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1 

INDIRECT BLOOD PRESSURES OBTAINED SIMULTANEOUSLY WITH A 
PIEZOELECTRIC CRYSTAL AND AN IMPEDANCE PLETHYSMOGRAPH 
COMPARED TO CAROTID ARTERIAL PRESSURE IN THE AWAKE RAT. 
Carl F. Schaefer and Michael F. Wilson. U. Okla. Health Sci. 
Ctr. and VA Med. Ctr., Oklahoma City, OK 73190 

Electrical impedance plethysmography (IP) was explored as 
an alternative to the commonly used piezoelectric crystal (PC) 
method of tail pulse sensing for indirect blood pressure mea- 
surement. Ten adult rats (2 Sprague Dawley, 4 Wistar Kyoto, 
and 4 Spontaneously Hypertensive rats) were tested using a 2 
cm long cuff, a PC, and 4 aluminum strip electrodes for IP 
attached to their tails. Within individual rats the average 
difference between PC and IP indirect pressures recorded poly- 
graphically was no more than 4 mm Hg. After implantation of a 
right carotid cannula using enflurane anesthesia, average 
pressures + SEM for the 10 awake restrained rats were IP 127.3 
t14.3 mm Hg, PC 128.2t14.4, carotid systolic 153.8t15.4, dia- 
stolic 107.2t12.0, an?! mean arterial pressure (MAPT 125.8+ 
13.4. By paTred t-test no significant differences were found 
among PC, IP, and MAP, while both indirect pressures were sig- 
nificantly (p<.OOl) different from carotid systolic and dia- 
stolic pressures. Thus, indirect blood pressure measurement 
by either PC or IP reflected MAP rather than systolic pres- 
sure. Although the indirect pressures were equally reliable 
by PC or IP, the latter were more easily determined since the 
return of the tail pulse was generally more distinct in the 
differentiated (dZ/dt) output of the IP than in the PC output. 
(Supported in part by VA Res. Serv. and Anesth. Res. Fund) 

3 
RESTORATION OF PRESSO!? HYPERRESPONSIVENESS BY SMALL DOSES OF 
ANGIOTENSIN IN RABBITS BLOCKED WITH SO-14.225. D.G. Koivunen*. 
J.A. Johnson, W.K. Nichols*, D.W. Zeigler;, and C.G. Payne*: q 
H. S Truman Mem. V.A. Hospital, and Depts. of Physiology and 
Surgery, Univ. of Missouri Sch. of Medicine, Columbia,-MO 65201 

Previous studies have shown that SQ-14,225, an angiotensin 
converting enzyme inhibitor, blocks pressor hyperresponsiveness 
to norepinephrine (NE) in rabbits with renal artery stenosis 
(RAS): suggesting that angiotensin II (A-II) has an important 
role .in this mechanism. This study examined the effect of A-II 
in subpressor doses in restoring pressor hyperresponsiveness in 
RAS rabbits during SQ-14,225. Six l-kidney rabbits with RAS of 
3 days' duration and six l-kidney control rabbits were infused 
with NE (400 rig/kg min) before and during infusion of SQ-14225. 
During the latter NE infusions, A-II was infused at 0.5, 1, and 
2 rig/kg min. The RAS rabbits had greater increases in mean 
arterial pressure (MAP) to NE prior to SQ-14,225 when compared 
to the controls; this difference was abolished by SQ-14,225. 
Addition of 0.5, 1, and 2 rig/kg min of A-II during SQ-14,225 
caused a restoration of the initial hyperresponse to NE by 75, 
83, and 96% respectively. In the control animals the changes in 
MAP in response to NE before SQ-14225 did not differ from those 
seen in response to NE after blockade, both with and without 
the addition of A-II. These results show that the hyperresponse 
to NE in RAS rabbits can be restored after SQ-14225 by infusing 
very small doses of A-II, suggesting an increased number or 
affinity of A-II "hyperresponsiveness" receptors in these RAS 
rabbits. (Supported by the Medical Res. Service of the V.A.) 

5 6 
PRESSOR RESPONSES TO NOREPINEPHRINE IN RABBITS TREATED WITH RESETTING OF THE BAROREFLEX DURING INTRACAROTID INFUSION OF 
DEOXYCORTICOSTERONE. J.A. Johnson, P. McMurray*, D.W. Zeigler*, 
S. Siripaisarnpipat", D.G. Koivunen*, W.L. Fowler, Jr.*, and 
C.G. Payne*. H. S Truman Mem. V.A. Hospital, and Depts. of 
Physiology and Surgery, Univ. of Missouri, Columbia, MO 65201. 

Previous studies from this laboratory have shown that pre- 
hypertensive rabbits with renal artery stenosis have pressor 
and vascular hyperresponsiveness to vasoconstrictor agents. 
The present study examined the possibility that rabbits treated 
with deoxycorticosterone (DOC) would have pressor hyperrespon- 
siveness. Six rabbits received a subcutaneous implant of a 250 
mg pellet of DOC and were given saline to drink. Six control 
rabbits were sham operated and received water to drink. Two 
weeks later, the pressor responses to 5 min. infusions of nor- 
epinephrine (NE) at doses of 25, 50, 100, 200, 400, 800, and 
1200 rig/kg min. were determined in conscious rabbits. The 
changes in mean arterial pressure +SEM (in mn Hg) were: 

NE dose (rig/kg per min.) 
25 50 - 100 200 400 800 1200 P ----- 

DOC-salt t2.3 +4.3 t8.3” +12* +]6* +23* +32* 
rabbits 20.4 kO.8 20.6 +0.8 +0.7 21.1 23.0 

Control to.8 t3.0 t4.3 t6.8 +ll +14 +19 
rabbits to.3 +0.5 20.5 +1.4 k1.6 +1.3 21.8 

These results indicate that 2-week DOC-salt treated rabbits 
have pressor hyperresponsiveness to NE. (Supported by the 
Medical Research Service of the Veterans Administration.) 

2 
A CHANGE IN RESPONSIVENESS TO SODIUM ARACHIDONATE IN AORTAE 
FROM DEOXYCORTICOSTERONE ACETATE (DOCA) HYPERTENSIVE RATS. 
Warren E. Lockette, R. Clinton Webb, and David F. Bohr. 
Univ. of Michigan Medical School, Ann Arbor, MI 48109 

Experiments were performed to characterize vascular 
reactivity to sodium arachidonate (SA) in DOCA hypertension. 
Thoracic aortae were excised from DOCA hypertensive and con- 
trol normotensive rats. Isometric contractions were recorded 
from helically cut aortic strips mounted in a muscle bath. 
Addition of SA (1 ug/ml) produced contraction only in aortic 
strips from DOCA hypertensive rats [602+266 mg (approx. 50% 
of the maximum response to norepinephrine), n=4]. Contrac- 
tile responses to SA were inhibited by treatment with the 
prostaglandin cyclooxygenase inhibitor, indomethacin (5 ug/ 

.a. Aortic strips from DOCA rats also showed increased 
sensitivity to norepinephrine [DOCA ED50 = 2x10W1', control 
ED50 = 6x10-10 g/ml, n=5, p 4.051; serotonin [DOCA ED50 =' 
2x10-8, control ED50 12x10-8 g/ml, n=5, p 4.051, and potassium 
chloride [DOCA ED50 = 6.0 mM, control ED50 = 12.0 mM, n=4, 
p 4.051. These results demonstrate a differential increase in 
vascular responsiveness to SA in DOCA hypertension, and this 
finding is probably due to an alteration in the metabolism of 
SA in aortic strips of DOCA hypertensive rats. (Supported by 
NIH grants HL-18575 and HL-00813 and grants from the Michigan 
Heart Association and the Michigan Memorial Phoenix Project.) 

4 
DIFFERENTIATION OF THE ANGIOTENSIN PRESSOR AND HYPERRESPONSIVE 
RECEPTORS BY ANGIOTENSIN II ANALOGS IN RAEBITS. D.E. Zeigler*, 
J.A. Johnson, W.L. Fowler, Jr.*, D.G. Koivunen*, and C.G. 
Payne*. H. S Truman Mem. V.A. Hospital and Depts. of Physiology 
and Surgery, University of Missouri, Columbia, MO 65201. 

Previous studies have shown that rabbits with renal artery 
stenosis (RAS) of 3 days duration have pressor hyperresponsive- 
ness to norepinephrine (NE), which can be blocked by the angio- 
tensin II (A-II) analog, [Sari, Ile8] A-II, indicating that 
A-II is involved in the hyperresponsiveness. The present study 
examined the effect of another A-II analog, [Sari, Ala81 A-II, 
on pressor hyperresponsiveness in this model. Rabbits were 
divided into 3 groups. Group 1 was the control l-kidney rabbits 
(n=4). Group 2 was the l-kidney RAS rabbits receiving [Sari, 
Ilee] A-II (n=4). Group 3 was the l-kidney RAS rabbits receiv- 
ing [Sari, Ala81 A-II. A pressor dose of 300 ng A-II was given 
before and during the infusion of the A-II analogs to confirm 
the blockade of the pressor action of A-II. The pressor res- 
ponse to NE (400 rig/kg min) was determined before and after 15 
min of analog infusion. Pressor responses (mm Hq) to NE were: 

Group 1 
Before analog During analog 

9.5 23.7 8.0 k3.1 
Group 2 16.7 +4.3 7.6 *2.0** 
Group 3 17.2 22.6 16.0 t3.7 

Both A-II analogs blocked the pressor action of A-II, but their 
ability to block the pressor hyperresponse to NE was signifi- 
cantly different. These data provided evidence that the A-II 
hyperresponsive receptors and pressor receptors are different. 

PGE 
Mic igan State University, East Lansing, HI 48824. i? 

AND ANGIOTENSIN II. S.S. Hull, Jr.* and J.E. Chimoskey. 

Comparison has been made of baroreflex resetting induced by 
intracarotid (IC) infusion of prostaglandin E 

i 
(PGE > and 

angiotensin II (AII). Most of these studies ave b$en per- 
formed in conscious male Jersey calves, but reflex resetting 
by PGE, has also been ob served in conscious dogs and sheep. 
Electrzmagnetic flow detectors have been implanted in the 
calves on the main pulmonary artery (n=5), renal artery (RA) 
(n=3), superior mesenteric artery (SMA) (n=2) and iliac artery 
(IA) (n=2). Catheters have been implanted IC in 4 dogs, 4 
sheep and 5 calves and in the right atrium (RA) and distal 
aortic arch (Ao) of the calves. IC PGE 10 ng/kg/min, 
increases systemic arterial pressure (P$i in dogs (17%). sheep 
(31%) and calves (32%). r.e. control (C), p<.Ol in each 
species, without reflex decrease in heart rate (HR). In 
calves IC PGE2 increases total peripheral resistance 29%. 
p<.Ol; HR. 9%. pc.05; Cardiac Output, 4%. p<.Ol; and resis- 
tance in RA, 37%. p<.Ol: SMA, 12%. n.s.; and IA, 39%. n.s., 
beds. In calves the Pa and HR responses to IC PGE2 were 
compared to IC AII, 10 ng/kg/min: intravenous (IV) phenyl- 
ephrine (PH), 1 pgm/kg/min; ICAII+IVPH;ICPGE +IVPHby 
2 way ANOVA. Pa was distributed in the order C < $GE 
+26% < AII, +36X < PGE + PH, +46% < AI1 + PH, +56X; 
distributed in the ord$r PH 

r;R=w::* 

PH < PGE 
= AI1 + PH, -9% < C = AI1 = PC2 + 

+9%, p<.Ol where different. PGE 
reflex b6; HR increases with PGE2 and does 

and AI1 reset the 
6ot with AII. 
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7 
CAPTOPRIL AND MK 421 CAUSE A FALL IN BLOOD PRESSURE IN NORMO- 
TENSIVE AND HYPERTENSIVE RATS. M. Ian Phillips and Laurie 3. 
Hoffman, Dept. of Physiology, College of Medicine, Unw 
ofida, Gainesville, FL 32610 

Captopril and MK 421 are both angiotensin II converting en- 
zyme inhibitors (ACEI). The physiological role of peripheral 
and central angiotensin II (AII) in blood pressure and water 
balance can be further studied by these inhibitors. Normoten- 
sive and SH rats were prepared with implanted intracerebro- 
ventricular cannula and femoral artery and vein catheters 
3-7 days after surgery subjects were tested with a dose range 
of the ACE1 at different times after angiotensin I (AI) in- 
jections both centrally and peripherally. Results of 35 mg/kg 
captopril iv, 35 mg/kg MK 421 iv or 2.5 mg/kg MK diacid one 
hour after AI is given in Table I. 

Control AI Capt MK 421 AI+Cap AI+MK 
112.5k2.5 167.5A9.5 93.9k2.1 91.723.5 llOk4.9 105-3.5 

n= 19 19 19 6 6 6 
Both ACEIs at doses which inhibited AI, lowered normal blood 
pressure by 12-16% hr. In SHR the pull in BP was 23% to a much 
lower dose of 2.5 mg/kg MK 421). Using ACE1 the results indi- 
cates that normal blood pressure is maintained by AI1 and in 
hypertension of SHR. There was spontaneous drinking to both 
ACEIs which implies that they have an effect of AI1 central 
receptors. In conclusions 1. MK 421 is more 
pril 2. Both lower normal blood pressure 3. 1 

otent than capto- 
0th induce drink- 

ing 4. Both lower BP in SHR. 

9 
EFFECTS OF HIGH-POTASSIUM INTAKE ON EXPERIMENTAL ANGIOTENSIN 
II HYPERTENSION. David B. Young and Udom Tipyamontri*. Univ. 
of Miss. Med. Ctr., Jackson, MS 39216 

A high-potassium (K) intake results in an increase in 
sodium (Na) excretion, and in some circumstances has been 
shown to reduce arterial pressure in experimental animals and 
man. To analyze the antihypertensive and natriuretic effect 
of K, a high K intake was given to several experimental models 
of hypertension, the first of which was angiotensin II hyper- 
tension in the dog. Hypertension was produced by continuous 
infusion of 10 ng/Kg/min angiotensin II in a group of 8 mongrel 
dogs weighing an average of 21.5 Kg. 
200 mEq/day, 

Dietary sodium intake was 
K intake was 30 mEq/day. The angiotensin hyper- 

tension was characterized by a 26 percent increase in arterial 
pressure and complete suppression of endogenous renin activity. 
Increasing K intake by 200 mEq/day resulted in a natriuresis 
that persisted for two days, the maximum daily rate of Na 
excretion exceeding the control rate by 48 percent. The cumu- 
lative negative Na balance was approximately 100 mEq. The high 
level of K intake resulted in 0.8 to 1.0 mEq/l increase in 
plasma K concentration. No measurable change in arterial 
pressure was observed during the two week period of high K 
intake, nor following its termination. In this model of hyper- 
tension, K intake does not affect the level of arterial pres- 
sure although it does strongly affect renal Na excretion. 
(Supported by HL 21435, 11678, and 00373) 

11 

VASCULAR SMOOTH MUSCLE MEMBRANE POTENTIALS AND THE INFLUENCEOF 
A OUABAIN-LIKE HUMORAL FACTOR IN RATS WITH ONE-KIDNEY, ONE CLIP 
HYPERTENSION. M.B. Pamnani, D.R. Harder, S.J. Huot, H.J. 
Bryant, F.A. Kutyna*, and F.J. Haddy. Dept. Physiol., USUHS, 
Bethesda, MD and Univ. of Vermont, Burlington, VT. 

We have reported presence of a ouabain-like humoralfactor 
and suppressed vascular Na +-e pump activity in animals with 
several forms of low renin experimental hypertension. In the 
present study, to better understand the mechanism of action 
of the humoral factor, we recorded intracellular membranepoten- 
tials in mV from excised tail arteries of rats with one-kidney, 
one clip hypertension (1KHT) and their paired one-kidney nor- 
motensive (1KNT) controls. We also examined the effect of 
plasma supernates (SUP) prepared from these animals on the mem- 
brane potentials. The findings are summarized below. 

EFFECT OF 
TAIL ARTERY 1KNT 1KHT OUABAIN + 

FROM CONTROL SUP SUP OUABAIN 1KHT SUP 
1KNT Rat -52k.14 -47k2.4 -40&1.3t -41?1.7t -40+1.3t 
1KHT Rat -45+1.4* -44k1.3 -45+2.3* -44k1.8 -46?1.7* 

* PcO.05 HT vs NT, t PcO.01 compared to control 

These findings indicate that plasma from 1KHT animals contains 
a heat stable factor which like ouabain, significantly depolar- 
izes arteries from 1KNT but not from 1KHT rats. Thus, the hu- 
moral Na+-K+ pump inhibitor we have found in 1KHT rats may 
function through voltage dependent vasoconstriction in the 
genesis and maintenance of hypertension. 

8 
THE EFFECTS OF DIETARY SODIUM AND POTASSIUM ON THE BLOOD PRES- 
SURE IN TWO KIDNEY GOLDBLATT HYPERTENSIVE RATS. J.L. Treasure 
and D.W. Ploth. University of Alabama in Birmingham, AL. 35294 

The dietary Na:K ratio has been found to influence blood 
pressure (BP) in various forms of hypertension. Studies were 
performed in male Sprague-Dawley rats. After clipping, the rats 
started on a diet containing Na:K in the following ratios: (1) 
1:l (normal), (2) 1:5, and (3) 5:l. Tail BP was measured 3 X 
per week. By 9 days post clipping the rats in group (grp) (1) 
show a rising trend in BP which was not seen in grps (2) and 
(3). Acute studies have been performed in animals in grps (1) 
and (2). The plasma K was significantly higher in animals in 
grp (2) 4.72 + 0.16 mM compared to grp (1) 3.73 + 0.13. Capto- 
pril was infused into both grps and renal function was studied 
in both the clipped and the contralateral (C) kidney. The BP 
fell by 17 + 0.4 uunHg in grp (2) and by 11 &- 7 mmHg in grp (1). 
The rats in grp (2) did not show any rise in GFR after Capto- 
pril (998 + 86 to 963 + 96 ml/min) nor any increase in urine 
volume (V) (4.06 + 0.65 to 4.46 + 0.73 pl/min)or sodium excre- 
tion UNaV (21.37 5 3.68 to 24.4 z 8.0 w/min) in the C-kidney. 
This is in contrast to grp (1) where the C-kidney had an in- 
crease in GFR (from 1062 + 107 to 1387 + 93 ml/min) and 0 also 
increased (2.35 2 0.3 to 4.55 t 1.05 ml/min) along with UNaV 
(19.12 + 6.74 to 62.7 + 16 w/min). The effects of Captopril on 
the clipped kidney were comparable to our earlier studies ie 
there was a decrease in renal function secondary to the fall in 
BP. It can be concluded that a low Na:K ratio alters the re- 
sponse to converting enzyme inhibition. 

10 

INCREASED RENAL Na+-K+-ATPase ACTIVITY IN WEANLING SPONTANE- 
OUSLY HYPERTENSIVE RATS. Carmen Rodrzguez-Sargent*, Jo& L. 
Cangiano, Susan Opava-Stitzer and Manuel Martznez-Maldonado. 
&search and Medical Service, Veterans Administration Center, 
San Juan, Puerto Rico 00936. 

Plasma renin activity (PRA), plasma aldosterone concentra- 
tion (PA) and renal Na+ -K+-ATPase activity (ATPase) were mea- 
sured in 8 weanling spontaneously hypertensive rats (SHR) and 
8 weanling Wistar-Kyoto rats (WKY). Both groups were housed 
in metabolism cages throughout the experiment. PRAand PA 
were higher in SHR than in WKY. ATPase, which paralleled PA 
in both groups, was also elevated in SHR. 

PRA PA Mg+2ATPase Na+-K+-ATPase 
(ng AI/ml/l-d b-q%) (uMp04/mg Pr/hr1 (uMPO4/mg Pr/hr) 

SHR 15.2 36.7 135 137 

9.6 22.2 201 99 

Interestingly, PRA, PA and ATPase in weanling SHR were greater 
than we have previously reported in adult normotensive and 
spontaneously hypertensive rats. We conclude that ATPase is 
elevated in weanling SHR and that this elevation may be due to 
increased mineralocorticoid levels secondary to high plasma 
renin activity. Although hypertension in SHR has been gene- 
rally believed to be non-renal in origin, our finding of in- 
creased renal Na+ -K+-ATPase activity in these rats prior ele- 
vation of blood pressure suggests that the kidney may play a 
role in the initiation of hypertension in SHR. 

12 

RENAL VASCULAR POTASSIUM RELAXATION IN TWO-KIDNEY, ONE CLIP 
HYPERTENSIVE RATS. David M. Cohen and David F. Bohr. Univ. 
Mich. Medical School, Ann Arbor, MI 48109. 

Evidence has been presented indicating that "low renin" 
forms of hypertension may be associated with a circulating 
factor which suppresses vascular sodium-potassium pump activ- 
ity (Haddy, F. J., Pamnani, M. B., Clough, D. L. Cardiovas- 
cular Reviews and Reports 1: 376, 1980). To determine if pump 
activity is altered in a "high renin" hypertensive model, 
potassium relaxation (a functional index of electrogenic pump 
activity) was examined in 2-kidney, 1 clip hypertensive (2K,lC) 
and normotensive (NC) rats. The untouched kidney was isolated 
and perfused with a potassium-free physiological salt solution 
under constant flow conditions. Renal vascular resistance was 
increased by the addition of norepinephrine to the perfusate. 
Potassium, when added to the potassium-free perfusate, pro- 
duced concentration-dependent decreases in renal vascular 
resistance (increases in electrogenic pump activity). Relax- 
ation was greater (pcO.05) in the renal vasculature of 2K,lC 
than in that of NC rats. 

PERCENT DECREASE IN RESISTANCE CAUSED BY POTASSIUM 
0.25mM 0.50 mM 1.0 mM 10.0 mM 

NC 1.0 0.6 5.8 1.9 9.5 2.7 47.0 2.4 
2K,lC 6.1 0.8 14.3 2.0 21.5 3.0 51.0 2.4 
Ouabain (lo- -10m3) inhibited potassium relaxation to the same 
degree in both groups. These results provide no support for 
the hypothesis that decreased electrogenic pump activity is a 
feature of 2K,lC hypertension. Supported by NIH grant #HLl8575. 



TUESDAY, AM PULMONARY VENTILATION 7 

13 
EFFECTS OF ASSYMETRIC WAVEFORMS ON CO2 ELIMINATION DURING HIGH 
FREQUENCY VENTILATION. WH Paloski*, PS Barie*, RJ Mullins*, 
and JC Newell. Center for Biomed. Eng., Rensselaer Poly. Inst 
Troy 9 NY 12181 and Albany Medical College, Albany, NY 12208. 

To determine whether convect ive mixing is greater during 
inspiration than expiration, we studied the effect of varying 
inspiratory to expi rat0 rY t ime ratio (I: E) on the efficiency 
of a high frequency jet ven tila tor (HFV) . Carbon dioxide 
elimination (VCO2) was measured in four mongrel dogs 5-15 set 
after onset of HFV at frequencies of 4 and 7 Hz and at 1:E 
= 1:l and 1:2.7 or 1:1.3. Tidal volume to anatomic deadspace 
ratio (VT/V ) was varied from 0.2 to 0.9. 

2 
Mixed expired PC02 

was measure with a capnograph having verified linearity of 
0.1% from 0. 1 to 5.0 Torr. Airway pressure was measured at 
the carina, and tidal volume, including that entrained by the 
jet, was determined by electronically integrating the flow 
waveform from a pneumotachograph having a flat frequency re- 
sponse from 0 to 40 Hz. Root mean square flow (vrms) was 
calculated from the flow waveform. At 4 Hz, the change in vCO2 
per unit change in Vrms(AVC02/AVrms) was 4.5 times greater at 
1:E = 1:2.7 than at 1:E = 1:l (pc.05). At 7 Hz, AVCO,/AVrms 
was 2.0 times greater at 1:E = 1:1.3 than at I:E = 1:l (pc.05). 
Mean airway pressure varied from 0.5 to 10.0 cm H20 and was 
directly related to vrms (r = 0.95) but not to I:E. These data 
support the hypothesis that during HFV, convective mixing is 
greater during inspiration than during expiration. (Supported 
by grants HL18630 and GM15426, USPHS.) 

15 
OXYGENATION ON HIGH FREQUENCY OSCILLATION. C. Cattran*. M. 
Kolton*, A.B.Froese, & A.C. Bryan, Research Institute, fiospital 
for Sick Children, Toronto, Ontario, Canada. 

We have previously reported that-at the same mean airway 
pressure (MAP) the oxygenation is the same on high frequency 
oscillation (HFO) as on continuous positive pressure ventilat- 
ion (CPPV)(Physiologist 23;177,1980). However, for any MAP 
the volume depends on the volume history, lying between the 
inflation and deflation limbs of the PV curve. If the MAP 
during HFO and CPPV are matched at values below opening press- 
ure the gases are the same. However, just above this pressure 
there is a progressive increase in lung volume during HFO. 
This recruitment can be accelerated by brief inflation to 30 
cmH20 and is maintained on return to the initial MAP. In four 
rabbits with oleic acid pulmonary edema, lung volumes and 
blood gases (FIO2 = 1) were compared at matched MAP between 
lo-20 cmH20. 

Volume above FRC(m1) 
CPPV 

Pa02(torr) 
32 + 15 

PaC02(torr) 
92 k 58 36 + 13 

HFO 48 _+ 18 244 2 131 32 * 12 
p <0.005 p <O.OOl NS 

Equivalent lung volumes and gases can also be achieved using 
CPPV if PEEP is above opening pressure, but this entails very 
high peak pressures and hence a MAP substantially higher than 
on HFO. We conclude that HFO at moderate MAP causes progress- 
ive recruitment of lung volume and a marked reduction in shunt. 
(MRC # MA6342) 

17 

PULMONARY GAS EXCHANGE IN BIRDS DURING HIGH FREQUENCY 
VENTILATION. F.L. Powell and J.R. Torre-Bueno, Dept. of Med., 
Univ. of Calif., San Diego, La Jolla, CA 92093 and Duke Univ. 
Med. Center, Durham, NC 27710. 

We investigated gas exchange in three domestic geese 
(3.6-6.4 kg) during mechanical ventilation with a Harvard 
respirator with normal fR and VT (MV) and during high fre- 
quency ventilation ky various means (HFV). Exact VT during 
HFV is unknown but MC02 and fio2 were not maintained when the 
HFV pump stroke volume (VS) was less than VD calculated from: 
VD/VT = (FE'-FE)C02/FE'C02 during MV. With VS > VD, $lCo2 and 
b2 remained at MV levels with fR from 5 to 40 set -1. We 
found no evidence of molecular weight dependent differences 
in inert gas exchange suggesting that airway diffusion was 
not limiting. Excretions and retentions of 6 iqeft gases 
infused in a peripheral vein were analyzed for V/Q distribu- 
tions with a cross-current model. 2 to 10% of effective ir 
(i.e. 3 in units with t/b < 1000) was in units withlOs?/@lOOO 

with MV; this increased to 50 to 70% with HFV. This apparent 
increase in 0 of high t/o units suggests enhanced elimination 
of solub:e gases with HFV as described for alveolar lungs. 
Most of Q was in units with O.l&/&l.O during MV and HFV. 
Error in fitting inert gas data with cross-current analysis 
was less than with alveolar analysis but more experiments are 
necessary to determine statistical significance. 

14 
PERIPHERAL ORGAN BLOOD FLOW CHANGES WITH HIGH FREQUENCY OSCI- 
LLATION. Frank R. Gioia*, Andrew P. Harris*, Stephen D. 
Parker*, Richard J. Traystman and Mark C. Rogers. Johns 
Hopkins Medical Institutions, Baltimore, Md 21205 

We used the radiolabelled microsphere technique to deter- 
mine whether changes occur in the peripheral distribution of 
cardiac output with high frequency oscillatory ventilation 
(HFO) relative to conventional positive pressure ventilation 
(cv). Blood flow to multiple peripheral organs were compared 
during HFO and CV. Seven supine anesthetized, paralyzed dogs 
were ventilated at the same mean airway pressure using CV and 
HFO (f = 10 Hz., V, = 2.5 ml/kg) in random order. FI02 was 
adjusted to maintain Pa02 > 75 torr. Arterial and nixed 
venous blood gases, heart rate, systemic and pulmonary arter- 
ial pressures, cardiac output, and intracranial pressure were 
unchanged with HFO. Blood flow (ml/min/lOOg. tissue) to 
brain, myocardium, kidney cortex and kidney medulla during CV 
were 36 + 2.7 (mean + S.E.), 99 + 13, 536 + 66, and 18 + 8.6, 
respectively. The corresponding flows during HFO were 34 + 
2.8, 108 + 15, 511+ 47, and 14 + 4.8. These differences were 
not significant. yn addition, blood flow to skin, skeletal 
muscle, liver, adrenals, pancreas, and jejunum showed no dif- 
ference between HFV and CV. Likewise, regional cerebral 
blood flow to cortex, diencephalon, cerebellum, brain stem, 
spinal cord, grey matter and white matter were not different 
between HFO and CV. We conclude that, under conditions of sin- 
ilar overall hemodynamics and respiration, HFO does not inde- 
pendently produce regional circulatory changes compared to CV. 

16 
PULMONARY WASHOUT OF HE AND SF6 DURING HFO IN DOGS. T. J. 
Knopp, T. Kaethner*, J. Kohl*, M. Meyer* and P. Scheid.e- 
partment of Physiology, Max-Planck-Institut fuer exp. 
Medizin, D-34 Gattin@n, FRG 

This study,addresses the question as to whether molecular 
diffusion of gases contributes significantly to intrapulmonary 
gas transport during HFO. Four anesthetized-paralyzed supine 
dogs were ventilated through a cuffed endotracheal (ET) tube 
with a piston pump (stroke volume 1.5-2.5 ml/kg; frequency 
20-30 Hz) with a fresh gas flow (room air) of 10 l/min. Add- 
ing He and SF6 in low concentrations (1%) to the fresh gas 
flow resulted in lung gas equilibration with the test gases. 
For washout the flow of He and SF6 was suddenly stopped and 
the changing test gas concentrations were continuously meas- 
ured by respiratory mass spectrometry at the mouth and distal 
ends of the ET and outflow tubes. No differences were ob- 
served in the washout pattern between He and SF6. The washout 
curves could adequately be described by two exponential com- 
ponents. The amplitude coefficient of the slow component 
increased progressively as the mass spectrometer sampling site 
was moved from the outflow tube to the mouth and to the distal 
end of the ET tube. The results suggest that molecular dif- 
fusion is not rate-limiting for intrapulmonary gas transport 
during HFO and that a series rather than a parallel two- 
compartment model is appropriate for analysis of test gas 
washout during HFO. (Supported in part by NIH grant 
HL-21584.) 

18 
VENTILATION-PERFUSION (ir/i, RELATIONSHIP AND ARTERIAL OXYGENA- 
TION DURING HIGH FREQUENCY OSCILLATION (HFO). Vito Brusasco*, 
T. J. Knopp and Kai Rehder. Mayo Clinic and Foundation, 
Rochester, MN 55905_ _ 

We examined the v/o relationship and the arterial oxygen 
tension (Pa021 during conventional mechanical ventilation (CMV) 
and HFO. Five supine, anesthetized-paralyzed dogs (18-25 kg) 
were studied; their lungs were ventilated both during CMV and 
HFO with room air and eucapnia (PaC02 = 40.0+0.4 SE mm Hg) was 
maintained. 133Xe dissolved in saline was infused intraven- 
ously at a constant rate and after a steady state (3.5 min) 
had been achieved, l33 Xe concentrations (CXe) in a nondepen- 
dent (ND) and dependent (D) lung region (same vertical axis) 
were determined. The ratio of the Q/Q ratios in ND and D lung 
regions was inferred from the ratio of CXe(ND)/CXe(D); this 
ratio must be unity when c/i along the vertical axis is uni- 
form. We found that 1) CXe(ND)/CXe(D) during CMV (0.812 
0.04 SE) was significantly smaller (P=O.O2) than during HFO at 
5 to 7 Hz (0.96+0.05), but not different from HFO at 15 Hz 
(0.84+0.05) or 30 Hz (0.74+0.07), and 2) Pa02 during CMV (852 
3 mm Hg) was significantly (P<O.O5) less than during HFO at 5 
to 7 Hz (90+4), but not different from HFO at 15 Hz (85+3) or 
30 Hz (8353). We conclude that t/b matching along the verti- 
cal axis and arterial oxygenation during HFO at low (5 to 
7 Hz) but not at high frequencies (15 to 30 Hz) are better 
than during CMV. (Supported in part by NIH grant HL 21584 and 
the Parker B. Francis Foundation.) 
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19 
A METHOD TO STUDY THE REGIONAL FREQUENCY RESPONSE OF LUNG (RFL) 
DURING HIGH FREQUENCY OSCILLATION (HFO). Jinhe Wei*, Eric A. 
Hoffman, and Earl H. Wood. Mayo Med. Sch., Rochester, MN 55905 

RFL was measured from movements of percutaneously implanted 
1 mm O.D. lead markers using a computer-based biplane video 
x-ray tracking system and a frequency (F) analysis algorithm. 
Lungs of three anesthetized, supine dogs were oscillated via an 
endotracheal tube with Fs from 7 to 37 Hz using a piston pump. 
Pump stroke volumes (PSV) were 20, 40, 50, and 70 ml. Due to 
the low video sampling (30/set) relative to HFO, a reconstruc- 
tion method was developed to recover the wave form of marker 
movements (M) assuming that the fundamental F of M follows 
P*P F. Amplitude (A) and phase (P) of M were calculated by a 
modified FFT program. The heart was paced at 180 bpm to elimi- 
nate effects of cardiogenic motion. Sinusoidal wave forms of M 
and volume change of marker tetrahedra were obtained from all 
Fs used. The three components of A for the fundamental F were 
significantly larger than the tracking noise and second har- 
monics (Ax = .070 + .041, .062 + .039, and .075 + .033; A = 
.034 + .024, .048 T  .031, and .073 + .030; AZ = TO26 + .03;5 
.038 T  .018, and .026 + .013 cm at PSV = 50 ml and F = 11, 
and 29 Hz, respectively; 

;9, 
noise level c.01 + .Ol). Total A is 

proportional to PSV (r>.95, pc.05). The pattern for the dis- 
tribution of A,, Ay, A, and P,, Py, Pz for individual markers 
was the same for each cycle (r>.8, p<.Ol) at a given F. This 
method appears to be a highly sensitive means for studying RFL 
in intact dogs. (Supported in part by NIH Grants HL-04664, 
21584B, and RR-00007). 

21 
MODIFICATION OF PEEP INDUCED HEMODYNAMIC CHANGES BY PROSTA- 
GLANDIN SYMTHETASE INHIBITORS. L. Casey*, J. Fletcher, and 
P. Ramwell. NMRI, Bethesda, Md 20014; Georgetown University, 
Washington, D.C. 20007. 

Since mechanical hyperinflation causes pulmonary prosta- 
glandin production, we evaluated the ability of selective 
prostaglandin synthetase inhibitors to modify the hemodynamic 
changes associated with PEEP. METHODS: The cardiovascular 
effects of 15 cmH20 PEEP were assessed in 26 baboons (Papio 
anubis), that were randomly divided into 4 groups: I (n=7) con- 
trol; II (n=7) pretreated with 10 mg/kg indomethacin; III (n=6) 
pretreated with 5 mg/kg OKY 1581 (sodium-(E)-3-[4-(3 pyridyl- 
methyl) phenyl]-2-methylacrylate)) a selective thromboxane syn- 
thetase inhibitor; and IV (n=6) pretreated with trans-2-phenyl- 
cyclopropylamine sulfate (tranylcypromine) (1 mg/kg), a prosta- 
cyclin synthetase inhibitor. RESULTS: In comparison to the con- 
trol group, the thromboxane synthetase inhibitor caused ex- 
acerbation of the hemodynamic changes after PEEP with a great- 
er decrease in MAP (pc.05) and cardiac output (p<.O5), whereas 
tranylcypromine blocked the decrease in MAP (pc.025) and 
attenuated the decrease in cardiac output (pc.025). CONCLUSION: 
Some of the hemodynamic changes associated with PEEP can be 
attributed to increased prostacyclin production. 

23 
PLEURAL LIQUID PRESSURES MEASURED BY MICROPIPETS IN SUPINE 
RABBITS. S.J. Lai-Fook, P.A. Southern* and K.C. Beck.* Mayo 
Clinic and Foundation, Rochester, MN 55901. 

Pleural liquid pressure (Pip).was measured by micropipets 
(5~) with a servo-nulling system, used previously to measure 
interstitial and alveolar liquid pressures (Fed. Proc. 39:486, 
1980; 40:448, 1981). Rabbits (4 kg) were anesthetized, para- 
lyzed, and mechanically ventilated with 100% 02. Two windows 
(2x4 mm) were made by dissecting away the intercostal muscle 
layers exposing the parietal pleura over the right lower lung 
lobe. In 5 animals, the upper window was situated between 4th 
and 5th ribs, 5.642.34 (SD) cm above lung base; the lower win- 
dow was between 7th and 8th rib, 2.362.64 cm above lung base. 
Total lung height was 5.922.28 cm. Heights were measured from 
radiographs. Repeatable measurements of Plp were made at the 
windows by puncturing the parietal pleura with micropipets 
during apnea at FRC. Plp relative to atmospheric pressure at 
upper window was -3.32k1.22 cm H20; at lower window, Plp was 
-1.642.79 cm H20. Plp at upper window was always more nega- 
tive than Plp at lower window. Lung static recoil (Pst), ob- 
tained by occluding the trachea at FRC and opening the chest 
after killing the animals, was 2.002.65 cm H20. Plp gradient 
with height was 0.51k.19 cm H20/cm. Conclusions: PlP, 
measured locally by this relatively noninvasive technique, 
extrapolated to the mid-point of the lung, reflected pleural 
surface pressure, Pst. We found no evidence that the intra- 
pleural liquid at two points 3 cm apart in height was coupled 
by a hydrostatic column. (Supported by HL-21584 from NHLBI). 

20 
REGIONAL FREQUENCY RESPONSE OF LUNG (RFL) DURING HIGH FREQUENCY 
OSCILLATION (HFO). Eric A. Hoffman, Jinhe Wei,* Thomas J. 
Knopp, and Earl H. Wood. Mayo Med. Sch., Rochester, MN 55905 

RFL was studied in three supine dogs by tracking the move- 
ment (M) of right lung parenchymal markers during HFO (Wei et 
al., Physiologist thie ieeue). Measurements were referenced 
to x, y, z body axes (ventral-dorsal, lateral-m 
cephalad-caudad). Mean total amplitude (At = Jyfiia 
of M's were proportional to pump stroke volume and at all F's 
M is smaller in upper than middle and lower lobes (UL, ML, 
LL). Relative amplitudes (A) of the A,, Ay, AZ components 
of M varied with pump F. At low F (7 Hz) A, and Ax were 
dominant over Ay. Ax and Ay increased with F while A, dimin- 
ished reflecting the lower natural F of the diaphragmatic- 
abdominal system (-3 dB cutoff F around 11-15 Hz) relative to 
the rib cage. The dominant components of M were: Ax in ML, 

2 
in UL, and A, in LL (especially at 17-23 Hz). A and 

p aee (P) shifts correlated with marker position along a given 
axis and varied with F. Ay increased medial to lateral while 
A, increased apex to base at low F (7 Hz) and base to apex at 
higher F. Px was uncorrelated to x axis position at 7 Hz 
whereas a Px shift at 17-37 Hz was strongly correlated in 
the ventral-dorsal direction. p, increased apex to base 
at 7 Hz while at 29 Hz this reversed and in the LL this slope 
(degree/cm) increased implying a change in expansion pattern. 
(Supported in part by NIH Grants HL-04664, 21584B, and 
RR-00007 > 

22 
UNEVEN VENTILATION IN RAT MODELS OF CYSTIC FIBROSIS, R.L. 
Boyd*, E.M. Francis*, M.T. Fletcher*, and J.A. Mangos. (SPP 
M.J. Fisher). University of Florida. Depts. of Pediatrics 
and Physiology, Gainesville, FL 32610.- ' 

Rats exhibiting structural and/or functional changes of 
airway (Sturaess and Reid. Br J EXD Path01 54:388-403. 1973) 
and salivary"(Martinez et-al Pediatr Res,T:463-475, 197ij 
glands durinq treatment%EF&oproterenol (130) or reserpine 
if-1 3 respectively, have been used as mode%-for the study 
ofiystic fibrosis (CF). We studied the pulmonary function 
of these models. Rats were injected subcutaneously with IS0 
(25 mg/kg*day) or with RES (0.5 mg/kg*day) for -six days, 
Plethysmographic measurements were made for airway resistance 

I Raw) 
PD) 

functional residual capacity (FRC), phase difference 
between air flow rate and mean alveolar pressure, tidal 

volume (VT), and frequency (f). In the IS0 and RES studies 
the FRC and f were not different from c 
was greater and VT was less (p < 0.05) than controls, as 
was the Raw of the RES rats. The results of both studies in- 
dicate uneven ventilation (increased PD) and pendulu-ft (de- 
creased VT), consistent with maldistribution of resistances 
and/or compliances of the peripheral airways and alveolar 
compartments. Since peripheral airways involvement is usual- 
ly the earliest pulmonary lesion found in CF, these studies 
present additional physiological evidence that the IS0 and 
RES models may be representative of the early pulmo 
KYTvement of CF. (Supported by CF Foundation Grant 
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24 
HANDLING OF CALCIUM BY THE RAT SUBMANDIBULAR GLAND (RSG), 
3.A. Mangos, R.L. Boyd, and 3. Stiefel, Depts. of Pediatrics 
and Physiology, University of Florida College of Medicine, 
Gainesville,-FLorida. 

In order to improve understanding of calcium handling 
by salivary glands, the excretion of "total calcium" (Ca) 
and "ionized calcium" (Ca++) in the rat submandibular saliva 
was studied during stimulation with either pilocarpine 
(Pilo) or DL-iosproterenol (Iso) injected intravenously. Ca 
lxs were measured by atomrabsorption spectrophotometry; 
Cat+ by a flow-through Cat+ electrode. 1) During Pilo infu- 
sion (1 mg/kg rat wt.), the salivary [Ca] varied with the 
flow rate from as low as 0.39 d/L at 125.0 pl/min*gm wet 
gland tissue (wgt) to as high as 3.22 M/L at flow rate of 
2.5 pl/min*gm wgt; the mean percent of Ca that was in 
Cat+ form was 59.2%. 2) During Iso perfusion (0.5 mg/min for 
30 min), the salivary flow rate=aried between l-20 ul/min 
l gm wgt; the salivary [Cal was between l-4 ti/L with a 
mean of 2.45 f 0.76 M/L and showed no dependence on the 
flow rate; the mean percent of Ca that was in Xatt form 
was 6.7%. These results demonstrate that the handling of Ca 
and Cat+ by the RSG depe nds on the mode of stimulation 
of salivation: during Piio stimulation, these results sug- 
qest a primary secretory fluid with low [Cal and a net 
iransductal iriflux of Ci or Cat+ as the ?luid traverses 
the ductal system; during Iso stimulation the [Cat+] is 
low in the saliva without any indication for transductal in- 
flux of Ca or Cat+. 

26 
ACETYLCHOLINE-INDUCED REDUCTION OF CYTOCHROMES FOLLOWED BY 
SECRETORY RESPONSE IN ISOLATED PERFUSED RAT PANCREAS. T. Kanno, 
A. Saito and N. Ikei. Dept. of Physiology, Fat. of Vet. Med., 
Hokkaido Univ., Sapporo 060 Japan 

Redox states of cytochromes a(a3), b, and c + cl, were 
continuously recorded with the aid of a scanning organ spectrcr 
photometer (Tateisi Institute of Life Science, Kyoto, Japan) 
while pancreatic juice was simultaneously collected in the 
isolated perfused rat pancreas. Continuous stimulation with 
30 nM-acetylcholine (ACh) induced reduction of cytochromes 
within 30 set after initiation of the stimulus, and almost no 
change in NAD(P)H-fluorescence. The stimulation caused a 
gradual increase in secretory response: pancreatic protein 
output began to inc rease 2 min and reached the peak level 
6 min after the initiation of the stimulus. Continuous 
stimulation with 1)1M-ACh induced immediate marked reduction 
of cytochromes; a small increase in NAD(P)H-fluorescence; and 
a large rapid increase in secretory response followed by steep 
descending phase during the stimulation. In contrast to a 
small or no reduction of NAD(P)H-fluorescence in the presence 
of ACh, anoxic treatment of the preparation always caused 
parallel reduc tion of nicotinamide nucleotides and of 
cytochromes without inducing the secreotry response. The 
present experiments show that ACh acts on the respiratory 
chain in mitochondria of pancreatic acinar cells to induce 
immediate reduction of cytochromes. We propose that this 
reduction is the initial event in stimulus-secretion coupling 
in the cells. 

26 
CHOLINERGIC-LIKE EFFECT OF RANITIDINE ON LOWER ESOPHAGEAL SPHI 

NCTERPRESSLJRE (LESP) IN MAN. G. Bertaccini* , E. Foggi" and ET 
Molina. Institute of Pharmacoiogy and Surgical Cllnlc, Unlver- 
SlTtyf Parma, Parma, Italy. 

Seven healthy volunteers (age 20-35) were studied by esopha 
geal manometry. No difference was found on basal LESP when sa= 
line was injected, whereas after an i.v. bolus of ranitidine 
(RAN) at doses of 0.5 and 1.0 mg/kg a significant (p X0.01) in 
crease was observed 

BASAL SALINE RAN 0.5 RAN 1.0 
mm Hg 21.7 + 2.2 21.5 + 2.1 31.3 + 2.4 37.3 + 0.7 

1 The 
was 

effect was probably due 
independent of the H,-re 

to thi 
ceptor 

s particu 
blockade 

ar molecule 
since other 

and 
h- 

-blockers were completel; inactive. In a second set of exseri- 
ments RAN (1.0 &kg) was injected 30 min after administration 
of atropine (0.5 mg s.c.): 

BASAL ATROPINE RAN 1.0 
mm Hg 23.6 + 2.0 22.4 + 1.1 - 20.0 + 0.9 

The complete inhibition after atropine and the potentiation of 
a subthreshold dose of urecholine (1.25 mg s.c.) observed in 
preliminary experiments supported the hypothesis of a choliner 
gic mechanism of RAN on human LES. These results emphasize th: 
importance of RAN in the treatment of gastroesophageal reflux 
in addition to the well documented inhibitory effect on gast- 
ric secretion. 

Supported by a grant from the C.N.R., Rome. 

26 
EFFECTS OF IONOPHORE A23187 ON CYTOSOLIC Ca++ AND PANCREATIC 
ACINAR SECRETION: STUDIES WITH Ca-SELECTIVE MICROELECTRODES. 
R. J. Stark* and J. O'Doherty* (SPON: L. K. Knoebel). Dept. 
Physiol. Indiana Univ. Sch. Med., Indianapolis, IN 46223. 

In the exocrine pancreas, the action of the natural secret- 
agogues may be mimicked by A23187. As A23187 is believed to 
act by increasing cytosolic Ca ++ ([Cali), Ca-selective micro- 
electrodes were employed to examine the effect of A23187 on 
[Cali and the role of [CaJi in acinar secretion. The mean 
[Cali in acinar cells of the mouse pancreas was determined to 
be (4.3 + 0.3) x 10B7M (n=26). When the ionophore was added 
to the saline bathing the acinar cells, 10'6M A23187 depolar- 
ized the membrane potential (Em) by 5.2 + 0.3 (SEMI mV (n=17) 
and the intracellular Ca-electrode potential (ECa) by 9.8 + 
0.6 mV (n=16), while lo-5M A23187 depolarized Em by 7.8 + 0.4 
mV (n=23) and ECa by 14.1 + 0.8 mV (n=16). These changes in 
potentials reflect a 44% increase in [Ca]i with lo-6M and a 
65% increase with 10m5, A23187. The increase in [Ca]i 
observed with 10m6M A23187 was similar to that found with con- 
centrations of acetylcholine (ACh) that produced maximal 
enzyme secretion, while the increase with 10e5M in [Cali was 
similar to ACh cont. which inhibited or reduced secretion. 
Measurements of amylase release during 30 min exposure to 
A23187 produced a 77% increase in amylase activity over basal 
levels with 10w6M and little or no change with 10'5M indi- 
cating that the ionophore influences secretion through changes 
in [Cali in a manner analogous to the natural secretagogue 
acetylcholine. (Supported by USPHS NIH Grant AM 26246.) 

27 
MID-COLLICULAR DECEREBRATION AND GASTRIC ACID SECRETION, 
ANTRAL CONTRACTIONS AND GASTRIN RELEASE IN ANESTHETIZED CATS. 
Dale M. Lombardi, H.S. Feng, and Frank P. Brooks. Dept. of 
Physiology, University of Pennsylvania, Philadelphia, Pa. 
19io4 - 

We have previously reported that mid-collicular decere- 
bration in dogs failed to alter acid output in response to 
electrical stimulation of the vagus nerves but resulted in a 
S-fold increase in serum concentrations of immunoreactive gas- 
trin in the basal state and during vagal stimulation. We 
have repeated similar experiments in 9 cats. Acid output 
from a gastric cannula was determined in 15 min intervals by 
electrometric titration and antral contractions were recorded 
by miniature force transducers sewn to the antral wall. Gas- 
trin determinations were performed by W.Y.Chey, Genesee Hos- 
pital, Rochester, N.Y. Basal acid outputs during the first 
hour after decerebration were 0.35&0.11mM/hr. Basal serum 
gastrin was 73.5+19 pg/ml. Comparable data for 13 cats with 
intact brains were: acid output 0.15+0.02mM/hr and serum 
gastrin 18.3k3.0 pg/ml. Acid outputs during vagal stimulation 
were similar in both groups over 3 hours. Serum gastrin rose 
to 240-369 pg/ml during vagal stimulation in the decerebrate 
cats vs 52-62 pg/ml in the intact cats. There were no antral 
contractions greater than 5 gms force during the basal periods. 
During vagal stimulation there was a 5 fold increase in the 
numbers of antral contractions 30 gm force in the decerebrate 
vs intact cats. Decerebration has little effect on vagally 
stimulated acid secretion but increases gastrin levels. 

29 
(3H)QNB Binding and Acetylcholine(ACh)-induced Contractions in 
Isolated Guinea Pig Gastric Fundus Smooth Muscle Cells. E.R. 
Seidel* and L.R. Johnson, Univ. Texas Health Sci. Ctr., 
Houston, TX 77025 

Studies were undertaken to compare (3H)QNB binding and the 
ACh concentration required to induce isolated smooth muscle 
cell contraction. Cells were isolated by successive incuba- 
tions with collagenase. They were then incubated with various 
concentrations of QNB(30min,30oC) followed by centrifugation 
for 45 set at 15,000 xg. Specific binding of QNB, 90% of to- 
tal, was calculated as the difference in the amount of (3H> 
QNB remaining in the pellet after incubation in the absence or 
presence of lOOurn oxotremorine(Oxo). The receptor/ligand in- 
teraction displayed a u of 0.19nM with a Hill coefficient of 
0.98. The Bmax was 8.3x10-19 moles of QNB/cell. Assuming one 
molecule of QNB binds per receptor, this value suggests a con- 
centration of about 500,000 muscarinic cholinergic receptors 
per cell. Displacement assays provided the following Ki's:ACh 
8pm, 0x0 0.8pm and atropine 0.3n.M. An image shearing micro- 
scope was used to measure contraction in isolated cells. The 
ED50 for ACh-induced contractions was approximately O.lnM. 
This value is in excellent agreement with the binding con- 
stants for the antagonists atropine and QNB but not with those 
for the agonists ACh and 0x0. Comparison of the binding and 
contraction data indicate an 80,000-fold difference between 
the ACh Ki for displacement and the ED50 for contraction. 
These data suggest the existence of a large population of 
spare receptors for ACh-mediated contraction. 
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COMPARISON OF THE INHIBITORY EFFECTS OF SPERMINE, PAPAVERINE 
AND EPINEPHRINE ON ISOLATED INTESTINAL PREPARATIONS. 
J.S. Martin and M.F. Tansy. Dept. of Physiol. and Biophys., 
Temple Univ. Hlth. Sci. Ctr., Philadelphia, PA 19140. 

Previous reports from this laboratory have indicated that 
spermine and spermidine inhibit the spontaneous contractile 
activity of the canine small intestine (Fed. Proc. 40: 576, 
1981). Those experiments were performed with fixed dosages of 
the agents. The purpose of these experiments was to determine 
median effective inhibitory dosages for spermine, papaverine 
and epinephrine upon isolated segments of rat small intestine. 
Male rats weighing 300 to 500 g were used. Sacrifice was ef- 
fected by cervical dislocation and segments of duodenum and 
ileum were removed. The segments were immersed in Tyrodes 
solution, gassed with 95% 02 and 5% CO2 at 370, and longitud- 
inal contractile force was measured. Initial tension was 
equilibrated for 30 min prior to administration of any agent. 
Contractions of rat intestine were measured isometrically with 
a strain gauge transducer and recorded on a polygraph. Re- 
sponses were quantitated in terms of percentage of inhibition 
of spontaneous contractile frequency. Regardless of whether 
ileal or duodenal segments were tested the 50% inhibitory con- 
centration (C) always adhered to the order CS > CP > CE. 
Also, the duodenum was always more sensitive to papaverine and 
epinephrine, but the relative sensitivities were about equal 
for spermine. 

32 
BINDING ANj) DEG?JiDATION OF PAiJCREATIC POLYPEPTIDE FRAGMENTS 
BY AVIAN TISSUE MEMBP'SJES. Martin L. Adamo* Robert L. 
Hazelwood and Douglas F. Dyckes.* Depts. of Biology and 
Chemistry, Univ. of Houston, Houston, TX. 77004 

Avian Pancreatic Polypeptide (APP) has been shown to be an 
effective gastrointestinal agent in vivo. In vitro tests - P 
have failed to confirm many of the metabolic actions which 
APP possesses in vivo. The pattern of binding and degradation 
by brain, liver, proventriculus, kidney and pancreas was 
evaluated. Steady state binding of 1251-APP to liver membrane 
was highly specific, but of a low affinity (Kd = 8x10B8M). 
Brain membranes possessed both high affinity (Kd = 3.9x10-1°M) 
and low affinity binding sites, but were less specific in 
that Bovine Pancreatic Polypeptide (BPP) was almost as 
effective as APP in inhibiting binding, while extremely high 
levels of insulin (4xl0'7M) and synthetic C-terminal penta- 
peptides of APP and BPP (3x10-6M) produced 40% inhibition 
of APP binding. Steady state binding to renal membranes was 
difficult to observe owing to the high degradation of APP by 
this tissue. Renal membrane degradation of APP was 2-3 times 
higher than that observed with brain or liver membranes. It 
is concluded that the liver and kidney are probably organs of 
APP clearance, while the brain may possess true biological 
receptors for APP. (Supported in part by NSF-PCM 80-03688 
and NIH-PGM-AMO9090) 

31 
INDUCTION IN VITRO OF PROGRAMMED PATTERNS OF INTESTINAL PROPUG 
SIVE BEHAVIOR. W.A. Weems. University of Texas Medical School 
(Houston, Texas, 77030) 

In vitro segments of cat ileum spontaneously and periodi- 
cally produce propulsive complexes when hydrostatic work is 
required of a segment to expel fluid from the lumen. Duodenal 
and jejunal segments do not produce similar propulsivebehavior. 
Experiments were conducted to determine if the propulsive be- 
havior of 
pentagast 

j 
ri 

ejunal 
.n and 

segment 
by vario 

s was 
141s mo 

al .tered by arterial infus 
des of transmural stimulat 

ion of 
ion. 

The oral and aboral ends of jejunal segments were connected to 
a propulsion evaluation system that imposed input-output condi- 
tions of constant capacitance (0.025 ml cm-l of H20) and negli- 
gible resistance on both ends of a segment. Arterial perfusion 
of lo-10 to 10-8 M pentagastrin into jejunal segments induced 
ileal type propulsive behavior in 31 percent of the segments 
tested. In 22 percent of the segments tested, a single propul- 
sive complex resulting in the net. aboral transport of fluid _ 

after the onset 
of acetylcholine 

of pentagastrin 
chloride at 10-8 

was produced within 
infusion. Arterial 

2 minutes 
infusion 

to 10-6 M produced a chronic reduction in the average volume 
of luminal content but did not induce propulsive complexes. 
These and other data indicate that (1) net propulsive behavior 
intrinsic to jejunal segments, unlike ileal segments, must be 
triggered by external control systems, and (2) hormonal input 
to in vitro segments of intestine can trigger a precise se- 
quence of neural events that produce stereotyped patterns of 
propulsive behavior. (Supported by NIH Grant AM 23038.) 

33 
EFFECT OF CORTICOSTERONE (B) ON THE DEVELOPMENTAL ACTIVITIES 
0F GASTROINTESTINAL TRACT (GIT) NEUROTRANSMITTER ENZYMES. 
Margaret M. Heitkemper* and S. F. Marotta. Univ. of Illinois, 
Med. Ctr., Chicago, IL 60612 

Steroids have been shown to modulate neurotransmitter en- 
zyme activity in various tissues such as brain, heart, liver, 
etc.; however, little is known concerning the effects of B on 
GIT neurotransmitter enzyme activity. This study investigated 
the activities of choline acetyltransferase (ChAT), acetylcho- 
line esterase (AChE), and monoamine oxidase (MAO) in7anatomi- 
cal GIT segments, as well as adrenal and plasma B levels, in 1, 
3, 7, 14, 21, 35, and 50d B-treated and non-treated rats sub- 
jected to no stress, acute (2h) or repeated (2h/d x 7d) re- 
straint stress. Pregnant rats (14d) were given B (50 pg/ml or 
z 2 mg/d) in the drinking water. After weaning, the pups also 
were maintained on this B regime. The GIT of both B-treated 
and non-treated rats showed segmental differences in all en- 
zymatic activities. There were no consistent differences be- 
tween B-treated and non-treated ChAT, AChE, and MAO activities 
on days 1 to 7; however on days 14 to 50 there were segmental 
elevations in AChE and MAO activities of B rats. Decreases in 
adrenal B levels were present in the B-treated animals on all 
days. Acute or repeated restraint elevated plasma B levels 
but did not alter the segmental variations of AChE, ChAT, or 
MAO in both treated and non-treated rats. These data suggest 
that rats maintained on B for prolonged periods exhibit in- 
creased AChE and MAO activities in specific GIT segments. 
(Supported in part by USPHS NU-05304-02) 
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EFFERENT ROLE OF ADH IN CNS-INDUCED NATRIURESIS. E.T. 
Pierce, R.3. Grekin+, and D.R. Mouw . Vliversityof 
Michigan, Chn Arbor, MI 48109. 

Previous work showed that ventriculocisternal perfusion 
(VCP) with CSF containing 300 mM [Na] (Hi-Na) causes a 
natriuresis (180% of control) and an increase in plasma ADH 
(176% of control). In the present study, changes in ADH 
which occur during Hi-Na VCP were mimicked by intravenous 
(IV) infusion of ADH. VCP was performed in two groups of 
pentobarbital-anesthetized dogs for three hours with 
simultaneous measurements of renal and cardiovascular 
function; l-hour of either Hi-Na VCP or IV ADH bracketed by 
two l-hour control periods. The IV AOH animals received VCP 
of normal CSF throughout the protocol. Plasma ADH increased 
gradually throughout Hi-Na VCP reaching maximum values which 
ranged from 21 to 62 pg/ml. It was possible to achieve 
virtually identical patterns of ADH elevation by constant 
infusion of ADH at rates of between 3 and 50 mU/Kg/hr. The 
dose-response relationships between absolute log ADH and 
UrJaV -for individual animals Were identical in the two 
groups. The average changes in log ADH and U~V for the 
two groups were the same. We conclude that ADH causes most, 
if not all, of the natriuresis induced by Hi-Na VCP. 
(Supported by NIH 5 R01 NS12825-06 and a grant from the 
Kidney Foundation of Michigan.) 

35 
ACUTE NATRIURESIS FOLLOWING LESIONS OF THE PERIVENTRICULAR 
TISSUE IN THE PREOPTIC RECESS IN RATS. Steven L. Bealer 
Univ. Tenn. Ctr. Hlth. Sci., Memphis, TN 38163 

Electrolytic lesions of the periventricular tissue sur- 
rounding the anteroventral third ventricle (AV3V) have 
chronic effects on fluid regulation and sodium metabolism. 
The present experiment was designed to determine if AV3V 
ablation also results in acute post lesion changes in sodium 
excretion. Mean rates of sodium excretion were measured for 
three days prior to surgery. Animals then received either 
electrolytic lesions of the AV3V region, lesions in the cor- 
tex, or underwent control surgery. Urine collected at 
hourly intervals for six hours and overnight was analyzed 
for sodium content. Sodium excretion by rats with lesions 
in the AV3V region was significantly higher (300 2 75 pEq/hr) 
during hr two and three post surgery than control animals 
(75 + 30 pEq/hr) and rats with cortical lesions (100 + 60 
Gq/hr) , and higher than their own mean presurgery control 
levels of sodium excretion. This natriuresis was not re- 
duced by administration of deoxycorticosterone. Following 
this acute natriuresis, animals with AV3V lesions excreted 
significantly smaller amounts of sodium than control rats 
for several days. These data indicate that AV3V periventri- 
cular tissue contains neural substrates critical for normal 
regulation of renal sodium excretion. (Supported by USPHS 
Grant HL-25877 and a grant from the American Heart Associa- 
tion, Tenn. Affiliate). 
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ATRIAL NATRIURETIC FACTGR IN RATS: MOLECULAR Vr'EIG)-IT. 
Nick C. Trippodo, Allan A. MacPhee,* Francis E. Cole,* and Howard 
L. Blakesley.* Ochsner Medical Institutions, New Orleans, LA 70121. 

To help characterize the nature of atria1 natriuretic factor (Fed 
Proc 40:534 and 554, 1981), atria1 homogenates (Brinkman Polytron) 
from Sprague-Dawley (SD) rats were extracted with 1.0 M acetic acid 
(10 ml/g tissue wet weight). After centrifugation (12,000 xg, 10 min) 
aliquots of the supematant were lyophilized before or after filtering 
through Diaflo ultrafilters with different nominal molecular weight 
cut-offs (molecular weights at which filters exhibit approximately 
90% retention). Some non-filtered lyophilizates were reconstituted 
and fractionated on Sephadex G-75 (equilibrated in 0.5 hl acetic acid) 
and the fractions were lyophilized. To determine natriuretic activity 
the filtered, non-filtered and fractionated samples were dissolved in 
Dulbecco's phosphate buffered saline (pH 7.3) and injected (4 ml/kg, 
IV) into anesthetized SD rats. Baseline sodium excretion was 
measured in the assay rats during three IO-min periods and the 
percent increase in sodium excretion during the lo-min period 
following injection (% ANa) was determined. After chromatography 
the greatest natriuretic activity was found in the fractionation range 
between 15 and 25 (x 10 3 daltons). Results from the filtration 
experiments were confirmatory. The mean + SE of %ANa for the 
non-filtered samples was 1233 + 348. For the samples that passed 
through ultrafilters with nom&al cut-offs of 10, 30, 50 and 100 
(x 103daltons)the means + SE of %ANa were 21 + 10, 902 +213, 1001 
+ 287 and 1027 + 276, respectively. The results suggest that the 
molecular weight-of atrial natriuretic factor is between 15,000 and 
25,000 daltons. 

36 

NATRIURETIC EFFECT OF CAROTID OCCLUSION IN VOLUME EXPANDED 
NEWBORN AND ADULT DOGS L.I. Kleinman, R.O. Banks, T.A. 
Disney, University of Cincinnati College of Medicine 

The newborn animal has an attenuated natriuretic response 
to saline volume expansion (VE) compared to the adult. Since 
bilateral carotid occlusion (CO) has been shown to induce a 
natriuresis, the renal effects of CO on anesthetized saline 
expanded newborn and adult dogs were studied. Eleven 
neonatal dogs 4-20 d old, were VE by 31% and 7 adult dogs 
were similarly expanded (26%). Fractional sodium excretion 
(FE Na) in the puppies was 1.9%, significantly less (p<.Ol) 
than in the adult (9.4%). In 5 puppies following CO, blood 
pressure rose 25 mnHg and FE Na increased to 7.5% (pc.05) a 
value not different from the VE non-CO adult. Distal 
blockade (DB) with ethacrynic acid and amiloride resulted in 
FE Na=55% in VE puppies and 36% in VE adults (p<.Ol). Since 
results under DB approximate proximal tubule function these 

n results demonstrate that with VE, newborns reabsorb less Na 
proximally than do adults although total Na reabsorption is 
greater. When CO was added to DB and VE, blood pressure rose 
16 mmHg in puppies (p<.Ol) and 29 mnHg in adults (p<.Ol), FE 
Na increased to 65% in puppies (p<.Ol) and to 40% in adults 
(p<.Ol). The mean increase in FE Na was larger in the 
newborn (9.4%) than in the adult (3.9X, p<.O5). These 
results indicate that the natriuretic effect of CO is in the 
proximal tubule and is greater in the imnature than in the 
mature kidney. Supported by HD 12160. 

40 
EFFECT OF ACUTE VOLUME EXPANSION (AVE) ON CHLORIDE ABSORPTION 
IN THE LOOP SEGMENT (LS) OF SUPERFICIAL NEPHRONS (SN). B. 
Booker*, R.H. Williams*, and R.G. Luke. Nephrology Research 
& Training Center, Univ. of Alabama in Birmingham, B'ham, AL. 

To determine the role of AVE on net chloride movement from 
the LS in the rat at a constant fluid & chloride load, SN were 
perfused from the late proximal tubule to the early distal tu- 
bule at 22 nl/min (PR) with a perfusate consisting of Na 145; 
36Cl 130 and HC03 15 meq/L. 
lated using 3H inulin. 

In vivo perfusion rate was calcu- 

m (") AVE. 
Analyses were done before(') & after 

AVE was at 10% rat body weight over 1 hour with both 
0.15M NaCl and 0.15M NaHC03. Eight time control rats were 
studied without AVE: calculated PR (20.221.5' +21.3+0.6" nl/ 
min) (mea*-SEM), early distal Cl (95+3'->94+5" meq/L), frac- 
tional Cl absorption (FCl) (0.44+0.03' 3 0.67+0.03") and F36Cl 
(0.63+0.03' -)0.6?0.03") did not change (n=rats). Seven AVE- 
Cl rats yielded respectively 23.7+1.3' -)22.0+1.9" (p=NS); 100 
+7' ->83+9" (p<O.O5), 0.41+0.07' 30.53+0.08"-(p<O.O5) and 0.58 
70.02' -'0.61+0.02" (p=NS). 
tively: 19.5-@.6' +19.~0.7" 

Six AVE-HC03 rats yielded respec- 
(p=NS), 94+1.8' -'764+3.0" (p< 

O.OOl), 0.3eO.02' -)0.59+0.03" (p<O.OOs>, and 0.6-6&0.03' -> 
0.70+_0.03" (pcO.025). Absolute Cl absorption changed signifi- 
cantly only in the AVE-HC03 rats (1001+63' ->1508+96" peq/min, 
p<O.O05). Although FCl increased in both AVE-HCOY and AVE-Cl 
(plasma Cl 9353 and 12222 meq/L respectively), the increased 
unidirectional F36Cl efflux in AVE-HC03, but not in AVE-Cl, 
suggests diminished Cl backflux in both AVE groups but in- 
creased Cl efflux in only the hypochloremic group. 

37 
PROLACTIN-ADRENAL INTERACTION IN THE MODULATION OF RENAL SOL- 
UTE HANDLING IN THE RAT.David E. Mills*,MaireT. Buckman*, and 
Glenn 'I'. Peake*(SPON:A. Rat-d. Dept. Res. and Med., VAMC,and 
Dept. Med., Univ. of NM Sch. of Med., Albuquerque, NM 87131 

The role of prolactin(PRL) in mammalian renal function is not 
understood. PRL may interact with mineralocorticoids to alter 
Na+ and K+ excretion, as was reported in ewes. In this study, 
effects of oPRL on renal solute and water handling werestudied 
in l)intact, 2)adrenalectomized(adx), 3)adx +dexamethasone(lO 
pg/lOO g SW>, 4)adx +corticosterone(l33 pg/lOO g BW), and 5) 
salt-loaded(7 ml 5% NaClip)male rats. Atter 7 daysoftreatment 
rats received a water load(3% BW ip) prior to a 4h urine col- 
lection and blood sample for clearance determinations. Groups 
2, 3, and 5 received 0.9% NaCl in place of drinking water.Rats 
also received 0.9% NaCl(controls,n=8/group) or 1.0 mg oPRL(NIH 
PS 14,n=8/group)im days 4-7. Treatments were continued day 8 
for GFR determination by CInulin. In intact rats, oPRL J-CNa42% 
(p<.O5), J-CK 25%(p<.O5), and fCH2G(p<.01) vs controls. In adx 
rats oPRL + 
or CH20. 0P 35 

145%(p<.OO5) vs controls, with no change in CNa 
had no effect on CNa, CF, or CH20 in adx +dexa- 

methasone rats. However, in adx + corticosterone rats, oPRL J- 
Ga 67%(p<.O5), + 53%(p<.O5), and +CH o(F.01). In salt-load- 
ed rats oPRL+CNa "% 7%(p<.O5), and +CK 5 X(F.05) 5 vs controls. 
oPRL did not alter GFR at any time. These data suggest that 1) 
corticosterone reverses the renal actions of oPRL, 2) oPRL 
requires mineralocorticoids for an effect on Na+, but not K+, 
excretion, and 3) glucocorticoids may suppress effects of oPRL 
on the kidney. (Supported by a grant from the VA) 
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RENAL RESPONSE TO NaCl and NaHC03 LOADING IN NEWBORN DOGS 
3.M. Lorenz, L.I. Kleinman, T.A. Disney, U. of Cincinnati 
Newborn dogs 2-20 days of age were volume expanded (VE) with 

either NaCl (n=ll) or NaHC03 (n=12) to determine the effect 
of the anion on the renal response to acute VE with isotonic 
sodium solutions. Extracellular volume was expanded 31.6% in 
the NaCl group and 29.7% in the NaHC03 group (p>O.5). Reab- 
sorption is expressed as pEq/min/GFR and p values compare the 
NaCl to the NaHC03 group. In VE with NaCl, reabsorption of 
sodium (RNa)=127.1, RK=2.2, RC1=108.3, RHC03=27.2. In VE 
with NaHC03, RNa=123.9 (p>O.4), RK=O.l (p<O.OOl), RC1=96.9 
(p< O.OOl), RHC03=34.8 (p<O.O25). In VE with NaCl in 6 
puppies receivin 

7 
ethacrynic acid and amiloride to block 

Henle's loop (HL and distal tubular function, RNa=50.5, 
RK=1.4, RCl 42.6, RHC03 23.4. However, in VE with NaHC03 
in 8 puppies receiving these diuretics RNa=59.5 (0.05<p<O.10), 
RK=1.9 (0.05< p<O.lO), RC1=43.1 (p>O.90), RHCO3=26.0 (p= 
0.10). Thus VE with either NaCl or NaHC03 inhibits proximal 
tubule Na reabsorption resulting in increased loads of Na, 
HC03 and Cl to HL. However, in VE with NaCl relatively more 
Cl and less HC03 is delivered to HL than in VE with NaHC03. 
Consequently in the NaCl expanded group HL reabsorbs more Na 
(as Cl) than in the NaHC03 expanded group; therefore in the 
NaHC03 expanded group more Na is presented to the distal 
tubule (as HC03), resulting in greater distal K secretion and 
HC03 reabsorption. This accounts for Na excretion being the 
same, K and HC03 excretion greater, and Cl excretion less in 
VE with NaHC03 than with NaCl. 
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NEUROHYPOPHYSEAL PEPTIDES IN THE CEREBROSPINAL FLUID. Ralph R. 
Barnard, Jr.* and Mariana Morris Bowman Gray School of 
Medicine, Winston-Salem, NC 27103 

There is increasing interest in the presence of the neuro- 
hypophyseal hormones vasopressin (VP) and oxytocin (OT) in the 
central nervous system. Since the cerebrospinal fluid (CSF) 
may provide a window for investigating central peptidergic 
activity, a push/pull technique was used to sample third ven- 
tricular CSF. Conscious rats were perfused with artificial 
CSF (10 pl/min) for 3 hrs. They were then decapitated and 
trunk blood collected. VP and OT were measured by radioimmuno- 
assay. VP was found to be higher in the perfusate than in 
plasma; conversely, OT was higher in plasma than perfusate. 
Moreover, peptide levels in the perfusate were stable over 
time. 

plasma (pg/ml) perfusate (pghl) 
Vasopressin 3.6 + 0.3 13.1 2 0.9 mean? SEM 
Oxytbcin 23.2 2 1.9 4.5 2 0.4 n = 10 

In a second experiment a control perfusion (150 mEq/L Na) was 
followed by a perfusion with a hypertonic solution (300 mEq/L 
Na). Hypertonic saline elicited a 3 to 4 fold rise in per- 
fusate VP. These results suggest that CSF VP and OT are of 
central origin, and that a central stimulus is capable of in- 
creasing VP release into the CSF. Studies are in progress to 
further evaluate the dynamic changes in response to various 
physiological stimuli. 

Supported by NIH grants HL-07458 and HL-22411 
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42 
EFFECT OF INTRACEREBROVENTRICULAR (ICV) INFUSION OF VASOPRES- 
SIN (ADH) ON PLASMA ADH CONCENTRATION (P ) IN ANESTHETIZED 
DOGS. B.C. Wang, L. Share, and J.T. Cro geH on. Univ. of Tenn. 
Center for the Health Sciences, Memphis, Tennessee 38163 

Previous investigators have shown that centrally adminis- 
tered ADH caused water diuresis and decreased P . 
they did not measure the cerebrospinal fluid ADf??!onc~~~~~- 
tion (CSF ), it is not known whether this finding has any 
physiolog$!?!!l significance. We determined whether P could 
be altered by increasing CSFAD 
seen after physiological stimu i. H 

to levels similar toA?Rose 
Four groups of dogs were 

anesthetized with a chloralose-urethane solution. Each group 
received an icv infusion of artificial CSF, alone or with 
ADH, at a rate of 10 pl/min for 90 min. Arterial blood and 
CSF samples were taken just prior to infusion and at 30 min 
intervals for 210 min. 
control experiments. pADu and CSF did not change in 

Infusion of AD PH at rates of 10, 20, and 
50 pU/min resulted in increases in CSFADH of 26 + 6, 75 + 5, 
and 125 + 8 pU/ml and reductions in P 
68 + 7, z3 + 6, and 49 + 8% of 

to levels which-were 

spectively.- 
contra 8Dr p < 0.05-O.Ol), re- 

all groups. 
Plasma and CSF osmolalities were unchanged in 
Since the peak increase in CSF 

ADH was infused icv at 10 yU/min was similaeD o Ii! 
observed when 

CSF 
severe hemorrhage and icv infusion of hypertonic sa ine, it PH 

after 

appears that centrally acting ADH may play a physiological 
role in the control of ADH secretion. (Supported by USPHS 
grants HL-12990 and HL-19209 and UTCHS grant H-00053.) 

43 
EFFECT OF THE ANGIOTENSIN I CONVERTING ENZYME INHIBITOR, MK-421 
ON EXPERIMENTALLY INDUCED DRINKING. Melvin J. Fregly and Dennis 
C. Fater, Univ. Florida, College of Med., Gainesville 32610. 

MK-421, the ethyl ester maleate salt of N-L(S)-]-(ethoxy- 
carbonyl)-3-phenylpropyl-L-Ala-L-Pro, is an angiotensin I conv- 
erting enzyme inhibitor. An initial objective was to determine 
whether MK-421, administered at 0, 2.5, 5.0, 10.0, 20.0 and 40.0 
mg/kg i.p. to 96 female Sprague Dawley rats 15 min prior to ad- 
ministration of the adrenergic agonist, isoproterenol (1)(25ug/ 
kg, i.p.), would inhibit the drink induced by I. Water intakes 
of all rats were measured hourly for 2 hr after administration 
of I. The water intake induced by I was inhibited significantly 
by 2.5 mg MK-421/kg. When a similar experiment was performed 
using angiotensin I (200 ug/kg, i.p.> as the dipsogenic agent, 
MK-421 (5 mg/kg, i.p.) administered 15 min prior to AI inhibit- 
ed significantly the dipsogenic effect of AI. However, admin- 
istration of angiotensin II (200 ug/kg,i.p.) 15 min after MK- 
421 (5 mg/kg) was accompanied by water intake that did not dif- 
fer from AI1 alone. The drink induced by i.p. administration of 
1.0 M NaCl soln (1% of b.w., i.p.) was not inhibited by admin- 
istration of MK-421 (5 mg/kg) 15 min prior to allowing access 
to water while the drink induced by a 24 hr dehydration was 
partially inhibited. Thus, the drinks induced by administration 
of either I or AI are dependent on formation of AII. That in- 
duced by dehydration is partially dependent, while that induced 
by hypertonic saline is independent of AII. (Supported by 
grant NCA2-OR204-101 from NASA). 

44 

WATER DEPRIVATION INDUCED DRINKING IN RATS: ROLE OF EXTRA- 
CELLULAR VS. INTRACELLULAR COMPONENTS. C. C. Barney, R.M. 
Threatte* and M. J. Fregly. Dept. of Biology, Hope College, 
Holland, MI 49423 and Dept. of Physiology, University of 
Florida, Gainesville, FL 32610. - --. 

The relative importance of extrqcellular (renin-angioten- 
sin system) and intracellular ((Na ] and osmolality) compo- 
nents of thirst in the control of drinking in rats deprived of 
water for varying lengths of time was studied. Male rats were 
deprived of water for 0, 12, 24, 36 or 48 h and measurements 
were made of water intake with and without pretreatment with 
the ACE inhibitor captopril (50 mg/kg, +i.p.) pl$sma renin 
activity (PRA) and serum osmolality, [Na ] and [K 1. Water 
intake increased with the duration of water deprivation (WD) 
and was significantly increased above control levels from 
12-48 h of WD. Captopril significantly decreased water intake 
at 24-48 h of WD. The captopril-induced decrease in water 
intake increased with the length of WD. PRA tended to in- 
crease with the length of WD and was signifisantly elevatqd 
from 24-48 h of WD. Plasma osmolality and (Na ] but not [K ] 
were significantly increased from 12-48 h of WD but showed no 
further changes after the initial increase from O-12 h. These 
data support the concept of a dual control of water intake in 
water deprived rats and indicate that as the duration of water 
deprivation increases the magnitude of the intracellular 
component remains constant while that of the extracellular 
component increases. (Supported by a Hope College Faculty 
Development Award and NASA Grant NCA2-OR204-101.) 

TEMPfRATURE REGULATION 

46 
EFFECTS OF THmXINE AND OF THIOURFA ON THERMORECULATION IN 
FISHES. ,William W, Reynolds, Martha E, Casterlin and Richard 
E. Spieler, _ Universit y of New England, Biddeford, ME 04005, 
and (R.E.S.) Milwaukee Public Museum, WI 53233 

Acute or chronic administration of thyroxine via the 
ambient water significantly lowered the preferred 
temperatures of goldfish (Carassius auratus) and of bluegill 
sunfish (Lepomis macrochining in electronic 
shuttleboxes. Addition of th.yroxine to the ambient water, 
to yield a final concentratioi of 20 micrograms of T4 - 
per liter, lowered the mean preferred temperature durivg the 
ensuing 24 hours by 2.1 f 0.2'C for goldfish, and 2.0 - 0.2'C 
for bluegill. 

These results suggest an early evolutionary role of thyroid 
hormones in theregulatory behavior of ectothermic 
vertebrates. (Supported in Part by NIH Grant fi 25919). 

46 
TEMPERATURE REGULATION IN THE NINE-BANDED ARMADILLO 
Martha E. Heath* and H. T. Hammel, Physiological Research 
Laboratory, Scripps Institution of Oceanography, La Jolla, CA 
92093 

Johansen (1961) reported that armadillos increase their 
core temperature in response to decreases in ambient temp- 
erature (Ta). The present study was conducted to further 
characterize the thermoregulatory response of the armadillo 
to changes in Ta. 
(Tre), hypothalamic 

The rate of 02 consumption and the rectal 
(Th ) and skin (T,k) temperatures were 

measured in armadillos zi uring exposure to environments of 
5-35'C both when T, was altered and when it was held constant. 
T, and Tre were found to correlate (r = 0.83) inversely such 
that at Ta = 30°C T,, 
was 36.4OC (G). 

was 34.5OC (X) while at Ta = 10°C Tre 
The amount by which T,, changed was affected 

by the magnitude but relatively unaffected by the rate of 
change in T,. The change in core temperature in response to 
altered Ta was most closely associated with changes in Tsk. 
Using thermodes it was also demonstrated that the 
hypothalamus of armadillos has thermosensitivity and that 
changing Thy alters thermoregulatory responses. Since changes 
in both T,k and in T,, 
consumption was noted, 

were observed before any change in O2 
it appears that the rate of heat 

exchange with the environment is altered before metabolic 
changes are stimulated. Presumably this occurs via changes 
in peripheral blood flow. 
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47 
I IdTEPACT I ON OF EFFECT OF THYROXI IJE AtJD NOREP I tJEPti!?l NE I fi 

THE ACUTELY COLD-STRESSED RAT, Etuce Powel I Douglass* and 
Eugene Evonuk, Dept. Physiol,, U, Sotith Dakota Sch. fled. 
Vermillion, SD 57069* and Applied Physiol. Lab, U, of Oregon 
Eugene, Or, 97403, 

The interaction of effects of thyroxine and norepinephrine 
was 1 nvest I gated. Two groups of rats were thyroidectomized 
and injected daily with differing amounts of thyroxine for 
a period of three weeks, These rats, along with a control 
group, were reserpinlzed and subjected to acute cold stress 
whl le recelvlng increasing doses of Infused norepinephrine, 
Core temnerature, heart rate, blood pressure and oxygen con- 
sumPtfon’were measured at five minute intervals for a period 
of sixty minutes, I;O SignlfIcant InteractIon of tihe efite@s 
between thyroxine and norepinephrine was found for any of 
the parameters measured, The groups were found to di ffer In 
their abll Ity to maintain resting levels In the measured par- 
ameters, The findings in the present study indicated that 
the abl Ii ty of the rat to wlthstand acute cold stress was 
prlmarlly the result of circulating thyroxine and not by 
catecholamlnes, 

49 
RAPID HYPERTHERMIA WITHOUT DEHYDRATION: A 
COMPARISON OF METHODS IN RATS. R.W. Hubbard and C. B. 
Kelly*. US ARMY RES. INST. OF ENVIRON. MED., NATICK, MA., 
01760 

Thermally stressed, rats thermoregulate behaviorally by spreading 
saliva on body surfaces and thus lose body water (wt). Prior to 
exploring the role of dehydration in our rat heatstroke model, we 
sought to compare the capacity of physical restraint, surgical 
desalivation (desal) and atropine, i.v. to inhibit body water loss and to 
stimulate heat gain during progressive hyperthermia. Sprague-Dawley 
rats (n = 4 1; 521 f 14 g) were assigned to one of six experimental 
groups and teat-stressed in an environmental chamber (41.5 C) until a 
Tre of 42.6 C was reached. The following results were obtained: 

Group Exposure time (min) 
1) Unrestrained (Un R) : 

Wt loss (g) 
42 f 7 258 f 40 

2) Restrained (R) 8 13 * 3 62 f 14 
3) Desal-Un R 7 10 f 5 75 f 17 
4) Atropine (25 p g)-Un R 6 10 +- 2 84 f 12 
5) Desal-R 8 4*2 32~ 3 
6) Atropine (500 p g) Un R 6 4*1 42 f 7 
Significant (p < .05) reductions in both weight loss and heating time 
(Group 1 vs 2, 3 or 4) were obtained by either physical restraint, 
surgical desalivation or 25 u g’s of atropine, respectively. Maximal 
inhibition of weight loss to less than 10 percent of control values, 
maximal reduction in heating time and, therefore, maximal 
stimulation of the rate of heat gain was achieved by either physical 
restraint plus desalivation or a 20 fold increase in the dose of atropine. 

51 
AEROBIC AND THERMOREGULATORY BENEFITS DURING INTERVAL TRAINING 
ON A BIOKINETIC SWIM BENCH. A. Reino* and R.R. Gonzalez, J.B. 
Pierce Foundation and Yale School of Medicine, New Haven, Ct. 
06519 
A 9 day training period with a biokinetic swim bench was done 
on 5 female subjects (age 19-22) who trained 10 min per day at 
submaximal and maximal levels (bench MAP=65% cycle ergometer 

M m  l Three subjects were high&l traiTed swimmers (AS, athle- 
tic swimmers, cycle MAP=56ml*fg -1 l m'n ) and two were non-ath- 
letes (NA, cycle MAP=43ml*kg- l min ). Ta(=Tr) was 19C and 
dew point (T ) was 1OC. The training was: (1) 4 min butter- 
fly style pu Ping P (80 rev*min-l), 1 min rest; (2) 3 min pull- 
ing as in (1); and (3) 3-l min bouts separated by 30 set rest 
in which 1st and 3rd min were at 70% bench MAP and 2nd min was 
at 100% bench MAP. Heart rate, body weight (BW) were recorded 
before and after each regimen. Tes and Tsk, back sweating 
(I&, automatic dewpoint sensors) and upper torso net flux 
(net radiometer) were continuously taken. In NA, heart rate 
increased as a function of power output but in AS it was con- 
stant each day after bouts. Total power output (W) increased 
9% in AS but 22% in NA; post bench MAP was increased by 16% in 
AS and by 19% in NA. After the 9th day, tis occurred earlier 
and at lower T,, in both AS & NA; the gain (hs to Tes) was 
greater (PcO.01) in AS with higher cycle and bench MAP. 
Significant improvement in both aerobic and thermoregulatory 
responses can be elicited by swim bench training. 
(Supported by NIH OH-00836 to R.G.) 

48 
MONOCYTIC PYROGEN FEVER: EFFECT OF PROTEIN DEFICIENCY 
L. Hoffman-Goetz and R. Bell*. Department of Health Studies 
University of Waterloo, Waterloo, Ontario, Canada !'2L 3Gl. 

In continuing studies on the effects of protein malnutrit- 
ion on endogenous pyrogen mediated fever, we have investigated 
pyrogen production by rabbit blood monocytes. Although mono- 
cytes are known to be an excellent source of endogenous 
pyrogen (Bodel, J. Exp. Med. 140:954, 1974), it is not clear 
how, or if, protein malnutrition affects monocytic pyrogen 
production. Young male rabbits were fed a protein-free diet 
for 8 weeks; control rabbits were pair-fed a 21% protein diet. 
Venous blood samples were collected sequentially at t= 1, 21, 
35 and 56 days on the diets. Monocytes were isolated by cent- 
rifugation over Ficoll-Hypaque and incubated in HBSS with 
killed S. albus (40 bact.:leuk.) for 18 hrs. at 37'C. The 
average yield was 1~10~ leukocytes (24.0+_.4% monocytes). 
Sterile, endotoxin-free crude monocytic pyrogen supernatants 
(1 ml) were injected i.v. into recipient rabbits and rectal 
temperatures were recorded.The results were as follows: -- 

Average 4-Hour AT ( "C) 
days 21 -35 days 56 days 

Protein=free 0.722.18 0.05+.10? -O.O4+.14*(n=4) 
Control 0.575.05 0.652.11 0.535.05 (n=4) 
(fi +sEM; *= p c.05 when compared with day 21 fever, ANOVA) 

These data suggest that: 1) chronic dietary protein de- 
ficiency results in an attenuated monocytic pyrogen fever and 
2) reduced pyrogen production is a threshold phenomenon. (Sup- 
ported by NSERC of Canada #A7645 & Hum. Nutr.Res.Coun. of Ont.) 

50 
HEAT EXPOSURE AND EXERCISE: EFFECTS ON PLASMA LEVELS 
OF RENIN, ALDOSTERONE, AND VASOPRESSIN. R. Francesconi and 
M. Mager. US Army Res. Inst. Environ. Med., Natick, MA 01760. 

Adult, male rats were exposed sedentarily to a hot environmental 
temperature (35’C) or exercised (9.14 m/min, level treadmill) also at 
35’C to compare the responses of several fluid regulatory hormones. 
In exercisiv animals blood samples were taken as follows: control 
(time 0, 22 C ambient); when Tre reached 40°C (lo-15 min exercise); 
at hyperthermic exhaustion (Tre = 43’C); and when Tre cooled to 
40°C. In sedentary rats, blood samples were taken at 0, 6, 24, 48, and 
72 hours of heat exposure. While the animals were exercising, no 
changes occurred in plasma renin activity (PRA), but following 
exercise in the heat and when Tre had returned to 40°C, there was 
observed a significant (p < .OO 1) increment in levels of PR A. 
Alternatively, plasma levels of aldosterone were significantly (p < .OO 1) 
increased shortly after the start of exercise in the heat (Tre = 40°C) 
and remained elevated at all other sampling times. Vasopressin was 
elevated (p < .05) by the completion of the treadmill run (Tre = 43’C) 
and remained so during the cooling interval (Tre = 4O’C). In contrast, 
animals exposed sedentarily to more prolonged heat stress displayed 
much more variability in hormonal responses, and, of the three 
hormones tested, only aldosterone displayed a pattern of increasing 
levels with a significant increment (p < .05) at 72 h. We concluded 
from these studies that levels of fluid regulatory hormones are 
extremely responsive to acute heat exposure combined with exercise 
stress and concomitant with increments in Tre, while sedentary heat 
exposure for more prolonged intervals had inconsistent and minor 
effects on these levels. 

52 
THE EVALUATION OF HEAT TOLEMCE. Nick B. Strydom, 
Willie H. van der Walt* and Johan A. Kielblock*. 
I.H.B., Chamber of Mines of S.A., Johannesburg, 
2001, South Africa. 

In an effort to decrease the burden of heat acc- 
limatization usually required from returning miners 
prior to going underground a heat tolerance test was 
developed. This involves a four-hour stepping rou- 
tine the positive part of which equals 54 W in con- 
ditions where Twb is controlled at either 29, 30, 31 
or 31,7 'C with Ta always 1,s OC higher and V = 0,s 
m/s. Those men registering body temperatures of 
< 38,s OC are considered as hyper heat tolerant 
(HHT) and are exempted from further artificial acc- 

limatization procedures. As men are sometimes re- 
quired to work in hotter areas it was necessary to 
evaluate the performance of HHT's at Twb = 32,s 'C 
and 70 W by comparing their responses to those of 
normally acclimatized men. Although average 4th 
hour body temperatures did not differ between these 
groups and even though the HHT's had significantly 
higher heart rates, a statistical projection, based 
on results obtained on 200 subjects, indicates that 
the chances of developing heat stroke levels of 
body temperature are far less in the HHT's than in 
normally acclimatized men. The HHT's distinguish 
themselves by having significantly higher sweat 

t rates. 
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53 
THERMOREGULATORY RESPONSES OF PATIENTS RECOVERED FROM EXTENSI- 
VE BURNS. Y. Shapiro, H. Zur*, Y. Epstein*, G. Keren* and 
H. Ben-Simchon". Heller Inst. of Med. Res.& Tel-Aviv Univ.Ned. 
School; Sheba Medical Center ,Tel-Hashomer 52621,Israel. 

Iwo groups (A,n=4; B,n=6) of patients with 2nd and 3rd de- 
gree burns and a group of healthy controls (C,n=lO) underwent 
3 hours of exercising at 40°C, 50% RH (~02=1.051f0.061 l/min). 
The burned area (AB) of A was 48.6+3.6% of total skin surface 
area (AD) and of B 23.7~3.1%. Rectal temperature (Tre), skin 
temperature (Tsk) and heart rate (HR) of A were significantly 
higher than those of B and C,i.e. at the end of the 1st hour 
Tre was: 38.7, 37.9, 37.7OCr Tsk: 37.3, 36.4, 37.0°C; HR: 151, 
105, 110 b/min in A,B and C respectively. Total sweat loss 
&w) was: 594225, 602271, 485~107 g/h respectively. msw norma- 
lized to healthy skin area: &,/(A~AB) was:671+151, 449270, 
28OfpS g/h.m;! respectively. Maximal evapora tive cooling capaci- 
ty (Emax) which is proportional to the area of healthy skin 
ava ilable for sweating and evaporati on was 1 owes t in A (4.9+ 
0.1 W/W ,average in B (7.220.5) and highest in C (10.2~0.4), 
The required evaporation capacity for thermoequilibrium (Ereq) 
was: 6.7, 6.8, 6.6 W/kg. Similarity between group B and con- 
trols can be explained by the compensatory sweat rate from the 
normal skin of group B, which was sufficient in this case when 
&MX>E~~ l 

f  

In group A 
brium cou 

Emax(Ereq, therefore thermoequili- 
d not be maintained despite high compensatory sweat 

rate from the normal skin. 

54 
COMBINED EFFECTS OF LOCAL CHOLINERGIC STIMULATION 
AND BETA-ADRENERGIC BLOCKADE ON SWEAT GLAND RE- 
CRUITMENT. Kenneth Kraning, Dermatology & Environmental 
Health, University of Washington, Seattle, WA 98195 

As part of a study on differences between normal and atopic human 
subjects sweat glands responding (SGR) was measured in response to 
Mecholyl (MC) and Pilocarpine (PC) following pretreatment with 
either Saline 6) or Propranolol (PR). All drugs were 0.01 M, applied by 
iontophoresis to 8 randomly paired 1.25 sq cm areas on the volar 
surfaces of both forearms with a constant current of 0.2 mA, a 
duration of 240 set for S or PR pretreatment, and a duration of 30 set 
for MC or PC treatment. SGR was determined by counting sweat 
impressions made on iodized paper sampled at IO, 15, & 20 min after 
treatment. In all subjects SGR was greater for MC than for PC. In S 
normal male subjects the PR pretreatment always increased the SGR 
to MC (p<.Ol) and always decreased the SGR to PC (p<.Ol). It is 
concluded that PR pretreatment in normal subjects increases SGR to 
mild MC stimulation, perhaps by increasing the sensitivity of a 
normally less active subpopulation of glands. The observation that MC 
& PC give opposite responses with PR is paradoxical, as both are 
parasympathomimet its. This could be due to an unidentified differ- 
ence in the sudorific mechanisms of MC and PC. Interestingly, in 2 
subjects with active allergic disease, PR pretreatment decreased the 
SGR to MC. In one, an atopic female, PR pretreatment increased the 
SGR to PC. The other, a male with inhalant aller 
same response to PC as normals. (Supported by NIH 

ies, showed the 
i5 rant No. 5 ROI 

Al 16636-02 ) 

55 

SWEAT RATE AND SKI11 TEMPERATURE IN DESERT WALKS; BLACKS AND 
WHITES, YOUijG *AND OLD. S.D. Hillyard and D.B. Dill. Univ. of 
Nevada, Las Vegas, NV. 89154 

In a study of thermoregulation by blacks and whites, the 
sweat rate (SR, ml/m2*min) of both males and females was mea- 
sured during one hour desert walks at 80 m/min. 
ture (Tsk, 

Skin tempera- 
"C) was measured four times during the hour's walk 

with a thermocouple applied to the skin on the forehead, neck, 
upper arm and thigh. The average temperature of the four 
readings of the four sites was used for comparison between 
groups. 
follows: 

The mean values for SR and T,k, it 1 S.D., were as 
white women, 6.2 2 2.3 and 33.7 f 1.7, respectively; 

white men, 7.6 + 1.3 and 32.2 f 5, respectively; black women, 
6.9 + 2.1 and 32.6 + 1.1 respectively; black men 7.4 + 1.7 and 
31.5 + 1.4, respectively. The difference in SR between all 
men and wonen was significant at the P < 0.025 level while the 
difference in Tsk between these groups was significant at the 
P < 0.01 level. Since rectal temperature of men and women was 
not different (P > 0.05) at the end of the walks, equality in 
thermoregulation was achieved despite the lower SR and higher 
Tsk in women. It is suggested that this difference is due to 
the presence of more subcutaneous fat in women than men. 

PERIPHERAL CIRCULATION 
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HYPOTENSIVE EFFECT OF TWEEN 80 IN DOGS. Paul E. Newton, 
Stanley D. Erk*, Chris Pfledderer". University of California, 
Irvine, Toxic Hazards Research Unit, Dayton, Ohio 45431 

Tween 80 (polyoxyethylene(20)sorbitan monooleate) has been 
frequently used in toxicologic studies as a vehicle for IV 
drug injections. However, in a control study, 1 drop of Tween 
80 in 10 ml of heparinized saline produced hypotension and 
tachycardia. Subsequently 4 beagle dogs (8.8-12.7 kg) were 
injected over a 5 minute period with 10 ml of heparinized 
(10 IU/ml) saline containing either 0, 2, 4 or 6 mg/kq of 
Tween 80. The following changes in cardiovascular parameters 
relative to control values were measured 30 minutes after in- 
jection and these parameters had not returned to normal after 
180 minutes. 

Tween 80 A Pressure, mmHg A Heart 
w/kg Systolic Diastolic Rate, min-' 

0 0 0 0 
2 -60 0 +115 
4 -80 -20 +125 
6 -120 -30 +115 

At the 2 mg/kg dose there was an initial transitory rise in 
both pressures due to an increase in heart rate but then the 
pressures fell despite a continued increase in the heart rate. 
Conclusion: Tween 80 should not be considered inert and anv 
use as a drug solvent should be very careful1 considered * 
(Supported by U. S. Air Force Contract: F336f5-80-C-0512j. 

57 

HISTOCHEMICAL FIBER TYPE AND CAPILLARITY OF THE HAMSTER RETRAG 
TOR MUSCLE. Sharon M. Sullivan and Roland N. Pittman. Dept. 
of Physiology, Medical College of Virginia, Richmond, VA 23298 

Prior to the initiation of microcirculatory oxygen trans- 
port studies, the retractor muscle of the golden hamster was 
characterized histochemically. 12 elm thick serial sections 
were cut and stained for NADH-tetrazolium reductase and myo- 
fibrillar ATPase (pH 9.4) to determine muscle fiber type. 
Sections were also incubated for alkaline phosphatase todemon- 
strate the presence of capillaries. Fibers were classified as 
slow-twitch-oxidative (SO), fast-twitch-oxidative-glycolytic 
(FOG) and fast-twi tch-glycolytic (FG). The retractor consists 
primarily of FG fibers (69.2%)) with the balance made up of FOG 
(16.5%) and SO (14.3%) fibers. Fiber areas (mean ?SE in pm2) 
were 1345 275, 913 270 and 672 2 30 for FG, FOG and SO fibers, 
respectively. FG fibers had an average of 2.0 2.3 capillaries 
surrounding each fiber, with SO having 2.4 k.4 and FOG fibers 
having 2.9 f .6. The number of capillaries per FG fiber was 
related to its proximity to either FOG or SO fibers being 
higher if it was in contact with either fiber type. The num- 
berofcapillaries around FG fibers which were adjacent only to 
other FG fibers was significantly (p 5.01) lower at 1.5 2.1. A 
significant (p 5 .Ol) correlation between fiber cross-sectional 
area and number of capillaries was found for FG fibers but not 
for SO or FOG fibers. These results indicate that FG fiber 
capillarity is dependent on the neighboring fiber types and is 
also correlated to fiber cross-sectional area. (Supported by 
AHA grant 78 915 and NIH grants HL 18292 and HL 26901). 
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56 59 
IS INTESTINAL CAPILLARY FILTRATION RATE AUTOREGULATED? 
D. Neil Graneer. N. A. Mortillaro. M. A. Perrv* and P. R. 
Kvietys. University of South Alabama, Mobile, AL 36688 

CHANGES IN THE SOURCES OF HEPATIC PORTAL BLOOD FLOW WITH 
FEEDING IN THE SHEEP. A. Dobson, R. J. Barnes* and R. S. 
Comline.* Cornell University, Ithaca, NY 14853 and Cambridge 
University, England. 

