PrhSIOIOGISI

The American Physiological Society was founded in 1887 for the purpose of promoting the increase of physiological knowledge and its utilization.
The APS Constitution and Bylaws appears in the FASEB Membership Directory. Officers: President, Alfred P. Fishman, University of Pennsyl-
vania Hospital, Philadelphia, PA; President-Elect, John B. West, University of California, La Jolla, CA; Past President, Walter C. Randall,
Loyola University, Maywood, IL; Council, Alfred P. Fishman, John B. West, Walter C. Randall, Franklyn G. Knox, Jack L. Kostyo, Howard E.
Morgan, Norman C. Staub; Executive Secretary-Treasurer, Orr E. Reynolds, 9650 Rockville Pike, Bethesda, MD 20814.

Volume 26, Number 4 August 1983
34th Annual Fall Meeting
SPECIAl BV . L .ottt ittt it it it i e e e e e e e e A-3
International Conference on Hydrogen Ion Transportin Epithelia................. .. ... ... .. .. ... .. ...... A-4
APS Tutorial, Symposia and Refresher Course Sessions ............c.oo ittt A-4
Sessions with Associated Abstracts by Day. . ... ..ottt i e e A-5
N1 10 g § 0 To [ 251
1983 Refresher Course—Syllabus
The Physiology and Biochemistry of Receptors: Receptor Regulation. S.J.Enna............................ 187
Structural and Functional Aspects of the Receptors for Insulin and

Insulin-Like Growth Factors. M.P. Czech ........ ... . i i i e 190
Lipoprotein Receptors and Their Role in Cholesterol Metabolism. R.W.Mahley............................ 194
Calcium Channel Inhibitors. A. SChwartz. . ... ... i i i i e e et e i 200
Symposium
A Mechanical Model of the Cardiovascular System for Effective Teaching. C.F.Rothe ...................... 210
A Separate Course for Experiments in Cardiovascular Physiology.

D.L. Traber, J.R. Walkerand M.A. Crawford ....... ... it 212
The Selective Laboratory: An Alternative to Cookbook Experiments. D. Richardson ........................ 216
Problem-Based Student-Centered Learning of the Cardiovascular System

Using the Problem-Based Learning Module (P.B.L.M.).R.L.Coulson.............. ... ..c.iiiiiviin... 220
CV Pathophysiology Problems in Small Group Tutorials. J.A. Michaeland A.A. Rovick .................... 225
Non-Directive Method for Teaching Physiology. W.T. Beraldo and G.P. Alvarenga......................... 229
A Role for Mathematical Models and Computer Simulation in the

Teaching of Physiology? T.G. Colemanand J.E.Randall ........... ... .. .. . i, 231
HEARTSIM: A Cardiovascular Simulation with Didactic Feedback. A.A. Rovick and L. Brenner............. 236
What Are We Doing Outside of the Lecture Hall and Why Are We Doing It: A Summary.

J.A. Michael and AL A. ROVICK .. ..ottt i i e it et ettt et et et e e 240
Society News
Travel Grant Award Program, XXIX International Congress of IUPS . ....... ... .. i, 241
Symposia for 1984 Spring Meeting . .. ... .ottt i i it et e e e 242
APS Committees, Their Principal Functions and Membership ............ .. ... .. .. i ... 244
APS Representatives to Other Organizations .. ........uiuttittntn ettt ittt ettt ittt eiaennen, 248
AP S SOt OMS . . .ottt e e e e e e e e e e e e i 249
ANNOUNCEMENES . .. ... o e 243

The Physiologist (ISSN 0031-9376) is published bimonthly by the American Physiological Society, 9650 Rockville Pike, Bethesda, MD 20814.
Subscriptions: Distributed with the Physiology Teacher to members as part of their membership; nonmembers and institutions, $40.00 per year in
the United States; elsewhere $50.00. The American Physiological Society assumes no responsibility for the statements and opinions advanced by
contributors to The Physiologist.

Cover: See Physiology of Water Immersion Symposium. The photograph taken by J. David George, British Museum (Natural History),
Cromwell Road, London SW7 SBD, UK, is gratefully acknowledged.



The 34th Annual Fall Meeting
of the American
Physiological Society
and the
International Conference on
Hydrogen Ion Transport
in Epithelia

Sheraton Waikiki
Honolulu, Hawaii

August 20-24, 1983

For information on Fall Meeting registration, call the APS Fall Meeting Office (301)530-7010.
For information on the meeting program, call the Membership Services Department (301)530-7171.



Table of Contents

Special EVents . ... o e A-3
International Conference on Hydrogen Ion Transport

InEpithelia .. ... e A-4
APS Tutorial, Symposia and Refresher Course

N 16 413 A-4
Sessions and Associated Abstracts By Day ........... ... i A-5

AULhor IndeX .. e e 251




SPECIAL EVENTS

BOWDITCH LECTURE

Sunday, 4:30 PM
Maui Room
Functional Mapping of Cardiovascular Reflexes and the
Heart Using C'4-2-deoxyglucose
Speaker: David Kostreva, Medical College of Wisconsin
and The VA Medical Center, Milwaukee

APS PAST PRESIDENT’S ADDRESS AND
BUSINESS MEETING

Monday, 4:30 PM

Maui Room
Crises in Physiological Research
Speaker: Walter C. Randall

APS COMPARATIVE PHYSIOLOGY SECTION
BUSINESS MEETING

Tuesday, 4:30 PM
Honolulu Room

EVENING SOCIAL EVENTS
Opening Reception

Saturday, 6:00 PM

Diamond Head Lawn

Luau
Tuesday, 6:30 PM
Diamond Head Lawn

OPEN HOUSE AT THE UNIVERSITY OF
HAWAII

The Local Arrangements Committee plans an open house at
the University of Hawaii on Thursday, August 25.
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INTERNATIONAL CONFERENCE ON

HYDROGEN ION TRANSPORT IN APS TUTORIAL, SYMPOSIA AND
EPITHELIA REFRESHER COURSE SESSIONS
A series of sessions devoted exclusively to invited papers. Sunday AM

These sessions are as follows:

oulluuy ﬂlVl
Symposium—Processes of passive and active Ht transport
in isolated gastric and renal membrane vesicles

Sunday PM
Poster Discussion—Transport in isolated gastric and renal
membrane vesicles

Monday AM
Symposium—Epithelial H transport processes and elec-
trophysiology

Monday Evening
Poster Discussion—Regulation of H ¥/ HCO;™ transport in
gastrointestinal epithelia

Tuesday AM
Poster Discussion—Regulation of H +/HC03_ transport in
kidney epithelium

Symposium—Autonomic control of coronary tone: Facts,

interpretations and consequences.

Sunday PM
Symposium—Neurohumoral control of the circulation

Tutorials

Calcium regulation in osteoporosis

Calcium exchange in the heart

Physiology of bile

Monday AM
Symposium—Physiology of water immersion

Monday PM
Symposium—Factors influencing vassopressin in body
fluids

Tutorials
Structural basis of visual cortical function
Neuronal basis of plastic adaptation in gaze control
Nutrition as a modulator of the aging process

Tuesday AM
Symposium—Prostoglandins, lukotrienes and lung fluid
balance

Tutorials
Comparative physiology of the renin angiotensin system
Hypothalamic control of body temperature
Long term reflex regulation of the cardiovascular system

Tuesday PM
Symposium—Sea-bird energetics, Session I

Tutorials
Regulation of blood flow and oxygen transport in skeletal
muscle
The aging lung
Contractile properties of vascular smooth muscle

Wednesday AM
Symposium—Sea-bird energetics, Session 11

Wednesday AM and PM
Refresher Course—Physiology and biochemistry of recep-
tors



SESSIONS WITH ASSOCIATED ABSTRACTS BY DAY As
(APS Tutorials, Symposia and Refresher Course sessions are MONDAY EVENING
not listed since abstracts are not required.) Regulation of H?/HCO: Transport in
3
Gastrointestinal Epitheli -
SUNDAY AM Page No. astrointestinal Epithelia A-86
(Symposium) Processes of Passive and TUESDAY AM
: +
Active H Transport A7 Regulation of H*/HCO; Transport in Kidney
Lung Fluid Balance A-8 Epithelium A-88
Renal Cardiovascular Integration A-10 Cardiac Electrophysiology A-90
Smooth Muscle Physiology A-12 Peripheral Blood Flow A-92
Neuroendocrines, Pituitary A-13 Control of Breathing 111 A-94
Exe.rmse Phy§1olog¥ I A-15 Gastrointestinal Motility A-96
Peripheral Circulation A-18 Exercise Physiology 111 A-98
Mechamcs. of Breat'hmg I L A-21 Coronary Physiology II: Ischemia and Infarction A-100
Comparative Physiology: Respiration and Cardiac Dynamics A-100
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Membrane Vesicles _ A-27 Neurobiology: Electrophysiology,
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R Temdpergture Adaptations A-29 Neural Control of Circulation I1 A-112
Eep.ro uction . A-30 Mechanics of Breathing 11 A-114
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and Electrophysiology A-42 Renal Hemodynamics, GFR, Hormones,
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Control of Breathing II A-45 Teaching Methods A-131
Hypertension A-47
Comparative Physiology: Respiration and
Circulation II A-49
Gastrointestinal Hormones and Peptides A-50
Fetal and Neonatal Biology A-52
Lung Fluid Balance and Pulmonary Circulation A-55
Body Fluid Regulation A-58
Metabolism and Endocrines A-60
MONDAY PM
Cardiac Dynamics A-64
Microvascular Transport A-66
Diffusion of Gases and Ventilation/Perfusion A-68
Cell Physiology I A-69
Exercise Physiology 11 A-71
Comparative Physiology: Respiration and
Acid-Base A-73
Shock I: Hemorrhage A-75
Environmental Physiology 11 A-77
G.I. Secretion, Digestion and Motility A-80
Epithelial Transport A-83
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SUNDAY AM PROCESSES OF PASSIVE AND ACTIVE H+ TRANSPORT A7

2.1

PROTON/HYDROXYL AND ACID/BASE TRANSPORT THROUGH LIPID BILAYER
MEMBRANES. John Gutknecht and Anne Walter, Dept. of Physiol-
ogy, Duke University, and Duke Marine Laboratory, Beaufort,
NC 28516 USA.

Recent studies show enormous discrepancies (2-6 orders
of magnitude) in apparent H /OH and weak acid/base
permeabilities of phospholipid bilayers, which are used as
models of biological membranes. We used a combination of
electrical conductance, pH electrode and tracer techniques to
measure H/OH and acid/base permeabilities o& planar 1lipid
bilayer gﬁmbranes, The permeabilities to H and OH are
agqut_ 10 ° cm/sec, several orders of magnitude lower than
H /OH permeabilities of biological membranes. Diffusion
of molecular HCl produces large H fluxes at low, pH, but
HC1 diffusion is not an important mechanism of H or Cl
transport at neutral pH. The permeabilities of small acids
and bases obey Overton's rule, i.e., permeability is propor-
tional to the hydrocarbon/water partition coefficient. All
our results are consistent with the solubility-diffusion
model of nonelectrolyte permeation. We will also describe a
new electrical method of measuring weak acid/base permeabil-
ity which utilizes uncouplers (protonophores). For example,
the transmembrane diffusion of NH, produces a pH gradient
in the unstirred layer which caused a transmembrane voltage
in the presence of uncoupler. This voltage can be used to
calculate the NH, permeability if the buffer concentration
and unstirred layer thickness are known. (Supported by NIH
grants GM 28844 and ES 02289.)

2.3
pH-DEPENDENCE OF PROTON TRANSPORT IN YEAST AND NEUROSPORA.
C.L. SLAYMAN, A. BALLARIN-DENTI*, M. BLATT*, AND D. SANDERS*.
Department of Physiology, Yale University, New Haven, Conn.
Transport processes in plasma membranes of microorganisms
are dominated by electrogenic active extrusion of protoms, and
by electrophoretic H*—coupled uptake of many substances: e.g.
sugars, amino acids, and inorganic ions. A remarkable proper-
ty of these transport systems is their asymmetric kinmetic
sensitivity to pH. When secondary involvement of membrane
potential is minimized either by voltage clamping (Neurospora)
or by de-energization (Saccharomyces), changes of external pH
(in the range pH 5 to pH 8) have small effects on transport
velocity: usually less than 2-fold per pH unit. By contrast,
internal pH iclamped with weak acids; measured with microelec~-
trodes or P-NMR) modulates transport much more steeply.
For example, saturating current through the proton pump in
Neutosgora doubles for a 2.5-fold increase of [H+]i; and amino
acid/H’ cotransport (influx) in Saccharomyces rises 7-fold for
a 3-fold elevation of [H'].. Kinetic modelling by means of
simple carrier reaction diagrams indicates that internal pro-
ton binding sites must have pK s near the normal pH; (~pH 7);
but external proton binding sites have sz's far Jisplaced
from neutrality. This conclusion in turn suggests that proton
binding or release at the external site is associated primari-
ly with energy conversion, whereas proton reaction at the
internal site is associated more with tramsport comtrol. Sup-
ported by NIH Grant GM-15858, NSF Grant PCM-7913412, and NIH
Fogarty Fellowship TW-03062.

2.5

PROTON AND BICARBONATE PERMEABILITY OF PLASMA
MEMBRANE VESICLES. Ernest M. Wright, Richard E.
Schell* and Robert D. Gunther¥. Department OF
Physiology, School of Medicine, UCLA, Los Angeles,
CA 90024

We have estimated ion permeabilities of brush
border membrane vesicles from bi-ionic diffusion
potentials and the constant field equation. Vesicles
were prepared from rabbit renal cortex, ,rabbit
jejunum and bovine choroid plexus by the Catt dif-
ferential precipitation method and diffusion poten-
tials were measured using a voltage sensitive cya-
nine dye (diS-C,-(5). Vesicles were prepared and
incubated in sofutions containing salts of choline
and gluconate buffered between pH 5.5 and 8.5 with
50 mM Tris/HEPES or Tris/MES. Diffusion potentials
were generated by replacing choline and/or gluconate
in the extravesicular solution with permeable ions
or by changing the pH. The dye was calibrated with
K-valinomycin and Na-ETH 1097 diffusion potentials
H diffusion potentials were essentially Nernstian in
the absence of permeable ions. Py/Pr and Puco /PK
permeability ratios were estimated from 3the
magnitude of the H/K and HCO3/K bi-ionic potentials7
In all thri% membranes PH/P ranged between 1 x 10
and 1 x 10 whereas Pyag, yP was 0.06 for choroid
plexus, 0.3 for jejunifi‘%nd 2.3 for kidney. We
conclude that there are substantial electrodiffusive
fluxes of H" and HCO} across these plasma membranes.

2.2
PROTON-HYDROXIDE PERMEABILITY OF LIPID BILAYERS AND
BIOLOGICAL MEMBRANES. D.W. Deamer® and G.L. Barchfeld*
(SPON: J. Forte). Dept. Zoology, U.C. Davis CA 95616

Values for proton-hydroxide permeability (Py) are now
available for a variety of lipid bilayer and biological mem-
branes. Typical results for liposomes are in the range of
10-4 to 107 cm/s, orders of magnitude higher than values for
other monovalent ions (10-11 to 10-14 cm/s). At neutral pH
ranges, there is evidence for relatively high Py in planar
lipid membranes as well, although at extreme pH ranges values
of 10-9 cm/s have been reported. Py values for biological
membranes are in the range of 10-3 to 10-5 cm/s, again much
higher than for other monovalent ions. These observations
suggest a unique proton-hydroxide flux mechanism, and we are
presently investigating the possibility that hydrated defects
permit proton-hydroxide to cross membranes by Grotthus con-
ductance, in which proton equivalents move along hydrogen-
bonded water structures. We will report results from studies
in which melittin was used to produce defects in liposome
membranes, with proton-hydroxide flux being monitored by
decay of pH gradients. We found that melittin in mole ratios
of 105 1ipid/melittin dramatically increases proton-hydroxide
flux. Other evidence suggests that the melittin defect is
sufficiently specific to permit proton diffusion potentials
as pH gradients decay. This result is consistent with the
hypothesis that a hydrated defect can act as a specific
proton channel.

2.4

PERMEABILITY CHANGES IN ATPase MEMBRANES ASSOCIATED WITH
GASTRIC SECRETORY STATE. J.M. Wolosin* and J.G. Forte,
Dept. of Physiology—Anatomy, U. Calif., Berkeley, CA 94720.
Depending upon the secretory state, resting or stimulated,
the (HY+kt)-ATPase membrane is recovered from oxyntic cell
homogenates in two distinct vesicular types, the microsome
and the stimulation-associated vesicle (s.a.v.), respectively
(JBC 256:3149). Both systems are capable of Ht-uptake through
the action of ATP-driven Ht/K' exchange. Microsomes, though,
are deficient in K* (and C1~) permeability needed to provide
[K+]in for the H -uptake, e.g., permeabilization by valinomy-
cin is required. 1In s.a.v., in contrast, KCl transport is
fast, exceeding the rate of the HY/K' pump (FEBS Lett.
125:208). Using Ht-gradient dissipation under conditions
limiting the compensating flux to either kt counter-flow or
Cl™ co-flow we have now compared ionic conductances. In
s.a.v., the protonophore TCS elicited fast dissipation of
Ht-gradients. The HY flux increased linearly with [TICS],
producing a 20-fold increase at 5 M. In Kt-free medium,
fluxes follow the Goldman flux equation if is assumed to
be a sole function of the C1~ gradient. Thus, large, unlim—
iting Kt and C1™ conductances seem to exist in the s.a.v. mem—
brane. In microsomes, TCS elicits only a 3-fold increase in
spontaneous H* flux with rate saturation above 1 M indica-
ting limitation of the HY flux by the compensating Kkt or C1™
fluxes. Thus, stimulation of the oxyntic cell induces the
appearance of large lonic permeabilities in the (HY+KY)-ATPase
membrane, electrophysiological implications will be discussed.
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3.1

INCREASED PULMONARY VASCULAR PERMEABILITY TO PROTEIN
FOLLOWING PULMONARY MICROEMBOLI INDUCED BY ECHIS
CARINATUS (E.C.) VENOM IN DOGS. R.C. Schaeffer, Jr., S-M.
Chilton*, T.J. Hadden*, and R.W. Carlson. Depts. of Med., Wayne
an?nllnm & Mt, ("n.rmnl Mercy Hosp. Detroit, M| 48235.

Pulmoncry lymph flow (Qlym,| ul/mm) was measured from an

afferent to the left tracheobronchial lymph node in anesthetized open-

chest mongrel dogs (n=7, 12.3-21.5kg). Following 2 hr (baseline) and 2
hr of elevated left oirlul pressure (4 Plq = 20cm H20), the effects of
E.C. venom (30 min, 50ug/kg) were studied for 2 hr, plus an additional
2 hr with *Pla. This venom activates prothrombin and induces
microembolization (Physiologist 24:55, 1981). Steady-state data (x +
SEM; *p < .05) were: Iymph/plosma protein ratio (L/P), mean

pu!monery artery pressure (Ppq, om H20) calculated pulmonary
capillary pressure (Pc, cm H20, Gacr, et al., Am. J. PhySIO| 213: 910
1967) and pUil‘l‘Gr‘ ry vascular rcalalur‘lce—zp‘;n cm Hyz U/i/mm).
Qlym L/P Pc PVR Ppa

Baseline 25.6+6.8 0.66+.04  12.7+1.0 7+l 21.7+1.3
Pjq 63.4+15.8% 0.547.16% 24.6v0.7* 7.9¢1.3  31.0+4.0%
E.C.venom 62.3:8.4% 0.56+.04% 19.8+0.9% 22.8+3.7% 38.5+2.2%
Pla [17.6+23.5% 0.56+.03% 28.4%1.0% 21.7+5.3% 40.0+2.3*

These were associated with an increased protein clearance (1il/min;
33.8 + 10.9 at 4p|-knfnrnF{‘ to 62.6 + 10.5% at 1‘Pl-nﬂer(‘\

These data suggesf “that mlcroembollzoflon produced by E.C. venom is

monnnimbad wiith an lmarasen sl ¥ vasciilar narmanhility 46
associated with an increase in PUIMONGry VGsSCUIGr permeaohiity o

protein. (Supported by MCREC Grant-In-Aid #223-281).

33

EFFECTS OF REDUCED PLASMA PROTEINS ON CAPILLARY FILTRATION CO-
EFFICIENTS AND ISOGRAVIMETRIC CAPILLARY PRESSURES IN ISOLATED
DOG LUNGS. (B. Rippe,* J. Parker, A.E. Taylor).

Using gravimetric techniques, the capillary filtration co-
efficients (KF ) and isogravimetric capillary pressures (P
were measured in the isolated papavarinized left lower lobe of
the dog perfused with: 1) autologous blood, 2) plasma or 3)
solutions with very low red cell and plasma protein content.
Shifting from blood to a mixture of 4-8g% dextran (Mw~62000)
containing 0.2—0.4g% bovine serum albumin increased K
slightly (30-60%). Ci also decreased significantly fot dextran
concentrations which were iso-oncotic with plasma. Shifting
from blood to Tyrode's solution, induced a two to three fold
increase in K and bovine serum albumin in low concentrations
(0.1-0.5g%) did not totally reverse these changes. Pure plasma
perfusion caused only minor changes in K (increased
slightly) while P remained essentially Ege same. In summary.
cell-free perfusages, other than plasma appeared to increase
capillary filtration coefficients in the dog lung even when
small concentration of proteins were still present in the per-
fusate. Changes in perfusate viscosity and/or in capillary
surface area could only account for a small portion of changes.
It is concluded that the presence of dextran, lack of per-
fusate proteins or lack of some other component of plasma or
cells somehow decreases capillary permselectivity in dog lungs.

*
Parker B. Francis Fellow.

3.5

ROLE OF GLYCOSAMINOGLYCAN DEPOLYMERIZATION IN THE PATHOGENESIS
OF PERMEABILI'I’Y PULMONARY EDEMA DUE m GRANULOCYTE OXIDANTS
R. B. Fox.* R. H. Demling. C. C. Wong.* B. R. Sumner.* Depts.
of Ped. and Surg., Harvard Medical School, Boston, MA 02115
Toxic oxygen radicals, especially the hydroxyl radical
(«OH), released from blood granulocytes have been implicated
in the pathogenesis of the permeability pulmonary edema (PPE)
in Adult Respiratory Distress Syndrome (ARDS). Since glycos-
aminoglycans (GAG's) are depolymerized by *OH, and since GAG
depolymerization increases glomerular permeability to protein,
we hypothesized that breakdown of lung GAG's by granulocyte-
derived *OH contributes to PPE. To examine this hypothesis,
PPE was induced in sheep previously fitted with hemodynamic
monitoring catheters and lung lymph fistulas by treatment
with the granulocyte activator, phorbol myristate acetate
(PMA). PMA-treated sheep developed early, transient pulmonary
artery hypertension and a subsequent PPE, with increased lung
weights (+23%) and flows of protein-rich lymph (+150% base-
line). We found depolymerization of lung GAG's as evidenced
by decreases in ratios of uronic acid contents (carbazole
method) of high:medium molecular weight fractions (PMA: 0.82 +
0.17 vs. controls: 2.51 + 0.43) of lung tissue extracts (4M
guanidinium, 48 hours) after gel filtration (Sepharose 2B).
Decreased tissue contents were accompanied by increases in
uronic acid contents of lung lymph, peaking at 1 hour after
PMA. PMA-stimulated granulocytes also depolymerized lung
GAG's in vitro. Depolymerization and depletion of lung GAG's
by granulocyte-derived oxidants may contribute to PPE in ARDS.

3.2

EFFECTS OF FIBRINOGEN DEGRADATION PRODUCTS (FDP) ON PULMONARY
VASCULAR PERMEABILITY TO MACROMOLECULES. Taylor, A.E., D.
Martin, J.C. Parker, J. Ryan and W. Curreri. Depts of Physiol-
ogy and Surgery, University of South Alabama College of
Medicine, Mobile, AL 36688.

Prenodal lymphatics were cannulated in open-chested dogs which
had been anesthetized with Na+-pentobarbital (30mg/kg). Lymph
flows, lymph protein concentrations, plasma protein concentra-
tions, hematocrits, cardiac outputs, systemic and pulmonary
vascular pressures and in some instances capillary pressures
were measured for control conditions, following administration
of a fibrinogen degradation factor isolated from purified human
fibrinogen (fragment D, 7mg/kg) or fragment D plus benadryl (2
mg/kg), an Hy-histamine receptor blocker. Two hours following
the fragment D challenge, left atrial pressures were elevated
in successive steps of 10-15 cmH,0 until the concentrationg in
lymph did not change even when lymph flow increased. In addi-
tion, lung interstitial water was measured using biopsies ob-
tained at control, and at all experimental states. Lymph flows
increased after fragment D administration and lymph-to-plasma
protein concentration ratios (L/P) decreased. With fragment D
and benadryl, the lymph flow increase was smaller, but L/P ap-
proached the same values. Lung water was also less with the
benadryl treated group and pulmonary capillary pressure was re-
duced from the 18 mmHg observed with only fragment D to 8 mmHg.
Therefore, it appears that fragment D caused a release of his-

tamine, which did not alter pulmonary vascular permeability, but

grlmgriuxglncgeased capillary pressure and consequently ele-

3.4

OXYGEN DELIVERY AND UPTAKE IN DOGS DURING REDUCTION
OF CARDIAC OUTPUT BY PLASMAPHERESIS. G.R. Long¥*, P.T.
Schumacker*, and L.D.H. Wood*, (SPON: A. Leff). Critical Care
Medicine, University of Chicago, Chicago, IL 60637.

Pulmonary capillary leak is reduced when circulating volume is
reduced by plasmapheresis. Yet associated reduction in cardiac
output (Qt) may adversely affect oxygen delivery (Qo,), defined as
cardiac output x arterial oxygen content (Cao,). en Qoy was
reduced by lowering Cao, (decreasing hemoglobin concentratnon or
saturation) in healthy anesthetized dogs, Cain found the critical Qoy
(Qo,C), below which oxygen consumption (Vo) becomes dependent on
Qoy, to be 9.8 ml/kg/min (JAP 1977, 42: 228). It is unknown whether
Qo,C remains the same when reductnons in Qt lower Qo at constant
Caoy. In anesthetized, paralyzed healthy dogs ventilated with 100%
O, we independently measured Vo, while plasmapheresis progres-
sively lowered Qt. Qt was measured by thermodilution technique.
Catheters in the pulmonary and femoral arteries allowed measure-
ment of vascular pressures, and arterial and mixed venous gases and
O, contents. Throughout the experiments arterial blood was fully
saturated, and measured Cao, remained constant. We found the mean
value of QO,C to be 10.9 }8 ml/kg/min. This value was dependent
upon the steady state Vop. Measurements at the point where Vo,
became dependent on O, delivery were (mean ¢ SD):

Cvoy Svo Pvo Cao,-Cvoy BP Qt

8.7+3.5 Gzl 32.5:7.1  13.9:3.0 122134 1.411.66
As Qt was lowered beyond this point, Pvo, and BP continued to fall.
We conclude that Qo,C in dogs remains t %e same regardless of how
Qo is lowered.

3.6

EFFECT OF ENDOTOXIN ON LYMPH FLOW AND COMPOSITION FROM
CAUDAL MEDIASTINAL (CMN) AND PREFEMORAL_LYMPH (PN) NODES IN
UNANESTHETIZED SHEEP. Robert A. Gunther®, Dept. of Surgery,
Univ. of California, Davis, CA 95616. (SPON: E.M. Renkin)
Our purpose was to compare the effect of E. coli endoto-
xin on efferent 1ymph from the CMN (lung) and PN (skin and
skeletal muscle). Seven sheep were prepared with both
chronic lung and pemphera] 1ymph fistulae. E. coli endoto-
xin, 1.5 pug/kg, was given by intravenous bolus injection.
Results are given for lymph flow (m1/30 min) and 1ymph-to-
plasma total protein ratios (L/P). Data are mean * SE.

Lung Peripheral
Tymph flow L/P Tymph flow L/P
baseline 3.4+1.1 .61+.04 2.7+.45 .51+.02
30 min 4.4x1.1 .51+.06 4.6+.9 .47+.03
1hr 13.0+3.0 .46+.03 3.8+.5 .41+.04
2 hr 13.0+3.3 .49+.04 3.1+.4 .42+.03
6 hr 9.2+2.6 .60+.03 3.4+.6 .41+.02

Mean pulmonary artery pressure was elevated 23 mm Hg for the
first 2 hrs post injection but returned to within 8 mm Hg by
6 hrs. Peripheral 1lymph protein transport was equal to
baseline at 6 hr while CMN 1ymph protein transport was 3X
baseline. These results show that endotoxin at a concentra-
tion which profoundly affect the Tung Tymph has 1little
effect on peripheral lymph. (Supported by NIH HL-07013)



IMPORTANCE OF H,O0, IN THE PULMONARY RESPONSE TO ENDOTOXIN.
R.J. Maunder*, ﬁ{k{ Winn, J.M. Harlan*, J.M. Gleisner*, B.T.

3.8

A MECHANISM FOR ENDOTOXIN PROTECTION FROM OXYGEN TOXICITY.
John T. Berg* and Richard M. Smith* (SPON: G.C. Whittow).

Ashleman*, B. Nadir*, J. Hildebrandt. Virginia Mason Research
Center and University of Washington, Seattle, WA 58101.
Neutrophils play a key role in septic lung injury. We hypo-
thesized that neutrophil-derived H,O, is an important factor in
the microvascular permeability response to endotoxin. In
paired experiments using 5 goats with chronic lung lymph fistu-
lae we compared the response to endotoxin (E) with and without
catalase (C), a specific H20 scavenger. C was linked to
Ficoll-70 (to prolong T%) and given 12 hours before E 0.75
ng/kg. We measured hemodynamics, lymph flow (QL), lymph~-plasma
protein ratio (L/P), TxB,, 6—keto-PGF1a , and catalase levels.
The rise in QL and L/P after E, N
combined graphically here as
protein clearance (Q x L/P), was
attenuated in C-treafted animals.
C also prevented the drop in car-
diac output and arterial pres-0
sure after E. Accompanying&«
these changes was a dramatic re-33 L1
duction in the stable metabo- = L €
lites of TxA, and PGI,. We there- o ;!ME2fhr35) 4 5 6
fore conclude: (1) H,0, contributes to increased microvascular
permeability after Ej; (%) H,0, is also important in the system-
ic response to sepsis; (3) these effects of H,0, are mediated in
part by cyclooxygenase products of arachidonic ‘acid. Supported
by: GM 29853, GM 24990, HL 24163, and ALA Fellowship (RJM).

ROTEIN
RANCE (ml/hr)

a

E+C

CLE

3.9

EFFECT OF APROTININ ON LUNG FLUID BALANCE FOLLOWING ENDOTOXIN.
J.M. Gleisner*, B.T. Ashleman*, R.K. Winn, J.M. Harlan*, B.
Nadir*, R.J. Maunder*, J. Hildebrandt. Virginia Mason Re-
search Center and University of Washington, Seattle, WA 98101.
Increased proteolytic activity has been reported in shock
caused by endotoxin, hemorrhage, anaphylaxis and burns. The
administration of the broad-spectrum protease inhibitor apro-
tinin in a number of in vivo shock models, both clinical and
experimental, have produced beneficial effects. To assess the
role of proteases in the increase in lung vascular perme-
ability following endotoxin administration, we compared the
response of goats with chronic lung lymph fistulae to endo-
toxin with and without aprotinin. We measured hemodynamics,
lymph flow (QL) and lymph-plasma protein ratio (L/P) in three
paired experiments. Aprotinin reduced the rise in QL (see
table) but little effect was observed on pulmonary arterial
pressure, pulmonary wedge pressure, L/P ratios and cardiac
output. The data indicate that a protease(s) is involved in

Baseline 1 hr 2 hr 3 hr 4 hr 5 hr 6 hr

Control 6.69 25.68 23.80 19.92 17.00 16.24 12.12

Aprotinin 5.16 11.00 9.8 9.48 8.24 7.56 7.12

lung vascular response to endotoxin. This non-specific pro-
tease inhibitor appears to reduce the pulmonary injury even at
concentrations of the order 2% of endogenous plasma protease
inhibitors. The mechanism of this protection is unknown.
Supported by: GM 29853, GM 24990, HL 24163, HL 25706 and ALA
Fellowship (RJIM).

3.11

SIMPLIFIED NONINVASIVE DETERMINATION OF THE TRANSPORT COEFFI-
CIENT FOR PULMONARY TRANSVASCULAR PROTEIN FLUX. A. van Gron-
delle*, I.M. Dauber*, W.T. Pluss* and J.V. Weil* (SPON: J.C.
Newell). Dept. of Biomed. Eng., RPI, Troy, NY 12181 and CVP
Lab., Univ. of Colorado Health Sciences Ctr., Denver, CO 80262.

To assess the role of increased permeability in the develop-
ment of pulmonary edema, an accurate method for the determina-
tion of permeability is needed. Gorin et al (JCI, 66, 869-877,
1980) determined the pulmonary transvascular protein flux from
counts generated by labeled protein and red blood cells in the
lung and in blood samples. From this flux, they calculat2d a
transport coefficient o', which reflects permeability to pro-
tein. Their method, however, requires extensive calculations.
We expressed the counts as a ratio F = (DL/DB)/(RL/RB), in
which D = labeled protein, R = labeled red blood cells, L =
lung and B = blood sample. F was divided by its value at time
0, resulting in F*. It can be shown theoretically that the
slope of F*, o', is a?proximately equal to o' for sufficiently
small time. Using 131y albumin and °°™Tc-red blood cells, o'
and a* were determined from counts obtained between 30 and 150
minutes for 16 lungs with various degrees of lung injury. oa*
was determined from a single linear regression on F*. The re-
lation between a* and o' was a* = 0.08 10 * + 0.988 a' (r =
0.994) for o' between 4.15 and 35.67 10 *. The excellent
agreement between 0* and o' shows that the mathematical analy-
sis for Gorin's technique can be reduced to a single linear
regression. An important implication of our finding is that,
if the blood counts can be obtained from the blood pool in the
heart, our method enables on-line determination of a%*.

Dept. of Physiology, Univ. of Hawaii, Honolulu, HI 96822.

Breathing pure oxygen causes pulmonary edema in rats and
other mammals. A single intra-peritoneal injection of endo-
toxin prolongs survival in oxygen and greatly reduces edema
formation. Phagocyte derived free radicals have been shown to
contribute to lung edema. The present study was designed to
determine the effect of In vivo endotoxin on free radical
release by lung phagocytes. Rats were injected with endotoxin
immediately prior to oxygen exposure. Cells were then collec-
ted by bronchoalveolar lavage after rats had breathed pure
oxygen for 1, Z or 3 days. The potential of phagocytes to
release free radicals was quantitated by zymosan stimulated-
luminol dependent chemiluminescence (Cl).

Days in pure 0, Saline Endotoxin
1 477 ¥ 18.8 45.7 + 20.7
2 60.2 + 8.6 204+ 51.7
3 91.3 % 8 1,903.8 + 302.4
Control in air = 116.9 + 28 (+ SEM x 103)™

All saline values, and Day 1 endotoxin values, were lower than
Ci for control rats. This may indicate substrate or cofactor
depletion in cells which had been overactive in free radical
production prior to lavage. Day 2 and Day 3 cells from endo-
toxin injected rats were able to generate very high Cl (when
compared to control levels). This may reflect substrate
availability and a lack of free radical release In vivo. NAD-
(P)H levels are presently being measured. -

3.10

PULMONARY FLUID BALANCE: DOSE RESPONSE CURVES OF EPINEPHRINE
AND NOREPINEPHRINE. Joseph C. Stothert Jr., Robert Winn, Jack
Hildebrandt, Brad Nadir*, and Roy Abernathy*. St. Louis
University, Dept. Surgery, St. Louis, MO., 63104, and Virginia
Mason Research Center, Seattle, WA.

Different concentrations of epinephrine (EPI) and norepine-
phrine (NOREPI) were infused into monitored, awake goats with
chronic lung lymph fistula. Previous work has demonstrated
that awake goats respond differently to these catecholamines
than anesthetized sheep at higher concentrations (Stothert, J.
Surg. Res. 34:367, 1983). Lymph flow (QL) and lymph to plasma
total protein level (L/P) were monitored in these goats along
with cardiac output (C.0.), pulmonary vascular pressures and
systemic vascular pressures.

EPI NOREPI
ug/Kg/min l ug/Kg/min
. 1 | 3 1 3 | s
QL (times baseline) 1.4 2.9 1.1 l.6 1.9
A L/P -.01 [-.21 8 -.03] -.03 | -.11

EPI in the higher dose range promotes an increase in protein
poor lymph which is associated with an increasing pulmonary
vascular resistance (P.V.R.) and decreasing C.0. This sug-
gests a downstream pulomary vasoconstriction. NOREPI infus-
ion at the higher dose range is also accompanied by an in-
creasing P.V.R. and decreasing C.O.; however, the increas-
ing lymph flow is not as protein poor suggesting a greater
upstream pulmonary vasoconstriction.

3.12

THE EFFECT OF ELEVATED ALVEOLAR SURFACE TENSION ON MICROVAS-
CULAR PERMEABILITY AND FLUID TRANSFER. CE Bredenberg*, GF Nie-
man, AM Paskanik*, Upstate Med Ctn, Syracuse NY 13210

The left hilar afferent lymphatic was cannulated in 5 anes-
thestized dogs. Alveolar surface tension was increased by dis-
placing alveolar surfactant using an aerosol of the detergent
dioctyl sodium sulfosuccinate (OT) in a vehicle of 50% ethanol
and 50% saline. The aerosol was administered by an ultrasonic
nebulizer attached to the ventilator circuit. Lymph (Cp) and
plasma (Cp) protein concentration were determined by refracto-
metry. Following a 1 hour control, left atrial pressure (LAP)
was elevated to a mean of 20 cm Hz0 and held until a steady-
state lymph flow (QL) and C|, were obtained. A 1 hour rest
period (normal LAP) was followed by OT inhalation. Steady-
state Cp, and QL were again obtained with normal and increased
LAP.

Control . OoT
QL CL/Cp LAP QL CL/C LAP
(ml/min) (cmH20) (m1l/min) (cmH20)
31 0.67 5.6 67 0.62 6.4
69 0.52 20.1 184 0.46 20.1

The ratio CL/Cp following detergent inhalation is the same as
control, both with normal and elevated LAP indicating no
change in pulmonary microvascular permeability. The increase
in QL following OT inhalation indicates an increased rate of
fluid transfer from the pulmonary microvasculature into the
interstitium which causes pulmonary edema.
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4.1

CARDIOVASCULAR AND VASOPRESSIN (VP) RESPONSES TO INTRAVENOUS
(iv) AND INTRACAROTID (ic) INFUSIONS OF LYSINE VASOPRESSIN
(LVP). David P. Brooks*, Leonard Share, Joan T. Crofton and
Robin W. Rockhold*. Univ. Tenn. Ctr. Hlth. Sci., Dept.
Physiology & Biophysics, Memphis TN 38163.

Previously we have shown that intravertebral infusions of
LVP caused similar changes in cardiac output (CO) as iv in-
fusions, but intravertebral infusions caused a significantly
greater decrease in heart rate (HR). Plasma VP (PAVP) was
unchanged. In the present study we have infused LVP (150
uU/kgemin) ic and iv into morphine/chloralose/urethane
anesthetized dogs for 30 min. In 6 vehicle-infused dogs there
were no consistent changes in any of the parameters
measured. Infusion of LVP iv and ic also had no effect on
mean arterial blood pressure (MABP), however, CO decreased
22.2 * 1.9 and 15.2 + 6.6 ml/min*Kg respectively and HR de-
creased 6.2 * 3.3 (p<0.05) and 12.3 * 2.0 beats/min (p<0.01)
respectively. There were no significant differences between
iv and ic LVP infusions. Similarly, there were no differ-
ences in Pjyp measurements between iv and ic LVP infusions,
although there were small decreases in Ppyp within the ve-
hicle and LVP iv infusion groups. The results further indi-
cate that peripheral VP can alter HR and CO, but does not
feedback to inhibit its own release. (Supported by USPHS
grants HL-12990 and HL-19209).

4.3
HEMODYNAMIC IMPORTANCE OF VASOPRESSIN DURING HEMORRHAGE.

Walter A. Boyle, III* and Guy Valiquette*(SPON: W.H. Sawyer).
Tolumbia University, New Yor%, NY gOU32

A number of investigators have demonstrated that vaso-
pressin (VP) is important to blood pressure (BP) maintenance
during acute hemorrhage. To determine how VP affects other
hemodynamic variables, we examined the hemodynamic response
to acute hemorrhage in dogs with and without VP blockade. 15
dogs were anesthetized with halothane and intubated; anesthe-
tic depth and pCO, were controlled by end-tidal gas analysis.
Aortic and pu moflar artery catheters were inserted; after
stabilization, hemodynamic measurements and blood for VP RIA
were obtained. Dogs then underwent hemorrhage to 30 ml/kg
with frequent measurements. "Pretreatment”" (Pt) dogs
received VP 'pressor" antagonist (BL III-12, gift of M,
Manning) prior to hemorrhage (n=5), '"Acute-treatment” (At)
dogs were ffven the antagonist immediately after the hemor-
rhage (n=5), and the remaining five dogs received no
treatment (controls). In the Pt dogs there was a significant
decrease in BP after minor hemorrhage (10 ml/kg) which was
not present in the other dogs. Further hemorrhage was accom-
panied by significant decreases in BP in all dogs, greatest
in the Pt dogs, but the differences between the groups were
not significant. Cardiac output (CO) decreased significantly
in all dogs during hemorrhage but was significantly less
depressed in the Pt dogs. In the At dogs, there was a signi-
ficant fall in BP and increase in CO with antagonist
administration. The greatest differences among the groups
were found when systemic vascular resistance (SVRJ was
considered. SVR was significantly (p€.01) depressed through-
out hemorrhage in the Pt dogs, comgared to the other dogs
and SVR changed dramatically (-642) in the At dogs with
antagonist adminigtration. Our findings confirm that BP is
less well maintained during hemorrhage when the ''pressor"
effects of VP are blocked but, more significantly, suggest
ghat the primary hemodynamic effect of VP involves ¢ anges in

4.5

EFFECT OF GABA ON VASOPRESSIN RELEASE. Celia D. Sladek*
and William E. Armstrong* (SPON: R. Connett), Univ. of
Rochester, Rochester, N.Y. 14642,

The role of J—aminobutyric acid (GABA) in the control of
vasopressin (VP) release was examined by exposing organ-cultured
explants of the rat hypothalamo-neurohypophyseal system (HNS_) to
varying concentrations of GABA or to the GABA antagonists,
bicuculline (10-¥M) and picrotoxin (10-M) during a one hour test
period. VP release was uniformly decreased to approximately half
of the control rate by GABA at concentrations ranging from 10-3 -
10-5M. In these experiments VP release during the control hour was
103 + 12 pg/explant. In the presence of GABA it was red}Jced to 43
+ 6 pg/explant (p .001 ). The addition of GABA antagonists to the
culture medium without exogenous GABA resulted in an increase in
VP release. In the presence of bicuculline (10-%M), VP release
increased during the test hour to 181 + 17% of the rate observed
during the control hour (p .01, n=6). Picrotoxin (10-5M) caused a
comparable elevation of VP release. The inhibition of VP release by
GABA is consistent with the observation that application of GABA
decreases electrical activity of supraoptic nucleus neurons. The
stimulation of VP release by GABA antagonists is consistent with
endogenous GABA activity in the explant. This could represent the
influence of GABAergic neurons which border the supraoptic nucleus
(Tappaz, et al., Prog. Br. Res. 55:77, 1982). The neural lobe may
also be an important site for GABAergic modulation of VP release
(Tappaz, ibid). Our experiments do not differentiate between a
hypothalamic and pituitary site of action. Supported by NIH grant
AM-19761.

4.2
ANALYSIS OF THE CARDIQVASCULAR EFFECTS OF ARGININE VASOPRESSIN
(AVP) IN CONSCIOUS DOGS. U. Tipayamontri* and D. B. Young.
University of Mississippi Medical Center, Jackson, MS 39216
AVP infusion has been shown by others to reduce cardiac out-
put {(CO0), although the mechanism of the reduction is unclear.
We have analyzed the effects of infusion of physiological
levels of AVP on CO regulation in 6 conscious, chronically
instrumented dogs. Several weeks prior to the experiments
catheters were placed in the jugular vein, right atrium, and
infrarenal abdominal aorta, and an electromagnetic flow probe
was placed around the ascending aorta. The following variables
were measured 30 minutes after the start of infusion of either
normal saline or AVP (1.0 mU/kg/min): MAP, CO, HR, RAP, BV and
mean circulatory filling pressure (MCFP). CO function curves
were determined on the following day with the same infusion.
Compared to normal saline infusion, AVP infusion caused a sig-
nificant (p<.05) reduction in CO from 2.59+0.245 to 1.908+
0.214 1/min, and increases in TPR and resistance to venous
return from 39.8+3.5 to 58.847.6 and 2.5740.60 to 3.95+0.74
mmHg/1l/min, respectively. There were no significant changes
in MAP, RAP, HR, SV, MCFP, pressure gradient for venous return
or BV. The reduction in CO was due apparently to a direct
cardiac effect since neither preload (RAP) nor afterload (MAP)
were changed. This hypothesis was tested by determining
cardiac function curves during saline and AVP infusion in two
dogs. AVP decreased the slope of the curve and the plateau by
35%. These results suggest that AVP has a direct inhibitory
effect on the heart. (Supported by HL11678)

4.4

ANGIOTENSIN II ALTERS THE RELATIONSHIP BETWEEN BLOOD PRESSURE
AND PLASMA VASOPRESSIN CONCENTRATION IN CONSCIOUS DOGS. V.L.
Brooks, L.C. Keil and I.A. Reid. Department of Physiology,
University of California, San Francisco, CA 94143

There is evidence that angiotensin II (AII) increases
plasma vasopressin concentration (PAVP); however, this effect
has not been observed consistently. A possible explanation
for the inconsistency is that the pressor effect of AII
counteracts a stimulatory action of AII on vasopressin secre-
tion. This hypothesis was tested by examining the effect of
AT on PAVP while the pressor effect of AII was reduced with
an infusion of four doses of the vasodilator nitroprusside.
When nitroprusside alone was infused, Ppyp increased as blood
pressure (BP) fell (r? = 0.62, p < 0.001). A 15 min infusion
of AIT (10 ng-kg_1~min_1) alone increased BP but did not alter
Ppyp- When nitroprusside was infused in the presence of AII,
PAvP increased, and the P,yp increase was again related to the
BP fall (r? = 0.60, p < 0.001). However, AII shifted this
relationship to the right. With total prevention of the BP
rise, AII increased Ppyp by 13.0:1.6 pg/ml (p < 0.001). These
data suggest that the pressor effect of AIl counteracts a
stimulatory action of AII on vasopressin secretion and that
when endogenous AII levels are elevated without an increase in
BP, as occurs during hypovolemia, AII may stimulate vasopressin
release. Supported by USPHS Grant AMO6704 and California
Heart Association Grant 82-N8.

4.6

SODIUM LOADING IN RABBITS WITH PRE-OPTIC PERIVENTRICU-
LAR HYPOTHALAMIC LESIONS. Gregory D. Fink*, Mark E. Mann*
and Cathy A. Bruner* (SPON: G.L. Gebber). Dept. of Pharma-
col./Toxicol., Michigan State Univ., East Lansing, MI 48824.

Previous studies in the rat have reported that lesions in the
anterior third cerebral ventricle (AV3V) will attenuate the excretion
of sodium and water after an acute i.v. isotonic saline (0.9% NaCl)
infusion. We sought to identify the mechanism of this phenomenon in
AV3V-lesioned (AV3V-X) rabbits, and also examined sodium and water
handling in AV3V-X rabbits during chronic alterations in sodium
intake. Acute saline loading (10% b.wt./hr) caused no significant
change in arterial pressure (MAP), but significant increases in central
venous pressure (CVP), interstitial fluid pressure (IFP), extracellular
fluid volume (ECFV) and interstitial fluid volume (IFV) in sham-
lesioned rabbits (n=10). In AV3V-X rabbits (n=10), only IFP increased
significantly during the 1 hr infusion. A separate group of 7 rabbits
were given food containing 1, 11 and 170 mEq sodium/100 g on 3
consecutive weeks, then received AV3V lesions and the dietary proto-
col was repeated 2 weeks later. In the pre-lesion period, increasing
sodium intake caused a significant increase in MAP and water intake,
but no other significant changes in body fluid parameters. After
AV3V-X, similar changes were obtained during dietary sodium loading.
Furthermore, after AV3V-X the rabbits adjusted urinary sodium excre-
tion normally during step changes in sodium intake. These results
suggest that blunted excretory responses to acute saline loading in
AV3V-X rabbits may involve an inability to "sense" the load, and that
this defect is unimportant in chronic sodium and water homeostasis.
(Supported by USPHS grant HL24111.)
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4.7
CHRONIC SODIUM DEPLETION DOES NOT ALTER PLASMA CATECHOLAMINE
CONCENTRATION. Robert G. Carroll, Thomas E. Lohmeier and
Alison J. Brown*. Univ. Miss. Med. Ctr., Jackson, MS. 39216.
To assess the effect of chronic sodium deplietion on the
activity of the sympathetic nervous system, we measured
arterial (N=5) and renal venous (N=3) norepinephrine (NE) and
epinephrine (EPI) concentrations in chronically instrumented
dogs maintained for 9 days on a low sodium diet; additionally,
furosemide (10 mg IM) was administered on days 0 and 4. Renal
NE overflow (V effective renal plasma flow) was used as
an index of renal sympathetic nerve activity. The following
observations were made:

Control Day 3 Day 9
Mean Arterial Pressure (mmHg) 93%3 914 82+3%
Arterial Plasma NE (pg/ml) 10318 134240 9013
Renal Venous Plasma NE (pg/ml) 172+32 16026 16740
Arterial Plasma EPI (pg/ml) 69+13 6027 10116
Plasma Renin Activity (ng AI/ml/hr) .29%.04 .94%,22%1,18%,27%
Urinary Sodium Excretion (mEq/day) 4123 5+2% 3%1%

* p< 0.05

Although sodium depletion produced a four fold increase in
plasma renin activity and a reduction in mean arterial pres-
sure of 11 mmHg, there were no chronic changes in peripheral
NE or EPI concentration. Additionally, renal NE overflow was
unchanged during sodium depletion. These results do not
support the contention that there is sustained activation of
the sympathetic nervous system during chronic sodium deple-
tion. (Supported in part by NIH Grants HL 11678 and HL 06341).

4.9

PHYSIOLOGIC RESPONSE OF WATER IMMERSION IN THE RHESUS MONKEY.
B.A. Benjamin*, L.C. Keil, M.S. Shapiro*, M.A. Kirschenbaum,
N.S. Bricker, and H. Sandler. NASA Ames Research Center,
Moffett Field, CA 94035 and UCLA School of Medicine, Los
Angeles, CA 90024

Previous immersion (Im) studies in nonhuman primates have
been conducted using anesthetized (A) animals. The present
study was designed to compare such changes under tranquilized
(T) and conscious (Co) states. Seven experiments were carried
out in Co chair-conditioned M. Mullata. Four monkeys were
studied A (Nembutal 25 mg/kg) and five were studied T (Ketamine
10 mg/kg). All animals were on a constant Nat diet (15 meq/kg/
day) with water Ad Lib. The protocol consisted of a 90-min
control (c) period 2 hours Im to the neck in a thermoneutral
bath and one hour post-Im. Immersion caused a diuresis and
natriuresis in all three groups. Average urine flow during Im
was greatest in the Co group and changed from .5+.15 (c) to
1.7+.3 ml/min (x+SE) Urine flow increased from .3+.02 (c) to
.99%.2 ml/min with T and from .22+.09 (c) to .7+.03 ml/min with
A monkeys. Sodium excretion increased from 8.9+2.5 (c) to
42.445.7 yeq/min in Co, from 7.242. 3 (c) to 40. 2+8 peq/min in
A, and from 3+1.7 (c) to 14.843 neq/min in T group. ADH de-
creased from 56+11 to 24+5 pg/ml (p<.05) in A group. T monkeys
started at 14+3 and decreased to 6+1 5 pg/ml (p<.05) while Co
animals decreased from 1.8+.9 to 1.6+.9 pg/ml (N.S.). These
studies show that Nembutal and Ketamine significantly alter the
physiologic response to Im compared to Co state. Of note, is
the marked elevation of basal ADH values in the T and A animals.

4.11

VASOPRESSIN, ALDOSTERONE, AND URINARY RESPONSES TO HEAD OUT
IMMERSION AND SUPINE POSTURE IN MAN. J.R. Claybaugh, D.R.
Pendergast, and S.K. Hong. Tripler Army Medical Center,
Honolulu, Hi. 96859 and SUNY at Buffalo, Buffalo, N.Y. 14214
Five male volunteers participated in 3 protocols. In
each, they ingested water (2.5% body weight) at time O and
sat for 1 h. No further water was taken. The subjects
either remained seated for 5 h (SIT), were supine for 6 h
followed by 1 h seated (SUP), or were immersed to the neck
for 6 h followed by 1 h seated (IMM). One h after water
load the urine flow (V) for SIT, SUP, and IMM groups were
5.9+0.6, 6.1+1.1, and 4.9:1.1 ml/min respectively (NS). In
the SIT and SUP groups V steadily decreased and was signifi-
cantly reduced (P<0.05) after 1 h in the SIT group and 3 h
in SUP group. In contrast, V increased 73% (P<0.01) after
1 h, remained elevated (P<0.05) at 2 h and was not signifi-
cantly lower than pre-immersion until 1 h post immersion.
This disparent pattern in V between the SUP and IMM groups
cannot be explained by differences in vasopressin or aldos-
terone. Urinary vasopressin excretion rate decreased 63%
(P<0.05) during the 2nd h of SUP and decreased 58% (P<0.05)
during the 2nd h of IMM. Plasma aldosterone concentrations
also showed similarity between SUP (decreasing 32% (P<0.01)
at 4 h) and IMM (decreasing 36% (P<0.01) at 4 h. Thus, the
aldosterone and vasopressin responses to immersion were
mimicked by a supine posture, but the urinary responses were
not. (Supported by U.S. Army Healthy Services Command and
HL-28542)

4.8

Brain-Renin Angiotensin in the Control of Adrenal Catechola-
mine Release During Hemorrhage. E.J. Corwin, J.F. Seaton¥*,

M. Hamaji, and T.S. Harrison. Penn State Medical, Hershey,

PA 17033.

Angiotensin II (AII) contributes to blood pressure control
during hemorrhage (H) by reinforcing adrenal release of cate-
cholamines (CAT). Evidence for this is the fall of adrenal
CAT release with H, in nephrectomized (NEPH)_ animals, which is
reversed when the animals are given i.v. AILI", We tested the
hypothesis that the AIL stimulation of CAT release during H is
due to acentral effect. Dogs were anesthetized, and mean
pressure and adrenal secretions of epinephrine (E) and norepi-
nephrine (NE) measured. Bilateral or sham NEPH was performed,
and needles were placed ventriculo-cisternally (IVT) to allow
drug perfusion ventricularly, before and during H. NEPH dogs
receiving only artificial CSF IVT at 1 ml/min showed a small
CAT response with H (E= .53 * .14 ug/min, NE= .1 % .03 ug/min,
p > .05) when compared to pre-H levels (E= .16 = .1, NE= .03 %
.02: E & NE levels with H were comparable to those reported
before in NEPH animals hemorrhaged without AII replacement.

In contrast, IVT ALL at 10 pg/kg/min enhanced CAT release (E=
1.7 + .34, NE= 1.05 * .38, p < .05) when compared to CSF
alone; i.v. AIL at this dose had no effect. IVT infusion of
.06 ng/kg/min saralasin, a competitive antagonist of AIIL,
prior to H, reduced CAT release during H in intact dogs (E=
.97 + .43, NE= .11 * .06). The results suggest AIL and renal

retnforcement of centrallg mediated adrenal CAT release during
Harrison, et al, AJP 224:21-34, 197a—§ggggrted by NIH Grant

4.10

CHANGES IN PLASMA VASOPRESSIN (AVP) CONCENTRATION IN RESPONSE
TO DISTENSION OF THE PULMONARY VEIN-LEFT ATRIAL JUNCTIONS.
J.R. Ledsome and N. Wilson* University of B.C., Vancouver,
British Columbia, Canada V6T 1W5S

Inflation of small balloons placed in the left pulmonary
vein-left atrial (PV) junctions with the left lung tied off
causes stimulation of left atrial receptors without interfer-
ing with blood flow through the left atrium. In chloralose
anesthetized dogs this stimulus causes an increase in heart
rate, a decrease in renal vascular resistance and a diuresis
and natriuresis. In 11 dogs measurements were made of plasma
AVP concentration before, 10 min after distension of the PV
and 10 min after removal of the distension. Plasma AVP
decreased from 5.6 * 1.3 (mean, * SE) pg/ml in the control
periods to 4.2 * 1.0 pg/ml during PV distension (P<0.005);
heart rate (HR) increased from 160 * 6.2 to 174 * 8.9 beats/
min (P<0.005). 1In 5 dogs propranolol (0.5 mg/kg) decreased
HR but did not change plasma AVP. PV distension then caused
no change in HR but plasma AVP decreased (7.8 * 1.8 to
4.8 £ 1.5 pg/ml, P<0.05). Cooling both vagi to 10°C in-
creased HR and plasma AVP. PV distension then did not change
HR or plasma AVP. The results are consistent with the reduc-
tion in plasma AVP with PV distension being caused by in-
creased activity in myelinated afferents from atrial recep-
tors.
(Supported by B.C. Heart Foundation and M.R.C.)

4.12

PLASMA VASOPRESSIN, PLASMA RENIN ACTIVITY, AND
HEMODYNAMICS DURING HEMORRHAGE IN CONSCIOUS DOGS
WITH CHRONIC SINOAORTIC DENERVATION. K. L. Goetz, B. C.
Wang, and W. D. Sundet*. St. Luke's Hospital and Foundation,
Kansas City, MO 64111

We have reported (Physiologist 25: 288, 1982) that the increase In
plasma vasopressin that occurs In normal conscious dogs during
hemorrhage 1s markedly attenuated 1n dogs with surgically
denervated hearts (afferent pathways from arterial baroreceptors
intact). We concluded that cardiac receptors play a dominant role
in modulating the secretion of vasopressin during hemorrhage. It 1s
possible, however, that both cardiac volume receptors and sinoaortic
baroreceptors are necessary for the full expression of the
vasopressin response to hemorrhage and that removal of either set
of receptors attenuates the response. To test this possibility, we
bled 6 conscious dogs with chronic sinoaortic denervation until 30 ml
of blood per kg body weight had been removed. Control levels of
plasma vasopressin and renin activity were normal. The absolute
increases In plasma vasopressin during hemorrhage were decreased
(not significantly) when compared with results obtained from
sham-operated dogs. The increase I1n plasma renin activity 1in
response to hemorrhage was indistinguishable from that obtained
earlier with sham-operated or cardiac-denervated dogs. These data
suggest that arterial baroreceptors play a relatively small role in
increasing plasma vasopressin levels during hemorrhage. Our
experiments also 1llustrate that neither arterial baroreceptors nor
cardiac receptors are required to produce the renin response to
hemorrhage. (Supported by NIH grant HL13623)
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5.1

INTERVESSEL DIFFERENCES IN SMOOTH MUSCLE MYOSIN HEAVY CHAINS.
C.,L, Seidel, V. White* and L. Schildmeyer*. Dept. Med., Sect.
CV Sci., Baylor College of Medicine, Houston, TX 77030.

In striated muscle,differences in myosin heavy chain (MHC)
mobility have been correlated with differences in muscle
shortening velocity. Because vascular smooth muscle (VSM) has
different contractile properties than striated muscle and
demonstrates intervessel contractile heterogeneity, the exis-
tence of differences in MHC molecular weight between striated
and vascular muscles was investigated. Rat left ventricle (V),
aorta (A) and jugular vein (J) were extracted in 25 mM Nat
phosphate, 1% BME, 1% SDS, 0.01% proteinase inhibitor. Ali-
quots (50-100 pg protein) were placed on 5% polyacrylamide-17
SDS gels, electrophoresed and stained with coomassie blue.

The mobility (Rf) of the MHC was expressed as a percentage of
the mobility of the tracking dye. V had one band, whereas, J
and A each exhibited three bands (MI,MZ,M3) of similar Rf but
of different relative staining intensities (A: M; 18%, Mz 28%,
M354%5 J: M, 43%, M, 45%, M3 12%). The dominant band ofJ
(M2) had a mobility of 40 + 1%, A (M3) 42.6 + 0.2% and V 44.4
+ 0.7%. All mobilities were significantly different from
each other (p < 0,05, n = 5). These data suggest that the
dominant MHC in VSM has a lower mobility than that in V, that
VSM may have more than one form of MHC and that the dominant
form may differ between VSM. These differences may be related
to reported intermuscle differences in contractile properties.
(Support by HL 23815, HL 25349 and HL 07282)

5.3

Phorsphorylation of endogenous microsomal proteins by cAMP-
and calmodulin-dependent kinases in bovine carotid artery
microsomes. R.V. Sharma*, D.W. Doerrfeld* and R.C. Bhalla,
University of Iowa, Iowa City, IA 52242,

Bovine carotid artery microsomes were phosphorylated by
both cAMP and calmodulin dependent kinases. The catalytic
subunit of cAMP dependent protein kinase in the presence of
EGTA catalyzed the incorporation of 32P—phosphate in two
major bands corresponding to proteins of Mr > 200,000 and
45,000, This phosphorylation was independent of Ca2t and
calmodulin, a membrane-bound kinase catalyzed the incorpora-
tion of 32P-phosphate into one major band of Mr 45,000
daltons. Several other protein bands of Mr 65,000 and
20,000 were labeled to a lesser extent by calmodulin-dependent
kinase. Half maximal phosphorylation of the 45,000 dalton
band was achieved at 0.16 uM calmodulin and maximal phosphor-
ylation was observed at approximately 1 uM calmodulin. Ca?t
increased calmodulin-dependent phosphorylation of 45,000
dalton protein in a dose-dependent manner and maximum phos-
phorylation was achieved at approximately 5 uM ca?t in the
presence of 1 uM calmodulin. Calmodulin-dependent microsomal
phosphorylation was inhibited by trifluoperazine with an
apparent K; of 2 x 1078 M. Similarly, 10 mM EGTA inhibited
calmodulin-dependent phosphorylation of the 45,000 dalton
protein. These data suggest that both cAMP and calmodulin
phosphorylate a 45,000 dalton protein which may be involved
in the regulation of intracellular calcium concentration.

5.5

INFLUENCE OF PROSTAGLANDIN ON ARTERIAL MICROSOMAL CALCIUM
TRANSPORT. M. E. Soulsby and B. H. Perlmutter*, Univ. Ark.
Medical Sciences, Little Rock, AR 72205.

Microsomes isolated from the medial muscularis of bovine
aorta were used in this investigation of the effect of 10-4
to 10~9 M prostacyclin (PGI,) on passive (no ATP) Ca'™ binding,
ATP-dependent Ca™** uptake and Catt dependent ATP hydrolysis.
Incubations were carried out in a medium containing 0.25 mg/ml
membrane protein, 104 mM KC1, 50 mM histidine (pH 7.0), 10 mM
K-oxalate, 8 mM Na-azide, 5 mM MgCly, 5.0x10-5 CaClp, 0.1 ucCi
45CaC12, and 5 mM NapATP. Aliquots for sampling were taken at
0, 1, 3, 3.6, 5 and 8 min, and PGI) was added at 3 min. Con-
trol binding was 7.7%0.321 uMol Ca*t/gm protein (n=19), where-
as after 1.0x1076 PGI,, binding increased to 9:89%0.385 uMol
catt/g protein (p<0.0I). Control ATP-dependent Ca't uptake
(total minus binding (no ATP)) was 1.0 uM/g protein/min (n=14).
PGIy (1.0x10-6 M) caused an immediate 85% reduction (p<0.01) in
uptake, proceeding to 91% after 1.5 min, followed by resumption
of normal uptake rate. Control Catt-dependent ATPase activity
was immediately depressed 38% by PGI; (p<0.0l) proceeding to
60% after 1.5 min, followed by resumption of normal ATPase
activity. We conclude that PGI; vasodilation is the result
of increased microsomal passive Catt binding, as well as de-
pressed active Cca*t uptake, secondary to depressed catt-
dependent ATPase activity. (Supported in part by American
Heart Association/Arkansas Affiliate.)

