rat, increase 4- and 5-fold in dog liver microsomes 
upon PB-treat merit. Antibodies raised against PBD-1 inhibit greater 
than 70% of TAO complex formation and 50% of erythromycin 
demethylase activity in microsomes from P&treated dogs. TAO 
complex formation is not inhibited by chloramphenicol, a selective 
inhibitor of the major PB-inducible dog liver cytochrome P-450 PBD-2. 
These data suggest that PBD-1 is responsible for a major portion of 
macrolide antibiotic metabolism by microsomes from PB-treated dogs. 
However, in contrast to the cat, microsomes from untreated and PB- 
treated dogs exhibit markedly lower steroid 6-p hydroxylase activity, 
another marker activity of rat steroid-inducible P-450 forms. Anti- 
PBD-1 IgG has iittle or no effect on this activity. (Supported by NIH 
grants ES 00151 and ES 03619). 

130.3 130.4 

m-m, IRREWRSIBLE INKEVNTCN OF m P-450 

after petian with 40 uM 8aP for 10 min. titian of 
1HMqsteim redtnd cmralmt bixIixq of motive metab- 
elites of 8mP to microscanal protein frcan 5.eO.2 to Leo.2 
~rmol/xy protein, 33ut did notblodk the loss of ECD activity 
or UI~ 45% 108s of w pe450, masumd -11y as 
-w Pi-t* Ths8 was no wideme ofm-lexes. 
ThissMy~that~lismof8~Pinmrxlsemi~ 
lsds to irreYersib18 inhibiti- of w P-450 and the 
tra&qof xeactive-M of 8*Pbywh does 
tipratectzqainstinhibitionofdrug~Wlisn. 

A?JTIBODY IYHIRITIOY OF THE S?ARTEI?T? / DZ3RISGQUINE 
MOWCXYGGNASE, VARIATION r)T T'1G CATALYTIC SITE. 9.F. 
TY4DALE", T. INABA and ',+J, KALO:,!. 1Jniv. of Toronto, Toronto, 
Ont, Y5S lA8. 

A genetic polymorphism in the oxidative metabolism of 
Debrisoquine (D3) and Sparteine (SP) is well 'xnotrn. A large 
number of restriction fragment polymorphisms exist for both 
phenotypes (FJ Gonzalez et al Mature FEB 1988, UA lYleyer 
personnal comm,) suqcqesting variation :dithin as [Jell as 
between the phenotypes. This variation has been reflected in 
the variation of Km of SP metabolism which we observed with 
a human liver bank. 'Je used antibody against r2t P450dbl to 
recoqnize the human enzyme involved in the DF3 polymorphism. 
Using SP as a prototype substrate for the human polymorphic 
enzyme we examined the micro-heterogeneity of the catalytic 
site. Anti-(rat)P45Odbf serum was found to inhibit the 
metabolism of S? in an in vitro human enzyme assay. The 
percent to which the antibody was able to inhibit the SP 
metabolism varied in different liver samples reflecting 
variation at the catalytic site. <!estern Slots of the liver 
microsomes confirmed the variation in the of binding of this 
antibody to the primary dbl band. Tfle main finding of this 
study was that the variability that is knolqn from sequencing 
and kinetic data is refl-ected in the range of inhibition of 
the SP metabolism by QD and by this specific antibody. 
(Thanks to Dr. PJ Gonzalez of NIH for his help. Suoported by 
YRC YT-4763) 
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AZOREDUCTION OF DIMETHYLAMINOAZOBENZENE (DAB) IN PRIMARY 
CULTURES OF RAT HEPATOCYTES. INDUCTION BY HYPOLIPIDEMIC 
AGENTS. A,M, Stoddart* and W.G. Levine. Dept. of Mol. 
Pharmacol., Albert Einstein Coil. Med., Bronx, NY 10461, 

This laboratory has investigated DAB azoreduction by 
hepatic microsomal cytochrome P-450 and its specific 
induction by clofibrate, To extend these studies, a primary 
hepatocyte culture system was developed as a model. 
Hepatocytes isolated from male S-D rats were incubated in a 
medium containing fetal calf serum and hydrocortisone for up 
to 96 hours with i-arying concentrations of clef fbrate or 
nafenopin, a related hypolipidemic. DAB azoreductase and 
laurate hydroxylase activities decreased rapidly in untreated 
cultures, However, there was gradual marked induction of 
both activities in media supplemented with cloffbrate and/or 
nafenopin. Responses of both activities were concentration 
dependent. Maximum induction of both enzymes was seen at 72 
hr. An additive effect of both drugs was observed at this 
period, Despite induction of both enzyme activities, total 
cytochrome P-450 could only be detected from fts reduced-CO 
spectrum during the first few hours of culture. 
Nevertheless, inhibitors of cytochrome P-450 activity blocked 
DAB azoreductase activity. The results demonstrate that a 
primary culture of rat hepatocytes is a useful model for 
studying the regulation of DAB azoreductase activity. 

130.7 

INDUCTION BY N-BENZYLIMIDAZOLE ALTERS SEDIMENTATION PROPERTIES 
OF HEPATXC SUBCELLULAR ORGANELLES. Wendy L Hopson and Michael 
R Franklin Univ. of Utah, Salt Lake City, UT 84112 
N-benzyllmidazole (NBI)(75 mg/kg/day x3 days) increased liver 
cyt.P-450 concn 3-4 X in rats, similar to induction by clotri- 
marole and higher than that after phenobarbital and B-naphtho- 
flavone. The yield of microsomal P-450 per g tissue, in con- 
trast to the other inducers, was not increased above that from 
untreated rats, however, due to a large drop in the yield of 
microsomal protein per g liver. To examine this anomaly, liver 
homogenates(ZO% w/v in 025M sucrose) were prepared and centri- 
fuged at various g forces for 20 min. The supernatants were 
assayed for protein, MAO activity (mitochondrial marker),P-450, 
and p-nitroanisole demethylase activity (pNA). At any g force, 
all parameters were removed to a greater extent from the homog- 
enates from NBI-treated rats. At 5,OOOg, the above parameters 
were decreased respectively, 15, 75, 15, and 25% in untreated 
and 25, 85, 35, and 45% in NBI-treated. At 18,OOOg, 50% of the 
original P-450 and pNA in the untreated had been removed, while 
the corresponding values for NBI were 70 and 85%, and 95% for 
I-ethoxyresorufin deethylase activity. Microsomal parameters 
removed from the homogenate, when expressed per mg of removed 
protein, approached 150,OOOg pellet (microsome) values with 
increasing g forces. The results show that NBI treatment 
alters sedimentation characteristics of at least two sub- 
cellular organelles. Whether N-B1 is unique among P-450 
inducers in this regard requires further study. 
(Supported by USPHS grant # GM 39335) 

130.6 

INTERACTIONS OF DIMJ3THYL SULFOXIDE (DMSO) WITH DIMETHYL 
NITROSAMINE-N-DETHYLASE (DMND) IN HOUSE LIVER. E.H. Jeffery, 
K.C, Arndt* and W.M. Haschek*. Univ. of IL, Urbana, IL 61801. 

We have previously shown that DMSO protects against 
acetaminophen hepatotoxicity, but not respiratory toxicity, 
in the mouse (Jeffery and Haschek, Toxicol. Appl. Pharmacol, 
93:452-461; 1988). We therefore considered the possibility 
that DMSO or one of its two metabolites dfmethyl sulfide or 
dimethylsulfone could inhibit an hepatic cytochrome P-450 
involved in acetaminophen toxicity, that is not found in 
lung. The ethanol-inducible cytochrome P-450 falls into 
this category, and is further implicated by the fact that 
chronic ethanol enhances acetaminophen toxicity, while 
acute ethanol protects. The in vitro effect of DMSO on -- 
mouse liver DMND was carried out using 1 or 50 mM dimethyl 
nitrosamine (DMN). 1 mM DMN was used to specifically measure 
the high affinity (Km 0.07 mM) activity due to the ethanol- 
inducible cytochrome, while 50 mM DMN measured non-specific 
activity (Km 77 mM) representative of general cytochrome P- 
450 activity, Kinetic analysis indicated that only the low 
Km form of DMND is inhibited by in vitro DMSO, The inhibition 
was competitive, with a Ki of 0.93 mo.14 mM. However, DMSO 
treatment of mice (4 g/kg BW 24 h prior to death) resulted in 
no inhibition of either the low or high Km forms of hepatic 
microsomal DMND, In conclusion in vitro DMSO inhibition of -- 
cytochrome P-450 activity is specific to the low Km DMND, but 
that in vivo DplSO does not inhibit microsomal DMND. -- 

130.8 

INDUCTION OF PEROXISOMAL B-OXIDATION ( 80x) BY SODIUM ?O- 
UNDECYNYL SULFATE (SUS) IN PRIMARY CUL!URES OF RAT 
;E;ATEOC;iS.,R.L, Hawke*, G.L, HodEson*, J.S. Zulkoski*. 

&arc 
J Clarke* and R M W 1 h r W 11 

wh Pa;k.eNCC;;;09. a o&&r es, 
It has been suggested that a casca?ie of metabolic events, 

possibly fncludin 
‘I 

w-h drox 

f 
1 I 

1atJon of fatty acids, may 
tri ger the perox sorna pro iferatlve response of the liver 
Eopwin 

f 
exposure of rats to a ents such as ciprofibrate 

analoiue, 
O-Undecynoic acid and d US, the sulfate ester 

have been shown to be highly s ecific 
of lauric acid (LA) hydroxylases invitro CaJacob and P 

inactjvators 

Montellano, Fed. Proc., 44, 1611 (1985)J. Therefore it was 
of interest to determine the effects of these fattv acid 
;;tr~,“;“,“” on psox and on CIP induction of 

Treatment of rat hepatocytes wit R 
60x in &eli 

100 uIM-CIp for 
72 hys kesulted in lb- and V&fold induction of LA 12-hydro- 
xylase (12-OH) and p#3ox, respective1 

If 
, The addition of 

t-10 clH SUS to the culture media dur ng the 72 hrs treatment 
wit-h CT.P resulted in a dose-dependent decrease in the 
induced’ levels of LA l2-OH (85% inhibition at 7.5 and 
?O lJML -‘*No effect was observed on the induced levels of 
psox at $h6s dose or over the entire dose-response curvr 
CIP’ Tl;eatmen,! of rat hepatocytes with higher doses of ": 

::’ g 
resulted m., ri dose-dependent increases in pSox ( 10 

40 vM) This inductfol;. was not observed with sod r ‘. 
dodecyl sulfate or with Ifi-undecynoic acid. Perfluort 
octanoic and perfluorodecanolc acids were found to be potent 
inducers of LA 12-OH but weak 11 .iI.lcers of p@ox. These 
results suggest thata while both r’lp alid the metabolica1J.t 
inert fatty acids can elicit a proliferative response in 
cell culture, w-hydroxylation is not a prerequisite for this 
response. 

PULMONARY CIRCULATION II THURSDAY AM 

134.1 

DISTRZBUTION OF LYMPHATIC STOMATA OVER THE PERITONEAL AND 
PLEURAL DlAPHRAtMATlC SURFACE IN RABBITS. 
D. Negrini, S. Mukenge, M. Del Fabbro, G. Miserocchi. Istituto 
di Fisiologia Umana, Universita' di Milano, ltaly. 
The abdominal cavity of 8 anesthetized, supine, apneic rabbits 

was opened by a median incision: the diaphragm was rinsed with 
heparinized saline and fixed by instilling 0.2% gluteraldehyde 
in the peritoneal cavity, After 10 min the diaphragm was 
removed and its pleural side was rinsed with heparinized 
saline. The whole piece was then left in gluteraldehyde for 
4Bh. Samples of either the pleural or peritoneal side of the 

tendineous portion of the diaphragm were cut out and processed 
for scanning electronmicroscopy. The average diameter of 
pleural and peritoneal stomatas (n=441) was 3.b2.7 (SD) 

microns. We counted, on the average, 37000 and 6600 stomatas 
per cm on peritoneal and on pleural side of the tendineous 
portion, respectively. The stomatas covered .56 and .OS% of 
the total peritoneal and pleural inspected area respectively. 
For a diaphragmatic peritoneal liquid absorption of 2,7 
microL/minxcm 2 (previously estimated under physiological 
conditions), the velocity of fluid progression in the initial 
lymphatics was calculated at bw/min. 

134.2 

MONOCLONAL MURINE ANTI-LIPID A ANTIBODY (ES) FAILS TO 
PREVENT THE ENDOTOXIN REACTION IN SHEEP. 14.P. Wheeler*, m G.R. Bernard*. K.1,. Bnu Division of Pulmonary Medicine, 
Vanderbilt Univ Medical Ctr, Nashville, TN 37232. 

In sheep, endotoxin (LPS) causes pulmonary, hypertension, 
hypoxemia, leukopenia, protein rich lung lymph, reduction in dynamic 
compliance (C,,) and increases resistance to airflow (RL), changes 
similar to those seen in human sepsis and ARDS. In awake lymphing 
sheep, we used a whole body plethysmograph to measure C R,, 
and functional residual capacity (FRC). Pulmonary artery (P 7: left % 
atria1 (LA), and systemic arterial (SA) pressures were recorded 
continuously. Arterial blood gases (for calculating A-am,), 
leukocyte counts and lymph samples were collected every 30 min. 
Animals received a’ 30 min (2 mg/kg) infusion of E5 (XOMA Corp., 
Berkeley, CA) 4 hours before LPS (0.75 mcg/kg) challenge (n=4), or 
were given a mixture of LPS and E5 in identical doses over 30 
minutes (n-6). A control group given only ES (n-4) showed no 
change in any measured parameter while a control group receiving 
LPS alone (n-6) exhibited a typical endotoxin response. Mixing E5 
with the LPS prior to infusion blunted the early PA pressure rise 
(33.7~4 cm H,O vs 43.258) when compared to LPS controls, however, 
no other measured parameter was improved in the pretreatment 
group, or the b vitro group. These studies suggest that E5 does 
not effectively neutralize LPS, or that very small amounts of 
unbound LPS are able to produce the endotoxin response in sheep, 
an animal extremely sensitive to the effects of LPS. 
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NEUTROPHIL [PMN) EMIGRATION INTO &VEOLI FOLLOWING 
TRKHEAL INSTILLATION OF LPS DEPENDENTS ON PMN 
CD1 l/CD18 ADHERENCE COMPLEX AND ON PROTEIN 
SYNTHESIS. JZ Widlfl C.L. RI- J.M. Harw University of 
Washington, Seattle, Washington 98195. 

PMN adherence and emigration into dermis following 
endoWin (I@) ejections depends on both PMN CD1 l/CD18 and 
newly synthesized expression of endotheUa1 leukocyte adherence 
molecules (ELAMs). We med whether PMN adherence and 
emigration Into the lung involved similar mechanisms. PMN 
adherence due to CDll/CD18 was blocked with the anti-CD18 
monoclonal antibody &Wb) 60.3, and expression of ELAMs was 
prevented tin cycloheximide (Cx). Catheters were placed fn the 
vena cava and trachea (above the carfna) of anesthetied rabbits. 
Each animal had 2 ml of saline containing 20 ug of LPS instilled 
into the trachea, Three groups of 4 animals were studied: 1) 
Con&o1 (LPS only). 2) MAb 60.3 (pretreated with 2 mg/kg MAb), 3) 
MAb 60.3 plus Cx (pretreated wUh 2 mg/kg 60.3 and 500 ug/kg Cx, 
100 ug of Cx intratracheally. and 500 ug/kg Cx at 1,2 and 3 hrs. 
after IIPS). At 4 hrs., the left lung was lavaged with 10 ml of saline 
then total and differentfal ceII counts done on lavage fluid. PMN 
counts and reduction from control values are shown. 

Control MAb 60*3 MAb6u.3+cx 
PMNs/ml 4. If 3.4 x 10s 1.1 f 0*04x106 0.2 f 0.2 xl@ 
%miuctbn - 74% 

These results indfcate the endotoldn induced PMN migration In 
the lung Is mediated primarily by PMN CD 1 l/CD 18. (Suppotied 
byNlHGElxltsRR05432aIld HL305a. 

134.4 

EEFcToFuls mETATImm-~~ 
-TUL PRESSUHZSmm RAEBIT m.cDFti, 
s w-F&, & m Blard. cardimAsc. Ms. mst., univ. of 
QI, San Ekancism & &pt* of P&s., Baylor college of 
kkdiChe, I3ou&on, TX. To &!temlhe th effect= of lung 
inflation 011 t& hmatic pressure gradient for fluid 
flux across venules, FEN isol- and perfused with blood 
tb 1uqsEran 17-m rawits, 7-14 days old. we 
m m blood flm and tito& left atrial 
(Pla) and puhmnuy art&-al (Pp) pressures. mus&tb 

direct mi croplncture tebnique to Imasure 20-50 urn 
dianreter m (PxmT) and mivenular tier*itial (Pi) 
press tiati.ve topleslral. pressure. In 6 lungs= 
masumd Pi at tiy (Paw) pressures of 5 axzd 15 act H20. 
xln11*1lzqs=m Frfwat. Paw pm-s. 
Duringti mcpncture m kept Pla > Paw (zm 3). 
Table m&es msures (ur+O), rman f SD. 
pm ppa Pi Pla 
5 20.5 * 2.0 11.9 * 1.3 3.3 f 0.8 8.6 f 0.7 
15 20.5 ,+ 2.1 21.0 f 1.9 6.7 f 1.4 16.7 f 1.1 
With luq bflatim Pmv increased by 9.1 urt Hz0 arad Pi 

gradient for fltid flux 
Wfry3.4 mH$, T?ms, tl~ hydrostatic pressure 

across verlules haeased by 5.7 un 
w* !%s M m t& tw for e fomtion 
mi* m at hi* inflatim pmsures during positive 
-sure ventilatim of mm lungs if zm 3 dtim 
are -. (-tied by HE-2S816 and BRSG to CF.) 
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EFFECT OF METHYLPREDNISOLONE ON NITROGEN DIOXIDE (NO2)- 
INDUCED PULMONARY EDEMA IN GUINEA PIGS. M. Vassilyadi and 
R.P. Michel, McGill Univ., Montrgal, QC., Canada, H3A 2134 

The treatment of N02-induced lung edema is controversial, 
and the mechanisms and patterns of interstitial fluid 
accumulation fn this form of permeability edema are unclear. 
To ascertain the role of methylprednisolone (ME’) in the 
therapy of N02-induced edema, we exposed 108 prone guinea 
pigs, in groups of 12, to 277-448 ppm*hr NO2: in 60, we 
administered the MP just before, and in 48 immediately after 
exposure. In each group, half the animals received 30 mg/kg 
MP IP., the other half saline. Mortality rates and lung wet 
weight/dry weight (W/D) ratios were calculated. Alveolar 
edema, periarterial interstitial edema, and acute bronchio- 
litis were graded semiquantitatively by light microscopy on 
sections of the middle (ML) and lower lobes (LL) fixed by 
freeze-substitution. We found NO2 produced an exposure- 
dependent increase in lung water (R = 0.70, p<O.Ol). 'Pre- 
treatment with MP produced a four-fold reduction in mortality, 
a sfgnificant fall in W/D ratios and in alveolar and inter- 
stitial edema, but no difference in bronchiolitis. Treatment 
with MP after NO2 was ineffective. Both LL and ML had equally 
abundant alveolar edema, but LL had significantly more inter- 
stitial edema, supporting our previous findings in supine dogs 
that in N02-induced edema, interstitial accumulation may 
follow alveolar flooding, with interlobar discrepancies pro- 
bably due to differences in lun volume or in ventilation, 

Supported by the MRC of Cana a. i 
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COMPLIANCE IN T35E CALF MAIN PULMONARY ARTERY 
DECREASES m MID-SYSTOLE IN ACUTE PULMONARY 
HYPERTENSION. EC. @ton*. P:R. Bakerman*, R.R. Stenmark? J,T, 
Reeves. U. of Colorado Health Sci. Ctr., CVP Res. Lab and Webb-Waring 
Lung Inst. and Children’s Hosp., Denver, CO 80262 

In pulmonary hypertension, a late systolic rise in the right ventricular 
(RV) pressure suggests an additional load contributing to impaired 
function. We hypothesized that compliance in the large ,conduit arteries 
decreased in mid-systole causing the late RV load, In calves, sonar 
crystals were implanted in the main pulmonary artery (MPA) wall 
(diameter) and Milk catheters placed in the RV and MPA for 
simultaneous pressure measurements over a wide range of pulmonary 
artery pressures. In normotension, MPA pressure/diameter relations hip 
was relatively linear and steep. In acute pulmonary hypertension, diameter 
did not rise as rapidly with pressure increments and this situation 
worsened abruptly in mid-systole. We conclude, that assuming diameter is 
a function of volume, compliance decreases in mid-systole and could 
produce the late systolic rise, contributing to RV failure in 
pulmonary hypertension. 
Characteristic normal and 
pulmonary hypertensive F 
curve during systole, each 
with 10 superimposed beats. ; % / 

NON-INVASIVE, ON-LINE MEASUREMENT OF REGIONAL PULMUN- 
ARY BYPOXIC VASOCONSTRICTION IN THE CONSCIOUS ANIMAL. 
Daniel & Sheehan, Robert A. Klodke and Leon E. Farhi, 
State Univ. of New York at Buffalo, Buffalo, NT 14226 

Most previous studies of the pulmonary vascular response to 
regional hypoxia have been complicated by one or more of the fol- 
lowing: anesthesia, surgery, a rise in pulmonary arterial pressure and 
changes in Pa&and PaCh Our non-invasive technique, which allows 
one to alter the 02 level in the right apical lobe (RAL) of the con- 
scious sheep while measuring continuously the fraction of pulmonary 
blood flow to that lobe (QRAL), reIies on the fact that some of the 
methane produced in the animal’s gut enters the blood. Since CH4 
is cleared by the lungs nearly in toto, its fractional output from 
the RAL reflects the lobe's share of the perfusion, normally about 
12%. A double-lumen tracheal divider separates the gas exchange of 
the RAL from that of the rest of the lungs (RL). Expired gas is 
entrained into 8 constant gas flow (5 and 25 Vmin for the RAL and 
RL respectively), in which CM4 is measured with a flame ionization 
detector. QRAL is calculated from flows and CH4 fractions, averaged 
every half minute. In ten experiments on three sheep, when the 
RALinspiratewas switched fromairtoN2,PaOzremainedabove80 
torr; cardiac output, pulmonary vascular pressures and RL gas pres- 
sures were unaffected. QRAL decreased to 3 1% of its control value 
in 16 min but rebounded to 51% at 67 min before stabilizing at 36% 
in 92 min. This shows that one can study the local response in the 
absence of systemic changes and that some of the existing data 
may have been obtained prior to steady state. (Supp. by NHL3I) 

134.8 

INCREASED a-SKELETAL ACTIN MESSENGER RNA OCCURS IN 
RIGHT VENTRICULAR HYPERTROPHY SECONDARY TO SEVERE 
PULMONARY HYPERTENSION IN NEONATAL CALVES. P.R. 
Bakerman*, K.R. Stenmark*, J.H. Fisher*, SPON: J.T. Reeves. U, of 
Colorado Health Sci. Ctr., CVP Res. Lab and Webb-Waring Lune Inst.. _ --_- __~~_ 
and Children’s Hospital, Denver, CO 80262 

Q ” ’ 

Calves raised at 4300m simulated altitude, rapidly develop 
suprasystemic pulmonary artery pressures, Right venticular hypertrophy 
and failure occurs as a consequence of the increased pressure load. 
Alterations in contractile proteins may allow for improved myocyte 
performance or reflect myocyte differentiation. We have chosen to study 
the contractile protein actin. Since actin isotypes in the heart are difficult 
to quantitate by protein analysis, we compared mRNA levels in tissue 
minces of the right (RV) and left ventricles (LV) in control and 
hypertensive calves. Northern and slot blots were probed with cDNA 
probes specific for a-skeletal and a-cardiac actin (pHMaA-3UT-Fnu and 
pHMcA-3UT-DB) respectively. Control animals primarily express 
cardiac actin with minimal skeletal actin expression in the RV and LV. 
Skeletal actin mRNA was dramatically increased in the RV of 
hypertensive animals whereas cardiac actin mRNA is decreased 
significantly. This isotype switch does not occur in the LV of these 
animals. Although the physiologic significance of this change is unknown, 
a change in the RV myocyte phenotype has occured. Skeletal actin may 
have a different contractile and/or function or may represent an adaptation 
of the RV myocyte to pulmonary hypertension. 

10 20 30 40 50 60 70 80 90 100 
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UNILATERAL HYPOXIC PULMONARY VASOCONSTRICTION IN THE DOG, 
PONY, AND MINIATURE SWINE, A.R. Elliott, E,P. Steffey, K. 
Jarvis and B.E, Marshall, Dept. of Surgery, School of 
Veterinary Med. UCD, Davis, CA 95616. Dept, of Anesth., 
School of Med., U. of PA., Philadelphia, PA. 19104. 

The hypoxic pulmonary vasoconstrictor (HPV) response to 
unilateral hypoxia was analyzed in pentobarbital 
anesthetized dogs (n-5), swine (n-5), and ponies (n=S>. 
The left and right lung lobes (LL, RL) were differentially 
ventilated with the LL being exposed to inspired oxygen 
concentrations (CI02) of lOO%, 12X, 8% or 4% while th;e RL 
always received an C102=100%. Cardiac output, mean 
pulmonary pressures, and arterial and mixed venous blood 
gases were measured, as well as percent pulmonary blood 
flow distribution using 15y radioactive microspheres. 
PA02, hypoxic stimulus (PsO2 = PA02 o*62 x PvO2 0.38)1, a;: 

percent flow diversion (%FD) were calculated at each CI02+ 
At CI02 = 4% there were significant differences (p>O.O5) 
between the %FD (mean f S.E.) responses of each species: 
the % FDswine 

;f;dnE 

(95.14 f 1.32) > %FDpony (76.02 f 4.62) > 
(50.09 f 9*45). For all species the magnitude of 

inversely related to the level of regional hypoxia. 
There are marked species differences in the magnitude and 
sensitivity for stimulation of HPV between the swine, the 
strongest responder; the pony, an intermediate responder; 
and the dog, the weakest responder. 'Marshall, C. and B.E. 
Marshall. J. Appl. Physiol. 53:711-716, 1983. 

134.10 

LUNG REPERFUSION INJURY IN UNANESTHETIZED SHEEP. 
J.E. Lovd*, N,E, Wickersham *. K.L. BriRham. 
Center for Lung Research, Vanderbilt Univ, Nashville, TN 37232. 

To investigate the mechanisms of repetfusion lung injury, we 
sought to develop a model in unanesthetized .sheep. To occlude the 
left main pulmonary artery (PA) we surgically implanted an inflatable 
cuff and allowed full postoperative recovery. We found only small 
changes relative to baseline (BI) in lung lymph flow and hemody- 
namics during or after ischemic periods of up to 24 hours, Bronchial 
arterial ligation in a few animals had no apparent influence on the 
physiologic response to unilateral pulmonary artery reperfusion 
(Reperf). After the hypothesis that the lung was protected from 
ischemia by oxygen supplied via airways, we obstructed ventilation 
of the left lung by a balloon catheter in the left mainstem bronchus 
during a 12 hour occlusion of the left PA. Ischemia was associated 
with minimal physiologic abnormality, but during xeperfusion all 5 
animals developed marked physiologic changes characterized by 
hypoxemia (BI=86 + 4 torr, Reperf=60 f 6), a 3-fold increase in lung 
lymph flow (Bl=l A f 0.2 ml/l 5 min, Reperf=5.4 f 0.7) with a 
concomitant increase in lung lymph L/P ratio (B1=0,69 f 0.04, 
Reperf=0.80 i 0.02). Pulmonary artery pressure rose slightly (B1=25,5 
cmHBO, Reperf= 29.6). An increase in lung lymph flux uf conjugated 
dienes (Bl=0.46, Reperf= 2.43) suggests free radical lipid peroxidation 
is present. We conclude that unilateral occlusion of lung perfusion 
in awake sheep does not result in significant reperfusion injury, but 
severe reperfusion injury does occur after release of unilateral 
occlusion of both perfusion and ventilation. 
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PUPIL SIZE AND THE LIGHT REFLEX OVER A COURSE OF 
BUPRENORPHINE (3) ADMINISTRATION. W.B.Pickworth* and H.Lee* 
(SPON:T.-P. Su), NIDA,Addict.Res.Cntr. Baltimore, Md. 21224. 

Opiate-induced changes in pupillary size correlate with 
euphoria in nonaddicted subjects; pupillary response to 
opiates in addicts indicate degree of narcotic dependence. 
We studied the pupillacy effects of buprenorphine (B), a 
partial opiate-aqonist, in 17 opiate-dependent volunteers. 
On each day they received a sublingual ethanol solution of 
B or placebo. 0 dosage was elevated rapidly to a daily 
dose of 8 mg which was maintained for 12 days. One group 
(n=B) received B (8 mq) or placebo on alternate days; the 
other group (n=9) continued to receive B IS mg) daily. This 
pattern continued for 17 days then each group was given 
placebo for 20 days. Pupillary size and the light reflex 
were measured on selected days throughout the study. During 

B maintenance,. pupils size averaged 2.2mm. On 3 withdrawal 
pupil size increased to 4.8mm. Maximal pupillary size 
occurred 5 days after B withdrawal. The latency of the 
light reflex was constant (150 msec) throughout the study. 
As pupil size increased the light flash caused a larger 
constriction; furthermore, the rate of change of pupillary 
size which averaged 2.6 mm/set during 0 maintenance 
increased to 5.3mm/sec on B withdrawal. These data 
indicate that pupillary measures of B withdrawal persist 
for several days and agree with animal studies where acute 
opiate administration diminished the light reflex. 

135*3 

ABUSE POTENTIAL EVALUATION OF TRANSNASALLY 
GIVEN BUTORPHANOL IN HUMANS, I>onald R. Jasinski. Kenzie 
L. Preston and Margmt Testa*, F. S. Key Medicat Center and The Johns 
Hopkins University School of Medicine, Baltimore, MD 21224. 

To compare the effects of butorphanol tartrate adrniktered by a nasal 
spray (transnasal, TN) and by intramuscuku (IM) injection a double- 
blind, double-dummy, balanced latin square cross-over comparison was 
conducted. Six healthy male subjects with his&es of substance abuse 
including opiates participated. The effects of placebo, TN butorphanol 1 
and 2 mg, and IM butorphanol 1,2, and 4 mg were assessed on measures 
of subjective, behavioral and physiological response including signs and 
symptoms, Addiction Research Center Inventory scales, and onset of 
drug effects. The onset and time course of butorphan administered by 
the IM and TN routes were similar, In general, IM butorphanol produced 
effects which were similar to those described previously including miosis, 
some opiate-like behavioral and subjective effects, no significant 
respiratory or cardiovascular effects and increasing dysphoric sedation 
and perceptual effects with increasing dose. The dysphoric sedation and 
perceptual effects were prominent only for the TM butorphanol4 mg dose. 
These changes were accompanied by decreased subject-rated liking and 
identifications as an opiate and incream! observer- and subject-rat& 
disliking. TN butorphanoll and 2 mg produced effects which were 
qualitatively and quantitatively similar to those produced by IM 
butorphanol I and 2 mg. There is no pharmaco-dynamic evidence to 
suggest that the abuse potential of TN butorphanol is different from that of 
IM butorphanol since there is not a more rapid onset of action, the profde 
of effects is not changed, and there is no greater efficacy. (Supported by 
Bristol-Myers Co). 
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ALPRAZOLAM: SUBJECTIVE EFFECTS, BEHAVIORAL EFFECTS AND 
ABUSE LIABILITY IN DRUG ABUSERS Johtt L Cuarino* and BDland R- Grif- 
fiths* (SPON: N.A. Ator) The Johns Hopkins Univ., School of Medicine, Baltimore, 
MD 21224. 

There is increasing recognition that there are differences among the benzodiazepines 
with respect to abuse liability. The present study was undertaken to provide in- 
formation about the abuse potential of the recently introduced and wideIy prescribed 
benzodiazepine, alprazolam (Xanax@,Upjohn: ALP) in subjects with histories of 
sedative abuse. On a residential ward the acute effects of placebo, ALP (I, 2,4 and 6 
mg170 kg) and four lorazepam doses were assessed using a within subject double blind 
Latin square design. Subjects were 9 healthy male volunteers with histories of 
sedative and alcohol abuse. Drug effects were assessed with objective performance 
tasks, staff ratings of drug effect and subject ratings of drug effect, sleep, mood, drug 
liking and monetary street value. The peak effect for most measures was at 3 hours 
and effects were mostly gone by 12 hours. When asked to identify the specific drug 
effect, subjects identified ALP as benzodiazepine-like at Iow doses, but reported 
substantially more barbituratelike identifications at higher ALP doses. ALP produced 
dose related decrements in performance on the following psychomotor tasks: digit 
symbol substitution test, number recall, circular lights, balance, sequential acquisition 
of behavioral chains and picture memory. There were dose related increases in subject 
ratings of drug effect, drug liking and monetary street value. The dose effect curves for 
most performance tasks and staff ratings increased monotonically with dose, In 
contrast, there was no corresponding differentiation among the three highest doses of 
ALP in terms of subject rated drug effect. This suggests that subjects were unable to 
accurately gauge the magnitude of impairment produced by the higher doses of ALP, a 
conclusion consistent with previous reports with other benzodiazepines (e.g., JPET, 
m 120, 1986). Overall, -the results of this study suggest that ALP has abuse 
potential. This conclusion is based ore the similarity of subjective and performance 
effects of ALP to those produced by other abused benzodiazepines and barbiturates. 
Supported by NIDA Grant DA-03889 
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S- BEIWEENTHE EEG ANDBEHAVIORAL EFFECTS OF 
ACUTELY ADMINISTERED MORPHINE, AMPHETAMINE, PENTO- 
BARBITAL, NICOTINE, ETHANOL AND MARIHUANA IN HUMAN 
SUBJECTS. Scott E Lukas Alcohol and Drug Abuse Research Center, 
Harvard Medical Scho&Mc& Hospital, Belmont, Mksachusetts 02178. 

One theory of drug abuse suggests that it is a form of stimulus 
administration. Drugs are then used to change the organism’s hhavior and 
the directim of this change is unimportant. Adult male volunteers provided 
informed consent to be prepared with scalp EEG electrodes and ix catheters 
for blood withdrawal. Subjects then received either ix morphine (5,lO or 
20 mg), amphetamine (5,lO or 20 mg), pentobarbitJ (50, 100 or 200 mg), 
nicotine (0.75, I.5 or 3.0 mg), oral ethanol (0.35 or 0.7 g/kg) or smoked 
marihuana cigarettes (1.26 or 2.53 % hg-tetrahydrocarmabinol). Subjects 
reported drug-induced behavioral effects by operating an instrumental 
joystick device. At least 1 dose of each drug resulted in multiple paroxysmal 
bursts of euphoria that occurred within a few minutes of drug administration 
and typically lasted l-10 min each. However, subjects continued to detect 
the drugs’ unique pharmacological effects (e.g,, stimulation, sedation, etc.) 
for 0.5 to 3 hr. A microanalysis of the EEG after low and intermediate doses 
revealed that EEG alpha activity increased during these episodes of drug- 
induced euphoria, The highest doses caused immediate and profound 
stimulative or depressive effects which may have obscured the EEG alpha 
response observed after the lower doses, These data suggest that the 
reinforcing properties of these drugs may have a common neurophysiological 
mediator. This fmdjng may help explain the basis for polydrug abuse as weI 
as why drugs belonging to a variety of pharmacologic classes are self-admin- 
istered by both human and animal subjects. (Supported in part by NIDA 
Grant DA 03984 and Research Scientist Development Award DA 00115.) 
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STRUCTURAL REQUIREMENTS FOR NICOTINIC ANTAGONISTS IN THE CNS. 
T.J. Martin*, J. Suchocki*, EL. May, and ELR. Martin. 
Dept. of Pharmacology/fox~cology, Medical Coil. VA/VA 
Commonwealth Univ., -Richmond, VA- 23298. 

The structure-activity relationship for anti-nicotinic 
activity in the CNS has yet to be thoroughly documented. 
The antagonism of nicotine-induced antinoiception was 
studied for a variety of mecamylamine (N&3,3-tetramethyl- 
bicylco-[2.2.1]-heptan-2-amine) analogs using the mouse 
tail-flick procedure of Dewey, et al. (1975)+ All 
compounds were injectd S.C. 10 KnTrior to nicotine 
adminfstration S.C. (2.56 mg/kg, ED84) and tail-flick 
latency was determined 5 min after nicotin administration. 
The ADSO's of pempidine, (e)-exo-mecamylamine, (-)-exo- 
mecamyfamine, (+)-exo-mecamylamine and (+)-endo-2-desmethyl 
-mecamylamine were 0.13 (0.05-0.29), 0.08 (0.02-O-29), 0.09 
(0.04-O-23), 0.24 (OJO-0.57), and 0.13 (0.07-0.27), 
respectively. The endo and exo isomers of bicycle-[2.2.1]- 
heptan-2-amine as well as their N-methyl analogs produced a 
non-dose- responsive antagonism of no greater than 50% at 
doses up to 1 mg/kg. Several N-alkylpyridine-substituted 
analogs of exo-bicycle-[2.2.1]-heptan-2-amine displayed 
similar effects. Therefore, mecamylamine antagonizes 
nicotine- induced antinociception with a modest stereose- 
lectivity ((+)exo/(-)exo=2.7) and dialkyl substitutions at 
the 3 position appear to be necessary for full antagonism. 
Supported by CTR Grant #2130 and NIDA grant #DA07027. 

135.7 

THE EFFECTS OF SOME CANNABINOIDS IN A MODEL OF 
l ANXIETY INRATS AND MICE. \y mm, 

Department of Pharmacology and Toxicology, Medical College of 
Virginia, Richmond, VA, USA 23298 

Different subjective effects are hewn to occur after smoking marihuana 
or following the injection of the extract and, in some instances opposing 
effects have been reported. The mechanisms via which cannabinoids 
produce anxiolytic and/or anxiogenic effects still remains largely elusive. 
In the present study we assessed the action of some cannabinoids to 
modify indices of anxiety in rats (Sprague Dawley) and mice (ICR) 
following 30 min intraperitoneal pretreatment using the elevated 
plus-maze. A9-THC (0.3-2Omg/kg) produced an aversion to the open 
arms characterized by significant reduction in the time spent and number 
of entries into the open zums of the maze the rat being more sensitive than 
the mouse. The aversion was intense even at 2 hr after treatment. 
Similar responses were obtained with lower doses of levonantradol 
(0.05 lmg/kg) and (-)- 11 -OH-A*-THC-DMH (O.O%OSmg/kg) and the 
effect was stereospecific as (+)- 1 l-OH-A8-THC-DMH (1-lOmg/kg) was 
inactive even at a dose that was 200 times greater than the (-) - isomer. In 
contrast mice treated with cannabidiol (lo-lOOmg/kg) were less aversive 
to the open arms with significant increase and decrease in time and 
number of entries into the open and closed arms, respectively. In 
addition, 1 LCOOH-As-THC (3-20 m&kg) had no effect. This simple 
test system can dissociate between the anxidgenic and anxiolytic 
properties of cannabinoids. Supported by NIDA grant DA-03672 and 
the VA Commonwealth Center of Drug Abuse. 

135.9 

STEREOSELECTIVE t3H]-COCAINE BINDING TO MEMBRANES OF MONKEY 
CAUDATE-PUTAMEN.-B.K. Madras*, J. Bsqman, M, Fahey*, D. 
Canfield", R,D+ Spealman, Harvard Medical School, NERPRC, 
Southborough, MA 01772, 

Ongoing studies have examined the reinforcing and other 
behavioral effects of cocaine, cocaine analogs, and indirect 
agonists in monkeys, In the present study the affinities of 
these drugs at [3H]-cocaine binding sites in monkey caudate- 
putamen (Macaca fascicularis) were determined. Membranes 
were incubated at O°C in Tris-HCl buffer (NaCl 120 mM) for 
60 min in the presence of [3H]-cocaine (2.8 nM). Cocaine 
analogs displaced SS-100% of specifically bound [3H]-cocaine 
with the following rank order: WIN 35,428 > WIN 35,065-2 > 
WIN 35,981 = (-)- cocaine > norcocaine > WIN 35,065-3 > (+)- 
cocaine > (+)-pseudococaine > (-)-pseudococaine, MDL 72222, 
ICS 205-930, benzoylnorscgonine, benzoylecgonine, Indirect 
agonists displaced 60-802 of [3B]-cocaine binding sites with 
the following rank order: methylphenidate = mazindol > 
nomifensine > (-)-cocaine 'I> GBR 12909 > nisoxetine > 
bupropion > amphetamine > citalopram. The dopamfne agonists 
SKF 38393, (+)-PHNO and quinpirole had low affinity for the 
site(s). The studies indicate that the affinities of cocaine 
analogs for [SHI-cocaine binding sites paralleled the rank 
#order of potency of these drugs for increasing schedule- 
controlled behavior in monkeys. Certain indirect agonists, 
however, were less potent & vivo than would be predicted by 
their binding affinities & vitro. 
Supported by USPHS Grants DA00499 and RRO0168. 

135.6 

REVERSAL OF THE DELTA-9-TETRAHYDROCANNA3INOL INHIBITORY EFFECT 
ON LUTEINIZING HORMONE SECRETION BY INTRACEREBROVENTRICULAR 
(ICV) NOREPINEPHRINE INFUSION. L.L. Murphy*, A. Bartke* and 

V. Chandrashekara (SPON: R. 3xowning) Southern Illinois 
University, Carbondale, XL 629014512. 

The inhibition of luteinizing hormone (LH) secretion by del- 
ta-9-tetrahydrocannabinol (THC), the primary psychoactive con- 
stituent of marihuana, may be due to alterations in hypothala- 
mic noradrenergic activity and subsequent suppression bf LH- 
releasing hormone release, The current study was designed to 
determine if ICV infusion of norepinephrfne (NE) could reverse 
the inhibitory effect of THC on LH release, Adult castrated, 
testosterone (T)-treated rats were implanted with a stainless 
steel cannula in the third ventricle and allowed 1 week to re- 
cover, Blood samples were taken via intra-atria1 cannulae ev- 
ery 10 min for 60 min pre- and 90 min post-THC (1.0 mg/kg BW, 
iv) or vehicle treatment. Twenty min post-THC, NE (100 pg) or 
acid saline was infused ICV at a rate of 2 ~1/2 min. THC ad- 
ministration reduced LH levels to 50% of control values within 
10 min (p<O.Ol) and up to 90 min after the injection and abol- 
fshed the pulsatile release of LH characteristic of the castr- 
ated, T-treated animals. During the period of LH suppression, 
ICV NE induced a significant increase (p<O.Ol) in plasma LH 
levels at 10 min when compared to acid saline controls. These 
results indicate that ICV infusion of NE abolishes the inhib- 
itory effect of THC on LH secretion and further suggest that 
hypothalamic noradrenergic alterations may mediate the THC in- 
hibitory effect on LH secretion. Supported by DA 03875). 

135.8 

DIFFERENTIAL EEG AND BEHAVIORAL EFFECTS OF SELECTIVE 
SIGMA AND PCP RECEPTOR AGONISTS IN THE RAT. N 2 
Khazan and G-A, Young, Dept. Pharmacol. Toxicol., 
u. Maryland Sch. Pharm., 20 N. Pine St., Baltimore, 
MD 21201. 

In vitro studies have shown that the benzomor- 
phan opioid N-allyl-normetazocine (SKF 10,047) 
labels two binding sites in rat and guinea pig 
brain. A high affinity site, which is stereoselec- 
tive for the (+)-isomer, represents the putative 
sigma receptor, where (+)3-(3-hydroxyphenylj-I+ 
(l-propyl)piperidine ((+)-3-PPP) is a selective 
agonist. A low affinity site represents the puta- 
tive phenyclidine (PCW receptor with [l-(2- 
thienyl)cyclohexyl]piperidine (TCP) being a selec- 
tive agonist. In the present study we characterized 
in vivo EEG and behavioral effects of (+)-3-PPP 
and TCP. TCP, like PCP, was found to induce EEG 
synchrony and increase low frequency EEG spectral 
power, while (+)-3-PPP produced a relative increase 
in high frequency EEG. Furthermore, TCP increased 
motor activity, and produced ataxia and stereotypic 
circling, while (+)-3-PPP induced stereotypic snif- 
fing. These in vivo results further demonstrate 
differential profiles of effect following sigma 
and PCP receptor stimulation. (Supported by NIDA 
Grant DA01050.) 

135.10 

SIMIMITIES IN BINDING SPECIFICITY BETWEEN RAB3IT ANTI-TCHAP 
ANTIBODIES AND THE PHENCYCLIDINE RECEPTOR. M. Zorbas* and 
S.M. Owens. Dept. of Pharmacology, U. Arkansas for Med, Sci., 
Little Rock, AR 72205. 

Rabbit antibodies were produced against an amino acid 
analog of the highly potent PCP receptor ligand TCP. Three 
rabbits were immunized with S-(N-[l'-(2-thienyl)cyclohexyl] 
amino)pentanoic acid (TCHAP) coupled to bovine serm albumin. 
All three rabbits produced high affinity antibodies with Kd's 
for PCP of 5.2, 4.3 and 4.5 nM, respectively). The cross 
reactivity patterns of these antibodies were studied in a RIA 
using 13H]PCP and various arylcyclohexylamines. From the 
ICso va lues of these dose-response curves relative potencies 
to PCP were de termined, Linear re gression analysis was used 
to correlate these data with relative potency data from a 
receptor binding study. Correlation of antibody relative 
potency data with receptor binding relative 
; g$ftcant 

4 
for all three rabbit antiserum s 

otency d$ta was 
(r -0.68, r ~0.62, 

sugg;st:d 
respectively; pKO.05 in all cases). These data 

that the epitope recognized by the anti-TCHAP 
antibodies could represent critical molecular features 
necessary for arylcyclohexylamine binding to the PCP 
receptor. These data support and refine previous findings 
that the amino acid analog of PCP, PCHAP, can provide the 
antigenic stimulus to produce antibodies which can mimic 
arylcyclohexylamine binding to the PCP receptor. (Supported 
by NIDA grant DA 04316, UAMS Student Research Fund, and NIDA 
RSDA (SMO) K02 DA 00110). 