Blood flow was It is generally considered that intestinal capillary 
pressure remains relatively constant when arterial pres- 
sure is reduced. In order to determine if intestinal 
capillary filtration rate is autoregulated, we measured 
lymph flow (LF) capillary pressure (PC), capillary filtra- 
tion coefficient (KFC) and the transcapillary oncotic pres- 
sure gradient (An) under isovolumetric conditions in the 
cat ileum. Interstitial fluid pressure (Pt) was then cal- 
culated from measured parameters in the Starling equation. 
Local arterial pressure was reduced in 25 mmHg increments 
from 125 mmHg to 25 mmHg. Venous pressure was held con- 
stant (5 mmHg) at each arterial pressure. As arterial 
pressure was reduced, PC, Pt, and AT decreased while KFC 
increased. Lymph flow decreased progressively as arterial 
pressure was reduced. At 25 mmHg arterial pressure lymph 
flow consistently ceased. The results of this study 
indicate that capillary pressure and capillary filtration 
rate in the intestine are poorly autoregulated when arterial 
pressure is reduced. 

measured with 15~ diameter radioactive 
micros*eres before 
ingestion of a daily 

I  during and at two times f 
meal of hay and concentrates. 

01 lowing the 
Flow was 

enhanced in the muscle of the ruminoreticulum and in the 
parotid and submandibular salivary glands only during eati w. 
The flow to the epithelium of the ruminoreticulum also rose 
during feeding, but the major increase was observed 2hr after 
feeding began when food had been withdrawn. Flow had not 
declined to prefeeding levels by the fourth hour. This peak 
epithelial flow accounted for the increase in portal flow at 
2hr. By contrast, omasal blood flow was steady except for a 
marked depression during eating. In the other organs 
contributing to the portal flow, the blood flow either 
remained steady throughout, as in the large intestine, 
jejunum, pancreas and spleen, or decreased during the period 
of observation, as in abomasum, duodenum, ileum and gut fat. 
The fraction of portal blood flow supplied by the foregut 
varied with feeding from 0.18 to 0.43. The car responding 
fractions for gut fat in these fat sheep were 0 .12 to 0.04. 

The distribution of blood flow thus shows marked changes 
Supported by NHLBI 26441and 00816, 22392. with feeding both between and within the organs examined. Any 

diversion of blood within the portal drainage area to the 
epithelium of the ruminoreticulum at 
fermentation can only be minor. the height of ruminal 
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THE MEASUREMENT OF CANINE GASTRIC MUSOCAL BLOOD FLOW WITH A 

In recent years &me 30 techniques have been developed with 

LASER DOPPLER VELOCIMETER. Robert H. Rotering,* Kenneth R. 
Larsen,* John A. Dixon, and Frank G. Moody. University of 
Utah, Salt Lake City, Utah 84132 

THE EFFECTS OF BLOOD VOLUME EXPANSION ON RENAL FUNCTION IN THE 
RHESUS MONKEY. M.J. Keyl, G.E. Billman, D.T. Dickey* and H.L. 
Stone. Dept. Physiol. Univ. Okla. HSC, Oklahoma City, OK73190 

The blood vol-ume in 7 male rhesus monkeys (6-9 kg)ianethe- 
tized with ketamine was determined using R lZ31SA - "CR-tag- 

.̂ _ 

blood f 
the hope of achieving an ideal method of measuring splanchnic 

low. Yet, this ideal remains elusive. Disadvantages 
Include : invasiveness, expense, diff icult procedures, complex 

weight. 
ged red cells. 

After two 20 min control urine collections, the ani- 
mals received 15% (n=7) and, 4 weeks later, 25% (n=6) blood 

Blood volume was found to be 6.0+0.58% of body 

volume expansion (BVE) with iso-osmotic Dextran 75. Twenty 
minute collections of urine began 20 min after initiation BVE 
and continued until 1 hr post-BVE. Blood samples were drawnat 
the midpoint of each urine collection; this volume was replac- 
ed with Dextran. Creatinine clearance, (Ccr) PAH clearanCc; 
(Cpah), sodium excretion (UNa?/), potassium excretion (UK V), 
filtered Na+ (FNa+), and urine flow (3) were determined. The 
data were then analyzed using an ANOVA for repeated measures 
and the Newman-Keul's multiple range test. *P c.05, **p c.01. 

15% BVE 25% BVE 
30 min 50 min 30 min 50 min 

c NS --ii--- T  -G-- 
Ccr NS NS * NS 
CPah * * ** * 
UNa* NS * ** ** 
UK++ * * * NS 
FNa NS * * ** 

Thus, 15% BVE does not appear to activate the complete renal 
compensatory mechanisms, indicating that a threshold exists 
between 15% and 25% BVE. Supported by NASA Grant #2282. 

apparatus, and hazardous radioact ivity. The Laser Doppler 
Velocimeter uses safe, low energy laser light to measure the 
Doppler shift caused by moving particles (red blood cells) in 
a cubic millimeter of tissue. It is noninvasive, easy to 
apply, gives instant or continuous values, and can be applied 
to the gastric mucosa through an endoscope. We compared 
La ser Doppler technique with mucosal flow estimated by 
radioactive microspheres in five chambered canine stomachs. 
Mucosal flow was stimulated with different doses of a vaso- 
active PGEl analog (SC-29333). The Laser Doppler numbers 
showed a high linear correlation with total venous outflow 
(r-0.80, P<.OOl) and with microsphere estimated mucosal flow 
(r-0.77, p<.Ol). We conclude that the Laser Doppler 
Velocimeter i s a quant I tatively ac curate tool for the 
estimation of mucosal f low/volume of tis sue, and should be 
considered in clinical experimental studies of mucosal blood 
flow. (Supported in part by NIH Grant #GM 23095-05.) 
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INDOCYANINE GREEN (ICC) AND EVANS BLUE: A COMPARATIVE 
STUDYOF PLASMAVOLUME MEASUREMENT. W.R.SANDEL* AND 
R.W. HUBBARD, U.S. ARMY RES. INST. OF ENVIRON. MED., 
NATICK, MA 01760 

Plasma volumes (PV) were measured in two groups of rats by 
injection of ICC (n = 213) or Evans Blue (n = 100) via indwelling jugular 
cannulae. Both groups had similar (p > 0.05) body weights, core 
temperatures, plasma protein concentrations, and corrected venous 
hematocrits. Serial blood samples were obtained over 10 min (8 
samples, ICG) or 60 min (6 samples, Evans Blue). PV’s were assessed 
directly by dye dilution, and blood (BV) and ~$1 v_olumes (CV) were 
calculated. The coefficients of determination (r , X 2 SD) of ICC and 
Evans Blue plasma dye disappearance curves were 0.995 + 0.008 
(p < 0.01) and 0.677 + 0.215 (p < O.Ol), respectively. The half-lives (t H) 
were 3.1 + 0.5 and 256 2 139 min (p < 0.01) for the ICC and Evans Blue 
groups, r&pectively, and corresponding disappearance constants (K, 
fraction of dye disappearing/min) were and 
0.0034 + 0.0017 min-l (p < 0.01). 

0.23 ~0.04 

The PV, BV, and CV values (ml 
x + SD) for ICG were 21.7 + 4.3, 36.0 + 5.2, and 14.3 + 2.0 and were) 
not significantly different 7p > 0.05) from corresponding values for 
Evans Blue. 
(21.9 + 3.2 ml) 

In additional experiments (n = 12), PV was quantitated 
f o 11 owed 

(6.1 + 0.5 ml). 
by injection of known volumes of 0.9% saline 

0 ne hour later, the predicted volume (28.0 + 3.6 ml) 
was not significantly different (p > 0.05) from the estimated volume 
(28.2 + 4.1 ml), and the correlation (r = 0.858) was significant 
(p < 0.01). The data indicate that ICC can be used to measure PV in 
rats and simultaneously assess changes in liver function (i.e. clearance 
rate). Because of its shortt y2, PV can be reestimated within anhow. 
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63 
THE EFFECTS OF ENDOGENOUS VERSUS EXOGENOUS MICROEMBOLI ONLUNG 
FLUID FILTRATION. A. Johnson*, M.V. Tahamont* and A.B. Malik, -I____ 
Dept. Physiology, Albany Medical College, Albany, NY 12208. 

We examined the effects of fibrin microaggregates (FM) on 
lung fluid and protein exchange in the sheep lung lymph pre- 
paration to determine if exogenous fibrin mediates lung vascu- 
lar injury. FM (diameter -100 pm) were produced in vitro from -- _____ 
titrated sheep plasma after precipitation with glycine. The 
response to exogenous fibrin was compared to the effects of 
endogenous intravascular coagulation induced by i.v. thrombin 
(120 U/kg) l Pulmonary vascular resistance (PVR), lung lymph 
flow (Qlym) and lymph/plasma protein cont. ratio (L/P) were 
determined. Baseline and postembolization (PE) values are 
shown: --~--- ~--- -~_______ 

FM (n=7) Thrombin (n=8) 
Baseline PE Baseline PE _____- _-----p-p 

PVR,mmHg/l/min 5.8tl.O 20.4+5.6* 6.5kl.l 18.4?2.5* 
elyrn, ml/hr 6.7i1.6 14.1+3.7* 5.821.5 11.9+2.9* 
L/P 0.84kO.02 0.64+0.09* 0.79io.04 0.8CO.04 ._ _ - - - - - - _- - -. -- - - -- _------------ - _- - - - 
*p < 0.05 -___- ---____ ---~ 

While PVR increased similarly in both cases, lung vascular 
permeability increased only after thrombin-induced intravascu- 
lar coagulation. The increase in filtration after emboliza- 
tion with FM was due to increased filtration pressure and not 
to increased permeability. Therefore, in vivo activation of -~ 
coagulation is required to produce an increase in vascular 
permeability. (HL-12355, HL-26651, HL-00363, and Parker B. 
Francis Foundation) 

66 
"Lung vessel leak in monocrotaline treated rats may relate to 
their subsequent pulmonary hypertension." J-T. Reeves, T. 
Sugita,* T. Hyers, and W. Wagner, Univ. of Colorado, Denver, 
and A. Tucker and A. Alexandelf Colorado St. Univ., Ft. Collins 

One injection of monocrotaline (4Omg/kg) causes pulmonary 
hypertension in rats weighing less than 200 gm. Two of us (AT, 
JTR) independently observed that lungs from monocrotaline 
treated rats easily develop edema when perfused. We considered 
that lung vessel leak might somehow cause the hypertension. If 
so an increase in lung wet/dry weights (a marker of lung water) 
would precede right ventricular hypertrophy (a marker of pul- 
monary hypertension). The results below suggest that wet/dry 
ratios increased before right ventricular hypertrophy develop- 
ed. Lung dry weight increased with right ventricular hyper- 
trophy. Possibly lung vessel leak relates to pulmonary hyper- 
tension and lung hyperplasia with monocrotaline. 

TIME AFTER BODY WET/ LUNG DRY WT. RV 
MONOCROTALINE WT.(GM) DRY BODY WT. LvTs 

Control (5) 226 5.17 .00107 .33 

8 Hrs. (5) 200 5.28 .00107 . 33 

72 Hrs. (5) 234 5.35 .00114 . 34 

1 Week (5) 237 5.50 .00116 .39 

2 Weeks (5) 271 5 -24 .00156 .48 

3 Weeks (3) 249 5.07 .00280 .77 

(Supported in part by NIH GRANT HL14985 & HL07171 
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HYDROSTATIC PRESSURE ESTIMATES OF PULMONARY CAPILLARY FILTRA- 
TION COEFFICIENTS CORRECTED FOR VASCULAR VOLUME CHANGES AND 
TISSUE ELASTICITY. L. E. Wittmers, Jr.* and J. A. Johnson. 
Departments of Physiology, University of Minnesota School of 
Medicine, Duluth, MN 55812 and The Medical School, Minne- 
apolis, MN 55455. 

Capillary filtration coefficients, K , are measured by an 
alteration in either capillary hydrosta ic pressure or colloid f 
osmotic pressure of the perfusing fluid. Most modern theories 
dealing with solvent flow across capillary membranes indicate 
that the Kf determined by alterations in either osmotic driv- 
ing forces should be the same. However, they are usually not: 
osmotic changes yield values smaller than those obtained by 
hydrostatic methods. The experiments presented here were done 
on isolated Ringer-perfused, rabbit lungs in which a change 
in capillary hydrostatic pressure was induced to estimate Kf. 
The organ weight gain and an independent measure of vascular 
volume (indicator-dilution) were obtained. The results in- 
dicate that there is a time-dependent increase in vascular 
volume, "creep", during the entire period of the elevated 
capillary hydrostatic pressure. Returning this pressure to 
control values resulted in a residual organ weight gain as- 
sociated with a vascular volume that returns to control levels 
almost immediately. If corrections are made for the increase 
in vascular volume as well as for changes in the tissue pres- 
sure resulting from a finite tissue elasticity, the Kf values 
obtained from osmotic and hvdrostatic methods are eauivalent. 

64 
THEORETICAL EFFECTS OF PLASMA PROTEIN CONCENTRATION ON LUNG 
LYMPH FLOW AND L/P RATIO. R. J. Roselli, Department of Chemi- 
cal Engineering, Vanderbilt University, Nashville, TN 37235 

Transvascular fluid and protein transport in the lung was 
simulated at various plasma protein concentrations (C ) and 
transvascular pressure differences (aP) using the mu1 iple pore !  
model of Harris and Roselli (J. Appl. Physiol. 50:1-14, 1981). 
The membrane structure and baseline AP were assumed to remain 
unchanged as Cp was altered. Results indicate that Co and the 
percentage of albumin in the plasma can influence lymph flow 
(QL) and total lymph to plasma protein concentration ratio 
(L/P). The predicted baseline protein L/P is considerablyhigh- 
er for a Cp of 8g/d1(.75) than 4g/d1(.55). Although the L/P 
becomes independent of Co at very hioh lymph flows, a notice- 
able discrepancy in the L/P vs. QL relation persists between Co 
of 4g/dl and 8g/dl at lymph flows below 2 ml/min. Several im-' 
portant consequences may arise from the theoretical dependence 
of L/P on Cp. First, variations among shee? may be due to dif- 
ferences in baseline C 
flows and lower L/P ra e 

or albumin content. Generally, higher 
ios are expected with decreasing C?. 

Second, since no universal relation between L/P and Q 
b 

exists, 
one may need to account for Cowhencomparing L/P vs. L from 
altered permeability studies to differences expected from AP 
alone. Finally, reflection coefficient estimates, obtained by 
extrapolating L/P vs. QL to higher flows, are subject to larger 
errors at high Co. 

Supported in park by USPHS NIH Grants HL 22933 and HL 19153. 

66 
PHORBOL MYRISTATE ACETATE INFUSION CAUSES LEUKOPENIA, 
PULMONARY HYPERTENSION AND INCREASED LUNG VASCULAR 
PERMEABILITY IN AWAKE SHEEP. J.E. Lovd.* J.H. Newman. p. 

I  I  

English,* and K.L. Brigham. Pulmonary Circulation Center, Vanderbilt 
university School of MedIcme, Nashville, TN 37232. 

Phorbol myristate acetate-(PMA) is -a potent in vitro activator of 
polymorphonuclear leukocyte (PMN) respiratory bumolated rabbit 
lungs, PMA causes PMN dependent lung injury. We find in vitro that 
PMA stimulates respiratory burst but not lysozymal enzyme release in 
sheep PMN's. To study effects on lung hemodynamics and fluid balance 
we infused 5 mcg/kg PMA i.v. into 6 unanesthetized sheep chronically 
instrumented with lung lymphatic and vascular catheters, and made 
observations for 6 hours. PMA caused blood leukocyte count to fall 
from 52502363 S.E. cells/mm3 to 2450+224 at 1 hour. Pulmonary artery 
pressure rose from 1421 S.E. cmH2C)to 51+3 within 5 minutes and 
slowly decreased to baseline by 4 hrs. Pa02 decreased from 90+3 S.E. 
torr to 59+6 by 15 minutes after PMA. Lung lymph flow tripled initially 
and remai?;ed more than twice baseline for 6 hours while lymph/plasma 
protein concentration was 0.63+0.02 S.E. at 4-6 hrs. (baseline = 
0.64+0.10) suggesting increased-permeability. PMA causes initial 
pulmonary vasoconstriction and later increased lung vascular 
permeability perhaps by stimulating PMN’s to produce superoxide. 

(Supported by NHLBI Grant No. HL 19153, SCOR in Pulmonary 
Vascular Diseases, and NHLBI 00702.) 

66 
EFFECT OF INFLATION VOLUME ON PROTEIN LEAKAGE ACROSS THE 
ALVEOLAR BARRIER IN FLUID-FILLED, ISOLATED DOG LUNG. 
R.L. Conhaim* and N.C. Staub, Cardiovascular Research 
Institute and Department of Physiology, University of 
California, San Francisco, CA 94143. 

At what lung volume does the alveolar barrier become 
permeable to protein? We inflated degassed, isolated dog 
lung lobes with an isosmotic solution of 5% albumin labeled 
with .02% Evan's blue dye. We inflated two lobes each to a 
transpulmonary pressure (Ptp) of 4, 7, 10 or 14 cmH20, 
corresponding to 25, 50, 75 or 100% of total lung capacity 
(TLC) l We maintained each lobe at constant pressure for lh, 
then froze the lobes in liquid nitrogen. We measured peri- 
vascular cuff and vascular diameter (loo/lobe) from photo- 
micrographs of frozen lungs, and measured cuff protein concen- 
tration relative to airway concentration by spectrophotometry 
(5/lobe). The data are summarized in the table (average only). 

TLC (%I 25 50 75 100 
Ptp (CmQo) 4 7 10 14 

Cuff Size (relative to TLC) .04 .08 .36 1.0 

Prot Cone (relative to instillate) .l .2 .2 .8 

Small cuffs with low protein concentration occurred even at 
the lowest volume and pressure, but significant protein 
leakage across the alveolar barrier occurred only when Ptp 
was greater than 10 cmH20. [Supported by HL25816 (Program 
Project)]. 
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69 
TOTAL LYMPH FLOW IN NORMALLY HYDRATED DOG LUNGS. 
J.C. Parker, R. Allison*, and A.E. Taylor. Dept. Physiology, 
College of Medicine, Univ. South Alabama, Mobile, AL, 36688. 

The plexiform nature of the pulmonary lymphatics prohibits 
collection of total lung lymph in a particular experiment. In 
the present experiment, we calculated the weight of lung tissue 
drained by cannulated afferent lymph vessels to the left trach- 
eobronchial (subaortic) lymph nodes in 5 dogs. These lymphatics 
have been shown to contain essentially pure pre-nodal lung 
lymph. Lymph and plasma samples were collected at half hour 
intervals for 4 hours after injection of a bolus of 1251-albu- 
min. The volume of tissue fluid drained by the lymphatics was 
calculated based on the equilibration rate constants for 1251- 
albumin (b) using relationships in the linear solute flux equa- 
tion. Tissue blood weight measured using 51Cr labelled red 
cells was .202.02 (mean?SE), and extravascular g9mTc-DTPA 
(diethylene triamine penacetic acid) space was 2.352.09 ml/g 
GFDW (blood free dry weight). Extravascular lung water was 3.92 
2.04 g/g BFDW, and extravascular albumin space was 1.35k.08 ml/ 
g BFDW. Albumin equilibration b values were .352?.059 hrs'l,or 
a half-time of 1.97 hrs. A volume of 11.623.1 ml of tissue 
fluid, or .32?.04 percent of the post-mortem lung weight was 
drained by the cannulated lymphatics. This represented a lung 
lymph flow of .105+.023 ml/min, or .068?.014 niL/min/lOOg wet 
weight of lung.Use of these normalized lymph flows permits a 
comparison of absolute PS products, lymph protein fluxes, pro- 
tein clearances, and lung protein turnover rates between ani- 
mals. (Supported by NIH 22549 and 24571.) 
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PULMONARY PHOSPHOLIPID CHAi\IGES FROM MECHANICAL HEAD INJ1;RY 
David L. Beckman and Daniel J. Crittenden*. Dept. Physiology, 
School of Medicine, East Carolina tiniv., Greenville, NC 27834 

The alveolar surface lining may be adversely affected by 
mechanical head injury with subsequent developmen? of pul- 
monary edema. Lung injury and associated convulsive seizures 
from head injury were ameliorated by prior treatment with 
sympathetic blocking agents. In the present study adult cats 
were exposed to sudden lethal blow by captive-bolt; controls 
were given lethal succinyl choline. Excised lungs were 
rinsed with saline (JAP 43:39, 1977). Ilinimum surface ten- 
sion as measured on a surfactometer increased from 5.021.1 
dynes/cm in 6 controls (C) to 11.621.5 in 5 head injury (HI) 
cats with seizures (P<O.OOl) but was only 6.520.9 in HI cats 
without seizures after HI. Cholesterol values were 0.262.02 
mg/g lung in 8C, 0.45?0.08 in 4 HI cats (PcO.01) but only 
0.23kO.03 in HI cats without seizures. Total phospholipids 
were 3.6t0.4 in 8C, 4.7kO.6 in 6 HI cats and 4.120.5 in HI 
cats without seizures. Disaturated phosphatidyl choline 
was 0.8520.20 in 5C and 0.97?0.08 in 2 HI cats. The ratios 
of cholesterol to total phospholipids were 0.09+0.01 in 5 C, 
0.11+0.03 in 4 HI cats and 0.06t0.01 in 6 HI cats without 
seizures. Our results show that cholesterol and surface 
tension increased only in HI cats with seizures and suggest 
that the surface tension and phospholipid changes associated 
with convulsive seizures in head injury may be important 
factors 'n the subsequent development of neurogenic pulmonary 
edema. 1 Supported by N.C. United Ilay) 

E.D. Crandall and K-J,-; 
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UCLA, Los Angeles, CA 90024. 
HETEROPORE POPULATIONS IN NORMAL BULLFROG ALVEOLAR EPITHELIUM. 

Diffusional fluxes of a large number of hydrophilic solutes 
and water across the alveolar epithelial barrier were measured 
using the hollow bullfrog (Rana catesbeiana) lung mounted in 
the Ussing chamber. Lungs were isolated from double-pithe d 

MUCOSA. 
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Faiq J. Al-Bazzaz and John Kelsey*, University of 
Illinois and West Side VA Medical Center, Chicago, Il. 60612 

SUBSTANCE "P" STIMULATES Cl SECRETION BY CANINE TRACHEAL 

We investigated the effect of the neurotransmitter, 
substance P, on the electrical and ion transport properties 
of dog trachea. Posterior mucosal tissues were mounted in 
Ussing chambers and perfused with Krebs-Henseleit solution, 
pH,7 .4j6at 37OC. The solution was gassed with 95% 02, 5% 

. Cl and 22Na fluxes were measured under short circuit 
conditions. Substance P (10'7M) added to the mucosal bath 
elicited within seconds a rapid rise in short circuit current 
(SCC) and tissue conductance. Net Cl secretion increased 
from 1.46 + 0.41 to 2.85 + 0.57 ueq/cm2.h (Z + SE. n=6 
P < 0.005). This increase was brought about by enhancement of 
unidirectional submucosa to lumen flux. Sodium transport of 
0.63 + 0.04 did not change significantly (0.59 + 0.16). SCC 
increased from 50 w/cm2 to 63 &cm2 (P < 0.027, and tissue 
conductance rose from 1.58 to 2.11 mS/cm2 (P < 0.05). These 
findings suggest that nerve fibers containing substance P 
might play a role in regulation of ion transport across the 
trachea. Further, these observations lend support to the 
recent report of finding substance P-containing nerve fibers 
adjacent to dog airways and pulmonary vessels (Fed Proceed- 
ings 40 (3): 595, 1981) (Supported by the American Heart 
Association and VA Medical Research grants). 

animals and studied as flat sheets. Tracer amounts of radio- 
labeled solutes and water were added to the upstream reservoir 
and the rate of change of downs tream reservoir radioactivity 
was monitored. A permeabi .lity coefficient was estimated for 
each substance from a linear relationship between radiotracer 
concentration in the downstream reservoir and time. These 
permeability data were used to analyze the equivalent water- 
filled pore characteristics of the alveolar epithelial barrier 
using both the Renkin and Levitt approaches. The data reveal 
that the alveolar epithelium is best characterized by two dis- 
tinct pore populations (rather than by a single homogeneous 
population). The large pore population consis ts of pores 
Q9 nm radius and occupies 3% of available pore area. The 

with 

small pore population consists of pores with so.45 nm radius 
and occupies 97% of available pore area. These results con- 
firm an earlier suggestion by Gatzy (Fed Proc 38:2234, 1979). 
The ratio, 
104. 

number of small pores/number of large pores, is 2, 
These findings have important implications for interpre- 

tation of bulk flow measurements across biological tissue bar- 
riers, since hydrostatically- and osmotically-driven water 
fluxes probably take place largely via separate pathways. 
(Supported in part by NIH HL26223 and AHA GLAA 654F-2.) 
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9gmTc Fibrinogen Imaging and 1251 Albumin Distribution Follow- 
ing Caning Lung Contusign. 
E. Geller , A. Carvalho , B. Khaw*, B.Rajagopalan*, H. W. 
Strauss*, R.Jones*, L.Reid and W.M.Zapol. Mass. General Hos- P - - 
pital, Boston, MA 02114. 

To analyse the role of fibrinogen (F) deposition in acute 
lung injury we I.V. injected 2 to 4mg of ggmTc human F into 
10 anesthetized dogs 15 mins after producing unilateral con- 
tusion with a 0.30 "calibre blank. 5O/uCi of 1251 labelled 
human serum albumin was injected simultaneously with the F. A 
second contralateral contusion was produced 105 mins later (90 
mins after F injection). Animals were scanned serially with a 
3 camera for 6 hours and again after 20 hours prior to sacri- 
fice. Excised lungs were scanned, sectioned and counted in a 
well counter. Only the second contusion was consistently visu- 
alized by scanning, not the first. In the central area of the 
second contusion we found the tissue F counts/glung to be in- 
creased to a ratio of 10.1+5.5 (n=8,mean + SD) as compared to 
normal lung. In the first contusion the ratio only increased 
to 2.351 (n=4). ggmTc counts/g lung were maximal to the center 
of the contusion and high in the pericontused 
to normal lung. The 1251 counts/g 

area as compared 
were lower in the con- 

tusion center and normal lung and maximal in the pericontused 
area. ggmTc F from the blood stream accumulates rapidly in 
subsequent 

44 
contused lung and can be readily located by scan- 

ning. The mTc remains in the contusion site for at least 20 
hours. Supported by Grant HL23591. 

INFLUENCE OF ADENOSINE TRIPHOSPHATE ON LUNG FLUID BALANCE. 
Mary I. Yownsley* and \I. Jeffrey lleidner. Dept. of Animal 
Physiology, UC Davis, Davis, CA 95616. 

Adenosine triphosphate (ATP) is known to be a potent vaso- 
dilator in many vascular beds. Its effect on pulmonary hemo- 
dynamics has not been well substantiated and its influence on 
pulrr,onary fluid balance has not been examined. In acutely 
prepared sheep anesthetized with halothane, we studied the 

effects of ATP (dose range 2.04-3209.1 cli;/nin, i.v.).nn pul- 

monary vascular resistance (PVR), lung lymph flow (QL), and 
1Uni; lymptk to plasma protein concentration ratio am. 
Administration of ATP, irrespective of initial dose, produced 
?n initial increase in PVR, concomitant with an increase in 
QL and a slight increase in L/P. Subsequent increases in ATP 

dosage were a$conpanied by decreases in PVR, sligtlt decreases 
in L/P while QL remained. elevated. Over the course of ti 4 h 
administration of AX?, C.)L increased 
L/P fell by 5.7% on the average. 

by a mean of. 932 while 

The doubling of QL concor?.i- 
tant with slight decreases in L/P suggest that the effect of 
Ai'P on puln:onary fluid balance is due to recruitrncnt of the 
pulmonary microvasculature rather than a change in 
permeability. (Supported in part by NIA, CA Affiliate No. 
UO-N105.) 
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75 76 
EFFECT OF AIR EMBOLISM ON THE MEASUREMENT OF EXTRAVASCULAR EFFECT OF CARDIAC OUTPUT ON LUNG FLUID BALANCE IN ALVEOLAR HY- 
LUNG THERMAL VOLUME. R.C. Allison*, J.C. Parker, A.E. Taylor. POXIA. A. Jeanneret-Grosjean,* M. Julien,* M.-C. Michoud,* J. 
Dept. Physiology, Univ. of South Alabama College of Medicine, Lelorier * and R. Amyot.* (SPON: M. King) H8tel-Dieu de Mon- 
Mobile, AL, 36688. trgal, Universitg de MontrGal, Qugbec, Canada. H2W lT8. 

The effect of air embolism on the measurement of extravas- 
cular lung thermal volume (ETV) using a double indicator 
dilution technique was investigated in 10 closed chest dogs. 
Five ml of iced (O'C) D5W containing 1.5 mg indocyanine green 
dye was injected into the right atrium. Thermal (t) and dye 
(d) outflow curves were measured simultaneously in the aorta 
and used to calculate cardiac output (CO) and mean transit 
time (MTT). ETV was calculated by: ETV=CO x (MTTt-MTTd). 
After a control period, two successive right atria1 air in- 
fusions (El, E2) were used to maintain constant and increased 
pulmonary artery pressure (Ppa) and pulmonary vascular resist- 
ance (PVR). After the second air infusion, Ppa was allowed to 
return to control. 

High altitude pulmonary edema may involve alveolar hypoxia 
and overperfusion. In a dog model of unilateral hypoxia, we 
tested the effect of different cardiac outputs (C.O.) on the 
formation of pulmonary edema. 15 dogs were intubated with a 
tracheal divider, one lung was ventilated with 100% N2 and the 
other with 100% 02, the PC02 maintained at 25 f 4 mmHg. In 
group 1 (n = 4) C.O. was not altered. In group 2 (n = 7) C.O. 
was increased 60% by femoral and carotid arterio-venous fistu- 
lae, and expending the vascular volume with saline to obtain a 
capillary wedge pressure of 12 f 1 mmHg. In group 3 (n = 4) 
C.O. was increased 170% by creating a fistula between the aor- 
ta and the inferior vena cava. These C.O. were maintained du- 
ring 4 hours of split ventilation. The shunt fraction was 
over 50% in each dog indicating that there was no significant 
hypoxic vasoconstriction in the N2 lung. The dogs were sacri- 
ficed by exanguination. The wet weight-dry weight ratio of 
individual lobes was not statistically different between the 
N2 and the 02 lungs in either of the groups: 

Control El E2 
PVR (cmH20/L/min) -2. 8.0 

Recovery 
15.0 6.0 

ETV (ml) 100 37 20 88 
In 5 of these dogs, extravascular lung mass (ELM) was 

determined gravimetrically and closely approximated the final 
ETV measurement: EVLM=0.93 ETV+35.9 ml (r=0.83). We con- 
clude that measurements of ETV will significantly under- 
estimate ELM under conditions of embolism in which Ppa and 
PVR are significantly increased above control. (Supported 
by NIH 22549 and 24571.) 

77 
ABSENCE OF GRAVITY-DEPENDENT GRADIENT IN ALVEOLAR LIQUID 
PRESSURES IN ISOLATED EDEMATOUS DQG LUNG. Kennea C. Be&* 
and Stenhen J. Lai-Fook Mayo Clinic, Rochester, MN, 55901. 

Micropipets were use: in conjunction with a servo-nulling 
system to measure pressures (Pliq) in "free" liquid spaces 
.l-.5 mm beneath the pleural surfaces of excised dog lung 
lobes. Lobes were mounted with long axis vertical, held at 
constant transpulmonary pressure (Ptp) , perfused with plasma, 
and made edematous by raising vascular pressures . Pliq was 
measured at two sites, near the top and bottom surfaces, and 
wet (W) and dry (D) weights for the top and bottom thirds of 
lobes were obtained in two groups of 5-lobes, one at Ptp=5 and 
the other at Ptp=15 cm H20. Means + SD for Pliq (cmH20), the 
ratios W/D, vertical distance between sites (Ah, cm) and 
pressure gradient with height (APliq/Ah) were: 

Pliq W/D Ah APliq/Ah 

Ptp=5 top 2.4tO.5 6.6kO.9 
bottom 2.220.9 8.220.9 8.4kO.6 -0.03+0.15 

Ptp=15 top 2.051.6 6.3kO.7 
bottom 3.9k1.4 7.520.8 10.6kO.7 0.18?0.20 

The ratio W/D was always greater at the bottom than at the 
top, though Pliq was consistently greater at the bottom only 
at Ptp=15, reflecting the greater dependence of Pliq on lung 
liquid at high Ptp. If Pliq reflects pericapillary inter- 
stitial fluid pressure (Pi), then there is no significant 
vertical gradient in Pi due to gravity. (Supported by 
HL-21584, HL-00674 and HL-06244A from the NHLBI) 

79 
OLEIC ACID INDUCED EDEMA IN THE DEXTRAN-SERUM PERFUSED LUNG 
LOBE. W.F. Hofman and I.C. Ehrhart. Med. Coll. of Ga., 
Augusta, Ga. 30912. 

Various blood components have been implicated in lung per- 
meability edema. We embolized isolated dog lung lobes with 
oleic acid (OA) during perfusion with a solution nearly 
devoid of normal blood components. The perfusate consisted 
of a balanced salt solution containing 6% Dextran and appro- 
ximately 10% serum by volume from the lobe donor. The ven- 
tilated lower left lobe was perfused at constant pressure 
with the Dextran-serum solution . Each lobe was washed -out 
with 600 ml of perfusate before recirculation started. Lobe 
weight changes were continuously monitored as an index of 
edema formation. Control lobes (n=6) were perfused over a 
3 hr. period and averaged a 25% increase in weight with a 
small decline in perfusate PO2 (134210 to 124216 mm Hg) and 
dynamic lobe compliance (3.621.9 to 2.9t1.2 ml/cm H20). A 
second group of lobes (n=5), administered 45 ul/Kg body wt. 
OA showed a massive weight gain that averaged 125% by 0.5 
hr. after OA. Lobe compliance decreased from 4.5f3.3 to 0.52 
0.2 ml/cm H20 and perfusate PQ2 declined from 13of8.0 to 71.4 
f4.0 mm Hg by 1 hr. after OA. We conclude that increased 
lung vascular permeability associated with oleic acid is not 
dependent upon normal concentrations of blood cellular and 
protein components. OA appears to injure the lung directly 
or release mediators endogenous to lung tissue that enhance 
vascular permeability. (Supported by American Heart Assoc.- 
Georgia Affiliate). 

Group 1:02/N2 Group 2:02/N2 Group 3:02/N2 
upper lobes 4.7f0.3/4.8*0.3 5.2f0.3/5.2*0.2 5.lf0.3/5.lt0.2 
lower lobes 4.8*0.3/4.7fO.l 5.3+0.4/5.3*0.4 5.2*0.4/5.lf0.3 
We conclude that increasing the C.O. by 170% during 4 hours 
has no effect on lung fluid accumulation in alveolar hypoxia 
in dogs. Supported by MRC of Canada (#MA-7400). 
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DENSITY OF DOMES IN MONOLAYER CULTURES OF ALVEOLAR EPITHELIAL 
CELLS. Barbara E. Goodman and Edward D. Crandall. Department 
of Medicine, University of California, Los Angeles, CA 90024. 

Domes formed by isolated epithelial cells from several 
organs when cultured on plastic or glass have been assumed to 
indicate active transport of solutes from medium to substratum, 
with water following passively. We have analyzed the forma- 
tion of domes by Type II alveolar epithelial cells harvested 
from rat lungs. The cells were isolated and purified using 
elastase and differential plating. The culture medium con- 
tained gentamycin, penicillin, insulin, thyroxine, and hydro- 
cortisone. No fungicide was used. By 3 days, cells had 
formed an almost completely confluent monolayer with a large 
number of domes. The area covered by a dome was variable, 
ranging from 2~10~ pm* to 100~10~ urn*. The density of domes 
at 3 days was 237+49/cm*. At 4 days, the density had dropped 
to 147f25/om2, with 56f16/cm2 at 5 days, 72f14/om2 at 6 days, 
and 20f15 at 7 days. No domes and some sloughing of cells 
were seen at 8 days. When hormones were omitted from the cul- 
ture medium, domes were observed for up to 14 days. To date, 
we have not seen domes in similar preparations when trypsin 
was used to isolate the cells. Domes have been observed pre- 
viously in monolayer cultures of Type II alveolar epithelial 
cells grown on plastic and conditioned plastic surfaces (Mason 
& Williams, ARRD 123:216, 1981). We suggest that primary cul- 
ture of alveolar epithelial cells may be a useful model for 
studying the transport characteristics of intact mammalian al- 
veolar epithelium. (Supported in part by HL 26223.) 

80 
EFFECTS OF PROPRANOLOL-HISTAMINE INFUSION ON PULMONARY HEMODY- 
NAMICS AND LUNG WATER. N.C. Olson*, N.E. Robinson, D.L. 
Anderson*, and J.B. Scott-, Michigan State University, E. 
Lansing, MI 48824 

Local intraarterial administration of histamine is reported 
to increase microvascular permeability and cause edema in the 
canine forelimb, During intravenous (IV) infusion of hist- 
amine these effects are not seen unless there is concomitant B 
blockade, Thus, increased blood levels of 8 agonists during 
IV histamine antagonize the increased water efflux. In the 
present study we tested the possibility that this alsoaccounts 
for the fact that IVhistamine causes little or no increase in 
lung water. In anesthetized dogs cold 3% NaCl was used as the 
indicator to determine cardiac output (CO), central blood vol- 
ume (CBV) and lung extravascular thermal volume (ETVL). Fol- 
lowing 8 blockade with propranolol, histamine (10 ug/kg/min) 
was administered IV for 90 min. Propranolol decreased CO, 
increased CBV, mean pulmonary artery pressure (m), pulmonary 
artery wedge pressure (PPAw), and total peripheral resistance 
(TPR) but did not change pulmonary vascular resistance (PVR), 
ETVL, or mean arterial pressure. Histamine with propranolol 
further reduced CO whereas m, and PpAW returned to control 
values. Mean arterial pressure, CBV and TPR decreased, PVR 
increased, and ETVL remained unchanged. Postmortem extravas- 
cular lung water/dry weight ratio was unchanged. We conclude 
that the inability of IV histamine to markedly increase lung 
water is not due to reflex B-receptor stimulation onthemicro- 
vascular membrane as proposed for the canine forelimb. 
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ESTIMATION OF TOTAL PROTEIN DIFFUSIVE FLUX ACROSS PULMONARY 
CAPILLARIES. A.E. Taylor, R.C. Allison*, and J.C. Parker. 
Dept. Physiology, Univ. South Alabama, Mobile, AL, 36688. 

The diffusive component of transcapillary total protein 
flux (Jd) was calculated using protein concentrations obtained 
in plasma and pulmonary lymph at different pulmonary lymph 
flows (Parker et al, Circ. Res. 48:549-561, 1981). Two -- - v 
estimates were derived from the linear solute flux equation: 
(1) J~=Jp-Jv(l-~)~p; zp=(Cp+CL)/2 and (2) Jd=PSAC. A third 

was derived from the non-linear flux equation (3) J =J,(l-a) 
4. AC/(eX-1); x=(1-o)Jv PS. 7 Solid 

, / lines show calculations using 
/' experimentally obtained data, 

0 / 
. !  ' (1) and dashed lines show extrapo- 
$ 3, 

/ / lation of fluxes to higher 
:, / / lymph flows than obtained 
3 " 
1: 

/' / experimentally, where PS=.O22, 
/ 

z 2,* / a=0.7, J,,=.O2. Only the non- 

: 
/ linear equation predicts the / 

e" / expected diffusive flux at 

t 
/ 

high filtration rates where 
'LI , lymph should represent an 
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82 
SELF-SELECTION FROM THREE EQUICALORIC DIETS IN WEANLING RATS 
WITH HYPOTHALAMIC OSESITY. Lee L. Bernardis, Rafael Lubo- 
shitzky* and Larry L. Bellinger. 

Weanling male Sprague-Dawley rats received electrolytic 
lesions in the ventromedial hypothalamus (VMNL rats); sham- 
operated rats served as controls. For 28 days after the oper- 
ation VMNL rats selected more (p<O.O5) from a high-carbohy- 
drate and high-fat (pcO.91) but similar amounts from a high- 
protein diet. Total intake from all three diets, Lee Index 
(both pc9.001) and Lee Index oain/kcal (~'0.05) were greater 
and linear growth and body weisht gain/kcal (pcO.001) were 
smaller in VMNL rats. Body wejght gains were normal, however. 
For 14 days, half of the VMNL and control rats were switched 
to lab chow. Analysis of variance showed a lesion effect for 
Lee Index (p<O.OOl) and Lee Index gain/kcal (pQ.Ol), for 
white and brown fat per cent protein (both pcg.3Dl), carcass 
lipid (p<D.Oc)l) and protein (~(8.01) and plasma-insulin (pc 
0.001). However, energy intake and body weight gains were 
similar in all groups. There were also no differences among 
the groups in plasma glucose, glycerol, total protein and free 
fatty acids. Availability of a palatable diet immediately 
after VMN lesion placement in weanling rats will cause hyper- 
phagia that eventually recedes to normophagia. Availability 
of a less palatable diet (chow) following a palatable diet 
will not result in a decrease of caloric intake, body weight, 
obesity and plasma insulin levels. 

Support-d by NSF Grant PCM76-84381 and VA Research Funds. 
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MATERNAL DIETARY RESTRICTION: EFFECT ON PLACENTAL BLOOD FLOW 
AND FETAL GROWTH IN THE RAT. R. A. Ahokas*, G. D. Anderson*, 
and 3. Lipshitz* (SPON: K. W. Scheel). Univ. of Tenn. Ctr. 
Hlth. Sci., Memphis, TN 38163 

Maternal cardiac output (CO) and total uterine (UBF) and 
placental (PBF) blood flow were measured using radioactive 
labelled 15 u microspheres in pregnant rats fed 50% of their 
normal daily intake of food from day 5 to day 14, 20, or 21 
of gestation. Dietary restriction caused a 20% reduction in 
mean fetal weight by day 21 of gestation, relative to controls 
from dams fed ad libitum throughout gestation. Total CO was -- 
reduced 30% by dietary restriction, but CO per unit body 
weight was unchanged. Mean blood pressure was not signifi- 
cantly reduced, while heart rate was decreased 15%. There 
was a 60% reduction in UBF and PBF which resulted from both 
the decreased CO, and a 30% decrease in the percentage of the 
CO distributed to the uterus and placentas. No such decrease 
was observed in the distribution of CO to the kidneys or heart 
in the malnourished dams. The results suggest that maternal 
malnutrition induced intrauterine growth retardation may be 
the result of a redistribution of blood away from the placenta 
reducing the supply of nutrients available for fetal growth. 

83 
WEIGHT, FOOD CONStBIPTION AND BODY LIPID CHANGES IN YOUNG MICE 
TREATED WITH MONOSODIUM GLUI'AMATE AND GOLD THIOGLUCOSE. 
C. J. V. Smith* and L. Baranowski-Smith* (SPON: L. Nelson). 
Univ. of Toledo, Toledo, OH 43606 

Monosodium glutamate (MSG) and gold thioglucose (GTG) have 
both been used to induce obesity in young mice (Brecher and 
Waxler, Proc. Sot. exp. Biol. Med. 70:498, 1949, and Olney, - - - - 
Science 164:719, 1969). The response appears to be initiated 
by necrosis of the ventromedial hypo thalamic area. Many of 
the physiological changes resulting from the use of these 
canpounds have yet to be determined. This study questioned 
whether changes brought about by MSG are via the same 
physiological pathway as GTG and thus, MSG administration 
might render the animal insensitive to subsequent GTG treat- 
ment. Mice were injected with MSG at 5, 6 and 7 days of age 
and/or GTG at 21 days of age. Subsequent food consumption, 
weight gain and body lipid content were determined. Saline 
injected control mice were also examined. Mean body weights 
of male mice at 100 days of age were: control, 34.lg; MSG, 
33.4g; GTG, 40.5g, and MSG+GTG, 37.9g. Food consumption 
followed the same pattern. Body lipid contents were: 
control, 10.7%; MSG, 18.7%; GTG, 22.2%, and MSG+GTG, 30.2%. 
These data indicate that MSG treatment does not appear to 
inhibit a subsequent response to GIYG. 
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NALOXONE (NAL) SUPPRESSES NORMAL FOOD INTAKE (FI) IN CONTROL 
(CON) BUT NOT DORSOMEDIAL HYPOTHALAMIC NUCLEI LESIONED (DMN-L) 
RATS. L.L. Bellinger, L.L. Bernardis and F.E. Williams. Dept. 
Physiol. Baylor Coil. Dentistry, Dallas, Tx. 75246 and V.A. 
Medical Center, Buffalo, NY. 14215. 

Hypothalamic infusions of endorphins stimulate FI while NAL 
(Endo Lab) suppresses FI in rats. Rats with DMN-L are hypopha- 
gic and hypodipsic with a reduced body weight (BW). In trial 
1, 22 rats received bilateral Dm-L while 15 rats were sham 
operated. BW and lengths (BL) were similar at surgery. Post- 
surgery (2wks) revealed a (p<O.OOl) suppression in BW,BL and 
mean FI in the DMN-L rats. On days l-4 the rats were injected 
with saline (S) and on day 5 with NAL (O.lmg, l.Omg or 5.0 mg/ 
kg) 30 min prior to lights out. Food was returned at lights 
out and recorded hourly for 4 hrs. Compared to S, NAL deprc?;‘ ,d 
(PcO.03) FI in CON during hr l(O.lmg/kg) and hrs 1 and 2 (1.0 
and 5.0 mg/kg). No FI suppression was seen in DMN-L rats. In 
trial 2, 25 rats were Dm-L with 25 CON. BW and BL were simi- 
lar at surgery but differed(p<O.OOl) postsurgery (11 days). In- 
jections were given as noted in trial 1 (excluding the 5.0 and 
adding a 2.0 mg/kg dose) and repeated 13 days later. The FI 
data were similar to trial 1. Water intake (WI) was also mea- 
sured. At 0.1 mg/kg WI was depressed (PcO.03) in hrs l-2 in 
DM-L but not mtil hr 3 in CON. WI was suppressed to varying 
degrees in both DIM-L and CON at the higher doses. It is possi- 
ble that the hypophagia but not the hypodipsia experienced by 
DMJ-L rats may be due to a lesion disruption of an endorphin 
feeding (BW regulation) system. NSF PCM 76-84381 BCD funds. 
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86 
THE EFFECT OF COLD ON NOREPINEPHRINE TURNOVER IN TISSUES OF 
SEASONALLY ACCLIMATIZED REDPOLLS (Carduelis flammea). 
Michael Koban* and Dale D. Feist. Univ. of Illinois. Urbana. 
IL 61801 and Univ. of Alaska, Fairbanks, AK 99701. - - 

The response of the avian sympathetic nervous system during 
cold exposure was examined by injecting 3H-norepinephrine and 
estimating norepinephrine turnover rate (NE-TR) in skeletal 
muscle, heart, liver, and brain of seasonally acclimatized 
redpolls (a granivorous passerine) in interior Alaska.. Ther- 
moneutral NE-TR (ng NE/gab) was greater in winter (January) 
than in summer (July) for muscle (12 ng, +115%) and heart 
(65 ng, +62%). This may be correlated to higher resting me- 
tabolism of winter redpolls. Acute cold exposure (24 h) 
necessary to increase metabolism 2 X caused increased NE-TR, 
compared to thermoneutral NE-TR, in muscle (10 ng, +95% in 
summer; 18 ng, +57% in winter) and heart (99 ng, +117% in 
Sumner; 108 ng, +65% in winter). Endogenous NE concentration 
declined during cold exposure of summer redpolls by a mean of 
22% in muscle, liver, and brain, but not in winter redpolls. 
Thus, sympathetic nerve activity was stimulated by cold expo- 
sure in both seasonal groups, but winter acclimatization may 
involve an increased capacity to maintain steady state NE 
levels. A peripheral NE injection (2 mg NE/kg SW) in winter 
redpolls depressed VO;, (ml O,/g*h) by a mean of 31% from 
resting V02 (7.2 ml 02). This may be due to an effect of NE. 
on thermoregulatory centers in the brain. (Supported in part 
by USPHS NIH Grants ES-00689 and GM-10402) 

88 
THERMAL DEPENDENCE OF ISOMETRIC CONTRACTILE PROPERTIES OF 
LIZARD MUSCLES. R.W. Putnam and A.F. Bennett*. Dept of Develop 
& Cell Biology, Univ. of Calif., Irvine, CA. 92717. 

The thermal dependence of the isometric contractile proper- 
ties were studied at 5' intervals from lo-50C in the iliofibul- 
aris and gastrocnemius muscles of lizards with different pre- 
ferred body temperatures (PBT): Dipsosaurus dorsalis (PBT:40C); 
Cnemidophorus murinus (40C); Sceloporus occidentalis (35C); and 
Gerrhonotus mumnatus (25C). Isometric twitch and tetanic 
tensions were similar and constant over a broad temperature 
range (as much as 25C) in all species. Tetanic tension declined 
by 50% at 45-47.5C in Dipsosaurus, 42.5 in Cnemidophorus, and 
4OC in Sceloporus and Gerrhonotus. The twitch contraction time 
to peak tension (CT) increased with decreasing temperature from 
1Oms to 3ooms. At any given temperature, the muscles of Scel- 
oporus and Gerrhonotus had faster CTs than those of the other 
species. CTs were maximal at the maximum test temperature. 
The maximum rate of tension development with tetanic stimula- 
tion (dPo/dt-used as an indicator of contractile speed and ten- 
sion) was strongly temperature dependent and was maximum at 
40-45C in Dipsosaurus, 40C in Cnemidophorus, and 35C in Scel- 
oporus and Gerrhonotus. The time properties of these muscles 
are highly temperature dependent and contractile tensions are 
broadly temperature independent. Except in Gerrhonotus muscle, 
the combination of twitch speed and tension generating capa- 
bility is optimal at PBT, although neither parameter alone is 
maximized at PBT. (Supported by grants NSF PCM81-02331 and NIH 
K04AM00351 to AFB and an MDA Postdoctoral Fellowship to RWP) 

a7 
INFLUENCE OF PRECONDITIONING ON THE RAT'S RESPONSE TO ELE- 
VATED TEMPERATURE. A. Gwosdow-Cohen*, E.L. Besch and 
C.L. Chen. College of Veterinary Medicine, University of 

-Gainesville, FL 32610. 
Male, Sprague Dawley rats were housed individually, in 

metabolic cages, in a controlled environmental room at 
control (24.5C) followed by exposure to experimental tempera- 
ture (32.5C) either directly or in a stepwise mode via 29.OC. 
The animals were exposed to each temperature for 10 days 
beginning at 24.5C and returning to 24.5C in the reverse 
order of initial exposure. Relative humidity of 50 f: 2% and 
a 12L:12D photoperiod (L=O900 to 2100 hours) were maintained 
for all experiments. Metabolic rate and evaporative water 
loss were measured using an openflow system; plasma corti- 
costerone by radioinununoassay. Food and water were available 
ad libitum but the amounts consumed were recorded daily. The 
resultsindicate a significantly (P<O.OOl) elevated plasma 
corticosterone and metabolic rate in animals exposed direct- 
ly to heat (32.5C) from control (24.5C) but not in those 
animals exposed in an stepwise fashion via 29.OC. In addi- 
tion, exposure to experimental temperatures resulted in 
reduced (PcO.05) relative food intake and increased (PcO.05) 
water intake. Compared to the control condition of 24.5C, 
evaporative water loss was significantly (PcO.05) elevated 
when the animals were exposed either directly or in a step- 
wise fashion to 32.5C. These data suggest that the rat's 
response to elevated temperatures is influenced by precondi- 
tioning. (Supported in part by USDA Cooperative Agreement No. 
12-16-5-2221). 
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THERMAL DEPENDENCE OF ISOTONIC CONTRACTILE PROPERTIES OF 
SKELETAL MUSCLE AND SPRINT PERFORMANCE IN A LIZARD. 
Richard L. Marsh* and Albert F. Bennett. Developmental and 
Cell Biology, University of California, Irvine, CA 92717 

The thermal dependence of the force-velocity curves of the 
iliofibularis (IF) muscle was measured at 5 C intervals from 
15 to 45 C in the lizard Dipsosaurus dorsalis (preferred body 
temperature = 40 C). Maximal running velocity (VR) and limb 
cycling frequency (f) were also measured using high speed 
cinematography. At 40 C the IF muscle has a maximal shorten- 
ing velocity (V,) of 20 fiber lengths'sec-1 and a maximal 
power output of 500 W'Kg'l. The peak of the power curve is 
very broad: at least 80% of the maximum power is maintained 
between 20% and 70% of the maximum isometric force. Muscle 
velocity and power decrease between 40 and 25 C in a uniform 
manner (QlO's = 1.9 and 2.0 respectively). Between 25 and 
20 C maximal tension and velocity decline rapidly causing 
maximal power output to decline dramatically (QlQ = 10). At 
40 C Dipsosaurus has a VR of 4.7 m*sec-l and an f of 13 sec'l. 
The behavioral performance of the animal is less temperature 
sensitive than are the properties of the isolated muscle. 
Between 40 and 25 C the QlO's of VR and f are only 1.3. Below 
25 C behavioral performance declines markedly. Other factors 
must act to mitigate against the thermal dependence of the 
muscle contractile properties to produce more thermally 
independent sprint performance over a broad temperature range. 
(Supported by grants NSF PCM 81-02331 and NIH KO4AMOO351 to 
NB) 
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EFFECTS OF HYPOPHYSECTOMY ON CHLORIDE METABOLISM 
OF JUVENILE BOWFIN. Doualas W. Duff*. Robert C. 
Hanson and Warren R. Fleming. Univ. s of Missouri, 
Columbia, MO. 65201 

Sodium and chloride fluxes and serum electro- 
lytes were followed after hypophysectomy in young 
of the year bowfin, Amia calva. - - Hypophysectomy 
significantly lowered serum and whole-body chloride 
below those of sham-operated controls but did not 
significantly reduce serum or whole-body sodium 
levels. Significant changes in chloride flux 
rates were observed, both influx and efflux being 
reduced in hypophysectomized animals, influx being 
much more drastically reduced. Prolactin (bovine 
and ovine) significantly elevated whole-body 
sodium and chloride above that of hypophysectomized 
saline-injected controls. However, prolactin sig- 
nificantly lowered serum protein levels below those 
of saline-injected controls. The results suggest 
survival failure of hypophysectomized bowfin is due 
primarily to a loss of the animal's ability to 
balance chloride uptake with chloride loss. 
(Supported in part by NSF grants GB2379. and GB38808) 
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EFFECTS OF SALINITY ADAPTATION ON ACTIVITIES AND SUBCELLULAR 
DISTRIBUTION OF Ca ++-ATPase IN KIDNEY OF A EURYHALINE TELEOST. 
Byron A. Doneen*. (Spon: C. Gans). Univ. of Michigan, Ann 
Arbor, MI 48109 

The kidney of euryhaline teleosts becomes specialized for 
absorption of Ca tt when fish are adapted to fresh water (FW), 
whereas renal Cat+ reabsorption is reduced in sea water (SW). 
In Gillichthys mirabilis, total renal Cat+-ATPase activity 
(assayed at 2 mMmas higher in FW- than in SW- and 170% 
SW-adapted fish. Activities of Nat-Kt-ATPase and succinate de- 
hydrogenase were also increased in Gi 1 lichthys kidney following 
transfer from SW to FW. Total Cat+-ATPase activity in the FW- 
adapted kidney could be resolved into high- and low-affinity 
components. Kinetic features of the high-affinity form were 
analyzed using Ca ++-EGTA buffers to obtain free Cat+ concentra- 
tions of less than 1 pM. KD 5 for Cat+ was 0.2 pM for high- 
affinity Ca *-ATPase. 
Ca++. 

KO 5 of the low-affinity form was 0.2 mM 
Kidney basolatetal membranes and proximal tubule brush 

border were prepared using conventional ultracentrifugation and 
Cat+-precipitation techniques. High-affinity Cat+-ATPase was 
localized predominantly in basolateral membranes, whereas the 
low-affinity activity was found in both apical and basolateral 
fractions. Both high and low-affinity Cat+-ATPase activities 
were stimulated by FW- adaptation, but only the high-affinity 
form is likely to be involved in enhanced renal Cat+-transport. 
(Supported by NSF grant PCM-7922985). 
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SALT AND WATER BALANCE IN THE INTACT ADULT YUCATAN MINIATURE MICROVILLAR DESIGN IN THE UPPER MALPIGHIAN TUBULE OF RHODNIUS 
BOAR FOLLOWING THE ADMINISTRATION AND REMOVAL OF d-ALDOSTERONE 
(ALDO) AND DESOXYCORTICOSTERONE-ACETATE (DoCA) IMPLANTS. J.M. 
Terris and R.C. Simmonds*, Dept. Physiol., Uniformed Services 
University of the Health Sciences, Bethesda, MD., 20014 

Adult Yucatan miniature boars (l-l% years ) were housed in 
4'X6' me tabolic pens, received tap water ad libitum, and were 
fed a pre-measured quantity of food supplemented with NaCl. 
Metabolic measurements were taken daily. After 7-10 days of 
stable baseline measurements, silicone-rubber strips (control, 
with DOCA, or with aldo) were placed subcutaneously under 
Surital anesthesia. Sodium (Na) balance significantly in- 
creased 24 and 48 hr following DOCA (p<.O5,.01) and aldo (p< 
.005,.02) implantation. A similar increase in water (H20) 
balance was significant only with aldo (pc.05). Decreases in 
red blood cell count and HCT suggest volume expansion. 72 hrs 
post-implantation Na and H20 balances were less than control 
with DOCA but not significantly. The balances were signif- 
icantly less 
(pc.05) e Th 
balance. For 
a significant 

than control 
re were no s 

seve ral days fol lowing implant removal there was 
natr iur esis and potassi urn retention with little 

4 days fo llow ing aldo 
ignificant dif ferences 

change in H,O balance. 

implantation 
in potassium 

We conclude that these animals experi- 
ence mineraIocorticoid escape within 4 days of steroid 
administration, that there is a slow depletion of whole body 
potassium stores which is undetectable in these studies, and 
that there is little chronic change in extracellular fluid 
volume. Implants were removed 21 days after implantation. 

PROLIXUS MAXIMIZES SOLUTE-WATER COUPLING. Timothy J. Bradley. 
m California, Irvine, CA 92717 

Insect Malpighian tubules are the site of hemolymph filtra- 
tion and primary urine formation. In the insect Rhodnius 
prolixus, ingestion of a large liquid bloodmeal necessitates a 
rapid diuresis in which one half of the body volume is elimi- 
nated as urine in 2-3 hours. The upper Malpighian tubule, the 
site of urine formation by ion and water transport, has been 
extensively studied as a model system for hormone stimulation 
of extremely rapid ion and water transport. I have used 
transmission and scanning EM to examine the microvilli of this 
region and have found ultrastructural specializations for 
rapid transport as well. The microvilli are clustered togeth- 
er in bundles consisting of several hundred microvilli. The 
membranes of adjacent microvilli are held in close proximity 
by filamentous material , probably glycoproteins. Rather than 
actually touching, however, the membranes are held a precise 
distance (' 16 nm) apart along the length of the microvilli 
(' 6pm). This arrangement of clustering the microvilli yet 
maintaining a narrow space between them maximizes "unstirred" 
layers and solute-water coupling. The three-dimensional 
organization of the microvillar border and its significance 
with regard to current models of isosmotic fluid production 
will be presented. (Supported by NIH grant GM 27919) 
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ALTERED ATRIAL MUSCARINIC RECEPTORS RESPONSES TO SYRIAN MYO- 
PATHIC HAMSTERS. Donald D. Lund, Michael J. Mirro*, Janine A. 
Davis*, Lucy A. Grina* and Phillip G. Schmid. VA Med. Center 
CV Center, Dept. of Medicine, Univ. of Iowa, Iowa City, IA 

Syrian-myopathic hamsters (SMH) with progressive cardiomyo- 
pathy have reduced cardiac choline acetyltransferase activity, 
an index of altered cholinergic innervation. The purpose of 
this study was to determine the electrophysiological responses 
to isolated right atria (RA) to acetylcholine (ACh) and bio- 
chemical differences in hearts of SMH at two stages of cardio- 
myopathy and control (C) hamsters of similar ages. The effects 
of ACh on action potential duration 75% repolarization (APD75) 
in paced (2000 msec) RA are expressed as % decrease in the APD75 
compared to age matched controls (&SE, *P<.O5). 

10-8M 10-7M 10-6M 10-5M 10-4M 
SMH-60 day 6+5 27+9 68+7 

2OT4 72+4 
8Ok5 88+2 a 

C-60 day 8T4 86+3 91T2 6 
SMH-360 day 8T4 21T8 43+9 61T7* 66+7* 6 
C-360 day 7T5 17% 52+8 76+4 85+3 6 
SMH at 360 days exhibit a reduced physiological response to ACh 
in conjunction with reductions in muscarinic receptor density 
measured in quinuclidinyl benzilate binding (SMH=106+13* vs 
C=155+5 fmol/mg prot) and increases in acetylcholinesterase 
activity (SMH=l.l5+0.07* vs C=O.68+0.10 nm/mg prot/min). These 
data indicate that a significant reduction in the physiological 
response to ACh occurs in SMH and may contribute to the patho- 
genesis of cardiomyopathy. (Supported by HL-24246, HL-14388, 
HL-26021 and IHA 80-G-21). 
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RESPIRATORY SINUS ARRHYTHMIA (RSA) AND ASTHMA. Judith Ann 
Hirsch and Beverly Bishop. Dept. Physiology: SUNYAB; Buffalo, 
NY 14214 

Respiratory heartrate modulation depends on both central 
coupling of ventilatory and cardiomotor output and feedback 
from peripheral structures. We hypothesized that in asthmat- 
ics pulmonary receptors might be abnormal, and if so, their 
distorted feedback to central respiratory neurons might be re- 
flected in the RSA. To test this hypothesis we 1) quantified 
the relationships of RSA amplitude to breathing frequency (F) 
and tidal volume (VT) in physically active adults with a docu- 
mented history of asthma, and 2) compared these relationships 
to those of active individuals with no history of cardiopul- 
monary disease. RSA was measured in 7 asthmatic (A) and 11 
control (C) subjects, while the subject maintained an assigned 
VT (0.5-3 L) at each of several F's (O-45 cpm). Log RSA, 
normalized to 1 L VT, was plotted vs. log F (Proc IUPS 14:140, 
1980). In both groups, for F <7cpm. RSA was relatively 
stable: 82 3 bpm/L in A, 21 +4 bpm/L in C (~~0.01). At higher 
F, RSA decreased (20 dB/decade). When RSA was plotted vs. V 
the relationship was linear and slopes were 6+1.4 bpm/L in x1 
and 1123 bpm/L in C. Even though RSA-F relationships were 
similar in both groups, suggesting an intact coupling between 
the vital centers, RSA was significantly decreased for any VT 
in asthmatic subjects. These observations suggest that the 
diminished RSA is a reflection of altered peripheral rather 
than central mechanisms. (Supported by NIH POl-HL-14414. JAH 
is an American Lung Association Training Fellow). 

96 
INTRACELLULAR RECORDINGS PROM THE STELLATE GANGLION IN THE 
CAT - IN SITU. Zeljko J. Bosnjak and John P. Kampine. Med. 
Cal. of Wisconsin and Wood VA Medical Ctr.. Milwaukee, WI 
53193. 

Intracellular recordings ere made, in situ, from neurons 
of cat stellate ganglion (SG) attached via the stellate 
cardiac nerve (SCN), to the rest of the animal. Cats were 
anesthetized with odium pentobarbitol, followed by tracheal 
intubation and catheterization of the femoral artery and 
vein. The upper six ribs from the left side were ranoved and 
all nerves to the SG except the SCN were cut. The 
decentralized ganglion was secured in an organ bath and 
superfused with llpdified Kreb's solution equilibrated with 
970 02 and 3% C02* Ganglion cells had resting mmbrane 
potentials of -45 to -80 mV. Spontaneous synaptic input from 
afferent fibers was observed in 31% of the neurons. When 
peripheral sympathetic afferent input to the SG was increased 
(by occluding the descending aorta), some of the neurons 
exhibited an additional increase in the excitatory 
post-synaptic potentials and/or action potentials. Most of 
the synaptic input recorded from the ganglion cells had a 
close relation with the cardiac cycle and/or respiration. 
These data and our previous studies, support the contention 
that sympathetic efferent nerve activity can be edified by 
peripheral excitatory inputs and that these neural 
connections may function as pathways for a peripheral reflex 
at the level of the paravertebral ganglion. Supported by NIH 
grant HL 16511 and the Medical Research Service of the VA. 
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RESPONSES OF VAGAL AFFERENTS WITH ENDINGS IN THE LUNG TO LUNG 
INFLATION. M.P. Kaufman*, G.A. Iwamoto*, J.tj. Ashton*, and 
S.S. Cassidy. Univ. of Texas HSC, Dallas, TX 75235 

In dogs, inflating the vascularly isolated left lung reflex- 
ly decreases cardiovascular function at a threshold pressure 
of 10 cmH20. Afferent fibers responsible for these reflex 
effects hwe not been identified electrophysiologically in 
this model, although they have been found to travel in the 
left vagus nerve and are believed to be unmyelinated since a 
similar reflex is evoked chemically by C fiber agonists. TO  
identify the afferents responsible for these effects, we re- 
corded the impulse activity of afferent vagal fibers with end- 
ings in the left lung while slowly inflating the lung to 30- 
45 cmH20 and maintaining that inflation pressure for 15 min. 
The threshold pressures at which firing began were: 

xfSE(cmH70) range (cmH20) 
pulmonary C fibers tl 16.7+2 0 6-30 
bronchial C fibers 10 28.0:2:4 17-40 
slowly adapting receptors 12 5.8k1.5 2-21 
rapidly adapting receptors 9 16.3*4.1 5-45 
Furthermore, the firing rates of most of the 21 C fibers were 
increased over baseline levels for the entire 15 min. The 
threshold pressures of lung inflation at which pulmonary C 
fibers start to fire closely paralleled those at which the re- 
flex effects occured. Therefore, these afferent fibers are 
likely to initiate the reflex cardiovascular responses to lung 
inflation, although bronchial C fibers may also contribute at 
inflation pressures of 17-40 cmH20. 
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STIMULATION OF VAGAL AFFERENT FIBERS FROM THE HEART CAN IN- 
HIBIT ACTIVITY OF SPINAL NEURONS PROJECTING TO THE BRAIN STEM. 
Roger Thies and Robert D. Foreman, Dept. of Physiol. d Bio- 
physics, Univ. of Oklahoma HSC., Oklahoma City, OK 73190 

We have studied with extracellular microelectrodes the fir- 
ing of single neurons in the T  
nal cord in chloralose-anesthe z 

& T3 segments of the left spi- 
ized cats, relaxed with i.v. 

succinylcholine (60 pg/kg/min) or pancuronium (7 pg/kg/min). 
Vagal effects on the heart were blocked with methylcholine 
(1 mg/kg). Spinal neurons could be fired by electrical stimu- 
lation across the left stellate ganglion and by squeezing skin 
and muscle of the left foreleg. Most neurons were-ant id&mica& 
ly activated by st imulation in the nucleus gigantocel lularis. 
We previously reported that stimulation of either left orright 
cervical vagus (500 ysec pulses of 34 V. at 50Hz) ofteninhibi- 
ted and sometimes excited these spinalneurons. Stimuli with 
these parameters applied totheright caudalvagus(RCV, or main 
cardiac branch) inhibited 8of 19 neurons tested. Twoof these 
were also inhibited by stimuli to leftand right cervical vagi, 
2 were inhibited by the right but not the left, 3 were un- 
affected by either cervicalvagus, andone was excited by both 
right and leftvagi. Three of the llneurons unaffected by RCV 
stimulationwereinhibited from the left cervical vagus. A few 
neurons fired in response to coronary artery occlusion, and 
stimula tion of RCV inhibited one of these. St imulation of RCV 
produces more effective descending inhibition of spinalneurons 
than stimulation of cervicalvagal trunks. (Supported in part 
by NIH Grant HI,22732 and Tulsa Chapt. of Amer. Heart Assoc.) 

100 

EFFECTS OF FENTANYL-DR~PERIDOL (INi40vA~) ON timoDywwc BE- 
SPONSES TO ACUTE CORONARY OCCLUSION IN INTACT DOG. S.R. Val- 

Skinner, lance,* T.S. * G.E. Billman, C.L. Fischer,* D.C. Ran- 
dall, C.F. Knapp,* & J .M. Evans.* Dept. Physiol. 81 Biophys. & 
Wenner-Gren Lab, Univ. Kentucky, Lexington, KY 40536. 

This experiment compares the effect of an acute coronary oc 
elusion (Occ) upon heart rate (HR), mean arterial pressure (BP) 
n=5, cardiac output (CO), stroke volume (SV) and total periph- 
eral resistance (TPR), n=3, in awake vs sedated dog. Innovar 
(0.4 mg/ml fentanyl & 20 mg/ml droperidol; .05 ml/kg) has a 
sedative and analgesic action, but does not produce anesthesia 
per se. Dogs were instrumented with arterial catheters, left 
ventricular pressure transducers, flow probes on the ascending 
aorta and inflatable occluders around the left circumflex cor- 
onary artery. The experiments were conducted ca 3 weeks after 
surgery. Data were analyzed for successive 5 min. control (C) 
and 5 min. occlusion periods (CO, SV, TPR are percent of C): 

Awake Innovar 
C occ c ~ occ 

HR 84 + 21 129 + 35 77 + 14 106 + 17 
BP 101 r 18 92 T  21 90 +15 81 +17 
co 100 105 T  18 100 - 102T 5 
sv 100 68T 9 100 75T 8 
TPR 100 87T 9 100 867 6 

Many cardiovascular experiments require sedat&d subjects, 
though the advantages of using totally awake subjects are wide- 
ly recognized. These data show that Innovar does not grossly 
alter the hemodynamic responses to Occ in dog (HL 19343.) 
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MYOCARDIAL RESPONSE TO BEHAVIORALLY vs DRUG INDUCED INCREASES 
IN BLOOD PRESSURE IN BABOON. D.C. Randall. T.L. Skinner* & K. 
L. Park*. Dept. Physiol. & Biophys., Univ: Kentucky Cof: MedTi 
-on, KY 40536. 

Elevations in blood pressure (BP) increase the load on the 
myocardium. This research compares the response of cardiac 
muscle to phenylephrine (PE) vs behaviorally induced pressor 
episodes. Ultra-sound crystal pairs were implanted on the an- 
terior surface of the left ventricle at the base of the heart, 
near mid-heart level and at the apex. End-diastolic muscle 
length (EDL) and systolic shortening (AL) were measured as a 
percent of control. The baboons were classically conditioned 
by a 1 min. tone (the conditional stimulus or "CS") followed 
by apple juice (n=2) or a O-5 sec. electric shock (n=l). BP 
increased during the CS from a control of 72 + 3 (mean + SD) 
to 81 + 3 mm Hg. Heart rate (HR) increased from 108 + 3 to 
119 + 5/min. The IV bolus of PE increased BP from 69 + 2 to 
86 + 6 nm Hg (i.e., to about the same levels as during CS). 
HR decreased from 106 t 8 to 93 _+ lO/min. EDL decreased very 
modestly (< 2%) during the CS; AL was essentially unchanged at 
mid-heart and apex, but increased at the base (112 t 2%, n=2). 
EDL increased modestly (< 5%)following PE; AL was again es- 
sentially unchanged except at the apex where it was depressed 
to ca 83 + 3%. Interpretation of these data is complicated by 
thedifferent HR response and the small 'In", but the results 
are in harmony with the hypothesis that, unlike the PE trials, 
increases in sympathetic tone during the CS au ment myocardial 
inotropism. (Supported by NIH grant HL 19343. 4 

99 
VAGAL AFFERENT INFLUENCES ON CARDIAC SYMPATHETICS IN THE RABBIT 
H.O. Stinnett and M.R. Magnussod UNDSM, Grand Forks, ND 58202 

The influence of vagal afferents on the reflex decrease in 
cardiac sympathetic activity during aortic nerve stimulation in 
the rabbit has received little attention. In five anesthetized 
rabbits cervical aortic and sympathetic nerves were cut. Carot- 
id intrasinus pressure was held constant at the same normoten- 
sive level in each animal during electrical stimulation (60 Hz, 
5 v) of aortic nerves. Reflex HR and mean arterial pressure 
(MAP) responses were recorded during left (L) or right (R) or 

bilateral (L+R) nerve stimulation. Procedures were repeated 
following atropine block (5 mg/kg) of vagal efferents and sub- 
sequent vagotomy. Atropine block assessed by loss of HR re- 
sponse to acetylcholine. Prior to nerve stimulation control 
HR = 296 + 16 (SEM) b/min and MAP = 107 + 6 mm Hg prior to and 
293 2 12 and 105 + 7 after atropine; after vagotomy HR = 294 + 
9 and MAP - 126 + 11. Results of nerve stimulation included: 

Condition 0.4 W (L+R) 
Pre-atropine AHR -84 + 5+ -512 4+ -118 + 9+ Results indi- 
Post-atropine -51% 6 -33 + 4 -6454 cate a small 
Post-vagotomy -42 f. 6* -32 + 5 - 52 + 4* significant in- 
Pre-atropine AMAP -65 + 7 -52 T  4 -7457 fluence of va- 
Post-atropine -58 + 5 -49 z 5 -7055 gal afferents 
Post-vagotomy -70 2 7* -60 + 7* - 81 + 6* on cardiac 

*p < 0.05, tp < 0.01 from prior value- sympathetics is 
lost following vagotomy; which is prominently exhibited during 
L only and L+R stimulation. (Supported in part by AHA Dak. 
Aff. Grant-in-Aid 79-606 and Predoc. Fellowship 79-DA-109) 

101 
EFFECTS OF BEHAVIORALLY CONDITIONED CHANGES IN AUTONOMIC TONE 
ON A-V TRANSMISSION IN DOG. T.L. Skinner,* S.R. Valiance,* 
D.C. Randall. K.L. Park.* & C.L. Fischer.* Dept. Phvsiol. & 
Biophys., Univ. Kentucky Col. Med., Lexington,'KY 40536. 

This study examines the effect of behaviorally conditioned 
changes in autonomic tone on cardiac dromotropism in the un- 
anesthetized dog (n=4). The animals were implanted with 
atria1 pacing leads and left ventricular pressure transducers. 
They were then conditioned during a 2 week recuperative period. 
These trials consisted of a 30 sec. control period (C) fol- 
lowed by 1 of 2 differing 30 sec. tones: (1) CS+ which was al- 
ways followed by 30 sec. of food (F); (2) CS- which was never 
followed by food (NF). Six of each were given each day. The 
table below lists the avera e heart rate (HR) for each per'od 
with (6) and without (B,),+ lockade % (p,ropranolol~..~. 5 mg/d. 
Trials were also given in which the heart was paced from 120 
to 180/min during the first 15 sec. of each period. The 
table also shows the mean differences in atria1 (i.e., pacing) 
vs ventricular rate: 

Heart Rates Mean Differences 
C CS+ F C CS- NF C cs+ F c CS- NF 

B 74 83 107 75 75 74 40.4 28.5 6.6 41.7 47.5 43.5 
~3 81 79 93 79 80 81 31.0 36.6 8.8 29.9 32.2 36.5 

Failure of HR or mean difference to change during CS- ser- 
ves as an experimental control. The data suggest that condit- 
ioned increases in sympathetic tone during CS+ increase A-V 
transmission, whereas during F, decreased parasympathetic tone 
appears to contribute to the increased dromotropism.(HL19343) 

103 
DIFFERENTIAL PAT-TERN OF SYMPATHETIC DISCHARGE DUR 
LING NASOPHARYNGEAL STIMULATION. D. F.Peterson,J.H. 
Coote M.P.Gilbey”, H.A. Futuro-Net& S.FIeetwood-Walker? 
Univ. of Birmingham Medical School, B15 2TJ, England. 

This study invest igates di rectly the possibil ity thatsympa- 
thetic di scharge to the hear t i s decreased while it is increasing 
to other organs during upper respiratory perfusion with cigarette 
smoke. Blood pressure (BP ), heart rate, ECG and respiratory 
movements were measured in- urethane anesthetized rabbits. 
sertion of two cannulae allowed respiration of room air while 

in- 

passing smoke across the upper respiratory nociceptors and out 
through the nares. Through a retroplural incision, the left stellate 
ganglion was exposed and a cardiac branch isolated. Similarly, 
a left renal nerve was isolated. Mul tiuni t nerve recordings were 
obtained from both nerves. In three control animals, cigarette 
smoke (50ml) caused apnea, bradycardia (-158 b/min) and in- 
creased BP (38mmHg). Activity in the renal nerve increased 
(241% of control (C)) and activity in the cardiac nerve was re- 

duced (6596 C). In these animals after flaxadil and artificial 
respiration, nerve activity responses were similar (renal ,222%C; 
cardiac, 69% C). In three other baro-denervated animals neural 
responses to smoke were simi lar to those observed with baro- 
receptors intact (renal, 231% C; cardiac, 5696C). These results 
indicate that smoke stimulation caused a differential pattern of 
discharge. The responses observed cannot be accounted for by 
secondary adjus tments through arterial 
chemoreceptors or pulmonary receptors 

bar ,oreceptors , 
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BAROREFLEX REGULATION OF BLOOD PRESSURE DURING REST AND 
EXERCISE IN CONSCIOUS DOGS. S.C. Walgenbach* and D.E. Donald. 
Mayo Medical School, Rochester, MN 55905 

This study examined the effect of progressive removal of 
arterial and cardiopulmonary baroreflexes on the arterial 
pressure (ABP) of dogs lying at rest for 1 hour and performing 
brief (3 min) exercise at 5.5 Km/hr at 21% grade. Dogs were 
studied intact (I), following aortic denervation (II), 
following aortic denervation and reversible isolation of 
carotid sinuses at the "operating point" (III), and following 
acute vagotomy and carotid isolation (IV). The mean and 
frequency distribution of ABP in the resting dog were not 
affected by aortic denervation. Inactivation of both arterial 
baroreflexes (III) significantly increased the variation in 
ABP. Additional removal of cardiopulmonary reflexes did not 
cause further lability of ABP in the quietly resting dog. 
Moderately severe exercise was attended by a steady increase 
in ABP in conditions I (18 rrrnHg) and II (20 mmHg). With both 
arterial baroreflexes inactivated, ABP fell by 25 mmHg at the 
onset of exercise but increased by the final minute of 
running to 30 mnHg above resting ABP. The addition of 
vagotomy did not change this pattern of response. These data 
indicate that while demonstration of the role of cardio- 
vascular baroreceptors in the control of ABP by acute sequen- 
tial interruption of the different baroreceptor systems is 
evident in a relatively stimulus free environment, it is more 
strikingly displayed during stress such as exercise. 
(Supported by NIH Grant HLO 6143.) 
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CONTRIBUTION OF THE RIGHT AND LEFT VAGI IN THE TONIC AND RE- 
FLEX CONTROL OF THE CARDIOVASCULAR SYSTEM. Vernon S. Bishop 
and Kirk Barron*. The Univ. of TX. Hlth. Sci. Ctr. SA, San 

We determined in the conscious dog the relative contribution 
Antonio, TX 78284. 

of afferents in the right and left vagi to the reflex control 
of heart rate (HR), arterial pressure (AP) and left ventricular 
dP/dt max (dP/dt). Dogs with aortic nerves cut were instrumew 
ted with catheters in the aorta for the measurement of AP, in 
the left circumflex coronary artery for the injection of vera- 
tridine (ic.V), solid state pressure transducer for the meas- 
urement of dP/dt and thermodes for reversible cold block of the 
right vagus (RVB), left vagus (LVB), or both vagi (BVB). The 
increases in HR (43k6.7 b/min) and AP (13+1.9mmHg) with RVB 
were greater (PcO.01) than the increases observed during LVB 
(9k1.8 b/min and 5+1.2mmHg). HR (66k6.6 b/min) and AP (23k3.0 

mmHg) responses to BVB were greater than RVB or LVB (P<O.OOl). 
Also, the increases in AP during BVB (22+3.lmmHg) was greater 
than the sum of the increases due to RVB and LVB (PcO.05). 
Activation of vagal afferents with ic.V. resulted in decreases 
in HR (-4828.3 b/min), AP (-44+5mmHg) and dP/dt (-482+68mmHg/ 
set) . RVB but not LVB attenuated the reflex decrease in HR 
(-823.6 b/min), AP (-22?5.2mmHg, and dP/dt (+108+141mmHg) due 
to ic.V. (PcO.05). These data indicate that the principle 
pathway for vagal afferents from the heart and lung is in the 
right vagus. Furthermore, the data suggests a facilitory in- 
teraction between the R and L vagus with respect to the tonic 
inhibitory influence on AP. (Supported by NIH Grant IjHL12415). 
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SYMPATHETIC AND PARASYMPATHETIC CONTRIBUTIONS TO THE BARO- 
RECEPTOR REFLEX. R.B. Stephenson* and J.W. Osborn* 
(SPON: H.V. Sparks, Jr.) Michigan State University, 
E. Lansing, MI 48824. 

- 
We studied effects of autonomic antagonists on baroreceptor 

reflexes of conscious, resting dogs that had been surgically 
prepared for reversible vascular isolation of carotid sinuses 
(Stephenson and Donald, Am. J. Physiol. 238: H809-14, 1980). 
Complete stimulus-response curves were determined for the 
effect of carotid sinus pressure on mean arterial blood pres- 
sure (BP). Control BP in 5 dogs was 101 + 2 (SE) mm Hg; the 
carotid baroreflex could raise BP 21 + 4 mm Hg above and lower 
it 49 + 3 mm Hg below control. Propranolol (1 mg/kg) had no 
significant effect on control BP or stimulus-response re- 
lations. Atropine (0.1 mg/kg) increased control BP to 112 If 
4 mm Hg; the baroreflex could raise BP 10 + 3 mm Hg above this 
level but could no longer lower it. Phentolamine (2 mg/kg 
bolus plus 2 mg/min) lowered control BP 5 + 4 mm Hg and 
limited by 21% the ability of the baroreflex to raise BP above 
control. We conclude that, in the conscious, resting dog, 
parasympathetic activity directed at the heart is the pre- 
dominant mechanism by which the carotid baroreflex regulates 
BP but that sympathetic vasoconstriction contributes to reflex 
increases in BP; there is minimal sympathetic tone to the 
heart, and the baroreflex does not depend on cardiac sympa- 
thetic mechanisms. 
(Supported by Michigan and American Heart Associations and 

NIH grant HL26628) 
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ARTERIAL PLASMA NOREPINEPHRINE LEVELS IN DIFFERENT EXPERIYENTAL 

Recent emphasis on autonomic neural control mechanisms re- 
quires a better appreciation of the circulating norepinephrine 

ANIMAL PREPARATIONS. T. Shoji*, R.B. Boatwright* and DJ?. 

(NE) level in different types of animal preparations. In the 

Grisgs, Jr. Dept. of Physiology, University of Missouri Med 

present studythearterial plasma NE level (pNEA) was determined 

School, Columbia, MO 65212 

by a sensitive radio-enzymatic method in three 'preparations as 
follows: 1) the open chest dog anesthetized with morphine and 
a-choloralose (OCMC), 2) the open chest dog anesthetized with 
pentobarbital (OCP), and 3) the conscious resting dog (CR). In 
the latter preparation blood was obtained from a chronically 
implanted arterial catheter while the dogs were lying Quietly. 
The pNE data obtained in the three groups along with concur- 
rently 8 btained data on heart rate (H.R.) are presented below. 

CR OCMC OCP 
PNEA (Pg/ml) 174221 (S.E.) 13729 265t24* 
H.R. (bpm) 102?5 116+5-f- 14025* 

* OCP>CR and OCMC Pc.01 / tOCYC>CR Pc.01 
Regression analysis of the relationship between pNEA and H.R. 
within each group revealed statistically significant positive 
correlations for CR(r=0.68) and OCMC (r=0.45). The findings 
indicate that 1) relative to the conscious dog, the pNEA is 
elevated in the open chest dog anesthetized with pentobarbital 
but not with morphine and chloralose, 2) there is a close 
correlation between pNEA and heart rate in the conscious rest- 
ing dog but not in the anesthetized open chest preparations. 

NEUROBIOLOGY AND NEURONAL BIOPHYSICS 
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OCTAMOLAR CONCENTRATIONS OF ATP INCREASE Ca CURRENTS. A. 
Yatani* and A. M. Brown. (SPON: D. Baker). UniversityTf 
Texas Medical Branch, Galveston, TX 77550. 

Extracellular ATP increases cardiac action potential dura- 
tion, and cardiac contraction by an action on I (Goto et 
al, 1977) and from its effects on smooth muscleSit has also 
been proposed as a purinergic neurotransmitter (Burnstock, J. 
Physiol., 1981). We examined the effects on I in Helix 
nerve cells using the suction pipette method o avoltage E clamp 
and internal perfusion. Na currents were suppressed by Tris 
substitution and K currents by Cs substitution, TEA intra- 
an&extracellularly and 4-AI? extracellularly. ATP in doses of 
10 M produced small increases in I after about lo-15 
min tes. -8 Peak ef ects (lo-25% incresges) were observed at 
10 M and at lo- 5 M small reductions in I could occur. 
Kinetics were unaltered, effects were voltg$e independent, 
partially or fully reversible and reproducible on responsive 
neurons. About 30% of the neurons tested showed no response 
and the responsive cells appeared to be F , F , D 
kut et al, 1975) although other uncatalogied gelli'also re- 

D2 (Ker- 

sponded. The non-hydrolysable analog of ATP, AMP-PNP gave 
larger effects. Potential ATP blockers, apamin, and quin- 
idine had no significant effec?s. The nucleotide agonist 
sequence was AMP-PNP > ATP > ADP. AMP had no effect or pro- 
duced a small decrease. ATPo action was blocked by oligo- 
mycin, and enhanced by ATP. or [c-AMP].. We conclude that the 
increase in I produced b$ ATP is li!iked to intracellular 
metabolism. (gtpported in part gy DHHS. NIH Grants #NS-11453 
and #NS-13778. -. 

109 
INTRACELLULAR CALCIUM AND THE DELAYED POTASSIUM CURRENT, Y.  
Tsuda*, N. Akaike*, A. Yatani*, G. Isenberg*, H. Higashi* and 
A. M. Brown. University of Texas Medical Branch, Galveston, 
TX 77550 

The delayed K current, IKU, has an N-shaped I-V cume in 
the absence of any Ca current (Aldrich et al, J. Physiol., 
291, 1979). After confirming these results, we examined the 
effects of buffering intracellular Ca with EGTA upon IKD 
using Co substitution for Ca extracellularly to eliminate IGa. 
The experiments were done on isolated nerve cell bodies of 
Helix studied under voltage clamp and internal perfusion using 
the suction pipette method. Na currents were suppressed by 
Tris substitution and A current was suppressed by using VH's 
of -40 mV and/or 4-AP. EGTAi reduced peak and steady 1~ and 
greatly attenuated or abolished the N-shape with the effects 
increasing as the dose went from l-10 mM. At constant Cai of 
10m8 M and doses of EGTAi of l-10 mM, the effects were no 
longer dose-dependent thus excluding a direct action of EGTAi 
upon 1~. The effects of EGTAi were partially reversible with 
about 70% recovery after 1.5 hours perfusion with 10 mM EGTAi. 
The remaining IKDwasblocked by TEA, leaving a leakage or non- 
specific current that became voltage- and time-dependent at 
potentials greater than +50 mV. We propose that Ca is released 
intracellularly when the membrane is depolarized. The N-shape 
results because either the release and/or Ca activation of 1~ 
is/are voltage-dependent or because of differences in the 
inactivation of 1~. (Supported in part by DHHS. NIH Grants 
#NS-11453 and #NS-13778) 
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110 
THEORETICALLY PREDICTED IONIC CURRENT DENSITIES OF A REPETI- 
TIVELY STIMULATED XENOPUS NODE IN WHICH ACTIVE TRANSPORT IS 
LINKED TO FRANKENHAEUSER-HUXLEY KINETICS. G.M. Schoepfle, 
J.T. Tarvin* and R.M. Martin*. University of Alabama in Bir- 
minqham, Birminqham, Al. 35294. 

Analysis of repetitive activity is achieved by iterative 
solutions of the Frankenhaeuser-Huxley equations to which has 
been linked an active transport term I = g (V - E ) where I 
is pumped current density, g is pump c%ndu&ance a\d E is a! 
emf term which is both sodiui and ATP dependent. (The'physio- 
logist, 22113, 1979; 23:111, 1980; Biophys. J. 33:125a, 
1981) For any given g there exists a unique (Na.) for which 
net change in (Na.) vgnishes throughout an inter'sfike inter- 
val, thereby dete$mining the correct quasi-steady state pro- 
file for any variable. All subsequent profiles are invariant. 
Leak current densities I and I are roughly mirror image 
with respect to current-ti ill $ profih throughout the post spike 
interval, with magnitude of I predominant over that of I . 
However, PN exhibits a rapidN!ecline relative to that of 6K 
over the safie post spike interval. The maximum for P 

\ 
always 

appears well ahead of the control post spike undershoo . More 
nearly related to the time course of post spike hyperpolari- 
zation are the curves for I and nonspecific leak current 
density I . 

h 
This is to be &pected since both are directly 

proportio al to voltage, whereas I and I involve voltage 
dependent permeability factors. Tt@ sum ofKall current den- 
sities is, of course, equal to -CdV/dt. NIH support. 

112 
KCITATIOX SY VASOPRESSIPJ AD ACTYLCEOLIX OF SIPPOCAE'AL 
'J";U!lOZJS II7 3T??IZ; SLICES. A. Camacho* and H.I. Phillips, 3ept. 
of Physiology, &iv. of Florida, Gainesville, Florida 32613. 

The hippocanpus appears to have a role in nenory but the 
Zechanisr? is unknopm. Frorr behavioral studies, acetylcholine 
and the neuropeptide vasopressin have both been proposed to 
enhance nenory. U'hile various reports indicate tSat acetyl- 
choline excites cells in tSe hippocaqus, reports denonstrat- 
ing neural effects of vasopressin in the hippocai?.pus are lack- 
ing. TSe purpose of this study was to test the effects of the 
arginine vasopressin (AVP) on rat hippocanpal CA1 cells and 
test if it interacts with cholinergic agonist carbachol (CRC). 
In vitro hippocanpal brain slices were used there the test -- 
substance could be added directly. Rats were decapitated, the 
hippocanpus reuoved and slices 453 p thick transferred to a 
bath containing a nodified Yar,a=loto's solution kept at 36'C. 
Spontaneous activity of single cells of CA1 was recorded and 
tested. Results are summarized in the table below: 

Substance 
Carbachol 8: 

Z Zxcitation % Inhibited 7: MO Effect 
92 0 8 

Vasopressin 21 86 0 14 
CRC + AVP 9 109 3 3 

Roth carbachol and AVP produced excitation in CA1 neurons but 
the AVP did not nodulate the CRC. Atropine blocked the effects 
of CRC but not of AVP. (Supported b y MEI HL27334A-9) 
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SEROTONIN DECREASES LATENCY AND THRESHOLD TO FEEDING IN 
PLEUROERANCHAEA AND INCREASES BEHAVIORAL STATE LEVEL IN 
PLEUROBRANCHAEA AND APLYSIA. Reinhard A. Palovcik*, Barbara A. 
Easberg*, and Jeffrenm. Dept. of Physiology, Wayne 
State University, Detroit, MI 4221 

Serotonin increases behavioral state level and enhances 
food arousal in Pleurobranch ea. Intact Pleurobranchaea were 
injected with serotonin 3- (lo- moles/kg body weight) or sea 
water and observed in an open field apparatus. Serotonin- 
injected animals consistently changed from quiescent or still 
states to alert and moving states (pc.01). Appetitive and 
consummatory feeding responses were elicited with a squid 
extract solution. For animals injected with serotonin, 
appetitive feeding responses showed significant (pc.01) 
decreases in both threshold and latency. Consummatory 
responses exhibited similar decreases in latency and threshold 
but only for higher food extract concentrations (pc.025). 
Serotonin effects and food extract effects on behavioral state 
were additive. 

Aplysia injected with serotonin (lo-7 moles/kg) showed 
increases in behavioral state levels from balled and still to 
alert and moving (pc.01). Serotonin also increased the 
frequency of non-feeding behaviors such as wider opening of 
the mantle, increase in siphon diameter, and faster locomotion. 

Thus. serotonin modulates behavioral state in Pleurobran- 
chaea and Aplysia. Serotonin-enhanced feeding in Pleurobran- 
chaea may be mediated by changes in behavioral state. 
morted by NIH Grant NS15041 to J .L.R.) 

111 
CORRESPONDING INCREASES IN INTRACELLULAR POTASSIUM 
ION ACTIVITY AND MEMBRANE HYPERPOLARIZATION OF IDEN- 
TIFIABLE APLYSIA NEURONS DURING HYPOXIA SUGGESTS 
AUGMENTA- ACTIVE TRANSPORT. P.E. Coyer *(SPON: 
G.M. Schoepfle) Univ. of Alabama in Birmingham, Birmingham, AL. 
35294 

During exposure to hypoxic bath conditions, neurons occupying the 
left rostra1 quadrant (L2-L6) of the Aplysia abdominal ganglion 
hyperpolarize. Increases in intracellular potassium ion activity (aiK+) 
and concomitant hyperpolarization of the membrane potential were 
measured simultaneously using double-barrel potassium ion-selective 
microelectrodes. Neglecting contributions involving PCl, the control 
PNa/PK ratio as given by 

PNa/PK = ( (Ki)e VF/R’T-(Ko) ) / ( (Na,)-(Nai)eVF/RT ) 

is equal to’ 0.028 + 0.003 (SD.1 where (Nai)=(Nao+Ko-Ki), the 
membrane potential V = -49.1 + 2.1 mV and aiK+ = 123.1 + 6.9 mM. 
(n=7) Substitution of smaller values for (Nai) yield negligible changes 
iq PNa/PK* During hypoxia these values were V = -54.1 + 3.6 mV, 
aiK+ = 134.6 21.5 mM and pNa/pK = 0.029 + 0.001. As indicated by 
these data, there was a hyperpolarization of- the membrane potential 
and increase in aiK+ with little change in the PNa/PK ratio during 
hypoxia. These results suggest that hypoxia augments the activity of 
an electrogenic sodium pump. NIH support. 

113 
INHIBITION OF ANGIOTENSIN II PRESSOR EFFECT BY NALOXONE 
Laurie J. Hoffmann*and M. Ian Phillips. Dept. Physiology, 
College Medicine, University of Florida, Gainesville, FL 
32610: 

Angiotensin II (AII) induces a pressor effect when injec- 
ted into the brain. The pressor effect consists of vase 
pressin release and sympathetic activation components. 
Within the brain, alpha adrenergic receptors appear to be 
involved in this pressor circuit. The present study inves- 
tigated the possible inclusion of o iate 
pressor circuit. Unanesthetized ma e P 

receptors in the 
rats with chronically 

implanted catheters in the femoral artery and vein plus can- 
nulae implanted into the third ventricle were tested with a 
dose range of angiotensin intraventricularly, and Naloxone 
intravenously. When angiotensin (100ng in 1 ~1) was given 
alone the expected rise in blood pressure occurred (17.5 2 
1.5 mmHg). When Naloxone (0.8mg/kg) was given alone, no 
change in blood pressure was observed. When angiotensin was 
given with Naloxone at the same doses a significant decrease 
in the pressor response was recorded (p<O.Ol). After Nalox- 
one, angiotensin pressor effect was 8.3mm Hg a reduction of 
47.4%. This study confirms that opiate antagonism reduces 
the central effects of AI1 which the complications of anes- 
thetics. The site of action within the angiotensin pressor 
circuitry has not yet been defined. 
Supported by NIH:RlHL27334A-01 to M.I.P. 
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CORTICAL MECHANISMS OF TWO-DIMENSIONAL AIMED ARM MOVEMENTS. 
VII. EFFECTS OF SPATIAL CERTAINTY. John F. Kalaska*, Joe T. 
Massey*, Roberto Caminiti*and Apostolos P. Georgopoulos. Dept. 
Physiol., Johns Hopkins Un. Sch. Med., Baltimore, MD 21205. 

-Trajectories of‘arm movements are less variable when aimed 
consecutively rather than intermittently at a given target 
(J.F. Kalaska et al., Fed.Proc. 39: 601,1980).-This suggests 
that neural processes involved in their generation may be less 
variable under these conditions of spatial certainty.-We inves- 
tigated this problem by recording the activity of 76 single 
cells in the motor cortex of two monkeys while the animals per- 
formed in spatially certain and uncertain tasks in a two-dimen- 
sional step tracking apparatus described previously (ibid.). 
The activity of each cell was studied under both conditions: 
in the "certain" condition one of 8 possible targets was pre- 
sented repeatedly before switching to another target, whereas 
in the "uncertain" condition the target changed from trial to 
trial in a pseudorandom sequence. The neuronal response was 
determined during the reaction and movement times, and the 
results were evaluated using analysis of variance. It was 
found that for both the reaction and movement time the vari- 
ability of the cell response was smaller and its relations to 
the direction of movement stronger under the spatially certain 
condition. These results indicate that increased spatial 
certainty of target location results in more consistent and 
less equivocal motor commands, as predicted by the behavioral 
studies mentioned above. (Supported by USPHS Grant 
5-RO-EY03167-02 and NS-7226-11). 
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SYSTEMATIC ERRORS IN AP STKREOTAKLC COORDINATES IN RAT 
BRAINS. Joseph Kline* and Kenneth H. Reid. University of 
Louisville, Louisville, Kentucky 40292. 