5.2

Calmodulin-mediated stimulation of calcium uptake in isolated
microsomes from bovine carotid artery. R.C. Bhalla, R.V.
Sharma*, and D.W. Doerrfeld*, University of Iowa, Iowa City,
IA 52242,

The role of calmodulin and other factors involved in the
regulation of calcium uptake in vascular smooth muscle was
examined in a microsomal fraction prepared from bovine carotid
artery. Calcium uptake required both ATP and Mg2t and was not
inhibited by sodium azide. Energy-dependent calcium uptake
was greatly enhanced by oxalate in a dose-dependent manner.
Calcium ionophore A23187, inhibited calcium uptake to 10-20%
of control values in the presence of ATP and oxalate. Calcium
uptake was dependent on the free ca?tt concentration in the
medium and increased in a dose-dependent manner. The thresh-
hold maximum concentration was approximately 10_7 M and maxi-
mum uptake was obtained at approximately 2 x 10 6 M. Calmodu-
lin stimulated calcium uptake in EGTA-washed microsomes in a
dose-dependent manner and the maximum stimulation was 50-60%.
Half-maximal stimulation occurred at approximately 0.2 uM
calmodulin. The stimulatory effect of calmodulin was observed
over the entire range of calcium concentration. Calmodulin
also stimulated phosphorylation of microsomal proteins. The
major microsomal protein phosphorylated by calmodulin-depen-
dent kinase showed an apparent molecular weight of 45,000
daltons, estimated by SDS-polyacrylamide gradient gel electro-
phoresis. These results indicate that calmodulin may play a
role in the control of free cytoplasmic calcium concentration
in vascular smooth muscle. Supported by NIH grant #HL19027.

5.4

CORRELATION OF VASCULAR SMOOTH MUSCLE RELAXATION AND NAt PUMP
STIMULATION BY FORSKOLIN. J.C. Allen, S.S. Navran*, C.L.
Seidel and R.A. Strong*. Department of Medicine, Section of
Cardiovascular Sci., Baylor College of Medicine, Houston, TX
77030.

Forskolin (F) has been shown to stimulate adenyl cyclase
activity by direct action on the catalytic subunit, increasing
tissue c-AMP levels., We have used this affect to study
arterial smooth muscle contractile regulation. F relaxes both
femoral (FA) and renal (RA) arteries when they are contracted
with ED50 concentrations of either phenylephrine (PE) or KCl.
F (10‘6 M) is more effective in relaxing RA than FA: PE, RA =
64 + 13%, FA = 29 + 6%; KC1, RA = 37 + 8%, FA = 7 + 47,

F(10~7 - 10-5 M) stimulates ouabain sensitive 86Rb_-uptake, a
measure of the Na‘t pump, in relaxed Na loaded RA, but not Na
loaded FA. At normal cellular Na® levels, when the pump is
functioning at lower rates, F also stimulates 86Rb uptake in
both arteries. In muscles contracted with EDSO's of either
PE or KC1l, F stimulation of 86Rb uptake is still maintained in
both arteries. These data suggest that F stimulation of the
Na* pump may be the mechanism of F induced relaxation, and
that c-AMP may stimulate the Nat pump and thereby exert
control over contractility of vascular smooth muscle.
(Support by HL 07282, HL 25349, HL 24585 and HL 23815)

5.6

PRODUCTION OF 6-Keto PGF;, BY AORTA FROM B/W MICE WITH AUTO-
IMMUNE DISEASE (MURINE LUgUS). Joseph V. Levy (SPON: J.R.
Neville). Kuzell Inst. Arthritis Res., MRI, Pacific Med. Ctr.,
San Francisco, CA.

The B/W mouse derived from NZW X NZB is characterized by
many symptoms resulting from spontaneous autoimmune disease
(murine lupus-1ike syndrome). Among the pathophysiological
features of this disease is the presence of vasculitis and ne-
crotizing arteritis. It has been speculated that a deficiency
in vascular prostacyclin in lupus patients may account for the
higher incidence of thrombotic and other vascular disorders.
Therefore, experiments were done to determine whether there
was a change in prostacyclin production in the B/W Tupus model
vs. non-lupus control mice (NZB and NZW). Aortae from 27-32 wk.
old male (m) and female (f) B/W mice and age matched controls
were incubated in physiological buffer for 30 min. at 37 C.
The amount of prostacyclin released into the incubate was de-
termined by measuring the stable metabolite of prostacyclin,
6-keto PGF,, (6KPG) by RIA. B/W(f) tissue produced 2.8 times
more 6KPG vs. B/W(m). NZW(f) aortae produced 3.47 times more
6KPG than NZW(m). However, no sig. difference was noted be-
tween NZB(f) and (m). No sig. difference was seen between B/W
(m) and (f) and their matching NZW controls. These data sug-
gest that the vascular changes in this murine lupus model are
not associated with a decrement in prostacyclin production
under the assay conditions used. Support: Oxnard and Shoong
Foundations and Browning Trust.
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5.7
INFLUENCE OF TRANSMURAL NERVE STIMULATION (TNS) ON THE EFFECT
OF EXOGENOUS NORADRENALINE (NA) IN THE CANINE SAPHENOUS VEIN.
M.P.J. Senaratne* and C.T. Kappagoda. Division of Cardiology
Department of Medicine, Univ. of Alta. Edmonton T6G 2G3
During recent years the existence of two types of post-jun—
ctional alpha-adrenergic receptors mediating the effects of ex-
genous and endogenous NA in smooth muscle has been documented.
It has been shown that TNS inhibits the contraction produced
by exogenous NA (The Physiologist 25:209, 1982). The present
study was undertaken to further elucidate this inhibitory ef-
fect. Response to a single dose of NA was determined as a con-
trol. After washing, TNS was applied to produce a contraction
20-70% of the control value. Once this contraction reached a
plateau the same dose of NA was added while maintaining TNS.
Finally a second control response with NA was repeated. The
protocol was repeated with a histamine (n=10) or tyramine (n=
16) induced contraction substituted for TNS. The contraction
produced by exogenous NA against a background of histamine or
tyramine was significantly more than that produced against a
background of TNS (p €.01). The protocol was also repeated in
presence of propranolol (107° mol/1l, n=10) and in the presence
of indomethacin (5x10~© mol/1l, n=11). The inhibitory phenomen-
on was still evident under these circumstances suggesting that
it is unlikely to be mediated by either beta receptors or by
a prostaglandin. These results indicate that the inhibition of
exogenous NA mediated contractions observed is specifically
associated with a contraction caused by exocytotically re-
leased NA.

5.9

OXYGEN SENSING BY FEMORAL AND RENAL ARTERIES FROM NORMOTENSIVE
AND HYPERTENSIVE DOGS. R.N. Pittman and B.A. Graham.* Dept. of
Physiol. Biophys., Medical College of VA, Richmond, VA 23298.
We investigated the role of the endothelium in 02-Tinked
contractile responses of in vitro strips of femoral and renal
arteries from normotensive (NT) and one-kidney Goldblatt
hypertensive (HT) dogs. The intimal surface of half the strips
was rubbed to remove functional endothelium. Isometric force
was recorded for strips stimulated with either 20 mM potassium
chloride (KC1) or 0.5 uM norepinephrine (NE). Solution PO2
(Pg) was initially set above the critical Ps (PsC) determined
for these strips and was lowered in steps to zero Torr. PgC
depended on the stimulating agent ( ~ 123 Torr for KC1 and~ 69
Torr for NE), but otherwise was similar for femoral and renal
arteries whether they were rubbed or unrubbed and NT or HT.
Two different patterns of responses were observed: (1) mono-
tonic decrease in force for Ps from PsC to 0 and (2) monotonic
decrease in force for Ps from PsC to Ppip and subsequent
increase in force for Pg from Pypin to 0. Pyin was the Pg at
which force was minimum and it ranged from 5-10 Torr. Response
(1) was observed primarily for renal arteries and response (2)
primarily for femoral arteries, although about half the strips
stimulated with NE from either site for HT dogs showed either
response (1) or (2). Response (2) occurred with or without
intact endothelium and we conclude that the site of this 02-
linked contractile behavior is not the endothelium. Response
(2) is qualitatively similar to PO2 dependent prostaglandin-
mediated contractile behavior observed by others. (HL25383).

5.8

NE INDUCED CONTRACTION IN THE RABBIT SAPHENOUS ARTERY: DIS-
MANTLING BIPHASIC TENSION DEVELOPMENT. K. Keef* and A.J. Brady
Dept. of Physiology, UCLA, LA, Ca. 90024.

Tension development in response to norepinephrine (NE) in
the rabbit saphenous artery consists of two distinct phases.
The initial phase (A) rises to maximum in 8 to 20 sec and then
falls toward zero. The second phase (B) reaches maximum in 60
to 90 sec and then slowly declines. In 2.5 mM Ca Krebs solu-
tion at 37°C these two phases combine such that total tension
appears monophasic. When Ca is reduced by buffering with EGTA
to obtain free Ca in the uM range total tension is biphasic.
When extracellular Ca is completely removed by exposing the
vessel to a 0 Ca 1 mM EGTA solution only phase A tension is
obtained. We have developed a diffusion dependent model to
predict tension development in these two phases. The Ca deliv-
ery process for phase A is assumed to be release from a limit-
ed store with first order kinetics. The Ca delivery process
for phase B is assumed to be an influx from an external source
through a Ca channel with first order "on" and "off" kinetics.
Removal of Ca from the cytoplasm is assumed to follow first
order kinetics. Specific mathematical relationships were de-
fined for these assumptions (including the time required for
diffusion of NE into the tissue). Rate constants were obtained
by fitting the model to real tension responses. The model was
found to be sufficient to describe phasic, biphasic and mono-
phasic plateau type responses. Supported by grant # HL 11351.

NEUROENDOCRINES, PITUITARY

6.1

CYCLOSPORIN A INHIBITS ORNITHINE DECARBOXYLASE INDUCTION IN
KIDNEY IN RESPONSE TO PROLACTIN, GROWTH HORMONE AND INSULIN.
Diane Haddock Russell, Douglas F. Larson¥*, J.R. Womble*, and
Jack G. Copeland*, Departments of Pharmacology and Surgery,
University of Arizona College of Medicine, Tucson, AZ 85724
Others have shown that prolactin administration results
in a marked, early induction of ornithine decarboxylase (ODC)
activity in rat kidney (Richards, BBRC 63: 292-299, 1975).
Internalization of ''coated-pit'" hormones, such as prolactin,
insulin and possibly growth hormone, may be important in the
physiological response to these polypeptide hormones. We
found that cyclosporin A, a compound used investigationally
as an immunosuppressive agent in organ transplant patients,
blocked the induction of ODC in kidney in response to all 3
of these hormones. Cyclosporin A (1076 M) inhibited the ODC
response to prolactin by 70%, to growth hormone by 80%, and
to insulin by 50%. It did not affect ODC induction in re-
sponse to hormones whose actions are mediated by cyclic AMP.
The structure of cyclosporin A suggests'it may be a membrane
antagonist of binding sites for these hormones. The admin-
istration of cyclosporin A alone did not alter the high basal
level of ODC activity present in the kidney. Cyclosporin A
alone also did not alter the serum level of prolactin. These
data provide the first evidence that cyclosporin A may be a
specific inhibitor of binding sites for coated-pit hormones.
(Supported by USPHS Research Grant CA-14783 to D.H.R.)

6.2

INFLUENCE OF CORTICOSTERONE ON THE PROLACTIN RESPONSE TO
PHYSICAL AND PSYCHOLOGICAL STRESS. Albert Ratner, David B.
Yelvington*, and Gerald K. Weiss. Univ. New Mexico School of
Medicine, Albuquerque, NM 87131

Both corticosterone and prolactin levels increase in res-
ponse to stress., In these studies we examined the effect of
corticosterone on the prolactin response to both physical
(intermittant footshock) and psychological (novel environment)
stress. Three groups of rats were used: sham-adrenalectomized
(SHAM) ; adrenalectomized (ADX); and adrenalectomized with
corticosterone treatment (ADX+CORT), Blood samples were drawn
via an indwelling atrial cannula and prolactin values deter-
mined using RIA. ADX rats showed a consistently greater
prolactin response to being placed on a platform above water
(novel environment) or when receiving intermittant footshock
(1 h or 3% h) than did ADX+CORT rats. The prolactin response
of the ADX+CORT rats was similar to that of the SHAM or con-
trol animals. Sick rats, with presumably high levels of
corticosterone, showed a greatly attenuated prolactin response
to footshock when compared to healthy rats. These findings
indicate that corticosterone levels of an animal can signifi-
cantly affect the magnitude and time course of the prolactin
response to both physical and psychological stress. These
findings further emphasize that the prolactin response to
stress is dependent upon more than just the immediate action
of the stressor.
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6.3
EFFECTS OF TREATMENT OF NEONATES WITH MONOSODIUM GLUTAMATE ON
GONADOTROPES IN THE PREPUBERTAL MALE RAT. M.0. Dada* and
C.A. Blake. Univ. of Nebraska Medical Center, Omaha, NE 68105
It is established that treatment of neonatal rats with
monosodium glutamate (MSG) causes destruction of the hypothala-
mic arcuate nuclei, and results in a small anterior pituitary
gland (APG), often normal serum LH and FSH levels, and reduced
gonadal weight. We investigated the effects of MG on the APG
gonadotropes. Male rats were injected with saline or MSG (4 mg/
g body weight) on Days 1,3,5,7 and 9 of life (Day 0 = day of
birth) and killed by decapitation on Day 40 of life, Trunk
blood was collected for assay of serum LH and the pituitary
gland was processed for imm
rat LH-SU and anti-rat FSHB. Serum LH levels were similar and
virtually all FSH cells contained LH in the 2 groups of rats.
Treatment with MSG reduced APG size (P<0.01), reduced the
average size of both LH and FSH cells (P<0.01), was without
significant effect on the number of LH cells per unit area, re-
duced the number of FSH cells per unit area (P<0.01), and in-
creased the ratio of LH to FSH cells (P<0.05). The results
indicate that neonatal treatment of male rats with MSG has

marked effects on sonadotroses. Supported by a ara
marked effects on APG gonadotropes. Supported by a grant fr

the NIH (HD11011) and the College of Medicine, University of
Lagos, Lagos, Nigeria.
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6.5

HYPOTHALAMIC SEROTONIN (5HT) AND SERUM LUTEINIZING HORMONE
(LH) INTERACTIONS IN AGING FEMALE RATS. R.F. Walker* (SPON:
D.R. Wekstein) Univ. of Kentucky Medical Center, Dept. of
Anatomy & Sanders-Brown Research Center on Aging, Univ. of Ky.
Med. Center, Lexington, KY 40536

In this study, patterns of hypothalamic S5HT metabolism and
steroid-induced LH surges were compared in young (Y; 3-4 mos.
0ld) and middle-aged (MA; 8-10 mos.) ovariectomized rats. Ani-
mals from both groups produced LH surges in response to se-
quential injections of estrogen (25ug) and progesterone (P;
0.5mg) . However, peak levels of serum LH accumulating at 1800h
on the day of P administration were significantly higher (P<
0.01) in Y (2888+260 ng/ml) vs. MA (1458+196 ng/ml) rats.
Lower serum LH content in MA rats correlated with smaller mean
diurnal changes in hypothalamic 5HT content, which dropped 672
pg/mg between 1500h and 2000h in Y as compared with 251 pg/mg
in MA rats. Furthermore, when 5-hydroxytryptophan (5HTP), a
precursor of 5HT was administered in addition to the steroids,
then LH surges were attenuated in Y (2036+315 ng/ml; p<0.05)
as well as in MA (822+99 ng/ml; p<0.02) rats. SHTP reduced
daily differances in hypothalamic 5HT content in both groups,
(Y+344 pg/mg; MA=121 pg/mg), but did not alter hypothalamic
catecholamines for the same time interval. These findings
suggest that attenuation of steroid-induced LH surges in MA
rats results in part, from spontaneous neurochemical changes
during aging which blunt the circadian rhythm in hypothalamic
SHT metabolism.
Supported by AG 02867 from the National Institute on Aging

6.7

VALIDATION OF HETEROLOGOUS RADIOTMMUNOASSAYS FOR PROLACTIN,
LUTEINIZING HORMONE, AND FOLLICLE STIMULATING HORMONE IN
BOTTLENOSED DOLPHIN SERUM. A. Schneyer*, D. Odell* and A.
Castro* (SPON: P. Lutz). School of Marine and Atmospheric
Science, Univ. of Miami, Miami FL 33149.

Radioimmunoassays (RIA) for prolactin (PRL), luteinizing
hormone (LH), and follicle stimulating hormone (FSH) were de-
veloped to facilitate the study of reproductive endocrinology
of captive and wild bottlenosed dolphins. Antisera to human
hormones, tracer and standards (Immuno Nuclear Corp.) were
used to measure dolphin PRL, LH, and FSH in sequential satura-
tion RIAs. Either anti-PRL (1:710,000), anti-LH (1:450,000),
or anti-FSH (1:275,000) was incubated with serum samples
(100ul) for 48 hours at 4°C. Appropriate tracer was added
(0.04-0.05ng) and further incubated for 24-36 hours at 4°C. In
all 3 assays, standard curves using either human hormone
standards, or dolphin standards derived from concentrated
serum, produced parallel curves. Another set of standards was
produced by adding human hormone to dolphin serum that had
previously been stripped of all hormone. The resulting stand-
ard curve was parallel to the previous two. The intraassay
and interassay CV is about 4% and 10% respectively for all 3
assays. Over 175 samples from captive and wild dolphins have
been assayed so far in order to obtain estimates of baseline
levels of these hormones. These assays can now be applied to
the study of the dolphin reproductive cycle and possible ef-
fects of captivity. Partial support provided by Roosevelt
Memorial Fund (to AS).

Ovarian effects on mechanisms controlline LH secretion in the
androcenized female and feminized male rat. Robert J. Handa

and Roger A.Gorski. Lab. of Neuroendocrinology and Brain Res.

Ovarian steroids are involved postpuberally in the cessation
of vaginal cyclicity and loss of facilitatory feedback of these
steroids on LH secretion in the lightly androgenized female rat.
In this study we examined the effects of ovarian transplants on
the maintenance of facilitatory feedback mechanisms in the fem-
inized male (gonadectomized within 18 hrs of birth) as compared
to those in the lightly androgenized female (lo ug testosterone
propionate on day 5). An LH facilitation test ( 10 ug estradiol
benzoate (EB) followed by Z mg progesterone (P), 72 hrs later)
was administered at 45, 120 and 200 days of age. At 45 days of
age, 90% of feminized males and 65% of lightly androgenized
females showed elevated LH levels in the afternoon following P
treatment. These percentages were similar regardless of ovarian
presence prepuberally. Transplantation of an immature ovary to
the kidney capsule at 50 or 125 days of age in these same
animals resulted in the abolishment of the afternoon LH re-
sponse in 30% of feminized males when tested at 120 or 200 days
of age respectively. At these same ages, 897 of all lightly
androgenized females ovariectomized prepuberally and 59% of
those which remained intact prepuberally lost the positive
feedback response to EB and P. These data suggest that ovarian
factors play an active role in the loss of positivie feedback
seen in the androgenized female and also work to a lesser
extent in the feminized male. Supported by HD01182, GM07191.

6.6

TUBEROINFUNDIBULAR DOPAMINERGIC NEURONS CONCENTRATE 3H ESTRADI-
OL.M.Sar,Dept.of Anat.,Univ.of N.C.,Chapel Hill,NC 27514.
Estrogen treatment has been shown to increase dopamine turn-
over and tyrosine hydroxylase(TH)activity in the hypothalamus.
In order to find out anatomical relationships betwegn dopamin-
ergic and estradiol target neurons,localization of “H estradiol
and TH(an enzyme for the synthesis of dopamine)antibodies was
investigated by a combined technique of autoradiography and im-
munocytochemistry(Sar,M.and Stumpf,W.E.J.Histochem.Cytochem.29:
1A,161-166.1981) 2month-o0ld cyclic female rgts ovarectomized
for 48hrs injected i.v.with .5ug/100b.w.of “H estradiol spec.
act. 90ci/mM.The rats were sacrificed after Thr,brains were
dissected,frozen and processed for thaw-mount autoradiography.
After autoradiographic exposure the slides were photographical-
1y developed and stained immunocytochemically with antibodies
to TH(suppl.by N.Weiner,Dept.of Pharmac.,Univ.of Colorado).
TH-positive cells in the arcuate and periventricular nucleus
(group A12)show nuclear concentration of radioactivity.In sub-
thalamic region,TH-positive cells that belong to Al3group are
weakly ]gbe]ed.Further,a few cells in group A1l are also label-
ed with “H estradiol.TH-positive cells of substantia nigra and
ventral tegmental area(group A9)as well as scattered cells in
thalamic and subthalamic region did not show nuclear uptake of
radioactivity.The results demonstrate that certain TH contain-
ing neurons in the brain are estradiol target cells and further
suggest direct effect of estradiol on tuberoinfundibular dopa-
minergic neurons.Supported by PHS grant NS17479 and NS00914.

6.8

IMMUNOCYTOCHEMICAL STUDIES OF THYROID GLAND INNERVATION IN
THE BRATTLEBORO RAT: George A. Hedge, Linda J. Huffman* and
Frank Sundler*, University of Lund, S-223 62 Lund, Sweden.
Brattleboro (DI) rats, which have diabetes insipidus due
to a lack of vasopressin (VP), also have high plasma thyro-
tropin (TSH) levels with impaired thyroid (THY) responsiveness
to TSH, and the latter is not reserved by VP treatment. Thus,
we investigated the possibility that this reduced responsive-
ness is due to abnormal THY innervation in DI. Cryostat sec-
tions of THY were processed for immunocytochemical demonstra-
tion of various neuropeptides using indirect immunofluore-
scence. Two types of fibers known to exist in rat THY were ex-
amined in DI rats and compared to normal Long-Evans (LE) rats:
those containing vasoactive intestinal peptide (VIP), or sub-
stance P (SP). We also sought to demonstrate fibers containing
neuropeptide Y (NPY) or neurophysin (NPH). Urine flows and
plasma TSH levels were greater (p<0.05) in DI than in LE. VIP
fibers were found in both LE and DI and appeared to be more
densely distributed in DI. SP innervation in DI was not dis-
tinguishable from that of LE. NPY innervation, mainly on blood
vessels, was at least as abundant in DI as in LE. Finally, no
THY NPH (and presumably VP)-containing fibers were found in any
rat. We conclude that the reduced THY responsiveness of DI is
not due to an inadequate supply of any of the putative neuro-
transmitters in this study. Since VIP enhances THY secretion,
we suggest that the apparent proliferation of VIP fibers in DI
is an attempt to stimulate the THY analogous to the elevation
of TSH. (Swed. MRC 4499 & USPHS AM 21348).
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ENKEPHALIN INHIBITION OF ANGIOTENSIN-STIMULATED RELEASE OF
OXYTOCIN AND VASOPRESSIN. L. C. Keil, L. M. Rosella-Dampman*
S. Emmert* and J. Y. Summy-Long*. NASA-Ames Research Center,
Moffett Field, CA 94035

The effect of leucines-enkephalin (ENK) on angiotensin II
(AIT) stimulated release of oxytocin(OT) and vasopressin(VP)
was investigated in the conscious male rat. Changes in the
plasma levels of both OT and VP were measured in animals after
intracerebroventricular (IVT) administration of either
artificial cerebrospinal fluid (CSF) with or without AII(10,
50, 100 ng/5 ul) and 60 sec after AIL (50 ng/5 ul) or CSF in
animals pretreated with ENK (100 ng/5 ul; IVT) or CSF (5 ul).
Oxytocin and VP were measured by radioimmunoassay. Angiotensin
II at doses ranging from 10-100ng, IVT, increased (p<0.05)
the plasma level of both OT and VP. Plasma levels of both
neurohypophysial hormones remained significantly elevated
300 sec after IVT AIL administration. Although the plasma
concentration of OT was always greater (p<0.05) than VP in
All-stimulated animals the OT/VP ratio did not differ from
controls. LeucineS—enkephalin reduced the rise in OT from
83.6 + 4.7 (Mean + S.E.) to 25.2 + 2.1 pg/ml and VP from
25.2 + 1.4 to 6.8 + 1.1 pg/ml stimulated by IVT AII (50 ng/
5u 1). 1IVT administration of CSF containing only ENK did
not alter either OT or VP levels of these neuropeptides. It
is concluded that an acute elevation of AII in the CSF
stimulated release of both OT and VP from the neural lobe.
Leucined-enkephalin administered IVT inhibits AII-stimulated
OT and VP release.

6.11

GROWTH HORMONE-RELEASING FACTOR AND SOMATOSTATIN IN THE GENER-
ATION OF RHYTHMIC GROWTH HORMONE SECRETION. L. Cass Terry,
Nancy Petersen*, and Marianne Zorza*. Univ. of Michigan and VA
Medical Center, Ann Arbor, MI 48105.

Growth hormone (GH) secretion in the male rat is character-
ized by secretory episodes that occur rhythmically every 3-4h.
The peaks and ebbs of GH are beljeved to be regulated by two
hypothalamic peptides, somatostatin (SRIF), which inhibits GH
secretion, and growth hormone-releasing factor (GRF). The pur-
pose of the present experiments was to assess the role of SRIF
and GRF in the generation of this rhythm. In the first experi-
ment, thermal lesions were placed in the hypothalamic ventro-
medial-arcuate nuclei bilaterally to destroy GRF-producing
neurons. Animals were then implanted with chronic indwelling
intra-atrial cannulae. Two weeks later, blood samples were
removed serially every 15 min for 5h, frozen, and later
assayed for immunoreactive GH. In the second experiment, the
same group of animals was administered cysteamine (150mg/kg
sc), an agent known to deplete central and peripheral SRIF.
Ventromedial-arcuate lesions obliterated or markedly reduced
GH secretory episodes, but did not significantly alter basal
trough (ebb) levels. Cysteamine caused a significant rise in
basal GH levels, but did not enhance or reinstitute episodic
release. These results indicate that 1) the rhythmic pattern
of GH secretion is the result of episodic GRF release from
hypothalamic neurons, and 2) SRIF appears to have a minor role
in the generation of this rhythm. (Supported by AM 28443 and
VA Merit Review Grant)

6.10

AN ANTISERUM TO (ILES)—OXYTOCIN (MESOTOCIN) . T. I. Koike, H. L.
Neldon*, D. E. McKay* and P. L. Rayford. Dept. Physiology and
Biophysics, Univ Ark Med Sci, Little Rock, AR 72205

Female New Zealand white rabbits were inoculated with uncon-
jugated mesotocin (MT) or MT covalently linked to bovine thy-
roglobulin (Tg) or human IgG using carbodiimide (morpho-CDI).
MT was iodinated by the lactoperoxidase-glucose oxidase method
and monoiodo(1251)-MT (MT*) was purified by chromatography
(Dowex 2X-8, Sephadex G-25). Increasing titers were observed in
rabbits immunized with the conjugates and a serum obtained
after the 5th injection of MT-Tg in one rabbit was selected for
additional study (serum K1-7). A radioimmunoassay was developed
using a sequential saturation method, 8000-10,000 cpm MT*, and
final K1-7 dilutions of 1:10,000 or 1:15,000. Scatchard ana-
lysis indicates that K1-7 contains at least 2 populations of
antibody binding sites with apparent affinity constants of
~0.5 and 0.01 x 1011 L/M. Arginine vasotocin and arginine vaso-
pressin (>10,000 pg/tube) did not cross-react with the anti-
serum. Cross-reactivity of oxytocin was 1.2%. Fifty 7% of MT*
was displaced by 18-20 pg MT (ED5(p) and the limit of detection
was less than 1 pg (~0.5uU). The slopes of the regression
lines relating logit (B/Bo) to log dose and the immunoreactive
MT profiles of chromatograms were similar for standard MT and
fowl neural lobe extracts. The data indicate that K1-7 may have
the requisite sensitivity and specificity to estimate blood and
tissue levels of MT in non-mammalian tetrapods.
Supported in part by AM 30415-01

6.12

EFFECT OF GROWTH HORMONE ON THE HEPATIC PORTAL PLASMA
CONCENTRATIONS OF SEROTONIN AND CATECHOLAMINES IN DIABETIC
DOGS. 0.V. Sirek, A. Sirek* and M.N. Hussain*. Department

of Physiology, University of Toronto, Toronto, Canada M5S 1A8.

It is known that a number of growth hormone (GH) effects
are dependent on insulin and/or insulin-like growth factors.
In the present experiments we have attempted to determine
whether or not insulin is involved in the alterations which
take place in the portal levels of biogenic amines in
response to a surge of GH. We have examined the effects of
a pulse of GH in unanesthetized, trained, alloxanized and
pancreatectomized dogs, fitted with an indwelling portal
catheter. A single injection of ovine GH (100 ug/kg, NIH-
GH-S9) into a cephalic vein produced in the hepatic portal
circulation a statistically significant rise in the concen-
tration of free serotonin and a significant reduction in the
concentration of catecholamines in alloxan-diabetic dogs
with residual endogenous insulin and in pancreatectomized
dogs with exogenous insulin supplement. No change took place
in pancreatectomized dogs totally devoid of insulin. The
data suggest that a spike concentration of GH requires the
presence of insulin to produce the characteristic alterations
in the splanchnic concentration of biogenic amines related
to hepatic glucoregulation. Supported by the Medical Research
Council of Canada, Grant # MA7778.

EXERCISE PHYSIOLOGY I

7.1

THE EFFECTS OF EXERCISE AND CONDITIONING ON WHOLE BLOOD
VISCOSITY IN WOMEN. Dale Martin*, Eric Schoomaker®, Susan
w[ggyoff*, and Earl Ferguson. Department of Physiology,
Uniformed Services University, Bethesda, MD 20814

In order to assess whether aerobic conditioning is associ-
ated with enhancement of oxygen transport through a reduction
in blood viscosity, we studied whole blood viscosity in 44
healthy women. Fifteen sedentary, 15 joggers, and 14 long
distance runners had significantly different maximal aerobic
capacities of 34.1%5.5, 43.6%5.9 and 51.4%*4.4 ml/kg/min re-
spectively as determined by the Bruce protocol. Blood samples
were obtained before and immediately after the treadmill test
and evaluated for whole blood viscosity (WBV), plasma viscosi-
ty (PV) and hematocrit (HCT). WBV and PV were measured with a
Wells-Brookfield viscometer and recorded in centipoise (cP).

Sedentary Jogger Long Distance
Resting HCT (%) 41.5 %2.8 41.1+2.9 40.7 £2.0
Exercise HCT (%)  44.5 *2.6* 44,9 +2.4* 44,9 £2.4%
Resting WBV (cP) 3.75%0.30 3.50%0.31 3.40%0.29
Exercise WBV (cP)  3.92+0.32% 3.99%0.39% 3.86+0.33*
Resting PV (cP) 1.35%0.06 1.33+0.07 1.34%0.08

1.42%0.06* 1.41%0.08* 1.43%0.07%

Exercise PV (cP)
*p<0.01 from resting values

Resting HCT, WBV, and PV were not different among the three

conditioning groups. All groups showed increases in HCT, WBV,

and PV post exercise which were of similar magnitude. In this

study conditioning levels and aerobic capacities of women did

not correlate with resting or post exercise HCT, WBV, or PV.

7.2

EFFECTS OF VOLUNTARY EXERCISE TRAINING ON INTRACEREBRO-
VENTRICULAR (ICV) INJECTIONS OF ANGIOTENSIN IT (AITI) IN THE
SPONTANEOUSLY HYPERTENSIVE RAT (SHR). J.M. Overton*, J.A.
Wegner*, C.V. Gisolfi, and C.M. Tipton. Exercise Science
Program, Univ. of Iowa, Iowa City, IA 52242.

Eighteen female SHR were randomly assigned to voluntary
activity cage exercise (AC) or control (CC) groups at 4 wk of
age. After 8 wk of AC, the AC group had significantly
(P<0.05) higher values (X#SE) for maximal oxygen uptake
(AC=96+2, CC=78+3 mlemin~l-kg~! ) run time to exhaustion
(AC=286+15, CC=62+9 min) and significantly lower resting
caudal artery systolic blood pressures (AC=187+4, CC=201+3
mmHg). Subsequently, a stainless steel guide tube was N
stereotaxically implanted above the lateral ventricle and the
femoral artery was catheterized. Microinjections of AII (50
and 500 ng) and artificial CSF were made on the same day
separated by 30-60 min. Injections were made in 5-pl volumes
over | min using a Harvard infusion pump. The latency and
magnitude of the pressor responses to AII and AII-induced
drinking were recorded. The initial pressor response to the
5-ng dose of AII was significantly lower in the AC vs. CC
groups (11+1 vs. 22+] mmHg). Other measures were not
significantly different. These results suggest that the lower
resting systolic blood pressure associated with AC by SHR may
be due, in part, to central changes in the responsiveness of
the renin-angiotensin system to AII. (Supported in part by
funds from NIH grants HL-29099-01 and GM-07045-05.)
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7.3

EFFECT OF VOLUNTARY EXERCISE BY STROKE-PRONE SHR GROUPS ON
SELECT PHYSIOLOGICAL RESPONSES. C.M. Tipton, R.D. Matthes*,
J.R. Leininger*, and M. Sturek*. Exercise Science Program,
University of Iowa, Iowa City, IA 52242 and College of
Veterinary Medicine, University of Minnesota, St. Paul, MN
55108.

Previous studies with SHR populations have indicated that
exercise training initiated after weaning and performed in
activity cages (AC) will lower caudal artery systolic blood
pressure (SBP) by 10-20 mmHg when compared to control groups
(CC). To determine whether similar trends would occur with
35-38 d-old SP-SHR animals, a commercial diet (Funabashi)
high in Na (3.9 mg/g) and a 17 NaCl drinking solution were
provided to 10 F and 5 M assigned to AC and to 8 F and 6 M
assigned to CC groups. While M died sooner than F (32+4 vs.
4242 d), AC had no consistent effect on this fatal event. AC
was generally associated with lower SBP in F (22446 to 204+9
mmHg at 28 d) and higher values in M (204+10 to 193+16 mmHg
at 28 d) when compared to CC results. Additionally, AC was
also associated with higher Vo , reduced daily food
intakes, higher daily fluid consumptions, lower body
weights, and marked reduction in daily running activity
prior to death. Although the histological assessment is
incomplete at this time, it was apparent from the
experimental conditions of this study that early exposure to
strenuous and intermittent voluntary exercise had minimal
protective value against the sequence of events associated
with strokes. (Supported in part by funds from NIH grant
HL-29099-01 and GM-07045-05.)

7.5

OXYGEN CONSUMPTION AND HEMODYNAMIC RESPONSES TO DYNAMIC EXER-
CISE IN DOGS BEFORE AND AFTER SPLENECTOMY. G.A. Ordway, J.C.
Longhurst, T.I. Musch,* G.C. Haidet* and J.H. Mitchell. Univ.
of Texas Health Science Center, Dallas, TX 75235

We measured the oxygen consumption (902) and hemodynamic
responses of 8 dogs to severe dynamic exercise before and
after splenectomy. Absolute work loads were similar for spleen
intact and splenectomized dogs, with the result that (002)
did not differ significantly from pre- to post-splenectomy
(105.4%10.2 vs 97.3%#3.1 ml/min/kg, meantSEM). Cardiac outputs
during exercise were similar before and after splenectomy
(17.9%1.3 vs 18.4#1.3 L/min); however, heart rate during exer-
cise was significantly (p<0.05) higher following splenectomy
than it was before (283*#8 vs 264*9 beats/min). Hematocrit
during exercise was decreased significantly following splenec-
tomy (46*2 vs 37#3%) which, in turn, reduced the oxygen con-
tent of arterial blood (19.120.5 vs 15.4%0.8 vol%). The
oxygen content of mixed venous blood during exercise was also
reduced significantly following splenectomy (4.9%0.6 vs
2.8%#0.1 vol%). Additionally, mean arterial pressure during
exercise was reduced following splenectomy (1455 vs 13224
mmHg), with the result that calculated mean conductance was
increased significantly (120#10 vs 140+10 ml/mmHg<min). Thus,
the inability of splenectomized dogs to increase their oxygen
carrying capacity during exercise by contracting the spleen
and increasing hematocrit appears to be offset in part by:
(1) a lower oxygen content in mixed venous blood; and (2) an
increased conductance of blood to metabolically active tissue.

7.7

PRE- AND POST-TRAINING RESPONSES TO MAXIMAL DYNAMIC EXERCISE
DURING a-ADRENERGIC BLOCKADE IN THE FOXHOUND. T.I. Musch,*
G.C. Haidet,* G.A. Ordway, J.C. Longhurst and J.H. Mitchell.
Univ. of Texas Health Science Center, Dallas, TX 75235

Studies have shown that a-adrenergic blockade (a-B) in un-
trained dogs reduces oxygen uptake (VO,) at a given level of
exercise by causing a shift toward anaerobic metabolism. To
investigate the effect of dynamic exercise training on this
response, we studied 8 foxhounds during maximal exercise, with
and without a-B (phentolamine, 1 mg/kg IV), before and after
8-12 weeks of dynamic exercise training. Pre-training, a-B
significantly (p<0.05) reduced VO, (123 vs 100 ml/kg/min) and
increased venous lactate concentrations (25.6 vs 48.0 mg%)
during maximal exercise. Decreases in both arterial oxygen
content (Ca0,) and maximal cardiac output contributed to the
reduction in oxygen delivery. Post-training, a-B again re-
duced maximal VO, (153 vs 135 ml/kg/min) and increased venous
lactate concentrations (22.8 vs 32.0 mgZ%Z). Comparing post-
training to pre-training, the reduction in maximal VO, was
similar (12 vs 19%); however, the increase in venous lactate
concentration was significantly reduced (44 vs 88%). Addi-
tionally, the post-training reduction in maximal VO, during
a-B was due primarily to a decrease in Ca0, since maximal
cardiac output was maintained. Thus, in the foxhound, a-B
during maximal exercise significantly lowers maximal VO,.
After dynamic exercise training, however, the blood lactic
acid response to maximal exercise during a-B is attenuated
significantly.

7.4

ACUTE REGIONAL BLOOD FLOW RESPONSES DURING DOBUTAMINE INFU-
SION, DURING COMBINED SYMPATHETIC STIMULATION AND PARASYMPA-
THETIC WITHDRAWAL, AND DURING EXERCISE IN DOGS. G.C. Haidet,*
T.I. Musch,* G.A. Ordway and J.H. Mitchell. Univ. of Texas

Health Science Center, Dallas, TX 75235
Previous studies have suggested that intravenously infusing
either Dobutamine (DOB) or a combination of atropine, norepi-
nephrine, and epinephrine (ANEE) evokes cardiovascular re-
sponses similar to those observed during dynamic exercise
(EXER). The purpose of this study was to investigate, at sim-
ilar levels of estimated myocardial oxygen demand, the acute
regional blood flow responses to DOB, ANEE, and EXER. The ra-
dioactive microsphere technique was used to compare on sepa-
rate days the following interventions in dogs: 1) DOB (40pg/
kg/min); 2) combined A (0.15mg/kg), NE (0.19ug/kg/min) and E
(0.05ug/kg/min); and 3) submaximal treadmill EXER. Blood flow
(ml/100g/min) to the brain, intestine, liver, adrenal glands,
and kidneys was not changed by any of these interventions.
The following differences were noted (*p<0.05 vs rest; n=8):
Mean % Change From Rest
Heart Lung Diaphragm Skel Muscle Spleen Tongue Pancreas

EXER 72% 257% 215% 238% 13 81% -53%
DOB  67* 68 70 3 37% =30 -63%
ANEE 69% 51 185% 41 91*%  -12 -30%

Thus, at similar levels of estimated myocardial oxygen demand
induced by these 3 different interventions, acute regional
blood flow responses resulting from EXER, DOB, and ANEE are
quite different.

7.6

THE EFFECT OF PERICARDIECTOMY ON STROKE VOLUME DURING MAXIMAL
EXERCISE IN THE UNTRAINED DOG. J. Stray-Gundersen,* G.C.
Haidet,* T.I. Musch,* G.A. Ordway and J.H. Mitchell. Univ. of
Texas Health Science Center, Dallas, TX 75235

To test the hypothesis that the pericardium limits stroke
volume during maximal exercise, we performed pericardiectomies
on 4 mongrel dogs (24.9%2.2 kg, mean*SEM) chronically instru-
mented with aortic (A) and pulmonary artery (PA) catheters. A
sham thoracotomy was performed on two similarly instrumented
mongrel dogs (22.1+0.8 kg). Dogs were tested by running on a
treadmill, and maximal oxygen uptake (VOZ) was defined as a
plateau in cardiac output (CO) and heart rate (HR) with an
increase in workload. The dogs were tested 2-4 times both
before and after pericardiectomy or sham thoracotomy. We
measured cardiac output (dye dilution), HR, and arteriovenous
oxygen difference between PA and A blood samples. Oxygen
consumption and stroke volume (SV) were calculated from these
data. The results are tabulated below:

Pericardiectomy (n=4) Sham Thoracotomy (n=2)

before after before after
VOz(ml/min/kg) 1178 13318 118+19 95+23
CO (L/min) 20.8%1.2 25.7%2.7 19.4%1.5 18.0%1.7
HR (beats/min) 2739 279%7 28516 2882
SV (ml) 763 92+8 673 636

These results support the hypothesis that the pericardium
limits stroke volume at maximal exercise in untrained dogs.

7.8

EFFECT OF HEAD-OUT WATER IMMERSION ON THE CARDIORESPIRATORY
RESPONSE TO DYNAMIC EXERCISE. L.M. Sheldahl*, F.E. Tristani*
and P.S. Clifford* (SPON: J.J. Smith). VA Medical Center and
Medical College of Wisconsin, Milwaukee, WI 53193

Head-out water immersion (HOWI) is known to produce several
cardiorespiratory adjustments at rest due to a shift in blood
volume from the periphery to the thorax. The purpose of this
study was to determine the effect of HOWI on the cardiorespira-
tory response to dynamic exercise. Sixteen healthy middle-aged
men performed upright cycling exercise at 40, 60 and 80% maxi-
mal oxygen consumption (VOpmax) on land and in water (30.5+0.
50C) to the shoulders. Cardiac output (measured by the carbon
dioxide rebreathing technique) and stroke volume (SV) were sig-
nificantly greater (p<0.05) during exercise in water compared
to land. Heart rate (HR) did not differ at 40 and 60% VOpmax
but was significantly lower (p<0.05) in water at 80% VOpmax.
Ventilation, breathing frequency and tidal volume did not dif-
fer significantly in water and on land. The data suggests that
the central redistribution of blood volume with HOWI results in
an increase in SV during exercise via the Frank-Starling mech-
anism. Since there is not a proportional decrease in HR with
the increase in SV, cardiac output is elevated during exercise
in water compared to land. The lack of a compensatory decrease
in HR may be due to activation of cardiac mechanoreceptors with
central hypervolemia. We conclude that the increase in central
blood volume with HOWI alters cardiac performance during exer-
cise and results in a change in the cardiac output and oxygen
consumption relationship compared to exercise on land.
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7.9

EFFECTS OF HINDLIMB POSITION ON THE RHEOLOGY OF THE TERMINAL
AORTA IN DOGS. D.R. Gross, G. van Oort* and K.T. Dodd*,
Dept Vet Phys & Pharm, College Vet Med, Texas A&M
University, College Station, TX, 77843.

We measured pressure-diameter relationships in 6
anesthetized dogs following prior surgical placement of
ultrasonic dimension gauges on the terminal aorta, just
proximal to the iliac trifurcation. Following recovery from
the initial surgery, and time for healing to occur (7-10
days), the dogs were anesthetized with a combination of
fentanyl-droperidol and pentobarbital. Using fluoroscopic
visualization, a high-fidelity catheter-tip manometer was
placed in the distal aorta, via the carotid artery, with the
tip placed at the level of the dimension gauges.
Measurements were made with the hindlimbs positioned 90°
from the body, with both legs fully extended cranially and
then caudally,with the right leg extended cranially and the
left caudally and vice versa. The pressure elastic modulus
(Ep) was calculated for each of the static leg positions.
Data collected with both hindlimbs extended caudally were
compared to both hindlimbs at 90° from the longitudinal axis
of the body. Ep decreased approximately 25%, i.e. the
vessel became more compliant in the radial direction. No
significant differences were found with the hindlimbs in
the other 3 positions.

(Supported by the Center for Comp. Med., Texas A&M Univ.)

7.11

FITNESS RELATED CHANGES IN THE HEMODYNAMIC RESPONSE TQ AN
ALPHA-AGONIST CHALLENGE Peter B. Raven, Debbie Rohm-Young*,
Michael L. Smith*, and Theodore S. Varas*. Texas College of
Osteopathic Medicine, Fort Worth, Tx. 76107.

We have previously shown hemodynamic differences in high fit
and average fit individuals when challenged with Tower body
negatiye pressure. An a-agonist challenge using phenylephrine
HCT (PE) was administered to a similar group of subjects to
further delineate these responses. Six high fit (F;xVO,max =
62.1 ml-kg”*-min”!) and six low fit (UF;xVOpmax = 33.2 ml-kq™?)
males (P<0.01) were challenged with PE using IV infusion rates
of 6,12,20,40, and 60 pg/min. At rest and during the period of
stable hemodynamics for each infusion rate, heart rate (HR)
using 10 sec averages of R-R intervals, blood pressures, car-
diac output (Q) using the COz rebreathing technique, and fore-
arm blood flow (BF) measured by strain gauge plethysmography
were determined. Only HR was significantly different at rest
(F=50 beats/min; UF=68 beats/min, P<0.01). Mean data at PE of
60 ng/min are summarized below:

HR SBP  DBP AHR Q PVR BF
(beats/min) (torr) (torr) ASBP (1/min) (units) m1/100ml/min

F 41.4 139 96 0.45 6.07 18.71 2.97

UF  56.6 128 82 1.22 7.15 14,31 3.77

P <0.01 <0.05 <0.01 <0.05 NS <0.05 NS

The F had a total BF decrease of 42.4% whereas the UF decrease
in BF was 14.7%. These data indicate a different vasocon-
strictive and hypertensive response between F and UF when
challenged by PE.

7.10
EXERCISE BLOOD FLOW IN RAT MUSCLES AFTER TRAINING. R.B. Arm-
strong, C. Mitchell*, R. Phelps*, C. Vandenakker*, J. White*
and M.H. Laughlin. Oral Roberts U., Tulsa, OK 74171

One group (T) of male Sprague-Dawley rats trained for 1 hr/
day for 13-17 wks at 30 m/min on a treadmill at a 5° incline.
A second group (UT) of rats was conditioned for 10 min/day for
4 wks at the same speed and incline. BFs in 32 hindlimb mus-
cles were measured with labeled microspheres during preexercise
(PE) and while the rats ran for 30 s (E0.5), 5 min (E5), or
15 min (E15) at 30 m/min.

Representative PE “EO0.5 E5 EI5
Muscles UuT T UT T uT T UT T
Total Hindlimb 30 40 88 104 104 99 89 86

+6 +3 40 +4 +8 +6 +7 +5
Red Gastrocnemius 60 102* 238 280 340 381 273 377%
+14 +10 433 +20  +36 +39 +44  +26
White Gastrocnemius 12 16 14 20 24 19 33 17%*
+2 +2 +2 +4 +3 +4 +5 42

Mean + SE. *T different than UT (Pp<0.05).

There were no differences in total hindlimb muscle BF be-
tween UT and T rats, but T rats had higher PE BFs in the deep
red extensor muscles, suggesting a greater anticipatory re-
sponse. Also, T rats had higher BFs in red extensor muscles

during exercise, whereas UT rats had higher BFs in white mus-
cles. These findings demonstrate that exercise training causes
changes in the distribution of BF within and among muscles both
before and during exercise. Supported by NIH Grants AM25472
and HL26963 and AHA Tulsa Affiliate.

7.12

CHANGES IN PLASMA CONCENTRATION OF
ADRENOCORTICOTROPHIN (ACTH) AND CORTISOL IN MEN IN
RESPONSE TO DAILY 2-HOUR RUNS FOR 7 DAYS. C.E. Wade, P.
Christ*, M.M. Hunt*, J.R. Claybaugh, C. Hadick*, S.A. Cucinell, and
R.H. Dressendorfer *. Letterman Army Medical Center, San
Francisco, CA 94129; Tripler Army Medical Center, HI 96859; and
William Beaumont Hopital, Royal Oak, MI 48072.

To assess the effects of daily running on the pituitary-adrenal axis,
we measured plasma concentrations of ACTH and cortisol in 10
healthy, untrained males before and after 2 hours of daily running for
7 days. The men, age 21 to 37 years, underwent 1 day of control
measurements, 7 consecutive days of running for 2 hours, 2 days of
rest, and a final day of running for 2 hours. Running (or an equivalent
period of rest) was conducted between 0800 and 1030 hours, with
fasting blood samples collected before and within 5 min after running.
During these 2 hours each man ran an average distance of 18.5 km,
which remained constant throughout the study. In response to running,
concentrations of plasma ACTH and cortisol levels increased
significantly (P<0.05). The mean change in levels of plasma cortisol
after running progressively decreased from 16.7 + 3.8 pg/dl on day 1 to
4.3 + 3.8 yg/dl on day 7. The mean change in levels of ACTH after
running was not significantly altered, ranging from 30 + 10 pg/ml on
day 1 to 21 + 5 pg/ml on day 7. A relationship between plasma cortisol
and ACTH was not demonstrated on day 1 (r = 0.24, p>0.20), while on
day 7 a relationship was noted (r = 0.67, p<0.00l1). Thus, plasma
concentration of ACTH and cortisol levels increased with
running, and cortisol response progressively decreased as a result of
factors other than ACTH.
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8.1

CARDIOVASCULAR ADAPTATIONS TO PREGNANCY PRECEDE INCREASED UTER-
INE BLOOD FLOW IN THE GUINEA PIG. M.V. Hart*, J.D. Hosenpud*,
J.R. Rowles*, M.J. Morton* and A.R. Hohimer. Heart Research
Caboratory, Oregon Health Sciences Univ., Portland, OR 97201.

The cardiovascular adaptations to preanancy were studied
cross-sectionally in the guinea pig (GP). Pressures, cardiac
output (CO) and regional blood flows, blood volume (BV), estro-
gen levels, and in vitro left ventr1cular (LV) pressure-volume
relations were measured in 14 control and 39 pregnant GPs dur-
ing early, mid, and late gestation. A1l animals were prospec-
tively age- and weight-matched prior to conception. The
cardiovascular changes during pregnancy are shown in the fol-
lowing table as percentage increase from control GPs.

CO (%) SV (%) LV vol (%) UBF* (%) BV (%) BW+ (%)

Day 20 424 21 416 0 430 414
Day 40 413 417 425 4860 438 436
Day 60 412 427 431 41050 451 470

*UBF = uterine blood flow; +BW = body weight

Aortic, LV end-diastolic and right atrial pressures, heart rate
and LV weight remained unchanged during pregnancy. The great-
est change in circulating estrogen concentration occurred by
Day 20 and was double the control level. Significant cardio-
vascular changes are seen during early pregnancy and occur prior
to a major increase in uterine blood flow. These cardiovascular
alterations may be mediated by changing hormone levels.
(Supported in part by NIH HD-10034, Medical Research Foundation
of Oregon, & the American Heart Association, Oregon Affiliate.)
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THE SPLENIC HEMOGRAM OF THE DOG VARIES WITH SPLENIC
SIZE, Mortimer Lorber, Georgetown University Schools of
Medicine and Dentistry, Washington, D, C, 20007

The canine spleen is known to be a large and muscular blood reser-
voir, particularly sequegtering erythrocytes at higher concentration
than in the peripheral circulation, Its volume can be greatly altered
by emotion, exercise, and anesthesia. This study wished to learn
whether the contracting spleen expels its blood cells randomly or
selectively, Ten dogs were anesthetized with sodium pentobarbital
which markedly dilates the spleen. From each, one ml of splenic
blood was collected in an anticoagulant tube, The spleen was then
gently handled to induce moderate contraction and the blood sampling
repeated. Blood counts were done manually, The dilated (D) and
contracted (C) spleens' blood values were compared by paired Student
"t -tests; P< 0,05 being considered significant, The findings were:
The contracting spleen does not expel all formed elements randomly.
Preferential erythrocyte discharge occurs, thus lowering the splenic
microhematocrit by 9% from 69.8 + 6.6% (D) to 63.3 + 8.5% (C),
(P<£0.05), Reticulocytes are not expelled to the same extent as
mature RBC; their residual splenic concentration being 77% higher
than when dilated, 1.3 +0.9% (D) vs 2.3 +1.8% (C), (P<0.05), Total
and differential leukocyte and platelet counts were not significantly
changed. A corollary of this selective expulsion is that the erythroid
composition and, thus, oxygenation and plasmacrit of the portal part
of the splanchnic circulation changes with splenic tone.

8.5

MEASUREMENT OF HEPATIC BLOOD FLOW BY LASER DOPPLER VELOCIMETRY.
G.L. Riedel*, W.F. Ward and A.P. Shepherd. Dept. of Physiol.,
Univ. Texas Health Science Ctr., San Antonio, Texas 78284
Laser Doppler velocimetry (LDV) could potentially monitor
hepatic tissue perfusion directly, if an optical probe were
placed against the surface of the liver. LDV measures blood
flow continuously in a small volume of laser-illuminated tissue
by determining the Doppler shift that light experiences when
scattered by moving red blood cells. Several different al-
gorithms have been proposed to extract a flow-dependent signal
from the Doppler spectrum. Therefore, we compared a commer-
cially available LDV blood flowmeter (Perimed, Stockholm) with
our prototype (Am. J. Physiol. 242:G668-672, 1982) that uses
a different flow algorithm. 1In isolated rat livers pump-per-
fused via the portal vein, the laser signals from the hepatic
surface and total blood flow were linearly related in each ex-
periment, but flow readings at the center of each lobe were
higher than at the edges. Both instruments were sufficiently
sensitive to measure flow throughout a wide range. A lack
of reproducibility in the flow signal from a particular spot
on the liver's surface was apparently not due to changing sen-
sitivity of the instruments but to variability in the perfusion
of the tissue. We conclude that both instruments provide a
linear measure of flow in hepatic tissue but that the blood
flow variability in the small measuring volume makes it diffi-
cult to calibrate the LDV measurement in absolute units. (Sup-
ported by a grant from the American Heart Association and its
Texas Affiliate.)

8.2
ROLE OF THE SPLEEN IN ERYTHROCYTE VOLUME REGULATION OF THE
CONSCIOUS IMMATURE PIG. Carol A. Bossone* and John P. Hannon.
Letterman Army Institute of Research, Presidio of San
Francisco, CA 94129

When estimated by the dilution of 51Cr-tagged erythrocytes
under near-basal conditions, chronically catheterized
splenectomized pigs (n=20) had a circulating erythrocyte *
volume of 17.8+1.64 (S.D.) ml/kg, a calculated plasma volume
of 42.8+2.69 ml/kg and blood volume of 60.6 ml/kg. Sham-
operated control pigs (n=20) had circulating erythrocyte,
plasma and blood volumes of 16.2+1.39, 44.4+2.96, and
60.5 ml/kg, respectively. In the latter anlmals, kinetic
analysis of splenic erythrocyte sequestration showed a splenic
erythrocyte volume of 4.51+0.89 ml/kg and a t-1/2 of
9.76+1.93 min. Epinephrine 1nJect10n (0.5 m1 of 1 mg/1000 ml
dil) caused rapid mobilization of stored splenic erythrocytes
in sham-operated pigs (n=6) with a hematocrit rise from
0.27+40.01 to 0.35+0.02. Similar results were obtained in
sham—operated pigs (n=9) subjected to 1 min of physical
restraint. In spleg?ctomlzed pigs (n=7), blood Eglume
estimates based on - 'Cr-tagged erythrocyte and I-tagged
albumin dilutions gave circulating erythrocyte, plasma and
blood volumes of 18.4+0.93, 60.7+1.53, and 79.0+2.51 ml/kg,
respectively, and a body to large vessel hematocrit ratio of
0.756+0.011. It was concluded that the porcine spleen
contains substantial stores of readily-mobilized erythrocytes
and that RISA dilution may overestimate porcine plasma volume.

8.4

ADENOSINE AS A PUTATIVE INTRINSIC CONTROLLER OF THE HEPATIC
ARTERIAL BLOOD FLOW. W. Wayne Lautt, College of Medicine,
University of Saskatchewan, Saskatoon, Sask. Canada S7N OWO
The hepatic arterial buffer response (HABR) is the pheno-
menon of arterial blood flow changing in the opposite direc-
tion to portal blood flow changes. The hypothesis is tested
that the mechanism of the HABR involves production of adeno-
sine near the hepatic arterial (HA) resistance vessels.
Reduced portal flow would result in reduced washout of adeno-
sine in this region and would thus result in more adenosine in
contact with the HA. Several criteria must be met. First,
adenosine must dilate the HA. Adenosine is the most potent
dilator yet tested, elevating arterial conductance by 200-400%.
Second, portal blood flow must have access to HA resistance
vessels since changes in portal flow must be able to alter
adenosine concentration at the site of the HA resistance ves-
sels. Adenosine infused into the portal vein produces drama-
tic dilator effects on the HA, albeit at about 1/2 the effec-
tiveness of an equal dose into the HA. Third, potentiatorsof
exogenous adenosine should potentiate the HABR. Dipyridamole,
an adenosine uptake blocker, significantly increases the HABR.
Fourth, blockers of adenosine must also attenuate the HABR.
Isobutyl methyl xanthine (MIX) produced significant reductions
in the dilator response to adenosine and also markedly reduced
the HABR. When the MIX infusion was discontinued, the
responses both returned. The data support the hypothesis that
adenosine is the dilator involved with control of the HABR.
Supported by Canadian Heart Foundation and MRC of Canada.

8.6

REGIONAL DIFFERENCES IN INTESTINAL REACTIVE HYPEREMIA STUDIED
BY LASER DOPPLER VELOCIMETRY. A.P. Shepherd and G.L. Riedel*.
Department of Physiology, University of Texas Health Science
Center, San Antonio, Texas 78284

In a previous study (Am. J. Physiol. 242:G668-G672, 1982)
of regional intestinal blood flow by laser Doppler velocimetry
(LDV), we noted that the mucosa consistently displayed re-
active hyperemia following arterial occlusion but the muscula-
ris did not. Therefore, in this study we measured total blood
flow to isolated loops of canine small bowel with an electro-
magnetic flowprobe on the supply artery. Blood flow in either
the mucosa or in the muscularis was measured by LDV. Total
and mucosal blood flow consistently showed reactive hyperemia
in response to a 60 sec. occlusion, but the muscularis did not.
To determine whether metabolic rate influenced reactive hyper-
emia, we increased enteric oxygen uptake by placing 5% bile
and transportable solutes in the lumen. Following a 60 sec.

‘occlusion, the durations of both total and mucosal reactive

hyperemia were significantly prolonged by increased metabolic
rate. Similarly, the blood flow payback-to-debt ratios in
both flows were significantly increased at elevated metabolic
rate. These data support the conclusions (1) that reactive
hyperemia is more frequent and has a greater magnitude in the
mucosa compared with the muscularis and (2) that both total
and mucosal reactive hyperemia are profoundly influenced by
metabolic conditions. (Supported from a grant from the
American Heart Association and its Texas Affiliate.)
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8.7
LASER-DOPPLER SKIN BLOOD FLOW: CORRELATION WITH PLETHYSMO-
GRAPHY. J.M. Johnson, W.F. Taylor*, A.P. Shepherd and M.K.
Park*. Dept. of Physiol., Univ. of Texas Health Science Ctr.,
San Antonio, Texas 78284

Plethysmographic determinations of skin blood flow (SkBF)
are the source of most of our understanding of that circulation
in man. However, this method is limited to the limbs, is
discontinuous, and does not uniquely measure SkBF. Recently,
laser-Doppler velocimetry (LDV) has been introduced as an
alternate method for measuring SkBF. LDV avoids the above
problems. LDV is based on the frequency shift of coherent
light scattered by moving red cells within surface tissue.
We designed this study to find the relationship between
these two measurements of SkBF. Subjects were warmed with
water-perfused suits which covered the body except for the
arm from which SkBF was measured. Esophageal temperature rose
0.95°C while forearm biood fiow (FBF) rose i4 mi/i00mi+min.
In each of 5 studies, LDV correlated well with FBF (r=0.94-
0.98). However, the slope of the LDV-FBF relationship varied
between subjects as well as on repeat studies with an individ-
ual (40-122 mV per ml/100ml+min). Occlusive zero for the
LDV (160-300mV) and the extrapolated intercept of the LDV-FBF
relationship (246-599mV) were greater than the instrument
zero. We conclude that the two methods are well correlated
within a study. However, the relationship of LDV to FBF
varied among subjects and between studies in a given subject.
(Supported by Grant HL20663)

8.9

OSCILLATIONS IN ENDOCRINE AND CIRCULATORY VARIABLES IN NORMAL

CONSCIOUS DOGS. L. A. Benton*, L. B. Loring® and F. E. Yates.
Crump Institute for Med. Engr., UCLA, Los Angeles, CA 90024

Homeokinetic physics predicts that the stability of living
systems is based on networks of loosely-coupled, nonlinear
thermodynamic oscillators. To test this theory we undertook a
spectroscopic analysis of the adrenal glucocorticoid system.
We examined adrenal blood flow, cortisol secretion rate,
concentrations of cortisol and corticosterone, arterial blood
pressure and heart rate in conscious, unrestrained dogs. We
anticipated that we would discover previously unreported
oscillations among these variables. We collected samples at
15 sec, 5 min, or 10 min intervals for 30 min to 8 hr. From
the resulting time series we were able to detect three
oscillatory epochs: 2 to 4 min, 4+ to 8 min, and 1 to 2 hr.
We found significant oscillations in adrenal variables only in
the 2-4 min and 1-2 hr ranges. In blood pressure and heart
rate we found significant oscillations in both the 2-4 min and
the 4+-8 min range; and a strong oscillation in the 1-2 hr
domain has been reported in the literature. Thus we saw that
heart rate and blood pressure share three oscillations; two of
these are present in adrenal blood variables, and one (the
middle frequency) is not. Circulatory oscillations are not
causal to adrenal oscillations. (Supported by NIH grant GM
23732.)

8.11

EFFECT OF TEMPERATURE ON RABBIT FAR ARTERY RECEPTOR AFFINITY AND
CONTRACTILITY. Michael Roberts, Susan Maben*, and Clayton Turner*.
Dept. of Biology, Linfield College, McMinnville, OR 97128

In isolated ear arteries studied by challenge with exogenous
norepinephrine (NE), maximal contractile strength occurs at 25°C,
and contraction is reduced at temperatures below or above 25° To
determine the mechanism of this effect, we studied the influence of
temperature on two aspects of smooth muscle contraction, receptor
affinity for NE and contractility. Rings of artery were mounted for
isometric tension recording and stimulated to contract in one of two
ways: 1) increasing concentrations of NE from 108 to 1074 M at
99,16°,25°,30°,37°, and 42°; 2)direct electrical stimulation over
the same range of temperatures. 1In the first set of experiments
receptor affinity was measured at each temperature by comparing
dose/response curves before and after the addition of the
irreversible alpha-adrenoceptor blocker phenoxybenzamine. Affinity
was low at 9° and 16°, increased at 259, and reduced again at
temperatures above 25° In the second set, response to direct
electrical stimulation was low at cool temperatures, and high at
temperatures above 25°. Data from both sets suggest that cooling
below 25° reduces contractile responses by two means: low affinity
and low contractility. Warming above 25° reduces responses by a
reduction in affinity even though contractility is high. Supported
by NIH Grant HL-29551 and by Yale University BRSG funds.

8.8

STATIC AND DYNAMIC PROPERTIES OF WIRE LOOP PROBES USED IN
INDUCTION ANGIOMETRY. J. Krueger* and H. Stinnett, Dept.
Elect. Eng. and Physiol., Univ. N. Dak., Grand Forks, ND 58202.

Kolin (Blood Vessels 17: 61-77, 1980) described use of wire
loop probes to measure vessel diameter by induction angiometry;
commercial systems are available. To determine if probes can
follow rapid (cardiac) events without significant vessel wall
distortion, data are needed concerning their elastic compres-
sion force and rate of loop diameter change. Data for probes
with unrestrained loop diameters (UD) of 4.0, 9.4, and 22.5 mm
were recorded during loop compression from 95% to 657 of UD.
Statlc compression for all probes yielded a linear (all F >

P <0.05) regression coefficient of 0.213 (4.0 mm).

