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PROJECTIONS FROM VESTIBULAR NUCLEAR COMPLEX TO MEDIAL PONTO-MEDULLARY
RETICULAR FORMATION IN THE CAT. Charles Abzug and Barry W. Peterson
(intro. by Victor J. Wilson). Rockefeller University, New York 10021.
Electrical stimulation was applied at several points within the ves-
tibular nuclear complex, and PSPs(minimum latency 0.9 msec) were ob-
served in some neurons of the contralateral reticular formation, lo-
cated in nuclei reticulares gigantocellularis and pontis caudalis. 1In
other experiments we recorded extracellularly the action potentials of
neurons in the vestibular nuclei that were evoked by direct electrical
stimulation of their axons or collateral processes situated in the same
regions of the contralateral reticular formation from which intracellu-
lar recordings had been made. Each neuron found within the vestibular
nuclei was tested to determine whether it was activated directly rather
than synaptically by the electrical stimulus. Criteria were: latency
shift of less than 0.15 msec with either (i) increase of stimulus in-
tensity, or (ii) change of stimulus frequency; and (iii) threshold to
single-shock stimulation within 10% of threshold to 3- or 5-shock high-
frequency stimulation. 56 neurons responding at latencies of less than
three milliseconds were adequately tested by these criteria. 55 of
these neurons were found to be directly driven, and only one was driven
synaptically. Minimum latency for direct activation(0.6 msec) is 0.3
msec shorter than the minimum latency for PSPs evoked in reticular for-
mation neurons by electrical stimulation of the vestibular nuclei.
Thus there are neurons in the vestibular nuclei with slowly conducting
axonal or collateral processes which cross the midline and travel
through the reticular formation. We suggest that at least some of
these fibers may synapse with the local neuronal population, and may
therefore be responsible for the PSPs evoked by electrical stimulation

of the vestibular nuclear complex. (Supported by grants NSF P2B2590
and NS 02619. C.A. was an NIH Postdoctoral Fellow.)
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THE EFFECT OF FLOW ON THE UPTAKE OF SOLUBLE VAPORS BY THE NOSE. E.F.
Aharonson*, H.A. Menkes, G.H. Gurtner, and D.L. Swift*, Johns Hopkins
g § Pub Health, Baltimore, Maryland. .

Removal of soluble vapors from the inhaled air takes place in the
nose at the same time as the air is heated to body temperature and
saturated with water vapor. As a result, air reaching the trachea may
contain only a fraction of the soluble compounds being inhaled. We
examined the effect of flow on the uptake of soluble vapors in the nose.
Tracheotomies were performed on anesthetized dogs, and their nasal
passage used for the measurements. Mixtures of soluble vapor (S) and
an insoluble inert gas (I) in air were driven through the nose at
constant flow rates and the resulting changes in composition measured by
a mass-spectrometer. Concentrations of S, relative to I, measured above
the tracheotomy (Coyt) were compared with those inspired (Cjp) under
various flow conditions. At physiological flow-rates, the ratio
Coyt/Cin increased rapidly during the first few seconds of exposure
and leveled off later, presumably when the tissues immediately adjacent
to the nasal passage were saturated. The value of this ratio at the
plateau for highly soluble vapors, was considerably less than 1, and
remained steady for relatively long periods of time. The average
transfer factor in the nose (i.e. the amount of vapor removed per unit
time and partial pressure of vapor in the gas phase - & ) went up when
the flow was increased. With acetone we found that increasing flow from
1 to 5 lpm caused & to increase at least two fold. Improved transfer at
higher flow-rates may be due to a bigger contact area between air and
tissue, to a thinner boundary layer at the nasal walls, or to better
perfusion of the nose. (Supported in part by PHS grants HL 14153,

HL 13721, and HL 10342.)

TEMPORAL CHARACTERISTICS OF THE SIMPLE MUSCLE TWITCH UNDER
HYPERBARIC O3, Ny, He, AND Ar CONDITIONS. T. K. Akers. Depart-
ment of Physiology and Pharmacology, University of North Dakota,
Grand Forks, N.D. 58201

The purpose of these experiments was to measure the effect of non-
narcotic gases on the temporal characteristics of compound action poten-
tials, synaptic delay, muscle membrane potentials, and contraction of
the frog sciatic nerve-gastrocnemius muscle preparation. The sciatic
nerve, including spinal cell bodies and associated gastrocnemius mus-
cles, was carefully dissected out from pithed Rana Pipiens and mounted
in a plastic moist chamber with appropriate stimulating and pick-up
electrodes in place. A Statham U-2 universal transducer was used for
muscle tension recordings. The preparation was placed at 25°C into a
Bethlehem pressure chamber and appropriate mixtures of gases added.
Pressurizing with N2 to 10 ATA above room air decreased synaptic delay
and coupling time. He and 02 to 10 ATA also decreased these times sig-
nificantly. Argon produced a slight increase in these times. Increased
pressure and substitution of other gases for N7 produced a reduction in
contraction time., These results point towards the interaction of these
gas mixtures with the physico-dynamics of the membrane.

(Sponsored by Office of Naval Research Contract N00014-68-A-0499)
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EFFECTS OF DRUGS OF ABUSE ON EXTREMITY BLOOD FLOW. Ernest C. Alix,
Creighton B. Wright, (intr. by Kenneth G. Swan). Walter Reed Army
Institute of Research, Washington, D. C.

Accidental arterial injection of several drugs of abuse has resulted
in gangrene of extremities. These drugs have included stimulants, hyp-
notics and analgesics. One proposed explanation for this effect has been
""the vasoconstrictive properties'" of these agents. This hypothesis was
tested in anesthetized dogs. Femoral arterial flow (FAF) was measured
electromagnetically during femoral arterial injection of amphetamines,
barbiturates, propoxyphene, methadone, and morphine in a wide dose range
to include the usual "abuse" dose. Drug and dose administration was
randomized and both pure and commercial preparations were compared. Ar-
terial and venous pressures were recorded. Control flow was 124 + 18
(SE) ml/min. Dextroamphetamine (5 x 10~3 to 5 x 10-3 mg (base)/kg)
caused dose dependent reductions of FAF., The decrease following 5 x
10-3 mg/kg was 60 + 5 ml/min (p<.0l). Methamphetamine produced similar
responses. Barbiturates (10-2 to 100 mg/kg) caused dose dependent in-
creases of FAF. Secobarbital sodium (1.0 mg/kg) increased flow by 302
+ 34 ml/min (p<.0l). Propoxyphene (10-2 to 100 mg/kg) increased flow.
The highest dose increased flow 262 + 47 ml/min (p<.0l) and decreased
arterial pressure by 35 + 4 mm Hg (p<.0l). Methadone and morphine pro-
duced dose dependent increases in FAF. Methadone (0.1 mg/kg) increased
flow by 278 + 8 ml/min and morphine (0.1 mg/kg) increased flow by 246 +
92 ml/min. Excipients and pH of solutions occasionally altered the
magnitude, but not the direction of the responses. Of the drugs tested,
amphetamines were the only group which reduced extremity blood flow.

All the remaining drugs increased flow. These data suggest that the
syndrome of vascular insufficiency after intraarterial drug administra-
tion may not always be precipitated by vasoconstrictive properties of
the drug. Other etiologic mechanisms should be sought.

MECHANISMS OF INTERACTION FOR NERVE AND CORTICAL INPUTS TO THE PARS
INTERMEDIA OF THE CEREBELLUM. Gary I. Allen and Tadao Ohno*. Lab. of
Neurobiology, Dept. of Physiology, State Univ. of N. Y. at Buffalo,

N. Y. 14226.

Single Purkyné cells of the pars intermedia receive converging in-
puts from cerebral cortex and peripheral nerves representing the same
limb. Several hypotheses have been presented by which these two inputs
may cooperate in the initiation and control of movement. This study
was performed to examine the ways in which the cortical and nerve inputs
interact in influencing the Purkyné cell output. In experiments per-
formed on cats anesthetized with nitrous oxide, nerves and sensorimotor
cortex were stimulated. Since each Purkyné cell receives only one
climbing fiber, but both nerve and cortical inputs via the climbing
system, these two inputs must converge onto the inferior olive neuron
projecting to the Purkyné€ cell. Two properties of the inferior olive
neurons and their network determine the nerve-cortical interactions via
the climbing fiber system: (1) a single shock to either nerve or cortex
evokes a weak response, but by pairing the two inputs to arrive coinci-
dentally, the response is facilitated, (2) if one input arrives before
the other, transmission of the second input through the inferior olive
is depressed. The fastest mossy fiber inputs from the periphery and
cortex travel separately to the cerebellum. In the cerebellar cortex,
each granule cell appears to integrate only nerve or corticalvinforma—
tion, with these two inputs finally interacting at the Purkyne cell
level. Consideration of the relative timing for the arrival of cortical
and peripheral inputs during a volitional movement suggests that the
purkyné cell probably does not operate on nerve and cortical inputs
representing the same phase of the movement, but rather different
phases of the movement.
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A 5 PARAMETER CURVE: THE BEST FIT FOR THE FORCE:VELOCITY RELATIONSHIP OF
IN SITU DOG SKELETAL MUSCLE. P. D. Allen*, and W. N. Stainsby. Dept. of
Physiology, Coll. of Med., Univ. of Fla., Gainesville, Florida, 32601.
The present study was undertaken to examine the relationship bet-
ween force and velocity of in situ perfused dog skeletal muscle. Two
muscles were used in the study: the parallel fibered semitendinosis and
the pennate-spiral gastrocnemius plantaris. The muscles were stimulated
via their motor nerves using brief tetanic stimuli(50/sec. for 200msec.)
Force:velocity curves were obtained by a stepwise alteration of the af-
terload from the smallest load possible to maximal isometric tension.
This was done at several different initial lengths and using both supra-
maximal and submaximal stimulation voltage. The data obtained was fit to
the three parameter Hill equation for a rectangular hyperbola, V=b(c-P)/
(P+a). The correlation between this model and the observed data was sta-
tistically very good. The bottom 1/3 of the curve, however, did not fit
the data as well as the top 2/3. Velocity,at high loads, decreased more
than would be predicted by this model. This is evidenced by the fact
that c, predicted Pp, was larger in every case than observed Py. This
observation has been seen previously, especially in cardiac muscle. In
an attempt to describe more closely all of the observed data a second
equation was derived which adds a descending exponential to the three
parameter curve yielding the five parameter equation, V=b(c-P)/(P+a)+d(
1-e(f(P-c ). The correlation between this model and the observed data
was not only statistically better, but also predicted P, was nearly the
same as the observed value. Whereas the data from this study might only
be suggestive of the need for a new force:velocity model, the five para-
meter model is required when the force:lengthening curves of Mashima are
considered(Jap. H. J. 12:545-561,1971).
(Supported in part by NIH Grant GM 06264)

TEMPORAL DISPERSION OF UNIT DISCHARGES IN VISUAL CORTEX DUE TO MRF-LGB
INTERACTION, I, Alter* and W,S, Battersby. Queens Coll,, CUNY, N.Y.
Tetanization (300 cps) of mesencephalic reticular formation (MRF) in
analgesic (N20/07) flaxedilized cats produced a temporally dependent
effect on the extracellularly recorded unit response elicited in visual
cortex by a single test shock to lateral geniculate body (LGB), The
test response typically consisted of a short initial burst, succeeded by
a period of marked suppression (100~250 msec in duration) in unit dis-
charges, followed by a return to the spontaneous or higher level,
MRF tetanization had 3 effects: (1) In most cases, it markedly enhanced
the level of spontaneous discharge for several hundred msec, (2) When
MRF tetanization preceded the LGB test shock at short time intervals
(0-50 msec), the suppression duration in the test response was decreased
(down to 20% of control). (3) With longer MRF-LGB intervals (100~250
msec), however, suppression duration was increased (up to 2002 of con~
trol), When either a train or a single conditioning pulse was delivered,
as a control, to LGB in lieu of MRF, the opposite effect was observed;
i.e., at short LGB-LGB intervals, suppression duration was extended,
while at longer intervals it was decreased. The above findings indicate
that MRF activation produces an initial decrease and a subsequent in-
crease in the cortical inhibitory processes initiated by a test stimulus
in the geniculo-calcarine pathways. (Work supported by USPHS Grants
ENOO575 and MH 10395,)
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MECHANISMS MEDIATING VAGALLY INDUCED CARDIOACCELERATION. Alter, W.A.*,
Priola, D.V. and G.K. Weiss. University of New Mexico School of Medicine,
Albuquerque, New Mexico 87131.

Previous investigations have shown that the canine vagasympathetic
trunk, (VST) contains at least two cardioaccelerator pathways which are
revealed after atropine blockade. One pathway is responsible for a short
latency (3 t+ 1 sec) and fast rate of rise tachycardia and is mediated by
cardiac sympathetic nerves in the VST. After this sympathetic component
is eliminated with bretylium, 6-OHDA or practolol, the '"slow component'
is maintained. It has a characteristically long latency (12-15 sec) and
long recovery time (138 + 13 sec to 807% recovery). Because this 'slow
component' is blocked neither by treatment with 6-OHDA nor practolol it
is probably not mediated by catecholamines released either from neuronal
or extra-neuronal stores. These experiments were performed to evaluate
the possibility that the slow-component acceleration is mediated via a
diffuse effect of released acetylcholine on the pacemaker cell membrane.
In five dogs, intracoronary injection of 4-8 mg lidocaine (L) did not
effect the magnitude of cardioacceleration produced by stellate ganglion
stimulation before B -blockade. However, L eliminated the '"slow component"
acceleration produced by vagal stimulation after B-blockade. In some
experiments in which both "fast" and 'slow'" vagal tachycardias were pres-
ent after atropine blockade, L eliminated the '"slow" without affecting
the "fast'". This blockade lasted from 5-7 min which is consistent with
the duration of action of i.v. lidocaine on cardiac excitable membranes.
The results of these studies support the hypothesis that ACH released by
vagal stimulation can produce increases in heart rate by a direct mem-
brane effect which does not involve a classical drug receptor. (Supported
by NHLI Grants 10869, 13783 and 15912 and American Heart Association
Grant 71-836).

SYSTOLIC TIME INTERVALS IN INDUCED ATRIAL FIBRILLATION IN THE DOG.
James F. Amend and Mark B. Knudson*, Veterinary Physiology and Pharm-
acology, College of Veterinary Medicine, Wash. State Univ., Pullman, Wa.

The diagnostic utility of ventricular systolic time intervals, ob-
tained by atraumatic means, has been established for a number of heart
diseases. The study reported here examined changes in systolic time
intervals in dogs in which atrial fibrillation was induced by enhance-
ment of vagal tone with morphine sulfate and direct mechanical stimul-
ation of the right atrium. Dogs received 15 mg/kg morphine sulfate sub-
cutaneously, followed by 3 mg/kg sodium pentobarbital. Electrocardio-
gram, atrial electrogram, phonocardiogram, and direct aortic pressure
were recorded during periods of sinus rhythm and during periods of fib-
rillation. Data were analyzed by selecting cardiac cycles from periods
of each condition, determining time intervals, and comparing by paired
"t" test. Cycles were selected so that the broadest spectrum of rates
were examined for each animal. One hundred cycles were examined from
five dogs for each condition, or 200 total cycles. Heart rate and end
diastolic pressure (aortic) showed no significant difference between
the two groups. Significant increases (p)0.0l) were observed in length
of preejection period, externally obtained isovolumic contraction per-
iod, and electrical cycle (QT). Left ventricular ejection time was
unchanged. Increases in duration of pre-ejection phenomena were seen
in S1-52 and Q-S2, which were increased even though ejection time was
unchanged. The prolongation of QT, together with increased duration of
pre-ejection related intervals, suggest that altered electrical activ-
ation may affect mechanical efficiency of the developing contraction,
leading to reduced rate of development of ventricular pressure prior to

ejection. (This study was supported by the Wash. State Heart Assn.)
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EFFECTS OF AVERSIVE PAVLOVIAN CONDITIONING UPON RENAL BLOOD FLOW IN
THE DOG. D.E. Anderson*, D.C. Randall*, L.P. Schramm, & J.V. Brady¥*,
The Johns Hopkins University School of Medicine, Baltimore, Maryland.

This study was designed to confirm and extend previous research
using indirect measurement techniques indicating that renal blood flow
may decrease under conditions of behavioral stress. Electromagnetic
flow transducers were chronically implanted around the left renal
artery, and indwelling cannulae inserted into the aorta via a carotid
artery in each of four adult male mongrel dogs. After recovery from
surgery and extinction of orienting reflexes, a 10-second auditory
stimulus (CS) was paired 10 times at offset with a 0.5 sec., 3-8 ma.
electric shock (US), delivered via electrodes to the dog's rear leg.
Intertrial intervals averaged 4 minutes. Within 5 pairings, condi-
tioned cardiovascular reflexes developed in each dog, including
changes in renal blood flow. During conditioning trials 6-10, in-
creases in mean arterial pressure averaging more than 25% and increases
in renal artery resistance averaging more than 100% were observed
during the CS-US interval, together with conditioned decreases in
renal artery blood flow, averaging more than 35% for this group of
dogs. These effects were consistent between subjects. Within 10
seconds of shock occurrence, however, renal flow returned to within
5% of pre-CS baseline levels, renal resistance to within 20% of
pre-CS levels, and arterial pressure remained elevated at 207 above
baseline levels. These results may be relevant to the role of
behavioral factors in the pathogenesis of hypertensive disorders.
(Supported by NHLI Grant #HE-06945)

MECHANICAL PROPERTIES OF MUSCLE FIBERS IN AQUEOUS AND DEUTERIUM OXIDE
SOLUTIONS. Julia T. Apter and Stephen Berman*. Rush-Presbyterian-St.
Luke's Medical Center, Chicago, Illinois.

Mechanical properties of tissues probably reflect the composition,
structure, and orientation of the constituent macromolecules. Muscular
tissues have variable properties since they depend on whether the mus-
cle is relaxed or contracted. Relaxed viable muscle, for example, is
longer and more extensible than contracted muscle. Previous attempts to
use deuterium oxide (Dy0) to clarify the molecular basis of muscular
contraction have failed to distinguish among the effects of D0 on un-
strained length £, and on elastic modulus |E| and to investigate its ef-
fects on resting viable muscle. They showed only that D20 reduces the
tension increase brought on either by stimulation of a viable muscle or
by adding Ca-ATP to glycerinated muscle fibers. But the tension exerted
by a stretched material can decrease if £, lengthens or if lEI decreas-
es or both. A "contractile" material would lengthen and become more ex-
tensible when "relaxed"; therefore a decrease in tension does not give
unique information about IE[ and £, since a tension drop could be effec-
ted either by a decrease in |E| or an increase in £, or both. Dy0 re-
duced the tension exerted by both resting viable muscle and glycerol ex-
tracted muscle fibers, calling attention to a hitherto unsuspected di-
chotomy between |E| and £,. When the medium changed from H,0 to DZO,lEI
of resting muscle and of glycerinated fibers did not increase, so that
all tension reduction resulted from an increase in o+ Any agent affect-
ing Ko and |E| in such differing ways holds promise of becoming a tool
for clarifying the molecular basis of muscular "force production" and
helps re-evaluate the sliding filament hypothesis now less favored also
because of electron microscopy evidence that myosin filaments shorten
in contraction. (Supported in part by NIH grants GM-14659 and
RR-05477.)
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EFFECTS OF AFFERENT CARDIAC NERVE STIMULATION IN CONSCIOUS DOGS. J.A.
Armour and J.B. Pace. Department of Physiology, Loyola University,
Stritch School of Medicine, Maywood, I11inois 60153.

Eighteen mongrel dogs weighing from 14 to 21 kg were chronically in-
strumented with Walton-Brodie strain gauges sutured to an atrium and a
ventricle; blood pressure was measured via a cannula in the internal mam-
mary artery and EKG wires were implanted subcutaneously. Stimulating
electrodes were placed around the central end of a sectioned cardiac
nerve. On the second post-operative day and on subsequent days the nerve
was stimulated (4 volts, 3 msec, and 1 to 50 cps) while the dog was
quietly resting. Afferent stimulation of the recurrent cardiac, ventro-
medial, or innominate nerves consistently elicited reflex cardiovascular
responses; in three animals no cardiovascular responses were elicited by
stimulation of the craniovagal, dorsal, or ventrolateral cardiac nerves.
Stimulations elicited a variety of cardiovascular responses which in-
cluded bradycardia, tachycardia, hypotension or hypertension, as well as
positive or negative atrial and ventricular inotropism. Frequently hy-
pertensive responses were elicited by elevations in total peripheral re-
sistance. By utilizing atropine, propranolol, or dibenzylene it was
concluded that cardiac responses elicited by afferent stimulations were
mediated via parasympathetic and g-adrenergic mechanisms; the peripheral
vascular resistance changes were mediated by a-adrenergic mechanisms.
The afferents travelled centrally primarily in the ipsilateral vagus as
demonstrated by vagotomy on terminal day, and were either depressed or
abolished by pentothal (30 mg/kg). Sometimes respiratory rate and depth
were increased during stimulations of higher voltages; generalized ex-
citement of the dogs was frequently associated with hypertensive respon-
ses. Thus, in conscious dogs, activation of thoracic afferents pro-
foundly modifies cardiovascular dynamics. (Supported by NIH Grant
HL 08682.)

On the Number of Fiber Types in Skeletal Muscle of Humans and Other
Species. C. R. Ashmore and L. Doerr (intr. by H. H. Cole).
University of California, Davis, Califormia

Lack of agreement between investigators concerning an acceptable
system of nomenclature continues to provide confusion when attempting
to correlate biochemical and physiological features of muscle fibers
of different species. It is commonly reported that human muscles
contain only two types of fibers, whereas other species have three
or more., Muscles from adult humans, dogs, elk, sheep, pigs, and
mice were examined cytochemically and analyzed for fiber type pat-
terns. In each of these species B fibers (slow-twitch) exhibited
a dependence upon aerobic metabolism for energy production and a
negative reaction for myofibrillar ATPase activity. Within a given
muscle the B fibers were generally of uniform phenotype. The a
fibers (fast-twitch) most often exhibited a continuum of activities
of metabolic enzymes ranging from those fibers dependent upon aerobic
metabolism (aR) to those dependent upon anaerobic metabolism (aW).
In each of these species biopsies were also observed to contain a
fibers which exhibited a continuum of myofibrillar ATPase activity.
In normal muscles of mammalian species it appears that B8 and a
fibers are "static" and "dynamic" with regard to their relative
phenotypes. The metabolic spectrum of the a fiber population with-
in a muscle likely reflects the functional activity pattern of the
muscle. In this regard human muscles do not appear to differ sig-
nificantly from other mammalian species.
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INTERACTION OF TWO CIRCADIAN OSCILLATORS IN THE ISOLATED CENTRAL
NERVOUS SYSTEM OF APLYSIA. Gerald Audesirk (intr. by F. Strumwasser)
Div. of Biology, Calif. Inst. of Technology, Pasadena, Calif. 91109

A circadian rhythm of spiking has been shown for the identified
neuron R15, in the isolated abdominal ganglion of Aplysia californica
(Strumwasser, 1965). This rhythm usually takes the form of a single
ma jor peak of activity near projected dawn or dusk. The isolated eyes
also show a circadian rhythm of impulse activity, recorded in constant
darkness (Jacklet, 1969), consisting of a period of activity during
projected day, with a peak near dawn. If the entire central nervous
system is isolated intact, with the eyes, both R15 and the eyes produce
clear rhythms for three or more days, in constant darkness. The R15
rhythm is different in such a preparation than in the isolated
abdominal ganglion. Usually two, but up to four distinct activity
peaks occur daily. These peaks are correlated with an increased
frequency of a large monosynaptic EPSP from an unidentified neuron in
the right pleural ganglion. Periodogram analyses of R15 spiking show
ma jor energy peaks at periods of 21 to 33 hours. The eye rhythm is
more irregular than that of a isolated eye, with the timing of the
peak more variable but later than projected dawn. R15 peaks seldom
occur during the period of high eye activity. When this does happen,
however, R15 peaks usually coincide with relative troughs of eye
activity. Electrical stimulation of the optic nerve, which includes
centrifugal fibers as well as afferent fibers from the eye, causes an
increase in the frequency of the monosynaptic EPSP in R15, but
spontaneous afferent eye impulses do not. Implications for the role
of the eye in the entrainment of R15 will be discussed. Supported by
a predoctoral fellowship from NSF and by grants from NIH and the
Sloan Foundation to F. Strumwasser.

DEPENDENCE OF AORTIC BLOOD FLOW ACCELERATION ON VENTRICULAR PRE-LOAD.
David B. Averill,” Robert C. Tarazi” and Carlos M. Ferrario. Research
Division, Cleveland Clinic Foundation, Cleveland, Ohio 44106.
Particular attention has been focused recently on the maximum accel-
eration of blood in the ascending aorta as an apparently ideal index of
the inotropic state of the cardiac muscle and hence contractility. The
concept implies that changes in aortic blood flow acceleration are in-
sensitive to variations in end-diastolic pressure or volume. In the
course of cardiac function studies using an electromagnetic flow probe
placed around the ascending aorta in 21 open chest Wistar rats [body
weight: 351 + 9 (M + SE) gm] anesthetized with ether, it was observed
that blood flow acceleration paralleled changes in right atrial pres-
sure. Hence it was felt necessary to reevaluate to what extent left
ventricular end-diastolic pressure correlated with maximum blood flow
acceleration. Left ventricular function was assessed by simultaneous
measurements of peak aortic blood flow (5.9 + 0.5 ml/sec), maximum
aortic blood flow acceleration (14 + 1.3 g), stroke volume (0.25 + 0.02
mlg, cardiac output (92 + 3 m1/min), mean arterial pressure (62 + mm
Hg), and right atrial and left ventricular pressures. When cardiac
outgut was altered by rapid withdrawal and re-infusion of blood (4 ml1/
min) via a femoral catheter, a highly significant correlation was ob-
tained between maximum blood flow acceleration and stroke volume [cor-
relation coefficient: 0.96 + 0.02 (p < 0.02)], left ventricular end-
diastolic pressure [R = 0.96 + 0,02 (p < 0.02)] and maximum left ven-
tricular dp/dt [R = 0.94 + 0.03 (p < 0.02)]. Thus, since any change in
left ventricular end-diastolic pressure or stroke volume always caused
an equivalent change in maximum blood flow acceleration, this factor
should be taken into account when maximum blood flow acceleration is
used to estimate the inotropic function of the cardiac muscle. (Sup-
ported in part by Grants HL-15357 and HL-15837 from the N.H.L.I).
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BREATH-BY-BREATH ANALYSIS OF EXERCISE HYPERPNEA EMPLOYING COMPUTER
TECHNIQUES., Anthony M. Babich*, Sarah S. Mei* and Frederick F.
Kao. Depts. of Medical Computer Science and Physiology, Downstate
Medical Center, State University of New York, Brooklyn, N.Y. 11203,
Previous studies have established that by treating the
respiratory chemostat with a three-compartment analysis and with
ten fundamental equations to describe the functions of these
compartments, a loop existed when V was plotted as a function
of Ppco, during CO, inhalation (Acta Neurobiol. Exp., 33:163-
175, 1971; Bulletin de Physio-Pathologie Respiratoire, 19725 Fed.
Proc., 31:361, 1972). Four distinctive components of this V-Pjcop
loop could be identified to describe,the on-CO, effects and the
off-CO, effects. The shape of this V-PAco2 loop, obtained by
means of experimental CO, inhalation as carried out in man, agreed
well with that of theoretical analysis. After studying the
V-PAco, loop behaviors in emphysema patients, we extended this
investIgation to exercise hyperpnea. Theoretical analysis employ-
ing the known functions including the neurogenic hypothesis for
exercise hyperpnea and the metabolic hyperbolae for the feedback
pathway revealed a vertical response on the V—PAco plot with
additional loops when exercise was performed in adsition to COp
inhalation. Experimental results agreed well with the theoretical
analysis (Supported in part by a NHLI grant(HE-04032) and a
NIH grant(RR00291).