Al98 DRUG ABUSE II THURSDAY Ah4 

135.11 
ANTI-PCHAP MONOCLONAL ANTIBODIES AS MODELS OF PHENCYCLIDINE 
(PCP) RECEPTOR BINDING TO ARYLCYCLGHEXYLAMINES. S.M. Owens, 
L.W. Arnold*. D. Sasser* and M. Gunnel*. Dept of 
Pharmacology, U. of Arkansas for Mled, Sci,, Little Rock, AR 
72205 and Dept. of Microbiology and Immunology, U, of North 
Carolina, Chapel Hill, NC 27514. 

PCHAP (5-[N-(l'-phenylcyclohexyl)amino]pentanoic acid) 
has been shown to stimulate production of rabbit antibodies 
which could recognize the pharmacologically active features 
needed for arylcyclohexylamine binding to the PCP receptor, 
In the current studies, three hybridona lines secreting 
monoclonal antibodies (MAb) against PCHAP were produced after 
C57Bl/lO.A JBiC8 were immunized with a PCHAP-bovine serum 
albumin conjugate. The binding affinities of these MAb for 
arylcyclohexyl 

Y 
ines and other PCP receptor ligands were 

studied in a [ HjPCP radioimmunoassay. The Kd values for PCP 
for the three MAb were 132 nM, 54 nM and 21 nM. Similar high 
affinities were found for other potent PCP receptor agonist 
of the arylcycloh8xylamin8 class. The antibodies had low 
affinity for non-arylcyclohexylamfne PCP receptor agonists, 
such as dexoxadrol and SKF 10,047, and virtually no 
recognition for other drugs such as morphine. These MAb 
should prove useful as PCP receptor models for studying the 
chemical interaction between arylcyclohexylamines and binding 
proteins and for making anti-idiotypic antibodies that 
recognize the PCP receptor. (Supported by NIDA grant DA 
04136 and NIDA Res. Sci. Dev. Award (SMO) KO2 DA 00110). 

135.l2 
SPECIFICITY AND ACCURACY OF COMMERCIAL URINE 
SCREENING ASSAYS FOR TfE DETECTION OF COCAZNE USE. 
B.J, Cone, S. Mew and J. Mitchell, NIDA 
Addiction Res. Ctr., Baltimore, MD 21224 a;ld Navy 
Drug Screening Lab.r NAS, Norfolk, VA 23511 

Eight commercial urine screening assays for 
detection of cocaine Use were evaluated for 
sensitivity, specificity, accuracy and GC/MS 
confirmation rate. Assays evaluated included: 
TDxR Cocaine Metabolite assay; Toxi-LabR Drug 
Detection Systems; Coat-A-CountR Cocaine Metab- 
olite RIA; Cocaine Metabolite Double Antibody RIA; 
KDI Quik TestTM Drug Screen; AbuscreenR RIA 
EmitRdauTM Emit k 
stTM Urine 

Cocaine Metabolite Assay and 
Cocaine Metabolite Assay. Results 

were compared to assay results by GC/MS for 
benzoylecgonine (BE). The immunoassays and the TLC 
procedure reliably detected BE at concentrations of 
500 and 1000 r&ml, respectively. RDI Quik TestTM 
produced numerous inaccurate results and was not a 
valid test for detection of cocaine use. The 
crossreactivity of cocaine in the immunoassays 
varied from 1% to >5000% (BE = 100%) and appeared 
to be the basis for production of occasional 
"apparent" false positives in the analyses of 
clinical specimens by the Coat-A-CountR and 
Double Antibody RIA. 
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136.1 136.2 

RELATIVE CONTRI3UTION OF PULSE AMPLITUDE AND FREQUENCY TO CHRONIC RESETTING OF BARORECEPTORS DIFFERS IN HYPERCHOLESTER- 
POST-PULSATILE PRESSURE SENSITIZATION OF BARORECEPTORS, M.W. OLEMIC VS. RENAL HYPERTENSIVE MBITS. P. Xie,* M.W. 
Chapleau, S.L. Johnson,* G. Hajduczok, and F,M. Abboud. CV Chapleau, T.S, McDowell,* G. Hajduczok, and F.M. Abboud. CV 
Ctr. and Univ. of Iowa Coil, of Med,, Iowa City, IA 52242 Ctr. and Univ. of Iowa Coil. of Med., Iowa City, IA 52242 

We have shown recently that baroreceptor (BR) sensitivity 
is increased following exposure to pulsatile pressure. The 
purpose of this study was to determine the contribution of 
pulse amplitude and frequency to the post-pulsatile pressure 
(PPP) sensitization of BR. Multi-unit BR activity was record- 
ed from the isolated carotid sinus of anesthetized dogs (chlo- 
ralose). Activity during static pressure (9924 mmHg) immedi- 
ately before a 5 minute exposure to pulsatile pressure was 
compared to the activity at the same static pressure after 
pulsing, Various pulse amplitudes at constant frequency (2.1 
Hz) and frequencies at constant amplitude (2722 mmHg) were 
tested. PPP-sensitization was related to amplitude (n-8, r= 
.90?.03) and frequency (n=6, r=. 722.06) with amplitude having 
the greater effect (*different than before pulsing, P<.OS). 

Increase in Activity (spikes/set) After vs. Before Pulsing 
Pulse Amplitude (mmHg) Pulse Frequency (Hz) 

124 43?5* 71+20* 
Carotid sinus diameter (sonomic 
pulsing suggesting increased st 
cone 
sit1 

10 30 so 0.2 1.6 2.4 
222 20?7* 34212* 

rometers) was not changed af 
rain sensitivity of BR, We 

hat increases fn puls e amplitude and frequency se 
and suggest th at this may contribute to sympathet 

in pulse pressure and heart 
cise (AHA87G9, HL14388). 

lude t 
28 BR 

inhibition following increases 
rate such as occurs during exer 

136.3 

BEAT-BY-BEAT CHANGES IN CARDIAC CONTRACTILITY DURING RAMPED 
NECK PRESSURE-SUCTION, Peter B. Raven, Beatrir Parra*, 
Glen H.J. Stevens* and James A Pawelczyk*. Department 
of Physiology, TCOM, Fort Worth, TX 76107, 

M-mode echocardiographic measures of left ventricular 
end-systolic dimensions (ESD) were made on five volunteer 
healthy male subjects in the supine position during ramped 
neck pressure and suction of the carotid sinus. Radial 
artery catheterization was utilized to obtain end-systo7ic 
pressure (ESP). The calculated end-systolic pressure 
dimension ratio (ESP/ESD) was used as an index of 
contractility for each beat. Mean arterial pressure 
increased (ii = 5.25 nnMg) during neck pressure (carotid 
hypotension) and decreased (ii = 7.2 rrmHg) during neck 
suction (carotid hypertension). The calculated ESP/ESD 
ratio progressively increased to an average maximum 
change of 2.5 mnHg/cm during carotid hypotension and 
progressively decreased to an average maximum change of 
2.85 mnHg/cm during carotid hypertension. These data 
indicate that rapid decreases and increases in carotid 
sinus transmural pressure reflexly increase and decrease 
cardiac contractility, respectively. 
(Supported in part by N.I.H. grant #HL34397) 

ter 

n- 
iC 

Strut turaf vascular change 
for redu ted baroreceptor (BR) 

S have been proposed to account 
sensitivity in both hypercholes- 

terolemla (atherosclerosis) and hypertension. The p&pose of 
this study was to test whether the pressure threshold (Pth) of 
BR and BR gain (A Activity/A Pressure) are altered in hyper- 
cholesterolemic (HC) rabbits (IX cholesterol diet-12 wks) and 
to contrast the findings with those found previously in renal 
hypertensive (RHT) rabbits. Blood cholesterol in normal (N) 
and HC rabbits averaged 58214 and 30642157 mg/lOO cc, respec- 
tively. BR activity was recorded from the isolated carotid 
sinus (CS) after chioralose anesthesia. Pth and the pressure- 
activity relation were determined during ramp increases in CS 
pressure. The results from N, HC, and RHT rabbits are shown 
below (*different from N, PCO.05). 

MAP (mmHg) Pth (XnmHg) 8R Gain (spikes/sec/mmHg) 
N (n-6) 8722 5123 Oa94tO.16 
HC (n=B) 8421 50*1 0.60~0.07* 
RHT (n=7) 141-+5* 7545* 0.84kO.11 
BR gain was markedly suppressed while Pth was normal in WC 
rabbits. In contrast, Pth was markedly elevated and gain only 
mildly reduced in RHT rabbits. The results suggest that the 
prevailing level of MAP is the primary determinant of Pth and 
that the mechanfsm of chronic BR resetting is different in RHT 
and HC rabbits (Supported by NIH HL14388). 

136.4 
MODULATORY EFFECTS OF ADENOSINE ON BAROREFLEX 
ACTIVATION IN THE NUCLEUSOF THE SOLITARYTRACT, Roj&io 
Mosqueda-Garcia*, Chin&Jiunn Tsen~* and David Robertson. 
Vanderbilt University, Nashville, TN 37232 I 

Adenosine (ADO) elicits hypotensive and bradycardic responses in 
the Nucleus of the Solitary Tract (NTS). The NTS contains the first 
synapse of the baroreflex and L-glutamate (GLU) has been proposed as 
the neurotransmitter of that synapse. We investigated how adenosine 
affects baroreflex activity and its interaction with CLU. BP and HR 
were recorded intraarterially in urethane anesthetized Sprague- 
Dawley rats. They were placed in a stereotaxic and the renal nerve 
was dissected for recording of sympathetic renal nerve activity (RNA). 
ADO 2.3 nmo1/60 nl was injected unilaterally into the right NTS. 
Baroreflex responses were elicited by i.v. phenylephrine (Phe) before 
and after intra-NTS administration of the ADO antagonist 1,3- 
dipropyl-8-p-sulphenylxanthine (DPSPX, 0.92 nmol). Basal BP, HR and 
RNA were decreased by ADO but not by DPSPX. Phe elicited an 
increase in BP of 62&:8 mmHg with an increase in pulse period (pp) of 
154&38 msec and inhibition of RNA. After DPSPX, a similar increase 
in BP (63k 6 mmHg) elicited a slight increase in pp (55i 12 msec), 
Kynurenic acid (33 nmol into the NTS), a GLU antagonist, inhibited the 
cardiovascular responses elicited by similar administration of ADO. 
DPSPX did not inhibit the hemodynamic effects of GLU in the NTS, In 
binding experiments, GLU did not interact with ADO receptors or 
ADO did not displace GLU binding from brainstem membranes. These 
results suggest that ADO has a modulatory role in the baroref lex 
activation and this effect can be mediated by an interaction with GLU 
in the NTS. 
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136.5 136.6 

WI2 ALTERS BAROCEPTOR REFTS IN NEONATAL PIGS. P.E. 
Gootman. M. Brust. B.W. Hundley , H.L, Cohen , G. Condemi , 
> Dept. Physiology, SUNY-Hlth Sci. 
Ctr. Bklynq, Bklyn, NY"11;03 

The effects of changes in plasma concentration of 

TIME COURSE OF RECOVERY OF ARTERIAL PRESSURE CONTROL IN 
CONSCIOjS DOGS AFTER CAROTID SINUS DENERVATION. D.S. 
O'Leary and A,M. Scher. Dept. Physiology and Biophysics, 
Univ. Washington, Seattle, WA 98195. 

We previously reported that 9 or more days after 
magnesium on arterial blood pressure (AoP) and heart rate 
(HR) responses to baroceptor stimulation with phenylephrine 
(PE: 20 &kg) or inhibition with nftroprusside (NP: 30 

w/kg) were examined in 19 piglets <I day to 50 days old, 
lightly anesthetized with Saffan, paralyzed, tracheotomized 
and artificially ventilated on 100% 02; p02,pC02 and pH were 
monitored, Infusion of MgCL for 15 min increased arterial 
plasma levels of Mg from 1.8 3 mg/dl to 4.61 mg/dl. 

Before During MgC12 
X Change AoP HR AoP HR 
x1-5 Days Old (n-9) 
PE +47.0 -13.8 +24,4 -6.7 
NP -30.4 + 6.8 -23.0 -2.4 
12-21 Days Old (n-6) 
PE +33.8 -30.0 +20.9 -15,4 
NP -31.0 f 5.5 -38.7 -lo,8 
>30 Days Old (n-4) 
PE +32.1 -29.5 +36.8 +24,0 
NP -32.6 +10.2 -34.2 +13,4 
The results showed that elevations in plasma Mg altered 
responses to PE and NP. (Supported by NIH grants HL-20864 
and HL-29600). 

136.7 

CAPT0PRIL AND HYPOXIA STIMULATE: MYOCARDUGPROSTAG-IN 
SYNTHESIS To CAUSE A BEZOL&JARISCH-LIKE REFLEX IN 
c0FGc1ws DOGS. David M. Nqanele* and Thomas H. Hintze. 
New York Medical College, Valhalla, WY. lU595 

Prostaglandins (PG) are known to activate inhibitory 
cardiac receptors to elicit a &zold-Jarisch-like 
reflex. The goal of this study was to determin e if 
stimuli that are known to cause the release of PG could 
activate inhibitory cardiac receptors in conscious dogs. 
Dogs were instrumented for the measurement of arterial 
pressure (AP), heart rate (HR) and left ventricular (LV) 
internal diameter. A catheter was inserted into the LQ[ 
coronary artery for the local administration of 
Captopril into the coronary circulation. lntracoronary 
Captopril (0.1 q/Kg) reduced AP by 2123.7% from 98k2.3 
firmnq and LV end diastolic dititer by 2.4-+0.3% from 
35k2.3 m with no change in m (ptU.05). ~hls dose of 
Captopril had no effect when administered i.v.. 
fndomethacin completely reversed the effects of 
Captopril, Dogs were trained to wear a mask through 
which low oxygen gas mixture was delivered. Short term 
exposure to hypoxia (8% 02 for 5 min) reduced po2 from 
90.223.0 mg to 53.Ok3.4 firmwg with no change in pCO2. 
There was no change in Ap but HR was reduced by 12t3.7% 
from 86k5.0 b/min (p<0,05). Prior administration of 
indomethacin prevented this reduction in HR. The 
myocardium, therefore, can be stimlated to release FG 
which activate inhibitory cardiac receptors. Supported 
by MIH HL 36264. 

136.9 

AGE-REIATED BAROREFLEX IMPAIRMENT IN FEMALE SPRAGUE-DAWLEY 
RATS. Ruben D. Butian and Shinichi Tanabe*. Department of 
Pharmacology, University of Kansas Medical Center, Kansas 
City, KS 66103, 

Reflex chronotropic and sympathetic responses to drug- 
induced changes in blood pressure were compared in 2 or 8 
month-old female Sprague-Dawley rats anesthetized with 
urethane-chloralose. Reflex bradycardia elicited as blood 
pressure was elevated with phenylephrlne was consistently 
smaller at 8 than at 2 months of age, but attendant 
reductions in splanchnfc nerve activfty were significant 
only when pressor responses exceeded 30 mm Hg. By contrast, 
reflex responses elicited by lowering blood pressure with 
sodium nitroprusside did not differ between rat groups. 
Although graded electrical stimulation of the aortic 
depressor nerve lowered blood pressure equally, reductions 
in heart rate and splanchnfc nenre activity were always 
smaller in 8 month-old than in 2-month old rats, thereby 
suggesting defects in central regulation. However, 
peripheral baroreceptors may also be involved because 
afferent aortic nerve activity recorded during infusions of 
phenylephrine or sodium nitroprusside were likewise reduced 
in 8 month-old rats. These results indicate that baroreflex 
sensitivity becomes reduced with age because baroreceptor 
and central components of the reflex arc no longer function 
normally. (Supported by NIH Research Grant HL 37980). 

carotid denervation the strength of arterial pressure 
control was not different from that prior to denervation 
(Faseb J. 2:A717, 1988). The present study examined the 
time course of recovery of pressure control in four 
conscious dogs with AV block. Changes in total peripheral 
resistance and atria1 rate in response to step changes in 
cardiac output were used as indices of baroreflex 
strength. One day after carotid baroreceptor denervation 
arterial pressure was increased by 16.5X (p x.02) and both 
indices of baroreflex strength decreased to < 40X of 
control (p <.OOl). These indices increased daily to reach 
control levels by 8-9 days, The increases in both indices 
were highly correlated to the recovery from the initial 
hypertension (peripheral resistance r = -,98; atria1 rate 
r =: -, 94). Carotid sinus baroreceptor denervation causes 
an initial hypertension and decrease in the strength of 
control of arterial pressure however, both recover after 9 
days, There is apparently plasticity within the autonomic 
pathways such that the strength of control by the aortic 
baroreceptors increases to compensate for the loss of the 
carotid baroreceptors. (Supported by HLl6910 and HL07090) 

136.8 

EFFECTS OF AGE AND PREMEAL BLOOD PRESSURE ON THE 
iA;nD;;V:SCUlAR *RESPyN$IE T$ yI$LS. Tttothv C Faga;, 

8 8 Conti.Paua ays a and ary J klackie . 
College of Medici Ae University if Arizona Tucson Arizona 85724 

The effects of agb and premeal blood bressure \BP) and’ heart rate 
(HR) on the cardiovascular responses to a meal were examined in 82 
subjects aged 19-79, 41 male and 41 female, with untreated premeal 
supine diastolic BP of 62-120 mmHg . The subjects fasted for at least 
5 hours, and BP and HR were measured 4 times at hourly intenrals. 
A meal chosen b each patient was ingested after the second 
measurement. Ty; 8 immediate premeal and 2 hour postmeal 
measurements were compared. After th8 meal, mean BP was 
reduced from 147/93 to 139 
from 148/101 to 142/94 mm t-/ 

83 mmHg in the supine position and 
g in the standing position, all p qO.001. 

HR increased by 8 bpm in both positions, p c 0.05. The changes in 
supine and standin 

B 
systolic 8P and supine diastolic BP were all 

related to the age o the patient, r=-O.35 to -0.45, all p<O.OOl ; older 
subjects had 

7 
rester reductions in BP. Older subjects also had 

higher premea systolic and diastolic BP, and subjects with higher 
premeal BP had greater reductions after the meal, r =-0.40 to -0.58, 
all p < 0.001. After correction for premeal BP, the reduction in BP after 
the meal was no longer related to age, but after correction for age, 
the reduction in blood pressure was still greater in sub’ects with 
higher premeal blood pressure. Meals reduce supine an d standing 
systolic and diastolic blood pressure. Older subjects have a greater 
reduction in blood pressure than younger subjects, and this 
difFerence is primarily mediated through higher initial blood pressure. 

136.10 

SPECIFIC MONOAMINE OXIDASE INHIBITORS ENHANCE PRESSOR 
RESPONSIVENESS IN AWAKE RATS. Laszlo Kerecsen*. Edward 
Walaszek and Ruben D. Iluisa. Department of Pharmacology, 
University of Kansas Medical Center, Kansas City, KS 66103. 

(-)Deprenyl, a monoamine oxidase-B inhibitor used 
clinically in Europe for the treatment of parkinsonism, does 
not affect pressor responses to tyramine but since it could 
alter cardiovascular reactivity, we compared it with 
clorgyline, a monoamine oxidase-A inhibitor. Cardiovascular 
responses to phenylephrfne, angiotensin II and tyramine were 
recorded in awake rats pretreated with daily subcutaneous 
injections (0.25 mg/kg) of either clorgyline or (-)deprenyl. 
Indwelling vascular catheters were implanted chronically 
into a femoral artery and vein, and a Doppler flow probe was 
used to monitor blood flow in the iliac artery. After 1 or 7 
days of clorgyline pretreatment, pressor responses to 
tyramine and angiotensin (but not to phenylephrine) were 
enhanced, and the attendant reflex bradycardia was also 
considerably increased. 3y contrast, rats similarly 
pretreated with (-)deprenyl had only slightly enhanced 
pressor responses to tyramine and bradycardic responses to 
phenylephrine, while all other cardiovascular responses were 
unaltered. Neither monoamine oxidase inhibitor affected 
iliac arterial flow. These results suggest that 
cardiovascular side-effects would be prominent with 
clorgyline, but not with (-)deprenyl. (Supported by NIH 
Research Grant HL 37980). 
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136.11 

CmONIC ICV INF'USION OF ENAIAPRIL ALTERS BAROREFLEX 
. SENSITIVITY IRREGUURLY IN RATS. J,ea Ew~&san ** Shinichi 

Tan&e* and Ruben D. Bufiag:. Department of Pharmacology, 
University of Kansas Medical Center, Kansas City, KS 66103. 

Enalapril, a converting enzyme inhibitor, was infused 
(100 mcg/day) into a lateral cerebral ventricle (ICV) using 
osmotic minipumps in female Wfstar rats for two weeks, after 
which baroreflex sensitivity was tested by infusing 
phenylephrine or sodium nitroprusside intravenously (IV). 
Reflex bradycardia elicited by elevating blood pressure with 
phenylephrine was only slightly enhanced in awake rats; but 
when the same rats were later anesthetized with urethane- 
chloralose then the increase in reflex bradycardia in rats 
infused with enalapril ICV was significantly greater than 
that in controls infused with either the vehicle alone ICV 
or enalapril IV. By contrast, reflex tachycardia produced 
by lowering blood pressure with sodium nitroprusside was 
smaller in awake rats infused with enalapril ICV than in the 
controls; reflex tachycardia was greatly suppressed by 
subsequent anesthesia so that the differences between groups 
diappeared. Our results suggest that central converting 
enzyme inhibition affects baroreflexes in two different 
ways; reflex bradycardia is enhanced, while reflex 
tachycardia is suppressed. (Supported by NIH Research Grant 
HL 37980). 

RENAL TRANSPORT AND BODY FLUID REGULATION iI 

137.1 

RENAL ADRENERGIC CONTROL IN PROXIMAL TUBULE AND LOOP OF HENLE 
FLUID REABSORPTION. B,J.Tucker, S&Thomson*, and R.C.Blantz 
Univ. of Calif., San Diego and VAMC, San Diego, CA 92161 

Increased renal nerve-traffic enhances reabsorption of 
fluid from the renal tubule. An important role for ct-adrener- 
gic subtypes has been previously demonstrated, However, the 
influence of @-subtypes is less well defined. Micropuncture 
measurements were perfomed in rats treated with propanolol, a 
B-blocker, (P) (n=6), 25 mg/k BW/day p.o,, for 4-6 days and 
compared to untreated rats (C (n=6). Measurements of nephron 4 
filtration rate (SNGFR)., proximal tubule (APR) and loop of 
Henle (LR) fluid reabsorption, proximal (FRp) and distal (FRd) 
tubule fractional reabsorption were performed before and after 
renal denervation (DNX) to assess both the B- and a-adrenergic 
influences, Blood pressure (MAP) and pulse rate (HR) were 
also measured. P treatment decreased HR from 384216 to 304?9 
(PcO.05). (*P<O.O5 to first period, rrPcO.05 to C period) 

MAP SNGFR APR LR FRP FRd 
c mHg 1 c nl/min II % 1 

C 11344 45t3 18+2 17+1 4023 79t2 
C+DNX 109k4 44?3 12*2* 18*2 27?3* 70-t-3" 
P 103+3rx 38?2rr 16*1 13*1rr 44*3 79*2 
P+DNX 10142m 35t3n llsl* 14il 32+3* 73+2* 

P did not alter FRp or FRd indicating little, if any, B- 
adrenergic influence on tubular fluid reabsorption in euvole- 
mic conditions. DNX decreased FRp and APR in both P and C, 
but neither LR or the distal portion of FRd changed indica- 
ting an a-adrenergic effect primarily in the proximal tubule, 

137.3 

INHIBITION OF PROXIMAL TUBULAR TRANSPORT (PT) IN ISCHEMIC RE- 
NAL FAILURE (IRF) IN THE RAT. 3.E. Bird, O.W. Peterson*, and 
R.C, Blantz. University of California, San Dieqo and VA 
Medical Center, San Diego, CA. 92161 - 

Previous studies from this laboratory (XI, 1988) have 
shown that ischemia and 24 hours reflow (I-R) caused a de- 
crease in single nephron filtration rate (SNGFR) and absolute 
proximal reabsorption (APR), and that treatment with the anti- 
oxidant probucol (P) improved SNGFR but not APR, with an in- 
crease in proximal tubular necrosis. Current studies examined 
the effects of PT inhibition with benzolamide (B) during I-R 
in uninephrectomired control (CB), ischemic (IB) and P treated 
ischemic (IPB) rats. C=control, I=ischemic and IP=P treated 
ischemic without B, GFR=glomerular filtration rate.*= p<.DS vs. 
CB, a=~<.05 vs. corresponding non-B group. 

CB IB IPB C I IP 
GFR 1.4i.l 0.3&.1* 0.4&*l"n 1.4k.l 0.2k.l" O.l**l* 
SNGFR 58~3 40*4*'n 4626rr 45?4* 15*3* 28*3* 
APR 19&Z 11+2*'# 15+3m 15&Z 6*1* 6*1* 
B improved SNGFR and APR in IB and IPB rats. B and P had an 
additive beneficial effect in IRF. GFR in IB and IPB rats 
was significantly lower than in CB rats, suggesting persistent 
tubular backleak, Conclusions: 1) Proximal tubular function, 
measured by APR was improved by B treatment in IRF. 2) B 
treatment in IB rats improved SNGFR independent of antioxidant 
therapy. 3) Treatment with an inhibitor of PT transport and 
an antioxidant produced major improvement in glomerular and 
tubular function in IRF. 

137.2 

EFFECT OF SOME STEROIDS ON SODIUM RETEWTION IN PERFUSED RAT 
KIDNEY. Joe Kuraya-Ziadeh*, 'Muna El-Kasti*, Raed Hawwa* and 
Anwar B. Bikhazi. American University of Beirut, Faculty of 
Medicine, Beirut, Lebanon. 

A modified Sprague Dawley rat kidney perfusion technique 
was employed in situ to study the effect of steroids -- 
retention. After anesthesia and abdominal resection 

on Na 

the kidneys were perfused via the abdominal. aorta-with hepa- 
rinized Krebs improved Ringer containing tracer LLNa. After 
perfusion, kidneys were removed, decapsulated, homogenized, 
and Na retention measured by tracer quantitation as wg Na per 
mg protein. Compared to controls, kidneys of prednisone, dexa- 
methasone and corticosterone treated rats (i.p. injection 
5 mg/lOO g body weight for each steroid) showed a reduction 
(15%), insignificant change, and increase (22%) in Na 

retention respectively. 1n K-free and Mg-free perfusates, 
similar treatments with each steroid respectively indicated a 
decrease (17%, 49% and 92% for K-free; 39%, 104% and 139% for 
Mg-free) in Na retention compared to controls. Ouabain (15 mM) 
resulted in decrease in Na retention after prednisone (161%) 
and dexamethasone (79%) treatment compared to the ameliorating 

effect of corticosterone (27%). Prednfsone and dexamethasone, 
contrary to corticosterone, competed with ouabain for the 
peritubular Na-K-ATPase. This is further documented by 
the K-free and Mg-f,ree data. (Supported by the Lebanese 
National Research Council and the Nadim Andraos Foundation). 

137.4 

THE EFFECT OF EXTRACELLULAR [H+] ON THE CONVERSION OF CORTI- 
COSTERONE TO ALDOSTERONE. Todd V. Robinson* and Edward G. 
Schneider. Univ. of Tennessee, Memphis, Memphis, TN 38163 
Changes in H+ concentration (f&J) have bden found to 
affect aldosterone secretion. Whether [H+] has an effect on 
the early or the late part of the aldosterone synthetic 
pathway is not known. Cyanoketone was used to block the 
early part of the biosynthetic pathway of aldosterone in 
isolated, perfused canine adrenal glands. Dooxycorticoste- 
rone was then added to the perfusate, and the effects of 
changing [H'] on the formation of corticosterone, la-hy- 
droxycorticosterone, and aldosterone were examined. Changes 
tn extracellular [@I were induced by altering the bicarbon- 
ate ion concentration of the perfusate. During alkalosis 
(18.1 f 0.5 nM [PI), the conversion of corticosterone to 
both 18-hydroxycorticosterone (+28 & 12%) and aldosterone 
(+23 f 2%) was significantly greater than the conversion of 
corticosterone into 18-hydroxycorticosterone (-18 f 18%) or 
aldosterone (-13 + 7%) during acidosis (70 k 0.8 nM [H+]). 
The conversion of deoxycorticosterone to corticosterone was 
not significantly affected by changes in [&I. These re- 
sults demonstrate that changes in [p] alter aldosterone, in 
part, by a direct action on the enzyme, 18-methyloxidase, 
that converts corticosterone to aldosterone, the late site. 
(Supported in part by grants-in-aid from the American Heart 

Association, Tennessee Affiliate.) 
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137.5 
Lithium Clearance Inoreaaes During Head-out Water Immersion 
In Conaolous Dogs. 
J.L. Sondeen, S.K. Hong, J.A Krasney. Dept. of Physiology, 
SUNY, Buffalo, NY t42t4. 

Head-out water immersion induoss a natrluresis In 
oonscious dogs but It is unclear whether the decreased sodium 
reabsorption response Is located In the proximal tubule or 
the distal tubule. Therefore, we measured lfthium clearance, 
which has been proposed as a marker for proximal tubular 
sodium r8abSOrptfOn, in oonsclous dogs during head-out water 
Immersion in thermoneutral water. The doga were studied 
under mildly hydrated conditfons and all blood and urine 
sample losses were replaced with 0.9% NaCl. Shown are urine 
flow (V), oreatinfne (CCr), free water (CHZO), osmotic 
(COSM), sodium (CNa), and lithium (CLI) clearances, and 
fractional Na clearanoe from the distal nephron (CNaKLI). 

Pre-immersion 100 min immersion 
v, (mUmIn) 0.89 f 0.08 4.23 +, 0.81' 
CCr (ml/min> mm- 112 +,7 tt6 f 17 
CH20 (mUmin) -0.87 +, 0.08 0.20 t 0.15" 
COSM (mUmin) c--c 1.76 f 0.05 4.03 f 0.79* 
C_& (ml/min) 0.75 t 0.09 3.39 f 0.76* 
c,Idi, (ml/mid 19 +,2 30 f 4= 
CWCLi (5) 4.30 f 0.67 12.55 f 3977" 

These results suggest that the natrlurstlc response to 
head-out water lmmerrslon Is due to Inhibition of Na 
reabsorption in both the proximal and distal tubule. 
Supported by NIH Grant P&1-HG28542. 

137.7 
SEXUAL DIMORPHISM IN CENTRAL al-ADRENERGIC STIMULATION OF 
VASOPRESSIN RELEASE IN RATS. J.D. Stone*, J.T. Crofton, 
and L. Share. University of Tennessee, Memphis, TN 38163. 

To determine whether sexual differences exist in the 
adrenergic control of vasopress1n secretion, conscious, un- 
restrained male rats and females in specific estrous cycle 
phases were studied, Plasma levels of vasopressin (PAVP) 
and mean arterial blood pressure (MABP) were measured be- 
fore and 5 and 15 min after central administration of nor- 
epinephrine (NE, 10 pg) or the al -agontst phenylephrine 
(PE, 50 fig) in rats previously fitted with intracerebroven- 
tricular (icv) cannulae and femoral artery and vein cathe- 
ters. Vehicle alone did not affect PAVp and MABP. In- 
jection of NE or PE stimulated release of AVP in all groups 
(p < 0.05). NE-induced rises in PAVp were 2-4 times 
greater in females than in males, but the differences were 
significant only for proestrus (p < 0.01) and metestrus (p 
< 0.05). Icv NE increased MABP similarly in all groups (p 
< 0.01). After PE, diestrous and proestrous females in- 
creased PAVp 3 times and 5 times that of males, respec- 
tively (p < 0.05, p < O.Ol), and had 2-4 times greater ele- 
vations of MABP than males (p < 0.05). These data suggest 
that gonadal steroid hormones influence al-adrenoceptor 
mediated control of AVP release and blood pressure. sup- 
ported by USPHS grants HL-07339, HL-12990, and HL-19209 
from the National Heart, Lung and Blood Instftute. 

137.9 

THE EFFECTS OF HYPOXIA ON BLOOD-GASES, ACID-BASE 
BALANCE AND ION EX$mGE IN AMBYSTOMA TIGRINUM. 
Colleen R Talbot and Daniel F. 
Calif. Staie Polytechnic Univ., 

Stiffler. 
Pomona, CA 91768. 

Larval Ambvstoma tigrinum were chronically 
cannulated in the ttruncus arteriosus and 
subjected to approximately 4 hrs of hypoxia. 
Blood samples were taken before, during and for 
24 hrs following hypoxia. During hypoxia blood 
lactate levels increased almost 7 fold (from 1.7 
to 11.5 mM). This produced a severe metabolic 
acidosis which decreased blood pH from 7.9 to 7.3 
and [HC03-J from 12.4 to 4.2 mM. There was a 15 
torr decrease in PO2 but no change in PCQ2. All 
parameters had returned to control levels by 24 
hrs . The effects of hypoxia-induced anaerobic 
s$ta$olism 3n6 io_n flux rates were examined using 

Na and Cl . There were no significant 
changes in the influx of Na+ or Cl- during 
hypoxia or recovery. There was, however, a 
significant decrease in Naf efflux (from -1.8 to 
-1.2 pEq/lOg h) and a possible decrease in Cl- 
efflux (-1.66 to -0.29 

IJ  m/log h) l 
These 

results suggest that reduced amounts of O2 effect 
cutaneous ion exchange in recovery from a 
hypoxia-induced lactacidosis. This work was 
supported by NSF grant DCB 86-17073 to DFS. 

137.6 
IEUKOIRIENE B tLTB 1 INIIIBITS VASOPRESSIN IAVP)- INDUCED OSMOTIC 
WATER FLOW fN R&IT CORTICAL COLLECTING DUCK R,L,HEIERT, 
M.D.RREYER,* HRJACUBWN, DIV. OF NEPHROLOGY, VANDERBILT UNIV. 
NASHVILLE, TN, 37232, U&A. 

Leukotriene B4 ILTE! 1, a mstabolite of arachidonic acid, is produced via 
the 54ipoxygenas8 p a&way . Lm4 was originally shown to be released by 
inflammbry cells such a~ neutrophils, macrophages and eosinophils, and 
to possess potent chemotactic properties . In addition to its obvious origin 
from inflammatory cells, LTB4 may be produced by native renal cells. To 
deturmhe if iatrarenal LTB4 exerts my physiologic actions , we emmined 
the effect of Lm 

ill 
on arginrne vasopreti IAVP) induced osmotic vahr 

p8rmeahility in e rabbit cortical collecting duct KCD). Tubules wecB 
perfused inm at 37% and eyosed to submaximal bath AVP Wl~U/ml). 
Hydraulic conductivity (Lp X 10’ cmhtmhec. mean k SE) as a parameter of 
osmotic water flow was measured, Control CCD had a bassl Lp of l&3, and a 
pe8) AVP hduced Lp of 22042 (n=20). Upon pretreatment of CCD with 
10’ M LTB4, basal Lp was 4*2 (KS, vs, controls. CCD pretretid with Lm4 
upon exposure to AVP had a peak Lp of l&10 in=101 a reduction in peak 
ADinduced Lp of 48% ipd).OOOS). Chlorophenylthio Kc-AMP) wets usd 
in order to debermine i Lm4 inhibition resuits from decreasing the 
generation of c-AMP.lO’ l M Kc-AMP) alone increases t&e peak Lp from a 
basal vah~e of IO*3 to 22Ok24 In=lO), Pretreatment of the CCD with LTB4 did 
not chmge the pe& Lp-induced response. Following the infusion of 
Cc-AMP, the bwl Lp ws 1%3 and the peak Lp respo& to Cc-AMP md 
LTB4 was 230*21(n=lO), We conclude: 1) Leukotriene B4 inhibits the 
hydroosmotic response of cortical collecting duct to va~~pmssin but not to 
chlomphenylthio-c-AMP, therefore this inhibition occur at a pre-c-AMP 
step. 2) These results support a role for leukotrienes in the modulation of 
water transport in pathophysiologic state 

137.8 

VASOPRESSIN (AVP) AND CARDIOVASCULAR RESPONSES TO HEMORRHAGE 
IN MALE AND FEMALE RATS. J. T. CROFTON AND L. SHARE. UNI- 
VERSITY OF TENNESSEE, MEMPHIS, TN 38163. 

We have examined the question of sexual dimorphism in the 
volume control of vasopressin release. Blood volume (BV) was 
measured in female (F) and age-matched male (M) rats by the 
indicator dilution technique (""I-RISA) and was similar be- 
tween the sexes (8.210.2 vs. 8.2kO.l ml/100 g body wt, re- 
spectively), Subsequently, conscious, unrestrained M and F 
rats were subjected to two consecutive hemorrhages (Hl and 
W, each 10% of BV, The plasma vasopressin concentration 
(PAVP) was measured prior to and 10 min after each hemor- 
rhage. Mean arterial blood pressure (MAP) was monitored 
throughout the experiment. No changes in MAP and P~vp 
were noted in M rats in response to Hl. In F rats, MAP de- 
creased (p<O.Ol) 9&2 mmHg and PAVp increased (p<O.Ol) by 
2.5kO.7 pU/ml. MAP in F was lower (p<O.OS) than in M after 
Hl. In response to H2, MAP decreased (p<O.Ol) to similar 
levels in F and M rats (-3624 vs. 3027 mmHg, respectively). 
As expected, PAVP increased (p<O.Ol) in response to the 
fall in MAP in both sexes, but was 2 times greater (p<O.Ol) 
in F than M rats (5Ok6 vs. 23*3, respectively), These data, 
plus our earlier obsewation that pressor responsiveness to 
vasopressfn is attenuated in female rats, suggest that, in 
severe hemorrhage, a greater hcrease in PAVp levels is 
required to maintain MAP in female rats. Supported by USPHS 
grants HL-12990 and HLf9209. 

137.10 

ACID-BASE AND CUTANEOUS ELECTROLYTE TRANSPORT RESPONSES 
TO HYPERCAPNIA IN TERRESTRIAL, ADULT AMBYSTOMA TIGRINUM -* 
Daniel F. Stiffler. Calif. State Polytechnic Univ, 
Pomona, CA 91768 

AquatIc, larval Ambystoma tiplrinum increase the rate 
of cutaneous Na + influx during hypercapnia (JEB 130:389) 
and following exercise-induced'lactacidosis (JEZ 244:39) 
and decrease Cl- influx during hypercapnia. These ion 
fluxes presumably involve exchanges of Naf for H+ and Cl- 
for HC03- so that the observed changes in aquatic larvae 
lead to acid excretion and base conservation, Adult 8. 
tiErinum are primarily terrestrial and their skin is only 
intermittently in contact with an ionic environment. 
Because of this it is of interest to see if the skin of 
these adults has retained it's acid-base regulatory 
function. When adults were subjected to hypercapnia (3 % 
CO*) they showed a typical amphibian compensation 
response in that they elevated extracellular [HC03] from 
14 to 22 mM to partially restore the arterial PH. The 
skin does not, however, appear to be involved in this 
response as neither Na+ nor Cl- influx changed 
significantly. (Supported by NSF DCB 86-17073) 
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137.11 

PROGRESSIVE HYPERCAPNIA IN THE TOAD (BUFO MARINUSJ AND 
THE EWLLFROG (RANA CATESBEIANA). Daniel P. Toews and 
Daniel F. Stiffler, Calif. State Polytechnic U., Pomona, 
CA 91768 

Several authors have shown that when amphibians are 
exposed to higher than ambient levels of CO2 the 
compensatory plasma HC03- increase is relatively small 
(compared to most fish). It has been suggested that a 
bicarbonate reabsorptive threshold might exist at 
one or more of the exchange surfaces. When we exposed 
toads and bullfrogs to a progressive CO fncre&e 
(increased Z%/day for 4 days), plasma HC03- 1 evels were 
raised to values well above the proposed threshold of 30 
mkt. Nonetheless, even though the HC03- reabsorptive 
potential exists at lower CO2 levels for complete pH 
compensation, extracellular compensation is limited. 
There were differences between the aquatic bullfrog and 
the terrestrial toad with respect to the maximal observed 
HC03- concentration. The bullfrog achieved a 
concentration about 10 mM higher than the toad which 
appeared to level out at about 40 mM. This may be 
related to the fact that the toad's cutaneous Na'/H+ 
exchange transport system did not respond to the acidosis 
with the increased transport rate 
amphibians. 
(Supported by NSF DCB 86-17073). 

typical of aquatic 

237.12 
BODY COMPOSITION USING ISOTOPE DILUTION AND 
INDIRECT CALORIMETRY IN MALNOURISHED PATIENTS. 
SA Goldstein*, DH Elwyn", J Aakanazi, V Kvekan", J 
kang" and RN Pieram, Jr. C!olumbia Univer, NY NY 
10032, Albert Einstein Med Coll, Bronx, NY 10487. 

This study examines the impact of weight (wt) 
loss in patients with chronic obstructive pulmonary 
disease (COPD) on the aqueous phase of total body 
compoai t1on l Six malnourished patients 16922 
years) with COPD w9,e measured with 3H2O for total 
body water STBW), SO4 for extracellular water 
(ECW), and Ha Por total exchangeable sodium, and 
anthropometrlcs Sor body fat. Intracellular water 
(ICW) = TBW-ECW. Indireat calorimetry and N balanoe 
were used to estimate changes in ICW and ECW during 
hypercaloric enteral or parenteral feeding. 

AT ADMISSION IX + SEM) 
wt CHI TBV ECW ICW ECW:ICW’ FAT 
bgl (I wed) (1) 11) (11 I% pred) I%) 

45$ 5455 29.023 13.5+_2 15.5~2 lS6+_12 1153 

CHI = Creatinine height index, pred = predicted 

With 2 weeks of feeding, there was an Increase 
in body wt (0.5ZO.2 Kg, p < .025) with a decrease 
in ECW (4O+C10 g/Kg, p ,005) and an increase In ICW 
(2225 g/Kg, p < ,005). This shows that with 
repletion, there is a shift in the water 
distribution in malnourished patients, due to 
changea in both oomponents (ECW and ICW). 

PITUITARY/NEUROENDOCRINE , 

138.1 

REGULATION OF PROLACTIN mRNA LEVELS BY SEX STEROIDS IN RAT 
ANTERIOR PITUITARY GLAND, Yiai Tong*, Hui Fen Zhao*, Jacques 
Simard*, Claude Labrie*, Luc Petitclerc", Fernand Labrie and 
Georges Pelletier*, MRC Group in Molecular Endocrinology, 
Lava1 University Medical Center, Quebec GlV 4G2, Canada. 

Estrogens are known to exert specific stimulatory effects 
on basal and dopamine-inhibited prolactin (PRL) release and 
synthesis as well as on PRL mRNA gene expression. On the other 
hand, androgens, in the presence of 17p-estradiol (E,), exert 
an inhibitory action on PRL release both in vivo and in vitro, 
Using castrated male rats, we have studied the effect of E, 
(0.25 pg), progesterone (P, 2 mg) or dihydrotestosterone (DHT, 
100 pg) administered twice daily for 14 days alone or in com- 
bination on PRL mRNA levels measured by in situ hybridization 
and dot blot hybridization, The cDNA przoding rat PRL 
was kindly provided by Dr. R, Maurer. Similar results were 
obtained with both techniques. Treatment with E, increased PRL 
mRNA levels by 2.5 to 3.5-fold, the values being similar to 
those observed in intact female rats, Administration of DHT 
or P alone had no effect on PRL mRNA accumulation, Concomitant 
administration of DHT, however, decreased the stimulatory 
effect of E, on PRL mIWA levels by 50 to 80%. All the hormonal 
treatments described above did not affect growth hormone mRNA 
levels. The results obtained clearly indicate that in vivo the 
stimulatory effect of E, on PRL gene expression is partially 
reversed by androgens, These results also demonstrate that 
quantitative in situ hybridization is a powerful tool to study 
the regulation of gene expression. 

138.3 

ANGIOTENSIN ACTS AT SUBFORNICAL ORGAN TO INCREASE PLASMA 
[O~OCINJ. AV.Feamm and N.W.lQsthy Depts. of Physioiogy, Queen’s 
University, Kingston,Kirt 3N6; and UBC Vancouver V6T 1W5; Canada. 

The subfornical organ (SFO) contains angiotensin II (All) receptors 
and is the CNS site at which this pepttde acts to influence plasma 
[vasopressin], Mood pressure and drinking. Our own studies have also 
suggested that systemic All may stimulate oxytocln [OXY] release 
through an action at the SFO. We have therefore examined the effects 
of systemic Ail administration on plasma [OXY] in freely moving intact 
and SF0 iesioned male Sprague Dawley rats fitted with atrial catheters 
a minimum 5 day period prior to experimentation. Electrolytic SF0 
lesions were piaced in the leslon groups at this time. On the day of 
study animals were pIabed in isolation boxes and foilowing a 60 m 
equilibration period a control bid sample was withdrawn. 30 m later 
a 30 m atrial All infusion (1.0 ug/kg/m) was initiated, after which a 
second sample was taken. A third Mood sample was withdrawn a further 
30 m later. After collection all blo& samples were immediately 
centrffuged and the plasma retained for OXY radioimmunoassay. Post 
mortem histology allowed each animal to be assigned to SF0 intact, 
rostra1 SF0 lesion or caudal SF0 lesion groups. Systemic All increased 
plasma [OXY] in both intact (means 6.8 to 44.8 pg/ml), and caudal SF0 
lesioned (6.8 to 45.1 pg/ml) groups, while it had no significant 
effect in the rostral SF0 lesioned animals (17.4 to 22.8 pg/ml) 
although basal [OXYj were elevated In this group. These data support 
the hypothesis that systemic All acts at the SF0 to increase plasma 
OXY concentrations. 
Supported by the MRC of Canada. 

138.2 

ANTAGONISM OF ARGININE-VASQPRESSIN-INDUCED ACTH SECRETION Ihl 
ViVfl. Themis C. Kamilaris, Renato Bernardini, Mark A. Demitrack*, 
Bill Gallucci*, Philip W. Gold*, and George P. Chrousos. (SPON: P.A. 
Deuster) DEBINICHD and l BPB/NlMH, Bethesda+ MD 20892. 

