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PROTEIN TURNOVER DURING HIBERNATION IN THE BIG BROWN BAT,
EPTESICUS FUSCUS. Marshall E. Yacoe. The University of
Michigan, Ann Arbor, NI 48109

Decreased turnover is central to the conservation of
tissue protein during fasting in normothermic mammals. The
present study examines the extent to which decreased protein
turnover might account for protein sparing during hibernation
in E. fuscus. Protein synthesis was measured by a technique
involving IP injection of a flooding dose of 3H-phenylalanine.
Specific activities of the plasma and intracellular free
amino acid pools equilibrate rapidly ( 10 min following
injection) and remain constant during the measurement period.
The fractional synthetic rate (FSR) of pectoralis muscle pro-
tein in hibernating bats during periodic arousals (2.2 + 1.6
%/day) is significantly lower ?P .001) than that of pormo-
thermic summer bats (8.8 + 2.2 %/day)}, but hepatic FSR does
not differ between these groups (53.3 + 23.9 and 63.0 + 27.2
%/day, respectively). Fractional breakdown rates (FBR) of
pectoralis muscle and liver protein (calculated from the FSR
and the rate of loss of tissue protein) during periodic
arousals are equal to or greater than those in summer bats.
Neither FSR nor FBR differs significantly from zerc in torpid
bats. These data suggest that protein turnover is rapid
during periodic arousals, resembling that in short-term fas-
ting, when protein is rapidly degraded to satisfy increased
gluconeogenic demand. The lack of protein turnover during
torpor bouts may be important to protein sparing in hiber-
nation. (Supported by a Rackham Block Grant)
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PYRUVATE DEHYDROGENASE FLUX IN WORKING HEART AS INFLUENCED
BY ACETATE AND NOREPINEPHRINE(NE). S. Yaffe® and R. Bllonger.,
Dept. of Physiol., Uniformed Services University, Bethesda, MD

NE can cause an activation of the pyruvate dehydrogenasa
complex (PDC) in working guinea pig heart utilizing pyruvate
and 3-hydroxybutyrate.(Am.J.Physiol.242,H30-H36(1982)). In the
present study, metabolic flux through the PDC system was exam-
ined in hearts which utilized pyruvate and glucose in physio-
logical concentrations, both in the absence Tﬂd presence of
acetate and NE. PDC flux was estimated from Co, production
from [l-lhclpyrnvate corrected for Intracellular dilution of
the radloactive precursor. The specific activity of coronary
effluent lactate was used as a measure of the specific acti-
vity of intracellular pyruvate, Lactate was separated from
pyruvate employing a Dowex-formate column and formic acid
elution. PDC flux was approx. 11 pmol/mins gdrywt when hearts
performed work at physiological pre-and afterloads. 1-5mM ace-
tate diminished PDC flux by 56%-74%. However, 0.08-0.5pM NE

d ad d dent increase in oxygen nonsump:iun(ﬂﬂoz)