ELECTRICAL ACTIVITY IN THE PHRENIC NERVE AND DIAPHRAGM OF THE FETAL
LAMB IN-UTERO. A. Bahoric* and V. Chernick, Depts. Physiol. & Pediat.,
University of Manitoba, Winnipeg, Canada.

Dawes et al (J. Physiol. 220: 110, 1972)monitored tracheal pressure
and volume change of fetal lambs in-utero and described respiratory
movements with a frequency of 1 to 4 Hz associated with periods of REM
sleep. The present study was undertaken to more directly monitor fetal
respiratory center output in-utero by chronic recordings of phrenic &
diaphragmatic electrical activity. Pregnant ewes (105 to 125 days
gestation) were anesthetized and following hysterotomy a fetal thora-
cotomy performed on the marsupialized fetus. Bipolar recording
electrodes were implanted on either the right or left phrenic nerve
and diaphragm and shielded leads tunneled to the dorsum of the ewe.
Intrapleural or intratracheal pressures were monitored through liquid
filled catheters. One week was allowed for recovery from surgery and
recordings were obtained from awake preparations for as long as three
weeks. In contrast to phrenic nerve activity in newborn and adult
animals, fetal phrenic nerve activity was not phasic but consisted of
episodic bursts interspersed by quiescent periods lasting up to 30
minutes. Activity was present as early as 112 days gestation. These
bursts were present in all fetuses and were coupled with diaphragmatic
activity and changes in intrapleural or intratracheal pressure. Fetal
asphyxia was associated with continuous phrenic nerve activity and
intrapleural pressure changes. This study indicates the presence of
phrenic nerve discharges during the latter third of fetal life in the
sheep. It is suggested that the fetal respiratory center is active
in-utero but this activity is minimal when compared to that present
during extra-uterine life. (Supported by the Medical Research Council
of Canada & The Children's Hospital Research Foundation, Inc.).
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ISOLATED SKELETAL MUSCLE BLOOD FLOW AND VOLUME CHANGES DURING CONTRAC-
TILE ACTIVITY. Carleton H. Baker and Darrell L. Davis. Dept. of Phy-
siol., Col, of Med., Univ. of So. Fla., Tampa, Fla. 33620

Dog gracilis muscles were removed, enclosed in a plethysmograph
and perfused at an inflow pressure of 110 mm Hg. Venous pressure was
5 mm Hg. Circulating blood volumes were measured by the constant in-
fusion technique using RBC -51Cr (8 Muscles) or albumin -1311 ( 8
Muscles). Volumes were calculated from the infusion of the indicator
and also from the washout of the indicator. The skeletal muscle
contraction was produced by stimulation of the gracilis nerve stump
with maximal stimuli at rates from 0.5 to 20 Herz for periods ranging
from 0.25 to 1,0 min. Volume changes during and following the stimu-
lations were measured by plethysmography and by changes in total muscle
radioactivity. Inflow and outflow were also measured. Changes in
interstitial fluid volume were calculated as the difference between
total tissue volume change and vascular volume change. There was
increased blood volume at all contraction rates. Total tissue volume
decreased during the initial time of contractions and then increased
continuing into the post-stimulation period and then returning to
control. Interstitial fluid volume decreased markedly during the time
of contraction and then increased above control or returned to the con-
trol level post-stimulation. The data indicates the tissue pressure is
markedly increased during contraction causing fluid movement into the
vascular system. Loss of labeled albumin during the contraction time
indicates increased capillary permeability. (Supported by USPHS
Grant 2-RO1-HL 14541-02 and Suncoast Heart Association.)

EFFECT OF PRESSURE, GAS DENSITY AND Pp, ON THE WORK CAPACITY OF THE RAT
D.G. Baker* and Y.C. Lin. Univ. of Hawaii Sch. of Med. Honolulu, HI.

Various factors affecting the work capacity of the rat were
studied by factorial-design to partition the effects of pressure, gas
density, and partial pressure of oxygen. The water temperature was
kept constant at 37 + 1°C in these experiments. The oxygen consumption
was measured with a ventilated hyperbaric chamber which also served as
swimming chamber. The appropriate comparison of periods before, during,
and after swimming were achieved by a stage which can be lowered or
raised above water level by compression or decompression of the space
within the telescopically arranged pneumatic jack. The resting V02 was
the same regardless of pressure (1 or 3 ATA), gas density(0.33, 1 or 3
relative to air at 1 ATA), or Pgy (150 or 450 mm Hg). Resting oxygen
pulse was increased at 3 ATA air as compared to 1 ATA air. This is
inconsistent with the findings in man during chamber dive. The heart
rate was obtained using an AM telemetry system. Rest, peak, and
average Vg, (ml/kg/min, mean + S.E.) were respectively, 27 + 1.6 (10),
64 + 2.7 (Z) and 45 + 0.7 (8) at 1 ATA air, and were not affected by
breathing 1 ATA He-02 mixture (80-20%). The rats were not able to
complete 30 min assigned swimming period under 3 ATA while breathing
He-0p (80-20%, Pg, = 450 mm Hg) and Np-0p (93-7%, Pg, = 150 mm Hg).
Time to exhaustion for these two conditions were 19.8 + 2.5 (9) and
19.3 + 4.6 (6) min. However the rats were able to complete 30 min
swimming period at 3 ATA while breathing air. Both peak and average
V02 were depressed similarly at 3 ATA, regardless of PQj, or gas density
Since the reduction in work capacity cannot be attributed to increased
P0y or gas density, it is concluded that pressure per se exerts an
adversive effect on the work capacity in the rat. (Supported by ONR
contract N00014-67-A-0387-0014).
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CARDIOVASCULAR RESPONSES OF SQUIRREL MONKEYS EXPOSED TO ACUTE HYPOXIA:
METHODOLOGICAL EFFECTS. L. E. Banderet, P. W. Phair, and R. L. Jackson
(intr. by Sumner Robinson), Military Stress Laboratory, U. S. Army
Research Institute of Environmental Medicine, Natick, MA.

Previous research reported at APS (1970) demonstrated that Squirrel
Monkeys (SM) with chronically implanted catheters exhibited bradycardia

and reduced blood pressures when exposed to acute hypoxia. Our object-
ive was to determine why cardiovascular responses of SMs to acute
hypoxia were dissimilar to that of man. The heart rate responses of 6
cage-roving (low level restraint) or chair-restrained (intermediate &
high level restraint) SMs were determined over a 4-6 hour interval with
21 and 11% O, gas mixtures. The SMs were seated in plastic chairs and
restricted with waist stocks in the intermediate level of restraint; in
the high level of restraint the SMs were restricted in chairs with both
neck & waist stocks. Measures of heart rate were obtained with external
electrodes coupled to a telemeter; the telemeter was attached to a
fabric vest worn by the monkeys. Results: Cage-roving SMs exposed to
acute hypoxia (11% 0,) have a mean heart rate of 250 bpm which is 70
bpm greater than the normoxic (21% 0,) value. Chair-restrained SMs
(intermediate level restraint) either show an increased or decreased
heart rate in response to 11% 0,; exposure to hypoxia resulted in a
consistent bradycardia for the high level of restraint. Thus, we have
demonstrated that the cardiovascular response of the SM to acute hypoxia
is dependent upon the degree of restraint, i.e., SMs minimally restrain-
ed exhibit tachycardia which is in agreement with data for man.

PHYSIOLOGY CURRICULUM CONTENT SELECTION FOR MEDICAL STUDENTS.
Neal R. Bandick* and David F. Bohr. Oregon College of Educa-
tion, Monmouth, and Dept. of Physiol., U.of Mich., Ann Arbor.
Because of the stringent constraints on teaching time
imposed by medical school curriculum revisions, an orderly
plan must be available for interdepartmental selection of
curriculum content. Such a plan should meet the following
objectives: 1) provide an outline of the upper level of prin-
ciples and concepts that should be taught in the premedical
curriculum, 2) furnish outlined content and logical sequences
of instruction, 3) show the forms of clinical experience
that require physiology as a pre-clinical science and the
forms that can be learned concurrently with physiological
instruction, 4) proviﬁe a reference for correction and
change. Robert Gagne has devised a series of procedures
that can be used to identify the curriculum content needed
by a medical student. These procedures are based on the
principle that once the learning objectives are defined the
subordinate information needed for the understanding of
these objectives can then be identified and arranged in the
form of a content hierarchy. This is a curriculum map which
outlines the information needed before the next learning
step. The major advantage in the stepwise preparation of a
hierarchy map lies in reduction of the possibility of omitt-
ing essential material from the curriculum. Content hier-
archies show students how seemingly useless bits of informa-
tion will be applied later to medical problems; they also
save teaching time by eliminating non-relevant information.
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PROPERTIES OF ARTERIAL WALL FROM RATS AFTER REVERSAL OF RENAL
HYPERTENSION. Neal R. bandick* and Harvey V. Sparks. Oregon
College of Education, Monmouth, and Dept. of Physiology,
University of Michigan, Ann Arbor.

Previously (Am. J. Physiol. 219:348, 1970) we have demon-
strated that helical strips from femoral arteries of renal
hypertensive rats exhibit autorhythmic contractions more fre-
quently, develop less active tension, have a lower threshold
to norepinephrine and less extensible walls than comparable
strips from normotensive rats. In the current study renal
hypertension was reversed by removing the renal artery clamp
from unilaterally nephrectomized renal hypertensive rats.
Paired helical strips from femoral arteries of normotensive
controls and from rats after reversal of renal hypertension
were mounted in a common bath for comparison. 1) Autorhyth-
micity was equivalent in the two types of strips. 2) Active
tension in response to norepinephrine (10'6g/m1) was greater
in strips from rats that had recovered from hypertension in
7 of 8 exps. 3) Threshold concentration for norepinephrine
response was the same for the two. 4) In passive length-
tension studies, strips from rats recovered from hyperten-
sion remained less extensible (5 of 6 exps.). These results
show that after removal of the femoral artery clamp from the
renal hypertensive rat, the performance of its vascular
smooth muscle returns to that of the controls (autorhythmi-
city and threshold) or the muscle develops a greater nor-
epinephrine response. There is no such recovery or reversal
in the passive characteristics of the vessel walls.
(Supported by NIH HL-14874 and the H.R. Kaiser Foundation.)

PALMITATE METABOLISM IN RAT RENAL CORTEX, Mario Barac-Nieto intr. by
Julius J. Cohen, Univ. del Valle, Cali, Colombia, Rat remal cortical
slices were incubated with 1-14C-palmitate bound to 2.5% albumin. As
medium palmitate concentration increased from .5 to 1.5mM, oxidation
and esterification of palmitate increased but progressively, a larger
fraction of the total utilized was esterified. With respect to controls
with 1mM palmitate alone the following effects of lactate and glutami-
ne were found: at increasing medium lactate (.8, 3.2, 8 and 16mM) pal-
mitate utilization increased up to 8mM lactate with an optimal at 3.2
mM. At 16mM, palmitate utilization decreased. Palmitate oxidation was
stimulated at .8 and 3.2mM lactate; slight inhibition of oxidation was
noticed only at 16mM lactate. Esterification was significantly stimula-
ted at 3.2mM lactate but inhibited at 16mM lactate. Medium glutamine
(.1 and 1mM) stimulated palmitate utilization and oxidation but inhibi-
ted esterification, High medium glutamine (10mM) inhibited palmitate
utilization, esterification and oxidation to COy but increased its in-
corporation into incomplete oxidation products. In sum, only at high
medium concentrations, lactate or glutamine inhibit the complete oxi-
dation of palmitate to COj; kidney cortex seems to prefer palmitate to
lactate or glutamine as an energy substrate, Stimulation of palmitate
oxidation by low lactate or glutamine levels might relate to provision
of oxaloacetate for citrate synthesis with acetylCoA derived from fatty
acid oxidation, Inhibition of utilization, oxidation and esterification
at high lactate or glutamine levels might relate to competition for CoA
by acyl groups derived from lactate or glutamine with those derived from
fatty acids. Finally the increase in esterification at low lactate le-
vels mignt relate to provision of glycerophosphate from lactate through
the gluconeogenic pathway. Supported by ICMRT and FORGE Foundation.
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LOCALIZATION OF VASOMOTOR FIBERS OF THE DESCENDING SPINAL SYMPATHETIC
PATHWAYS OF DOGS. S.M. Barman* and R.D. Wurster. Department of Phy-
siology, Loyola University, Stritch School of Medicine, Maywood,
I11inois 60153.

Previously, this laboratory has reported the localization of descend-
ing vasopressor fibers in cats (Foreman and Wurster, Physiologist 14:
143, 1971). Presently, the study of the organization of this tract as
to its distribution to various vascular beds is being initiated. Vaso-
motor activity to the vascular bed supplied by the femoral artery has
been investigated in dogs anesthetized with sernylan and chloralose
during stimulation of descending sympathetic pathways in the cervical
spinal cord. Femoral flow, systemic blood pressure, and central venous
pressure were recorded during ipsilateral stimulation (50 Hz, 1 msec,

4 v) on the surface of the cord between the dorsal lateral sulcus (DLS)
and the dentate ligament. Resistance changes could then be calculated.
Maximum vasoconstriction results from stimulations 3-4 mm ventrolateral
to the DLS, with resistance increasing to 250% above control levels and
flow decreasing to 40% below control. This corresponds to the region of
maximum systemic pressure change, with pressure increasing to 80% above
control. The constrictor response is abolished by cutting the ipsi-
lateral sciatic nerve, with resistance now decreasing to 50% below con-
trol levels and flow increasing to 250% above control. Pressure changes
were not effected by cutting this nerve. Vasodilatation results from
stimulations 1-2 mm below the DLS, with the maximum dilatation at 2 mm.
Here flow increases to 180% above control and resistance decreases to
40% below control. The carotid resistance is also being studied to de-
termine the localization of descending vasomotor fibers to the vascular
bed supplied by the carotid artery. (Supported by NIH Grant HL 08682.)

HEMODYNAMIC DETERMINANTS OF THE MAXIMUM RATE OF CHANGE OF LEFT VENTRIC-
ULAR PRESSURE ANQ INTERNAL DIAMETER DURING VENTRICULAR RELAXATION.
George E. Barnes™ and Vernon S. Bishop. The University of Texas Medical
SchooT at San Antonio, San Antonio, Texas.

The hemodynamic determinants of the maximum rate of change of left
ventricular pressure (-dP/dt max) and internal diameter (-dD/dt max)
during relaxation of the left ventricle was studied in six conscious
dogs. The animals were previously instrumented with miniature solid
state transducers for measuring left ventricular pressure and piezoelec-
tric transducers for measurement of transverse internal diameter. In-
creas1ng.heart rate from 97 + 3.4 beats/min to 120, 150 and 180 beats/
min by right atrial pacing increased -dP/dt by 7.4%, 13.6% and 14.6%,
while significant increases in -dD/dt max (14.6%) were only observed at
1@0 beats/min. IV infusions of isoproterenol, at HR similar to pacing,
did not effect -dP/dt max but resulted in a significant increase in -dD/
dt max by 12.7%, 28.3% and 35.3%. Increments in end diastolic diameter
(EDD) at a constant HR by rapid IV infusions of Ringer's solution, in-
creased -dD/dt max by 11%, 25% and 32.8%, but did not significantly in-
crease -dE/dt max. Increases in HR with EDD constant resulted in sig-
nificant increases in both -dP/dt max (7.3 - 13%) and -dD/dt max (8 -
33%): With HR constant, increments in MAP (20 mmHg) with IV phenyl-
ephrine resulted in increases in -dP/dt max (16.6%) and -dD/dt max (8.4%,
The rgsu1ts_of this study suggest that -dP/dt max is related to the aor-
tic d1ast911c pressure at end ejection, and -dD/dt max by the magnitude
and duration of the rapid filling phase during diastole. (Supported in
part by NIH #2 RO1 HL12415-05 and AFOSR-71-2074.)
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A Planar Tracking Model Composed of Discrete Neural Networks and
Muscle Element Subsystems. George M. Barnwell, Robert E.
Schuhmann, and Richard A. Albanese. (intr. by V. S. Bishop)
Southwest Research Institute and USAF School of Aerospace Med.,
San Antonio, Texas.

The theoretical and conceptual foundations for a planar tracking
system composed of discrete neural and muscular elements organizcd
into several subsystems are developed. The neural system consists
of a sensory, a memory and a comparator network, and four moto-
neuronal networks. The muscular system consists of four subsets of
muscle fibers and their corresponding intrafusal fibers and Golgi
tendon organs. Agonist-antogonist pairings control up-down and left-
right movements. The comparator network compares the reference
or desired control element position as stored in the memory network,
with the actual control element position as seen in the sensory network,
and generates a corrective signal to the appropriate subsets of moto-
neurons. A vector force is generated by activated muscle element
subsets such that any deviation of the control element from its refer-
ence position is opposed by a restorative force. The vectorial
restorative force allows full utilization of the distance and directional
information generated by the neural networks. The model is useful
for simulation of the human operator in a tracking task, reliability
studies ofneuromuscular control systems, comparisons of the effects
of degree of convergence and divergence between network layers on
performance capability, and studies of the effects of any agent capable
of affecting neuronal membrane potentials.

EFFECTS OF LONG TERM OZONE EXPOSURE ON LUNG ELASTICITY. D. Bartlett, Jr.
C.S. Faulkner II* and K. Cook.* Departments of Physiology and Pathology;
Dartmouth Medical School, Hanover, N.H.

We studied pulmonary growth and elasticity in young rats exposed to
0.2 ppm ozone for 30 days. Lung weight and alveolar number were not af-
fected by this exposure, but lung volume, measured after fixation at 20
cm Hy0 transpulmonary pressure, was increased by 16%. Static pressure-
volume measurements in degassed, excised lungs showed that the lungs of
the exposed animals were overdistended at high transpulmonary pressures,
whether filled with air or with saline. We interpret these results to
indicate that ozone exposure under these conditions causes a decrease
in Tung tissue elasticity, possibly mediated by an effect on collagen.

Supported by grants from the Environmental Protection Agency (800848)
and the National Heart and Lung Institute of the National Institutes of
Health (HL 15497 and HL 70129).
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"LUMINANCE'" AND OTHER LUXO-TONIC UNITS IN SQUIRREL MONKEY STRIATE
CORTEX. J.R. Bartlett® and R.W. Doty. Center for Brain Research,
University of Rochester, Rochester, New York 1luéu?,

In unanesthetized, painlessly immobilized monkeys about 20% of the
units encountered in the foveal representation within the striate cortex
show maintained, nonadapting changes in rate of discharge with increases
or decreases in intensity of diffuse light. Upon changing illumination
there is an abrupt increase or decrease in rate of discharge which,
within 1-5 min, gradually assumes a new level. The mean frequency of
discharge remains constant within roughly + 10% indefinitely, several
units having been followed for» 1 hr. For '"luminance" units the
maintained rate varies either directly or inversely as an exponential
function of light intensity over a 10" range. In other cases such
relation is less systematic, perhaps because all these luxo-tonic units
are also strongly affected by normal or drug-induced changes in
alertness. Nitrous oxide "anesthesia" (60:40 or 80:20) severely alters
the properties of these units, i.e., such properties can probably not be
observed in "lightly anesthetized" preparations. Receptive fields are
usually hard to define, even though often limited to one eye, and seem
to integrate luminous flux over a very wide area. Some luxo-tonic
units, however, have fields as small as 0.?-0.8°, When they can be
driven by electrical stimulation of optic tract, the latencies of either
type unit (3.0 msec or less) suggest that they belong to the
magnocellular system; a fact somewhat paradoxical considering their
presence in foveal representation and probable relation to the tonic,
slowly conducting units described by Gouras (J. Physiol. 20u4: 407, 1969)
in the retina. (Supported by NS 03606 and NSF GB-7522X).”

RELEASE OF GASTRIN BY ALCOHOL IN MAN AND DOGS. H.D. Becker*,
D.D. Reeder and J.C. Thompson. Univ. Tex. Med. Branch, Galveston, Texas.
Ingestion of alcohol aggravates the peptic ulcer diathesis in man by stimulating
gastric acid secretion. We studied the question of whether alcohol stimulates acid
output by causing release of gastrin in 6 human volunteers and in dogs. Method:
Man: Serum gastrin was measured by radioimmunoassay in each person before and
at intervals after administration of 7% ethanol iv, or 80 ml of either 18% ethanol,
50% ethanol or water by mouth. Dogs: In 11 anesthetized dogs, the antrum was
isolated and the antral vein cannulated. In 5 of these dogs the antral mucosa was
perfused via a 2-way catheter first with saline (pH 5), then with 10% ethanol
(pH 5), and finally with 10% ethanol (pH 1). Six dogs received a 2-hr iv infusion
of 10% ethanol (20 ml/kg); during the second hour the antral mucosa was perfused
with saline at pH 1. Gastrin levels were measured in the antral vein at intervals
throughout all experiments, Results: Man: Ethanol iv produced a gradual rise in
gastrin from 85 picograms (pg)/ml basal to 105 pg/ml at 50 min (p<0.05). There
was no increase in gastrin output after ingestion of water, Oral ingestion of 18%
ethanol increased gastrin only slightly, but 50% ethanol caused a significant rise
from 84 pg/ml basal to a peak of 109 pg/ml. Dogs: Topical saline (pH 5) did not
change antral vein gastrin. Ethanol at pH 5 increased gastrin significantly from
92 to 338 pg/ml, and acidification of the ethanol decreased gastrin to 132 pg/ml
(p<0.02). Intravenous ethanol increased antral vein gastrin significantly from
105 to 310 pg/ml at 1 hr; subsequent antral acidification decreased gastrin to
147 pg/ml. Conclusion: These studies indicate that either topical or iv ethanol

stimulates the release of gastrin as measured directly by radioimmunoassay. This
increase in gastrin may be in part responsible for the increase in gastric secretion
after alcohol.
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THE ORGANIZATION AND VASCULAR PERF USION OF CANINE
RENAL TUBULES. R. Beeuwkes Ill and J. V. Bonventre¥,
Harvard Medical School, Boston. Mass.

Tubular function may be altered by changes in the distribution or
physical properties of perfusing blood. To evaluate the influence of
such factors it is necessary to determine the exact relations between
blood vessels and tubules in each part of the kidney. Microinjected
tubules and efferent blood vessels arising from single glomeruli were
simultaneously photographed in cleared slices of fixed dog kidneys.

Of 104 complete proximal injections, 16 continued through the loop of
Henle and 5 distal tubules filled. In the sub-capsular zone 53 of 55
proximal convoluted tubules (PCTs) were associated with the efferents
arising from the same glomerulus, while in mid cortex 31 of 35 PCTs
were perfused over more than half their length by efferents arising
from different glomeruli. In the inner cortex 10 of 14 PCTs were
completely dissociated and the remaining 4 were associated only with
minor branches. Regardless of the position of the parent glomerulus,
each of the 80 straight parts, 16 thin descending limbs and 10 ascen-
ding limbs was perfused by efferents from many other glomeruli.
Distal tubules were in contact with the proximal tubules from the same
glomerulus and shared their perfusion. These results show that de-
pendence of each nephron on perfusion by efferent blood from many
glomeruli is a principle of canine renal organization. Because the
nephron is not an independent unit, the roles of blood flow redistribu-
tion and of physical factors must be defined in terms of regional,
rather than single nephron effects.

COMPARISONS OF ADRENAL, PITUITARY, AND GONADAL FUNCTION OF
MALE NORWAY RATS WITH DIFFERING BREEDING HISTORIES. R. W.
Belknap*, E. J. Keenan*, and R. V. Andrews. Creighton Univ.,
Omaha, Nebr.

Gravimetric and physiological tests of endocrine function
reveal that breeding history influences sexual and social
function in the Norway rat. Organ weight/body weight ratios
of testes, seminal vesicles, prostates and epididymides
demonstrate increased pituitary-gonadal activity for expe-
rienced breeders over inexperienced breeders and non-
breeders. Sex accessory fructose values support these data,
although pituitary gonadotrophin levels are higher only in
naive breeders. Adrenal weight and corticosterone data are
reciprocal in order to the sexual function indicators, i.e.,
show lower activity in breeders than in non-breeders.
Similar findings are seen in relationship to the initiation
of Spring breeding activity in wild rat populations. Sexual
regression occurs on isolation of males or in response to
short days and colder weather in the wild. Breeding activ-
ity appears to enhance the reproductive endocrine responses
which promote sexual development and activity in mature
rats. (Supported by USPHS Bureau of Community and Environ-
mental Health Management (EC 00340)).
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ALDOSTERQNE-INDUCED PROTEIN (AIP) IN TOAD URINARY BLADDERS. William B.
Benjamin  and Irwin Singer. University of Penna. School of Medicine,
and Philadelphia Veterans Administration Hospital, Philadelphia, Penna.

Aldosterone is thought to stimulate sodium transport across the toad
urinary bladder by inducing a specific RNA to code for the synthesis of
a specific AIP responsible for sodium transport. However, neither a
specific RNA or AIP has previously been demonstrated. Simultaneous
electrophysiological and biochemical experiments were performed with
paired hemibladders isolated from each toad (Bufo marinus). One hemi-
bladder was used to monitor aldosterone-induced sodium transport in
paired quarter-bladders by the short-circuit current (SCC) method in
modified Ussing chambers. The corresponding hemibladder was used to
study in vitro {35S}-methionine incorporation into proteins isolated
from scraped epithelial cells by gradient slab gel electrophoresis and
autoradiography. Microdensitometric tracings of autoradiograms and
tracings of gel slice radioactivity demonstrated that aldosterone
(10-6M) specifically increased {35S}-methionine incorporation into a
low molecular weight protein. Comparisons with histone proteins suggest
the molecular weight of AIP is approximately 12,000 daltons. In each
case (N=8) the presence or absence of an electrophysiological response
correlated with the presence or absence of increased {3°S}-methionine
incorporation into AIP. Dexamethasone (10-6M) failed to induce either
an electrophysiological or a biochemical response, suggesting mineralo-
corticoid specificity. Incubation with actinomycin D (2ug/ml) for 3 hrs
prevented both the electrophysiological and the biochemical response to
aldosterone. These data demonstrate that aldosterone specifically
induces the synthesis of a low molecular weight protein (AIP), and that
the production of AIP is correlated with the stimulation of sodium
transport.

SKELETAL BUFFERING OF ACUTE METABOLIC ACIDOSIS. John Bettice® and
James L. Gamble, Jr., Department of Physiology, The Johns Hopkins
School of Medicine, Baltimore, Maryland 21205.