0:8;5%’?5 4 mm) and 0.0138 (22.5 mm) grams/% dia. For dynamic
measurements a mechanical device was constructed to pulse (p)
a loop at varied rates (20 to 250 p/m) and compression/expan-
sion ratios (30/70, 50/50, and 70/30). Probe electronic sig-
nals were compared to simultaneous measurements from a linear
variable differential transformer (LVDT, Schavitz Engineering).
Comparison, of transparancy overlays and electronic differen-
tial analysis, of probe and LVDT results indicated the 4.0 and
9.4 mm probes had no hysteresis or lag. The 22.5 mm probe
began to lag at rates over 140 p/m. In relation to reports on
vessel muscle content and contractile force (Fed. Proc. 42:
2601, 1983) these results indicate that the 4.0 mm probe may
be used in arteries but may be too stiff for veins, the 9.4 mm
probe is useful in both, while the 22.5 mm probe may not
fo&ng events in an artery. Part support AHA Dak. Aff. DA-G-04
an .

8.10

IN VIVO DISTRIBUTION OF I-125. HEAT, AN ADRENOCEPTOR, IN MICE.

Mozafar K. Karimeddini*, Sheldon M, Robbins*, Richard P.
Spencer, Univ. Connecticut Health Center, Farmington, CT 06032

HEAT, 2(B-(4-hydroxyphenyl)ethyl-aminomethyl)tetralone, is
available with an I-125 radiolabel, and is an alpha-adrenergic
ligand in vitro. We studied the distribution of I-125 HEAT in
25 gm male CD-1 mice after tail vein injection. Animals were
sacrificed at 15 minutes, the blood and tissues assayed for
radioactivity, and results given as percent dose/gm tissue
(PD/G). Studies were repeated at 3 hours after gastric intro-
duction of 0.6 mg of prazosin (an ch—adrenergic blocker).
Both 24 hour fasted mice and those eating ad libitum were
utilized. The lungs are the first major organ reached by the
injected I-125 HEAT, after the heart. The lungs had the
highest specific activity (27 PD/G). However, radiolabel was
widely distributed; pancreas, kidneys and gallbladder had
high concentrations. Pretreatment with prazosin had only
slight effect on distribution of radiolabel. Urine was
collected and chromatographed on silica gel plates, using
methanol/chloroform (30/50,v/v). The I-125 HEAT had an Rf of
0.82-0.85. Only about 12% of urinary radioactivity corre-
sponded to the original Rf. There was major degradation and/
or metabolism of the I-125 HEAT. Wide distribution of radio-
label, lack of response to prazosin preloading, and chromato-
graphic evidence of alteration, make it problematical whether
I-125 HEAT can be used as an in vivo adrenergic label.
(Supported by USPHS CA 17802, NCI).

8.12

MAGNESIUM-FREE SOLUTION DIMINISHES RELAXATION OF ISOLATED
ARTERIAL SMOOTH MUSCLE BY ADENOSINE AND SODIUM NITROPRUSSIDE.
D.H. Foley. College of Osteopathic Medicine and Dept. of Zoo-
logical and Biomedical Sciences, Ohio Univ., Athens, OH 45701

This study was conducted to determine whether relaxation of
artery strips by adenosine (Ado) and sodium nitroprusside (NP)
would be diminished by the absence of Mg2*. Helical strips of
left coronary and femoral arteries from rabbits were suspended
in baths with physiological salt solution (PSS) at 37°C and
bubbled with 95% 0, + 5%CO,. Isometric contractions were in-
duced with acetylcholine and norepinephrine in coronary and
femoral artery strips, respectively. Ado and NP produced dose-
dependant relaxations which did not change 31gn1ficantly during
two consecutive control trials. However, Mg -free PSS increased
Ado EDsg values from 1.9 x 107 7 to 3.7 x 107 M* in coronary,
and from 4.2 x 107 to 8.8 x 10~7 M* in femoral artery strips.
In Mg2+-free PSS, the EDsy values for NP increased from 2.3 x
10-8 to 6.4 x 10=8 M* in coronary, and from 6.4 x 108 to 3.2 x

10-7 M* in femoral artery strips. These effects were not attri-
butable to greater initial tensionin Mg2+—free PSS. These re-
sults indicate that the capacity for arterial smooth muscle re-
laxation in response to physiological and pharmacological dila-
tors may be diminished by a decrease in the ambient [Mg2+].

This may contribute to increased vascular resistance associ-
ated with low plasma [Mg2+] in vivo.

Supported by the Central Ohio Heart Chapter, Inc.

*(P<0.05)
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8.13

LOW SALT DIET DOES NOT ALTER HEAT STRESS-INDUCED RENAL VASO-
CONSTRICTION IN BABOONS. Duane W. Proppe. Univ. of Texas
Health Science Center, San Antonio, Texas 78284.

Based on the reported predominance of the renin-angiotensin
system (RAS) in mediating renal vasoconstriction in the baboon
during acute environmental heating (EH), this study sought to
determine whether this heat stress-induced renal vasoconstric-
tion would be enhanced during elevated RAS activity produced
by a low salt diet (LSD). Three baboons were chronically
instrumented to measure renal blood flow, arterial blood
pressure and arterial blood temperature (Tp). Individual ex-
periments consisted of subjecting the baboon to high ambient
temperature (40-45°C) until Tp, reached 39.5-40.0°C. These EH
studies were performed while the baboons were on a normal-to-
high salt diet (N-HSD) and 9-18 days after placement on a LSD.
The LSD caused baseline plasma renin activity (PRA) to in-
crease from 2.31+0.84 (meantSE) to 10.36+0.93 ng/ml/hr. Also,
the magnitude of the PRA increase during EH was enhanced while
on LSD--for example, at T,=39.5°C during EH, PRA=10.71%4.30
ng/ml/hr for N-HSD vs. PRA=24.26%4.05 ng/ml/hr for LSD. How-
ever, the magnitude of the fall in renal blood flow and in-
crease in renal vascular resistance (RVR) during EH were un-
altered in the LSD state. For example, at Tp=39.5°C during EH,
RVR had increased by 83.9+14.4% in N-HSD state vs. 87.9+19.0%
in LSD state. Thus, the enhanced activity of the RAS in the
LSD state is not accompanied by an alteration of the heat
stress-induced renal vascular responses in the baboon. (Sup-
ported by NIH Grant HL 27504.)

8.15

EFFECTS OF FELODOPINE ON SYMPATHETIC TRANSMITTER RELEASE AND
VASOCONSTRICTOR RESPONSES TO EXOGENOUS NOREPINEPHRINE IN THE
ISOLATED PERFUSED RAT KIDNEY. M. L. Steenberg*, E. Peter%,
D. C. Eikenburg*, B. S. Jandhyala* and M. F. Lokhandwala.
Department of Pharmacology, College of Pharmacy, University
of Houston, Houston, TX 77004.

Felodopine is a dihydropyridine derivative, anti-
hypertensive agent and considered to be an inhibitor of
calcium fluxes. In the present study, effects of felodopine
on [3H]-norepinephrine (NE) release elicited during sympa-
thetic nerve stimulation and vasoconstrictor responses to
exogenous NE were investiggged in the_%solated perfused rat
kidney. Felodopine (1x10 to 1x10 "M) did not inhibit
stimulus-induced release _of [3H]-NE at 0.5 Hz and 2.0 Hz.
However, felodopine (1x10 ~M) significantly enhanced [3H]-NE
release at both frequencies. Vasoconstrictor responses to
exogenous NE (16 and 32 ng) were progressively reduced with
increasing concentrations of the drug and these responges
were virtually abolished at the concentration of 1x10 °M.
These data are consistent with the observations that
felodopine is more effective in reducing pressor responses of
intravenous NE than that of spinal stimulation in pithed
rats. These studies collectively suggest that the ability of
the drug to reduce vasoconstrictor effects of NE contributes
to its vasodilator activity and to its efficacy as an
antihypertensive agent. (Felodopine was supplied by AB
Haessle, Molndal, Sweden).

8.17

EFFECTS OF CHLORDIMEFORM ON CARDIOVASCULAR FUNCTIONAL PARA-
METERS IN YOUNG, ADULT, AND GERIATRIC RATS. William P.
watkinson*, Eric H. Hoke* and Kathy S. Robinson* (SPON: M.J.
Wiester), U.S. EPA, HERL, Research Triangle Park, NC 27711.
Chlordimeform (CLD), a formamidine pesticide, was adminis-
tered to four groups of pentobarbital-anesthetized Sprague-
Dawley rats in three age brackets. Group A (21-30 d.), Group
B (55-65 d.), and Group C (725-737 d.) animals each received
sequential intraveneous (IV) injections of 5, 10, 30, 60 and
120 mg/kg CLD. Control animals in each group received mul-
tiple injections of normal saline over the same time period.
Heart rate (HR), arterial blood pressure (BP), and electro-
cardiogram (ECG) were monitored for all animals in these
groups. Group D animals (21-30 d.) received a single intra-
peritoneal (IP) injection of either normal saline, or 10, 30,
or 60 mg/kg CLD. HR and ECG were monitored on these animals.
CLD produced both direct and indirect effects on cardiovas-
cular parameters. Acute changes in HR and BP as well as
multiple ECG irregularities occurred with doses as low as
5 mg/kg in Groups A, B, and C. In addition, steady state
values of HR and BP were significantly lower following CLD
injection when compared to both initial control values and to
vehicle-injected controls. Comparable decreases in HR were
obtained in Groups A and D at one hour post CLD injection.
Age-related differences in arrhythmia production and letha-
lity were observed, with the older animals demonstrating
increased vulnerability.

8.14

EFFECT OF RENAL DENERVATION ON THE RENAL RESPONSES OF THE
NONHUMAN PRIMATE TO HYPERVOLEMIA. Thomas V. Peterson, Nancy
L. Chase* and Debbi K. Gray*. Dept. of Medical Physiology,

Texas A&M University, College of Medicine, College Station, TX
77843

In a previous study (Fed. Proc. 42:998, 1983) we reported
that chronic renal denervation does not affect the antinatri-
uretic response to head-up tilt in the monkey. The present
experiments were performed in order to determine if the renal
nerves are necessary for eliciting the renal responses to an
intervention which increases sodium excretion. Male Macaca
fascicularis monkeys underwent chronic bilateral renal dener-
vation or sham surgery and were allowed at least a one week
recovery period. After that time, the animals were anesthe-
tized with sodium pentobarbital and volume-expanded 207% of
estimated blood volume. Two types of volume expansion were
used: one with isooncotic dextran in isotonic saline and the
other with blood which had previously been withdrawn in ex-
change for dextran. Both types of expansion caused similar
increases in urine flow and sodium excretion. Furthermore,
renal denervation did not affect the magnitude or time course
of the diuretic and natriuretic responses to either type of
expansion. These results demonstrate that, in the nonhuman
primate, the decrease in efferent renal nerve activity which
occurs with volume expansion is not necessary for eliciting
the renal excretory effects. (Supported by NIH Grant No. AM
27689 and a Grant-in-Aid from the American Heart Association
in Texas).

8.16

EFFECTS OF NICOTINE ON RENAL AND SPLANCHNIC BLOOD FLOWS
IN CONSCIOUS DOGS. Maria T. B. Bedran de Castro*, H. Fred
Downey, George J. Crystal, and Fouad A. Bashour. Univ.
Texas Health Science Center, Dallas, Texas 75235

Nicotine (24 pg/kg/min i.v.) was administered to six
conscious, instrumented dogs. Left atrial injections of 15 u
radioactive microspheres were made to measure regional blood
flows before (control) and at 3 min and 10 min of nicotine
infusion. Aortic pressure was elevated at 3 min (+46%) and
10 min (+28%). Flows (ml/min/g) were:

Kidney Cortex Pancreas Duodenum Liver Spleen
Control 4.,83+.47 1.71%.09 1.33+,19 . 46%.10 1.58%.23
3 min 4.79+.47 J77£.12%  1.03£.16 .54%.14 2,58+.65
10 min  5.31%.59 sheou* 79k 1uF u6t U 1.89+.37

Mean * SE. * Different from control, P< ,05.

Nicotine caused significant decreases in pancreatic and
duodenal blood flows and vascular conductances. Conductance
was also decreased significantly in kidney cortex. These re-
sults demonstrate heterogeneous effects of nicotine on renal
and splanchnic vasculature of conscious dogs. Supported by
the Cardiology Fund.

8.18
ELASTIN, COLLAGEN AND THE BIOMECHANICS OF ARTERIAL ANEURYSMS.
Philip B. Dobrin. Dept. of Physiology, Loyola University
Medical Center, Maywood, IL 60153

Pressure-diameter relations of dog carotid artery and human
iliac artery were studied as cylindrical segments in vitro.
The vessels were degraded with Worthington ESFF elastase for
16 H or Worthington CLSPA collagenase for 2 H. Treatment of 18
dog vessels with 8u elastase produced 1317% dilation at 100
mmHg but did not cause vessel rupture. Treatment of 18 dog
vessels with 64y collagenase produced only 1097% dilation at
100 mmHg, but caused rupture in all vessels tested. Sequential
treatment with both enzymes (N=18) produced dilation to 141%
at 100 mmHg and rupture of all vessels. Thus, intact elastin
is necessary for maintenance of normal dimensions, but intact
collagen is required for wall integrity. In 32 human external
iliac arteries, treatment with 40u elastase of 320u collage-
nase caused only slight dilation (105% at 100 mmHg), but only
treatment with collagenase caused vessel rupture. This sug-
gests that the compliance of elastin in these aged vessels is
restricted by collagen. Clinically, human internal iliac
arteries become aneurysmal more frequently than do external
iliacs. Therefore 9 internal iliac arteries also were studied.
Treatment with 40u elastase or 320n collagenase produced 105%
dilation, but collagenase elicited a marked decline in stiff-
ness and then rupture. Conclusion: arterial integrity requires
intact collagen rather than elastin, and human internal iliac
artery is especially dependent upon intact collagen.
(Supported by NIH HL26056 and a VA Clinical Investigatorship)
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8.19

PHYSOSTIGMINE ENHANCEMENT OF THE CEREBROVASCULAR RESPONSE TO
HYPOXIA. Oscar Scremin, Dennis M. Hudsor* and Ralph R.
Sonnenschein. UCLA School of Medicine, Los Angeles, CA 90024
Physostigmine (P), a cholinesterase inhibitor, prolongs
survival under hypoxic hypoxia (Stroke 10:142, 1979; 11:548,
1980). The present investigation evaluates the possible con-
tribution of cerebrovascular adjustments to this phenomenon.
Internal carotid blood flow (ICBF) was measured with an elec-
tromagnetic flowmeter in rabbits (70% N20). Under moderate
hypoxia (FIOZ=1OZ), ICBF increased to 118%+9 of control (X +
SE, n=5). Following 0.3mg/kg P (i.v. bolus), this response
of ICBF was considerably enhanced (215Ztﬁ3). The increase in
ICBF under severe hypoxia (FI0=7%), (212%+36), was only
slightly augmented by P (284%+51). The enhancement by P of
the ICBF response to moderate hypoxia could not be explained
by the 20% increase in arterial pressure. To evaluate the
possible contribution of changes in cerebral 0y uptake (CMROZ),
sagittal sinus blood flow was measured (HZ clearance) and
blood was sampled from this same vessel and from the abdominal
aorta. Under moderate hypoxia, P induced a decrease in CMRO,
(hypoxia=8+1.3; hypoxia+P=4.8+1.8m1/100g-min; n=3) and an in-
crease in cerebral venous 0, saturation (hypoxia=8.2+1.4; hy-
poxia+P=13+1.5%). Conclusion: the increase in blood flow and
venous Op saturation and the decrease in CMRO; caused by phy-
sostigmine might play a role in the prolonged survival under
hypoxia induced by this drug. (Supported by AHA-GLAA 4371G).

8.21
ACTIVATION OF RENAL LIPOXYGENASE PATHWAYS IN DOGS BY WATER

DEPRIVATION. Larry P. Feigen, Tulane Medical Center,
New Orleans, LA 70112.

Arachidonic acid (AA) is the metabolic substrate for
cyclooxygenase and lipoxygenase enzymes. The former leads
to prostaglandins and the latter to lipoxygenase products
(LP) including leukotrienes. In anesthetized dogs, renal
blood flow was measured electromagnetically and 4 mg AA was
injected into the renal artery. In 2/3 of the dogs that had
free access to water, AA injection lead to renal vasodilation
and in 1/3 it led to initial vasoconstriction followed by
vasodilation. 1In 80% of dogs that were water deprived for
15-18 hours prior to experiments, AA injection led to a
biphasic response. The dilator portion of responses to AA
was blocked by ibuprofen (a cyclooxygenase inhibitor). The
constrictor portion was not affected by ibuprofen but was
blocked by Tipoxygenase inhibitors. Direct injection of
leukotrienes Cq, Dg and E4 into the renal artery produced
only vasodilation and these agents were not very potent at
doses up to 10 ug. These data show that dog kidneys possess
the capacity to convert AA to LP. The pathway appears to be
normally inactive but can be activated by water deprivation.
The LP formed are probably not leukotrienes. (Supported by
NHLBI Grant #28356).

8.20

LIVER BLOOD FLOW BY THERMODILUTION TECHNIQUES. Samuel A.
Cucinell,* Gordon H. Bryant,* and Peter J. Barcia.* (SPON:

J.R.CTaybaugh). TripTer Army Medical Center, Honolulu, Hi
96859.

The anatomic position of the hepatic veins lend themselves
to the determination of hepatic venous blood flow by the
algebraic difference of inferior vena caval (IVC) blood flow
at a point cephalad to renal veins but caudal to the hepatic
veins, and at a point cephalad to the hepatic veins but below
the atrium. Initial studies in dog using electromagnetic
flow probes encircling the IVC and thermodilution catheters,
placed percutaneously at the same points in the IVC, gave
comparable estimations of the blood flow. However, inaccu-
rately high estimation of HVBF was obtained comparing portal
venous blood flow (hepatic artery ligated) to percutaneously
placed thermodilution catheters in the IVC in the pig. The
reason is the loss of the cold thermodiluent in the IVC in
the pig. By a comparing of the cardiac output, after atrial
and femoral vein injection of the thermodiluent, the number
of calories exchanged with the IVC wall can be calculated.
From zero to 50% of the thermodiluent calories may be lost
depending upon cardiac output, the absolute amount of
calories injected, the temperature difference between the
injectate and the pig, the speed of blood flow, and the
absolute temperature of the animal.
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9.1

THE ACUTE EFFECTS OF REST ON VENTILATORY MUSCLE (VM) FUNCTION
IN PATIENTS WITH SEVERE CHRONIC AIRFLOW LIMITATION (CAL).

B. Rabinovitch®*, R.L. Pardy®, S.N.A. Hussain®, P.T. Macklem,
Montreal Chest Hospital and Meakins-Christie Labs., McGill
University Clinic, Montreal, Quebec.

We studied 7 patients with severe CAL (FEV1/VC{ 40%) by
imposing VM rest for 1 hour with an Emerson chest respirator.
Control measurements of maximum voluntary ventilation (MVV),
Max inspiratory (PImax) and expiratory (PEmax) mouth pressures,
max. transdiaphragmatic (Pdimax) pressure and minute oxygen
consumption (VOp) were made. Diaphragm electromyogram (EMG)
was recorded with an esophageal electrode. The power in high
(H:138-238 Hy) and low (L: 20-40 Hyz) frequency bands, the
ratio of the two (H/L ratio) and the relationship of the
rectified integrated EMG (Edi) to Pdi (diaphragm contractility)
were measured before the VM were rested. After 1 hour rest
there were increases (p € .05) in Pdimax, diaphragm contrac-
tility and H/L ratio. We conclude that the VM account for up
to 20% of resting 002. Even short periods of VM rest improve
diaphragm function in severe CAL. We suggest that VM rest
as well as VM training is a reasonable approach to therapy
of such patients.

Supported by Royal Edward Laurentian and Parker B Francis
Foundations, MRC (Canada), Iraqi Ministry of Higher Education.

9.2

CHEST WALL(CW) RESTRICTION IN EXERCISE. S.N.A. Hussain¥,
P.T. Macklem and R.L. Pardy*. (SPON: J.Milic-Emili). Meakins-
Christie Labs, McGill Univ., and Montreal Chest Hospital.

We studied the effects of rib cage (Rc Res) and Abdominal
(Ab Res) restriction on breathing pattern and pressure gener-
Qtion in 5 subjects exercising to exhaustion (tlim) at 807
Wmax. During exercise, transdiaphragmatic (Pdi), pleural(Ppl),
and gastric (Pga) pressures, and rib cage (Vrc) and abdominal
(Vab) volume contributions to tidal volume(VT) were measured.
Without CWl restriction mean tlim (*SE)was 6.7%t0.8 min. Venti-
lation(VE)increased progressively to 1109 1min~L. vrc AVt
was 66%. APdi insp.increased(due predominantly to greater A

Ppl) to a plateau in the first 3 min. of exercise. APga exp.
increased progressively due to abdominal muscle recruitment.
CW restriction was produced by an inelastic corset. AB Res
reduced VC 13%Z and FRC 37%Z, and increased Vrc ZVT to 85Z. Ab
Res produced no change in tlim, VE or Vy in exercise but in-
creased both APdi insp.(due to greater APga/APdi) and OPga
exp. Rc Res reduced VC 317, FRC 1?2 and Vrc %ZVT to 23%. RcRes
decreased tlim by 377. Although Vg and APdi insp. in exercise
up to tlim were unchanged, VT was less with Rc Res and APga
exp. was increased. We conclude that either Ab Res or Rc Res
alter the pattern of ventilatory muscle recruitment inexercise.
Preventing intercostal-accessory muscle contribution to the
increased Vp by Rc Res diminished exercise performance at 80%
Wmax (Supported by: Iraqi Ministry of Higher Education, MRC
of Canada, and the Parker B. Francis Foundation).
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*
ORO-NASAL BREATEING AND THE SOFT PALATE. D.C. St¥nescu and
D.0. Rodenstein (Spon. J.A. Will). Cliniques Universitaires
St. Luc, Cardiopulmonary Laboratory, Brussels, Belgium.

We investigated in 20 normal naive subjects the ability of
the soft palate to direct airflow during breathing. Subjects
were connected to a spirometer, without nose clip. No instruc-
tions were given on the breathing route. During quiet respira-
tion 15 subjects breathed solely through the nose, despite an
open mouth. During forced vital capacity (FVC) maneuvers, 19
subjects expired exclusively through the mouth. When specifi-
cally asked to breath quietly through the mouth, pure nasal
breathing was no more observed. Tidal volume (Vt) (or FVC)
were comparable when subjects were asked to breath through
the mouth, without and with a nose clip : 0.67 + 0.46 L vs
0.60 + 0.21 L for Vt; 4.05 + 0.65 L vs 4.18 + 0.70 L for FVC.
In 8 separate volunteers, the soft palate was shown by fluo-
roscopy to close the oropharynx during quiet breathing (re-
sulting in pure nasal breathing), and to close the nasopha-
rynx during FVC efforts (resulting in mouth breathing). These
data suggest that when both mouth and nose are open, the soft
palate makes the choice of the breathing route.

9.5

REGIONAL VOLUMES (Vr) IN EXCISED RIGHT CAUDAL DOG LUNG LOBES:
AIR FILLED-SALINE SUBMERGED. L.E. Olson, T.A. Wilson, D.
Stamenovic*and J.R. Rodarte. Mayo Clinic & Fnd., Rochester,
MN 55905 and U. of Minn., Dept. of Aerospace Eng. & Mechanics,
MN 55455,

Gillett et al (JAP 51:1457, 1981) found a vertical gradient
in Vr in lobes submerged in chlorothene less than that pre-
dicted from the pressure-volume (PV) curve. We suspended 3
lobes containing lead markers by strings glued to the cephalic
surface as if in an upright dog: cephalocaudal, z, was ver-
tical and dorsal ventral, x, and transverse, y, were horizon-
tal. At constant lobe volume, orthogonal videoroentgenographs
were recorded before and after submersion in saline. Ptp
unsubmerged was 6,9, and 12 cmHp0. During submersion,
bouyancy was overcome by a clip attached to the lobe tip. Vr
and large deformation strains in the x, Exx, y, Eyy, and z,
Ezz directions were computed. During submersion, Ptp
decreased at the bottom and increased at the top which pro-
duced vertical gradients in x and y strain and thus volume.
Exx and Eyy were < 0 at the bottom > 0 at the top and similar
to the strain which would occur if Vr were uniquely determined
by local Ptp. The volume gradient was less than that pre-
dicted from the uniform PV curve because bouyancy forces pro-
duced a positive vertical strain (Ezz) which was greatest at
the bottom and nearly equal to Exx and Eyy at the top. This
is consistent with a simple model based on linear elasticity
and explains the reduced Vr gradient. Supported by HL 21584,
4664, and 07222.

9.7

INTERREGIONAL BREATH SOUND COMPARISONS CAN QUANT-
TATE LOBAR AIRWAY NARROWING AND AIRWAY DISTENSIBIL-
ITY. P. E. Krumpe* and J. P. Smith* (SPON: H.
Boushey). VA Medical Center, Martinez, Ca 94553.

Inorder to determine if breath sound intensity
(I,) reflects regional airway dynamics, we compared
inspiratory I, and time delays {TD) between pzak I
in 16 pairs o% homologous lobes at various transpu?-
monary pressures (P., cm H,0) before and after lobar
airway narrowing (L&N) produced by proximal airway
rigid stints or distensible elastic bands in 6 exci-
sad dog lungs. Airway diameters (D) were measured
from bronchograms at static P., and I,and TD at id-
entical inspiratory flows. Slgnificagt differences
(P& .05 by ANOVAR) were as follows: Before LAN, Ié
and D* as P4 ; TD was always « 20 msecs. With
rigid LAN, B and I, did not change and TD remained
» 500 msecs at all levels ¢f P.. With elastic LAN,
D of LAN was ¢ 50% of control 1lobe D at P.= 0 and 2,
but increased » 80% of control lobe D at P,= 10 and
15. I, and TD were similar to rigid LAN at low P
but similar to baseline data at higher P;. We con-
clude that proximal LAN can be identifieé by TD of
peak I, over the narrowed region when D-LAN/ D-homo-
logous lobe is between 50% and 80%. Furthermore,
the distensibility of LAN can be infered from chang-
es in TD as PL increases from 0 to 15 cm HZO'

9.4

HEART WEIGHT AFFECTS THE DISTRIBUTION OF LUNG SURFACE PRES-
SURES. E. Bar-Yishaff R.E. Hyatt, J.R. Rodarte, and T.A.

Wilson. Mayo Clinic and Fdn., Rochester, MN 55905 & Univ. of

Minn., Aerospace Eng. & Mech., Minneapolis, MN 55455.

In upright dogs the vertical transpulmonary pressure gra-
dient (VTPG) disappears after pneumothorax (PNX) (JAP 34:590,
1973). We confirmed this finding and observed the heart to
move downward and posteriorly with PNX, thus raising the
question to what extent is the heart supported by the lungs?
We studied a theoretical linear elasticity model using finite
element analysis. The lung (L) and heart (H) were assumed to
be symmetric along the vertical axis with dimensions obtained
from chest radiographs. Reported values of elastic properties
of L at FRC and H were assigned. The model was generated
first without the heart (L). The heart was then added (L+H).
Finally, the effect of doubling heart weight (L+2H) was in-
vestigated. The results for L supported by its own weight
were similar to those of West and Matthews (JAP 32:332, 1972)
although the use of more realistic elastic properties caused a
parallel shift in surface pressure values. Adding the heart
caused VIPG to increase from 0.2 to 0.32 cmHp0/cm height, and
to 0.52 for L+2H. When the lungs were inverted, surface pres-
sures were less negative than in upright position for L, L+H
and L+2H. For L VTPG's were similar in both positions. How-
ever, for L+H and L+2H, VTPG's inverted were lower than up-
right. Heart weight may thus explain why VTPG in the upright
dog is greater than lung specific density and why VTPG dimi-
nishes with inversion. Supp. by HL21584 and P.B. Francis Fdn.

9.6

EFFECTIVE IMPEDANCE OF HUMAN RESPIRATORY SYSTEM.
Arthur B. Otis and Cobern V. Peterson, Jr. Dept.
of Physiology, University of Florida, Gainesville,
FL 32610.

A human subject with lung volume at FRC makes a
gradually increasing inspiratory effort against a
closed shutter. When mouth pressure (Pa ) reaches
a chosen preset value (P ), the shutter 8brupt1y
opens. Flow (V) and P are recorded continuously.
PO is the pressure devd oped by the inspiratory
muscles (P ) at the time of shutter opening. We
assume tha fhe "effort" or degree of activation
of the muscles remains constant for up to 0.1 sec
after the shutter opens. Thus the pressure grad-
ient from muscles to mouth is P - P and the ratio
(p -P )/V is the effective impedan%g of the resp-
ir to%? system. Our data show that V peaks within
0.015 sec after shutter opening and P rises
rapidly during the same period. During the next
0.1 sec V tends to fall gradually and P -P_ _ slowly
rises, while effective impedance increases? This
increasing impedance may reflect: 1) an increasing
elastic load resulting from changes in shape and
volume of the chest; 2) less favorable positions on
length-~tension curves of inspiratory muscles; and
3) increasing airways resistance. (Supported in
part by NIH Grant HL 28263)

9.8

TRACHEAL LUNG SOUNDS WHILE RECORDING QUASI-STATIC PRESSURE-
VOLUME CURVES OF EXCISED RAT LUNGS. D.G. Frazer, L.D. Smith,*
C.E. Turick* and N.F. Nehrig*. NIOSH, Dept. of Physiol.
W.V.U., Morgantown, W.V. 26505 & F.S.C., Fairmont, W.V. 26554
Excised lungs from Long Evans Hooded male rats were
inflated-deflated in a saline-filled plethysmograph housed in
an anechoic chamber. The lungs were continuously ventilated
for 10 cycles at two different rates (1 and 4 minutes to
inflate). Lung sounds were detected as pressure variations
(Pg) with a microphone acoustically coupled to the tracheal
cannula. The following measurements were made as the lung was
ventilated: a) the pressure-volume (Py-Vy) curve, b) Py
versus Py, c) the instantaneous apd average spectral content
of the sound, and d) values of %S(Pg) dt, (IPg), during
lung inflation and deflation. Results showed that coarse and
fine crackles were produced in the excised lung during infla-
tion. The crackles were most intense near the '"knee'" of the
curve but continued to occur until maximum volume (TLC) was
reached. The lung was silent during deflation until airway
closure occurred. It was found that nearly all crackles were
composed of the same spectral content having significant
frequency components between 1 KHz and 12 KHz. Gas trapping
occurred in the slowly ventilated lung (Frazer and Weber, JAP,
1976) and reached 75% TLC after 10 inflation-deflation cycles.
Since crackles occurred during all 10 cycles, alveolar
atelectasis prior to lung inflation was not required for sound
generation. Lastly, it was found that during inflation IPg
was essentially the same at slow and fast rates.
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9.9

Magnitude of the interaction between the bronchomotor effects
of sulfur dioxide and those of dry(cold)air. D Sheppard# WL
Eschenbacher* HA Boushey, RA Bethel* San Francisco General Hos-
pital and Cardiovascular Research Institute, UC San Francisco.
We studied the interaction between airway drying(cooling)and
inhalation of sulfur dioxide(S02)in 8 subjects with mild asth-
ma. On three days we measured specific airway resistance(SRaw)
before and after the subject performed voluntary eucapnic hy-
perpnea at a constant ventilation(30-401/min)for successive 3
min periods with doubling concentrations of S02 in dry cold
air, in dry warm air, and in partially humidified warm air,

and calculated the concentration that would increase SRaw by
100% over baseline(Pcl00). The Pcl00 for dry cold air with S02
(0.51+0.20ppm;mean+SD)and for dry warm air with S02(0.59+0.41)
did not differ and were both significantly lower than the Pcl00
for humid wam air(0.87+0.41). Repeated hyperpnea with dry
cold air without S02 at the same ventilation had no effect on
SRaw. We then had the same subjects perform hyperpnea at in-
creasing ventilation with dry air alone, dry air with 0.lppm
S02, or dry air with 0.25ppm S02 and calculated the ventilation
that would cause an 807 increase in SRaw under each condition
(Pv80). The Pv80 for hyperpnea with 0.25ppm S02 was signifi-
cantly lowerthan that for dry air without S02. We conclude
that sulfur dioxide causes bronchoconstriction at lower concen-
trations when it is inhaled in dry air than when it is inhaled
in partially humidified warm air, and that concentrations of
S02 as low as 0.25ppm can potentiate the bronchoconstriction
caused by hyperpnea with dry air itself.

9.11

Repetitive Exercise arnd the Refractory Period in Asthma. BR.M.
Pichurko,* E.R. McFadden, Jr., B.P. Sullivan,* and P.H. Ingram,
Jr. Shipley Institute of Medicine, Brigham and Women's
Hospital, Boston, MA 02115

To characterize the events associated with repetitive exer-
cise in asthma, we had 8 subjects undergo exhausting leg exer-
cise under controlled inspired air conditions. Prior to,
during and after the challenge, we measured peak expiratory
flow rates (PEFR). Six minutes after completion of the work
load, while the subjects were experiencing acute bronchospasm,
they were re-exercised and the above measurements repeated.
The initial exercise produced an increase in PEFR of 16.2 *
2.5 (SEM) 7% followed by bronchoconstriction when exercise
ceased (APEFR -21.8 * 5%). During the second challenge the
obstruction resolved and PEFR rose 43.3 * 6.1%. When the
subjects stopped work the obstruction returned. Assessment
of the size of the response by comparison of pre and post
challenge data makes the subjects appear refractory (Ex 1
change = 21.8 * 5% vs Ex 2 = 2.6 * 6.0%), however, when
mechanical changes are determined from the final minute of
exercise to the point of maximal response, no refractoriness
is seen (APEFR Ex 1 = 32.7 * 3.7% vs Ex 2 = 30.8 * 4.3%).
These data are incompatible with the concept of mediator
depletion playing a major role in the development of the re-
fractory period. Possibly catecholamine release associated
with physical exertion might be a major determinant of this
phenomenon.

9.13

CLOSED VS OPEN LOOP METHODS FOR DIRECT DETERMINATION OF
SPECIFIC AIRWAY CONDUCTANCE. W.S. Krell*, K.P. Agrawal, and
R.E. Hyatt. Mayo Clinic/Foundation, Rochester, MN 55905.
Specific airway conductance (SGaw) can be derived directly
from the relationship between airflow changes at the mouth and
flow related pressure changes measured while a subject
breathes in a body plethysmograph (Resp. Physiol. 210:65,
1980). The ratio of airflow to flow related box pressure
changes is conventionally determined during panting (closed
loop method) but can also be measured during tidal breathing,
using an open loop method (Resp. Physiol. 43:23, 1981). We
compared the value for SGaw obtained during inspiration by
each method in 21 normal volunteers and 10 patients with
FEV, < 75% predicted normal. Results obtained by the two
met%ods correlated well (R=0.87, p< .001). The variance of
the closed loop method was 5.8% and of the open loop 5.3%.
Two observers' measurements were compared; the median of the
coefficient of variation was 5.5% (mean 6.4%). We conclude
that values for SGaw by the open loop method are not signifi-
cantly different than those of the closed loop method. The
variability in each is similar. 17/21 normal subjects and
7/10 patients found the tidal breathing easier to perform, and
the technicians judged it simpler to teach in 28/31 cases.
The open loop method provides an accurate and simple way to
obtain SGaw. It may be especially useful in cases where re-
peated measurements are desired. (Supported by USPHS grant
HL21584 and the Parker B. Francis Foundation).

9.10

A CANINE MODEL OF CHRONIC SMALL AIRWAY INJURY INDUCED BY
NITRIC ACID. S.G. Peters and R.E. Hyatt, Mayo Clinic and
Foundation, Rochester, MN 55905.

We sought to create a model of chronic small airway disease
in dogs which avoids long term toxic exposure. Modifying a
proposed model of bronchiolitis obliterans (Whitley et al.,
ARRD 125:189, 1982) 5 anesthetized mongrel dogs were exposed
on alternating days for 4 weeks to 1% nitric acid (HN03) nebu-
lized through an endotracheal tube, or through a catheter in
the mainstem bronchus of each lung. Controls were treated
with saline. Studies of lung mechanics prior to treatment and
after 2 and 4 weeks of exposure included volumes, static and
dynamic compliance (Cgt, Cdyn), airway resistance (Rp), flow-
volume curves on air and 80% He-20% O for flow at 50% VC
(V50), density dependence (Vmaxsp) and volume of isoflow
(VisoV), and single breath Op for slope of phase III (aNp/L),
closing volume (CV) and closing capacity (CC). Significant
changes are shown'below (mean + S.D. p<.05). There were also
increases in VisoV and CC, and decreased Cdyn. Cgt, AVmax50

and CV were not Baseline P 4 Weeks
significantly ve(L) 1.76 %.29 1.23 x.23
changed. Control V505ip (L/s) 9.5 +.91 4.4 g2.2
dogs showed no Ry, (emHx0/L/s) 1.2 #.b4 4.0 1.8
significant ANo/L (%) 2.3 #.6 8.3 3.0

changes. Histologically, HNO3 exposure resulted in acute and
chronic changes of small airway inflammation. This provides a
model for further studies of peripheral airway injury.
Supported by Grant HL 21584.

9.12

METABOLISM OF NOREPINEPHRINE DURING NERVE STIMULATION IN DOG
TRACHEA. James A. Russell and Katharyn W. Kircher.* SUNY
at Buffalo, Buffalo, N.Y. 14214,

We determined the relative importance of neuronal and
extraneuronal uptake in the metabolism of norepinephrine
(NE) released during electrical stimulation (ES) of iso-
lated canine tracheal smooth muscle (TSM). Strips of TSM
were labelled with L-[3H] NE (2 x 10~7M) and mounted for
superfusion. Superfusate was collected continuously before,
during, and after ES (15 V, 0.5 ms., 5 H;). Measurements
were made of [3H] NE and its metabolites in superfusate
and in tissue. Neuronal uptake followed by metabolism was
estimated by measuring the amount of 3,4-dihydroxyphenyl-
glycol (DOPEG). Extraneuronal uptake was estimated by
measuring O-methylated metabolites (OMM). ES caused large
increases in the efflux of NE, DOPEG and OMM from TSM.
However, the overflow of OMM was 5 times greater than that
of DOPEG. Cocaine (2 x 1079M) abolished the increased
efflux of DOPEG during ES and enhanced the overflow of NE
and OMM. We conclude that extraneuronal uptake constitutes
the primary metabolic pathway for NE released from adren-
ergic nerves innervating TSM.

(Supported in part by grants HL 01074 and HL 27672 from
NHLBI.)

9.14

HINDLIMB MUSCULAR CONTRACTION REFLEXLY RELAXES TRACHEAL SMOOTH
MUSCLE IN DOGS. M.P. Kaufman* and K.J. Rybicki* (SPON: J.H.
Mitchell). Univ. of Texas Health Science Center, Dallas, TX
75235

Although contraction of hindlimb skeletal muscle is well
known to reflexly increase ventilation, heart rate and arter-
ial pressure, little is known about the reflex effect of this
maneuver on airway smooth muscle tone. Therefore, in chlora-
lose-anesthetized dogs, we recorded transverse tension from
the trachealis muscle while we contracted both gracilis mus-
cles by electrically stimulating the gracilis nerves at 5 and
40 Hz. In 4 of the 5 dogs studied, static (40 Hz) contraction
decreased tracheal tension by 22#4 grams. In the remaining
dog, static contraction increased tension by 6 grams. The
contraction-induced changes in tension were abolished by
paralyzing the dogs and were restored after the paralysis had
worn off. In addition, contracting the gracilis muscles by
stimulating the cut peripheral ends of the gracilis nerves
when the dogs were not paralyzed had no effect on tracheal
tension. Rhythmic contraction (5 Hz) decreased tension in
those dogs in which static contraction decreased tension and
increased tension in the one dog in which static contraction
increased tension. The changes in tension evoked by rhythmic
contraction were prevented by paralysis and were not present
when the peripheral cut ends of the nerves were stimulated.
In addition, the changes in tension were not secondary to
changes in arterial pressure. We conclude that muscular con-
traction reflexly relaxes tracheal smooth muscle in most dogs.
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MORPHOLOGICAL AND PHARMACOLOGICAL STUDY OF CULTURED AIRWAY
SMOOTH MUSCLE CELLS. Richard J. Adams,* May Tom-Moy,* and
James K. Brown* (SPON: J.A. Nadel). Veterans Administration
Medical Center and Cardiovascular Research Institute,
University of California, San Francisco, CA 94121.

Our objective was to culture airway smooth muscle cells,
characterize them morphologically, and develop techniques for
testing their responses to pharmacological stimuli. Strips of
canine trachealis muscle were treated with purified collagen-
ase and elastase, mechanically dispersed, and incubated on
plates for 4-7 days. Yield of viable cells was 1.7+0.5 x 107
(meantSD, n=11) per gram muscle. By electron microscopic ana-
lysis, incubated cells showed basal lamina on the outer sur-
face of the plasma membrane, caveolae on the inner surface,
and myofilaments in the cytoplasm. When cells were incubated
on rigid polystyrene and exposed to acetylcholine (10-4M), no
morphologic changes were detected by phase contrast microscopy.
When cells were grown on pliable silicone substrata, formed by
flaming the surface of dimethylpolysiloxane (60,000 cP), expo~
sure to acetylcholine (10-6M) induced the appearance of exten-
sive wrinkles on the rubber sheets within 1 min; wrinkling was
rapidly reversed by atropine (10-6M). When human skin fibro-
blasts were grown on the silicone substrata, acetylcholine
(10-4M) did not produce morphological changes. We concluded
that these techniques were suitable for the pharmacological
study of monolayers of cultured airway smooth muscle cells.
(Supported by USPHS grant HL-27669 and grants from the
Veterans Administration and California Lung Association.)

9.17

DYNAMIC COMPLIANCE (Cdyn) AS A MEASUREMENT OF TRAPPED GAS IN
BRONCHOCHALLENGED AWAKE GUINEA PIGS. M.J. Wiester, J.L.
Tepper*, C.J. Setzer* and J.A. Graham*. U.S., EPA, RTP, NC
27711. Northrop Services Inc. RTP, NC 27709.

The relationship between the plethysmographic measurement
of Cdyn and total gas volume (TGV) was evaluated during his-
tamine aerosol exposure in 650g. guinea pigs. One day prior
to challenge, intrapleural and right heart cathers were im-
planted. Tracheal cannulas with a port to measure pressure
and a rubber tip to occlude the airway were placed in some
animals on the day of the challenge. Tidal volume, intra-
pleural and tracheal pressure were recorded. Cdyn was computed
during tidal breathing at zero flow and TGV, was computed using
Boyles law. Additionally, TGV's were obtained from animals
instantly killed in the plethysmograph with I.V. MgSO4 at
predetermined Cdyn values. Their lungs were removed and TGV
measuared by water displacement. Results showed that histamine
challenge is accompanied by a reversible hyperinflation,
Tracheal pressure during occlusion was identical to the intra-
pleural pressure regardless of the TGV, Control levels of TGV
were found to be 4-5 ml with both measurement procedures and
histamine produced increases as high as 22-25 ml., Decreases in
Cdyn were functionally related to increases in TGV up to 13-
15 ml. Blood gas values, tidal volume, and breathing rate were
unreliable predictors of TGV. We conclude that in guinea pigs
plethysmographic values of Cdyn reflect TGV and can be used to
estimate the amount of trapped air in the lung during histamine
challenge.

9.16

MECHANISM OF SUBSTANCE P INDUCED CONTRACTION OF
THE ISOLATED RABBIT AIRWAY. David T. Tanaka* and Michael M.
Grunstein. Natl. Jewish Hosp/Nat.Asthma Center and Univ. of Colo.
School of Med., Denver, CO. 80206.

Substance P (SP) contracts airway smooth muscle, however, the
mechanism(s) underlying this response has not been systematically
evaluated. To elucidate the mechanism of SP-induced airway con-
striction, isometric tension developed by rabbit tracheal ring seg-
ments placed in modified Krebs-Ringer solution was separately
tested to methacholine, SP, and its agonist analog (pGluZ,Sar”)-
SP(SP ) Methacholine (M), SP, and SP_ produced dose-dependent

The peak tension with SP, averaged 29.1% (range: 9 to 59%) of the
maximal tension developed with M. Blockade of both parasympa-
thetic ganglia with hexamethonium and neural transmission with
tetrodotoxin had no significant effect on the TSM response to SP_.
On the other hand, TSM contraction with SP, was: (1) marked?y
augmented (mean % increase = 440%) by pre-treatment with the
cholinesterase inhibitor, neostigmine; and (2) partially inhibited
(mean % decrease = 35%) by the cholinergic antagonist, atropine
sulfate (lO'SM) The TSM re onse t? ; was completely blocked
by the SP antagonist (D- Pro ,D-Trp’? These data indicate
that: (1) SP produces dose-dependent contraction of TSM; (2) the
latter is due both to a direct action (i.e. SP receptor binding) on TSM
as well as the release of acetylcholine (Ach); and (3) since the re-
sponse to SP is unaffected by blockade of neural transmission, it is
likely that the Ach release occurs at the neuromuscular junction.

COMPARATIVE PHYSIOLOGY: RESPIRATION AND CIRCULATION I

10.1
RESPIRATORY COMPENSATION TO METABOLIC ALKALOSIS IN THE YUCATAN
MINIATURE BOAR FOLLOWING IMPLANTATION OF DESOXYCORTICOSTERONE-
ACETATE (DOCA). J.M. Terris, Department of Physiology, Uni-
formed Services University, Bethesda, Maryland 20814

With infrequent exceptions, metabolic alkalosis, unlike
other acid-base disturbances, has been reported not to result
in a compensatory increase in arterial PCO2 (PaC02). The res-
piratory response to metabolic alkalosis resulting from excess
mineralocorticoid has not been documented. The present study
was performed to evaluate the respiratory response tometabolic
alkalosis which results following implantation of DOCA in Yuca-
tan miniature swine. Animals received tap water ad libitum and
a pre-determined quantity of pig chow meal supplemented with
NaCl (sodium intake 4.5 mEq/Kg body wt/day). Blood samples
(indwelling carotid catheters) were obtained daily. After one
week of stable baseline measurements, implants (silicone, N=8
animals, or silicone + 100 mg DOCA/Kg body wt, N=9 animals)
were placed subcutaneously under light Surital anesthesia.
Observations were continued for 3 weeks. Five days post-DOCA,
PaCO2, serum pH, bicarbonate, carbonic acid, CO2 capacity, and
CO2 content were significantly elevated. PaCO2 remained rel-
atively constant during the remainder of the study. Serum pH
and bicarbonate continued to rise. CO2 content exceeded CO2
capacity. Although compensated pH was consistently less than
uncompensated pH, it did not return to control. It is con-
cluded from these studies that respiratory compensation to
metabolic alkalosis in these animals is minimal, and is vir-
tually complete within 5 days following DOCA administration.

10.2
RESPIRATORY ADAPTATIONS FOR DIVING IN THE MUSKRAT. Gregory K.
Snyder and Edward Binkley*. Department of EPO Biology, Box
334, University of Colorado, Boulder, Colorado 80309

Selected components of the total oxygen stores, blood res-
piratory properties and capacity for anerobic energy production
were compared in the muskrat, Ondatra zibethica, and the
laboratory rat. Of the potential oxygen stores, lung volume
and blood hemoglobin concentrations were comparable for the
two species while skeletal muscle myoglobin, 13.3 + 0.5 mg/g,
was over four-fold higher in the muskrat. The whole blood PSO’
24.4 + 1.4, and Hill coefficient, 2.4, were significantly
lower in the muskrat while the Bohr effect, -0.64 + 0.07, was
significantly higher for the diving species. Blood buffering
capacity and red cell 2,3-DPG were comparable. Differences in
the capacity for anerobic energy production were not apparent.
Concentrations of glycogen in the heart, gastrocnemius and
brain were comparable and activity levels of pyruvate kinase
in these tissues actually lower in the muskrat. Normally, the
voluntary dives for the muskrat are of short duration and
aerobic in nature. The primary differences in oxygen stores,
over those found in the rat, are in a higher blood volume, not
reported here, and tissue myoglobin concentrations. The
affinity of the whole blood for oxygen may be important in
utilizing the oxygen stores in the lung, especially since an
increase in lung volume is prevented by buoyancy problems. The
need for oxygen stores in the diving muskrat is best understood
when equated to the high mass-specific metabolic rate which
is a function of the small body size of this diver.
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10.3

SIMILARITY ANALYSIS OF MAMMALIAN CARDIAC ENERGETICS.
John K-J. Li. Rutgers University, New Brunswick, NJ 08854,

Considerable interest has in recent decades been centered
on the relation between energy requirement of the heart and
its pumping performance. Whether this relation holds for all
mammalian species has not been examined. To investigate this,
pertinent physiological parameters such as mean arterial blood
pressure (p), stroke volume (Vs), heart rate (fn; sec™l);
metabolic rate (MR; J/sec), and heart and body weights (W;Kg)
were selected for the analysis. A new similarity principle
was established by the use of allometric equations and the
applications of dimensional analysis and Buckingham's pi-
theorem, The relation is

I = EW.fp _ 06

013 W’

MR
where EW (=P.Vg) is the left ventricular external work (J).
I, the invariant number, is dimensionless, and is practically
independent of mammalian body weights., It thus qualifies as
a similarity principle. It can be stated that, in mammals,
the external left ventricular work performed per cardiac cycle
normalized by their respective metabolic rates generated is
a constant. The significance of the present finding is that
mammalian resting heart rate governs the relation between
energy generation and cardiac pumping ability.
(Supported in part by the AHA-NJ Affiliate 82-21)

10.5

INTRAFILAMENTAL FLOW DISTRIBUTION AND PLASMA SKIMMING IN THE
PERFUSED GILL OF THREE TELEOSTS. Kenneth R. Olson. Indiana
University School of Medicine, South Bend Center, Notre Dame
IN. 46556

Distribution of flow and red cells between the efferent
(epibranchial) and venous pathways was examined with an iso-
lated perfused gill adapted to separately collect the two
effluents. Gills from two species (Ictalurids) with abundant
prelamellar arteriovenous anastomoses (AVAs) were compared to
those of the trout which contain few AVAs. The gills were
perfused with Ringer or 1251 albuminated Ringer containing
5lcr tagged red cells (blood).

In Ringer perfused gills efferent outflow decreased as
efferent pressure increased. Epinephrine prevented the de-
crease in efferent flow at elevated efferent pressures. In
all species around one third of the control blood perfusing
the gill drained via the venous pathway. At constant efferent
pressure epinephrine increased and acetylcholine decreased
efferent outflow. These results suggest that tonic adrenergic
stimulation is necessary for normal branchial perfusion.

The hematocrit of efferent effluent was greater than venous
effluent in all species. No consistent effects of epinephrine
or acetylcholine on plasma skimming were observed. Comparison
of measured microhematocrit and hematocrit calculated from

lcr red cell space and 1251-albumin plasma space show that the
red cells in the venous effluent are larger than those from the

efferent pathway and sugport the concept of a nutritive func-
tion for_the venous pathway. (Supported in part by NSF Grant
No. PCM 79-23073.

10.4

Distribution of Blood Flow in the Turtle Pseudemys scripta
during Progressive Anoxia.

Timothy B. Bentley,* Peter Lutz, Myron Rosenthal and

Tom J. Sick.* University of Miami, Miami, Florida 33149

The primary response to anoxia in air breathing divers in-
volves the cardiovascular system. This response is well
demonstrated in marine mammals where blood flow is confined
primarily to the heart and brain during extended dives. Al-
though turtles have a much greater diving capacity nothing is
known of the pattern of blood flow during diving in these
animals. We hypothesize that turtles show a two stage re-
sponse to progressive anoxia, the first stage being the
maintenance of blood flow to the lungs which function as the
primary oxygen store. The second stage occurs when lung
oxygen is depleted and the blood flow alters to increase the
transfer of substrates necessary for anaerobic energy pro-
duction. Experiments are being conducted on Pseudemys scripta
using three radioactively labelled microspheres which allow
determination of control, short term and long term anoxia
blood flows. We have found that the GI tract, kidneys and
bladder experience reduced blood flow during anoxia while the
lungs and brain showed increases in flow. The liver showed
an initial decline in flow and then a subsequent rise.

Support for this work was provided by NIH grant No. NS16655.
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11.1

ADENYLATE CYCLASE AND CYCLIC AMP MEDIATION OF OCTOPAMINE-
STIMULATED ION REDUCTIONS IN LIMULUS LEG MUSCLE EXPOSED TO
HYPOOSMOTIC STRESS. S.K. Pierce* and S.C. Edwards* (SPON:
H. Levitan). Univ. of Maryland, College Park, MD 20742

We have previously shown that the biogenic amine, octopa-
mine (OCT), may play a neurohormonal role in cell volume reg-

OCT notan—

tiates the hypoosmotically induced reduction of two maj;r
intracellular osmotic solutes, Nat and Cl-,in isolated walking
leg muscle. Now we report that this action of OCT appears to
be mediated via adenylate cyclase and intracellular cyclic
AMP, Application of 10-5M forskolin, a nonspecific adenylate
cyclase stimulator, to isolated Limulus muscle mimics the OCT-
induced ion reduction. Tn addition, 10-7, 10=6, and 10-5M ocT
elevates cyclic AMP in isolated muscles exposed to isoosmotic

and hunanamn o ma, a e a ana asra a NPl Pty Sy
and hypoosmotic media from the basal level of 2 pmoles/mg

protein to approximately 4, 9, and 15 pmoles/mg protein
respectively. Finally, treatment of the muscle with the
OCT receptor blocker, phentolamine, 10 min prior to and
during exposure to OCT results in competitive inhibition of
both the cyclic AMP elevation and the OCT-stimulated ion
reductions. (Supported by NIH GM-23731 and TS&GCMBA, Inc.)

11.3

FIBER TYPE AND FIBER SIZE DISTRIBUTIONS IN THE AXIAL MUSCULA-
TURE OF THE DOLPHIN (TURSIOPS truncatus). M.A.Bello,* R.R.Roy,
1. Oxman,* T. Martin,* and V.R. Edgerton. Brain Research
Tnstitute and Dept. Kinesiology, UCLA, L.A., CA 90024.

To begin to understand the bioenergetic efficiency of the
swimming dolphin, muscle fiber size and type of the axial
musculature was investigated. A1l tissue samples were taken
from a single specimen (n5 years old and 180 kg body weight).
"Fast" (F) and "slow" (S) fiber types were identified from
frozen sections stained for myosin ATPase. Fiber area and
type was determined using an automated image processing system.
Generally, both the dorsal and ventral muscles consisted of
50% S and 50% F fibers. One dorsal muscle (extensor
caudae medialis) (Strickler, Am. J. Anat. 157:49, 1980) had
one region that consisted of about 70% S. The caudal end of
the dorsal and ventral muscles had about 70% F fibers. Mean
cross-sectional area (CSA) of the fibers in the ventral
muscles was 65% greater than in the dorsal muscles (1750 vs
1072 wm2). The F fibers were 40% (2200 vs 1317 umZ) and 30%
(1213 vs 879 um2) larger than the S fibers in the ventral
and dorsal muscles, respectively. These fiber sizes are
smaller than for most terrestrial mammalian muscles. The
observation that the ventral muscles had larger and shorter
fibers (Roy, et al., Physiologist, 1983) suggests that they
are specifically designed for force production. In contrast,
the dorsal muscles are designed to optimize velocity and
displacement. (Supported by Naval Ocean System Center
N-66001)

11.5

ANTIHYPERTROPHIC ACTIONS OF PROPRANOLOL, VERAPAMIL AND
SARALASIN ON EXERCISE AND DRUG INDUCED CARDIAC ENLARGE-
MENT. L. Norris, K. Rouse, M.S. Holder and L.N. Cothran*, College of
Pharmacy, Florida A&M University, Tallahassee, Florida 32307.

Hypertrophy was induced in male adult rats by either exercise (E) or
angiotensin II (A-ll). The present study was done to determine whether or
not chronic pretreatment with Verapamil (V), Saralasin (S) or Propranolol (P)
would prevent the development of A-II and E induced hypertrophy. Eight
groups of animals were continuously infused with S, V and P for one week.
Beginning the second week, one-half of the animals were infused with A-II
while the others were exercised twice a day for one-half hour. At the end of
the second week, animals were sacrificed, hearts were removed and body
weights (BW) and ventricle weights (VW) were obtained. VW/BW ratios and
their percent difference (%) from control were calculated. In the acute studies
A-Il was simultaneously infused with V, P or S from the onset of the experi-
ment. Results show that acute and chronic A-II induced hypertrophy was
12.4 and 22.5% respectively. Both were blocked by S (acute = 1%, chronic =
—2.7%); V reduced both chronic and acute responses down to 0% change.
VW/BW after P was 5.9% for the acute and —2.7% for the chronic. Exercise
induced hypertrophy was generally higher than A-II induced hypertrophy
(avg. 27%). Acute exercise hypertrophy was significantly reduced by P and V
but not S. However, there was still a large hypertrophy present after the
blockade with either one alone. On the contrary, only V blocked chronic
E, reducing it to 2%. The results suggest that E may be contractility related
and is independent of changes in A-II. Furthermore, chronic A-II induced
hypertrophy seems to have a significant sympathetic component. (Supported
by DRR-MBRS-NHLBI 08111)

11.2

MUSCLE FIBER LENGTHS AND TENDON ARRANGEMENTS IN DORSAL AND
VENTRAL MUSCLES OF THE DOLPHIN (TURSIOPS truncatus). R.R.Roy,
M.A. Bello,* I. Oxman* and V.R. Edgerton. Brain Research
Institute and Dept. Kinesiology, UCLA, L.A.,CA 90024.

The architecture of the dolphin axial musculature may be

an important factor in this mammal's ability to swim. To
examine this question, the architecture of dorsal and ventral
axial muscles was studied. A frozen specimen (n5 years old
and 180 kg body weight) was thawed and fixed in 10% formalin.
The muscles were removed and digested in acid (Sacks and Roy,
J. Morphol., 173:185, 1982). Fiber lengths in the dorsal
muscles ranged from 160-226 mm (X = 190 mm). Fiber lengths
in the ventral muscles had a larger range (37-185 mm),were
shorter (X = 90) and appeared to vary considerably in
different regions of the same compartment. The fibers

toward the caudal end were longer than those in the more

cranial end in both the ventral and dorsal muscles. Angle

of pinnation with respect to the tendon was ~ 15° in most
muscles. The dorsal fibers were attached to thin, long
tendons in a "net-like" arrangement which eventually converged
with the larger tendons near the fluke. In the ventral
muscles, some fibers appeared to be arranged in series.

These differences may have functional implications with
respect to proposed differences in the upward and downward

strokes duri W immi
strokes during swimming.

(Supported by Naval Ocean System Center N-66001)

11.4

DOLPHIN TENDON MATRIX COMPONENTS. M. Russell*, A.C. Vailas*,
V.R. Edgerton, C. Sasson*, A. Nekooi* and J. Durivage*. Univ.
of California, Los Angeles 90024.

Virtually nothing is known about the important tendonous
structures that are involved in the transmittance of muscular
forces to the fluke of a Dolphin. Therefore the primary pur-
pose of this study is to characterize essential matrix compo-
nents in tendons of the Dolphin tail region and make compar-
isons to similar components in tendons from lower extremities
in terrestrial mammals. Essential matrix components, collagen
and proteoglycans, were evaluated from papin digests of tendons
obtained from the tail region of the Dolphin and compared to
Achilles tendons of rats. Also, cellularity and non-collagen-
ous protein content were determined from the same papain di-
gests. In contrast to rat Achilles tendons, Dolphin tail ten-
dons were similar with respect to cellularity, and had greater
concentrations of proteoglycan (31%) and non-collagenous pro-
tein (26%), but lower collagen (29%). Also, there were equal
amounts of glucosamine and galactosamine containing proteogly-
cans. However, the ratio of glucosamine: galactosamine for rat
Achilles tendons was <1, suggesting that the rat tendon con-
tains a greater amount of galactosamine proteoglycans. We
know that the amino sugars are representative of the proteogly-
cans in tendon and not from other sources of hexosamines. These
data suggest that the lower collagen content and greater glu-
cosamine containing proteoglycans parallel the composition of
elastic tendons such as the ligamentum nuchae of terrestrial
mammals. (Navy-N66001).
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15.1

ca*tt AS MODULATOR OF GASTRIC SECRETION AND VESICULAR Ht
TRANSPORT. Fabiin Michelangeli and Marie Christine Ruiz#
IVIC, Apdo. 1827, Caracas 1010A, Venezuela.

The involvement of Catt as second messenger in stimulus-se-
cretion coupling has been studied in isolated amphibian mucosa
(1AM) and membrane vesicles from mammalian stomachs (mv). a)
Identification of Ca*t as messenger: Artificial increase in
[Ca*];i using A23187 mimic response to secretagogues (stimula-
tion of H' secretion and histamine release). A23187 acts di-
rectly on oxyntic cells, but parallel action of histamine is
required for full effect; b) Mechanism of [Ca++ i increase:
Although secretagogues release Ca'{+ as evidenced by chlorte-
tracycline fluorescence and disappearance of mitochondrial de-
posits (EM), ACh and A23187 also require Ca't, for their ac-
tion. It appears that Catt entry is required in cholinergic
and A23187 stimulation. Ca]' release may be important in his-
tamine and cAMP stimulation; c¢) Action of Catt at Ht pump com-
plex: In mv's, Catt (1-10 uM) increases KCl permeability there—
by stimulating H*/K* ATPase and Ht transport. Using ANS~ as
potential probe we can show that ATP increases Cl- permeability
and Catt + ATP increase K' permeability, suggesting two sepa-
rate channels for K* and C1-. These effects may be mediated
through membrane phosphorylation; d) Interaction of Catt with
cAMP: Full stimulation by increases in [Catt]j require eleva-
tion of [cAMP]i. In a number of instances we can show Ca*tt-
cAMP potentiation during ACh and A23187 stimulation. Intracel-
lular interactions between Catt and cAMP during S-S coupling
are responsible for triggering the HCl secretory process.

15.3

INHIBITION OF GASTRIC AND SECRETION BY OMEPRAZOLE, STUDIES ON
ITS MECHANISM OF ACTION. Bjdrn Wallmark*, Britt-Marie Jaresten¥
Pia Lorentzon* and Arne Brindstrém*. (SPON: John G. Forte).
Hidssle Research Laboratories, S-43183 Mdlndal, Sweden.

The inhibitory action of the benzimidazole, omeprazole (OME)
was investigated in two in vitro models:+isolated rabbit gast-
ric glands and purified hog gastric H ,K -ATPase. In the glan-
dular system OME inhibited basal and stimulated acid formation.
Inclusion of mercapto compounds, such as B-mercaptoethanol (B),
to the glandular incubates, prevented inhibition by OME. This
protective effect appeared specific for benzimidazoles, since
no protection of the inhibitory action of SCN or cimetidine
was observed. Also when inhibition by OME was indgced before
addition of B, the inhibition was reversed. The H ,K -ATPase
was found to be inhibited in a pH-dependent manner by OME, the
inhibition being accelerated at pH below 7.4. Inclusion of B8
prevented inhibition of the ATPase activity. Binding studies
showed a saturable incorporat%gn of the radiolabel into the
H ,K -ATPase. The binding of C-OME was prevented by the
addition of B. When B was added to the preformed enzyTg—inhibi—
tor complex the ATPase activity was restered and the = C-radio-
label was released. Titration of sulfhydryl groups (SH) in the
preparation showed modification of one (SH) for each inhibitor
molecule bound. In the two preparations used, B could both pro-
tect and reverse the inhibition indicagin similar inhibitory
mechanism for OME. Thus, (SH) in the H ,K -ATPase appears
essential for its ATPase activity, since modification of (SH)
by OME leads to deactivation.

15.5

DISTRIBUTION OF MICROFILAMENT-RELATED PROTEIN IN THE GASTRIC
EPITHELIUM AND ISOLATED MEMBRANE FRACTIONS. T.M. Forte*,
J.M. Wolosin* and J.G. Forte, Dept. of Physiology—Anatomy,
Univ. of California, Berkeley, CA 94720.

Microfilaments have been implicated in membrane transfor-
mations that accompany the secretory cycle of the oxyntic
cell. Whole mucosal scrapings (rabbit, pig) contained 29-36
ug actin/mg prot., and isolated gastric glands (rabbit) con-
tained 42 ng/mg prot. This actin was predominantly (60%) in
the f-actin form. Cytochemistry of f-actin with fluorescent-
labeled phallicidin showed: filamentous staining in resting
oxyntic cells, consistent with the tortuous canaliculi; broadly
stained tracts in stimulated cells, consistent with apical
microvillar elaboration; minimal staining in chief cells.

