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POSSIBLE MMMILLOTIIALAMIC TRACT INVOLVEME3T INFEEDINGBEXNIOR 
F.D.Abraham, RR1 & NPI, UCLA, and N.M.Weinberger, Psychobiology, UC1 

(intr. by D.O.Walter) 
The possibility that the mammillothalamic tract (VW) may be another 

diencephalic area similar to the lateral hypothalamus (M) in importance 
for feeding behavior was revealed in a pilot study of hypothalamic les- 
ions and weight change. Bilateral lesions (direct current and radio 
frequency) centered on the ventromedial nucleus of the hypothalamus (VM) 
were made in 16,4 mo old, 447-597 gm, male Wistar rats. Ad lib feeding 
and blind weighing techniques were used from 2 mo preceding to 120 days 
after surgery. Final weights ranged from an aphagic 235 gm to a hyper- 
phagic 982 PJII. Coronal brain sections were rated for extent of damage 
to several ventral diencephalic structures, and these were correlated to 
final weights. Extensive VE damage occurred in all animals and was re- 
lated to hyperphagia, but additional damage to VIIA in some animals was 
Sest correlated to aphagia, a syndrome which appears similar to LH apha- 
gia in predomi-nating over VM hyperphagia. 

Preliminary stochastic analyses of EEG activity in these diencephal- 
ic areas in cats have subsequently revealed a good electrophysiological 
relationship of V'M to hypothalamic areas. They revealed the possibili- 
ty of athalamo -mamrnillothalamo-hypothalamic centrifugal system sharing 
a broad frequency band of EEG activity with maximum coherences about 40 
Hz. Some relationship of this activity to feeding behavior and condi- 
tions was also found. 

Others have shown that stimulation of VDk (Hess,lg$+) and anterior 
thalamus and mammillary bodies (MaireJ956) elicits eating behavior 
which also implicates the importance for feeding of this system, which 
is in a good position to integrate many neural areas important for this 
behavior. (Supported by Calif. Grant 64-2-36). 
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PLACENTAL TRANSFER OF IRON IN SHEEP. David C. Abramson, * Demetrius H. 
Bagleyk, Edward J. Zapolski, * and .I. V. Princiotto (intr. by T. A. 
Strike). Dept. of Physiology and Biophysics, Georgetown University 
Schools of Medicine and Dentistry, Washington, D.C. 

The placental transfer and fetal distribution of iron bound to 
transferrin and iron chelates was studied in sheep during the last tri- 
mester of pregnancy. Cannulation of fetal arterial and venous vessels 
and the maternal vessels directly monitored iron transfer across the 
placenta over a 90 minute period when radioactive iron compounds were 
administered to either the fetus or ewe. Iron bound to fetal trans- 
ferrin, remained in the fetus, when injected in this compartment and 
was distributed in liver, spleen, and marrow. A measurable portion of 
iron, administered to the fetus as ferric ethylene di(o-hydrbxy phenyl 
gbcine), transferred to the ewe. The placenta incorporated 50-709, of 
this dose. When administered to the ewe, iron bound as transferrin, 
or chelate, appeared in the fetal circulation and was distributed in 
the fetal liver. Chelated iron was not accumulated by the placenta 
when administered via this route. 

IRON ABSORPTION IN NORMAL AND ANEMIC RAT MUCOSAL CELLS. 
Adelman,* 

Betty S. 
David C. Abramson,* Martin Rubin? and J. V, Princiotto. 

Dept. of Physiology and Biophysics and the Dept. of Biochemistry, 
Georgetown University Schools of Medicine & Dentistry, Wash., D.C. 

Iron absorption in normal and anemic rats has been studied by 
an examination of the iron distribution in subcellular fractions 
of intestinal epithelial cells following either 1 ug or 30 ug of 
intragastric Fe59. The fraction of administered iron localized in 
tissue and cellular components was essentially the same at the two 
dosage levels with the exception of an increased iron absorption 
in the anemic animals by the mucosal layer at the 30 ug dosage. 
The subcellular distribution of the absorbed iron was also dis- 
tinctive in the anemic animals in that the "nuclear" cellular 
fraction showed a rapid, high and sustained iron deposition com- 
pared to the normal group. This represented approximately 40-60!% 
of the total mucosal iron. The soluble cytoplasmic iron was es- 
sentially the same for both normal and anemic animals. The time 
sequence of the data suggest that a nuclear pool of iron is rapid- 
ly and initially repleted in iron deficient animals. This process 
occurs in the first fifteen minutes following iron administration 
and is followed by transmucosal migration. 
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CARBON MONOXIDE DISAPPEARANCE DISTAL TO PULMONARY ARTERY 
OCCLUSION. E.W. Ahlgren*, V.E. Doty* and R.L. Johnson, Jr. 
U. Tex. Southwestern Med. Sch. and VA Hosp., Dallas, Texas. 

After occluding the left pulmonary artery in a dog, we 
have inflated that lung with a gas mixture containing 5.0% 
CO and 0.5% neon in oxygen and nitrogen; the CO disappear- 
ance with respect to neon was measured after various inter- 
vals of breath holdiqg or rebreathing ranging from 15 sec- 
onds to 20 minutes. There is an initial rapid equilibration 
of alveolar CO with the capillary blood volume (VC), which 
is theoretically 99% complete within 10 set, followed by a 
very slow linear fall of aiveolar CO concentration related 
to collateral blood flow C&C). From the slope of the linear 
CO disappearance average QC was estimated to be 1.7 ml/min 
during breath holding and 2.2 ml during rebreathing in 4 
dogs weighing from 11.1 to 14.3 kg. Average VC in 8 dogs 
weighing 9.5 to 14.3 kg was estimated from the zero time 
intercept to be 9.4 ml during breath holding and 9.5 ml 
during rebreathing. By repeating these measurements at dif- 
ferent levels of pulmonary venous pressure in two dogs, 
pulmonary capillary bed compliance was estimated to be 0.6 
ml/mm Hg. (Supported by USPHS grant HE 07744.) 

THE EFFECT OF CO2 BREATHING ON BRONCHOMOTOR TONE. 
S. Ahmed*, M. Weiss*, and H.A. Lyons. Downstate Med. Center, 
S. U. N. Y., Brooklyn, N. Y. 

The bronchomotor response to increased concentration of CO2 in 
inspired air has been reported with divergent results in animal 
experiments. Reports of studies on conscious human subjects are 
scanty. The present study was performed to elucidate this problem 
further. 

Six young normal subjects were studied using volume displacement 
plethysmograph. Tidal volume, transpulmonary pressure change 
and airflow were recorded simultaneously at one minute intervkls 
during control period breathing room air and during 6% CO2 
breathing. Concentration of CO2 in expired air was continuously 
monitored. Thorasic gas volume (TGV) was determined prior to 
and towards the end of CO2 breathing. Pulmonary compliance and 
non-elastic resistance was computed from these data. 

Conductance per unit lung volume increased to a mean Value of 
65% and specific compliance decreased to an average of 23%. TGV 
increased to a mean of 0.3456L. There was a positive linear 
relationship between conductance and alveolar concentration of CO2. 

The present study in contrast to that of Butler et al (1960) 
demonstrated an increase in conductance in response to 6% CO2 
breathing. 
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AN OPEN-LOOP ANALYSIS OF THE AORTIC ARCH AND BRACHlOCEPHALIC BAROREGEP- 
TOR REFLEX. James L. Allison* and Kiichi Sagawa. Dept. of Physiology 
& Biophysics, Univ. of Miss. School of Medicine, Jackson, Miss. 

In contrast to the study of the carotid sinus baroceptor reflex, 
surgical difficulties in isolating the aortic baroceptor area have im- 
peded servo-analytical study of this region. The authors have 
succeeded in isolating the aorto-brachiocephalic region from the dog's 
circulatory system, and the reflex effects of controlled pressure 
changes in this area on the entire circulatory system have been deter- 
mined. The ascending aorta was cannulated with an EMP probe which led 
blood into a damping chamber, followed by a servo-resistance regulator 
controlling the chamber pressure at 100 mm Hg. Perfusion of the common 
carotid arteries and descending aorta was maintained by a constant flow 
Pump l 

The carotid sinus nerves were ligated and pressure in the 
isolated area (AAP) was varied stepwise (30 mm Hg) from 0 to 300 mm Hg. 
Systemic perfusion pressure (SPP) showed a transient, rate-sensitive 
response marked in the AAP range of 90 to 180 mm Hg. SPP decreased as 
much as 30-40 mm Hg transiently, to a 30 mm Hg increase in AAP. The 
steady-state response was less pronounced in magnitude (approximately 
10 mm Hg) over the AAP ranging from 120 to 210 mm Hg and even smaller 
at lower or higher AAP ranges. The latency in SPP response was 2 to 3 
sec., whereas, the time to the peak transient was 10 to 15 sec. The 
cardiac responses are characterized by decreased heart rate, increased 
stroke volume, and decreased minute outflow. Tenative conclusions are: 
(1) the baroreceptor reflex operates from 75 to 300 mm Hg, (2) the 
vascular and cardiac responses have rate-sensitive and proportional 
elements, (3) the rate-sensitivity is asymmetrical, but not uni- 
directional, and more prominent in lower AAP ranges, and (4) the 
overall reflex gain is less than that of the carotid sinus reflex. 
(Supported by NIH Grant HE 09644). 

COMPARISON OF ELECTRICAL IMPEDANCE PLETHYSkIOGRAPHY WITH CONVENTIONAL 
BLOOD FLOW MEASURING TECHNIQUES 
Robert D. Allison*, (Intr. by N. C. Hightower, Jr.) Department of 
Clinical Physiology, Scott and White Clinic, Temple, Texas. 

Electrical impedance determination of blood pulse volumes and flow 
rates were compared with results of blood flow meter studies on exposed 
arteries of anesthetized dogs and confirmed by direct bleed out proce- 
dures. In addition, electrical plethysmograph results were compared 
with hydroplethysmograph blood flow studies on finger and leg segments 
of healthy subjects and venous occlusion plethysmograph studies on calf 
segments using a mercury and rubber strain gage. Results of the com- 
parison of methods with the impedance system are: 

Method Location Number of Average* Range of* 
Studies % Diff. % Diff. 

Electromagnetic Exposed 90 7 - .54- + 18 
Flowmeter Vessel 

Direct Bleed out Exposed 
Vessel 

85 13 - 1.1 - + 32 

Ilydroplethysmograph Fingers 40 4 - 7.0 - + 20 
(No venous occlusion) Calf segments 25 4 - 0.4 - + 20 

Mercury gage plethy- Calf segments 35 12 -11.0 - + 22 
smograph (with venous 
occlusion) 

* qj Diff. between listed method and calculated impedance blood flow 
values. 
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CATION-BINDING AND ACTIVITY OF BRAIN NA-K ATPASE STUDIED BY A TWO-PHASE 
SEMI-RAPID REACTION METHOD. G. Alonso;kand M.Walser. Johns Hopkins Uni- 
versity School of Medicine, Baltimore, Md. 

Particulate enzyme supported on a membrane filter and perfused with 
substrate-containing media of constant composition yields an effluent 
containing the reaction products at constant concentration. When in- 
fluent composition is suddenly altered, uptake or release of substrates 
and cofactors and changes in product formation can be detected by sam- 
pling the effluent at short time intervals. Using a filter chamber of 

-100 ~1 volume containing wlmg. of rat brain ATPase protein, perfused 
at 105 pl/sec, 95% washout of tritiated water, ATP or Na can be achie- 
ved in less than 2 sec. Wash-in curves are even steeper. Phosphate 
production, measured five times per sec., during perfusion with ATP 5 
mM,Mg3 mM, Na lOOmM, K 20 mM, tris 20 mM, pH 7.4 at 37O, is constant 
at -5 nmoles/sec. It starts immediately on adding ATP but persists a 
few seconds after ATP washout , probably owing to residual bound sub- 
strate. Ouabain inhibition, and reactivation on washing out ouabain, 
are considerably slower; here H3-ouabain curves establish slowness of 
uptake and removal, despite mol. wt. near that of ATP. No uptake or 
release of calcium45 can be detected under these conditions. 

Perfusion with a Na-free medium, interrupted by a 2 sec. pulse of 
Na-containing medium of the same ionic strength produces a burst of 
phosphate production coextensive with the Na in the effluent, begin- 
ning less than 0.3 sec. after Na arrival. At the same time or even 
earlier, calcium is released. In 5x10W6M Ca, total release is -50 
pmoles from 1 mg. The presence of ouabain in all the solutionsdoes not 
eliminate this release, despite enzyme inhibition, 

BLOOD COAGULATION AND LEUKOCYTES IN ENDOTOXEMIA: THEIR RELA- 

TIONSHIP TO THE PROGRESSION OF THE SYNDROME IN THE RAT. Burton M. 

Altura and S .G. Hershey*. Albert Einstein College of Medicine, New York, N .Y. 

Correlation of the clinical sequence of events with the mechanisms leading to 

cardiovascular collapse in endotoxin shock is difficult and uncertain. The usual 

cardiovascular parameters are less reliable in endotoxemia than in other types of 

shock. The present study represents an attempt to develop relatively simple clini- 

cal indices of the course of experimental endotoxemia; these data to serve as a 

basis for therapy. Rats were given single i .v. LD8S or LD50 doses of S . enteriti- 

dis endotoxin and serial (q. 30 min .) total and differential white blood cell (WBC) 

counts and whole blood clotting times were determined for a minimum of 6 hrs. 

(most fatalities occur within 7-8 hrs .). Arterial BP and mesenteric microcircula- 

tion (direct microscopy) were monitored in representative experiments. All 

animals were grouped as survivors or deaths for purposes of analysis. Blood changes 

within and between each group in relation to time were analyzed statistically. In 
addition lymphocyte to granulocyte ratios (L/G) were calculated serially. Four 

distinct phases of change in blood pattern interrelationships emerged as identifiable 

parameters of the progression of endotoxic shock in rats. L/G ratios decreased 

progressively in survivors from 1 .O to 0.4 but remained at unity (I .O.) in animals 

which subsequently died. Blood coagulability followed a predictable course to 

incoagulability toward 5-6 hrs., only in non-survivors. The observations suggest 

that sequential adjustment of specific therapy, based on the blood picture and 

coagulation may aid in the rational development of therapeutic regimes in endo- 

toxic shock. (Supported in part by USPHS G rants HE-09042 and HE-l 1391.) 
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FRACTIONAL DISTRIBUTION OF CARDIAC OUTPUT TO THE BRAINS 
OF HYPOTHERMIC PATS. Peter M. Andrew@ and J. A. Panuska. 
Georgetown University, Washington, D.C. 

An "indicator fractionation technique" (Sapirstein, L. A. and 
G. E. Hanusek, Amer. J. Physiol., 193:272, 1958; Sapirstein, L. 
A.2 Gastroent., 52:365, 1967) was used to determine the fraction- 
al distribution of cardiac output to the brains of normothermic 
and hypothermic rats. Female albino rats, 230 - 310 g, were an- 
esthetized i.p. with 40 mg/kg pentobarbital sodium. Thirty-five 
animals were cooled in 2°C air to a colonic temperature of 2S°C. 
Forty-eight were maintained at a colonic temperature of 36'C. 
At specific time intervals, 1 - 60 set, after femoral intravenous 
injection of 5 UC of I I-31 - iodoantipyrine, the rats were de- 
capitated. The brains were removed, weighed, and radioactivity 
measured in a well-type crystal scintillation counter. This study, 
as indicated by the pattern of isotope accumulation and stabil- 
ization in the brains of the hypothermic animals, succeeded in 
confirming Sapirstein's technique as being theoretically appli- 
ca p3f to hypothermic rats. A value of 1.20 2 0.02 (SE) % of 
I - iodoantipyrine was found in the brains of normothermic 
rats as opposed to 1.09 & 0.04 % in hypothermic subjects. These 
results indicate that the fractional distribution of cardiac 
output to the rat's brain was slightly reduced (about 9%) at a 
colonic temperature of 25OC. (Supported in part by DA-49-193- 
MD-2668 and ES-00087.) 

RELATIONSgIP OF RENAL SOI$UM AND CALCIUM $RANSPORT. L. D. 
Antoniou, G. M. Eisner, L. M. Slotkoff, and L. S. Lilienfield. 
Georgetown University School of Medicine, Washington, D. C. 

The effects of several diuretics on the urinary excretion of 
Na+ and Ca++ were studied in mongrel dogs in an effort to deter- 
mine the relationship between the renal transport mechanisms of 
Na+ and Ca? After control periods, furosemide 0.5 mg/Kg or 
chlorothiazide, 20 mg/Kg was given in a single intravenous injec- 
tion. In another set of experiments diuresis was produced by in- 
fusion of normal saline. In all studies, the urinary losses were 
replaced by the intravenous administration of a comparable quan- 
tity of Ringer's lactate solution. The clearance of inulin, Na+, 
and Ca* were measured. Saline infusion, which is known to have 
a proximal tubular effect, caused a proportionate increase in Na+ 
and Ca++ clearance. Furosemide, which acts primarily on the as- 
cending limb of Henle's loop, caused a consistently greater in- 
crease in the clearance of Ca'+ than Na+. There was no appreci- 
able effect on Ca++ clearance following chlorothiazide administra- 
tion, whereas the clearance of Na+ was significantly increased. 
The results are interpreted as follows: 1. Although Na+ and Ca++ 
reabsorptive mechanisms are closely linked in the proximal tubule, 
different transport mechanisms may operate in other segments of 
the tubule. 2. Fhlorothiazide appears to act on a reabsorptive 
mechanism for Na alone. 3. It appears that in the loop of Henle 
the cation pump may normally have a greater avidity for divalent 
(Ca++) than monovalent (Na+) cations. An alternative explanation 

would be that furosemide changes permeability to a greater extent 
for Ca++ than Na+ at this site. 
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ENHANCED ASCENDING MONOSYNAPTIC RESPONSES TO ACTIVATION OF GROUP I AF- 
FERENTS FROM TENOTOMIZED, DE-EFFERENTED MUSCLES. R.S. April* and W.A. 
Spencer, NYU Med. Schl. NYC (Supp. USPHS NB-05980, NB-1113-02). - 

Previous studies (Beranek et al. 1961; Kozak and Westerman 1961)have 
shown that, several weeks after tenotomy, there is enhanced potency of 
monosynaptic reflexes and monosynaptic dorsal spinocerebellar tract re- 
layed responses to stimulation of tenotomized muscle nerves. This has 
been attributed a) to disuse and b) on the contrary, to excessive use 
from increased suprasezl drive to gamma motoneurons. To elim=te 
postulated changes in gamma bias, and to disuse stretch afferents max- 
imally, we combined Achilles tenotomy with ventral root transection in 
cats, and, weeks later, measured the monosynaptic ascending mass dis- 
charges to activation of group I afferents of the tenotomized, de-effer- 
ented gastrocnemius muscles after acute spinal transection under pento- 
barbital. Corresponding responses on the normal side served as controls. 
Afferent volleys were symmetrical. Throughout acute experiments lasting 
up to 10 hours the ascending monosynaptic response to group I activa- 
tion was enhanced on the side of tenotomy and de-efferentation. More- 
over, thiwtry persisted during PTP following brief (10 set) 
tetani to gastroc. nerves of each side. Monosynaptic ascending re- 
sponses to sural nerve volleys were symmetrical, indicating experiment- 
al conditions did not artifactually favor one side. In control animals 
all ascending monosynaptic group I responses were symmetrical. Our data 
suggest that increased effectiveness of monosynaptic ascending group I 
actions in the operated animals is due to synaptic disuse, rather than 
excessive use. Although it will be necessary to measure tonic activity 
of group I afferents from muscles which have been both tenotomized and 
de-efferented, the data available from muscles subjected to each of 
these procedures alone (Hnik et al. 1963; Hnik and Payne 1965) are 
compatible with the disuse hypothesis. 

HEMOVASCULAR RESPONSES TO MOCCASIN SNAKE VENOM. Kenneth A. Arendt 
and Norman M. Case*. Department of Physiology and Biophysics, and 
Department of Anatomy, School of Medicine, Loma Linda University, 
Loma Linda, California. 

Studies of the petechial hemorrhagic phenomenon by conventional 
light microscopy have been supplemented with electron microscopic 
observations, in an attempt to further elucidate the mechanisms of 
initiation and arrest of erythrocyte extravasation. Topical appli- 
cations of moccasin venom in concentrations ranging from 0.1% to 
1.0% in Ringer's solutions, or in buffered Krebs' solution produced 
petechial hemorrhages in an apical lingual preparation in the frog 
and in the hamster cheek pouch. Electron micrographs of frog micro- 
vasculature indicate endothelial alterations with an apparent increase 
in porosity. Characteristic of the frog preparation is a partial 
transmural protrusion of erythrocytes rather than the localized 
extravascular accumulation typical of the hamster petechial response. 
Frog microvessels appear blistered with great numbers of protruding 
cells. The physical mass of the nucleus is evidently the retarding 
factor. There is less obvious damage to the hamster endothelium. 
Sections through arrested hemorrhagic areas show no evidence of 
platelet accumulation, but leucocytes are seen lining the intra- 
vascular surface. Among other venom-induced phenomena is the trans- 
formation of erythrocytes from biconcave discs at the arteriolar end 
of a given capillary segment, to crenated and ultimately spherocytic 
cells when they arrive at the venular end. (Supported by Grant 
HE 09453, National Heart Institute, N. I. H.) 
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FUNCTIONAL ROLE OF VESTIBULO-OCULAR REFLEXES: OBSERVATIONS IN HUMAN 
SUBJECTS. A. Atkin-i'c and M.B. Bender. Dept. of Neurology, Mount Sinai 
Hospital, New York City. 

The role of the vestibular system in sensing head position and move- 
ment is well known. Vestibular inputs are involved in various postural 
reflexes, and in particular, in adjustments concerned with maintenance 
of ocular stability during head movements. We have compared ocular stab- 
ilization reflexes of normal subjects with those of patients with non- 
functioning vestibular systems by recording velocity of compensatory eye 
movement and angular velocity of the head during transient head rota- 
tions that fall within the normal physiologic frequency range. This 
approach is consistent with recent work (e.g., Jones & Spells 1963) 
indicating that within this frequency range the semicircular canals are 
best considered angular velocity transducers, rather than acceleration 
transducers. As was expected, ocular stabilization became defective at 
much lower head velocities in subjects lacking vestibular function than 
in normal subjects: nevertheless some of the former maintained accurate 
stabilization at the lowest head velocitites. (A) This residual stabi- 
lization did not depend strongly upon inputs from cervical joint recep- 
tors, since head rotations performed with these joints immobilized by 
splinting (body and head turning as a unit) gave similar results; we 
conclude that the residual stabilization represented the optokinetic 
component of normal ocular stabilization. (g) When subjects lacking 
vestibular function reached the range of head velocities at which their 
ocular stabilization became defective they noted illusory movement of 
the entire visual surroundings. This perceptual concomitant gradually 
disappeared over several months following loss of vestibular function, 
but there was no corresponding improvement in ocular stabilization, and 
there was a persisting reduction of visual acuity during head 
movements. 

(Supported by USPHS grants # NB 04576 and # NB 05221.) 

INHIBITION BY ATROPINE IN CHOLLNERGIC NEURONS OF APLYSIA. 
(3. Austin, M. Sate*, and 8. Yai*. Division of Neurosurgery, 
University of Oregon Medical School, Portland, Oregon. 

Using two intracellular microelectrodes we have recorded changes 
in membrane conductance in D and H-type neurons of Aplysia Califor- 
nica, in response to locally applied ACh in vitro. Having pre- 
viously shown that the increases in conductance are mainly due to an 
increase in PNa in D-cells, and PC1 in H-cells, we assume that these 
changes, APNa and APCl are proportional to the concentration of 
substrate-receptor complex which determines the enzymatic reaction 
velocity. A Lineweaver-Burke type of plot for various concentra- 
tions of ACh gives the usual straight line relationship between 
-1 AG -1 

v  -c 
0 

and [ACh)'l, for moderate concentrations between loo4 
0 

and 5 x10 -3 3 gm./cm . The slope of the above straight line in- 
creased with increase in concentration of Atropine. All straight 
lines for varying concentrations of Atropine appeared to converge 
to a point at high [ACh], suggesting a competitive type of inhibi- 
tion. Control applications of Atropine alone, at the same con- 
centrations, cause no change in conductance or resting potential. 
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EVALUATION OF THYROTROPIN-RELEASING FACTOR (TRF) ACTLON BY INTRAPLTUL- 
TARY INFUSION IN RATS. R. L. W. Averill* (intr. by D. M. Keller). 
Dept. of Physiol. 6 Biophysics, Univ. of Tenn. Med. Units,Memphis,Tenn. 

Intrapituitary infusion was used to study the time course of action 
of TRF in 80 Holtzman rats. Endogenous TSH secretion was depressed by 
phenobarbital anesthesia and raised ambient temperature (34OC). Three, 
4, or 5 days prior to anesthesia each rat was given 10~~ 131-I i.p., 
and 19 hr. after the start of anesthesia a stainless steel cannula was 
implanted with its tip in the adenohypophysis. Control infusions of 
0.85% NaCl for 3-hr. at 5-7>l/hr. did not elevate blood 131-1, nor 
did they damage the cells of the infused pituitary lobe. Three-hour 
intrapituitary infusions of extracts of porcine stalk median eminence 
(SME) caused an increase in both the total 131-I level and the TCA- 
precipitable 131-I level in blood samples drawn at hourly intervals 
from the onset of infusion. (Responses were expressed as % increase 
in blood 131-I levels over the mean pre-infusion level). One hour 
from the onset of infusion of SME, 131-I levels had already risen above 
control values (p (.05). From 2 hr. onward the responses were highly 
significantly increased by SME (p<.OOl) being maximal at 3, 4, 5 and 
6 hr. with no significant peak. Time courses were compared following 
infusions lasting 1 vs. 3 hr. for three concentrations of SME. At 
the highest concentration the duration of infusion did not alter 
either the level of response or its time course, suggesting maximal 
pituitary activation. With 4- and 16-fold dilutions of SME, peak res- 
ponses were lower and occurred one hour earlier after 1 hr. than after 
3 hr. infusions. The patterns of response closely paralleled those 
following i.v. infusions of TSH suggesting that there is virtually no 
time lag between entry of TRF at high concentration into the pituitary 
and the release of thyrotropin. Supported by USPHS Grant AM-11379. 

EFFECT OF DEHYDRATION AND ENVIRONMENTAL TEMPERATURE ON 
ANTIMONY TOXICITY. Anna M. Baetjer, The Johns Hopkins 
School of Hygiene and Public Health, Baltimore, Md. 

Rats, dehydrated to a loss of 11% in body weight for 
48 hours before intravenous injection of potassium 
antimony tartrate, had a higher mortality rate and shorter 
survival time than their nondehydrated controls. 
Injection of blood immediately preceding antimony adminis- 
tration prolonged survival time but saline was without 
effect. Antimony produced a marked increase in heart rate 
in dehydrated rats whereas it caused a slight fall in 
nondehydrated rats as did also dehydration per se. 
Electrocardiograms showed T wave changes characteristic of 
antimony toxicity equally in both groups. The effects on 
the heart were not due to potassium since similar results 
were obtained with the sodium antimony compound. 
Intracellular dehydration produced by substitution of 2% 
saline for drinking water for two weeks before and one 
week after antimony injection increased mortality and rate 
of dying but shorter periods on saline were without effect 
Exposure of rats and mice to 35'C. temperature with 90% 
R.H. for 48 hours preceding and continuously following 
injection of antimony caused higher mortality, earlier 
onset of deaths and shorter survival time. 
(Supported by USPHS grants 5ROlOH00005 and ES001444.) 
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RECORDING OF THE CHEMOMECHANICAL TRANSDUCING EVENT IN 

SINGLE VASCULAR SMOOTH MUSCLE CELLS IN SITU. Silvio Baez. 

Albert Einstein College of Medicine of Yeshiva University, New York. 

It has been the aim to record the pattern of response of single smooth muscle 

cells, in the wall of precapillary arterioles, to the action of some well known 

vasoconstrictor drugs in situ. Microvessel walls in the mesentery of the anesthe- 

tized rat were magnified up to 6000 x, using a Bausch & Lomb zoom microscope 

in line with a television camera. The electronically enhanced image of a seg- 

ment of the microvessel wall projected in the video screen permitted a clear-cut 

separation of cells outline for photography and micrometric measurements. Ac- 

curate measurements, both of total wall thickness and single muscle cell width 

under steady state and during drug stimulation were carried out utilizing the 

image splitting-television microscope system (J .Appl .Physiol.21:299,1966). 

Forty four measurements in eleven single muscle cells alone, in three rats, gave 

an average cell diameter of 2.08~ (range 1 .9p to 2.4~). The calculated muscle 

cell diameter derived from sixty eight measurements of wall thickness (endothelial 

and muscle cell) in four rats, gave an average diameter of 2.54~ (range 2.3~ to 

3 -2~). Topical application of epinephrine in gradients ranging from 0.1 pg/ml 

to 10 pg/ml resulted in a proportionate increase both in the width of the effector 

cell, during shortening, and of the time-course duration of response. Thus, the 

pattern of the chemomechanical transducing event was recorded from a single 

vascular smooth muscle cell in situ, in the living animal. These results and the 

pattern of responses of the single smooth muscle effector cell to epinephrine, 

pitressin, and angiotensin, before and after topical Dibenzyline will be prf)sented 

for discussion. 
(Supported by NIH grant HE-06736 .) 

Respiratory Responses to CO2 During Exercise in Awdte Dogs. C.R. Bainton*, 
R.A. Mitchell, and J.M. Senapati”. 

. . 
Unrversrty of C 

Dept. of Anesth. and Cardiovasc.Res.Inst. 
California Medical Center, San Francisco, California. 

This study was initiated to investigate the role of the carotid body in the 
hyperpnea of active exercise. 

R 
reduced 

Steady state and transient changes in ventilation 

ypoxia. 

by exercise will be evaluated during high Plc+ and acute and chronic 
Results, presented here, represent partial control data prior to dener- 

vation in two awake dogs with tracheostomies and carotid loops. Tern rature of 
the animal was controlled and panting prevented by a preliminary was ing and r 
application of isopropyl alcohol during exercise. Panting, through the tracheos- 
tomy, could also be prevented by holding the mouth shut. Four point steady 
state CO2 response curves with PI% > 500 m m  Hg were obtained at rest, during 
one hour of 9 MPH exercise and after recovery. 
.5 m m  Hg in both dogs. 

Sitting at rest, (a-A)Pcog was 

pAco2 vE 02 con- Slope, L/min 

m m  Hg L/mi n f pu Ise 
sum tion 

P cc m m  
/mm Hg CO2 

Dog 1 (N = 9) 
Rest 43.a2.0 2.2t.5 8~2 80115 138 1.2 
Exercise 38.1&l .5 9.a.9 25~4 132t5 520 1.3 

Dog 2 (N = 8) 
Rest 40.6&l .5 2.ti.7 16~4 766 118 1 .5 
Exercise 38 03d .5 8.2zt1.9 42~15 136& 405 1 .5 

Our results differ from those reported in man in that resting PAco2 is reduced 
with active exercise but agree with those that report the slope of CO2 response at 
rest and exercise to be parallel. 

(Research supported in part by USPHS GM 05881 and USPHS GM 00063). 
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LIGHT FLASH INTENSITY DEPENDENCE OF LATERAL GENICULATE 
NEURONS. Frank H. Baker and Eugenio Riva Sanseverino (intr. by V. B. 
Mountcastle). The Johns Hopkins University School of Medicine. 

As part of a survey of the transient response to light flashes of 
lateral geniculate neurons of the unanesthetized cat, a study was made 
of response dependence on stimulus intensity. Receptive fields were 
localized, their topology determined and centers or peripheries sttiied 
with positive going light flashes. Stimulus time histograms were used 
as an estimate of the stimulus locked probability density of firingwhich 
was taken as a sufficient measure of neural activity. For light stimu- 
lated excitation, greater intensities produced greater peak firing dens& 
ties up to a saturation point, greater durations of increased firingrate, 
decreased duration of peak firing, and decreased latency of the response, 
Neurons are separable into two classes on the basis of whether or not 
a depression of activity occurs following the initial peak firing burst at 
higher flash intensities. Correlation of time histogram microstructure 
with knowledge of the latency of surround inhibition supports the notion 
that this post peak activity depression may be inhibitory in origin.Units 
tested for intensity-duration dependence in the range of lo-40 msec. 
were in general not found to demonstrate a Bunson-Rosco law identity 
of response to equal stimulus energy under the measures we have used. 
Finally, some characteristics of stimulus intensity dependence of inhi- 
bition are comparable to excitation. 

RAPID METHODS FOR DETERMINATION OF PBI AND SERW IODOTHYRONIllES. H. J. 
Baker* and J. w, woods. The Johns Hopkins Medical School, Baltimore. 

Anion exchange column chromatography (Dowex resin AGlX2) and chloric 
acid digestion of the column effluent pemit rapid determination of 
thyroid homones (T3-T4) in human and animal sera. Removal of inorgan- 
ic iodide from serum with another ion exchange resin (fiycel Products, 
#226) followed by chloric aciddsgestion allows routine PBI determina- 
tion in less than three hours. Both methods may be ubed in the pre- 
sence of relatively high concentrations of inorganic iodide. The con- 
centrating properties of the column method may be used to quantitate 
T3-T4 in samples containing extremely low concentration of iodothyro- 
nines. The colwms also allow quantitative differentiation of iodoty- 
rosines and non-hormonal iodoproteins. PBI values obtained on sera 
from 48 hospital patients differed from those obtained by the comauar- 
cial laboratory which ordinarily performs this test for our hospital 
by -0.22 ugms/lOO ml. (mean difference). me range of valuer in this 
series was from 1.6 to 10.7 ~gms/lOO ml. The standard deviation in 
each of two series of PBI determinations on m lots of human serum 
was 0.27 (mean PBI values, 4.5 and 6.6; N-41 and 46, respectively). 
Our deteminations of T3-T4 by colum chromatography on 3 lots of human 
serum were within f 0.2 mm/100 xl. of those obtained by the comer- 
cial laboratory (wan values of 4.0, 4.8 and 5.1). The highest and 
lowest values obtained by us in this series (N-33) were within 10% of 
the mean. Both methods have been used to evaluate thyroid function in 
monkeys, horses, dogs, cats and rats. Under ordinary laboratory condi- 
tions we have found that one individual can comfortably perform SO-60 
deteminations in a normal day using either method. 
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THE REGULATION OF BRAIN TEHPERATURE IN THE RABBIT IN SLEEP AND AROUSAL. 
Mary Ann Baker* and J.N. Ha ward. Dept. of Anatomy and Brain Research 
Institute, UCLA, Wlif. Los Ange es, 

Temperature fluctuations in the blood perfusing the brain appear to 
underlie the thermal changes which we have observed in the brainstem 
of the rabbi t. Temperatures were measured in the aortic arch, the 
brainstem, and on the skin of the ear in unrestrained rabbi ts at 25% 
ambient temperature. The animal and the EEG were observed continuously 
Temperature changes in the brain were preceded by similar changes in 
the blood. Thermal shi fts in the subarachnoid space near the vessels 
of the circle of Willis rapidly reflected the oscillations in aortic 
blood temperature. Beep brain sites were warmer than the arterial 
blood and showed damped oscillations. Blood temperature fluctuations 
were correlated inversely with fluctuations in ear temperature. The 
most dramatic thermal events of sleep-waking cycles were those observed 
during paradoxical sleep. The transition from slow-wave sleep to 
paradoxical sleep was always accoinpanied by a vasoconstriction of the 
ear and a warming of the blood and brain. Whether they were followed 
by wakefulness or by slow-wave sleep, the terminations of the para- 
doxical sleep episodes were associated with vasodilatation of the ear 
and a drop in blood and brain temperatures. Alternating episodes of 
slow-wave sleep and arousal usually were not associated with signifi- 
cant thermoregulatory changes. These studies indicate that the 
temperature changes in the brain of the freely-moving rabbit depend 
upon temperature shifts of the arterial blood related to cutaneous 
vascular activity. 
(Supported in part by USPHS Grant NB-05638-03) 

RESPONSE OF TRANSMURAL ELECTRICAL POTENTIAL OF RAT INTESTINE,TO RAPID 
INCREASE IN TEMPERATURE. R. David Baker and Malcolm J. Wall . Univ. of 
Texas Med. Br., Galveston, Texas. 

As is well known, a relatively steady potential difference (PD) of 
about 1 mV exists across the wall of everted rat jejunum in Krebs- 
Ringer-bicarbonate without sugar at 37'. At 0' the PD was only about 
0.4 mV. During sudden warming from 0' to 37' the PD promptly increased 
in two phases to 4-5 mV, then gradually declined over a period of 
several minutes to its steady value of 1 mV. Upon subsequent cooling 
and rewarming a second transient response was obtained but of much less 
magnitude. Ouabain had no consistent effect. Phlorizin blocked the 
usual response to glucose but had no effect on the transient thermal 
response. When uneverted segments were suddenly warmed from O" to 37', 
the PD rose in two phases to about 6-8 mV and was maintained at this 
high value. Upon subsequent cooling and rewarming of uneverted seg- 
ments the original large PD's were re-established. The failure of 
everted segments to maintain a respectable PD may be due to an increase 
in passive permeability (with internal short circuiting) upon warming. 
Uneverted segments are apparently better able to maintain their in- 
tegrity. (Supported by USPHS Grant AM-05778). 
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RENALTUBULAR SECRETION OF p-AMINOHIPPURATE IN THE DOG : 
EFFECTS OF a-KETOGLUTARATE. Sulamita Balagura and William J . Stone, 
intr. by Richard H. Kessler. Cornell Univ. Med. CoI. New York, N .Y. 

The accumulation of p-aminohippurate (PAH) by rat renal cortical slices, and 
the renal extraction of PAH in the dog are depressed by certain Krebs cycle 
intermediates. The present work includes a systematic study of the nature of the 
inhibition of PAH secretion by a-ketoglutarate (a-KG) in the dog. Following 
is a summary of the results obtained in twenty-three experiments performed in 
anesthetized dogs, using renal clearance and extraction procedures: Inhibition 
of PAH secretion by a-KG occurs at all levels of tubular loading with PAH, 
below and above those necessary for saturation (Tm). Renal titration curves for 
PAH at high plasma levels of a-KG are essentially flat when compared to those 
obtained at normal plasma levels of the intermediate. The degree of depression 
of TmpAH correlates well with the magnitude of the renal loads of a-KG rela- 
tive to those of PAH . The process is not overcome by increasing the tubular 
loading of PAH during administration of a-KG at constant rates. Admi nistra- 
tion of acetate, which enhances TmPAH in normal conditions, neither prevents 
nor overcomes the inhibition of PAH secretion by a-KG. Since a-KG de- 
presses both the affinity (Km) and the maximal capacity (Vmax) of the PAH 
transport system, we conclude that inhibition is non-competitive. This con- 
trasts with the nature of the inhibition of tubular transport of PAH also produced 
by a large variety of compounds, which has been described as competitive 
inhibition, or as one due to decrease in the energy supply to the PAH transport 
system. 

Supported by U . S. P.H.S. Grant AM 10101 

CARDIODYNAMICS OF ENDOTOXIN SHOCK. Basdeo Balkissoon and Robert L. 
Simmons*. College of Medicine, Howard University, Washington, D. C. 
Endotoxin shock is a difficult therapeutic problem in clinical medicine. The 
current therapeutic management even with the recent use of phenoxybenzamine 
and large electrolyte and coIIoid replacement is stil I attended by a high mortality. 
To study the changes in cardiac performance produced by endotoxin (E. Coli poly- 
saccharide) shock, we implanted mercury-rubber Whitney strain gauges around the 
left ventricle and pressure cannulas into the ascending aorta and left ventricle of 
mongrel dogs. After the dogs had completely recovered, left ventricular circum- 
ference and pressure and aortic pressure were chronically recorded in the awake 
state and after the administration of endotoxin (4 mg/kg). The left ventricular 
end-diastolic, end-systolic and stroke circumference decreased markedly and 
left ventricular and aortic pressures fell precipitously. The maximum velocity of 
left ventricular circumferential shortening decreased markedly and suggested the 
depletion of myocardial catecholamines. As confirmatory evidence the myocar- 
dial catecholamines will be determined. Cardiac output will be measured both 
before and after endotoxin shock. It appears that one mechanism of action of 
endotoxin in production of shock is profound myocardial depression by depletion 
of myocardial catecholamines. 
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MODIFICATION OF TRANSCAPILLARY EXCHANGE BY NON-PARTICULATE PERFUSION 
MEDIA. K.W. Ballard (Introduced by R.L. Paldino). Dept. of Physiol. 
U.S.C. School of Medicine, Los Angeles, California. 

It has been suggested that cellular elements in whole blood foster 
the exchange function of the circulation by physical stirring of plasma 
in capillaries. The effect of blood-borne particulate matter on the 
effective flow in skeletal muscle was examined empirically in the 
skinned hind limb of cats with normal arterial blood supply, perfused 
with whole blood, or with cell-free iso-oncotic media. Effective 
circulation was assessed from clearance of radioactive sodium iodide 
after intra-arterial administration. Perfusion with oxygenated or 
oxygen-depleted whole blood, plasma, or oxypolygelatin did not change 
clearance from that observed with the normal arterial supply. However, 
perfusion with 6% dextran consistently increased clearance in some 
cases by as much as 98%. Only those preparations perfused with 
oxygenated whole blood consistently failed to show post-perfusion 
hyperemia. It was concluded that the rate of movement of solutes 
across vessels perfused with particulate-free media was not diminished. 
The increased clearance frequently found during perfusion with cell 
free media may be in part explained by the relatively greater solvent 
perfusion if one assumes that the volume occupied by red cells is not 
available to carry any solute. This possibility is currently being 
evaluated. (Supported by U.S.P.H.S. Post-Doctoral Fellowship 
#l-F2-HE-5896-01. 

PULMONARY VASOCONSTRICTICIN IN HYPOVOLEMIC La FLOW STATES: T. 
Van N. Ballentine*, W. Zuschneid*, George H. A. Clowes, Jr. 5 Sears Surgical Laboratory, Boston City Hospital, Harvard Medical 
School, Boston, Massachusetts 

To avoid the effects of anesthesia,the pulmonary vasomotor 
reactions were studied in healthy intact animals. Needles were 
inserted painlessly into the pulmonary artery and left atrium 
through conduits implanted several weeks before. Cardiac output 
was measured by dye dilution curves. Dogs were trained to lie 
quietly. By bleeding, the blood pre3sure was reduced to 45mm Hg 
mean and the cardiac index to 1.2L/M /min. for two hours. In 12 
complete experiments the average pulmonary artery and left atria1 
pressures fell 8cm. and 7cm. H20 respectively. The transpulmon- 
ary vascular pressure (AP) remained nearly constant. The pulmon- 
ary vascular resistance (PVR) increased 25696, whereas, the total 
peripheral vascular resistance (TPVR) rose but 76% above the 
resting basal values. That pulmonary venoconstriction may play a 
part in the elevation of PVR is suggested by a discrepancy of 2 
to 4cm. H20 between the 'wedge pressure" and the left atria1 pres- 
sure. Arterial p02 was 95mm Hg. Upon reinfusion of blood there 
was a slight but sustained elevation of both left atria1 and pul- 
monary artery pressures, although PVR returned within 5 minutes 
to the basal value. However, 24 hours later PVR was elevated 5% 
and remained so during the next 3 days, accompanied by a moderate 
reduction in arterial p02. It is concluded that active arteriolar 
constriction or cut off and possibly venomotor constriction are 
present in the intact animal during low flow states. Both may 
play a part in the subsequent morphological and functional 
changes. 
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BRADYKININAND +FEDROXY!CR- (+HT)'S EFFECTS ON THE XICRO- 
CIRCULATION. T. A. Balourdas (intr. by E.M.K. Ceiling). Dept. of 
Pharmacology, Medical School, Howard University, Washington, D.C. 

Microvascular effects of synthetic Bradykinin (RRS) on the micro- 
circulation, namely, vasodilatition, hypotension, increased capillary 
permeability, vascular hyperreactivity, venoconstriction, stases and 
petechialhemorrhages were reported (Balourdas, T.A., Proceedings III 
Internat. Pharmacological Congress, Sao Paulo, Brazil, July 1966, p.199 
& Extra-Congress Qmposium on Vaso-active Powptides, Ribeirao Freto, 
Brazil, Ang. 1966(1n Press); The Pharmacologist, 8:1& 1966,) The 
present investigations are concerned with the effects of Serotonin 
&BT) on the microvessels and the interactions with BRS. The rat 
mesocaecum bioassay was used and the mesoappendiceal microvessels were 
examined w in vivo microscopy. Results : Vasodilatation, increased 
capillary permeability, increased capillary fragility with petechlal 
hemorrhages, slowing blood flow, stases, venular constriction, micro- 
vascular hyperreactivity were observed. Bypotension was found both 
with small and higher doses of s-)fT intravenously injected in the rats. 
The effects of ERS following Serotonin were enhanced and vice versa. 
Especially the venospasm and the sensitization of microvessels apparent- 
ly were found markedly increased. These observations indicate the 
interaction of Bradykinin and Serotonin in regard to microcircubtory 
effects. Whether this interaction is qnergistic or other underlying 
mechanisms, directly 0~‘ indirectly being iuvolved, will be discussed. 
The variability of pharmacodynamic responses of the cardiovascular 
system with Serotonin directly produced and/or reflexly msdiabd, does 
not permit conclusive interpretat%un of the microvascular firdings. 
Changes in enzymatic activity and local action of other vasoactive 
amines and agents might be involved. (Supparted e grant from NM). 

THE KINETICS OF I131-DIODRAS T@ PENETRATION INTO CANINE RED 
BLOOD CELLS. R. 0. Banks* and C. V. Paganelli. Dept. Physiol., State 
Univ. of New York at Buffalo, Buffalo, N. Y. 

Diodrast (3,5-diiodo-4-pyridone-N-acetic acid) is a lipid insoluble organic 
acid (pKa = 2.9) with a molecular weight of 404.94. If Diodrast were to enter 
red cells by simple diffusion, it should do so quite slowly in view of its size 
and solubility properties. However, we found that Diodrast entered washed 
dog red cells, incubated in vitro at 37OC, with a half-time of 5.5 min. Dio- 
drast influx displayed saturation kinetics (VMax = 4 mM/L cells/hr; 
Km = 1.12 mM) and was competitively inhibited by phenol red. Counter- 
transport of Diodrast was induced in a Diodrast-equilibrated cell suspension 
by adding phenol red to the medium. At a medium pH of 7.4 the steady-state 
ratio (R) of cell water Diodrast concentration to medium Diodrast concentra- 
tion was 0.72% .04. In contrast, when cell suspensions were incubated with 
Diodrast and 10w4M iodoacetic acid (IAA) , R values averaging 1.13 t .03 were 
obtained. In the presence of IAA a steady-state cell Diodrast concentration 
was attained in about 90 min. Either glucose depletion or 10s3M sodium 
fluoride produced effects similar to IAA. Equilibrium ultrafiltration of he- 
molysates from Diodrast-containing cells showed that the increase in cell 
Diodrast concentration with IAA could be accounted for by binding of Diodrast 
to hemoglobin (Hb). The binding did not result from a direct effect of IAA on 
Hb. We conclude that Diodrast uptake by dog red cells is carrier-mediated 
and that intracellular Diodrast binding induced by IAA is in some manner de- 
pendent on red cell metabolism. 
(Supported in part by U.S.P.H.S. Training Grant 5 Tl GM 341.) 
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COMPARATIVE STUDY OF RECEPTIVE FIELD SIZES FOR SINGLE UNITS INNER- 
VATING THE RHINARIUM IN COATI AND RACCOON. David J. Barker;\ and W. I. 
Welker, Laboratory of Neurophysiology, Univ. of Wisconsin, Madison. 

The coatimundi’s more prominent use of its rhinarium for tactile 
exploration of the environment, coupled with a higher rhinarial recep 
tor density, when compared with that of the raccoon, prompted a study 
to determine if there were corresponding distinctive features in the 
coding of information in first-order somatosensory neurons which inne r- 
vate the rhinarium. In acute experiments, under surgical levels of pen- 
tobarbital anesthesia, the left Vth ganglion in 9 coatis and 8 raccoons 
was exposed by hemispherectomy and dissection of dura, and explored 
with tungsten microelectrodes. Receptive field sizes of single units 
were delineated with a series of ‘+/on Frey” wire probes, ranging in 
diameter from 150 to 25 microns. Fields so determined were drawn on 
photographs of relevant skin surfaces. Modality of isolated units was 
classified in terms of wire probe threshold, rate of application of 
adequate stimulus and nature of unit response. Of 115 units examined 
in coat i and 91 in raccoon, approximately half of these were studied 

with the Vth root severed in both animals. Four modal ity classes were 
distinguished: low and high threshold touch, pressure, vibration, and 
temperature, with a distribution of 46%, 12X, 30X, and 12% respectively 
in the coati and 58%, l&, 24% and 4% in raccoon. Average differences 
in touch receptive field sizes between coati (N=46) and raccoon (N=45) 

were not signif icant, but touch field sizes in both animals were 
signficantly smaller when the Vth root was intact. Vibratory field 
sizes were also smaller in the intact root preparation. (N=35 and 22). 
Similarity in rhinarial touch field sizes in coat i and raccoon agrees 
with the previously reported similarity in forepaw touch field sizes 
in these two animals. (Supported by USPHS Grants 5326 and 06225) 

THE CORRELATION OF RUPTURED NEXUSES AND ELECTRICAL 
DECOUPLING IN A SMOOTH MUSCLE. L. Barr, M. M. Dewey* 
and W. Berger*. Departments of Physiology and Biophysics, 
and Anatomy, Woman's Medical College, Philadelphia, Pa. 

Action potentials propagate throughout the taenia coli 
of guinea pig by way of electrical transmission between 
the smooth muscle cells with a large safety factor. 
Large bulbous, end-to-end nexuses and numerous smaller 
side-to-side nexuses occur between these cells. 
Theoretically narrow strips of taenia coli are 
electrically like single core conductors with a single 
space constant. In such situations the side-to-side 
nexuses are irrelevant to the tissue's behavior. In all 
situations propagation seems to occur by way of local 
circuit current flow across the nexuses between cell 
interiors. When the nexuses in a sucrose gap are 
ruptured by treatment with hypertonic sucrose solutions 
the longitudinal resistance of a muscle strip across the 
gap increases. In other experiments when physiological 
saline solutions are made hypertonic the propagation of 
action potentials is blocked even in the presence of 
spontaneous activity. 
(Supported by USPHS grants HE-10084 and AM-11327.) 
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FREQUENCY DISTRIBUTION OF URETERAL PERISTALSIS. 
William F. Barry, Jr. *, and Saul Boyarsky, Duke University 
Medical Center and V.A. Hospital, Durham, North Carolina. 

Ureteral peristalsis is described classicalLy to be regular, rhyth- 
mic and progressive. Ureteral pressure tracings, sensed through 
indwelling catheters, from two different types of in vivo dog prep- 
arations have been analyzed with respect to the frequency of these 
contractions. One animal preparation consisted of a chronic bladder 
explant receiving a slow intravenous (0.1 cc/min) infusion. The 
second preparation had a chronic explant and nephrostomy with in- 
flow to the ureter controlled by a constant infusion pump (0. 2-l. 3 
cc/min). The time interval between pressure events was converted 
to “instantaneous rate”. Frequency distribution plots, mean, 
standard deviation, and range were obtained from this data for each 
individual study and for each group of similar studies. Analysis of 
3600 events in 57 tracings from 11 dogs show that ureteral peristal- 
sis occurs in a very arrhythmic sequence. The frequency distribu- 
tion curves tend to show a bimodal distribution, occasionally a 
multimodal curve. The frequency distribution curves change with 
increasing urine flow with possible limitation in the maximal res- 
ponse. Peaks in the frequency distribution tend to occur in multi- 
ples of a basic frequency for any given ureter. (Supported by grants 
from the National Institutes of Health, the American Medical 
Association and the Veterans Administration). 

NORMAL BLOOD pH OF THE TOAD AT DIFFERENT TEMPERATURES AS A 
FUNCTION OF THE IONIZATION CONSTANT OF WATER. 
F. W. Baumgardner* and H. Rahn. Dept. Physiol., State Univ. of New York 
at Buffalo, Buffalo, N. Y. 

Blood pH of unanesthetized, unrestrained toads (Bufo marinus) was measured 
at their body temperature after acclimatization to several temperatures be- 
tween loo and 37OC and was shown to decrease from 7.99 to 7.57, while the 
pH of water at neutrality (pH = l/2 pKw) decreased from 7.27 to 6.81. As has 
been previously reported from this laboratory for other poikilotherms, 
observed blood pH changes parallel the pH changes of water at neutrality. 
Thus observed blood pH can be expressed as pH = l/2 pKw + Constant, where 
Kw is the ionization constant of water. Therefore a constant relative alkalinity 
is demonstrated and appears to be the parameter in blood acid-base balance 
which is maintained, independent of body temperature. The preceding studies 
were carried out with animals which were presumed to be in a steady state 
after 3 days’ acclimatization to a given temperature. Ln additional experiments 
short term pH changes were measured during imposed diurnal temperature 
cycles (15’ to 300). The same constant difference between blood pH and water 
pH was maintained, indicating that blood pH changes seem to be sufficiently 
rapid to preserve a constant relative alkalinity in the blood during daily 
temperature fluctuations. 
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REGIONAL BRAIN BLOOD FLOW AS INFLUENCED BY C02,ANESTHESIA,LIGHT,AND 0 
AT HIGH PRESSURE,J.W.Bean and N.E.Leatherman?Physiology Dept .,Univ. o f 
Michigan,Ann Arbor.Needle thermo-flow probes(Fed.Proc.26:437,1967)modi- 
fied after Gibbg and others and our earlier models(Fed,Proc.25:700,1966 
shown by in vitro and in vivo tests to reliably monitor regional blood 
flow changes in brain and kidney were used to study regional changes in 
brain blood flow in rats.The prompt flow increase in the geniculate 
and rostra1 reticular thalamic regions induced by CO2 in unanesthetized 
rats was sometimes intermittent and the pronounced initial increase was 
not maintained throughout the administration.Under anesthesia the inter 
mittence was absent and the initial increase was more sustained tempor- 
arily. Simultaneous recordings of the CO2 responses in two thalamic re- 
gions were usually synchronous and parallel;anesthesia by itself(Na pen 
tabarbital)reversibly increased the flow in one and decreased it in the 
other.Light stimulus to eyes increased flow in the geniculate region. 
Signs of OHP(60psig)toxicity on the CNS were preceded by a gradual shift 
from a stable parallel flow relationship in the two regions to 90” out- 
of-phase flow cycles of increasing magnitude; a subsequent shift to an 
in-phase relationship of large flow changes occurred with the onset of 
0 convulsions and continued into decompression,Simultaneous recordings 

0 $ regional changes in cerebral blood flow and pO2(02 electrode) were 
also made.The data substantiate earlier findings(Am.J.Physiol.201:1192 
1961;Physiologist S:104,1962)and their interpretation that asynchronous 
changes in regional pO2 as recorded from multiple O2 electrodes in the 
brain are associated with the 02 convulsions and are due in large part 
to regional changes in brain blood flow(Oxygen in the Animal Organism, 
Pergamon Press,London,p496,1963).These regional flow changes,frequently 
reciprocal,and the attendant changes in p02,C02,and pH, are important 
causal factors in CNS reactions induced by OHP but are masked in efflu- 

ent brain blood.Supported by Natl.Inst.of Health Grant J&01646. 

THE COMPARATIVE HEMODYNAMIC EFFECTS OF TREADMILL AND SUPINE BICYCLE EX- 
ERCISE IN PATIENTS WITH CARDIAC IMPAIRMENT. G.David Beisefl, Stephen E. 
Epstein*, Morris Stampfeti, Eugene Braunwald. NIH, Bethesda, Md. 

Although it is generally appreciated that the hemodynamic effects of 
exercise are influenced by changes in body position and the type of ex- 
ercise performed, very little is known about the significance of these 
factors in patients with impaired cardiac function. Thus, data obtain- 
ed from such patients during supine bicycle exercise, which is the 
method commonly in use, may not reflect accurately the circulatory re- 
sponses occurring during ordinary upright activity. Accordingly, nine 
patients with moderate to severe cardiac impairment and eight subjects 
with normal cardiovascular systems were studied during both supine bi- 
cycle and upright-treadmill exercise. At comparable levels of exertion, 
as determined by VO2, there were no differences between the two modes 
of exercise in the response of cardiac index (CI) and stroke index (SI) 
in the patients. 
(0.83 L/min/M*, 

In normal subjects, however, CI was an average of 16% 
w.005) and SI 13% (7 ml/M2, p<.OO5) lower during 

treadmill exercise. However, mean pulmonary arterial pressure (PAP) was 
lower in patients by an average of 17 mm ~g (p<.OO5) during upright ex- 
ercise compared to a decrease of only 5 mm Hg (pc.05) in normals. In 
patients, heart rate (HR) was 10% (11 beats/min, w.05) and arterial 
pressure was 22% (18 mm Hg, p<,OOl) higher during supine bicycle exer- 
cise,suggesting that in patients with cardiac impairment this form of 
exercise evokes greater sympathetic discharge to the heart and resist- 
ance vessels than a comparable level of treadmill exercise. In nor- 
mals HR and AP were unchanged between the two forms of exercise. Thus, 
not only is the circulatory response to supine bicycle exercise quite 
different to that of upright treadmill exercise in both normal subjects 
and patients, but the changes that occur in the two groups from one 
mode of exercise to the other are dissimilar, 
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DEPRESSION OF PANCREATIC EXOCRINE FUNCTION BY ANESTHETIC AGENTS. 
Gur Ben-Ari*, Jack Rudick*, -- Allan E. Kark*, David A. Dreiling. The -- --P -- 
Mount Sinai School of Medicine, New York, N.Y. 

Secretion of HC03, Cl, and amylase, stimulated by intravenous 
secretin (1 u/kg. and 5 u/kg.) and secretin (1 u/kg.) with 
pancreozymin (1 u/kg.) was studied in 11 dogs equipped with 
pancreatic fistulas during sodium pentobarbital (2%) anesthesia, 
chloralose-urethane (1:lO) anesthesia, and also in the un- 
anesthetized state. The addition of gastric fistulas prevented 
the release of endogenous secretin by acid contamination of the 
duodenal mucosa. Both anesthetic agents resulted in a 75% 
reduction of the resting rate of flow, with concomitant reductions 
of HC03 concentration and amylase concentration. The response to 
submaximal and maximal doses of secretin and secretin with 
pancreozymin was reduced by 30% -- rate of flow, HC03 concentration 
and amylase concentration were affected. No statistically 
significant difference was noted between the two anesthetics. 
Control experiments demonstrated no reduction in the response to 
repeated inje ction s of 
between i njec tions . In 

secret in, ir respect ive of the time interval 
a fur ther 3 pancre atic fistula dogs sub- 

jected to truncal vagotomy, both anesthetic agents did not reduce 
the exocrine function either in the unstimulated state or in 
response to exogenous stimuli. These findings suggest a vagolytic 
effect of anesthetic agents on pancreatic exocrine function and 
may account for some discordance in physiologic observations and 
discrepancies in biological assays of secretin and pancreozymin 
recorded by different investigators utilizing anesthetic agents, 
(Supported by NIH Grant #AM-03889-07) 

THE ROLE OF THE ANTERIOR LIMB OF THE ANTERIOR COMMISSURE IN OLFACTION. 

Marvin H. Bennett (i&r. by B. M. Wenzel). Departnuent of Anatomy, 
Louisiana State University Medical Center, New Orleans, Louisiana 

Behavioral measures were used to investigate the effects of lesions 
of olfactory system structures upon olfactory function in rats. 
Performance in odor discrimination and detection paradigms was not 
affected by unilateral bulb removal, or by unilateral or bilateral 
commissural lesions destroying less than 5O$ of both anterior linibs. 
A complete loss of discriminative performance followed bilateral 
commissural transection, though the habit was reestablished with 
retraining. Such loss also occurred in animals trained in the odor 
detection paradigms indicating that a loss of discriminative ability 
per se was not responsible for postoperative performance deficits. A 
successively increased threshold followed unilateral commissural 
transection, unilateral bulb removal, and bilateral commissural 
transection, whereas all three procedures produced the same decrease in 
adaptation rates. It was concluded that two anatomically and 
functionally discrete systems coursed through the anterior limb of the 
anterior commissure. The first, contained wholly within the anterior 
limb as commissural fibers, provides a component of the centrally 
originating olfactory adaptation. The second, contained in 
centrifugal decussating fibers, summate intensitive functions of each 
half of the olfactory system and perhaps provide a pathway for other 
centrally originating facilitative influences. 
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EFFECT OF BIOGENIC AMINES ON THE CHOLEDOCHUS OF DOGS. D, N. 
Benslay* and T. M. Lin. Lilly Research Labs, Indianapolis, 
Indiana. 

In order to elucidate the actions of biogenic amines upon 
the choledochus, three cholecystectomized dogs with ex- 
teriorized fistulae of the common bile duct and, one dog 
similarly prepared but in addition provided with gastro- 
duodeno mucosal septum and gastro-jejunostomy were used. 
The hepatic and the choledochal ends of the common bile duct 
were connected to separate strain gauges which in turn were 
connected to each other. The hydrostatic pressure in the 
hepatic or choledochal system was each measured by an indi- 
vidual water manometer and strain gauge which in turn were 
connected to a Visicorder; the pressure in each recording 
system could be adjusted by infusion of sterile saline from 
a reservoir into each water manometer. Biogenic amines were 
given when (I) spontaneous hypertonicity (>200 mm H20) of 
the choledochus occurred, or (II) when experimental hyper- 
tonicity (>200 mm H20) was induced by infusing 1.5-2.0 
ml/min of saline into the manometer. In either case, his- 
tamine 0.02.-1.0 mg/kg, S.C. lowered the pressure in the 
choledocal system by approximately 100 mm H20 in more than 
80 tests. Serotonin, o.o~--0.6 mg/kg, S.C. had no effect 
in (I) but increased the pressure by about 100 mm H20 in 
(II) in more than 12 tests. This effect of serotonin was 
either prevented or counteracted by histamine. Norepineph- 
rine, 0.5.-1.0 pg/kg, i.v. and epinephrine 20 kg/kg, S.C. 
had no effect upon the choledochus under either condition. 

THE EFFECTS OF THYRCTROPIN AND THYROXINE ON THE KINETICS OF 
11= UPTAKE IN THE RAT THYROID GLAND 

Samuel G. Benson (Intr. by A.L. Bennett)U. of Nebr Co11 of Med. Omaha, 
Nebr. 

The influen of various treatments on the rate of thyroidal uptake 
of injected I 1S'i was studied in rats. They were first subjected to a 
seven day period either of control(no treatment) or of treatment de- 
signed to change the concentration of circulating thyroid-stimulating 
hormone(TSH). Three experimental groups were: T4-daily injection of 
Thyroxine, 100 yg/Kg; TH-a single injection of Armour's Thytropar, 
5 units/rat; Low I-on an iodine-deficient diet. Each rat(contro1 and 
treated groups) then received 10 pc 1131 intraperitoneally. Periodic 
scintillation counts were made over a limited area of the neck of the 
intact animal and also on the excised thyroid gland. A graphic re- 
presentation of the rate of 113l uptake in situ was found to closely s- 
fit a curve expressing a rising exponential equation:C-Cm(l-e' *), 
where C ia the counts per minute(cpm) obtained at the time T after in- 
jection; Cm is the maximum cpm obtained;V(hrs.) ia the time at which 
63.2% of Cm is reached, and e is the base for the natural logarithm. 

Results: Control - Cm - 12,000; 1'1. 2.1 
T4 - 5,100; 8.0 
Low1 - 34,000; 0.8 
TH 

A comparison was made betwee: 
18,000; 1.4 

the in situ findings and the data ob- -- 
tained from excised glands. Correlation coefficients were calculated 
to be 0.91 for controls, 0.94 for the Low I group and -0.46 for the 
T4 group. 
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THE EFFECT OF RESTRAINT STRESS AND FASTING ON ORGAN SIZE IN THE 
DOMESTIC FOWL 11 
E. L. Besch, A. H. Smith and R. R. Burton*, Institute for Environmental 
Research, Kansas State University, and Department of Animal Physiology, 
University of California, Davis. 

Previous work has shown that restraint produces a state of acute 
stress in domestic fowl and results in a loss of body weight. This 
loss does not appear to be due to inanition per se, but little infor- 
mation is available on comparative organ weight loss in these animals. 
Accordingly, adult, male, domestic fowl were restrained, in series, in 
individual cages with feed and water ad libitum and comparisons of -- 
various organ weights made with tissue from control and fasted animals. 
Restraint and fasting caused a decrease in absolute organ weights in 
all organs. The loss of spleen tissue mass, superficial pectoral 
muscle mass, small intestine mass and pancreas mass was greater in the 
restrained than fasted groups. Loss of testes tissue mass was less in 
restrained than fasted. There were no apparent myocardial lesions in 
either group. The effects of both restraint and fasting appear to be 
directly proportional to the duration of treatment. 

1;' Supported by NASA:NGR:05-004-010. 

SERUM INSULIN LEVELS IN SPONTANEOUSLY DIABETIC MICE OF THE KK STRAIN. 
James H. Birnie, Peqqy Pula* and Patricia Hammerlef Smith Kline & 
French Laboratories, Philadelphia, Pa. 

Hereditary diabetic mice of the KK strain have been reported as 
having elevated glucose tolerance curves and a higher than normal 
pancreatic insulin content (Nakamura and Yamada, Diabetoloqia 3:212, 
1967). Studies in our laboratory indicated that mice of the KK strain 
had higher fasting insulin values than the CBA controls (42 VU/ml vs 
26 pU/ml) when undiluted pooled serum samples were assayed by the rat 
hemidiaphragm method of Valiance-Owen and Hurlock, Lancet 1:68, 1954. 
An investigation of immunoreactive insulin levels i= samples 
from individual mice, assayed by the method of Hales and Randle, 
Biochem. Jour. 88:137, 1963, showed that KK mice, fed ad lib., had 
significantly higher insulin levels than did the HaM/IEcontrols 
(lil VU/ml vs 35 @/ml). Following an 18.hour fast, the serum immuno- 
reactive insulin of the KK and HaM/ICR strains were both reduced 
from the ad lib. level, but the KK remained higher than the controls 
(41 ~U/mlYkT pU/ml). When animals were fasted for 18 hours and 
tested following an oral glucose load of 2 gm/kg, insulin levels 
were increased in both groups at one hour postglucose (50 VU/ml vs 
32 VU/ml), but the percentage increase over the fasting level was 
smaller in the KX mice than in the controls. The basal in vitro 
glucose uptake of the epididymal fat pad and diaphragm rn?i&morn 
KK mice was usually decreased when compared with tissues from the 
HaM/ICR controls. 
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DISCHARGE OF FRONTAL EYE FIELD (FEF) NEURONS DURING EYE AND HEAD MOVE- 
MENT IN MONKEYS. E. Bizzi and P. H. Schiller (intro. by E. V. Evarts). 
Dept. of Psychology, MIT, Cambridge, Mass. 

Previous investigations (Bizzi, Evarts 1967) indicated: 1) most FEF 
cells recorded in unanesthetized monkeys discharge in relation to eye 
position; 2) these cells do not change activity prior to initiation of 
an eye movement. The results were obtained in monkeys whose heads were 
restrained. In order to investigate the characteristic discharge of 
FEF neurons during coordinated eye-head turning, apparatus was construc- 
ted allowing spontaneous head rotations in the horizontal plane. It is 
known that during head movement the eyes begin to move first and are 
followed by the head. During head rotation the eyes display a backward 
compensatory movement with respect to the direction of the head move- 
ment. The firing pattern of FEF cells was examined with respect to 
both head and eye movement. Two populations of cells were observed: 
one related to eye movement, the other to head turning; cells respond- 
ing to both were not found. The firing pattern of FEF neurons signal- 
ing eye movement or eye position was maintained irrespective of head 
movements or head position. Unitary discharge occurred also during the 
backward compensatory movement , provided that the eyes were moving 
across positions which would have associated with neuronal activity had 
the eyes come to rest there. In relation to head movement, two types 
of neurons were found: some discharged during any head movement, a few 
to head turning in a specific direction. Some of these units were 
identified by antidromic responses to stimulation of the cerebral 
peduncle. 

Changes in Heart Rate Induced by Bacterial Endotoxin. 
Benjamin Blattberg and Katthew N. Levy. Research Div. - - 
St. Vincent Charity Hospital, Cleveland, Ohio 44115 

In unanesthetized dogs, the intravenous injection of 
coli endotoxin results in an early triphasic change in 

kaZ7ate ; namely, a transient tachycardia, followed by 
bradycardia, and then a secondary tachycardia. In dogs 
anesthetized with pentobarbital, there is a similar ini- 
tial tachycardia, followed by a more prolonged period of 
bradycardia. When morphine-chloralose-urethane anesthesia 
is employed, endotoxin also induces an initial tachycardia 
which is somewhat more prolonged than in the unanesthe- 
tized or pentobarbital anesthetized dogs. Heart rate then 
returns temporarily to the control level, but accelerates 
again secondarily. &ost probably, the initial tachycardia 
observed in all three groups of animals is ascribable to 
reduced stimulation of the peripheral baroreceptors. The 
subsequent bradycardia is due principally to increased 
neural activity in the cardiac vagal fibers, despite the 
arterial hypotension. In the animals anesthetized with 
morphine-chloralose-urethane, this tendency for enhanced 
vagal activity is counteracted by the reflex response to 
arterial hypotension. when the arterial blood pressure is 
prevented from falling, then bradycardia appears after 
endotoxin with this combination of anesthetic agents, just 
as in the other two groups of animals. 
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MICROPHYSIOLOGICAL STUDIES ON A CENTRE MEDIAN (CM) RELAY SYSTEM. 
Baruch Blum (Intro. by A. S. Marrazzi) Mt. Zion Neurological Institute, 
San Francisco, Calif. 

Extracellular evoked unit-responses to single-pulse stimulation of 
the pyramidal tract, of the CM, and of the entopeduncular nucleus (Ent) 
were studied in areas 4 and 6 of the cat pre- and post-cruciate cortex. 
Utilizing known criteria neurons were classified as pyramidal tract 
neurons (Pt. n.) or as non Pt. n. Extending previous observations (Blum 
et al. 1966) it was shown that CM or Ent evoke units, which in many 
cases seemed to be of identical neurons, at latencies of 2 or 3 msec or 
more. These latencies showed great constancy from response to response 
of the same unit (S. D. practically 0.0). It is proposed that this 
temporal constancy reflects a characteristic of a specific system, 
rather than of a particular nucleus, i. e. of a system which has the 
capability to transmit digital signals to the sensori-motor cortex in a 
rather efficient and deterministic fashion. Projections from Ent to 
CM have been described by Nauta and Mehler (1961). However, the above 
unit responses were evoked at shorter latencies by Ent than by CM, the 
difference being a rather short delay accountable by two synapses. If 
however a working hypothesis is made that Ent in the cat is, at least 
in part, a homologue of the primate internal globus palidum (i. g. p.), 
the above units could be assumed to result from activation of a path- 
way equivalent to that shown by Nauta and Mehler (1966) in primates to 
link the CM to the putamen, the latter to the i. g. p. and hence via 
the thalamic ventrolateral nucleus to the sensori-motor cortex. Such a 
system seems to synapse widely in the sensori-motor cortex of the cat 
in area 4 and 6, of the pre- as well as the postcruciate gyri. 
(Supported by USPHS Grant NB-05061). 

REDUCED MYOCARDIAL NECROSIS WITH POST-SYSTOLIC AUGMENTATION. 
A. J. Bocage*, L. A. Toth and A. S. Harris, Louisiana State University 
School of Medicine, New Orleans, Louisiana. 

Post-systolic augmentation by arterio-arterial pumping with the 
Simas unit has significantly reduced myocardial damage judged by Na and 
K shifts in the dog heart following occlusion of the left anterior 
descending coronary artery at a standard high level. 8 control (not 
pumped) and 10 experimental (pumped) dogs were studied. Procedures 
were equal for control and experimental dogs except pumping. Under 
anesthesia, via thoracotomy, a dacron ligature was placed around the 
artery only, and threaded through a catheter which was buried subcu- 
taneously. 4 to 8 days later the catheter was retrieved and the liga- 
ture tightened, occluding the artery. Just before making the occlusion 
the external iliac arteries were exposed and ligated. In the experi- 
mental series arterio-arterial pumping via catheters in the iliac 
arteries was begun 3 to 5 min before coronary occlusion and continued 
for periods of 5.5 to 12 hours. All dogs were sacrificed 24 hrs after 
coronary occlusion, and the ventricular myocardium was analyzed to 
determine Na gain and K loss in meq/lOO g muscle. Differences 
between the means of the control and experimental groups were 0.643 
(1.601-0.958) for Na, and 0.699 (1.527-0.828) for K. P < 0.005 for 
both Na and K. Aided by Grant Number HE-01109, USPHS. 
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SIMULTANEOUS SEKELJ AND GILFORD DENSITOMETER CURVES OF COOMASSIE BLUE. 
Clorinda S .-S. Bohler*, William A. Scoggin*, and Philip Dow. -- Depts. of 
Physiology and Obstetrics-Gynecology, Medical College of Georgia, 
Augusta. 

Patients in the last trimester of pregnancy, whose sensitivity to 
norepinephrine and angiotensin was being studied, offered an opportuni- 
ty for supplemental validation of the Sekelj absolute ear densitometer. 
With the patient lying on her side, appropriate doses of Coomassie Blue 
were injected into an antecubital vein and flushed in with the arm 
raised. The response of the Sekelj earpiece was led to a Sargent re- 
corder. Simultaneously, blood was drawn from a femoral artery through 
a Gilford 103 IR densitometer and its response was led to a Texas dual 
Servoriter. The curves were calibrated, measured and analyzed inde- 
pendently and then compared. Similarity of form and area are shown in 
graphs of 20 curves from four patients. Since interest in the Dow 
"emergency formula" (1955) has recently been rekindled by the Sekelj 
group 9 comparisons were also made between this and the standard method 
for all curves and the favorable results are shown. 
(Supported in part by a grant from the Life Insurance Medical Research 
Fund, a grant from the Georgia Heart Association, and HE 10158 from the 
U.S.P.H.S. Coomassie Blue, recently discontinued, was furnished by 
Ayerst Laboratories.) 

ROLE OF SKIN VASCULATURE IN CONTROL OF ARTERIAL BLOOD PRESSURE. Robert 
F. Bond and Harold D. Green. Bowman Gray Sch. Med., Winston-Salem,. 

Therole of the cutaneous vasculature in hemorrhagic hypotension was 
studied by measuring either venous outflow or arterial inflow with a 
square-wave flowmeter from functionally isolated cutaneous vascular 
beds during: 1) stepwise reduction in local perfusion pressure, 2) step- 
wise reduction in mean arterial pressure (MAP) induced by hemorrhage, 
3) irreversible shock. In both innervated and denervated preparations 
the pressure/flow (P/F) curve for hemorrhage shifts towards the pressure 
axis; in irreversible shock it shifts even more, suggesting a progres- 
sively increasing vascular tone. To study the mechanism of increased 
tone, cardiac output and saphenous artery flows were monitored simulta- 
neously during bilateral carotid occlusion (BCO) in: 1) normal, 2) bi- 
laterally vagotomized, and 3) Dibenzyline treated vagotomized animals. 
Preliminary results indicate that BCO increased the total peripheral 
resistance (TPR) in all three preparations by approximately the same 
per cent as the MAP. Cutaneous vascular resistance decreased in all 
three, the greatest reduction occurred when the MAP response was high- 
est, suggesting that in the pressure range utilized in this study, the 
cutaneous vascular beds 1) behave in a passive manner, and 2) do not 
contribute toward the increased MAP coincident with the BCO. The shift 
of the P/F curve to the right in the hemorrhage animals is probably 
the result of a higher output of catecholamines from the adrenal medul- 
la than was obtained with BCO. (Supported by USPH grants 487, 5392, 
North Carolina and Forsyth County Heart Associations.) 
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TRANSMISSION OF ANTRAL SLOW WAVES ACROSS THE GASTRODUODENAL JUNCTION 
IN VIVO. -- Alex Bortoff and Robert S. Davis.* Upstate Med. Ctr., 
State University of New York, Syracuse, N. Y. 

Although transmission of antral slow waves across the gastroduo- 
denal junction has been demonstrated in isolated preparations of cat 
antral-duodenal segments (Bortoff and Weg, Amer. J. Physiol. 208: 531, 
1965), recordings taken from this region in chronic dog prepazions 
indicate that antral slow waves are interrupted at the junction by an 
"electric insulator" (Bass, Code and Lambert, Amer. J. Physiol. 201: 
587, 1961). By using modified suction electrodes we have been ax to 
record monophasic potentials, several mV in amplitude, from the gas- 
troduodenal regions of both anesthetized cats and dogs. Although the 
electrical activity at the junction is attenuated, there is no evi- 
dence that it insulates the electrical activity of the antrum from 
that of the duodenum. On the contrary the attenuated antral slow 
waves appear to spread through the junction and into the proximal 
duodenum where they tend to increase the magnitude of depolarization 
of duodenal slow waves. Since spiking seems to be related to the 
level of slow wave depolarization, this could account for the correla- 
tion that has been noted between antral slow waves and duoden? 
spiking, especially when duodenal excitability is high as in post- 
prandial animals (Allen, Poole and Code, Am. J. Physiol. 207: 906, 
1965). 

EFFECT OF AFTERLOADING ON PAPILLARY MUSCLE CONTRACTIONS. T. Earl 
Bowen, Jr., (intro. by T. J. Reeves). Dept. Of Physiol. Univ. of Ala. 
Birmingham, Alabama. 

Anrep showed that an increase in contractility of the dog heart can 
result from elevation of aortic resistance; Sarnoff (Cir. Res. &:1077, 
1960) called this type of homeometric autoregulation. Treating after- 
load as the analog of aortic resistance an attempt has been made to 
show this phenomenon in cat papillary muscles. Muscles bathed in mod- 
ified Krebs-Ringer solution (bubbled 0 95%, CO 5%) were stimulated 
supramaximally with 5 msec pulses (15~ fi of 12-3 li /min at different ini- 
tial lengths. Muscles ranged in length 2.3 - 5.85 mm; weights ranging 
1.5-6.3 mg and temperatures 23 - 37'C. Muscles worked against a low 
afterload (approx. l/3 peak isometric tension) in an electromechanic- 
ally loaded apparatus. Between two given beats the afterload was in- 
creased to approx. 2/3 peak tension and then returned to the lower 
load 10 beats later. The inotropic background was maintained constant. 
An increase in contractility could be detected if, after the initial 
decrease in shortening the higher load, there was an increase in the 
amount of shortening. Although the treppe phenomenon was readily 
demonstrated in all muscles, only two out of 10 muscles showed an in- 
crease in shortening (2-4 x lo-3mm or 0.09%) in the response to an in- 
crease in load. These muscles also demonstrated an "overshoot" in 
shortening when the load was returned to the lower level. The 2 mus- 
cles showing the phenomenon had cross-sectional area<l.0mm2; the others 
were>l.0mm2. This would suggest that the degree of oxygenation may be 
important in demonstrating what is, in any case, a slight effect and 
can be compared to the changes observed in the intact ventricle. This 
work supported by grants HE 08922 and USPH-STIHTS-5148. 
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EXPERIMENTS ON TASTE BUD HOMOGRAFTS. Robert M. Bradley (intr. by L. M. 
Beidler.) Florida State University, Tallahassee, Florida. 

It is possible to transplant tongue epithelium. Previous workers, 
however, were not primarily concerned with the fate of the taste buds 
in the grafts. The present series of experiments was to study the 
possibility of grafting taste buds. In preliminary experiments, pinch 
grafts were taken from the anterior third of rat tongue and trans- 
planted to sites on the belly. The wound was dressed with tulle gras 
and a cast applied to prevent the animal from interfering with the 
graft. The grafts were removed, fixed and embedded in paraffin. They 
were sectioned at 10 microns and stained with H. and E. Although the 
grafts retained their tongue-like character, it was impossible to dis- 
tinguish between filiform and fungiform papillae. A thick cuticle 
developed. No taste buds were seen in either the short term (10 day) 
or long term (20 day) grafts. In a second series of experiments the 
circumvallate papilla of the rat was grafted to the belly. These 
were examined histologically at 2, 4, 6, 8, and 10 days as described 
above. By the fourth day the taste buds have disappeared. The circum- 
vallate papilla is still quite distinct. Thus, the taste buds are not 
maintained after grafting but the possibility of reinnervation after 
extended times is being investigated. This research has been 
supported in part by NIH Grant No. NB 5258-08 and NSF Grant No. GB- 
4068. 

A MEASUREMENT OF THE ACTIVE STATE IN PAPILLARY MUSCLE. Allan J. Brady 
Department of Physiology, U.C.L.A., Los Angeles, California 90024. 

The time course of tension development in cardiac muscle at constant 
contractile element length was recorded using a feedback system which 
continuously compensates for muscle series and parallel elasticity 
based on the three element model of muscle. The stress-strain 
characteristic of undamped series elasticity is first obtained by a 
series of quick releases to a light load at various times during 
successive contractions. The parallel elastic characteristic obtained 
by controlled stretch during diastole is then added to this relation. 
Using this combined tension-length curve as a mask for a oscillo- 
graphic curve tracer (photoformer) a length correction signal is 
generated on the X-axis of the scope when the isometric tension signal 
drives the Y-axis of the scope. The length correction signal, properly 
scaled, then drives an ergometer attached to the muscle. Thus, as 
force development progresses in the muscle it is also stretched appro- 
priately to compensate for the tendency of the contractile element to 
shorten against the series elastic element. Correction for the rise 
in resting tension accompanying the stretch is also accomplished. The 
resulting time course of tension development is the time course of the 
cardiac active state in terms of Hill's definition of active state 
intensity. Relative to an unstretched isometric contraction, the 
active state rises considerably faster and has a higher but only 
slightly earlier maximum. Relative to an unstretched isometric con- 
traction at an initial length equal to the maximum length achieved 
during the active state measurement, the active state rises somewhat 
faster to the same level (but slightly earlier) and then decays some- 
what ahead of it. (Supported by Grant #HE 09257 N.I.H.) 
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EFFEXZT OF SPLENIC SEQUESTRATION ON PUIJ4ONARY DIFFUSING CAPACITY. 
Richard E. Brashear * and Joseph C. Ross. Ind. Univ. School of Med., 
Indianapolis, Ind. 

The function of the spleen as a reservoir in dogs has been well rec- 
ognized for many years. It is also well established that changes in 
blood oxygen capacity alter pulmonary diffusing capacity for carbon 
monoxide (DD) by changing the intracapillary component of DL. Since 
investigations of the puJ.monary circulation are being done by DD mea- 
surements in dogs, this study was performed to determine the role which 
an intact spleen could have on the results. Breath holding DL for 
carbon monoxide was determined in duplicate at 3 different oxygen ten- 
sions in 9 anesthetized mongrel dogs (20 - 30 kg). DM and Vc were 
calculated. Oxygen uptake, oxygen capacity, hematocrit and red cell 
indices were also determined. The spleen was mobilized exteriorly and, 
with manual pressure, reduced to the smallest possible volume, then 
surgically removed. The wound was closed and all studies were repeated. 
The mean increase in DL after splenic compression and removal was 4.2 
f 2.5 ml/min/mm Hg; (X.002). Mean increase in hematocrit was 10.7 f 
2.1 (p<.OOl) and in venous oxygen capacity, 4.7 f 1.0 ~01% (P<.OOl). 
Changes in the other parameters were not significant. Because of the 
variable reservoir function of the dog spleen, it is concluded that in- 
vestigations of the pulmonary circulation or lung function in dogs 
using DD measurements should ideally be done on splenectamized animals. 

INHIBITION BY CYCLIC-AMP OF THE HEXOSE MONOPHOSPHATE 
PATHWAY IN ADIPOSE TISSUE, George A. Bray, New England 
Medical Center Hospitals, Boston, Massachusetts. 

When adipose tissue is incubated with theophylline lipolysis is 
increased and the oxidation of glucose is inhibited. Theoph lline was 
found to inhibit the oxidation of glucose-14C and glucose-l - Y 4C, but 
it had no effect on the oxidation of glucose-6-14C, fructose-14C, 
pyruvate- l- 14C or pyruvate-3-14C. The stimulation of glucose oxi- 
dation by epinephrine, corticotropin or thyrotropin was also inhibited 
by theophylline. The uptake of glucose was increased by epinephrine 
but inhibited by theophylline. When adipose tissue was incubated with 
dibutyryl- 3 $ 
glucose-l-l4 

5’-adenosine monophosphate (DBC) the oxidation of 
C was inhibited at concentrations of DBC below those 

required to stimulate lipolysis or to increase the oxidation of glucose- 
6-146. At high concentrations of DBC, the oxidation of glucose- l-146 
and glucose-6-14C were equal. The stimulation of glucose-l-14C 
oxidation by insulin was completely inhibited by theophylline but less 
strikingly inhibited by DBC. However, insulin plus DBC produced 
ratios of C=-1, to C-6 oxidation that were closer to those of epinephrine 

than to control or insulin-treated tissues. When the enzyme of the 
hexose monophosphate shunt were assayed in homogenates of adipose 
tissue,dibutyryl cyclic-AMP was found to be a competitive inhibitor 
of 6-phosphogluconate dehydrogenase, but to have no effect on 
glucose-6-phosphate dehydrogenase. 
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EFFECI’ OF SULFONIMIDES ON ANIQ+ (OILORIDE-SULPHATE) EXCHANGE IN RED 
CELlA Michael 0. Breitmeyer” and Warren H. Dennis. Department of 
Physiology, The University of Wisconsin, Madison, Wisconsin. 

Human erythrocytes were collected in heparin, washed twice in saline 
(8 parts saline: 1 part cells) , then washed twice in balanced 
electrolyte (10: 1) (Tyrode’s with all anions replaced by chloride) . 
Isotonic Na2S04 (5 ml) was mixed with 3 ml of the washed, packed cells 
(hematocrit=gO%) . The exchange of intracellular Cl’ for external SO4’ 

was studied by measuring the time course of the external Cl’ 
concentration [Cl,] with a Ag/AgCl-calomel electrode system. The rate 
constant (k) of the exchange was calculated as the slope of 

exchange at 19oC ppH=7.0) was 0.0198+0.0044 min’l (st. 
ln([Clo]final-[Cl Itime) vs time plots. The mean k for the ~;i;l 

The k was reduced to 51% of control (0.0101+0.0018 min’ P 
2x10-4 M acetazolamide. 

,%13; by’ 
Mean half times were 35.0 and 68.5 min. 

respectively . No reduction in k was evident until the acetazolamide 
was increased to 10m5 M; increasing the concentration from 5~10’~ to 
5~10’~ did not significantly decrease k. Sulfanilamide and furosemide 
[2x10w4 M] reduced k to 57% of control. ‘Ihe activation energy (E) for 
the exchange was determined by calculating k at various temperatures 
(lo-300C) ; E was 18.2 kcal/mole for th! Cl’-SO4’ exchange and E was 
20 kcal/mole with acetazolamide (2x10’ M). The Cl’-SO4’ exchange 
may depend on some interaction of the anions with the red cell membrane 
since the exchange rate was reduced by known carbonic anhydrase 
inhibitors and was more dependent on temperature than one expects for a 
purely diffusional process. 

Micropuncture study of the primate nephron. B. M. Brenner*, C, M, 
Bennett*, and R. W. Berliner. Bethesda, Md. 

Proximal (PT) and distal tubule (DT) function was studied in the 
rhesus monkey during hydropenia and furosemide diuresis (during which 
ECF was maintained). During hydropenia, p roximal TF/P ratios for Na, 
K and osmolality approximated unity; about 30% of the filtered water 
remained at the end of the accessible portion of this segment (92% of 
length). Distal tubule fluid was always hypotonic to plasma [(TF/P)osm 
= 0.50 + .16SD and (TF/P)Na = 0.43 + .15SD] and did not change along 
this segment. Volume was reduced to 25% of filtered in the early DT; 
small but significant water reabsorption occurred in the remainder of 
DT. (TF/P)K ratios along the DT showed considerable scatter (range 
0.26-3.43) but tended to increase. Ten out of twelve ratios in the 
early DT were less than one, whereas only seven of eighteen ratios in 
the late DT were less than one. The amount of K relative to the 
amount filtered increased from 13%. in early DT to 26% in late DT. 
Following furosemide, animals excreted l/3 of filtered Na and water. 
Electrolyte and water reabsorption along the PT did not differ from 
controls. DT osm and Na values approached plasma [(TF/P)osm = 0.89 + 
.06SD and (TF/P)Na = 0.85 + .OSSD]. Na remaining at this site (22% of 
filtered) was twice controls (loo/o), but water remaining was only 
slightly increased (30% remaining), indicating that inhibition of Na 
reabsorption occurred in the water impermeable segment rather than the 
PT. Following furosemide, (TF/P)K 2 one (range 0.98-3.43) suggesting 
inhibition of K reabsorption at or prior to this site. (TF/P)HCO3 
from the mid-portion of PT was 0.46 f. .14SD during hydropenia (mean 
PH = 7.04 It .20SD); following recollection from the same site after 
acetazolamide (TF/P)HC03 rose to 1.32 Z!Z .46SD (mean pH = 7.51 rt: .12SD). 
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BRAD-m l..NDflc~G=~?=& THE ROLE OF VASOACTIVE NONAPEPTIDE 
IN INFIMMATOKP PROCESS. R.S. Bright and T.A. Balourdas (intr. by 
E.M.K. Ceiling). Dept. of Pharmacology, Medical School, Howard 
University, Washington, D.C. 

finctional and structural lesions in the microcirculation caused 
b Bradykinin, especially -sodilatation, increased capillary permea- 
bility, vascular hyperreactivity, venoconstriction, hemorrhages and 
hypotension were reported (Balourdas, T.A., Proc. III Internat. Pharma- 
cological Congress, July 3966, Sao Paulo, Brazil, p.199 & Extra-Con- 
gress Symposium on Vase-active Polypeptties, Ribeirao Preto, Brazil, 
Aug. 1966 (In ress); GonzaIsz, E.A. and Balmda8, T.A., The Pharma- 
cologist, 8:17 , 1966). E The present investigations were undertaken to 
determine the role of participation of plasma kinins in the iaflannne- 
torg and infectious processes. m in vivo microscoyg of the rat meso- 
appendicealmicrovessels using the masocaecum bioassay after I.V. in- 
jection or local application of synthetic Bradykinin (BRS) the sanm3 
structural and functional changes were observed. In a group of nom1 
rats the blood leukocytes were counted before and after the I.M. ad- 

ministration of BRS. Results: The treated animals with BRS (75 - 200 
pi) exhibited a remarkable leukocytosis 22 to 2& hours after the in- 
jections. The leukocytes fromthe normal countings, found 8,000to 
16,550, were increased 2-3 fold. No increase was observed during the 
first12 hours. Given the interrelationship of plasma kallikrein-kLnin 
system and blood clotting mech#niam, we observed w grosso mode deters- 
ination of clotting tfme in the treated animals the develoFnt of hy- 
percoagulability concomitant with leukocytosis. The microvascular 
findings and the developed bmkocytosis with Bradykinin may indicate 
the aspect of participating role of plasma kinins in inflammatory and 
infectious processes with topical and systemic morbid manifestations. 

VAGAL STIMULATION OF BILE FLOW IN CONSCIOUS DOGS. Frank P. Brooks 
and Morton I. Grossman. Veterans Adm. Center and UCLA School of Med., 
Los Angeles, Calif. 

Present views of the mechanisms of stimulation of bile flow involve 
the secretion of bile salts by hepatic parenchymal cells and the 
addition of a bicarbonate rich fluid by the bile ducts. Bile salts 
themselves represent an example of stimulation of the first type 
while secretin is thought to act by the second. (Wheeler & Mancusi- i 
Ungaro, Am. J. Physiol. 210: 1153, 1966) We have compared bile flow 
stimulated by 2-deoxy-d-glucose (2 DG), insulin and secretin in 9 
conscious cholecystectomized dogs with duodenal fistulae permitting 
catheterization of the bile duct under direct vision. Bile flow 
doubled approximately after 1.5 U/Kg insulin I.V. whether given upon a 
background of I.V. saline or sodium taurocholate. 2 DG 100 mg/Kg I.V. 
was a much weaker choleretic, while secretin given by continuous I.V. 
infusion 2 U/Kg/hr upon a taurocholate background gave a flow about 
90% that of insulin. Bicarbonate output was greatest with secretin. 
A characteristic feature of insulin induced choleresis was an increase 
in the biliary concentration of chloride by about 20 mEq/L. We 
suggest that vagal stimulation involves a third mechanism of bile 
secretion with the production of a chloride rich fluid. Histamine 
has previously been reported to have a similar effect. (Zaterka & 
Grossman, Gastroenterology 50: 500, 1966) 
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PULMONARYHYPERTENSION INDUCEDBYHIGH PARTIAL PRESSURESOF OXYGEN. 
Gerald A. Brooksby, Boris Datnow and Daniel B. Menzel (intr. by H. A. 
Leon). National Aeronautics and Space Administration, Ames Research 
Center, Moffett Field, Calif., and Battelle Northwest, Richland, Wash. 

The acute edematous response of the lung to elevated oxygen 
pressures has long been recognized. Chronically, oxygen damage con- 
sists of atelectasis, thickening of the inter-alveolar septa and a 
morphological picture bearing a strong resemblance to clinical 
emphysema in man. In this study 10 beagle dogs were exposed to 50% 
oxygen (at sea level pressure) for 37 days in an attempt to determine 
if changes occur in pulmonary hemodynamics at a level of oxygen 
pressure below that usually associated with histological changes in 
lung tissue. A chronic catheter inserted into the pulmonary artery 
of the dogs allowed us to obtain pulmonary angiogrsms and pulmonary 
artery pressures each week for the 3 weeks. Terminal measurements in- 
cluded pulmonary vascular resistance and macroradiography of the pul- 
monary vascular bed. Our findings indicated a progressive hypertension 
and hypertrophy in the right heart and hypertrophy and dilation of 
the pulmonary arterial system. In the pulmonary artery, mean systolic 
pressures increased from an initial value of 1822.7 mm Hg. to 64~7.1 
mm Hg. after 3 weeks of oxygen breathing. The oxygen exposed dogs 
showed about a 80”/0 increase in cardiac output and a 1400/o increase in 
pulmonary vascular resistance. From radiographic evidence, the 
circulatory changes appeared to be attributable to destruction of 
the capillary bed in the lung with continuous breathing of a high 
PO20 

FURTHER STUDIES ON THE MODE OF ACTION OF THE TOXIN OF PASTE- 
URELLA PSEUDOTUBERCULOSIS. James A. Brown, Jr.*, William L. 
West and William M. Banks*. Howard Univ., Depts. of Pharma- 
cology and Zoology, Washington, D.C. 

A previous report was concerned with certain physiologi- 
cal changes induced by the crude toxin, and the modifying 
effects of certain pharmacological agents of known mecha- 
nisms. The present study is concerned with pyrexia, blood 
dyscrasias and respiratory changes produced by the toxin.All 
experiments described were carried out in albino rabbits 
(Z-3 k 1. Toxin was isolated from Pasteurella pseudotubercu- 
losis 7 PSTB 43/III by a method described by Schar and Thal, 
195'5). The following parameters were investigated on the 
same animals: rectal temperature, hematocrit, white cell 
count and differential leukocyte count. Standard methods 
were used throughout. Respiration was recorded directly from 
the trachea by attachment to a transducer and a Sanborn dual 
channel recorder. 
At each dose 

Toxin was given in doses of 0.5-250 ug/kg. 

hrs. 
level toxin produced an early leukopenia (l-3 

after toxin). The fall 
terval (4-6 hrs. after toxin P 

ersisted during the median in- 

hrs. 
During the late period (6-8 

after toxin) the effect/were variable. Associated with 
the leukopenia was a marked decreased in % polymorphonuclear 
blood elements and an increase in temperature. Hyperthermia 
was produced at all doses above 0.5 ug/kg. There was no evi- 
dence of hemoconcentration during the 5 hrs.of observation. 
The respiratory rate increased slowly with a range of 3O-72/ 
min. whereas the amplitude varied from 3-5 mm. The peak ef- 
fect on rate and amplitude occurred at 30 min. 
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STIMULATION OF RENIN RELEASE BY INTRALUMINAL md. Torrey C. Brown,-)‘c 
C. Robert Cooke$’ and W. Gordon Walker. Johns Hopkins School of 
Medicine, Baltimore, Maryland. 

Intravenous administration of 50 mg  of ethacrynic acid (EA) 
to anesthetized mongrel dogs produced an elevation of renal venous 
renin activity (RVRA) within 5 minutes (control value 1200, S.E. + 
303 ng angiotensin formed per 100 ml plasma, increasing to 3375, - 
S.E. + 975 ng (~~05) following EA administration). When volume 
reduction was prevented by shunting urine flow into the femoral veins, 
this response to EA administration persisted (control value 1975, 
S.E. + 196 ng, increasing to 4050, S.E. + 399 ng (p<.OOl) following 

EM. ‘This prompt rise in RVRA coincident with the appearance of drug- 
induced natriuresis suggests that increased intraluminal sodium con- 
centration is a stimulus for renin release. Addi t ional studi es were 
performed in which both ureters were occluded for 40 minutes and EA 
was given at the mid-point of the occlusion. During the occlusion, 
RVRA before and after EA did not differ. When ureters were released 

and flow resumed, RVRA prompt1 y rose. 
Occlusion 4315, S.E. + 588 ng N,S, 
Occlusion + EA 4754, S.E. ‘7 474 ng ) 
Release 7650, S. E. 5 705 ng> px.01 

CNa)changed abruptly from low to high values in post-release urine 
following the first 5 ml. These data show that stimulation of renin 
release occurs following administration of EA without Na and/or volume 
depletion. Under these conditions, increased intraluminal EN;3 appears 

to be the principal stimulus for renin release. 

GLUCOSE UTILIZATION IN SCHISTOSCMA MAJVSONI CERCARIAE. John Bruce*. , 
Emilio Weiss, M. A. Stirewaltr and D. R. Lincicome. Howard 
University, Washington, D. C. and NMRI, Bethesda, Md. 

Schistosome cercariae are non-feeding trematode larvae with an 
inherently limited brief free-living existence. Stored glycogen 
was assessed as a possible limiting mechanism of their life span. 
The stored glycogen of cercariae newly-emerged fYom their snail 
vector hosts was faund to be reduced by 66% in 18.hour old free- 
swimming cercariae. In addition, glucose uptaKe was compared in 
new1 -emerged and 18.hour old cercariae by measuring the evolution 
of C 314 O2 by cercariae of the two ages incubated with a uniformly- 
labeled glucose substrate. A three-fold increase in glucose uptake 
was demonstrated by 18.hour old as compared with newly-emerged 
cercariae. Thus it appears that these cercariae have a pronounced 
endogenous source of glycogen which plays a significant role in 
their energenic processes. The decrease in glycogen with increasing 
age and extended activity of cercariae may be an important life- 
limiting factor. These preliminary results which indicate that 
5. mansoni cercariae did not resynthesize glycogen from glucose 
suggest that these invasive larval parasites can utilize sub- 
strates for energy production but not for synthesis. The role 
of other substrates in cercarial metabolism is under investigation. 
Supported in part by USPHS Research Training Grant YTOl-AIOOOk-09. 
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PRESENCE OF VILLIKININ, SECRETIN, AND CHOLECYSTOKININ IN THE DUODENAL 
CONTENT. W.D. Brunson, Jr.* and Eszter Kokas. Dept. of Physiology, 
Univ. of North Carolina School of Med., Chapel Hill, N.C. 

In anesthetized dogs after intraduodenal administration of 0.4% HCl 
the presence of villikinin, secretin, and cholecystokinin was demon- 
strated in the withdrawn duodenal content. This withdrawn solution 
after neutralization, administered intravenously, increased manyfold 
villous motility, pancreatic juice secretion, and enhanced contractions 
of the gall bladder. Physiological saline and 1% bicarbonate, intra- 
duodenally and after withdrawal, did not exhibit this effect. Neutral- 
ized stock solutions intravenously were also without effect. Histamine 
is present in all withdrawn solutions and is removed by treating the 
solutions with charcoal. Charcoal treatment also adsorbs secretin and 
cholecystokinin, but not villikinin. These observations demonstrate: 
a) the necessity of an acid medium for the release of these intestinal 
hormones and b) their presence in the duodenal content. This might 
indicate that these intestinal hormones pass through the mucosa into 
the duodenum and are absorbed from there into the blood stream. 
(Supported by NIH grant AM-04675). 

MEASUREMENTS OF THE APPARENT PORE SIZE OF THE 
MEMBRANE OF SINGLE MUSCLE FIBERS. Wilton Bunch (intr. by 
C. Edwards), Dept. of Physiol., Univ. of Minn., Mpls., Minn. 

In a study of the permeability of the membrane of the barnacle 
muscle fiber reported last year (Bunch, Physiologist, 9:3, 1966) 
Qlo’s up to 4.9 were found. One possible explanation for this high 
value could be an effect of temperature on the apparent pore size. 
To examine this, measurements have been made at two temperatures 
of the reflection coefficient of this membrane for several non- 
electrolytes. The temperature dependence of the pore size calculated 
from these measurements depends on the molecule used. 

Pore Size Permeability (cm/ set x 1 Ow5) QlO 
4”$ 25°F 4°C 25°C 

Urea 3. 5& 3. 5& .14 t .03 1.05t .13 3. 5 
Glyerol 3. 5$ 3.5l$ - .8OT.O5 
DMSO 3. 5A 14. A . 58 t .03 7.43 +. 96 4.9 
With urea or glycerol the reflection coefficientswere equal at 4°C and 
at 25X, which would imply no temperature effect on the pore size. 
However with DMSO, the reflection coefficient was smaller at 25°C 
than at 4”C, so that the pore radius was apparently increased four 
fold by the increase in temperature. Although the Ql, for urea is 
similar to that for DMSO, the above data suggest the existence of dif- 
ferent mechanisms of permeability. Consistent with this suggestion 
is the finding that at 4°C the apparent pore sizes for DMSO and urea 
are identical, while the DMSO permeability is four times that of urea. 

(Aided by NIH Grant NB-02712). 



THE PHYSIOLOGIST 137 

CRITERIA FOR PHYSIOLOGICAL STRESS AND ADAPTATION. R. R. Burton* and 
A. H. Smith, Department of Animal Physiology, University of California, 
Davis, California. 

Criteria for physiological status, relative to stress and adapta- 
tion, have been developed by comparing hematological observations with 
exercise capacity, survival, and sexual development in animals exposed 
to increased chronic acceleration. Such information is needed to in- 
terpret data from centrifugation experiments. Generally, results are 
quite variable, and this may arise from differences in "fitness" 
among the experimental animals. Exercise capacity of centrifuged 
animals was determined as the time necessary to exhaust adult male 
chickens on a treadmill (61 ft/min, at an incline angle of 4 degrees) 
immediately after being returned to normal gravity. Differential 
leucocyte counts were made, by standard methods and the lymphocyte 
frequency was correlated with their exercise capacity relative to pre- 
treatment performance; which is best described by the equation: rela- 
tive exercise capacity (%) = 2.5e"*055 lymphocyte (%). The mortality 

resulting from this "increased gravity" treatment was preceded by a 
reduction in the lymphocyte count. Generally, animals with a lympho- 
penia of 20% lymphocytes or less did not survive. The packed cell 
volumes (hematocrits) of birds living in an "increased gravity" en- 
vironment for several months are quite variable. The hematocrit which 
is an index of sexual development in adult male chickens was also 
highly correlated with the relative lymphocyte number. These findings 
indicate that the "physiological fitness" of an individual with re- 
spect to exercise capacity, survival, and reproductive status, in a 
stressful environment can be estimated hematologically. 
Supported by NASA (NGR 05-004-008). 

TEMPERATURE SENSITIVE NEURONS IN A REPTILIAN BRAIN. M. Cabanac*, H. T  -* 
Hammel and J. D. Hardy. John B. Pierce Foundation Laboratory, Depart- 
ment of Physiology, Yale University, New Haven, Connecticut. 