Decreases in the sodium content of bone were measured to evaluate
the role of this tissue in the buffering of acute metabolic acidosis
(bZ Na-H exchange). Radiosodium was injected into dogs (2%Na) and rats
(22Na) 18 hours before the infusion of HC1 (0.25 N, 6-10 mEq/kg b.w.),
and changes in the radioactivity were used to indicate loss of bone
sodium. These losses were less than 1.0 mEq/kg bone during the first
1.5 hours of acidosis; whereas after 5.0 hours, canine rib and skull
lost 9.0 mEq/kg and toe 5.3 mEq/kg. Not more than 2.5 mEq/kg bone
sodium were lost during the infusions of isotonic sucrose used to de-
termine the effects of the hyponatremia caused by the acid infusion. In
5.0 hour experiments with rats, losses of bone sodium were 14.6 mEq/kg
with HCI and 7.5 with hyponatremia. |In the aforementioned studies, the
18 hours of isotope equilibration resulted in labelling of 50% of the
total bone sodium. To obtain more complete labelling, growing rats
were placed on a L-week diet containing 22Na at a constant specific
activity. This longer period allowed labelling of 89% of the total
bone sodium. In these experiments, the mean loss after 5.0 hours of
acidosis was 18.2 mEq/kg bone of which 10.5 was due to hyponatremia.
After an infusion of HCl, the decrease in sodium is greatest in the
smaller bones of the rat; and, in the dog, the losses from flat bones
exceeded those from the long bones. These changes took place chiefly
in the more rapidly exchangeable sodium. Soft tissue buffering must be
more important initially; but, at the end of 5.0 hours, the quantity of
sodium released from the skeleton is sufficient to account for most of
the tissue buffering. (NSF Grant Number GB-35524)
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LOWER ESOPHAGEAL SPHINCTER MECHANICS. P. Biancani*, J. Bejar*, H., M.
Spiro*, R. M. Weiss and M. P. Zabinski*, Yale liniversity, New Haven, Ct.
and Fairfield University, Fairfield, Ct.

The mechanical factors involved in the genesis of lower esophageal
sphincter (LES) pressure were studied in monkey and human sphincters.
Various degrees of circumferential stretch were applied by introducing
probes of different diameters into the in vivo LES. The closure pres-
sure around each probe was measured and pressure-diameter curves were
constructed. The pressure-diameter curve shows at first a decline fol-
Towed by an increase in pressure with increasing probe diameters. Atro-
pine lowered the entire pressure-diameter curve without change in shape.
The intraluminal pressure in the LES is generated bv tension developed
in the muscle of the sphincter wall. Factors such as diameter of lumen
and wall thickness play a role in determining the relationship between
the wall tension and the intraluminal pressure. In the resting and
electrically stimulated sphincter, wall tension is Tow near closure and
increases as the diameter increases. It is concluded that the diameter
of the pressure measuring probe affects the measured pressure; and that
near closure, high intraluminal pressures may be produced by moderate
tension in the wall muscles. Optimal tension is developed at large dia-
meters and atropine affects the magnitude but not the shape of the pres-
sure-diameter curves. (Supported by NIH Grant AM16021-01).

Permeability of water and non-electrolytes in the sheep placenta.
J.M. Bissonnette, M. Haas, and R.C. Farrell (intr. by J.J. Faber)
Univ. of Calif. at Irvine, and Univ. Oregon Med. School. Portland,
Oregon.

Single injection multiple indicator dilution curves were used in an
in vivo perfused placenta preparation previously described
(Bissonnette J.M. and G.H. Gurtner, J. Appl. Physiol. 32:64, 1972).
An injection of T-1824, tritiated water and a C14 labled non-electro-
lyte was made into the umbilical artery and the entire outflow collect-
ed from the umbilical vein into an automatic tube holder. The outflow
pattern of the non-electrolytes and tritiated water were retarded re-
lative to that of T-1824 (Goresky C.A., Am. J. Physiol. 204:626,
1963). Mean circulation time (t) for T-1824 was 15.2 secs. and for
tritiated water 29.4 secs. The ratio of the summation of the recovery
of tritiated water to T-1824 was 0.6. Methanol, propanol, butanol and
antipyrine showed t and recovery relative to T-1824 similar to water.
Urea, thio-urea, ethylene glycol, glycerol and 1,7-heptanediol hadt
(22.6 secs) intermediate between T-1824 and water and recovery rela-
tive to T-1824 of 1.0. This pattern was analyzed with respect to the
molecular weights, ether:water partition coefficients and number of
weak hydrogen bonds which each non-electrolyte forms with plasma
water. We would conclude that non-electrolytes which form 2 hydro-
gen bonds have permeability characteristics similar to tritiated water
while those which must break 4 or more hydrogen bonds in order to
enter the membranes separating fetus from mother diffuse into a
smaller space and are not transferred during a single transit.
Supported by Grant HD 06636-01 USPHS




THE PHYSIOLOGIST 267

A MODEL OF THE HUMAN RESPIRATORY SYSTEM. William B.
Blesser* Ludwig Braun*, S. Finkelstein*, and Harold A.
Lyons. Polytechnic Institute, Brooklyn, N.Y., SUNY at
Stony Brook, Stony Brook, L.I., Polytechnic Institute,
Brooklyn, N.Y., Downstate Medical Center, Brooklyn, N.Y.
respectively. Supported by USPHS Grant #HE 13557.

A composite respiratory model will be described which
includes some of the primary mechanisms related to
transfer of gas from the mouth to the blood. The model
features a section which deals with some of the mechanical
properties of the lung such as resistance, compliance and
dead space; a model configuration follows to simulate the
mixing properties at the alveolar level; a diffusion sec-
tion then follows to describe transport of gas to and
from the pulmonary capillary bed and finally a section of
the model is devoted to a description of blood flow
through the capillary bed. The composite nature of the
model permits an examination of gas flow into the pulmon-
ary bed as a function of pulmonary blood flow, mechanical
properties of the lung and a variety of other parameters.

A method for total brain ischemia (TBI) without circulatory arrest in
the Rhesus monkey. A. Bleyaerty H. Moritay R. Carrolly P. Safar, B. Kir-
imli*and E. Nemoto. Dept. of Anes./CCM and Nuc., Med., Univ. of Pgh. Sch.
of Med., and the Oakland VA Hospital, Pittsburgh, Pa,

Present models for TBIL are inadequate because of extensive surgery,
non-standardized post-ischemic (PI) life support, and undocumented com-
pleteness of ischemia. The result is greater data variability and non-
CNS related morbidity and mortality, We have established a simple model
for TBI by a high pressure (20 psi) neck tourniquet (2"x12") resulting
in survival, neurologic deficit and low morbidity and mortality. Body
temp., EKG, end-tidal CO,, systemic art. (SAP), supra-cortical (SCP)
and sagittal sinus (SSP) pressures were cont. monitored in halothane
(1%) anesthetized monkeys (5-7kg) mechanically ventilated. A flat EEG
in 20 secs., pupils fixed and dilated in 1 min., normal or subnormal
SSP and SCP, absence of clinical signs of venous congestion were criter-
ia for TBI. In several monkeys, these criteria were compared with brain
scan data (8 mCi Tc99M)., We found that TBI can be effectively produced
with this method on the basis of the criteria cited above. Brain scan
calculations reveal approx. .06 ml/min brain blood flow (primarily post.
fossa) during TBI. Success of the method required control of the hyper-
tensive response during TBI (SAP maintained 80-125 mmHg) by halothane
(1-3%)or alpha-blockers phenoxybenzamine, phentolamine. This also pre-
vents the development of PI neurogenic pulmonary edema which is a fre-
quent complication of severe brain damage. The mechanism of PI pulmon-
ary edema has not been elucidated but is thought to be due to pulmonary
venospasm. Xylocaine (1%) was used for arrhythmia control and agropine
for bradycardia and restoration of SAP PI instead of vasopressors. This
method for TBI is simple and reproducible with low morbidity and mortal-
ity enabling better correlation between duration of ischemia and neurol-
ogic deficit.
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POSSIBLE RELEASE OF ATP AND ADENOSINE FROM EXERCISING SKELETAL MUSCLE.
Emma L. Bockman* and Robert M. Berne. Univ. of Va., Dept. of Physiology,
School of Medicine, Charlottesville, Va. 22901.

Based on the finding of ATP in the venous blood from exercising skele-
tal muscle, ATP has been suggested as a mediator of exercise hyperemia.
However, it is not known whether the source of this ATP is the skeletal
muscles, the nerves, or the formed elements of blood. To prevent ATP
degradation, blood was collected in tubes containing EDTA. Tetanic con-
traction of dog hindlimb for 2 min caused an increase of venous plasma
ATP from 0.36+0.16 nmoles/ml (range: 0,17-1.15 nmoles/ml; n=5) to 0.80%
0.23 nmoles/ml (range: 0.20-1.12 nmoles/ml) and a change in the arterio-
venous difference of plasma ATP from -0.02+0.18 nmoles/ml to -0.56+0,27
nmoles/ml (n=4). However, there was a large variation among samples and
control and experimental results did not differ significantly. Further-
more, the venous plasma ATP remained elevated (0.62+0,13 nmoles/ml) 45
min after the first period of tetany and did not increase significantly
following a second period of tetany (0.70%0.11 nmoles/ml; n=5). In
addition, the arteriovenous difference of plasma ATP was unchanged fol-
lowing a second tetanic period (-0.28+0.34 nmoles/ml vs -0.13%0.17
nmoles/ml; n=4). It is of interest that EDTA released ATP from the
formed elements of blood resulting in a plasma ATP level of 0.39:0.11
nmoles/ml. This observation, in conjunction with the failure to obtain
significant release of ATP following tetanic contraction (even in the
presence of EDTA), casts considerable doubt on the role of ATP as a
vasodilator in exercise hyperemia. Furthermore, in isolated, perfused
rat hindquarters, no ATP was detectable in the venous effluents from
either resting or contracting muscles (ATP<0.075 nmoles/ml)., However,
the levels of adenosine and its degradative products, inosine and hypo-
xanthine, in the venous effluents were greater in contracting than in
resting hindlimbs. SUPPORTED BY GRANT # HL10384.

IMPROVEMENT OF CORONARY BLOOD FLOW IN ENDOTOXIC SHOCK WITH-
OUT IMPROVEMENT OF MYOCARDIAL CONTRACTILITY. C. T. Bohs*, M. E.
Turbow* and S.N. Kolmen. Shriners' Burns Inst. and Univ. of Texas Med. Br.,
Galveston, Texas.

The effect of endotoxic shock on myocardial contractility is thought to be
mediated via myocardial depressants released in later stages of shock. Since
coronary constriction may be associated with this myocardial depression, it was
thought enhancement of coronary flow might be of value. Healthy adult mongrel
dogs were anesthetized with pentobarbital, placed on positive pressure ventila-
tion and a left thoracotomy performed. A shunt containing an electromagnetic
flowmeter was instituted from left carotid artery to left common coronary artery
for measurement of coronary flow. Left ventricular and mean arterial pressures,
cardiac output and heart rate were also continuously monitored. The peak value
of dp/dt/P was used as an index of contractility. Dogs were divided into test
(E. coli endotoxin, 0.75 mg/kg 1V) and sham groups. After four hours each
group was subdivided into treated (dipyridamole, 0.2 mg/kg IV) and untreated
subgroups. Changes in heart rate, left ventricular and arterial pressures, cardiac
output and coronary blood flow were as expected in dogs subjected to endotoxic
shock; peak values of dp/dt/P were lower than pre-shock values throughout the
experiment. Both sham and test subgroups receiving dipyridamole exhibited de-
creased heart rates and increased coronary blood flows with no change in myo-
cardial contractility; the sham subgroup showed the greater increase in coronary
flow. Apparently, the coronary vasculature in endotoxic shock is less responsive
to dipyridamole. It also appears that the myocardial depression that does occur
is not responsive to increased coronary flow.
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THE EFFECT OF PHYSICAL CONDITIONING ON CARDIAC FUNCTION IN SQUIRREL
MONKEYS FED AN ATHEROGENIC DIET. R.F. Bond, E.S. Manning*, T.B. Clark-
son* and R.E. Parker*, Depts. of Phys. and Comparative Med., Bowman
E;Zy School of Med. of Wake Forest Univ., Winston-Salem, N.C.

The purpose of these studies was to compare the functional myocardial
reserve in sedentary and exercised atherosclerotic squirrel monkeys.
The animals were divided into the following groups: 1) five free
ranging controls (FRC), 2) five sedentary control animals fed an athero-
genic diet for three years, and 3) five animals fed the same diet as
group 2, but exercised 2 hrs./day for three years. Aortic arch
pressure, mean and phasic cardiac output, cardiac power and lead I of
the ECG were monitored while the myocardial oxygen demand was increased
by electrical pacing. Aside from gaining control cardiovascular data
on these animals, three critical pacing rates were obtained: a) lowest
pacing rate at which repolarization changes occurred in lead I, b) pa-
cing rate at which cardiac power demonstrated a significant decrease
below control, and c) fastest pacing rate that the heart could follow.
The data below is expressed as mean HR + 1 SEM.

FRC DIET CONTROL DIET TEST
T-WAVE 266 + 15 273 + 4 315 + 19
POWER DROP 272 % 10 350 * 24 356 + 30
MAX. RATE 314 ¥ 10 359 * 24 386 + 25

These data provide evidence that exercise improves the cardiac per-
formance of monkeys consuming an atherogenic diet. Pathological
studies indicated that the improvement was more likely related to
lesser intramyocardial artery atherosclerosis (25+4 vs. 47+37% ob-
struction of arteries affected) than to increased collateral circu-
lation (74+5 vs. 7143 arteries seen on cross section).

(Supported by USPH, NHLI Grants HL 14164, HL 487 and HL 5392.)

THE CONFIGURATION AND VASCULAR PERFUSION OF HUMAN
PROXIMAL TUBULES, J. V. Bonventre* and R, Beeuwkes, III,
Harvard Medical School, Boston, Mass.

Proximal tubular reabsorption appears to be enhanced by increa-
sed oncotic pressure of the fluid perfusing the tubule. This may
constitute a mechanism for filtration-reabsorption balance which
could operate on a single nephron basis if close association existed
between the proximal tubule and efferent capillaries arising from the
same glomerulus. In the dog kidney, however, our studies have
shown that these structures are generally dissociated. Normal human
kidneys, donated for transplantation but found unusable, were rapidly
fixed by arterial perfusion with glutaraldehyde solution so as to keep
the proximal tubules open. Red '"Microfil" silicone was injected via
the artery to fill the vasculature. Kidneys were then dehydrated and
cleared in methyl salicylate. Proximal tubules were injected with
white silicone by means of micropipettes inserted into Bowman's
spaces of chosen glomeruli. The efferent vessels of the glomeruli
and the progress of the injections were filmed simultaneously. Each
human proximal tubule was generally found to be perfused by the
efferent vessels of other glomeruli. No one-to-one relationship or
independent nephron was found to exist. This result indicates that if
there is a balance between GFR and proximal reabsorption in the hu-
man nephron then this cannot be regulated by physical factors on a
single nephron basis. A film demonstrating typical vascular-tubular
relationships in the human kidney will be shown.
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RENAL HANDLING OF CORTISOL IN DOGS. U. Boonayathap* and S.F. Marotta.
Department of Physiology, University of Illinois at the Medical Center,
College of Medicine, Chicago, Ill. 60680.

Although it is well known that adrenocortical steroids and their
metabolites are excreted in the urine, little is known about the
parameters which affect their excretion. To determine how the kidney
regulates steroid excretion, free flow and stop flow studies were per-
formed on anesthetized male dogs infused with cortisol. The concentra-
tions of free (FC) and glucuronide (CG) cortisol were determined in
plasma and urine. The results indicate that tubular reabsorption of
FC reaches a maximum when the filtered load (FL) is approximately 14
pug/min. The tubular maximum (Tm) of FC is approximately 9 ug/min with
the plasma threshold at 10 ug/100 ml. The FC clearance (Cpc) shows
that at low FL (<l4ug/min), Cpc remains essentially constant, then
increases proportionally as the FL increases. CG does not show a Tm
or plasma threshold; at low FL (<1.0ug/min) CG seems to be secreted
by the renal tubules and then its reabsorption increases linearly as
the FL increases. The CG clearance abruptly decreases at low FL up to
2 pg/min, then gradually declines as the FL increases. The stop flow
studies show that FC is reabsorbed primarily in the distal tubules,
but that CG is secreted along the entire length of the renal tubules.
The administration of ACTH (2 U/min/dog) during the stop flow studies
did not cause any appreciable changes in the reabsorption of FC in the
distal tubules. 1In the proximal tubules, ACTH increased the reabsorp-
tion of FC. These findings suggest that the role of the kidney and
the action of ACTH on this organ should be taken under consideration
when describing the negative feedback mechanism which regulates plasma
cortisol levels. (Supported in part by the Office of Naval Research
Contract NR 101-580.)

EFFECTS OF CYCLIC AMP (cAMP) ON Ca TRANSPORT IN MITOCHONDRIA
Andre B. Borle, Dept Physiology, Univ. Pittsburgh Sch. Med. Pitts.,PA
The effect of cAMP on subcellular Ca turnover was studied in isolated
kidney and liver mitochondria. The Ca concentration of the incubating
medium was determined by fluorometric methods after its separation by
millipore filtration. Control mitochondria take up Ca in exchange for H*
and lower the medium Ca to 10™5M in less than 2 min. cAMP produces
an instantaneous release of Ca from mitochondria and a rise in the steady
state Ca concentration of the medium. A new medium Ca level of 0.7 to
3- 1074M is achieved in less than 5 sec. and is proportional to cAMP
concentration between 10°7 and 3 - 10°6M. cAMP is inactive above 5+ 1076M
and below 10°M. cIMP, cGMP, 5'AMP, dibutyryl cAMP are inactive at any
concentration. The same steady state Ca level is reached from higher or
lower Ca concentrations i.e. whether cAMP is added before or after the
addition of Ca to the mitochondrial suspension. At low Ca or P-1 concen-
trations, the Ca released by cAMP is immediately reaccumulated by the
mitochondria in less than 2 min. with a further release of H*. This
"pulse" can be repeated by sequential additions of cAMP. The transient
or sustained response to cAMP depends on the medium Ca x Pi product
and presumably on the presence or absence of Ca phosphate precipitate
inside the mitochondria. These results support the hypothesis that
cAMP regulates cytoplasmic Ca by controlling the mitochondrial Ca
efflux rate. This mechanism may be involved in the regulation of
Ca transport, in other hormonal effects mediated by cAMP, in stimulus
secretion coupling and in the inotropic effect of catecholamines.
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THE EFFECT OF FIRING RATE ON THE LOCAL THERMOSENSITIVITY OF PREOPTIC
NEURONS. J.A. Boulant (intr. by J.D. Hardy). John B. Pierce Fndn. Lab.
and Yale School of Medicine, New Haven, Conn. 06519

It has previously been shown that peripheral thermal stimulation may
induce changes in the firing rate and local thermosensitivity of preop-
tic single units. During these changes, an increase in spontaneous fir-
ing rate (at 38°C) usually produced a decreased local thermosensitivity
in "warm-sensitive'" units and an increased thermosensitivity in ''cold-
sensitive' units. The present study sought to determine under neutral
conditions, whether populations of preoptic neurons having different
spontaneous firing rates, display analogous differences in their local
thermosensitivities. In urethanized rabbits, the firing rates of preop-
tic single units were observed while local temperature was manipulated
by implanted thermodes. Units were categorized in groups according to
their firing rate at 38°C, and in each group the firing rates were aver-
aged at regular intervals over the range 33° to 43°C. In the warm-sen-
sitive units it was found that, in the hyperthermic range, there was a
progressive decrease in thermosensitivity as spontaneous firing rate in-
creased. In the cold-sensitive units, however, over the entire range of
local temperatures, thermosensitivity increased as spontaneous firing
rate increased. These results suggest that warm-sensitive neurons which
are thermosensitive only in the hyperthermic range (possibly controlling
heat-loss) have low firing rates, while neurons warm-sensitive only in
the hypothermic range (possibly controlling heat-production) have high
firing rates. It is proposed that input from peripheral thermal recep-
tors contributes to these neuronal firing rates, and thus provides a
basis for the separation of ranges of local thermosensitivity. (suppor-
ted in part by NIH NB 04655 and ES00123).

RED CELL WASHOUT FROM CONTRACTING SKELETAL MUSCLE. T. Bowden*, S.H.
Song and A.C. Groom. Biophysics Dept., Univ. Western Ontario, London,
Ontario.

Gastrocnemius muscles of cats were isolated, placed in a bath of
mineral oil at 37°C, and perfused with oxygenated cell-free Ringer
solution at a constant flow rate of 5 ml/min. Throughout the per-
fusion the muscles contracted in response to electrical stimulation
of the distal part of the cut sciatic nerve (0.5-1.5 V, 1 msec, 3-5
p.p.s). The infusion pressure at the arterial cannula, monitored
with a Statham transducer, had a mean value of 51 * 5 (S.E.) mm Hg,
significantly less than that in perfused resting muscles. The con-
centrations of red blood cells in serial samples of the venous outflow
were measured and plotted on a semilogarithmic scale as a function of
time. The mean washout curve can be analyzed by a curve-peeling
method and the results suggest that the overall curve is the sum of
the washouts from four separate red cell compartments. In comparison
with the results obtained from resting muscles there is little
difference except that in the case of the compartment with the second
slowest washout the Ty is increased from 4 to 8 min. As yet we have
not confirmed morphologically the identity of this particular
compartment, but the change we found could signify the mobilization
of vessels which in resting muscle would have been partially closed.

(Supported by the Ontario Heart Foundation)
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TIME COURSE AND MECHANISMS OF THE VASCULAR RESISTANCE,,
RESPONSE TO HYPERKALEMIA AND HYPOKALEMIA. R. A. Brace
J. B. Scott, and D. K. Anderson.™ Depts. of Physiol. and Chem. Eng.,
Mich. State Univ., E. Lansing, Mich.

It is well established that a local decrease in arterial plasma [K ]
increases vascular resistance to blood flow and an increase in plasma
[K*] up to approximately 10 mEq/1 initially decreases resistance. The
purpose of the present study was to examine the time course of resis-
tance changes produced by acute hypokalemic and hyperkalemic per-
fusion of the isolated canine forelimb. The study shows the initial
decrease in resistance during hyperkalemia (7.1 mEq/1) is followed
by a gradual increase in resistance which rises above the control
value in approximately 5 minutes even though the hyperkalemic per-
fusion continues. With hypokalemic perfusion (2.4 mEq/1), only a
slight waning follows the initial increase in resistance. After 10
minutes, the plasma [K" ] was returned to normal. Resistance in-
creased further before returning toward the initial value following
hyperkalemia, whereas resistance simply decreased toward control
following hypokalemia. The time course of the changes in resistance
parallel almost exactly the time course of the changes in resting mem-
brane potential calculated with a computer model of a vascular
smooth muscle cell. The initial changes in resting potential are due
to the effects of the changes in extracellular [K"] on the electrogenic
Na-K pump while the secondary changes in resting potential are
caused by the effects of changes in intracellular [Nat] on the electro-
genic pump. These studies su%gest that the changes in resistance
produced by altered plasma [K" ] are medijated in large part through
changes in resting membrane potential.

EFFECTS OF ADH (ARGININE VASOTOCIN) ON SINGLE NEPHRON GLOMERULAR
FILTRATION RATES (SNGFR) AND BLOOD PRESSURE IN BIRDS. Eldon J. Braun*
and William H. Dantzler. Department of Physiology, College of Medicine,
University of Arizona, Tucson, Arizona 85724.

Avian kidneys consist of large numbers of reptilian-type (RT) and
smaller numbers of mammalian-type (MT) nephrons. SNGFRs of both types
have been estimated in desert quail (Lophortyx gambelii),using modified
Hanssen's technique. Previous work indicated that during control diuresis
SNGFR was 6.4 nl/min for RT nephrons (71% of RT nephrons filtering) and
14.6 nl/min for MT nephrons. During intravenous salt loading, SNGFR
of MI' nephrons fell to 12.7 nl/min and RT nephrons stopped filtering.
To assess factors contributing to regulation of SNGFRs, arginine vaso-
tocin (AVT) was administered intravenously to desert quail in doses of
10, 50, and 200 ng/kg. The low, probably physiological doses (10 and
50 ng/kg) had no effect on mean arterial pressure but caused reduction
in total-kidney GFR. SNGFR after 10 ng/kg was 11.3 nl/min for MT nephrons
and 4.7 nl/min for RT nephrons (52% filtering). SNGFR after 50 ng/kg was
16.5 nl/min for MT nephrons and 6.9 nl/min for RT nephrons (26% filter-
ing). High,probably pharmacological doses (200 ng/kg) produced increases,
decreases, or biphasic changes in mean arterial blood pressure, Total-
kidney GFR fell with all 200 ng/kg doses but SNGFRs were variable, With
increases in mean pressure, MI' SNGFR increased (24.7 nl/min) and RT
nephrons ceased filtering. With decreases or biphasic changes in mean
pressure MT SNGFR decreased (7.3 nl/min), RT SNGFR did not change (6.8
nl/min) but fraction of filtering RT nephrons fell to 43%. Shunting of
blood away from RT nephrons into peritubular capillaries or away from
groups of RT nephrons to MT nephrons may explain effects of AVT. It is
concluded that AVT plays role in regulating total-kidney GFR in birds by
regulating number of filtering RT nephrons and SNGFRs of both RT and MT
nephrons. (NSF GB 28692X; NIH AM 16294; NIH HE 05884).
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A KINETIC-DIFFUSION MODEL APPLIED TO RBC FLUX DATA, M.0. Breitmeyer and
P.H. Newell, Jr.*, Bioengineering Program, Texas A&M University, College
Station, Texas 77843.

Crank's (1) diffusion-reaction model for spherical particles is
applied to Hoffman's (2) outflux data for isotopic sodium flux in human
red blood cell ghosts. The model assumes simple diffusion coupled with
first order reversible reaction. Diffusion is governed by equation (1)
with simultaneous reversible reaction of the type described by (2).

2
3 _ p 3 _as 3y c -
(1) ﬁ' D;;? 3t (2) 5t xC US
Where D = diffusion coefficient, A = forward rate constant, u = reverse
rate constant, C = concentration of free solute, S = concentration of
immobilized solute, x = distance, t = time.

When non-dimensionalized data of Hoffman's are plotted as dictated
by the solution of Crank, the curve predicted by the model and the
experimental data points nearly coincide. This agreement holds for
"active" transport as well as in the strophanthidin inhibited case.
Since the only parameters required are rate constants this model may be
useful in the application of transport data to larger metabolic models.

(1) Crank, J., Mathematics of Diffusion, Clarendon Press, Oxford, (1956).

(2) Hoffman, J.F., Journal Gen. Physiology, 45, 844, (1962).

SUPPORTED BY TAMU - OFFICE OF UNIVERSITY RESEARCH-15801

ROLE OF SKIN AND BLOOD TEMPERATURES AND OF dTs/dt IN CONTROL OF HUMAN
SKIN BLOOD FLOW AND SWEAT RATE. George L. Brengelmann*, Craig Wyss*,
John M. Johnson*, and Loring B. Rowell. University of Washington School

of Medicine, Seattle, Washington.

To examine further the interaction of skin temperature (Tg) and blood
temperature (Tp) in the control of skin blood flow (SkBF) and to compare
this control with the control of sweat rate (SR), we drove Tg in a
square wave followed by a ramp (.15°C/min). Ty, (right atrial catheter),
Ts (average of 10 sites), esophageal temperature, SR (dew point detec-
tion), SkBF (forearm plethysmography) and heart rate (HR) were moni-
tored. Subjects were four healthy young men. With rising Tg the initial
increase in SkBF (2 fold) was unaccompanied by any detectable change in
SR; it occurred before any rise in T, or HR (Tp fell slightly at the
time). This flow increase was well correlated with Tg. When Ty rose
above control, the pattern of responses changed; SR, SkBF, and HR then
became strongly correlated (R > 0.9) with Ty,. The relative sensiti-
vities of SV, SkBF and HR with respect to T, and Tg in this range
exceeded the ratic of 15:1. During periods of high negative dTs/dt,
SkBF, HR and SR for a given Ty, Tg pair were lower. Our findings fit
with a scheme of control in which Tg governs release of skin vasocon-
strictor tone and T, dominates control of SR and active skin vasodila-
tion. Negative dTs/dt is an inhibitory drive for both SkBF and SR.
(Supported by NIH Grant HL 09773 and NASA Grant NGR-48-002-082.)
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TUBULAR REABSORPTIVE RESPONSE TO HYPERNATREMIA. E.H. Bres-
ler and K.T. Nielsen*, VA Hospital, New Orleans, La.; M. Clinton
Miller, IIT* and M.R. Stroud*, Medical Univ. South Carolina, Charleston,
S.C.