The (HY+KT)-ATPase of resting tissue, associated with the mi-
crosomes, was devoid of actin. In secreting tissue, much of
the (H++K+)-ATPase redistributes to heavier membrane fractions,
called stimulation-associated membranes (s.a.m.). Actin con-
tent and (Ht+Kt)-ATPase activity were correlated in the puri-
fication of s.a.m., with values of about 90 ug actin/mg prot.
Partial delipidation of s.a.m. produced ghost structures re-
vealing filamentous actin. SDS gels of residual "ghost" pro-
tein showed abundant actin and several other bands that may
belong to class of actin-binding/regulating proteins. We con-
clude: oxyntic cells are rich in actin; association of f-actin
with s.a.m. supports our view of their origin from the apical
membrane of the stimulated cell; and membrane redistribution

a la the recycling hypothesis. (Support by USPHS #AM10l41.)

15.2
CONFORMATIONAL CHANGES IN (K++H+)—ATPase
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Mg£+ and K+ have several effects on (K++H*)-ATPase.
Previously we have shown that the rate of inactivation by buta-
nedione and DINB, agents which modify arginine and sulfhydryl
groups respectively, is affected by these ions. The level of
binding of the ATP analog is also affected by Mg2* and K*. The
ATP/ADP exchange activity of the enzyme can be stimulated by
K*. This stimulatory effect can be antagonized by Mg2*. The
stimulatory effect of K* on this reaction increases with the
pH, which can be interpreted as a K*/H* antagonism. The dye
eosin, which is a competitive inhibitor of (K*+H*Y)-ATPase
(Ky= 5 uM), binds to the enzyme. This leads to an enhancement of
eosin fluorescence. The fluorescence can be further enhanced by
Mg2*, while K* and ATP lower the fluorescence level. At low pH,
more Mg2+ is needed to increase fluorescence.

These findings suggest a Mg*/K* and a Mgz"/H+ antagonism.
This indicates that ions which are transported by the enzyme
and also Mg“' induce specific conformational states of the
enzyme.

15.4

LIGHT DEPENDENT LABELLING OF THE ACTIVE SITE OF GASTRIC ATPase
WITH 8-AZIDO ATP. G. Saccomani*, L. Cole* and E. Mukidjam*.
(Sponsor J.G. Forte). Univ. Alabama in Birmingham, B‘hami AL
Photoaffinity labelling of purified hog gastric (Ht+K¥)ATPase
with (3H) or (a-32P) 8-azido ATP resulted in 1.4-1.6 nmol/mg
prot. of specifically bound reagent. Half-maximal incorporation
of the label (promoted by Mg**) at pH 7.4 and at 249C was ob-
tained at a concentration of 30 uM. The amount of 8-azido ATP
bound was decreased about 80% when excess of ATP (or ADP) was
added to the sample prior photolysis, but an equal excess of
AMP caused no decrease. Photoinduced binding of 8-azido ATP ir-
reversibly inhibited 40-50% of the K*ATPase actigity as well as
the steady-state level of E-P formed by 5 uM (v- 2P)ATP. In
the absence of photolysis, 8-azido ATP could be utilized as
substrate for the gastric enzyme with an E-P level formed by
80uM (y-32P) 8-azido ATP, approaching 3.0 nmol/mg prot. A com-
bination of IEF and 2-D gels of the enzyme phosphorylated by
(vy-32P) 8-azido ATP showed that 80% of the protein applied was
separated into 5 major subunits of pl ranging between 6.3 and
5.5, all with the same M.W. of 100 Kd and containing 32P label
as detected by autoradiggraphy. When the enzyme was photolyzed
in the presence of (a-2¢P) 8-azido ATP the label was found only
in the peptides region of pl 5.9-5.5 while phosphorylation of
the enzyme following 8-azido ATP binding showed labelling to
occur in the region of pI 6.3-5.9. These results suggest that
there many be 2 classes of ATP-binding sites on subunits differ-
ing in pI and that catalytically, one site on the enzyme can
phosphorylate while the other binds ATP. (NIH,NATO support).

15.6

MICROTUBULAR FUNCTION IN SECRETION OF H' AND PEPSINOGEN BY
GASTRIC MUCOSA. Dinkar K. Kasbekar, Dept. of Physiology,
Georgetown Univ., Washington, D.C. 20007.

Previous studies have shown that colchicine (10 mM) and
vinblastine (1 mM) abolish H' and pepsinogen secretion in the
in vitro frog gastric mucosal preparations. Because of the
possible nonspecific effects of these agents at relatively
high concentrations, we have attempted to characterize the
distribution of microtubules in oxyntic and chief cells of
the rabbit gastric fundic glands in their resting and stimu-
lated states. The dispersed glands were incubated under appro-
priate conditigns with a) no additions, b) 100 pM histamine
to stimulate H secretion, ¢) 10 nM cholecystokinin octapep—
tide (CCK-8) to stimulate pepsinogen secretion, and d) 1 mM
burimamide, an H-2 antagonist and 1 mM dibutyryl cyclic GMP,
a CCK antagonist, to obtain the resting states of oxyntic and
chief cells respectively. Transmission electron microscopy
on the triton-solubilized glands indicates an abundance of
microtubules in close association with the mitochondria in
histamine-stimulated gland oxyntic cells relative to those

in the burimamide treated resting glands. The microtubule
content of the chief cells in the resting and stimulated
glands is virtually undetectable. These findings can be con-

firmed by indirect immunofluorescence studies with FITC con-
jugated antitubulin antibody treated gastric glands. The
implications of these observations vis a vis the ultrastruc-
tural changes associated with secretory cvents will be
discussed. NSF support.
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15.7

DISTRIBUTION AND REGULATION OF Na*/H* ANTIPORTERS IN
RENAL MEMBRANE POPULATIONS. David G. Warnock, Harlan
E. Ives*, Victoria J. Yee*, and Austen K. Mircheff. Dept. of Med.,
SFVAMC and UCSF, San Francisco, CA 94143 and Dept. Physiol. and
Biophy+s., ‘;JSC’ Los Angeles, CA 90033

Na /H  exchange appears to play a central role in the vectorial

+ : R )

transport of H' in the mammaljan proximal tubule. We examined the
subcellular distribution of Na'/H antiporters using the acridine
orange assay in fractions obtained from sucrose density gradien}
fractionation of membranes from the rabbit renal cortex. Na'/H
antiporter activity was confined to membranes co-migrating with
brush border membranes and was absent from basolateral membranes.
Further fractionation of brush border membranes by counter current
distribution with polyethylene glycol:dextran revealed 2 distinct
peaks of Na"/H" antiporter activity - one associated with maltase
activity; the other+associated with acid phosphatase activity. Kinetic
studies of Na'/H antiporter activity in brush border membranes
revealed non-competitive inhibition by amiloride and Li at an
external modifier site distinct from the transport site.
Conclusions: 1) Vectorial H™ transport in the proximal tubule results
from the polar distribution of Na*/H" antiporters in the cell. 2)
Na"/H" antiporter activity appears to be associated with intra-
cellular membranes, in addition to brush border membranes, raising
the possibility that total antiporter activity could be regulated by
membrane recycling. 3) The Na*/H* antiporter has at least one
modifier site, which could be a site for physiological regulation.
(Supported by NIH grants AM 07219, AM 28408, AM 19407, AM 0068).

15.9

RENAL FAILURE, METABOLIC ACIDOSIS AND PARATHYROIDECTOMY
INCREASE NA+-H+ EXCHANGE IN ISOLATED RENAL BRUSH BORDER
MEMBRANE VESICLES. M.R. Hammerman, S. Klahr, and D.E. Cohn%*
Washington Univ. School of Medicine, St. Louis, MO 63110

We have recently identified an amiloride inhibitable Nat-Ht
exchanger in canine renal brush border membrane vesicles
(BBMV). The activity of this exchanger was found to be
enhanced in BBMV prepared from the remna&t kidneys of dogs
with chronic renal failure (CRF). Nat-H exchange in BBMV
increased progressively as plasma creatinine increased. In
order to ascertain whether changes in HY excretion by the
kidney observed in chronic metabolic acidosis and in states of
altered parathyroid function might result from altered Nat-HT
exchange across the renal cortical cellular brush border
membrane, we measured Nat-H' exchange in BBMV from kidneys of
dogs with chronic metabolic acidosis and from kidneys of
thyroparathyroidectomized dogs Increased initial rates (20s)
of amiloride sensitive lmM 2ZNa* uptake measured under H' gra-
dient conditions (intravesicular pH< extravesicular pH) were
demonstrated in BBMV from kidneys of both acidotic (1.54 * .18
nmol/mg protein) and hypoparathyroid (1.78 * .20 nmol/mg
protein) compared to normal (0.96 * .03 nmol/mg protein) dogs
(p< 0.05, both experimental groups »normal). These findings
suggested that adaptations in H' excretion in chronic
metabolic acidosis and hypoparathyroidism might be explained
by increased activity of a renal brush border membrane Nat-H
exchanger. The adaptation in CRF may result from the need to
excrete more H' per nephron. (Supported by NIH RO1AM27600).

15.11

A BIOCHEMICAL EVALUATION OF RABBIT RENAL DCCD-SENSITIVE ATPase
ACTIVITIES. Diana Marver . UTHSCD, Dallas, Tx. 75235.

Microperfusion studies with isolated medullary collecting
dycts have shown that aldosterone enhances tubule HCO. reabs.-
H' secr. To evaluate steroid+ effects on absolute le@e]s of a
putative plasma membrane H ATPase along the nephron, an
ultramicro assay has been established, using + DCCD+oligomy-
cin+ouabain+tubule in the initial reaction. However since DCCD
titrates several H -translocating enzymes with varying physio-
logical functions, initial studies will attempt to correlate
the apparent act. with function in a given segment. Thus the
putative H -ATPase activities will be compared with resident
NaK ATPase, carbonic anhydrase, acid phosphatase, G6PDH and
NEM-sens. ATPase, as well as monitored for steroid-dependence.
To initiate these experiments, assays were performed on plas-
ma-/lysosomal membrane fractions from cortex, outer and inner
medulla (C,OM,IM) from 6 normal rabbits. DCCD-sens. ATPase
act.(pH 6.8, 37°C) was 0.135+0.018, 0.496+ 0.096 and 0.770%
0.288 U/mg prot. in C, OM and IM, resp., or 46, 62 and 34% of
the total oligomycintouabain (+ vanadate)-insens. act. In
contrast, under the conditions of the assay, NEM inhibited 29,
9 and 24 % of the total ATPase act. Thus a major discrepancy
appeared in the relative NEM:DCCD sens. in OM, suggesting some
variation in either the aff. of the probe or the number of
sites titrated in each case. Of note was that NEM-sens. act.
in OM was equivalent at both 100 and 500 uM conc. Studies are
currently underway to evaluate these differences at the iso-
lated nephron level (Supported by AM 14677).

15.8

Na -H EXCHANGE IN ISOLATED RENAL BRUSH BORDER MEMBRANE
VESICLES (BBMV): REGULATION BY METABOLIC ACIDOSIS AND
GLUCOCORTICOIDS. J. L. Kinsella* and B. Sacktor, NIA/NIH,
Gerontology Research Center, Baltimore, MD 21224,

Previously, we reported that glucocorticoids increase
amiloride sensitive Na -H exchange activity in BBMV (PNAS 79,
4932, 1982). The present study examines the effect of metabol-
ic acidosis and the role of glucocorticoids on Na -H exchange
activity. The Na uptakes (5 s) in the presence of a pH
gradient (PHi=5'5’ pH =7.5) were significantly greater (3.28 +
0.20 vs 2.36"+ 0.21 n%ol/mg) into BBMV isolated from acidotic
compared to control animals. Amiloridi sensitive Na uptakes
(2 s) were determined at different [Na' ]. Acidosis increased
Vmax from 11.3 + 0.9 to 15.3 + 0.7 nmol/mg/ 2 s without affec-
ting the app K a (10.2 + 0.5 vs 10.2 + 0.6 M) . The rates of
pH gradient genération were measured when Na 1loaded vesicles
(pH=7.5) were diluted into Na free medium (pH=7.5) by moni-
toring acridine orange absorbance at 492 relative to 600 nm.
BBMV from acidotic animals generated pH gradients more rapidly
than BBMV from control animals. Adrenalectomy of acidotic
rats reduced Na uptakes (5 s) to that found in control rats
(2.40 + 0.32 nmol/mg). If the adrenalectomized acidotic rats
were given dexamethasgne (30 ug/100 g b.w.) 16 and 24 hr prior
to BBMV isolation, Na uptakes (5 s) were increased to levels
found in the acidotic rats (3.58 i+0.$9 nmol/mg). We conclude:
1) metabolic acidosis increases Na -H exchange activity by
increasing Vm X and 2) the increase is dependent upon an
intact adrendl gland or glucocorticoid supplements.

15.10

PROTON TRANSLOCATING ATPASES FROM BOVINE CLATHRIN-COATED
VESICLE AND RENAL MEDULLA. Dennis K. Stone*, Xiao-Song Xie*,
and Efraim Racker*. (Spon: Juha P. Kokko) Cornell
University, Ithaca, NY 14853.

Clathrin-coated vesicles harvested from bovine brain
catalyzed ATP-driven proton translocation, as measured by
acridine orange (A.0.) quenching and 32P -ATP exchange. Both
activities were insensitive to oligomycin (5 pg/mg protein)
and were inhibited by N-ethylmaleimide (NEM) 1 mM. The
preparation was devoid of the lysosomal marker 5' nucleoti-
dase (pH 5.0), and ATP-driven A.0. quenching was precipitated
by monoclonal anti-clathrin antibody. Chloride and bromide,
but not fluoride, sulfate, phosphate, or gluconate, were
effective in counterbalancing electrogenic proton pumping.
36C1 uptake, driven by a K gradient [K] /{K]. = [40 mM]/
[0 mM] in the presence of valinomycin, o4 comﬁ etely
inhibited by DIDS (lx 10 5 M) and duramycin (1 ug/10 pg
protein). Kidney vesicles, prepared by differential
centrifugation and passage through a sucrose gradient, were
enriched in oligomycin-insensitive ATP-generated A.O.
quenching and were devoid of 5' nucleotidase activity (pH
5.0). The kidney proton pump is not distinguishable from the
brain-coated vesicle proton pump with respect to inhibitor
sensitivity, substrate dependency, cofactor requirement, or
dependence upon chloride or bromide as effective counterions.
Moreover, the kidney vesicles catalyze 32P ~ATP exchange and
contain a DIDS and duramycin sensitive 36C1 transporter,
which is responsible for counter-ion movement.
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16.1

RENAL AND LOWER INTESTINAL CONTRIBUTIONS TO WATER ECONOMY IN
WILD DESERT-DWELLING PARTRIDGES. Berry Pinshow, A. Allan
Degen* & David H. Thomas*. Blaustein Inst. Desert Res., Ben-
Gurion Univ., Sede Boger Campus 84990, Israel.

Osmotic and ionic concentrations were measured in plasma
(P), ureteral urine (U), and rectal luminal (R) and voided (V)
fluids of Sand Partridges and Chukars to determine contribu-
tions of their kidneys and lower intestines to water economy.
In summer, after 2-3.5 days water deprivation of birds held
outdoors, P, U, R and V osmolalities increased, as did Na* and
C1-. K* remained unchanged, while body masses decreased. Wild
birds had most fluid compositions between those of watered and
water-deprived captive birds. Exceptions were Na* and C1- of U
and V which were usually much higher in wild birds. These
measurements indicated that in the wild, neither species was
short of water and that their diet was high in NaCl. Osmolali-
ties of P and U were higher in wild Sand Partridges than in
wild Chukars, suggesting that they may endure longer periods
of water deprivation between drinks than Chukars. P and U
concentrations in wild Sand Partridges were similar to captive
water-deprived ones, whereas in wild Chukars, these concentra-
tions were similar to captive watered ones. Highest U/P osmo-
lality ratios (1.8-1.9) were found in water-deprived Sand
Partridges. Results indicated that the lower intestine modi-
fies U slightly when the birds are concenrating their urine
and have a diet containing more than adequate salt, as in wild
birds. However, there was modification of U in captive watered
birds; osmolality, Na* and C1- were lower in V than in U.

16.3

REDUCED CALCIUM AND INCREASED CHLORINE INTAKE RAISES PLASMA
CHOLESTEROL. B. H. Douglas, N. W. Revis*, L. J. Tillman*,
P. T. McCauley, Jr.* and R. J. Bull*., Univ. Miss. Med. Ctr.,
Jackson, MS 39216 and Oak Ridge Nat. Lab., Oak Ridge, TN
37830

Five groups of rats (10 each group) and three groups of
rabbits (5 each group) were used to study the interaction of
Ca and Cl on plasma cholesterol levels. The rats were given
standard lab chow and received 0, 1, or 10 ppm Cl in the
drinking water for a period of 7 weeks. Half of the rats
received water which was chlorinated with NaOCl. The others
received chlorinated water obtained from the Jackson,
Mississippi Water Treatment Plant. Plasma cholesterol levels
were 63 * 3 mgZ in the control group. After 7 weeks of Cl
ingestion, the plasma cholesterol level was higher (P<0.05)
in the animals which received 10 ppm Cl. There was a 14% in-
crease in the plasma cholesterol level in the group which re-
ceived NaOCl and a 12% increase in the group which received
chlorinated water from the water treatment plant. The rabbits
received a diet containing 80% of the minimum daily require-
ment of Ca. Groups I, II and III received O, 0.1 and 15 ppm
Cl respectively. After 2 months treatment plasma cholesterol
levels were 48 + 18 mg%Z (Group I), 61 * 34 mgZ (Group II) and
87 + 29 mgZ (Group III). The studies demonstrate that reduc-
ing the calcium intake increases the hypercholesterolemic
effect of chlorinated drinking water.

16.5

SEA URCHIN LARVAE LACK APPARENT REGULATORY
MECHANISMS FOR AMINO ACID TRANSPORT.
James P. Davis*and Grover C. Stephens
University of California Irvine, CA. 92717
Bacteria-free larvae of

remove neutral free amino acids (FAA)
form very dilute solution. At submicromolar
concentrations, influx of radio-labeled FAA and net
removal of substrate, determined by high performance
liquid chromatography (HPLC), occur at the same
rate. In the present study, larvae were exposed to
unnaturally high concentrations of serine (50-1000
pM) to obtain further evidence of net entry by
following changes in internal serine concentration.
It was also of interest to determine the response of
the FAA transport system to experimental
manipulation of the internal FAA pool. Exposure of
larvae to 50 or 250 pM serine for four hours
produces a 14-22 fold increase in internal serine
concentration. More prolonged exposure leads to
leakage of neutral FAA to the medium. Although the
entry rate of labeled serine appears to decrease,
correcton of the data to take account of the
increasing ambient concentration produced by this
leakage indicates there is no compensatory change in
influx kinetics. No leakage of acidic or basic
amino acids is observed. Supported in part by NSF
grant PMC 82-08185 and DOC grant NOAA 04-8-M01-89.

16.2

SEASONAL WATER AND ELECTROLYTE BALANCE IN FREE LIVING FAT SAND
RATS. A.A. Degen*3 B. Pinshow & M. Ilan*. Blaustein Institute
for Desert Research, Ben-Gurion University, 84990 Sede Boger
Campus, Israel.

Fat sand rats (Psammomys obesus) are large (200 g), diur-
nal, desert rodents that feed entirely on halophytic plants
(family Chenopodiaceae). We measured tritiated water fluxes,
and plasma and urine osmolalities (P sm» Uosm) and concentra-
tions of Na*, C1~ and K* (Pya, Pcys Pks UNas Ucps Ug) in free-
living sand rats to determine their water and e1ectr01yte
balances. Osmolalities and ion concentrations of food and
feces were also measured. Mean adult water fluxes were signi-
ficantly different among seasons (0.27, 0.43 and 0.18 ml Hy0/g
day in winter, spring and summer, respectively). Mean P¢y and
U° were 344 and 2119 mOsm/kg, respectively, and were not
dl??erent between winter and spring, as were not Pya, Unas PCl
and Ucy (145, 750, 118 and 775 mmol/T, respectively). However,
Ug increased in spring (207mmo1/1 vs 163 in winter). Maximum
urine osmolality in winter and spring was over 3000 mOsm/kg
and fecal water content was 43%; no summer measurements were
made. Using mean values for osmolalities and ion concentra-
tions, sand rats require about 0.2 ml H,0/g day for ion excre-
tion which exceeds mean summer water flux. Assuming maximal
Uggm and 43% fecal water content in summer, sand rats would
require about 0.15 ml Hy0/g day for ion excretion. Supported
by a Bat-Sheva de Rothschild grant to B.P.

16.4

CIRCULATING ALDOSTERONE TITERS IN ELECTROLYTE-DEPLETED AND
NaC1-LOADED AMBYSTOMA TIGRINUM LARVAE.

Daniel F. Stiffler and Peter B. Hanson*. California State
PoTytechnic Univ., Pomona, CA 9I768.

Larval A. tigrinum were maintained in either distilled
water (changed daily) or 150 mM NaCl for two weeks. At the
end of this period, plasma samples were analysed for
[Na*], [K*], [Inulin] (injected the previous day) and
aldosterone titer (RIA). Urine was analysed for [Na‘],
[kK*] and [Inulin]. Fractional tubular reabsorption was
estimated from electrolyte and inulin urine: plasma ratios.
Plasma [Na*] decreased from 104 in control larvae (CL) to
76 mM in depleted larvae (DL) and increased to 127 mM in
salt-loaded larvae (SL). Plasma [K*] was constant at 5 mM
in all groups. Urine [Na*] was 8 mM in CL, 2 mM in DL,
and 133 mM in SL. Urine [K*] was 1.3 mM in CL, 1.6 mM in
SL and 0.4 mM in DL. Fractional Na* reabsorption was 94%
in CL, 99% in DL and 75% in SL. Fractional K* reabsorp-
tion was 74% in CL, 95% in SL and 96% in DL. Plasma aldo-
sterone titers increased from 161 pg/ml in CL to 1,009 pg/ml
in DL and decreased to 101 pg/ml in SL. These data are
consistent with the possibility of a physiological role for
aldosterone in Na* and perhaps K* homeostasis in this
species. This project was supported in part by NSF grant
SPI 8026274.

16.6

BRAIN TEMPERATURE REGULATION IN HEAT STRESSED, WATER DEPRIVED
DESERT PHASIANIDS. S. Kleinhaus*, B. Pinshow & M.H. Bernstein,
Blaustein Institute for Desert Research, Ben-Gurion Univ.,
Sede Boger Campus 84990, Israel.

Brain temperature regulation in two desert phasianids, the
chukar (wide spread in mesic and desert areas) and the sand
partridge (endemic to the desert) was compared by measuring
core and hypothalamic temperatures (T., T ), and breathing and
panting frequencies (f,, f,) in watered (U) and water-deprived

WD) birds exposed to ambient temperatures (T,) from 28 to
5°C. Ty, and T¢ increased with increasing T, in W and WD birds
of both species. No differences were found between their
abilities to maintain constant T, - Ty in the above range of
Tae At Ty 2 38°C, the slope valués of the regression 1lines
relating T, to Ty were lTower for WD than for W birds of both
species. ?n general, fy and f, were lower for WD than for W
birds in both species. Onset gf panting occurs at higher Ty,
and Tp in WD than in W birds. There is apparently no
difference in the brain temperature regulation ability of the
two species. Results suggest changes in cephalic circulation
leading to increased brain cooling efficiency by the Rete
Mirabile Ophthalmicum in WD birds. Supported by NSF grant PCM
79-21856 and U.S.-Israel BSF grant 2496/81.
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16.7
ENERGETICS OF THE HIGH ARCTIC

A. Mortensen * and A.S. Blix.
Tromsa, 9000 Tromsg, Norway.

Ths winter at the high arctic archipelago of Svalbard (79 -
81°NL) is characterized by low ambient temperatures, three
months of darkness and poor food quality and availability. The
Spitzbergen ptarmigan, a native galliform at this location,
accumulates large amounts of fat during late summer and fall.
The fat stores enables the bird to survive periods of acute
starvation during midwinter, and also give a minor contribution
to the daily energy consumption untill March, when the fat
stores are exhausted, In the period of fat combustion the food
intake is voluntarely reduced, but this partial anorexia is
accompanied by a reduction in daily energy expenditure, which
for a period approaches the resting metabolic rate. During
winter resting metabolic rate is reduced by about 10% and
insulation increased by about 30% compared tQ summer, leaving
the lower critical temperature unchanged (-5°C). Fasting of
birds in the fall leads to a small (7%) decrease in resting
metabolic rate whereas no effect is seen in mid-winter. In
contrast to the normal response daily energy expenditure is
not increased by fasting. Thus, the low energy requirement,
combined with the emergency depots of fat makes this bird
especially well prepared to cope with reduced food availability
in midwinter. This adaptation 1is certainly of great survival
value for a bird 1iving in an area where episodes of starvation
is a common experience during the prolonged winter night.

16.9

METABOLIC ADAPTATION TO LONG TERM FASTING IN MALE EMPEROR
PENGUINS AND IN KING PENGUIN CHICKS. Jean-Patrice Robin, Yves
Cherel, René Groscolas and Yvon Le Maho. Laboratoire de Phy-
siologie Respiratoire, Centre National de la Recherche Scien-
tifique, 67087 Strasbourg & Laboratoire de Physiologie Animale
et de la Nutrition, 21004 Dijon, France.

Male emperor penguins, which assume the incubation of eggs,
starve for 4 months during the antarctic winter. Three periods
have been characterized from the changes in their rate of
decrease in body mass per unit of body mass (dm/m) during the
course of this fast. dm/m decreases rapidly in period I (4-5
days), tends to remain constant during period II (80-100 days)
and increases dramatically in period III. Emperors wusually
leave their colony at the beginning of period III to feed at
sea. Analysis of body composition indicated that period II is
a period of protein sparing and preferential utilization of
lipids. Period III is critical in that proteins are no longer
spared, lipids being depleted. Changes in the plasma level of
uric acid (a good index of protein catabolism in birds) were
found to remarkably parallel the changes in dm/m. Thus, period
I is an adaptation period marked by a decrease in protein
utilization and changes in dm/m may be considered as good
indicators of protein mobilization. We found that king penguin
chicks, which may be temporarily abandoned by their parents
during the subantarctic winter, may still be vigourous after
4-6 months of starvation. Three periods were also character-
ized from their changes in dm/m, suggesting that their adapta-
tion to starvation is similar to that observed in emperors.

16.8
BRAIN COOLING IN DEHYDRATED HEAT EXPOSED FOWLS. Z, Arad* and
( N

U MidtzS-de, (SPON: M. H k
Denmark.

Body {(Tp) and hypothaiamic {(Tp) temperatures were
measured in heat exposed fowls during normal hydration (NH)
and dehydration (D). The body-to-brain temperature
difference (AT = Ty-Tp) decreased from 0.68 * 0.380C
(mean * SD) during NH to 0.35 = 0.270C during D (T = 26-
420C, p < 0.001). The slope of the regression line relating
Tp to Tp during NH (0.79) was significantly lower than unity
(p ¢ 0.001) indicating increased breim cooling with
increasing Tp- The slope during D (0.96) was significantly
higher {(p < 0.02) and did not differ from unity. The
dehydrated fowls were characterized by significantly higher
plasma osmolality and sodium and chloride concentrations
(p < 0.001). The AT was significantly correlated (p < 0.02)
with the heat exchange area of the rete ophthalmicum. It is
suggested that a decreased heat loss during dehydration
resulted in a decreased heat exchange in the retia

onh

and lower AT. The thermoregulatory and osmoregulatory
responses during dehydration are probably interreiated to
maintain water and thermal homeostasis. (Supported by a
Danish-Israeli cultural exchange grant and by NSF grant PCM-
8118956) .
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17.1

ALTERED FOLLICULAR STEROIDOGENESIS IN THE PREGNANT HAMSTER AND
RAT. G. S. Greenwald. Univ Kansas Med Ctr, Kansas City, KS
Five Graafian follicles were dissected at 0900h from pro-
estrous and pregnant hamsters (Day 1 = sperm positive). The
follicles were incubated for lh in medium 199 (hl) the medium
then replaced with 100 ng ovine LH and the follicles incubated
for another h (h2). The medium was assayed for: progesterone
(P,), 17 hydroxyprogesterone (170HP), androstenedione (A) and
esétadiol (E,). For the proestrous follicle, during hl, E.
accumulated at about 2X the level as follicles from pregnan
animals except on Day 8 when the values were about the same as
for proestrus & on Days 12 & 16 when E, was usually
undetectable. Addition of 100 ng LH showed that™ the proestrous
follicle was considerably more active in E, production than
any of the follicles of pregnancy with maximal stimulation on
Day 8 and minimal responsiveness on Day 16. androstenedione
secretion by the proestrous and pregnant follicle closely
paralleled the profile of E,. During hl the proestrous
follicle accumulated much less %4 than E, in comparison to the
situation during pregnancy. When stimulated by LH, maximal
follicular production of P, was on Day 16 of pregnancy when
conversion to E and A was minimal. Just the reverse
relationship exis%ed on Day 8. Although the pathway from C-21
to C-18 steroids was "open" at all times for the hamster
follicle, the rate at which P, was converted to Ez varied at
different stages of gestation. In contrast, the 8 Day rat
follicle after exposure to LH synthesized 8 ng P, but the
pathway was blocked beyond the production of C-21 steroids.

17.2
INVESTIGATION OF GONADOTROPIN RECEPTORS IN HUMAN OVARIAN
CANCERS. R.L. Stouffer, E.A. Surwit*, and M.S. Grodin*.
University of Arizona, Tucson, AZ 85724

The ovary is a target organ for gonadotropins and contains
receptors for follicle stimulating hormone (FSH) and for
Juteinizing hormone (LH)/chorionic gonadotropin (CG). To estab-
1ish whether ovarian cancers are targets for gonadotropins, we
analyzed ovarian tumor biopsies from 18 women for the presence
of specific FSH and LH/CG binding sites. Various concentrations
of 20000g particulates (2.5-10 mg tissue equiv.) were incubated
for 20hr at 25C with 10ng 1251-human (h)FSH and -hCG; selected
tumors were also incubated with increasing amounts (0.25-50 ng)
1251-hFSH and -hCG. Ovarian tumors of epithelial origin (n=17)
displayed low levels of apparent specific FSH and CG binding,
which were not dependent on tissue concentration and were not
saturable. In contrast, specific FSH binding to a granulosa
cell-theca cell (GC-TC) tumor was directly proportional to
tissue concentration and demonstrated saturation in the
presence of >10 ng 1251-FSH, Scatchard analysis of equilibrium
binding data resulted in a linear plot. The binding capacity
(23.3 fmol1/mg) of the tumor exceeded that of ovaries from
estrogen-primed rats (5.2 fmol/mg). The dissociation constant
(Kd; 1.36 x 10-9M) was similar to that for FSH binding to rat
ovary (0.63 x 10-9M). Specific hCG binding sites were not
detected in the GC-TC tumor. We conclude that the GC-TC tumor
contained receptors for FSH, but not for LH/CG. However, more
common ovarian tumors of epithelial origin are not gonado-
tropin target tissues. NIH CA33336
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17.3

ETHANOL MODULATES THE GONADOTROPIN (LH/CG) RECEPTOR-ADENYLATE
CYCLASE SYSTEM IN RAT CORPORA LUTEA (CL). D. Danforth*, K.
Eyster*, and R. Stouffer. Univ. of Arizona, Tucson, AZ 85724
In vitro exposure to ethanol (EtOH) unmasks LH binding
sites in luteal tissue of the monkey (Endo. 110: 1451, 1982).
To examine the effect of EtOH on the gonadotropin receptor-
adenylate cyclase system in corpora lutea of psuedopre?nant
rats, 200009 ovarian particulates were incubated with 251-hLH
or a32P-ATP in the presence of 0-20% EtOH. Specific LH bind-
ing and cAMP production were examined. Conditions which
enhanced LH binding to monkey luteal particulates (1-12% EtOH,
25C for 20h; 4-8% EtOH, 37C for 2h) failed to increase LH
binding to rat luteal particulates. In kinetic studies, EtOH
did not increase LH uptake above steady-state levels at any
time during incubation. Indeed, exposure to 8% EtOH at 37C
for >30 min reduced LH uptake relative to control levels. In
contrast, EtOH increased basal adenylate cyclase (AC) activity
in a dose-dependent manner; 8% EtOH increased cAMP production
3-fold (14.8+3.7 vs 5.3+2.1 pmol cAMP/10 min at 37C, Xx+SE,
p<0.05, n=3). Whereas gonadotropin (hCG) alone stimulated AC
activity 5-fold, addition of EtOH decreased relative CG stimu-
lation in a dose-dependent fashion. The presence of 8% EtOH
abolished the stimulation of AC by CG. In conclusion, EtOH does
not unmask LH binding sites in corpora lutea of psuedopregnant
rats. However, EtOH stimulates AC activity and uncouples gona-
dotropin activation of AC in rat luteal membranes. These find-
ings suggest that the gonadotropin receptor system and/or mem-
brane characteristics differ between the primate and rodent CL.

17.5

AVAILABLE RECEPTORS FOR CHORIONIC GONADOTROPIN (CG) IN THE
PRIMATE CORPUS LUTEUM (CL) DURING SIMULATED EARLY PREGNANCY.
J.S. Ottobre*, A.C. Ottobre* and R.L. Stouffer. Univ. of
Arizona, Tucson, AZ 85724

Stimulation of the primate CL by endogenous CG in early
pregnancy, or by exogenous human (h)CG (APL, Ayerst Labs) in
simulated early pregnancy, is transient, despite continued ex-
posure to rising concentrations of CG. To determine if this
ephemeral response is associated with changes in available CG
receptors, CL were removed from rhesus monkeys during simulated
early pregnancy, and the number and affinity of 1251-hCG bind-
ing sites were estimated by Scatchard analyses. Whereas peri-
pheral venous concentrations of progesterone increased within
9hr of CG treatment and remained elevated for 3 days, the
binding capacity of CG during this interval (9.8+1.2 fmol/mg
tissue, x+SE, n=14) was comparable to that just prior to treat-
ment (9.4+1.1, n=5). However, CG binding capacity declined
(p<0.05) after 6 days (2.4+0.5, n=3) and 10 days (1.7+0.8, n=3)
of treatment, concomitant with declines in circulating proges-
terone and CL weight. The dissociation constant (Kd) for CG- 10
binding was greater after 6 days of treatment (4.7+0.9 M x 10
n=3, p<0.05) than prior to treatment (1.140.2, n=5), reflecting
a decrease in receptor affinity. In concTusion, the macaque
CL maintains a constant population of available CG receptors
amidst dramatic stimulation of Tuteal function during early
CG exposure. The subsequent diminution of number and affinity
of available CG receptors during prolonged exposure to CG may
compromise CL function. (HD 12333).

17.7

PURIFICATION OF EQUINE RELAXIN.
Dennis R. Stewart* and George H. Stabenfeldt.
VM:Reproduction, U. C. Davis, Davis, CA 95616

Relaxin has previously been shown to be produced in the
placenta of the mare during pregnancy (Stewart, Stabenfeldt,
Hughes, Meagher, 1981). Equine placentas were collected at
term and stored frozen. Placental material was extracted
following the procedures of Sherwood and 0'Byrne for porcine
relaxin. Purification through acid-acetone extraction, gel
filtration, and ion exchange chromatographies was monitored by
a porcine relaxin radioimmunoassay and biological assay using
the mouse interpubic ligament assay. Three peaks eluted from
the ion exchange chromatography that contained high amounts
of immunoactivity. Each of these three peaks was demonstrated
to contain biological activity by the mouse interpubic ligament
assay and was confirmed by Dr. Bernard Steinetz (CIBA-GEIGY)
utilizing the guinea pig palpation assay. Only one peak was
obtained in sufficient quantitiy to allow a dose response
comparison with porcine relaxin. Equine relaxins showed par-
allelism with porcine relaxin but a potency of only 28 units/
mg. The content of equine placentas is low, such that only
about 1 mg is obtained from 5 km starting material. Sufficient
material has been isolated, however, to raise antibodies
against equine relaxin for the development of a homologous
equine relaxin radioimmunoassay.
Supported by a grant from the Grayson Foundation.

17.4

THE ADENYLATE CYCLASE (AC) SYSTEM OF THE PRIMATE CORPUS LUTEUM:
RESPONSIVE TO GONADOTROPINS BUT NOT TO CATECHOLAMINES. K. M.
Eyster* and R. L. Stouffer. Univ. of Arizona, Tucson, AZ 85724

AC activity in corpora lutea (CL) of rats and rabbits is
stimulated by the catecholamines, epinephrine (EPI) and isopro-
terenol (ISO), as well as by the gonadotropins, luteinizing
hormone (LH) and chorionic gonadotropin (CG). To determine
whether the AC system of primate CL exhibits similar responsive-
ness, the conversion of a32P-ATP to 32P-cAMP by homogenates of
luteal tissue from rhesus monkeys was assessed in the presence
of various hormones. CL (n=8) were obtained at mid-luteal
phase of the menstrual cycle. Human (h)CG and hLH, but not
deglycosylated hCG (dCG; 70% of carbohydrate removed), stimu-
lated cAMP production in a dose-dependent manner; maximal stim-
ulation (2.3x control) occurred at 3.75 ug LH or CG (per ml).
Whereas 10 pg CG increased cAMP production compared to control
(3.840.2 vs 1.4+0.1 pmol cAMP/10 min/mg tissue), the presence
of 10 pg dCG blocked CG stimulation of AC (1.2+0.1 pmol; p<.05)k
Although EPI and ISO enhanced cAMP production in a dose-depen-
dent manner in rat luteal homogenates ( l4x control), the cate-
cholamines did not alter AC activity in macaque CL. EPI (50ug)
did not stimulate cAMP production (1.7+0.1 vs 1.5+0.1) nor
alter CG stimulation of AC (3.3+0.2 vs 3.6+0.2, p>.05). In
conclusion, (1) the AC system of the primate CL is responsive
to LH-like gonadotropins, but, unlike the rodent, is insensi-
tive to catecholamines, and (2) hCG devoid of normal amounts
of carbohydrate is a gonadotropin antagonist in the primate CL.
NIH HD12333

17.6

ENDOMETRIAL PROSTAGLANDIN Fp, SYNTHESIZING CAPABILITY IN
MARES WITH SPONTANEOQUSLY PROLONGED CORPUS LUTEUM SYNDROME.

Sheryl S. King* and J. Warren Evans. University of
Cali¥orn1a, Davis, CA 95616

The spontaneous prolonged corpus luteum (SPCL) syndrome is
a common reproductive problem in mares contributing signifi-
cantly to lowered rates of conception. The cause of this syn-
drome is as yet unknown. The objective of this study was to
compare the PGFpy synthetic capability of endometrial tissue
from mares experiencing the SPCL syndrome with endometrial
tissue obtained during different stages of the normal estrous
cycle. Uterine biopsies were obtained after 30 days of
postovulatory diestrus behavior from 10 mares experiencing the
SPCL syndrome. Prolonged luteal activity was verified by
daily plasma progesterone concentrations. Uterine biopsies
were obtained from mares during normal estrous cycles on days
5, 10, 12, 14, 16 and 20 postovulation. PGFpy synthetic
capability was low during the early stages of diestrus (3.37 +
.91, 4.44 + 1,12 and 9.30 + 2.55 ng PGFpq/mg dry wt on days
5, 10 and 12 postovulation, respectively), rose to a peak on
day 14 (13.37 + 1.89 ng PGFpa/mg dry wt) and returned to
minimal concentrations by day 20 (2.56 + 0.28 ng PGFp,/mg
dry wt). Endometrial PGF2y synthesizing capabilities during
SPCL syndrome were the same as those observed during early
diestrus and estrus (3.95 + 0.85 ng PGFpa/mg dry wt). It is
concluded that a causative factor to the SPCL in the mare is
the failure of the synthesis and release of PGF2q from the
endometrium normally occurring during late diestrus.

17.8

THYROID-GONAD RELATIONSHIP IN BRONCHIAL ASTHMA. O. Parshad*,
M. Kumar* and G.N. Melville*, University of the West Indies.
(SPON: L.H. Hamilton, Medical College of Wisconsin, Milwaukee
WI 53226).

Thirty men of African origin aged 35 to 50 years, with
bronchial asthma, were studied to elucidate the relationship
between thyroid functions and level of serum testosterone.
Serum thyroxine (T4), triiodothyronine (T3), triiodothyronine
uptake (T3U), free thyroxine index (FTI), thyrotropin (TSH) and
testosterone (T), were measured by RIA and compared with those
from 30 healthy male subjects matched for age. Results as
mean + S.E. (*P<0.001):

SUBJECT T4 T, T3U FTI TSH T
(g/100 ml) (ng/100 ml) (%) (pIU/ml) (ng/100 ml)
Control 8.59 126.77 30.26 2.58 1.19 692.67
+0.27 +2.87  +0.43 +0.07  +0.08 +36.27
Asthma- 7.78 79.27*% 35.77* 2.70 T1.44 369.40*
tics  +0.42 +5.66  +0.92 +0.10  +0.12 +34.12

In bronchial asthma: (i) there were decreases in both serum
T3 and T levels which were positively correlated (r=0.5539);
(ii) significant increases in T3U were not associated with
changes in FTI, indicating an abnormality in the thyroid bind-
ing proteins, and (iii) in spite of decreases in serum T3, the
TSH levels did not differ significantly. It was concluded
that the hypothalamic-hypophyseal-thyroid-gonadal axis is
apparently set at a lower level in asthmatic patients.
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Tl

The Effect Of ContraSperm' On Sperm Count And Motility Of
Primates And Humans.

M.F.Nassar  and T.T.Tierney* (Spon: C.F.Nassar).
Rational Alternative Corporation, P.0.Box 2547, Mission
Viejo, California,92690. U.S.A.

Ecbe]atericinTM, the active ingredient of ContraSpermTM,

is a unique, sophisticated preparation extract of the
plant Ecballium elaterium, Linn. Its preparation and use
are disclosed in United States Patent 4,148,892 and the
European Patent 0 005 367. It is revealed as a simple,
effective and non toxic Male Oral Contraceptive, free of
steroids and hormones, and capable of reducing sperm count
and motility from pretreatment levels, to infertility

and nil values, within thirty minutes to one hour after
oral ingestion in both Rhesus macaques and Humans, for a
period up to twelve hours. No side or after effects have
been indicated, after short or long term usage.All histo-
pathological, teratology and blood studies did not show
any changes at the cellular and tissue levels before

and after treatment.

17.11
GLUTAMATE DEHYDROGENASE ACTIVITY IN

Renty B. Franklin and Leslie C. Co
Renty B. Franklin and Lesiie €. Co

-

land, Baltimore, MD 21201

We have proposed that aspartate transamination is an impor-
tant source of oxalacetate (0AA) in prostate. However, trans-—
amination would require an adequate continual source of keto-
acid. Consequently, we proposed that in prostate glutamate de-
hydrogenase (GDH) recycles o-ketoglutarate (aKG) by oxidative
deamination of glutamate. In order to measure enzyme activity
with glutamate as substrate at pH 7.0-8.0, we developed an
assay system utilizing the tetrazolium salt 2,2'-di-(p-nitro-
phenyl)-5,5" diphenyl-3,3'-(3,3"'-dimethoxy-4,4'-diphenylene)
detetrazolium chloride (NBT) as the final electron acceptor.
GDH activity was determined in mitochondrial preparations from
rat ventral prostate and rat kidney. Maximum catalytic activity
(forward direction) for the prostate and kidney preparations
was 3.1 and 3.6 nmoles/mg pr/min respectively. However, when
OKG was substrate (reverse reaction) the kidney preparation
was more than 3 times more active than prostate. We also incu-
bated prostate mitochondria in a reaction mixture which was
essentially the same as the assay system with the addition of
acetyl CoA and aspartate. Results demonstrated that prostate
mitochondria could synthesize citrate from aspartate and glu-
tamate at pH 7.4 at a rate of 6 nmoles/mg pr/min. These re-
sults demonstrate the presence of GDH activity in prostate
mitochondria. Furthermore, they demonstrate that prostatemito-
chondria can accumulate citrate from amino acids, in the pres-
ence of acetyl CoA. Supported by NIH grants AM28015 & HD16193.

17.10

INTERRELATIONSHIPS OF TESTES WEIGHT, TESTICULAR SPERM
NUMBER, DUCTUS (D.) DEFERENS SPERM NUMBER AND EJACULATE
VOLUME AND SPERM NUMBER OF MATURE TURKEYS. Helene C. Cecil
and Murray R. Bakst*. USDA, ARS, Avian Physiology
Laboratory, Beltsville, MD 20705.

In a flock of breeder turkeys ejaculate volumes between
individuals can vary from 0.01 to 1 ml. Little is known of
the mechanisms which determine this variation. Regression
analyses were used to determine the interrelationships
between testes weight, testicular sperm number, d. deferens
sperm number and ejaculate volume and sperm number in a
flock of mature turkeys between 38 and 52 weeks of age.
Testes weight was positively correlated with the total
number of testicular sperm (P < .0001) and with the total
number of sperm in the d. deferens (P < .009). The total
number of testicular sperm was not correlated with the total
number of sperm in the d. deferens (P=.07). The total
number of sperm in the ejaculate was not correlated with
testes weight or the total number of testicular sperm. From
38 to 52 weeks of age the total number of sperm in the d.
deferens decreased (P <.02), but testes weight and sperm
content did not decrease significantly nor did ejaculate
volume change. These data suggest that the ejaculate volume
and sperm number is not related to the testes weight or
testicular sperm number. However, the d. deferens sperm
number is related to testes weight and possibly to the rate
of sperm production.

17.12

TESTOSTERONE EFFECTS ON CITRATE OXIDATION BY RAT VENTRAL
PROSTATE. Mvong W. Kahng*. V. Akuffo*. R. B. Franklin and
PROSTATE. Myong W. Kahng*, V. Akuffo*, R, B. Franklin and

L. C. Costello. Univ. of Maryland, Baltimore, MD 21201

The metabolic mechanism(s) which results in the accumula-
tion and secretion of extraordinarily high levels of citrate
by the prostate gland has not been elucidated. In addition the
mechanism by which testosterone regulates prostate citrate
secretion needs to be established. In previous studies we dem-
onstrated that citrate oxidation by mitochondria isolated
from rat ventral prostate was very low due to a limited aconi-
tase activity. The present report is an extension of the ear-
lier studies and also demonstrate the effect of testosterone
on citrate oxidation. Citrate oxidation was determined by
C-1407 production from6-Cl4 citrate, and citrate utilization
was determined as the total disappearance of citrate. Castra-
tion (72 hour) resulted in a decrease (30%-45%) citrate oxi-
dation and utilization by rat ventral prostate mitochondria
as compared to sham animals. Similarly citrate oxidation by
ventral prostate fragments was decreased by castration. The
administration of testosterone to castrated rats (1-5 mg per
rat for 24 hours) stimulated citrate oxidation and utilization
back to normal levels. This effect of testosterone would have
a tendency to decrease citrate levels by increasing citrate
oxidation which is contrary to the action of testosterone
which increases prostate citrate levels and secretion. These
results indicate that the regulation of citrate production by
testosterone is not mediated via an effect on citrate oxida-
tion by prostate. Supported by NIH grants AM28015 & HD16193.
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18.1

CIRCADIAN RESPONSES OF MAMMALS TO THE HYPERDYNAMIC
ENVIRONMENT. Charles A Fuller, David W. Griffin** and John M.
Horowitz". Div. Biomedical Sci., Univ. of Calif., Riverside, Ca 92521
and Dept. Animal Physiol., Univ. of Calif., Davis, CA 95616.

Mammals demonstrate depression of deep body temperature in
hyperdynamic environments. However, the influence of circadian body
temperature rhythms on this response have not previously been
investigated. The present study examined such time of day influences
on acute exposures of animals to 2G_. Colonic temperatures were
measured in eight monkeys and eight rdts exposed to 70 min of 2G_ via
centrifugation at two times during the day, with a minimum of “four
recovery days between exposures. The order of exposure was reversed
for half of each group of animals. During the 70 min control periods
prior to centrifugation, all groups demonstrated stable body
temperatures. At 2G_ during the day, the diurnal monkeys showed a
1.4°C fall in colonic tzemperature to about 37.3°C. During the ni%ht,
body temperature did not change and was regulated at about 36.9°C.
The nocturnal rats showed a reversed response. At 2G_, during the
day, colonic temperature was depressed 1.6°C, to abouf 36.2°C. At
night, these animals showed an average temperature depression of
2.3°C to about 35.5°C. Thus, there are clear circadian differences in
response to the hyperdynamic environment, with the greatest fall in
temperature during the animals' active phase. Further, the animals
clearly have some ability to regulate temperature as demonstrated by
the capacity to minmize the changes in body temperature during their
rest phase. (Supported by NASA Grants NAGW-309, NSG-2234 and
PHS Grant BRS RR-05816).

18.2
ACID-BASE STATUS DURING SHORT-TERM IMMOBILIZATION IN MONKEYS
(M. NEMESTRINA). D. R. Young and R. S. Swenson.* Ames
Research Center, Moffett Field, CA 94035

In an earlier study of the effect of chronic immobilization
with monkeys, we observed an increased urine net acid
excretion (NAE) largely due to a sustained rise in ammonium
production. Within 2-3 weeks, arterial pH and bicarbonate
increased approximately 10%, and the stable alkalemia per-
sisted throughout several months of continuous immobilization.
Potential causes of immobilization-associated alkalosis in
primates incude mineralocorticold excess, potassium depletion,
and reduction of blood volume. The early responses to
immobilization were studied in order to elaborate mechanisms
which can stimulate aldosterone production. Adult male animals
were restrained on a soft couch for 9 days and measurements
were made on venous blood and urine samples. Body weight
declined 320g and blood volume decreased 90 ml. During the
first 4 days, plasma aldosterone rose significantly and urine
aldosterone was elevated throughout the test. There was a
hypokalemia and hyponatremia. Urine titratable acidity (TA)
increased significantly along with endogenous phosphate
excretion. NAE was significantly elevated. Venous pH was
relatively unaffected. We conclude that hypovolemia and
hyponatremia promote the rise in aldosterone production. Renal
ammoniagenesis occurs as a result of mineralocorticoid excess
and hypokalema however there may be a delay of 2-3 weeks prior
to the expression of the response in immobilized animals.
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18.3
SPACELAB-4 :THE FIRST SHUTTLE MISSION DEDICATED TO LIFE SCIENCES

RESEARCH. ~ C. Dant*, C. Schatte, L. F. Cipriano, NASA-Ames Research
Center, Moffett Field, CA 94035

In early 1986, NASA will launch Spacelab Mission 4, the first
mission dedicated to the Life Sciences. This mission will carry 14
nonhuman and 10 human investigations proposed from an international
group of investigators. The Life Sciences Flight Experiments Project
(LSFEP) at NASA-Ames Research Center manages, develops, and
implements spacelab nonhuman Life Sciences investigations. The
Spacelab-4 nonhuman studies, designed to investigate physiological
responses to spaceflight in rodents, squirrel monkeys, amphibians,
and plants include: vestibular physiology; musculoskeletal
metabolism; macro and microcirculatory physiology; fluid and
electrolyte balance; erythropoiesis and blood volume regulation;
thermoregulation; amphibian embryogenesis; and plant nutation. The
Research Animal Holding Facility and General Purpose Work Station are
among many common reusable Life Science laboratory equipment items
developed for such Life Science investigations. Spacelab-4 will
carry non-career astronaut Payload Specialists, professionals chosen
from the Life Sciences community to carry out the investigations
directly in space. Spacelab-4 is the first of many flight
opportunities available to Life Scientists; future investigations
will include more dedicated flights, minilabs, and locker-sized
carry-on experiments. Research capabilities using a space
platform/space station for long-term Life Sciences research is now
under study. The presentation will focus on the nonhuman Spacelab-4
investigations and future opportunities,

18.4

FACTORS AFFECTING ATROPHY OF LOAD BEARING MUSCLES OF RATS IN
SIMULATED WEIGHTLESSNESS. Herbert S. Ginoza* and Emily Morey-
Holton* (SPON: J. Oyama). NASA Ames Research Center, Moffett

Field, CA 94035

We have previously shown that unloading of hind 1limbs of
rats by suspension leads to selective atrophy and decrease in
the rate of protein synthesis of the soleus muscle. The pre-
sent study was initiated to determine: (1) whether alterations
in the respiratory capacity of mitochondria in the atrophying
muscle elicit changes in the muscle mass and (2) the role of
high circulating glucocorticoids in weightlessness induced
muscle atrophy. The hind limbs of Sprague-Dawley rats, 150 -
200 grams were made non-weight bearing with a modified Morey
rat model (BioScience 29:168, 1979). Mitochondria from soleus,
EDL and gastrocnemius muscles were isolated from rats suspended
for 7 days and respiration was measured using glutamate as a
substrate. The state 3 respiration of mitochondria from pooled
atrophied soleus muscles was 26.65 nano/atoms oxygen utilized/
mg protein/min compared to 61.89 for the non-atrophied control
muscles. No significant differences were found in the respira-
tory activity of the EDL and gastrocnemius muscles. When non-
suspended rats were injected intraperitoneally with triamcino-
lone acetonide, 5 mg/kg body weight, daily, for 4 days, the
size of the soleus muscle was not significantly different from
untreated control. However, when steroid treated and non-
treated rats were suspended for 4 days, the size of the soleus
muscle decreased more rapidly in the hormone treated rats.

18.5

EFFECT OF HIGH ALTITUDE (HA) AND ACETAZOLAMIDE (AZ)
ON PLASMA LACTATE (LAC) AND ENDURANCE TIME TO
EXHAUSTION AT 90% VO, MAX. R.L. Burse, R.C. Feccia*, A.
Cymerman, W.L. Daniels, “P.B. Rock* and J.T. Maher. U.S. Army
Research Institute of Environmental Medicine, Natick, MA 01760.
An experimental treatment (Tr) of either 500 mg AZ (E group,
n=7 young men) or placebo (C group, n=5) was given b.i.d. for 2 days
before and for 3 days after ascent to HA (4300 m) to assess the
effect of AZ and HA on resting arterialized venous pH, endurance
time to exhaustion at 90% of cycling VO, max at that altitude-Tr
combination (ET90), and venous LAC ; min after exhaustion.
Subjects performed at sea level without Tr, at HA with Tr 3 days
after ascent and at HA 3 days after Tr was stopped. At HA, pH was
lower in E than C with AZ, but reverted after cessation. Although
LAC at exhaustion was reduced acutely with AZ and progressively
over 6 days HA exposure, ET90 was not significantly affected.
Respiratory alkalosis of HA thus qualitatively differs from a
metabolic alkalosis at sea level which enhances both LAC
accumulation and endurance time in exhausting heavy exercise.

n SL,no Tr HA, Tr HA, no Tr
pH C 5 7.42 + .01 7.46 + .01 7.46 + .01*
E 6 7.42 + .01 7.39 + .015# 7.45 + .01*
ET90 c 5 397 + 59 399 + 30 401 + 51
(sec) E 7 548 + 64 488 + 74 538 + 65
LAC C & 11.6 + 1.4 8.0 + 1.4 6.6 + 0.5%
(mmol/1) E 6 11.0+ 1.3 4.3 + 0.65# 6.4 + 0.6*

P<.05: {#E differs from C; * differs from corresponding SL
value; & differs from no-Tr value at HA; Table shows X * SE,

18.6

HYPOCAPNIA AND SUSTAINED HYPOXIA BLUNT VENTILATION ON
ARRIVAL AT HIGH ALTITUDE. J.T. Reeves, S.Y. Huang*,J.K.
Alexander, R.F. Grover, J.T. Maher, R.E. McCullough*, R.G.
McCullough*, L.G. Moore, J.B. Sampson¥*, J.V. Weil*. Univ.
of Colorado Health Sciences Cntr., Denver, CO 80262

Hypoxia at high altitude stimulates ventilation but in-
hibitory influences limit the ventilatory response.
Possible inhibitory influences include hypocapnia and non-
sustained ventilation during continued hypoxia. Our
approach was to compare hypoxic ventilatory responses at low
altitude with ventilation at high altitude. 1In 12 subjects
we compared responses to acute (<10 min) isocapnic hypoxia,
acute poikilocapnic (no COy added) hypoxia and prolonged (30
min) hypoxia in Denver, 1600 M, with ventilations measured
on each of 5 days on Pikes Peak, 4300 M. On Pikes Peak day
1 ventilation (Vg=10.2 1/min, Sa0,=82%) was less than
predicted by either acute isocapnic or poikilocapnic tests.
However prolonged poikilocapnic hypoxia (Sa0p =82%) in
Denver yielded ventilation similar to that on Pikes Peak day
1. By Pikes Peak days 4 and 5, end-tidal PCOp, pHa, and
arterial oxygen saturation approached plateaus, and ventila-
tion 12.4 1/min was as predicted by the acute isocapnic
test. Thus the combination of hypocapnia plus nonsustained
ventilation may have blunted the ventilatory increase on
Pikes Peak day 1, but apparently not after 4 or 5 days of
acclimatization. (Supported by NIH Grant HL 14985 aud US
Army Rsch. Institute Contract DAMD-81-C-1057)

18.7

FACTORS INFLUENCING RIGHT VENTRICULAR HYPERTROPHY AND SURVIVAL
OF GUINEA PIGS IN HYPOXIA. N. Banchero, S.R. Kayar and C.I.
Blake*. Univ. of Colorado Medical School, Denver, CO 80262.
he pulmonary arterial hypertension of mammals in chronic
hypoxia is due to increased pulmonary vascular resistance.
Hypoxia produces vasoconstriction first and anatomical reduc-
tion of the pulmonary vascular lumen later. This increases
the work of the right ventricle and causes hypertrophy (RVH).
Hematological and heart weight data obtained in growing guinea
pigs (GP) have been analyzed to investigate factors affecting
RVH. GP were exposed to dilution hypoxia (F0,=0.126,
ambient P02=80 torr) equivalent to 5100 m, and to hypobaric
hypoxia (PB£435 torr, ambient P0,=90 torr) equivalent to
4600 m, for up to 16 weeks. A cgntrol group was studied in
Denver (PB=635 torr, ambient P0,=133 torr, 1610 m). Body
growth rates were the same for §11 groups. The weight of the
right ventricle (RVW) increased linearly with body weight
(BW), but in the hypoxic GP the RVW were significantly higher
than in the controls at any BW. The degree of RVH, calculated
as the percent increase in RVW over the control group in
Denver, was exponentially related to Hct (RVH=0.97e0.07 Hct,
R=0.77). High Hcts (>65%) caused severe RVH (>100%); 20% of
the GP exposed to hypoxia developed right heart failure and
peripheral edema, resembling chronic mountain sickness. In
these GP the average Hct was 68%. The increased blood
viscosity of severe polycythemia aggravates the pulmonary
arterial hypertension causing severe RVH and in some cases RH
failure. Supported by NIH HL28849 and HL06527.

18.8

INCOMPATIBILITY BETWEEN ALVEOLAR GASES AND PREDICTED
PERTPHERAL CHEMOSENSORY DRIVE FOR VENTILATION ON THE EVEREST
SUMMIT. S. Lahiri. University of Pennsylvania School of
Medicine, Philadelphia, Pa. 19104, USA.

Resting alveolar PCOj on the Mt. Everest summit (8848 m) in
man was predicted to be 10-12 Torr assuming a barometric pres-
sure between 247 and 250 Torr (Dejours, 1980; West and Wagner,
1980) . The average value found in a single subject was 7.5
Torr at an alveolar POy of 35 Torr (West et al., 1983). The
calculated arterial pH was 7.7. The extreme hyperventilation
was assumed to be driven by the peripheral chemoreceptors due
to hypoxia. However, these blood gases and { H'} values are
close to the stimulus threshold for arterial chemoreceptors in
the normal sea level cats (e.g. Lahiri et al., 1978). There-
fore, acclimatization to chronic hypoxia and subsequent expo-
sure to extreme hypoxia must have caused some differences
which require investigation. We investigated the arterial
chemical stimulus threshold for carotid body chemoreceptors in
the cats which were exposed to P10y of 70 Torr for 3-4 weeks.
We found that arterial PO, of 30 Torr and pH 7.7 are still
very close to the stimulus threshold for carotid body chemore-
ceptors in these cats as well. The conclusion that the peri-
pheral chemosensory drive alone could not account for the ob-
served alveolar gases on the Everest summit is inescapable,
assuming that the experimentally observed chemosensory data in
the cat are applicable to man.
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VENTILATION AND 02 CONSUMPTION IN HYPOXIA AND COLD-ACCLIMATED
GUINEA PIGS. C.I. Blake*, S.R. Kayar and N. Banchero. Univ.
of Colorado School of Medicine, Denver, CO 80262
Cold-acclimated mammals require greater amounts of 02 to
meet the increased metabolic demands for maintenance of body
temperature. The 02 requirements of hypoxia-acclimated mam-
mals with similar metabolic needs to those at low altitude
must be met under conditions of reduced 02 availability. To
determine the effects of acclimation, we measured 02 consump-
tion (Vp,), tidal volume (V). and breathing frequency (f) in
cold- anﬁ hypoxia-acclimated guinea pigs (GP). Growing males
maintained in cold (5°C, ambient Pg,=133 torr) for 8 weeks,
hypobaric hypoxia (26°C, ambient Pg3=90 torr) for 11 weeks,and
in Denver(22°C, ambient Pp,=133 torr) were placed awake and
unrestrained in a transpareént chamber. Gas flow rate through
this chamber was 1.2 L/min. After 30 min, resting Vg, was de-
termined by measuring the fall in 0p concentration be%ween in-
let and outlet. The chamber was then closed to serve as a
plethysmograph and oscillations in pressure were recorded from
which f and V7 were obtained. In cold GP, Vi was 28% greater
and f was 46% greater than in controls. In hypoxic GP, Vi was
40% qreater and f was 15% greater than in controls. Thus, min-
ute ventilation (Vp) was 100% greater in the cold-acclimated
animals and 60% greater in hypoxia-acclimated animals. The re-
lation between Vg and Vg, was parabolic, with Vg, increasing
rapidly at Vg values above 50 ml1/g-hr. Some GP showed in-
creased Vp and a concomitant increase in Vg, which appeared
due to restlessness and not enviromental stress. NIH HL28849

18.10

SIGNIFICANCE OF LUNG STRUCTURE IN BIRDS AND MAN FOR PERFOR-
MANCE AT HIGH ALTITUDE. P. Scheid and J. Piiper. Inst. f.
Physiol., Ruhr-Univ., Bochum, and Dept. Physiol., Max-Planck-
Inst. f. exp. Med., Gottingen, FRG.

Only few people have succeeded to climb Mt. Everest (alti-
tude, 8848 m) breathing ambient air (inspired PO, about 42
Torr), and maximum exercise is restricted to low levels at
this altitude. In contrast, birds have been reported to fly
or soar well above 10,000 m. We have estimated the signifi-
cance of lung structure for the apparent higher altitude to-
lerance of birds compared with man, as the avian parabronchial
lung, due to its cross-current arrangement, is known to have
a higher gas exct
this, we have calculated the change in the inspired-to-arte-
rial PO, difference that would occur in man upon replacement
of his alveolar lung by a cross-current parabronchial lung,
keeping all other pulmonary parameters (e.g., O, uptake,
ventilation, blood flow, diffusing capacity) unchanged. The
results show that, for unaltered arterial PO,, inspired PO,
with the avian lung can be 5 Torr lower than with the mamma-
lian lung, which corresponds to a gain in altitude of about
800 m. Lung structure thus plays an important role in the
high altitude tolerance of birds. However, since birds appear
to tolerate an even higher altitude, other factors that en-
able birds to endure the extreme altitude are expected to be
involved as well.
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18.11

EFFECTS OF TSOPROTERENOL INFUSION ON THE KINETICS OF NITROGEN
WASHOUT IN RATS. Gary W. Mack* and Y.C. Lin. Department of
Physiology, University of Hawaii, Honolulu, HI 96822.

In a perfusion limited model for inert gas exchange,
extracted rate constants depend only on the rate of tissue
perfusion and the partition coefficient of the gas. Unanes-
thetized male rats previously prepared for determination of
cardiac output (Q) by thermodilution, femoral artery blood and
venous infusion were given saline (day 1) or isoproterenol
(1.17 ug/kg-min, day 2) at a rate of .0035 ml/min during a two
hour isobaric washout with 100% O at 1 ATA. Whole body nitro-
gen washout kinetics were determined and three rate constants
were calculated and labeled by order of extraction as: Kl=slow,
K2=medium and K3=fast. Q increased from 390 ml/min-kg during
saline infusion to 550 ml/min.kg with isoproterenol. When K2
is plotted against Q one obtains a straight line with a slope
of zero. Kl vs Q shows an initial linear increase with Q as
predicted by the equation K=x . Q but at higher flow rates the
plot shows a steep exponential rise in K1. These results
suggest that perfusion limitations to nitrogen washout reside
primarily in the slower tissues but at higher flow states
other factors begin to influence significantly the half-times
for desaturation. (Supported in part by Hawaii Heart Assoc.).