Temperature sensitive neurons have been described in the cat, dog 
and rabbit hypothalamus and arguments have been given suggesting their 
involvement in thermoregulation. Since a thermoregulatory behavioral 
response in the skink Tiliqua scincoides was recently shown to be 
partly dependent upon the brain temperature, we have explored the 
brain of this species for the existence of temperature sensitive neu- 
rons. The surgical preparation was performed under ether anesthesia 
or cold lethargia, then the animals were allowed to recover. In acute 
experiments on nonanesthetized animals, thermal stimulation of the 
brain was produced with a U shaped water perfused thermode. One to 
two millimeters away from the thermode a thermocouple was implanted, 
and extra cellular action potentials were recorded with a micro- 
electrode and counted. In the range of the local brain temperature 
explored (20 to 36OC) insensitive neurons have been found with firing 
rates completely independent of temperature changes. However, sensi- 
tive neurons have also been found: cold neurons increased their activ- 
ity with a decrease in temperature and warm neurons increased their 
activity with an increase in temperature. These neurons could con- 
ceivably be the basis for the temperature sensitivity previously 
shown to affect behavioral thermoregulation in this species. 
(Supported by NIH Grant - NB-04655). 
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ANALYSIS OF BURSTS IN THE FIRING PATTERNS OF EPILEPTIC NEURONS. 
WiZZiaw H, CaZvh4, George W, Sypert*, and Arthur A, Ward, &. 
Departments of Neurological Surgery and Physiology 5 Biophysics, 
University of Washington School of Medicine, Seattle, Washington 98105 

The bursts seen during spontaneous firing are so labile that quant- 
itative study of them is difficult in normal cortical neurons. Quite 
stereotyped bursts, however, may be seen recurring every SO-200 msec. 
in neurons near alumina foci in sensorimotor cortex of awake Rhesus 
monkeys. Since customary displays, 5.e. interspike interval histo- 
grams, generally lose information about burst structure, more appropri- 
ate computer methods have been developed. Bursts were defined by a 
long interspike interval immediately followed by at least two short 
intervals, Raster displays lined up a burst beneath preceding bursts, 
with all of the first (or second, or third) spikes in a vertical line, 
Spike densities showed the probability of spike occurrence relative to 
the first (or second, etc. J spike of the burst, Scatter plots or 
histograms could be made of: all first (or second, etc. 1 intervals; 
spikes per burst; interval from the beginning (or endjof a burst to 
the beginning of the next burst; etc. A prominent feature of some epi- 
leptic neurons has been an unusually long first interval in the burst, 
edg,, a burst with intervals of 8.6, 1.3, 1.7, 2.2, 2,6,...msec. Thus 
the high frequency part of the burst does not begin until the second 
spike, with the first spike occupying a position analogous to a shock 
artifact. This long first interval may be variable, so that a display 
triggering on the second spike reveals the stereotyped structure of the 
bursts, whereas triggering on the first spike does not. In other 
units, this long first interval is remarkably fixed. Such behavior 
places some constraints upon theories about the mechanisms of burst 
generation, (Supported by NIH grants NB 04053 and NB 01752) 

THE ROLE OF TOCOPHEROL IN REGULATING NAD DEPENDENT MITOCHONDRIAL 
OXIDATION. E.g. Carabello* and 2.W.s. Bird. Rutgers University, 
Dept. Physiol. 6 Biochem.,New Brunswick, New Jersey, 08903. 

Acetoacetate (AcAc) formation was measured in liver mitochondria 
as an index of @-hydroxybutyrate oxidation. Significantly more AcAc 
was formed in tocopherol sufficient mitochondria (TSM) and menadione 
eliminated the tocopherol affect. Tocopherol appears to stimulate oxi- 
dation of NADH during p:hydroxybutyrate oxidation. Addition of succin- 
ate inhibited mitochondrial A&c formation and tocopherol increased the 
affect of succinate. AcAc formation in the presence of succinate was 
linear in TSM for the full hour of incubation. In contrast, succinate 
became less inhibitory in tocopherol deficient mitochondria (TDM) dur- 
ing the second half hour of Incubation. This effect may be attributable 
to oxaloacetate (OA) accumulation since this compound is a potent ne - 4+ 
ative feedback inhibitor of succinic dehydrogenase. ATP and excess Mg 
tinder OA unavailable to inHbit succinic dehydrogenase and both agents 
partially increased the ability of succinate to inhibit AcAc formadon 
in TDM. However, these agents did not completely reverse the affect 
of tocopherol on the succinate induced inhibition. Thus, the accumula- 
tion of OA is probably a secondary effect. Menadione and phosphate ac- 
ceptor both decreased the ability of succfnate to inhibit AcAc forma- 
tion in TSM and these agents are known to oxidize NADH. Furthermore, 
menadione completely eliminated the affect of tocopherol on the suc- 
cinate induced inhibition. Thus, the primary effect of tocopherol on 
this inhibition may be to prevent oxidation of NADH. This is in con- 
trast to the previously mentioned ability of tocopherol to stimulate 
NADH oxidation in the absence of succinate. 
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SODIUM LOCALIZATION AND THE ROLE OF INTERCELLULAR CHANNELS 
IN SODIUM AND WATER TRANSFER ACROSS THE EPITHELIUM OF THE 
SMALL INTESTINE. M. M. Cassidy* and C. S. Tidball. Dept. of Physiol., 
George Washington University School of Medicine, Washington, D. C. 

A general hypothesis concerning the route of water transport across 
epithelia implicates the intercellular channels between adjacent epithelial 
cells as the locus of osmotic equilibration of actively transported solute. 
Chelation depletion in vivo, has been shown to markedly alter both the passive 
permeability of intestinal tissue and the normal, tightly apposed appearance 
of these channels producing considerable distention of the intercellular areas. 
The ultrastructural appearance of these channels together with electron 
microscopic visualization of sodium has been studied in rat ileum under condi- 
tions of fasting, normal sodium and water transport, and elevated sodium and 
water transport. Both intracellular sodium and tissue labelling by Cl4 sugars 
have been found to increase during the period of elevated permeability, sub- 
stantiating an increase in mucosal porosity as the basis for this phenomenon. 
Sodium was localized as sodium pyroantimonate by fixation in Os04 containing 
8% KSb (OH)8 in 0.1 M potassium borate buffer at pH 8.4. In control prepar- 
ations the reaction product clearly outlined the lateral cell borders and base- 
ment membranes. In the chelated tissues, which could be presumed to have 
saturated Na+ transport activity at the lateral borders, sodium pyroanti- 
monate was densely precipitated at and within the highly distended inter- 
cellular spaces. Significantly, profuse sodium precipitate in these channels 
was observed chiefly in the apical third of the epithelial cells. 

(Supported by USPHS GM-14440) 

STUDIES ON SEASONAL VARIATIONS IN ORGAN-TO-BODY WEIGHT 
RATIOS AND THERMOGENIC ENZYME SYSTEMS IN THE VOLE 
(MICROTUS OCHRAGASTER). R.R.J. Chaffee, C.H. Conaway*, 
and M.E. Richmond*. Dept. of 2001. and the SSRC, U. of NO 

Bimonthly comparisons of organ:body weights and 
oxidative enzyme activity levels were-made-between 
freshly caught wild animals and laboratory-grown-and- 
maintained Microtus. These studies started in September 
and continued to- June. Animals were weighed and decapi- 
tated, and organ:body weight (ratio) regression curves and 
statistical comparisons were made. Kidney: body weight in 
wild animals increased in winter, but returned to control 
levels by June. Heart:body weight remained higher in wild 
animals. Brown fat:body weight was strikingly lower in 
wild animals regardless of the season, and became es- 
pecially low during severe cold. Succinoxidase and gly- 
cerophosphate dehydrogenase activity of the brown fat of 
wild animals was strikingly higher during cold months than 
that of laboratory controls, but in June both dropped be- 
low control levels. Liver succinoxidase activity rapid- 
ly rose above control levels during cold spells, but 
didn't remain so. In conclusion, a number of changes seen 
in the wild rodents in the winter differ from those which 
are well known to be characteristic of changes seen in 
laboratory-cold-acclimated rodents. Supported by the 
SSRC of the U. of MO.; U.S. Army Med. Res. and Dev. Com- 
mand, Dept. of Army Contract DA-17.67.~025; and USAF 
Aeromed. Res. Command, Contract F 29600-56-C-0009. 
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MYOFIBRILLAR ATPASE ACTIVITY IN EXPERIMENTAL RIGHT VENTRICULAR HYPER- 
TROPHY AND RIGHT VENTRICULAR FAILURE. B.M. Chandler*, E.H.Sonnenblick, 
J.F. Spann, Jr.*, and P.E. Pool*. Cardiology Branch, Natl. Heart Inst., 
Bethesda, Md. 

While previous studies have suggested a depression of myofibrillar 
ATPase in the presence of heart failure, their interpretation has been 
limited by failure to exclude mitochondrial contamination and lack of 
information regarding the contractility of the tissue studied, To ex- 
plore this fundamental question, myofibrils were prepared from the 
right and left ventricles of 15 normal cats, 10 cats with right ventri- 
cular hypertrophy (RVH) and 19 with RVH and right ventricular failure 
(RF), the latter groups following graded pulmonary artery stenosis. The 
contractility of these hearts was assessed using their right ventricular 
papillary muscles isolated in a myograph. Myofibrillar ATPase in all 
groups was maximally activated by 5 mM ATP, 5 mM MgC12 in the presence 
of LOB6 M Ca* at pH 7.0 and 37OC, while mitochondrial contamination 
was eliminated by sodium azide, In RF, right ventricular myofibrillar 
ATPase was depressed by 39% from an average of 0.18 + 0.01 in normal 
cats to 0.11 2 0.01 poles inorganic phosphate/mg protein/min (pc.001). 
In RVH, right ventricular myofibrillar ATPase was not significantly de- 
pressed (0.16 2 0.01 poles/mg/min). Of note, left ventricular myofi- 
brillar ATPase was also significantly (p<.O5) depressed in RF from 0.16 
+ 0.01 to 0.13 + 0.01 poles/mg/min. Contractility of the associated 
right ventricular papillary muscles, expressed as maximum rate of force 
development at the apex of the active length-tension curve, was direct- 
ly correlated with myofibrillar ATPase activity (r = 0.71 p<,OOl). In 
summary, myofibrillar ATPase, devoid of mitochondrial contamination, 
was significantly reduced in experiment RF in both the right and left 
ventricles. In RVH alone, a significant depression was not found, 

A~OPI)JE INDTJCED PRANI)TAL DRINKING. Harold W. Charnan* and Alan hJ- 
Epstein, Dept. of Biology, 1Jniv. of Penna., Phi.lad@lohia, nx- 

All but one of 15 rats acquired the Drandial style of dr?nkinb after 
one to four daily injections of atropine given immediatelv before feed- 
wz. They began to drink very small draughts of water lust after each 
morsel of food was taken into the mouth. Atronine methvl nitrate 
(which has little central activity) as well as atronine sulnhate were 
effective in intraperitoneal doses of l-2 &kp. The rats ate for onlv 
one hour a day during which thev Dressed a bar for b$ mg nellets of drv 
food with water freely available. The drinking nattern was identical 
to that of surgically desalivate rats and, as in the desalivate, re- 
sulted in increases in water/food ratios and (except when the atronine 
caused severe anorexia) in increases in total water intakes. Atroiine 
decreased the food intake of these rats, of the surgically desalivate, 
and of rats fed liquid food. The prandial style of drinking persisted 
in the feeding chamber, in six rats, without atropine injections (in 
two, for six months). In these six, appropriate doses of pilocarpine 
suppressed the prandial drinking. In two, suppression was also 
achieved by post-pellet oral infusions of water (&lb ml/pellet) but 
not by 15 ml intragastric loads given 15 minutes before the session. 
This persistent prandial drinking disappeared when rats were left in 
the feeding chamber overnight (indicating that the glands were capable 
of functioning normally) and returned when the deprivation schedule 
was reimposed. This work shows that nharmacological as well as surgi- 
cal drying of the mouth produces prandial drinking, supporting the 
idea that this style of drinking is generated by the necessitv for 
lubrication when dry food must be swallowed from a drv mouth. (VVHS 
m 03469-06) 
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VARIATIONS IN THE AMPLITUDE OF A BRAIN STEM REFLEX DURING SLEEP AND 
WAKEFULNESS. M.H. Chase, D.J. McGintv*, and M.B. Sterman, Depts. of 
Anatomy and Physiology, UCLA, and the Sepulveda VAH, Los Angeles, 
Calif. 

Previous studies have reported systematic variations in the ampli- 
tude of spinal reflexes during sleep and wakefulness. Our interest 
was to determine the normative variations during these states for a 
brain stem reflex: the masseteric monosynaptic reflex. Electrodes to 
elicit and record the reflex response, along with others to monitor 
the EEG, eye movements, and neck activity were permanently fixed in 
place for chronic recording in the behaviorally awake cat. The reflex 
was induced by an electrical pulse delivered to the mesencephalic 
nucleus of the Vth nerve. The motor reflex response was recorded from 
the ipsilateral masseteric muscle. A liminally-induced reflex 
response was obtained and simultaneously recorded on paper with the 
other electrophysiologic activity during consecutive sleep cycles. As 
the cats passed from relaxed wakefulness to the drowsy state, the 
number of high amplitude potentials decreased. During quiet sleep 
there was a significant reduction in mean amplitude as compared with 
the drowsy state. Additionally, during quiet sleep a response 
sometimes failed to occur following the mesencephalic stimulus. 
During active sleep the reflex response was almost totally abolished. 
Thus, there was a gradual decrease in the reflex amplitude as the 
animal passed from the alert state, through the drowsy and quiet 
sleep states, and into active sleep. (Supported by U.S.P.H.S. 
Grant MH 10083.) 

DISTRIBUTION OF BLOOD FLOW AND PHOSPHOLIPID SYNTHESIS IN THE FETAL 
LAMB LUNG. V-. Chernick and D.E. Newman. (Intr. by J.A. Hildes) Dept. 
of Pediatrics and Physiologyy&iversity of Manitoba, Winnipeg, Man. 

The upper lobe of the fetal lamb lung develops surfactant and a 
stable deflation pressure-volume relationship between 120-130 days 
gestation, a few days prior to the lower lobes. In several fetuses, 
this event correlated with a differential increase in disaturated 
lecithin. (Brumley et al, J. Clin. Invest. 46, 863, 1967) Is differ- 
ential maturation dependent on an increased availability of substrate 
to the upper lobe, or is there a difference in the enzymatic capa- 
bility of phospholipid synthesis? In 16 fetuses from 115 days to 
term (147 days), 50~ Cr5l labelled spheres (50 2 10 microns) were 
injected into a forelimb vein while the rest of the fetus was in 
utero. The relative distribution of radioactivity (%) per mg DNA in 
the RU, RM, RL, LU and LL lobes was 19.6, 20.3, 21.3, 19.6 and 19.8 
respectively, and did not change with gestational age. Samples of 
lung were minced and incubated in Krebs-Ringers at pH 7.4 for 2 hours 
with 0.5~/lOpM Cl4 labelled a) choline, b) methionine, and c) 
palmitate. Although incorporation into lecithin/mg DNA of a), b) and 
c> increased towards term, no upper-lower lobe differences were found. 
Therefore the difference in mechanical stability and surfactant is 
not related to a difference in substrate availability or phospholipid 
synthesis and must depend on other factors. 
(Supported by the Medical Research Council of Canada.) 
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EFFECTS OF CATIONS ON HEPATIC VASCULAR RESISTANCES. C.C. Chou*-and T.E. 
Emerson, Jr. Physiol. Dept., Mich. State Univ., E. Lansing, Mich. 

Vessels of the forelimb, kidney, 
are dilated by Mg*. 

heart, stomach and small intestine 
K+ dilates at low but constricts at high rates of 

infusion. Except in the stomach, Ca* causes constriction. The present 
study describes the effects of these ions on 10 isolated dog livers from 
small dogs. The hepatic artery (HA) and portal vein (W) were pump 
perfused at constant flow with femoral artery and portal venous blood 
from a large donor dog. Hepatic venous outflow was continuously re- 
turned to the donor after draining into a resenroir. Average HA and PV 
blood flow were 90 and 77 ml/min respectively. The perfusion pressure 
of HA and PV, and liver weight were recorded. Isosmotic solutions of 
NaCl, KCl, CaC12 and MgC12 were randomly infused into the HA or PV at 
0.4, 1, 2, 4 and 7.8 ml/min in each liver. NaCl was used as a volume 
control. The percentage changes from control (cont.) for resistances in 
vessels supplied by the HA(HAR) and PV(PVR) at the infusion rate of 7.8 
ml/min are shown below (cont. HAR and PVR in mmHg/ml/min): 

Infused to HA Infused to PV 
Cont. Changes Cont. Changes Cont. Changes Cont. Changes 
HAR in HAR WR in PVR HAR inHAR PVR in PVR 

NaCl 0.99 -9% 0.12 -9 % 0.98 -2 % 0.11 -7 % 
KC1 1.00 +30 % 0.13 -4 % 1.02 0% 0.12 0% 

CaC12 1.09 -8% 0.11 +1 % 1.07 0% 0.12 -1 % 
MgC12 1.10 -21 % 0.11 -5 % 0.92 -9 % 0.10 -10% 
KC1 caused no significant change until the l@ concentration in HA was 
raised by about 7 mEq/L, when it raised HAR with a fall in liver weight. 
The findings show that in this preparation CaC12 does not increase re- 
sistance in vessels supplied by the HA or PV and KC1 has no apparent 
dilator effect in these vessels. (Supported by NIH Grant HE 10899). 

INTRACELLULAR MICROINJECTION OF ELECTROLYTES AND 
NON-ELECTROLYTES. Tushar K. Chowdhurp (intr. by H. S. Louckes) 
Dept. of Physiology, George Washington University, Washington, D. C. 

A new technique for microinjection has been developed by which small 
quantities of electrolytes as well as non-electrolytes can be injected into the 
subcellular regions of a single cell. For this, specially drawn, fine-tipped, 
glass micropipettes are used whose cone angles are much larger than con- 
ventionally drawn micropipettes. When such a micropipette, filled with the 
solution to be injected, is vibrated at ultrasonic frequencies in the axial 
direction, with excursions of about 10 A, small but significant quantities of 
the filling solution are extruded due to hydrodynamic rectification. The 
extrusion is facilitated when few large spherical particles are present within 
the cone of the micropipette. Quantitation of extrusion has been made by 
introducing fluorescent materials into a carboxymethylcellulose gel system 
and determining the injected quantity by fluorescence microscopy. The micro- 
injection technique is now being employed to inject various electrolytes and 
non-electrolytes into actively transporting single cells of various biological 
membranes. The injecting micropipette can itself serve as the potential 
measuring electrode in monitoring the intracellular electrical potential. Thus 
it becomes possible to detect simultaneously any transient electrical effects 
of the intracellular injection. The other major advantages of this technique 
are that (a) no extraneous pressure needs be applied on the micropipette and 
(b) unlike the ionophoretic technique, the injection is not restricted to 
electrolytes or other ionizable molecules. 

(Supported by USPHS Grant 5 SO1 FR-5359) 
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GASTROINTESTINAL ATPase FOLLOWING URETERAL LIGATION IN RATS. Dominick 
L. Ci.nti* and Donald B. Doemling. Dept. of Physiology, Jefferson 
Medical College, Philadelphia, Pa. 

Total-ATPase and Na-K-dependent ATPass of the muco8a of the stomach, 
duodenum, jejunum, ileum, colon and cecum were measured in four group8 
of six rat8 each-240hour fasting; 48-hour fasting; 24-hour fasting 
following bilateral ureteral ligation; and 480hour fasting following 
bilateral ureteral ligation. Enzymatic activity wa8 measured by the 
amount of inorganic phoephate released and was expressed a8 micro- 
mole8 of ATP hydrolyzed/mg DNA/w min. Fasting produced significant 
decrease8 in total ATPase activity in the ileum, colon and cecum, 
Twenty-four hour8 after ureteral ligation, there wa8 a tendency toward 
increased activity in the upper gastrointestinal tract and decreased 
activity in the lower portions; however, the change8 were significant 
only in the stomach. There was a significant increase in total ATPaee 
activity in both the stomach and the colon 48 hour8 after ligation. 
Na-K-ATPase significantly decreased in the colon and cecum following 
fasting. The ligation tended to (1) counterbalance the decreased 
activity in the cecum, (2) reverse it in the colon, and (3) produce an 
increase in activity in the duodenum. In conclusion, fasting tend8 to 
reduce the levels of total ATPase and Na-K-ATPase in the gastrointes- 
tinal tract; the major effects are in the colon and cecum. Ureteral 
ligation counteract8 the effect8 of fasting in the colon and the cecum. 
Ureteral ligation also produce8 an increase in total ATPase activity 
in the stomach and Na-K-ATPase activity in the duodenum. The effect8 
of ligation are possibly related to increased blood level8 of electro- 
lytes. 

THE EFFECT OF AORTIC PRESSURE INDUCED HOMEOMETRIC AUTOREGULATION ON 
MYOCARDIAL PERFORMANCE. Richard L. Clan 
Edmund H. Sonnenblick, John Ross, Jr., a 

, Thomas P. Graham, Jr.*, 
Eugene Braunwa Id, Cardiology 

Branch, National Heart Institute, Bethesda, Md, 
Homeametric autoregulation, characterized by an increase in contrac- 

tility following aortic pressure (AP) elevation, has previously been 
analyzed by relating standard hemodynamic variables to the left ventri- 
cular end-diastolic pressure (LVEDP). However, with sizeable alteratiom 
in LVEDP, diastolic LV compliance has been shown to increase. This 
effect, as well as the Frank-Starling mechanism, may partially account 
for the steady-state increase in LV performance during an elevation of 
aortic pressure. Accordingly, the influence of homeometric autoregula- 
tion on LV performance at a known LV end-diastolic circumference (LVEDC) 
was compared with the effect of the Frank-Starling mechanism at the 
same LVEDC. Circumference was measured with a Hg-in-rubber gage, and 
the force-velocity (F-V) relations were analyzed during single isovolu- 
mic contractions, in the dog right heart bypass preparation. Mean 
values during homeometric autoregulation and during increased LV fil- 
ling were, respectively: mean aortic pressure 113 and 78 mm Hg, LVEDC 
20.2 and 20.2 cm, LVEDP 8.7 and 9.9 mm Hg, and stroke volume 11.3 and 
18.9 ml. The steady-state level of LVEDP was always greater than con- 
trol during both of these interventions. The isovolumic F-V curves were 
shifted to the right during homeometric autoregulation, maximum stress 
and contractile element velocity being 7.4 and 7.3% larger than during 
increased LV filling. These results suggest that the steady state in- 
crease in LV performance during pressure-induced homeometric autoregu- 
lation, within a physiologic range of aortic pressure, is associated 
with a small augmentation of LV contractility, but that the major 
effects result from the operation of the Frank-Starling mechanism, 
and from pressure-induced changes in ventricular compliance. 
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THE METABOLIC AND VENTILATORY RESPONSES TO SHORT DURATION HEAVY EXER- 
CISE. Bernard Clarke (intr. by G. N. Bedell). Dept. Int. Medicine, 
University of Iowa, Iowa City. 

The purpose of this paper was to stimulate anaerobic metabolism 
with a short period of heavy exercise and observe the metabolic and 
ventilatory responses to this stimulus. Five healthy but untrained 
subjects exercised by running upstairs at near top speed for about 
one minute. In the immediate succeeding hour each man had frequent 
measurements of minute ventilation (VE), lactic acid, arterial PH, 
PaC02 and PaO2. Standard bicarbonate was calculated from the direct 
measurements. An acute metabolic acidosis developed in all five sub- 
jects. During the first ten minutes of recovery mean PH decreased to 
7.150, arterial PC02 tension decreased to a mean level of 30.8 mm. 
and the calculated standard bicarbonate decreased to a mean level of 
11.5 meq/L. Lactic acid levels increased to a maximum mean level of 
118.5 mgm.%. From 10 to 45 minutes after exercise there was a grad- 
ual return to resting level in all these measurements. Ventilation 
measured immediately after exercise had increased to a mean level of 
61.6 L/min. From 3 to 10 minutes however, there was a rapid fall in 
VE and then a gradual decrease to resting levels over the next thirty 
minutes. The rapid decrease in ventilation in the first minutes af- 
ter exercise is attributed to the withdrawal of non-chemical stimuli. 
The continued decrease in ventilation in the presence of a persistent 
and moderately severe acidosis is dissimilar to the ventilation re- 
sponse seen in chronic metabolic acidosis. This difference may be 
attributed to a presumed alkaline environment in the cerebrospinal 
fluid at the same time that arterial blood is acid. 

PROLACTIN IMPLANT INTO THE MEDIAN EMINENCE INHIBITS PITUITARY PROLACTIN 
SECRETION, MAMMARY GROWTH AND LUTEAL FUNCTION. James A. Clemens* and 
Joseph Meites, Michigan State University, East Lansing, Mich. 

Single stereotaxic implantsof a prolactin-cocoa butter mixture were 
made in the median eminence of 10 mature and 6 ovariectomized female 
Sprague-Dawley rats. A similar number of control rats were implanted 
with cocoa butter alone. The animals were killed 6 days after&plan- 
tation. The prolactin implanted rats showed marked manxnary regression 
when compared with those of the control intact or control ovariecto- 
mized rats, nearly a 3 fold increase in hypothalamic content of prolac- 
tin inhibiting factor (PIF) in both intact and ovarfectomized rats and 
a 40% decrease in pituitary prolactin concentration in the intact rats. 
The ovaries of intact prolactin-implanted rats were characterized by 
many well developed follicles and few corpora lutea while the ovaries 
from the corresponding controls showed mainly well developed corpora 
lutea, The former showed regular cycling while the latter appeared to 
be pseudopregnant, as judged by daily vaginal smears. These observa- 
tions suggest that implanted prolactin inhibits pituitary prolactin 
synthesis and release by a direct feedback action on hypothalamic PIF, 
and this results in depressing pituitary prolactin concentration, 
mammary growth and luteal function (Supported by NIH grant No, m-4784- 
07 and Michigan Cancer Foundation grant No. 660149A). 
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VAGAL AND SYMPATHETIC CONTRIBUTIONS TO CLASSICALLY CONDITIONED TACHY- 
CARDIA IN THE PIGEON. David H. Cohen and Lawrence H. Pitts (intr. by 
G. Sayers). Western Reserve Univ., School of Med., Cleveland, Ohio. 

As part of an ongoing program to map the neural pathways mediating 
conditioned cardioacceleration, the present experiments were under- 
taken to assess the relative contributions of the vagi and cardiac 
sympathetics to this response. To establish the tachycardia, a Pav- 
lovian paradigm was used in which a light was followed by foot-shock, 
a number of such pairings being presented. Birds with bilateral cer- 
vical vagotomy, beta-blockade (propanalol), or both were studied in 
this situation and their conditioning performances compared with those 
of conditioning and pseudoconditioning control animals. Conditioned 
responses of vagotomized birds were significantly below those of con- 
trol animals, but substantial conditioning was still obtained. How- 
ever, with beta-blockade conditioned rate responses were markedly re- 
duced and were significantly below those of vagotomized animals. 
Functional denervation with combined vagotomy and propanalol entirely 
blocked the conditioned response. Although the form of the response 
for birds with either vagotomy or beta-blockade was similar to that 
of control animals, there was a significantly longer response latency 
in vagotomized birds. These results suggest the following conclusions: 
(a) Conditioned cardioacceleration is mediated entirely by the ex- 
trinsic cardiac nerves. (b) The shortest latency component of the 
response is vagally mediated. (c) The principal contribution is via 
the cardiac sympathetic nerves. Further evaluation of these and 
other conclusions is presently being undertaken with microelectrode 
recordings from cells of origin of the extrinsic cardiac nerves during 
cardiac conditioning. (Supported by NSF Grant No. GB 2767 and a 
grant from the Heart Association of Northeast Ohio). 

CARDIAC OUTPUT, PERIPHERAL RESISTANCE, HEART RATE AND STROKE VOLUME IN 
THE INITIAL PHASES OF SALT INDUCED HYPERTENSION. Thomas G. Coleman* 
and Arthur C. Guyton. Dept. of Physiology & Biophysics, University of -- 
Mississippi School of Medicine, Jackson, Mississippi.. 

This experiment was designed to evaluate circulatory function 
during the initial phases of salt induced hypertension in subtotally 
nephrectomized dogs. Seven experiments consisting of near daily 
measurements were run on six mongrel dogs. Approximately 70% of the 
renal mass was removed at two operations and catheters were implanted 
in the aorta and right atrium. Baseline measurements were made over a 
period of 8 days following a surgical recovery period. The animals 
were then continuously infused with 310 mOs saline for 13 days. The 
daily average salt input per dog was 30.7 grams/day. Cardiac output 
was measured using dye-dilution techniques with Cardio-Green. Arterial 
pressure increased from 104.9 5 2.0 mm Hg (Mean 5 SEM) during the 
baseline period to a final value of 143.3 & 3.5 mm Hg. All final 
values are averages of measurements from the last 4 days of the exper- 
iment. Cardiac output increased to a maximum of 129.1 + 7.8% of 
baseline on the 3rd day and then decreased to a final vylue of 111.15 
4.5%. PeripheraGesistance decreased to a value of 90.0 + 4.3% of 
baseline on the 2nd day and then steadily increased to a final value 
of 122.0 5 5.0%. Heart rate decreased to a minimum value of 69.0 + 
5.7% of baseline on the 6th day and then increased to a final value of 
80.8 5 4.1%. Stroke vol= increased to a maximum of 166.6 + 17.5% of 
baseline on the 6th day and then decreased to a final value of 132.4 
+ 8.0%. This data supports the theory that an increase in cardiac 
output can alter peripheral resistance resulting in hypertension. 
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ACTION OF SCN ON NECTURUS 69STRIC MUCOSA R.C. Collier*, 
B. I. Hirschowitz, E.B. Carmichael and G. Sach? Dept. of Medicine, 
U. of Alabama Medical Center, Birmingham, Alabama. 

Thiocyanate has been regarded as a highly specific Inhibitor of 
acid secretion in the in vitro amphibian mucosa. Thus in frog there 
is little effect on P.D. with a rise in resistance and a stated lack 
of effect on 02 consumption. In the chambered Necturus gastric 
mucosa the addition of SCN’ (20&I) inhlbits acid with a rise in 
resistance. In addition however there is a concomitant inhibition of 
02 consumption by 20%, a 50% depression of the P.D. and an apparent 
oxidation of NADH. Furthermore there is a significant reduction in 
the magnitude and rate of the P.D. change as a result of a K+ change 
on the nutrient side with addition of SCN on the nutrient, but not 
the secretory side. With gastric mucosal strips preincubated in 
substrate free solutions, succinate and other Krebs cycle intermedia- 
tes resulted in a rise of 02 consumption and SCN had its maximal 
effect with succinate as a substrate, although there is inhibition 
of 02 consumption with all substrates. Thus SCN, in addition to its 
effect on acid secretion, appears to act as a metabolic inhibitor, 
inhibits the P.D. and alters the passive permeability characteristics 

of the nutrient membrane. This latter effect rather than the inhibi- 
tion of an electrogenic H+ pump may account for the resistance 
changes observed with SCN’. (NIH, NSF Support) 

LACTIC DEHYDROGENASE ISMYMES IN THE oVUMAND EMBRYO OF THE RAT. 
J. C. Cornette*, B. B. Pharriss*, and G.W. Duncan. Metabolic 
Diseases Research, The Upjohn Company, Kalamazoo, Michigan. 

Lactic dehydrogenase (LDH) is one of the best known examples of an 
enzyme occurring in multiple molecular forms (isozymes). Within 
recent years, characteristic isozymal patterns for LDH have been des- 
cribed for many tissues including embryonic tissue (Markert and 
Ursprung, 1962; Goldberg and Cather, 1963; Kessel and Ellgaard, 1966). 
This report describes the previously unknown differences between LDH 
isozymes present in the mammalian ovum and in developing embryonic 
tissue. Ova and embryos at var_ious stages of development were ob- 
tained from PMS-primed Sprague-Dawley rats. Homogenates of these 
tissues were electrophoretically separated on acrylamide gel using a 
disc apparatus. Resulting columns were stained for LDH activity using 
nitro-blue tetrazolium as the hydrogen ion acceptor and stain. Results 
show that there is a distinct difference in the UIH patterns obtained 
from the pre-implanted blastocyst and the implanted embryo. Unfer- 
tilized ova, fertilized ova and pre-implanted blastocysts were char- 
acterized by a single isozymal band corresponding to LDH-1, the 
isozyme predominant in cardiac tissue. In the 9 day-old implanted 
embryo IDH-1 becomes the least distinct band while LDH-5 and LDH-4 
become the predominant forms of the enzyme. 



THE PHYSIOLOGIST 147 

ACTINOMYCIN D INHIBITION OF A VITAMIN &-INDUCED CALCIUM-BINDING PRO- 
TEIN (CaBP) IN CHICK DUODENAL MUCOSA. R. A. Corradino* and R. H. 
Wasserman, Department of Physical Biology, New York State Veterinary 
College, Cornell University, Ithaca, New York 

The existence of a vitamin Ds-induced CaBPkthe correlation between 
CaBP concentration and vitamin Da-enhanced Ca absorption (Wasserman 
and Taylor. Science 152: 791, 1966) and the rapid stimulatory effect 
of vitamin & on RNAFpthesis (Norman. Biochem. Biophys. Res. Commun. 
23: 335, 1966) in rachitic chick duodenal mucosa strongly suggest that 
vitamin Da function may be mediated through an interaction with the 
genetic system. To test this, a 2afactorial experiment was conducted 
in which rachitic chicks were injected I.V. with 0 or 100 pg actino- 
mycin D (an inhibitor of DNA transcription) two hours prior to I.M. 
injection of 0 or 250 I.U. vitamin Q. Sixteen hours later, duodenal 
mucosal supernatants were prepared, the concentration of CaBP assayed 
by an ion exchange method and protein electrophoretic patterns on 
acrylamide gel slabs were obtained, as previously described (Taylor 
and Wasserman. Arch. Biochem. Biophys. 119: 536, 1967). In two experi- 
ments the CaBP concentration was greatexn the vitamin h-treated 
(250 I.U.) than in the rachitic (0 I.U.) chicks regardless of actino- 
mycin D level. However, the CaBP concentration in vitamin Ds-treated 
chicks was significantly and preferentially reduced by prior actino- 
xqycin D injection. In a collateral e%riment of similar protocol, 
actinomycin D was found to reduce 47Ca absorption by ligated loops 
of duodenum in vitamin I&-treated chicks. These results lend addi- 
tional support to a possible vitamin l&gene interaction, either direct 
or indirect, in which CaBP may be the product. (NM-AM-06271-05, NIH- 
A&04652). 

EFFECTS OF PARATHYROID EXTRKT INJBZTION ON RESPIRATION AND 
PHOSPHORYLATION BY KIDNEY MITOCHCNDRIA. L. C. Costello and 
Lillian Daraoo*. University of Maryland School of Pharmacy, 
Baltimore, Md. 

Previous studies from this laboratory demonstrated an inhibi- 
tion of citrate and isocitrate oxidation and phosphorylation with 
kidney mitochondsia from rats injected with high doses of para- 
thyroid extract (PTB)* Under the same conditions, succinate 
oxidation was unaffected. The present report is concerned with 
the effects of PTB injection on the other reactions of the Kreb's 
cycle. In addition to the inhibitory effect on citrate and isO- 
citrate oxidation, PTE injection resulted in an inhibition of 
the oxidation of alpha ketoglutarate, malate, and pyruvate by 
kidney mitochondria. In all cases, the coupled phosphorylation 
was also inhibited. These results indicated that all the oxida- 
tions involving nicotinamide nucleotide cofactors were inhibited 
as opposed to the lack of any effect on succinate oxidation 
which does not require a nucleotide cofactor. Supported by NIH 
grant AM-06442. 
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INFLUENCE OF BODY POSITION ON SUBCORTICAL AND RHINENCEPHALIC EEG IN THE 
CAT. A. Costin*, 2. Elazar*, D. 0. Walter and W. R. Adey. Department 
of Anatomy and Space Biology Laboratory, University of California, Los 
Angeles, California. 

Spectral analysis was applied to study the effect of body position 
on the EEG output from different subcortical and rhinencephalic 
structures. This study was performed on 10 cats with chronic implanted 
bipolar electrodes in dorsal and ventral hippocampus, amygdala, septum, 
midbrain reticular formation, anterior and posterior hypothalamus, 
caudate nucleus, putamen and globus pallidua. Each structure's activity 
was analyzed over a spectrum from 1 to 30 cycles per second; autospectra 
and "coherences" between pairs of channels were calculated. Sharpness 
of autospectral peaks varied in the different body positions with an 
increased concentration of power in the lower frequency bands (l-4), 
immediately following change of position. These augmented power 
densities were more marked by tilting the animal on the side contra- 
lateral to the location of the recording electrodes. (These studies 
were supported by NIH Grant NB-01883, US Air Force Contract 490(638)- 
1387 and NASA Grant 237-62. 

Tl-IE EFFECTS OF ACUTE AORTIC AND MITRAL REGURGITATION ON MYOCARJ)IAL 
OXYGEN CONSUMPTION AND THE MECHANICS OF LEFT VENTRICULAR CONTRACTION, 
James W, Covell*, Charles W, Urschel*, Thomas P. Graham, Jr,*, Richard 
L. Clancy, Edmund H. Sonnenblick, John Ross, Jr., and Eugene Brm. 
Cardiology Branch, Natl, Heart Inst., Bethesda, Md, 

The energy costs of the alterations in the mechanics of left ven- 
tricular (LV) myocardial contbaction produced by valvular cardiac le- 
sions have not been defined. Accordingly, the effects of acute aortic 
(AI) and mitral insufficiency (MI) were examined in a canine right 
heart bypass preparation in which heart rate, aortic pressure, effec- 
tive cardiac output, and peak tension could be controlled, AI was sim- 
ulated with a shunt containing a ball valve and electromagnetic flow 
probe between the aorta and the apex of the LV, and MI by a shunt be; 
tween the LV apex and the left atrium. When AI was induced (6 dogs), 
M$O2 (in ml/min/lOO g LV) increased'from 10.9 + 1.0 to 12.7 2 1.1 (SEM) 
ml/min/lOO g LV. When MI was induced (7 dogs) $02 increased from 8.9 
+ 0.9 to 10.1 to 0.9 ml/min/lOO g LV. Wall tension increased, fiber and 
zontractife element (CE) shortening were augmented, and the efficien- 
cies of fiber shortening and CE work were increased by 64.8% and 38.5% 
respectively during AI, and by 39.6% and 22.2% during MI. When peak 
tensions in the control state were matched to those occurring during AI 
(6 experiments) and MI (8 experiments), MV02 was not significantly 
altered from control, although CE and fiber shortening were signifi- 
cantly increased. It is concluded that the increase in LV wall tension 
usually observed in valvular regurgitation is responsible for the aug- 
mentation of GO2 and that the relatively minor 02 cost of the in- 
creased fiber shortening during AI and MI permits a more efficient 
contraction of the ventricular myocardium. 
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DEPTH LIMITS OF BREATH HOLD DIVING. Albert B. Craig, Jr. 
Univ. of Rochester School of Med., Rochester, New York. 

It is generally accepted that the depth to which a 
breath hold diver can descend is determined by the ratio of 
the R.V.:T.L.C. Xf the diver descends farther, it is pre- 
dicted that he would develop a "thoracic squeeze" as the 
intrathoracic pressure became less than the ambient pres- 
sure. Within the past 10 years a number of divers have 
proven their ability to go to depths at which the beginning 
gas volume must have been compressed to less than 20%. That 
such depths are possible indicates events other than simple 
compression of the thorax by the ambient pressure occur. 
The subject performed dives starting each after expiring to 
R.V. (2.0 1). Hyperventilation using 100% 02 permitted the 
dive to last 30 sec. Pressure differences between an eso- 
phageal balloon and a balloon strapped to the chest wall 
were recorded. In dives to progressively deeper depths the 
pressure difference was the same whether the subject was 
just below the surface or as deep as 3.75 m. Pressure and 
volume relationships indicate that the air volume in the 
respiratory space must have decreased by at least 530 cc at 
the maximal depth. The finding that the difference of pres- 
sure is unrelated to the depth suggested that air compres- 
sion can also be accomplished by a transfer of blood from 
the peripheral to the central reservoirs. I f  such events 
occurred in a breath hold diver whose R.V. was 1.5 1 and 
whose T.L.C. was 7.0 1 he could descend to 62.3 m which is 
about the present record but is considerably deeper than 
36.7 m as would have been predicted previously. 

INTRACELLULAR RECORDING FROM CAT INFERIOR OLIVE NUCLEUS. W.E. Crill 
(intr. by T.T. Kennedy). Dept. of Physiology and Biophysics, Univ. of 
Washington School of Medicine, Seattle. 

Responses to cerebral, cutaneous, and cerebellar stimulation were 
recorded from inferior olive neurons of nembutal-anesthetized cats by 
means of extra- and intracellularly placed electrodes. Resting 
membrane potentials of -20 to -56 mv and spike potentials of 25 to 70 
mv were measured. The rising phase of the action potential had an in- 
flection and the spike was easily separated into A and B components by 
repetitive antidromic (cerebellum) or direct intracellular stimulation. 
The repolarization phase consistently had a prolonged depolarization 
(P-D) s and the duration of successive action potentials evoked by a 
constant stimulus varied from 8 to 15 msec. Usually 1-3 smaller spikes 
with an interspike interval of 1.2 to 2.5 msec were superimposed on the 
P-D. The complex repolarization phase was always associated with the 
B spike and the entire response could be evoked by antidromic, ortho- 
dromic, or direct intracellular stimulation. Action potentials were 
both antidromically (2.5-4.5 msec latency) and orthodromically (9.5 
msec latency) evoked from cerebellum. Spike potentials superimposed 
on EPSPs occurred following stimulation of ipsilateral cerebral cortex 
(12.8 msec latency) and contralateral forepaw (22 msec latency) and 
were followed by a hyperpolarizing potential lasting 75-85 msec, 
During this hyperpolarizing potential, other orthodromic input was 
inhibited or blocked and the threshold to direct intracellular stimu- 
lation was increased. (Supported by U.S. Public Health Service Grant 
NB 5082.) 
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THE EFFECT OF ALLOPURINOL ON HEMORRHAGIC SHOCK. Jack W. Crowell, -- 
Carl E. Jones*, and Elvin E. Smith. --- -- - Dept. of Physiology & Biophysics, 
Univ. of Miss. School of Medicine, Jackson, Mississippi. 

Twenty dogs were bled into reservoir bottles until their arterial 
pressure was 30 mm Hg. Ten dogs were given 50 mm/kg of allopurinol 
(Zyloprim) 20 minutes prior to hemorrhage. The remaining ten dogs 
served as control. After 20 per cent uptake of the shed blood, the 
remaining blood was reinfused. The oxygen consumption of the dogs was 
recorded continuously throughout the experiment. The results of the 
experiments are as follows. The total duration of hypotension in the 
control dogs averaged 73 minutes and the total duration of hypotension 
in the allopurinol treated dogs averaged 135 minutes. The average 
oxygen debt of the control dogs was 199 cc/kg and the average oxygen 
debt of the treated dogs was 285 cc/kg. Despite a hypotensive period 
which was 1.85 times that of the control dogs, and an oxygen debt 1.43 
times that of the control dogs, the survival of the treated dogs was 
6 times greater than the control group as 6 of 10 of the treated dogs 
survived, while only 1 of 10 of the control group lived. 

Hjrpoxic cells lose their purine base which is subsequently catabo- 
lized to uric acid. The conversion of hypoxanthine to xanthine to 
uric acid by xanthine oxidase is irreversible. Thus, the blockage of 
this conversion by allopurinol retarded loss of the base chemical for 
resynthesis of ATP and prevented shock from becoming irreversible. 
(Supported by NIH Grant No. HE-02494) 

ACTION-OF ADENOSINE AND ATP ON ILEAL WALL TENSION AND BLOOD FLOW, J,M, 
J.B. Dabney, Scott, C.C. Chou*, Mich. State Univ., E. Lansing, Michigan. 

Adenyl compounds have been implicated by several workers in the local 
mechanism for the regulation of blood flow in various organs, Adenyl 
compounds decrease coronary vascular resistance and have variableeffects 
on the renal circulation. Their effects on intestinal vascular resis- 
tance (R in mm Hg/ml/gm/min) and visceral smooth muscle have not been 
studied extensively. We have studied the vascular effects of adenosine 
and ATP in ileal segments during natural (Nat) or constant flow (Const). 
Also, their effects on ileal wall compliance (C in ml/mm Hg), was stud- 
ied in the constant flow preparation by measuring the changes in lumen 
pressure when lumen volume was increased. The results are summarized as 
follows: 

Pre-control During Post-control 
N C R C R C R 

Nat 7 Adenosine Const lo 173 127* 174 
1.41 193 1.28-k 127* 1.43 191 

ATP Nat 7 207 114* 207 
Const 10 1.45 187 1.21 124* 1.39 186 
*Changes from either pre- or post-control values were 

statistically significant at p value less than 0.05. 
At the dosages used, both adenosine and ATP decreased vascular resis- 
tance in the natural and constant flow experiments. No change in lumen 
pressure was seen with either agent during natural flow and only adeno- 
sine changed ileal wall compliance during the constant flow procedure. 
Our results indicate that these adenyl compounds are vasodilator in the 
ileum and that their dilator effect results from direct action on the 
vascular smooth muscle and the vasodilation is not much affected by an 
action on the visceral smooth muscle. 
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TRANSPORT OF URIC ACID AND PAH BY SNAKE KIDNEYS. William H. Dantzler 
(intr. by W. H. Sawyer). Department of Pharmacology, Columbia 
University, College of Physicians & Surgeons, New York, New York. 

Ophidian reptiles excrete uric acid as end product of nitrogen 
metabolism. Clearance data demonstrate that uric acid is secreted by 
renal tubules. Present study compared transport of uric acid with PAH 
by snake (Natrix sipedon) kidney tissue in vitro. Some studies on -- 
effect of blood supply on transport were also undertaken in vivo. -- 
Uptake of C-14 uric acid and non-radioactive PAH by kidney slices was 
studied. A few comparisons of the kidney slice data with data o 
from separated renal tubules were also made. With about 3 X 10' e 

tained 
mM 

uric acid/l in bicarbonate Ringer medium at 28 C, steady state slice/ 
medium (S/M) ratio for uric acid only approached 2.0. With about 2 X 
10'2 mM PAH/l in medium, steady state S/M ratio for PAH was about 7.0. 
Maximum S/M ratios for both uric acid and PAH decreased with increas- 
ing concentrations in the incubation medium. Steady state for S/M 
ratio was achieved in about 2 hours with uric acid and about 1 to 
1 l/2 hours with PAH. Addition of various substrates (e.g., acetate) 
to medium, as possible energy sources, did not cause any increase in 
maximum S/M ratio for uric acid or PAH. No difference in rate or ex- 
tent of uptake of either PAH or uric acid was observed when separated 
tubules rather than slices were studied. Maximum S/M ratio for either 
acid was not affected by the presence of the other acid in the medium, 
suggesting that the transport mechanisms differ. Reduction of renal 
portal blood flow in vivo appeared to reduce tubular secretion of PAH -- 
without affecting tubular secretion of uric acid, suggesting that 
sites as well as mechanisms for transport of these two acids may 
differ. (Supported by NSF GB-3309, NSF GB-6040, and a USPHS General 
Research Support Grant.) 

EFFECTS OF IV AND IA ACETYLCHOLINE, BRADYKININ AND HISTAMINE ON DOG 
FORELIMB BLOOD FLckJ AND WEIGHT. R.M. Daugherty, Jr.*, J.B. Scott, F.J. 
Haddy, and J. Schwinghamer*. Depts. of Physiol. and Med., Mich. State 
Univ., East Lansing, Michigan. 

Aortic pressure, muscle and skin small and large vein pressures, 
brachial and cephalic venous outflows and limb weight were measured in 
the collateral free innervated dog forelimb during progressively faster 
intravenous (IV) and intrabrachial (IB) infusions of acetylcholine, 
bradykinin and histamine (N=2O). IV acetylcholine (41-206 pg/min) and 
bradykinin (21-82 pg/min) did not affect brachial or cephalic outflows, 
venous pressures or weight. IV histamine at a rate of 21 pg/min fn- 
creased brachial and cephalic outflows while 81 pg/min decreased both 
outflows, neither dose greatly affecting weight. 
21 pghin), 

IB acetylcholine (l- 
bradykinin (5 and 10 pg/min) and histamine (lo-41 pg/min) 

increased brachial and cephalic outflows and venous pressures. Limb 
weight rose progressively with each agent but to a much lesser extent 
with acetylcholine. With brachial arterial inflow held constant, IB 
acetylcholine (0.5-21 pg/min) and histamine (2-41 pg/min) failed to 
affect either brachial or cephalic outflows while bradykinin (0.5-10 
pg/min) produced a slight shift of flow from cephalic to brachial vein 
(N=lO). With each agent, limb weight rose much less than during natu- 
ral inflow. At the above infusion rates, these agents produce little 
change in limb flow when given intravenously but large increases in 
flow when given intrabrachially and assuming brachial outflow is pre- 
dominantly from muscle and cephalic outflow is from skin, acetylcholixz 
and histamine appear to dilate muscle and skin arterioles proportion- 
ately while bradykinin dilates muscle more than skin. The enhanced 
filtration seen during natural inflow appears to result in part from 
an increase in capillary hydrostatic pressure secondary to increased 
capillary inflow. 



152 THE PHYSIOLOGIST 

Blood flow redistribution in the dog paw. D. L. Davis and Mary 
Hammond.* Medical College of Georgia, Augusta. 

Redistribution of blood flow occurring in the dog paw in response 
to peripheral nerve stimulation was studied in mongrel dogs anesthe- 
tized with chloralose, treated with succinylcholine chloride, and 
maintained on positive pressure respiration. Arterial inflow was 
limited to the dorsalis pedis artery and maintained constant with a 
Pump. Constancy of inflow was monitored with an electromagnetic 
square-wave flow meter. Digital artery blood flaJ was recorded with a 
drop-counter continuously and simultaneously with pressures from the 
dorsalis pedis artery, digital artery, and dorsal metatarsal vein. 
Small blood vessel responses were recorded during stimulation of ei- 
ther the sciatic, deep fibular, superficial fibular, or tibia1 nerve. 
Stimulation parameters included stimulation voltages of 15-70 volts, 
stimulation frequencies of 0.1 to 25/set, stimulus duration of 5 msec, 
and total stimulation periods of 30 to 60 seconds. All stimulations 
produced evidence of an overall constrictor response with appreciable 
redistribution occurring as indicated by either an increase or decrease 
in the digital artery flow while inflow was maintained constant. The 
initial response to high frequency sciatic or tibia1 nerve stimulations 
was generally an increase in digital flow. lXlring the latter portion 
of these stimulation periods flow was decreased. The response to low 
frequency stimulations of sciatic and tibia1 nerves was that of a main- 
tained increase in digital flow throughout the stimulation period. 
Deep fibular and superficial fibular nerve stimulations also produced 
redistribution, but to a lesser extent than that occurring in response 
to sciatic and tibia1 nerve stimulations. Supported by grants from 
the Georgia Heart Assoc. and grants HE-00240, H&05782-05, and l-FM& 
133-01 from the USPHS. 

BLOOD FRUCTOSE, GLUCOSE AND PLASMA INSULIN CONCENTRATIONS AFTER INTRA- 
VENOUS FRUCTOSE INFUSIONS IN THE FETUSES OF CHRONIC UNANESTHETIZED 
SHEEP. J.R. Davis*, F.C. Battaglia*, P. Beck*, E.L. Makowski*, and G. 
Meschia, Univ. of Colo. Med. Center, Denver, Colorado. 

Although fructose concentrations (concn.) are known to be higher in 
fetal sheep blood than in maternal, little is known about its metabol- 
ism in utero. 

Fetal and maternal blood fructose , glucose and plasma insulin concn. 
were measured before, during and after 6 fructose infusions into the urn 
bilical vein of 3 sheep fetuses of unanesthetized ewes. Chronic in- 
dwelling catheters in the fetal umbilical artery and vein, and maternal 
uterine vein and femoral artery were sampled at l/2 hr. to 2 hr. inter- 
vals. 

In 3 fetuses, baseline fetal blood fructose concn. ranged from 29-80 
m&$X at 120 days gestation, decreasing towards term. Consistently, 
maternal fructose concn. were lower and glucose higher than analagous 
fetal values with no apparent consistent maternal-fetal insulin concn. 
differences. Following fructose infusion, fetal blood fructose and 
plasma insulin concn. rose while blood glucose concn. fell, whereas 
mean maternal uterine vein fructose and glucose concn. did not change. 
The mean l/2 life of fetal blood fructose concn. was 2 hrs. 

The data indicate rapid fetal fructose concn. clearance as early as 
120 days gestation, suggesting that the elevated fetal fructose concn. 
is not due to inadequate utilization of fructose but rather to specific 
regulatory mechanisms in the fetus. 
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INFLUENCE OF CORTICOSTEROIDS ON CARDIAC GLYCOGEN CONCENTRATION IN RATS. 
J. Charles Daw*, Allan M. Lefer, and Robert M. Beme, Department of 
Physiology, University of Virginia, Charlottesville, Virginia. 

During a study on the glycogen metabolism of isolated papillary 
muscles, the initial glycogen concentration in papillary muscles from 
adrenalectomized rats was found to be consistently lower than that of 
control animals. Since adrenalectomy has previously been reported to 
be without effect on cardiac glycogen, this study was undertaken to 
reevaluate the influence of corticosteroids on the glycogen concentra- 
tion of the heart. Rats were adrenalectomized and maintained on 0.9% 
NaCl as drinking water for lo-14 days prior to cardiac glycogen deter- 
mination. Corticosteroid replacement therapy consisted of dexametha- 
sone 200 p g/day (intramuscularly) and 0.9% NaCl (orally) after adrenal- 
ectomy. Ventricles were collected from either pentobarbital or ether- 
anesthetized, non-fasted rats. Cardiac glycogen concentration was 
6.0f0.4 mg/g for 6 intact rats and 3.8f0.2 mg/g for 7 adrenalectomized 
rats anesthetized with pentobarbital. Similar results were obtained 
for papillary muscles dissected from hearts, immediately prior to 
freezing. Papillary muscles from intact rats showed a glycogen concen- 
tration of 4.7f0.4 compared with 4.8*0.6 for the donor hearts. The 
same relationship existed (papillary muscles to heart) for adrenalecto- 
mized rats (2.3f0.4 to 2.4*0.4). Steroid replacement therapy abolished 
the differences between hearts from intact and adrenalectomized rats. 
These results demonstrate that, contrary to prior reports, cardiac 
glycogen is decreased in the absence of corticosteroids, and that 
corticosteroids probably play a role in the maintenance of normal 
cardiac glycogen levels. (Supported by a grant from the NIH) 

THE EFFECT OF SERUM INCUBATION ON HYALURONIC ACID AND ON 
ALGINIC ACID. J. DeFilippi*, A. Herp* and J. Fabianek, Dept. Biochem., 
N. Y. Medical College, New York, New York 10029. 

A great number of various substances other than enzymes have been 
found to irreversibly degrade hyaluronic acid and several polysaccharides 
such as alginic acid. Hyaluronic acid incubated with serum at pH 3-5 also 
undergoes an irreversible degradation suspected to be an enzymic hydrolysis. 
In order to investigate the nature of this degradation, hyaluronic acid and 
alginic acid (at final concentration 0.112%) were incubated with serum at 
final concentration of loo/o at pH 4.5 and 7.0 in a buffer of ionic strength of 
0.3. The rate of degradation of these acids was determined by measure- 
ments of specific viscosity. At pH 4.5 a marked semi-logarithmic decrease 
in viscosity was observed in the hyaluronic acid system, while the viscosity 
of alginic acid remained unchanged. At pH 4.5 controls of both acids in the 
absence of serum showed no degradation. At pH 7.0 both hyaluronic acid 
and alginic acid were not degraded when incubated with or without serum. 
The results indicate the presence of hyaluronic acid specific enzyme in 
serum active at pH 3-5. (Supported by NH-I grant AM-4619). 
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SOLUTE MOVEMENT ACROSS THE ALVEOLAR-CAPILLARY MEMBRANE OF 
THE TURTLE. D. Deitchman* and C. V. Paganelli. Dept. Physiol., State 
Univ. of New York at Buffalo, Buffalo, N. Y. 

The object of the present study was to measure in vivo solute fluxes from -- 
pulmonary blood into liquid-filled alveoli of the turtle, Pseudemys scripta, and 
to calculate permeability constants of the membrane system which separates 
blood from alveolar space. The turtle was selected for this study because of 
its ability to withstand prolonged anoxia. Administration of radioactive solutes 
and collection of blood samples were carried out through a catheter in the left 
subclavian artery. Turtle Ringer’s solution was placed in the lungs and 
sampled through a tracheal cannula. Under our experimental conditions pas- 
sage of most solutes from pulmonary blood to alveolar liquid is not blood flow- 
limited. Permeability constants (P) for the solutes tested were calculated 

Compound P - 
from unidirectional flux measurements and 
are shown in the table in units of 10’7cm/sec. 

3-O-methyl glucose 3.5 
Our in vivo results, which are in agreement -- 
with the findings of Taylor et al. in the isola- - -- 

soq 4.4 

Na+ 7.0 

I- 13.0 

K+ 27.0 

Thiourea 29.0 

Antipyrine 40.0 

Water 3000.0 

ted lobe of the dog lung (Circ. Res. 15: 353, 
1965)) demonstrate the low permeability of 
the alveolar-capillary membrane system to 
small solutes when compared with other capil- 
lary beds. This low permeability may play an 
important role in preventing filtration of liquid 
into the alveoli from the pulmonary circulation. 

6 
Supported in 
rant 5 Tl G s 

art by U.S.P.H.S. Training 
341. 

A lfEkl VASOACTIVE SUBSTANCE FROM DOG KIDNEY CORTEX. lqnacio de la Rivti: 
and David F. Bohr. Dept. Physiology, Univ. of Michigan, Ann Arbor, 
Mich. 

Saline extract of kidney cortex causes contraction of isolated 
smooth muscle from renal resistance vessels (5OOu o.d.). The active 
substance filters through dialysis tubing. It is partially inactivated 
when the protein-free filtrate is boiled (PFFB) for 15 minutes. Smooth 
muscle from renal vessels is more responsive to the PFFB than is that 
f rom coronary, skeletal muscle or mesenteric vessels of comparable 
size. The response to the PFFB can be differentiated from that to 
norepinephrine, serotonin, and angiotensin; response to the renal fac- 
tor is not blocked by phentolamine and does not display tachyphylaxis. 
Fractionation with Sephadex G15 demonstrates that the molecular 
weights of the active components of the PFFB are below 1500. This 
fractionation indicates that there are at least two active fractions; 
the one that is most active on renal vascular smooth muscle causes 
negl igible contraction of coronary smooth muscle. These results 
differentiate the renal factor from a vasoactive plasma factor (Circ. 
Zes. 1(;1:593, 1966) and from prostaglandins (Am. J. Physiol., in press), 
both of which cause contraction of coronary vascular smooth muscle. 
Saline extract of skeletal muscle also causes a contraction of isolat- 
ed vascular smooth muscle which cannot be blocked by phentolamine. The 
active material from kidney cortex can be differentiated from that 
from skeletal muscle by Sephadex fractionation. (Dr. de,la Riva is a 
fellow of the Consejo llacional de lnvestigaciones Cientificas y 
T&nicas de la Repcblica Argentina). 
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SEQUENCE OF HEMODYNAMIC EVENTS AFTER GRADUAL PROLONGED mORRHAGE. 
J.M. Desai*, S.I. Kim*, J. Monks*, W.C. Shoemaker, Dept. of Surg. Res., 
Hektoen Instimok County Hosp. and U. of Illinois. Chicago, 111. 

The sequence of cardiovascular events were studied in 19 dogs sub- 
jected to a gradual prolonged hemorrhagic shock. The animals were 
gradually bled to mean arterial pressure @lAP) of about 50 nsn Hg over 
a period of several hrs. and maintained at that pressure until l/3 of 
the shed blood was taken up or until 10 to 12 hrs. had elapsed. The 
remaining blood then was retransfused and the animal followed until 
itsdeath 12-57 hrs. later. Events were divided into time periods: 
Control (Period A), Hemorrhage (B), Transfusion (C), Post-transfusion 
(D), Preterminal (E) and Terminal (F). The mean values and SE for 
each period for MAP, cardiac output (CO), systemic vascular resistance 
(SVR) pulmonary vascular resistance (PVR), mean pulmonary arterial 
pressure WPAP), left (LVSW) and right (RVSW) ventricular stroke work 
are: 

Stage A B C D E F 
114+3 so+2 124+4 84+4 52+3 34+4 

co 3.62TO.2 1.47TO.2 4.21TO.3 5.92To.4 7.15To.4 1.36TO.2 
SVR 1950+95 29ooT220 168OTl98 788+82 607T78 893irg3 
PVR 2397126 452+45 244+30 256+30 275T25 412+40 
MPAP 14+1.3 9+2.0 18T3.1 15.5~3.0 14.573.4 13T4.5 
LVSW 44T4.0 7+1.2 56+4.1 39+4.9 29-7-5.8 12+3.2 
RVSW 6TO.2 1+0.2 9TO.8 8Tl.5 8Tl.6 7+1.5 
In essence,-high cardiac output oFcurred in Stages C, D-and E and Tell 
precipitously in stage F. The SVR after an initial rise in stage B, 
dropped to control levels in stage C and continued to fall during 
stages D, E and F. By contrast, PVR remained elevated during stages C, 
D, E and F. The LVSW, in contrast to RVSW, fell in the late stages. 

ORIG~AND INIQBITQRYRESTRICTIONOFHIPPOCAMPALEPILEPTIC SPIKES. & 
gichter"t ati W.A. Spencer, NYU Med, S&l., NYC (Supp. USPHS NB-05980). w- 

Direct surface application of pencillin or strychnine crystals to 
cat hippocampus produces large surface negative-positive potentials at 
application sites, ati positive potentials at a distance. Neither 
spontaneous action potentials, nor antidromic spikes, nor large recur- 
rent IPSPs directly trigger paraqysmal discharges. However, discharges 
can be triggered at short (2-20 msec) latencies by stimulating the in- 
tact for&c, but only at longer (lo-$0 msec) latencies by stimulating 
the deafferented for&x. Since the difference between these prepara- 
tions is the presence or absence of afferent excitatory pathways, these 
must trigger the short latency discharges in intact preparations. &y 
inference, recurrent excitatory actions alone trigger discharges in de- 
afferented preparations. Analysis of the discharge in the central 
focus in both preparations demonstrates a large amplitude intracellular 
depolarizing-hyperpolarieing sequence with action potentials appearing 
on the crest of the depolarization. At a distance only large intra- 
cellular hyperpolarizations are seen. The extracellular depth dis- 
tribution of potentials associated with the hyperpolarizations closely 
mics the known depth distribution of recurrent IPSPs, suggesting 
origin by recurrent inhibition. The following hypothesis is advanced: 
hippocampal neurons in these foci are postulated to have enhanced ex- 
citatory-coupling over short distances-but to retain widespread recur- 
rent inhibition. Manipulation of formal models of small networks con- 
taining connections of this sort suggests that such i,nhikLtion could 
act to limit both the spread arrl duration of triggered paroqsmal dis- 
charges, arrd account for: (1) their *Is ik 1-k p e- 1 et1 gross configuration, 
(2) delayed onset, (3) failure to lead to sustained seizure, (4) sur- 
face tential distribution, ancl (5) the intracellular potentials 
reco ed. rr 
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Hemod~lc Changes ln the Left Ventricle Associated with the Injection 
of Anglocardlographlc Contrast Medium. L. J.DotieLex+, H.L. Falsett%*, 
Colln Grant@, I.L.Bunnell and DJWreene Dept. of Medicl.ne, S.U.N.Y. 
at Buffalo andT3hffalo General HBuffalo, N.Y. asp a , 

The radiological study of left ventricular fhnction with contrast 
medlmn 18 1lmlLted by the distortions of function caused by the pro- 
cedure Ltself. To define 8ome of these llmltatlons, left ventrlcnlar 
pressure was contLnuously recorded before, daring and for at least 10 
secbbds folloulng left atHa Injectton of 35 to 50 ml of 76% meglumkne 
diatrlzoate (Renografln) In 35 adult patients wlth valvalar or muscular 
dysfunction. The usual reqonse In peak sgstolIc pressure was an 
immedlate tie (30 of 35 subjects) followed by a fall below the control 
pressure (30 of 35 subjects) start&g 7 seconds (range k-11 sec.) after 
the begInning of injection. In only 2 of 35 subjects did the increase 
In left ventricular pressure exceed 10%. In 6 subjects left ventric- 
ular pressure ua8 continuously recoded for f Lve minutes after in- 
jectlon of contrast. The maximal drop In left ventrllcular pressure 
averaged 1% and occurred 24-33 seconds after Injectllon (5 cases). A 
return to prelnjectlon pressure levels occurred in an average of 53 
seconds (range 40-76 seconds). At 3 minutes peak systolic pressure 
was within 10% of control ILn 5 of 6 subjects. In only 6 of 34 sub- 
jects was the 1njectLon of contrast medium followed by an increase in 
end-dlastollc pressure greater than 3 mm of Hg. No correlation was 
found between the extent or duration of the pressure changes and the 
rate, volume or pressurw of Injection over the range studied. This 
study Mdllcates that the major pressure changes associated with the 
Lnjectlon of contrast medtum occur after peak opacIfIcat’Lon and the 
usual time for volume measurements and have essentl.ally disappeared 
by 3 minutes. 

PHYSICAL CHARACTERISTICS OF ACTIVE AND PASSIVE COMPONENTS OF THE 
ARTERIAL WALL. Philip B. Dobrin* and Allen A. Rovick. Loyola Univer- . -- .' 
sity, Stritch School of Medicine, Department of Physlology, Chicago, 
Illinois. 

Pressures, radii, tangential intramural stress (Si) and incremen- 
tal elastic moduli (E) were determined in isolated dog common carotid 
arteries under conditions of maximum (NEpi) and minimum (KCN) smooth 
muscle activation. Systematic stepwise alteration in transmural pres- 
sures from 250 to 25 mn Hg and back to 250 mm Hg in NEpi-treated ves- 
sels described a loop with the radius smaller on ascent than descent. 
Interruption of the ascent by pressure decreases resulted in minimal 
dimensional changes until identity with the descending limb was 
achieved. Failure to descend along the ascending curve suggests that 
muscle bond breakage occurs during increases in radius. In other 
experiments with NEpi, the stepwise pressure ascent was begun from 
progressively lower radii. This resulted in a group of curves, all of 
which coincided at about 225 mm Hg, further confirming bond breakage 
during ascent. At that point of confluence, the strain was less for 
the NEpi-treated state than with equivalent stress following KCN. The 
effective E was also greater at this point. This implies that follow- 
ing treatment with NEpi the highly elastic passive element encountered 
at large strains is accompanied by some remaining active muscle. 

(Supported by NIH Grant HE 08682 and fellowship SFI-GMr30,003.) 
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WATER kBSORPJ!ION FFKM THE RUMEN. A. Dobson and A. F. Sellers. 
N.Y.S. Veterinary Col., Cornell Univ., Ithaca, N.Y. 

The question of how-closely the mo&nent o? water across rumen 
epithelium follows the osmotic gradient with different solutes in the 
rumen has so far not been examined. Solutions were confined within 
the washed ventral sac of the rumen of a conscious fistulated cow by a 
rubber dam, which floated beneath the cranial and caudal rumen pillars. 
By continuously labelling the saliva in the esophagus with creatinine 
and estimating this compound in the ruminal solutions, any smell con- 
tamination of the ruminal solution with saliva could be determined. 
Water movements were observed by following the changes in concentration 
of a non-absorbed, soluble marker, the purple complex of chromium with 
etbylenedi.aMinetetraetic acid. In eight experiments when the osmotic 
pressure was varied f'rom 200 to 400 m-osmol/kg by the addition of KC!& 
the rate of absorption of water was linearly related to the csmotic 
pressure within the rumen. With NaCl or the sodium salts of the lower 
steam volatile fatty acids in the ruxnen, no net water flux took place 
when the osmotic pressure within the rumen was 6 m-osmol/kg above that 
of the plasma, i.e. nearly zero. Under more physiological circum- 
stances, with 10% C@ in the rumen at plI 6.0-6.5, the intercept for 
the zero net water flux increased to 26 m-osmol/kg above that of the 
plasma in the absence, and 51 m-osmol/kg inthe presence of fatty a&d. 
This uptake of water f'rm the lumen from hypertonic solutions could be 
due to the rapid absorption of c-bon dioxide arnd the unionized fatty 
acids from the rumen, (Supported by NIH Grant No. AM 04.679.) 

CORONARY LYMPH: AN INDEX OF TRANSCAPILLARY EXCHANGE OF POTASSIUM. 
H. Fred Downey and Edward S. Kirk (intr. by F. R. Steggerda). -- --- Depart- 
Kent of Physiology and Biophysics, University of Illinois, Urbana, Ill. 

In 7 anesthetized dogs the coronary lymphatic duct was successfully 
cannulated and lymph was collected during intravenous infusions of K42. 
A right thoracotomy was found to be more-successful than the left-sided 
approach described by others. Intramyocardial and intrapulmonary 
injections of T-1824 dye located separate coronary and pulmonary lym- 
phatic drainages. The infusions were adjusted to-produce nearl) con- 
stant levels of arterial K42 for a period of 1 hour. 
activities of K42 

Specific 
were determined in arterial and coronary sinus plasma 

collected at 5 min intervals and in 5 min collections of lymph. Within 
5 min K42 in the coronary sinus plasma rose to a value 30-50% of the 
arterial level; then gradually increased to 60-80% of arterial values. 
Throughout and after the K42 infusions, the specific activities in 
coronary lymph and coronary sinus plasma were nearly identical. These 
data indicate that potassium permeatescapillaries with greater ease 
than it does myocardial cells. If lymph-tissue exchange reduces the 
specific activity in lymph below an average for interstitial fluid (ISF), 
the ISF levels are between arterial and venous levels. These results 
also support a model in which potassium freely permeates the capillary 
and mixes uniformly throughout the ISF (Conn, H. L., and J. S. 
Robertson, Am. J. Physiol. 181:319, 1955). The data are incompatible 
with models which place the major barrier for blood-tissue exchange of 
potassium at the capillary wall (Renkin, E. M., Am. J. Physiol. 197: 
1205, 1959) or models which place no barrier for exchange of potassium 
between capillary blood and tissue (Friedman, J. J., Fed. Proc. 24:1099, 
1965). 
(Supported by NIH Grant No. HE 10788.) 
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RESPONSE OF CELLS TO RESTRICTED VISUAL STIMULI IN AN ASSOCIATION AREA 
OF CAT CEREBRAL CORTEX. R. Dubner and F.J. Brown3 National Institute 
of Dental Research, National Institutes of Health, Bethesda, Maryland. 

Cellular responses to restricted light patterns (circular spots or 
vertical bars, 0.5-3.0° diam) were studied in the anterior part of 
middle suprasylvian gyrus of cats anesthetized with chloralose. 
"On", "offlr, or "on-off", phasic responses were observed over almost 
the entire visual field when stimulus intensities were two or more 
log units brighter than the background (approximately 0.1 cd/m2). 
When near-threshold stimuli were employed, restricted receptive fields 
(3-30° diam) were located near the center of the visual field. The 

most extensive receptive field mapping was done near the horizontal 
meridian and the type of response often changed as the stimulus was 
moved to different parts of the field. Almost all cells were influ- 
enced by both eyes and summation was observed during binocular 
stimulation. Many of these cells also responded to auditory click 
stimuli. After surgical ablation or undercutting of ipsilateral 
primary visual cortical areas and section of the corpus callosllm, 
cells rarely responded to restricted light stimuli although diffuse 
light stimuli were still effective. Functional ablation of primary 
visual areas by the application of KC1 also eliminated cell responses 
to restricted spots of light; responses returned with recovery of the 
depressed cortical areas. The present data indicate that 1) sensory- 
specific visual input to this association or polysensory area is 
relayed from primary visual fields, and 2) this cortical locus may 
play a role in complex sensory mechanisms involving inter-modality, 
sensory-specific interactions. 

DYNAMIC SCANNING OF OXYHEMOGLOBIN DISSOCIATION IN VTTRO. 
M.A. Duvelleroy*, R.G. Buckles*, F.IJ. Rodkey*, S.W. Rosen- 
kaimer* and M.B. Laver. Mass. Gen. Hosp. Boston, Mass. 
andval Med. Res. Inst., Bethesda, Md. 

A method has been developed for drawing on an X-Y re- 
corder a complete 02 content versus Po2 curve, using whole 
blood. A sample of stirred, deoxygenated whole blood, of 
known volume (VBLmD), maintained at 37C, is suddenly 
exposed to a gas compartment containing a known volume of 
Oxygen (  VaS) l Changes in Po2 are followed with membrane 
covered oxygen ele trades, 

EAS 
02 content (ml/ml) plotted on 

Y-axis equals: Po2 l VGAS/VBLOOD l l 863, PO2 of blood is 
plotted on X axis, 02 saturation is calculated from the 
curve with 02 capacity as the point where extrapolation of 
the top, flat portion of the curve crosses the Y-axis. A 
curve from Po2 = 0 to 400 mm Hg can be obtained with 6 ml 
blood in 60 minutes, Eleven curves from one non-smoker 

yeA 9 over a 3 month period exhibited good reproducibility 
(P 
wit 2 

= 27.12 2 2e36 mm Hg at pH 7.4i0and agreed closely 
the Severinghaus slide rule (Po2 = 26e6 mm Hg), 

Blood of AVB was res#udied, a 43 year follow-up on the 
original Curve, Po2 for AVB (1967) at pH 7.40 was 27e4 
mm Hg and at PC0 = 40 mm Hg it was 28e4 mm Hg compared to 
25 mm Hg reporte ?i for AVB (1924). The carbon monoxide 
cone, of AVB (1967) was 0,240 ml/100 ml, The device per- 
mits selective scanning of any desired portion of the diss- 
ociation curve, compares favorably with the gasometric 
method but holds the advantage of great speed when an en- 
tire dissociation curve is desired. 



THE PHYSIOLOGIST 159 

CHARACTERIZATION OF ARGININE-INITIATED INSULIN RELEASE FROM EXCISED 
RABBIT PANCREAS. P. Edgar,* E. Almogela,* T.J. Merimee,* and 
D. Rabinowitz. John8 Hopkins Hoepital and University, Baltimore, Md. 

The intravenous infueion of arginine monochloride ie followed by 
a rice in plaama ineulin concentration in man and in the rabbit. 
These in vivo experiment8 leave unresolved the queetion of whether 
or not the amino acid stimulate8 ineulin releaee directly. It ha8 
been repeatedly demonstrated that glucose enhance8 insulin releaee 
from pancreas incubated in vitro. We have examined the influence 
of arginine and of glucose, eingly and together, on insulin release 
by excised segments of rabbit pancreas, incubated in an enriched 
Krebs-bicarbonate buffer. We have confirmed that release of insulin 
into the bathing medium is increased four-to eixfold when the glucoee 
concentration of the buffer ie raised from 0.5 to 3.&ng/ml. This 
effect ie inhibited by addition of epinephrine to the medium. 
Arginine monochloride, in concentrations up to 3mg/ml, failed to 
enhance insulin release when glucose wae omitted from the medium, or 
was present in a concentration of 0.6mg/ml. However, the release of 
insulin which followed incubation of pancreae in a glucose concentra- 
tion of l.Smg/ml wae enhanced by a factor of two when arginine wa8 
added to the medium. Arginine-dependent insulin release was not 
inhibited by addition of epinephrine to the medium. We conclude 
that the amino acid, 1-arginine, directly enhance8 ineulin releaee 
from excised rabbit pancreas. However, thie effect of the amino 
acid appears to be dependent upon the presence in the medium of an 
enriched glucose concentration. 

QUANTITATION OF ARTERIOVENOUS BLOOD FLOW IN THE CANINE 
STOMACH. R. F. Edlich+, R. J. Buchin::, M. V. Prevost+, 
Y. Tomiyama+, S. Tsung:k, and 0. H. Wangensteen. Dept. of Surgery, 
Univ. of Minnesota Med. School, Minneapolis, Minn. 

Microscopic studies of the canine gastric microcirculation have 
provided evidence for arteriovenous shunts, but the functional signifi- 
cance of these vessels has not been adequately defined. The purpose 
of this study was to quantitate blood flow through arteriovenous shunts 
in the canine stomach. Prior to the flow determination, the gastric 
venous circulation of two groups of dogs was isolated. Nine days later, 
under chloralose anesthesia, a T-tube was tied in the portal vein. Car- 
bonized 19. 8f3. 9~ Yb169 microspheres were injected through a left 
intraventricular catheter into one group of do s 
received a ventricular injection 42. 6f5. 6~Yb 765 

while the other dogs 
microspheres. Fif- 

teen seconds prior to the injection, the superior mesenteric artery 
and vein, pancreaticoduodenal vein, and portal vein cephalad to the 
T-tube were ligated. With the portal vein clamped, the isolated gastric 
venous outflow was collected. After the dog was sacrificed, the entire 
stomach, proximal 10 cm. of the duodenum, and the venous outflow 
were analyzed for radioactivity. The quantity of activity recovered in 
the venous outflow 30 seconds after injection is expressed as a frac- 
tion of the total amount of radioactivity entering the gastric micro- 
circulation. The fraction of microspheres entering arteriovenous 
shunts larger than the 20~ and 4%sphere diameter was 5. lO+l. 9% 
and 1. 36f. 91% respectively. 

(Supported by USPHS, Hartford Foundation and D. J. Cowling Grants) 
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Pyrogen induced changes in thermo-responsiveness of septal,preoptic and 
hypothalamic neurons. J.S. Eisenman. Univ. of Penna., Phila., Pa. 

Responses of single septal,preoptic and hypothalamic neurons to local 
brain temperature changes have been studied in Urethane anesthetized 
cats, before and after injection of pyrogenic bacterial polysaccharide 
suspension ("Piromen," 2-3 mcgm/kg,I.V.). Unit responses were recorded 
for control periods of 30-60 min and for up to 240 min post-injection. 
The units' thermosensitivities were determined every 15 min. Responses 
of thermally insensitive (Qlol) units, and units with normal thermosen- 
sitivity (4102) were unchanged by the pyrogen.The preoptic thermodetec- 
tors (QlO>2) showed a marked decrease in thermosensitivity, usually be- 
coming insensitive following pyrogen injection.This response was often, 
but not always, accompanied by a generalized decrease in firing rate. 
Latency of onset of the response was 30-45 min. The response was fre- 
quently double peaked, with the major component beginning 60-75 min af- 
ter injection. The response maximum occurred 90-120 min after injection. 

A return toward control levels could be seen after l-1/2 to 2-l/2 hrs. 
Units whose locations and response patterns characterized them as ther- 
moregulatory interneurons responded to pyrogen with a shift of their 
operating range along the temperature axis. That is, the temperature at 
which the unit began firing was shifted, usually upward, as was the tern 
perature at which the maximal firing rate was reached. The maximal fir- 
ing rate was unchanged. While these results support the "shifting set- 
point" hypothesis of fever production, it is not clear whether a direct 
action of the pyrogen on preoptic thermodetectors is responsible for 
the shift. 
Supported by NB-04301, NINDB. 

The Effects of CNS Lesions on the Demonstration of Shock Avoidance 
Learning by the Roach, P. Americana. E. M. Eisenstein. State University 
of New York, Stony Brook. 

The ability of the roach to demonstrate learning is being studied as 
a function of lesions made in various parts of the CNS. A training pro- 
cedure similar to that previously employed was used on 108 animals. The 
left prothoracic legs of 2 animals were connected in series so when one 
member (P) of the pair extended its leg, a lead attached to its tarsus 
entered a saline bath to close a circuit and shock both. The shock ter- 
minated when P lifted its leg out of the saline. After a training 
period both animals were reconnected so each could shock itself inde- 
pendently of the other by extending its own leg. In addition, 48 single 
animals were used in which one prothoracic leg served as P & its gene- 
tically matched contralateral mate as R. With this preparation records 
were made of both P & R leg positions during training. No test period 
was run. The results with both these procedures indicate that P-R dif- 
ferences are greater when the prothoracic ganglion is isolated from the 
head (headless) or from the posterior ganglia (head attached but pos- 
terior connectives of the prothoracic ganglion are severed); however, 
the P-R difference is markedly reduced if both posterior & anterior 
influences on the prothoracic ganglion are left to operate simultaneous- 
ly (intact animals). If the brain is removed & only the subesophageal & 
prothoracic ganglia are joined, the P-R difference is abolished due to 
flexion of P & R legs. It also has been observed that in headless 
animals P is more active than R during training while R is the more 
active during testing. This is a result of P becoming less & R becom- 
ing more active in the transition from training to testing. This latter 
result is interpreted as supporting the notion that in testing R first 
extinguishes competing responses before relearning that only leg flexion 
leads to avoidance. Supported by NIH Grant NB 05827-03 to the author. 
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CHANGES IN BLOOD FLOW AND RESISTANCE IN NEONATAL GOATS 
DURING HYPOXIA, D. Eitzman::, S. Cassin and J. Hessler+:. Depts. 
Pediatrics, Physiol. and Comp. Med. , Univ. of Fla., Coll. of Med., 
Gainesville, Fla. 

Simultaneous measurements of blood flow, pressure, Po2, PcG2 
and pH were made in the carotid artery and thoracic aorta in 10 goats 
1 to 42 days of age. Blood lactates were also determined. The goats 

were artificially ventilated with room air, 6-8s oxygen in NZ, or 3-40/o 
oxygen in N2. Resistance to flow was calculated while being ventilated 
with room air and at 2 minute intervals after the induction of hypoxia. 
Five animals l-5 days of age demonstrated a decrease in carotid 
arterial resistance to blood flow during ventilation with the 3-470 and 
6-8s oxygen mixture. Aortic resistance to flow remained at control 
level or showed an increase. The results obtained in three goats 15, 
29, and 42 days of age, subjected to 3-4s and 6-8s oxygen usually 
showed no change or an increase in resistance to flow in the carotid 
artery. The occasional decrease in carotid resistance was relatively 
small. Thoracic aortic resistance to flow either did not change during 
the hypoxic episode or showed an increase. Arterial Pco2 remained 
relatively constant. Generally, pH decreased while lactate increased 
during and following hypoxia. It is postulated that the changes observed 
in resistance to flow may be useful physiological adaptations for 
increasing the survival time of newborn goats subjected to hypoxia. 
These changes appear to diminish with increasing age. (Supported 
by Grants NIH FR-05003, NIH HE-10834-01 and Fla. Heart 67AG12). 

AGING AND COHESION OF TENDON FIBRILS. H. R. Elden (introduced by 
N. W. Shock), Gerontology Research Center, NICHD, NIH, U. S. Department 
of Health, Education and Welfare, Bethesda, Md. and the Baltimore City 
Hospitals, Baltimore, Md. 

The number of interchain attachments of collagen increases with 
aging, while there is also an increase in the number of fibrils and 
fibers. This study showed that cohesion of tendon fibers defined as 
WO, the ratio of weight/length, increased linearly with body weight of 
rats aged 1 to 12 months. The time (TB) for tendons to rupture in '$4 
urea also increased linearly with low body weight, but it increased 
exponentially at high body weight. The standard deviation of both 
parameters, SD W and SD TB, increased linearly with their respective 
mean values. De!?etion of pituitary, parathyroid, and adrenal glands 
followed by hormonal replacement changed Wo, TB, and body weight. 
Mean and SD values of W 

P 
and TB remained congruently related even 

though body weight was ess than controls in some cases. Linear 
dependence of SD W. on Mean W. showed that large fibers accrue with 
aging while retaining small ones. Parallel changes in TB and between 
TB and WG indicated that molecular interactions influence macroscopic 
cohesion of fibers. Since these relationships were influenced 
similarly by aging and certain endocrine disturbances, it is suggested 
that cohesion of fibers is regulated by hormones during aging. 
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EFFECT OF IV ACETYLCHOLINE INFUSION ON VENOUS RETURN. T.E. Emerson, Jr. 
and P.R. Dennis*. Physiol. Dept., Mich. State Univ., E. Lansing, Mich. 

Transient and steady state effects of a 5 min acetylcholine (Ach) 
infusion (lOOug/min) on venous return (VR) to the heart & other para- 
meters were studied in dogs anesthetized with nembutal. VR was measured 
with a cylinder and stopwatch from the cannulated venae cavae; blood 
drained into a reservoir and was returned to the right atrium or aorta 
with a pump. Cardiac inflow was a) varied according to VR by adjusting 
a pump or b) maintained constant. Preparations used were a) intact 
(N=lO), b) heart-lung bypassed (N=7) and c) abdominal eviscerated (N=5) 
dogs. When cardiac inflow was variable, infusion of Ach in intact dogs 
caused an inxnediate and sustained rise of VR and a fall of arterial 
blood pressure(ABP) and total peripheral resistance (TPR). Heart rate 
decreased and stroke volume rose. With cardiac inflow held constant,VR 
increased transiently and returned to near control by the 5th min of irr 
fusion. A total of 73 ml of blood accumulated in the venous reservoir, 
indicating the amount of blood moved centrally. ABP & TPR decreased 
throughout the infusion. When the cardiopulmonary system was bypassed 
and aortic inflow held constant, Ach caused similar changes of VR, ABP& 
TPR. A total of 106 ml of blood accumulated in the reservoir. However; 
when the abdominal viscera were removed and cardiac inflow held constat, 
Ach caused only a small increase or a slight fall of VR in the transient 
period & a sustained fall during the steady state. ABP & TPR fell less 
than inthe other groups. The venous reservoir level decreased a total 
of 59 ml. These data show that IV Ach infusion at lOOug/min increases 
venous return to the heart and suggest that the increase is due to 
changes in the peripheral circulation, mainly in the hepatosplanchnic 
bed. (Supported by NIH Grant HE10899) 

EFFECT OF INTRAVENOUS CHOLINE CHLORIDE ON BLOOD PRESSURE, ELECTROCARDIO- 
GRAM, AND RESPIRATORY RATE OF DOGS. Richard L. Engen. College of Vet- 
erinary Medicine, Iowa State University, Ames, Iowa. 

Ten anesthetized dogs were given intravenous injections of choline 
chloride. The dosages were distributed as follows; 0.5, 1, 2, 5, and 
10 mg/kgm body weight. At the lower dosage level, a drop in carotid 
blood pressure occurred. However, at higher dosages, the initial drop 
was followed by elevated blood pressure. Both systolic and diastolic 
pressures were elevated. Respiratory rate increased briefly after in- 
jections of choline chloride. The heart rate remained relatively con- 
stant, but the amplitude of the QRS and T waves increased after the in- 
travenous injections of choline chloride. 
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The effect of temperature on myocardial substrate utilization patterns was 
studied by comparing the 0, consumption, glucose uptake, lactate production, 
and glycogen content of perfused hearts of a representative hibernator and non- 
hibernator at 15 and 37 C. From these determinations, estimates were made 
of the proportions of exogenous and endogenous substrate used to satisfy total 
cardiac energy requirements at each temperature. O2 consumption was re- 
duced by hypothermia in all hearts; however, no species differences were ob- 
served at 37 C (in spontaneously beating hearts) or at 15 C in hearts driven at 
the same rate). At normal temperatures and when supplied with 20 mM glucose 
and insulin (40 mu/ml), rat and ground squirrels fulfilled their energy re- 
quirements from exogenous glucose. A similar metabolic pattern was main- 
tained in rat hearts at 15 C but no glucose uptake and no significant breakdown 
of glycogen by ground squirrel hearts were observed. Furthermore, ground 
squirrel hearts were relatively unaffected by iodoacetate (0.004 M) at 15 C 
although 0, consumption and contractility of rat hearts were severely depressed 
by this poison. These results indicate that ground squirrel hearts, adapted to 
function at low 
probably lipids 

temperatures , 
9 in preference 

utilized non-carbohydrate energy sources, 
to exogenous and endogenous carbohydrates at 

low temperatures. Hypothermic rat hearts continued to utilize exogenous and 
endogenous carbohydrates and were apparently unable to shift to lipid oxidation 
when the glycolytic pathway was inhibited. (Supported in part by U.S.P.H.S. 
Training Grant 5 Tl GM 341.) 

EFFECTS OF TETRODOTOXIN AND NOREPINEPHRINE ON FROG'S 
HEART ATRIUM. D. Er1i.l and J. Actvts (intr. by 
AeRosenblueth) Department of Physiology. Ccntro de Inves- 
tigacion y  Estudlos Avanzados de1 I.P.N., Mexico 14, D.F. 
Mixico. 

We studied the effects of tetrodotoxln (TTX) on the 
isolated frog's atria1 muscle and sinus v  nosus 
in oxygenated Ringer's solution. TTX (lo- to 5 

immersed 
10-G g/ml) 

abolished the electrical activity of frog's atria1 muscle. 
On the other hand these concentrations applied to the 
spontaneously beating sinus venosus only reduced its rate. 
Addition of norepinephrine (5x10-6) to the TTX treated 
preparations increased the heart rate. This increase was 
of similar magnitude to that observed in control prepara- 
tions. Norepinephrine also recovered the excitability of 
the atria1 muscle paralyzed by TTX. The conduction veloci- 
ty in the recovered tissue is much slower than before 
treatment. Intracellular records show that the rate of rise 
of the action potential of atria1 muscle fibers is markedly 
slowed after treatment with TTX-norepinephrine. 

In almost every tissue where action potentials are Na 
dependent, TTX abolishes propagation, while in those 
tissues where action currents are carried by alkaline 
earth ions TTX is without effect. Experiments are in pro- 
gress to find whether or not the spikes observed 1n atria 
treated with TTX-norepinephrine are Na dependent. This work 
was supported by a Grant from the Life Insurance Research 
Fund. 
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RED BLOOD CELL AND WATER TRANSPORT BETWEEN GUT AND BLOOD. Edward A. 
Ernst*, Ralph A. Nelson and Hugh F. McCorkle*. Scott Research Lab- 
oratory and Departments of Anesthesiology and Pathology, Fairview 
General Hospital, Cleveland, 0. 

This study was undertaken to determine whether the red blood cell 
participates significantly in water transport between blood and gut. 
In five dogs, isotonic, hypotonic, or hypertonic tyrode solutions were 
instilled into an isolated jejunal loop with intact nerve and blood 
suPPlY* These tests lasted 10 minutes each. In six additional dogs, 
one hour tests of hypotonic and one hour tests of hypertonic solutions 
were studied. Total venous drainage from the jejunal loop was collec- 
ted at 15, 30 and 60 minute intervals. Blood was replaced from donor 
dogs to maintain normal blood volume. A constant sample of arterial 
blood was also withdrawn during each time interval (2 ml/min). Water 
content of RBC and plasma on both sides of the capillary bed were 
determined by dehydration. It was found that the RBC carried about 
half the water taken up by blood during gut absorption. The RBC con- 
tributed more than half the water appearing in the gut lumen when 
enterosorption occurred (net water gain by gut contents). It is con- 
cluded that the RBC is an important contributor to water movement 
between intestine and blood. 
Supported by the Diabetes Association of Greater Cleveland. 

GAS IN THE HEAD: ANESTHESIA WITH MIDBRAIN CHEMODES. E.g. Ervin, 
2. Folkman, V.B. Mark, A. Suematsu, & W.H. Sweet*. Massachusetts - -- 
General Hospital, 
Boston, Mass. 

Boston,City Hospital, z Harvard Medical School, 

The demonstration by Folkman, et al. that anesthetic gases will 
cross a Silastic membrane in therapeutic concentration has provided 
an important tool for pharmacological investigation. We have 
utilized chronic indwelling Silastic chemodes stereotactically 
placed in the mesencephalic formation of cats to deliver micro 
quantities of anesthetic gases. Observation of behavior and of EEG 
demonstrated the rapid onset of "natural" sleep in response to as 
little as 0.8 cc. of cyclopropane. Response to cyclopropane, 
tefluorane, 
studied. 

nitrous oxide, CO2, tenthrine, and ether has been 
The similarity in response to the various agents place 

in question theories of anesthesia which differentiate cortical 
and midbrain loci of action. Movies will be shown. 
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EFFECT OF PHYSIOLOGICAL IMPERFECTIONS ON DIFFUSIONAL 
TRANSFER IN PLACENTAS. J. Job Faber. University of Oregon 
Medical School, Portland, Oregon. 

A variety of hypothetical vascular patterns of fetaland 
maternal vessels in placentas served as models. Transfers 
were calculated on the basis of an assumed range of values 
of placental permeability and maternal and fetal blood 
flows in each of the models. The results were represented 
by a 

YF 
(c a-CMv)/(cMwFa iti 

lot of a "mat rnal transport fraction", TM, defined 

& 
versus a "fetal transport fraction", 

defined as (CFv-C a)/(CMa-CFa), as a 
"permeability variable",d, defined as P/' aR 

unction of a 
(C=concentra- 

tion, axarterial, v=venous, P=permeability: Q=rate'of blood 
flow). Subsequently, flows and / or permeability were 
assumed to be distributed unevenly. Calculations on these 
models showed that, within physiologically probable v, 
maldistribution of flow ratios grossly affects the effect- 
iveness of exchange, but maldistribution of permeability 
does not. The transfer of relatively permeable substances 
(dU.0) is particularly affected whereas the transfer of 
relatively impermeable substances (d(0.1) is not. Non- 
exchanging shunts in the maternal and fetal placental cir- 
culation affect the graphical representation of TM and TF 
by proportional reduction of the magnitudes of TM and TF 
respective1 
axes at a T A 

. Therefore, the line d = 00 will interceptthe 
and a TF equal to the non-shunted fraction of 

maternal and fetal blood flows respectively. Supported 
by NIH HD2313 and HE6336. 

GAS-LIQ’TID CHROMATOGRAPHY WITH Q’TANTITATIVE ELECTRON CAPT’rRE DETECTION 
OF ALDOSTERONE AND CORTISOL FROM BLOOD. 
c. Smith*, 

Louis F. Fabre, Jr.*, Robert 
and Gordon Farrell. -- Texas Research ynstitute of Mental 

Sciences, Houston, Texas. 
A comparatively rapid (48.hour) method for isolating and quantitating 

aldosterone and cortisol at submicrogram levels utilizing oxidation and 
thin layer chromatography coupled with gas chromatography with electron 
capture detection has been perfected. 
using a 4 ft. 

Quantitation is accomplished 
column of 2% SE-30 on gas chrome Q, at 250 C with elec- 

tron capture detection. Aldosterone in the form of they-lactone ex- 
hibits a linear relationship with square centimeters peak area in the 
range lo-250 nanograms. Sensitivity for cortisol as the derivative 
adrenosterone is similar. Prior to gas chromatography, preparation of 
samples from blood involves addition of 10,000 DPM each aldosterone c-14 
and cortisol c-14, to correct for losses incured in processing; CHC13 
extraction; benzene: water partition; TLC (Etac:cyclohexane, 9:1), to 
separate aldosterone from cortisol; 
CrO3 for cortisol; 

oxidation-HI04 for aldosterone, and 
and TLC (Etac:cyclohexane, l:l), to separate the 

oxidized steroids from the reaction mixture. This process allows a 
2-day simultaneous analysis of aldosterone and cortisol. It is possi- 
ble to recover submicrogram quantities of steroids added to blood with 
lOO%t 6% accuracy. 
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EFFECT OF ALTERFD PO2, PcO2 ARD pH ON RETRACTIVE FORCE AND SURFACE 
ACTIVITY OF DOG LUXG. Edmund F. Faridy. (Intr. h;y A. Maimark). Dept. -- 
of Physiolony, University of J"anitoba, Winnipeg, Manitoba. 

The effect of acute alterations of pulmonary arterial blood p,as 
tensions (PvCOp; P&) and alveolar gas tensions on the mechanical 
properties of lungs has been studied in left lower lobes of open chest 
dofrs. After 4 hours the left lower lobes were excised, and static 
deflation pressure-volume curves and the stability ratio (S.R.) of 
bubbles expressed from the lunp were measured. We have previously re- 
ported that a state of hypercapnia and hypoxia produced either through 
the pulmonary blood or throuph the ventilating Eas mixture causes an 
increase in the retractive force of the lung. The decrease in the 
percent of maximum air volume remaining at 10 cm Hz0 transpulmonary 
pressure (@lo) correlated with a decrease in S.P. In the present 
experiments, the effect of hypercapnia (pH kept normal with IV THA?J 
or KaHCO?) and hypoxia was compared with the effect of hvpocapnia and 
hvDoxia in the presence of acidosis (infusion of lactic acid or HCl). 
Xo correlation was found between Vslo and pulmonary arterial pH but a 
significant neEative correlation was found between V$lo and P,'CO2. 
The effect of P$O 2 (> 60 mm HP) on the retractive force of the lung 
was prevented when P;O2 was greater than 60 mm H!F: or when the lobe 
was ventilated with room air. However, the effect of inspired CO2 
(6 - lo!) on the retractive force of the lune was not prevented by 
?;02 > 250 mm He: or by 02 (20 - 9Of) in the inspired gas. 

Supported by the Medical Research Council of Canada. 

AL30STEROX.Z SECRETION RATES IN S-DAY POST-OPERATIVE NEPHRECTOMIZED DOGS 
Gordon Faraell and Louis F. Fabre, Jr -- .* Texas Research Institute of 
Xental Sciences, Houston,-Texas. -’ 

A method has been devised for the separation of the endocrine and 
excretory functions of the kidney. Large male dogs were bilaterally 
nephrectomized by the ventral approach on day 1 and an AV shunt was 
performed on the femoral artery and vein to allow access to extracor- 
poral hemodialysis. On days 3 and 5, the dogs underwent a 6.hour dial- 
ysis with a Skeggs-Leonards artificial kidney. During the procedure the 
dogs remain awake; no anesthetic is necessary. TQe dialysis solution 
was adjusted to allow normal ranges of plasma Na and K concentration% 
DC? determinations were performed daily. On the 6th day, 5 days post-o? 
the dogs were anesthetized with sodium pentobarbital and the left lumbo 
-adrenal vein was cannulated with the adrenal vein ligated. Two blood 
samples of 4 hour were collected. Aldosterone was quantitated as the 
derivative aldosterone alactone by gas chromatography and electron cap- 
ture detection and aldosterone secretion rates (ASR) were calculated. 
The following results were obtained: control, BUN (at time of adrenal 
tap) 22 mg%, XII 4.97, 17.82 pg/lOO kg per hr (for 1st and 2cd $ hour 
collection respectively); nephrectomized dog 1, BUN 112 mg%, ASR 48.3, 
48.2 pg/lOO kg per hr; nephrectomized dog 2, BUN 145 mg%, ASR 5.39, 
17.89 pg/lOO kg per hr; nephrectomized dog 3, BUN>250 mg%, ASR 1.37, 
2.54 &lo0 kg per hr. These results indicate (1) that dogs can main- 
tain aldosterone secretion rates as high or higher than controls in the 
absence of the renin-angiotensin system, (2) that high BUN levels are 
associated with low aldosterone secretion rates, and (3) that nephrec- 
tomized dogs can respond to hemorrhage with elevated aldosterone secre- 
tion rates. (with the assistance of Robert E. Smith, Jr. and Charles 
R. Turner). 
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EFFECT OF SUGARS AND SUGAR DERIVATIVES ON THE PREFERENTIAL BINDING OF 
D-GLUCOSE TO TRIS DISRUPTED HUCOSAL BRUSH BORDERS OF HAMSTER JEJUNUM. 
Robert G. Faust, Mary G. Leadbetter", and Regina K. Plenge". Dept. of 
Physiology, Univ. of North Carolina, School of Medicine, Chapel Hill, 
N. C. 

Preferential binding of actively transported D-glucose (U.L.) Cl4 
to disrupted brush borders (Faust, Wu and Faggard, Science, 155:1261, 
1967) was studied in the presence of various unlabeled sugarEnd 
sugar derivatives at concentrations between 0.1 and 10 mM. Incubations 
were carried out at 370C for 1 hr. in a phosphate buffer containing a 
radioactive sugar mixture of D-mannose-l-E8 (10'5mmole/l.) and D-g1 - 
case-Cl4 (lO%mole/l.). 3 An increase in the ratio of the DIM for H 
to that for Cl4 in the supernatant was indicative of preferential D- 
glucose binding to the disrupted brush borders. The non-actively 
transported sugars, L-sorbose, D-ribose, D-arabinose and L-arabinose 
did not affect the preferential binding of D-glucose. Experiments 
with actively transported sugars indicated that 3-0-methyl-D-glucose 
and D-xylose were more inhibitory than D-galactose. The most potent 
inhibitors of D-glucose binding, however, were unlabeled D-glucose, 
phlorizin and D-glucosamine. D-galactosamine, on the other hand, was 
not inhibitory. These results demonstrate that the mechanism of sugar 
transport can be studied with isolated and disrupted mucosal brush 
borders. (Supported by USPHS Grant Al4 07998). 

IN VITRO KIDNEY PRESERVATION WITH INTERMITTENT LOW 
:g 

.,. 
FLOW HYPOTHERMIC PERFUSION. J. A. Feemster, Y. Ide zukir 
R. H. Dietzman’: and R. C. Lillehei. Dept. of Surgery, Univ. of Minn. 
Med. School, Minneapolis, Minn. 

We are able to preserve the in vitro viability of canine kidneys for 
72 hours by hypothermia and hyperbaria, but function is impaired even 
at 24 hours. To preserve functional ability, new substrate for the nu- 
trition of cells is needed. Thus, we have added an intermittent low 
flow perfusion technique to hypothermia and hyperbaria. With a bal- 
anced salt perfusate, kidneys preserved for 24 hours function immed- 
iately after autotransplantation and maintain a normal BUN creatinine 
and arterial blood pressure after contralateral nephrectomy. This is 
in contrast to elevations of these values in dogs supported by kidneys 
preserved only with hyperbaria and hypothermia. With blood perfusion, 
kidneys were preserved in a viable state for 5 days, but maintenance 
of a constant perfusion rate and pH was difficult. By diluting plasma 
with balanced salt solution, perfusion could be continused for 10 days. 
Tissue slices of all preserved kidneys were analyzed for sodium, po- 

tassium, glucose, lactic acid, alkaline and acid phosphatase, SGOT 
and SGPT. Elevation of potassium, alkaline and acid phosphatase were 
indicators of irreversible cellular damage. Biopsies examined by light 
and electron microscopy showed lysosomal disruption and mitochon- 
drial swelling in kidneys perfused with only a balanced salt solution 
after 36 hours. These studies include observation of over 150 pre- 
served kidneys. 

Supported by U. S. P. H. S. Grant. 
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EYE MOVEMENT RESPONSES IN THE CALCARINE CORTEX AFTER RETINAL 
Martin Feldman* and Bernard Cohen. Department of Neurology, 
School of Medicine, New York. 

Prominent triphasic potentials are found in the calcarine 
the alert monkey which follow each rapid movement of the eye 
light. These potentials have a latency of about 30 msec and 
to the potentials evoked by light flash when the eyes are mo 
For the most part these potentials disappear in darkness. Af 
ablation a dramatic change takes place in calcarine activity 
potentials which follow rapid eye movements are now widely d 
in the occipital cortex. These potentials appear 2 days aft 
ablation, reach maximum amplitude in 5 days, and persist for 

ABLATION. 
Mount Sinai 

cortex of 
s in the 
are similar 
tionless. 
ter retinal 

Prominent 
istributed 
er retinal 

the life 
of the animal. They have a latency of about 50 msec and are particularly 
prominent after blinks. The waveform is complex and somewhat variable. 
Nevertheless, the initial portions are of opposite polarity to the eye 
movement response of the intact animal in the light. Calcarine poten- 
tials after retinal ablation are of greatest amplitude at stages of con- 
sciousness somewhere between maximum alertness and drowsiness and do 
not invariably occur after each eye movement. Similar potentials are 
also evoked in the calcarine cortex of these animals by somesthetic or 
auditory stimuli or by electric stimulation of the pontine or mesence- 
phalic reticular formation. 

Conclusion: These data suggest that calcarine cortex potentials ac 
companying eye movements after retinal ablation are related to ascend 
ing impulses from the brain stem reticular formation. They are probab 
transmitted through the lateral geniculate body. Similar projections 
from the brain stem to the calcarine cortex associated with rapid eye 
movements may be present in the intact animal as well. 

Supported by USPHS Grants NB-00294 and 1 K3 NB-34,987. 

MEASUREMENT OF RESTING AND EXERCISE CARDIAC OUTPUT BY CO2 
REBREATHING AND DYE-DILUTION METHODS. R. J. Ferguson*, J. A. 
Faulkner*, S. Julius*, and J. Conway, University of Michm 
Ann Arbor, Michigan. 