In dogs given ethacrynic acid a sustained steady diuresis was main-
tained by n-saline infusion at 10 ml/min. After a number of clearance
periods 5% NaCl was administered to elevate plasma sodium concentration
(PNa) to values as high as 183 meq/L. GFR was determined by inulin
clearance. The rate of tubular reabsorption (Ty,) was calculated. Ty,
adjusted for variation in GFR, was found to be closely correlated with
Pyj,. Since this constitutes a proportionality between changes in filtered
loads of sodium produced by increments in Py, it is called glomerulo-
tubular balance Type II in contrast to the more well known balance be-
tween filtered load and tubular reabsorption observed when GFR is varied
(GT balance type I). The implications of these findings with respect to
the nature of proximal tubular transport systems is discussed. The con-
clusion is drawn that these studies favor a reabsorptive system which
generates bulk flow of solution rather than primary transport of sodium
ion.

PERIODICITY DURING THE SHORT-TERM RESPONSE TO A STEP CHANGE IN INSPIRA-
TORY GAS CO2 CONCENTRATION. Alfred W. Brody, Steven S, Jewett*+,
Suzanne Moshier*, Thomas H. Dee *+, Donald J. Schroeder*+: Chest-Asthma
Research Institute, Creighton Medical School, Omaha, Nebraska 68131

By keeping the bag of CO7 from which the subject rebreathes during
determination of the equilibrated venous pC0O2, in the spirometer from
which he breathes prior to and after the test, we have determined the
response to pCO7 during the two minutes of rebreathing, first in a small
group of trained subjects, then in 75 untrained normal subjects, and in
a large group of patients. The response to CO2 increased during the
entire two minutes of rebreathing and does not reach any maximum during
this period; however, the response does not occur with the first breath
and is not continuously augmented with each succeeding breath. The
first response occurs in most people at 22-25 seconds after turn-in,
following which the new rate and depth of breathing are constant for
another 22-25 seconds after which there is another step-wise increase in
ventilation. If the subject is calm and unworried with slow regular
breathing immediately prior to turning into the bag, and if the
resistance to breathing in the system is kept minimal, such step-wise
responses to respiration continue during the whole two minute period of
response. Nevertheless, the degree of response depends on the concen-
tration in the first few breaths; in Normals, equilibration in our 1-2L
bags of gas is complete within 3 breaths or 12-15 seconds, yet the
response to an initial bag % of 10% is higher at every step than the
response to an initial bag % of 8%, and to 8% is higher than to 6%.
The response to step return to inspiratory air is cyclic with a
slightly shorter period of 15-18 seconds initially and damps out in 1.5
to 4 cycles. (Supported in part by Nebraska TB Association, + Student
Trainee supported in part by USPHS Grant 701HE5506.)
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THE EFFECTS OF CARDIAC AGLYCONES ON THE Na EFFLUX IN SINGLE BARNACLE
MUSCLE FIBERS. D. J. Brown,* E. E. Bittar (intr. by W. E. Stone).
Univ. Wis. School of Med., Dept. Physiol., Madison, Wis. 53706

Recent studies of single muscle fibers from the barnacle Balanus
nubilus loaded by microinjection showed that external but not internal
application of ouabain caused a fall in the Na efflux. Also found was
that the ouabain-insensitive Na efflux was markedly stimulated by
raising the external K concentration, by acidification of the external
medium and by microinjecting CaClp. By contrast, the aglycone,
digitoxigenin, whether applied externally or internally, caused a fall
in the Na efflux. Both effects caused by digitoxigenin were
dose-dependent, with the minimal effective external concentration being
10-7 M, and the injected concentration 10-5 M. Internal application,
followed by external application of digitoxigenin, failed to produce
any further fall in the Na efflux. Sensitivity of the remaining Na
efflux to a high external K concentration, external acidification or
microinjection of CaClz, following external or internal application of
digitoxigenin could also be demonstrated. The finding that an aglycone
has the ability to slow down the Na efflux has been confirmed by
internal application of ouabagenin, acetylstrophanthidin or
strophanthidin. The simplest explanation of these results is that
aglycones unlike glycosides are small enough to reach their point of
action following micro-injection. That this may be so is suggested by
the observation that other glycosides including digitoxin failed to
influence the Na efflux following internal application. (Supported in
part by grants from Wisconsin Heart Association, NSF and ONRg.

NATURAL BREATHING PATTERNS AND THE EFFECT OF SUBJECT AWARENESS.
P. Brusil, R. Kronauer (intr. by J. Mead). Harvard Univ., Cambridge,
Mass.

Analysis of the naturally occurring ventilatory output allows in-
ferences to be made about the natural respiratory control mechanisms.
Using an indirect technique, the natural tidal volume time history was
recorded from 25 normal, naive, supine subjects. In the average subject
instantaneous, breath-to-breath ventilation varies about its mean by
about 20%. The mechanisms controlling breath rate and depth, then, do
not produce simultaneous compensatory changes on a breath-to-breath
basis. Rather, because variations in breath duration are small, fluctu-
ations in ventilation are produced by large fluctuations in tidal
volume. In half the subjects, the fluctuations in depth are strongly
correlated to fluctuations in the duration of inspiration (cf. 1,3).
Regarding the effect of awareness of respiration upon the breathing
pattern (cf. 2), the most prominent change following the transition
from naive to "aware" breathing was that the average breath duration at
first became significantly larger. Then it settled back to an average
value that was still greater than that during naive breathing. The
phenomenon is exaggerated for those subjects who are slow breathers in
the naive state and is associated principally with changes in the dura-

tion of expiration. The time course of the transient phase is about 50
breaths.

References

1. Clark and von Euler. J. Physiol. 222:267-295, 1972,

2. Gilbert et.al. J. Appl. Physiol. 33:252-254, 1972,

3. Newsome Davis, J. et.al. J. Physiol. 226:85-86P, 1972.
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BIOASSAY OF THE INTRAVASCULAR CLEARANCE OF ENDOTOXIN AFTER ADRENALECTOMY
AND TOLERANCE INDUCTION. _Bernard J. Buchanan* and James P. Filkins.
Department of Physiology, Loyola University, Stritch School of Medicine,
Maywood, I11inois 60153.

Lead acetate iv sensitized rats to Tethal shock as evidenced by a
2000-fold decrease in the LD50. The present study evaluated the use of
lead-sensitized rats as recipients for the evaluation by bioassay of the
intravascular clearance of endotoxin. S. enteritidis lipopolysaccharide
in 0.9% saline was administered iv at doses of 1.0, 0.5, and 0.25 mg to
300 g male rats of the Holtzman strain. Blood samples were obtained at
15, 30, 60, 120, 180 or 240 min, diluted 10-40 fold, and injected into
assay rats which also received 5 mg of lead acetate iv. Blood endotoxin
concentrations were calculated from a log-probit transformation of stan-
dard doses and from these data points the intravascular clearance half-
times were computed. Similar analyses were performed after acute bila-
teral adrenalectomy which sensitized to endotoxin shock and after tole-
rance induction which increased resistance. In control rats the log en-
dotoxin concentrations vs time plots for 1.0 and 0.5 mg doses were 1i-
near with half-times of 0.95 and 0.96 hrs, respectively. At a 0.25 mg
endotoxin test dose multiphasic clearance occurred. Bilateral adrenal-
ectomy did not alter the endotoxin clearance half-time. In contrast,
clearance was markedly enhanced by prior treatment with endotoxin, such
that Tittle to no endotoxin was bioassayed 15 min after a 0.5 mg clear-
ance test dose. These data suggest that (1) the lead-treated rat pro-
vides a sensitive and reproducible bioassay for endotoxin, (2) biologi-
cally active endotoxin is removed slowly from the circulation of rats,
(3) the removal rate is not appreciably altered by adrenalectomy and (4)
the clearance is markedly enhanced during endotoxin tolerance. (Sup-
ported by USPHS Grants HL 08682 and HL 14540 and NSF Trainee Grant
2/130-2253.)

INTERRELATIONS OF PLACENTAL BLOOD FLOW, O, TRANSFER AND INTRAUTERINE
PRESSURE: A MATHEMATICAL MODEL. L. Allaii Butler*, Lawrence D. Longo
and Gordon G. Power. Departments of Physiology, Anesthesiology and Ob.
& Gyn., Loma Linda Univ., Loma Linda, CA 92354.

In an attempt to understand the role of intrauterine pressure (Ppy)
on maternal and fetal placental blood flows and Op exchange, we solved
equations expressing their interrelations under various conditions.

Some independent variables were: Mean maternal arterial pressure, mat-
ernal intervillous space compliance, uterine contraction duration and
uterine contraction interval. Some dependent variables were: maternal
placental inflow and outflow, intervillous space volume, fetal pla-
cental flow and the O, exchange rate. Results using Gaussian shaped
contraction profiles iIndicate: 1) Increasing Ppy results in initially
decreased maternal placental inflow and increased outflow leading to de-
creased intervillous space volume. 2)Maternal outflow varies as a func-
tion of intervillous lake pressure minus P,, , i.e. ''maternal sluice
flow." 3) Fetal placental flow increases é%ightly, changing from sluice
to non-sluice conditions. 4) 02 exchange rate is decreased as a conse-
quence of these changes. 5) Using assumed normal values, the maximum
percentage changes were: maternal inflow -607%, outflow -30%, inter-
villous space volume -25% and fetal flow +20%. The O, transfer rate
decreased 40%. 6) The effect of different labor patterns on the fetus
were compared by integrating the milliliters of O, loss during a con-
traction. Fetal O deprivation is greater with decreased mean maternal
arterial pressure, increased Ppy and duration of contraction. Little
effect was noted with change in interval between contractions, inter-
villous space volume and compliance. (Supported in part by USPHS

Grants HD 03807 and HD 04394).
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OXYGEN DELIVERY AND UTILIZATION IN DOGS WITH A SUBLETHAL DOSE OF COBALT
CHLORIDE. S. M. Cain. U. of Ala. Med. Ctr., Birmingham, Al. 35294

Cobaltous chloride (CoClpe6Hp0) causes depression of blood pressure,
cardiac output, and oxygen uptake but the contribution of the ,Stagnant
hypoxia component to the histotoxic effect on oxygen uptake (VOZ) has
not been made clear nor has there been clear evidence that the reduced
VOZ is associated with an energy deficit as indicated by a rise in art-
erial excess lactate (XL). Four groups of 8 anesthetized and paralyzed
dogs were kept at constant ventilation and given 15 mg/kg CoCly I.V.
after a 30-min. control period. Gp I was given nothing else; Gp II
received 1 mg/kg per hr propranolol -block); Gp III was given NaHCO3
to correct pH changes after CoClz; Gp IV had both @ -block and NaHCOj3.
V0, was measured every 10 min. for 4 hrs. and blood was taken frequently
for lactate, pyruvate, and blood gas measurements. Depression of V02
with @ -block (Gps II and IV) was more marked (to 65% of control vs 79%,
P € 0.01) but decreases in cardiac output and mean arterial blood pres-
sure were not significantly different. Recovery of 002 was complete,
usually within 60 min., with little evidence of deficit repayment. In
fact, Gp II had an average V02 below control value throughout the ex-
periment Total 02 delivery « x Cagp) became limiting to VOZ at 12
ml/kgemin which defined the stagnant hypoxia component. Histo:oxic
effects appeared limited at this dose of CoCly to reduction of V02 to
80% of control. XL in arterial blood was linearly correlated with the
measured 02 deficit during the acute reaction to CoClz in all groups
but Gp III. For B -block experiments, the regression line of XL and 02
deficit was similar to previously obtained data from hypoxic hypoxia.
Whether energy production was curtailed by low POy or by poisoning of a
Krebs cycle enzyme, XL was useful as a yardstick of the energy deficit
incurred. (Supported by NHLI Grant HE-14693)

VOLUME REGULATION OF FLOUNDER, Pseudopleuronectes americanus, RED BLOOD
CELLS. Peter M. Cala (intr. by B. Schmidt-Nielsen), Case Western Reserve
Univ. and Mt. Desert Is. Biol. Laboratory, Salsbury Cove, Maine

When the nucleated red blood cells of the winter flounder, Pseudo-
pleuronectes americanus, were placed in hypotonic media (200 mOsm vs 326
for isotonic), they swelled to 145% of control volume, then lost KC1 and
water until reaching a volume 111% of control. During the regulatory
phase, the absolute amount of intracellular K* decreased to 79% of con-
trol values, while the absolute amount of intracellular Na* remained
virtually unchanged.

The calculated osmolality of the transported fluid was 121 mOsm. A
discrepancy of 70 mOsm existed between transported and extracellular
fluid, of which some 25 mOsm could probably be accounted for by amino
acids (Fugelli, K., 1967). Cells exposed to 10-4M ouabain were able to
regulate their volume as well as controls, although the ratio of intra-
cellular K* to Na* was considerably decreased.

Cells placed in hypertonic media showed an initial rapid volume dec-
rease to 75% of controls. At the conclusion of the regulatory phase,
these cells had adjusted their volume to 95% of control values. The
gain in cell water was apparently due to increases in the absolute a-
mount of intracellular Na* and KC1, the gain in K* being approximately
1/3 that of Na*. The transported fluid was essentially isosmotic since
90% of the water moved could be accounted for in terms of Na‘* and KC1.

It appears that volume regulation is passive, at least with respect
to the Na-K dependent ouabain sensitive pump, and proceeds for the most
part by making use of the steady state cation gradients. The possibili-
ty of an active component of flux during volume regulation, especially
in the hypertonic media is being investigated. Supported by NIH Grant
#AM 15972 and GB 22178 and by NIH Training Grant # GM 01699.
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AIR BREATHING IN THE COCONUT CRAB, Birgus latro. J. N. Cameron and
T. A. Mecklenburg (intr. by P. R. Morrison). Institute of Arctic
Biology, Univ. of Alaska, Fairbanks, Alaska.

Aerial gas exchange was investigated in the coconut crab, Birgus
latro, in Eniwetok, Marshall Islands. This animal has a well-
developed lung, supplied with air by the pumping action of the
scaphognathites. Air flow rates averaged 57 mgekgemin-l at rest, and
reached over lL'min~l when the animals were stressed. Extraction was
low (average 5.2%), but rose as high as 16% during moderate hypoxia
(PIO2 = 60 torr). Responses to hypercapnia were markedly different
from those seen in aquatic crabs. Ventilation volume increased
rapidly to a steady state value after an increase of ambient CO3.

The increased ventilation was accompanied by a decrease in C02 gradient
across the lung, and by a drop in blood pH. After 14 hours of high

CO2 treatment, there was no compensatory change in pH, as would be

seen in aquatic animals. We propose that this crab has evolved
independently the same pH-regulating response to increased Pcop as

have mammals. Various other aspects of gas transport were also noted,
including the very high blood pressure (40-50 mm Hg) compared with
other crabs. The high blood pressure is important in maintaining
geometry (by inflation) of the lung, and may also be critical for
support and locomotion of the animal's considerable mass (up to several
kg). Some comparative data on Gecarcoidea lalandii will also be
discussed.

EFFECT OF POSITIVE PRESSURE BREATHING ON FRC AND MVV DURING
IMMERSION IN WATER. Enrico M. Camporesi,* Edward T. Flynn* and
Sarah A. Numneley,* (IntT. by H. Rahn). Dept. Physiol., State Univ. of
New York at Buffalo, Buffalo, N.Y.

Lung volumes and maximal voluntary ventilation (MVV) were measured in
5 seated male volunteers immersed in water to the neck and breathing
room air while applying positive counterpressures of 0, 10, 20, 30 cm
H20. Lung volumes were measured with open circuit spirometry; RV was
determined by lung N2 dilution. MVV was calculated from the volume of
the gas exhaled over 15 sec. The principal changes during immersion
were in FRC and MVV, as indicated below.

TLC FRC RV MV

(L) (L) (L) (L/min)
Dry control 6.77 3.28 1.16 176
Immersion 0 cm H20 6.56 2.08 1.07 150
" 10 " 6.62 2.28 1.09 158
" 20 " 6.72 2.84 1.13 172
" 3 " 6.80 3.66 1.20 179

A positive counterpressure of 25 cm Hz0 restored lung volumes and MVV
to dry control values. The FRC was progressively displaced from the
predicted position on the relaxation pressure-volume curve as the
counterpressure increased, suggesting an increasingly active expiratory
tonus at end expiration. (Supported in part by ONR Contracts N00014-
68-A-0216 and N00014-71-C-0342, and by AF Contract F44620-72-C-0009.)
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DISTRIBUTION OF !33Xe BETWEEN ERYTHROCYTES AND PLASMA.
Ronald Carlin* and Shu Chien, Department of Physiology,
College of Physicians and Surgeons, Columbia University,
New York, New York 10032.

133%e is commonly used for the study of microcirculatory
dynamics by the indicator dilution technique. Since Xe has
a high affinity for lipoid materials, quantitative treatment
of Xe dilution curves necessitates precise information on
its partitioning between erythrocytes and plasma as well as
that between tissue and plasma. 33Xe dissolved in saline
was added to heparinized whole blood freshly drawn from
healthy dogs and men. Under anaerobic condition the samples
were allowed to equilibrate with mixing for 5-10 min. After
centrifugal separation, plasma and packed cells were drawn
anaerobically for the determination of !3%Xe activity.
Studies on dog blood (average hematocrit 44%) at a tempera-
ture of 37°C yielded a RBC/plasma partition coefficient (1)
of 3.31 (S.D. = 0.06). Variations in the initial hematocrit
of the blood sample from 20 to 70% did not significantlg
alter A. Reductions in temperature from 37 to 22 and 5°C
raised \ progressively. Preliminary studies on human blood
at 37°C gave a mean A value of 2.24. Therefore, '®’Xe has
a high affinity for the erythrocytes in comparison to
plasma, and the A values vary with the temperature and the
animal species used. (Supported by US Public Health Service
Research Grant HL-06139 from the National Heart and Lung
Institute, the US Army Medical Research and Development
Command Contract DADA-17-72-C-2115, and the Scaife Family
Charitable Trusts, Pittsburgh, Pa.)

INTERACTION BETWEEN NEUROGENIC AND PERIPHERAL DETERMINANTS OF RENAL
VASCULAR RESISTANCE. Drew E. Carlson* and Lawrence P. Schramm. Johns
Hopkins University School of Medicine. Experiments were performed on
chloralose anesthetized cats. Renal blood flow to the left kidney was
measured with an electromagnetic flowmeter. An estimate of renal vascu-
lar resistance (RVR) was computed on line as the ratio of aortic pres-
sure to renal arterial blood flow. Renal vasoconstrictions (VC) were
elicited by electrical stimulation of the left lateral hypothalamus (HP)
central gray substance of the mesencephalon (CG) or left renal nerves.
Renal vascular resistance was decreased by ureteral occlusion during an
osmotic diuresis, and increased by graded ia infusions of norepinephrine
(HE) or phenylephrine (PE). NE or PE infusions(which increased RVR 25
to 100% but did not elevate aortic pressure significantly) reduced
the peak resistance attatned and, therefore, the change in resistance
achieved upon HP or CG stimulation. Decreased RVR,elicited by
increasing ureteral pressure to 80-100mmHg, resulted in marked atten-
uation of both the rate of increase in RVR and peak values of RVR
attained in response to HP,CG or renal nerve stiumlation. Identical
increases in ureteral pressure in the contralateral kidney did not
inhibit neurogenic VC's in the ipsilateral kidney. The mechanisms by
which neurogenic renal vasoconstrictions were reduced by catecholamine
infusion and by increased ureteral pressure are, as yet, unclear.
However these experiments suggest that intrarenal rather than spinal
or central reflex mechanisms may be involved.




280 THE PHYSIOLOGIST

EFFECTS OF AMILORIDE ON THE NUTRIENT MEMBRANE OF THE IN VITRO FROG
GASTRIC MUCOSA. G. Carrasquer, M, Dinno*, Doris G. Fravert*, A, K,
Olson*, and M, Schwartz, Depts. of Medicine and Physics, University of
Louisville, Ky. .
Amiloride decreases secretion of K* in the distal renal tubule, It
occurred to us that this effect might be partially due to a decrease
of the peritubular membrane permeability to potassium. This thought
led to the speculation that amiloride might affect the K* permeability
of the frog gastric mucosa.
Potential difference (PD), resistance (R=aPD/i), and H* secretory
rate of chambered frog gastric mucosae were determined in control and
in the presence of 0.5 and 2.0mM amiloride in the nutrient solution.
The nutrient solution contained either 4mM or 79mM K* Ringer's solution,
In 4mt K* 0.5 and 2.0m!M amiloride, respectively, R increased 36 and
150%; PD decreased 24 and 24%; and H* rate decreased 19 and 27%. In
79mM K* the respective changes by amiloride were: R increased 11 and
82%; PD increased negligibly and 20%; and H* rate decreased 21 and 25%.
Our interpretation of these results is that amiloride decreased both
K* and C1- permeabilities of the nutrient membrane. In low K* experi-
ments the effect predominates on the C1- pathway whereas, in high K7,
the effect predominates on the K* pathway.

TRANSDUCTION FUNCTION OF PULMONARY STRETCH
RECEPTORS. Richard Casaburi. Dept. of Biomedical Engineering,
U.S.C., Los Angeles, California.

This study was undertaken to provide a general quantitative descrip-
tion of the dependence of pulmonary stretch receptor firing frequency
on lung volume. Single fiber stretch receptor activity was recorded
from the cervical vagus of pentobarbitalized, thoracotomized cats in
response to both constant lung volume and constant inspiratory flow
rate. The results were compared with a mathematical model which
was derived on the assumptions 1) that the receptors are embedded
in the smooth muscle of the walls of medium-sized bronchi, 2) that
spatial adjustments in the smooth muscle medium allow the receptors
to adapt to maintained inflations, and 3) that the receptors respond to
the rate as well as to the amount of deformation. Data on each
receptor's observed responses were used to evaluate the parameters
of the general model for that particular receptor. The set of such
transduction functions then provides a representative sample of the
total population from which the total impulse traffic reaching the
respiratory center from vagal pulmonary afferents may be modeled
for any given respiratory frequency or tidal volume and any given
airflow waveform. Contrary to previous studies, our experimental
observations indicate that the firing frequency response of individual
receptors to static inflations is not well described as a linear function
of lung volume, and this is in agreement with our model predictions.
(Supported in part by USPHS, NIH Grant GM 16437-05.)
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THE EFFECTS OF PROCAINE AND La3* ON 45Ca EFFLUX FROM SINGLE MUSCLE
FIBERS. Stephen S. Chen and B. Van Cleave.* Dept. of Physiology,
Univ. of Wisconsin, Madison, Wis.

Single muscle fibers were isolated from the barnacle Balanus nubilus
and then loaded with 45Ca by microinjection. 45Ca efflux was found to
consist of three exponential phases, having half-times of 4.8 + .6,
12.6 + .7 and 111.1 *+ 14.8 min (n = 6), respectively. Removal of
external Ca2* or Na* 100 min or more after loading reduced the Ca
efflux by 63 + 2.0% (n = 30) and 61.9 + 3.6% (n = 7), respectively.

The effect of external Ca could be almost halved by external
application of 10 mM procaine or abolished by 5 mM La3*, 10 mM
procaine at pH 7.8 exerted a dose-dependent effect which in turn
depended on the external Cal* concentration; lowering the external ca2t
concentration led to reduced inhibition of 45Ca efflux by procaine.

10 mM procaine at pH 9.3, however, caused a biphasic response:
inhibition was followed by stimulation and these fibers shortened when
the 45Ca efflux rose. Microinjection of .5 M procaine reduced the Ca
efflux, no matter whether the external pH was 7.8 or 9.3. By contrast,
microinjection of 1.5 M procaine often caused a prompt rise in 45ca
loss followed by a fall. The stimulatory response could not be
enhanced by raising the external pH from 7.8 to 9.3. Experiments with
La revealed a similar pattern of behavior. External application of

5 mM La3* reduced the 45Ca efflux by half, whereas internal application
of .5 M La3*+ had the opposite effect. The above results lead to the
conclusion that Ca-Ca exchange is suppressed by procaine and La3* and
that when present in high concentration in the sarcoplasm both
stimulate Ca efflux probably by releasing some 'bound' Ca.

TRANSITORY CHANGES OF PLASMA PROGESTINS, ESTRADIOL AND LH PRIOR TO
OVULATION IN THE BOVINE. J. R. Chenault*, W. W. Thatcher*, P. S.
Kalra*, R. M. Abrams, and C. J. Wilcox*, Dairy Science Department,
University of Florida, Gainesville, Florida, 32601.

Progestins (P), estradiol (E;) and LH were measured in bovine plasma
samples collected from indwelling jugular catheters: daily on days -7
to -4; every 6 h on days -3 and -2; every 2 h from day -1 to ovulation.
Plasma P, E; and LH were measured by radioimmunoassays. An extensive
series of least squares analyses were used to characterize hormonal
interrelationships, animal effects (n=6) and time changes. Time of
peak LH was designated as T_. Plasma P decreased from 5.7 ng/ml at day
-6 to 0.068 ng at T_. Estridiol increased from 2 pg/ml at day -4 to 6
pg at -12 h and thefl increased abruptly to 7.4 pg at T_. This latter
increase in E, was synchronous with the acute preovu]a%ory surge of LH.
Average E, (days -7 to To) differed among cows (p<.01). A positive
association was detected between E; and LH (p<.01), whereas a negative
association was found between P and E, (p<.01). A 50% decrease in E,
occurred by +5 h with a return to basal levels (2 pg) at +14 h. A
linear increase of 0.1 ng LH/ml plasma/day was detected from day -7 to
-0.3 day (-8 h). The least squares mean of LH for this period was 0.82
ng/ml. LH increased to a peak of 13.8 + 6.1 (X + S.D.) ng/ml over an
interval of 4.67 + 1.03 h and returned from the peak to basal levels
during an interval of 5.03 + 1.03 h. These results are consistent with
the hypothesis that a proestrus increase in E,, not P, triggersthe
preovulatory surge of LH in the bovine. (Supported in part by a
Biomedical Science Grant, National Institute of Health).
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VISCOELASTIC PROPERTIES OF ALVEOLAR WALL IN RELATION TO AGE,
Se Chihara* and Ce Jo Martin, Virginia Mason Res. Ctr. and Univ, of
Wash,, Seattle, Wash,

The viscoelastic properties do not change while the maximum extensi-
bility of alveolar wall diminishes with aging in man (JAP 33: 93, 1972),
This has been studied further in Sprague-Dawley rats (1-25 mo) and
rabbits (1-48 mo). Following sacrifice by exsanguination, alveolar
walls (~30 x 30 x 250 ) with different orientation were dissected
free and suspended between length and force transducers in a bicine
buffer (pH 8.8) at 37°, Studies were made of the length-tension (L-T)
and stress relaxation (SR) properties. Thereafter, swine pancreatic
elastase (75 u) was introduced into the tissue bath and SR repeated
after 30 sec incubation, Maximum extensibility (A = maximum length/
resting length), SR (% decay in peak force at 20 sggf and hysteresis
ratio (HR = ratio of area within L-T loop to area beneath loading
curve) were measured, The alveolar wall of rat shows a decrease in SR
(r = -0,75) and HR (r = -0,38) with age. A was not age related.