Arginine-vasopressin (AVP) participates in the regulation of the 
hypothalamic-pituitary-adrenal (HPA) axis by acting synergistically 
with corticotropin-releasing hormone (CRH) to stimulate pituitary 
ACTH secretion. Whether and to what extent AVP is involved in the 
circadian and/or stress-induced activation of the HPA axis, however, 
remains unknown. b viva active AVP antagonists that would specificafty 
antagonize the stimulatory effect of AVP on the corticotroph would allow 
elucidation of the physiologic’role of AVP in HPA axis function. We 
examined the abilities of 3 m antagonists [d(CH2)5 Tyr(Etz)VAVP, 

desGiy9d(CH2)5Tyr(Et2)VAVP and desGly9d(CH2)5D-Tyr(Et2)VAVPJ 
to inhibit AVP-induced ACTH secretion & vivq, in chronically cannulated 
male Sprague-Dawley rats. Each of the antagonists was given 
intravenousty alone, or 2 minutes prior to an IV injection of 0.3 ug/lOO 
gr body weight of AVP, at the dose of 25ug11 OOgr body weight. Whereas, 
none of the three compounds had any agonist effect of its own, all three 
peptides inhibited AVP-induced ACTH secretion by 64, 47, and 46%, 
respectively. These results suggest that the compounds tested are potent 
AVP antagonists in vivQ and could be used in physiological experiments to 
elucidate the role of AVP in HPA axis function. 

138.4 

SUBFORNICAL ORGAN SllMUlATION INCREASES PIASMA LUIEINIZING 
HORMONE CONCENTRATlONS IN THE CUNSUOUS RAT. s.0. mn, 
DA Van VW. and AV Fmugplh Dept of Physldwy, Queen’s 
Unfverstty, Kingston, On&b, Canada, K7L SN6. 

The subfomical organ (SFO), a circumventricular structure of the 
brain, plays an important role in contrd of pltuftary hormone 
secretion. Anatomical studies have tdentifled SF0 projections to the 
me&l septum, a reglon known to contain a large proportion of 
iuteinizing hormone releasing hormone (LHRH)-lmmunoreactlve neurons 
which project to the median eminence, while lesion studies have shown 
that abiatlon of the SF0 disrupts the estrous cycle in rats. In the 
present study, the effect of electrIcal stimulation in the SF0 on 
plasma lutelnizing hormone (LH) concentrations were examined In the 
conscious rat. Male, Sprague Dawley rats (n=ll) were anaesthettzed 
with sodium pentobarbitat (So mg/kg). An fndwelllng atrtal catheter 
was Inserted Into the right jugular vein and a stimulating electrode 
was stereotaxlcaliy implanted into the SF0 and cemented in place. 
Following a 4-5 day recovery period, animals were placgd In isolation 
boxes and blood sampling was Initiated following a 60 mln 
equilibration period. Seven Mood samples were obtained at IO minute 
intervals over one hour. A 3 min, 30 s on/off stimulation (100 uA, 10 
Hz, 0.1 ms putse width) perid was begun Immedlatefy prior to the the 
third sample. SF0 stimulation Increased plasma [U-l] to 246.9L82.1 
pg/ml from pre-stimulation control levels of 59.8L4.2 pg/ml. These 
obsenrations support a role for the SF0 In the regulation of 
gonadotropin secretion. 
Supported by MRC of Canada. 
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138.5 

PHOSPHOLIPID TURNOVER IN A DOPAMINE (DA)-SENSITIVE, PROLAC- 
TIN (PRL)-SECRETING RAT PITUITARY ADENOHA AND IN TWO DA- 
RESISTANT, PRL-SECRETING RAT PITUITARY TUMORS. H, Forget* 
and R. Collu* (SPON: L. Dumont), Centre de Recherche, 
H8pltal St&Justine, Univ. de Montrhal, Montreal, Canada 

The secretlon of PRL by the pituitary gland is under a 
tonic inhfbitory control exerted by DA. Recently, It has 
been suggested that DA may exert Sts action by Inhibiting 
inosttol phosphates (IPx) production and mobllitatIon of 
intracellular calcium. To study the effects of DA on IPx 
productfon and PRL release we have utilized an estrone- 
induced, DA-sensltlve rat pituitary adenoma and two 
malignant, transplantable and DA-resistant rat pituitary 
tumors, 7315a and MtTWlS, Purlfled cells obtained from the 
three tissues were Incubated for 30 min In medfa with drugs 
(TRH and ANGIOTENSIN II) stimulating IPx production and PRL 
release, in the presence or the absence of DA. Baseline IPx 
productlon and PRL release by the adenoma were inhibited by 
DA. TRH and ANGIOTENSIN If stimulated IPx production by 
adenomatous and 7315a cells; this effect was antagonized by 
DA In adenomatous cells. PRL release by adenomatous cells 
only was stimulated by TRH and ANGIOTENSIN II and this 
stlmulatlon was InhibIted by DA. Our results show the 
presence of differences between adenoma and transplantable 
pltultary tumors ln the mechanisms of regulation of PRL 
release. 

138.7 

BRAIN ANGIOTENSIN BUT NOT PERIPHERAL ANGIOTENSIN 
TIRTGGERS DRINKING TN RESPONSE TO HEMORRHAGE. M. Ian 
PhilliDs. Frank Heininner* tgg! Birnitta Kimura*, Department of 
Physiology, University of Florida, Gainesville, FL, 32610. 

It is well known that hemorrhage induces drinking. Since 
hemorrhage increases renin release due to volume depletion, it 
might be assumed that the drinking is stimulated by increased 
peripheral Ang II. However, we investigated if brain Ang II is 
responsible for the drinking response. To test this, we measured 
brain Ang IT in hemorrhaged rats and blocked synthesis with 
Captopril. Male Sprague-Dawley rats were hemorrhaged 33% and 
44%. Thirty minutes after hemorrhage the brains were removed and 
dissected, Ang IT was measured in hypothalamic blocks and in 
plasma by radioimmunoassay (Phillips & Stenstrom, Circ. Res,, 1985). 
Significant increases in brain Ang II levels were found in the 
hemorrhaged rats ( 145 f 18, 147 f I1 pg/g) compared to controls 
(85.4 + 5.0 pg/g). The levels were higher than could be accounted 
for by raises in plasma Ang IT. To prevent Ang II from being 
formed, Captopril (25 pg/pl) was injected i.v.t. immediately prior to 
hemorrhage (33%) and the rats tested for drinking. Another group 
WaS tested with Captopril i.p, (50 mg/kg) injections before 
hemorrhage. The results showed that i.v.t. Captopril inhibited the 
drinking response to hemorrhage (p < 0.01) whereas i.p. Captopril 
or ACS i.v.t. had no effect. It is concluded that brain Ang II is 
the major stimulus for drinking to hemorrhage and not the 
peripheral Ang II. (Supported by NIH grant ROl-27334.) 

138.9 

CAP’I0PRlL BLOCKS PITUITARY-ADRENAL RESPONSE TO MODERATE HEM- 
ORRHAGE, BUT AUGMENTS THOSE TO LARGE HEMORRHAGE. J.S.Cross*, 

Y. D.S.Gu, Brown University/ Rhode Island Hospital, Providence, RI 02903 
We have shown captopril(CAP) inhibits the ACTTI, AVP, Angiotensin II (A-II) and 

adrenal medullq responses to 20% hemorrhage&m) in dogs. To see if a larger 
stimulus would ovmme the effect of CAP, we studied pentobarbitaI anesthetized dogs, 
two days after splewctomy, and placement of adrenal vein, and femoral. artery and vein 
catheters. Dogs were bled 30% of bl& volume @van’s Blue) over 3 min. CAP 
(2@g&g/min) or vehicle was infused iv 1Omin before hem. Adrenal venous and arterial 
blood was sampled at -ZO,-15,-lo,-5,2,4,6,8,10,15,20 $30 min. Adrenal epinephrine 
was assayed by HPLC and mtion rate@) was calculated from adrenal bl& ffow. 
AVP, ACTH, and A-II wm assayed by RTA; data(mean & SEM) were analyzed by 
ANOVA 
Horn CAP -2omh -1ottlin lomin 2Omh 3Omh 
ACRi - 23.8& 3.8 222 3.6 76&l 6.6* 162.4&45.7* 137.4zm.4* 

(p&d) + t 24& 2.4 25% 2.8 177.&29.3** 237kk50* 185.4f36.9* 
AVP - 33f 0.6 3.3f 0.6 82.4&29.3* 71.0&25.8* 72.2*27.1* 

(pghd) + f 2.2 0.0 2.lf 0.2 131.2f42.2+ 89&33.8* 74.5*23.9* 
E - o.ti 02 0% 0.3 11.e 5.7* 22.M 9.4* 23.6f12.5* 

(ng/min) + t 1.2 0.6 4-M 2.1 108.1*42.9*f 75.5f38.0* 117.ti57.1t* 
A4I - 50.5f15.9 49.9k12.4 214.6f35.4* 262.2&46.1* 269.3*43.3* 

(pghd) + f 59.6& 9.0 17.3f 1:5*t 41.3f15.2*t 69.6f28A*f 48.6f14.3*t 
MAP - 106% 7.0 111.&t 4.2 93X12.0 101.4*10.0 104.3flO.O 

(InmHg) + t 108.a 9.9 102.7* 9.5* 60.3f10.3 64.2rt 8.7f 65.5f 8.7t 
*=p<u.u5 rt3pmsefiom control, f=p<U.us trearment &?ct. 
A&T, E, AW, Ad A-IT inc&ed after hem in controls. Although CAP Munted the 
AII rqonse to 30% hem, we saw augmented ACTH, AVP, and E responses + Arterial 
pressure(MAP) decreased similarly in both groups, but did not recover with CAP, These 
data suggest: (1) A-II is necessary for MAP defense after 30% hem, (2) A-II may be 
necemq for normal hormonal responses to moderate hem, but large responses can be 
activated by other mechanisms after larger stimuli. (Supported by NIH #DK2683 1) 

138.6 

INHIBITORY EFFECT OF THE LHRH AGONIST [D-Trp6, des-Gly-NH,I*I- 
LHRH ETHYLAMIDE AND AN LHRH ANTAGONIST ON PITUITARY LUTEINIZ- 
ING HORMONE BETA- SUBUNIT MESSENGER RNA IN THE RAT. L. Petit- 
clerc*, C. Labrie*, J. Simard*, M, Badr*, H.F. Zhao*, G, 
Pelletier, D.H. Coy and F. Labrie, MRC Group in Molecular 
Endocrinology, Lava1 Univ. Medical Center, Quebec GlV 4G2 

We have studied the effect of the LHRH antagonist ID-Nal,, 
C-Cpaz, D-TrpS, D-Arg6, D-Alal*]-LHRH and the LHRH agonist [D- 
TW, des-Gly-NH,l*]LHRH ethylamide (LHRH-A) on plasma LH con- 
centrations as well as pituitary p-LH mRNA levels in castrated 
male rats, B-LH mRNA was measured by dot-blot hybridization 
using rat LH cRNA probes derived from the cDNA fragment kindly 
provided by Dr. J,L. Roberts. Plasma LH was at 4.14 f 0,30 
rig/ml after 3 weeks of castration. Administration of 200 pg 
of the LHRH antagonist caused a 78% fall in plasma LH two 
hours after the injection, After one week of daily LHRH anta- 
gonist administration, plasma LH was 96.5% lower than the 
value found in control castrated animals, Pituitary B-LH mRNA 
levels fell 43% within 10 hours of injection and reached a low 
of 20% relative to control after one week of treatment, Admi- 
nistration of 5 pg LHRH-A caused 45% and 95% reductions in 
plasma LH after 7 and 14 days of treatment, respectively, 
while f3-LH mRNA fell 50% and 80%, respectively. The present 
results demonstrate the potent inhibitory effects of the LHRH 
antagonist and LHRH-A on LH release and LH /3-mRNA expression, 
thus offering models for study of the direct action of other 
modulators of LH secretion, especially sex steroids, at the 
pituitary level. 

138.8 

PLASMA PROLACTIN PARALLELS RESPONSE OF ADRENO- 
CORTICOTROPIN TO MODERATE HEMORRHAGE m UNANES- 
THETIZED SWINE. D, E, &rlson. H. G. Klemcke. and D. S. Gann, 
Brown U./R. I. Hospital, Providence, RI 02902 and USDA, Agricultural 
Research Service, USMARC, Clay Center, NE 68933. 

Prolactin (PRL) responds to several stimuli that elicit release of 
adrenocorticotropin (ACTH) but does not increase in response to hemor- 
rhage in fetal animals. To determine if PRL increases after hemorrhage in 
postnatal pigs, eleven immature, female swine (15-25 Kg) were prepared 
chronically under halothane and conditioned behaviorally to lie in a sling, 
They were bled 14 ml/kg0 min. PRL, ACTH, cortisol (F), vasopressin 
(LVP), and renin (PRA) were measured by RIA. Epinephrine (EPT) and 
norepinephrine (NE) were separated by HPLC. Samples were taken at 
-0.1, 0, .25, ,5, .75, 1, 1.5, 2,4, and 7 h from the onset of hemorrhage. 
Arterial PRL increased at 0.75 and 1 h (PcO.01) and paralleled ACTH and 
F that peaked at 0.75 h (P&O5 and P~0.01, respectively), All 3 hor- 
mones recovered significantly by 4 h. In contrast, PRA and LVP peaked 
transiently at O-25 h after hemorrhage and recovered by 1.5 h (P<O,OS, in 
each case). EPI and NE did not change significantly, In individual pigs, 
ACTH and F showed correlations (Spearman) with PRL that were posi- 
tive in 10 pigs and significant in 6 pigs, The pig with the smallest ACTH 
change (8,4 pgknl peak) showed no increase in PRL. Peaks in PRL were 
simultaneous with (5 pigs) or delayed by 0.25 h from (5 pigs) peaks in 
ACI’H. Significant correlations of PRL with PRA and with LVP occurred 
in only 2 pigs and in 1 pig, respectively. We suggest that a common 
mechanism may elicit release of ACTH and PRL after hemorrhage, 
Supported in part by NIH grant GM27946. 

138.10 
EFFECTS OF PHENCYCLIDINE ON NEUROENDOCRINE SYSTEMS. W-0. Bouan & 

J.G. Ondo, Departments of Psychiatry and Physiology. Medical University of South 

Carolina, Charleston, SC 29425 

We examined the effects of central administration of phencyclidine (PCP) on luteinizing 

hormone (LH) and prolactin (PRL) known to be important in reproduction. PCP inhibits a 

variety of actions of the excitatory amina acids (EAA) glutamate and/or N-methyl-D- 

aspartate (NMDA) and these compounds increase the binding of PCP or its analogues to 

their recognition site. Since our previous studies have indicated that EAA can promote 

LH secretion and may play a role in the neurai control of LH, we hypothesized that PCP 

would atlter the ability of glutamate to increase plasma concentrations of LH. Experiments 

were conducted using castrate and intact male Sprague Dawley rats. Two different proce- 

dures were used. One utilized animals cannulated both in the jugular vein and in the 

lateral ventricle. Blood samples were taken at various times before and after the infusion 

(5 min) of either PCP or its pH adjusted (7.4) vehicle, artificial CSF (vol = 250 nl). In 

the other procedure, animals were implanted with only the ventricular cannula and were 

sacrificed 30 min after receiving a S-min infusion of either CSF, PCP, glutamate. APS (a 

specific NMDA receptor antagonist) or combinations of these. Plasma concentrations of 

LH and PRL were measured by radioimmunoassay. The data indicate that PCP adminis- 

tered into the lateral ventricle can decrease plasma concentrations of LH in the castrate, 

thus supporting the hypothesis of a direct CNS action of PCP on LH. in addition, PCP 

inhibited glutamate-induced LH secretion and APS. Since there appear to be endagenous 

PCP-like compounds and CNS receptor sites for PCP, these findings suggest a possible role 

for these compounds and their receptors in EAA mediated LH secretion. In contrast to 

several previous studies. we found no effect of central administration of PCP on PRL. 
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Hormonal Modulation of the Brain Cholinergic System in the Involvement of the Cholinergic System in Pain Threshold 
Female Rat. J. V. Lee* and K.F.A. Soiimani Coffege of 
Pharmacy, Florida A&M University, Tallahassee, FL 32307. 

Fetiale Sprague-Dawley . rats maintained under 
controffed environmental conditions were used in this 
experiment. Female rats were ovariectomired and two weeks 
later drugs were administered. The first group was treated 
with 5 ug of estrogen. Another group was treated with 5 
ug of estrogen supplemented 48h later with 5mg 
progesterone. Animals were sacrificed and their brains were 
dissected into cerebral cortex, cerebelfum, hypothafamus, 
hippocampus, midbrain, medulla oblongata, pons and bufbus 
of factori us. Assay of choline acetyltransferase (ChAT) and 
acetylchofinesterase ( AChE) were performed in each brain 
regions. Estrogen treatment was associated with significant 
increase of ChAT activity of the hypothafamus, cerebellum, 
bulbus olfactorius, midbrain, medulla and pons. The same 
treatment was also found to cause sfgnificant increase in 
AChE activity in the pons, bulbus olfactorius and the 
medulla. The administration of both estrogen and 
progesterone was associated with significant increase of 
ChAT activity in aff brain regions examined and sisnnificant 
increase in AChE activity of the cerebellum, medulla and 
midbrain. The results of this experiment indicate that the 
cholinergic system might be involved in the different 
physiologicaf and behavioral changes associated with 
estrogen and progesterone in the femaIe (Supported by 
grants from NASA NAG 2-411; and NIH RR081111. 

Aiterations of Genetically Obese Rats. C. Goodman*, H. 
Akunne* and K.F.A. Sotiman. College of Pharmacy, Florida 
A&M University, Tallahassee, FL 32307. 

Male Zucker obese and thefr lean fittermates kept 
under control led environmental conditions were used in this 
experiment. Five weeks-old animals were monitored for their 
pain sensitivity, blood glucose levels and weight gain for 9 
weeks, The resufts indfcate that starting at the 4th week of 
the experiment, obese animals had sfgnificantly higher pain 
threshold than their lean f ittermates using the taff flick 
procedure, Moreover, obese animafs exhibited an increased 
blood glucose Ievef at the 6th week of the experiment. At 
the end of the experiment, animals were sacrificed and 
choline acetl ytransferase (ChAT) and acetylchoffnesterase 
(AChE) enzymes were assayed in the brain. Results indicate 
that obese animals had a signfffcantfy lower ChAT activity 
levels in the midbrain, pons, and cerebellum comparing to 
the Iean animals. Meanwhile, the hypothafami of the obese 
animals had a significantly fower AChE activity than their 
lean littermates. It was concluded from this study that 
obesity is associated with elevated pain threshold and blood 
glucose levels. The elevation of pain threshold might be 
related to changes in the enzymes of the brain cholinergic 
system. (Supported by a grant from NASA NAG 2-411, NfH 
RR01118 and NIH grant RR03020). 
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NEUTROPHIL FUNCTION. SB Shappell,* fi Taylor,* CW Smith,* 
NON-ANTIOXIDANT LIPOXYGENASE INHIBITORS DO NOT INHIBIT 

JR Mitchell. Baylor College of Medicine, Houston, TX 77030. 
The mechanism by which lipoxygenase (LOX) inhibitors 

decrease neutrophif (PMN) accumulation and protect against 
myocardial reperfusion injury is unclear. Although the 
protective mechanism is presumed to result from LOX 
inhibition, most compounds also are potent antioxidants 
(e.g., BW755C, NDGA, Nafazatrom) and several inhibit PMN 
function (Biochem Pharmacol 35: 3481),thereby questioning the 
intermediacy of LOX products in reperfusion injury. Other 
LOX inhibitors, however, are poor antioxidants but still 
protect against injury (e.g., REV-5901). We now report the 
effects of REV-5901 and SKF 86002 as well as NDGA (positive 
control) on PMN activation. 
PMA (lO-8 

NDGA (10 uM) completely inhibits 
M) induced PMN secretion (chemiluminescence assay). 

AGENT, ON PROSTAGLANDM RELEASE TN THE ISOLATED PERFUSED 
SPLEEN OF RABBITS. so* and R.Om* (SPON: K.U.klalik), 

1.39,2 

Deparunent of Medical Bimhemistry, Kurume University School of Medicine, Kurume 

EFFECTS OF DJETHYL MALEATE @EM), A GLUTATHIONE-ALKYLAT 

830-91, Japan. 

To investigate the role of glutathione (GSH) on prostaglandin (PG) synthesis, 
isolated rabbit spleens were perfused with Tyrode’s solution with or without the 
addition of DEM in concenuations up to 1mM. In the absence of DEM, PG synthesis 
was stimulated by the Ca2+ ionophore A23 187 (20 nmoles) or arachidonate (0.4 

In contrast, REV-5901 and SKF 86002 in concentrations up to 
50 uM are without effect. Furthermore, NDGA (10 uM) markedly 
inhibits fMLP (10 -g M) induced chemotaxis (bipolar shape 
change) whereas REV-5901 and SKF 86002 (up to 50 uM) do not. 
Conclusions: 1) The direct inhibitory effects of LOX 
inhibitors on PMN function correlate with antioxidant 
properties. 2) The protective effect of REV-5901 on 
reperfusion injury without inhibition of PMN function in 
vitro supports a role for LOX products in the injury. 3) The 
possibility that other antioxidant agents may protect by 
inhibiting PMN function should be investigated. 

139.3 

EUJTRIATION OF GUINEA PIG LUNG CELLS: 
CHARACTERIZATION, ULTRASTRUCTURE AND SECRETION 
OF THROMBOXANE B . C. Robidoux*, J.-P. PeW and P. Sirois’ 
(SPON: J. Bara&). Sept. Pharmacology, Fat. Med., University 
of Sherbrooke, Sherbrooke, PQ, Canada. 

Lungs release arachidonic acid metabolites during 
inflammatory and hypersensitivity reactions but the cell types 
responsible for the synthesis of these mediators are still 
un nown. 

k 
In this study, guinea pig lung cells (713.4 & 41.3 x 

10 cells/lung) were obtained by enzymatic digestion (Protease 
VII) and partially purified by elutriation. Eight fractions were 
obtained and the cell content of each was analysed by standard 
stainings and by electron microscopy. Fourteen cell types were 
characterized. Each elutriation fraction was stimulated with 
selected agonists (PA5 ethoxy-PAF, phorbol myristate, 
ionophore A23I87, f-Met-Leu-Phe) and the secretion of 
thromboxane B2 was monitored. LTD4 stimulated by 100% the 
basal secretion of TXB2 by total cells. The stimulation with 
LTD4 was higher in the fractions I,2 and 8. PMA was the 
most potent agonist and increased by 9 folds the secretion of 
TXB2 by the cells present in fraction 4. Other fractions had 
more discrete responses. The chemotactic peptide, f-Met-leu- 
Phe, stimulated by 2 foMs the secretion of total cells and the 
effect was more prominent in fractions 5, 6 and 7 only. 
A23187, PAF and ethoxy-PAF stimulated by two folds the 
secretion of TXB2 from total cells and from elutriated cells. 
(Supported by the M.R.C.) 

pmoles). This re&d in the release of cyclooxygenase products, as assessed by 
radio-immunoassay. Prostaglandin (PG) E2 WBS a major product, accounting for 
60-70% of the total. Small amounts of PGF,,, 6-keto-PGF1,, PGDz and 
thrumboxane (TX) B, were also produced. When DEM was added to the perfusion 
medium, GSH decreased dosedependenrly with increasing DEM concenmtion. Lac&te 
dehydrogenase activity was not dewted in the venous effluent, indicating that DEM 
depleted intraspIenic GSH without causing any lysis of cellular membranes. 
A23 1874nduced pductim of ffis and of TX decreased with increasing concentrations 
of DEM up to 0.5mM, whereas at l.OmM of DEM, these products showed a tendency 
to increase as Gomparsd with levels at 0.5mM of DEM, However, this increase was 
only significant for TxB , which returned almost to its untreated control level. 1mM 
DEM does not cause ce If lysis, however it appears to perturb the cell membrane to a 
degree similar to that which occurs with stimulation of phospholipase AZ. The small 
but significant increase of TxB may be a result of pG% accumulation caused by 
inhibition of PGE2 isomerase. 6 erfusion with arachidonate gave virtually identical 
r~ults: l&M DEM a#er~riatedtiproduction of allprostanoidsexceptforT~B~as 
compared with untreatedcontrols. These results strongly suggest that GSH may play 
an important role in maintaining a normal level of pG% generation. 

139.4 
THROMB~XANE A (TXA ) EFFECTS 0~ THORACIC AORTA 0~ YOUNG AND 
OLD RATS: US2 OF SELECTIVE TXA, RECEPTOR ANTAGONISTS. Lane 
J. Wallace, Gamal Shams* and Deffnis R. Feller. Divisionof 
Pharmacology, College of Pharmacy, The Ohio State University, 
Columbus, Ohio 43210, 

w - 

TXA is a bioactive metabolite of arachidonic acid which 
produce z vascular smooth muscle contraction and blood platelet 
aggregation, The goal of this study is to establish whether 
there are age dependent differences of vascular contractility 
to TXA Thoracic aorta of F-344 rats of age 5-6 months 
(youngq'and 20-22 months (old) were used as a model toexamjne 
responses to U46619 [(lSS)-hydroxy-lla,9a-(epoxymethano) 
prosta-52,13E-dienoic acid; a TXA agonist] alone or in the 
presence of prostanoid (SQ 29,5483 or nonprostanoid (trimeto- 
quinol; TMQ) endoperoxide/TXA2 receptor antagonists, Maximal 
contractile responses and EC 
tively) to 1346619 were the s%e 

values (23 and 55 nM, respec- 

old animals. 
in aortic strips of young and 

Experimentally determined pA and pK values 
for SQ 29,548 and TMQ as antagonists of U4g619+ted!ated con- 
traction were unchan 

9 
ed 

spectively) and old 
in aorta of young (9.09 and 6,18, re- 

9.41 and 5.94, respectively) rats. We 
conclude that the reactivity and population of TXA receptors 
in vascular smooth muscle are unaffected by the agkg process. 
{Supported by HL-22533). 
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INCREASED LEUKOTRIZNE B4 MEASURED SY GC-MS IN MYOCARDIAL 
ISCHEMIA-REFLOW INJURY. A.A. Taylor,* S.B. Shappell,* 
H. Hughes ,* and J,R. Mitchell. Center for Experimental 
Therapeutics, Baylor College of Medicine, Houston, TX 77030, 

A variety of pharmacologic agents which reduce myocardial 
injury during ischemia-reflow have in common the ability to 
inhibit neutrophil accumulation in tissue regions at risk. 
Identification of the chemoattractants that cause neutrophil 
accumulation, adherence to vascular endothelium, and mi- 
gration into myocardial tissue is essential for the rational 
development of safe and effective therapy for minimizing 
ischemia-reflow injury. Previous studies demonstrating re- 
ductlon of infarct size with dual cyclooxygenase/lipoxygenase 
inhibitors or specific S-lipoxygenase inhibitors suggest a 
role for the potent chemotactic factor leukotriene B4 (LTB4). 
Interpretations of such studies are complicated by the fact 
that these agents are also anti-oxidants. We have developed 
a highly sensitive and specific assay for quantitating LTB4 
in vivo utilizing gas chromatography-negative ion electron -- 
capture mass spectrometric analysis of the pentafluorobenzyl 
ester, bis-tertbutyldimethylsilyl ether derivative of LTB 
using dzerated LTB4 as an internal standard. In a rabb 4 t 
model of circumflex artery occlusion for 90 minutes followed 
by 90 minutes of reflow, we have observed a marked (> 3-fold) 
increase in l,TB4 in myocardial tissue at risk compared to 
myocardium not subjected to ischemia-reflow injury, 

139.7 139.8 

DIFFERENTIAL RESPONSE TO ILOPROST DURING ISCHEMIA- 
REPERFUSION OF NORMAL VERSUS DIABETIC MYOCARDIUM. Galen 
M Piecer. Medical College of Wisconsin, Milwaukee, WI 
5k26. 

Eicosanoid metabolism is altered in diabetes. Post- 
ischemic responses of diabetic hearts (DH) to eicosanoids 
are unknown. A synthetic analog of prostacyclin, iloprost 
(ILO), was given to isovolumically-beating hearts which 
were subjected to 20 min of total global ischemia and 30 
min of reperfusion at preischemic flow rates, Acute DH 
(48 hrs) but not chronic DH (2 months) had pronounced 
postischemic dysfunction and a high incidence of ventri- 
cular fibrillation which was dramatically reversed by IL0 
(3x10-8M). IL0 stimulated endogenous prostacyclin 
release in postischemic control hearts (CH) but not DH. 
However, IL0 significantly decreased postischemic recovery 
of CH which was partially blocked by the calcium entry 
blocker, diltiazem, or by the free radical scavengers, 
superoxide dismutase plus catalase (100 U/ml), Similarly, 
postischemic dysfunction was elicited by arachidonic acid 
(lo-6M) in CH but not chronic DH. These data suggest 
that IL0 may promote recovery in DH at concentrations which 
produce dysfunction in CH. Thus, IL0 may induce 
dysfunction in CH by a calcium ionophoretic action of IL0 
which appears depressed in diabetes and by concomitant 
free radical production presumably via prostaglandin 
hydroperoxidase, 

139.9 
ALBUMIN (BSA) INHIBITS A23187-INDUCED STIMULATION OF 
ARACHIDONIC ACID (u) METABOLISM. J. T. Herlfhy, D, Samples, 
E. A. Sprague and M,J.K, Harper, University of Texas Health 
Science Center, San Antonio, Texas 78284. 

The calcium ionophore, A23187, increases the production 
of AA and associated metabolites. Both AA and its 
lipoxygenase products are lipophilic and often BSA 
used to trap the we1 #eased AA and metabolites. A23187 

i.S 

is 

also lipophilic and this study examines the effect of 
BSA on the A23187-induced release of efcosanoids. Cultured 
baboon aortic smooth muscle cells were grown for 24 hours 
in medium containing 1 uCi/ml (166 Ci/mmol) 3H-AA. After 
washing, the A23187-induced release of radfolabelled 
metabolites was determined in the presence and absence 
of 1% BSA, In the absence of BSA, A23187 increased total 
radioactivity 24 fold; however only a 2 fold increase 
was observed when BSA was present, The ionophore was 
found to co-elute with BSA on gel filtration chromatography. 
These 
the 8 

results show that 
timulator *y ef fects 

presumably bY decreasing 

the presence of protein alters 
of A23187 on AA metabolism, 

the concentration of free 
fonophore, 
(Supported in part by NIH grants HL35391, HD14048 and 
HL26890) 

METABOLISM AND EXCRETION OF EXOGENOUS 13Hl-LTCa IN PRI- 
HATES, Pe Tagarl*, A, Foster*, Ma Cl&o*, D,'Delorme*, Y. 
Girard*, J, Rokach* (SPON: A,W. Ford-Hutchlnson), Merck 
Frosst Canada Inc. P+O. Box 1005, Po1nte Claire-Dorval, 
Quebec H9R 4P8 

IV adm1ntstratlon of L3H]-leukotriene (tT)C4 (10 
VU/kg; saphenous vein) to 4 cynamologous monkeys resulted 
In rapid conversion (to LTD4 and E4) in, and ellmlnation 
from the systemic circulation. Mean urinary excretion of 
tritium comprised 11.4+,16X (n=4) of the original dose 
after 4 hours, rising to 14,8+2.1X after 24 hours. 
[3H]-lTC4 was a major component 1n urine samples ob- 
tained during the first hour only. Minor quantities of 
leukotrienes D4 and E4, and the a-oxidised dertvatjves 
20-OH-tTE4 and 20-COOH-LTE4 were observed In samples 
throughout the experfmental period, After 1 hour, the more 
polar products of p-oxidation, 18-COOH-LTE4 and particu- 
larly 16-COOH-LTE4 were prominant. These were identlfled 
by co-injection with synthetic standards and, for the major 
metaboljte 16-COOH-lTE4, N-acetylatlon, ozonolysls and UV 
spectroscopy. Bjllary excretion was faster, with 43,4X of 
the admlnlstered [3H] ellmlnated wlthln 1 hour, with a 
similar metabolic profile. This data suggests that W- and 
subsequent D-oxtdatlon followed by urtnary excretion Is a 
major route for the transformation and ellmlnatfon of pep- 
tide leukotrlenes In prlmates, The measurement of urinary 
16-COOH-LTE4 concentrations may, therefore, prove an Index 
of In vlvo leukotrfene production of clinical Importance. -- 

RG 12525 AND RELATED COMPOUNDS, A NEW, ORALLY ACTIVE SERIES 
OF LEUKOTRIENE ANTAGONISTS. R. G, Van Inweeen. G. Nuss*- G. 

I  I  - -  

Schuessler+ S. O'Rourke*, J. Travis*, D. Sweeney*, J. 
Gricoski*, D. Mertz*, R. Galemmo*, F. C. Huang* and G. 
Carnathan". Rorer Central Research, Horsham, PA 19044. 

RG 12525 (5-(2- 4-(quinolin-Z-yl)methoxy phenoxymethyl) 
benzyl tetrazole) is a novel, orally active LTD4 antagonist 
that was developed from a chemical series which evolved from 
our initial observations that RG 5901 and TPL55172 are weak 
competitive antagonists of LTD4. 
membranes from guinea pig lung, RG 

Against H-LTD4 binding to 
12525 was a competitive 

inhibitor with a Ki of 2.5 nM. Competftive antagonism of 
leukotrienes was demonstrated with a guinea pig lung strip 
assay in vitro with K -- 
At lOpm, RG 12525 ha 3 

values vs LTC4, LTD 
4 

& LTE4 of 3 nM. 
no effect on histam ne-, methacholine-, 

or PGF -fnduced contractions, demonstrating >4000-fold 
select vity for the leukotriene receptors. RG 12525 was orally P 
effective as an inhibitor of LTD -induced wheals in guinea 
pigs (ED 

z" 
-5 mg/kg vs 100 ng LT 8 ,/site) with a half-life of 

about 9 ours. In an antigen-induced systemic anaphylaxis 
model, RG 12525 was orally effective in preventing death with 
and ED50 of 2 mg/kg. This represents at least a 30-fold 
increase in oral potency over LY171883, SC39070, L649923 and 
IC1198615. The structure activity relationships observed with 
other compounds in this series will be discussed, including 
the steric relationships of the tetrazole, phenyl, and the 
quinoline rings. 
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CHARACTERIZATION OF PEPTIDE LEUKOTRIENES PRODUCED UPON 
PULMONARY ANAPHYLAXIS IN THE ANESTHETIZED RAT. A. Foster, 
8. tetts, S. Charleson, B. Fltzslmnons and J. Rokach (Spon. 
A.U. Ford-Hutchjnson), Merck Frosst Canada Inc, P.O. 80x 
1005, Polnte Claire-Dorval, Quebec H9R 4P8 

Previous work In this laboratory has shown that the 
intravenous admjnlstratlon of [3H] leukotrjene (LT)Cq 
(lpCl/kg, n=6) results in a 69+,1,6X recovery of radfo- 

acttv1ty ‘rn the bile followtng rapid systemic clearance, In 
this study, we investigated the in vivo production of leuko- -- 
trienes following antigen challenge (lOO& 3% ovalbumen 
(0A) by tracheal instillation) In bile duct cannulated, 
senslt#red Inbred rats (A). Sjgniftcant elevations of 
LTC4 (3.6SM.78), LTD4 (2.80~1,11) and N-AC LTE4 
(3,87+1.15) ng/lOOg BW, n=13 were measured and charac- 
terized in the bile by reverse phase HPLC RIA techntques. 
LTC4 was further characterized by UV spectroscopy (xmax 
280nm with shoulders at 270 and 290 nm) and by conversion to 
tTO4 by y-g1utamyT transpeptldase, Pretreatment with 
the speclf1c Mlpoxygenase inhlbjtor, l-656,224 (7-chloro- 
2-~~4-methoxyphenyl)methyl)-3-methyl-5-propyl-4-benzofuranol, 
15 mg/kg p,o. 2h pre) resulted in a >90% 1nh1bltlon of all 
three metabolltes. We conclude that pepttde leukotrienes 
are produced upon pulmonary anaphylaxis in the rat, and that 
this model is sultable for demonstratjng the blochem1cal 
efficacy of 5-llpoxygenase 1nhlbltors In vlvo, -- 

A. Holme, 6, and Pjechuta, H. Inmnunology 42, 19-24 (1981) 
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IWCOSAL ARACHIDONATE METAB0LISM ASSOCIATED WITH SMALL 
INTESTINAL ISCHEMIA-REPERFUSION INJURY. Martin J. Manqino 
Charles B. Anderson; and John Turk: Washington Univ. School 
of Medicine, St. Muis, MO 63110 

The effects of small intestinal ischemia and reperfusion 
on rnucosal eicosanoid synthesis were studied in anesthetized 
dogs (n=lO). Segments of the distal ileum were subjected to 
ischernia for 3 hours and allowed to reperfuse for 1 hour. 
samples of intestine were obtained before ischemia, during 
ischernia (2 hours), and 1 hour after reperfusion. The results 
are: 

Before Ischemia During Ischernia After Reflow 
7xB2 280 f 73 311 f 66 1,302 + 280* 
FGI2 1,079 f 281 1,606 * 211 2,122 f 523* 
FGE2 949 f 463 1,493 l 1,070 2,451 k 560* 
LTc4 280 f 77 477 f 181* 1,113 f 247* 
LTB4 605 k 131 1,095 f 342 4,762 f 706* 
Results expressed as m/100 mg tissue, * PCO.05 relative to 
values obtained before ischemia. In other experiments, the 
production of hydroxyeicosatetraenoic acid (WE) isomers 
was determined by negative ion GC/MS. The production of 
15-HETE, 12-HETE, and 5-HEYE by mucosal tissue after reflow 
increased by 700%, 900!%, and l,OO@& respectively, relative 
to mucosal tissue obtained before ischemia. These data 
demonstrate dramatic alterations in arachidonate metabolism 
by ischemic intestinal mucosa that may have functional 
significance. Supported by NIH M-33308. 
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TOPICAL INFLUENCE OF ALOE VEKA ON ADJUVANT ARTHRITIS, IN- 
FLAMMATION AND WOUND HEALING. Robert H. Davis PA College of 
Podiatric Medicine, Phila., PA 19107 and Florida Food Pro- 
ducts, Eustis Florida 32727. 

Adjuvant induced arthritis closely resembles rheumatoid 
arthritis in its pathologic manifestation. Adjuvant arthri- 
tis induced by administering M. butyricum in oil into the 
paw was inhibited 25% by applying 5% Aloe + 'RNA + ascorbic 
acid in cream topically for 13 days over a 21 day period. 
Once established, the arthritis was regressed 45% by the 
same topical treatment. Topical Aloe vera showed a dose-re- 
sponse relationship between 0.25 to 1.0% in inhibiting cro- 
ton oil induced ear swelling. This provides a good index as 
to where the concentration of commercial preparations should 
be. Low doses of Aloe vera in cream applied topically over 
the wound for 7 days significantly improved wound healing 
over controls. Thus, Aloe inhibits the early inflammation 
but, also, improves would healing. This study provides us 
with some indications of "How Aloe Works". 
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BW 755C BUT NOT PEPTIDOLEUKOTRIENE ANTAGONISM REDUCES 
MYOCARDlAL DAMAGE AND NEUTROPHIL INFILTRATION FOLLOWING 
CORONARY ARTERY OCCLUSION WITH REPERFUSION. E.F. Smith III. 
J.W. Egan*, D.E. Griswold*, L.M. Hfllegass* and M.J. 
Slivjak*, Depts. of Pharmacology and Immunology, Smith Kline 
& French Labs., King of Prussia, PA. 

This study was designed to compare the cardioprotective 
effects of a 5-lipoxygenase inhibitor, BW 755C, with a pepti- 
doleukotriene receptor antagonist, SK&F 104353, following 
coronary artery occlusion for 30 min with reperfusion (MI/R) 
for 24 hr in rats. BW 755C (10 mg/kg, i,v.) or SK&F 104353 
(25 mg/kg, 0.) were given 1 min prior to and 4 hr after 
coronary artery occlusion. SK&F 104353 antagonized LTD4 
vasopressor responses by 90% after 1 hr and 60% after 4 hr, 
indicating blockade of leukotriene responses, Creatine phos- 
phokinase and myeloperoxidase (MPO) activity were measured 
to determine myocardial injury and neutrophil accumulation, 
respectively. Infarct size was reduced from 22% in MI/R- 
vehicle treated animals to 14% in MI/R-BW 755C treated 
animals (p < 0.05). In comparison, SK&F 104353 had no 
effect on myocardial injury. Myocardial MPO activity 
increased from l.S+O.S U/g in sham-MI/R animals to 4.320.6 
U/g in MI/R-vehicle animals (p < 0.01). In the MI/R-SK&F 
104353 group, MPO levels were 4.420.8 U/g. These data 
indicate that peptidoleukotrienes do not contribute to 
myocardial ischemic/reperfusion injury or PMN accumulation, 
but suggest that other 5-lipoxygenase products are involved. 
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tNHlBITION OF LTBq INDUCED LEUKOPENIA 8Y LY255283 AND 
LY223982. W.T.dackson*, L.L. Fro&h*, T. Gocdsoq*, Q& Herroq’, 
B.E. Mallett’, and D-M. Gapinski*. (Sport: J.H. Fteisch) LiHy Research Laboratories, 
Lilly Corporate Center, Indianapolis, IN 46285. 

Compounds lY255283 (1-(5-ethyl-2-hydroxy4-(6-methyl+(1 H-tetrazol-5-yl)- 
heptyloxy)phenyl)ethanone) and LY223982 ((E)-5-(3-carboxybenzoylj-2-((6-(4- 
methoxyphenyl)-5-hexenyl)oxy)benzenepropanoic acid) were tested for their 
effects on leukopenia induced in rabbits by leukotriene B4 (LTB4) and N-formyl- 
methionyldeucyl-phenytalanine (FMLP). In the absence of test compound, iv. 
administration of 1 pg LTB4 induced a transient decrease in circulating leukocytes 
(700/o decrease between 0.5-2.0 min after injection of LTB4). FMLP (0.39w) in- 
duced an equivalent amount of teukopenia. Test compounds were given intrave- 
nously 2 minutes prior to administration of LTB4 or FMLP. Indomethacin (1 Om@kg) 
had no effect on LTB4-induced teukopenia. tY255283 (0.02-2.0mgfig) inhibited 
LTB4-induced teukopenia in a dose dependent manner. Complete inhibition of the 
LT84-induced response occurred at 2.Omglkg. However, a S.Omg/kg dose of 
LY255283 had no effect on FMLP-induced leukopenia. Similar results were 
obtained with LY223982 (2-1 Omg/kg). A lOmg/kg dose of LY223982 completely 
inhibited LTB4-induced leukopenia but a 4Omglkg dose had only a marginal effect 
on the FMLP-induced response. Neither compound (LY255283, 2mg/kg; 
LY223982,1Omg/kg), by itself, affected the circulating leukocyte count. .LY255283 
and LY223982 have previously been reported to be potent and specific antago- 
nists of LTB4-induced neutrophil aggregation @ vitrq (FASEB Journal 2 (5):Al110, 
1988). Present studies show that the compounds are also specific LTB4 antago- 
nists in an m setting. 
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TRIPHASIC RESPONSE TO ARACHIDONIC ACID (AA) ON BLOOD . PRESSURE IN CONSCIOUS RATS. &&&,&try * uafait Ma&, Dept. of 
Pharmacology, University of Tennessee, Memphis, TN 38163 

Thromboxane A, (TX) or structurally related prostanoids have been proposed to 
participate in prohypertensive mechanisms. The present study was designed to 
determine if TX or prostaglandin (PC) endoperoxides generated from AA inffuence 
arterial blood pressure (b.p.) in normotensive rats. Male Sprague-Dawley rats were 
instrumented with PE50 catheters in the femoral artery and femoral vein under 
ketamine/xyla&e anesthesia. Following recovery on the next day, the rats were placed 
in perspex holders and the arterial catheter was connected to a pressure transducer for 
recording mean b.p, and the venous catheter was used for drug administration. 
Responses to bolus intravenous (i.v.) injections (200~1) of AA (1 S-2.5mg) and TX 
analogue, U46619 (0.55pg), were recorded before and after inhibition of 
CycIooxygenase with indomethacin and TX synthetase with UK38485 and tre&nent 
with TX receptor antagonist, SQ29548, Administration of AA resulted in a 
dose-dependent triphasic response, viz., transient depressor (Phase I) foIlowed by 
pressor (phase II) and then a prolonged depressor remnse (Phase III). Treatment with 
indometbacin (10mgkg) attenuated Phase I and abolished Phase III of AA-induced 
response. TX synthetase inhibitor, UK38485 (3Omg/kg i.v. bolus and 15 mg/kg/hr 
infusion) did not alter any component of the AA response whereas TX receptor 
antagonist, SQ29548 (Smg/kg i.v. bolus and Smg/kg/hr infusion), which also blocks 
the actions of PG endoperoxides, significantly attenuated Phase II of the AA response, 
Pressor responses to U46619 were not affected by indomethacin or UK38485 but were 
almost abolished by SQ29548. These data suggest that Phase III and at least a part of 
Phase I of the b.p. response tb AA in the rat is due to its conversion to vasodilatory 
PGs whereas Phase II of the AA response is dependent on the generation of PG 
endoperoxides or a pressor prostanoid(s). (Supported by NIH 19 134) 
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SULOTROBAN INIiIBTTS THE CEREBROVASCULAR EFFECTS AND 
NEUROLOGIC CONSEQUENCES OF THROMBOXANE. A. SulpizSo", C, 
Sauermelch*. J.P. Hieble and R.N. Willette. Smith Kline & 
French Laboratories, King of Prussia, PA 19406. 