The cardiac output of'13 normal adult males ages 23 to 43 
years was estimated by CO2 rebreathing and dye-dilution methods. 
Reproducibility of the CO2 method was assessed by duplicate de- 
terminations of cardiac output in sitting rest and at workloads 
of 600 and 900 kgm/min on a bicycle ergometer. Test-retest means 
for cardiac output were 5.4 - 5.1, 13.0 - 12.4, and 15.6 - 15.5 
liters/min respectively. Correlations were .82, .93, and .86. 
Determinations of cardiac output were made by the CO2 and dye- 
dilution methods at rest and during the 6th and 7th minute of ex- 
ercise at 600 and 900 kgm/min and at maximum work. Maximwn work- 
loads ranged from 1200 to 1650 kgm/min corresponding to oxygen 
uptakes of 2.76 to 4.13 liters/min. For each experimental con- 
dition mean cardiac outputs for CO2 and dye-dilution were 6.0 - 
5.6, 12.6 - 13.5, 16.8 - 16.9, and 19.6 - 21.2 liters/min. Cor- 
relations were .22, .54, .64, and .87. The CO2 method was re- 
producible at rest and during exercise. At rest, no significant 
difference was observed between the means for cardiac output as 
measured by the two methods, however, the low correlation indi- 
cates that comparable values for individual subjects were not 
obtained. The CO2 rebreathing and the dye-dilution methods did 
provide comparable values for cardiac output in exercise. 
(Supported byNIH grants CD 00081 and GM 12554). 
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HEPARIN MODIFICATION OF ENDOTOXIN ACTIYATION OF RETLCULOENDOTHELIAI, 
FUNCTION AND SHOCK LETHALITY. James P. Filkins and N. R. Di Luzio, 
Dept. of Physiology & Biophysics, Univ. of Tenn. Med. Units, Memphis, 
Tennessee. 

The reticuloendothelial system (RES) has often been ascribed a 
central role in host-defense against endotoxemia and the development 
of irreversible shock. Recent studies have indicated that heparin 
influences reticuloendothelial function both in vitro (Proc. Sot. w- 
Expt. Biol. 61 Med., ~122, 548, 1966) and in vfvo (J. Reticuloendo- -- 
thelial Sot., v3, 471, 1966). The present investigation evaluated the 
effects of heparin in rats on 1) the acute response of the RES to 
endotoxin, and 2) shock lethality induced by endotoxin. 2. enter- 
itidis lipopolysaccharide (0.5mg iv, 120 min. prior) markedly act- 
ivated the RES as reflected in a ten-fold decrease in intravascular 
half-times for colloidal carbon. Heparin (1000 USP units) adminis- 
tered prior to endotoxin completely abolished the RES activation as 
evidenced in normal carbon clearing activity. Intravenous injection 
of either S. enteritidis or g. coli endotoxins (lmg/lOOgms iv) re- 
sulted in K7 - 73% shock mortality. Heparin administered prior to, 
simultaneously with, or shortly after the endotoxin reduced the 
mortality to 0 - 14%. These data suggest that heparin and the RES 
may interact in the prevention of endotoxin's actions on the circu- 
latory system and thus deter the progression of endotoxin shock. 
(Supported by AEC). 

RELATION BETWEEN DISPLACABLE AND TOTAL BLOOD VOLUME OF FOREARM. 
S. Finkielman*, E. Brown & M. R. Powell*, Cardiovasc. Res. Inst. 
and Depts of Med. & Radial., UC School of Med. San Francisco, Cal. 
Knowledge of both the total blood content and its changes under 
various circumstances are needed for complete assessment of the 
capacity function of a regional circulation. Tissue displacement 
and movement artifacts interfere seriously with measurements of 
limb blood content by pressure plethysmography. With 2 Whitney 
gages on arm in rigid box we measured change of forearm volume (FV) 
during 3 min compressions at 200 mm Hg. In 22 expts on 10 healthy 
subjects (arm at heart level, comfortable conditions) the total 
volume expressed (tissue + blood) averaged 4.76 % FV (SE .33) and 
volume expressed from arm rendered ubloodlesstl by prior compression 
and arterial occlusion averaged 1.49 % FV (SE .23). Displacable 
blood volume (DBV), by subtraction, averaged 3.27 % FV (SE .21). 
By a refilling method (Litter and Wood, J. Clin. Invest. 33:798, 
1954), DBV averaged 3.20 (SE .17). 
tagged with CR51, 

In 4 patients whose blood was 
total blood content (TBC) was estimated by 

relating changes in external radioactivity to changes in FV and 
extrapolating to background radioactivity. In them, DBV and TBC 
averaged 2.67 and 4.80 % FVrespectively. Residual blood after 
compression averaged 46% of TBC (range 32% to 52%). We have not 
yet determined whether residual volume is influenced by the 
functional status of the circulation at the time of compression. 
(Supported by USPHS Grant HE-06285.) 
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CHANGES IN CONTRACTILE PROPERTIES OF DISUSED MUSCLE. Gerald 
D. Fischbach* and Norman Robbins, Spinal Cord Sec.,LNr 
NINDB, Nat. Inst. of Health, Bethesda, Md. 

A method was developed to record EMG's limited to indi- 
vidual muscles in unrestrained rats. Daily counts were 
made of distinct motor unit spikes over a period of several 
weeks during which recording conditions remained stable. 
Soleus muscles were more tonically active than fast muscles 
studied under similar conditions. Immobilization by pin- 
ning ankle and knee joints had an immediate and persistent 
effect on soleus activity. Total counts were reduced to 
5-10s of control, and unit firing patterns were altered. 
Four weeks after pinning, the contractile properties of the 
soleus muscle studied in vitro under isometric conditions 
were significantly "fazer" than controls. Twitch time to 
peak was shorter, maximum rate of tension development was 
increased, and both maximal and 5/set. tetanus/twitch 
ratios were decreased. The maximal rate of tension devel- 
opment was greater than control at any given time or at 
any given %-maximum tension. Assuming unaltered compli- 
ance, the above findings imply a change in the force- 
velocity relation. In contrast to previous studies involv- 
ing tenotomy, cross-innervation, or spinal cord section, 
activity and contractile properties were affected by a 
procedure which left all elements structurally intact 
The mechanism of the correlation between activity and con- 
tractile properties remains to be elucidated. 

EFFECT OF ANGIOTENSIN AND NOREPINEPHRINE INFUSION ON 
RENIN PRODUCTION IN THE DOG. J. FojasX and H. E-, Schmid, 
Bowman Gray Sch. Med., Winston-Salem, N. C. 

Calculations of plasma renin levels were made in the anesthetized 
dog with unilateral renal artery constriction, before, during and after 
angiotensin and norepinephrine infusion in low and high dose levels. 
Renal blood flow was measured continuously with the electromagnetic 
flowmeter (EMF)and renalplasmaflow determined from the RBF and Hct. 
Glomerular filtration rate (GFR), cortical blood flow (CBF) and 
medullary blood flow (MBF) were determined from the extraction of 
creatinine and para-aminohippurate. Renin production was determined 
from the simultaneously drawn arterial and renal venous plasmalevels 
which were prepared by the Helmer method and bioassayed in rats. 
Angiotensin infusion was followed by a decrease in plasma renin levels 
even under conditions of renal artery constriction that resulted in an 
initial decrease in GFR and RBF and a subsequent increase but not to 
as high as control levels, after termination of the infusion. Norepi- 
nephrine caused similar hemodynamic changes but resulted in little 
change in renin production. Frequent blood and urine samples during 
osmotic diuresis were obtained during renal artery constriction and 
infusion of angiotensin and norepinephrine in an attempt to better cor- 
relate the change in renin production with alterations in renal function. 
The findings are in agreement with the results reported by Vander that 
angiotensin may act in a specific manner to inhibit renin formation by 
the kidney. (This work supported by grant HE-7842, NIH and N. C. 
Heart Association. ) 
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ACTION OF ACTH ON THE ANDROGENIC ACTIVITY OF THE REGENERATING ADRENAL 
CORTICES. G. Forester and M.J. Perrault (intr. by A. DesMarais). 
Department of National Health and Welfare and University of Ottawa, 
Ottawa, Canada. 

Male Albino Wistar rats acclimated for 30 days at 2OC, are subjected 
to the following operations: adrenal demedullation, castration or 

castration-demedullation. The activity of the circulating androgens 
assessed by the weight of the sexual accessory organs and by the Zinc trP 
uptake by the dorsolateral prostate. The castrates display a massive 
but transient androgenic response on the 8th day of treatment. In the 
intact animals, an alternance of release and storage is indicated and 
the ACTH stimulation of androgenic production appears sustained. In 
spite of the regenerating adrenal cortex, the demedullated animals show 
a moderate transient stimulation followed by a decline probably due to 
pituitary feedback. The double-operated display a temporary elevation 

above untreated castrate level, associated with the regeneration of 
the adrenal cortex, but promptly cancelled by pituitary feedback. Thus 

1) the androgenic function of the adrenal cortex becomes visible in th: 
absence of the testis, and 2) the circulating androgens resulting from 
the testis and/or the adrenal cortex, are capable of causing feedback 
depression of the pituitary gonadotropins. 

VARIATION OF URINARY PRECESSION OF Na OVER INULIN WITH 
BLOOD PRESSURE. E.C. Foulkes, Depts.Env.Health SC Physiol., 
Coil. of Med., Univ. ofmati, Cincinnati, 0. 

Precession of Na over inulin in urine after simultaneous 
arterial injection is well documented. It has been attri- 
buted to an ion-permeable nephron segment in the renal 
medulla or papilla which permits complete exchange of Na 
between plasma and urine. On this view a factor limiting 
precession could be the plasma flow to the inner medulla 

v@F) l 

We have previously expressed the rate of Na pre- 
cession in clearance terms (Proc. 3rd Int. Congr. Nephrol., 
1966). The precession clearance, (CPR)Na, was of the same 
magnitude as that generally accepted for MPF. To test fur- 
ther the equation of (CPR)Na with MPF we have investigated 
its variation with blood pressure (BP). On the basis of 
the reported lack of autoregulation of MPF, (CPR)Na should 
vary directly with BP. The hypothesis was tested in mann- 
itol and Na2S044oaded dogs treated with Furosemide to 
dissipate interstitial Na accumulation and to prevent Na 
reabsorption distal to the exchange site. In 12 studies on 
6 dogs release of carotid clamps caused a mean drop in BP 
from 150 to 100 mm Hg, 
from 2.2 to 1.4 ml/min, 

and simultaneously decreased (CPR)Na 
corresponding to a fall from 4.1 to 

3.0% of RPF (mean A = -1.1% f 0.7, SD P c.001). By con- 
trast, (CPR)Na changed from 3.3 to 3.4% of RPF in 8 studies 
on 4 dogs Those BP was kept constant at normal levels (mean 
A = -0.1% - 0.2). These results support the suggestion 
that Na precession is limited by MPF. (Supported by USPH.) 
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STATISTICAL INPUT-OUTPUT RELATIONS OF SINGLE CORTICAL 
NEURONS. Walter J. Freeman. Dept. Physiol., Univ. Calif, Berkeley. 

The prepyriform excitatory and inhibitory neurons form a negative 
feedback loop requiring two transductions: synaptic currents control 
the rates of firing of the neurons, and the firing rates determine the 
synaptic currents. The input via the lateral olfactory tract is to the 
excitatory neurons,for which the synaptic currents produce the sinu- 
soidal EEG and averaged evoked potentials (AEP) recorded extracell- 
ularly. AEP from single-shock stimulation of the tract have the shape 
of a damped sinusoid. The post-stimulus time (PST) histograms for 
the firing of single excitatory neurons approximate a damped sinusoid 
in phase with concomitantly averaged potentials. PST histograms for 
inhibitory neurons have the same generic form but lag the evoked po- 
tential by about l/4 cycle. The EEG amplitude histogram is almost 
Gaussian. The probability density function of spontaneous inhibitory 
neuron firing conditional on amplitude (cpdf) has a maximum slope, 
when the unit train is lagged behind the EEG. The correlation is linear 
from maximum firing probability during maximum surface-positivity 
(hyperpolarization of the excitatory neurons) to zero at maximum sur- 
face-negativity. The cpdf for spontaneous excitatory neuron firing is 
maximally correlated with EEG amplitude at zero lag. Higher probab- 
ilities of firing are associated with depolarizing currents (surface- 
negativity), but the relationship is nonlinear. The cpdf for inhibitory 
units represents the input-output relation for pulse-to-wave transduc- 
tion, whereas that for excitatory units represents the input-output re- 
lation for wave-to-pulse transduction. USPHS, NIMH06686. 

WATER AND ELECTROLYTE EXCHANGE IN RATS EXPOSED TO 
COLD. Melvin J. Fregly. Dept. Physiol., Univ. Florida, College 
Medicine, Gainesville, Fla. 

Twelve male Carworth rats weighing from 210 to 230 g were kept 
individually in metabolism cages in a thermoregulated (26O C. ) room 
illuminated from 8 AM to 6 PM. During a 7 day control period, 
distilled water and food intakes as well as urine and fecal outputs were 
measured daily. At the end of the control period, 6 rats were exposed 
to cold (6O C. ) for 10 days while 6 remained at 26O C. All rats were 
then kept at 260 C. for an additional 7 days. Urines were analyzed for 
sodium, potassium, chloride and osmolality. Feces were analyzed 
for sodium and potassium content. Comparison of water with food 
intake revealed a smaller water intake for a given food intake for cold- 
exposed than for control rats. The urine output at a given water 
intake was also greater for cold-exposed rats. These results suggest 
possible mechanisms for both the relative dehydration and increased 
plasma osmolality observed during cold in earlier studies (Canad. J. 
Physiol. Pharmacol. 44:651, 1966) and the “thirst” observed after 
removal of rats from cold air. Both fecal and urinary routes of 
sodium and potassium excretion were increased by cold exposure; how- 
ever, fecal excretions of both potassium and sodium were greater 
fractions of the total output during cold exposure than prior to it. 
Although cold exposure in rats tends to induce a relative dehydration, 
an important factor limiting the extent of the dehydration may be 
increased fecal electrolyte loss. (Supported by Contract DA-490193- 
MD-2549 with the Office of the Surgeon General). 



THE PHYSIOLOGIST 173 

COMPARATIVE CARDIOVASCULAR EFFECTS OF STOMACH DISTENTION AND WALL 
STRETCH. Jerome J. Freundlich* and M. H. F. Friedman. --- Dept. of 
Physiology, Jefferson Medical College of Philadelphia. 

Distention of the stomach by overloading with food is known to 
lead to untoward effects on the heart and circulation but the 
mechanisms are not understood. Cardiovascular effects of gastric 
distention were studied in 26 dogs. Two methods of increasing 
stomach wall tension were compared. Inflation of a gastric balloon 
to pressures ranging from 10 to 25 I&I Hg resulted in 80 per cent of 
the experiments in systemic arterial hypotension and bradycardia. 
Biphasic sequential effects were occasionally noted at the higher 
inflation pressures. The hypotensive effects of balloon distention 
were greater following vagectomy. A stretch force of 0.5 to 0.75 
kg applied externally to the stomach wall to produce increases in 
stomach length of 0.5 to 2.0 cm always resulted in hypertension and 
usually in tachycardia. Effects of antrum stretch were more pro- 
nounced than those of corpus stretch. Afferent nerve fibers which 
mediate the hypertensive effects of stretching the antrum apparently 
occur in both vagus and sympathetics but those mediating the effects 
from the corpus appear confined to sympathetic routes. The cardio- 
vascular effects were not due to simple physical redistribution of 
blood from the splanchnic area. No evidence for a humoral mechan- 
ism was found. The data are consistent with the view that barore- 
ceptor sites for vasomotor depressor responses are distributed in 
the stomach at mucosal-submucosal levels, but not within the gastric 
musculature. This may comprise a homeostatic mechanism of clinical 
significance. 

TRANSCAPILLARYEXCHANGEOFRb-86 INSKELETALMUSCLE. 
J.J. Friedman. Indiana Univ. School of Med., Indianapolis, Ind. 

The transcapillary exchange of a diffusible test, indicator (Rb-86) 
relative to a vascular reference indicator (Fe-59-Siderophillin) was 
determined in the isolated, autologous blood perfused dog gracilis 
muscle. Both indicators were simultaneously injected intraarterially 
and the venous indicator dilution curves obtained. The Rb curve 
differed from the reference curve by being consistently below it. This 
difference which represents extraction is more dramatically seen by 
examination of the ratio of test to reference indicators at each interval. 
A ratio of 0. 00 would represent complete extraction of the test 
indicator, whereas a ratio of 1.0 would signify zero extraction. Inter- 
mediate ratios reflect fractional extractions. The resulting ratio 
curve is multiphasic signifying heterogeneity of extractability of 
muscle circulation; a heterogeneity which consists of a highly extract- 
ing circuit as well as an early, and a late, low extracting circuit. The 
level and form of the ratio curve is sensitive to blood flow. At 
elevated flows (8-10 ml/min/lOOgm) the initial samples exhibit a ratio 
of about 0.6 which decreases slightly to about 0. 5 and then increases 
progressively to a ratio greater than 1. 0, signifying back diffusion. 
At low flows (1.3 ml/min/lOOgm) the initial ratio is about 0.3 which 
decreased to a minimum of 0. 15, then rises to a maximum of about 
0.5 and then declines once more. Reactive hyperemia following 
arterial occlusion of 4 minutes duration, applied at various blood 
flows, changes the ratio pattern toward that of reduced blood flow. 
The data suggest that reduced flow or reactive hyperemia produce 
both an increase in exchange flow as well as an increased hetero- 
geneity of blood flow distribution. 
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POSTURAL EFFECTS UPON DEGLUTITION. M. H. F. Friedman, L. Pierce,* 
R. Mackowiak, * H. Brenman and J. Breckenridge.* Dept. of Physiology, 
Jefferson Medical College, Philadelphia, Pa. 

Previous work in this laboratory demonstrated that production of 
discrete acoustic bursts correlated with the process of deglutition. 
The present experiments investigated the effects of postural altera- 
tions upon these events. Studies were conducted on human adults with 
no evidence of bucco-pharyngeal or systemic disease. Swallowing 
sounds were detected with a miniature contact microphone placed on the 
neck lateral to the larynx. Arrival of the swallowed material at the 
cardio-esophageal junction was signaled by another microphone placed 
to the left of the xiphoid process. Heart sounds were eliminated by 
selective band pass filtration. Respiration was monitored with a 
special nasal thermistor. Rate and contour of peripheral pulse was 
detected with a digital photoelectric plethysmograph. Multichannel 
tape recordings were made of all variables for subsequent time expan- 
sion analysis. Position of the subject was altered with a tilt table. 
Swallows of tap water generally produced three discrete acoustic 
bursts. There was a progressive increase in the total duration of the 
sound profile as the subject was tilted from the upright to the head- 
down position. The average duration of the sound was 330 msec. in the 
upright position, 500 msec. in the horizontal position and 720 msec. 
in the inverted position. No portion of the acoustic profile obtained 
from the neck microphone reflected activity in the area of the cardio- 
esophageal sphincter. In all positions deglutition was initiated 
least frequently during inspiration. 

LONG-TERM VARIATION OF CARDIAC OUTPUT IN NORMOTENSIVE AND HYPERTENSIVE 
MAN. Edward D. Fra, &bert C- w*, &&J,ns w*, and w 
P. Dusta~*. Research Div., Cleveland Clinic, Cleveland, Ohio. 

Although measurement of normal resting cardiac output varies little 
from one laboratory to another, information is meager concerning re- 
peated determinations in the same individual, nor has this been doc- 
umented in diastolic hypertension. Thus, repeated measurements of out- 
put (indocyanine green dye) were IIlade 76 times in 6 normotensive and 
24 hypertensive (14 essential, 6 renovascular, 2 renal parenchymal, 
2 hyperaldosteronism) individuals. All patients had not taken anti- 
hypertensive drugs for at least one month and none had cardiac de- 
compensation. Consecutive output measurements at one session varied 
by 7%; after 13 months (average; range: l-37 months) variation was not 
significantly different (124%), and no more variable than mean arterial 
pressure (10%). 
L./min. .2, 

Average cardiac indices were: normotensives 3.1 

min./M. P 
essential and renovascular hypertensives, 2.6 and 3.2 L/ 

, respectively. Thus, after as long as 37 months, cardiac 
output remained constant and significantly higher in renovascular than 
essential hypertension (p (.OOl). tireaver, variation in output was 
no greater than mean arterial pressure. 
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THE ROLE OF SH GROUPS IN CALCIUM CONTROL OF ACTOMYOSIN 
CONTRACTILITY. F. Fuchs:::, B. Yasui::, and F. N. Briqqs. Dept. - P 
Physiology, Univ. Pittsburgh, Sch. Medicine, Pittsburgh, Pa. 

According to Ebashi a tropomyosin-troponin complex confers Ca sen- 
sitivity on actomyosin. The presence of SH groups is essential for 
this effect (Mueller, Biochem. 2. 345:300, 1966). To localize essen- 
tial SH groups tropomyosin and troponin were prepared and reacted 
with pCMB or NEM. Neither SH-tropomyosin nor SH-troponin alone had 
Ca sensitizing activity. A mixture of PCMB-tropomyosin and SH-tropo- 
nin had activity whereas a mixture of SH-tropomyosin and pCMB-tropo- 
nin had little activity. NEM treated proteins behaved similarly. We 
have shown that Ca ions which activate myofibrillar contraction bind 
to troponin (Fuchs and Briggs, Fed. Proc. 26:598, 1967). pCMB and 
NEM had little influence on Ca binding to troponin. The data suggest 
that SH groups of troponin are essential for Ca activation but not Ca 
binding. (Supported by NIH grants HE-06782 and AM-10051). 

THE ENDOCENOUS PRODUCTION OF THIOCYANATE, Cullie F, Funderburk* and 
L. Van Middlesworth, University of Tennessee Medical Units, Dept. of 
khySlOlOgy 4 Biophysics, Memphis, Tennessee. 

To determine what portion of the thiocyanate normally present in 
plasma arises from endogenous metabolism and what portion arises exo- 
genously from the diet, an experiment was designed to measure, during 
feeding and fasting , the rate of dilution of the specific activity of 
plasma thiocyanate after a single injection of 200 pg S3’CN (14.6 c). 
Eight 340-365 gram male albino rats were housed in individual !  meta O- 
lism cages and fed Purina Laboratory Chow; urine was collected daily, 
and frequent plasma samples were obtained. The rats were fasted for 
four days during the 17.day experiment. Chemical thiocyanate concen- 
trations were measured by the method of Boxer and Rickards and radio- 
activity concentrations were measured using liquid scintillation. 
Chromatograms of plasma showed no appreciable changes in the chemical 
nature of the plasma S35CN. 

During the control periods, the rats excreted loo-125 yg SCN/day in 
the urine, and the plasma concentration of thiocyanate ranged around 
600 rg/lOO ml. The specific activity of plasma thiocyanate was diluted 
to one-half in 2.6 days, indicating a daily production of 350 yg SCN 
(assuming a SCN space of 40% of body weight). During fasting, the 
urinary excretion of thiocyanate decreased to one-half control values 
and the plasma concentration of thiocyanate rose to 800 pg/lOO ml. 
The production of thiocyanate was decreased to 230 yg/day during the 
third and fourth day of fasting. 

These data indicate that at least two-thirds the thiocyanate present 
in plasma arose from endogenous sources. The rise in the plasma 
thiocyanate concentration during fasting resulted from a continued, 
but decreased, production of thiocyanate, and from a decreased 
excretion of thiocyanate in the urine. 
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Red Cell Volume Regulation in Chronic Pulmonary Insufficiency with 
Hypoxemia and Hypercarbia. M. Galdston, J.H. Schwartz* and M.K. An&*. 
New York University Medical Center, New York City. 

Studies were carried out to investigate whether macrocytosis in pa- 
tients with chronic pulmonary insufficiency is due to the adaptation of 
normocytic cells to a low Ophigh CO2 environment. Washed red cells 
were suspended in a buffered Ringer's solution (Hct-1.5%) supplemented 
with glucose, adenosine, human serum albumin, streptomycin and penicil- 
lin and incubated at 37 C in a low pO2 (60 mm Hg)-high pCO2 (65 mm Hg), 
pll 7.25-7.21 environment and also in a normal pO2 (100 mm Hg)-pCO2 (40 
mm Hg), pH 7.3$7.42 environment. Blood gas, pH measurements and cul- 
tures established the stability of the incubation medium which was 
changed at intervals of 6 up to 46 hours. Aliquots of cells were re- 
moved from both the normal and abnormal incubation environments at 
intervals of a few to 46 hours and suspended in tris-phosphate buffer 
(pH 7.&z, isosmolar with the incubation medium) for measurements of 
cell counts, mean corpuscular volume (MCV) and cell size distribution 
curves, using a model B Coulter counter. In 7 patients with chronic 
pulmonary insufficiency (average MCV lOOlLi3, range 98-10483) and in 9 
normals (average MCV 89A3, ran e 82-9/d(3), MCV and cell size distri- 
bution curves remained stable ( P 3 to 4% of control), with the curves 
of the macrocytic cells shifted to the right, and cell counts usually 
more than 90% of control (10,000-18,0~0/ml) for 48 to 72 hours, occa- 
sionally for 96 to 120 hours. Thereafter, MCV rose abruptly and cell 
counts generally fell below 80% of control. 1ve conclude: macrocytic 
red cells of patients with chronic pulmonary insufficiency are native- 
ly large and not due to altered cell volume regulation of normocytic 
cells in a low 02,high CO2 environment. Supported by NIH Grant 
HE 09668-03. 

INFORMATION TRANSMISSION AND AUDITORY EVOKED POTENTIALS. Martin F. 
Gardiner+, Dept. of Biophysics, Donald 0. Walter, Dept. of Anatomy and 
Brain Research institute, and George Moore, Dept. of Physiology and 
Brain Research Institute, University of California, Los Angeles. 

An investigation of the transient changes in the human EEG evoked by 
sensory stimuli which carry information in forced decision tasks has 
shown consistent effects as the subject’s attention is directed to 
different stimulus parameters by different decision tasks. Four gated 
sine-wave stimuli (loud-low pitched, loud-high pitched, soft-low pitch- 

ed, soft- high p itched) are presented i n random order over an earphone 
to the ri ght ea r of each subject. In some part s of t he exper iment the 
subject must report the pitch of each stimulus, while attempting to 
avoid distraction from loudness changes; in other parts of the experi- 
ment the same stimuli are presented again, with the subject reporting 
loudness and attempting to avoid distraction from pitch changes. EEG 
samples commencing with each stimulus are digitized and analyzed by 
inspection of averages (evoked potentials) for various stimulus and 
response conditions and by means of adaptive statistical classifica- 
tion techniques applied both to averaged and unaveraged data. The 

subject group is composed primarily of music students with highly 
developed auditory abi 1 i ties, and the discriminations required during 

the experiments are made difficult to assure a high degree of concen- 
tration. Results are consistent with recent indications that EEG 
recordable from human scalp can contain components which are sensi- 
tively related to complex decision processes and suggest the possibil- 
ity of parameter specific components which fluctuate in strength as a 
function of a subject’s focus of attention. (Supported by Biophysics 
Training Grant USPHS 3-Tl-GM-796-04Sl and Mental Health Training Grant 
USPHS 3-Tl-MH-6415-10). 
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HEAT-INDUCED HYPERVENTILATION AND TETANY. Ralph Gaudio, Jr.+< and 
Abbott T. Kissen. Aerospace Medical Research Laboratories, Wright- 
Patterson Air Force Base, Ohio. 

The ability of heat to induce hyperventilation and tetany is well 
known. In order to precisely define the relation between heat, hyper- 
ventilation and tetany, 10 normal human volunteers were studied, sit- 
ting and at rest, in a 54.4'C - 49 mm Hg va 
tolerance (30-50 minutes). 

8 or pressure environment to 
Study in a 26.7 F - 10 mm Hg vapor pressure 

or control environment for a duration equal to tolerance time at the 
higher temperature was carried out in a separate session. Minute vol- 
ume (VE), respiratory rate (F), heart rate (HR), rectal (TR), skin 
(TS), body temperature (TB) were continuously determined. Venous blood 

was drawn before and after exposure for pH, pCO2, pO2 and lactic acid. 
Tidal volume (TV) was calculated using VE and F. Tetany was classed as 
either spontaneous or provocative with theoocclusive cuff test. Mean 
HR rose 71 beats/min and mean TR rose 1.33 C during heat stress. Mean 
VE and TV rose significantly (pC.05) during heat stress, VE rising to 
a maximum of 4.8 L/M over control values at 80% of tolerance time. 
Mean (F) rose significantly (pc.05) only at 80% of tolerance and in 
the post-exposure period when it increased from 14 to 18 breaths/min. 
Mean pCO2 fell significantly (pc.05) from 44 to 33 mm Hg, mean pH 
rose from 7.38 to 7.46, mean lactic acid rose from 10 to 14 mg%. Two 
of the 10 subjects developed tetany but their VE, pH, pCO2 and lactic 
acid values did not differ significantly from those who did not. It is 
demonstrated that HV, resulting primarily from hypernea, is an invari- 
able consequence of heat stress. The occurrence of tachypnea in the 
post-exposure period may well be an attempt at heat dissipation. 
Lactic acid rises during heat stress are probably related to HV. 

THE HANDLING OF ADH BY THE KIDNEY OF THE ALCOHOL 
ANESTHETIZED RAT. O.H. Gauer and P.S. Tata*. Physiologi- 
sches Institut der Freien Universitgt Berlin. 

In our modification of Jeffer's bioassay for ADH 
(Pfkgers Arch 290: 286 1966) the volume of extra water 
reabsorbed (urine deficit UD) is related to the dose (0.2 - 
2O#J) of a single i.v. injection of Pitressin. The dose 
response curve apparently describes a saturation process. 
There is a linear relationship up to 1pU. At higher dosages 
the curve levels off. In the linear range 1pU ADH affords 
reabsorption of 4 - 5 ml water. 
2. With an experimentally induced increase of control 
urine flow the duration of the antidiuretic period is re- 
duced in such a way that the UD (cm3) remains unchanged 
for a given dose. 
3. When 5 - 6k~ are injected 75% of the antidiuretic ac- 
tivity (ADA) is recovered from urine of the antidiuretic 
phase. With injection of 20/U 95% of the ADA are excreted 
in the urine. In the latter case determination of the 
time course of ADA excretion was possible. It followed an 
exponential curve (half life 5 minutes). 
These observations are compatible with the following con- 
cept: Upon a single injection of ADH one/U suffices to 
react presumably with the proteins at tubular pore sites 
to open all available pores. The reversal of this process 
(closure of pores) is governed by the rate of water reab- 
sorption. Vasopressin in excess of 1yU is excreted rapidly 
in the urine. 
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THE MECHANICS OF LEFT VENTRICULAR CONTRACTION IN MYOCARDIAL AND VALW- 
LAR HEART DISEASE. James H. Gault: John Ross, Jr,, James W, Covell*, 
and Eugene Braunwald, Cardiology Branch, Nat'1 Heart Inst., Bethesda,Md. 

The mechanics of left ventricular (LV) myocardial contraction were 
examined in patients having no left heart disease, LV myocardial dis- 
ease alone, or free aortic regurgitation (AI), The instantaneous veloc- 
ity of fiber shortening (VCF) was determined from high speed cineangio- 
grams, and LV myocardial wall tension (LVT) was computed from LV radius 
and the simultaneously recorded LV pressure (Statham SF-1 micromano- 
meter). In 7 patients without left heart disease, LVT reached a maximum 
level (Tmax) soon after the onset of ejection, then declined rapidly 
while VCF was sustained at high levels. In this group, maximum VCF oc- 
curred after T max and averaged 2.46 circumferences (circ)/sec; VCF at 
Tmax averaged 1.80 circ/sec. In 9 patients with myocardial disease 
alone, LVT reached a maximum level ell after the onset of ejection, 
then declined slowly. Maximum VCF occurred at or before T,,,, averaging 
0.76 circ/sec, and VCF then fell while LVT remained at high levels. VCF 
at Tmax averaged 0.64 circ/sec. In 4 patients with AI, maximum VCF and 
VCF-Tmax relations were markedly depressed (avg 0.63 circ/sec and 0.38 
circ/sec, respectively). In these patients, maximum VCF occurred early 
during ejection, well before Tmax, and then declined as LVT increased. 
Of 6 additional patients with AI in whom LV end-diastolic pressures and 
cardiac indices were normal, 2 had normal tension-velocity relations 
while 4 exhibited slightly abnormal maximum VCF and VCF-Tmax relations 
(avg 1.76 circ/sec and 1.10 circ/sec); however, in each of these 
patients high levels of VCF wre sustained throughout ejection and VCF 
reached a maximum level after Tma 

t: 
. These findings indicate that dis- 

tinctive abnormalities in the met anics of LV contraction exist in 
patients with LV myocardial disease and that such abnormalities can 
be detected in the presence of valvular cardiac defects. 

EFFECT OF CHANGES IN RENAL BLOOD OSMOLARITY ON RENAL VASCULAR RESIS- 
TANCE. S. Gazitua*., J.B. Scott and F.J. Haddy. Dept. of Physiol., 
Michigan State University, East Lansing, Michigan 

The effects of 3 min. intra-arterial infusion of hypo, hyper and 
isosmotic solutions of NaCl, glucose and urea on renal perfusion pres- 
sure (Pra) and renal vein osmolality (Orv) were studied in the in situ 
dog kidney perfused at constant flow. 

-- 

Solu- No. Pra mm Hg F IR 
tion mOsm/L EXP. C 1 3 

s 
PI 6 c 3 c ml/min 

NaCl (300) 17 77 73* 76 80 79 303 302 300 128 5.1 
(1500) 17 77 63* 77 157* 74 301 344* 301 128 5.1 

(150) 8 73 65* 133-k 159* 73 305 261* 300 112 29.3 
Glucose(300) 17 78 70* 71* 76 75 300 301 301 128 5.1 

(1500) 17 73 61* 65* 76 71 302 343* 304 128 5.1 
(150) 8 68 61* 129** 135* 68 300 260* 296 112 29.3 

Urea (300) 17 76 74 lOl** 113* 79 299 300 300 128 5.1 
(1500) 17 73 63* 79** 199* 73 303 343* 301 128 5.1 

(1509 8 68 62* 219* 219* 68 292 261* 292 112 29.3 
*p<O.Ol,**p( 0.05 when compared with the first control. IR=infusion 
rate of the solution;F=renal blood flow rate; C=control; l=lst min. of 
infusion; 3=3rd min. of infusion; PI=immediately following infusion. 
All solutions except isosmotic urea initially reduced renal vascular 
resistance (Rr). During the infusion the fall in Rr was maintained with 
hyper and isosmotic glucose, disappeared with isotonic and hypertonic 
NaCl and was replaced by a rise in Rr above control with the hyposmotic 
solutions. Dramatic increases in Rr were seen shortly after stopping 
the infusion of hyperosmotic NaCl and urea. Thus, changes in Rr seem to 
depend more on the agent than the osmolarity, except in the case of 
hyposmolarity. 
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SODIUM AND CALCIUM DEPENDENCY OF ACTION POTENTIAL OF AN APLYSIA 
NEURON. Donald Geduldiq and Douglas Junge (intr. by T. mock). 

Scripps Institution of Oceanography, U.C.S.D., La Jolla, Calif. 

Substantial overshoot potentials can be obtained in solutions 
which are free of either Na or Ca ions substituted with tris or with 
sucrose. However, when both the normal Na and Ca are fully replaced 
with their equivalents of tris or sucrose, the giant cell soma of the 
visceral ganglion (with direct stimulation) is unable to produce any 
action potentials. Transmembrane potentials were measured and stimu- 
lating current pulses were applied by means of 3 M KCl-filled 
intracellular microelectrodes and sea-water-agar/AgCl electrodes in 
the bath. In Ca-free solutions (tris-substituted) the overshoot 
potential decreased with decreasing Nao with a slope close to 58 mV / 
decade of Nao. In Na-free solutions (tris-substituted) the overshoot 
potential decreased with decreasing Cao with a slope close to 29 mV / 
decade of Cao. (The extrapolated values of Cao and Na, to give a 
zero-overshoot potential were about 3 mM and 90 mM respectively.) 
This strong agreement with the Nernst equation suggests that the 
membrane of this cell is selectively permeable to both Na and Ca 
during the time of the action potential, and that both ions play a 
part in the production of action potentials in the normal milieu. 

(Supported by grants from AFOSR and USPHS to S. Hagiwara) 

THE DENDRITIC TREE OF SPINAL NEURONS IN DOGS WITH 
EXPERIMENTAL HIND-LIMB RIGIDITY. Samuel Gelfan and Grace Kao. * - P - - 
New York Medical College, New York City. 

About 25% of the normal neuron population at lumbosacral levels survives 
the temporary lumbosacral ischemia which produces the extensor rigidity of 
the hind limbs. The size of the dendritic tree of such spinal neurons in chronic 
preparations has been found to be considerably smaller than that of neurons at 
the same levels in normal dogs. Determinations on the size of the dendrite 
tree were carried out on all neurons observable in 150 p thick transverse 
sections of spinal cords prepared by the Golgi-Kopsch technique. The mean 
number of primary dendrites per neuron in the unselected samples is only 
slightly smaller in the rigid animals. But the mean length of primary dendrites 
is reduced to some 6570 of normal; the number of dendrite branches per neuron 
to 45%; the length of such branches to 40%; the longest uninterrupted extension 
from perikaryon in each neuron to 42%; the sum of the lengths of all dendrites 
per neuron is reduced to 33%. The changes, observed in both dorsal and 
ventral horn neurons, are most pronounced at the distal portions of the 
dendrite tree. The modifications of the relations between size of cell body and 
its dendrite number and lengths in the rigid animals merely reflect the 
reductions of dendrite number and lengths. The “atrophy”, the reduction of 
total dendritic surface compounds the effect of the already demonstrated 
marked reduction of synaptic density in rigid preparations. This morpho- 
logical evidence of altered lumbosacral neurons in such preparations parallels 
the electrophysiological evidence of altered postsynaptic characteristics. 
(Supported by N I H grant NB 04417) 
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HISTAMINE INDUCED REDUCTION OF THE RENAL VASCULAR RESPONSE TO 
ANGIOTENSIN AND NOREPINEPHRINE. Ronald G. Geller* and J. E. Kendrick. 
Dept. of Physiology, University of Wisconsin, Madison, Wisconsin. 

In an earlier paper (Circ. Res. 20: 321, 1967) we reported that rais- 
ing mean carotid sinus pressure in the dog from about 30 to about 200 
mm Hg reduced the vasoconstrictor responses to angiotensin and norepi- 
nephrine in the perfused renal vascular bed. It was suggested that 
some substance was released when carotid sinus pressure was raised 
which reduced the sensitivity of this vascular bed to these agents. 
The experiments to be reported provide evidence that histamine release 
during carotid sinus stimulation may have been involved in our earlier 
results. In 6 dogs anesthetized with morphine-chloralose the innervat- 
ed kidneys were perfused at a constant rate of flow. Histamine (lo-50 
y/min) infused into the kidneys reduced the renal pressor response to 
angiotensin by 48% and to norepinephrine by 43%. Histamine at this 
rate had little or no effect on renal perfusion pressure. A histamine 
releasing agent, 48/80, produced an equal or greater reduction in the 
renal pressor response to these agents. A histamine blocking agent 
(tripelenamine) increased the sensitivity of renal vascular bed to 
angiotensin and norepinephrine and blocked reducing effect of infused 
histamine upon the pressor responses. Atropine also blocked the effect 
of histamine in this respect. In 5 other experiments, raising carotid 
sinus pressure reduced the average vasoconstrictor response to angio- 
tensin and norepinephrine 70% and 63% respectively. Following tripelen- 
amine only a 25% and 17% reduction in the responses was observed during 
carotid sinus stimulation. It is suggested that raising carotid sinus 
pressure causes the release of a substance which has an action similar 
to histamine, this substance in turn alters the responsiveness of the 
renal vascular bed to angiotensin and norepinephrine. 
HEO4098, S-Tl-5540 and Wis. Heart Assoc.) 

(Support: USPHS 

DISC GEL ELECTR$PHORESIS PATTER$S OF SERUM ALKALINE PHOSPHATASE, 
John E, Gerich, Gerald Morrow, and J. V. Princiotto. Dept. of 
Physiology and Biophysics, Georgetown University Schools of Medi- 
cine and Dentistry, Washington, D. C. 

Serum alkaline phosphatase represents a group of isoenzymes 
each of which may arise from a single organ. Several disease 
states such as ricketts and biliary obstruction have been corre- 
lated to some extent with alterations in individual fractions. 
Normal serum protein and alkaline phosphatase isoenzyme electro- 
phoretic patterns were prepared using the method developed by 
Ornstein and Davis. Acrylamide gels were employed with a tris 
(hydroxymethyl) amino-methane buffer pH 9.5. Electrophoresis was 
carried out at 10 degrees C, using 3.5 milliamps per column. The 
gels were stained either for protein using amido-black or for en- 
zyme activity using the Gomori lead conversion method. At present 
time, six enzyme bands have been noted in normal serum. This 
activity appears to be associated with bands corresponding to 
slow beta globulin, slow alpha globulin, haptoglobin 0.66, post- 
transferrin, transferrin and pre-transferrin. As many as nine 
fractions have been reported; however, no more than five in any 
one serum and no more than three in normal serum previous to our 
work. We are now attempting to correlate these six fractions 
with alkaline phosphatases extracted from various organs. 



THE PHYSIOLOGIST 181 

L~SIOJJS 3LOCKIXG ACTH SXRZTION 11: FESPOIJSZ TO A N:3URAL STFESS IN THE 
RAT. &P. Gibbs (ink. by J.1:. 3rookhart), Department of Physiology, 
University of Cregon Ikdical School, Portland, Oregon. 

Radio-frequency lesions approximately 1.5 rrn in disqeter were 
placed in the brains of 139-170 gm. female Sprague-Da:.;ley rats. T?velve 
hours to sixty days later the rats 7;ere tested for their ability to 
respond to a tibia1 fracture irith -2CTiI secretion. Thirty to forty- 
five minutes after injection of pentobarbital (3.5 - t.3 m&O0 gm) 
their tibias iarere broken. ?qenty minutes later the rats were decapi- 
tated and exsanguinated. Fluorescence in sulfuric acid and ethanol 
:13s used to measure plasma corticosterone as an indirect index of ACT11 
secretion. Unilateral lesions in the c,idbrain reticular f orr:-&ion t:fo 
millimeters from the ,midline were found to depress the response to 
bilateral tibia1 fracture for up to t:qenty days. After periods longer 
than thirty days, unilateral midbrain lesions blocked only the res- 
ponse to contralateral tibia1 fracture. 

The data imply that the unilateral midbrain lesion: 1) occupied a 
zone important for the facilitation of the stress-induced ACTH release 
under pentobarbital, anC: 2) interrupted a pzth:Jay essential for the 
response to contralateral tibia1 fracture. The facilitatory function 
could apparent 17: be taken over by another area since the response to ,. 
bilateral tibia1 fracture began to recover by tlrenty days and ~2,s 755 
oI control in thirty days. The discrete path<.ay fro; the contrs- 
1st era1 leg a?Farently could not be rerouted, since the response to 
contralztera -1 tibia1 fracture had not recovered at sixty days. 

(supported in part by grants from USPE!S M'-Cl&7 and GJI 538). 

RENAL TUBULAR TRANSPORT OF PHOSPHATE AND P32 EXCHANGE IN 
THE DOG. Jack M. Ginsburg, Univ. of Rochester School of 
Medicine, Rochester, N. Y. 

Adenine nucleotides have been implicated as carriers in 
phosphate transport in some cells but their role in renal 
tubular reabsorption remains unresolved. Tubular transport 
of phosphate and renal accumulation of intra-arterially or 
intravenously infused P32 was determined. Urine, arterial 
and renal venous plasma radioactivity was measured during 
the infusion period. The distribution of P32 in acid sol- 
uble phosphate was measured by ion exchange chromatography 
of extracts of kidneys frozen in liquid N2. The arterio- 
venous specific activity difference showed a rapid decrease 
in the first 50 to 70 seconds followed by a much slower de- 
cline. Calculation of the volume of distribution suggests 
that the rapid phase of renal P32 accumulation is a trans- 
capillary event and that the slower phase represents mixing 
of P32 into intracellular phosphate pools. In 2.5 minutes 
15 to 20% of the infused P32 was retainedin the kidney, 
and 76% of this was present as barium insoluble phosphate. 
85 to 90% of the barium insoluble P32 was present as in- 
organic orthophosphate and 7% as ADP and ATP. Less than 1 
to 2% of the infused P32 was present in the combined sugar 
phosphate, phospholipid and phospho-protein fractions. The 
early labelling of the adenine nucleotides suggests a pos- 
sible role of these compounds in tubular reabsorption of 
phosphate. 
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DIFFERENCES IN THE EFFECTS OF NICOTINE AND SUCCINYLCHOLINE ON THE MONO- 
SYNAPTIC REFLEX. K. H. Ginzel*, Earl Eldred and Y. Sasaki* 
Riker Laboratories and Dept. of Anat.,UClA Sch.Med., Los Angeles, Cal. 

In cats anesthetized with pentobarbital or chloralose-urethane, a 
monosynaptic reflex (MSR) was elicited in the S, ventral root (VR) by 
stimulation of the cut left medial and lateral iastrocnemius nerves. 
Gamma unit activity was monitored from a filament of the same or an ad- 
jacent root. Unit or integrated spindle afferent activity originating 
from the gastrocnemius of the otherwise denervated right leg was record- 
ed from the S 

1 
dorsal root. Depression of the MSR by iv succinylchol- 

ine (SCh) was always associated with enhanced spindle afferent activity 
Nicotine, in doses of 20-40 pg/kg iv produced a just maximal block of 
the MSR without concomitant increase in spindle afferent discharge. 
Doses of 40-80 kg/kg first increased, then decreased gamma and spindle 
afferent activity. Ipsilateral section of L6-S2 VRs abolished these 
changes in afferent activity. Subsequently, 80-160 pg/kg of nicotine 
were needed to increase the firing of the de-efferented spindle organs. 
The accelerating effect of SCh on spindle discharge was unaffected by 
VR section. Gallamine abolished the SCh-induced increase in spindle 
afferent activity and MSR depression without altering the MSR blocking 
effect of nicotine. Mecamylamine, which inhibits the nicotinic cholin- 
ergic synapse at the Renshaw cell (Ueki, Koketsu & Domino,Exper.Neurol. 
3:141,1961), abolished the MSR block produced by nicotine without af- 
fecting the MSR depression produced by Sch. Similar results were ob- 
tained in unanesthetized spinal preparations. Ipsi- or bilateral de- 
afferentation from L 
but preserved that o 4 

to S abolished the MSR blocking effect of SCh, 
nice ine, i ! although the duration of the latter 

was reduced. These findings provide further evidence that nicotine 
and SCh depress the monosynaptic reflex by different mechanisms. 

SKELETAL MUSCLE METABOLISM IN DIBENZYLINE-TREATED DOGS IN HEMORRHAGIC 
SHOCK. V.V. Glaviano and M. Guerrero*. Loyola University, Stritch 
School of Medicine, Department of Physiology, Chicago, Illinois. 

In anesthetized dogs, hemorrhagic shock was induced by bleeding to 
a pressure of 40 mm Hg which subsequently was maintained with an ele- 
vated blood reservoir for 4 hours. In two groups of experiments, arte- 
rial blood samples were analyzed for lactate, pyruvate, glucose, and 
FFA during a control period and after 3 and 4 hours of hypotension. In 
the control and hypotensive periods, skeletal muscle samples were ex- 
cised from the forelimb and analyzed for glycogen, lactate, pyruvate 
and FFA. Dogs in Group I, untreated hemorrhagic shock, were compared 
to dogs in Group II, hemorrhagic shock treated with 2 mg/kg of dibenzy- 
line after 3 hours of hypotension. In the untreated dogs, arterial lac- 
tate, pyruvate, glucose and FFA rose on the average of 600, 80, 30 and 
20% respectively; skeletal muscle glycogen decreased by IO%, while py- 
ruvate, lactate and FFA rose to 150, 180 and 20% above control respec- 
tively. In the treated dogs after 4 hours of hypotension, arterial lacy 
tate, pyruvate and glucose declined to an average of 11, 3 and 27% of 
the levels found after 3 hours of hypotension. FFA during this period 
rose to 15%. In skeletal muscle, lactate increased by 29%, while gly7 
cogen decreased by 20%. Although skeletal muscle blood flow in the 
hind limbs increased in shocked dogs treated with dibenzyline, the der 
crease encountered in metabolic substrates in arterial blood was found 
to be due to the uptake of blood from the reservoir rather than reflecr 
ting an improvement in tissue metabolism, since levels of FFA, lactate 
and pyruvate in skeletal muscle were not significantly different from 
muscle analyzed in the untreated dogs subjected to the same period of 
hemorrhagic hypotension. 
HE 08682.) 

(Supported by ONR Contract 3502701 and NIH 
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MECHANISMS OF REFLEX VASODILATION: ASSESSMENT. OF THE ROLE OF NEURAL RE- 
UPTAKE OF NOREPINEPHRINE AND RELEASE OF HISTAMINE. Gerald Glick, Andrew 
S. Wechslelrsc and Stephen E. Epstein*. Natl. Heart Inst., Bethesda, Md. 

The mechanisms responsible for reflex vasodilation have been a 
source of controversy for many years. Recently, since vasodilation 
could largely be blocked by certain antihistamines, it has been attri- 
buted to the active release of histamine. Accordingly, the mechanisms 
of reflex vasodilation were studied in 28 innervated canine hindlimb 
preparations which were perfused at a constant flow rate and in which 
vasodilation was produced by suddenly increasing systemic pressure by 
the intravenous injection of norepinephrine. When the basal adrenergic 
tone exerted by the sympathetic nervous system on the systemic arterial 
bed was minimized, either by pretreatment with phenoxybenzamine, or 
with reserpine, reflex vasodilation was virtually abolished. Acute ad- 
ministration of cocaine, a drug which blocks reuptake of norepinephrine 
by the nerve terminals, significantly reduced reflex vasodilation, the 
response after cocaine averaging 47 (+ SEM 1.4%) of the vasodilator re- 
sponse in the control period. Cocaine also potentiated the vasocon- 
striction caused by intra-arterially administered norepinephrine but 
attenuated the vasoconstriction induced by tyramine. The antihistamine, 
tripelennamine, had effects similar to those of cocaine. It is suggest- 
ed, therefore, that reflex vasodilation results from a sudden decrease 
in the level of norepinephrine at the neuroeffector junction which is a 
consequence of the cessation of norepinephrine secretion, together with 
continued and possibly augmented uptake. When the uptake mechanism is 
impaired, either by the administration of cocaine or tripelennamine, 
the magnitude of reflex vasodilation is diminished. In conclusion, it 
does not appear necessary to postulate active secretion of a vaso- 
dilator substance to account for reflex vasodilation. 

ENERGY EXPENDITURE OF NEGEV RESIDENTS DURING EXERCISE IN THE SUMMER 
AND WINTER. Armand J. Gold, Abraham Zornitzer* and Shlomo Samueloff*. 
Dept. of Environmental Physiology, Negev Institute for Arid Zone- 
Research, Beersheva and Dept. of Physiology, Hadassah Medical School, 
Jerusalem, Israel. 

The influence of season on the energy expenditure of residents of 
the Negev was examined at several levels of physical activity and 
experimental ambient temperatures. The Negev region of Israel, 
constituting the southern half of the country, has a semi-desert 
climate. Experiments were carried out on 17 male subjects (age range: 
22-39) during August (mean t : 34'C; mean tmh: 18'C) and during 
January and February (mean tmax: 16'C; mean t 

"fp 
: 5°C). Each subject 

was exposed in an environmen a !? room to consecu ive 30 min periods 
of (I) sitting-reading, (II) ascending and descending a 13 cm step 
20 times/min and (III) ascending and descending a 26 cm step 20 times/ 
min under the following conditions: (1) summer, 25'C; (2) summer, 
40°C; (3) winter, 25'C; and (4) winter, 40°C. Results are summarized: 

Oxygen Consumption Heart Rate 
Conditions (ml/m2/min) (beats/min) 

I II III I II III P-P 
Summer, 25OC 158 431 652 66 89 110 
Summer. 40°C 173 457 694 82 104 132 
Winter, 25'C 166 465 712 69 98 123 
Winter, 40°C 170 467 707 88 118 154 

It is evident that oxygen demands were slightly, but consistently 
greater in the sumer, 40°C and both winter series than in the 
summer, 25'C series at all levels of activity. Increases in heart 
rate were more exaggerated. 
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Rapid Recompression of Mice Breathing Fluorocarbon Liquid at 500 PSI 
Frank Gollan and Leland C. Clark, Jr. 
Veterans Administration Hospital, University of Miami School of 
Medicine, Miami, Florida and The University of Alabam Medical Center, 
Birmlngham,Alabama. 

In 1670 Robert Boyle noted the appearance of a gas bubble in the 
eye of a decompressed snake. mlstra showed that mice could survive 
the breathing of aqueous liquid if its oxygen content were increased 
by increasing the oxygen pressure In equilibrium with It and suggested 
that liquid breathing may be a possible means of subnrarlne escape. 
Clark and Gollan (Science 152:1755, 1966) discovered that certain 
organic liquids had such a high oxygen solubility that anirl3als could 
survive breathing these liquids equilibrated with oxygen at normal 
atmospheric pressure. Hence it is possible to control the oxygen pres- 
sure in the lungs independently of the hydrostatic pressure. Mice were 
immersed in fluorocarbon liquid (PC-75, 3M Comp.) which had been fully 
oxygenated at atmospheric pressure and placed in a pressure chamber. 
A gas-impermeable Mylar membrane was used to prevent the entrance into 
the liquid of any slgnlficant sppouIt of the air used for compression. 
The liquid was stirred to minimize the rebreathing of the exhaled 
liquid. The chamber was held under 500 lbs per sq. In. pressure for 
10 minutes using air from a tank. After decompression which required 
about 5 seconds, the mouse was removed from the liquid, held head down 
to drain the fluid from the lungs, and placed in an atmosphere of 
gaseous oxygen. !Wenty such liquid-breathing animals survived while 
twenty animals subJected to the same compression-decompression cycle 
in an air atmosphere died on removal from the chamber. 

Supported in part by IVIH Grants HE-03109 and HE-09868. 

EFFECT OF HYPOXIA AND GLYCOLYTIC BLOCKADE UPON 
ALVEOLO-CAPILLARY PERMEABILITY TO ALBUMIN IN THE DOG. 
R. L. Goodale+, B. Goetzman’::, and M. B. Visscher. Dept of 
Physiology, Univ. of Minnesota Med. School, Minneapolis, Minn. 

The effect of hypoxia upon pulmonary capillary permeability was 
studied. Five isolated perfused canine lungs were tested under 
normal and hypoxic (~02 15 mm. Hg. ) conditions. The tracheo- 
alveolar compartment was filled with Tyrode’s solution containing 
dialyzed 1131 labeled alburn&. Permeability to albumin was computed 
from the uptake curve of I in the perfused vascular compartment. 
Under hypoxia the alveolo-capillary permeybility did not increase 
significantly (from . 037 to . 043 cm. min. - x 10e5). In 4 additional 
experiments 2 mM/l iodoacetate was added to anoxic lungs. A 35 
fold increase in permeability occurred. These experiments suggest 
that the integrity of the alveolo-capillary membrane is maintained at 
low pO2 levels by anaerobic metabolism. 

(Supported by USPHS Grant, HE 03212) 
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NEURAL ACTIVITY FROM THE ISOLATED, PERFUSED MAMMALIAN EYE. P. Gouras 
Ophthalmology Branch, N.X.H., Bethesda, Md. 

Stable retinal responses can be obtained in the isolated, perfused 
cat eye maintained at 35’ C for periods of 10 hours and longer. The 
technique involves removal of the eye from a cat whose body temperature 
has been reduced to 20° C, cannulation of the ophthalmic artery, which 
provides circulation for the entire eye, and subsequent perfusion by 
gravity of an oxygenated mammalian Ringer's solution containing glucose 
and dextran. Neural activity is recorded by introducing a fine micro- 
pipette electrode into the retina through a small scleral hole. At flow 
rates of 1-2 ml/min, electroretinogram (ERG), ganglion cell activity 
and S-potentials can be obtained following light stimulation. Spontan- 
eous ganglion cell discharges are considerably reduced, Action spectra 
based on the amount of energy in a light pulse required to produce a 
specific criterion of response at 16 wavelengths extending from 419 to 
672 nm have been determined for the former two responses. The overall 
sensitivity of the ERG is reduced although the spectral sensitivity 
reflects. rod function predominantly. The a-wave of the ERG is of normal 
amplitude but the b-wave is reduced, being larger than the a-wave only 
with relatively dim stimuli. Ganglion cell responses also have higher 
than normal thresholds but the responses remain quite stable, have 
short latencies, ranging from 10 to 50 msec, and show spectral sensi- 
tivities which reflect cone activity. Longer latency rod responses can 
sometimes be detected at the ganglion cell but they are very weak. 
Although receptor function and synaptic transmission in both the inner 
and outer plexiform layers is present, the retina is abnormal and this 
abnormality involves rod much more than cone function. The defect 
appears to occur between the a-wave of the ERG and the ganglion cell 
layer, perhaps a t the site of b-wave 
appear to reduce this defect. 

generation. Faster flow rates 

COMPARATIVE INFLUENCE OF CONTRACTILE STATE AND TENSION DEVELOPMENT ON 
MYOCARDIAL OXYGEN CONSUMPTION. Thomas P, Graham, Jr.*, James W, Covell*, 
Edmund H. Sonnenblick, John Ross, Jr., and Eugene Braunwald. Cardiology 
Branch, National Heart Institute, Bethesda, Md. 

Myocardial wall tension and inotropic state-have both been demonstra- 
ted to affect myocardial oxygen consumption (MVO2); however, their rela- 
tive effects on energy utilization are unknown. In crder to compare the 
02 cost of these two variables in the same heart, ~V02 was measured in 
the isovolumically contracting left ventricles (IV) of 11 dogs over a 
range of peak developed tensions (PDT), but at a level of constant con- 
t;actility; norepinephrine was then infused (0.76 to 7.6 pg/min) and 
MV02 redetermined over a range of PDT comparable to those achieved prior 
to norepinephrine. Since at a given level of PDT series elastic exten- 
sion was relatively constant, contractile element shortening and work 
were similar under the two conditions. Contractile element velocity at 
zero load (Vmax) was used as the index of the level of inotropic (con- 
tractile) state. When PDT was increased from 49.7 + 5.0 to 80.2 + 5.7 
g/cm2 (+60%) at a constant Vmax, MOO2 increased from 41.5 +, 2.2 to 49.0 
+, 2.4 $/beat/100 g LV (+18%). When Vmax was increased from 41.8 +, 2.4 
to 54.6 + 2.9 cm/set (+31x), at a constant PDT, M$O2 increased from 
40.7 +, 2'5-7 to 57.0 + 3.5 pl/beat/lOO g LV (+40%). From multiple regres- 
sion analysis the relative effects of PDT and V 
expressed in the form of an equation: 

on the w02 could be 

PDT (g/cm2) + 1.43 V 
~'V02 (~l~~~at/lOOgLV) = k + .25 

alterations in contr% 
is concluded that the O2 cost of 

ility is substantial, can be independent of 
changes in contractile element shortening and work, and is of an order 
of magnitude similar to that associated with alterations in wall 
tension. 
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THX EQUIVALENT STRAP MUSCLE OF THE LEFT VmTRICLE: A MODm FOR DES- 
CRIRING TOTAL PKOCARDIAL FORCE. CollLn Grant& D.G.Greene, I.L. 
&nnell and H.L. Falsettl*. Departient of RedlcLne, State m. of 
‘York at Baffalo and 8uffalo General Hospltal, Buffalo, N.Y. 

‘lhe left ventricle consists of myocardlal flbers, each of &llch 
develops a finite tension during sgstole. In principle, the sum of 
tensions Ln all the fibers (total myocatilal force) Is an important 
physiological variable uhlch could be used in describing myocardlal 
contracU.l%ty. !!he ventrLcle is treated as a thin-walled sphere made 
up from a verg large number of clrcalar loops of muscle, each of whL& 
forms a great circle around the caviw. ‘these fiber loops are arranged 
randomly in all possible orlentatlons, so that the surface 1s unlLformly 
covered. It would be desirable in prlnclple to consider the fS.bers as 
forming a network, and th3.s more realLstLc arrangement can be shown to 
be equivalent to the s3.mpler model folmed of great cllrcle fiber loops 
uhlch S.s examined here. !L’here are N loops, wlth tension T in each, so 
that the total ngmardlal force 1s NT. Each loop exerts a total inward 
force of 2TTT and the sum of Lrwaxd forces (2rNT) Is 

P 
ual to outward 

force from tie pressure P, acting on the surface (4~ I where r Is 
radlns of the sphere). 

27rNT - 47rr2P 
NT-2 r2P 

Each flber loop has length 2rrr. If every loop 1s cut once, the f  Lbers 
can be straightened out and arranged In parallel, to form a straight 
strap-shaped muscle 2rr long, generatlng a total myocardlal force NT 
equal to 2x+ Data on catity volume and pressure In ten patients, 
obtalLned b one-plane clneanglocaM.ography, show that the adult human 
left ventricle 1s equivalent to a stralgfit strap muscle 22 to 35 em 
long hLtially, uhlch generates a peak force of 3.5 to 9 kg. 

RESPONSES TO LEUCOCYTIC PYROGEN (LP) IN HYPERTHERMIC AND HYPOTHALAMUS- 
HEATED RABBITS: A CHALLENGE TO "RESET" HYPOTHESES OF FEVER. 
Ronald Grant and Ronald D. Adler*, Stanford Univ., Stanford, Calif. ----- - 

Unanesthetized rabbits with implanted thermocouples were exposed 
to hot dry environments (35-42') to obtain characteristic curves for 
respiratory rate vs. hypothalamic temperature (RR/HT), then given 
moderate doses ofxP at HT 42043~ and while still exposed to heat. 
Inhibitions of polypnea occurred, often as intense but usually of less 
duration than those seen in the same animals when normothermic. The 
low RR was like that in the non-febrile state at HT ~39.5~. Ear vaso- 
constriction was seen in some animals and HT rose sharply. Other 
unanesthetized or urethane-anesthetized rabbits had received hypothal- 
amic implants of 4 water-heated thermodes, 5 mm apart and bracketing 
the thermosensitive area , plus a midline thermocouple. Strong responses 
of RR and ear temperature were seen when H was heated moderately but 
neither responded during the chill phase (12-25') of LP fever, even 
when HT was raised to ~46~. Responsiveness returned during deferves- 
cerise. Similar results were obtained in endotoxin fever. Results are 
considered in terms of two "reset" hypotheses: (a) pyrogen raises the 
temperature threshold for activation of hypothalamic thermosensitive 
elements (TSE) without altering above-threshold sensitivity; (b) pyro- 
gen excites thermally insensitive "set-poi nt" reference elements so 
that an "error signal" activating heat loss mechanisms is generated 
only when TSE become strongly activated by hyperthermia; also a "non- 
reset" viewpoint; (c) pyrogens depress or inhibit either the TSE or 
the effector neurons through which these operate in a way that is not 
adequately described as a temperature reset since heating does not re- 
activate heat loss mechanisms in the chill phase. Hypothesis (c) is 
favored. (Supported by Grant NB-04007 from NINDB.) 
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Prostaglandins and the Resistance, Capacitance, and Capillary 
Filtration Coefficient of the Hind Limb. Robert A. Greenber 
James R. Cant, and Harvey 1. Sparks (intr. by John f4. We1 ler . -C -- -----?’ 
Department of Physiology, University of Michigan, Ann Arbor, 
Michigan. 

The effects of prostaglandins (PG El or El 217) on consecutive 
vascular sections of an isolated canine skin-muscle preparation 
have been studied. The total venous outflow of the leg and foot 
was measured from a cannula in the popliteal vein. The 1 imb was 
enclosed in a water-filled plethysmograph, al lowing estimation of 
vascular capacitance and capillary filtration coefficient (I+, 
Mel lander’s CFC) . Close arterial infusion of 0.01 to O.lpg/min. of 
PG results in an increased blood flow within 30 seconds. Maximum 
increase, about two fold, results from an infusion of lOpg/min. 

A rapid increase in volume of the limb associated with the 
increased flow is interpreted to be increased vascular capacitance 
and averaged O.Sml/lOOg tissue. Infusion of O.Olpg/min. of PG 
causes a slightly increased KF and the maximum effect, a doubling of 
KF, occurs with a dose of 1 to lOug/min. Increased KF may result 
from either increased capillary permeability or increased 
capillary surface area due to decreased precapi 1 lary sphincter tone. 
We believe the predominant effect of short infusions of PG to be a 
decrease in precapillary sphincter tone. Supporting this 
content ion are: 1) a quick return of KF to control values following 
cessation of infusion, 2) an absence of the net filtration usual ly 
associated with an increase in capillary permeability, and 3) a quick 
return of the filtered fluid to the vascular space following a 
period of net filtration. Supported by USPHS HE 09874. 

The Effects of Nicotine upon the Cardiac Action Potential and Contrac- 
tile State. Greenspan,K., Edmands,R.E.*, Knoebel,S.B.*, Fisch,C. 
From the Dept. of Med., Indiana Univ. School of Med., and the Krannert 
Inst. of Cardiology, Marion County General Hospital, Indpls., Ind. 

A series of experiments was initiated to determine the effects of 
nicotine upon the inotropic state and action potential (AP) configura- 
tion of canine ventricular myocardium. Initially obtained in the con- 
trol state, recordings were made of AP and isometric contractile 
responses at a fixed stimulus rate. Nicotine was then introduced at 
concentrations varying from 100-1000 pgms/cc. Contractile enhancement, 
without change in time-to-peak force development, was observed, and 
most strikingly with the higher concentrations of nicotine. In addi- 
tion, a characteristic AP change was consistently observed in associa- 
tion with the inotropic enhancement; phase 2 abbreviation was noted, 
as was phase 3 prolongation with little or no change in total AP dura- 
tion. A more prominent phase 2 abbreviation was observed with the 
more striking contractile enhancement produced by higher concentra- 
tions of nicotine. Comparable electrophysiological changes in canine 
Purkinje fibers were also observed, that is, phase 2 attenuation, 
unattended by any significant change in resting potential (R.P.). 
Less commonly observed changes included loss of R.P. and overshoot, 
decreased rate of rise, and development of a "step". The complex, 
thus altered, closely resembled that customarily recorded from AV 
nodal fibers. It is suggested, therefore, that both the inotropic re- 
sponse and the AP changes effected by nicotine may be associated with 
an increase in K+ efflux or membrane permeability to K+. (Supported 
in part by the Herman C. Krannert Fund, U.S.P.H.S. Grants HE-6308, 
HTS-5363 and HE-5749, Indiana Heart Association, and the AMA Committee 
for Research on Tobacco and Health.) 



188 THE PHYSIOLOGIST 

CORRELATION OF EXTRACELLULAR SPIKE POTENTIALS WITH NEURONAL 
SIZE IN BRAIN NUCLEI. Frances S. Grover* and Jennifer S. Buchwald Dept. 
of Physiology and Brain Research Institute, UCLA, Los Angeles, Calif. 

Recordings of multiple unit activity from brain nuclei (caudate nucleus, amyg- 
daloid nucleus, medial geniculate body, and nucleus ventralis posterolateralis) 

have shown that amplitudes of neuronal discharge potentials vary markedly from 
one area to another. In an attempt to account for these differences, cell size of 
the neuronal populations surrounding the recording electrode tip have been corre- 
lated with the ongoing amplitude characteristic of that site. Ten fl sections were 
Kluver-stained and sampled every 30~~ through the electrode track. Neuronal 
measurements (mimimum and maximum diameters) extended 5001~ medially, later- 
ally, and vertically from the electrode tip. Cell data were (I) analysed for homo- 
geneity in the immediate vicinity of the recording tip (I25 IJ radius) as well as in 
the general surround (500~ radius) and (2) correlated for relationship to ampli- 
tude recorded from that specific site. At al I sites studied , a homogeneous cell 
population was found within the 125~ radius of the electrode tip and within the 
500~ radius. A high correlation (1~85) was shown between amplitude and maxi- 
mum cell diameter. A linear relationship between amplitude and ccl I size can 
be stated as an equation from which amplitude can be predicted from cell size 
(maximum diameter) in a homogeneous population. It is concluded that cell size, 
while not the sole consideration, is an important factor in determining the amp- 
litude of ongoing spike activity recorded extracellularly from a population of 
neurons. (Supported in part by USPHS Grant NB-21,935 and NB -05437.) 

McARDLE SYNDROME: A STUDY OF A MYOPATHY WITH A SARCOLEMMA-FREE PREPAR- 
ATION. Raphael P. Gruener* (intr. by B. C. Abbott) 

Biopsies were obtained from a patient known to suffer from the McAr- 
dle syndrome (1) which relates to a severe deficiency of phosphorylase, 
pronounced accumulation of glycogen and silent electromyograms. Single 
fibers were separated under oil, and their sarcolemma partially stripped 
away permitting investigation of post membrane-excitation phenomena in 
live fibers. Calcium and caffeine were applied locally through micro- 
pipettes. One sample was electrically stimulated in-situ to simulate 
a state of post-exercise contracture. 

SP 
Control samples were obtained 

from skeletal muscles of two normal adults. An electrically stimulated 
mouse leg muscle served as a control for the stimulated biopsy. All 
samples were stored in oxygenated Krebs solution for 60 min at 19Z3c" 
prior to use. Repeated focal applications of calcium or caffeine to 
control fibers resulted in reversible contractures indistinguishable 
from single applications. The affected fibers and most notably the 
stimulated fibers, however, showed residual contractures after the sec- 
ond application of calcium or caffeine. A few stimulated fibers in 
contracture were relaxed by the local application of a relaxing-medium 
containing ATP and ECTA. The results are interpreted as inability of 
the myopathic fibers to relax after even mild stress. This inability 
implicates more than the lack of an energy source in the relaxing 
machinery. The absence of a sarcolemma in such preparations precludes 
the possibility that the effects observed were due to a membrane ab- 
normality. 
Supported by USPH HE 08218 grant and by NATO fellowship. Thanks are 
extended to Dr. B. McArdle, present address: Marine Neurobiology 
Facility, Scripps Institution, La Jolla, California. 
'References: (1) McArdle, B., Clin. Sci. 10:13:1951. 
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HEMODYNAMIC EFFECTS OF BLOOD AND DEXTRAN INFUSIONS IN DIBENZYLINE 
TREATED DOGS IN HEMORRHAGIC SHOCK. M.3. Guerrero* and V.V. Glaviano. 
Loyola University, Stritch School of Medicine, Department of Physiology, 
Chicago, Illinois. 

Anesthetized dogs subjected to hemorrhage at a constant pressure of 
40 mn Hg using an elevated reservoir, were given dibenzyline (2 mg/Kg) 
after 3 hours. Cardiac output, systolic volume, heart rate, circula- 
tion time, venous pressure, TPR, and in the hind limbs, blood flow, re- 
sistance and blood pH, 
ished circulation time, 

p0 
T R and limb resistance markedly, while cardiac 6 

and pCO2 were monitored. Dibenzyline dlmin- 

output, systolic volume and limb flow increased. No change was seen in 
heart rate. In another group of dogs, before giving dibenzyline, the 
blood in the reservoir was replaced by dextran. The changes were simi- 
lar to those seen in the group of dogs treated with dibenzyline and 
blood replacement. Uptake of blood from the reservoir was markedly in- 
creased in dibenzyline-treated dogs (64%) and in dibenzyline plus dex- 
tran (57%) as compared with control animals (21%) subjected to 4 hours 
of hypotension. A direct correlation existed between the increased UDP 
take-of blood or oxygen from the reservoir and the increase in cardiac 
output and limb flow. Arterial p0 
changes after administration of di 6 

and pCO2 didn't show significant 
enzyline, however, pC02 decreased in 

the treated dogs, whereas control dogs showed a continuous increase. 
After 4 hours the dogs were sacrificed. A significant post mortem find? 
ing was the intensity of subendocardial hemorrhages in the experimental 
animals as compared with the few petechiae found in the control dogs 
not treated with dibenzyline. The results indicate that despite the in7 
crease in oxygen carrying capacity of dogs treated with dibenzyline and 
blood replacement, no significant differences were noted when they were 
compared to treated do s with dextran re 
Contract 3502-01 and N?H Grant HE 08682.7 

lacement. (Supported by ONR 

EPSILON AMINOCAPROIC ACID: VASODILATOR IN TRE DOG. M. Mason Guest 
and Ted P. Bond% Department of Physiology, University of Texas 
Medical Branch, Galveston, Texas. 

During an investigation, in which the monoamino carboxylic acid, 
epsilon aminocaproic acid (EACA) was used in an attempt to block fi- 
brinolytic activation in the dog, a significant increase in pulse 
pressure was observed in all animals receiving 70 mg or more per kg 
body weight by vein. Larger amounts caused hemoconcentration and an 
increase in lymph flow. me skin regularly became reddish, indicating 
vasodilationj the mean blood pressure increased in some animals and 
decreased in others; cardiac rate and output increased; in the heart- 
lung preparation EACA had neither ionotropic nor chronotropic effects; 
the observed effects of EACA were not blocked by potent antihistamines; 
no vasodilation was evident by direct observation of mesenteric ves- 
sels. Lysine, when introduced in comparable amounts into the circu- 
lation of the dog, had no demonstrable effects on the pulse pressure. 
Evidence was also obtained that although flbrinolytic activation was 
blocked by EACA, large amounts of fibrinolytic activator were re- 
leased from the intima of blood vessels. Since EACA is rapidly ex- 
creted via the kidneys, the possibility exists that fibrinolytic ac- 
tivation can become manifest following a single infusion of EACA. 
(Supported by USPHS Grant NIH lpOl-~-lO8~+Ol). 
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ALVEOLAR-TO-MIXED VENOUS PCO, DIFFERENCE DURING REBREATHING. 
Gail H. Gurtner*, S. H. Song*, and L. E. Farhi. Dept. Physiol., State Univ. 
of New York at Buffalo, Buffalo, N. Y. 

Rebreathing into a bag initially containing a CO,-N, mixture leads to PAO, 
and PACO, plateaus which are maintained until recirculation occurs. Dog ex- 
periments show that the PCO, so obtained was consistently higher than P$C02 
measured simultaneously, and that the difference increased as plasma pH was 
lowered. In order to investigate the reason for this discrepancy, part of the 
animal’s lung was filled with a 10% sucrose solution. The PCO, of this solution 
rose rapidly above that of mixed venous blood, while in a steady state H+, Na+, 
and Cl- concentrations appeared to be similar to those of mixed venous blood. 
The calculated HCO3- concentration was higher in the alveolar fluid than in the 
mixed venous blood. The difference between alveolar and mixed venous PC% 
may be explained by the fact that alveolar gas comes into contact not with the 
blood but with the alveolar lining. It is possible that maintenance of H* and 
HC03- levels within the epithelial cells leads to a cellular PCO, and hence an 
alveolar PC% that is different from plasma PCOz. 
(Supported in part by National Heart Institute Grant 7-f2-HE-23,834-OlAl and 
the U. S. Air Force.) 

BIOCHEMICAL AND HISTOCHEMICAL STUDIES ON REINNERVATED AND CROSS- 
REINNERVATED FAST AND SLOW MUSCLES. &. Guth, P.K. Watson* and W,. C. 
Brown*. Lab. Neuroanat. Sciences,N.I.N.D.B.,NTIyH., Bethesda, Md. 

Fast (white) mammalian muscles have higher glycolytic and lower 
oxidative activity than slow (red) muscles. The present study was 
performed to test whether the innervation is responsible for these 
metabolic differences. Direct reinnervation or cross-reinnervation 
of medial gastrocnemius (fast) and soleus (slow) of adult rats and of 
rectus femoris (fast) and crureus (slow) of adult cats was obtained 
by nerve anastomosis. Six months postoperatively the muscles were 
examined (i) histochemically for phosphorylase (PPL) and succinic 
dehydrogenase (SDH); (ii) biochemically (quantitatively) for PPL, 
lactic dehydrogenase (LDH) and 6-phosphogluconic dehydrogenase 
(60PGD) activity; (iii) electrophoretically for LDH isozymes and 
soluble protein patterns. Normal fast muscles showed greater PPL, 
LDH, and muscle-type LDH isozyme whereas normal slow muscles showed 
greater SDH, 6-PGD, and heart-type LDH isozyme. With respect to 
these parameters, the cross-innervated muscles came to resemble the 
opposite muscle type, but the enzymatic conversion was never complete. 
This is not surprising inasmuch as (i) the individual fibers that 
comprise these muscles normally exhibit diverse combinations of these 
enzymes (they do not fall uniformly into a high oxidative-low glyco- 
lytic or a high glycolytic-low oxidative class and (ii) because the 
size of the motor unit is not necessarily constant in normal and rein- 
nervated muscle (e.g., a nerve that normally innervates many fibers of 
one class may innervate fewer such fibers in reinnervated muscle). The 
present experiment substantiates the conclusion of previous reports 
(Romanul and Van Der Meulen,l966, Prewitt and Salafsky, 1967; Yellin, 
l967) that the nerve is responsible for some of the distinctive enzyme 
characteristics of adult mammalian fast and slow muscle. 
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CHANGES IN MIXED VENOUS OXYGEN TENSION AND SATURATION AT REST 
AND MILD EXERCISE DURING EXPOSURE TO ALTITUDE. P. Haab*, 
A. Chinet*, M. Jaeger*, P. di Prampero”, D. W. Rennie, and L. E. Farhi. 
Depts. of Physiol. , Univ. of Fribourg, Switzerland, Univ. of Milano, Italy, 
and State Univ. of New York at Buffalo, Buffalo, N. Y. 

The present work was undertaken to study the course of 0, tension in mixed 
venous blood @%q) during the early phase of exposure to altitude and to deter- 
mine whether the observed variations were accompanied by concommitant 
changes in hemoglobin saturation. PVOz was measured by a rebreathing tech- 
nique and the arterial blood saturation was followed by an ear oximeter before 
and during the rebreathing maneuvers. Measurements on five healthy subjects 
were made at an altitude of 650 m, and, in the course of four subsequent days, 
at an altitude of 3450 m, at rest and during moderate exercise (VO, = 1 l/min). 
Within a few hours after the ascent, the resting Paz dropped from a control 
level of 42 mm Hg to 27 mm Hg, while the exercise values fell from 38 mm Hg 
to 24 mm Hg. During the subsequent days the P@ increased, reaching 
32 mm Hg and 28 mm Hg for rest and exercise, respectively. The measured 
mixed venous 0, saturation followed a similar pattern. This drop and re- 
covery process appears to depend upon changes in both ventilation and cardiac 
output in the course of the early adaptation to altitude. 

IN VIVO MEASUREMENTS OF INTESTINAL ABSORPTION AND SE- 
CRETION IN UNANESTHETIZED RATS AND THEIR MORPHOLOGICAL 
CORRELATE. F.J. Haberich and R. Herzer (intr. by 
R. Thauer). Physiologisches Institut der Freien Universi- 
tct Berlin. 

With a specially devised technique a definite part of 
the intestine can be reversibly isolated and extracorpo- 
rally perfused. Measuring changes in the volume and com- 
position of the circulating fluid, transmucosal net-fluxes 
of water and solute can be determined. Afterwards the 
system is filled with OS 040solution (1%) for in viva 
fixation. Between the rate of net-flux and the intralumi- 
nal osmolar concentration a different relationship can be 
obtained in the range of absorption and secretion, the 
turning point between them being slightly hypertonic 
(equivalent to about 1% NaCl). Net-fluxes of water and 
solutes under condition of more hypertonic or hypotonic 
solutions can be explained by imperfect osmosis. As de- 
monstrated by electron-microscopy the intercellular spaces 
are markedly dilated during bulk flow of fluid according 
to transmucosal osmotic gradients. This indicates that 
these channels may be the route of transport. The tight 
junctions remain closed. Only isotonic and slightly hy- 
pertonic absorption needs the assumption of active trans- 
port processes for explanation. 
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EFFECTS OF GENERALIZED CHANGES IN PLASMA K', Ca*, Mg* AND H+ CONCEN- 
TRATION ON BLOQD PRESSURE IN THE DOG. Francis J. Haddy, J.B. Scott and 
R.M. Daugherty . Dept. of Physiol., Mich. State Univ., E.Lansing,Mich. 

We have previously known that the acute local effects of hypercalce- 
mia, hypokalemia, hypomagnesemia, and alkalosis on intact small blood 
vessels and heart muscle is constriction and stimulation, respectively 
(Am.J.Physiol. 204:202, 1963). On the other hand, local hypocalcemia, 
hyperkalemia, hypermagnesemia, and acidosis dilate small vessels and 
hypocalcemia depresses the heart. We now report the acute effects on 
blood pressure when these changes are generalized. A potent diuretic 
(furosemide, 20 mg/kg) was injected intravenously and plasma electro- 
lyte concentration was altered 90 min. later by rapidly (5 min) and 
exactly replacing the lost water (ave=440 ml) with solutions contain- 
ing excesses of some electrolytes and an absence of others. The re- 
placement solutions were 1)476 mOs/l NaHC03 plus 30 ml 10% Ca glucon- 
ate and 2)477 mOs/l NaCl, KC1 and MgCl2(K?2lmEq/l,Mg*6.4mEq/l). Ave- 
rage values for plasma electrolytes (mEq/l), hematocrit (%) and mean 
arterial pressure (mmHg) immediately before and after infusion of so- 
lutions (1) and (2) were: 

Before After 
n Na K Ca Mg pH Hct Pa Na 

I 

K Ca Mg pH Hct Pa 
1) 10 135 2.6 5.6 1.1 7.36 53 118 154 2.4 9.4 0.9 7.57 35 161 
2) 6 140 3.1 4.6 1.2 7.41 48 134 149 4.0 3.8 2.2 7.36 34 118 
The K+, Ca*, @ and I$ concentrations after solution (1) were sig- 
nificantly different from those after solution (2). The blood pressure 
rose significantly on infusion of solution (1) and fell significantly 
on infusion of solution (2). Thus combined changes in the concentra- 
tions of plasma Kt, Ca++, Mg* and ti, when of proper direction, signi- 
ficantly influence blood pressure. 

VORTEX TRAILS BEHIND A CYLINDER IN OX BLOOD. G. Halikas* 
and C. W. Sheppard. Univ. of Tenn. Med. Units, Memphis,Tenn. 

It has long been known that a cylindrical obstacle placed 
in a moving fluid generates a wake consisting of a series of 
alternately detached vortices. The frequency, n, of detach- 
ment is given by n=(v/d)f(Re), where v=velocity of fluid, 
d=obstacle diameter and f(Re)=Strouhal number, St-dn/v. Re, 
the Reynolds number=vd/v, where v-kinematic viscosity. For 
Newtonian fluids such as water or glycerin, St-O.12 at Re= 
60 and increases approximately exponentially with increasing 
Re, until at Rez300, St--O.21 and remains constant. The 
equivalent relationship of St to Re for blood has not been 
investigated. Accordingly, St's for blood at different Re's 
were determined by placing cylinders of 0.32, 0.48 and 0.64 
cm. diameter in a flow channel through which blood flowed at 
velocities ranging from 3 to 6 cm/set. (equivalent to Re of 
38-220). St for blood showed a correlation with Re only 
when St's obtained with a given cylinder were considered. 
Furthermore, St's were almost 3 times greater than for water 
or glycerin at threshold Re (i.e., Re at which vortices be- 
gin to detach), and then decreased with increasing Re. Be- 
cause of experimental limitations the range of Re's could 
not be extended far enough to determine if St=a constant. 
However, the lowest St's for blood clustered around the St- 
Re curve for Newtonian fluids. Moreover, the frequency of 
vortex detachment in blood, unlike that of water or glycerin 
which increased with increasing velocity, remained the same 
for a given cylinder. (Supported in part by USPHS Grant 
HE-09495.) 
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EFFECTS OF INSULIN ON OXIDATIVE PHOSPHORYLATION. JamesC. Hall and 
Bengt S. Lil jeroot . * Dept. of Zoology and Physiology, Rutgers University, Newark, 
N.J. and Div. of Research Fat. and Res., Natl. Inst. of Health, Bethesda, Md. 

Previously published data have indicated that oxidative phosphorylation is 
reduced in mitochondrial preparations from the livers of alloxan diabetic rats or 
depancreatized cats and that insulin, “invivo” or “invitro”, can restore these P:O 
ratios to normal values. Because of conflicting reports by other investigators var- 
ious parameters of the Warburg system used were reinvesti ated. It was found that: 
1. Insulin is effective in concentrations as low as 5x10- 1 ‘M This is the physio- 

logical range and much lower than the IO-6M concen&ion used originally. 
2. No improvement is noted with inactivated insulin or with bovine serum albumi n. 
3. Mitochondria suspended in .25 M sucrose show the same response as those 

isolated in .25 M sucrose; .005 M EDTA. 
4. A low concentration of Mg +t is essential for the insulin effect. High Mg* 

,‘IX,‘isy$ ‘A or lower 
o erated in sucrose EDTA, but in sucrose the optimum concentra- 

5. The use of ADP alone a; the phosphate acceptor yields results similar to those 
obtained with ATP, or ADP, and a hexokinase glucose trap. 

6. Preincubat ion with insulin is not necessary. The same stimulation of phosphory- 
lation is obtained if insulin is added from the side arm after the period for 
temperature equilibration. 

7. Mn-low5 M can replace Mg* in the system. 
These experiments support the theory that insulin reacts with the mitochondrial 
membrane and thereby contributes to the efficiency of its function. A minimal 
concentration of Mg++ is necessary for this interaction. 

Supported by N. I. H. Grants AM04045 and FR7059. 

ELEVATED ESCAPE LATENCIES AIZER HINDBRAIN IJZSIONS. Bruce P. Halpern 
and John D. Halverson.* Cornell University, Ithaca, N.Y., and 
State University of New York Upstate Medical Center, Syracuse, N.Y. 

Cats (F. catus) were trained to escape floor electric shock in a 
shuttle Fox. Training gave stable voltage-to-escape latency (Est. La.) 
relationships. After training, electrolytic lesions were made, aimed 
at nucleus reticularis gigantocellularis (NGc), P 9, L 1.5, H -8 . At 
least six post-lesion days preceded re-measuring Est. La. Animals with- 
out satisfactory results in post-lesion neurological exam., or without 
an Est. La., at some voltage, equal to the lowest pre-lesion latency, 
were excluded. Three cats formed a preliminary study: One had a uni- 
lateral lesion of nucleus olivaris inferior but not NGc, and no Est. La. 
changes. A second had a unilateral lesion in NGc and increased (p ( 
0.005, Wilcoxon Sign Rank) Est. La. The third animal was studied for 5 
months post lesion. Increased Est. La. followed a unilateral lesion 
(p(o.025). After a contralateral lesion, Est. La. remained elevated 
for 131 days. Lesions were not located histologically. Five cats com- 
prise the main study: All had the same training and testing sequence. 
Each animal had training voltages which gave Est. La. from 20 sec. thru 
1 sec. Three animals' lesions were unilateral (I); one, seriatim bi- 
lateral (I,II), and one, unilateral followed by sham (1,SII). Four 
animals had increased (p%O5) Est. La. after I; the fifth, after II. 
The SII animal had no additional Est. La. increases post-sham lesion. 
Histological study of two animals is completed. Lesions were localized 
in NGc. These observations implicate NGc as a functional transfer 
nucleus for responses to noxious stimuli in the cat. (Supported in 
part by Hendricks Fund Grant #37 and Upstate Medical Center Student 
Fellowships) 



194 THE PHYSIOLOGIST 

QUANTITATION OF EFFECTS OF LEFT AND RIGHT VAGAL STIMULATION ON S-A AND 
A-V NODES. Robert L. Hamlin and C. Roger Smith. Dept. Vet. Physiol. & 
Pharm.,Col. Vet. Med., Ohio State U., Columbus, Ohio 

Peripheral ends of first left and then right vagus were stimulated 
at from 0 to 10 volts in dogs. Effects on P-P interval, on configura- 
tions of 3 intraatrial electrograms and on aVf ECG's were determined 
through analysis of high speed recordings during stimulation before 
and after beta adrenergic blockade with propranolol. Both left and 
right vagi had equal "gains" in prolonging P-P and P-Q intervals. Left 
vagal stimulation had greater "gain" in producing 2nd degree A-V block; 
while right vagal stimulation had greater "gain" in elevating Ta waves. 
In presence of 2nd degree block, pre-and post-blocked P-Q intervals may 
be normal. Stimulation of either vagus with low voltage caused slight 
decreases in P-P and P-Q intervals. Beta blockade caused a decrease 
in this acceleratory effect, and permitted a greater deceleratory ef- 
fect for a given voltage to either vagus. These results suggest or 
confirm that both vagi have nearly equal physiologic effects on S-A 
and A-V nodes, that 2nd degree A-V block is not a pertrubation of 1st 
degree A-V block, that tachycardia resulting from vagal stimulation 
with low voltages is beta sympathetic mediated, and that sympathetic 
efferent activity moderates vagal effects. (Supported by Program Pro- 
ject, HE-09884-02 of the NIH.) 

Innervation of dog paw veins. Mary Hammond* and D. L. Davis. 
Medical College of Georgia, Augusta. 

Experiments were conducted to extend data published by Zimmerman 
(Circulation Res. 18:429, 1966) on the innervation of the vasculature 
of the dog hind paw, and to determine if it were possible to elicit 
by peripheral nerve stimulation a constrictor response restricted 
primarily to the venous segments of the paw. Mongrel dogs were anes- 
thetized with chloralose, treated with succinylcholine chloride to 
permit electrical stimulation of peripheral nerves, and maintained on 
positive pressure respiration. Stimulations were made with a square- 
wave stimulator at voltages ranging from 15-70 volts, frequencies of 
25/set, a 5 msec pulse duration, and total stimulation periods of 300 
60 seconds. Responses of a small vein segment, extending centrally 
from a dorsal metatarsal vein to the lateral saphenous vein at the 
ankle level, were interpreted from resistance changes in response to 
stimulation of the sciatic, tibial, superficial and deep fibular 
nerves. In some experiments the venous segment was perfused at a 
constant rate, and in other experiments at a constant pressure. 
Results were similar with both experimental procedures. Stimulation 
of both sciatic and superficial fibular nerves produced marked con- 
strictor responses of the venous segment. Stimulation of the deep 
fibular and tibia1 nerves produced negligible resistance changes in 
the venous segment. It is concluded that a significant portion of 
the venous innervation of the paw vasculature is in the superficial 
fibular nerve, and that stimulation of this nerve produces marked 
constriction of the venous segments with little constriction of arte- 
rial segments of the paw. Supported by grants from the Georgia Heart 
Assoc. and grants HE-00240, H&05782-05, and l-FL-CM-01 from the USPHS. 
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FLOW LIMITING FACTOPS IN LINJID-FILLED LUNX. Paul Hamosh, FI. n. * 
and Peter C. Luchsinqer, M. D. Georcretown Universitv Medical School 
and ‘Veterans Administration Hospital, Washinaton, n. C. 

Isovolume-Pressure-Flow curves were recorded from isolated liauid- 
filled canine lunqs suspended in a liouid-filled nlethvsmoqraph. 
Maximum flow was found to be reduced bv a factor of 5o and the recoil 
pressures bv a factor of 2 to 3 in comoarison to air-filled lungs. 
Approachinq maximum flow, the airwavs became unstable and intermit- 
tently collapse. This is nrobablv due to the increased contribution 
of inertance to the flow resistive forces resultino in redistrihution 
of resistance along the resriratorv tree. If these observations in 
isolated lunqs are aoplicable to the intact animal, even the vastlv 
reduced maximum flow would be unatainable, since the intermittent 
collapse of the airways would limit breathinq freouencv. 
It has been reported that ventilation of the lunas with hvoerbaricallv 
oxvqenated saline or fluorocarbon compounds miclht enable man to 
tolerate hiclh G-acceleration or facilitate deep-sea diviner. 4ccord- 
inq to our observations and calculations, the decrease in maximum 
ventilation is the ultimate limitation which makes liouid breathino 
impractical. 

Supported bv USPH Grant HE 5454-07 

OCULOMOTOR DEFICITS AFTER LESIONS OF THE MESENCEPHALIC RETICULAR FORMA- 
TION IN MONKEYS. Henry E. Harris*, Atsushi Komatsuzaki*, and Bernard 
Cohen. Department of Neurology, Mount Sinai School of Medicine, New York -- 

We have previously shown that lesions of the paramedian zone of the 
pontine reticular formation (PPRF) in the monkey are followed by a char- 
acteristic syndrome of oculomotor dysfunction. After PPRF lesions nei- 
ther eye moves across the midline to the ipsilateral side, ipsilateral- 
ly-directed saccades are of low amplitude and velocity, ipsilateral 
quick phases and contralateral slow phases of induced caloric and opto- 
kinetic nystagmus are defective, and there is contralateral spontaneous 
nystagmus in darkness. In contrast, after mesencephalic reticular for- 
mation (MRF) lesions the eyes readily cross the midline to either side, 
and saccadic movements and vestibular nystagmus are normal. Spontaneous 
nystagmus is present to the ipsilateral side in the dark, and optokine- 
tic nystagmus (OKN) with quick phases to the contralateral side is ab- 
normal. The OKN abnormality is manifested primarily as a failure of the 
eyes to follow at the velocity of the stimulating drum during the slow 
phases to the ipsilateral side. The quick phases of this nystagmus are 
of normal amplitude and velocity. Failure of optokinetic following af- 
ter MRF lesions is not associated with abnormal eye position, spasms of 
tonic deviation, or an increase in nystagmus frequency as is the case 
after PPRF lesions. Defects in OKN after MRF lesions persisted in some 
animals for more than a year. The data show that the primary oculomotor 
deficit after MRF lesions is in OKN slow phases to the ipsilateral side. 
This suggests that MRF lesions interrupted pathways carrying sensory 
information from the visual system to the pontine reticular formation. 
This is in contradistinction to PPRF lesions which appear to damage the 
motor apparatus for horizontal gaze itself. 

Supported by USPHS Grants NB-00294 and 1 K3 NB-34,987. 
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PLACENTAL TRANSFER OF SEVERAL MOLECULES. Frederick M. Hart* 
& J. Job FaberDepartment of Physiology, Univ. of Oregon 
Medical School Portland, Oregon. 

The fetal circulations of rabbit placentas in situ were 
artificially perfused with rabbit blood. The rates of 
tr nsfer were measured of acet T 7: 

lene and labelled water, Cl-, 
Na 9 and urea diffusing from t e fetal to the maternal cir- 
culation and of oxygen and labelled inulin and albumin dif- 
fusing in the opposite direction. The permeability, P, 
(ml/min) and "permeability variable",d, (dimensionless, see 
Circ. Res. 19:816, 1966) were calculated for steady state 
transfer of each of these substances in placentas of 27 - 
29 out of 31 days gestation. These valuesgang the co- 
efficients of free diffusion in water (10' cm /set) are: 

Substance D P d experiments rabbits 
Acetylene 2 2000 1000 25 / 
Oxygen 2 2000 10 63 20 
Water 3 6 3 29 10 
Urea 2 0.3 0.2 22 6 
Cl' 3 0.2 0.1 20 5 
Na+ 2 0.1 0.1 17 7 
Inulin 0.2 0.01 0.01 7 2 
Albumin 0.09 0.003 0.002 7 2 

We conclude that lipid insoluble molecules are transferred 
at rates proportional to the order of magnitude of their 
coefficients of free diffusion in water, regardless of any 

HE 6336. 
char e carried by the molecules. Supported by NIH HD 2313 & 

PREVENTION OF THE CHRONIC ALCOHOL-INDUCED FATTY 
A. D. Hartman* and N. R. Di Luzio, Dept. of Phy 
Univ. of Tenn. Med. Units, Memphis, Tenn. 

LIVER BY ANTIOXIDANTS. 
siology & Biophysics, 

Our previous studies have demonstrated that lipid antioxidants can 
effectively inhibit acute ethanol-induced hepat ic triglyceride accumu- 
lation and ethanol-corn oil induced hyperlipemi .a. In contrast to the 
inhibitory effect of antioxidants on the acute ethanol fatty liver, 
attempts to prevent the chronic alcohol induced fatty liver by oral 
antioxidant administration have been unsuccessf ul. The present in- 
vestigation was undertaken to determine the effect of parental admin- 
istration of the lipid antioxidant N,N' -diphenyl-p-phenylenediamine 
(DPPD) on the chronic alcohol steatosis. Female rats were maintained 
for 21 days on nutritionally adequate liquid formula diets containing 
either a "low" (13%) or "high" (23%) fat content and supplemented with 
either ethanol or sucrose as 35% of the calories. Ethanol ingestion 
in control and experimental groups approximated 14.3g/kg/day. Liver 
triglyceride concentrations in animals maintained on ethanol-supple- 
mented diets were significantly elevated 114% and 193% on the "low" 
and "high" fat diets, respectively. The intraperitoneal administra- 
tion of DPPD completely prevent the lipid accumulation in the low-fat 
ethanol group and significantly inhibited the ethanol-induced hepatic 
steatosis in the "high" fat group. Since ethanol-induced enhancement 
in lipid peroxidation has been implicated in the pathogenesis of the 
fatty liver in acute ethanol model, the present studies indicate that 
hepatic triglyceride accumulation resulting from prolonged alcohol 
ingestion may also involve this process. These studies also further 
accent the possible role of lipid antioxidants in the modification of 
hepatic injury. (Supported by USPHS AM-08084 and Licensed Beverage 
Industries). 
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ANTERIOR HYPOTHALAMIC BLOOD FLOW AS DETERMINED BY HEATED THERMISTOR 
FLOW PROBES. Craig R. Hassler* and Robert D. McCook. Loyola Univer- 
sity, Stritch School of Medicine, Department of Physiology, Chicago, 
Illinois. 

The hypothalamic blood flow has been measured by use of a commer- 
cially available 23-gauge heated thermistor probe. This probe allows 
for the measurement of both flow and temperature simultaneously. Con- 
stant power D.C. pulses of constant duration were applied to the heat- 
ing element of the probe and the temperature rise was a hyperbolic 
function of velocity flow. In addition, temperatures were measured in 
associated areas with a second thermistor in order to determine the ef- 
fective area of the probe. The probe was found to be adequately sensi- 
tive to record differences in velocity flow through the anterior hypo- 
thalamus of cats. The probe was stereotaxically inserted at either 
A 16.0, RL 1.0, H -2.4, or A 14.0, RL 1.5, H -4.0. Flow was measured 
under different conditions, i.e. nembutal and/or Sernylan anesthesia, 
10% carbon-dioxide inhalation, bilateral carotid occlusion, death, etc. 
Bilateral carotid occlusion decreased the flow and increased hypothala- 
mic temperature as expected, CO inhalation increased the flow and de? 
creased temperature, while the f wo anesthetic agents gave values her 
tween the above extremes. The dead animal value was used to establish 
a measure of zero flow. (Supported by NIH Grant HE 08682.) 

HI STAMI NE AND THE PULMONARY VASOCONSTRI CTOR RESPONSE TO ALVEOLAR 
HYPOXIA. A. Hauqe* and JJ-. C. Staub. Cardiovasc. Res. Inst., Univ. 
Cal if. San Francisco Med. C-i-r., San Francisco, Calif. 

We used two animal preparations to investigate the possible relation 
of histamine to the pulmonary vascular response to alveolar hypoxia. 
We perfused isolated rat lungs with fixed volume, pulsatile blood flow 
at 37°C while ventilating the lungs with positive pressure. In open- 
thorax, anesthetized cats, we ventilated the left lower lobe by positive 
pressure separately from the rest of the lung. We recorded pulmonary 
artery, left atrial, and femora I artery pressures and lobar artery blood 
flow with an electromagnetic flowmeter. A rise in pulmonary vascular 
resistance causes perfusion pressure increases (rat) or flow decreases 
(cat). We tested 3 min of O-2$ O2 ventilation with intervals of 5 min 
of air venti lation. In rat lung, 5 antihistaminics blocked all or 

almost all of the hypoxic pressor response. Slow injection of 48/80 
(jO-200 119) i;ave transient vaso- and bronchoconstriction. Afterwards, 
no pressor effect of hypoxia could be elicited. Constrictor effects of 
bradykinin and ATP were not affected. In the cat, slow infusion of 
48/80 ( 100-400 ug) into the lobar artery gave transient decreases in 
flow and a fall in systemic pressure. Afterwards, hypoxia no longer 
elicited any decrease in lobe flow; in fact, it usually caused a smal I 
increase. The constrictor effects of ATP and histamine injection were 
not blocked. The data suggest a role for histamine in the mechanism 
of the pulmonary vasoconstrictor response to alveolar hypoxia. 
(Supported in part by USPHS grant HE-06285. A.H. is a USPHS Inter- 
nationa I Postdoctora I Fe I low. ) 
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TEMPERATURE EFFECTS ON NEURONAL MEMBRANE POTENTIALS. H. Hayashi*, 
and G. Austin. Division of Neurosurgery, University of Oregon Medical 
School, Portland, Oregon. 

Using intracellular microe lectrodes we have measured the effects 
of temperature change (2 3O - 5oC) on the membrane potentials and 
conductance of single neurons of Aplys ia Calffornica. These neurons 
have both excitatory and inhibitory synaptic input, and are divided 
into D and H-types, depending on whether they depolarize or hyper- 
polarize in response to locally applied ACh. 
I. StL: An increase of 30 - 5OC, normal (13OQ 
causes hyperpolarization, usually decreased conductance, and increase 
in spike height, rise time, fall time, and rate of slow depolariza- 
tion. There is an increase in spike frequency of spontaneous firing 
(pace-maker) cells. A decrease in temperature causes the reverse. 
II. Transient Temperature Change: Temperature increase (from 
1°/sec. to lO/min.) causes hyperpolarization. There was a decrease 
in rate of slow depolarization, decrease in spike frequency, and 
usually a transient increased conductance. Spike threshold showed a 
transient increase, thought to be due to smaller local potentials, 
whereas there was an increase in local potential with the static 
temperature increase. The reverse was observed in transient tempera- 
ture decrease. No significant differences were found in D and H-type 
cells. The results can be interpreted with respect to metabolic 
influence on resting membrane plus the effects of synaptic activity. 

POTASSIUM AND SODIUM ACCUMULATION IN SKELETAL MIJSCLE OF DEVELOPING RATS. 
C. F. Hazlewood and B. L. Nichols*. Depts. of Physiology and 
Pediatrics, Baylor Univ. Col. of Medicine, Houston, Texas. 

Remarkable changes in the muscle electrolyte content of developing 
rats have been reported: at birth the sodium (Na) content of the 
gastrocnemius is higher than the potassium (K) content, but by 8 days 
of age this pattern is reversed. These changes are seen regardless of 
the reference base used, and changes in extracellular space alone can- 
not account for them. That is, intracellular ion concentrations are 
also changing. The fat-free dry solids (FFDS) of a muscle increase 
with age (growth). In the work reported here FFDS are used as a re- 
ference base, and it is observed that the ratio of K to the FFDS is 
nearly constant from O-65 days of age. A plot of the total quantity of 
K per gastrocnemius vs. the total FFDS per gastrocnemius reveals a 
highly significant linear relationship. That is, K content is in- 
creasing in proportion to the increase in muscle mass. The Na content 
of the muscle also increases with age (growth), but at a much slower 
rate. Thus, during early postnatal development, the K/FFDS ratio is 
nearly constant while the Na/FFDS ratio falls drastically. These data 
indicate an intimate relationship between cellular K and cellular 
protein. In support of this concept --growth was abated in rats, during 
the rapid growth phase, by protein free diet and net K accumulation 
was stopped. 
(Supported by MDAA, Texas Heart Association and U.S.P.H.S. Grants No. 