a dose
and PDC flux. Even with 5oM acetate the NE-induced increase in
PDC flux accounted for up to B3% of the increase in MVO,.
Thus, FDC flux in NE-stimulated heart can become remarkably
adapted to cardiac energy demand, even when physiological con-
centrations of pyruvate are supplied in presence of acetate as
major energy-providing substrate. Evidently, adaptive changes
of PDC flux can contribute importantly to the maintenance of
the energy balance in acetate and ketone body perfused gulnea
pig hearts, particularly during NE-stimulation. (USUHS RO7638)
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ALTERATION OF CREATINE KINASE AND ITS ISOZYMES IN RESPONSE TO
PRESSURE OVERLOAD LEFT VENTRICULAR HYPERTROPHY. D.E. Vatner*,
5.F. Vatner, S.P. Sit*, and J.5. Ingwall. Dept. OFf Medicine,
Harvard Medical School, Brigham & Women's Hospital, Boston, MA
To elucidate the effects of pressure overload left ventric-
ular hypertrophy, on creatine kinase (CK), and its isozymes,
four groups of animals were studied: 1 group of 7 Sprague
Dawley rats with aortic banding for 3 weeks and another group
of control rats; one group of 3 dogs with aortic banding for
1 year, and another group of control dogs. A1l changes noted
for animals with Teft ventricular hypertrophy are in compari-
son to their respective control groups. Total CK was measured
by the method of Rosalki, et al, and the CK isozymes were de-
termined by cellulose acetate electrophoresis. In the rat left
ventricular hypertrophy was characterized by a 31% increase in
left ventricular wt/body wt, while total CK/g of tissue was
unchanged. The fraction of MB-CK increased from 13.9 to 17,7%
while the fraction of MM-CK decreased from 66 to 61X, and mito
-CK remained unchanged, In the dog left ventricular wt/body
wt doubled, while total CK/g of tissue was unchanged. In left
ventricular hypertrophy, the fraction of ME-CK increased from
2.2% to 23.9%, while the fraction of MM-CK decreased from
88.7% to 66.3%, and mito-CK remained unchanged. Thus, al-
though total CK does not change in pressure overload left
ventricular hypertrophy, there is a shift towards the fetal
type isozyme profile with a corresponding diminution of MM-CK.
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CYCLIC CMP=INDUCED PEPRESSTON OF T Clz‘—PHWP IN CANINIE
CARDTAC SARCOLEMMAL VESTCLES. J.6, Church® and A K. Seu,
University of Toronto, Dept. of Pharmacology, Toronte M55 1A8.
Cyclic nucleotide modulation of the sarcoplasmic reticulum
caleium (Cal*)-pump has been recognized for sometime. Little
is known, nawcvur of cyclic nucleotide effects on the sarco-
lemmal (SL) La"‘-pump In inside-out SL vesicles prepared
from ventricular muscle by means of a recent technigue (Jones
et al., J.B.C. 255: 9971-9980 (1930) we have demonstrated via
Millipore filtration that 10-8M and 10 M cyclic GMP depressed
the rate of ATP- and Mg?*-dependent 4°CaZ* uptake by 34% and
52% respectively (p < 0,05, n=6), Only at millimolar levels
did cyclic AMP have any effgct and the respective 5'nucleo-
tides had no effect at ull. Parallel measurement of the
associated (Ca?*,Mg?*)ATPase in the presence of either cyclic
or 5'nucleptides, however, revealed no concommitant depression
in ATP hydrolysis. The 10-8M and 10-9M cyclic GMP effect on
450a2r uptake was assoclated with a 33% and 36% increase
respectively in the apparent K, for caZ* (p < 0.01, n=4).
These results supgest that cyclic GMP may depress vcntrlculqr
£a2+ offlux by decreasing the cnzyme affinity for Cac* and
causing dissociation of the Cas* pump from ATP hydrolysis.
This supports a hypothesis whereby cyclic GMP might modulate
bath local binchemical and electrophysiological cveats by an
effect on a discrete vegional [Euz’ii. (Supported in part by
Ul Gramt 11-51).
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PREVENTION OF CHRONIC ADRTAMYCIN TOXICITY WITH CARNITINE.
J. Vick* and 5. DeFelice* (SPON: WM.A. Khan). FDA, Washing—
ton, D.C. 20204 and BioBasics International, NY 10011
Adriamycin is an anti-cancer drug widely used in the
treatment of acute leukemias and lymphomas. Patients recelv-
ing this drug have shown an unusually high incidence of
cardiac roxlecity which has somewhat restricted its use. Pre-
clinical studies have demonstrated that Carnitine, a naturally
oceurring quaternary amine, prevents Adriamycin induced
cardiotoxicity while not interfering with its anti-cancer
activity. This study is concerned with the ability of
Carnitine to prevent cardiac damage in monkeys given a cliniecal
course of Adriamycin. Twelve adult Rhesus monkeys were used
in the study. Six monkeys served as controls and were given
5.0 Mg/tg Adriamyein each week for six months. All six of the
monkeys developed progressive cardiac myopathies (PVC's,
extrasystoles, bijeminal pulse) beginning at approximately 12
weeks and becoming nearly incapacitating at sixz months. One
of the control monkeys died at four months. At autopsy all
the monkeys in this group showed beth gross and microscopic
cardiac damage. In contrast the six monkeys treated with 100
mg Carnitine given simultanecusly with the Adriamycin
exhibited no cardiovascular damage at 12 weeks or at six
months., None of the six Carnitine treated monkeys showed
physical deterioration, nor were any pathologies noted at
autopsy. These studies indicate that Carnitine appears useful
in preventing the cardiac toxicity so often observed during
long term Adriamycin therapy.
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75.3 754
THE SELECTIVE LAB: AN ALTERNATIVE TO COUKBOOK EXPERIMENTS. CV PATHOPHYSIOLOGY PROBLEMS IN SMALL GROUP TUTORIALS.
Daniel Richardson, lept. Physiology and Biophysics, Univ. of Joel A, Michael and Allen A. Rovick. Rush Medical
Kentucky, Lexington, KY 40536 TolTege, Chicago, IL AOG1Z2