Errors in AP stereotaxic placements were evaluated for 
contributions of individual and strain differences in rats. 
In 14 Long-Evans rats (300 g) the interaural line (IAL) to 
bregma distance was 4.6 to 6.6 mm (mean 5.27 mm). The 
actual intracerebral sites of injections made at bregma 
ranged from 4.8 to 5.8 mm (mean 5.38 mm) anterior to IAL on 
sections from the atlas of Pellegrino and Cushman (1967). 
This atlas shows bregma as 5.8 mm anterior to IAL for Long- 
Evans rats of this weight. Hence, our Long-Evans rats 
showed a consistently shorter IAL-injection site distance 
than that predicted using the Pellegrino-Cushman atlas. In 
addition, there was a substantial individual variation in 
the IAL-bregma distance. Differences between strains were 
even more marked. When matched with corresponding sections 
from the Pellegrino-Cushman atlas, sections of dye-injected 
brains from 11 Sprague-Dawley-Cox rats yielded a linear 
relationship (r = .988) between the true AP coordinate and 
the atlas-predicted coordinate. Use of the formula 

Atlas AP coord = 1.312 (true AP coord) + 0.284 
has permitted us to markedly increase the accuracy of our 
stereotaxic placements in Sprague-Dawley-Cox rats. 
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CHANGES IN THALAMIC NOCICEPTION BY MCRPRINB ADDICTION IN RATS. 
R.mrs. Dept. of Physiol., Coil. of P & S, Columbia U., 
New York, N.Y. 10032 

Rats on the addiction schedule of Kerr and Pozuelo (Mayo 
Clin. Proc. 46:653) were used at intervals for acute electro- 
physiologicflexperiments. After an i.p. injection of chlor- 
alose-urethane, nociceptive neurons were localized in the n. 
VPL of the thalamus, and responses evoked from individual neu- 
rons by single-pulse stimulation of the sciatic nerve were 
accumulated in a digital computer. The computer registered a 
burst of spikes followed by a silence of 130440 msecs, and a 
single-spike activity at TO-90 msecs, all occurring within a 
500-msec scan. The burst of spikes indicates the intensity of 
a sensation (2 spikes); the intervals between the late spikes 
represent the sensory modality (M spikes). One M-M interval 
is necessary and sufficient to a&use pain via tEe\ociceptive 
system (mrs, R. PAIN. Raven Press, 1981). Prom day 14 of 
the schedule, the following changes took place. 1) No M-M in- 
tervals were seen until 6 hrs after the last morphine xose. 
2) The stimulus threshold for the late spikes dropped rapidly, 
and at 54 hrs of morphine withdrawal, innocuous stimuli (sin- 
gle taps applied to the foot) produced an M-M interval. 
3) Morphine given at a dose sufficient to F&se M-M intervals 
in non-addicted rats facilitated the appearance Ff-additional 
M-M intervals in addicted rats, indicating that a small dose 
zf%orphine may cause a greater discomfort during withdrawal 
than none at all. (Aided by DA-2916-01 from NIDA). 
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Kinetic study of ocular dominance 

Wei young and Elwin Mar-g, School of Optometry, University of 
California, Berkeley, CA 94720 

It has been demonstrated that ocular dominance can be accom- 
plished by a number of physical and surgical manipulations. 
The mechanism, however, is still unknown. More recently the 
sensitive period can also be prolonged or shortened by appro- 
priate chemical induction. This study is specially focused 
on kinetic evaluation of ocular dominance. Taking the normal 
rate of specialization of neurons as unit, the relative rates 
of synaptic formation are 1.33-1.42 for monocular exposure, 
2.2 for reversal, 1.06 for strabismic operation, and 0.4-0.58 
for chemical induction at the age of four weeks. The relative 
rates of specialization of synapses in reversal are 2.2, 1.0, 
0.52 and 0.27 for 28, 35, 42, and 49 days of age respectively, 
and that for strabismic operation are 1.06, 1.04 and 0.5 for 
28, 35 and 49 days of age respectively. The rate for ocular 
rotation in adult cats is in the range of 0.033 to 0.18. In 
general, the change in relative rate Ls inversely proportional 
to age. No comparative study in chemical induction has been 
made with this respect. 

119 
DOES THE FOOD DYE ERYTHROSIN B AFFECT TRANSMITTER RELEASE? 
David F. Wilson, Shawn McMahon*, and James S. Tweddell*. 
Department of Zoology, Miami University, Oxford, Ohio 45056. 

Recent investigations have suggested there is correlation 
between certain food dyes and behavioral changes in animals 
and humans. Included in this list is the food dye erythrosin 
B. In the frog, it has been reported that this food dye can 
induce a large increase in miniature end-plate potential (MEPP) 
frequency (Augustine and Levitan, 1980, Science 207:1489-1490) 
at the neuromuscular junction and hence supports the view that 
this food dye can alter neuronal activity and could contribute 
to behavioral changes. The influence of erythrosin B on 
phrenic nerve activity in the isolated rat diaphragm was exan- 
ined using intracellular recording techniques. Concentrations 
of erythrosin B ranging from 10 MM to 100 PM were tested. The 
mean MEPP frequency was 2.0/set in control, 2.7/set in 25 urn 
erythrosin B, 4.2/set in 50 PM and 8.2/set in 100 PM 
erythrosin B. Hence the influence of this food dye on spon- 
taneous release was minor. The influence of 50 and 100 PM 
erythrosin B on evoked transmitter release was also examined. 
End-plate potentials (EPPs) and MEPPs were examined in the cut 
muscle preparation of the rat diaphragm in the presence and 
absence of the dye. Erythrosin B did not significantly affect 
the amplitudes of the EPPs or MEPPs, and it did not alter 
quanta1 release. These results do not support the suggestion 
that erythrosin B has a major effect on neuronal activity. 
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CORONARY ARTERY CAPACITANCE. Jinku Lee*, James M. Downey 
and David E. Chambers? University of South Ala. 36688 

We examined capacitance function in the coronary artery. 
When the left coronary artery was perfused with constant 
pressure, the onset of diastole was accompanied by a capa- 
citive overshoot in f low with an exponential decay back to tually high due to coronary artery capacitance. To eliminate 
a steady-state. Time constants f or that decay ranged from capacitance back flow, we perfused the coronary artery of an 
55 ms when tone was present to 105 ms wi th maximal dilation. open chest dog at a constant starting pressure. At selec ted 
Since the transient resulted from a fall in tissue pressure, intervals the AV blocked heart was arrested by discontinu ini3 
this represents an estimation of intramural artery capaci- 
tance only. Because transients in perfusion pressure, which 
would also affect epicardial arteries, yielded similar time 
constants, most of the coronary capacitance resides in the 
small intramural vessels. Computer models were then built 
which included 1) only small vessel capacitances (SVC), 
2) only vascular waterfalls (VW) and, 3) both SVC and VW. 
Only Model 3 was capable of reproducing the phasic flow 
patterns as were actually seen in the dog. Another impor- 
tant difference was that Model 3 predicted that at constant 
flow perfusion, such as occurs with a large stenosis in the 
perfusion line, the plot of phasic perfusion pressure 
against mean perfusion pressure should break below a criti- 
cal perfusion pressure. Such behavior was observed in the 
dog hearts. We conclude that 1) most of the coronary capa- 
citance is at the small vessel level and, 2) that only a 
model which includes both SVC and VW can accurately describe 
coronary hemodynamics. 

122 
TRANSMURAL VARIATIONS IN MYOCARDIAL BLOOD FLOW DURING REAC- 
TIVE HYPEREMIA. H. Fred Downey, George J. Crystal, and 
Fouad A. Bashour. Departments of Physiology and Internal 
Medicine and Cardiovascular Research Laboratory at Methodist 
Hospital, University of Texas Health Science Center at 
Dallas, Texas 75235 

Dynamic transmural distributions of myocardial blood flow 
during reactive hyperemia were studied in 10 anesthetized 
open-chest dogs. The left anterior descending coronary artery 
was occluded for 90 sec. Total coronary flow was measured 
with an electromagnetic flowmeter, and its transmural distri- 
bution was determined from regional uptake of 9-10 urn radio- 
active microspheres injected into the left atrium. Micro- 
spheres were injected at: (1) 2 set pre-release; (2) release; 
(3) peak hy peremia; and (4) 50% recovery of tone. Endo/Epi 

ratios (R) of myocardial radioactivity were computed. Results 
indicate early preferential flow to subepicardium (Rl = 0.512 
0.08; R2 = 0.78+0.07); transmural uniformity of flow at peak 
hyperemia (R3 = 1.02+0.08); late preferential flow to subendo- 
cardium during recovery (R4 = 1.6620.12). The delay to peak 
total coronary flow following a brief occlusion appears to be 
predominantly the result of delayed subendocardial reperfusion 
This may also account for the slower recovery tone in subendo- 
cardial vessels. (Supported by NHLBI Grant HL-21657 and the 
Cardiology Fund) 
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OXYGEN DELIVERY, EXTRACTION, AND CONSUMPTION IN THE REGIONALLY 
SYMPATHECTOMIZED LEFT VENTRICLE DURING STELLATE STIMULATION. 
R.B. Boatwright*, T .  Shoji*, and D.M. Griqgs, Jr. Dept. of 
Physiology, Univ. of Missouri Med School, Columbia, MO 65212 

MICROSPHERE "LOSS" FROM NONINFARCTED MYOCARDIUM: IMPLICATIONS 
FOR MEASUREMENT OF CORONARY BLOOD FLOW. N.J.Davenport*, R.E. 
Goldstein, R. Bolli*, NHLBI and USUHS, Bethesda, Maryland. 

Preocclusion microsphere(M) content decreases in ischemic 
This study was designed to examine the direct effects of car- 

diac sympathetic nerve stimulation on myocardial 
ivery (MOD), extraction (MOE), and consumption 

oxy en del- 
(MV02 . The 7 

posterior region of the canine left ventricle was sympathec- 
tomized using a new method of local phenol application. Two 
weeks later open chest experiments were performed under mor- 
phine-chloralose anesthesia. Regional myocardial blood flow 
was measured with microspheres and oxygen content was measured 
in arterial and venous blood draining the normally innervated 
(I) and sympathectomized (Sx) regions. Observations were made 
in a control state (C) and during stimulation (2-3Hz) of the 
decentralized left stellate ansae(S). A 3:l ratio of norepine- 
phrine overflow in I vs. Sx during stimulation was used as a 
criterion for an acceptable preparation. Mean data obtained 
in 5 animals are tabulated below. 

MOD MOE FlVO r) ._- 
(cc/~/loog) 

I sx I 
(A-VIA 

4 
(CC~II+~~OS> 

X I Sk se- 
C 11.9 11.6 
S 13.0 13.3 
%A 12 18 

* 125x 
1 

PcO.05) The results reveal an increment in MVOZ dur- 
ing stel ate stimulation that is inde endent of changes in 
preload, afterload, and heart rate. TE. is increment in MV02 is 
met by an increase in MOE rather than an increase in MOD. 
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CORONARY CRITICAL CLOSING PRESSURE CORRECTED FOR CORONARY 
CAPACITANCE EFFECTS. James Downey, Jinku Lee* and David 
Chambers.* University of South Alabama, Mobile, AL 36688 

Measurement of critical closing pressure (CCP) in the 
coronary artery by the long diastole method may be artifac- 

pacing. After the hear t had stopped , the perfusion p ressure 
was abruptly changed to a second pre ssure The flow record 
showed a-transient overshoot with a decay back to a steady- 
state flow within 200 ms. This procedure was repeated using 
the same starting pressure, and thus the same sta te of vascu- 
lar tone , but a di .fferent new pressure each t ime. The flow 
200 ms after the transition is assumed to be free of capaci- 
tance flow and was thus plotted against the second pressure 
and a pressure-flow curve was generated for each heart. 
When the starting pressure was 130 mmHg (high tone) a CCP of 
27 2 6 mmHg was calculated. When the starting pressure 
was 50 mmHg (maximal dilation), the CCP fell to 18 2 4 mmHg. 
When CCP was determined by a long diastole in those same 
hearts, CCP was 39 2 11 mmHg with high tone and fell to 23 + 
4 mmHg with maximal dilation. The results indicate that CCF 
as determined by a long diastole is artifactually high, but 
that CCP is still a function of tone. 

123 

EFFECTS OF THEOPHYLINE ON ADEITOSINE AND CORONARY VASCULAR 
RESISTANCE DURING INCREASED CARDIAC WORK. J.E. McKenzie, 
R.P. Steffen, R.B. Price*, and F.J. Haddy. Dept. Physiology, 
Uniformed Services University, Bethesda, MD 20014 

The influence of intracorbnary theophyline (Theo) infusion 
on myocardial adenosine (Ado) content, coronary sinus Ado 
concentration, Ado output and coronary vascular resistance was 
studied during isoproterenol infusion. Theo was infused at 
19 pmoles/min via a modified Gregg cannula (n=5). In six 
control dogs, isotonic saline was infused at the same volume 
rate. Theo block was verified by injecting challenging doses 
of Ado. In both groups cardiac work was increased by an in- 
tracoronary infusion of isoproterenol at 0.764 pg/min. There 
was no difference in coronary vascular resistance between 
saline and Theo groups, 0.5520.07 and 0.45+0.08 mmHg=ml-l*min* 
1OOg respectively. Myocardial Ado content increased from 3.4+ 
0.5 to 12.124.1 nmoles/g with Theo infusion, which was asso- 
ciated with a twofold increase in coronary sinus Ado concen- 
tration from 104.129.5 to 228.4k13.3 nmoles/l plasma. There 
was no change in arterial Ado concentrations; therefore Ad 
output increased from 121.4218.8 to 343.4k66.6 nmoles*min- P 

l 

lOOg-1 for saline and Theo infusions respectively. The Theo 
infused group also showed a significant endo/epi ratio(2.8) of 
myocardial Ado content not seen in the saline group. These 
data indicate that the failure of Theo to influence coronary 
blood flow and coronary vascular resistance during isoproter- 
enol infusion may be due to increased Ado concentration, which 
competes with Theo. (Supported by USUHS Grant 8CO7635) 

myocardium 24 hours after coronary occlusion(C0). This M loss, 
a potential source of error in blood flow measurement, has 
been attributed to dissolution, edema, or infiltration of 
infarcting tissue. However, we have also observed M loss from 
ischemic myocardium that is not infarcted. We evaluated per- 
sistence of 15 p M, injected prior to CO, in nonischemic (N) 
region and risk region (RR) (i.e .,region distal to occluded 
artery) 4 hours after open-chest left anterior descending(LAD) 
CO in 11 dogs. Ischemia was documented by low post-CO flows 
in the RR. Pre-CO M content in RR endocardium (endo) was 21% 
lower than N endo, indicating M loss; similar evidence of M 
loss was not seen in RR epicardium (epi) although both RR epi 
and RR endo had a 4% increase in water content. To determine 
the distribution of M loss within RR we injected 15~ M prior 
to closed-chest LAD CO in a second group of 24 dogs. Three 
days later, RR was divided into infarct and surviving muscle. 
RR had significant M loss as compared to N epi and endo(p<.Ol). 
M losses were similar in subdivisions of RR (33-45X) and in- 
farct (38%). Thus, in acute ischemia: 1) M loss occurs in is- 
chemic endo by 4 hours after CO; 2) within 3 days M loss 
occurs uniformly in both infarcted and surviving portions of 
RR; 3) dissolution, edema, and infiltration of infarcting 
tissue do not appear solely responsible for M loss. 
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ABSENCE OF OVERLAPPING CIRCULATIONS BETWEEN ADJACENT 
CORONARY ARTERIES. David E. Chambers*, Jinku Lee*, and James 
M. Downev, University of South Alabama, Mobile, AL 36688 -- ., 

The proposed mechanism for regions of intermediate per- 
fusion between ischemic and normal myocardium is that the 
circulation of the occluded vessel overlaps that of the 
patent vessel. To measure this overlap, we separately 
cannulated and perfused the circumflex (CX) and the left 
anterior descending (LAD) coronary artery of an anesthetized 
dog. Radiolabeled microspheres were infused into the CX 
while fluorescein dye was infused into the LAD. The heart 
was subsequently removed and sectioned. The perfusion field 
of the CX was visualized by autoradiography. The developed 
autoradiograph was then placed over the heart and the field 
of the LAD was visualized with the aid of a Wood's lamp.The 
two perfusion fields were then traced on a piece of clear 
acetate. This procedure was conducted on (1) hearts with 
both vessels normally perfused and (2) on hearts experiencing 
LAD occlusions while the microspheres were being injected. 
The latter was performed to see if coronary occlusion would 
increase the apparent overlap. In all animals studied, 
overlap of the two fields never exceeded 1 mm and we conclude 
that the amount of tissue experiencing overlap flow is negli- 
gible in the dog heart. 
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CORONARY BLOOD FLOW, REGIONAL MECHANICS AND METABOLISM IN 
NEWLY COLLATERALIZED PORCINE MYOCARDIUM. J.H. Ngai*, M.A. 
Matlib*, and R.W. Millard. Dept. Pharmacology 6 Cell Biophys., 
Univ. Cincinnati Med. Ctr., Cincinnati, OH 45267 

In the pig heart, coronary collateral circulation can be 
induced during the prolonged imbalance between nutrient supply 
and tissue demand accompanying chronic progressive coronary 
artery stenosis. This study examines the relationships among 
blood flow, cardiac mechanics and mitochondrial function in 
normal and collateralized myocardial regions. Coronary colla- 
teral circulation was induced over 8 weeks in 5 pigs following 
surgical stenosis of the proximal left anterior descending 
coronary artery. At the time of study with halothane anesthe- 
sia and open chest, myocardial blood flow measured with micro- 
spheres was 1.29tO.12 and 1.06+0.12 ml/min/g in epicardium and 
endocardium of the normal region. In the collateral supplied 
region, epicardial flow was 0.90+0.17 and endocardial flow was 
0.34kO.11 ml/min/g. Regional systolic segment shortening de- 
termined by sonomicrometry was 10.5+0.1% in normal regions and 
0.7+2.4% of end diastolic length in collateral supplied re- 
gions. Despite the marked depression in mechanics, little dif- 
ference in either function or content of mitochondria isolated 
from these two regions emerged. The data suggest that the 
abnormal mechanics in the collateral dependent region are due 
to blood flow maldistribution, but that energetics as measured 
in these experiments were not significantly altered. 
(Supported in part by NIH grants HL-23558 and -22619 and by 
Training Grant HL-07382.) 
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OCCLUSION OF 

This study was undertaken to measure the effects of lymphatic 
clearance on the extravascular deposition of albumin during reduced- 

CARDIAC 

flow coronary ischemia (RFCI). 

LYMPH 

RFCI was created in anesthetized, 

INCREASES 

open-chest dogs by constriction of a carotid-to-left anterior descending 

TISSUE 

coronary artery (LADCA) shunt. 

ACCUMULATION OF ALBUMIN DURING CORONARY ISCHEMIA. 

The lymph vessel from the LADCA 
area was identified by injecting dye into the epicardium, and then was 
tied shut proximal to the cardiac node. A mixture of the dog’s blood 

Jerry C. 

containing 

Collins 

51Cr red blood cells and 

*, 

1251-albumin was then infused over 
25 min. In 5 dogs coronary flow was reduced from 44.6+9.9 SEM ml/min 

Gregory E. Cinn* and Thomas R. Harris. Vanderbilt 

to 20.8+4.8. 
46.1+7.9-ml/min. 

In 5 other dogs flow was allowed to remain at 

University, Nashville, TN 37232 

Tissue perfused by the cannula was marked by 
radioactive microspheres. After 2 hr of either RFCI or control, the 
animal was sacrificed, the heart removed, sectioned and counted. 5ICr 
was used to calculate extravascular 1251,albumin content. 1251, 
albumin content in the cannulated segment was normalized to similar 
activity in the noncannulated segment. Relative 1251-albumin content 
was significantly increased (2.66+.13 SEM) in RFCI dogs above 2.16+.09 
in control. In comparison to similar studies with lymph intact, two-way 
analysis of variance showed that relative albumin deposition was 
increased significantly by both RFCI and by lymphatic occlusion. 
Further, RFCI significantly increased albumin deposition in both groups. 
We conclude that RFCI increases the blood-tissue exchange of albumin 
and that lymphatic function can lessen but not eliminate albumin 
accumulation. (Supported by USPHS. NIH Grant HL-19370) 
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SUDDEN CARDIAC DEATH AND BARORECEPTOR REFLEXES. G.E. Billman, 
P.J. Schwartz* & H.L. Stone, Dept. of Physiol. & Biophysics, 
The Univ. of Okla. HSC, Oklahoma City, OK 73190. 

Non-invasive identification of patients at high risk for 
sudden death (SD) is a critical yet still elusive problem. 
Fourteen mongrel dogs were chronically instrumented to measure 
left circumflex coronary flow (LCC), arterial pressure (AP), 
and ECG. The left anterior descending artery was ligated to 
produce a myocardial infarction (MI), four dogs died within 
72 hrs post-MI. Four weeks after surgery the animals were 
given bolus injections of nitroprusside (NP, 100 pg/kg) and 
phenylephrine (PE, 10 ug/kg) to raise or lower systolic AP at 
least 50 mm Hg. The slope of the R-R interval versus systolic 
AP relationship was determined by least squares fit linear 
regression (r L 0.80). A 2 min occlusion of LCC was initiated 
at the beginning of the last minute of an exercise stress test 
(EX) and continued for 1 min after the cessation of E x. Four 
dogs did not show arrhythmias during the exercise and ischemia 
test, while the remaining developed ventricular fibrillation. 
The baroreflex slope was found to be significantly lower (U 
test, P ~0.01) in th e animals which developed arrhythmias 
(4.8922.0 vs 9.3k1.1, &S.D.). The PE, but not the NP re- 
sponse was also significantly lower (P ~0.02). This may indi- 
cate a greater vagal component to heart rate control in the SD 
resistant animals. Control heart rate, AP, and infarct size 
were not different between the groups. In post-MI patients 
baroreceptor testing may help to identify sub-groups at high 
risk for SD. (Supported by NIH grants HL 18798 & HL 07430). 

tial stenosis or “two stage occlusion" (TSO) has been used to 
limit arrhythmias and early ventricular fibrillation. A pre- 
vious study from our lab demonstrated that although infarct 

CONTRACTILE RESERVE FOLLOWING TWO STAGE CORONARY OCCLUSION. 

size was only 50% of that predicted following TSO, the loss in 
regional function in the ischemic area was not different from 

J. X. Thomas, Jr. and J. S. Polakowski*. 

that seen in 

Department of 

dogs after sudden CO. The purpose of the present 
study’ was to 

Physiology, 

determine if contractile reserve of ischemic myo- 

Loyola Univ. Medical Center, Maywood, IL 60153. 
Coronary occlusion (CO) preceded by a 15 min period of par- 

card&m is greater following TSO as compared to sudden CO. 
Pentobarbital anesthetized mongrel dogs were instrumented to 
continuously measure aortic pressure, left ventricular (LV) 
pressure, LVdP/dt, segment lengths and wall thicknesses in nor- 
mal and ischemic myocardium. The LAD was isolated approxi- 
mately % way down its distribution for either type of occlu- 
sion. Contractile reserve was assessed by post-extrasystolic 
potentiation (PESP) using aerial extrastimuli. Regional per- 
formance was measured on a beat to beat basis using LV pres- 
sure segment length loops. In the normal heart and non-ische- 
mic area, PESP augmented loop areas by 122.33%. One hr after 
CO, PESP had no effect in the ischemic area. However, 1 hr 
after TSO, loop areas were augmented with PESP by >lOO%, al- 
though they were significantly less than control. Thus, per- 
sistence of active systolic shortening 1 hr after TSO is fur- 
ther evidence that damage from ischemia is less following TSO. 
(Supported by Chicago Heart Assoc. and E. M. Bane Trust Fund.) 
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PLATELET INHIBITION PREVENTS PLATELET-INDUCED MYOCARDIAL 
ISCHEMIA. C.A. Fisher*, L. Wetstein*, P. Feldman*, J.F. 
Strauss, A.H. Harken, and V.P. Addonizio. Univ. of Penna., 
Phila., Penna. 19104 

The role of platelets in the induction and propagation of 
cardiac ischemia remains incompletely defined. We, therefore, 
evaluated the effects of platelet activation occurring within 
the coronary circulation and tested the hypothesis that inhi- 
bition of platelet function would prevent platelet-induced 
cardiac ischemia. Normal human platelets were isolated by 
Sepharose 2B column chromatography; resuspended in Hepes buf- 
fer; and added to the perfusate of a Langendorff rabbit heart 
(platelet counts>10,000/ul). Without, and with low dose (10 

uM) prostaglandin El (PGEl) a reversible inhibitor of platelet 
function, immediate and irreversible global cardiac ischemia, 
as monitored by NADH flourescent photography, ensued (N=4) 
following platelet activation with thrombin (0.1 to 1 U/ml). 
Higher doses of PGEl (0.1 to 1 mM, N=3) completely prevented 
this platelet-induced myocardial ischemia. Aspirin, unlike 
EEl t was effective despite its inability to block thrombin- 
induced platelet aggregation in our in vitro gel-filtered sys- -- 
tem. We conclude that activation of platelets is sufficient 
for induction of irreversible cardiac ischemia. The efficacy 
of aspirin, a cyclooxygenase inhibitor, further suggests that 
the products of arachidonate metabolism have a fundamental 
role in the genesis of platelet-mediated myocardial ischemia. 
(Supported in part by NIH Grants HL 22346 & HL 22315) 
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EFFECT OF INHALED LIDOCAINE ON EXERCISE-INDUCED ASTHMA. W Y L 
Chen and H. Chai*. National Asthma Center, Denver, CO 80204 

To determine whether stimulation of afferent nerve endings 

EFFECTS OF LOCAL ANESTHETIC ON THE MUSCARINIC RECEPTORS OF 
AIRWAY SMOOTH MUSCLE. C. Murlas,* J.A. Nadel, and J. Roberts,* 
CVRI, UCSF, San Francisco, CA 94143 and UCI, Irvine, CA 92668. 

in the respiratory mucosa plays an important role in the initi- 
ation of exercise-induced asthma (EIA), we used lidocaine to 
study each of seven asthmatic subjects over two sessions of lo- 
minute treadmill exercise, with an identical workload in both 
sessions. Before exercise the subjects inhaled either an 
aerosol of distilled water or lidocaine hydrochloride '(1.5mg/ 
kg), in random order. The median particle size was 7 
pm in diameter. In each session, pulmonary functions were 
measured before aerosol inhalation (baseline), 2-3 minutes 
after completion of aerosol inhalation (approximately 5 minutes 
before exercise), and 4-10 minutes after termination of exer- 
cise. Our results showed that, with the inhalation of the dis- 
tilled water aerosol, the mean post-exercise forced expiratory 
volume in 1 second (FEV-1) and forced expiratory flow during 
the middle half of the forced vital capacity (FEF 25-75%) were 
57% and 43% of the baseline values, respectively. Similarly, 
after lidocaine inhalation, the mean post-exercise FEV-1 and 
FEF 25-75% were 54% and 44% of the baseline values, respective- 
ly. These data do not support the claim that pre-exercise 
treatment with lidocaine inhalation reduces severity of EIA. 
Our results indicate that the neural elements in the respirat- 
ory mucosa do not appear to play a major role in the develop- 
ment of EIA. 

To investigate the mechanisms by which local anesthetic may 
affect the muscarinic receptors of airway smooth muscle, we 
used in vitro contraction and radiologand binding techniques 
that we have reported elsewhere. The effects of tetracaine on 
acetylcholine-induced contraction of trachealis muscle were 
studied using muscle strips dissected from canine tracheal 
segments. In the contraction studies, concentrations of tetra- 
caine,<5x10e5M produced a parallel shift to the right in the 
acetylcholine dose-response curve. At higher concentrations, 
we found a nonparallel shift and a decrease in the maximal 
response, suggesting noncompetitive antagonism or effects 
beyond the receptor. These divergent effects were clarified by 
binding assays for the muscarinic receptors of trachealis 
muscle using [3H]quinuclidinyl benzilate and particulates made 
from the muscle. In the absence of tetracaine, the dissocia- 
tion constant (KD) was 3323 pM and the receptor concentration 
(Bmax) was 410234 pM/g protein. At concentrations of tetra- 

Caine >lO-6M, the apparent KD was increased (p= 0.01). At con- 
centrationsQ5x10-5M, Bmax was unaffected. However, at concen- 
trations .5x10-5M, bax was reduced (~0.01). We conclude that 
at low concentrations, tetracaine acts like a reversible, com- 
petitive antagonist of acetylcholine for binding to the mus- 
carinic receptors of airway smooth muscle; and, at higher con- 
centrations, like a noncompetitive or irreversible antagonist. 
(Supported by NIH Grants HL-07159, HL-24136, and HD-08006) 
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EFFECT OF GENERAL ANESTHETICS ON BRONCHOMOTOR RESPONSES. M.J. 
Holtzman.* B.-E. Skoonh.* H. Hahn.* K. Sasaki.* P. Graf.* and 
J.A. Nadel. Cardiovascular Research Institute, University of 
California, San Francisco, CA 94143 

We studied the relative sensitivity of componen ts of para- 
sympa thetic bronchomotor pa thways to depression by general 
anesthetics. Thirteen dogs were anesthetized initially with 
chloralose (80-100 mg/kg) and urethane (400-500 mg/kg); 
bronchomotor responses were assessed by monitoring pressure in 
a bypassed tracheal segment. We compared reflex bronchocon- 
striction produced by hypoventilation to bronchoconstriction 
produced by electrical stimulation of the distal end of a cut 
vagus nerve. When no additional anesthetic was administered, 
bronchomotor responses to both types of stimuli increased with 
time. Small additional doses of anesthetics (thiopental, l-5 
mg/kg; pentobarbital, l-2 mg/kg; amobarbital, l-2 mg/kg; or 
chloralose, 10 mg/kg; each injected at 5-min intervals) 
decreased the reflex response markedly and reversibly ', but the 
response t o motor nerve stimulation was unaffected. Increased 
doses depressed the responses to both stimuli. Our previous 
studies showed that barbiturates depress parasympathetic 
ganglionic synapses (Am. Rev. Respir. Dis. 123:202, 1981); the 
present studies suggest the central nervous system synapses 
may be even more sensitive to depression by general 
anesthetics. (Supported in part by NIH Grants HL-24136, HL- 
00797, and grants from the American Lung Association of 
California and Council for Tobacco Research) 
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ASSOCIATION BETWEEN AIRWAY REACTIVITY AND AIRWAY PERMEABILITY 
TO INHALED H-HISTAMINE IN CONSCIOUS SHEEP. W.M. Abraham. 
L. Yerqer*, J.C. Delehunt* and W. Oliver, Jr.* Div. of Pulmol 
nary Disease, Mt. Sinai Medical Center, Miami Beach, FL 33140 

ti 
The purpose of this investigati on was to examine. the 

.onship between airway reactivity (AR) and the permeabi 
histamine through the -airways (AP) in conscious’sheep. AR was 
assessed by measuring the chanqe from baseline in mean 
nary flow resistance- following- a controlled 2 min 

pulmo- 
in aiation 

challenge with 1% histamine, containigg 200 uCi/ml of 9 H-hista- 
mine. The rate of appearance of the H-histamine in the plas- 
ma during inhalation challenge was used to estimate AP. To per- 
turb the airways, three groups of seven sheep were exposed to 
either air or 0 (0.5 or 1.0 ppm) for 2 hrs via an endotracheal 
tube. AR and /& were determined prior to and 1 day following 
the exposure. The difference in AR between the pre and post 
exposure challenge (%A AR) was then compared to the change in 
the rate of uptake of 3 H-histamine (?';A AP) at these respective 
times. Our results showed that 14 sheep had corresponding in- 
creases in %A AR and %AAP; 4 sheep showed corresponding de- 
creases in %A AR and %A AP; while only 3 sheep had changes 
which were divergent. Considering the 21 experiments there 
was a significant correlation (r = 0.532, p<O.O2) between 
!%AAR and %AAP. We conclude that changes in AR to inhaled his- 
tamine are associated with concordant changes in AP to this 
agent. These results strongly suggest but do not prove a cau- 
sal relationship between AR and AP. Supported by NIH Grant 
HL 07358 and EPRI Contract No. 1373. 

la- 
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DOSE-DEPENDENT INHIBITION OF COLD AIR-INDUCED BRONCHOCONSTRIC- 
TION BY ATROPINE. D. Sheppard,* J. Epstein,* M.J. Holtzman,* 
J.A. Nadel, and H.A. Boushey. Cardiovascular Research 
Institute, University of California, San Francisco, CA 94143 

We studied whether inhalation of atropine could inhibit cold 
air-induced 
and whether 

bronchoconst 
higher doses 

riction in a dose-dependent fashion 
of atropine would be required than 

those required to inhibit similar 
induced bronchoconstriction or to 

degrees 
produce 

of methacholine- 
a maximal reduction 

of baseline airway tone. In 7 subjects with asthma we assessed 
the effects of placebo and of various doses of inhaled atro- 
pine (0.13-2.08 mg) on baseline specific airway resistance 
(SRaw) and on the increase in SRaw produced by 5 min of volun- 
tary eucapnic hyperventilation with subfreezing air. Atropine 
in doses of 0.13 or 0.26 caused a maximal reduction in base- 
line SRaw and completely inhibited the increase in SRaw caused 
by methacholine aerosol (5 breaths, 1.0%) but not the increase 
in SRaw caused by cold air. Higher doses of atropine inhibited 
the effect of cold air on SRaw in a dose-dependent fashion. 
These results suggest that cold 
through vagal pathways and that 

air causes b ronchoconstriction 
higher doses of antimuscarinic - 

agents are required to inhibit vagally mediated bronchocon- 
striction than those required to reduce baseline airway tone 
or to inhibit the effects of a large dose of an inhaled musca- 
rinic agonist. (Supported in part by NIH Grants HL-24136 and 
HL-00797, and by the California Air Resources Board, the 
Council for Tobacco Research, and the Strobe1 Medical Research 
Fund of the American Lung Association of San Francisco) 

AEROSOL AND PARENTERAL HISTAMINE: EFFECTS ON LUNG 
MECHANICS IN SHEEP. A.A. Hutchison,* K.L. Brigham, and J.R. 

mke Nashville TN 37232 
Pulmonary Circulation Center, Vanderbilt University School 

The purpke of this’ study was-to examine the effects of parenteral 
and aerosol histamine on lung mechanics in sheep. Eleven sheep were 
chronically prepared with pulmonary arterial (PA) and left atria1 (LA) 
catheters, a tracheostomy, and a silastic envelope in the pleural space. 
Sheep were studied unanesthetized in a pressure-compensated 
integrated-flow whole-body plethysmograph, and dynamic lung 
compliance (Cdyn), resistance of the lung (RL), and FRC were 
measured. Histamine was infused through PA or LA catheters or given 
as an aerosol in increasing doses until Cdyn decreased by 35%, RL 
doubled, or FRC increased by 25%. Parenteral histamine caused a 
reproducible decrease in Cdyn, a variable increase in RL, and no change 
in FRC. There were no significant differences between the LA and PA 
histamine infusions. Aerosol histamine had similar effects to 
parenteral histamine except some sheep did show an increase in FRC. 
There was a significant correlation (t-=0.98, p < .OOl) between the 
parenteral histamine dose required for a response and the aerosol dose. 
Among sheep there was a several hundred fold range in responsiveness 
to either aerosol or parenteral histamine. Repeat studies in 3 animals 
showed PA histamine infusions to be highly reproducible in a given 
animal while changes associated with aerosol histamine were slightly 
less reproducible. 

(Supported by Grants Nos. HL 19153, HL 27274, and the Parker B. 
Francis Pulmonary Fellowships.) 



TUESDAY, PM MECHANICS OF BREATHING: AIRWAYS I 29 

138 
THE EFFECT OF METHACHOLINE-INDUCED BRONCHOCONSTRIC- 
TION ON AIRWAY SITES OF FLOW LIMITATION IN DOGS. Steven N. 
Mink* (SPON: R.J. King). Univ. Tex. Health Science Cew 
-west Foundation for Res. and Educ., San Antonio, TX 78284. 

A retroqrade catheter was used to locate flow limiting sites (FLS) 
during forced vital capacity deflation in 7 opened chest dogs. FLS 
were located at 42%, 28%, and 12% TLC. Minimal lung volume was 
determined by helium dilution. FLS were located at baseline (B), after 
bronchoconstr ict ion by methachol ine inhalation (M), and after subse- 
quent bronchodilation with atropine (P). Lateral airway pressure 
(Ptm’) and airway qeneration number (G/I) at these loci, as well as the 
corresponding values of maximum expiratory flow (Vmax) and lung 
elastic recoil were obtained during each maneuver. The respective 
(mean +SD) values of Vmax (Ips) at the three lung volumes (V ) were 
9.0 t I, 6.9 + 2, and 2.6 +_ 2 at B and decreased to 2.7 2 2+, lk + It, 
and .26 ? .2+ during M. Corresponding values of Ptm’ (cm H20) which 
were initially -4.0 + 2, .4 f 2, and -2.9 f 3 became more negative -8.6 
+ St, -I I f 2+, and -13.9 + 7+, during M. During P, Vmax and Ptm’ 
returned to baseline. The G# for the respective V were init ially 2.9 
+ 2, 7.6 + 3, and 4.6 k 3. During M, FLS locations a\42% and 12% TLC 
remained unchanged while that-at 28% TLC moved downstream into a 
4th qeneration bronchus. These results indicate that during severe 
bronchoconstr ict ion, despite obser ved peripheral movement of equal 
pressure points, the FLS remained proximally located in lobar br nonchi. 
Further, decreasing values of Vmax were associated with a more 
negative Ptm’ at the FLS site. ep < .05 from B&P; supported by NIH 
Award HL 271 I I) 

14-O 
SITES OF AIRWAY RESPONSIVENESS TO HISTAMINE AND METHACHOLINE 
ADMINISTERED BY AEROSOL OR INTRAVENOUS INJECTION. T. Fuyuki*, 
H. Inoue*, M.Ishii*,C. Inoue*, N.Matsumoto*, H.Sasaki*, and 
T. Takishima* (Span. J. Hildebrandt) Tohoku Univ. School of 
Med. Sendai, Japan. 980 

The effects of histamine (H) and methacholine (M) on central 
(Rc) and peripheral (Rp) airway resistance were directly mea- 
sured in anesthetized dogs employing a retrograde catheter for 
Rc, and a pleural capsule method (J.A.P. 48:982,1980) to detect 
alveolar pressure for Rp. Rc and Rp were measured at FRC (PL=5 
cm H20)by oscillation at 1 Hz. First, a series of increasing d* 
ses of H (0.78,3.13,12.5,50,and200~g/kg)was injected IV. Rc 
did not increase until the highest dose was given, whereas Rp 
showed a steady dose dependent increase, exceeding Rc at 5Opg/ 
kg. Second, H aerosol was inhaled from FRC in a series of three 
increasing tidal volumes, keeping the total dose of H the same 
in the three conditions. As after injected H, Rc was little in- 
creased, but the increase of Rp was proportional to tidalvolume, 
Third, when M was administered IV, both Rc and Rp showedincreas- 
es proportional to doses. Finally, inhaled M also caused an in- 
crease in both Rc and Rp, although Rp was further augmented as 
tidal volume was increased. It is therefore suggested that in 
the dog H mainly increases Rp whether the H is administered sys- 
temically or by aerosol, whereas M increases both Rc and Rp. 
Furthermore, the larger the inhaled tidal volume, the more a 
pharmacologic aerosol can be deposited in the peripheral air- 
ways, and the greater its effect on Rp. 
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AUTONOMIC NERVOUS REGULATION OF CENTRAL, PERIPHERAL AND EX- 
TREMELY PERIPHERAL AIRWAY RESISTANCES AT DIFFERENT LUNG VOLUMES. 
H. Inoue*, M. Ishii*, T. Fuyuki*, C. Inoue*, N. Matsumoto*, H. 
Sasaki*, and T. Takishima* (Spon. J. Hildebrandt). Tohoku Univ. 
School of Medicine, Sendai, Japan 980 

We studied the autonomic nervous control of central (Rc), 
periphe ral (Rp 
tance, using a 

L 
re 

and extremely peripheral (Rep) airway resis- 
trograde catheter method together with a pleu- 

ral capsule method to detect alveolar pressure. Forced oscilla- 
tion at 1 Hz was applied to the trachea of anesthetized dogs 
with the chest widely opened. The relationship of the flow to 
each resistive pressure difference was obtained to give R. Air 
flow through the capsule glued onto the multipunctured visceral 
pleural surface enabled us to estimate Rep, which should re- 
flect mainly the resistance of local bronchioles about 0.5 mm 
in diameter. Total airway resistance (Rtot) had a minimum(0.85 
cm H20/L/s) at middle lung volume (VL) increasing at both high 
and par titularly low VL. Rep increased curvilinearly as VL de- 
creased . On the other hand, Rp was unchanged at higher V, but 
increased sharply at lower VL. With the vagus intact, thg con- 
tribution of Rp to Rtot was 21% at higher VL (PL=30 and lo), 
39% near FRC(P 

if 
=5) and 63% at low VL (PL=2). Vagal stimulation 

(n=6) increase Rp more markedly than Rc or Rep. Simultaneous 
stimulation of the stellate ganglia inhibited the increase of 
Rtot elicited by vagal stimulation by as much as one half; most 
of the inhibi tion occurred in Rp. We suggest that Rp is not 
negligible at any VL, and that both vagal and sympathetic con- 
trol of Rp is more extensive than for Rc or Rep. 

139 
THE TIME COURSE OF ANTIGEN INDUCED AIRWAY HYPERREACTIVITY TO 
HISTAMINE IN ALLERGIC SHEEP: ROLE OF H,-RECEPTORS. J.C. 
Delehunt”, L. Yerger* and W.M. Abraham! Division of Pulmonary 
Disease, Mount Sinai Medical Center, Miami Beach, Fl 33140 

The purpose of this study was to: a) document the time 
course of the increase in airway reactivity to inhaled hista- 
mine which follows antigen-induced bronchospasm in conscious 
sheep and b) determine if an acute depression in H2-receptor 
function contributes to this increased reactivity. Five sheep, 
A. suum sensitive were challenged with 5% histamine(H) aerosol, 
followed 2 hr later (when mean pulmonary resistance(RL) had re- 
turned to baseline) by an inhalation challenge with A. suum an- 
tigen. Subsequent H challenges were performed 2 hr, -dayand 3 
days later. At another time the same protocol was repeated with 
the exceptions that a) prior to each H challenge, the H2:anta- 
gonist metiamide(3 mg/kg IV) was given (M+H) and b) the initial 
M+H challenge was performed 1 day prior to the antigen chal- 
lenge. Mean (+ SE) increases in R from baseline are presented. - Antigen Chhllenge 

Prior to + 2 hr 
H ‘82 21.2) x 
H+M 91 (37>% 238 (112):; 187 (56):; --- 
Antigen challenge resulted in similar increases in RL for both 
the H group (148 SE + 33%) and the M+H group (191 SE + 34%). 
We conclude that inTllergic sheep, airway reactivity-to H is 
enhanced up to 1 day following antigen induced bronchoconstric- 
tion and that H -receptors are functionally depressed prior 
to antigen chal 3 enge and do not explain this enhanced H respon- 
siveness. (Supported by NIH HL 07358 and HL 20989). 
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MAXIMUM EXPIRATORY FLOW-VOLUME (MEFV) CURVES IN THE DIAGNOSIS 
OF EXERCISE-INDUCED BRONCHOSPASM (EIB). F. Haas and A. Haas 
(Department of Rehab. Med., N.Y.U. Medical Center, N.Y. 10016). 

Diagnosis of EIB is frequently predicated on change in 
either peak expiratory flow rate (PEFR) or forced expiratory 
volume at 1 second (FEVl), parameters that are overly dependent 
on patient cooperation and effort. In order to assess the most 
reliably sensitive parameter(s) for detecting EIB we investi- 
gated the effects of running on PEFR, FEVl, forced vital capa- 
city ow, the ratio FEVl/FVC, 
and 50% VC (FEF25, FEF50), 

forced expiratory flow at 25% 
and between 25% and 75% VC(FEF25-75) 

in 101 subjects. EIB, as assessed by a reproducible post-exer- 
cise drop of 5% in one or more of these MEFV parameters, was 
observed in 60 subjects. Reductions in FEF5C and FEF25-75 were 
the most reliably sensitive discriminators of EIB accurately 
identifying 60% of the group. Despite a general trend for 
those subjects with more impaired pre-exercise MEFV curves to 
predict the degree of EIB. Of the 60 subjects, 45 had a his- 
tory of current or childhood asthma, 10 complained of post- 
exertional coughing, and 5 denied any respiratory problems or 
sensations. Three subjects who had complained of post-exer- 
tional shortness of breath and coughing had no change in the 
MEFV parameters on any of 3 separate test occasions. However, 
these individuals, who represented 5% of the EIB susceptible 
group, demonstrated marked airflow reduction in the terminal 
15% of the MEFV curves. We conclude that, for any given pa- 
tient, EIB cannot be accurately assessed from a single airflow 
parameter and that complete MEFV curves should be analyzed. 

143 
DENSITY DEPENDENCE OF MAXIMAL EXPIRATORY FLOW IN DOGS WITH 
CENTRAL AND PERIPHERAL BRONCHOCONSTRUCTION. &,.P. Casu*, 
Q.E. Pedersen*v AM. Drazen, auL LB. I[nnram, &. Harvard 

In anaesthetized, vagotomized, intubated, open-chested 
dogs, we measured lateral and end-hole airway pressures using 

School of Public Health; and Brigham and Women's Hospital, 

a pitot-static probe. 

Boston, MA 02115. 

Volume was obtained as the integral of 
flow from a dog plethysmograph with frequency response ade- 
quate to 10 hz. Equal pressure points (EPP) and choke points 
(CP) were located before and after 1) partial obstruction of 
the trachea and 2) intravenous histamine and propranolol. Par- 
tial obstruction of the trachea caused flow during the plateau 
of the maximum expiratory flow-volume curve (MEFVC) to 
decrease predictably in accordance with the wave-speed equa- 
tion with the CP remaining in the trachea. The MEFVC plateau 
was extended to a lower lung volume. At 50% of vital capacity 
the EPP moved downstream and density dependence remained high. 
Histamine and propranolol caused the EPP and CP to move 
towards the periphery and density dependence to decrease. The 
shape of the MEFVC changed as the plateau was shortened and in 
some instance; abolished. A plateau on the MEFVC could be 
regenerated by partial obstruction of the trachea. This was 
accompanied by return of the CP to a more central position and 
an increase in density dependence. These results support the 
concept that density dependence is decreased by predominantly 
peripheral obstruction and increased by central obstruction. 
(Supported in part by HL14580, HL19170, HL00549, and HL16463) 
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SINGLE MOTOR UNIT ACTION POTENTIALS DURING FATIGUE. T.G 2 
Sandercock". J.W. Albers*. J.A. Faulkner. and P.H. Abbrecht. 
Departments of Physiology, Neurology, and Physical Medicine 
and Rehabilitation and the Bioengineering Program, University 
of Michigan, Ann Arbor, Michigan 48109. 

The electromyogram is frequently used to estimate neural 
activation or localized fatigue in muscle. The purpose of 
this study was to determine how individual motor unit action 
potentials (MUAPs) change with fatigue. Single motor units in 
cat medial gastrocnemius were studied by stimulating isolated 
ventral roots. Tension was recorded using a force transducer 
attached to the muscle tendon. MUAPs were recorded using a 
monopolar needle electrode. The extracellular action poten- 
tial of a single muscle fiber (FAP) was simultaneously 
recorded by positioning a microelectrode near an active fiber. 
The motor unit was fatigued by stimulating at 40Hz for 0.3 set 
every set or continuously at 80 Hz. During stimulation at 
40 Hz the MUAPs from all motor unit types showed increased 
duration and decreased amplitude. The FAP showed a corre- 
sponding decrease in amplitude accounting for the observed 
fall in MUAP amplitude. There was no evidence of blocking 
(fiber dropout). During stimulation at 80 Hz blocking was 
observed. Blocking was not seen until the FAP fell to at 
least 50% of the original value. Changes in MUAP amplitude 
and shape were variable for different units and showed poor 
correlation with tension, making this an unreliable measure 
of fatigue. (Supported by NIH-DE04857) 

146 
Fatigability of hypokinetic rat gastrocnemius muscle. R.D. 
Fell, L.B. Gladden, J. Steffen and X.J. Musacchia, Exerze 
Physiol. Lab. and Dept. Physiol. and Biophy., Univ. of Louis- 
ville, Louisville, KY 40292. 

In the hypokinetic rat model (Musacchia, X.J. et. al., JAP, 
1980) there is a 20% atrophy of the gastrocnemius within 7 
days. This is an investigation of the effects of hypokinesia 
on fatigability of the gastrocnemius. Male rats (180 g) were 
suspended with the hind legs non-load bearing. After 7 days 
rats were anesthetized and the right gastrocnemius exposed, 
the tendon connected to a myograph transducer to measure iso- 
metric tension. The muscle was stimulated indirectly via the 
sciatic nerve by trains of stimuli (100 msec, 45/min, 50H2, 
0.6 V, 20 min) resulting in a 60% reduction in both hypokinet- 
ic and control muscle tension. Fast red fibers (FOG) white 
fibers (FG) were frozen immediately following 20 min stimula- 
tion. Glycogen fell by 35% in FOG fibers in stimulated hypo- 
kinetic gastrocnemius compared to resting contralateral muscle. 
No significant decrease occurred in FOG fibers in control rats. 
In FG fibers, glycogen decreased (73%) with stimulation in 
both experimental and control gastrocnemii. Although hypoki- 
netic muscles did not fatigue more rapidly, it appears that 
fast red fibers derived a greater proportion of their energy 
from glycogen than did the same fibers from control muscles. 
Increased dependence on glycolysis agrees with our finding of 
reduced respiratory capacity in hypokinetic muscles (evidenced 
by a 12% reduction in citrate synthase activity). (supported 
by Grad. Council, NIH S07/RR-07153, NASA 2325). 
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0 UPTAKE AND LACTIC ACID OUTPUT BY IN SITU MUSCLE DURING 
P OGRESSIVE ISOTONIC TETANIC CONTRACTIONS. W.N. Stainsby, ii 
S.J. Chirtel* and R.W. Barbee*. Dept. of Physiology, College 
of Medicine, Univ. of Fla., Gainesville, FL 32610 

The oxygen uptake (co,) and lactic acid exchange (i) by the 
gastrocnemius-plantaris muscle group of the dog were measured 
during brief submaximal isotonic tetanic contractions. Short- 
ening in the contractions was kept constant while the load was 
altered by adjusting the stimulation voltage applied to the 
motor nerve. Incompletely fused tetanic contractions were 
produced by 200 rnsec trains of impulses at a frequency of 
25/set. The trains were delivered once a second. Muscle 
loads were progressively increased at five minute intervals 

while blood‘sa&pling o&red during the fourth minute of each 
load interval. The fifth load was maximal, requifing maximal 
stimulation voltage to maintain the shortening. Vo during 
contractions ranged from 8.48 to 170.0 ml/kg min. 2t ranged 
from -272.6 (uptake) to 687.5 (output) nM/g min. In the 
average relationships to, was linearly related to work rate 
(W) and f. Venous Po2 varied little and at maximal work 
rates averaged 20.2 2 1.5 mmHg, suggesting minimal hypoxia 
and the absence of an anaerobic threshold. It may be inferred 
that the high oxidative capacity and/or the stimulation 
parameters precluded the appearance of such a threshold, or 
that an anaerobic threshold does not exist for isolated 
skeletal muscle. 

146 
FATIGUE IN HUMAN ADDUCTOR POLLICIS. S.A. Esau, Ch. ROUSSOS, 
R.L. Pardy; McGill University, Montreal,Quebec H3A 1Al Canada. 

The time constant of relaxation(?') of skeletal muscle 
prolongs with fatigue. The effect of various fatiguing cond- 
itions on 7' of human adductor pollicis(HAP) was studied in 4 
subjects. With the thumb attached to a strain guage control 
?'was determined by analysis of tension produced by supra- 
maximal tetanic stimulation of the ulnar nerve at 20Hz. The 
HAP was fatigued by 1 of 4 protocols: maximum voluntary 
sustained contractions-ischemic(SC1) or non-ischemic(SCN) or 
maximum voluntary intermittent contractions(held 3 sec,mlaxed 
2 sec.)-ischemic(IC1) or non-ischemic(ICN). Stimulation was 
repeated post fatigue. In all subjects only one test was done 
per day. 

Control7=42*2(mean*S.D.)msec, without significant inter 
or intra-subject Variation. The 7 prolonged under all cond- 
itions studied:~SCI'259*25msec,p<.OOS; TICI=133*32 msec, 
p(.OOS;'rSCN=114*45, p<.OS; rICN=66fS,p(.OOS. Time to fatigue 
was longer in SCN than SC1 (p<.Ol) and ICN than ICI (pd.01). 
*returned to normal more rapidly post ICN than ICI (2.1*1.6 
vs 5.7h1.8, p<.OS) We have shown that qof HAP prolongs when 
fatigue occurs and the degree and duration of this prolong- 
ation is influenced by how the fatigue is produced. 
Supported by: Parker B. Francis Foundation, Royal Edward 
Laurentian Foundation and Medical Research Council of Canada. 
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EFFECT OF HYPOXIA ON DIAPHRAGMATIC PERFORMANCE IN THE DOG. 
J. Rossof, S. Sigrist*, and A. De Troyer* (SPON: M. King). 
Meakins-Christie Labs, Royal Victoria Hosp,McGill Univ.Montreal 
Canada. H3A 2B4. 

Hypoxemia could conceivably lead to diaphragmatic fatigue 
(JAP 46: 897, 1979). However, its effects on diaphragmatic 

performance in vivo are still largely unknown. In the present 
studies, we examined the effects of hypoxia on diaphragmatic 
performance in 10 adult mongrel dogs. We measured the relation- 
ship between the electrical activity of the diaphragm (Edi) 
and the transdiaphragmatic pressure (Pdi) during spontaneous 
breathing and during supramaximal stimulation of one phrenic 
nerve at FRC, at 10, 20, 50, and 100 Hz (force-frequency 
characteristics) while the dogs were breathing room air or 
various hypoxic mixtures. Thirty minutes of severe hypoxemia 
(Pa02 = 232 3 mm Hg) did not affect the Edi-Pdi relationship 
during spontaneous breathing. Similarly severe hypoxemia did 
not substantially affect the force-frequency characteristics 
of the diaphragm. During the control period the Pdi generated 
at 10,20, and 50 Hz was 2123, 662 4, and 9423% of the Pdi 
generated at 100 Hz (Pdi max), respectively; after 30 min 
severe hypoxia, Pdi at 10, 20 50, and 100 Hz was 162 3, 54? 6, 
89 k8, and 912 7% of Pdi max, respectively. Prolongation of 
hypoxia for 3 hours and increasing diaphragmatic work, by 
means of placing a cast around the rib cage, had no further 
effect. We conclude that hypoxemia alone has no significant 
effect on diaphragmatic performance in the dog. (Supported by 
MRC of Canada). 

149 
TISSUE PO2 AND PERFORMANCE OF PAPILLARY MUSCLE. E.W. Kanabus* 
and W.J. Whalen (SPON: C.W. Smith). St. Vincent Hospital, 
Cleveland, OH 44115 and Ohio State Univ., Columbus, OH 43210 

Progressive reduction of PO has been reported to elicit a 
graded decline in the tension 7 T) developed by cardiac muscle 
in the absence of glycolytic support. It was suggested that 
this might reflect an adjustment of respiration (V02) which 
could lower 02 demand during hypoxia (Frezza and Bing, Am. J. 
Physiol. 231:1620,1976). To evaluate this possibility we meas- 
ured tissue PO2 (PcO2) with microelectrodes in the core of cat 
papillary muscles (0.9 - 1.4 mm diam.) during driven isometric 
contractions (6 - 20 min-1, 30' c.). PO2 of a flowing bath 
(Pb02) was lowered from 572 f 2 Torr (prehypoxia control) until 
PcO2 was 0 Torr. In 5 of 6 normal muscles T  had not declined 
when PcO2 had fallen to 0 - 4 Torr, and actually increased to 
102 to 123% of control (~a0.005) in 6 of 7 trials in 4 of the 
muscles. This increase in T  was blocked by propanolol and abo- 
lished by pretreatment with reserpine. In 10 muscles from re- 
serpinized animals T  was 97 f 4% of prehypoxia control when 
PcO2 was 0 - 4 Torr, which occurred at PbO2's of 199 f 28 and 
181 f 50 Torr in muscles contracting at 6 and 12 min-1 respec- 
tively. The PbO2-PcO2 gradient diminished with declining Pb02, 
supporting the possibility of reduced V02 at PO2's above that 
limiting to mitochondrial respiration. We conclude that mechan- 
ical performance is maintained until the core is truly anoxic 
and that catecholamine stores may induce short term enhance- 
ment of contractility during brief hypoxic episodes. 
support: ~~11906, Northeast Ohio Heart Assn., OSU Graduate Sch. 
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SITES OF CONTROL OF BLOOD FLOW IN RABBIT TENUISSIMUS MUSCLE. 
D. Slaaf", G. Tangelder", H. Teirlinck" and R. Reneman. Bio- 
medical Centre, Univ. of Limburg, Maastricht, The Netherlands. 

In this muscle a simultaneous increase in venous and total 
muscle tissue pressure - reducing perfusion pressure and 
transmural pressure - results in arteriolar dilation. The ef- 
fect was less pronounced in smaller (7-12 pm) than in larger 
arterioles (15-45 urn) (Reneman et al., MVR 20, 307-318, 1980). 
In the present study on 6 rabbits, perfusiorand transmural 
pressures were lowered by decreasing arterial pressure (Pa)via 
aortic occlusion. Four out of 6 muscle preparations showed 
vasomotion, which was limited to the transverse arterioles (15 
-35 pm) and the first order side branches. Reducing Pa result- 
ed in disappearance of vasomotion, starting in the larger ar- 
terioles. These arterioles dilated to at least the maximal 
vasomotion diameter. Fa at which vasomotion disappeared, rang- 
ed from 53-14 mmHg (27+ 1OmmHg;x + sd; measurements (m): 20). - 
Further decrease in Pa significantly decreased blood flow ve- 
locity and caused additional dilation of the initially vasoac- 
tive arterioles. The latter was also observed in the 2 prepa- 
rations without vasomotion. Flow stopped at Pa levels between 
54 and 14 mmHg (m= 17).This level was 2227mmHg (m= 7)inprep- 
arations with vasomotion and 30f_18xmnHg(m= 10)inthose with- 
out vasomotion. Higher order arterioles did not show vasomo- 
tion or dilation during reduction of Pa, but slightly dilated 
during reactive hyperemia. These findings indicate that regu- 
lation of muscle blood flow mainly occurs in transverse 
arterioles and their first order side branches. 

EFFECT OF HYPOXIA AND RESISTIVE WORK LOAD ON DIA?HRAM BLOOD 
152 

VOLUME. N.S. Arora*, D.F. Rochester and B.Y. Croft*. Univ. 
of Virginia, Charlottesville, Virginia 22908 

Blood flow to the diaphragm muscle is increased ten fold 
when the muscle is contracting against a load. The effect of 
increased blood flow on intramuscular blood volume and hemato- 
crit (MBV, MHct) was studied in 5 lightly anesthetized dogs 
subjected to a moderate inspiratory resistive load. Trans- 
venous stimulation of the left phrenic nerve caused the left 
hemidiaphragm (LHD) to contract vigorously, while simulta- 
neously inhibiting contraction of the right hemidiaphragm (RHD). 
Hypoxia was induced by inhalation of 16% oxygen. The experi- 
mental conditions were imposed for 1 hour, after which samples 
of LHD and RHD were excised for analysis. Plasma and redblood 
cell volumes were obtained from intravenously injected 125I 
labelled albumin and 'ICr tagged RBC. Intramuscular plasma 
and red cell volumes (MPV, MRBCV) were derived from the activ- 
ity of 12'1 and " Cr in the LHD and RHD samples. MBV was cal- 
culated as the sum [MPV+MRBCV] and MHct as the ratio [(MRBCV x 
lOO)/(MPV+MRBCV)]. 
and .088 ? 

In RHD, MPV and MBV were .049 f SD .OlO 
.025 ml/gm wet weight. MHct was 44 f 7%, the same 

as body hematocrit. In the paced LHD, MPV was .103 f .030 ml/ 
gm, MBV .134 k .026 ml/gm, and MHct 25 f 7%, all different 
from RHD values (Pc.05). The increase in MBV and decrease in 
MHct in vigorously contracting diaphragm muscle results from 
increased MPV. This may decrease viscous resistance but in- 
crease the diffusion distance for oxygen between RBC and mus- 
cle mitochondria. (Supported by Grant #HL-21500-04) 
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CONTRACTILE PROPERTIES OF CUT AND INTACT SKELETAL MUSCLE LENGTH-TENSION PROPERTIES OF THE TWO MUSCLE LAYERS OF THE 
FIBERS. 

University of Michigan, Ann Arbor, Michigan 48109. 

John A. Faulkner, Dennis R. Claflin*, Kevin K. 
McCully*, and David A. Jones*. Department of Physiology, 

Our hypothesis was that isometric and isotonic contractile 
properties could be measured in vitro on skeletal muscle fibers m- 
cut at one or both ends. In in vitro preparations of cut and m- 
intact frog and mammalian muscle fibers we measured time to 
peak tension (TPT), half relaxation time (l/2 RT), maximum rate 
of tension development (dp/dt), maximum isometric tension of a 
twitch, and maximum isometric tetanic tension (PO). Twitch: 
tetanus ratio (Pt/P,) and the maximum velocity of shortening 
at zero load (Vo) were calculated. Compared to intact muscle 
fibers, the TPT, l/2 RT, and Po of cut fibers were not differ- 
ent, but the dp/dt, Pt/Po, and V, were lower. The lower dp/dt 
and Pt/Po resulted from increased compliance due to damaged 
sarcomeres near the cut end. No difference in TPT and l/2 RT, 
in spite of a slower dp/dt, was due to the rapid decline in the 
active state. The lower V, for cut fibers than for intact 
fibers resulted from an overestimation of the viable fiber 
length for the preparations of cut fibers. From measurements 
of sarcomere spacing the sarcomeres 4-6mm from the cut end of 
fibers lengthen during a fixed-end contraction. After correct- 
ing fiber length, the V, of cut fibers was not different from 
that of intact fibers. We conclude that valid measurements of 
contractile properties can be made on cut skeletal muscle 
fibers. (Supported by MDA, Inc., and NIH-DE04857) 

151 
THE INFLUENCE OF TEMPORARY ISCHEMIA ON MORPHOLOGY AND 
CHOLINERGIC INNERVATION OF SKELETAL MUSCLE. Steven S. Segal*, 
Pedro G. Morales*, and Timothy P. White. Dept. of Physical 
Education, University of Michigan, Ann Arbor, Michigan 48109. 

We tested the hypothesis that temporary ischemia followed 
by reperfusion would alter the morphology of skeletal muscle 
and impair its cholinergic innervation. 2 h ischemia (I) was 
produced in rat soleus (SOL) muscle bilaterally by placing 
atraumatic clamps on the abdominal aorta and vasculature and 
ligatures on tendons. Data were compared to data from sham- 
operated controls (C) and nerve-intact orthotopic SOL trans- 
plants (T). All vascular and tendonous attachments were 
severed in T  so restoration of flow was dependent upon de novo 
revascularization. Groups were studied through 21 days of 
recovery. At sacrifice the left SOL was assayed for protein 
content and choline acetyl transferase (CAT) and the right SOL 
was used for histochemistry. In contrast to regional fiber 
necrosis in I, virtually complete necrosis occurred in T. 
Regeneration in both, as evidenced by the appearance of cen- 
tral nuclei, had begun by day 7. SOL mass/body mass and total 
SOL protein increased above C through day 1 in both I and T. 
These values fell below C by day 4 in I and by day 7 in T. 
CAT activities were depressed maximally at day 1 to 25% and 
40% of C in I and T  respectively, and returned to 65% and 
95% by day 21. Reduced necrosis and earlier decline in SOL 
mass and protein in I compared to T  are consistent with dif- 
ferences in the time course of restoration of circulation. 
(Supported by Michigan Heart Association) 
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SARCOMERE SPACING AND MEMBRANE POTENTIAL OF CUT AND INTACT 
SKELETAL MUSCLE FIBERS. Dennis R. Claflin*, Kevin K. McCully*, 
and John A. Faulkner. The Bioengineering Program and Dept. of 
Physiology, University of Michigan, Ann Arbor, Michigan 48109. 

Biopsy samples taken from human skeletal muscle for contrac- 
tile property measurements invariably contain cut fibers. Our 
hypothesis was that cut muscle fibers function normally except 
for a damaged, compliant region near the cut end. The resting 
sarcomere spacing was compared with the sarcomere spacing dur- 
ing a maximum fixed-end tetanic contraction in cut and intact 
frog sartorius (SRT) muscle and cut mouse gracilis anticus 
(GRC) muscle. The resting membrane potential of cut and intact 
fibers from frog SRT muscle and rat diaphragm (DPM) bundles 
was determined. During a maximum fixed-end tetanic contrac- 
tion, the sarcomeres of cut fibers were lengthening within 
4-5 mm of the cut end for frog SRT and within 5-6 mm of the 
cut end for mouse GRC. The sarcomeres throughout the remainder 
of cut fibers of frog SR 

8 
or mouse GRC and throughout the 

length of intact frog SR shortened during a maximum fixed-end 
tetanic contraction. We found significant depolarization of 
the fibers within 9 mm of the cut end of frog SRT and within 
6 mm of the cut end of rat DPM. The membrane potentials of 
intact frog SRT (-86.2 + 0.5 mV) and rat DPM (-74.4 + 2.0 mV) 
did not display regional variation. The depolarization and 
lengthening of sarcomeres near the cut end of muscle biopsies 
support our hypothesis that this region is not functioning 
normally and is adding series compliance to the cut muscle 
preparation. (Supported by MDA, Inc., and NIH-DE04857) 

The longitudinal muscle (LM) and circular muscle (CM) lay- 
ers of the duodenum differ physiologically and pharmacologi- 
cally. 

OPOSSUM DUODENUM. Thomas V. Nowak*, and Sinn Anuras, Dept. of 

To further characterize these differences we calcula- 
ted in vitro length-tension curves for CM and LM strips from 

Internal Medicine, University of Iowa, Iowa City, IA 52242. 

m- 
opossum duodenum. Muscle strips (2mm x 16mm) cut along the 
oral-caudal axis were called longitudinal strips; those cut 
90' to that axis were circular strips. The strips were mount- 
ed in a bath of Krebs solution equilibrated with 95% 02-5% CO2 
at 37'. Under such basal conditions the strip was subjected 
to a tension of O.lg and its length measured (initial length). 
Each strip was then subjected to tensions of 0.5, 1.0, 2.0, 
4.0, 6.0, 8.0, and lO.Og and its length measured at each level 
of tension. To determine total and passive forces of the mus- 
cle, identical experiments were performed using Krebs solution 
plus 140mM KC1 or calcium-free Krebs solution with 5mM sodium 
EDTA, respectively. Under basal, active and passive condi- 
tions the length-tension properties of LM differed signifi- 
cantly from CM (pcO.05). Incubation of LM with either calcium- 
free or high-potassium Krebs solution caused significant and 
opposite shifts in the length-tension curve (~~0.05). Length- 
tension properties of CM were affected only by a calcium-free 
Krebs solution (~~0.05). Conclusions: 1) LM of opossum duo- 
denum has different length-tension properties than CM; 2) The 
two muscle layers differ in sensitivity to extracellular cal- 
cium and potassium with respect to length-tension properties. 



32 NEUROBIOLOGY TUESDAY, PM 

156 157 
EFFECT OF PLASMA ON NOREPINEPHRINE ACCUMULATION IN THE CANINE 
SAPHENOUS VEIN. William Freas* and Sheila M. Muldoon. Depts. 
Physiol. and Anesth., USUHS, Bethesda, MD 20014. 

The effect of canine plasma on the accumulation and 

IDENTIFICATION OF AN al-ADRENERGIC SITE IN A SMOOTH MUSCLE 
CELL LINE. L. E. Cornett* and J. S. Norris* (SPON: P. 
Rayford), Depts. Physiology-Biophysics & Medicine, Univ. Ark. 

metabolism of 3H-Norepinephrine (NE) in canine saphenous 
vein was examined. Saphenous vein strips were incubated in 
3H-NE (2 x 10e7M) for 30 min in either Krebs Ringer's or 
Krebs Ringer's solution containing canine plasma in'concen- 
trations ranging from 0 to 90%. These plasma solutions 
resulted in a significant decrease in NE accumulation from 
11.2+1.3 to 8.0+1.1 pmoles/mg protein and a significant 
decr<ase in the-formation of the neuronal metabolite 
3,4-dihydroxyphenylglycol from 1.96+0.15 to 1.22+0.08. The 
0-methylated deaminated metabolitessignificantly increased 
to 193% of control values (from 1.94+0.21 to 4.30+0.49 pmoles 
/mg protein). This metabolite profile is consistgnt with 
blockade of neuronal uptake by plasma. Na+ and K+ concen- 
trations were not changed sufficiently to account for this 
inhibition in 3H accumulation. Canine plasma was boiled (7 
min), or dialyzed (8 hrs) and then tested on the saphenous 
vein. Both treatments resulted in a 50% decrease of inhibi- 
tory activity when compared to non-treated plasma controls. 
Lyophilized plasma following an acetone protein precipitation 
resulted in a 32.0% decrease of the inhibitory activity as 
compared to an equivalent volume of unextracted plasma. These 
results indicate that the inhibition of 3H-NE accumulation 
by plasma is in part due to a nonprotein component of plasma. 
Supported by Grants NIH GM25926 and USUHS R07627. 

Medical Sciences, Little Rock, AR 72205. 
The DDTl smooth muscle cell line was established by explan- 

ation from an androgen-estrogen induced leiomyosarcoma occur- 
ring in the ductus deferens of a golden hamster. Norepine- 
phrine appeared to increase cell motility in monolayer cul- 
tures leading us to examine binding of (3H)-dihydroergo- 
cryptine (DHE), a potent a-adrenergic antagonist, to DDTl 
cells. We found that DHE binding to intact cells was of high 
affinity, saturable, and reversible. The dissociation con- 
stants (Kd) for DHE binding to cells in suspension and mono- 
layer cultures were 1.420.2 and 1.4tO.3 nM. The number of DHE 
binding sites, however, was significantly (P<O.OOl) higher in 
cells grown in suspension (108.1f13.8 fmol/l06 cells com- 
pared to cells grown as monolayers (46.6k7.0 fmol/lO b cells). 
The order of potency of adrenergic agonists in competing for 
DHE binding to cells grown in suspension was epinephrine (Ki= 
0.92 PM)-norepinephrine (Kiz2.2 pM)>>isoproterenol (Ki=137 PM) 
and is consistent with an a-adrenergic interaction. Analysis 
of competition curves with a nonlinear curve fitting computer 
program using c11- and a2-selective antagonists, prazosin (Ki= 
0.1 nM) and yohimbine (Kiz90.0 nM), yielded curves consistent 
with a pure receptor population (>95%) identified as the ~11- 
subtype. The results indicate the DDTl cells will be an ideal 
.& utio model for examining the mechanism of action of c11- 
adrenergic receptors. (Supported by NIH AM27450 & AM21458;) 
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EVIDENCE FOR A THORACIC AUTONOMIC NEURAL REFLEX BLOCKED BY 
CHYMOTRYPSIN OR MANGANESE. M. McGill* and J.A. Armour. 
Department of Physiology and Biophysics, Dalhousie University, 
Halifax, Nova Scotia, B3H 4H7. 

Ten mongrel dogs weighing lo-25 kg, anesthetized with 
Innovar and a-chloralose, were intubated, placed on positive 
pressure respiration and a bilateral thoracotomy was performed. 
The left sided cardiac nerves, middle cervical ganglion, and 
vagus were located. Two or three cardiac nerves were placed 
in an oil bath, desheathed, and laid on bipolar recording 
electrodes. The thoracic vagus was sectioned above the middle 
cervical ganglion and the dorsal and ventral ansae subclavia 
sectioned in order to decentralize the middle cervical 
ganglion. The thoracic vagus below the origin of the cardiac 
nerve was stimulated with 5-50 V, 5 msec pulses of varying 
frequencies. The compound action potentials reflexly 
generated in small cardiac nerves by these stimulations were 
not modified by intravenous administration of hexamethonium 
(5 mg/kg), propranolol (1 mg/kg), Rogitine (1 mg/kg) or 
atropine (1 mg/kg). Injection of 1 pg of Chymotrypsin into 
the region of ganglionic cells abolished the reflexly gener- 
ated compound action potentials for a brief period of time 
(l-10 set). Permanent blockade of this reflex was obtained 
following the injection of 10 mg of Manganese into this same 
locus. It is postulated that the thoracic autonomic nervous 
system contains Chymotrypsin sensitive synaptic transmission. 

(Supported by the Nova Scotia Heart Foundation.) 
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THE PRESENCE OF A HEXAMETHONIUM DEPENDENT CARDIO-CARDIAC 
NEURAL REFLEX IN THE CANINE MIDDLE CERVICAL GANGLION. J.A 2 
Armour and M. McGill*. Department of Physiology & Biophysics, 
Dalhousie University, Halifax, Nova Scotia, B3H 4H7. 

Fifteen mongrel dogs weighing 15-23 kg were anesthetized 
with Innovar and a-chloralose; positive pressure respiration 
was initiated. A bilateral thoracotomy exposed the left sided 
cardiac nerves, middle cervical ganglion and stellate ganglion. 
Two or three left sympathetic cardiac nerves were dissected 
under oil and placed over bipolar electrodes. The left cervi- 
cal vagus was cut. Afferent fibers in the left thoracic vagus 
or a sympathetic cardiac nerve were stimulated with 5 to 50 V, 
l-5 msec duration and at varying frequencies. Stimulation of 
an afferent nerve with a frequency of 1 Hz resulted in genera- 
tion of compound action potentials in a cardiac nerve after a 
latency of approximately 20 to 50 msec. At 10 Hz no compound 
action potentials were generated. Decentralization of the 
left stellate ganglion or cutting both ansae subclavia did not 
grossly alter this reflex. I.V. or local injection into the 
MCG of hexamethonium abolished the reflex. Thus thoracic 
afferent nerve stimulation in a decentralized middle cervical 
ganglion preparation can reflexly produce compound action 
potentials in efferent cardiac nerves via nicotinic cholinergic 
synapses located in the middle cervical ganglion. 

(Supported by the Nova Scotia Heart Foundation.) 

LOCALIZATION OF HORSERADISH PEROXIDASE (HRP) CONTAINING NEURONS 
IN SYMPATHETIC AND DORSAL ROOT GANGLIA INNERVATING THE MYOCAR- 
DIUM IN DOGS. M.A. Moskowitz*. D.D. O'Keefe. M.A. Jacocks*. 
R.G. Johnson*, G.S. Haas*, G.A. Geffin*, N.T. Zervas*, W.M. 
Daggett, Massachusetts General Hospital, Boston, MA 02114. 

Preliminary studies in 14 dogs were undertaken to determine 
if middle (MCG), stellate (SG) and dorsal root ganglia (DRG) 
neurons could be identified after injecting HRP, an axonally 
transported histochemical marker, into the myocardium. 
(Sigma Type VI) mixed with pluronics, a liquid polymer, was ET 
jetted into the myocardial wall along a diagonal branch of the 
left anterior descending coronary artery. 72 hours later, the 
dogs were perfused with glutaraldehyde, the ganglia removed and 
cut frozen into 30~ sections and processed for HRP reaction 
product using the chromagen tetramethylbenzidine. Significant 
numbers of neurons containing HRP (in one dog > 500) were de- 
monstrated in SG and MCG. Cells were localized in specific re- 
gions of both ganglia indicating a topographic organization of 
sympathetic ganglia cells which project to the myocardium. 
Smaller numbers of cells containing HRP were found in DRG at 
C -T . 

1 4 
In some experiments ischemia at the site of HRP injec- 

t on induced by coronary artery occlusion seemed to increase 
the number of labelled sympathetic and somatosensory neurons. 
To our knowledge, this is the first demonstration of specific 
connections between a specific region of the myocardium and 
cell bodies of autonomic and somatosensory ganglia. Information 
from such experiments may provide a better understanding of 
pain patterns and sympathetic 
cardial ischemia. 

dysfunction associated with myo- 
(Supported in part by NIH Grant # HL 12777) 
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LIPID PEROXIDATION (LP) IN CORTICAL BRAIN SLICES: INHIBITION 
BY LiCl. G.B. Kovachich* and O.P. Mishra* (SPON: 
C.J. Lambertsen). Inst. for Environmental Med., Univ. of 
Pennsylvania, Philadelphia, Pa., 19104. 

Rat brain cortical slices incubated in normal Krebs-Ringer 
phosphate medium saturated with 100% 02 form large quantities 
of malonaldehyde (MA) (Kovachich and Mishra, J. Neurochem., 
35:1449, 1980). Production of MA is reduced by about 20% in 
a medium supplemented with 0.1 or 0.5 mM LiCl (pcO.05). 
Higher or lower cont. of Li had no effect. MA production is 
accompanied by partial inactivation of NaK-ATPase. 0.1-0.5 
mM LiCl protected against this effect of oxygen as well. Non- 
enzymatic LP of heat treated brain tissue was determined in 
a medium of 25 mM NaPi, 25 mM KPi, 2 mM ascorbate and 0.1 mM 
EDTA. Production of MA was reduced by 0.05, 0.1 and 0.5 mM 
LiCl to about 70% of control values (pcO.025, 0.05 and 0.02 
respectively). Higher or lower cont. of Li had no effect. 
Conclusions: Li has an inhibitory effect on LP by a non- 
enzymatic mechanism. The cont. range of Li inhibiting 
lipid peroxidation coincides with the serum levels of Li 
optimal for prophylactic treatment of manic depression. The 
results suggest a mechanism of action for the therapeutic 
action of Li as a psychotropic agent. 

Supported by NIH Grant HL-08899 and ONR Contract N00014-7- 
C-0248 and N00014-81-K-0404. 
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UPTAKE OF PROLACTIN FROM CSRBBROSPIRAL FLUID Iy RAT BRAIN. POLYPEPTIDE HORt?ONE STIMULATION OF EXCITATORY INPUT INTO A 
S. Landas*, S. Thompson*, R. Lewis*, J. Stanler*, M. Raizada BUCCAL MASS MUSCLE CF APLYSIA. Jeffrey L. Ram, Dept. of 
and M.I. Phillips. Depts. of Physiology and Anatomy, Univ. Physiology, Wayne Statmrsity, Detroit, MI 48201 
of Iowa, Iowa City, Iowa 52240, and Dept. of Physiology, 
Univ. of Florida, Gainesville, Florida 32610. 

The presence of prolactin in the central nervous systen is 
suggested by several studies. Iontophoresis has shown pro- 
lactin-sensitive units. A prolactin-immunoreactive substance 
has been demonstrated in cerebrospinal fluid (CSF) and in 
brain. The aim of this study was to observe the regional 
uptake of prolactin, if present, from the CSP. A fluorescent 
analogue of ovine prolactin was injected into CSF of adult 
male rat s with and wi thout excess unlabell .ed prolac tin. Rats 
were dec apitated and the brains frozen in liquid ??. Ten micron 
sections were viewed bY f luorescence micros copy* Prolac tin 
uptake was visualized in the area postrena, tanacytes of the 
cerebral aqueduct, and the wall of the anterior cerebral 
aqueduct near the t'nird ventricle. The uptake process was 
saturable and well localized. While this fluorescence tracing 
method may not offer the quantitative data of radioligand 
binding nethods, it is more rapid, efficient and inexpensive 
for examining localization of peptide binding in whole brain. 
Specificity of binding, though possible with fluorescence 
tracing, is better shown by the other methods. The results 
demonstrate uptake of prolactin from CSF in localized regions 
of periventricular tissue. The localized prolactin binding 
sites can be dissected for further analysis by conventional 
radioligand binding techniques.(Supp. by NIU HL27334A-31) 
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TWO FAST TRANSIENT CURRENTS IN NON-SPIKING DENDRITES OF 
CRUSTACEAN MECHANO-RECEPTIVE NEURONS. 
Section, Medical Sciences Program, 

M. Mirolli, Physiology 
Indiana University School 

of Medicine, Bloomington, IN 47405 
The two currents, 101 and 102, can be demonstrated when 

isolated dendrites of the crab coxal receptors are clamped 
15 mV or more above their average resting potential (-60 mV>. 
Preliminary estimates for the reversal potential of these 
currents suggest that both are carried by potassium. How- 
ever, they differ in the following properties: 101 has a 
rise time (to 95% of maximum) of 3 msec or less,is completely 
inactivated in dendrites held at -45 mV and its re-activation 
(by hyperpolarizing voltages) requires at least 10 seconds; 
102 has a rise time of 10 msec or less, is only 70% in- 
activated in dendrites held at -45 mV and can be reactivated 
to its maximum value in 0.5 seconds or less. Both currents 
are blocked by h-Amino Pyridine (5 mM added to the saline); 
Tetra-ethyl-ammonium (0.1 M substituted for sodium) blocks 
102 completely but only partially 101. The present evidence 
suggests that 101 may account in part for the non-spiking 
properties of these dendrites, while IO may limit the 
amplitude of the response to stretch. P Supported by 
Biomedical Research Grant #z-830-53 of Indiana University 
School of Medicine) 
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A CALCIUM DEPENDENT CODING MECHANISM IN THE PHOTORECEPTORS. 
Clara Torda. Res.Dpt.N.Y.Center PA.Training,N.Y.(Current addr. 
P.O.Box 4866,Stanford University,Stanford,Calif.,94305). 

Encoding of visual stimuli starts in the photoreceptors. 
Bioelectric potentials have been recorded from the outer and 
inner segments of cones and rods of the toad (Bufo Marinus) 
during various experimental conditions, including altering the 
intermembrane concentrations of calcium, inhibition of phospho- 
diesterase (PDE), activity changes of guanylate cyclase, and 
the reversal of PDE inhibition by calmodulin.The photopigments 
occur in the sacculi of the outer segment of the rods ( and in 
their equivalents in the cones). During photon capture the 
rotating photopigment opens calcium channels located in the 
inner membrane of the outer segment. Version of free calcium 
into the intermembrane space of the outer segment generates 
dose-dependent hyperpolarization. The magnitude and changes 
of hyperpolaritation is selfregulated by the ratio of calcium 
influx(a fast process) and its removal(a slow process) The re- 
moval is mainly due to binding on calmodulin and on rediffusion 
into the sacculi. The speed and efficiency of hyperpolarization 
depends also on optimal membrane polarization. This membrane 
polarization is regulated by cyclic GMP related processes. 
Several regulatory processes were identified. The locally 
available concentrations of cyclic GMP depends on both a gross 
regulation of phosphodiesterase activity that depends on the 
illumination and a fine regulation by complex Ca-dependent 
mechanisms.The calcium dependent hyperpolaritation represents 
a stimulus coding mechanism. Its accurate, fast and efficient 
performance depends on regulation of the locally available cGMP. 

Egg laying behavior in Aplysia is caused by a pol\Ipeptide 
hormone (egg-laying hormone, ELH) and is accompanied “by 
inhibition-of feeding behavior (Stuart & Strutiasser, 
J. Neurophys. 43:499), possibly due to direct effects of ELH on 
the nervous system. ELH activates axons in nerves 84 and CBC 
of isolated buccal ganglia (ibid.). I now report that the 64 
axon has excitatory input tobuccal mass muscle 15 
(nomenclature as in Kandel, Behavioral Biology of Aplysia). 

Extracellular recordings were made from 15 and B4. ELH 
containing samples were applied to the buccal ganglia and 
washed off after 10 min. The response in 15 has the following 
properties: a) Muscle potentials begin increasing in frequency 
within 5-10 min of sample application. b) Stimultaneous 
recordings from 15 and B4 show the muscle potential at a 
Constant latency after-a nerve spike. c) Both the tonic level 
and the occurrence of high frequency bursts increase. d) 
Activity usually returns to baseline within 40 min after 
washout. e) The response can be obtained repeatedly; there is 
no refractory period. f) The response increases quantitatively 
with the amount of ELH. 

ELH obtained from successive SP C25 Sephadex ion exchange 
and Sephadex G50 gel filtration caused a robust response in 15 
and also caused egg-laying upon bioassay in Stylocheilus. 

Supported by NIH Grant NS15041. Technical assistance by 
U. Shukla & V. Padgaonkar. 
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GRAVITY PERCEPTION IN GASTROPOD MOLLUSCS. C. Janse. Dept. 
Biology, Vrije Universiteit, 1007 MC Amsterdam, The 
Netherlands. 

Behavioural experiments on Lymnaea stagnazis showed that 
the gravity perception system in gastropods is highly 
directional sensitive. A possible explanation is that despite 
the lack of structural polarization the sense cells in the 
statocysts of gastropods are directionaly sensitive. In order 
to investigate this single statocyst sense cells were studied 
electrophysiologically (Aplysia Zimacina) and anatomically 
(A. limacina, L. stagnalis). The statocyst sense cells 
appeared to be clearly directional sensitive to positional 
changes. This property can be explained by the combination of 
the following properties: the anatomy of the sense cells, the 
shape of the statocysts, and the dimension of the statolith 
mass. From these properties it also follows that the direction 
of maximal sensitivity of the statocyst sense cells to 
positional changes of the animal will depend on the starting 
position of the animal. 
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THE EFFECT OF PEDALLING RATE ON POWER OUTPUT AND FATIGUE 
DURING SHORT-TERM, MAXIMAL CYCLE ERGOMETRY. Neil McCartney,* 
G.J.F. Heiaenhauser.* J.R. Sutton.* and N.L. Jones. Dent. of 
Medicine, McMaster University, Hamilton, Ontario, Canada. 

We have investigated the effects of crank velocity on the 
peak power output, total work, and the decrement in power * 
output during 30 seconds of maximal cycling exercise. An 
ergometer was used which maintained crank velocity constant 
(2 3%) at a pre-selected level (13-166 rpm) despite maximal 
effort of the subject. Measurements of torque, work and 
power output were recorded for every pedal revolution. Thir- 
teen male subjects performed tests on separate days at 60, 
100 and 140 rpm. Maximal peak power was 1548 f 277.5 watts 
at 140 rpm, 1467.9 -f 163.2 at 100 rpm, and 1170 f 135 at 60 
rpm. The decline in power output was 59.3% at 140 rpm, 45.2% 
at 100 rpm and 23.0% at 60 rpm, but the total amount of work 
performed during 30 sets at the 3 crank velocities was not 
significantly different. Thus the differences in the rate of 
fatigue in the 3 conditions were not associated with varia- 
tions in the total work performed. At faster crank veloci- 
ties more total work was achieved early in the test, and 
thereafter the rate and extent of decline in power were sig- 
nificantly greater than at the slower speeds. The results 
are consistent with the classical relationships between effi- 
ciency and frequency of muscle contraction found by A.V. Hill 
(1922), with maximum efficiency at contractions of l/set. 
(Supported by MRC, Canada). 
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EFFXTS OF IRON DEFICIENCY AND BLOOD TRANSFUSION ON THE 
BIOENERGETICS OF EXERCISE. Kelvin J.A. Davies* Lester Packer, 
Casey M. Donovan* Caino J. Refinof Peter R. Dallman, and 
George A. Brooks. Univ. of California, Berkeley, CA 94720,and 
Univ. of California, San Francisco, CA 94143 

Dietary iron deficiency in young rats resulted in anemia 
(Hgb 4.8 g/dl) and decreased oxidative capacities of muscle 
(40-90% below controls). 

decreased by SO%, whereas 
Aerobic work capacity and V02max were 

endurance capacity during sub-max 
work was 90% reduced. Exchange transfusion of packed red blood 
cells or plasma, via a carotid artery catheter, was used to 
adjust hem'oglobin concentration to an intermediate level of 
approximately 9.5 g/dl. Separate control and deficient groups 
were sham transfused. In the red cell transfused deficient 
rats, t02max and aerobic work capacity were largely corrected, 
to within 15% of control values. In contrast, exchange trans- 
fusion did not significantly improve the endurance capacity of 
iron defjcient rats, and thereby resulted in a dissociation 
between V02max and endurance capacity. We interpret these 
results to indicate that defects in V02max and aerobic work 
capacity during dietary iron deficiency are primarily caused 
by impaired oxygen delivery, whereas the loss of endurance 
capacity is a direct function of the diminished ability of 
muscle mitochondria to consume oxygen and produce ATP. We ' 
propose that muscle oxidative capacity always exceeds t02max 
but determines endurance, and that $02max is not causally re- 
lated to endurance capacity. (Supported by NIH grant AM 13897, 
and AM 19577, and by DOE contract No. W-7405-ENG-48). 
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EFFECT OF ENDURANCE TRAINING ON HORMONAL AND FIETABOLIC RESPON- 
SES TO EXERCISE IN THE FASTED STATE. W.W. Winder, M.A. 
Beattie*, and R.T. Holman*, Universityofchool of 
Medicine, Vermillion, SD 57069 

Endurance exercise training produces major adaptations in 
hormonal and metabolic responses to exercise. The present 
study was designed to determine whether or not the differences 
in hormone responses persist in the fasted condition when liv- 
er glycogen is depleted. Rats were run on a motor-driven ro- 
dent treadmill 5 days per week for periods up to 2 hr per day 
for 10 weeks. Trained and non-trained rats were then fasted 
24 hr and were run for periods ranging from 0 to 60 min. At 
the end of 60 min of exercise muscle glycogen was higher in 
trained rats (2.9kO.3 vs l.l+O.l mg/g). Blood glucose was 
maintained at higher levels in trained rats throughout the 
course of the exercise (3.2ti.l vs 2.3kO.l mM after 60 min). 
Plasma glucagon increased in both groups during the exercise, 
but was significantly lower in trained animals after 60 min 
(372241 vs 584259 pg/ml). Plasma epinephrine responses to ex- 
ercise in the fasted state were also reduced by this endurance 
training program. It seems clear that the trained animal is 
able to maintain blood glucose at higher levels and to con- 
serve muscle glycogen during exercise even in the fasted state. 
The differences between trained and non-trained animals in 
stress hormone responses to exercise persist in the fasted 
condition and appear to be a consequence of the increase in 
muscle capacity to oxidize fatty acids. (Supported by NIH 
Grant AM 27107 and NIH RCDA AM 00757.) 

168 
EXERCISE BIOENERGETICS FOLLOWING SPRINT TRAINING. George A. 
Brooks, Kelvin J.A. Davies*, and Lester Packer. Exercise 
Physiology Laboratory, and Membrane Bioenergetics Group (LBL), 
University of California, Berkeley, CA 94720 

Female Wistar rats (n=lO) were sprint trained on a ro- 
dent treadmill at 97 memin'l and 15% grade. Sprint trained 
rats exhibited a mean +O max of 70.521.9 ml*kg'l*min-l 
pared with 61.1kO.4 ml-kg 2-l.min-l for controls (n=lO) tlS"%" 
relative increase, p ~0.01). Likewise, tC02 at ir0 max was 
significantly higher for sprint trained animals ?76.9+1.0 ml 
kg'l*@n'l) th an controls (70.421.1 ml~kg'l.min-l)(p<O.Ol)= 
p at VO max was uneffected. The maximal workload attained at 
V02max f aerobic workload capacity) was 25% greater for sprint 
trained rats (~~0.01). Despite these relative improvements, 
no differences in muscle oxidative capacity, as evidenced by 
muscle pyruvate-malate oxidase, succinate oxidase, palmitoyl 
-1-carnitine oxidase, and cytochrome oxidase activities, were 
observed. The mitochondrial content of muscle assessed by 
muscle cytochrome c (+sl) and cytochrome a content, was not - - 
significantly different between the two groups. Similarly, 
endurance times at 26.8 m*min'l and 15% grade were not sig- 
nificantly different for the two groups (controls 32.9t1.9 
min, sprint trained 35.9+1.5 min). Results indicate that 
QO,max is not limited by absolute muscle oxidative capacity, 
buf: that endurance capacity and muscle oxidative 
closely coupled. (Supported by NIH 6rant AM19577 
Contract W-7405-ENG-48). 

capacity are 
and by DOE 
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HELICAL STRIPS FROM NgRMOTENSIVE RATS. 
INFLUENCE OF TRAINING ON THE SENSITIVITY AND CONTRACTILITY OF 

J.G. Edwards; R.D. 
Matthest T.G. Bedford, and C.M. Tipton. Exercise Science 
Program, University of Iowa, Iowa City, Iowa 52242 

The mechanism(sj responsible for the lower resting systolic 
blood pressure (SBP) of trained rats are obscure. To determine 
whether vascular sensitivity to catecholamines or contractility 
were involved, the in vitro isolated helical arterial strip -- 
method, as described by Bohr and colleagues was used. Six 
month-old male Sprague-Dawley rats assigned to nontrained (NT) 
and trained (T) (16 weeks) were studied. The T  had signifi- 
cantly higher +02max, elevated muscle cytochrome oxidase 
activity, and lower resting HR. SBPs were 13325 and 125+5mmHg, 
respectively, for NT and T  groups. Arteries were studied using 
a cumulative dose response curve for norepinephrine. Values 
presented are !? and SE from 7-15 samples. 
GROUP AORTA RENAL 

KD50 MAXIMAL TENSION m50 MAXIMAL TENSION 
(s/ml> 

NT 3.88~10-~ 
(kdynes/mm') (g/ml> (kdynes/mmz) 

4535.0 2.72~10-~ 4908.1 
+0.60 +372.5 +0.86 +680.5 

T  6.62~10’~ z303.0 T .  15x10-8 6292.6 
+0.54 +535.1 +0.39 +435.6 

Under-the conditions-of these experiients, we have concluded 
that the vasculature may not have been adequately stressed to 
exhibit a change in these parameters and/or that other 
mechanisms are responsible for a training effect. (Supported 
in part by funds from HL-21245-04 and GM-07045-03.) 
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REPRODUCIBILITY OF THE CATECHOLAMINE (CA) RESPONSE TO MAXIMAL 
EXERCISE - Dragana Damjanovic* and Tissa Kappagoda* (SPON: 
B.J. Sproule) Division of Cardiology, Dept. of Medicine, 
University of Alberta, Edmonton, Alberta T6G 2G3 

This study was undertaken to establish the repr~drlcih1llt~ 
(reprod.) of the CA response, as defined by the concentration of 
noradrenaline (NA) and adrenaline (A) in venous blood, during 
submaximal (submax) and maximal (max) exercise in 9 men. The 
tests were performed on a bicycle ergometer and the loads were 
increased by 300 kpm/min., every 3 min. The effort was con- 
sidered max when thefe was a plateau in the heart rate (HR), the 
oxygen consumption (V02) and the blood pressure and an inability 
to continue. Blood was sampled from the antecubital vein: 
(1)before exercise; (2)at 60% of max; (3)at max; (4) 30 sec. 
post exercise; and, (5)after recovery. The blood was analysed 
for A and NA using a radioenzymatic technique. The exercise 
test was repeated after 10 days. The reprod. of responses was 
expressed as the mean+SEM of the differences in the two tests. 

HR(bt/min) irO-2mllmin A(pg/ml) NMpg/ml) 
Submax 6.622.0 152242 109?52 3932 96 
Max 4.821.6 217251 3772101 10082269 
This disproportionate variation ‘n [CA] in peripheral blood 

could not be explained by the random error of the assay. It is 
concluded that the [CA] in venous blood is not a reproducible 
phenomenon and that plasma [CA] is unlikely to be responsible 
for the fine control of the HR response to exercise in normal 
subjects. It is suggested that the reprod. of the HR response 
to exercise is mediated by modulation of the vagal tone. 
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INFLUENCE OF SYMPATHECTOMY ON THE FUNCTIONAL CAPACITY OF 
SPONTANEOUSLY HYPERTENSIVE RATS. C. M. Tipton, R. D. Matthes* 
P. L. Kershner*, and M. S. Sturek*. Exercise Science Program, 
University of Iowa, Iowa City, Iowa 52242 

An increase in the activity of the sympathetic nervous 
system is considered essential for an elevation in V02 max 
(Baldwin et al. Med. Sci. Sports Ex. 13:75, 1981) while a 
decrease in activity is associated with a reduction in the 
resting systolic blood pressure (SBP) associated with training 
(T) l These relationships were examined in SHR populations. 
Sympathectomy (SYMX: by ANGF and quanethidine injections) or 
saline injections (SHAM) were performed in male rats assigned 
to NT or T  groups. At 14 days and thereafter, the SYMX rats 
(N=31) were significantly lighter than the SHAM (N=35). At 
6 weeks of age and before training, SBP values were 14223 and 
9925 mmHg (X,SE) for the SHAM and SYMX, respectively. Subsets 
of the two populations were tested for VO2 max and there were 
no significant differences noted (SHAM=64+1.0; SYMX=65+2.0 
ml.min -l.kg-l). However, the SYMX had run durations that were 
significantly shorter and rectal temperature changes that were 
markedly higher (3.3+0.2 to 1.6+0.2'C> than the SHAMS. Train- 
ing of the SYMX group was associated with 12% increase in 
V02 max and a lower SBP after 12 weeks of chronic exercise 
(NT-SYMX=12(H5; T-SYMX=10823 mmHg). These trends suggested 
that an impairment of the tempe rature regula ti .ng system was a 
key reason for the reduced run times and tha t non-SYMX factors 
can contribute to a lower resting SBP with training. 
(Supported in part by HL-21245-04 and GM-07045-03). 
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ROLE OF LIVER GLYCOGEN DEPLETION IN DEVELOPMENT OF POST- 
EXERCISE KETOSIS. M.A. Beattie*and W.W. Winder. Division of 
Biochemistry, Physiology, and Pharmacoloqy, University of 
South Dakota School of-Medicine, Vermillion, SD 57069: 

Depletion of liver glycogen is considered to be essential 
for allowing a rapid rate of hepatic ketogenesis. The purpose 
of this experiment was to determine the role of liver glycogen 
levels in development of post-exercise ketosis. Male rats 
were either food restricted to partially deplete liver glycogen 
or were allowed to eat ad lib during the night prior to an -- 
exercise test. Rats were then run on a motor driven rodent 
treadmill for 60 min at 1 km/hr. Liver glycogen and blood 
ketones were determined in rats killed during the post- 
exercise period. Blood 3-hydroxybutyrate increased in both 
the ad lib fed rats and in the food restricted rats. Blood -- 
3-hydroxybutyrate concentration was two-fold higher in the 
food restricted rats betreen 30 and 99 min post-exercise than 
in ad lib fed rats (0.8 - 0.1 vs 0.4 - 0.1 mM). Liver -- 
glycogen averaged 35 mg/g in ad lib rats and 5 riig/g in food -- 
restricted rats during this same period. It is apparent 
that in the post-exercise period mild ketosis may occur even 
when livers contain reasonably high concentrations of glycogen, 
but that development of high blood ketone levels is enhanced 
by glycogen depletion. (Supported by NIH Grant AM 27107) 
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EFFECT OF EPINEPHRINE (E) ON HEPATIC (Ra) AND EXTRA HEPATIC 
GLYCOGENOLYSIS (GLY) DURING EXERCISE. Bela Issekutz, Jr. 
Dept. of Physiology, Dalhousie University, Halifax, N.S., 
Canada. B3H 4H7 

Well trained dogs with indwelling arterial and venous 
catheters run on a treadmill (15%, 133 m/min.). A mixture of 
3-3H-glucose and lk-glucose was infused at a constant rate. 
The former served to measure Ra, the latter to estimate GLY 
(muscle). Three types of experiments were conducted: A) E 

was infused (0.5 pg/Kg min) mid-exercise for 75 min.; B) E was 
infused for 3 hours and exercise started mid-infusion for 75 
min.: C) E and exercise began at the same time. In "A" E 
increased plasma glucose significantly less (+17 mg/dl) than 
at rest (+60 mg/dl), it failed to increase Ra and transiently 
decreased the elevated metabolic clearance rate (MCR). GLY 
was increased as in the resting dog (19 mg/Kg min) yet plasma 
lactate rose less (20 mg/dl versus 40 mg/dl). In "B" the E- 
induced hyperglycaemia and hyperlactacidemia were reduced 
(-65 mg/dl and -20 mg/dl, respectively) by exercise. The 
increase of Ra was delayed and the rise of GLY was signif- 
icantly enhanced. In "C" both glucose and lactate showed an 
early rise followed by a decline. The rise of MCR was delayed 
and the rise of GLY was significantly greater than in running 
controls. It is concluded that E-induced hyperglycaemia 
inhibited the rise of hepatic glucose output. The inhibitory 
effect of the elevated GLY on MCR was only transient. 
Supp. by the Medical Research Council of Canada. 
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MUSCLE GLYCOGEN LOADING WITH A CARBOHYDRATE DRINK. 
A. C. Snyder*, D. R. Lamb, T. S. Baur* and G. L. Prah*. 
Exercise Physiology Laboratory (PEHRS), Purdue University, 
West Lafayette, IN 47907. 