FR-00254, FR-00188, FR-00259, FR-5525-05). 
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SENSORY ABNORMALITIES IN PATIENTS WITH TURNER’S SYNDROME, R,I ,Henkin, 
M.S.Buchsbaum* and J.Si lverman;?. Natl. Insts. of Health, Bethesda, Md, 

Taste, smell, hearing, oral and manual stereognosis, visual and ki- 
nesthetic perception and averaged visual evoked potentials (AVEP) were 
studied in 10 patients with Turner’s Syndrome, the diagnosis confirmed 
by clinical observation and laboratory tests. Each of the patients was 
a phenotypic female and had a predominant 45 X0 karyotype upon examina- 
tion of peripheral leukocyte cultures. Median detection and/or recogni- 
tion thresholds for sour and bitter were elevated above normal although 
thresholds for salt and sweet were normal. Median detection and recog- 
nition thresholds for the vapors of pyridine, thiophene and nitrobenzene 
were elevated above normal. Detection of sinusodial tones above 8000 
cps and below 500 cps was impaired; word recognition and binaural loud- 
ness balancing of tones were also impaired. Identification of geometric 
forms in the mouth was impaired although identification of these forms 
i n the hand was adequate. Differentiation of simple visual forms from 

complex patterns was also impaired. AVEP were measured at different 
light intensities; amp1 itude and latency of these responses were express- 
ed as a function of light intensity. The shape of the intensity function 
for the patients was significantly different from that of normal females 
and resembled that of normal males. There were no significant latency 
differences between the patients and normal males or females. These re- 
sul ts indicate that there are mu1 tiple sensory defects in patients with 
Turner’s Syndrome. Some of these defects involve a specific sensory 
disabi 1 i ty; others involve abnormal ities of integration of sensory in- 
formation not related to a specific sensory modal i ty. The abnormal i ties 
seen in AVEP may refer to sensory disabil i ties derived from neuroendo- 
crine changes which indicates that responses of these patients are in- 
appropriate for thei r phenotypic sex. 

EARLY SENESCING MICE: BONE & SKIN COLLAGEN BIOSYNTHESIS. Dorothy H. 
Henneman, M.D., L. Gaburo;:, C. Neuwiesinget+, S. Thomas;: Ortho 
Research Foundation, Raritan, N. J. 

CBA/J mice show early senescense with obesity, arthritis, loss of 
hair and fertility, skin scaling, tumor formation in the female, and 
seni le behavior. Changes are visible at 5 months in breeding females & 
advanced in both sexes at 9 months. Separation of mates accelerates se- 
nescence, particularly in males. Litters are small--with high incidence 
of teratology, stillbirth & neonatal death. Bone & skin hexosamine in- 
crease in both sexes but are higher in the female at all ages; ratios 
of skin hexosamine to collagen increase with age and are higher in the 
female. Skin collagen & proline are higher in the male and decrease 
with age despite increments in body weight; skin collagen in the female 
increases with age. In contrast, bone proline & OH-proline are higher 
in the female at all ages and increase with age in both sexes. Ratios 
of proline:OH-proline decrease with age in both sexes perhaps reflec- 
ting decreased collagen turnover in the aged. Correlation of ratio 
change with turnover has been demonstrated in this laboratory. (Fed. 
Proc. 26:667, 1967). In vivo incorporation of Cl4 proline into skin 
prolinrand OH-proline is greater in females despite higher collagen 
content in males. Incorporation into bone is the same in both sexes 
even though content is higher in the female. The greater content of 
collagen, proline, and hexosamine in female bone at all ages is unex- 
pected since body weight is greater in the male & measurements are on 
decalcified bone matrix. These differences might reflect estrogenic 
effects on bone-remodeling and skin collagen since earlier studies in- 
dicated that estrogens stimulate collagen synthesis and turnover. 
Further study on aged females with estrogen deficiency should verify 
this possibility. 
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Splenic Contraction in Response to Non-Hypotensive Hemorrhage. 
Henry, J.P., Cabaud, H.E.T Hinderleider, C.D.* and Meehan, J.P., 
University of Southern California, School of Medicine, Department of 
Physiology, Los Angeles, California. 

It has long been known that the dog's spleen contracts in response 
to hemorrhage (Barcroft et al, J.Physiol. 60:4-43, 1925). This report 
is concerned with the precise percentage of blood volume reduction 
needed to start the contraction and with the possible role of the 
splenic nerves in initiating the response. Using appropriate surgical 
techniques 8-10 twenty-four gauge stainless steel sutures were evenly 
spaced around the splenic margin. The splenic pedicLe was stripped 
of its accompanying nerves in a control study. Two weeks later under 
chloralose anaesthesia the estimated blood volume (y$ body wt.) ww 
reduced in aliquots of 5% once every 2 minutes. Lateral Xrays were 
taken at each decrement. Contraction began in the normal animals 
prior to the loss of lC$ and increased with progressive hemorrhage. 
Strong contractian was observed only after more than 25% volume loss. 
The denervated spleen did not respond significantly to minor blood 
loss. Since the contracticm cmences during the non-hypotensive 
phase of progressive blood loss it would appear that the receptors 
in the low pressure system (Gupta, et al, Am.J.Physiol. 211:1429, 
1966) initiate this change as well as the increase in heart rate and 
in levels of antidiuretic hormae. 
Supported by Air Force Contract 49(638)-1531 

STEADY-STATE RESPONSES OF HEART-LUNG COMPARTMENT OUTPUT TO VARIED PRE- 
LOAD AND AFTER-LOAD PRESSURES. Caleb Herndon* and Kiichi Sagawa. Univ. 
of Miss. Medical Center, Jackson, Mississippi. 

In the previous studies*, the authors determined left ventricular 
net outflow (SF) as a function of mean aortic pressure (MAP) as well as 
mean left atria1 pressure (MLAP) using a reflex-wise isolated dog heart 
preparation. This time, a similar relationship between the steady- 
state SF and loaded input and output pressures was studied of the 
entire heart-lung segment of the circulatory system. The preparations 
were similar to the previous ones except that mean right atria1 
pressure (MRAP) was controlled instead of MLAP and thereby MMP was 
allowed to rise or fall as the left ventricular outflow varied. In 20 
dogs MAP was controlled and altered from 30 to 300 mm Hg keeping MRAP 
at three different fixed levels. In another 11 dogs MRAP was increased 
from 0 to 22 mm Hg, specifying MAP at many different levels. When MRAP 
was within physiological range, the heart-lung compartment could pump 
an almost constant net outflow until MAP rose above 200 mm Hg. In 
contrast, when the MRAP was greater, the output decreased more signif- 
icantly with increases in MAP. However, comparison of the pressure- 
load characteristics of the entire heart-lung compartment with that of 
merely the left ventricle clearly indicated that (1) the constancy of 
the outflow from the lumped compartment in the face of elevated MAP was 
definitely improved by virtue of the Starling mechanism and (2) SF de- 
creased abruptly toward zero at the MAP of 240 to 250 mm Hg. This 
value of the maximum MAP is not significantly different from that 
found in the study of the left ventricle alone. When arterial barore- 
ceptor reflex was left intact, the maximum MAP decreased to approximat- 
ely 75% of the control. 
WE PHYSIOLOGIST. 9:202, 1966 (Supported by USPHS Grant HE 10581.) 
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MODEL DESCRI BI NG THE STATIC HYSTERESIS COMPONENT OF LUNG PV LOOPS. 
Jacob Hi 1 debrandt. Dept. of Physiol. G Biophys., West Virginia Univer- 
sity Medical Center, Morgantown, W. Va. 

It has been previously reported (Physiologist 8: 193, 1965) that the 
area of PV loops obtained from excised-cat lungs in a plethysmograph 
(where tracheal air flow is zero) is nearly constant in the frequency 
range from 0.01 to 2.0 Hz. This means that the energy losses are in- 
compatible with those of a simple tissue viscous resistance. It was 
also shown (Physiologist 9:203, 1966) that only about one half the loop 
area could be accounted for by viscoelastic properties, i.e., lldynamic” 
hysteresis. The purpose of this paper is to present a model which can 
describe the remaining 9taticl’ hysteresis appearing in lung tissue. 
The experimental data with which the model should be consistent are the 
fol lowing: loop area is independent of breathing frequency; energy 

loss per cycle i s proportional to the square of the tidal volume; “corn- 
pl i ancell increases as tidal volume increases; when volume is forced 
sinusoidal ly, loops are non-e1 1 i pt i cal . The model is an extension of 

configurations developed by others to explain properties of metal 
(Jaeger, 19%) and bone (Sedl in, 1965)) and cons i sts of a number of 
Prandtl bodies in series. The Prandtl body i s composed of a Hookean 
body (spring) attached to a St. Venant body (rigid plastic). Neither a 

single Prandtl element nor the modified elements used in the science of 
sol id materials meet the above requisite criteria. However, by i n- 

creasing the number of elements in series, loops 1 ike those produced by 

the lung can be generated. The model suggests that (on a molecular 

level) as tissue is distorted some structural bonds rupture producing 
heat by a process that is not time of rate dependent. (The work upon 

which this publication is based was performed pursuant to Contract No. 

PH 86-67-80 with the USPHS, HEW.) 

WHY @-I '7.41 A. G. Hills, Dept. of Med., Univ. Miami Schl. Med. 
The great stability of extracellular fluid reaction in the indi- 

vidual organism is obviously dictated (L. J. Henderson) by the pro- 
found effect of pH upon the velocity of the chemical reactions sup- 
porting life. Slight relative alkalinity of extracellular fluid (H. 
Rahn) appears, however, also to be uniform among most and perhaps all 
vertebrate species under normal circumstances. It is suggested that 
pressure may have been exerted throughout the course of vertebrate 
evolution upon extracellular fluid reaction by the dependence of 
effective renal acid-base regulation upon excretory buffering by CO2 
and pJH3. Hardly any other compounds available in the terrestrial 
biosphere possess the physicochemical properties -- especially the 
high volatility and diffusivity, low standard free energy of for- 
mation, and dissociability with differential water-lipid solubilities 
of gas and ion -- which collectively fit these compounds to serve 
volatile excretory buffering. Given the fundamental design of the 
acid-base-regulating mechanism of the vertebrate kidney, extra- 
cellular pH must be upwards of a pH unit above pKla for CO2 in order 
to secure the highly effective regulatory fluctuations of plasma 
HCO - 

2 
which in turn appropriately govern the rate of elimination of 

exe ss alkali as H003'. Rising extracellular alkalinity would 
necessitate a rapidly increasing rate of energy expenditure (for H+- 
secretion into the nephrons) to allow effective excretory buffering 
of excess acid as ammonium to come into play in HC03--poor urine (pH 
roughly below 6.5). The faint alkalinity of vertebrate extra- 
cellular fluid may represent the most effective adaptation to the 
aqueous dissociation constants of CO2 and NH3, two compounds which 
may well be the fittest among the few compounds abundantly available 
in the environment which are at all adequately qualified by their 
properties to serve renal excretory buffering. 
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EFFECT OF COUNTERPULSATION ON LIMB RESISTANCE, L. J. Hirsch and S. 
Lluch (intr. by R. Pick). Cardiovascular Institute, Michael Reee 
Hosp. and Medical Center, Chicago, Illinois. 

It has been observed by others that blood flow to various organs, 
such as the kidney, brain and limbs decreases during counterpulsation 
(cm. Since counterpulsation distorts the aortic pressure pulse and 
widens the pulse pressure, a series of ten experiments were undertaken 
in five normotensive dogs to determine whether the effects of diastolic 
augmentation on the peripheral circulation were reflexogenic in nature. 
CP produced a reduction in peripheral resistance in intact limbs or in 
innervated limbs which were perfused separately from the rest of the 
body by means of artificial circulation. On the other hand, in six 
experiments on three dogs, no decrease in resistance occurred when 
these limbs were denervated. In addition, in three animals ablation 
of both carotid and aortic arch baroreceptors effectively inhibited 
these vasomotor effects. Thus, in normotensive dogs, CP appears to 
activate baroreceptors to produce a reflex decrease in peripheral 
resistance. It remains to be seen however, whether this mechanism is 
also operative when shock or hypotension are present. 

A PRECISE STATEMENT OF DOSE RESPONSIVE GASTRIC SECRETION OF WATER, H, 
Na, K, Cl. B. I. Hirschowitz. University of Alabama Medical Center, 
Birmingham, Alabama. 

If the rate of secretion (V) of any component of gastric juice, due 
to a stimulant infused at a certain rate (S), represents the rate of 
the reaction (V) of the reversible combination of S with cell substra- 
te (R), and furthermore if S or some function of S, (e.g. s’) repre- 
sents the combination SR or substrate concentration responsible for 
secret ion (V), then the kinetics can be described by the we1 l-known 
linear equation l/V = b l/S + a (eq. 1). Ten gastric fistula dogs 

were each studied with 8 dogs were each studied with 8 doses of hista- 
mine base (Z-125 ug/kg/hr), each given separately I.V. for 4 l/2 hr. 
I was transposed to S/V = b + aS (eq. 2). s’ was determined experi- 

mentally from low dose studies to be 2.5 ug/kg/hr lower than s for all 
parameters except Na and this corresponds to a threshold dose for his- 
tamine. With eq. 2, s’ correlated we1 1 with s’/V for water, H, Cl or 

K b = + . 9997). Implicit in eq. 2 is the calculation (b/a) of s'5o 
or the dose of st required for 50% of max. rate of secretion (Max) 
which can be calculated from l/a. 
each parameter were: K+ = 11.72, 

Thus 5’50 values calculated for 

ug/kg/hr (6 to 6 x 10°8M) and Vmax 
H20 = 11.76, Cl’ = 12.35, H+ = 12.89 

va lues were about 10% above those 
observed with 125 ug/kg/hr. No threshold was apparent for Na+, for 
which S50 was 19.45 ug i.e. much lower than for other electrolytes. 
Eq. 2 was equally val id for total and peak outputs. In 6 dogs 
gastrin pentapeptide (0.1 = 6.0 ug/kg/hr) (M.W. 770) had an SsO of 
0.5 ug/kg/hr (6.5 x 10.l”M) (i.e. 100 x as potent as histamine), show- 
ed no threshold and showed the same kinetics for pepsin as for electre 
lytes in contrast to histamine, which inhibited pepsin secretion. 
Supported by NIH Grant AM-09260 



THE PHYSIOLOGIST 203 

METABOLISM OF FATTY ACIDS AND GLUCOSE INlSOLATED MAST 
CELLS. R. J. Ho*, M. S. Cabut* and H. C. Meng, Vanderbilt Univ., 
Med. Sch. , Nashville, Tenn. 

Pure peritoneal mast cells (mcs) were isolated from normal fed 
male rats according to the method of Uvnas and Thon. The oxidation 
of glucose (g), 2.5 mM, to CO2 was linear with respect to the concen- 
tration of msc in the incubation medium. The time curves for the ox- 
idation of g and palmitic acid (pa), 0. 02 mM, were linear up to 4 and 
1 hr of incubation, respectively. The substrate concentration curves 
of g (up to 10 mM), pa (up to 1. 5 mM) and oleic acid (up to 1. 5 mM) 
were obtained; under the experimental conditions, the CO2 production 
had approached the maximum at the higher concentrations of these 
subs rates. 

1 4 
The studies of the metabolism of g-1-14C, g-6-14C and 

g-u- C suggest that mcs have an active entose-phosphate pathway 
for g metabolism. 
than that of g-6J4 

The oxidation of g-l- f4 C was 5-7 times greater 
C, and 3-4 times greater than that of g-u-14C. The 

oxidation of g was inhibited by pa and vice versa. The oxidation of pa 
was a function of both free fatty acid (FFA) concentration and FFA to 
albumin molar ratio. At a constant albumin concentration, the oxida- 
tion of pa to CO2 was increased with increasing substrate concentration 
On the other hand, at a given concentiation of pa (0.414 mM or 0. 114 
mM), the CO2 formation from pa-l- C was decreased by increasing 
the albumin concentration. It is concluded that glucose and fatty acids 
are utilized for energy by the isolated peritoneal mast cells of the rat. 
The metabolism of glucose is predominately by the pentose-phosphate 
pathway. (Supported by grant from NIH). 

REVARDING HYPOTHALAMIC STIMULATION MADE AYERSIVE BY EXCESSIYE 
FEEDING OR OBESITY. Bartley G. Hoebel (intr. by John R. Brobeck). 
iqrinceton University, Princeton, New Jersey. 

In rats electrodes implanted in the lateral hypothalamus elicited 
three behavioral effects, self-stimulation (reward), stimulation- 
escape (aversion) , and stimulation-bound feeding (hunger). HYPo- 
thalamic reward and aversion were measured immediately before and 
after tube-feeding 10 cc. of liquid diet to seven rats at a normal 
body weight. Four others were made experimentally obese by a new 
technique using self-induced stimulation-bound eating which increased 
body weight 200 gms. The basic results were similar in both groups. 
The rate of hypothalamic self-stimulation decreased, whereas the rate 
of stimulation-escape increased. In the normal rats this shift 
occured within the 10 min. after tube-feeding. The obese rats 
displayed the shift in daily 1 hour tests for several weeks. When 
their food intake was restricted, hypothalamic escape continued at 
the augmented level until body weight declined to near normal levels. 
When body weight returned to normal, so did the rate of self-stimula- 
tion and escape. This demonstrated: (1) that the reward of lateral 
hypothalamic stimulation can shift to aversion, and (2) that the 
shift can occur as a function of physiological states which exert 
short and long term inhibitory control over food intake. 
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A SPECIALIZED FIBER TYPE IN THE CANINE RIGHT ATRIUM. P. M, Hogan and 
L. D. Davis (intr. by W. B. Youmans) . Department of Physiology, 
University of Wisconsin, Madison, Wisconsin. 

Fibers which have an action potential (AP) similar to that of 
Purkinje fibers have been described in the canine right atrium (Cir. 
Res. 18:692, 1966). Further investigation of these fibers has been 
made in the present study. Right atria were excised, immersed in 
Tyrode solution and the endocardial surface exposed. Microelectrodes 
were used to impale fibers in different areas of the atrium and 
appendage. At the auriculo-caval angle and in the crista terminalis 
fibers were found which had an AP like that of Purkinje fibers. 
Prominent features were a large sharp spike, long plateau phase and 
usually a small amount of diastolic depolarization. In 10 experiments 
the maximum upstroke velocity of these fibers and of simultaneously 
recorded non-plateau fibers was determined electronically. The 
difference in mean upstroke velocities of the two fiber types 
(126.3 V/set) was significant (Pc.005). Epinephrine increased the rate 
of diastolic depolarization of plateau fibers while simultaneously 
recorded non-plateau fibers were unchanged. Acetylcholine caused loss 
of the plateau and the AP then resembled that of non-plateau fibers. 
It is demonstrated that plateau fibers in the right atrium possess 
several characteristics exhibited by specialized conducting and 
impulse generating fibers . (Supported by grants from the Wis. Heart 
Assoc. and USPHS No. S-Tl-5540-05 and No. S-Tl-537507.) 

Metabolism of the Excised, Vascularly Perfused Whole Small Intestine. 
Frank J. Hohenleitner and John R. Senior (intr. by T.G. Schnabel, Jr.) 
Philadelphia General Hospital, Philadelphia, Pennsylvania. 

Studies of 02 and glucose consumption, lactate and CO2 production 
were carried out in small gut perfused vascularly through the superior 
mesenteric artery. The entire jejuno-ileal segment of canine small 
intestine was perfused up to five hours in vitro with Ringer‘s sol 
tion containing 6% dextran al one or with added sheep erythrocytes. 

U- 

Under hyperglycemic or normoglycemic conditions glucose uptake from 
the perfusate varied from 0.31-1.63 mmoles/hr/lOO g and lactate output 
0.17-3.73 mmoles/hr/lOO g. Intestinal 02 consumption and CO2 output 
were a function of perfusate flow. Sympathetic nervous activity with- 
in the perfused tissue limited maximum flow at physiological pressures 
to 63 ml/100 g/min (average 40 ml/100 g/min) and a maximum 02 consump- 
tion of 1.30 ml/100 g/min (average 0.87 ml/100 g/min). The use of the 
adrenergic blocking agent phenoxybenzamine reduced resistance and in- 
creased flow rates to an average of 61 and 91 ml/100 g/min with and 
without red blood cells respectively. Maximal 02 consumption with 
red cells was 2.34 ml/100 g/min (average 1.49 ml/100 g/min). Atropine, 
a vagal inhibitor, or cyproheptadine, an antagonist of both histamine 
and serotonin, when administered together greatly reduced motility, 
and decreased 02 consumption and CO2 output. Under conditions of min- 
imal motility the intestine could be perfused without erythrocytes, 
with similar 02 consumption and CO2 output (both ca 0.80 ml/100 g/min), 
glucose uptake (ca 0.80 mmoles/hr/lOO g) and lactate output (ca 1.0 
mmoles/hr/lOO g). The preparation described here may be useful in 
studying the absorptive, metabolic or synthetic capacity of the small 
intestine free of the influence of other organs. 
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TRANSIENT VENTILATORY RESPONSES TO STEPS OF LOW 02 WITH FIXED ALVEOLAR 
co2. Garland H. Holloman, Jr. and Howard T. Milhorn, Jr. (intr. by 
William A. Neely), Dept. of Physiology & Biophysics, Univ. Medical 
Center, Jackson, Mississippi. 

An experimental system has been developed to study the isolated 
effects of positive and negative steps of inspired 02 on alveolar ven- 
tilation. This system consists of (1) an analog computer program for 
the calculation of tidal volume, minute ventilation, alveolar venti- 
lation, and respiratory frequency, and (2) a servomechanism for the 
automatic regulation of alveolar CO2 concentration. The air flow sig- 
nal is corrected to body temperature and standard pressure, and the 
inspiratory signal is integrated to obtain tidal volume. The integra- 
tor is reset at the end of inspiration by a trigger circuit operated by 
the air flow signal. Respiratory period is obtained by generating a 
ramp function which is also reset at the end of each inspiration. 
Respiratory frequency is the reciprocal of this time ramp. Tidal 
volume and respiratory period are used to compute breath-by-breath 
minute ventilation and, with corrections for dead space, alveolar ven- 
tilation. By triggering at the end of expiration, end tidal CO2 is 
sampled and held until the next sampling. This signal is compared to 
a reference value, and the resulting error is used to drive a servo 
driven valve which regulates the concentration of inspired C02. Thus, 
alveolar CO2 is regulated by negative feedback. By maintaining CO2 at 
a constant value the "braking" effect of hypocapnia is eliminated. 
Therefore, the observed respiratory response is due only to the low 
oxygen stimulus. 

ELECTRICAL ACTIVITY OF THE SUPERIOR MESENTERIC VEIN OF THE GUINEA 
PIG. L. Horn and A. Nakajimafc. New York Medical College, New York. 

We have previously reported on intracellular recording of 
spontaneous and drug-induced electrical changes of smooth muscle 
from the longitudinal layer of guinea pig superior mesenteric vein 
(Fed. Proc. 26:330, 1967, Am. J. Physiol. 213: July, 1967). Further 
data on changes in membrane activity in response to catecholamines 
and acetylcholine will be reported. Adrenaline and noradrenaline 
have an excitatory effect brought about by depolarization or in- 
crease in spike activity. Adrenaline has an additional positive 
inotropic effect not associated with detectable change in membrane 
potential when the muscle has been extensively depolarized by 
increased external potassium. Isoproterenol abolishes spike 
activity and hyperpolarizes the membrane. We have previously 
reported that acetylcholine may briefly hyperpolarize the membrane 
before the depolarization to about 40 mV associated with the 
excitatory effects of the drug. The depolarizing effects of 
acetylcholine reverses when the membrane has been depolarized by 
KC1 to about 30 mV prior to drug application. It is suggested 
that acetylcholine has an equilibrium potential of about 40 mV in 
this muscle. (Supported by Contract DA-49-1930MD-2843 with the 
U. S. Army R & D Command and a Grant from the American Heart 
Association.) 
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K+ Loss During Graded Degrees of Cardiac Edema. Jan Hornbuckle*, 
John M. Ginski. University of Tennessee School of Basic Medical 
Sciences. Memphis, Tennessee. 

As previously reported, addition of homologous erythrocytes to a 
colloid containing perfusion fluid reduced edema formation in the 
isolated guinea pig heart. 
K+i 

This study examined the loss of myocardial 
n graded states of cardiac edema. The edema was induced by 15 

minute exposures to perfusion fluids of different composition and 
measured by comparing the alteration of ventricular dry-wet weight 
ratios (D/W X). Four series of experiments were conducted. The 
composition of the perfusion fluid varied as follows: Group I, a 
modified Ringer-Locke (R-L) solution; Group II, R-L containing 11.0 
x lo7 RBC/cc; Group III, 1.2% dextrvn in R-L; and Group IV, 1.2% 
dextran in R-L containing 11.0 x 10 RBC/cc. The mean changes are 
summarized as follows: 

D/W % f S.E. mEq K+/Kg Wet Wt. 2 S.E. 
Group I 17.17 + 0.23 69.4 + 2.8 
Group 11 17.53 + 0.21 70.4 f 1.2 
Group III 18.16 f 0.21 73.6 2 1.2 
Group IV 18.40 + 0.19 81.2 f 1.8 
Addition of RBC to R-L will neither prevent tissue water (H20t) 
accumulation nor prevent K+ loss. 
(P < 0.01) but does not alter K 

1.2% dextran decreases H20t 
loss. Addition of both dextran 

and RBC decreases H20, (P < 0.001) and K+ loss (P < 0.01). The 
reduction of K+ loss cannot be effected by merely decreasing H20t, 
and the H20t must be reduced before the effect of RBC can be 
observed. 

ESTIMATED THERMAL CONTRIBUTION OF BROWN FAT DURING AROUSAL OF THE 
GROUND SQUIRREL, C. LATERALIS. g. A. Horwitz,* &. g. Smith, and E. 2. 
Pengelley*. Univ. Calif.: Dept. Physiol., UCLA; Dept. Physiol. Sci., 
UC Davis; and Dept. Life Sci., UC Riverside, California. 

In an attempt to evaluate the thermogenic contribution of brown fat 
relative to that of the intact ground squirrel during arousal from 
hibernation, the tissue oxygen consumption in vivo was approximated m- 
from in vitro rates of oxygen uptake obtained in the presence of cate- -- 
cholamines. Equations describing the tissue heat production as a 
function of arousal time were derived from direct temperature record- 
ings of the brown fat by assuming that the time course of the tissue's 
oxygen uptake during arousal parallels that of the brown fat tempera- 
ture. From these equations, the amount of oxygen consumed by the brown 
fat over a given time interval was calculated. Comparing these values 
with the measured heat production of the animal, estimates of the heat 
attributable to brown fat metabolism ranged from lo-15% initially to 
5-7% as the squirrels approached normothermic body temperatures. Since 
these estimates are directly related to the in vitro qO2's employed, -- 
the possibility that these rates are lower than those occurring in 
vivo was considered, and on the basis of the differences observe7 
between the magnitude of the in vitro and in vivo stimulatory effects -- e- 
of catecholamines on rabbit brown fat metabolism, the estimated contri- 
butions of brown fat were recalculated to values of 41% initially and 
20% near the time when the posterior circulation opened. Thus, the 
average contribution of 8-11% of the total caloric cost is considered a 
minimal estimate of the tissue's heat production in support of arousal 
from deep hibernation at low ambient temperatures. (Supported by NASA 
Res. Gr. NSG 721, USPHS Res. Gr. HD-01826, NSF Res. Gr. GB-6179, a 
Riverside Cty. (Calif,) Heart Assoc. Res. Gr., and USPHS Postdoctoral 
Fellowship, l-F2-GM-13,445,) 
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CARDIOVASCULAR EFFECTS OF REVERSIBLE VAGAL BLOCKAGE IN CONSCIOUS DOGS, 
L.D. Horwitz,fi H.F. Stegall,fi V.S. Bishop, H.L. Stone, and B, Wi &&ins, 
Jr.,2 USAF School of Aerospace Medicine, Brooks Air Force Base, Texas, 
78235. 

Repeated, reversible acute vagal blockage was obtained in 8 mongrel 
dogs with chronically implanted vagal cooling coils. A hollow stainless 
steel coil was placed around the right cervical vagus nerve, Silicone 
rubber tubing was connected to each end of the coil and brought outside 
the skin at the neck. The left cervical vagus nerve was cut, An 
electromagnetic or Doppler ultrasonic flowmeter probe was affixed to 
the ascending aorta and catheters were inserted into the left and right 
atria. After a two-week recovery period acute vagal blockage was 
achieved by pumping refrigerated alcohol through the vagal cooling coil 
while recording heart rate, aortic flow, left and right atria1 pres- 
sures and femoral artery pressure, Upon blockage of the vagus nerve the 
heart rate increased to an average plateau value of 203 beats/mine This 
was an average increase of 87 beats/min, which was significant. The 
cardiac output increased from an average resting value of 158 
cc/min.-kg to 182 cc/min.-kg during the blockage, This average increase 
of 24 cc/min .-kg was statistically significant (P = .02), Thus a sig- 
nificant decrease in stroke volume of 0.81 cc/b-kg was observed. The 
arterial pressure and right atria1 pressure did not change significant- 
ly during the cooling although increasing 12 mm Hg and 0,s mm Hg, 
respectively. The left atria1 pressure decreased an average of 2 mm Hg; 
this, too, was not significant. Thus increasing the heart rate to 
extreme levels by acute blockage.of the right vagus results in a small 
but significant increased cardiac output. 

REST, ACTIVITY, AND ANTJ;CoAG~ THEXAPY IR!I!HE~MEKT OFVENOUS~ 
TSROMBOSIS. Orville Horwltz, Thorne Sparknmn, Jr., Heatly D. Sebring 
and H. Edward Helling . University of Pennsyl~la, School of Medicine, 
Phdidelphia, Pa. 

Our studies have shown the incidence of venous throm~sls in 
patients sufferi 

7 
from catatonia and severe cerebral arteriosclerosis 

tobe at least2l. In corresponding age groups in general hospitals 
it is ll$ and in smbulatory patients less than 346. Strain gauge 
plethysmographlc measurements showed a decreased blood flow to the 
calves of catatonic patients. This is further confirmation that bed 
rest, and Inactivity are precipitating if not etiologic factors in 
venous thromtisis. In patients suffering from post-phlebitis ulcers 
polarographic measurements of oxygen tension by us have shown a 
Sluggish blood flow to the skin of the leg. Histological studies of 
the skin near stasis ulcers show lumen obliteration w thrombi and 
endothelial proliferation in arterioles, venules snd capillaries. 
These microscopic thrombi may be nmre responsible for ukeration,pain, 
and edema than is dsmsage to larger vessels. This provides further 
rationale for the u6e of anticoagulants. Considering these facts we 
believe that patients with acute venous thrombosis should be treated 
with strict bed rest and leg elevation only until pain and edema have 
subsided, usually two or three days. After this a daily increase of 
activity Should be encouraged. These measurements iwst be accompanied 
by prompt and satisfactory anticoagulation. 



208 THE PHYSIOLOGIST 

RESPONSES OF ISOLATED VASCULAR STRIPS TO INCREASING 
ELECTRIC FIELD STIMULI. J. D. Huff4<, C. M. Olmsted*c, and 
R. L. Sandberg. Dept. Physiol., Univ. Ark., Little Rock, Ark. 

Neither canine nor rat vascular muscle exhibit a double-peaked re- 
sponse to electrical stimuli. Previously reported results by others 
using uterine and ileal muscle typically show such a response. An 
inhibitory process somewhere in the excitation-contraction sequence 
has been postulated to account for declining responses after the first 
peak. Using helical strips of dog mesenteric artery and vein, dog 
saphenous vein, and rat portal vein in Kreb’s P. P. S. with sine or 
square wave stimuli of ten seconds duration, a smooth sigmoid wave 
of tension resulted from increasing field strengths up to 9 volts rms/ 
cm. In some preparations, isometric contractile force fell off above 
5 volts/cm, but responses at lower voltages similarly declined, and 
were time-irreversable. The monotonic relationship of stimulus 
strength to contractile force held in increasing concentrations of 
external Kt up to 120 mes/liter, at temperatures down to 4O C, and 
with decreased CA++ 

(Supported by NIH Grant No. 324-016-250) 

INFLUENCE OF RELEASE OF ADRENERGIC VASOCONSTRICTOR TONE ON EXCHANGE 
CIRCULATION IN SKELETAL MUSCLE. C. Hyman and W.H. Wong * Depts. of 
Physiology and Medicine (Section of Dermatology) U.S.C. School of Med., 
Los Angeles, California 

It has been shown that when total blood flow through either skin or 
skeletal muscle is increased by activation of cholinergic autonomic 
fibers there is no demonstrable increase in the exchange function. A 
corresponding unilateral effect on shunt circulation after reduction of 
adrenergic tone has not been clearly established. Simultaneous 
plethysmographic measurements of total and cutaneous blood flow and 
determinations of NaI131 clearance from intra-muscular injection sites 
were made in supine normal subjects before, during and after elevation 
of the legs and lower trunk. It has been shown that this procedure 
increases blood flow through the skeletal muscle of the extremities by 
release of pre-existing adrenergic tone. In every case, during the 
elevation of the legs blood flow through the skin remained unaltered, 
total blood flow through muscle, however, increased by at least 150%. 
In no case did the clearance of 1131 from muscle increase significantly. 
We conclude that withdrawal of adrenergic tone, like imposition of 
cholinergic stimulii, is without influence on the exchange function in 
peripheral tissues. Supported by the U.S.P.H.S. 
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EFFECT OF SPREADING DBPRESSION ON THE N WAVE DCR AND ON BBTL CELLS. 
M. Ichijo* and S. Gchs. (Introduced by K. Knoebel). Dept. of Physiol., 
Ind. Univ. Med. Ctr., Indianapolis, Ind. 

Propagation of spreading depression (SD) in the 1st layer of the 
cerebral cortex was earlier shown by the means of cuts made from below 
up to the molecular (1st) layer (Cchs and Runt, J. Neurophysiol. 23: 
432, 1960). Transmission of the negative wave DCR (N wave DCR) takes 
place in the 1st layer also as shown by such cuts (Gchs and Suzuki, 
BEG. clin. Neurophysiol. 19: 230, 1965). The conducting elements are 
axonal as indicated by thrlack of effect of GARA on them, Stimulating 
electrodes Sl on one side of a cut excite these axons which then 
synapse on apical dendrites to give rise to the N wave DCR recorded on 
the other side. A second set of stimulating electrodes S2 on the 
opposite side was used to also excite N wave DCRs. SD elicited on the 
S1 stimulated side depressed excitation of the N wave DCR and when SD 
propagated over the line of the cut, the responses to stimulation of 
S2 were depressed. These both recovered within 3-10 min as expected. 
GARA placed over the line of the cut had no effect on N wave DCR trans- 
mission, but it reversibly blocked SD transmission. The depression of 
axonal excitation of the N wave DCR by SD is consistent with an extra- 
cellular release of some neuronal depressive agent. A depressive 
agent is also indicated by the reversible block of Retz cells during 
SD. These units were extracellularly recorded by microelectrodes at 
levels in the cortex between 1000-2000 u. The units showed a short 
latency on pes peduncular stimulation and a refractoriness with paired 
responses expected of an antidromic response. SD blocked Retz cell 
responses soon after the N wave DCR recorded at the surface was 
depressed. 

Supported by PHS Grant ND 01993-08. 

IN VITRO INSULIN PRODUCTION OF THE PANCREAS. Y.Idezuki%, 
J.A.Feemster*, R.H.Dietzman*, F.C.Goetz*, and R.C.Lillehei. 
University of Minnesota Medical School, Minneapolis, Minnesota. 

In the preserved pancreas, in vitro secretion of insulin was studied 
using a modified perfusion technique developed by Long. In 30 dogs the 
pancreas and attached duodenum were resected with the celiac axis and 
portal vein. After washout with Ringer’s solution, the pancreaticoduo- 
denal (P-D) grafts were stored at Z°C and 3 atmospheres of 02 for up 
to 48 hours.At varying times P-D grafts were removed and perfused 
with a blood-Ringer’s mixture (38OC, Ht, 26-320/O, Flow Rate, 12-40 
ml per minute). The islet cells were stimulated by adding 500 mg/l 
of glucose to the perfusate. Samples taken from the portal venous 
drainage were used for insulin determinations by radio-immunoassay 
(Goetz-Greenberg), and for oxygen consumption. All P-D grafts pre- 
served up to 6 hours responded to this stimulation by an average in- 
crease of insulin of 4670 (range, 152% to 720%); four of the six 24 hour 
preserved P-D grafts also responded, but none of the 48-hour pre- 
served P-D grafts responded. These in vitro results correspond with 
the fact that a pancreatectomized dog which received a 22-hour pre- 
served P-D allograft is still alive with a good functioning of the graft 
after 3 months. Rejection is being suppressed by azathioprene. In 
vitro productivity of insulin in response to glucose stimulation is a 
reliable means to predict the functional ability of preserved pancreas. 

(Supported by United States Public Health Service. ) - 
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ATP-ADP EXCHANGE AND FRAGMENTED SARCOPLASMIC RETICU- 
LUM. G. Inesi::, J. Almendares:: and S. Watanabe. University of 
California, San Francisco Medical Center, San Francisco, Calif. 

A very rapid (4-5lJ..moles/min/mg/prot) 14C,ADP-ATP exchange is 
catalyzed by fragmented sarcoplasmic reticulum. The activity is re- 
tained by the membrane fragments after several washings with water 
or ATP-Mg(mM). The exchange reaction is calcium dependent and the 
calcium concentration required for half maximal activities of ex- 
change reaction, calcium uptake and “extra” ATP splitting are very 
cl0 se. Aging of the preparation produces a parallel decay in the three 
forementioned activities, while calcium independent ATPase is more 
stable. T  reatm ent of the membranes with diethylether produce s a 
slight decrease in the exchange rate, while calcium uptake is com- 
pletely inhibited and calcium dependent ATP hydrolysis greatly en- 
hanced. In the presence of oxalate, the initial rates (30 sec. speed) of 
calcium uptake and “extra” ATP splitting are markedly increased, 
while the initial rate of exchange is not significantly changed. In the 
absence of oxalate, however, the exchange proceeds for a longer time 
due to a slower reduction of the calcium concentration in the medium. 
The results suggest a transphosphorylation occurring on the outer sur- 
face of the membrane as the first step in the process of calcium up- 
take. ( AI-IA 66 742, NSF GB 4754, USPHS HE 09878, USPHS GM 
14076) 

DUAL EFFECT OF ACETYLCHOLINE ON BIVALVE HEART. Hiroshi Irisawa, 
Norikazu Shigeto and Issei Segama (i&r. by Y. Kuno). Dept. of 
Physiology, School of Med., HiroshirPa Univ., Hiroshima, JAPAN. 

Since the classical 6tUdie6 of bosser and Welsh, it is 
well known that most molluscan heart6 are inhibited by acetyl- 
choline but 6ome are excitated especially at higher concentra- 
tions. An example of such excitatory effect of acetylcholine 
on the molluscan heart was found in mytilidae, while that of 
inhibitory effect was observed in oysters. The mechanism re- 
sponsible for this pharmacological difference of acetylcholine 
on the heart of these two closely related bivalves wa6 studied 
by the ultramicroelectrode technique. No significant differ- 
ence in resting potential wa6 observed between these two heart 
muscles. Both myocardiums continue to excite within sodium free 
artificial 608 water. When acetylcholine was administered, the 
membrane potential of the mytilus heart wa6 depolarized and the 
frequency of the spontaneous cardiac cycles was increased. On 
the contrary, in the oyster heart the membrane resting potential 
was hyperpolarized and spontaneous activity ceased. In sodium 
free solutions, the mytilus heart was inhibited by acetylcholine, 
while in the oyster heart inhibition was observed as in normal 
sea water solution. Inhibition in the oyster heart was blocked 
when Cl- ions of artificial 6ea water were removed and replaced 
by Na2S04. Excitation in the mytilus heart is probably caused 
by increased permeability of Na ions, while inhibition in the 
oyster heart may due to increased permeability of Cl- ions. 
(Supported by PHS grant HE 06968). 
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A FASTER METHOD FOR DETERMINIm PLASMA LIPOPROTEINS BY PAPER ELJK!lXO- 
PHORESIS. Ericson J. Isles+ and Harry Y. C, Wang. Dept. of Physiol., 
Howard Univ. Col. of &d., Washington, D. C. 

According to the Oil Red 0 method by Beckman Tech. Bull.RC-TB- 
001~3 (1965) using the Spinco Model R electrophoresis system, it takes 
almost two days to determine plasma or serum lipoproteins. Since we 
had to analyze as many as loo-150 blood samples weekly for total 
cholesterol and other blood lipids as well as the lipoprotein frac- 
tions, a study was undertaken to determine whether .a faster and re- 
liable method could be developed. In the course of our study, it was 
found that the time could be reduced by almost 17-19 hours with re- 
liable results when compared to the method by Beckman. Our modifi- 
cation of this method is to allow the separation in the electro- 
phoresis cells to proceed for 3 hours and staining of the strips in 
the Oil Red 0 dye solution overnight. The method according to 
Beckman is to allow separation in the electrophoresis cell for 16 
hours and placing of strips in the dye for 18-20 hours. Data will be 
presented showing the results obtained by our method as compared to 
Beckman’s method. 

(Supported by PHS research grants (HE-086h9-03 and HE-0969503) and 
American Heart Association). 

ELECTRICAL ACTIVITY IN THE NERVOUS SYSTEM OF APLYSIA MEDIATED BY THE EYE. 
Jon W. Jacklet (intr. by Felix Strumwasser). California Institute of 
Technology, Pasadena, Californfa. 

The study of identifiable neurons in the nervous system of Aplysia 
has contributed to our knowledge of the system and the interactions be- 
tween neurons. It is of importance to relate the animal's behavior to 
our knowledge of the nervous system. One approach is to study the influ- 
ence of light, mediated by the eye, on the nervous system. It is known 
that light influences the general loccunotory activity of the animal and 
that prior photoperiod is important in modulating the endogenous activi- 
ty of specific neurons (Strumwasser, 1965). The eye is situated anter- 
ior to the rhinophore and connected to the cerebral ganglion by the op- 
tic nerve. Silver stained sections show the cup-shaped eye is 600 p in 
diameter and has a receptor density of about 7000/mm2. Electrical reco- 
rding with suction electrodes on the isolated eye and optic nerve show a 
corneal negative ERG followed by an "on" response in the optic nerve. The 
train of action potentials in the optic nerve is sustained until cessa- 
tion of illumination. The latency of the ERG is 0.4 set at 10°C, varies 
inversely with temperature and has a QlO of 2 over lo-20°C. A prepara- 
tion of the eye and optic nerve intact to the central ganglia (cerebral, 
pedals, pleurals, and parieto-visceral) enables intracellular recording 
of potentials in specific neurons while stimulating the eye with light. 
Such recording indicates that the paired anterior giant cells of the 
cerebral ganglion and the giant cells of the left pleural and parieto- 
visceral ganglia do not receive synaptic input as a consequence of 
light stimulation of the eye. Preliminary recording from cell 3 (para- 
bolic burster) of the parieto-visceral ganglion suggests that light mod- 
ulates the spontaneous synaptic input impinging on cell 3 from the right 
connective. Supported by PHS Fellowship lF2NB35,411-01 NSRB and U& 
Air Force Contract 49(638)-1447. 
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CONSTRICTION OF NASAL BLOOD VESSELS BY PROSTAGLANDINS. 
Richard T. Jackson and Russell StovalW. Emory Univ. Med. 
School, Atlanta, Ga. 

A rhinometric technique was used to measure the changes 
in the blood flow in the dog% nasal mucosa. Four forms 
of prostaglandin (PGEl, PGE 

3 
) PGA and PGF $ were compared 

to epinephrine, noreplnephr ne and papave lne. The drugs 
were introduced into the carotid artery in pentobarbital- 
anesthetized dogs. All the PG9 induced a constriction of 
the blood vessels of the nasal mucosa. The two PGE forms 
were equipotent to epinephrine but their duration of action 
was more than seven times as long. The response to PG 
seemed to have little effect on subsequent responses to 
epinephrine. Also, the response to PG seemed little 
affected by prior treatment with vasodilators such aa 
papaverine 
near 1x10°6 

or aminophylline. The threshold dose of PGE was 
mg/kg; within the limits of sensitivity to PGE 

in other preparations. Commonly, the lower doses of PGE 
induced a nasal response without a corresponding change in 
blood preasure. 

REACTION 0.F THE GUINEA PIG'S ILEUM TO BLOOD OF PATIENTS 
WITH DUODENAL ULCER. 
Necheles, 

N.C. Jefferson, A. Geisel*, and H. 
Michael Reese Hospital and Medical Center, - 

Chicago, Ill. 
We-have investigated the effect of small amounts of 

heparinized blood (1 ml) from patients with active duo- 
denal ulcer on the isolated conventional strip of guinea 
pig ileum. The criteria for positive results were the 
length of the latent period and the height of contraction 
of the ileum. Blood from normal controls and from patients 
with other diseases was also used. The results indicate 
that there is a distinct shift to the left in cases with 
active duodenal ulcer, 
and a greater height of 

namely, a shorter latent period 

guinea pig ileum. 
contraction of the strip of 

Supported by U.S.P.H. AM6078005. 
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RESPIRATORY PATTERNS IN THE UNANAESTHETIZED DOG BREATHING VARIOUS 
MIXTURES OF OXYGEN AND CARBON DIOXIDE IN COOL AND WARM ROOMS. Donald 
B. Jennings and David Macklin*, Department of Physiology, Queen's 
University, Kingston, Ontario, Canada. 

Seven dogs were prepared with chronic tracheostomies for placement 
of endotracheal tubes and with carotid loops for placement of arterial 
catheters. Studies were carried out both at rest and while exercising 
at one mile per hour on the treadmill in either a cool rcom (19023°C) 
or a warm room (27032@C). The dogs breathed through a high resistance 
Ambu two-way valve. In resting dogs breathing room air in a cool room, 
repeated measurements showed that the relation between respiratory 
frequency and ventilation was sigmoidal with a mean respiratory 
frequency of 15 breaths per minute when the mean ventilation was 2.9 
litres per minute and with a mean frequency of 276 breaths per minute 
when the mean ventilation was 27.5 1 itres per minute. This fundamental 
relation was shifted to the r ight sl ightly by breathi ng low oxygen or 
by exercising, and more markedly by . breathing 5% carbon dioxide. In a 
warm room the patterns established in the cool room were shifted to the 
left. Respiratory frequency at rest when breathing room air was 
related to the rectal temperature. Thus the respiratory frequency 
response of the animal to a change in the inspired oxygen or carbon 
dioxide mixture depended upon the initial frequency-ventilation 
relation. Physiological dead space in the dog breathing room air was 
related not only to the tidal volume but increased to a maximum for any 
given tidal volume when the dog changed from a low respiratory 
frequency to a frequency greater than SO-60 breaths per minute. 

(Supported by the Defence Research Board of Canada and the Ontario 
Heart Foundation) 

THE RELATIONSHIP BETWEEN LEFT ATRIAL PRESSURE AND PLASMA ABH LEVELS IN 
THE DGG. J. A. Johnson*, W. W. Moore and W. E. Segar*. Depts. of 
Physiol. and Peds., Ind. Univ. Med. Ctr., Indianapolis, Ind, 

Acute studies were conducted on thirteen pentobarbital-anesthetized 
dogs to determine the effect of small changes in left atria1 pressure 
(LAP) on plasma ADH levels. LAP was increased by inflating a balloon 
inserted into the left atria1 appendage three hours after completion 
of surgery. Peripheral arterial plasma ADH concentrations were deter- 
mined by bioassay in the ethanol-anesthetized rat after extraction 
and concentration of the hormone. No significant changes in Posm, 
Ccr, Cpah, Cosm, or mean arterial blood pressure were observed 
following balloon inflation. The plasma ADH level (% control) de- 
creased linearly (b = -5.46 + 1.09) with increasing LAP between zero 
and 7 cm of H30. As the plasma ADH levels decreased significant in- 
creases (% control) in urine volume and CH30 and a decrease (% control) 
in Uosm/Posm were observed. These findings lend strong support to the 
concept that the left atria1 Ovolume-sensitiveV stretch receptors 
play a substantial functional role in the regulation of ADH secretion 
and the control of water balance. 
(Supported by USPHS Grants HE-10401, H 6308, and GM 29,993-02). 
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A Study of the Development of Fatigue and Pain in Working, 
Ischemic Muscles of the Human Forearm. D.S. Jones and J.M. 
Colletti (intr. by A.C. Higginbotham) Loyola U., Chicago 
and W. Va. University. 

The ischemia was produced by a sphygmomanometer on the 
arm inflated to a pressure of 240 mm of mercury. Work was 
performed by squeezing an ergometer once persecond and was 
recorded with an ink writing Grass polygraph. It was con- 
sidered to be the beginning of fatigue when the person 
could no longer displace the ink writer 2 cm against a 
standard resistance. Complete fatigue was the inability 
to move the ink-writer. Each of one hundred persons 
tested worked until completely fatigued or until pain was 
severe. Each person was tested without vascular compres- 
sion, with compression immediately before work, and with 
compression seven minutes before work began. Beginning 
fatigue in the normal developed in about two minutes, avercI 
age, with a range between 18 and 620 seconds. Fatigue 
with compression developed in about 40 seconds, average, 
with a range between 7 and 100 seconds. Pain in the is- 
chemic muscle developed in about one minute, average, with 
a range between 30 and 123 seconds. Pain almost always 
followed fatigue. The most interesting aspect was that 
nine of the hundred individuals progressed to complete 
fatigue with no pain. Vascular compression seven minutes 
prior to working caused no significant difference in the 
occurrence of fatigue or pain. 

EFFECTS OF VMH LESIONS IN NEWBORN GUINEA PIGS, 
Eu-i,M. Knigge, 

Shirley A, Joseph* and 
Univ. of Rochester School of Med., Rochester, Gw 

Lesions were placed in the ventromedial nucleus of the hypothala- 
mus (VMH) in both male and female guinea pigs at 1-2 days of age and 
the animals sacrificed between the 72nd and 75th post-operative day, 
No significant deficit in the rate of growth or differences in body 
weight were observed in the lesioned pigs, when compared to controls, 
Organ weights and histology of pituitary, thyroid and testes were 
unaffected by VMH lesions, The pituitary-adrenal response to ether 
stress of the lesioned males, as measured by plasma cortisol levels, 
was significantly greater than that of controls, This finding may 
suggest that VMH normally participates in a dampening or restraining 
action on acute AC’IH release. On the basis of ovarian histology, 
control female pigs had ovulated at least once by the 75th day, The 
ovaries of lesioned females were however devoid of corpora lutea and 
exhibited a notable shift in follicular population; the ovaries 
contained vesicular follicles normally seen prior to the ovulating 
surge of LH release. From these observations it is suggested that 
early VMH destruction in the guinea pig may either impair the 
maturation or produce a permanent deficit in the neural mechanism 
for release of the pituitary LH associated with ovulation. 
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SENSITIVITY OF SPIKE OVERSHOOT IN APLYSIA GIANT NEURONS TO TETRODO- 
TOXIN, COBALT, AND TEA. 
Theodore Enns). 

Douglas JGand Donald Geduldiq (intr. by 
Scripps Institution of Oceanography, U.C.S.D., La 

Jolla, Calif. 
Action potentials evoked by direct intracellular stimulation were 

studied in the exposed giant (R2) cell in the visceral ganglion of 
Aplysia californica. The spike overshoot was reduced about the same 
amount (20 mV) by application of 3 x 10-5 M tetrodotoxin (TTX) as by 
complete replacement of external sodium with tris or sucrose. (In the 
"Na-free" or "Ca-free" solutions tested, all other ions were present 
in normal concentrations.) In Na-free solution, 3 x 10-5 M TTX did 
not significantly affect the reduced spike, which has been shown to 
depend on calcium. In Ca-free solution, however, 3 x IO-5 M TTX 
reduced the spike to a small transient depolarization. These results 
indicate that TTX blocks only the Na+ component of the spike. Appli- 
cation of 30 mM CoC12 in normal saline caused little or no reduction 
in overshoot, as was the case with complete replacement of external 
Ca* Cobalt had no effect on the spike in Ca-free solution, which 
is known to be Na-dependent. However, 30 mM CoC12 applied in Na-free 
solution resulted in complete blockage. 
only the Ca* 

Apparently, cobalt blocks 
component of the spike. 

interfere with the Na+ and Ca* 
The ability to selectively 

components of the spike suggests that 
these ions may pass through functionally separate channels in the 
membrane. In 4/5 x normal Na and in Na-free solution, 100 mM TEA 
prolonged the spike up to 200 msec, but had very little effect on 
overshoot. The effects of all agents tested were reversible upon 
washing with normal saline. 

Supported by grants from AFOSR and USPHS to S. Hagiwara 

GUANINE NUSLEOTIDE PROTECTION AGAINST ISOPROTERENOL TOXICITY. 
John Kabal and E. R. Ramey. Department of Physiology and Biophy- 
sics, Georgetown Medical Center, Washington, D.C. 

Isoproterenol (40 mg/Kg S.C.) produces cardiac edema in rats. 
The Cardiac index (heart weight/gm body weight) is elevated from 
362 - 18 in controls to 526 * 29 in drug treated rats. Seven 
days pretreatment with 15 mg/Kg guanylic acid daily significantly 
reduced the damaging effect of Isoproterenol on the myocardium 
(cardiac index was 465 l 21). Adenylic acid did not have this 

protective effect. Bilateral tourniquet application results in 
100% mortality with a survival time to 3.2 f 0.6 hrs. Pretreat- 
ment with guanylic acid plus Isoproterenol and tourniquet extend- 
ed survival to 5.8 f 0.9 hrs, Adenylic acid had no effect. It 
is suggested that guanine nucleotides play a role in maintaining 
homeostasis during a stress. They may be released normally from 
involuting lymphatic tissues resulting from the stress induced 
cortical steroid production. It has been shown that there is in- 
creased nucleotide synthesis in the liver during a stress and that 
blood levels of nucleotides are elevated. Previous work from this 
laboratory has also shown that guanine nucleotides act to maintain 
liver glycogen and blood NEFA levels at non-stressed levels even 
when exogenous adrenaline is administered. It is possible that 
the mechanism of this action is related to increased RNA and pr* 
tein synthesis due to increased guanine nucleotides. 
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CYCLIC CHANGES IN THE INTRACELLULAR REDOX STATE IN THE TURTLE HEART. 
K.J. Kako and M. Chapman*. Department of Physiology, University of 
Ottawa, Ottawa, Ontario, Canada. 

A minute change in the phosphate potential that is produced by the 
contractile activity of the heart muscle results in changes in the re- 
dox state of NAD in the cell compartments. The free (NAD+)/(NADH) ra- 
tios of cytoplasma and mitochondria were determined by the fluorome- 
tric assays of several pairs of metabolites of the NAD-linked dehydro- 
genase systems. The tissue extract was prepared from the heart of 
turtles, chrysemys picta, frozen in situ during various phases of the 
cardiac cycle. The ratio of the total (NAD+)/(NADH) changed cyclical- 
ly, showing its peak at the R wave (ECG) and its lowest value at 
around 0.6 set after the R(cardiac cycle=2 set). The cytoplasmic 
(NAD+)/(NADH), as indicated by the (pyruvate)/(lactate) ratio, was out 
of phase by 180-270 degrees, compared to the above change. The change 
in the ratio, (dihydroxyacetone phosphate(P))/(glycerol-1-P) was also 
180 degrees out of phase. A similar but less marked cycle, out of 
phase 90-180 degrees in comparison to the (NAD+)/(NADH) cycle, existed 
with regard to the levels of malate, glucose-6-P and ATP, and the ra- 
tios (glutamate)/(oxoglutarate) and (ATP) (creatine)/(ADP) (creatine P). 
In contrast, no noticeable difference was observed in the ratio 
(NADP+)/(NADPH) and in the level of ADP and AMP among the samples ta- 
ken at various points of the cardiac cycle. The results of this study 
indicate that the redox potential of the myocardium fluctuates cycli- 
tally together with the contractile activity and that the redox states 
in the cytoplasmic and mitochondrial spaces do not necessarily move 
in parallel during the cardiac cycle. 
Supported by the MRC, Ontario Heart and J.P. Bickell Foundations. 

m EFFECT OFPROTEOLYTIC ENzpMEsA.!'!DSOME PROTEINDEXATURINGAGE~ 

OliMyOSl3S OF I’IORMALAIVD DYSTROPHIC EXPEXIMENTAL ANIMALS.1 G. Kaldor* 
L. ICuo* and M. DiGiovanni*. Dept. of Physiology & Biophysics, Waan's) 
-011. of Pa., miladelphia, Pa. 

masin A and myosin B extracted from chickens afflicted with gene- 
tically controlled muscular dystrophy and also from rats two weeks af- 
ter the dissection of the ischiadic nerve were investigated. The num- 
ber of peptide bonds hydrolyzed in the neutral pH range by trypsin, 
pronase and carboxypeptidase A was studied by p&stat measurements. 
!Phe results showed no significant difference between the dystrophic 
myosins and their normal controls. 1M urea increased, 3004O$ ethy- 
lene glycol decreased the speed of msin digestion with dystrophic 
and normal myosins almost equally. Super-precipitation was studied by 
the turbidity increase method. Five out of seven dystrophic chicken 
myosin B preparations and the two myofibrillar suspensions studied 
showed a slower and smaller turbidity increase than their respective 
controls under otherwise identical conditions. Forty percent of+$he 
ra$+myosin B preparations investigated gave similar results. Mg and 
Ca gave qualitatively similar effects with both myosin B-s. Inter- 
action inhibitors like EDTA, polyethylene sulphonate and also low con- 
centrations of urea exerted similar depressing effects on the super- 
precipitation of both normal and dystrophic myosin B. 

1 Supported by NIH Grant NB-06517 
2 NIH Research Career Awardee l-K3-HE+33 
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POTASSIUM EXCRETION BY TOAD BLADDER IN VIVO. F.T. Kallus* and John C. m- 
Vanatta. Univ. Tex. Southwestern Med. Sch., Dallas, Texas. 

Leaf (J. Gen. Physiol., 41:661, 1958) reported urine K concentra- 
tions greater than plasma K concentrations in Bufo marinus. Studies 
to determine the role of the bladder in this concentration of K have 
been undertaken. In vivo studies of toads subjected to a KC1 load -- 
sufficient to yield plasma K levels of 4.5 meq/l or greater have been 
done by isolating the bladder surgically in 1 of 3 basic techniques: 
ligating a portion of the bladder to create a blind sac; creating a 
blind sac with an indwelling catheter; or suturing the bladder orifice 
creating a closed bladder. Measured volumes of regular Ringer's solu- 
tion (3.0 meq/l K) were instilled into the bladder preparation after 
prior rinsing and emptying. Samples were taken after 24 to 120 hr and 
K concentrations determined. In 36 experiments, the range of final 
concentrations was 0.9 to 62.2 meq/l. Only 2 samples were below 3.0 
meq/l, and 10 were above 12.0 meq/l. These concentrations could not 
be explained by observed volume changes. Subsequently 12 experiments 
using Cl4- inulin to evaluate water movements were done. All 12 showed 
K concentration increases greater than could be explained by water 
movements. Six of these showed K concentrations in the bladder sample 
to be higher than plasma K concentration at the time of sampling. 
Whether this K concentration is due to Na-K exchange or a primary K 
pump is not apparent at this time. Preliminary data indicate that it 
is dependent on the presence of Na in the bladder lumen. (Supported 
by PHS grant HE-01574-13 and GM-34 243-01.) 

EVALUATION OF MYOCARDIAL FUNCTION IN ATRIAL FIBRILLATION. 
M. H. Keelan*, J. T. Botticelli* and R. L. Lange, Dept. of Med., Mar- 
quette Univ. Sch. of Med., Milwaukee, Wise. 

The irregular rhythm of atria1 fibrillation (AF) precludes steady 
state observation of rate of tension or pressure generation, duration of 
contraction and heterometric response. The arterial pressure in AF con- 
stantly displays left ventricular output as diastolic filling and aortic 
diastolic pressure is varied. If the increase in stroke volume (and 
pulse pressure) with prolongation of previous R-R interval implies nor- 
mal left ventricular function as in AF due to valvular heart disease 
(VHD-AF), then primary myocardial dysfunction (PMD-AF) may be deduced 
from a reduced augmentation of stroke volume as R-R interval is in- 
creased. Two variables were plotted against the previous R-R interval: 
1) pulse pressure (PP); 2) systolic pressure change from previous sys- 
tolic pressure (ASP). The latter is a function of the previous pres- 
sure generation, rate of diastolic pressure drop and PP. Aortic femor- 
al or brachial artery pulses (20 to 50) were examined consecutively dur- 
ing prolonged expiratory pauses in 11 patients with VHD-AF and eight pa- 
tients with PMD-AF, diagnosed by cardiac catheterization, surgery or ne- 
cropsy. The mean regression of PP with R-R interval (0.5 to 1.2 sec.) 
was +54.4 mm Hg/sec. in VHD-AF but was significantly lower in PMD-AF (+ 
27.1), p < 0.01, inferring reduced heterometric response. With R-R in- 
tervals from 0.5 to 1.2 sec., regressionASP was +26.8 mm Hg/sec. in 
VHD-AF. In striking contrast, regression QSP became negative with in- 
creasing R-R interval in PMD-AF. The meanaSP regression in PMD-AF was 
-3.8 mm Hg/sec., p < 0.001, because ventricular ejection was inadequate 
to overcome the lower diastolic pressure of long diastole. Heart rate, 
cardiac output and peripheral vascular resistance were similar in both 
groups. We suggest that this analysis allows evaluation of myocardial 
function in AF when other methods are not applicable. 
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PRODUCTION OF ANTIBODIES AGAINST ERYTHROPOIETIN. G. Keighley, P.H. Lowy: 
J.C. McCune’, N.S. MagnusonO, M. Rouklove', M.G. KeighleyO, and B.C. 
SandersO. California Institute of Technology, Pasadena, Calif. - 

Antibodies against human urinary erythropoietin can be produced in 
rabbits (J.C. Schooley and J.F. Garcia, Proc. Exp. Biol. Med. 109, 325. 
1962) but many of the injected rabbits produce no detectable antibody. 
Precipitin tests are unreliable, antibodies have to be detected by in- 
hibition of exogenous erythropoietin or suppression of erythropoiesis. 
As these tests take several days it is difficult to bleed an animal at 
the right time. We sought an indirect but quick way of deciding which 
few of the many rabbits injected are producing antibodies. We have in- 
jected initially 150-300 units of erythropoietin, S.Q. with Freund's 
complete adjuvant in 5 doses on alternate days, and at intervals of 4- 
5 weeks 50 unit boosters I.V. in 4 doses. While injecting and after we 
make daily reticulocyte counts. The normal range is 1.0-2.52. A count 
less than 1.0% in a rabbit is a reliable sign that it is producing 
antibodies. Out of 25 sets of initial or booster injections, in 18, 
reticulocyte counts were normal with no antibody detected, in 6 counts 
were low and antibody was high. In only one case was there a normal 
count with antibody production (the count fell 3 days later). The he- 
matocrit is not a reliable indicator. It is possible to maintain pro- 
ductive rabbits and bleed them repeatedly. At times such rabbits may 
develop high (5% or over) reticulocyte counts and the antibody titre 
drops. It may be that the rabbits' erythropoietin cross reacts to the 
antibody and the incipient anemia initiates a wave of erythropoietin 
production. We are investigating this and other possibilities. Anti- 
bodies produced are of the yG variety. Supported by PHS HE 07683 and 
AEC AT(O4-3)-642. 

MYO-ELECTRIC POTENTIALS OF THE STOMACH. Keith A. Kellv and Charles F. 
Code. Mayo Clinic and Mayo Foundation, Rochester, Minnesota, 

The objective of this experiment was to define the patterns of elec- 
tric activity in the smooth muscle of the stomach by simultaneously 
recording from sites over the entire organ during fasting, feeding, 
distention with a balloon, and stimulation by insulin hypoglycemia in 
healthy, unanesthetized dogs. Eight detecting electrodes were implant- 
ed on the anterior serosal surface of the stomach of 6 dogs at regular 
intervals from the fundue to the pylorus. With the animals lying 
quietly, recordings were made 2 weeks after operation and periodically 
during 3 or more months. Simultaneous intraluminal pressure deter- 
minations and cinefluorographic observations also were sometimes 
accomplished. A regular, rhythmic, triphasic, electric complex (BER) 
originated in the orad corpus and was propagated from there to the 
pylorus. Velocity of propagation and amplitude increased as the elec- 
tric wave approached the pylorus. A burst of spike or action poten- 
tials was superimposed on the BER when contractions were recorded. In 
fasting animals, the mean frequency of the BER was y.k/min. The 
frequency decreased after meals of water and after balloon distention 
but remained the same after fatty meals and after insulin hypoglycemia. 
Propagation of the BER between corporeal electrodes during fasting 
required 7.6 set (mean). This period lengthened after distention and 
meals of water and fat, but shortened after insulin hypoglycemia. The 
mean ratio of spikes to BER for fasting animals was 0.32. This ratio 
increased after hydrous meals, distention, and insulin hypoglycemia, 
but was smaller after fatty meals. (Supported in part by NXH Grant 
m-2015.) 
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PRESSURE-INDUCED HOMEOMETRIC AUTOREGULATION OF THE HYPOTHERMIC HEART. 
Kenneth M, Kent,* E.C. Peirce II, W.E. Goetter,* and S.H. Sinclair.* 
Depts. of Physiology and Surgery, &ory Univ. Sch. Med., Atlanta, Ga. 

Cardiac deterioration of large non-hibernating mammals in hypother- 
mia is well documented. To elucidate this deterioration, the control 
mechanisms of the hypothermic heart have been studied. Small increases 
in heart rate, by pacing, improve ventricular function in hypothermia 
(S.H.Sinclair, E.C.Peirce II, K.M. Kent. Fed. Proc. 26:664,1967), sug- 
gesting that rate-induced homeometric autoregulation persists at low 
temperatures. To further investigate the autoregulatory phenomena, 
cardiovascular studies have been carried out in 20 intact closed-chest 
dogs at average body temperatures ranging from 25 to 150C. Uniform 
cooling was accomplished by a combined immersion and perfusion techni- 
que. A partial veno-arterial bypass with a membrane lung and a heat 
exchanger was used for perfusion cooling. A water spray was used for 
surface cooling. The arterial pumps for the perfusion circuit were 
operated as pressure-controlled servo systems and the arterial pressure 
and carotid sinus pressure of the animal were controlled independently. 
Aortic flow was measured with a chronically implanted aortic flow probe. 
The function of the heart was evaluated by ventricular function curves 
at different afterloads. Increases in aortic pressure shift the ven- 
tricular function curves of hypothermic hearts to the left. The con- 
trol of cardiac function is generally considered to be a balance be- 
tween neural, hormonal, and autoregulatory. It is postulated that the 
reduction of neural and hormonal control of the heart in hypothermia 
increases the importance of the autoregulatory control. The persis- 
tance of the autoregulation of the hypothermic heart allows the use of 
left ventricular outflow resistance to improve cardiac function. 

DEPENDENCE OF AMNESTIC EFFECTS UPON LOCUS OF ELECTROCONVULSIVE STIMU- 
LATION. Raymond P. Kesner* and Robert W. Doty, Center for Brain Re- 
search, University of Rochester, Rochester, New York. 

Cats were trained for several days to enter a small compartment for 
food. They then received a punishing 1O-mA mouth-shock while eating 
in the compartment. All 10 cats used as controls showed great hesita- 
tion and increased latency for entering the compartment when tested 24 
hr subsequent to such punishment. Through electrodes implanted over 
temporal cortex 6 other cats were subjected to tonic-clonic convulsions 
within 4 set after punishment. None showed hesitation nor change in 
latency for entering the compartment 24 hr later. Convulsions per se, 
however, are insufficient to produce amnesia for the punishment, since 
all cats subJected to tonic-clonic seizures initiated from stimulation 
of frontal cortex (4 cats), or clonic seizures following mesencephalic 
stimulation (3 cats), had the same hesitancy and increase in latency 
as did control animals. On the other hand, amnesia was produced if 
within 4 set after punishment electrical seizure activity, recorded in 
the limbic system, was initiated by stimulation of dorsal hippocampus 
(8 of 12 cats) or amygdala (4 of 4 cats); but not if initiated from 
septum (4 of 4 cats) or ventral hippocampus (3 of 3 cats), The elec- 
trical seizure activity in the limbic system was in all cases accom- 
panied by various behavioral signs, but never by motor convulsions. 
Present interpretation is that near normal function in amygdala and 
perhaps dorsal hippocampus is necessary for fixation of an aversive 
experience and that seizure activity must engage these areas fully to 
produce amnesia of punishment. (Supported by USPHS Grants NB 5395 and 
NB 03606.) 
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SEPARATION OF LABELLED PROTEIN AND PEPTIDE COMPONENTS IN MOTOR AXONS 
FGLLGWING INTRACORD INJECTION OF 3H-LEUCINE AND AxOPIASMIC FLOW. 
A, M, Kidwai* and S. Ochs. Dept. of Physiology, Ind. Univ. Med. Ctr., 
Indianapolis, Ind. 

Following injection of 3H-leucine into cat spinal cords near the 
motoneurons supplying the lumbar 7 and sacral 1st roots, radioactivity 
was found in their corresponding ventral roots consistent with an 
axoplasmic flow. The labelled material was identified as soluble 
protein by hydrolysis of the TCA precipitate and paper chromatography 
(Ochs, Johnson and Ng, J. Neurochem. 14: 317, 1967). The same general 
procedure of injection was followed inthe present experiments, 
Ventral roots were homogenized and centrifuged at 100,000 g for 60 
minutes. The supernatant was placed on Sephadex 6100 column. A flow 
rate of 0.2 ml/min was used and 1 ml fractions collected. The 
radioactivity was found to be associated with fractions containing 
protein as shown by the Lowry technique. Ninhydrin color was found 
associated with the protein containing fractions with a later appear- 
ing peak identified as peptide. A small amount of radioactivity was 
found associated with the peptide fractions. This was the case at 
times between injection of precursor and removal of the roots of 
three days or longer. At earlier times there was a relative increase 
in the activity found present in the peptide fractions. There was 
evidence of a downflow of incorporated material as early as 6 hours 
after injection. This is in line with recent studies showing the 
presence in these fibers of a fast axoplasmic flow, at a rate 
estimated to be greater than 100 mm per day (Gchs and Johnson, in 
preparation). 
Supported by NSF GB 4385 and PHS NB 01993-08. 

EFFECT OF a HYDRAZION-HISTIDINE ON THE HISTAMINE FORMING 
CAPACITY OF THE RAT STOMACH. K. S. Kim, (intr. by D. F. Magee). Dept. 
of Pharmacol. George Washington Univ., Washington, D. C. 

Alpha-hydrazino-histidine (aHH, MK-785) has been shown to inhibit fetal 
specific histidine decarboxylase in vitro and to reduce tissue histamine content 
and urinary histamine excretion in vivo in rats (Levine et al. Biochem. Pharmacol. 
141139, 1965). I n view of the possible relationship between histamine and gastric 
acid secretion, effects of aHH on the histamine forming capacity of the rat 
stomach (RS-HFC) were studied. Contrary to one’s expectation, aHH (100 mg/Kg 
i.p.) increased RS-HFC approximately 5 times over that of the control (saline Lp. 
in fasting mts (2 l/2 hr. after treatment). Increased RS-HFC induced by refeeding 
was not affected by aHH treatment. Increased RS-HFC induced by insulin (5 U/Kg 
i.p.) was only slightly reduced by aHH administration. These findings suggest 
that gastric histidine decarboxylase is not inhibited by aHH (100 mg/Kg). This 
dose of aHH was shown by Levine et al. to decrease histamine content of the 
stomach and urinary histamine excretion. Further work is required to resolve this 
discrepancy . aHH also decreased gastric emptying time judging by the gastric 
content after similar food intake. Rats treated with aHH became very sensitive to 
insulin, showing prompt hypoglycemic symptoms and died often without convulsions 
if glucose was withheld. (Supported by USPHS Grant 1 PO1 GM 13749). 
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SEQUENCE OF PULMONARY FUNCTIONAL CHANGES AFTER GRADUAL PROLONGED HEMORR- 
HAGE . S.I. Kim*, J.M. Desai* and W.C. Shoemaker, Dept. of Surg. Re- 
search, Hektoen Institute, Cook County Hospital, Chicago, Illinois. 

Sequential changes in arterial (Pa02) and venous (PvO2) oxygen ten- 
sion, $02 tension (PaCO2 and P&02), Arterial and Venous pH, 02 consump- 
tion (VO2) and pulmonary shunting (Qs) were observed on the same series 
of unanesthetized dogs with the protocol and definition of stages dur- 
ing prolonged hemorrhagic shock described in the companion abstract. 
The pulmonary changes were measured on a background of hemodynamic meas- 
urements . The data expressed as mean and S.E. are: 

Stage A B C D E F 
Pa02 73.0+3.4 77.7+4.6 74.3+4.6 64.4+6.2 58.2+19.7 450+21.@ 
m2 40.7r2.0 26.2V.6 35.2T4.2 26.6n.8 27.6Ti.4 52.OFlO.l? 
PaCO2 35.8T2.6 26.8T3.4 31.5T4.6 25.3T4.7 22.OTl.5 28.OT5.2 
PVC02 41.5T2.7 36.2T3.0 39.1T5.7 32.1T4.7 29.7T5.2 67.178.2 
Art .pH 7.41T.02 7.22T.02 7.29T.04 7.26T.06 7.3OT.04 6.99T.08 
Ven . pH 7.35T.02 7.13T.04 7.2OT.03 7.29T.06 7.26T.04 6.85T.07 

vo2 162+13 135151118 212T32 265T42 158T23 82+24 
02Ext.Ratio 2374 83T7 35T7 42+6 32+9 18T3 
Qs (%co) 1674 12+3 32+6 2 28-5 26T5 32T7 
* on 100% 02 ventzlation - 

- - 

After an initial increase in 902, there was gradual decrease; the 
latter was associated with increased CO and low SVR, suggesting peri- 
pheral A-V shunting in the late stages. High PVR was associated with 
low pH and not with high PC02. Pulmonary shunting increased markedly 
in the late stages of half of the experiments. There was also gradual 
decrease in Pa02 in stage D and E despite hyperventilation and low 
PaCO2. During hemorrhage, sighing frequency increased greater than % 
increase of respiratory rate. The increase of sighing was associated 
with low venous pH and PvO2, but not PCO2. 

INTERRELATIONSHIPS BETWEEN RIGHT VENTRICULAR VOLUMES, HEART RATE, 
STROKE VOLUME, CARDIAC OUTPUT, HEART WEIGHT, BODY WEIGHT, BODY SURFACE 
AND METABOLIC RATE IN MAMMALS. H. Kiness, E. A. Rhode% and J. P. Holt. 
Heart Research Lab., Dept. Med.,' Univ. of Louisville, and Univ. of 
Calif., Sch. of Vet. Med., Davis, Calif. 

Heart rate, R, cardiac output, CO, heart weight, HW, and body weight 
BW, were determined and right ventricular end-diastolic, EDV, end- 
systolic, ESV, and stroke volume, S, measured by the indicator-dilution 
technique in the control state in anesthetized swine, dogs, horses and 
cattle; and S, R, CO, HW and BW were measured in rabbits. Body sur- 
face, BS, and metabolic rate, MR, were calculated from BW. HW, ex- 
pressed as percent of body weight, varied from 0.19 (rabbit) to 0.83 
(dog), and the relationships between the various cardiovascular parame- 
ters to HW showed less scatter than the relationships to BW. In-the 
following relationshi s the correlation coefficient- r was better than 
0.96: S = 0.22 HW"*gg; R = 379 HW-0.27; CO = 158 B$eQ1 = 84 HWo.72; 
co = 1.6 MR1e08; EDV = 0.88 HW"*gl. The relationship between ESV and 
EDV was described by the equation: ESV = 0.57 EDV, with one standard 
error of the slope of +, 4%. BW is in kg; MR is in Kcal/day; other 
dimensions are ml, gm, ml/min, and beats/min. Our results in mammals 
varying 364 fold in BW were in good agreement with data from the lit- 
erature relating HW and R to BW over a much larger range of mammals. 
From the data in the literature and the results of our studies it is 
suggested that for all mammals the relationships of the following 
cardiovascular parameters to body weight are described b 
equations: MR = 70 BW"*75, HW = 4.4 BW1ao, S = 1.1 BW 1 i; the l 

R= 203 BW-OD~~, CO = 223 BWOO~~, EDV = 2.3 BW1*O, ESV = ;.2 BWl.0, 
(Supported in part by USPHS Grants #HE5622, #2075, and the Kentucky, 

Louisville and Jefferson County Heart Assns.) 
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CHRONIC MONITORING OF CHANGES IN MYOCARDlAL FORCE-VELOCITY 
RELATIONSHIPS IN AWAKE DOGS. Rose M. King* and Eleanor Ison-Franklin, 
College of Medicine, Howard University, Washington, D. C. 

Semi-continuous observations were made on the simultaneous changes in aortic 
and ventricular pressures, heart rate, left ventricular circumference (LVC) and 
left ventricular force-velocity (FV) relations in 16 normal, awake dogs. Aver- 
age heart rates (105 + 30) and mean aortic pressures (92.4 + 17.5 mmHg) were 
similar to those reporied for trained dogs. Changes in FV relations of the ven- 
tricular myocardium were measured by determining the initial velocity of short- 
ening of the LVC during ejection and the simultaneous left ventricular pressure - 
as an index of myocardiaI force. According to criteria already established for 
changes in FV relations, predictable responses to steady-state infusions of known 
inotropic (nor-epinephrine or NE, isoproterenol) and pressor (methoxamine HCI, 
angiotensin) drugs were observed (Hefner et al, Circ. Res. 11~654, 1962; Fry et 
al, Circ. Res. 14: 73, 1964; Sonnenblick, Circ. Res. 16: 441, 1965; Glick et 
al, J. Clin. Invest. 44: 978, 1965). Shifts in the FV relations in response to 
NE, isoproterenol and methoxamine were found to agree with those reported by 
others using cinefluorographic and dilution techniques. FV responses to angio- 
tensin indicate that this substance has no apparent inotropic effect upon the heart. 
Experiments of this type provide the opportunity to study progressive adjustments 
in cardiac performance during the course of long term effects of experimental 
interventions. (Supported in part by NHI grant #H-01015-14 and in part by NIH 
GRS grant #FR5361-05) 

CAPILLARY DENSITY: EFFECT ON EXTRACTION OF POTASSIUM - 42 (K4*) FROM 
CORONARY BLOOD. Edward S. Kirk (intr. by J. S. Willis). Department -- 
of Physiology and Biophysics, University of Illinois, Urbana, Illinois. 

The role of changing numbers of open capillaries has been well 
established for skeletal muscle, both by functional and histological 
criteria. This report presents similar evidence for myocardial 
capillaries. In anesthetized dogs variations in K4* extraction by the 
coronary circulation perfused at constant flow was used to indicate 
changes in the functional capillary bed. Vasoconstriction caused by 
coronary arterial injections of vasopressin reduced K4* extraction 
while vasodilation caused by hypoxia or by injections 

42 
of itroglycerine 

or papaverine increased K extraction. The fact that K 49 extraction 
by the heart can be altered with coronary flow held constant casts 
serious doubts on measurements of coronary blood flow based on the 
myocardial clearance 

49 
f rubidium isotopes. These changes in blood- 

tissue exchange of K probably correspond to changes in the number of 
open capillaries which are caused by opening and closing of 
precapillary sphincters. This interpretation is supported by counts 
of stained red blood cells in sections of rat myocardium. Hearts 
removed and rapidly fixed immediately after injecting vasopressin 
showed a decreased number of red blood cells in the terminal 
vasculature compared to controls. Hypoxia and nitroglycerine caused 
increases. A picture of a dynamic coronary microcirculation is 
suggested in which the number of open capillaries varies in response 
to the same stimuli which modify resistance to flow. (Supported by 
NIH Grants HE-08658 and HE-10788) 
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DESCRIPTION AND EVALUATION OF AN ON-LINE OXYGEN UPTAKE COMPUTER. 
Abbott T. Kissen and Donald W. McGuire3 Biomed. Lab., Aerospace Med. 
Res. Labs., AMD, AFSC, Wright-Patterson AFB, Ohio. 

Research programs conducted at our laboratory evoke variable degrees 
of test subject isolation relative to monitoring equipment and person- 
nel. Difficulties pertaining to test subject accessibility generally 
preclude determinations of oxygen uptake by conventional techniques. 
These circumstances have stimulated efforts leading to the development 
of the OCC-2500, an on-line, remotely monitored oxygen uptake computer. 
The OCC-2500 is an electronic instrument which includes a mask-sensor 
assembly and a special purpose analog computer. Intended for the 
analysis of respiratory gases in human subjects, the device produces a 
real-time analog voltage proportionalto the oxygen uptake in one min- 
ute or other time periods as determined by the operator. It utilizes 
two pO2 polarographic sensors (to obtain the ambient-exhaled air pO2 
differential) and a mass gas flowmeter. For the evaluation study de- 
scribed, the mask-sensor assembly was modified so that the output of 
the OCC-2500 computer was synchronous with the collection of expired 
air samples in a gasometer. Samples drawn from the gasometer were an- 
alyzed by gas chromatography. Appropriate statistical correlation 
analysis procedures were then applied to the OCC-2500 computer output 
and date derived from the conventional oxygen consumption determination 
technique. Oxygen uptake values (200-3200 cc/min) obtained from 15 
subjects (297 observations) during rest and exercise, produced a sample 
correlation coefficient of 0.998. Subject mobility is virtually un- 
restrained since the only attachments to monitoring equipment consists 
of electrical leads. Personnel support requirements are significantly 
reduced. The compactness of the sensor package and recently demon- 
strated signal telemetry feasibility permit its application in unusual 
experimental situations such as pressure suit and underwater studies. 

pulmonaryByl#rtsnsionsnd~ftVantricularAtrophyinDogs uithspon- 
tamoIl Cor Pullnonale. D.H. Kni t (ix&r. by D.K. Detmiler). Compara. 
Cardiwasc. Studies Unit, &ed., Univ. Penn., Phila Pa 

Pathological reports of biventricular hypetirophy in hu& p&&s 
with various forms of car pulmnale have challenged the traditional 
concept of isolated right ventricular (HP) hypertrophy In response to 
pulmonary hypertension. Chronic heartworm infestation produces severe 
obstructive pulmonary endarteritis (OPE) in the dog leading to pul- 
monary hypertension, RV hypertrophy and eventually right-sided uon- 
gestive heart failure (R-CRF). Four dogs with various degrees of OPE 
but not in R-CHF were eloercised on a horizontal treadmill. Left atrial 
pressure was measured in 3 dogs and did not change remarkably. Emrcitre 
was accompanied b the greatest increase in pulmonary arterial pressure 
(?AP) in the dogs with the highest PAP at rest. In one, the PAP robe 
fropo 30 to 75 mm Hg during exercise sufficient to induce a j-fold in- 
crease in pulmonary blood flow (dye dilution technique), Other dogs in 
R-CRF had PAP% of 60-80 mu Hg under anesthesia. From gross morphologic 
studies of 21 dogs in various clinical stages of infestation, the left 
ventricles (LV) were on the average lighter (P < 0.001) and In 6 cases 
fell below the 95% standard emor of estimate limits for the relation- 
ship of LV weight to body weight in 299 normal dogs. Five of the 6 were 
in clinical R-CRF. These findings suggest that in this disease in- 
creased pulmonary vascular resistance becomes an important factor lim- 
iting the increase in RV output during exezcise and in the most hyper- 
tensive cases even preventing the RV from consistently 8uataining a 
normal output at rest. The LV output is diminished correspondingly, 
thereby reducing its customary workload. The observation of LV atrophy 
in the more severely affected dogs further supports this concept. 
(NIH Grants HE-4885 & 22,808) 
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DYNAMIC PROPERTIES OF BARNACLE MUSCLE FIBERS DURING SINUSOIDAL STRETCH 
M, Kobayashi* and G, Hoyle. Dept. of Biology, Univ. of Oregon, Eugene, 

The viscosity and elasticity of single giant muscle fibers of the 
barnacle, g. nubilus, were studied by recording the length-tension and 
the velocity-s figures simultaneously during sinusoidal stretch- 
ing, In contrast with fast frog muscles the barnacle fibers show grad- 
ed contractions, not all-or-nothing ones, The work done by the muscle 
fiber, which is represented by the area of the length-tension figure, 
could be gradually increased by increasing either frequency or voltage 
of stimulation at constant pulse duration. When the duration was 
increased the work rose steeply and reached a plateau at about 3 msec. 
No further work was done even at stimulus durations beyond 10 msec, 
which gave rise to further increase in the maximum tension. Viscous 
and elastic resistance of the muscle changed nearly exactly in parallel 
at durations up to 10 msec, but only elastic resistance increased 
beyond that duration, The effect of stretch frequencies of 0.1-10 c/s 
on the muscle properties was considerably different between passive and 
tetanized muscles, With passive muscle, both viscous and elastic 
resistance increased remarkably at the higher frequencies. In tetan- 
ized muscle, however, there were no significant changes in elasticity 
and viscosity with increasing frequency of stretch. These results 
suggest that the passive muscle fiber is partially activated by 
stretch. Muscle fibers stretched to twice their original length could 
still contract vigorously, At this length the elastic resistance 
increased much more than the viscous resistance, so that the phase 
difference between length and tension became smaller. This could be 
explained by an effectively long series elastic component within the 
sarcomeres which changes with stimulation, Supported by PHS 
NB 03819-05 to G. Hoyle, 

ESTIMATION OF EXTRACELLULAR FLUID VOLUME BY USE OF SUCROSE IN PIG- 
TAILED MONKEYS. A. M. Kodamast, N. Pace and R. S. Gilfillanfs, 
Department of Physiology, Univerw California, Berkeley. 

A study was undertaken to determine the feasibility of using the 
distribution volume of sucrose following intravenous injection of a 
single dose of sucrose-C14 as a measure of extracellular fluid volume 
in the pig-tailed monkey ~Macaccz nemestrina). A problem associated 
with the use of sucrose to estimate the extracellular fluid compart- 
ment is its rapid excretion from the animal by way of the kidneys, 
and the positive identification of this loss component in the plasma 
disappearance curve of injected sucrose. It has been possible to 
follow the plasma disappearance and urinary excretion of sucrose-C14 
simultaneously in several monkeys with permanently implanted vascular 
and ureteral catheters. Typically, the plasma disappearance curves 
showed a fast mixing component with half-times of 15-25 minutes and 
a major component with half-times which ranged from 70-155 minutes. 
The urinary excretion curves showed a single component with half- 
times which agreed within 109 o of that found for the major component 
of the corresponding plasma disappearance curves. The results 
indicate that extrapolation of the major component of the plasma 
disappearance curve should provide a reasonable zero time or "equil- 
ibrium" concentration of sucrose for use in the calculation of 
extracellular fluid volume by the usual dilution method. In 6 animals 
the extrapolation of the logarithm of plasma concentrations obtained 
at 1, 2, 3, and 4 hours after injection of sucrose-C14 yielded extra- 
cellular fluid volumes which ranged from 20-25% of body weight. 
(Supported b y NASA Grant NsG-513.) 
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FURTHER STUDIES ON THE DIURETIC ACTIVITY OF THE ANTIDIURETIC HORMONE. 
Jeng L. KramHr, Edward H. Grinnell*, Willard M. Duff* and Thomas E. 
Lydon*. Creighton Medical School, Omaha, Nebraska. 

Studies on the diuretic activity of vasopressin, recently observed 
in the alcoholized rat, has been extended to dogs as the experimental 
animal. Female dogs were used with previously prepared bladder fis- 
tula which permitted direct collection OF urine while eliminating 
surgical stress factors during the experiments. Under Pentobarbital 
anesthesia first a normal solution (dextrose, NaCl and NaHCO3) was 
infused at constant low rate until urine flow became even, then infu- 
sion was changed to normal solution containing Pitressin or synthetic 
arginine-vasopressin. In several experiments these two periods were 
repeatedly alternated. In control experiments periods of similar 
length were compared using only normal solution without vasopressin. 
Significant diuresis was observed during vasopressin periods in 17 of 
21 experiments. The diuresis, as a rule, was accompanied by marked 
increase in the output and concentration of urinary chlorides. In a 
second group of experiments trained dogs were used without anesthesia. 
The results were similar: diuresis was seen in 10 of 12 experiments. 
The previous finding on the alcoholized rat that vasopressin, under 
certain conditions, may cause diuresis as well as antidiuresis, was 
thus confirmed in another species. In addition, anesthesia was 
ruled out as a decisive factor in this phenomenon. (Supported by 
USPHS Grant HE 01151 and by the John Hartford Foundation). 

A HEAT IMPULSE METHOD FOR STUDYING THERMAL PROPERTIES OF SKIN. K.K 2 
Kraning, J.M. Short,* and R.F. Rushmer. University of Washington, 
Department of Physiology and Biophysics, Sch. of Med., Seattle, Wash. 

Studies of cutaneous thermal properties are complicated by reactivi- 
ty of skin to temperature and trauma. Physiologic disturbance can be 
minimized by a measurement technique utilizing transient heating and 
surface temperature measurements. Various solutions of the heat conduc- 
tion equation can be applied to known changes in surface temperature 
(Tb,t)) to determine thermal inertia 01) (thermal conductivity x den- 
sity x heat capacity). We have obtained the solution corresponding to 
an impulse of radiant energy which instantaneously increases the temper- 
ature of a very thin surface layer of a semi-infinite solid. Following 
the impulse, T(o,t) decreases as QfiT, where Q is the energy absorbed. 
While a true impulse cannot be generated experimentally, the solution 
is still valid for a short heat pulse if the time of measurement of 
T(o,t) is sufficiently long. We have used the impulse technique on the 
skin of extremities in normal men. Impulses were generated by a flash- 
bulb mounted behind a camera shutter which limited pulse width. Surface 
temperature was measured with a small thermocouple wrapped around the 
extremity. Thermocouples and skin were blackened while together. Typi- 
cally, the temperature peak reached 6 degrees (dT/dt2300 deg C/set). 
Our results indicate p is uniform in the forearm from 50 msec to 2 sec. 
after the flash. Further, p is not significantly altered by up to 10 
minutes of arterial or venous occlusion or reactive hyperemia. Since 
time of measurement of T(o,t) is indicative of depth to which p is mea- 
sured, the impulse technique for measurements is most useful of the 

and is complementary to the low intensity heating superficial tissues, 
techniques, which are more useful after several seconds of heating. 
(Supported by N.I.H. Grant HTS-5147). 
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EFFECT OF FREQUENCY OF EXPOSURE TO SEVERE COLD ON COLD TOIERANCE. 
M. Kreider (intr. by M. Landowne) US Army Rsch Inst of Env Med, Natick, 
Mass. 

Cold acclimatization in the rat has been customarily produced 
experime.ntally by continuous exposure to 5'C for 4-8 weeks. This study 
was designed to determine if discontinuous exposures to more severe 
cold would influence cold tolerance (C.T.). Clipped white rats of 
250 gm weight were fasted for 10 hrs prior to exposure in air at -1OOC 
(range + 2.5Oc). Rectal temperatures were measured at intervals, more 
frequently as temperature fell below 35OC and animals were removed when 
readings were 32.2% or less. C.T. was measured as the time for rectal 
temperature to fall to 32.2Oc. Thirty-three rats were divided into 3 
groups and exposed as follows: 

Cold Tolerance, minutes (mean + S.E.) 
Exposure Schedule 
'Daily" (9X/12 days) 
"Biweekly"(p/21 days) 
"Weekly" (4X/22 days) 7 255 1 

*p< .Ol; *Number of rats with CA. >8 hrs. 

02 consumption (VO2) was measured at 5-10 min. intervals in 6 addition- 
al rats, and mean peak values showed a progressive rise with repeated 
daily exposure. Conclusions: Discontinuous severe exposure results in 
an increase in C.T. This was most rapid on daily exposure and still 
manifest 1 week after a single exposure. This increase in cold 
tolerance is accompanied by increased IQ as is observed in rats cold 
acclimatized by customary methods. Although piloerection probably 
does not contribute to increased C.T. in this study, other means of 
reducing heat loss cannot be excluded. 

CINEFLUOROGRAPHIC DEMONSTRATION OF NICOTINE ACCELER- 
ATION OF URETERAL PERISTALSIS AND ITS ANTAGONISM BY 
ISOPROTERENOL, A BETA-ADRENERGIC STIMULATOR. 

June Pfautz*, and Saul Boyarsky, Duke Univ. 
Med. Ctr. , my -Hospital Durham, North Carolina. 

Ureteral peristaltic activity demonstrated cinefluorographically 
by a slow infusion, 6 drops/min, of 25% sodium diatrizoate shows a 
frequency of 6-10 contractions per minute. Nicotinic stimulation 
increases this frequency to 30/min whether from inhalation of cigar 
smoke or intravenous injection of 200 mg/kg. The effect lasts up to 
ten minutes in the intact, anesthetized animal and is followed by a 
similar period of fatigue before the normal pattern of activity 
returns. Both spontaneous and stimulated activity are stopped by 
Isoproterenol, 3 mg/kg I. V. These demonstrations are presumptive 
evidence for the presence of alpha-adrenergic and beta-adrenergic 
receptors in the ureter; supporting evidence will be cited. Nicotine 
does not induce diuresis. These findings are interpreted as evidence 
for functional ureteral innervation. (Aided by NIH, VA and AMA 
grants). 
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NORMAL CANINE MYOCARDIAL CELL E SARCOMERE LENGTHS. M.M. 
Laks*, and H.J. Swan. Cedars-Sinai Research Institute, Los 
Angeles, California. 

The purpose of this study was to measure myocardial cell 
and sarcomere lengths at the bases E apices of the right 
(RV) and left ventricle (LV) of 4 normal canine hearts. 
The RV and LV were simultaneously fixed with gluteraldehyde 
at zero transmural pressure. Sections of trabeculae car- 
neae were taken from the 1 cm cut at the bases (free wall) 
of the RV E LV. They were further fixed with oxmium tet- 
roxide,embedded in Epon 812, sectioned at )I - hand stain- 
ed with Azure II - Methylene blue. From photomicrographs 
(X 1,000) taken with the phase microscope, cell length 
measurements averaged 70.9b + 1.49**; no statistical differ- 
ence existed between the celi lengths at the bases 6 apices 
of the RV E LV. From adjacent tissue, the measuremen* of 
sarcomere lengths made from photomicrographs (X 4,000), 
taken under oil immersion with the phase microscope, were 
not statistically different from those made with the elec- 
tron microscope (P> 0.9). The sarcomere lengths at the LV 
base were the shortest - 2.16m+ 0.002**, followed by the 
LV apex - 2.28At 0.005**, RV base - 2.41b+ 0.006**, and 
RV apex 2.46mt b.O03**. The sarcomere lengths were related 
inversely to the thickness of the ventricular wall. The 
data suggests that the smallest sarcomere length at the LV 
base may be considered the ultrastructural reflection of its 
least distensibility and is the result of it containing the 
largest number of muscle fibers. ** - S.E.M. 
Supported by USPHS (HE #lo3821 and Ives Laboratpries. 

EXCITATORY-INHIBITORY INTERACTION AT THE CORTICAL INPUT 
LEVEL OF THE VISUAL SYSTEM. Yves Lamarre”and Gian F. Pog@o, 
The Johns Hopkins University, Baltimore, Maryland 

In light adapted unanesthetized cats, center and surround regions 
of concentric receptive fields of geniculate neurons were independently 
stimulated with stationary patterns of light (spots and annuli). Time his 
tograms of the impulse sequences generally were used for analysis. At 
near threshold intensities the responses evoked by stimulation of either 
center or surround regions appeared to have similar latencies (60-70 
msec). At higher intensities the response to center stimulation, whether 
excitatory or inhibitory in nature, usually started earlier than that 
evoked by surround stimulation, a phenomenon which may be ascribed 
to the greater sensitivity of the center portion of the receptive field. In 
several instances illumination of surround inhibitory regions hadlittle 
or no influence on the spontaneous activity of geniculate neurons, but 
effectively reduced the response evoked by center stimulation. For Ol+ 
center neurons evidence was found that illumination of the center regtin 
itself may be responsible for part of the inhibition observed when the 
surround was simultaneously illuminated. The temporal evolution of 
this “ON-center inhibitory effect” follows closely the time course of 
the excitatory response evoked by illumination of the center alone.It is 
suggested that the two opponent mechanisms which compose the recep- 

tive field are operationally co-extensive, at least over the center region 
and that they have similar intrinsic characteristics with respect to 
time course of action and dependency on stimulus intensity anddutiim. 
(Supported by a USPHS grant). 
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VENTILATORY RESPONSES OF ANESTHETIZED CATS TO SCIATIC NERVE STIMULATION. 
T.W. Lamb. Department of Physiology, University of Virginia School of 
Medicine, Charlottesville, Virginia. 

Periodic stimulation of the sciatic nerves was used as a means for 
studying ventilatory responses to increased metabolism in four pento- 
barbital-anesthetized cats. Changes in total body oxygen consumption 
occurred which were related to the amount of stimulation and were dis- 
tributed over a range of values from the resting level to twice that 
amount. In response to a particular rate of stimulation, ventilation 
became steady after 1 to 2 minutes. Measurements were made after four 
minutes. The increases in alveolar ventilation associated with these 
altered levels of metabolism were such that no significant changes were 
observed in the arterial P02, PC02 or pH from that seen at rest. 

In four cats in whom the spinal cord was transected at the second 
lumbar vertebra, both metabolism and ventilation increased in a manner 
similar to that seen in the intact animals. Although the spinal cord 
was cut, arterial blood gas partial pressures again remained constant. 
Furthermore, in two additional animals, the ventilatory responses to 
skeletal muscle activity were the same after spinal cord transection as 
had been observed in the same animal before this denervation procedure. 

During the increased metabolism of skeletal muscle activity, arterial 
blood gas homeostasis persists in the anesthetized cat in the absence 
of direct afferent impulses from muscles, joints or limbs. Such neural 
inputs are not, therefore, obligatory components of the complex regula- 
tory mechanism which effects the close relationship between metabolism 
and alveolar ventilation. 

Vascular Perfusion of Rat Jejunum Permitting Simultaneous Measure- 
ment of Intestinal Absorption,Arterial Inflow, Venous Outflow and 
Lymph Flow. J. S. Lee and Kathryn Duncan*. University of Minnesota 
Minneapolis, Minnesota 

This report describes a technique for vascular perfusion ofjejunum 
with heparinized blood via the mesenteric artery. The mesenteric 
artery, portal vein and main lymphatic duct were cannulated. Mucosal 
fluid was bicarbonate Ringer with glucose. The perfused segmentab- 
sorbed fluid for more than 1 hr. The V-A volume difference (venous 
outflow-arterialinflow)measured net fluidabsorptionintothe venous 
system and lymph flow measuredthatinto the lymphatic system. The 
sum of V-A difference and lymph flow was approximately equal to 
fluid disappearance rate from the lumen. Fluid transported across 
serosalsurface as "serosal sweat" was negligible. With increased 
venous pressure, absorption of fluid into the lymphatic systemin- 
creasedand absorptionintothevenous systemdecreased. At a 
venous pressure of 10 mm Hg andarterialpressure of 70 mm Hg, 
lymph flow accounted for 22-47s of thetotal absorbed fluid. Athigher 
venous pressures (20-25 mm Hg), fluid absorption rate was markedly 
reduced; and fluid transport was entirely by way of the lymphatic 
system. Supportedby USPHS Grant AM 05073 and Research Fund of 
the Graduate School of the University of Minnesota. 
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SIMULTANEOUS STIMULATION OF MULTIPLE CORTICAL POINTS. Richard A.Lende. 
Dennis A. Poulos*, and Clarence Davis*. Subdept. Neurosurgery, Albany- 
Medical College, Albany, New York. 

Cortical stimulation of single points, multiple points simultaneous- 
ly, and areas was carried out in 11 Macaca mulatta under pentobarbital. 
Unipolar 60 cycle stimuli for 3 seconds,easuredin milliamperes, were 
delivered through one to 10 electrodes in a variety of spatial config- 
urations. Initially, threshold movements were established at indivi- 
dual points in an array. Simultaneous stimulation of combinations of 
2 to 10 of these points showed that surprisingly little current was re- 
quired at each electrode to achieve threshold. As the number of elec- 
trodes stimulated increased, the current required per electrode de- 
creased. For instance, in one study the average threshold on single 
stimulations of electrodes 2 mm. apart was 0.90 ma.; threshold current 
per electrode on simultaneous stimulation of 2 points was 0.60 ma., of 
5 was 0.20 ma., of 10 was 0.1 ma. This finding was less pronounced 
with wider electrode spacing. Threshold movements induced on multiple 
and single point stimulation were similar in nature. Stimulation in 
one precentral subdivision lowered the threshold in another subdivision, 
e-g. 9 face and forelimb areas. Similar observations on thresholds 
were made on multiple point stimulation of white matter after precen- 
tral ablation, and of intact postcentral cortex. Precentral thresh- 
holds were lowered moderately by simultaneous stimulation of postcen- 
tral points and slightly by "silent" frontal po'nts. Area1 stimulation 
with a large gold-leaf pad electrode of 150 mm. 3 on the precentral 
strip produced single movements at thresholds as low as 2.0 ma. 
(Supported by NIH Research Grant NB59-76.) 

DIFFUSION COEFFICIENT: A MATHEMATICAL MODEL. Eugene 4. Lentini and 
Sam Ketner". -- Department of Physiology and Biometry, Medical College of 
Virginia, Richmond, Virginia 

The determination of the myocardial diffusion coefficient of 02 
(D'O2) has been calculated by utilizing the mechanical activity of el- 
liptical tissue preparations as an index of adequate tissue oxygena- 
tion. Previous calculations based on the available geometrical model 
of a cylinder revealed an approximate value. Consequently, a specific 
elliptical mathematical model was developed for the tissue. The D'02 
value obtained is in agreement with the value derived by Krogh for 
skeletal muscle. Some of the limitations of the model are those of 
Fick's law when applied to multicompartmental biological systems and 
preferential channels for the diffusion of molecules. In general, the 
model may be applied for the determination of diffusion into many el- 
liptical in vivo and in vitro preparations. 

Supported by PHS Grant HE 04562 and A.D. Williams Fdn. of M.C.V. 
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CHANGES IN PLASMA PROTEIN BOUND IODINE OF THE RAT DURING EXPOSURE TO 
OXYGEN: EFFECT OF FOOD CONSUMPTION. H. A. Leon, G. A. Brooksby and 
M. J. Chackerian*. National Aeronautics and Space Administration, 
Biotechnology Div., Ames Research Center, Moffett Field, Calif. 

It is reported that in rats exposed to lOO%oxygen at 1 atm, a 
significant decrease in plasma PBI is observed within 48 hrs. It was 
suggested that this change is attributable to the oxygen per se. We 
have observed that during this period, food consumption is greatly re- 
duced. In view of the known effect of food intake on plasma PBI, ex- 
periments were performed to determine if nutrition was a factor in the 
above changes. In one series of experiments 02 exposed male rats 
showed the expected decrease in PBI after 72 hrs of exposure. Pair- 
fed control values were also decreased but not to the same extent 
(Table 1). In fasted rats exposed to 02 for 24 or 44 hrs, decreases 
in FBI occurred; however, in air-exposed animals fasted for the same 
period, similar decreases were also noted. Thus, it is concluded that 
an altered food consumption is a major determinant in the decreased 
plasma PBI seen as a result of exposure to 02 at 1 atm. The inter- 
mediate decrements seen in pair-fed rats is attributed to the mode of 
feeding in that they consume their limited ration within a short 
period of time. 

Table 1 - Terminal PBI Values, pg/lOO ml in Fed and Faste 
Exposed Rats 

Ad Libitum control (220 gm) 3.551 Control, fasted 24 hrs m 2.1L.l NS 
p <.Q 02 exposed 24 hrs, fas ,ed 2.Z.l 

Pair-fed control 2,852 Control, fasted 44 hrs l.?+.l NS 
fl.001 02 exposed 44 hrs, fasted 1.4L.l 

02 exposed, 72 hrs 0.7t.1 

LEASTSQUARES SPECTRALANAIXSES ON CORETEMPERATUREAND BWD PRESSURE 
OFACOMAT(XSEGIBL. H. Levine*, W. A. Ramsha+ and F. Halberg. Dept. 
of Pathology, Univ. of Minnesota, Minneapolis, and New Britain General 
Hospital, New Britain, Connecticut. 

Commntional statistical. and spectral (Acta Pndocr. Suppl. 103, 
1965) analyses w8r8 carried out on time series from a L-year-old girl 
studied in an air-conditioned room following (an ~10') cardiac arrest 
resulting in diffuse Cerebral cortical impairment revealed by %i- 
lateral symmetrical slowing" in electroenc8pha~ograms. welids were 
sutured dting 3rd week of study. For 2 wleeks subject was fed I.v.; 
thereafter by stomach tube at equal intervals (of 1 h or L h). During 
first 3 weeks hypothetia was induced: mean (2 standard deviation) 
esophageal. temperature was 96.2 oF + 3.5 (N = 1277). During sub- 
sequent 2 months mean rectal temperature was 99.7 + .8 (N = 392). 
Sgstolic pressure averaged u3 + 13 (N = 1284) during hypothermia 

and 154 5 & mm Hg (N = 6~) th8r8aft8r. Diastolic pressure was 
95 f  12 (N = 
thereafter. 