18.12

AUXILIARY COOLING: A COMPARISON OF VARIOUS METHCDS IN HOT/DRY
CLIMATE. Y. Epstein, Y. Shapiro*, S. Brill, D. Zakai. Heller
Institute of Medical Research, Chaim Sheba Medical Center,
Israel.

The physiological hazard involved in elevated body tempera-
ture and the reduction in performance urged the seeking of a
proper solution for an efficient external cooling system.
Since total air-conditioning is usually unfeasible, mainly be-
cause of power considerations, individual cooling is the most
practical solution to alleviate heat stress problems. Indivi-
dual cooling includes gas, liquid, or ice cooled systems, cov-
ering the entire body or a limited segment, usually head or
torso. Seven different cooling devices were compared under the
same hot/dry climatic conditions (50 ¢,30% rh). Using the
latin-square routine, 8 male subjects tested water/air cooled
garments (vests and hoods), ice-bags vest, zone cooling and a
fan for their beneficial effect on physiological parameters.
The strain index (SI) of Craig (SI=HR/100+06T_+SR) was used in
order to evaluate the physiological status of the subjects.
Cooling the torso was found to be more effective than cooling
the head. Systems based on cooled air resulted in similar phy-
siological impact as systems based on circulated water, in
spite of their lower cooling capacity. Subjective sensation of
comfort was found to be highly correlated to the physiological
strain index (r=0.61,p<0.001). It is suggested that the SI
might serve as a useful tool to compare different physiologi-
cal stressful situations.
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19.1

NON-INVASIVE ESTIMATION OF WORK OF BREATHING AND COMPLIANCE
WITH SURFACE INDUCTIVE PLETHYSMOGRAPHY. N.E. Moavero*, D.S.
Lipton*, G.A. Jenouri*, J. Pine*, and M.A. Sackner. Mt.
Sinai Med. Ctr., Miami Beach, FL 33140

Movement of suprasternal fossa monitored with surface
inductive plethysmography (SIP) reflects changes of intra-
pleural pressure (PP ). Compliance (C, ) may be calculated
indirectly using Meaé & Whittenberger Epproach (JAP 5:779,
1953) if value of oscillatory resistance during tidal breath-
ing is substituted into inspiratory pulmonary resistance
(R ') loop. SIP gain is sensitive to changes in neck position.
Shbuld this occur, the procedure obviates recalibration of
SIP which would be necessary by a time-consuming Null Proced-
ure (Tobin, JAP, in press). We studied 4 seated COPD pa-
tients and 1 normal with simultaneous SIP and intraesophageal
balloon methods. Values at tidal breathing (17 br/min) and
20 br/min were compared to line of identity: 1) work of
breathing (wBr) all values + 30%, R all values + 35%, 3)
C 66% were 3T40% and 100% were + 6D%. In 6 COPD patients,
ttdal breathing (¥ =12.4 L/min) comparisons with SIP method
seated and supine {evealed no significant differences.

Mean (SD) R C W Elastic Work
cmH,, 0¥Lxsec L/chio  k _MPE %

Seated 7.8(2.6) .18(.1%) .06%(.021)  43018)

Supine 7.1(2.4) .20(.08) .063(.042)  44(18)

This new method which provides semi-quantitative data on work
of breathing and lung compliance, suggests that C is not
altered by changing from upright to supine posturE in COPD.

19.2
WIDE-BAND VERSUS DISCRETE EXCITATION DURING HIGH-FREQUENCY
OSCILLATION. J.R. Clarke, D. Kerem, E.T. Flynn, M.E. Bradley

and L.D. Homer. Naval Medical Research Institute, Bethesda,

Md. 20814

High-frequency oscillations (HFO) used as a ventilatory
aid are generally applied at a single discrete frequency,
which is chosen empirically. We sought to compare the
relative efficiency of discrete versus multiple frequencies
as forcing functions during HFO. Oscillations were applied
to anesthetized, paralyzed dogs either directly to the
trachea via a loudspeaker or to the chest-wall by a shaker.
The driving input was either sinusoidal (15 Hz) or band-pass
filtered (5-50 Hz) noise reflecting the admittance charac-
teristics of the canine respiratory system. Acoustical
power delivered to the lower trachea was measured by a Millar
catheter pressure transducer, and was related to the area
under a modified 3-min nitrogen washout curve (Clarke et al.,
Fed Proc 42:1351, 1983). For both internally and externally
applied oscillations, matched tracheal RMS powers resulted
in similar washouts regardless of the nature of the exciting
function, even though the power at 15 Hz was 250 times lower
during noise application than during 15 Hz sinusoidal
oscillation.
(Supported by NMRDC Work Unit MOO99PN.01B.0009.)

19.3

ENDOGENOUS AND EXOGENOUS INFLAMMATORY MEDIATORS CAUSE SECRE-
TION OF 35304—LABELED MACROMOLECULES FROM FERRET TRACHEA.
A.D. Mackay,* D.B. Borson, E.M. Jensen,* and J.A. Nadel,
CVRI, UCSF, San Francisco, Calif. 94143.

To determine whether endogenous and exogenous inflammatory
mediators cause mucus secretion, we studied the release of
35504-1labeled macromolecules from ferret tracheas in the pres-
ence or absence of indomethacin, an inhibitor of prostaglandin
synthesis or in the presence of histamine or prostaglandins
E2, Fyq, and D2. We excised tracheas from ferrets anesthe-
tized with pentobarbital sodium (45-60 mg/kg i.p.). Half the
trachea was placed in medium M199/Earle's salt solution and
half in medium containing indomethacin (10-5M) for the dura-
tion of the experiment. We mounted pieces of the anterior
portion of the trachea in Ussing chambers filled with 5 ml
medium equilibrated with 95% 02/5% COy. We exposed the sub-
mucosal side of each tissue to 0.167 mCi Nap35S0, throughout
the experiment. We measured nondialyzable 3§SOz. released into
the luminal halves of the chambers by draining and refilling
them at 15 min intervals over 4 h. Indomethacin-treated tis—
sues secreted less 35804 than untreated ones; mean inhibition
23% (p< 0.05, n=8). This inhibition was not seen in tissues
stripped of epithelium (n=4). In 5 other animals, exogenous
mediators caused secretion with an order of potency (at 10-5M):
PGEp>Fq = Dy = histamine. These results suggest that endoge-
nous mediators, possibly from the epithelium, may modulate
baseline secretion of macromolecules. (Supported by USPHS
Grant HL-24136 and a grant from Vicks Division Res. & Develop.)

19.4

ENHANCED PERIPHERAL MUCUS CLEARANCE WITH HIGH FREQUENCY CHEST
WALL COMPRESSION. D.Gross*,C.0'Brien*, D.Wight*,L.Rosenthall*
A. Zudulka*,and M. King. School of Physical and Occupational
Therapy and Meakins Christie Lab, McGill University and Mon-
treal General Hospital, Montreal, Quebec, Canada H3G 1Y5

The effects of high frequency chest wall compression (HFCWC)
on mucociliary clearance (MCC) in the small airways was stu-
died in 7 anesthetized nonparalyzed dogs. HFCWC was achieved
by a piston pump oscillating the pressure in a modified double
blood pressure cuff wrapped around the lower thorax. A®°™Tc
sulfur colloid aerosol was introduced into the lungs via a
Bird neubilizer connected to an endotracheal tube. Aerosoli-
zation continued until total lung radioactive count reached
100,000-150,000 per min. and the lungs appeared well outlined.
Lung retention was quantified in various lung zones using a
gamma camera and subsequent computer analysis. HFCWC at 13 Hz,
with a peak cuff pressure of 100 cm Hp0, applied for 30 min,
significantly enhanced clearance from the lower peripheral
zones when compared with spontaneous ventilation (mean value
of 20.17%137% SD, p<.01). 1In the upper zones MCC was not en-
hanced. HFCWC at 13 Hz with a peak cuff pressure of 50 cm Hy0
also enhanced clearance from the lower peripheral zones in the
3 dogs tested. The enhancement of clearance may be brought
about by mechanical effects, changes in mucus viscosity or
neural or chemical factors. These results suggest that, pro-
vided safety can be demonstrated, HFCWC might be of potential
benefit as a mode of chest physiotherapy in patients with
mucus hypersecretion. (Supported Can.CF Fdn, & Can.Lung Ass'n).

19.5

NEUTROPHIL DEPLETION INHIBITS AIRWAY HYPERRESPONSIVENESS
INDUCED BY OZONE. P. O'Byrne,* E. Walters,* B. Gold,*

ll. Aizawa,* L. Fabbri,* S. Alpert,* J. Nadel, M. Holtzman.*
UCSF, CVRI, San Francisco, Calif. 94143.

We studied whether ozone-induced hyperresponsiveness could
be inhibited by neutrophil depletion in dogs. Responsiveness
was assessed with dose-response curves of acetylcholine
aerosol versus pulmonary resistance; depletion was assessed
by counting neutrophils in venous blood and in biopsies of
the airway epithelium. Each was assessed 5 d and 1 d before
ozone and 1 h after ozone (3.0 ppm, 2 h) in 6 untreated dogs
and in 6 dogs treated with hydroxyurea (200 mg/kg daily for
5 d starting 5 d before ozone). In untreated dogs, respon-—
siveness and neutrophil numbers 5 d and 1 d before ozone did
not change, but responsiveness and epithelial neutrophils
increased markedly after ozone. In treated dogs, circulating
neutrophils decreased from 8.9 + 2.2 to 0.6 * 0.01 x 103 per
mm3 (mean * SEM), and responsiveness before ozone did not
change. Furthermore, increases in responsiveness and epithe-
lial neutrophils did not occur after ozone. Six wk after
stopping hydroxyurea, responsiveness and epithelial neutro-
phils again increased markedly after ozone. The results
suggest that ozone-induced hyperresponsiveness may depend on
the mobilization of neutrophils into the airways. (Supported
by NIH Grant Nos. HL-24136, HL-00797 and by grants from the
Council for Tobacco Research and California Air Resources
Board.)

19.6

BW755c INHIBITS AIRWAY HYPRERESPONSIVENESS INDUCED BY OZONE IN
DOGS. L.M. Fabbri,* H. Aizawa,* P.M. O'Byrne,* E.H. Walters,*
M.J. Holtzman,* J.A. Nadel, CVRI, UCSF, San Francisco, Calif.

To follow up our previous observations that airway hyper-
responsiveness induced by ozone (03) is linked to airway in-
flammation (neutrophil infiltration and ciliated cell desqua-
mation), we investigated the effect of BW755c, a nonsteroidal
anti-inflammatory drug, on the responses to O3 in 5 dogs. We
determined the concentration of acetylcholine (%ACh) that in-
creased baseline pulmonary resistance by 5 cmHp0:L™*:s, and we
counted the number of each cell type in bronchoalveolar lavage
1 wk before and 1 h after exposure to O3 (3 ppm; 2 h). Airway
responsiveness and number of epithelial cells in lavage in-
creased significantly after O3 in the placebo studies but not
after BW755c (10 mg/kg, iv; 15 min before exposure). The
number of neutrophils in lavage increased in placebo studies
and after drug intervention (see table).

Placebo BW755¢
Pre 03 Post O3 Pre 03 Post 03
%ACh 0.16 0.01 0.13 0.07
Epithelial cells* 1.20 33.00 7.90 17.60
Neutrophils* 6.40 36.40 6.90 41.20

*values = number of cells x 103 per ml of lavage fluid.

We conclude that BW755c markedly inhibits ozone-induced airway
hyperresponsiveness in dogs, probably by inhibiting arachi-
donic acid metabolism. (Supported in part by USPHS HL-24136,

a grant from the Fisons Corp, Council for Tobacco Research-USA,
and California Air Resources Board)
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RAT LUNG POLYAMINE METABOLISM AND SURVIVAL IN HYPEROXIA; AGE
RELATED DIFFERENCES. Allen D. Hacker*,and Donald F. Tierney.
Department of Medicine, U.C.L.A., Los Angeles, Ca. 90024
Polyamine metabolism is closely related to cell growth
including proliferation. Thirty day old rats survive
continuous exposure to 1.0 atm O, for several weeks; 60 day
old rats die within 72 hrs. We éexposed 30 day (125 gm) and 60
day (250-300 gm) rats to 1.0 atm O, for 24,48,and 56 hrs. Only
30 day old rats survived for 72 hr§. In the 60 day rat,
ornithine decarboxylase (ODC) activity increased 360% by 24
hrs and continued to increase until it was 1100% greater by 56
hrs, whereas in the 30 day rat it reached a peak at 48 hrs and
then declined by 56 and 72 hrs. The absolute value of ODC per
mg DNA was greater in the 30 day rat under all circumstances.
By 48 hours putrescine doubled in both age groups but
S-adenosylmethjonine decarboxylase (SAMDC) activity,spermidine,
spermine, and “H thymidine incorporation into DNA did not
increase. 1In the 30 day rat, but not the 60 day rat, SAMDC
activity increased 44% at 56 hrs and 230% by 72 hrs and
spermidine content increased 26% by 72 hrs. Spermine content
did not change in either age group. H thymidine incorpora-
tion into DNA was below control through 56 hrs but increased
1967% above control by 72 hrs in the 30 day rat. Presumbly
lung repair after hyperoxia requires cell proliferation to
replace damaged or destroyed cells. The delayed increases of
SAMDC activity and spermidine content may be related to the
suppression of DNA synthesis that occurs for several days with
hyperoxia. (Supported in part by USPHS-NHLBI Grant HL 27309)

19.9

PULMONARY TISSUE VOLUME IN PIGS USING THE PIGS' OWN
TISSUE SOLUBILITY M.F. Petrini, M.S. Phillips*x, W.C.
Pinkston*, K.R. Tullos* and J.R. Norman*. Univ of

Miss. Med. Ctr., Jackson, MS. 39216

We measured pulmonary tissue volume (V) in 4
pigs with average body weight of 17.3 + 1.7 Kg; V‘
was estimated by rebreathing acetylene using an
inspired volume of 1 L at a frequency of 20-30
breaths/minute. The rebreathing started above
residual volume but below functional residual
capacity; data was collected and analyzed on line
The mean coefficient of variation was 6é%. The
tissue volume consistently underestimated the wet
weight of the lung by nearly 10% when the Bunsen
solubility coefficient (alpha) of human lung tissue
(0.768 ml gas/ml of tissue) was used. We then
measured alpha in the lung tissue of the 4 pigs.
After removing the passively drained lungs from the
chest we obtained the solubility coefficient in
small amounts of tissue (<(0.4 gm) by double
extraction. The alpha = 0.645 & 0.017 ml gas/ ml

tissue The mean recalculated Vv was 275 ml, which
is an 8% overestimation of wet lung weight This
agrees with values found in dogs. Thus we conclude

that the solubility coefficient is crucial in V
determinations (Supp. by NIH Grant HL2605! and a
Mississippi Lung Assoc. Grant-in-Aid of Research).

19.11

GRANULOCYTES MEDIATE HYPOXEMIA IN SHEEP INFUSED WITH ACTIVATED
COMPLEMENT. T.M. Egan*, N.R. Saunders*, S.C. Luk*, and J.D.
Cooper* (SPON: E.A. Phillipson) Univ. Toronto, Canada M5S 1A8

Infusion of "zymosan-activated plasma" ZAP into the superior
vena cava in sheep results in leukopenia, pulmonary leukostasis
and pulmonary hypertension associated with generation of throm-

boxane, and hypoxemia; these changes commence rapidly and
resolve over 20 to 30 mins. following cessation of infusion.
This study was undertaken to elucidate the role of polymorpho-
nuclear leukocyte (PMN) in pulmonary dysfunction induced by
infusion of ZAP. 9 sheep were rendered severely granulocyto-
penic by pretreatment with hydroxyurea (pMN €100/cu.mm) . Their
response to ZAP infusion was compared to a group of 1l normal
animals. The neutropenic animals elaborated equivalent amounts
of thromboxane B2 (measured by RIA) and demonstrated the same
degree of pulmonary hypertension as normal sheep. However,
granulocytopenic sheep were significantly less hypoxic during
and after infusion (p £.01). Serial lung biopsies were under-
taken in 3 normal and 3 neutropenic sheep infused with ZAP.
Pulmonary leukostasis with margination was observed in normal
sheep. Electron microscopy demonstrated interstitial edema in
normal animals. Edema was absent or markedly attenuated in
granulocytopenic animals. Both normal and PMN-depleted animals
demonstrated equivalent decrements in pulmonary dynamic com-
pliance. This study provides evidence that the thromboxane
generated in-vivo in response to infusion of ZAP is independent
of neutrophils. The hypoxemia and associated interstitial
edema are granulocyte mediated.

19.8

REGIONAL DIFFERENCES IN POLYMORPHONUCLEAR LEUKOCYTE (PMN)
TRANSIT THROUGH THE DOG LUNG. B. A. Martin S. Lee*
M. Quiroga*and J.C. Hogg. UBC Pulmonary Research

Laboratory, St. Paul's Hospital, Vancouver, B.C., Canada.
Previous studies have shown that there is a large margi-
nating pool of PMN in the lung and that the release of cells
from this pool is dependent on blood flow (1). The purpose
of this study was to examine the movement of these cells
through different lung regions and determine their fate when
they leave the lung. A bolus of 5lCr-labelled PMN and 99mTc
red blood cells was injected into the right atrium, followed
by a bolus of Il25-1abelled macroaggregates to mark regional
pulmonary blood flow. The animals were sacrificed at 10 or
30 min after the injection and the number of PMN in the
lung, liver, spleen and total blood volume was calculated.
The % of the injected PMN found in the lung, liver, spleen
and blood was (mean + SE) 35+3, 37+2, 9+2 and 12+1 at 10 min
(n=5), and this changed to 18+2, 43+3, 7+2 and 8+1 at 30 min
(n=5). At 10 min the number of labelled PMN/gm 1lung was
least in the upper region (p <.05). At 30 min it was least
in the lower region (p <.05). We conclude that the transit
of PMN through the marginating pool in the lung takes longer
in upper regions with low flow and that the liver appears to
be the site of accumulation of the labelled PMN released
from the lung.
1. J. Clin. Invest. 69: 1279-1285, 1982.
Supported by Medical Research Council Grant MT-4219.

19.10

A mathematical model of the pulmonary circulation: effect of
Histamine (H), serotonin (SHT), norepinephrine (NE) and in-
creased vascular pressure (IP). J.C. Parker, B. Rippe% and
A.E. Taylor, Dept. of Physiology, University of South Alabama,
College of Medicine, Mobile, AL 36688.

A mathematical model which represents the pulmonary circula-
tion as four resistance (R) segments and three capacitance
(C) segments was programmed on a digital computer. The R
and C values were adjusted to simulate dynamic and steady-
state values of filtration mid-point (PCI), arterial occlu-
sion (PAC)’ venous occlusion (Pyc) and double occlusion pres-
sure (Pp) previously obtained under constant pressure (CP)
and constant flow (CF) conditions in isolated, blood-per-
fused lung lobes during IP and drug infusions. These simu-
lations indicate that: (1) Total R decreased to 40% of con-
trol as Pgy increased for 10 to 30cm Hy0, and this decrease
was mostly attributed to distention or recruitment of small
arteries and veins; (2) H increased R and decreased C mainly
in the large veins; (3) 5HT increased R in all vascular
segments but markedly decreased arterial C; (4) NE increased
R primarily in large arteries and veins but decreased venous
C; (5) increased R effects of drugs on the small vessels

was largely reversed at high Pgy due to distention or
recruitment; (6) Pp deviated from Pgy when arterial and
venous C became unbalanced; and (7) constriction of capaci-
tance vessels during drug infusions at low Pgy produced
greater vascular volume losses than predicted by the pas-
sive model. Supported by HL-24571 and HL-22549.

19.12

INFLUENCE OF PROSTAGLANDIN INHIBITION ON A CANINE
MODEL OF HYPOXEMIC RESPIRATORY FAILURE. L Mayers*, J.
Burgett*, S. Gottlieb*, P.H. Breen*, L.D.H. Wood*, and G.R. Long*.
(SPON: A. Leff). Critical Care Medicine, University of Chicago,
Chicago, IL 60637.

Inhibition of endogenous prostaglandins may alter hypoxic vaso-
constriction and its associated venous admixture (Qva/Qt) in pul-
monary edema. We tested this in anesthetized, artificially ventilated
dogs using a model of acid aspiration (1 ml/kg of .I N HC! intratra-
cheal). Pulmonary capillary wedge pressure (Pcwp) was matched at
12 mm Hg in a control group (C) with a treatment group (I) given
indomethacin (5 mg/kg) | hour post aspiration. Over the next 4 hours
we measured cardiac output (Qt), Qva/Qt and, by thermal green dye
(TGD), extravascular lung liquid in vivo (EVLL). The animals were
exsanguinated, and gravimetric estimates were expressed as wet lung
weight/body weight (W/B). Mean measurements at 5 hours post HCI
are shown in the table:

W/B (ml/kg) EVLL (ml) Qva/Qt (%) Qt (1/min)

C 27.0 575 27.0 6.8

1 25.2 323 15.2 5.3
At a similar Qt and Pcwp, indomethacin tended to decrease W/B, and
reduced EVLL and Qva/Qt. Conceivably, indomethacin decreased
perfusion in edematous regions by augmentation of hypoxic
vasoconstriction resulting in decreased edema formation. Alterna-
tively, redistribution of Qt away from edematous units caused TGD to
underestimate the extent of the edema.
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A THEORETICAL DESCRIPTION OF CO, TRANSPORT IN MEDULLARY
CHEMORECEPTOR MICROVASCULATURE.” J. M. Adams, A.C. Roth* and
B. Ferguson®*. Univ. of Virginia, Charlottesville VA 22908

Lipscomb and Boyarsky (Resp. Physiol. 16:362, 1972)
suggested that "... substances which stimulate or depress
domndbda dmbnadiiand dnén +tha oew nnaduna +thain

respiration when introduced into the CSF produce their
effects more directly at deep neurons after diffusion into
the arterial supply to the medulla " To better understand
the possible exchange of across the medullary
microvasculature, we constructed % mathematical description
of CO. transport between CSF perfusate, arterioles, tissue,
capilf%ries and venules. The salient features of the steady

state model include: 6 coupled;, linear, differential
equations, parameters derived from vascular length and
radius, diffusivity and solubility of CO and blood flow

rates from pial arteriole velocities and h§drcgen washout in
chemoreceptor tissue. We found that tissue PCO (P ) is
nearly equal to blocd PCO ) half-way along thé eapilary
and that P_ in small ( < 25)1diameter) arterioles in the
tissue is equal to P When CSF perfusion rate is high,
small arterioles in CEF have P_ equal to PCO, in CSF but
hardly any exchange occurs in Targer ( > 63u arterioles.

Assuming that smaller arterioles in CSF perfuse only tissue
near the surface and that arterioles penetrate more
deeply to the respiratory centers, we conclude that CSF
perfusion will affect arterial supply to surface layers but

not to deeper tissue. (supported by NIH HL 25606)

14

20.3

PHRENIC MOTONEURON ACTIVITY DURING CONSTANT FLOW VENTILATION
(CFV). G.C.W. Man*, S.F.P. Man, C.T. Kappagoda, Dept. of
Medicine, Univ. of Alberta, Edmonton, Alta, Canada.

We recorded action potentials from 10 single phrenic
fibers in 4 pentobarbital-anesthetized dogs ventilated by
CFV, provided through two 1.5mm I.D. tubes introduced to the
level of the carina. A gas flow of 8L/min was delivered
through each tube continuously. Mean airway pressure (Paw)
measured at the mid-tracheal level was steady and was
manipulated by restricting the exhalation passage. Arterial
PCO, was monitored continuously by a Clarke electrode
incorporated into a vascular loop of the femoral artery. By
adjusting the gas mixture (O :COZ) the arterial PCO2 could be
maintained at different levels between 35-75mmHg. At each
level of PCOZ, the phrenic activity was recorded while the
Paw was increased in steps from 2 to 8mmHg (two minutes for
each step). The burst frequency (f), impulses per burst (n),
and inspiratory time (T ) decreased while the expiratory time
(Th) increased when Paw was increased. These changes were
less in the higher CO, range.

PCO Paw f(%, mean *SE) n T, To
25 100 100 100 160
8 15.5+10.1 69.5+4.5 41,5%21.0 41953
>65 2 100 100 100 100
8 48.7+14.3 88+10 68.1%12.2 271462

We conclude that during CFV the effect of increasing
airway pressure on phrenic motoneuron activity was intact but
attentuated at higher COs levels.

20.5

CONTRIBUTION OF THE INSPIRATORY INTERCOSTAL MUSCLES AND THE
DIAPHRAGM TO AUGMENTED BREATHS IN ADULT AND NEWBORN DOGS.
F.B. Sant'Ambrogio, G. Sant'Ambrogio, J.T. Fisher and O.P.
Mathew. Dept. of Physiology and Dept. of Pediatrics,
U.T.M.B. Galveston, TX 77550

We recorded the electromyograms (e.m.g.) of the diaphragm
and of an inspiratory intercostal muscle in 3 adult dogs and
in 11 puppies (1-30 days old). The animals were anesthetized
with chloralose and urethane and were spontaneously breathing
through a tracheal cannula. The amount of activity present
in the diaphragm and the intercostal muscle was measured as
the peak value of the integrated e.m.g. In adult animals
during spontaneous augmented breaths the increment in inter-
costal activity always exceeded that of the diaphragm. 1In
the majority of newborn puppies (5 out of 7 of the 1 to 2 day
olds) the increment in diaphragmatic activity during spontan-
eous augmented breaths exceeded that of the inspiratory
intercostal muscle. Older puppies showed a progressive
change toward the adult behavior: i.e. a progressive incre-
ment in the intercostal contribution. The weaker activation
of the inspiratory intercostal muscles during the first days
of life could be attributed to an immature proprioceptive
control that constitutes an important component in the
activation of these muscles in the adult. Such a condition
can be considered as a factor of mechanical instability in
the respiratory function of the newborn.
Supported by N.I.H. Grants HL-20122, 29169, MRC and A.L.A.

20.2

A MECHANISM FOR SENSING VA/Q DISTRIBUTION? A. Huszczuk*, B.J

Whipp and K.Wasserman. Harbor-UCLA Med. Ctr.,Torrance, CA 90509.
Based upon the experimentally-determined relationship be-

tween end-tidal PCO, and the rate of pulmonary stretch recep-

tor (PSR) discharge [(1) in Figl, it is commonly assumed that

commonly assumed th
these receptors have little regulatory power within the physio-

legical range of PCO,. Ho

er we uuu ULI!CLS lldVE presexlneu
evidence (Fed. Proc.”41: 1102, 1982 & 42: 1013, 1983) suggest-
ing an an appreciable role for PSR-
mediated CO., feedback control.

We have therefore developed a
scheme which accounts for the ap-
parently greater sensitivity of

thic mechanism hasad
this mechanism, based u

interrelationships among the es-—
L0 sential variables involived in
regional pulmonary gas exchange
////' (Fig.) This demonstrates that the
projection of the alveolar CO2
clearance relationship [(2)]
through its PSR transduction func-
tion [(1)] yields a prominent de-

nonﬂannn of integrated PSR inot
........... egrated PSR input

on the distribution of V /Q [(3)] This suggests, therefore,
that ¥,/Q distribution ﬁay elicit a component of feedback
contro? sensitive throughout the physiological range and which
operates through integration of PSR activity in a manner char-

acteristic of Hering-Breuer reflex mechanisms.
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20.4

IN VIVO RECORDING FROM CAT TRACHEAL PARASYMPATHETIC GANGLIA
R.A. Mitchell, D.G. Baker, C.B. Basbaum* and D.A. Herbert*
Cardiovascular Research Institute and DEpEET'—b? KEEEEE;,
Physiology and Anesthesia, University of California, San
Francisco, SF, CA 94143

We previously reported that tracheal smooth muscle con-
tracts during inspiration (Physiologist, 25:225, 1982). To
further investigate this phenomenon, we recorded intracellu-
lar activity from 24 spontaneously active tracheal parasym-—
pathetic ganglion cells in anesthetized, paralyzed and
artifically ventilated cats. Ganglion cells on the dorsal
surface of the trachealis muscle were impaled with micropi-
pettes containing 4 M K acetate or 5% Lucifer Yellow. We
identified 3 types of neurons based on firing pattern.
Eleven cells had an inspiratory rhythm and were inhibited by
lung inflation sufficient to abolish phrenic nerve activity.
Lucifer Yellow, injected into 5 inspiratory cells, revealed
axonal projections to the trachealis muscle but terminal
arborizations could not be visualized. Seven cells fired
during expiration and fired continuously when phrenic
activity was abolished by lung inflation. Four cells with a
random firing pattern were unaffected by 1lung inflation.
These findings are consistent with our hypothesis that pre-
ganglionic motor fibers that synapse on ganglion cells
innervating airway smooth muscle are driven by the same cen-
tral pattern generator as that driving phrenic motor nerves.
(Supported by NIH Grants #HL27319, #HL24136 & #HL28364).

20.6

VENTILATORY RESPONSES TO INSPIRATORY FLOW RESISTIVE
LOADING DURING STEADY STATE EXERCISE. Peter H.
Abbrecht. USUHS, Bethesda, Md. 20814

Six men, 25-45 years old with normal pulmonary
function, rode a bicycle ergometer while breathing
through an inspiratory resistance of 36 cm Hp0/1/sec.
Each subject did one-hr runs at 20% and 30% of maximum
oxygen consumption (VOZ max). End-tidal PCOj, tidal
volume, breathing frequency, and minute ventilation
were measured throughout the experiments. In all
subjects, PCOy and minute ventilation reached steady
state values within five minutes after starting
exercise. At 20% VOZ max, tidal volume rose quickly
to a new steady state value. At 30% VOZ max, tidal
volume rose initially and then decreased to below
pre-exercise values in association with an increase in
breathing rate. In all runs, mean inspiratory flow
rate (V¢/Ty) did not change after steady state COp was
achieved. Maximum inspiratory pressures were the
same before and after exercise, indicating that respi-
ratory muscle fatigue did not occur. We conclude that
in steady state exercise with inspiratory flow resis—
tive loading, end-tidal COp is controlled by manipula-
tion of mean inspiratory flow rate. (supported by
USUHS Protocols R07648 and R07659)
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EFFECT OF COp, HYPOXIA AND VAGOTOMY ON DECAY OF POST-INSPIRA-
TORY MUSCLE PRESSURE. S.B. Gottfried*, A. Rossi*, L. Zocchi*,
P.M.A. Calverley*, W.A. Zin*, and J. Milic-Emili.
Meakins-Christie Labs., McGill Univ., Montreal, Quebec, Canada
Experiments were performed on 8 pentobarbital sodium anes-
thetized adult cats spontaneously breathing through a tracheal
cannula (a) room air both before and after vagotomy, (b) 60%
0y, (c) 2-6% COp, and (d) 10-12% 0p. The pressure developed
by inspiratory muscles during expiration (Pmusl) was quanti-
fied as previously described (J. Appl. Physiol.: Respirat.
Environ. Exercise Physiol. 54:408, 1983). 1In all instances,
the rate of decay of Pmusl was an exponential function of
expiratory time (Te) which could be quantified in terms of a
time constant (¢). Correlation coefficients ranged between
0.95 and 0.99. During COy, hypoxia and after vagotomy, tidal
volume (Vt) and initial Pmusl (Te=0) increased. However, the
decay of Pmusl changed proportionally so that the relative
rate of decay was constant (% unchanged). With €0, and hypo-
xia, inspiratory (Ti) and expiratory time decreased while Vt/
Ti increased. In contrast, after vagotomy both Ti and Te in-
creased while VT/Ti was unchanged. In conclusion, the rela-
tive rate of decay of Pmusl is a constant exponential func-
tion, independent of the absolute level of PmusI. The decay
of PmusI is essentially unaffected by changes in respiratory
timing occurring with chemical stimulation and vagotomy.
(Supported by the MRC of Canada and NIH grant HL-27617).

20.8

INHIBITION OF BREATHING ARISING FROM THE GALLBLADDER (GB) IN
DOGS, G.T. Ford*, K.S. Rideout*, L.K. Bozdech*, W.A.
Whitelaw* and J.S. Davison* (SPON: C.A. Guenter).
University of Calgary, Calgary, Alberta. T2N IN4.

Decreased diaphragm activity is seen after cholecystectomy
in man and dog. We studied the pulmonary reflexes which could
be evoked when the GB was stimulated in anesthetized dogs by
mechanical traction or squeezing. The electrical activity of
the diaphragm and parasternal intercostals was measured with
six bipolar percutaneous needle electrodes and time averaged
(fEdi, JEic). Inspiratory time (TI),total breath time (TTOT),
breath frequency (F), and tidal volume (VT) were measured.
Traction on the gallbladder caused an immediate apnea up to 22
seconds with a gradual resumption in breathing. T1/TTOT, F and
VT decreased and there was an accompanying proportional fall in
JEdi when compared to Vr, with a gradual increase in fEic. Re-
lease of the traction caused an immediate "overshoot" in
T1/TtoT, F and Vp with a gradual return to pretraction levels.
Squeezing the GB caused an initial decrease in T1/TTQT, F and
Vr with marked fluctuation of Ty/TTOT and F during the squeeze.
VT decreased 50% and fEdi increased during expiration and show-
ed a paradoxical fall during inspiration. There was a gradual
return towards baseline over the next 20-30 minutes. We con-
clude that (1) stimulation of GB afferent nerves by traction
causes reflex inhibition of breathing (2) squeezing the GB
reflexly stimulates paradoxical breathing (3) the changes in
diaphgram activity seen after cholecystectomy in man or dog
may be mediated by this same mechanism.

20.9

STIMULATION OF PULMONARY AND BRONCHIAL C-FIBERS BY INTER-
STITIAL LUNG EDEMA IN DOGS. A.M. Roberts, J. Bhattacharya,
H.D. Schultz, H.M. Coleridge, and J.C.G. Coleridge. Cardio-
vascular Research Institute, UCSF, San Francisco, CA 94143.

Pulmonary C-fibers (J or juxta-pulmonary capillary recep-
tors) are known to be stimulated when pulmonary capillary
pressure increases. We have attempted to determine whether
the increased lung C-fiber activity associated with pulmonary
congestion is maintained by interstitial lung edema after
pulmonary vascular pressures are returned to normal. We re-
corded impulses from afferent vagal fibers arising from the
lung in anesthetized open-chest dogs during acute extracellu-
lar volume expansion produced by I.V. infusion of Krebs-Hense-
leit solution (10-20% of body weight). After the infusion,
pulmonary arterial and left atrial pressures were returned to
control by withdrawal of blood. Measurements of extravascular
lung water (4.4 + 0.4 g/g dry) and histological examination
(which revealed perivascular cuffing) provided evidence of
interstitial lung edema but not of alveolar edema. During
infusion when pulmonary vascular pressures were elevated many
pulmonary and bronchial C-fibers were stimulated, and C-fiber
activity remained high after intravascular pressures returned
to control levels. We conclude that lung C-fibers are stimu-
lated by interstitial pulmonary edema.

(Supported by HL-24136, HL-07192 and HL-25548 from NHLBI.)

20.10

REFLEX EFFECTS OF PULMONARY EDEMA. W.B. Wead and S.S. Cassidy,
University of Texas Health Science Center, Dallas, Tex. 75235

We have previously shown that lung inflation and injection
of either capsaicin or the toxic substance, alloxan initiate
the pulmonary depressor reflex (PDR) responses of decreased
heart rate (HR), blood pressure (BP), and frequency of dia-
phragmatic contraction (DCf). Our objective was to determine
if hydrostatic edema would elicit the PDR. In six anesthetized,
ventilated, open chest dogs, the left pulmonary artery (LPA)
and veins (LPV) were ligated and cannulated, isolating the left
Tung from the systemic circulation. The entire tidal volume
and cardiac output were directed to the right lung. The left
Tung was suspended and continuously weighed (LLWt). Pulmonary
edema was produced by a 5 min. infusion of saline into the LPA
and increasing the pulmonary capillary pressure to 30 mmHg.
Since edema formation is gradual, these results were compared
to those produced by a 5 min. ramp left lung inflation (LLI) to
25 cmH20 left airway pressure (LAWP). Edema produced no signif-
icant changes in HR, BP, or DCf as LLWt increased 72%. LLI pro-
duced a progressive reduction in HR, reaching -19% at 25 cmH20
LAWP. BP did not change. Amplitude of DC progressively decreas-
ed until cessation of DC occurred at an average LAWP of 19 cm
H20. Left lung wet/dry weight was 9.86+0.47 while the right
lung was 4.08+0.22. These data indicate that pulmonary edema
induced with increased hydrostatic and decreased oncotic pres-
sure does not elicit PDR responses.

20.11

Pco, DIFFERENCE BETWEEN ARTERIAL BLOOD AND VENTRAL MEDULLARY
SUR?ACE CHEMORECEPTORS Mary J. Stafford, Paul J. Feustel and
John W. Severinghaus. Univ. Calif.,San Francisco, CA 94143.

Tsocapnic hypoxic ventilatory depression might be caused
by decreased central chemoreceptor tissue Pco, accompanying
hypoxic vasodilation. To measure the tissue to arterial /\Pco,,
a fiber optic Pco probe 1.2mm long, O.6mm dia. was sealed
under mylar on the véntrolateral medullary chemosensory surface
in 4 cats, anesthetized with pentobarbital (30 mg/kg), artifi-
cially ventilated at constant Pco, and subjected to normal, low
and high Po,. At Pao2 = 120414, Pco, = 3.46+2.1 (n=12, Paco2
= 33.141.2)." At P 5,"= 530451, /\Pco, = 4.89+2.1 (n=11, P co,
= 35.041.9). A’ Bo, = 39.645.05 APeo, = 3.1242.0 (nd10%
P co = 33.6%+1.9). a ZSPco was significantly greater in
h?peroxia than 1in normoxia (p<0.05) or hypoxia (p<0.0l). This
increased /\Pco, may be accounted for by the decreased Haldane
effect in hyperoxia and possible vasoconstriction by cerebral
vessels. Although hypoxia caused an initial fall, /\Pco, in the
steady state was not significantly less than in normokxia. In
hypoxia, /\Pco, may have been kept from_falling by CO, produced
by lactacidotic titration of tissue HCO,, despite vasodilation.
These data suggest that chemoreceptor “tissue flow/metabolism
ratio is about 3x that of brain cortex where /\Pco. averages
about 9 mmHg. Thus, at most a 3 mmHg rise of arterial Pco in
hypoxia could be attributed to chemoreceptor vasodilagion.
(Supported by NIH Grant HL-26167).

20.12

EFFECTS OF NASAL BREATHING AT DIFFERENT TEMPERATURES ON COp
SENSITIVITY, DYSPNEA AND ALAE NASI EMG ACTIVITY. K.R.
Burgess*, and W.A. Whitelaw. Faculty of Medicine, University
of Calgary, Calgary, Alberta. T2N IN4

Steady state nasal CO2 response was measured in five normal
volunteers at "cold" (-0.8+2.1°C) and "warm" humidified
(32.1+3.8°C) temperatures. Volume was measured by pneumotach-
ygraph and electrically integrated. Minute ventilation (Vg)
was computed from five breaths at each temperature (T) and end
tidal COp (ET002)' ETCOz was sampled at the nares and measur-
ed by a mass spectophotometer. Temperature of inspired gas
was measured by transistorized probe. 'Breathlessness' was
scored (BS) by a modified closed Borg scale at each T and
ETcpp. Alae nasi EMG was measured with surface electrodes and
time average (/Ea.n.). The slope of the mean CO7 response was
increased from 1.15#0.3 1/min/mmHg '"cold" to 1.51%0.8 1/min/
mmHg "warm'. The mean intercept at 8 1/min (X) was reduced
from 33.6%*5.4 mmHg '"cold" to 26.4%21.1 "warm". At 10 1/min
mean "warm" fEa.n. was 19.7216.6 mm compared to 1.86%6.9 mm for
the "cold" (P<0.005, t test, n=3) indicating a significant left
shift of the fEa.n./Vp curve. At 20 1/min. mean BS was 3.2 un-
its "warm'" compared t6 0.86 units ''cold" (P<0.5 1 tailed t
test). The mean BS was approximately 2 units higher during the
"warm" runs compared to the '"cold". (scale 0 to 10). We con-
clude that breathing warm humidified air by nose increases CO;
sensitivity. It also significantly increases Alae nasi EMG act-
ivity and dyspnea compared to cold air at the same minute ven-

tilation. Supported bv Alberta Heritage Foundation for Medi-
cal Research and Alberta Lung Association.
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20.13

STIMULATION OF GALLBLADDER AND STOMACH THIN-FIBER AFFERENTS
CAUSES AN INCREASE IN RESPIRATORY OUTPUT. T.G. Waldrop,* K.J.
Rybicki,* T.I. Musch* and M.P. Kaufman* (SPON: J.H. Mitchell).
Univ. of Texas Health Science Center, Dallas, TX 75235

Stimulation of thin-fiber afferents (groups III and 1IV)
from the gallbladder and stomach is known to cause reflex
increases in arterial pressure (AP), heart rate (HR) and
ventricular contractility. However the ventilatory effects of
activating gallbladder and stomach thin-fiber afferents has
not been determined. Therefore, we applied capsaicin, a known
stimulant of groups III and IV afferents, to the serosal
surfaces of the gallbladder and stomach while measuring AP, HR
and phrenic nerve activity (processed as a neural equivalent
for respiratory output) in cats anesthetized with a-chloralose
and urethane. Stimulation of gallbladder and stomach
receptors with capsaicin caused increases in phrenic nerve
activity, AP and HR in paralyzed, ventilated cats as well as
in spontaneously breathing cats. Cervical vagotomy did not
alter the responses to stimulation of either visceral organ.
However, the respiratory and cardiovascular responses to
capsaicin were greatly attenuated after transection of the
sympathetic trunks at a level just above the diaphragm. We
conclude that: 1) in addition to the cardiovascular effects,
stimulation of gallbladder and stomach thin-fiber afferents
causes an increase in respiratory output, and 2) the afferent
limb of this reflex is via the sympathetic trunks and not the
vagus nerves.

20.15

LARYNGEAL MECHANORECEPTORS IN PUPPIES. J. T. Fisher, O. P.
Mathew, F. B. Sant'Ambrogio and G. Sant'Ambrogio. Dept. of
Physiology and Biophysics and Dept. of Pediatrics, U.T.M.B,
Galveston, TX 77550

We studied 26 laryngeal mechanoreceptors responding to
collapsing and/or distending pressure applied to an isolated
upper airway in 6 anesthetized puppies (3-35 days old).
During negative pressure application 20 receptors increased
their discharge, 4 were unaffected and 2 had an "on"
response. Positive pressure stimulated 7 receptors, inhi-
bited 3, elicited an "on" response in 9 and had no effect on
7. BAnother 34 receptors were classified as pressure, flow
and "drive" on the basis of their behavior during: tracheos-
tomy breathing, upper airway breathing, tracheal occlusion
and upper airway occlusion. Pressure receptors, the most
frequent type (n=19), responded to negative pressure most
often. Flow receptors, the least common type (n=2), respond-
ed to inspiratory flow. The remaining endings (n=13) were
“"drive" receptcrs (i.e. stimulated by respiratory activity of
upper airway muscles, mostly inspiratory). During upper
airway breathing an inspiratory modulation was present in 62%
of the receptors, expiratory modulation in 6% and 32% were
unmodulated. Predominance of an inspiratory activity and the
presence of the 3 sens'ry modalities (i.e. pressure, flow and
"drive") are in agreement with our previous observations in
adult dogs.
Supported by N.I.H. grants HL-20122, 29169, MRC, A.L.A.

20.17

SHORT-TERM EXPOSURE TO SEVERE HYPOCAPNIA CAUSES A PROLONGED
INHIBITION OF RESPIRATION. D.E. Millhorn. Dept of Physiology
University of North Carolina, Chapel Hill, N.C. =-27514-

Exposure to hypoxia (Fygp=10) in cats whose peripheral chemo-
receptors had been denervated caused a marked depression of
respiratory output(RO). Upon return to control conditions
(F192=100), RO increased but remained significantly depressed
for more than one hour (Millhorn et al, Proc IUPS, 1983).
Furthermore, we showed that this post-hypoxic inhibition of RO
was prevented by pretreating animals with theophylline, an an-
tagonist of adensoine. Because severe hypocapnia causes a de-
crease in brain blood flow (Am J Physiol 206: 25, 1964) and
tissue hypoxia, I wondered if a brief exposure to hypocapnia
might also activate the mechanism responsible for the pro-
longed depression of RO. Anesthetized, paralyzed cats whose
vagi and carotid sinus nerves had been cut were studied. RO
was quantified from phrenic nerve activity. During control
and recovery the animals were ventilated with air. To induce
hypocapnia (PCOp=15 torr) the animals were hyperventilated for
10 min. This always led to apnea. Upon return to normocapnia,
RO increased but remained significantly below the control
level for more than 1 hr. If cats were pretreated with theo-
phylline (13.6 mg/kg iv), RO returned to or exceeded the con-
trol level within 10 min after return to normocapnia. It
appears therefore that brief exposure to severe hypocapnia act-
ivates a central adenosine mechanism that inhibits RO for a
long time after return to normocapnic conditions.

(Supported by AHA 82-640, HL-17689 and NS-11132).

20.14

EVIDENCE THAT PULMONARY C-FIBERS TRIGGER BOTH THE APNEA AND
RAPID SHALLOW BREATHING OF THE PULMONARY CHEMOREFLEX. J.F.
Green, N.D. Schmidt,* H.D. Schultz, A.M. Roberts, H.M.

Coleridge, and J.C.G. CoTeridge. University of California,

Davis, CA 95616 and San Francisco, CA 94143.

There is good evidence that pulmonary afferent C-fibers
initiate the apnea evoked by pulmonary arterial injections of
capsaicin in dogs, but their role in the subsequent rapid
shallow breathing (RSB) is disputed. We attempted to deter-
mine if RSB could be triggered from the lungs without influ-
ence from a site downstream. In open-chest dogs anesthetized
with halothane, pulmonary and systemic circulations were
independently pump-perfused at constant PCOp, PO» and blood
flow. The Tungs were statically inflated at constant pressure
(3 cm Hp0). Ventilatory drive was assessed from a phrenic
neurogram. Pulmonary arterial injections of capsaicin evoked
an immediate decrease in systemic arterial blood pressure and
cessation of phrenic firing ("apnea"); when firing resumed,
the frequency of phrenic bursts was higher than before and
amplitude less ("RSB"). Effects were abolished by vagotomy.
Apneic duration was dose-dependent up to 4 ug/kg; phrenic
burst frequency increased Tinearly with dose. "RSB" was
prevented or abolished by ventilating or hyperinflating (5-10
cm Hp0) the lung. Results suggest that both the apnea and
rapid shallow breathing of the pulmonary chemoreflex are due
to stimulation of pulmonary C-fibers, since in these experi-
ments capsaicin could not reach the systemic circulation.

(Supported by NHLBI grants 20371, 24136 and 07192)

20.16

EFFECTS OF HYPOXIA AND HYPEROXIA ON VENTILATION AND THE PATTERN
OF BREATHING IN RABBIT PUPS. T. Trippenbach, R. Affleck* , and
G. Kelly*. Dept. of Physiol., McGill Univ., Montreal, Canada
H3G 1Y6.

External intercostal EMG (INT), 'integrated' phrenic activi-
ty (PHR), tidal volume (Vt), and esophageal pressure (Pes) were
recorded in anaesthetized 9-12 day old rabbits for 3-5 min
during room-air breathing and 30s after breathing with 100% 02
or 12% 02. Arterial blood gases were measured. During hypoxia,
there was an increase in minute ventilation (Vg), Vt, rate of
breathing (f), PHR, INT, and Pes. During hyperoxia increase in
VE was less but still significant. Changes in f were comparable
to those under hypoxia; Vt, INT, and Pes were unaffected and
PHR decreased. At both 0 levels increase in f was due to a
shortening in Ti. Linear relationships: Vt vs Ti, PHR vs Ti,
expiratory time (Te) vs Ti, were present only during hyperoxia.
Hypoxic response was independent of vagal feedback. Hyperoxia
caused a decrease in Vt, PHR and Pes but f was unaffected. At
both 07 levels there was a negative Vt vs Ti relationship.
Neither Te vs Ti nor PHR vs Ti relationships were present. It
is suggested that vagal input and increased P302 work in favour
to maintain the instantaneous ventilation constant in young
rabbits. The results also showed that two mechanisms are res-
ponsible for an increase in Vg as effect of changes in 02
levels. During hypoxia, the central mechanisms controlling Vt
and Ti are involved. During hyperoxia, an increase in Vg was
exclusively related to vagal input that exerts some control
over Ti duration. (Supported by the MRC of Canada).

20.18

COMPUTER PROCESSING OF PHRENIC NEUROGRAMS DURING STEP CHANGES
IN END-TIDAL PCOj. Howard J. Bryant and Peter H. Abbrecht.
Dept. of Physiology, USUHS, Bethesda, MD 20814,

On physiological grounds the integrated or averaged phrenic
neurogram should consist of 1. a constant baseline firing rate
during expiration, 2. an initial step increase from baseline,
3. a slower ramp-like increase in firing rate reflecting in-
creased central inspiratory excitation, 4. a peak value rep-
resenting the off threshold or the end of inspiration, and 5.
a fairly rapid decrease in firing rate progressing back to the
baseline. Values for these waveform parameters may be obtained
by careful manual analysis of strip-chart recordings but this
procedure is extremely time consuming and if the waveform is
noisy, subject to significant errors in reading. Thus, compu-
ter algorithms were developed to estimate these model parame-—
ters during step changes in end-tidal PCOj. The smoothed first
derivative of the averaged neurogram was used to establish the
positions at which parameters were calculated from the smooth-
ed neurogram., Over 2000 breaths were processed using these
techniques. For 2 complete data sets of over 100 records each,
repeated manual processing or processing by different indivi-
duals produced a variability of * 10% in parameter estimates.
Computer produced parameter estimates fell outside of this
range less than 11% of the time. The computer processing
algorithms allow rapid analysis of large amounts of data with
accuracy consistent with, and reproducibility far exceeding
that obtained by manual processing. Supported by USUHS Grants
RO7648 and RO7659.
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20.19

MEDULLARY ELOOD FLOW DURING HYFOCAPNIC HYFOXIA. D.
G. Davies, W. F. Nolan and J. 8 . Dept. of
Fhysiology., Texas Tech University Health Sciences
Center, Lubbock, TX 79430,

The increase in cerebral blood flow (CEF)
during hypoxia is attenuated by hypocapnia. If
this occurred to & significant degree in the
medullary chemoreceptor area, central regulation
of ventilation could be affected. We measured
dorsal and ventral medullary blood flows during 60
min of iseocapnic—, mild hypocapnic- and severe
hypocapnic—-hypoxia (inhalation of 104 02) in 22
chloralose-urethane-anesthetized cats (Fcol2 values:
isocapnia-25, mild-22, severe hypocapnia-17 mmHg) .
During mild hypocapnic—hypoxia the increase in
blood flow to both areas was markedly reduced,

while in severe hypocapnia the response was
completely abolished. The absence of an increase
in medul lary blood flow during hypoxemia

accompanied by severe hypocapnia might be expected
to cause a marked decrease in ECF pH and could
result in increased ventilatory drive. (HL 25984) .

20.20

RESPIRATORY RHYTHM IS NOT GENERATED BY MEDULLARY INSPIRATORY
PREMOTOR NEURONS IN THE CAT. D.F. SPECK, D.R. McCRIMMON* AND
J.L. FELDMAN. Departments of Physiology and Anesthesia,
Northwestern University, Chicago, IL. 60611.

We examined the effects on respiratory neural outflow eli-

cited by synchronous electrical stimulation (25-100 uA, 100

us, 1-300 Hz) of bulbospinal inspiratory neurons. Experiments
were conducted in chloralose-urethane anesthetized, paralyzed,
vagotomized and artificially ventilated cats. Ventolateral C2

spinal cord stimulation at intensities of 100 uA antidromical-

ly activated approximately half of the inspiratory premotor

neurons in the ventrolateral nucleus of the tractus solitarius
and the nucleus retroambigualis. Stimulation pulses elicited
a 2-6 msec orthodromic excitation (2-4 msec onset latency) of
the ipsilateral phrenic nerve, followed by a 4-30 msec period
of inhibition of phrenic nerve discharge. However, continuous

stimulation had little effect on the duration of inspiration

or expiration. Similarly, brief trains of bilateral spinal

cord stimulation had only a transient effect (< 60 msec) on
the burst pattern of phrenic nerve discharge. Since synchron-

ous activation of a portion of a rhythm generator would be

expected to produce a phase shift, we conclude that the bulbo-
spinal respiratory neurons do not themselves generate respira-
tory rhythmicity and have limited (or no) collateral projec-
tions to the neurons that do. (Supported by NIH grants
NS-17489, HL-00554, and HL-06331 and the Parker B. Francis
Foundation.)

SKELETAL AND SMOOTH MUSCLE PHYSIOLOGY

21.1

EFFECT OF ATP AND ATP ANALOGS ON Ca2* BINDING TO GLYCEROL-
EXTRACTED RABBIT PSOAS MUSCLE FIBERS. Franklin Fuchs, De-
partment of Physiology, University of Pittsburgh School of
Medicine, Pittsburgh, PA 15261

A double isotope procedure was used to measure the binaing
of Ca2+ to (detergent + glycerol)-extractea psoas fiber
bunales, a) in rigor, b) in the presence of nucleotides
which bind to myosin but do not energize contraction (ADP
and AMPPNP), and c) in the presence of nucleotides which
engergize contraction (ATP and ITP). Rigor fibers bouna a
maximum of four moles Ca2+/mole troponin-C, with half-
maximal binding at pCa 6.7-6.9. The presence of ADP or
AMPPNP had no influence on binding affinity or number of
binaing sites. In the presence of ATP there was less bino-
ing at all pCa values (maximum « three mole Ca2+/mole
troponin-C), both in unloaded fibers and fibers generating
isometric force. Binding in the presence of ITP was identi-
cal to that in the presence of ATP. However, Ca2+ regula-
tion was severely impaired with ITP, so that at pCa 7.0 ITP-
energized fibers generated 80-90% maximal force as comparea
to <l0% maximal force generated by ATP-energized fibers.
These results suggest that, 1) cycling of force-generating
cross-bridges causes a reduction in CaZ+ binding, ana 2)
the amount of Ca2+ bouna by the working filament lattice
depends on the free [Ca2+] but not on the steagy-state
force developed. (Supported by NIH AM10551).

213

EFFECT OF INCLINE RUNNING ON CONTRACTILE AND
BIOCHEMICAL PROPERTIES OF SKELETAL MUSCLE. K.M.
Baldwin, W.M. Mullin*, D.B. Thomason*, and R.E. Herrick*.
Physiology Dept., Univ. Calif., Irvine, CA 92717.

This study examined the effects of 12 wks of incline running (15
meters/min, 30% grade, 90 min/day) on selected in situ derived con-
tractile properties and Ca*+ regulated myofibril (Myo) ATPase of
rodent medial gastrocnemius (MG) muscle. Four groups were studied:
normal-sedentary (NS), normal-runners (NR), overload-sedentary
(0S), and overload-runners (OR). MG overload was done by surgical
removal of synergists. Twitch contraction and one-half relaxation
times were not different among the groups, suggesting that sarco-
plasmic reticulum function was not altered. Compared to the NS
group, all experimental groups demonstrated a decrease in relative
isometric force output for a given stimulation frequency (5-75 Hz; pe
0.05). Maximal tetanic force normalized for muscle mass was similar
among the groups. All three experimental groups demonstrated an
increased resistance to fatigue while contracting isometrically under
tetanic stimulation conditions covering a 20 min period relative to
the NS group (p<€0.05). Consistent with the above functional data,
the three experimental groups demonstrated a decrease in Myo
ATPase in the oxidative regions of the muscle relative to the NS
group (p<0.05). The relative magnitude of the adaptive change
among groups was as follows: OR>OS>»NR>NS. These data suggest
that dynamic locomotion against an incline requiring increased force
production in fast-twitch skeletal muscle induces a reduction in con-
tractile protein energy turnover, which could increase contractile
effectiveness. Supported by NIH 30346-01A1.

21.2

THE EFFECT OF ACID pH ON THE ACTIVATION AND CALCIUM
BINDING OF RABBIT SKELETAL MYOFILAMENTS. R. John Solaro,
Bo-Sheng Pan* and Edward M. Blanchard. University of

Cincinnati, College of Medicine, Cincinnati, OH 45267.

The effects of acid pH on Ca activation of rabbit
skeletal muscle myofilaments predict a decrease in the
affinity of regulatory sites on troponin (Tn) for Ca. VYet
reports in the literature on pure Tn or Tn in rigor
myofilaments show no effects of acid pH on bound Ca. We
compared directly the effect of acid pH on ATPase activity
of rabbit psoas myofilaments and bound Ca under the same
incubation conditions--2 mM MgATP, 2 mM free Mg, 0.12 ionic
strength. The ATPase activity of the myofilaments was
half maximal at pCa 5.83 at pH 7.0, 5.54 at pH 6.5 and 5.43
at pH 6.2. These shifts in sensitivity were the same whether
or not EGTA was used to buffer pCa. The amounts of Ca bound
to myofibrils or chemically skinned fibers as a function of
pCa decreased as pH was lowered from 7.0 to 6.5 to 6.2 in a
manner predicted from the shifts in the activity associated
with these decreases in pH. At saturating pCa's myofilament
Tn bound 4 mol Ca/ mol regardless of the pH. These results
indicate that the effect of acid pH on skeletal myofilaments
is due to a change in Tn Ca binding properties and that to
show this effect may require that Tn be in the myofilament
lattice.

214

DOSE DEPENDENT LENGTH-TENSION CURVES OF VASCULAR SMOOTH MUSCLE.
Joel M. Price and D.L. Davis. Univ. of South Florida, Depart-
ment of Physiology, College of Medicine, Tampa, Florida 33612.
Previous studies have found the dose-response relationship
depends on length. These studies suggest that the shape of
the length-tension (L-T) relationship may depend on the concen-
tration of agonist. The objective of this study is to test
this hypothesis directly using ring segments of the dog anter-
ior tibial artery. Media thickness and internal circumference
(or muscle length) of the rings were measured on-line with a
video caliper. The active force at each length was normalized
to the maximum active force in a L-T experiment. Length was
normalized to the initial length for resting force. The nor-
malized L-T curve with 107°M norepinephrine (NE) was signif-
icantly lower than the normalized curve with 107°M NE. The
length for maximum active force and the initial lepgth for an
active response were significantly longer with 107°M NE than
with 1079M NE. Repeated L-T curves using the same concentra-
tion of NE were obtained from the same vessel in a separate
series of experiments. There was no_significant difference
between the repeated curves when 107°M NE was used or when
10-6M NE was used. We conclude that the L-T relationship of
the dog anterior tibial artery depends on the concentration of
NE.
1. Price, J.M., et al., Am. J. Physiol. 241: H557-H563, 1981.
2. Price, J.M., et al., Am. J. Physiol., In Press, 1983.
Supported by NIH Grant #HL 21103 and Am. Heart Assoc. Florida
Affiliate.
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COMPARISON OF MEMBRANE POTENTIALS IN SMOOTH MUSCLE CELL
CULTURES EXPOSED TO OUABAIN, LOW TEMPERATURE AND LOW POTASSIUM
F.A. Kutyna®, H.J. Bryant, M.B. Pamnani and F.J. Haddy. Dept.
of Physiology, Uniformed Services Univ,, Bethesda, MD 20814.
The magnitude of the resting transmembrane potential (Eg)
in arterial smooth muscle depends to a considerable extent on
the activity of the Na*-K' electrogenic pump. The present stu-
dy compares the effects of some Na*-K* pump inhibiting condi-
tions on the E, of arterial smooth muscle in cell culture.
Smooth muscle from Wistar rat tail arteries was grown in pri-
mary cell culture. The plated cells were allowed to grow in a
modified GIBCO 199 medium for 7 to 10 days before recording.
The cell monolayers were superfused with modified Krebs-
Henseleit (KH) solution at 37°C which contained from 0.1 to
100 mM potassium or O to 10™2M ouabain (at K*=5.9 mM). The
effects of these solutions on transmembrane potential were
compared to that produced by 0.1 mM K* (KH) superfused at
15°C. Cells maintained an average Ep of 67.3:1.0 mV over the
range of 0 to 10™3 M ouabain whereupon they increasingly
depolarized at higher concentrations, reaching 14 mV at 10~2
ouabain, Superfusion of 0.1 mM K* (KH) at 37°C depolarized
the cells to 34.9%t1.9 mV. 3 mM K* (KH) sligh:ly hyperpolarized
them to 72.5%1.7 mV and at normal 5.9 mM K™ (KH) the Em was
65.9%1.02 mV. Cells cooled to 15°C in 0,1 mM K* (KH) depolar-
ized to 12.6%t1.0 mV., Ouabain at a concentration of 10~2 M ap-
pears to be as effective a depolarizing agent as the combina-
tion of low temperature and low potassium in this cell model.
(Supported by NIH Grant HL21525-05, USUHS C07605 and C07607)

21.7

TIME DEPENDENT POTENTIATION OF THE RATE OF FORCE REGENERATION
FOLLOWING QUICK RELEASE IN CANINE TRACHEAL SMOOTH MUSCLE.
Susan J. Gunst. Mayo Clinic & Fdn., Rochester, MN 55905.
Trachealis strips were mounted in a tissue bath between a
force transducer and a rod which could be moved at constant
rate (20 mm/sec) to alter muscle length over a preset
distance. Muscle length, tension (P), and dP/dt were con-
tinuously recorded. Lmax was first determined as the length
at which a standard electrical stimulus produced maximal
active tension. The muscle was then stimulated at Lmax using
a supramaximal stimulus (60 cps, 15 v) and released to .90
Lmax at various time intervals following the onset of force
development (FD). Releases were performed prior to the onset
of FD (0 sec), at peak dP/dt (~ 0.5 sec), during the decline
in dP/dt (1,2,5 and 10 secs) and after a plateau in force had
been achieved (15 sec). Force dropped to zero during the
release. Stimulation was continued for 15 sec following
release and dP/dt recorded. TInstantaneous dP/dt was plotted
against P for force redevelopment (FR) at each release time.
Releases performed between 0 and 0.5 sec had little effect on
dP/dt during FR. Releases performed after peak dP/dt resulted
in a marked initial potentiation of the rate of FR which
diminished as force increased but did not alter maximal force
achieved. Potentiation was greatest at 2 sec, where peak
dP/dt increased to 2.45 + 0.6 (SD)(n=6) of peak dP/dt at O
sec, After 5 sec, depression of dP/dt during FR was present
at all forces, and a lower maximal force was achieved.
Supported by HL29289, HL21584 and the Parker B. Francis Fdn.

219

MEASUREMENT OF INTRACELLULAR IONIC ACTIVITY WITH ION-
SELECTIVE MICROELECTRODES IN GASTROINTESTINAL SMOOTH MUSCLE.
N.L. Shearin. Univ. of Utah Medical Center, Salt Lake City,
Utah 84132

The development of liquid ion selective microelectrodes
(ISE) has made possible direct intracellular measurements of
ionic activity within small cells. However, the use of these
microelectrodes in smooth muscle has been limited and few
measurements of intracellular ionic activity have been
reported in smooth muscle from the gastrointestinal tract.
The methodology of ISE construction, calibration, and use will
be outlined and different types of ISE will be discussed. The
difficulties, limitations, and advantages of using ISE will
also be discussed. Some applications of the ISE in research
problems encountered in studying the physiology of
gastrointestinal smooth muscle will be analyzed.

21.6

LIPID SOLUBLE TOXINS FROM A DINOFLAGELLATE, GAMBIHRDISCUS
TOXICUS, ISOLATED FROM A CARIBBEAN REGION SUPPORTING
CIGUATERIC FISH. Donald M. Miller, Robert W. Dickey* and
Donald R. Tindall*, Depts. of Physiology and Botany, SIU-C,
Carbondale, IL, 62901,

A crude (GT) and three purified (GT-1, 2, and 3) ether-
soluble, acetone precipitated, extracts were isolated from
mass cultures of a dinoflagellate, Gambierdiscus toxicus.