A high carbohydrate (CHO) diet after exercise--glycogen 
loading (GL) --increases muscle glycogen (G) and is associated 
with improved running endurance. However, GL pasta diets lead 
to gastric discomfort. We tested the efficacy of an isotonic, 
low residue, CHO-rich drink (3.3 kJ/ml) as the major component 
of a GL diet. Seventeen male runners consumed a 14,651 kJ 
diet containing 50% CHO for 3 days, had a biopsy from m. 
vastus lateralis analyzed for G, and ran to exhaustion at 75% 
00 
fo$m?xd 

Three weeks later they ate an isocaloric 20% CHO diet 
ays and ran 24 km to deplete G. Next, for 3 days they 

consumed a 90% CHO diet emphasizing either rice and pasta 
(RP,n=8) or the CHO drink (DR,n=9), were biopsied and again 
ran to exhaustion at 75% QC2max, The DR group obtained 82% of 
CHO from the drink and the remainder from RP. RESULTS: Com- 
pared to the 50% CHO condition, RP increased G by 28.3 2 9.8 
mmoles/kg (z 2 SEM;p= .012) and run time by 7.08 t 10.00 min 
(ns); increases for DR were 60.3 + 14.8 mmoles/kg (p=.OO2) and 
24.50 + 6.82 min (p=. 004). Thirteen of 17 who tried both 90% 
CHO diets reported less gastric discomfort after DR than after 
RP. Thus, GL can be accomplished with less discomfort by sub- 
stituting the drink for some pasta in a GL diet. The apparent 
advantage of DR over RP in GL (p=.O5) may be explained by 
better assimilation of the liquid diet. (Supported by a grant 
from Stokely-VanCamp, Inc.) 
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EFFECTOF OUABAINUPONV POTENTIALINRABBITCRANIAL 
VESSELS--EVIDENCEOFALTERED SOOIUNPUNPACTIVITY. W.J. 
Willem and M.J. Xarchino+, Nedical College of WiscoiFfiX at 
VANC, Milwaukee, WI 53193 

Rabbit cerebral vessels exhibit smaller tension responses 
to norepinephrine and neme stimulation than do extracranial 
vessels e.g., ear Wries. The smaller contractility in 
cerebral vessels may relate to a difference in sodiu p\np ac- 
tivity or differences in passive membrane properties. Cuabain- 
dependent intracellular electrical changes can se-e as quan- 
titative assessments of resting soditma pump activity. To 
clarify the role of ouabain-dependent processes in rabbit ba- 
silar and ear arteries, -we measured in vitro intracellular -- 
membrane potential (pbp) under control conditions andduring 
ouabain suffusion. Short segments or rabbit vessels were re- 
moved rapidly, mounted in a suffusion chamber, and suffused 
with oxygenated physiologic saline solution at 37.C. After 
one hour of eguilibration in the suffusion system, vessels 
were impaled with glass ricroelectrodes (30-80 blegohu) under 
ricraanipulator control. Ouabain-suffusion partially depo- 
larized smooth auscle membranes in both vessels and produced 
a significantly greater Eu change in ear artery (33 jv) than 
in basilar vessels (25 mV). The data suggestthatthe &in 
basilar vessels is less dependent upon electrogenic ouabain- 
dependent processes than ear artery in vitro, possibly due to -- 
diminished sodium puap activity. 
hndedby research funds frcmthe Vehrans Administration). 
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INFLUENCE OF LOW EXTRACELLULAR NA+ AND K+ CONCENTRATIONS ON 
RELAXATION OF ARTERY STRIPS BY ADENOSINE. Duane H. Foley. 
College of Osteopathic Medicine and Department of Zoology, 
Ohio University, Athens, Ohio 45701. 

This study was conducted to determine whether responses of 
artery strips to adenosin 
solutions deficient in Na 

q (Ado) would be diminished in bathing 
or K . Helical strips of left 

coronary and femoral arteries from rabbits were suspended in 
organ baths in a physiological salt solution (PSS) maintained 
at 37°C and bubbled with 95% O2 + 5% COz. Isometric contrac- 
tions were induced with acetylcholine and norepinephrine in 
coronary and femoral artery strips, respectively. 
addition of lo-* 

Subsequent 
- 10B4M Ado produced concentration-dependent 

relaxations. Substitution of LiCl for NaCl in the PSS 
increased mean Ado EDso from 7.5 x lo-' to 3.5 x 10B6M* in 
coronary, to 8.3 x 10m6M* in femoral artery 
strips. 

qnd from 5.8 x lo-' 
K -free PSS increased Ado EDso from 1.5 x lo-' to 7.2 

x lO"M* in coronary strips, and decreased relaxation of 
femoral strips by 10B4M Ado from 95% to 53X*. Agonist concen- 
trations were adjusted to p$oduce comparable pre-Ado contrac- 
tions in normal, LiCl and K -free PSS, minimizing the effect 
of initial tension on Ado response. These results are similar 
to those of a previous study of effects of ouabain on Ado 
responses (Physiologist 23:101, 1980), and suggest that 
inhibition of the sarcolemmal Na-K pump may interfere with 
relaxation of artery strips by Ado. *(n = 8, PcO.05) Supported 
by O.U.C.O.M. and O.U. Research Committee. 
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THE LYOTROPIC ANIONS (SCN-, NO?-, CH3SO3') DEPRESS THE RELAX- 
ING EFFECTS OF ADENOSINE ON SMALL CORONARY VESSELS. Tokumasa 
Tsukadae Rafael Rubio, and Robert M. Berne, Dept. of Physiol., 
Univ. of Virginia, Sch. of Med., Charlottesville, VA 22908 

The relaxing effects of adenosine are known to be inversely 
related to the magnitude of the stimulus used to elicit vaso- 
constriction. Adenosine may act by depressing Ca* influx. 
Since the lyotropic anps enhance constrictive stimuli pos- 
sibly by increasing Ca influx with the following pqtency 
SCN- >N03- >CH3S03-, it was thought that they would depress the 
effects of adenosine in the same sequence. In small coronary 
arteries (0.6-0.5 mm o.d.) of the dog, constricted by 20 mM 
K+ in Cl--physiological salt solution (PSS), adenosine caused 
relaxation (15% at low7 - 90% at 10m4M) in a concentration- 
dependent manner. Total replacement of Cl- by N03- or CH3S03- 
of the PSS resulted in a 10 and 70% relaxation, respectively, 
in comparison to that caused by adensoine in Cl--PSS. However, 
partial replacement of Cl- for only 20 mM SCN- totally blocked 
the response to adenosine. The effects of NO,- had higher 
specificity for adenosine relaxation than did-verapamil and 
nitroglycerin since the relaxing effects of verapamil were 
only decreased to 70% and the effects of nitroglycerin on large 
coronary arteries were only decreased to 50% of those in Cl-- 
PSS. These results indicate that various relaxing agents act 
at different sites in the chain of events that lead to the 
increase in Ca++ influx that triggers vasoconstriction. 
(Supported b y NIH Grant HL 19242). 
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COMPARISON OF VERAPAMIL, DILTIAZEM, AND NIFEDIPINE FOR INHIB- 
ITION OF NOREPINEPHRINE CONSTRICTION IN ISOLATED SEGMENTS OF 
RABBIT FEMORAL ARTERY. S.F. Flaim, S.C. Swigart*, and B.S. 
DeLong*. Cardiology, Penn State Univ College of Med, Hershey, 
Pennsylvania 17033 

In a previous in vitro study, the rabbit femoral artery -- 
(RFA) was shown to be similar in some respects to some coro- 
nary arteries. We, therefore, studied the effects of the "cal- 
cium channel blockers" verapamil (VP), diltiazem (DZ), and ni- 
fedipine (NF) at 3 concentrations (10m7, 10m6, 10m5M) on the 
norepinephrine (NE, 10m8 through 5~10-~M) concentration-res- 
ponse relationship. The RFA was divided into 4 regions: iliac 
(IL), proximal (PF), middle (MF), and distal (DF) femoral seg- 

ments. The data are Kd (NE concentration x 10m7M needed to el- 
icit half maximum tension response); *=p<.O5 compared to Kd at 

10-7 10-G 10e5M lower drug concentrations, t=p<.O5 
VP IL 15.1 13.9 39.2*t compared to parallel Kd obtained using 
VP PF 13.2 10.0 36.5*t different drugs. These data support 
VP MF 18.8 18.2 41.1*t the following conclusions: 1) at 10B5 
VP DF 24.2 22.2 41.1 II, VP>DZ>NF for inhibiting the NE ten- 
DZ IL 6.1 12.3 14.0 sion response in RFA; 2) in general, 
DZ PF 6.3 16.0 18.3 the sensitivity of RFA segments to 
DZ MF 5.2 11.8 23.7 calcium channel blockers is DF>Ml+PF> 
DZ DF 6.6 22.6 34.4* IL excepting VP which appears to be 
NF IL 6.4 7.1 7.9 equipotent in this vessel. Conclusion 
NF PF 6.4 7.0 10.9 81 is supported by studies on consci- 
NF MF 5.5 6.6 12.0 ous rats using microspheres where sim- 
NF DF 5.8 7.0 15.1* ilar effects on muscle flow occurred. 

183 
EFFECT OF DIET ON THE ISOPROTERENOL-INDUCED RELAXATION OF RAT 
AORTA. Jeremiah T. Herlihy and Byung P. Yu. Dept. of Phys- 
iology, Univ. of Texas Health Science Center, San Antonio, 
Texas 78284. 

Vascular strips were obtained from aortas of 6 and 12 month 
old Fisher 344 rats subjected to several nutritional regimens. 
Control animals (A) were fed ad lib; food restricted animals 
(R) were fed 60% of the intake of A; protein restricted ani- 
mals (P) were fed an isocaloric diet but with only 60% of the 
protein of A. Cross-over animals were fed either ad lib until 
6 months old and then food restricted (AR) or were kept on a 
food restricted diet until 6 months of age and then allowed 
to eat ad lib (RA). The maximal isoproterenol (10-6M) induced 
relaxation of strips pre-constricted with 30 mM K+ is ex- 
pressed on the following table as % of maximum relaxation. 

Group A R AR RA P 
6 month 1922 1321 - - 1921 

12 month 1822 1321 1121 2122 20?2 
Food restriction (R vs A) significantly reduced relaxation, 
whereas protein restriction (P vs A) had no effec t. Food res- 
triction begun a t 6 months (AR) results in a decl ine, while ad 
lib feeding begun at the same time (RA) causes an enhancement 
of the relaxation. These results indicate tha t 1) food re- 
striction can alter vascular smooth muscle function even when 
initiated in adulthood and 2) protein restriction is not the 
underlying cause for the action of food restriction. 
(Supported by Grant #AGO1188 from the NIH.) 

CALCIUM BLOCK BY LANTHANUM IN DOG ANTERIOR TIBIAL AND ULNAR 
ARTERIES. D.L. Davis and J.M. Price. University of South 
Florida, College of 14edicine, Department of Physiology, Tampa, 
FL 33612. 

Calcium uptakes were obtained in vessels excised under pen- 
tobarbital anesthesia. The adventitia was removed, blood 
vessels were cut into 4-5 mm rings (10 mg), and equilibrated 
in HEPES-buffered physiological salt solution (PSS). After 
loading for 150 min in 45Ca-PSS (5 PCi 45Ca/ml), uptake curves 
for the entire vessel ring plateaued at 1600 PM/kg wet tissue 
weight. Uptake curves employing the Lanthanum method at 4°C 
yielded equilibrium values of 190 ~14 Ca/kg tissue (a value 
similar to that reported for other blood vessels in other 
laboratories). Uptake curves from anterior tibia1 arteries 
could not be distinguished from those of ulnar arteries. The 
entire Ca uptake curves, including the final equilibrium 
values, were dose-dependently decreased by La. These concen- 
trations of La (lo-50mM) also inhibited the increases in Ca- 
uptake curves induced by norepinephrine (NE). The blocking 
effect of La on resting Ca uptake contrasts with that reported 
previously from this laboratory (Fed. Proc. 40:442, 1981). 
Our earlier data showed that resting Ca uptake curves were 
unaffected by concentrations of verapamil (lo-5M) which mark- 
edly depressed contractile responses to NE. These data con- 
firm earlier reports that La and verapamil block Ca influx via 
different mechanisms. (Supported in part by the American 
Heart Association, Florida Affiliate, Palm Beach Chapter). 

RELAXANT EFFECTS OF MONENSIN ON THE ISOLATED CANINE CORONARY 
ARTERY. Harry L. Anderson III*, Raymond J. Winquist and 
David F. Bohr. Department of Physiology, University of 
Michigan Medical School, Ann Arbor, MI 48109. 

Monensin, a monocarboxylic sodium ionophore, causes 
coronary vasodilatation at doses lower than those needed to 
produce increased myocardial contractility and increased 
aortic blood pressure in the anesthetized dog (J. Cardiovasc. 
Pharm. 1:123-38, 1979). 1~ order to further elucidate this 
relaxant effect on the coronary vasculature, we examined the 
direct action of monensin on the left anterior descending 
coronary artery of mongrel dogs in vitro. -__I_ Helical strips 
were attached to isometric force transducers and suspended in 
aerated physiological saline solution (PSS) in tissue baths. 
When cumulatively added, monensin produced dose-dependent 
inhibition of an ED80 5-hydroxytryptamine (5HT, 3 X 10-7 M) 
contraction. Studied in another way, monensin (lo-6 M, n=ll) 
caused a reversible 77*4% (mea&EM) inhibition of an ED50 
5HT (lo-7 M) response. The inhibition was not attenuated 
by indomethacin (5 ug/ml, n=Z), aminophylline (lo-5 M, n=2) 
or propranolol (5 X 10-7 M, n=l). However, ouabain (lo-5 M, 
n=3) and K+-free PSS (n=3) significantly reversed the 
inhibition b; monensin (~~0.05). These results suggest that 
monensin causes relaxation by increasing intracellular 
sodium concentration which stimulates the Nat/K+ ATPase. 
This is an electrogenic pump which causes membrane hyper- 
polarization and hence a decrease in excitability. 
(Supported by NIH Grants HL 18575 and HL 06080) 

PRESSURE DEPENDENCE OF THE AORTIC CHARACTERISTIC IMPEDANCE 
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STUDIED DURING REFLEX ADJUSTMENTS AND AFTER ALPHA BLOCKADE. 
Dana N. Stone* and J-P.L. Dujardin, Department of Physiology, 
0. S.U. , Columbus, Ohio 43210. 

Earlier experiments have demonstrated reflex changes in the 
canine aortic input impedance spectrum and in characteristic 
impedance (Z,) elicited by alterations in circulating blood 
volume. These findings applied only to steady state condi- 
tions at different mean arterial pressures. The current 
experiments were performed to study the passive pressure de- 
pendence of Z, under control conditions, after hemorrhage 
(-15% of the estimated blood volume), after volume expansion 
(+15%), and after alpha blockade. Z, was calculated from mea- 
sured pressure and diameter using Z, = (~/IT) X [(p/2D3> x 
@p/AD) 1% . The diameter D was determined by means of a sono- 

micrometer. All determinations were made during diastole. Z, 
was determined for each condition, in a wide pressure range 
caused by slow oscillations(period = 5 s) in aortic pressure 
and diameter induced with an external piston pump. Z, was 
found to exhibit a minimum when plotted as a function of pres- 
sure under all conditions. When compared to control curves, 
hemorrhage increased Z, over a wide pressure range and in- 
creased the pressure at minimum Z,. Alpha blockade lowered Z, 
and shifted the curves to lower pressure at minimum Z,. These 
results suggest that sympathetic control of the aortic smooth 
muscle can profoundly affect the physical characteristics 
which determine pulsatile hemodynamics of the proximal aorta. 
(Supported by PHSgrant HL-23239 and byagrant from the COHC.) 
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UTERINE ARTERIAL SENSITIVITY TO ANGIOTENSIN II AND NOREPIN- 
EPHRINE IN PREGNANT AND NONPREGNANT RABBITS. D.Moisey* and 
T.Tulenko. Depts. of Physio.-Biochem. & Obstet.-Gynecl. The 
Medical College of Penna.,Phila.,PA 19129 

Uterine arteries from near term (0.92) pregnant and non- 
pregnant rabbits were examined for their sensitivity to nor- 
ephinephrine (NE), angiotensin II (AII) and potassium chloride 
(KCl). Helical strips were prepared and suspended isometrically 
in Krebs-Henseleit solution under optimal preload conditions and 
cumulative dose response experiments were performed. Arteries 
from pregnant and nonpregnant rabbits responded with similar 
dose-dependent increases in tension when stimulated with NE and 
KCl. However, the response of uterine arteries to AI1 differed 
significantly (~(0.01) between the two groups. Arteries from 
the pregnant group exhibited a 2.3 fold (pCO.005) greater 
sensitivity (ED5G) to the vasoconstricting effect of AI1 than 
arteries from the nonpregnantgroup. This increased sensitivity 
observed in the pregnant group was not due to activation of 
adrenegic mechanisms since pretreatment of arteries with cocaine 
(lo-5M) or phenoxybenzamine (10m6M)did not alter the AI1 re- 
sponse. However, pretreatment of uterine arteries from pregnant 
rabbits with either meclofenamate (lo-5M) or indomethacin 
(lo-5M) for 12 min depressed the AI1 response. These findings 
suggest that the increased AI1 sensitivity may result, at least 
in part, from stimulation of synthesis of vasoconstricting 
prostaglandin(s). (Supported in part by NIH Grants HL07443, 
HL24512 & RR05418) 
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THE ORIGIN OF ACTIVE Na CHANNELS: PROCAINE AND TETRODOTOXIN 
REDUCTION OF COOPERATLVE EFFECTS IN PASSIVE Na CHANNELS. 
Alfred Strickholm. Physiology Section/Medical Sciences 
Program, Bloomington, IN 47405 

Theories on the origin of active sodium channels include: 
1) passive Na permeability represents the random appearance 
of active sodium channels, 2) active Na channels'result from 
a modification of passive Na channels, and 3) passive and 
active Na channels are separate entities. To examine these 
theories, passive Na conductances gNa = TNaGm were determined 
in crayfish giant axons from measurements of membrane con- 
ductance (Gm), and the dependency (TNa) of membrane potential 
on external Na where TNa = AVm/AENa (Strickholm and Clark, 
Biophys. 2. 19:29). gNa was measured from pH 4 to 10 in 
normal saline (K. = 5.4mM) and when K depolarized (I$, = 4GmM). 
The results indicated that imidazole and phosphatidic acid 
have considerable control over passive Na conductance. In the 
K depolarized axon, cooperative changes occurred when pH was 
altered over the imidazole pK region. This cooperativity had 
a Hill coefficient n of 4 which could result from four inter- 
acting groups on protein. Tetrodotoxin had minimal effect on 
the absolute resting conductance but reduced the cooperative 
Hill coefficient n from 4 to near 2. Procaine similarly 
reduced the Hill coefficient n. The results are interpreted 
as favoring the interpretation that active sodium channels 
result from modified passive sodium channels. (Supported 
by a grant-in-aid from the American Heart Association, 
Indiana Affiliate, Inc.) 
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TOWARD A BROADER UNDERSTANDING OF THE MECHANISM OF ALDOSTERONE 
ACTION: THE BARNACLE MUSCLE FIBER AS A PREPARATION. 
E. Edward Bittar and Jude Nwoga*, Department of Physiology, 

A principal feature of experiments with barnacle fibers 
preexposed in vivo overnight to 10 

University of Wisconsin, Madison, Wisconsin 53706. 

-6M or lo-lQM-aldosterone is -- 
that injection of GTPNa2 or (Gpp(NH)p into the cannulated, 
ouabain-poisoned fiber not only leads to a marked stimulatory 
response of the Na efflux that is greater than that seen in 
unexposed, ouabain-poisoned fibers but also to a response that 
is sustained. This develops in the absence of a fall in Em. 
Both the magnitude of the response and its sustained nature are 
unaffected by prior exposure to actinomycin D, cycloheximide, 
colchicine and cytochalasin. However, the magnitude of the re- 
sponse is drastically reduced by injecting protein kinase in- 
hibitor or RII subunits, and completely abolished by injecting 
Mg2+ before or after GTP(and Gpp(NH)p). The response is simi- 
larly reduced by external application of verapamil, injection 
of EGTA, or omission of Cae. Further, the data show that a 
marked reduction in the response occurs as a result of applying 
trifluoperazine or imipramine (50 @4) before or after injecting 
GTP (or Gpp(NH)p). It therefore seems likely that calmodulin 
plays a prominent role in mediating the response to guanine nu- 
cleotides and that calmodulin-sensitive adenylate cyclase is 
the posttranslational site of aldosterone action. Whether al- 
dosterone also acts by increasing cytosolic ATP (Edelman) and 
whether ATP and GTP limit the reassociation of regulatory with 
catalytic subunits (Rangel-Aldao and Rosen), is not yet known. 
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COMPARISON OF ACTIVATION AND DEACTIVATION KINETICS 
OF THE TIME-DEPENDENT OUTWARD CURRENT IN CAT 
VENTRICULAR MUSCLE. 
Craig W. Clarkson* and Robert E. Ten Eick. Pharmacology Dept., 
Northwestern Univ. Medical Sch., Chicago,IL 60611 

It is currently believed that the time course of the time- 
dependent outward current (I 

f 
) in cat ventricular muscle can be 

described by a Hodgkin-Hux ey, two state model. Using cat 
papillary muscles and trabeculae,this hypothesis was examined using 
a single sucrose gap voltage clamp technique. Membrane currents 
evoked by voltage clamp pulses were analyzed byfittingthem to an 
equation ofthe form: 

v=Ae 
-th1 + Bemth + C ewtk3 + D 

Comparison of the time constant for IK activation obtained from 9s 
depolarizing pulses with the time constant for IK deactivation 
following 2s conditioning pulses to +lOmV suggests that the kinetics 
of I 

'6 
activation and deactivation are different at several levels of 

mem rane potential, even when the currents said to be produced by 
accumulation or depletion of Kt in the interstitium have been 
accounted for. The voltage dependence of I time constants was 
such that the ratio of activation/deactivation b ime constants was >l 
at -40 and -3OmV, but <l at-10mV. Thisfindingisinconsistent with 
a single gate, two state Hodgkin-Huxley model which predicts that 
activation and deactivation occur with identical time constants at a 
given membrane potential. Therefore a new model defining the 
kinetics governing I needs to be developed. (Supported,in part, by 
NIH grants H1207021-01 and training grant GM 07263). 
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THE IDENTIFICATION OF ETHANOLAMINE PLASMALOGEN AS A UNIQUE 
LIPID IN ERYTHROCYTE PLASMALEMMAE FROM DYSTROPHIC CHICKENS. 

Erythrocyte plasmalemmae prepared by osmotic lysis, 

Mark Kester*. C,A. Privita Department of Biological Sciences, 

differential centrifugation and homogenization were obtained 
from age and sex matched normal (Line 412) and dystrophic 

SUNY, Buffalo, New York 14260 

(line 413) chickens. Membrane purity was assessed through 
marker enzymes. Phospholipids were separated by two 
dimensional thin layer chromatography (T.L.C.). Correlated 
with the onset of overt dystrophic symptoms (day 30 EX OVO) -- 
is the emergence of a measurable and distinct polar lipid, 
seen only on dystrophic T.L.C. plates. This lipid comprises 
3 to 7% of the phosphlipid content from dystrophic erythrocyte 
membrane over time. However, this polar lipid is observed as 
early as day 7 EX OVO, as a nondistinct shoulder on the -- 
phosphatidylethanolamine (PE) T.L.C. spot. This unique lipid 
has been identified as ethanolamine plasmalogen. The 
plasmalogen differs from PE in that the alpha fatty acid is 
bonded via an ether linkage to the glycerol moiety of the 
polar lipid, rather than an ester linkage as in P.E. The 
identification of this plasmalogen has been confirmed through 
several techniques including T.L.C., gas liquid chromatography, 
14C labelling and biochemical assays. The data on this unique 
polar lipid will be correlated with other data from this 
laboratory on normal and dystrophic erythrocyte osmotic 
fragility, erythrocyte turnover time, ion permeability, 
phospholipid content and fatty acyl profile. 
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TAUR 
Lvle 

INE EFFLUX FROM INTERNALLY DIALYZED MYXICOLA GIANT AXON. 
_ W. Horn* (SPON: L. Goldman). Univ. Maryland Sch. Med. 

Baltimore, MD 21201. 

Assay of axoplasm collected from axons dialyzed internally 
for up to 4 hrs shows that the amino acid composition can be 
controlled effectively. The membrane potential of dialyzed 
axons remains stable, and no significant axon volume change 
occurs, for up to 6 hrs of dialysis with solutions of differ- 
ent amino acid composition. When 3H-taurine is introduced the 
tracer efflux rises to a steady state within 20 min and re- 
mains stable for hrs. 3H-taurine can be removed from the axon 
by dialysis for 30-40 min with tracer-free solution. Measure- 
ment of efflux at several internal taurine concentrations, and 
a constant internal Na concentration of 100 mM, indicates that 
I$ could be as high as 50 mM and V as high as 3-4 pmoles/ 
cm2sec. Results are consistent wiRxinjected axon experi- 

ments. Trans inhibition of efflux by Na can be demonstrated. 
The effect requires that internal Na be greater than 50 m, as 
concluded from injected axon work. A 39 mV depolarization of 
the axon causes about a 1.5 fold efflux increase, a response 
expected if the taurine system is electrogenic. Internal 
dialysis should be a useful method for the quantitative study 
of Na-coupled amino acid efflux mechanisms. (Supported by 
NIH Grant NS-14569.) 
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EFFECTS OF ANIONS ON VOLUME-DEPENDENT CATION MOVFJJENTS IN DOG 
RED BLOOD CELLS (RBC). John C. Parker. University of North 
Carolina at Chapel Hill, Chapel Hill, N.C. 27514. 

Davson (J Physiol 101:265) reported that anion substitu- 
tions had opposing effects on the permeabilities to Na and K 
(PNa and PK) of dog RBC. When cells were suspended in K media 

with different anions PNa decreased in the sequence Cl-N03-SCN, 
whereas in the same sequence PK increased. These data are 
reinterpreted in terms of anion-cation cotransport and Ca- 
gated K movements. Dog RBC have a cotransport system for KC1 
that becomes manifest when the cells are swollen; a NaCl co- 
transport pathway is seen in shrunken cells. Both pathways 
are inhibited by replacing Cl with NO3 or SCN. The apparent 
increase in PK in NO3 and SCN solutions noted by Davson is due 
to the opening of Ca-dependent K channels. Davson suspended 
RBC in Na-poor, K-rich media with small amounts of Ca. Ca 
entry into dog RBC is stimulated by low-Na media (J Gen Physiol 
71:l). Under these conditions Ca enters the cells and opens 
up Ca-dependent channels through which the movements of K are 
limited by the conductance (g) of the accompanying anion. 
Since gNO3 and gSCN are greater than gC1, K movements in this 
circumstance are stimulated by replacing Cl with the other 
anions. Thus, dog RBC have KC1 and NaCl cotransport pathways 
responsive to cell volume, plus a Ca-gated K channel which can 
be activated by introducing Ca into the cells via the Ca-Na 
exchange route. Furthermore, it appears that Ca influx is 
faster in NO3 and SCN. 
(Supported by USPHS grant AM11356) 
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EVIDENCE FOR A PASSIVE, ELECTR$GENIC Na-Cl SYMPORT IN IN 
VITRO FROG STOMACH. T. C. Chu . G. Carrasquer, W. S. Rehm 
and M. Schwartz. Depts. of Medicine and Physics, Univ. of 
Louisville, Louisville, KY 40292. 

Previous studies in Cl media (Biophys J 21a:169, 1978) have 
shown that step decreases of Na (choline (Ch) for Na) in nut- 
rient fluid (NF) decreased positivity of NF (opposite to that 
for a simple Na conductive pathway but right for a Ch conduc- 
tive pathway). Lack of linearity of 4PD vs. log \-Ch] ruled 
out Ch conductive pathway. For Na,hPD vs. log CNa] is almost 
linear from 6 to 102 mM with APD = 
in LNa>. 

-6 mV per tenfold decrease 
In present work, we found the anomalous PD response 

for Na resulted also for 1) K-free bathing fluids and 2) low3 
M ouabain in NF. These results could be attributed to a pass- 
ive, electrogenic Na-Cl symport. Theoretical considerations, 
for m Cl's and n Na's transported per cycle with m)n, predict 
an anomalous C\PD for Na and a normal&PD for Cl. Step changes 
of Cl in NF in Na and also in Ch solutions gave normal PD re- 
sponses (i.e. 
M ) 9 

decreases in positivity of NF with decreases in 
indicating that the symport accounted in part for total 

Cl conductance. Sulfate solutions were expected to eliminate 
the anomalous response. With 4 mM K in both solutions, anoma- 
lous effects resulted sometimes for both increases and de- 
creases in [Nal but more often only for increases in LNa. 
With zero K on both sides or with ouabain present in NF, no 
anomalous response in PD was observed in SO4 solutions. A mod- 
ified model including the Na-K antiport will be considered. 
(NIH and NSF support) 
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SIMULATION OF KING-ALTMAN AND HILL KINETIC MODELS OF CARRIER 
AND PORE TRANSPORT ON SPICE2 AND NET2 USING NETWORK THERMO- 
DYNAMICS. D.C. Mikulecky and B. Bunow*, Med. Col. Va., 
Richmond, Va. 23298 and NIH, Bethesda, Md. 20205. 

Network thermodynamio methods can be used to extend the 
graphical analysis of kinetic schemes such as the King-Altman 
method or the Hill method (Free Energy Transduction in Biology 
Academic Press, 1977) to st=transient behavior aswell as 
steady states. Also for some pore models (for example: 4 site, 
multiple occupancy) the number of partial diagrams needed to 
derive the state populations and fluxes is in the thousands. 
These models can be directly simulated in transient and/or 
steady states using network thermodynamic methods (Bunow and 
Mikuleaky, Proceedings of the VI School on the Biophysics of 
Membrane Transport, Jastrembia Gora, Poland May 4-13, 1981 
[in press]). Examples will include a four site pore model and 
for a carrier model, the effect of trans concentration effects, 
use of tracers, and counter transport effects. A simple sub- 
circuit is made for each node (state) in a graph and another 
for the branches (state transition kinetics) to keep program- 
ming as simple as possible. In this manner, the graphical 
representation directly generates the kinetics of the model 
as in the King-Altman and Hill methods, but in this case it is 
not necessary to write any equations at all to obtain the so- 
lution by simulation. This makes the method highly accessible 
to the experimentalist 
m>delling skills. 

without requiring special mathematical 
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VANADATE REVERSES THE DIRECTION OF THE HCO&Oz-DEPENDENT PD 
AND Is, IN TURTLE BLADDER. G. Ehrenspeck. Ohio Univ. Col. of 
Osteopathic Med. 6 Dept. Zool. 6 Microbial., Athens, OH 45701. 

Vanadate(VAN) inhibits sodium-independent Cl and HCOs ab- 
sorption in the turtle bladder (Biochim.Biophys.Acta 601:427, 
1980). The effect of VAN on the net acidification rate, meas- 
ured as the I,, in ouabain-treated bladders (1.5 cm2 area) 
bathed by HCOs/COz-rich, Cl-free Na media at pH 7.6 and 22-25C, 
was further analyzed. The control PD and I,, (means 2 S.E.) 
were -25.0 2 3.3 mV and -14.1 ? 2.5 PA (N=14), serosal fluid 
(S) negative to mucosal fluid(M). After 1 mM VAN in S or both 
S &I M, the I,, (&PD) in 7 bladders decreased toward zero (-2.4 
f 1.2 PA) and in 7 others, after reaching zero, reversed in 
polarity, attaining a sustained value of +3.5 2 1.0 PA) in 60- 
90 min (P(I,, =O)<O.OOl by t-test). VAN failed to reverse the 
remaining I,, when the HCOs of the medium was replaced by SO,, 
or bladders-were pretreated for 60 min with 1 mM acetazolamide 
in S. When the I,, was decreased to near zero by 0.2 mM SITS 
in S, VAN elicited an I,, of +7.3 2 1.4 yA(N=5) in 5-10 min and 
the earlier observed oscillations in I,, & PD(ibid.). The re- 
versed (+)I,,, attributed to HCOs secretion (Fed.Proc. 40:709, 
1981), was stimulated by isobutylmethylxanthine and subsequent- 
ly inhibited by acetazolamide. It is concluded that VAN de- 
creases the net rate of mucosal acidification by accelerating 
a HCOs secretion process, although a concurrent inhibition of 
the acidification pump is also possible. (Supported by grants 
from Ohio Univ. Baker Fund and Col. of Osteopathic Medicine.) 
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VOLTAGE-INDUCED PASSIVE MOVEMENT OF Na AND WATER IN TOAD BLAD- 
DER: A MODEL FOR PASSIVE WATER TRANSPORT. J.S. Chen and M. 
Walser, USUHS, Bethesda, MD 20014 and Johns Hopkins Universi- 
ty Medical School, Baltimore, MD 21205 

We have previously obtained a theoretical model which 
states that the equilibrium unidirectional passive ion flux in 
the absence of a chemical gradient or when net flux - 0 can be 
represented by the logarithmic mean of bidirectional passive 
ion fluxes in the presence of a chemical gradient. In an 
attempt to find a model suitable for analyzing passive water 
transport, in the present study we measured steady state muco- 
sa-to-serosa (M-S) and serosa-to-mucosa (S-M) passive fluxes 
of Na and water in the isolated toad bladder after ouabain 
1.89 x 10 -3 M) at 100 mV and subsequently at 170 mV (serosa 
+ relative to mucosa). The data showed that Na transport 
number was increased from 0.33 f 0.02 (12) at 100 mV to 0.42 
f 0.03 at 170 mV, suggesting that there was a change in mem- 
brane permeability induced by the voltage gradient at 170 mV. 
We also found that net water flux was not present at 100 mV, 
while a voltage-induced net M-S water flux was observed at 
170 mV. Using the bidirectional water fluxes observed at 170 
mV we calculated the equilibrium unidirectional water flux 
from the logarithmic mean flux equation. It was shown that 
the calculated data was almost identical to the unidirectional 
water flux observed at 100 mV under which net water flux = 0. 
Thus, it appears that the logarithmic mean flux model is also 
suitable for analyzing steady state passive water transport 
across epithelial tissues. 
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CONTROL OF INSTABILITY OF TRANSEPITHELIAL POTENTIAL 
QIFFERENCE OF CULTURED A6 EPITHELIA. P. PoPowIcz*, 

ELECTROPHYSIOLOGIC STUDIES OF CHLORIDE SECRETION IN CANINE 
TRACHEAL EPITHELIUM. Stephen Shorofsky,* Michael Field and 
Harry Fozzard, University of Chicago, Chicago, IL 60637. 

Conventional microelectrodes were used to investigate the 

E . PRESTON*, J. HANDLER , AND R. STEELE* NHLBI, 
BETHESDA, MD 20205. 

Cells of the line A6, derived from kidney of 
Xenopus laevis, form an epithelium in culture with 
a high2transepithelial electrical resistance (>3000 
ohm-cm ) when grown on collagen coated nucleopore 
filters. Replacing the medium on both sides of the 
epithelium as in "feeding" the cells every two days 
results in a transient increase in potential diff- 
erence of the order of 100% in two hours (baseline 
Q 20mV). The instability is a problem in evaluating 
steady state transport properties under sterile con- 
ditions and in testing the effect of hormones and 
drugs. It may be the result of insufficient nutr- 
ient or waste exchange at the epithelium. The 
instability can be reduced (~30% of basal potential 
difference) if the epithelium is maintained on an 
orbital shaker, by feeding every two hours, or by 
growing the epithelium on more permeable supports 
such as collagen membranes or millipore filters. 
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Possible involvement of tyrosyl-residues in 
renal sodium-D-glucose cotransport 

J.T. Lin, A. Strohland R. Kinne 
Albert-Einstein College of Medicine of Yeshiva University, 
Department of Physiology, 1300 Morris Park Ave., Bronx, 
N.Y., 10461 

In order to characterize the amino acids essential for 
sodium-D-glucose cotransport, calf renal brush border 
membrane vesicles were chemically modified by incubation 
with 0.2 mM NBD (7-chloro-4-nitrobenzo-2-oxa-l,3-diazol), 
0.3 mM TNM (Tetranitromethane) and by iodination. These 
maneuvers inhibit sodium gradient driven D-glucose transport 
into the vesicles by 70%, 65% and 25%, respectively. NBD and 
TNM inhibit D-glucose uptake also under tracer exchange 
conditions; they do, however, not alter the glucose indepen- 
dent sodium uptake by the vesicles. The inhibition of 
D-glucose transport is not reversed by treatment of the 
membranes with dithiotreitol suggesting that tyrosyl-residues 
and not SH-groups have been modified. About 250 pmole iodine 
are incorporated per mg of membrane protein. 
These result provide evidence that modification of tyrosyl- 
residues inhibits the sodium-D-glucose cotransport system. 
It might be speculated that - as in sodium channels - a 
tyrosyl residue is involved in the binding of sodium to the 
sodium-D-glucose cotransport system. 
(This work is supported by Start-Fund of Albert-Einstein 
College of Medicine of Yeshiva University, BRSG # 613-4564) 

A STUDY OF THE OSMOLALITIES IN BODY FLUIDS MEASURED BY AN 
AUTOMATED STAT/ROUTINE ANALYZER AND A MICRO-FREEZING POINT 
OSMOMETER. William C. Foster and Robert A. Donate*. Lab. 
of Clin. Chem., Jeanes Hospital, Philadelphia, PA 19111. 

Disturbances in fluid balance of the body may be reflected by 
changes in osmolality. Measurement of the serum osmolality 
was accomplished with an automated stat/routine analyzer 
(Beckman Astra-8). 
by computation, 

Osmolality in this instrument waslderived 
using the equation of H. F. Weisberg. 

Results were compared with those2obtained from an automated 
high sensitivity micro-osmometer using only 50 ul of sample, 
whereas in the first named instrument 220 ul were necessary. 
Osmolalities of urine and other body fluids except serum and 
plasma, could not be measured with this instrument because 
of extreme differences in constituent levels of ionized and 
non-ionized electrolytes, and non-ionizable constituents, as 
glucose and urea. The micro-osmometer was set with precise 
salt standards of 100 and 500 m0sm. A range of 277 to 291 
with a mean of 284 mOsm, compared to values of 259 to 286, 
and mean of 272 mOsm on the automated stat/routine analyzer. 
The expected higher values on the former instrument were 
confirmed. 

1. ASCP - Commission on Continuing Education, pp. 25-28 (1972 
2. Precision - Micro-Osmette. 

mechanisms of Cl secretion by canine tracheal epithelium. All 
tissues were treated with indomethacin to decrease baseline 
secretion. After obtaining baseline measurements, secretion 
was stimulated with epinephrine (EPI) and subsequent steady- 
state measurements were obtained. EPI caused Vsm to hyper- 
polarize (19 -t 28mV), Rsm to decrease (616 -t 456Rcm2), Vcm to 
depolarize (-39 + -32mV) and Ra/Rb to decrease (1.7 + 0.8). 
Vcs did not change significantly (m=mucosa, s=submucosa, c=cell 
and a and b==cell's apical and basolateral membranes). Assuming 
that Rms=(Ra+Rb)Ps/(Ra+Rb+Rs) where s-shunt pathway, these 
results indicate that EPI (1) decreased Ra and (2) also changed 
Rb, Rs or both. Effects on Vcm of changes in [Na]m, [K]m and 
[Cl]m were determined. Under baseline conditions, a change of 
[Na]m from 20 to 144mM or [K]m from 5 to 5OmM depolarized Vcm 

by about 5mV. Altering [Cl]m from 146 to 49mM depolarized Vcm 
by 9mV. Following EPI, the same A[Cl]m caused a 18mV depolari- 
zation of Vcm. In a single exoeriment, EPI reduced by more 
than 50% the effect on Vcm of the change in [Na]m. These 
changes in Vcm suggest that EPI causes an increase in the Cl 
selectivity of the apical membrane. Taken together these re- 
sults support the notion that EPI stimulates tracheal Cl secre- 
tion by increasing the Cl permeability of the apical membrane. 

[Supported by NIH grants AM21345, HL07381 and 5T3261107281.1 

199 

EFFECT OF HEMOGLOBIN CONCENTRATION ON BUFFERING OF LACTIC AND 
CARBONIC ACIDS IN HUMAN BLODD IN VITRO. Kenneth C. Wessling* 
and Hugh G. Welch. Universitv of Tennessee. Knoxville, TN 
37916. 

This study assessed in vitro effects of changing hemoglobin 
concentration, carbon dioxide tension, and lactic acid con- 
centration on normal human blood pH and bicarbonate concen- 
tration. Hemoglobin concentration was varied among separated 
plasma, normal blood, and high hematocrit blood samples with 
0, 2.1, and 2.4 mM mean hemoglobin concentrations, respective- 
lY* The carbon dioxide tension was held constant at either 
40 or 20 mm Hg while the oxygen tension was always 95 mm Hg. 
Lactic acid concentration was maintained within a low range 
of 1.0 to 2.7 mM and within a high range of 10.7 to 11.7 mM. 
The pH and bicarbonate responses to a constant lactic acid 
load among the three hemoglobin levels indicated that bicar- 
bonate was the major buffer of lactic acid. Estimates were 
made of the relative contributions of plasma bicarbonate, 
plasma proteins, erythrocyte bicarbonate, and erthrocyte pro- 
teins to the total lactic acid buffering. There was no in- 
crease in lactic acid buffering when hemoglobin concentration 
was increased by 12.7%. There was also an indication that 
lactate participated in the chloride shift when lactic acid 
was added to blood. (Supported in part by American Heart 
Association, East Tennessee Chapter and by NIH grant 
5507RR07088- 11.) 
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IN VITRO PROPERTIES OF THE MEALWORM RECTAL COMPLEX: THE MOST 
POWERFUL WATER REABSORBING SYSTEM YET ANALYSED. John Machin. 
Univ. of Toronto, Toronto, Ont. M5S 1Al 

The excretory system of beetle larvae adapted for 
feeding on dry grain products consists of a sheath of ion 
transporting tubules surrounding and osmotically coupled to 
the rectum. Water is apparently reabsorbed by means of 
standing osmotic gradients in the tubules which routinely 
reach 6.7 Osmols. kg'1 at their posterior ends. The rectal 
complex operates either in a counter-current mode to dehydrate 
the feces or, with the anus open, to absorb water vapor. 
Water reabsorption continues to minimum water activities of 
0.88. Isolated rectal complex preparations under mineral oil, 
provided they are supplied with appropriate ions, display 
essentially the same transport characteristics as the intact 
animal. Water transport depends on typical insect potassium 
pumps conveying ions to the tubules from the blood or rectal 
lumen either separately or simultaneously. Water is 
transported only from the rectal lumen to the tubules. The 
in vitro preparation readily extracts water from 3M sucrose 
solutions. The extremely high osmotic pressures generated by 
the rectal complex is seen to be partly due to comparatively 
low water permeabilities and flow rates which are character- 
istic of the majority of insect excretory systems. 
(Supported by Natural Sciences and Engineering Research 
Council Canada, operating grant A1717). 



40 FETAL AND NEONATAL BIOLOGY; AGING; REPRODUCTION; METABOLISM TUESDAY, PM 

202 
EFFECT OF HYPERCAPNEA AND INSPIRATORY FLOW-RESISTIVE LOAD (RI) 
ON PlOO AND WORK OF BREATHING IN PRETERM INFANTS. Shahnaz 
Duara*, Soraya Abbasi*, William W. Fox*, Thomas H. Shaffer. 
Children's Hospital of Philadelphia, and Temple University, 
Department of Physiology, Philadelphia, PA. 19104 

To evaluate the depressed carbon dioxide (C02) response 
curve seen with inspiratory resistive load in premature infants 
as previously reported (Duara et al., Peds. Res. 1981), occlu- 
sion pressures by PlOO and work of breathing (WOB) were studied 
in preterm infants during progressive hypercapnea, with'and 
without loading. The infants, 31.55.91 weeks by gestation (mean 
+SEM), at study were 38.1+.63 weeks conceptional age and 1.94+ 
TO8 kgm. in weight. Resistive load (RI)=100 cm H20/L/sec at a- 
flow-rate of 1 L/min. All infants were studied guring quiet 
sleep, breathing room air. Minute ventilation (VE) and PlOO's, 
unloaded and loaded, were compared during progressive.hypercap- 
nea (n=S). Hypercapnea produced a linear increase in VE and 
PlOO in all patients. With loading, the slope of VE (EVE/ 
APAC02=16.87+3.6 ml/min/torrC02) decreased significantly (ph 
.02) but there was no significant change in the PlOO slope 
(APlOO/&PACO2=.28+.22 cm H20/torrC02). WOB (n=9) was studied 
during progressive hypercapnea, unloaded and loaded, and showed 
no significant alteration in the slope (aWOB/bPAC02) follow- 
ing load application. These data suggest that preterm infants 
do not augment either PlOO-or WOB-hypercapnea responses with a 
flow-resistive load. (Supported in part NIH Grant #HL-22483) 
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ELECTROPHYSIOLOGICAL CHARACTERISTICS OF PREMATURE LAMB 
CARDIAC PURKINJE FIBERS. Steven R. Houser. Department of 
Physiology, Temple University School of Medicine, Phila., Pa. 
19140. 

Little information exists concerning the basic electro- 
physiological properties of cardiac Purkinje fibers from pre- 
term animals. The goal of the current investigation was to 
determine basic electrophysiological parameters in preterm 
(106 days gestation) lambs using standard microelectrode tech- 
niques. In addition, all preparations were exposed to ouabain 
(5x10-8M). Pregnant sheep were given spinal anesthesia and 
the lambs delivered by cesarean section. Hearts were removed 
from both mother and baby and Purkinje fibers (PF) removed and 
placed in an oxygenated tissue bath. Preparations were stimu- 
lated at rates from 30-lSO/min and were allowed to equilibrate 
for one hour. The results of the study showed that at normal 
K+ concentrations (5.4mM) there were major alterations in the 
shape of the action potential recorded from PF of premature 
lambs. In particular the following were most significant. 
1) A decrease in plateau height. 2) A decrease in action 
potential duration (APD). In addition Ouabain had significant- 
ly different effects on PF's from the premature lambs. Speci- 
fically, upon addition of Ouabain the APD decreased in adults 
whereas in premature the APD lengthened. Both depolarized 
over time as toxicity developed. There was no apparent diff- 
erence in the time to develop toxic arrh thmias. 

K 
These resu- 

lts suggest these cells have fewer ion c annels in the 
mlembrane. (Supported by NIH f's HL 22843-04, HL 22673) 
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TRACHEAL MECHANICS IN PRETERM LAMBS AFTER LIQUID VENTILATION: 
V.K. Bhutani* and T.H. Shaffer; Department of Physiology, Tem- 
ple University School of Medicine, Phila. Pa. 19140. 

Liquid Ventilation(LV) with fluorocarbon (FC-80) has been 
demonstrated as a viable mode of ventilatory support of preterm 
lambs. The effect of L.V. and its high inflating pressures 
(68.8 2 3.8 SE cmH20) were evaluated on the mechanical behavior 

of the trachea of 7 preterm lambs of 134 2 1.5 SE days gesta- 
tion (90% term gestation) after liquid ventilation (57.6 + 13.0 
SE mins.). The extrathoracic trachea was dissected and the non- 
ventilated segments (Group I) were compared to the ventilated 
segments (Group II). Mean i SE values of diameter.(D), volume 
(V) per 1 cm segmental length, and pressure-volume (P-V) curves 
(by plethysmography) were obtained in both groups. Tracheal 
specific compliance (C,) was computed from the deflation limb 
of the P-V curves at 0 to 10 cmH20 pressure. 

D 0-m ww cs (cmH20~1) 
Group I 5.9 2 0.24 204.2 +_ 11.3 0.0274 t 0.0011 
Group II 6.7 2 0.21* 331.8 2 lO.l* 0.0192 + 0.0012* 

These results demonstrate significant[*p<O.OS]changes 
with 13.6% increase in D; 25.6% increase in V; and 29.9% de- 
crease in Cs. The magnitude of these alterations are compar- 
able to those observed following gas ventilation of term ani- 
mals (Bhutani et al Ped. Res 15: 829-832, 1981). Data suggest 
that mechanical and dimensional deformation of the trachea are 
similar in both gas and L.V. [Supp. by PHS HL 228431. 

RESPIRATORY WORK RESPONSE TO RESISTIVE LOADING IN PREMATURE 
NEONATES. Soraya Abbasi*, Shahnaz Duara*, William W. Fox*, 
Thomas H. Shaffer. Children's Hospital of Philadelphia and 
Temple University, Dept. of Physiology. Phila., PA. 19104 

To evaluate the effect of inspiratory resistive loading on 
work of breathing, 9 premature infants were studied. Mean +SEM 
birthweight 1503+135 grams, gestational age 32.55.7 weeks: 
study age 30.4+874 days, study weight 1700+98 grams. Control 
data including-dynamic compliance (CL), tidal volume (TV), 
minute ventilation (MV), respiratory frequency (f), alveolcr 
carbon dioxide (PAC02) and inspiratory work of breathing (WI) 
were obtained prior to application of 100 cm H20/L/sec (Rl) and 
150 cm H20/L/sec (R2) at 1 L/min flow rate. Infants were 
breathing room air throughout the study. Studies were repeated 
immediately, 5 and 10 minutes following application of Rl and 
R2* Mean + SEM control values were: CL = 3.49+1.48, TV=13.5+ 
1.5 ml, MV~745.9955 ml/min, f=57+4.3 breaths/min, PAC02=34.5+- 
3.3 mmHg, WI'. 04s.005 kg.m/min. There was a significant de-- 
crease immediately, at 5 and 10 minvtes for TV=7+1.3 ml (p( 
O.O5), Mv=355+54 ml/min (p(O.OS), WI = .02+.004-k.gm/min (~4 
.Ol>. There were no significant changes in frequency and PAC02 
immediately, at 5 or 10 minutes. There was no significant dif- 
ference between all parameters obtained for Rl and R2. These 
data indicate that there is an immediate and continuing de- 
crease in ventilation and work of breathing with Rl and R2. 
This lack of compensation to added inspiratory resistive load 
over time by premature infants may be important in some infants 
with obstructive apnea. (Supported by NIH Grant #HI,-22483). 
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CARDIAC OUTPUT (CO) AN[! ITS DISTRIBUTION IN THE PREGNANT 
GUINEA PIG (GP) WITH LOW LEVELS OF CARBOXYHErIOGLOBIN (COHb). 
Joachim Wolf-Priessnitz*, A. Roger Hohimer and James Metcalfe. 
Oreaon Health Sciences University, Portland, OP 97201 

kterial catheters were implanted in 10 near-term pregnant 
GPs 4-6 days before radionuclide-labeled microspheres (15 pm) 
were injected into the left ventricle to determine CO and its 
distribution (gestation 59-66 days; term 68 days). GPs were 
studied before (C) and 1-2 hrs after (E) exchange transfusion 
(5-16 ml) with donor blood containing 100% COHb. Control (C) 
maternal COHb concentrations were ~1%: experimental (E) 2.3- 
5.2% with fetal 3.8-11.6%. No significant hemodynamic differ- 
ences were observed between C and E groups (X t SD): 

CO (mlamin-I) CO (mlemin-'.kg-'1 MABP (torr) HR (bpm) 

C 296228 (n=8) 282?24 (n=8) 56+6 (n=9) 295232 (n=8) 
E 323263 (n=7) 309248 (n=7) 55+6 (n=9) 279t27 (n=9) 

The % distribution of CO also remained constant (n=8, x + SD): 

Uterus & Kidneys Heart Brain Lungs GI Tract Carcass 
Contents 

c 12.224.2 9.Ok1.7 2.32.5 1.8k.5 9.2k2.1 11.9k1.8 53.525.9 
E 11.224.8 8.822.1 2.32.5 1.82.5 8.922.7 12.421.3 54.925.1 

The results show that no major maternal hemodynamic changes 
or redistribution of CO occurs in response to acute exposure 
to low COHb levels in the near-term CP. (Supported by USPHS 
Training Grant MO7084 and Research Grants HL25731 8 HD10034) 
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CARDIOPULMONARY FUNCTION IN VERY PRETERM LAMBS DURING LIQUID 
VENTILATION. T.H. Shaffer, N. Tran*, E.M. Sivieri*, and V.K. 
Bhutani*. Department of Physiology, Temple University, School 
of Medicine, Phila., Pa. 19140. 

Cardiopulmonary function was evaluated in 5 preterm lambs 
(106 2 0.7SE days gestation, 1.66 2 0.12SE Kg. Birth Wt.) dur- 
ing fluorocarbon (FC-80) ventilation. Lambs were delivered 
by caesarean section following spinal anesthesia. Indwelling 
arterial, venous and tracheal cannulae were placed before 
clamping the cord. Lambs were then mechanically ventilated 
with oxygenated (PI02 = 658 mmHg, PICO2( 5 mmHg) fluorocarbon 
for a duration of 110 + 26 SE min. During liquid ventilation 
it was possible to achieve the following mean ? SE data for 
cardiopulmonary function: Pa02 = 242.5 2 49.4 mmHg; PaC02 = 
30.8 2 1.0; pH = 7.29 + 0.02; Base deficit = 10.9 ? 0.9 meq. 
HC03-; A-a 02 = 415.5 + 50.0 mmHg; mean arterial pressure = 
58 2 14.7 mmHg; central venous pressure = 7.9 + 1.1 mmHg; and 
heart rate = 156 2 20 b/min. Transpulmonary pressure, liquid 
flow and tidal volume tracings in 3 lambs enabled determina- 
tion of lung compliance, CL = 0.58 + 0.12SE ml/cmH20/kg. 
These results demonstrate that it is possible to maintain ade- 
quate gas exchange and stable cardiac function in very preterm 
lambs using fluorocarbon ventilation. Lung compliance of the 
106 day old fluorocarbon-filled lung is similar to the more 
mature 138-143 day old air-filled lung in preterm lambs.(Shaf- 
fer et al, Respiration Physiol., 1976). 

Supported in part by NIH Grant HL 22483. 
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BODY COMPOSITION AND WATER METABOLISM IN TWO SUBSPECIES OF THE 
COTTON RAT, Sigmadon hispidus. Elizabeth Miescher* and Henry 
Prange, Med. Sci. Prog., Indiana Univ., Bloomington, IN 47405 
The subspecies of cotton rat indigenous to Kansas (KSh) pro- 
duce larger litters than those indigenous to Tennessee (Sh). 
We examined the effect of litter size on body composition 
and water turnover. KSh rats were larger than Sh rats but 
the proportion of fat (as measured from tritiated water dilu- 
tion estimates of total body water) was less; however, the 
absolute amount of fat was not different for the 2 subspecies. 
Although KSh rats produced larger litters the wt of the indi- 
vidual pups was not different and the total litter wt as a 
proportion of the maternal wt were similar. The decline in 
fat of the mothers during lactation measured in absolute terms 
was the s8me for the 2 subspecies, but the total wt gain of the 
KSh litters was greater than that of the Sh subspecies. The 
water turnover as a function of body mass of Sh rats was great- 
er than that of KSh rats. However, during lactation the dif- 
ferences between the subspecies disappeared. When compared 
with non-reproductive females, lactation was associated with a 
reduction in body water turnover. Our results suggest that 
I) the larger litter size of KSh rats is a function of mater- 
nal body mass, 2) the food intake of the KSh rats during lac- 
tation is proportionally greater than that of the Sh rats, 3) 
the greater water turnover of Sh rats is possibly a function 
of greater surface area, 4) the reduction in water turnover 
during lactation is greater for the Sh rats and may reflect 
a greater renal concentrating mechanism. 
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METABOLIC AND CARDIOPULMONARY RESPONSES OF GERIATRICWHEELCHAIR 
DEPENDENT AND AMBULATORY PATIENTS DURING LOCOMOTION. C.A, 
Simsen-Harold*, R.M. Glaser, J.S. Petrofsky, D.E. Stanley*, 
S.E. Kahn*, A.G. Suryaprasad*. Wright State Univ. Sch. of 
Med., Dayton, OH 45435 and VA Medical Center, Dayton, OH 45428 

The purpose of this study was to determine the magnitudes 
of metabolic and cardiopulmonary responses of geriatric wheel- 
chair dependent (WD) and ambulatory patients during locomotion 
at their comfortable velocities. For this, 8 WD (x= 62 yr) 
and10ambulatory (x= 58 yr) residents of the VA Medical Center 
were instructed to propel their wheelchairs or walk on a level, 
tiled surface at their preferred velocities. During two sub- 
sequent 5 min tests, subjects were paced at their chosen ve- 
locities and oxygen uptake (VO2), pulmonary ventilation (VE) 
and heart rate (HR) were determined during the final min of 
each t st. 

'i kmehr' ; 
Mean results were as follows: velocity= 2.0, 7.1 

VO2=0.535, 0.814 lmin' ; VE= 19.4, 26.2 l*min' ; 
and HR= 95, 92 bpm during wheelchair locomotion and walking, 
respectively. Although VE and 002 were less for WD individ- 
uals, the HR values were similar suggesting comparable rela- 
tive stress for these forms of locomotion. Considering the 
physical work capacity (PWC) for wheelchair locomotion (arm 
work) is lower than that for walking (leg work), it appears 
that both groups performed at similar % of their PWC. The 37% 
lower velocity for wheelchair locomotion as opposed to walking 
could reduce rehabilitative capabilities. (Supported in part 
by Rehabilitative Engineering R&D Service of the VA and the 
VA Rehabilitation Engineering Center) 
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SELECTIVE ADVANTAGE OF G9MPERT7IAFI AND OTHFR HYPOTHETICAL 
POPULATIONS DISPLAYING SENESCEb!CE. H. R. Hirsch. Dept. of 
Physiology and Biophysics, U. of Kentucky, Lexington, KY 40536 

AGE-RELATED PLASMA ENZYME AND HORMONE RESPONSES TO RESTRAINT. 
Barnett A. Rattner, Sandra D. Michael*, and Paul D. Altland. 
NIH, Bethesda, MD 20205 and SUNY, Binghamton, NY 13901. 

Rates of natural increase, r, of several hypothetical pop- 
ulations are calculated by numerical solution of an integral 
characteristic equation. The r value is used as a measure of 
selective advantage. A population is characterized by its 
longevity function (probability of survival of an individual 
vs. age) and by its maternity rate. Senescence is represented 
by an increase in death rate with age and is reflected in the 
degree of rectangularity of the corresponding lonqevity func- 
tion. The evolutionary consequences of senescence are sepa- 
rated from the effects of simple extension of longevity by 
normalizing the mean of the longevity function. Senescence 
is shown to have selective advantage (a) whether the lonqevity 
function is determined by the Gompertz law or by a power law 
and (b) whether the maternity rate is constant or follows a 
quasi-human function of age. When the parameters of the lon- 
gevity function are selected to approximate human data, the 
shape of the function departs considerably from the rectangu- 
lar form which depicts maximal senescence, but the calculated 
r value closely approaches the limit associated with this 
form. Other results indicate that reproduction early in the 
life of an organism is strongly favored over reproduction late 
in life but is limited by the requirements of its program of 
development. 

Immobilization is a routine laboratory procedure that has 
been extensively utilized as a model for stress in adult 
rodents, y et the physiological consequences of restraint at 
different ages have not been thoroughly investigated. To 
ascertain age-related responses, immature (28-35 day), young 
adult (50-60 and 140-170 day), and middle aged adult (395-425 
day) Sprague-Dawley rats were housed without food and water 
(controls) or lightly restrained without undue compression in 
perforated tubes (n=lO/treatment/age) for 4 h. Body weight 
(BW) and Tre were determined, and then rats were bled by 
cardiac puncture. Factorial ANOVA (control or restraint by 
age) indicated that there was a treatment by age interaction 
(PcO.01) for plasma activities of alanine and aspartate 
aminotransferase, and creatine kinase, which were elevated 
(PcO.05) in only immature and middle aged rats. Restraint 
reduced (P<O.O05) unit BW (g/lOOg), Tre, and plasma lutein- 
izing hormone concentration, and increased (P<O.O03) the 
activities of fructose-diphosphate aldolase, lactate dehydro- 
genase, and corticosterone concentration; these responses were 
of a similar magnitude in all age categories. On the basis 
of these changes in plasma enzyme activities, young adult rats 
(50-60 and 140-170 day) appear to be slightly more tolerant to 
restraint than immature and middle aged rats. This is in con- 
trast to marked age-related differences in tolerance observed 
with other stressors (e.g., hypoxia, temperature extremes). 

EFFECTS OF DISULFIRAM ADMINISTRATION ON REPRODUCI’IVE ACTIVITY 
IN FIWLE RATS. A. A. Krum and P. L. Rayford, Dept. of 
Physiology-Biophysics, Univ. Ark. Med. Sci., Little Rock, 
AR 72205. 

There.is a paucity of data concerning disulfiram ingestion 
by female animals and it is further recommended that pregnant 
women refrain from its use. Daily disulfiram administration 
to adult female rats was investigated for its influence upon 
the estrous cycle, reproductive capability as to the number of 
young born and their birth weight, and growth of the pups 
during lactation. Rats were divided into 3 groups. Group I 
received corn oil (vehicle). Groups II and III received 30 
and 60 mg disulfiram in corn oil, respectively. All treatment 
was via oral intubation into the stomach. Vaginal smears were 
taken daily. Smears from the drug treated animals exhibited a 
preponderance of comified cells and cycles were prolonged. 
The number of full term pregnancies observed was 8 of 8 in 
controls; 7 of 8 at 30 mg; and 5 of 8 at 60 mg. Birth weights 
of all groups were similar and no gross abnormalities were 
noted. The number of young delivered was significantly less 
in rats treated with 60 mg of disulfiram (7.2) when compared 
to controls (11.4). Growth of all the young was linear dur- 
ing lactation, however, slopes of regression lines of treated 
rats were reduced (PcO.01) compared to controls. We conclude 
that in rats disulfiram has a deleterious effect on the re- 
productive cycle, reproductive capability and growth of 
newborn. 
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PHYSIOLOGICAL RESPONSES OF GERIATRIC PATIENTS TO CONVENTIONAL 
AND ARM-CRANK WHEELCHAIR PROPULSION. D.E. Stanley*, R.M. 
Glaser, J.S. Petrofsky, C.A. Simsen-Harold*, S.E. Kahn*, and 
A.G. Suryaprasad*. Wright State Univ. Sch. of Med., Dayton, 
OH 45435-and VA Medical-Center, Dayton, OH 45428 - 

Stresses involved in propelling the handrims of conven- 
tional manual wheelchairs could hinder rehabilitative efforts 
for geriatric patients. The purpose of this study was to de- 
termine the benefits of an arm-crank wheelchair propulsion 
system with respect to locomotive ability of these individuals. 
For this, oxygen uptake (VO2), pulmonary ventilation (VE), and 
heart rate (HR) responses of 5 geriatric VA Medical Center pa- 
tients (X age= 59) were determined during wheelchair locomo- 
tion using conventional handrim propulsion and an arm-crank 
propulsion system. The patients operated both wheelchairs at 
their own "chosen" velocities as determined by an electronic 
speedometer. After 

7 
trials, X chosen velocity was found to 

be 2.2 and 2.8 km-h' ; wher as 7 
S/E was 19.9 and 19.1 l*min' , 

VO2 was 0.564 and 0.562 l*min-l, 
and HR was 96 and 93 bpm for the 

conventional.and arm crank wheelchairs, respectively. The 
equality of V02 for operating these wheelchairs at the chosen 
velocities suggests that this selection was based upon meta- 
bolic demands. The 27% hjgher velocity for the arm crank 
wheelchair and the lower VE and HR values indicate that this 
form of locomotion is more efficient and may improve the re- 
habilitation of geriatric wheelchair-dependent patients. (Sup- 
ported in part by Rehabilitative Engineering R&D Service of 
the VA, and the VA Rehabilitation Engineering Center) 
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GENE EXPRESSION IN AGING RAT LIVER: INVESTIGATION OF 
CHANGES IN THE EXPRESSION OF THE GENE FOR ~471, GLOBULIN WITH 
A CLONED cDNA PROBE. Bandana Chatterjee*, 7: Surend Nath*, 
and Arun K. ROY. Dept. Bio. Sciences, Oakland Univ., 
Rochester, MI 48063: 

Hepatic synthesis of cl2u globulin is under the primary 
inductive influence of the androgen while several growth and 
developmental hormones such as thyroxine, glucocorticoids, 
growth hormone and insulin synergistically influence the 
androgen action. Both prepubertal (~40 days) and senescent 
(>24 mo) male rats do not synthesize F! globulin. In order 
to explore the molecular mechanisms o 
dependent synthesis 

he age and hormone 
of cl2u globulin we have cloned the 

double stranded cDNA for ~12~ mRNA in the plasmid vector 
pBR 322. Examination of the hepatic mRNA from rats of 
various ages with cloned cDNA hybridization and also by 
in vitro translation revealed that age-dependent synthesis of 

zuglobulin closely parallels both the levels of 
translatable a2u mRNA and sequences complementary to the 
cloned cDNA. Analysis of the androgen receptor activity of 
the hepatic tissue showed that androgen insensitivity of 
the prepubertal and senescent male rats is due to an absence 
of the cytosol androgen receptor. From these results it 
can be concluded that age-dependent changes in androgen 
receptor activity may regulate the transcription of c12u 
gene. (Supported by NIH grant AM-14744-10 and 
RCDA K04 AM00141) 

216 
Major Change of Intermediary Metabolism by Behavioral Rest 
States. R. Jevning and A.F. Wilson*, University of California, 
Irvine, CA 92717. 
Present understanding of intermediary metabolism is mostly 
based upon study of "basal", or else of activated, physiologic 
states. We describe profound acute and chronic departure from 
"normal" metabolism during the 'transcendental meditationteoh- 
nique" (TM), a state of decreased activation elicited regular- 
ly by numerous individuals. 
TM subjects, 

Study is complete in 10 long-term 
and in 13 individuals studied prior to learning 

TM, of relative forearm pulsatile blood flow change and arter- 
iovenous difference of 02, C02, and blood lactate content 
change at 15 minute intervals during, and for 30 minutes after, 
45 minutes of practice (TM for the TM group, and ordinary, un- 
stylized rest for the other group). Respiratory quotients 
were calculated using the Fick principle: R=CO2 elimination 
rate + 02 consumption rate = 
(Ca02-Cv02) x blood flow, 

(CvC02-CaC02) x blood flow I 
that is, AV difference of CO2 di- 

vided by AV difference of 02. Significant declines of oxygen 
extraction occurred in both TM and rest subjects during 
practice (32% and 25%, respectively), as reflected in narrowed 
AV difference. Striking decline of CO2 generation occurred 
during TM (95%) and during rest (25%). CO2 generation in TM 
subjects was markedly lower than the rest group throughout the 
study. Mean (+ S.E.) initial R values were .25 + .02 and .75 
+ .03 for TM af;h rest groups, respectively. 
major departure from "normal" 

These data imply 
metabolism due to rest state 

elicitation. (Partial support: NIMH 29791) 
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CELLULAR METABOLITE DISTRIBUTION IN THYROTOXIC PERFUSED RAT 
LIVER EXPOSED TO ETHANOL. Sant P. Singh and Ann K. Snyder,* 
VA Medical Center and Chicago Medical School, North Chicago, 
IL 60064 

Both ethanol (ETOH) and thyroid hormones can influence he- 
patic glucose output in fasted state. In the present study, 
normal and thyrotoxic rat livers were exposed to ETOH during 
perfusion and the levels of intermediary metabolites were meas- 
ured to determine the location of the combined effects of ETOH 
+ thyroxine (T4) on gluconeogenesis from alanine. Rats, 150- 
2009, were rendered thyrotoxic by ip injection of L-T4 (250 
ug/lOOg B.W.) daily X 7. After 24h fast, livers from T4 
treated and control (diluent treated) rats were perfused for 
120 min with recirculating KHB-albumin medium enriched contin- 
uously with alanine. After 60 min perfusion, ETOH was added 
(final concentration 20 mM). In parallel experiments, etha- 
nol was omitted. At the end of perfusion, liver was freeze- 
clamped for determination of gluconeogenic intermediate lev- 
els. Thyrotoxic liver, without ETOH, displayed higher concen- 
trations of oxalacetate, malate, p-enolpyruvate (PEP) and 
3-P-glycerate (3PGA) but lower concentration of pyruvate (P) 
than normal liver. ETOH obscured this crossover point by en- 
hanced formation of triose phosphate from 3PGA. Concentra- 
tion of fructose diphosphate was increased, but levels of 
fructose-6-phosphate and glucose-6-phosphate were comparable 
to corresponding values in euthyroid liver. (Supported by 
the Veterans Administration.) 

217 
CHRYSAORA TOXIN AND SITE SPECIFICITY IN MITOCHON- 
DRIAL RESPIRATION. John Walk* and James Watrous. 
Saint Joseph's University, Philadelphia, PA 19131 

Chrysaora nematocyst toxin, a proteinaceous sub- 
stance isolated from tentacles of the Chesapeake 
Bay sea nettle, affects a variety of membrane asso- 
ciated phenomena, especially those involving cation 
movement. Chrysaora-toxin has been shown to affect 
02 consumption in rat liver mitochondria, but its 
e:act mode of action has not been elucidated. This 
study employed appropriate combinations of sub- 
strates and inhibitors to functionally isolate 
segments of the electron transport chain in intact 
rat liver mitochondria. Chrysaora toxin (SOug/mg 
mitochondrial protein) stimulated 02 consumption 
rates both in the presence and absence of ADP. 
This stimulation was accompanied by a reduction of 
the acceptor control ratio. The P/O ratios were 
also diminished, but to a lesser extent. The 
observed increases in respiration occurred regard- 
less of substrate used (glutamate/malate; B-hydroxy 
butyrate; succinate/rotenone). These data suggest 
that the mode of action of Chrysaora toxin more 
closely resembles an uncoupler rather than a res- 
piratory chain inhibitor. Supported in part by 
NSF grant SPI-7926889. 

219 
METABOLISM MEASUREMENT IN AN OPEN CIRCUIT SYSTEM - MATERIAL 
BALANCE ANALYSIS. Trudy Abrams* and Paul Webb. Webb 
Associates, Yellow Springs, Ohio 45387. 

We have used the principles of mass balance to construct 
a mathematical model of our open circuit Metabolic Rate 
System which identifies requisite parameters and possible 
sources of error in the system. The model has been in- 
corporated into a computer program which accepts as its 
input ambient conditions of temperature, humidity, and 
pressure; total air flow per minute; and projected physio- 
logical conditions of VO 
aim is to determine a A 002 while any one of the inputs 3 

, RQ, and ventilator-y ratio. The 

varies, and to construct a plot with the varying input as 
the independent variable and the h%02 as the dependent 
variable. The program accomplishes this by doing a repeti- 
tive material balance on the components of each of four gas 
flow streams: room air pulled through a face mask; room air 
inhaled; exhaled air; and the main air stream containing 
respiratory products diluted by room air. The model bridges 
the gap between what the analyzers actually measure - changes 
in partial pressures of gases - and what we really want to- 
measure, v02 and vc02* It also shows the effect of each 
variable Involved in bridging the gap, which is the basis 
for fmproving measurements and calibrating the system. 
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INCREASEDLEVELSOFENERGYEXCHANGE INWOMEN 
AFTEROVULATION. Paul Webb. Webb Associates, 
Yellow Springs, Ohio 45387. 

We measure energy exchange by continuous direct 
calorimetry and continuous indirect calorimetry (metabolisrr$ 
for 36 to 46 hours. Our direct calorimeter is a heavily insu- 
lated suit with a cooling network of water-filled tubing next 
to the skin. Metabolism is measured with an open circuit 
system employing a ventilated full'face mask. Conditions 
for this study were standardized in a "quiet day" of seden- 
tary activity,including reading, watching TV, and conversa- 
tion, with regular meals and 8 hours of sleep in bed at night. 
We measured energy exchange in 10 womenintheir 20's, 
40's,and 50's, either weekly for 4-6 weeks or 4 to 8 times 
sporadically. Eight women were menstruating, one was a 
castrate, one postmenopausal. Time of ovulation was 
determined from the succeeding onset of menses, plus urina 
pregnanedioland early morning temperature data in some 
subjects. Both heat loss and metabolism we re higher follow- 
ing ovulation, by up to 15% of the preovulato ry levels. Also, 
body temperature (rectal site) ran higher postovulation. The 
two non-ovulating women showed no change in energy or 
temperature levels. One menstruating young woman taking a 
birth control pill showed no change in levels. 

rY 
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EFFECT OF FASTING, FATTY ACIDS AND WORK ON CARNITINE TRANSPORT 
IN ISOLATED PERFUSED RAT HEARTS. Thomas C. Vary and James R. 
Neely . Department of Physiology, Penn State University, 
Hershey, PA 17033 

The maintenance of intracellular myocardial carnitine may 
depend upon uptake from the blood. At physiological serum 
carnitine concentrations, 85% of the total carnitine uptake 
appears to occur via a carrier-mediated transport system. 
However, factors which regulate this uptake process have not 
been elucidated. Uptake was studied in rat hearts perfused 
with Krebs-Henseleit buffer supplemented with 40 yM 14C-L- 
carnitine and either 11 mM glucose or 1.2 mM palmitate. Fast- 
ing resulted in a 2.5 fold increase in tissue level of long 
chain acyl carnitine, but did not alter the rate of carnitine 
transport. Hence, large variations in intracellular carni- 
tine and free carnitine had no effect on uptake of extra- 
cellular carnitine. At low work, addition of 1.2 mM palmitate 
increased carnitine transport by 50%. With 11 mM glucose as 
substrate, increasing the perfusion pressure to 140 mm Hg did 
not increase carnitine transport. However, high work+l.2 mM 
palmitate stimulated transport 70% over the glucose perfused 
hearts. Thus, the rate of carnitine transport was enhanced by 
fatty acids in the perfusate at both work levels. Futhermore, 
when fatty acid uptake was stimulated by high work, carnitine 
uptake was further stimulated. These results suggest that 
carnitine transport may be coupled to fatty acid utilization. 
(Supported by grant #HL-13028). 

224 225 
INFLUENCE OF INSULIN ON AORTIC ENDOTHELIAL (EC) AND SMOOTH 
MUSCLE CELL (SMC) HISTAMINE METABOLISM IN EXPERIMENTAL 
DIABETES. Jeffrey C. Yost* and Theodore M. Hollis. Pennsyl- 
vania State University, University Park, Pa. 16802. 

EFFECTS OF CELLULAR VIABILITY ON INSULIN BINDING AND 
DEGRADATION IN CULTURED HUMAN FIBROBLASTS. R.L. Clark*, 
D.M. Mott*, and B.V. Howard* (SPON: R.J. Hansen). Phoenix 
Clinical Research Section, NIAMDD, NIH, Phoenix, AZ 85016. 

Previously we have shown that both EC and SMC histamine 
synthesis, mediated by histidine decarboxylase (HD), is in- 
creased under a variety of atherogenic stresses including 
diabetes mellitus. Studies have also shown that this effect 
is completely reversible with exogenous insulin administration 
The prksent study has been undertaken to determine if aortic 
histamine synthesis, mediated via HD, is modulated by insulin, 
i.e., is dose dependent, under conditions of streptoiotocin 
diabetes. Animals were held for 21 days, followed by insulin 
administration (either 0, 2, 4, or 6 U/24 hr) for 6 additional 
days. With respect to control, both EC and SMC HD activities 
were significantly elevated in aortas from untreated diabetic 
animals. High doses of insulin reduced HD activity to near 
control values; intermediate insulin doses were associated 
with intermediate alterations in HI&dependent histamine 
synthesis. Results suggest that histamine metabolism within 
the aortic wall may be insulin-dependent under conditions of 
experimental diabetes. Based on a potential role of histamine 
as a modulator of aortic transmural macromolecule uptake, 
these results suggest that insulin may be important in modulat- 
ing atherosclerosis severity in diabetes through its potential 
to regulate aortic histamine metabolism. (Supported by USPHS. 
NIH Grant HL #20460) 

During studies of insulin binding (IB) and degradation (ID) 
marked differences in IB and ID were found between cells har- 
vested by treatment of the monolayer with .05% EDTA (EH) vs 
.05% trypsin plus .02% EDTA (TH) though a positive correlation 
(pc.05) was found between cell-mediated insulin degradation 
and the obesity of the donor. EH cells as compared toTH cells 
exhibited an increase in the concentration of unlabeled insu- 
lin (3.37 vs 28.6 rig/ml; @<.OOl) necessary to displace $ of 
the bound 125-I-insulin, an increase in the high affinity KD 
(6.16 vs 24.3 x 10-l' M, p<.OOl), greater nonspecific binding, 
an increase in R, (2.52 vs 1.14 x 10' sites/cell; p<O.OOl), and 
greater insulin degrading activity (626 vs 120 fmoles/106 
cells/4h; pc.02). Treatment of EH cells with trypsin or TH 
cells with EDTA had no effect on insulin degrading activity. 
EH cells were less viable, and reduced viability was positive- 
ly correlated with ID (p<.OO2), nonspecific binding (p<.OOO2) 
and KD (pc.002). Positive correlations of nonspecific binding 
with KD (pc.003) and with insulin degrading activity (pc.001) 
were also found. These data suggest that insulin degradation 
has marked effects on insulin binding characteristics. In 
addition the possible relationship between insulin degrading 
activity and donor obesity must be conducted under more care- 
fully controlled conditions. 

221 
DIETARY INDUCED HYPERCHOLESTEROLEMIA AND ATHEROSCLEROSIS IN 
BROOK TROUT (Salvelinus fontinalis). A.P. Farrell* and B.I. 
Munt* SPON:(W.R. Driedzic). Mount Allison University, 
Sackville, N. B., Canada. EOA 3C0. 

Hypercholesterolemia was induced in 2 year old fresh water 
trout by supplementing their normal hatchery diet with 0.05 g 
/day cholesterol. Control fish (n = 3) on a normal hatchery 
diet had an average serum cholesterol level of 165 f 45 mg. 
dL-1 over the 14 week experimental period, compared to 383 t 
45 mg.dL-1 in the cholesterol supplemented fish (n = 3). The 
fish were sacrificed at the end of 14 weeks and the coronary 
arteries were histologically examined for atheromatous lesion 
formation. A low percenta e 
sections examined (n = 200 3 

(7.7 ? 2.5%) of the arterial 
in the control fish contained an 

early form of a lesion, while the remainder appeared normal. 
In contrast, of the 200 arterial sections examined from the 
cholesterol fed fish almost half of them (48.5 2 4.6%) had 
lesion sites. In addition, severe lesion activity, i.e. 
ulceration or very extensive medial thickening, was seen in 
3.0 2 1.2%. These results are consistent with hypercholest- 
erolemia promoting atherosclerosis in coronary arteries of 
fresh water trout. Since the time course of these patholog- 
ical changes was relatively short (14 weeks) and the dietary 
changes were simple, the trout should be considered as a 
good experimental animal for future atherosclerosis research. 
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HISTAMINE METABOLISM AND ITS POTENTIAL REGULATION IN BOVINE 
AORTIC ENDOTHELIAL CELLS. Alicia Orlidge* and Theodore M. 
Hollis. Penn State Univ.. University Park, Pa. 16802. 
Endothelial cell (EC) histamine mktabolism was examined in 
vitro for purposes of characterizing histamine synthesis, ca- 
tabolism, and substances influencing these events. The ra- 
tionale is based on previous in vivo work implicating EC his- 
tamine synthesis in early phases of atherogenesis and in exper- 
imental diabetes. A linear relationship exists between extra- 
cellular histidine concentration and EC histidine decarboxyl- 
ase .(HD) activity. 3H-histidine uptake is saturable by 60 
min; the Km is 4.0 PM, with a Vmax of 400pM/106 cells/l5 min. 
Insulin (1 U/ml,O.l U/ml) increases histidine uptake while 
reducing both HD and histamine methyltransferase (HMT) activi- 
ty. a-hydrazinohistidine (aHH) depresses histidine uptake 
while significantly inhibiting both HD and HMT activities; 
glucose (300 mg/dl) reduces HD activity but has little effect 
on histidine uptake and HMT activity. Incubating aHH with 
all the above results in further decreases in HD and HMT acti- 
vities and substrate uptake. EC histamine is associated with 
altered large vessel permeability to circulating macromolecules 
during atherogenesis. Accordingly, the ability of both insulin 
and ClHH to independently reverse all measured alterations in 
histamine metabolism seen in both atherogenesis and experi- 
mental diabetes suggests that artery wall histamine metabolism 
represents an important component of the atherogenicity of 
diabetes. (Supported by the American Health Assistance 
Foundation). 
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EFFECT OF PROTEIN SYNTHESIS INHIBITION ON REVERSAL OF TRYPSIK- 
ENHANCED SUGAR TRANSPORT IN MUSCLE. S.M. Garthwaite+: and J.O. 
Holloszy. Washington University School of Medicine, Department 
of Preventive Medicine, St. Louis, Missouri 63110 

FAILURE OF SOMATOSTATIN TO MODIFY THE EFFECT OF GLUCAGON ON 
CARBOHYDRATE METABOLISM IN THE CONSCIOUS DOG. KE Steinefl. 
WW Lacy, PE Williams* and AD Cherrington. Depts. of 
l%ysiol. and Medicine. Vanderbilt Univ.. Nashville. TN 37232 

Somatostatin (S) is widely used to inhibit insulin (I) and 
glucagon (G) release in studies of metabolic regulation in 
vi vo. To determine whether the peptide can directly modify 

themetabolic effects of glucagon in overnight fasted con- 
scious dogs G was increased in the presence (+S) and absence 
1-S) of soinatostatin. Either S (0.8 ug/kg-min) or a two 
stage pancreatectoqy was used to inhibit the endocrine pan- 
creas and at the same time replacement infusions of I (290 
VU/kg-min) and G (0.65 rig/kg-min) were given. Following a 
40 min control period the plasma glucagon level was raised 4 
fold in the presence of a fixed basal insulin. Plasma I in 
both groups were similar (12+2 (+S) and 9+1 1-S) VU/ml). G 
rose from 64+11 to 225+19 an3 92+11 to 21920 pg/ml in the 

+S and -S gr<ups respe?tively. Tracer detzrmined t3H-3- 
glucose) glucose production rose by 5.28+1.02 (+S) and 4.25+ 
1.12 t-S) mg/kg-min at 15 min and fell sfmilarly over 3h in- 
both groups. Plasma glucose rose similarly in both groups 
peaking at 195+15 (+S) and 174+8 1-S) mg/dl. Plasma alanine 
fell similarlyytver 3h (133~3G(+S) and 138~42 l-S) umol/mL). 
Conversion of C alanine to glucose rose progres- 
sively over 3h in both 
210+58 (+S) and 148+48 9 

roups eventually being elevated by 
-S) percent. We conclude that in the 

Trypsin enhances the rate of sugar penetration into muscle. 
This effect may be mediated either by an effect on the insulin 
receptor or by a direct effect on the membrane and/or the 
sugar carrier. Incubation of isolated frog sartorius muscle 
in trypsin (2 ug/ml) resulted in a significant increase in 
permeability of the muscle to 3-0-methylglucose (3MG). Trypsin 
did not increase muscle permeability to the mannitol which was 
used as an extracellular space marker. After washing and 
incubation in medium containing glucose and trypsin inhibitor, 
trypsinized muscles regained the control rate of 3MG trans- 
port. The addition of the protein synthesis inhibitor cyclo- 
heximide, 0.5 mM, to the recovery medium did not block the 
return of transport to the baseline level. We previously 
reported a similar finding in insulinized muscles, whereas 
we found that when sugar transport rates are elevated by 
stimulation of muscle contraction, inhibition of protein 
synthesis prevents recovery. We conclude that the increases 
of sugar transport brought about by trypsin and by stimula- 
tion of muscle contraction are mediated by different 
mechanisms. 
(Supported by NIH R 

AMO 6121) 
esearch Grant AM 18986 and by NIH NRSA 
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NT-METHYLHISTIDINE EXCRETION AND MUSCLE PROTEIN TURNOVER IN 
BEEF CATTLE STEERS IN VIVO. R. Gopinath* and W.D. Kit&* -- 
(Span: C.F. Cramer)Univ. of B.C., Vancouver, Canada V6T 2A2 

The urinary excretion of N T-Methylhistidine (NT-MH) was 
studied quantitatively in 8 beef steers to measure muscle 
protein degradation (MPD) at different stages of growth.The 
steers used in this study were part of an experiment wherein 
the effects of estrogenic anabolic compounds were investi- 
gated.The amount of MPD and fractional rate of muscle protein 
breakdown (FBR) were calculated from 24h urinary NT-MH excre- 
tion.The amount of muscle protein synthesized (MPS) was esti- 
mated as the difference between MPD and the amount of muscle 
protein gained per day.Regardless of the treatment given the 
mean NT-MH excretion on 28, 42, 56 and 63 days of the study 
was 1551.4 + 111, 1847.7 + 147, 2347.3 + 200 and 2055.9 + 102 - - - 
pmol/day, - respectively.Both MPD and FBR were found to increase 
in proportion with body weight of the steers up to day 56 of 
the study.Mean MPD, MPS and FBR values were 567.4 + 25 g/day, 
645 + 28 g/day and 1.79 + O.O7%/day, respectively, over the 
entire experimental period.Daily NT-Ml-l excretion and MPD 
values were higher in steers implanted with anabolic compounds 
than in unimplanted controls.There was also a high positive 
correlation (r = .9842 ) between muscle protein synthesis and 
degradation.Considering the high growth response and MPD it is 
concluded that in rapidly growing beef steers implanted with 
estrogenic anabolic compounds, the increase in body weight is 
a reflection of rapid muscle protein turnover. (Supported by 
NSERC A0132). 
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COLLAGE24 TYPESIMILARITI%S IN DUPUYTRWS DISEASEAND HEALING - --- 
TEND(M, ~enr-y Brown, H.Paul Ehrlich*, Kurt C. LangW and 
Paul M. Neubernes. Harvard Univ. and MIT, Boston M 02215 

One etiology of DupuytrenQ Disease has been tram, to 
wit, Dupuytre6 1833 description of the disease in the coach- 
man from tz%uma from the reins or the wine merchant from lift- 
ing wine caska. Iftrue,collagentypes of diseasedpalmarfa~ 
scia would be expected to have sM.larities to collagen type6 
from other tram, aa for example healing tendons. To test 
this hypothesis, collagen patterns from Dupuylxen's Di8ease 
were compared with those of healing rodent gastrocnemius ten- 
don, our laboratory model for studying healing tendon. Pabar 
fascia from 8even patient8 with Dupuyken's Disease ua8 role- 
bilioed by peptic digestion, fractionated with 1.0 and 2.2M 
sodium chloride and oollagen type8 were determined quantita- 
tivelyby denrritometry of 8bixmd band8 from sodium dodecylsul- 
fate polyacrylamide gel electrophore8i.s. Type8 I, III and V 
or AB colhgens as well as type 1 triRer were i8olated, the 
latter three types being in greater concentratims that aon- 
trols. Similar fractionaticm of aollagen fromhealing rodmt 
gastrocneraius tendm indicated a similar pattern l0 and 20 days 
after uuture repair. The pattern has characteristics of hyperc 
trophic scar as well. From these studies, it i8 concluded that 
the collagen pattern in Dupuytren~s DiS8888, by comparing it 
to healing tendon is consistent with trauma aa an &iolOgy. 
(Supported in partbyaGrantfromthe~eric~ Society for 
Surgery of the Hand.) 

dog-S does not alter glucagon's effect on carbohydrate 
metabolism. (Supported by NIH grant AM 18243-06) 
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QUANTITATION OF DANSYLATED AMINO ACIDS FROM BRAIN AND SERUM 
USING HIGH PERFORMANCE LIOUID CHROMATOGRAPHY (HPLC). V.T. 
Wiedmeier, S.P. Forterfield and C.E. Hendrich. Dept. of 
Physiology, Medical College of Georgia, Augusta, GA 30912. 

The development and refinement of HPLC has led to consider- 
able interest in using this technique for the separation of 
amino acids since it is less costly and faster than the 
amino acid analyzer. We have developed a technique which - 

th entails precolumn derivitization of these compounds wi 
dansyl chloride (S-dimethylaminonapthalene-1-sulfonyl - 
chloride 1, separation on a C-18 reverse phase column using 
gradient el ution and quantitation of peaks wi th a flourome ter 
and integrating recorder. Protein free extracts of either 
brain or serum (0.1 ml) were buffered with sodium bicarbonate 
and the pH adjusted to 8.5. Dansyl chloride in acetone (6 
mg/ml) was added (0.1 ml) and the samples incubated overnight. 
Water (0.8 ml) was then added and an aliquot chromatographed 
along with an internal standard. The mobile phase consisted 
of 95% 9 mm acetate buffer (pH 4.15)-S% tetrahydrofuran in 
pump "A" and 90% acetonitrile-10% tetrahydrofuran in pump 
nB". The gradient (2 stages) was developed over 60 min. 
and the time from beginning the gradient to completion of 
regeneration of the column was 70 min. The relative retention 
times are : TAU<ASN<GLN<SER<ASP<HYPRO<GLU<THR<GLY<ALA<ARG<y 
ABA<MET<PRO<VAL<PHE<TRP<LEU<ILE<LYS<TYR<HIS. This method 
offers a rapid and economical means of measuring the above 
amino acids in biological tissues and fluids. Supported by 
NIH Grant #ROl HD11411 and Eagles Max Baer Heart Fund. 
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DIFFERENTIAL ACTIONS OF BRANCHED-CHAIN AMINO ACIDS ON PROTEO- 
LYSIS BY MUSCLE FROM BURNED BATS. R.E.Shangraw and J.Turinsky. 
Dept. Physiol., Albany Medical College, Albany, NY 12208 

A 3-second scald on one hind limb-stimulates protein turn- 
over in muscle underlying the wound without affecting the 
contralateral unburned limb muscle of rats. Since it has been 
asserted that branched-chain amino acids act to reduce net 
proteolysis in muscle, soleus muscles from rats burned on one 
hind limb and from uninjured controls were incubated in KRB 
with or without 2 mM leucine, isoleucine or valine. In the 
absence of branched-chain amino acids, muscles from the burned 
limb released 103% more alanine and 131% more tyrosine than 
controls (p<O.OOl). Muscles from the unburned limb of burned 
rats, however, did not differ from controls. All three branch- 
ed-chain amino acids independently stimulated alanine release 
in controls about 45% (p<O.OOl) but did not alter the release 
by either muscle of burned animals. Control muscle release of 
tyrosine, an index of net proteolysis, was not changed by 
inclusion of any branched-chain amino acid. Leucine and valine 
also had no effect on muscles from burned animals. In contrast, 
isoleucine stimulated tyrosine release by burned and unburned 
limb muscles 19% and 28% (p<O.O4), resp. These results show 
that muscles from injured animals respond to branched-chain 
amino acids differently than those from controls. In addition, 
they demonstrate that the influence of isoleucine is quite 
distinct from that of either leucine or valine in that it 
appears to exacerbate the already accelerated net proteolysis 
in injured muscle. (Supported by USPHS Grant GM-22825) 
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NITROGEN (N) AND ZINC (Zn) BALANCES OF TRAUMA AND CONTROL RATS 
ON TOTAL PARENTERAL NUTRITION (TPN). Augusta Askari,* 
Ronald H. Birkhahn, Calvin L. Long,* J. Daniel Kramer*, 
Medical College of Ohio, Toledo 43699 

ZINC (Zn) AND NITROGEN (N) BALANCES OF RATS ON ROUTINE OR 
EXPERIMENTAL INTRAVENOUS (iv) NUTRITION OR STARVATION. Ronald 
H. Birkhahn, Augusta Askari,* Calvin L. Long,* David Fitkin,* 
J. Daniel Kramer,* Medical College of Ohio, Toledo, 43699 

It is reported that skeletal trauma increases urinary N 
and Zn losses. TPN alone provides for a more positive N 
balance; however, it causes a greater loss of urinary Zn. 
This research was undertaken to evaluate the effects of both 
skeletal trauma and TPN upon whole-body N and Zn metabolic 
balances. Male Sprague-Dawley rats weighing 170 + 2.5 g were 
anesthetized with 10 mg ketamine-HCl/lOOg body weight, fitted 
with a back button, and cannulated for intravenous feeding. 
Of these, 16 rats were designated as controls and 17 rats, 
while still under anesthesia, were additionally traumatized by 
having both femurs broken through digital manipulation. All 
animals were then given the same volume of unsupplemented TPN 
daily over 7 days. The mean + SEM balances on day after 
injury were 45.4 + 12.6 mg N and -6.7 t 1.2 ug Zn for 
controls; 21.4 + 14.2 mg N and -9.8 + 1.3 ug Zn for trauma 
rats. The means over the 7 day study were 136.5 5 15.8 mg N 
and -3.8 + 0.7 ug Zn for controls; 107.0 2 16.6 mg N and 
-10.2 + 1.1 ug Zn for trauma rats. Mean weight gains by day 7 
were 4.1 g for controls and 0.9 g for trauma rats. While both 
groups of rats did grow, about 22% less N and about 11% less 
Zn were retained by the trauma rats. Thus, trauma elicits 
greater N and Zn losses than are necessitated by TPN alone. 
(Supported by USPHS. NIH Grant No GM23065.) 

234 
EXTRARENAL BUFFERING DURING DIABETIC KETOACIDOSIS. 

John A. Bettice, Physiology Department, School of Medicine, 
Case Western Reserve University, Cleveland,OH 44106. 

Each experimental rat was given a single intraperitoneal 
injection of 100 or 150 mg Streptozotocin per kilogram body 
weight and sacrificed one,two,three or four days thereafter. 
Control rats were the same age as the experimental animals. 
Both groups were allowed free access to rat chow and water. 
Following the onset of ketonuria, plasma pH, Pco2 and [HCO;] 
fell progressively with time. Plasma sodium concentration 
remained at control levels when plasma [HCO;] > lOmEq/l, but 
fell sharply at lower plasma [HCO-]. 

i! 
Plasma potassium con- 

centration was stable at control evels during ketoacidosis. 
Skeletal carbon dioxide, sodium and potassium concentrations 
declined from control levels; the skeletal content of these 
electrolytes was directly related to the plasma total carbon 
dioxide content during diabetic ketoacidosis. The bicarbon- 
ate stores of bone were the primary source of the carbon di- 
oxide released from bone. Skeletal muscle intracellular pH 
fell progressively along with plasma pH; whereas no intra- 
cellular acidosis occured in the heart until plasma [HCO-] 
was less than 10 mEq/liter. Thus, it is apparent that bo h 2 
bone and skeletal muscle act as extrarenal buffers during 
diabetic ketoacidosis. (Supported by a Young Investigator 
Award from the National Heart, Lung and Blood Institute HL- 
19601). 

Studies in man on diverse clinical diets show changes in Zn 
and N balances. It is desirable to quantify analogous changes 
in a rat model for further research in trace element balance 
and kinetic studies following trauma. N (but not Zn) balances 
of rats on iv intakes have been reported. To explore whole- 
body Zn-N metabolism, 82 male Sprague-Dawley rats weighing 
337.158.8g were anesthetized, fitted with back button, 
cannulated for iv feeding. Rats were in 6 groups: group 1 
starved, group 2 got total parenteral nutrition (TPN), groups 
3-6 had iv hypocaloric diets. Intake and output were monitored 
for 24 hr periods over 7.5 days/rat. Ranges of Zn and N in 
intake were O-24.6 ug Zn/day, O-372 mg N/day; output had 7-18 
ug Zn/day, 180-405 mg N/day. Zn was in intake by contamina- 
tion. N was analyzed by Microkjeldahl; Zn, by atomic absorp- 
tion. Daily mean+SEM ug Zn and mg N balances were, respective- 
ly, -11.122.2 and +93.7+18.1 for TPN, +14.2+1.2 and -207.8+8.3 
for 5% amino acids, +4.2+1.0 and -247.9+19.2 for 5% glucose, 
-11.222.0 and -186.5212.X for 5% monobutyrin, +78.422.8 and 
-178.5210.6 for 5% monoacetoacetin, -6.7+0.7 and -198.4+20.3 
for starvation. TPN gave the most positive N balance, but also 
large negative Zn balances. Further studies will determine how 
much Zn supplementation and in what ratio to N will give 
optimal balances for both Zn and N. (Supported by USPHS. 
NIH GM 26872, GM 23065.) 
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PHOSPHOLIPASE A2 IN ALBUMIN INDUCES THE ACROSOME REACTION IN 
VITRO OF GUINEA PIG SPERM. Crystal L. Singleton* and GaryT. 
Killian* (SPON: R.T. Heath). Kent State Univ., Kent, OH 44242 
Tne serum albumin (BSA) is a common component of media 
used to capacitate sperm and induce the acrosome reaction (AR) 
in vitro. The present study was undertaken to determine if 
phospholipase A2 in BSA affects the induction of the AR in 
vitro. Cauda epididymal sperm, obtained by backflushing,were 
incubated in an AR-inducing medium containing 0.1% BSA. After 
6 hr, 54% of the sperm underwent the AR and 52% were motile. 
In medium lacking BSA, only 19% of the sperm underwent the AR 
and 53% were motile. When phospholipase A2 was added to medium 
lacking BSA, at levels similar to that detected in BSA, 53% of 
the sperm underwent the AR and 36% were motile. Inhibition of 
phospholipase A activity with p-bromophenacyl bromide in medium 
with BSA significantly reduced sperm AR to 34% with 48% motil- 
ity. However, the dimethyl sulfoxide solvent for the inhibitor 
had no effect on sperm AR or motility. Further studies with 
14C-phosphatidylcholine confirmed work of others that sperm 
phospholipase activity increases with incubation time and AR. 
Corresponding to a 4-6 fold increase in sperm AR from 2 hr to 
6 hr incubation, 14C-phosphatidylcholine degradation per hr to 
14C-glycerolphosphorylcholine and 14C-phosphorylcholine was 2-5 
fold greater for the last 2 hr of the 6 hr incubation than that 
degraded for the first 2 hr. These findings suggest that 
phospholi?ase A associated with BSA may contribute to the 
induction of the AR in vitro by mimicking sperm phospholipase. -- 
(Supported by NIH grant HD 13422) 
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FEMORAL BLOOD FLOW AUTOREGULATION IN DEVELOPING SWINE. 
Nancy M. Buckley, Paul Brazeau* and Isaac D. Frasier*. Albert 
Einstein College of Medicine, New York. NY 10461. 