1266) before Qpotherrllia and 102 2 13 (N = 601) mn Hg 
Least squares spectra and temporal amplitude (C) and 

phase diagrams of systolic blood pressure during hypothetia revealed 
a desynchronized circadian compollent, corresponding to a trial period 
(2) of ~24.6 h, with C = 4.3 + .5 
also w8re found after hypothetia. 

mm Hg; circadian pressure r&thms 
R&thms with a longer-than-circa- 

dian z were more prominent than the C's of circadian ~9 for systolic, 
diastolic or temperature variation. After mothermia the C of the 
core-tqerature rhythm with a z of 48 h increased as C's for circa- 
dian 2's decreased. Results indicate 9n8tabolic slowing"--a partial 
variance transposition into lower-than-circadian spectral regions 
with some persisting circadian rhythmicity-in a case of human c&a. 

Supported by u6PHS 4 K06 GM13981-06 and NASA NsG 517. 
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UNIT ACTIVITY IN VESTIBULAB NERVE DURING CONTINUOUSLY VARYING TILT. 
H. Levitan, J. Rosenberg and J. Vidal (intr. by J. P. Segundo). Depts. 
Anatomy, Engineering and Brain Research Inst., UCLA, Los Angeles, Calif. 

Single unit records were obtained from the vestibular nerve of cere- 
bellectomized cats under pentobarbital anesthesia while the animals were 
submitted to continuous oscillation about a rostro-caudal axis. hlY 
units which were non-adapting at a fixed tilt position, and thus presum- 
ably "utricular", were considered. Statistics of the spike train were 
related to tilt angle (within loo of the horizontal) and frequency (1 to 
30 cycles/min) through analog and digital processing techniques. Under 
these conditions the firing rate was modulated at the tilt frequency,and 
over the range of frequencies used, there was little change in gain or 
phase. The dynamic limitations of the receptor were therefore not re- 
vealed. In addition to persistent "random" irregularities in the mean 
firing rate several specific non-linearities were superimposed on the 
dominant sinusoidal modulation. i) The modulation was generally asyme- 
tric with respect to the rate at the horizontal position, indicating 
preferential sensitivity to lateral tilt in one direction; ii) there was 
sometimes a small, high frequency modulation at specific points in the 
tilting cycle; and iii) following abrupt changes in the tilting fre- 
quency there was a transitory perturbation in the modulation lasting 
several minutes in some cases. The range of mean rates corresponding to 
each position was much less than that observed in static experiments 
(Rosenberg and Jeannerod, 1966). These experiments are part of an 
effort to understand how the utricle responds to natural stimuli and 
generates particular afferent discharge patterns. A relatively simple 
model involving certain mechanical (plastic) properties is suggested. 
(Supported by NIH, NASA, and United Cerebral Palsy Foundation.) 

REDISTRIBUTION OF ALVEOLAR VENTILATION FOLLOWING PULMONARY THROMBO- 
EMBOLISM. S.E. Lev and D.H. Simmons. 
Depts. 

Cedars-Sinai Med. Res. Inst., 
of Med., C-S Med. Ctr. and UCLA Sch. of Med., Los Angeles, 

California. 
The purpose of this study was to determine whether or not there is 

any redistribution of alveolar ventilation following pulmonary thrombo- 
embolism in dogs, with a shift away from unperfused, embolized segments 
to perfused, unembolized segments. Mongrel dogs were anesthetized, 
paralyzed with succinylcholine, and ventilated at a constant tidal vol- 
ume and frequency before and after embolization with autologous in-vivo 
thrombi. Assuming uniform distribution of ventilation and perfusion 
prior to embolization, loss of perfusion to a segment of lung following 
embolization should, in the absence of redistribution of ventilation, 
result in a comparable decrease in effective alveolar ventilation 
(VAeff). In the absence of compensatory hyperventilation a shift of 
ventilation away from non-perfused to perfused lung segments (air- 
shift) would.be the only mechanism that would minimize the expected 
decrease in VAeff. The percentage of non-perfused lung following em- 
bolization was,determined using an India Ink infusion technique and the 
% decrease in VAeff was calculated using a modification of the Bohr 
equation which required the measurement of PaC02 and PEC02 before and 
after embolization. Following embolization the decrease in VAeff was 
significantly less than the amount of non-perfused lung in 16 of 21 
dogs $ indicating that air-shift had taken place. Inhalation of 3% CO2 
in air completely prevented air-shift in another 10 dogs. Thus emboli- 
zation resulting in cessation of perfusion to a lung segment is usually 
accompanied by a variable decrease in ventilation to that segment. 
The mechanism of the observed air-shift is most likely related to hypo- 
capneic induced bronchoconstriction and airway closure, in the non-per- 
fused lung segments. (Supported by NIH Grant HE 10525.) 
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DISTRIBUTION OF BLOOD FLOW IN A RETICULUM CELL LYMPHO- 
SARCOMA AND AN AMELANOTIC MELANOMA. D. V. Lewis*, N. A. 
Staley*, R.F. Edlich*, and W. Rogers*. (intr.by: R.C.Lillehei) Dept. 
of Surgery, Univ. of Minnesota Med. School, Minneapolis, Minn. 

The diiribution of intravenously administered triphenylmethane 
dye and Rb and intra-arterially infused Yb169 microspheres (18.6t 
2. 3~) within the amelanotic melanoma and reticulum cell lymphosar- 
coma changes as these tumors enlarge. With advancing age, the cen- 
ter of the tumor becomes unstained and has an uptake per gram of tis- 
sue which is 1.4 to 15.3 fold less than that of the intensely stained peri- 
phery of the tumor. This reduction in isotopic untake by the center of 
the tumor corresponds with the development of central tumor necrosis. 
The extent of central necrosis within these tumors is markedly dif- 
ferent. In the small tumors (2.9 gm. ), the central unstained portion 
constitutes 57.6% of the total weight of the amelanotic melanoma, 
while as unstained region in the reticulum cell lymphosarcoma is de- 
tected in only 5.5% of the total tumor. With increase in size of 
amelanotic melanoma (7.2 gm. ), the central unstained region com- 
prises 82.5% of the total tumor weight. Unstained areas of large 
reticulum cell lymphosarcomas of equal size account for only 12.7% 
of the total tumor weight. 

(Supported by USPHS, Hartford Foundation and D. J. Cowling Grants) 

FURTHER STUDIES OF A CIRCADIAN RHYTHM IN A SINGLE NEURON: SEASONAL 
MODULATIONS AND ADIURNAL ENTRAINMENT. Marvin E. Lickey (intr. by A. Van 
Harreveld). Calif. Inst. of Technol., Pasadena, California. 

Strumwasser has shown that the PB neuron in the isolated parieto- 
visceral ganglion of Aplysia has an endogenous circadian rhythm such 
that the frequency of spontaneous spikes passes through a maximum at or 
near the projected time of dawn. Further studies have now shown that 
the behavior of I% corresponds to environmental events in at least two 
additional ways. 1) The phase relation between the cellular rhythm and 
I,/D:l2/12 light cycles is dependent upon the season of the year. In 
the winter the peak occurs near the projected dawn but in the summer 
near the projected noon. In mid-autumn and again in mid-spring some 
preparations show a dawn peak and others show a noon peak. 2) The 
period (or phase) of the cellular rhythm is partially controlled by the 
period of environmental light cycles. By measuring the elapsed time 
between the last experienced dawn and the recorded cellular peak in 
animals previously exposed to a variety of photoperiods, it has been 
found that: i) In winter runs entrainment is equally precise to both 
24 and 27 hr photoperiods, the peak being well synchronized with the 
projected dawn. ii) In summer runs the cellular rhythm is clearly 
modulated by 21, 24, and 27 hr photoperiods, but both the phase and 
the period appear to be affected. Cells entrained to 21 hr typically 
peak at about 2 hr post dawn (morning peak); cells entrained to 24 hr 
peak at about 6 hr post dawn (noon peak); and cells entrained to 27 hr 
peak at about 10 hr post dawn (evening peak). Entrainment is generally 
less precise in summer than in winter especially in the case of 27 hr 
photoperiods. These environmental modulations of neuronal activity 
lend support to the view that the Aplysia nervous system should pro- 
vide a favorable model system for studies of learning and memory. 
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THE EFFECT OF VIBRATION ON TOTAL VASCULAR RESISTANCE IN THE FORELIMB 
OF THE DOG. A. J. Liedtke_,* P. G. Schmid,* and J. W. Heim. Environ- 
mental Medicine Division, Aerospace Medical Research Laboratories, 
Wright-Patterson AFB, Ohio. 

Vibration has been reported previously to have a significant effect 
on total peripheral vascular resis tance . To furth 
relation ship, total forelimb vascu lar r esistance c 

er delinea te thi S 

hanges in respon se 

to various levels of vibration were observed in 6 dogs. The animals 
were anesthetized with chloralose-urethane, treated with decamethonium 
bromide, intubated, and ventilated by a respirator. Each brachial 
artery was partially transected, and the distal segment perfused with 
blood from the ipsilateral femoral artery through independent cannulae 
and tubing. Flow rate was held constant using a dual pumping system. 
One forelimb was left neurally intact; the other forelimb was dener- 
vated. Perfusion pressure was measured from a sidearm of the brachial 
artery cannula with Statham pressure transducers. Resistance was 
calculated as the ratio of perfusion pressure to flow. Data were 
evaluated using analysis of variance. Vertical vibration, directed 
perpendicular to the long axis of the supine, restrained animal, was 
varied to include peak accelerations of 0.9, 1.2 and 1.6 G at frequen- 
cies of 9, 12 and 16 cycles/set. The 9 combinations of acceleration 
and frequency were randomized for each dog and applied for 1 minute 
periods followed by 4 minutes of rest. Vasodilation occurred univer- 
sally during every vibration in the intact limb and was greater with 
increases in peak acceleration (P(O.05) or decreases in frequency 
(P(O.025). The maximum dilation occurred at 1.6 G and 9 cycles/set. 
Responses in the denervated forelimb were absent or markedly attenu- 
ated which suggests that optimal responsivity requires intact nervous 
pathways. 

INHIBITION OF GASTRIC HCl SECRETION BY GLUCAGON IN DOGS. 
T. M. Lin and G. F. Spray,* Lilly Res. Labs. Indianapolis, 
Indiana 

Steady state HCl secretion in dogs with vagally inner- 
vated or denervated gastric pouch and in dogs with both a 
Heidenhain(H) pouch and stomach(S) fistula was maintained 
by repeated injections of histamine, "gastrin," or gastrin 
tetra- or pentapeptide subcutaneously. A single dose of 
glucagon(G), 0.05-0.1 mg/kg s.c., or secretin, 75-100 u 
i.v., inhibited volume and acid outputs from both H&S in 
two dogs; the inhibitory effect of 1 mg of G was greater 
than that of 100 u of secretin. Reduction of HCl secretion 
by G was preceeded by sudden hyperkalemia, diuresis, and 
loss of Na and K from the urine, and was accompanied by 
hyperglycemia and an almost equal rise of [Na] in the gas- 
tric juice. The N terminal fragment of G(21-22 amino acids) 
caused only hyperglycemia but none of the other effects 
whereas the C terminal fragment (11-12 amino acids) did not 
even have the hyperglycemic activity. The inhibitory ac- 
tion of G on gastric HCl probably requires the integrity of 
the whole molecule. The mechanism of inhibition by G is 
different from that by insulin because the effect of G was 
not antagonized by pre-injection of KCl, 1 meq/kg i.v. 
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EFFECTS OF ENVIRONMENTAL TEMPERATURES ON THE CATECHOLAMINE CONCENTRATION 
OF PLASMA, HEART AND ADRENALS OF ADULT MALE CHICKENS. Y. C. Lin'and P, 
D. Sturkie, Rutgers-The State University, New Brunswick, N. J. 

Adult White Leghorn males were exposed to high temperatures (32OC, 
12 hrs; 2S°C, 12 hrs), intermediate temperatures (control - 23-25OC), 
and to low temperatures (OOC, 12 hrs; 2S°C, 12 hrs) for 4-20 weeks and 
the effects upon catecholamine levels of plasma, heart and adrenal tis- 
sue were determined spectrophotofluorometrically. Plasma Norepineph- 
rine (N) of the cold-treated group rose sharply during the first 4 weeks 
and then declined slowly, but it was still 60% higher than that of the 
control group after 20 weeks of exposure. Plasma Epinephrine (E) of 
the cold-treated birds also rose initially, but then it declined rapid- 
ly to near control levels. Plasma N and E of the heat-treated group 
rose initially, then fell below the control level after 4 weeks; how- 
ever, only E was statistically below the control level at the 8th week, 
Adrenal levels of N and E at the 12th week were significantly increased 
in the heat-treated birds, but were not significantly changed in the 
cold-treated group. The accumulation of N and E in the adrenal gland, 
and the low plasma concentration of the same amines in the heat-treated 
group suggest that the adrenomedullary releasing mechanism was inhibit- 
ed. The elevation of plasma levels of N and E with no change in adren- 
al catecholamines of the cold-treated group suggests that the biosyn- 
thesis of these amines was increased. After 12 and 20 weeks exposure 
to cold, N of right atrium was higher than control group, but in the 
heat-treated birds at 12 weeks it was below control level. E level of 
heart was not affected by cold treatments, but was depressed by heat. 
Under all conditions, E level was higher than N in heart,adrenals and 
blood. 

Effect of Posture on Circulatory and Respiratory Changes in the Hemorrhagic Dog. 
C.T. Liu*, R.A. Huggins, and H .E. Hoff, Department of Physiology, Baylor Uni- 
versity College of Medicine, Houston, Texas. 