The purpose of a selective laboratory was to provide Lectures do not allow much student-teacher interaction,
students with an opportunity for creativity and individual nor do they facilitate the students’' development of problem-
expression within the framework of a medical physiology course. solving skills. To do this, and to promote integration of
The class was provided a 1ist of 8 laboratory topics each with separately tawght (lecture) material, we have utilized small
a set of guidelines. Students working individually or in teams group sessions organized around sets of problems. I[deally,
of 2 to 4 selected one of the topics then designed and per- the instructor serves as a resource person but is available
formed experiments on the topic. A faculty member was avail- to guide or stimulate discussion when student input is
able for each topic to serve as an advisor and evaluate per- inadequate or unable to generate a correct answer, The
formance. The students prepared a report of their experiments emphasis in these sessions is on the deyelopment of a
in journal style. These constituted 10% of their total course logical approach to the ordering of information and the
grade. Average selective lab grades for our 1981 and 1982 construction of a chain of cause and effect; this is
classes were 88,3% and B8,0% respectively. Respective grades applicable to both numerical and "diagnostic" problems.
for the total course were B3.2% and 82,2%. These data show Some of the problem sets are based on  human
that selective lab grades are consistent among classes that pathophysiology. For a CV session we utilized data from
are academicly matched. However among the students there was three patients from the Rush Cardiac Cath Lab (provided by
little correlation between selective lab and total course per- Neil Ruggie MD, Director): two had valve problems and one
formance. Regression coefficients comparing these parameters had a shunt. The data permit the calculation of significant
for the 1981 and 1982 classes were 0.403 and 0.467, respec- parameters describing CV performance. On the basis of the
tively. Evaluation by the students of the various components data and the calculations it is then possible to deduce the
of the course showed that on a scale of 3 to 5 the selective probahle pathology that is present. Where necessary,
Tab received a class rating of 4.0 compared to a total course students can be Ted through the Tlogical development of an
rating of 4.2. However the traditional |ab component of the answer with a "Socratic" questioning method. The solution
course received a rating of 3,6. Thus, in terms of laboratory of clinical problems sparks student interest by illustrating
experience our students preferred the selective lab over the the importance (“relevance") of physiology to medicine.

traditional "cookbook" approach.

75.5 75.6
PROBLEM-BASED STUDENT CENTERED LEARNING OF THE CARDIOVASCULAR STMULATED LABORATORY EXPERIMENTS IN MEDICAL PHYSLOLOGY USING
SYSTEM USING THE PROBLEM BASED LEARNING MODULE (PBLM). R.L. A MATHEMATICAL MODEL OF THE HUMAN BODY. Thomas G. Coleman,
Coulson, Dept. of Physiology & Pharmacology, School of Medicine, University of Mississippi Medical Center, Jackson, MS, 39216
Southern IT1inois University, Carbondale, IL 62901, and James E. Randall, Indiana University, Hloomington, IN,

Groups of six students, guided by & faculty tutor, work at 47405.

solving the problems presented by a real patient (represented A mathematical model with dipital computer solution has
by a paper simulation (PBLM) which permits free inguiry and been developed to demonstrate interactions among organ
actual responses. Any action which could be performed on the systems: heart, peripheral circulation, cardiovascular
patient by the physician can be performed on the simulation by reflexes, temperature regulacion, muscle metabolism, acid-
the students. Students in groups derive a pooled background base balance, control of ventilatlion, gas exchange and
from diverse arigins. Cues are perceived, multiple hypotheses transport, kidney functiom, bloed volume regulation, and
are formulated, engiury strategy is engaged, and data is used electrolyte and water homeostasis. The model can be used in
to modify, eliminate or include hypotheses which indicate diag- an interactive manner to simulate laboratory experiments or
nostic, therapeutic or management decisions. The tutor ensures patient encounters. The experimenter changes the numerical
that students adhere to the reasoning process which has been value of parameters of interest and the predicted conse-
identified by research. At any stage in the process students quences are computed and displayed as a function of time.
(sometimes with the help of the tutor) identify areas of igno- Examples of theoretical investigations are: cardiovascular-
rance or incomplete understanding (learning issues) which pre- respiratory-thermoregulatory interactions as in exercise and
vent or obstruct coming to closure with the problem, These cardiovascular-electrolyte-fluid balance interactions with
areas are noted on a blackboard by the group and used later as altered renal function. Twenty-six laboratory experiments
a guide to Tearning relevant information which can be brought and 13 simulated patients are currently described in a
to weigh against the probiem at a later session of the group. user's manual. The model is written in elementary FORTRAN
First year medical students have as their objective learning for time-sharing installations and a microprocessor hased
basic mechanisms so their learning issues are oriented that version has also been created (Fed. Proc. 40:377, 1981).
way. simultaneously, students gain practice in clinical Supported in part by HL 11678,

reasoning, expand their medical vocabulary and perceive the
relevance of the basic science they Jearn.