Pressure-flow relationships (P/F) in-the femoral circula- 
tion were determined in 20 swine aged 2-4 days and 1, 2 and 4 

weeks, under pentobarbital anesthesia. Aortic and inferior 
vena caval pressures and femoral arterial flow were recorded. 
Blood gas composition, pH and Hct were monitored. The P/F 
was first determined while perfusion P was decreased (for 2 
min at each P) by abdominal aortic occlusion. Next the left 
lumbar nerve was isolated and the left femoral artery was 
cannulated for in situ perfusion of the hindlimb with blood m- 
withdrawn from a carotid artery by pump. The P/F was then 
determined by changing pump F (for 2 min at each F) while 
recording perfusion P. Records were analyzed for transient 
(3 set) and steady state (2 min) changes. 
as 2 days of age, 

In swine as young 
readjustments in femoral resistance (R) 

were stabilized within 2 min after changing P or F. Normal- 
ized graphs of steady state data showed a "plateau" in the 
P/F even in these youngest animals. At each age, denervation 
by lumbar nerve section always lowered femoral R. Infusion 
of vasoactive substances (norepinephrine, 0.2 pg/kg/min; 
acetylcholine, 16 pg/kg/min) did not prevent the autoregula- 
tory response to changing F. We conclude that femoral blood 
flow autoregulation is active in swine within the first few 
days after birth. (Supported by USPHS, NIH grant 21865.) 

237 
CHANGES IN FETAL CARDIAC FUNCTION FOLLOWING HEXAMETHONIUM, 
METHOXAMINE OR ISOPROTERENOL. R. D. Gilbert, Loma Linda School 
of Medicine, Lima Linda, CA 92354. 

To better understand fetal cardiac function, I measured 
cardiac output and vascular pressures following baroreceptor 
blockade (hexamethonium), 8 receptor stimulation (isoproter- 
enol) and increases in arterial pressure (methoxamine) in 17 
chronically catheterized lambs. Cardiac output (Qco) was 
related to-right atria1 pressure (Pra>, 

-- 
varied by changes in 

blood volume. The average control Qco and Pra (X) place the 
fetal heart on the plateau of the normal cardiac function 
curve (cant). Hexamethonium (hex) did not change the shape or 
position of the normal cardiac function curve, though arterial 
pressure (Pa> increased from 42 to 55 mmHg at high Pra. Meth- 
oxamine (meth), which increased Pa (54 to 67 mmHg), depressed 
cardiac function significantly, 9o07 
Isoproterenol (isoprot), whichs, 
stimulated the heart but kept 5 ---i 

i=pro_t / 
Pa within a normal range (45 -. . - . 
57 mmHg), increased cardiac / . . 
function. Therefore, barore- . . 
ceptors do not depress car- 

2 600 
- 

/ . %L 

!  

/ 
disc function during volume 
loading, but increases in Pa 8 ,G cant 

do. Cardiac function will / I--‘-' 
increase if the heart is sti- 300 /' r-l&h 
mulated. as with isoprotere- 
nol, but Pa does not rise. 4 10 
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r- 
PRESERVATION OF CEREBRAL AUTOREGULATION IN THE 

I 
UNANESTHETIZED HYPEROXIC AND HYPOXIC NEWBORN DOG 

D.J. Camp, U.R. Kotagal, L.I. Kleinman, U. Cincinnati 
Colleae of Medicine. Deoartment of Pediatrics 

In ai attempt to study'regulation of cerebral blood flow in 
the neonatal animal, cerebral blood flow (CBF) was measured in 
6 hyperoxic (HE) and 6 hypoxic (HO) awake newborn puppies using. 
radioactive microspheres. In the HE group Pa02 was maintained 
above 250 torr with 100% 0 and in the HO group Pa02 was 
maintained at 35.8 torr f $ .O SEM by continuous administration 
of 12% 02. PaC02 was constant during each period for all 
animals. Following control measurements (period I), puppies 
were made hypotensive (period II) by withdrawing 15-25 ml/kg of 
blood in the HE group and 20-60 ml/kg in the HO group. In the 
HE group during period II, BP fell 20.5% f 2.8* and cardiac 
output (CO) decreased 20.9% 2 5.7" while CBF flow was unchanged 
(31.37 f 3.76 and 32.69 f 5.90 ml/lOOg/min in periods I and II 
respectively). When HO animals were made hypotensive, BP fell 
30.1% f 3.2* and CO decreased by 55.3% f 6.9* while CBF flow 
was unchanged (49.37 f 3.23 and 48.74 f 4.19 ml/lOOg/min in 
period I and II respectively). The fraction of cardiac output 
to the cerebrum increased from 2.8% it 0.4 to 3.8% f 0.8" in the 
HE animals and from 2.8% + 0.5 to 6.1% f 0.7" in the HO group 
during hypotension. Thus, in the presence of decreased mean 
blood pressure and cardiac output in both HE and HO neonatal 
puppies, CBF is maintained demonstrating the presence of 
cerebral autoregulation. 
* p < 0.05 

240 241 
STROKE VOLUME WITH POSITIVE PRESSURE VENTILATION IN 
PREMATURE INFANTS USING SYSTOLIC TIME INTERVALS M.D. Rellerf 
U.R. Kotagal: R.A. Meyer: S. Kaplan:University of Cincinnati 
College of Medicine (Spon. L.I. Kleinman) 

Twenty premature infants were investigated utilizing 
systolic time intervals (STI) obtaiqed by echocardiography. 
Cardiac cycles occurring during expirbtion were compared to 
cycles that occurred during peak inspiration. In six infants 
breathing spontaneously, the mean left ventricular pr& 
ejection period (LPEP) increased by 6.8% from 59.9 msec to 
64.0 msec (p<.Ol) while the mean left ventricular ejection 
time (LVET) decreased by 3.1% from 180.1 msec to 174.6 msec 
(p<.Ol). In 14 other infants requiring positive pressure 
ventilation for respiratory distress, the mean LPEP decreased 
by 3.3% from 60.2 msec to 58.2 msec (p<.Ol) while the mean 
LVET increased by 2.8% from 160.8 msec to 165.3 msec (p<.Ol) 
at peak positive pressure inspiration. The increase in LPEP 
and decrease in LVET in the infants breathing spontaneously, 
represents a decrease in left ventricular stroke volume at 
peak inspiration. The decrease in LPEP and increase in LVET 
in the infants on mechanical ventilation is consistent with 
enhanced left ventricular stroke output during peak positive 
pressure inspiration. 

RAPID ALKALI INFUSION IN HYPOXIC NEWBORN DOGS U.R. Kotagal? 
U. of Cincinnati College of Medicine (Spon. L.I. Kleinman) 

Rapid infusions of alkali are used in hypoxic newborn 
infants primarily as a plasma buffer and are implicated in 
intracranial hemorrhage. NaHC03 may also work by improving 
cardiac output (CO) and oxygen delivery to the tissues. The 
cardiovascular effects of rapid NaHC03 infusion (2meq/kg 
diluted 1:l in D5W over 3-5') were studied in 9 awake hypoxic 
newborn dogs using radioactive microspheres; 4 control hypoxic 
animals received 4ml/kg of D5W over 3-5'. Puppies in both 
groups were made hypoxic by decreasing the Fi02 to .12 
beginning 30 min prior to baseline measurement and continuing 
15 min post NaHC03 or D5W infusion. Control animals 
demonstrated no significant change in any of the parameters 
measured. 

PH PC02 PO2 HC03 BP CO 
Hypoxic 7.42 26.9 32.0 17.42 63 277 
2' post 7.49* 24.3 33.8 22.3* 58 331* 
NaHC03 
15' post 7.44 28.4 36.8 19.2 56 345* 
NaHC03 
*p<o. 05 Compared to baseline hypoxia 

CO ml/kg/min, HC03 meq/L 

There was no change in cerebral blood flow following NaHC03 
infusion. The major effect of NaHC03 in hypoxic newborn 
animals may be enhanced cardiac output. 

HISTAMINE AND ITS RECEPTORS IN THE VASCUIATURE OF THE 
FETUS, PLACENTA AND ADULT. T  .N . Tulenko, Depts. of Physiology 
and Biochemistry and Obstetrics and Gynecology. The Medical College 
of Pennsylvania, Philadelphia , PA 19 129. 

The actions of histamine and its binding to histamine receptors were 
analyzed in adult aorta, fetal aorta and fetal umbilical arteries of the 
rabbit. Helical strips of these arteries were prepared and suspended in 
10 ml of aerated physiological salt solution. Histamine produced dose- 

dependent increases in developed tension in al I arteries studied. How- 
ever, the fetal aorta was 3.3 times more sensitive to the histamine con- 
tractions than the umbilical artery and 17.3 times more sensitive than 

the adult aorta (p < .Ol) . Pretreatment of the arteries with the H 1 re- 

ceptor antagonist pyrilamine shifted the dose response cun/e to histamine 
to the right in a competitive fashion in all arteries. Similar pretreat- 
ment with the H 

2 
receptor antagonist metiamide was without effect. 

Antagonist bindlng constants (pA2) for pyrilamine, as determined using 
Shield plots, produced binding constants of 8.16 in the fetal aorta, 

8 -35 in the adult aorta and 7.5 1 (p < .O 1) for the fetal umbilical artery. 
In conclusion, (a) The relative order of sensitivity observed to histamine 
was: fetal aorta > fetal umbilical artery > adult aorta and (b) both the 
fetal aorta and adult aorta possess classical H1 type histamine receptors 
while those of the extrafetal placental arteries appear to posses a l~new~’ 
sub-type H 1 histamine receptor. 
HL-245 12 and RR-054 18. 

Supported in part by NIH grants NO. 
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CYTOPROTECTIVE 16,16 DIMETHYL PROSTAGLANDIN E2 STIMULATES H+ 
TRANSPORT IN RAT GASTRIC MUCOSA. Thomas J. Sernka. Physiol- 
ogy Department, Wright State University, Dayton, OH 45435 

In a previous report (Fed. Proc. 40:511, 1981), we showed 
that a cytoprotectiv 

8 
concentration of 16,16 dimethyl prosta- 

glandin E2 (1.6x 10' M dmPGE2) stimulates oxygen consumption 
of isolated rat parietal cells. Sirce the principal function 
of these cells is acid secretion, we further examined thf ef- 
fect of this cytoprotective concentration of dmPGE2 on H 
transport in the isolated rat gastric mucosa. Mucosae in flux 
chambers were short-circuited, buffered and the pH-stat set at 
pH 7.40 to eliminate the chemical gradient for H+ back-diffu- 
sion. H+ transport was determined from the titer of base re- 
quired to maintain the pH at 7.40 in the mucosal solution 
during acid secretiog. Compared with the average of pre- and 
postcontrol rates, H transport was significantly increased by 
51214% after 15-30 minutes exposure to cytoprotective dmPGE2 
on the submucosal side. The stimulatory effect of cytoprotec- 
tive dmPGE2 was also reflected i the acid-mediated accumula- 
tion of the labeled weak base, P4 C-aminopyrine. The accumula- 
tion ratio of labeled aminopyrine in the mucosa to that in the 
medium increased significantly above unity to 1.52kO.15 during 
incubation with cytoprotective dmPGE2. In conclusion, the ac- 
tions of cytoprotective dmPGE2 to stimulate H+ transport and 
aminopyrine accumulation by isolated rat gastric mucosa sup- 
port the hypothesis that prostaglandins mediate secretory re- 
sponses not only in the intestine but also in the stomach. 

243 
DWEPTIDE TRANSPORT IN NORMAL (NV) AND PAPAIN-TREATED (PW) 
BRUSH 3ORDER MEMBRANE VESICLES FRDM MOUSE INTESTINE. 
A. Berteloot*, A.H. Kkan* and K. R~IMSW~I!IY. Dept. of Medicine, 
U.S.C. School of Medicine, Columbia, South Carolina 29201 

The transport of glycyl-phenylalanine (Gly-Phe) and glycyl- 
leucine (Gly-Leu) was studied using NV and PTV in order to 
compare peptide transport in the presence and absence of 
hydrolytic events associated with the membrane. The 70% 
removal of oligopeptidase activities in PTV allows the study 
of peptide transport in the complete absence of free amino 
acids up to 1 min of incubation for Gly-Phe and 5 min for 
Gly-Leu. Both peptides were taken up into an osmotically 
active intravesicular space with insignificant binding to the 
membrane. A comparison between the time course curves of 
Gly-Phe uptake by NV and PTV showed that the overshoots seen 
in the presence of a Na+- or K+- gradient with NV were no long- 
er evident with PTV. Such a comparison for Gly-Leu showed the 
absence of overshoot phenomena and similar uptake curves with 
Na+- or K+-gradient. For both peptides, linear relationships 
between initial rates of uptake and peptide concentrations 
were observed. Also, uptakes were inhibited to various extents 
by other di and tripeptides, but inhibitions never exceeded 
43% and 33% for Gly-Phe and Gly-Leu respectively. These 
results demonstrate that intact peptide transport occurred 
down a concentration gradient by a non-Na+-dependent process 
involving both passive and facilitated diffusion mechanisms. 
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IN VIVO MEASUREMENT OF PASSIVE PERMEABILITY OF THE RAT DUODE- 
NUM. G.M. Johnson,fi R.S.K. Chung. Department of Surgery, 
Veterans Administrative Medical Center 4 University of Iowa 
Hospitals & Clinics, Iowa City, Iowa 52242 

In order to measure changes in passive permeability, we 
perfused the rat duodenum with a mixture of low molecular 
weight (M.W.) polymers of PEG (150-502 daltons) in vivo. The 
duodenum was cannulated under anesthesia and perfusion in 
situ was set up with a recirculating circuit, incorporating 
a pH stat for maintaining pH. PEG composition before and 
after perfusion was determined by quantitative gas-liquid 
chromatography for polymeric components, and results were 
expressed as percentage + SE of polymeric components ab- - 
sorbed: (n = 8) 
M.W. 194 238 282 326 370 414 
pH 6.0 13.8+2.1 9.5+2.5 10.0+3.4 6.2+3.2 5.2t3.6 4.6t3.7 
pH 1.7 19.2T4.8 14.2y4.0 11.9T3.8 9.774.4 8.8y4.2 9.8T5.5 - - - - - - 
By increasing the rate of perfusion, maximum absorption was 
attained at each pH. Using data of maximal absorption, ef- 
fective 
and 15.3 R 

ore diameter was calculated. This was 12x at pH 6 
at pH 1.7. We conclude that this is a simple 

method independent of variables such as s urface area, 
thickness of unstirred layers inherent in other methods. 

246 247 
SODIUM DEPENDENT TAUROCHOLATE UPTAKE BY RAT LIVER SINUSOIDAL 
MEMBRANE VESICLES. M.Inoue*, T.Tran*, R.Kinne and I.M.Arias* 
Albert Einstein College of Medicine, Bronx, New York 10461 

DEVELOPMENT OF AN APPARATUS FOR THE PRACTICAL CLINICAL DE- 
TERMINATION OF ANORECTAL MOTILITY. Edward B. Borden*, Scott J. 
Boley. Montefiore Hospital and Medical Center, New York,N.Y. 

In order to elucidate the first step in the chain of 
events comprising vectorial transport of bile acids by the 
liver cell, sinusoidal membrane vesicles (SMV) were isolated 
from rat liver by differential centrifugation and sucrose 
Ficoll density gradient lentrifugation. The membranes were 
enriched 26 fold in Na K ATPase activity, no enrichment was 
observed for marker enzymes of the canalicular membranes, . 
endoplasmic reticulum, mitochondria and lysosomes. Tauro- 
cholate (TC) uptake into these membranes was studied by rapid 
filtration technique. 

Initial uptake of TC by SMV was stimulated 2.1 fold by 
1OOmM Na NO3 gradient compared to a KN03 gradient. The so- 
dium-dependent uptake was inhibited by reduction of the tem- 
perature from 25' to O°C and reduced by decrease of intra- 
vesicular space. Sodium-dependent transport shotied satura- 
tion kinetics with respect to TC (apparent K - 56pM, Vmax- 
0.65n Mole/mg x 15 sec. at 1OOmM sodium) andmsodium (apparent 
Km 48mM at 50).1M TC). Cholic acid selectively inhibits sodium 
dependent transport. 

The results indicate that a stereospecific, high affini- 
ty TC transport system is present in sinusoidal membranes. 
Its sodium dependence suggests that it is a sodium-cotrans- 
port system that participates in the sodium dependent trans- 
cellular transport of bile acids in the liver. 

245 
NEONATAL PRETREATMENT WITH CHOLESTYRAMINE (CT) RESULTS IN PER- 
SISTENT ENHANCEMENT OF RATE-LIMITING ENZYME OF BILE ACID BIO- 
SYNTHESIS. A.S. Hassan, L.S. Gallon* and M.T.R. Subbiah! Univ. 
of Cincinnati Medical Center, Cincinnati, Ohio, 45267. 

Guinea pigs treated with CT during neonatal life have been 
shown to have increased fecal excretion of bile acids (mg/lOO 
gm body wt.) even 4 weeks after the animals had been removed 
from the treatment diet and fed stock diet (Cont. 7.86 + 0.45 
vs CT-treated, 14.02 f 1.87). It was hypothesized that pre- 
treatment with CT early 
ment of the activity of 

in life resulted in persis 
cholesterol 7a-hydroxylase 

tent enhance- 
, the rate- 

limiting enzyme of bile acid biosynthesis. We have examined 
that hypothesis. Two-days old guinea pigs were fed stock diet 
or stock diet supplemented with 2.5% Questran (1.11% CT Resin) 
for 8 weeks, following which all the animals were fed stock 
diet 
from 

for 4 weeks. 
both groups 

At 
were 

the end of 
killed and 

4 weeks 
their li 

on s 
vers 

tack diet, animals 
assayed for cho- 

lesterol 7a-hydroxylase activity. The results are shown below: 
Group (N) Cholesterol 7a-hydroxylase activity 

(pmoles*mg'l 920 min-1) 
(Mean + S.E.M.) 

Control (4) 9.34 f 0.57 
Questran-pretreated (4) 21.27 + 1.70" 

*Significantly different from control, p < 0.01. 

The results confirm the above hypothesis and explain why CT 
pretreated animals are better able to handle a cholesterol 
challenge (Li et al. Atherosclerosis, 32:93, 1979). (Supported 
by Grant #HL24?63-f rom NHLBI) 

The reflex responses of the internal and external anal 
sphincters to rectal distension have been widely studied in 
humans. Anal canal pressure measurement, by means of latex 
balloons or perfused catheters, with simuitaneous distension of 
the rectum by air fiiled balloon, has found widespread use as 
a screening test for Hirschsprung's disease in constipated 
children. Some investigators have also studied extemai sphinc- 
ter response to rectal distension by means of needle electro- 
myography. We have combined the use of anal canal pressure 
measurement, external sphincter surface electromyography, and 
rectal distension by air filled balloon to provide a multi- 
variable anorectal motility profile. The apparatus, in the 
form of an easily constructed probe, provides reliable data for 
the investigation of disorders of fecal continence in adults 
and children. By using surface, rather than needle electro- 
myogwhy s the technique is made non-invasive and more accept- 
able to the patient. Pressure measurement by miniature semi- 
conductor strain gage transducer in the anal canal yields ac- 
curate, high fidelity pressure recordings. Early results, 
from the study of over 60 patients ranging in age from newborn 
to 81 years, show that this is a useful technique for detect- 
ing underlying causes of constipation and incontinence. 
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EFFECTS OF PREGNANT MARE SERUM GONADOTROPIN (PMSG) 0~ INDUC- 
TION OF PRECOCIOUS PUBERTY IN THE FEMALE GUINEA PIG. 
Ei Terasawa and John J. Noonan* -P-P- Wisconsin Regional Primate 
Research Center, Univ. of Wisconsin, Madison, WI 53706 

An injection of PMSG as early as 21 days of age in the fe- 
male rat results in precocious vaginal opening and ovulation 3 
days later. In order to determine minimum age at which PMSG 
induces precocious puberty in the female guinea pig, two in- 
jections (s.c.) of PMSG (8OIU) on consecutive days were given 
to animals at age 10, 25 or 35 days. Saline was injected in 
control animals at equivalent ages. As an immediate effect of 
PMSG treatments the first vaginal opening for 10, 25 and 35day 
groups occurred at 16.6 + 0.2 (n=lS, p<O.OOl), 34.5 + 1.7 (n= 
13, p<O.OOl) and 44.5 + 1.2 days (n=15, p<O.OOl), respectively, 
and were significantly-earlier than controls (58.0 + 3.1, n= 
33). Premature ovulation, however, did not occur in animalsof 
any age group immediately following the PMSG treatments northe 
first vaginal opening. The age at the first ovulation was ad- 
vanced in all 3 age groups: 49.9 + 2.4 days (p<O.OOl), 49.3 + 
0.9 (p<O.OOl), 56.1 + 2.7 days (~0.01) respectively, when&k 
pared to experimental controls (67.3 + 3.0 days). Thus, 1) 
PMSG treatments in the immature female guinea pig, agebetween 
10 and 35 days, induces an acceleration of true puberty, but2) 
the advancement is not earlier than around day 50, despite age 
differences at the time of treatment. This result further in- 
dicates that the maturation of the hypothalamo-pituitary-ovar- 
ian axis in the female guinea pig differs from that in the rat. 
(Supported by grant HD11355). 

250 
DIURNAL INFLUENCE OF PROGESTERONE ON LH RELEASE IN OVARIECTO- 
MIZED RHESUS MONKEYS. R.R. Yeoman*, M.D. Loose*& E. Terasawa, 
Wis. Reg. Primate Research Ctr., Univ.Wisc.,Madison, WI 53706 

In the female rat effects of both estrogen (E) and proges- 
terone (P) on gonadotropin release are influenced by the time 
of day of injections. By contrast, in the rhesus monkey an E- 
induced LH surge appears not to be affected by the time of day 
of injections. Since we have shown that a P injection follow- 
ing E readily induces an LH release (Endoc. Abstr. #217, 19791, 
the diurnal influence on P-induced LH release was investigated. 
Nine long-term ovariectomized monkeys were housed under lights 
on 0600-1800h and received small E capsule implants 2 wks 
prior to each of the following 3 experiments. Exp. I: 10 w 
estradiol benzoate (EB) was given at 0830 with P"(2.5 mg) 30 h 
later (1430). Exp. II: A 12 h shift of both steroid injec- 
tions - EB at 2030 and P 30 h later at 0230. Exp. III: only P 
was advanced 6 h - EB at 0830 and P 24 h later at 0830. In all 
3 experiments LH surges with similar latencies after P, dura- 
tions and amplitudes were induced. 

Experiment Latency (h) Duration (h) Amplitude 
I 6.7 2 0.5 22.0 k 1.5 80.9 21 20.6 

II 7.7 + 0.5 22.7 21 2.1 73.7 2 25.7 
III 6.2 + 1.8 27.3 2 3.0 119.3 2 43.2 

Thus, unlike the rat. the facilitatory effects of P on an LH 
surge in the rhesus monkey appear to be independent of the 
light phase but of consistent latency from the time after P in- 
jections. (Supported by NIH grants HD15433 and ~RO0167). 
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a-ADRENERGIC RECEPTORS PARTICIPATE IN OPIATE ANTAGONIST-INDUCED 
GONADdTROPIN SECRETION. 
K. Wright). 

M. S. Blank* and H. G. Bohnet* (SPON: 
Yerkes -Reqional Primate Research Center of Emory 

Univeriity, Atlanta, GA 30322 
To examine 'the extent to which monoamines are involved in 

opiate regulation of pituitary hormone secretion, we studied 
the influence of monoamine receptor blockers, administered sys- 
temically, on the luteinizing hormone (LH) releasing effect of 
naloxone, an opiate antagonist, in immature female rats. We 
also studied the influence of the dopamine antagonist, domperi- 
done, which does not readily cross the blood brain barrier, on 
the prolactin (PRL) inhibiting effect of naloxone. The a-adre- 
nergic blocker, phentolamine (10 mg/kg SW) but not the B-block- 
er, pronethalol, attenuated naloxone (2.5 mg/kg B!J) induced 
release of LH. Neither adrenergic antagonist affected the 
pituitary response to exogenous LHRH (8 ng/lOO g BW). Seroto- 
nin antagonists (methysergide or metergoline, 3-10 mg/kg SW) 
had no influence on naloxone or LHRH-provoked release of LH. 
Acute treatment with domperidone prevented naloxone-triggered 
declines in serum PRL but longer exposures to domperidone were 
less effective. These results suggest noradrenergic involve- 
ment in opiate regulation of LH secretion but do not rule out 
the possibility of separate sites of norepinephrine and endo- 
genous opiate action in regulating gonadotropin secretion. 
These data are also consistent with the view that injections of 
naloxone reduce circulating levels of PRL by stimulatinq endo- 
genous release of dopamine. (Supoorted in part by a McCandless 
Grant, Emory University and NIH Grants RR00165 and HD15073). 
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THE EFFECTS OF CASTWTION ON THE HYP@THALA?lIC-PITUITARY AXIS . 
OF MONOSODIUM GLUTAMATE TPZATED RATS.T.M. Badger: W.J.MillardT 
J.B. Martin, F.M.Rosenblum* & S.E. Levensont Depts Ob/Gyn and 
Neurology, Mass. Gen. Hosp. & Karvard Med.Sch.,Boston,MA 02114. 

Adult mice and rats that received monosodium glutamate (MSG) 
as neonates exhibit obesity, stunted growth, hypothyroidism and 
have fewer cell bodies in certain brain nuclei than saline 
treated controls. The hypothalamic-pituitary-gonadal axis of the 
MSG treated rat differs anatomically and functionally from the 
saline control. We have studied the effects of castration on 
adult male rats that were treated with 4 mg/g MSG or isomolar 
NaCl at age 2,4,6,8 and 10 days. The pituitary LH and FSH 
concentrations of IiSG rats were significantly (p < O.Ol)higher - 
soon after castration (days 4 and 8), but were equal to control 
castrates by 40 days postcastration. Serum LH and FSH concen- 
trations were elevated following castration in both saline and 
MSG treated rats. However, the rise in serum gonadotropins was 
significantly (p < O.Ol)lower in MSG treated rats. Eoth MSG and 
saline treated rats secreted LI! in a pulsatile fashion as early 
as 24 hours postcastration. Forty days following castration,the 
mean plasma LH concentration in saline treated animals was 357 
rig/ml (samples were collected every 15 min for 6 hrs) and the 
pulse amplitude ranged from 250 to 748 rig/ml. The I:SG treated 
rats had a significantly (p < 0.01) lower mean plasma LI! con- 
centration(246 rig/ml) and the pulse amplitude rancped from 50 to 
360 rig/ml. These results indicate that following castration,MSG 
lesioned rats secrete LH in pulses .However,LH secretory dynamics 
appear to be impaired in these rats. Supported by NIH Grants 
HD14586 and AM26252 and the Vincent Research Fund. 
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NEXJROENDCERINE 
INWRATS. 

MEDIATIokJOFPERIOX'UL,A'IORYENDOCRINE FESKNSE 
C. Desjardins., Inst. of Re~rod. Biol.. De&. 

of Zoology, The University of-Texas, TX. $8712 ' - 
hfale rats discharge LH and PRL after they are exposed to 

external cues which predict sexual encounters. The time do- 
main associated with periqmlatory changes in circulating LH 
levels is reminiscent of the transitory increase in blood LhI 
which follows a single intravenous injection of GnRH. The 
present study tested the proposition that female-induced LH 
&retion, in male rats, depends upon the activation of GnRH 
secreting neurons. Imunoreactive IX and PRL were measured in 
100~1 samples of blood withdrawn via an intravascular cannula 
at intervals of 5-10 min before and during the time sexually 
experienced males were exposed to females. Female exposure oc- 
casioned a rapid, 3-fold elevation in plama LH and PPL levels 
among sexually experienced control males treated with nonirrrmne 
serum. In sharp contrast, LH, but not PRL, secretion was abol- 
ished when male rats were given GnRH irmmne serum 30 min before 
they wre exposed to a receptive fmale. LH release was also 
blocked by treating males with a 30+11n subdeml testosterone- 
filled Silastic capsule, whereas males treated with an mpty 
capsule exhibited a praninent rise and a gradual decrease in 
peripheral IH and PRL levels. Thus, testosterone may block fe- 
male-induced GnRH secretion and/or pituitary U-I release. These 
findings, taken together, offer the first evidence that perico- 
pulatory LH secretion is mediated by the acute activation of 
neurons which transfer GnRH into the pituitary portal circula- 
tion. (Supported by NIH Research Grant -13470) 

253 
NEUROENDOCRINE REGULATION OF PROLACTIN SECRETION AFTER 
HYPOPHYSIAL STALK TRANSECTION IN PIGS. L. L. Anderson. 
J. G. Berardinelli*,P. V. Malven and J. J. Ford. Department of 
Animal Science, Iowa State University, Ames, IA 50011; Roman 
L. Hruska U.S. Meat Animal Research Center, USDA, SEA, AR, 
Clay Center, NE 68933; and Department of Animal Science, Pur- 
due University, West Lafayette, IN 47907. 

Yorkshire gilts, 211 + 5 (mean f SE) days old, were fitted 
with cannula in anterior vena cava to determine profiles of 
prolactin (PRL) secretion. PRL was quantified in 200 ~1 ali- 
quots of serum by RIA, and concn expressed in terms of NIH 
reference (SP-162C, 16IU/mg). Eight gilts were hypophysial 
stalk-transectioned (HST); nylon disc prevented vascular re- 
generation. Five gilts served as sham-operated controls (SOC). 
During preoperative period (120 min) and period of anesthesia- 
surgery (210 min) blood was collected every 15 min; during 
postoperative period (190 h) it was obtained every 4 h. PRL 
remained consistently low (2.3 t 0.30 rig/ml) in 13 gilts during 
preoperative period. 
sodium; 

During 105 min of anesthesia (thiamylal 
halothane and 02) PRL increased (8.2 ? 1.87 rig/ml>. 

Peak PRL averaged 10.7 rig/ml at HST or SOC, and then declined 
steadily in both groups during last 105 min surgery. PRL re- 
mained elevated (P<O.O02) in HST gilts as compared with SOC 
throughout posto 
1.9 f 0.18 rig/ml P 

erative period from 6 to 190 h (3.7 + 0.40 vs 
. These results indicate that regulation of 

prolactin secretion in the pig depends primarily upon hypo- 
thalamic inhibition. (Supported by USDA, Cooperative Agreement 
no. 58-519B-9-863, projects 2228, 2443 and 2444). 



WEDNESDAY, AM NEUROENDOCRINES 49 

254 
A ROLE OF THE ENDOGENOUS OPIOID PEPTIDES IN THE STRESS-INDUCED 
FALL IN THYROTROPIN. 

A.M. Judd* and G.A. Hedge. Department of Physiology, West 
Virginia University Med. Ctr., Morgantown, WV 26506. 

The endogenous opioid peptides (OP) are postulated to be 
involved in the secretion of anterior pituitary hormones. 
We have studied the role of OP in the secretion of thyrotropin 
(TSH) in female Sprague-Dawley rats under basal and stress con- 
ditions. The opiate receptor antagonist naloxone (NAL) (0.02 
or 1.25 mg/lOO g BW ip or iv) had no effect on TSH (basal or 
thyrotropin releasing hormone stimulated) in rats sampled via 
cardiac puncture or jugular catheter. Restraint stress re- 
sulted in a 40% fall in TSH at 20', 60', and 120' post saline 
(PC .Ol) that was blocked by NAL (1.25 mg/lOO g BW iv) 20' 
and 60' following the drug injection (p < .OS). NAL (1.25 mg/ 
100 g BW iv) had no significant effect on the rise in corti- 
costerone associated with restraint (350%, p' .Ol>. Bilateral 
microinjections of saline into the posterior hypothalamus of 
anesthetized rats (1 ul/side) resulted in a 30% fall in TSH at 
15' and 30' (p < .05) while similar injections of NAL (50 pg/ 
side) increased TSH by 40% at 15' and 60% at 30' (p< .Ol). 
NAL (100 pg) microinjected into the anterior pituitary had no 
effect on TSH. Conclusions: 1) The OP play no role in basal 
TSH secretion. 2) The OP decrease TSH during stress via NAL 
sensitive receptors located in the hypothalamus. 3) The NAL 
effect on the stress-induced fall in TSH is not mediated via 
changes in corticosterone levels. (Supported by NIH Grant 
AM 21348) 

255 
INHIBITION OF METHIONINE ENKEPHALIN DEGRADATION BY 
CATECHOLAMINES. James L. Caffrey and Donald M. Hodges*. 
NTSU/TCOM, Fort Worth, TX. 76107 

Stress releases brain catecholamines (CAs) and produces a 
coincident analgesia that is apparently mediated by brain 
enkephalins. To determine if these neurochemical events might 
be linked, we investigated the effects of CAs on the 
degradation of methionine enkephalin (met-enk) in vitro. -- 
Met-enk metabolism was evaluated by incubating tissue 
homogenates with radiolabeled met-enk (lo-4M) followed by 
Porapak Q chromatography. Enzyme activity from rat brain had 
an estimated Km of 70-80pM. About 80% of the crude homogenate 
enzyme activity was recovered in the 28,000 x g x 20 nin 
supernatant and was inhibited 95% by puromycin (lo-4M). CAs 
(5x10-5M) clearly inhibited the enzyme activity: dopamine 66% 
inhibition, norepinephrine 25% inhibition, and enpinephrine 
4% inhibition, and subsequent dose response curves confirmed 
the inhibitory order of the three CAs. In contrast, their 
0-methylated netabolites at 5x10-5M failed to inhibit the 
enzyme. Dopamine (lo-4M) also was observed to inhibit 
like-enzyme activities from the small intestine 
(70% inhibition) and the adrenal glands (24% inhibition). The 
inhibition of enkaphalin degradation by CAs may provide a 
mechanism by which the adrenergic nervous system regulates 
the enkephalinergic nervous system. Supported by AOA Grant 
#79-11-172. 
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TYROSINE HYDROXYLASE ACTIVITY IN LIMBIC AND HYPO- 
THALAMIC REGIONS OFFEMALE RATS. A. E. Jimenez*, D. C. 
Meyer, L. A. Carr*. Univ. of Louisville, Lou. , Ky . 40292. 

An increase in tyrosine hydroxylase (TH) activity in the 
whole hypothalamus of prepubertal female rats occurred between 
10 and 30 days of age, followed by a decrease at 40 days of age 
(Physiologist 22: 3, 1979). Serum prolactin was significantly 
increased at 30 days compared to 10 or 20 days, then decreased 
at 40 days. Serum LH was low in most rats at lo-40 days of age. 
TH activity was measured in the preoptic area (POA), supra- 
chiasmatic nucleus (SCN), median eminence (ME) and amyg- 
dala (AMYG) . In the POA and SCN, significant peaks of TH 
activity occurred at 20 days and declined to baseline levels at 
25 days. In the ME, the peak TH activities were at day 20 and 
persisted until day 40 while the AMYG showed a peak of 
activity at 25-30 days with a return to baseline levels at 35 days. 
These results show that significant changes in TH activity are 
occurring within discrete nuclear regions of the hypothalamus 
prior to the onset of puberty and these changes are temporally 
different from observations in the whole hypothalamus. 
Changes in TH activity may represent a synchronized 
maturation of catecholaminergic systems prior to the antici- 
pated hormonal changes of puberty. (Supportedinpartby NIH, 
HD 12886-01 and the University of Louisville Medical School 
Research Committee Grant.) 

SPLANCHNIC CIRCULATION 

257 

EFFECT OF PERFUSION PRESSURE ON THE DISTRIBUTION OF 9pm AND 
15pm SPHERES IN THE INTESTINAL WALL. L.C. Maxwell, A.P. 
Shepherd, and G.L. Riedel. Dept. of Physiol., Univ. of Texas 
Health Science Center, San Antonio, Texas 78284 

di 
We have previously shown that (a) the apparent intramural 

stribution of intestinal blood flow depends upon microsphere 
(us) size, (b) the percentage of 9pm spheres that "shunt"-to 

venous blood is inversely related to the mucosal-to-submucosal 
ratio of trapped spheres, and (c) previously lodged spheres 
migrate following perfusion pressure (Pa) elevation. In this 
study we have determined the effect of Pa upon uS distribu- 
tion. Isolated loops of canine small bowel were vascularly 
perfused at pressures of 90, 120, and 150 mmHg. Radioactive 
9pm and 15um spheres were injected into the loops which, 
following each experiment, were dissected into mucosal, sub- 
mucosal and muscularis tissues. The accumulations of pS in 
each tissue and in venous blood were quantitated in a gamma 
counter. Compared to loops perfused at a Pa of 120 mmHg, 
those perfused at either 150 or 90 mmHg had (a) lower per- 
centages of PS in submucosa, (b) greater proportions of US in 
mucosa and muscularis, and (c) an unaltered percentage shunt- 
ing. We conclude that the distribution of US within the 
intestinal wall is markedly affected by Pa within the range 
from 90 to 150 xmnHg but that the shunting of pS to venous 
blood is not. These data demonstrate the necessity of knowing 
the perfusion pressures when comparing PS studies of intes- 
tinal blood flow. (Supported by grant HL-23435 and grants 
from the American Heart Association). 

DETERMINANTS OF THE OPTIMAL HEMATOCRIT FOR INTESTINAL OXYGEN 
TRANSPORT. A.P. Shepherd and G.L. Riedel*. Department of 
Physiology, University of Texas Health Science Center, San 
Antonio, Texas 78284 

In a recent study we found that the ability of the intes- 
tine to regulate its oxygen uptake in response to changes in 
perfusion pressure was impaired if the hematocrit of the per- 
fusate was either above or below the normal range. Therefore, 
to determine if there is an optimal Hct for intestinal oxygen- 
ation, we perfused isolated canine gut loops at a constant 
pressure (120 mmHg) and varied hematocrit (Hct) from 80 to 
10%. As Hct fell, blood flow rose while arterial oxygen 
content fell. The regression of blood flow on Hct was linear 
while the relationship between oxygen uptake and Hct was para- 
bolic, showing a maximal oxygen uptake at an hematocrit of 
48.7%. To determine whether the optimal Hct for intestinal 
oxygenation could be altered by changes in vasomotor tone, we 
performed two other series of experiments. Raising perfusion 
pressure to 180 mmHg did not significantly alter the optimal 
Hct for oxygen uptake. However, during the hypermetabolic 
state induced by placing transportable solutes within the 
intestinal lumen, the optimal Hct for oxygen uptake increased 
markedly. We conclude that the optimal Hct for intestinal 
oxygenation is slightly higher than the normal range, a 
finding that could possibly be explained by the plasma skim- 
ming known to occur in the intestinal mucosa (supported by 
HL-23435). 
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‘BLOOD FLOW-LIMITED INCREASES IN INTESTINAL OXYGEN 
CONSUMPTION Joseph D. Fondacaro and Eugene D. Jacobson 
Department of Physiology, College of Medicine University of 
Cincinnati, OH 45267 

Mesenteric vasodilation induced by intraarterial infusion of 
dilator agents generally produces a rise in intestinal oxygen 
consumption (VO ), possibly reflecting a stimulation of intestinal 
metabolism, alth$gh the arteriovenous oxygen content difference (A- 
v02) does not increase. We examined the relationship between 
intestinal blood flow (BF), A-V 
doses of prostacyclin (PGI2). 

0 
? 

and VO during infusion of increasing 
n anest R etized dogs we measured BF 

and A-v02 across a segment of small intestine during PG12 infusion. 
Intestinal v 0 
magnitude un il BF had doubled when VO plateaued at the elevated B 

increased proportionally with BF but to a lesser 

level despite further increases in BF, s 
stimulating metabolism. 

d gesting that PG12 was not 
Furthermore, during control periods, 

spontaneous variability yielded a 
different from the vo2/BF 

v0 /BF relationship that was not 
relations ip seen during PG12 infusion, i! 

again suggesting that intestinal metabolism was not altered by PGI2. 
When control A-V0 
greater decline in t it 

was above 3.0 ml 02/min*lOOml, there was a 
is parameter during dilator hyperemia than when 

control A-v 0 was below 3.0. 
observed dur ih 

It appears that the increase in VO 
g PGI2 induced mesenteric hyperemia is flow-limite !i 

and that PG12 increases intestinal oxygen uptake well below the point 
of maximal dilation. We conclude that PGI2 increases intestinal blood 
flow either by increasing the caliber of perfused vessels or by opening 
new vessels rather than by stimulation of intestinal metabolism. 
(Supported by a grant from the American Heart Association). 
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GASTRIC OXYGEN UPTAKE AND BLOOD FLOW IN THE ISOLATED PERFUSED 
STOMACH. Gregory B. Bulkley, Michael A. Perry*, Peter R. 
Kvietys, and D. Neil Granger, 

-- -- 
Department of Physiology, 

University of-south Alabama, Mobile, Alabama 36688. 
The relationship of gastric oxygen uptake to blood flow was 

compared in two different canine stomach preparations, one 
perfused via the celiac artery (total perfusion), one via the 
left gastroepiploic artery (partial perfusion). Total flow, 
arterovenous 02 difference, and local arterial and venous pres- 
sures were continuously monitored while flow was altered over 
a wide range (S-110 ml/min/lOOg) by pump perfusion. Oxygen 
uptake in the partially perfused preparation was flow limited 
over the entire range studied: Even at apparent flow rates of 
110 ml/min/lOOg, apparent 02 uptake had risen steadily to 
6 ml/min/lOOg. This is similar to other reports frompartially 
perfused stomach preparations. Total (celiac) perfusion pro- 
duced flow limitation of 02 uptake only at flows below 
30 ml/min/lOOg. At higher flows, 02 uptake was diffusion lim- 
ited (constant at 1.5 ml/min/lOOg). Intra-arterialisoproter- 
enol did not alter this relationship. Pentagastrin infusion 
caused 02 uptake to become diffusion limited at a higher level 
(2.5 ml/min/lOOg) with blood flows above 40 ml/min/lOOg, and 

was associated with hydrochloric acid secretion. These results 
show that 02 uptake is autoregulated over a wide range in the 
fully perfused stomach, and suggest that the apparent flow 
limitation of 02 uptake seen in partially perfused (ischemic) 
stomach preparations is an artifact reflecting recruitment of 
previously nonperfused areas at higher flow rates. 

253 
EFFECT OF CARDIAC TAMPONADE ON COLONIC HEMODYNAMICS AND 
OXYGEN UPTAKE. P. R. Kvietys, G. B. Bulkley, M. A. Perry*, 
and D. N. Granger. Dept. of Physiology, University of South 
Alabama, and Dept. of Surgery, Johns Hopkins Hospital, 
Baltimore, Md. 

Cardiac tamponade (CT) is frequently employed as a model 
for nonocclusive mesenteric ischemia. In this study, we 
assessed the effects of CT on blood flow and oxygen uptake of 
innervated autoperfused dog colon preparations. While 
measuring cardiac output (CO), arterial pressure (AP), colon- 
ic blood flow (BF) and oxygen extraction, graded CT was in- 
duced by repeated injections of 10% dextran into the pericar- 
dial sac. Cardiac tamponade reduced CO and BF. Arterial 
pressure was decreased when CO was decreased ~32%. The 
increase in colonic vascular resistance was greater than the 
increase in total peripheral resistance, indicating selec- 
tive constriction of the colonic vasculature. Colonic oxygen 
uptake was not affected by graded CT due to compensatory in- 
creases in oxygen extraction. When BF was reduced to < 20 ml/ 
min x 1OOg oxygen uptake decreased. The chagges in oxygen 
uptake during CT were similar to those observed during graded 
reductions in colonic arterial inflow, indicating that CT 
did not alter the normal relationship between colonic blood 
flow and oxygen uptake. 

Supported by NHLBI 26441 and 00816. 

MEFANAMIC ACID (MA) INCREASES OXYGEN CONSUMPTION (002) DURING 
THE POSTPRANDIAL INTESTINAL HYPEREMIA (PIH). R.H. Gallavan, 
Jr.* and C.C. Chou (SPON: L.F. Wolterink) Departments of 
Physiology and Medicine, Michigan State University, East 
Lansing, MI 48823 

We have shown that both i.v. and i.a. infusion of MA 
markedly enhances the hyperemic effect of digested food plus 
bile in the jejunum. In the current study we measured the 
effect of food on 002 and blood flow (BF) in the isolated 
jejunal loop before and one hour after i.v. MA (lOmg/kg) 
infusion. The results are as follows (~=6): 
Before MA NS FOOD FOOD-NS %A 
BF 41.5 f 5.7 49.1 + 7.2 7.6* 17.7 2 4.1* 

002 1.5 f 0.2 1.8 2 0.2 0.3 f O.l* 16.1 ? 4.6* 
After MA NS FOOD FOOD-NS %A 

E, 
20.7 + 2.4 33.6 + 4.3t12.9 ! I  2.l*t 61.1 + 5.4*t 

1.4 + 0.1 1.9 _+ 0.2 0.5 2 0.1*t 34.9 + 7.4*+ 

NS=normal saline in the segment; *=p< 0.05; t = p< 0.05 rela- 
tive to the corresponding value before MA. Thus, MA decreases 
resting blood flow but this is not associated with a decrease 
in resting 002. The enhancement of the food-induced jejunal 
hyperemia is associated with an enhancement of the food 
induced increase in jejunal 002. There is a significant 
correlation between ABF and A002 (p< 0.05) both before and 
after MA. It appears that the enhancement of the PIH by MA 
may be related to its metabolic effects. (Supported by 
NHLI Grant HI,-15231) 
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SECRETIN INDUCED VASODILATION AND 0 CONSUMPTION IN THE MOCRI- 
NE CANINE PANCRElAS. HJM Beijer rlr AHJGaas* and GA Charbon#(SPON: 
AP Shepherd) Exp Lab Thoracic Sure;, Univ Hosp,Utrecht Holland. 

In the exocrine canine pancreas secretin induced an increa- 
sed secretion, combined with an increased 0 

6 
consumption (CO ), 

an increased blood flow (q ) and a varying extraction (0 2) 
response. It was questione 8 whether these phgnomena could b$ 
explained in the model of the functionally different sections 
of the terminal vascular bed. In pentobarbital anesthetized 
dogs we measured pancreatic q with electromagnetic flow probes 
and exocrine secretion flow (t ). Blood gas analysis yielded 
arterial and pancreatic venousSO 
1 U/kg was injected as i.v. bolug. 

cont. Secretin (Karolinska), 
q was maximally increased 

at 2 min and then gradually decrease 8 to basal level at 32 min. 
q was maximally increased at 2 min and then rapidly decreased 
t8 basal level between 8 and 16 min. 0 E was significantly lo- 
wered at 2 min and then gradually incrgased until significant- 
ly higher than basal level at 16 min. 00 was increased to a 
constant level between 1 and 16 min and "hen decreased to basal ? 
level at 32 min. Data may be explained as follows: during the 
first 2 min the precapillary resistance vessels are opening, 
while the capillary density essentially is not changed. This 
induced a faster passage of the blood through the capillaries 
and consequently extraction was diminished. From 2 to 16 min 
blood flow is decreasing to its basal level, while capillary 
density is increasing continually: the exchange area, and con- 
sequently the 0 extraction, is*.continually increased. The un- 
derlying assump z ions to this explanation will be discussed. 

THE ROLE OF HISTAMINE IN POSTPRANDIAL INTESTINAL HYPEREMIA. 
H. Siregar*, and C.C. Chou. Departments of Physiology and 
Medicine, Michigan State University, East Lansing, MI 48824 

To assess if histamine plays a role in the postprandial 
intestinal hyperemia, the vascular and metabolic effects of 
luminal placement of predigested food (17% carbohydrate, 33% 
fat, and 41% protein) in the jejunum of the anesthetized dog 
were compared before and after intra-arterial infusion of 
tripelennamine (T), metiamide (M), and a combination of both 
antagonists (M+T). Venous outflow (BF)and A-V02 difference 
of the jejunal segments were measured. BF and 00 were not 
altered after infusion of M (10'5mol/min), T  (lo- ill ol/min) or 
HT for 10 min. The increases in BF and 002 produced by histe 
mine (0.5 pg/kg/min) were attenuated by either M or T, but 
were blocked by M+T. The percent changes in BF and Vo:, from 
control produced by food, before and after blockades were: 

Blood Flow Oxygen Consumption 
Before After B-A Before After B-A 

M +24.8* +24.7* 0.1 +16.0* +14.5* 1.5 
T  +30.3* +14.3* 16.lt +11.8* + 2.0 9.8t 
M+T +25.1* + 7.5 17.6t +11.7* + 3.9 7.8t 
*p<O.OS; tDifference between the values before and after 

blockades were significant. Thus, histamine receptor block- 
ades with T  and T  + M, but not M, attenuate the food-induced 
increase in BF and abolish the increase in Vo2. The study 
suggests that histamine plays a role in the postprandial in- 
creases in intestinal BF and 002, and the responses appear to 
be mediated by H1-receptors. (Supported by NHLI Grant HL-15231) 
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LIVER VASCULAR CAPACITANCE RESPONSES TO NERVE STIMULATION, 
CHANGES IN FLOW, OR HISTAMINE. Carl F. Rothe, Tom D. Bennett 
and Carol L. MacAnespie*. Department of Physiology, Indiana 
University School of Medicine, Indianapolis, IN 46223. 

Active changes in hepatic vascular capacitance during 
hepatic nerve stimulation or in fusion of histamine or 
epinephrine were studied in i so lated pump-perfused dog livers. 
The hepatic venous outflow was controlled by a servo system 
to keep the hepatic venous pressure'at 0 or 5 mmHg. Changes 
in hepatic volume were determined by continuous analog 
integration of the difference between hepatic artery plus 
portal venous inflow and the hepatic venous outflow. Hepatic 
nerve stimulation at 5 pps expelled 84 ? 34 (SD) ml of blood 
per kg of liver and decreased the apparent hepatic compliance 
36%. Stopping the hepatic and portal venous inflow caused a 
173 ? 31 ml/kg passive reduction in liver blood volume. 
Histamine, i.a., dramatically reduced the hepatic venous 
compliance, decreased the portal venous conductance, and 
caused the apparent hepatic blood volume to double in some 
cases. Epinephrine (0.05 mg/liter blood, i.a.) caused 
hepatic artery constriction and the active expulsion of 71 
ml/kg of blood We conclude that the canine liver can be 
stimulated to produce active venoconstriction. 
in part by USPHS NIH grant HL07723.1 

(Supported 
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EFFECTS OF ALTERED INTESTINAL BLOOD FLOW AND PRESSURE ON Na 
AND H20 FLUXES. D. Mailman, Biol. Dept., Univ. Houston, TX 
77004. 

Previous work suggested that certain hormones change gut 
absorption partly through a cardiovascular effect because 
absorptive site blood flow (ASBF) and estimated capillary 
pressure were correlated with absorptive and secretory 
fluxes, respectively, of Na and H 
lity more directly, mesenteric ar ery $ 

0. To test this possibi- 
(AO) and vein (VO) 

occlusion and IA nitroprusside (NP) were used to alter canine 
ileal blood flow and pressure. Fluxes3were measured with 
luminal tracers and ASBF estimated as H 0 clearance. Net 
Na and H20 absorption was decreased by a 1 1 three procedures. 
A0 reduced ASBF and absorptive fluxes more than secretory 
fluxes. VO increased secretory fluxes and decreased ASBF and 
absorptive fluxes. NP decreased absorptive fluxes with 
little effect on secretory fluxes and increased or decreased 
ASBF depending on local resistance and systemic blood 
pressure. NP enhanced the effect of A0 on net and absorptive 
fluxes but reduced the effects of VO. At comparable de- 
creases of 65% in ASBF and 55% in absorptive fluxes, secre- 
tory Na fluxes decreased by 45% after A0 to 40 nun Hg and 
increased by 65 % after VO to 40 mm Hg. H 0 fluxes paralleled 
the Na fluxes. It was concluded that car iovascular effects 3 
on gut fluxes are physical due to washout by ASBF and ultra- 
filtration due to capillary pressure. (Supported by NSF 
7825867). 

266 
VASCUIAR COMPLIANCE OF THE FETAL SHEEP LIVER. 
C&don G. mwer, C. C. Genstler*, P. S. Dale*, and Raymond 
D. Gilbert. Ixxna Linda Univ., m Linda, California 92350 

To estimate the importance of the liver as a fetal blood 
reservoir, we measured the canpliance of the liver in 8 
lambs in utero. Balloon-tipped catheters were positioned 
above and belcrw the entry of the hepatic vein into the 
inferior vena cava, the hepatic artery and portal vein were 
ligated, and a flow probe placed around the cmn umbilical 
vein, the only remaining blood supply to the fetal liver. 
Then to determine canpliance, the balloons were inflated for 
about 10 seconds to momentarily block hepatic outflow while 
volume flow into the liver and pressure at the outflow of 
the liver were measured continuously. The procedure was 
repeated an average of 5 times with 10 minute intervals 
allowed for recovery. ComE>liance was obtained frm the 
pressure-volume curves and averaged 3.7 k .5 (SEM) ml/rffnHg/ 
100 grams liver or 1.0 5 .l ml/nanHg/kg body weight. 
In a second group of 9 fetal lambs, whole body vascular 
cur@iance was estimated by measuring the average venous 
pressure rise following the infusion of 60 ml of warm saline 
over a 10 second interval. Whole body canpliance averaged 
3.7 5 .4 ml/mg/kg body weight. We conclude that the 
hepatic vascular bed is responsible for about 27% of the 
whole body canpliance in the fetal lamb and, therefore, 
could function as a significant blood reservoir. 

266 
INTESTINAL VASCULAR RESPONSE AND INTERSTITIAL SODIUM 
CONCENTRATION DURING GLUCOSE ABSORPTION. H. Glenn Bohlen. 
Dept. Physiology, Indiana University School of Medicine, 
Indianapolis, IN 46223 

Coupled absorption of glucose and sodium may create a 
hyperosmotic mucosa and submucosa which influences the 
intestinal vasculature. Sodium concentration, [Na+l, was 
measured in vivo in the bowel of rats with ion-selective 
microelectrodes during rest and glucose absorption (25-100 mg%). 
Tissue osmolarity was calculated based on [Na+]and an assumed 
related anion. At rest, [Na+] in the upper half of villi is 
200-225 mM; in the submucosa, 140-150 mM. After one minute 
of glucose exposure, [Na+] in villi increases to and 
stabilizes at 250-400 mM; in three minutes, the submucosal 
[Na+] is 165-190 mM and for a given animal, remained constant. 
The time course of vasodilation and [Na+] event in the 
submucosa are equal. Projected osmolarity increase in the 
submucosa of 40-100 mosm would be vasoactive and contribute 
to absorptive hyperemia. Supported by PHS grant HL 20605. 
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TRANSIT TIME ANALYSIS OF THE RESPIRATORY PATTERN IN NORMALSAND 
PATIENTS WITH AIRWAYS OBSTRUCTION. M.M.Grunstein, C.G.Irvin*, 
N.Berend* and K.S.Greve*. Univ.of Colo.School of Med. and Nat. 
Jewish Hosp. Denver, CO 80236 

To assess airways obstruction during spontaneous breathingwe 
analyzed spirometric and end-tidal CO2 tracings in terms of the 
distribution of transit times during inspiration and expiration 
in 5 asthmatic subjects,before and after inhaled histamine,and 
in 10 normal and 9 patients with COPD. After 5 min of CO2 re- 
breathing,to minimize volitional modulation of respiration, 
subjects were suddenly exposed to room air and each subsequent 
breath was analyzed for: a)mean transit time of inspiration 
(MTTi)and expiration(Ml'Te), representing the average of the 
distribution of transit times required for air entry and exit 
from the lun5; b)coefficient of variation of transit times dur- 
ing inspiration(VTTi) and expiration(VTTe); c)mean transit time 
of expired CO2(MTTCO2). In every subject,values of MTTi, MTTe, 
MTTCo2 varied little between breaths and were independent of 
changes in tidal volume or PAC02. In the 5 asthmatics, after 
histamine MTTi rose by 15 to 45%, with greater increases in 
MCTe(+65 to +14a%) and MTTCo2(+60 CO +180X). VTTi was little 
affected, while VTTe rose by 35 to 94%. Using FEVl(% predicted) 
as a conventional index of airflow limitation, data from all 
subjects showed significant inverse relationships between: 1) 
VTTeand FEVl(r= - .82), 2)MTTCO2/MTT e ratio and FEVl(r= -.81), 
and 3)ratio of MTTCO2 to expiratory duration (MTTCO2/Te) and 
FEVl(r= -.81). These data indicate that transit time analysis 
of the spirometric or CO2 tracing during spontaneous breathing 
provides new and useful measures of lung function. 

270 
EFFECTS ON RESPIRATORY TIMING OF VENTILATION WITH HIGH FRE- 
QUENCY OSCILLATION. Enid R. Kafer, H. Michael Marsh,* Kai 

Mayo Clinic and Foundation, 
iversity of North Carolina, Chapel 

Hill, NC 27514 
'Inspiratory duration (TI) and total respiratory cycle time 

(TTOT) were examined in 10 dogs (11-16 kg) anesthetized with 
halothane (1.2 to 1.6%) in oxygen during spontaneous breathing 
(SB) through an endotracheal tube, with and without respira- 
tory system motion resulting from high frequency oscillation 
(HFO) of gas (frequency 20-22 Hz, stroke volume 2.5-4.2ml/kg). 
Mean airway pressure (MAP) was adjusted by varying outflow 
resistance while PaC02 was controlled by adding CO2 to the 
fresh gas. At comparable PaC02 levels and end-expiratory lung 
volumes close to functional residual capacity, neither TI nor 
TT  T  were significantly different between SB with (TI=O.g7+ 
0. P 4 S, TTOT'5.8221.30 S, MLSE) and without (TI=O.g120.08 S, 
TTOT=5.50+1.30 S) HFO. Increases in MAP (0 to 5, 10 or 15 
cm H20) during HFO (6 dogs) caused a usually temporary suspen- 
sion of SB (Hering-Breuer inflation reflex) at a constant 
PaCO .- This inflation reflex was abolished by bilateral cer- 
vita vagotomy. ? Before vagotomy l/TTOT was negatively corre- 
lated with MAP (PcO.05) and 3 dogs became apneic at MAP=15 
cm H20. It was concluded that respiratory timing during HFO 
in anesthetized dogs is dependent on lung volume and chemical 
drive, while effects of high frequency respiratory system 
motion appear minimal. (Supported by HLBI-71314, 
HLBI-00218, and HL-21584.) 
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ANALYSIS OF THE RESPIRATORY RESPONSE TO ASPHYXIA IN 
NEWBORN RABBITS. Enrique Fernandez,+ Charles G. Irvin *and 
Michael M. Grunstein. Univ. of Colo. Sch. of Med. and Natl. 
Jewish Hosp., Denver, CO, 80206. 

AUGMENTED BREATH IN KITTENS. Teresa Trippenbach. Dept. of 
Physiol., McGill University, Montreal, Canada H3G lY6. 

The characteristics of the augmented breaths were studied 
in kittens, aged 1-21 days, anaesthetized with pentobarbital. 
'Integrated' phrenic activity and esophageal pressure of the 
augmented breath were biphasic. The relationship between the 
esophageal pressure and 'integrated' phrenic activity had two 
slopes, the first was steep, for the initial part of the 
augmented breath, the second had a considerably lower slope 
for the augmented part of inspiration. The following post- 
natal changes in the characteristics of the augmented breaths 
were observed. 1) less variability in duration, peak ampli- 
tude and rate of rise of the 'integrated' phrenic activity 
during the initial phase. 2) less increase in the maximal am- 
plitude of the 'integrated' phrenic activity with age. 3) in- 
creased duration of the total augmented inspiration due to 
both an increase of inspiratory time with age and a prolonga- 
tion of the augmented phase. 4) decreased prolongation of 
expiration following the augmented breath. It is suggested 
that spontaneous changes in FRC of newborns may provoke in- 
spiratory augmenting reflex. Decreased number of augmented 
breaths with age indicates increased stability of the peri- 
pheral respiratory system with maturation. (Supported by the 
MRC of Canada). 

To quantitatively assess the mechanisms leading to primary apnea 
and gasping during asphyxia, studies were conducted measuring the 
respiratory response in five rabbits (age range 13 to 15 days). The 
animals were anesthetized, tracheotomized and placed in a 2.5 liters 
pressure plethysmograph. Tracheal pressure, tidal volume and 
diaphragamatic EMG (EMGdi) were recorded and analyzed to 
determine peak end-inspiratory mouth pressure (P ), ratio of 
inspiratory to total duration (Ti/Tot), and high/low T%o (H/L) of 
EMGdi as an index of diaphragmatic fatigue. During continuous 
airway occlusion at FRC, prior to primary apnea, there occurred: 1) 
an initial progressive increase in P followed by a decrease 2) a 
progressive decrease in Ti/T 3) &a&itially constant H/L ratio of 
the EMG . followed by a ris 

9 
&yt&d 4) a constancy in the relationship 

between to peak integrated EMG . . After primary apnea, 
during gas#g respiration: 1) P an cf ‘EMG di increased above 
previous levels, 2) H/L ratio r&%ned elevated and 3) Ti/T 
continued to fall along the same time course established prior%! 
apnea. Despite both the presence of an infinite elastic load -and the 
severe metabolic compromise of asphyxia, there was no indication 
of diaphragmatic fatigue as evidenced by both the H/L ratio and 

L&%?orn rabbit a;e 
‘parameters The respiratory changes during asphyxia in the 

therefore attributed solely to alterations in the 
behavior of the central mechanisms regulating the drive and timing 
of breathing. 

273 
CONTROL OF RESPIRATION AT INCREASED LUNG VOLUMES IN 
ANESTHETIZED CATS. Joe Finkler* and Steve Iscoe* (SPON. C.K. 
Chapler) Dept. of Physiology, Queen's University, Kingston, 
Ontario, Canada K7L 3N6. 

- 

The neural control of respiratory pattern at elevated lung 
volumes is incompletely understood. We studied the tidal vol- 
ume (VT) - inspiratory duration (Ti) relationship in 14 pen- 
tobarbital anesthetized, spontaneously breathing cats. Mea- 
surements were obtained either at functional residual capacity 
(FRC) or at elevated lung volumes. The sensitivity of the in- 

spiratory off-switch mechanism to changes in lung volume was 
defined by the slope of the V T-Ti  relationship between normal 

and occluded breaths. At control FRC, the sensitivity was 
26.322.8 (SEM) ms/ml (N=23). At elevated lung volumes of 2323 
ml (N=ll) and 42+3 ml (N=12), the sensitivities were reduced 
(Pc.05) to 10.422.9 ms/ml and 15.523-l ms/ml respectively. 

The reductions in sensitivity indicated that greater changes in 
inspired volume were required to produce a given change in Ti 
at elevated lung volumes. In an attempt to identify the source 
of this decreased sensitivity, we also studied the responses 
of 41 pulmonary stretch receptors (PSR) to elevations of FRC 
(5423 ml, N=41) for 10 min. All PSR increased their peak 

discharge frequencies by 75% and their end-expiratory fre- 
quencies by 30%. These results suggest that changes occurring 
centrally (brainstem respiratory neurons), and not peripherally 
(PSR) , account for the decreased sensitivity of the inspiratory 

off-switch mechanism when breathing occurs at elevated lung 
volumes. (Supported by the Medical Research Council of Canada) 
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CONTROL OF EXPIRATORY DURATION DURING TRANSIENT HYPOXIA AND 
HYPERCAPNIA IN CONSCIOUS DOGS. L.-Y. Lee, R.F. Morton*, and 
L.K. Yu*. Univ. of Kentucky. LemKentuckv 40536 
-previously reported that the expiratory duration (TE) 
shortened progressively as the ventilation increased during 
transient hypoxia (HPX) and hypercapnia (HPC); the shortening 
of TE persisted even after cold blocking of both vagi, suggest- 
ing a role of chemical drive in the control of TE (Fed. Proc. 
39:830, 1980). To examine the relationship between TE and the 
inspiratory drive, we performed 49 studies on 5 awake dogs 
which rested quietly and breathed through endotracheal tubes. 
Transient HPX and HPC were induced with 4-7 consecutivebreaths 
of N2 and 15% CO2 in air, respectively. Breath-by-breath re- 
sponses were analyzed continuously, and the inspiratory drive 
was measured as the mean inspiratory flow (TI). As chemeal 
drive increased progressively during transient HPX, TE exhi- 
bited a significantly higher (p < 0.01) linear errelation 
with VI of the following breath (VI) than with VI of the same 
breath: in the 5 do s studied, the mean correlation coefficient 

f 
r) between TE and I was % -0.790, whereas the r between TE and 
1 was -0.646. Similar results were found during transient 

HPC. These results suggest that the progressive shortening of 
TE during transient HPX and HPC may result from a progressive 
increase in inspiratory drive which terminates the expiration 
of the preceding breath at an earlier time. (Supported by NIH 
Grants HL-25089 and BRSG RR-05374.) 

274 
RELATIONSHIP BETWEEN EXPIRATORY DURATION (Te) AND THE 
FOLLOWING INSPIRATORY DURATION (Ti) IN THE DOG. 
E.J. Zuperku, F.A. Hopp*, and J.P. Kampine. 
Med. Cal. of Wisconsin and Wood VA Ctr., Milwaukee, WI 53193 

These studies were carried out to characterize the central 
effect of Te on the Ti values of subsequent breaths in 
thetized (thiopental sodium), paralyzed, vagotomized 
The Te 
tion of 

of test breaths 
the largest A f 

was lengthened by 
ibers in the centr 
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ing pattern. 
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These studies suggest that the central organization of the 
respiratory centers contains mechanisms which allow informa- 
tion from previous breaths to be passed on into following 
breaths. Supported by VA Medical Research Service. 

fests itself by increased 
linear relationship exists 
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THE EFFECT OF POSTURE ON THE RESPONSE TO CO2 
Brian Abraham*, Charles l+!eissman*, Jeffrey Askanazi, J. Milic- 
Emili and John M. Kinney. College of Physicians & Surgeons 
of Columbia University, New York, NY 10032. 

Studies of breathing patterns-are often performed in the 
supine position'in ill patients and either seated or supine in 
normal subjects. This study examines the effect of posture 
(seated vs supine) on the pattern of breathing at rest and 
during stimulation (steady state CO2, 2 and 4%) in 9 normal 
subjects. A canopy-computer-spirometer.system was used to non- 
invasively measure minute ventilation (VE), tidal volume (VT), 
frequency (f), inspiratory and expiratory times (TI,TE), mean 
inspiratory flow (VT/TI), inspiratory duty cycle (TI/TTOT), 
02 consumption (VO2), and CO2 Production. Arterial PCOZ was 
measured in 5 subjects. At rest VE was 21% (p <.005) higher 
in the sitting position while 02 consumption was 7% greater 
when seated (NS). Wth administration of 4% carbon dioxide 
minute ventilation was 13.9 l/m and 20.0 l/m in the supice and 
seated position respectively. The relationship between VE and 
VT was parallel in both cases. For any given level of OE, 
inspiratory flow was higher in the seated position. At all 
levels of VT, inspiratory time was lower in the seated posit- 
ion. The ventilatory response to CO2 as measured by aVE/ 
bPaC02 was identical in both cases, while ventilatory sensit- 
ivity was increased when seated. Changes in position from 
supine to sitting are associated with an alteration in breath- 
ing pattern and sensitivity to CO2 while the ventilatory 
response to CO2 is unchanged. 
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INVOLVRlENT OF THE PNEUMOTAXIC CENTER IN THE MEDIATION OF THE ROLE OF THE LARYNX IN THE REGULATION OF BREATHING DURING 
INSPIRATORY INHIBITORY REFLEXES (IIR) FROM INTERCOSTAL AND HYPOXIA IN SLEEPING LAMBS. P. Johnson* & J.E. Fewell, 
ABDOMINAL MUSCLES. R. Shannon. D.L. Freeman* and B.G. Lindsev. Nuffield Institute for Medical Research, University of Oxford. 
Department of Physiology, College of Medicine, University of 
South Florida, Tampa, FL 33612. 

Stimulation of intercostal and abdominal muscle proprio- 
ceptor afferents (Group I) has been shown to result in medul- 
lary inspiratory neuron inhibition. Inspiratory-expiratory 
(IE) and expiratory (E) neurons in the pneumotaxic center (PC) 

region are facilitiated by the muscle afferents (MA). Experi- 
ments were conducted to determine if the PC IE and E neurons 
mediate the IIR from the MA to the medulla. Decerebrated, 
vagotomized, paralyzed, artificially ventilated cats were 
used. Stimulus-response latencies of phrenic (PA) and rostra1 
pontine respiratory unit activities were measured during 
electrical stimulation of intercostal nerve afferents. 

Expiratory laryngeal resistance plays a role in ensuring an 
adequate lung volume and respiratory rhythm during quiet sleep 
in lambs (Central Nervous Control Mechanisms in Breathing, Ed. 
C von Euler, Pergamon Press,337,1979). Hypoxia increases 
activity of the laryngeal adductor muscles in adult rats (Resp 
Physiol 39:335,1980). The role of this increased expiratory 
resistance on the respiratory response to hypoxia is unknown. 
We therefore investigated the cardiorespiratory effects of 
hypoxia in 7 unanaesthetized young lambs with and withouttheir 
upper airway intact. The response to acute hypoxia (FI02.10- 
.07)was an increase in minute ventilation, heart rate andblood 

pressure followed by arousal if the lambs were in quiet sleep. 
In contrast, arousal usually preceded the respiratory response 

NEURONS NEURON LATENCY PHRENIC LATENCY to hypoxia, if the lambs were in REM sleep although this 
n - - mean (range) mean (range) occurred at a lower PaO2. When hypoxia was sustained for 60 to 

70 minutes, a quiet sleep-like high voltage state usually 
IE 17 23.7ms (12.9-62.5) 15.6ms (12.9-21.8) followed. If the lambs were breathing through a tracheostomy, 

afferent;. 

E 

(Supported by NIH Grait HL-17715). 

5 28.9ms (25-31.7) 14.9ms (12.9-16.3) 

The results show that inhibition of PA preceded the facili- 
tation of IE and E neurons. It is known that the inhibition 
of PA is secondary to medullary I neuron inhibition; the 
results therefore suggest that the PC IE and E neurons are 
not the nrimarv neurons mediating: the IIR from the muscle 

lambs. (Supported by Wellcome Trust 9594-1.5, Foundation for 
Study of Sudden Infant Death and HL 07159). 

with no expiratory resistance, breathing frequency decreased 
and often became irregular. Re-introducing the upper airway 
by closing the tracheostomy or adding an expiratory resistance 
sufficient to produce a subglottic .Jressure of 8 cm H20 pres- 
sure rapidly restored a regular breathing pattern andincreased 
frequency. Thus an intact functional upper airway is important 
in maintaining regular breathing during hypoxia in sleeping 

279 
VOLUME-TIMING RESPONSES TO SUSTAINED ELEVATION OF FRC. S.R. 
Muza*, D.T. Frazier, C.P. Pan* & F.W. Zechman, Dept. of%y- 
s;iogy and BiophysicUniv. of Ky., Lexington, KY 40536 

We-have described the response of slowly-adapting pulmonary 
stretch receptors (PSR's) to sustained elevations of FRC in 
cats. These studies have been repeated to examine the effect 
of elevated FRC on the volume-timing relationships. In 7 
spontaneous breathing dial-urethane anesthetized cats a nega- 
tive pressure was produced around the thorax and abdomen toin- 
crease FRC by about 1 tidal volume for up to 60 minutes. Body 
temperature was maintained k 0.3"C of control. A tracheal can- 
nula was connected to a resistive manifold for selective load- 
ing of inspiration or expiration. Two resistive loads and trs 
cheal occlusion were presented six times each at control FRC 
(FRC,), at elevated FRC (FRCe) and 30 minutes after return to 
FRC,. (Ti > and (Te) were measured from a diaphragm EMG. We 
observed Ti at FRCe (.88?.3 set) was slightly shorter than Ti 
at FRCc (1.062.4 set). Tracheal occlusion at FRCe caused a 
shorter Ti (1.37k.4 set) than at FRCc (1.79k.5 set) (pc.05). 
At FRCe the slope (m) of the Vi-Ti relationship was steeper 
(m=-65tl8) and shifted upward from the Vi-Ti curve at FRCc (m= 
-50217) (pc.05). 30 minutes following return to FRCc, Ti was 
still slightly shorter (.96?.3 set) than the initial FRCc Ti. 
The Ve-Te relationship at FRCe was not significantly changed 
from control. We conclude that the Vi-Ti relationship does not 
exactly follow a predicted function based on total lung volume 
because of a partial adaptation of PSR's. (Supported in part 
by NIH Grant HL 24412.) 

LUNG FLUID BALANCE II 
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EFFECT OF DIAPHRAGMATIC LYMPH CONTAMINATION ON CAU-DAL 
MEDIASTINAL NODE, CMN, LYMPH FLOW IN UNANESTHETIZED SHEEP. 
Robert Gunther* and Robert Demling. U.C. Davis, Davis, CA 
95616. 

Standard CMN lymph fistulae were prepared in 9 sheep. 
Residual diaphragmatic lymphatics (D.L.) entering the CMN 
proximal to node transection were removed by cauterizing 
the right diaphragm along the edge of the node. After 3 
days steady state lymph flow, QL and L/P protein ratios were 
measured. Animals then underwent a similar cautery procedure 
for removal of D.L. on the left side and s imilar measurements 
obtained. In 5 animals a large D.L. was c annulated and Q, - 
and b/P measured in the unanesthetized steady state. Resslts 
for QL and L/P after the right cautery procedure were 5.2 
2 1.2 ml/hr and .65 respectively and after the left side -- - 
were 5.1 2 1.4 and .66 respectively. These compare well 
with values after the las: 30 standard CMN procedures of 
5.4 ? 1.6 and .66. Mean Q, and L/P for D.L. were 0.3 ? .12 

The L/P for D.L. was always less than for 
CMN. Residual D.L. do not contribute significantly to caudal 
mediastinal node lymph flow or protein content in the unanes- 
thetized steady state. (Supported by NIH HL-25403.) 

281 
REMOVAL OF SUBDIAPHRAGMATIC CONTAMINATION OF CAUDAL 
MEDIASTINAL NODE (CMN) EFFERENT LYMPH IN ANESTHETIZED SHEEP. 
P. Roes*, J. Wiener-Kronish*, K. Albertine*, M. Matthay* and 
N. Staub. Cardiovascular Res. Inst. and Depts. of Physiol., 
Med. & Anat., Univ. of California, San Francisco, CA 94143. 

Contamination of CMN efferent lymph by aberrant diaphrag- 
matic lymphatics may be significant (FED. PROC. 40:403, 1981). 
In 4 anesthetized, ventilated sheep we measured CMN efferent 
lymph flow and albumin concentration before and afterl;tding 
10 ml/kg of isosmotic 5% albumin solution containing I- 
albumin to the abdominal cavity just below the diaphragm. We 
stimulated both phrenic nerves at 30/min to maximize contami- 
nation. To try to eliminate any contamination, we cauterized 
the pleura along the esophagus and diaphragm on both sides. 
The data are suxmnarized in the table (mean 2 1 S.D.). 

Contamination Peak Steady State 

Lymph Specific Activity (as % of abdominal fluid) 

Control 
After Cautery 

21.3k16.8 11.3k9.6 
8.62 6.3 4.223.5 

Peak contamination (lh) ranged between O-38%, then fell by 
half in the steady state (2-3h). Systemic contamination of 
CMN efferent lymph can be reduced to low levels by careful, 
thorough node resection and cauterization along the esophagus 
and diaphragm to ablate aberrant lymphatics. [Supported by 
HL25816 (Program Project), HL07159 (PFTP), HL06168 (NPSA)]. 
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EFFECTS OF VENTILATION ON LYMPH FLOW FROM THE ISOLATED PER- 
FUSED LAMB LUNG. W. Mitzner, J.T. Sylvester, S. Permutt. The 
Johns Hopkins Medical Institutions, Baltimore, MD. 21205 

Although external compression of lymphatic vessels is a 
major mechanism of lymph clearance from systemic tissues, the 
relative contribution of this clearance mechanism in the lung 
is not well characterized. To study the effect of ventilation 
by itself in an intact animal is difficult because of the many 
concurrent systemic vascular and neural effects. In the pre- 
sent investigation we have studied this question utilizing 
the isolated perfused lamb lung with intact lymphatic drainage 
from the caudal mediastinal node. Following cannulation of the 
duct and recording of lymph flow in the intact animal, we es- 
tablished an in situ perfusion of the lung maintaining normal 
flow, arterial gases and ventilation. Lymph flow stabilized to 
a mean steady value of 3.2 g/h within 1 h. The viability of 
the lymphatics in the isolated lung was confirmed by the ob- 
servation of active pulsations in lymphatic pressure. Stopping 
the ventilation caused a 58% fall in lymph flow in 10 min. 
Over the next 30 min the lymph flow would return to near con- 
trol. Resuming ventilation then caused a marked overshoot in 
the lymph flow, suggesting that during the decreased lymph- 
atic clearance with no ventilation, there was an increase in 
active lymphatic pumping and/or an increase in interstitial 
pressure. High frequency ventilation (15 Hz) also caused an 
acute decrease in lymphatic flow, though not as severe as 
cessation of ventilation. We conclude that ventilation plays 
an important role in lung lymphatic clearance. 

284 
HYPOPROTEINEMIA INCREASES LYMPH FLOW IN SHEEP LUNG 
INDEPENDENTLY OF CHANGES IN STARLING FORCES, GC Kramer*, BA 

* Harms. BI. Bodai*, RH Demlinq and EM Renkin, Human Physiology 
and Surgery, Univ. of California, Davis, CA 95616 

We studied the effects of a sustained decrease in plasma 
oncotic pressure on pulmonary fluid balance in 6 unanesthetiz- 
ed sheep. Initial plasma protein concentration, 58.9+ 5.2 
w/ml 9 was quickly reduced to 33.2t1.8 mg/ml via plasma- 
pheresis and held at this value for 24 hrs. Lactated Ringers 
was infused at a rate adjusted to maintain baseline central 
venous pressure; cardiac output and pulmonary vascular 
pressures also remained at baseline. New steady state lymph 
flows (232% baseline) and lymph-plasma protein concentration 
(L/P) ratios (62% baseline) were reached in 4 hrs. Decreased 
lymph protein resulted in reestablishment of baseline plasma- 
to-lymph oncotic gradient. The increased lymph flow was not 
the result of increased filtration forces, since all vascular 
pressures and the oncotic gradient were unchanged; nor was it 
due to increased surface area since L/P ratios were decreased. 
Elevation of microvascular pressure (left atria1 balloon) 
during hypoproteinemia caused a greater increase in lymph flow 
(1.33 ml/hrmnHg) than with normal plasma protein concentra- 
tions (0.68 ml/hr*mnHg). The greater response with hypopro- 
teinemia resulted from 1) an apparent increase in blood to 
lymph fluid conductivity, 2) reduced fluid viscosity, and 3) 
diminished oncotic feedback due to minimal interstitial 
protein concentration. (NIH grants 18010 and 27619) 

286 
DIFFERENTIAL EFFECT OF HISTAMINE ON PROTEIN PERMEABILITY IN 
THE DOG LUNG AND FORELIMB M.B. MARON, Physiology Program, 
NE Ohio Univ. College of Medicine, Rootstown, Ohio 44272. 

The effects of histamine on the vascular permeability of a 
perfused canine isolated left lower lung lobe (LLL) and a per- 
fused canine forelimb preparat ion were evaluated by compar 
the apparent filtered volumes (FV) calculated from the 

*ing 

increases in hematocrit (hct) and plasma protein concentration 
(pr). In the LLL and forelimb, elevation of venous pressure 
(P,) to 16 torr resulted in a ratio of filtered volumes 
(FVpr-FVhct) of 0.97 2 0.03 (SE) and 0.99 2 0.04, respectively. 
In the LLL, histamine (2.3 pg/ml blood) did not significantly 
alter this ratio (1.02 + 0.03), while the addition of 
methylene blue (5mg), 
vascular permeability 

- 
an 

', si 
agent which increases pulmonary 
.gnificantly reduced it to 0.62 + 0.08 

indicating that protein permeability had increased. In the 
forelimb, histamine (2.1 pg/ml) transiently decreased 
FVpr/FVhct to 0.23 + 0.04. After recovery from histamine, 
elevation of P, caused further filtration without significant 
protein leakage as evidenced by a ratio of 0.94 f 0.05. In 
concl usion 
meabi lity 

the ability of histamine to increase-protein 
the forelimb but not the LLL indicates that 

per- 
in 

intrinsic differences in the regulation of vascular permeabil- 
ity exist between blood vessels of the lung and forelimb. 
Supported by NIH Division of Research Resources Grant 
#5SO8RRO9026 and grants from the American Lung Association, 
and the American Heart Association, Akron District Chapter. 

EVALUATION OF LUNG FLUID BALANCE CHANGES IN SHEEP: LYMPH FLdW 
VS DUAL DILUTION. D.G.Niehaus*, H.van der Zee* and T.M.Saba. 
Dept. Physiology, Albany Medical College, Albany, NY 12208. 

Reticuloendothelial system (RES) phagocytic defense is 
modulated by plasma opsonic fibronectin. Experimental deple- 
tion of fibronectin limits reticuloendothelial function in 
sheep. In previous studies (JAP 49:693,1980) with the sheep 
lung lymph fistula preparation, it was demonstrated that fibro- 
nectin deficiency exaggerated the increased lung vascular per- 
meability during sepsis. Since the surgical trauma required 
for the preparation of the lung lymph fistula alters RES 
function this invasive approach limits studies on the influ- 
ence of altered RES function,and fibronectin deficiency on 
lung fluid balance in sheep. The current study evaluated the 
ability of the dual-dilution technique to detect alterations 
in lung water as compared to matched steady-state lymph flow 
determinations. Anesthetized sheep were tested in both the 
supine (n=3) and prone (n=3) positions. The thermal lung water 
space was calculated as: (thermal mean transit - cardiogreen 
mean transit time) x cardiac output. In the prone position, 
changes in lung fluid balance as indicated by both techniques 
were positively correlated. There appeared to be no correla- 
tion between the techniques in the supine position. In addi- 
tional sheep (n=6) the gravimetric lung water (13.921.5 g/kg) 
was identical to the thermal lung water space (13.9k1.4 g/kg). 
These data suggest that the dual-dilution technique provides a 
sensitive, non-invasive method for evaluation of changes in 
lung fluid balance in sheep. (GM-21447 and BRSG SO7RRO5394-19) 

285 
PROTEASE-INDUCED INCREASE IN PULMONARY VASCULAR PERMEABILITY. 
M.V.Tahamont*, P.S.Barie*, F.A.Blumenstock* and A.B.Malik. 

Pulmonary vascular injury after acute pancreatitis may be 
associated with the release of proteases from the injured pan- 
creas. In order to test this hypothesis, we compared the 
effects of pancreatitis and i.v. protease (trypsin) infusion 
(mean 4.5 mg/kg/h for 2 h) on lung fluid and protein exchange 
in sheep with lung lymph fistulas. Pancreatitis was induced by 
injection of 2 mg/kg trypsin and 1.5 ml/kg 5% Na taurocholate 
into the pancreas. 

L/p Qlymph Clearance (CT,) Pmv 
Baseline(n=5) 5.421.5 .80+.03 4.321.2 7.6tO.5 
Trypsin 11.8?7.4* .90+.03* 10.6+1.8* 8.7T1.3 

Baseline(n=8) 4.421.3 .73+.05 3.421.2 6.321.1 
Pancreatitis 7.4+1.0* .76+.05 5.4+1.5* 5.921.4 
*p<.O5; L/P=lymph/plasma prot. cont. ratio; CL=Qlymph x L/P; 
Pmv=pulm. microvasc. pressure = e + 0.4 (Pp - Pla,; 
Qlymph = pulmonary lymph flow 
Protease release during pancreatitis was confirmed by measure- 
ment of a 27% decrease in plasma anti-protease activity. 
Both trypsin infusion and pancreatitis increased Qlymph and CL 
without a change in Pmv, indicating an increase in vascular 
permeability. Therefore, the pulmonary vascular injury 
observed during pancreatitis may be mediated by proteases 
released from the inflamed pancreas. (HL-26551; HL-00363; 
Parker B. Francis Foundation) 

287 
HEPARIN DOES NOT PREVENT INCREASED LUNG VASCULAR PERMEABILITY 
AFTER MICROEMBOLI IN UNANESTHETIZED SHEEP. M.R. Flick * and 
J. Hoeffel* (SPON: J.F. Murray). Dept. of Medicine and 
Cardiovascular Research Inst., Univ. CA, San Francisco 94143. 

We tested heparin's effect on increased lung microvascular 
permeability during air emboli. In 4 unanesthetized sheep we 
measured lung lymph (blym) and protein (bprt) flow, pulmonary 
arterial (Ppa) and left atria1 (Pla) pressures, and cardiac 
output (?b). We calculated pulmonary vascular resistance 
(PVR). After a 2h baseline we infused air i.v. at a constant 
rate to increase PVR 3-4 fold. We repeated the experiment in 
the same sheep pretreated with heparin (3000 units/kg i.v.). 
The mean data are summarized in the table: 
Condition Ppa Pla Qb PVR - Qlym ?W 

cm H?O cm H20 l/min dyn-s-cm-' ml/h - mg/h --- 
Untreated 

baseline 13 1 5.7 123 10.4 263 
emboli 31 -7 4.6 494 38.7 1019 

Heparinized 
baseline 14 1 5.5 135 10.7 304 
emboli 32 -6 4.7 488 40.6 1168 

Heparin had no effect on lung fluid balance or hemodynamics 
during the baseline period; during air emboli, heparin did not 
effect hemodynamics or attenuate increases in hlym and oprt. 
Intravascular coagulation and pulmonary thromboembolization do 
not play a role in this increased permeability pulmonary edema. 
[Supported by HL-26913 (Young Investigator Research Award) and 
HL-19155 (Pulmonary Vascular SCOR)]. 
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EFFECT OF CONCENTRATED ALBUMIN ON PULMONARY EDEMA AFTER HCL 
ASPIRATION IN ISOLATED PERFUSED DOG LUNG. S. Nanjo*, 

ACCURATE DETERMINATION OF LUNG WATER IN TWO MODELS OF PULMO- 
NARY EDEMA. Gordon R. Neufeld, University of Pennsylvania, 
School of Medicine, Philadelphia, PA 19104. J. Bhattacharya and N.C. Staub, Cardiovascular Research 

Institute and Dept. of Physiology, University of California, 
San Francisco, CA 94143. 

Although concentrated albumin is reported to attenuate edema 
after HCl instillation in isolated, perfused dog lung, we found 
no beneficial effect of albumin in open thorax, intact dog lung 
(PHYSIOLOGIST 23:44b, 1980). In 8 isolated, blood-perfused 
dog lobes, we measured weight change (AWt) and pulmonary 
arterial pressure (Ppa) at venous pressure = 0 and constant 
flow. After lh we instilled 0.4 ml/kg of .lN HCl. In 4 lobes 
we added 37 g of 25% albumin to the perfusate 5 min after HCl 
to increase calculated colloid osmotic (T[rmr) fourfold. The 
data are summarized in the table (mean + 1 S.D.). 

Condition No. Ppa (cmH20) llmv (cmH20) Awt (g/h) 

Baseline 8 14.220.5 17.5+ 3.3 3.2k1.9 
HCl 4 15.5to.9 18.72 2.2 22.2i7.9 
HCl + Albumin 4 16.9k2.3 78.5k14.5 23.428.7 

Albumin was of no benefit. In 5 additional lobes we measured 
Awt vs Ppa. After HCl the slope (AWt/Ppa) increased dramati- 
cally, averaging 5-6 times baseline. Albumin did not affect 
the increased slope after HCl. The increased alveolar cap- 
illary permeability after HCl aspiration is not affected by 
albumin. It may appear to be so, however, if Ppa decreases 
slightly. (Supported in part by HL25548). 

290 
ECHIS CARINATUS VENOM LEADS TO FIBRIN MICROEMBOLI AND PULMON- -- 
ARY EDEMA IN DOGS. R.C. Schaeffer, Jr., T .  Hadden’;, F. Hosner+ 
R. McClelland:: and R.W. Carlson. Depts. Med., Mt. Carmel 
Mercy Hospital and Wayne State University, Detroit, Ml 48235 

Anesthetized ventilated mongrel dogs (n=6, 20.5-27.3 kg) 
were given an IV (iliac vein) infusion (30 min, 1.0 ml of 019% 
NaCl) containing 0.1 mg/kg of saw-scaled viper (E. carinatus) 
venom ; a toxin that activates prothrombin. SystZmic arterial 
and left ventrioular end-diastolic pressure were unchanged, 
although cardiac index declined from X=160+-30 sd to lOOk 
ml/min/kg (pcO.05) by mid-infusion. In contrast, pulmonary 
vascular resistance increased from 178+35 to 648+6S dynes set 
cm” (pcO.05). These changes persisted for 120 min after the 
end of venom infusion. At this time hypoxemia (Pa02 = 64+1I 
torr) was seen in three animals, but p,H PaC02 and blood lac- 
tate were little affected. In one animal pulmonary edema 
fluid (EF) was collected and the EF/plasma oncotic pressure 
ratio was 0.79. At autopsy the lung wet/dry weight ratio un- 
corrected for lung blood was 6.521 .5. Light microscopy re- 
vealed fibrin microembol i throughout terminal arterioles of 
the lung, as well as perivascular edema of extra-alveolar 
vessels and hemorrhage in dependent 1 ung regions. These data 
suggest that E. carinatus stimulates intravascular coagulation 
to produce fibrin microembol i , pulmonary hypertension and 

A recent workshop on lung water measurements concluded that 
all the available methods applicable to man were limited to 
accuracies of 20 to 30 percent. Traditional measurements of 
pulmonary extravascular water volume (PEWV) by indicator dilu- 
tion fall in this range of precision. The primary difficulty 
has been the inability to discriminate between recruitment, de- 
recruitment effects and real changes in water content. In 
twenty-five anesthet ized and mechanically ventilated dogs, in- 
dicator dilution data were obtained in a control group, an al- 
loxan permeabilit y edema group and a hydrostatic edema gr oup. 
Following each st udy 9 the lungs were dried and water cant ent 
determined. A multiple linear regression incorporating PEWV 
and the extracted fraction of water in the tracer bolus 
yielded superior results to PEWV alone: 

LUNG WATER = 1.59 + 3.21 (Ex) + 0.264 (PEWV/kg) 
r = .883 

The root mean square error from the line of identity was 
8.2% for all groups combined. Equally significant was the 
fact that the regression equation reliably estimated the con- 
trol period lung water in all the groups. The analysis ap- 
pears to be sufficient lY P reci se t 0 follow edema formation in 
individual cases. A three compartment model is sufficient to 
explain the result. (Supported in part by USPHS Grants HL 
23730 and HL 16916). 

291 
TREA’IMENT OF LOW PRESSURE FDBIIA IN DOGS. G .R. Long*. 
Smmm*. L. QDV 

. 
gnhemer*. and L.D.H. *. (SPON . H ‘s.“‘* . . . 

Goldberg). Depts. of Med. and Surg., U. of Manitoba, Canada. 
In canine oleic acid edema, lowering the pulmonary capil- 

lary wedge pressure (Ppw) by phlebotomy significantly reduced 
edema. Conceivably, plasmapheresis (P) and ultrafiltration (U) 
reduce Ppw and edema without reducing hematocrit, and vaso- 
active d-rugs (V) maintain cardiac index (CI ) at reduced Ppw. 
We administered oleic acid to 28 anaestheti zed ventilated dogs 
having Ppw of 7.5 rrnnHg. One hour later, venous admixture @a/ 
Qt) had increased (pc.01) from .03 to .17 and extravascular 
lung liquid (EVLL, thermal indicator dilution) had increased 
(pc.01) from 2.6 to 5.9 ml/g dry bloodless lung. Then the 
dogs were randomly divided into 4 equal groups: control (C) 
where Ppw was maintained at 7.5 mnHg; groups P and U, where 
Ppw was reduced from 7.5 to 2.5 mmHg; and group V, where dopa- 
mine or dobutamine was infused (lOpg/kg/min) while P reduced 
Ppw from 7.5 to 2.5 tig. Four hours later the measurements 
were repeated, and EYLL was determined gravimetrically in the 
excised lungs : 

edema. Use of this venom may be a technic to study endogenous 
(Supported in part by a grant microembol ization of the lung. 

from Mount Carmel Research and Education Corporation #223-208) 

C P V U 
EVLL 7.4 + .6 6.4 + .3* 6.7 + .5* 6.6 + 1.21 
CI 3.3 7 1.6 2.0 7 .5* 3.4 T  1.0 2.3 T  0.7” 
In groups P fid V, edema wa!? reduced by 23% comnared to-con- 
trol dogs (*=p<. 0%). In groups P and U, CI decreased withPpw, 
and the vasoactive drugs maintained CI at reduced Ppw. We con 
elude that combined plasmapheresis and vasoactive therapy re- 
duces low pressure edema without reducing cardiac output. 

EPITHELIAL TRANSPORT 

292 
EVIDENCE FOR A SYMPATHOMIMETIC EFFECT OF NUCLEOTIDES ON SHORT 
CIRCUIT CURRENT (ISC) IN ISOLATED TOAD URINARY BLADDER (TUB) 

293 
CELL CALCIUM AND THE REGULATION OF TRANSEPITHELIAL SODIUM 
TRANSPORT: ROLE OF PROSTAGLANDINS. David Erlij, Lewis 

EPITHELIA. Carl L. Thurman, James T. Higgins and Anne M. Trin- 
chero , Dept. of Medicine, The Medical College of Ohio, Toledo, 
OH 43699 

Adenyl cyclase activity in TUB cells couples hormonal stim- 
ulation with Na+ transport. In some systems the activity of 
the enzyme is dependent upon cytoplasmic concentrations of 
both ATP and GTP. We have found that an exogenous analog of 
the guanosine nucleotide increases Na+-dependent Isc through 
adrenergic receptors in TUB epithelia. 

Epithelia were mounted in an Ussing apparatus to isolate 
control and experimental portions of the tissue. Isc was stim- 
ulated by serosal lo-3M dibutryl CAMP, lo-3M NaF and 5 x lo-5M 
5'-guanylylimidodiphosphate (GppNp) but not by 5 x lo-5M 
methylene guanosine 5'-triphosphate. Baseline Isc was reduced 
by 30% with 10 -4M trifluoperazine (TFP). TFP completely elim- 
inated the TUB response to GppNp. Post-TFP addition of CAMP 
produced a transient increase in Isc which lasted about 20 
minutes. Pre-treatment with the a-adrenergic antagonist pra- 
zosin completely abolished the GppNp response and suppressed 
CAMP stimulation by 52%. 

These data support the view that adrenergic stimulation in- 
creases Na+ transport in TUB epithelia. GppNp activity is 
coupled to increased Na + flux by a serosal a-adrenergic recep- 
tor. Blockage of this receptor with prazosin reveals a CAMP- 
sensitive sympathetic component in addition to the well docu- 
mented intracellular effect of CAMP in the TUB cell. 

Gersten* and Gary Sterba* Depts. of Physiol. and Med., 
Downstate Medical Center, S.U.N.Y., Brooklyn, NY 11203 USA. 

Stimuli that elevate cytoplasmic calcium may increase or 
reduce the transepithelial transport of sodium depending on 
specific circumstances. We have examined the transepithelial 
transport of sodium in the frog skin in responseto Ionomycin, 
ionophore A23187 and the use of a sodium-free solution in the 
serosal side of the frog skin. The ionophores, A23187 and 
Ionomycin, and the elimination of sodium in the serosal side 
are known to elevate cytoplasmic calcium. Ionomycin and iono 
phore A23187 increase the transport of sodium in frog 
skin. On the other hand, a sodium-free solution can increase 
or decrease the transport of sodium depending on the species 
and variety of frog used. 

We found that when we use any of the three procedures to 
increase cytoplasmic calcium, after treating the skins with 
indomethacin, sodium transport is either not affected or re- 
duced. Moreover, the stimuli that increase cytoplasmic cal- 
cium also increase the rate of release of prostaglandin by 
the tissue into the basal solution by more than ten-fold. 

Thesedata indicate that calcium-induced prostaglandin 
release is a major cause of variation in the transport re- 
sponse to elevation of cytoplasmic calcium. (Supported by 
grants from the N.I.H. and the New York Heart Association). 
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294 
SODIUM CURRENT ACROSS APICAL BORDER OF THE FROG SKIN IS 
DESCRIBED BY THE GOLDMAN CONSTANT FIELD EQUATION. Howard F. 
Schoen* and David Erlii. Downstate Med. Ctr.. State Univ. of 
New York, Brooklyn, N.Y. 11203. 

I 

One of the most specific models for Na movement across the 
apical membrane of frog skin epithelial cells suggests that 
Na current moves through pores following the predictions of 
the Goldman constant field equation (Fuchs, Larsen & Lindemann 
1977, J. Physiol. (London) 267: 137). Since this view has 
been questioned by some workers we have reexamined this 
problem using microelectrode techniques. We measured the 
current-voltage relationship of the apical membrane using the 
assumption that the amiloride-sensitive current is equal to 
the trans-cellular sodium current. The data fit the constant 
field equation over the range of about -8 to +50 mV (outside 
solution zero). Moreover, the intercept where current 
equals zero is usually in the range predicted by the Nernst 
equation for the known intracellular levels of sodium in this 
preparation (8 to 25 mM when short circuited in a normal 
Ringer's solution). (Supported by grants from the NIH and 
New York Heart Association). 

296 297 

INTRACELLULAR Nat AND Kt ACTIVITIES IN PERFUSED RAT LIVER. R. 
Wondergem, J.F. Garcia-Diaz,* L.M.Baxendale,* and W. McD. - 
Armstrong, Depts. Physiol., ETSU-Coll. of Med., Jo-City, 
TN 37614; and I.U. Sch. Med., Indpls., IN 46223. 

EFFECT OF CAMP ON TIGHT JUNCTIONAL PERMEABILITY IN NECTURUS 
GALLBLADDER. 
Departments of 
Buffalo VA Medical Center, Buffalo, N.Y. 14214. 