Although the use of Trendelenburg’s technique has long been suggested in the 
treatment of shock in man, this position was not successful in preventing death 
following massive hemorrhage in rats. The purpose of this study was to reevaluate 
the circulatory and respiratory changes produced by different postures in the dog 
before and after hemorrhage. The morphine-pentobarbita I anesthetized dogs were 
bled to a mean blood pressure of 60-70 mm Hg and maintained at that level for 
30 min. They were tilted head-up or head-down to positions from horizontal 
before and after hemorrhage. Prior to hemorrhage and during head-down tilts, 
a respiratory-heart rate response was clearly shown. Also, prior to hemorrhage, 
apnea was induced when the dog was tilted to a head-up position or back to 00 
from a head-down position. Fo I lowing hemorrhage, little change was observed 
in blood pressure, heart rate, and respiration during a head-down tilt. However, 
during a head-up tilt severe hypotension and marked hyperpnea were observed. 
Neither head-up nor head-down positions benefitted the circulation after hemor- 
rhage; the head-up position was particularly deleterious. 
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THE EFFECT OF NOREPINEPHRINE INFUSIONS AND ADRENERGIC BLOCKING AGENTS 
ON SERW GLUTAMIC-OXALACETIC TRANSAMINASE IN DOGS. Daniel J, 
~~~~~g~~~~o~r~tBa;ioCfitz (intr, by D, K. Meyer) univ. of Western 

Mongrel dogs-were infused with 6, 96, or 384 pg/kg of norepi- 
nephrine at a constant rate for one hour. SGOT, blood pressure, and 
heart rate were recorded during and for 10 hours following the in- 
fusion, The 6 ug/kg dose causednochange in blood pressure or SGOT 
activity, The infusion of 96 ug/kg resulted in a rise in SGOT activi- 
ty at the end of the infusion only, SCXYI’ activity more than doubled 
by the end of the infusion of the 384 pg/kg dose and more than tripled 
by 10 hours after the infusion, Animals infused with 384 pg/kg of 
norepinephrine and pre-treated with either Dibenzyline (5.0 mg/kg) or 
Propranolol (0.5 mg/kg) showed a delayed rise in ,SGUT activity. 
Neither of these drugs alone blocked increases in SCxlT activity for 
more than two hours following the infusion of norepinephrine, The 
group pre-treated with both blocking agents showed no increase in 
SGOT activity, ‘Ibe hypertension due to the vasoconstriction produced 
by norepinephrine may be accompanied by hypoxic conditions in the 
tissues, This hypoxia, in turn, may cause membrane permeability 
changes of sufficient magnitude to allow release of the CUT enzyme 
into the blood, The effect of the adrenergic blocking agents may be 
due to the reduction or elimination of the pressor response to 
norepinephrine, 

THE IN VITRO UPTAKE OF 6-METHYLTHIOPURINE RIBOSIDE BY HUMAN BP 
ERYTHROCYTES. 
Smith). 

Ti Li Loo and Donald R. Blossom (intr. by Edwin L. 
The University of Texas M.D. Anderson Hospital and Tumor 

Institute, Houston, Texas 

Clinical pharmacological studies on 6-methylthiopurine ribo- 
side (MKPR) revealed that it was preferentially taken up by human 
RBC. In vitro work with MMPR-S3' -- showed the uptake was against a 
concentration gradient. Within a concentration range of 0.05 mM 
to 0.3 + of MMPR in whole blood, the uptake followed Michaelis- 
Menton kinetics. Preloading the RBC with MMPR lowered both the 
rate and extent of the uptake. Once inside, the efflux of radio- 
activity from the cell was negligible. Adenosine was a competitive 
inhibitor of the uptake whilst 6-thioinosine, inosine, deoxy- 
adenosine, iodoacetic acid, and p-chloromercuribenzoic acid were 
noncompetitive inhibitors. 6-Mercaptopurine, 
sodium fluoride, sodium arsenite 

2,4-dinitrophenol, 
, phloridzin, phloretin, persantin, 

reserpin and ouabain were all without effect. Intracellularly, 
MMPR was completely phosphorylated. Apparently, the uptake was 
by passive diffusion followed by conversion into the ribonucleo- 
tide which persisted in RBC. (Supported by contract PH 43-66 
1156 with the National Cancer Institute). 
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SECRETORY ACTIVITY OF THE SPERM-HOST GLANDS OF THE DOMESTIC FOWL,. 
F. W. Lorenx, Margaret E. ReynoZds* and A. B. Gilbert*. Universtiy 
of California, Davis, California 

Sperm-host glands are present in the uterovaginal junction and in 
the infundibulum of the hen's oviduct. The functional life span of 
spermatozoa is greatly prolonged in glands of both regions, but sper- 
matozoa stored in infundibular glands have produced abnormally large 
numbers of defective embryos. The sperm environment in lumena of the 
uterovaginal glands, as estimated by histochemical techniques, is 
richly supplied with glycogen and a complex lipid. Glycogen is absent 
from infundibular glands, and lipid granules in the cytoplasm are less 
abundant and smaller than in uterovaginal gland cells. Qualitative 
differences appear to exist in the lipid content of the granules in the 
two regions. These differences may be related to differences in the 
subsequent performance of spermatozoa from the two sets of glands. 
(Supported by NSF grant GB-2913 and by a fellowship awarded to A. B. G. 
from the Lalor Foundation.) 

*TIME OF MATING BEHAVIOR IN THE 4 DAY AND 5 DAY CYCLIC RAT. 
Lynn Lorenzen-Nequin* and Neena B. Schwartz. Univ. Ill. Col. Med., 
Chicago, Ill. 

In rats exhibiting 4 vs 5 day estrous cycles, estrogen secretion 
and vaginal cornification appear to be initiated at the same time with 
respect to the last ovulation, and the "critical period" for LH 
release appears to begin at the same time on the day of proestrus in 
both. However, the duration of the estrogen secretion, the vaginal 
cornification and the "critical period" are prolonged in the 5 day rat. 
Previous work concerning mating behavior did not attempt to differen- 
tiate the 4 day from the 5 day rat with respect to the time at which 
mating behavior begins on proestrus. In the present study (lights on 
5AM - 7PM), intact females were placed with males beginning at 8AM 
on proestrus, and were observed for the time at which lordosis began. 
A significant difference (P=O.OOl) was found in the time at which the 
first lordosis response was seen in the 4 and 5 day rat. In the 4 day 
rat, lordosis was first seen at 5PM (SD+ 1 hr, 19min); and in the 5 day 
at 2PM (SD+ 2 hrs,52min). Since the early mating behavior seen in the 
5 day rat cannot presumably be due to progesterone secretion resulting 
from the ovulatory surge of LH, several alternative hypotheses may be 
offered: (1) progesterone may be released from the ovary prior to the 
LH surge; (2) progestins may be secreted from non-LH dependent tissue 
(adrenals ?); progesterone may not be as necessary for mating behavior 
in the intact rat as it is in the ovariectomized rat. (Supported in 
part by PHS Research Grants HD 00440-05 and 2 TO1 GM 00738-05 and -06) 



THE PHYSIOLOGIST 237 

CENTRAL VACUS STIMULATION AYD GASTRIC SECRETION. P. Lott 
Jr.*, A. Ceisel*, ti.C. ,Jefferson, and 11. Necheles. 
mael Reese llospltal and Nedlcal Center, Chlcago, Ill. 

We have reportecr here previously that central vagus 
stimulation in the dog is followed by active contractions 
of the stomach. A group in Philadelphia then reported that 
central vagus stimulation is followed by increased mucoid 
secretion of the stomach but with no increase in acid 
secretion. We have pursued this question further and have 
used dogs with total gastric fistulas anesthetized with 
nembutal, primed with S.C. histamine and with a constant 
injection of .35 mg of histamine base per hour i,v. Con- 
trols were performed on dogs with vagi intact, dogs with 
vagi cut but without stimulation, and dogs with vagi cut 
and stimulation of the central ends of the vagus nerves in 
the neck. It was found that vagotomy per se did not affect 
the secretion either of acid nor of volume to an appre- 
ciable degree as compared to dogs with intact vagus nerves. 
blowever, in a similar series of animals with vagi cut and 
constant injection of histamine, stimulation of the central 
ends of the vagus nerves produced a distinct increase in 
volume and total acid secretion. It is believed that in a 
stomach stimulated with subthreshold doses of histamine 
central vagus stimulation may effect increased secretion 
of acid, while basal secretion is not affected. 

Supported by U.S.P.H. AM607845 

MECHANICAL WORK OUTPUT IN HUMAN LOCOMOTION. L. Lukin. Biomechanics 
Lab., Univ. Calif. School of Med., San Francisco, California 94122 

Vertical and horizontal oscillations of the trunk were measured in 
subjects walking on a treadmill at 3 different speeds. The potential 
energy (PE) and the kinetic energy (KE) levels for time intervals of 
0.02 set were calculated. Delta PE per step ranged between 0.030 and 
0.128 Cal/kg, and delta KE per step ranged between 0.061 and 0.188 cal/ 
kg* Kinetic work was always greater than gravitational work; the ratio 
KE/PE averaged 1.6 for all speeds of level walking. Efficiency calcu- 
lated from gravitational work was thus smaller than that calculated 
from kinetic work. The sum of delta PE and delta KE per step provides 
an overestimation of the work output because in most cases the KE and 
PE curves were approximately 180 degrees out of phase, almost forming 
a mirror image of each other, and suggesting an exchange of energy anal- 
ogous to that observed in a conservative system such as a pendulum. 
However, the system under consideration is not truly conservative, and 
a 100% conversion of energy between potential and kinetic forms there- 
fore cannot be assumed. Vertical addition of the PE and KE values for 
each time interval, although correctly yielding the change in the 
mechanical energy level of the trunk, does not necessarily represent 
the actual work performed to produce this change. Of particular impor- 
tance in connection with energy exchange is the shift in the phase re- 
lations between the PE and the KE curves. The best condition for 
energy exchange is obtained when the two curves form a mirror image of 
each other; the most unfavorable condition is when the two curves are 
exactly in phase. (Supported by NASA Grant NsG722 and NIH Grant 
AM-08605) 
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EFFECT OF PITUITARY OCTAPEPTIDES ON THE ISOLATED MUSCLE STRIPS OF THE 
URINARY BLADDER. Thomas E. Lydon*, Edward H. Grinnell* and Jen8 L. 
Kramir. Creighton Medical School, Omaha, Nebraska. 

In the few studies of the action of vasopressin upon the bladder 
muscle, made during 1926-37, extracts of the whole gland or the poste- 
rior lobe were used. Various changes in tonus and in frequency and 
amplitude of contractions were observed. No such study was found in 
the literature since isolation and synthesis of the pituitary octa- 
peptides. Synthetic arginine-vasopressin, lysine-vasopressin and oxy- 
tocin were, therefore, investigated for this activity. Longitudinal 
bladder strips of mouse, rat, rabbit and guinea pig were suspended in 
2.5 ml. Rademaker solution and attached to isotonic myograph. Record- 
ing was done with the E & M Physiograph. Observations were made on 
133 muscle samples of 109 animals. (1) In general, the bladder 
muscle was found to be very sensitive to the octapeptides. One micro- 
unit of arginine-vasopressin, e.g., when added to the muscle bath 
still caused a well demonstrable effect.(2) The bladder sensitivity 
may vary with the animal species. Following is the sequence (in 
declining order): rabbit, rat, mouse, guinea pig. (3) The response 
was also qualitatively variable: increase or decrease of tonus grid 
(in the guinea pig) changes in the amplitude and frequency of contrac- 
tions. (4) Even though the response, as a rule, increased with in- 
creasing doses there was no correlation between dose and degree of 
response. (5) The sensitivity was the greatest to arginine-vaso- 
pressin and less to lysine-vasopressin and oxytocin. (6) No evidence 
of tachyphylaxis was observed. (Supported by USPHS Grant HE 01151 
and by the John Hartford Foundation). 

SPECIES DIFFERENCES IN GLUTAMINE SYNTHESIS. Mary Lou Lyon* and 
Robert F . Pitts . Cornell University Medical College, New York, New York. 

Glutamine synthesis is endergonic and is catalyzed by glutamine synthetase. 
The enzyme has been demonstrated in the kidney of the rat, guinea pig and rabbit 
in vitro. It has not been uniformily demonstrated in the dog or cat. In no species 
has it been demonstrated in vivo. The amide nitrogen of glutamine has been 
postulated by some to be the ultimate source of all ammonia produced by the 
kidney regardless of the species or the original source of nitrogen. If glutamine is 
the final common pathway for production of ammonia, the kidney of the dog and 
cat as well as that of the rat, rabbit and guinea pig must synthesize glutamine. 
To assess this hypothesis we studied glutamine synthesis in the intact anesthetized 
dog, cat, rat and guinea pig. CT4 labeled a-ketoglutarate, infused into the left 
renal artery of each animal, resulted in the incorporation of the isotope into the 
glutamic acid of the infused kidney of each species probably by transamination. 
The synthesis of labeled glutamine from this glutamic acid was assessed in the 
following manner. The concentrations of renal glutamic acid and glutamine were 
determined by automatic amino acid analysis and the CT4 content of each was 
measured by flow scintillation counting. Our results show that the glutamine of 
the dog and the cat is not significantly labeled. Hence these animals do not 
synthesize glutamine and all nitrogen appearing as ammonia is not obligatorily 
funneled through glutamine. The glutamine of the rat and guinea pig is highly 
labeled supporting the in vitro evidence of glutamine synthesis. Glutamine may 
be a common pathway for ammonia secretion in these latter animals though not 
proven by these experiments. 
Aided by research and training grants of the N. I. H. (HE 00814 and HTS 5264) and 
the Life Insurance Medical Research Fund. 
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MASS EXCURSION PARAMETERS OF FIRST HEART SOUND ENERGY. D.M. MacCanon, 
D.W. Bruce*, P.R. Lynch and J.L. Nickerson. Div. of Cardiovascular 
Research and Dept. of Physiology, The Chicago Medical School, Chicago, 
Ill., and the Dept. of Physiology of Temple University School of 
Medicine, Phila., Pa. 

Attempts to relate first heart sound energy to the vibration of 
heart structures were carried out in anesthetized dogs. Measurements 
of the first heart sound using a calibrated microphone gave values of 
50,000 dynes/cm2 at a basic frequency of 34 Hz at the epicardial 
surface. A mitral participation of approximately 150,000 dynes, a 
half wave forcing function of 75,000 dynes and an average energy 
content of 37,OOOa gm-cm. (where a equals the half wave amplitude in 
centimeters) for center-to-peak motion were calculated. Substituting 
this last figure in the formula for the inertial energy content of a 
transducer gave values of 1.74 gm cm. for the mitral interface. Rapid 
(540 frames/set.) cineangiographic studies show mitral excursion to be 
less than 0.5 cm. at the time of the first heart sound. Leaflets plus 
chordae weigh less than 0.5 gm. This accounts for less than 0.2 gm cm. 
or only about one tenth of the first heart sound energy. The partici- 
pation of 50 gm of heart muscle and 50 gm of blood in the oscillation 
moving approximately 0.016 cm. could easily account for the rest of 
the first sound energy. These results suggest that it is unlikely 
that the mitral valve and attached chordae alone could account for the 
first heart sound. Supported by Grants HE-09350 and HE-08886 U.S.P.HS. 

INTERPRETATION OF UNIDIRECTIONAL FLUX MEAS UREMENTS IN EPITHELIAL 
TISSUE. R.I. Macey and J.G. Forte, Department of Physiology, 
University of California, Berkeley, California. 

The interpretation of unidirectional flux measurements through 
isolated epithelial tissue is often obscured by complex tissue 
geometry. Extracellular spaces and tubular lumina form pockets of 
unstirred media and if diffusion through these regions is sufficiently 
slow, the specific activity of solute at cell membranes is not 
necessarily identical with the specific activity in the bathing 
medium. This problem is exacerbated by bulk flow which accompanies 
the secretions of most epithelia. 
effects, 

To evaluate the magnitude of these 
a one-dimensional steady state model is proposed which 

superimposes bulk flow and diffusion. The tissue is assumed to be 
infiltrated with a number of non-interacting invaginations and it is 
further assumed that: 1) The tissue secretes an isotonic solution, 
2) the water flow per unit surface area of membrane is constant, 
3) local unidirectional flux through the membrane is proportional 
to the local concentration. The system is described by a confluent 
hypergeometric differential equation which is solved subject to 
boundary conditions imposed on the concentration in bathing medium 
and on the flux at the bottom of each invagination. 
characteristic of gastric mucosa, 

Using parameters 
where the invaginations consist of 

relatively long gastric glands, it is shown that the apparent back 
flux is frequently about 60% of the actual back flux. At the serosal 
surface of the small intestine where the invaginations consist of the 
relatively short spaces between cells, this distinction diminishes. 
Supported by NSF GB 1928 and USPHS AMlO141. 
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TECHNIQUES FOR THE ESTIMATION OF CRANIAL BLOOD FLOW. 

Ian F. S. Mackay, R.A. Wiscovitch”, and D. Storer*. 

Physiology Dept. Medical School. San Juan, Puerto Rico. 

The following procedures were devised in an attempt to measure and indicate 

changes in cranial blood flow - particularly those of a transient nature. Venous 

occlusion was applied to the neck at 50mm Hg. in the methods described below. 

INTRACRANIAL FLOW. Orbital vascular volume changes were recorded from 

swimming goggles. Exenterated orbits provided no flow record. Subject sitting or 

supine. Calibrated volumetrically. 

EXTRACRANIAL FLOW. Vascular volume changes were recorded from a nylon co- 

vered cuff (28cms x 4 ems) infl ated to Scms. H20 and bound lightly against the 

forehead. Subject supine or sitting. Calibrated volumetrically. 

TOTAL CRANIAL FLOW was recorded from the incremental weight changes of the 

head during venous occlusion. The head and neck were supported on a semi- 

inflated rubber bladder to reduce neck muscle tension and to allow head movement 

with weight changes. The head was placed in an elastic sling attached to,a Grass 

Force Displacement Transducer (F T  10.) Subject supine 20” head-up. Calibration 

gravimetric. 

The most marked effect on the “Blood Flow” records was that induced by hyper- 

ventilation, here, the resistance of the orbital vessels was increased two to three- 

fold. Supported by P. H. S. Grant No. HE 07722 and Puerto Rican Heart Assoc. 

PARTITIONING OF PULMONARY RESISTANCE IN THE DOG. 
P. Macklem, A. Woolcock*, J. Ho 
Royal Victoria Hospital, M~~~,~~s~~~~"~~~t~~~i,N~~~l* 
Cardiovascular Research Institute, U.C. Medical School, San 
Francisco. 

The retrograde catheter technique (Macklem & Mead, J.A.P. 
22: 395, 1967) was modified to partition pulmonary resist- 
ance, RL, in dogs at known sites along the airway before 
and after vagotomy. Airway diameter and generation at each 
site where RL was partitioned was estimated by fixing the 
lungs in inflation and dissecting to the points of measure- 
ment. Before vagotomy RL increased considerably as volume 
diminished primarily as a result of an increase in resis- 
tance of 3-8 mm i.d. bronchi which made up ca 60% of RL 
at FRC. At higher lung volumes the contribution of these 
airways to RL was much less. Vagotomy decreased the 
resistance of 3-8 mm i.d. bronchi much more than it decreas- 
ed resistance at other levels of the trachea bronchial 
tree, with the result that RL changed very little with lung 
volume. We conclude that in the dog, bronchomotor tone is 
responsible for much of the increase in RL as volume 
diminishes and that its effect is primarily on 3-8 mm i.d. 
bronchi. (Supported by the John A. Hartford Foundation 
and the Defense Research Board of Canada. 
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REGIONAL CHANGES IN PULSE WAVE VELOCITY 
Robert Mackowiak,* John McCormick* and M. H. F. Friedman 
Dept. of Physiology, Jefferson Medical College, Phila., Pa. 

The purpose of the investigation was to determine rate of pulse 
wave propagation in the peripheral circulation of man using externally 
applied sensors. Studies were conducted on normotensive adults with 
no evidence of peripheral vascular disease. Special piezoelectric 
transducers were positioned over the distal ends of the brachial and 
radial arteries. Digital pulsation was detected by a transilluminated 
photoresistor. Scalar ECG and phonocardiogram were obtained in the 
usual manner. A multichannel FM tape recorder was used for storage of 
obtained data. Subsequent time-expansion analysis was performed on 
the pulse waveforms. Elapsed transmission time was computed from the 
onset of the first heart sound to the time of arrival of the propa- 
gated wave at the peripheral sensor. Pulse wave velocity from the 
aorta to terminal brachial artery had an average value of 4.60 mm/msec. 
Velocity in the radial artery was 7.80 mm/msec. Pulse velocity from 
the wrist to the distal end of the index finger was 5.30 mm/msec. 
There was a tendency for females to have a somewhat lower velocity 
than males in more peripheral vessels. Age related changes in pulse 
wave velocity were more frequently noted in smaller branches of the 
arterial tree than in vessels of larger calibre. These changes tended 
to correlate with other age-related alterations in the peripheral 
pulse waveform such as reduction in amplitude of the digital dicrotic 
notch and prolongation of the rise time of the anacrotic limb. 

Thermoregulation of the Canine Brain by Alar Fold and Intervening 
Arteriovenous Heat Exchange Systems. J. H. Magilton and C. S. Swift 
(introduced by N. R. Cholvin). Iowa State University, Ames, Iowa. 
Eleven experiments were conducted on six dogs. Thermistors were em- 
ployed to detect temperature changes. The alar folds of the maxillo- 
turbinates were irrigated with water ranging from 12.0° C to 52.0° C 
(dry ice was also used in experiment 8). The temperature curves of 
brain probes followed those of the angularis oculi vein but to varying 
degrees. In the region of the posterior communicating artery it began 
its downward trend six seconds after it occurred in the angularis oculi 
vein, The configurations of the two curves were very similar. With 
the water at 15.0' the thalamus was 1.6' cooler than the cortex, but 
when the water was at 51.0° the thalamus was 1.4' warmer than the cor- 
tex. The cortical change lagged behind that of the thalamus by about 
one minute. The maximum temperature achievable in the brain was 38.9O 
while the minimum temperature was 24.6O. Assumptions made are: 
1. Normally heat must be transported away from the brain; 2. Circu- 
lating blood would be the most efficient means by which to transport 
heat; 3. Efficiency in transporting heat increases as blood temperature 
decreases and flow increases; 4. Body core blood temperature is too 
high for optimum efficiency. Thermoregulation (brain cooling) is 
attained by heat being picked up by blood after leaving the circle of 
Willis. Blood in the circle of Willis is cooled by heat passing from 
arterial blood to venous blood in the cavernous sinus. Flow rate in 
the cavernous sinus is changed by differential regulation between the 
angularis oculi and facial veins. Temperature of-venous blood in the 
cavernous sinus is lowered by a heat exchanger in the alar fold of the 
maxilloturbinate. Blood from the alar fold reaches the cavernous sinus 
via the dorsal nasal, angularis oculi and ophthalmic veins. 
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ROLE OF PI%HXCLIPIDs IN Rb+ TRANSPORT By REXAL CORTICAL TUHJLES. Amra 
Ma*, E, -dFI *, Dept. of Physiology and 
Biopwsics, Woman's Medical Coll. of Pa., Philadelphia, Pa. 

It has been postulated that phospholipids are involved in ion trans- 
port across cell membranes but unequivocal proof for such a function is 
lacking. Experiments were designed to gain direct information on the 
importance of the phospholipid structure of renal cortical tubules on 
the ability of these tubules to actively take up Rb+ Treatment of 
isolated cortical tubules with low levels of commercial phospholipase C 
from Clostridium Welchii caused very little destruction of the phospho- 
lipid structure but markedly curtailed the ability of the tubules to 
actively sequester Rb+. That these results relate to the phospholipase 
C activity of this enzyme preparation is supported by the following 
evidence: 1) the Rb+ sequestering activity was protected when the phos- 
pholipase C treatment was carried out in the absence of Ca* or in the 
presence of a large quantity of micellar phospholipid or in the pre- 
sence of Clostridium Welchii antitoxin; 2) purification of the phos- 
pholipase C, which increased the specific activity two fold, did not 
alter its influence on Rb+ uptake per unit of activity; 3) the phos- 
pholipase C preparations showed no proteolytic activity. Preliminary 
evidence indicates that the diminished net Rb+ sequestration caused by 
the phospholipase treatment is the result of a reduced rate of active 
uptake and not of an increased rate of efflux. It is therefore con- 
cluded that the phospholipid structure of renal tubules functions sig- 
nificantly in Rb+ uptake and that minor ch es in that structure di- 
minish transport of the monovalent cation. Supported by Public 
Health Grant ~-09458.) 

EFFECTS OF POLYLYSINE ON WATER AND SODIUM TRANSPORT BY THE URINARY 
BLADDER OF THE TOAD. M. Mamelak* and P. F. Gulyassy. C.V.R.I., Univ. 
of California School of Medicine, San Francisco. 

Different transport properties have been attributed to the mucosal 
and serosal surfaces of the epithelial cells of the toad urinary 
bladder. To investigate the consequences on water and Na+ transport of 
altering selectively one of these surfaces, use has been made of poly- 
lysine (PL)- a polypeptide of lysine with a m.w. of lOO,OOO-150,000. 
At physiological pH's PL is strongly cationic, whereas the mucosal face 
of the urinary bladder has a net negative charge. Because of its large 
size it is expected that the PL will not penetrate the cell. In 10 
paired experiments 80 ug/ml PL added to the mucosal face resulted in a 
drop in transepithelial potential difference-c 21% + 3% of the 
baseline value in a 2 hr period. 
measure of Na+ transport, 

The short-circuit currenT (see), a 
fell to 54% + 4% of its baseline value in the 

same period. Osmotic water flow totale 176 2 &6.2~1 during the 2 hr 
period compared to 35 t ll.Ogul in controls. Slight effects on PD and 
see were seen with concentrations as low as 4 pg/ml. PL added to the 
serosal face was ineffective. Following 2 hrs of mucosal exposure to 
80 )rg/ml PL, vasopressin stimulated osmotic water flow was irreversibly 
inhibited. The effects of vasopressin on see and PD were still seen; as 
in controls the rise after vasopressin being proportional to the base- 
line. Similarly, PL 8Opg/ml for 2 hrs did not inhibit the response of 
the bladder to amphotericin. Aldosterone, followed in 1 hr by 80pg/d 
of PL, still produced an increase in see although the effect was masked 
by a simultaneous fall in baseline. Radioautographic studies are in 
progress to determine if any PL enters the cell. 

(Supported in part by USPHS Grants HE 05725 and HE 06285) 
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ACID-BASE STATUS OF THE TWO-TOED SLOTH (choloepus hoffmanni) IN 
ACUTE HYPOTHERMIA. Jacob Marder* and Robert B. Reeves. Dept. 
Physiol. , State Univ. of New York at Buffalo, Buffalo, N. Y. 

Our interest has been aroused in the control of mammalian blood pH (PHB) 
when body temperature changes; in cold-blooded vertebrates pHB has been 
found to decrease .019 units per OC body temperature rise. We have there- 
fore investigated the acid-base metabolism of the two-toed sloth, a well lu~own 
non-hibernating heterotherm. Normal arterial values at body temperature 
(TB) of 34.5OC (ambient 250C) were as follows: pH - 7.441 f .038; 
PC% - 36.1 f 3.2 mm Hg; calculated @X03-) - 25.3 2 2.9 mM. Six cycles of 
acute (circa 12 hr) cold exposure, carried out on 3 animals, each resulting in 
an average drop of 10°C in TB, typically showed no significant change in pHB 
and a decreased PCOz. One such experiment gave values of pHB 7.39, 
pC0, 27.0, and @X03-) 19.5 at reduced Tg (25.4OC). The salient result of 
these experiments was the finding of a stable regulated arterial pH as body 
temperature was altered. Toti oxygen content (15.4 2 1.66 ~01%) and arterial 
blood pressure (110 f 10.2 mm Hg) were normal and stable during hypothermia. 
Heart rate, however, dropped from 80 2 4.6 beats/mm to 40 2 2.1 after the 
body temperature reached 250C. 

EFFECT OF AGE ON THE VENTRAL PROSTATE GLAND RESPONSE TO THYM- 
ECTOKY. Constance R. Martin, Betty Rosoff* and Lorraine K. 
Niller.* Hunter College, C.U.N.Y., New York, New York. 

Studies in this laboratory have shown that the thymus gland 
influence on growth of the ventral prostate gland varies with 
the age of the animal. Hooded male rats thymectomized (T) at 
30-33 days of age and autopsied 21 days later had heavier 
ventral prostates than sham thymectomized (S) or unoperated (U) 
controls. When surgery wa s per formed at 42 -45 d .ays an d auto PSY 
21 days later, T rats had sign ifican tly he avier ventr al Pro S- 

tates than S (but not U) rats. No significant difference6 in 
prostate weights for T, S and U rats were found when autopsy 
was performed 7, 14, 18 or 28 days after surgery at 42-45 
days. To determine whether gonadotrophins can modify the age 
dependent thymectomy effect, 42-45 day operated rats were in- 
jected with FSH, LH, Prolactin or HCG during the 2 weeks prior 
to autopsy at 28 days. LH, Prolactin and HCG did not elicit 
thymectomy effects on ventral prostate weight. However, a total 
dose of 2 mg FSH produced a pattern in 28 day rats similar to 
that observed in uninjected 21 day rats. A 4 mg dose of FSH was 
ineffective in 28 day rats. In another study, a total of 2 mg 
of FSH given during the 2nd and 3rd weeks after surgery aboll 
ished the described differences observed in uninjected rats 21 
days after surgery. To determine the long range effects of thym- 
ectomy, rats operated at 42-45 days were autopsied 4-6 month6 
after surgery. Ventral prostate glands of T rats were markedly 
hypertrophied, as compared with S and U controls. (Supported by 
American Cancer Society Grant # ~-382~; Gonadotrophins donated 
by National Institutes of Health) 
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MICROPERFUSION STUDIES OF EXCRETORY DUCT FUNCTION IN THE 
RAT SUBMANDIBULAR GLAND. J. Ricardo Martinez* and William 
E. Lassiter, Dept. of Medicine, Univ. of N.C. School of 
Medicine, Chapel Hill, N.C. 

This study was designed to investigate the effects of 
intraluminal Na concentration and osmolality on transfer 
of Na, K, and water across the main excretory duct of the 
rat submandibular gland. Solutions of differing Na con- 
centrations or osmolalities, containing NaCl and/or manni- 
to1 and tracer quantities of Na-22 and inulin-methoxy-H-3, 
were instilled by micropuncture into the duct, isolated 
between droplets of mineral oil. After varying time 
intervals each sample was aspirated, and its osmolality 
and Na and K content determined. Net water movement was 
estimated from the change in inulin concentration, and 
unidirectional Na flux from the loss of Na-22. Regardless 
of initial composition, aspirated samples were invariably 
hypotonic to plasma, and concentrations of Na were lower, 
and K higher, than plasma. The results indicate that the 
excretory duct epithelium has a relatively low osmotic 
permeability to water, and that it is capable of reabsorb- 
ing Na and secreting K against large concentration gradi- 
ents. The main excretory duct appears to play a major 
role in determining the osmolality and electrolyte com- 
position of submandibular gland saliva in the rat. 

?WBFDDING CF 5-FLUOROURACIL IN NORMOTHERMT c !ruMoRs OF KYPOTHERMIC ANI- 
MALS. Roberto Masironi>k and Vojin Popovic. Dept. Physiol., Emory 
Univ. School of Medicine, Atlanta, Ga. 

In experiments reported earlier Popovic and Masironi have shown 
that subsequent to cooling of the whole body of golden hamsters their 
normothermically kept tumors disappear (Popovic, V. and Masironi, R. 
Disappearance of euthermic tumors after lo-hour generalized hypother- 
mia, Life Sci. 2: 533-43, 1965; Popovic, V. and Masironi, R. Effect 
of generalized hypothermia on normothermic tumors, Am. J. Physiol. 
211: 462-466, 1966). In order to induce tumor disappearance the dif- 
ferential hypothermia (warm tumor - cold body) had to last at least 
10 hours (Popovic, V. and Masironi, R. Disappearance of normothermic 
tumors in shallow (30°C) hypothermia, Cancer Res. 26: 863-864, 1966). 
Much shorter differential hypothermia is also effezive when it is 
combined with one single administration of 5-fluorouracil (FU), an 
anticancer drug (Popovic, V. and Wsironi, R.: Enhancement of 5- 
fluorouracil action on normothermic tumors induced by generalized hy- 
pothermia, Cancer Res. 26: 2353-2356, 1966). As the first step in 
understanding the mecha?&ms of tumor disappearance after the treatment 
with differential hypothermia and with 5-fluorouracil, the distribution 
of Cl4 labelled 5-fluorouracil was studied in this work in profoundly 
cooled hamsters whose tumors were kept normothermic (differential hy- 
pothermia). While the radioactivity of blood in normothermic animals 
fell quickly after the administration of FU, the radioactivity of blood 
in hypothermic animals stayed constantly at a high level. The differ- 
ential hypothermia acted thus as a long-term 5-fluorouracil perfusion 
of the whole body affecting preferentially warm tumors due to their 
much higher blood circulation and a much higher metabolism as compared 
to the rest of the hypothermically kept body. 



THE PHYSIOLOGIST 245 

ELECTROPHYSIOLOGICAL ACTIVITY DURING AND FOLLOWING COMPLETE ISOLATION 
OF THE MONKEY BRAIN. L. C. Massopust, Jr., R. J. White, M. S. Albin*, 
L. R. Wolin*, R. Meder* and D. YashonJC. Neurophysiol. Lab., Cleveland 
Psychiatric Inst.; Neurosurg. Sect., Metropolitan Gen. Hosp.; Western 
Reserve Univ. Med. School, Cleveland, Ohio. 

Chronically implanted bilateral silver ball electrodes in the motor 
and somesthetic cortex and deep needle electrodes in the anterior 
reticular formation were used to record spontaneous electrical activity 
from the White isolated monkey brain during the following phases: l] 
during dissection of the soft tissue from the skull, 21 during cannul- 
ation of the carotid arteries, 31 during ligation of the vertebral 
arteries, 
approximately 

41 during ligation and severance of the spinal cord, 

monkey brain. 

51 for 
two hours of donor perfusion of the completely isolated 

Spontaneous 
brain and normally 

activity 
functioning 

indicated an essentially viable 
cortex under the conditions of the ex- 

This indic- periment with desynchronized medium voltage fast activity. 
ated an intact ARAS with a normal internal automaticity without the 
major cranial nerve inputs (8th nerve intact) and without the spinal 
cord connections. Visually evoked responses recorded from the visual 
cortex (right eye and orbital structures left intact) after isolation 
and during donor perfusion were similar to those obtained in the intact 
monkey. "On" and "off" responses were observed with afterpotentials 
and latencies were essentially normal. (Supported by grants NB03859 
and NB06552 from the National Institutes of Health.) 

THE EFFECTS OF PROPANOLOL ON MYOCARDIAL CARBOHYDRATE AND FATTY ACID 
METABOLISM. T.N. Masters* and V.V. Glaviano. Loyola University, 
Stritch School of Medicine, Department of Physiology, Chicago, Illinois. 

The myocardial metabolic effects of the beta adrenergic blocking 
drug, propranolol, were studied in 16 open-chest anesthetized mongrel 
dogs in which mean blood pressure and left ventricular pressure was re- 
corded. The coronary sinus was cannulated from which the effluent 
blood was returned to the right atrium. A "T" tube in this circuit 
allowed for measuring coronary blood flow and also for the collection 
of coronary sinus blood samples. The myocardial uptake (A-V difference 
x flow) of glucose, lactate, pyruvate and total fatty acids was mea- 
sured in arterial and coronary sinus blood taken during control and ten 
minutes after the intravenous administration of propranolol (1 mg/kg). 
A significant decrease in the uptake of lactate (33%), pyruvate (35%), 
and total fatty acids (68%) occurred while glucose remained unchanged. 
In addition, a decrease in heart rate from 175 beats/min to 123 beats/ 
min and dp/dt from 2600 mn Hg/sec to 2000 mm Hg/sec was noted. In 
order to determine whether the decreased substrate uptake after pro- 
pranolol was associated with a decrease in cardiac performance or meta- 
bolic blockade, pacing electrodes were attached to the left atria1 ap- 
pendage to stimulate the heart rate to near control levels. In the 
propranolol-treated dogs, pacing caused a significant increase in the 
uptake of lactate and pyruvate. However, glucose during pacing rose 
while total fatty acids remained essentially unchanged. These results 
indicate a relationship between fatty acid uptake and beta adrenergic 
receptor activity. (Supported by ONR Contract 3502-01 and NIH Grant 
HE 08682.) 
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DURLNG F1TNESS TESTS TO NAXINJIVI, J, A. 14astropaolo 
W, E, Jackson and I, T, Idhipple (intr. by D. B. Dill). r ouglas Aircraft CO., Long Beach, California. 

The outputs of an infrared CO2 analyzer, a rapid 
response Pauling meter, and a pneumotachograph were 
recorded on a photographic oscillograph. During fitness 
tests at sub-maximum and maximum oxygen consumptions on 
a bicycle ergometer, the electronic recordings were 
compared to the Haldane-Douglas ba method: this was our 
standard. Tn 100 experiments on 1 E men the electronic 
analyzers differed from the standard by 0.02 +, 0.21 
volume percent ($) CO (mean and standard deviation) 
by 0.03 2 0.10 $ 02 8.5 
(Vd by 54 

,+ 2.0 L/min STPD expired vo ume 
,+ 123 d/min STPD oxygen consumption (V 

i 

by lb 'It 196 ml/min STPD carbon dioxide production $6 
) 

( 
and by 0.02 2 

4, 
0.08 respiratory exchange ratio (R) over 

a range of 0.71to 3.75 L/min VO (mean: 2.08). In 20 
determinations of maximum VG 
gave 2 false positive and 5 f  

, t fi e electronic recordings 
alse negative values. These 

data suggest that further refinements in technique may 
permit quick, convenient, continuous measurement of 
metabolic rate to maximum within the technical error of 
the Haldane-Douglas bag method. 

NOREPINEPHRINE CONTENT OF VARIOUS VASCULAR SEGMENTS. Howard E. Mayer*, 
Francois M. Abboud and John W. Eckstein. CV Res. Labs., U. of Iowa 
Coll. of Med., Iowa City, Iowa. 

In previous experiments large and small arteries and veins in the 
foreleg of the dog reacted differently in response to nerve stimula- 
tion. Sodium and potassium content of these segments also differed. 
In the present experiments norepinephrine was measured in vessels of 
the foreleg by a fluorometric method (29 vascular segments from 5 
animals) and also by bioassay (28 segments from 3 dogs). The bioassay 
was done on saline extracts of pulverized frozen tissue. The pressor 
responses of the rat to intravenous injections of aliquots of the 
extracts were measured before and after administration of phentolamine 
and propranolol. The results indicate that the average concentration 
of norepinephrine in the brachial artery (0.14 vg/gm of wet tissue) 
was significantly lower than that in the ulnar (0.70 ug/gm) and 
metacarpal arteries (0.66 ug/gm) by the fluorometric method. A 
similar difference in concentration between the arterial segments was 
found by the assay method. The norepinephrine content of cephalic 
and metacarpal veins did not appear to differ significantly from that 
of the ulnar and metacarpal arteries. It is of interest that the 
brachial artery which had the lowest concentration of norepinephrine 
did not appear to constrict in response to nerve stimulation. 
(Supported by USPHS grants HE-09835 and HE-02644.) 
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ANTIDIURETIC HORMONE RESPONSE TO SELECTIVE CARDIAC VAGOTOMY. E. A. 
Mazzei* and V. L. Willman. Dept. of Surg., St. Louis University, St. 
Louis, Missouri. (Aided by Grants HEO-6312, USPHS and HE-5299) 

The contribution of the cardiac vagal efferent innervation to urine 
control has been studied in five mongrel dogs with selective cardiac 
vagotomy before operation and for twenty-one days postoperative. Blood 
volumes were determined during the second postoperative week. Pre- 
operative antidiuretic hormone levels averaged 3.2 uU/ml plasma. Post- 
operative values remained elevated for five days with the first post- 
operative day average level of 7.l&U/ml plasma. From day 6 through 
day 21 antidiuretic hormone levels were below preoperative levels which 
is common for many intrathoracic operations not involving neural 
interruption. Blood volume of the five cardiac vagotomy dogs averaged 
98.8 ml/Kg while nine normal dogs had an average blood volume of 78.0 
ml/Kg. Although the cardiac vagotomy dogs have relatively normal 
antidiuretic hormone levels following operation, they have blood 
volumes which are 20.8 ml/Kg higher than controls. This may be due to 
the lack of afferent volume receptor impulses from the left atrium 
following cardiac vagotomy while osmoreceptors may dominate in the 
regulation of antidiuretic hormone secretion. 

EFFECTS OF HEAD OUT WATER IMMERSION ON URINE FLOW, PLASMA VOLUME, 
CATECHOLAMINE EXCRETION AND TILT TABLE TOLERANCE.- Michael M&al& 
(intr. by J.F. Hall). Aerospace Medical Research Laboratories, 
Wright-Patterson Air Force Base, Ohio. 

Head out neutral temperature (34'C) water immersion of human sub- 
jects produces diuresis, plasm volume contraction, decreased urinary 
norepinephrine excretion and subsequent orthostatic intolerance as 
previously reported (New England .J. Med. 269:508, 1963). Similar 
responses have been reported after prolonged manned space flight. Six 
protective techniques or countermeasures, including: 1) four extrem- 
ity venous tourniquets or cuffs, 2) an elastic leotard, 3) anti- 
diuretic hormone (ADH) injection, and 4) cold immersion (30-31°C), 
were assayed for their ability to alter or prevent these immersion 
responses. Chair rest, bed rest and bed rest with lower body negative 
pressure (LBNP) were studied as non-inanersion controls. Venous blood 
and urine were collected in six subjects every two hours during each 
eight hour exposure. The elastic leotard donned after immersion, just 
prior to tilt, was the most effective measure tested and restored tilt 
table responses to control level (p(O.01). Four extremity venous 
tourniquets, inflated two minutes on and four minutes off, offered no 
protection but in a one minute on and one minute off cycle, signifi- 
cantly (p<O.O5) increased urinary norepinephrine excretion and 
decreased the maximum heart rate response to the post-immersion tilt. 
Cold significantly increased urinary norepinephrine excretion during 
immersion but did not prevent post-immersion orthostatic tachycardia. 
Anti-diuretic hormone administration prevented the immersion diuresis 
but was without effect on subsequent tilt table tolerance. These 
observations may be pertinent to the prevention of the orthostatic 
intolerance seen after prolonged manned space flight. 
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FUNCTIONAL ADAPTATION OF MYOCARDIAL TISSUE IN HIGH ALTITUDE EXPOSURE. 
James McGrath"and Robert W. Bullard. Indiana University, Bloomington, 
Indiana. 

Experiments have been continued to functionally test the extent of 
tissue level adaptation in exposure to simulated high altitude. Lab- 
oratory rats were exposed to 22,500 feet in a barometric chamber for 
20 hours/day for 15 days. Right ventricular strips were removed, 
isolated in a Krebs-Ringers solution, attached to a force transducer 
and stimulating electrodes, and stimulated at a frequency of six con- 
tractions per minute. Aeration with 95% 02 and 5%'CO2 was continued 
until the developed tension was stabilized. Testing for' function under 
anoxic conditions was made by switching the aerating gas mixture to 
95% N2 a.nd 5% 02. The time interval then required for the contracting 
myocardium to reach one-half of the preanoxic tension in preparations 
from high altitude exposed rats was approximately twice as great as 
that of controls. A positive correlation was found between the 
hemoglobin concentration levels attained and the tissue resistance to 
anoxia. As the adaptive response was blocked by iodoacetate an alter- 
ation in glycolytic capacity is involved in the high altitude change. 
Supported by NSF grant GB-11. 

PUIXONARY STRETCH RXEPTORS IN THI3 GRASS FROG. T. IMean (intro. by 
B.B. Ross). Department of Physiology, University of Oregon I'ledical 
School, Portland, Oregon. 

Unitary discharge of stretch receptors of the isolated frog lung 
was recorded in order to correlate discharge frequency with lung 
volume. Action potentials from single fibers were amplified and re- 
corded either on photographic film or on magnetic tape and were used 
to trigger counting devices. The volwe of the lung was controlled by 
a syringe pump system filled with Ringer's solution. The experimental 
input waveform was a ramp of controlled slope terminated by a stable 
plateau of controlled xplitude and duration. The slope of the ramp 
ranged from 0.12 m~/sec. to 0.50 ml/set. in increments of 0.125 ml/set.. 
The volume of the lung :\ras increased in 0.2 ml increments from resting 
lung volume to 1.0 ml above resting lung volume. 

Approximately 705 of the receptors e,xhibited discharge in the unin- 
flated state. The threshold for the remaining 30; ranged from 0.15 
ml - 0.g r-.1 above resting lung volume. Approximately 25% of the recep- 
tors showed discharge only during inflation and appeared to respond 
to time rate of change of lung volume. 305 responded only to level 
of lung inf13tion. The re,maining L&$ showed a response to both rate 
of lung inflation and level of lung inflation. 

Pressure-volume curves for the frog lung were comparable to those 
found in previous investigations. 

It is concluded that the frog lung is capable of providing the C.91. 
c 3. :Jith information pertainin g to both lung volume and time rate of 
change of lung volur:e. 
Supported by USPHS CZ53S. 
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Influence of Exercise and Emotion on the Telemetered Blood Pressure of 
Dogs During Obedience Training. Meehan,J.P., Sears&,* Reid,D.,* and 
Henry,J.P.,Univ.So.Calif.,Sch.of Med.,Dept.Physiol. Los Angeles, Calif. 

Muller (Tierarztliche Umschau, 18:296, 1963) has shown that with 
careful habituation during sphygmomanometry, a %asual" pressure will 
fall by 40 mmHg to "basal" values on the order of llO/60 mmHg. Solid 
state transducers 6.5 mm diameter were implanted in the abdominal aorta 
of healthy young (50 lb.) German Shepherds. Leads were exteriorized 
over the lumbar region. The miniature FM/FM telemetry system employed 
is described elsewhere. (Meehan and Rader, I.S.A. Aerospace Symposium, 
1967, in press). Calibration of pressure readings was against a direct 
measurement by a femoral needle. An obedience training course provided 
emotional arousal, and for physiological stimuli the animals exercised 
on a treadmill at various grades and speeds up to exhaustion. Responses 
of a subject implanted for five months were as follows: When sleeping 
the pressure averaged 103/52 mmHg (H.R.68) and on the treadmill was 
U-A/78 (H.R.184) for moderate and 172/97 (H.R.282) for peak exertion. 
With exhaustion the pressure fell to 90150 (H.R.300) and an irregular- 
ity of rhythm developed. As the table shows, pressures during obed- 
ience training were highest when the ccxmnan d was new to the animal. 
The heart rate remained persistently elevated at 150 to 2OO/min as 
compared with the sleeping average of 68/min. 
Days l-10 10-20 20-28 

BP HR BP I-m BP HR 
Sit 181/106 169 

172/% 
144/76 1% w/69 156 

Heel 
Stand 

198 178 176 
172/92 

m/69 125164 
167 148/85 157 w/69 149 

Supported by Air Force Contract 41(609)-3039 

TISSUE BLOODFLOW AND ISOTOPE CLEARANCE. M. Meyer & M. 
Path+, Dept. of Physiol. and Sch. of Dent., Univ. of Minn., Mpls. 

The clearance rate of a minute amount of isotope placed into a tis- 
sue may be an index of local blood flow. This study related this iso- 
tope disappearance rate in masse;yl muscle and oral mucosa to their 
blood flow. A minute amount of I (0. 5-1. ~1, 2-3~~) is injected 
into the mucosa and exposed muscle of anethetized dogs stablized in 
a head holder. Isotope activity is detected with a collimated probe 
connected to a ratemeter and recorded on a servo recorder, Follow- 
ing sacrifice, disappearance rate is re-ez.mined. Calculation of tis- 
sue flow involved the application of the K isotope dilution and frac- 
tionation technique by which cardiac output (CO) and the fraction of the 
CO going to the tissue are determined. With circulation intact, dis- 
appearance was monitored for 30-50 minutes. Without circulation, 
about 80% of original activity injected was detected at 50 minutes in 
the mucosa, whereas about 90% was still detected in the muscle. Ini- 
tial slope of a semi-logarithmic plot of the clearance curve corrected 
for background, disappearance under no flow conditions and normal- 
ized was essentially linear. Time for 63.2% to disappear averaged 
about 4 l/2 minutes for the mucosa and 7. 0 minutes for the muscle. 
Tissue flow averaged about 0. 36cc/min-gm in mucosa and about 0.24 
cc/min-gm in muscle. Mean ratio of the recipocal time constant of 
muscle to mucosa and ratio of their blood flow were between 0.6 and 
0. 7. There appears to be a direct relationship between the amount 
of tissue flow and the rate of isotope disappearance. Supported by 
NIDR Grant #DE 02212. 
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MECHANISM OF CHANGES IN ACTIVE TENSION IN BRONCHIAL 
SMOOTH MUSCLE. J. L. Meyers*, N. L. Stephen**, and R. M. 
Cherniack. Departments of Medicine and Phyeiology, University of 
Manitoba, Winnipeg, Canada. 

It has been demonstrated that increases in muscle length and stimu- 
lus voltage increaee maximum ieometric tetanic teneion (AP,,,) in 
bronchial smooth muscle, while changes in the gae tensions of the 
eurrounding media reduce APmax, The pur poee of thie study was to 
analyze the mechanism of change6 in APmax. The active state of the 
contractile element ie an index of mechanical energy derived from 
chemical reactione, and ie a meaeure of the force generating process 
of the contractile element. Changes in AP max can be brought about by 
a change in the intensity of the active state, which may be reflected by 
the maximum rate of tension development (dP/dt,ax), or by a change 
in the duration of the active state, which may be reflected by the time 
taken to reach peak tension development (tApmax). The increase in 
AP max with increased muecle length and stimulus voltage was a88o- 
ciated with an increase in dP/dtmax, 
decrease in APmax 

tApma remaining conetant. The 
with hypoxia and metabo c acidosis wao aseociated fi 

with a decrease in dP/dtmax. tAp ax wae unchanged with hypoxia but 
increaeed with metabolic acidosis. “I t ie concluded that the obeerved 
changes in APmax with muscle length, etimulue voltage, and hypoxia 
are probably due to changer in the intensity of the active etate of the 
contractile element. Changes in AP max with metabolic acidosis are 
likely due to changee in both intensity and duration of the active state. 

EFFECT OF HYPOTHALAMIC LESIONS ON THE EXCITABILITY OF SPINAL 
MOTONEURONS. 
Liere). Dept. 

P. R. Miles and W. E. Gladfelter (intr. by E. J. Van 
of Physiology and Biophysics, West Virginia University 

Medical Center, Morgantown, West Virginia, 
Damage to the lateral hypothalamus at the level of the tuber cine- 

reum will cause a decrease in the spontaneous locomotor activity of 
rats. Experiments were performed to determine if a decrease in the 
excitability of spinal motoneurons is the mechanism by which these 
lesions cause hypoactivity. A supramaximal afferent volley was de- 
livered to the third lumbar dorsal root, and the electrical reflex 
discharge was recorded from the corresponding ventral root in control 
animals and in rats with lateral hypothalamic lesions. It was found 
that the amplitudes and the areas of the monosynaptic and polysyn- 
aptic responses were decreased from the control level in rats with 
hypothalamic lesions. This indicates that the number of cells firing 
in response to the dorsal root vol ley was decreased in animals wi th 
hypothalamic destruction. In addition, lesions slightly increased 
central delay. When spinal reflexes were recorded during stimulation 
of the 1 ateral hypothal amus, there was an increase in the number of 
ccl 1 s f i ring i n response to the dorsal root vol ley and a decrease in 
central delay. (Supported by NIH grants GM-437 and SSOlFR-05433-06). 
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REGIONAL DISTRIBUTION OF PULMONARY VENTILATION AND PERFUS- 
ION IN ELDERLY SUBJECTS. J. Milic-Emili, J. Holland* 
P.T. Macklem, and D.V. Bates. Joint Cardio-Respiratory 
Service, Royal Victoria Hospital, McGill University, 
Montreal, Canada. 

Using 133Xe the regional distribution of pulmonary 
ventilation and perfusion have been measured at rest in 
6 upright normal men, whose age averaged 69 years 
(range: 65-75). In 5 subjects, ventilation was distributed 
preferentially to the upper and middle lung zones instead 
of to the lower zones as it is in normal young men. This 
difference is consistent with airway closure in the 
dependent lung zones resulting from loss of elastic 
recoil of the lungs that occurs with age. In the other 
old subject ventilation distribution was normal. In all 
6 elderly subjects perfusion distribution was preferential 
to the lower lung zones. Thus, in 5 of the elderly 
subjects there was a significant c/G abnormality on a 
regional basis which may explain at least in part the 
reported increase in A - a differences for oxygen in aged 
subjects. 

(Supported by grants from the John A. Hartford Foundation 
Inc. and the Medical Research Council of Canada.) 

POSITIVE CHROmTROPIC EFFECTS OF DOPAMINE. R. W. Millard* 
and E. T. Anqelakos. Dept. of Physiology, Boston Univ. Sch 
of Medicine, Boston, Mass. 

The chronotropic effects of dopamine (DA) and norepine- 
phrine (NE) were examined by direct perfusion of the sinus 
node artery of the dog at a rate of 0.75 to 4 ml/min. DA 
produced a dose dependent tachycardia in amounts of 0.1 to 
1.0 pg (total) comparable to that produced by 0.01 to 0.1 
pg of NE, corresponding to a dose ratio of roughly 1O:l. 
By contrast intravenous injections of 20 to 40 vg/Kg of DA 
caused an increase in heart rate (and cardiac contractility) 
comparable to that produced by 0.1 to 0.5 bg/Kg of NE or 
a dose ratio of 200tl. The submaximal effect of intranodal 
DA persisted much longer (10 min) than that of equipotent 
doses of NE (1 min). Beta adrenergic blocking agents (DC1 
100 vg, prenethalol 500 pg, intranodally) prevented the 
positive chronotropic effects of intranodal NE and DA. 
Cocaine (100 pg intranodally) potentiated the tachycardic 
effect of NE (ca 2x) while it abolished completely the 
effect of DA up to doses of 50 pg. It is concluded that 
the positive inotropic effect of intranodal DA is dependent 
upon NE release. (Supported by USPHS grants HE 05680 and 
HE 09616 and Career Development Award K3-15,457.) 
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PERMEABILITY OF RAT TONGUE EPITHELIUM. Charlotte M. Mistretta* and 
L. M. Beidler. Florida State University, Tallahassee, Florida. 

How well can taste substances penetrate the surface of the rat 
tongue? The tongue is covered with a coating of stratified squamous 
epithelium containing taste buds and free nerve endings. With this in 
mind, experiments were undertaken to compare the permeability of areas 
of the tongue with and without taste buds and to compare the perme- 
ability to that of epidermis from other body areas. After injecting 
a 1.0X solution of collagenase under the surface of rat tongue, one 
can easily slip off the epithelium, including taste buds. Histology 
on control tissue shows that full 
moved. 2 thickness epithelium is being re- 

An area of tissue 0.49 cm is placed in a diffusion cell and 
the movement of radioisotope through the epithelium is studied. Con- 
stant temperature and a constant volume flow of collecting solution 
beneath the tissue is maintained throughout experiments. A series of 
chemicals were investigated to determine the contributions of lipid 
solubility, molecular size, and electrical charge to penetration. 
Present results indicate that the epithelium is generally less perme- 
able than epidermis from areas of the body previously studied. 
Passive diffusion accounts for the penetration of all substances 
studied. This work was supported in part by a contract with the 
Division of Biology and Medicine, U. S. Atomic Energy Commission. 

EVIDENCE FOR A MONOSYNAPTIC INPUT TO BULBAR RETICULAR FORMATION 
FROM CAROTID SINUS NERVE IN CAT. M.Miura* and D.J. Reis, Cornell 
University Medical College, New York, New York. 

Evoked responses elicited by electrical stimulation of the 
carotid sinus nerve (CSN) were recorded with capillary micro- 
electrodes (20-30~) in the medulla oblongata of cats anesthetized 
with chloralose and immobilized with Flaxedil. Among other 
responses a short latency negative wave, the early response (ER), 
was identified. Its onset latency ranged from 0.7 to 1.2 msec, 
the average peak latency was 1.4 msec, it fell to 50% peak 
amplitude at stimulus frequencies near 200 c/s and reached maxi- 
mum size with stimulus intensities less than 5 times threshold. 
In contrast, the onset latency of the antidromic CSN response 
elicited from the reticular formation ranges from 0.3 to 0.9 
msec and 50% fall-off occurs above 900 c/s (Grill & Reis), thus 
indicating the monosynaptic origin of ER. Calculated conduction 
velocities and intensity/response characteristics indicate ER is 
triggered by myelinated fibers. The ER covered a vertical field 
up to 2.2 mm but peaked to 80% of its size only over 300~. Peak 
amplitudes reached 18 mV. Approaching the maxima, the rising 
slope steepened and the peak latency shortened consistent with 
propagation of the response into dendrites at 1 m/set. 80% of 
maximum responses were located in the reticular formation,mostly 
medial, and 20% in the nucleus solitarius. Myelinated fibers 
of the CSN, probably baroreceptor in origin, therefore, make 
monosynaptic connection with neurons of the medullary reticular 
formation in cat. (Supported by N.I.H. grants NB-04876 and 
NB-06911.) 
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ANTRAL DEPLETION OF GASTRIN BY ELECTRIC STIMULATION 
OF THE VAGUS NERVE. E. Molina::, R. F. Edlich::, Y. Tomiyamag:, 
W. P. Ritchie:::, and 0. H. Wangensteen. Dept. of Surgery, Univ. of 
Minnesota Med. School, Minneapolis, Minn. 

In dogs with intact stomach, under light chloralose anesthesia, 
the vagus nerves were divided in the chest and an electric stimulus of 
0. 5 to 100 mV was applied for a single 15 minute period to the distal 
end of either nerve. A gastric secretory cycle was obtained which 
lasted 3 to 4 hours. Following this response, stimulation of the same 
or opposite vagus nerve did not elicit further acid production. In an- 
other group of dogs, the vagus was stimulated at various intervals 
either before, during or after a S. C. dose of 0.1 to 0.4 mg/kg weight 
of histamine base. In each instance, vagal stimulation either provoked 
acid production or enhanced acid secretion induced by histamine. In 
a third group of dogs with denervated fundic and innervated antral 
pouches, the acid secretory response of the intact stomach and dener- 
vated fundic pouch to the perfusion of the antral pouch with acetyl- 
choline 0. 57’~ sol. , and to the administration of exogenous gastrin was 
studied before and after electric stimulation of the vagus. Acid secre- 
tion could not be elicited by acetycholine perfusion following electric 
stimulation, even though the denervated fundic pouch and intact 
stomach had a normal response to lyophilized exogenous gastrin. The 
results suggest that failure of a second stimulus to provoke acid secre- 
tion in this preparation is a result of depletion of antral gastrin. 

(Supported by USPHS, Hartford Foundation and D. J. Cowling Grants) 

THBEFFECTOF+G~AND+G~ACCI&ERATIONONBLCGDADHL~VELS INTHB 
HUMAN. W. w. Moore, J. D. Rogge*, W. B. Segar*, and A. I?. Fasola*. 
=pts . of PhYSiOl. and Bds., Ind. shiv. Med. Ctr., Indianapolis, Ind,, 
Sch. of Aerospace Med., Brooks AFB, Tex., and Lilly lab. Clin. Res., - 
Indianapolis, Ind, 

The effect of +2 Gz and +2 Gx acceleration for 30 minutes on the 
peripheral venous ADH levels in human subjects was studied on the 
USAF-SAM Human Centrifuge. A mean rise in the blood ADH level of 
2.97 uU/ml (p < 0.05) was found at the termination of the +Gz runs, 
and this rise could be inhibited by having the subjects wear an anti-G 
suit inflated to 60 mm of Hg. A mean decrease in the blood ADH level 
of 0.89 uU/ml (p < 0.05) was found following Gx acceleration. The 
changes in blood ADH level observed are probably secondary to shifts 
in distribution of blood volume into and out of the thorax during 
acceleration. Volume-sensitive stretch receptors in the left atrium 
are suggested to be the loci through which impulses are transmitted 
to the hypothalamo-neurohypophysial system and alter ADH secretion. 
Changes in urine volume previously reported by others during +Gz and 
+Gx acceleration are probably a result of changes in AIEi secretion. 
(Supported by USPHS Grants HE-10401 and H-6309). 
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A TECHNIQUE FOR THE CHRONIC IMPLANTATION OF MULTIPLE 
MOVABLE MICROELECTRODES. Pilar Morqades* and E. ROY John 
(intr. by). Brain Res. Laboratory. New York Medical College. 

A simple, cheap technique will be described which 
permits long term recording of unit activity in unres- 
trained animals. This method utilizes a chronically implanted 
base which carries two metal microelectrodes located 125 
microns apart inside a ceramic insulator. The ceramic is 
within a stainless steel tube, normally held motionless 
by an undersized Teflon bushing. The electrode assembly 
can be advanced smoothly and precisely by a micrometer 
which attaches to the base when necessary. 

Examples will be shown of unit recordings, post- 
stimulus frequency histograms and averaged evoked potentials 
obtained under different conditions from a cat over a 
period of two months. ( This work was supported by a grant 
number 08579 - 04 from the National Institute of Mental 
Health ) 

Effect of A.D.H. on osm,tic equilibration in collecting ducts of an 
isolated rat papilla. Trefor Morgan?, and Fuminori Sakai (Intro. by 
J. Handler). N.I.H., Bethesda, Md. 

Mechanism of osmotic equilibration was studied by stopflow and 
freeflow perfusion. Net water flow was calculated from the change in 
inulin concentration. Diffusional permeability to urea and water was 
measured by isotopic techniques. Net water and solute movement 
occurred only when osmolar or solute concentration gradients were 
present. The diffusional water permeability coefficient was 53 + 4.3 
ems set -1 x 10-5 and increased to 95 + 8.5 after A.D.H. The corre- 
sponding figures for urea were 13.8 zk 0.79 and 20.2 f 1.3. Net water 
flux was 4.1 + 0.92 ~1 cmo2 min -l mOsm-l x 10m3 and increased to 21.0 
Z!I 2.3. If the gradient was reversed an equal degree of water movement 
occurred in the opposite direction. Only when there was net water 
movement were intercellular spaces seen by electron microscopy. The 
difference in permeability to urea between the cortical and medullary 
collecting ducts and the residual permeability to water in the 
absence of A.D.H. are important for the functioning of the counter- 
current concentrating mechanism. 

TSupported by the Post Graduate Committee of the University of 
Sydney. 
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LELAY TX3 IN POSTURAL CONTROL. ShiF=emi llori3:- and John 1:. Brookhart. 
Dept. of Physiology, Univ. of Oregon Medical School, Portland, Oregon. 

The posture of quietly standing trained dogs has been perturbed 
by moving the supporting surface 20 mm in 100, 84, and 58 msec. approx- 
imating a step function of displacement in order to estimate delay time 
in the control system. Weight on posterior feet and DIG patterns from 
hind limb muscles have been correlated with onset of movement. Records 
from sets of muscles in each of 10 dogs have been obtained. The oscil- 
latory pattern of weight change in response to forward displacerent is 
bilaterally symmetrical uniform between trials and between animals, 
and consists of two major peaks of increase at 40-60 msec and 130-160 
msec followed by smaller oscillations complete in approximately 300 
msec. Tonically active muscles (e.g.E. biceps femoris anterior and 
medialis) exhibit cessation of discharge starting at 50-60 msec and 
enduring for TO-80 msec. Phasically active muscles (e.g.K. biceps fem- 
oris posterior and 14. semitendinosus) exhibit a sharp burst of activity 
at 50-60 msec enduring for variable periods sometimes followed by a 
second burst at approximately 170 msec. PI. adductor magnus and K. semi- 
membranosus exhibit two modes of behavior, their reactions resembling 
those of tonically active muscles at some times and phasically active 
muscles at other times. The delay times may be slightly sensitive to 
changes of velocity in the range tested (0.2 to 0.35 K/set.) The magni- 
tude and probability of occurrence of specific change in some muscle 
activity patterns appear to increase with increases in velocity over 
the range tested. The delay times, their narrow range of variation, 
and their uniformity among muscles of various functions suggest the 
operation of an integrative mechanism involving supraspinal structures. 
Supported by USPHS, NIH, NB 047W, 

SOME ELECTROPHYSIOLOGICAL PHENOMENA DEPENDENT UPON 
CHLORALOSE ANESTHESIA. J. B. Munson (intr. by E. B. Wright). 
Dept. of Physiol., Coll. of Med., Univ. of Fla., Gainesville, Fla. 

Auditory and visual input to the cerebellar tuber vermis is modu- 
lated by primary sensory cerebral cortex in acute, chloralose-anes- 
thetized cats (Munson and Snider, Fed. Proc. 1965). Specifically, 
KC1 depression or surgical ablation of auditory cortex reduces 
(whereas strychnine application increases) the amplitude of both 
auditory and visual cerebellar evoked responses (CERs). Such treat- 
ment of visual cortex affects only visually elicited CERs. 

Chloralose augments (2-4x) evoked response amplitudes in cats 
with chronically implanted electrodes. Ablation of auditory cortex in 
such cats under chloralose acutely depresses CERs as before, but 
postoperatively (24 hr) the CERs recover their full pre-operative 
unanesthetized amplitude. Reanesthetization with chloralose again 
augments CERs, but less so than in intact cats. Cats ablated under 
pentobarbital similarly show no residual deficit unanesthetized. 

Tonic cortico-tectal facilitation of tecto-cerebellar transmission, 
hypothesized as the mechanism underlying our earlier observations, 
is apparently operative only in the case of chloralose anesthesia. 
Alternatively, it may be present in the unanesthetized state, but 
balanced by cortico-tectal inhibition of tecto-cerebellar transmission. 

Electrical stimulation of inferior colliculus was observed to pro- 
duce onlyipsilateralcorticalevoked responses without anesthesia, 
whereas under chloralose the responses appeared bilaterally. 
(Supported by NSF ResearchGrantG 24013). 
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INFLUENCE OF THE AMYGDALA UPON SINGLE HYPOTHALAMIC NEURONS 
J.T. Murphy 1, J.J. Dreifuss, P. Gloor,(intr. by 
Dr. F.C. Macintosh), Montreal Neurological Institute, 
Montreal, Canada. - 

Extracellular records from single neurons in the tuberal 
hypothalamus of the cat were analyzed using computer summa- 
tion techniques. Medial hypothalamic neurons were found to 
differ from lateral neurons both in spontaneous firing and 
in their response patterns to amygdaloid stimulation. Basal 
and cortico-medial amygdaloid stimulation influenced a 
greater number of these neurons than did lateral amygdaloid 
stimulation. Two amygdaloid efferent systems, the stria 
terminalis and the ventral amygdalo-fugal pathway, were 
studied anatomically and electrophysiologically. These two 
pathways differed in the slow potentials evoked by each, 
and in the effects of each upon the firing of single neu- 
rons. Convergence of these two pathways upon the same neu- 
rons was demonstrated. Stimulus locked periods of activa- 
tion and/or inhibition were observed. Short latency acti- 
vation was regularly seen with ventral amygdalo-fugal stim- 
ulation. There was evidence that the inhibition was medi- 
ated by local short-axon interneurons, except in the case 
of stria terminalis stimulation which probably produced its 
inhibitory effects directly. The effects of repetitive 
amygdaloid stimulation were dependent upon the post-stimu- 
lus firing patterns obtained with single-shock stimulation. 

1 Supported by U.S.P.H.S. Fellowship 2 F2 NB 28, 505-02 

TEMPERATURE-RELATED CHANGE IN CALCIUM ION DEPENDENCE OF MYOFIBRILLAR 
ATPase ACTIVITY. R. A. Murphy and W. Hasselbach% Univ. of Mich., Ann 
Arbor, Mich. and Max-Planck-lnstitut fiir Physiologie, Heidelberg. 

Myofibrillar ATPase activity is increased by a rise in temperature 
or in [Catch]. Mijhlrad and Hegyi (Biochim. Biophys. Acta, 
1965) report that an increase in temperature decreases the 
WJi red for any given degree of activation. We have 
of temperature on the [Ca*] dependence of myof ibr 

explored-the effect 
1 lar ATPase act ivi- i 

ty by measuring the inorganic phosphate liberated under the following 
conditions: myofibrils, 0.15 mg/ml; Ca* determined by the ratio of 
EGTA/CaEGTA with total EGTA, 1 mM; ATP, 5 mM; MgC12, 5 mM; histidine, 
20 mM (adjusted to give pH 7.0 upon addition of ATP at each tempera- 
ture employed); KCl, 40 mM (u = 0.1). The “initial rate” of ATPase 
activity was found to be a function of [Ca*] from 20 to 40 C. However, 
as the temperature is increased from 20 to 40 C, the “basic rate” of 
ATPase activity becomes progressively independent of the [Ca*]. At 
40 C, almost no Ca is required for maximal ATPase activity. The loss 
of Ca++ sensitivity occurs under conditions when the rates of synere- 
sis and ATPase activity are high: in the presence of ATP and Ca. and 
at physiological temperatures.- Myofibrils which have lost sensiiivity 
to C@ at 40 C no longer exhibit Ca ++ dependent ATPase activity when 
retested at 20 C. This is al so true of actomyosin extracted from myo- 
fibrils which were preincubated in the presence of ATP and Ca* at 40 C. 
Thus, the loss of Cti sensitivity persists following additional puri- 
fication of the contractile proteins. In contrast to myofibrils. - 
natural actomyosin extracted from rabbit skeletal muscle shows ko 
change in the normal [Ca*] requirement between 20 and 40 C. (Supported 
by a Public Health Service Fellowship 2 F2 NB 11, 747 and a Grant 
from the Life Insurance Medical Research Fund.) 
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HELIUM-COLD INDUCED HYPOTHERMIA IN THE HAMSTER AND RADIO- 
RESISTANCE. X.J. Musacchia and R.E. Barr*. Departments 
of Physiology and Radiology, and Space Sciences Research 
Center, University of Missouri, Columbia, Missouri. 

Hamsters, Mesocricetus auratus, placed in an ambient 
atmosphere of 10% helium andoxygen at temperatures of 
from 5OC to 15 C, become hypothermic. Depending upon body 
size and ambient temperature, it takes from 6 to 12 hours 
for body temperature to fall to approximately ambient 
levels. The hypothermic hamster is relaxed and limp. 
These animals revive from hypothermia by exposure to room 
temperature. Comparison of radio-sensitivity between 
active and hypothermic hamsters were made. In a typical 
series, whole body exposure to 6oCo at 1000, 1250, 1500, 
and ZOOOR showed higher mean survival times in hypothermic 
irradiated animals at all dose levels. The LD 50/30 for 
the hypothermic animals is approximately llOOR, whereas 
for the active hamsters the LD 50/30 is approximately 
800R. (Supported by NASA NGR 26-004-021). 

THE EFFECT OF VISUAL DEPRIVATION ON RAPID EYE MOVEMENTS OF 
DESYNCHRONIZED SLEEP IN THE CAT. G. E. Myers and A. R. 
Morrison (intr. by .I. M. Sprague). School of Vet. Med., 
Univ. of Penna., Philadelphia. 

The result of impaired development of visual function 
on the rapid eye movements (REM) of the cat is still an un- 
settled question. As part of a study designed to examine 
the effects of visual deprivation of varying degrees of se- 
verity, the eyelids of each of ten kittens were closed with 
sutures at six to nine days of age, prior to the time of 
normal eye opening. In two cats complete eye closure was 
accomplished; while partial eye closure was obtained in 
four others. At least seven months later electrodes were 
implanted for chronic recording of the electro-oculogram, 
electroencephalogram, and electromyographic activity of the 
dorsal cervical muscles in two cats of each group. The 
records obtained from both groups did not differ from those 
of normal cats studied, The sleep-wakefulness cycle was 
not altered. During desynchronized sleep REM were present 
in all animals. The frequency of occurrence of REM, the 
rates of ocular movements within bursts of REM and the am- 
plitudes of the EOG tracings appeared normal. These data, 
therefore, support the concept that REM result from central 
neural discharges which do not depend on normal patterned 
visual input for their occurrence. (Supported by USPHS 
Grants 5T5 GM-1604-10 and 2 Tl NB-5273). 
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ISOPROTERENOL - A POSSIBLE MEDIATOR OF SYMPATHETIC VASODILATION, Helen 
A. &mrs* aad Carl R Hoa. Univ. of Roohester,Sch. of Hed.~R~ch.,#.Y. 

It is currently held that acetylcholine is the mdiator released by 
- eymplthetic va8Ator aem to-8keletal m8cle. l!he pomibility 

thatisoprotereaal is the mediator irmtead is 8uggestedby report8 
that i8OprOtemnOl occur8 in VbO, and by the 8idbW CharaCteri8tiC8 
of vamadilotions produced by~roterenol, acetylcholine, and 8ympa- 
thetic mrv88. Evideace that the mdiator is acetylcholine is entirely 
pharmacological, and 8uffer8 from lack of specificity of drug action 
and UaCertpinty a8 to the locU8 of drug effects, ti dog8 anesthetized 
withchloralo8e 8ympathetic vasodilator area8 inhypothat, de* 
cribed by Ibdgma &a (J. Camp. Neural. lO3:95,1956), were sthila- 
ted at 70 0~8, 2 m8ec pulse duration, 0.2 mamp constant current, Asia- 
tance acrobs the hind limb exclu8ive of paw was calculated from contin- 
uou8 ma8Wemat8 Of pressure and femoral flow. statistical method8 
were devised for evaluating, for w!w~OU~ ~altae8 of control ~~Si8t~mCe, 
the degree of blockade of va8odilation produced by antiadrenergic and 
anticholinergic 8. Mchloroisoproterenol (2.5 - 10 lag/kg), propra- 
nolo1 (2.5 - 7.5 3 kg), and methoxamine (0.8 &kg) inhibited vasodL 
lation. Xnhibitioa was dorpe dependent and within the range required 
for cardiac effects, Cardiovascular effect8 of injected acetylcholine 
and vagal stimulation were unaltered. Inhibition of sympathetic vase- 
dilation by l tropine was do8e dependent over the range 0.03 - 3.0 mg/ 
kg, whereas regal effect8 on heart rate were completely blocked by 0.1 
n&g. Atropine given after dichloroisoproterenol mually enhanced the 
response to hypothalamic stimulation. A distal site of action of di- 
chloroisoproterenol wa8 demonstrated on imlated, innervated gracilia 
mu8cIes perfused from a zwservoir, We conclude thaii it is a8 rea8ob 
able to interpret the data to man that the mediator i8 isoproterenol 
a8 it i8 to believe that it is acetylcholim. 

RESPONSE OF SKELETAL MUSCLE VEINS IN LOCAL REGULATION OF BLOOD Fulw. 
P. J. Nagle," J. B. Scott, and F. J. Haddy. Depts. of Physiol. 
Univ. of Wisconsin, Madison, Wisconsin and Michigan State University, 
E. Lansing, Michigan. 

An examination of the resistance to flow through veins in skeletal 
muscle during active hyperemia, reactive hyperemia, autoregulation and 
the venous arteriolar response has been made in the dog. The gracilis 
muscle was isolated so that blood entered via the gracilis artery and 
left via the gracilis vein. The gracilis vein was cannulated for 
blood flow measurements. Pressures were measured in side branches of 
the gracilis artery and vein and in a small vein extending directly 
from the muscle belly. Flows and pressures were measured before, 
during and imnediately after electrical stimulation (4V, O.O2ms, 
4/set.) of the gracilis nerve, partial occlusion of the gracilis artery 
and partial occlusion of the gracilis vein. 

Venous resistance fell during active hyperemia and remained low for 
a short period following termination of the exercise. It rose during 
partial arterial occlusion and then fell below the control level on 
release of occlusion. Partial venous occlusion lowered venous resis- 
tance. Total resistance fell during and after nerve stimulation; it 
did not change significantly during partial arterial occlusion but fell 
on release of occlusion, and rose during partial venous occlusion. In 
each case the change in venous resistance was in the direction of the 
change in venous transmural pressure. 
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RADIATION OF LUNG: EFFECT ON PHOSPHOLIPIDS, SURFACE ACTIVITY AND 
MORPHOLOGY. Arnold Naimark. Donald Newman*, Drunnnond H. Bowden*. Depts. 
of Physiology and Pathology, Univ. of Manitoba. 

The nature of radiation injury to the lung was studied in rats. At 
intervals of l-4 months after radiation of the right hemithorax (3000r, 
single dose) exposed lungs were compared to contralateral shielded 
lungs and the right lungs of non-radiated control rats. The DNA and 
total lipid phosphorus (P) content of radiated lungs did not differ 
from controls but the ratio - lipid P / DNA - increased, suggesting 
qualitative change in the cell population. Tissue slices from ra iated 
lungs exhibited markedly depressed incorporation of palmitate-C1 t into 
various phospholipids in vitro. -- The stability of bubbles expressed 
from the cut surface of radiated lungs decreased progressively after 
radiation, indicating impaired surface activity of the lung lining 
layer. Electron microscopy revealed no qualitative changes in the 
alveolar epithelial cells. Morphologic evidence of injury was limited 
to the capillaries. They showed endothelial swelling, mast cell and 
plasma cell infiltration and collagenous lumenal occlusion. The changes 
were focal in nature and unevenly distributed throughout the affected 
lung. It is postulated that a small, but metabolically highly active, 
population of lung cells is depleted following radiation, perhaps as a 
consequence of capillary damage. The pronounced effect on surface 
activity suggests that these cells may be involved in the elaboration 
or maintenance of the lung lining layer. 
Supported by grants from the Medical Research Council of Canada. 

3FFXTS OF LABYRINTHINIS AND VISUAL DEPRIVATION ON POSTURAL STABILITY. 
Calvin Nakao<c and John E. Brookhart. Dept. of Physiology, Univ. of 
Oregon P'edical School, Portland, Oregon 

Spontaneous variations in distribution of weight of quietly stan- 
ding dogs has been used as an index of postural stability. Five dogs 
have been studied in the normal condition (C), blindfolded (B), after 
chronic labyrinthine deprivation (L), and with the combined deprivation 
(LB). Caloric stimulation was used to test completeness of labyrinth 
destruction. Movements of the center of weight distribution in the 
longitudinal and transverse directions were recorded in ten consecu- 
tive 5 min. trials for each condition in each dog. No significant 
changes were noted in lateral movements of the center of weight distri- 
bution. The mean standard deviation (within--trial variability) of 
longitudinal movements did not change significantly in any condition. 
When the LB condition was compared with the L and B conditions, the 
mean of means and the standard error of longitudinal variations indi- 
cated that the doubly-deprived do 

k 
s 

distribution slightly (0 to If; mm 
shifted their centers of weight 

forward (p < 0.05). The results 
suggest that the control system in the doubly-deprived animal reflects 
a distortion of feedback information related to position but no alter- 
ation of information related to change of position. Thesmallmagni- 
tude of the deviation from normal may imply 1) the overwhelming ixnpor- 
tance of information from somesthetic sources to the operation of the 
control system or 2) that the perturbations encountered during quiet 
standing do not test the control system severely enough to reveal the 
deficits resulting from these deprivations. 
Supported by USPHS, MIH, NB 04744 
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GLYCOGEN CONTENT IN THE INTESTINE OF THE FEmL AND NEONAT&L RAT. Paul 
Nathan. Shriner's Burns Unit and the Depts. of Physiology and Surgery, 
Univ. of Cincinnati Coll. of Med., Cincinnati, Ohio. 

Studies of everted pouches of intestine obtained from neonatal rats 
showed active transport of glucose. Some experiments demonstrated a 
net gain in sugar in the solutions bathing the intestines. This net 
accumulation of sugar was not observed with similar preparations from 
mature rats. In the present work, glycogen levels were measured in 
segments of the jejunum and ileum as a potential source of the extra 
sugar seen in the experiments with young rats. Intestines were removed 
from young albino rats one day prior to their birth and at 1, 12, 21 
and 28 days of age. Six animals were studied in each group. Four cm 
lengths of tissue were weighed and then analyzed for their glycogen 
content by the anthrone method. All the results are expressed as mg 
glycogen/lOO gm wet weight of intestine. In the fetal rat glycogen 
varied from a level of 60 mg in the duodenum to 250 mg in the ileum. 
The newly born rat had approximately 100 mg in the proximal intestinal 
segments increasing to 160 mg in the distal ileum. In the 12-day old 
rat, the glycogen values varied between 50 and 100 mg in the proximal 
2/3 of the small intestine, and attained values of 150 mg in the distal 
l/3. By contrast, in the more mature rats at 21 or 28 days of age, the 
duodenal portion of the intestine contained less than 50 mg of glycogen 
/lOO gm wet weight, and the ileal segments demonstrated a level of 40 
a* Thus, the intestine of the younger rats showed a consistently 
higher glycogen concentration than that seen in the older animals. It 
appears likely that some of the sugar transported by everted sacs of 
neonatal rat intestine may arise from glycogen stores in the tissues. 

EFFECT OF ALTERATIONS IN URETERAL PRESSURE ON RENAL AUTOREGULATORY 
CAPACITY. &. Gabriel Navar*, Philip c. Baer*, and & g. Guyton (intro. 
by Ben H. Douglas). Univ. of Miss. Medical Center, Jackson, Miss. 

This study was undertaken to determine the effect of increased ure- 
teral pressure (UP) on renal blood flow (RBF) and renal autoregulatory 
capacity. Dogs anesthetized with Na pentobarbital were given an intra- 
venous isotonic saline drip of 0.5 to 1 ml/min. Arterial pressure was 
elevated by constriction of the carotid arteries. Through a left flank 
incision, an electromagnetic flow probe and an adjustable plastic 
clamp, used to vary renal arterial pressure (RAP), were placed around 
the renal artery. RAP was measured through a teflon needle inserted 
distal to the clamp. The ureter was connected to a pressure trans- 
ducer and a drop recorder. UP was elevated by raising the drop re- 
corder and allowing the kidney to excrete urine against the increased 
hydrostatic pressure. Control pressure-flow relationships at zero UP 
exhibited typical autoregulation. Moderate increases in UP (up to 20 
mm Hg) caused a slight increase in RBF and a minimal elevation of the 
plateau in the pressure flow curve. RBF increased as much as 100% with 
greater increases in UP up to 50-80 mm Hg. The pressure-flow relation- 
ship showed a progressively elevated plateau with the breakpoint be- 
tween the plateau and the linear portion of the curve occurring at a 
higher RAP. The RAP at zero RBF and the slope of the linear portion of 
the pressure-flow relationship were not noticably influenced by in- 
creases in UP. Elevation of UP to the extent that urine flow ceased 
resulted in a passive pressure-flow relationship with no further incre- 
ment in RBF. Upon re-establishment of zero UP, RBF showed a variable 
degree of recovery from complete to 50% but the pressure-flow curves 
demonstrated adequate autoregulatory capacity. Prolonged polyuria 
occurred after UP was returned to control levels. 
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THE FATE OF 14C HISTAMINH DURING GASTRIC SECREZION. Henri Navert,* 
Eunice V, Flock,* Gertrude M. Tyce,* and Charles F. Code. Mayo Clinic 
and Mayo Foundation, 

Histamine (20ring- 
prhester, Minnesota. 

C) di-HC1 (H) (0.03 mg/kg/hr) was injected i.v. 
continuously for 140 min in conscious, adult dogs with Heidenhain 
pouches until the levels of concentration of radioactive H in plaama, 
gastric mucosa, and juice were constant (steady state). To determine 
rates of disappearance of H and its catabolftea, the same quantity of 
nonradioactive H was given for 100 min. kcosa of the corpus was 
serially biopsied at 10 or 20 min intervals; venous plasma and gastric 
juice were collected simultaneously. Radioactive H and catabolites 
were extracted and identified by TLC or HVPE or both. Mean values 

gastric mucosa, and gastric juice. The data suggest that I is rap&y 
metabolized; of the catabolites, XI accumulates in mucosa, III pre- 
dominates in plaama,and VI in gastric juice. (Supported in part by 
grants from the Louirr W.and Maud Hill Family Foundation, NIH Grant NB- 
4004, and the Foundation of Jean-Louis L&esque, Montreal.) 

SODIUM AND POTASSIUM LEVELS IN SERUM AND URINE OF COLD-EXPOSED 
CHIPMUNKS. William H. Neff* and Adam Anthony. Department of Biology, 
Pennsylvania State University. 

Urinary and serum sodium and potassium levelsweremeasured in 
chipmunks exposed to cold (322 C) for 1, 4, 8 and 30 day periods. 
Cold induced diuresis caused a net increase in the excretion rate of 
both sodium (+45%) and potassium (+42%) over the entire exposure 
interval despite a reduced concentration of sodium and potassium per 
unit volume of urine. However, serum levels of sodium and potassium 
were maintained within normal limits except on day 4 when the Na/K 
ratio was reduced due to increased serum potassium (+22%) and decreased 
serum sodium (-10%) concentrations. The overall findings are in keep- 
ing with the belief that rapid homeostatic restoration of serum ionic 
balance during cold exposure probably results from an increased renal 
reabsorption of sodium. This could occur through an increased 
secretion of aldosterone triggered by relatively high circulating 
levels of potassium during the first few days of exposure. 
(Supported in part by NASA Grant NGR-39-009-015 and Public Health 
Research Grant GM 07678 from the Institute of General Medical 
Sciences.) 
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NON-LINEAR ELECTRICAL PROPERTIES OF THE MOTONEURON MEMBRANE. 
P.G. Nelson, R.E. Burke and H.D. Lux, Nat1 Inst.of Health, 
Bethesda, Md., and Max Planck Inst., Munich, Germany. 

Complex responses of the cat motoneuron membrane to pulses 
of current have been described in terms of 3 exponentialpro- 
cesses by Ito and Oshima (J.Physiol.1965). They also showed 
that the motoneuron membrane may exhibit anomalous rectifi- 
cation. The present experiments indicate that polarizing cur+ 
rents produce complex time and voltage dependent alterations 
in membrane conductance and e.m.f. When small pulses of 
current are superimposed on long pulses or steady currents, 
both the time course and steady value of the voltage pM 
by the short pulses indicate that a change in membrane re- 
sistance may be produced by the long-lasting currents. Over- 
shoots of the membrane potential following the longer cur- 
rents suggest that a change in membrane e.m.f. has occurred. 
A complete description of the motoneuron membrane must in- 
corporate these complex non-linearities. Nevertheless, some 
of the membrane electrical characteristics at a given mem- 
brane potential can be determined assuming linear behavior. 
Dendritic spread of current and membrane non-linearities 
must be distinguished and taken into account in analyzing 
the transient response of the membrane to current pulses. 
Both membrane non-linearity and accommodative properties are 
membrane potential dependent (Koizumi,et al, J.Neurophysiol. 
1966). Accommodation does not necessarny-%ccompany the mem- 
brane non-linearity. 

INTESTINAL TRANSPORT, COENZYME A CONTENT AND ULCERATIVE COLITIS IN 
SWINE DEFICIENT IN PANTOTHENIC ACID. Ralph A. Nelson and Howard S. 
Teague.* Scott Research Laboratories, Fairview General Hospital, 
Cleveland, 0. and Ohio Agricultural Research and Development Center, 
Wooster, 0. and Ohio State University. 

Studies of the effect of pantothenic acid deficiency on transport 
of water, sodium, potassium and glucose were carried out in jejunal 
and colonic segments of 22 pigs. Assays of coenzyme A activity of 
the colonic mucosa were performd in 16 animals. In the jejunum, de- 
ficiency produced an equal reduction in the bidirectional flux rates 
of sodium and mild reductions in net potassium and glucose transport. 
Net water and sodium movement were unaffected. In the cecum, entero- 
sorption of body water and sodium was produced or accentuated in de- 
ficient pigs or in pigs weaned from gilts fed a diet low in this 
vitamin. In long term chronic studies in two animals, exsorption of 
sodium declined as well as net water, sodium and potassium transport. 
Early in the development of deficiency large quantities of water, 
sodium and potassium were lost itlto the gut lumen of two of four pigs 
with chronic jejunal segments. Also early in deficiency, cecal trans- 
port demonstrated a sudden increase in K enterosorption accompanied 
by an increase in Na absorption. Both of these effects disappeared 
as the deficiency state progressed. Coenzyme A activity of the col- 
onic mucosa was reduced by mDre than 75 per cent in pantothenic acid 
deficient pigs with bloody diarrhea and ulcerative mucosal lesions 
which appeared similar to ulcerative colitis of humans. It was con- 
cluded that pantothenic acid deficiency affects gut transport and 
produces reduced levels of coenzyme A content in colonic mucosa. 
Supported by N.I.H. Grant #AM 10799-01. 



THE PHYSIOLOGIST 263 

ADENOS I NETR I PHOSPHATASE ACT IV ITY OF ARTERIAL WALL ACTOMYOS IN: MAGNES I UM 
ION DEPENDENCE. D. L. Newman;‘;, R. A. Murphy and 0. F . Bohr. Un iv. of 

Mich., Ann Arbor, Mich. 
The [M$+] requirement of glycerinated hog carotid artery strips 

for tension development is much greater than that of glycerinated rab- 
bit psoas (Filo, et.al., Science, 142, 1581, 1965). The following re- 
sults show that this relationship is also characteristic of the ATPase 
activity of actomyosin extracted from hog carotid arteries (VSM-AM) 
compared with that from rabbit skeletal muscle (SK-AM). Technique for 
isolation of VSM-AM was similar to that of File, et.al. for the “purl- 
f ied preparation” (Am. J. Physiol., 205, 1247, 1963). ATPase activity’ 
was measured under the following conditions: VSM-AM, 0.3 mg/ml (37 C) 
or SK-AM, 0.15 mg/ml (20 C); ATP 1 mM; histidin 20 ITIM (pH 7.0); 
KC$+kO mM (p, 0.1) ; [Ca *] 10-s M* [Mg*] 10g8’to 10m2M. [Mg*] and 
[Ca ] were calculated usin; a MgUDA--UDA--;aUDA buffer system where 
total uramil-N,N-diacetic acid (UDA) was 1 mM. The ask rate of VSM- 
AM ATPase activity was very low at [Mg*] up to 10’ PI M. With higher 
[M$+] there was a progressive increase In ATPase activity to a maxl- 

mum of 0.05 PM Pi/mg protein per mi 
H 

at lO:tM Mg*. SK-AM ATPase acti- 
vity increased with [Mg*] from 10’ to 10 M to a maximum of 0.23 
@4 Pi/mg protein per min whereas greater [Mg*] decreased ATPase acti- 
vity. The [Mg*] dependence of the VSM-AM preparation is significantly 
different from that of SK-AM, and is consistent with the effects of 
[MgH] on tension development of glycerinated strips in the two types 

of muscles. (Supported by a Grant from the Life Insurance Medical 
Research Fund.) 

THE PRESSURE GRADIENT BETWEEN LEFT VENTRICLE AND ASCEND I NG AORTA DURING 
SYSTOLE. M. I. &. Noble (intr. by M. B. MCI Iroy). Cardiovascular 
Research Institute, Univ. Calif. Med. Ctr., San Francisco, Calif. 

The pressure difference between left ventricle (LV) and ascending 
aorta was studied in conscious and closed chest, anesthetized dogs. A 
Microsystems IO17 pressure transducer was implanted through the 
anterior wa I I of the LV and the transducer of a Statham M-4000 e lectro- 
magnetic flowmeter was placed around the root of the aorta. Su bse- 
quently, a Statham SFI catheter tip manometer with side hole was ad- 
vanced retrograde into the LV and its pressure signal matched in gain 
and zero level with that of the I017 transducer. The SFI was then 
withdrawn into the ascending aorta. LV pressure exceeded aortic pres- 
sure in early systole and was less than aortic pressure in late systole; 
the maximum differences were 6-11 m m  Hg in each case. The early 
systolic positive gradient was greater than the late systolic negative 
gradient but of shorter duration; it had no large peak. Pressures 
equalized just after the peak of aortic flow. Injection of calcium 
gluconate into left atrium or coronary artery increased both positive 
and negative gradients as well as acceleration and deceleration of LV 
outflow. Similar systolic pressure gradients were found in the LV 
outflow tract and have been reported for the ascending aorta. The 
results confirm in the conscious dog that the longitudinal impedance 
is large ly i nertia I at these si l-es and suggest that the same LV pres- 

sures in early and late systole do not imply equal potential energy 
production by the LV muscle. (Supported in part by USPHS grant HE- 
06285, and a Senior Fellowship from the San Francisco Heart Assoc.) 
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THE ACTI VITY OF NEURONS I N CAT GLOBUS PALLI DUS FOLLOWI NG CORTICAL AND 
SUBCORTI CAL STI MULATI ON1 . H. Noda?:, S. Manohar”, and W. R. Adey . 
Space Biology Laboratory, University of California, Los Angeles. 

The response patterns of neurons in globus pallidus to single or re- 
petitive stimulation of caudate, sensorimotor cortex, non-specific 
thalamic nuclei, midbrain reticular formation, amygdala and subthalamic 
areas were investigated with steel microelectrodes in locally anesthe- 
tized and imnobilized cats. Three general patterns of spontaneous 
activities were observed. The first group of neurons showed high 
frequency d i scharges, the second low frequency discharges and the third 
repetitive bursts. The effects of stimulation were analyzed by digital 
computation. Caudate stimulation caused inhibition and sometimes this 
was preceded by oligo-synaptic activation. Less frequently inhibition 
was observed on stimulation of sensorimotor cortex. Non-specific thal- 
amic and midbrain reticular stimulation usually caused marked facilita- 
tion. Stimulation of amygdaloid complex and subthalamic areas commonly 
produced facilitation; rarely, initial facilitation was followed by in- 
hibition. The effects of stimulations and the response patterns were 
variable in different units. A large number of units was responsive to 
reticular stimulation. However, others responded exclusively to amyg- 
dala, caudate, non-specific thalamic nuclei or subthalamic areas. These 
units were scattered through the pallidum. Some units responded to 
stimulation of more than two structures. This was commonly observed in 
the first group of neurons. Sometimes it was difficult to elicit res- 
ponses to stimulation of any structures examined from the second and 
third group of neurons. The data suggest that one class of pallidal 
neurons shows responses only to a single stimulus site, whereas conver- 
gent pathways exist to closely adjacent pallidal neurons from caudate, 
amygdala, non-specific thalamic nuclei, and midbrain reticular formation. 

(lThese studies were supported by AF49-(638)-1387 andN1l-i Grant NB-01883 

BSP CLEARANCE AND FATTY INFILTRATION OF THE LIVER IN THE DOMESTIC FOWL. 
J. 0. Nordstrom* and A. H. Smith, Department of Animal Physiology, 
University of California, Davis, California. 

Fatty infiltration of the liver in the female bird during reproduc- 
tive activity (egg formation) is a natural phenomenon. Under these 
conditions, one might anticipate the rate of disappearance of BSP from 
the plasma (BSP disappearance constant, "k") following a single injec- 
tion of the dye to be decreased. Fatty infiltration of the liver in 
the domestic fowl (chicken), however, does not appear to impede the 
removal of BSP from the plasma by the liver, and in general, k tends 
to increase as the liver fat content increases. In the laying hen, 
there appear to be two separate relationships between k and liver fat 
content, one at liver fat levels below 75 mg fat/gm fresh liver 
(k = 0.0080 (mg fat/gm fresh liver) - 0.18), and the other at liver 
fat levels above 75 mg fat/gm fresh liver (k = 0.0021 (mg fat/gm fresh 
liver) + 0.016). During a progesterone-induced molt, in which the 
liver fat content is considerably reduced, k will systematically in- 
crease or decrease depending upon the value of k in a given animal dur- 
ing the laying state (k during molt = 0.69 - 1.13 (k during laying)). 
The response of k in transition from the laying to the molting state 
can be explained from the relationship between k and liver fat content 
in the laying hen. The results suggest that the rate of hepatic re- 
moval of BSP from the plasma in the female chicken is closely related 
to and enhanced in some way by the amount of liver fat present. 
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VENTILATION STUDIES WITH SYNTHETIC FLUIDS. R.H. Norton*, L. Malone*, 
B. Yates* and D.M. Lon Dept. of Surg. Research, Hektoen Institute 
and University 73ii?!%is. o Chicago, Illinois 

Polyfluorocarbon and polysiloxane fluids are of physiological inter- 
est because of their high 02 solubility, low viscosity, low surface 
tension and low toxicity. The properties are such that animals can be 
ventilated with these fluids at ambient pressure with survival. Dis- 
eased lungs can be inflated with synthetic fluids with no losses into 
the lung tissue. Thus it has been possible to differentiate between 
mechanical abnormalities due to interfacial forces and abnormalities in 
tissue elasticity. Toxicity is associated with acute emphysematous and 
hemorrhagic lesions and rapidly developing (<5 minutes) CO2 retention. 
However, sequential experiments with a given quantity of the fluid in- 
dicate that there i c decreased toxicity through use. 

MEASUREMENTS OF UMBILICAL BLOOD FLOW AND VASCULAR 
VOLUME BY DYE DILUTION. Miles J. Novygc and James Metcalfe. 
Heart Research Laboratory, University of Oregon Medical School, 
Portland, Oregon. 

Measurements of umbilical blood flow, using indocyanine green 

dye, were made in 8 fetal goats (128- 140 days gestational age) while 
the fetuses were in ute ro and the mothers were under halothane and 
barbiturate anesthesia. Placental arte riovenous shunting was not 
detected by this method. Circulation time in the umbilical circuit 
averaged 7. 2 seconds. Each umbilical artery and its accompanying 
vein represent a virtually separate circulation prior to intra-abdom- 
inal fusion of the umbilical veins. Mean umbilical blood flow was 143 
(* 62 S. D.) ml/kg/min. Umbilical CvO2-Ca02 was 3.6 (* 0. 2 S. D. ) 
ml/ 100 ml. Fetal oxygen consumption was 5. 1 (* 1. 9 S. D. ) ml 02/ 
kg/min, and fetal pH ranged from 7.00-7. 44. Total fetal blood volurrrs 
was 143 ml/kg of fetus. Placental blood volume averaged 39. 2 ml/kg 
of fetus. In 3 experiments injection of norepinephrine into the umbilir 
cal artery increased arterial blood pressure and placental vascular 
re sistance. This was associated with a fall in umbilical flow rate, an 
increase in mean placental transit time, and an increase in blood 
volume in the umbilical circuit. (Supported in part by grants from 
NICHD and NHI. ) 
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A COMPARISON OF PYRAMIDAL TRACT ORGANIZATION IN PRE- AND POSTCRUCIATE 
CORTEX OF THE CAT. Judith K. Nyquistfc, David Whitehorn': and Arnold L. 
Towe. Dept. of Physiology and Biophysics, Univ. of Washington, Seattle, 
Washington 98105. 

In the forelimb region of postcruciate cortex of the cat under chlor- 
alose anesthesia, the order in which the PT cells are brought into 
activity is similar following stimulation of ipsilateral forepaw and 
both hindpaws. However, the pattern displayed in response to stimula- 
tion of the contralateral forepaw is unique. We have previously sug- 
gested (Fed. Proc. 26:491, 1967) that an interaction of small-field 
non-PT cas andwide-field PT cells is involved in production of this 
unique pattern. In the precruciate cortex, which contains very few 
small-field cells, a comparison of the PT population response following 
input from each of the four extremities yields a different picture. 
A strong correlation (r=0.7) is found between the sequences of activa- 
tion when stimulation of the two forepaws or the two hindpaws are com- 
pared. A weaker, but significant correlation (r=0.4) exists between 
the orders of discharge following stimulation of the two contralateral 
paws or the two ipsilateral paws. Comparison of the responses to inputs 
from a forepaw and the opposite hindpaw yields a poor correlation 
(r=0.2). Previous work has shown the pattern of activation to differ 
in the pre- and postcruciate PT populations when the same peripheral 
site is stimulated. The present results indicate that the manner in 
which these patterns change with a change in the site of peripheral 
stimulation also differs. The implications of this finding with respect 
to the organization of the afferent input to the two cortices will be 
discussed. (Supported by research grants NB 396 and NB 5136 from 
USPHS.) 

QUANTITATIVE STIMULATION OF SINGLE OLFACTORY RECEPTORS. R. O'Connell* 
and M. Mozell. State University of New York Upstate Med. Ctr., 
Syracuse, N.Y. 

The electrical activity of single receptors was recorded extra- 
cellularly with metal filled microelectrodes from the exposed ventral 
olfactory mucosa of the frog. The purity of the four chemicals used 
as stimuli was assured chromatographically. The olfactometer was 
calibrated with a gas chromatograph. Approximately 5% of the ob- 
served cells were unaffected by all four chemicals. Of the 48 cells 
whose activity could be modulated 47 were excited and one was in- 
hibited. The mean spontaneous level of the excited cells was 3 
spikes/min. The frequency of response increased with concentration; 
its latency decreased. For any one chemical the slope of the response 
function (frequency or latency vs. concentration) varied from cell to 
cell. It also varied from chemical to chemical for any one cell. As 
a consequence of this variance in slope a given cell ranked the four - 
chemicals, according to frequency or latency, in a reproducible but 
concentration dependent order. A comparison of 23 cells revealed that 
there are several different rank orders although some are more common 
than others. In 14 cells the simultaneous presentation of two differ- 
ent chemicals elicited a response which was greater than the sum of 
the responses obtained with each chemical given alone; in 11 cells it 
was less. Increases in response were most often seen in those cells 
which fired at a low rate to individual stimuli. Decreases were noted 
for those cells that fired at a high rate. These data suggest that 
the receptor sites involved are not homogenous. Supported by NIH 
Grant NB 03904. 
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THE LOCALIZATION OF RELAXIN IN THE REPRODUCTIVE ORGANS OF THE PREGNANT 
MAMMAL. W. B. O'Connol?cand M. X. Zarrow. Dept. of Biological Sciences, 
Purdue University, Lafayette, Ind. 

An antibody to relaxin was developed in the rabbit. The specificity 
and potency of this antibody was demonstrated by both in vivo and in -- 
vitro assay techniques. The antibody to relaxin was labelled with- 
Iodine-125 and a specific activity of 20-40 uC/pg was obtained. 
Amounts ranging from 0.5 to 6.0 pg of this antibody preparation were 
injected into pregnant mice, rats and rabbits in the last week of their 
respective gestation periods. Tissue sections of various reproductive 
organs were cut on the cryostat at 6-10 II, dipped in Kodak NTB-2 
emulsion and prepared for autoradiographic examination. The iodinated 
relaxin antibody was found in the ovary, uterus, vagina and placenta 
of the mouse, rat and rabbit. It was also localized in the cervix of 
the rat and rabbit. Control studies with iodinated normal rabbit 
gamma globulin, Iodine-125 alone, and non-pregnant animals failed to 
show any definite localization in any of the above organs. This study 
demonstrates the specific localization of relaxin in the reproductive 
tract of the rat and rabbit during pregnancy and substantiates the 
concept that relaxin is a hormone of pregnancy. The localization of 
relaxin in the uterine endometrium could indicate either a site of 
action, a site of degradation, or a site of relaxin synthesis. The 
latter concept has been suggested from other studies. (Aided in part 
by Grant HD-02068 from NIH.) 

Effects of hypercapnia on airways and ventilation in the pilot 
whale. C. R. Olsen, F. C. Hale*, R. W. Elsner and D. W. Kenney*. 
V. A. Center, Los Angeles, Depts of Medicine and Physiology, UCLA 
School of Medicine and Scripps Institution of Oceanography, UCSD. 

Scholander suggested that compression of alveolar gas into 
bronchi protects diving whales from bends. This implies that the 
airways must withstand narrowing under compression. Hypercapnia, 
which occurs in diving, induces bronchoconstriction in the dog and 
cat; this in turn helps cat trachae and bronchi to withstand 
compressive narrowing. To determine cetacean airway responses to 
hypercapnia we measured esophageal and blowhole pressures and 
simultaneous volume and flow at the blowhole of a 400 kg whale. 
Lung volumes were measured by helium dilution and alveolar gases 
by volumetric analysis. End-expired lung volume averaged 5.56 L,, 
and tidal volume (VT) ranged from 9 to 29 L. VT and respiratory 
rate increased in response to both hypercapnia and rebreathing. 
Average pulmonary resistance (RI,), calculated from inspiratory 
and expiratory pressures and flows at the same lung volumes, was 
0.12 cm H20/L/sec. RL did not increase in response to rebreath- 
ing or to added CO2 to alveolar Pco2's as high as 159 mm Hg. 
Pressure-volume hysteresis with large tidal volumes and Bernoulli 
effect in the blowhole probably subjected the RI measurement to 
error. However, isovolume expiratory flows also did not change 
in response to CO2, and all expirations were passive. This does 
not exclude a response in the diving whale, where average Pco2 
(urine) is reported as high as 500 mm Hg (A. H. Laurie. Discov. 
Rep. 7: 363, 1939. 

Supported in part by NIH Grants GM-12915-02 and HE-08323-04. 
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MICROCIRCULATORY LESIONS INDUCED BY WHOLE BODY X-IRRADIATICN. 
EFFECTS OF CORTICOSTEROIDS. N.A, OrPEele, T.A. Balourdas, 
Noralean Williams and F.D. Drew (intr. by E.M.K. Geiling). 
Depts. of Pharmacology and Radiology, Medical School, Howard 
University, Washington, D.C. 

The harmful effects of the X-rays irradiation on the peri- 
pheral vascular system and especially the microvessels ofthe 
rat mesentery were studied. The animals were subjected to 
whole body irradiation (200r), and the mesocaecum bioassay 
was used for direct visualization of the mesoappendiceal 
vessels by in vivo microscopy, given that the most toxic and 
potential lethal effects of radiation are exerted on the 
minute blood vessels with visceral hemorrhages and on the 
bone marrow with aplastic anaemia and other blood dyscrasias. 
Microangiopathy with functional and structural findings we 
had observed using higher doses of 400r, 600r and 1200r. 
(Balourdas, T.A., Proceedings XX Internat. Physiological 
Congress, Brussels, Belgium, 1956, p. 58). In the present 
investigations three groups were experimented (1) untreated; 
(2) treated with cortisone before and after irradiation; and 
(3) treated with cortisone immediately after irradiation. 
Results: Microvascular hyperreactivity, slowing flow, stases, 
petechial hemorrhages, increased capillary permeability,vaso- 
dilatation, abnormal vasomotion were observed in the un- 
treated animals. Cortisone had a beneficial effect on the 
capillary permeability and fragility but none on the hyper- 
reactivity. No hemorrhage appeared in the last two groups. 
The selective effects of cortisone suggest the disassocia- 
tion of the capillary permeability and the sympathetic tonus. 

FACILITATION OF HEART MUSCLE CONTRACTION AND ITS DEPENDENCE ON EXTERNAL 
CALCIUM AND SODIUM. R. K. Orkand (intr. by A. M. Brown) Univ. of Utah 
College of Medicine, Salt Lake City, Utah. 

The magnitude and timecourse of the facilitation of contraction 
following prev 
frog ventricle 

ious 
when 

timulation have been studied in quiescent s 'trips of 
the external co ncentrations 0 f Na and Ca we re 

varied. The maximm tension and the maximum rate of rise of tension 
have been used as indices of activation of the contractile element. 
Under the experimental conditions these two parameters changed simi- 
larly. At low stinmulus frequencies (3-12 beats/min), and moderate 
concentrations of external Ca, (2=5mM), the facilitation of contraction 
with repetitive stimulation can be predicted by assuming each contrac- 
tion to produce an amount of facilitation which sums linearly with that 
remaining from previous stimuli. Thus, the staircase can be construc- 
ted from the decay of facilitation following a single contraction. The 
decay of facilitation appears to consist of two components. The first 
has a half-time of about 3 set; the second about 50 sec. The decay of 
the second component is slowed and its magnitude increased by raising 
the externa 1 Ca from 29 5mM. Reduci .ng the external Na concentration 
increases both the strength of contraction and the amount of facili- 
tation. When the ratio Ca/Na2 is constant, the first contraction in a 
series is the same, but facilitation is less at low concentrations of 
Ca and Na. Facilitation, therefore, does not depend solely on the 
amount of initial activation of the contractile system. The results 
are consistent with the tentative hypothesis that facilitation depends 
on the amount of calcium retained in some cellular store. (Supported 
by USPHS Grant NB 06698). 
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PRESSURE RECORDING FOR VASCULAR IMPEDANCE DETERMINATION. 
M. F . O’Rourke* (intr . by W. R. Milnor), Johns Hopkins University, Baltimore, 
Maryland, and Sydney University, Sydney, Australia. 

Calculation of aortic or pulmonary arterial input impedance from blood flow 
and lateral pressures rather than impact (end) pressures, omits the kinetic 
energy associated with flow and thereby underestimates the load presented to 
the ventricles. To determine the differences between impedances calculated 
from these two kinds of pressure measurement, impact and lateral pressures 
were measured simultaneously with flow (electromagnetic flowmeter) in the 
ascending aorta and pulmonary artery of 12 anesthetized dogs. 

The difference between impact and lateral pressure was greatest during 
forward flow, approximating the theoretic value (i.e., 3.75 mmHg at 100 cm/ 
set, 15 mmHg at 200 cm/set) . Under control conditions peak forward flow in 
the aorta averaged 130 cm/set and in the pulmonary artery, 70 cm/set. 
Impedance modulus calculated from lateral pressure was always smaller than 
that calculated from impact pressure and the difference was more marked at 
the second and higher harmonics; impedance modulus from lateral pressure 
averaged 0.74 of modulus from impact pressure between 1 and 10 cycles/set, 
and impedance phase was more negative (average difference 0.12 radian). 
Coherency (a measure of the linear interdependence of pressure and flow as 
a function of frequency) of lateral pressure/flow relationships decreased 
markedly above 4 cycles/set while a high (>0.9) coherency of impact pressure 
/flow relationships was usually maintained up to 10 cycles/set. 

EFFECT OF PROCAINAMIDE ON VENTRICULAR FUNCTION IN THE INTACT CONSCIOUS 
DOG. R.A. O'Rourke+ V.S. Bishop, H.L. Stone, and E. Rapaport. USAF 
School of Aerospace Medicine, Brooks AFB, Texas, and Univ. of Calif- 
ornia, San Francisco Med. Center, San Francisco, Calif. 

The effect of continuous intravenous infusion of 1 mg./kg./min. of 
procainamide for 30 minutes on ventricular function was studied in 
five conscious dogs. An electromagnetic flowmeter probe was placed 
around the pulmonary artery and catheters were positioned in both a- 
tria and in the superior vena cava. Two weeks later, ventricular 
function curves were determined by the rapid infusion of Tyrodes so- 
lution in the superior vena cava catheter while recording right and 
left atria1 pressure, heart rate, mean artefial pressure, mean cardiac 
output and pulsatile pulmonary artery flow. Ten control ventricular 
function curves were obtained. A total of eleven ventricular function 
curves were obtained following 25 minutes of procainamide infusion. 
There was no significant change in the average resting mean arterial 
pressure, heart rate, ventricular output, 
following the procainamide. 

or stroke volume prior to or 
The average plateau of the ventricular 

output curve was 296 cc/min./kg. m14.91 during the control studies 
and 299 cc/min./kg. [t13.1] during the infusion of procainamide. 
Thus there were no significant changes observed in either resting 
hemodynamics or the ventricular function curves result$ng from the 
continuous intravenous administration of procainamide. 
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FORELIMB VASCULAR RESPONSES IN RENAL HYPERTENSIVE DOGS. H.W. Overbeck* 
and F.J. Haddy. Depts. of Physiol. and Med., Univ. of Okly Med. Cent., 
Okla. City, Okla., and Mich. State Univ., E. Lansing, Mich. 

Various abnormalities in the metabolism of potassium, magnesium and 
calcium occur in chronic arterial hypertension. The present work was 
designed to determine if forelimb vascular responses to these cations 
are normal in renal hypertensive dogs. Isotonic solutions of magnesium 
chloride at two dose levels (3 and 5 ml./min.), potassium chloride at 
two dose levels (1.2 and 2.0 ml./min.) and calcium chloride at one dose 
level (1.5 ml./min.) were infused in turn into the pump perfused (100 
ml./min.) brachial arteries of 33 male mongrel dogs. Tourniquets were 
applied to the limb to reduce collateral blood flow. In 19 of these 
dogs (Hypertensive Group) sustained hypertension was created by cello- 
phane perinephritis. Fourteen dogs (Control Group) underwent only uni- 
lateral nephrectomy. Nine weeks later vascular responses to these vaso- 
active solutions were studied in the opposite forelimb. Changes in re- 
sponse within each group were tested by the paired Student's t test. 
Resting forelimb flow in normotension and hypertension was determined 
by measuring pump flow with perfusion pressure set to equal aortic pres- 
sure. Forelimb blood flow and vascular resistance were normal and sig- 
nificantly e levated, respec tively, in the hypertensive dogs. In normo- 
tensive dogs there was a si gnificant linear correlation between magni- 
tude of response to each cation tested and initial level of limb vascu- 
lar resistance. Considering this covariance relationship, there was a 
significantly decreased response (P=<.O5) to potassium in the Hyperten- 
sive Group. In contrast there was no significant difference in response 
to potassium in the Control Group, nor to magnesium or calcium in ei- 

ther Hypertensive or Control Groups. The results suggest that limb 
vascular responses to either potassium or to both calcium and magnesium 
are altered in renal hypertensive dogs. 

HEMODYNAMIC DETERMINANTS OF THE PRESSURE GRADIENT ACROSS THE AORTIC 
VALVE. John B. Pace* (introduced by Walter C. Randall). Loyola Uni- 
versity, Stritch School of Medicine, Department of Physiology, Chicago, 
Illinois. 

Utilizing a right heart bypass preparation, it was possible to 
measure the pressure difference from the left ventricular outflow tract 
to the ascending aorta, together with pulsatile blood flow, for dif- 
fering cardiac outputs and aortic mean pressures. Observations on the 
pressure differential throughout the cardiac cycle revealed that left 
ventricular pressure (LVP) exceeded aortic pressure (AP) only in the 
initial phases of ejection. After the attainment of peak flow, the 
differential (LVP-AP) was reversed indicating that throughout the re- 
mainder of ejection AP exceeded LVP. In situations in which aortic 
mean pressure was held constant the pressure difference (LVP-AP) was 
found to increase as a function of left ventricular end diastolic pres- 
sure (LVEDP). At a given left ventricular end diastolic pressure, in- 
creases in afterload resulted in increased pressure differences (LVP- 
AP). Over the range of values presented, peak pulsatile flow velocity 
was found to increase linearly with the peak pressure differential 
(LVP-AP). Both mean flow and the first derivative of the flow pulse 
were also found to be linear functions of the peak pressure difference. 
Cardiac sympathetic nerve stimulation produced marked increases in the 
pressure difference across the aortic valve. In addition, the duration 
of the positive phase of the pressure difference (LVP greater than AP) 
increased markedly over control and usually persisted throughout the 
entire ejection period. Similar results were obtained with the beta 
adrenergic drug, tsoproterenol. (Supported by NllH Grant HE 08682.) 
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EFFECT OF Ba++ IN THE NUTRIENT FLUID ON THE ti PERMEABILITY OF THE 
FROG'S GASTRIC MUCOSA. A. D. Pacifico," and W. S. Rehm. Department of 
Physiology and Biophysics, Medical Center, University of Alabama, 
Birmingham, Ala. 

It has been shown (Schwartz, M. T., et al., Physiologist 9:284, 
1966) that addition of Ba* (0.1 mM to 2.0 mM) to the nutrient fluid 
results in a marked increase in transmucosal resistance and relatively 
little change in either the H? secretory rate or potential difference 
(PW* Using an in vitro technique we have studied the effects of 

moderate and large elevations of nutrient [fi] on the Ba* effect. 
The resistance was determined as the APD per unit of applied current 
@WI), and in previous work no rectification occurred. In the 
presence of Ba*, a definite rectification was observed, with a 
smaller LlpD/I when current was sent from the secretory to nutrient 
side. Results to be considered here are applicable with either resis- 
tance value, and the average was used. It was found that increasing 
the [K?] from 4 to 79 mM results in a rapid decline in resistance to 
control values and also a mD response essentially the same as in con- 
trols without Ba +I- . Normalized plots show that the change in resis- 
tance (half time < 1 min) was definitely faster than the change in PD. 
A tentative hypothesis is that the elevated resistance with Ba* is 
due to diminished J@ permeability of the nutrient membrane and that 
high K+ reverses this effect= This was tested by studying the effect 
on the PD of changing [I@] from 4 to 10 mM. Results predicted by the 
hypothesis were obtained, i.e., m in controls averaged 10 mv (range 
8-12) while in the presence of Ba* the average CipD was C 1.0 mv 
(range 0 to 2), and the change in resistance was < 20%. (NIH and NSF 
support. ) 

EFFECTS OF EXERCISE ON PLASMA LACTIC DEHYDROGENASE (LDH) AND ISOENZYME 
LEVELS IN TRAINED AND UNTRAINED RATS. Nicholas M. Papadopoulos*, 
Arthur S. Leon* and Colin M. Bloor. Walter Reed Army Institute of 
Research, Washington, D. C. 20012. 

Previous studies in rats have stated that exercise training pre- 
vents the rise of serum LDH due to organ damage observed in untrained 
rats subjected to acute exercise. However, the methods for LDH deter- 
mination used in these studies give extremely variable results and 
high LDH values even in controls. In our study it was shown that con- 
tributing factors to this discrepancy include the variable release of 
LDH from the heart during cardiac puncture for collection of blood and 
from red blood cells and platelets during the preparation of serum. 
When blood was collected from the vena cava in plastic tubes, heparin- 
ized and plasma, instead of serum, immediately prepared for analysis, 
these extraneous factors were eliminated. Control LDH values of less 
than 100 units/ml/min were consistently obtained. These modifications 
were then employed for the determination of plasma LDH and isoenzyme 
levels in 10 untrained rats subjected to 4 hours of swimming, and in 
10 unexercised controls. A mean level of 196 2 6 (SEM) units/ml/min 
was present in the exercised group as compared to 62 2 3 (SEM) units/ 
ml/min in the controls. LDH isoenzyme determinations and histological 
examination indicated that the probable sources of the increased plas- 
ma LDH were the heart, liver and skeletal muscle. In other rats, 
trained by swimming one hour daily for periods of 2 weeks to one year, 
when subsequently subjected to 4 hours of swimming, plasma LDH levels 
ranged from 110 - 180 units/ml/min, more than twice the level obtained 
in unexercised controls. 
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KIDNEY EXCLUSION AND CATECHOLAMINE CONTENT OF ADRENAL 
GLAND IN RATS. J. Papayoanou*, D. Zagury*, 0. Steinsland* and G. G. 
Nahas, Dept. of Anesth., College of Physicians and Surgeons, Columbia Univ., 
New York, N.Y. 

During acute hypercapnia, there is an increased rate of catecholamine (CA) 
synthesis in the rat, and CA adrenal stores remain normal. The possible partici- 
pation of the kidney in this mechanism was studied in view of the report that the 
renin angiotensin system might sustain CA production during hypercapnia. (Fed. 
Proc. 26: 492, 1967). I n a group of 23 rats, breathing room air, ligation of the 
renal pedic le did not alter adrenal CA content as compared to a control group. 
A second group of 20 rats similarly prepared and exposed to 20% C02, 25% 02, 
balance N2 for 5 hours, p resented a 38% decrease in adrenal CA content. A 
third group, only laparotomized and exposed to similar hypercapnia, presented a 
15% decrease in adrenal CA content. Electron photomicrographs of adrena Is 
of hypercapnic laparotomized rats showed groups of chromaffin cells filled with 
granulations adjacent to cells with degranulated areas, but there were far more 
extensive areas of degranulation of the chromaffin cells of the adrenal of hyper- 
capnic rats with kidney exclusion. The addition of surgical stress to hypercapnic 
acidosis has some effect in depleting the adrenal. However, the significantly 
greater decrease in adrenal CA content (P ( 0.001) and the extensive degranu- 
lation of the chromaffin cells in hypercabic rats with kidneys excluded, seem to 
indicate that the kidney may play a role in the maintenance of normal CA levels 
in the adrenal during hypercapnic acidosis. (This work was supported, in part, 
by Army Contract DA-490193MD-2265 and N. I. H. Grant GM-09069-05). 

RENAL EFFECTS OF ACETYLCHOLINE IN THE CHICKEN. Marian 
Parmelee and M. Kathleen Carter (intr. by Roberta M. O’Dell). 
Tulane University School of Medicine, Depts. of Physiology and 
Pharmacology, New Orleans, La. 

Acetylcholine (2. 5 - 7.5 mcg/kg/min) infused unilaterally into the 
renal portal system of unanesthetized hens, according to the technique 
originally developed by Sperber, produced a significant unilateral 
natriuresis and diuresis (UVNa increased 300-400%; urine volume in- 
creased 200-400%). The ATEF of PAH increased simultaneously, 
probably as a result of better closure of the valve which controls 
blood flow to the peritubular area of the kidney. The natriuresis and 
diuresis was a dose-dependent response and was blocked by atropine. 
Butyrylcholine infused at comparable levels (9. 6 - 14.4 mcg/kg/min) 
did not result in natriuresis or diuresis. This finding seems consis- 
tent with the unpublished observation of M. Kathleen Carter that, 
while acetylcholine increased the uptake of sodium and oxygen con- 
sumption in incubated rat kidney slices, butyrylcholine had no effect. 
The results support the idea that cholinergic agents produce a natriu- 
resis and diuresis by a direct tubular effect in addition to the effects 
resulting from vasodilation observed in mammalian species. (Sup- 
ported by NASA fellowship through Tulane University and a grant 
from the Louisiana Heart Association. ) 
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PYRXDINE NUCLEOTIDE CONCENTRATIONS IN HUMAN ERYTHROCYTES IN DIFFERENT 
METABOLIC STATES. 
Univ. of Illinois 

ScMy;,a1" A. Omachi. 

NAD+, NADH, NADP+, and NADPH concentrations uere determined in 
human red cells after incubation in Tris-buffered Ringer's solution at 
37O. Acid and alkaline extracts were prepared by the procedure of 
Lowry, et al. (J. Biol. Chem. 236~2746, 1961). NAD was analyzed by the 
method of Epta, et al (AbstrmI Internat.Pharmacol.Congr., Sao Paula, 
1966). NADP was z&?mined after conversion to NAD with alkaline 
phosphatase. Compared to controls without added substrate, increased 
NADH levels were noted in the presence of 10 d4 glucose, 10 mM lactates 
or 0.005 M fluoride. In contrast to controls with glucose, decreased 
NADH concentrations were observed in the presence of 10 mM pyruvate, 
0.m M iodoacetate, or in acid medium. These results are consistent 
with conventional metabolic concepts based largely on studies with 
broken cell preparations. A change inNADHwas often reflected in a 
similar change in NADPH, e.g., increases were noted with lactate and 
decreases were observed with pyruvate in the presence of 
Another unexpected observation was the lower level of NAD 

glucose. 
+ NAM 

whenever glycolysis was inhibited and NADH was decreased, i.e., with 
iodoacetate, substrate lack, and acid PH. This result did not occur 
at 220 suggesting that enrtymatic degradation of NAD may be responsible 
for the change at 37O although this could be due also to a permeability 
difference at the two temperatures. It seems possible that there could 
be a constant turnover of these co 
have functional significance. PI'P"" 

ds in intact cells whichmay 
1W H ouabain, however, had no 

influence on the levels of the pyridine nucleotides. 
(Supported by USPHS grant, GM-lfi30.) 

ELECTROENCEPHALOGRAPHIC SLEEP PATTERNS OF UNRESTRAINED RATS FOLLOWING 
EXPERIMENTAL CONCUSSION. L. Claire Parsons and F. Hermann Rudenberq 
(intr. by S. N. Kolmen). Department of Physiology, The University of 
Texas Medical Branch, Galveston, Texas, 77550. 

We have continued previous studies (Fed.Proc. =:329,1961) with the 
addition of stereotactically placed electrodes in the hippocampus and 
reticular formation as well as electrodes in neck muscles to permit 
recognition of sleep stages. Following recovery from surgery and con- 
ditioning to a sound-attenuating chamber, daily 4-hour recordings were 
made until control sleep patterns were established. Acceleration con- 
cussion results in immediate unconsciousness and prompt flattening of 
cortical activity, followed by diminution of hippocampal and reticular 
amplitude about 5 seconds later. Apnea is very brief and the EKG is 
irregular, as reported previously. At approximately 30 seconds follow- 
ing concussion, reticular formation recordings show 50 to lOO/uV, 4 to 
6 cycles per second, activity which disappears as faster activity re- 
appears. Consciousness returns within 5 minutes. Paradoxical sleep 
(PS) is not seen for several hours. Preliminary indications are that 
on subsequent days post-traumatic sleep records reveal altered pat- 
terns of wakefulness, slow wave sleep, and PS, including altered 
cycling and total time in PS, One of the factors being considered as 
affecting this alteration is the effect of PS deprivation as a result 
of the concussive blow. 

Supported by USPHS Fellowship lF4-NU-27,059-01 from the Division of 
Nursing to L. C. P., the Medical Research Foundation of Texas, and 
the Mary Katherine Peterson Foundation. 
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DYNAMICS OF VESTIBULO-MOTOR RESPONSES 

Lloyd D. Partridge J. H. Kim* U. of Tenn., Memphis 

Dynamics signal handling capabilities and limitation were tested 
for the path from vestibular apparatus to triceps sura in decerebrate 
cats. Input to individual vestibular nerve branches was a sinusoid- 
ally modulated rate of supramaximal stimulus pulses. Output was 
muscle tension. Phase and amplitude ratio vs frequency response 
graphs were obtained. A first order lag system with time constant of 
about 0.18 sec. added to a 15 m  second conduction delay fits the 
data. The muscle alone shows a first order lag with similar time 
constant. These dynamics are compatable with vestibular correction 
of physiological range whole body movements. A non canal-specific 

mechanism of interaction with the stretch reflex appears to deter- 
mine the motor corrective program. Vestibular excitation to any 
canal nerve has a multiplying action on adapting stretch reflexes. 
Thus canal stimulus results in augmented contraction of whatever 
muscle was simultaneously stretched. This produces suitable correc- 
tive contraction inspite of varied body position. (Supported by a 
grant from Easter Seal Research Foundation.) 

INTESTINAL ABSORPTION OF RADIOIODIDE IN RATS EXPOSED TO HYPOXIA 
(380 nnn Hg) AND FOOD DEPRIVATION. Peter F. Pearson* and Adam Anthony. 
Department of Biology, The Pennsylvania State University. 

Effects of exposing rats to hypoxia (380 mm Hg) and food 
deprivation on absorption of parenterally administered radioiodide 
and on circulating and thyroidal iodide levels were studied. Forty- 
eight adult male Holtzman rats were used. In one experiment, 12 rats 
were placed in a decompression chamber for 24 hours with 12 controls 
kept at ambient pressures. Both groups were fed ad libitum. In -- 
experiment two, 12 rats were food deprived for 24 hours and subsequent- 
ly subjected to hypoxia for 24 hours. In all instances 0.2~~ NaI-131 
was given parenterally 24 hours prior to sacrifice. 

It was found that hypoxia causes a marked delay in movement of 
food and iodide to the small intestine which is the major absorption 
site of iodide. Food deprivation alone had no effect. Second, hypoxic 
rats exhibited higher circulating levels of radioiodide than controls 
despite lowered intestinal iodide absorption. This was due in part to 
delayed urinary and fecal radioiodide excretion. Hypoxic rats also 
had smaller thyroids and a reduced 24 hour radioiodide uptake relative 
to controls. 

These findings indicate that a decreased intestinal absorption of 
iodide may be responsible for lowered thyroid function which is 
observed during the very onset of hypoxia acclimation. (Supported 
by grants GM-05112 from the Institute of General Medical Sciences 
and NASA NGR-39-009-015.) 
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RESPIRATORY SINUS ARRHYTHMIA IN DOa WITH CHRONIC BILATERAL CERVICAL 
VAOMIES. Jorge Perez-Cruet. Pavlovian Lab., Johns Hopkins Univ. 
Sch. of Med., Baltimore, Md. 

Sinus arrhythmia is usually, but not always, influenced by respira- 
tion. Sinus arrhythmia in dogs has been shown to be independent of 
respiration during severe panting as reported elsewhere by Perez-Cruet 
and Gantt (Fed. Proc. g:89, 1961) and also during apnea as observed by 
Vallbona, et al. (Amer. J. Cardiol. 16:386, 1965). Vagal Influences 
are undoubtedly of importance in the mediation of respiratory sinus 
arrhythmia in intact dogs. In a study designed to investigate cardio- 
vascular conditioning in vagotomized dogs (Fed. Proc. 26:328, 1967) we 
made a series of observations of changes in heart rateaccompanying 
respiration similar to those observed during respiratory sinus 
arrhythmia. A total of 7 dogs in whom the vagosympathetic nerve has 
been cut bilaterally at the level of the third cervical vertebrae were 
studied. In 4 dogs there was definite evidence of sinus arrhythmia 
synchronous with respiration. All dogs that showed sinus arrhythmia 
developed the accelerative phase of sinus arrhythmia during expiration 
whereas in normal dogs the accelerative phase usually occurs during 
inspiration. The changes in heart rate from the trough to the crest 
of the accelerative phase varied between 10 to 20 beats above the 
lowest heart rate level. This study shows that sinus arrhythmia can 
occur even after the vagi nerves are cut and that under these condi- 
tions the accelerative phase paradoxically occurs during expiration 
rather than during inspiration indicating a shift in the cycling of 
sinus arrhythmia. 
Supported by Grants HE-06945-03 from NIH and NsG-520 from NASA. 

Reactions of Retinene with Amines . q c- Pea.kln Institute of Optics 
University of Rochester, Rochester, N. Y. 

Retinene, the aldehyde derivative of vitamin A, can 
form Schiff bases with the free primary amine groups of 
amines or amino acids. It also can form a mercaptan by re- 
action with a free sulfhydryl group. When both primary 
amine and sulfhydryl groups are present on a molecule in 
proper juxtaposition a ring structure, thiozolidine car- 
boxylic acid, is formed. All of these compounds involve 
covalent bonding. This type of reaction does not occur 
whenthe amine group is substituted, a primary amine is 
required. However, if the substituted amine group is on an 
aromatic residue a reaction with retinene will occur and a 
colored complex results. The conditions of formation, 
high local concentration, and the stability to dissociating 
reagents suggest that the product formed in this case is a 
charge transfer or similar complex, in which the bonding 
is considerably weaker than in the covalent bonded Schiff 
bases and rhodopsin. 

Supported by PHS grant A2648, National Institute of 
Arthritis and Metabolic Diseases 
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Tissue catecholamines content in the ground squirrel during 
activity and hibernation. V.M. Petrovic and V. Davidovic 
(Spon: 0. Heroux), Biological Institute, Beograd. 

Variations in total catecholamine content and adrenaline 
/noradrenaline ratio of the hypothalamus, heart and adrenal 
glands, during summer activity and hibernation are reported 
Catecholamines were determined using von Euler and 
Lishajko's method. In the period prior to hibernation, 
catecholamine content in hypothalamus of the ground squir- 
rel is 0.982 pg/gr of which noradrenaline is 80 per cent. 
In the hibernating animal the amount of catecholamine is 
0.874 pg/gr of which noradrenaline represents 88 per cent. 
In the heart there is no significant change in the total 
catecholamine content in hibernating animals (0.698 ug/gr) 
compared with active ones (0.566 vg/gr); the proportion of 
noradrenaline changes from 85 per cent in active animals 
to 97 per cent in hibernating ones. Catecholamine content 
in the adrenal gland is lower in hibernating animals (281 
ug/gr) than in active ones (805 ug/gr); the proportion of 
noradrenaline being 23 per cent and 53 per cent res- 
pectively. Data will be discussed in term of the activity 
of the sympatho-adrenal system in hibernators. 

dffect of Protein Intake on Maximum Urine and Renal Tissue Solute 
Concentrations in the Muskrat. E. W, Pfeiffefi and T. Zahn (intr. 
by James R. Templeton). Univ. of Montana, Missoula,ea. 

Muskrats were fed high and low protein diets for at least two 
weeks and were then dehydrated until approximately 7s of body weight 
was lost. They were then killed 30 minutes after spontaneous empty- 
ing of the bladder, and the kidneys were removed and immediately 
frozen in dry ice and acetone. Terminal urine and plasma samples and 
slices of renal cortex and medulla were analyzed for urea, sodium, 
and potassium. Urine and plasma osmolalties were also determined. 
The mean urine osmotic ceiling of muskrats on a high protein diet 
(1063 mOsm/l.: U/Posm = 3.3) was not much higher than that of muskrats 
on a lair protein diet (934 mOsm/l : U/P 2.9). All animals were able 
to establish high solute gradients in the renal medulla. Urea con- 
centration in the renal papilla was about 460 r&I/l and sodium concen- 
tration was approximately 250 mEq/l. A potassium gradient was not 
present in the renal tissue. Although sodium concentrations are 
similar to those in renal tissues of the beaver and Aplodontia, 
rodents with similar aquatic habitat and food requirements, urea con- 
centrations in muskrat renal medullary tissue and the urine osmotic 
ceiling are much higher than those in the beaver and Aplodontia. Be- 
cause the two latter species l&k an inner zone of the medulla and 
the mus!xat possesses such a zone, it is hypothesized that an inner 
zone is needed for urea accumulation in the medulla. (Supported by 
14ontana Heart Assn. grant and USPHS grant No. AM 11342-01.) 
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THE EFFECTS OF RESTRAINT AND SHORT LIGHT CYCLING ON THE NORMAL TEI!PERA- 