75.7 T5.8
HEARTSIM: A CARDIOVASCULAR COMPUTER SIMULATION WITH DIDACTIC %:mf%{%{}ﬂﬂgf IN :HY%?LDGI EEACB{NG:tTE}E
FEEDBACK.  Allen A Rovick and Lisa Brenner*.  Dept. Phveiol School of Medicice, Staty Dnivernity of Ne
Physiol. and Tomputer Based Ed., Rush Fed Sch & Rush Univ., York Bt zihi‘o?nﬂughlz,lﬂnﬁ!u. b 4 b e gy
Chicago, IL 60612 A El{dio;lll::li!: ggl::lng pr:trulu h(ll‘"i’. gean i:vulgp:d
Computer simulations allow students to perform g g fapatria . CENSDHAGAS AR BRLEEECLEYE SORD
difficult or impossible "experiments" and observe changes ;‘,‘S;?.ﬂffﬁeﬁiﬂi‘é‘:‘:'ﬁin"’i:' J.{’.f.‘:?'lni":‘.’;‘ﬂ:'auﬁ'{?
in a system's parameters. However, they also permit the inutrngtor];s :néun }l‘l!thlid or hytthnt;tndent for
students to be "cook-book" learners who fail to learn s‘“i’““" R Oy s ) FaF RBECERRLe;, TRE progama
> emonstrate the versatility of the persomal computer as &
important principles on-line. To insure that they take an novel instroctiomal inatxn:ent. lle]t?ailed pietgrill end
active role we have wused computer simulations in a graphical video inlias are genmerated under program con—
"laboratory" where faculty could provoke student problem :f;u.'ttio; i?‘;:.;?ﬁ;:;i:::‘ﬁvéiiﬂ'f I;:J;:g“‘g’:‘;:g:':’;‘:
solving and integration. To also allow ad 1ib access to the of 8 running program may be controlled dynamically
simulations we have translated the MacMaster CV simulation lt?hrﬂuh llvlgn{ °§ al;riiniti;t:d iniur{l;e tmmtimué
(MacMan) for use on PLATO and have retained some of the ST SIREPLS, SIE NTRIARL A6 RRAC SO ARIprw -son b mann D
benefit of faculty interaction by adding an instructional g:os.!‘tla: ti;:‘l-ot:r::‘g%ni t:i:;?ﬁﬂ:nbt;rﬁﬁ?g:ii.:f
unit. Heartsim presents the students with a fixed protocol ::%:g.nggniu:i::l:g::n?: gliu{:{:l.:&ic:i n:ﬂ?“:id Re
but compels th_em to predict in advance the qualitative be examined using & anvubl:p nguo% cl:::ﬁor {nder th%
changes that will occur to ten variables. This requires control of game paddles or joystick. The latter devices
students to mentally organize their understanding of the ol 38 o L L AT IS L L )
_fi"ﬁ'lEVarlt shysioloatcal  relationships durisg, the Euercise, tioinl'eontont of a sim 1ep rawing bfl,’int:oduc!.ns motion.
e simulation then runs, the qualitative outcome is entered color, sound and multiple interactive modes, i.e. &
alongside the students predictions. Where student errors zgﬂ:trner.\;g:d lf?;"hta s‘}sd:;. d.Pr:g:g:‘viig: g: ::‘%\hbll:
m n 5 m
?.:i ﬂtﬁl:d Eﬂr:)edeg':igra:\ltt::{l exp'la}.ihl;i thi&”g’:::"’g:g:ls ba:l: Computer. {Sa:ported by the School of Medicine, SUNY. .
a »

automatically detected and corrected before s/he is allowed
to proceed to the next step, Thus Heartsim provides guided
learning within the problem-solving format of a computer
simulation.



















































































































































O Normal 7-8 wks; MAP=88.522mmHg
B SHR 7-8 wks; MAP=115.62ImmHg
4 SHR 10-20 wka; MAP=145-150mmHg
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Figure 1. Microvascular Pressures and Internal
Diameters in Skeletal Muscle of Normal 7-8 week,
SHR 7-8 week and SHR 18-20 week. The mean
arterial and microvascular pressures for normal
rats at 18-20 weeks is essentially equal to that
of 7-8 week animals. Data from refs. 1 and 2.