Mechanisms for regulation of tight junctional permeability The transmembrane potential (E ) in rat liver increases 
following partial hepatectomy (WoRdergem and Harder, J. Cell. 
Physiol. 102:193, 1980). As an initial step toward deter- 
mining whether changes in intracellular cation activities 
accompany this hyperpolarization, we have measured intra- 
cellular activities of Nat (a$,,) and Kt (ai) in isolated 
rat livers. Livers were perfused via the portal vein at 
15-20 ml/min with Krebs' salt solution equilibrated with 
95% 02 - 5% CO& TO measure the Em, the cells were impaled 
with open-tip microelectrodes filled with 3M KCl. Inter- 
mittent current (0.5 nanoamp) was passed to continuously 
monitor microelectrode resistance, which ranged from 12 
to 18 megohms. In 31 impalements (6 animals) the Em ranged 
from -19 to -42 mV (mean + SD. = -27 2 6 mV). Kt and Nat- 
selective liquid ion-exchanger microelectrodes were used 
to measure aR and aha. In 21 impalements (2 animals) the 
ak ranged from 76 to 91 mM (mean + S.D. = 84 +_ 4 mM), and 
in 31 impalements (4 animals) the a 

i 
ranged from 5 to 14 mM 

(mean & S.D. = 9 & 2 mM). (Supporte aby SREB; USPHS 1 SO8 
RR09171-02 and USPHS grants AM-12715 and HL 23332). 

298 
Ca++ MEDIATION OF ACETYLCHOLINE--INDUCED PANCREATIC ACINAR 
SECRETION: DIRECT MEASUREMENTS OF CYTOSOLIC Ca++. J. 
O'Doherty* and R. J. Stark*, (SPON: E. E. Selkurt) Dept. 
Physiol. Indiana Univ. Sch. Med., Indpls., IN 46223 

In the exocrine pancreas, acetylcholine (ACh) decreases the 
membrane potential (Em) while stimulating fluid and enzyme 
release. Ca-selective and conventional microelectrodes were 
used to examine the relationship between the electrical 
response, secretory response and cytosolic Ca++ concentration 
( [Cali) in acinar cells of the mouse pancreas. By continu- 

ously measuring the ACh-induced changes in intracellular 
potentials during the secretory process, we determined the 
effect of varying the cont. of the stimulus. Stimulation with 
ACh at concentrations ranging from 10-8 to 10'5M, depolarized 
Em by 2.6 to 10.5 mV and increased [Cali from 0.4 PMtobetween 
0.5 and 1.0 UM indicating that the induced changes in Em and 
Ccali are directly related to the stimulus cont. Ach-stimula- 
tion of amylase secretion also followed a definite dose 
response curve. Amylase release (measured as a percentage of 
the basal secretory rate) reached a maximum at lo-'M ACh stim- 
ulation and progressively decreased at higher concentrations 
of stimulus. Increasing the stimulus above an optimal cont. 
appears to reduce or inhibit enzyme release. These results 
demonstrate the ability of [Cali to actively regulatepancre- 
atic enzyme secretion within a narrow range of cytosolic Ca++ 
activities, and therefore to act as a primary intracellular 
mediator. Supported by USPHS NIH grant 26246. 

295 
INDUCTION OF AN ELECTROGENIC LUMINAL ALKALINIZATION CURRENT BY 
A PHOSPHODIESTERASE INHIBITOR IN TURTLE BLADDER. Noriko Sata- 
ke,*J.H. Durham*and W.A. Brodsky. Depts. of Physiology and 
Biophysics, Mt. Sinai School of Medicine, NY and Osaka Medical 
College, Osaka, Japan. 

The short-circuiting current (1s~) in ouabain-treated blad- 
ders, removed from turtles 6 days after the final feeding, is 
carried by HC03 reabsorption (or H secretion) when such blad- 
ders are bathed on both surfaces by an identical Cl-free, Na- 
free, HC03-rich Ringer solution equilibrated with CO2 +02. 
Serosal addition of a disulfonic stilbene (SITS) reverses the 
orientation of the PD and Isc which reach +8mV and +4ua respec- 
tively and which are doubled by the serosal addition of theo- 
phylline. The serosal addition of isobutyl methyl xanthine 
(IBIW , a phosphodiesterase inhibitor, and/or cyclic AMP'de- 
creases but does not reverse the PD and Isc. The Isc across 
bladders removed from turtles 1 day after feeding or from bi- 
carbonate-loaded turtles was small but positive (+4ua) to be 
begin with. The serosal addition of IBMX and CAMP increased 
Isc to +40ua and doubled the transepithelial conductance. Fi- 
nally, pH statting of a HCOS-free, Cl-free luminal fluid at pH, 
4.0 was used to estimate the rate of alkali secretion or 
JHCO3(s) while serosal pH and HC03 were 7.4 and 20 mM. Under 
these conditions, IBMX and CAMP induce parallel increases in 
JHCO3(s) and positive Isc, while acetazolamide induces parallel 
decreases in these parameters. It is concluded that the acid- 
base excretory function of the turtle bladder is modulated by 
the intracellular cyclic nucleotide level. (NIH & NSF support). 

may be important to salt and water transport by "leaky" epi- 
thelia. We examined the role of CAMP in alteration of tight 
junctional structure and function in Necturus gallbladders 
mounted in an Ussing-type chamber. When the mucosal surface 
was exposed to lo-4M 8-Bromo-CAMP, transepithelial resistance 
increased from 86 to 127 ncm2 and NaCl diffusion potentials 
(half mucosal NaCl replaced with sucrose) decreased from 15.3 
to 12.0 mV. Transepithelial electrical potential difference 
and short-circuit current increased significantly. In addi- 
tion, the electrical potential difference across the mucosal 
cell membrane rapidly depolarized from -50 to -38 mV and the 
intracellular potassium activity, measured by potassium- 
selective microelectrodes, gradually declined from 85 to 72 mP1. 
Freeze fracture electron microscopy revealed a reorientation 
and increase in depth of intramembranous tight junctional 
fibrils in the CAMP treated tissues. All changes were revers- 
ible and concentration-dependent. We conclude that: 1) CAMP 
reduces the ionic permeability of tight junctions; 2) this re- 
duced ionic permeability is associated with alteration in the 
structure of tight junctions; and 3) CAMP may increase the 
mucosal and/or basolateral cell membrane potassium perme- 
ability. (Supported by SUNY BRSG 2-S07-RR05400 and VA 
Research Fund.) 
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EFFECT OF CHOLINERGIC STIMULATION ON IONIC PERMEABILITY OF 
THE BASAL CELL MEMBRANE OF THE SECRETORY CELL OF THE ISOLATED 
ECCRINE SWEAT GLAND. Kenzo Sato. University of Iowa 
Hospitals, Iowa City, IA 52242 

The detailed electrophysiological events following cholin- 
ergic (MCH) stimulation of the eccrine sweat gland are still 
poorly understood. The present study was designed to clarify 
the change in ionic permeability across the basal (secretory) 
cell membrane during MCH stimulation. A short segment of the 
secretory coil was dissected out from an isolated monkey palm 
eccrine sweat gland and was immobilized by gentle suction be- 
tween two constriction pipets in Krebs' Ringer solution at 
37Oc. Membrane p.d. was measured using a standard glass mi- 
croelectrode technique. The mean membrane p.d. was -73 mV. 
Stimulation of secretory cells with local iontophoresis of MCH 
caused a biphasic change in p.d.: an initial transient depo- 
larization followed by repolarization to plateau at a few mV 
less negative than the resting p.d. A local ionic replacement 
study showed that the basal membrane p.d. is made up mainly of 
K+ and partially of Cl- diffusion potentials. Permeability 
sequence of ions across the basal membrane is: K+>>Cs+>Tris+> 
Li+>Na+ ,+and Cl->Isethionate->SOz- in resting cells, and K+>> 
Cs+>Tris -Li+-Na+ and Cl->Ise->SOz- during the steady state 
after MCH stimulation. Since the total conductance of the se- 
cretory cell membrane does not change significantly during MCH 
stimulation, the above data is interpreted to indicate that 
permeability of Na+, but not of K+ or Cl-, increases during 
cholinergic stimulation (to the level of Tris+ or Li+). 
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MUSCARINIC ACETYLCHOLINE RECEPTOR CHARACTERIZATION *IN THE 
AVIAN SALT GLAND. Seth R. Hootman* and Stephen A. Ernst. 
Univ. of Michigan, Ann Arbor, MI 48109 

Fluid and ion secretion by the avian salt gland is regulat- 
ed primarily by muscarinic cholinergic receptor (MAChR) acti- 
vation. We have characterized these receptors in salt glands 
of domestic ducks adapted to low (FW) and high (SW) salini- 
ties, using the tritiated antagonist quinuclidinyl benzilate 
([3H]QNB). Specific QNB binding to MAChR in homogenates from 
salt glands of both FW- and SW-adapted ducks revealed a single 
population of saturable high affinity sites (K FW =.40.1 f 3.0 
pM; KdSW = 35.1 * 2.1 PM). Following SW adapta e ion, total 
gland receptor populations increased from 1.41 f 0.09 to 9.03 
f 0.86 pmol/gland. The average number of binding sites per 
cell increased by 2.4-fold, demonstrating that proliferation 
of MAChR accompanies the salt gland response to functional 
demand. The receptor exhibits typical pharmacological affini- 
ties for muscarinic antagonists (QNB, atropine, scopolamine) 
and agonists (oxotremorine, carbachol, methacholine). In addi- 
tion, the diuretics furosemide and bumetanide competitively 
inhibit' [~H]QNB binding to salt gland MAChR, with K 's in the 
millimolar range. In parallel studies, furosemide a f so inhib- 
ited QNB binding to MAChR in homogenates from rat exorbital 
lacrimal gland but had no effect on binding to rat atria1 or 
brain receptors. These results suggest that MAChR in avian 
salt gland and in other secretory epithelia may be intimately 
associated with the furosemide-sensitive Na+ and Cl- uptake 
mechanism. Supported by USPHS grant AM 27559. 
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ASSOCIATION OF MICROELECTRODE IMPALEMENT POTENTIALS WITH 
MORPHOLOGICALLY DISTINGUISHABLE CELL TYPES IN INSECT MIDGUT. 
James T. Blankemeyer. Dept. of Physiological Sciences, 
College of Veterinary Medicine, Oklahoma State University, 
Stillwater, Ok. 74078 

The insect midgut actively transports potassium from the 
hemolymph to lumen when chamber mounted. The net K flux ac- 
counts for the ISC and both the ISC and trans-epithelial PD 
diminish with reduced K on the hemolymph side. There are 
three electrically distinguishable impalement potentials in 
the midgut. One of these the LPD, was identified, on the 
basis of the voltage divider ratios, as the site of trans- 
epithelial K active transport (Blankemeyer and Harvey (1978, 
JEB 77, 1-13). The other major cell type, the HPD, was de- 
termined to be uninvolved in trans-epithelial K active trans- 
port. In an attempt to associate the microelectrode impale- 
ment potential with one of the morphologically distinguish- 
able cell types, a fluorescent dye, Lucifer Yellow CH, was 
ionophoretically injected into midgut cells. Injection of 
HPD impalements produced recovered dye in 4 of 6 midguts 
with all 4 showing dye in columnar cells. Although recovery 
of dye from LPD impalements has been unsuccessful, identifi- 
cation of the columnar cell as the HPD implies that the LPD 
impalement is the goblet cell since the replacement cell is 
rare in some lepidopteran species. (Supported in part by 
USPHS grant AMR-21890). 
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EMF'S OF ACTIVE ELECTROGENIC ANTIPORTS AND SYMPORTS. W S 
Rehm, G. Carrasquer, T.C. Chu*and M. Schwartz. 

a 
Depts. of 

Medicine and Physics, Univ. of Louisville, Louisville,KY 40292. 
Spangler and Goodall presented an equation for the emf of a 

passive electrogenic Na-K antiport (Biophysics J 21:216a,1978). 
Herein we consider active electrogenic cotransport systems. 
Consider an active antiport with monovalent cations involving 
for 1 cycle the transport of n moles of P across a membrane 
from side 1 to side 2 and m moles of Q from side 2 to side 1, 
with ATP + ADP + Pi as the energy source. With the model in 
isolation (no return circuit), the Gibbs free energies would 
be given by: 

-AGp= nRT In (P>l/(P>2 + nF (Vl - V2) 
- AGQ = &T ln (Q)z/(Q)l - mF (VI - V2) 
-AGATP = RT ln[k(ATP)/(ADP)(Pin h w ere k is the equilibrium 

constant for ATP hydrolysis, V the potential and R, T  and F 
have their usual meanings. Let E = (V2 - Vl). In equilibrium, 
the sum of theAG's = 0. These equations yield: 

E =E*+,~~ln#~~mln$2] 

where E* = (RT/(n-m)F)(lnb(ATP)/(ADP)(Pi#). With n-m, a de- 
crease of (P)2 gives an increase in E (a normal response same 
as for simple conductive limb for P) and a decrease in (Q)2 
yields the opposite response (an anomalous one). With P and Q 
as univalent anions, the changes in E will be opposite to those 
for cations. Equations for the emf's of electrogenic symports 
will be considered. (NIH and NSF support) 
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HERMIT CRAB LOCOMOTION: ENERGETIC COST OF CARRYING A SHELL. 
Clyde F. Herreid 11, Robert J. Full* and Sandra M. Woolley*. 
SUNY, Buffalo, NY 14260. 

Coenobita compressus from Panama were run on a minature 
treadmill enclosed in an airtight lucite respirometer while 
02 consumption (VO2) was monitored. The VO rapidly increased 
from a resting value (0.14 ml02/ghr) to a s eady-state 90,; z 
the t$ on-response was 3 min. After the 20 min. run, 
recovery was also rapid; t% off response was 3.5 min. This 
response was different from other species of land crabs 
previously studied, but it was similar to mammals and cock- 
roaches. co2 during steady-state running was a direct linear 
function of velocity (V): VQl, = .29 + 1.98 V. The minimum 
energetic cost of transport-Gas compar ,able to quadrupedal and 
bipedal verteb rates. When crabs were removed from their shells 
and run "nude", the total cost of locomotion was greatly re- 
duced but the minimum cost of locomotion remained the same: 
Vo2 = .12 + 2.00 v. At low velocities (.05 km/hr), the V02 
running with a shell was about twice that of a "nude" crab, 
while at high velocities the relative cost was only about 1.3 
times higher. Hermit crabs were run with shells of different 
masses to evaluate the effect of load-carrying. With small 
loads, the relative increase in V02 increased directly wi th 
the relative size of the load; however, once the load was equal 

Enforced swimming activity (1 hr) resulted in a mixed res- 
piratory and metabolic acidosis in the hemolymph of C. sapidus. 
Posthranchial pH dropped (7.63 to 7.24) during the first 15 
r:n, then increased slightly over the duration of the exercise. 
Pa02 remained high (65-75 torr), but PaC02 increased from 2-3 
tory at rest to 4-6 torr at 30 min, then decreased with further 
exercise. Hemolymph lactate (LA) showed a log increase with 
time, rising from 1 to 14 mM over 60 min, while HC03- decreased 
from 5.7 to 3.4 mM in the first 30 min and then stabilized. 
During recovery, PaC02 returned to resting levels within 3 hr, 
and by 6 hr was further reduced by 0.5 torr. Hemolymph pH, LA, 
and HC03- were not fully recovered at 6 hr, but all variables 
had returned to pre-exercise levels by 24 hr post-exercise. 
Metabolic acidosis accounted for over 80% of the increase in 
H+, but analysis of metabolic and respiratory components was 
complicated by an altered acid-base, equilibrium,-as indicated 
by an increase in the calculated pK1 (= 6.005 at rest and 
6.147 at 30 min of exercise); as a result, measured PC02 values 
during exercise exceeded those calculated from the Henderson- 
Hasselbalch eq. by up to 1.5 torr. 
eliminated by 1 hr recovery, 

This disc?epancy was 
at which time pK1 had returned to 

to the animal's mass or larger (up to 2-5 times the crab mass) its control value. The calculated base-deficit (4.96 mM) 
there was no further change in Vo2. This suggests an increase accounted for only 40% of the LA produced, suggesting that 
in mechanical efficiency with heavy loads. Kinematic analysis additional buffers were available, possibly including CaC03 
will be discussed. (Supported by NSF grant PCM 79-02890.) from the exoskeleton. (Supported by NSERC Grant # A5762). 

ACIi&BAS;: DISTURBANCES DURING EXERCISE IN THE BLUE CRAB, 
CALLINECTES SAPIXJS. C.E. Booth* and B.R. McMahon. Univ. of 
Calgary, Alta., Canada T2N lN4. 
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REGULATION OF GILL VENTILATION AND ACID-BASE STATUS IN HYPER- 
OXIA-INDUCED HYPERCAPNIA IN THE LARGER SPOTTED DOGFISH (Scylio- 
rhinus stellaris). N. Heisler*, G.F. Holeton* and D.P. ToewS* -- 
(SPON: J. Piiper). Dept. Physiol. Max Planck Inst. Exp. Med., 
D-3400 Giittingen, FRG; and Dept. of Biol., Univ. of Toronto, 
Ontario, and Dept. of Biol., Acadia Univ., Wolfville, Nova 
Scotia, Canada 

Dogfish were exposed to environmental oxygen tensions of up 
to 530 mmBg in a closed sea-water recirculation system for 
measurement of bicarbonate transfer processes (Heisler, Resp. 
Physiol. 1978). pH, PC02 and PO2 were determined in dorsal 
aortic blood and gill ventilation was measured by means of 
electromagnetic flow probes connected to openings in rubber 
fingerlings, which were glued around the gill slit areas, 
collecting the expired water. Initiation of hyperoxia caused 
gill ventilation to fall to 30-40% of the control value within 
5 min. Thereafter ventilation was gradually further reduced, 
reaching 15% of the control after 24 h, when the resultant 
respiratory acidosis (usually not exceeding - 0.15 pH-units 
throughout the experiment) was compensated by accumulation of 
bicarbonate taken up from the environment. PC02 rose from 
about 2 mmBg in normoxia to 7-9 mmBg after 1 day and 9-11 mmBg 
after 5 days of hyperoxia. At these times of exposure arterial 
pH was almost completely restored to control values. These 
results suggest that gill ventilation in hyperoxia is less 
reduced than expected from the oxygen demand of the organism 
until the ensuing respiratory acidosis is compensated by up- 
take of bicarbonate from the environment. 
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THE "MIXING-METHOD" IN VIVO: ARTERIAL PO2 AS A FUNCTION OF -- 
SATURATION IN ANIMALS WITH SHUNTS. S.C. Wood. University of 
New Mexico, School of Medicine, Albuquerque, N.M., 87131 

The oxygen equilibrium curve of blood (02EC) is conven- 
tionally drawn as % Sat. = f(P02). However, when the 02EC is 
determined in vitro by the "mixing-method', PO2 = f(% Sat). -- 
The principle of this method should also apply in vivo if -- 
venous admixture occurs. Therefore, P02, the independent 
variable of open systems (tonometers or pulmonary capillaries), 
becomes the dependent variable in closed systems (mixing 
syringes or central shunts). Furthermore, arterial PO2 (Pa02) 
for a given % Sat. should be inversely related to Hb-02 
affinity. For a given reduced % Sat. due to shunt, a right- 
shifted 02EC Qlll provide increased Pa02. This, in turn, could 
increase the rate of 02 diffusion to tissues. Limiting factors 
of this hypothesis are environmental PO2 and lung (or gill, 
skin) 02 diffusing capacity. The presence of low Hb-02 affini- 
ty in many amphibians and reptiles (the "shunt" vertebrates) 
is indirect support of the hypothesis. Direct support is limi- 
ted but shows increasing Pa02 (at constant % Sat.) with 
decreasing Hb-02 affinity due to species differences or 
increased temperature. 

(Supported by NSF Grant PCM 77-24246 and Battelle Research 
Centres, Geneva.) 

MECHANISM FOR THE PRODUCTION OF ORIENTATION CLICKS BY AN 
ECHOLOCATING BIRD. Roderick A. Suthers and Dwight H. Hector*. 
Indiana Univ., Bloomington, IN 47405 

The swiftlet, Collocalia spodiopygia, nests in dark caves 
where it produces echolocating clicks for navigation. Clicks 
are typically emitted in pairs with about 25 msec between the 
members of each pair and at repetition rates of up to 15 or 
more pa irs/second. Most of the acoustic energy lies between 
4 and 9 kHz We have moni tored pressure and airflow in the 
respiratory system and the elec trical activi ty of muscles 
acting on the syrinx during click production. Clicks are 
generated in the syrinx. Immobilizing the tongue or sealing 
the glottis does not a ffec t click production, provid ing a 
tracheal cannula permi ts a irflow through the syrinx. Just 
prior to sound emission, expiratory effort causes sternal 
air sac pressure to rise and airflow through the syrinx to 
increase 
when the st 

The first member of the click pair is produced 
.ernotrachealis muscles contract drawing the syrinx 

caudad. This relaxes the external and internal tympaniform 
membranes which begin to vibrate as they fold into the 
syringial lumen before making contact with each other and 
obstructing the airway. Immediately after the first click, 
tracheal airflow and pressure go to zero. The tracheo- 
lateralis muscles then become active, pulling the syrinx 
craniad and abducting the syringial membranes which are 
again set into vibration, producing the second member of the 
click pair. (Supported by NSF Grant BNS 79-13968) 
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VASCULAR ORGANIZATION OF THE GILLS AND PULMONARY ARTERY OF 
LARVAL AMBYSTOMA TIGRINUM. Gary Malvin* (SPON: S.C. Wood). 
Univ. of New Mexico, Dept. of Physiol., Albuquerque, NM 87131 

The larval form of the amphibian, Ambystoma tigrinum, pos- 
sesses both gills and lungs. The complex vascular organiza- 
tion of these two respiratory organs was investigated using 
corrosion casts made by methyl methacrylate infusion into the 
bulbous arteriosus. Casts were examined by both light and 
scanning electron microscopy. Three distinct anatomical peyfp 
sion pathways were apparent within the gill: 1) a respiratory 
route which allows blood to flow through filamental capillar- 
ies, 2) another intrafilamental path which bypasses the capil- 
laries by directing blood around the periphery of the filament, 
and 3) an extrafilamental route which shunts blood through 
anastomoses between the afferent and efferent branchial arter- 
ies. Blood leaving the gill may enter either 1) the systemic 
circulation or 2) the pulmonary artery via an anastomosis. 
This latter connection could also allow pulmonary artery blood 
to bypass the lung and be shunted instead to the systemic cir- 
culation. Proximal to this anastomosis, the pulmonary artety 
breaks up into a 5-10 mm long structure of anastomosing ves- 
sels which then reforms into a single vessel. Although the 
function of this structure is not known, some possibilities 
are to 1) regulate lung perfusion, 2) sense blood gas levels, 
or 3) serve in ionic regulation. The existance of these vas- 
cular structures provide the morphological basis for possible 
control of perfusion within and between the gill and pulmonary 
artery. (Supported by NSF Grant PCM-7724246). 

PLASMA ION BALANCE OF SUBMERGED ANOXIC TURTLES AT 3 C: 
CALCIUM-LACTATE INTERACTION. Donald C. Jackson and Norbert 
Heisler. Div. Biol. & Med., Brown Univ., Providence, RI 02912 

' and Dept. Physiol., Max Planck Institute Exp. Medicine, 
D-3400 attingen, FRG. 

Freshwater turtles, Chrysemys picta bellii, were submerged -- 
in 02-free water at 3 C. Groups of turtles (7/group) were 
tested at intervals of 0, 1, 2, 4, 8 and 12 weeks for plasma 
concentrations of lactate, Na+, K+, Cl' and HCO;. Also, 
calcium ion activity was determined anaerobically at 3 C, and 
total calcium was measured by atomic al3sorption spectrophot- 
ometry. As previously observed (The Physiologist, 23:71, 
19811, plasma lactate rose markedly during anoxia to 145 * 5 
mM (mean * SE) after 12 weeks, and an apparent net excess of 
anions progressively accumulated to a final mean value of 66 
mEq/l. Ionized calcium, which was part of the ion balance 
calculations, rose from 4.0 to 25.0 mBq/l, while total calcium 
rose from 5.4 to 77.2 mBq/l. To test the hypothesis that some 
of this non-ionized calcium was bound to lactate, the calcium 
activity was measured in aqueous solutions containing 80 mBq/l 
calcium and with either 145 mM NaCl or 145 mM NaLactate. 
Calcium activity in the presence of lactate fell to about 25 
-x/l I similar to the activity/concentration ratio observed in 
vivo after 12 weeks of anoxia. It is concluded that a signif- 
icant fraction of plasma lactate is bound to calcium in tur- 
tles subjected to prolonged anoxia at low temperature, and 
this largely accounts for the apparent anion excess observed. 
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BLOOD CARBON DIOXIDE DISSOCIATION CURVES OF DEVELOPING CHICK 
EMBRYOS AND CHICKENS. H. Tazawa*, M. Tamura* and M. 
Mochizuki*. (SPON: A. L. Kunz). Yamagata Univ. Sch. of Med., 
Yamagata 990-23, Japan 

In avian embryos during a late period of incubation, the 
carbon dioxide accumulates due to a fixed diffusive conduct- 
ance across the eggshell coupled with an increase in CO2 pro- 
ducti .on dur ing development. When the convective ventilation 
begins, the CO2 elimination from the egg and the chicken is 
raised. To investigate the changes in CO2 transport by blood 
before and after hatching, the CO2 dissociation curves of 
oxygenated and deoxygenated bloods were determined in embryos 
developing during the last half period of incubation and in 
chickens during an early postnatal period. The Natelson 
micro-blood analyzer was employed to measure CO2 and 02 con- 
centrations. The oxygenated blood CO2 concentration at Pco2 
40 Torr (T40)steadily increases from 13 mMol/L at the 10th 
day of incubation to 24 mMol/L at day 18, but it markedly 
decreases to 17 mMol/L at hatching and begins to increase in 
the first 2-3 days of postnatal period. The change in T48 is 
proportional to that in plasma [HC03-] at Pco2 40 Torr and 
runs parallel with an increase in blood 02 capacity. The 
slope of the dissociation curve between 30 and 40 Torr (ca- 
pacity coefficient) and the Haldane effect factor (ratio of 
CO2 difference between deoxygenated and oxygenated bloods at 
Pco2 40 Torr to 02 capacity) increase with development, 
suggesting an improvement of CO2 transfer by blood in older 
embryos which undergo diffusion limitation to CO2 elimination. 
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Cardiac muscle cell hyperplasia induced by neonatal carbon 
monoxide exposure. Fred. J. Clubb, Jr.* and Sanford P. Bishop*, 
Dept. of Path., Univ. of Alabama, Birmingham, AL 35294, and 
David G. Penney and Michael S. Baylerian*, Dept. of Physiol., 
Wayne State Univ., Detroit, MI 48201. 

Cardiomegaly was produced in newborn male and female rats 
using CO inhalation for 32 days, thereafter returning to room 
air.Hearts were perfused with collagenase, minced and isolated 
cells quantitated. At 500 ppm CO, whole heart (H) myocyte (M) 
numbers exceeded controls (C) at 7,,32, 65 and 105 days of age 
by an ave. of 11%. Right ventricle (RV) M numbers exceeded C 
at24, 32, 65 and 105 days of age by an ave. of 20%. Differences 
in left V plus interventricular septum (LV+S) were smaller. 
DNA content in H, RV and LV+S exceeded C by similar %'s. Rate 
of binucleation was depressed between 4-9 days of age at both 
200 and 500 ppm CO relative to C suggesting that CO stimulates 
continued cytokinesis. 85-95% of M were binucleate after 12-14 
days of age in all groups. Whole M vol. exceeded C only at 14 
days of age, M vol .: body weight (BW) ratio was much greater 
than C at 14, 24 and 32 days of age. A,t 105 days of age there 
were no differences in M vol. or M vol.: BW ratio between CO 
and C LV+S or RV. There were also no differences in hydroxy- 
proline cont. between CO and C H, LV+S or RV. RV M vol. of 
both CO and Cgroups was 82% of that in LV+S. These data 
suggest that M hyperplasia contributes to CO-induced cardio- 
megaly in the neonate, and accounts for the persistence of 
cardiomegaly (see other Abstr.) in previously CO-exposedadults. 
(Supported by NIH Grants HL-23255 and HL-22859). 
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Does the species dependent ("starting") P5G affect the hemato- 
logical response to long-term carbon monoxrde (CO) exposure? 
Randall N. Gatz, Eoma S. Dissanaike* and Steven C. Wood. 
Battelle-Geneva Research Centers, 1227 Geneve, Switzerland. 

Carbon monoxide deleteriously affects 0 transport to tissues 
by reducing O2 capacity and increasing Hb- 6 affinity. 
tested the hypothesis that species differenzes in Hb-O2 

We have 
affinity 

(P,,) will influence the hematological response to long-term 
(CdY exposure. Sprague-Dawley rats and Golden Syrian hamsters 
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LUNG MECHANICS AND PERIPHERAL AIRWAY STRUCTURE OF THE WEST 
INDIAN MANATEE. Michael Bergey* and Horst Baier. Rosenstiel 
School of Marine Science and Division of Pulmonary Disease, 
Univ. of Miami School of Medicine, Miami, Fl. 

Lung mechanics of marine mammals have been found to vary 
greatly from those of terrestrial mammals. Lungs of the harbor 
porpoises are capable of maintaining high expiratory flow rates 
even at low lung volumes, whereas expiratory flow rates in 
humans drop rapidly after their peak near total lung capacity. 
The excised lungs of two female manatees (accidental mortali- 
ties obtained through U.S. Fish and Wildlife Service) were 
investigated to see if the same flow-volume relationship is 
present in a less active marine mammal. Pressure-volume curves 
were obtained by enclosing the lungs in a chamber and varying 
the surrounding pressures. Volume changes were recorded with 
a spirometer attached to the bronchus. Maximum expiratory flm 
-volume (MEFV) curves were obtained by venting the inflated 
lungs into a "vacuum reservoir" while measuring volume changes 
with a plethysmograph. Manatee lungs were found to be more 
compliant than human lungs. In contrast to the human lung, 
MEFV curves revealed a convex profile with high flow rates evm 
at low lung volumes. Histologic sections showed extensive 
cartilage and smooth muscle reinforcement of peripheral air- 
ways, likely to prevent collapse at low lung volumes thus 
preserving high flow rates during exhalation. This facilitate 
the exchange of a large percentage of the lung volume during 
the short (l.Osec) exhalation period in living manatees, and 
may be of adaptive significance for an aquatic mammal. 

HYPERTENSION II 

were exposed to 500 ppm CO for 6 weeks. Continuous 0, equilibri- 
um curves (02EC's) were measured on blood from untreited animals. 
Discontinuous 02EC's for both untreated and CO exposed groups 
were constructed using data from tonometered blood samples. The 
major hematological changes before and after CO exposure were: 

Bef&EbA@er BefoFz'After Be dre z 3 DE ter Be%oEgHkfter 
Rat 14.6 19.0* 33.9 21.3* 1.47 1.22* <l% 38.0 
n = 16 A~50 = 12.6 
Hamster 11.3 19.4" 25.3 15.2* 1.00 1.07 <l% 40.0 
n = 15 A~50 = 10.1 *P< 0.05 Before vs. After 

The change in P was 2.5 Torr greater in the rat than in the 
hamster. The mo ar ratio of 2,3-DPG/Hb decreased in the rat and ?O 
did not change in the hamster. These species differences may be 
related to natural biology (hamster is a burrower, hibernator; 
rat is not) and may affect the large difference in maximal tol- 
erated COHb (hamster, 80%; rat, 65%). (Supported by Battelle 
Memorial Institute & NSF grant PCM 74-24246.) 
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ION TRANSPORT IN R.4T TAIL ARTERY DURING DEOXYCORTICOSTERONE 
ACETATE (DOCA) HYPERTENSION. Purabi Dutta* and Allan W. 
Jones. University of Missouri, Columbia, MO 65212 

The distribution of water and electrolytes and ion turn- 
overs were studied in the tail arteries of DOCA hypertensive 
rats. There was no significant change in the total water or 
electrolyte contents in the arteries of DOCA animals. The 
steady state turnover rate (k, min-l) of %Cl was significant- 
ly higher (PcO.025) and its maximum response (Akmax) to nore- 
pinephine (NE; 6x10B6M) was lower in the arteries of DOCA 
rats. However, neither k nor Akmax was altered for 42K, '+5Ca 
or 2'+Na due to hypertension. 

Ion k(min-l) Ahax to NE 
Control DOCA Control DOCA 

42K o.0064 On6 0.039 0.026 
%Cl 0.101 0.139 0.076 0.047 
45Ca 0.019 0.020 0.015 0.023 
24Na 0.159 0.164 - - 

The uptakes of Na and Ca at normal conditions as well as in 
the presence of NE or variable [K10 were also unchanged. We 
conclude that the distribution and premeability of electroly- 
tes in the rat tail artery are not greatly altered in DOCA 
hypertension. This highly innervated artery may be partially 
protected from the transport changes observed in other ves- 
sels. (Supported in part by USPHS grants HL 15852 and IF HL 
05773) 
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EFFECT OF ATRIAL EXTRACT ON VASCULAR Na+-K+ PUMP ACTIVITY. 
W.T. Link*, M.B. Pamnani, S.J. Huot and F.J. Haddy. Dept. of 
Physiology, Uniformed Services University, Bethesda, MD 20014 

We have previously reported the presence of a ouabain-like 
humoral factor and suppression of vascular 
ty in acutely volume expanded animals and 
era1 forms of low renin experimental hyper 
of the source of the ouabain-like humoral 

Na+-K+ pump act ivi- 
in anima 1s with sev- 
tension. In search 
factor, we examined 

an extract of rat atria1 muscle (containing specific atria1 
granules) with potent natriuretic activity to determine 
whether it, like the humoral ouabain-like factor, inhibits 
vascular Na+-K+ pump activity. Fresh rat atria were homoge- 
nized in buffer saline, boiled for 5 minutes and supernates of 
boiled extracts were separated and assayed for natriuretic and 
ouabain-like activity. Similarly prepared ventricular super- 
nates were used as controls. Atria1 (but not ventricular) 
supernates infused into anesthetized non-diuretic rats caused 
more than a 9-10 fold increase in urine and sodium excretion 
within 10 min and the response was completed in 30 min. These 
findings are similar to those previously reported by Sonnen- 
berg et al. (Physiologist 23:13, 1980). However, our assay 
fo_r ouabain-like activity failed to show a difference in total 
(d+Sd:496+1033, P>.5, N-8) and ouabain-insensitive (z?Sa:21+ 
112, P&5, N=4) 86Rb uptakes by normal tail arteries incubated 
in atria1 or ventricular supernates. We conclude that the 
heat stable natriuretic factor present in atria1 granules is 
probably not identical with the-ouabain-like humoral 
present in hypertensive and volume expanded animals. 

agent 
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CENTRAL EFFECTS OF INTRAVENTRICULAR 6-HYDROXYDOPAMINE (60HDA) 
ON DEVELOPMENT OF REDUCED RENAL MASS (RRM) HYPERTENSION AND 
VASCULAR Na+-K+ PUMP ACTIVITY IN RATS. S. Huot, M. Pamnani, 
and F. Haddy. Dept. of Physiology, USUHS, Bethesda, MD 20014 

We have shown that RRM rats develop hypertension (HT) accom- 
panied by decreased vascular Na+-K+ pump activity and the 
presence of an ouabain-like factor in plasma. In this study we 
investigated the effect of intraventricularly administered 
60HDA on the development of RRM HT, vascular Na+-K+ pump acti- 
vity (measured by ouabain-sensitive 86Rb uptake) and the level 
of ouabain-like humoral factor. Male Wistar rats received two 
weekly injections of 60HDA (200 vg each) into the lateral ven- 
tricle. Two weeks later all rats underwent four-fifth (4/5) 
nephrectomies, were fed a low (0.02%) Na+ diet and were divided 
into control (0 and experimental (E) groups . C rats drank 
dist illed wat er while E rats drank 1% saline . After five weeks 
tail arteries were excised under pentobarbital anesthesia for 
measurement of ouabain-sensitive (OS) and ouabain-insensitive 
(01) 86Rb uptakes, and plasma assayed for ouabain-like acti- 
vity. Treatment w th 
rats. OS and 01 Sb 

60HDA prevented development of HT in E 
Rb uptakes by tail arteries of C and E rats 

were not significantly different (P>.5, N=7). Supernates of 
boiled plasma from E rats failed to show ouabain-like activity 
when applied to normal rat tail arteries. These studies indi- 
cate that intraventricular 60HDA abolished depressed vascular 
Na+-K+ pump activity and circulating ouabain-like factor in E 
RRM rats which may explain why these animals failed to develop 
HT. 

318 
ARTERIAL CONNECTIVE AND NON-CONNECTIVE TISSUE PROTEIN ALTERA- 
TIONS IN EXPERIMENTAL MALIGNANT (MHY) AND BENIGN (BHY) HYPER- 
TENSION. RE Chatelain*, PM DiBello*, BN Dardik* and CM Fer- 
rario, Research Division, Cleveland Clinic, Cleveland, OH. 

Aortic ligation between the renal arteries in the rat re- 
sults in the development of either the MHY or BHY forms of 
hypertension (Br J Exp Path, 61: 401, 1980). When compared to 
sham-operated controls, MHY ax BHY animals sacrificed 9 days 
after ligation showed a marked increase in the total amounts 
of the non-connective tissue proteins of the intima-media of 
the thoracic aorta (MHY: 1.73 + 0.05; BHY: 1.82 + 0.04; SHAM: 
0.89 + 0.04 mg; p < 0.001). 1; BHY animals this-increase 
coincided with a parallel increase in the connective tissue 
(collagen and elastin) protein content (BHY: 3.90 + 0.30 mg). 
On the contrary, this increase was lacking in MHY whose values 
remained similar to controls (MHY: 3.49 + 0.20; SHAM: 3.45 + 
0.16 mg). Thus, the unaltered non-connective tissue protei; 
content of MHY animals suggest that the impaired arterial hy- 
pertrophy observed in these animals (J Lab Clin Med 97: 700, 
1981) is restricted to defects in the metabolism of collagen 
and elastin. In this connection, a marked plasma corticoste- 
rone elevation was observed in MHY animals (MHY: 52 + 6, BHY: 
19 + 4; SHAM: 21 + 4 pg/dl, p < 0.001). Glucocorticoids are 
known to impair connective tissue metabolism. Therefore, 
elevated corticosterone in malignant hypertension may contri- 
bute to the development of arterial lesions by inducing alter- 
ations in proteins involved in the maintenance of the arterial 
structure. (Supported by HANEO and NHLBI #HL-6835 grants.) 
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CENTRALLY ADMINISTERED ANGIOTENSIN II ALTERS CATECHOLAMINE 
TURNOVER IN RAT BRAIN. C. Sumners* and M.I. Philli s Dept. 
of Physiology, University of noridasvi d 32610. 

Studies have implicated a role for catecholamines (CA) in 
pressor and drinkin 

3 
responses to centrally administered 

angiotensin II (AI1 in rats. We have investigated whether 
AI1 injected into lateral brain ventricles (i.v.t.) can alter 
catecholaminergic transmission in the brain, as indicated by 
alterations in CA turnover. Turnover of norepinephrine (NE) 
and dopamine (DA) was examined in a-methyl-p-tyrosine (a-MT) 
treated rats, where CA synthesis has been inhibited. Chronic 
cannulae were implanted into the right lateral cerebroventri- 
cle of male 2509 rats, for i.v.t. injections of AII. Hypo- 
thalamic NE and striatal DA levels were compared in control 
(no a-MT, 0.9% saline i.v.t.), a-MT treated (200 mg/kg i.p., 
4 hrs before death), and a-MT plus AI1 (500ng i.v.t., 5 mins 
before death; a dose which causes drinking and a rise in 
blood pressure) treated animals. Rats were sacrificed, brain 
areas dissected and assayed for catecholamines by an en- 
zymatic isotopic technique. a-MT treated rats exhibited a 
lowering of both striatal DA (2.5 to.23 pg/g,n=5) and 
hypothalamic NE (0.98tO.07 pg/g,n=F) compared with controls 
(7.76 to.31 pg/g DA;lr65+0.09 pg/g NE,n=5). Rats injected 

with a:MT plus AI1 showed a further decrease in NE (0.73 
+0.06pg/g,n=5, and an attenuated fall in DA (4.2 to.22 ug/g, 
n=5) indicating changes in CA turnover. The results show 
that a pre 
decreases 

or/dipsogenic dose of AI1 i.v.t. increases NE and 
8 turnover. Supported by NIH:RlML27334A-01 
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APPARENT LOWER ACTIVE STRESS IN NOREPINEPHRINE STIMULATED 
AORTIC RINGS FROM SPONTANEOUSLY HYPERTENSIVE RATS (SHRs) COM- 
PARED TO WISTAR-KYOTO (WKY) RATS. J.M. Price, B. Hall,* and 
D.L. Davis. University of South Florida, College of Medicine, 
Department of Physiology, Tampa, FL 33612. 

-A mechanism for increased resistance to flow in hyper 'tension 
proposes that cell permeability to calcium is in creased result- 
ing-in a preexisting tone (1,2). This causes the decreased 
active response in SHR aortic strips. We measured ring width, 
circumference (length), and wall thickness on-line with a 
video analyzer prior to dose-response experiments at the length 
for maximum response. Force was also determined in a saline 
solution (PSS), free of calcium (Ca ft), containing 2ml4 ethylene 
glyco-bis-(f3-aminoethlether)N,N-tetraacetic acid. SHR rings 
(n=15) had a lower active force and lower active stress but the 
same ED50 and thickness in PSS with Ca*. When active force 
was expressed as peak force minus force in calcium free PSS no 
difference was found. Active stress and ED50 were the same in 
fpe 3~: WKY rats. 50% SHR and 20% WKY rings relaxed in Ca* 

. Relaxation as a % total active force was 4.020.7 in 
WKY rats and 14.Ot2.6 in SHRs. Because active force is higher 
and tone is less than in previous work on SHR aorta, which used 
helically cut strips, the results suggest that tone is due to 
damage during experiments and that SHR vessels are more suscep- 
tible to damage. 
1. Noon, et. al., Proc. Natl. Acad. Sci. 75:1605-1607, 1978. 
2. Fitzpatrick et. al., Clin. and Exp. Hyper. 216:1023-1037 
1980. Supported by NIH HL21103 and Am. Heart Assoc. (Florida). 
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CORRELATIONS BETWEEN PULSE WAVE VELOCITIES (PWV) AND TOTAL 
PERIPHERAL RESISTANCE OR). Phvllis A. Neef*. Marv Anne 
Bassett Frey, Alice Farynai, Margaret M. Mullins, Dept. of 
Physiology and Cox Heart Institute, Wright State University 
School of- Medicine, Dayton, Ohio 45435- 

Noninvasive methods for assessment of cardiac function 
are established. However, the need for a reliable method of 
evaluating vascular function still exists. Measurement of PWV 
may be an effective noninvasive technique for examining vascu- 
lar status. 12 men and women ages 22-59 yrs with blood pres- 
sures (BP) from 98/74-lSO/lOO participated. At seated rest, 
BP, cardiac output (CO) by impedance cardiography, TPR and 
PWV’s were monitored over 10 beats. PWV’s were determined 
from the heart to the carotid in the neck, to the radial at 
the wrist and to the dorsalis pedis over the instep. Mean 
values + SD for the group were: 

PWV: tarot id 9.2k4.5 m/set BP: systolic 125.0+17.3mmHg 
radial 7.721.9 m/set - diastolic 85.22 9.3mmHg 
dorsalis 9.6k1.3 m/set mean 98.6&11.6mmHg 

co: 4.421.6 L/min TPR: 27.8t18.6 
mmHg/L/min 

Each PWV was significantly correlated with TPR with the follow- 
ing r values: carotid 3.96 (p<O.OS), radial 2.17 (p<O.OS), 
dorsalis pedis 3.04 (p<O.OS) . As TPR increases and vessels 
appear to became less distensible, PWV also increases. We con- 
clude that PWV shows promise as a useful technique for evalu- 
ating vascular function as it relates to changes in TPR. 
(Supported in part by the Dayton Area Heart Association) 
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INHIBITION OF ANGIOTENSIN I CONVERTING ENZYME (KININASEIT) WITH 
A NONSULFHYDRYL INHIBITOR (MK-421) IN SODIUM DEFICIENT T':T;S. 
M.E. Olsen;k and R.E. McCaa. Dept. of Physiology and Bioph;Ts?cs, 
Univ. of Miss. Sch. of Med., Jackson, Mississippi 39216 

The response of the renin-angiotensin-aldosterone and kalli- 
krein-kinin systems was evaluated during long-term inhibition 
of angiotensin I converting enzyme (kininaseI1) with a new non- 
sulfhydryl inhibitor, MK-421, N-(1-S-carboxy-3-phenylpropyl)- 
L-Ala-L-Pro, in sodium deficient dogs. In response to oral 
MK-421 administration (4 mg/kg/day) in sodium deficient dogs 
plasma renin activity increased from 3.89 + 0.58 to 17.3 f 2.6 
ng/ml/hr, arterial pressure decreased from 102 2 3 to 65 + 2 
m m  Hg, plasma aldosterone concentration decreased from 43.6 2 
8.3 to 13.7 + 3.2 ng/dl, renal blood flow increased from 131 f: 
8 to 160 2 9 ml/min, and urinary kallikrein activi:y decreased 
from 27.3 + 3.6 to 6.9 2 1.8 E.U./day. During the first day 
of MK-421 administration urinary sodium excretion increased 
markedly from 0.62 + 0.37 to 19.3 ? 4.3 mEq/day. During long- 
term MK-421 administration urinary sodium excretion averaged 
6.4 2 1.5 mEq/day. In sodium deficient dogs maintained on 
MK-421 administration, angiotensin II infusion (3 ng/kg/min) 
restored urinary sodium excretion, renal blood flow, plasma 
aldosterone concentration, and arterial pressure within three 
days to levels observed in untreated sodium deficient dogs. 
These data indicate that the long-term hypotensive and natri- 
uretic actions of inhibitors of angiotensin I converting 
enzyme are mediated by inhibition of angiotensin II formation. 
(Supported by USPHS NIH Grant HL 09921). 
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BODY FLUID VOLUMES IN NEONATAL SPONTANEOUSLY HYPERTENSIVE RATS 
(SHR). Margaret M. Mullins, Manh van Trinh* and Bernadette L. 
Plair*. Wright State University, Dayton OH 45435 

We have previously reported elevated plasma aldosterone in 10 
day-old SHR compared to age-matched Wistar-Kyoto (WKY) controls 
(Federation Proc.38:1285,1979). We have now measured body fluid 
volumes at that age in order to determine the possible role of 
aldosterone in the initiation of hypertension in SHR.Plas 
ume (PV, RISA space), "f5"s33'- extracellular fluid volume (ECFV,Na2 
space) and total body water (TBW, by dessication) were measured4 
and interstitial fluid volume (ISFV) calculated as (ECFV - PV). 
TBW, ECFV and ISFV (ml/lOOgm wet body weight)weregreaterinSHR 
(p’s<.O2), while PV's did not differ. When body weight was cor- 
rected for fat content (8.7% WKY vs 3.3% SHR) ECFV and ISFV 
were still greater in SHR (p's<.O2) while now TBW's were the 
same. Treatment of SHR with spironolactone (SP) caused all vol- 
umes to fall to or below those of untreated WKY and a small but 
significant decrease in TBW and PV occurred in treated WKY. We 
conclude that 1)aldosterone excess is associated with preferen- 
tial expansion of ISFV and 2)this expansion may contribute to 
the subsequent development of hypertension in SHR. 
(x+=4 SHR WKY - 

Untreated SP Fat-free Untreated SP Fat-free 
TBW 76.1+0.7 72.7+0.8 78.7+0.7 73.6+0.4 71.1iC.8 80.5+1.7 
ECFV 57.1T1.6 48.OT1.2 59.7T2.0 47.OT3.0 45.2T2.0 52.4Tl.7 
ISFV 47.6T2.1 40.3T1.2 49.3T2.2 38.OT2.8 37.9T2.0 41.7G.3 
PV 10.03.6 7.7G.4 10.4+.6 8.9G.3 7.5a.4 9.73.4 
Supported-in part by the Miami Valley Heart Chapter, AHA. 
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INDICES OF EXPERIMENTAL PRE-ECLAMPSIA IN RATS FOLLOWING INFU- 
SION OF EXTRACT OF PRE-ECLAMPTIC PLACENTA.Silvana Brianceschi* 
and John J. Curry. Dept. of Physiology, Ohio State Univ., 
Columbus, Ohio 43210 

Acute infusion of toxemic placental extract (TPE) into preg- 
nant rats results in an increase in systolic and diastolic 
pressure similar to that previously shown to follow its admin- 
istration to nonpregnant rats and in vasospasms. These vaso- 
spasm effects are reversed by administration of theangiotensin 
II receptor blocker saralasin and were not seen following ad- 
ministration of normal placental extract. Chronic infusion of 
TPE into third trimester pregnant rats via implanted osmotic 
minipumps, resulted in a significant increase in systolic pres- 
sure by day 18 of pregnancy. By day 19 pressure in all groups 
had decreased to pre-parturition levels. There were no signif- 
icant differences between groups in plasma renin activity or in 
plasma angiotensin I or aldosterone levels at this time. 
Chronic administration of TPE also resulted in a significant 
decrease in the size of Bowman's space in renal glomeruli. 
These data suggest that the effects of TPE administration are 
consistent with the clinical signs of pre-eclampsia and that 
TPE might be useful in creating rat model for the disease. The 
results further suggest that the vascular effects of TPE are 
not manifested by stimulation of the renin-angiotensin system, 
but act upon angiotensin 11 receptors either by binding to 
these receptors or by altering their numbers, or affinity for 
circulating levels of angiotensin. (Supported in part by 

esAmerican Heart Assoc., Central Ohio Chapter.) 
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THE EFFECTS OF PREDICTABLE AND UNPREDICTABLE SHOCK ON CARDIO- 
VASCULAR AND ADRENAL FUNCTION IN RATS. J.E. Lawler, G.F. 
Barker,* J.W. Hubbard,* R.H. Cox,* and V.H. Bachuss.* 
University of Tennessee, Knoxville, TN 37916. 

Rats prefer to receive predictable (signalled) electric 
shock but little is known about the physiological responses to 
predictable vs unpredictable shock. Twenty-seven Long-Evans 
rats received 40, 1 set duration, .4 ma tail shocks, once each 
minute for 6 daily sessions. Animals differed in how predict- 
able the shocks were. Group 100% (N=9) received the most pre- 
dictable shock, followed by Group 75% (N=lO), and Group 50% 
w=w 9 which received shock half the time a tone was on, and 
half the time in its absence. On the 6th day, blood pressure 
was monitored via an aortic cannula, and blood was withdrawn 
within 3 mins of the end of a session for assays of cortico- 
sterone, epinephrine and norepinephrine. The most predictable 
group had the highest systolic pressure (155 mmHg), while the 
other 2 groups were between 140-145 mmHg. In all groups, 
heart rate was 40 beats/min higher during the session than in 
a subsequent 20 min rest period. Corticosterone levels were 
significantly higher in the 100% and 75% groups (48.1956.14 
ug/lOOml 6 48.44+8.18) compared to Group 50% (30.39ti.88). 
Finally, plasma catecholamines were highest in the 100% group 
(E=480 pg/ml, NE=613) followed by the 75% group (E=402, NE= 
577), and the 50% group (E=346, NE=513). Contrary to expecta- 
tions, the most unpredictable situation does not lead to the 
greatest elevations in cardiovascular and adrenal function. 
(Supported by NIH Grant HL-19680) 
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ENHANCED CELL COMMUNICATION DURING DIASTOLIC DEPOLARIZATION IN 
HEART. W. C. De Mello. Department of Pharmacology, UPR 
Medical Sciences Campus, G.P.O. Box 5067, San Juan, P. R. 
00936. 

Studies on cell-to-cell communication performed on canine 
Purkinje fibers beating spontaneously, shawed that the 
coupling coefficient (Q/VI) is relatively low at the point of 
maximal riepolarization (0.54 S.E. f .02; n = 15) but gradually 
increases during diastole reaching an average value of .79 
(S.E. f 0.03; n = 15) imnediately before the start of the 
action potential. Determination of space constant and input 
resistance performed throughout diastole showed that X and 
Vo/Io are enhanced during diastolic depolarization. Calcula- 
tion of the intracellular resistance per unit length (ri) and 
membrane resistance per unit length (rm) showed that'rm was 
increased by about 65% and ri was reduced by about 29% during 
diastolic depolarization. The fall in ri means that the 
junctional resistance is spontaneously reduced in diastole 
leading to an optimal degree of coupling immediately before 
the firing of the action potential. The possible mechanisms 
involved in the reduction of ri will be discussed. (Supported 
in part from a grant from American Heart Association - P.R. 
Chapter, and the Angel Ramos Foundation). 

326 
THE DIFFERENTIAL AND RATE DEPENDENT EFFECT OF THE ISOMERS OF 
VERAPAMIL ON SINUS NODE AND AV JUNCTIONAL AUTOMATICITY. 
Hans 0. Gloor*, Ferdinand Urthaler and Thomas N. James*. 
UAB Medical Center, Birmingham, Alabama 35294 

L and D-Verapamil (VPML) were selectively perfused into the 
sinus node artery (SNA) and atrioventricular node artery (AVNA) 
of 30 dogs. In the sinus node (SN) the threshold concentration 
was 0.5 for L-VPML and 5 pg/ml for D-VPML. In the AV junction- 
al region (AVJ) the threshold concentration was 1 for L-VPML 
and 10 ug/ml for D-VPML. During sinus rhythm (n=20) L-VPML 
.5, 1, 2 and 5 pg/ml into SNA caused a sinus bradycardia of 
13 + 8, 16 2 7, 23 + 9 and 28 2 11 beats/minute respectively 
(pCO.05). During AVJ rhythm (n=lO) L-VPML (1 to 5 pg/ml) into 

AVNA caused similar AVJ bradycardia. Although L-VPML AVJ 
bradycardia, expressed in beats/minute, was always signifi- 
cantly less than the sinus bradycardia elicited by the same 
concentration of L-VPML, the percent slowing of SN and AVJ 
rhythms were identical. Norepinephrine (NE) (.0125, .025, .05 
and .l pg/ml) into SNA (n=lO) caused sinus rate increases of 
25, 36, 42 and 45 percent respectively. After L-VPML, 2 pg/ml, 
sinus rate was 16 + 6 percent lower than control but the same 
concentrations of NE caused similar 24, 34, 46 and 55 percent 
sinus rate increases. Thus, L-VPML causes little or no 
fi-adrenergic blockade. L-VPML is approximately 10 times more 
powerful than D-VPML on both the SN and AVJ pacemakers. The 
negative chronotropic effect of L-VPML is inversely related to 
intrinsic rates of SN and AVJ. 
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ROLE OF CALCIUM IN THE RESTITUTION OF ACTION POTENTIAL DURA- 
TION AND CONTRACTILE FORCE. Hirotsugu Atarashi*, Gangaiah 
Natarajan* and Borys Surawicz. Univ. of Kentucky Med. Ctr., 
Lexington, KY. 40536 

Calcium (Ca*+) o is known to affect the restitution (Res) 
course of action potential duration (APD) and contractile 
force (CF) during progressive increase in premature cycle 
length in mammalian myocardium (Bass, Am. J. Physiol. 228: 
1717, 1975), but previous studies have been conflicting. We 
studied this problem in isolated guinea pig papillary muscles 
at 37°C within (Ca*+), range of 0.3-7.2mM/L, recording simul- 
taneously APD and CF at the peak of staircase at a basic stim- 
ulation rate of 0.2Hz. Premature APD longer than basic APD was 
designated as APD overshoot (OS), and premature CF greater 
than basic CF as CF OS. CF OS was present in 12/14 experiments 
with APD OS 45% and in 3/14 experiments with APD OS >5% (p< 
0.005). At 0.3-1.8mM/L (Ca2+)o (n=17) when premature APD OS 
was 6.7+2.7%, premature CF was 91.6+17.4% and postextra 
lit (PES) CF 150.4+36.7% of basic value. At 3.6mM/L (Ca % sto- 

)o 
(n=5) when premature APD OS was 2.421.5%*, premature CF was 
122.5+15.2%* and PES CF 264.8+56.1%**. At 5.4-7.2mM/L (Ca*+), 
(n=6) when premature APD OS was 0.4+1.9%**, premature CF was 
156+15.7%** and PES CF 355.6+77.3%** (*p<O.Ol, **p<O.OOl). The 
Res-times of APD and CF were-inversely related (r-c-0.63, p< 
0.01). Our results show a significant inverse correlation be- 
tween Res or APD and Res of CF ,and suggest that Res of APD is 
controlled by intracellular Ca2+, 
dent K+ outward current. 

presumably via time-indepen- 

Assoc.) 
(Supported by grant from Ky. Heart 
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EVIDENCE THAT TRANSMURAL INFARCT ABLATES ELECTROPHYSIOLOGIC 
RESPONSES TO SYMPATHETIC NERVE STIMULATION OUTSIDE THE INFARCT. 
Michael J. Barber, Thomas M. Mueller and Douglas P. Zipes. 
Krannert Inst. of Cardiol., Indiana U. Sch. Med. and VA Med. 
Ctr., Indianapolis, Indiana 46223 

We reported that epicardial application of phenol produced 
sympathetic denervation (SD) that prevented effective refrac- 
tory period (ERP) shortening at epicardium and endocardium 
during stellate stimulation (SS). In this study, we tested 
whether transmural infarction (TI) produced SD in noninfarcted 
areas. Sympathetic innervation was determined in 5 open chest 
dogs by measuring left ventricular ERl? shortening during left 
SS. ERP was measured at multiple endocardial and epicardial 
sites with bipolar stimuli at twice diastolic threshold using 
the extrastimulus technique. Basic cycle length was constant. 
T I  was produced by injecting a rapidly hardening vinyl latex 
solution into the first diagonal branch of the LAD. Prior-to 
TI ,  SS shortened ERP (144+2 to 13423 msec, mean 2 SE; Pc.05) at 
all (38) sites. After TI, SS shortened ERP (15223 to 14224 
msec; Pc.05) in all sites (14) proximal or very lateral to the 
distribution of the latex injection. SS did not decrease ERP 
in the TI or in 14/16 sites of noninfarcted myocardium distal 
(apically) to TI, so that mean ERP did not change (147+4 vs. 

150?3 msec). Norepinephrine (0.5 pg/kg/min i.v.) in 4 dogs 
shortened EFU? (156+4 to 14224 msec) in previously nonrespon- 
sive sites distal to TI. We conclude that intracoronary latex 
injection produces TI that results in SD to regions within 
the TI, as well as to distal noninfarcted myocardium. 

331 
BLOOD CALCIUM ACTIVITY AND CARDIAC FUNCTION. B. W. Allen* 
(SPON: G. G. Somjen). Dept. Physiol., Duke Univ., Durham,NC 
27710 

Calcium activity in circulating blood was measured in 
anesthetized cats with a calcium-selective flow cell elec- 
trode (Ionetics, Inc.) in a carotid artery loop. EKG, arte- 
rial pressure, 
PO*, 

and end-expiratory % CO2 were recorded, and 
PC02 and pH were measured in arterial blood samples. 

Blood Ca*+ was lowered by the injection of pH-adjusted ci- 
trate, 
tion of 

or raised by the injection of CaCl*.*+A single injec- 
100 PM citrate/Kg lowered blood [Ca ] from its con- 

trol level of 1.1 to 0.6 mM. Recovery of blood calcium 
level was complete in less than an hour. When Ca*+ was 
raised, recovery was only partial after an hour, and su es- 
sive dos es had a cumulative effect. Lowering blood [Ca SC ] 
caused lengthening of corrected Q-T interval; then disappear- 
ance of T-waves (0.8 mM); then pulsus altemans (0.6 to 
0.7 mM); then reversible loss of pulse with preserved rhyth- 
mic EKG. Signs of tetany were not seen; perhaps because 
general anesthesia or brevity of the period of lowered Ca +. 3 

f 

Raising blood [Ca*+] caused increased pulse pressure and 
minor inc se of P-R interval. 
blood [Ca 5P We conclude that changes of 

] have more effect on cardiac contractility (and 
perhaps arteriolar resistance) than on electrical activity of 
the heart. (Supported in part by NS 11933). 

DIFFERENTIAL DISTRIBUTION OF VAGAL FIBERS TO SINOATRIAL AND 
ATRIOVENTRICULAR NODAL REGIONS OF THE CANINE HEART.W.C.Randall, 
L.E.Rinkema and S.B.Jones, Loyola Med. Ctr., Maywood,IL 60153 

Little definitive information is available concerning dif- 
ferential distribution of autonomic cardiac nerves to sino- 
atria1 (SAN) and atrioventricular (AVN) regions of the heart. 
Selective responses to reflex excitation indicate such re- 
stricted distributions are functionally significant. In open- 
chest, pentobarbitalized dogs, right (RCV) and left (LCV) cer- 
vical vagi were electrically stimulated (20 Hz, 5 msec, 5-7 v) 
before and after each of 6 to 8 carefully painted phenol (90%) 
strips (2-3 mm width) over the superior right atrium (RA), ul- 
timately to surround the SAN. Most parasympathetic nerves 
reach SAN via the superior vena cava (SVC) and from the pos- 
terior RA, with additional projections across the lateral sur- 
face of SVC. Phenolization of the circumference of the SAN 
ablates many of these pathways, leaving vagal distribution to 
AVN virtually unimpaired. Phenol painting at the junction of 
the inferior VC and the atria dramatically ablates vagal in- 
hibition of conduction across the AV junction. These studies 
illustrate clearly distinct vagal distribution to the SAN and 
AVN regions. After all responses to vagal stimulation have 
been abolished, sympathetic alterations in heart rate, and 
atrioventricular conduction remain, thus revealing important 
differentiation in sympathetic fiber distribution to these 
key regions of automaticity and conduction. Interventions 
are available to selectively ablate these autonomic inputs. 
(Supported by Bane Charitable Trust and DePauw Funds.) 

ELECTRICAL CHANGES OF CANINE PURKINJE FIBERS FOLLOWING ALCO- 
HOL AND ALTERED CALCIUM. W.H. Thies and K. Greenspan, Ind. 
U. Med. School, Terre Haute Ctr. Med. Ed., Terre Haute, IN 
47809. Ethanol markedly alters the electrical and mechanical 
properties of cardiac tissue. The mechanism(s) of such alter- 
ations appear to be correlated. The present studies were per- 
formed to assess the changes following alteration of Ca++ 
cont. in normal Tyrode's as well as Tyrode's containing 70mM 
ethanol. Standard intracellular electrophysiologic techniques 
were utilized with excised canine cardiac Purkinje fibers. 
Following control recordings, the tissue was superfused with 
Tyrode's containing altered Ca++ cont. After equilibration 
the tissue was exposed to solutions with varied Ca++ and Eth- 
anol (7OmM). At 1OmM Ca++ cont. and higher, a marked tri- 
angularization of the action potential occurred with a de- 
crease in the time necessary to reach -6OmV repolarization. 
Simultaneously phase 2 demonstrated a significant increase 
while phase 3 showed a slight decrease in the rate of repolar- 
ization. But, low Ca++ cont. (1mM) shows an increase in the 
time to -6OmV repolarization and a decrease in the rate of 
repolarization of phase 2. The addition of ethanol 
results in an exacerbation of the effects of high Ca 

i!OmM) 
and 

appears to be antagonistic to the effects of low Ca++ cont. 
The data obtained in the media containing the low Ca++ are 
perhaps due to diffusion barriers. The study strongly 
suggests that some of the effects of ethanol are mediated 
by changes in Ca++ movement across the cardiac membrane. 
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332 
KINETICS OF BLOOD LACTATE APPEARANCE DURING A PROGRESSIVE 
INCREMENTAL EXERCISE TEST. L.B. Gladden. J.W. Yates.* 
R.W. Stremel, B.A. Stamford. Exercise Physiology Lab. and 
Dept. of Physiology and Biophysics, Univ. of Louisville, 
Louisville,-KY 40292. 

Recently, the relationship between blood lactate concen- 
tration (LA) and work intensity has been described by noting 
the point at which an abrupt increase in LA occurs (anaerobic 
threshold). However, the relationship between LA and work 
intensity appears to be exponential; therefore, we thought it 

would be informative to describe the,kinetics of this curve. 
Six subjects pedaled a cycle ergometer while work rate was 
increased by 30 watts each minute until they were unable to 
continue. Arterialized blood samples were taken at 15 set 
intervals and later analyzed for LA. LA did not increase 
during the first two minutes for any of the subjects. After 
the first 2 min, LA rose monoexponentially (doubling times 
of 2.3 and 2.4 min) in 2 of the subjects. For the other 4 
subjects, the LA response was best described by the sum of 
a slow exponential (doubling times, 2.7-4.1 min) and a fast 
exponential (doubling times 0.9-1.2 min) after the first 2 
min. These results suggest that simply characterizing the LA 
response to incremental exercise by a breakpoint is an over- 
simplification. 
(Supported in part by a Graduate Research Council Grant of 
the University of Louisville) 

KINETICS OF BLOGD LACTATE APPEARANCE DURING CONSTANT L(3AD 
WQRK. B. W. Stremel, J. W. Yate&, L. B. Gladden, B. A. 
Stamford. Exercise Physiology Laboratory and Dept. of 
Physiology and Biophysics, Univ. of Louisville, Louisville 
KY. 40292. 

load 
Observations of bl ood lactate (LA) change during cons 
exercise are well documented in the literature, while 

the kinetics of the IA I appearance have not been consi 
To characterize these kinetics, f ive male subjects pe 
20 minutes of six different constant load work tests 
300 to 2100 kpm/min at 300 kpm/min intervals. Arteri 

tant 

dered. 
rformed 
ranging 
alized 

blood samples were obtained f rom a hand vein at 15 set . inter- 
vals and fluorometrically ana lyzed for IA. For the fi rst 
minute of each test 9 there was no significant change in IA, 
regardless of work intensity or subject fitness. The time of 
peak lactate appearance occurs later in the test as exercise 
intensity is increased. Associated with this is a slowing of 
the kinetic rise of IA to that peak (T4 of 2.06 f 0.16 min at 
600 kpm/min and 3.51 + 0.52 min at 1800 kpm/min). A range 
of work intensities exists in which no significant change in 
IA occurs and at the highest work rates, IA increased through- 
out the test. However, this increase was still well described 
by a first order exponential. These results suggest a 
balance between blood IA appearance and disappearance during 
20 min of exercise until severe intensities are reached. 
(Supported by the University of Louisville Graduate Research 
Council.) 

THE EFFECT OF RHYTHMIC EXERCISE ON MUSCLE TEMPERATURE AND ISO- 
METRIC ENDURANCE. M.D. Hoffman%, C.A. Williams, and A.R. Lind. 
St. Louis Univ. Dept. of Physiology, St. Louis, MO 63104. 

Three males volunteered in a series of experiments using 
bicycle ergometry in order to examine the relationship between 
the muscle temperature of the quadriceps and the endurance of 
a subsequently held isometric contraction. The experiment 
consisted of exerting a max. voluntary contraction (MVC) on a 
leg dynamometer, one bout of cycling for 1,3 or 10 min at le- 
vels of 20%,60% or 80% VC2 max followed by a MVC and a isomet- 
ric contraction of the quadriceps at 40% MVC. There was a 15 
set interval between the end of cycling and the positioning of 
the leg on the dynamometer during which quadriceps temperature 
was measured. Isometric endurance was reduced by 30% after 1 
min cycling at all 3 workloads. Endurance did not decline 
further after cycling at 20% VO2 max for 3 or 10 min but did 
progressively decrease with longer bouts of rhythmic exercise 
at the higher workloads, the greatest decrease seen following 
10 min of work at 80% V 2 max. Muscle temp. increased as the 
workload and duration o P cycling increased. There was an in- 
verse relationship between endurance and muscle temp. describ- 
ed by the regression line, y= -20.5x + 839 + 5.3. This relat- 
ionship also held when the muscle was artifically cooled or 
heated by submersion of the lower body in a water bath. Muscle 
temperature, workload and MVC were not strongly correlated. 
These.data suggest that the encorachment on isometric function 
by rhythmic exercise is due to changes in muscle temperature. 
(This work was supported by AFOSR Grant # 76-3804.) 

333 
THE EFFECT OF ALTERING THE INSPIRED OXYGEN FRACTION ON LACTATE 
ACCUMULATION DURING PROGRESSIVE EXERCISE. M.C. Hogan*, R.H. 
Cox", and H.G. Welch. University of Tennessee,Knoxvtlle 3/¶6 

These experiments were designed to investigate differences 
in plasma lactate accumulation during progressive bicycle er- 
gometer exercise while breathing hypoxic, normoxic, or hyper- 
oxic gas mixtures. Six subjects rode to exhaustion on 3 dif- 
ferent occasions while breathing mixtures of 17%, 21%, or 60% 
02. After a lo-minute rest period, the subject rode for 3 
minutes at a work rate of 60 W followed by 15-W increases un- 
til exhaustion. Inspired and expired gas fractions, ventila- 
tion, heart rate, and arterialized venous lactate were meas- 
ured. Oxygen uptake (002) and carbon dioxide output were cal- 
culated for the last minute of each work rate while lactate 
samples were drawn during the last 10 seconds. 902 was not 
significantly different at any work rate among the 3 different 
conditions. The rate of lactate accumulation was significant- 
ly greater during hypoxia as compared to either normoxia or 
hyperoxia. Total lactate accumulation was significantly less 
during hyperoxia than normoxia or hypoxia. Although lactate 
accumulation during each of the three tests was best described 
by a curve, a breaking point at which lactate increased above 
resting levels was determined. This occurred 30 W higher in 
hyperoxia than normoxia or hypoxia. We conclude that these 
variations in lactate concentration cannot be explained on the 
basis of differences in VO2, and that other factors must be 
considered. (Supported in part by American Heart Association, 
East Tennessee Chapter) 

335 

FATIGUING EXERCISE EFFECTS U-RON THE HUMAN ACHILLES TENDON 
REFLEX. Gary Kamen, Indiana University, Bloomington, In, 
47405 

While the patellar tendon reflex is usually reduced in 
amplitude and total reflex time slowed by the effects of 
muscular exercise, several investigators have reported 
heightened Achilles tendon reflexes following muscular exer- 
tion. In an effort to examine this phenomenon further, 12 

male subjects performed either isometric or rhythmic exercise 
at either a low intensity (25% MVC) or a high intensity 
(50% MVC), Four bouts of each exercise task were administered 
on each of four test days, Results showed little change in 
electromyographic latency following exercise, However, 
in several conditions, contraction time and half-relaxation 
time were enhanced. Reflex force increased following the 
50% MVC isometric condition, but was reduced in amplitude 
following the 25% MVC isometric condition. It is suggested 
that the observed facilitation of the Achilles tendon reflex 
occurs due to exercise-induced activation, which may precede 
the fatigue state. 
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THE EFFECT OF MUSCLE MASS ON THE BLOOD PRESSURE RESPONSE TO 
ISOMETRIC EXERCISE. D. Hendershot,;: J.S. Petrofsky, Chandler 
A. Phillips and R. Glaser. Departments of Engineering and 
Physiology, Wright State University, Dayton, Ohio 45435. 

The blood pressure response which occurs throughout the 
duration of fatiguing isometric contractions was examined in 
four male and female college aged subjects during fatiguing 
contractions at tensions of 25, 40, and 70 percent of each 
person’s maximum voluntary contraction. In all subjects iso- 
metric contractions were exerted with the adductor pollicis 
muscle, handgrip muscles, biceps muscles, toe muscles, calf 
muscles, and quadriceps muscles. Two series of experiments 
were performed on each subject and with each muscle group; in 
one series of experiments the circulation was occluded by an 
arterial cuff inflated to 300 m m  Hg. The two largest muscle 
9 rows p the quadriceps and biceps muscles were found to have a 
larger blood pressure response than the other four groups; the 
increase in blood pressure in these two muscles was about 20 

mnHg higher than in the other four muscle groups throughout the 
duration of fatiguing contractions at all three tensions. This 
project was supported in part under a grant from the National 
Heart and Lung Institute #l ROl HL25977-01 
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METABOLIC AND CIRCULATORY RESPONSES TO THREE WHEELCHAIR PRO- 
PULSION MODES. R.M. Glaser, D.P. Beal*, J.S. Petrofsky, P.A. 
Smith*, E.L. Fox, and A.G. Suryaprasad*. Wright State Univ. 
Sch. of Med., Dayton, OH 45435and VAMed. Ctr.,Dayton, OH45428 

The purpose of this study was to compare metabolic and 
circulatory responses elicited by three types of wheelchair 
propulsion systems: l-conventional synchronous handrim (SH),Z- 
asynchronous handrim (AH), and 3-arm crank (AC). For this,10 
volunteers exercised on a combination wheelchair:arm crank 
ergometer at four given submaximal power output (PO) levels and 
at their max PO for each propulsion mode. Exercise bouts were 
5 min in duration and physiological data were collected during 
the 4th and 5th min. Oxygen uptake (002) and pulmonary venti- 
lation (VE) were determined by open circuit spirometry, where- 
as heart rate (HR) and cardiac output (0) were determined by 
impedance cardiography. In comparison to SH propulsion, AH 
and AC propulsion en?bled higher max PO's to-be achieved (374, 
399 and 474 kpm*min' , respectively). Peak V02, VE, HR and Q 
were similar for the three modes of propulsion. At given sub- 
maximal PO levels, V02, VE, HR and Q were generally lowest for 
AC propulsion. Although VO2 and VE were generally lower forAH 
than for SH propulsion, HR and Q were similar for these modes 
of locomotion. These data indicate that wheelchair designs 
which incorporate asynchronous modes of wheelchair propulsion 
may be advantageous. They appear to permit greater locomotive 
capability and elicit lower metabolic and circulatory stresses. 
(Supported in part by the Rehabilitative Engineering R&D Ser- 
vice of the VA) 

340 
CO2 MAX OF NORMAL WHITE, MESTIZO AND BLACK COLOMBIAN BOYS 
6-16 YEARS OF AGE: ABSENCE OF RACIAL DIFFERENCES. 
G.B. Spurr, J.C. Reina," M. Barac-Nieto* and M.G. Maksud. 
Departs. Physiol., Med. Col. of Wis., Milwaukee and Physiol. 
Sci. and Pediatrics, Univ. de1 Valle, Cali, Colombia. 

When comparing GO2 max of groups of children, differ- 
ences in racial composition appear as a possible confounding 
variable. CO2 max was measured in 106 white, 217 mestizo 
and 70 black boys using a Balke-Ware treadmill procedure. 
The children were considered nutritionally normal and free of 
past undernutrition by selection within + 5% of Colombian 
norms of weight and height for age and w;ight for height. In 
5 age groups of 2 yr intervals, younger boys showed no dif- 
ferences in weight or height among the races. In older boys, 
white children were heavier and taller than mestizo boys. 
In general, black boys fell between white and mestizo sub- 
jects in average weight and height and no consistent pattern 
of differences was observed. Average max heart rates ranged 
from 201 to 209/min with mestizo boys tending toward slightly 
higher values than others. CO2 max (L/min, or ml/kg/min) was 
not significantly different among races in each of the 5 age 
groups. Average CC2 max varied from 49 to 56 ml/kg/min. 
Regression analysis of CO2 max (L/min) on body weight result- 
ed in almost superimposable regression lines with slopes and 
intercepts which were not significantly different. We con- 
clude that there is no racial difference in CO2 max during 
this period of growth of white, mestizo and black boys. 
Supported by NIH Grant No. 10804. 
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PHYSIOLOGICAL RESPONSES TO HANDRIM AND ARM CRANK WHEELCHAIR 
PROPULSION. P.A. Smith*, R.M. Glaser, J.S. Petrofsky, P.D. 
Underwood, Jr.*, G.B. Smith* and J.J. Richard*. Wright State 
University School of Medicine, Dayton, OH 45435 

The handrim propulsion system of most manual wheelchairs 
has been shown to be inefficient and stressful to the cardio- 
vascular and pulmonary systems. Arm crank propulsion has been 
suggested to reduce these stresses. In order to compare con- 
ventional handrim wheelchair propulsion to arm cranktypewheel- 
chair propulsion, 16 volunteers (9 able-bodied, 7 wheelchair- 
dependent) operated both wheelchairs over level tiled and car- 
peted test courses at 3 km-h-l. The arm crank propelled wheel- 
chair was operated in 3 gear ratios--low, medium and high. 
Exercise bouts were 5 minutes in duration. During the final 
minute of each test oxygen uptake (VO2), pulmonary ventilation 
(VE), and heart rate (HR) were monitored. Subjects exhibited 
significantly lower magnitude of these physiological responses 
during arm crank wheelchair propulsion relative to handrim 
wheelchair propulsion for all gear drive ratios. Average per- 
cent differences were: 30% and 33% for VO 
VE; and 16% and 19% for HR on the tiled an 2 

; 27% and 34% for 
carpeted test sur- 

faces, respectively. From these data we conclude that arm 
crank wheelchair propulsion is less strenuous than convention- 
al handrim wheelchair propulsion and that arm crank propulsion 
systems should be considered as a possible means to improve 
wheelchair design. (This study was funded in part by the Re- 
habilitative Engineering Research and Development Service of 
the VA and the VA Rehabilitation Engineering Center) 

PEAK PERFORMANCE OF THE 1980 NATIONAL INTERCOLLEGIATE WHEEL- 
CHAIR BASKETBALL TEAM FOLLOWING TRAINING. R.J. Durbin*, R.M. 
Glaser, S.W. Wilde*, D.S. Miles*, G.W. Gayle*, and R.W. 
Gotshall. Wright State Univ. Sch. of Med., Dayton, OH 45435 

Peak metabolic and cardiopulmonary responses of members 
of the 1980 National Intercollegiate Wheelchair Basketball 
Team (N=9) were determined prior to and following a 6-week (3x 
per wk) interval training program (ITP) using wheelchair 
ergometer (WERG) exercise. The ITP consisted of 2 portions: 
l-aerobic--two 10 min exercise bouts at 80% maximal heart rate 
(HRmax), each followed by 5-min rest periods, and2-anaerobic-- 
four 2-min work bouts at 95% HRmax, each followed by a 2-min 
rest period. HR was continuously monitored during training to 
set WERG power output to maintain target HR. Prior to (pre-) 
and following (post-) the ITP, subjects performed a progressive 
intensity exercise test on the WERG. Peak responses to max 
effort exercise were as follows: 

Vo7 VE HR PWC T  
(lmmii-1) (lemin-1) (bpm) (mM.1") (kpmemin") 

Pre- 2.08 94.7 172 8.5 455 
Post- 2.63 125.2 177 10.3 592 
%A +26 +32 +3 +21 +30 
P< 0.01 0.01 NS NS 0.01 

It thus appears that an intense ITP on the WERG can markedly 
increase peak performance of these wheelchair athletes. (Sup- 
ported in part by the Rehabilitative Engineering R&D Service 
of the VA) 
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INTERRELATIONSHIPS AMONG POWER OUTPUT, PEDAL FREQUENCY, 
OXYGEN UPTAKE, AND HEART RATE DURING BICYCLE ERGOMETER 
EXERCISE. D.B. Reynolds, J.S. Petrofsky and R.M. Glaser. 
Wright State Univ., Dayton, OH 45435 

Four young (20-24 yrs) male subjects pedaled at 30, 60, 
or 90 RPM on a bicycle ergometer in 4 min bouts at power out- 
puts (PO) corresponding to 20, 40, 60, 80, 100% of their pre- 
viously determined maximum oxygen uptake (max 00,). Max 00, 
was determined for each RPM by a progressive intensity exer- 
cise test. Heart rate (HR), surface electromyogram of the 
right quadricep and right pedal force (RPF) were also measured. 
Position and speed of the crank was accurately determined with 
sensors utilizing movement of the crank sprocket wheel. Aver- 
age max 00, for 90 RPM was 6.0% lower, whereas it was 24.5% 
lower for 30 RPM than for pedaling at 60 RPM. In two subjects, 
lower max 00, at 30 RPM may have been partially due to their 
exercising at the 7 kp load limit of the bicycle ergometer. 
At given submaximal PO’s, 002 for 30 and 60 RPM were nearly 
equal, while it was greater for 90 RPM. The slopes of the sub- 
maximal,.VOz-PO curves were about equal, indicating that the 
higher VO2 for 90 RPM was due to a larger zero load offset. HR 
increased nearly linearly with 002 with no dependence on RPM. 
RPF varied with crank position, with peak force occuring just 
helm the forward horizontal position. Greater submaximal VO2 
for 90 RPM probably results from internal ergometer friction, 
resistance in the visco-elastic tissues of the legs and inertial 
forces resulting from accelerations of the leg mass. (Supported 
in part by the Rehabilitative Engineering R&D Service of the VA) 

CHANGES IN LUNG VOLUMES AND PLOW RATES AFTER A MARATHON. C.E. 
Doerr*, S.A. Schonfeld*, R.W. Gotshall, D.E. Sinks*, and D.S. 
Miles*. Wright State University, Dept. of Physiology, School 
of Medicine, Dayton, Ohio 45435 and The Ohio State University 
Col. of Med., Pulmonary Disease Division, Columbus, OH 43210. 

Recent studies have reported reductions in forced vital 
capacity (FVC) after marathon racing with simultaneous in- 
creases in residual volume (RV), with no changes in total lung 
capacity (TLC). It has been speculated that the underlying 
mechanism was the early closure of peripheral airways. In 
order to further characterize the mechanism(s), we tested 8 
male runners (K age = 38, range 29-53) before, immediately 
after, and the day following competition in the Columbus Rank 
One Marathon (X run time = 3 hr. 30 min.) Subjects completed 
maximum expiratory flow-volume maneuvers in triplicate,breath- 
ing (1) air; (2) 80% He/20% 02; and (3) air, following admin- 
istration of a bronchodilator (isoproterenol). Lung volumes 
were determined by nitrogen washout and single breath He dilu- 
tion. There were no changes in FVC, RV, or TLC after the 
marathon. No change? occurretin FEVl, FEV3, FRF50, mF25, 
or peak flow. The AVmax50, AVmax25, and isoflow values were 
also similar pre- to post-race. Isoproterenol had no effect 
upon FVC and flow rates. In conclusion, these results indi- 
cate that small airways obstruction does not occur and there 
is no enhanced bronchial smooth rmcle tone post-marathon 
racing. In contrast to previous reports, we failed to demon- 
strate any change in lung volumes using two independent 
methods. 
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CHANGES IN DIFFUSION CAPACITY AND CLOSING VOLUME AFTER A MARA- 
THON. D.S. Miles*. C.E. Doerr*. S.A. Schonfeld*. D.E. Sinks*. 
and R.W. Gotshall. Wright State Univ., Dayton, OH 45435 and 
The Ohio State Univ., Columbus, OH 43210 

The purpose of this study was to elucidate the possible 
mechanism(s) responsible for a reduction in diffusion capacity 
of the lung (DLCo > after marathon racing. Eight male subjects 
were tested before, immediately after, and one day post com- 
pletion of the Columbus Bank One Marathon. Closing volumes(CV) 
were measured using a single breath 02 test and DICo was mea- 
sured with the single breath technique. Pulmonary capi llary 
blood volume (V,) and membra ne diffusing capacity CD,) were 
calculated based upon measurement of br,, at two difyerent O3 

bb” 

tensions. DLCO 43 vc %I cv /cc 
ml/mmHg/min ml/mmHg/min ml % Total Resistance % 

Before 31.3 59 112 57 12 
Post 28.6 46 116 65 16 
l-Day Later 31.3 54 115 61 13 
There were significant decreases in DICo, DM and increases in 
CV post-race. Since DICO reflects the sum of its series com- 
ponents (V,, DM), the observed reduction in DLco must be 
explained by a decrease in D,,, given no change in V,. This 

increase in membrane resistaice (l/DM) may reflectLthe occur- 
rence of perivascular and/or peribronchial edema. Such a 
change would increase lung elastic recoil and could explain 
the increase in CV. Our speculation is consistent with the 
results we have reported elewhere that no simultaneous reduc 
tion in small airway caliber occurred post-race. 
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EFFECT OF EXERCISE TWINING ON C-HDL LEVELS IN WOMEN: CONTINU- 
OUSVS. INTERVAL PROGRAM. M.A.B.Frey, B.M.Doerr*, L.L.Laubach*, 
B.Mann*, and C.J.Glueck*. Wright State Univ., Dayton, OH 45435 
and Lipid Research Clinic, Univ.ofCinn., Cincinnati, OH 45267 

Exercise training of 7-10 wk increases plasma high-densi- 
ty lipoprotein cholesterol (C-HDL) levelsinmen. Ourprevious- 
ly reported interval-type bicycle ergometer training program 
for women on oral contraceptives (CC) increased maximum oxygen 
uptake (V02max) by almost 20% but did not change C-HDL. 16 
women 18-30 yr of age and not taking OC participated in this 
study. Subjects exercised 30 min 3 times/wk for 10 wk at 70% 
maximum heart rate reserve: 10 in an interval program (5 min 
exercise, 2 min rest), and 6 for 30 min continuously. Vari- 
ables significantly (~~0.05) changed were: 

INTERVAL CONTINUOUS 
VARIABLE UNITS 
ITijiG- 

pre g 
ml/kg/min 27.5 fi post 34.4 

Resting heart rate beats/min 73.6 66:o 67:3 59.7 
Body fat (hydro. wgt.) % 27.4 24.8 30.2 28.0 

Neither C-LDL, total cholesterol, nor triglycerides were 
changed significantly. C-HDL decreased significantly at 2 and 
5 wk, and returned to control at 10 wk (pretrain=61.67 mg/dl, 
2 wk=56.33, 5 wk=58.06, 10 wk=62.00). Successful exercise con- 
ditioning for a lo-wk period does not elevate C-HDL in womenin 
comparison to men and suggests a sex-specific difference in 
factors that mediate exercise-induced increases in C-HDL. 

6 R 
S;p orted in part by grants from the Miami Valley Chapter, 

. - 9 and by GCRC Grant #RR00068-19) 

ACTIVATION OF Bl-RECEPTORS ON THE CORONARY RESISTANCE FOLLOWING 
REPETITIVE EXERCISE. Isabella Y.S. Liang* and H. Lowell Stone. 
Dept. Physiol., Univ. of Okla. HSC, Oklahoma City. OK 73190 

Selective BI-adrenergic blockade (BB) was used-to determine 
the changes in coronary resistance with repetitive exercise. 
Five conscious dogs were studied in the untrained (UT) and par- 
tially trained (PT) condition: during submaximal exercise. Myo- 
cardium oxygen consumption (MVC2) was measured. Left circum- 
flex coronary blood flow velocity (CF), aortic pressure, heart 
rate (HR) and diastolic coronary resistance index (DCRI) were 
measured. Atenolol (8B 1 mg/kg) was used. 

DCRI (mm Hg/cm/sec) 
workload (kph/%) o/o 6.418 6.4/16 
control UT 4.77 2.45 2.09 
BB UT 5.30* 3.06* 2.61* 
control PT 4.10 1.92 1.69 
BB PT 4.86* 2.67" 2.33* 

*P co.05 compared to control at the same workload. There was, 
comparing to control values, a decrease in HR, MVC2, and CF 
during submaximal exercise with 8B in both the UT & PT condi- 
tions. However, these values following BB were not signifi- 
cantly different in the UT & PT conditions. These data suggest 
that blockade of Bl-adrenergic receptors during submaximal ex- 
ercise in both the UT & PT conditions resulted in no change in 
the coronary resistance. Thus, the difference in coronary re- 
sistance observed in previous studies was not due to altera- 
tions of the myocardial metabolic signal as a result of Bl- 
receptor activation. (Supported by NIH Grant # 22154). 

EFFECT OF PHYSICAL TRAINING ON AGE OF MENARCHE. BODY COMPOSI- 
TION AND THE MENSTRUAL CYCLE. Joel Stager,* David Robertshaw 
and Elizabeth Miescher.* Dept. Physiology and Biophysics, 
Colorado State University, Fort Collins, CO 80523. 
Swimming, a sport which- often involves the initiation of 
physical training before the onset of menarche can result in 
a low body fatness without a decrease in body weight. The 
hypothesis was tested that a critical body fat percentage is 
necessary for both the onset and continuation of menstruation 
in athletes. We investigated the effect of intensive prepu- 
bertal swimming on body composition and its relation to the 
age of menarche. The mean age of menarche of the swimmers 
was 13.6 yrs, 1.1 yr later than the national average. Measure- 
ements of body fatness calculated from measurements of body 
density indicated that the delay in onset of menarche may be 
related to a delay in achievement of a critical body fat per- 
centage (17%). Frisch et al. (Human Biol 45; 469, 1973) have 
proposed that 22% body fat is necessary to maintain normal 
menstrual cycles. Only 7% of the collegiate athletes had at- 
tained this critical composition and yet 50% had normal men- 
strual cycles. College age athletes with irregular cycles (<7 
menstrual cycles/yr) were older at menarche but not fatter 
than those with regular cycles (>I0 menstrual cycles/yr). It 
was concluded that I) the initiaxion of menarche may be re- 
lated to the achievement of a critical body fatness, 2) that 
the Frisch hypothesis is not confirmed and 3) that a delay in 
age of menarche may be associated, in a college age population, 
with irregular cycles. (Supported by NIH grant #HD 13778). 
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HEART RATE RESPONSE TO REDUCED CORONARY BLOOD FLOW DURING 
SUBMAXIMAL EXERCISE. Delvin R. Knight* and H. Lowell Stone 
Dept. of Physiology,Univ. of Okla. HSC, Okla. City, OK 73190 

Seven dogs were subjected to submaximal exercise tests to 
determine the effect of reduced coronary blood flow (CBF) on 
heart rate (HR). Dogs were chronically instrumented with a 
Doppler ultrasonic flow probe and hydraulic occluder around 
the left circumflex coronary artery (LCA). After 3 weeks, the 
dogs were submaximally exercised while measuring CBF velocity, 
ECG by telemetry and HR with a cariotachometer. The submaxi- 
mal exercise tests were repeated while obstructing CBF with 
the hydraulic occluder to 20% of peak reactive hyperemic flow, 
previously determined by a 15 set occlusion of the LCA. The 
HR responses were similar, except at the higher workloads when 
myocardial function appeared to be compromised by the reduced 
flow. At the highest workload of 6.4 km/h, 16% grade, HR in- 
creased from a resting level of 99+5 to 257+8 beats/min and 
CBF increased from 30+2 to 52+3 cm/set. After the LCA had 
been stenosed to 1423cm/sec, -HR increased from a level of 
9828 to 219212 beats. Reduction of LCA flow to the same level 
during exercise also resulted in a reduction in existing HR. 
The relative bradycardia at the higher workloads suggests a 
reflex decrease in the sympathetic activity, or an increase in 
vagal activity during exercise when CBF was reduced. 
(Supported by NIH Grant UHL22154) 

349 
CORONARY VASCULAR ADRENERGIC RECEPTOR BLOCKADE DURING EXERCISE. 
Patricia A. Gwirtz and H. Lowell Stone. Dept. of Physiol. & 
Biophys., Univ. of Okla. HSC, Oklahoma City, OK 73190 

The effects of sympathetic and parasympithetic nervous 
systems on coronary blood flow during exercise were determined 
by direct adrenergic blockade of myocardial adrenergic recep- 
tors. Five dogs were chronically instrumented to measure 
Doppler coronary blood flow velocity (CFV), mean left circum- 
flex coronary artery blood pressure (CBP), ECG and heart rate 
(HR) during submaximal exercise. Intracoronary administration 
of atropine (Atr, 100-500 mg), phentolamine (Ph, 1 mg) or pro- 
pranolol (Pr, 1 mg) was used to avoid systemic drug effects. 
CBP averaged 93t21 mm Hg at rest and 111~11 mm Hg during exer- 
cise. 

Rest Exercise Ex + Blockade 
CFV HR CFV---- HR CVF HR 

Atr 47?14 106225 71212 190+10 71+16 190+10 
Ph 35214 119+12 662 8 237+25 7OflO 246223 
Pr 36k 2 109?10 68211 235+20 54+ 7 205219 

These data suggest (a) there is no cholinergic component con- 
trolling CF during exercise (b) a-blockade increases CFVindi- 
eating a neurally mediated vasoconstrictor tone on coronary 
vessels during exercise, and (c) B-blockade reduces CFV by a 
direct effect on coronary vessels and on myocardial metabolism. 
(Supported by NIH Grant HL22154,HL05835). 
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350 
SELECTED RESPONSES OF THE IMMUNE SYSTEM TO 
EXERCISE AND PASSIYE THERMAL STRESS. Lou A. 
Stephenson*, Margaret A. Kolka, J. E. WilkersoK. 
Ruman Performance Lab., Indiana Univ., 
Bloomington, IN 47405 

Five adult males participated in 3 experi- 
ments in which core temperature (Tre) and venous 
plasma immunoglobulin (Ig) concentrations, leu- 
cocyte counts and differentials were determined. 
In one experiment, the subjects performed a short 
duration maximal work bout (El. In the other 2 
sessions, the Ss sat in an 80 C. sauna for 30 
min, with rehydration (PHR), or without rehydra- 
tion (PHD). Tre increased in all cases (E: +0.5 
C;PHD: +0.9 C;PHR: +1.8 C). A differential de- 
crease in plasma volume was observed in the 3 
procedures (E: -11.2%;PHD: -7.3%;PHR: -3.6%). 
This hemoconcentration accounted for the in- 
creases in the plasma concentrations of IgG, IgA, 
61 IgM. All procedures elicited a leucocytosis (E: 
+67%;PHD: +16%;PHR: +40%), with a lymphocytosis 
noted in each. E and PHR elicited a neutrophilia 
and a monocytosis. PHD alone elicited an eosino- 
penia. These data suggest that cardiovascular 
status and not core temperature is the major 
factor influencing the leukocytosis of exercise 
and passive thermal stress. 
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A QUANTITATIVE EVALUATION OF NECK MUSCLE PERFORMANCE. 
Chandler Allen Phillips and Jerrold Scott Petrofsky. Wright 
State University, Dayton, OH. 45435. 

A problem frequently reported by helicopter flight crew 
members is neck muscle soreness and weakness due to the load- 
ing of various electronic and optical devices on the standard 
Army flight helmet (SPH-4). Basically, the SPH-4 is designed 
and tested for impact protection with little or no consider- 
ation given to the physiological performance of the neck 
muscles. Consequently, a series of experiments were performed 
to evaluate the stresses imposed on the neck muscles during 
isometric contractions of these muscles in the forward, 
lateral and backward di rections. A set of strength-endurance 
data points were generated by measuring the endurance time 
that the neck muscles could sustain tensions of 25%, 40%, 
55%, 70% and 90% of the muscle’s maximal strength (MVC). A 
series of curves were fitted to these data points using 
standard regression techniques and resulted in three inverse 
non-linear curves for the three directions tested. The 
characteristic equation which uniquely describes each 
strength-endurance curve can (in part) be used to optimize 
the physiological endurance of the neck muscles for a given 
helmet loading condition. (This work supported by U.S. Army 
contracts DAMD 17-80-C-0089 and DAMD 17-8O-C-OO89-PIOZ). 

DOES HEAT ACCLIMATION LOWER THE RATE OF METABOLISM 
DURING PHYSICAL EXERCISE? Kent B. Pandolf. Michael N. Sawka. 

I  < 

Barbara A. Avellini* and Yair Shapiro. U.S. Army Research Institute 
of Environmental Medicine, Natick, MA 01760 

Heat acclimation has been suggested to either lower or have no 
effect on the rate of metabolism (M) elicited by physical exercise. 
Our primary investigation (Study I) was conducted toldetermine if heat 
acclimation does indeed lower the rate of M (W l kg ) during exercise. 
Two additional investigations were evaluated to determine if season 
(summer or winter) of acclimation (Study II) and gender (Study III) 
further influence the effect heat acclimation has on M during 
exercise. Volunteers for Studies I (n = 15 men), II (n = 8 men), and III 
(n = 10 men 
1.56 m l s-l 

+ 9 women) completed treadmill walks (1.34 or 
,$% grade, 100 min) in cool (20°C, 40% rh) and hot (40°C, 

30% rh or 49 C, 20% rh) environments immediately before and after 
heat acclimation. Heat acclimation involved 6 (Study III) or 10 
(Studies I and II) consecutive days each lasting 120 min (10’ rest, 50’ 
walk, 10’ rest, 50’ walk). After heat acclimation, a significantly 
(p c 0.05) lower M was observed for Study I (-7%) and II (-6%) in the 
cool exposure but no differences were found for the hot exposure. No 
difference in M was found between seasons (Study II). For Study III, a 
lower (p < 0.05) M was observed in both the cool (-6%) and hot (-3%) 
environments after acclimation; no difference was found between the 
sexes. These data indicate that M is generally decreased during 
exercise af ter heat acclimation. The observed percent decrease was 
greater in the cool than hot test environment. Physiological 
met hanisms which could contribute to this decreased M include 
increased muscular efficiency and/or a lowered body temperature. 
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THE METABOLIC RESPONSES TO HELIUM-OXYGEN BREATHING DURING 
EXERCISE. Alan G. Brice* and Hugh G. Welch. University of 
Tennessee, Knoxville, TN 379f6 

al 

Evidence exists that there are alterations in metabolic 
responses to standard exercise when the diluent gas is changed 
from nitrogen (air) to a gas with a differing density such as 
helium. To compare the metabolic responses of He-02 breathing 
during exercise with those of air breathing, 4 trained male 
cyclists perfornled exercise on the bicycle ergometer at 6 dif- 
ferent intensities. Each subject was tested twice at each 
work rate, once while breathing air and once while breathing 
He-02. There were no significant differences between the 
gases for lactate or heart rate. Minute ventilation was 
greater (pc .Ol) when He-02 was the inspired gas. There was a 
significant interaction (pc.001) between work rate and gas 
for minute ventilation. Tests for simple main effects showed 
differences in ventilation between the gases only at the 2 
highest work rates. When al 1 6 levels of work rate were ana- 
lyzed together there were no significant differences (p = .08) 
between the gases for VO2. However, at the 2 most intense 
work rates where great differences in ventilation between the 
gases existed, the V02 when breathing He-02 was significantly 
higher (p< .Ol) than that during air breathing. These results 
indicate differences in V02 between air and He-02 breathing 
during intense exercise which may be related to the large dif- 
ferences in ventilation observed Letween the two gas mixtures. 
(Supported in part by American Heart Association, East 
Tennessee Chapter) 

ENVIRONMENTAL PHYSIOLOGY 

COMPARISON OF THE CARDIOVASCULA,R EFFECTS OF INHALEC AND INJECT- 
ED -CARBON MONOXIDE. Wayne E. Kanten*, @avid G. Penney, Michael 
S. Baylerian", David A. Swastek* and @avid C. Szlag*. @ept. 
of Ph!lsiol., !Javne State Univ., Detroit, !?I 48201. 