In rabbit, a like decrease in SR (r = -0,79) and HR (r = -0.40) with
age occurred, Again there was no relationship of A pax to age. Fol-
lowing the short exposure to elastase, SR increased significantly

(p < +01) but still showed a fall with age, Age related changes in
the properties of alveolar wall from rodents are unlike those in adult
man, Such differences in tissue properties of animals may prove
crucial to modelling disease states in man, particularly those states
in which the mechanical properties of lung are altered (obstructive
pulmonary syndromes).

Supported by NHLI PSCOR Grant HL 14152,

Relative Sensitivity of Peak Aortic Flow Acceleration, Velocity and
Stroke Volume During Cardiovascular Interventions in Unanesthetized
Dogs. J.E. Chimoskey, E. Gams*, and L. Huntsman*. Center for Bio-
engineering, School of Medicine, University of Washington, Seattle,
Washington 98195.

There is evidence that peak acceleration is the most sensitive aortic
flow variable (Noble et al., Circ. Res. 19:139, 1966). During investi-
gation of the degree of correlation of common carotid flow acceleration
with ascending aortic flow acceleration in chronically instrumented dogs
we observed that stroke volume may be more sensitive on occasion.
Therefore we have compared peak flow acceleration, peak flow velocity
and stroke volume in five trained dogs, (29-32 kg) chronically instru-
mented with electromagnetic flow probes on the ascending aorta. Experi-
ments began seven to ten days after the operation. The aortic flow sig-
nal was processed electronically to give the first derivative (ac-
celeration) and the intergal (stroke volume). We investigated the res-
ponse to exercise, to sixty second occlusions of the circumflex, the an-
terior descending and both branches of the left coronary artery, to in-
duction of short-acting barbiturate anesthesia, and intravenous infusion
of three concentrations each of isoproterenol (0.8, 2.0, and 4.0 pgm/
min.), levartenol (0.8, 2.0, and 4.0 pgm/min.), and acetyl choline (0.8,
2.0, and 4.0 mg/min.). Peak flow velocity, peak flow acceleration and
stroke volume increased or decreased together. During exercise and the
administration of all of the drugs peak acceleration is the most sensi-
tive (undergoes the most change). During occlusion of either or both
branches of the left coronary artery stroke volume is more sensitive
than the other two variables. (Supported by USPHS Grants GM 16436-05
and HL 07293-12.)
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RESPIRATION, OXIDATIVE PHOSPHORYLATION AND FATTY ACID CONTENT
OF MITOCHONDRIA FROM REGENERATING LIVER, Sook Chong Choi* and
James C. Hall. Dept. of Zoology and Physiology, Rutgers Univ., Newark, N, J.

Mitochondria from regenerating liver of Albino Sprague-Dawley rats were assayed
polarographically for respiratory rate and oxidative phosphorylation and the con-
centrations of corresponding mitochondrial free fatty acids were assayed with gas-
liquid chromatography. Approximately 65% to 70% of the liver was removed by
simple surgical procedure and animals were sacrificed at different time intervals
from 16 hrs to 4 wks after surgery. Mitochondria were isolated in an STE medium
and incubated with succinate as a respiratory substrate, and free fatty acids were
determined in corresponding aliquots. Significant changes in the rate of respiration
and the concentration of free fatty acids were observed in mitochondria from regen-
erating liver. Respiratory control ratios and State 3 respiratory rates were increased
during the regeneration period with the greatest increase in the groups studied at
24 hrs, 72 hrs, and 2 wks after partial hepatectomy. ADP/O ratios were also
elevated, indicating a higher efficiency of ATP formation in mitochondria from
regenerating liver. The concentration of total free fatty acid in mitochondria from
regenerating liver was sharply decreased. The magnitude of this decrease was
correlated with the increase of respiratory activity. The data indicate a tightly
coupled oxidative phosphorylation and increased efficiency in mitochondria from
regenerating liver and a possible shift in energy metabolism from predominant
utilization of carbohydrate to an increased utilization of fatty acids during the
period of liver regeneration. Supported by USPHS Grant No. RR7059.

STIMULATION OF GASTRIC MUCOSA ADENYLATE CYCLASE (AC) BY HISTAMINE (H)
AND ITS METHYL DERIVATIVES AND ITS BLOCKADE BY H2 RECEPTOR ANTAGONIST,
C. F, Code and T. P. Dousa, Depts. of Physiology & Medicine,

Mayo Clinic & Mayo Foundation, Rochester, Mn.

The action of H, its methyl derivatives and metiamide (H, receptor
inhibitor) on the cyclic AMP metabolism was studied in a cell free
system prepared from guinea pig gastric mucosa. H and NM¥-methylhista-
mine (N¥MeH) in concentrations 10°° - 107°M produced a dose-dependent
stimulation of AC contained in 2000 x g sediment of homogenate from
gastric mucosa epithelium. On the other hand, 1:4 N-methylhistamine
had ?inimal stimulatory effect only in the highest concentration used
(107°M). Metiamide, a new H, receptor inhibitor, selectively blocked
the stimulation of AC by H and M¥MeH but had no substantial effect on
the basal AC activity or AC stimulated by 10 mM NaF. Metiamide inhib-
ited the H stimulation of AC at concentrations 100 x less than that of
H. Neither H nor its methyl derivatives nor metiamide influenced the
activity of cyclic AMP phosphodiesterase contained in 10,000 x g super-
natant. Therefore, this study showed that H stimulates gastric mucosa
AC via interaction with the H, receptor without influencing cyclic AMP
breakdown, and that the methylation of H on the side chain preserves
or even increases its stimulating ability. On the other hand, methyl-
ation of the ring nearly abolishes interaction with the H, receptor.
The results support the hypothesis that stimulation of gastric
secretion by H and M¥MeH is mediated in the mucosa by cyclic AMP and
that the differential methylation of H in gastric mucosa provides a
means of regulating its ability to interact with H) receptor.
(Supported by NIH Grants AM-16105 & 5-501-RR-05530-10 and by the
John A. Hartford Foundation, Inc. & Mayo Foundation.)
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TRYPSIN INHIBITORY ACTIVITY OF SURFACTANT PROTEIN.
W.K. Coester and S.C. Westerberg (intr., by U.C. Luft). Lovelace
Foundation, Albuquerque, N.M, 87108

We have found that canine pulmonary surfactant protein inhibits
the activity of trypsin and contains two components that appear to be
serum proteins, Pulmonary surfactant was obtained by endobronchial
lavage of Beagle dogs under halothane anesthesia and from isolated
lungs following perfusion of the pulmonary vasculature with saline,
Cells were removed from the crude lavage fluid by centrifugation for
10 minutes at 1500 rpm and surfactant material was obtained from the
supernate by centrifugation at 20, 000 rpm (4°C) for 30 minutes,
Lipids were extracted from the surfactant pellet with 4;:1 V/V hexane-
ethanol, The surfactant protein was dissolved in saline and studied
by immunoelectrophoresis, Trypsin inhibitory capacity was evaluated
in terms of the ability of the surfactant protein to inhibit trypsin
digestion of a fibrinogen agar substrate, Immunoelectrophoresis
indicated the presence of two proteins antigenically identical to canine
serum proteins, The surfactant protein exhibited trypsin inhibitory
capacity intermediate between absence of inhibition observed in the
saline controls and strong inhibition exhibited by whole serum. Im-
munoelectrophoretic patterns were identical in samples from per-
fused and non-perfused lungs indicating that the serum-like proteins
are true components of the surfactant lipoprotein and are not a
result of blood contamination,

(Supported by NIH grant GRS 05531 and by AEC Contract AT (29-2)-
1013,)

THE EFFECT OF MORPHINE ADMINISTRATION ON TYROSINE HYDROXYLASE ACTIVITY
IN RAT BRAIN. S. L. Cohan*, J. R. Abbott* and G. N. Catravas*. (intr.
by D. 0. Carpenter) Armed Forces Radiobiology Research Institute,
Neurobiology Dept., Bethesda, Md. and Georgetown University, Dept. of
Neurology, Washington, D, C.

Male Sprague-Dawley rats (250-275 gm) were made tolerant to morphine
by twice daily I.P, injections of morphine sulfate (30 mg/Kg/body wt)
for one week and "naive' rats given a single injection of morphine
(60 mg/Kg). Morphine-treated and saline injected controls were sacri-
ficed 15 min to 24 hrs after their last injection and tyrosine hydroxy-
lase (TH) activity determined in cerebrum, hippocampus, thalamus,
hypothalamus, corpus striatum and mid-brain. In "naive'" rats there was
a 35% increase in TH activity in the hypothalamus with a return to
control values within 30 min. In tolerant rats a 407 decrease in
thalamic TH activity was seen 30 min after the last injection and a
30% decrease in corpus striatum activity in the basal ganglia 60 min
after injection.

The rapidity of onset of changes in TH activity suggests that
morphine influences the conformational state of TH rather than the
rate of de novo synthesis. Furthermore, these alterations in TH
activity produced by morphine support the concept that behavioral
changes associated with morphine administration may be mediated by
the catecholamine neurotransmitters,
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LACTATE METABOLISM BY THE ISOLATED PERFUSED RAT KIDNE¥.
OXIDATION AND INTERCONVERSION RATES IN RELATION TO Na
REABSORPTION. Julius J. Cohen, J.R. Little*, Altamese Black?*,
and Margaret C. Bignall¥*., Dept. of Physiol. University of
Rochester, N.Y.

We have quantified the utilization and the metabolic fate
of lactate in the gerfused rat kidney in relation to net Na
reabsorption (T-Na ). The perfusate was 6% bovine albumin
in Krebs—ﬁinger HCOZ, pH 7.4 (95% 02, 5% CO.,) containing
L-(+)-[U-"7C] lactate which was rec1rculatea at 38°C. Three
consecutive 20 min metabolic observations were made starting
15-20 min after perfusion was begun. We determined: a) net
lactate utilization rate, b) lactate oxidation rate, c) glu-
cose production rate and, by difference, d) the rate at which
other products of lactate metabolism appeared. Total lactate
utilization had not reached a maximum a${,10mM (the highest
[lactate] studied); lactate oxidation (™ 'CO, production)
however, was maximal at a perfusate [lactaté] of SmM. The
production rate of both glucose and the other products con-
tinued to increase as [lactate] was raised so that at 10mM
lactate, lactate oxidation accounted for ~30% of total lac-
tate utilized. As net lagtate utilization increased there
was an increase in % T-Na from 76% to 90%. These observa-
tions indicate that the metabolism of exogenogs lactate can
support a significant fraction (v15%) of T-Na while 76% of
T-Na which occurred without added lactate, was probably
supported by substrates bound to the added albumin or by
catabolism of renal tissue. Further, after the substrate
requirements for oxidation are met, lactate utilization in-
creases due to its conversion to other products.

MYOCARDIAL PERFORMANCE IN IRREVERSIBLE HEMORRHAGIC SHOCK. B. Coleman,
J.E. Kallal*, L.P. Feigen* and V.V. Glaviano, Dept. of Physiol. &
Biophys., The Chicago Medical School, Chicago, Illinois 60612
Myocardial performance was evaluated in 6 pancreatectomized dogs
and 8 dogs without pancreatectomy by measuring left ventricular pres-
sure (LVP) and its first derivative (Max dp/dt), left ventricular end-
diastolic pressure (LVEDP), cardiac output (CO), pulmonary arterial
pressure (PAP) and heart rate (HR) during standardized hemorrhagic
shock. Left ventricular function curves were obtained in control dogs
and in the late post-infusion period of hemorrhagic shock, by varying
pre-load (LVEDP) over a range of 5-15 mmHg. Both groups of dogs (with
or without the pancreas) showed similar responses to the shock procedure
In the immediate post-infusion period, LVP, Max dp/dt, LVEDP, mean
arterial pressure and cardiac output returned to near control values
while pulmonary arterial pressure was significantly elevated. The
inability to maintain a normal arterial pressure became evident within
2-3 hours after reinfusion. The decline in arterial pressure was
accompanied by a similar fall in LVEDP. Myocardial performance in
hemorrhagic shock, as shown by the response of the heart to an increased
pre-load, did not differ significantly from control dogs. Left ven-
tricular stroke work and Max dp/dt were comparable at each level of
end-diastolic pressure in the control period, as well as during the
period of irreversible hemorrhagic shock. These data indicate that
terminal hemorrhagic shock need not be accompanied by myocardial
depression. It is suggested that the post-infusion decline in arterial
blood pressure represents primarily an inadequate venous return to
the heart. (Supported by ONR contract NO0Ol4-67-A-0397-0002).
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PRESENTATION OF MATHEMATICAL MODELS OF PHYSIOLOGICAL SYSTEMS TO LARGE
AUDIENCES. T. G. Coleman, A. H. Goodman*, J. H. Loflin*, & R. L. Darby*.
Dept. Physiology & Biophysics, Univ. Miss. Sch. of Med., Jackson, Miss.

Mathematical models can be used to demonstrate the complex interrela-
tionships that often occur in physiological systems and, particularly,
the dynamic behavior resulting from these interrelationships. Most com-
puting systems restrict participation in the modeling process to only
one person at a time. Recognizing that the participation of larger
groups is frequently desirable, we have developed an inexpensive system
that presents mathematical analyses to classroom size audiences and
allows the audience to participate, on-line, in the modeling process.
The solution of the model is controlled from a portable classroom con-
sole that uses a Teletype for changing parameters and/or the basic con-
figuration of the model. The results of the solution are displayed, in
real-time, on four classroom TV monitors receiving a computer generated
video signal containing both graphics and text. The lecturer adds anno-
tation to this picture using a light pen at the classroom console in
conjunction with a console TV monitor. The video signal(annotation) pro-
duced by the light pen is mixed with the computer generated video signal
before being distributed to the classroom monitors. Video signals ori-
ginating both at the computer and the classroom console are generated
from analog voltages using Tektronix 4501 Scan Converter Units.

We feel that the capability of adding annotation in the classroom is
essential to the success of this scheme, specifically because annotation
allows the lecturer to emphasize various details of a given solution as
the graphical display of the solution progresses. Preliminary applica-
tions have produced an enthusiastic response from both lecturer and
students. Supported by NIH Grants HL 11678 and HL 70425.

EFFECTS OF ELECTROCHEMICAL DEPOSITION OF IRON ON LOCAL MULTIPLE UNIT
ACTIVITY OF VARIOUS BRAIN REGIONS IN THE FEMALE RAT, J. A, Colombo%*,
D, I. Whitmoyer%, and C. H, Sawyer. Dept. of Anatomy and Brain
Research Institute, UCLA School of Medicine, Los Angeles, Calif.
Since the original report by Everett and Radford (Proc. Soc. Exp.
Biol. Med, 108, 604, 1961) a phenomenon called 'electrochemical stimu=-
lation" has been widely used in the field of neuroendocrinology. It
is developed by applying anodic direct current through stainless steel
electrodes resulting in the deposition of iron in the tissue, Its
effects on neuronal activity in the rat have generally been assumed
to be stimulatory in nature, regardless of the brain site. In female
rats under urethane anesthesia, with different electrode settings,
we studied local multiple unit activity (MUA) changes within or close
to the area of iron deposition as shown by the Prussian blue reaction,
Electric charges ranging from 30 microcoulombs to 6 millicoulombs
were applied through bipolar concentric or monopolar electrodes, MUA
recording electrodes were placed from 20-600 u distant from the
'active' electrode., After the current was applied a transient (1-2
min) decrease was followed by a progressive increase above control
levels in the integrated and spike rate of MUA in the medial=preoptic
and hypothalamic areas, reaching its maximum 10-15 min afterwards.
Recovery usually occurred between 30~60 min, but in some cases it
took approximately two hours. Charges differing by a factor of two,
applied to the same loci increased the amplitude rather than the
duration of the increase, No significant differences could be
detected between diestrous and proestrous animals, Similar changes
were observed under pentobarbital anesthesia. (Supported by NIH grant
NS-01162, the Ford Foundation and Foundation's Fund for Research in
Psychiatry).
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EVIDENCE FOR A SYNAPTIC AND NON-SYNAPTIC RESPONSE TO L-GLUTAMATE IN
1OBSTER, C. Colton™ and A.R. Freeman, Inst. of Psychiatric Research,
Indiana University Medical Center, Indianapolis, Ind. 46202,

The amino acid, L-glutamate, when applied to the bathing medium ger-
fusing the lobster neuromuscular junction at 18°C induced a depolari-
zation and an increase in effective membrane resistance (l!eﬁ.). This
action was inconsistent with the proposed role of glutamate as a syn-
aptic transmitter. By lowering the temperature to 3°C a second gluta-
mate response, that is, a depolarization and decrease in R,pp, was seen.
Also noted was an apparent enhanced sensitivity of the membrane to
glutamate at 3°C. Ion gubatitution studies on the glutamate induced
responges at 18°C and 3°C, indicated that differenhmechanisms were in-
volved, At 18°C, glutamate induced a decrease in K selgctivity and an
increase in Na* 8electivity, suggesting a depolarizing K* inactivation
process typical of non-synaptic membrane. At 3°C glutamate caused a
glight increase in k* selectivity over control at 3°C. Involvemenl; of
synaptic activation in the glutamate response was implicated by Na  re-
placement studies. In a Tris-substituted mediumothe glutamate re-
sponse at 3°C was blocked while the effect at 18°C was not blocked,

The membrane response to the inhibitory transmitter, GABA, at 3 C, was
not affected by Na* replacement., Specificity for L-glutamate at 3°C
was indicated by the lack of an _ﬁffect of D-glutamabe_har L-aspartate
up to a concentration of 1 x 10™M, At 18°C, 5 x 10~ aspartate caused

a depolarization and increase in Regpe A potentiated excitatory
effect was seen at 18°C when L-aspargate and L-glutamate were applied

gimultaneously,

ENDOTOXIN SENSITIVITY IN CADMIUM ACETATE AND LEAD ACETATE TREATED RATS.
J. A. Cook* and N. R. Di Luzio. Dept. Physiology, Tulane University
School of Medicine, New Orleans, Louisiana 70112

Lead acetate in well tolerated doses has been shown to markedly
enhance the lethal effect of bacterial endotoxin. Recent observations
in our laboratory have shown that cadmium acetate can also induce endo-
toxin hypersensitivity. To evaluate the role of the liver in the
etiology of cadmium or lead induced endotoxin shock, hepatic function
was comparatively evaluated in lead-endotoxin treated rats and in rats
receiving equivalent doses of cadmium plus endotoxin. Rats receiving
either cadmium- or lead-acetate demonstrated enhanced sensitivity to
S. enteritidis endotoxin as denoted by increased mortality, impaired
bromsulphalein (BSP) removal, hypoglycemia, and elevated levels of
plasma glutamic oxalacetic transaminase (GOT) and glutamic pyruvic
transaminase (GPT). Mortality as well as the hypoglycemia and plasma
enzyme activities were greater following combined treatment with
cadmium and endotoxin than with lead and endotoxin. Increased intra-
vascular clearance and hepatic localization of the RE test lipid
emulsion were observed in rats treated with cadmium acetate, denoting
enhanced macrophage function. In contrast, clearance rates and hepatic
localization of the lipid emulsion were depressed following treatment
with lead acetate. These data suggest that dysfunction of hepatic
parenchymal cells contributes to the pathophysiology of cadmium or
lead interaction with endotoxin.(Supported by the American and Louisiana
Heart Associations).
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DECOMPRESSION SICKNESS IN SIMULATED APOLLO-SOYUZ SPACE MISSIONS. Julian
P. Cooke and William G. Robertson. USAF School of Aerospace Medicine,
Brooks Air Force Base, Texas 78235.

The first joint manned space flight between the United States and the
Soviet Union is tentatively scheduled for launch in 1975, and will unite
a U. S. Apollo and a Russian Soyuz spacecraft. The American and Russian
spacecraft have different atmospheres and different pressures, and
interchange will take place by way of a docking module where space suit
pressure may be necessary. Thus the present study evaluates the inci-
dence of decompression sickness in men simulating passage from the
Russian spacecraft atmosphere to the American space suit pressure. Fol-
lowing 8 hours of "shirtsleeve' exposure to 31:69::02:N2 gas breathing
mixture, at 10 psia, subjects were 'denitrogenated" for either 30 or 60
minutes with 100% 02 prior to decompression directly to 3.7 psia suit
pressure equivalent while performing exercise at fixed intervals. Five
of 21 subjects experienced symptoms of Grade I decompression bends after
1 hour of denitrogenation and 3 of these 5 noted the disappearance of
all symptoms of bends while at 3.7 psia. In contrast, 6 among 20
subjects reported bends after 30 minutes of denitrogenation, and 2 of
these progressed to Grade II bends. A 1 hour denitrogenation time is
considered necessary for decompression from 10 psia to a space suit
pressure of 3.7 psia. (Supported by NASA-MSC Contract T-82170, and
performed in accordance with AFR 80-33. Further reproduction is autho-
rized to satisfy the U. S. Government requirements).

REGIONAL METABOLIC MEASUREMENTS FROM ISCHEMIC AND NONISCHE-
MIC MYOCARDIUM. E. Corday, T.W. Lang, S. Meerbaum and J. Osher
(intr. by J.V. Tyberg). Cedars-Sinai Medical Center, Los Angeles, California.

Following intracoronary balloon occlusion of the LAD coronary artery in 31
closed chest dogs, myocardial oxygen consumption (MVOg), lactate extraction
(LE) and potassium balance (K*B) were measured simultaneously and separate-
ly from the occluded (O) and nonoccluded (NO) regions of the heart. Temporary
balloon occlusion of the great cardiac vein provided separation of venous com-
partments for regional blood sampling and thermodilution coronary flow deter-
minations. Following occlusion, myocardial metabolism in O differed signifi-
cantly (* p<0.05) from that measured in NO (mean; C =preocclusion control).

MVO2 (ml/min) LE (A-V)/A (%) K'B {A-V) (mEq/L)
C 3 Hrs O C 3 Hrs O C 3 Hrs O
NO Region 11.8 9.8 34.6 21.1 -0.05 [ -0.13
O Region 5.2 2. 9% 34.8 10.5%* -0. 06 -0.21%*

The extent of the NO region was more than twice that of O, which explains the
MVO2 values in C. Five to 30 minutes after occlusion, both hemodynamics (H)
and metabolism (M) indicated derangement of cardiac function, with maximal K"
loss and lactate production in O. Subsequently, O exhibited little further change
in the rate of K* loss and lactate production persisted. The NO zone M was de-
pressed to a lesser extent. This may be related to compensatory hypercontrac-
tility and increased myocardial afterload due to elevation of systemic vascular
resistance.

Regional measurements from both O and NO permit study of progressive
post-0O developments as well as evaluation of selective interventions which can-
not be adequately assessed from global H and M.
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GLUCONEOGENESIS IN ISOLATED RAT HEPATOCYTES AS A FUNCTION OF FASTING
DURATION. Robert P. Cornell* and James P. Filkins. Department of
Physiology, Loyola University, Stritch School of Medicine, Maywood,
I11inois 60153.

Hepatocytes were prepared enzymatically by 0.05% collagenase and 0.10%
hyaluronidase perfusion of isolated livers from either fed rats or rats
fasted for 24, 48, 96, and 168 hrs. The integrity of the dispersed he-
patocytes was verified by a high percentage (90%) of trypan blue exclu-
sion and a low percentage (10%) of soluble enzyme (lactate dehydroge-
nase and glucose-6-phosphatase) loss through 120 min of incubation at
37C in glucose-free Krebs-Ringer bicarbonate medium. The addition of
either 10 mM lactate or pyruvate--but not alanine--increased the rate of
glucose production by 30% in cells from fed rats over the endogenous
rate (3.04 umoles of glucose/g of protein/min) which was high due to on-
going glycogenolysis. Gluconeogenic rates with the addition of 10 mM
lactate, pyruvate, and alanine (1.71, 2.19, and 1.25 umoles of glucose/g
of protein/min, respectively) were 5 to 10-fold greater than the endo-
genous rate in cells from 24-hr fasted rats. Prolongation of the fast
from 24 hr up to 168 hr resulted in no significant changes in the gluco-
neogenic rates when expressed per g of cell protein. Hepatocyte protein
content decreased continually during this interval from 1.72 mg of pro-
tein per 106 cells for fed rats of 1.13 for 24 hr-fasted and 0.79 for
168 hr-fasted rats. Similar percentage decreases of total liver weight
with fasting were determined. These findings support the concepts that
during prolonged fasting in rats (1) the gluconeogenic pathway in liver
remains intact despite marked hepatocyte proteolysis and (2) the presen-
tation of substrate primarily from extrahepatic sources, viz. skeletal
muscle, provides important physiological control of hepatic gluconeo-
genesis. (Supported by NIH Grants HL 08682 and HL 14540.)

EFFECTS OF DEHYDRATION ON MUSCLE METABOLISM DURING EXERCISE
David Costill and Bengt Saltin*, Ball State University, Muncie,
Indiana and Gymnastik-och idrottsh&gskolan, Stockholm, Sweden.

A greater reduction in physical work capacity has been observed
after dehydration due to heavy exercise than when the sweating was
induced by a thermal heat load. Measurements of intracellular and
extracellular fluid compartments suggest that cellular disturb-
ances are responsible for the greater "fatigue" experienced with
exercise dehydration. The aim of this study was to compare the
effects of exercise and thermal dehydration on selected metabolic
responses during exercise. Six men performed a 5 min, standard
cycling task (80% Vop max) before and after dehydration and after
rehydration. Blood, muscle tissue (vastus lateralis), heart rates
and respired air were sampled in conjunction with each exercise
bout. No differences were observed between the two forms of de-
hydration with regard to blood and muscle lactate concentrations
following the exercise task. The water content of the muscle
samples was not significantly altered by the 4% reduction in body
weight. While exercise dehydration produced a significant decline
in muscle glycogen concentration, prolonged exposure (3-3.5 hr) to
a hot environment (80-95° C) resulted in a consistent rise in
muscle glycogen. When compared to the thermal dehydration treat-
ment, exercising heart rates and total oxygen consumption were
greater when sweating was induced via prolonged exercise. These
data suggest that the greater reduction in physical work capacity
observed following exercise dehydration is a result of glycogen
depletion rather than a decrease in intramuscular water.
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ENHANCED PRESSOR RESPONSE PECULIAR TO VASOPRESSIN IN BARORECEPTOR DE-
NERVATED AND AREFLEXIC DOGS. Allen W. Cowley, Jr. and Arthur C. Guyton.
Dept. Physiol., Univ. Miss. Sch. Med., Jackson, Miss. 39216

Greatly enhanced pressor sensitivity to vasopressin (Pitressin) was
obtained in conscious baroreceptor denervated dogs and studies were per-
formed to quantitate the significance of the observations. One hour
intravenous infusions of vasopressin were compared to infusions of nor-
epinephrine in 3 types of dog preparations: unanesthetized normal dogs
(N=7); unanesthetized sino-aortic baroreceptor dogs (N=6); and decapita-
ted areflexic dogs (N=6). Doses of vasopressin infused ranged from 0.05
to 100 mU/kg/min; norepinephrine ranged from 0.03 to 2.0 ug/kg/min. The
results showed that areflexic dogs were the most pressor sensitive to
vasopressin infusions, followed by baroreceptor denervated dogs.
Threshold pressor responses were obtained with doses approximating
physiological secretion rates under various conditions. The regression
equation for normal dogs was y = 16.8 log x - 1.7(r = 0.74); denervated
dogs y = 23.0 log x + 29.9(r = 0.64); decapitated dogs y = 51.7 log x
+ 64.5(r = 0.94). To obtain a 25 mmHg elevation in mean arterial pres-
sure (MAP), 38.0 mU/kg/min must be infused in a normal dog, 0.61 mU/kg/
min in a baroreceptor denervated dog, and only 0.18 mU/kg/min in decapi-
tated dogs. In contrast the pressor sensitivity to norepinephrine be-
tween normal and denervated dogs was considerably less, yielding a re-
gression equation of y = 34.6 log x + 43(r = 0.80) in normal dogs com-
pared to y = 55.8 log x + 79(r = 0.8) in baroreceptor denervated dogs.
An infusion rate of 0.3 ug/kg/min was required to obtain a 25 mmHg MAP
rise in normal dogs compared to 0.l ug/kg/min in denervated dogs. The
results suggest that vasopressin could be actively involved in determin-
ing the overall gain of the sino-aortic baroreceptor reflex system and
that under certain conditions could have a significant effect on arter-
ial blood pressure. Supp. by NIH grants HL 14306 and HL 11678.