Elevated intracisternal levels of thromboxane 82 (TXBz) 
accompany subarachnoid hemorrhage and have been implicated 
in the pathogenesis of cerebral vasospasm. This study 
describes the cerebrovascul ar effects and neurologic conse- 
quences of U46619, a TX-mimetic, in the absence and presence 
of sulotroban (BM 13.177; SK&F 95587), a TX antagonist. In 
isoflurane anesthetized rats, paralyzed and ventilated (02), 
the Lt. common carotid and basilar arteries were ligated and 
BP, HR, ECoG and local cortical perfusion (LCP; laser 
flowmetry) were monitored. Internal carotid administration 
of U46619 elicited immediate dose-related (0.3-3.0 ug) 
decreases in LCP and ECoG activity unrelated to systemic 
changes. Pre- or post-treatment with sulotroban ( lo-20 
mg/kg, i .v,) reduced or abolished the effects of U46619. 
Similar, agonist and antagonist LCP effects were observed 
following intraparenchymal microinjections (80-100 nl) 
beneath the LCP probe. Sulotroban alone had no significant 
effects on LCP, ECoG or the LCP-pCO2 relationship. In 
vitro, sulotroban competitively antagonized (KB=6.4x10°7; 
DR=5.7) U46619-induced contraction of the internal carotid 
artery (pH 7.4 & 6.8). In this model, sulotroban inhibits 
the LCP and ECoG effects of U46619, apparently by 
antagonizing TX-receptor mediated cerebrovasoconstriction in 
arteries and microvessels. 
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EFFECT OF PROSTANOID PRECURSORS AND SUPEROXIDE RADICAL ON 
HUMAN BLOOD PLATELET FUNCTION IN VITRO. B.E. Akinshola*, 
P.S. Verma* and R.E. Taylor* (TO-L, Weyt). Howard -- 
univem, College omcine, Washington, D.C. 20059. 

The level of cyclic adenosine monophosphate (CAMP) in human 
platelets is known to be an important regulator of platelet 
function. The polyunsaturated fatty acids: Dihomo-gamma-lino- 
lenic acid (DHLA), and Eicosapentaenoic acid (EPA), precursors 
of the prostaglandin (PG) 1 and 3 series respectively, were 
studied for their ability to stimulate platelet CAMP and/or 
PGEl levels and to inhibit platelet aggregation (PAg). Incu- 
bation of washed platelets (108/ml) with 125 uM DHLA increased 
intraplatelet levels of PGE from 197A7.03 to 1622+9.70 pico- 
grams, CAMP from 3~0.78 to 121.95 picomoles, and inhibited 3 
collagen-induced PAg. To a lesser degree, 125 uM EPA also in- 
creased platelet CAMP levels and inhibited collagen-induced 
PAg. Addition of 1 umole of xanthine per unit of xanthine 
oxidase (a superoxide radical generating system) to the incu- 
bating medium potentiated the effects of both fatty acids, 
whereas 240 uM hydrogen peroxide (Hp02) inhibited these 
effects. These data suggest that (I) super-oxide radical may 
activate the platelet cyclooxygenase system to increase lipid 
peroxidation of these fatty acid precursors which may result in 
the inhibition of PAg, whereas Hz02 may have an opposite effect 
and (2) DHLA may be more effective in inhibiting PAg than EPA, 
which has been reported to reduce the incidence of coronary 
disease in certain human populations. 
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SUPPRESSION BY HIGH-DOSE GLUCOCORTICOSTEROID ADMINISTRATION OF 
EICOSANOID BIOSYNTHESIS BY HUMAN ALVEOLAR MACROPHAGES. Rolf 
J. Sebaldt!, James R. Sheller*, John A. Oates", Garretx 
FitzGerald" (SPON: M. Abou Donia), Division of Clinical 
Pharmacology, Vanderbilt University, Nashville, TN 37232 

Although- studies in vitro suggest that steroids modulate 
eicosanoid formation via induction of phospholipase inhibitory 
proteins, we failed to depress whole blood leukotriene (LT) B4 
formation or excretion of the urinary metabolites of prosta- 
glandin (PG) E2, PG12, or thromboxane (TX) B2 by high dose 
glucocorticoid (GC) administration in man. To further assess 
the cell specific action of steroids, we administered predni- 
sone 60 q g to healthy volunteers for 1 week. Alveolar-macro- 
phages were obtained by bronchoalveolar lavage, preincubated 
at 100-300 x 103 cells/well with hydrocortisone (HC, O-10m5 M) 
and stimulated with opsonized zymosan (02) (100 ug/ml), iono- 
phore A23187 (50 uM) or no stimulus, Released eicosanoids were 
measured by gc/ms, a highly specific and sensitive technique. 
In vitro HC caused dose- 
KB2 and PGF2 

and time-dependent suppression- of 
and PGE2 (up to 54% after 11.5 h at 10-5 M), 

but suppressed LTB4 less markedly. One week of prednisone sup- 
pressed the 3 cyclooxygenase products ex vivo under all prein- -- 
cubation conditions, and with or without 02, by 81-88X and 
LTB4 by 50X (no stimulus), 75% (02) and 65% (A23187). Unlike 
the major arachidonate products of neutrophils, platelets and 
endothelial cells, eicosanoids formed by human alveolar macro- 
phages are subject to inhibition by GC in human volunteers. 
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DEVELOPMENT OF A MEMBRANE RECEPTOR ASSAY FOR 
LEUK0TRlENEB4.~1~2~3& 
vl** 1Temple Univ.,Phila., Pa.'19140; *Brown Univ.,Providence,R. I. 
tX2!312; 3Biom o !  R ~hLa~torieQlymouthMeeting,Pa. 19462. 

S(S),lZ(R)dihydrqxy-6-c&8,10 trans-14-cis-eicosateiraenoic acid (LTB4 ) is a 
potent inflammatory mediator generaM by human cells. A new membrane receptor 
assaybasbeendevelo@toquantitateLTT34 production. Membranesfrom& 
ceils are incubated with [%J LTB4 in the presence of polyethylene glycol8000 and 
gamm globulin. Unlabeled LTB4 standz& or biological sampleswith unknown 
concentrations of LTB4compete with [3H] LTB4 for binding. The mixture is 
filtered through a MiUipxe HAWP filter, the filter is washed with Hanks buffer, and 
theradioacti~tyretainedbythe~terisdetermined. Tbersngeofsensitivityforthis 
assay is tirn 10 

‘; 
g to 1 ng of LTB4 , The ability of other lipoxygenase products 

to compete with [ HJ LTB4 far the binding sites on the membranes from HL-60 
cells was determined. The cross xeactivity of 20-hydroxy LTB4 is 10 8. 12@ 
HETE, LTD4, 14,15-LTD4, and 20 amino-propyl LTB4 have a cross reactivity of 
1 6 of less. 2O-c&oxy LTB4, arzhidonic acid, 5(S) WETE, 12(S) HJZTE, 5(S), 
12(S)-Di-KETE, S(S),12(R)-D#E'l‘E, 8(S),lS(S)-Di-HETE, 5(S),6(R)-Di-mTE, 
LTCq, 14,15-LTC4 and LTE4 have a cross reactivity of less than 0.1 8. Thus, 
HL-60 cells possess stereospecific receptors which have a binding specificity 
analogous to that of human polymorphonuclear leuocytes (PMNs) receptors. The 
tlse of membranes from HL-60 cells for the measurement of LTB4 provides a novel 
alternative to radioimmunoassay for the determination of the levels of this important 
eicasanoid in biolugicd fluids, 
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Inhibition of Antigen-Induced Contractions of Guinea-Pig 
Tracheal Strips (GPTS) by 5-Lipoxygenase (S-LO) Inhibitors. 
D. W. Snyder, H. L. Cho*, E, D. Mihelich* and P. P. K. Ho. 
Lilly Research Labs, Eli Lilly and Co., Indpls, IN 46285. 

The ability of several reported S-LO inhibitors to block 
antigen-induced contractions of GPTS from actively sensitized 
animals against ovalbumin (OA) were evaluated. Paired GPTS, 
pretreated with indomethacin (5 FM) and pyrilamine (10 PM), 
were challenged with cumulative concentrations of OA (lo-' - 
10s3 mg/ml) in the presence or absence of drug. Potency of 
the 5-LO inhibitors was assessed as % inhibition of the OA- 
induced response at 3~10'~ mg/ml. All compounds tested 
suppressed the OA-induced contractions in a concentration- 
related manner. REV-6866 (N-methyl-4-benzyloxyphenyl- 
acetohydroxamic acid) was the most potent (ICso = 0.56 FM) 
5-LO inhibitor tested. Three structurally related inhibitors 
reported by Summers et al., 1987 (J. Med. Chem. 30:574) -- 
suppressed the OA responses with ICsn values from I,3 - 
150 IJM, AA-861, a structurally unrelated 5-LO inhibitor, 
suppressed the OA-induced contractions with an IC50 value of 
7.4 FM. These IC50 values correlated (r = 0.97) with the 
inhibition (ICsc values) of isolated 5-LO activity from 
guinea-pig neutrophils, LTDd-induced contractions were not 
altered by these 5-LO inhibitors. The results demonstrate 
that OA-induced contractions are mediated via 5-LO products 
and suggest this model can be used to evaluate potency and 
selectivity of S-LO inhibitors in - 

139.20 

vitro. 

LACK OF EFFECT OF ADENOSINE ON RAT MESANGFAL CELL PROSTANOID 
PRODUCTION. Gary R. Marchand, George J. Trachte and Lois J. 
Heller. Univ. of Minnesota. Duluth. MN 55812 
Since glomerular mesangiai cells (MC) have adenosine (ADO) 
receptors, we tested‘the hypothesis that adenosine reduces 
glomerular filtration rate by either increasing MC TxB2 or 
decreasing MC PGE2 production. Experiments were done with 
primary cultures of rat MC incubated (30 min, 37O C, pH 7.4, 
room air) with vehicle, 10 uM ADO, 1 ug/ml calcium ionophore 
(A23187) or both ADO and A23187 (9-12 plates/treatment). 
Although the MC metabolized ADO, more than 79% assayed by 
HPLC was recovered after incubation. Prostanoid 
concentrations were measured by RIA. PGE2 production 
(mean+SEM) is in pg/mg protein/30 min. TxB2 production is 
in percent of plates with detectable levels. 

Vehicle ADO A23187 ADo + A23187 
PGE2 365+66 239+45 + 13039+2687* 15584+3847*+ 
TxB2 8.3% o%+ 40% 80%*+ 
*p<.O5 vs. vehicle tNS vs. preceeding control 
ADO alone had no effect on either PGE2 or TxB2 production. 
As expected, A23187 stimulated prostanoid production. 
However, ADO did not significantly affect 
ionophore-stimulated prostanoid production. We conclude 
that the effect of ADO on glomerular function is not 
mediated by MC prostanoid production. (USPHS SO7 RR05896 
and SROl HL35869) 

139.22 

ASSESSMENT OF RECEPTOR RESERVE IN BASAL AND DIFFERENTIATED 
U-937 CELLS AFTER LEUKOTRIENE D4-INDUCED DESENSITIZATION. 
Ja es D. Winkler. Henry M. Sarau*. Ja es J Foley* and 
Stinlev T. Crooke Molecular Pharmacoyogy,'Smith Kline & 
French Laborator&, King of Prussia, Pa, 19406 

In U-937 cells, LTD4 and LTE4 stimulate calcium 
mobilization (EC5os: 5 and 500 nM, respectively) and 
LTE4 was shown to be a partial agonist with a linear 
relationship between effect and receptor occupation. 
LTDq-pretreatment produced a concentration-related 
desensitization of LTE -induced Caz+ mobilization in 
both basal and DMSO-di 4 ferentiated U-937 cells. However, 
the maximal desensitization was greater in basal cells (66% 
+ 4%) than in differentiated cells (33% + 7X), LTD4- 
pretreatment resulted in a greater percentage reduction of 
Ca2+ mobilization produced by LTE4 than that produced 
by LTDq, suggesting that a receptor reserve exists for 
LTD4. The extent of receptor reserve was assessed in 
basal and differentiated U-937 cells by comparing LTD4 
concentration-response curves from control and desensitized 
cells* Both basal and differentiated U-937 cells were 
shown to have substantial receptor reserve for LTD4 as 
assessed from the Ka/EC5D ratios, which were 9,5 + 3.8 
and 7.2 + 1.2, respectively, and the magnitude of receptor 
reserve was similar for basal and differentiated cells. 
The difference in sensitivity to desensitization observed 
in basal and differentiated U-937 cells may result from an 
alteration in the signal transduction mechanism. 
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139.23 

THE EPITHELIUM-DERlVED RELAXING FACTOR (EpDRF) 
MODULATES THE RESPONSES OF GUINEA PIG ISOLATED 
BRONCHUS AND TRACHEA TO LEUKOTRIENES. S. Prie*, A. 
Cadieux* and P. Sirois” (SPON: J. Barabe). Dept Pharmacol., 
Fat. Med., University of Sherbrooke, Sherbrooke, P.Q., Canada. 

The influence of respiratory epithelium on the responses of 
guinea Pig ainnrays to leukotrienes and histamine was 
investigated. The epithelial cell layer was removed from rings 
of trachea and upper bronchi by gently rubbing their mucosal 
surfaces. The responses of the tissues were studied . in a 
cascade superfusion system. The contractions of epithelium- 
denuded rings to leukotrienes and histamine were markedly 
enhanced as compared to those with intact epithelium 
preparations. The responses to LTA LTQ, LTD4, LTE, and 
histamine were increased by 2.7, 3$ 1.9, 4.5 and 1.3 folds 
respectively on the trachea and by 2.3, 1.9, 2.3, 1.9 and 1.9 
folds respectively on the bronchi. Histological sections of the 
airways were made to confirm the absence or the presence of 
the epithelium. The effect of indomethacin on the contractile 
responses induced by these agonists in absence of epithelium 
was evaluated. Our results showed that the myotropic 
activities to LTD4 and histamine were enhanced. Furthermore, 
the use of tranylcypromine (an inhibitor of synthethase) 
in presence of the epithelial celt 

PG12 
layer enhanced the 

contractions induced by 
histamine. These 

LTD4 without affecting those to 
results suggest that arachidonic acid 

metabolites are, at least in part, responsible for EpDRF 
activity, (Supported by the M.R.C.) 

ENDOTHELIUM-DEPENDENT RESPONSES II 

140.1 

PORCINE ENDOTHELIAL CELLS IN CULTURE RELEASE DIFFERENT 
RELAXING FACTORS. C. BoulanEer*. Ph.D. and P.M. Vanhoutte. 
M.D., Dept. Physiology, Mayo Clinic, Rochester, MN 55905 

Experiments were performed to determine the influence of 
ouabain on the release and the effect of relaxing factor(s) 
from cultured endothelial cells. A column of porcine aortic 
endothelial cells grown on microcarrier beads (in suspension 
culture) was perfused with modified Krebs-Ringer bicarbonate 
solution. The release of relaxing factor(s) by the 
endothelial cells was bioassayed using a ring of canine 
coronary artery without endothelium (contracted with 
prostaglandin FZa) under basal conditions 
stimulation with bradykinin (lOa 

and during 

ionophore A23187 (lOme 
to 3 x lo-*M), the calcium 

to 10m7M) or adenoslne diphosphate 
(ADP; 3 x 1O-6 to 3 x 1O-4 M). Incubation of the endothelial 
cells with ouabain (5 x 10s6M) did not affect the relaxation 
of the bioassay ring under basal conditions or upon 
stimulation with ADP, but reduced those evoked by bradykinin 
and A23187 and the relaxations induced by nitric oxide. In 
contrast, incubation of the bioassay ring with ouabain 
reduced the relaxation under basal conditions, and upon 
stimulation with ADP but did not affect the responses to 
bradykinin and A23187. These experiments suggest that 
porcine aortic endothelial cells in culture release two 
endothelium relaxing factors. One factor is released under 
basal conditions and upon stimulation with ADP, and the 
other during stimulation with bradykinin or the calcium 
ionophore A23187. 

140.3 

ANATOMICAL AND SPECIES DIFFERENCES IN ENDOTHELIAL-DEPENDENT 
RELAXATION RESPONSES TO ACETYLCHULINE W.W. Montgomery*, 
R.M. Eglen** A.M. Strosberg and R.L. Whitinq* 
Inst. of Pharmacology, Syntex Research, Palo Alto, CA 94304 

Acetylcholine (ACh) produces an endothelial-dependent re- 
laxation in isolated vascular tissue. The extent of vasore- 
laxant responses to ACh is less pronounced, however, in iso- 
lated venous tissue, The following data describes the effects 
of ACh in contracted arterial rings of differing anatomical 
origin isolated from a number of mammalian species. 

While thoracic aortic rings isolated from rats relaxed in 
response to ACh (IC5o=l.O~M), relaxant effects were not 
observed in thoracic aortic rings isolated from from guinea 
pigs (GP), cynomologous monkeys (CM) or rhesus monkeys (RM). 
Relaxant effects in response to ACh were observed in abdomen- 
al aortic rings isolated from GP (IC5o=l.OpM), while relax- 
ant effects were not observed in abdomenal tjssue isolated 
from CM or RM. Relaxant effects in response to ACh were ob- 
served in femoral rin.gs (12-U mm distal to the abdomenal 
aorta) isolated from CM or RM (IC~O=~.OJJM). Relaxant re- 
sponses to ACh were observed in aortic and femoral rings iso- 
lated from rabbits. However, the responses in the aortic 
rjngs were not sustained. 

ACh-induced relaxation varies in arteries isolated from 
difterent species. These variations are less evident at the 
more distal systemic levels of the vasculature. These data 
suggest that smaller resistance vessels are more relevant to 
the endothelial-dependent resistance lowering effects of ACh. 

140.2 

IDENTIFICATION AND CHARACTERIZATION OF ENDOTHELIAL THROMBOXANE 
RECEPTORS. Cheng-Po Sung*, Anthony J. Arleth* and Barry A. 
Berkowitz. Department of Pharmacology, Smith Klfne and French 
Trig of Prussia, PA 19406-0939. Labs., 

Thromboxane Ap (TxA2) is a potent inducer of platelet 
aggregation and constrictor of vascular smooth muscles. Since 
it is known that the contractile and relaxant activities of 
vascular smooth muscle are modulated by endothelial cells, we 
have investigated the possible existence of TxA2 receptors in 
endothelial cells. In this study we have defined a new and 
useful binding assay with the radiolabell d antagonist of 
thromboxane, IPTA-OH. The binding of [ &PTA-OH to membrane 
preparations of BPAE cells was specific and saturable. The 
dissociation constant (b) at equilibrium and the maximal 
number of binding (Bm ) sites were K = 2.0 + 0.3 nM, and 
Bma = 28.9 + 5.2 fmo?jmg respective&. The specific 
b&g was SO-70% of the'total binding. Thromboxane B , 
prostaglandin 02 and F2a did not displace the ligand ( b .1 nM) 
at concentrations up to 10 PM. However, binding was displaced 
by IPTA-OH (IQ0 = 
(IC50’ 1 PM). 

20 nM) > SQ29548 (IQ0 = 100 nM) > U46619 
The identification of specific TxA2 receptors 

on vascular endothelial cells and the demonstration of a 
sensitive and selective binding assay for endothelial cells 
will be important fqr future definition of the function(s) of 
these high ,affinity binding sjtes as well as the design of 
drugs to modulate them with improved efficacy and selectivity. 

140.4 

HETEROGENEITY OF RHDOTHELIUN-DEPENDENT RESPONSES TO 
ACETYUHOLINE IN CANINE CORONARY ABID F'EMORAL ARTWXES 
Maria Vidal* and Paul M. Vanhoutte. Department of 
Physiology and Biophysics, Mayo Clinic, Rochester, MM 55905 
The present experiments were designed to elucidate the 
mechanism underlying heterogeneity of acqlcholine-induced 
relaxations in canine arteries. Isolated segments of 
carotrd arteries were perfused with modified Krebs-Ringer 
bicarbonate solution. Rings (bioassay tissues) of left 
coronary circumflex or of femoral artery (without 
endothelium) were superfused with the solution flowing 
through the carotid artery. The absence of endothelium in 
the bioassay tissues was demonstrated by the lack of 
relaxatfon to acetylcholine. All experiments were carri .ed 
out gn the presence of indomethacin to inhibft the 
synthes%s of prostanoid; the bioas #say rings were 
contracted with prostaglandin F'&. Infusion of 
acetylcholine inko the- perfused segment evoked relaxation 
of bioassay r%ngs from the coronary but not of the femoral 
artery. 1; conkast, endothelial &ministration of the 
calcium ionophore A23187 induced comparable relaxations of 
both bioassay tissues. The endothelium-independent 
vasodflators sodium nitroprusside and nitric oxMe caused 
similar relaxations of the coronary and femoral arteries. 
These results suggest that acetylcholine, but not A23187, 
causes the release of an endothelium-derived relaxing 
factor from the endothelium of the canine carotid artery 
which differs from nitric oxide, 
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140.5 

DIFFERENTIALEFFECT OF ~YTOCHROME P450 INHIBITORS 
ON ARACHIDONIC ACID (AA) AND ACETYLCHOLINE (ACh) 
INDUCED ENDOTHELIUM-DEPENDENT RELAXATION IN 
ISOLATED PERFUSED RAT MESENTERIC ARTERIES (M As). 
A.S.0. AdeagbQ and KU Malik, Department of Pharmacology, 
University of Tennessee, Memphis TN 38 163. 

AA, like ACh and other vasoactive agents is known to induce vascular 
smooth muscle relaxation that is dependent on an intact endothelium, 
The present study was undertaken to determine the contribution of 
cyt&rome P450 products to AA actions by examining the effect of three 
structurally distinct cytochrome P450 inhibitors on the relaxation 
produced by AA and ACh in MAs preconstricted by norepinephrine. AA 
(I - 100 nmol) and ACh produced dose-dependent relaxation of MAs 
which was not blocked by indomethacin (2.8 PM), but which was 
inhibited in arteries deprived of their endothelium by perfusion with 
distilled water for 10 min. Cytochrome P450 inhibitors, a- 
naphthoflavone (10 or 100 FM), ketoconazole (1 or 5 PM ), and 
metyrapone (50 or 100 PM) inhibited ACh but not AA-induced relaxation 
of MAs. Sodium nitroprusside (SNP, 0.01 - 1 nmol) caused dose- 
dependent, but endothelium independent, relaxation of the MAs. 
Metyrapone (100 FM), but not other inhibitors, reduced SNP-induced 
relaxation of MAs. These data suggest that the endothelium-derive-d 
relaxing factor (EDRF) released by AA is different from that released by 
ACh, and/or the EDRF(s) released by these agents in the MAs act by 
different mechanisms. (A.S.O.A. is the recipient of Fogarty International 
Fellowship # 1 F05 TWO3931 - 01. This work was supported by 
USPHS NIH Grant 19134 ). 

140.6 

IMPAIRMENT OF RECEPTOR-MEDIATED, ENDOTHELIUM-DEPENDENT 
RELAXATION IN DIABETES AND ENHANCED SUSCEPTIBILITY TO 
OXYGEN-DERIVED FREE RADICALS, Ga ett J G oss and Galen 
-* Medical College of &onsin, Mrilwaukee, WI 
53226. 

Endothelium-dependent relaxations (EDR) to muscarinic 
receptor, purinergic receptor and receptor-independent 
vasodilators were studied in thoracic aorta from chronic 
diabetic rats using acetylcholine, ADP and the calcium 
ionophore, A23187, respectively* Despite full relaxation 
in nondiabetic vessels (01, relaxation to acetylcholine 
and ADP was only 58~8% and 56*14%, respectively, of 
precontracted tension in diabetic vessels CDV), EDR to 
A23187 in DV was unimpaired as well as endothelium- 
independent relaxation to nitroglycerin or papaverine. 
Acute exposure to an in vitro free radical (FR)-generating 
system of xanthine plus xanthine oxidase produced a marked 
(28%) decrease in contraction of DV (but not CV) which was 
prevented by catalase but not by nordihydroguaiaretic acid 
or indomethacin, 
response in DV. 

H202 given alone mimicked this 
Prior exposure to FR's reduced the 

subsequent EDR to acetylcholine by 50% in CV while 
abolishing EDR in DV. Abolition of EDR in DV was 
partially prevented by catalase. EDR to A23187 was 
marginally reduced by FR-exposure. Thus, impairment of 
EDR in diabetes appears to be receptor-dependent. 
Furthermore, DV are at risk to FR-mediated injury. 

140.7 140.8 

BLOCKADE OF ENDOTHELIUM-DEPENDENT REDlSTRIBUTION OF 
l MYOCARDIALBLOOD FLOW BY GOSSYPOL. LprieR.Pelc.~rettJ 

. ass and navld C. Warlti~r, Medical College of Wisconsin, 
Milwaukee, WI 53226. 

We have shown that intracorooary (id infusion of 
acetylcholine (AW produces an endothelium(E)-dependent 
increase in the subendkardial to subepicardial blobd- fliw ratio 
(Endo/Epi). In contrast, infusion of nitroprusside (NP), 
produces an E-independent, uniform transmural increase in 
regionaI myocardial blood flow (MBF). We studied the effects of 
gossypol (GP) on the distribution of MBF (via radioactive 
microspheres) following ic infusion of ACh or NP in 
anesthetized dogs. ACh (10 pg/min; n=7) or NP (40 pg/min; n=7) 
were administered before and after GP (1 mglmin x 30min ic). 
Both ACh and NP produced comparable increases in MBF before 
and after GP. However GP blocked the increase in Endo/Epi 
produced by ACh without altering the distribution of MBF 
produced by NP. 

Control Drua Ge 
ACh 0*97&O* 11 2.01&O, 131 1*19&O.lS 2.17+0.12* 

&pi 
0.85&O. 13 1.86~0.23” 1.02~0.07 1.75~0.28” 

ACh 1.24&0,03 1.91io.22* 1 S1~0.20 1.53&O. 14 
NP 1*26&0.13 1.38&O. 12 1 J3kO.08 1.42~0.08 

These results suggest that GP inhibits ACh-mediated E- 
dependent redistribution of MBF to left ventricular 
subendocardium. Supported by NIH #HL32911. 

EFFECT OF ENDOTHELIUM-DERIVED RELAXING FACTOR (EDRF) ON THE 
RESPONSES TO NEUTROPHIL-DERIVED.RELAXING FACTOR (NDRF). 
D.K,H, Lee*, R.J. Sturm*, D.E. Henry*, D. Grimes and 
T.J. Rimele. Wyeth-Ayerst Research, Princeton, NJ 08543-8000, 
U.S.A. 

An NDRF with a pharmacologic profile similar to EDRF has 
been previously reported (JPET 245: 102-111, 1988). For 
further characterization, rings of rat aorta, precontracted 
with phenylephrine (1-3~10-~M), were incubated in organ 
chambers with NDRF and oLher smooth muscle relaxants at 
concentrations producing >80% relaxation, Inhibitors of EDRF- 
induced relaxation, methylene blue (1x10-5M), LY-83 583 
(1x10a5M), phenidone (3x10m5M), hydroquinone (3x10a5M), 
pyrogallol (3x10-5M), and phorbol 12-myristate-13-acetate 
(1x10-6M), caused significant reversal of the relaxations 
induced by neutrophils, acetylcholine, A-23187, superoxide 
dismutase, nitroprusside, molsidomine, nicorandil and 
isosorbide, but had little effect on the relaxations induced 
by forskolin, ANF, db-CAMP, 8-Br-cGMP, prazosin, diltiazem, 
W-7, BRL-34915, H202, and TMB-8. In general, there was a 
positive correlation between the ability of these inhibitors 
to reverse the relaxations and the ability of a particular 
relaxing agent to increase intracellular cGMP levels without 
affecting CAMP levels. The present results provide further 
support for our hypothesis that NDRF displays a pharmacologic 
profile similar to that of EDRF. 

RECEPTORS FOR PEPTiDES AND OTHER HORMONES 

141.1 

MOLECULAR PROPERTIES OF OPIOID RECEPTORS IN HUJMAN NEURO- 
BLASTOMA CEUS. Syed M.I. Kazmi* and Ram K. Mishra. Depts. 
of Psychiatry and Neurosciences, HSC-4NS2, McMaster Univer- 
sity, Hamilton, Ontario, Canada L8N 325, 

Human neuroblastoma, SW-SY5Y cells expressed p and 6 
opioid receptor subtypes. The opioid receptors were coupled 
to adenylate cyclase system through guanine nucleotide 
regulatory protein, Ni* * Pertussis toxin catalyzed ADP- 
ribosylation of G-protein (NiJNw) resulted in significant 
reduction in the high affinity agonist binding to both p and 
6 receptors. The agonist mediated decrease in cyclic AMP 
levels and increase in low Km GTPase activity were almost 
completely abolished with pertussis toxin treatment. The 
sulfhydryl alkylating agent, N-ethylmaleimide caused similar 
reduction in agonist binding and opioid receptor G-protein 
coupling processes. Both p and 6 opioid receptors were 
solubilized using 3-[3-cholamidopropyl)-dimethylammonio]-l- 
propanesulfonate (CHAPS, 6 mM) and NaCl (250 mM). The 
solubilized receptors displayed similar pharmacological 
characteristics with respect to agonist/antagonist binding 
parameters. However, the selectivity of various opioid 
ligands appeared to be somewhat reduced in the solubilized 
preparations as compared to membrane-bound receptors. 
Reconstitution studies may reveal the role of different 
phospholipid components in conferring the ligand selectivity 
and subsequently, separate entities of multiple opioid 
receptors. (Supported by NCI, Canada.) 
*Kazmi and Mishra (1987) Mol. Pharmacol. 32, 109-118. 

141.2 

ACTIVATION OF ADENOSINE RECEPTOR ANTAGONIZED THE ISOPROTERENOL- 
STIMULATED INCREASE IN CONTRACTlLITY IN CULTURED ATRIAL MYOCYTE 

Bruce T. Liang. Brigham and Women's Hospital and Harvard Med. 
Sch., Boston, MA 02115 

Activation of adenosine receptors causes negaiive inotro- 
pit and chronotropic effects in the heart. However, the 
presence of adenosine receptors and the coupling of adenosine 
receptors to an antagonism of the stimulatory effect of iso- 
proterenol in cultured heart cells are not known. We used 
atria? cells cultured from I4 day chick embryo as the model 
system l Isoproterenol caused a 18.7&Z % increase in the basal 
amplitude of contractionin=II, &SE, P<O.OT)and had no effect 
on the spontaneous rate( Tsoproterenol= 3uM), Superfustian of 
the myocyte with R-PIA (TO uM) in the presence of isoproterenol 
(3 uM) resulted in a 37.4 f 4% decrease in the amplitude of 
contraction (n=II, *SE, P<O.OI) and a 17.2fT.3% decrease in the 
beating rate (n=IT, fSE, PCO.OT), The atria1 myocyte recovered 
spontaneous contractile state upon removing 
isoproterenol and the adenosine receptor agonist N 6-R-phenyl- 
Z-propyladenosine (R-PIA). The onset of action of isoproteren- 
01 or of R-PIA was 60 seconds,achievinq a steady state in less 
than 2 T/2 min. Conclusion: Adenosine receptors are present 
and are coupled to inhibition of isoproterenol-stimulated 
increase in contractility in intact cultured embryonic chick 
atria1 myocytes; these myocytes may offer a good model system 
in which to study the mechanism(s) underlyinq the antagonism 
between the adenosine receptor and the 6-adrenergic receptor. 
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141.3 
CHARACTERIZATION OF [3H]CGS 159438 BINDING TO ADENOSINE A1 
RECEPTORS IN RAT CORTEX. Michael F. Jarvis? Michael Williams, 
George Stonet and Matthew Sills? Research Depart. Pharma- 
ceuticals Division, CIBA-GEIGY Corp. Summit, NJ 07901 

The triazoloquinazoline, CGS 15943A, is the first reported 
non-xanthfne adenosine antagonist that is selective, and has 
high affinity for, central adensoine receptors (Williams et al. 
1987; JPET 241: 415). In the present studies, [3H]CGS 15943A 
specifically bound to recognition sites in rat cortical mem- 
branes in a saturable and reversible fashion. [3H]CGS 15943A 
bound with high affinity (Kd = 4 nM) and limited capacity 
(Bmax = 1.5 pmol/mg protein). Competition studies revealed 
that [3H]CGS 15943A binding was consistent with the labeling 
of brain A1 receptors. Adenosine agonists inhibited binding 
with the following order CPA (IC50 = 4 nM)) 2-CADO>R-PIA) 
NECA)S-PIA (IC50 = 160 nM). The potency order for adenosfne 
antagonists was CGS 15943A)8-PT7DPXrtheophylline = caffeine. 
All agonist inhibition curves were shallow and best described 
by a two-site binding model. In contrast, antagonist inhibit- 
ion curves were best described by a one-site binding model. 
The complex binding interactions found with adenosine agonists 
may indicate that [3H]CGS 15943A labels both a high affinity 
Al receptor and an additional low affinity binding component 
in rat cortex. [3H]CGS 159438 represents the first radfo- 
labeled non-xanthine adenosine antagonist which potently and 
selectively interacts with central purinergic receptors. 

141.5 

ADENOSINE Al RECEPTOR AGONISTS INHIBIT DOPAMINE RELEASE IN 
THE RAT STRIATUM. ,H. S, Kim*, W, C. Boyar*, A. Hutchison* 
and P, L,. Wood* (SPON: G. B. Weiss), Research Dkpt., 
Pharmaceut%cals Div., CIBA-GEIGY Corp., Summit, NJ 07901 

The striatum is rich in both Al and A2 adenosine rec'eptors. 
If adenosine agonists have different effects on rat striatal 
dopamine (DA) release, the specific receptor subtype involve- 
ment could be demonstrated. The DA extracellular metabolite, 

. 3-methoxy 
release. 
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adenosine (CHA), R-pheny3isopropyladenosine (R-PIA) and 
5'-N-ethylca.rboxamidoadenosine (NECA) caused dose-dependent 
decreases in the steady-state levels of 3-MT. These agents 
equipotently (ED25, approx, 1 mg/kg p.o.) inhibited pargyline- 
dependent 3-MT accumulation. Since CHA and R-PIA are r&la- 
tively specific Al receptor agonists and NECA is almost 
equipotent at Al and A2 sites, our data favor an Al receptor 

- action, Also, the Al receptor selective antagonist, 
8-cyclopentyl-1,3-dipropylxanthine (CPDX), blocked the actions 
of CHA, The cerebellar cGMP level (a known Al receptor-linked 
action) was also inhibited by the three Al agonists and CPDX 
blocked the effects of CHA. Thus, adenosine inhibition of 
rat striatal DA release appears to be specifically mediated 
by Al receptors, 

141.7 

VASOPRESSIN STIMULATION OF ADENYLATE CYCLASE IN 
SOLUBILIZED HOG KIDNEY MEMBRANE, Wendy ValTnski*. Ponnal 
NambI*. Nambi Ai_var*. Michael Minnfch* and Stanley f. 

Dept. of Mol , Crooke. Pharmacology, SK&F Labs, 
Philadelphia, PA 19101 

Vasopressin (V$ receptors were solubilIred from 
hog kidney membranes us1 ng egg lysol eci thin. Sol ubi 1 i zed 
receptors were then mixed with dimyristoylphosphatidyl- 
choline (DMPC) to reduce detergent concentration. 
Vasopressln binding in these fractions was specific, rapid 
and saturable. These fractions have significant adenylate 
cyclase activity also. Forskolin as we1 1 as guanine 
nucleotides such as GTP, GTPyS and Gpp (NH)p 
significantly (Z-3 fold) increased adenylate cyclase 
activity suggesting the presence of guard ne nucleotide 
sensitive adenylate cyclase in this fraction. Even in the 
absence of guani ne nucl eotfdes vasopressi n al one 
stjmulated adenylate cyclase activity in these fractions 
(80% over basal). Add4 tlon of guani ne nucleotides or 
forskolfn potentiated vasopressin stfmulation of adenylate 
cyclase actlvi ty. This study provides an initial step 
towards the understanding of the molecular interactions of 
vasopressin receptors and kidney adenylate cyclase+ 

141.4 

POTENT AND SELECTIVE ANTAGONISM OF ADENOSINE 
AGONISTS IN VIVO BY 3,7-DIMETHYL-I-PROPARGYLXANTHINE. 
Thomas W. .Seale*, Kathleen A. Abla*, Mah T. Shamim*, John M. 
Carney*, and Zfohn W, Daiy* (SPON: D Christensen) Univ. of 
Oklahoma Health Sciences Center, Oklahoma City, OK 73190 and 
National Institutes of Health, Bethesda, MD 20892 

3,7-Dimethyl-I.-propargylxanthine (DMPX), a caffeine analog that 
exhibits in vitro selectivity for A2-adenosine receptors, compared to 
A I-adensineceptors, has now been investigated with respect to in 
vivo potency and selectivity. DMPX potently and selectively blocm 
the actions of the potent A2 adenosine agonist 5*-N- 
ethylcarboxamido-adenosine (NECA) in DBA/2 mice, compared to 
blockade of the same responses elicited by the selective Al- 
adenosine agonist N6-cycle-hexyladenosine (CHA). D MPX was 57- 
fold more potent versus NECA-induced hypothermia than versus 
CHA-induced hypothermia and ll-fold more potent versus NECA- 
induced behavioial depression than versus CAA-induced behavioral 
depression. The hypothermia is mediated by peripheral ‘receptors, 
based on blockade by 8-p-sulfophenyltheophylline (PSPT), while the 
behavioral depression is centrally mediated, based on lack of 
blockade by PSPT. DMPX was 28- and 1%fold more potent than 
caffeine in blocking peripheral and central NECA-responses 
respectively. DMPX was equipotent with caffeine versus CHA- 
induced hypothermia and 2,5-fold more potent than caffeine versus 
CHA-induced behavioral depression. The motor stimulating potency 
of DMPX (ED50 10 mol/kg) was slightly greater than caffeine. 

141.6 

PARTIAL PURIFICATION OF VASOPRESSIN (VQ RECEPTORS FROM 
HOG KIDNEY MEMBRANES. Michael Minnich . Nambi Ai_var*. 
Wendv Valinsk? Ponnal Nambf* and Stanley To Crook 
Dept. of Mol , Pharm., SK&F Labs, Philadelphia, PA 19101 

Vasopressi n receptors (Vz) were sol ubJ 1 I red from 
hog kidney membranes with egg lysolec1 thin. Bi ndS ng of 
C3H1 vasopressln to the solub4lized fractjons was rapid, 
specific and saturable. The agonist dissociation 
constants observed in the membranes and the solubjlized 
fractfons were 1.7 + 0.3 vs 2,3 + 0.2 nM respectively, 
Cross-l 1 nkl ng of 125I-AVP to the solubi lized fractjons 
followed by SDS-PAGE analysis demonstrated the presence of 
a speck fit band at approximate mol. wt. of 60-62 KOa band 
which was specIfically inhIbited by cold AVP. The 
solubi 1 ited vasopressi n receptors were partially purified 
using TSK 4000 size exclusion HPLC, fractogel DEAE 650 fan 
exchange, Mono-Q HR 515 and GTP-sepharose affinity 
chromatography. The fractions were analysed for 
vasopressin bindSng activity. The active fractions from 
each step were cross-llnked through 1*51-AVP to identify 
the mol ecutar nature, These partial ly purffSed 
vasopressin receptors have an apparent molecular weight 
of 60 KDa which compared well with the 112% 
AVP-cross linked receptors. Soluble AVP-binding activity 
could be precipitated with wheat germ lectin sepharose 
suggesting that the receptor may be a glyco roteIn. 
Isoeclectrfc focusing of the solubflfted r &, AVP 
crosslinked receptor demonstrated a PI of 5.8 - 6.0. 

141.8 

NEUROKININ RECEPTORS: PHARMACOLOGICAL AND 
BIOCHEMICAL CHARACTERIZATION. St&hane Dion. 
Noureddine Rouissi, GUY Drapeau and Dome&o Reaoli. 
Department of Pharmacology, Medical School, University of 
Sherbrooke, Sherbrooke Jl H 5N4. 

A major breakthrough in neurokinin pharmacology has 
recently been accomplished with the identification of isolated 
organs containing a single receptor type for neurokinips. 
These preparations, the dog carotid artery (D.CiAi) wh+ 
contains r8C8ptOrS for substance P (NK-I), rabbit 
pulmonary altery (R.P.A.) which has receptors for neurokinin 
A (NK-2) and the rat portal vein (R.P.V.) which has receptors 
for neurokinin B (NK-3) were compared with other isolated 
organs containing more than one receptor type (for instance, 
the guinea pig ileum). Receptors were caracterized by 
measuring the order of potency of agonists, using four group 
of compounds: the natural neurokinins (SP, NKA, NKB), some 
tachykinins (physalaemin (PHY), eledoisin (ELE) and kassinin 
(KAS)) as well as some neurokinin analogues showing 
selectivity for one or the other receptor type. The same 

ounds 
~@YBHSP 

ere used 
Y HNKA and 

& compete with appropriate ligands 
IBHELE) in binding assays. The 

results of’ biological assays demonstrated that D,C.A,, R.P.A. 
and R.P.V. are monoreceptor systems. Moreover, a good 
correlation was demonstrated between the apparent affinities 
(pD values) of agonists on the pharmacological assay organs 
an 2 the inhibitory constant (Kl) measured with the binding 
assays. 



THURSDAY AM RECEPTORS FOR PEPTIDES AND OTHER HORMONES A211 

141.9 

cE#ILEcysToKINzN (m) REcEproR WYWZATIOEI FRon BOVF 
w OORTEX. Michel A. Morency , Jason S. Kajiura and 
Ram K. Mishra. Depts. of Psychiatry and Neurosciences, 
HSC-4N52, McMaster Univ., Hamilton, Ont., Canada, L8N 325. 

High-affinity and saturable binding sites for CCK have 
been characterized in several regions of the mammalian 
brain. In the present communication, we report the first 
solubilization of brain CCK receptors. Receptor identifi- 
cation was accomplished by [3H]pCCK8 binding assay using 
polyethylene glycol precipitation followed by rapid filtra- 
tion. The ability of various detergents to solubilize CCK 
receptors from bovine cerebral cortex was examined: CHAPS, 
Digitonin, n-Octylglucoside, Sodium cholate, Triton X-100, 
and Tween-80. Of these, sodium cholate gave the best 
recovery (> SO%). [3H]pCCK8 bound with high affinity and 
saturability to the solubilized cortical CCK receptors 
(KD = 1.88 nM; sax = 55.13 fmol/mg protein). No signifi- 
cant loss of [3H]pCCK8 binding was observed upon filtration 
of the soluble preparation through 0.22 @! filters or 
ultracentrifugation at 130,000 xg for 3 hr. In addition, 
the solubilized cortical CCK receptor exhibited a similar 
profile of relative potencies of various CCK-related pep- 
tides (ccK8 1 caerulein > desulfated CCK8 > CCK4). The 
soluble preparation was quite stable at 4OC for 48 hrs. 
This work was supported by the Natural Sciences and 
Engineering Research Council of Canada and the Medical 
Research Council of Canada. 

141.11 

INTERLEUKIN-2 STIMULATION OF T-LYMPHOCYTES RESULTS IN AN 
INCREASE OF TYROSINE PROTEIN KINASE ACTIVITY. E. M. Saltzman*, 
R, E. Thorn* and J. E. Casnellie* (SPON: P. M.‘ Hinkle). UnTv. 
of Rochester, Rochester, NY 14642. 

Interleukin-2 (IL-2), a lymphokine critical to the prolif- 
eration of activated T-lymphocytes, initiates its effects 
through IL-2 specific membrane receptors. Although the phys- 
iological response of IL-2 receptor binding is well documented, 
relatively little is known about the signal transduction path- 
ways that are activated by IL-2. Identification of these 
pathways has been hindered by the complex nature of the growth 
response to this lymphokine and the expanded period of time 
over which the response occurs. Utilizing the technique of 
immunoblotting, we have recently shown that several T-lympho- 
cyte proteins between the molecular -weights of 38,000 and 
120,000 become phosphorylated on tyrosine residues following 
IL-2 stimulation. The degree of phosphorylation is dependent 
on the concentration of IL-2. Parallel dose-response curves 
are obtained for IL-2 induced phosphorylation and for the 
growth response to IL-Z, indicating that the increase in ty- 
rosine phosphorylation correlates with the ability of IL-2 to 
stimulate the proliferation of T-lymphocytes. These results 
suggest that IL-2, like other polypeptide growth factors, acts 
by stimulating the activity of a tyrosine protein kinase. 
Tyrosine protein kinase activatfon may possibly be the initial 
event in signal transduction by the IL-2 receptor. 

141.13 

PHORBOL ESTERS MODULATE SMALL NUCLEAR RNA EXPRESSION 
DURING MYELOID LEUKEMIC CELL DIFFERENTIATION. man K, 
w and -as rJ. Kawakami”- (SPON: EKKillam) Department of 
Pharmacology and Institute for Environmental Health Research, University of 
California, Davis CA 95616, 

Differentiation of myeloid leukemia cells into mature end-stage cells can be 
induced by a variety of pharmacologically active compounds, including drugs 
which interfere with RNA metabolism or synthesis, We have used the 
differentiation of III&l promyelocytic leukemia cells to monocyte/macrophage 
cells by a series of phorbol ester derivatives as a model system to study the 
expression of small nuclear RNA molecules (snRNAs) during cellular 
differentiation, SnRNAs are abundant nuclear RNA molecules which splice intron 
sequences from messenger RNA transcripts. K60 cells were pulsed for one hour 
with the protein kinase C-activating phorbol ester tetmdecanoylphorbol- 13-acetate 
(TPA), and cells harvested after one to 48 h of incubation. SnRNA levels were then 
measured by Northern blot analysis, In a late passage cell line, TPA decreased the 
levels of Ul and U6 snRNAs in a dose-dependent fashion after 48 h incubation. 
Temporal studies showed that this decrease occured within one hour after drug 
twnoval. However, in early passage HI,60 cells, TPA caused an induction of snRNA 
levels 2-5 fold above those of non-induced cells. Both cell lines exhibited mature 
morphology upon TPA induct ion. Phorbol- 13-acetate, which has no 
differentiation effect on these cell lines, did not alter snRNA levels in parallel 
experiments. These preliminary data indicate that (1) small nuclear RNA 
expression can be regulated by factors which activate the 
phosphatidylinositol/protein kinase C cascade system and, (2) that changes in small 
nuclear RNAs may not be involved in initiating the onset of differentiation, hut are 
instead involved in events secondary to the process of all differentiation, 

141.10 

~~ICALOCMPARIS0NOFTKERABBIT PUCELJD.AND 
NEUTROPEUL FBx3DRs FORPLJWWW-ACXVATIffiFACIUR. Susan 
K. Paulsm* and Charles P. Gox* (Sm: P.H. Stem). G.D. 
searle sr co., Skokie, IL 60077 

The order of *ies of several platelet-gctivam 
factor (PAF)me awsts t0 inhibit [HI-PAF 
specific bi&ing to rabbit platelet ti nsutrophil 
mdraneswr8determined. W-of PAFspecific 
bindingsitecs~boti~~preparati~was~~xmed 
using radiolabeled ligatd bm assays. Scatchard 
analysis of PAF-specific bm ti t% mu-1 
membranes revealed a (Kd) for PAF of 0.35 + 0.12 nM and 1.8 
+ 0.48 x lo” PAF bw sites/q protein, Sca-tchard 
%aly&s of PAF-specific bw to w platelet n’iembranes 
revealed a sir@e bw site with a Kd for PAF of 0.75 4 
0.22 nM and 3.2 f. 2.76 x 10%F bfnding sites/q 

- 

protein. Th8ordarofpV of pAFreceptiranmsts 
tm inhibit the binding of [ HI-PAF to mu-1 
membraneswas: PAF > Bmtizolam >wEE3-2086 = Kadme~~ = 
L-652,731 = W-3988 > Wiamlam >Alprazolm. ThRorderof 
porn of PAF receptir mmst ti inhibit w bmg 
of C3H]-PAF to platelet mnbrm was: PAF > 
Brotizolam =W-2086 > m = L652,731 = CV-3988 > 
lW.azolm >Alprazolam. Xn caplclusim, thspoter#=ies of 
F PAF mptor antagoni&s m similar ti inNbiting 
I: HI-PAF bw to platelet and neum1 
llmnbranes. 