Recent reports suggest that-the cardiovascular (CV) effects 
of intraperitoneally (i.p.) injected CO differ from those 
when CO is inhaled. Conscious male rats inhaled 500 ppm CO for 
oeriods from O-48 hrs. (INH), or received 100% CO (15ml/kg) 
i.p. by single injection (INJ). Measurements of heart rate 
(HP,) and systolic blood pressure (Ps s were taken by the tail- 
cuff method and carboxyhemoglobin sa x) uration (COHb) determined 
spectrophotometrically. In the INH group, after two hrs, COHb 
had risen to 35-38%, P 

i% 
had fallen to 48% of controls (C) 

and t!R had risen 25% a :e C. 
remained depressed for 48 hrs. 

HR remained elevated and Psys 
In the INJ group, HR rose 

sharp131 in the first 15 min. while P fell more gradually. 
Within 1 hr, CCHb reached 56%, Ps 

x 
s 871 to 55% of C and HR 

rose 29% above C. Beyond 1 hr, C,,Hb fell, HR declined to C 
and P returned to C as CC was lost through ventilation. 
COHb,'&, and HR were nearly normal after 4 hrs. Overall, in 
the INJ group, HR and P, changes closely paralleled changes 
in COHb. The results f 

s 
co roborate more extensive CV studies 

with anesthetized, open-chest rats inhaling CO (Fed. Proc., 
40, 21399, 1981). It appears that regardless of the route of 
entry, CO produces profound peripheral vasodilation, fall in 
pYs ' and reflex tachycardia. The elevated cardiac output 
wlich results, re-establishes tissue oxygen delivery. 
(Supported by NIH Research Grant HL-22859). 

INTERACTION OF CARBON MONOXIDE AND NICOTINE ON THE RAT HEART. 
James J. :IcGrath and David Smith, Texas Tech University 
Health Sciences Center, Department of Physiologl/, Lubbock, 
Texas 79430. 

Experiments were continued to assess the effects of carbon 
monoxide (CO) on the isolated spontaneously beating rat heart. 
Hearts removed from male, white laboratory rats were perfused 
via the aorta with oxygenated (95%02-5%CO2) Kreb's Henseleit 
solution. Heart rate and pulse pressure were measured by a 
catheter inserted into the left ventricle and attached to a 
pressure transducer. Coronary flow was timed and collected in 
a calibrated vessel. After 30 minutes, the hearts ldere chal- 
lenged with solutions containing CO (lO%CO-85%02-5%C32), nico- 
tine (10 ug/ml in 95X02-5%CO2) or CO and nicotine (13 ug/ml 
nicotine in lO%C3-85%02-5%CO2). The hearts were allowed to 
recover in oxygenated, nicotine-free perfusate for 10 min. 
Heart rate remained unchanged following perfusion with CO 
while coronary flow increased to 146 and 143% of control at 2 
and 8 min., respectively. Heart rate and coronary flow were 
significantly depressed by nicotine. After 2 and 8 min. heart 
rate declined to 89 and 78% while coronary flow declined to 
84 and 80% of control. ':/hen the hearts were perfused with CO 
and nicotine heart rate decreased to 93 and 83% of control at 
2 and 8 min. Coronary flow initially increased at 2 min. to 
114%. This was followed by a decrease after 8 min. to control 
levels. These results suggest that CO and nicotine may have 
opposite effects on coronary flow. Supported in part by 
American Heart Association, Texas Affiliate. 
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Heart function in persistent cardiomegaly resulting from neo- 
natal carbon monoxide exposure. David G. Penney and Michael S. 
Bavlerian*. Dent. of Phvsiol.. Wavne State Univ. School of 

- I  

Medicine, Detroit, MI 48201. * " 
Newborn male and female rats inhaled 500 p.p.m. CO for 33 

days. 2 ventricle (2V); body weight (BW) ratio peaked at 14 
days of age. Left V + interventricular septum (LV+S) was 78% 
and right !r free wall (RV) was 100% above predicted values at 
this time. After return to roon air, relative 2V wt. declined, 
but persisted above pred. values: 16% in females and 13% in 
males at 92 and 103 days of age respectively, and ll%in females 
and 12.5% in males at 171 and 180 days of age, respectively. 
Persistence in the RV is about double that in the 2V. 2V/BW 
ratio was greater than controls (C) in all 4 groups. At these 
times the polycythemia present during CO exposure haddeclined, 
although hematocrit remained elevated2-4% in 3 of the 4 groups. 
CV function was assessed using an open chest, chloralose- 
urethane anesthetized preparation. In the 92 and 103 day old 
rats there was no difference in card. output, stroke vol., str. 
work, peak aortic flow, 1st derivative of aor. fl., etc. when 
compared to C. However the 1st derivative of V pressure was 
elevated in the presence of higher systemic resistance. There 
were no differences when these parameters were normalized per 
g LV+S. Acute increases in preload resulting from 10% and 20% 
increases in blood volume produced the same changes in CV 
parameters as in C. Although heart mass remains abnormal, 
these studies reveal little alteration in pump or muscle 
function. (Support by NIM Grant HL 22859). 

358 369 
ARTERIAL LACTATE AND PYRUVATE LEVELS AFTER EXERCISE 
AT 65.6 ATA. R.E. Moon*, E.M. Camporesi, B. Stolp* and J.V. 
Salzano. F.G. Hall Laboratorv for Environmental Research. Duke 

BLOOD GLUCOSE AND OXYGEN TOXICITY. Daniel J. Crittenden*, 
David L. Beckman and Steven J. Blumenthal*, Dept. Physiol., 
Sch. Med., E. Carolina Univ., Greenville, NC 27834 

University, Durham, N.C. 27710: 
I 

Graded 6 min exercise levels were completed by three trained 
volunteers on a bicycle ergometer inside a dry hyperbaric chamber: 
1) at 1 ATA, up to 1440 kpm/min, breathing air, and 2) at a simulated 
depth of 65.6 ATA, up to exhaustion, breathing Trimix-10 (10% N2, 
.76% 02, balance He, density = 17.1 g/L). Blood samples (2 ml) were 
drawn from a radial artery -cannula, ,-during rest and- 1 minute after 
termination of all exercise periods. Lactate (Lac ) and Pyruvate (Pyr) 
levels were assayed by enzymatic techniques after precipitation with 
perchloric acid. Sample decompression (30 min) was shown not to 
affect the measured concentrations. Pyr levels increased with 
increasing work load both at 1 and at 65.6 ATA: the increase was 
greater at pressure for 2 subjects. At 1 ATA, Lac concentrations 
increased sharply with increasing work levels above 720 kpm/min. At 
65.6 ATA, Lac concentration increased sharply above 360 kpm/min, 
while Pa02 measured during the last min of exercise was always in 
excess of 270 Torr. At pressure, Lac concentrations were always 
higher than 1 ATA values, both at rest (70% increase) and after 
exercise (over 200% increase). Significant differences (p < .05; paired 
t-test) could be demonstrated at 720 and 900 kpm/min. This 
increased lactic acidemia suggests a higher level of anaerobic meta- 
bolism for any given work rate completed at 65.6 ATA. The 
phenomenon may represent an additional factor limiting exercise 
performance at pressure. 
(Supported in part by NHLBl grant # HL 07896-18.) 
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TRANSCUTANEOUS DOPPLER ULTRASONIC DETECTION OF CIRCULATING 
BUBBLES IN THE SHEEP FETUS FOLLOWING HYPERBARIC 
DECOMPRESSION. Michael R. Powell, Mark T. Smith*, and 
Merrill P. Spencer. Institute of Applied Physiology and 
Medicine, Seattle, WA 98122 

Lack of the pulmonary filter, which protects the 
mother from arterial gas embolism, renders every bubble in 
the fetal circulatory system a potential progenitor of 
neuroloaic 
transcufaneous 

decompression sickness. 
bubble detection 

We used a 

implanted probes produce artifacts. 
s stem 

x 
as surgically 

5 cm focusinq 5 MHz 
CW Doppler probe signal was displayed on a bidirectional 
FFT color 3-D spectral analyser which separated fetal from 
maternal and arterial from venous signals. Following a 
dive of 160'/12, Grade II maternal venous and Grade I 
fetal arterial bubbles were found. A different 160'/12 
produced Grade III maternal and I fetal. With 160'/15, 
the grades 