TURE PATTERN OF THE RHESUS MONKEY (MACACA MULATTA), J.M, Phillips5 and 
H. L. Stone, USAF School of Aerospace Medicine, Brooks AFB Tex 78235, 

A temperature transmitter was implanted between the abdominal 
muscles in 9 monkeys to establish the normal temperature pattern using 
condition of lights from 0800 to 1700 hrs, Temperature sampling was 
performed every 5 min. following a l-week recovery period. The data for 
the last 5 days of each week of any experimental period were averaged 
by using all data 30 min. prior to and 30 min. following each hour, An 
additional 3 animals were instrumented in the same manner but following 
the recovery period were placed in restraint chairs and exposed to the 
same lighting conditions as above for 1 week, For the next 3 weeks the 
lights were cycled in continuous periods of 60 min. light followed by 
30 min. darkness to observe alteration in the diurnal pattern, In the 
9 controls with lights on from 0800 to 1700 hrs a diurnal cycle was 
observed with an average high temperature of 101.44° F, occurring at 
1700 hrs and a low of 98.75O F. occurring at 0200 hrs while the 3 
monkeys placed in restraint chairs with similar lighting conditions 
cycled with an average temperature of 101.47O F, at 1600 hrs and an 
average low temperature of 98,82O at 0500 hrs, The short light cycling 
period of 60 min. light and 30 min. darkness disturbed the diurnal pat- 
tern observed in these animals. During the third week of this experi- 
mental period the monkeys demonstrated an average high temperature of 
101.88O F. at 1600 and 1700 hrs and average low of 99.87O F. at 0300 
hrs. From these studies it can be concluded that restraint alone does 
not alter the normal temperature pattern of the rhesus monkey but in 
the presence of short light cycling periods restraint does effect the 
normal pattern. 

INFLUENCE OF VASOACTIVE SUBSTANCES ON FUURIER ANALYSIS OF THE AORTIC 
PRESSURE PULSE IN DOGS. T. E. Piemme, R. W. Baloh,and E. L. Williamson 
(intr.by J.D. Myers). Univ. of Pittsburgh Sch. of Med., Pittsburgh, Pa. 

Fourier analysis has been applied to the aortic pressure pulse of 
both animals and man by various workers. In most instances this has 
been done with standard catheter-transducer systems which do not allow 
resolution of the higher harmonics. The present analyses were done on 
analog tape records obtained from the Dallons-Telco microtransducer. 
Conversion was achieved on a computer of average transients with a 
digitization rate of 2000 samples/set. Analysis of data was performed 
on the IBM 7090. Estimate of the error reveals significance out to 
90 cycles/set. The amplitudes of the harmonic moduli in control 
animals were seen to drop off rapidly by the third or fourth harmonic, 
and then oscillate with clear maxima and minima while dropping slowly 
through the harmonic spectrum. Administration of methoxamine raised 
mean aortic pressure, shifting the low frequency maxima toward higher 
harmonics, a direction compatible with an attendant increase in pulse 
wave velocity and wave length. Bradykinin lowered mean pressure, 
decreasing both wave velocity and length, resulting in a shift of the 
low frequency maxima toward the lower harmonics. This is consistent 
with the concept of augmentation of the lower harmonics by reflected 
waves. This influence is not seen in the higher harmonics. Intropic 
drugs such as isoproterenol resulted in an increase. in the amplitude 
of the moduli of all harmonics with accentuation of the maxima and 
minima. Significant shift in location of the maxima was not seen. The 
results imply that the maxima and minima of higher frequencies, and 
their accentuation by intropic stimulation of the heart, are generated 
de novo in the central aorta , probably by an augmentation of vibration 



278 THE PHYSIOLOGIST 

EXPERIMENTS ON THE DISTENSIBILITY OF THE AORTA IN INTACT ANESTHETIZED 
DOGS. Heinz P. Pieptr and Arnold M. Epstein*. Dept. of Physiol. and 
Div. of Thoracic Surg., The Ohio State Univ. Call. of Med., Columbus, 
Ohio. 

A catheter-tip instrument has been developed for measuring the 
aortic and other large vessel diameters. This instrument is a modifi- 
cation of the catheter-tip gauge for measuring left ventricular diame- 
ter [J. Appl. Physiol. 21:1412-1416 (1966)]. The frequency response 
is flat to at least 30 Hz (tested by subjecting the instrument to 
forced sinusoidal oscillations). Xn the experiments reported here, 
the diameter gauge and a catheter-tip manometer were placed in the 
same cross section of the descending aorta using fluoroscopy. A sinu- 
soidal piston pump was connected by catheter to the abdominal aorta. 
In operation this pump caused slow oscillations of both the aortic 
pressure and diameter (cycle period 4 to 5 seconds). The normal 
(cardiogenic) PUlSatiOAS were superimposed on these slow oscillations. 
From recordings of 2 to 3 pump cycles, pulse-by-pulse values of press- 
ure and diameter were obtained. These values were taken at the end 
of diastole. A plot of these pressure VS. diameter values yielded a 
straight line relationship. The slope of this line describes the 
distensibility of the aorta for a given set of cardiovascular condi- 
tions. There is no hysteresis loop indicated in the plot. The effect 
of various drugs, hemorrhage and other manipulations on this relation- 
ship has been studied. 

Supported in part by grants from the American Heart Association and 
the U.S. Public Health Service. 

CHANGES OF HEART RATE, BLOOD PRESSURE AND INTRAl?HORAClC PRESSURE IN 
PROLOKED BREATHHOLDING. James 0. Pinkston and Mark L. Engel*. 
Department of Physiology, School of Medicine, Downstate Medical Center, 
State University of New York, Brooklyn, New York. 

With prolonged breath holding, following maximum inspiration, in 
7 young male subjects, there was an increase of intrathoracic pressure 
(ITP) (esophageal balloon method) in 21 of 23 observations: The aver- 
age increase was 91.6 mm H20. Accompanying this increased ITP, there 
was a consistent decrease in heart rate (Waters cardiotachometer) of 
about 10 beats per minute: The range of this decrease was 2 to 25. 
In all cases, but to varying degrees, there was an increase in arterial 
blood pressure (sphygmomanometer method) during the breath hold. This 
increase usually was greater in diastolic pressure than in systolic, 
and frequently amounted to 20 mm Hg: The average of 12 determinations 
of diastolic pressure was 21.7 nun Hg, with a range of 8 to 36 mm Hg. 
In the case of a similar breath hold, preceded by hyperventilation, 
the bradycardia and rise of blood pressure were more marked, but it 
should be noted that hyperventilation itself, although having little 
effect on blood pressure, resulted in an elevated heart rate prior to 
the onset of the breath hold. In our subjects, the so-called Valsalva 
maneuver caused an increase in ITP, as did the other breath holding 
procedures; however, as was to be expected, the increase was consider- 
ably greater. Furthermore, there was cardiac acceleration with the 
Valsalva maneuver, whereas bradycardia occurred with ordinary breath 
holding. The cardiac acceleration was apparent immediately after the 
start of the Valsalva maneuver, and steadily became more pronounced 
until the conclusion of the maneuver. 
Supported in part by Heart-Lung Foundation of New York. 
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CONTINGENT MODIFICATION OF AN ENDOGENOUS BURSTING RHYTHM BY MONO- 
SYNAPTIC INHIBITION. H, Pinsker* and E, Kandel, NYU Med. School, NYC 

Cell L3 in the isolated abdominal ganglion of Aplysia has an endoge- 
nous bursting rhythm. The quiet period between bursts is a summated 
hyperpol. afterpotential whose duration is a function of the number of 
spikes per burst (Waziri, et al. 1965). Frazier et al. (1965) showed 
that the bursting rhythm can be modified by nerve stimulation. Nerve 
stim, given at burst onset (contingency A) decreased the number of 
spikes per burst and shortened the burst onset interval (BOI); nerve 
stim. presented later in the burst cycle (cont. B) lengthened the BOI. 
In the present study we simplified the synaptic input by intracellular- 
ly stimulating an identified interneuron that produces an elementary 
monosynaptic IPSP in L3. Cont. A and B stim. of the interneuron pro- 
duces opposite effects on the BOIZ stim, at the beginning of the burst 
is most effective in reducing spikes per burst and therefore produces 
maximal shortening of the BOI (up to 6O$), whereas stimulation at the 
end of the quiet period produces maximal lengthening (up to 70%). In- 
termediate placements of the stim, produce intermediate effects on the 
BOI which suggest that the stim, produces opposite effects on two in- 
dependent overlapping processes: one process limited to the burst it- 
self, and the other occurring throughout the entire oscillatory burst 
cycle. With repetitive trials of cont. A stim. the immediate effects 
ten3 to build up ati, in many cases, these effects persist for periods 
from 1 to 30 min. after stimulation is discontinued. Preliminary ex- 
periments indicate that both the immediate build up and the persistence 
of the effect can be enhanced by repeated blocks of trials. These 
data support the suggestion (St- sser, 1965) that etiogenous pro- 
perties of nerve cells may urxdergo plastic change, in this case pro- 
duced by contingent synaptic stimulation. 

BEHAVIORAL RESPONSES TOANTERIORHYPOTHALAMIC COOLING IN UNANESTHETIZED 
BABOON J. D. Pister$ M. Jobin? and C. C. Gale Dept. Physiol. & Bio- 
physics and Regional Pmesearch Ctr., U. of Wash., Seattle 

Experiments were performed to determine whether local cooling in 
the anterior hypothalamus (AH) induces a subjective sensation of cold 
and elicits cold defense behavior in unanesthetized baboons. Theoret- 
ically, if central cooling (CC) induces cold sensation, 2 will work 
for heat reinforcement. A chaired baboon with a water perfused ther- 
mode in the AH and thermocouples in the AH and posterior hypothalamus 
(PH) was trained to bar press for heat reinforcement from 4 infrared 
lamps. When roam temperature (T) was lowered from neutrality (25 O C) 
to cool (17 O), 2 increased bar pressing rate markedly and maintained 
the high rate as rocsm T fell step-wise to 12 O. Core (PH) T rose 0.2O 
during 2-$ hours of this peripheral cooling. When CC was performed at 
neutral room T, 2 showed a great increase in bar pressing rate, shiver- 
ing, and core T rose 1 O in 30 minutes. Upon cessation of CC, 2 stop- 
ped bar pressing and core T fell to pre-cooling level within 30 minutes, 
This sequence was observed during repeated periods of CC. A ganglicmic 
blocker (Arfonad) was infused i.v. to 2 maintained at neutral room T 
to cause peripheralvasodilatation and to prevent stimulation of peri- 
pheral cold receptors. When CC was performed during such infusion, 2 
shmed a great increase in bar pressing rate in association with a fall 
in core T of 1.7 O (presumably secondary to vasodilatation). These 
data demonstrate that 2 will work for heat reinforcement when cooled 
centrally in the absence of stimulatory inflw from peripheral cold 
receptors. It is suggested that local hypothalamic coo&g per ~8 
elicits a subjective sensation of cold. (Supported by NIH Grants 
FH 00166 and NB 06622, and Washingtan State Grant I 171). 
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EFFECT OF REACTIVE HYPEREMIA ON THE CLEARANCE OF INTRAMYOCARD- 

IAL INJECTION OF XeT33. Bertram Pitt*, Gottlieb C. Friesinger, H. Leon 

Greene*, and C. Richard Conti*. The Johns Hopkins University School of Medi- 

cine and Hospital, Baltimore, Maryland. 

In 5 pentobarbital anesthetized open chest dogs (35-40 Ibs) Xe133(0.05-0. 1 ml) 

was injected locally into the epi- or endocardial layer of the left ventricle. Three 

paired injections were made and a semilogarithmic replot of the initial slope of the 

curve used to calculate the cIearance,expressed as half time (T l/2). During the 

control period the average epicardial T  l/2 was 0.53 seconds and endocardial 

0.60 seconds (endocardial XeT33 c earance 13% less than epicardial). The left I 

coronary artery was occluded for 30 seconds and XeT33injected during the period 

of occlusion. After release of the occlusion epicardial T  l/2 fell to 0.47 seconds 

and endocardial to 0.39 seconds(endocardial Xe133clearance 17% faster than e i- 

cardial). This finding of a relatively decreased endocardial clearance of Xe 3 l$ 

in the control state agrees with the findings of others. Severa I explanations for 

this finding have been offered including the greater intramyocardial pressure in the 

subendocardial layer. Artifacts due to methodology could-be responsible for the 

gradient and cannot be excluded. However, the finding of a reversal of the Xe133 

clearance gradient during reactive hyperemia,using the same method,must indicate 

a redistribution of blood flow. It is postulated that coronary occlusion results in 

relatively greater endocardial than epicardial ischemia. During the reactive 

hyperemic phase this results in a relatively greater endocardial coronary blood 

flow in an attempt to repay the oxygen debt incurred during the period of ischemia. 

ARTERIAL BLOOD PRESSURE DURIW SLEEP. V. P. Popovic and R. B. 
Addlestone*. Dept. Physiol., Emory Univ. School of Medicine, 
Atlanta, Ga. 

Mean arterial blood pressure of twenty-four unanesthetized and 
unrestrained adult white rats was recorded continuously in experi- 
ments lasting I20 hours. The blood pressure was recorded through 
polyethylene cannulas implanted in the aorta one month earlier. 
During recording each rat was placed in a sound-proof chamber with 
a 12/12 hour light/dark cycle. The activity of the animal was moni- 
tored by a high frequency transmitter and a receiver located in the 
chamber. During the phase of complete inactivity (sleep period, 
11:OO a. m.  to 5:OO p.m.) the mean arterial pressure of all rats 
had a low value of 83-85 m m  Hg. During the activity periods the 
arterial blood pressure of rats was appreciably higher, 95-120 mm 
Hg. However, these patterns were observed only after an initial 
"adaptation period" lasting between 12 and 72 hours during which 
the arterial blood pressure as well as the activity of the animals 
fluctuated without any regularity. 
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I$OLE OF A SAMPLING SITE MIXER IN INDICATOR CONCENTRATION STUDIES OF T, 
Q and Q. C.I.Porciuncula*, C.E.Rapela and H.D.Green. Bowman Gray Sch. 
Med., Winston-Salem, North Carolina. 

(6) ¶ 
Previous studies using Cardio-Green as indicator, shywed-that flow 
mean transit time (T), and volume of the model (Q = Q x T) were 

incorrectly indicated if laminar flow existed at the injection site; 
correct data were obtained if turbulence were induced by a mixer (Fed. 
Proc. 22: 523, 1963). Mixing at the sampling site did not appear to be 
as important. However, when dye was used, turbulence was probably in- 
duced at the sampling site during the continuous withdrawal of an ali- 
quot of flow for determination of dye concentration. Present studies 
were carried out, therefore, to determine the influence of mixing per 
se at the sampling site. RIHSA131 was injected into a mixer which dis- 
perses the indicator in proportion to the flow of each lamina within 
the flowing blood. Indicator concentration curves were obtained by 
means of a collimated scintillation detector placed directly over the 
model vessel. Mean velocities = 0.6 to 3.0 tube diameters per second 
and model length = 175 diameters. When there was no mixing at the 
sampling site, the indicator particles traveled under the detector at 
the velocities of the lamica which they tagged. This resulted in 
marked underestimation of Q and marked overestimation of T  and Q. When 
the flowing blood was mixed at the sampling site, all particles of in- 
dicator traveled under the detector at the same velocity regardless of 
their respective.velocities upstream. Under this condition, the calcu- 
lated values of Q, T and Q differed (10% from the actual value. It 
is concluded that appropriate mixing of the indicator and blood at both 
injection.and sampling sites is necessary to obtain correct measure- 
ments of Q, ?; and Q. These are in accord with the postulations in an 
earlier publication (IRE Trans. Med. Electronics a: 277, 1959). 
Supported by NIH grant HE-487. 

ALTERING CEREBROSPINAL FLUID pH DOES NOT CHANGE CEREBRAL BLOOD 
FLOW. J.B. Posner*, F. Plum and D. Zee*, Cornell University 
Medical College, New York, New York. 

Hypercapnia increases cerebral blood flow (CBF) and hypo- 
capnia decreases CBF but whether the CO2 affects cerebral 
vessels directly or indirectly by altering the pH of the brain's 
extracellular fluid is unknown. We perfused artificial cerebro- 
spinal fluid (CSF) at various pH values from cerebral ventricle 
to cisterna magna and measured the effect of the altered CSF pH 
(and, presumably, brain extracellular pH) on CBF. Eight 
anesthetized, paralyzed dogs were ventilated at constant PEC02 
Levels while cerebral venous outflow (CBF) was measured by an 
electromagnetic flowmeter connected to a torcular-jugular shunt. 
Blood pressure, EEG and ventricular pressure were monitored. 
Artificial CSF containing HCO; 
was perfused at 1 cc/min for 

concentrations of 10, 23 or SO mM 
20-120 min. At normocapnia, 

varying the cisternal pH from 7.10 to 7.59 failed to change the 
CBF, EEG, ventricular or blood pressure. However, hypercapnia 
significantly increased CBF and hypocapnia decreased it no matter 
which artificial CSF solution was being perfused. The effect of 
altering blood CO 
alteration change ii 

on CBF was marked even when the blood CO 
the cisternal pH Less than did changing $he 

perfusion solution. It would appear that CSF pH (brain extra- 
cellular pH) per se does not control CBF. 
grant NB-04928.) - 

(Supported by N.I.H. 
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MATERNAL-FETAL OXYGEN TENSION DIFFERENCE DUE TO UNEVEN PLACENTAL BLOOD 
FLOWS. Gprdon G. Power anA Lawrence D..Longo (Introduced by Robert E. 
Forster, II). Grad. Div. Sch. of Med., Univ. of Pa., Phila., Pa. 

We have calculated the contribution of uneven$istribution of mater- 
nal placental to fetal placental blood flow (&M&F), to the observed 
uterine vein-umbilical vein oxygen tension difference. The basic data 
were derived from measurements of the distribution of &M 
Placentas using macroaggregates of albumin labeled with & Ii:; t$fy 
The Placenta was srbitrsrily divided into 24 camgartments, one for each 
0.1 increment of Q&F over the range of &/QF from 0 to 2.4. Total 
maternal-fetal 02 exchange and total uterine and umbilical flows were 
obtained from observed values. Changes in oxygen content were calcu- 
lated for each compartment on the basis of its &M/&F, arterial 02 con- 
tents and dissociation curves4 The O2 contents and tensions of the 
mixed uterine and umbilical venous'bloods were calculated from the 
blood flow and 02 content change in each of the compartments. The meth- 
od assumes that diffusion does not limit 02 exchange significantly so 
that the end-capillary oxygen tensions are equilibrated in each mater- 
nal-fetal placental capillsry unit. The norm&. uterine vein-umbilical 
vein PO2 gradient is about 15 mm Hg. Our results indicate an average 
PO difference of 10 mm Hg (range 6 to 15 mm Hg) between uterine and 
umgilical veins due to uneven &/QF in 5 ewes breathing air. In 3 ewes 
breathing 10 to 12% 02, in which &,#$F has been found exPerimentally to 
become more uniform, the calculate+ P 

8 
2 difference decreased to about 

5 UJEI Ma We conclude that uneven QM/ F is the Principle limitation to 
Placental 02 exchange during normal oxygenation and accounts for more 
than one-half of the total uterine vein-umbilical vein oxygen tension 
gradient. During hygoxia uneven &/&F accounts for only a third of the 
total gradient. 

CARDIOVASCULAR EFFECTS OF EXPOSURE TO ATMOSPHERIC 
PRESSURES OF 4 MM HG AND 55 MM HG. A. J. Pratt+<, H. L.Stone, 
H. F.Stegall and W. C. Kaufman. Aeromedical Res. Lab., Holloman 
AFB, and USAF Sch. of Aerospace Med., Brooks AFB. 

Exposure of animals to both 4 and 55 mm Hg pressure on air causes 
complete anoxia. Additionally, body water vaporizes at 4 mm Hg. 
Aortic and postcaval pressures, ECG and aortic blood velocity were 
measured 
for aortic 

in 5 anesthetized dogs. 
blood velocity where a 

Standard methods were used except 
catheter-tip doppler flowmeter was 

employed. During exposure to 4 mm Hg for 1 min, aortic and post- 
caval pressures tended to equalize and aortic blood velocity decreased 
to negligible levels. During exposure to 55 mm Hg for 1 min, aortic 
pressure was sustained, postcaval pressure increased slightly, and 
aortic blood velocity was maintained. When a chimpanzee was identi- 
cally 
tende 

exposed to e 
d to equalize 

ither condition, aortic and Pas 
and aortic blood velocity d .ecr 

tcaval 
eased 

pres sures 
to ne gligible 

levels. All animals survived these experiments. Evidently the dog 
can maintain cardiovascular function during exposure to anoxia but the 
mechanical effects of vaporizing water within the thorax prevent it. 
Anoxia in the chimpanzee appears to terminate cardiovascular function 
even when uncomplicated by the formation of water vapor. Observation 
showed that the chimpanzee torso did not expand at 4 mm Hg to the 
massive size exhibited by the dog. The physical characteristics of 
the torso in these two species are probably involved in this difference. 
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ALTERED PLASMA PROTEIN BINDING OF THYROXINE IN THYROGLOBULIN 
IMMUNITY. B. N. Premachandra, Ph.D., F.R.I.C. and S. Lanq, Ph.D. 
V.A. Hospital, Jefferson Barracks and Washington University, St. Louis, 
Missouri. 

Adult rabbits were immunized with bovine thyroglobulin (1%) and the 
antibody titer was measured by radioelectrophoretic techniques at 
weekly intervals. Even 7 months after the initial immunization there 
was a high level of antibody titer. At and during this period normal 
and immune sera were equilibrated with 1251-T4 at 37O C and subjected 
to paper electrophoresis (barbital buffer, pH 8.6). Radioactivity in the 
normal serum was entirely at or near the albumin region. Radioactivity 
in the immune sera was avidly bound to proteins in the gamma globulin 
region. Addition of excess T4 displaced gamma bound radioactivity to 
the binding sites in the albumin area. Such avid gamma globulin bind- 
ing of 1251-T4 was also seen in vertical acrylamide gel electrophoresis 
in Tris-borate buffer at pH 9 .O. In the results so far observed the 
binding capacity of the immune globulin varied between 12 to 5OFg of 
thyroxine/100 ml in individual animals. These studies also show that 
immune globulin binding is many times stronger than the normal T4 
binding proteins of the rabbit. (Supported in part by N .I. H. grant 
AM07676). 

EFPECTS OF ACUTE pH CHANGES ON AMMONIA PRODUCTION IN VITRO. H.C. Preuss 
D.P. Ponder and M.S. Campbell,(intr. by H.V. Murdaugh). University 
of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania. 

Isolated cortical tubules of dogs incubated in a phosphate buffered 
medium at pH 7.1 produce more ammonia and glucose from mono sodium 
glutamate than do tubules incubated at pH 7.7. To determine if this 
increase in the production of ammonia was secondary to the increased 
gluconeogenesis, various substances which interfere with gluconeo- - 
genesis were added to the medium. 

Ammonia Product ion Glucose Production * 
Substrate M 
None (20) 5. . 

pi ~~1 pH 7.7 e pH 7.1 p': :;' e 
3.71 <.OOl 2.12 . <.OOl 

Arsenite (8) 10'4 
Malonate (8) 10-3 

5.95 4.01 C.02 0 0 NS 
10.25 

Iadoacetate (8) loo4 
8.40 <.OOl .36 .37 NS 

7.03 
Maleic Acid (8) loo4 

5.20 <.Ol .41 .37 NS 
6.83 

DNP (6) 10-4 
5.65 >.l .27 .38 NS 

8.16 7.72 >.6 **h,Wgm/hr) .47 .56 NS 

In the presence of the substances listed in the table, glucose produc- 
tion dropped and no stimulation of gluconeogenesis at the 1ower'pH 
was noted. However, in the presence of arsenite,malonate, and iodo- 
acetate, a significant increase in ammonia production still was noted 
at the lower pH. In the presence of DNP, gluconeogenesis decreased 
while ammonia production and oxygen consumption increased. Since 
the increase in ammonia production was relatively greater in the 
medium at pH 7.7, no significant difference in the pH effect on 
ammonia production in the presence of DNP was noted. These data 
suggest that the stimulation in ammonia production seen at pH 7.1 as 
compared to pH 7.7 may be due in part to factors other than increased 

gluconeogenesis. 
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ELECTRICAL ACTIVITY OF THE MITRAL VALVE. D. V. Priola*, T. Cooper, 
and L. M. Napolitano*, Univ. of New Mexico, Albuquerque, N.M. 

Previous experiments have shown that muscle found in the mitral 
valve leaflets behaves in vitro like cardiac muscle in its reaction to -- 
drugs and its inherent contractile characteristics. The following ex- 
periments were designed in order to evaluate the electrical character- 
istics of the mitral valve muscle in situ. In 10 dogs, during total a- 
cardiopulmonary by-pass, a Hoffman-type electrode was sutured to the 
atria1 surface of the septal leaflet of the mitral valve through a 
left atriotomy. Additional electrodes were sutured to endocardial or 
epicardial surfaces of the left ventricle and to either the epicardial 
or endocardial surface of the left atrium. A standard limb lead ECG 
was recorded to provide a common reference for the electrograms. De- 
polarization of the mitral valve consistently occurred aim6ltaneoualg 
with or S-10 msec. prior to the earliest deflection of the QRS complex 
of the ECG. The amplitude of the mitral potential is always less than 
that recorded from ventricular epicardial surfaces. The electrical 
activity of the valve was dissociated from left atria1 electrical 
activity during complete A-V block. Section of the His bundle did not 
alter the temporal relationship of the mitral potential with ventricu- 
lar electricai activity. The results show that the mitral valve muscu- 
lature is electrically active In situ and Indicate that activation 
takes place very early in the periodof ventricular depolarization. 
While these experiments do not elucidate the role of the mitral valve 
muscle in cardiac mechanical performance, they support the notion that 
contraction of the mitral valve muscle might assist in apposition of 
the valve leaflets early in systole, and in minimizing bulging of the 
valve into the atrium during isovolunetric ventricular contraction. 

IONIC BASIS OF TWO-COMPONENT SLOW WAVES IN GASTRIC SMOOTH MUSCLE. 
C. L. Prosser, M. P. Papasova*, and T. Nagai*. Department of 
Physiology and Biophysics, University of Illinois, Urbana, Illinois. 

Cat stomach in vitro shows spontaneous slow waves and spikes. The 
slow waves are of two components. The first is a rapid component 
which is propagated, is not associated with contraction and which is 
lost when sodium is replaced by Tris or sucrose. The second slow 
wave component is not propagated, is associated with contraction, is 
abolished when calcium is absent from the medium and is abolished by 
manganese. Spikes may appear on the second component and enhance 
contraction. Tetrodotoxin has no effect on either component. 
Frequency of spontaneous waves is reduced in low Cao and enhanced by 
high Cao. The first component slow wave is analogous to the slow 
waves of small intestine and the second to prepotentials and spikes 
of taenia coli. 
(Supported by NSF GB-4005.) 
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INFLUENCE OF CARDIOVASCUuui DRUGS ON THE FORCE-VELOCITY RELATION OF THE 
INTACT HEART. Fritpal S. l?uri* and Richard J. Bin@ Wayne State Univ. 
School of Med., Detroit, Michigan 

Rapid changes in the contractile state of the left ventricle were 
investigated in 45 close-chest dogs employing a new technique to study 
instantaneous force-velocity relation at a constant muscle length 
(isolength). A newly devised strain-gauge catheter assembly was used 
to register curve of fiber shortening on beat to beat basis. At an 
isolength point on the curve of shortening, velocity was measured by 
drawing a tangent to the curve; the intraventricular pressure, related 
in time to the isolength point, provided a measure of force. It was 
found that drugs like isoproterenol increased velocity of shortening 
without producing significant changes in force. Norepinephrine and 
metaraminol, on the other hand, increased both force and velocity. In 
contrast, methoxamine led to a fall in velocity as the force increased. 
Of other drugs tested, nitroglycerin and propranolol led to a fall of 
both force and velocity, while nicotine increased both of these para- 
meters. It is concluded that with this new technique (strain gauge 
assembly), it is possible to evaluate the contractile state of the 
intact heart as reflected in its force-velocity relation. 

EFFECTS OF HYPERPOLARIZING CURRENTS ON MEMBRANE AND SYNAPTI 
I 

POTENTIALS $F HIPPOCAMPAL N$URONS. D.P. Purpura,A, Mallian& 
S. Prelevic and M. Santini . Albert Einstein College of 
Medicine, Yeshiva University, New York. 

Fimbrial stimulation elicits IPSP's in hippocampal neu- 
rons which are frequently compounded with early EPSP's as 
revealed by latencies of responses during induced membrane 
hyperpolarization. IPSP's are occasionally observed as the 
only synaptic event evoked by subiculum stimulation. The 
vast majority of hippocampal neurons exhibit EPSP-IPSP se- 
quences during subiculum stimulation. Strong hyperpolari- 
zing currents attenuate early EPSP's and augment late EPSP's 
which summate with inverted IPSP's and trigger spike poten- 
tials. Cells with high resting potentials and 60-70 mV 
spikes exhibit early peaks in membrane potential and reduced 
plateau phases during application of strong hyperpolarizing 
currents. The plateau is reached in 30-40msec. Superposed 
brief testing hyperpolarizing pulses are attenuated and 
their time constant is decreased during prolonged condition- 
ing hyperpolarizing currents. The data suggest that anoma- 
lous rectification or hyperpolarizing activation occurs in 
hippocampal neurons and may explain in part the attenuation 
of early subiculum evoked EPSP's. Hyperpolarizing activa- 
tion serves to complicate analysis of PSP components genera- 
ted at different sites on the soma-dendritic membrane of 
hippocampal neurons. 
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IONIC FLUXES IN ISOLATED BULLFROG INTESTINE. J.F.Quay* and W.McD. 
Dept. of Physiology, Indiana University School of-icine, 

‘-is, Indiana. 
Isolated bullfrog intestine mounted in a conventional Ussing cham- 

ber maintains a stable transmural p.d. (sarosal side positive) and 
short circuit current for 3-b hours at 260C. &en intestinal segments 
were mounted between identical normal chloride Rfngers,transmural p.d@s 
ranged from 0.8-4 rot/. 
Measurmt 

The short circuit current was 3-30 @/cd. 

Na22 and Na2 & 
f unidirectional Na fluxes under these conditions, using 

(24.6 +, 
8 showed that the average net mucosal to serosal Na flux 

13.2 nM/minocm2) was significantly greater (P<.O’Ol) than the 
corresponding short circuit current (6.9 2 5.4 nf+/min,cm2). Determin- 
ation under the same conditions of unidirectional chloride fluxes 
using Cl36 revealed a marked asymtry between the m +s and s + m 
fluxes of this ion, the m +s flux being significantly greater (PGOl). 
The net m+s chloride flux accounted satisfactorily for the difference 
between net Na flux and short circuit current. In sulfate media both 
the transmural p.d. and the short circuit current were considerably 
higher than in chloride media. Further, the average net Na flux (16.8 
t 13.2 mN/mfn.cm2) and short circuit current (15.0 * 6.6 nM/min.cm2 
were not significantly different (PpO.2) under these conditions, in- 
dicating that the increased short circuit current in sulfate media is 
due to the absence of a large net anion flux. In sulfate media addi- 
tion of alanine to the mucosal fluid causes a rapid increase of short 
circuit current. The magnitude of this increase is saturable with re- 
spect to alanine concentration. 
of about 6 mM. 

Preliminary results give a b value 
Addition of alanine to the serosal fluid does not 

change the short circuit current. (Supported by USPtlS grants GM 10971, 
HE 6308, and by NIH Fellowship l-Fl-GM 29, 918). 

LACK OF DAY-NIGHT RHYTHM AND EFFECT OF DARKNESS IN RAT PINEAL CONTENT 
OF N-ACETYLSEROTONIN 0-METHYLTRANSFERASE. W. B. Quay. Dept. of Zoology, 
University of California, Berkeley, California. 

An earlier study suggested a higher nocturnal than diurnal content 
of melatonin in the rat’s pineal gland, but could not show a consistent 
difference in “melatonin-forming activity” in vitro (Quay, Proc. Sot. -- 
Exptl. Biol. & Med. 1964 115: 710-713). However, subsequent use of a 
more specific and sensitivemethod of measuring the activity of the 
enzyme (N-scetylserotonin 0-methyltransferase, or hydroxyindole O- 
methyl transferase, or ASMT) responsible in the final biosynthetic 
step for melatonin was claimed to show a significantly greater enzyme 
activity at mid-night than during the day, marked rise in constant 
darkness and decrease in cant inuous 1 ight (Axelrod, Wurtman G Snyder, 
J. Biol. Chem. 1965 240: 949-954). In ten experiments utilizing the 
latter technique andTO adult rats I have been able to confirm the 
inhibitory effect of continuous light (4, 20 or 85 ft. candles for one 

week) and to extend it to long daily photoperiods (23 hours/day) as 
well. But in rats in a daily photoperiod of 14 hours no day-night 
rhythm in ASMT could be demonstrated at any season or under any of the 
conditions investigated, nor could any differences be shown in relation 
to those animals in continuous darkness or dim red light. Other find- 
ings also support the belief that possible daily rhythmic changes in 
effective in vivo rat pineal ASMT activity may be due to factor(s) -- 
other than local concentration of enzyme (ASMT) protein. The effect of 
continuous light on the adult rat pineal is of a broadly inhibitory, 
and possibly nonspecific stressful, nature; it can be mediated by the 
central nervous system and the pineal’s sympathetic innervation. 
(Supported by NIH research grant GM-05219 and The Miller Institute for 
Basic Research in Science, University of California, Berkeley.) 
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PLACENTAL EXCHANGE. John H. G. Rankin:%, Edward N. PetersonyJ, 
J. Job Faber and James Metcalfe. Departments of Physiology and 
Medicine, University of Oregon Medical School, Portland, Oregon. 

Placental perfusions were performed on 20 adult goats that were 
120-135 days pregnant. Cannulae were placed in all umbilical vessels 

and both common maternal uterine veins. Blood was equilibrated with 
a mixture of gases (25% C2H2, 0. 5% 02, 6% CO2 and 68. 5% N2), fil- 
tered, warmed to 39” C and infused into the umbilical arteries. The 
ratio of placental to uterine blood flows could be varied over the range 
0. l-10. Under steady state conditions samples of blood were drawn at 
various perfusion ratios from all vessels, and analyzed for N20 and 
C2H2 by gas chromatography. These data when analyzed graphically 
resulted in a line compatible with that of a concurrent exchanger with 
moderate maldistribution of flow ratios or a more efficient exchanger 
with greater maldistribution of flow ratios. The extrapolation of the 
line to flow ratios of infinity and zero indicated a non-exchanging fetal 
shunt of the order of 20% and a non-exchanging maternal shunt of the 
order of 35%. Five percent Dextran in Krebs solution saturated with 
carbon monoxide (CO) was infused into the umbilical arteries of 4 pla- 
centas, and in 6 other pregnant goats the abdominal aorta was occluded 
and the femoral arteries were infused with CO-Dextran-Krebs solution. 
Maternal and fetal samples were analyzed for CO by gas chromatogra- 
phy. These data yielded values of 23% (S. D. 2. 2%) for the fetal shunt 
and 36% (S. D. 3. 9%) for the maternal shunt. (Supported in part by NB-l 
grants #HD 2313 and HE 5499.) 

METABOLIC RESPONSE OF MAN TO HYPERBARIC HELIUM. Lawrence W. Raymond* 
(Introd. by Esther Hardenbergh). Naval Medical Research Institute, 
National Naval Medical Center, Bethesda, Md. 20014. 

Increased transfer of body heat by convection occurs in helium-rich 
atmospheres. We studied this effect in 5 men at pressures of 4.3 to 
14.6 atmospheres absolute (ATA), maintaining oxygen and nitrogen par- 
tial pressures of 0.3 and 1.1 ATA, respectively. In these pressure 
chamber studies, ambient temperature averaged 28.4 to 29.3 C., water 
vapor pressure 21.5 to 23.4 mm Hg, and velocity 0 to 1.6 meters/lain. 
No change in overall metabolic rate (M) was observed, but changes in 
the relative amounts of heat loss by evaporation (E), radiation (R) 
and convection (C) were striking. Mean skin temperature (TS) was de- 
creased in helium, especially at higher pressures, but shivering did 
not occur. Rectal temperature (T,) was reduced slightly. Mean values 
were as follows: 

AIR HELIUM WITH 0.3 ATA O2 AND 1.1 ATA N2 

1 ATA 4.3 ATA 9.1 ATA 14.6 ATA 

E, kcal/m 2 hr 16.5 13.5 9.3 9.6 
R 11 11 18.3 12.4 8.8 5.9 
c t t  11 13.0 21.2 30.1 36.1 
M It 11 47.8 47.1 48.2 51.6 

‘T,, Oc. 32.7 31.8 31.6 30.5 
T, " 36.9 36.8 36.6 36.5 

Higher pressure or atmospheric velocity, and cooler ambient or radiant 
temperatures, would likely elicit greater skin cooling with shivering. 
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EFFECT OF GRAVITATIONAL AND INERTIAL FORCES ON REGIONAL DISTRIBUTION OF 
PULMONARY BLOOD FLOW. ..I. H. Reed, Jr.*, R. A. Vandenberg*, and E. H. 
Wood, Mayo Clinic and Mayo Graduate School of Medicine, Rochester 
Minnesota. 

The distribution of pulmonary blood flow (DPBF) in 10 mongrel dogs in 
the right lateral position was determined by an embolization technic 
utilizing radioactive plastic 35 35 microspheres. Injections were made 
into the right ventricular outflow tract while recording femoral and pul- 
monary arterial, left atrial, and airway pressures. Cardiac output (CO) 
was determined by dye dilution. The lungs were air dried under 30 cm 
H20 pressure for 4 days, embedded in urethane foam, cut coronally in 15 
to 18 one-cm slices, the fraction of total lung volume in each slice de- 
termined by planimetry and multiple one-cubic-centimeter sections from 
each slice counted in a scintillation well counter. DPBF to the depen- 
dent lung at rest varied from 50 to 73% of the total CO. The lower val- 
ues were associated with higher left atria1 pressure and vice versa. 
Under increased acceleration, the superior regions showed a progressive 
decrease in the fraction of the cardiac output passing through it as 
compared to 1G (0.2 to 6.1 at 2G, 4.5 to 8.0 at 4G, and 7.5 to 18.4 
at 6G). In the mid-lung region, the fraction of CO increased similarly 
to the loss in superior region whereas the most dependent region of the 
lung showed little change in spite of the fact that the greatest change 
in hydrostatic pressures occurred here. DPBF plus oxygen saturation 
data from superior and dependent pulmonary veins suggest that redistri- 
bution away from the most dependent region occurred toward the end of 
the 600second exposure. (Supported in part by Research Grants NASA 
NsG-327 and NM HE-03532.) 

FREE FATTY ACID RELEASE FROM TISSUE STORES DURING CHYLE INFUSION. 
T.J. Regan, H.A. Oldewurtel*, A. Passanante*, W.M. Burke*, and S. Aso- 
kan*. Department of Medicine, New Jersey College of Medicine and 
Dentistry, Jersey City, New Jersey. 

While studying lipid metabolism in the myocardium of intact anesthe- 
tized dogs a rapid (3 min) rise of free fatty acid (FFA) in arterial 
blood was observed early in the course of a 30 min chyle infusion into 
a systemic vein of recipient animals. Since this response preceded 
the rise of arterial triglyceride concentration, the possibility of 
mobilization of FFA from tissue stores was explored. Chyle from corn 
oil-fed donor animals was infused and serial arterial samples from the 
recipient animals were analyzed by Gas Liquid Chromatography to assess 
the time course of individual FFA responses. Oleic acid was predomi- 
nant in the early plasma FFA increments. After 25 min linoleic acid 
became predominant, presumably from hydrolysis of the corn oil chyle. 
In addition the early FFA rise was greater in venous effluent from 
an adipose tissue area than in arterial blood. To evaluate the con- 
tribution of the sympathetic nervous system, a group of animals were 
pre-treated with butoxamine. Chyle infusion failed to elicit an FFA 
rise until after 25 min. Hence the early increment of plasma FFA dur- 
ing chyle infusion appears to be related to mobilization of peripheral 
stores and to be mediated by the adrenergic system. 
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14C AMINO ACID AND 3HOH RETENTION BY PROLACTIN STIMULATED PIGEON CROPS. 
James A. Rillema*and William L. Frantz. Dept. of Physiol., Michigan 
State Univ., East Lansing, Michigan. 

The initial response of pigeon crop mucosa to prolactin is poorly 
understood, although the later stages are well defined and form the ba- 
sis of a commonly used prolactin bioassay. To better describe some of 
the early effects , prolactin was injected subdermally over one lateral 
aspect of the crop sac of 4 to 6 week-old White King pigeons. As a 
control distilled water was injected over the other half. At 6,12 and 
24 hours subse uent 
with 2.5~'~ of 3 

to this injection 2.5 PC of%-amino acids mixed 
HOH were injected IV. At intervals from 1 to 6 hours, 

crop mucosa immediately next to the prolactin and water treated areas 
was excised, blotted, weighed and counted; the data is reported as the 
ratio of treated mucosa (prolactin) vs control mucosa (water). 

Prolactin 
Dose Incubation 1 2 4 6 
25vg 6 hrs. .9&+_.060 l'.os+_.oS .90+_.05 .83+_.12 
25vg 12 hrs. .80+.06 
0.w 24 hrs. .84t_.o5 

1.0597 
.84+03 l.lO&lS .94z.10 

1.25pg 24 hrs. 1.14r_.o5* 1.2291 
12.5pg 24 hrs. 1.34&12* 1.33+.15* 1.46+.22* 1.49+.20* 
23% 24 hrs. Llc$.17 1.36.21 1.74+1.29* 

O=T/C +, SE (N = 57 
1.75:.17* 

*=T/C-> 1.0, P( .05 
The data indicate an initial increased amino acid uptake (T/C> 1.0) 
after 18 to 24 hours of prolactin exposure. T/C is not greater than 
1.0 for prolactin exposure time of less than 18 hours. T/C ratios vs 
time for 3HOH are similar to those of the 14C amino acids, but closer 
to 1.0 with less variability. (Supported in part by NSF Grant GB 
6024). 

D I STRI BUTI ON OF PULMONARY BLOOD FLOW I N ACUTE EDEMA I N ISOLATED DOG 
LUNG. B. C. Ritchie,* G. Schauberqer,* and N. C. Staub. Cardiovasc. 
Res. Inst. & Dept. Physiol., Univ. Calif. Med. Ctr., San Francisco, 
Calif. 

West et al - -- (Circ. Res. 17: 191, 1965) found inversion of -t-he,hydro- 
static pulmonary blood flow distribution per unit lung volume (Q/V) 
under very special conditions in acute edema induced by high pulmonary 
venous pressure (HVP). We repeated their experiments in isolated, per- 
fused dog I ungs, determining Q/V by the xenon-133 scanning procedure and 
we i ghing the lungs continuous ly to determine the rate of edema forma- 
tion. We perfused I8 lungs for l-$+2 hours each (6 controls, 6 with 
increased capi I lary permeabi lity by al loxan, and 6 HVP). We a I so 
rapidly froze 2 more lungs in each class. Control lungs [artery pres- 
sure (Pa)>a I veo I ar pressure. (Pa I v)>venous pressure (Pv)] deve loped edema 
slowly. They did not show Q/V inversion. Al loxan lungs (Pa>Palv>Pv) 
showed rapid edema formation but no Q/V inversion. HVP lungs (Pa>Pv> 
Palv) showed the expected re;distribution but no inversion of b/V 
unless Pa-Pv < 2.5 Torr and Q < 100 ml/min. Al I frozen lungs showed 
interstitial perivascular edema decreasing from bottom to top of lung. 

HVP lungs showed perivascular hemorrhage at the hilum. Alveolar wal Is 
were more conGested and extra-alveolar vessels more distended at compa- 
rable levels in HVP lungs than controls or al loxan lungs. We have.not 
found any vascular compression, kinking, or nipping in lungs with Q/V 
inversion. The data confirm the inversion of Q/V found under the 
special conditions of HVP, very low Pa-Pv, and low flow. The phenomenon 
does not appear to be related to pulmonary edema in genera I. (Supported 
in part by USPHS grant t-E-06285. B.C.R. is a Senior Fe1 low of the 
San Francisco Heart Association. G.S. is a Volkswagon Grant Scholar.) 



290 THE PHYSIOLOGIST 

INFLUENCE OF DESOXYCORTICOSTERONE ACETATE ON RENIN RELEASE IN DOGS. 
C. A. Robb*, J. 0. Davis, C. I. Johnston', and P. M. Hartroft*, Univer- 

. . sity of Missouri School of Medicine, Columbia, Missouri, and Washington 
University School of Medicine, St. Louis, Missouri. 

The comparative responses in plasma renin to the intravenous injec- 
tion of 2 ml. of Mercuhydrin were studied in 5 dogs before and after 2 
weeks of the daily intramuscular injection of 15 mg. of desoxycorti- 
costerone acetate (DOCA). The experiments were conducted on conscious 
female mongrel dogs weighing 18-25 kg.; the animals were given a con- 
stant sodium intake of 60 mEq/day. Plasma renin and renal sodium ex- 
cretion were measured before and for 3% hours following the intravenous 
injection of Mercuhydrin. Before DOCA administration plasma renin in- 
creased 3-6 fold within 90 minutes following Mercuhydrin injection. In 
striking contrast, after 2 weeks of DOCA injection, the initial plasma 
levels of renin were markedly depressed and the response in plasma 
renin to Mercuhydrin was negligible or absent. The natriuresis induced 
by Mercuhydrin was essentially the same before and after DOCA adminis- 
tration. Histological examination of the kidneys revealed hyaline de- 
posits between the juxtaglomerular cells of the renal afferent arte- 
rioles after treatment with DOCA. Thus, attention is called to the 
association of hyaline deposits in the renal afferent arterioles with 
the failure of plasma renin to increase in response to Mercuhydrin in- 
jection during chronic DOCA administration. 

THE EFFECT OF INSPIRATORY FLOW RATE ON REGIONAL DISTRIBUT- 
ION OF INSPIRED GAS. P.C. Robertson*, W.R.D. ROSS* & 
N.R. Anthonisen, McGill University Clinic, Royal Victoria 
Hospital, Montreal. 

One millicurie (2-4ml) boluses of 133xenon were rapidly 
injected at the mouthpiece at selected lung volumes during 
vital-capacity inspirations of varied flow rate in standing 
normal subjects. After 15 seconds breath-hold regional 
chest concentrations at TLC were measured by ten scintill- 
ation counters. The xenon concentration of-the subsequent 
vital-capacity expiration was followed by a counter in the 
mouthpiece. For boluses injected at RV rapid inspiration 
(5L per sec.) markedly flattened the slope of the xenon 
alveolar plateau due to a striking reduction in the 6:l 
top to bottom regional concentration gradient produced by 
slow inspiration (0.2 L per sec.). A curvilinear relation- 
ship appears to exist for intermediate flow rates. The 
slope of the alveolar plateau and regional concentrations 
were much less dependent upon inspiratory flow rate when 
boluses were injected above 40% VC. Fast inspiration 
slightly reduced the 2:l bottom to top regional concent- 
ration gradient of slow inspiration chiefly by increasing 
apical concentrations. It is likely that closure of lower 
airways occurs at low lung volumes and that they can be 
reopened much earlier by a rapid inspiration resulting in 
more even regional distribution of ventilation. At high 
lung volumes, distribution is governed by airways resistanae 
which appears to be lower in the upper part of the lung. 
(Supp. by M.R.C. of Canada and the John A. Hartford Found.) 
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ROENTGENOGRAPHIC EVIDENCE FOR THE FLITTER MECHANISM OF MURMUR 
PRODUCTION. Simon Rodbard and Hyman Gildenhorn." City of Hope 
Medical Center, Duarte, California. 

Ejection through stenotic aortic or pulmonary valves generates os- 
cillations in pressure as evidenced by a saw-tooth anacrotic pressure 
wave and a coarse systolic murmur. Ejection at critical velocities 
through soft-walled tubes or valves also produces a saw-tooth pressure 
upstroke and a coarse systolic murmur-like sound. Direct observations 
of the mechanism in the model system show that these effects result 
from recurrent closure and reopening (flitter) of the leaflets result- 
ing from recurrent interchange of pressure and velocity at the region 
of the narrowing. We have therefore suggested that murmurs in stenotic 
lesions are also produced by flitter (Am. Heart J. 46:715-725, 1953). 
Roentgenkymographic recordings of the movements of the aortic or pul- 
monary roots during ejection provide further support for the flitter 
concept. Early in the ejection phase in organic or relative aortic 
stenosis, the aortic root exhibits several abrupt lateral movements. 
Each discrete aortic movement can be associated with the ejection of 
a discrete bolus of blood into the aorta during the open phase of the 
valve leaflets of each flitter cycle. A succession of such closings 
and reopenings of the aortic valves is believed to generate the brusque 
aortic movements in the manner of a Bourdon tube. Similar oscillations 
are observed in the pulmonary artery root in stenosis of the outflow 
tract of the right ventricle. These discrete movements of the aorta 
or pulmonary artery cannot be attributed to turbulence or vortices. 
The timing of discrete acoustic impulses recorded in these patients by 
conventional phonocardiographic means or with the heart sound analyzer 
developed in this laboratory supports the thesis that the murmurs are 
produced by flitter. 

FLUORESCENCE LEVELS IN DORSAL ROOT GANGLION FOLLOWING PERIPHERAL/NERVE 
STIMULATION AND AFTER AMYTAL AND IODOACETATE TREATMENT. C. Rodriguez- 
Estrada (intr. by L. M. N. Bach). I .V. I .C ., Caracas, Venezue I a. 

Fluorescence in dorsal root ganglion (Rana Palmipes Spix) was in- 
duced by a 361 nm excitation wavelength. Fluorescence emission at 447 

nm was measured and attributed to NADH2 (Chance et al. Science 137: 
499-508, 1962). An attempt is made to correlate bioelectrical and bio- 
chemical changes. Fluorescence was measured on in vitro preparations 
kept in pure oxygen at 15’C. Under these experimental conditions a 
change of the reference fluorescence level was observed fol low ing (5 
set) peripheral nerve stimulation. This fluorescence change was named 
“the aerobic fluorescence responsett. The aerobic fluorescence response 
is characterized by 2 successive deflections from the reference fluo- 

rescence level. These 2 deflections correspond to a decrease and an 
increase of the fluorescence respectively. The first deflection of the 

aerobic fluorescence response, a decrease of fluorescence, is seledive- 
ly blocked by (5 mM) Amytal treatment. The second deflection of the 

aerobic fluorescence response, an increase of fluorescence, is selec- 
tively blocked by (5 mM) lodoacetate treatment. The effects of these 
inhibitors, under aerobic conditions, suggest that the respiratory 

chain and glycolysis play a role in energy restoration and these meta- 
bolic pathways are triggered simultaneously following excitation. 
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THERMOREGULATORY RESPONSES TO LOCAL WARMING OF SKIN OVER THE SPINAL 
COLUMN. C. F. Roe*, J. D. Hardy and J.A.J. Stolwijk. John B. Pierce 
Foundation Laboratory, Department of Physiology, Yale University, New 
Haven, Connecticut, and Department of Surgery, Columbia University, 
New York, N.Y. 

Radiant heating was applied to a skin area measuring 7 cm x 43 cm 
overlying the dorsal spine of human volunteers. The thermal input was 
approximately 4 Kcal/hr, and the temperature of the heated skin rose 
to 39-4l"C. As the irradiated area was only about l/.100 of the total 
surface area, the mean weighted skin temperature was almost unchanged. 
At an ambient temperature of 2O"C, the irradiation produced sweating 
at a rate which exceeded the radiant heat input. This sweating was 
maintained in spite of the falling core and mean skin temperatures. 
At ambient temperatures around 30°C where slight sweating was already 
occurring, heating of the back caused a marked increase in evaporative 
heat loss, again considerably in excess of the heat gain, and more 
than the amount which could be produced by the heated skin alone. In 
the control experiments, a surface area of the back five times as 
large was heated with the same intensity. The thermal input varied 
between 24 and 28 Kcals/hr, and the mean skin temperature was raised 
by an average of 0.2'C. The increase in heat loss stimulated by the 
thermal radiation was almost the same whether the whole back or only 
the center strip overlying the spine was heated. Heating of the skin 
over the spine reflects either a sensory importance to this area which 
is out of proportion to its surface area, or else signifies the pres- 
ence of deeper temperature sensors possibly in the spinal cord. This 
necessitates some re-evaluation of the formula previously used to pre- 
dict the onset and amount of sweating in response to thermal stimuli. 

A BIOCHEMICAL DEFINITION OF BLOOD VISCOSITY: ITS POSSIBLE 
SIGNIFICANCE IN THE PATHOPHYSIOLOGY OF SHOCK. F. E. ROSATO, 
M.D., L. D. Miller, M.D., M. Behar, Ph.D. and John Zapp 
B S. 2 (intr. by J. E. Rhoads, M.D.), School of Med., Univ. 
of Penna., Phila., Pa. 

We have demonstrated, for the first time, that viscosity 
is directly related to the negatively charged N-Acetyl Neur- 
aminic Acid moiety of glycoprotein. The sole and specific 
action of the enzyme Neuraminidase is to cleave N-Acetyl 
Neuraminic Acid. In serum samples from four adult dogs, 
approximately 90% of the protein bound N-Acetyl Neuraminic 
Acid was released to the free form, as determined by the 
method of Warren, after incubation with Neuraminidase. In 
six samples from healthy adult human males, the addition of 
500 units Neuraminidase to 1.5 cc. heparinized whole blood 
resulted in uniform elevation of blood viscosity, without 
significant change in hematocrit. In this in vitro system, 
then, an increase in viscosity was effected by liberation 
of negatively charged N-Acetyl Neuraminic Acid. Finally, in 
three dogs subjected to hemorrhagic shock, a progressive 
decrease in serum total N-Acetyl Neuraminic Acid was docu- 
mented. Since bacterially produced Neuraminidase is pres- 
ent in the intestine, the loss of a mucosal barrier functicn 
in shock with liberation of the enzyme into the peripheral 
circulation may be the determining factor in the maladap- 
tive increase in viscosity seen in advanced shock. 



THE PHYSIOLOGIST 293 

PASSIVE+,~UXES OF aNa, 36~1 AND HTO PREDICTED FROM P.D./Jsc. Richard 
C. Rose and William L. Frantz. Dept. of Physiol., Michigan State Univ., 
East Lansing, Michigan. 

The ratio of PD/Jsc is found to correlate with the passive movement 
of ions and HOH in a perfused membrane. Since Jsc is a measure of the 
current generated by the Na pump when PD is clamped at 0, the calcu- 
lated resistance (R,=PD/J,,) will differ from the measured resistance 
in the proportion that the movement of the other ions reduces the open 
circuit P.D. Using the Ussing technique muscle-free pigeon crop muco- 
sae and grass frog skins were perfused with isotonic Ringer solutions 
at both surfaces. The short-circuiting current was continuously moni- 
tored except during brief periods when the P.D. was recorded. Fluxes 
of **Na, 36Cl and 3HOH were measured in each direction. The passive 
fluxes of ions are high when the PD/Jsc is low and approaches zero 
when the PD/J,, is high. This relationship is expressed in the expo- 
nential equation of the general form: B@eq/cm*/hr)=Rl - RcX, where Rl 
is the PD/J,, when B is minimal, R, is calculated from the measured 
PD/Jsc and x is an exponent 0(x(1.0. These constants Rl and x differ 
with the diffusing particle and with the source of the membrane. High- 
er flux rates of water fit the above equation for pigeon crop mucosa 
but not for frog skin. Moreover, at the limiting ratio the flux of 
HOH is not zero, but about 2 mmole/cm*/hr. This correlation of fluxes 
with PD/J,c affords a possible means of evaluating the effect of thera- 
peutic agents on the passive permeability of membranes in the presence 
of the sodium pump. Likewise, the application of this concept can 
serve as a method of estimating the variability of passive fluxes in 
the untreated membranes. (Supported in part by NSF Grant GB 6024). 

HEMODYNAMICS OF COLLATERAL CIRCULATION DILATATION FOLLOWING OCCLUSION 
OF THE FEMORAL ARTERY. Stanley L. Rosenthal* and Arthur C. Guyton 
(intr. by Elvin E. Smith), Dept. of Physiology & Biophysics, Univ. of 

Miss. School of Medicine, Jackson, Mississippi. 
The progressive dilatation of collateral vessels around an acute 

femoral artery occlusion was studied in anesthetized dogs. Femoral 
artery pressure proximal to the occlusion and anterior tibia1 artery 
pressure and flow distal to the occlusion were recorded while a clamp 
was applied to the femoral artery. Immediately following occlusion, 
the anterior tibia1 artery pressure and flow dropped in 14 seconds to 
an average of 28% and 21% of the preocclusion levels respectively, and 
then rose during the first minute to 53% and 58% of control levels. 
Tibia1 pressure and flow rose approximately another 5% during the en- 
suing hour, while femoral pressure did not change significantly during 
the entire period. The increase in anterior tibia1 pressure and flow 
was used as a measure of dilatation of collateral vessels around the 
occlusion. The dilatation was not affected by sympathectomy, spinal 
anesthesia, reserpine or hexamethonium; however, the collateral 
dilatation occurred prior to occlusion during systemic hypotension. 
Following removal of the occlusion, the collateral vessels constricted, 
the time required for complete constriction depended on the duration 
of the occlusion. When the clamp was removed after a 2 minute 
occlusion, the collateral vessels began to constrict in about 4 minutes 
and constriction was maximal by 11 minutes. Collateral constriction 
was slower following longer periods of occlusion. The data supports 
the concept that peripheral ischemia is one of the factors responsible 
for initation of collateral circulation development. 

Supported by NIH Grant No. HE-08375. 
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SYMPATHETIC VASOOONSTRICTCR RESPCMSES IN THE DOG HIND LIMB DURING 
SIMDIATED EXERCISE: A TIME-DEPENDENT CHANGE IN MAGNITDDE. 
D. J. Rowlands* and D. E. Donald, Mayo Clinic, Rochester, Minnesota, 

Anesthetized atropinized dogs were studied at rest and during simu- 
lated exercise of the hind limb, using constant flow perfusion. Stimu- 
lation of the lumbar sympathetic trunk (0.2 to 16 cps) gave vasocon- 
strictor responses appreciably smaller during the first 10 minutes of 
exercise than in the resting state, at all but the higher frequencies. 
During continued steady exercise there was an increase in the magnitude 
of the cmtrictor responses over lo-20 minutes, after which no further 
systematic change occurred. The increase in response was not uniform at 
all frequencies, thus frequency-response curves taken in the first 10 
minutes of exercise differed in shape from those taken after the sensi- 
tivity change. Similar time-dependent changes were seen (i) in the 
skinned limb and (ii) with the vasoconstrictor response to carotid sinus 
stimulation. The changes were not seen in the contralateral resting 
liab, and could not be reproduced by changing the pH, Pco2 or tempera- 
ture of blood perfusing a resting limb to match values found in the ef- 
fluent venous blood of exercising limbs. Similar but smaller time- 
dependent changes were seen during drug induced vasodilatation. A time- 
dependent change was not seen when norepinephrine was used as the vaso- 
constrictor stimulus and at equivalent blood concentrations of norepi- 
nephrine a greater response occurred in the exercising than in the rest- 
ing state. It is suggested that the constrictor response of vascular 
smooth muscle is related to its initial length or tension and that fol- 
lowing dilatation there is a time dependent change in the efficacy of 
the vasoconstrictor system. The site of this change appears to be 
distal to the lumbar sympathetic trunk and proximal to the smooth muscle 
receptor site for norepinephrine. 

Supported in part by NIH grant HE06143. 

ELECTROLYTE SECRETION OF THE CANINE PANCREAS IN RESPONSE TO GASTRIN- 
PENTAPEPTIDE. Jack Rudick*, Miguel J. Zerpa*, Allan E. Kark*, David -- --- 
A. Dreilinq. The Mount Sinai School Gf Medicine, New York, N.Y. 

Effects of gastrin-pentapeptide (GP) on electrolyte composition 
of pancreatic secretion was studied in four dogs equipped with a 
chronic pancreatic and a gastric fistula, a gastroenterostomy and 
mucosal septum between antrum and duodenum. Increasing doses of GP 
were administered intravenously to the conscious, fasting dog with 
and without a background of continuous secretin infusion, Ten-minute 
samples of pancreatic secretion were analyzed individually for 
volume, HC03, Cl, K, Na, amylase and osmolality. GP produced a mild 
stimulation of flow with an increase in HC03 concentration in the 
resting gland. When a secretory plateau (volume, HC03, and Cl 
concentration) had been reached with secretin infusion, GP produced 
an increase in Cl and decrease in HC03 concentration despite a 
constant or increasing flow rate. The ratio of HC03:Cl output 
diminished with increasing doses of GP,decreasing the inverse 
relationship between these two ions. Na, K and osmolality were un- 
changed while amylase output was increased. Control experiments 
with saline showed constant HC03 and Cl concentrations with constant 
ratios of HC03:Cl output. Exhaustion of the gland or suppression of 
secretion with supramaximal doses of GP was not noted. These 
findings indicate that gastrin-pentapeptide is capable of increasing 
Cl concentration in pancreatic juice, suggesting the possibility of 
an active, rather than a passive, mechanism for the secretion of Cl 
ions. Alternatively, it may enhance the diffusion of HC03 across 
pancreatic duct epithelium. (Supported by NIH Grant #AM-03889-07) 
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THE EFFECTS OF AFFERENT VOLLEYS ON THE EXCITABILITY 
FLUCTUATIONS OF Ia MUSCLE AFFERENT TERMINALS. 2. 
Rudorzu”n and B. Dutton (Mr. by R. Hemandez-Peon). Centro de 
Investigation y dxdios Avanzados de1 IPN. Mixico 14, D. F. 

In non anesthetized immobilized spinal cats successive antidromic 
responses of Ia afferent fibers of lateral gastrocnemius, produced 
by constant direct stimulation of the motoneuronal nucleus, showed 
considerable fluctuations. These fluctuations were reduced after the 
intravenous injection of Nembutal (3 to 10 mg/kg) or by preceding 
conditioning stimulation (3 shocks at 300 cps) of posterior biceps 
semitendinosus, or of the peronei, tibialis anterior and extensor 
digitorum longus or plantaria flexor digitorum and hallucis longus 
Ia and Ib afferent fibers. The time course of this effect closely 
resembled that of the hyperexcitability of Ia afferent terminals : 
onset at 3 to 7 msec, peak at 20 to 40 msec and gradual decay up to 
100 msec. The effects on variability produced by the conditioning 
afferent volleys were greatly impaired after 1 to 2 mg/kg picrotoxin. 
We suggest that the polysynaptic paths leading to depolarization of Ia 
afferent terminals are continuously active and highly correlated in 
their fluctuations and that variability reduction results from syn- 
chronous activation and subsequent depression of these paths. Since 
similar conditioning stimulations also reduced variability of the 
gastrocnemius monosynaptic reflex, we conclude that membrane 
potential fluctuations of Ia afferent terminals play an important 
role in variability of transmission from Ia afferents to motoneurons. 

EFFECT OF COMBINED SMvlPATHETlC AND VAGAL STIMULATION ON HEART RATE. R. 
O- Russell, Jr.* and H. R. Warner, Dept. of Biophysics 8, Bioengg., Univ. 
of Utah, Salt Lake City, Utah. Supported by a grant and a special fel- 
lowship from NIH, nos. HE-03607 and HE-32,441. 

The model of Cox and Warner (JAP 17: 349, 1962) wi II predict the 
time-course of heart rate resulting from stimulation of sympathetic or 
vagus nerves to the heart. This model has been extended to permit pre- 
diction of heart rate resulting from stimulation of cardiac sympathetic 
and vagus nerves (HRSV 1 at all combinations of stimulus frequencies: 

where HRV is the heart rate predicted for vagal stimulation at frequency 
(VI, HR is heart rate predicted for sympathetic stimulation at fre- 
quency ? S), HRO is heart rate with no stimulation and HRMIN is the mini- 
mum heart rate achievable by vagal stimulation short of complete arrest 
(usually 25-30/min). Data used to test the theory were obtained from 
dogs in whom both vagus nerves and all accessible cardiac sympathetic 
nerves were cut and the distal ends of the nerves stimulated supra- 
maximally at frequencies generated from a digital computer. The time- 
course of heart rate and frequency of stimulation of vagus (VI and 
sympathetic (S) nerves was stored for later testing against the model. 
In each experiment the parameters of the model were first determined 

using the response to sympathetic stimulation alone and vagus alone and 
then tested against data obtained bysimultaneous stimulation of both 
nerves at various frequency combinations. 
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OPSONIN INVOLVEMENT IN RETICULOENDOTHELIAL PHAGOCYTIC "BLOCKADE" AND 
RECOVERY. Thomas M. Saba*and N. R. Di &io, Department of Physiology 
and Biophysics, Univ. of Tenn. Med. Units, Memphis, Tenn. 

The importance of plasma or serum factors called "opsonins" as a 
major determinant of phagocytosis has been demonstrated. Furthermore, 
opsonins have been implicated in the development of RE "blockade". 
In the present study, the role of opsonins in "blockade" induction and 
recovery was evaluated with the use of a gelatinized "RE test lipid 
emulsion". The intravenous administration of the emulsion to rats 
Wmg/ 1OOg) induced a state of phagocytic depression as evaluated by 
the subsequent intravascular clearance and tissue distribution of a 
test dose (50mg/lOOg) of the same emulsion. "Blockade", which was 
apparent at 30 min. post-injection, was only temporary, as complete 
recovery was observed by 2 hr. Opsonic activity evaluated before, 
during and following "blockade" revealed that a 92.3% depression in 
circulating opsonin levels existed during RE 'blockade" which was res- 
tored to normal within 2 hrs. The injection of the emulsion in an 
opsonized form during RE "blockade" completely eliminated the mani- 
festations of "blockade" as determined by clearance and distribution 
of the colloid. The excellent temporal relationship between RE 
"blockade" and opsonic depression, as well as the correlation between 
phagocytic recovery and elevation of circulating opsonin levels demon- 
strates that 1) RE "blockade" is the result of a depletion of circu- 
lating opsonins, and 2) that recovery from "blockade" is due to a 
restoration of opsonin concentration and/or activity. The compensatory 
response of the opsonic system after RE "blockade" as revealed by the 
rapid elevation, overshoot, and eventual return to normal of opsonin 
levels suggests the existence of a physiological control of blood 
opsonin levels. (Supported by USPHS and AEC). 

THE RELATIONSHIP OF THE PHO%PHORYlATEO INTERMEDIATE TO BRAIN TRANSPORT 
ATPase G. Sachs”, M.M. Long and B. I. Hirschowitz, Dept. of Medicine, 
U. of Alabama Medical Center, Birmingham, Alabama. 

A subcel lular fraction prepared from pig brain by a sucrose EDTA 
technique shows a Mg + Na + K:Mg ratio for ATPase activity of 2 to 3, 
characteristic of transpor 

5 
ATPase. Furthermore incubation of th is 

fraction with ATPj2 and Mg + at pH 7.4, O°C for 15 sets. results in 
labelling of the PCA precipitable protein, stimulated several fold by 
1OOmM NaCl, characteristic of the 

ATPase react ion. The Na+ 
‘phosphorylated intermediate’ in the 

labelling increment on the basis of its 
NH20H sensitivity is due to a carboxyl phosphate. Since 0.w NH20H 
does not inhibit the overall ATPase reactions, it has been suggested 
that a hydroxamate is not formed from the carboxyl phosphate when the 
enzyme is in its native configuration. However if the enzyme is 
preincubated with Na + ATP + NH20H, washed and assayed for trans ort 
ATPase activity, no effect is observed, but the Na stimulated P3 5 

incorporation into PCA precipitable protein is inhibited, only if all 
3 substances are present in the preincubation. It is cone luded there- 
fore, that a hydroxamate is formed during the preincubation, irreversi- 
bly inhibiting the formation of the carboxyl phosphate but not enzyme 
activity. Thus the carboxyl phosphate is not a true intermediate of 
the transport reaction, but is probably formed from the actual inter- 
mediate which is not detected by current techniques. (NIH, NSF Support) 
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COMPLIANCE OF THE PULMONARY ARTERIAL TREE. Marvin A. Sackner and Jack J 
Greenberg*, Mt. Sinai Hosp., Miami Beach and Univ.of Miami Sch. Med., 
Coral Gables, Fla. 

Previous estimates of pulmonary arterial compliance in closed chest 
subjects have been indirect. The purpose of the present study is to de- 
scribe a direct method for estimation of the pressure volume curve of 
the pulmonary arterial tree. The method hinges upon increasing the vol- 
ume of the pulmonary arterial tree by applying negative pressures to the 
body surface of an anesthetized, paralyzed dog enclosed within a body 
plethysmograph while maintaining tracheal pressure at atmospheric pres- 
sure. This maneuver produces a rise in "effective pulmonary arterial 
pressureV, the difference between mean pulmonary arterial and pleural 
pressures. Pulmonary arterial blood volume is measured by an ether 
plethysmographic method (Feisal, Soni and DuBois, J.C.I. 41:390, 1962). 
The slope of the pressure volume curve is roughly linear on raising mean 
effective pulmonary arterial pressure up to 12mmHg above control values; 
preliminary data suggest hysteresis is present on deflation. The com- 
pliance of the pulmonary arterial tree in 4 normal dogs weighing between 
11 and 16Kg. was respectively, l.O,l.Z,l.& and l.?ml per mm Hg; in 1 dog 
with pulmonary hypertension, the value was 0.5ml per mm Hg. Minimal 
changes occur in pulmonary blood flow and pulmonary vascular resistance 
when up to 15mm Hg of negative transthoracic pressure is produced. 
Total pulmonary blood volume (measured by indicator dilution methods) 
was plotted against effective pulmonary vascular pressure (average of 
effective pulmonary arterial and effective left atrial pressures).These 
data showed considerable scatter and t.ha estimate of total compliance 
can only be considered a gross appldximation. It appears as if pulmon- 
ary arterial compliance ranges from 11 to 34% of the total compliance 
of the pulmonary vascular bed (supported by NIH grant HE 10622-01). 

OLFACTORY NERVE SECTION OR BULB ABLATION AND BEHAVIOR OF PIGEONS IN 
NON-OLFACTORY LEARNING. A. Salzman* and B.M. Wenzel. Dept. of Physiol. 
and Brain Res. Inst., UCLA Med. Sch., Lo; &sTCal.if. 

The olfactory bulbs of msmmals have long been known to originate ex- 
tensive connecting pathways with other brain structures, the majority 
of which are usually identified with the limbic system. Although lit- 
tle is known about olfactory bulb efferents in birds, it seems reason- 
able to ass- an analogous distribution. As part of a study of avian 
olfaction, it was asked whether sectioning of the primary olfactory 
pathway in pigeons would affect behavior in a non-olfactory learning 
situation. The task required pecking on the left of two translucent 
discs when both discs were lighted with Color 1, and pecking on the 
right disc when both were lighted with Color 2. Correct responses were 
reinforced with grain on a VR 3 schedule. Four groups of 5 birds were 
trained, viz., birds with olfactory nerve section, with olfactory bulb 
removal, with a comparable amount of hyperstriatal ablation, and sham 
operates. All lesions were bilateral. Results showed that the groups 
with olfactory pathway damage were significantly slower in learning to 
eat from the hopper, in learning to peck the discs, and in transfer- 
ring responses from the disc on which they were first trained to the 
other disc. The hyperstriatal group did not differ from the sham op- 
erates in these characteristics. A replication yielded the same 
trends. The similarity between birds with nerve section or bulb ab- 
lation indicates that activity in the primary olfactory pathway was a 
critical factor. Because the affected behavior seems independent of 
olfactory cues and because similar effects have been reported after 
limbic lesions in mammals, the suggestion is that the olfactory s s- 
tem is an integral limbic component. (Supported by NSF grant (33 &@) 
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DEPENDENCE OF THE MAGNITUDE OF THE K+ PERMEABILITY OF THE MEMBRANES OF 
THE FROG'S GASTRIC MUCOSA ON AEROBIC METABOLISM. S. S. Sanders,* and 
W. S. Rehm. Department of Physiology and Biophysics, Medical Center, 
University of Alabama, Birmingham, Alabama. 

With an in vitro technique the relative ionic permeability to l& of 
the limiting membranes of the mucosal cell layer of the frog's gastric 
mucosa was assessed by determining the response of the transmucosal 
potential difference (FD) to unilateral changes in [@] of the bathing 
media. The half time for the response is from 15 to .90 sec. Under 
aerobic conditions the DPD per ten fold change in [fi] @FD/lOI&) with 
soq= media (Cl' -free) was about 125 mvl for both the nutrient and 
secretory membranes while with Cl' media it was about 135 mvl for the 
nutrient membrane (the response of the secretory membrane in Cl' media 
is complex and will not be considered further). With either anoxia or 
2,4-dinitrophenol the AFD/lOI@ decreases markedly and the decrease is 
apparent within 7 min. The decrease is reversible (readily so with 
anoxia, less so with the DNP). The time course of the change in FD 
was studied during readmission of 02. The [I@-] on a given side was 
changed during anoxia from 4 to 79 mM K)- and then, with 79 mM e still 
present, 02 was readmitted and this changed the FD to a new level with 
a half time for the response of from 1 to 3 min. For the nutrient 
membrane in Cl- and S04= the level upon readmission of 02 was about 
that predicted on the basis of the previous controls with 79 mM I& in 
0 ; 
3 

in SO = 4 the m changed from about -7 mv (nutrient negative) to 
- 6 mv while in Cl- it than ed 
that the magnitude of the P 

from about -5 to -20 mv. We conclude 
permeability is dependent on aerobic 

metabolism and rapidly changes with changes in the metabolic state. 
(NIH and NSF support.) 

PURIFICAT$ON OF ANGIOTENSIN 14 ON SEPHADEX LH-20. Armando 
Sandoval, David J. Miletich, and J. V. Princiotto (intr. by L.S 
Lilienfield) . Dept. of Physiology and Biophysics, Georgetown 
University Schools of Medicine and Dentistry, Washington, D. C. 

A clean-up procedure is described whereby the vasopressor pep- 
tide angiotensin II (M.W. 1031) can be rid of small molecular 
weight contaminants such as arginine (M.W. 174) on a Sephadex LH- 
20 colunm. This particular separation is instrumental towards the 
development of a radioactive derivative assay based on quantita- 
tion of its arginine residue. The alcohol solubility of the pep- 
tide coupled with Sephadex LH-20's organic solvent compatibility 
allows a convenient volatile solvent mixture to be employed. 
Efficacy of separation has been shown with near milligram loads 
as well as with nanogram loads within limits of detection by nin- 
hydrin staining, angiotensin II bioassay and liquid scintillation 
radiation counting. Needless to say, this clean-up technique can 
be extended to removal of other small molecular weight contamin- 
ants as well. 
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A READILY ACCESSIBLE COMPARTMENT OF LYMPHOCYTES IN CHRONIC LYMPHOCYTIC 
LEUKEMIA: EXAMINATION BY THREE METHODS. L.M. Schiffer*, A.D. Chanana*, 
E.P. Cronkite, M.L. Greenberg*, P.A. Stryckmans*, and P.C. Vincent*. 
Medical Research Center, Brookhaven National Laboratory, Upton, N. Y. 

The pattern of response of blood lymphocytes (BLy) in patients with 
chronic lymphocytic leukemia, when treated by extracorporeal irradia- 
tion of the blood (ECIB), is an abrupt exponential decline followed by 
a steady state. Since ECIB involves irradiation of BLy, without any 
known effects on lymphopoiesis, we postulate that attainment of a stee 
state during ECIB signifies the depletion, not only of BLy, but an eas- 
ily mobilized, readily accessible compartment (RAC) of lymphocytes (Ly). 
RAC size may be computed from measured values and assumed variables. 
The known values are blood volume, number of BLy irradiated daily, and 
dose of irradiation to BLy. The assumed variables are the dose necess- 
ary to destroy BLy (500+ rads) and blood Tl/2 of lethally irradiated 
BLy (0.75 days). Experimental evidence for these statements will be 
presented. Our results, in 9 patients with widely varying initial BLy 
counts, indicate a RAC 0.617 to 5.3X the total BLy. The anatomic rela- 
tionships of RAC are not known and probably vary from patient-to-pa- 
tient. This is shown in patients with similar RAC's, only a few of 
whom have marked decreases in lymph node and/or spleen size after ECIB. 
Other methods of evaluating analogous, but not necessary identical, 
RAC's of Ly involve removal of BLy, labeling with3H-cytidine (Cyt) or 
75Se-methionine (Met), infusion, and measurement of dilution of label. 
There are potential errors in these techniques but the overall results 
are similar to that found by ECIB. Values for RAC(Cyt) varied from 
0.33 to 4.5X and RAC(Met) between 1.9 and 7.3X the total BLy. In all 
instances where multiple studies were performed the RAC(Cyt) results 
were consistently lower than, and the RAC(Met) results consistently 
higher than, the corresponding RAC(ECIB) values. 

THE STIMULATION OF HEPATIC GLUCONEOGENESIS DURING FASTING: 
THE ROLE OF FREE FATTY ACIDS. R. J. SchimmeW and E. Knobil, Dept. 
Physiology, University of Pittsburgh School of Med., Pittsburgh, Pa. 

The conversion of lactate, pyruvate, glycerol, fructose, a ketoglu- 
tarate, and oxaloacetate to glucose by liver slices in vitro was meas- -- 
ured in the course of 90 min. incubation at 37 C. in Krebs-Ringer 
buffer containing 80 mg% glucose and 5% bovine serum albumin. A 
24 hr. fast increased gluconeogenesis from all the substrates exam- 
ined. Increasing the FFA concentration from . 35 eq/L. to 1. 15 eq/L. 
stimulated gluconeogenesis from lactate and pyruvate, inhibited gluco- 
neogenesis from glycerol and a ketoglutarate and had no effect on 
gluconeogenesis from fructose and oxaloacetate. These data suggest 
that the enhanced hepatic glucose production seen during fasting 
cannot be accounted for by the increased availability of FFA consequent 
to food deprivation. Nevertheless, the results are consonant with the 
view that FFA stimulates pyruvate carboxylase activity and elevates 
the NADH/NAD ratio in the liver cell. (Supported by an NIH predoctoral 
research fellowship, GM-25, 909, and by a grant, AM 05655 from the 
USPHS. ) 
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THE CONTINUOUS DETERMINATION OF THE EXTRACTION AND 
CLEARANCE OF 131 IODINE LABELLED DIATRIZOATE AN INULIN 
SUBSTITUTE BY THE KIDNEY. Herman E. Schmid, Bowman Gray 
Sch. Med., Winston-Salem, N. C. 

Diatrizoate has been shown to be an adequate substitute for inu- 
lin in clearance and extraction studies in dogs and man. The extrac- 
tion of this compound labelled with 131 Iodine (131 I-Renografin, 
Squibb) can be determined continuously from arterial and renal venous 
blood samples pumped through polyethylene coils (Radicoil, Abbott) 
inserted into a dual well-type scintillation, ratemeter, recorder sys - 
tern. The left kidney of anesthetized dogs was exposed via a flank 
incision and the renal vein cannulated. Renal blood flow was mea- 
sured or drugs infused via a needle inserted into the artery distal to 
the flowmeter probe. Glomerular filtration rate (GFR) was calcu- 
lated from the extraction of 131 I-Renografin, renal blood flow, and 
the Hct values. Extractions were obtained during alterations in renal 
perfusion pressure, and during infusion of vasoactive drugs, acetyl- 
choline and angiotensin, by the continuous method described and com- 
pared to the standard inulin. The use of an analogue computer will 
enable a continuous line recording of extraction, clearance (GFR), 
total renal vascular resistance and pre- and postglomerular vascular 
resistances. (Supported by a grant from NIH, NHI, HE-7842.) 

EFFECT OF VIBRATION ON VASCULAR SMOOTH MUSCLF RESPONSIVENESS TO 
NOREPINEPHRINE (NE) AND TYRAMINE (TY). P.G. Schmid*, A.J. Liedtke* 
and A.S. Hyde. Aerospace Medical Research Laboratories, Wright - 
Patterson Air Force Base, Ohio. 

Forelimb vascular resistance changes in response to injected NE, 
0.5, 1.0 and 2.0 pg base and TY, 128, 256 and 512 )J g base, were ob- 
served in 7 control dogs before and after a rest period of one hour and 
in 7 test dogs before and after vibration for one hour. Vertical vi- 
bration, directed perpendicular to the long axis of the supine, re- 
strained dog, was maintained at one G peak acceleration and ten cycles/ 
second. Each brachial artery was cannulated and perfused separately 
from the ipsilateral femoral artery. Flow in the two independent cir- 
cuits was kept equal and constant. Responses to NE and TY before rest 
or vibration were evaluated in one forelimb; responses after rest or 
vibration were evaluated in the other forelimb. Each limb was dener- 
vated 20 minutes before drug injections. Resistance (calculated as the 
ratio perfusion pressure/flow) was expressed in arbitrary units. A R, 
the increase in resistance with NE or TY was tabulated; results were 
analyzed using a parallel line bioassay as a statistical test. In 
control dogs, average AR in response to NE increased significantly 
(P(O.05) from 1.21 + 0.12 (mean + SE) before to 1.61 + 0.15 units 
after rest. Average-AR in respo:se to TY also increased significantly 
(P(O.05) from 0.70 + 0.05 before to 1.17 + 0.14 units after rest. In 
test dogs, the average A R in response to k was 1.27 + 0.19 before and 
1.30 + 0.18 units after vibration. Average AR in response to TY was 
1.03 i 0.22 before and 1.26 + 0.23 units after vibration. Vibration 
did not depress responsiveness to NE or TY in test dogs. Vibration may 
have inhibited mechanisms which, in control dogs, acted to augment the 
responsiveness of vascular smooth muscle to NE and TY. 
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DIURRTIC, ANTIDIURHTIC AND VASOPRESSOR EXF'ECTS OF ARGININE-VASOPRESSIN 
(VA) POTENTIATED BY MINIMAL DOSES OF ANGIOTENSIN II (AN). G.H.Schmitt. 
(ink. by K.L.Sydnor) Univ. of Ky. Med. Cntr., Lexington. 

Non-pressor doses of VA are diuretic and natriuretic during isotonic 
NaCl infusions, and antidiuretic during water loading or in presence of 
exogenous mineralocorticoid in pentobarbitalized dogs.(Schmitt, Aero- 
space Med. in press) Arterial BP and renal water and Na excretion were 
measured during intravenous infusion of (1) isotonic NaCl (O.lTml/Kg/ 
min. for 2-3 hours), (2) same saline infusion plus 0.04U VA/Kg/hour, 
(3) saline infusion plus 5 or 10 nanogm AN/Kg/hour, and (4) saline in- 
fusion plus the same doses of both VA and AN together. VA alone (2) 
caused diuresis and natriuresis and no rise in BP. AN alone (3) had no 
effect on BP or renal H,O and Na excretion. VA and AN together (4) 
caused a rise in arterikl BP in some expts. and a greater diuretic and 
natriuretic effect than VA alone in every expt. The doses used repre- 
sent about one 50th minimal pressor dose (MPD) of AN and one third (or 
less) MPD of VA under these exptl. conditions. On the other hand, the 
same dose AN increased BP and diuresis and natriuresis during intra- 
venous infusion of hypertonic (2.5%) NaCl (presumably effect of endog- 
enous VA, potentiated by exogenous AN). However, during water diuresis 
in dogs, AN potentiated the antidiuretic effect of VA. Since water 
loading stimulates (Acta physiol. Acad.Sci.Hung.31:141,1967) and saline 
loading inhibits aldosterone secretion, it is suggested that renal 
effects of both VA and AN depend on the existing level of mineralo- 
corticoid activity. 

DOG RENIN ASSAY USIFG A ZERO ORDER KINETIC SYSTEM. 
Edward G. Schneider"and H.H. Rostorfer, Department of Anatomy and 
Physiology, Indiana University, Bloomington, Indiana. 

The quantification of renin release depends on the use of exact 
methods. The endogenous substrate bioassay for dog renin is substrate 
dependent. The variance (CV) for substrate in normal anesthetized dogs 
is 2% (CV) which contributes to a variance for the zero order 
constant, Ko, of 24% and the first order constant, Kl, of 1% calculat- 
ed from data obtained by the endogenous method. In order to avoid the 
effect of substrate variations between animals and to measure renin in 
plasma with very low substrate concentrations, a zero order kinetic 
method has been developed using partially purified dog substrate for 
the addition to unknown plasma samples. Zero order constants (Ko) of 
3.2726.1s (CV) and 3.2556% (CV) were found for substrate concentra- 
tion ranges of 4.2-5.6 AU/ml and 7.0-8.7 AU/ml, respectively. 
Angiotensinase activity was completely inhibited by incubation in the 
presence of EDTA+DFP at pH 5.3. The Ko of 3.242 4.1% (CV) for the 
addition of 1 part plasma to 3 parts substrate concentrate indicated 
that the addition of normal plasma did not effect the kinetic relation- 
ship. The substrate independence, the lack of interference by normal 
plasma, and the small coefficient of variation for Ko indicated that 
the kinetic condition was zero order above a substrate concentration 
0f 4.2 AU/&. To guarantee a zero order kinetic condition, the sub- 
strate concentration for the assay should be maintained higher than 
5.5 AU/ml. The overall accuracy of the zero order assay compared with 
the endogenous assay greatly supports the use of the zero order assay 
method for measuring plasma renin concentrations. 
(Supported by USPHS Grants HE-09339 and HE-05622. 
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SYNERGISM AND ANTAGONISM OF VARIOUS PROCEDURES IN THE PRESTONALIZED DOG. 
Robert T. Schopp and Raymond R. Walsh, Dept. of Physiol., Univ. of Colo. 
Med. Ctr., Denver, Colorado. 

Curariform drugs are classified on the basis of their mechanisms of 
action, i.e.: Type I - depolarizers (e.g. decamethonium /C-10) or Type 
II - competitors (e.g. d-tubocurarine /d-TC). Some investigators iden- 
tify another type of curariform drug which exerts its effect by non- 
competitive antagonism of acetylcholine: Type III - e.g. Prestonal. This 
comparative study involves the effects of a number of.chemicals and pre 
cedures on transmission in canine peroneal-tibialis anticus nerve- 
muscle preparations, which have been partially paralyzed with Prestonal 
or C-10 or d-TC. The table below summarizes some of these responses: 

Procedure Type I (C-10) Type II (d-TC) Type III (Prestonal) 

REBOUND AND AFTER-INHIBITION OF A SINGLE INHIBITOR-TO-PACEMAKER 
SYNAPSE. Joseph H. Schulman (intr. by W.F.H. Mommaerts), University 
of California, Dept. of Zoology. 

Rebound and after-inhibition were measured as a function of 
inhibitory frequency at the inhibitory synapse of the crayfish 
stretch receptor. It was found that a low frequency inhibitory burst 
produced rebound, while a high frequency inhibitory burst with the 
same number of ipsp's (inhibitory post synaptic potentials) caused 
after-inhibition. The time constant for recovery from rebound is 
about four times greater than that ofafter-inhibition for the same 
number of ipsp's. It was also observed that the overshoot in the 
recovery phase of after-inhibition coincides with the recovery of 
rebound. It may be deduced from these findings that both phenomena 
are caused by the interaction of two opposing membrane parameters. 
One is initially dominant, has a short recovery time and causes the 
after-inhibition. Due to its brief recovery time this parameter soon 
gives way to the second parameter which has a longer recovery time 
and causes the rebound. By injecting the ipsp's in rapid succession 
there is only a short time for recovery during the inhibition, and 
after-inhibition is produced. By spreading the ipsp's out in time, 
the recovery occurs during the inhibition, allowing the rebound 
phenomenon to be expressed. By selecting the correct ipsp frequency 
the two phenomena cancel out. 
(Supported by Grants from NIH and NSF, and NASA Training Grant T462.) 
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PERIPHERAL VASCULAR RESPONSES TO ACUTE COLD EAKPOSURE IN THE ANESTHE- 
TIZED CAT. James M. Schwinghameti, Thomas Adams and Larry R. Klevans*. 
Dept. of Physiol., Mich. State Univ., E. Lansing, Mich. 

Vascular responses accompanying extremity local cold exposure, usu- 
ally indexed by skin surface or intradermal temperatures, have been 
used to identify general peripheral vascular reactivity and tone set 
by central neural activity. Skin surface temperatures of the pinna of 
the ear and the foot and toe pads of anesthetized ("Diabutal", 36 mg./ 
Kg.9 I.P.), adult, male and female cats were measured by 36 g. copper- 
constantan thermocouples in 32 experiments on 17 animals during an 
acute, local cold exposure (immersion of the extremity in a stirred ice 
water bath). Rectal temperatures were maintained between 37.5.39.5OC 
by a heating pad. From an initial level of 320340C skin temperature 
in all tests fell abruptly to 2-3oC. For the foot and toe pads, ini- 
tial cooling was interrupted by periods of spontaneous rewarming within 
2-3 minutes after immersion. These phases were characterized by an 
initial warming rate of 6-8OC/min. to bring the skin surface to nomi- 
nally 5-8OC before secondary cooling. These oscillations were main- 
tained unchanged or damped within a few cycles. Foot and toe pads 
did not necessarily respond in phase. In contrast, the response of the 
ear was qualitatively similar to that of the human digital pad subject- 
ed to similar exposure conditions; initial cooling was followed by a 
single, maintained vasodilation phase. Chronic denervation of the 
foot (tested 60 days after section of the Sciatic and Tibia1 nerves) 
did not modify the response, compared either to the contralateral, 
normally innervated limb or to the same extremity before neurotomy. 
The extremities of the anesthetized cat are suggested to represent 
promising test sites for the study of local and reflexly regulated 
circulation especially cold induced vasodilating mechanisms. 

INFLUENCE OF RESPIRATION ON PULMONARY CAPILLARY BLOOD FLOW (oc) AND 
PULSATILITY IN DIFFERENT POSTURES IN MAN. N. Seqel* and B.a. MCI lrov. 
Cardiovasc. Res. Inst., Univ. Cal if. Med. C-l-r., San Francisco, Calif. 

Qc was measured in IO normal subjects during a slow expiration start- 
ing at total lung capacity and during a slow inspiration starting at the 
resting lung volume. Measurements were made sitting, tilted to 45”, and 
supine in a body plethysmograph. bc, peak systolic and diastolic flow, 
and cap i I lary pu Ise amp I i tude (CPA) were ca Icu lated from the rate of up- 
take and alveolar concentration of N20 measured after 0.5, 1.0, I.5 and 
2.0 L of the breath in or out. Meas;rements were also made during quiet 
breathing in the sitting position. Qc, stroke volume, peak systolic 
flow and CPA were all greater and diastolic flow less during inspiration 
in the sitting and 45” tilt positions. These differences were less mark- 
ed in the supine position. CPA was greatest at the beg i nni ng of a s low 
expiration while the converse was true during a slow inspiration. During 
quiet breath i ng, @c and heart rate were greater towards the end of i n- 
spiration but stroke volume did not change. CPA was greatest at the time 
of changeover from inspiration to expiration and least at the changeover 
from expiration to inspiration. The greater pulmonary capillary pulsa- 
tility during inspiration in the upright and 45” positions may in part 
be due to the increase in stroke volume; however, the fall in diastolic 
flow suggests a simultaneous fall in pulmonary vascular resistance. This 
might be due to the opening up of vessels in the upper zones of the 1ur-g 
which were closed during expiration. In the supine position these dif- 
ferences may be less marked, presumably because the vesse Is are a I I 
open. During quiet breathing, with small changes in lung volume, it 
seems that the increase in flow and pulsatility during inspiration car- 
ries over into expiration so that, at norma I respiratory rates, blood 

flow tends to be pulsatile during both phases of respiration. 
(Supported in part by USPHS grant t-E-06285) 
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LAMINAR SPINAL CORD ORGANIZATION OF VISCERAL AND CUTANEOUS AFFERENT 
ACTIONS, AND VISCERAL FACILITATION OF CUTANEOUS UNITARY RESPONSES. g. 
Seizer* and W.A. Spencer, NYU Med. Schl. NYC (Supp. USPHS NB-05980). 

In a previous communication (Fed Proc. 1967) convergence and recipro- 
cal inhibition of visceral and cutaneous afferent actions in the lumbar 
spinal cord of anesthetized spinal cats were described. In the present 
experiments, we compared the distribution of focal potentials generated 
at the L4 level by visceral and cutaneous afferent volleys. Microelec- 
trode recordings showed that lateral femoral cutaneous nerve volleys 
generated an early maximum focal negativity (Nl wave) associated with 
short latency unitary responses in Rexed's lamina IV, but lumbar sym- 
pathetic chain visceral afferent volleys did not. However, in lamina V, 
visceral afferent volleys did generate a maximum focal negativity, as- 
sociated with unitary responses, which corresponded to similar poten- 
tials of the second cutaneous (N2) response component. Convergence of 
these two pathways onto common interneurons at this level was often 
seen. In addition, instances of visceral facilitation of cutaneous uni- 
tary responses in ascending white matter was noted, but no mechanism 
for this effect can yet be proposed. Stimulation of primary afferent 
terminals with microelectrodes located in the dorsal horn produced a 
compound antidromic action potential in afferents of these visceral and 
cutaneous nerves. Conditioning supramaximal cutaneous afferent volleys 
increased the excitability of the A delta but not A beta afferents of 
the sympathetic chain, indicating depolarization of the central termin- 
als of the A delta visceral afferent fibers. Conditioning stimuli to 
sympathetic chain afferents increased the excitability of both A beta 
and A delta cutaneous afferent terminals. A detailed anatomical scheme 
is proposed to explain both the primary afferent depolarizing actions, 
which presumably mediate presynaptic inhibition, and the convergence of 
visceral and cutaneous pathways. 

FURTHER OBSERVATIONS ON SPINO-BULBO-SPINAL REFLEXES IN 
VARIOUS VERTEBRATES. Muneo Shimamura (intr. by Robert B. 
Livingston). Univ. of Calif. School of Med., La Jolla, 
Calif. 

Spino-bulbo-spinal (SBS) reflexes are transmitted by im- 
pulses which ascend from spinal (mainly cutaneous) affer- 
ents to bulbar reticular formation, and recurrent relayed 
impulses which descend the spinal cord to induce ventral 
root discharges along all spinal segments in descending 
order from the bulb (J. Neurophysiol. 26:258-272, 1963). 
SBS reflexes are to be contrasted with propriospinal re- 
flexes which cause discharges in all ventral roots in an 
order which radiates upward and downward from the point of 
stimulated dorsal root entry. SBS reflexes have been 
demonstrated in the cat, dog, monkey, rat and man (Jap. J. 
Physiol., 14:411-421, 1964). The present study extends 
investigation of SBS reflexes to several additional species 
of animals which manifest different locomotor behavior, 
e.g. 9 frogs, toads, lizards, turtles, fishes, birds, 
kangaroo-rats, bats, among others. The experiments were 
performed under chloralose anesthesia and both SBS and pro- 
priospinal interlimb reflexes were evoked from both upper 
and lower extremities. Comparative physiology of interlimb 
reflexes reveal significant differences between remote 
species. 
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INTRACELLULAR POTENTIALS IN ARTERIOLAR SMOOTH MUSCLE. George R_. 
SiRgins* and Herbert J. Berman, Boston University, Department of 
Biology, Boston, Massachusetts. 

Electrophysiological studies on the smooth muscle of terminal 
arterioles are confined to only one published report (Funaki, Nature 
191: 1102, 1961). Intracellular potentials were recorded in viva from m- 
the vascular smooth muscle of pre-capillary arterioles in the thin 
retrolingual membrane of the frog (Rana pipiens). Each frog was light- 
ly anesthetized with MS-222 (tricaine methanesulfonate), the membrane 
then exposed, and arterioles of 15 to 60~ diameter and associated ter- 
minal vasomotor nerves visualized at 200 or 400 X. 103 readily visible 
arteri.olar smooth muscle cells were impaled with 3 M KCl-filled ultra- 
micropipettes of 20 to 80 Mfi resistance and the membrane potentials 
recorded on a Tektronix 564 storage oscilloscope. The range of the 
resting potentials were -18 to -59 mV. The arithmetic mean (f S. D.) 
was -34 (t 11) mV. The vasomotor nerves accompanying the arterioles 
were stimulated by a microelectrode with single rectangular pulses of 
0.25 to 1.00 ma intensity and .Ol msec duration. All arterioles con- 
stricted, but only 25 intracellular "action potentials" were recorded. 
Two distinct types of action potentials were observed. "Slow waves" 
with an average duration of 140 msec and amplitude of 12 mV were record- 
ed in 18 cases. In 7 cases, faster "spikes" with an average duration 
of 74 msec and amplitude of 30 mV were observed. The latent periods 
averaged11 msec for the first type and 12 msec for the second. Prepo- 
tentials, overshoots, and spontaneous action potentials were not observ- 
ed . The nerve-induced action potentials recorded here were of a form 
similar to those found in amphibian cutaneous arterioles by Funaki. 
(Supported by Grant HE-902 from NIH and Contract DA-49-MD-2696.) 

GLUCOSE TRANSPORT ACROSS THE ANTILUMINAL SURFACE OF THE RENAL TUBULES 
OF THE DOG. M. Silverman* and F.P. Chinard. Goldwater Mem. Hosp. and 
New York Univ. School of Med., New York, N.Y. 

The multiple indicator dilution technique has been used to investi- 
gate the renal transport of glucose in anesthetized dogs. Phlorizin 
solutions of varied concentration were infused systemically at a con- 
stant rate of 4ml/min. After 30-40 min., 

D-Glucose-C14 
a solution containing T-1824, 

creatinine, and THO was injected into the left renal ar- 
tery. Outflow patterns of all indicators were determined in renal ven- 
ous blood and urine. The blood glucose concentration varied between SO- 
70mg/lOOml whole blood. Previous studies have shown that: (1) creati- 
nine is a valid marker of the extracellular volume of the kidney; 
(2) glucose is transported with the 6 carbon chain intact; (3) less 
than 0.29, of the injected glucose is converted to C02. In the present 
studies glucose exit from the tubular lumen is found to be almost com- 
pletely blocked by cumulative systemic phlorizin doses as low as 200 
pg/Kg wt. Under these conditions simultaneously obtained renal vein 
outflow patterns indicate that glucose has a greater distribution vol- 
ume than creatinine. This excess volume may reflect glucose penetration 
of the antiluminal surface of the proximal tubule. The penetration 
shows certain char cteristics of "active transport": (i)stereospecifi- 
city (L-glucose-C 18 has the same renal vein outflow pattern as creati- 
nine); (ii) competitive inhibition (with high doses of phlorizin, of 
the order of 1000 x the dose necessary to block the luminal surface, 
the renal vein patterns of D-glucose-C14 and creatinine coincide). No 
evidence was obtained for the existence of a pathway for glucose across 
the tubule cells from peritubular fluid to urine. We propose that the 
transport mechanism at the antiluminal surface is an integral part of 
the process of glucose transfer from urine to blood. 
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FACTORS AFFECTING SURVIVAL AND DEVELOPMENT OF NIPPO8TRONGYLUS 
BRASILIENSIS IN INFECTED RATS. J.O. Simarenek and J.Fabiansk, 
Departments of Life Sciences,New-York Institute of Technology, 
New-York,??.Y,lOO23. 

Four groups of 6.week-old rats were infected with Nippostrongylus 
larvae subcutaneously,intravenously,intraperitoneally and orally. 
The eggs were counted daily in feces from 5th to 14th day after 
infection and the number of adult worms was determined in intestines 
of rats sacrificed on the tenth day. The number of egg production 
relative to the various routes of infection were in good agreement 
with the corresponding number of adult worms found in intestine. The 
routes of infection did not affect the size of the adult parasites. 
Vhen induced per OS and into the peritoneum,only 15 percent and 50 
percent respectively of larvae developed into adult worms. Fifty five 
percent and seventy percent larvae devileped into adult worms when 
induced intravenously and subcutaneously. Enzymes,toxic compounds or 
a possible deff iciency of oxygen in -‘ flastrointcstinal tract,intraperito- 
neal cavit:r and blood vessels anyear to be limiting factors for survi- 
val and development of larvae into adulthood. 

ROLE OF pH AND ALPHA RECEPTORS ON THE HEMODYNAMIC RESPONSE OF THE DOG 
HIND LIMB TO ACIDOSIS. D.H. SIMMONS. UCLA School of Medicine, Los 
Angeles, Cal ifornia. 

Previous studies showed that increasingly severe respiratory acid- 
osis causes progressive vasoconstriction in muscle and vasodilatation 
in skin and paw of the femoral artery circulation of the anesthetized 

dog. In this stud% during respiratory acidosis, conductance of the 
femoral circulation decreased approximately 15% of control values at 
extreme pH’s in the region of 6.85 while during metabolic acidosis it 
decreased approximately 40‘.& suggesting the possibility that a local 
dilating effect of hypercapnia may partially obscure a constrictor 
response to acidosis. The partitioning of blood flow and conductance 
to muscle, skin, and paw in the femoral circulation was essentially 
the same during both types of acidosis as determined by a modification 
of the K4* method of Sapirstein. Muscle conductance was markedly de- 
creased in both cases, while skin and paw conductance increased during 
respiratory acidosis and was constant or increased during metabolic 
acidosis. Injection of dibenzyline locally into the femoral circula- 
tion resulted in approximately doubling flow and conductance of the 
total femoral circulation and the circulations to individual tissues 
during the most severe acidosis, but had only minor or no effect during 
moderate or mild acidosis. It also had essentially no effect on the 
distribution of flow and conductance to the three tissues. These 
results suggest that: 1) there i s both pH- and PCO2-dependence of 
vasomotion in muscle, skin, and paw in the femoral circulation; 2) 
alpha-adrenergic receptor stimulation causes decreased conductance 
only during extreme decreases in pH and this vasoconstriction may 
occur in large vessels. 
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THE CARDIAC SINUS RESPONSE IN HYPOTHERMU. S.H. Sinclair,* Kenneth M. 
Kent,* W.E. Goetter,* and E.C.Peirce II. Depts. of Surgery and physio- 
logy, Eory University School of Medicine, Atlanta, Georgia. 

The cardiac function of large non-hibernating mammals becomes un- 
predictable in deep hypothermia as cooling changes the balance of the 
various neural, hormonal, and autoregulatory mechanisms of the heart. 
To investigate the neural control, studies were made on closed-chest 
dogs uniformly cooled to average body temperatures, ranging from 25 to 
15%. Uniform cooling was accomplished with a partial veno-arterial 
bypass circuit including a membrane lung and a heat exchanger, combined 
with a 1OoC water spray for surface cooling. Aortic pressure (AP) and 
carotid sinus pressure (CSP) were controlled independently by means of 
separate pressure-controlled servo pumps. Aortic flow was determined 
using implanted ascending aortic flow probes. Left ventricular volumes 
were estimated by a thermal dilution technique. Myocardial function 
was assessed by ventricular function curves (stroke work vs end dias- 
tolic volume) at a constant AP. The carotid sinus response including 
the control of cardiac rate and contracttie force and the control of 
systemic arteriolar resistance was present at 25oC however, the sensi- 
tivity of this negative feedback control mechanism was reduced at this 
temperature when compared to 37OC. Increases in the CSP caused a 
decrease in heart rate and vasodilation. Vagotomy abolished the de- 
crease in heart rate which accompanied an increase in CSP, but the 
vasodilation persisted. The depression of the carotid sinus response 
at low temperatures demonstrates the reduction of neural control of 
the hypothermic heart. 

ABOLITION OF SYMPATHETIC VASOCONSTRICTION IN DOG SKELETAL 
MUSCLE: ROLE OF K+ AND REDUCED 02 TENSION. N.S. Skinner, 
Jr. U. Tex. Southwestern Medical School, Dallas, Texas. 

The effects of 02 deficient blood of different K+ con- 
centrations on vascular resistance during lumbar sympathet- 
ic chain stimulation were studied in the isolated, perfused 
gracilis muscle of the dog. Reservoirs containing blood of 
identical reduced 02 tension (~02 9-25 mm Hg), pH and hema- 
tocrit were used. One contained K+ in a concentration of 
2.0-2.5 mEq/L while in the other the concentration of K+ 
was 6.0-8.0 mEq/L. Blood of normal 02 content and K+ con- 
centration was used to obtain control vascular resistance 
values before perfusion of 02 deficient blood. In all ex- 
periments (14 animals) vascular resistance was increased 30 
to 100% by lumbar sympathetic stimulation. In each experi- 
ment resistance to blood flow fell less during perfusion 
with low 0 , low K+ blood than during perfusion with low 
027 high K 9 blood even though venous pO2 was reduced to the 
same degree. In a second type of experiment (4 animals) the 
gracilis muscle was perfused with hypoxic blood before ini- 
tiation of sympathetic stimulation. In these, a given in- 
tensity of sympathetic stimulation produced greater vaso- 
constriction during perfusion with low 02, low K+ blood 
than during perfusion with low 02, high K+ blood. These 
data suggest that 02 deficiency and the concentration of K+ 
may function importantly in the established abolition of 
sympathetic vasoconstriction during contraction of skeletal 
muscle. (These studies were supported by USPHS grant HE 
10614 and a grant from the Dallas Heart Association.) 
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FEEDING RESPONSES TO DECR?VSED GT,TYZEX nTII,TZATTGN IN MnbmYS, 
G. P. Smith+ (intr. by A.N. Epatein). Dept. of Dhyaiolom, T?niv. of 
Pennsylvania, Philadelphia, Pa. 

Although in,jectiona of the glucose analogue, 2-deoxv-D-plllcoae 
(2-D@, into human sub,jecta are known to nroduce decreased rrlucoae 
utilization, hyperplycemia and hunger sensations (Landau et al, 
J. Nat. Cancer Inst. 21:48& 1?58), food intake after 2-DG has not 
been studied in humans or other animals, Food intake was measured 
hourly in 3 male, rhesus monkeys (Macaca mulatta) in the 2 hours 
following the intravenous injection of 2.DG (300 ma/kg). All 3 
monkeys ate more plain monkey pellets in the first hour (2.DC: 
61.5 + 5.5 g, n-9; Control: 25.6 + 3.0 g, n-14; rs<O.OO~). The 
reaDoh was reproducible and Usually ended within 2 hour8 after the 
injection. These data are strong evidence that decreased glucose 
utilization, not low blood sugar, drives the monkey to eat more. 
This result is consistent with the idea that decreased glucose util- 
ization is an important short-term factor in the normal control of 
food intake. (supported by USPHS NB 0607342) 

A SHEET-FLOW CONCEPT OF THE PULMONARY ALVEOLAR MICROCIRCULATION. 
S.S. Sobin, Dept. Physiology, Univ. Southern Calif., Los Angeles, and 
Y.C. Fung,*AMES Dept., Univ. Calif. San Diego, La Jolla, Calif. 

Structurally, the microvasculature of the alveolar wall may be de- 
scribed as 2 membranes separated and interconnected by a number of reg- 
ularly spaced posts. Correspondingly, blood flow may,be described as 
sheet-flow with regularly spaced obstructions. Compared with the 
classical concept of the alveolar capillary system as a network, this 
terminology offers a more realistic description of blood flow. Histo- 
logical materials were prepared from the cat lung perfused in situ from 
the pulmonary artery with an appropriate silicone elastomer by methods 
previously described (Sobin, et al., 1966). Photomicrographs were made 
of optical sections and the projected image analyzed. In each plane 
section the vascular and non-vascular spaces were demarcated and the 
respective areas determined by planimetry. The results are expressed 
as a solidit.y-ratio of the vascular to total space of the alveolar wall, 
which ouantitatively describes the proposed geometric model. In addi- 
tion, other geometric characteristics such as curvature of the alveolar 
wall are determined. The sheet-flow description of the alveolar micro- 
circulation provides a new approach to lung mechanics and dissociates 
analysis of blood flow resistance from the Poiseuille% formula for the 
cylinder. With a more accurate description of geometry a more real- 
istic boundary value problem is formulated for the blood flow in the 
alveolus which is attacked both mathematically and by model experiment. 
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METABOLISM OF GLUCOSE THROUGHOUT THE REPRODUCTIVE CYCLE OF THE GOAT. 
Donna Sooby and Robert W. Phillips (intr. by William J. Tietz). 
Colorado State University, Fort Collins, Colorado 

The degree of participation by the pentose phosphate pathway in 
glucose metabolism in ruminants was investigated using glucose-l-14C 
and glucose-6-14C. Fourteen experiments were conducted on female 
goats in the normal, the pregnant and the lactating states. In each 
case approximately 150 JJC of the radioactive glucose was administered 
intravenously by single injection technique. The rate and extent of 
conversion of carbon atoms 1 and 6 to respiratory CO2 was determined. 
In the normal goat there was no significant difference in either the 
rate or the extent of conversion of the two labels. The mid or late 
pregnant animal showed a slightly greater conversion of carbon 1 than 
carbon 6. However, in the lactating goat both the rate and the extent 
of glucose-l- 14C conversion to respiratory CO2 was much greater. The 
14CO2 production from carbon atom 1 appeared in less than one-third of 
the time and was 3 times higher than the peak from carbon atom 6. 
This suggests that the pentose phosphate pathway is inactive in the 
normal state, only slightly active during pregnancy and highly active 
during lactation. The total transfer of glucose carbon to CO2 was 
greatest in the non-pregnant animal, decreased somewhat in pregnancy 
and declined sharply in lactation, indicating that the demand for non- 
oxidative glucose utilization is greatly enhanced by the carbohydrate 
demands of lactation. 

Respiratory lnsensitivi ty to Hypoxia Persisting After Correction of Fallot’s Tetralogy 
S .C. Sbrensen* and J .W. Severinghaus. Univ. of California Medical Center, 
Cardrovascular Researc hrancisco, California. 

We have previously reported (Fed. Proc. 26:665, 1967) that high altitude 
natives have a lower respiratory response to hypoxia than sea level natives. High 
altitude natives still have a low response to hypoxia after staying at sea level for 
several years. We were not able to detect anv decrease in hyooxia sensitivity at 
altitude’in 
their adult 

sea level natives who had been exposed to hypoxia’ for years 
life. This study was undertaken to determine the respiratory 

during 
response 

to hypoxia in a group of subjects born with Fallot’s tetralogy who, thekefore, had 
been exposed to a low Paq for the first years of life. Five subiects, 15 to 31 years 
of age, were examined. Four of the subiects had palliative anbst&otic operations 
performed in the first years of life. All five subjects had the cardiac malformation 
corrected, 1 to 7 years, before this study. Pao;! breathing air was 80.6~13.8 (SD) 
m m  Hg at the 
CO2 was dete 

time of the study (PB = 
rmined at two levels of 

40mm Hg. T  he respi ratoty response 

750 m m  Hi). The respiratory response to 
oxygenation: Pa% = 200 m m  Hg and Paop = 
to a reduction of arterial PO:, from 200 to 40 

m m  Hg was computed in two ways. (1) At their normal Pacoq, hypoxia increasdd 
ventilation 0.3k2.0 (SD) L/min/M2, 
9.7*7.0 (SD) L/min/M2 

compared to the average response of 
in normal man at sea level. (2 Hypoxia increased the 

slope of the CO2 response curve from 1.4 to 1.5 L/min / M2/mm Hg Pcoz, a 7% 
increase, which compares with a 114% increase in our normal subjects. We con- 
clude that the respirato 
longed hypoxia during c x 

sensitivity to hypoxia is irreversibly decreased by pro- 
ildhood. Since the response of these subjects is similar to 

high altitude natives who have moved to sea level, there is no need to invoke a 
genetic factor in the response of the Peruvian Andean native. (Research 
supported in part by USPHS HE 06285). 
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MYOCARDIAL CONTRACTILITY IN HYPERTROPHY AND HEART FAILURE. James F. 
Spann, Jr.*, James W. Cove115 Dwain L. Eckberg*, Edmund H. Sonnenblick, 
John ROSS, Jr., and Eugene Braunwald. 
heart Institute, Bethesda, Maryland. 

Cardiology Branch, National 

The contractility of intact right ventricles (RV) and isolated RV 
papillary muscles of seven cats with chronic RV hypertrophy and heart 
failure (CHF) due to pulmonary artery constriction were compared with 
those of ten normal (N) cats. In CHF, peak isovolumic pressure in- 
creased from 64 + 3 to 111 + 16 mm Hg (74%), RV end-diastolic pressure 
from 3.0 + 0.5 to 13.3 cm. z20, RV end-diastolic volume from 1.0 + 0.1 
to 1.9 + a.1 ml/kg (90%) and RV weight from 0.5 2 0.1 to 1.2 + 0.T g/ 
kg (140%). Maximum contractile element velocity (Vmax) of intact ven- 
tricles was reduced from 2.7 + 0.1 (N) to 1.5 + 0.1 (CHF) muscle 
lengths/set (p < .OOl) while isometric tension-was not altered strik- 
ingly. In papillary muscles isolated from these CHF hearts Vmax was 
similarly decreased from 0.95 + 0.08 to 0.32 + 0.08 muscle lengths/set 
and isometric tension at the apex of the 1engFh tension curve was also 
reduced, from 8.2 t 1.4 to 3.1 t 0.6 g/mm2. Thus in CHF, both force 
and velocity were depressed in the isolated muscle. In the failing 
ventricle the increased fiber length maintained the force developed per 
muscle unit, while the reduced ventricular Vmex, a property which is 
unchanged by muscle length, accurately reflected the depressed myo- 
cardial contractile state that was evident in the papillary muscles 
from these hearts. These findings indicate that the intrinsic rate of 
interaction of contractile sites is reduced in the intact hypertrophied 
and failing heart and demonstrate that in the intact heart augmentation 
of end-diastolic volume and increased muscle mass compensate for this 
basic contractile defect, thus maintaining total ventricular force 
and pressure. 

HUMAN VISUAL EVOKED RESPONSE AND FREQUENCY DENSITY SPECTRA. Louise B. 
Speck, Natl. Inst. of Mental Health, Chevy Chase, Md. and Dorothy S. 
Dobbs,* St. Elizabeths Hos., Washington, D.C. 
Techniques for recording the visual evoked response (VER), standard 
error, and frequency density spectra were developed for use on a LINC 
computer. Relationships between human VER and spectra variables and 
their interrelationships were investigated. Comparison of energy con- 
tents of occipital and temporal recordings from the same subject showed 
that delta, theta, and fast2 activity was greater in the temporal area, 
while alpha and fast1 was greater in the occipital area. When the auto- 
spectrograms were compared under resting conditions and during stimula- 
tion, the total energy contents remained constant but were redistrib- 
uted. Latency, amplitude, and recovery variables were calculated for 
three VER deflections. Amplitudes of the early components were associ- 
ated; the late component was independent. Iatencies showed correlation; 
none was associated with amplitudes. Of 160 intercorrelations of VRR 
with spectra variables, seven were significant at Pe.01 level; three 
indicated a relationship of alpha with latency. The latency of the 
vertex wave was found to be twice alpha period. Ringing was never seen 
without alpha. A linear relationship with period of ringing was seen. 
No relationship of recovery function was found with any frequency. 
Alpha period was the only frequency variable significantly associated 
with any VER variable. 
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COLOR CODED COMPONENTS OF THE INTRARETINAL ACTION POTENTIAL. H. Spek- 
reijse*, H. G. Wagner, M. L. Wolbarsht, and D. K. Heffner*. Naval 
Medical Research Institute, Bethesda, Md. 

The intraretinal action potential is an electroretinogram (ERG) from 
within the retina (T. Tomita, Jap. J. Physiol. l-110, 1950: also desig- 
nated "Local Electroretinogram or LERG", by K. Brown, Jap. J. Ophthal., 
l0, suppl. 130, 1966). In the isolated goldfish retina, intraretinal 
electrodes record an intraretinal action potential which can be shown 
to be composed of two components, a slow potential and oscillations, 
both generated by the light stimulus. The frequency of the oscilla- 
tions is approximately fifteen per second. In some recording loca- 
tions the spectral sensitivity of the two components is not the same. 
One component (the slow process) had the same action spectrum as the 
green process of the ganglion cell response (Wagner, et al, J. Gen. -- 
Physiol., 43, suppl. 2, 45, 1960). The action spectrum of the oscilla- 
tory process was the same as that of the red ganglion cell process. 
The sensitivity of either process could be depressed relative to the 
other by appropriate chromatic adaptation. This demonstrated the inde- 
pendence of the two components of this LERG. Oscillatory phenomena 
have also been seen in the ERG of the cephalopod, birds, and humans. 
The hypothesis that the oscillations may result from activity fed back 
from the brain is not tenable, at least in our preparation, since the 
retina was not connected to the brain. (From the Bureau of Medicine 
and Surgery, Navy Department, Research Task MROO5.04-0013.) 

EFFECT OF STABLE CALCIUM ON Sr90 ABSORPTION IN MAN. Herta Spencer, 
Joseph Samachson*, Edward P. Hardy, Jr.*, and Joseph Rivera*, 
Metabolic Section, Veterans Administration Hospital, Hines, Illinois 
and Health and Safety Laboratories, U.S. Atomic Energy Commission, 
New York City. 

In order to investigate whether stable calcium decreases the ab- 
sorption of Sr90, balances of Sr90 and of calcium were performed under 
constant dietary conditions during low and high calcium intake. The 
average low calcium intake was 213 mg/day, the average high calcium 
intake was 1718 mg/day. The high calcium intake was attained by 
adding calcium gluconate tablets to the constant low calcium diet, 
thereby keeping the Sr90 intake similar during the low and high cal- 
cium intake, 4.6 and 5.7 pCi/day, respectively. The average Sr90 
balance was +O.Ol pCi/day during low calcium intake and was slightly 
more negative during high calcium intake, -0.36 pCi/day. Although 
the net absorption of Sr90 during the addition of calcium to the diet 
was lower, on the average 6.3X, than during low calcium intake, 12.3%, 
these differences were not significant. There was no correlation be- 
tween Sr90 and calcium balances, while there was a correlation between 
the urinary excretion of Sr90 and of calcium and between the urinary 
excretion of Sr90 and Sr90 intake. The SrgO/Ca ratios of urine were 
more variable than the SrgO/Ca ratios of stool during the intake of 
the low and high calcium intake. The SrgO/Ca ratios of stool were 
similar to the SrgO/Ca ratios of the diet during the intake of either 
calcium level. (This research was supported by Contract 
AT(ll-l)-1231-35 from the U.S. Atomic Energy Commission.) 
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TRANSPORT OF A SUBSTRATE BY TWO OR MORE INTESTINAL SYSTEMS: A POSSIBLE 
EVOLUTIONARY REMNANT. Richard P. Spencer. Department of Radiology, 
Yale University School of Medicine, New Haven, Connecticut. 

While most materials enter the small gut wall by a single mechanism, 
there is evidence that some are transported by 2 or more systems. If 
the systems are not cross-coupled, total entry or velocity can be 
treated as the linear sum of the individual components. When 2 trans- 
port systems are operative on a substrate, possibilities are: 2 pas- 
sive systems (urea passage across the gut by diffusion and convection), 
one passive system and one active system (pyrimidine movement in the 
insect small gut, and amino acid transport in Ehrlich ascites cells), 
or 2 active systems (basic amino acid transport by the kidney). Equa- 
tions for each type of dual transport have been written for processing 
by analogue and digital computers. The presence of multiple systems 
for transporting a substrate may represent an evolutionary remnant or 
diversification (such as isoenzymes). This is particularly true when 
2 active transport systems are present. Each is likely under genetic 
control, and may be absent in mutants. If both of the active systems 
can be described by Michaelis-Menten formulations, they cannot 
kinetically be readily separated if Kl = K2 (that is, if the Michaelis 
constants are the same). If K1 # Q, a distinct bend appears in 
Lineweaver-Burk plots. (Supported by USPHS Grants CA6519 and AMO9429). 

THROMBOSIS ON METAL SURFACES-RELATIONSHIP TO POSITION OF METAL IN THE 
ELECTROMOTIVE SERIES+ AND METAL BLOOD INTERFACE POTENTIAL. S.Srinivasan 
P.S.Chopra*, T.Lucas * (intr.by P.N.Sawyer) 
Electrochemical and Biophysical Laboratories of the Vascular Surgical 
Services, Department of Surgery and Surgical Research,State University 
of New York, Downstate Medical Center,Brooklyn 

Recent interest in the electrochemical nature of thrombosis (Biophy- 
sical Mechanisms in Intravascular Thrombosis,P.N. Sawyer,Ed.,Appelton, 
Century,Crofts 1965) prompted a study of rate of thrombus deposition on 
metal wires(electrodes) inserted through side branches into the carotid 
and femoral arteries of mongrel dogs. Mg,Al,Cd,Ni,Cu,Au, and Pt which 
cover a wide range in the electromotive series were chosen for the 
present investigation. Four electrodes of the same metal were inserted 
through side branches into both carotid and femoral arteries in healthy 
anaesthetised mongrel dogs for 30-40 minute periods. Care was taken to 
prevent injury to the intimal surface. The spontaneous potential of 
each of these electrodes in contact with flowing blood was measured.At 
termination, the vessels were clamped above and below the electrodes. 
The dogs were sacrificed, after injection of formalin into the vessels 
for fixation of thrombus deposits. The vessels were slit open and the 
electrodes examined. The results were striking. Electrodes of metals 
establishing a negative interfacial potential< O.mv/NHE (Mg,Al,Cd) 
were antithrombotic, whereas metals with a positively charge surface 
> 0.0 mv/NHE (Cu,Ni,Au,Pt) were thrombotic. These findings are of con- 
siderable fundamental importance and provide scientific assistance in 
the search for suitable non-thrombogenic surfaces to incorporate into 
various artificial internal organs. 

+Supported in part by grants in aid No. HE07371 & HE 07821 from 
NHI,NIH, Bethesda, Maryland 
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ARTERIAL AND VENOUS RESPONSES DURING VASOVAGAL SYNCOPE. M,Stampfer, 
S.E.Ehpstein, G.D. Beiser (intr. by E. Braunwald). NIH, Bethesda, Md. 

T  e crrculatory changes which cause vasovagal syncope are not thor- 
oughly understood. Several studies have shown that the fall in mean ar- 
terial pressure (AP) that occurs is associated with a decrease in card- 
iac output (CO), and it has been suggested that withdrawal of sympa- 
thetic tone to the veins, by promoting peripheral pooling of blood, 
contributes significantly to the decrease in CO. Conflicting results 
have been reported concerning changes in CO, forearm blood flow (FBF), 
and forearm vascular resistance (FVR), and no measurements of venous 
tone (VT) during syncope have been reported, In the course of other 
studies on the circulatory effects of lower body negative pressure and 
80' head-up tilt, vasovagal reactions occurred in 10 subjects. Heart 
rate (HR), central venous pressure (CVP), AP, FBF, FVR, and forearm VT 
were measured. The typical vasovagal reaction could be divided into 2 
phases. A gradual fall in AP and occasionally HR signified the onset of 
Phase 1, during which FVR did not change significantly. The duration of 
Phase 1 was highly variable. The onset of Phase 2 was denoted by an 
abrupt fall in AP and HR and a decrease of 62% in FVR, from 36 to 14 
mm Hg/ml/lOO g/min, However, in none of the subjects did forearm or 
hand VT decrease. Venodilation probably did not occur in other vascular 
beds, since CVP did not change prior to or during the onset of the re- 
action. It is concluded that there are 2 stages in the development of 
vasovagal syncope. Initially AP and occasionally HR fall gradually, 
followed by a precipitous reduction in sympathetic tone, reflected by 
the fall in FVR, and accompanied by marked hypotension and bradycardia. 
The venous bed of the limbs does not appear to participate in these 
changes. It is also probable that the conflicting results obtained pre- 

viously may be explained in part by the lack of recognition of these 2 
distinct phases and the omission of observations during Phase 2. 

CHANGES IN HUMAN BODY COMPOSITION AND OXYGEN CONSUMPTION WITH AGE. 
J. M. Steele, G. T. Lesser* and S. Deutsch*. New York Univ. Research 
Service, Goldwater Memorial Hospital, Welfare Island, New York, N. Y. 

Independent measurement of total body fat (by uptake of inert gas) 
in 45 human subjects aged 16 to 90 has permitted study of the composi- 
tion of and changes in the fat-free body (F'FB = body weight - body 
fat) during aging. Body water (TBW = vol. of dilution of tritiated 
water) remains a constant proportion (71%) of the FFE3. However, the 
proportion of 
Na,S3504) 

"extracellular" water (ECW = vol. of dilution of 
is increased, and that of intracellular water (ICW = TBW - 

ECW) decreased. With the evidence that cell hydration remains 
constant, these changes indicate a loss of cell mass with age. In 
older subjects, basal oxygen consumption was decreased with respect 
to S.A., remained constant with respect to TBW or FFB mass, but rose 
with respect to intracellular water. The long-held concept that 
oxygen consumption of tissues diminishes with age is not consistent 
with these observations. There is evidence that, with aging, cell 
mass is lost primarily in muscle, and only negligibly in other 
tissues. The present observations on oxygen consumption can be quan- 
titatively explained by these changes in body composition, suggesting 
that basal O2 uptake of remaining cells is unchanged. 
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INCREASED RATE OF CATECHOLAMINE SYNTHESIS IN RATS DURING 

HYPERCAPNIA. Odd Steinsland *, James Papayoanou *, Mariagnes Verosky * 

and Gabriel G. Nahas. Dept. of Anesthesiology, College of Physicians and 

Surgeons, Columbia University, New York, N.Y. 

During hypercapnic acidosis there is a significant rise in circulating plasma 

catecholamines which can be attributed to an increased release from peripheral 

nerve endings and adrenal gland. This increase was not accompanied in the rat 

by significant depletion of catecholamine stores. In a group of 20 rats exposed 

to 20% co2, 25% 02, balance N2, for periods of up to 5 hours, there were 

no significant changes In norepinephrine (NE) content of the heart and epinephrine 

(E) content of the adrenal gland as compared to a control group breathing air. 

NE in heart increased by 4.5% and E in adrenal gland decreased by 1.3%. 

Another group of rats was given intraperitoneally 300 mg/kg of alpha-methyl-para- 

tyrosi ne (a-MT) in 3 divided dosages before and during a similar period of hyper- 

capnia. They presented a 35.8% decrease in myocardial NE content and a 38.6% 

decrease in adrenal E content. Rats treated with a-MT and breathing room air 

did not present significant changes in catecholamine content of heart or adrenal 

gland. During hypercapnia, inhibition of catecholamine synthesis results in sig- 

nificant depletion of catecholamine stores. These results indicate that, since 

catecholamine stores remain normal during hypercapnic acidosis, an increased 

rate of catecholamine synthesis should also occur in hypercapnia. (This work 

was supported, in part, by Army Contract DA-49-193MD-2265 and N. I. H. 

Grant GM-09069-05 ). 

RELATIONSHIP BETWEEN STIMULUS STRENGTH, LENGTH AND 
PULMONARY ARTERIAL (PA) ISOMETRIC ACTIVE TETANIC TEN- 
SION (AP) DEVELOPMENT. N. L. Stephens, J. L. Meyers (intr. by R. 
M. Cherniack). Departments of Physiology and Medicine, University 
of Manitoba, Winnipeg, Canada. 

Previously we reported (Physiologist 9:296,1966) that with electri- 
cal stimulation at a given PA length, AP first increased curvilinearly 
and then achieved a maximum steady state value (APmax). APmax 
increased with stimulating voltage and qualitatively resembled striated 
muscle. The time taken to achieve APmax--(tAPmax), was unaffected 
by changes in voltage. While the maximum rate of AP development, 
(dP/dtmax), increased with increasing voltage the time taken to reach 
dP/dtmax--(tdP/dtmax), was constant. We have now assessed the 
effect of muscle length on these parameters using supramaximal vol- 
tage s tim ulation. The length-tension curves resembled those of other 
smooth muscle preparations and revealed a stretched length (Lmax) 
at which maximum APmax developed. tAP 
lengths. dP/dt,ax 

max was the same at all 
increased with stretched length up to Lmax and 

then decreased. tdP/dhax was the same at all lengths. Thus 
stimulating voltage and muscle length affect these parameters in 
identical ways. It is tentatively proposed that the influences of stimu- 
lus strength and muscle length in releasing energy for AP develop- 
ment in vascular smooth muscle are similar. 
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NEW APPROACH TO RETINAL OSCILLATORY POTENTIALS IN MAN AND 

ANIMALS. H. Lee Stewartbnd William W. Dawson. &liege of Med., 

Univ. Fla., Gainesville, Fla. 

Electrical oscillations reported in research on animals may be selectively 

recorded from the human cornea if the customary ERG is rejected by active 

passband fi I tering . Species differences in the response are-distinct: Latency 
ranged from 6 mscc in mangabey to 55 mscc in bullfrog. Cat, chicken, rabbit 

and man gave intermediate values. Response amplitude and stimulus intensity 

vary directly to a point where high intensity produces increasing wave 

complexity. Control procedures which in&de isolation of the eye from the 

ocular musculature and retrobulbar anesethesia suggest that the response is 

retinal in origin. In agreement with direct recordings, the results indicate 

that electrical events may be recorded which occur before the B wave and in 

some cases before the A wave. Supported by Department of Army contract 

DADA17067-C-7118 and aided by UHPHS grant N&06654. 

MUSCLE STRENGTH AND ELECTRICITY ACTIVITY, HEART RATE AND ENERGY COST 
DURING ISOMETRIC CONTRACTIONS IN DISABLED AND NON-DISABLED. 
Hans Stoboy, Frieda Trainor, Bryan Wilson-Rich, Michael Dacso (intr. 
by X. Sandow), New York University Medical Center, Dept. Rehabilita- 
tion Medicine, Goldwater Memorial Hospital. 

The electrical activity of muscle is lineraly correlated to 
strength (Lippold; Sommer; Bergstroem). With increasing maximal 
strength during training, the same load can be held though the electri- 
cal activity is less (Stoboy, Friedebold and Nuessgen; Stoboy und 
Duentsch; Fischer). Ergometric investigations have shown that heart 
rate and oxygen consumption depend on the physical fitness (Balke; 
Hallman; Reindell; Mellerowicz). The aim of the investigation was to 
determine the degree of disabled subjects who are wheelchair bound. 
The following values were measured or calculated: strength of the m. 
biceps femoris, the integrated electrical activity, heart rate, 02 
consumption, CO2 output and energy expenditure. It has been shown 
that the disabled subjects who propel a wheelchair several miles 
daily have lower values for the measured parameters than the nondis- 
abled. From a comparison of the subjects, it is concluded that the 
disabled individual is physically well adapted to his disability. 
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MICROPERFUSION STUDIES OF RENAL TUBULAR REABSORPTION OF 
3-O-METHYL-D-GLUCOSE, D-FRUCTOSE AND D-GLUCOSE IN THE RAT. 
Hilmar Stolte*, J. B. Van Liew* and John W. Boylan. 
Departments of Physiology and Medicine, State University 
of New York at Buffalo. 

In single perfused surface segments of proximal tubules 
of the rat kidney in vivo we measured the rate of re- 
absorption of 3-O-methyl-D-glucose (3MG), D-fructose and 
D-glucose. Perfusion fluid, isosmotic Ringer's solution 
containing 4.5 or 18 mM/L of the C-14 labeled sugar6and 
100 mg%ltritiated inulin, was delivered at 20 x 10 
ml min Comparative reabsorptive rates, given as per- 
centage of load per mm perfused tubule, ranged from 17-32% 
for D-glucose and 5-15% for 3MG. There was no reabsorp- 
tion of D-fructose. Clearance experiments in the intact 
rat confirm reabsorption of 3MG at approximately 50% the 
rate of D-glucose. Results with D-glucose and 3MG are 
compatible with the hypothesis that the process of sugar 
reabsorption may be accelerated by metabolic reduction of 
its intracellular concentration (J. Gen. Physiol. 50: 
113, 1966). The data for fructose confirm that metabolic 
utilization of a sugar does not necessarily imply its 
reabsorption. Secretion of 3MG, reported in dog kidney 
(Proc. Sot. Exp. Biol. and Med. 1240 20, 1967), could not 
be demonstrated in the rat. (Supported by Buswell Fellow- 
ship and NIH Grant AM-10779-01.) 

EFFECTS 0F mmunoL BEN~OATE (EB) 0~ CORPORA LUTEA IN RATS BEARING 
PITUITARY AUTOGRAFTS. S. J Stolzenberq*, R.* and 
W. H. Linkenheimer. Americin Cyanamid Company, Agricultural Division, 
Princeton, New Jersey. 

Female rats received pituitary autotransplants beneath the kidney 
capsule at 11 to 12 weeks of age. Subcutaneous injections of EB were 
started 30 to 40 days following surgery in the first 3 experiments. 
In Experiments 1 and 2, Series 1 injections consisted of 50, 50 and 25 
mcg of EB given subcutaneously on days 0, 3 and 5. Series 2 injections 
were the same as series 1 but given on days 16, 19 and 21. Pituitary 
grafts were removed from half of the rats on day 15 in Experiment 1. 
Ovarian weights were obtained on day 28. In Experiment 3, the dose of 
EB was raised to 100 mcg per injection giving a total of 300 mcg for 
each series. In Experiment 4, subcutaneous injections of EB were 
started 5 to 7 days following pituitary autotransplant. Rats were in- 
jected daily for 5, 10, 20, 40 and 80 days, with autopsies following 
4 or 5 days after the last injection. The immediate effect of EB in- 
jections into rats bearing pituitary autografts was a significant 
(PKO.01) increase in ovarian weight. Long term treatment with EB 
(>40 days) caused a significant (PcO.05) decrease in ovarian weight. 
Short term treatment followed by a 23 or 35 day period of no treat- 
ment gave an even greater decrease in ovarian weight (P(O.01). Hy- 
pophysectomized rats showed no effect on ovarian weights with similar 
EB treatments, indicating the importance of the pituitary in this 
response. Removal of the autotransplanted pituitary 10 days after 
the first series of EB was completed, however, had no apparent effect 
on subsequent regression of the corpora lutea. 
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MUSCI;EACTION I'CTENTIAISAND CGNTRACTIGNSDURINGFATIGUE, STKESSAND 
CHI0RPRCMAZll?EAIM~ISTRATICW.F. L. Strand> V. hnge*andHans Stoboy* 
Biology Dept. New York University and Goldwater Memorial Hospital. 

The influence of hormones on the peripheral nervous system has been 
demonstrated maixily in isolated systems. These experiments correlate 
electricalandmechanical chmgeswithhormmalvariations inthe 
intact rat. Only the Achilles tendon is freed to permit recording of 
muscle contractions. The sciatic nerve is stimulated without being 
severed (freq.5/sec;duration O.lmsec;slightly supermaximal strength). 
Simultaneous recording6 of gwhrocnemius contractions and APs were made 
on 35 rats during 30 min stimlation. The effects of rest,post rest 
stimulation, cold-stress (4% for 4 hr) snd cold-stress preceded by 
chlozpronmzine (5Omg/kg) lhr prior to cold, were investigated. In 
normal rats there is a sharp decline in the amplitude of contraction 
and of the AP during the first 5 min of stimulation. Contraction 
decreased 5C$, APs decreased 45% in this time, to fall only another 
lO$ each during the next 20 min of stimulation. 10 min rest had little 
effect on contraction height but AP an@.itude recovered to 70$ initial 
values. Neither stress nor chlorpramszinti stress affected contraction 
height significantly but both diminished the si@s of early AP fatigue 
(stress causing a 30$ decrease and chlorprcmazine+stress a hO$ 
decrease vs the normal fall of 45s). In all groups a marked treppe was 