141.12 

ROLE OF TYROSINE PROTEIN KINASES IN T  CELL ACTIVATION, R. E. --- morn*, E, M. Saltzman*, and J. E. Casnellie* (SPON: P, M. 
Hinkle) Univ. of Rochester, Rochester, NY -14642. 

Activation of human T  lymphocytes occurs through inter- 
action of membrane bound receptors with the specific antigen, 
monoclonal antibodies, or plant let tins resuf ting in Inter- 
leukin-2 (IL-2) production and IL-2 receptor expression. Bin& 
ing of activating agents stimulate a signal tranduction path- 
way consfs ting of increased inositol lip id hydrolysis anh ele- 
vati .on of intra .cellular free calcium, pr esumably stimulat ing 
protein klnase C. Recent studies have suggested increased ty- 
rosine ph osphorylation is also important. Using antibodies 
specifj .C for phosphotyrosine in conjuncture with immunoblots, 
we investigated levels of tyrosine phosphorylation in thehuman 
T  cell line, Jurkat, under * various activating conditions, We - 
report here that antibodies specific for the antigen receptor 
(CD3), the sheep erythrocyte receptor (CD2), or the plant lec- 
tins PHA and WGA, at concentrations that result in IL-Z secre- 
tion, significantly increase tyrosine phosphorylation in Jurkat 
cells within seconds of addition to the med fum. Furthermore, 
related agents that do not elicit IL-Z seer etion fail to stimu- 
late tyrosine kinase activity. Compounds which increase intra- 
cellula r talc ium 1 evels or stimulate protein kina Se C directly, 
either separa tely or together do not activate the se tyrosine 
kinases. These data gi;e further evidence that tyrosine 
kinases are involved with the T  cell activation signal trans- 
duction pathway, probably upstream from calcium or protein 
kinase C. 

141.14 

PROTEIN KINASE C (PKC) AND PERTUSSIS TOXIN (PT) EFFECT ON 
BRADYKXNIN-, CARBACHOL-, NOREPINEPHRfNE-, ATP- AND 
IONOMYCIN- MEDIATED INTRACELLULAR CALCIUM RELEASE IN MOCK 
CELLS. Matthew Whitman*. Hsiao-Lina Mu*, Ponnal Nambi*. 
Nambi Aivar* and Stanley C ooke* Dept of Mol. 
Pharmacology. SK&F Labs Phrladelphia. PA 19101 

Madin-Darby Canine Kidney (MDCK) cell line is derived 
from the distal tubule and collecting duct and express a 
host of receptors that are coupled to adenylate cyclase or 
phospholipase C (PLC). Addition of Bradykinin (BK), 
Carbachol (Garb), Norepinephrine (NE), ATP or Ionomycin 
(1) to these cells resulted in an increase in the release 
of intracellular calcium as measured by Fura-2. This 
increase in calcium release was very rapid and depended on 
the concentration of compound used, Preincubation of 
these cells with PKC activators such as phorbol dibutyrate 
(PDBu) or PT inhibited BK-, Carb- and NE-mediated 
intracellular calcium release suggesting that a 
PT-sensitive G protein is involved in the coupling of the 
above receptors to PLC and that PKC activation may inhibit 
the coupling of this G protein either with these receptors 
or PLC. On the other hand, neither PDBu nor PT 
pretreatment inhibited ATP- or J-induced calcium release 
suggesting that PT-sensitive G protein is not involved in 
these responses, These data suggest that there are at 
least two pathways of activating intracellular calcium 
release in these cells. 
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TflE SUBU%UJIAR AND -RM DISTRIBUM(RJ DF PRUIEIN XINAW C IN 
BWXEIE RerINA. C.2, On*, ‘LE. Donuell~, and MI, Ebadi. Dept, of Phar 
mcol., WV. Nab. till. Med., 42nd St. and hey Ave., Omaha, NE 
68105 

Protein kiuasa C, an enzyme that is activated by the receptor 
tnediated hydrolysis of inositol phospholipids, relays information 
form a variety of sxtracellalar signals, including 
neurotransmitters, neurohomo s, 9 and nsuropsptidss, across the 
membrane to regulate many Ca *-dependent prouessesl including 
regulating the strength of synaptic transmission. The activity of 

T+ tein kin to C is rsgulatsd by a cooperative iatsraotion titween 
zn a and Ca . Since the retina contains the highest concentration 
of zinc in anp living tissue, and since zino metallothionein has 
bean recently identified fn bovine retina (Takahashi, Paliwal, and 
Ebadi, J. till. Biochsm. 12D(S) :3S3, 19881, we investigated the 
status of protein kinase C in retinal subcellular fractions. mesa 
were disrupted by sonicatfoa and SO,OOOxg pellet and soluble 
fractions were collected. The soluble and detergeneextracted pal let 
fractions were then subjected to DEM-cellulose chromrttogxaphy and 
the aluats assayed for protein kinase C activity. This study showed 
that the subcellular distribution of protufn kinase C in bovine 
retina was nonuniform, and the Pl fraction known to be highly 
enriched in photoreceptor cell symaptos 

w 
s and zinc exhibited the 

highest kinase C activity of 801 pmoles P fnoor,lmg protein/6 min. 
Outer rod segment exhibited a valPa of 56 and the remaining regions 
were considerably less. (Snppotted in part by grants from Nebrasks 
Dept. of State and UsmS Ei 03949,) 

141.17 

PROGESTERONE-INDUCED CHANGES IN PLASMA MEMBRANE FLUIDITY OF 
AMPHIBIAN OOCYTES. Gene A. Merrill, Kei Doi*, and Adele B. 
Kostellow, Department of Physiology and Biophysics, Albert 
Einstein College of Medicine, Bronx, New York 10461. 

Progesterone acts at the surface of the amphibian 
oocyte to induce meiotic maturation. Hormone binding results 
in a progressive decrease in the fluidity of the Rana oocyte 
plasma membrane, which was detected by electron spin resonance 
in isolated membranes using either 5- or 16-DOXYL (4’,4’-di- 
methyloxazolfdine-N-oxyl) stearic acid probes. The 5-DOXYL 
probe, which inserts into the membrane with the spin label 
nearest to the surface, showed a lo-12% increase in the order 
parameter (S) within 4 h, and returned to control levels by 
6 h. This parallels a similar time course for a change in 
membrane chloride conductance. The order parameter for the 
16-DOXYL probe, which reflects the fluidity deeper within the 
plasma membrane, increased 35-40% by 4 h and retnained elevated 
at 6 h. RU 38486: 17B-hydroxy-llB-(4-dimethylaminophenyl)- 
17a-(l-propynl)-estra-4,9-dien-3-one, a synthetic steroid that 
blocks progesterone receptors, prevents progesterone-induced 
fluidity changes and does not itself affect the order para- 
meter. This indicates that the binding of progesterone to its 
receptor changes the oocyte plasma membrane structure result- 
ing in a differential decrease in mobility near the membrane 
surface compared to that deeper in the membrane. (Supported 
fn part by research grant DK 15056), 

141.19 

INHIBITION OF ADENYUTE CYCLASE BY POLYADENYLATE. M. 
Bushfield*, I. Shoshani*. D. Stiibner*. S.M.H. Yeung* and R.A. Johnson7 
(SPON: M .I3. Anand-Srivastava), Department of Physiology and Biophysics, 
SUNY at Stony Brook, New York 11794-8661. 

Since a number of potential nucleic acid metabolites including 3’AMP, 
2’d3’AMP, and dinucleotides inhibit activated adenylate cyclase through the 
“P’‘-site, we have examined whether there may be a link between nucleic acid 
metabolism and signal transduction via the adenylate cyclase system. We have 
examined the effects of physiologically relevant concentrations of poIy(A) on the 
activity of a solubilized adenylate cyclase from rat brain. Poly(A) (= 250 
nucleotides) inhibited adenylate cyclase activity with an IC 

f 
0 of 452 4pg/ml, n = 22 

(equivalent to 0.4@M) The inhibition of adenylate cyc ase by poly(A) was not 
mediated by: (a) protein contamination of the poly(A) preparation, (b) metal 
chelation, (c) formation of an acid-soluble inhibitor of adenylate cyclase, (d) 
effects on [a- 32P]ATP specific activity, or (e) competition with ATP for binding to 
adenylate cyclase. Inhibition of adenylate cyclase by poly(A) showed a different 
metal-dependency when compared with 3’AMP. The effect of poly(A) was slow in 
onset and irreversible whereas inhibition by 3’AMP was rapid and readily 
reversible. Thus, the effect of poly(A) was not mediated via the “P’‘-site. This 
effect was reIatively specific for poly(A) as the IC,, for inhibtion by total RNA was 
460pg/ml and poly(U) was only partially inhibitory (<SO% inhibition with 
2.3-30O~glml). Deoxyribonucleic acids were ineffective. Long chains of poly(A) 
were requird for inhibition of adenylate cyclase since olig~(A),~-,~ (O.l-31~M) 
had no effect. Preliminary studies with the catalytic subunit (C) of adenyIate 
cyclase, that had been purified by forskolin-affinity chromatography, indicated that 
poly(A) may interact directly with C. These results suggest that poly(A) may 
function as an intracellular messenger to provide a link between RNA metabolism 
and signal transduction via the adenylate cyclase system. This work was supported 
by NIH grants DK 38828 and DK 33494. 

141.16 

MODIFICATION OF THE GLUCOCORTICOID RECEPTOR BY 
MOLYBDATf- PEROXIDE. Soheil Meshinchi*. Emerv H. 
Bre William B Pratt. 
of Michigan, Ann Arbor, M; 48109. 

The University 

Either sodium molybdate (M) alone or hydrogen 
peroxide (HP) alone stabilizes the glucocorticoid 
receptor (GR) and inhibits its transformation to 
the DNA-binding form. However, when M and HP are 
added together to cytosol containing GR, steroid 
binding is destroyed. SDS-PAGE analysis of the GR 
reveals that M/HP-treated GR migrates with a 
higher apparent Mr than the control GR, suggesting 
a covalent modification of the receptor. Diges- 
tion of receptor into functional domains with 
trypsin and chymotrypsin shows that at least one 
site of modif ication lies within the steroid 
binding domain. Migration of the DNA binding 
domain appears to be unaffected by the treatment. 
Pretreatment of GR with NEM blocks the increase in 
GR mass by PI/HP, suggesting that SH groups are 
required for covalent GR modification. M/HP- 
induced covalent modification may provide a tool 
for probing the site at which molybdate binds to 
steroid receptors to stabilize them in their 
untransformed, non-DNA binding state. (Supported 
by NIH Grant DK31573) 

141.18 
PROGESTERONE RECEPTOR POSITIVITY IN RAT MALIGNANT 
PHEOCllROMOCYTOMAS. James E. Crook. Medical & IIealth Sciences 
Division, Oak Ridge Associated Unfversities, Oak Ridge, 
TN 37831 

Or 

Pheochromocytomas are primarily tumors of adrenal 
#igin that produce a catecholamine excess form of 

medullary 

hyp& tens fan: Although they account for less than 1% of the 
hypertension in the U. S., the clinical symptoms may be 
diverse and the arterial pressure so devastatingly elevated 
that continued research is warranted. Because of previous 
work demons trating that groups of experimenta 
high concen trations of testosterone, produced 

1 animals with 
through i.m. 

administration of suprapharmacological doses of testosterone, 
were the first to develop an implanted ma1 .ignant 
pheochromocytoma, studies were under taken to determine the 
receptor status of the tumor. Six male and six female New 
England Deaconess Hospital rats, 3-4 months old, received 
subcutaneous implantation of a malignant pheochromocytoma, RNC 
259. Three to four weeks post fmplantation when the animals 
were markedly hypertensive, i.e., systolic blood pressure 
'250 m m  Hg, the t mors were removeg. Y Using a dextran coated 
charcoal method, H-estradiol and B-R5020, estrogen and 
progesterone receptor values (fmol/mg cytosol protein) of 
t3 (both sexes) and 81 + 23 (male) and 72 + 38 (female) 
respec tfvely were obtaized. These results-may be useful in 
aiding determination of tumor status as well as providing 
insight into therapeutic approaches. (Supported by contract 
number DE-AC05-760R00033 between the U.S. DOE and ORAU.) 
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METHOD FOR THE PURI FICClfI ON #JO DFTERMf MTION 6F MOLECUiAR WEI6HTS OF THREE 
PlPE f CYCLIC 3’,5’-NUCLEOTIDE PHOSPHODIESTEl&SES. Stephen D. Burrows* and 
Paul A, UolzW (SWN: C,B, Smith) Eastern Michigan Univ., Ypsilanti, MI 46197 

Mu1 t i pl e molecular forms of Crcl i c 3’ ,5’#ucel ot i de Pltosphodi esterase 
(PDE) have been previously described as having different substrate 
specificities depending upon their source. As an example, Type I PDE 
obtained from rat and guinea pig cardiac tissue and frun isolated human 
platelet, varies qreatrr with respect to substrate specificity (see Table 1). 

ITable 1 Typo I PDE Isolation DEAE-cellulose 1 
(modif ication of Thumpson, J.Biot .Chem., I9791 
T  i SW TyPe e cfflp Calmodul in Stimulation 
Rat Cardiac t + 
6.P. Cardiac + + t 

[Hufrtan Platelet - t I 
To purify to a more hpmogenous state, Type I PDEs isolated from 
DEAE-ccl lulose were appl ied to an aff ini tv column of Blue-Dextran Sepharose 
4B (BD-S43). The enzyme was eluted with 4M NaCl and 0-Z Zwittergent 3-14, a 
zwitterionic detergent in column buffer. After purification invnediate 
dec#nposi t ion of the enzyme occurred, Al though molecular weight analysis of 
all three enzymes was between 62-64 kD, the active site of the enzyme also 
seemed to have been affected since Type 1 PDE substrate specificity was no 
longer maintained by either rat cardiac or human platelet enzyme. 30th 
enzymes npw sh#lred specifiritr for c#lP. Hweuer, 6.P. Type I PDE still 
showed no selectivity between cwP and c6MP. Apparently a component 
important to the stabil i tY and/or substrate specif ici tr of the enzyme has 
been removed during the BD-S4B purifiration, 

REGIONAL AND SUBCELLULAR DISTRI3UTION OF CYCLIC NUCLEOTIDE 
PHOSPHODIESTERASE (PDE) ISUZYMES IN RAT BRAIN. M.E. 
Whalin*, W-3. Thompson, R.L. Garrett, Jr.*and S.J. Strada. 
Dept. of Pharmacology, Univ. of South Alabama College of 
Medicine, Mobile, AL 36688. 

The regional and subcellular distribution of PDE 
isozymes [Type 3 (Ca 2+/calmodulin-sensitive), Type II (cGMP- 
sensitive) and Type IV (high affinity CAMP specific)] was 
examined in eight rat brain regions, Substantia nigra 
(SN), neostriatum (NS), frontal cortex (FC), and hippo- 
campus (HP) contained highest specific activity Type I and 
Type II PDE, while SN and NS contained highest specific 
activity Type IV PDE. Subcellular fractionation revealed 
Type I PDE is cytosolic in all brain regions, Type II PDE 
is predominately membrane-associated and Type IV PDE is 
distributed equally between compartments. Further frac- 
tionation of cortical membranes showed that Types II and IV 
PDE reside in synaptosomes. Combined studies using immuno- 
precipation and pharmacological selectivity indicate that 
the Type II PDE is the predominate form in synaptosomes. 
The results support the notion that different PDE isozymes 
exert preferential hydrolytic roles in various brain 
regions and subcellular compartments. These studies were 
supported by grants from the USPHS (GM33538) and the USAF 
(49620-85-R-0014). 

142.3 

DIFFERENTIAL SENSITIVITY TO CYCLIC NUCLEOTIDE PHOSPHO- 
DIESTERASE INHIBITORS IN RAT BRAIN CORTICAL SLICES, R.L. 
Garrett, Jr.*, W.J. Thompson, M,E. Whalin* and S.J, Strada, 
Dept. of Pharmacology, Unfv, of South Alabama College of 
Medicine, Mobile, AL36688. 

The effects of selective cyclic nucleotide phosphodies- 
terase (PDE) inhibitors on the rate of cyclic AMP (CAMP) 
turnover were examined in male, rat cortical slices. The % 
conversion of i3H]-labeled adenine nucleotide pools into 
CAMP was determined after stimulation with maximally 
effective concentrations of isoproterenol (ISO) or 
adenosine (AD). The decay constant was measured according 
to Barber et al, (Mlol, Pharm. 32:753, 1987) using the 
addition of either 200 PM propranolol or 0.55 units of AD 
deaminase to terminate the agonist response. Rolipram was 
the best inhibitor of CAMP decline in both receptor systems. 
However, the drug showed only 60% inhibition following AD 
stimulation of CAMP levels, while >90% inhibition in the 
IS0 stimulated system, Other PDE-inhibitors tested (eg. 
HL-725, SQ-65442) also showed greater efficacy against the 
decline in CAMP levels following IS0 than after AD. Some 
drugs (eg. RS-82856,LY-195115) were poor inhibitors and 
also did not discriminate between the two systems. This 
variation in inhibitor sensitivi ty may ind icate the involve- 
ment of separate PDE isozymes linked to different agonist 
receptor systems. These studies were supported by grants 
from the USPHS (GM 33538) and the USAF (49620-85-K-0014). 

142.5 142.6 

CHARACTERIZATION OF CYCLIC NUCLEOTIDE PHOSPHODIESTERASES (PDE) 
FROM NORM&L AND CARDIOMYaA,IHIC Hw HEARTS. E. Pagani, 
R. Bent lee, L . Hamel*, P . Allen and P . Silver; Sterling-Winthrop 
Res. Inst.,Rens., N.Y.andBrlghamandWomentaHoap.,Boaton,MA. 

PDE iSOZym88, In soluble (S) and particulate (P) 
fractions from normal (N,n=3) and cardiomyopathlc (M,n=4> 
human ventricular tissue were resolved by DEAE chromatography. 
The S fraction from N and M hearts contain PDE I, II and III 
inOZym83 ; the P fraction contains only PDE III. Total PDE III 
activity of the S fraction for cm hydrolysia was similar for 
the N and M hearts; the total activity of the P fraction from M 
was 2-3 fold leas than N. Km and Vmax values (jiMEM) for the 
high affinity OAF@ and cGMP hydrolytic sites of PDE I and III 
are sUtmnariz8d in the following table: 
Isozyme Km(W) Vmax (pmole/mg/minI 

CAM CGMP cAW CGW 
NSI 0.3820.06 0.43~0.02 l21f14 75+13 
N S III 0.23io.og --- 212k52 --- 
N P III 0.26kO.05 --- 21g*74 --- 
MS1 0.39~0.07 U.42f0.02 71*14 50&l? 
M S III 0.25~0.04 --- 241k35 1-3 
MP III 0.29~0.05 --- 124f35 --- 

These data suggest that 1) hydrolysis of cm and cG!@ by 
PDE I is non-selective for N and M 2) Km values for cyclic 
nUCl8Otid8 hydrolysis are the same b8tW88n N and M for each 
isozyme 3) Vmax for CAM hydrolysis by PDE I S and PDE III P is 
lower In M compared with N. 

142.4 
PHARMACOLOGICAL PROFILE OF SOLURLE AND PARTICULATE CYCLIC 
NUCLEOTIDE PHOSPHODIESTERASES (PDE) FROM NORMAL AND CARDIO- 
mm ATHIC HUMAN HEARTS. P . Silver, I,. Hamel*, R. Bentlsp , P . 
Allen and E. PaEanI; Sterling Winthrop Res. Inst., Rens., NY; 
Brigham and Women's Hosp., Bost., MA. - 

In this study we characterized the pharmacological 
profile of PDE isozymes (Peak I, III) present in ventricular 
cardiac muscle from normal (Ml subjects (n=4) and from 
patients (n=4) with end-stag8 cardiomyopathy (Ml. PDE laozymes 
were Isolated from particulate (PAR) and soluble (SOL) 
fractions via DEAE-cellulose chromatography; potency (IC 
w) determined at 0.2 w substrate for the PDE inhibit% 
zaprinast (ZAP), CI-930, milrinone (MIL) and rolipram (ROL), 
and for cGMP ($ at 1 WI, are shown in the following table: 

Source/Isozyme 
N Sol I 

Cl-930 ROL cm 
760 715 7 

N Sol III 
N Par III 
M Sol I 
M Sol III 
M Par III 

175 0.16 0.6 255 
190 0.16 0.7 225 

3 670 120 700 
154 0.25 0.8 225 68% 
161 0.16 0.9 175 63% 

These data show that 1) the peak III PDE in SOL and PAR 
fractionsinbothMandNaresensitivetoinhibitionbyMIL, CI-930 
andcGMP,andinsensitivetoROL2)thepotency/selectivityforMIL 
and CI-930 as peak III PDE inhibitors in human cardiac muscle is 
similar to previous studies with other species 3) there are no 
apparent major differences in potency of SOL or PAR PDE 
inhibition by MIL and CI-930 in M VS. N. 

CAtE20MhIN DEPmm FHOSPHODIESTERASE (Cam-PDE) AND CYCLIC 
GMP SPECIFIC PDE (cG-PDE) DISTRIBUTION AND RESPONSE To 
TNliIBITORS IN AORTA AND mmu TISSUES. 
R.S. Ahn*, W.N. Cri@, S.J. Mofoney*, E.J. Sybertz and B.J.R. 
pitts, Department of Pharmacology, Schering Research 
Division, Bloomfield, NJ 07003. 
Imoprecipitation with a mnoclonal antibody to CaM-PDE 
(provided by Dr. J. Beavo) was used to assess the content of 

CaM-PDE in different porcine tissue extracts. The 
contribution of CaM-PDE to cGMP hydrolysis was: aorta, 74%; 
brain, 60%; heart, 34%; lung, 12%. CaM-PDE contributed 
minimlly to the total CAMP hydrolysis. The CGMP hydrolyzing 
activity remaining after imnunoprecipitation in aortic 
extracts appeared to be mainly due to cGPDE, as it was 
effectively inhibited by dipyridauraole, a selective cGPDE 
inhibitor. A similar relative content of these enzymes was 
found in cultured rat aortic smooth muscle cells. The cGPDE 
contribution to cGMP hydrolysis as estimated by sensitivity 
to dipyridamole in tissue extracts was: 
heart (13)) aorta (66). 

lung (IC,,=3.6 uPI)> 
Negligible cGPDE acivity was 

detected in brain. Inhibition of e hydrolysis in lung 
extracts by M&B 22948 (2-0-propoxyphenyl-8-azapurin-6-one), 
in inhibitor of both cGPDE (XC,,-0.5 uM) and CaM-PDE 
(IC,,-18 uM) confirmed the presence of b6th enzymes in this 
tissue and the greater importance of cGPDE. This study 
directly documents the importance of CAM-PDE to ~GMP 
hydrolysis in vascular tissue and suggests differences in 
relative content of Cm-PDE and cGPDE in different tissues. 
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EFFECTOF PKRTUSSIS TOXINON TEE INTERAcTI0NOF PHmYLEPH- 
RIM3 & CARMCROL IN LEET ATRIUM. A. Ray* and K. H. HacLeod, 
Univ. of British Columbia, Vancouver, B.C. V6T lW5, Canada. 

In rabbit atrium, the muscarinic agonist carbachol (CCH) 
has a direct CAMP-independent negative inotropic effect and 
can also antagonise positive inotropic responses to the 
CAMP-independent a-adrenoceptbr agonist phenylephrine (PHE)# 
The mechanism of this antagonism is unknown but it is possi 
ble that the ability of CCH to activate an outward going 
potassium current is involved. In the present study, the 
effect of pertussis toxin (PT.), known to uncouple muscari- 
nit receptors from potassium channels, was studied on the 
PHE-CCH interaction in electrically driven rabbit isolated 
left atria1 strips. No change in CAMP levels was observed 
in the presence of PHE and CCH, either alone or in combina- 
tion, in the presence or absence of PT (1.75 ug/kg 48 hours 
before sacrifice). PT treatment attenuated almost complete- 
ly the inhibitory effect of CCH on PHE-induced tension. 
However, the direct negative inotropic response to CCH as 
well as its reversal of the positive inotropic response to 
IBMX, a phosphodiesterase inhibitor, known to occur without 
any change in IBMX-induced increases in CAMP levels, were 
only partially attenuated by PT treatment. Although it is 
not clear why PT affected in a differential manner the CCH- 
PHE interaction and the direct negative inotropic response 
to CCH, the results suggest the involvement of a G protein 
in this process. (Supported by B.C. Heart Foundation). 

143.3 

EFFECTS OF CARRACHOL (CARB) AND SODIUH NITROPRUSSIDE (SNP) 
ON C0NTRACTIoN AND CYCLIC GHP IN FROG HEARTS. J.Diamond and 
D.D. W.Nq*. U. of British Columbia, Vancouver,B.C. V6T lW5. 

Previous reports in the literature (e.g. Flitney and 
Singh, J.Mol.Cell.Cardiol. 13:363,1981) have concluded that 
both CAMP and cGMP are invaved in regulating contraction 
in frog hearts, and that they function antagonistically, 
with CAMP enhancing contraction and cGMP depressing it. 
Some earlier studies in mammalian hearts had reported 
dissociations between changes in cGMP and contractility, 
and it was suggested that these disparate results might be 
due to species-related differences, This possibility was 
tested in the present study by comparing the effects of 
CARB and SNP on cyclic nucleotide levels and contractility 
in isolated strips of frog ventricle. CARB (100 m) reduced 
the contractile force of the preparations by more than 90% 
but had no effect on tissue levels of CAMP or cGMP. 
Conversely, 100 JJM SNP increased cGMP levels 2.2-fold 
within 10 min. but had no effect on contractility. When the 
concentration of SNP was increased to 1 mM, cGMP levels 
were more markedly increased (6-fold at 5 min. and g-fold 
at 10 min.) and contractile force was decreased by 12% at 5 
min. and 25% at 10 min. Whether or not the cGMP increase 
contributes to the inhibition of contractile force seen 
with the higher concentration of SNP is unclear. In any 
case, our results suggest that cGMP elevation is not 
responsible for the direct negative inotropic effect of 
CARB in frog ventricular muscle. (Supported by the B.C.H.F) 

143.5 

CARDIODEPRESSANT ACTtONS OF CHLOROQUINE AND 
QUINACRINE IN THE ISOLATED GUINEA PIG HEART. Theodore 
M. Brodv, Lutete Tona* and Yuk-Chow Na*, Department of 
Pharmacology and Toxicology, Michigan State University, E. Lansing, 
MI 40824 

Many anti-maIarials have direct negative inotropic and chrono- 
tropic effects upon the mammalian heart. The actions of two 
aminoquinolines, chloroquine (C) and quinacrine [Q) were compared 
on electrically-driven guinea pig left atria. Both drugs decreased 
tension in a dose and time dependent manner. ED50 values for 
the negative inotropic effect in the presence of 1.8 mM Ca were 
30 PM for Q and 60 uM for C. The effects of both drugs on various 
calcium pools were examined with the following results: (1) The 
force staircase phenomenon observed between 0.5-3.0 Hz was reduced 
by both drugs. (21 Q differed from C by depressing potentiated 
post-rest contract ion. (3) Q (30 PM) also inhibited the positive 
inotropic effects of Bay K 8644 [lpM) and strophanthidin (0.3 PM), 
whereas C blocked Bay K 8644 only at high drug concentrations. 
The negative inotropic effect of C, in contrast to Q, was almost 
completely reversible. m  The results suggest that the two 
anti-malarials behave differently on cardiac calcium pools. C 
interferes primarily with extracelluIar calcium whereas Q action 
is more complex, involving both intra- and extracel1ular calcium 
pools as well as a possible effect on NalCa exchange. (Supported 
by USPHS grants l-IL-1 0652 and AC-02398). Dr. Tona is a FuIbright 
SchoIar. 

143.2 

EFFECT OF DIABETIC DURATION ON METHACHOLINE-INDUCED RESPONSES 
ON THE ISOLATED RAT HEART. Ralph D. Tanz and Xiaojianp; Li*, 
Dept, of Pharmacology, School of Medicine, Oregon Wealth 
Sciences University, Portland, OR (97201). 

Isolated hearts perfused by the method of Langendorff 
were obtained from age-matched rats. Responses from controls, 
streptozotocin-treated (STZ) and ST2 f insulin (2 U/day) were 
studied 6, 12, 24 and 52 weeks later. STZ-induced diabetes 
was confirmed by blood glucose levels exceeding 300 mg/dl. 

Hearts from 6-24, but not 52-week, ST2 animals displayed 
a significant bradycardia after 60 mins equilibration and were 
supersensitive to the negative chronotropic effect of metha- 
choline (5.1 x lo-' - 5.1 x lo-") compared to control and ST2 
+ insulin hearts. Electrically paced hearts (5 Hz) showed no 
difference in coronary flow when exposed to methacholine. Nor 
was the dF/dt different between controls, diabetics or dia- 
betics + insulin when hearts were paced or unpaced, or in the 
presence or absence of methacholine. In general, hearts from 
ST2 + insulin animals responded similarly to their age-matched 
controls in the presence and absence of methacholine. 

Thus, with advancing age the effect of ST2 diabetes on 
the rate of isolated perfused rat hearts disappears. Since 
the coronary flow of electrically paced hearts-exposed to 
methacholine was not different when compared to controls, 
our results suggest that this response to methacholine is 
secondary to its chronotropic action in diabetic rat hearts. 

Supported by the G. s( L. Pfeiffer Medical Res. Fdnt. 

143.4 

HEART ACETYLCHOLINE TURNOVER: A MATHEMATICAL MODEL THAT PRE- 
DICTS TWO POOLS. J. Holsapple* and O.M. Brown. Neurosurg. & 
Pharmacol. Depts,, SUNY/Health Sci. Ctr., Syracuse, NY 13210. 

Much evidence indicates that a single pool precursor-pro- 
duct relationship mode1 does not adequately describe the 
kinetics of acetylcholine (ACh) synthesis and release. We 
have developed a mathematics? model for the treatment of ACh 
turnover whl*ch is based on following the molecular species of 
labelled precursor and product. This approach avoids the 
assumptions and loss of detail inherent in the usual practice 
;[o[piio$ ;;e;i;i; actAvithy. Deuterated and non-deuterated 

, an C and ACh in heart were monitored 
by pyro?ysis-X/MS at various times (0.5-60 min) following 
Lv. injection of dq-Ch (20 umol/kg) to rats. The differ- 
ential equations describing the changes in d&Ch (Eq. 1) and 
da-ACh (Eq. 2), fn heari, ancJ da-Ch in plasma (5s. 3) are: 

EC!: ; “,~~~‘*~T;;“=~EZsff~~~~~~~pss}~-{kl+k~)chh 

Eq. 3 ,dChEfdt=-keChi 
Where: Cho is [dq-Ch] in plasma, Chfi and ACh* are [da-Ch] and 
Cdd-AChJ ?n heart, Chpss is steady-state plasma [Ch] and kl is 
Ch to ACh, kz is Ch to non-ACh compounds (e.g., phospho- 
lipids), kd IS the rate of disappearance of d4"ACh from the 
cell, and J is the current for Ch uptake. The calculated 
turnover rate for rat heart ACh in vivo is 6.2 nmol/g/mIn. 
Further, this model predicts thatapproximately 35% of total 
heart ACh is dynamic, while 65% is in a storage pool. 
Supported by the Amercian Heart Association. 

143.6 

CARD I AC I HOTRflF’I C ACT I UNS OF CALCIUM MCWLATORS AND 
ETHANOL IN TME RAT,A. Gallardo-Caroentier. R. P. . Salvatici*, R. I, Imacso a R G Cacwntler 
Howard U, Wash i n&on, DC ;OOsS.  ;nd’SUNY. l 

Binghamton, N.Y. 13901, 
The influence of ingestion of ethanol (E> on the 

acute effects of E and calcium modulators KMs> on 
the atria1 contractile state <ACS> was studied. 
Rats were isocaIorically pair-fed a liquid diet 
with (EF?) oc without (NR> E (35% of total caloric 
intake) for 12 to 24 weeks. Atria1 strips were su- 
perfused with Tyrode’s solution (36 ‘Cl and dri- 
ven at 1.5 Hz while recordin tension CT>. The peak 
tension developed <PTD) and the maximum velocity of 
development of tension (Vmax T> were larger in NR 
than in ER. E 240 mg % depressed PTD and Vmax T  in 
both NR and ER. Nimodipine 1.75 mg/l (N> also de- 
pressed PTD and Vmax T  in both NR and ER. The acute 
negative inotropic effects of E and N were additi- 
ve. Bay K 8644 250 ug/l <B> enhanced PTD and Vmax T  
in both NR and ER. The acute inotropie effects of E 
and B were subtractive. In summary, E and N exerted 
negative additive inotropic actions. while B had a 
positive effect. which was decreased i.n the presen- 
ce of E. Ingestion of E depressed the ACS. but did 
not modify substantially the inotropic responses to 
E or CMs. Supported by NIWMBRS and ECFMG grants. 
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143.7 
SILVER INHIBITION OF RYANODINE BINDING IN CARDIAC 
SARCOPLASMIC RETICULUM VESICLES: ROLE IN CA2+ RELEASE? 
R.A. Humerickhouse', J.A. Wisler", and H.R. Besch, Jr., 
Department of Pharmacology and Toxicology, Indiana 
University School of Medicine, Indianapolis, IN 46223. 

Nanomolar concentrations of Ag* inhibit the Ca*+ ATPase 
of cardiac sarcoplagmic reticulum vesicles (SRV), This 
inhibition of Ca2+ ATPase correlated positively with 
Ag+-induced release of Ca2+ from cardiac SRV. In contrast, 
in skeletal muscle SRV, others report that Ag+ interacts 
with the SR Ca2+ release channel (ryanodine receptor), and 
not the Ca2+ ATPase, We used a subfraction of cardiac SRV 
highly enriched in junctional SRV and ryanodine receptors to 
evaluate interactions between ryanodine and Ag', Micromolar 
concentrations of Ag+ were found necessary to inhibit 
ryanodine binding and to displace bound ryanodine from its 
receptors, IC50 occurring at approximately 2.5uM Ag'. These 
data show that Ag + does interact with the Ca2+ release 
channel in cardiac SRV, However, the concentration-effect 
relationships suggest that Agf-induced inhibition of the 
Ca2+ ATPase is quantitatively of greater importance that its 
effect on the ryanodine receptors. Also, Ag+ inhibits Caz+ 
accumulation in the absence of ryanodine. Further 
experiment8 are required to determine precisely the relative 
contribution of the two effects of Ag+ in Ca2+ release from 
cardiac vesicles. [Supported in part by the Showalter 
Trust], 

143.8 
coMpAREONOFTHEEFFECE OFAMIOD~ANDI~ATEONRAT 
T3EARr MYOSIN. Surath K. E&neriee* Thc~sR.Brm*and 

143.9 

COMPARATIVE EFFECTS OF FORSKOLIN AND DOBUTAMINE ON 
ADENYLATE CYCLASE ACTIVITY AND CARDIOVASCULAR 
RESPONSES IN NORMAL AND CARDIOMYOPATHIC HAMSTER 
HEARTS. J w H&b& P. G, Conway*, F. D. back*, L. L. Ricker*, A. u 
P. Angelac* and S. Fielding;. Depts. of Bio. Res. & Drug Safety, 
Hmhst-RousseI Pharmaceuticals, Inc. Somemille, NJ 08876, 

The genetic cardiomyopathic hamster (CHF 146) deveIops a progressive 
cardiac necrosis associated with end-stage decreases in cardiac CAMP and 
reduced cardiac perfmance. We examined the adenylate cyclase (AC) 
activity and cardiac function (Langendorff) of compensated pre-failure 
stage CHF and age-matched normal controls (CON) in response to 
dobutamine and forskolin. No differences were found in basal AC activity 
@IA) between CHF (23.5 pmoI/mg protein/min.) and CON (18.7 pmollmg 
protein/min.). Similarly, there were no differences in basal active tension 
(T), heart rate (HR), or coronary flow (CF) between the two groups. Both 
forskolin and dobutamine (0.3-300 PM) caused significant increases in AC 
in the CON. However, dobutamine-induced AC was significantly less in 
CHF than in CON, whereas forskolin stimulation remained the same. The 
peak changes in T paralleled AC responses to drug treatment in the two 
groups, with dobutamine-treated CHF showing smaller increases in T 
compared to CON. ForskoIin-treated CHF and CON showed equivalent 
increases in T between 0.001-0.03 w. Histological analysis revealed 
moderate calcification and fibrosis in CHF but not in CON. It is concluded 
that 120-150 day old CHF show normal basal AC activity and cardiac 
function; however, dobutamine-induced increases in AC and T are less than 
in CON. Consequently, it would appear that p-receptor coupled increases 
in AC and cardiac function are deficit in these CHF while responses to 
forskolin remain unaffected, 

143.11 

ALTERATIONS II'4 7HE ADENYLATE CYCLASE SYSTEM OF ME MYOCARDIUM 
DURING THE DEVELOPMENT OF ADAPTIVE SUPERSENSITIVITY. D.A. 
Taylor, L.E. Bennett* and W.W.' Fleming. WVU Health Sciences 
Ctr., West Virginia University, Morgantown, WV 26506 

The myocardium of several species adapts to chronic re- 
ductions in adrenergic input by an elevation in sensitivity. 
Unlike the adaptive SupersensitivSty observed in a number of 
other tjssues, the phenomenon which develops in cardiac tissue 
is highly selectfve for beta-adrenoceptor agonists, In the 
guinea pig myocardium, changes in sensitivity appear in the 
absence of any detectable alteration in the beta-adrenoceptor 
population, suggesting that the molecular change responsible 
for adaptive supersensitivity in this tissue occurs distal to 
the receptors. In order to assess the role of the adenylate 
cyclase system in the development of supersensitivity, the 
cycl!c AMP content of isolated atria following exposure to 
agonists known to activate adenylate cyclase in the myocardium 
was determined. Cyclic AMP content was measured using a com- 
mercially avaflable radioimnuno-assay kit. Isoproterenol (lo-7 
- lo-5M) and histamine (10-S - lo-3M) elevated cyclic AMP con- 
tent in both right and left atria. The elevation in cyclic 
AMP content induced by fsoproterenol but not histamine was 
significantly greater in tissues obtained from animals 
pretreated with reserpine than in control tissues. These data 
suggest that the portion of adenylate cyclase system specifi- 
cally coupled to beta adrenoceptors may serve an integral role 
in the development of adaptive SupersensItivity in the guinea- 
pig myocardium, Supported by NIH grant 5-ROl-GM29840, 

Nandalal &g&i" (SmY S. Dutta)I VAalter, 
Allen Park, MI 48101 and Wayne State University, Introit, 
MI 48201. 

W have recently shm that chronic treamt of rats 
with &-one, G antiwrhythmic agent, results in reduced 
body wight and heart wight and preferential synthesis of 
the lcrw ATPase cardiac V,-isamyosin. mese effects are 
similar in direction butJto a lesser degree, rewling 
those found in hpthyroidism . A possible mechanism for -- 
such amieone induced changes co&d involve reduction of 
triiodothyronine (T3) concentration in cardiac nuclei. We 
have tested this hypothesis in the present study by ccqaring 
the effects of amiodarone and i@ate, a ~11 known inhibitor 
of 5'-deiodinase, the enzyme that converts intracellular pro- 
duction of T3 from T4. Separate groups of rats were given 
dietary ipodate and amiodarone, respectively, for six weks. 
Both agents increased serum T4 and T4/T ratios, a finding 
consistent with the inhibition of peri & era1 T to T con- 
version. Ekmxer, ipodate failed to produce h &hysoid-like 
eff=ts on body wight, heart FJeight and iscsnyosin transi- 
tions similar to those found in the amitione group. These 
data indicate that the hypathyroid-like effects of amiodwone 
on the rat heart are not due to the inhibition of intra- 
cellular generation of T and T . 
Mica1 &search EWd d the &A) 

(Supportedby the VA 

143.10 
LEUROTRIENE D PRODUCES A POSITIVE INOTROI'IC EFFECT ON TFE 
ELECTRICALLY DRIVEN GuINEA-PIG,LEFT ATRIA. R.C* Falcone*, D. 
Aharonyl and R.F. Urzechowski, Philadelphia College of Phar- 
macy and Science, Dept. of Pharmacology, Philadelphia, PA 
19164 and 1ICI Pharmaceuticals Group,-Wilmington, DE 19897. 

The negative inotropic effect of peptidoleukotrfenes (LTs) 
on the heart has been attributed to both coronary constric- 
tion and a direct action on the myocardium. The purpose of 
this investigation was to evaluate effects of LTs using 
electrically driven guinea-pig left atria (GPLA), Tissues 
were stimulated via puncturate electrodes at 2 Hz and lo-20% 
above threshold. LTD4 (1nM to 1~1I) caused a concentration 
related increase in contractile force, 
23+3% (mean-tsem, 

LTD4 (1pM) evoked a 
n=8) increase above basal contractility 

wh?ch was further enhanced>(4723%, n=6) by 1uM tetrodotoxin. 
Repeated challenges to GPLA with 1pM LTD resulted in 
progressively diminished responses. LTC4 produced a weaker 
positive inotropic response (17&l%, n=3) which was abolished 
when the tissues were pretreated with fOm?l acivicin, a 
y-glutamyl transpeptidase inhibitor. Various LTDq antag- 
onists, ICI 198,615, LY171883 and FPL55712, were able to 
reverse this positive inotropic effect. The LTD,,-induced 
myocardial stimulation was not affected by proprznolol, 
atropine, acivicin, or capsaicin, These data demonstrate a 
direct positive effect of LTD 

4 
on guinea-pig left atria 

which can be reversed by spec fit LTD4 antagonists. 

143.12 

LITHIUM-DEPENDENT INHIBITION OF NA-CA EXCHANGE IN CARDIAC 
SARCOLEMMAL VESICLES. Rebecca Keller* and Calvin C. Hale 
Univ. of Missouri, Columbia, MO 65211 

In an attempt to clarify the monovalent cation substrate 
specificity of Na-Ca exchange, we have examined the effects of 
Li+ on transport in cardiac SL vesicles. In all experiments, 
the final monovalent cation-chloride concentrations were 160 
mM with 20 mMMOPS/TRIS, pH 7.4. SLvesfcles equilibratedwith 
K+, Na+, or Li+ were diluted 50-fold into KC1 with 12 PM Ca-45 
and assayed for Na-Ca exchange activity. No difference was 
observed in initial rates OK total Ca2+ accumulation between 
K- or Li- loaded vesicles which showed significantly less 
activity thanNa-loadedvesicles. A dose response curve of Na- 
loaded vesicles diluted into various mixtures of K+ and/or Li+ 
and Ca-45 produced a linear decrease in the initial rate of 
Ma-Ca exchange activity from 160 mM K+ (100%) to 160 mM Li+ 
(63%). Similarly, mixtures of K+, Li+, or choline+ with or 

without Na+ showed essentially no exchange activity until the 
external [Na+] was reduced to 40 mM. External Li+ inhibited 
Na-dependent Ca-45 uptake by approximately SO% throughout the 
concentration range of 0 - 40 mM external Na+ compared to K+ 
or choline+. Na-dependent Ca-45 efflux was not affected by 
internal K-t- or Li+. K- and Li-loaded vesicles effluxed Ca-45 
in the presence of external Li+ but to a lesser extent than 
with external Na+. These results suggest that Li+ may 
substitute weakly for Na+ and is inhibitory to the exchange 
process. Supported by NSF DCB 8602234 and American Heart 
Association - Missouri Affiliate. 
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COMPOUND 48/80 AND CARDIAC FUNCTION. Young Hee Kang* and 
Gary F. Merrill. Rutgers University, New Brunswick, NJ 08903 

The effects of bolus injection or continuous infusion of 
compound 48/80 on cardiac contracitlity (dP/dt), coronary 
perfusate flow (CPF), and myocardial oxygen consumption 
(MVO 
cons ant ? 

) were studied in isolated gufnea pig hearts perfused at 
pressure 

ug/mWg) 
(65 cmH20). Infusion of 48/80 (25-100 

decreased dP/dt, CPF and MVO2 significantly 
(P(O.05) by 28+6%, 26+8%, 18?4%, respectively. Bolus 
injection (50-2OOpg) produced transient positive intropism, 
rapidly followed by negative fnotropism and a decrease in 
(CPF. One minute after bolus injection, when hearts were in 
the steady state, dP/dt, CPF and MV02 decreased significantly 
(P<O.O5) by 17*3X, 20?6%, 15+2%, respectively. The responses 
of dP/dt and CPF were dase dependent. Bolus injection of 
1OOpg of 48180 caused time-dependent release of histamine. 
The maximum release of histamine was seen within IO-15 
seconds after injection of 48/80. These results indicate 
that the secondary but prolonged negative inotropfsm and 
coronary vasoconstriction seen after administration of 48/80 
might be due in part to the direct effects of 48180. Other, 
indirect effects such as release of endogenous coronary vaso 
constrictors could have contributed to the response. 