The most promising data currently available
to explain the mechanicazl origin of the increased
vascular resistance during essential hypertension
suggest that there is a decreased number of
arterioles open to flow in the hypertensive
animal. This concept was originally developed
from data presented by Hutchins and Darnell (21)
for the SHR and has been subsequently confirmed by
many investigators (1, 18, 19, 21, 30).
Furthermore, Harper, in conjunction with Hutchins
and coworkers (18), have shown microvascular
rarefaction for the conjunctival circulation of
humans with essential hypertension. The
rarefaction of arterioles is apparently present in
two forms which may occur together or separately.
First, a larger than normal percentage of the
available small arterioles are closed to blood
flow in the skeletal muscle vasculature of the SHR
and the majority of the closed vessels tend to
open to blood flow upon denervation or disruption
of vascular control (1, 19, 30). Secondly, it is
possible that the SHR simply has fewer total
vessels than do normal rats (21, 30). Whether a
given arteriole is closed most of the time or the
small vessels cycle and, in effect, take turns
being closed is not precisely known,

A partial cause of the active closure of
small artericles may be the hyper-responsiveness
of vascular smooth muscle to norepinephrine which
has been demonstrated by the majority of studies
on this issue (1, 20), Furthermore, Bohlen (1)
has demonstrated that the hyper-responsiveness to
norepinephrine of small arterioles in skeletal
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muscle was expressed in vivo as a strong tendency
to constrict to closure rather than exhibit a dose
dependent partial constricton as occurs in normal
arterioles. 1In view of the hyper-responsiveness
to norepinephrine expressed in vivo as vessel
closure, the well known sympathetic nervous system
activity associated with essential hypertension
(8), and frank loss of microvessels, these factors
acting in concert may be of very significant
importance for the elevated microvascular
resistance in hypertension in man and SHR. 1In
addition, the greater mechanical stiffness of
small arteries and arterioles, as judged by
microcirculatory and iscolated vessel studies, and
the loss of arterioles may alsoc explain the
increased passive resistance of hypertension
originally described by Folkow.

The elevation of microvascular pressures in
the SHR, as presented in Figure 1 and documented
in other studies (1, 2, 37), indicates that the
elevated mean arterial pressure of the hyper—
tensive does invade the microvasculature.
Zweifach et al (37) suggest that capillary
pressures in the spinotrapezius muscle are within
a normal range based on the near normal pressures
within the smallest arterioles and venules.
Bohlen and coworkers (1, 2) report that capillary
pressures in the cremasteric muscle are slightly
elevated. Both groups (1, 2, 37) agree that as
the mean arterial pressure is elevated with age,
pressures within the arteriolar vasculature are
increased. This phenomenon is demonstrated by the
data in Figure 1 for SHR for age 7-8 and 18-20
weeks. The point to be made is that although the
capillary pressure in skeletal muscle may be
preserved, or nearly so, during hypertension, the
majority of arterioles are forced to endure a
substantially elevated internal pressure which
continues to rise as hypertension becomes more
severe. The increased internal pressure may, as
Folkow (15) originally speculated, be a stimulus
for vascular smooth muscle hypertrophy during
chronic hypertension. Whatever the fate of the
arteriolar wall may be, there is no question that
some form of anatomicsl or physiological vessel
wall compensation occurs to protect the vessels
from over-distention because the arterioles
typically have a near normal internzl diameter or
are constricted.

Diabetic Vascular Disturbances

The microvascular characteristics of chronic
diabetes mellitus which are also common to essen-
tial hypertension include a loss of microvessels
(3, 5, 5, 7, 13, 14, 24), increased capillary
permeability (29), and increased blood viscosity
(33). 1In contrast to essential hypertension as
modeled by the SHR, the arterioles of chromically
diabetic rodents tend to be constricted at rest
(5, 6, 7) and vascular resistance in both diabetic
man and animals fails to decrease as much as
normal under conditions which should cause
vasodilation (5, 6, 7, 10, 17). These latter two
characteristics do appear to be manifestations of
renal and mineral corticoid forms of hypertension
in rats (36) but not in hamsters (23). Perhaps
the most important distinctions between the







