seen in the first min of stimulation but there was no corresponding 
AP peak. These results indicate that rapid stimulation decreased the 
amplitude of muscle APs and contractions and that c-es in homonal 
environment, presumably due to alterations in ACTS levels, affect 
mainly the electrical parameters in the intact animal. (Supported 
the N.I.H. Biomedical Sciences Support Grant to New York . 

MODIFICATION OF MONOSYNAPTIC REFLEX BY VISUAL STIMULUS. Wilford P. 
Stratten" and Charles D. Barnes. Department of Anatomy and Physiology, 
Indiana University, Bloomington, Indiana. 

Visual conditioning of a monosynaptic reflex recorded at L7 has been 
demonstrated in cats lightly anesthetized with chloralose (75 mg./kg.). 
The conditioning stimulus, consisting of a 100 msec. light pulse, pro- 
duces a modification of the monosynaptic reflex which though quanti- 
tatively different from animal to animal is qualitatively stable. This 
pattern is first a period of facilitation lasting about 25 msec. with 
a maximum 92 msec. after the onset of the light, followed by 70 msec. 
of inhibition with its maximum at 140 msec. The effect is equal for 
ipsilateral or contralateral light stimulus. 

(Supported in part by USPHS research grant NB 05949) 
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THE EFFECTS OF FECAL BULK ON THYROID FUNCTION IN COLD- EXPOSED 
RATS. James A. Straw (intr. by Fred B. Benjamin) . George Washington Univ. 
Dept. of Pharmacology, Washington, D. C. 

It has been postulated (Intoccia and Van Middlesworth, Endocrinol. 64: 462, 
1959) that the enhanced thyroid function in cold-exposed rats is caused by the 
increased fecal loss of thyroxine which accompanies the greater food consumption 
and fecal bulk. This hypothesis was tested by feeding control and cold-exposed 
rats a low-bulk diet and supplementing the diet of the control rats with sufficient 
non-nutritive bulk (purified cellulose) to produce a daily fecal weight equal to 
that of the cold-exposed group. After 30 days of cold exposure (2 f 2°C) the rats 
were injected with carrier-free Nal’ 31. Fecal and urinary losses of 113’ were the 
same in both groups. However, uptakes by the thyroid glands as well as release 
rates of 1131 from the glands were greater in the cold-exposed group. The in- 
creases in these indices of thyroid function were of the same magnitude as those 
seen in comparably treated rats fed a normal diet during cold exposure. It would 
thus appear that increased fecal loss of thyroxine does not make a significant 
contribution to the hyperactivity of the thyroid gland during cold acclimation. 
(Supported by USPHS grant 1 -SO-l -FR-5359-04-5) 

TETRODOTOXIN REVEALS TWO STABLE STATES OF THE RESTING POTENTIAL IN A 
NEURON GENERATING ENDOGENOUS BURSTS. Felix Strumwasser. California In- 
stitute of Technology, Pasadena, California. 

Previous work from this laboratory has shown that cell 3 (PB) of the 
isolated parieto-visceral ganglion of Aplysia californica produces 
bursts of impulses followed by a period of relative hyperpolarization 
(post-burst hyperpolarization, POBH) through an endogenous mechanism. It 
had been postulated, from Cl inJection experiments, that the POBH was a 
chloride potential triggered by some products accumulating during the 
burst of spikes. In the present experiments, tetrodotoxin (TTX) was 
used to block the sodium channel mediating spike electrogenesis (Naraha- 
shi et a1.,1964). Exposure of PB, free of overlying connective tissue,to 
TTX (<lo-5 M) results in block of impulses but not necessarily the slow 
oscillations giving rise to the prior bursting rhythm. Such oscilla- 
tions generally move from -65 to -30 mV. If oscillations stop, the mem- 
brane is at rest at one of these two levels. When at -30 mV (upper state 
a small hyperpolarizing current will reset the membrane potential to -65 
mV (lower state) where it will stay after current termination. When in 
the lower state, a small depolarizing current will set the membrane to 
-30 mV where it also remains after current ceases. A depolarization can 
also reset the membrane from the upper to the lower state but only at 
the termination of current flow. Since replacement of chloride by acet- 
ate in the bathing fluid abolishes the two stable state system, it is 
clear that chloride participates in the mechanism. The normal burst gen- 
erating mechanism involves a shift from the lower-state to the upper 
state where impulses occur. Probably as K ions build up in the immediate 
extracellular space, during the burst of impulses, a Cl channel is open- 
ed or/and a K channel is closed resulting in the termination of a burst 
due to the hyperpolarizing shift toward a chloride equilibrium. [Support 
ed by U.S. Air Force contract AF 49(638-1447) and NIH grant NB 07071.1 
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EFFECTS OF ACTINOMYCIN AND PUROMYCIN ON THE INDUCTION OF L- 
GULONOLACTONE HYDROLASE BY SOMATOTROPHIC HORMONE. Don W. 
Stubbs and Dale B. Haufrect (intr. by R. D. Baker). The University of 
Texas Medical Branch, Galveston, Texas 77550. 

We have previously shown somatotrophic hormone (STH) to influence 
biosynthesis of ascorbic acid in male rats by its effect on gulonolactone 
hydrolase (GLH) (Fed. Proc. 22:422). In the present study the earliest 
significant increase in GLH activity in both male and female hypophy- 
sectomized rats following daily injections of STH (3mg/kg) was 3 days. 
Actinomycin D in a total dose of 75Opg/kg over five days failed to in- 
hibit induction, whereas puromycin in a total dose of 90mg/kg as 3 in- 
jections on the third day of STH administration effectively did so. This 
suggests that STH may act at the level of enzyme synthesis (translation) 
rather than by increasing mRNA (transcription). Complete inhibition of 
protein synthesis by a single large dose of puromycin (lSOmg/kg) has 
permitted calculation of the half-life of GLH which was found to be 7 
hours in both male and female intact rats. It is proposed that the speci- 
ficity of hypophysectomy and STH in altering GLH activity to the exclu- 
sion of other enzymes in ascorbate synthesis may be the result of the 
enzyme’s rapid turnover in the face of generalized changes in protein 
anabolism. (This work was supported by NIH Grant AM 09669 .) 

MICROCIRCULATION IN THE INNER EAR OF THE GUINEA PIG: AN IMPEDANCE 
PLETHYSMOGRAPHIC STUDY. Fumiro Suga and James B. Snow, Jr. (intr. by 
W. H. Massion). University of Oklahoma Medical Center, Oklahoma City, 
Oklahoma. 

The inner ear is one of the most difficult organs in which to 
measure the blood flow because of the anatomical-features, and findings 
in the blood circulation in the inner ear are limited. An electrical 
impedance plethysmograph was applied to record blood circulation in the 
cochlea of guinea pigs which were anesthetized by pentobarbital sodium. 
This method is based on a principle that changes in blood volume in the 
tissue cause changes in electrical impedance. The plethysmograph used 
in this study consists of an oscillator, bridge circuit, amplifiers and 
pen-recorder. The cochlea was exposed through the auditory bulla. Under 
a binocular operating microscope four steel wire electrodes, approxi- 
mately 0.2mm in diameter and insulated except at the tip, were implant- 
ed in the cochlea. A 25 KC current of low voltage was continuously 
presented between two of the electrodes, and the impedance changes be- 
tween the two other electrodes were recorded as pulse waves on a pen- 
recorder. Blood pressure was recorded from the carotid artery with a 
strain gauge manometer. Hypoventilation increased the cochlear blood 
flow and hyperventilation decreased it. Intravenous injections of epi- 
nephrine(O.Olmg/Kg) and norepinephrine(0.2mg/Kg) increased the cochlear 
blood flow after a temporary, slight decrease. The increase in cochlear 
blood flow was accompanied by an increase in blood pressure. An infu- 
sion of a 50% glucose solution greatly increased cochlear blood flow. 
Papaverine(lmg/Kg) increased cochlear blood flow without great change 
in blood pressure. Several other drugs were also presented intraven- 
ously, and for each of these drugs the functional relationship be- 
tween cochlear blood flow and the systemic blood pressure was studied. 
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FEUJJECTIWS OFTHE AMYmAUIID WMPLEXTOTHERETICULAR F@WATICBI 
STUDIED BY YlPMEM’AL TEIEMOR". E.G. Szekely, D. Zivanovic* and 

Temple University Health Sciences Center, Philadelphia, 

~vw3tigaticns in cats (Szekely and Zivanovic) shoued that large 
lesions in the axqygdaloid complex in 75% of the cases fnc~eased the 
amplitude ofthetremorelicitedbyelsctricalgtinnilatian of the mid- 
br& reticularformaticn. Excitation of the amygdala and/or of the 
wriforrn ccwtex decreased, even abol3ahedthetremor especially on 
chemical stimulation using l.0.3Opg carbachol powder. Salivation 
accompanied the tremors inhibition apparently independently of the 
tremor alteration. Changes of 42x3 characteristics of the phasic 
mwwu&e were retarded on a Grass EEG and also averaged by a Mnemo- 
tronCampater. In an effort to analyze the efferent amygdaloid 
pathways responsible for these effects the following experiments were 
carried alte Large septal lesions or bilateral elimination of the 
stria terminalis or eartensive bilateral elmtrolytic destruction of 
the hypothalamus did not prevent the arqygdalold Wxibition oftbe 
tegmentaltremor. No salivation accompanied the w stimulatian 
following hypothalamic destructian. Electrolytic lesions in the stria 
medullar3.s just inFrcat oftb habenulamntedthe sumasion of 
the tremor cmchemicalstimulation of the amygdaloid nucleus crths 
p@fox%I cortea. These lssicns ti not Werthe appearance of 
salivation. 

(Aided by gratis No. NB-470 and NB 05316 of the =B, mH, mm). 

CARCINOGQNIC PFWCT OF H’?NS’ r;lGGS AND OF CHOLG’STEROL UR3N CASTRATFD 
MIC’?. J. Szepscrrwol and H. J. Cestcro-Aguilar,*Dept. of Anatomy, 
University of Puerto Rico School of Medicine. 

On the basis of previous results it was thought that hens’ eggs 
influence carcinogenesis in mice, at least in part, through the en- 
docrine system. Mice of the T.M. strain maintained from the day of 
birth on the Rockland rat diet (Group 1 control) supplemented with 
egg yolk (Group 2), hard boiled egg white (Group 3), cholesterol and 
lard (Group b) or cholesterol alone (Group 5) were castrated at the 
age of h to 5 weeks and placed back on the above diets. The inci- 
dence of malignant tumors in these mice were more 3r less the same 
as in the corresponding non-castrated animals: Group 1 had an inci- 
dence of 28, while in the experimental 4 groups it was 78 to 93%. 
Poreover, lung tumors were the most frequent neoplasms, lymphosar- 
comas and mammary cancer, the incidence of which varied, occurred 
in groups 1 to 4, none in the mice on the diet supplemented with 
cholesterol. One outstanding feature of the castrated mice, part- 
icularly of groups 2 to 5, is the enlargment of the adrenals, many 
of which were tumorous. Moreover, one of the mice of group 2 
developed a tumor of the pituitary gland originating from the inter- 
mediate lobe. These results support the point of view expressed 
above. (Supported by General Research Grant FR-5419-04.) 
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DISTRIBUTION OF CORONARY INFLOW AND OUTFLOW IN POSTMORTEM 
CANINE HEART. K. Tamura*, M.M. Laks*, D. Garner*, and H.J. 
Swan. Cedars-Sinai Research Institute, Los Angeles, Calif. 

The purpose of this study was to measure simultaneously 
the coronary inflow and the coronary outflow distribution 
of Ringer solution at 230 C. In ten fresh postmortem 
canine hearts the right, left anterior descending and left 
circumflex coronary arteries were infused continuously at a 
pressure of 100 mm Hg. The inflow rates were measured 
separately with three glass ball flowmeters. The outflow 
was collected separately from the right atrium,anterior 
cardiac veins, coronary sinus, right ventricle,and combined 
left atrium and ventricle. The measurements were performed 
40 min. after death and completed within 10 min. Associa- 
ted with the development of rigor mortis, the flow de- 
creased 15% to 20% every hour after the initial measure- 
ments. The total inflow was 142 + 21** ml/100 Gm of total 
heart weight/min. The inflow distribution was 23.4 + 
4.9%** in the right coronary, 36.7 + 5.9%** in the left 
anterior descending and 40.0 + 6.4%x* in the left circum- 
flex coronary artery. The outflow distribution was 9.4 + - 
3.8%** from the anterior cardiac veins, 58.4 + 4.9%** from 
the coronary sinus, 9.4 + 2.2%** from the rig& atrium, 
20.4 + 6.1%** f  rom the rzght ventricle and 2.5 + 1.5%** 
from yhe left atrium and ventricle. - 
** - Mean and S.D. 
Supported by USPHS (HE #lo3821 and Ives Laboratories. 

EFFECT OF SUGARS ON ION TRANSPORT IN INTESTINE. A. E. Taylofi, E. M. 
Wright*, S. G. Schultz, and P, F. Curran, Harvard Medical School, 
Boston, Mass. 

The relations between short-circuit current and net sodium trans- 
port across rat and rabbit small intestine in the presence of 25 mM 
glucose or galactose have been investigated. In all instances both 
short-circuit current and net sodium transport are increased by the 
addition of these sugars. Short-circuit current was approximately 
equal to sodium transport across both rat and rabbit ileum in the 
presence of glucose or galactose. In jejunum, this equality was 
found only in the presence of glucose; short-circuit current in the 
presence of galactose was approximately twice the net sodium flux. 
In rat jejunum, this difference between short-circuit current and 
net sodium transport is due to active secretion of chloride into the 
mucosal solution, Short-circuit current and net sodium transport 
across rat jejunum were identical when sulfate replaced chloride in 
the bathing medium. These findings together with observations on 
the electrical responses of the tissue appear to be compatible with 
the neutral NaCl pump that results in secretion of NaCl. The possi- 
ble origin of the differences between the responses of jejunal and 
ileal tissue to galactose stimulation of short-circuit current may 
be related to the different metabolic requirements of these tissues. 
(This work was supported by USPHS Grant AM-06540, the American Heart 
Association, and Atomic Energy Commission.) 
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PERMEABILITY AND TRANSPORT PROPERTIES OF DEVELOPING FROG SKIN. R.E. 
Taylor, Jr. and S.B. Barker, Univ. of Ala. Med. Ctr., BirminghamTAla. 

Ohmic resistance and isotopically determined unidirectional sodium 
fluxes measured in Rana catesbeiana tadpole skin bathed on both sides 
by amphibian Ringer%olution are high before metamorphosis anddecline 
markedly, concurrent with or just prior to the appearance of previously 
absent skin potentials and active sodium transport. These observations 
suggest rates of sodium loss from tadpole to pond water which should 
lead to hyponatremia and death within a few days. However, tadpoles 
fasted in distilled water changed every 24 hr did not die, and plasma 
sodium concentrations and total body sodium declined only during the 
first day of an 8-day period, suggesting that sodium efflux might be 
reduced when sodium concentration of the external bathing solution is 
low. Evidence in support of this possibility has been obtained with 
both isolated tadpole skin and intact tadpoles; sodium efflux decreased 
systematically with decreasing external sodium concentration even when 
osmolarity was maintained constant by added sucrose. In contrast, the 
efflux of sodium thru isolated adult frog skin was not significantly 
influenced by external sodium concentration. This trans effect of 
sodium in tadpole skin, which is not predicted by the laws governing 
simple diffusion, suggests exchange diffusion mediated by a mobile 
carrier localized in a critical cell membrane. The changes occuring 
at the time of transition from larval to adult skin may result from the 
development of energy-requiring mechanisms which alter the carrier at 
the membrane-body fluid interface reducing its affinity for sodium, 
thus decreasing exchange diffusion and providing a mechanism for active 
transport. 
Support in part bylGrant AM 10436 from the NIH. 

A COMPARISON OF THE LEFT VENTRICULAR ISOVOLUMIC AND AUXOTONIC VOLUME- 
TENSION DIAGRAMS IN THE INTACT DOG, Roger R. TaylorPc, and John Ross, Jr, 
Cardiology Branch, National Heart Institute, Bethesda, Md. 

In skeletal muscle stimulated tetanically, the relations between 
fiber length and tension at the termination of isotonic shortening 
coincide with points on the length-tension curve obtained from isomet- 
ric contractions. Isovolumic and auxotonic left ventricular volume-ten- 
sion relations were compared in 9 closed-chest, sedated dogs. Transmur- 
al left ventricular (LV) pressure was obtained by percutaneous puncture 
and an intrapleural catheter, ventricular end-diastolic volume was de- 
termined from end-diastolic pressure and the pressure-volume relation 
of arrested ventricle, and instantaneous volume during auxotonic con- 
tractions from the time integral of aortic flow (electromagnetic flow- 
meter). Heart rate was controlled. The volume-tension relation of iso- 
volumic beats was determined from contractions induced by sudden bal- 
loon occlusion of the ascending aorta, and a wide range of ventricular 
filling was produced by transfusion and bleeding,, In 6 of 9 animals the 
end-systolic volume-tension relations of auxotonic contractions corres- 
ponded closely with points on the volume-tension relation of isovolumic 
contractions. In 3 animals ejection fell short of the isovolumic rela- 
tion by 20 to 38% of stroke volume, although when all animals were con- 
sidered this discrepancy was not significant (pX.l), averaging 1.9 + 
3.8 (SD) ml or 8% of stroke volume. It is concluded that the limit to 
fiber shortening and ejection in the intact left ventricle is deter- 
mined by the volume-tension relation of isovolumic beats and that fiber 
shortening frequently proceeds to equilibrium with this relation. 
Therefore, although tension development in isovolumic ventricular con- 
tractions is known to be affected to some degree by active state dura- 
tion, this factor usually does not appear to impose an additional 
limitation upon fiber shortening in auxotonic contractions. 
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THEEFFECTOFAEROBACTERAEROGENESON URETERAL 
MOTILITY. N. Teague*, S. Boyarsky, and J. F.Glenn*, Duke 
Univ. Med. Ctr., Durham, North Carolina 

Coliform organisms and E. coli endotoxin administered intralumi- -- 
nally into the dog renal pelvis produced suppression of ureteral 
peristalsis, while intraaortic injections resulted in acceleration. 
Similar experiments have now been performed employing Aerobacter 
aerogenes. Cultures were administered intraaortically, intraven- 
ously and intraluminally into the canine renal pelvis. Ureteral act- 
ivity was monitored by peristaltic pressure recordings and cine- 
fluorographic examinations. Eighteen of 23 procedures performed 
in 16 dogs showed significant changes: Initial response in 16 instances 
was acceleration of ureteral activity, a 2 to 7 fold increase in 
ureteral peristaltic frequency was noted within 10 seconds. These 
effects were corroborated by cinefluorography. Depression of 
ureteral activity followed the hyperactivity in six experiments; In 
two procedures the only response was suppression of activity. The 
ureteral effects produced by Aerobacter resembled those of hist- 
amine in part. It is concluded that Aerobacter can alter ureteral 
activity. (Supported by NIH and VA grants). 

CHRDIOV.SCULtiR RESPONSES TO ACETYLCHOLINE: EFFECTS OF 
PZNTOBmBITAL 4-D AUTONOMIC BLOCKING AGENTS. H. A. 
Teitelbaum,: J.E.O. Newton, and W.H. Gantt, Pavlovian Lab, 
Johns Hopkins Sch. of Medicine, Baltimore, Md. 

Earlier studies showed that acetylcholine (ACh) in 
awake dogs causes slowing of heart rate (HR) followed by HR 
increase. Pentobarbital anesthesia accentuated the slowing 
without affecting the HR increase. Studies by others have 
shown that atropine blocks the HE3 decrease due to ACh, and 
that nicotine and curare inhibit the acceleration. The 
present studies confirm in 4 dogs the above observations, 
except that the ACh cardiac acceleration is inhibited by 
the B-adrenergic blocking agent propranolol rather than by 
curare. 

Blood pressure (BP) measured from intraaortic cathe- 
ters showed initial prompt fall and then a more precipitous 
decrease related to the maximal cardiac inhibition (cardiac 
standstill) due to ACh. Gradual return of BP to baseline 
followed. Pentobarbital and curare did not affect the BP 
response to ACh. Under atropine ACh caused a more gradual 
fall in BP followed by a striking rise above the baseline. 
Propranolol caused a diminution in pulse pressure, but no 
change in the BP response to ACh. 

The action of atropine on the HR response to ACh in- 
dicates a muscarinic effect of ACh, while the response to 
proprmolol indicates epinephrine reletise as basis for the 
acceleration. Corrslations betmxen the above and the car- 
diac orienting and conditional reflexes suggest the possi- 
bility that the abo e mechanisms ma reflexes. TSupported by NI# 8+&a&f&%&)these 
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DISCHARGE PATTERNS OF PURKINJE AND CEREBELLAR NUCLEAR NEURONS DURING 
RAPIDLY ALTERNATING ARM MOVEMENTS IN THE AWARE MONKEY. W. T. Thach, Jr. 
(intr. by E. V. Evarts). Natl. Inst. Mental Health, Bethesda, Md. 

The activity of single units was recorded extracellularly with plati- 
num-glass microelectrodes in the cerebellum of the awake monkey at rest 
and during learned arm movements. The movements consisted of rapidly 
alternating flexion-extension of the wrist and of the shoulder of either 
arm. Units were presumptively identified as Purkinje or as nuclear 
cells by occasionally marking the recording sites with electrolytic 
lesions made with the recording electrode, and reconstructing the pene- 
tration from subsequent histological sections. A Purkinje cell gener- 
ated spikes of two distinct shapes: a "simple" spike resembled the 
parallel fiber response, and a "complex" spike the climbing fiber 
response that Eccles and colleagues have recorded intracellularly from 
the Purkinje cell. With the monkey still, the simple spike of most 
Purkinje cells occurred at high maintained frequencies (up to around 
lOO/sec), occasionally interrupted by the complex spike (up to several/ 
set). When the activity of a Purkinje cell was related to movement, 
frequency of the simple spike alternated between rates higher and lower 
than the resting rate, with a consistent temporal relationship to the 
different phases of each successive movement cycle. The complex spike, 
even in those cells whose simple spike was strongly related to a move- 
ment, was itself unrelated to the movement: it discharged during the 
movement in the same sporadic manner as during rest, and showed no con- 
sistent temporal relation to phases of the movement cycle. Nuclear 
cells also had high resting discharge frequenciek; for a cell related 
to movement, the discharge frequency also alternated between rates 
higher and lower than the resting rate. Purkinje and nuclear cells 
were related to ipsilateral movements only. 

HYPOXIC PULMONARY VASOCONSTRICTION IN UNANESTHETIZED DOGS 
WITH CONSTANT ARTERIAL PC02 AND pH. Otto G. Thilenius. 
Univ. of Chicago, Chicago, Ill. 

Awake dogs with chronically implanted intravascular 
catheters (pulmonary artery, left atrium, aorta) and elec- 
tromagnetic flowprobes (pulmonary blood flow) were repeat- 
edly exposed to 45 minutes of acute hypoxia (9.5% 02). 
After this "control response" was established, the dogs 
were challenged with the same degree of hypoxia, but arte- 
rial PC02 and pH were kept constant by adding CO2 to the 
inspired gas, monitoring end-tidal C02. Intravascular 
pressures, pulmonary vascular resistance (PVR), 02 con- 
sumption, CO2 production, alveolar and arterial gas ten- 
sions, and pH were studied. During hypoxia the rise in 
pulmonary artery pressure (40%), cardiac output (7%), PVR 
(50%)) and VCO2 (18%), and the decrease in VO2 (40%) were 
NOT different in the two series of experiments. Only the 
rise in respiratory minute volume during hypoxia was mark- 
edly larger in the iso-PC02 series (85%) than in the con- 
trol series (20%). It is concluded that respiratory alka- 
losis and hypocapnia which accompany acute hypoxia do not 
contribute to hypoxic pulmonary vasoconstriction of un- 
anesthetized dogs. 
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AUDITORY CONDITIONING OF MONOSYNAPTIC REFLEX. .I. Steven Thomas* and 
Charles D. Barnes. Department of Anatomy and Physiology, Indiana 
University, Bloomington, Indiana. 

Using decerebrate cats it has been possible to demonstrate auditory 
conditioning of the monosynaptic reflex recorded at L-7. The condi- 
tioning stimulus was a brief tone (BEEP) from an auditory tone genera- 
tor. With the test shock gated to be given at varying intervals after 
the initiation of the sound stimulus it has been possible to profile 
the effects of a sudden tone on the amplitude of the monosynaptic re- 
flex. Although the quantitative variation in response from cat to cat 
is considerable, the qualitative pattern is relatively constant. It 
consists of an initial period of facilitation beginning approximately 
15 msec after the start of the tone, reaching a maximum at 25-30 msec, 
and declining to control values at 45 msec for a total facilitation 
period of some 30 msec. The slope of the declining action potentials 
continues smoothly into a period of inhibition which reaches a maximum 
at 60-70 msec and returns to control at approximately 120-140 msec 
giving an inhibitory response of some 90 msec. Provided that the 
sound was audible as a distinct tone, the duration of the conditioning 
stimulus has no effect on the pattern of the response. Occasionally 
a slight (15% of control) ventral root discharge to the sound alone 
has been recorded lasting approximately 5 msec and corresponding to 
the facilitation maximum. (Supported in part by USPHS research grant 
NB 05949.) 

OXYGEN CONSUMPTION AND MEMBRANE PERMEABILITY OF IN VITRO 
SAC PREPARATIONS OF RAT SMALL INTESTINE. C. S. Tidball, 
T. R. Liebross*, S. Thomas* and M. M. Cassidy*. Dept. of Physiology, 
George Washington University, Washington, D. C. 

The oxygen consumption of intestinal sacs in both normal and everted 
orientation was studied by standard manometric techniques as a function of 
intestinal location and sac distention. The oxygen utilization of normally 
oriented segments (15 ~1 Og/gm dry wt/min) did not differ significantly from 
that for everted segments (20 ~1 Os/gm dry wt/min). Oxygen utilization 
decreased aborally in both orientations. The decrease was enhanced by in- 
creasing sac distention and may be related to wall thickness which also 
decreases from duodenum to ileum. Net water transfer, bulk water move- 
ment, and transepithelial fluxes of a series of Cl4 labeled solutes were studied 
as a function of segment orientation, location, and sac distention. From the 
above, permeability coefficients and estimates of the equivalent pore radius 
were derived. In the everted orientation, the permeation of a passively 
transported solute is greater than that obtained with normally oriented sacs. 
Net water absorption and bulk water movement for a given osmotic gradient 
increases aborally. Net water absorption in the everted preparation decreases 
with increased filling pressure whereas the permeability coefficient for Cl4 
mannitol increases with sac distention. The failure of eversion to increase 
oxygen utilization and the demonstrated elevation in passive permeability of 
this preparation coupled with the non-ideal permeability characteristics of 
normally oriented sacs from rat intestine lead one to conclude that this 
particular tissue is best studied in vivo. (Supported by NSF GB-4769) 
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THE MECHANICAL WORK OF BREATHING IN METABOLIC ACIDOSIS 
M. A. Tinker*, R.Sinha*, R. Hizon*, P, Lener*, P. H. Gerst. 
Department of Surgery, The Bronx-Lebanon Hospital Center and 
Columbia University, New York, N. Y. 

The mechanical work of ventilating the lung was measured in 
artificially ventilated dogs under the following conditions: (a) normal 
acid-base balance, (b) metabolic acidosis induced by lactic acid 
infusion (c) induced metabolic acidosis and hyperventilation. The 
findings indicate that metabolic acidosis (pH 7.126) causes a moderate 
decrease in lung compliance (-lo%), and an increase in elastic work 
(ll$), resistive work (60/o), and total pulmonary work (11%). Hyper- 
ventilation causes a decrease in lung compliance (-18%), and an 
increase in elastic work (21oJo), resistive work (70%), and total 
pulmonary work (35%). Hyperventilation during induced metabolic 
acidosis causes a decrease in compliance (-22%), and an increase 
in elastic work (29oJo), resistive work (90%), and total pulmonary 
work (52%). These results suggest that although pure metabolic 
acidosis has a moderately detrimental effect on pulmonary function, 
the major increase in pulmonary work in the course of metabolic 
acidosis stems from the attempt to compensate by respiratory means 
(hyperventilation) for the low pH caused by the excess “fixed” 
acidity. 

*(Supported by USPHS Grant # 5-ROI-HE-07039) 

LIGAMENTOUS STRENGTH MEASUREMENTS FROM HYPOPHYSECTOMIZED RATS. C. M. 
Tipton, D. D. Sandage*, and F. W. Booth*. Exercise Physiology Lab., 
Univ. of Iowa, Iowa City, Ia. 

Results from dogs indicate that the force (SF) required to separate 
an intact or repaired medial collateral ligament of the knee is sig- 
nificantly higher in animals that have been exercised for six weeks. 
However, in no group, trained or nontrained, does the repaired strength 
equal the SF value obtained from the non-lesioned leg. To acquire more 
information on the responsible mechanisms, 150 male hypophvsectomized 
rats were assigned to one of the following groups: nontrained, trained, 
nontrained + TSH, trained + TSH, nontrained + GH, immobilized, sham 
operated, lesion + repair + immobilization, lesion + repair, and lesion 
+ repair + GH. The minimal experimental period was six weeks. Since 
SF is significantly correlated with body weight, results were expressed 
on a SF/BW ratio or SFR. As with the dog results, the lowest value 
4.78 2 0.58 (12) was obtained from the lesion + repair + immobilization 
group. The lesion group without immobilization had a mean of 7.72 2 
0.49 (23). The nontrained animals had a SFR result of 8.31 f 0.34 (28) 
whereas the trained group had a value of 9.73 f 0.57 (13). Although 
the presence of GH decreased the incidence of tearing at the lesion 
site, it had no appreciable influence on ligamentous strength at the 
point of its osseous attachment. Mean for nontrained + GH-was 6.21 + 
0.39 (13) and 5.45 5 0.36 (13) for the lesion + exogenous GH. Adminis- 
tration of TSH was associated with a higher SFR for the nontrained 9.37 
2 0.49 (15) as well as for the trained 12.49 t 0.69 (10). These find- 
ings provide additional support to the concept that exercise has an 
effect on ligamentous tissue that is independent of hypophyseal influ- 
ences. (Supported by PHS Grant AM-08893-3). 
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EFFECT OF VAGUS AND SYMPATHETIC STIMULATION ON STROKE VOLUME. W. S. 
Topham and D. K. Johnson (intr. by H. R. Warner), Dept. of Biophysics & 
Bioengg., Univ. of Utah, Salt Lake City, Utah. Supported by grant no. 
HE-03607 and special fellowship no. GM-33,694 from NIH. 

Using the method described by Wi II iams (Fed Proc 23: 413, 1964) to 
produce atrioventricular block without thoracotomy, the relationship of 
vagus and sympathetic stimulation to stroke volume was studied at con- 
stant ventricular rate. The atrial rate was not control led. Stroke 
volume was calculated from the central pressure pulse (Warner, JAMA 196: 
944, 1966) and verified with the dye dilution method. The vagus net-= 
were cut bilaterally in the neck and the sympathetic nerves were cut as 
they emerged from both the right and left stel late ganglia. A stimula- 
tion of 8 per sec. was generally used although frequencies of 2 to IO 
per sec. were tried. Stimulation of the left sympathetic produced the 
greatest change in the central pressure pul se with the pu I se pressure 
increasing 308, duration of systole shortening and the rate of contrac- 
tion of the left ventricle increasing. Stimulation of the right sym- 
pathetic produced simi lar but less dramatic changes. Although the ef- 
fects of stimulus caused large changes in ventricular contraction, the 
stroke volume changes averaged only 12%. The same change occurred in 
stroke volume regardless of the frequency of stimulus but the mean 
pressure increased 23% as the stimul us frequency was increased from 2 
to IO per sec. During vagus stimulation stroke volume was unaffected 
and no changes were observed in the central pressure waveform. 

CONTRIBUTION TO THE SEROTONIN THEORY OF SLEEP,PARADOXICAL SLEEP, 
AND DREAMING(LSD INFUSION). Clara Torda;?(intr.by Gabor Kaley). 
Downstate Med.Col.,State Univ. of New York,Brooklyn,N.Y. 

Since increased brain serotonin(SE) has hypnogenic effects 
(Koella &Czicman,Amer.J.Physiol .,211:926,1966),and brain SE deple- 
tion induces complete insomnia(Torda,Pharmacologist,l967),brain 
SE is assumed to be essential for sleep initiationAttempts to 
ascertain the role of brain SE on paradoxical(REM)sleep are here 
PresentedChronic brain SE increase is known to prolong dream- 
time(Hartmann,et al.).Since blood-brain barrier passage of SE is 
negligible,acute experiments required to study the effect of SE 
on the latency of REM sleep have not yet been performed. LSD, in 
low concentrations, has a SE-like effect in man and readily passes 
the blood-brain barrier.Starting at various phases of stage 4 
sleep, LSD has been intravenously infused into man in cont. of 
5 gamma/min. until the onset of the next REM period. In all in- 
stances,LSD infusion significantly shortened the latency of the 
next REM period and induced vivid dreams. LSD infusion during 
wakefulness induced visual hallucinations--In another group of 
experiments EEG arousal patterns have been observed in animals 
receiving through an implanted micropipette norepinephrine(NE) 
injection into the hypothalamus during stage 4 sleepCombination 
of NE injection and LSD infusion induced REM sleep.These results 
support a previously described cybernetic mechanism capable of 
interchanging stage 4 and REM sleep(Torda,Proc.APSS,l967;Lancet, 
1967,p.lOll),i.e.an intracerebral release of biogenic amines(wit1 
approximately 90 min. periodocoty)initiates both a threatened 
arousal and a SE-dependent chain reaction counteracting arousal 
REM sleeP(&- its symPtomatology) are physiological manifestations 
of the combination of these two opposing processes. 
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EFFECT OF ACUTE VAGOI'OMY ON LEFT VENTRICULAR HEMODYNAMICS IN INTACT DOGS 
A. G. Tsakiris*, R. A. Vandenberg*, D. E. Donald, and E, H. Wood, Mayo 

Clinic and Mayo Graduate School of Medicine, Rochester, Minnesota. 

The response of the left ventricle to comparable increases in aortic 
pressure, caused by intra-aortic infusion of angiotensin II before and 
after acute vagotomy was studied in 10 intact anesthetized dogs which 
had been previously sympathectomized. Experiments were done with con- 
stant heart rates (driving the atria and ventricles with coupled pace- 
makers) and repeated in 6 dogs with spontaneous sinus rhythm. Control 
values for left ventricular end-diastolic pressure (LVEDP) at constant 
heart rates (125-160 beats/minute) were higher before (average 8, range 
2-12, cm H20) than after vagotomy (average 4, l-8, cm H20) while stroke 
volume and aortic pressure were similar. The average LVEDP of 18 (100 
21) cm H20 associated with an increased level of aortic pressure before 
vagotomy was significantly greater than the value of 8 (2-12) obtained 
at comparable aortic pressures after vagotomy, while stroke volumes 
were unchanged or slightly increased. Similarly under spontaneous sinus 
rhythm, end-diastolic pressures were lower after vagotomy than before. 
Left ventricular end-diastolic volumes, as estimated from repeated video 
angiograms in 6 dogs were closely similar before and after vagotomy, 
These data are compatible with the interpretation that the reflex in- 
crease in vagal tone presumably associated with increased levels of 
aortic pressure decreased the distensibility of the left ventricular 
myocardium. (Supported in part by Research Grants NIH HE-03532 and 
AHA CI-10. 

The relationship between oscillating slow waves and single unit activity 
in the subthalamic nucleus. 
T. Tsubokawa* and J. Sutin; Department of Anatomy, Emory Univ. , 
Atlanta, Georgia 

Under barbiturate anesthesia spontaneous 8-12/set. slow wave act- 
ivity which is abolished by stimulation of the globus pallidus occurs in 
the subthalamic nucleus. In an effort to identify the cellular mechan- 
ism underlying these changes, the discharge patterns of subthalamic 
neurons have been classified according to their response to pallidal 
stimulation in both barbiturate and locally anesthesized cats. In the 
locally anesthesized animals, post stimulus latency histogram show 
two peaks, at 8 and 14 msec. These neurons respond to each pallidal 
stimulus by discharging 5 or 6 action potentials, and constitute 32% 
of the sample. Another 23% respond with a mean of 8 msec. latency, 
but show only 1 or 2 spikes per stimulus. A third group (45%) dis- 
charges a single action potential which is followed by a 50-150 msec. 
silent period in spontaneous discharge pattern. Under barbiturate 
anesthesia, 83% of the cells sampled show only a post stimulus silent 
period of 70-200 msec. following pallidal stimulation. This corres- 
ponds to the period during which slow wave activity is suppressed. 
15% not spontaneously active, but respond to pallidal stimulation after 
a latency of 20-40 msec. with a burst of high frequency spikes. The 
temporal relation of the’bursting’ cells to the silent period in sub- 
thalamic nucleus neurons suggest they may be involved in pallidal 
inhibition of activity in this nucleus. 
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MYOGENIC BASAL TONE IN ISOLATED PERFUSED RESiSTAMCE VESSELS. Eiichi 
Uch i da+, David F. Bohr and Sibley W. Hoobler. Depts. Physiol. and Med. 
Univ. of Michigan, Ann Arbor, Mich. 

Single, isolated resistance vessels, 100 to 250~ o.d., were per- 
fused at a constant flow rate with physiological salt solution con- 
taining 1.6 mu ca*. Vessels from rat skeletal muscle showed an un- 
usually high resistance to flow which was reduced by approximately 
50% by using Ca-free perfusate, as well as by using 1 mg/ml sodium 
nitrite. The basal tone was not eliminated by a dose of phentolamine 
sufficient to block a norepinephrine response, indicating that the 
muscle tone is of intrinsic myogenic origin. Vessels from rat mesen- 
tery and from rabbit mesentery, brain, kidney, subcutaneous tissue 
and skeletal muscle did not show such basal tone. These vessels con- 
stricted in response to small doses of norepinephrine. In a calcium- 
free solution these responses to norepinephrine usually did not de- 
cline to zero within 30 minutes, whereas the intrinsic myogenic tone 
of the rat skeletal muscle vessel was lost within 3 minutes. This 
contrast suggests that basic differences exist between the contrac- 
tile machinery responsible for intrinsic myogenic tone and that 
causing the response to norepinephrine. (This study was supported 
by USPHS Grants HE-03756 and FE-05383.) 

BILIARY EXCRETION OF BILIRUBIN IN SHEEP. Pan W. Upson*, Ronald 
Gronwall* and Charles E. Cornelius. Dept. of Physiol., College of 
Vet. Med., Kansas State University, Manhattan, Kansas. Endogenous 
bilirubin excretion in sheep was independent of bile flow at rates 
between 7.4 and 35 )rl/min/Kg during depletion of the taurocholic 
acid pool following the quantitative collection of bile for periods 
up to 4 hours. The rate of endogenous bilirubin excretion into bile 
was increased by returning taurocholic acid either by intravenous 
infusion of the bile acid or intraduodenal infusion of the collected 
bile. Following the quantitative collection of bile for 90 minutes, 
the average flow rate was 7.4 yl/min/Kg which was approximately 20% 
of the average initial flow rate (35#L/min/Kg). Unconjugated bili- 
rubin was infused intravenously at four different rates. Bile flow 
was maintained at initial rates by continuous intravenous infusion 
of 1.3 mg of taurocholic acid /min/Kg. The proportion of the in- 
fused bilirubin excreted into the bile was 7C$ at the infusion rate 
of 0.2 mg/min/Kg, 74% at 0.4 mg/min/Kg, 75% at 0.6 mg/min/Kg, but 
decreased markedly to 23% at 0.8 mg/min/Kg. Maximum biliary excre- 
tory rates of bilirubin at the 0.6 mg/min/Kg infusion rate averaged 
0.45 mg/min/Kg. The highest concentration of bilirubin in bile was 
observed at the 0.6 mg/min/Kg infusion rate and averaged 18 mg/ml. 
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THE MODIFICATION OF VENTRICULAR PERFORMANCE BY CHANCES IN THE INSTANTA- 
NEOUS RESISTANCE TO EJECTION. Charles W. Urschel*, James W, Covell*, 
John Ross, Jr., Edmund H. Sonnenblick, and Eugene Braunwald. Cardiology 
Branch, National Heart Institute, Bethesda, Md. 

The effects of altering the instantaneous resistance to ejection on 
the mechanics of contraction during the steady state in the intact dog 
heart were analyzed. Resistance was lowered by the simulation of aortic 
or mitral valvular regurgitation. With either lesion the instantaneous 
impedance to ejection (LV pressure/flow) was decreased throughout ejec- 
tion. When left ventricular end-diastolic pressure (LVEDP) was held 
constant, total stroke volume and peak ejection velocity increased when 
valvular regurgitation was induced, although contractility was un- 
changed, as shown by the isovolumic force-velocity relation. The rate 
of tension decline during ejection was accelerated, due to the more 
rapid diminution of LV size during ejection. The reduction in instan- 
taneous resistance to ejection therefore allowed the ventricular muscle 
to shorten faster and further, increasing external energy output. Cal- 
culated instantaneous resistance to ejection was increased in 8 other 
dogs by the use of a noncompliant bypass shunt in place of the aorta. 
When LVEDP was held constant, peak aortic systolic pressure and wall 
tension rose, ejection was prolonged and stroke volume fell. It is 
concluded that the performance of the intact heart can be modified sub- 
stantially by changes in the instantaneous resistance to ejection, in- 
dependent of altered myocardial contractility and resting fiber length. 
Assessment of the effects on ventricular performance of lesions produc- 
ing valvular regurgitation or changes in aortic compliance must in- 
clude a consideration of instantaneous myocardial length, tension, 
velocity, and the resistance to ejection. 

EFFECT OFGASTRINONMOTILITY OFGALLBLADDER. Monique 
Vagne:: and MortonI. Grossman. Veterans Administration Center, 
Los Angeles, California. 

Mutt and Jorpes (Biochem. Biophys. Res. Comm. 26: 392, 1967) 
showed that the C-terminal tetrapeptide amide of cholecystokinin- 
pancreozymin (CCK) was similar to or identical with that of gastrin. 
Previous studies had shown no effect of gastrin on motility of the 
gallbladder but in light of this recent finding, we reexamined the 
question. In 3 dogs with cystic duct ligated and a permanent 
cannula in the fundus of the gallbladder, the effects of CCK (GI 
Hormone Lab., Karolinska Institutes, Stockholm) and of pure 
porcine gastrin II (gift of Prof. R.A. Gregory) were compared by 
measuring changes in pressure (cannula connected to strain gauge) 
produced by rapid intravenous injection. The doses used were 0. 05 
to 0.4 unit/kg for CCK and 0. 25 to 2. 0 Vg/kg for gastrin. The 
increase in pressure with 0.1 u/kg CCK was about the same as 
with 0. 5 cLg/kg of gastrin. Assuming that pure CCK has 6 u/,g, 
the potency of gastrin is about 1/30th that of CCK on a weight basis. 
This low potency suggests that endogenous gastrin probably does 
not participate significantly in regulation of contraction of the 
gallbladder. 

:gInternational Postdoctoral Fellow of USPHS. 
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POTASSIUM FLUX IN THE TOAD BLADDER. John C. Vanatta and F.T. Kallus*. 
Univ. Tex. Southwestern Med. Sch., Dallas, Texas. 

Kallus (The Physiologist, this issue) reports that K is concentrated 
in the urinary bladder of Bufo marinus under conditions of K loading 
In view of this, K fluxes were measured in isolated bladders from K 
loaded toads. Oxygenated plasma from K loaded toads was the bath on 
both sides of the bladder. K-42 in K2CO3 was added to the plasma on 
one side, and an equivalent amount of unlabeled K2CO3 was added to the 
plasma on the opposite side. The unidirectional fluxes of hemibladders 
were compared, one half bladder being used for serosal to mucosal (S-M) 
flux and the other for the reverse (M-S) flux. In four pairs of half- 
bladders the fluxes were measured and after one hour of washing, the 
reverse flux was measured in each half-bladder using plasma with a 60 
fold increase in specific activity. This diminished errors due to 
residual K in the bladder. However, the flux in either direction 
increased with time making comparisons of the same half-bladders in- 
sensitive. A total of 13 paired determinations were done on 9 pairs of 
half-bladders. The flux was greater in the S-M direction in 10 of the 
13 (P = 0.046). This was true whether the flux was expressed per unit 
area, or per unit weight of the bladder. In six experiments the S-M 
flux was more than double M-S flux of the paired half-bladder. These 
findings are consistant with the theory that the urinary bladder of 
the toad functions as an excretory organ for K under conditions of K 
loading. (Supported in part by PHS grant HE 01574-13 and CM 34243-01 
from Natl. Inst. of Health.) 

MESENTERIC FLOW RESPONSES OF AMBULATORY CHIMPANZEES. R.L Van Citters 
Fnd D Franklin. Regional Primate Research Center and Department of 
Physiology and Biophysics, University of Washington, Seattle and 
Scripps Clinic Research Foundation, La Jolla, California. 

The Doppler telemetry flowmeter was used to monitor blood flow 
through the superior mesenteric artery of adult chimpanzees moving 
freely in a large outdoor enclosure at the San Diego Zoo. The 
transducer was chronically implanted around the artery proximal 
to its subdivision into intestinal radicles, and lead wires were 
brought out through the skin of the back for attachment to a flow- 
meter telemetry system which the animal carried in a backpack. 
The telemetered flow responses were tape recorded along with a 
hidden observer's description of the animal's activity. Phasic 
wave forms of mesenteric flow were identical with those recorded 
in baboons and dogs; peak velocity reached 60 cm/set and reverse 
flow did not occur. Mesenteric flow calculated by integrating 
flow velocity with respe 

3 
t to the fixed lumen diameter, averaged 

about 600 cm3/min (12 cm /kg/min) at rest. Only slight changes 
occurred during spontaneous activity; when the animal was startled 
flow dropped for only a few seconds. Flow was essentially constant 
during sleep, but a sustained increase occurred during excitement. 
The greatest decrease occurred during defecation when flow was 
transiently interrupted, apparently due to venous compression 
rather than vasomotor activity. The general patterns of mesenteric 
flow in the chimpanzee were similar to those recorded in active 
baboons. (Supported by the Washington State Heart Association, 
and USPHS Grants HE 08433, HE 08337 and FR 00166-06.) 
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ROLE OF DIFFUSION AND CAPILLARY PERFUSION IN EXIT OF OXYGEN 
FROM GAS POCKETS. Hugh D. Van Liew. Dept. Physiol., State Univ. of 
New York at Buffalo, Buffalo, N. Y. 

Measured exit rate of oxygen &) from subcutaneous gas pockets in rats is 
approximately proportional to the square root of the tension of oxygen in tie 
pocket (PO$. This is evidence that the system is neither perfectly diffusion 
limited (in which $0, would be directly proportional to PO,) nor perfectly per- 
fusion limited in the conventional sense (in which CO, would level off when P% 
was high enough to saturate all the hemoglobin of the blood supply.) The data 
can be explained by a theory based on the assumption that the amount of blood 
which participates in O2 removal increases as the PO2 of the pocket gas 
increases. It is assumed that capillaries are homogeneously distributed 
throughout the tissue, and when pocket PO, is high, 0, diffuses farther into the 
tissue and therefore meets more capillaries. An equation (analogous to 
Warburg’s classical equation for penetration of O2 into a thick tissue slice in a 
respirometer) predicts that to2 is proportional to the square root of PO,, as 
observed. The equation also predicts that to2 is proportional to the square 
root of blood flow through the tissue (ml of blood per ml of tissue per min) and 
to the square root of the normal arteriovenous O2 difference of the tissue. 
(Supported in part by the U. S. Air Force.) 

THE EFFECTS OF BODY THERMAL STATE ON MANUAL PERFORMANCE. J. A. 
Vaughan, E. A. Higgins and G. E. Funkhouser (intr. by P. F. Iampietro). 
Physiology Laboratory, CAMI, FAA, Oklahoma City, Oklahoma. 

Thirty-six young men were exposed for two hours to environmental 
temperatures of either 10 C, 26.7 C or 46 C. Experiments at these con- 
ditions were conducted both in the early morning, (Low T,), and in mid- 
afternoon, (High T,). Measurements of rectal and skin temperature, 
heart rate and respiratory rate were made, and average skin and average 
body temperatures were calculated. Peripheral vasomotor changes were 
indexed by cold-induced vasodilatation (CIVD). Manual performance con- 
sisted of standardized peg tests for hand and finger dexterity, and a 
paper and pencil motor coordination test. Converted scores showed no 
significant differences in peg placing at any of the thermal states 
studied, nor in any of the tests comparing AM with PM results at either 
the cold or hot exposures. Scores for motor coordination and peg turn- 
ing at 26.7 C were better in the PM than in the AM. Men exposed to the 
neutral environment scored highest in the finger dexterity tests, and 
values for motor coordination were greater in the heat than in the 
other two conditions. These data suggest that coarse hand movements axe 
independent of body thermal state, but that more discrete tasks involv- 
ing hand and finger dexterity, and motor coordination, can be most effi- 
ciently performed in warmer environments which promote at least thermal- 
ly neutral values of skin and deep body temperature. Analysis of the 
temperature curves on the finger immersed in ice water showed no rise 
in finger temperature due to vasodilatation for subjects exposed to 10 
C, but revealed increasing spontaneous rewarming rates and rewarming 
finger temperatures together with decreasing cycle times at 26.7 C and 
at 46 C, the responses being more pronounced at the higher ambient 
temperature. These findings support the manual performance responses 
to differences in body thermal state. 
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EFFECTS OF ESTRADIOL-17p-AND PROGESTERONE-PROGRAMMING ON UTERINE 
GROWTH IN RATS. Joseph Thomas Velardo, Barbara A. Kasprow*, 
WayneA.Krueqer*, ThomasE, Durica*, HenryT. Cerha*, Roqer R. 
Abood*, and HardyP.Fank% Inst.For Study Of Human Reproduction, 
SaintAnnHospital and JohnCarroll University, Cleveland. 

Utilizing an experimental model system (EMS), est.-17p (E2) - 
programming effects on uterine growth have been assessed by a 
simultaneity of cytol, histo- and biochemical analyses in rats 
(Velardo, J.T., 1964, Am.Zool.A(4): 418). The current report adds 
progesterone (P) to the EMS. Albino rats, 50 days old, were $, 
and 1 wk later were given S.C. inj'ns of a) 0.2~~ sesame oil, 
b) 0.1129 Q, c) 1.5mg P, or d) E2 + P at separate sites, for 
specific times. The EMS involves following protocols 1 wk after 
p': 1st wk, 4 inj'ns; 2nd thru 4th wks, 5 inj*ns/wk; thereafter, 
treatments a, b, c or d every other day for given experiments. 
Necropsies were begun 24-72 hrs after last inj*n(s) depending 
upon duration of experiment. Results reveal uterine growth is 
a) not stimulated in sesame oil controls (SOC): uterine weight 
decreases from 40mgms%(wk 1) to 18 (wk 23); b) physiologically 
induced with E2-programming: increasing from SOC of 40mgms%to 60 
(wk l), to 80 (3rd wk), thence to 74(4th wk), 60 (5th wk), and 
to 48-52 during weeks 6-23; c) slightly (inconstantly) elicited 
during weeks 1-5 with P, i.e. >2<5mgm%increases over SOC; 
thereafter, 2 mgm!% increazey over SOC; and d) not significantly 
modified by addition of P to EMS: curves for E2 alone and with P 
appear identical. Morphological studies are in progress. The 
EMS accommodates physiological amounts of P for multi-assessments 
of hormonal-programming in uterine growth. (Supported by 
U.S.P.H.S. Grant HD00147-05). 

CARDIAC PERFORMANCE DURING EXPERIM.ENTAI, ADR.E&& INSUFFICIENCY IN THE 
CAT. Richard Lo Verrier* and Allan M. Lefer., University of Virginia, 
School of Medicine, Charlottesville, Virginia. 

Although peripheral vascular failure has been suggested as the major 
mechanism leading to the circulatory collapse seen in adrenal insuffi- 
ciency, the cardiac component of the collapse has not been clearly 
studied. The purpose of this study was to evaluate cardiac performance 
after acute and chronic adrenalectomy. Left ventricular function curve 
analysis was selected as the means to evaluate cardiac performance. 
Mean arterial blood pressure (MABP) declines to 50 mmHg and cardiac out- 
put (CO) decreases by 58.3% within 3-4 hours after adrenalectomy. 
Total peripheral resistance is not significantly changed at this time. 
Submaximal volume infusion (50 ml infused at a rate of 72 ml/min from 
a baseline MABP of 50 mmHg) resulted in a 19.6% reduction of peak work 
two hours after adrenalectomy and a 34.1% reduction two hours later. 
This was reflected by equal impairments of maximal MABP and CO. Max- 
imal infusion (70 to 90 ml infused at a rate of 50 ml/min from a non- 
bled baseline MABP) to a ventricular output plateau resulted in a 50.4% 
decrease in peak left ventricular work in acutely adrenalectomized cats 
compared with a 15.0% decrease in sham adrenalectomized cats. Approxi- 
mately equal reductions in maximal CO (-28.1%) and in peak MABP (-28.3%) 
contributed to the 50.4% decrease in peak work. In both infusion 
methods, peak left ventricular filling pressure was not significantly 
different between adrenalectomized and control animals. The data 
indicate that acutely adrenalectomized cats show a progressive decrease 
in left ventricular work capacity indicative of cardiac impairment. 
Thus, the heart appears to be an important site of the circulatory 
collapse in adrenal insufficiency. (Supported by a grant from the NIH) 
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RELATION BmEN HYPOXIA AND pH IN THE PULmNARY VASCULAR BED OF THE 
CAT. P, H. Viles* and J. T. Shepherd. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

The influence of the hydrogen ion concentration of the perfusate on 
the response of the pulmonary vascular bed to acute hypoxia was studied 
in the intact adult cat (pentobarbital anesthesia) and in the isolated 
perfused cat lung. Hydrogen ion concentrat%on was altered by infusion 
of 0.3 N HC1 or 7.5% NaHCO 

i! 
. In the intact animal, cardiac output was 

determined by the thermodi ution method and left atria1 pressure was 
measured by transseptal puncture, The pulmonary vasoconstriction to 
ventilation w-lth 10% O2 (arterial p02 - 40 mm Hg) was abolished or 
greatly reduced at pH 7.5. Isolated lung perfusions were performed on 
cats anesthetized with chloralose. After exsanguination, the chest was 
opened and cannulas were placed in the main pulmonary artery and left 
atrium. The lungs and rib cage were removed and suspended horizontally 
by a pin through the vertebral canal. The lungs were rhythmically 
inflated (+2 to +15 cm H20) and perfused at constant flow (75 ml/min/kg) 
with autologous blood at 37 C by a roller pump. Pulmonary artery pres- 
sure was measured and left atria1 pressure was kept constant. A 
curvilinear relation existed between the increase in PA pressure and 
the decrease in ~02 of the perfusate, Increasing hydrogen ion concen- 
tration alone caused vasoconstriction, and the pressor response to any 
given degree of hypoxia increased progressively with a fall in pH from 
7.5 to 7.0. The pressor response to hypoxia was reduced (pO2 = 20 mm 
Hg) or abolished (p02 > 40 mm Hg) at pH 7.5-7.6. The role of hydrogen 
ion must be considered in any mechanism for hypoxic pulmonary vaso- 
constriction. (Supported by NIH Grant HE 05883.) 

LOCAL NEURONAL EFFECTS OF THALAMIC STIMULATION. Jaime Vfllablanca* and 
John Schlag. Department of Anatomy,University of California,Los Angeles. 

It is not known exactly what happen6 when complex nervous structures 
are electrically stimulated yet it is currently assumed that synchronous 
volleys of nerve impulses are thus generated. This problem was investi- 
gated in 24 Flaxedilized, locally anesthetized cats; a concentric elec- 
trode was implanted in nucleus ventralis lateralis of the thalamus, 
square pulses (0.5 msec, 120-200 PA) were delivered and responses of 
surrounding neurons were recorded with a micropipette. In 145 cells with- 
in a &mm radius from the stimulated point, 3 types of behavior were 
distinguished: A. no response (39%); B. initial burst (41%) of l-15 
spikes at 1.5-18 msec latency followed by silence and a discharge at 
120-200 msec; C. initial silence (20%) in which spontaneous activity 
stopped for 100-600 msec and restarted with a rebound-like burst. Thus 
between 20-120 msec after the stimulus most cells were silent. Firing in 
less than 1 msec was found only in few neurons. Topographically, most 
initially silenced cells were between 2-3 mm from the stimulating elec- 
trode whereas non-responding cells were encountered everywhere. With 
pulse repetition (100 msec interval), most previously unaffected and Fn- 
itially silenced neurons responded with initial burst; initial burst 
cells discharged more profusely at longer latencies in augmenting-like 
fashion. Comparable results were obtained in the medial geniculate body 
but no evidence of initial inhibition was found in midbrain cells. It i6 
concluded that depression of neuronal activity is a major, intrinsic 
(since basically the same findings were repeated in 73 thalamic neuron6 
in completely decorticate preparations) effect of thalamic stimulation; 
a consideration of these patterns of responses may be helpful in under- 
standing local interactions and cortical Fncrementation due to thalamic 
stimulation. (Supported by USPHS Grants NB 04955, NB 02501 and 
Training Grant I FO5TW998.) 
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INHIBITION OF HISTAMINE SYNTHESIS IN VIVO. P. C. Voukydis* 
and E. T. Anqelakos. Dept. of Physiology, Boston Univ. Sch 
of Medicine, Boston, Mass, 

The ability of d-hydrazino histidine (HH) (a potent 
inhibitor of histidine decarboxylase in vitro) to inhibit 
the in vivo formation of "non-mast cell histamine" (NMCH) 
was tested in rats pretreated with compound 48/80. Heart 
histamine (H) was determined fluorometrically in rats 
injected intraperitoneally daily for 10 days with: (A) 
48/80 alone, in increasing doses from 0.2 mg/rat to 1.0 mg/ 
rat;. (B) 48/80 as above, plus HH 100 mg/rat daily from the 
5th to 10th day; (C) HH only as above; and (D) saline. No 
statistically significant differences in cardiac H were 
observed between C and D. However mean cardiac H was 
significantly lower in A and B as compared to D. Further- 
more, cardiac H in B was significantly lower than in A or 
c. The combination treatment (B) resulted in over 70% 
depletion of cardiac H compared to controls (D), and about 
50% greater depletion compared to 48/80 treatment alone (A). 
These results suggest that continued treatment with HH can 
produce a partial inhibition of NMCH synthesis. (Supported 
by USPHS grant HE 09616 and Career Development Award K3- 
15,457.) 

A DIRECT SYNAPTIC CONNECTION MEDIATING BOTH INHIBITION AND EXCITATION. 
H, Wachtel* and E, Kandel, De* of Physiology, N.Y.U. Med. School, NYC 

A multibranched, presumably cholinergic, interneuron located in the 
abdominal ganglion of Aplysia californica mediates synaptic inhibition 
to certain identified follower cells ati excitation to others (Katie1 
et al. 1967). We have found one follower cell (L7) which receives both 
synaptic excitation and inhibition from this interneuron, 

When the interneuron is fired directly at<1 per sec. it generates 
EPSPs in L7, When the firing rate is increased to>3 per sec. the 
EPSPs gradually diminish in size and finally invert to IPSPs. The 
EPSPs can s-ate to depolarize and fire the folio-wer cell and the 
IPSPs summate to hyperpolarize and inhibit it, When the interneuron 
undergoes a burst th e summated PSP in L7 is diphasic with the early 
component depolarizing ati the later component hyperpolarizing. The 
short and equal latency of both EPSP and IPSP , and their ability to 
follow high firing rates, indicates a monosynaptic connection. 

When acetylcholine is added to the bathing s&tion or is injected 
iontophoretically onto the cell body of L7, it produces a diphasic re- 
sponse which parallels the synaptic effects produced by a burst of 
spikes from the interneuron, Repeated injection s of ACh lead to rapid 
desensitization of the excitatory component of the response. Curare 
blocks both components of th e synaptic ard of the ACh responses. These 
results support the hypothesis that the synaptic connection is cholin- 
ergic and that the dual action results from two post synaptic receptors 
with different desensitization thresholds. 

L7 appears to combim in one cell the receptor properties of cells 
receiving either pure E or I branches from the interneuron. As a con- 
sequence of its dual action this synaptic connection is highly scl\Sit- 
ive to the temporal pattern of impulses in the interneuron. 
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SITE OF EDEMA IN TISSUES OF THE FOREARM IN MAN. J.A. Walsh ;k, W. J. -- 
LaJoie at, C. Hyman and W.H. Wong ft. Depts. Physiol. and Physical Med., 
v.s.c. School of Med., Los Angeles, California. 

It is assumed, but not proven, that the loose areolar part of 
subcutaneous tissue is the principal site for accumulation of fluid, 
whereas the tight investing fascia of muscle significantly restricts 
edema in this tissue. This study was designed to establish which fore- 
arm tissues are involved in the accumulation of extracellular fluid. 
Capillary filtration, i.e., controlled edema formation, was measured by 
an electrocapacitance plethysmograph. Blood flow through the super- 
ficial tissues in a 10 cm forearm segment was abolished by epinephrine 
iontophoresis (l/2000 epinephrine chloride at 20 mA for 20 min). 
Capillary filtration rate was measured during 8-10 min of proximal 
venous occlusion at 40, 50 and 60 mm Hg. From these rates the 
capillary filtration coefficient (CFC), i.e., volume increment (ml) 
/lOO ml forearm tissue/min/mm Hg was calculated. Control CFC was 
measured on the ipsilateral arm prior to iontophoresis or on the con- 
tralateral forearm simultaneously with CFC on the treated forearm. A 
gross reduction in CFC in the epinephrine-treated limbs was found. 
Control values of CFC agreed with those obtained in earlier experiments. 
Since the skin and subcutaneous tissue comprise approximately 16-18% of 
the total forearm volume, yet the CFC was reduced by some 75% when 
circulation in these areas was presumably eliminated, it is concluded 
that edema in the forearm of man occurs primarily in the tissues 
accessible to epinephrine iontophoresis, i.e., the skin and 
subcutaneous tissues. (Supported by L.A. County Heart Assoc. and 
U.S.P.H.S.) 

POSTEXTRASYSTOLIC POTENTIATION AND PROCAINE AMIDE. Kenneth E. Walter 
and Robert A, Horvath (intr. by J.C. McGiff). V.A. Hosp. and St. 
Louis Univ. School of Med., St. Louis, MO. 

The clinical application of postextrasystolic potentiation (PESP) 
raises the question of the influence of antiarrhythmic agents on the 
hemodynamic consequences of this intervention. In eight open-chest 
mongrel dogs, anesthetized with chloralose, the following parameters 
were measured; mean arterial blood pressure (MABP), heart rate (HR), 
myocardial contractile force (MCF), left ventricular end diastolic 
pressure and its derivative (LVED pr. & dp/dt), venous pressure (VP), 
and corrected QT interval (QTc). 
lOO/min., 

A 3 min. bout of PESP, at a rate of 
was induced every 15 min. during a 2 hr. constant infusion 

of procaine amide (1.42 mg/kg/min.). The results were calculated as 
# of the initial observations (lOai%) and the mean values were: 
Min. MABP HR MCF LVED pr. LV dp/dt VP QTc 

0 Con 100 100 100 100 100 100 100 
PESP 88 141 103 153 120 

60 Con 56 Y3 67 79 60 86 1i6 
PESP 50 

61 '2: 
53 100 98 

120 Con 47 120 59 80 161 
PESP 47 113 105 72 91 

Within 60 min., the QTc-lengthened. Except for LVED pr., all tie 
baseline parameters fell significantly (p (0.01). PESP resulted in 
a rise in MCF (p = 0.001) and LVED dp/dt. LVED pr. fell and VP rose 
but remained within normal limits, MABP fell with PESP. It is con- 
cluded that PESP continues to exert its hemodynamic effects during 
the administration of procaine amide, It is postulated that the 
desireable results of PESP can be expected in those situations in 
which procaine amide has been administered. 
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ELECTRORETINOGRAM DURING +Gz ACCELERATION IN DOGS. Brian Ward 
(intr.by R,H,Murray), Indiana UXardiopulmonary Lab,Wright- 
Patterson AFB, Ohio. 

To study the effects of +Gz acceleration on the electroretino- 
gram (ERG) 6 anesthetized Beagles were exposed to graded +Gz 
stress on a short-radius centrifuge as follows: onset l-3 G/minute, 
duration of steady state G was 20 min at 1.5 G and 4 min at 2,2.5 
and 3 G; a minimum of 15 minutes rest was allowed between tests. 
The ERG was the response to the flash of a strobe light (1 cps) 
recorded with an intracorneal electrode. ERG,ECG and aortic blood 
pressure (BP) were telemetered to a recorder. The ERG a-wave 
(receptor potential) was not found to change except at the higher 
G levels, when it decreased slightly.The amplitude of the b-wave 
fell by some 40,80,95 and 100% (with decreasing time to full 
effect) at l&2.0,2.5 and 3.0 G respectively. Small transient 
increases in the b-wave were noted in the very early stages of the 
stress. Mean BP fell by up to 40"/6 of control values followed by 
compensatory recovery, while the heart rate rose to some 40% above 
control. The ERG recovery after the test was prolonged and frequ- 
ently incomplete 15 minutes after a 3-4 minute run at the higher 
G levels. It is concluded that the amplitude of the b-wave of the 
ERG provides a useful index of +Gz acceleration stress, the change 
being due to retinal ischemia. The b-wave provides a correlate of 
perfusion of the bipolar layers of the retina,but gives no infor- 
mation on the responsivity of the ganglion cells and so does not 
necessarily indicate the site of primary retinal failure in 
"blackouttt. 

The author acknowledges the assistance of R.H.Murray,M.D. and 
R.P. Menninger,B,S. in this study. 

PURIFICATION AND SOME PROPERTIES OF A VITAMIN De-INDUCED INTESTINAL 
CALCIUM BINDING PROTEIN, A POSSIBLE TRANSPORT CARRIER. R. H. Wasserman 
and R. A. Corradino*, Department of Physical Biology, New York State 
Veterinary College, Cornell University, Ithaca, New York. 

A vitamin D-induced calcium-binding protein (CaBP) has recently been 
identified in chick intestinal mucosa (Wasserman and Taylor. Science 
152: 791, 1966; Taylor and Wasserman. Arch. Biochem. Biophys. 119: 536, 
1967). Physiological and nutritional studies have suggested that CaBP 
is intimately associated with Ca translocation across the intestine. 
This protein has been isolated in high purity, using gel filtration 
(Sephadex G-100) and preparative discontinuous acrylamide gel electro- 
phoresis. The purified material gave a single Schlieren peak in an 
analytical ultracentrifuge, and a single band on acrylamide gels run 
under different conditions. The molecular weight, as determined by 
calibrated gel filtration, averaged about 28,000, and by sedimentation 
equilibrium, about 26,000. The sedimentation constant is 2.32 Svedberg 
units (20°C). Automatic amino acid analysis of a 6N HCl hydrolysate of 
the purified product showed that glutamic acid, aspartic acid, leucine 
and lysine (in decreasing order) were the most abundant amino acids. 
Little or no lipid or phosphate appears to be associated with CaBP. 
The association constants between CaBP and Ca++, Ba++, and Sr++, 
measured by the procedure of Schubert et al.(J.B.C. 185: 387, 1950), 
were observed to be 2.6 x 105, 3.9 x 1F and 5.8 x lrM-l, respec- 
tively. (NIH-AM-04652, NIX-AM-06271-NTN, AEX-AT(jO-l)-2147). 
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EFFECTS OF LOW EXTRACELLULAR SODIUM CONCENTRATION ON ATRIOVENTRICU- 
LAR CONDUCTION. Yoshio WatanabeJ: and Leonard S. Dreifus. 
Hahnemann Medical College, Philadelphia, Pa. 

Electrophysiologic effects of low extracellular sodium (Na) con- 
centrations on atrioventricular (A-V) transmission were studied in 
isolated, perfused rabbit hearts driven at a constant rate. Timing 
of activation in various A-V junctional fibers was determined util- 
izing ultramicroelectrodes as well as bipolar atria1 and ventricular 
electrograms. Following the control perfusion, Na concentration was 
lowered from 144.8 mEq/L to either 108.6 or 77.4 mEq/L, by replacing 
NaCl with isosmotic amount of sucrose. The following observations 
were made : (1) Lowering of Na to 108.6 mEq/L invariably caused a 
prolongation of the A-V interval (first degree A-V block), with sub- 
sequent development of transmission failure (second degree A-V block) 
in some instances. Lowering of Na to 77.4 mEq/L caused second degree 

A-V block usually within 10 minutes. (2) First degree A-V block 
resulted from prolongation of conduction time in every portion of 
the A-V transmission system. However , the degree of prolongation 
was greatest within the A-V node, moderate within the atria1 tissue, 
and least in the subnodal (His-Purkinje) conduction. (3) In the 
presence of second degree A-V block, failure of impulse propagation 
commonly occurred within the A-V node (Nregion). (4) The amp1 i tude 
and duration of action potentials were decreased in all the A-V 
junctional fibers. It is concluded that low sodium, similar to law 
potassium, depresses conduction in the crucial N region of the A-V 
junction. 
(Supported by a USPHS Grant) 

LINEARITY OF ‘ME ELECTRICAL IMPEDANCE OF FROG SKIN. Don W. Watkins* 
and Warren H. Dennis. Department of Physiology, University of 
Wisconsin, Madison, Wisconsin. 

We have determined the electrical impedance of the abdominal skin of 
the frog (Rana pipiens) using a four electrode system. Five levels of 
alternating current from 16 to 245 microamperes peak-to-peak per sq. 
cm. at 50 Hz were repeatedly applied in groups. Each group consisted 
of the five current levels arranged in random sequence. After an 
analysis of variance on the data we concluded that the system was 
linear within the range of current specified. In other experiments 
current levels up to 2050 microamperes peak-to-peak per sq. cm. were 
used. At such high current levels a markedly reduced impedance is 
observed. Measurements made with low current, imnediately after an 
application of high current, indicate that the impedance rises sharply 
to reach a maximum within 10 seconds considerably higher than before 
the high current. The impedance decays from this maximum toward the 
original level. The potential difference after a high current 
increases rapidly and then &cays toward its previous level, following 
a time course similar to that seen for the impedance. The alterations 
in impedance, both the law values at high current and the rapid 
increase and decay after high current, may be interpretable by a 
simple equivalent circuit camposed of a stable polarization element in 
parallel with a changing pure resistance. 
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INDEPENDENCE OF ALDOSTERONE-INCREASED SODIUM REABSORPTION AND 
SUBSTRATE-INCREASED PHOSPHATE REABSORPTION IN ISOLATED DOG KIDNEYS. 
William H. Waugh and Tadashi Kubo*, Dept. of Med., Univ. of Ky., -- -- 
Lexington, Ky. 

In the pump-oxygenator-dog kidney preparation at essentially normal 
filtered loads, progressive natruresis and phosphaturia result over 
45 hr. blood perfusions when only glucose is supplied as exogenous 
substrate. When lactate & pyruvate are also infused at constant rate, 
the natruresis & phosphaturia are both minimized. Aldosterone 
addition then significantly increases the % F a resorbed to about 98.5% 
but does not influence the % FP04 excreted (a out ii 6-9%). This 
progressive phosphaturia is, however, prevented by L-proline infusion 
(about l-4% of F 
further increase 

PO4 excreted, at equal PO4 loads) with only slight 
in the % FNa resorbed (to 99%). Thus, aldosterone 

augments Na resorption in isolated kidneys supplied with lactate 6 
pyruvate without influencing PO4 resorption and exogenous metabolizable 
substrates can augment PO4 resorption disporportionate to their 
augmentation of Na resorption. These results suggest for the dog 
kidney that 1) the aldosterone effect on Na transport is mediated by 
a Na pennease-like action (Sharp & Leaf) rather than by making more 
energy or ATP available for transport (Edelman)--hypotheses from toad 
bladder studies -- and 2) tubular PO4 resorption may be rate-limited 
by a high-energy carrier system. (Supported by NIX grant HE 06092 
& Ky. Heart Assoc. Chair Cardiovascular Research). 

RESPONSE OF LARGE HINDLIMB VEINS OF THE DOG TO CHANGES IN TEMPERATURE. 
M. M, Webb-Peploe* and J. T, Shepherd. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

In anesthetized dogs respired with oxygen, the lateral saphenous 
vein was cannulated at the ankle and perfused at constant flow with 
autologous arterial blood. Inflow and popliteal vein pressures were 
measured; alterations in the difference between these pressures were 
due to changes in venomotor activity* The venoconstrictor responses 
to electric stimulation of the lumbar sympathetic trunk (8-10 volts; 
0 delay; 1 msec duration; 2, 6, and 10 cps) and to norepinephrine 
infusions (5, 10, and 20 pg base/min) were determined with perfusate 
temperatures of 42, 37, 27, and 17 C. Compared to 37 C, the veno- 
constriction with stimulation and drug infusion was slightly increased 
at 27 C and greatly reduced at 42 and 17 C. With sympathetic nerves 
intact, cooling the perfusate from 37 to 17 C caused the perfusion 
pressure to increase from 28 to 7"j' mm Hg; warming it from 37 to 47 C 
decreased the pressure from 28 to 8 mm Hg. Most of the venoconstrfc- 
tion occurred in cooling from 37 to 27 C, and most of the dilatation 
on warming from 37 to 42 C. The venoconstriction with cooling is 
reflex, in part, since lumbar sympathectomy reduced the response by 
60%. The reflex may be initiated by receptors in the leg and is 
abolished by pentobarbital but not by chloralose anesthesia. 
(Supported by NIH Grant HE 05883.) 
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THE HEART OF THE DOG: LOCALIZATION 
S. Wechsler*. John B. Pace* and 

Walter C. Randall. Loyola University, Stritch School of Medicine, 
Department of Physiology, Chicago, Illinois. 

Sympathetic innervation pathways to the heart of the dog are 
known to include diffuse projections from the upper thoracic-and stel- 
late, caudal cervical and‘superior cervical ganglia. Also, evidence is 
accumulating for sympathetic outflows from cervical segments of the 
spinal cord. In this study myocardial force changes caused by electri- 
cal stimulation of selected cardiomotor nerves are monitored by multi- 
ple strain gauge arches sutured to the epicardial surface. Atropine 
and nicotine or hexamethonium are used to produce ganglionic blockade 
since these agents alone do not consistently produce complete interrupr 
tion of ganglionic transmission. Electrical stimulation of cardiac 
nerves, central and distal to visible ganglia, before and after admin- 
istration of blocking agents, permits localization of specific synap- 
ses. Motor responses include both positive and negative inotropic al- 
terations in individual chamber performance, accompanied by either 
positive or negative chronotropic effects. This work shows the presr 
ence of synaptic connections in each of the stellate, caudal cervical 
and superior cervical ganglia. Before ganglionic blockade, stimulation 
of the vagosympathetic trunk distal to the caudal cervical ganglion 
elicits combinations of positive and negative inotropic responses from 
the atria and ventricles with either cardiac slowing or acceleration. 
Responses may differ from area to area on the same chamber as well as 
from chamber to chamber. (Supported by NIH Grant HE 08682.) 

RED CELL MASS-ARTERIAL OXYGEN RELATIONSHIP IN NORMAL MAN. J.V. Weil,* 
G. Jamieson,* D.W. Brown* and R.F. Grover. Cardiovascular Research 
Lab., University of Colorado Medical School, Denver, Colorado. 

The relationships between arterial blood oxygenation and red cell 
mass (RCM), plasma volume (PV), and hematocrit (Hct) were examined in 
73 normal men residing at three altitudes: sea level (n=16), 1600 m 
(n=l9) and 3100 m (n=39). RCM was measured with autologous Cr5l- 
labeled red cells, PV was calculated from the peripheral Hct, and 
arterial oxygen saturation (Sa02) and tension (Pa02) were measured 
directly. Ranges in data were: 
mmHg, RCM 22.4 

SaO2 97.3 
- 41.8 ml/kg, PV 24.4 

- 83.4%, Pa02 96.0 - 46.5 

59.5%. 
- 47.4 ml/kg, and Hct 41.3 - 

Hematocrit was inversely related to Sa02 (r=-.61). 
Hct is the ratio RCM/(RCM + PV), 

However, since 
it is an insensitive indicator of 

changes in RCM. For example, at Hct 5% and constant PV, doubling 
RCM would increase Hct by only one third. PV was variable and bore 
no significant relationship to Sa02 (r=-.lO). 

RCM was highly correlated with Sa02 (r=-.75, p< .OOl) and increased 
in a simple linear fashion with decreasing Sa02; RCM (ml/kg) = 125 - 
1.04 Sa02. In contrast, 
from 96 to 67 mmHg. 

RCM remained unchanged over the range of Pa02 
OII~Y at lower values of Pa02, from 67 to 46 m.mHg, 

did RCM increase with a high degree of correlation with Pa02 (r=-.77). 
Thus, only those reductions in Pa02 which lowered Sa02 produced an 
increase in RCM. This suggests that erythropoiesis is influenced more 
by oxygen transport (Sa02) and tissue oxygenation than by Pa02. 
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INTRACELLULAR OXYGEN TENSION (p0 ) OF SKELETAL MUSCLE DURING VASCULAR 
REFLEXES. Gerald K,. Weiss and E iw ard S,. Kirk (intr. by C. L. Prosser). 
Department of Physiology and Biophysics, University of Illinois, 
Urbana, Illinois. 

Vasodilation, caused by release of sympathetic tone, is associated 
with stimulation of oxygen consumption ' $8 

resting skeletal muscle. The 
increase in blood-tissue exchange of Rb that occurs during the 
dilation suggests that increased metabolism is caused by increased 
oxygen delivery rather than by direct stimulation of the metabolism 
(Acta Physiol. Stand. 54: 241, 1962). 
must increase during the dilation. 

If this is so, p02 in the tissue 
To test this hypothesiswemeasured 

changes in intracellular pO2 with a modification of Millikan's 
spectrophotometric method (Proc. Roy. Sot. 123: 218, 1937). Two 
photoresistors with appropriate filters measured shifts in the 
transmission spectra of intact muscle. These shifts indicate changes 
in the saturation of myoglobin which is responsive to intracellular 
PO2. In anesthetized dogs the circulation to a gracilis muscle was 
isolated and blood flow was maintained constant with a pump. Varying 
the pressure in an isolated carotid sinus caused reflex changes in 
vascular tone: vasodilations were accompanied by increases in muscle 

PO29 while vasoconstrictions resulted in a decrease. Corresponding 
results were obtained during acetylcholine dilations and norepinephrine 
constrictions. Our data support the hypothesis that changes in blood- 
tissue diffusion of oxygen cause changes in metabolism. In at least 
some parts of resting muscle, metabolism appears to be limited by the 
availability of oxygen. 

EFFECTS OF MANNITOL ON THE RENAL CIRCULATION DURING HEMORRHAGIC HYPO- 
TENSION. Michael G. Wendling*, John W. Eckstein and Francois M. 
Abboud. CV Res. Labs., U. of Iowa Coil. of Med., Iowa City, Iowa. 

Observations on mean arterial pressure, blood flow (electromagnetic 
flowmeter) through the left renal artery and urine flow from the left 
ureter were made on eight dogs anesthetized with pentobarbital. Four 
dogs received continuous intravenous infusions of 18% mannitol at a 
rate of 7.6 ml/min; the others received normal saline at the same rate. 
All dogs were bled slowly until urine output stopped. Arterial pres- 
sure averaged 70 m m  Hg and renal blood flow averaged 135 ml/min when 
anuria occurred in dogs given saline. Anuria in dogs given mannitol 
occurred at an average arterial pressure of 30 mm Hg and an average 
renal blood flow of 20 ml/min. Plasma proteins and hematocrit averaged 
5.1 gm % and 39.3% respectively in the saline group; corresponding 
averages in the mannitol group were 4.3 gm % and 27.0%. It was pos- 
sible to lower arterial pressure to 20 mm Hg in one animal in the 
mannitol group before anuria occurred. In this dog the calculated 
osmotic pressure of the plasma proteins was 9 m m  Hg; renal inter- 
stitial pressure was 4 m m  Hg. Glomerular capillary pressure must have 
been less than 20 m m  He;. It appears that urine can be formed when the 
net pressure favoring glomerular filtration is in the vicinity of 
7 m m  Hg and renal blood flow is about 20 ml/min. (Supported by USPHS 
grants HE-02644 and HE-09835.) 
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Experimental Hypoxic Pulmonary Edema in the Rat. T.F. Whayne, Jr.* and J .W. 
Severinghaus. Cardiovasc.Res.Inst.,Univ.of Calif.Med.Ctr.,San krancisco,Ca. 

An experimental animal model is needed to study the mechanism and site of 
formation of hypoxic pulmonary edema seen at high altitude in man. Long Evans 
rats were sacrificed after 10 minutes of exercise induced by swimming in water at 
36OC while breathing 8-l 8/ 02. 8.5% 02 appeared optimal. At 8% 02, 20 of 
40 rats were unable to swim 10 minutes, and were sacrificed when they remained 
under the surface for 5-l 0 seconds. A high concentration of methylene blue in 

the water disclosed no aspiration except in rats al lowed to drown. Microscopic 
interstitial pulmonary edema formed in the majority of hypoxic rats and in a few 
air breathing exercised controls. The predominant form was patchy eosinophilic 
cuffing around medium sized arteries and veins. The eosinophilia suggests the 
presence of protein. Peribronchial, lymphatic and alveolar edema were uncom- 
mon . Perivascular edema formation was recorded only when it was clearly 
present, as follows: Weight 150-225 gms: air, 2/16 (2 of 16 rats had edema ; 
loo/o OS, 1 6; 8.5% 0 

/ 

, 6/8; 8% 02, 16/26. Weight over 225 gms: air, ) 0 4; 
8% 02, 5 14. Hemorr K ages were frequently noted under the visceral pleural 
and occasionally on the cut lung surfaces: air, 3/21; 10% 02, 3/6; 8.5% 02, 
3/8; 8% OS, 18/40. Erythrocytes were also noted in the perivascular edema 
fluid of 3 rats. In hypoxic rats, wet lung weight, whether related to dry weight 
or total body weight, was slightly but not significantly higher than controls. 
Dyes and tracers are being used to determine whether hypoxic pulmonary edema 
formation is trans-arterial or trans-capi I lary . Neither india ink nor a stainable 
protein of MW 40,000 (horseradish 
wal Is. (Research supported in part y USPHS HE 06285). r 

roxidase) has been found traversing arterial 

RAPID BRAIN COOLING AFTER CARDIAC ARREST WITH A SIMPLIFIED CAROTID PER- 
FUSION SYSTEM. Robert J. White, M.D., Ph.D., M. S. Albin, M.D.*, G. E. 
Locke, M.D. * and David Yashon, M D x Brain Research Laboratory, Divi- 
sion of Neurosurgery, Western Reiervi University School of Medicine at 
Cleveland Metropolitan General Hospital, Cleveland, Ohio 44109. 

Emergency measures (e.g., external cardiac massage) to restore cir- 
culation following cardiac arrest result in only a small patient sal- 
vage because of the sensitivity of brain to anoxia. Temperature 
reduction is known to exert a protective effect on cerebral tissue 
during circulatory deprivation. Toward designing a simple in-hospital 
technique of intravascular perfusion for rapidly cooling the brain 
during resuscitation, the cerebral cooling characteristics of arterial- 
ized blood, 6% Dextran and Saline (all at l°C) administered intracarot- 
idly were studied. In 19 heparinized, cardiac arrested dogs (av. wt. 11 
kg.) the carotid arteries were punctured with US Rochester needles con- 
nected by plastic tubing to I.V. bottles containing the cooled perfus- 
ate. Fluids were delivered (av. pressure 75 mnHg.) by an attached 
standard sphypmanometer bulb. 
AVERACE INIRACEREBRAL TEMPERATURES OC. Total Vol. 
#Dogs Fluid(r”C) 5 10 20 25 30 Time(min.) cc Perfusate 

5 Blood 32 . 5 29 . 0 23 . 0 21 . 7 Lil . 6 1.600 
7 Dextran 31.9 26.4 18.7 17.3 14.6 2:100 
7 Saline 33.4 27.2 19.6 17.5 16.5 3;450 

hrith large perfusate volumes, brain cooling is evidenced with this SIJW 
ple method; however, the canine cephalic vasculature is an inefficient 
hydraulic system for differential brain hypothermia. In a human case 
of cardiac arrest, intracerebral temperature of 42OC was reduced to 
32’C in ten minutes with an intracarotid perfusion of l°C Dextran. 
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THE INFLUENCE OF MAGNESIUM ON THE ESTROGEN-HISTAMINE 
RELATIONSMP. C. F. Whitfield* and M. E. Tidball. George Washington 
University School of Medicine, Washington, D. C. 

Histamine has been reported to be a mediator in the action of estrogen on 
the uterus. Histamine metabolism has also been reported to be altered in 
magnesium deficiency in rats. Therefore histamine and magnesium were 
measured in the uterus and skeletal muscle of intact and ovariectomized 
female Sprague-Dawley rats fed diets containing 650 ppm magnesium (control) 
or < 20 ppm magnesium (deficient). Ovariectomy resulted in progressively 
increasing uterine histamine from 7 pg to 30 pg/gm dry weight at 65 days. 
Muscle histamine was unaltered by ovariectomy (mean = 7 pg/gm). 
Magnesium deficiency in both intact and ovariectomized animals resulted in 
decreased uterine and muscle histamine to < 2 pg/gm. All animals fed the 
magnesium deficient diet also exhibited decreases of 25-5070 of the magnesium 
content of both tissues. Thus decreased tissue magnesium was always 
associated with decreased tissue histamine, whereas estrogen deficiency was 
associated with either an increase or no change in tissue histamine. These 
results suggest that magnesium is a primary determinant of the level of 
tissue histamine and is thus more important than estrogen in the regulation 
of uterine histamine content. 

(Supported by USPHS 5 Tl HE 5630) 

EFFECTS OF RESERPINE ON DIET INDUCED CALCIFIC ATHERO- 
MATOUS AORTIC LESIONS. Peggy J. Whittington, ” Ben R l Glower” 
and Oliver Carrier, Jr. Univ. Miss. Med. Ctr., Depts l of Anatomy 
and Pharmacology, Jackson, Miss l 

Twenty rabbits weighing 2-3 kg were fed a standard pellet diet to 
which was added a cholesterol supplement of 2% by weight for 11 weeks 
with 10 receiving injections of vasopressin and 10 receiving injections 
of vasopressin and reserpine. Ten rabbits weighing 2-3 kg were fed 
a standard pellet diet while ten rabbits were fed a standard pellet diet 
and were additionally treated with vasopressin. The calcium content 
of rabbit aortae receiving vasopressin and cholesterol I 8.57t0.73 
mEq Ca++/kg fat free dry wt.] was significantly higher (P 0.001) 
than that of the aortae of rabbits receiving reserpine 
Catt/kg fat free dry wtJ l 

t4.07 mEq 
The aortae of normal rabbits contained 

6 l 68t0 s 38 mEq Ca++/kg fat free dry wt. while the aortae of rabbits 
on astandard pellet diet and receiving vasopressin contained 6.69t 
0.39 mEq Ca”/kg fat free dry wt. Both of these values were signi- 
ficantly higher than those of the reserpine treated group. Histological 
results showed organized atheromatous plaques within the intimal 
layer of the aortae in the vasopressin and cholesterol group. These 
atheromatous lesions contained large deposits of lipid material and 
traces of calcium. Reserpine treated animals, rabbits on a normal 
diet, and rabbits on a normal diet receiving vasopressin showed no 
aortic lesions. These results indicate that reserpine has a vascular 
action in vivo affecting fat and calcium. Supported by USPHS Grant -- 
HE 09031, and CIBA Pharmac. Co. 
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RECEPTIVE FIELDS IN CAT SUPERIOR COLLICULUS. B.Wickelgren & P.Sterlinq 
(Intr.by D.H. Hubel & T.N.Wiesel). Harvard Medical School, Boston. 

Using natural stimuli we have studied the visual receptive fields of 
100 single units in the superior colliculus of cats lightly anesthet- 
ised with pentothal and paralyzed with succinylcholine. Electrolytic 
lesions and subsequent histology showed that all of the units were 
located in the 2 most superficial cellular laminae. Most receptive 
fields lay in the contralateral half of the visual field and ranged 
from a few degrees in diameter in the area centralis to 200 or more in 
the periphery; a few receptive fields lay in the ipsilateral half of 
the visual field. The majority of the units could be driven about 
equally from either eye,though often the contralateral eye was somewhat 
dominant. Most responded poorly or not at all to changes in background 
illumination or to stimuli turned on or off within their receptive 
fields. The best responses were elicited with moving stimuli,which for 
most units could be either brighter or darker than b&ground. The sizes, 
shapes, rates and directions of movement of the stimuli were critical. 
An optimal stimulus orientation could be demonstrated for many unitstit 
this requirement was less stringent than it is in the visual cortex. 
More than half of the units responded best to movement in only one dir- 
ection and of these,8@ preferred movement from the center of gaze to- 
ward the contralateral visual field. Thirty-nine collicular units in 3 
cats whose visual cortex had been removed l-3 weeks previously showedla 
directional or orientational preferences and most responded briskly to 
II on11 and/or l'ofpl of stationary light spots. These units could not be 
driven equally from either eye but exhibited strong preferences for one 
eye or the other. The results suggest that the orientational and dir- 
ectional preferences and the binocular interactions exhibited by units 
in the normal colliculus are dependent on a cortico-collicular pathway. 

EFFECT OF MOVEMENT AND LEVEL OF AROUSAL ON CLICK-EVOKED RESPONSES IN 
CATS. Warren 0. Wickelgren (intr. by Robert Galambos) Dept. of 
Psychology, Yale University, New Haven, Conn. 06510 

The effects of movement and level of arousal on click-evoked 
responses were studied in 2 experiments. Responses from cochlear 
nucleus (CN), superior olive (SO), inferior colliculus (IC), medial 
geniculate (MG), auditory cortex (AC), and cerebellar vermis (CV) were 
recorded from cats whose middle ear muscles had been bilaterally cut. 
The clicks were presented by earphones in order to hold acoustic input 
constant. The effect of quiet movement on click-evoked responses was 
tested by forcing cats to walk on a motor-driven treadmill. Computer- 
summed responses during walking were compared with responses during 
resting on a platform above the moving treadmill. There were no dif- 
ferences between the responses recorded along the classical auditory 
system (CN, SO, IC, MG, and AC) in the 2 conditions. Responses from 
CV, however, were greatly attenuated during walking. Click-evoked 
responses were also recorded during various states of arousal (wake- 
fulness, drowsiness, slow-wave (SW) sleep, and rapid-eye-movement (REM) 
sleep) l Level of arousal had no effect on responses from CN, SO, and 
IC. Responses from MG and AC were of larger amplitude and different 
waveform during drowsiness and SW sleep than during wakefulness and 
REM sleep. Responses from CV were largest during wakefulness and 
smallest during SW sleep. During the drowsy and SW sleep states click 
rates over 6/set produced large “augmenting” responses at MG and AC. 
These “augmenting” responses, unlike normal click-evoked responses at 
MG and AC, could be abolished by any slight movement by the animal or 
by novel visual stimuli. (Supported by NSF G 23584.) 
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COLLOID SHOCK IN THE DOG. V.T. Wiedmeier* , J.M. Lubitz* and J.J. Smith. 
Departments of Physiology and Pathology, Marquette University School of 
Medicine, Milwaukee, Wisconsin. 

It is commonly held that reticuloendothelial system (RES) blockade is 
importantly concerned with the mechanism of irreversible shock, although 
how it contributes to the circulatory failure is unknown. On the possi- 
bility that 'artificial' blockade might be useful in studying this 
problem, the circulatory and hematologic effects of large doses of 
various-sized colloids were determined in the Nembutalized (30 mg/kg) 
dog. Intravenous injection (over exactly 5 min) of polystyrene latex 
(PSL, 880X, 188 mg/kg), Th02 (Thorotrast, 801, 8 ml/kg) and saline-in- 
gel usually caused a sudden but transitory hypotension, a moderate, 
temporary hemodilution and an abrupt leukopenia with rebound within 
2 to 4 hours; PSL, Th02 and saline-gel caused no serious hemodynamic 
effects or fatalities. However, about 90 minutes after injection of Si02 
(Syton, 450x, 350 mg/kg) or colloidal carbon-in-gel (CCG, 2501, 
160 mg/kg), there usually began a tachycardia and tachypnea with a 
pronounced progressive hypotension, usually fatal (mortality--100% with 
Syton, 71% with CCG). After Syton and CCG there was a typical leukopenia 
but with delayed recovery and often lymphocytosis, a progressive hemo- 
concentration, an accumulation of the colloid within the leukocytes and 
phagocytic cells of liver, spleen and lung with consequent autolysis of 
some cells. The findings suggest that circulatory failure may be 
associated with a toxic action of the colloid on the leukocytes and RES 
cellular elements with subsequent leukocytic sequestration and 
disintegration. 

The influence of hypercapnia and vagal inactivation on the ventilator-y 
effects of sinus nerve stimulation. W. Wiemer*and P. Kiwull ( intr. 
by P . Kez di ) , Ruhr-Univers ity , Bochum , Germany. 

In rabbits rebreathing oxygen one carotid sinus nerve was stimu- 
lated repeatedly by electrical stimuli of constant intensity, both 
before and after inactivation of vagi by cold blocking or sectioning. 
Respiration, end-tidal PcO2 and arterial blood pressure were recorded. 
In animals with intact vagi the reflex hyperpnea elicited by the nerve 
stimulation decreased only slightly with increasing hypercapnia. 
After inactivation of the vagi the stimulatory effect was, at normal 
PCOZ, mostly greater than in the intact condition. With increasing 
hypercapnia the decrease of the reflex hyperpnea was generally 
steeper than in the intact preparation, sometimes reaching even 
lower values than before inactivation. It is concluded that the 
ventilator-y effect of chemoreceptor afferents is modified both by 
blood PcO2 and by vagal afferents, probably originating in stretch 
receptors in the lungs, 

*Present address C ox Coronary Heart Institute, Kettering, Ohio 
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CARDIOVASCULAR-VENTILATQRY REFLEXES FROM THE ISOLATED LEG: 
EFFECTS OF INTR.A-ARTERIAL INFUSIONS OF POTASSIUM. K. 
Wildenthal*, D.S. Mierzwiakt, N.S. Skinner, Jr. andJ.H. 
Mitchell U Tex. Southwestern Med Sch Dallas, Texas. 

In 7 chloralose-anesthetized, ciosedl;hest dogs, the 
right hind limb was vascularly isolated, leaving femoral 
and sciatic nerves intact. While venous outflow was clamped 
for 60 seconds, KC1 (0.3-1.0 mMole) was infused close arte- 
rially during the first 15 seconds of the period of venous 
occlusion. In addition to increasing minute ventilation, 
these KC1 infusions caused significant elevations of blood 
pressure (BP) and heart rate (HR). Femoral venous blood K+ 
following infusion of KC1 ranged from 4.7 to 10.7 mEq/L 
(1.2 to 6.7 mEq/L above control levels). Results from 31 
infusions were as follows: mean increases of 7.2 + 1.1 (SE) 
beats/min in HR (p < O.OOl), 13.3 + 1.7 mm Hg in zean arte- 
rial BP (p < O.OOl), 785 + 140 mlfiin in ventilation (p < 
O.OOl>, 1.7 + 0.5 breaths7min (p < 0.005), and 45 + 13 ml 
in tidal volume (p < 0.005). Magnitude of the cha@es ap- 
peared to be dose related. No changes in HR, BP, and venti- 
lation were seen after intracutaneous, subcutaneous and in- 
tramuscular injections of similar amounts, nor after other 
painful stimuli. When ventilation was controlled with a 
respirator and the dogs anesthetized to the point of apnea, 
BP and HR responses to intra-arterial K+ persisted, indi- 
cating that these changes were not consequent to hemodynam- 
ic alterations resulting from augmented ventilatory activi- 
ty. Cutting the nerves from the leg abolished the changes 
with KC1 infusion. (Supported by USPHS HE 06296 and HE 
07717 and the Dallas Heart Association.) 

A PHYSIOIx>GICAL APPROACH TO ASSIST THE CIRCULATION. C. Wildevuur S.D. 
Moulopoulos, J, Kolff, and M.J. Crosby (intr. by P.A. Khairallahj. The 
Cleveland Clinic Foundation, Cleveland, Ohio. 

Assisted circulation is an approach to sustain life of a patient who 
otherwise will die from an insufficient circulation caused by a failing 
heart. Two problems have to be considered: (1) How to restore a normal 
circulation. In these cases an insufficient circulation is manifest by 
a high atria1 pressure and a low cardiac output. In this sense, assis- 
ted circulation should reduce atria1 pressure and increase cardiac out- 
put. This can be done by placing in parallel with the heart, a bypass 
pump from atrium to artery. In order to restore a normal atria1 pres- 
sure and cardiac output, a normal Starling9 Law curve (fkxtion curve) 
has to be obtained by the sum of the function curves of both "hearts? 
In acute experiments of left heart bypass on sheep, this principle was 
tested. A diaphragm pump was used which during diastole was driven by 
air pressure, regulated by atria1 pressure and that could have any de- 
sirable function curve by setting bias and amplitude in a TR-10 compu- 
ter (NASA driving system). A failing heart was induced by ligating the 
anterior descending branch of the left coronary artery. When the left 
atria1 pressure rose in the failing heart, the bypass pump was automa- 
tically activated so that atria1 pressure and cardiac output returned 
to and were maintained at normal levels. (2) The effect of this type of 
assisted circulation on the failing heart. When the assisted circula- 
tion is not proportionalto the failing circulation, we encountered 
reversible arrythmia occasionally leading to ventricular fibrillation. 
Recovery of the failing heart can be indicated when the function curve 
of this heart returns to normal. In these short-term experiments we 
have been unable to detect improvement in the function curve of the 
failing heart during bypass pumping. (Supported by N.I.H. grant HEO44-48 
and The Cleveland Clinic Foundation) 
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CARDIORESPIRATORY RESPONSES OF TWO "GENETIC'! TYPES OF CATTLE TO HYPO- 
BARIA. D. H. Will, C. S. Card*, G. D. Vandlandingham* and A. F. 
Alexandei. Colorado State U., Fort Collins, Colo. 

Cattle exposed to high altitude are known to develop a pulmonary 
hypertension varying from moderate to marked and in some cases, congest- 
ive right heart failure i.e. high mountain or Brisket disease. In an 
effort to explain these variations, two different "genetic" groups of 
fifteen adult female cattle, native to 10,000 ft. were selected based 
on the presence or absence of high mountain disease in their history 
and were mated to males of similar background. Their offspring, desig- 
nated "susceptible" and "resistant" were the two experimental groups 
studied. Cardiorespiratory measurements were made on both groups at 10, 
30, 60 and 90 days of age at 5,000 ft. (Ft. Collins altitude), and also 
restudied at 10 and 90 days of age after two hours at a chamber altit- 
ude of 15,000 ft. The most striking data were the significantly lower 
levels of pulmonary arterial pressure observed in the resistant group, 
at all measurement times. At 5,000 ft., the average group mean press- 
ures were 9, 8, 9 and 6 mm Hg below that of the susceptible animals. 
At 15,000 ft., the increase in pressure and final level of pulmonary 
hypertension were also less in the resistant group. Resistance to 
pulmonary blood flow was the main reason for these differences. At 
both altitudes, the susceptible calves showed greater lung ventilation; 
however, they consistently had a greater decrease in oxygen content 
and saturation of both arterial and venous blood at 15,000 ft. The 
susceptible group showed a greater reduction in the tissue a-v oxygen 
gradient at 15,000 ft. Blood pH changes related closely to the diff- 
erent respiratory responses. The results suggest that variations in 
functional characteristics obtained by studying prepotent, homogeneous 
populations may explain individual responses to high altitude. 

ELECTRICAL PROPERTIES OF THYROID FOLLICLES. J.A. Williams (intr. by 
J.W. Woodbury). Dept. of Physiol. and Biophys., Univ. of Wash. 
Seattle, Wash. 

Electrical properties of the thyroid follicle were studied in the 
perfused rabbit thyroid. Current pulses of a few nanoamp were passed 
through the microelectrode as it was advanced into the gland. Three 
regions were found: (i) A nonpolarizable compartment with a steady 
potential of 0 mV is assumed to be extracellular space; (ii) a polari- 
zable compartment at 0 to 
polarizable compartment at 

-10 mV is attributed to lumina; and (iii) a 
-25 to -50 mV is attributed to cells. Mean 

input resistances of cells and lumina are 9.4 and 5.6 xx$J respectively; 
both have a capacitance of .07 nF. A histologically measured follicu- 
lar diameter of 50 ~1 gives specific membrane capacitance of 1.8 pF/cm2. 
Follicular wall resistance is 440 R - cm2. If intercellular resistance 
is assumed negligible the specific membrane resistance of follicular 
membrane is about 220 0 - cm2. The cellular measurements are consis- 
tent with the hypothesis that follicular cells are connected by low 
resistance bridges, as shown for other types of epithelia. 
Ca* from the perfusate had no effect, but removal of Ca* 

Removal of 
with ad- 

dition of 3 mM EDTA caused input resistance to drop to 3 M R in lumina 
and increase to 15 to 20 M n in cells. This is consistent with a de- 
creased specific membrane resistance and a partial uncoupling of cellu- 
lar junctions. Cellular potentials also decreased to 0 to -20 mV in 
40 min. These effects were at least partially reversible when Ca* 
was replaced. (Supported in part by USPHS Grant NB 01752.) 
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COLD RESISTANCE OF Na,K STIMULATED ATPase IN KIDNEY CORTEX OF HIBER- 
NATING RODENTS. J. S. Willis and Nancy Ma*. Department of Physiology 
and Biophysics, University of Illinois, Urbana, Illinois. 

Cells of kidney cortex of hibernating rodents (hamsters and ground 
squirrels) accumulate K at 5°C at a rate greater than do those of non- 
hibernating rodents (rats and guinea pigs). The present study sought 
to determine the activity of Na,K-stimulated ATPase at various tempera- 
tures in kidney cortex of rats and hamsters. The total ATPase activity 
of the nuclear-mitochondrial f 

55 
ction of homogenates 

was determined by release of P from y-labelled ATP 
3gf kidney cortex 

in a reaction 
mixture containing 100 niM-Na, 10 mM-K, 4 mM-Mg, 4 mM-ATP and 40-mM Tris 
(pH 8 at all temperatures). The Na stimulated portion of this total 

was determined by subtracting the rate of ATP hydrolysis in a Na-free 
reaction mixture (containing 140 mM Tris). 

The net Na-stimulated activity of rat kidney decreased from 9.55 m- 
moles Pi/mg protein/hr. at 37" to 0.20 at 15"C, while that of hamster 
decreased from 19.76 to 1.39 over the same range. The fraction of total 
act ivity represented by this Na,K-stimulated portion was 37 per cent at 
37" and 6 per cent at 15" in the rat, and it was 61 per cent and 46 per 
cent respectively in the hamster. At 10°C there was no significant Na, 
K stimulated activity in rat kidney (DO.4 for 7 cases) whereas in ham- 
ster kidney that activity was highly significant at 10°C (0.42?0.07,P< 
0.001 for 7 cases) and still possibly significant at 5°C (0.09+0.04, 
P<O.O5 for 13 cases). While it appears that Na,K ATPase activity of 
kidney cortex of hamsters is less affected by low temperature than that 
of rat, it is also true that in hamster the fourteen-fold decrease in 
ATP hydrolysis between 15" and 5" is much greater than the four-fold 
decrease iu rate of K transport observed under comparable conditions. 
Disruption of the cell may, therefore 

leve 1. 
lead to some loss of apparent 

cold resistance at the enzymatic (Supported by USPH GM11494). 

DISSOCIATION OF ERYTHROPOIETIN-PROTEIN COMPLEXES WITH ACID. J. Winkert 
and E, Winkert*. Meharry Med. Col. Sch. of Med., Nashville, Tenn.r 
State Univ. of N.Y. Sch. of Med., Euffalo, NJ, 

Erythropoietin (ESF) is generally regarded as the principal hormone 
involved in the physiological control of erythropoiesis and which, 
after being synthesized at least partly by renal tissue in response to 
hypoxic stimuli circulates to erythroid organs where it initiates red 
cell development at an early stage. How ESF achieves its effects is not 
clear but early actions on RNA synthesis (Goldwasser 1964) and on the 
priming of RNA synthesis by DNA-protein (Winker-t 1966) suggest that the 
process of inducing erythropoiesis may involve alterations in gene 
activity. The nature of ESF is not yet clear although it is generally 
conceded to be a glycoprotein. Estimates of its molecular size have 
ranged from 5500 (Goldwasser, 1962) based.on tryptophane residues, to 
28,000 (Rosse, 1962) based on radiation target theory, to 39,9OO(White, 
195’9) based on its ultracentrifugal behavior, The fact that ESF readily 
appears in many protein peaks or bands, eg. five from a DEAF-cellulose 
column and two in a Sephadex G-200 column (Winkert 1964) and in both 
the albumin and post-albumin bands separated by acrylamide gel electro- 
phoresis suggests that discrepancies in molecular size estimates may be 
due to erythropoietin-protein aggregations. An attempt was made to use 
a strong hydrogen ion concentration in order to rupture some of the 
bonds which may contribute to protein-protein interactions, 
Although acid labile at 37OC it was found possible to dissociate human 
urinary ESF at a pH of 2.5 on a Sephadex G-200 column run at hoc for 
3 hours. The biological activity shifted from a 50,000 molecular weight 
fraction into one which was completely included by the gel which has a 
limit for complete inclusion of molecules with a molecular weight of 
!&OOO, Supported by N.I.H. grant HE-09!%0-01. 
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THE CAUSE OF HYPERTENSION IN PHEOCHROMOCYTOMA. Robert L. 
Wolf, Milton Mendlowltz, Julia Robot*, Eric Naftchl* and 
Gordon Bautz*. The Mount Sinai School of Medicine and The 
Mount Sinai Hospital, New York, N.Y. 

Hypertension-in pheoohromocytoma has been related to ln- 
creased secretion of the catecholamlne, noreplnephrlne (NE), 
from the tumor. In order to test this hypothesis we admln- 
lstered a dally, oral dose of 50 mg of guanethldlne for 1 
week to a patient with a solitary, benign pheochromocytoma 
and performed separate assays for urinary, diurnal normeta- 
nephrlne (NM), metanephrlne (M) and j-methoxy-b-hydroxyman- 
dellc acid (VMA). NM and M were separately assayed by hlgh- 
voltage electrophoresls after (a) hydrolysis at pH 1.0, (b) 
adJustment of the pH of the hydrolysate to 6.5, (c) absorp- 
tion on an Amberllte CG50 resin column, (d) elutlon with 
4N NHbOH, (e) evaporation of the eluates In vacua and, (f) 
extraction with ethyl aaetate at pH 11.0. The concentra- 
tions of NM, M and VMA (ug per mg-of creatlnlne) In the 
pheochromocytoma urine, before the administration of gua- 
nethldlne were 0.20 (normal mean value: O.ll), 0.51 (nor- 
mal mean value8 0.12) and 11.0 (normal mean value8 LW, 
respectively. Following the administration of guanethldlne, 
there was a reduction In urinary excretions of NM, M and 
VMA of at least 50 per cent concurrent with a sustained 
blood pressure rise from normal to hypertensive levels. 
These results Indicate that the hypertension associated 
with pheochromocytoma may not be caused by the lnareased 
secretion of NE by the tumor. 
(Supported b y  G rants HE 06546 (NIH), ~~-71 (NIH) and u-1690 
(Health Research Council of the City of New York).) 
IJ VITRO STUDIES OF HUMAN ECCRINE SWEAT GLANDS. Sidney M. Wolfe*, 
Gary W. Cage*, Ronald H. Thomnson, Lois W. Tice*, and Robert S. Gordon, 
Jr. Natl. Inst. Arth. & Metabol. Dis., Bethesda, Md. 

Human eccrine sweat glands were obtained by microdissection from 
surgical or biopsy specimens of skin, Vital staining with methylene 
blue or toluidine blue facilitated the dissection. The glands were 
incubated in a small volume of Krebs buffer and the effects of com- 
pounds known to affect sweating were studied. The production of 
lactate, a compound known to be a major constituent of sweat, was 
followed as an index of glandular activity. Acetyl+-methylcholine 
(Mecholyl) in concentrations as low as lo-6 M stimulated lactate pro- 
duction, usually by more than two-fold, and this effect could be 
inhibited by atropine. Epinephrine, at similar concentrations, was 
also found to stimulate lactate production. The amount of lactate pro- 
duced (5-10 nM/gland/hour for up to 3 hours) is more than might be 
expected were stored glycogen the only source. Accordingly, experi- 
ments were performed with and without glucose and these demonstrated 
that glucose was necessary for optimal lactate production. In addition 
to being metabolically active, the sweat glands were shown by electron 
microscopy to have an intact ultrastructure, This system appears 
promising for further study of the relationship between the stimulatory 
effects of various neurohumors and metabolic activity in sweat glands. 
Studies are now in progress to determine whether the stimulation of 
lactate production by Mecholyl is mediated by activation of phosphory- 
lase with increased glycogenolysis, 
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Development of a Dye Dilution Technique for Continuous Measurement of 
Regional Blood Flow. R.A. Wolthuis*, H.W. Overbeck*,and W.D. Callings, 
Depts. of Physiology and Medicine, Mich. State Univ., E. Lansing, Mich. 

A dye dilution technique providing continuous measurement of human 
upper extremity blood flow would increase the flexibility of previously 
reported techniques (Physiologist 8:247, 1965). A dye cuvette is re- 
quired which responds accurately at low blood withdrawal rates. It is 
also desirable that the recirculating dye concentration remain constant. 
Preliminary studies were made in 8 dogs and 2 men. In dogs the fore- 
limb was completely isolated from the body. A blood pump was interposed 
between the femoral and brachial arteries so that limb blood flow was 
supplied solely by pump. Pump flow was varied over the range 20-200 
ml./min. Total venous outflow from the limb flowed from cephalic and 
brachial veins into a reservoir and was returned to the dog by a second 
Pump* Venous outflow rate was measured by graduated cylinders. Limb 
venous blood was sampled by withdrawing it from each vein in turn 
through a Gilson dye cuvette at 1.5 ml./min. At each forelimb perfusion 
rate indocyanine green (0.4 mg/min) was continuously infused into the 
arterial tubing upstream to a mixing chamber until a dye concentration 
plateau was achieved in downstream venous blood. Changes in recircula- 
ting dye concentration were calculated on the basis of the slope of the 
plateau. Flow values calculated from mean dye concentration in the two 
veins were compared to total venous outflow. In human subjects dye was 
infused at 0.4 mg/min. into an antecubital vein and sampled continuous- 
ly from the contralateral antecubital vein. In 68 measurements in dogs 
the mean percent difference between actual and calculated flows was 
-0.54+ 10.3(S.D.) %. In the two humans the recirculating dye level re- 
mainez essentially constant and at very low concentrations ((2 mg/l) 
over a two hour infusion period. Continuous recording of human upper 
extremity blood flow by this technique appears promising. 

INFLUENCE OF THE AUTONOMIC NERVOUS SYSTEM ON AIRWAY CALIBRE 
AND ELASTIC RECOIL. A. Woolcock*, P. Macklem, J. Hogg*, & 
N. Wilson*. Joint Cardiorespiratory Service, Royal 
Victoria Hospital, Montreal, Canada. 

We used the retrograde catheter technique in dogs to 
partition pulmonary resistance into peripheral, Rp, and 
central Rc, components in the following experiments. 
1. During vagal stimulation. 2 AfterA-adrenergic block. 
3. During vagal stimulation afterA-adrenergic block. 
4. Following vagotomy afterfi-adrenergic block. In expt. 
1, Rc increased more than Rp in some dogs whereas in 
others the opposite was true. In dogs with an increase in 
Rp there was a proportionate increase in elastic recoil 
during vagal stimulation. In expt. 2, both Rp and elastic 
recoil increased in all dogs. In expt. 3, Rp increased 
more than Rc in all dogs, even those whose central 
airways constricted more during expt. 1. Expt. 4 reversed 
the increase in Rp and elastic recoil seen in expt. 2. 
These results indicate that vagal tone operates at all 
levels of the airway. Its effect on peripheral airways 
is masked by adrenergic mechanisms, which permit vagal 
tone to act without affecting elastic properties of 
lungs. (Supported by the John A. Hartford Foundation 
and the Defense Research Board of Canada.) 
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EFFECT OF HYPERLLPEMIC SERUM AND CORTICOIDS ON LIPID 
METABOLISM IN THE PERPUSED RAT LIVER. C.H. I&J,* A. L;;;erg* 
3. Daunas,* B. Brodoff,* R. Levine and 32. Penhos. 
Found. Mashington Hosp. Ctr.; Dept. of Med., G. W. Univ.; 
Washington, D. C. and Dept. of Med., New York Med. Col., 
New York. 

Livers obtained from "fed" or "fasted" rats were per- 
fused with blood from "fasted" rats withand without the 
addition of corticoids (triamcinolone) and/or hyperlipemic 
serum (HLS). 

The addition of the hormone alone or with HLS to the 
perfusate in perfusions of "fasted" or "fed" livers reduced 
the levels of blood sugar and increased-the-levels of non- 
esterified fatty acids in the perfusate. 

The output of triglycerides, phospholipids and choles- 
terol was reduced when the hormone was added to the per- 
fusate. When HLS was added with triamcinolone the uptake 
of triglycerides, phospholipids and cholesterol was also 
reduced. 

The levels of urea and ketone bodies in perfusions of 
"fed" and "fasted" livers with or without the addition of 
HLS were not affected when triamcinolone was added. 

The magnitude of the effects noted were greater when a 
"fed" liver was used during the perfusion. 

HYDRAULIC PROPERTIES aF THE PLEURAL SPACE SUCGESTED BY SEDIMENTATION OF 
THE TYPE ANTICIPATED FOR AN OPEN FLUID QiANNEL BY MICRaPHERES IN DOGS 
WITHCUTTHORACOTOMY. 
III+, 

C. C. Wunder, .I. H. Reed, Jr.*, W. M. McConahcy, 
and E. H. Wood, Mayo Clinic and Mayo Graduate School of Medicine, 

Rochester, Minnesota. 
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I.5 In an attempt to partially rc- 
solve the different concepts con- 
cerning the nature of the pleural 
space (.I. Appl. Physiol. 21:1500, 
1966; Handbook of Physiol. III, 
Vol. 1, p. 403, 1964) spheres of 
varying density (d) were injected 
through narrow percutaneously in- 
serted catheters and the sedimen- 
tation rates (S) observed by gamma 
emission of Yb169 or by roentgen 
videometry. Up to a sphere diam- 
eter (D) of 100 microns in the 
prone position, values for S com- 
plied with those predicted by 
Stokes' Law (solid lines) but not 
for D in excess of 1000 microns 
which preliminary optical measure- 
ments suggest may be the extreme 
limiting width of the space at 
mid-lung, (Supported in part by 
Research Grants NASA NsG327 and 
NIH l-F3-GM-4756.) 
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REVERSAL OF SWEAT RECRUITMENT PATTERNS. R.D. Wurster, C.R. Hassler*, 
R.D. McCook and W.C. Randall. Loyola University, Stritch School of . -- 
Medicine, Department of Ph ysiology, Chicago, Illinois. 

In previous papers this laboratory has reported patterns of sweat 
recruitment in which sweating consistently first appeared on the lower 
extremities, proceeding in a -rostra1 di rectio n until swea ting i s pre- 
sent on all cutaneous s urfac es. The ap pearan ce of 1 ocal sweati w w- 
peared to be independent of local skin' temperature. This phenomenon 
of differential&sweat recruitment has obvious importance to the con- 
cept of setpoint determination of sweating. The'problem is further 
complicated by alterations in recruitment patterns under conditions 
of different central and skin temperatures. Experiments were designed 
to test the influence of exposure'of the upper half of the body to- 
high ambient temperatures (60°C) while the lower half of the body was 
exposed to cool environments (20°C) and vice versa. Sweating was meat 
sured on seven cutaneous areas while oral, tympanic membrane, and rec- 
tal temperatures were recorded, Skin temperatures also were recorded, 
from which total, upper, and lower body mean skin temperatures were 
calculated. Heating the upper cutaneous areas (while cooling the 
lower) reversed the pattern of sweat recruitment, Heating of the 
lower half while cooling the upper half produced the usual caudal to 
rostra1 recruitment pattern. The interval between initial appearance 
of sweating on the lower and upper extremities could be extended by as 
much as go-minutes. Theoretical explanation of the varying recruit? 
ment patterns and their relationship to set point control theory are 
discussed. (Supported by NIH Grant HE 08682.) 

VISUAL RECEPTIVE FIELDS IN STRIATE CORTEX NEURONS OF AWAKE 
MONKEYS. Robert H, Wurtz, NIMH, Bethesda, Md, 

Monkeys were trained ro fixate a point on a screen for 
several seconds; this fixation minimized large voluntary eye 
movements while leaving the physiological nystagmus of 
normal vision unaltered, Deviations of the eyes from the 
fixati on poi nt were indicated by an electro-oculogram, 
Single unit act ivity was then recorded from striate cortex 
while the monkey sat in a primate chair with its head 
rigidly held. The receptive field of each unit was located 
during successive fixations by projecting white light 
stimuli onto the screen in various parts of the visual field 
Receptive fields studied were within 15 degrees of the fixa- 
tion point; eyes were in the light adapted state, Many units 
responded vigorously to non-moving stimuli in the receptive 
field, and the responses continued without adaptation for 
the several seconds of the stimulus presentation, presumably 
in part because of the retinal movement produced by physio- 
logical nystagmus, Narrow rectangles of light, dark bars on 
a light background or the edge between light and dark areas 
were effective stimuli, being most effective in a particular 
orientation (vertical, horizontal, etc.) Receptive field 
centers as small as 2.0 by 0.5 degrees of arc have been 
found, Other units responded best to moving stimuli of a 
particular shape and orientation, The response of these 
units was frequently directionally specific, with excitation 
for stimulus movement in one direction and inhibition for 
movement in the other direction. 
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MUSCULAR CONTRACTION AND ELASTICITY OF ARTERIAL WALL. M. Wurzel and 
G.R. Cowper. *Dept.Physiology, University of Ottawa, and National Re- I 
search Council, Ottawa, Canada. 

Viscoelasticity of spirally-cut rabbit aortic strips suspended at 
370C in Ringer’s solution was examined in the fully relaxed and in the 
contracted state. The results were interpreted with reference to a me- 
chanical model consisting of a spring (of modulus El) and a dashpot (of 
viscosity V) in series,acting in parallel with a second spring of modu- 
lus E2.Upon contraction E2 was found to decrease to half of its value, 
El to increase from zero to a maximum, and viscosity, likewise, to in- 
crease gradually from a negligeable value to a maximum at the fullyccn- 
tracted state.The effect of contraction on El, E2,and Y persisted even 
when the initial tension on the arterial wall was varied from 5 to 40 
g/cm, i.e. up to physiological values of wall tension in vivo. Fibers 
contained in the arterial wall can be described as being built in twp 
ways: 1) contractile and non-contractile fibers connected in series,and 
2) non-contractile fibers arranged independently of contractile fibers. 
Upon gradual stretch, an increasing number of elastic fibers are re- 
cruited, and therefore participate in the build up of resistance to an 
imposed external stretch; 
tion a part of the elastic 

thus E2 gradually increases. Upon contrac- 
fibers become more slack, and therefore, E2 

values become smaller. The increase of modulus El, upon contraction, 
from a negligeable level to a value comparable to E2 can be attributed 
to stiffening of the contractile fibers. Gradual increase of viscosity 
observed with increasing contraction could be attributed to structural 
changes in the contractile matter itself, or to closer packing of fi- 
bers, i.e. to altered interfiber relations. Arterial wall contracted 
with norepinephrine cannot maintain its shorter length when submitted 
to rhythmic stretching, but it maintains it well when contracted with 
serotonin and histamine.Grants from MRC and Ontario Heart Foundation. 

BLOOD GLUCOSE OXIDATION AND REFLACEMZNT DURING PROLONGED EXERCISE IN 
MAN. D. R. Young. National Aeronautics and Space Administration, 
Ames Research Center, Moffett Field, Calif. 

tiperiments were performed in order to develop quantitative infor- 
mation with regard to glucose production and oxidation in the post- 
absorptive state. Male subjects were required either to walk on a 
treadmill at a workload approximately 1/3rd of the maximal work 
capacity, or to rest on a reclining couch for a period of 13-l/2 hr. 
Water and salt were provided regularly in order to avoid important 
dehydration. The level of blood lactate was low and uniform (lo-12 
mg/lOO ml) during both test conditions. After 9 hr of rest or exer- 
cise, a steady state level of the blood glucose, 

& 
lycerol, and free- 

fatty acids was maintained. Uniformly labelled 1 C-glucose was then 
administered as a single injection, 
the subsequent &-l/2 hr period. 

and observations were made during 
In 10 resting subjects, the blood 

glucose level was 72 mg/lOO ml, the glucose pool was 26.2~4.2 g, 
glucose turnover rate was 14mg.6 mg/kg/hr, glucose oxidation was 
79.e28.3 mg/kg/hr. During exercise, the blood glucose level was 
69 mg/lOO ti, the glucose pool was 28.3+5.9 g, glucose turnover was 
2(J6i55.8 m&h-, and glucose oxidation was 175~62.7 mg/kg/hr. 
These experiments demonstrate that during "alactic" work, the blood 
glucose is maintained at a constant level as a consequence of a brisk 
replacement rate commensurate with the elevated rate of glucose oxi- 
dation. The oxidation of at least 8-20 g of glucose per hour did not 
prevent a minor ketonuria in exercising subjects. 
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DEUTERIUM ISOTOPE RATE EFFECTS WITH IN SITU ACETYLCHOLINESTERE IN 
THE VAGAL HEART SYSTEM. Wei Young. Biadical Division, Lawrence 
Radiation Laboratory, UniGsity of California, Liver-more, California. 

The recognition of the central role of acetylcholinesterase (AChE) 
in the action of important synaptic transmitter, namely, acetylcholine 
(ACh), has stimulated much research. Our recent demonstration of the 
in situ AChE kinetics (Biochim. Biophys. Acta, 64:60-64, 1962) may -- 
have contributed to a better understanding of some aspects of 
cholinergic mechanisms (Physiologist 9:324, 1966). The utilization of 
deuterium either replacing H20 with D$ or by replacing hydrogen on 
the substrate with deuterium, has been especially useful for probing 
the mechanism of enzyme action. The magnitude of the isotope rate 
effect when a hydrogen atom is removed or added in a rate determining 
step can be as large as 6-7. The ratio of KH/KD in the vagal heart 
system was found to be 5.7, when all the hydrogens in the ACh 
molecules were replaced by deuterium atoms. A lower KH/KD value was 
observed when the hydrogens were partially replaced. when 25% 50% 
or 75% of the H$ was replaced by D20, KH/KD was found to be 1.72, 
2.63 and 3.12 respectively. Higher concentrations of D20 inhibited 
the contracting system. These results suggest that transfer of a 
proton seems to be the rate limiting step. (Supported by U.S.A.E.C.) 

COLD SURVIVAL OF SURGICALLY- AND RADIO-THYROIDECTOMIZED 
HAMSTERS. M.K. Yousef*, R.R.J. Chaffee, W.D. Robertson* 
and H.D. Johnson. Depts. 
Univ. MO., Columbia, MO. 

Dairy Husb., Zool. and the SSRC, 

Earlier studies (Chaffee et al, Am. Zool. 2, 538) showed 
that surgically thyroidectomized (Thx) hamsters unlike rats 
(You and Sellers, Endocrinology 49:374) are highly resis- 
tant to prolonged cold. These seudies were made to see if 
there is evidence for the presence of any ectopic thyroid 
tissue in the Thx hamsters. 
exposed to 8OC below zero. 

Three groups of hamsters were 
Group I were controls, Ef~up II 

Eere surgically Thx, 

bgf 
consumption 

and Group III were Thx using I 
(MR) and body weights (BW) were measured 

ore and after exposure. Plasma protein-bound-Iodine 
(PBI) was determined in all groups. The PBI in Group II 

was si nificantly 
f 

lower than in Grou 
Group II. These studies indicate t K 

I and higher than in 

ectopic thyroid tissue. 
at hamsters may have 

Cold caused a significant increase 
in MR and a decrease in BW in all 3 groups, indicating that 
increased MR can occur sans an increase in thyroid activi- 
ty- Animals in Group I and II survived for more than 9 
days; however, 68% of the animals in Group III died within 
the first 72 hours of exposure. The survival data suggests 
that increased thyroid activity in cold exposure has no 
significant effect upon survival. The non-resistance of 
radio-Thx hamsters to cold may be due to quicker failure of 
thermogenic mechanisms. Supported in part by the SSRC of 
the U of MO.; U.S. Army Med. Res. and Dev. Command, Dept. 
of the Army Contract No. DA-17-67-C0025* and USAF Aeromed. 
Res. Command, Contract F 29600-56-C-000$. 
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SITE OF FORMATION AND LACK OF SPECIES SPECIFICITY OF THE RENAL 
ERYTHROPOIETIC FACTOR (REF). Esmail D. Zan,jani*, George W. 
Cooper*, Albert S. Gordon, Keith K. Won@ and Joseph F. Contrera*. -- 
Lab. Exp. Hematol., Dept. Biol., Grad. School of Arts and Sci., 
New York University, New York. 

The REF, an enzyme capable of generating erythropoietin (ESF) 
when incubated with normal serum, was prepared from light mito- 
chondrial extracts of kidneys from normal and hypoxic rats and 
rabbits, normal and renal artery-ligated dogs, normal pigs and 
humans. These tissues were first separated into cortical, medul- 
lary and cortico-medullary regions. Contamination of cortical 
and medullary regions with each other was prevented by removing 
the cortico-medullary portion. The ESF-generating capacity of 
the REF from each of these regions was assayed after incubation 
with normal EDTA-dialyzed serum in polycythemic mice. REF activ- 
ity was found to be present in all fractions tested. Further 
division of cortical tissue into glomeruli and tubules revealed 
that the REF was distributed throughout the nephron. In addition, 
REF from any one of the above species was capable of generating 
ESF when incubated with serum of the other species. These 
findings provide evidence that the REF is produced in both the 
renal cortex and medulla and also that the ESF-generating system 
is similar and non-species specific within the mammalian group. 
(Supported by a grant from the NIH, HE03357-10). 

Effect of hypothermia on renal function of the marmot, Marmota 
flaviventris. Marvin L. Zatamanti, Esther P. Thompson", and Frank E. 
South. Department of Physiology, University of Missouri School of 
Medicine and Space Sciences Research Center, Columbia, Missouri. 

Hypothermia is known to depress renal function in mammals, but 
little is known of the effects of cooling hibernants. Clearances of 
Polyethylene Glycol (m.w. 3700), inulin, creatinine, and para- 
aminohippurate were determined prior to, during and following hypo- 
thermia (20°C rectal temperature). All clearances were reduced during 
hypothermia and increased toward initial values after the animal was 
rewarmed. Glucosuria resulted from hypothermia in all animals, while 
a diuretic response was not uniformly elicited. When diuresis occurred 
during hypothermia, urine osmotic pressures were reduced, but returned 
toward initial values when animals were rewarmed. (Supported by NIH 
grant: GM 13960). 
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ELECTRICAL ACTIVITY IN THE CAT NEUROHYPOPHYSIS. Guillermo Zeballos* 
and Alan B. Rothballer. Department of Physiology, New York Medical 
College, New York. 

Electrical recording of the neurohypophysis was done to characterize 
its bioelectrically active elements and to use electrical activity as 
an indicator of the hypothalamico-hypophysial system's response to 
various influences. In cats anesthetized with chloralose, the pitui- 
tary gland and ventral hypothalamus were exposed transpharyngeally, the 
dura opened, and stainless steel micro-electrodes (tip diameter, 2~; 
50,000 Ohms) introduced directly into various portions of the neurohy- 
pophysis under visual control. Spontaneous activity was recorded, and 
that following electrical stimulation of the radial nerve and injection 
of hypertonic solutions into the carotid circulation. Continuous re- 
cordings of electrical activity within the neurohypophysis disclosed 
some relatively larger potentials (0.3 to 0.5 mV) of 2 to 4 msec dura- 
tion, and others of lower amplitude and longer duration. Analysis of 
10 sec. periods showed spontaneous discharge rates of 1-3/set. at 
certain sites in the gland and frequencies of 0-0.7/set. at others. 
These rates of discharge are within the range reported by others for 
hypothalamic units. Stimulation of the radial nerve increased the 
rate of discharge 3 to 10 fold, with varying latent periods, some very 
short, others from 2 to 8 seconds. Stimulation with hypertonic solu- 
tions produced a similar response but of a longer latency (around 1 
minute) and duration (around 30 minutes), affecting principally the 
frequency of the larger potentials. Thus recordable electrical neuro- 
hypophysial activity can be related to stimuli known to cause vaso- 
pressin release and may prove a useful indicator of neurohypophysial 
function. (Supported by Public Health Service Research Grant Number 
NB-06624, NINDB.) 

EFFECT OF LOW CERVICAL SPINAL CORD LESIONS ON DETECTION OF INCREASED 
AIRFLOW RESISTANCE IN MAN. F. W. Zechman, Jr., R. O'Neill* & R. Shannon-? 
Department of Physiology & Biophysics and Department of Medicine Univ- 
ersity of Kentucky Medical Center, Lexington, Kentucky. 

Two patients with low cervical cord lesions have been studied to de- 
termine the extent to which information from the chest wall contributes 
to perception of increased inspiratory airflow resistance. Both are 
young male adults without previous histories of cardiopulmonary disease. 
Their V.C.'s and CL's were reduced and pulmonary resistances elevated. 
E.R.V.'s were zero. Paco2's were normal and Pao2's slightly reduced. 
Strain gauges indicated upper chest circumferences decreased with each 
inspiration. Threshold for detection of added resistance was carried 
out as recently described (Resp. Physiol. 2: 73-87, 1966). Instead of 
pressing a button however, the guadriplegics closed their eyes to sig- 
nal detection of added resistance. The relationship between detection 
scores and the proportionate changes in resistance were plotted for 
each patient & compared with similar data for 5 control subjects. The 
patients detected added inspiratory resistance as well as the control 
subjects. In view of the strain gauge findings cited above, it is un- 
likely that residual sensory function of the upper chest could be re- 
sponsible for detection. It is concluded that the trunk is not the sole 
or unique information source necessary for perception of resistance. 
Guz et al (Clin. Sci. 30: 161-170, 1966) recently reported ability to 
detect elastic loading unaffected by blocking IX & X cranial nerves. 
Perhaps the nonspecific sensations which lead a subject to indicate he 
detects loading originates from multiple sources (trunk, lungs, airways, 
diaphragm). Redundancy of the sensory input system could explain why 
disruption of various individual segments of input has not altered the 
ability to detect loading. 
HE 08932-03). 

(Supported by NIH Grants HE 10628-01 and 
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PARTITION OF BLOOD FLOW TO THE CUTANEOUS AND MUSCULAR BEDS OF THE FORE- 
ARM, AT REST AND DURING LEG EXERCISE IN NORMAL SUBJECTS AND PATIENTS 
WITH HEART FAILURE. Robert Zelis*, Dean T, Mason, and Eugene 
Braunwald, Cardiology Branch, Natl. Heart Inst., Bethesda, Md. 

Although major adjustments of the regional vascular beds accompany 
the circulatory response to physiologic and pathologic stress, it has 
been thought that blood flow to resting muscle is normally not altered 
during exercise and that flow to this area is maintained at normal 
levels in resting patients with congestive heart failure (CHF). The 
blood flow in the cutaneous and muscle circulations of the forearm was 
determined at rest and during supine leg exercise in 11 normal subjects 
and in 9 patients with CHF. Forearm blood flow (FBF) was determined 
plethysmographically in an untreated forearm and simultaneously in the 
opposite forearm in which the skin circulation had been arrested by 
epinephrine iontophoresis. In normal resting subjects, FBF averaged 5.5 
ml/100 g/min, 61% partitioned to muscle and 39% to skin. In patients 
with CHF, FBF averaged 2.5 ml/100 g/min with 49% to muscle and 51% to 
skin; each component was significantly lower than in normal subjects. 
In normal subjects performing mild exercise, forearm muscle flow was 
not significantly changed, but during strenuous activity it was reduced 
significantly (-28%). Cutaneous blood flow, however, declined at both 
levels of exertion by 49% and 74% respectively. E.n normal subjects cu- 
taneous hyperemia occurred late during mild exercise and with strenuous 
exercise was delayed until after exercise was discontinued. In con- 
trast, in CHF, muscle blood flow decreased strikingly during both mild 
(-45%) and strenuous exercise (-51%); cutaneous flow diminished by 75% 
and 82% respectively and no postexercise hyperemia occurred. Thus, in 
CHF both the cutaneous and muscle beds of the forearm are abnormally 
constricted at rest, there is excessive vasoconstriction in both beds 
during leg exercise and postexercise hyperemia is abolished, 

Tl!E EFFECTS OF LOCAL AJ'JD CENTRAL BODY 1JEATING ON VENOblOTOR REACTIONS 
R.S. Zitnik, R.E. Hyatt and J.T. Shepherd. Mayo Grad. School of bled. 
Rochester, Minn. 

Changes in venous pressure (VP) distal to a pneumatic cuff inflated 
to arrest the circulation reflect changes in tension in the venous wall 
if no blood enters or leaves the occluded distal limb (ODL). In 7 
normal male subjects (age 22-35) forearm and/or hand VP was measured 
simultaneously with forearm and/or hand volume (water filled or strain 
gauge plethysmographs). During the venomotor response to a deep breath 
or mental stress (increasdwall tension resulting in increased VP) 
(PMR), no change in forearm and/or hand volume was noted. Arterial 
inflow or infusion of heparinized blood into the ODL sufficient to 
raise the VP to levels observed after a deep breath, resulted in clear- 
ly measurable increases in volume. 

In 4 subjects, both hands were placed in water-filled plethysmo- 
graphs and hand VP measured in the CDL. Water bath temperature (t) 
regulating kept skin t at 35-360 C in the one hand (control) and 41- 
44.2Tin the other. m!R were depressed but never completely absent in 
the heated hand and always present in the control hand. In 7 subjects 
central body t was raised to 100.5°-1020 F (oral) by placing the feet 
in water at 44O C and the use of thermal blankets. VlilR were depressed 
or absent at the height of heating, but returned immediately on cooling 
the subject. VblR were equally depressed in the control hand (skin t 
35-36O C) and cool hand (32-33O C). These results indicate that blood 
does not enter or leave the distal limb after complete occlusion during 
the VF!R to a deep breath. A VP rise must therefore reflect changes in 
venous wall tension. Local heating depresses but does not abolish VMR. 
Central body heating may abo lish VMR and local cool i ng doe s not restore 
it, suggesting that the impa irment of V!!R by ce ntra 1 heati ng is a cen- 
tral and not a local effect. 