The crude extract (GT) when tested on 20 g mice resulted in

an LD-50 of 99 ug within 48 hours. All four extracts at a
concentration of 4 mg/ml were effective against; the synapse,
nerve and striated muscle in the frog sciatic nerve-muscle
preparation; and acetylcholine and histamine receptors on
smooth muscle in the guinea pig ileum, The three purified
extracts (GT-1, 2 and 3) from silicic acid chromatography

were effective at 5 ng/ml on the guinea pig ileum preparations.
Tetrodotoxin was utilized to suppress nervous elements in the
ileum preparation in order to establish the effect of GT-1,
GT-2, and GT-3 on the ileal muscle and the results followed
Michaelis-Menten kinetics for a competitive inhibition of both
histamine and acetylcholine receptors. Dose ratio deter-
minations of a further purification of GT-2, allowed us to
estimate an apparent affinity constant for that component.

This study has established the presence of multiple toxins in
the dinoflagellate, G. toxicus, outlined a method for their
assay in small quantities, and identified at least one of the
major effects of these toxins in animals. (Supported by: Dept.
of Botany, Sch. of Med. SIU-C, and FDA Contract #223-79-2287)

21.8

COMPARISON OF CELL MEMBRANE CONFIGURATION IN RELAXED AND
CONTRACTED SMOOTH MUSCLE. L.J. McGuffee, E.S. Wheeler-Clark*
and S.A. Little*. Univ. of New Mexico, Albuquerque, N.M.
87131

As a smooth muscle contracts it can shorten markedly.
This decrease in length has previously been suggested to be
associated with an increase in folding and wrinkling of the
plasma membrane. In the present study, we have attempted to
relate the extent of wrinkling of the plasma membrane with
the contractile state of the tissue. Cells of the rabbit
renal artery were exposed to norepinephrine (NE) to induce
contraction or to nitroprusside (NP) to induce relaxation.
Tissues were prepared for microscopic examination as previ-
ously described (McGuffee et al., J. Cell Biol. 90:201-210,
1981). Thick, 0.5 u sections were cut and were photographed
at 400 X magnification. All photography and analysis of the
micrographs were carried out in a blind manner. Cells were
classified as either wrinkled or smooth depending on the
extent of folding of the plasma membrane. The results in-
dicate that the degree of wrinkling of the plasma membrane
could not be related to the contractile state of the tissue.
Thus, under the conditions of this study, no consistent
difference in the configuration of the cell surface in con-
tracted vs. relaxed cells was observed. (Supported by NSF
Grant PCM 79-11230)
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STATUS OF ELECTROGENIC PROTON PUMP IN GASTRIC MUCOSA IN LIGHT
OF RESULTS OF VESICLE STUDIES. W, S, Rehm, M, Schwartz, and
G. Carrasquer. Univ, of Louisville, Louisville, KY 40292,

In previous work, it has been found for the in-vitro frog
gastric mucosa that with Cl-free media, the PD is inverted
(secretory side becomes positive). A number of explanations,
other than the postulate of an electrogenic proton pump, are
possible for the inverted PD, However, it was found with
Cl-free media that during inhibition of the ut rate, there is
a precise linear relationship between the PD and the H' rate
which cannot be easily explained except by an electrogenic
proton pump, However, work on gastric vesicles show that
t&ere is an ATP-driven neutral pump in which K exchanges with
H" and the possibility that the inverted PD is due to a K
gradient from the cell to the secretory fluid has been consid-
ered, However, this latter postulate is untenable since we
will show that a) in Cl-free media, the K partial conduc-
tances of the secretory and nutrient membranes are equal and
b) with 80 K (K for Na) in both bathing fluids, the magnitude
of the PD is the same as with regular (K = 4 mM) solutions.
The latter finding would demand, with the K gradient hypothe-

sis, absurdly high levels of cellular K. We will also present

evidence that makes untenable the possibility of other ion
gradients producing the inverted PD. Electrogenic proton pump
models incorporating the neutral H'-K* mechanism will be pre-
sented, (NSF support)

23.3

GASTRIC EPITHELIAL DESQUAMATION AND RAPID REPAIR. S. Ito,*
E.R. Lacy, M.J. Rutten and W. Silen. Harvard Medical
SchooT and Beth Israel Hospital, Boston, MA 02115
Destruction of gastric epithelial cells by hypertonic
solutions, ethanol, or aspirin has been acknowledged but
the subsequent rapid repair process or its fine
structural details has not been elucidated or fully
recognized. In recent studies we have used in vivo rat
and in vitro guinea pig and frog stomachs to study the
damage and repair process. Rat stomachs briefly exposed
to absolute ethanol Tloose their surface epithelium but
about half of the exposed basal lamina is covered within
7 min by migrating mucous cells. Within 15 min there is
about 85% coverage and virtually complete reconstitution
within an hour. The Ussing chambered guinea pig stomach
preparation, exposed to hypertonic NaCl shows extensive
cell destruction followed by morphological reconstitution
of the epithelium in about 20 min and recovery of its
electrical properties within 90 min. The chambered
bullfrog mucosa is severely damaged by 1M NaCl but
reconstitutes its epithelial 1lining in 1-2 hrs with
electrical recovery in 4-6 hrs. These features and other
parameters which inhibit or promote the repair process
will be presented.
Supported in part by NIH grants Am-30303, AM-31158,
AM-06345.

23.5

BUFFER BASE TRANSPORT BY RENAL DISTAL TUBULES.
Maurice B. Burg. NHLBI, NIH, Bethesda, MD 20205
Previously, rabbit cortical collecting ducts
(CCD) perfused in vitro were observed to either
absorb or secrete bicarbonate depending on whether
the animals from which they were obtained were
acidotic or alkalotic. Recent studies with rat CCD
give virtually identical results. In contrast
rabbit outer medullary collecting ducts (OMCD) from
both acidotic and alkalotic rabbits absorbed bicar-
bonate, but the rate was paradoxically higher in
OMCD from alkalotic animals. Recent studies with
rat OMCD yield the same result, except the absolute
rates of transport are three times as high. Rabbit
thick ascending limbs previously were not found to
transport bicarbonate. In contrast, significant
bicarbonate absorption is now found in rat TAL.
Rat TAL now are also found to absorb considerable

amounts of ammonia with equal ammonia concentrations

in the perfusate and bath. The ammonia transport

is inhibited by furosemide and cannot be by nonionic

diffusion since the lumen fluid is acidic. Ammonia
absorption by TAL may represent a single effect in
counter current multiplication of ammonia, contri-
buting to the high ammonia concentrations observed
in renal medulla and urine. The mechanisms of the
buffer base transport in these segments, and their
role in urinary acidification will be discussed.

23.2

ELECTROPHYSIOLOGICAL STUDIES ON INDIVIDUAL CELLS OF ISOLATED
GLANDS OF RABBIT GASTRIC MUCOSA. Trifone Schettino*, Martin R.
Kohler} and Eberhard Fromter*(SPON: J.G. Forte). Max-Planck-

Institut fiir Biophysik, 6000 Frankfurt, Fed. Rep. Germany

Rabbit gastric tubules were isolated either by collagenase
or by microdissection. The former technique yielded gland frag-
ments which were fixed in a perfusion chamber to a layer of
agarose, whereas the latter yielded whole glands which were
held in suction pipettes. Mitochondria-rich parietal cells and
mitochondria-poor chief cells were distinguished by an auto-
fluorescence which presumably arises from mitochondrial fla-
vines, or by staining of the mitochondria with rhodamine 6 GO.
This proved more reliable than staining of presumably acid re-
gions in the cells by acridine-orange. Cells of collagenase-
treated glands were easy to impale with microelectrodes but
showed spontaneous sinusoidal potential fluctuations of ~3 mHz
frequency and up to 20 mV amplitude. Cells of microdissected
glands were more difficult to impale and the distinction be-
tween membrane potentials and microelectrode tip artifacts was
critical. Nevertheless constant membrane potentials of the
order of -30 mV (and occasionally -60 mV) were recorded, both
in parietal cells and in chief cells, which responded as ex-
pected to elevation of bath K concentration and to harmaline
(1 mmol/1) which is thought to reversibly inhibit the Na*/Kk*
pump. Instead of a transient depolarization, replacement of
Cl~™ by SO4~~ hyperpolarized the parietal cells by up to -40 mV
which cannot be explained as tip potential artifact.

23.4
+

TRANSPORT OF H AND HCOZ IN NECTURUS GALLBLADDER
EPITHELIUM. Luis Reuss and Steven A. Weinman* Washington
University School of Medicine, St. Louis, MO. 63110.

Intracellular and extracellular electrophysiologic
techniques and tracer unidirectional Na uptake measurements
were employed to study the mechanism of NaCl uptake across
the apical membrane of Necturus gallbladder epithelium.
Amiloride-inhibitable Na/H exchange occurs at this membrane
in the presence and nominal absence of HCO3, as shown by
measurements of luminal acidification, effect of luminal Na
and amiloride on intracellular pH, and effect of luminal pH
on intracellular Na. The increase in intracellular Na
produced by sudden mucosal Na addition to ouabain-treated,
Na-depleted tissues, and the unidirectional tracer Na uptake
into gallbladders incubated under control conditions were
both inhibited by about 50% by amiloride (1 mM), suggesting
that at least 50% of Na entry is through this pathway. The
rate of luminal acidification was doubled immediately after
reducing luminal ([Cl] (from 114 to 4.5 mM, cyclamate
substitution), and decreased slowly during prolonged
exposure to the low-Cl medium. Immediately after replacing
the full luminal ([Cl], alkalinization was observed. These
effects can all be explained by Cl-gradient driven HCO, (or
OH) fluxes. We conclude that Na/H and Cl/HCo3 OH),
exchanges coexist at the luminal membrane of this epithelium
and account for a major portion of NaCl entry. Supported by
NIH Grant AM 19580.
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TRANSMURAL UNIFORMITY OF CORONARY BLOOD FLOW IN HYPOXIC,
NON-ISCHEMIC, LEFT VENTRICULAR MYOCARDIUM. H. Fred Downey,
George J. Crystal, Arthur G. Williams*, and Fouad A. Bashour.
Univ. Texas Health Science Center, Dallas, Texas 75235

The left anterior descending coronary artery (LAD) of
eleven anesthetized dogs was cannulated and perfused with
blood deoxygenated in an extracorporeal lung. Thus, the
transmural distribution of coronary blood flow was determined
in the absence of hemodynamic and reflex changes that accom-
pany whole body hypoxia. Regional myocardial blood flow was
measured with 15 mieron radioactive microspheres adminis-
tered into the LAD perfusion line during normoxic perfusion
(control) and after 3 min of hypoxic perfusion. LAD perfu-
sion pressure (control, 100 * 2 mmHg) equaled mean aortic
pressure. Hypoxia had no effect on aortic and left atrial
pressures or heart rate. Mean * SE flows (ml/min/g):

Control Hypoxia
Epi Mid Endo Epi Mid Endo
0.81+0.08 0.82+0.09 0.81:0.08 4.430.4 4.9+0.4 4,704

Mean coronary flow increased by 576%, but remained uniform
transmurally (P> 0.4). These results are similar to our
findings in myocardium whose coronary vasculature was dilat-
ed by ischemia or by pharmacologic agents (Circ. Res. 37:
111-117, 1975) and are consistent with a transmural gradient
of vascularity favoring the subendocardium. Supported by
HL-21657 and the Cardiology Fund.

24.3

EFFECTS OF ALPHA ADRENERGIC TONE ON CORONARY TRANSCAPILLARY
EXCHANGE. M.H. Laughlin, K. Rouk* and S. Mohrman*. Oral
Roberts U., Tulsa, OK 74171

Wewere interested in the effects of neurohumeral influences
on coronary capillary exchange. We have observed that coronary
infusions of phenylepherine (1-20 ug/min) produce no signifi-
cant effects on capillary permeability-surface area products
(PS). The purpose of this study was to determine the effects
of o] adrenergic blockade (Prazosin, 2-5 mg i.a.) on coronary
PS with blood flow autoregulation intact and during maximal
vasodilation with adenosine (Ado)(3-10 umoles/min i.a.). Cr-
EDTA extractions and PSs were determined with the single in-
jection indicator diffusion method (1251—albumin reference) in
intact working hearts of anesthetized dogs (Nembutal 30 mg/kg.
The LAD branch of the left coronary artery was cannulated and
pump-perfused under constant pressure conditions (%100 torr)
while aortic, central venous and coronary perfusion pressures,
heart rate, ECG and coronary flow were monitored.

Baseline al Block Adenosine a1 Block & Ado
PS 21 + 2 28 + 3 48 + 5 54 + 7
F 62 + 6 106 + 12 291 + 33 328 + 38
n 12 12 16 16
(X + SE). F = plasma flow. PS and F units of ml/min/100g.

o block caused significant (p < 0.05) increases in F and
PS under both conditions. However, with autoregulation intact
o block caused a greater increase in F than PS (71% vs 31%)
while during Ado plus o block the relative increases in PS and
F were similar. Supported by NIH #HL 26963.

24.5

INHIBITION OF B-ADRENERGIC RELAXATION BY PROSTAGLAN-
DIN SYNTHESIS IN ISOLATED CORONARY ARTERIES: MECHAN-
ISM OF HYPOXIC VASOSPASM? Gabor Rubanyi* and Richard J.
Paul. Dept. of Physiology, Univ. Cincinnati, College of Medicine,
Ohio, 45267, U.S.A.

In a recent report (Fed. Proc. 42:1347), we showed that a decrease in
bath pO2 from 95% to 40%, 20% or 10% (hypoxia) elicited a contrac-
tion in isolated porcine coronary arteries. This hypoxic vasoconstrie-
tion was abolished by either indomethacin or aspirin. Isoproterenol,
which relaxed these coronary vessels, potentiated the PG-mediated
hypoxic vasoconstriction indicating that hypoxia may inbibit 8 -
adrenergic relaxation. These results suggested that g-adrenergic
relaxation may be modified by intrinsic PG's. We tested this
hypothesis by measuring isoproterenol dose-relaxation curves for
isolated porcine coronary artery rings under conditions in which PG
synthesis was stimulated (decreasing bath pOy from 95% to 40%) or
inhibited (5.5u M indomethacin). Although the absolute sensitivity of
the coronary arteries to isoproterenol varied with the vasoconstrietor
(histamine>ouabain >KCl), stimulation of PG synthesis by decreasing
pO2 inhibited, while indomethacin significantly potentiated g-
adrenergic relaxation. To our knowledge, this is the first evidence
that intrinsic vascular PG synthesis modulates g-adrenergic relaxa-
tion. This PG-mediated, pOy sensitivity of g-adrenergic relaxation
may underlie the phenomenon of hypoxic vasoconstriction in the large
coronary arteries. Supported in part by NIH 1RO1 23240 and AHA
Established Investigatorship #81-148 (RJP).

24.2

AN o, -~ADRENOCEPTOR CORONARY CONSTRICTION DURING PARTIAL
CORONARY STENOSIS. Carl E. Jones, Isabella Y.S. Liang,
Tim A, Farrell*, and Robert Ator*, Texas College of
Osteopathic Medicine, Fort Worth, TX, 76107.

Studies using general a-adrenoceptor blockers have suggested
an o-constriction in the coronary circulation under certain
conditions, However, the increase in coronary flow with gener-
al a-blockade in these conditions may be due to blockade of
postsynaptic o, - or presynaptic 0,-receptors with a consequent
increase in NE release and metabolic vasodilation. In the pre-
sent experiments, the left coronary artery of dogs was per-
fused at constant pressure. Partial stenosis was simulated by
reducing pressure to 50 mmHg. Effects of the selective a,-
blocker prazosin (2 mg i.c. over 20 min, N=6)and the general
a-blocker phenoxybenzamine (0.25 mg/kg i.c. over 30 min, N=5)
on ventricular Contractile Force, Flgw, (a-v)03, and MVOz were
measured., Prazosin increased Flow, MVOy, and Contractile Force
by 21% (P<0.05), 12% (P>0.05), and 18% (<0.05), respectively.
Phenoxybenzamine increased these variables by 40% (P<0.05),
37% (P<0.05), and 48% (P<0.05), respectively. All increases
were greater with phenoxybenzamine (P<0.05), but the increase
in Flow more paralleled the increase in MVOj. These results
demonstrate an o,-adrenoceptor constrictor tone during coro-
nary stenosis., However, the increased coronary flow caused by
a general a-blocker may be attributed to blockade of both
a,- and o,-receptors. (Supported by the AHA with funds con-
tributed in part by Texas Affiliate).

24.4

EVIDENCE THAT AN ALPHA-ADRENERGIC VASOCONSTRICTION LIMITS
CORONARY FLOW AND CARDIAC FUNCTION DURING EXERCISE IN DOGS.
Patricia A. Gwirtz, Dean Franklin, and Howard J. Mass*, Texas
College of Osteopathic Medicine, Fort Worth, TX 76107, and
University of Missouri, Columbia, MO 65201.

Alpha-adrenergic receptor modulation of coronary blood flow
and cardiac function was examined in exercising dogs. Dogs
were chronically instrumented to measure left circumflex blood
flow velocity (CBFV, pulsed Doppler), heart rate (HR), region-
al left ventricular function (systolic shortening, %AL and
velocity of shortening, dL/dt using sonomicrometers) and glob-
al left ventricular function (left ventricular pressure, LVP,
and dP/dt). The specific postsynaptic alphaj-receptor antag-
onist prazosin (0.5 mg) and nonselective alpha-blocker phento-
lamine (1.0 mg) were injected through an indwelling coronary
artery catheter to produce local adrenergic blockade during
exercise. Exercise significantly increased HR (103-250 bpm),
LVP (119-150 mmHg), peak +dP/dt (2430-6100 mmHg/sec), %AL
(15-24%) and dL/dt (1.18-2.15 mm/sec/EDL), and CBFV (21-42
cm/sec). Neither antagonist caused changes in HR, LVP, or
%AL, but with both antagonists, increases in dP/dt (+1291
mmHg/sec) and dL/dt (+0.64 mm/sec/EDL) were associated with
increases in CBFV (+10 cm/sec). It is suggested that an
alpha-vasoconstriction 1imits both coronary vasodilation and
cardiac function, during exercise. Supported by NIH Grant
#RO1-HL31144 and ROT-HL26436.

24.6
EFFECT OF PICROTOXIN ON REGIONAL CORONARY VASCULAR TONE IN
CATS. S.A. Segal and J.E. McKenzie. Dept. of Physiology,
Uniformed Services University, Bethesda, MD 20814

We have previously shown that the GABA antagonist drug,
picrotoxin (PT), causes sympathetically-mediated coronary
vasoconstriction in cats. To assess the effect of this vaso-
constriction on the distribution of coronary blood flow (CBF)
within the myocardium, regional CBF was measured in 4 regions
of the left ventricle in 11 chloralose-anesthetized, vagoto-
mized cats. Fifteen pm radiolabeled microspheres were in-
jected immediately prior to and at various times following
the administration of 2 mg/kg PT i.v. Results obtained in the
whole left ventricle reconfirmed those of previous studies:
coronary vascular resistance [CVR (mm Hg'ml~lemin-100g)]
increased significantly after PT administration (X= +.12%+.01,
P<0.05). On a regional basis, control CVR was significantly
higher in the epicardium than in the endocardium (X= .40%.02
vs .34%,02, P<0.05). The PT-induced increase in CVR was signif-
icantly higher in the anterior epicardium than in the posteri-
or epicardium, anterior and posterior endocardium (X= +.16%*.02
vs. +.12%.03, +.10%.03 and +.09%*.02, P<0.05). CBF decreased
following PT administration in all regions, with the anterior
epicardium showing the greatest decrease, despite a tendency
for arterial pressure to increase. A controversy exists regar-—
ding the differential effects of sympathetic innervation on
epi- vs. endocardial coronary arteries. These data support the
concept that there may be regional differences in sympathetic
innervation to the coronary arteries. (USUHS Grant RO7682)
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EFFECTS OF PYRUVATE (Pyr) AND LACTATE (Lac) ON MYOCARDIAL
ADENOSINE (AR) RELEASE. R. Biinger, R.R. Curnish, R.M. Berne.
Departments of Physiology, Uniformed Services University,
Bethesda, MD, and University of Virginia, Charlottesvilie, VA
In isolated working guinea pig heart (preload: 12 cm H,0,
afterload: 90 cm Hp0) the influence of exogenously supplied
pyr (0-2.0 mM) and Lac (0-2.0 mM) on coronary effluent AR was
studied. Pyr and Lac were determined enzymatically, AR was
measured with standard HPLC techniques. Since 15 mM glucose
plus 10 mM acetate (in presence of 5 U/1 insulin) were the
main energy-providing substrates, the concentration of coro-
nary venous Pyr + Lac was similar to the concentration of the
infused arterial Pyr + Lac (Pyr + Lac = 1.0 or 2.0 mM). 2.0 mM
Pyr caused a 14.2%6.3% decrease (p<0.05) in AR release (con-—
trol: 932*102 pmol/min x g dry wt, n=12) but 2.0 mM Lac did
not significantly change AR release. Similarly, low arterial
Lac/Pyr ratios (0.1 to 1.0) resulted in small decreases in AR
release whereas with high arterial Lac/Pyr (»10-100) AR release
was increased slightly in 5 out of 6 hearts. Myocardial oxygen
uptake (MVOZ) did not appreciably change under the same condi-
tions. In contrast, 0.2 uM norepinephrine (NE) strongly sti-
mulated M\702 resulting in an approx. 3-fold increase in AR re-
lease in the absence of exogenous Pyr and Lac. Coronary resis-—
tance decreased approx. 24%. Obviously, changes in the cyto-
solic redox state produced by exogenous Pyr plus Lac can be
associated with small, but significant, changes in cardiac AR
metabolism. However, the influence of NE enhancement of
myocardial energy demand is of comparatively major importance.

24.9

HEART RATE (HR) AND CORONARY FLOW (CF) EFFECTS OF ADENOSINE
(ADO) AND ADO ANALOGUES IN GUINEA PIG HEART. R. P. Steffen,
S. J. Haleen*, and D. B. Evans*. Warner-Lambert/Parke-Davis
Pharm. Res. Ann Arbor, MI 48105

The purpose of this study was to determine the HR and CF
effects of ADO and the ADO analogues; l—Né—phenylisopropyl—
adenosine ( #-PIA) and 5'-N-(ethylcarboxamide) adenosine (NECA)
in the isolated spontaneously beating non-working heart of
mature guinea pigs. A microprocessor driven system was used
to maintain drug concentration and coronary perfusion pressure
constant independent of changes in CF. Values are threshold
molar concentrations producing significant changes. Through
biochemical and binding studies ADO receptors have been

classified as A] or Aj. ADO 2-PIA* NECA*
HR 1076 3 x 108 107
cF 1077 3 x 1078 1079

“Asystole at 1077
Studies from this laboratory, using rabbits, have reported
that ADO's effect on HR and CF are through Aj] and Aj receptors
respectively (Fed. Proc. 41:1736, 1982). We report here that
in the guinea pig, ADO receptor selectivity is the same as in
the rabbit with an A} potency of Z-PIA>NECA”ADO and Aj
potency of NECA>1-PIA ADO. Both species are equally sensitive
to these agents for A (HR) effects yet the guinea pig is 30-
100 times more semsitive to the agents for Ay (CF) effects.
Whether this species difference is anatomic or physiologic in
origin and what the physiologic significance is for a species
difference in Ap receptor activity awaits further study.

24.11

VISCOELASTIC BEHAVIOR OF IN VIVO CORONARY ARTERY CAPACITANCE.
J. M. Canty, Jr.*, R. E. Mates and F. J. Klocke. SUNY at
Buffalo, N.Y. 14215

Although excised arteries exhibit viscoelastic effects,
it is uncertain whether the magnitude of coronary capaci-
tance is influenced by the rate of pressure change applied.
Accordingly, the cannulated circumflex artery of seven open-
chest heart-blocked dogs was perfused with a programmable
pressure control system during adenosine vasodilation. Dur-
ing long diastoles coronary pressure was made to decline and
subsequently rise at a constant rate (dP;/dt) and pressure-
flow curves were constructed over a pressure range of 25-75
mm Hy. For a given dP~/dt, capacitance was calculated from
the flow differences between the two curves, using an RC

model. Circumflex Pressure
dPo/dt 30 m Hg 50 m Hg 70 m Hy
(mm Hg/sec)
39 20.0 + 0.95 14.7 + 0.97 8.93 + 0.82
50 18.1 + 0.85*% 12.9 + 0.54* 9.44 + 0.79
790 17.1 + 8.69 11.5 + @.58%* 8.28 + 0.86
90 16.0 + 2.71 11.90 + 9.72 7.53 + 0.83

Mean + 1 SEM *p<@. 05 compared to next lower dFLc/dt

Thus, at any given distending pressure, coronary capaci-
tance decreases as dP;~/dt increases. These data indicate
that viscoelastic properties do influence coronary capaci-
tance and capacitive flow in vivo, but to a lesser degree
than distending pressure and/or vasomotor tone. Supported
by NHLBI #15194.

24.8

ADENOSINE 1S UNIMPORTANT FOR UNSTRESSED CORONARY REGULATION.

Keith Kroll & Eri 0. Feigl, Dept. of Physiology & Biophysics,
S

University of Was WA 98195,

gton, Seattle,

If adenosine (Ado) is important in the regulation of rest-
ing coronary artery blood flow, then an imposed decrease in
interstitial Ado should decrease coronary flow. This was
tested in closed-chest dogs where the left main coronary artery
wes cannulated and perfused at a constant pressure. Histamine
was infused into the entire perfused bed through the main
cannula in order to increase vascular permeability to macro-
molecules, while 1600 U of adenosine deaminase (ADA) was in-
fused selectively into one region of the coronary vascular bed.
After the cessation of both infusions, regional coronary flow
was measured with radioactive microspheres. Flow in the region
selectively treated with ADA was not different from flow in the
untreated control region of the same heart, indicating that Ado
is unimportant in flow regulation. Functional enzymatic activ-
ity in the treated region was assessed in two ways. 1) During
an infusion of exogenous Ado into both regions, the flow in-
crease in the treated region was about 40% less than the flow
increase in the control region, demonstrating the action of
ADA. 2) When EHNA (an ADA inhibitor) and Ado were infused
simultaneously, flow in both regions was the same, indicating
the specificity of the enzyme's action.

It is concluded that adenosine is not important in the
regulation of coronary blood flow under unstressed conditions.

(Supported by NIH grants HL 16910 & HL 07090.)

24.10

MYOCARDIAL CAPILLARY AND ARTERIOLAR PERFUSION RESERVE WITH
VASODILATION. H.R. Weiss, G.J. Grover*, J. Kedem*, and M.
Rosolowsky*. U.M.D.N.J.- Rutgers Medical School, Dept. of
Physiology and Biophysics, Piscataway, N.J. 08854.

The purpose of this study was to compare the effects of
vasodilation caused by hypoxia (8-12% 0,) and adenosine
(0.4 mg/kg/min) on various morphometric“indices of the
arteriolar and capillary bed reserve of the rabbit heart.
FITC~dextran was injected into rabbits under control,
adenosine infusion and hypoxic conditions to label the
perfused vessels for fluorescent microscopy. The tissue was
then stained for alkaline phosphatase for detection of the
total capillary and arteriolar bed. Standard morphometric
techniques were used to find tgtal and perfused
capillaSy/arteriolar number/mm” and volume and surface
area/mm”. Under control conditions, 52+6% and 57+5% (Mean
* SE) of the arteriolar and capillary bed volume/mm~ were
perfused., With hypoxia, both arteriolar and capillary bed
volume/mm~ increased greatly, 81*7% and 96+1%. Adenosine
infusion increased arteriolar values close to maximum,
91+8%, but increased capillary values significantly less,
71+11%. No significant subepicardial vs. subendocardial
differences were found under any condition. These results
show that control hearts have a high degree of
arteriolar/capillary reserve that is mobilized equally by
hypoxia but adenosine mobilizes arteriolar reserve to a
greater extent than capillary.

24.12

DOES RETROGRADE FLOW REPRESENT TOTAL COLLATERAL FLOW?
Konrad W. Scheel and Barbara Eisenstein*. Kirksville
College of Osteopathic Medicine, Kirksville, MO 63501.

In an isolated heart system in which coronary flows to
the anterior descending, A, circumflex C, right and septal
arteries were simultaneously measured at maximal dilation
with adenosine, retrograde flows from A were determined
before and after embolization of A with 20 and 25 micron
spheres in 8 dogs. We found a consistent increase of 100 +
4.6% in retrograde flow from A with the cannula tip pressure
maintained at zero pressure. Embolization of A also in-
creased retrograde flow measured on C by 65 + 6.4%. There
was a linear relationship between graded embolization of A
and increase in retrograde flow. Even with optimal emboli-
zation of A, a residual flow of 10.3 + 2.8% of max flow was
recorded. Flows to other coronary vessels were not affected
by A embolization. The collateral perfusion pressure mea-
sured on A after embolization was 89% of C perfusion pres-
sure prior to adenosine infusion and decreased to 62% with
vasodilation of C. After embolization of A, the collateral
pressure flow relationship was linear with a pressure inter-
cept of zero. We conclude that intramyocardial collaterals
may be responsible for the increase in retrograde flow after
embolization of A. This work was supported by NIH grant HL
28948.
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25.1

REFLEX AUGMENTATION OF ACTIVITY OF UPPER AIRWAY DILATING
MUSCLES (UADM) BY ESOPHAGEAL AFFERENTS. Musa A. Haxhiu,* Erik

25.2

REFLEX RESPONSES CAUSED BY PULMONARY C-FIBERS. S.S. Cassidy,
W.B. Wead, M.P. Kaufman, J.H. Ashton and Y. Monsereenusorn.

van Lunteren,* Jyoti Mitra* and Neil S. Cherniack. Department
of Medicine, Case Western Reserve Univ., Cleveland, OH 44106.

Distention of the esophagus (Eos) inhibits the inspiratory
activity of the diaphragm but its effects on other respiratory
muscles have not been examined. We recorded the electrical
activity of UADM, alae nasi, genioglossus, and posterior cri-
coarytenoid, as well as that ot the diaphragm (D) and inspira-
tory parasternal (IPS) muscles, in nine anesthetized dogs,
before and during esophageal distention. During 02 breathing,
a graded inflation of a balloon positioned in the middle third
of the Eos induced a graded inhibition of D with a concomitant
progressive augmentation of IPS and UADM activities in all
dogs. Distention of Eos with 100 ml of air caused an immedi-
ate statistically significant decrease in D activity to 80% of
control, and an increase in IPS and UADM activities exceeding
250% in all muscles. There was an insignificant decrease in
tidal volume while breathing frequency increased primarily due
to shortening of expiratory time. No significant change in
minute ventilation, end-tidal PCO2, mean systemic blood pres-
sure and heart rate was found. Bilateral mid-cervical vagoto-
my abolished the respiratory effects of Eos distention. These
results indicate that visceral afferent inputs can differen-
tially affect motoneurons which control D activity and
regulate inspiratory intercostal muscles and UADM activities.
(Support: NIH HL-25830, HL-30012, HL-07288, and V.A. Merit
Review.)

25.3

RESPIRATORY MECHANORECEPTORS IN THE LARYNX, G. Sant'Ambrogio,
O.P. Mathew, J.T. Fisher and F.B. Sant'Ambrogio. Departments
of Physiology and Pediatrics, UTMB, Galveston, TX 77550.

The larynx has a rich sensory supply which is the main
source of several respiratory reflexes. These reflexes, that
influence both the patency of the upper airway and the pattern
of breathing, are related to transmural pressure and/or
airflow in the upper airway. Yet hardly any information is
available on the response of laryngeal mechanoreceptors to
transmural pressure and airflow. We recorded action poten-
tials from single fibers separated from the superior laryngeal
nerve of anesthetized dogs spontaneously breathing either
through a tracheostomy or the upper airway. The airway could
be occluded above or below the larynx. On the basis of their
behavior during tracheostomy breathing, upper airway breath-
ing, tracheal occlusion and upper airway occlusion, laryngeal
mechanoreceptors were classifed as pressure receptors, flow
receptors and "drive" receptors (stimulated by the respiratory
activity of upper airway muscles). Pressure receptors were
encountered most frequently, representing 55% of our sampling
(77 receptors), "drive" receptors constituted 26% and flow
receptors the remaining 19%. Our findings indicate that, even
though the three types of receptors differ in sensory moda-
lity, they concur in exhibiting a predominant activity during
inspiration. In fact, 90% of all receptors are activated by
conditions present during inspiration. Moreover, their
activity increases markedly during upper airway obstruction.
Supported by NIH Grants HL-20122, 29169, MRC Canada and A.L.A.

25.5

APNEUSTIC-LIKE BREATHING PRODUCED BY INTRAVENOUS ADMINISTRA-
TION OF BACLOFEN IN THE CAT. A.M. Taveira Da Silva, J.A.
Quest*, P. Hamosh and R.A. Gillis*. Depts. of Pharmacology,
Physiology and Medicine, Georgetown University Schools of
Medicine and Dentistry, Washington, DC 20007 and National
Toxicology Program, NIEHS, NIH, Bethesda, MD 20205

Injection of GABA into the cisterna magna (CM) and local
application of GABA to Schlaefke's area (S area) of the
ventral medulla produces a decrease in tidal volume but
little change in respiratory rate (f) (Brain Res. 248: 71,
1982). This study was initiated to determine whether baclo-
fen, a drug known to activate GABA B receptors, would produce
a similar response. Since baclofen crosses the blood-brain
barrier, we administered cumulative doses of 0.5, 1, 2 and 4
mg/kg i.v. to 5 chloralose-anesthetized cats while monitoring
pulmonary ventilation (Vg), arterial pressure (BP) and heart
rate. After a total dose of 4 mg/kg, apneustic-like breathing
occurred (i.e., inspiratory duration increased from 1.0 + 0.1
to 16.1 + 4.2 sec; P < 0.05). This was associated with a
decrease in Vg from 615 + 59 to 323 + 77 ml/min (P < 0.05)
which was due to a decrease in f. BP also decreased. Baclo-
fen injected into the lateral ventricle also produced apneus-
tic-1ike breathing, whereas injection into the CM or applica-
tion to S area did not. These results indicate that the
respiratory depressant effect of baclofen differs from that
of GABA in terms of both type of breathing pattern and CNS
site of action (HE 29562).

Univ. of Texas Health Science Center, Dallas, Texas 75235.

Our purpose was to quantitate the pulmonary depressor
chemoreflex (PDC) caused by stimulation of pulmonary C-fiber
receptors (PC-fbr) with capsaicin (CAP). In 25 dogs this was
made possible using an open-chest preparation in which the left
pulmonary artery (LPA) and veins and left airway were cannulat-
ed enabling us to inject CAP into the LPA without its entering
the systemic circulation. Frequency (f) of diaphragmatic con-
tractions (DC) were monitored with a strain gauge on the dia-
phragm and systemic blood pressure (BP), heart rate (HR), car-
diac output (C.0.), left ventricular contractility (LV contr.),
and hindlimb vascular resistance (HVR) were monitored using

standard technigues Gas exchange was maintained hy mechani-
StanGard tednniques. was exinange was maintained oy mecnani

cally ventilating the right Tung which received the entire C.0.
Single fiber afferent nerve impulses were recorded from the
left cervical vagus nerve. The CAP dose giving maximum reflex
responses (< 10 ug/kg) could be repeated at 10-min. intervals
without diminution of reflex responses or PC-fbr discharge.

BP, HVR, HR and LV contr. and C.0., fell by 30-40% when CAP
was injected through the LPA. CAP caused a 30-60s cessation

of DC followed by a return to the pre-CAP f-D
nary vagotomy abolished all responses to LPA i
We conclude that stimulation of lung receptors w1th CAP 1nh1b-
its brainstem centers via ipsilateral afferent vagal C-fibers
to cause apnea without subsequent tachypnea and a substantial
depression of all cardiovascular functions.

254

DEVELOPMENT OF SLOWLY ADAPTING AIRWAY RECEPTOR (SAR)
ACTIVITY IN THE OPOSSUM. J.P. Farber, J.T. Fisher, G.
Sant'Ambrogio. UTMB, Galveston, TX; OU Health Sciences Ctr.,
Oklahoma City, OK.
Characteristics of SAR discharge were evaluated in pentobarbital-
anesthesnzed, gallamine-paralyzed, artificially ventilated, open
C (Didelphis marsupialis). Animals were tested at 20,
30, 55, and 100 days of | age; results were compared with data from
adults. The percentage of SARs active at a transpulmonary pressure
(Ptp) of O emH30 did not vary systematically as a function of age
(ranging from 27% to 49% of receptors tested among the different age
groups). Firing threshold as a function of Py, was variable for SARs in
the 20 and 30 day old groups. At high smg levels of Py (15 and 20
emHg0), SAR discharge rate was progressively reduced as a function
of decreasing age; but at Ptp = 5 emH0 only SARs of 20 day old
animals had a significantly reduced firing freq y. When the lungs
were rapidly inflated from a P, of 2 emHO to a Py, of 10 emH20,
the adaptation index (Respir. Physio]. 37:303, 1979) was similar at 20
days (28%), 30 days (24%) and in adults (27%) About 80% of tested
SARs were inhibited by COg at 20 and 55 days as well as in adults.
The opossum, a marsupial, at 55 days is generally developed to the
stage of a placental newborn such as the dog or cat; but, in contrast to
those newborns, the 55 day (or even 30 day) old opossum has a well
maintained static discharge at low Py, levels. Possibly there is a
stimulus for receptor development which occurs because of early
utilization of the opossum lungs. (Supported in part by HL-20122,
29169, and 00619 from NIH).

25.6

NEURAL ELEMENTS RESPONSIBLE FOR FACILITATION OF PHRENIC
NERVE ACTIVITY BY MODERATE LUNG INFLATION. D.B. Averill*,
A.J. Berger, and W.E. Cameron*. Department of Physiology
and Biophysics, Univ. of Washington, Seattle, WA 98195,

Slowly adapting pulmonary stretch receptors (PSRs) may exert a
facilitatory action on the discharge of phrenic motoneurons during
inspiration (DiMarco et al, '81) which may be mediated through a
disynaptic pathway (Iscoe et al., '79). We have recorded
simultaneously from the neural elements that may subserve this
facilitatory reflex. Experiments were carried out on anesthetized,
paralyzed and artificially ventilated cats. FExtracellular activity
from individual PSRs was recorded in the right nodose ganglion.
Central respiratory outflow was recorded from the left C5 phrenic
root. Single unit activity of dorsal respiratory group (DR G) neurons
was recorded in the right medulla. Cross-correlation analysis of
simultaneous spike activity from PSRs and Ig neurons demonstrated
monosynaptic excitatory connections between PSRs and DRG Ig
neurons in 6 of 21 neuron pairs. The same Ig neurons provided the
triggering event for spike-triggered averaging of left phrenic
activity; 5 of these 6 I8 neurons also had monosynaptic projections
to the contralateral C5 phrenic motoneuron pool. These results
demonstrate that PSRs project monosynaptically to I8 which, in
turn, project monosynaptically to phrenic motoneurons. Thisis the
first demonstration of the components of the neural pathway
responsible for facilitation of phrenic motoneurons by lung stretch
receptors. This work was supported by USPHS Grant NS 14857 and
NRSAs HL 06233 and 06474,
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25.7

MORPHOLOGY OF DORSAL MEDULLARY INSPIRATORY
NEURONS AS REVEALED BY INTRACELLULAR INJECTION OF
HRP. A.J. Berger, D.B. Averill* and W.E. Cameron*. Department
ggngysm]ogy & Biophysics, University of Washington, Seattle, WA

95,

Inspiratory neurons in the cat are concentrated in the dorsal
medulla associated with the ventrolateral nucleus of the tractus
solitarius (vI-NTS). An understanding of the somal, axonal and
dendritic morphology is important to understand the integration of
sensory inputs by these neurons. The detailed morphology of 10
well-stained inspiratory neurons has been investigated utilizing the
technique of intracellular injection of HRP. After fixation, the
medulla was sectioned at 100 um, preincubatedin CoC1, and reacted
with DAB. A1l labeled cells were within the vI-NTS. Six cells
sectioned in transverse plane had a mean somal diameter of 30.4 um,
while 4 others sectioned in horizontal plane had a mean of 37.3 um.
Many of the axons were observed to run ventrally from the soma and
then turn medially to cross the midline of the medulla. Stained
neurons had from 4 to 10 primary dendrites. The main dendritic
arborizations ran parallel and ventrolateral to the tractus solitarius
(TS) for up to 1.0 mm from the cell bodies. These dendrites
possessed numerous spines and appendages. We suggest that this
orientation of the dendritic arbors of v1-NTS inspiratory neurons
optimizes the surface area available to receive synaptic contacts
from sensory afferents emerging from the TS. Supported by USPHS
NS 14857 and NRSAs HL 06233 & 06474,

25.9

INFLUENCE OF CERVICAL AND THORACIC DORSAL ROOT AFFERENT
INFORMATION ON MEDULLARY INSPIRATORY NEURON ACTIVITY DURING
MECHANICAL LOADING. R. Shannon, W.T. Shear*, A.R. Mercak%,
D.C. Bolser* and B.G. Lindsey. Dept. Physiology, Col. Med.,
Univ. South Florida, Tampa, Fl. 33612

Studies were conducted to determine the first-breath
(neural reflex) response of dorsal and ventral respiratory
group inspiratory (I) neurons to the mechanical loading
(tracheal occlusion, TO) of inspiration in unanesthetized
(decerebrate), vagotomized cats.

Tracheal occlusion produced an increase in activity in 52%
of the I-neurons (9 cats), which was characterized primarily
by a prolongation of the firing duration. There was a
decrease in activity in 21% of the I-neurons, which was most
apparent in late firing neurons. The increase in I-neuron
activity following loading has not been reported in previous
studies using anesthetized vagotomized cats. These changes
in I-neuron activity with TO were still present in cats with
their cervical dorsal roots (C3-C7) or thoracic dorsal roots
(TI-T9) cut. The changes in neuron activity with TO were
absent when both cervical and thoracic dorsal roots were cut.

The most probable sources of the cervical and thoracic
afferent information altering medullary I-neuron activity
during loading is the diaphragm and external intercostal
muscle proprioceptors (i.e., muscle spindles and/or tendon
organs). (Supported by NIH Grant HL-17715)

25.11

ELECTRICAL  STIMULATION OF THE DIAPHRAGM IN CATS - A
PHYSIOLOGICAL MODEL FOR PACING IN THE HUMAN INFANT.
David G. Fleming, Dennis Shelby* and Fred Montague*.
Case Western Reserve Univ. Cleveland, Ohio 44106

Disorders of respiratory control in infants include
central alveolar hypoventilation and cervical cord injuries.
In as much as respiratory stimulants are usually ineffective,
mechanical ventilation and/or electrical stimulation of the
phrenic nerves bilaterally are the current treatment methods
of choice. A modified form of electical stimulation, directly
to the diaphragm, is wused by the authors, to minimize the
possible hazzard of nerve damage in a chronic implant. Four
stainless steel electrodes are implanted in the diaphragm,
two per side, and the electrode Tleads externalized to a
connector on the back of the neck. Tidal volumes in the range
of 8-10 ml per kilo of body weight are obtained in
anesthetized animal with bilateral stimulation. Electrodes
have remained functional 1in a 3.0 kilo cat for more than 8
months after implant with the only 1lead breakage in the
external cable.A study of the pattern of chest wall to
abdominal movement comparing spontaneous to paced respiration
demonstrated that the cat functions as a model for direct
pacing in the human infant in that both species the amplitude
of ventilation is limited by paradoxical rib cage movement.
There s also an alteration in the ventilation perfusion
relationship during diaphragmatic pacing in that most of the
volume exchange is limited to the lower lobes.
Supported by NIH grant HL 27065

25.8

POST-SYNAPTIC RESPONSES OF POST-INSPIRATORY NEURONS TO
ROSTRAL PONTINE STIMULATION. J.P, Baker, Jr., J.E. Remmers,
R. Takeda*, K.P. Madden*, D.W. Richter* and J. Farber.
Departments of Physiology and Medicine, University of Texas
Medical Branch, Galveston, TX 77550.

Glass micropipettes filled with 3M KCl were used to record
membrane potential of post-inspiratory (PI) neurons (Richter,
J. Exp. Biol. 100:93-107, 1982) in pentobarbital-anesthe-
tized, paralyzed cats. The animals were pneumothoraxed and
held in a stereotaxic frame, with the spine clamped. A
phrenic-driven servorespirator was used to ventilate the
animals. Antidromic stimulation of the cervical spinal cord
and vagus demonstrated that PI neurons had neither vagal nor
spinal axons. PI neurons were hyperpolarized during inspira-
tion and neural expiration, but were sharply depolarized just
after the end of inspiration. Measurements of input resis-
tance and membrane potential after Cl reversal revealed the
hyperpolarization to be due to inhibitory post-synaptic
potentials (ipsp). Ipsilateral pontine stimulation (in the
region producing global phrenic inhibition) produced excita-
tory post-synaptic potentials (epsp) in the PI neurons with
latency about 4 msec. The gating of the action potentials
during inspiration appeared to be due to ipsp-mediated shunt-
ing and hyperpolarization. Some PI neurons also had weak
excitatory responses to contralateral pontine stimulation and
some received epsp from vagal stimulation. (Supported by NIH
grant HL-27190).

25.10

THE RESPIRATORY PARAMETER OF THE SCHIFF-SHERRINGTON PHENOMENON
Robert E. Schuhmann, Sharon K. Coles*, and Hebbel E. Hoff
Baylor College of Medicine, Texas Medical Center, Houston,
Texas 77030

Fifteen cats and five dogs were decerebrated at the midcol-
licular level and then cordotomized at the twelfth thoracic
level. Minute volumes were measured after decerebration,
before and after cordotomy. All animals developed extensor
rigidity after decerebration, and exhibited significant in-
crease in forelimb rigidity following cordotomy (Schiff-Sher-
rington phenomenon). Increase in forelimb rigidity was accom-
panied by a simultaneous step-wise increase in tidal volume
and respiratory rate, averaging a 46% increase in minute
volume. This increase appeared after a 5-15 second period of
total inhibition immediately following the cordotomy and con-
tinued throughout periods of survival of four to thirty hours.
The results are interpreted as pointing to the presence of a
neuromechanism linking the increased ventilation with the
Schiff-Sherrington effect; the release of postural reflexes
in the Schiff-Sherrington phenomenon seems to be accompanied
by the release of respiratory activity as well. The presence
of this integrated response in the midcollicular decerebrate
preparation establishes that the center for postural-respira-
tory integration is situated caudal to the hypothalamus and
thalamus.

25.12

EFFECT OF A SINGLE BREATH OF 100% OXYGEN ON RESPIRATION IN
NEONATES DURING SLEEP. Tazeem Aizad*, Jaya Bodani*, Don
Cates*, Leanne Horvath*, and Henrique Rigatto. Dept. of
Pediatrics, Univ. of Manitoba, Winnipeg, Canada.

To determine the effect of a single breath of 100% 02 on
ventilation, we studied 10 term (BW 3360+110 gm (SE); GA 39.3
*+.36 wk, postnatal age 2.6*.6 days) and 10 preterm neonates
(BW 2020+60 gm, GA 34.1%1.8 wk, PNA 8.7%1.6 days) during
sleep. The single breath method measures the peripheral che-
moreceptor response. To standardize the control period for
all infants we adjusted FiO2 to 16%0.6% to obtain a control
02 saturation of 83*1%. After 1 minute of control in each
sleep state, they were given a single breath of 02 followed
by 21% 0. We measured Vg, Vr, f, PAO2, PpCO2, 0 saturation
(ear oximeter) and tcPOj. Vg always decreased with inhalation
of 02 (p<0.0l). 1In non-REM sleep, the decrease in Vg was less
in term (14%) than in preterm (40%) infants (p<.001). This
decrease in Vg was primarily due to a fall in Vp in term in-
fants as opposed to a fall in f and Vp in preterm infants
(p<0.05). Apnea as part of the response was more prevalent
in preterm than in term infants. In REM sleep the decrease
in Vg was similar in term (19%) and preterm (21%) infants
(p>0.5). These results suggest a greater peripheral chemore-
ceptor response in preterm than ip term infants as reflected
by a more pronounced decrease in Vg with Op. The results are
compatible with a more powerful peripheral chemoreceptor
contribution to breathing in preterm than in term infants.
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26.1

MODIFICATION OF BLOOD PRESSURE BY BIOFEEDBACK ASSISTED RELAX-
ATION. A.V. McGrady*;G.A.A. Bernal*;T. Fine*;] Higgins*;J

Turner*;S, Utz*;M. Woerner*(SPON: L. Nelson). MedlcafJCollege
of Ohio, Toledo, Ohio, 43699,

EMG (electromyograph) biofeedback assisted relaxation
training has been shown to induce lowering of blood pressure
in patients with essential hypertension. However, little is
known about the mechanisms by which hypertensives affect the
decrease in pressure. This study explored the relationship be-
tween blood pressure cortisol and aldosterone in 7 unmedicated
hypertensives. They participated in a 6 week baseline, 10
weeks of treatment, and a 3 month follow-up. Blood pressure
was measured at home and in the clinic and averaged 142/90
during baseline and 133/85 post-treatment. Muscle tension
levels decreased by 42% during treatment. Plasma cortisol
decreased from 14.5 to 11.2 ugm%; urinary cortisol decreased
from 71 to 63 ugm/gm creatinine. Plasma aldosterone decreased
from 9.5 to 9.2 mg%. The decreases in mean blood pressure,
muscle tension and urinary cortisol were significant (p <.05,
p <.01, p <.02, respectively). Changes in urinary cortisol
were correlated with changes in home mean blood pressure: r =
0.87. Changes in plasma cortisol and in plasma aldosterone
were correlated (r = 0.74, 0.75) with changes in clinic mean
blood pressure only for patients who decreased their cortisol
and aldosterone levels. These results indicate that the adren-
al cortex plays a role in the relaxation response of persons
with essential hypertension, Biomed Res 5 SO1 RR 05700 12

26.3
CENTRAL NERVOUS SYSTEM SARALASIN INJECTION REDUCES BLOOD

PRECCURE DURINC INDUCED PREECIAMPSTA IN RATS. Douglas J. Eder*
PRESSURE DURING INDUCED PREECLAMPSIA IN RATS. Douglas J. Eder

and Mecca T. McDonald* (SPON: James W. DeClue). Southern
Illinois Univ. at Edwardsville, IL. 62026

We report that angiotensin II acting in the brain causes at
least 50% of the rise in blood pressure observed during exper-
imental preeclampsia (pregnancy-induced hypertension) in the
laboratory rat. We surgically induce preeclampsia at day 14-17
of pregnancy in Sprague-Dawley rats by means of an aortic
coarctation. Under Equithesin anesthesia we place a silk liga-
ture around the aorta caudal to the renal arteries and tighten
it sufficiently to reduce mean blood pressure below the coarc-
tation by about 35% (Abitbol method). At the same time we can-
nulate the left carotid artery and introduce a permanent can-
nula into a lateral ventricle of the brain. Typically carotid
blood pressure rises during 3-5 days postoperatively in the
conscious pregnant rat from a normal mean of 98 to 118 mm Hg.
Urinary protein content (Lowry method) in a 24-hour sample
rises from about 16 to 80 mg/100 ml in hypertensive animals
only. Intracerebroventricular injections of the angiotensin II
antagonist, saralasin (100 ng/pl), reduce hypertension by at
least 50%. This reduction has not occurred in normally preg-
nant or non-pregnant controls nor during vehicle injections.
We conclude that angiotensin II activates blood pressure con-
trol centers in the brain as part of the pathophysiology of
preeclampsia.

Grant support: American Heart Association/Illinois Affiliate

26.5

HEMODYNAMIC PATTERNS IN 2 KIDNEY, 1 CLIP (2KJC) GOLDBLATT
HYPERTENSIVE CONSCIOUS RATS. Karen A, Stanek , William R.
Murphy , and Thomas G. Coleman. Univ. Miss. Med. Ctr.,
Jackson, MS 39216

Renovascular hypertension was produced in male Sprague-
Dawley rats by applying a silver clip (.2 mm ID) to the left
renal artery. Cardiac index (CI), mean arterial blood pressure
(MABP), total peripheral resistance (TPR) and organ flows and
resistances were measured at 3 and 6 weeks after clipping and
compared to Sprague-Dawley controls (C). MABP and TPR for
C(N=11), 3-week 2KIC (N=7), and 6-week 2K1C (N=8) respectively
increased with time:115 vs 16617 vs 1707 mmHg; 3.5 vs 3.8 vs
Al mmHg/ml/min/100g. CI was increased at 3 weeks and remain-
ed elevated (33 vs 441 vs 40T m1/min/100g). Heart weight and
blood flow per unit weight increased significantly in both
hypertensive groups. The clipped kidney in both hypertensive
groups maintained its weight while absolute blood flow was
decreased slightly 2.7 vs 2.5 vs 2.5 ml/min/100g body weight.
The right kidney was hypertrophied in both groups compared to
C, where C was .38 vs 3-week 2KIC at .57 vs 6-week 2KIC at
.54t g/100g body weight. Absolute flow to the right kidney was
maintained; however, expressed in ml/min/g it was reduced; C
was 7.4 vs 3-week 2KIC at 4.71 vs 6-week 2KIC at 4.8"ml/min/g.
Limb skeletal muscle showed vasoconstriction, which was signi-
ficant at 6 weeks. Hence, hemodynamics in 2KIC hypertension
appears to involve both increased vascular resistance and
alterations in blood flow distribution. (+ Significant at
P <.05 compared to C.) (Supported by grant HL26412).

26.2

AN ANALYSIS OF ANGIOTENSIN II and III IN THE BRAIN WITH HIGH
PRESSURE LIQUID CHROMATOGRAPHY. M. Tan Phillips and Birgitta

Stenstrom*. Department of Physiology, University of

Florida, Gainesville, Florida 32610.

To answer the question of whether angiotensin II exists
in the brain independently of peripheral angiotensin, a
sensitive radioimmunoassay with high recovery rates was used
to measure fractions eluted from high pressure liquid
chromotography (HPLC) assay of male adult rat brains. Rats
were nephrectomized bilaterally and 24 hrs. later the brains
were extracted after boiling in acetic acid. A Sep Pac-18
was used to purify the angiotensin followed by high pressure
liquid chromatography (HPLC). The fractions were collected
and analyzed by an Ang Il radioimmunoassay with a 93%
recovery. HPLC revealed two peaks which comigrated with
authentic (Ile) angiotensin II and (Ile) angiotensin III.
Both angiotensins were found in the hypothalamus blocks
which included parts of the septum thalamus and mid-brain.
Angiotensin II concentration was 63 to 873 pg/g tissue.
Angiotensin IT, but not angiotensin III, was also found in
cortex but in lower quantities (14-179 pg/g tissue). The
results demonstrate that the antibody which was previously
used in the immunocytochemical localization of angiotensin
in the hypothalamus detects authentic angiotensins. The
present data provide critical evidence for endogenous
angiotensin in the brain. Physiological implications of
brain angiotensin can be explored with this procedure.
[Supported by NIH Grant No. 1-R0O1-HL27334 to MIP.]

26.4
HYPOTHALAMIC DISCONNEXION AND RENAL HYPERTENSION. A DUAL
RESPONSE. 0.U.Lopes*, A.L.Castro*, E.F.Alemida* and R.Vadenal*

(SPON: A.C.Guyton). Departamento de Fisiologia, Universidade
de Sao Paulo, 05508, Sao Paulo, SP, Brasil.

The role of the central nervous system in general, and of
the hypothalamus in particular, in the genesis of various
forms of experimental hypertension has been the object of
increased investigation. In the present experiments by means
of a stereotaxically placed curved knife (2 mm radius) the
anterior hypothalamus was disconnected from caudal neuroaxis
at the level of the arcuate nucleus. This lesion by itself
induces polydpsia, increased urinary sodium excretion and
reduction of pressor effects of i.v. angiotensin II. If
lesioned rats are offered the choice,they consume large
amounts of 0.9% saline in preference to tap water. The
interactions of simultaneously performed hypothalamic
disconnexion (HD) and Goldblatt one-kidney, one clip (HG,)
or two-kidney, one clip (HG,) hypertensions were studied. It
was found that HD retards aﬁd attenuates the development of
HG, hypertension but does not materially affect the evolution
of "the HG, model. Rats with established HG, or HG
hypertens?ons were not affected by HD, wheleas ra€s with
chronic HD (4 weeks) showed slight and slow developing
hypertension in response to HG,. These results suggest that
the anterior region of the hypathalamus contains separate
neural mechanisms, involved in renin and nonrenin-dependent
renal hypertension.

26.6

REVERSAL OF ONE-KIDNEY, ONE CLIP (1-K, 1C) HYPERTENSION (HT)
IN RATS. EFFECT ON CARDIOVASCULAR MUSCLE NA*,K* PUMP ACTIVITY
AND CIRCULATING OUABAIN-LIKE FACTOR (OLHF). M. Pamnani,
H. Bryant, K. Knoble* and F. Haddy. Department of Physiology,
Uniformed Services University, Bethesda, MD 20814

We have reported that 1-K, 1C HT (E) rats have increased
OLHF and decreased vascular Nat,k* pump activity, myocardial
Na,K-ATPase, and vascular smooth muscle cell (VSMC) resting
membrane potential (Em). In this study, the effects of unclip-
ping on these parameters were examined in relation to blood
pressure., After 4 weeks of hypertension in E rats and a simi-
lar time period in paired one-kidney, normotensive control (C)
rats, the clips on the renal arteries were removed. Systolic
blood pressure (SBP) was monitored at 3 and 6 hrs and then
daily for 3 or 7 days. The rats were then anesthetized, tail
arteries removed for measurement of ouabain-sensitive (0S) and
ouabain-insensitive (0I) 86Rb uptakes and Ems, hearts excised
for measurement of Na,K-ATPase, and blood collected to assay
for OLHF. Following unclipping, SBP of E rats decreased from
190£3 to 120%*2 mmHg, N=16, P<0.001 in 3 h. Both at 3 and
7 days there were no significant decreases in 86Rrb uptakes and
Na,K-ATPase or increase of OLHF in E compared to C. Em's also
were not decreased at 3 days but at 7 days E was slightly
depolarized relative to C. These data suggest that unclipping
1-K, 1C HT rats not only reverses HT but also abolishes
increase in OLHF and decrease in Na*—K* pump activity of
cardiovascular muscle cells, suggesting a causal relationship
between HT and OLHF.
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26.7

AMEL IORATION OF RENIN-DEPENDENT HYPERTENSION BY AMILORIDE.
Kenji Shimoda*and Thomas C. Lee. Cedars-Sinai Medical Center
and UCLA School of Medicine, Los Angeles, California 90048.

We reported that amiloride, a potassium-sparing diuretic
with kallikrein-inhibiting activity, was as effective in pre-
venting furosemide-induced rises in plasma renin activity (PRA)
as aprotinin, an inhibitor of serine-proteases which include
renal kallikrein. As a logical sequel, the potential efficacy

of amiloride in ameliorating renin-dependent hypertension was
tested in rats with severe unilateral renal artery constric-
tion. Amiloride was added to the drinking fiuid to provide an

approximate dose of 1 mg/kg/day. Treated rats (n=14) main-
tained body weight better (p<0.01) than non-treated rats (n=14)
and their systolic blood pressure measured in the conscious
state was remarkably lower (166+6 vs 19848 mm Hg, p<0.005)
after an 8-day regimen. Renin-dependency of their hypertension
as assessed by the hypotensive response to saralasin-induced

angiotensin !l blockade was also significantly reduced in the

treated rats than that of non-treated rats (-23+6 vs -40%7,
p<0.05). A}l rats exhibited contralateral compensatory poly-
uria and amiloride exerted no discernible natriuretic or anti-
kaliuretic effect. Plasma potassium concentration was similar
in both groups. Thus, the antihypertensive effect of amilor-
ide was due not to a greater diuresis nor hyperkalemia, but to
suppression of hyperreninemia. (This study was supported by
NHLBI Grant #HL-22069, BRSG #RR-05468 and Award #415-1G-15

from the American Heart Association - Greater L,A, Affiliate).

26.9

THYMUS IMPLANTS FROM NORMOTENSIVE RATS ATTENUATE HYPERTENSION
IN OKAMOTO SPONTANEOUSLY HYPERTENSIVE RATS (SHR). R.A. Norman,
Jr., D.J. Dzielak*, K.L. Bost*, M.A., Cuchens, and A.A.
Khraibi*. Univ. Miss. Sch. Med., Jackson, MS 39216

We have demonstrated that chronic immunosuppressive therapy
with cyclophosphamide will attenuate the hypertension in SHR,
suggesting that this form of spontaneous hypertension may be
due in part to an autoimmune mechanism (thsiologist 25:337,
1982). It has been postulated that autoimmunity in SHR may be
the result of a thymic defect. To test this hypothesis 3-week-
old SHR were given thymus implants subcutaneously at weekly
intervals for 3 weeks from Wistar-Kyoto donor rats (WKY).
Sham-implanted SHR developed hypertension between 8 to 12
weeks of age. These thymus implants did not interfere with
development of hypertension. However, additional thymus
implants at weeks 12, 13 and 14 attenuated the hypertension in
SHR by week 14. At week 16 the tail-cuff pressure averaged
171#2.5 (mean*SE) mmHg in 7 sham-implanted SHR and 152%2.8
mmHg in 14 thymus-implanted SHR. This reduction of blood
pressure in thymus-implanted SHR was not associated with
weight loss, which was possibly a confounding factor with
chronic immunosuppressive therapy. Preliminary data indicate
that thymus implants from Wistar donor rats may be more
effective than implants from WKY (tail-cuff pressure reduction
of 31 mmHg after 2 weeks treatment). These results support the
hypothesis that hypertension in SHR may be due in part to an
autoimmune mechanism. Supported by NIH Grant HL 11678

26.11

EFFECTS OF BARIUM ON ANIMALS SUSCEPTIBLE TO AND RESISTANT TO
HYPERTENSION. L. J. Tillman*, B. H. Douglas, V. L. Hill%,
P. T. McCauley* and R. J. Bull*, Univ. Miss. Med. Ctr.,
Jackson, MS 39216 and Health Effects Research Lab.,
Cincinnati, OH 45268

Some trace elements affect blood pressure in humans and
experimental animals. Because of its presence in drinking
water in some areas, the effects of Ba ingestion on the ex-
perimental animals was examined. Twenty-two groups of animals
received Ba for 16 weeks. Blood pressures were monitored
weekly., Kidney tissue was taken for ultrastructural evalu-
ation at the end of 16 weeks. Five groups received 0, 3, 10
or 100 ppm Ba in the drinking water. Five additional groups
received similar amounts of Ba in 0.9% NaCl. Four groups of
uninephrectomized animals received 1, 10, 100 or 1000 ppm Ba
in either drinking water or 0.9% NaCl. Dahl sodium sensitive
and sodium resistant rats (4 groups each) received 1, 10, 100
or 1000 ppm Ba in 0.9% NaCl. Ba alone did not exert a hyper-
tensive effect. Ba did not modulate the hypertensive effect
of NaCl nor alter the sensitivity or resistance to the effects
of NaCl. Histopathological changes were not observed in the
kidneys of animals receiving low doses of Ba. Animals which
received larger doses exhibited ultrastructural changes in the
glomeruli which included basement membrane thickening, epithe-
lial foot process fusion and the presence of myelin figures.
Ba ingestion for longer periods might affect blood pressure if
the kidney is further damaged. (This is an abstract of a pre-
sentation and does not necessarily reflect EPA policy.)

26.8

NITRENDIPINE CONTROL OF BOTH SPONTANEOUS HYPERTENSION AND
DOC-SALT HYPERTENSION AND THE ACCOMPANYING DIABETES INSIPI;
DUS-LIKE SYNDROME. _Charles E. Hall and Shirley Hungerford
Univ. of Texas Medical Branch, Galveston, TX 77550.