143.14 

CMOHOTROPIC AND :NOTROPIC EFFECTS OF ATENDLDL OR 3UTOXAMNE IH THE 
PRESENCE W DOWTAMlNE IN ALTERED THYROID STATES. D.M. Van Mynsberghe 
and M, MulleW. Univ. of Wisconsin, Milwaukee. WI 53201. 

Altered thyroid states Influence cardiac beta (13) receptor density, 
wtth hyperthyrotdism increasing and hypothyroidism decreasing or not 
changing beta receptor density. The ratio of cardiac Bl: I32 adrenergic 
receptors fs Q 83:17 in the rat. Do&&amine (81 agonfst), atenolol If31 
antagonist) and butoxarnine (B2 antagonist) were used to detemine the 
effects of altered thyroid states on adrenergic control of heart rate (HR) 
and left ventricular +dP/dt (LV+dP/dt) in anesthetized euthyrofd, 
hypothyroid and hyperthyroid rats. Dobutamine concentrations (0.25-40.0 
mg/Kg) were given i.v. in the absence or presence of atenolol (0.25 mg/Kg) 
or butoxamjne (2,O and 4.0 mg/Kg). &OS were detemined from the 
dose-response curves. In the presence of dobutamine, with no antagonists, 
LY+dP/dt EC50 was significantly less In the hyperthyroid group, 
reflecting the tncreased I3 receptor density with thyroid hormnes, 
Atenolol decreased LY+dP/dt and HR in all groups, with a 7-9 fold >fC50 
for LY+dP/dt and 3-4 fold >EC5D for HR. Butoxamine resulted in no 
significant differences fn LY+dP/dt in the 3 groups but dJd increase 
significantly the EC50 for HR in the hypothyroid group wjth 4 mg/Kg 
butoxanine. ThjS indicates a decreased 61 receptor population. 

(4mg/Kg) . Butoxamine, a 132 antagonist, has I31 effects at high doses 
Butoxamine could not be given to hyperthyroid rats because even minimal 
concentratfons caused small airway closure in ventilated animls due to the 
upregulatlon of receptors in bronchial smooth nwscle. 
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VALIDATION OF TWO INDICES OF MYOCARDIAL RELAXATION. 
T-CONSTANT AND ECHO-DERIVED ISOVOLUMIC RELAXATION TIME. 
Elaine E. Nelson*, Kirk E. Kanady*, Hoysey H. Povzhitkov,* 
(Spon. A.P. Roszkowski). 
Syntex Research, Palo Alto, CA 94304 

Impairment of left ventricular relaxation (VR) may 
occur as the earliest clinical evidence of cardiac 
dysfunction. Two basic techniques are commonly used to 
characterize VR, viz., relaxation T-constant (T), which 
requires cardiac catheterization, and non-invasive M-mode 
echo-derived isovolumid relaxation time (IVRT). We 
studied the effects of i.v. nifedepine (N) on VR in closed 
chest pentobarbital anesthetized dogs. Routine 
hemodynamic parameters were recorded along with T  and 
IVRT. Administration of N at doses of 5-50 pg/kg 
produced a significant (p<O.O5) and dose related decrease 
in aortic mean blood pressure and an increase in left 
ventricular (LV) dp/dt max. VR time, as evidenced from 
changes in both T  and IVRT, significantly decreased 
(p<O.O5). Conversely, 100-200 Mkg doses of N 
increased the duration of T  and IVRT, and decreased LV 
dp/dt max. The-correlation between changes in T  and IVRT 
were found to be high and significant (r = 0,95, P < 
0.05) * Results of our study suggest that M-mode 
echo-derived IVRT is at least as sensitive as T  for the 
evaluation of changes in myocardial relaxation. 

144.3 

PARASYMPATHOMIMETRIC INFLUENCE (PI) ON LEFT VENTRICULAR DP/DT. 
H.S. Lowensohn, R.W. Caldwell, C.B. Nash and M.A. Montgomery.* 
WRAIR, WRAMC, Wash, D.C. 20307 and MCG, Augusta, GA 30912. 

Previous studies claimed vagal stimulation reduced cardiac 
inotropy, yet anatomical evidence precludes vagal innervation 
of the left myocardium. We studied Na pentobarbital anesthe- 
tized dogs monitoring ECG, heart rate (HR), stroke volume 
(SV), Dp/Dt and aortic end diastolic pressure (EDP) for pre- 
infusion baseline, 15 min infusion (I), and 2 hr post-infusion 
(PO) periods. We tested PI on the following groups of 6 dogs: 
saline, 0.5 mg/kg pyridostigmine bromide (PB), 2.0 mg/kg PB, 
5.0 mg/kg PB. Maximum variable response coincided with the 
end of infusion. Dp/Dt did not change significantly from 
control; it rose slightly during I as HR fell and SV increased 
due to PB, EDP slightly, insignificantly decreased after PB. 
Only HR (r=-. 83) and SV (r=. 76) correlated (C) with PB during 
I, and HR (r=-•. 76) C with PB post-infusion. Dp/Dt C poorly 
with PB during I (r-.43) and PO (r=.19), Dp/Dt response 
after PB treatments was not significantly different from 
saline (ANOVA, u >.05) for I and PO periods. Neither PB, HR, 
SV, nor EDP exerted a strong influence on Dp/Dt during I. A 
fair C of Dp/Dt to EDP (r=. 63) took place PO, yet Dp/Dt C 
poorly with BP, HR, SV, PO. ECG showed P-R and Q-T changes, 
particularly at the highest PB dose. We conclude PI doesn't 
cause a negative Dp/Dt, and it's unlikely the parasympathetics 
promote reduced ventricular inotropy in the normally function- 
ing dog heart. 

144*2 

A COMPARISON OF VARIOUS ALGORITHMS USED 
TO DETECT CORONARY ARTERY EDGES. William P, 
Santamore. Ph.D. N, Samuel Neain. B.S.. Michael A. Kutcher. M.D.. 
Geo ge Rebecca. M.D. Michael Neain. Ph,D, Wake Forest University 
Medical Center, Winston-Salem, NC 27 103 

Coronary angiography is the clinical standard for assessing 
coronary artery disease. To aid in the analysis of the coronary 
angiograms, recently several methods have been developed which 
automatically delineate the arterial borders. These methods have 
been validated by comparisons with objects of known dimensional 
size and by the reproducibility of their measurements. To compare 
the validity and accuracy of the various algorithms we simulated the 
density profile across a coronary artery. The artery was considered 
to have a linear density which was convoluted with a Gaussian “blur” 
function to account for x-ray dispersion. To this density profile, 
random noise could be superimposed. Using this density profile the 
various algorithms were compared. The first derivative algorithm 
consistently under estimated vessel size 1.0 vs 0.93, 2.0 vs 1.83mm, 
3,O vs 2.80mm). Adding noise to the density profile decreased the 
reproducibility (increased the standard deviation from 0.05 to 
0,34mm). Second derivative algorithm consistently overestimated 
vessel size and further decreased the reproducibility. Thus, the 
simulated density profile can be a useful tool to rapidly assess the 
accuracy, limitatio&, and reproducibility of the 
used to identify coronary arteries. 

144.4 

various algorithms 

INFLUENCE OF EXOGENOUS INOSINE UPON CARDIAC INTERSTITIAL 
[ADENoSINE] IN THE ABSENCE AND PRESENCE OF ISO~ROTERENOL 
STIMULATION, Lois Jane Heller, .3oni C. Sherin and David E. 
Mohrman. Universitv of Minnesota, Duluth, MN 55812 

We tested the hypothesis that high levels of 'inosine (INO) 
may interfere with the processes that remove adenosine (ADO) 
f&m interstitial fluid-and thereby increase interstitial 
[ADO]. HPLC techniques were used to determine the [ADO] of 

venous effluent (v) and surface exudate (i) from isolated rat 
hearts perfused at constant flow with colloid-free salt solu- 
tions. - The latter value was taken as an estimate of inter- 
stitial [ADO]. Hearts (n=8> were metabolically stimulated by 
6 minute infusions of 1OnM isoproterenol (ISO) in the absence 
and presence of IOWM exogenous INO. Oyxgen consumption was 
not altered by addition of IN0 nor was the increase achieved 
in the presence of IS0 altered by INO. Values given below 
represent mean 

[IN01 
0 

100vM 

+ SEM. - - 
[ADO]v,nM 

pre +1so 
15+3 101+30* 
57’3155 155x28* 

[ADo]~,~M 

4oE2 
+1so * 

1122+216 
8311112§ 13871131* 

*,$ ~~0.05 as compared to "pre" and "0 INO," respectively 

Our data indicate that exogenous IN0 may enhance vascular and 
interstitial levels of ADO under control conditions but does 
not significantly influence the levels achieved during isopro- 
terenol stimulation. (Supported by NIH grant HL35869.1 
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FREE RADICAL SCAVENGERS AND NEONATAL MYOCARDIUM. L..L Veit* 
and LJ, Kohman* (SPON: T.K. Ray). S.U.N.Y. Health Science Center, 
Syracuse, NY 13210 

Free radical scavengers (FRS) help to reduce myocardial damage due 
to free oxygen radicals (FR) in the adult heart but the same effect 
has not been shown in neonatal hearts rendered ischemic and reperfused 
for 60 min. The present study was designed to evaluate whether the 
benefit of FRS on neonatal myocardium could be shown earlier in 
reperfusion. Isolated working neonatal rabbit hearts were made 
ischemic at 30°C for 30 or 90 ruin, and protected with St. Thomas’ 
cardioplegia (~02 >650 mmHg), with or without superoxide dismutase and 
catalase (FRS). Hemodynamic recovery was equally good in all groups. 
Creatine kinase, measured at 20 or 25 min ischemia, did not differ 
among the 4 groups, Malondialdehyde (MDA) an indicator of lipid 
peroxidation and FR damage was lower after 30 min reperfusion (30 min 
ischemia) in the group with FRS than without: 1.69 + .69 nmol MDA/mg 
protein vs 4.83 & 1.97, p< .005. Hearts reperfused for 60 min 
(ischemia 90 min) had similar MDA levels, with or without FRS: 2.01 + 
44 vs 1.7 4 35, p NS. Though not present in the reperfusate, FRS 
remain in the heart during the early stages of reperfusion. These 
data support the belief that FR damage occurs early in reperfusion. 
Lower MDA levels following extended reperfusion, despite a longer 
ischemic interval, may show that hearts have had time to repair FR 
damage, or may indicate that MDA has been washed out of the cells by 
prolonged reperfusion. This study demonstrates a beneiicial effect of 
FRS on neonatal myocardium in the very early interval following a 
hyperoxic ischemic insult. 

144.7 

CONCOMITANT-ADMINISTRATION OF PENTAPEPTIDE 6A ENHANCES THE 
THROMBOLYTIC POTENTIAL OF t-PA, Wllmer W. Nichols, Jawahar 
L. Mehta*, Tom G.P. Saldeen*, Menno ter RIet*, Dan L. 
Lawson*, Linda V. Thompson* and W1111am H. Donnelly*. Un.tv. 
Fla. and VAMC, Gai-nesv1lle, FL 32602 

Fibrin(ogen)-degradation product peptide 6A (Ala-Arg- 
Pro-Ala-Lys) increases coronary blood flow (CBF) and 
st_tmulates endogenous PGI2 release (Am J Physlol 
1985;249:H457). To determine If pepttde 6A would enhance 
the thrombolytic potential of ttssue plasmtnogen activator 
(t-PA), dogs with electrbcally-induced coronary artery 
thrombus, were randomly given t-PA alone or t-PA + pepttde 
6A tntravenously. t-PA (10mg over 20 mitn) alone restored CBF 
.tn 2 of 5 dogs and t-PA + pept-ide 6A restored CBF tn 4 of 5 
dogs. 

RESULTS (mean f SD) 
Time to Max. CBF Duration of 

reflow (m.in) (ml/min) reflow (mtn) 
t-PA 27&23 61+15 16k3 
t-PA + 6A 16+9 44?25 39*20 

Coronary venous 6-keto-PGF,, cont. after t-PA + 6A were 

144.9 

VASOCONSTRICTOR ACTIVITY IN STROM&FREE HEMOGLOBIN SOLUTION 

constrict the coronary vasculature of Langendorff-perfused 

DEVELOPS DURING REFRIGERATED STORAGE, G.P. Biro, K. Lawless*, 

rat and rabbit hearts. We undertook a systematic investiga- 
tion of the effect of storage on SFHS prepared by phosphate- 

M. Masika*, 3. Korecky, P.J. Anderson*. University of Ottawa, 

precipitation (SFHSl) and ultrafiltration (SFHS2) methods. 
Perfusion (PP) and left ventricular systolfc (SP) pressures 

Ottawa, Ont., 

were monitored in rat Langendorff-preparations perfused with 
oxygenated buffer, 

KlH 8M5, Canada. 

at constant flow (11-13.5 mllmfn). SFHS 
was added to the perfusate 

Stroma-free hemoglobin solutions (SFHS) have been shown to 

flow (1 mllmin) for Z-minute 
periods, Freshly prepared SFHSl caused a rise of PP of 
55t7%, associated with 33212% fall in SP. Freshly prepared 
SFHS2 caused negligible change in PP and SP. After storage 
for eight weeks at 4"C, SFHSZ caused significant changes in 
PP (+22+4X) and in SP(-74+21X), whe'reas the same material 
kept frozen (-85OC) for the same period showed no such 
activity. At the end of the addition of the test-substance, 
the depression of SP was promptly reversible and, in each 
case, preceded the recovery.of PP. The findings indicate 
that In SF%2 vasoconstrictor and contractility-depressant 
activity appear to be separate and develop slowly during 
refrigerated storage. The identity of these principles is as 
yet undetermined. (Supported by the Defence and Civil 
Institute of Environmental Medicine of Canada). 

144.8 

EFFECT OF REPLACEMENT OF DIETARY LIPID WITH FISH OIL ON 
CORONARY VASCULAR RESPONSIVENESS, Carl E. Hock, Michael D, 
Brown and Diane K, Reibel. University of Medicine and 
Dentistry of New Jersey-SOM, Camden, NJ 08103 and Thomas 
Jefferson University, Phila., PA 19107 

In order to study the effect of dietary fish oil on 
coronary vascular responsiveness to vasoconstrictors, rats 
were fed purified diets in which the lipid was replaced 
with either corn oil (CO) or menhaden oil (MO), Following 
four weeks of feeding, hearts were isolated and perfused at 
a constant flow. Angiotensin II (AII) and leukotriene Dq 
(LTD,) were infused into the aorta in graded doses and the 
chanze in coronary perfusion pressure ( A CPP) was 
monitored. The 4CPP was significantly higher in hearts of 
rats fed MO vs CO for both vasoconstrictors. The maximum 
dCPP was SO% higher for AI1 and 54% higher for LTDb in 
hearts of MO vs CO fed rats. The coronary vasoconstrlctor 
effect of the eicosapentaenoic acid metabolite leukotriene 
D (LTB ) was also studied. 
tseACP3 p d 

Similar to both AII and LTD4, 
ro uced by LTD5 was significantly higher in MO vs 

CO hearts (p<O,O2). When compared to LTD , the maximumACPP 
produced by LTD5 was not significantly 2 ifferent, however, 
the dose-response curve for LTDS was shifted to the right. 
Our results indicate that the omega-3 eicosanoid LTD5 is a 
coronary vasoconstrictor and that MO replacement increases 
coronary vascular responsiveness to AII, LTD4 and LTD5. 

144.10 

EFFECTS OF al-BLOCKADE ON LEFT VENTRICULAR TRANSMURAL FLOW 
AND FUNCTION DURING LEFT STELLATE GANGLION STIMULATION. 
Patricia A. Gwirtz, H. Fred Downer, Ca 1 E, d nes a d 

An aI-adrenergic coronary constriction may oppose 
metabolic vasodilation. 

Jeffrev M, Dodd-o*. Texas College of Osteopathic iedicini, 

The transmural nature of the 

Department of Physiology, Fort Worth, Texas, 76107-2690, 

vasoconstrictor tone and its effect on myocardial 
contractile function is not well established. The present 
study examined these questions during stellate ganglion 
stimulation, In 11 anesthetized dogs, left stellate 
stimulation significantly increased heart rate, arterial 
pressure, circumflex inflow, left ventricular pressure, and 
epicardial and endocardial segmental shortening in the 
posterior ventricle. Intracircumflex prazosin (0.5 mg) 
caused additional ianncdreases in circumflex inflow (16%), 
dP/dtmar ( 19%) 9 posterior regional endocardial 
shortening (20%), Epicardial shortening was not affected. In 
5 dogs, regional myocardial perfusion was measured using 
tracer microspheres. Stellate stimulation increased both 
epicardial and endocardial perfusion by 30%* Intracircumflex 
prazosin increased both epicardial and endocardial perfusion 
by approximately an additional 36%* Thus, during stellate 
stimulation, an aI-vasoconstriction exists uniformly across 
the left ventricular wall, but contractile function is 
limited by this vasoconstriction only in the endocardium. 
(Supported by NIH HL-34172 and HL-29232). 



A218 CARDIAC PHYSIOLOGY THURSDAY AM 

144.11 

INFLUENCE OF HYPOXIA-ACIDOSIS ON SYSTOLIC TIME INTERVALS 
AMONG THE FETAL HEART, J.S. Lafond and J--C. Fouron*. Centre 
de Recherche, H&pita1 Ste-Justine, MontrBal, Qc, Canada 

Lengthening of the pre-ejection period (PEP) in a situa- 
tion of hypoxia-acidosis has already been described, We 
wanted to evaluate if this lengthening is associated with a 
change in isovolumetric contraction time (ICT) and/or 
electromechanic delay (m), which are the two components of 
PEP. Six fetal lambs of known gestational age (135 days) are 
catheterized, After one hour of hypoxia (arterial PO,: 11.7 
i0.4 ipmHg) we infused lactic acid (1.5 mM) during two' hours 
so that a pH of 7.0 is achieved, Arterial Pot and pC0, 
increase from 18,1&1.6 and 42.4kO.7 at control period to 
14.1kO.8 and 44.4&1.6 ipmHg reapectivsly at the end of 
protocol. Systolfc time interval (STI) measurements obtained 
are the following: Hypoxia-acidosis 

PEP 
Control Hypoxia lh 2 h 

50*4 44*4* 44*3* 49*3** 
32*2 30&2 31*1 33*1** 

ICT 18&2 14*1 13*1* 16*1** 
ET 139*5 138i5 146&0 141*5 
PEP/ET 0,36&0,03 0,32&0,2* 0.31&0.02* 0.35&0,02** 
R-R 331*12 337*18 330*20 331*19 

(ET: injection tiane; R-R: time between 2 R waves from ECG); 
*p<O.OS compared to control period; **compared to hypoxia. 

We conclude that in non-compensated hypoxia, lengthening 
of PEP ia due to a change in both ICT and EMD. 

144.13 

IS THERE AN EFFECT OF LEFT VENTRICULAR HYPERTROPHY (LVH) IN 
PIGS ON TIME TO ISHEMIC CONTRACTURE AND METABOLISM ? Carin 
Wittnich, Robert J. Cusimano*, Walter Vicente*, Haysam El 
Dalati*# Adam Newman*, and Tomas A. Salerno*. University of 
Toronto, Toronto, Ontario, Can., M5b lW8. 

In rats surgically induced left ventricular (LV) 
hypertrophy has resulted in a marked decrease in time to 
development of ischemic contracture (TIC) as compared to 
normal hearts. In addition, it is not agreed what effects 
this pathology has on myocardial metabolism. To examine this 
phenomenon in a species whose hearts more closely resemble 
that of man, adult pigs (n=14) with surgically created LV 
hypertrophy underwent sternotomy and control LV and RV 
myocardial biopsies, for ATP and glycogen assay, under 
general anesthetic. These freeze clamp#biopsies (umole/g) 
were compared to those taken from pigs with normal hearts 
(n=4) who were studied in the same fashion. The hearts were 
then excised from the chest and placed in a substrate-free 
Krebs Henseleit solution with a compliant balloon placed in 
the LV for measurement of TIC. It was evident that LVH 
resulted in a significantly (P(O.05, t test) lower ATP store 
(3.57kO.21 vs 2.11+0.15), lower myocardial glycogen 
(21.5OkO.77 vs 14.3&O-78). In addition TIC was significantly 
shorter in the LVH hearts (65.Ok3.6 vs 41.5k4.9 min). Values 
are Mean?SEM. This confirms the rat findings that LVH causes 
a decreased tolerance to ischemia possibly as a result of 
lower energy stores in the myocardium.(MRC of Can. Support) 

144.15 

TRIIODO-L-THYRONINE (T3) INDUCED PROLIFERATION OF 
THE MYOCARDIAL VASCULATURE AND AORTIC 
ENDOTHELIAL CELLS IN SWINE. K. Mithoan*, E* White, I* Lane, 
tAm&foanes* and c. Bloor. UCSD School of Medrcine, La Jolla, 

We sought to determine if there is a relationship between mitogenic 
activity in viva and in vitro in the swine vasculature. The in viva 
model used was an ameroid coronary artery occlusion of the left 
circumflex coronary artery of the pig producing a collateral dependent 
bed at risk (n=8). The coronaxy collateral blo& flow was measured 
with radiolabelled microspheres during exercise, before and after 
intravenous infusion of T3 which increased serum levels from 10 to 95 
ng/mI for one month. The other four pigs served as controls. In the 
control pigs endocardiaI blood flow decreased 63+6% to the 
endocardium during exercise and did not change over one month. In 
pigs treated with T3 endocardial blood flow increased by 29&4% 
(~4.05). In our cell proliferation assay, porcine aortic endothelial 
cells, in their third passage, were treated with either 2% fetal calf serum 
(FCS) in Dulbecco’s modified eagles medium (DMEM) or 2% FCS in 
DMEM with IO0 rig/ml T3, At 72 hrs the cells were removed by 
trypsinization and the nuclei were counted with a Coulter counter. The 
cells treated with T3 grew 43.4% faster than the untreated cells 
(p<o.OS). Our result agrees with other investigators that have found T3 
to be mitogenic in a number of different cell types. These data suggest 
that the mitogenic activity of T3 seen in vitro is present in vivo. 

144.12 
INFLUENCE OF SLEEP STATE ON CORONARY BLOOD FLOW IN YOUNG 
LAMBS l .~~s........E,.....E~~~~,....~~l~~~n..S.,.,X~~....JE.i.~xl_..D.~cal~~ l 

University of Calgary, Calgary, Alberta, CANADA TZN 4Nl 
Experiments were done to determine if sleep state 

influences coronary blood flow in 5 lambs, For 
instrumentation, each lamb was anesthetized and prepared 
for sleep staging and for measurements of cardiac output 
(Qp), left circumflex blood flow (Qlcf) and systemic blood 
pressure (BP). Myocardial oxygen demand was estimated by 
the product (PRP) of systolic blood pressure and heart rate. 
No sooner than 3 days after surgery, measurements were made 
in quiet wakefulness (QW), quiet sleep (QS) and active sleep 
(AS) at an ambient temperature of 25C. 

Variable QW QS AS 
BP ~'WI) 74f6 72*4 *69f6 
m (BPM) 198&28 202231 *168&l? 
QP (mllmin) 1554f87 1533f84 *1387f113 
Qlcf (rllmin) 35f0 34k7 *31f8 
PRP (X103) 17.3f3.3 15,7f1.5 *13.7*1,7 

(* pCO.05 by MANOVA and Duncans as compared to QW) 

Qlcf decreased during AS compared to QW; however, the ratio 
of Qlcf to Qp did not change, The decrease in coronary 
blood flow during AS is most likely related to a decrease in 
myocardial oxygen demand. (Supported HL34377, HD24018, 
American Heart Association and Alberta Heritage Foundation 
for Medical Research) 
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INTRAMYOCARDIAL BLOOD VOLUME IN DOGS WITH EXERCISE HYPER- 
TROPHY. Xuesi Wu*, Namsik Chung*, James Stray-Gundersen*and 
Erik L. Ritman. Mayo Medical School, Rochester, MN 55905 

The fraction of myocardium that is intramyocardial blood 
(FMB) of the left ventricle (LV) can be estimated in vivo 
using fast CT (Wu et al, The FASEB J 2:A303, 1988). Seven 
dogs (4 adults (S), 3 adolescents (J)) were scanned before 
and after 3-10 months of training, and 7 dogs (5 S, 2 J) 
without training. The dogs were anesthetized with Innovar 
and 2:l N20/02 mixture for scans during injection of Iohexol 
32cc into the right atrium for estimation of LV myocardial 
volume (LVMV), and again into the aortic root during infusion 
of adenosine (0.0-1.0 mg/kg/min) for estimation of myocardial 
blood flow (F) (Wang et al, Circ (Part II) 76:IV-5, 1987) and 
FMB. Following training J and S increased LVMV over control 
by a mean of 41% and 26%. FMB increased linearly with F for 
each group with slope, FMB offset and correlation coefficient 
values respectively: 0.039, 0.082, 0.931 for control and 
0.038, 0.047, 0.890 for trained S; 0.041, 0.039, 0.990 for 
control and 0.027, 0.057, 0.982 for trained J. Using these 
regressions, at F = 1 ml/gm/min, J training changed FMB by 
+5% (mean) over control and S by -30%. Consequently for J 
hypertrophy the total LV intramyocardial blood volume (IMBV = 
FMB x LVMV) increased by 48%, whereas for S hypertrophy IMBV 
decreased by 12%. We conclude that training in adolescent 
dogs results in growth of total intramyocardial blood volume 
matching muscle growth but in adult dogs intramyocerdial 
blood volume did not increase with muscle growth. 
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LOCAL CEREBROCORTICAL PERFUSIOt4 ASSESSED WITH LASER-DOPPLER 
FLOWMETRY. R.N. Willette , M. Underwood: A. Sulpizio*, J.P. 
Hieble and D.J. Reis. Smith Kline & French Laboratories, 
King of Prussfa, PA, 19406 and Cornef 1 University Medical 
College, NY, NY, 10021. 

Laser-Doppler flowmetry (LDF) derives a measure of the 
number and velocity of moving particles fn a sample volume 
based on the magnitude and frequency dfstributfon of Doppler- 
shifted backscatter from tissue irradiated with 
monochromatic laser light. This study relates movement, 
detected from the surface of the hfndlimb somatosensory 
cortex with LDF, to locat cortical perfusion (LCP) by 
comparing LDF and 1%lodoantipyrine (l%IAP) evaluations 
of cerebrovascular responsivity to changes in arterial BP 
and pCO2. In a-chloralose anesthetized rats, autoregulation 
of the cortical blood flow was demonstrated with LDF and 
1%IAP followjng BP manipulations with phenylephrfne and 
hemorrhage. The autoregulated range was approx. 60-160 mmHg 
with both techniques. Results obtained with LDF and %IAP 
were also highly correlated with arterial pCO2, r=0.87 and 
0.83, respectively. Most jmportantly, the percentile change 
determined with LDF did not differ from those determined 
with 1%IAP at equjvalent PC02 levels. LDF was 
particularly useful for monitoring the time course of 
physiologic and pharmacologic LCP events. In conclusion, 
LDF provides a reliable real-time measure of relative 1CP 
over a range of cortical flows. At very low flow, LDF may 
overestimate LCP. 

145.3 

B~SYMP~C~~~~~ cERlBR&mm 
KsBmEmRAPIDEmamuGE. M-A. Kapin, J.A. Anthony*, F.A. Bashatr, 
2~ Univ. of Texas titisternzcal Center at Dallas, Texas 75235. 

Recent studies ti m that bilateral as opposed to unilateral 
ganglionectq or sttiation may be necessary to uncover the role of 
peripheral syropathetic nerves in ti regulation of cerebral blood flm 
(CBF) during normotensive and hypertensive states. However, during 
krypotension the effect of bilateral sympathetic denervation m m is not 
clear. Sincemharve previously shcrwn tit rapid tirrhsge to 65rmp4s (-3 
min)rwults inanearly decline in regional CBF,m eti*r 
bilateral ethzctq could attenuate this early decline. In this study, 
w used either Intact (no denervation,n-6) or Bilaterally mated (ED, 
wrier cervical and stellate ganglia,ti) -ml dogs (20 to 25 kg} 
subjectedtorapid~~eto6%~.All dogswreanesthetizedwith 
chloralose and mechanically ventilated to raatitain arterial E02 abcnre 100 
IW& and q be- 30 to 4&n@. Total and rC3F was deteti by 
microspheres at Pl,pre-brrhage; P2,3 f&l; and P3,15 min follming 
-r&age. MA was employed to ti statistical difference (*) fran 
control for total CBF. Total W (ml/mWiOO gm tissue) results: Intact: 
Pi,33ti; P&18&.7 *; P3,25&1*; BD: P1,31&; P2,31&3; P3,35& In the Intact 

group, the decline in total CBF was associated with a regional 
redistritition of CBF that favored midbrain, hypothalamic snd brain&em 
regions. No redistribution of CBF was observed in the bilaterally 
denervated group. -se data ;FFuppoTt the pdse that elevated peripheral 
w-tic nerve activity associated with rapid-onset heraorrhage rr~y 
depress the brains ability to maintain its blood flm. Supported by NM 
K29 wL3983w1, AHMI C 877-077 and Biology m. 

145.5 

CEREBRAL BLOOD FLOW AND OXYGEN CONSUMPTION IN CONSCIOUS SHEEP 
DURING 72 HOURS OF HYPOXIA. D.C. Curra-Everett* and J,A. 
Krasaey, Dept. of Physiology, SUNY-Buffalo, Buffalo, NY 14214 

C8P8b?'al blood flow (CBF) is generally tightly ooupled 
to cerebral OXyg8Rl consumption (CMRO2) during normoxla as 
well as acute hypoxia. However, in conscious sheep, CBF 
Increases thmugh 48 h of hypoxia (Pa02=40 mm&) while whole 
body VO2 decreases by 50% relative to norroxia (Respir. 
Physiol. 57: 73-88, 1984). This eXp8rimeLIt examined the 
coupling between CBF and CMRO2 in 9 sheep exposed to hypoxia 
(Pa02=40 mu@, Sa02=50%) for 72 h; hypoxia was produced by N2 
dilution in an environmental chamber. Arterial (aorta) and 
cerebral venom (superior sagittal sinus) blood samples were. 
taken during normoxla and at 24 h intervals of hypoxia. 
CBF/CMR02 and cerebral fractional extraction of 02 (F&02) 
were calculated from arterial (Ca02) and cerebral venous 
(CvO2) 02 contents CCBF/CMR02 q 1 / (Ca02-CvO2)], CBFKMR02 
increased from 15 ('t 2.3 SD) ml/ml 02 during normoxfa to a 
peak value of 31 (+, 8.2) ml/ml 02 at 48 h of hypoxia. FE02 
decreased from 52 (+, 8'.2> % during normoxla to a nadir of 46 
(+, 8.4) 5 at 48 h of hypoxia. (Blood 02 capacity does not 
change In the Sheep.) This Increase in CBF/CMRO2 parallels 
the measured CBF (ml/min/lOOgm) response that occurs during 
this period of hypoxia. These data suggest that, during the 
early readjustment to sustained hypoxia, CBF In the sheep 
exceeds the metabolic requirements of the brain; the 
mechanisms r8spOnSible for this nlu~uryn perfusion are 
unclear. (Supported by HG36126). 

145.2 
SIMULTANEOUS DETERMINATION OF BLOOD FLOW, CHOLINE AND 
ACETYLCHOLLNE TISSUE LEVELS IN FOCAL CEREBRAL ISCBEMIA, 
Donald J. Jenden and Oscar U. Scremin. UCLA School of 
Medicine, Los Angeles, CA 90024 and Veterans Administration 
Medical Center, Albuquerque, NM 87108. 

The effects of middle cerebral artery occlusion (MCAO) on 
cerebral blood flow (rCBF), tissue choline (Ch) and acetyl- 
choline (ACh) contents were asse 

and the brain microwaved in situ (Biostat apparatus, Gerling 
Laboratories, frequency=2500 MHz, nominal power=SkW). Regions 
of cerebral cortex were dissected out and weighed. IAP was 
measured by scintillation counting and rCBF calculated from 
tissue and blood radioactivities, Ch and ACh were measured by 
gas chromatography-mas 
fraction, 

rCBF (mu g-fm;Etc)trometry in a separate tissue 
Ch (uM) and ACh (uM) were 

[Mean (S.E.)] ,30(.06), 89.1(19j and 15.8(1.4) in the ische- 
mic focus and 1.2(.1), 23,5(1,8) and 17.9(1,5) in the contra- 
lateral, non-ischemic side respectively. Differences between 
ischemic and control cortex were significant for rCBF and Ch 
but not for ACh. In plots of Ch and ACh vs rCBF, Ch showed a 
cohtinuous, reciprocal dependence on rCBF. On the other hand, 
ACh was independent of rCBF over a wi-$e raWye and it decreas- 
ed for values lower than 0,2 ml g min l In summary, Ch 
levels vary continuously with rCBF in the ischemic hemisphere 
while ACh is constant except at the lowest levels of perfu- 
sion.(Supported by the Veterans Administration and NIMH 
17691). 

145.4 

ATTENUATION OF KAINIC ACID (KA) INDUCED INCREASES IN CEREBRAL 
BLOOD FLOW (CBF) WITH ADENOSINE (ADO) RECEPTOR BLOCKADE. 
David G.L. Van Wvlen and Ana L. Moffe*. Depts. of Surgery 
and Physiology, SUNY at Buffalo, Buffalo, NY 14215. 

The purpose of this study was to determine if ADO 
receptor blockade attenuates active hyperemia induced by KA, 
an agonist of the excitatory neurotransmitter glutamate. The 
brain dialysis technique wa6 used to sample cerebral 
interstitial fluid, deliver drugs locally to the brain, and 
measure local CBF (hydrogen clearance), Dialysis probes were 
implanted bilaterally in the caudate nuclei of ketamine- 
anesthetized rats and perfused (0.1 pl/min) with artificial 
cerebrospinal fluid (CSF; n-5). The artificial CSF contained 
either no drugs (control), 10m3M KA, or 10m3M KA and 10w3M 
8(p-sulfophenyl)theophylline (SPT), an ADO receptor 
antagonist. After collection of a control dialysate sample, 
one probe was perfused with KA while the other probe was 
perfused with KA+SPT. KA increased dialysate ADO, inosine 
(INO), and hypoxanthine (HYPO) concentrations from 2.0 + 0.4, 
4.0 & 0,5, and 10,8 + 1,3 m, to 5.6 & 2.2, 9.0 + 1.5, and 
28.0 4 5.2 PM, respectively, and increased local CBF to 236.0 
L62.8 percent of control (pCO.05). The presence of SPT with 
KA resulted in an increase in CBF to only 158.8 2 25.1 
percent of control, Dialysate ADO, INO, and HYPO on the side 
with KA+SPT increased from 1.9 5 0.4, 4.0 + 0.5, and 9.8 + 
1.6 CrM, to 8.0 + 2.1, 11,7 + 1.4, and 27.0 + 2.5 PM, 
respectively. These data suggest that ADO contributes to 
active hyperemia in the brain. Supported by NIH HL/NS 40878. 

145.6 

EFFE~SOFIN?R&UMINALCOCAIMZANDBENZOYLECGONlNE 
PERFUSION ON CAT MDDLE CEREBRAL ARTERIES IN VITRO. Robert & 
Jbwa ad -A.-*, V.A.MedicalCenter and?AeMedicalCoHegeof 
Wisconsin, Milwaukee, WI 53295, 

The cfmbrovasculatm appears to be partMarty sensitive tothetoxic effecti of 
ccmine, including -braI hmrrhage an&a ischemia The effects of cocaine and its 
major metabolite, benzoylecgcnine, were studied in an ire vitru system in which a 
segment of feline middle cerebrat arty was thread& on@ 2 glass cannuk and aI side 
branches tied off so that solutions could flow intralumitlally. The cannulsted vessel 
was in a chamber filled with with physiological saline solution (PSS) at 37 oC and 
aerated with 20% Q and 6% Cm at pH 7.4. During a 2 hour equilibration, PSS, 
amted with the sm gas mix- as above, was @used thrcugh the lumen at a 
pressure of 80 mm Hg and a rate of about 0.5 mUmin. Following equilibration, either 
norepinephrine (104 M) was ad&d to the emmaI bath, or cocaine hydr&loride (1Q5 
M) M benzoylecgcnine ( 10m5 M), dissolved in PSS, was perfused intraluminally at the 
sam pressure and flow as above. Internal and extemaI vessel diameter and wail 
thidess were observed with a cma andTV monitcr and measured with a video 
scaling system during equilibration and after suffusion cr perfusion with the drugs. The 
outside diameter of vessels perfused with 10-S M cocaine ccnstricted abut 11%. 
Vessels perfused with 10-S M benzoylecgonine constricted about B%. GCMS analysis 
of pexfusion samples showed no signifKant metabolism of either tk cocaine or 
benzoylecgonineduringkahuninal perfusion. Extraluminally applidno~pineptuine 
also~strictithe vesselahcut20%, These preliminary data indicate that bochcocaine 
ad its metablite, benzoylecgonine, are potent &ral vasoconstictors and that 
benzoylecgcnine may be as potent as cocaine or norepinephrine. 
Supported by VA Medical march Funds 
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SMOOTH MUSCLE CONTRACTILITY IN HUMAN CEREBRAL ARTERIES. 
L.A. Mezzetta* and E.A. Zorychta*(SPON: J,B, Richardson). 
McGill University, Montreal, Quebec, Canada H3A 2B4 

Segments of human cerebral arteries were removed from the 
circle of Willis during 13 autopsies conducted within 6 hours 
of death. Innervation and pharmacological responsiveness of 
the smooth muscle were studied in isolated tissue baths 
equipped-with electrodes for field stimulation. Agents which 
contracted the basilar artery include 5-Hydroxytryptamfne 
(S-HT) (ED50=8.7 x IO-7M), noradrenaline (NA) (ED50=2.6 x 
lo-6M) and histamine (ED50=3.9 x 10-SM). Maximal contrac- 
tions produced by NA and 5-HT were 28 and 58% of the maximal 
response to histamine. Acetylcholine had no significant 
effect. Ergonovine produced a slight increase in tone in only 
1 of 7 basilar arteries whtle the remaining 6 were either 
unresponsive or showed relaxation. Adenosine triphosphate 
(ATP) (ED50=1.0 x lo-4M) could decrease maximal contractions 
produced by 5-HT and histamine by an average of 56% (n=7). 
Sensitivity to drugs did not vary with anatomical location as 
similar results were obtained using basilar, middle and 
anterior cerebral arteries. All areas were innervated and 
contractions to electrical stimulation occurred within a 
range of 0.5 to 7 msec and 1 to 100 Hz. Our results indicate 
that the therapeutic effect of ergot alkaloids does not in- 
volve direct vasoconstriction of intracerebral arteries. 
Although neural control of human cerebral vessels hasprevious- 
ly been questioned, we found excitatory innervation in all 
areas. 
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146.1 146.2 

IMMEDIATE VENTILATORY RESPONSES TO INSPIRATORY FLOW RESISTIVE 
LOADING IN WAKEFULNESS AND NREM SLEEP. B.R. Miller*, C.M. 
Shield*, and G. Bowes. Respiratory Service, Alfred 
Hospital, Melbourne, Australia. 

VAGAL REFLEXES INVOLVED IN PHASIC LUNG DEFLATION (PLD) IN 
ANESTHETIZED DOGS. Eun J. Ch+* and Stanley M, Yamashfro. Bio- 
medical Engr., Dept,, Univ. of So, Calif., Los Angeles, CA 
90089-1451, 6 Chung-Buk Medical School, Cheong-Jo;, Korea*, 

Mechanisms responsible for load compensation to flow re- 
sistive loads may be altered by normal sleep. Four normal 
subjects (2 female;2 male) age 25-39 years, were studied 
during quiet wakefulness (W) and non rapid eye movement sleep 
(NREH) using a nasal mask connected to a Hans Rudolph valve 
and pneumotach, Loads of 10 (L18) and 20 (L20) cmH2O/Llsec 
were applied for 2 bre,aths, The first loaded breath was 
compared to the average of 5 control breaths measured prior 
to each load, During control breathing NREM resulted in a 
13.5% fall in minute ventilation (VT) (W:7.25+1.35L/min; 
NREM:6.27+1.23L/min). Loading decreased VI as compared to 
control in 25 of 26 trials during W, and in all 53 trials 
during NREM. Considerable intersubject variability was seen, 
but in 3 subjects significantly greater falls in VT were 
observed with L10 during W (20.6+12.2%) as compared to NREM 
(35.1+8.1%) (p<0.001, non-paired t-test). During W group mean 

VI decreased from 7.25+1.35L/min to 5.73+1.88L/min with L1O, 
and to 4.07+0.87L/nin with L20. In NREM loading decreased VT 
from 6.27+1.23L/min to 3,96+8,55L/min with L10, and to 
3.54+1,08L/min with L20. In all trials the decrease in VT was 
due mainly to a fall in tidal volume. We conclude that there 
is measurably less preservation of VI in response to flow 
resistive loads during NREM than W. Supported by NH&MRC Aust. 

Expiratory muscle activation, such as occurs during nor- 
mal exercise, was simulated by inflating a vest only during 
the expiratory phase (PLD) in 5 dogs under Chloralose anes- 
thesia, This led to a decrease in FRC of 218*40 ml SD (52% of 
control VT, p<.ooo1), a transient increase in tidal volume 
(VT) of 35% (p<.Ol), and a decrease in total breath period 
(Tg) of 70% (pc.05). The VT increase gradually disappeared 

within 7 breaths, even when arterial CO2 was controlled to 
within +l Torr (p>.4), while TB was only partially recovered 
and remained shortened by 40% (p<.Ol). When both cervical 
vagi were cooled in 2 dogs to 4-6OC, which blocked the 
Hering-Breuer reflex (apnea following lung inflation), the 
transient VT increase was maintained. Further cooling to 
I-4"C, where the deflatfon reflex (immediate tachypnea fol- 
lowing lung deflation) was also blocked in 3 dogs, resulted 
in a similar VT response to that at 4-6OC. At this temper- 
ature (l-4'C), TB changed neither transiently nor in the 
steady state (ps.5). These results suggest that expiratory 
assist by PLD leads to significant VT increase only in the 
absence of the Hering-Breuer reflex. Tachypnea observed dur- 
ing PLD is due to the lung deflation reflex, and fs blocked 
at a lower temperature than the Hering-Breuer reflex. (Sup- 
ported by NIH HI,-07012 and HL-16390). 

146.3 

IS CHRONIC OBSTRUCTIVE PULMONARY DISEASE. (COPD) ASSOCIATED 
WZTH A SPECIFIC TNSPIRATORY Fl,OW (insp V) PATTERN DURING 
EXERCISE? G. Feiss*, D, Henson*, S, Levy*, P, Nag* and S. 
Levine. VAMC and Medical College of Pennsvlvania, 
Philadelphia, PA 19104 

To answer this question, we studied 11 COPD subjects 
(COPDs) and 8 age-matched normals (AMNs) durfng both rest 
and graded treadmill exercise (GXT). COPDs were 662SEM 2 
years and had an FEV 1.0 of 1.02.1 liters; AMNs were 6Ot2 
years and had an FEV 1.0 of 3.72.2 liters, All AMNs 
completed the full 12 stages (ST) of the GXT, whereas COPDs 
completed pnly 621 ST. At rest, COPDs and m-s exhibfted 
peak insp V at 50% of inspiratory timme (Ti). As VE increased 
with exercise intensity, peak insp V in both AMNs and COPDs 
occurred at 25% Ti. Dur1nF all exercise levels, A!!Ns 
exhibited constancy of insp V from 25% through 75% Ti, In 
contrast, during qxercise, COPDs exhibited a progressive 
decrease in insp V during the latter half of Ti. These 
results indicate that COPD is associated with a speciffc 
inspiratory flow pattern during exercise. We believe that 
differences fn inspiratory pressure generation between COPDs 
and AMNs during exercise adequately account for our present 
observations (Levine et al, JAP, Aug 1988). 

146.4 

A MODEL OF IMPERFECT EIASTICITY OF THE F CHEST WAI.;. 
Q. Stamenovic*. G.M, Glass*.G.M. Barnas and J.J. 
Fredberp;. Boston University, The Biomechanics Institute, 
Haward University, Boston, MA 02215, Universityr of Mary- 
land, Baltimore, MD, 21201. 

To study the nonlinear behavior of the human chest wall 
during oscillatory forcing we used four viscoplastic mod- 
els. Each consisted of three compartments: a nonlinear 
plastoelastic compartment mechanically in parallel with 8 

linear viscoalastic compartment both in series with a lumped 
inertia. The plastoelastic compartment in all four models 
was given as 8 series of Prandtl bodies (spring and dry 
friction), as originally proposed by Hildebrandt (J. Appl. 
Physiol. , 28:365-372, 1970). The viscoelastic (spring and 
dashpot) compartment was either a Maxwell body, a general- 
ized Maxwell body, 8 Kelvin-VoIght body, or a standard lin- 
ear solid. The proposed viscoplastic models were fit to 
impedance measurements of the human chest wall (J. Appl. 
Physiol. in press) by a least squares technique, and param- 
eters of the plastoelastic, viscoelastic and inertial com- 
partments were estimated. The parameter values indicated 
that for the frequency range from 0.1 to 2.0 Hz, the mechani- 
cal behavior of the chest wall can be characterized as pre- 
dominantly plastoelastic. Supported by HL33009 and HL36958. 
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146.5 

ON THE IMPERFECT fLASTIClTY OF LUNG TISSUES, m 
and D, Stamenovic . T'he Biomechanics Institute, Harvard 
University, and Boston University, Boston, MA 02215 

Out-of-phase behavior of lung tissues is expressed classi- 
cally through the resistance paradigm: AP- (Edyn + jwRtis]AV, 
wherein elasticity and dissipation are treated as independent 
processes. We considered the hypothesis that it is better 
described by the paradigm: AP - Edyn (1 + jv)AV, wherein 
dissipative and elastic processes are treated as being ex- 
plicitly coupled at the level of the stress-bearing ele 
ment. Using it, changes in out-of-phase behavior (vEdyn) 
may be apportioned into that part secondary to concomitant 
change in dynamllc elastance, Edyn, versus that part 
attributable to change in hysteresivity, v, the latter 
being related to K of Bachofen and Hildebrandt (J. Appl. 
Physio1.30:493-497, 1971). Data in the literature were 
re-examined and reveal that whereas Rtis varies widely with 
frequency, tidal volume, lung recoil, volume history and 
lung size, w is to a startling degree invariant, 
generally falling in a narrow range between 0.1 and 0.3. 
Such behavior is consistent with the notion that associated 
changes in Rtis are secondary to changes in Edyn, that elas- 
tic energy storage and energy loss reside in the very same 
stress-bearing elements, and moreover, that the relationship 
between those processes within the stress-bearing element 
bears a fixed relationship. Supported by HL33OO9 and 
HL36958. 