STUDENT LABORATORY EXERCISE IN TEMPERATURE REGULATION.
Albert B. Craig, Jr., and William M. Abraham* Department
of Physiology, University of Rochester School ot Medicine
and Dentistry, Rochester, New York 14642.

A very simple and inexpensive laboratory exercise using
only clinical rectal thermometers, an accurate scale for
body weight, and a basketball court has been organized for
several years to demonstrate the principles of temperature
requlation. After control observations the students form
two equal teams and play basketball for one hour interrupt-
ing play briefly for experimental measurements. During the
30 minute recovery period, they are told to drink enough
water "to satisfy their needs."

Average Control Exer.15 30 60 min. Recovery
Rectal Temp. 37.4 38.7 39.3 39.5 38.4 C
Heart Rate 75 128 137 136 94/min
Weight /6.11 - - 75.14 75.52 kg

Water intake during recovery was 460 ml or 47% of weight
loss. Conferences which are held on a difterent day, empha-
size the control of body temperature, mechanisms of heat
loss, role of thirst in the control of body fluids, and in-
terrelationships of temperature and cardiovascular responses
The laboratory exercise is well received by the students.
Although our experience is limited to medical students, the
experiments may be useful to many other types of students

at both the graduate and undergraduate level.
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EFFECTS OF EXERCISE ON HEAT BALANCE DURING HEAD OUT IMMER-
SION IN WATER. Albert B, Craig, Jr,, and Maria Dvorak*
University of Rochester 5chool of Medicine™and Déntistry,
Rochester, N. Y. 14642

Heat balances were measured in eight normal subjects dur-
ing exercise in water at 28 C. Heat exchanges between the
subject and the water were measured by direct calorimetry.
Heat balances were calculated as the differences between
heat production and the sum of heat losses from the respira-
tory tract, head, and those to the water. The temperature
of the insulated external auditory canal (Te) showed an in-
crease in the first 15 minutes and was the same as control
at the end of 30 minutes of immersion at rest. The subject
then began exercise which doubled the oxygen consumption.
The T, decreased precipitously, .49 C, during this second
half hour, In another series of experiments in which the
subjects exercised during the first half hour, the Te de-
creased .17 C, and during the next half hour when they were
at rest, the Te decreased another .20 C. By contrast the
heat balance, expressed as change in mean body temperature,
was -1.25 C and -.57 C during the first and second half
hours respectively 1in the rest-exercise and -1.46 C and
-.83 C during the exercise-rest experiments. These data
indicate that light exercise in water of 28 C does not sig-
nificantly increase loss of heat from body stores but causes
an internal shift of heat trom central to the peripheral
parts. Supported in part by USPHS, NIH Grant 5ROl HL09676-
08.

EFFICIENCY OF EVAPORATIVE COOLING FROM WET CLOTHING., F. N, Craig and
J. T. Moffitt.* Biomedical Laboratory, Edgewood Arsenal, Aberdeen
Proving Ground, MD.

Two men wearing fatigue clothing walked on the treadmill and stored
heat at rates of from -14 to +121 W/m=. Twenty-one tests were made to
relate the efficiency of evaporative cooling, E/E', to the water content
of the clothing, D. The heat lost from the body by evaporation, E, was
obtained from the equation E = M+R+C-S, where metabolism, radiation and
convection were estimated, and storage was determined from changes in
skin and rectal temperatures. The total heat of evaporation, E', was
determined from the change in clothed body weight. D was the ratio of
the average wet weight of the clothing to the standard dry weight; the
wet weight varied during the walk with the rates of evaporation and
sweating and with the amount of water added initially. As D increased
there was little change in M, R and C, but E' increased more than E and
the increase in E was counterbalanced by a decrease in S. The approach
of E/E' to unity at minimum values of D supported the validity of the
estimates of M, R and C. In six sets of tests under different conditims
the average data were D 1.05, E/E' 0.96, for no water added; D 1.20,
E/E' 0.72, for 400 g added; and D 1.47, E/E' 0.59, for 1000 g added. A
decrease in E/E' with an increase in D was to be expected, but the
extent of the decrease could not have been predicted.
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REGIONAL LIPID AND GLYCOGEN UTILIZATION ACROSS THE ISCHEMIC DOG LEFT
VENTRICULAR WALL. M. F. Crass, LII and J. W. Holsinger, Jr.*
University of Nebraska Medical Center and Veterans Administration
Hospital, Omaha, Nebraska.

Biochemical and histological evidence has suggested a greater sus-
ceptibility of the subendocardium (SENDO) to ischemic damage and
necrosis as compared with the midmyocardial (MID) and subepicardial
(SEPI) layers. Regional metabolism of exogenous fatty acids was
studied by infusion of 5 uc l"C—palmitic acid bound to albumin into
the left circumflex artery of mongrel dogs. The artery was either
occluded by ligation (L) or left patent (C). After 2 hours transmural
tissue samples were obtained and frozen in liquid nitrogen. Sections
(2-3mm thick) were cut from SEPI, MID and SENDO layers. Extraction
and analysis of total and !“C-lipids and glycogen determinations were
performed. In C: SENDO contained only 20% of total '“C-lipids found
in MID and SEPI; in all layers, glycerides (GLY) comprised 30-38% and
phospholipids 60-70% of total ‘“C-lipids; a gradient in glycogen
content from SEPI to SENDO (SEPI<MID<SENDO) was observed. In L: a
similar gradient in total 1"C—lipids was demonstrated, however
GLY-!"C was increased 10-fold in MID and SEPI and 15-fold in SENDO
as compared with respective C values; ischemic (hypoxia)-induced net
glycogenolysis was observed transmurally, however glycogen breakdown
was significantly greater in SENDO. These data suggest that regional
variations exist in the metabolism of exogenous fatty acids and
glycogen in normal and ischemic dog left ventricle.

ACQUISITION OF A CONDITIONED EYEBLINK RESPONSE DURING DENERVATION OF
ORBICULARIS OCULI MUSCLES IN THE CAT. T.J. Crow* and C.D. Woody. Lab-
oratory of Neurophysiology, Mental Retardation Center, UCLA, Los Ange-
les, Calif. 9002k,

Studies examining the importance of the integrity of peripheral motor
pathways in conditioning as opposed to movement or proprioceptive feed-
back have produced contradictory results. Our experiment investigated
the effect of crushing the VIIth nerves on the acquisition of a condi-
tioned eyeblink response. Following crush lesions of the facial nerves,
cats (N=5) received 13 training sessions consisting of 150 pairings of a
click CS followed by glabella tap (interstimulus interval of 400 msec).
EMG activity recorded from the denervated muscle provided a precise
measure of motor responses, thus ensuring that subliminal myokinetic re-
sponses did not occur during the training period. The subsequent behav-
ioral tests following recovery of nerve function demonstrated that ac-
quisition of a blink CR does not require the integrity of the peripheral
motor pathway. The nerve crush group reached a level of 66% CRs as com-
pared with 61% CRs for a group of normal control cats (N=5) receiving 13
training sessions. Although anatomical evidence suggests that crush le-
sions of the facial nerve result in a displacement of synaptic terminals
from the surface of the soma membranes of facial motoneurons, electro-
physiological evidence has shcwn that EPSPs can be evoked in facial
motoneurons following injury to facial nerves. Our results and the e-
lectrophysiological evidence are of significance in view of recent find-
ings that antidromic activation of facial motoneurons by electrical
stimulation of the VIIth nerve may be a sufficient condition for acqui-
sition of a conditioned eyeblink. (Supported by USPHS HD-05958,
HD-04612 and Calif. Dept. of Mental Hygiene.)
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RIGHT ATRIAL RECEPTORS MEDIATE THE ADRENOCORTICAL RESPONSE TO SMALL
HEMORRHAGE. GEORGE L. CRYER* AND DONALD S. GANN. The Johns Hopkins
University School of Medicine, Baltimore, Maryland 21205.

Previous experiments have shown that cardiac receptors (low-pressure
system) are involved in changes in secretion of cortisol in response to
hemodynamic changes. Arterial receptors (high-pressure system) are also
involved in this response. When the high- and low-pressure receptor
areas are pitted against each other by a controlled pressure difference
of 15-20 mmHg (aortic or pulmonary artery constriction) the low-pressure
receptor area predominEYés, causing a decrease in secretion of cortisol.
Further, vagotomy abolishes the response to 5 ml/kg hemorrhage. The
present experiments were performed to determine the role of right atrial
receptors in the adrenocortical response to small (5 ml/kg) hemorrhage.
2] dogs were studied one day after adrenal vein cannulation and place-
ment of a small inflatable balloon inside the right atrium. Timed
adrenal venous blood samples were collected before and after hemorrhage
with and without simultaneous balloon inflation and were analyzed for
cortisol (RIA). 5 ml/kg hemorrhage without balloon inflation leads to
increased secretion of cortisol (31% maximal, t 7%); whereas 5 ml/kg
hemorrhage with simultaneous balloon inflation leads to a diminished
response (13% maximal, + 3%). The difference in the two responses was
significant (P<G.025). These results, with previous data, suggest that
right atrial receptors play a primary role in the adrenocortical
response to small hemorrhage.

THE FLOW LIMITING SEGMENT IN THE AIRWAY. B. Culver*, J. Friend*,
V. Loverde*, and J. Butler. Department of Medicine, University of
Washington, Seattle, Washington.

Forced expiratory flow rates from the lung reach a maximal value for
a given lung volume which cannot be exceeded by additional effort. This
can be explained by collapse of a portion of the airway to limit flow
in the manner of a Starling resistor. We have studied maximal expira-
tory flow in normal excised and in situ dog lungs using an isovolume
preparation in which air flow is introduced into the lung via multiple
retrograde catheters. Lung volume and the driving pressure (between
alveolar and tracheal outlet pressure) can be varied independently and
maintained in a steady state. The equal pressure point (EPP), where
airway transmural pressure is zero, occurred predominantly in the lobar
bronchi just upstream from a segment along which a marked pressure
change occurred. We consider this to be the flow limiting segment (FLS).
At low lung volume the EPP moved upstream, but the FLS remained fixed
in its location through a wide range of lung volumes. The FLS was very
short (<1cm) and consistently occurred between the lobar and main
bronchus. The position of the FLS was the same in this preparation as
in pressure-flow deflation studies performed on the same lobe. The
retrograde catheters bypass the most peripheral airways, but in studies
using buttons glued on the pleura the air flow was introduced directly
into the lung parenchyma and the characteristics of the FLS were the
same. Preparations using two or more lobes and both lungs were studied
using both dynamic deflations and the isovolume technique. The FLS was
again in the same location as in the single lobe experiments, showing
it to be independent of downstream events. Results in lobes studied in
living open-chested dogs have not differed from those of excised lungs.
(Supported by NHLI Grant HL-14152-03 and USPHS Grant HL-12630).
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ROLE OF THE CAROTID BODIES IN THE SENSATION OF BREATHLESSNESS.

J. Terrance Davidson*, Karlman Wasserman, Brian J. Whipp, Sankar Koyal*,
and Robert Lugliani*. Harbor General Hospital, Torrance, UCLA School of
Medicine, Los Angeles, Ca. and Hadassah University Hospital, Jerusalem,
Israel.

To determine the role of the carotid bodies in the sensation of
breathlessness during hypoxia and hypercapnia, breath-holding studies
were performed in normal subjects and subjects with asymptomatic asthma
who had had bilateral carotid body resection (C.B.R.). The breath-
holding times and the alveolar Oy (P50y) and COp (PACO) tensions were
determined in each subject following inspiratory vital capacity breaths
of 100%, 50%, 20% and 12% and after breathing 127% 02 for one minute.
Breath~holding time averaged 2.2 minutes after a single breath of 100%
0y in both groups. In normal subjects, breath-holding time and PACO2 at
the breaking point progressively decreased as PAOZ decreased. In the
normal subjects, PACO2 was approximately 10 mmHg. lower than that for
the C.B.R. group at a PAO = 50 mmHg. In contrast, there was no change
in P,CO, or breath-holding time at the breaking point until PA02 de-~
creased below 50 mmHg., in the C.B.R. group. In the latter group,
breath-holding time decreased at Py,0, values between 25 and 50 mmHg. but
was still twice that of the control subjects when their PAO = 50 mmHg.,
the lowest value reached by the normal subjects. These studies indicate
that 1) the carotid bodies play a role in the breaking point of breath-
holding, when Pj0p is below 300 mmHg. 2) the well recognized interaction
of CO, and 0, tension on respiratory control appears to occur exclusively
at the level of the carotid bodies, and 3) the sense of "breathlessness"
in hypoxic states is reduced in the C.B.R. subjects as evidenced by pro-
longed breath-holding times and increased P5CO, and decreased P,0.
values at the breaking point. (Supported by NIH Grant HL 11907.)

GAS-BLOOD Pco2 GRADIENTS DURING AVIAN GAS EXCHANGE. D. G. Davies*and
R. E. Dutton.” Department of Physiology, Albany Medical College,
Albany, New York 12208.

It has been suggested that the avian respiratory system is a cross-
current gas exchange system (Scheid and Piiper, Resp. Physiol. 16: 304-
312, 1972). One of the aspects of this type of gas exchange system is
that end expired gas Pco2 can be higher than arterial Pco,, the limiting
value being mixed venous“Pco,. Steady-state measurements of arterial,
mixed venous and end expired Pco, were made in 5 anesthetized,
spontaneously breathing chickens“during administration of room air and
2, 4, 6 and 8 7 CO,. End expired Pco2 was found to be higher than both
arterial and mixed venous Pco,, the magnitude of the differences being
directly related to the [H' ] and [HCO, ] of the mixed venous blood:
(APco, (end expired-mixed vsnous) = 0.2873 [H+]V - 7.05, p < .001 and
APc02 / [HCO, ] = 0.0128 [H']¥ - 0.308, p < .001). These observations
are explainagle by the charged membrane hypothesis proposed by Gurtner,
Song and Farhi (Resp. Physiol. 7: 173-187, 1969) to account for similar
alveolar to mixed venous Pco, differences under conditions of no gas
exchange. The fact that end expired Pco, was higher than arterial Pco
in the chicken can be explained on the basis of cross-current gas
exchange. However, positive differences between end expired and mixed
venous Pco, must be accounted for by some other mechanism. If the
charged mefibrane effect were present in the avian respiratory system,
this could explain these observations. This study suggests that the
avian respiratory system can be used as a model for testing the
validity of the charged membrane hypothesis.

(Supported by NIH grant HL 12654 and Heart Association of Eastern N. Y.)

2
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Effect of Physical Training on Canine Ventricular Fibrillation Threshold
Albert K, Dawson*, Henry L. Taylor, & Marvin Bacaner.

Stainless steel electrodes were implanted in the left ventricular
myocardium of adult, 13-26 kg., mongrel dogs and a snare placed around
the left anterior descending coronary artery (LAD) approx. 2 cm. distal
to its origin. After recovery (about one month), the dogs were randomly
assigned to either an exercise (E) or a control (C) group. Average
exercise was 6.5 mph at 30% grade for 30 min. once daily for 5-6 weeks.
Ventricular fibrillation thresholds (VFT) were determined under sodium
pentobarbital anesthesia in all dogs in the normal (N) (i.e., snare not
pulled or heart not made ischemic) and in the ischemic (I) (snare
temporarily closed) heart just prior to (B) and at the end of (A) this
5-6 week experimental period. Out of a total of 114 measurements made
in 9 E and 10 C dogs NVFT [means *+ S.E. (ma.)] were

Exercise Dogs Control Dogs

B 26,22+ 2.66 24,20 £1.94

A 41,06+ 5.55 27.34 £2.70

Mean differences (A-B) 14.83 £ 3,97*% 3.14 £2,62%

*significantly different (0.02 <p< 0.05)

From 20 measurements made in 6 E and 4 C dogs, the mean differences in
I VFT (A-B) for E and C dogs were 23.67 £+12.73 and 6.00%4.50 ma. resp.
(not significantly different). 4 C and 4 E dogs underwent limited
additional NVFT at the end of the experimental period while conscious
(CN) and while under sodium pentobarbital anesthesia (PA). Mean
differences in NVFT (CN-PA) for E and C dogs were 14.58% 3.77 and

2.58 * 1,88 ma. resp. These mean differences were significantly
different (0.02 < p< 0.05). These findings indicate that exercise

may modify VFT. Further study of this problem is warrented.

ISOLATION AND CHARACTERIZATION OF SIALIC ACID-LIKE
SUBSTANCES FROM BEETLE HEMOLYMPH

Ronald R. DeGregorio* and Robert T. Heath
Dept. of Biological Sciences, Kent State University

Two substances have been isolated from 4th larval in-
star hemolymph of the Colorado potato beetle, Leptinotarsa
decemlineata, by molecular filtration and ion exchange
chromatography. Each compound develops a different chrom-
ogen in Warren's thiobarbituric acid (TBA) assay. Compound
I forms a TBA chromogen with an absorption maximum at 532nm,
identical to the TBA chromogen formed from 2-deoxyribose,
while compound II forms a chromogen with an absorption max-
imum at 549nm, identical to the TBA chromogen formed from
2-keto, 3-deoxyaldonic acids, such as sialic acids. Neither
compound develops color in the direct Ehrlich test nor do
they form pyrroles upon treatment with weak base, tests
specific for sialic acids. Molecular weights, determined on
Sephadex G-10, are 325 and 160 for compounds I and II, re-
spectively. Behavior of both compounds on Dowex resin is
strongly anionic. Both substances are found free in the
hemolymph but there is evidence that compound I may be bound
to a high molecular weight molecule by an acid labile bond,
readily cleaved with O.IN H,50, at 80° for 1 hr. The evolu-
tionary significance of sialic acid-like materials found
in a protostomic organism is discussed.
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LYMPH FLOW ALTERATIONS SECONDARY TO CHANGES IN SERUM CALCIUM. Maximo
Deysine, Milan Mader*, Eliseo Rosario* and Charlotte Mandell*. L.I.
Jewish-Hillside Med. Ctr., New Hyde Park, N.Y. and Health Science Ctr.,
SUNY, Stony Brook, N.Y.

To clarify our observation that increases in serum calcium (Ca) aug-
ment thoracic duct lymph flow (TDLF), we injected this ion in increments
of .5mg.Kg./BW in five intact and five parathyroidectomized dogs observ-
ing a linear dose related response. To rule out artifacts altering
TDLF, all animals in this and the following series were rendered apneic
with I.V. nembutal and ventilated with a respirator through a cuffed
endotracheal tube. Dogs were divided in groups of five and subjected
to the following procedures: Striated muscle paralysis obtained by
L tubocurarine (.53mg.Kg./BW) or succinylchlorine chloride (.2mg.Kg./BW-
minute) failed to prevent the TDLF raise after Ca injection. Atropini-
zation (.40mg.Kg./BW) also could not prevent the response producing
instead a 500% increase over control values (.3 ml. to 1.5 ml. of lymph
per minute). Because increases in arterial blood pressure (ABP) are
followed by TDLF raises and calcium augmented ABP, the effect of com
plete sympathetic blockage was studied in two groups of five control and
five parathyroidectomized dogs. All animals were adrenalectomized and
treated with reserpine (.5mg.Kg./BW in three doses 24 hours apart),
phenoxibenzamine hydrochloride (4mg.Kg./BW infused in 45 minutes) and
propranolol (lmg.Kg./BW infused in 30 minutes). Ca injected after all
drugs were administered (5mg. of Ca ion per Kg./BW) produced a signifi-
cant augmentation in the ABP (P<.0l) and a very significant raise in
TDLF (P<.001). This TDLF raise was significantly less than that ob-
tained by atropinization. These experiments suggest that the sympa-
thetic system exerts some control on lymph propulsion by direct action
or by raising ABP.

TUMOR DEVELOPMENT AS INFLUENCED BY HUMORAL RECOGNITION FACTORS.
N. R. Di Luzio, R. McNamee*, I. Olcay*, A. Kitahama*, R. H. Miller*, and
E. 0. Hoffmann*, Departments of Physiology and Surgery, Tulane Univer=
sity School of Medicine, New Orleans, Louisiana 70112

The reticuloendothelial (RES) system constitutes a fundamental sur-
veillance mechanism by which foreignness in the internal environment can
be detected. Recognition factors, which are present in the &X -globulin
fraction of plasma have been demonstrated in our laboratory to consti-
tute one component of macrophage surveillance since phagocytic expres-
sion is deficient in the absence of recognition factors. Since our
laboratory has also demonstrated that depletion of recognition factors
occurs in experimental and clinical neoplasia, studies were undertaken
to clarify the contribution of macrophages and recognition factors to
neoplasia. Recognition factors, isolated from human plasma, were
employed to possibly enhance tumor cell detection and destruction.
Employing Shay chloroleukemic cells as the transplant, recognition fac~-
tor administration at the tumor cell site at the time of transplantation
induced an 86% decrease in tumor weight and increased the degree
of tumor rejection. Specificity of the recognition factor inhibitory
response on tumor growth was demonstrated by the observation that admin-
istration of human serum albumin resulted in no modification in tumor
growth. The isolated recognition factor fraction enhanced phagocytosis
in vitro and in vivo and also exerted a pronounced chemotactic effect.
These studies denote that macrophages and recognition factors by their
phagocytic promoting and chemotactic influences may be of significant
importance in tumor cell detection and rejection mechanisms.
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ADRENERGIC EFFECTS ON aQSTPACING ASYSTOLE IN AV BLOCK.
J. DiSalvo, G. Newman, "and G. Grupp. Depts. of Med. &
Physiol., CoTT. of Med. Univ. of Cinn., OH 45229.
Cessation of ventricular pacing in dogs or man with AV
block causes ventricular asystole of variable duration.
The possibility exists that the variable duration of post-
pacing asystole (PPA) or the resumption of ventricular
beating depends on adrenergic mechanisms. To test this
hypothesis we studied effects of beta-adrenergic drugs on
time required for ventricular escape, or duration of PPA in
unanesthetized dogs with chemically induced chronic AV
block. The duration of PPA increased from 1 to 6 sec as
pacing rate was increased from 90 to 150 bpm. Similarly,
when the duration of pacing at 120 bpm was lengthened from
5 to 120 sec, PPA increased by about 1 to 8 sec. Further
increases in pacing rate or duration of pacing either de-
creased or produced no further change in PPA. After admin-
ijstration of either dl1-propranolol, practolol, or sotalol
PPA increased by 2 to 40 sec. above control values. In
contrast d-propranolol which has only about 1/50 the beta-
blocking effect of dl-propranolol, but comparable "quini-
dine"-1ike action, had only minimal effects on PPA. The
findings suggest that the canine ventricular pacemaker is
dependent on adrenergic activity and that duration and rate
of ventricular pacing influences the development of the
ventricular pacemaker potential. (Supported by Am. H.
Assoc. S.W. Ohio Chap., and USPHS-HL6307.)

Factors Influencing Dynamic Lung Compliance in Man.

J. Dosman*, R. Antic*, F. Bode*, J. Urbanetti*, R. Martin*
and P.T. Macklem. Meakins-ChristIe Laboratories, McGill
University Clinic, Royal Victoria Hospital, Montreal
Canada.

We measured dynamic compliance (Cdyn) at different fre-
quencies (bpm) in 34 non-smoking normal males and females
age 30-59 yrs. 1In those aged 30-49 the Cdyn at 90 bpm was
significantly higher than at 15 bpm while those aged 50-59
showed no significant difference. Assuming an inertance of
0.01 cmH20/1/sec2? and a sinusoidal breathing frequency
Cdyn at 60 and 90 bpm was corrected for inertia. This re-
sulted in no significant difference between Cdyn at 15, 60
and 90 bpm in the 30-49 age group whereas in the 50-59 age
group Cdyn at 15 bpm was significantly higher than at 90
bpm (p€0.05). 1In this group 4 out of 8 subjects were
significantly frequency dependent when corrected for
inertia. These findings indicate that inertia significant-
ly influences Cdyn at breathing frequencies of 60 per min.
and above. Unless this is taken into account frequency
dependence of compliance may be missed. The results also
indicate that frequency dependence of compliance is normal
in some older individuals but is not normal in the younger
age group.

Supported by the M.R.C. of Canada and N.H.L.I. Contract
# 73-2902 (R).
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CLONAL ISOLATION OF DIFFERENTIATED RAT LUNG CELLS.

William H,J. Douglas,* M. Edward Kaighn,* Ralph A. Redding,* and Myron
Stein. W. Alton Jones Cell Center, Lake Placid, New York, and Brown Uni-
versity, Providence, Rhode Island.

Retention of tissue=specific characteristics and biochemical functions of in
vitro cells obtained from liver and other organs is now well established. These
successes directed our efforts to isolate cell strains possessing characteristics
typical of type Il pneumonocytes from normal lungs. Suspensions of cells were
obtained from adult rat lung utilizing enzymatic digestion. Thirty clones de-
rived from single cells were isolated, individually grown into populations of
107 cells, frozen, and stored in liquid Np. The clonal approach avoids the
problem of selective overgrowth of one cell type by another. All clones thus
far examined possess a diploid female rat karyotype. Although some clones
were fibroblastic, among the epithelial cell types, were four clones which
contained osmiophilic lamellar bodies in their cytoplasm when examined by
electron microscopy. The lamellar bodies were morphologically identical to
those found within in situ type Il cells from whole lung. In addition, lamellar
body fractions were isolated both from cultured cells and whole lung tissue
utilizing differential osmotic gradient centrifugation, and were found to be
morphologically similar., These observations suggest that the four clones were
derived from type 1l alveolar cells because they retained some tissue=specific
characteristics and biological function. (Supported in part by NIHL-15266).

THE EFFECTS OF ANTIDIURETIC HORMONE (ADH), PARATHYROID HORMONE (PTH)
AND THYROCALCITONIN (TCT) ON THE CYCLIC AMP FORMATION IN KIDNEYS OF
SUBMAMMALIAN VERTEBRATES. Thomas P. Dousa, Depts. of Medicine and
Physiology, Mayo Clinic & Foundation, Rochester, Minnesota 55901

The effect of ADH, PTH and TCT on the cyclic AMP formation in mem=-
brane preparations (washed 600 x g sediments) from kidneys and some
other tissues of submammalian vertebrates have been studied in vitro.
Adenylate cyclase was found in all preparations from all studied spe-
cies and was several fold stimulated by lOmM sodium fluoride. Vasotocin,
the submammalian ADH, stimulated cyclic AMP formation in kidneys of
bullfrog and toad but did not influence adenylate cyclase prepared from
pigeon, chicken, alligator goldfish and catfish kidneys or from gold-
fish gills. Adenylate cyclase prepared from amphibian urinary bladders
was markedly stimulated by vasotocin while the enzyme from rat urinary
bladder gave no hormonal response. Marked, dose-dependent stimulation
by bovine PTH was observed in preparations from kidneys of birds and
alligator but not from amphibian kidneys or urinary bladders or from
teleost fish kidneys and gills. No stimulation of cyclic AMP formation
by porcine TCT was detected in preparations from all tested vertebrate
tissues with the exception of preparations from rat kidneys.