Prehypertensive Aoki-Okamoto (SHR) or mononephrectomized
female Sprague-Dawley (SD) rats injected with 5 mg/kg/wk of
deoxycorticosterone pivalate (DOCP) and given 1% NaCl solu-
tion to drink, had a 25mg pellet of nitrendipine (NTR)
implanted s.c. on day O and then weekly. NTR prevented both
spontaneous and DOC hypertension. Cessation of implantation
at 40 days in SHR and after 20 days of DOC treatment led to
hypertension in the former, and to rising although still
normotensive pressures in the latter, after about ten days.
Reimplantation of pellets reduced arterial pressures in both,
although not to the levels prevailing before discontinuance
of implantation. The drug had no effect on the weight of
hearts, kidneys or adrenals of SHR: it prevented heart but
not kidney enlargement from DOC treatment. Urinary studies
conducted 24 hr. after implantation of an NTR pellet (51st
day), or 1 hr following a 30 mg/kg subcutaneous injection,
(61st day), revealed that the administration of 3 ml/100g
body wt of 0.45% NaCl and 0.25% KCl caused rats given only
DOC to gxcrete a large volume of low osmolality and more
total NE than controls: on the 6lst day they also excreted
more K and <§xhibited hypernatremia, hypokalemia and an
elevated Na /K . NTR treatment prevented the urinary abnor-
malities, but not the serum changes. (Supported by a grant
from Miles Laboratories, Inc. and HL 09911 from the NIH)

29.10
LOW-DOSE INTRAPERITONEAL CADMIUM EXACERBATES HYPERTENSION IN

SH RATS. Gurdarshan S. Thind, M.D. Hypertension Unit, Univ.
of Louisville, School of Medicine, Louisville, Kentucky 40202.
Twenty-five, 60 day-old SH rats were kept in stainless steel
cages, and controlled environment, fed ad Tibitum low cadmium
(Cd) diet and de-ionized distilled water containing essential
vitamins (IP) 2 mg/Kg Cd acetate (10 rats) or equal volume of
normal saline (NSS)(15 rats). Indirect systolic blood pres-
sure (BP) from the tail-artery was done one- to 30-minutes
post-injection under 1ight (up to 25 mg/Kg) pentobarbital. To-
tal body weights (TBW) and BP's were monitored chronically for
10-weeks. The BP significantly increased (P < 0.05 - 0.001)
post-Cd (158 + 6, 1-min.; 168 + 5, 5-min; 179 + 5, 15-min. and
193 + 5, 30-min.) compared to pre-Cd BP of 137 + 5 mm Hg. The
Cd rats showed no significant BP elevation at week 1-3, and
week 6, but significant (P <0.025 - 0.001) post-Cd BP eleva-
tions were found at week 4, 5, and 7-10 (range of 155 + 6 to
176 + 9 mm Hg). The NSS rats showed no significant BP eleva-
tions acutely or from week 1-10. The TBW of Cd & NSS rats did
not show significant changes. It is concluded that IP 2 mg/Kg
Cd produced acute and chronic worsening of pre-existing genetic
hypertension in SH rats, an ideal model for studying the role
of environmental factors in the genetically hypertensive rats.

26.12

ALTERED VASCULAR RESPONSES TO NOREPINEPHRINE AFTER UNCLTPPING
RENAL ARTERY IN GOLDBLATT HYPERTENSIVE RATS. K.A. Smith,
A.W. Dow,* B. Brooks,* E.E. Muirhead, Univ. of Tennessee Cen.
for the Health Sciences, Memphis, TN 38163

Phospholipids isolated from renal papilla and renal vein
blood following removal of the renal artery clip in one-
kidney Goldblatt hypertensive rats (GHR) have been shown to
have adrenergic antagonist activity in some systems. To test
whether this procedure alters vascular sensitivity to norepi-
nephrine (NE), responses were assessed in GHR (N = 9). Renal
artery clip removal significantly lowered mean arterial pres-
sure (MAP) from 188 to 123 mm Hg at 3 to 4 hours, and to 114
mm Hg at 3 to 5 days. NE responses (area beneath curve) were
reduced significantly for 0.05, 0.1, and 0.5 ug/kg NE at 3 to
4 hours and 3 to 5 days. Thus, the vascular responses to low
doses of NE are decreased significantly after removal of the
renal artery clip in GHR. A paradoxical response was seen at
3 to 4 hours to 5 or 10 ug/kg NE. Following the pressor re-
sponses to NE, a prolonged (26 minutes) decrease in MAP oc-
curred with an average maximum reduction of 38 mm Hg. Since
a specific phospholipid, acetylated lysolecithin, can be iso-
lated from renal vein blood and has adrenergic antagonist
activity, in some systems, it may be involved partly in the
lowering of MAP and the altered vascular responses to NE
observed following removal of the renal artery clip.
(Supported by an NIH Grant USPHS Gr H1 19287-07)
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27.1

FUNCTION OF THE PERICARDIAL-PERITONEAL CANAL IN ELASMOBRANCH
FISHES. Daniel C. Abel*, Ralph Shabetai*, and Jeffrey B.Grahaﬁ
(SPON: Fred N. White). Physiol. Res. Lab., Scripps Instit. of
Oceanography, La Jolla, CA 92093.

The rigid pericardium of elasmobranchs connects to the
peritoneum by the pericardial-peritoneal canal. We investigated
dynamic relationships of the canal, pericardium, and heart to
assess the canal's function. Intrapericardial pressures of six
species,recorded from anesthetized fish lying supine out of
water, were negative (-10 to -1 cm H,0). Infusion of elasmo-
branch saline into the pericardium gradually increased pressure
until the threshold for canal opening was reached (1 to 8 cm H,0).
Further infusion did not raise pressure but resulted in steady
flow to the peritoneum. Infusion after canal ligation increased
pressure exponentially to values above threshold. Technetium
antimony sulfide, injected into the pericardium of a thornback
ray,became concentrated in the heart, blood, liver and peri-
toneal fluid following 4 h of swimming. This indicates uptake
by the lymphatic and/or circulatory system(s) and suggests that
the canal function is not soley to compensate for poorly devel-
oped mechanisms of pericardial drainage. Thus, the canal may
ensure heart function by relieving high intrapericardial pres-
sures resulting from body tension occurring during swimming,
passage of food through the esophagus, or increased venous
return during activity as the heart expands in accordance with
Starling's law. (Partially supported by NSF Predoctoral
Fellowship, the Veterans Administration, NIH SO7 RR07011, and
the Aquarium Dept. at Sea World, San Diego).

273

THE EFFECT OF PHASIC AND MEAN CHANGES OF PULMONARY €Oy (LCOp)
ON VENTILATION IN THE TEGU LIZARD. G.0. Ballam, and J.W.
Hicks*. Lovelace Medical Foundation, Albuquerque, NM 87108.

The posterior portion of each lung of the lizard Tupinambus
nigropunctatus was cannulated with a silastic exit tube (ID
=5mm) which passed through the body wall to the exterior. An
endotracheal tube was inserted and warmed, humidified gas
blown wunidirectionally into the lungs. The gas passed
through the lungs and out the exit tubes. Ventilatory move-
ments caused changes in lung volume but did not alter LCOp
which was dependent on the amount of CO, added to the gas
stream entering the endotracheal tube. Increasing LCO; with-
in the range of 3 to 5% caused an increase in tidal volume
and ventilatory frequency. Setting background LCOj between 4
and 5% while elevating or reducing LCOy by 1.5% for approxi-
mately 200msec with each breath increased the ventilatory fre-
quency compared to maintaining the background LCOj constant.
Increasing the 200msec LCO2 reduction greater than 1.5% fur-
ther elevated the ventilatory frequency. These results indi-
cate that increasing COj delivery to the lungs by an increase
in metabolism would probably stimulate ventilation both by in-
creasing the mean LCOp and increasing the amplitude of phasic
LCO2 changes. These results also suggest that elevating in-
spired levels of COp would increase mean LCO; and tend to in-—
crease ventilation but would decrease the amplitude of phasic
changes in LCOp which would tend to decrease ventilation.
(Supported by NIH Grant HL 29342.)

27.5

BLOOD OXYGEN TRANSPORT IN A PASSERINE BIRD POSSESSING MULTIPLE
HEMOCLOBINS. Leigh A. Maginniss and Peter Han% Division of
Biology and Medicine, Brown University, Providence, RI 02912

Adult house sparrows (Passer domesticus) exhibit hemoglobin
heterogeneity; isoelectric focusing techniques reveal two
structurally distinct isohemoglobins in a three to one molar
ratio. We measured isocapnic O, equilibrium curves (02EC) for
Passer whole blood by thin film dual wavelength spectropho-
tometry (542 - 560 nm) and electrode oximetry. Blood film pH
was computed from a buffer line and the Pco,. At in vivo pH
(7.47 ¥ .02) and 41°C, the half saturation Po, was 43.4*0.5
torr. The shape of the sparrow 0,EC deviated from the
Severinghaus curve for normal human blood. The Hill plot for
Passer blood was alinear; the Hill coefficient (n) increased
from a value of 2.7 below 40% S to 3.6 above 60% S. These
sparrow equilibrium data are accurately described by the
equation:

S = [(6.5x106)/(P* + 16P3 + 340P2 + 2.4 x 10%P) +1]~1.

This complex O,EC shape may reflect the presence of multiple
hemoglobins. The high Pg5p and steep upper limb of the O3EC
may facilitate blood Oy transport in small passerine birds at
altitude. The fixed acid and CO, Bohr effects (Alog Psq/ApH)
were -.39+ .03 and -.49* .01, respectively. These results
demonstrated a significant pH-independent effect of CO; on
Hb-0, affinity. The fixed acid and CO, Bohr slopes were both
independent of saturation. (Supported by NSF PCM82-02702).

27.2

HEMOGLOBIN FUNCTION IN TARICHA GRANULOSA: A NEWT
APPROACH TO THERMAL ACCLIMATION. S.C. Wood.
University of New Mexico, School of Medicine,
Albuquerque, NM 87131

Acclimation to temperature is manifested in many
poikilothermic animals as a change in metabolic rate (long
term Q10 < short term) and a change in hemoglobin-oxygen
affinity (long term dP50/dT < short term). This study
tested the hypothesis that these patterns of acclimation
would occur in Taricha granulosa, a newt that is aquatic
much of the year with water temperatures ranging from 3°C
(Jan) to 25°C (July). Newts were kept in the lab at 5°C or
22°C for 1 month. Subsequently, the 02 uptake and
respiratory properties of blood and Hb solutions were
determined. There was a significant increase in 02 capacity
of blood in warm acclimated newts. There were no
differences between cold and warm acclimated animals with
respect to: Hb electrophoretic pattern, 02 uptake, 02
affinity of blood or Hb solutions (at pH 7.7, 20°C), Hill's
"n", dlogP50/dT, or red cell [NTP]. The lack of change in
blood P50 contrasts with previous data for other species.
However, an unexpected finding complicates the
interpretation of this; e.g., cold acclimation resulted in
a reversal of the normal Bohr effect (dlogP50/dpH = -0.12
in warm acclimated newts and +0.13 in cold acclimated
newts). Supported by NSF Grant PCM 77-24246.

27.4

EFFECTS OF INSPIRED OXYGEN ON PREFERRED BODY
TEMPERATURE IN THE IGUANA. J.W. Hicks* and S.C.
Wood. University of New Mexico, School of Medicine,
Albuquerque, NM 87131

Animals exposed to hypoxia, either external (lowered
lung PO2) or internal (due to cardiovascular shunts)
must make physiological and/or behavioral adjustments to
improve oxygen conductance. A previously reported
computer model describing O2 transport in vertebrates
with cardiovascular shunts (Wood and Hicks, The
Physiologist, 25:214, 1982) predicted that arterial PO2
would increase as temperature increase until a "breaking
point" occurred and PaO2 then would decrease. The
temperature at which the "breaking point" occurred would
be lowered by external hypoxia. This study tested the
hypothesis that a reduction in the preferred body
temperature will occur during exposure to hypoxia. We
established a temperature gradient of 20 to 40°C within
a chamber and determined the preferred body temperature
(mini-mitter telemetry) for Iguana iguana, breathing
room air and when the inspired O2 fraction was reduced
to 0.07. Preferred body temperature changed from 36°C
breathing room air to 26°C breathing 7 % O2 and returned
to 36°C with the return of normoxia. The physiological
significance of this may be to keep the arterial PO2
above the "critical" PO2. Supported by NSF Grant PCM
77-24246.

27.6

WHAT IS RESPIRATORY DEAD SPACE IN BIRDS? Randolph H. Hastings
and Frank L. Powell. Department of Medicine M-023, University
of California, San Diego, La Jolla, CA 92093

In four pump ventilated ducks we measured Bohr (VDB),
Enghoff (VDE), Fowler (VDF) and physiologic (VDP) dead spaces
and compared them with upper airway plus instrument_volume
(VDA). VDB, VDE and VDP were estimated as VT e( (Px~-PE) /Px)
where Px was end-tidal, arterial and ideal-expired PCOp re-
spectively and PECOz was measured at the outlet of a 2.3 L
heated mixing box. Ideal PECO, was found on an 02-C0, diagram
at the intersection of a line through the E and inspired
points and a computer modeled cross-current V/Q line. PCO, and
PO) were measured with blood-gas electrodes. VDF was deter-
mined from a plot of PCO,, measured with an infrared CO, anal-
yzer, vs. expired volume. In one bird with VT=112 ml and VDA=
30 ml, VDB=31.2 ml, VDF=38.4 ml and VDP=43.7 ml. Phase 3 of
the Fowler measurement showed a significant slope. VDE is not
a good measure of VD in birds because PaCOj does not always
approximate ideal PECO; in cross-current lungs. In another
duck with VDA=55 ml, VDE decreased 4 ml but VDP did not change
when VT was increased from 88 to 127 ml. The reason for
VDA VDB < VDF € VDP may be differential sensitivity of the mea-
surements to mesobronchial shunt, temporal variations in para-
bronchial ventilation and asynchronous emptying of lungs and
air sacs. Thus, the various VD estimates may be used to dis-
tinguish between these mechanisms of ventilatory limitation
to gas exchange. (NIH ROl HL26050, PHS GM07198-08)
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27.7

EFFECTS OF HYPOXIA ON VENTILATION-PERFUSION MATCHING IN BIRDS.
Frank L. Powell and Randolph H. Hastings. Department of Medi-
cine M-023, Univ. of Calif., San Diego, La Jolla CA 92093.

We measured the effects of hypoxia on V/Q inequality in 3
anesthetized Pekin ducks using the inert gas elimination tech-
nique modified for cross-current lungs (Resp. Phys. 48: 233,
1982). FIO2 was changed between .21, .09 and .06 and ventila-
tion was adjusted to give Pa02 values as reported for awake
unacclimatized ducks at similar levels of PIO2 (Resg. Phys.
39: 217, 1980), Most‘V/Q distributions were unimodal and
centered near V/Q (VE - VD)/cardiac output at all FIO02.
Quantifying V/Q inequality as log-standard deviation of the
main Q mode (o) showed no effect of hypoxia. o = .87 + .04,

.87 + .10 and .84 * .08 at FIO02 = .21, .09 and .06. Low V/Q
areas were seen in some ducks but the fraction of cardiac out-
put to areas with V/Q <.1 was only 1.5 * .2% and was not
affected by hypoxia. We did not observe high V/Q areas in
ducks as we did earlier in geese but using the above protocol
in 1 goose, we did find a high V/Q mode that was not affected
by hypoxia. Differences in high V/Q areas between species
should not lead to differences in hypoxic tolerance since a
computer model of cross-current gas exchange that considers
V/Q inequality predicts Pa02 and PaCO2 changes <1 torr if a
fixed amount of V is shifted between a high V/Q mode and dead-
space. Because V/Q distributions did not change with hypoxia,
the improved efficacy of 02 exchange reported for hypoxic birds
is probably due to exchange occurring on the steeper part of
the 02 dissociation curve. (NIH ROl HL 26050).

279

CHANGES IN RESPIRATORY GAS EXCHANGE ASSOCIATED WITH SLEEP-
WAKING CYCLES IN RATS. Marshall E. Yacoe. Scripps Inst. of
Oceanography, La Jolla, CA 92093

Three parameters of respiratory gas exchange (VCOj, VOZ,
and R.Q.) were measured in unrestrained rats during normal
diurnal sleep-waking cycles. An open-circuit respirometer
with rapid washout kinetics (T1/2 = 1.3 min) was used and
values for each parameter were calculated every 20 s by a
microcomputer. Sleep-waking cycles were documented by
behavioral observation. Eleven cycles in five animals were
analyzed. Values for VCO2 and V02 are expressed as ml- g‘l h-!
at T, = 25°C. During entry into sleep VCOp (1.084 * .048)
and R.Q. (0.764 * .007) were significantly lower (P<.0l in
both cases) than in the resting awake state (1.318 * .074;
0.802 * .006, respectively). During steady-state sleep VCOZ
(1.014 * .045) and VOZ (1.302 * .055) were significantly lower
(P<.05; P<.0l, respectively) than in the resting awake state
(1.318 + .074; 1.644 * .093, respectively), whereas R.Q.
values did not differ significantly from those of awake
animals. During arousal R.Q. (0.853 * .012) was signifi-
cantly greater than during waking or sleeping states (P<.0l
in all cases), while VCOZ and 002 did not differ from waking
values. These data are consistent with the hypothesis that
COp is retained during entry into sleep. The parallel between
R.Q. shifts and changes in VO) suggests that COp retention
may be related to the supression of metabolism during sleep.

27.8

OXYGEN TRAWSPORT IN THE OBESE ZUCKER RAT. Paul M. Nagel and
Stephen C. lood, Dept. Physiology, Univ. New Mexico School
of Medicine, Albuquerque, NM 87131

The obese Zucker rat is massively overweight with the
majority of total body weight adipose tissue. The presence
of lean littermate controls make this animal an excellent
nodel of human obesity. To assess the effects of obesity
on oxygen transport, we examined five male littermate pairs
at rest and during swimming exercise. Body weight for obese
and lean animals was 644.9+23.4 and 407.5:10.8 (X#SCM), res-
pectively. Blood was sampled from right atrial and carotid
cannulae with cardiac output (Q) calculated from the Fick
principie. Oxygen consumption (V02) was measured by closed
circuit technique in a swimming pool metabolic chamber. At
rest, total body V02 was significantly elevated with no dif-
ferences in Q or arteriovenous oxygen difference. Fifteen
minutes of weighted swimming represented a different meta-
bolic stress to lean and obese rats. Although total body
V02 was similar in both groups, the lean animal raised V02
2.4 times rest, while the obese increased V02 1.6 times rest.
Both groups increased Q to 1.2 times resting levels while
the Tean animais aimost doubie oxygen extraction and obese
rats increase extraction to 1.3 times rest. These results
suggest that the obese animal exhibits minimal oxygen trans-
port impairment at rest but responds to swimming exercise
with an inappropriate cardiorespiratory response fer the low
metabolic demand encountered. (Supported by NSF Cranz PCM
77-24246.)

GASTROINTESTINAL HORMONES AND PEPTIDES

28.1

PROSTAGLANDIN E (PGEZ) PRODUCTION IN CANINE
GASTRIC CELLS IN RESPONSE TO ACID SECRETION. M.L.
Skoglund, M.R. Feller*, A.I. Vinik*. Department of
Surgery, University of Michigan, Ann Arbor, MI
48109, and The Procter & Gamble Company, Cincinnati,
OH 45247.

The effect of acid secretion on prostaglandin
production was investigated by measuring the amount
of PGE, produced by isolated gastric cells. It
has been postulated that endogenous prostaglandins
are produced by the gastric mucosa in response to
acid secretion. Once produced, these prostaglandins
could then act as negative feedback inhibitors of
acid secretion. Thus, we have examined the effect
of four different acid secretagogues on
prostaglandin biosynthesis by canine gastric cells.

Two Ca®* dependent acid secretagogues,
carbachol and gastrin, increased PGE, produced
biosynthesis by gastric cells. However, two cAMP-
dependent acid secretagogues, histamine and
dibutyryl, cAMP, decreased PGE, produced
biosynthesis by gastric cells. We conclude that
acid secretion does not stimulate PGE, production
by gastric cells. Instead, prostaglandin synthesis
is control%gd by some other intracellular signal
such as Ca“’, similar to control of prostaglandin
synthesis by most other cell populations.

28.2

POTENT CENTRAL NERVOUS SYSTEM ACTION OF A STABILIZED TRH
ANALOG, RX77368, TO STIMULATE GASTRIC SECRETION IN RATS.
Y.TACHE, Y.GOTO*, AND M. LAUFFENBURGER*. CENTEK FOR ULCER
RESEARCH AND EDUCATION, VA WADSWORTH, UCLA SCHUOL OF

MEDICINE, LOS ANGELES,CA 90073.

A TRH analog, RX-77368 (Pyr-His-dimethylProNHy) more resistant
to enzymatic degradation was tested for its influence on
gastric secretion. Studies were performed in urethane-
anesthetized rats in which the esophagus and pylorus were
ligated and double lumen cannula inserted into the stomach,

the lumen was flushed every 10 min with 5ml boli of 0.15M NaCl
and 5ml of air. Acid output was determined by titration of the
flushed perfusate with 0.1NaUH. Intracisternal (i.c.) injec-
tion of RX 77368 (3-100ng) induced a dose-dependent increase
in gastric acid output. The maximal secretory response to 10
or 100ng dose occured within 20 min and is long lasting.Based
on dose-response curve, the analog appears 10 fold more potent
than TRH to stimulate gas ric secretion. Intravenous infusion
of RX-77368 (100ngk? ) did not modify gastric secretion
whereas a lugkg~ 1p= dose slightly stimulated acid secretion.
RX-77368 action (100 ng, i.c.) is partly blocked by acute sub-
diaphragmatic vagotomy but not by bicuculine injected at adose
(1mg/kg i.p.-10min) which reversed the vagally mediated stimu-
latory effect of i.c. pcpGABA. These data demonstrate that
RX77368 is more potent than TRH to act within the rat brain to
increase gastric acid secretion. Its action is mediated in
part by vagal dependent mechanisms unrelated to gabaergic
system.
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28.3

LOCALIZATION OF GASTRIN RECEPTORS ON CANINE FUNDIC MUCOSAL
CELLS. Lovick P. Thomas,VI*, Andrew H. Soll, and Deborah
A. Amirian*. CURE, VA Wadsworth and UCLA Medical Centers,
Los Angeles, CA 90073.

While there is little controversy concerning the presence
of histamine Hy receptors and muscarinic receptors on parietal
cells, the locus of receptors for gastrin within the fundic mu-
cosa remains subject to controversy. Using enzyme dispersed
canine fundic mucosal cells, we have studied the Tocalization
of gastrin receptors using radioligands. Biologically active
1251_(15-Teucine)-gastrin-17 binds specifically and reversibly
to dispersed canine fundic mucosal cells. When fundic mucosal
cells were separated by size in a Beckman Elutriator rotor,
1251-Leu-gastrin binding correlated to the large cell fractions
which contained parietal cells. However, elutriation separa-
tion enriched parietal cells only to about 55%. To further en-
parietal and chief cells, sequential step density gradients
were performed using bovine serum albumin and Ficoll. In the
lighter and denser fractions respectively, parietal ggd chief
cells were enriched to greater than 90%. Specific 1251 ey-
gastrin binding correlated positively with parietal cells (r =
0.98) and negatively to chief cells (r = -0.96). To confirm the
localization of gastrin receptors to the parietal cell, autora-
diography was performed using cytocentrifuge slides coated with
Kodak NTB2. Discrete localization of exposed silver grains was
found to plasma membranes of parietal cells, but not of chief
cells. With these techniques, we detect gastrin receptors on
canine parietal cells, but not on chief cells.

28.5

COMPARISON OF BIOLOGICAL ACTIVITIES OF CHOLECYSTOKININgg ISO-
LATED FROM CANINE INTESTINE AND BRAIN. H. Sankaran,A. Wong,L.
Way,V. Eysselein,J. Reeve Jr.,J.H. Walsh and C.W. Deveney.
CURE, Los Angeles,CA and Surgical Service,VA Hospital,San Fran-
cisco,CA 94121.

The biological activity of 58 amino acid cholecystokinin
isolated from the canine intestine and brain was compared.
CCksg purified by affinity chromatography and High Pressure
Liquid Chromatography possessed identical immunoreactivities
to antisera specific to the amino terminus of CCK. Both the
brain and intestinal CCK's were tested for their biological
potencies in in vitro isolated mouse pancreatic acini and
mouse brain particulate preparation. The results are as follows

CONC. OF PEPTIDE REQUIRED FOR:

MAX. AMYLASE 50% INHIBITION OF CCK BINDING:

CCK  RELEASE FROM ACINI ACINI PARTICULATE
CCKg 100 pM 300 pM 3 nM
brain 100-200 pM 600 pM 1-3 nM
intestine 300 pM 300-600 pM 3 nM

Furthermore, amylase release stimulated by both brain and int-
estinal CCKgg could be blocked by 10-4 M dibutyryl cyclic GMP.
Conclusion: Whether CCKsg is only an intracellular precursor

of other smaller forms, or an important circulating hormone,

it appears to be the major molecular precursor of all smalier
forms in brain and gut. Our resuits, however, indicate that the
two CCK's isolated have identical potencies, compared to CCKg,
in eliciting amylase release from acini and in the inhibition
of CCK binding to membrane receptors.

28.7

ISOLATION OF TWO STIMULANTS OF GASTRIC ACID SECRETION FROM
NON-ANTRAL CANINE STOMACHS. M.S. Orloff*, N.W. Bunnett*, H.J.
Corbet*, J. Reeve*, J.H. Walsh.

Three stimuTants of gastric acid secretion, histamine, gas-
trin and bombesin are present in the stomach. An activity was
identified in acidic extracts of canine non-antral gastric
tissues that stimulated acid secretion in the conscious and
anesthetized rat. After high pressure liquid chromatography
the activity was separated into two components, neither con-
taining gastrin, bombesin-like immunoreactivities nor hista-
mine. The fraction eluting earlier on the HPLC was provision-
ally named oxyntin 1 and the later eluting fraction, oxyntin
2. Both oxyntins stimulated acid secretion when infused intra-
venously into urethane anesthetized rats prepared with gastric
fistulas. Both activities were purified to apparent homoge-
neity by sequential HPLC steps. Preliminary analysis of acid
hydrolysates revealed no identifiable amino acids in oxyntin 1
while oxyntin 2 had a composition consistent with a peptide of
10 to 15 amino acids. The composition is Lys 1, Asx 2, Ser 2,
Gix 2, Pro 2, Gly 4, Ala 1. Non integral amounts of Lys 0.2,
Ser 0.4 and Leu 0.3 were also found. Oxyntin 2 could not be
sequenced presumably due to a blocked amino terminus. The
presence of Glx in the composition could be consistent with a
pyroglutamic residue at the amino terminus of this peptide.
Ongoing work is aimed at purification of stimulants in Targer
amounts. Currently a chronic gastric fistula preparation in
the conscious rat is being used as the bioassay, as it appears
to be more sensitive to the two activities.

28.4

QUANTITATION OF DUODENAL CHOLECYSTOKININ IN THE RAT, HAMSTER,
AND DOG. G. Greeley, J. Burdett,* F. Hill,* A. Spannagel,*
J. Trowbridge,* and J.C. Thompson. The University of Texas
Medical Branch, Galveston, Texas 77550.

The purpose of this study was to quantitate, by radioim-
munoassay, the molecular forms of cholecystokinin (CCK) in
the rat, hamster, and dog duodenum, using a carboxyl-terminal
CCK antibody (CT-Ab) or an antibody which detected only the
entire CCK molecule (E-Ab).

Species Acid Extracted Duodenum
CT-Ab E-Ab
Rat 21.7 + 1.2 ng/g 115 + 8.3 ng/g
Hamster 14,1 + 1.3 ng/g 39.4 + 3,9 ng/g
Dog 40.5 £ 6.9 ng/g 458.5 * 146.5 ng/g
Aqueous Extracted Duodenum
Rat 34.5 * 3.4 ng/g 74.0 + 15.2 ng/g
Hamster 45.8 £ 7.1 ng/g 21.5 + 2.6 ng/g
Dog 13.4 + 1.7 ng/g 116.9 * 20.5 ng/g

Conclusions: 1) In the rat, hamster, and dog duodenum, both
small and large molecular forms of CCK are present. 2) As
determined with the CT-Ab, there appears to be a greater
proportion of smaller molecular forms in the rat and hamster
duodenum. In the dog duodenum, however, the larger molecular
forms predominate. 3) According to the data from the E-Ab,
the larger molecular forms predominate in all three species.

28.6

SOMATOSTATIN INHIBITION OF CAERULEIN INDUCED PANCREATIC GROWTH.
J. Morisset. Centre de recherche sur les mécanismes de sécré-
tion, Sherbrooke University, Sherbrooke, Qué., Canada, J1K 2Rl.

These studies were undertaken to evaluate the antitrophic
potency of somatostatin on caerulein induced pancreatic growth.
Sprague-Dawley rats (220-225g) were divided in 5 groups: con-
trol C), caerulein{c@€)  caerulein + antisomatostatin(cae+ASS),
caerulein + somatostatin 300 Mg, kg™' (cae+SS300) and caeru-
lein + somatostatin 600 Mg kg™' (cae+SS600). Rats were given
the following S.C. in gelatin: saline (c), caerulein 1 ug kg~!,
somatostatin 300 or 600 ug kg‘1 thrice a day for 2 days and
anti SS, 0.5 ml I1.P. once daily. They were fasted overnight
before sacrifice. Cae induced significant increases in pan-
creatic weight (32%), total contents of protein (57%), amylase
(55%), ChTg (186%), RNA (33%), DNA (11%) and thymidine incor-
poration into DNA (464%). The addition of somatostatin anti-
body to caerulein significantly increased pancreatic weight
(10%), total DNA (10%) and thymidine incorporation (32%). SS
at the 300 or 600 hg kg‘1 dose reduced significantly the follow-
ing increases initiated by caerulein: pancreatic weight (9%),
total protein (17%) and ChTg (37%), and thymidine incorporation
(51%). Total RNA and DNA were respectively reduced by 7 and 5%.
In conclusion, inhibition of endogenous somatostatin by a spe-
cific antibody had an additive effect on the trophic effect of
caerulein. These data indicate that somatostatin can reduce
pancreatic growth induced by caerulein. Supported by grants
A6369 from NSERC of Canada and 733 from ME Quebec.

28.8

CATABOLISM OF A BOMBESIN-LIKE PEPTIDE IN THE INTERSTITIAL
FLUID OF THE STOMACH. N.W. Bunnett*, M.S. Orloff*, J. Reeve*,
J.H. Walsh. Center for Ulcer Research and Education, VA Wads-
worth Medical Center, Los Angeles, CA 90073

Bombesin-1ike neuropeptides in nerve fibers of the stomach
wall are putative neurotransmitters and may be inactivated
locally after secretion. To examine the local pathways of
catabolism we have developed a new technique called intersti-
tial fluid dialysis. Under general anesthesia 2 bundles of
cellulose dialysis fibers were implanted into the region of
the submucosal or myenteric nerve plexuses in the gastric
corpus of dogs and rats. Experiments were performed on con-
scious animals after recovery from surgery. A synthetic bombe-
sin analog, Tyr®-bombesin, was radioiodinated and perfused
through 1 set of dialysis tubes. The adjacent bundle of tubes
was filled with 5% BSA in 0.9% NaCl to collect the catabolized
label. Catabolic products were separated by HPLC. In dogs after
1 hour there was a diminution of the intact peptide and
appearance of 3 additional Tabeled compounds that eluted
earlier. Almost 50% of the radioactive material remaining after
1 hour appeared to be undegraded peptide. In rats the pattern
of products was similar, but these were generated much more
rapidly than in the dog. These results suggest that neuropep-
tides released into the extracellular fluid of the stomach are
degraded by specific mechanisms that may not require passage
into cells or into the vascular space.
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STIMULATORY EFFECT OF THE MONOAMINE OXIDASE (MAO) INHIBITOR,
NIALAMIDE, ON AMINO ACID-INDUCED GASTRIN (G) SECRETION. L.M.
Lichtenberger, L.A. Graziani* and R. Deiansorne*. {Uuniv. of
Texas Medical School, Houston, TX 77025

We have reported that amines, either present in the diet
or produced intracellularly by the decarboxylation of amino
acids, are potent in vivo and in vitro stimulants of G re-
lease (Am. J. PhysTol, 243:6429, 1982). If amines are intra-
cellular stimulants of G release, it would follow that the
activity of the degradative enzyme, MAO, in the antral mucosa
should play an important role in the regulation of the local
conc of amines and their efficacy to stimuiate G reiease.
In order to investigate this possibility, the effect of
secretory stimulants on G release from both in vivo and in
vitro systems was studied in the presence of the MAO inhbi-
tor, nialamide. In the in vivo studies it was demonstrated
that serum G levels 1 hr after ingestion of an amino acid
rich-Vivonex meal was significantly (P<0.02) increased 3.1
fold if rats were pretreated with nialamide (200 mg/kg,i.p.).
i.p.). Similarly, G release from isolated G cells in re-
sponse to phenyialanine (10mM) was significantiy (P<0.05)
increased 1.5 and 1.8 fold by the addition of 10=/M and
10-6M nialamide respectively to the incubation medium,
Conclusion: Inhibition of MAO activity results in an enhance-
ment in amino acid-induced G release. Thus, the intra-
cellular amine concentration plays an important role in the
regulation of G cell secretory activity. (Supported by NIH
Grants AM20686 and AM00842)

28.11

POTENTIATION OF HISTAMINE BY GASTRIN IN THE GASTRIC
FISTULA DOG.

Tobias 0. Yellin* and Richard A. Macia*, (Spon: G. A.
Feigen). Biomedical Research Department, Stuart
Pharmaceuticals, Division of ICI Americas Inc.,
Wilmington, DE 19897.

The maximal acid response to histamine (0.5 wmol/kg/hr)
was halved by atropine (100 ug/kg bolus plus 20 wg/kg/hr),
whereas the secretagogue action of pentagastrin (2
ug/kg/hr) was abolished by the same treatment. The
characteristic fade observed with control histamine
infusions was absent in atropinized dogs. Atropine's
effects could not be overcome by doubling or quadrupling
the dose of histamine nor by vagal stimulation with
2-deoxy-D-glucose (200 mg/kg, i.v.). Nevertheless, the
response to histamine (0.5 wmol/kg/hr), with a rate of
fade not different from control, was fully restored in the
presence of atropine (100 wg/kg bolus plus 20 wg/kg/hr) by
the addition of pentagastrin infusion (2 wg/kg/hr). It
follows that gastrin potentiates the action of histamine
on acid secretion in vivo, independently of cholinergic
excitation, just as it does in canine oxyntic cell
suspensions as reported by Soll (J. Clin. Invest. 61, 381,
1978). Our conclusion is in agreement with Johnson and
Grossman (Gastroenterology 56, 687, 1969), but contradicts

Hirschowitz, et al. (Amer. J. Physiol. 244, 509, 1973).

28.10
GASTRIC SECRETION AND BLOOD LEVELS OF GASTRIN PEPSINOGEN I IN CHILDREN WITH
PRIMARY DUODENAL ULCER. G.L. de Angelis*,S.Scuto*,G.Banchini*,G.Gregori* and

E.Molina. Hospital and University of Parma. Italy.

We studied 6 cases of duodenal ulcer (D.U.) in male children (mean 8.8 yrs.,
range 6-12 yrs., mean weight 29.8 Kg.). Ten healthy children, matched by

weight, age and sex were used as controls. All the 16 children were studied
by: A) a protein meal for gastrin and pepsinogen I response; B) pentagastrin

6 ug/Kg i.m. for acid secretion.

RESULTS NORMAL (n=10) DUODENAL ULCER (n=6)
A) - GASTRIN pg/ml
basal 67.5 + 7.3 68.3 + 9.1
peak after food 115.0 + 22.2 121.7 + 14.7
PEPSINOGEN I ng/ml
basal 48.7 + 2.73 73.5 + 12.5%*
peak after food 54.3 + 2.65 88.2 + 15.2%*
8) - BAO mmol H*/hr/Kg b.w. 0.023 + 0.02 0.102 + 0.03*
MAO " " " 0.223 + 0.04 0.408 + 0.06*
PAO M " " 0.274 + 0.04 0.599 + 0.06%*

‘% . Ay

The results are expressed as MEAN + S.E.H. (*p < 0.05; **p € 0.01).
Conclusions: The elevated gastric acid response associated with D.U.is already
present in children, and seems to be cause rather than consec-ence.finally a
strong family history and elevated pepsinogen I further strongly support an
inherited basis of D.U. in children. (Supported by a grant from C.N.R.-Rome).

FETAL AND NEONATAL BIOLOGY

29.1

THE STIMULATORY EFFECT OF REPRODUCTIVE AMINO ACIDS ON DIMETHYL-
BENZANTHRACENE (DMBA) PRIMED MAMMARY GLAND NUCLEIC ACID CONTENT

DURING LACTATION. Howard S. Pitkow, Michael Goldman* and Bill

Urbas*. Penna. Col. of Podiatric Med. Phila., PA. 19107

Our laboratory has reported that DMBA administered to preg-
nant rats caused a significant decrease in mammary gland RNA
and DNA contents on day 1 of lactation. We also found that
some amino acids had gonadotropic-like and/or estrogenic-like
activity. In order to determine the effects of reproductive
amino acids on DMBA primed mammary gland tissue, female adult
virgin Long Evans rats (12 animals/group) were intraperito-
neally injected daily with 1 mg DMBA in 0.2 ml sesame oil on
days 8 through 12 of pregnancy. On days 8 through 17 of ges-
tation these rats were subcutaneously injected with 150 mg/kg
body weight of either L-tryptophan, L-arginine, or L-glycine
in 1 ml saline solution. On day 1 of lactation, we observed
that L-tryptophan and L-glycine significantly increased the
depressed DMBA control values for total RNA (mg), RNA (mg/100g
B.W.), RNA (mg/100mg M.G.), and RNA/DNA to that of sesame oil
controls. L-glycine significantly increased both the total

DNA and DNA (mg/100g B.W.) to that of sesame o0il control levels

whereas L-tryptophan had a positive effect only on the latter
parameter. However, L-arginine had no stimulatory effect on

the RNA or DNA values. Our data suggests that L-glycine, which

increases growth hormone release, and L-tryptophan, which
enhances and mimicks prolactin secretion, negate the harmful

effects of DMBA by stimulating mammary gland growth (i.e., DNA)

and secretion (i.e., RNA).

29.2

THE EFFECTS OF THYROID HORMONES ON DEVELOPMENT AND
MYELINATION OF THE NEONATAL RAT SCIATIC NERVE. D.M. Van
Wynsberghe and Joan M. Macdonald*. Univ. of Wisconsin,
Milwaukee, WI 53201

Thyroidectomized neonatal rats were given daily
subcutaneous injections of 1 ug/10 gm body weight of
triidothronine (T3), thyroxine (T4), or triiodo-
thyroacetic acid (T3AC) from the fifth day of age. Left
and right sciatic nerves were removed from the T3, T4 and
T3AC treated rats as well as control and thyroidectomized
(Tx) animals at 10, 15 or 20 days of age to observe the
effects of altered thyroid states on the ultrastructure and
myelination of this peripheral nerve. Axon density,
myelinated fiber size distribution, axon area, myelin area,
and myelin area/axon area ratio were determined. Thyroidec-
tomized and T3 and T3AC treated neonates demonstrated no
significant changes in axon size, density or myelination, in
contrast to reported changes in size, density and myelination
in CNS fibers. T4 significantly increased axon density and
decreased axon size, thus decreasing the area available for
myelination and total myelin content.
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29.3

PITUITARY-ADRENAL RESPONSES TO ETHANOL AND MORPHINE IN INFANT
RATS EXPOSED TO ETHANOL PRENATALLY. A.N. Taylor, B.J. Brancht*,
L.A. Lane*, L.R. Nelson* and R.E. Poland*. UCLA Sch. of Med. &
Brentwood VA Med. Ctr., Los Angeles, CA 90024 & Harbor-UCLA
Med. Ctr., Torrance, CA.90509.

Fetal ethanol-exposed (FEE) rats show enhanced corticoster-
one responses to ethanol (E) and morphine (M) as adults. These
same challenges were given to FEE neonates to determine if
comparable effects occur in infants. Subjects were the off-
spring of Sprague-Dawley dams fed either a 5% w/v E-containing
casein-supplemented liquid diet (BioServ) ad lib, pair-fed an
isocaloric liquid diet without E, or lab chow and water ad 1lib
from gestation day-8 to birth. At birth, all pups were cross
fostered to normal dams with food and water available ad lib.
At 7 days of age, pups were injected s.c. with E (1.5 §7k577
M (3.0 mg/kg) or saline and sacrificed 1 hr later. Serum cor-
ticosterone was measured by radioimmunoassay. In contrast to
the adult findings, FEE pups showed a blunted response to both
M and E, only the latter being significant (P<0.01). Responses
to saline were: 17.6t1.1 (SEM) ng/ml in normal pups, 14.7+1.9
in pair-feds and 18.3%2.4 in E-derived; to M: 65.245.6, 55.2#
6.3 and 50.5%4.6, respectively; and to E: 50.5%5.9, 43.5%3.1
and 27.3%2.2, respectively. These results suggest that toler-
ance to the effects of E and M exists for at least the first
postnatal week and that any possible enhanced responses may be
masked by the persistent effects of the fetal E exposure.
Developmental patterns for these effects are now being deter-
mined. (Supported by VA Medical Research Service.)

29.5

THE EFFECT OF PROSTACYCLIN ON ANGIOTENSIN II INDUCED PLACENTAL
VASOCONSTRICTION. V.M. Parisi* and J.H.G. Rankin. Depts. Ob-Gyn
& Physiology, University of Wisconsin, Madison, WI 53706.

Sianificant alterations in vascular responsiveness to angio-
tensin II (AIl) have been documented during pregnancy. We have
observed that PGI2, a potent vasodilator, does not dilate the
placental vasculature of sheep. However, we thought that PGI2
might modulate the placental vasoconstriction induced by AII.
We measured regional blood flows and resistances (R) by the
radioactive microsphere technique in 6 near-term sheep. Blood
flows were measured in the control condition (C), and 15 min
after beginning an infusion of AIl at 5 ug/min (T1). Additional
measurements were made 15 min after the addition of 50 ug/min
of PGI2 to the AII infusate (T2), and again 15 min after remov-
ing PGI2 while continuing AIT (T3). Results are given below:

C

T T2 T3
Blood Pressure (mmHg) 84+ 6 103+ 6 66+ 4 96+ 5
Renal R (PRU) 0.14+.02 0.30+£.04 0.15+#.03 0.314.03
Uterine R (PRU) 0.60+.09 1.35+.31 0.62¢.10 1.77+.28

Placenta! R (PRU-kg) 0.33+.04 0.42:.06 0.62+.10 0.45%.09
The renal and uterine vasculatures showed the expected vaso-
constriction to AII, which was then reversed to control levels
by PGI2. Unexpectedly, PGI» did not reverse the AIl vasocon-
striction in the placenta, but further increased R (P<.03). We
conclude that PGIp does not modulate AII induced placental
vasoconstriction. It follows from these data that PGI2 may not
be involved in the regulation of placental blood flow.
Supported by NIH grant HL27358.

29.7

LEFT VENTRICULAR STROKE VOLUME IN THE VENTILATED FETUS. K.L.
Thornburg and M.J. Morton*. Dept. of Physiology and Medicine
(Heart Research Laboratory), Oregon Health Sciences University,
Portland, OR 97201

Left ventricular stroke volume (LVSV) increases substantial-
ly at birth in the lamb despite increased arterial pressure.
This increase in LVSV is not explained by elevated filling
pressure. To determine the role of ventilation in augmenting
LVSV, we prepared 6 near-term fetal lambs with a tracheal tube,
aortic electromagnetic flow sensor, carotid, jugular, pericard-
ial and left atrial catheters. After 92 (mean* SD) postoper-
ative days, blocking doses of propranolol (1 mg/kg) and atro-
pine (0.25 mg/kg) were administered. Blocked control values
were pH 7.36+ .02, PCO2 46.3+2.9 mmHg, POy 18.6 % 3.3 mmHg,
arterial 02 content 8.2+2.6 ml-d1-!. LV function curves were
generated by rapidly withdrawing and infusing blood before and
during in utero ventilation (VENT) with 100% 02 to determine
maximum LVSV (LVSVmax). Two lambs with immature lungs were
not oxygenated, but showed a 25% increase in LVSVmax during
VENT. In 4 lambs, 02 content doubled (17.1*2.1 ml.d1-!) during
VENT. These lambs showed a 56% increase in LVSVpmax during VENT.
We conclude that: 1) the fetal lamb can be respired in utero,
2) VENT itself augments LVSVmax, 3) oxygenation further aug-
ments LVSVmax, and 4) LVSV in the ventilated, oxygenated fetus
approximates neonatal values.

(Supported by HL 29324.)

29.4
ADRENAL EPINEPHRINE (E), NOREPINEPHRINE (N) AND DOPAMINE (D)
IN THE FASTING NEWBORN RAT. J. J. Hannigan*, L. Witek-Janusek,
and C. L. Anderson*. Depts. of Pediatrics, Physiology and
Nursing, Loyola University, Maywood, IL 60153

Adrenal catecholamines (CA) are important in neonatal adap-
tation to extrauterine life. Most studies of the neonatal
adrenal report total CA content. This study used a sensitive
assay, high performance liquid chromatography with electro-
chemical detection, to measure E, N, and D in newborn and day
old rat pups. On day 21, pregnant dams were decapitated and
pups were delivered by C-section. Adrenals were obtained from
pups randomly decapitated at birth and 1, 2, 4, and 6 hrs
postnatal. Pups kept beyond birth were maintained in an incu-
bator (39°C). Adrenals were also obtained from 12 vaginally
delivered, day old, nursing pups. Individual adrenal CA did
not differ from birth to 6 hrs; thus, these values were com-
bined for the newborn. CA values (ug/gm wet wt) are below.

E N D E/N

Newborn (N=48) 2.4%0.4% 1.9+0.2% 0.23+0.03* 1.3%
% of Total CA 53.0% 42.0% 5.0%

Day 01d (N=12) 64.4%5.6 15.6+1.3 2.6x0.2 4.2
% of Total CA 78% 18.9% 3.1%

E, N, D and E/N were significantly (*P<.05) less in the fast-
ing newborn from birth to 6 hrs compared to the fed day old
rat. Depletion of adrenal CA in the newborn is most likely
due to multiple stressors of birth, maternal deprivation and/
or lack of CA precursors (dietary tyrosine).

(Supported in part by USPH 5 SO7 RRO5368BRSG)

29.6

FEEDBACK CONTROL OF FETAL PLACENTAL BLOOD FLOW IN 11
LAMBS. Debra F. Anderson and J. Job Faber, Dept.
Physiol., S.M., OHSU, Portland, OR 97201.

Placental blood flow was monitored by means of a sensor
on the aorta below the renal arteries and injections of
microspheres. An occluder was placed distal to the flow
sensor. After a control period of one week, placental
flow was restricted for at least another week to an
average of 54.5% of its control value by means of the
occluder; no increase for presumed fetal growth was
allowed. Fetal arterial Pop and pH fell after
restriction; changes (control vs restricted) in arterial
blood pressure proximal to the occluder (50 vs 50 mm Hg)
and hematocrit (34 vs 35 %) were not significant. Fetal
placental resistance to flow fell by 3.85% per day
(P<0.005) which is approximately the normal rate of
decrease in the last third of gestation in sheep. The
fetuses continued to grow at a rate of 2.0 %/day
(P<0.001), according to measurements of plasma volume with
radio iodinated plasma albumin (normal growth is
approximately 5%/day). These results were not influenced
by the duration of the restriction of flow up to 21
days. It is concluded that fetal placental blood flow is
not defended by negative feedback control in the last
third of gestation in sheep.

Supported by USPHS ROl HL 27194,

29.8

THE PERICARDIUM IMPOPTANTLY AFFECTS FETAL CARDIAC FILLING
PRESSURE. Mark J. Morton* and Kent L. Thornburg. Oregon
Health Sciences University, Portland, OR. 97201

Pericardial restraint of cardiac filling is well described
in adult animals. Fetal cardiovascular pressures are frequent-
1y referenced to amniotic fluid pressure (AMN). Accordingly,
we investigated the contribution of pericardial (PC) and thor-
acic pressure (TH) to observed mean right atrial pressure (RA).
Eight fetal lambs were instrumented with vascular catheters, a
silastic pericardial and polyvinyl pleural catheter, both with
multiple side holes. Subsequent autopsies showed no evidence
of pericardial or pleural reaction. Fourteen studies were per-
formed 10 days (range 4-21) after surgery. Amniotic, pleural,
pericardial and RAP were measured during rapid hemorrhage and
re-infusion of blood and crystalloid. During three studies,
pericardial fluid was added and measurements repeated. Trans-
mural pressures during control were RA-PC 2.7 + 1.5, PC-TH 1.2
+ 1.5, TH-AMN -0.2 = 1.7 mm Hg. During volume infusion, PC-TH
remained at control until RA-TH was 3.9 + 1.4 mm Hg. At high-
er RA-TH pressures, PC-TH rose linearly with slopes ranging
from 0.5-1.0. Addition of fluid to the pericardium shifted
the PC-TH vs RA-TH relationship to the left with a slightly
steeper slope. We conclude that the pericardium importantly
restrains fetal cardiac filling at pressures above control,
addition of volume to the pericardium further restrains car-
diac filling, lastly that fetal cardiac growth must be precise-
1y matched by increased pericardial volume. (Supported in part
by NIH HL-29324.)
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29.9

EFFECT OF ISCHEMIA (N FATTY QCID METABOLISM IN THE LUNGS OF
RABBIT FETUSES. Anita Neogi™ and Dipak K. Das. State Univer-
c1ty of New York at Stony Brook and Iong Island Jewish-Hillside

Medical Center, New r'yue Park, New York 11042

The effects of ischemia on in vivo fatty acid metabolism in
fetal lung were studied using rabbit fetuses of 25 to 28 ges-
tational age. Ischemia was produced by inflating the aortic
balloon thereby reducing the uterine blood flow. Ischemic
insult resulted significant increase in lactate/pyruvate and
NADH/NAD ratios and decrease in ATP/ADP ratio in the fetal
lung. Ievels of CoA, acetyl CoRA, carnitine and acetyl carni-
tine decreased while those of long chain acyl CoA and long
chain acyl carnitine enhanced. Tissue content of these meta-

bolites returned to normal after 2 hr stabilization following

20 min of ischemic insult. Ischemia also caused small increa-
se in the lipogenesis and the neutral lipid content of the
fetal lungs. Our results thus suggest that -oxidation in
fetal lung is inhibited and becames rate-limiting for the
fatty acid oxidation during ischemia (supported in part by a
grant from Long Island Jewish-Hillside Medical Center).

29.11

THE EFFECT QOF CHRONIC ALCOHOL CONSUMPTION IN MATERNAL
EFFICIENCY IN PRODUCTION OF FETAL TISSUE. T. Kepic*,
A. Snyder*, S. Singh and M. Bennett*. Chicago Medical School
and VA Medical Center, North Chicago, I1 60064

We studied the effects of chronic ethanol (EtOH) consump-
tion during pregnancy on maternal nutrient storage and
efficiency in production of fetal tissue. Timed-pregnant
Sprague-Dawley rats were assigned to three groups: One group
(EF) received liquid diet containing EtOH, 5% w/v. Control
diet was provided by pair feeding (group PF) or ad 1libitum
(group AF). Weight gain was reduced in both EF and PF dams
(p <0.001). Liver (LI), lung (LU) and placenta (PL) from
cesarean-derived term fetuses were used for wet weights. There
was a significant decrease (p <0.001) in body weight (BW) and

, LU and PL wet weights in the EF pups as compared to PF
and AF groups. Maternal efficiencies were expressed as mean
offspring body or organ weight per KCal maternal food consump-
tion. Efficiencies of PF dams were the same or significantly
greater than those of AF dams for BW (4.68 + 0.58 p <0.001),
L1 (24.28 + 3.78 p <0. 001) LU (11.58 + 0.81 p <0.02) and PL
(43.49 + 4701 p <0.001) in agreement with previous reports
for undernourished animals. Moreover, it appears that EtOH
interferes significantly in the efficiency of production of
I (12.61 + 2.74), LU (6.74 + 0.48) and PL (35.67 + 6.74).
Research supported by VA.

29.10

GLYCOGEN METABOLISM IN FETAL AND NEONATAL LIVER: EFFECT OF
MATERNAL ETHANOL INGESTION. S.P. Singh, A.K. Snyder*,

G. Pullen* and S.K. Singh*. VA Medical Center and Chicago
Medicai School, North Chicago, 11 60064.

We have previously reported perturbations in perinatal
blood glucose (BG) levels in the offspring of rats fed ethanol
(EtOH) during pregnancy. To provide insight into these
effects, liver glycogen (LG) levels were measured in term
fetuses and neonates of rats fed Tiquid diet containing
moderate (2.8% w/v, ME) or high (5% w/v, HE) levels of EtOH.
Controls were pair-fed (MP and HP) and ad libitum-fed (A) diet
in which carbohydrates replaced ethanol isocalorically.
Maternai weight gain and term fetal weights were significantlv
reduced (p <0.001) in grouns HE and HP due to reduced maternal
food intake. Ethanol intake was 3.3 + 0.1 and 2.5 + 0.1 g/day
for grouos HE and ME. LG was significantlv reduced (p <0.01)
in cesarean-derived term fetuses from HE rats (42.7 + 6.0 ma/q
Tiver vs 94.3 + 3.6 in HP controls and 92.4 + 5.4 in A con-
trols). Liver glycogen levels were 90.7 + 7.2 mg/q liver in
ME fetuses and 106.9 + 8.5 in MP control fetuses. LG was
depleted more rapidly in both ethanol-fed groups. Four hours
after delivery, 15% of HE and 57% of ME term LG stores re-
mained, compared to 84% in A and 81% in MP and HP offsnring.
Simultaneously, HE offspring were significantly hypoglycemic
relative to the other groups. It is concluded that ethanol
exposure in utero can alter glycogen levels in the nerinatal
period. Research supported by the VA.

29.12

CALCIUM CONTENT AND WEIGHT OF VENTRICULAR MYOCARDIUM
DURING EARLY DEVELOPMENT - INFLUENCE OF ANGIOTENSIN II,
NOREPINEPHRINE AND NUTRITIONAL INTAKE. Maurice S. Holder.
Zelda D. Johnson and LaVal N. Cothran*, College of Pharmacy, Florida A&M
University, Tallahassee, FL 32307.

Physiological demands are thought to induce structural and contractile
alterations in the myocardium even in the early stages of development. Such
alterations may be modulated by humoral agents and subject to nutritional
intake. The involvement of Angiotensin II (Ag II), Norepinephrine (NE) and
different diets in the alteration process was investigated in developing rats at
4 and 8 weeks of age. Ventricular weight (VW), body weight (BW), free
calcium in myocardium (MCa) and plasma (PCa) were determined after
periods of chronic Ag II, NE and Calcium gluconate (Ca ) treatment, and
after regulation of type and amount of nutritional intake. Three groups of
rats were studied, slow growers (SG), medium growers (MG) and fast growers
(FG) depending upon the rate of post partum development. Results show
that the pattern of VW/BW change seen in control rats was common in SG,
MG and FG although there was a marked inter group difference in absolute
size of heart and body with age. The difference was more pronounced at 4
than at 8 weeks. Diets rich in carbohydrate, protein or lipid significantly
increased (10, 14, 25%) VW/BW; however, its decreasing pattern from 4 to 8
weeks was still present. Ag Il but not NE significantly inhibited it. Diet types
did not affect the level of MCa or PCa, however, both Ca*t and Ag 11
increased MCa at 4 and 8 weeks (8, 11%) whlle PCa was relatlvely unchanged.
The most pronounced change in VW/BW was induced with Ca™™ and both this
and the Ag II effect was inhibited with Verapamil. The results suggest that the
observed alterations in myocardial size may be Ca” ' related and that Ag Il
plays a positive role in the response. (Supported by DRR MBRS-NHLBI 08111).
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30.1

ROLE OF THROMBOXANE (TxA,) IN THROMBIN-INDUCED INCREASE IN
LUNG MICROVASCULAR PERMEABILITY. T. Noanaﬂﬂ R.R. Garcia-Szabd
A.B. Malik. Albany Medical College, Albany New York 12208.

We examined the role of TxA, by using TxA, synthetase
inhibitor, Dazoxiben (DAZ); ang by the abili%y of TxA, mimic,
U46619, to reverse any effect of DAZ on the thrombin-%nduced
alterations in lung transcapillary fluid and protein exchange.
We used the acute sheep lung lymph fistula model to compare
the effects of thrombin (T)(85 U/kg b.wt.) in (i) Control;

(ii) DAZ-pretreatment (10 mg/kg i.v. and 4 mg/kg/hr), and (iii)
DAZ-pretreatment plus U46619 (1.5-2.0 ug/kg/hr). Results
(u%SE) are given below. (Qlym=pulmonary lymph flow, L/P=lymph/
plasma prot. conc.):

Qlym L/p PR
Baseline 3 hr Baseline 3 hr Baseline 3 hr
GROUP
Control T 3.8%1.0 13.4%3.5 .74*.07 .81%.04 5.5+.6 15.5%4.6
DAZ + T 4.7¢0.8 6.1*1.1 .78%+.04 .74%.06 6.3%.7 13.1%2.2
DAZ + T + 4.1#1,2 13.9%45.6 .73+.03 .65%+.01 5.3+.7 14.7%2.5
U46619

DAZ prevented to a great extent the thrombin-induced increases
in Qlym and transvascular protein clearance (Qlym x L/P), and
infusion of U46619 in DAZ-pretreated sheep restored the in-
creases in Qlym and clearance. Therefore, TXA, may be an im-
portant humoral mediator contributing to the increase in lung
vascular permeability after thrombin-induced intravascular
coagulation. (HL 17355 and HL 26551).

30.3

MEDIATORS OF TRACHEOBRONCHIAL FLUID FORMATION AND PUL-
MONARY DESTRUCTION FOLLOWING SMOKE INHALATION. D.N.
Herndon*, D.L., Traber, L.D.Traber*, G.C. Kramer, and J.T.
Flynn, Jeff. Univ. Phil, PA, UC, Davis CA, U. TX. Md. Br.
and Shriners Burns Inst. Galveston, Texas 77550.

Lung injury was produced by insufflating sheep with
cotton smoke. Twelve to 24 hrs post-injury tracheo-
bronchial damage was evidenced by wheezing, mucosal
sloughing of casts 5 to 6 cm in size. Arterial PO, fell
from 1065 to 62%+5 mmHg. Tracheobronchial fluid “(TBF)
collected from five animals was produced at a rate of 20%2
mf/hr, Total protein content of TBF was 4.5:0.6 g/df
relative to 6.2#0.2 g/df in the plasma, a ratio of
0.75%0.05. Albumin, Igg and Igm ratios in TBF relative to
plasma were determined in one animal and were 0.8, 0.68
and 0.2 respectively. Prostacyclin and Thromboxane (TXA,)
as measured by the stable metabolites in TBF wefe
0.498+0.305 ng/mf and 2.50%0.886 ng/ml respectively.
Measurements in three animals revealed 3.6x106 neutrophils/
m{ TBF and 29.5:0.4 units/mf TBF of the proteolytic enzyme
B-glucuronidase. Marked elevation of the potent vasocon-
strictor TXA, and the presence of leukocytes and proteo-
lytic enzymeS in the lung following insufflation of smoke
may result in the demonstrated bronchospasm, local tissue
destruction, tracheobronchial fluid accumulation and fall
in arterial PO,. The fluid is an ultrafiltrate of plasma
producedd by ~ increases in hydrostatic pressure and
concomitant elevations in microvascular permeability.

30.5

THE EFFECT OF BUMETANIDE (B) ON CANINE OLEIC ACID (OA)
PULMONARY EDEMA. J. Ali% K. Duke* (Spon. N. Anthonisen).
University of Manitoba, Winnipeg, Manitoba, Canada, R3E 0Z3.

To determine if B, a potent loop diuretic, like furosemide,
improves shunt in OA edema by pulmonary vasoactivity we
produced left lower lobe (LLL) edema by injecting .03ml/Kg
OA into the LLL pulmonary artery in 20 anesthetized open
chested dogs ventilated on 100% 0,. Fractional perfusion to
the LLL (QL/Q 7) was measured witﬁ electromagnetic flow
probes and LLE°shunt (QSL/Q 7) from LLL pulmonary venous 0
content at: (1) Baseline (2;“1 1/2 hrs. after OA (3) 15 min®
after either 0.lmgm/Kg B was given I.V. to 10 dogs (Group I)
or an equivalent volume of saline to the other 10 dogs
(Group II) and (4) 2 1/2 hrs. after OA. Mean (+ S.D.) were
(*denotes p<.05 compared to preceding values):

Q % 1 2 3 4

GIEéE;Tu I 29.9 + 1.8 14.7 # 1.1% 14.6 + 0.7 15.3 + 1.9
Group II 28.6 + 2.1 14.2 + 1.1% 14.2 + 1.4 9.9 # 1.1
QSL/QTZ:

Group I 9.3 + 4.0 54.3 + 13.6 54.7 + 13.6 38.6 + 12.0%
Group II 8.7+ 1.6 45.1 + 8.8 48.3 + 7.8 70.4 + 6.2%

Wet to body weight ratios were less (p{.05) in the right
lower lobe (2.5 + 0.2 vs 2.9 + 0.3) and the LLL (4.7 + 0.4
vs 6.0 + 0.5) after B. Since QL/Q and Q L/Q did not
change at 15 mins. after B, we conclude tﬁat E improves
shunt by reducing the OA edema following diuresis and not
through pulmonary vasoactivity.

(Supported by the Manitoba Lung Association).

30.2

INTRATHORACIC CONTRIBUTIONS TO CAUDAL MEDIASTINAL NODE
(CMN) EFFERENT LYMPH 1IN SHEEP. K. Koike*, K.H.
Albertine and N.C. Staub. Cardiovascular Research
Tnstitute and Departments of Physiology and Anatomy,
University of California, San Francisco, CA 94143
Most extra-thoracic sources of CMN efferent lymph can
be removed by resection of the node tail and superficial
cauterization across the surface of the diaphragm
(PHYSIOLOGIST 25:311, 1982). To determine whether
there are any intra-thoracic non-pulmonary contribu-
tions, we measured lymph flow and its protein
concentration, in 12 anesthetized, ventilated, prone
sheep, as we resected various tissues that may send
lymph to the CMN. Because the experiment is
distructive, we did the resections in various
combinations and waited one hour between steps.
Baseline CMN lymph flow averaged 0.9+.5 m1/15 min (mean
+ S.D.). Cutting the pulmonary ligaments decreased
Tlow by an average of 60%. Cauterizing around the lung
hila in five sheep reduced flow 16% more. There were no
detectible contributions from chest wall in five sheep
but about 10% from the esophagus. After nearly
complete isolation of the node, except for artery and
vein, 14% of baseline flow remained. Lymph protein
concentration did not change significantly with any
procedure. We estimate that 75% of Dbaseline
intrathoracic CMN efferent flow comes from the lung.
[Supported in part by HL25816 (Program Project)].

30.4

EFFECTS OF ALLOXAN ON PULMONARY MICROVASCULAR PERMEABILITY.
GF Nieman, CE Bredenberg*, AM Paskanik*, Upstate Medical Cen-
ter, Department of Surgery, Syracuse NY 13210

Mongrel dogs were anesthetized with sodium pentobarbitol
(30mg/kg), placed on a piston ventilator and subjected to a
left thorocotomy. The following parameters were monitored:
femoral, pulmonary and left atrial (foley balloon catheter)
pressures, cardiac output and blood gases. A left tracheobron-
chial afferent lymphatic was cannulated and lymph flow (QL)
measured. Lymph (Cp) and plasma (C,) protein concentrations
were measured by refractometry. Qp and Cy, were monitored for
one hour with normal left atrial pressure (LAP) to establish
base line values. LAP was then increased to elevate capillary
pressure from a mean of 5.4 to 22.9 cm H20 and maintained
until a new steady-state was obtained. A 1 hour period with
normal LAP was followed by I.V. administration of Alloxan
(85 mg/kg). LAP was again elevated (5.8-20.7 cm H20) with a
second steady-state obtained. Vascular integrity was assessed
by looking at CL/Cp ratio at the high lymph filtration rates
caused by increased LAP. Control CL/Cp demonstrated the fall
in CL/Cp with elevated LAP characteristic of normal micro-
vascular membrane permeability. However, following Alloxan
infusion and increased LAP, CL/Cp increased to greater than
control levels (control CL/Cp 0.56; Alloxan CL/Cp 0.66)
indicating increased microvascular endothelial permeability.

30.6

LEUKOCYTES ARE NOT REQUIRED FOR OLEIC ACID INDUCED LUNG INJURY
IN SHEEP. M.R. Flick, M. Julien*, and J.M. Hoeffel*.
University of California, San Francisco, CA 94143.

We studied the effect of leukocyte depletion on oleic acid
induced lung injury in 4 unanesthetized sheep with lung lymph
fistulas. We measured pulmonary arterial (Ppa) and left
atrial (Pla) pressures, cardiac output (4b), and lung lymph
fluid (Qlym) and protein (Qprt) flows. After baseline periods
we infused oleic acid (0.06 ml/kg intravenously) in the same
sheep when normal and when made profoundly leukopenic by
repeated injections of a nitrogen mustard. Mean data were:

Condition Ppa Pla Qb Qlym bprt
(cmH20) (cmH70) (1/min) (ml/h) (mg/h)

Normal
baseline 15 1 6.2 10.0 264
oleic acid 28 -1 5.9 31.8 832
Leukopenia
baseline 15 -2 5.7 6.3 172
oleic acid 27 -5 5.4 27.2 663

Hemodynamic and lung fluid balance variables were the same in
the baseline and injury periods in the same sheep when normal
and when leukopenic. Leukocytes do not play a central role in
oleic acid induced lung injury in sheep.