146.7 

TIE lEaANr FRE@EKY m CEWRAL AmAYs Ghs INvEsTI6AlED YITH 
69sES OF DIFFEtEW IEHSITIES. J. Saw, T, Ilbe*, P. Ra~m* am! 
J.H.T. Bates, tlealrin+Christr'e LalmraUmes, &TN Wverslty, 

I plebec mAmcanada. 
When 'flow a; the airway opening of a ventilated animal is 

suddenly interrupted, the al'rway openl'ng pressure just behind the 
point of interruption exhibits high frequency oscillations that are 
rapidly d-d. Damped ringing such as thl's requires the presence 
of a mass and an elastance (to produce the oscillations) and a 
resistance (to produce the damping). The elastance involved may be 
that of the respiratory system and the resistance that of the 
airways. It has been postulated that the mass responsible for 
these oscillations r's that of the gas I'n the central airways. We 
investigated this phenomenon by performing flow interruptions 
during passive expiration in a nom1 dog, wl'th the lungs filled 
with three dffferent gas mr'xtures: 1) air, ii) 80% helium: 20% 
oxygen, and ii1) 50% sulfer hexafluoride: 50% oxygen. The 
densities of these three gas mixtures are in the ratios 
1.0:0.33:3.0. We found the frequency of pressure oscillations with 
the three mixtures to be 258 Hz, 410 Hz and 146 Hz, respectively. 
The relative magnitudes of these frequencies are very similar to 
the relative magnitudes of the square roots of the densities of the 
gases. This indl'cates that the post-interruption ringing is due to 
the mass of the central airways gas. 
(Supported by MRC Canada.) 

146.9 

TIE ~IBICTIOW OF STATIC TISSLR: HCERESIS l0 TE DMIC 
ALVEOLAR PfEssmE-VaJm Loop. F.R&atW, P.kmm* and KS. 

ai 
(SPON:~.ii.T.btes.) WinsXhtistie Labs WTll Univ., 

,I$ and tbsp. WV, QEkllvitge,8a~l~,Spain. 
The area inside the tracheal pressure-volume (Ptr-V) loop is 

indicatl've of the energy dissipated within the respiratory system 
during a breath. Recently, tissue vl'scance, the pressure drop l'n 
phase with flow be-n the alveolus and the pleura, has been shawn 
to account for most of the PV loop area during tidal breathing in 
mongrel dogs. wver, the contribution of static hysteresis to 
this area is not known. We recorded dynamic and quasistatic PV 
loops during tidal ventilation in anaesthetized, open-chested, 
dogs. We masured tracheal flow and pressur+e (Ptr), and alveolar 
pressure (Palv) in three different regions using alveolar 
capsules. We recorded measurements during tidal ventilation, and 
during a quasfstatic inspiratl'on and expiratl'on over the same tidal 
volume (Vt) range (Vt=lSml/kg, f=O.3Ht, PEEP=5*0). We then 
delivered ultrasonically aerosolized mthacholine (MCh), (100mglml) 
and wpea@d the lneasurements. During the quasistitic maneuver, 
under control and constricted conditions, the d-ifference be-en 
Ptr and Palv was negligible. We found that the area of the dynamic 
Palv-V loop accounted for 77,5t1.2% of the dynamic Ptr-V loop at 
baseline and 63.@21.6%, after MCh-induced constriction. The area 
of the static PV loop accounted forClD% of the dynamic Palv-V loop 
at baseline and 23,3&7% after constriction. We conclude that 
static tissue hysteresis contributes only a ~~11 amunt to the 
dynamic Palv-V loop. This contribution Increases after MCh-induced 
constriction. (Supported by MRC Canada and FIS Spain.) 

146.6 

IMPERFECT ELASTICIn OF RESPIRATORY TISSUES. G.M,Barnas* 
D, Stamenovic*. S. Loring and J,J, Fredberg, University 
of Maryland, ,Baltimore, MD, Boston University, The 
Biomechanics Institute, and Harvard University, Boston, MA 
02215 

We have found that the mechanical impedances of several 
respiratory system components show strikingly similar re- 
sponses to sinusoidal forcing, including the intact chest 
wall (both with respiratory muscles relaxed and activated), 
intact rib cage (relaxed and activated), intact diaphragm 
(relaxed and activated), isolated rib cage (with and without 
intercostal muscles), isolated abdominal contents, isolated 
skeletal muscle (both relaxed and tetanized), and isolated 
lungs. Resistance (stress out-of phase with strain per unit 
rate of strain) decreases hyperbolically as frequency in- 
creases from 0.1 to 4 Hz. In the same range elastance 
(stress in-phase with strain per unit strain) increases to 
some maximum and then decreases. Both resistance and elas- 
tance decrease as amplitude of forcing increases in this 
frequency range. These results cannot be explained by a 
linear model, but are consistent with viscoplastic behavior 
(Hildebrandt, J. Appl. Physiol. 28:365-372, 1970). We 
conclude that various constituents of the respiratory system 
share similar nonlinear behavior, and that measurements of 
elastance and resistance are dependent upon both the frequen- 
cy and amplitude of forcing. Supported by HL33009 and 
HL36958 

146.8 

PARTITIOWING LU& RESISTAXE INTO AWAY IUQ) TISSE CMVEMTS IN 
RATS. P. mm*, S. sapieim* and U.S. Ludksie (SPW J.H.T. 
Ba%).Wakins - - b UnrverTt~ty, Montmal, 

Total lung resistance (RL) can be partitl'oned into airway 
resistance (Raw) and tl'ssue viscance (Vti), the pressure drop l'n 
phase with flow between the alveolus and the pleura, using the 
alveolar capsule technl'que which allows direct masurement of 
alveolar pressure. Recent measurements -in mongrel dogs have shown 
that Vtr' accounts for up to 80% of k during low frequency 
ventilation at lung volums near functional residual capacity 
(FIX). We were therefore interested to see whether Vti was as 
marked in other species. In 6 anaethetjzed, intubated, 
open-chested, mechanically ventilated Sprague-Dawley rats we 
measured tracheal and alveolar pressure with miniature 
piezoresistive pressure transducers, and tracheal flow with a 
pneumotachograph durl'ng tidal breathing (f=lHz, tidal volume = 5.5 
ml/kg, PEEP = 5.0 cmH@). 
elastance (EL). 

We calculated RL, Raw, Vti and lung 
Baseline RL = 

Vti = 17.9-112.4 cmti~O/l/s, 
68.0211.7 cnM2O/l/s (mean*sd), 

Raw = 68.ti11.7 cmH~O/l/s, and E = 
1.79k.62 anH$/ml. The difference in Et measured at the alveo ar 4 
and tracheal levels was ( 0.5%. The mean (fsd) proportion of RL 
attributable to Vti in these 6 rats was 25.9t15.1% (range 
7.7151.8%). Hence In rats, at lung volumes near FRC and at low 
breathing frequencies, Vti contributes less of the total resistive 
pressure drop than that descrl'bed in mongrel dogs. In addition 
there is marked interanimal variability in the contribution of Vti 
to RL. (Supported by MRC Canada and FIS Spain.) 

146.10 

FIllIt& tF ExPmNmL PREssmE-m~ CURVES: SEMSITIVIfY TO 

The e;ponentIbl relationship V=A-Be-kp, (V = lung volume, P = 
transpulmonary pressure), is frequently enrployed to describe 
pulmonary static pressum-volm relationships in humans. The 
parameters of this equation, particularly K, have been employed as 
measures of the intrinsic elastic properties of the lung. 
Physiological interpretation of K, however, is meaningless without 
knowledge of the confidence intervals about the estimate of this 
parameter. We developed a method for testing the sensitl'vi ty of 
the parameters A, B, and K to noise and to completeness of the 
data. A, B, and K wre determined by an iterative least-squares 
method. Confidence intervals on the fitted parameters wre 
determined by Monte Carlo simulation. Sensitivity to the 
availability of data points at high lung volumes was assessed by 
progressively removing the high vollrme data points and refitting 
the curve. Sensl'tivity to the availability of data points at low 
lung volumes was assessed in a similar manner. Addition of 
realistic levels of noise resulted in 95% confidence intervals 
about K as large as 50% of the value of K itself. Progressive 
raval of data at both high and low lung volumes resulted in 1 arqe 
Mcreases in the confidence intervals, and changed the best fit 
value of K by as much as three-f01 d, Thus, Interpretation of the 
physiological significance of an estimate of the exponential index 
K mst be preceded by an assessment of its confidence intervals. 
(Supported by MRC Canada.) 
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EFFECT OF TEMPERATURE ON LUNG PRESSURE-VOLWE(P-V) HYSTERESIS 
AT DIFFEREW END-EXPIRATORY PRESSUREStEEPs) IN COWTROL AMD 
CHLORPHENTERMNE(CP)-TREATED RATS. T.A. Jones*, D.G. Frazer, 
E.L. Petsonk* and t!.J, Reasor. Depts. of Physiol. and 
Pharmacol., WV Univ., and Div. Resp. Dis. Studies, NIOSH, 
norgantown, WV 26505 

Three sets of curves were recorded for excised rat lungs 
at 24.47, and 24OC. In eech set of curves the lungs were 
degassed, inflated to 30 cm H20 (PLmax) and deflated to 
0 cm H20. Inflation-deflation cycles were then performed 
between PLmax and successively decreasing EEPs. Hysteresis 
area (A) and tidal volume (VT) were determined for each 
cycle. This was repeated in rats treated with CP (10 days; 
30 mg/kg i.p.1, a drug known to cause pulmonary lipidosis. 
Normalized hysteresis (A/VT) was plotted vs. EEP. In control 
rats at 24cC, A/VT remained relatively constant as EEP was 
reduced to +3 cm H20. Large increases occurred in A/VT as 
the EEP was further reduced. At 4T°C, the A/VT relationship 
shifted markedly toward higher EEPs, In the W-treated group, 
no difference from controls was seen at 24OC, while at 47% 
the shift toward higher EEPs was significantly less. We 
previously showed the closing-opening(C-0) of lung units 
contributes to P-V hysteresis and is EEP-dependent, increas- 
ing at EEPs c+3 cm H20 (Physiologist 29:144). This data 
suggests, therefore, that at increased temperature, C-O of 
lung units occurs at higher EEPs, and treatment with CP 
partially reduces this temperature effect. 

146.13 

EFFECTS OF BODY POSITION & LUNG VOLUME ON IN SI-IW 
LENGTH OF CANINE DIAPHRAGM. S.S.Maraulies*, G.A.Farkas, D. 
Q.hn*. &, w_J.m Mayo Fdn, Rochester, MN 55905. 

The pxformance of the diaphragm (DPM) is influenced by its in situ 
length (L) relative to its optimal force-generating length (Lo). We sew& 3- 
4 lead markers along bundles of DPM in the left ventral (CoV), middle 
(CoM) and dorsal (CoD) regions of the costal DPM and the left cwaJ (0) 
DPM of 6 kagk. After 2-3 weeks every, the dogs were scanned 
anesthetized and paral@ in the DSR atTLC (‘30 cm Hz0 Paa), FRC, 
and RV (-30 cm Hz0 Pao), and L’s were detmmined. Each marked DPM 
bundle was removed, mount& in a 37°C in vitro chamber, and adjusted to 
h (maximum tetanic force). In vitro length-tension characteristics were 
similar for OI DPM regions. In situ lengths (ebb f SD) in the various 
re@onswerenotunifom. The tabtesummarizesourresu~ts. - - .--- 

RPne w 
TLC FRC- -RY TLC-IIS--- W 

CoV 78(13)+ 83( 16)? 96( 12) 78(13)+ 84( 1 l)t 93(8) 
COM 74(10)‘? 88(10)+ 1 @w 84(6)*t 100(6)* lM(5) 
CoD 58(8)t 86( 1 O)+ io4( 12) 67( 1 l)? 90(11) 97( 16) 
Cr 62(3)+t 78( 1 O)*t 102( 12) 69(6)*t 9 l(9)* looIl1) 
l p<O.O5 prone different from supine ..-.. -.. -.... *co.05 merent from b . . -. -..-- 

We conclude that some regions of the DPMshorten when pture is 
changed from supine to prone. Variability in length is leastat RV and 
in- with increasing lung volume. There is no clear gravity-dependen~ 
vetid gradient in L at FRC in either pturc. (Support& by grants 
HLO4664, HL21584 and HL07222.) 

146.15 

DISTORTABILITY OF THE HUMAN RIB CAGE.M. Ward*, J. 
Ward** F.Bellemare and P.T. Macklem. Montreal Chest 
Hospital, McGill University, Montreal, H2X2P4. 

We model the rib cage(RC) as 2 parts: lung 
apposed (RCpul); diaphragm (DI) apposed (RCabd) . 
Agencies displacing RCpul are: 1)pleural pressure 
(Ppl); 2) rib cage muscles, (RCM);3) mechanical 
linkage between RCpul and RCabd.Agencies dis- 
placing RCabd are:l)abdominal pressure (Pab); 
2) DI; 3) HL.Accordingly DI drives RCpul and RCM 
drive RCabd only by HL.We measured cross-sectional 
areas of RCpul and RCabd(Arc,pul and Arc,abd),Ppl, 
Pab and EMG's of RQ4 and DI during relaxation,guiet 
breaths, pure DI and pure RCM Meuller maneuvres, 
pure DI (1 subject) and pure RCH breaths and bilat- 
eral phrenic nerve tvitches (q~) with closed air- 
ways in 5 normal subjects. Arc,pul and Ppl duringr)r 
and Arc,abd and Pab during RCM Meullers,relative 
to relaxation allowed estimate of ML.Knowing ML 
and distortions during quiet breaths we measured 
RCM contributions to Arc,pul and Ppl and DI contri- 
bution to Arc,abd.We found that ML is much tighter 
than in dogs and can contribute importantly to 
APpl. Since distortion during quiet breaths is 
small relative to DI contraction,we conclude that 
RCM contributes importantly to Arc,pul during 
quiet breaths. Supported by the KRC of Canada. 

146.12 

TRANSVERSE AND LONGITUDINAL ELASTIC WAVE PROPAGATION IN 
INFLATED LUNGS. M. Jahed*, P. K. Bhagat*, Q Gu*, S. S.Kraman 
and S. J. Lai-Fook. Biomedical Ensineerinq Center. University 
of Kentucky, Lexington, KY 40506. " 

w 

If the lung is an elastic continuum, both longitudinal and 
transverse stress waves should be propagated in the medium 
with distinct velocities. In 5 isolated sheep lungs, we 
investigated the propagation of stress waves. The lungs were 
degassed and then inflated to a constant deflation transpul- 
monary pressure (Ptp). We measured signals transmitted at 
locations 'L'1, 5 and 10 cm from an impulse surface distortion 
using small microphones on the pleural surface. Two transit 
time measures were computed from the first two significant 
peaks of the cross-correlation of microphone signal pairs. 
The "fast" wave velocities averaged 301 _+_ 92 (SD), 432 + 93 
and 577 + 211 cm/s for Ptp values of 5, 10 and 15 cmH2D , 
respectively. Corresponding "slow" wave velocfties averaged 
139 + 22, 217 + 36 and 255 + 89 cm/s. The fast waves werelIz 
consistent witE longitudinal waves of velocity [[K+~G/~~PI p 

where K is the measured bulk modulus, G is the shear modulus 
and P is the lung density. The slow w 

m 
s were consistent 

with transverse waves of velocity (G/p) , with a G value 
of 0.9 Ptp. Thus, stress wave velocities measured on pleural 
surface of isolated lungs correlated well with elastic moduli 
of lung parenchyma. (Supported by HL 40362 and HL 36597). 

146.14 

LUNG/ CHEST WALL SHAPES IN MINIATURE HORSES BY X- 
RAY CT. E.A. H[ofhan. E,L. Ritman, D.E. Mason*. and L,E. 01~0~. U. 
of Penn., Mayo Clinic, and Ohio S U: Phila., PA: Rwh., MN; and Col., OH. 

Ppl measurements in ponies suggest that supine, the lower 50% of 
the lungs may be collapsed. (JAP U: 102, 1988) These data have lead to 
quantification of regional equine lung and chest wall geometry and a com- 
parison with dogs and sloths (JAP 59: 48 1, 1985). Two miniature hors- 
es, were anesthetized and scanned supine and prone in the Dynamic 
Spatial Reconstructor with stepwise lung inflation. FRC volumes were 
measured by a resident gas technique. Inspiratory capacity as well as 
FRC gas volumes were reduced in supine posture. Image data from one 
horse demonssate that the change in chest waI1 geomew asmiated 
with reduced lung volume supine includes a flattening of the diaphragm 
with the dorsal surface ascending headwords and a concomitant but less 
pronounced caudal descent of the ventral diaphragm. Lung height 
increases supine with little change occurring in the lateral rib cage dimen- 
sions. With positive pressure lung inflation, the nondependent diaphrag- 
matic region descended more than did dependent regions in &h pos- 
tures. With the bulk of the lung in the nondependent region, in the pmne 
My posture a lever motion of the diaphragm facilitates nondependent 
lung region expansion. Directionally similar but exaggerated chest wall 
shape changes in the horse compared with dogs coupled with mark&y 
different lung geometry and absence of lobar fissures may contribute to 
supine respiratory compromise. (funded in part by an OSU equine r~. man0 

146.16 

EFFECTS OF CPAP AND POSTURE ON DIAPHRAGWATIC SHORTENING IN 
VIVO. A.M. Leevers and J.D, Road, Department of Medicine, 
University of British Columbia, Vancouver, B.C., Canada 

In a previous courunfcation (Ped.Proc.Z(S)A1487) we 
demonstrated a marked reduction inAPd1, VT and tidal 
diaphragmatic shortening during lung inflation to two timea 
VT in supine vagotomized dogs. We pmtulated that this wee a 
result of length-tension properties or changer in abdollinnl 
compliance. In thio study, we attempted to determine which 
mechanism predominated. Four psntobarbital anesthetized, 
vagotomized doga were studied in the auplne position during 
CPAP and at various degrees of upright tilt. VT and tidal 
shortening of the mural diaphragm (%LmC) were compared to 
control values in the supine position. As before, CPAP 
produced a prompt reduction in VT and %LPRc. Initial 
dtaphragm length also decreased but there was no Change In 
peak EM actlvlty of the mural diaphragm (EMG,,,). With 
tilting, similar reducttons in Initial length were produced 
as the weight of the abdominal contents decreased and EHG,,, 
wa8 unchanged. A change in initial length of 18% produced a 
reduction in VT of 5621s during CPAP and 8891 (X of control 
2 S.E.) during tilting. Tidal crural kLpRC #aa 78~8 i;;;:g 
CPAP and $8~8 (% of control + S.S.) during tilting. 
results suggest that changes in initial resting length are 
more important than changes in abdominal load in determining 
crural djaphragmatic shortening. 

Supported by the B.C. Lung Asaoclation and MIC of Canada. 



THURSDAY AM MECHANICS OF BREATHING II A223 

146.17 

REGIONAL DfAPHRAGMATIC WORK VERSUS PRESSURE VOLUME WORK 
DURING LOADED BREATHING. JJ. Road and A& Leevera. 
Department of Medicine, Unlverslty of B,C., Vancouver, 
B.C. * Canada. 

The work of breathing nay be estimated from the change In 
volume and pleural pressure. However, this measure of work 
does not take into account work done on distortion of the 
chest wall or gas decompression. Loading condition8 which 
produce phase lags between muscle shortening, pressure and 
volume, may produce varied estimates of work depending on 
the parameter measured. We measured mural diaphramatic 
shortening (%L &, APdl, and VT during expiratory threshold 
loading (ETL) ]en 6 supine pentobarbltal anesthetized dogs. 
BTL ranged from 0 to 20 cm H 0. At the maximum load mural 
XLpRC increased to 160~15 an a APdf to 220218 (X of control 
2S.E.). However, V 
Crural peak integra ed MG activity increased to 280~21% of T  

decreased to 81~24% of control. 

control. Construction of pressure (Audi)-length (%LpRC) 
loops for the dlaphragu gave an estimate of regional 
diaphragnatic work. This work increased to 260233 % of 
control at the rraximm work load of 20 cm H20. However, 
preoeura volume plots did not support such an increase, a8 
the fnspiratory work of breathing waa unchanged. We 
conclude that during loaded breathing, measures of external 
work nay markedly underestimate diaphragmatfc work. 

Supported by B.C. Health Care Research Foundation and WRC 
of Canada. 

146.19 

Rib Cage DIstortIon During lnsplratory Maneuvers. m&l. MG Smson and GC 
m. Dept. Med. Pulm. Div., SUNY at Stony Brook, Stony Brook, N.Y. 

Regional clrcumferontial change of the rlb cage was studied In six healthy male 
volunteers at the upper (URC) and lower (LRC) rlb cage with Respttrace bands. URC 
was set equal to LRC durlng quiet breathing. Five inspiratory maneuvers were stu- 
died: quiet (Q8), Intercostal {KT) and dlaphragmatlc tidal breathing (DT) at inspI- 
ratory flow rates c 1 Ilsec., and intercostal (KM) and diaphragm&z Meuilers (DM). 
AURC was pfolted against ALRC and data from a representa- URC 

tke subject Is shown. The line of ldentlty was defined during m  ICT / 
QB and relaxation at varbus volumes against a closed glotils. 
Inter- costal maneuvers Increased the URCARC ratlo or 10 KM 

@ 

UT 
caused frank LRC paradox. Olaphragmatlc maneuvers de- 0 
creased this ratlo and/or cawed URC paradox. These data -,. DM 
show that voluntarymuscle group activatkn can reglonaliy -10 IO 

The:efore, 
mLRC 

distort rib cage motion and presumably regbnaf rib cage volume. the mo- 
tion of the rlb cage cannot be described by a single degree of freedom. Previous stu- 
dies lnvestlgatlng the relationship between muscle group activation and regional ven- 
tllatlon dld not assess the contribution of rib cage dlstortion to the relatlonshlp be- 
tween APPI and regbnal ventilation. These studies dW show that lnsplratory efforts 
using select lnsplratofy muscle groups cause greater pleural pressure swings (APpl) 
over their regions of actlvfty (Iwin CG, MG Sampson, L Engel, and AE Grasslno, J. 
Appl. Physbi.,57( 1 ):168-l 75, 19&I.), which in turn eclrrelate with changes tn 
regional venttlatlon (Sampson MG and QC Smatdone, J. Appi. Physiol., 56(1):f 96-20, 
1984). However, during manuevers causing slgniflcant rib cage distortlon the reia- 
tbnship between reglonal APpt and ventilation has not been described. It is possible 
that regbnal ventllatlon may not correlate only wlth regional APpl at few lnspiratory 
flow rates, Regbnai rlb cage motton may make a slgnlficant contribution. Thts 
speculation Is currently being inverstlgated. 

146.21 

REGIONAL COMPLIANCE AND BRONCHlAL PRESSURE- 
DIAMETER RELATIONSHIPS IN EXCISED PIG LUNGS. LE. Olson, 
V.P. Wright* and L.M. Tobin*. The Ohio State University, 
Columbus, OH 432 104092. 

Parench 
the ratio o r 

ma1 interdependence was evaluated by comparing 
the specific compliance of the lun 

compliance of an obstructed lung region wit \ 
to the specific 
the pressure- 

diameter (PD) curves of tantalum ‘dusted airways in the 
obstructed lung re 
taken when trac 1 

ion in excised pig lungs. Radiographs were 
eal pressure (Pao) and pressure in the 

obstructed lung region (Ps) were equal at 0, 5, 10, 15, 20, 25 and 
30 cm H20; the homogeneous case, and when Pao was held 
constant at S, 10 and 15 cm H20 and Ps was increased to Pao + 5, 
Pao + 10 and Pao + 15 cm HzO; the nonhomogeneous case 
(n=8). Pressure-volume (PV) curves of the obstructed lung 
region were recorded when Pao was constant at 0, 5, 10, and 15 
cm Hz0 and were compared with the PV curve of the lung 
(n =4). Normalized diameters (D/D @ 25 cm H20) increased as 
Pao increased in the homogeneous case. D/D25 increased as Ps 
increased in the nonhomogeneous case at Pao = 5 cm Hz0 only. 
Continuum mechanics analysis of the nonhomogeneous case at 
Pa0 = 5 cm Hz0 predicted boundary pressure (Pb) at the 
interface between the obstructed region and the surrounding 
lung to be 1 .O cm Hz0 at Ps = 10 cm t-l20 and 1.4 cm Hz0 at 
Ps = 15 cm Hz0 and compared well with Pb’s predicted from the 
PO curves which were 2.2 cm l-l20 and 1.4 cm Hz0 respectively. 
The small increase in Pb indicates that interdependence is 
minimal in pig lungs. (Ht37246) 

146.18 

THEOPHYLLINE ACCELERATES FATIGUE AND CHANGES FORCE-FREQUENCY 
CURVE OF RAT DIAPHRAGM IN A TIME- AND DOSE-DEPENDENT MANNER. 
Karen E. Haack*. Beatriz L~ndofio*. Michael J. Miller*. 
Kichael 3. Refd. Harvard School of Public Health, Boston, MA 
02115, and VA Medical Center, Brockton, MA 02401. 

Theophylline 500 &ml increases fused tetanic diaphragm 
fatigue a vitro (Miller & Reid, Am Rev Respir Dis, 137(4): 
70, 1988). Present experiments further tested this toxicity. 
Diaphragm strips from 28 rats were directly stimulated & 
vitro (optimal length; 37'C). Strips were treated with 
theophylline at 0 (control), 50, 150, or 500 pg/ml. 
Isometric forces were measured during twitch (Pl), unfused 
tetany (Phs) and fused tetany 
min. 

(PI *) every 30 min for 210 
Fatigue was assessed by dec 'i ine of P160. Control 

%" 
fell 14% over 210 min. Theophylline at SO, 150, and 

pg/ml produced steeper declines of 27, 20 and 28%. 
Shape of the force-frequency curve, estimated by the ratios of 
P and P45 to P160, 
210 minutes. 

was stable for control strips over 

:;;b;:S:p160 

Theophylline 500pg/rnl elevated Pl:P160 
within 30 min; these elevations were also 

. Concentrations of 50 and 150 pg/ml produced 
smaller, time-dependent increases. In particular, P 
progressively increased over 210 min. Thus, 1 

:P160 
theophy line 

accelerates fatigue of isolated diaphragm strips. Effects on 
the force-frequency curve are dose-dependent and can require 
>4 hrs to reach equilibrium & vitro. (Supported by NIH 
AA-07134 and VA Medical Research.) 

146.20 

Ye rearmed changer in esophageal prarrura (Pe8), gsstric pre88m (Pea), and 
traordiapbtagmatic prerrure (P&j, ia 6 normal 8llbjtct8 (BeantiD age: 32.8ti ,?rr) 
at rert atid during iacrtaritg roderatc exercise (3’cychg at 30-60-%O-130 i&t) to 
a88t88 the reiatin contribution of the diaphrap rod rib cage rtntilatorp rurclea to 
the charger in rwtflatfon [YI) (BacHem et al. JAP lW8;44:206). Anragt SSD 
tt8Pltt Utrd t8 fOllOU8: 
w 0 30 60 80 110 
yt 1w I&l*8 22.2ti.3 2LliLl 3rnJ&l~*l 64.8flOJ 
&r (CBIZOl 2,?&8 S.tti,O 6,5&T ll,O~,l lt.li4.6 
APU ImW 4.?&1 5,93.1 6,8&S l.bfgJ 6,1&4 
?he mtaa progre88ire idcrease i~ Pdf swing (bpcstha) with iNeasing Pork load and 
i1, !a8 t88ocfattd afth hereasing Apt8 aitbout significant changes in&a. On the 
atmgt, the and-sxpiratory (11) pre88Prt8 chaagad %I fOllOU8: 
YATT 0 30 60 80 180 
Per MiZOl -S&22.4 -5.tfi.l -3.5ti5.2 -1.64.66.6 z&s,s,r 
Pga (cnRZ0) 5,2&i 6.70.5 5&4,6 SJti5.2 4.6ti3.9 
On tht mragt, We8 iacraerrtd (leas ntgatiot) nhereaa DPga did lot change. f& tao 
8PbjtCt8 12Pt8 prOgrt88iVtll decreased [aore MgatitC) fro8 0 to 80 htt, afid then 
rlfgbtly iacrtartd (1~88 ntgatirt) at tht last 8ttp (180 ratt), In three stbjtcta 
ttpga pro~rerrirel~ decrerrred (lea8 poritirt) . There findilgr indicate that, ia 
hItby mathMe 8ubjtct8, tbt hcrtaatd rtatilatort dtraad due to ertrciat, at 
ltart for cycling, uat Batched, rfact the rildeat load, by a aignfficaat recruftrtnt 
of tbe rib cage wsclea, aore than an iacrtare to diaphrapatic activity. (Supported 
by the MC and WI, Italy, and by a grant from ICCS). 

146.22 

ALVEOLAR LIQUID PRESSURES IN NONEDEMATOUS AND 
KEROSENE WASHED RABBIT LUNG BY MICROPUNCTURE. . 

I-Fook. 
l *  

S. Schurch. Biomedical 
Engineering Center, University of Kentucky, KY 40506 and 
University of Calgary, Alberta T2N4N1, Canada. 

In kerosene filled lungs, the pressure drop across the alveolar 
surfactant-kerosene interface corresponded to a surface tension 
of -1.5 dynes/cm (Faseb. J. 2:A1694,1988). The airspaces of 
isolated degassed lungs were washed with kerosene and 
inflated with air. Alveolar liquid pressures (Pliq, cml-t20) were 
measured by micropuncture at various alveolar air pressures 
(Palv) on deflation and inflation prior to (control) and after 
kerosene treatment. Table (meanfSD,n=5) summarizes results: 

Volume (V) Control (deflation) , Kerosene-washed 
o/ 

10; 
Palv Pliq Palv Pliq 

-212 25 6.2 f 3.5 
50 3:1*0:2 1.0 f 1.1 8.W 1.3 -1.7kO.4 

Surface tension (T) was calculated using Laplace’s Law for a 
spherical interface (radius R): Palv-Pliq = 2T/R. We assumed T 
was 28 dynes/cm at 1 OO%V and that R varied as (V)l’? In the 
control and kerosene washed lungs on deflation, T decreased 
from 28 dynes/cm at 1 OO%V to 2 and 12 dynes/cm at 5O%V, 
respectively. On inflation, T was 15 dynes/cm at !X%V. These 
results are consistent with values obtained by the microdroplet 
technique. (Supported by HL 40362) 
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146.23 

CtWUES IW AIRWAV SrcKlcTuRE mlmIwG REPEATED AUTIEU cwLEm OF 
SEUSITMED RATS. Sc S&enza*, T, Du*, D,H, El'&Im*, U.S. Uan+ 

Repeated inhalation challenge with antigen increases the We measured the effects of vagal stimulation on lung 
reactivity of rats' airways to methachol1‘ne (MCh). The aim of this mechanics in the newborn cat and the influence of the 
study was to relate morphological changes in the airways to specific Ml muscarinic antagonist, pirenzepine. Twenty 
increased Kh reactivity. We studied 17 BN rats, 6-8 weeks old, cats (aged 2-14 days) were anesthetized with chloralose/ 
sensitized with ovalbunin (OA) and B. pertussis vaccine. OA urethane (75-100 mg/kg and 0.75-l-O g/kg, respectively). A 
aerosols (5% w/v) were atiinistered 14 19 and 24 days after 
sensitization. Reactivity to PlCh was asless& on days 10, '25, and 

tracheal cannula was inserted and the animals ventilated 
with the chest open, The cewical vagus nerves were 

29 after sensitization. 16117 rats had early responses to OA separated from the sympathetics and placed on bipolar 
challenge, and 6 shmd -increased Kh reactivity. Morphometrl'c stimulating electrodes. Mean inspiratory resistance (RLi) 
analysis was done in 5 randomly selected challenged animals with 
increased airway reactivity to MCh (R), in 5 similarly selected and 

and dynamic compliance (Cmyn) were measured on a breath- 
by-breath basis. Supramaximal stimulation, at frequencies 

challenged animals w'I'th no change -in reactivity (NR), and in 2 
controls (C). Lungs were fixed in formalin (lo%, 24 h) in 

ranging from 2-20/s caused a prompt increase in RLi and a 
At the highest frequencies, RLi increased 

1‘nfl ati on at 25 cm H20. 5 y sections were stained wjth 
drop in Cmyn. 
257+67,6X from the control value, A 0.01 mg/kg <i.v.> dose 

hematoxylin-resin and length of basement membrane (BM), wall 
thjckness (WT), and smooth muscle area (SM) were masured in 23-75 

of pirenzepine noticeably suppressed the increase in RLi 
during stimulation (15/s) and 1.0 mg/kg inhibited the 

airways per animal. Airways were divided into 2 groups: A: Brul<900 response by 94&1.0X. The M2 receptor-mediated reduction in 
)-'; and 8: BM 901-1600 u. In A and 8, SM and AW were greater in R heart rate during vagal stimulation was unaffected by low 

and NR than C (p<O,O5). In B, 3 and AW were greater in R than in dose (so,2 mg/kg) pfrenzepine and was only 18~6.1% 
NR (p< O.OS).We conclude that OA exposure increases AW and SF4 in inhibited by 1.0 mg/kg of the antagonist. These studies 
small and med-ium-sized ai sways and that thr's may account for the demonstrate that vagal cholinergic innervation to the 
l‘ncreased airway reactivity to Kh. airways is functional at birth and can be preferentially 
(Supported by the Medical Research Council of Canada.) blocked by an MI antagonist. Supported by MRC and the OTS. 

146.24 
VAGAL CHOLINERGIC INNERVATION TO THE AIRWAYS OF THE NEWBORN 
CAT. M. A. Waldron*. 3. J. Connolly* and J, T. Fisher. 
Departments of Physiology and Anesthesiology, Queen’s 
University, Kingston, Ontario, K7L 3N6, 

BEHAVIORAL PHARMACOLOGY THURSDAY PM 

150.1 

INTERACTIONS BETWEEN COCAINE AND $-AMPHETAMINE OR MORPHINE 
IN SQUIRREL MONKEYS RESPONDING UNDER A MULTIPLE SCHEDULE OF 
REINFORCEMENT. G,R. WenEer, University of Arkansas for 
Medical Sciences, Little Rock, AR 72205. 

The interactions between cocaine and &-amphetamine or 
morphine were determined in squirrel monkeys responding 
under a multiple fixed-ratio 30, fixed-interval 300 set 
(mult FR30 F1300) schedule of reinforcement. When adminis- 
tered alone, cocaine and d-amphetamine produced dose-related 
decreases in FR30 responding at doses which either had no 
effect on or increased F1300 responding, In contrast, mor- 
phine decreased both FR30 and F1300 responding at the same 
doses. When the cocaine dose-response curve was redeter- 
mined in the presence of either 0.1 or 0.3 mg/kg d-am- 
phetamine no significant interactions were observed on 
either FR30 or F1300 responding, When low doses of cocaine 
(0.03 or 0.1 mg/kg) were combined with either 0.03, 0.1, or 
0.3 mg/kg morphine FR30 responding was increased compared to 
cocaine alone. No significant interactions were observed on 
FR30 responding with higher doses of cocaine. Under the 
F1300 schedule, 0.03 mg/kg morphine shifted the ED50 for the 
rate decreasing effects of cocaine to the left, 0.1 mg/kg of 
morphine increased the rate of responding when combined with 
moderate doses of cocaine without shifting the ED50 compared 
to cocaine alone, and 0.3 mg/kg morphine produced no signif- 
icant interactions when combined with cocaine, Thus, the 
interactions observed between cocaine and morphine were dose 
and schedule specific. Supported by NIDA grant '04079. 

150.2 
THE EFFECTS OF COCAINE IN COMBINATION WITH &AMPHETAMINE OR 
MORPHINE ON THE REPEATED ACQUISITION RESPONDING OF PIGEONS. 
B.B. EVANS* and G.R. WENGER Dept. of Pharmacology, Univ. of 
Arkansas for Medical Sciencds, Little Rock, AR 72205. 

or 
The effects of cocaine in combination with d-amphetamine 
morphine on the repeated acquisition of a four-response 

chain were investigated in pigeons. Food was presented upon 
the completion of the sequence under a fixed-ratio schedule. 
Incorrect responses resulted in a five-second timeout, Low 
doses of cocaine (0.1 or 0.3 mg/kg) combined with 1 mg/kg $- 
amphetamine increased the total session percent correct 
(accuracy) above the effect produced when these drugs were 
administered alone. The interaction of 0.1 mg/kg cocaine and 
1 mg/kg P-amphetamine shifted the "learning" curve (wIthin- 
session accuracy) upward and to the left compared to the 
cocaine and $-amphetamine curves . Hi .gher doses of cocaine 
combined with 1 br 1.8 mg/kg h-amphetamine produced no 
significant changes in total percent correct or shifts in 
the "learning" curves compared to the effects produced by 
cocaine and a- amphetamine alone. No significant interactions 
were observed between cot aine and 0, 3 or 1 mg/kg morphine. 
When cocaine, P-amphetamine or morphine was given alone only 
dose- re lated decreases were observed in response ra te. The - 
combina tions of cocaine with 1 or 1.8 w/kg d- amphe tamine, 
or 0.3 or 1.0 mg/kg morphine decreased the ra te of 
responding in a dose dependent manner s imil ar to the effect 
produced by administration of cocaine alone. (Supported by 
NIDA Grants '04079 and '02251) 

150.3 

"ANXIOGENIC" EFFECTS OF CHRONIC COCAINE TREATMENT ON BEHAVIOR 
IN THE CONDITIONED SUPPRESSION OF DRINKING (CSD) CONFLICT 
PROCEDURE. D.J. Fontana* and R.L, Commissaris* (SPON: R.T. 
Louis-Ferdinand), Wayne State University, College of Pharmacy 
& AHP, Detroit, MI 48202. 

Cocaine is a highly abused drug whose subjective effects 
have been characterized as stimulating, euphoric and highly 
rewarding. However, it has been reported that repeated or 
chronic use of high doses of cocaine produces an anxiety 
state in humans. The present studies examined the effects of 
chronic cocaine administration on behavior in the Conditioned 
Suppression of Drinking (CSD) conflict paradigm, an "animal 
model" for the study of anxiety. In daily lo-minute sessions, 
water deprived rats were trained to drink from a tube which 
was occasionally electrified (0.25 mA), electrification being 
signalled by a tone. Within 3-4 weeks, control (i,e,, non- 
drug) CSD behavior stabilized (25-50 shocks and 8-12 ml/ses- 
sion) and chronic cocaine (10 mg/kg, i.p., 2/day) or saline 
treatments were initiated. As expected, chronic saline had 
no effect on CSD performance over the course of 7 weeks of 
testing. Although having no effect on CSD behavior during the 
first week of treatment, chronic cocaine produced a signifi- 
cant decrease in punished responding over time, but no change 
in water intake. This "anxfogenfc" action was stable over 
the Week 2-7 period. These results suggest that the CSD 
procedure may be an effective model for studying the anxio- 
genfc effects of chronic cocaine use in man. (MH #42501-01) 

150.4 

SHORT-TERM MEMORY (STM) IN RATS AS ASSESSED BY SINGLE-SPATIAL 
ALTERNATION BEHAVIOR WITH VARIABLE RETENTION INTERVaS (RI): 
EFFECTS OF SCOPOLAMINE. H. E. Shannon, K. G. Bemis* and J. C. 
Hart*. Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, IN 48285. r 

Male F344 rats were trained to respond under a single- 
spatial alternation schedule to obtain food. During trials, 
the houselight was illuminated and the rats were required to 
respond, on alternate trials, on the left and right levers. 
A correct response produced a food pellet, terminated the 
houselight and initiated a new RI. An incorrect response 
produced a brief feedback tone and extinguished the house- 
light, but the previous trial and RI were repeated. Between 
trials, the chamber was dark for a period (the RI) which was 
varied randomly between 2 and 32 sec. When the RI was 2 set, 
responding was 2 90% correct. The % correct decreased as the 
RI was increased to 32 sec. Regression analysis provided a 
quantitative measure, the STM(&), of the half-life of the 
short-term memory. During control sessions, the STM(&) was 
approximately 22.5 sec. Scopolamine (0.01 to 0.3 mg/kg) 
produced dose-related decreases in the STM(s) and in rates of 
responding. When the feedback tone after incorrect responses 
was omitted, STM(%) decreased to approximately 10 sec. 
Scopolamine again decreased STM(+) and rates of responding. 
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150.6 

DISCRIMINATIVE STIMULUS EFFECTS OF BUTORPHANOL, 
NALBUPHINE, NALUXONE AND HYDROMORPHONE IN OPIOID- 
DEPENDENT HUMAN VOLUNTEERS. Kenzie L,, Preston m . 

rpelow*. The Johns Hopkins University School of Medicine, 
Baltimore, MD 21224. 

To assess the stimulus properties of opioid mixed agonist-antagonist 
drugs in opioid-dependent humans, 5 volunteers enrolled in methadone 
maintenance treatmnt were trained in a three-choice drug discrimination 
pro&u115 to di&minate between the effects of intramuscularly given 
saline (2 ml) (S), hydromorphone (IO rnfl0 kg) (H), and naloxone (0.15 
mgI70 kg) (NX). Subjects earn4 monetary reinforcement by correctly 
identifying the training drugs by letter code. Generalization eu~es for the 
training drugs and 2 test drugs, butorphanol (B) and nalbuphine (NB) 
were then determined. All subjects learnti the H/NX/S discrimination. 
In generalization testing bth H and NX produced dose-related increases 
in drug-appropriate responses and in characteristic subjective effects 
measures. NX produced 80%otgreaterNX-appropriaterespondingat 
doses of 0.075 mg and higher; H produced 80% or greater H-appropriate 
responding at doses of 3.5 mg and higher. B produced dose-related 
increases in identifications as NX and dose-related increases in those 
subjective effect measures increased by NX, with 1.5 mg producing 
100% NX-appropriate responding. NB also produced dose-related 
increases in identifications as NX and dose-related increases in those 
subjective effect measures increased by NX, with 2.1 mg and higher 
doses producing 100% NX-appropriate responding. There was close 
concordance between the verbal subjective effect measure data and 
behavioral discrimination measures. (Supported by USPHS Grant DA- 
04089). 

150.7 150.8 

EFFECTS OF' BUPRENORPHINE AND OTHER ORIPAVINES ALONE AND IN 
COMBINATION WITH VARIOUS OPIOID AGONISTS ON THE ACQUISITION 
AMI PERFORMANCE OF DISCRIMINATIONS IN MO-S. J. MT 
Moerschbaecher. LSU Medical Center, New Orleans, LA 70112, 

Responding in patas monkeys was maintained by food 
presentation under a multiple schedule of repeated 
acquisition and performance of conditional discriminations. 
Etorphine, the prototypical oripavine agonist, produced 

ACIDIC AMINO ACIDS AND SELF-STIMlLATION OF THE PREFRONTAL 
CORTEX ZN THE RAT. M. Cobo*and F. Mora*. (SPON: C,V, Gisol- 
fi). Dpt. Physiolqy. Univ. Granada. 18012 Granada. Dept. 

Hurran Physiolqy, Central University. 28040 Mdrid. SPAIN. 

To investigate whether acidic amino acids are involved in 
self-stirmlation (55) of the mdial prefrontal cortex (WC) 
in the rat, the effects of intracortical microinjections of 
8 -D*lutaqlglycine (DGG) (an antagonist of acidic amino 

acid receptors) and DL-2-amine-5-phosphonovaleri c acid 
(D-APS) (a specific antagonist of NMIA-receptors) were stu- 

died in two different groups of male Wistar rats, Zn each 
rat, bilateral monopolar electrmks and guide cannulae were 
stereotaxically implanted in the I\IIpc. SS =s recorded during 
5, 10 and 15 min. postinjection. Unilateral intracortical 
microinjections of DGG (1 pl) at doses of 2.5, 5, 10 and 20 
p&l produced a dose-related decrease in SS of the ipsilate- 
ral side. This decrease ms statistically significant. Simi- 
lar microinjectians of D-PIPS at doses of 10, 20 and 40 pg/j~l 

produced a dose-related decrease that not reached statisti- 
cal significance. SS of the contralateral cortex in both 
experiments used as cant rol was not affected. The present 
series of results suggest that acidic amino acids could be 

part of the neurochemical substrate underlying SS of the 
MT. Further research is required to elucidate with type of 
receptor is involved in SS of the Mpc. 

morphine-like 
response rate 
of responding 

effects. Etorphine decreased overall 
while having little or no effect on accuracy 
except at higher doses which also produced 

large rate-decreasing effects. Buprenorphine, an oripavine 
mixed agonist-antagonist, had little or no effect on rate 
or accuracy of responding when administered alone, The 
effects of the oripavine- antagonist, diprenorphine, were 
variable among the subjects. In general, however, 
diprenorphine had little or no effect on responding except 
at extremely high doses (>lmg/kg) which decreased both 
accuracy and rate of responding. When buprenorphine was 
administered in combination with heroin and US0488H 
competiti ve antagonism obtained. The dose-effect curves 
for each agonist were shifted to the right at least l-log 
unit bY buprenorphine at a dose of O*l mglkg. The data 
indicate that buprenorphine is an effective antagonist at 
both the mu and kappa receptors in old world monkeys. 
(DA03573 & DAO477S). 