Results suggest that the renal response to ADH in amphibians and the
renal response to PTH in birds and reptiles are mediated by cyclic AMP
in the similar way as it is in mammals. Lack of hormonal stimulation of
cyclic AMP formation in vitro in some studied tissues might reflect
either the total absence of hormonal receptors associated with cyclic
AMP-generating system in these respective organs, or its presence in
only very small quantity.

(Supported by NIH grants AM-16105, 5 SOL-RR-055-30-10 and by Mayo
Foundation).
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INHIBITION Or CORONARY FLOW BY A SLUICE MECHANISM AND AN ESTIMATE OF
THE INTRAMYOCARDIAL PRESSURE. James M. Downey and Edward S, Kirk (Intr.
by Carleton H. Baker). Univ. of South Florida, Col. of Med., Tampa,

Fla. and Peter Bent Brigham Hosp., Boston, Mass.

The present study examines the mechanism whereby systole inhibits
coronary blood flow. The pressure flow relationship was examined in
the canine left coronary artery which was maximally dilated with
continuous infusion of adenosine. By periodically arresting the heart
with vagal stimulation the pressure flow relationship during asystole
(PFp) could be compared to that in the beating state (PFp). The PFy
was found to be linear from 20 to at least 250 mm Hg. The PFp was
shifted to higher pressures and in the range above peak ventricular
pressure was also linear and parallel to the PFj. Below peak ventricu-
lar pressure, however, the PFp was markedly convex to the pressure
axis. These results were compared to data from a model of the coronary
bed consisting of numerous parallel channels, each responding to local
intramyocardial pressure (LIP) by formation of vascular sluices; local
flow = K. (perfusion pressure - LIP), When LIP was assigned values
from O at the epicardium and increasing to ventricular pressure at the
endocardium the model duplicated the experimental data. Increasing
LIP in the model to values greater than ventricular pressure produced
curves clearly different from those obtained experimentally. Thus, it
was concluded that systole inhibits coronary perfusion by a vascular
sluice mechanism and that the compression experienced by the coronary
vessels does not exceed ventricular pressure. Supported by
Hillsborough County Heart Association and USPHS Grant # 5T01-HL-05890.

EFFECTS OF AN ANTAGONISTIC ANALOGUE OF OXYTOCIN ON THE ELECTRICAL
AND MECHANICAL ACTIVITY OF UTERINE SMOOTH MUSCLE Rosemarie S.
Drake!l(intr. by E. L. Gasteiger) Department of Physical Biology,
N. Y. S. Vet. Col. Cornell University, Ithaca, N. Y. 1L850

The effects of oxytocin and l-deaminopenicillamine-oxytocin
(Schulz, H. and V. du Vigneaud. J. Med. Chem. 9: 647-650, 1956) on
the electrical and mechanical activity of the Ebn-pregnant rat uterus
have been studied in vitro by use of intracellular microelectrode
recordings and isometric tension measurements. It was determined
that the transmembrane potential of the estrous uterine muscle is
relativelylow (-L1.52 mv, S.E. * 0.97, n=200), spontaneous contrac-
tions were associated with membrane activity and the pattern of spon-
taneous discharges was irregular. The amplitude of the action
potentials was small (13.36 mv, S.E. * 0.68, n=38); no overshoot
potentials were observed. Oxytocin (1.16 x 10~-!0 moles) increased
the force, frequency and duration of the uterine contractions. No
depolarizing effect was associated with oxytocin, i.e. the resting
potential was not significantly affected (Em = -39.05 mv, S.E. %
1.02, n=200). Increased spike amplitude was observed. l-Deamino-
penicillamine-oxytocin (2.25 x 10-% moles) was devoid of oxytocic
activity. It had no effect on the mechanical activity, the resting
potential (E; = -42.02, S.E. # 1.15, n=200), the action potential
amplitude or the pattern of discharge. The analogue consistently
inhibited the effect of oxytocin. The results are consistent with
those previously reported by Chan et al. (Endocrinology 81: 1267-
1277, 1967) for isotonic contractions. 1-Deaminopenicillamine-
oxytocin has high specificity for the oxytocic receptor, since it
does not inhibit the spontaneous activity of this tissue.

1. Fellow of AID, U.S. Dept. of State)
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THE EFFECT OF CHRONIC HUNGER ON GUSTATORY RESPONSES IN THE FROG.

S. Dua-Sharma* K. N. Sharma* and H. L. Jacobs. Dept. of Physiology,
St. John's Med. Col., Bangalore, India, and Pioneering Res. Lab., U. S.
Army Natick Labs., Natick, Massachusetts 01760.

Unit responses were recorded from glossopharyngeal afferents in well-
fed (Type I) or on frogs deprived of food for over six months (Type II).
Responses to NaCl, glucose, amino acids, and quinine sulphate were
measured. Number of papillae responding to glucose and amino acids and
magnitude of response to these two substances increased in Type II
animals. Repeated trials with threshold stimuli produced responses
with each application in Type II animals, whereas Type I gave less
stable responses. Gastric distention inhibited the glossopharyngeal
response to gustatory stimuli in Type I and facilitated this response
in Type II animals. Gastric vagotomy (or electrical stimulation) and
cervical sympathectomy (or stimulation) showed a dual control system
mediating these effects, biased by the nutritional state of the animal.
Gastric-evoked gustatory inhibition was mediated via vagal fibers in
Type I animals while the facilitatory effect was mediated via sympathe-
tic fibers in the Type II preparations.

Bioelectric Regulation of Attachment of Omentum

A. E. Dumont, R, 0. Becker®, S. Mcllveen, A, Martelli

Dept. of Surgery, New York University School of Medicine, N,Y., N.Y.
and Dept. of Orthopedic Surgery, V.A, Hospital, Syracuse, N.Y.

A localized bipolar electrical field was induced in the peritoneal
cavity of rabbits to determine effects on attachment of the omentum.
Bimetallic, insulated devices, 2-3cm long, an exposed silver wire at
one end and a platinum wire at the other, were designed to produce
voltages ranging from 0-350 mv., Control devices of exposed or coated
silver wire were expected to produce little or no current or vol tage.
One device was inserted into the peritoneal cavity of each of 29 rabbits
via laparotomy and sutured to parietal peritoneum away from the incision
Forty eight hours later animals were sacrificed and the area inspected.
Omentum was firmly attached to the peritoneum around the device in the
case of all 4 expected to produce a current of about 4 nA at 10 megohms
and 50 mv and with all 3 yielding the highest current at 0, megohms
and 0. mv. Attachment was absent with all 3 devices of 1 megohm and
10 mv and with 3 of 10 megohm and 70 mv. Attachment was also absent
with 4 of 6 of the highest voltage (350 mv) and lowest current and with
6 of 10 expected to yield almost no currents or voltages. Exceedingly
slight alterations in bioelectric activity, particularly increased flow
of current, in a small area of parietal peritoneum appear to attract
and attach the omentum, Lack of uniform results with silver wire
controls may be due to release of cell damaging silver ions from long,
exposed wire ends,
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POTASSIUM EFFLUXES IN GOAT RED BLOOD CELLS. P.B. Dunham and
J.S. Bleier.” Dept. of Biology, Syracuse Univ., Syracuse, N. Y.

In human red cells, a portion of K efflux is inhibited by ouabain and
promoted by intracellular orthophosphate (P.) (Glynn et al., J. Physiol.
207:371). Depending on the external medium,'this K efflux is associat-
‘ed with reversal either of the entire Na-K pump or of the K entry step
alone. We have investigated these kinds of K,ﬂf@luxes in red cells from
HK goats. Unidirectional K effluxes were measured using *2K in cells
depleted overnight at 37°C. The cells then either received no further
treatment (control cells), or were exposed for 1 hour to medium with
100 MM P, or with 10 mM inosine, to raise or lower, respectively, cell-
ular Pi.' K effluxes were either in K-free medium or 10 mM K medium.

All media contained Na as the major cation. The K efflux Erom control
cells in K-free medium was 1.26 mM/1 cells x hr. With 10™ M ouabain
the K efflux was reduced by 0.12 mM/1 x hr. Raising external K, (K)o’
to 10 mM had no effect on this K efflux. After cellular P, was reduced
by inosine, the ouabain-sensitive K efflux was completely abolished.
After incubation in high P; medium, ouabain-sensitive K efflux was in-
creased to 0.32 mM/1 x hr, but remained independent of (K),. However
there was an increased K efflux of 0.22 mM/1 x hr induced gy 10 mM K in
the high-P. cells which was ouabain-insensitive. The ouabain-sensitive
K efflux in K-free medium represents reversal of the entire Na-K pump
process; it has the same characteristics as the K efflux accompanying
pump reversal in human red cells. The (K)o-stimulated K efflux in
high-P; goat cells is a K-K exchange representing reversal of the K
entry step of the pump alone. In goat cells the K-K exchange requires a
higher cellular P; level than that which allows reversal of the entire
pump. K efflux in goat red cells also differs from that in human cells
in that the P,-dependent K-K exchange is ouabain-insensitive.

Supported by NIH grant AM 16196.

A PROPOSED APPROACH TO DERIVE AN INTEGRATED CONCEPT OF THE CONTROL
MECHANISMS FOR CIRCULATORY SYSTEM DYNAMICS UTILIZING MODELING BASED ON
THE ANALOGOUS DESIGN REQUIREMENTS OF AN E M F POWER DISTRIBUTION SYSTEM
R. B. Dunham* and Saul Boyarsky. HEW, FDA, BU Drugs, Rockville, Md.
and Urodynamics Laboratory, Washington Univ. School of Med., St. Louis,
Mo.

The Physicist's and Electrodynamics Engineer's approach to problem
definition, hypothesis formulation, and experimental proof of a princi-
ple offers a high order of product/cost efficiency in a time of con-
stricted financial support for research. The principal research effort
cost is his thinking time, wherein he examines the phenomenon, abstracts
and analyzes the quantum order of its limiting conditions, perceives
and segregates essences from attributes, and erects and demolishes with
known or derivable data numerous hypotheses in order to identify sever-
al of promise, each of which is subjected to test of a single elegant
demonstrative experiment, frequently entailing little more laboratory
cost than a few coils of wire, electronic components, and an E M F
source. It is proposed that the control mechanisms of the circulation,
to accomplish their function, must meet design requirements analogous
to E M F power distribution systems. Observations and data of Timiting
conditions derived from "experiments of nature" and proprietary data
acquired for other purposes are offered supporting the proposition
that an interdisciplinary approach utilizing such integrative concept
should prove fruitful. Animal laboratory costs of definitive demon-
strations should be low relative to yield of new principles and new
openings for therapeutic interposition.
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EARLY CAPILLARY EXTRACTION OF SODIUM IN RESTING AND EXERCISING
CANINE SKELETAL MUSCLE. Walter N. Durdn (intr. by Eugene M.
Renkin). Dept. of Physiol. & Pharmacol., Duke Univ. Med. Ctr.,
Durham, N. C. 27710.

Experiments were performed in the isolated gracilis muscle perfused
with blood at constant flow. Muscular contraction was produced bg
electrical stimulation of the nerve. A mixture of sodium-22 and Cr 1
hemoglobin was injected in the arterial cannula, and thirty samples
were collected from the venous outflow in 20-80 seconds depending on
the flow rate. A system of coupled injection-withdrawal syringes was
used to avoid changes in perfusion pressure produced by the injection
of the tracers. Capillary extraction, E, of sodium was estimated from
the average ascending limb sodium/hemoglobin venous concentration
ratios; these ratios did not show any clear trend either to increase or
decrease. The product capillary permeability-surface area (PS) was
calculated as: PS = -F In(1-E), where F is plasma flow (ml/min.100 g).
PS increased with flow at rest and during exercise, and no constant
value for PS-Na was reached. Assuming that the highest PS obtained
during exercise (14.2 ml/min.100 g) represents the transport capacity
of most of the exchange surface area (70 cm? g muscle), a capillary
permeability coefficient of at least 3.4 X 1072 cm/sec can be calculated
for sodium. At any given flow, muscle exercise increased PS up to
100% of the resting level (range of increase: 30-103%). The present
results indicate that about one-half of the capillaries are open in rest-
ing skeletal muscles in agreement with observations made using Rb°°.

(Supported by USPHS Grant HL-12749.)
NADH OXIDIZING FACTOR FROM IN VITRO HEART PREPARATIONS., Beatrice C.
Durham and Harvey I Miller. Hahnemann Medical College and Hospital,
Philadelphia, Pa. 1

In studies designed to measure the rates of incorporation of = C-
palmitate into triglyceride fatty acid by rat heart slices, it appeared
that glycerol (determined by the enzymatic method of Pinter, Hayashi
and Watson) was being rapidly released by the tissue in vitro. A pre-
incubation period did not prevent apparent glycerol output. Previous
work on adipose tissue had failed to show glycerol in the incubation
medium although there was measureable lipolysis as shown by FFA re-
lease. We obtained evidence that the enzymatic determination of gly-
cerol proceeded at a more rapid rate when used with the medium From
the incubation flasks. When glycerol was determined according to the
chemical method of Lambert and Neish, however, no glycerol release was
seen. Therefore, characterization of the substance responsible for the
False glycerol reaction in the enzymatic test was deemed necessary.
When the enzymatic determination was performed in the absence of added
glycerol kinase, the reaction proceeded at approximately half the
normal rate. However, assaying for glycerol kinase was negative in the
presence of medium previously incubated with myocardial tissue. The
initial reading in the glycerol determination records the absorbance of
NADH after it has been partially oxidized in a coupled reaction with
any ADP or pyruvate in the sample. Since we noted a marked decirease in
NADH absorbance, in the absence of glycerol kinase, it is suggested
that either pyruvate or ADP or both are released by the tissue during
the course of incubation and constitute the interfering agent(s)
responsible for the false glycerol measurements obtained in this study.
further characterization is necessary, but careful interpretation of
glycerol values obtained by the enzymatic method of Pinter et al is
indicated. (Dr. Miller is an Est. Investigator of Am. Heart Assn.)
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COMPARATIVE ACTIONS OF GLUCAGON AND SECRETIN ON RENAL FUNCTION.
Leslie E. Edwards and Anne C. Brehme*. Department of Physiology,
Medical College of Virginia, Richmond, Virginia 23219.

Previous investigators have shown that glucagon alters renal
reabsorption of Nat, C1-, K*, Ca**, Mg** and H20. This study compares
the actions of a structurally related compound, secretin, to that
of glucagon on renal function in the dog. The evidence obtained
indicates that glucagon and secretin have some antagonistic actions
on renal function. Glucagon decreased the acidity and decreased
the reabsorption of Na*, K*, C1-, and HCO3- while secretin increased
the acidity of the urine and increased the reabsorption of Na*, C1-
and HC03~. These results not only confirm earlier studies showing
glucagon inhibition of sodium transport in the kidney but also
indicate that changes in sodium transport may be associated with
changes in acid secretion by the kidney. The results suggest also
that secretin increases sodium transport by the kidney. This
investigation implies that both glucagon and secretin can play a
role in acid-base balance in the body.

OSMOTIC STIMULATION OF VASOTOCIN SECRETION IN ORGAN CULTURES OF THE
TOAD'S PREOPTICO-NEUROHYPOPHYSEAL SYSTEM. Patrick Eggena (intr. by
Irving L. Schwartz). Mount Sinai Medical and Graduate Schools of the
City University of New York, N.Y..

The hypothalamo-neurohypophyseal complex of the toad containing
vasotocin secretory neurons has been maintained in organ culture for
1-4 days. The explant was found to release 0.54 ng/hr vasotocin into
240 mOsm/1 culture medium and 1.98 ng/hr into culture medium to which
NaCl had been added to raise the tonicity to 450 mOsm/l. Hypertonic
mannitol solutions were also effective in triggering vasotocin re-
lease from the explant, whereas hypertonic urea solutions were not
effective. When the preoptico-neurohypophyseal tract was sectioned
at the infundibulum and the hypothalamic and neurohypophyseal parts
of the tract cultured separately, only the hypothalamic tissue slices
were found capable of releasing vasotocin in response to osmotic
stimulation. While the isolated neurohypophysis was unresponsive to
osmotic stimuli, vasotocin release from this tissue increased 17-fold
in the presence of 55 mM KCl-medium. These findings suggest that the
osmoreceptors responsible for triggering vasotocin secretion in the
toad are located in the anterior hypothalamus rather than in the
neurohypophysis.

This work was done during the tenure of an Established Investiga-
torship of the American Heart Association and supported by U.S. Public
Health Service Grant AM 15622 of the National Institute of Arthritis,
Metabolism, and Digestive Diseases.
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END PRODUCT INHIBITION--A POSSIBLE FEEDBACK CONTROL MECHANISM FOR
ANGIOTENSIN GENERATION,

Peter Eggena*, Jack D. Barrett", and Mohinder P, Sambhi, Department
of Medicine, University of California at Los Angeles, and Veterans
Administration Hospital, Sepulveda, California.

We have previously reported a progressive inhibition of renin-
substrate reaction in plasma that paralleled angiotensin generation
but was not attributable to angiotensin per se. We have now studied
this phenomenon during incubation of partially purified human renin
(Haas) and homologus substrate (approx. 807% purity by salt fraction-
ation, gel and ion exchange chromotography). Incubated mixtures
were subjected to gel filtration to separate renin from generated
end products. Renin inhibitory action was located in a fraction with
M.W, similar to that of renin substrate, but without angiotensin
generating ability with added renin. These experiments indicate
that angiotensinogen molecule following cleavage of angiotensin I
acts as an end product inhibitor of the renin reaction. Assuming
similar metabolic clearance rates for angiotensinogen and the
cleaved renin substrate, a possible in vivo role is suggested for
this feedback mechanism to modulate angiotensin generationm.

THE EFFECT OF MEAN CRITICAL CLOSING PRESSURE AND TOTAL ARTERIAL
RESISTANCE ON BLOOD PRESSURE IN UNANESTHETIZED DOGS. W. Ehrlich,
F. Schrijen*, T. Solomon*, E. Rodriguez* & J, Brady*. Johns Hopkins
Univ., Sch. of Medicine and Sch. of Hygiene, Baltimore, Md. 21205.
Raising the heart rate of unanesthetized standing dogs by electri-
cal pacing enhances cardiac output and raises the arterial blood
pressure immediately. After 6 seconds baroreceptor reflexes diminish
the original blood pressure rise., The original blood pressure rise
is believed to be caused by the enhancement of flow through still un-
changed arteries. The slope of a straight line connecting the pre-
pacing flow-pressure values with the values 4 or 6 seconds after the
onset of pacing indicates the total arterial resistance if we assume
that the mean arteriolar critical closing pressure is the effective
downstream pressure. The zero-flow-intercept of this straight line
on the pressure axis indicates the mean critical closing pressure.
The mean critical closing pressure in average values from repeated
experiments with 3 dogs was about 50 mmHg and the total arterial
resistance, 0.01 mmHg ml~l min. We conclude that the blood pressure
of unanesthetized dogs is dependent on the cardiac output, the mean
critical closing pressure, and to a lesser degree on the total arterial
resistance. The state of the circulation downstream of the point of
critical pressure does not contribute to arterial blood pressure being
below the arteriolar '"vascular waterfall." (Permutt, S. & Riley, R.
J. Appl. Physiol., 18(5), 924-932, 1963.)
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MICROVASCULAR REACTIVITY TO PROSTAGLANDINS IN NORMOTENSIVE
AND SPONTANEOUSLY HYPERTENSIVE RATS., E.F. Ellis* and P.M.
Hutchins. Dept. of Physiology, Bowman Gray School of
Medicine, Winston-Salem, N.C.

Prostaglandins A and E (PGA,PGE), which produce vaso-
dilation and increased cardiac output, have been suggested
to be reduced in essential hypertension. A decrease in PGA
and PGE would cause an increased peripheral resistance and a
decreased cardiac output. However, the pre-hypertensive
stage is often characterized by a decreased total peripheral
resistance and an elevated cardiac output. In the advanced
hypertensive stage cardiac output becomes fairly normal and
is associated with an increased peripheral resistance. We
wish to consider the possibility that during the pre-hyper-
tensive stage, increased prostaglandin actions cause vaso-
dilation and increased cardiac output and later, in the
advanced hypertensive stage, physiologic or anatomic vascu-
lar changes occur to reduce the resultant overperfusion and
maintain the hypertensive state. Previous anatomic studies
in our laboratory have found a decreased number of skeletal
muscle arterioles in the pre-hypertensive stage in the
spontaneously hypertensive rat. This may represent an ana-
tomical compensation to reduce overperfusion. To examine
differences in reactivity, changes in skeletal muscle micro-
vessel diameters where compared during i.a. infusion of PG
in spontaneously hypertensive rats during the pre-hyperten-
sive stage and normotensive rats. This study helps clarify
the role of prostaglandins in the development of essential
hypertension. (Supported by HL 5392 and HL 13936?

EXISTENCE OF A NEGATIVE FEEDBACK LOOP BETWEEN TWO HYPOTHALAMIC SYSTEMS
WHICH SEPARATELY CONTROL FEEDING AND SATIETY. R. Emmers., Department
of Physiology, College of P § S, Columbia University, New York, N. Y.

Previous work (Fed. Proc, 30: 663, 1971) has indicated that some
neurons of the entopenduncular nucleus (Ep) and the lateral hypothala-
mic area (LHA) respond to intracarotid infusion of a glucose solution
by decreasing their activity, while others of the ventromedial hypo-
thalamus (VmH) respond to such an infusion by increasing their activity.
When the thalamic taste nucleus (thtn) was stimulated with single elec-
trical pulses at 1/sec, the firing of the Ep-LHA neurons showed inhibi-
tory-excitatory (I-E) oscillations. These appeared to emerge from the
activity in a reverberatory feedback loop. To explore this loop, ex-
periments were performed in which stimulation of the thtn in cats
anaesthetized with Nembutal was coupled with the recording of activity
from single Ep-LHA neurons before and after destruction of the VmH.
Before destruction, the activity of these neurons exhibited the I-E
oscillations; after destruction, the oscillations vanished. Moreover,
stimulation of the VmH inhibited the activity of the Ep-LHA neurons,
whereas stimulation of the Ep-1HA excited the VmH neurons. Therefore,
the path from the Ep-LHA to the VmH is excitatory, the feedback from
the VmH to the Ep-LHA is inhibitory. (Aided by grant NS-03266 from
NINDS.)
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Airway Closure in Man. L.A. Engel*, A. Grassino*, and HN.R.
Anthonisen, Meakins-Christie Laboratories, McGill Univer -
sity Clinic, Royal Victoria Hospital, Montreal, Canada.

We studied airway closure during the "closing volume"
maneouver in seated man. In each of 3 subjects Xel33 boli
were introduced into the lung in three different ways. The
regional distribution of a bolus injected intravenously
(Xejy) was compared with that inhaled (Xejp), and that
carried in during a breathhold (Xecar). The last was
obtained by partially equilibrating the lungs with 80% N30
and then breathholding with open glottis (BH). The gas
flow into the lung induced by gas absorption during isovol-
umic BH carried in a Xel33 bolus injected at the mouth.

The subject held his breath until regional distribution of
the bolus was complete. Lung volume was monitored by two
pairs of magnetometers and was constant during BH. With
open airways distribution of Xecar should reflect regional
perfusion and be similar to that of Xejy. This was the
case in each subject at FRC. At a lung volume 4% VC

above RV (~~RV) much less Xel33 entered dependent regions
during BH than after intravenous injection. 1In fact, at
~~ RV distribution of Xecar matched closely that of Xeijp.
The results indicate that airways in dependent lung reg-
ions close in the course of a deflation from TLC to RV in
man. Furthermore, the uneven distribution of a bolus
inhaled from near RV is entirely accounted for by airway
closure.

Supported by the DRB and MRC of Canada.

STIMULATION OF GASTROINTESTINAL TRACT DNA SYNTHESIS BY PENTAGASTRIN. M
Rebecca Enochs,* Paul D. Guthrie,* and Leonard R. Johnson. Univ. of
Texas Medical School at Houston, Houston, Texas.

Several lines of investigation have indicated that gastrin is a tro-
phic hormone for certain tissues of the gastrointestinal tract. Such
an effect would necessarily involve the stimulation of DNA synthesis in
these tissues. Rats were fasted for 24 hr and then injected intraperi-
toneally with either pentagastrin (250 ug/kg) or an equal volume of
saline. At various times following injection the animals were killed
and small pieces of tissue from the oxyntic gland area of the stomach,
duodenum, ileum and liver were incubated for 30 min in tissue culture
medium containing 3H-thymidine. The reaction was stopped with 0.4N
perchloric acid containing carrier thymidine, the DNA extracted, and
the incorporation of thymidine determined. Results were expressed as
DPM per mg tissue and per ug DNA. DNA synthesis in the liver was not
affected by pentagastrin at any time period. Four hours following in-
jection duodenal DNA synthesis was significantly increased to 194% of
the control. By 8 hours synthesis was significantly increased in the
gastric and ileal tissue of the pentagastrin injected animals as well.
These studies demonstrate that pentagastrin stimulates DNA synthesis
at varying rates in different tissues in the gastrointestinal tract
and has no effects on tissues outside the tract. (Supported by NIH
Grant AM 16505).
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EFFECTS OF INERT GASES UPON THE O AND CO. GRADIENT ACROSS
THE EGGSHELL OF THE INCUBATING HEN'S EGG. Beth DeW. Erasmus® and
H. Rahn. Dept. Physiol., State Univ. N.Y. at Buffalo, Buffalo, N.Y.

The gas exchange of the incubating egg depends upon passive diffu-
sion of gases across the pores of the egg shell. For a given metabolic
rate the O, and CO. gradients across the shell are determined by pore
geometry and the binary diffusion coefficient between 0, or CO, and
the inert gas. By changing the inert gas from N» to SF¢ or He one
would predict a large change in the diffusion coefficient and an equiv-
alent change in 0, and CO, gradient. This was tested by determining
the percent Oz and percent COz in the air cell when eggs (15-17 d. in-
cubation) were exposed to normal Oz in N2, SFe and He. In air the per-
cent CO2 in air cell is about 5%, rises to 9% in SFe and falls to 2% in
He. The percent O: in the air cell is normally about 16%, falls to 11%
in SFg and rises to 18% in He. (Supported in part by NIH 1 P01
HE 14414-01.)

SERUM LH AND PROLACTIN FOLLOWING RESTRAINT STRESS IN
THE RAT. J. Euker*, J. Meites and G. Riegle. Dept. of Physiology,
Michigan State University, Fast Lansing, Michigan 48823.

The effect of acute 2 hr restraint stress on serum LH and prolactin
was studied in Long-Evans male and female rats. Hormone levels were
measured by RIA in serial orbital sinus blood samples taken before and
after the rats were restrained. Male and female diestrus rats with low
initial prolactin (35 - 50 ng/ml) levels had a 3 - 4 fold increase in pro-
lactin following stress. Serum prolactin concentrations were reduced
in proestrus and estrus female groups which had high initial prolactin
levels (400 - 600 ng/ml). Low serum LH concentrations (15 - 25 ng/ml)
in males and diestrus and estrus females were not affected by restraint.
The high initial level of LH in proestrus females (650 ng/ml) was slarp-
ly reduced by the stress. Changes in serum hormone concentration
during the restraintperiod were studied in a separate group of male
rats. Prolactin levels were greater in the stressed than in the cortrol
rats 15 min after initiation of the stress and remained high throughout
the restraint. The duration of hormone alterations in rats subjected to
restraint was measured in serial blood samples taken at the end of the
restraint and after 2 and 4 hrs of recovery in male and proestrus fe-
male groups. Serum prolactin had returned to control levels after 2 hrs
of recovery in both groups. Two hours of restraint stress administered
between 3:30 and 5:30 PM blocked the proestrus LH surge for the dura-
tion of the sampling period. (Supported in part by NSF grant GB 8687
and NIH grant AM-07484.)
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FETAL ARTERIAL BLOOD PRESSURE AND BLOOD VOLUME. Faber, J.J., Gaultf
C.F., Greenf T.J., Thornburgf K.L. Department of Physiology, University
of Oregon Medical School, Portland, Oregon.