(Supported by NIH Grants HL-26913 and HL-19155 and the Medical
Research Council of Canada)
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30.7
OLEIC ACID LUNG INJURY IS NOT AFFECTED BY METHYLPREDNISOLONE
NOR IBUPROFEN IN SHEEP. M. Julien*, J.M. Hoeffel*, and M.R.
Flick. University of California, San Francisco, CA 94143

We studied the effect of methylprednisolone (MPS) or
ibuprofen (IBU) pretreatment on oleic acid induced lung injury
in unanesthetized sheep with lung lymph fistulas. We measured
pulmonary arterial (Ppa) and left atrial (Pla) pressures,
cardiac output (Qb), and lung lymph fluid (élym) and protein
(Qprt) flows. After baseline periods we infused oleic acid
(0.06 ml/kg intravenously) in the same sheep when untreated
and when pretreated with MPS (30 mg/kg) or IBU (12.5 mg/kg).

- -
Condition (n) Ppa Pla Qb Qlym Qprt

(cmH-~0) (omH-~0) (1/min) (m1/h) (me/h)
(emH50) (cmH70) (1/min) (ml/h) (mg/h)
Untreated {6)
baseline 14 2 5.5 8.8 295
oleic acid 24 0 5.3 30.8 960
MPS (4)
baseline 15 0 5.7 8.1 255
oleic acid 26 -1 5.0 26.3 710
IBU (2)
baseline 14 3 5.7 7.2 270
oleic acid 25 0 5.5 31.9 1048

Hemodynamic and lung fluid balance variables were the same in
the baseline and oleic acid injury periods in the sheep under
all 3 conditions.

(Supported by NIH Grants HL-26913 and HL-19155 and MRC Canada)

30.9

METHYLPREDNISOLONE PROTECTS THE LUNG'S MICROCIRCULATION FROM
ULTRASTRUCTURAL DAMAGE DURING AIR EMBOLIZATION IN AWAKE SHEEP.
K.H. Albertine, P.C. Culver* 6 W-H. Rao*, and N.C. Staub.
Cardiovascular Research Institute and Departments of Anatomy &
Physiology, University of California, San Francisco, CA 94143,
Steroids protect the lungs from pathophysiologic changes
during experimental injury. There ought to be correlated
structural protection. We studied the protective effect of
methylprednisolone (MPS) in four awake, chronically-instrumented
sheep. After a 2h baseline period, we air-embolized the lungs for
4h in 3 sheep; in two we gave 30 mg/kg MPS 1h before infusing air.
At 6h the 3 embolized and one control sheep were anesthetized and
the left caudal lobe was insufflated with fixative. We examined
all vessels in each of five tissue blocks/lobe, except capillaries
of which we examined 10. The table shows the total number of
vessels and lesions, defined as endothelial cell gaps or basal

30.8

BETA RECEPTORS AND LUNG FLUID BALANCE IN AWAKE SHEEP. P.L.
Culver, W.H. Rao, P. Dodek and N.C. Staub. Cardiovascular

Research Institute and Department of Physiology, University of
California, San Francisco, CA 94143,

We studied seven awake sheep with lung lymph fistulas to
determine whether beta adrenergic receptors in the pulmonary
circulation play a role in normal lung fluid balance. We
measured pulmonary arterial (PA) and left atrial (LA)
pressures, cardiac output (Q), lung lymph flow (L) and
lymph/plasma protein concentration ratio (L/P). We calculated
pulmonary vascular resistance (PVR). After a 6h baseline we
did the following: 1) 2h baseline + 4h of propranolol [2 mg/kg
IV, then 0.25-0.5 mg/(kg x h)] (5 sheep) or 2) 2h baseline +
LUh of terbutaline [0.6 ug/(kg x h)] (4 sheep). The table
summarizes the data (mean+ S.D.) of 2h baseline and 4h drug
infusion.

PR LA Q PVR L L/P
1/min units (ml/h)
Baseline 19:0 O:2  5.0+1.1 3.0:1.7 6.4:1.3  .63%.06
Propranolol 184  4:4  4.5:1.1 3.6%1.8 6.5:2.3 .61*.05

Baseline 19+5  3:2  6.0+1.1 2.2¢0.8 9.2:1.1 L5604
Terbutaline 22:5 5:3  6.5:0.9 2.7#0.8 9.2#2.4  .56%.03
Neither beta stimulation nor blockade affected hemodynamics,
except terbutaline increased and propranolol decreased cardiac
output slightly. Lymph dynamics were unaltered. We conclude
that beta receptors are not involved in normal lung fluid
balance in sheep. [Supported by HL25816 (Program Project)].

30.10

INTERSTITIAL FLUID PRESSURE MEASURED BY MICROPUNCTURE OF
ISOLATED, EDEMATOUS DOG LUNGS AT DIFFERENT LEVELS OF
INFLATION. J. Bhattacharya, M.A. Gropper and A. Eaton.
Cardiovascular Research Institute and Department of
Physiology, University of California, San Francisco, CA,
U.S.A. 94143

Previously, we reported an interstitial fluid pressure
(Padv) measurement obtained by micropuncturing adventitia
surrounding venules (30 um) in constantly inflated lungs (FED
PROC 40:448, 1981). Now we have measured Padv at two
inflation levels. We blood perfused 6 isolated left lower
lobes of dog lung which we continuously weighed. When lobe
weight doubled we equalized vascular pressures to 10 emHx0 to
maintain isogravimetric conditions; then measured Padv by
micropuncture at constant alveolar pressure. The data refer-
red to ambient (pleural) pressure are shown (mean S.D. cmii20Q) .

lamina disruption, in each category. Alveolar Pressure Padv
Condition Pulmonary Pulmonary  Alveolar Bronchial 2.4+ .7
(# sheep) arterioles venules capillaries vessels 21 3.7 +1.0

# Lesions # Lesions # Lesions # Lesions At the lower inflation Padv was 4.6 cmH,O less than alveolar
Control (1) 10 0 9 0 50 0 5 0 pressure. When alveolar pressure tripled Padv increased
4h air (1) 9 10 8 0 50 0 8 0 slightly (P>0.01). We conclude that in edematous lungs, first
MPS/air (2) 18 5 8 0 100 0 3 0 alveolar pressure was poorly transmitted to the peri-venular

After MPS, there were fewer lesions in the pulmonary arterioles.
There were also fewer neutrophils at the blood-embolus interface.
We conclude that MPS, partially protects the pulmonary arterial
microcirculation from ultrastructural damage [Supported by HL-
29377 (NIRA) and HL-25816 (Program Project)].

30.11

BRONCHIAL BLOOC FLOW INCREASES IN INFLAMMATORY LUNG EDEMA.
S. Lakshlf, S.K. Jindal*, W. Kirk* and J. Butler.
Department of Medicine, Univ. of Washington, Seattle, WA 98195

The pulmonary vessels in injured lung regions are constric-
ted, destroyed or thrombosed. How then are the inflammatory
qnd repair processes carried on? Our hypothesis is that it
is via the anastomotic bronchial blood flow. We compared
bronchial blood flow (Qyr) before and after injuring the left
lTower Tobe (LLL) in anesthetized, open-chested dogs. Systemic
blood pressure, cardiac output, P02, PCO2 and acid-base status
were kept constant. The test Tobe was hung from a strain
gauge and weighed. The LLL pulmonary circulation was isolated
and perfused with autologous blood. (pr was measured as the
sum of the blood overflowing the lobe's closed pulmonary vas-
cular circuit plus its weight change. LLL injury (reflected
by LLL weight gain) was caused by airways aspiration of 0.1 N
HC1 (2 m1/kg) or by pulmonary arterial injection of ANTU
(aNaphthyl thiourea) (2 mg/kg).

QBr (m1/min/100 gm dry lobe weight/100 torr Psa: mean + SEM)
Type of Before After injury(minutes) Total weight
injury injury(control) 5 60 120 gain (gms.)
HCL (n=4) 16 +4.5 69%+19.0 c£7*:I2.0 47*:13.5 78.8 + 7.3
ANTU(n=4) 25+5.6 77*+17.0 52*: 7.8 54%+ 8.5 03.5 +36.0
*P < 0.05 compared to control] QBr also increased in 3 dogs
after aspiration injury with glucose-glucose oxidase and in 2
with vascular injury due to oleic acid. We conclude that
there is an immediate, significant increase in Qgr in inflam-
matory lung edema which is sustained for at least 2 hours.

interstitium; second, inflation increased Padv, probably by
compressing interstitial fluid. (Supported by the California
Lung Association.)

30.12

METHACHOLINE INCREASES ANASTOMOTIC QRONCHIAL BLOOD FLOW IN DOGS
SK Jindal} S Lakshminarayan, W Kirk*and J Butler
Department of Medicine, Univ. of Washington, Seattle, WA 9813%

What happens to the bronchial blood flow (QBr) following tke
inhalation of bronchodilator and bronchoconstrictor aerosols?
The peribronchial bronchial vascular plexus sends branches
through gaps in the cartilage and muscle fiber bundles into
the submucosa where another network is formed. We postulate
that these systemic vessels may be dilated by cholinergic
agents. Such effects would be blocked by atropine. In anes-
thetized, open-chested dogs the right Tung was ventilated with
100% 02 to maintain systemic blood gases and the left Tower
lobe (LLL) with 5% CO2 in air. The pulmonary artery and vein
of the LLL were jsolated and perfused with autologous, hepa-
rinized blood. QBr was measured as the sum of the blood over-
flowing out of the closed pulmonary vascular circuit plus any
lobe weight changes. After nebulizing 1 mg of methacholine in
10 cc saline in the LLL airway bronchoconstriction was con-
firmed from a rise in peak airway pressure at constant rate,
tidal volume and static pressures. QBy (m1/min/100 gm dry
lobe weight/100 torr Pgy; mean + SEM) =

Before After Nebulized atropine (2 mgm in 10 cc
(control) methacholine | saline), 30 minutes after the metha-
20 + 8.4 43* +10.8 choline, lowered Qgy (and the airway

*P < 0.05 pressure) towards coqtro]. We con-
. . clude that methacholine aerosol in-
creases QBr and that this effect is partly reversed by atropine.
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30.13

EFFECT OF BLOOD pH ON LUNG HYPOXIC MICROVASCULAR PRESSURE
PROFILE IN CATS. Y. Nagasaka, J. Bhattacharya, M.A. Gropper
and N.C. Staub. Cardiovascular Research Institute and Dept.
of Physiol., University of California San Francisco, CA 94143,

In our first micropuncture determination of the site of
hypoxic vasoconstriction in cats (FED PROC 42:595, 1983) the
blood was alkaline (pH=7.6). We have made more measurements
at lower pH (increased Pco2). We perfused six isolated cat
lungs with blood at constant flow [80£20 ml/(kg x min)] and
left atrial pressure = 9 emiz0. By micropuncture (J APPL
PHYSIOL 52:634, 1982), we measured pressure in 30-50 um
diameter arterioles and venules at alveolar pressure=8 cmHx0;
first at Fi0,=.3, then .02. Blood Pco2 (335 mmHg) and pH
(7.40+£.07) were nearly constant in each experiment. The table
summarizes the pressures in cmH20(mean + S.D.)

Condition Artery Arteriole Venule Left Atrium
30% o2 18.2 + 0.5 15.2 + 0.7 12.4 + 0.9 9.0
2% 02 28.3 + 2.6 19.0 + 3.7 14.5 + 3.9 9.0

In normoxia the pressure drop was distributed relative
uniformly .33 arterioles, .30 alveolar wall microvessels, .37
veins. In hypoxia driving pressure was increased in all
segments, as previously reported, but the arterial
vasoconstriction was accentuated. Reducing blood pH
(increased Pco2) changes the normoxic pressure profile
slightly and amplies hypoxia vasoconstriction, mainly in the
arteries. [Supported by HL25548].

30.15

CYCLOSPORIN A (CyA) AND DEXAMETHASONF /NX) PROTECr
RATE FROM THE CARDIOPUrMONARY EFFECTS CF MONOCRO-
TALINE PYRROLE (MCTP). Leon H. Bruner*, Katherine S. Hilliker *
and Robert A. Roth* (SPON: G.L. Gebber). Dept. of Pharmaco-
logy/Toxicology, Michigan State Univ., East Lansing, MI 48824.

Monocrotaline is a plant toxin that is metabolized to MCTP
which causes lung injury and right ventricular hypertrophy (RVH). The
onset of major pulmonary and hemodynamic changes is delayed four to
seven days after a single dose of MCTP suggesting that an immune
mechanism is involved in the pathogenic process. Rats were treated
with a single dose of chemically synthesized MCTP (4 mg/kg, iv).
Daily injections of the immunosuppressant, CyA (10 mg/kg, sc) were
started two days prior to MCTP. Other groups received either MCTP
and olive oil vehicle (OI), dimethyl formamide (DMF) and CyA, or DMF
and OI. Rats were killed 14 days after MCTP. Administration of CyA
with MCTP resulted in protection from increased lung weight to body
weight ratio. There was significant RVH in the rats which received
MCTP/OI whereas right ventricle weight in MCTP/CyA treated rats
was not significantly different from rats which received DMF/CyA or
DMF/OI. In a second experiment, MCTP-treated rats were given daily
injections of DX (27 ug/kg, ip). Other groups received either MCTP
and saline (S), DMF and DX, or DMF and S. Administration of DX with
MCTP resulted in protection from increased lung weight and RVH.
These results suggest that the immune system is involved in the
mechanism by which MCTP causes cardiopulmonary injury. (Supported
by USPHS grant ES02581; LHB supported by HL07404; KSH by the
Pharmaceutical Mfrs. Assn. Fdn.)

30.17

PULMONARY VASCULAR RESISTANCE (R) IS NOT STRONGLY DEPENDENT ON
LUNG VOLUME (V1). K.C. Beck and S.J. Lai-Fook, Mayo Clinic,
Rochester, MN.

R in isolated lungs is dependent on V1, though the varia-
tion in R over the range of V1 becomes less at higher vascular
pressures (Beck & Lai-Fook, Fed. Proc. 41 '82). To determine
the implications of these findings for distributions of R in
intact lungs in which V1 increases and vascular pressures de-
crease with height above the lung base, we derived blood flow
(Q) distributions using data from isolated perfused rabbit
lung studies in zones 2 and 3 conditions. To quantify Q, we
derived separate equations for zones 2 and 3 using multiple
linear regression that included linear, squared and cross pro-
duct terms in the relevant variables. In zome 2, Q depends on
pulmonary artery relative to alveolar pressure (Ppa') and V1.
In zone 3 when Ppa-Ppv is constant Q depends on pulmonary ven-
ous relative to alveolar pressure (Ppv') and V1. Data for re-
glonal V1 in 2 cm slices at various lung heights in supine
dogs at normal and high V1 were taken from Baile et al (JAP
52: p.914, '82). Derived regional R Res.
versus V1 curves were shifted nearly ~
horizontally, as found by Baile et al.

The shape of R vs V1 and the shift after

increasing V1 are due to the relative

effects of V1, Ppa' and Ppv' as deter-

minants of Q. V1 per se has a relatively =
minor influence. Supported by NIH Low Vi \-\*V; Vg
#HL06244 and Am. Lung Assoc. grants.

30.14

EFFECT OF FORWARD AND RETROGRADE PERFUSION ON THE
DISTRIBUQION OF PULMONARY VASCULAR RESISTANCE. P. Rock’ A.
Patterson, S. Permutt, J. Sylvester. Depts. of Anesthesi-
ology-Critical Care Med., and Medicine, Johns Hopkins Med.
Inst. at Balto. City Hosp. Baltimore, Maryland 21224.

The arterial and venous occlusion technique allows
measurement of pressure gradients across the arterial (APa),
venous (4Pv), and middle (APm) segments of the pulmonary
vasculature. APm could exist, however, without a resistance
in the middle campliant segment, if there were a Starling
resistor with a high critical pressure in the non-campliant
arterial segment. We assessed this possibility during
normoxia (N) and hypoxia (H) in 14 isolated pig lungs
perfused forward (F) and retrograde (R) at 50 ml/kg/min.
Alveolar pressure was 3 mmHg and outflow pressure, 5 mmHg.
During N, the total pressure gradient (A P.) was 20.9 and
APm was 10.9 mmHg during F and 27.3 and 17.0 mmg during R.
During H, APT was 33.2 and APm 17.7 muHg during F and 35.7
and 21.8 mmHg during R. Since APm was present during R as
well as F, we conclude it was not caused by a Starling
resistor in the arterial segment but by a resistance in the
middle compliant segment, which we have previously found to
act like a Starling resistor. The increase in APm during R
may have resulted fram an increase in the critical pressure
of this Starling resistor or because retrograde perfusion
unmasked an ohmic resistance on the venous side of the
Starling resistor. Supported by NIH Grant #HL-26752.

30.16

EFFECT OF COLD AIR HYPERVENTILATION (hv) ON BRONCHIAL BLOOD
FLOW IN THE DOG. E.M. Baile,* R.W. Dahlby* and P.D. Pard.
U.B.C. Pulm. Res. Lab., St. Paul's Hospital, Vancouver, Canada.
Bronchial artery vasoconstriction has been postulated as a
mechanism in the induction of the bronchoconstriction
produced by cold air hv. We measured bronchial blood flow
(Qbr) to central airways and lung parenchyma in dogs before,
during and after isocapnic hv of cold air. 5 anesthetized,
supine, open-chest dogs were hyperventilated (f = 40; Vp =
30-35 ml/kg) for 25 min. with (1) warm, humidified room air
(RA); (2) cold (-20°C), dry air and (3) RA. End tidal
CO, was kept constant by adding COp to the inspired line.
During each period of hv we recorded vascular pressures,
cardiac output and tracheal, inspired and expired tempera-
tures. Using a modification of the reference flow technique,
113spn, 153Gd and 103Ru-labelled microspheres were injected
into the left atrium to make separate measurements of Qbr at
each intervention. After the final injection dogs were
killed and the lungs excised. Knowing the radioactivity
in the tissue and reference flow blood sample, Qbr to airways
and lung parenchyma was calculated (ml/min/g dry). Results:
RA COLD RA
Airways .63 + .10 1.25 + .20*% .69 + .11 X + SE
Parenchyma .36 + .04 .28 + .03 .22 + .03 *p < .01
We conclude that cold air hv increases Qbr to central air-
ways and speculate that this may play a role in the induction
of exercise induced asthma.

30.18
REVERSED PULSUS PARADOXUS. S.V. Lichtenstein*, T.W. Rice%*,
A. Panos*, K. Teoh* and M. Stilwell*, (SPON: C.E. Bayliss).
Univ. of Toronto, Toronto, Ontario M5S 1Al

The transient increase in arterial pressure associated
with positive pressure ventilation is referred to as
"reversed pulsus paradoxus'. This is in contrast to the
normal decrease in arterial pressure with spontaneous
inspiration, "pulsus paradoxus'". Classically, it is believed
that the differences observed are due to the pulmonary venous
return to the left heart. No serious consideration has been
given to the possible significance of the effects of pleural
pressure on left ventricular (LV) function. We evaluated
the hemodynamic effects of positive pressure ventilation in
man and compared these to spontaneous respiration. This
complex phenomenon was broken into its component parts by
looking at lung inflation at constant pleural pressure and
lung inflation at constant aortic blood flow. In additiom,
we evaluated LV blood volume at end inspiration and end
expiration. Our results suggest that '"reversed pulsus
paradoxus' results from an increase in left ventricular
stroke volume because of a primary decrease in left
ventricular afterload and not a primary increase in left
ventricular preload as previously thought.
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BREATHING AT BIRTH STIMULATES PULMONARY PROSTACYCLIN SYNTHE-
SIS. C.W. Leffler, J.R. Hessler, and R.S. Green*. U. TN
Ctr. HIth. Sci., Memphis, Tennessee 38163

Previously, we showed that ventilation of pump perfused
fetal lungs stimulates pulmonary prostacyclin (PGI,) synthe-
sis; and indomethacin attenuates ventilation-induced pulmon-
ary vasodilation by these fetuses. The present study inves-
tigated pulmonary PGI, synthesis by unanesthetized fetuses
during spontaneous onset of breathing at birth. Fetal lambs
and goats were instrumented at 0.93 term and delivered by
C-section at 0.95 term. They began breathing spontaneous-—
ly. PGI, was determined by RIA of 6-Keto PGF)y using
methods validated by comparison to gas chromatography with
electron capture detection. Fetal left pulmonary PGI, pro-
duction ([pulmonary venous concentration minus pulmonary
arterial concentration] x pulmonary blood flow) was undetec-
table (-1.7 * 1.0 (SEM) ng PGIp*kg” *min~ ) and fetal pul-
monayy vascular resistance (PVR) high (5.1 * 0.9 mmHge<kg*
min~"). PGI, production increased to 30.1 * 12.3 ng PGI2*
kgemin~~ and PVR declined to 0.5 * 0.1 mmHgekgemin™ 15 min
after birth. PVR remained low even though PGI, production
fell 2-5 hrs after birth. These results suggest that pul-
monary PGI, synthesis participates in the decline of PVR
that accompanies the onset of ventilation at birth, but may
be less important in maintenance of low PVR once establish-
ed. (Supported by Am. Heart Assoc., NIH, TN Lung Assoc.,
Biomed Res. Support Grant from UT Col. of Med.)
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PREDICTION OF BODY COMPOSITION BASED ON WHOLE BODY ELECTRICAL
IMPEDANCE. Lyle H. Hamilton, Steven M. Horvath, Michael G.
Maksud, Ernest D. Michael, Gerald B. Spurr, Ronald L. Jackson*
Wood VA Med. Ctr. and Med. Coll. of Wisconsin, Milwaukee, WI
53193; Univ. of Calif., Santa Barbara, CA 93106; Oregon

State Univ., Corvallis, OR 97331.

Measurements of whole body impedance (Z) or the ratio of Z
at 2 frequencies have been proposed as an index of body compo-
sition. Anthropometry, body density (BD) by underwater weigh-
ing, skin-fold thickness (SF) at 3 sites (in most subjects) and
Z at 10 KHz (2ZL) and at 100 KHz (ZH) were measured in 45 males
(M) and 93 females (F) ranging in age from 18 to 71 years.
Most were college students in good to excellent physical con-
dition. Correlations between % body fat calculated by density
and by skin-fold thickness based on the method of Jackson and
Pollack were r=0.721 for M and 0.788 for F. Correlations be-
tween body density and 2L, ZH and the ratio ZL/ZH (RZ) were,
respectively -0.91, -0.157 and 0.417 for M and -.203, -.262and
0.354 for F. Multiple regression analyses were necessary to
provide prediction equations useful for body density. Equations
were:

M: BD = 0.813119 + 0.158143RZ + (1.122E-3)Ht -

(1.189E~3)Wt - (1.77E-4)ZH
F: BD = 0.995104 + 0.088820RZ + (3.52E-4)Ht - (7.69E-4)Wt -
(1.26E-4)ZH - (7.33E-4)Thigh SF

SFaffected predictions for F, but not for M. Multiple cor-
relation coefficients were 0.817 for M and 0.779 for F.

31.3

ALTERING PLASMA CONCENTRATION OF ARGININE VASOTOCIN CHANGES
GLOMERULAR FILTRATION RATE IN SALINE-ADAPTED PEKIN DUCKS.
R. Kaul*, R, Gerstberger*, D.A. Gray* and E. Simon.
Max-Planck-/W.G. Kerckhoff-Institut, D-6350 Bad Nauheim, FRG.
Reabsorption of nearly isotonic renally excreted salt and
water, combined with hypertonic extra-renal salt excretion,
is believed to produce free water for nitrogen excretion in
birds with salt glands. Increased glomerular filtration rate
(GFR) in response to salt loading has been reported for gulls
and geese, but salt loads also elevate plasma concentration
of arginine vasotocin (AVT) and intravenous AVT reduces GFR
in birds lacking salt glands. We have therefore measured GFR
(C-14 inulin clearance) in birds with fun¢tional salt glands
while manipulating plasma [AVT] (radioimmune assayed). In 8
Pekin ducks (2.3+0.2 kg, x *+ SE) adapted for at least 30
days to 600 milliosmolal (mO) NaCl, GFR during constant iv
infusion of 200 mO NaCl at 1 ml/min was 2.9* 0.1 ml/min-kg
(n = 19) at a plasma [AVT] of 19+ 1 pg/ml (n = 9). Doubling
plasma [AVT]by rapid injection of synthetic AVI (10 ng/kg)
invariably reduced GFR by 40 to 90Z, and reduction of plasma
[AvL] by iv injection of antibodies to AVT always increased
GFR. Endogenous AVT release, when stimulated by continuous
push-pull perfusion of the third ventricle with hypertonic
artificial CSF or inhibited by hypotonic third ventricular
perfusion, was also invariably associated with respectively
decreased and increased GFR. Thus, in a bird with functional
salt glands, GFR is inversely correlated with even reflexly
regulated endogenous AVT.

31.2

NASAL SALT GLAND SECRETION INHIBITED BY ANGIOTENSIN II.

H. T. Hammel and J. E. Maggertf Physiological Research
Laboratory, Scripps Institution of Oceanography, La Jolla,
CA 92093.

Adult Pekin ducks received an intravenous control
infusion of 1000 mosm NaCl/Kg H,0 at 0.4 ml/min for 90 min.
The amount of salt and water secreted by the nasal salt
glands was 100+5% of the amount infused. When the infusate
included Angiotensin II (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe),
Sigma A4390, at the rate of 8x10~9 gm min—1 Kg'l, 70% of
the salt solution was secreted during the infusion and
307% subsequently. When angiotensin II accompanied the
infusate at the rate of 80x10~Y gm min—1 Kg=', only 3% of
the salt solution was secreted during infusion and more
than 907 was secreted during the subsequent 60 min. Since
the rate of secretion by the nasal salt gland can not be
fully explained by variations in plasma osmolality, NaCl
concentration, extracellular and intracellular volumes, we
postulate that variations in the circulating level of
Angiotensin II are affecting the secretory rate, NSF Grant
PCM 78-23460.

314

EFFECTS OF MORPHINE AND 2-DEOXY-D-GLUCOSE AND WATER INTAKE IN
RATS. G.K.W. Yim,* T. Mack,* J.D. Roache,* A. Malave,* and J.E.
Zabik.* (SPON: P.V. Malven). Dept. of Pharmacology and Toxicol-
0gy, Sch. of Pharmacy and Pharmacal Sci., Purdue University,
West Lafayette, IN 47907.

The reduction of immobilization-induced saline drinking,
by naloxone, suggests that endogenous opioids may mediate the
stress-induced increase in salt intake (Fed. Proc. 42: 1983).
The aim of this study was to determine if morphine and 2-de-
oxy-D-glucose (2-DG) would increase salt intake. Male Sprague
Dawley rats were given access to 0.15 M NaCl and tap water for
two weeks. The control rats preferred tap water. Morphine
sulfate (4.0 and 8.0 mg/kg, s.c. at 1800 hr) resulted in a
dose related increase in nocturnal saline intake, without
appreciably affecting total fluid intake. Thus, preference
was reversed to saline (from 0.4 to 0.6 saline/total fluid
intake). Daytime administration of morphine to the non-
deprived rats increased fluid consumption, but not saline
preference. 2-DG (400 mg/kg, s.c.) did not increase daytime
or nocturnal saline intake. Since 2-DG-induced hyperphagia
is reduced by naloxone, these results indicate that the opioid
mechanisms involved in food intake differ markedly from those
involved in salt intake. (Supported in part by BMSG 55861;
Univ. of Puerto Rico Fellowship to AM. Purdue Research
Foundgtion Fellowship to JR and Mark Summer Science Program
to TM).
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HIGH METABOLIC ACTIVITY IN THE SEPTAL TRIANGULAR NUCLEUS IN
RAT MODELS OF THIRST. M. Kadekaro*, P.M. Gross, & L. Sokoloff.
Laboratory of Cerebral Metabolism, NIMH, Bethesda, MD 20205.
The septal triangular nucleus (STN) and subfornical organ
(SFO) have been identified as components of the cerebral
circuit of structures subserving fluid balance. Anatomical
studies have demonstrated: 1) afferent fibers from STN to SFO;
and 2) merging of the ventrocaudal extent of STN with the
ventral stalk of SFO, findings that suggest a functional
relationship between these two structures. We previously
reported high rates of glucose metabolism in the SFO of
homozygous Brattleboro rats and in normal rats deprived of
water for 18-120 hours. We report here high metabolic
activity in the STN of thirsty animals. Rates of glucose
utjlization were determined by the autoradiographic
[77'Cldeoxyglucose method and computerized image-processing.
Values presented are the mean umol/100 g/min * SE for STN of
conscious animals. *p<0.05 compared to the respective control.

Water-sated Sprague-Dawley 49+2  n=8
120 hour water-deprived Sprague-Dawley 85+t6*% n=8
Water-sated Long-Evans 494 n=7
18 hour water-deprived Long-Evans 63+5% n=8
Water-sated homozygous Brattleboro 68+5*% n=8
Vasopressin-treated homozygous Brattleboro 44+2% n=7
18 hour water-deprived homozygous Brattleboro 10716*% n=8
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The findings indicate that the STN is a locus of high m
activity during conditions of thirst.

31.7

THE CHRONIC EFFECTS OF HYPERPROTEINEMIA ON ARTERIAL PRESSURE
AND RENAL FUNCTION. R.D. Manning, Jr. Univ. Miss. Med. Ctr.,
Jackson, Miss. 39216

Plasma protein concentration (PPC) was increased in unanes-
thetized dogs over a 17 day period by daily intravenous infu-
sion of 300 ml of autologous plasma to determine the long term
effects of hyperproteinemia on renal function and arterial
pressure. The sodium content of the diet (80 mEq/day) was
adjusted to compensate for sodium in the infused plasma during
the experimental period. Control values of PPC, plasma colloid
osmotic pressure (PCOP), mean arterial pressure (MAP), glomer-
ular filtration rate (GFR), and effective renal plasma flow
(ERPF) were 6.9 gm/dl, 20.2 mmHg, 92.6 mmHg, 64.7 ml/min, and
166.2 ml/min, respectively. By day 9 of the experimental peri-
od, PPC had increased to 9.1 gm/dl; PCOP had increased to 26.7
mmHg; MAP had increased 10 mmHg; GFR had increased to 73.2 ml/
min; ERPF was 244.2 ml/min; filtration fraction had decreased
from a control value of .393 to .301; iothalamate space had
increased 12%; and plasma renin activity (PRA) and plasma
aldosterone concentration (PAC) were both decreased. A reduc~
tion in sodium intake to 5 mEq/day for 3 days while maintain-
ing the elevated PPC caused little change in GFR or ERPF. How-
ever, an increase in sodium intake to 330 mEq/day caused GFR
and ERPF to increase to 76.1 ml/min and 261.8 ml/min, respec-
tively, while MAP increased to 118% of control. I conclude
that chronic elevations of PPC are associated with increases
in MAP, GFR, ERPF, and iothalamate space and decreases in PRA,
PAC, and filtration fraction.(Supported by NIH grant HL11678).

31.9

PLASMA AND CEREBROSPINAL FLUID VASOPRESSIN DURING
DEHYDRATION IN THE STEFER. F.R. Bell* and P.A. Doris#*
Spon. W.R. Adey) Dept. of Physiology & Biochemistry,
Univ. of Reading, Readirg, England.

Friesian steer calves were implanted with a cannula in
the cisterna magna for sampling of cerebrospinal fluid
(esf). Levels of vasopressin (AVP) were measured in
esf and concurrently obtained plasma samples by
radioimmunoassay. During 4 days of dehydration, plasma
osmolarity (pOsm) rose progressively from control
hydrated levels of 301.3 mOsm/1%0.62 mOsm/1 (mean SE,
n=6) to 338.5 mOsm/1%¥3.00 mOsm/1 (p<0.001).

Hematocrit increased from 39.9%+0.64% to 44.7%*1.2U4%
(p<0.001). Plasma AVP level in hydrated animals was
1.3 ul/ml1+0.19 uU/ml and rose during dehydration to
16.9 ul/m1*1.88 ul/ml (p<0.001) after U4 days. Csf AVP
level in hydrated animals was 5.4 uU/ml1*0.97 uU/ml and
rose significantly above hydrated level after 3 days
without water, reaching 15.2 uU/m1#1.83 uU/ml (p<0.001)
after 4 days. Both plasma and csf AVP could be related
to pOsm by an equation of the form logY = a + bX, where
Y = p or esf AVP and X = pOsm. Concurrent levels of
plasma and csf AVP were linearly correlated. During
dehydration, neurons secreting AVP to sites accessible
to csf appear to respond to similar stimuli as neurons
secreting AVP into blood. (Supported by The Wellcome
Trust and Medical Research Council, GB.)

31.6

BODY COMPOSITION, TISSUE WATER AND ELECTROLYTE, AND PHYSIO-
LOGICAL BALANCES IN STRAIN 13 GUINEA PIGS (GP) WITH PICHINDE
VIRUS INFECTION. C.T. Liu, M.J. Griffin*, G. McNamee*, P.B.
Jahrling*, and C.J. Peters*. U.S. Army Medical Research
Institute of Infectious Diseases, Ft. Detrick, Frederick, MD
21701

Arenaviruses produce fatal infections without marked
histopathological changes. Weight loss is characteristic of
both human and experimental Lassa fever. To study the body
wasting in an animal model analogue of Lassa fever, Pichinde
virus infection in GP was used. Energy and nitrogen balances
were negative by 10 days after virus inoculation and body
water, Nat, and Kt retention decreased. By day 14, GP lost
v 25% of their initial body weights and deaths occurred be-
tween days 13-19. Tissues were analyzed on day 14 and after
pentobarbital euthanasia in other animals, the intact body was
dessicated at 100°C and pulvarized. 1In the infected GP, body
water, Nat and Kt content, and lean body mass decreased signi-
ficantly as did total body lipids. Relative weights of lung,
liver, and kidney increased, but the heart wasted. Lipids
accumulated in liver. Total lipids, water, and Nat content of
cardiac muscle decreased. Skeletal muscle showed significant
decreases in total water, Nat, K+, and in intracellular Nat.
In contrast to the water losses elsewhere, the lung showed
edema. The fatal course of this arenavirus infection is asso-
ciated with muscle mass loss, dehydration, pulmonary edema,
changes in renal function and cardiac muscle composition, and
hepatic fat accumulation.

31.8

ATRIAL EXTRACT (AE) INHIBITION OF ANGIOTENSIN II (AII)-CONTRAC-
TILE RESPONSE IN THE RABBIT AORTIC RING. H.D. Kleinert*,
J.E. Sealey*, J.H. Laragh* , and T. Maack. Cardiovascular
Center and Dept. Physiol., Cornell Univ.Med.Coll., NY,NY 10021
We have previously shown that rat AE-induced natriuresis is
of renal hemodynamic origin and have proposed that AE may have
the functional characteristics of an agonist/antagonist of AII
or another vasoconstrictor agent (Physiologist 25:298, 1982;
Abstr. 5th Sci. Meeting, Inter-American Soc. Hyper, p. 99,
1983.) To test this hypothesis we examined the effect of
boiled supernatant of rat AE (0.3 mg protein/ml.) on the iso-
metric contractile response of rabbit aortic rings to AII.
Rings were bathed at 37°C in 10 ml of oxygenated Krebs buffer.
Dose-response curves to AII (2.5 to 1000 ng AII) were measured
in the presence of saline (C, n=21), 5 ul of ventricular ex-
tract (VE, n=5) or AE (0.1 ul, n=4; 1.0 ul, n=7; 5.0 ul, n=5).
C, VE or AE alone had no significant effect on baseline cont-
raction. AE, but not VE, shifted the dose response curve of
AII to the right in approximately parallel fashion. The fol-
lowing AII doses (mean*SEM) produced a A contraction of 0.5 g:
C=7.8%0.8 ng; VE=9.5%#2.0 ng; 0.1 ul AE=18.3%4.4%*ng; 1 ul
AE=29.0%6.9*%ng, and 5 ul AE=246%68*ng (p*<0.05, compared to
C). Lineweaver-Burke plots of the dose response curves to AII
show that increasing doses of AE led to a progressive increase
in the slope without significantly affecting the intercept.
The results are consistent with the hypothesis that atrial
extract contains a substance which acts as a competitive
inhibitor of angiotensin II.

31.10

HALF-LIFE(t);),VOLUME OF DISTRIBUTION(VD)AND METABOLIC CLEARANCE
RATE (MCR) OF ARGININE VASOPRESSIN(AVP)IN CIRRHOSIS OF LIVER(CL)
USING TWO-POOL MODEL.M.H.JAWADI*AND L.S. HO*(SPON:D.C.JOHNSON).
UNIV. KANSAS SCH. MED.-W. & VAMC, WICHITA, KS 67214

Increased AVP levels have been reported in cirrhosis of liv-
er with ascites and been implicated in the water retention in
this disease. Whether the + AVP levels are due to t secretion
or impaired liver metabolism are not clear. We studied 3 con-
trols (CON) and 6 patients with biopsy-proven CL with ascites
and edema. Two-pool model was used to calculate t)s, VD, and
MCR: %dose/t=Ae~*t+Be=Ft VD=1/A+B at t=0, and MCR=aB/AB+Ba.
The subjects were given water p.o. until endogenous AVP was
suppressed. A bolus of 2 U. of Pitressin was injected i.v.
Blood was drawn at baseline, every 2 min. for 20 min., every
10 min. for next 40 min., and every 20 min. for another 60 min.
Plasma AVP was determined by RIA.

Fast Comp Slow Comp VD MCR
thsmin t%min+ ZBody+Weight ml/miE/Kg

CON(3) 3.03%0.09 56.67-19.23 17.90-3.76 18.70-3.10
CL (6) 4.60%0.39% 75,02%¥13.61,Ns 29.75%9.43,Ns 17.68%3.67,Ns
*p<0.05, Wilcoxon Rank Sum Test
We conclude that 1)Fast Comp t) is longer in CL suggesting a
delayed hemodynamic effect or receptor saturation. 2) + VD
could be due to + distribution of AVP in expanded third space.
3)Contrary to common consensus that liver disease retards AVP
and other hormone metabolism, we found no differences in MCR
of AVP in CL. 4)Data point to t secretion or release as a
likely cause of + AVP in CL.
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ROLE OF CARDIAC VOLUME RECEPTORS IN THE CONTROL OF ANTIDIURETIC
HORMONE (ADH) RELEASE IN MAN. V.A.Convertino, B.A.Benjamin*,
L.C.Keil, W.M.Savin*, E.Gordon*, W.L.Haskell*, J.S.Schroeder%*,
and H.Sandler. NASA-Ames Res. Cntr., Moffett Field, CA 94035,
and School of Medicine, Stanford Univ., Palo Alto, CA 94304.

Hemodynamic responses and ADH were measured during body po-
sition changes designed to induce central blood volume shifts
in 10 cardiac transplant subjects to assess the contribution of
cardiac volume receptors in the control of ADH release. Each
subject underwent 15 min of a sitting control period (C) fol-
lowed by 30 min of -6° headdown tilt (T) and 30 min of resumed
sitting (S). Venous blood samples and cardiac dimensions
(echocardiography) were taken at O and 15 min of C, 5, 15, and
30 min of T, and 5, 15, and 30 min of S. Blood samples were
analyzed for hematocrit and ADH. Plasma volume (PV) was mea-
sured by T-1824. Heart rate (HR) and mean arterial pressure
(MAP) were recorded every 2 min. Mean (+SE) HR decreased
(P<.05) from 101 * 4 bpm in C to 94 * 4 bpm in T and returned
to 101 + 4 bpm with S. MAP was not significantly altered dur-
ing body position changes. PV was increased by 6.3% (P<.05) in
T but returned to C levels following S. Heart volume was in-
creased (P<.05) with T and reduced (P<.05) with S. These re-
sponses were similar in control subjects. Preliminary data
demonstrated that ADH was reduced with T and increased with S
in cardiac transplant subjects as well as controls. These data
may suggest that cardiac volume receptors are not significant
in the control of ADH release in man.
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RESTORATION OF NORMAL DYNAMIC INSULIN SECRETION IN AGING RATS.
Francis H. Premdas*, Joseph M. Molina* and Loren G. Lipson.
U.S.C. School of Medicine, Los Angeles, California 90033.

Glucose-stimulated insulin secretion is decreased from jslets
of older rats. Mechanisms postulated for this have been both
decreased activity of adenylate cyclase and decreased glucose
oxidation. In attempts to define this age-related defect, we
showed that insulin secretion to D-glyceraldehyde is not dimin-
ished in aging. To gain further insight into the effects of D-
glyceraldehyde versus D-glucose in aging and to ascertain if
normal insulin release could be restored in islets of older
rats, dynamic insulin secretion from isolated islets from 2.5
and 13 month old rats was studied by perifusion to 2.8 mM and
16.7 mM D-glucose or 2.8 mM D-glucose with 5, 10 or 14 mM D-
glyceraldehyde. The resulting perifusates were assayed for
insulin by RIA. Total insulin release was reduced by 36% from
islets of older rats in the presence of 16.7 mM D-glucose,but
total release was similar from both islets of older and young
rats at any of the glyceraldehyde concentrations. In the pre-
sence of 16.7 mM D-glucose, first phase secretion was blunted
and the second phase reduced. When D-glyceraldehyde was used
in islets from young and old rats, the biphasic nature of the
release process was present and comparable in both groups.Thus
glyceraldehyde overcomes the age-related diminished insulin
secretion to glucose, suggesting that the decreased insulin re-
lease from islets of older rats involves changes in a rate-lim-
iting step in stimulus-secretion coupling between glucose and
the trioses.
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EFFECTS OF INSULIN UPON FOOD INTAKE AND BODY WEIGHT IN NORMAL
AND DIABETIC RATS. Dennis A. VanderWeele and Alan D. Gorang*
Occidental College, Los Angeles, CA 90041.

When insulin is dramatically raised by acute injection, in-
creased food intake often occurs. Levels of insulin used pro-
bably induce hypoglycemia and would never occur physiological-
ly. When insulin levels were more modestly elevated for pro-
longed periods by an osmotic Minipump, decreased food intake
occurred. We implanted pumps intraperitoneally infusing 1.2
or 2.4 U regular insulin per day into growing rats of both
sexes (n=48) and found reliable decreases in eating accom-
plished by reductions in the size of spontaneous meals. Sub-
diaphragmatic vagotomy reduced this decrease in food intake.

Additionally, rats treated with streptozotocin (diabetogen)
at subdiabetogenic doses (20-22 mg per 400-500 g rat), became
glucose intolerant and significantly hyperphagic. Correcting
the glucose intolerance by Minipumps administering 2.4-4.0 U
regular insulin per 24 hours eliminated the hyperphagia. Rats
which received 60 mg/kg of streptozotocin developed frank dia-
betes and marked hyperphagia. The hyperphagia of diabetic
rats was attributable to an increase in size of spontaneous
meals; only after significant weight loss occurred was an in-
crease in the frequency of spontaneous meals recorded.

We interpret these data to indicate that insulin may play a
physiological role in terminating spontaneous meals, either by
facilitating nutrient uptake into the liver (glycogenesis) or
by acting on an "insulin receptor" which adjusts feeding.

Supported by faculty development funds, Occidental College.
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EFFECT OF GROWTH HORMONE ON THE HEPATIC PORTAL PLASMA
CONCENTRATIONS OF BIOGENIC AMINES IN NORMAL DOGS. A. Sirek¥*,
M.N. Hussain* and 0.V. Sirek. Department of Physiology,
University of Toronto, Toronto, Canada M5S 1A8.

The present investigation is based on the results of
previous experiments in which acute surges of plasma growth
hormone (GH) concentrations stimulated insulin, glucagon
and somatostatin secretion. The effects of a spike concen-~
tration of GH on portal and peripheral levels of free
serotonin and catecholamines were studied by radioenzymatic
methods. Experiments were conducted in trained, conscious,
normal adult dogs fitted with an indwelling portal catheter.
An injection of ovine GH (100 pg/kg, NIH-GH-S9) into a
cephalic vein produced in the hepatic portal circulation,
but not in the peripheral circulation, a transient but
statistically significant rise of serotonin and a concomitant
significant reduction in the concentrations of epinephrine,
norepinephrine and dopamine. These findings indicate that
sudden peak concentrations of GH, and by inference
endogenously occurring pulses also, affect the carbohydrate
metabolism of the liver by varying the levels of a number
of glucoregulatory agents. This was further substantiated
by measuring glucose turnover which, in spite of the absence
of appreciable differences in plasma glucose levels, was
found to be increased more than sevenfold. Supported by the
Medical Research Council of Canada, Grant # MA7778.
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SPONTANEOUS DIABETIC WISTAR RAT: EFFECT OF
KETOACIDOSIS ON GLUCOSE UPTAKE AND INSULIN REMOVAL
BY LIVER AND MUSCLE. C.E. Mondon, G.M. Reaven*, and
R. Rabkin®*. V.A. Medical Center, Palo Alto, CA 94304

Liver and skeletal muscle are major sites of insulin removal and
are responsive to insulin-induced glucose uptake. To ascertain the
effect of diabetes on these processes, glucose uptake and insulin
removal was assessed in liver and muscle from ketoacidotic
diabetic (KD), nonketotic diabetic (D) and normal (N) rats. Before
study, blood pH averaged 6.93, 7.34 and 7.33 for KD, D and N rats
and serum glucose averaged 580, 406 and 144 mg/dl, respectively.
Livers and hindlimbs were isolated and perfused with blood-buffer
media with added insulin (n28 ng/ml). Livers from N rats exhibited
an uptake of 18.7 4.1 pmol glucose/g liver whereas livers from KD
and D rats showed an outflow of 9.0+2.6 and 10.7 +3.4 umol
glucose/g each. Hepatic clearance of insulin by D rats, was
significantly greater (p<.05) than N rats (5.9 +.2 vs 4.9 .4 ml/min),
but less (p<.05) than N in KD rats (3.4 £.5). Glucose uptake by
muscle, calculated as a clearance, was significantly less in KD rats
than in D and N rats (8.9 +.8 vs 12.7 1.3 and 17.1 £1.6 pl/min/g
muscle, respectively). In contrast, muscle clearance of insulin was
similar in all groups (1.1 +.1 ml/min). These findings indicate that
insulin removal by muscle is unaffected by diabetes whereas insulin
removal by liver is increased by diabetes but is decreased with
ketoacidosis. However, glucose uptake by liver and muscle are both
impaired by diabetes with ketoacidosis further impairing muscle
uptake. Thus, diabetes has different effects on insulin removal and
glucose uptake in liver and muscle.




MONDAY AM

METABOLISM AND ENDOCRINES A-61

325

LACK OF AN EFFECT OF SOMATOSTATIN ON EPINEPHRINE STIMULATED
HEPATIC GLUCOSE PRODUCTION IN VIVO. P.E. Williamsjy K.E.
Steinery R.W. Stevenson*and A.D. Cherrington, Vanderbilt
University School of Medicine, Nashville, IN, 37232.

The present study was undertaken to examine the effects of
somatostatin on epinephrine stimulated hepatic glucose pro-
duction (GP). GP was assessed using a primed constant infu-
sion of 3-°H-glucose. Two experiments consisting of 3 per-
jods, (tracer equilibration (80 min), control (40 min) and
test (60 min)) were performed on each of four overnight
fasted conscious dogs. In the first experiment (EXP. I)
epinephrine (E) was infused at 0.08 ug/kg-min for lh. Two
weeks later (EXP II) E was again infused but with somatosta-
tin (0.8 ug/kg-min), and intraportal replacement amounts of
insulin (I) and glucagon (G). The latter were given in such
a way as to mimick the I and G levels observed during E
infusion in EXP, I. In EXP. I epinephrine caused a's in I
and G of 9*3 and 4*2 uU/ml and -1*3 and -22+12 pg/ml at 5 and
60 min respectively. GP peaked at 15 min (2 0.83+0.24 mg/kg-
min) and increased by an av of 0.38+0.12 mg/kg-min. In EXP.
II intraportal replacement of I and G during E infusion
resulted in ao's in I and G of 8+6 and 2+3uU/ml and 2+2 and
-21*7 pg/ml at 5 and 60 min respectively. GP peaked at 15
min (a 0.63+0.13 mg/kg-min) and increased by an av of
0.40+0.11 mg/kg-min. In conclusion somatostatin at the dose
employed had no significant effect on epinephrine stimulated
glucose production in the overnight fasted conscious dog.
Support from N.I.H. grant AM 18243,

32.7

THE QUANTITATIVE SEPARATION OF CHYLOMICRONS AND CHYLOMICRCN
REMNANTS BY COLUMN CHROMATOGRAPHY. J.M. Felts, M.C. Gould*,
R.A. Gorman* and A. Frank*. VA Medical Center, San Francisco,
CA 94121 and the Department of Physioclogy, UCSF.

Chylomicrons (CM), upon entering the circulation, are acted
on by endothelial lipoprotein lipase to produce smaller chylo-
micron remnants (RM) which are removed by the liver. The meta-
bolism of RM are difficult tc study in vivo, since the spec-
trum of these lipoproteins overlap the (M spectrum with res-
pect to size and density. Thus, RM are still defined by an
operational definition as lipoprotein particles that are re-
cognized and taken up by the liver. We have determined that
RM, during their formation, acquire new constituents which
distinguish them frem CM. RM acquire a lipoprotein lipase
component probably derived from the endothelium. Compared to
CM, RM have a large increase in free fatty acid content and
have aquired a 10 fold increase in heparan sulfate per parti-
cle. These chemical changes markedly alter RM surface charac-
teristics. We have taken advantage of these properties tc de-
vise two techniques for the complete separation of CM and RM
which we produced in vivo. Chromatography of a mixture of CM
and RM on DEAE Sephacel (Pharmacia) effects a complete separa-
tion of the particles. Likewise, chromatography of a mixture
of CM and RM on a protamine-Affigel-10 (Bio-Rad) affinity co-
Tumn effects a complete separation of the particles. These
techniques are useful in studies of the metabolism of CM and
RM in vivo.
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SOCIAL STRESS ON PLASMA LIPIDS AND ATHEROSCLEROSIS OF ATHERO~-
GENIC-FED ROOSTERS. H.Y.C. Wong, S. Patel , H.A. I. Newman.
Dept. of Physiol., Howard Univ. Coll. of Med., Washington,

DC 20059 and Dept. of Path., Ohio State Univ., Columbus, OH.
Emotional stress has been implicated in the pathogenesis of
atherosclerosis. We have studied the effects of social stress
(S) on plasma lipids and aortic atherogenesis of roosters fed

an atherogenic diet (AD), consisting of 2% cholesterol + 5%
cottonseed oil added to mash. A total of 34 15 month-old Hy-
line roosters were divided into 4 groups as follows: 1. Con-
trols, plain mash (PM); II. PM + S; III. AD; and IV. AD + S.
Birds were stressed by moving them daily from one cage to an-
other. After 18 weeks these data were obtained: 1. total plas-
ma cholesterol (PC) of grp III compared to grp IV showed no
statistical difference; however, PC of these grps were signi-
ficantly elevated when compared to grps I and II. TG values
of grp IT were significantly increased compared to grp I

(p<€ 0.05) and even higher in grps III and IV than grp I or II
(p«0.02); and 2. gross grading (based on 0-4) for atheromato-
sis of abdominal aorta was as follows: in grp I, almost all
birds had lesions avg. 1.2; II. 1.67; and III 3.0; and IV 4.0.
Stressed birds had more severe lesions than control, but they
were not significantly different. Thoracic atheroma was ob-
served in grp II only; 0.5. Conclusions: Stressed birds, on
PM or AD, had no effect on PC, but S or AD increased TG levels.
Aortic lesions of stressed grps were more severe than the non-
stressed. (Supported by grants from USPHS MBRS 2 S06 RRO816
and Hoffman LaRoche Inc.)

32.6

EVIDENCE FOR A PHYSIOLOGIC ROLE FOR PANCREATIC
SOMATOSTATIN IN VIVO. Gerald J. Taborsky, Jr.  Univ. of
Washington and VA Medical Center, Seattle, WA §gI6§

Somatostatin in isiet D-cells has long been hypothesized to inhibit
the secretion of insulin and glucagon from the neighboring B- and
A-cells, despite lack of direct evidence in vivo. To provide such
evidence, we inhibited somatostatin (SS) secretion in anesthetized
dogs by infusing a non-immunoreactive SS analog and observed the
effects of that suppression upon insulin and glucagon output from the
right lobe of the in situ pancreas (see Table and Summary below).

“Dose of Analog (ug/min V)

Response 0.55 1.1 1.7 5.5 I 17
(% A basal)
SS -7+9%  -16%5 -31+10 -45+6 -75¢12 -84%3
Insulin -10+7%  422+9  435%17 462427 +6+18% -61+9
Glucagon +36+29% +86+26 +179+39 4250460 +174+15 +95+35

* = nonsignificant; all others = significant (p < 0.05)
Summary: 1) Increasing doses of the analog produce a progressive
suppression of pancreatic SS secretion. 2) Low to moderate doses
produce a modest stimulation of insulin and a marked stimulation of
glucagon. 3) High doses produce net inhibition of insulin and less
stimulation of glucagon. Conclusions: 1) At low to moderate doses
the analog stimulates insulin and glucagon secretion indirectly by
decreasing the inhibitory effect of pancreatic somatostatin. 2) At
high doses, this indirect stimulatory effect is blunted (for glucagon)
or overwhelmed (for insulin) by a somatostatin-agonist effect of this
analog directly upon the A- and B-cells. 3) Pancreatic somatostatin
tonically restrains basal insulin and glucagon release in vivo,

32.8
ROLE OF HYPERLIPIDEMIA, GLOMERULAR INJURY AND GLOMERULOSCLERO-
SIS IN CHRONIC RENAL FAILURE. K.D.G. Edwards* (SPON:J.B.Coelho).
Cornell/Memorial Sloan-Kettering Cancer Center, New York, NY.
In the "response to injury" hypothesis of the pathogenesis
of atherosclerosis (R. Ross et al., 1976-7), endothelial injury
allows access of plasma LDL-cholesterol and platelet- and mono-
cyte-derived growth factors to medial smooth muscle cells, with
intimal migration and proliferation, new connective tissue for-
mation and lipid accumulation. In the glomerulus, mesangial
cells are known to be related in form and function to smooth
muscle cells, so that the mesangium represents a modified art-
eriolar wall, and glomerulosclerosis (GS) may be considered to
be a form of atherosclerosis (M.S.Schilthuis & J.D.Elema, 1978-
9). Prospective studies have demonstrated the ability of diet-
ary hyperlipidemias to induce focal GS due to impairment of
healing of aminonucleoside-induced glomerular injury in normo-
tensive and spontaneously hypertensive rats (SHR), leading to
progressive chronic renal failure and enhanced l-y mortality
(K.D.G. Edwards, Controv. Nephrol. III, Masson Pub. USA, New
York 1982, pp. 3-19); GS occurred in rats with hyperlipidemia
caused by sucrose-lard-casein-cellulose diets. Addition of
halofenate or hydralazine or both treatments in SHR or a change
of diet to cereal-based laboratory chow controlled dietary
hyperlipidemia and protected the rats against impaired healing
(chronic renal failure, proteinuria, focal GS and arteriolar
thickening or necrosis) after aminonucleoside. It is concluded
that the control of hyperlipidemias by diet and drugs protects
against progression of renal failure in response to injury.

32.10

GCMS ANALYSIS OF MULTI-LABELLED GLUCOSE. Marta H. Wolfe*,
Gerald Shulman*, and Robert R. Wolfe. Harvard Medical School,
Massachusetts General Hospital, and Shriners Burns Institute,
Boston, MA 02114

Hydrogen atoms are lost from glucose at specific points
in glycolysis. By means of the primed-constant infusion of
appropriately labelled glucose using stable isotopes, it is
therefore possible to quantify the rates of hepatic gluco-
neogenic/glycolytic "futile" cycling in humans. This
requires the simultaneous administration of [2-dy]-, [3-d;]-,
and 6,6-dp-glucose, and the measurement of the subsequent
enrichment of the plasma glucose at those positions. We have
accomplished this by using a combination of chemical (CI)-
and electron impact (EI)-ionization mass spectrometry. The
enrichment of the sum of 2-dj and 3-d; glucose was measured
at m/e 116 in the EI spectrum. The 6,6-dz- and 3-dj-glucose
enrichments were measured at ions m/e 171 and 170, respective-
ly, in the CI spectrum. The 2-dj-enrichment was then calcu-
lated by subtraction. Using this technique we found that in
normal volunteers the rate of cycling between glucose —>
g6P — glucose was 0.59 * 0.37 mg/kg-min, and the rate of
cycling between F6P —3» FDP —> F6P was 0.63 * 0.28 mg/kg-min.
Thus, 37.5% of the total glucose output (3.25 * 0.29 mg/kg-min)
was accounted for by "futile" cycling of glucose.
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SUBSTRATE AVAILABILITY AND MUSCLE FATIGUE IN McARDLE'S
DISEASE STUDIED BY 3!PHOSPHORUS NUCLEAR MAGNETIC RESONANCE .
S.F. Lewis,* R.G. Haller,* R. Negro-Vilar,* J.D. Cook* and
R.L. Nunnally.* (SPON: R.L. Johnson, Jr.). University of
Texas Health Science Center, Dallas, Texas 75235.

The mechanism of easy fatigue in myophosphorylase defi-
ciency (McArdle's disease) is poorlg defined. Using 3!phos-
phorus nuclear magnetic resonance ( lp NMR), inorganic phos-
phate (Pi), phosphocreatine (PCr), and adenosinetriphosphate
(ATP) were measured in the forearm muscles of a McArdle
patient (MP) and two healthy subjects (HS) at rest and during
handgrip exercise (HGE; repetition of a 5 sec maximal con-
traction and 5 sec rest) during control conditions (C) and
with the same arm 10-15 min later during I.V. infusion of 60
ml of 50% glucose (G). MP stopped HGE (123 kg/min) after
130 sec due to an impending contracture of the forearm mus-
cles during C, but exercised easily for >7 min at a higher
load (145 kg/min) during G. For MP, PCr fell from 100 (rest;
arbitrary units) to 38 and from 117 (rest) to 67 by 2 min
HGE during C and G, respectively, and during G PCr was 59 at
7 min HGE. Pi showed directionally opposite changes of sim-
ilar magnitude while ATP declined only slightly and was not
affected by G. For HS, PCr and Pi changed modestly and ATP
not at all and G had no effect on the PCr, Pi, ATP responses
or HGE performance. The data firmly link the rapid fatigue
in McArdle's disease to a limited substrate availability and
to marked changes in muscle PCr and Pi, but not ATP.

3213

A COMPARATIVE KINETIC STUDY OF HUMAN ERYTHROCYTE
UROPORPHYRINOGEN DECARBOXYLASE ACTIVITY IN SPORADIC AND
FAMILIAL PORPHYRIA CUTANEA TARDA. S.K. Mukerji¥*, M. Burns*
and N.R. Pimstone*, (SPON: J. Green), Dept. of Internal
Medicine, University of California, Davis, CA 95616

All patients with porphyria cutanea tarda (PCT) have
defective hepatic uroporphyrinogen decarboxylase (UROD)
activity. However, RBC UROD activity is normal in sporadic
but reduced in familial PCT. We have compared for the first
time the kinetic properties of RBC UROD in sporadic PCT with
that in a familial PCT patient, the latter with bone marrow
expression of the enzymatic defect (Blood 59, 725,1982).
Using pentacarboxylic porphyrinogen I as substrate, the
activity in RBC hemolysate/mg Hb was normal in sporadic but
75% diminished in the familial PCT patient. The enzyme was
partially purified by freeze-thawing the RBC thrice,
separating the Hb by column chromatography on DEAE-
cellulose, precipitating the enzyme to 80% saturation with
ammonium sulfate and dialysing prior to assay. Results: (1)
The V max (nmoles coproporphyrinogen formed/hr/mg protein)
was the same in normal and sporadic PCT but 34% of normal in
familial PCT. (2) The Km values were 1.4 uM, 2.5 uM and
4.55 uM for the normal, sporadic, and familial PCT
respectively. The results suggest (i) a structural
alteration of the UROD enzyme which differs in the two forms
of PCT, and (ii) a high Km and low or normal V max could
perturb heme biosynthesis in vivo thereby predisposing to
clinical disease.

32.15

ANABOLIC HORMONES AND PROTEIN SYNTHESIS IN REGENERATING RAT
SKELETAL MUSCLE. Jessica Schwartz, B. Carlson*, Margot Moore*

32.12

TISSUE INTERACTIONS OF [1#CIRETINOIC ACID IN THE MOUSE.
Carolyn Marlowe* and William J. Waddell. Dept. of Pharmacol.

Lili Yamasaki*. Univ. of Michigan, Ann Arbor, MI 48109

To determine whether the growth of regenerating skeletal
muscle, like developing skeletal muscle, is regulated by ana-
bolic hormones, we examined the influence of insulin and pitu-
itary hormones on protein synthesis in regenerating rat exten-
sor digitorum longus (EDL). Earlier work indicated that pro-
tein synthesis was elevated 4-6 fold for 10 days following
autograft with nerve intact, and then subsided. The effect of
hormone withdrawal on the elevated incorporation of 34-Phe in-
to protein was measured 10 d after surgery in rats with graft-
ed or sham-operated (op) EDL. After insulin withdrawal, pro-
duced by streptozotocin (100 mg/kg ip), protein synthesis in
sham-op and control EDL was comparable to that in normal rats.
However, “H-Phe incorporation into protein of grafted EDL was
4-10 fold greater than in its contralateral control. Thus,
insulin deficiency did not impair, and in some cases enhanced,
protein synthesis in regenerating EDL. Since the pituitary is
the source of a number of anabolic hormones, the effect of
their withdrawal on regenerating EDL was examined in hypophy-
sectomized rats. In grafted EDL, protein synthesis was 5-7
fold above that in the contralateral control, which was again
comparable to normal or sham-op. These data indicate that
withdrawal of insulin or pituitary hormones does not impair
the elevation in protein synthesis in regenerating rat skele-
tal muscle. Other anabolic hormones/factors may be involved.
(Supported by NIH grant NS17017).

and Toxicol., Univ. of Louisville, Louisville, KY 40292,

Retinoic acid has been demonstrated to be effective in
animals in preventing the action of some carcinogens.
However, the disposition of retinoic acid differs in some
respects to that of other retinoids. In an effort to define
more precisely the disposition of retinoic acid,
[ 4C]retinoic acid was studied by whole-body autoradiography.
Adult male C57BL/6J mice were given, IV, 6.8 mg/kg of
[carboxyl-+*C]vitamin A acid (0.3 uCi/g). At 0.1, 0.33, 1,
3, 9, and 24 hr, the mice were anesthesized with ether and
frozen by immersion in dry ice/hexane. Whole-body sagittal
sections were processed for whole-body autoradiography. The
sites of heavy accumulation of radioactivity at the earlier
time intervals were kidney, liver, choroid plexus, Harderian
gland, brown fat, adrenal cortex, myocardium, bile and urine.
At the later time intervals, heavy retention was seen
primarily in intestinal contents, liver, kidney, Harderia_n
gland, brown fat, esophageal epithelium and spleen. It is
unknown whether the radioactivity was in unchanged retinoic
acid or a metabolic fragment. Nevertheless, there was
minimal correlation of radioactivity with sites where this
molecule prevents the action of carcinogens. The studies do
not clarify whether the chemoprevention is by a direct action
on tissue sites or by an indirect effect. (Supported by
Pharmacon Research Foundation, Inc. and Tobacco and Health
Research Institute).

32.14

ALTERED PROTEIN METABOLISM IN DIAPHRAGMS FROM THERMALLY IN-
JURED RATS. James J. Newman,* Cleon W. Goodwin, Arthur D.
Mason, Jr.* and Basil A. Pruitt, Jr.* US Army Institute of
Surgical Research, Fort Sam Houston, Texas 78234

Large surface area burns to the skin are known to cause
increased protein catabolism in uninjured muscle during the
postburn period, but the mechanisms involved in this process
are not clear. Protein metabolism in diaphragms isolated
from burned rats (50% total body surface, full-thickness
wounds) 3 days after injury was assessed by measuring the
rates of [l4C]tyrosine uptake and release as an indicator
of protein synthesis and degradation, respectively. Incor-
poration and degradation rates (nmoles/mg/3 hr) are:

Incorporation Release
Control
- Insulin 0.3