150.9 
A NEW MaTHOD OF QUANTIFYING TOXICITY FOLLOWING SYSTEMIC 
INJECTIONS OF EM AGONISTS IN MICE. B.J. Connell and R.A.R. 

150.10 
PROPENTOEYLLINE PROTECTS TRANSIENT ISCHEMIC HYPERACTIVITY IN 
THE GERBIL. J.A. DeLeo* and J.M. Carney. Dept. of Pharmacol- 
ogy, University of Oklahoma, Health Sciences Center, OX, OK 
72190. 

Spontaneous locomotor hyperactivity is a behavioral conse- 
quence following forebrain ischemia. To determine if a meth- 
yl xanthine derivative, propentofylline (HWA 285) protects 
this behavioral ischemic parameter, doses of 1, 10 or 32 mg/ 
kg, i.p-, were administered prior to or following a 10 minute 
period of bilateral occlusion of the common carotid arteries 
in the gerbil. The untreated ischemic group demonstrated the 
predictable hyperactivity, peaking 24 hours after the insult 
and a significant hypoactivity 1 hour after the occlusion. 
Following a 15 minute pretreatment of HWA 285 (10 mg/kg), the 
1 hour hypoactivity was not observed. All groups showed sig- 
nificantly less stimulation from the untreated group 24 hours 
after the ischemic period. To determine if HWA 285 also de- 
creased ischemic-induced hyperactivity if administered after 
the insult, it was given 1 and 2 hours after bilateral occlu- 
sion. At one hour post-ischemia, the treated groups were not 
significantly different from the untreated# but at 24 hours, 
the untreated group showed significantly increased stimula- 

Taaker _(=' Atlantic Veterinary College, 
UPE‘L, Charlottetown, PEZ, Canada, ClA 4P3. 
The recent outbreak of toxicity caused by contaminated PET 
mussels has created a need for an improved method of 
screening commercial shellfish. In the case of PEI mussels, 
domoic acid (DA), an excitatory amino acid (EAA) was 
identified as the marine toxin involved. In mice, injection 
of mussel extracts containing DA initiates a series of 
behaviours which often lead to death. To quantify these 
behavioural changes, serial dilutions of extracts f ram toxic 
mussels were administered i.p. to groups of 4 female CD1 mice 
and behaviours were recorded with regard to both frequency 
and time of onset. Based on these data, 7 behavioural 
categories were identified and assigned a numeric value. 
Mice were scored according to the time spent in each category 
after injection. Dose-response curves (DRC) for DA in mussel 
extracts were constructed and compared to those obtained with 
another EM, kainic acid. DA was about 10 times more potent 
than kainic acid based on ED50. Moreover, toxicity caused by 
concentrations of DA as low as 30 ug/ml could be reliably 

tion from the 1 and 2 hour post-treatment groups. These data 
support the behavioral protection of this compound in a dose- 
related manner when administered prior to or following tran- 
sient forebrain ischemia in the gerbil. 

detected. We conclude that this scale represents a more 
sensitive and effect ive mean 8 of assessin g toxin 
concentrations in contami .nated she1 .lfish and can be used as a 
tool for 8 tudying the role of pharmacological systems 
actions of systemically-administered EM agonists. 

Fn the 
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350.11 150.12 

EFFECT OF AMANTADINE PRETREATMENT ON CHLORPROMAZINE (CPZ) AND 
RESERPINE (RES) PRODUCED BEHAVIORAL DEPRESSION. F.S. 
Messiha, Dept. of Pharmacology, Univ. of North Dakota SCM 
ofcine, Grand Forks, ND 58201, 

The RES and CPZ-produced depression of motility has been 
used as an animal model for Parkinson's disease and certain 
dyskinesias, respectively. The effect of AMN, a dopaminergic 
agonist, on this behavioral performance test was studied. 
Three groups of C57BL/63 mice were injected i.p. four times 
at 2 h intervals saline, CPZ or RES (0.2 mg/kg). Additional 
3 groups of mice received AMN (100 mg/kg, i.p.) 15 minprior 
to identical dose regimens of the drugs tested. Mice 
motility was measured for 18 hrs. AMN enhanced motility by 
3.9 (p < 0.02) and 4,9 (p < 0.02) fold above control value 
during the initial 1st and 2nd hrs, respectively, This was 
followed by behavioral depression lasting from 8 to 18 hrs 
which amounted to 59% (p < 0.02) and 52% (p < 0.05), 
respectively. The AMN pretreatment significantly antagonized 
CPZ-mediated reduction of motility throughout the initial 3 
hrs. Reserpinized animals pretreated with AMN showed no 
changes in motility from corresponding control. The data 
indicates a biphasic effect of AMN. The initial behavioral 
arousal phase of AMN alleviated CPZ depression of motility 
while it lacked such effect on RES-treated mice. Brain 
monoamines data will be presented in relationship to the 
behavioral effect observed, (Supported in part by Grant from 
Ester Zahn Estate - Parkinson's Disease) 

EFFECTS OF DOPAMINE AGONISTS ON SCHEDULE-CONTROLLED 
RESPONDING OF SQUIRREL MONKEYS. Jack Bergman, B.K. Madras*, 
S.E. Johnson*, and R.D. Spealman. NERPRC, Harvard Med Sch, 
Southborough, MA 01772 

The efficts of dopamine D2-selective agonists, quinpirole 
(0.003-1.0 mg/kg) and (+)-PHNO (0.0001-0.03 mg/kg) and Df- 
selective agonists, R-SKF 38393 (O&3,0 rag/kg) and SKF 
75670 (O.Ol-0,3 mg/kg) were determined in squirrel monkeys 
responding under a 30-response fixed-ratio (FR) schedule of 
food presentation or a 3-min fixed-interval (FI) schedule of 
stimulus-shock termination. Both D2-selective agonists 
increased rates of FI responding in a dose-related manner. 
Maximal effects were produced by 0.003-0.01 mg/kg (+)-PHNO 
and 0.1-0.3 mg/kg quinpirole; higher doses of both drugs 
increased responding less or decreased it. In contrast, both 
Dl-selective agonists only decreased rates of FI responding. 
FR responding under the schedule of food presentation was 
only decreased by Dl and D2-selective agonists. However, 
I$-selective agonists markedly decreased FR responding at 
doses that had little or no effect on FI responding (0.001 
mg/kg (+)-PHNO, 0.03 mg/kg quinpirole) , whereas Dl- 
selective agonists decreased FR responding at doses that 
were similar to or greater than those that decreased PI 
rates. The dissimilar effects and potencies of drugs in the 
present experiments suggest that these procedures are useful 
for distinguishing dopamine agonists with differing 
selectivities for PI and D2 receptors. (Supported by USPHS 
Grants DA03774, DA00499, and RR00168). 

PERIPHERAL CIRCULATION II 

151.1 

Metabolic Saturation Kinoties in an Endothelial Cmll. Column. B.S. Eiowell, 

F,R. Elaselton and S.#. Muellec (Span. W.J. Kinnier). Univ. of 

PennBplvania end the Wlrtar Inatitutm, Phila., PA 19104 

The kinatica of eatureblo andothalial metabolic function8 have been 

asnesred & viva by transient (indicator-dilution) measurements and fn 

vitro (culture) by steady-stats masurementr. Unfortunately, comparisons 

bmtnamn the two are difficult. Therefore, wo used indicator dilution 

method8 to asaesa the kinetics of angiotensin converting enzyme (ACE) 

activity in cultured l ndothmlium. Bovine fetal aortic endothelial cells 

worm grown to conflumce on Biorilon mierocarrimr beads. Co11 covered 

beads wmre poured into polypr,opylens columns, at a cell surface area of 

250 cm2. Columns ware perfused with nmrum-free culture medium at 1-2 

q l/rein. Six injactionn, containing 14C-albumin, 3H-Benr-Phe-hla-Pro c3EI- 

BPAP, an ACE substrate) and varying amounts of unlsbelled BPAP (*OS-50 

nmoles). werm applied separately to each column. Effluent was collected 

in serial samples. Thti Km and Vmax of BPAP metabolism were determined by 

a multiple non-linear regrsamfon analysis usad previously to determine 

pulmonary endothelial ACE kinetics in V~VQ, The Km averaged 5 /iM in three 

columns, which ia very close to values determined in viva (7-8 /JM). The 

Vmax end Vmax/Km averaged 8 nmol)min and 1.6 mlfmin, respectively. In 

conclusion, we have developed e new method that should enable batter 

comparisons between studies of endothelial metabolic functions in vtvo and 

h vitro. 

151.2 

VASCULAR TRANSPORT CAPACITY OF RAT HINDQUARTERS IS INCREASED 
IN STREPTOZOTOCIN (STZ) DIABETES. W.T,. Sexton, R. J. Korthuis. 
aJld- Dept Vet Biomed Scf and Dalton Res Ctr, 
Univ Missouri-Columbia, 65211 and Dept Physiol, LSU Med Ctr, 
Shreveport, LA 71130. 

Male Sprague-Dawley rats were made diabetic (D, n-10) with 
a single injection of ST2 (65 lag/kg, i.p. >, while control rats 
cc, n-9) received an equivalent volume of sterile saline 

vehicle. Experiments were performed 8 wks later. Isolated 
hindquarters (HQ) were perfused with washed human blood cells 
suspended in horse serum and maximally vasodilated with 
papaverlne. Vascular transport capacity was assessed in each 
HQ by determining the capillary exchange capacity (filtration 
coefficient, Kf) and the flow capacity at perfusion pressures 
of 30, 40, and SO mmHg. Isogravimetric flows of D were 39% 
greater compared to C at similar perfusion pressures. 
Capillary pressures in D were 17% lower relative to C. Total 
vascular resistances (Rt) of D were reduced 34% compared to C. 
The lower Rt values were attributable to reductions in pre- and 
postcapillary resistances of 32% and 40%, respectively, 
However, the pre-to-postcapillary resistance ratios were not 
different between groups. Kf values for D were 37% greater 
relative to C suggesting the D HQ had a greater capillary 
exchange capacity, The vascular flow capacities of D HQ were 
elevated 76% relative to C at all perfusion pressures 
investigated. Thus, HQ of rats with ST2 diabetes display 
increases inboth capillary exchange capacity and flow capacity 
compared to C. 

151.3 
DIFFERENTIAL CONTROL OF BLOOD FLOW IN MUSCLES OF DIFFERENT 
FIBER TYPES. M.D. Delp and R.B. Armstrong. Exercise Biochem. 
Laboratory, University of Georgia, Athens, Georgia 30602 

The purpose of this study was to investigate the potential 
for differential local and autonomic control of resistance 
vessels in rat muscles composed predominantly of different 
fiber types. Aortic pressure and blood flows in soleus 
(type I fibers) and red (type IIa fibers) and white (type IIb 
fibers) portions of lateral gastrocnemius muscles were sequen- 
tially measured in conscious (C), anesthetized (A, methoxy- 
flurane), A+denervated (D, sciatic severed), A+Dtalpa-blocked 
(aB, phentolamine), and A+mB+beta-blocked (BB, propanolol) 
conditions. Calculated resistance (R, torr/ml/min/lOO g) in 
soleus muscle in C was 0.79 + 0.09, increased 1232% in A, then 
remained unchanged in At-D, A&-cB, and A+DtaB+BB. R in red 
portion of gastrocnemius muscle in C was 1.59 k 0.26, 
increased 883% in A, remained unchanged in A+D, decreased 58% 
in A+D+-crB, then increased 113% in A+Dl-aB+f3B. R in white 
portion of gastrocnemius muscle in C was 7.95 -f- 1.46, 
increased 230% in A, decreased 140% in A-t-D, then decreased 
further (-151%) in A+DtaB. R then increased 526% in 
A+lWaB+BB. Thus, there appears to be a differential control 
of vascular R between type IIa and IIb muscle, as well as 
between type-1 and type II muscle. Additionally, vascular 
tone was the same across fiber types in the A+tiB+SB 
condition. 

Supported by NIH RRSG grant #SO7RRO7025-21 



A228 PERIPIiERAL CIRCULATION II THURSDAY PM 

151.7 

MECHANISM OF HEPATIC ARTERIAL DILATION DURING HEMORRHAGE. 
W.W. Lautt and J.E. McQuaker*. Hepatorenal Research Unit, 
Dept. Pharmacology, 

During hemorrhage the cardfac output declfnes and blood 

University of Manftoba, Winnipeg, Man., 

flow to individual organs declines in general due to peri- 
pheral vasoconstriction. 

Canada, R3E OW3. 

The hepatic artery (HA) is unique in 
that it may vasodilate so that the proportion of cardiac out- 
put supplying the HA is increased. The extrahepatic splanchnic 
organs that supply portal blood to the liver undergo severe 
vasoconstrictfon and portal blood flow decreases. We test the 
hypothesis that the decrease fn portal flow actfvates the 
hepatic arterial buffer response leading to dilation of the 
HA and protection of the lfver during hemorrhage in cats. The 
HA buffer response is the mechanism by which changes in portal 
flow produce inverse changes in HA flow and is mediated by an 
adenosine washout mechanism. In control responses the HA 
conductance did not declfne whereas the superior mesenteric 
arterial conductance decreased markedly confirming the pro- 
tective effect of the HA during hemorrhage. After adenosine 
receptor blockade, the dilator responses to infused adenosine 
but not isoproterenol was blocked; the HA buffer response was 
blocked. Adenosine receptor blockade also resulted in elimin- 
ation of the protective effect of the HA during hemorrhage so 
that the HA and superior mesenterfc artery constricted to a 
similar extent. Thus, the HA buffer response is the mechanism 
by which the HA dilates during hemorrhage. 

151,9 

REFLEX CONTROL OF VASCULAR CAPACITANCE DURING 
HYPOXIA, HYPERCAPNIA OR ASPHYXIA. 
GiulLa&m-RobertoMaass+. 
Indiana Univ. School of Medicine, Indianapolis, IN 46223 

We tested the hypothesis that the changes in venous tone induced 
by changes in arterial blood oxygen and carbon dioxide are via reflex 
control. Mongrel dogs were anesthetized with pentobarbital and 
paralyzed with vecuronium, Cardiac output and central blood volume 
were measured by indocyanine green dilution. Mean circulatory filling 
pressure (Pmcf), a measure of venous tone and closely related to 
vascular capacitance, w# estimated by briefly stopping the heart by 
electrical fibrillation and defibrillating with DC countershock. 
After control experiments, cardiovascular reflexes were blocked with 
hexamethonium and atropine. With reflexes blocked, hypoxia (arterial 
PO 138 mmHg), hypercapnia (PC02-72 mmHg) or asphyxia (P02=41; 
PC& -69 mmHg) each caused a decrease in total peripheral resistance 
(TP& but little increase in Pmcf or cardiac output, and a decrease 
in mean arterial pressure (Psa). With reflexes intact, hypoxia, but 
not hypercapnia, induced enough sympathetic outflow to increase Psa by 
maintaining the control level of TPR to counter the direct 
vasodilating effects of hyboxia or hypercapnia. With each of the 
experimental gas changes, the Pmcf and cardiac output were 
significantly increased, however. We conclude that hypoxia, 
hypercapnia, and asphyxia have little direct influence on vascular 
capacitance, but with reflexes intact, there is a significant increase 
in Pmcf. (Supported by NIH grant HL07723,) 

151.6 

ARACHIDONZC ACID METABOLITES AND POSTPRANDIAL JEJUNAL BLOOD 
FLOW A. ALEMAYEHU* and C.C. CHOU Departments of Physfology and 
MedicGe, Mfchjgan %teWersity, East Lansing, Ml. 48824. 

Jejunal (3) prostanoid releases (R, ng/min/lOOg) during 
nutrient absorption in the presence and absence of arachfdonfc 
acid (AA) were measured, 1n anesthesited dogs (n=9). J venous 
and aortic blood samples were collected for determfnatjon of 
TXB2 (TXB), 6-keto-PGFl (PGI), (stable metabolites of TXA2 and 
PGI respectively), PGF and PGE usfng radioimnunoassay. 
Dur?ng blood sampling b?ood flow'(EF), and VO (ml/min/lOOg) 
were measured when 3 lumen contained normal &line (NS), 
NS+AA, food (F), or F+AA. *, **, and + PxO.05, relative to 

8F vo R TXB R PGI R PGE 
NS 3F3 1.8873.22 -- 24r T6m 

R PGF 
11t2 T+T- 

F 48%* 2.32TO.23* 17T3* 40%3* 60%2* 8?2* 
NS+AA 4oT3 1.7470.25 13T3 3076 21'712 5T4 
F+AA 37?4 1.91?0.23 2074** 3378 37q3**+ l'-i+5**+ 
NS, NS+AA,and F re$ectively. -Thus, there wassfgnjficayt 
TXB and PGI releases during NS and NS+AA. F significantly 
enhanced BF, VO and releases of all four prostanofds. AA 
abolIshed or at?enuated F-induced enhancement of BF, VO , and 
PGI and PGE releases, while enhancfng TXB and PGF releages. 
This AA action on BF and VO was reversed by SQ-29548 (TXAZ 
receptor blocker). Conclusi 8 n: Nutrfent absorption enhanced J 
release of all four prostanoids, which may contribute to the 
regulation of 3 BF and functions. AA action on F-induced 
Increases in BF and V02 may be relatedot the relative 
production of the four prostanoids. (Support: NIH #HL-15231) 

151.8 

Therapeutics, 

RESPONSES OF THE HEPATIC ARTERY DURING INTRAVENOUS INFUSIONS 

Faculty of Medicine, University of Manitoba, 
Winnfpeg, Manitoba, Canada, R3E OW3. 

OF DILATOR AGENTS THAT RAISE PORTAL BLOOD FLOW. 
M.S. D'Almeida*, J.E. McQuaker*, L.M. D'Aleo?r, and W.W. Lautt 
Hepatorenal Research Unit, Department of Pharmacology and 

Changes in portal blood flow (PF) produce inverse changes 
in hepatic arterial flow by actfvating the hepatic arterial 
buffer response (HABR). Intravenously fnfused dilator agents, 
isoproterenol, adenosine and glucagon produced significant 
elevatfons in PF but produced no such effect in the hepatic 
artery (HA) even though direct IA infusions of these agents 
into the HA elicited significant dilations of this artery. 
This apparent inconsistency in the hepatic arterial response 
was assessed in terms ofmthe MR. To do this, the IV 
infusfons of the three drugs were repeated but PF was not 
allowed to rise, therefore eliminating the stimulus (raised 
PF) for the HABR. As a result, the HA conductance and blood 
flow rose signfficantly from control levels. These obsew- 
ations indicate that systemically administered dilator agents 
that elevate PF will trigger the HABR and counteract the 
dilating action of these compounds on the IIA. The response in 
the HA when PF is not held at pre-infusion levels represents 
the combined effects of the HABR and the dilator agent. Thus, 
if PF is not controlled or monitored when studying the HA in 
response to vasoactive agents, incorrect conclusions may be 
drawn due to the action of the HABR. MSD holds a Research 
Traineeship from the Canadian Heart Foundation. 

151.10 

INTESTINAL VASCULAR RESPONSIVENESS TO 
EXOGENOUS VASOPRESSIN IN*CIIRONIC PORTAL 
HYPERTENSION. J.N.B~xt.C.L.Mesh.R.J.~andD.N, 
m Dept. of Physiology id Biophysics, L.S.U. Medical Center, 
Shreveport, LA 7 1130. 

It is generally accepted that chronic portal hypertension (CPH) lead 
to an intense splanchnic hyperemia tit is partially related to 
increased plasma glucagon and a reduced vascular sensitivity to 
norepinephrine. In the present study, we have evaluated the vascular 
responsiveness of the portal hypertensive intestine to arginine- 
vasopressin (AVP) since: 1) exogenous AVP is used to reduce 
intestinal blood flow in man with CPH and 2) endogenous AVP is 
thought to contribute to resting intestinal vascular tone, Male 
Sprague-Dawley rats were made portal hypertensive by stenosis of 
the portal vein. Ten to twelve days after the induction of CPH, the 
responsiveness of the intestine to cumulative doses of AVP was 
studied in an isolated pump perfused small intestinal preparation. 
The EDso for maxima1 vasoconstriction increased from 0.18 f 0.01 
mU in control rats to 0.42 f 0.07 mU in rats with CPH. To 
determine if the impaired responsiveness to AVP was related to the 
hyperglucagonemia of CPH, we elevated plasma glucagon levels in 
control rats to levels previously measured in portal hypertensive rati 
(i.e., ~450 pg/ml) and repeated the dose response studies. Giucagon 
significantly attenuated the responsiveness of the intestinal 
vasculature to AVP (ED3 
that glucagon may part1 as 

= 0.30 f 0.03 mu). These studies suggest 
ly mediate the altered intestinal vascular 

sensitivity to arginine vasopressin in animals with prehepatic portal 
hypertension. 
Affiliate) 

(Supported by American Heart Association, LA 
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ROLE OF HYDROGEN PEROXIDE, IRON, AND HYDROXYL 
RADICALS IN ISCHEMIA/REPERFUSION-INDUCED NEUTROPHIL 
INFILTRATION. Barbara J, . Zimmerman * and D, Neil Granter. LSU 
Medical Center, Shreveport, LA 7 I 130 

Polymorphonuclear neutrophils (neutrophils) accumulate in the intestinal 
mucosa during ischemia with further accumulation occurring during 
reperfusion. Pretreatment with allopurinol, a xanthine oxidase inhibitor, or 
superoxide dismutase attenuates this neutrophil accumulation, suggesting a 
role for xanthine oxidase-derived oxidants. The objective of this study was 
to determine whether hydrogen peroxide, iron, and/or hydroxyl radicals abo 
play a role in ischemia/reperfusion (I/R)-induced neutrophil infiitration in 
the feline small intestine. A total of 27 animals were used. Isolated intestinal 
segments was subjected to 3 hours of ischemia and I hour of reperfusion. 
Mucosal samples were obtained prior to and during ischemia and following 
reperfusion. Tissue-associated myeloperoxidase activity was used as an index 
of tissue neutrophiI count. Treatment with either catalase or the iron 
chelator desferoxamine significantly attenuated the reperfusion-induced 
neutrophil infiltration, supporting a role for both hydrogen peroxide and 
iron. Two hydroxyl radical scavengers, dimethylsulfoxide (DMSO) and 
dimethylthiourea (DMTU), were used. DMTW significantly attenuated the 
I/R-induced neutrophil accumuIation while DMSO had no effect. The 
results of this study support a role for hydrogen peroxide and iron in the 
I/R-induced neutrophil infiltration. The role of hydroxyl radicals remains 
unclear. Supported by DK33594. 

INTESTINAL NEUTROPHIL (PMN) ACCUMULATION AND PLASMA LOSS IN 
RATS FOLLOWING LOCAL ABDOMINAL, IRRADIATION. M.G. Buell* and 
R.K. Harding. Defence Research Establishment Ottawa and 
Dept. of Physiology, Univ. of Ottawa, Ottawa, Ontario, 
KIH 8~5, 

We examined whether a single dose of 10 Gy Irradiation(R) 
delivered to the abdomen of rats led to changes in the intes- 
tine consistent with an acute inflammatory response. 

Male Sprague-Dawley rats were briefly anesthetized with 
Saffan and the abdomen was locally irradiated at a dose of l( 
Gy using a Co-60 radiotherapy unit. I-125 albumin and Cr-51 
labelled red blood cells were injected i.v. to quantitate 
tissue plasma volume (PV) and red blood cell volume (RBCV) 
respectively. Following this, animals were euthanized at 2 
to 24 hrs post-R (n=6 for each time period) and the jejunum, 
ileum and colon were excised. Tissues were then processed 
for determinatfon of PV and RBCV and prepared for the 
histomorphometric quantitation of mucosal PMNs. 

In the 3 regions of intestine examined, tissue PV became 
significantly (~~0.05) elevated 8-12 hrs post-R. This was 
sustained until 24 hr post-R. A transient rise in RBCV 4-8 
hrs after R (suggestfve of vasodilation) was also observed. 
Furthermore, these changes were accompanied by a sign.ificant 
(~~0.05) transient increase in mucosal PMNs 4-12 hrs post-R. 

The results support the hypothesfs that an inflammatory 
response occurs in intestinal tissues soon after R. It is 
possible that this may play a role in further exacerbating 
the damage initiated by ionizing radiation. 

RENAL PHARMACOLOGY I1 

152.1 

HEMODYNAMIC ALTERATIONS DURING CHRONIC VERAPAMIL TREATMENT. 
David 0, Yo ng and Huaba Lin.* University of Mississippi 
Medial Cent:=, Jackson, ;S 39216 

Previously we have reported that acute administratfon of 
verapamil causes a profound increase in GFR, renal blood 
flow (RBF) and filtration fraction (FF), and severely 
impairs autoregulation of RBF and GF'R in anesthetized 
rabbits. The goal of the present investigation was to 
determine if these effects of verapamil persist after long- 
term treatment. Three groups of dogs were studied; control 
W-71, acute treatment .(N-6, 150 pg/kg bolus followed by 4 
bg/kg/min beginning 45 minutes prior to measurements), 
chronic treatment (N-5, 240 mg P.O., b.i.d. starting 7 to 10 
days before the study), All animals were anesthetized and 
renal function was measured at controlled levels of renal 
perfusion pressure in the surgically exposed left kidney. 
At 100 mmHg the RBF in control, acute, and chronic groups 
were: 3.7k.4, 5.6i.5, 8.Ot1.4 ml/min/g KW. GFR of the 
three in the same order were: 0.6i.1, l.Oi.1, 1.3i.2 
ml/min/g KW, In the control group the autoregulation of 
both variables persisted to 90 mmHg but in both the acutely 
and chronically treated group autoregulation failed at 100 
mm%. In dogs chronically treated with verapamil regulation 
of renal hemodynamics is altered, and RBF and GFR are 
profoundly elevated. Supported by HL 21435 and HL11678. 
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SEPARATION OF THE PRESSOR AND DIURETIC EFFECTS OF B-HT 933 
WITH SK&F 104078, Catherine F.T, Uyehara and Miklos Gellai, 
Smith Kline & French Labs, King of Prussia, PA 19406. 

We assessed the effect of Sk&F 104078, a novel alpha-2 
adrenoceptor antagonist, on the pressor and diuretic actions 
of the selective alpha-2 adrenoceptor agonist, B-HT 933. In 
conscious, chronically instrumented Sprague-Dawley rats (n=5), 
we measured the effect of a sustained i.v, infusion 
(100 ug/kg/min) of B-HT 933 (A) on blood pressure (BP) and 
renal excretion of water and electrolytes. We repeated the 
experiments during infusion (50 ug/kg/min) of SK&F 104078 
(A+B) on the same rats on different days. Results (mean + 

~(0.05 vs. control; + = p<O,O5 vs. A) were: - SEM; * = 
RPP Urine Flow C H?O Sodium Excr, 

0 (yl/min/lOOg) - (uEq/min/lOOg) 
Control 111 + 3 12 + 3 -17 + 4 0.6 + 0.1 
A 138 + 3” 173 7 13* 72 T lO* 10.3 ? 1.7* 
A+B 111 T 4+ 104 T 8*k+ 55 7 3* 4.1 T 1.0*+ 
SK&F 104078 completely blockzd the B-HT 933-induced incyease 
in BP and partially attenuated its diuretic effect, mainly by 
moderating the increase in sodium excretion. The increase in 
free water clearance (C H20) was not significantly affected by 
SK&F 104078. We conclude that the pressor and renal tubular 
actions of 8-HT 933 are mediated by SK&F 104078-sensitive and 
SK&F 104078-insensitive alpha-2 adrenoceptors, respectively. 
The natriuresis induced by B-HT 933 appears to be, at least in 
part, pressure dependent, although a direct effect of SK&F 
104078 cannot be excluded. 

152.2 

INHIBITION OF DOPAMINE P-HYDROXYLASE INCREASES RENAL 
ELECTROLYTE EXCRETION IN SPONTANEOUSLY HYPERTENSIVE RATS. 
G. Dytko*, M, Jugus*, E.H. Ohlstein, W.A. Mann*, and L.B. 
Kinter, Smith Kline & French Labs, King of Prussia, PA 194Ot 
-amine (DA) has been implicated as an endogenous vaso- 
dilator and natriuretic factor involved in the regulation of 
renal sodium excretion. Inhibition of dopamine B-hydroxylasc 
(DBH) increases tissue DA levels and provides a tool by whict 
to increase, renal DA tone in vivo. In spontaneously hyperter 
sive (SH) rats, administraflos the DBH inhibitor, l- 
[(3,5-difluorophenyl)methyl]~l,3-dihydro~2H-im~dazo~e-Z-thio~ 
(SK&F 102698, 100 mg/kg, po.), was associated with natriur- 
esis, kaluresis and chloruresis (2-3x baseline, p<.O5). The 
increases in water and electrolyte excretion were: 1) 
independent of changes in creatinine and urea excretion; 2) 
blocked by saline- but not water-loading; and 3) abolished bl 
co-administration of the selective DA-1 receptor antagonist, 
SK&F 83566. SK&F 102698 has no intrinsic DA-1 agonist 
activity. We have shown previously that this dose of SK&F 
102698 is antihypertensive in SH rats and that antihyper- 
tensive efficacy is also attenuated by co-administration of z 
DA-l receptor antagonist (OhlsteIn et al. FASEB J. 2:Al799, -- 
1988). We conclude that SK&F 102698 has modest antThyper- 
tensive and saliuretic activity in SH rats and that saliuresi 
is the result of stimulation of renal epfthelial DA-l 
receptors. The results imply that renal DA levels play a 
physiologically significant role in the regulation of renal 
electrolyte reabsorption in SH rats. 

INFLUENCE OF ALPHA AND BETA ADRENOCEPTOR 
BLOCKADE ON THE RENAL EFFECTS OF 
FENOLDOPAM. Abdallah Dlewati* and Mustafa F. Lokhandwala. 
Department of Pharmacology, University of Houston, Hquston, TX 
7720455 15 

We have reported that hypotension produced by fenoldopam 
prevented the natriuresis and diuresis during i,v. infusion (5 Clg/kg/min 
for 30 min), However, significant increases in sodium and water 
excretion were seen after terminating fenoldopam infusion when all 
hemodynamic parameters had returned to control levels (FASEB J, 
2:1793, 1988). Because a reflex increase in sympathetic outflow may 
have masked the effect of fenoIdopam, we have investigated the 
involvement of this factor in modulating the natiuretic and diuretic effects 
of fenoldopam. In pentobarbital-anesthetized dogs, alpha and beta 
blockade caused significant decreases in mean blood pressure (MBP), 
heart rate and renal vascular resistance (RVR), and significant increases in 
renal blood flow (RBF), urine volume (UV) and urinary sodium excretion 
(UNa+V). In a second group of animals, iv. fenoldopam infusion 
following alpha and beta blockade caused significant decreases in MBP 
and RVR, and a significant increase in RBF, Similar to control 
experiments in which fenoldopam was administered in the absence of 
antagonists, the natiuretic and diuretic effects of fenoldopam were seen 
only when blood pressure returned to control level. We conclude from 
these results that reflex activation of renal sympathetic nervous system in 
response to hypotension may not be involved in blunting of natriuresis 
and diuresis. However, changes in intrarenal hemodynamics or activation 
of the renin-angiotensin system may account for the lack of natriuresis 
and diuresis during fenoldopam infusion. 
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INVOLVEMENT OF DOPAMINE RECEPTORS IN THE 
DIURETIC AND NATRIURETIC RESPONSE TO 
FENOLDOPAM AND ACUTE VOLUME EXPANSION IN 
ANESTHETIZED RATS. Sharath S. Hegde* and Mustafa F. 
Lokhandwala. Department of Pharmacology, University of Houston, 
Houston, TX 77204-55 15 

ANTIHYPERTENSIVE EFFICACY OF AOUARETIC AND SALIURETIC AGENTS 
IN SPONTANEOUSLY HYPERTENSIVE (SH) RATS. L.B. Kinter, M. 
Juous*. W.A. Mann*. and G. Dvtko*. 
King oi Prussia, PA 19406. - 

Smith Kline & French Labs, 

Chronic administration (3 d) of hydrochtorothiazide (HCTZ, 

Fenoldopam, a DA-1 receptor agonist causes diuresis and natriuresis 
as a result of direct tubular and/or indirect hemodynamic effects. The 
present study was designed to identify DA-l receptor sites which mediate 
the renal response to fenoldopam. We also examined the possible 
contribution of endogenous DA in the diuretic and natiuretic response to 
acute volume expansion. In pentobarbital anesthetized rats, fenoldopam 
(OS pg/kg/min) produced diuresis and natriuresis. This effect was not 
accompanied by any changes in blood pressure, renal blood flow or 
glomerular filtration rate suggesting a direct tubular site of action. SCH- 
23390 antagonized the renal response to fenoldopam but produced no 
changes in Na-excretion and urine output by itself. In a separate group of 
animals, acute volume expansion, with isotonic saIine (5% body weight), 
over a period of 60 minutes caused significant diuresis and natriuresis. 
Pretreatment with SCH-23390, in a dose which had previously 
antagonized the renal response to fenoldopam, resulted in significant 
attenuation in the diuresis and natriuresis during the period of volume 
expansion. These results suggest that fenoidopam induced diuresis and 
natriuresis results from activation of DA-l receptors, perhaps at a tubular 
site. The fmdings also suggest that the natiuretic response to acute 
volume expansion may partly be the result of activation of DA-l 
receptors, perhaps by endogenous DA produced within the kidney. 

50 mg/kg UID), captopril (C, 100 mg/kg UID), an aquaretic 
vasopressin VI/V2 receptor antagonist (d(CH2)5!-Tyr(Et)VAVP; 
SK&F 101498, 100 pg/kg, BID), and combinations of the above 
were evaluated for anti'hypertensive activity in conscious SH 
rats. HCTZ, C and SK&F 101498, administered alone, were not 
associated with statistically significant reductions in 
arterial pressure. The combinations of HCTZ + C and HCTZ + C 
+ SK&F 101498 were significantly antihypertensive, resulting 
in decreases in arterial pressure of 20% or more; addition of 
SK&F 101498 did not significantly potentiate the antihyper- 
tensive efficacy of HCTZ + C alone. Captopril + SK&F 101498 
was associated with a modest antihypertensive effect. The 
results show that reflex stimulation of the vasopressin axis 
by HCTZ or HCTZ + C is not sufficient to significantly limit 
the antihypertensive efficacy. On the other hand, C + SK&F 
101498 is associated with modest antihypertensive activity; 
the effect is most likely the result of a combination of a 
vasodilator plus a diuaretic (V2 antagonist activity), similar 
to the effect of C + HCTZ. This result suggests that 
reduction of circulating blood volume, whether by stimulation 
of salt excretion (saliuresis) or water excretion (aquaresis) 
is effective in potentiating the antihypertensive activity of 
a vasodilator agent like captopril. 

152.7 

FLUSHING AND HEMODYNAMIC RESPONSES TO VASOPRESSIN PEPTIDES IN 
THE RHESUS MONKEY. Davfd P. Brooks, Paul F. Koster*, Fran 
Stassen*, Christine R. Afbrightson-Winslow*, William F. 
Huffman*, Martin A. Wasserman, and Lewis B. Kinter, Smith 
Kline & French Labs, King of Prussia, PA 19406. 

s L. 

The mechanism of the flushing and hypotension associated 
with i.v. administration of the V2 vasopressin partial agonist, 
desGly (CH2)5!-Tyr(Et)VAVP (SK&F 101926; 25 mg/kg), and the 
selective V2 antidiuretic agonist, desamino-8-D-arginine vaso- 
pressin (dDAVP; 3 mg/kg), was studied in ketamine-anesthetized 
rhesus monkeys. The flushing associated with SK&F 101926 was 
reduced by pretreatment with a mast cell stabilizer (SK&F 
78729-A, 5 mg/kg) and by repeated administration of peptide 
(within 2-4 weeks). A similar desensitization to dDAVP- 
associated flushing was observed on repeated administration, 
and treatment with dDAVP also resulted in reduced SK&F 101926- 
associated flushing. The hypotension associated with SK&F 
101926 was not affected by pretreatment with the mast cell 
stabilizer. A similar degree of hypotension was observed with 
repeated administration of either SK&F 101926 or dDAVP. 
Indomethacin (5 mg/kg, i.v.) did not alter the flushing or 
hypotension associated with the administration of either SK&F 
101926 or dDAVP. Administration of a selective VI vasopressin 
antagonist did not result in flushing or hypotension. It is 
concluded that the flushing response to vasopressin-like 
peptides in rhesus monkeys may be due to an action on mast 
cells, whereas the hemodynamic responses are not, but likely 
involve direct vasodilatory actions. 

152.9 

INIER~GANGLUTAMINE FLOW DURING AQDCMS IN YOUNGRAB T.c, 
nter, Shreveport, LA 71130. 

gin, flow in young rats were studied 
during chronic NH&l administration. Male Sprague-Dawley rats 
weighing 107&4g were placed in metabolic cages and given rat chow 
and 1.2% NH&l in 5% Dextrose ad libitum. After 3 days 
arteriovenous [gin] differences were measured across the kidneys 
and hindquarters, major sink and source of gln respectively in 
acidotic adult rats, 4OOg. Compared to these adults, young rats 
consumed more NH CI, 61%5+43 1 vs 2222i292 umol/lOOg, but excreted 
similar amounts 0 f NH+ 1533+183 vs 1907k120 umol/lOOg; the 
difference was made up % increased urea production by young rats, 
519k39 to 2093&85 in contrast to a decline, 3752k384 vs 2270+3 11 
umol/lOOg exhibited by adults. Young rats experienced a more severe 
acidosis, pH 7.12kO.02 and [HCo3-] = 13.2&0.6mM vs 7.34kO.03 and 
17.2k0.8mM; however, arterial plasma [gin] was higher in the young 
rats, 430~31 vs 326+21mM. Across the kidney fractional extraction, 
FE, of gln was similar 54&9 and 61+8 percent for young and adult 
rats. On the other hand, a huge release of gln occurs from the 
hindquarters in adults FE = -38k9 percent in contrast to a 
surprising uptake by young rats, FE = 23+10 percent. These results 
suggest the young rat utilizes a different interorgan gln flow 
pattern in response to chronic acidosis consistent with its 
regulation during well defined physiological adaptations. 

152.8 

CONTRIBUTIONS OF INCREASED BLOOD PRESSURE TO THE NATRIURETXC 
BUT NOT WATER DIURETIC EFFECT OF THE ALPHA-2 AGONIST, B-HT 933. 
Miklos Gellai and Catherine F.T. Uyehara, Smith Kline & French 
Labs, King of Prussia, PA 19406. 

The possible influence of increased blood pressure on the 
diuretic effect of the selective alpha-2 agonist, B-HT 933, in 
conscious, chronically instrumented Sprague-Dawley rats (n=6) 
was examined. B-HT 933 (A) was infused i.v. (100 pg/kg/min) 
and changes in renal perfusion pressure (RPP) and renal 
excretion of water and electrolytes were measured. The 
experiments were repeated on the same rats on different days 
with RPP held constant by an aortic occluder (A+B). Results 
(mean + SEM) were: 

RPP Urine Flow C H70 Sodium Excr. 
0 (pl/min/lOOg) - (uEq/min/lOOg) 

Control 111 + 3 18 + 4 -13 + 3 1.2 + 0.3 
A 133 7 4* 170 3.17* 67 + 12* 11.0 T 1.1* 
A+B 110 2 3+ 123 2 15*k+ 69 5 ll* 4.5 z 0.8*+ 

B-HT 933 increased RPP, urine flow, free water clearance 
(C H20), and sodium excretion. However, when RPP was kept 
constant, the increase in urine flow was partially attenuated 
due to a decrease in the increment of sodium excretion with no 
change in the increase in free water clearance. Thus, the 
B-HT 933-induced increase in sodium excretion is partially due 
to an increase in perfusion pressure, whereas the increase in 
free water clearance is mediated by other factors, e,g,, 
inhibition of the renal tubular action of vasopressin, 

152.10 

INHIBITORY POTENCIES OF VARIOUS CATIONIC DRUGS (CD) ON N- 
METHYLNICOTINAMIDE (NMN) UPTAKE BY THE BRUSH BORDER 
MEMBRANE VESICLE (BSMV) OF THE DOG KIDNEY CORTEX. Reina 
Bendayan*, Edward M. Sellers, Anita Hui* and Mel Silverman*. Departments of 
Pharmacology and Medlclne, Unlverslty of Toronto and Addiction Research 
Foundation, Toronto, Canada. 

The organic base transport system (OBTS) at the renal proximal tubule 
(RPT) is a maJor pathway of CD excretion. Using purified BBMV isolated from 
dog kidney cortex and applying a rapld mlllipore filtration technique (25’C), the 
effect on the uptake of the catlonic probe NMN by various CD that undergo renal 
tubular secretlon, paraamlnohippurate (PAH) and probenecld (PB) has been 
determlned. NMN uptake is osmotic and proton gradient dependent. Under Kt 
and pH equillbrlum condltlons, NMN uptake is characterized by a carrier 
mediated component (Km = 4.6 mM) and passive diffusion. CimetidIne 10 mM 
has been used to correct for the pas&e diffusion component. Apparent 
Inhibitory constants (Ki) calculated from kinetic analysis of NMN uptake (10 set 
uptake; proton gradient) are: quinldine (0.7 uM), trimethoprim (1.5 uM), 
cimetidlne (2.0 uM), famotidine (3.0 uM), quinine (4.0 uM), amiloride (5.7 uM), 
methadone (14.3 uM), procainamlde (22.0 uM), ranltidine (72.0 uM), nizatidine 
(163.0 uM), nicotine (725 uM) and histamine (900 uM). PB and PAH do not 
interact with NMN uptake showing the specificity of the OBTS for organic 
cations. Ail the CD studied are competitive inhibitors of NMN uptake indicating 
that they all share the OBTS at the RPT. The affinlty of the carrier system Is 
different for the drugs studied explaining the competition for renal tubular 
secretion observed when CO are administered concurrently In vivo, e.g. 
trimethoprlm-procainamlde, cimetidine-nicotine, cimetidine-procalnamide, This 
approach is useful to predict and explain at the molecular level drug interactions 
at the RPT. 
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COMPUTERIZED SIMULATION OF DOSE REDUCTION INDEX (DRI) IN 
SYNERGISTIC DRWG COMBINATIONS, Joseph Chou* and Ting-Chao 
Chou. Harvard College, Cambridge, MA 02138 and Hem, Sloan- 
Kettering Cancer Center, Cornell Univ. Grad. School Med. Sci. 
New York, NY 10021 

Synergism/antagonism of multiple drug effects can be 
quantitatively determined by the combination index (CI) 
defined by Chou & Talalay (Adv. Enz. Regul. 22:27-55, 1984) 
using the median-effect equation (Chou, J, Theor,' Bio1.39:253- 
276, 1976). This theory can be graphically presented in two 
ways: (I) The dos e oriented classical or conservative iso- 
bologram and (2) The effect oriented Fa-CI plot where Pa is 
the fractional effect. Computer software for automated gene- 
ration of these graphs has been developed (Chou & Chou, 
Elsevier-Biosoft, Cambridge, UK, 1986>. We hereby introduce a 
third type of graphical presentation by defining a dose reduc- 
tion index (DRI) which depicts how many folds of dose reduc- 
tion is allowed in a synergistic combination when compared 
with the dose of each drug alone for a given degree of effect 
(I?,) and at a given combination dose ratio (CDR), Thus, de- 
pending on experimental design, DRI can be a function of Pa or 
a function of CDR. DRI is readily comprehensible and can be 
useful for determinig whether or not it is feasible to find a 
dose range or CDR that is therapeutically efficacious and syn- 
ergistic and yet have little or no toxicity toward the host. 
Computer simulation for DRI has been developed for IBM-PC, 

TMM.3 

HYPERPHARM - A CONFIGURABLE QUESTION DATA BASE THAT PROVIDES 
IMMEDIATE REINFORCEMENT OR CORRECTIVE MATERIAL BASED UPON 
USER RESPONSE. fieon.Ma-&hJ,Healev*.r* 

el Sanders*. Uniformed Service3 University, 
Bethesda, MD 20814. 

Faced with an ever increasing amount of material for pres- 
entation and a mandated decrease of contact.hours with our 
medical students, we have developed a 1500-question data base 
of national board type questions and associated graphic mate- 
rial to be used by students for examination preparation. 
Questions in the data base were those used in USU pharmacol- 
ogy examinations over the last four years. The questions have 
been classified into one of the twelve NBME categories in 
pharmacology. Based upon the user's response to a question, 
faculty generated explanation3 are immediately provided to 
reinforce and explain correct responses, or to provide a cor- 
rective explanation for an incorrect response. Graphic mate- 
rial aaaociated with any question is displayed with the q-ues- 
tion and can be enlarged to fill the viewing window with a 
mouse click. Questions and faculty response3 may be added to 
the data base by typing or imported from a machine readable 
text file. Although the example data base contains subject 
specific material, any questions in a format similar to the 
NBME format may be used. The interface between the u38r and 
the data base was developed in HyperCard scripting language 
for the Macintosh computer. Supported in part by an Instruc- 
tional Development Award from the Uniformed Services Univer- 
sity (E075BB). 
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DISPLAYING TEACHING AND RESEARCH INFORMATION. 
B.C. Blackman, G.A. Henwood*, and S. Hamill** 
Bio-Pharm Clinical Services, Wynnewood, PA 19096. 

A variety of methods for displaying teaching 
and/or research materials have been used over the 
years, depending on cost, time, availability and 
quality desired. Because of the cost and time 
involved in their preparation, the more polished 
presentations are often reserved for professional 
meetings . Preparation of a standard poster session 
display is generally costly because of graphic 
artist charges of $40-50 per hour -to do the job. 
Alternative methods utilizing photographic 
enlargements are also expensive. Therefore, 
students are frequently exposed to inferior 
material in the classroom, often -hastily scribbled 
on overhead projector sheets. Personal computers 
with graphics capability, coupled with versatile 
laser jet printers, now enable high quality 
teaching and research displays to be produced at a 
fraction of the cost of those commercially 
prepared. Although intended primarily to benefit 
students on a daily basis, the initial cost of the 
software will be offset by only a few uses for 
preparation of professional presentations. 