Intravascular catheters and intrauterine catheters were placed in 14
sheep fetuses in the last one-third of gestation. Five of these under-
went bilateral nephrectomy, and 9 were equipped with electromagnetic
flow sensors on the distal aorta. Three to nine days after surgery,
fetal blood volumes were changed by injection or withdrawal of blood, or
by injection of Ringer's or dextran solutions. Control values of femor-
al artery pH and pCo2 were 7.35 (+ 0.04 SD) and 53 (+ 4.6 mm Hg SD) res-
pectively. These changed little during experimentation; mean difference
from control -0.04 (+ 0.07 SD) and + 1.9 (+ 3.4 mm Hg SD) respectively.
Distal aortic blood flow was 81% (+ 4.8% SD) placental flow, independent
of fetal blood volume (P ~ 0.3). Fetal arterial pressure was propor-
tional to blood volume (P < 0.00l) and depended somewhat on hematocrit
(P < 0.01). Fetal central venous pressure depended strongly on blood
volume (P € 0.001). There were no significant differences between nor-
mal and 5 nephrectomized fetuses or 7 fetuses treated with 7-14 mg/kg
hexamethonium i.v. Only after hexamethonium did fetal heart rate depend
on blood volume. Within the observed narrow ranges of pH and pCO,,
there was no effect of these variables on arterial pressure. Placental
flow was proportional to arterial pressure, with some dependence on
hematocrit. Wwe calculate for the baroceptor mechanism an open loop gain
of ~ 0.2 (N.S.) and renal regulation of arterial blood pressure through
direct vasoconstrictive effect of angiotensin is also absent or weak.
Regulation of fetal blood volume could be a common link in the regula-
tion of fetal arterial blood pressure and fetal placental blood flow.

Supported by an Established Investigatorship of the American Heart Asso-
ciation and grants of the N.I.H., HL 13444 and GM 00538.

REGENERATIVE RELEASE OF CALCIUM WITHIN "SKINNED" CARDIAC CELLS OF
DIFFERENT SPECIES. Alexandre Fabiato and FrangoiseFabiato*, Peter Bent Brigham
Hospital and Harvard Medical School, Boston, Mass. 02115

In fragments of rat ventricular cardiac cells in which the sarcolemma was dis-
rupted and mechanically removed (Fed Proc 32:685, 1973), the threshold for direct
activation of myofibrils was pCa 6.25 when the SR was destroyed with Brij 58 or
functionally eliminated by a high level (ImM) of EGTA buffering. When SR func-
tion was eliminated by caffeine 10mM or deoxycholate 1mM, the pCa threshold was
6.5-6.7 in the presence of either TmM or 0.03mM of EGTA. This result may be ex-
plained by a slight modification of the sensitivity of myofibrils to Ca2® induced
by these drugs. With 0.03mM EGTA and no other drug, a contraction followed by a
relaxation was elicited by a perfusion at pCa 7.3, while the cell was quiescent at
pCa 7.6. This phasic contraction was cyclically repetitive if the pCa was main-
tained ot 7.3, while it remained single with brief exposure to pCa 7.3, followed
by return to pCa 7.6. It is proposed that the diastolic myoplasmic free [Cazﬂ in
the intact tissue would be<£10~/+%_ A small flgx of calcium across the surface mem-
brane would increase free [CaZ* up toN 07 , which would trigger a release of
Ca2* from SR, increasing myoplasmic Ca?¥ above 1076:25 then activating the
myofibrils. A reduction of myoplasmic [Ca +] below 1077 +© would be required for
relaxation and absence of repetitive beating. These results obtained on rat ventricle
were also observed in atria of mammalian species. In rabbit ventricle and in frog
ventricle or atria, phasic contractions were not observed for a free Ca?t lower
than the threshold for direct activation of myofibrils. It is proposed that in these
latter species most of the coupling calcium would come from superficial sites
rather than SR.

Supported by U.S.P.H.S. Grant #HL11306 and M.H.A. Grant #981-F
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SEASONAL SYMPATHO-ADRENAL AND METABOLIC RESPONSES OF SNOWSHOE HARES TO
COLD. Dale D. Feist and Mario Rosenmann*. Institute of Arctic
Biology, Univ. of Alaska, Fairbanks, Alaska 99701.

In order to assess sympatho-adrenal responses to cold in different
seasonal groups of snowshoe hares (Lepus americanus macfarlani),
urinary catecholamines were analyzed in November hares at -5°C,
February hares at -20°C, and June and August hares at +13°C. 1In spite
of the differences in ambient temperature, these different seasonal
groups excreted the same levels of norepinephrine (NE) (2 to 4 ugNE/
Kg/24hrs) and epinephrine (E) (1 to 2 ugE/Kg/24hrs). Exposure of the
summer group (June) to -20°C elicited an immediate, significant,
4-fold increase in urinary NE (12.0 ugNE/Kg/24hrs) and a significant
6-fold increase in E (6.6 pgE/Kg/24hrs) by the second day. Exposure
of this same group to -45°C failed to cause a further increase in the
NE response and two hares died. In contrast to the summer hares, the
winter group (February) when exposed to -45°C, showed a 3-fold increase
in urinary NE after the second day and this output dropped to about
2-fold by the third day of exposure. The E level in winter group at
-45°C increased only slightly by the second day of exposure. Seasonal
values of thermal conductance (cc02/g+hr<°C) were lower in winter than
in summer hares. Upon increasing heat loss by wetting, shaving, and
cold exposure in air and helium (80%):oxygen (20%), metabolic rate
increased to levels expected in air at temperatures lower than -100°C.

(Supported by NIH Grant GM 10402 and NSF Grant GB 36369)

A DEMONSTRATION OF RECEPTOR NERVE ACTIVITY (VIDEOTAPE). Carlos M.
Ferrario, James W. McCubbin, Jerome B. Senturia and John J. Wright *
Department of Blology and Health Sciences, Cleveland State University
and Research Division Cleveland Clinic Foundation, Cleveland, Ohio.

Physiologists have long been interested in the mechanisms which reg-
ulate heart rate, blood pressure and respiration. Unfortunately, some
of these mechanisms are difficult to demonstrate to large groups of
students, particularly nerve activity from peripheral sensory receptors.
Some of the difficulties encountered are the time, skill and equipment
necessary to prepare the demonstration, and the relatively small field
of view available. The problems can be overcome by the use of video-
tape recorded demonstrations. Examples of nerve activity from recep-
tors in atria, aorta and lung are illustrated. This tape was made by
recording from single fibers in the vagal-sympathetic trunk as it
travels within the neck of the dog. Arterial pressure and electro-
cardiogram were also recorded to correlate receptor activity with
changes in physiologic function.
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HYPOGLYCEMIA AND DEPRESSED HEPATIC GLUCONEOGENESIS DURING ENDOTOXIN

SHOCK. James P. Filkins and Robert P. Cornell*. Department of Physio-

1ogy, Loyola University, Stritch School of Medicine, Maywood, I1linois
53.

Prev1ous studies in rats rendered sensitive to endotoxin by co-treat-
ment with lead salts have implicated depressed hepatic gluconeogenesis,
hypoglycemia, and the resultant sympathetic hyperactivity in the de-
velopment of endotoxin shock. (Proc. Soc. Exp. Biol. & Med. 142: 915,
1973). In order to evaluate this metabolic pattern in a non-sensitized
animal model, blood glucose levels, hepatic glycogen contents, and he-
patic gluconeogenesis were evaluated in rats with unimpaired endotoxin
resistance. Salmonella enteritidis lipopolysaccharide administered iv
to well-nourished, 300 + 20 gram male rats of the Holtzman strain pro-
duced rapid depletion of liver glycogen, an accompanying initial hyper-
glycemia, but subsequently a profound and terminal hypoglycemia which
occurred simultaneously with the characteristic mucosal congestion and
bowel syndrome of shock. While the LDsg for fed rats was 1.12 mg endo-
toxin iv, overnight fasting increased the LD50 to 2.57 mg. Concomitant
with the fasting-induced resistance to endotoxin, gluconeogenesis was
maximally enhanced as assessed by either an in vitro procedure using
isolated hepatocytes or in vivo methods employing both the chemical and
radiotracer conversion of alanine to glucose. Endotoxin at LD50-75
doses administered either prior to or after fasting induction of gluco-
neogenesis depressed the maximal hepatic gluconeogenic rates when
evaluated by either in vitro or in vivo assays. Endotoxin did not how-
ever affect gluconeogenesis when added to isolated hepatocytes in vitro.
These data suggest that the depression of hepat1c gluconeogenesis ac-
companying endotoxemia may underlie the progression of hypoglycemia and
thus contribute to the development of endotoxin shock. (Supported by
USPHS Grants HL 08682 and HL 14540.)

COMBINED EFFECTS OF OZONE AND PHYSICAL ACTIVITY ON EXERCISE VENTILATION
L.J. Folinsbee, R.J. Shephard, F. Silverman*, Gage Research Institute
and School of Hygiene, University of Toronto, Canada

Pulmonary effects of experimental ozone exposures have been measured
previously only under resting conditions. Accordingly, we have now
tested the response of 11 subjects to a 3-stage bicycle ergometer
test (approx. 25, 50, 75% of aerobic power) before and in the first 10
minutes after exposure to ozone. Exposures were to 37, 50, 75 pphm of
Oz for 2 hrs with or without intermittent exercise (15 min rest alter-
nated with 15 min exercise at a load adjusted to increase Vg by a factor
of 2.5). Resting exposure to 37 and 50 pphm produced no marked changes
in ventilatory response to exercise. Resting exposure to 75 pphm or
with intermittent exercise at 50 pphm led to a decrease of vital cap-
acity and FEV] g . Subjects complained of throat irritation, cough,
and discomfort on taking a deep breath. The ventilatory response to
exercise showed an increase of Vg and respiratory frequency at a given
load with a smaller tidal volume than before exposure. However, the
heart rate was similar to that found initially. The post-exposure
Vg, during effort tended to be lower and the O debt (total 6 min
after exercise) tended to be increased relative to the pre-exposure
values. It is suggested that respiratory control is modified by the
combined effects of exercise and an irritant gas. (Supported in part
by MRC Grant MA4984 and Fellowship to LJF and OTRDA of Canada.)
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EVIDENCE FOR A HUMORAL MECHANISM OF EXERCISE
HYPERPNEA. W.E. Fordyce*, S.M. Yamashiro*, and F.S. Grodins.
Biomedical Engineering, University of Southern California,

Los Angeles, California.

The humoral mechanism of exercise hyperpnea was investigated by
employing a cross circulation technique in which the exercising hind-
limbs of one dog (neural) were perfused exclusively by a second dog
(humoral). The animals were anesthetized with either pentobarbital
or pentothal. Exercise was induced in the cross-perfused hindlimbs
of the neural dog by percutaneous electrical stimulation. Steady state
values of blood gases, VO, \'ICOZ, ventilation, and cardiac output
were measured at rest and during exercise in the humoral dog.
Previous investigators using similar preparations studied animals
breathing 100% O2; in the present experiments both dogs inhaled room
air. Thirtee. exercise experiments were performed on six prepara-
tions and thirteen experiments on four similar preparations in which
the humoral dog inhaled 5% carbon dioxide in air, the neural dog
inhaled air, but exercise was not induced. The ventilatory response of
the humoral dog to exercise in the neural dog was greater than could
be accounted for by changes in PacQ;;, (H)a, or Pap,; hypoxia was
never present. These results are compatible with the hypothesis of a
humorally mediated exercise stimulus and incompatible with earlier
results rejecting this hypothesis during 100% O; inhalation.
(Supported in part by USPHS, NIH Grant GM 16437.)

EFFECT OF HYPOXIA AND HISTAMINE ON THE VOLUME/PRESSURE RELATIONSHIPS IN
PULMONARY ARTERIES AND VEINS. T.E. Forrester*, C.A. Dawson and L.H.
Hamilton. Med. Col. of Wis. and Wood VA Ctr., Milwaukee, Wis. 53193.
The volume/pressure relationships of the arteries and veins of iso-
lated cat lungs were examined during forward and retrograde perfusion
respectively. Changes in reservoir height reflected changes in lung
fluid content (LFC). The ether bolus technique was used to estimate
arterial (Va) and venous (Vy) blood volumes. During forward perfusion
the control arterial pressure (Pa) was 12.2 mmHg and Va was 3.3 ml.
Hypoxia (hyp) decreased LFC, increased Pa and decreased Va. Histamine
infusion (hist) increased both LFC and Py but did not change Va. Dur-
ing retrograde perfusion the control venous pressure (Py) was 13.0 mmHg
and Vy was 5.5 ml. Hyp increased both LFC and Py but did not alter Vy.
Hist increased both LFC and P, but decreased Vy. Compliance of vascu-
lar segments was calculated from changes in segmental volume and inflow
pressure which accompanied induced changes in outflow pressure with
constant flow. During forward perfusion control arterial compliance
(Ca) was 0.104 ml.mmHg~l. During retrograde perfusion control venous
compliance (Cy) was 0.057 ml-mmHg‘l. During hyp and hist Cy and Cy
did not change significantly. Hyp decreased Va and hist decreased Vy.
Since vascular pressures were higher during hyp and hist, these changes
caused a downward displacement of the Ca curve during hyp and of the
Cy curve during hist. The effects of hyp and hist on the measurements
indicate that hyp increased arterial resistance more than venous re-
sistance while hist had a greater effect on the veins. (Supported in
part by the Wis. Heart Assoc.)
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OXYGEN COST AND HEART RATE DURING TREADMILL WALKING IN SIMULATED SUB-
GRAVITY ENVIRONMENTS. E. L. Fox, J. Hoche*, R. L. Bartels*,
E. C. Chaloupka*, J. E. Klinzing*, Exercise Physiol. Res. Lab., Ohio
State U., Columbus, and Naval Aeromed, Res. Labs., Pensacola, Fla.

The purpose of this study was to determine 02 cost(VO2)and heart
rate (HR)during treadmill walking in simulated subgravity environments.
The long axis of the body of the subjects(n=2)was suspended parallel
to the floor in a slow rotation room(SRR)with their feet aligned on
the running surface of a treadmill mounted 90° on the wall. Without
rotation, the subjects were virtually weightless against the treadmill;
with centrifugation environments of %, % and 1G were simulated. VO3
(open circuit) and HR (electrocardiogram) were measured during the 5th
min of walking at 3.2, 4.7 and 6.1 km/hr as follows:

WG AG 16
Speed VO, HR VO, HR VO, HR
km/hr ml/kg b/min ml/kg b/min ml/kg b/min
3.2 6.0 85 6.9 87 11.8 108
4.7 7.4 90 9.8 91 16.9 120
6.1 9.0 99 14.0 107 19.0 146

In addition, VO, and HR measurements determined during treadmill walk-
ing at %G using the inclined plane technique(long axis of body suspend-
ed 300 to the floor)were no different than those obtained at %G in the
SRR. It was concluded that since exercise VO, and HR were significant-
ly lower in subgravity as compared to 1G environments, and since in-
clined plane subgravity simulation appears valid, then this latter
method of exercise at reduced 02 cost and cardiac work may benefit
patients undergoing exercise rehabilitation. Supported by the office
of Naval Research and NASA.

RYANOD INE EFFECTS ON GUINEA PIG ATRIAL MEMBRANE VESICLES. M. Frank*
and W. W, Sleator, Department of Physiology and Biophysics, University
of Illinois, Urbana, Illinois 61801.

A search for the subcellular basis of the negative inotropic effect
of ryanodine (RD) on guinea pig atrium has led to the isolation and
study of subcellular membrane vesicles. Sucrose density ultracentrifu-
gation (1.07p and 1,15p) of the tissue results in a relatively pure
membrane fragtion consisting mainly gf vesicles with an average diam-
eter of 800 A (range: 500 A to 1500 A). Cytochrome oxidase determina-
tions indicate that there is minimal mitochondrial contamination.
Analysis of the fraction for AMPase activity, a plasma membrane marker,
has demonstrated a specific activity of 1.10+0,12 (SEM) umoles PO4/mg
protein/min, which is unaffected by the addition of 5x10-5M RD. Exam-
ination of the Ca**-binding activity (in the absence of oxalate) of the
fraction shows no significant RD effect. However, we have demonstrated
that RD does significantly reduce the ATP-dependent Ca** uptake activ-
ity (in the presence of oxalate) during 1,5,10, and 30 min incubation
periods. For the 30 min incubation period, RD reduced Ca** uptake from
0.90£0.03 to 0.74+0.04 umoles Ca**/mg protein. The decrease in Ca**
uptake was associated with a significant increase in the Ca** activated
ATPase activity from 0.18+0,02 to 0.34#0,02 umoles PO4/mg protein/min.
This effect of RD on Ca** uptake and Ca** activated ATPase was associ-
ated with a decrease in the ratio of umoles Ca** sequestered/umoles ATP
hydrolyzed from 1.00 to 0.50. These results indicate that the negative
inotropic effect of RD in guinea pig atrium is associated with the un-
coupling of Ca** transport from ATP hydrolysis.

(Supported in part by USPH grant HL 13349)
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KINETICS OF ICG CLEARANCE IN HYPERTHERMIC RATS. H.M. Frankel and
T. Einhorn*. Dept. of Physiol. and Bur. Biol. Res., Rutgers University,
New Brunswick, New Jersey 08903.

The concept of carrier mediated transport kinetics was used to
evaluate the effect of hyperthermia on liver function in rats at Tr's
of 37 and 41°C. Using micro sampling techniques, half-time disappear-
ance (ty/2) and initial plasma concentration (/ICG/) were measured in
rats given doses of indocyanine green (ICG) varying between 0.2 and
2.0 mg/100 gms body weight. Initial velocity of dye removal (Jp) was
calculated from the equation: Jp = 0.693 AICQ//tI{ . Jmax and Ky were
estimated from the x and y intercepts on plots of %JD vs 1//ICG/. The
plots of data from rats given a single dose of dye were linear at Ty of
37°C (r = 0.97) and 41°C (r = 0.92). Estimates of Jy,, for initial dye
injections were 109 and 104 mg/100 ml/min and K, was 33 and 30 mg/100 ml
at 37 and 41°C, respectively. Additional experiments suggested the
presence of ICG in hepatocytes altered the kinetics of transport. Under
the conditions of our experiments liver function did not change signi-
ficantly with hyperthermia.
(The authors wish to acknowledge the generous contribution of ICG as
Cardio-Green by Hynson, Westcott and Dunning, Balto., Md.)

RENIN RELEASE DURING URETERAL OCCLUSION, PAPAVERINE INFUSION, AND
ETHACRYNIC ACID ADMINISTRATION. R.H. Freeman*, J.0. Davis, R.W. Got=-
Shall*, B. Braverman*, and J.A. Johnson. University of Missouri School
of Medicine, Columbia, Missouri  65201.

In 2 groups (n=6/group) of dogs maintained on a normal Na diet of
65 mEq/day, ureteral occlusion (UO) increased renin secretion (RS) from
a mean control value of 460+150 to 2173+519 ng/min (P<.025) in group #1
and from 309+71 to 1455+318  ng/min (P<.025) in group #2 within 10 to 2Q
min after occlusion. In group #1, papaverine, an inhibitor of vascular
smooth muscle contractility, was infused (3 to 7 mg/min) into the renal
artery during the next 20 min of UO; RS was 21734519 ng/min before and
2473+457 ng/min during papaverine infusion (P>.15). At this time, UO
was removed and RS determined 5,12, and 27 min later. Analysis of
serially collected aliquots of urine revealed that urinary Na concentra-
tion reached a plateau in less than 5 min after UO was removed. During
the 35 min post-UO, excreted Na increased from pre-occlusion control
values of 60-65 to 225 uEq/min (P<.05). RS decreased from 2473+457
ng/min before removal of UO to -203+210, 236+74, and 491+227 ng/min 5,
12, and 27 min after UO removal (P<.01 for all 3 values). In group #2
ethacrynic acid (EA) was administered (50 mg, i.v.) 20 min after UO, and
RS was determined during the next 20 min of UO; RS was 1455+318 ng/mln
before and 16774351 ng/min after EA administration (P>.20). Again, UO
was removed, and urinary Na concentration plateaued in less than 5 min;
during the 33 min post-UO, excreted Na increased 7-fold above pre-occlu-
sion control values (P<.005). RS was 16774351 ng/min before and 1468+
292 ng/min (P>.25) 5 min after removal of UO; RS decreased signlficantly
to 5454218 and 657499 ng/min at 12 and 27 min after removal of UO (P<.05
for both values). The data suggest that U0 increases RS via a non-baro-
receptor mechanism, but fail to support the idea that increased Na con-
centration at the macula densa increases RS.
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ORAL CONTRACEPTIVE=-INDUCED SALT APPETITE IN RATS. M.J. Fregly and D.G.
Newsome®. Dept. Physiol., Univ. Fla., Coll. Med., Gainesville, Fla.

Earlier studies have shown that dietary administration of the oral
contraceptive, Enovid, to male and female rats given a choice between
distilled water and either 0.15 or 0.25 M. NaCl solution to drink was
accompanied by a spontaneous NaCl appetite. The present objectives
were to determine both the lowest dose and shortest duration of admin-
istration of Enovid inducing a spontaneous NaCl appetite as well as to
study the specificity of the NaCl appetite. Twenty-eight female rats
were divided equally into a control and 3 treated groups. The latter
received 1.25, 2.50 and 5.00 mg Enovid/kg food respectively. Rats were
caged individually and daily intakes of distilled water and 0.15 M. .
NaCl solution measured for 3 weeks. During the remainder of the exper-
iment, daily intakes of water and the following NaCl solutions were
measured for 1 week: 0.15 M. (week 6); 0.25 M. (week 8); 0.35 M. (week
15). An appetite for 0.15 M. NaCl solution was detectable within 1
week of drug administration in all treated groups. Further, all 3
treated groups ingested more 0.25 and 0.35 M. NaCl solution than con-
trols. A second group of 12 female rats, of which 6 received Enovid at
7.5 mg/kg food for 12 months, was used to test the specificity of the
NaCl appetite. Rats were offered a choice between distilled water and
salt solution (either NaCl, NaHCO3, NaN03, KC1, KHC03 or KNO ). Each
salt solution was offered for 2 days at the following concentratlons
0.075, 0.15 and 0.25 M. Enovid induced an appetite for all these salt
solutions. Thus, as little as 1.25 mg Enovid/kg food can induce an ap-
petite for 0.15 M. NaCl solution within | week. When administered at
7.5 mg/kg food for 12 months, an appetite was also observed for other
salt solutions. Hence, the appetite does not appear to be specific for
NaCl solutions, but may reflect a general salt appetite. (Supported by
grant HL-14526-02 from NIH).

ASCORBATE STIMULATION OF CHLORIDE TRANSPORT IN THE AMPHIBIAN CORNEA
Deborra F. Friedenthal* and Walter N. Scott, Dept. of Ophthalmology,
Mount Sinai School of Medicine of CUNY, New York, New York.

Ascorbic acid (AA) is actively secreted by the ciliary processes
with the result that the concentration of AA in the aqueous humor may
be 20-fold greater than the plasma levels of AA. The physiologic role
of AA in the aqueous is not known. Corneas of the toad, Bufo marinus,
were mounted in Ussing-style chambers and both surfaces bathed in a
modified Conway-Ringers solution. AA (2mM) added to the baths caused
a marked increase in short-circuit current (207%) and potential differ-
ence (136%). Similar results were obtained in corneas of the frog,
Rana catesbiana. The concentration of AA in the aqueous humor of amphi-
Bians 1s 0.1-0.2 mM; the addition of 0.1 mM AA stimulated SCC by 139%.
Concentrations of AA as low as 10 uM caused a significant increase in
both SCC and PD. Dehydroascorbic acid had no significant effect upon
SCC or PD. Inhibitors of mitochondrial oxidative phosphorylation caused
no significant reduction in the response to AA, suggesting that AA
m1ght be an electron donor to an electron transport system coupled to
jon transport. The amphibian cornea transports chloride from the epi-
thelial surface to the endothelial surface, and to a lesser extent,
sod1um in ths opposite direction. We measured the unidirectional fluxes

28N and 36C1 and found that AA stimulates the net flux of chloride
but has no effect upon sodium flux. These data suggest that ascorbic
acid, secreted by the ciliary processes, may play a significant role in
maintaining normal corneal function.

Supported by Fight for Sight Inc., New York. WNS is an Established
Investigator of the American Heart Association.
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INFLUENCE OF 24 HR AT 4,267 m ON THE HYPOXIC VENTILATORY DRIVE OF MAN
R.A. Gabel and R.B. Weiskopf (intr. by S.M. Robinson). U.S. Army Res.
Inst. Environ. Med., Natick, Mass. O1760; and Dept. Anes., Peter Bent
Brigham Hosp. and Harvard Med. Sch., Boston, Mass. 02115

Persons with lifelong hypoxia owing to residence at high altitude
(HA) have a lesser ventilatory response to acute hypoxia than natives
of sea level (SL). Effects of shorter durations of hypoxia have been
less certain. We studied the ventilatory responses of 5 healthy young
men to a progressive isocapnic fall in PaQp over 4 min from greater
than 100 torr to 40-U5 torr: first, at SL; then, after 24 hr of accli-
matization to 4,267 m in an hypobaric chamber. SL tests were performed
at resting PaCcop. After 2L hr of hypoxia, tests were carried out at
resting HA PaCcOp and at resting SL PaCO2. Ventilatory response to acute
hypoxia was expressed as AVE (L/min BTPS), the difference between Vg
during normoxia and Vg at the Pagp, PacOp, and pHa shown:

CONDITION Pa0p Pacog pHa AVE
(1) SL @ SL Pacop k373 35.1 T 52k 16.3
(2) HA @ HA PaCOp 39.2 26.1 7.453 7.0
(3) HA @ SL Pacop 43.5 33.2 7.381 43.7

Interpretation: 1. [H*] at central chemoreceptors (CC) should have
been comparable under conditions 1 and 2 (C1,C2); so the greater AVE in
Cl than in C2 was from interaction of hypoxia with COp or [H*] at peri-
pheral chemoreceptors (PC). 2. CO2 at PC was comparable under Cl and
C3; so the greater AVE in C3 than in Cl was apparently from interaction
of hypoxia at PC with increased [H*] at CC. 3. [H*] and CO2 at both PC
and CC were higher under C3 than under C2; so the greater AVE in C3
than in C2 may have been from interaction of hypoxia with [H*] or COp
at PC or CC. There was no change in PC sensitivity to acute hypoxia
which could not be explained by changes in [H*] or CO» at PC or CC.

HISTIDINE DECARBOXYLASE ACTIVITY IN TRAUMATIC SHOCK. Michael J. Galvin,
Jr.*, Rebecca Bunce* and Sherwood M. Reichard, Div. Radiobiology, Med-
ical College of Georgia, Augusta, GA 30902, and Dept. Pharmacology,
University of Georgia, Athens, GA 30601.

Histamine is known to play an important role in the alterations that
occur in the microcirculation after exposure to local or systemic stim-
uli. The format