(PO 
were IV maternal and IV fetal. RecompreSsion 

to 60 FSW = 2.0 ATA) eliminated both maternal and 
fetal bubble{; the treatment was insufficient as the lamb 
was born 2 days later with hind leg paralysis. Arterial 
gas embolization is postulated. Another gravid ewe, dived 
160'/10 min., displayed Grade IV venous. She was treated 
at 160 FSW/45 min. (PO9 = 2.63 ATA). Fetal 
~~~m~~zatSO,n,po~~e~r~d and the?amb was born (6 days later) 

. y US PHS Grant RR-05827. 

WITHDRAWN 

Protection against toxic effects of 02 at high pressure 
(OHP) is afforded by adrenalectomy, thyroidectomy, and hypo- 
physectomy, all of which tend to reduce blood sugar. Adrena- 
line, which augments 02 toxicity, tends to raise blood sugar. 
We attempted to determine the effects of increased blood 
glucose on 02 toxicity by injection of glucose or alloxan. 
Fifteen male Sprague-Dawley rats were exposed 3 at a time to 
6 ATA 100% 02 in a hyperbaric chamber for 60 min or until all 
3 Severely convulsed. Immediately before being placed in the 
chamber, 6 control rats were sham treated by injection with 
2 cc saline IP, 4 rats were given 2 cc 33% glucose IP, and 5 
alloxan-pretreated diabetic rats were also sham treated. Con- 
trol rats showed severe seizures after 28.323.3 min (meantSEM), 
glucose-pretreated rats after 47.829.8 min, and alloxan-pre- 
treated rats after 55.624.4 min (p<O.OOl). Lung wet wt/body 
wt ratios x 103 were 7.Oi1.4 for controls, 5.82.8 for glucose- 
pretreated rats, and 7.421.1 for alloxan-pretreated rats. En& 
exposure blood glucose values determined by the glucose 
oxidase-02 depletion method were elevated from a control value 
of 272.7259.5 mg% to 481.8234.2 mg% in glucose-pretreated rats 
and to 495.8k20.4 mg% in alloxan-pretreated rats. Our data 
from glucose- and alloxan-pretreated rats suggest that elevat- 
ed blood glucose may protect against seizures in OHP exposure. 
(Supported by N.C. United Way.) 

361 
DECOMPRESSION GAS PHASE FORMATION FOLLOWING EXPOSURE TO 
DIFFERENT ENVIRONMENTAL STRESSES. Merrill P. Spencer and 
Michael R. Powell. Institute of Applied Physiology and 
Medicine, Seattle, WA 98122. 

In a series of experiments to study the effects of 
environmental stress on decompression bubble formation, 12 
divers made 72 man-dives in a dry chamber (100 fsw/50 
min.). Gas phase formation was evaluated by means of the 
precordial Doppler ultrasonic flow meter. Results are 
given in the following table: 
CONDITION TIME-AVERAGE DOPPLER SCORE (I-IV) 
1 wet-exercise 
2: wet-resting 

0.54 
0.41 

3. wet suit-resting 0.24 
4. dry-exercise (2X) 0.25 
5. dry-resting 0.41 (joint pain, 2 cases) 
On a paired-t test, only the wet-exercise and dry-exercise 
condition was significant at the ~~0.05 level. Gas phase 
formation was not provoked by either isometric or isotonic 
exercise in one arm when compared to the contralateral 
arm. Two cases of pain-only decompression sickness were 
encountered; both were in the dry-resting divers. One 
presented with Grade III and the other Grade IV. Insofar 
as table development and testing is concerned, wet- 
exercise is "bubble provoking" while dry-exercise 
mitigates gas phase formation. Supported by US PHS Grant 
HL 24321. 
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HYPERBARIC PRESSURE CAN ALTER MYOCARDIAL CONTRACTION IN THE 
ABSENCE OF SYMPATHETIC NERVOUS ACTIVITY. T.J. Doubt and D.E. 
Evans. Naval Medical Research Institute, Bethesda, Md. 20014. 

Our previous work has shown that cats exposed to a hyper- 

363 
SYMPATHO-ADRENAL RESPONSES TO COLD EXPOSURE AND KETAMINE 
ANESTHESIA IN THE RHESUS MONKEY. Margaret A. Kolka, Reynaldo 
S. Elizondo and Robert P. Weinberg*. Indiana University 
School of Medicine, Physiology Section, Bloomington, IN 47405 

baric pressure of 1000 fsw developed a 12 + 4% decrease in 
spontaneous heart rate (HR); a 16 + 9% increase in 
excitation-contraction (E-C) delay measured from onset of QRS 
complex of the ECG to onset of left ventricular developed 
pressure (LVP); and a 17 f 2% increase in +dP/P (ratio of 
+dP/dt to LVP at maximum +dP/dt). The present experiments 
examined cardiac responses to hyperbaric pressure during 
sympathetic nervous system (SNS) blockade. Cats were anesthe- 
tized with chloralose (100 mg/kg, iv). Beta adrenergic 
blockade with sotalol (4 mg/kg, iv) reduced HR by 24 * 3% 
(p < .Ol>, increased E-C delay by 18 + 6% (p < .05), and 
decreased +dP/P by 9 + 3% (p < .05). Compression with helium- 
oxygen (PO2 = 0.35 atm) to 1000 fsw did not alter the degree of 
beta block, as tested by HR response to isoproterenol (1 pg/kg, 
iv). Increasing pressure from l-1000 fsw, however, further 
reduced HR by 5 ? 1% (p < .Ol); resulted in no significant 
change in E-C delay (7 + 6% increase); and increased +dP/P 
by 10 ? 3% (p < .05>. These results indicate that helium 
pressure can decrease cardiac excitability and increase con- 
tractility independently of its action on the SNS. Further, 
these data suggest that the magnitude of a given cardiac 
response to elevated pressure will depend on the degree of 
sympathetic activity opposing the pressure-related changes. 
(Supported by NMRDC Work Unit No. M0099.PN002.9026). 

364 
RESPONSE TO NOREPINEPHRINE IN THE HYPOTHERMIC ISOLATED HEART. 
F. D. Romano* and S. B. Jones. Department of Physiology, 
Loyola University Medical Center, Maywood, IL 60153. 

Although in situ hearts of hibernating animals are known -- 
to function in profound hypothermia, little is known of the 
adrenergic control of these hearts. The present experiments 
test the inotropic and CAMP changes of hypothermic hearts in 
response to norepinephrine (NE). Isolated hamster hearts were 
perfused at 90 mmHg with oxygenated KRB. Coronary flow (CF) 
was measured above the aorta. Generated ventricular pressure 
(GP) and heart rate (HR) were determined from the pressure 
pulse of a saline-filled balloon in the left ventricle. GP, 
HR and CF were recorded at 22oC, 17oC, 120C and 7oC as the 
temperature was gradually lowered. Measurements were made 
when the hearts reached a steady state at each temperature. 
22OC and 7OC hearts received a bolus of NE (12.5 ng/gm) or 
vehicle and were frozen 30 seconds after infusion. At 22'C, 
NE increased both GP (103.2k8.6 mmHg to 122.5tll.O mmHg) and 
cAMP content (334.9k14.1 pmol/gm to 431.03k19.7 pmol/gm). At 
7oC there was no increase in GP (71.7212.7 mmHg to 72.6214.6 
mmHg) or CAMP content (272.9235.4 pmol/gm to 287.7k38.9 pmol/ 
gm) l 

GP could be increased at 7OC one minute after the NE 
bolus, but there were no detectable changes in CAMP. These 
experiments show that hypothermic isolated hamster hearts are 
capable of maintaining function at 7OC and suggest a dissocia- 
tion between increases in contractility and increases in CAMP 
with NE stimulation during severe hypothermia. (Supported by 
NIH HL 08682.) 

366 367 
PLASMA GLUCOSE AND INSULIN CONCENTRATION IN EUTHERMIC AND HI- 
BERNATING MARMOTS(Marmota flaviventris). G.L. Florant and W.A. 
Bauman*. Swarthmore College. Swarthmore,PA 19081 and Montefiore 

THE MAINTENANCE OF MUSCLE DURING HIBERNATION IN THE BIG BROWN 
BAT, EPTESICUS FUSCUS. M.E. Yacoe* (SPON: W.R. Dawson). The 
UnivemMMichiqan, Ann Arbor, MI 48109 Y _ 

Hospital and Medical Center, Bronx, N.Y. 10467. 
Pancreatic B cell function was investigated in euthermic and 

hibernating marmots by measuring plasma glucose(PG) and insulin 
(PI) concentration under normal conditions and following dex- 
trose injection(50Omg/Kg). A thermocouple re-entrant tube for 
recording body temperature and a permanent aortic catheter to 
collect blood were implanted in each animal. The PG assay was 
accurate to%5mg%. The PI concentration was determined by R.I.A. 
which was sensitive to lOpg/m1(2.5~U/ml of sample vol.).Euther- 
mic control PG and PI levels were 140mg% and 18pU/ml respec- 
tively. After injection of dextrose,PG values rose to)700mg% 
within 5min; PI concentrations peaked at)125pU/ml after 5-10 
min(N=6); PG and PI returned to baseline levels after 120min. 
Throughout bouts of hibernation,PG and PI levels did not sig- 
nificantly change: entrance PG and PI values were 95mg% and 9 
@J/ml; hibernation values were 103mg% and 13pU/ml;arousal lev- 
els were 103mg% and 14@J/ml. Injection of dextrose during hi- 
bernation elicited a rise in PG and PI which varied with body 
temperature.PG concentration rose quickly and persisted ele- 
vated longer. The rise in PI was delayed and PI levels remain- 
ed elevated longer. These results lead us to conclude(l) the 
acute phase insulin response is blunted or absent at low body 
temperatures, and (2) that during all phases of hibernation, 
PG remains a potent stimulus for pancreatic B cell insulin 
release. 

The effect of cold exposure on the sympatho-adrenal system 
was studied in eight Rhesus monkeys with and without ketamine 
anesthesia. Monkeys were placed in a thermoneutral tempera- 
ture (25'C) for 1 hr (control) followed by cold air exposure 
(12'C) for 3 hr, or placed in cold water (28'C) to induce a 
decrease in core temperature to 35°C and 33'C. Plasma cate- 
cholamines were analyzed by HPLC. The 3 hr cold air exposure 
was associated with a 175% increase in Norepinephrine (NE) and 
a 100% increase in Epinephrine (E). Decreases were evident in 
core temperature (T re) (0.5'C), mean skin temperature (T,) 
(5.5'C) and in mean body temperature (Tb) (2.0°C). Continuous 
infusion of ketamine (0.65 mg/kg=min-l) resulted in no change 
in the plasma levels of NE and E from the control. Tre, T,, 
and Tb all showed greater declines with the addition of 
ketamine infusion. Water exposure (28OC) under ketamine anes- 
thesia resulted in a drop in Tre to 33'C within 1 hr. Plasma 
levels of NE and E were unchanged from control values at 
Tre = 35'C and Tre = 33'C. The data suggest that the unanes- 
thetized catecholamine response to cold exposure is related 
to non-thermal inputs. (Supported by Grants PHS AM16703 
and NASA OR335). 

366 
INSULATION OF SLEEPING BAGS AND UNDERMATS. Walter H.Cottle 
and Harvey A.Scott * (SPON: W.H.Cottle). Univ. of Alberta, 
Edmonton, AB Canada T6G 2H9. 

In connection with studies of heat balance of subjects 
sleeping outdoors under winter conditions a simple heated 
manikin has been developed to assess insulation provided by 
various sleeping systems (sleeping bags and undermats under 
simulated winter conditions. A hollow human-like fiberglass 
form filled with water is maintained at 37-40C. Testing is 
carried out in a cold chamber with the device in the 
sleeping bag. The combination is positioned on the undermat 
laid out on a bed-like cart on which in turn a layer of 
crushed ice or snow can be provided. After equilibrium is 
reached the power necessary to maintain temperature is 
registered using a household-type power meter modified to 
provide an electrical output. Temperatures are sensed by 
thermocouples. Comparisons of various systems are made of 
the basis of heat loss through them and the temperature 
difference inside to out. A heat flow sensing sheet placed 
below the undermat detects the heat flow downward thus making 
evident the proportion of the heat loss which is downward to 
the snow versus that upward to the air. When human subjects 
are used as the heat source allowances are made for various 
factors including insensible water loss from skin. The 
effect of a vapour-proof liner on the apparent insulation has 
been evaluated. 

Successful hibernation in Eptesicus fuscus requires that 
sufficient muscle function be retained to allow flight upon 
arousal in spring. In this study, the extent of muscle main- 
tenance is described. Total pectoralis (flight) muscle mass 
decreases during 4 months of hibernation in captivity, but 
the ratio of pectoralis mass to body mass remains constant due 
to an overall decrease in body mass. Likewise, the regression 
of total pectoralis protein on body mass does not differ sea- 
sonally. Mean cytochrome c content (nmoles/g wet wt) does not 
differ between hibernating-(bib= 63.3t3.9, n=6) and active 
(act= 68.6t2.3, n=23) bats. Activities (ymoles/g wet wtmin 
@ 37'C) of-the glycolytic enzymes, hexokinase (bib= 5.3tO.9, 
n=6; act= 7.6tO.6, n=8; Pc.05) and phosphofructokinase Thib= 
29.5t1.3, n=5i act= 41.9t1.2, n=5; P<.OOl), are both lower 
while those of the B-oxiaative enzyme, 3-hydroxyacyl CoA 
dehydrogenase (bib= 546.2t74.3, n=lO; act= 371.4530.9, n=13; 
P<.O5), and the TCA cycle enzyme, citrate synthase (bib: 
472.2t34.3, n=ll; act= 368.4t11.0, n=13; P<.Ol), are higher 
in hibernating animals. Cytochrome c values suggest that 
aerobic capacity is maintained through hibernation. The 
changes in enzyme activities suggest adaptations for increased 
fat metabolism and glucose sparing, which may be important in 
minimizing muscle protein loss during hibernation. (Supported 
by a Rackham Block Grant) 
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u VITRO THERMAL CONDUCTIVITY AND WATER CONTENT OF RABBIT 
KIDNEY CORTEX AND MEDULLA. K.R. Holmes, C. Pientka*, W. Ryan*, 
and Ml. Chen*. Depts. of Veterinary Biosci. and Bioeng. 
Faculty, J9ech. and Indust. Eng. and Bioeng. Faculty. University 
of Illinois, Urbana, IL 61801. 

In the measurement of tissue thermal properties, the kidney 
has typically been treated as a homogeneous tissue. It is also 
found that reported values for postmortem kidney tissue thermal 
conductivity (k; W/m K) vary widely. We have investigated the 
relationship between the water content and k in the morpholog- 
ically distinct cortex (C) and medulla (tl). We measured the 
mass f action of water (w) and the cooling coefficient (k/ 
(pN5 of the C and M taken from seven anesthetized, heparin- 
ized rabbits (2.5-3.5 kg). h vitro (38.7 +l.O C), k/(pc)li3 
was measured with our pulse-heated thermistor method (Chen and 
Holmes, J. Biomech. Eng., In press). k was determined using 
p=l.O5 kg/m3 and c =(&+0.4(1-W))4.19(106) J/kg K (Cooper and 
Trezek, Aerosp. Med. 42:24, 1971). C and M were separated and 
wdetermined after wet and dry tissue weighing. W of the C (.777 
+.OlO) was less (PC 0.001) than that of the M (.834 +.014) and 
The productpc for the C (3.81(106)) was less (PLO.001) than 
that of the M (3.96(106)). Measured values of k were related to 
CrJask= -0.040 + 0.664~; r = 0.88. Significantly (P<O.OOl) 
lower k for the C (0.475 20.009) was observed compared to that 
for the 11 (0.516 +0.014). These data agree with, but span the 
range of values typically reported for whole kidney k. 

(Supported in part by: Bioeng. Program and a Basic Research 
Support Grant from the Sch. of Life Sci., NIH RR07030, U. of I.) 

370 

SIMULTANEOUS MEASUREMENT OF MULTIPLE CIRCADIAN PHYSICLOGICAL 
PARAMETERS FROM INDIVIDUAL RATS. D.M. Edgar*, D.C. Holley, - 
N.L. Kerst*, C.W. DeRoshia*, and C.M. Winget. Department of 
Biological Sciences, San Jose State University, San Jose, CA 
95192 and NASA-Ames Research Center, Moffett Field, CA 94035. 

An animal model has been developed which allows us to moni- 
tor multiple physiological parameters simultaneously from un- 
restrained, individual, male Sprague-Dawley rats (275-300 g). 
Deep body temperature (DBT) and heart rate (HR) were sampled 
via surgically implanted radio telemetry transmitters. Nalgene 
metabolic cages were modified with a fraction collector such 
that uncontaminated urine pools (urine volume, UV) were col- 
lected at 3 hr intervals. Significant circadian rhythms were 
demonstrated in each parameter using periodogram, autocorrela- 
tion, and cosinor analyses. The table summarizes data collect- 
ed from 3 rats during 10 days of controlled conditions 
(12L:12D, lights on 0600 hrs). Values were determined by sum- 

mation dial analysis and are grand means 2 SEM. . 
DBT + K+ Ca++ 
("a (i:M) (ml~~hr)(mE~;3hr)(mEq/3hr)(uEq/3hr) 

Rhythm 38.04 393.34 1.24 0.52 0.77 17.05 
Mean + 0.02 f 1.48 f 0.29 2 0.01 -f 0.02 -f 0.83 

Harmonic 0.84 38.14 0.87 0.24 0.48 5.85 
Amplitude t 0.06 -t 2.00 + 0.36 t 0.01 -f 0.01 + 0.65 

Acrophase 270.35 255.29 257.86 283.50 245.08 116.15 
(deg. ref. i 7.88 + 7.56 214.90 + 1.06 + 2.24 + 2.06 
0600 hrs) Supported by NASA Interchange # NCA2-OR675-903. 

399 
INFRARED RADIATION AND THE CORNEA: LASER THERMOKERATOPLASTY 
AND FUNCTIONAL PROBES. Ronald D. Reed and G.W. Mikesell, Jr*, 
Dept. of Biology, USAF Academy, CO 80840 and USAF Medical 
Center, Wright-Patterson AFB, OH 45433. 

Most cornea1 laser exposures to date have involved highly- 
absorbed wavelengths (e.g., 10.6 run) which primarily cause 
epithelial damage. Especially for longer exposure durations, 
thermal damage of this type can be modeled as a function of 
cornea1 absorption characteristics for the laser wavelengths 
(Reed, Health Physics, 36: 73-75, 1979). Further computer 
modelin-permitted selection of wavelengths for thermally 
probing deeper cornea1 layers. One finding is the potential 
for noncontact thermokeratoplasty through laser-induced 
shrinkage of stromal collagen. This requires selection of 
wavelengths which will deposit gufficient energy to raise the 
stromal temperature above 55-63 C without significant damage 
to other'ocular media. Our experiments to date have produced 
alterations of cornea1 curvature, but with excessive secondary 
effects. Other studies have explored more penetrating wave- 
lengths (e.g., 1.4 p) which have a major effect on integrity 
of the cornea1 endothelium. Still other wavelengths (e.g., 
1.25 p) may penetrate the anterior ocular media sufficiently 
to have a cataractogenic effect. As explored in preliminary 
experiments, these findings open the possibility of using 
lasers to mold cornea1 curvature or to probe function through 
selected heat deposition at different cornea1 depths. 
(Laboratory studies were performed at the Laser Effects 
Branch, USAF School of Aerospace Medicine, Brooks AFB, TX.) 

371 

DESYNCHRONIZATION OF CIRCADIAN HORMONAL AND PHYSIOLOGICAL 
RHYTHMS IN ABDOMINAL SURGERY PATIENTS. L.A. Farr, T.M. Gaspar, 
& D.F. Munn. (SPON: R.V. Andrews). College of Nursing, Univ- 
ersity of Nebraska Medical Center, Omaha, Nebraska 68105. 
Urine, blood pressure, heart rate and temperature were sampled 
at two-hour intervals (0800 to 2000 hours) from twelve con- 
senting surgical patients, daily during hospitalization and 
one day each week at home until individuals returned to normal 
activities. 
metabolites 

Urine samples 
, 17-ketosterio 

were analyzed for ca 
ds, sodium and potass 

thecholamine 
ium. Data were 

analyzed by cosinor analysis (for rhythmicity) and Student's 
t-test. One patient retained circadian rhythmicity in five of 
the seven measured variables, two patients were rhythmic in 
either four or three variables, four patients were rhythmic in 
two variables and five patients in only one variable. Acro- 
phase peaks of all but two individuals were phase-shifted from 
expected peak times. None of the subjects retained internal 
synchrony between acrophases and period lengths. The two in- 
dividuals whose peaks were not phase-shifted returned to their 
normal activity schedules within seventeen days. The phase- 
shifted individuals took longer to resume normal activities. 
No other factor was unique to these two individuals. Results 
of this study suggest that maintenance of internal synchrony 
could facilitate patient's return to their typical schedules. 
These findings are limited, however, by the lack of measure- 
ments before entering the hospital and after return to normal 
schedules. Data of this type are being gathered at this time. 
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EFFECTS OF 1,25 (OH)2 VITAKIN D3 ON THYROTROPIN SECRETION IN 
VITAMIN D DEFICIEiJT l%LE RATS. 14. Sar, W.L. Miller* and W.E. 
Stumpf*. Dept. Anatomy, Univ. of N.C., Chapel Hill, NC 27514 
and Dept. Biochemistry, N.C. State Univ., Raleigh, NC 27650. 

The demonstration of thyrotropes as 1,25 (OH)2 vitamin D3 
target cells in the rat anterior pituitary (Sar, Stumpf and De- 
Luca, Cell Tiss. Res. 209, 161, 1980) led us to investigate 
the effects of 1,25 (OH)2 vitamin D3 on pituitary thyrotropin 
secretion. Two experiments were conducted. In the first ex- 
periment, 21 day-old, intact male rats (n=24) and in the se- 
cond experiment 21 day-old, thyroidectomized rats (n=14) were 
used. The rats were fed on a vitamin D deficient diet supple- 
mented with vitamins A, E and K. Five weeks later the animals 
were divided into two equal groups, control and experimental. 
Control rats received vehicle only, while rats in experimental 
groups each received daily injection S.C. 250 ng of 1,25 (OH)2 
vitamin D3/100g body weight for 5 days. Blood was collected 
by decapitation 24 h after the last injection and serum was se- 
parated and assayed for TSH by double antibody RIA using NIAMD 
kits. 1,25 (OH)2 vitamin D3 increased serum TSH significantly 
(pc.001) in intact rats and in thyroidectomized rats, when com- 
pared with serum TSH levels of control rats. The present re- 
sults in conjunction with autoradiographic localization data 
suggest that 1,25 (OH)2 vitamin D3 stimulates thyrotropin 
secretion by acting directly on thyrotropes in the anterior 
pituitary. (Supported by University Research Council Grant 
VC920 and PHS grant FIS09914). 

374 
EFFECTS OF CONTINUOUS INFUSION OF PORCINE FOLLICULAR FLUID(PFF) 
ON GONADOTROPIN LEVELS IN OVARIECTOMIZED RATS. Carl L. Thomas* 
and M.B. Nikitovitch-Winer, Department of Anatomy, University 
of Kentucky Medical Center, Lexington, KY 40356 

The chronic effects of PFF (presumed to contain Inhibin) 
were examined by continuous infusion of PFF (1 ml/100 g BW/24 
hrs.) for 10 days into unrestrained adult Sprague-Dawley rats 
ovariectomized either 1 hr. (acute ovx) or 3 months (chronic -- 
ovx) prior to infusion. Control animals in both groups received 
equivalent dosages of porcine serum (PS) l Both PFF and PS were 
infused via indwel ling cardiac cathe tzs ,  which were also used 
to obtain blood samples on days O-14. It was found that: In 
acute ovx rats, -- administration of PFF not only prevented the 
expected rise in FSH but also induced its decrease to hypophy- 
sectomy levels. PS had no effect in altering the rise in FSH. 
LH levels rose foEowing ovx in both experimental and control 
rats. In the chronic ovx group, the elevated FSH levels were -- 
drastically reduced in PFF-infused rats (day 0: 13262270 rig/ml; 
day 10: 289564 rig/ml) while they remained high in PS-treated 
animals. LH levels remained high with either treatment through- 
out the experiment. When PFF infusion was terminated (day 10) 
FSH levels rose sig nificantly within 24 hrs. These experiments 
demonstrate for the first time that PFF specifically and 
reversibly reduces plasma FSH levels and maintains its sup- 
pressive influence for prolonged periods of time. These newly 
demonstrated charac teristics are propaedeutic to further pro- 
gress in studies of Inhibin as a possible contraceptive agent. 
(Supported in part by BRSG Grant #RR05374). 

376 
GONADOTROPIN RELEASE FROM SUPERFUSED, MICROCARRIER ATTACHED 
PITUITARY CELLS:COMPARATIVE EFFECTS CF PULSATILE 6 CONTINUOUS 
LHRH. James L. O'Conner*, Raymond R. Wolfe* and Carol A. Lapp* 
(SPON: V. B. Mahesh). Med. Col. of Georgia, Augusta, GA 30912 

The purpose of these studies was to determine the comparative 
effects of pulsatile LHRH of increasing concentration (0,2,4,6, 
8,10,12,14,16 ng/lOO bk) as well as pulsatile and continuous 
LHRH of fixed concentration (4 ng/lOO pf) on LH release from 
anterior pituitary cells. Tissues from 65 day female rats were 
trypsinized, attached to Cytodex I beads and loaded into a 3 ml 
syringe attached to a superfusion apparatus. LHRH was added to 
the superfusion buffer, thereby defining the temporal relation- 
ship between stimulation and response. Most reports have used 
pulses of several minutes duration; however, the present 100 uf! 
pulses exposed the cells to smaller masses of LHRH than would 
have longer pulses at the same LHRH concentration. At a flow 
rate of . 25 ml/min, pulsed LHRH cleared the system in the 8-28 
min period subsequent to administration with maximum concentra- 
tion reached at 16 min . The response pattern conformed to the 
same profile. Results suggest that (1) response doesnot require 
a large stimulating mass of LHRH; (2) both pulsatile and con- 
tinuous LHRH of fixed concentration will desensitize if admin- 
istered properly; (3) small increases in the concentration of 
LHRH pulses will extend pituitary responsiveness. The latter 
two results indicate that desensitization may occur in response 
to a repetitious concentration of LHRH rather than the pattern 
of LHRH administration. The manner in which LHRH stimulation is 
applied significantly affects the pattern of response. 
(Supported by NICHD grant HD-13100). 

373 
THE PROLACTIN SECRETING 235-l CLONE FAILS TO EXPRESS DOPAMINE 
RECEPTORS OR DOPAMINE RESPONSIVENESS. M.J. Cronin and R.M 
MacLeod. Univ. Va. Sch. Med., Charlottesville, Virginia 22908 
A prolactin secreting 235-l clone was derived from the 
7315a anterior pituitary (AP) tumor. Studies using the dopa- 
mine (DA) antagonist 3H-spiperone showed no measurable high 
affinity binding to homogenates of the clone (n=6). High 
affinity DA receptors on normal AP cells were not destroyed by 
mixing and homogenizing equal numbers of clone and AP cells 
(n=2). Low affinity binding that was not related to a DA re- 

ceptor was present in the 235-l cells. The use of a perfused 
cell column to study biological responsiveness revealed that 
neither DA (5-50 @I), bromocriptine (50nM) nor thyrotropin re- 
leasing hormone (TRH; 25 r&ml) affected prolactin release 
from the clone but characteristically inhibited (DA & bromo- 
criptine) and stimulated (TRH) prolactin release from AP (n=3). 
Dibutryl CAMP promptly stimulated prolactin release from both 
235-l and AP cells (n=3). The basal CAMP content of the clone 
was unchanged by DA (0.1-10 fl) but significantly increased 
by 13-16x (2.4 and 2.4 to 30.9 and 39.5 pmol/well) in the pre- 
sence of PGEl (10 @Q during a 5 min exposure (n=2). DA did 
not alter the PGEl effect. In conclusion, although DA inhibits 
prolactin release from AP cells, DA does not modify prolactin 
release or CAMP content in the 235-l clone. The lesion is 
certainly at the level of the DA receptor; whether other 
anomalies exist to further compromise the responsiveness,such 
as reduced TRH receptors, remains to be proven. (Supported by 
USPHS P6OAM-22125-04 and CA-7535-17) 

375 
MULTIPLE SPECIES OF FSH EXIST WITHIN THE ANTERIOR PITUITARY 
(AP) OF THE MALE HAMSTER. Alfred0 Ulloa-&uirre* and S.C. 
Chappel. Dept. 0b.d Gyn., Univ. Penn., Phila, PA. 19104 

FSH activity present within the AP of male hamsters was sep- 
arated by two methods: Con&navalin A (Con A) chromatography 
and polyacrylamide gel isoelectric focusing (PAGIEF) to demon- 
strate species microheterogeneity. Following these separations 
AP FSH activity was measured by a specific radioreceptor assay 
(RRA) as well as the NIH FSH radioimmunoassay (RIA). When AP 
extracts were chromatographed across Con A, two peaks of FSH 
activity were observed by RRA and RIA. The RRA:RIA ratio of 
the Con A unbound species was 0.64 whereas the RRA:RIA ratio 
was 1.35 for the Con A bound species. When AP extracts were 
separated by PAGIEF, six species of FSH were detected by RIA. 
One of the six species was not recognized by RRA (pI=4.2). Of 
the five components recognized by RRA, two exhibited RRA:RIA 
ratios )l(pIs=6,5.6), one showed similar FSH activities (pII= 
5.2) and the other two (pIs=5.0,4.6) exhibited RRA:RIA ratios 
(1. The results of the present study demonstrate that:l)multi- 
ple species of FSH exist within the male hamster AP which may 
be separated by Con A chromatography and PAGIEF;2)of the six 
species separated by PAGIEF, five appear to be intact hormone 
as evidenced by their ability to bind to a biological receptor 
3)the RRA:RIA ratio of FSH activity of the species so separated 
was not always one, thus suggesting that the different physical 
properties of each (perhaps carbohydrate content) play a role 
in receptor binding.(Supported by NIH Grant #ROl-HD-14742-01) 

377 
DEVELOPMENT OF THE SELF-PRIMING EFFECT OF LHRH DURING THE 
SEXUAL MATURATION OF THE MALE RAT. S.J. Nazian* (SPON: R.P. 
Menninger). Department of Physiology, College of Medicine, 
University of South Florida, Tampa, FL 33612. 

Pubertal (54 day old) male rats release more LH in response 
to LHRH if "primed" with small doses of LHRH than if pretreated 
with saline. Immature (30 day old) rats do not show this 
self-priming effect. To determine more precisely the age of 
onset of this response and to relate it to serum androgens, 
the following experiment was performed every 4 days from day 
30 through day 54. Rats were anesthetized with ketamine HCl 
(lo-20 mg/kg) and a blood sample obtained by heart puncture 
for RIA of testosterone (T) and androstenedione (A). Animals 
were then injected via the right jugular with 10 ng LHRH/lOOg 
BW or saline at time 0,30 and 60 min. At 90 min a blood 
sample was obtained, followed by an injection via the left 
jugular of 50 ng LHRH/lOOg BW. A final blood sample was 
obtained at 100 min. LH in the 90 and 100 min samples was 
determined by RIA. LHRH priming first resulted in a signifi- 
cant (p < 0.01) increase in LH increment at 46 days. Periph- 
eral T  and A were first significantly (p < 0.05) elevated and 
the ratio A/T first significantly (p < 0.05) decreased on day 
42. These data indicate that the LHRH self-priming effect 
develops in the male rat between day 42 and 46 and appears to 
be preceded by changes in testicular steroid secretion. 

Supported by BRSG Grant 5 SO7 RRO5749. 
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EPISODIC iZC!RETI~ OF s IN INDIVIDUAL MALE FATS. 
Gary B. Ellis* and Claude Desjardins. Department of Zoology, 
University of Texas, Austin, Texas, 78712. 

Studies of diurnal variations in circulating T  levels in 
groups of adult male rats have yielded inconsistent results. 
Reports describe a single daily elevation in plw T, a 
bimodal pattern, and a trirnodal pattern. Peak T  levels are 
reported at a variety of times through the day and night. We 
reasoned that a consideration of the pattern of T  secretion in 
indivi&Z animals would reveal the basis for the previous 
conflicting findings. Bats were fitted with an atria1 cannula, 
and on 3 occasions (5, 10, and 15 days post-cannulation) 
blood was withdrawn every 5 min for 8 h (96 samples @ 0.2 ml). 
Withdrawn blood was replaced by a mixture containing 45% rat 
red blood cells and 2.5% hunan plaslla proteins in Krebs-Ringer 
solution. Blood sampling was canpleted during the light hours 
of an ID 14:lO photoperiod. Episodes of T  secretion spanned 
3-6 h and were characterized by a slowly graded rise and fall 
of plasIla levels. T  peaked at levels 2- to 4-fold greater 
than circulating basal levels. Within a particular animal, on 
different days, T  episodes varied in amplitude and timing. 
Thus, a particular secretory profile did not serve as a con- 
sistent hormonal "signature" for an individual rat. Because 
of the great plasticity in individual patterns of T  secretion, 
grouped data are highly variable and potentially misleading. 
Mreover, consideration of individual hormonal profiles will 
lead to the description of testicular responses to discrete 
signals fran the pituitary (i.e., IH pulses). [NH I-ID-134701 -- 

300 
ETHANOL AFFECTS ON THYMIC ESTROGEN RECEPTOR KINETICS. CJ 
Grossman and CL Mendenhall, Research Service, VA Medical 
Center, Cincinnati, Ohio. 

The thymic (T) reticula-epithelial cells contain estrogen 
receptors (ER) which we have previously characterized. These 
ER function as modulators of the T-cell immune response (IR), 
such that estradiol suppresses while castration stimulates. 
Male rats 100 g, were divided into groups for pair feeding: 
controls (C) vs ethanol (E) and castrate controls (CC) vs 
castrate ethanols (CE). E animals received 35% of caloric 
intake as E substituted isocalorically for carbohydrate 
(Lieber diet). On this regimen, the mean daily E consumed 

was 12.96 gm/kg/d. After 35 days of treatment, animals were 
decapitated and the thymus removed, weighed and homogenized in 
buffer (.05M Tris, 1mM EDTA) and cytosal isolated by high 
speed centrifugation. Thymic ER were measured b modified 
scatchard plot analysis. 5 1 ER from C had a KA(xl0 M- ) of 1.09 
+ .15 (mean 2 SEM, n=4) which was not significantly different 
from E treatment (1.51 f . 18, n=4), but was significant (P < 
.05) with respect to the CC group (1.77 + .22, n=5). The KA 
for ER from CC group was also significantly different (P < 
.007) from CE group (3.39 2 .41, n=4). By analysis ofvarients 
the KA of these groups was highly significant (P < .0002). It 
is concluded that while castration increases the KA of thymic 
ER, this effect is markedly potentiated by E. 

379 
INHIBITION OF ESTROGEN BIOSYNTHESIS VIA SUBSTRATE-INDUCED 
INACTIVATION WITH lo-ALLENYL-ESTR-4-EN-3,17-DIONE (RMI 
18,882). J.O. Johnston*, C.L. Wright* and B.W. Metcalf* 
(SPON: D.M. Baldwin). Merrell Research Center, Merrell Dow 
Pharmaceuticals, Cincinnati, OH 45215. 

Bioconversion of androgens to estrogens is catalyzed by 
aromatase. Selective inactivation of this enzyme may pro- 
vide a therapeutic approach for regulation of estrogen- 
dependent processes. Aromatization is dependent upon 
cytochrome P-450 which requires NADPH for the sequential 
hydroxylation at C-19 position. The presence of an allene 
in this position as in RMI 18,882 (lo-(1,2-propadienyl)- 
estr-4-en-3,17-dione) could cause the formation of a highly 
react 
alkyl 

ive allene 
ate the 

oxide at 
enzyme. 

the active site 
The addition 

which would then 
of RMI 18,882 to 

microsomal preparations containing aromatase from human 
placenta caused time-dependent loss of enzyme activity which 
followed pseudo-1st order kinetics, Ki=1.4x10B8. The enzyme 

inhibition was active-sit 
loss of enzyme activity did 

e directed. The 
n't occur in the ab 

generating 
activation 

system, suggesting the 
prior to enzyme alkylation. 

dissociate from the - - active-site since enzyme activity was 
not restored after 24h dialysis. These data indicate RMI 
18,882 acts as a substrate which induces active-site 
directed, irreversible inhibition of aromatase. 

time-dependent 
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The compound did not 

381 
EFFECT OF SYNTHETIC ESTROGENS ON ARACHIDONATE TOXICITY IN MICE. 
A. Myers*, D. O'Day*, A. Papadopoulos*, E. Ramey, P.W. Ramwell 
and J.C. Penhos. Department of Physiology and Biophysics, 
Georgetown University, Washington, DC 20007. 

We showed previously that estradiol (E2) pretreatment is 
protective against mortality induced by IV sodium arachidonate 
(SA) in castrated but not intact male mice. E2 had no effect 
in females in this thrombosis model. We have now tested two 
synthetic estrogens, diethylstilbestrol (DES) and ethinyl 
estradiol (EE2). Intact adult male and female mice were pre- 
treated subcutaneously with 30 ug/kg DES in oil, 0.5, 1.5 or 
50 ug/kg EE2 in oil, or an equal volume of vehicle daily for 
7 days. Mice were then anesthetized and infused IV with 50 
mg/kg SA and mortality was recorded. DES had no effect on 
mortality, with 71% mortality (15 of 21) in both pretreated 
and control males, and 48%(10 of 21) in pretreated vs. 38% 
(8 of 21) in control females. EE2 had no effect in females, 

with 45%(9 of 20), 55%(46 of 84) and 48%(10 of 21) mortality 
for 0.5, 1.5 and 50 ug/kg pretreatments, respectively, com- 
pared to 43%(9 of 21), 49%(41 of 84) and 58%(11 of 19) for the 
respective controls. Males at these same EE2 doses had mortal- 
ity of 61%(11 of 18, n.s.), 58%(23 of 40, pt0.05) and 38%(8 of 
21, p&).05), respectively, vs. 85%(17 of 20), 78%(32 of 41) 
and 71%(15 of 21) in the corresponding controls. Thus, an es- 
trogenic compound, EE2, is significantly protective in intact 
male mice against SA toxicity. Females, which are less sus- 
ceptible to SA induced mortality and have higher levels of en- 
dogenous estrogens, are not protected by exogenous estrogens. 
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INTRACELLULAR ELECTRICAL ACTIVITY ASSOCIATED WITH MECHANICALLY 
EFFECTIVE NEURAL INPUT IN SUBMUCOSAL ARTERIOLES AND VENULES. 
Kathleen G. Morgan. Mayo Clinic, Rochester, MN 55905 

Segments of the cat gastric submucosa were dissected from 
the mucosa and muscularis, pinned to the floor of a bath and 
superfused with an oxygenated, warmed (37°C) Krebs solution. 
The preparation contained an arterial and venous vascular tree 
extending from the 1st order vessels (which connect to the 
mesenterics) to the 3rd and 4th order branches (which enter 
the mucosa). 
microscope and 

Vessel diameter was measured through an inverted 
intracellular potential monitored with micro- 

electrodes. Resting potentials in venules (-54tl.ZmV, 
= 

p-28 
were si 

,.6mV, 7 
nificantly more positive than those in arterioles 

n= 9). All orders of arterioles and venules 
constricted during perivascular nerve stimulation at the 
mesenteric end of the first order vessels. In arterioles. 
single shocks consistent1 
ootentials (EJPW. Sina e Y  

resulted in excitatory junction 
EJP's occasionallv triaaered 

apparently regenerative Responses (AP's) which were?onsistent- 
1 associated with vessel constriction. However, constriction 
a so occurred in association with large (7-28mV) EJP's in the Y  
absence of AP's, suggesting that AP's are sufficient but not 
necessary for contraction of these vessels. In venules, single 
EJP's were detectable in only 1 out of 33 vessels. Repetitive 
stimulation, however, resulted in graded depolarizations. 
Depolarizations as small as 2mV were associated with venular 
constriction. These results suaaest that. in comoarison to 
arterioles venules have an in&ased mechanical sensitivity to 
depolarization and that this difference ma 
closer proximity of the venular resting 

be explained by the 
po ential r to a 

mechanical threshold. Support: USPHS Grants HL 07111, HL 
12186, and NS 14268. 
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SPONTANEOUS ELECTRICAL ACTVITY IN SMALL PRESSURIZED MESENTERIC 
ARTERIES. Elane Zelcer* and Nick Sperelakis. University of 
Virginia, Charlottesville, Va 22908. 

Some vascular smooth muscles (VSM) e.g. rat portal vein, 
exhibit spontaneous action potentials (APs), but such activity 
has not been reported in arterial VSM. Electrical activity was 
studied in guinea-pig small (100-200 p) isolated mesenteric 
arteries pressurized to 40 mm Hg and held at 37'C. In most pre- 
parations, spontaneous APs were recorded, and had resting pot- 
entials of -35 to -55 mV, AP frequencies of 36-54/min, and amp- 
litudes of 12-30 mV. Activity persisted in lo-6M guanethidine 
or 10m6 g/ml tetrodotoxin (TTX), indicating myogenic origin. 
Sympathetic nerve stimulation (single 0.5 ms field stimuli) 
evoked APs between spontaneous APs and could drive the cells; 
this effect was blocked by TTX. During a single impalement,dec- 
reasing temperature to 35°C for l-3 min, decreased spontaneous 
AP frequency. Spontaneous activity was never recorded in prep- 
arations equilibrated at 35'C. Addition of the vasodilator, 
adenosine, decreased AP amplitude and frequency reversibly. 
Although most arterial preparations are electrically inexcit- 
able in vitro unless stimulated by the sympathetic nerves or -- 
unless inhibitors of K conductance are present, this arterial 
VSM shows spontaneous APs under physiological conditions of 
temperature and pressure. The spontaneous activity is similar 
to that recorded in vivo from guinea-pig and rat mesenteric 
arteries (Speden, l9KSteedman, 1966). Such activity might be 
important in the physiological regulation of blood vessel tone. 
(Supported by NIH Grant #2POl HL-19242). 
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ALTERED ELECTRICAL PROPERTIES IN SMOOTH MUSCLE CELLS OF SMALL 
CEREBRAL ARTERIES FROM HYPERTENSIVE RATS. David R. Harder, 
Linda Brann* and William Halpern. Dept. of Physiology and- 
Biophysics; University of Vermont, Burlington, VT. 05405 

Some electrical properties of muscle cells from middle ce- 
rebral arteries of hypertensive (SHR) and normotensive (WKY) 
rats were measured. Under control conditions the muscle 
cells of arteries from SHR rats exhibited spontaneous elec- 
trical spike activity, and slow and fast oscillations in the 
resting membrane potential (E ) when impaled with microelec- 
trodes. In marked contrast th! E of the muscle cells from 
WKY middle cerebral arteries wasmquiescent. The curves of Em 
vs log [Klo were not different between arteries from SHR and 
WKY rats, and extrapolated to similar values of [K].. How- 
ever, in the presence of ouabain the slope of the El vs log 
[K] curve was greater in WKY rats and at all value! of [K] 
i 98 mM the degree of depolarization was greater in arterie: 
from SHR rats. The rapid oscillations in E in arteries from 
SHR were voltage inactivated at z-30 mV le!&ing regularly oc- 
curring slow membrane oscillations which could be blocked by 
ouabain. These data suggest that smooth muscle cells of cere- 
bral arteries from SHR have a greater electrogenic 
to their+Em as well as altered permeabilities for K 

lomponent 
and pos- 

sibly Na which both contribute to the spontaneous electrical 
activity not observed in cerebral arteries from WKY rats. 
These altered membrane properties in SHR rats may make these 
arteries more sensitive to neural and/or humoral stimuli. 
(Supported by NIH grants HL-27862 and HL-17335). 
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BLOOD PRESSURE AND SMALL VESSEL REACTIVITY IN MALE RABBITS 
OF DIFFERENT AGES. Thomas Lon Owen. Northern Arizona 
University, Flagstaff, Arizona 86011 
A previous study in our laboratory indicated no significant 
differences in reactivity of vascular smooth muscle from 
female rabbits of different ages. To determine if male 
rabbits show the same pattern of vascular reactivity with 
age, direct blood pressure measurements were made on 
groups of male rabbits ranging from 3 months to over 24 
months of age. The animals were sacrificed and strips of 
smooth muscle from the ear artery and skeletal muscle 
artery were removed and treated with norepinep hrin e, 
potassium, histamine and isoproterenol. Heart rat e did 
not differ among different age groups but blood pressure 
showed a significant increase, then a leveling off with age. 
Vessel thickness increased with age, whereas vessel 

EFFECTS OF HISTAMINE ON CIRCULAR AND LONGITUDINAL MUSCLE 
LAYERS OF PERFUSED PORTAL VEIN. Bruce P. Brown*, Sinn Anuras, 
and Donald Heistad. Department of Internal Medicine. Univer- 
sity of Iowa and VA Hospital, Iowa City, Iowa 52242: 

We found previously, in vascular strips, that the circular 
muscle layer of the rabbit portal vein is more responsive to 
histamine than the longitudinal layer. The present study was 
performed to determine the effects of histamine in perfused 
portal vein. We perfused the portal vein of 8 rabbits at con- 
stant flow in vitro. -- Perfusion pressure was used as an index 
of responses of circular muscle. Tension in the long axis of 
the vein was used to reflect responses of longitudinal muscle. 
Peak perfusion pressure and tension were measured during infu- 
sions of 10B5, 10B6, 10B7M acetylcholine (ACH) and histamine 
0-I). ACH produced greater-tncreases in tension than H (p< 
.05); for example, with 10 M infusions, increas s in tension 
were: ACH 3.5x103+300 dynes (mean ?SD), H 0.9x10 -C200 5 dynes. 
In contrast, the increase in perfusion pressure was greater 
with infusions of 10w5M H than with ACH (pc.05); H 2.2t.3mmHg 
vs. ACH .76?.3mmHg. Chlorpheniramine (5x10B6M) produced spec- 
ific, reversible blockade of the response to H in-$oth-iayers 
of the perfused portal vein, while cimetidine (10 -10 M) did 
not reduce the response to H. We conclude: 1) In perfused 
portal vein of the rabbit, histamine (in contrast to ACH) af- 
fects circular muscle more than longitudinal muscle. 2) The 
effect of histamine on longitudinal and circular muscle is me- 
diated by Hl receptors. (Supported by Iowa Heart Grant and 
NIH Grant No. HL00795-02.) 

sensitivi ty to norepinephrine apparently decreased with 
age. The resu Its suggest tha t male rabbits, unlike femal 
may show significant dif ferences in vesse 1 size and re- 
activity with age. It a Is0 appears that aging effe cts on 
blood pressure are not positively correlated with vascular 
sensitivity to norepinephrine. (Supported in part by 
USPHS. NIH Grant AGO i/1112-03.) 
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ENDOTHELIUM AND ARTERIAL EFFECTS OF ADENINE 
NUCLEOSIDES. J.G. De Meyand P.M. Vanhoutte. 
Division of Pharmacology, Faculty of Medicine, University 
of Antwerp, Wilrijk, Belgium. 

To determine the role of the endothelium in the respon- 
ses of isolated arteries to adenine nucleosides, rings of 
canine femoral arteries, with or without endothelium, were 
mounted for isometric tension recording. During norepine- 
phrine (NE) induced contraction of control rings, adenosine 
(AD), AMP, ADP and ATP caused relaxation (order of poten- 
cy : ATP = ADP > AMP = AD); theophylline inhibited the res- 
ponse to AD and AMP. Removal of the endothelium abolished 
the relaxations induced by ADP and ATP, but not those by 
AD andAMP. In controland endothelium free preparations, 
contracted with NE, the degradation resistant analogues 
p&-CH3-ATP (APPCP) and o( p-CH3-ATP (APCPP) caused 
further increases in tension; in the control rings this effect 
was transient and followed by relaxation. The relaxations 
induced by ATP were not affected by indomethacin, mepa- 
crine, eicosatetraynoic acid, tranylcypromine, APPCP or 
APCPP. These experiments indicate that : (1) inhibitory Pi 
and excitatory P2 receptors are present on arterial smooth 
muscle cells; and (2)the endothelial cells mediate the re- 
laxant effect of ATP (and ADP) presumably through the in- 
volvement of endothelial ADP-ase rather than prostanoid 
formation. 

385 
EFFECTOFCXJABAfNON- POTENTIAL (Rn) AND SCDIUM (Na) 
KINETICS IN CAROTID ARTERIES OF AGED RATS. Jane A. Madden,* 
William J. Willems and Steven R. Gambert*. The Medical College 
of Wisconsin at VAX, Milwaukee, WI 53193 

Na-K ATPase activity declines with age in several rat tis- 
sues. Changes in ouabain-dependent m and Wa kinetics in rat 
carotid artery might reflect a corresponding decline in Na-K 
pump activity. Carotid vessels of 6 month (mature) and 20 mo 
old (senescent), male Sprague Dawley rats were mounted in an 
in vitro suffusion chamber and intracellular Em measured under -- 
control conditions and during ouabain suffusion with glass mi- 
croelectrodes . Paired carotid arteries were incubated in 22Na 
and radioactivity renaining in the tissue counted during wash- 
out with nonradioactive solution. This procedure was duplica- 
ted for tissues treated with ouabain during incubation and 
washout. Resultant data were processed by ccmputer and efflux 
rate constants determined for both groups. The Em was not 
different in control arteries. However, the Em depolarization 
induced by ouabain was greater (P .05) in arteries fra young- 
er rats (26 aV vs 18 aV). Rate constants derived from Na wash- 
out cumes in 6 mo ouabain treated carotids were significantly 
less than corresponding controls during several aid-curve time 
intervals. This result suggests impairment of Na efflux by 
ouabain . The rate constant in 20 mo ouabain treated arteries 
was not significantly different from controls. These data are 
consistent with the hypothesis that the Na-K pump is impaired 
in aged vesse18, resulting in a lower electrogenic Em effect 
and decreased ouabain-dependent Na efflux. 
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RELATION BETWEEN FRACTIONAL a1 -ADRENERGIC RECEPTOR OCCUPATION 
AND CONTRACTILE RESPONSE IN VASCULAR SMOOTH MUSCLE. 
A. Sastre*, K. K. Griendling*, EI. M. Rusher*, and W. R.Milnor, 
Johns Hopkins Univ. School of Medicine, Baltimore, Md. 21205 

The relation between al-receptor occupation by an agonist 
and the contractile response of vascular smooth muscle was 
examined. The agonist used was L-phenylephrine (PE), in 
strips of canine ascending aorta. Isometric force 

8 
enerated 

per cross-sectional area (F/A) in vitro by PE ( lo- to lo-3M) -- 
was the index of contractile response. Displacement of 
3H-prazosin bound to tissue homogenates by PE was used to 
determine the fractional receptor occupation. The concentra- 
tion-response curves for PE were shallow, with a Hill 
coefficient of 0.64, and an ED50 value of 8.4 x 10-711. In 
contrast, PE bound to the receptor with a KD of N9.1 x10'6M 
and a Hill coefficient near unity. The curve relating recep- 
tor occupation to response was consequently non-linear, and 
50% of the maximum response appeared when 6% of the receptors 

were occupied. Maximal response occurred only with 100% 
occupation, implying that there were no "spare" receptors. 
Qualitatively similar results were obtained in strips of 
canine descending thoracic and abdominal aortas. (Supported 
in part by USPHS NIH Grants HL-12607 and HL-22675). 
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REGIONAL DIFFERENCES IN o1 -ADRENERGIC RECEPTOR NUMBERS AND POSTJUNCTIONAL ALPHA-2 ADRENERGIC RECEPTORS IN VASCULAR 
ISOMETRIC FORCE IN CANINE AORTA. K.K. Griendling*, R.S.Green*, SMOOTH MUSCLE FROM SPONTANEOUSLY HYPERTENSIVE RATS (SHR). 
M.M. Rusher*, A. Sastre*, and 1J.R. Milnor. Johns Hopkins Joyce C. Johnson* and R. Clinton Webb. Univ. of Michigan 
University School of Medicine, Baltimore, Md. 21205 Medical School, Ann Arbor, MI 48109 

The selective alpha-2 adrenergic antagonist, yohimbine, was 
used to characterize postjunctional alpha-2 receptors in 
vascular smooth muscle from SHR and Wistar Kyoto normotensive 
rats (WKY). Tail arteries were cut helically into strips; 
the strips were mounted in organ chambers; and isometric 
contractions were recorded. Cumulative addition of clonidine 
(4.3x10-10 to 4.3x10’ 5 M), an alpha-2 adrenergic agonist, 
produced contraction in arterial strips from both groups of 
rats. Arterial strips from SHR were more sensitive to cloni- 
dine than were those from WKY [SHR ED50 (N=8)=5.7x10m8 M; 
WKY ED5 
8.6x10- 9 (N=8)=24.5~10-8 M; p<O.O5]. Yohimbine (8.6~10'~ to 

M) was a competitive antagonist against clonidine. 

Consecutive 2-cm segments of aorta, from aortic valve to 
mid -abdomen, 
nal distribu 

were studied in vitro to determine the longitudi- -- 
tion of al-receptors and isometric tension devel- 

opment . Maximum active isomet ric force per unit cross-sec- 
tional area (F/A) developed in response to L-phenylephrine (PE) 
was compared with the number of r 

ing of 3H-prazosin by tis 
'eceptors 

Bind sue homogenat 
in each segment. 
es was used to meas- 

ure the number of receptors per gram of tissue (RT). RT de- 
creased significantly with increasing distance from the aortic 
valve, falling from 456 fmol/gm tissue in the ascending aorta 
to 129 in the abdominal aorta (n=55, r = -.685, p < .Or)l).The 
F/A was greater in the ascending aorta than in more distal 
regions, but there was no significant trend in the descending 
thoracic or abdominal aorta. Affinity of receptors for PE 
and prazosin was essentially the same in all regions 
(mean KD for PE y 8 PM, for prazosin 90 PM). The binding 
characteristics of the receptors themselves were thus constant 
along the aorta, but the isometric force associated with 
occupation of a single recep tor by PE increased with distance 
from the heart. The results suggest that the arterial tree 
exhibits quantitative, regional differences in the steps 
between receptor occupation and contractile response. 
(Supported i n part by USPHS NIH Grants HL-12607 and H&22675). 

392 
MECHANISMS OF ACTION OF DILTIAZEM ON MESENTERIC ARTERIAL 
MUSCLE. Eugene D. Jacobson, Joseph D. Fondacaro and Joseph 
DiSalvo. College of Medicine, University of Cincinnati, 
Cincinnati, OH 45267. 

We examined effects of diltiazem (D), a calcium (Ca2+) 
antagonist and mesenteric vasodilator agent, on helical 
mesenteric arterial strips (2x10 mm) contracted in a muscle 
bath preparation with KCl, which relies heavily on extra- 
cellular Ca2+, and/or norepinephrine (NE), which mobilizes 
both extracellular and intracellular Ca2+. With KC1 (5-70 
IUM) graded doses of D (10'9-5xl0'7M) produced mixed inhi- 
bition as shown by progressive increases in ED50 (20-40 mM) 
and dec_geased (20-605) maximal tension attained (Tmax). With 
NE (1 

8 
-3x10-5M) inhibition with low doses of D (below 

5x10' M) increased the ED50 for NE but did not alter Tmax 
(competitive inhibition), whereas higher doses (5~10'~M) 
increased ED50 and decreased Tmax (mixed). These findings 
su port 

g 
the inference of a model involving three sites of 

Ca +-D interaction, namely (1) a voltage dependent, 
membrane Ca2+ channel where both D and KC1 have 
pronounced effects, (2) a receptor mediated, voltage inde- 
pendent membrane channel at which NE has ma,jor effects and 
which is blocked by high concentrations of D, and (3) an 
intracellular site at which D and NE exhibit pronounced 
effects and KC1 has minor effects. 

391 

The competitive antagonistic properties of yohimbine (deter- 
mined by Schild plot) ,were more pronounced in tail artery 
strips from SHR than in those from WKY [SHR -log KB (N=4)=7.64; 
WKY -log KB (N=4)=7.00; p(O.O5]. These results demonstrate 
that contraction induced by clonidine is mediated by alpha-2 
adrenergic receptors in rat tail artery. The sensitivity of 
the receptors to clonidine is greater in tail arteries from 
SHR; and the affinity of the receptors for yohimbine is 
greater in SHR. (Supported by NIH grants HL-18575 and 
HL-00813 and grants from the Michigan Heart Association and 
the Michigan Memorial Phoenix Project) 
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BIOCHEMICAL AND MECHANICAL CORRELATES IN SHR CEREBRAL AND MES- 
ENTERIC RESISTANCE BLOOD VESSELS. Joseph E. Brayden and 
William Halpern. University of Vermont, Burlington, VT 05405 

The contractile protein composition of mesenteric (-mes) 
and posterior cerebral (-cer) resistance arteries (150pm, I.D.) 
of 25 week old normotensive Wistar Kyoto (WKY) and Spontane- 
ously Hypertensive (SHR) rats was measured. Micro techniques 
for tissue homogenization and slab gel electrophoresis, and 
a highly focused laser beam densitometer were used to quantify 
actin (A) and myosin (M) extracted from about 100 pg of blood 
vessel. The following results were obtained: 

A/M 
WKY;mes SHR-mes SHR-cer 
2.0-0.3 2.1zo.2 

WKY-cer 
2.1f0.2 3.0+0.3* 

o4dJg) 
* SHR-cer significantly different (ANOVA. ~~0.91) Crorr 

all others. No differences among WKY-cer, SFP-mes, and 
WKY-mes values. Values are mean2S.D.. n=3. 

Estimates of cerebral vessel actin and myosin content (pg per 
pg tissue weight) indicate that the elevated SHR-cer A/M is 
due to a 44% decrease in myosin content and a 20% decrease in 
actin. This laboratory reported the same active smooth muscle 
stress in SHR-mes and WKY-mes (Warshaw, et al., Blood Vessels 
17:257, 1980). For these vessels a change in A/M would not be 
predicted, and was not found. In contrast, recent findings in 
this laboratory (unpublished) suggest a 23% decreased active 
smooth muscle stress in SHR-cer vs WKY-cer. This finding may 
be explained in part by the lowered contractile protein con- 
tent observed in SHR-cer. (Supported in part by NIH HL 26383) 
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EFFECT OF LUNG INFLATION ON RESISTANCES OF DIFFERENT PARTS OF 
THE PULMONARY VASCULATURE. T.S. Hakim*, R.P. Michel* and 
H.K. Chang. Meakins-Christie Labs and Lyman Duff Lab, McGill 
Univ. Montreal, Canada, H3A 2B4. 

Using the arterial and venous occlusion method at constant 
blood flow, we studied the effect of negative pressure lung 
inflation on the resistances of the arterial (Ra), venous (Rv) 
and middle (R,) compartments in isolated left lower lobes of 
dogs, either in Zone III (zero venous pressure at the top of 
the lobe) or in Zone II (z ero venous pressure at the bot tom 
the lobe) conditions. We observed a U-shaped re lationsh iP 

of 

between the total vascular resistance (Rt) and the transpulmon- 
ary pressure (Pt,) with a minimum Rt at Ptp = 10 mm Hg (FRC). 
The U-shaped curve had a greater concavity when inflation was 
carried out in Zone II conditions. Below FRC (Ptp = 0), Rv 
rose by 20% in Zone III but by 92% in Zone II. Above FRC 
(Ptp = 20 mm Hg), R, rose by 135% in Zone III but by 228% in 
Zone II. There were also increases in R, and Ra above FRC, 
and in Rm and Ra below FRC; these increases were not signifi- 
cantly altered by the zone conditions. We conclude that the 
U-shaped curve which describes RtvsPtp is due to changes in 
R a, RV and Rm in the same condition. The rise in Rt below FRC _._ 
reflects the influence of falling transmural pressures, where- 
as the rise of Rt above FRC reflects the influence of increas- 
ing lung volume. The concavity of the U-shaped curve depends 
to a large extent on the venous pressure relative to the height 
of the lobe (Supported by the MRC of Canada Grant MA-6474 and 
by USPGS Grant HL-24348). 

395 
MICROPUNCTURE EVIDENCE FOR THE SITE OF VASCULAR COMPRESSION 
IN ISOLATED ZONE II DOG LUNG. J. Bhattacharya, S. Nanjo* and 
N.C. Staub. Cardiovascular Research Institute and Dept. of 
Physiol., University of California, San Francisco, CA 94143. 

By lung micropuncture we have shown that in Zone III (venous 
pressure > alveolar pressure) the pressure drop downstream 
from 50 m diameter venules is negligible (SCIENCE 210:327, 
1980). In each of 5 blood perfused left lower lobes we micro- 
punctured 4 subpleural 50 m venules to measure pressure 
(servo-null technique) in both Zones III and II (venous 
pressure < alveolar pressure). We held arterial and alveolar 
pressures constant but varied venous pressure to steady levels 
above and below alveolar pressure. The table shows the 
summary pressure data in cmH20 (mean 2 1 S-D.). 

Artery Vein 50 1Jm Venule Airway 

III 17.720.6 10.32.6 10.52.2 7 
II 17.520.3 2.9k.6 6.82.5 7 

The pressure drop between the 50 m venules and the lobar 
venous outflow was 3% of total pressure drop in Zone III and 
increased significantly to 26% in Zone II. The principal 
site of vascular compression in Zone II is not in the alveolar 
wall capillaries but downstream in veins larger than 50 m 
diameter (Supported in part by HL25548). 
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THE IMPORTANCE OF ENDOTHELIUM IN THE ECONOMY OF NOREPINEPHRINE 
RELEASED FROM ADRENERGIC NERVE ENDINGS IN CANINE PULMONARY 
ARTERY. D.K. Rorie* and G.M. Tyce* (SPON: C.A. Owen, Jr.). 
Mayo Clinic and Mayo Foundation, Rochester, MN 55905. 

HYPOXIC CONTRACTILE RESPONSES OF RAT MAIN PULMONARY ARTERY 
IN VITRO. Omar Hottenstein*, W. Mitzner, and J.T. Sylvester, -- 
The Johns Hopkins Medical Institutions, Baltimore, Md. 21205 

The present experiments were done to determine whether endo- 
thelial cells, which are known to be metabolically very active 
in lung, are important in the removal of norepinephrine (NE) 
from junctional clefts in pulmonary artery. Pulmonary artery 
segments (3-4 mm diam) were cut into helical strips. Some of 
the strips were denuded of endothelium by gently stroking the 
intimal surface with a wooden applicator; control strips were 
left intact. After incubation in L-[3H]NE (6x10s7M) strips 
were mounted for superfusion and isometric tension recording. 
Superfusate was collected continuously before, during and after 
electrical stimulation (10 V, 2 msec, 2 Hz). Measurements were 
made of the amounts of [3H]NE and its metabolites in superfus- 
ate and in tissue. Under basal, unstimulated, conditions some- 
what more NE, more 3,4-dihydroxyphenylglycol (DOPEG) and less 
0-methylated metabolites (OMM) were released into superfuaate 
from denuded veins than from control veins. Electrical stimu- 
lation elicited the overflow of large amounts of NE, DOPEG and 
OMM into superfusate in intact strips; in denuded strips there 
were striking decreases in the amounts of OMM produced. It is 
concluded that pulmonary endothelium participates in extra- 
neuronal removal of NE released into junctional clefts by nerve 
stimulation; NE taken up into endothelium is primarily O- 
methylated. (Supported in part by HL 23217 and NS 9143.) 

Studies showing hypoxic vasoconstriction in isolated pul- 
monary vessels have required special, often non-physiological 
procedures. We have been able to demonstrate hypoxic contrac- 
tile responses in vessels, not treated pharmacologically, in 
an aqueous media with glucose present. Main pulmonary arter- 
ies (MPA) from 7 male Sprague Dawley rats (2-15 mo.; 240-840 
gm) were isolated and incubated in a modified Krebs-Henseleit 
solution (ph=7.536, PCO2=30.5 torr, t=37OC). During alter- 
nating 41 min periods of high and low PO2 (509 and 44 torr, 
respectively) isometric resting tensions and field sttiulated 
active developed tension responses were recorded at 7 min 
intervals during all periods for 5 hours. Baseline tensions 
recorded after 30 min in each period were significantly ele- 
vated during hypoxia compared to high 02 (p<.O5). In the 
2nd, 3rd, and 4th high 02 periods the baseline tensions were 
reduced (p<.Ol), but the low 02 baseline tensions were not 
changed. Thus, the difference in tension between low and high 
PO2 increased progressively. Active responses in the first 
low 02 trial were not significantly different from those in 
initial high 02. Active tensions for the 2nd and 3rd low 02 
periods were significantly elevated after 12 min. when com- 
pared to a previous or subsequent high 02 period (pc.01). We 
co.nclude that rat MPA studied in vitro repeatedly demon- -- 
strate increased baseline tensions and maintain greater sen- 
sitivity to electrical stimulations during hypoxic episodes. 
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ANALYSIS OF CYCLIC HYPOXIC PULMONARY VASOCONSTRICTION. B.J.B. 
Grant and A.M. Schneider*. Departments of Medicine and of 
Applied Mechanics and Engineering Sciences, University of Cal- 
ifornia San Diego, La Jolla, CA 92093 and Department of. 
Internal Medicine, University of Michigan Medical School, Ann 
Arbor, MI 48109. 

When the left lower lobe (LLL) of-a dog is ventilated with 
nitrogen, LLL pulmonary blood flow (Q) and alveolar CO2 
oscillate in a progressively damped fashion. This damped 
oscillatory response of blood flow can be abolished by main- 
taining LLL alveolar CO2 constant (Benumof et al J. Appl. 
Physiol. 41:466-469, 1976). We set out to develop a mathemati- 
cal model with realistic physiological parameters that behaves 
in a similar manner. Different models were tested. The simplest 
model that simulates the experimental results incorporates the 
additive effects of an exponential decrease of lobar Q in 
respon se to alveolar hypoxia 
damped osci llatory response to 

time cons tant 2 min) and a 
alveolar hypocapnia . The 

capnic response has two components: a vasodilator effec t-possi- 
bly related to decreases in hydrogen ion concentration and a 

bv- 

vasoconstrictor effect possibly related to decreases in mole- 
cular C02. Both components (time constants of 3.5 min)interact 
by crosscoupled elements (time constants of 3.5 min). The 
model can be used to design experiments to test its validity. 
(Supported by Dorothy Temple Cross MRC Travelling Fellowship, 
Parker B. Francis Foundation, John F. Perkins, Jr. Memorial 
Fund, NIH Grant HL 17731, California Lung Association, Univer- 
sity of Michigan Medical School Funds for Computing). 

REPETITIVE EXPOSURE PRODUCES AGENT-SPECIFIC ALTERATIONS IN 
PULMONARY VASCULAR RESPONSIVENESS, Cutaia, M.V.*, and R.J. 
Porcelli. VAMC. Northnort. N.Y. and S.U.N.Y. at Stony Brook. -- . . 
N.Y. 11790. - - s 

Cumulative dose-response curves (DR) were constructed in 
the isolated blood-perfused cat lung by comparing changes in 
pulmonary vascular resistance (ARpv) to either: a) increasing 
concentrations of SHT, Histamine (HIST), Norepinephrine 
(NEPI), Epinephrine (EPI), or b) decreasing levels of arterial 
PO2 induced by FI 

s 
2'0.08. DR was performed hourly (X4), re- 

sulting in DRl+DR , from which slopes and maximal responses 
(MR) were analyzed. Slope and MR to 5HT (.35 to 9.4nM) were 
unaltered between DRl G DR4 (181241 vs. 145+37, %ARpv, resp.). 
In contrast, MR with HIST (.33-2.2nM) and EPT (.26 to 6.9oM) 
were each reduced by 80% during DR4 (pc.05). Although ?4R to 
NEPI (.36-9.3nM) were similar between DRl and DR4, the dose at 
which MR occurred fell from 2.3 to .71oM. For hypoxia, the MR 
at DR3 (6924%) exceeded MR at DRl (33+3%) (~~0.05) while the 
doses at which MR occurred were similar. The tachyphylaxis 
shown to HIST and EPI suggests antagonism of their pressor 
action by increased H-2 or 8 activity. The reproducibility 
shown with 5HT may be due to the lack of specific antagonist 
receptors. The potentiation to NEPI and hypoxia with repeat- 
ed DR suggests failure of these agents to enhance antagonistic 
receptor activity. (Supported by Veteran's Administration, 
NIEHS# 431-1373, and NHLBI-ROl-HL-23210). 

COMPETITION BETWEEN ACUTE HYPOXIA AND CATECHOLAMINES FOR THE 
PULMONARY VASCULAR ALPHA CONSTRICTOR MECHANISM. R.J. Porcelli 
and M.V. Cutaia*, VAMC, Northport, N.Y. and SUNY at Stony 
Brook, N.Y. 11790. 

The relation between the pulmonary vascular adrenergic 
system and acute hypoxia is a close one. Rises in pulmonary 
vascular resistance (RPV) in response to hypoxia and norepin- 
ephrine (NEPI) are enhanced by beta blockade and blunted by 
alpha blockade (JAP:34, 1973). Thus hypoxia and NEPI may share 
common mechanisms. This hypothesis was tested in the isoflow- 
perfused cat lung by comparing RPV changes when superimposing 
one stimulus on another. Acute alveolar hypoxia (FI =0.08) 
itself raised RPV by 4127% and reversed the response 02 

to NEPI (2,4nM) to an 18+3%+RPV(p<0,05) compared to nonmhypoxic 
NEPI infusion before and after hypoxia (33+5 and 29+7%, resp.). 
Greater NEPI concentrations (4.8 and 9.3DMy infused-during 
hypoxia produced larger vasodilations (-25+11 and -2l+r3%). 
However, the usual rise in TiPV after 5HT infusion (2.4W) of 
101+54% was not significantly altered during hypoxia (79+37%); 
thug, responses to 5HT and hypoxia were additive and no iimit 
was demonstrated to rises in RPV with 2 non-competing 
agonists. These data indicate that hypoxia and NEPI share the 
alpha constrictor mechanism of the pulmonary circulation and 
that once the mechanism is utilized, the pulmonary vascular 
responses of NEPI reflect its B-activity. (Supported by the 
Veterans Administration, NIEHS-431-1373 and NHLBI-ROl-a-23210). 

461 
EFFECTS OF CHRONIC HYPOXIA (CH) ON PULMONARY VASCULAR RESIS- 
TANCE CHANGES (%A Rpv) TO SELECTED BIOGENIC AMINES. Bergman, 
M.J.*, E.H. Bergofsky, and R.J. Porcelli, VAMC, Northport, 
N.Y. and S.U.N.Y. at Stony Brook, N.Y. 11790. 

Changes in Rpv to Norepinephrine (NEPI), Histamine (HIST), 
5HT and KCL were studied in control (C) and CH rats exposed 
to 10% 02 for 2 (CH2) and 4 (CH4) weeks. CH had predictable 
effects on: HMCT(%): Rt/Lft Heart Ratios: Rpv(mmHg/ml/min) 

C(n=17): 51+1.2 0.26+0.01 0.94t0.12 
CH2(n=ll): 7021.4 0.36+0.01 1.45+0.13 
CH4(n=lO): 74+1.4 0.4320.02 1.54kO.17 

Excised lungs were perfused (constant flow) with Ringer's 
& pulmonary artery pressures were continuously measured. The 
lungs were ventilated G the left heart was opened so that left 
atrial.pressure = 0. Cumulative doses of KCL in C (21 to 85 
vM) gave linear increases in %ARpv (max. response, MR, = 29? 
9%) . MR at CH2 (1229%) and at CH4 (19213%) were not signifi- 
cantly different from C. 5HT (2-20nM) had similar results 
with regard to MR; C (56+25%), CH2 (66+16%) and CH4 (65212%). 
In contrast, HIST (S-126vM) C responses (17+7%) were reversed 
at CH2 (-25+8%) and at CH4 (-23+9%), pc.05. NEPI (13-371nM) 
at CH2 was similar (-12?10%) compared to C (19+8%), pc.05. 
CH4 (9+9%) was not significantly different from C. These. 
data suggest that CH: 1) does not alter non-specific vascular 
contractility (KCL); 2) functionally changes Hl to H2 and a 
to 8 receptors, and; 3) does not alter SHT responses, possibly 
due to the lack of SHT-specific vasodilator receptors. 
(Supported in part by Veteran's Admin. G NHLBI-ROl-HL-23210). 



WEDNESDAY, PM PULMONARY CIRCULATION 75 

402 
THE EFFECTS OF FUROSn1TDE ON THE PULMONARY VASCULATURE. J. 
Ali*, C. Skoog*. H. Unruh*. and H.S. Goldberg, Departmen= of 
Surgery and Medicine, University of Manitoba, Canada. 

Vascular pressure-flow (P-Q) relationships were determined 
in 6 isolated blood perfused canine left lower lobes. After 
stabilization for one hour in Zone II pulmonary blood flow was 
plotted following step decreases in pulmonary artery pressure 
starting at 35 torr. These measurements were repeated after 
doses of 3.5, 7.0 and 40 mgm of furosemide. The P-Q relation- 
ship was linear between maximum and 25% of ma;tirnum flows and 
was curvilinear at lower flows both with and without furose- 
mide . The slopes of the linear portion of the curves as a 
group did not differ significantly from control although 5 out 
of 6 lobes showed increased conductance with furosemide. The 
mean intercept of the linear portion of the curve was 13.9 + 
5.4 torr at control and significantly decreased (pc.05) with 
all doses of furosemide. The mean control measured pulmonary 
artery pressure at no flow was 9.3 + 3.3 torr and also fell 
significantly (pc.01) with all dose: of furosemide. We con- 
clude that furosemide decreases the critical closing pressure 
of pulmonary vessels. This may explain, in part, the demon- 
strated non-diuretic beneficial effects of furosemide in pul- 
monary edema. [Supported by the Manitoba Lung Association) 

403 
INHIBITION OF OXIDANT AND LIPID INDUCED PULMONARY VASOCONSTRIC- 
TION BY ANTIOXIDANTS. G.H. Gurtner, P.L. Smith*, N. F. Adkin- 
son, A. Knoblauchf, H. Makhzoumi*, and H. Sies. The Johns 
Hopkins Medical Institutions and the Baltimore City Hospitals, 
Baltimire, MD., 21205, Spital Limmital, Zurich, Switzerland, 
and the University of Dusseldorf G.F.R. 

We have previously reported that lipid and hydrogen perox- 
ides cause a marked pulmonary vasoconstriction in the isolated 
perfused rabbit lung (ARRD 134:246, 1981). We found that t- 
butyl hydroperoxide and hydrogen peroxide had similar effects 
at perfusate concentrations >2 j.01. Unsaturated lipids, such as 
linoleic or the mixture of fatty acids used in intravenous hy- 
peralimentation (IntralipidB), had a similar effect at higher 
concentrations. The pressor response was blocked by Indometha- 
tin and could be correlated with thromboxane concentrationi 
the effluent perfusate. Animals which had been pre-exposed to 

n 

02 for 4 hours had a larger pressor response than control ani- 
mals. Animals which were pretreated with the antioxidantsbuty- 
lated hydroxyanisole(BHA) I.P. or Vitamin E in the diet had 
markedly diminished pressor responses to peroxides or lipids. 
It seems possible that administration of peroxides or lipids 
which can undergo peroxidation activate the arachidonic acid 
pathway resulting in thromboxane production. The accentuated 
pressor response in the 0, exposed animals might be explained 
by the endogenous format& of lipid peroxides or a decreased 
ability to detoxify peroxides. The lack of a pressor response 
in the antioxidant treated animals could be due to the ability 

405 
THE EFFECT OF ALTERED CAROTID SINUS PERFUSION PRESSURE ON LOBAR HEMODYNAMICS DURING ATELECTASIS IN THE INTACT DOG. C. 
BLOOD FLOW TO AN ATELECTATIC LUNG. W.B. Strawn, S.M. Hall*, A. Bradley*. M.E. Arnup* and N.R. Anthonisen. Section of- 
J.L..Moffett*, and M.G. Levitzky. Department of Physiology, Resp. Dis., Dept. of Med., University of Manitoba, Canada. 
LSU Medical Center, New Orleans, La. 70112 In 9 supine anesthetized dogs we measured pulmonary vas- 

The effect of al tering carotid sinus perfus ion pressure 
(CSPP) on the distr ibution of pulmonary blood flow during 

atelectasis was determined in eight anesthetized, chroni- 
tally-instrumen ted dogs wi th bilateral isolated, perfused 
carotid sinuses. 
airway occlusion 
implanted 
catheters 

Unilateral atelectasis was 
The dogs had electromagne . 

on their 
in their 

produced by left 
tic flow probes 

main 
left 

(QT) 
- 

and left (QL) pulmonary arteries, 
atria and pulmonary arteries, and had 

their left and right lungs separately ventilated through 
Carlens tubes inserted in tracheotomies. PaC02 and pH were 
kept within normal limits. After an initial period of bila- 
teral ventilation with 100% 02 and with CSPP = 100 mm Hg, the 
left airway was occluded and the fraction of cardiac output 
perfusing the left lung (QL/QT) fell from 0.38 to 0.24. Pa02 
fell from 339 to 74 mm Hg. When CSPP was reduced to 30 mm Hg, 
QL/QT fell further to 0.19 and Pa02 rose to 97 mm Hg. When 
CSPP was returned to 100 mm Hg, QL/QT rose to 0.24 and Pa02 
fell to 80 mm Hg. These results suggest that stimulation of 
the baroreceptor reflex by decreasing carotid sinus perfusion 
pressure does not interfere with the local mechanism involved 
in the redistribution of blood flow away from a unilaterally 
atelectatic lung. (Supported by NHLBI Grants 22641 and 07098) 

cular pressures and blood flow distribution with radioactive 
microspheres (15~) during left lower lobe (LLL) atelectasis. 
The dogs were ventilated with 88% 02, 12% N2 and lobar volume 
assessed by measuring LLL N2 after occluding the LLL bronchus. 
In 3 dogs microspheres were injected at 100% and 70% FRC and 
in six at lOO%, 50% and 25% FRC. After atelectasis the lungs 
were excised and measurements made of microsphere content, 
wet/dry wt. ratios, and lobar hemoglobin content, an indi- 
cator of blood volume. Pulmonary vascular pressures did not 
change with atelectasis. LLL blood flow averaged 24.6% of 
the cardiac output at 100% FRC, 22.9% at 70% FRC, 25.5% at 
50% FRC, and 17.8% at 25% FRC. A significant decrease in 
blood flow was observed only at 25% FRC though other data 
indicates vascular resistance should have been increased at 
50% FRC (15-20% TLC); it is possible resistance did not in- 
crease because of negative lobar pressures generated by lobar- 
chest wall interdependence. Lobar hemoglobin content was the 
same in atelectatic LLL as it was in control right lower lobe: 
vascular distortion secondary to atelectasis did not decrease 
lobar blood volume. Wet/dry w-t. averaged 3.69 (SIM=O. 12) in 
atelectatic LLL, significantly less than in control right 
lower lobe which averaged 4.10 (SEM=O.13). This result might 
be due to a selective increase in resistance upstream from 
fluid exchanging vessels. 
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406 
EXERCISE HYPEREMIA DURING ISOPROTERENOL, CARBACHOL, AND ADENO- 
SINE INFUSIONS. David E. Mohrman. Univ. Minnesota, Duluth, 
MN 55812 

The purpose for this study was to determine how the local 
metabolic vasodilator mechanisms in skeletal muscle interact 
with other vasodilator influences and whether this interaction 
is the same with different vasodilator substances. Gastroc- 
nemius-plantaris muscles of 18 dogs were isolated, denervated 
and perfused at constant pressure. Muscle blood flow (0) was 
measured electromagnetically and muscle 02 consumption (tO2) 
was calculated from the 02 content of arterial and venous 
blood samples. 4 and tO2 were determined for a range of 
muscle activities from rest to 6 twitches/set in the control 
state and during continuous intraarterial infusion of iso- 
proterenol (ISO), carbachol (CARB), or adenosine (ADO). In- 
fusion rates were initially adjusted to double resting 0 and 
fixed thereafter so that arterial concentration remained con- 
stant despfte exercise induced increases in Q. During IS0 
infusion, Q was increased over control by the same increment 
at all tiO2's. The vasodilator effect of CARB disappeared 
at high tO2 whereas that of ADO was greatly augmented at high 
302. Thus the local metabolic vasodilator mechanisms inter- 
act quite differently with different non-metabolic vascular 
influences. Also the results with ADO infusion are opposite 
to those expected if ADO itself was the primary mediator of 
metabolic vasodilation in skeletal muscle. (Supported in part 
by USPHS. NIH Grant #HL 22975) 

407 
POTENTIATION OF POST-EXERCISE HYPEREMIA BY DIPYRIDAMOLE IN THE 
CANINE GRACILIS MUSCLE IN SITU. Joyce M Kille* and Richard -- 
E. Klabunde. West Virginia Univ., Morgantown, WV 26506. 

By examining the effect of dipyridamole (DIPY), the role of 
adenosine in post-exercise hyperemia was studied in a free- 
flowing, vascularly isolated canine gracilis muscle. Calcula- 
tions were made for excess blood flow (EQ; ml/lOOg), excess 
oxygen consumption (EoO2; ml 02/lOOg), and the tension-time 
integral (TT; kg*s/lOOg) following 1, 3, 5, and 10 set of iso- 
metric tetanic contraction produced by nerve stimulation. 
Each muscle was stimulated in the absence and presence of an 
intra-arterial infusion of DIPY (1.0 PM in blood). This con- 
centration blocks cellular uptake of adenosine. The data from 
5 dogs, analyzed by linear regression, were: 

CONTROL SLOPE Y-INT r n P 
EQ vs TT  0.47 5.88 0.818 42 <O.OOl 
Evo2 vs TT 0.05 1.18 0.779 42 <O.OOl 
EQ vs E002 6.79 2.57 0.811 42 <O.OOl 

DIPY enhanced EQ, particularly at the longer duration stimula- 
tions. In the presence of DIPY, the slope of the regression 
line for EQ vs TT  increased by 50% and the slope of EQ vs EV02 
increased by 70%. The slope of E002 vs TT  was not signifi- 
cantly altered by DIPY. Therefore, DIPY potentiated EQ follow- 
ing stimulation and this effect was not related to increased 
Ev0-J. If the action of 1.0 uM DIPY is to increase extracellu- 
lar adenosine by inhibiting cellular uptake, then these data 
suggest that adenosine may contribute to post-exercise 
hyperemia. (Supported by NHLBI grant # HL 25412.) 
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406 
ADENOSINE RELEASE FROM SKELETAL MUSCLE DURING FREE FLOW 
EXERCISE. B.D. Fuchs*, M.W. Gorman and H.V. Sparks, Jr. 
Michigan State Univ., E. Lansing, MI 48824 

The adenosine (ado) content of skeletal muscle does not 
significantly increase during free flow, 6 Hz exercise (Phair 
and Sparks, A.J.P. 237:1,1979). Since tissue measurements of 
ado may not be sensitive to changes in [ado] localized in a 
small perivascular compartment, we wished to test the ado hy- 
pothesis for exercise hyperemia using ado release (Rado = 
plasma flow times venous-arterial plasma [ado] difference), as 
an index of interstitial fluid [ado]. Isolated, blood per- 
fused dog calf muscles were stimulated at 6 Hz under free flow 
conditions for 10 min. Plasma samples were collected before, 
during and after the exercise period for the analysis of 
plasma [ado] by HPLC. Degradation of ado in collected blood 
was stopped by EHNA (erythro 9-2 hydroxy-3-monyladenine hydro- 
chloride) and dipyridamole. Exercise increased muscle blood 
flow from 9.lf 0.7 to 128+7 ml/min/lOOg, vascular conductance 
from .09f.01 to 1.33f.06 ml/min/lOOg/mm Hg, and VO2 from 0.26f 
.03 to 15.lfO.9 ml/min/lOOg. Mean venous PO2 fell from 50 to 
26 mm Hg. Associated with these changes, Rado increased from 
-0.09f.09 to 14.224.1 nmoles/min/lOOg. Together, tissue 
measurements of adenosine and Rado data suggest that ado re- 
leased during exercise is not distributed in the entire inter- 
stitium. Furthermore, the cellular source of released ado 
remains to be determined. This means that measurements of 
tissue content of ado during exercise are notasufficienttest 
of the ado hypothesis. (SupportedbyUSPHSNIHGrant#25779-02) 

410 
CORRELATION BETWEEN SKELETAL MUSCLE ACETATE CONTENT AND VASCU- 
LAR RESISTANCE. R.P. Steffen, J.E. McKenzie, A.T. Yachnis*, 
and F.J. Haddy. Uniformed Services Univ., Bethesda, MD 20014 

We have reported that local infusion of acetate (AC) pro- 
duces vasodilation in the dog forelimb (AJP 203:125, 1962) and 
that this dilation occurs mainly at the small vessel level 
(Physiologist 21:115, 1978). We have also shown that femoral 
venous AC concentration increases during treadmill exercise 
(Fed. Proc. 39:270, 1980) and that the increment produces di- 
lation in the resting gracilis where AC output and vascular re- 
sistance correlate inversely during exercise (Physiologist 23: 
156, 1980). In the present study, tissue AC content was mea- 
sured in collateral free dog gracilis muscles at natural flow 
during twitch contractions (E) at three rates (6V, 0.3 msec, 
0.5, 1 and 2 Hz, 10 min each). Contralateral muscles were used 
as controls (0. 

Mean Tissue Content Mean Resistance 
Hz n C E P< C E P< 

0.5 6 702 774 .Ol 10.9 6.3 . 01 
1.0 6 442 726 .Ol 9.7 5.3 .Ol 
2.0 6 461 903 .02 13.7 2.7 .Ol 

With increasing stimulation, E-C tissue AC content (nmoles/g) 
and E-C vascular resistance (mmHg/ml/min/lOOg) were signifi- 
cantly correlated, r=.75, Pc.001. These data and those repor- 
ted previously suggest that AC may play a role in the mediation 
of exercise hyperemia. 

412 
VASODILATING EFFECT OF SUBSTANCE P ON CONTRACTILE RESPONSES OF 
RAT AORTIC RINGS. D.C. Kikta. R.M. Threatte*. and M.J. Frealv 
Dept. of Physiology, Univ. of Florida, Gainesville, FL 32610.' 

The effect of substance P (SP) on vascular responses of 
aortic rings from female rats was studied. Three different 4 
mn segments of the thoracic aorta were tested: S-l, immediately 
inferior to left subclavian artery; S-Z, immediately inferior 
to S-l; and S-3, the inferior end of which was 4 mm superior to 
the diaphragm. Addition of SP 6 pg/ml muscle chamber bath) to 
tissue, preconstricted with 10' 4 M norepinephrine (NE), was as- 
sociated with a marked relaxation of S-l (18.9&4.3% of the con- 
tractile response), a significantly (p<.O5) smaller relaxation 
of S-Z (4.2+0.8%), and no consistent effeft on S-3 (0.8Q.53). 
Following preconstriction with either 10' M phenylephrine or 
5 x 10-6 M serotonin, SP induced relaxation of both S-l and S-Z; 
the relaxations of S-l (14.2?2.8% and 13.1&3.2%, respectively) 
being significantly (p<.O5 and p<.Ol, respectively) greater 
than those of S-Z (5.1&0.8% and 1.4+0.6%, respectively). Addi- 
tion of SP to either S-l or S-Z, preconstricted with 20 mM KCl, 
was not associated with relaxation. Addition of eledoisin (EL, 
6 pg/ml) to S-l, preconstricted with NE (low8 M), induced re- 
laxations (10.3+3.2%), which were not significantly different 
from those induced by SP (11.3+3.5%) in the same tissue. Maxi- 
mal relaxations occurred within 30-50 set of addition of either 
SP or EL. These data indicate that a particular area (S-l) of 
the thoracic aorta of the rat is more responsive to the vaso- 
dilating action of SP than other areas of the same artery. 
This particular area is also sensitive to EL. (Supported by 
Grant 693(Z) from the Florida Heart Assn.). 

DISSOCIATION OF pH AND CO? EFFECTS ON ADENOSINE METABOLISM BY 
CULTURED ARTERIAL SMOOTH MUSCLE. S.P. Bruttig, F.L. Belloni, 
R.A. Fenton*, R. Rubio and R.M. Berne. Univ. of Virginia, 
School of Medicine, Charlottesville, VA 22908 

Cultured vascular smooth muscle (VSM) releases adenosine 
(ADO) (Bruttig et al., 1980; Microvasc. Res., 20:103), but 
this ADO release was not responsive to hypoxia, and the ques- 
tion of regulation of ADO release by VSM became paramount. 
The present study, with rat aortic VSM, determined the effect 
of pH on uptake and release of ADO and the effect of CO2 on 
ADO release. Uptake of 8- 14C ADO by VSM cells wa8 not affected 
by pH changes (6.8 - 7.4, phosphate buffer). However, ADO 
release (high pressure liquid chromatography) was depressed 
by lowering pH in this range. The effects of pH on ADO re- 
lease at both 0% and 5% CO2 were similar, but the absolute 
magnitude was significantly higher at 5% C02. Thus, at 0% C02, 
ADO release was depressed 50% by decreasing pH from 7.4 to 6.8, 
whereas it was enhanced > 100% at pH 6.8 when CO2 was raised 
from 0% to 5%. In addition, ADO release correlated positively 
with CO2 (0%-10X) at a constant phosphate buffer pH (7.4). 
Thus, the effects of CO2 as an acid anhydride were overridden 
by an apparent direct effect of C02. The mechanism(s) by 
which either pH or CO2 can alter ADO release from VSM remain 
unclear. However, these findings indicate a possible link be- 
tween metabolism (CO2 production) and ADO release by VSM. 
Therefore, C02-induced release of ADO by VSM may facilitate the 
vascular response to parenchymally-derived ADO. (Supported by 
NIH grants HL19242 & HLO6308 and a VA Heart Assoc. grant). 

411 
CHANGES IN THE RELEASE OF 
INORGANIC PHOSPHATE (Pi), 
SOLEUS (RED) AND GRACILIS 

OSMOTICALLY-ACTIVE PARTICLES (Osm), 
AND K+ DURING ACTIVE HYPEREMIA IN 
(WHITE) MUSCLE OF CATS. Emma L. - _~ Boclanan. Department of Physiology, Uniformed Services Univer- 

sity, 4301 Jones Bridge Road, Bethesda, MD 20014 
The purpose of this study was to determine whether Osm, Pi, 

and K+ are released during active hyperemia and whether the 
release differs between red and white muscles. Vascularly- 
isolated muscles were stimulated to contract isometrically at 
different frequencies for 15 min. Venous outflow was measured 
with a drop counter. Resting blood flow averaged 10.722.1 
and 5.6kO.5 ml/min/lOOg for soleus (N=lO) and gracilis (N=9) 
muscle, respectively. During contraction, blood flow increased 
to an average of 2924 (range:18-59) and 21+3 (range:6.8-32) 
ml/min/lOOg in soleus and gracilis muscle, respectively. In 
soleus muscle, the change in blood flow during contraction did 
not correlate with the change in the release of Osm (r=0.59), 
Pi (r=-0.53) or K+ (r=-0.30). In gracilis muscle, the change 
in blood flow did not correlate with the change in the release 
of Pi (r-0.34) but did correlate with the change in the re- 
lease of Osm (r=0.72; PcO.05). In addition, the change in 
blood flow was significantly correlated with the change in the 
venous-arterial difference in K + (r=0.82; PcO.01) and the re- 
lease of K+ (r=0.95; P<O.OOl). These findings do not support 
a role for osmolarity, Pi, or K+ in mediating active hyperemia 
in soleus muscle. However, the data are consistent with a 
role for K+ in mediating active hyperemia in gracilis muscle. 
(Supported by USPHS HL-26345 and USUHS R07639) 

413 
THE EFFECTS OF INTRAARTERIAL SUBSTANCE P INFUSION IN THE ISO- 
LATED, INNERVATED OR DENERVATED CANINE FORELIMB PERFUSED AT 
NATURAL FLOW. D.E. Dobbins, A.J. Premen, C.Y. Soika* and J.M. 
Dabney. Dept. of Physiology, USUHS, Bethesda, MD 20014 

Substance P is a naturally occurring, potent vasodilator 
peptide which has previously been reported to cause peripheral 
vasodilation by a direct action on vascular smooth muscle. In 
this study, substance P was infused at 300 ng/min into the 
brachial artery in completely isolated canine forelimbs per- 
fused at natural flow, both prior to and after denervation of 
the forelimbs. In either the innervated or denervated fore- 
limbs, substance P infusion resulted in a significant decrease 
in forelimb perfusion pressure and mean systemic arterial 
pressure which were simultaneous and identical in magnitude 
and time course. Skin and muscle small artery pressures were 
significantly decreased for the duration of the infusion 
period whereas skin small vein, skin large vein, muscle small 
vein and muscle large vein pressures were not significantly 
changed. Forelimb blood flow was likewise not significantly 
changed. Forelimb resistance was significantly decreased but 
the decrease tended to wane with time. When substance P was 
infused locally into the forelimb but the venous effluent from 
the forelimb was not returned to the animal, there were no 
changes in forelimb pressures or systemic pressure. These 
data-suggest that this dose of substance P is not a direct pe- 
ripheral vasodilator in the canine forelimb. Furthermore, 
these data indicate that this indirect action of substance P 
seen in this study is not mediated through the forelimb nerves. 
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414 
INTERACTION BETWEEN SYMPATHETIC TONE AND THE 
MYOGENIC RESPONSE. Robert A. Brace, Div. of 
Perinatal Biology, Dept. Physiology, School of 
Medicine, Loma Linda University, Loma Linda, 
CA 92350. 

Sympathetic tone and the myogenic response both 
participate in regulating local blood flow rate but 
it is not known to what extent they * int eract. In 
order to explore potent ial inte ract ion betwee 
pathetic and myogenic tone, 

sn sym- 
peak reactive hyperemic 

flows following 2 to 15 second brachial arterial 
occlusions were compared in the forelimb of the 
anesthetized sheep. The limb was partially iso- 
lated by including all tissue except the brachial 
artery, brachial and cephalic veins, and nerve 
trucks in a tourniquet. Brachial flow rate in the 
innervated limb averaged 22% of the denervated flow 
rate. The excess peak flow following an 8 second 
arterial occlusion averaged 14% (of the denervated 
flow) in the innervated limb and 41% in the dener- 
vated limb. Phenoxybenzamine or hexamethonium was 
infused intravenously in order to gradually elimi- 
nate sympathetic tone. The peak increase in blood 
flow rate following 2, 5, or 15 second arterial 
occlusions increased as sympathetic tone was de- 
creased. Thus, the data suggest that there is a 
strong interaction between sympathetic tone and 
the myogenic response in the forelimb of the sheep. 

416 417 
EFFECT OF INDOMETHACIN ON HYPOXIC CEREBRAL VASODILATION IN 
NEWBORN LAMBS. J. Baskoff*, R.C. Koehler, M.D. Jones, Jr., 
M.C. Rogers and R.J. Traystman. Johns Honkins Medical Insti- 

BRAIN ECF pH AND BLOOD FLOW DURING ISOCAPNIC HYPOXIA. 
W. F. Nolan and D. G. Davies. Department of Physiology, 
Texas Tech University Health Sciences Center, Lubbock, 
TX 79430. tutions, Baltimore, Maryland 21205 a 

We have previously demonstrated that oxygenase inhibitors 
blunt the increase in cerebral blood flow (CBF) with hypoxia 
(Fed Proc 39:498, 1980). Cycle-oxygenase is the rate-limiting 
enzyme in the synthesis of prostaglandins which may play a 
regulatory role in the response of CBF to hypoxia. We studied 
five unanesthetized, chronically implanted newborn lambs (4-9 
days old) to examine the cerebral hemodynamic response to hy- 
poxia before and after indomethacin, a cycle-oxygenase inhi- 
bitor. Catheters were implanted in the superior sagittal 
sinus and brachiocephalic artery under pentobarbital anesthe- 
sia. The lambs were studied at least 2 days postoperatively. 
Cerebral arteriovenous oxygen differences (A-V) were measured 
before and after indomethacin (10 mg/kg iv) during normoxia 
and hypoxic hypoxia (7-8% inspired oxygen concentration). 
Cerebral fractional 07 extraction (E) is expressed by the 
ratio of A-V to arterial 02 content. Our previous work has 
shown that E is well maintained during hypoxic hypoxia (Am J 
Physiol 24O:H209, 1981). In this study, before indomethacin 
E = .46 + .05 (+ SEM) and rose significantly (p<O.O5) to .72+ 
.02 immediately-after indomethacin infusion. During hypoxic 
hypoxia E was unchanged at .58 + .02. These results indicate 
that cerebral oxygen delivery falls relative to O2 consumption 
after indomethacin, but the response to hypoxic hypoxia was 
not further affected. SUPPORT: HL-10342 

415 
EFFECT OF REDIJCED CEREBRAL 07 CONSUMPTION ON THE CEREBROVAS- 
CULAR RESPONSE TO HYPOXIA. Lli. Donegan*, R.C. Koehler, M.D. 
Jones, Jr., M.C. Rogers and R.J. Traystman, Johns Hopkins 
Medical Institutions, Baltimore, Maryland 21205 

In order to test the response of-the cerebral vasculature 
to hypoxia under conditions of reduced cerebral O2 consump- 
tion (CMR02) cerebral hemodynamic measurements were made in 
7 chronically implanted newborn lambs exposed to hypoxia 
before and during administration of sufficient sodium pent- 
obarbital to produce EEG silence (-90 mg/kg). Arterial O2 
content was reduced from control (15.4 + .9 vol % mean + S.E.) 
to 10.7 + .6 vol % (moderate hypoxia =m> and 7.9 + .ij-vol % 
(severe hypoxia = SH). Cerebral blood flow (CBF) was measured 
with the radiolabelled microsphere technique and CMR02 was 
calculated using 02 contents from arterial and sagittal sinus 
blood. In awake animals CBF increased from control (89 + 11) 
to 118 + 14 and 168 + 14 (ml/lOOgm/min) with MH and SH respec- 
tively,-whereas CMRO;! remained unchanged from control (6.3 + 
.8 ml 02/100gm/min). Cerebral 02 delivery (O.D.) was also 
unchanged from control (13.3 + .8 ml 02/100gm/min). Fol- 
lowing pentobarbital, CBF, CMRO;! and O.D. were reduced by 56%, 
56% and 57%, respectively. MH and SH increased CBF from 
control (39 + 4) to 44 + 13 and 63 + 4 ml/lOOgm/min. O.D. was 
unchanged from control(5.7 + .6) by MH (5 + 1.2) or SH (5.3 + 
.5), as was CMR02 (2.8 + .37. We conclude that while pento= 

barbital depresses CBF,CMR02 and O.D., the cerebral vascula- 
ture responds to maintain a constant O.D. du.r.rnfo; Zf oxia, both 
before and after pentobarbital. SUPPORT: - 

Cerebrovascular responses to isocapnic hypoxia (Pa02 = 
33 f 1 Torr) were examined in seven chloralose-urethane- 
anesthetized, paralyzed, artificially,ventilated New Zealand 
white rabbits. Cerebral blood flow (Q) was measured using 
the radioactive microspheretechnique. Vascular resistance 
(R) was calculated from Pa/Q. Brain ECF pH was measured 
continuously in the same animals using pH microelectrodes 
(1-2~ tip diameter) placed stereotaxically in the diencephalon 
Total brain bl od flow increased from 42.0 f 3.4 to 69.2 f 6.1 
ml*lOOg-l*min' ? (~~0.01) as R decreased from 2.03 * 0.16 to 
1.24 f 0.09 Torr/ml*lOOg-l*min- 1 (~~0.01) following 5-7 min of 
isocapnic hypoxia. The vascular response of the diencephalon 
was similar: Q increased from 40.1 f 2.7 to 69.7 f 5.2 ml. 
lOOg-l*min' 1 (~~0.01) as R decreased from 2.10 f 0.13 to 
1.21 f 0.07 Torr/ml*lOOg-l*min-l (~~0.01). Diencephalon ECF 
pH increased by 0.016 * 0.006 pH units (~~0.05) during the 
first minute of hypoxia and remained significantly 
(~~0.01) elevated throughout the period of blood flow deter- 

mination. We conclude that the early cerebral vasodilation 
during isocapnic hypoxia is not mediated by increased brain 
ECF acidity. (Supported by the Tarbox Research Institute and 
HL 25984.) 

RENIN-ANGIOTENSIN SYSTEM 

418 
DIFFERENTIAL RENIN RELEASE (RR) INDUCED BY PROSTAGLANDIN (PG) 
SYNTHESIS IN DOG ISOLATED SUPERFICIAL AND DEEP GLOMERULI. 
S. Schryver;:, E. Sanders*, W.H. Beierwaltes and J.C. Romero. 
Dept. Physiology, Mayo Clinic, Rochester, MN 55905. 

We have previously reported that arachidonic acid (AA)- 
stimulated RR operates via PGl2 in rat isolated glomeruli. 
The cortical distribution of the renin-PG interaction has 
important implications in nephron heterogeneity, blood flow 

distribution, and in Na+ handling. Superficial (SG) and deep 
glomeruli (DG) were isolated separately from dog renal cortex 
using a passive sieving technique. Glomerul i were superfused 
within glass chambers using Krebs-Ringer and either 1.6x10B3M 
(n=6) or 3.2x10m4M (n=5) AA. Effluent concentrations of PGl2, 
PGE2 and renin were determined by RIA. The 1.6x10m3M AA pro- 
duced similar increases of PG12 in SG (from 64 to 894 pg/ml, 
~~0.01) and in DG (52 to 809 pg/ml, ~~0.01); and also in PGE2 
(62 to 545 pg/ml, ~~0.01, and 42 to 545, ~~0.05, respectively). 

However, RR was greater (~~0.025) in the SG (3.9 to 24.9 ng/ 
ml/hr A-l, ~~0.01) than in DG (1.1 to 6.4 ng, p<O.O05). The 
3.2x10B4M AA induced smaller but similar responses of PGl2 in 
SG (101 to 206 pg/ml, ~~0.025) and in DG (104 to 197 pg/ml, 
~~0.025). The increases in PGE2 were not significant. The 
RR occurred only in the SG and was half that seen with the 
higher concentration (3.4 to 11.9 ng, ~~0.05). These results 
suggest that while PGI 2 and PGE2 are released evenly among 
the glomerul i, PG-mediated RR occurs predominately within the 
glomeruli of the outer cortex. (Supported by grants from 
NIH [HL-164961, and Mayo Foundation.) 

419 
ISOPROTERENOL STIMULATED RENIN RELEASE IS NOT ACUTELY 
DEPENDENT ON RENIN SYNTHESIS. Stephen A. Katz* and Richard 
L. Malvin. 
48109. 

University of Michigan, Ann Arbor, Michigan 

Rat renal cortical slices were incu9ated in a physio- 
logical salt solution supplemented with H leucine and other, 
non-labeled amino acids. Control slices secreted 5.5%+.3% 
(mean + SEM) of their renin content /hr. into the medium. 

When cycloheximide (CYCLO) was present (100 ug/ml) cortical 
slices secreted 4.8%+.5% of their renin content /hr. while 
protein synthesis was inhibited 97% as determined by washed 
TCA precipitable 3H DPM's. 
present (10m6M), 

When isoproterenol (ISP) was 
renin secretion increased 2-fold (pc.01). 

However, when both CYCLO and ISP were present in the medium, 
renin secretion again increased 2-fold (pc.01) while protein 
synthesis was inhibited 97%. It is concluded that: 1) a 
large storage pool of renin exists, since only 5.5% of the 
slice renin content is normally secreted each hour; 2) ISP- 
stimulated renin release is not acutely dependent on renin 
synthesis, since ISP significantly stimulated renin release 
despite near total inhibition of protein synthesis; 3) acute 
B-adrenergic stimulation of renin release is therefore 
elicited from a storage pool of previously synthesized renin. 
Supported by NIH grant HL18575 and the National Kidney 
Foundation. 
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THE POSSIBLE ROLE OF DOPAMINE IN THE REGULATION OF RENIN 
RELEASE. Haruko Mizoguchi,* Victor 3. Dzau*, Leland Siwek* and 

A. Clifford Barger, Harvard Medical School, Boston, MA 02115 
A role for dopamine (DA) in the regulation of renin release 

was studied in trained conscious, uninephrectomized dogs. 
Catheters were implanted in the aorta, renal artery, vena cava 
and renal vein. An electromagnetic flow probe was placed around 
the renal artery. DA was infused into the renal artery in doses 
which caused no change in blood pressure or heart rate. The DA 
infusion in doses ranging from0.14 to 3.0 pg kg'Imin'I resulted 
in significant and dose-related increases in plasmarenin acti- 
vity (PRA) and renin secretion rate. Within this dose range, 
DA induced renal vasodilatation and natriuresis. I ntrarenal 
infusion of sulpiride (a dopamine antagonist) attenuated DA- 
induced increase in PRA and renin secretion rate. A similar 
response was observed with haloperidol. Infusion of propran- 
0101, however, failed to alter the increase in PRA whereas 
phentolamine, significantly potentiated DA-induced renin 
release. The intrarenal administration of other vasodilators 
(acetylchol1ne and papaverine), in doses promoting renal vaso- 
dilatation without systemic hypotension, had no effect on PRA. 
In conclusion our studies demonstrate that DA is capable of 
stimulating renin release in conscious dogs by activating 
specific dopaminergic receptors. This dopaminergic mechanism 
appears to be independent of DA-induced renal vasodilatation. 
(Supported in part by NIH grant HL19467 and a gift from R. 3. 
Reynolds Industries) 

422 
EFFECT OF PARATHYROID HORMONE ON PLASMA RENIN ACTIVITY AND 
PLASMA ALDOSTERONE CONCENTRATION IN DOGS. F. Blandino-Lopez*, 
E.G. Schneider, J.M. Kapsha* and S.D. Gleason*. Dept. Physi- 
ology, Univ. Tenn. Ctr. Hlth. Sci., Memphis, TN 38163. 

Parathyroid hormone (PTH) can increase plasma renin activi- 
ty (PRA) but its effects on plasma aldosterone concentration 
(PA) have not been studied. In this study the effects of PTH 
on PRA and PA were assessed in conscious dogs. On separate 
days each dog (n = 5) received a 1 hr infusion of either the 
vehicle or synthetic PTH (0.026 ug/min/kg) dissolved in iso- 
tonic saline and 0.3% bovine serum albumin. PRA values were 
significantly increased following PTH infusion when compared 
to vehicle infusion at 60 min (5.9 + 1.4 vs 1.8 + 0.6 rig/ml/ 
hr; p < 0.02) and at 90 min (2.5 2 0.5 vso.9 + 0.3; p < 
0.03). PRA levels were not different bzore the infusion and 
returned to control levels 3 hrs after the infusion. Plasma 
aldosterone concentration was not different at any time in 
dogs receiving either infusion. Urinary phosphate excretion 
was significantly increased by the PTH infusion while plasma 
phosphate levels were comparable following both infusions. 
Creatinine clearances and plasma sodium concentration were 
not different. Plasma potassium concentration declined signif- 
icantly in the PTH-infused dogs although these values were not 
different from those obtained in vehicle infused dogs. These 
experiments demonstrate that PTH produced a marked increase in 
plasma renin activity without causing a concomitant increase 
in plasma aldosterone concentration in the dog. (Supported by 
NIH GR HL 16658) 

424 
THE EFFECT OF SODIUM CHLORIDE AND SODIUM BICARBONATE VOLUME 
EXPANSION ON PLASMA RENIN AND PROSTAGLANDIN E2 EXCRETION IN 
THE RABBIT. W.J. Welch* and C.E. Ott. Dept. of Physiology and 
Biophysics, University of Kentucky, Lexington, KY 40536. 

Plasma renin activity (PRA) is reduced by volume expansion 
(VE) with sodium chloride (NaCl), but not with a similar VE 
with sodium bicarbonate (NaHC03). Prostaglandins, especially 
PGE2, have been related to changes in renin release in several 
models and species. This study was designed to determine if 
selective NaCl or NaHC03 VE alters PGE2 excretion in the same 
manner as selective VE alters PRA. Anesthetized New Zealand 
rabbits were volume expanded with either .15 M NaCl (5% body 
weight) or .15 NaHC03 (7.5% bw), with 30 minute clearance 
periods measured before and after VE. Glomerular filtration 
rate, PAH clearance, electrolyte excretion and arterial blood 
pressure were measured during each clearance period. The 
plasma volume increase in a group of eight NaCl VE animals and 
a group of seven NaHC03 VE animals was not different (4923.4% 
vs 5528.4%). PRA in the NaCl group was significantly supp- 
ressed (11.422.0 to 5.2k1.3 ng/ml/hr, pc.05) following VE, but 
there was no significant PRA decrease in the NaHC03 group fol- 
lowing VE (6.121.3 to 4.420.8 ng/ml/hr). Urinary PGE2 excre- 
tion did not differ between groups both before VE (1.592k.677 
vs .610+.150 ng PGE2) and after VE (18.527.2 vs 10.4323.8 ng 
PGE2). Thus, in this model the decrease in PRA associated 

421 
INHIBITION OF RENIN SECRETION BY INFUSION OF BRADYKININ INTO 
THE LEFT CIRCUMFLEX CORONARY ARTERY. Avi Livnat and J.E.Zehr 
Dept. of Physiology, University of Ill., Urbana, IL 61801 

Previously we reported a cardio-renal reflex which suppre- 
sses renin secretion (Rs) following occlusion of the left cir- 
cumflex artery (XC) in dogs. Since bradykinin (BK) has been 
shown to stimulate vagal non-medullated C-fibers ermninating 
from the left ventricle and is secreted locally by the ischem- 
ic myocardium, we hypothesized that BK could be the local med- 
iator which initiates the renin response to CAO. To verify 
this hypothesis we conducted 3 series of experiments to chlora- 
lose anesthetized dogs maintained on a salt-free diet for at 
least 3 days. An infusion needle was inserted into the LC for 
injection of BK or saline. Simultaneous measurement of renal 
blood flow and venous and arterial renin activities were used 
to calculate renin secretion. Each dog was subjected to an ini- 
tial mild non-hypotensive hemorrhage. In Series I (n=7) BK 
(0.15 pg/kg) was injected into the LC. In Series II (time con- 
trol, n=5) saline alone was injected into the LC and in the 
Series III (n=5) BK (0.15 ug/kg) was injected iv. The results 
of the first series indicated that RS was suppressed by 8O%(P< 
0.05) during the 5th min after injection of BK into the LC. In- 
jection of saline LC or BK iv did not suppress RS. This verifi- 
ed that the origin of the response to BK in the first group was 
in regions subserved by the LC. These results suggest that the 
suppression of RS following brief myocardial ischemia may be 
mediated by local release of BK. 
(Supported by HL 15307 and the Illinois Heart Association) 

423 
EFFECT ON PLASMA RENIN ACTIVITY OF RAISING BLOOD CONCENTRATION 
OF EPINEPHRINE TO THE HEAD. Michael D. Johnson. Department of 
Physiology, West Virginia University Medical Center, Morgantown 
West Virginia 26506. 

Previous experiments demonstrated that physiologic incre- 
ments of epinephrine (E) concentration elevate plasma renin ac- 
tivity (PRA), and that this effect apparently is mediated by an 
extrarenal event (Am. 3. Physiol 236:H463-H470, 1979). The 
present experiments were designed to determine whether an ele- 
vation of circulating E cont. to the head could account for 
this elevation of PRA by E. Eight adult dogs were surgically 
prepared for blood sampling and blood pressure recording, and 
for E infusion into either the carotid and vertebral arteries, 
or a femoral vein (IV). Following a control -P eriod -l E was in- 
fused for 45 min at a total rate of 25 fF*kg either IV 
or into the head vasculatu_fe (3.T ngekg amin 

-imin 
into each ver- 

tebral artery-Tnd zlngekg am n i- into each carotid artery). 
PRA (in ng*ml l hr > rose from 1.8 + 0.5 to 5.9 + 1.2 during 
E infusion IV. PRA rose similarly, from 1.5 + 0.4 (SE) to 4.1 
+ 1.4 during E infusion to the head. Arterial blood E cont. 
yose similarly in response to both IV and head E infusions. 
Furthermore, the changes in hematocrit, heart rate and blood 
pressure were identical regardless of the route of infusion. 
The data indicate that 1) an increase in E cont. to the head 
blood supply is not responsible for the rise in PRA observed 
during IV E infusion, and 2) in contrast to most other vascular 
beds, the head apparently does not degrade circulating E. (Sup- 
ported in part by USPHS grant HL 25555). 

425 
ABSENCE OF A RENAL CONTRIBUTION TO BASAL BLOOD PRESSURE 
DIFFERENCES BETWEEN BORDERLINE HYPERTENSIVE (BHR) AND WISTAR- 
KYOTO RATS. Gary W. Randall* and Arthur M. Jungreis. 
Univ. of Tennessee, Knoxville, TN 37916 

Systolic arterial blood pressures of BHR (155 mm Hg) and WKY 
(130 mm Hg) rats are invariant at 10 through 45 weeks of age 

[Lawler, et al., Fed. Proc. 40(#3), 5281. At 10 and 28 weeks, 
declining but significant di=erences in four renal hyperten- 
sive parameters persist: plasma renin (PRA), angiotensin I (AI), 
[Na+], and aldosterone (aldo). At 45 weeks, strain differences 
in these parameters are absent. 
of these renal parameters were ma 

Sine e only static measurements 
.de, capacitance d ifferences in 

these parameters between strains were sought. Unstimulated 
rates of aldo synthesis by adrenal cortex in vitro, quantities 
of circulating angiotensinogen, and the effects on PRA of AI1 
and angiotensinogen were therefore determined at 45 weeks for 
both BHR and WKY rats. No strain specific differences in par- 
ameter capacity or regulation by AI1 or angiotensinogen were 
noted. We cone lude that st rain specifi c differences in renal 
hypert ensive pa rameters to chronic syst olic arterial pressure 
differences are compensatory rather than contributory at 10 d 
28 weeks, becoming refractory to the systolic differences by 
45 weeks of age. (Supported in part by USPHS. NIH Grants HL 
#19680 and AI 1112779.) 

with NaCl volume expansion is not paralleled by decreases in 
PGE2 excretion. Unlike the selective VE effect on PRA, there 
appears to be no effect of selective VE on PGE2 excretion. 
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HEART WEIGHT AND ANGIOTENSIN II (AII) LEVELS IN NORMOTENSIVE 
SODIUM RESTRICTED RATS. R. D. Plotnik*, J. Mitchell* and D. F. 
Bohr.Univ. of Mich., Dept. of Physiology, Ann Arbor, Mi. 48109. 

Cardiac hypertrophy has usually been regarded as a secondary 
response to an increased pressure load. Recent evidence (Circ. 
Res. 35:775, 1974) suggests that blood pressure may not be the 
only determinant of hypertrophy and that the renin-angiotensin 
system may play a permissive or contributory role. The present 
study evaluates the role of increased AI1 levels on heart size 
in normotensive animals. Male, age matched, WKY rats were 
placed on a low Na+ diet for five weeks in order to increase 
circulating AI1 levels. Similar control rats were placed on a 
regular Na+ diet. Blood pressures (BP), AI1 levels, body 
weights (BW) and heart weights (HW) were determined. The 
following table summarizes our results: 
Group Na diet Bodv wt. BP AI1 HW/BW A 

hEq/g) (kgj (mmHg) (pa/ml) (&kg) 
A (n=6) .112 .279+.008 145+5.4 15.50+2.05 3.17+.06 
B (n=6j 010 
% change -91.1 

.2&T. 007 142Ti.7 
1.4 - -1.9 

2bkc2.44 j.28T.07 
59.1 3.5 - 

HW/BW, blood pressure and body weight were not significantly 
different between the two groups, while AI1 levels were signi- 
ficantly higher (pc.05) in Group B than in Group A. These data 
suggest two possible conclusions: 1) salt restriction inhibits 
the hypertrophic action of AII, or; 2) this level of increased 
plasma AII, in 
not contribute 
f18575.j 

the absence of increased blood pressure, does 
to cardiac hypertrophy. (Supported by NIH Grant 
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EVIDENCE FOR L IPOXYGENASE PATHWAYS IN RENAL ARTERIES 

AND ENDOTHELIAL CELLS: POSSIBLE RELATIONSHIP TO INDO- 
METHACIN-INDUCED ACUTE RENAL FAILURE. Naresh Chand* and 
Burton M. Altum. SUNY, Downstate Med. Ctr., Brooklyn, NY 11203. 

The precise mechanism of indomethacin (lNDO)-induced acute renal 
failure is not known. Isolated canine renal arteries (CRA) induced to 
contract with 5-HT or phenylephrine (PE) react with cancentration-de- 

pendent relaxations to acetylcholine (ACH), bmdykinin (BK) and amch- 
idonic acid (AA), provided the endothelium (END) is left intact. De- 
struction of END, or incubation of CRA with nordihydroguaiaretic acid 
(NDGA), BW755C, or EYTA either inhibit or convert BK-and ACH-in- 
duced relaxant, into contractile, responses. INDO converts AA-in- 
duced relaxations into cantmctile responses, and enhances contractile 
responses to 5-HT, norepinephrine, PE and AA, as well as relaxations 

to PGl*. CRA incubated with AA contract upon addition of INDO; 
these responses are inhibited by NDGA, EYTA, and BW755C. AA-de- 
pendent, indomethacin-induced renal arterial spasms are reversed by 
PGl 

? 

and compound FPL55712 (a leukotriene “SRS-A” receptor antago- 
nist . These findings suggest that INDO inhibits the synthesis of PG I2 
in CRA thereby allowing AA to be metabolized via a lipoxygenase path- 
way(s) to the synthesis (and release) of hydroperoxyacid/leukotrienes; 
possibly explaining IN DO-induced acute renal failure. In addition, 

ACH and BK induce renal arterial vasodilatation via release of inhibi- 
tory hydroperoxyacids/leukotrienes from renal END. 
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EFFECT OF PROSTAGLANDIN SYNTHESIS INHIBITION ON THE DEVELOPMENT 
OF CONTRAST MEDIA INDUCED ACUTE RENAL FAILURE. Cobern Ott. 
Lakshmi Natarajan*i Shirley-Whitescarver* and Nick Wirier*.* 
University of Kentucky, Lexington, KY 40536 

A significant nunber of patients undergoing contrast media 
injections develop acute renal failure of varying severity. 
This study was undertaken to determine the role of prostaglan- 
dins in the development of this entity. Following control 
measurements (C), 23 rabbits were put on a low salt (LS) diet 
for 4 days. The meazurements were repeated and the animals 
were divided into three groups. One group received 7 ml/kg of 
contrast medium (CM) or 24 mg/kg indomethacin (IN) in three 
equal doses or both contrast and indomethacin (CI). Plasma 
creatinine (PCr) concentrations were measured daily for the 
next 72 hours. Means f SE for PCr (mg %) are shown below. 

Group C LS 24 hr. 48 hr. 72 hr. 
.82 1.07 1.20 1.15 1.18 

n=8) .09 .08 .ll .lO .ll 
IN 85 1.09 1.92" 1.86" 1.62* 

(n=7) :09 .lO .26 .31 .25 
CI .96 1.13 3.24* 4.06* 2.84* 

(n=8) .09 .ll .57 1.07 .43 
"Siqnificant differences from LS 
TheFe was a small significant increase in PCr in the IN group 
but the increase in the CI group was significantly greater (PC 
.05). The results indicate that inhibition of prostaglandin 
synthesis may predispose the development of contrast media in- 
duced acute renal failure. 

EXERCISE I I I 
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THE EPFECI’ OF EXERCISE ON ISOENZYlblJlS OF CARDIAC VBN- 
TRICULAR MYOGIN IN EUTHYROID AND THYROIDBCTOMIZED 
RATS E. D. Pagani and R. J. Solaro. University of Cincinnati, 
College of Medicine, Cincinnati, Ohio 45267 

We examined ventricular myosin isoenzymes in normal and thyroi- 
dectomized rats that had been swimming 75 min twice daily for 8 or 
12 weeks. We prepared myofibrils from each heart for the measure- 
ment of myofibrillar actomyosin ATPase and myosin ATPase activit- 
ies. A myosin enriched fraction was prepared from a portion of the 
ventricles by extraction in 1OOmM pyrophosphate and isoenzymes of 
myosin were separated by polyacrylamide gel electrophoresis using 
non-dissociating conditions as described by Hoh et al. (J. Mol. Cell. 
Card. 2:1053, 1977). There were three distinct myosin isoenzymes 
(V 1, V 2 and V 3) in ventricles of both sedentary and exercised euthyroid 
rats. Although v1 was the predominant isoenzyme in sedentary and 
exercised euthyroid rat hearts, swimming resulted in an increase in the 
relative proportion of vl in the isoenzyme population. Associated 
with this shift we found a consistent increase in the Ca2+-stimulated 
myosin ATPase activity with no change in the K+-EDTA ATPase 
activity. While in some preparations made from the 12 week group 
there was an increase in the maximal myofibrillar ATPase activity, we 
did not observe this increase in rats that swam for 8 weeks. There was 
only one species of myosin isoenzyme, v3, in ventricles of thyroidecto- 
mized rats, and this was not altered with 8 or 12 weeks of exercise. 
Moreover, the exercise did not induce a change in ATPase activities. 
We conclude from these studies that thyroid hormone may be involved 
in exercise induced changes in the properties of myosin. Supported by 
NIH-BRSG, HL 22619 (IIIB) and a Rvan Fellowship (EDP). 
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LACK OF ADAPTATION OF LEFT VENTRICULAR GEOMETRY TO SEVERE 
PHYSICAL TRAINING IN ATHLETES. Mamoun Al-Nouri, Carl Foster, 
Michael Pollock(SPON) and Donald H. Schmidt. University of 
Wisconsin, Mount Sinai Medical Center, Milwaukee 53233. 

This study reports the effects of severe physical training 
on the left ventricular(LV) dimensions in athletes. Subjects 
were 10 candidates for the 1980 US Olympic Speed Skating Team. 
The protocol included two-dimensional and M-mode echocardio- 
grams and maximal oxygen uptake(V02) at the beginning(T1) and 
upon completion of 3 months' severe training(T ). Echo meas- 
urements included LV end diastolic diameter(ED 6 ), posterior 
wall thickness(PWT), end diastolic thickness/radius ratio(t/r), 
t/r to systolic pressure ratio(t/rtP), end diastolic volume 
index(EDV1) and LV ejection fraction(EF). Physiological para- 
meters included V07, resting heart rate(HR) and P. The data 

Epmo I YT? t/r t/rtP E;llI 'EF‘k VO2 RHR P 
I  

T1 A.4 5.1 1.02 +.06 A.03 .39 A.0003 .0033 215 77 
72 64 54 121 

2.5 +3 +9 

T2 4 +:4 9 k.08 1.04 k.02 .41 k.0005 .0036 
76 69 62 54 1:: 

212 2.7 23 &7 214 
P c.05 ns ns ns ns ns ns ns ns 

indicate that the severe training by these athletes, designed 
to improve speed skating performance, resulted in an almost 
total lack of adaptation as measured by LV geometry or VO2. 
These findings imply that secondary adaptation to training in 
athletes is peripheral rather than central in character. 
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EFFECT OF ENDURANCE TRAINING ON POSTURAL RESPONSES. P.S 2 
Clifford*, T.J. Ebert, G.K. Smith*, J.A. Barney* and J.J. 
Smith. VA Med. Ctr., Wood, WI 53193 & Med. Coll. of Wise., 
Milwaukee, WI 53226 

Circulatory responses to postural stress are reportedly al- 
tered in endurance athletes. This question was further in- 
vestigated by a comparison of the hemodynamic responses of 8 
highly trained, male subjects, 20 to 29 yrs of age (TrS) and 8 
untrained age-matched, male subjects (UnS) to graded, head-up 
tilt. Stroke volume and thoracic blood volume (TBV) changes 
were estimated with impedance cardiography and calf volume 
with strain gauge plethysmography. The carotid sinus - SA 
node reflex response was studied using Eckberg's neck suction 
technique. 

The mean heart rates (HR) of the TrS were significantly 
lower than those of the UnS at rest and at all levels of tilt. 
When compared on the basis of equivalent % loss of TBV during 
tilt, there were lesser increases in HR and in diastolic and 
mean arterial pressures in the TrS than in the UnS. The 
bradycardic effect of increased carotid transmural pressure 
was greater in TrS than in UnS. The calf vascular distensi- 
bilities were similar in the two groups. These results con- 
firmprevious studies and indicate lesser hemodynamic responses 
of endurance athletes to head-up tilt. The mechanism of this 
insufficiency is not certain but the evidence suggests that [a] 
greater loss of TBV during tilt [b] inadequate responses of 
cardiopulmonary or arterial baroceptors and [c] the resting 
bradycardia of the endurance athlete may be important factors. 

CARDIOVASCULAR RESPONSES TO STATIC EXERCISE IN CONSCIOUS DOGS- 
SIMILARITY TO THE RESPONSE IN HUMANS. J.C. Longhurst and G.A. 
Ordway. Univ. of Texas Health Sci. Ctr., Dallas, TX 75235 

Upright hindlimb standing in dogs is known to increase 
blood pressure and heart rate. To examine this response more 
closely, 4 unsedated dogs were studied while standing upright 
on their hindlimbs and the cardiovascular (CV) alterations 
compared to the responses to passive 45" upright tilt in a 
sling. Standing upright on hindlimbs for 345530 set (mean+SE) 
significantly (pc.05) increased mean arterial pressure (MAP) 
104+8.9 to 129+7.9mmHg, heart rate (HR) 14Ot20 to 164g7beatsl 
minr dP/dt at FOmmHg developed pressure (dP/dt 40) in 2 dogs 
2575+675 to 3113+762 mnHg/sec, cargiac output (CO) 5.3t.63 to 
6.2+747L/min, oxygen consumption (V02) 18L2.3 to 22?2.2ml/min/ 
kg Chile there were no changes in left ventricular end dia- 
stolic pressure (LVEDP) 2.65.94 to 3.8f.75mmHg, systemic vas- 
cular resistance (SVR) 203.5 to 21+1.3PRU or stroke volume 
(SV) 40.2+6.5 to 38.9+4.1ml. Passive upright tilt for 510364 
set did not alter MAP-(llO+ll to 105f_7.4mmHg), HR (116+10 to 
103+13beats/min), LVEDP (3:5+.61 to 2.1+1.0mnHg), dP/dt 40 in 
2 dogs (2750+750 to 2388+488mHg/sec), CO (4.8+.76 to 4.25.84 
L/min), \iO, n6+2.0 to 1!?+3.6ml/min/kg), SVR (74+2.0 to 2825.0 
PRU) or SV (4255.2 to 4053.3ml). These data indTcate that the 
CV responses to hindlimb standing are opposite to the re- 
sponses to upright tilt. Further, the hemodynamic response to 
hindlimb standing in dogs closely resembles the response to 
static exercise in humans, suggesting that this is an appro- 
priate model for future studies. 

435 436 
CHANGES IN ARTE RIAL BLOOD GASES DURING EXERCISE. 
Benjarnin M. Lewis. Hutzel Hospital Medical Unit, Wayne State 
University, Detroit, MI 4820 1 

Arterial blood gas measurernents were obtained at 30”, 1’30” 

VENTILATORY ENDURANCE IN MEN AND WOMEN. Hsiun-ine, Chen* and 
Bruce J. Martin. (SPON: J. E. Randall). Physiol. Sec. Med. 
Sci. Program, Indiana U., Bloomington, IN 47405 

Men differ from women in various indices of exercise capa- 
city such as grip strength and maximal oxygen uptake. However, 
it is unknown if males and females differ in their ability to 
sustain high ventilation, an ability that may influence exer- 
cise tolerance in both athletes and patients with lung disease. 
To investigate this question, 8 males and 8 females who were 
non-athletes and similar in age were studied. Both their 12-s 
maximal voluntary ventilation (MW), and their long-term maxi- 
mal ventilation were measured. The latter was quantified by 
two means: first, isocapnic hyperpnea began at a target of 30 
l/min and was increased by 30 l/min each 4 minutes thereafter 
until a peak level was reached; second, 80% of the MVV was 
maintained until exhaustion. Men and women had similar short- 

and 5’30” of a 6 min. step exercise test in 29 subjects who 
complained of dyspnea. PaOZ was significantly (6torr) lower in the 
30” sample in 9 subjects and significantly lower in the 1’30” sample 
in 15 subjects as compared with the 5’30” sample. Eleven subjects 
hyperventilated (PaC02 ~35 and pH > 7.45) at rest. Five of these 
had a lower Pa0 in either the 30” or the 1’30” than the 5’30” 
sample. Twelve 03 the subjects who did not hyperventilate had the 
same findings. A steady state by respiratory measurements was 
present by 5’30” in 19 subjects and not present in 5, but the presence 
of a steady state did not affect differences between the two early 
samples and the final sample. In 14 subjects either the 30” or the 
1’30” sample had a lower Pa02 than the resting sarnple; 7 of these 
hyperventilated at rest. 

432 
EFFECT OF LESIONS IN THE LATERAL RETICULAR NUCLEUS ON THE 
EXERCISE PRESSOR REFLEX. G.A. Iwamoto*, M.P. Kaufman*, B.R. 
Botterman* and J.H. Mitchell. Univ. of Texas Health Science 
Center, Dallas, TX 75235 

Electrical stimulation of ventral roots gives rise to a re- 
flex cardiovascular response similar to that observed during 
static exercise. Although the afferent limb of the reflex is 
known to be comprised of small diameter afferent fibers from 
the contractin 

9 
muscle, little is known of the central nervous 

system pathway s) invol.,ed. The lateral reticular nucleus 
(LRN) of the brainstelr is known to be an important site of 
integration for numerous types of visceral and somatic affer- 
ent information, many of which give rise to cardiovascular 
responses. However, the linkage between small diameter muscle 
afferents responsible for the exercise pressor reflex and the 
LRN has not been established. In anesthetized cats (n=5) 
stimulation of L7 and Sl ventral roots increased mean arterial 
pressure (MAP) (16.3+4mmHg) and heart rate (HR) (822.!bpm). 
Following bilateral resion of the LRN, the increases in MAP 
and in HR were essentially abolished (MAP increased 0.94+0.7 
mmHg and HR increased 0.4+0.4bpm). Unilateral LRN lesiovs and 
control lesions in pressoF sites outside the LRN (n=3) did not 
affect the exercise pressor reflex. The LRN lesions also 
produced decreases both in resting MAP (-21.527mnHg) and HR 
(-27.2+8.4bpm). These data suggest that the LRN is important 
in the-central pathway of the exercise pressor reflex and 
mediates a tonic pressor influence at rest. 

Puu!m- INHENJ'HYYOUNGMENOFFWRSEQUENTIALEXP- 
OSURES To 0.4 PPM Om IN amINATIoN WITH VAHYING LEVELS OF 
EXERCISE. Edward D. Haak, Jr.*, Milan J. Hazucha*, Ralph W. 
Stacy, Brock D. Ketcham*, E&ton G. Seal*, Dennis E. House* & 
John R. Knelson*. U.S. EPA, Humn Studies Division, Chapel 
Hill, NC 27514 

In a series of 4 studies, 90 healthy non--king males, ages 
$9-20, were exposed to air or 0.4 ppn ozone for 4 hours at 72 
- 2 F and 40% RH on 4 successive days of a week. ccmpared to 
air exposure (Study I), subjects exposed to ozone with light 
intermittent exercise of 4 mph at 0% elevation (Study II) exp- 
erienced significant decrease in FVC, FEV and PNEF on the 1st 
and 2nd day of exposure. Since decrmen t&i on the 3rd and 4th 
day becam smaller and nonsignificant, the group appears to 
havebeccfneadapted. This course of response is further 
supported by the symptomatic ccmplaints which-, were highest on 
the initial exposure and then progressively diminished. Sub- 
jects exposed to ozone with heavy exercise of 4 mph at 10% 
elevation (Study III) had mre marked reduction in spircmetric 
variables. The trend of changes on successive exposures was 
the Sam as in Study II. Successive air exposures (Study IV) 
served as controls for the Study III. The results show that, 
1) repeated exposures to ozone at the sam exercise load dim- 
inish subject's response (adaptation), 2) low ozone loading did 
not appear to confer an adaptive protection against high ozone 
loads, and 3) ahighpercentageofnomlyoungmales are 
inherently sensitive to ozone. Supported by US EPA 

term and long-term maximal ventilation: 
Males Females P 

short-term maximal ventilation 36.552.3 3w NS 
o4-wvc) 

peak +E as % of MW 6623 61+3 NS 
endurance time at 80% Mrv (min) 652 4+2 NS - 
It was concluded that after normalizing for body size, there 
were no differences in both short-term and long-term maximal 
breathing capacities between males and females. (Supported in 
part by NIH grant HL 26351) 
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FAMILIAL ASPECTS OF HIGH VENTILATORY ENDURANCE IN ATHLETES. 
Bruce J. Martin and Hsiun-ing Chen*. Physiology Section, Med. 
Sci. Program, Indiana Univ., Bloomington, IN 47405 

VE~Il&l'ORY RESPONSE DURING MEDROXYPROGESTERONE ADMINISTRATION 
AND ITS EFFECT ON EXERCISE PERFORMANCE. H.W. Bonekat*, 
B.A. Staats. Mayo Foundation, Rochester, MN 55901. 

Endurance athletes possess superior ability to sustain high 
ventilation. While this capability may in some way aid exer- 
cise performance, its origin is unknown. Either training or 
genetics could explain the high ventilatory endurance of 
athletes. To investigate these possibilities, we compared the 
breathing endurance of 8 distance runners with that of 8 of 
their siblings who were untrained. Athletes and siblings were 
of similar age, and had similar 12-s maximal voluntary ventil- 
ation (MVV), after normalization for differences in vital 
capacity. However, we found on two separate tests that the 
athletes had a greater ability to sustain high VE than did 
their brothers and sisters. In the first test, VE was volun- 
tarily incremented by 30 l/min each 4 min until the subject 
was unable to continue. Before exhaustion, the athletes 
reached a VE that was a greater fraction of their MVV than did 
the siblings (75 vs. 62%; PcO.01). In the second test, 80% of 
the MW was sustained until exhaustion. Endurance times for 
the athletes doubled those of the siblings (7 vs. 3 min; 
PcO.05). On both tests, the performance of the untrained 
siblings resembled that of previously studied groups of non- 
athletes. The failure of elevated ventilatory endurance to 
occur in family clusters suggests that it may primarily result 
from training, and not from genetic predisposition, 

(Supported in part by NIH Grant HL 26351) 

Venti:atory response (VR) may be linked to maximal oxygen 
uptake (VO2max) (Martin,et al JAP 45:557, 1978). Progesterone 
increases VR. In order to study the interrelationship of VR 
and exercise performance, we administered medroxyprogesterone 
acetate (MPA) 20 mg t.i.d. X 5 doses to 10 normal males (age: 
22-32 yrs., V02max=34-64 ml/kg), in a double blind fashion 
using placebo control (C). Each subject performed a hyper- 
capnic (HCVR) and hypoxic (HVR) ventilatory response, incremen- 
tal and steady state ergometry. Cardiac output (4) determina- 
tions, by the CO2 rebreathing technique, were made during the 
steady work state. The S value (AVeIAPAC02) of the HCVR was 
increased [mean (MPA) S=2.40 L/torr, (C) S=2.03, p < .01] but 
the A value (shape parameter) of the HVR was not. No change 
was observed in VO max, heart rate max, anaerobic threshold 
(AT), or 4. Venti 1 ation (Ve) was increased below AT with MPA 

but not above AT. CO2 production.showed a slight tendency to 
be decreased with MPA at a given V02 but not to the extent seen 
in females (Dombovy &.Staats, Fed. Proc. 40:396, 1981). Ve per 
unit CO2 production (Ve/VCO2) was increased with MPA only dur- 
ing submaximal levels of V02; this increase did not correlate 
with resting S. 

Alteration of ventilatory response does not change V02max. 
MPA stimulates Ve below AT. Cardiac output is unchanged by 
increased ventilatory responsiveness. (Supported in part by 
PHS grant HL 07222). 

MYOCARDIAL METABOLISM 

SARCOLEMMAL UPTAKE OF LACTATE, PALMITATE, GLUCOSE, AMINO ACIDS 
AND NORADRENALINE IN THE ISOLATED PERFUSED RABBIT HEART. 
G.E.Mann* and D.L.Yudilevich* (SPON: W.N.Dur&), Dept Physiol., 
queen Elizabeth College, Univ. London, London W8, England. 

Unidirectional uptake of substrates by the perfused rabbit 
heart was investigated using a paired-tracer dilution tech- 
nique previously applied to the salivary gland (Bustamante, 
Mann & Yudilevich, J.Physiol. 313, 65-79, 1981). Following a 
bolus arterial injection of a melled substrate and an extra- 
cellular tracer, D-mannitol, the coronary effluent was sampled 
sequentially. At tracer concentrations the maximal cellular 
uptakes (%) measured were: L-lactate, 5024 (3); palmitate, 90; 
D-glucose, 10 & 13; L-alanine, 9+1 (4); L-phenylalanine, 41+5 
(4); taurine, 13* 5 (4). 

Saturation of L-lactate and L-phenylalanine influx was obser- 
ved as the perfusate concentrations were increased from 0.15 - 
20 mmol/l. A Michaelis-Menten analysis indicated the following 
constants: L-lactate (Km = 25.228.7 mF1, Vmax = 6.6k1.7 umol/ 
min.g). As in our preparation capillary permeability is high 
(Mann, J.Physiol. paper in press), it is suggested that 
membrane carriers are located in the sarcolemma. 

Noradrenaline (NA) uptake (31 24, n = 4) was inhibited by 10 
and 100 pmol/l NA and by 5 umol/l imipramine but unaffected by 
5 pmol/l propranolol. NA uptake may thus reflect neuronal re- 
uptake rather than binding to the B-receptor, confirming simi- 
lar findings in the dog heart (Cousineau, Rose & Goresky, 
Circ. Res. 47, 329-338, 1980). 

441 
LACTATE AND PALMITATE OXIDATION AND ATP AND CP LEVELS IN 

The effect of chronic diabetes on the utilization of 
exogenous lactate an 

MYOCYTES FROM NORMAL AND CHRONICALLY STREPTOZOTOCIN-DIABETIC 

$ palmitate, and on ATP and CP levels in 

RATS. 

freshly isolated Ca2 

Victor Chen, Gregory J. Bagby, and John J. Spitzer 

-tolerant, non-beating myocytes was 
investigated. The oxidation of lactate (1 mM) was 62% below 
normal, 

Louisiana State Univ. Med. Ctr., New Orleans, LA 70112 

whereas the oxidation of palmitate (0.4 mM) was 
similar to the controls. Lactate oxidation by myocytes from 
normal rats was reduced by half in the presence of glucose or 
palmitate, while in diabetic rats, these added substrates 
reduced lactate oxidation by 25 and 56%, respectively. 
Palmitate oxidation in the myocytes from normal rats was 
diminished in the presence of glucose, but not of lactate. 
This competing effect of glucose on palmitate oxidation was 
not observed in the myocytes from the diabetic rats. 02 
consumption of cells from diabetic rats in the presence of 
either lactate or palmitate was lower than control. The 
alterations in substrate oxidation in diabetic rats were 
corrected by insulin treatment (5U/kg, twice daily). ATP and 
CP content in myocytes from diabetic rats were similar to 
those in normal rats and the values were comparable to the 
ones reported under in-vivo condition. There was no loss in 
energy-rich phosphates after 40 minutes of incubation in the 
presence of different substrates. (Supported by HL 23157, 
HL 22101, and HL 07098.) 

440 
THE EFFECT OF CHRONIC THYROXINE TREATMENT ON MYOCARDIAL LAC- 
TATE OXIDATION. Marion Fintel*and Alastair H. Burns. Dept. 
of Physiology, LSUMC, New Orleans, LA 70112. 

Hearts from control and chronically thyroxine treated 
Sprague Dawley rats were perfused in the working heart con- 
figuration with KRB buffer containing 0.4 mM palmitate bound 
to albumin, 5.5 mM glucose and 1 mM 14C-lactate. The hearts 
from the treated rats had a significant increase in dry heart 
weight/body weight ratio, indicating that hypertrophy had 
occurred. The linear relationship of oxygen consumption to 
heart work (CO x Peak Systolic Pressure) was determined for 
both control and thyroxine treated hearts. No difference was 
found between the two groups. Myocardial lactate oxidation 
was measured and the percentage of oxygen utilized in the 
oxidation of lactate determined at various workloads. The 
percentage of oxygen consumption utilized in the oxidation of 
lactate averaged 16.23.72 for the hearts from control rats 
and 10.9+0.7% for the hearts from treated rats over the entire 
work range. Raising the preload of the heart from 10 cm to 20 
cm increased the percent of oxygen utilized in the consumption 
of lactate from 14.7+1.9% to 17.0+1.8%in the control group and 
from 9.6+1.3% to 12.2+1.5% in the thyroxine treated group. 
This data suggests that thyroxine treatment accentuates the 
myocardial substrate preference for fatty acids. 
(Supported in part by NIH HL22904.) 

442 

EFFECTS OF ESTRADIOL BENZOATE UPON IN VITRO MYOCARDIAL 
ANOXIC RESISTANCE AND IN VIVO CORONARY BLOOD FLOW IN THE 
FEMALE RAT. 

One month old castrate CD Strain female rats (Charles 

Loren G. Martin. 

River) were given daily intraperitoneal injections of either 

The Oklahoma College of Osteo- 

0.1 ml cottonseed oil (sham), 4.0 pg estradiol benzoate in 

pathic Medicine and Surgery, Tulsa, Oklahoma 74101 

0.1 ml cottonseed oil, or 40.0 pg estradiol benzoate in cot- 
tonseed oil for a 16 week period. Coronary blood flow rates 
(in vivo) were compared among these various treatment groups 
bm of tracer microsphere methodology, and this parameter 
increased as a result of increasing levels of chronic exog- 
enous estrogen administration. Other animals from these same 
treatment groups were sacrificed, and the in vitro anoxic re- 
sistance of an isolated right ventricular strippreparation 
was determined. Again, this measure of myocardial anaerobic 
competency was augmented as exogenously-administered estrogen 
levels were increased. These results seem to indicate that 
physiological levels of estrogen may afford the female myo- 
cardium, when compared to the male, some degree of protection 
against acute myocardial hypoxic insults, both at the intact 
circulatory level and at the isolated tissue level. 
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FAILURE OF OXYGEN IN FLUROCARBON TO PREVENT INJURY AFTER 120 
MINUTES HYPOTHERMIC POTASSIUM CARDIOPLEGIC ISCHEMIA OF PIG 
HEART. W.A. Dobbs and R.M. Engelman*, Univ. of Connecticut 
Health Center, Dept. of Surgery, Farmington, CT 06032 

The hearts of 24 pigs were subjected to 120 minutes of 
hypothermic potassium cardioplegic arrest followed by 60 min 
of reperfusion. The vehicle for potassium cardioplegia(K+=35 
mEq/L) was a crystalloid solution(KHES,n=12,(02) =0.4vols%)or 
an oxygenated flurocarbon(Fluosol-DA,n=l2,(0 ) =%.Ovola%). 
The response to ischemia and reperfusion was2m&asured in terms 
of myocardial oxygen consumption(mvO,), oxygen extraction(E,,) 
or tissue concentration of ATP and Ch 
were: PREARREST ARREST A? 

/gwetwt). Mean valg&s 
RE RFUSION 

VEHICLE TEST CONTROL 1HR 2HR 15min 30min 45min 60min -- 
MV02 2.97 2.39 2.45 2.29 2.02 - - 
EO, .41 .30 .34 .27 .24 

KHES ATh 4.10 3.67* 3.40* 3.15 3.12 3.08 2.95 
CP 6.54 2.33* 1.45* 6.40 6.94 7.41 7.81 
MV02 2.78 2.36 2.70 2.51 2.97 - - 

FLUOSOL EO, .27 .25 .27 .24 .27 
AT6 4:39 

-  P 

4.68* 4.90* 3.51 3.29 3.40 3.23 
CP 6.92 6.3451 6.09" 7.53 8.05 8.64 8.52 

"pc.05, FLUOSOL VS KHES 
This pattern suggests that even though oxygen delivery during 
arrest prevented the changes in tissue ATP and CP, reperfusion 
injury was not prevented, since the concentrations of ATP and 
CP during reperfusion were not different.(Supported in part by 
NIH Grant 1ROlHL 22559). 

Cardiomegaly induced by a Transplantable Growth Hormone (GH) 
secretingtumor: A new-model. Joseph C. Dunbar*, David G.‘ Penney 
and Michael S. Baylerian", Dept. of Physiol., Wayne State 
Univ. School of Medicine. Detroit. MI 48201. 

Female Wister Furth rats were injected subcutaneously with 
4-6 one mn piece of GH (Mt-T-!J15) secreting tumor (T). The T  
is palpable after 4 wks reaching 80-100 gms after 9 wks. In- 
creases in serum GH accompanies the T  growth equaling 70X 
controls (C) at 9 wks. Cardiovascular (CV) studies werecarried 
out at two stages; after 4 wks (small T  = ST, ave. T  wt. 4 g) 
rats were mildly anemic (henatocrit T, 31.6% vs C, 46.5%), and 
the LT rats showed more severe anemia (16.5%). Weight of the 2 
ventricles (V) of the ST rats was not greater than C. However 
in the LT rats 2V wt. was 72% greater than C, with a somewhat 
greater increase in right V than in left V + interventricular 
septum (LV+S). Spleen: body wt. ratio in ST rats is 2-foldthat 
of C. Open chest CV functions were studied under chloralose- 
urethane anesthesia. Cardiac index, stroke index, str. work, 
peak aortic flow, and the 1st derivation of aor. fl. were in- 
creased and peripheral resistance was decreased in ST rats and 
to a significantly greater level in LT rats. Differences in CV 
functions also persisted when the functions were normalized/g 
LV+S. Acute increases in preload produced greater increases in 
the above CV functions in the ST rats, but caused no change or 
decreased functions in the LT rats. We concluded that the car- 
diomegaly and resulting changes in CV function is due to in- 
creased GH. However the degree of participation of anemia in 
this model remains unclear. 

CORONARY Cl RCULATION I I 

MYOCARDIAL ADENOSINE (Ado) RELEASE DURING TREADMILL EXERCISE 
IN THE CONSCIOUS DOG. Stephen Ely*, Alban Bacchus*, Robert 
Knabb*, Rafael Rubio, and Robert M. Berne. Dept. of Physiol., 
Univ. of Virginia School of Medicine, Charlottesville, VA 22908 

Changes in interstitial fluid Ado should be reflected by 
Ado release into the pericardial space as well as coronary 
sinus blood. Therefore, [Ado] was determined in pericardial 
infusate (PI) samples by spectrophotometry and in arterial and 
coronary sinus plasma samples by HPLC during exercise (10 min, 
4mph,lO% grade) in dogs chronically instrumented for the deter- 
mination of coronary blood flow (CBF) and myocardial02 consump 
tion (MVO2). Exercise increased heart rate 77% from 127+16b/ 
min, aortic pre!sure 16% from 105+10mmHg, CBF 31% from 96+5ml/ 
min/lOOg, and MV02 81% from 11.6+1.0 ml 02/min/lOOg. Coronary 
vascular resistance decreased 13% from l.l0+.13mmHg/ml/min/ 
1OOg. [Ado] in PI increased 88% from 8lpmol/ml. Myocardial 
Ado release (R Ado), calculated from the equation [(sinus Ado 
-art Ado)xCBF], indicated a net uptake of Ado at rest (14210 
nmol/min/lOOg), and a net release of Ado during exercise (82+ 
45 nmol/min/lO~g). Significant (pc.05) correlations were T  
obtajned for MV02 vs. CBF (r=0.85), R Ado vs. CBF (r=0.69),MV02 
vs. R Ado (r=0.87), PI Ado vs. 
(r=0.97), 

CBF (r=0.90), MV02 vs. PI Ado 
and PI Ado vs. R Ado (r=0.84). These data demonstrate 

that increases in myocardial oxygen demand during exercise in 
the conscious dog are associated with parallel increases in 
oxygen supply as well as cardiac Ado release, and therefore, 
support a role for.Ado in the regulation of coronary blood flow. 
(Supported b y NIH Grant HL10384). 
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MODEL OF ADENOSINE TRANSPORT ACROSS MYOCARDIAL CAPILLARY WALL. ADENOSINE POTENTIATES CORONARY FLOW AND INHIBITS OXYGEN 
John P. Manfredi* and Harvey V. SD&, Jr. Michigan State CONSUMPTION DURING ISOPROTERENOL INFUSION IN ISOLATED PERFUSED 
Univ., East Lansing, MI 48824 GUINEA PIG HEARTS. D.F.Stowe and A.E. Beranek?Department of 

To infer interstitial adenosine concentrations (ISF[ADO]) Physiology, The Medical College of Wisconsin, Milwaukee 53226. 
from measurements of ADO release (Rado), the importance of the 
capillary wall as a metabolic barrier must be determined. We 
estimated the relationship between myocardial Rado and ISF 
[ADO] by modelling ADO transport across the capillary wall. 
The model assumes that ADO crosses the capillary wall by dif- 
fusing along interendothelial clefts 1OOA wide, 1.2~ high, ex- 
tending 0.4~ from ISF to capillary space. ADO's diffusion co- 
efficient is assumed to equal that for sucrose in tissue water, 
1.06x10-6cm2/sec. ADO is both taken up by endothelium with 
Km=3pM and Vmax=7.14pmol/min/cm2 cell surface area, and deami- 
nated by adenosine deaminase with Km=25OpM and Vmax=l2mol/min/ 
ml cleft volume. The model predicts approximately 96% of ADO 
entering one end of the cleft will emerge at the opposite end, 
indicating uptake and/or deamination of approximately 4% 
during passage. If total surface area of pore openings is 
26cm2/1OOg, the model predicts this relation among Rado, ISF 
[ADO], and [ADO] in capillary plasma ([ADO]cap): Rado=67.3'ISF 
[ADO]+72.6*[ADO]cap, where Rado is in nmol/min/lOOg and ISF 
[ADO] and [ADO]cap are in PM. The model suggests that, despite 
uptake from and deamination within the clefts, Rado will have 
a sensitivity to ISF[ADO] of 67.3nmol/min/lOOg/uM. (Supported 
by USPHS. NIH Grant HL f/25779-02) 

Endogenous adenosine (ADO) levels rise with coronary flow 
(CF) during exercise or isoproterenol (ISO) infusion; exogenous 

ADO appears to reduce the positive inotropic response to ISO. 
Thus we tested if ADO: (a) potentiates the rise in CF and (b) 
inhibits the rise in myocardial 02 consumption (MVO2) produced 
by ISO. We isolated and perfused 10 Langendorff hearts with 
Ringer's at 50 torr and 37OC and paced them at 4 Hz. Peak 
Peak isovolumic left ventricular pressure (P) and +dP/dt were 
used as indices of work and contractility. CF rose from 3.4 + 
0.2 (SEM) to 7.3 + 0.8 ml/g/min with bolus ADO (400 nmol). IS0 
(115 4 nM) alone increased steady state: CF to 4.8 + 0.2 

ml/g/min, MOO2 by 33 + 7%, P by 52 +15X, and +dP/dt by 81 + 19%; 
during ADO (170 + 40 nM) plus ISO, P fell to 24 + 8% and +dP/dt 
fell to 53 + 4%. 
of CF/ADO aione 

Linear regressions showed (rise/run): slope 
= 0.7 + .04, CF/ADO with IS0 = 1.4 2 .05 

ml/g/min per 100 nM; slope of MVO2/ADO alone = 30 + 9%, MVO2/ 
ADO with IS0 = 8 5 11% per nM; slope of CF/MVO2 (baseline) = 

.05 + .OOl, CF/MVO2 with ADO = .09 + .004 ml/g/min per pi/g/ 
min. All paired slopes were unequal (Pc.05.). This study show 
that exogenous ADO: (a) increases CF without a parallel rise in 
tiO2, (b) potentiates the rise in CF with ISO, and (c) inhibits 
the rise in MVO2 and work with ISO. Thus endogenous ADO may 
act to limit heart work while increasing CF with exercise. 

CHANGES IN MYOCARDIAL OXYGEN CONSUMPTION (M+O ) AND ADENOSINE 
PRODUCTION WITH ALTERATIONS OF HEART RATE. Rgbert M Knabb*, 
Stephen Ely*,Alban Bacchus*,Rafael Rubio,Robert M Berne. Dept 
of Physiol. Univ of Va. Sch of Med. Charlottesville VA 22908 

For adenosine(AD0) to be a physiologically important media- 
tor of coronary blood flow (CBF), conditions which alter the 
metabolic activity of the myocardium must be matched by appro- 
priate changes in interstitial fluid (ISF) ADO concentration. 
Since it is not possible to directly sample ISF, we used two 
independent measures as indices of ISF ADO in open chest dogs. 
ADO was determined in pericardial infusate (PI) samples and in 
simultaneously obtained samples of arterial and coronary sinus 
plasma. MO2 was altered by right vagal stimulation and atria1 
pacing. Myocardial adenosine release@ ADO)(net production +> 
was calculated as (sinus ADO - arterial ADO) x CBF. 
Results: mean 2 S.E. (n = 5) 

VAGAL STIM CONTROL ATRIAL PACING 
CBF (ml/min/lOOg) 28.6522.92 44.9835.46 51.24&5.07* 
MV02(ml/min/100g) 5.06kO.35 7.23to.49* 8.56?0.48* 
Heart rate (bpm) 85 23.5 140 +6.5* 185 ?17.7* 
PI ADO (pmol/ml) 45.92k5.79 78.64 ?10.18* 96.64?15.01* 
R ADO(nmo1/min/100g) -3.76m.96 -0.51ti.38 7.32+1.88* 

* indicates significantly different from vagal stim p< 0.05 
The results show a parallelism between MV02, PI ADO, and R ADO, 
and suggest that increases in the oxygen demand of the myocard- 
ium associated with increases in heart rate are accompanied by 
increases in cardiac ADO release. The data support a role for 
ADO in mediating changes in CBF with metabolic activity. 
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A NEW TECHNIQUE FOR THE ANALYSIS OF REGIONAL FENTANYL EFFECTS ON MYOCARDIAL BLOOD FLOW IN A CONSTRICTED 
MYOCARDIAL BLOOD FLOW DATA OBTAINED WITH TRACER 
MICROSPHERES*. Michael D. Devous, Sr., University of 
Illinois, Urbana, 11 61801, and The University of Texas 
Health Science Center, Dallas, TX 75235 

Tracer microsphere methodology is extensively employed 
for the measurement of regional myocardial blood flow. 
However, the analysis of data obtained by the microsphere 
technique is widely variant in the literature and often 
neglects substantial flow information as a result of limited 
myocardial sampling. When extensive myocardial sampling is 
employed, typical graphical or tabular representation of the 
data obtained is unwieldy and difficult to comprehend. In 
this report, a method for complete sampling of the left 
ventricle is described. The data thus obtained is displayed 
in a pictorial fashion which allows the viewer an immediate 
comprehension of regional flow values over the entire 
subepicardium or subendocardium. Flow values are displayed 
on either a variable gray scale or color-coded scheme. The 
regional blood flow images are preserved in digital arrays 
and thus are available for computer processing. Such 
processing includes area analysis for regions at risk, 
quantitative evaluation of intervent ion effects, 
intercomparisons of histologic staining (e.g. infarct size) and 
regional blood flow, and analysis of time-dependent changes 
in myocardial blood flow. (*This work was supported by the 
American Heart Association, Illinois Affiliate.) 

CORONARY BED. H. K. Jacobs, T. L. K. Rae*, and R. T. 
Stannard*. Loyola Medical School, Maywood, IL 60153 

We have previously reported that high dose fentanyl reduces 
myocardial b lood flow in both nonatropini zed and atropinized 
dogs suggest ing a vasoconstriction due to fentanyl. If vaso- 
constriction does occur, then a previously existing area of 
ischemia might be well served by fentanyl leading to a "re- 
verse steal" phenomenon. This question was examined by mea- 
suring myocardial blood flows in seven enflurane anesthetized, 
atropinized, mongrel dogs using 15~ radiolabeled microspheres. 
Blood gases, pH and filling pressures were controlled within 
normal-limits throughout the study. After taking control mea- 
surements, a portion of the left ventricle was rendered ische- 
mic by placing a 25 gauge constriction around the LAD just 
below the first major diagonal branch. All parameters were 
measured following a 15 minute equilibration time. Fentanyl 
(50ug/kg) was administered and all parameters were remeasured 
at 20 minutes. After a one-hour pause, the LAD was ligated at 
the same site and data were again recorded befo re and at 20 
minutes following fentanyl. Blood flows in the areas of the 
LV not supplied by the constricted/ligated artery showed a 
significant fall following fentanyl administration.which was 
paralleled by decreases in cardiac work, MAP and MVO2. Myo- 
cardial flow in the border zones or the infarct zones did not 
decrease with fentanyl. These data indicate that fentanyl 
does not cause any si nificant vasomotor changes and may be 
&?&icial m terms 0 ! i !  the oxygen supply/demand in ischemic . 
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EFFECTS OF VASOACTIVE INTESTINAL POLYPEPTIDE (VIP) AND ISOPRG- 
TERENOL (ISO) ON THE GUINEA PIG TRACHEAL POUCH RELAXATION 
INDUCED BY VAGAL AND SYMPATHETIC TRUNK STIMULATION. C.S. 
m*, &I. Said, tiJ.M. Drazen Dept. of Physiology, 
Harvard School of Public Health, Boston, MA 02115, V.A. Med. 
Cen., Dallas, TX 75216 

VIP has been lndentified as a possible neurotransmitter 
mediating non-adrenergic inhibitory activity. We reasoned that 
if VIP was the neurotransmitter of non-adrenergic inhibitory 
activity the Incubation of VIP in the guinea pig tracheal pouch 
would not only result in relaxation of the pouch but that pro- 
longed exposure to the neuro-effector would diminish the 
response to vagal stimulation. To test this hypothesis we com- 
pared: (1) the relaxant effects of VIP and IS0 on the tone of 
the isolated guinea pig tracheal pouch jgyivo; and (2) The 
effects of IS0 and VIP incubation on the pouch relaxation 
induced by sympathetic and vagal trunk stimulation. IS0 and VIP 
both produced dose dependent relaxation of the pouch. IS0 was 
40 times more potent than VIP on a molar basis. Incubation of 
the histamine toned tracheal pouch with IS0 resulted in both 
pouch relaxation and loss of pouch responsiveness to sym- 
pathetic stimulation. Vagally mediated pouch relaxation was 
inhibited to a lesser extent. VIP produced relaxation of the 
histamine toned tracheal pouch and resulted in a greater loss 
of responsiveness to vagal than sympathetic stimulation. These 
data are consistent with the hypothesis that VIP is an inhibl- 
tory neurotransmitter and acts at a receptor which exhibits 
tachyphylaxis. (Supported by HL19732, HL00549 & HL14187) 

453 

CORRELATION OF MAXIMUM EXPIRATORY FLOW AND AIRWAY AREA. 
M. ldaaisi*, B. Castile*, AL- FredberP*, LE. Wohl, Gi. Class* 
iud.L. Brooks** Harvard Medical School and Childrens Hospital 
Medical Center, Boston, MA 02115, and Cambridge Collaborative, 
Inc., Cambridge, MA 02142. 

Among healthy adults of the same age and sex, a large vara- 
bility in maximum expiratory flow (MEF) exists that cannot be 
accounted for by differences in height, weight, vital capacity 
(VC), or lung elastic recoil (J.A.P. 37:67, 1974). We investi- 
gated the correlation of MEF and airway area. Average tra- 
cheal area was measured during slow expiration from total lung 
capacity (TLC) to residual volume (RV) in 15 healthy adult 
males using an acoustic reflection technique (J.A.P. 48:749, 
1980). Lung volumes and maximum expiratory flows were meas- 
ured with a pressure compensated, volume displacement body 
plethysmograph and #4 Flelsch pneumotachomter. Mean 
intrathoracic tracheal crossectional areas were 4.2 f 1.1, 3.6 
f 0.9, and 2.9 f 0.9 cm2 at TLC, 50% VC and RV respectively. 
There was a close correlation (p<.Ol) between MEF at 75% VC 
and intrathoracic tracheal area at RV. No correlation between 
tracheal areas and MEF at 50% or 25% VC was observed. This 
suggests that the size of the undistended trachea (tracheal 
area measured at RV) is related to the size of the flow- 
limiting segment during MEF at high lung volumes. Variation 
in tracheal size may account for part of the variability in 
MEF at high lung volumes. (Supported by NHLI NOl-HR 62901) 

452 
RESPIRATORY SYSTEM IMPEDANCES IN THE RAT. A.C. Jackson and 
J.W. Watson.* Primate Research Center, Univ. of Calif., 
Davis, Ca. 95616 

Respiratory system impedances were measured by a modified 
forced oscillatory technique in 30 normal male O-free 
Sprague-Dawley rats at frequencies between 20 and 90 Hz. A 
resonance frequency was found (mean = 39 Hz) below which 
reactances were negative and above which reactances were posi- 
tive. Resistances were generally found to be frequency de- 
pendent, increasing with increasing frequencies. Frequency 
dependent behavior in resistance has been ascribed to inhomo- 
geneities in parallel airway pathways and to the effects of 
airway wall compliance. Optimization techniques were used to 
estimate the values of parameters in a variety of lumped- 
parameter mechanical networks incorporating parallel pathways 
and/or airway wall compliance. The model whose response 
compared the best with the data and that resulted in the most 
consistent parameter values was found to be one where the 
airways are separated into upper and lower components by a 
shunt pathway containing an airway wall compliance. The mean 
values for each of the parameters within the model were upper 
airway resistance (54 cm H O/l/set>, 
tance (53 2 peripheral airway resis- 

cm H20/l/sec), upper airway inertance (0.058 cm 
H20/l/sec2), peripheral airway inertance 
H2O/l/sec ), 

-4(O*ll6 cm 
airway wall compliance (0.182, x 10B4 l/cm H20), 

and respiratory system compliance (1.267 x 10 l/cm H20). 
(Supported by NIH grant HL-25631 and EPA grant R-807661.) 

AQUEOUS CANNABIS EXTRACT (THC-FREE) - A BRO~~CHOOILATOR. 
Mohan Kumar*, G.N. Melville*, M. West*, M. Lee*, S.R. Wray* 
and L.H. Hamilton. Depts. of Physiology and Medicine, Univ. 
of West Indies, Kinqston, Jamaica, W.I. and Wood V.A. Med. Ctr. 
Milwaukee, WI, 53193. - 

The intraperitoneal injection of 1 ml of a THC-free aqueous 
extract of marijuana plant (1.27 gm/lOO ml) reduced specific 
airway resistance(sRaw) in apparently healthy rats and in rats 
with increased sRaw induced by chronic exposure to either mari- 
juana or tobacco smoke. Mean sRaw w s 

l? 
1.87kO.15 cm H2O.m1-ls-l 

before and 1.54kO.12 cm H20.ml' s- after marijuana extract 
in normal rats (18% decrease). In 20 animals with smoke- 
induced bronchitis the marijuana extract reduced sRaw from 
7.38kO.39 to 5.2520.24 cm H20.m1-ls-1 (29% decrease). The 
oral administration of 30 ml of a THC-free marijuana extract 
(200 mg active marijuana ingredient/100 ml of aqueous solution) 
resulted in a decrease in mean transit time (0.81 to 0.70 set), 
an increase in FEVl.O/FVC (68.4% to 72.4%) and an increase in 
peak flow (330 L/m to 347 L/m) 60 min after administration to 
asthmatic patients. Comparable spirometric changes were ob- 
served 30 min after Salbutamol, a beta adrenergic stimulant. 
No changes were seen in subjects who received a placebo in- 
stead of the extract. Thus, an aqueous-extract of marijuana 
plant (containing no water insoluble THC/cannabinoids) has 
been demonstrated to have bronchodilator effects in rats and 
humans with and without smoke-induced bronchitis. The effect 
was similar to that produced by the bronchodilator Salbutamol. 
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THE INFLUENCE OF DRIVING PRESSURE DURING FORCED EXPIRATION OF 

%;h kk%fikquerque, NM 87185 
Lovelace Inhalation Toxicology Re- 

Forced expiratory flow,'volume and pressure relationships 
were studied over a range of driving pressures. Normal adult 
F-344 rats were anesthetized with halothane, intubated with 
orotracheal (1.7 mm I.D.) and esophageal catheters and placed 
in a flow plethysmograph. During hyperventilation-induced 
apnea, lungs were inflated to a transpulmonary pressure of 30 
cm H20 and deflated using negative expiratory airway pres- 
sures (Pex) of 0 (ambient), 5, 10, 15, 20, 30, 40, 50 and 60 
cm H20. "Effort independence" of maximal flow was observed 
at all volumes after peak flow, which occurred at 80% of vital 
capacity (VC). A Pex of 50 cm H20 was adequate to achieve 
mean peak flow. Isovolume pressure-flow curves demonstrated 
"negative effort dependence" (NED, reduced flow with in- 
creasing Pex) at 10, 15, 25 and 50% VC. The extent of NED 
differed among the rats, but was most marked at 50% VC. 
There was a linear relationship between the minimal Pex pro- 
ducing maximal flow and lung volume between 25 and 80% VC. 
Thus, in normal rats, the equal pressure point appears to 
travel upstream during forced expiration and then stop and 
reverse direction with increasing driving pressure. Prelimi- 
nary data from elastase-treated rats did not demonstrate NED. 
(Research performed under U.S. Department of Energy Contract 
No. DE-AC05-76EV01013.) 
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BREATHING He-O, CHANGES THE P-V CURVE OF THE DOG. 

In order to see if breathing a mixture of 80% helium, 20% oxygen 

N. Berend* and N.6. Voelkel. Pulmonary Physiology Unit, National 

(He-O 

Jewish Hospit al, Denver? Colorado, .80206 

G 
) affects the P-V curve, eight anesthetized, paralyzed dogs 

were s udied in a volume displacement plethysmograph. Static P-V 
curves on air after constant volume history were compared with 
P-V curves obtained after equilibration with He-0 . 
P-V curves shifted significantly upwards by an aver 2 

The He-0 

lung capacity. 
ge of $&tot iI 

An exponential of the form V = A - Be- 
fitted to the P-V data (V = volume at pressure P, A = maxim\: 
volume at infinite pressure, B = A minus intercept of the 
exponential on the volume axis and K = shape constant directly 
related to compliance). There was no than 
the shift was due to lung expansion I? 

e in K indicating that 
rat er than a change in 

compliance. Pretreatment of the animals with inhibitors of 
prost aglandin synthesis, indomethacin and meclofenam ate 
(10 ug/kg), abolished the P-V shift with He-02. Infusion of 
prostaglandin E at rates of 0.5, 1,2 and 4 ug/kg/mm resulted in an 
upward shift 4 o the P-V curve in a dose-dependent manner 
reaching a maximum after 2 ug/kg/min. No change in K resulted. 
Thirty minutes post infusion the P-V curves had returned nearly to 
baseline. We conclude that breathing a He-O mixture causes the 
release of a bronchodilator prostaglandin whit z dilates the periph- 
eral bronchial tree resulting in a parallel upward shift of the P-V 
curve. This needs to be taken into account in the analysis of flow 
augmentation with He-O2 . 

459 
EFFECTS OF SURROUNDING STRUCTURES ON PRESSURE-DIAMETER BEHAVIOR 
SF EXCISED DOG BRONCHI. M. Nakamura*, D. Luchtel*, Y. Ileda*,H. 
SASAKI*, T. Okubo*, T. Takishima*,and CT. Hildebrandt,TohokuUniv. 
Sendai, Univ. of Wash., &Virginia Mason Res.Ctr.,Seattle,WA98101 

The effects of adjacent large vessels and surrounding fibro- 
dastic membrane on bronchial mechanics was studied in 5 excised 
dog lobes. The major bronchi were isolated from the rest of the 
lung by blocking lo-12 tributary bronchi with beads. After ob- 
taining the intact P-V curves of these bronchial segments at 
three constant PL (30,10,5 cm H20), the P-V curves to the same 
peak bronchial volume were measured after 4 dissections. (A) 
The blocked bronchi together with adjacent artery and vein were 
carefully dissected from the surrounding ti .ssues, removing tri- 
butary bronchi and most parenchyma except a thin l-2 mm layer. 
(B) All remaining parenchyma was carefully removed, still leav- 
ing large vessels. (C). The large vessels were separated, leav- 
ing the bronchial fibroelastic membrane. (D) Finally, this mem- 
brane was peeled from the bronchial segment. The peak distending 
pressure in (A) was almost equal to PL at TLC, suggesting that 
in intact lungs near-homogeneity existed. In (B),a reduction 
of only about 10% recoil occurred from (A). The major reduction, 
a further 25%, occurred in (C) indicating that interdependence 
between bronchi and vessels contributes substantially 
chial stiffness A final reduction of lo-20% came in 

bron- 
with- 

out the outer membrane. Thus, bronchial P-V curves can differ 
by a factor of 2, depending on method of excision. Peribron- 
&al pressure around relaxed intact airways may differ from 
PpI by only a few cm H20 (ie, Px"O) at all volumes. (HL 14854). 

AIRWAY REACTIVITY IN THE PERIPHERY OF THE LUNG: MALE-FEMALE 
DIFFERENCES. A. Gertner*, H. Menkes, R. Traystman and 
B. Bromberger, The Johns Hopkins Medical Institutions, 
Baltimore, Md. 21205 

The purpose of the present study was to determine whether sex 
differences exist in airways responses to inhaled histamine 
in the periphery of the lung. In 9 male and 9 female mongrel 
dogs we compared responses of collateral ventilatory channels 
to an aerosol of histamine delivered locally in the lungs. A 
fiberoptic bronchoscope was wedged in peripheral airways of 
anesthetized dogs. Increasing doses of histamine were direc- 
ted through the bronchoscope. Measurements of collateral 
resistance (Rcoll) were used to monitor responses to hista- 
mine and lung inflation. Baseline measurements of Rcoll were 
similar for both sexes. The males responsed with greater 
increases in Rcoll than the females. Following doses of 
histamine (1.5X10'6mg for males and 1.5X10-4mg for females) 
which produced similar increases in Rcoll, the effects of 
lung inflation and the time course of the responses were 
similar for the 2 sexes. It is, therefore, concluded that 
male dogs have greater reactivity to histamine in the lung 
periphery than female dogs. (Supported by ERC Grant 
#OH07090 NIOSH and SCOR Program Project HL14153-NHLBI) 

ELECTRICAL PROPERTIES OF THE CELLS OF THE FERRET PARATRACHEAL 

A preparation hae been developed for tlectrophysiological 

GANGLION. A.R. Cameron* and R.F. Coburn, Dept. of Physiology, 

study of the paratracheal ganglia of the ferret. Ganglia were 
obrervcd with brightfield optic8 at 40X, lying on the doreal 

Sch. Med. Univ. of Pcnna., Phila. Pa. 19104. 

eurface of the trachealie muecle cloee to it8 ineertion into 
the cartilage, Neutral red staining indicated the presence 
4-10 cell8 per ganglion, Nerve trunk8 joining ganglia were 

of 

obrerved . Elec tronmicrorcopy indicate8 the pre8ence of large 
ganglion cells with many nerve ending8 on each cell, We have 
ob8erved typical cholinergic endings. Electrophyriology wa8 
carried out at 35' using bevelled microelectrodee (3%45Mn), 
without neutral red staining, Two cell type8 were observed. 
Type A (n-19) had a &able membrane potential of -37.2tl.6mV. 
Input resietance was 41,3+1.6pIz2 with cathodal rectification 
in most cells. Membrane time constant wae 3.7f0.45meec. 
Cathodal current injection caused epikee with a threshold at 
-22*1,5mV and a mean overehoot of 21,3+1,8mV, Vmax of the 
action potential upeweep wa8 52*5V/sec. There was a profound 
after hyperpolarisation laeting eeveral hundred meet. Cell8 
usually-fired singly to a cathodal current pulse no matter 
the pulee duration. Anode break excitation was occaeionally 
reen, Type B cell8 (n-36) had a etable membrane potential of 
-52,7+2,2mV, Input resietance was 37,1+6,1MQ and 80% of 
there cell8 exhibited anomaloue rectification. Membrane time 
con8tant wa8 1,53+0,21msec, Cathodal current injection never 
gave spike8 in these cells. Supported by NIH HL 19737. 

NCNUMIFORMITY OF AIRWAY CLOSURE FRCM APEX TO BASE IN EXCISED 
RATLUNGS. J.J. Morgan*, C.E. Turick*, and D.G. Frazer. 
DERS, CDC, NIOSH, ALOSH, DRDS and Dept. of Physiology, West 
Virginia University Medical Center, Morgantown, WV 26505 

Male Long-Evans Hooded rats weighing between 200 and 300 
gm were anesthetized with Sodium pentabarbital. The heart 
and lungs were removed en bloc and placed in a w- 
plethysmograph. Lungs were ventilated under 3 conditions: 
(a) in air, (b) inverted in saline, and (c) upright in 

saline. Differences in airway closure between the apex and 
base of the lungs were determined. The distribution of 
transpulmonary pressures over which the airways close during 
lung deflation was found in each condition using the method 
previously described by Frazer et al --• (Resp. Fhysiol. 
36:121-129, 1979). A distribution having a small standard 
deviation (SD) indicates a more uniform airway closure while 
a larger SD indicates a more nonuniform closure. Results 
showed that the SD was .8 for the inverted lung in saline, 
1.0 for the lung in air, and 1.5 for the upright lung in 
saline. It can be concluded that airways of lungs inverted 
in saline close more uniformly than airways of lungs 
suspended in air or upright in saline. It also appears that 
airways in the base of a lung suspended in air normally 
close before airways in the apex. The liquid gradient along 
a lung suspended in saline causes the airways to close more 
uniformly when the lung is inverted and less uniformly when 
the lung is upright. (Supported in part by DOE contract 
#DE-AT-21-K 11284). 
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RESPONSE OF GUINEA PIGS TO INHALATION OF COTTON BRACT EXTRACTS. 
C.G. Hollinger*, R.E. Hyatt, J.R. Rodarte and M.S. Rohrbach*. 
Mayo Clinic and Foundation, Rochester, MN 55901. 

The effects of cotton bracts extract on dynamic compliance 
(Cdyn), total pulmonary resistance (RL), and respiratory rate 
(RR) were studied in spontaneously breathing anesthetized 

guinea pigs. Respiratory measurements were made using a water 
filled pleural cannula and an integrated flow plethysmograph. 
Cdyn and RL were calculated at 2 and 5 minutes following chall- 
enge. One hundred breaths of extract were delivered by a De- 
Vilbiss 645 nebulizer connected to the tracheostomy tube. In 
6 guinea pigs exposed to Crude Bract Extract, Cdyn decreased 
(.742.06 ml/cm H20 to .36?.06 ml/cm H20), RL increased (.lO+.Ol 
to .19?.03 cm H20/ml/sec) and RR increased (9328 to 190213 
breaths/minute). All changes were significant. In 6 control 
animals there was no change in Cdyn, RL or RR when challenged 
with concentrations of serotonin found in the extract. Two 
groups of 6 guinea pigs were challenged with either a high 
molecular weight (HMW) (The Physiologist, 1980, 23:45A) or a 
low molecular weight (Am. Rev. Resp. Dis., 1980, 121:252A) 
fraction which have in vitro activity. The HMW fraction in- 
creased RR (102212 to 26727 breaths/minute) with little change 
in Cdyn or RL. The LMW produced little change in RR, RL, or 
Cdyn. We conclude that the guinea pig is useful in studying 
the effects of cotton bracts extract. (Supported by USPHS NIH 
Grant HL 21894 and Parker B. Francis Foundation). 

MECHANISMS OF HISTAMINE INDUCED CONTRACTION OF CANINE AIRWAY 
SMOOTH MUSCLE. S. Shore*, C.G. Irvin*, T. Shenkier* and J.G. 
Martin*, (SPON: M. King). Meakins-Christie Labs, McGill Univ. 
Clinic, Royal Victoria Hospital, Montreal, Quebec, Canada. 

To determine whether histamine has a local excitatory action 
on nerve endings in canine airways, we examined the effects of 
tetrodotoxin (TTX) (lo-6g/ml) and atropine (10a6M) on thehista- 
mine dose-response curve of canine tracheal smooth muscle(TSM) 
in-vitro. The maximum tension produced by histamine (Tmax) in 
TTX pretreated specimens (6.828/g tissue) was less than that ob- 
tained in control specimens (25.lg/g tissue) (pc.001, n = 16). 
TTX had no effect on the dose of histamine which produced 50% 
of Tmax (ED50). Atropine decreased Tmax from35.5to 16.6g/g 
tissue (pc.01, n = 7) and increased ED50 from 1.74 x 10'5M to 
3.9 x 10-5M (pc.01). Both ED50 and Tmax were log normally 
distributed and showed 10 and 35 fold variations respectively. 
To determine whether this variability of in-vitro histamine 
sensitivity could account for the observed variations in sensi- 
tivity to inhaled histamine in-vivo (Snapper et a1.J. Appl. 
Physiol. 44: 738-742, 1978), we compared the dose of inhaled 
aerosolized histamine required to double pulmonary resistance 
(ED2OORL) with the in-vitro histamine sensitivity in 14 dogs. 

The ED200RL did not correlate with either Tmax or ED50. We 
conclude that 1) histamine releases acetylcholine from para- 
sympathetic nerve endings in canine TSM in-vitro 2) variations 
in histamine sensitivity of TSM in-vitro among dogs do not 
account for variations in histamine sensitivity observed in- 
vivo (Supported by MRC of Canada and the Cdn.Lung Assoc.). 

HALOTHANE, ENFLURANE AND TRACHEAL SMOOTH MUSCLE 
TONE. E.M. Camporesi and J.V. Salzano. Dept. of Anesthesiology 
and Physiology, Duke University, Durham, N.C. 27710. 

Tracheal smooth muscle tone was continuously assessed in an 
isolated segment of the upper cervical trachea of pentobarbital 
anesthetized dogs from the changes in pressure of a compliant cuff of 
an endotracheal tube inserted through the larynx. All animals had a 
low cervical tracheostomy and were breathing spontaneously through 
a non-rebreathing valve, or were ventilated with a constant VT after 
paralysis. A variable orifice vaporizer, interposed on the inspiratory 
limb of the breathing circuit, delivered variable concentrations of 
Halothane (H, 0 to 5%) or Enflurane (E, 0 to 3.5%) during one or two 
consecutive inspirations only. Spontaneous inhalation of H or E 
vapors was accompanied by dilation of the upper cervical tracheal 
segment, shortening of the duration of inspiration, a decrease of VT 
and shortening of expiratory time. The onset of tracheal dilation 
followed by 3 to 5 set the beginning of inspiration. The amplitude of 
tracheal dilation was dose-related at low concentrations of H or E, 
but appeared to plateau at higher concentrations. The alterations of 
breathing pattern were similarly dose-related. During con trolled 
ventilation tracheal dilation was also observed following H or E 
insufflation. Vagotomy, vagal cooling or atropine administration 
abolished the effect. The results are compatible with a H and E 
induced sensitization of vagal sensory receptors, on the one hand 
responsible for reflex modulation of airway tone, and on the other, 
contributing to the termination of inspiration. The data underline 
the coupling between breathing pattern and generation of airway 
tone. (Supported in part by NIH grant HL 23812.) 

482 
COMPARISON OF THEORETICAL AND MEASURED IMPEDANCES (6-32 Hz) OF 
DOG CENTRAL AIRWAY MODELS. J.R. Krevans, Jr.*and A.C. Jackson. 
Primate Research Center, Univ. of Calif., Davis, CA 95616. 

We developed computer models based on Crandall's equations 
(Theory of Vibrating Systems and Sound, 
central airway resistances. 

m- 1926) to predict dog 
A major concern was to investi- 

gate the relat ive importance of veioc ity profile distortion in 
the frequency dependent behavior of res istance. These equa- 
tions were found to accurately predict resistance in long 
straight tubes (length/dia. >50). In shorter tubes these 
equations underestimated resistance, and the magnitude of this 
error was flow amplitude dependent. Similar results were 
obtained in a branching tube model. These errors are thought 
to be due to the effects of branching angles and entrance 
conditions. Resistances predicted from computer models based 
on published anatomical data of dog central airways were 
markedly lower than published data. Resistances of a dried 
central'airway specimen were measured and found to be twice 
those predicted by these computer models, even with flow 
amplitudes as low as 10 ml/set. We conclude that branching and 
entrance effects in the central airways are a major proportion 
of total resistance 9 and computer mode 1s not including these 
non-linear effects have limited usefulness in predicting air- 
way impedances. Further, the magnitude of the increase in 
resistance with frequency due to velocity profile distortion, 
as described by Crandall, is small compared to the total 
measured resistance. (Supported by NIH grants HL-25631 and 
HL-26606.) 

484 
ROLE OF ENDOGENOUS HISTAMINE IN THE BRONCHIAL TONUS OF ASTHMA- 
TICS. V. POPA, Med. Coil. Ohio, Toledo, OH 43699 

The purpose of this study was to determine whether endogen- 
ous histamine (H) affects the bronchial tonus of asthmatics. 
In 13 asthmatics we measured Gaw/VL and FEF's before and after 
inhalation of saline (2 tests), 3.3, 5.5, 11.8, and 20.9 (2 
tests) mg CP. In 9 subjects (NR) there was no significant 
change in Gaw/VL (i.e. <+ 40%), FEVl (<+ 10%) and FEF's 
(c+ 20%). In 5 responders, (R) 3 types of changes were re- 
corded: increase in Gaw/VL after 20.9 mg CP (3R), increase in 
Gaw/VL and FEF's after 11.8 and 20.9 mg CP (1R) and increase 
in FEF50 (1R) after 20.9 mg CP. In 5R and 4NR, Gaw/VL and 
FEF's were measured before and after quantitative inhalation 
of H or acetylcholine (AC) until Gaw/VL decreased by 40% 

(TD4o) l 
Then, H and AC tests were repeated after inhalation 

of saline, 20.9 mg CP and, for H tests only, 5.5 and 11.8 mg 
CP as well. TD40 of AC failed to change after CP. If no 
bronchodilatation occurred, DR for H(H+CP/H) was 1.7 - 3.7 in 
NR and 1.5 - 3.7 in R after 5.5 mg CP; and after 11.80 mg CP, 
1.8 - 5.0 in NR 2.9 - 5.0 in R. After 20.9 mg CP, DR for H 
was 4.5 - 5.8 in Nr and 6.0 - 22.0 in R. The interindividual 
variation of TD40 for H was 240 x and that of DR for H was 
only 0.5 - 2.5 x. TD40 of H completely overlapped in 5R and 
6NR. We conclude that in some asthmatics, peribronchial endo- 
genous H modulates the resting bronchial tonus. DR for H 
needed for an Hl blocker to dilate the bronchi is >6. The 
degree of bronchial hyperreactivity to H is independent of 
endogenous H and the binding affinity of H for Hl receptors. 

EFFECTS OF CIMETIDINE ON FEMALE GUINEA PIG AIRWAYS IN VIVO 
AND IN VITRO DURING ONTOGENESIS. Charles Brink*, Pamela G. 
Duncan* and James S. Douglas. John B. Pierce Fndn. Laboratory 
New Haven, CT. 06519 

Treatment of young or old female guinea pigs in vivo with 
cimetidine (30 mg/kg, i.p.) did not alter the histamine thres- 
hold doses. Propranolol (10 mg/kg, i.p.) reduced histamine 
threshold doses in young but not in old guinea pigs. Cimeti- 
dine was not effective in either age group after B-blockade. 
Neither tracheal nor bronchial preparations from either age 
group when contracted with acetylcholine (50pM) were relaxed 
by dimaprit or 4-methyl histamine even after Hl blockade with 
pyrilamine (20pM). Blockade of H2 receptors with cimetidine 
(50pM) in bronchial tissues from young animals did not signi- 
ficantly affect tissue sensitivity or responsiveness to hista- 
mine. Bronchi from old guinea pigs became sensitized to 
histamine after cimetidine treatment. This effect was demon- 
strable after the bronchi were pretreated with indomethacin 
(17pM). The sensitizing effect of cimetidine is probably not 
related to the presence of H2 relaxant receptors but toanother 
unspecified effect of this drug. Our data also show that H2 
receptors have no physiological significance in modulatingair- 
way responsiveness to histamine aerosols in female guinea pigs. 
The absence of an effect of B-blockade in old animals suggests 
that during ontogenesis the modulating actions of catechola- 
mines upon airway responsiveness are significantly reduced. 
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EFFECT OF ASCORBIC ACID ON AIRWAY RESISTANCE IN ASTHMATIC PRGPRANGLGL-VAGAL-ALVEOLAR CO2 INTERACTIONS ON THE MECHANICS OF 
SUBJECTS. Vahid Mohsenin*, Arthur B. DuBois, and James S. COLLATERAL VENTILATION DETERMINED WITH A WEDGED CATHETER. 
Douglas. John B. Pierce Foundation Laboratory and Pulmonary L.E. Olson and N.E. Robinson. 
Section, Yale University, New Haven, CT. 06519. 

Michigan State University, 

Previously, ascorbic acid was found to reverse the con- 
E. Lansing, MI 48824 

striction of airways of healthy human subjects to methaoho- 
The mechanical properties of a collaterally Ventilating lung 

line. Indomethacin abolished this favorable effect. 
segment were studied in 18 anesthetized (chloralose-urethan) 

The ob- 
ject of this study was to investigate the effect of ascorbic 
acid on airways of asthmatic subjects. Seven subjects with 
asthma on no medication for 48 hr. underwent methacholine 
aerosol challenge, before and after 1 gm of ascorbic acid p.o. 
Changes in specific airway conductance (SGaw) were measured. 
Four of the subjects received 50 mg of indomethacin in conjunc- 
tion with ascorbic acid on other occasions. The group mean + 
SE for baseline SGaw was 0.125 + .013 before and 0.133 + - 
0.012 cm H2O-1 Set-1 after ascoTbic acid, (P>O.5). However, 
the fall in SGaw (when expressed in % of baseline), three 

minutes after a methacholine induced bronchospasm was attenu- 
ated by ascorbic acid. The standard error of the difference 
(2 2.69) for paired values prior to (mean 74.80 2 2.88 SE of 
group data) and after (82.20 + 3.49) ascorbic acid was signi- 
ficant (pcO.02). Indomethacin abolished this effect (p>O.5). 
The results suggest a marginal pharmacological effect of as- 
corbic acid on methacholine induced bronchospasm, but the 
effect may be negligible therapeutically in asthmatics. Re- 
suits in asthmatics are different from normal individuals. 
(Supported by NIH Grant #HL 23959-03). 

paralyzed (succinylcholine) mongrel dogs artificially ventil- 
ated with room air (FETCOZ=S%). Nine dogs were pretreated with 
propranolol (Group 11) and 9 dogs were not (Group I). With 0, 
5 or 12% CO2 flowing into the segment, steady state resistance 
(cm HZO/ml/sec) of segmental airways (Rss) and time (sed for 
90% pressure equilibration between the segment and airway 
opening after flow was discontinued (T90) were determined at 
FRC with the vagus nerve ipsilateral to the segment intact, 
sectioned or electrically stimulated. Vagal sectioning had no 
effect. Propranolol treatment had no effect on RSS or T90 with 
the vagus intact or sectioned. Segment hypo or hypercapnia did 
not prevent increases in Rss and T90 during electrical vagal 
stimulation. 0% co2 5% co2 12% co2 
Rss Group I 1.34* 0.87 1.04 

Group II 2.24 1.44 1.11 
T90 Group I 11.19 8.63 9.98* 

Group II 8.22 4.85 3.38 
The data obtained during vagal stimulation (shown above) 
suggest that pulmonary beta two receptors are modified by 
changes in alveolar CO2 tensions. Additionally, because the 
differences in T90 cannot be explained by changes in Rss, beta 
blockade probably reduces segment compliance. (USPHS HL-17768) 
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CELLULAR CONTRACTION AND RELAXATION: ROLE OF FIBRONECTIN (Fnl. 
Anwor A. Hakim. University of Illinois at the Medical Cenier:- 
Chicago, Illinois 60612. 

Human skin fibroblasts (HSF) synthesize and release two 
growth stimulating factors: a dialyzable activity which causes 
an increase in cellular proliferation (HFGPF)(Hakim, Experien- 
tia 34, 1515, 1978; J. Supramolecular Structure Suppl. 3,224, 
1979), and a non-dialyzable activity that promotes cell attach- 
ment and adhesion. They have a finite life span, they prolife- 
rate in monolayers and they are contact inhibited. If cultured 
in media supplemented with 0,lM EDTA, trypsinized or incubated 
at 0 to lS°C, the HSF change from attached elliptical to round 
floating cell cultures. If treated with O.lM EDTA, ATP, tryp- 
sinized or incubated at 0 to 1SoC the attached HSF monolayers 
detach from plastic substratum and form floating round cells 
that progressively aggregate. In the presence of ATP spread on 
glass, but not on Fn-coated surface, contract and detach.Malig- 
nant melanoma cells WC) proliferate in multicell layers, 
they are not contact inhibited and they adhere together to 
form cell clumps. On Fn- but not on collagen-coated surface 
HMMC form monolayers. ATP at 10.3M/liter disintegrates HWC 
aggregates, whereas ADP reverses the ATP effects and render 

55 
e cells more adhesive. HSF and HMMC were preincubated with ’ 
P-ATP for 15 min at 37OC, washed then seeded onto uncoated 

and Fn-coated surface. Cells seeded onto plastic surface did 
not attach. After 48hrs incubation and cells detached, the Fn- 
coated plates contained the 3sP-activity. Therefore, Fn is 
phosphorylated during ATP-induced cellular contraction. 
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A FACTOR IN NORMAL RABBIT SERUM WHICH SPECIFICALLY REACTS WITH 
STAPHYLOCOCCUS AUREUS. Linda Lizak Witt* and Paul Nathan. 
Shriners Burns Institute and the University of Cincinnati 
College of Medicine, Cincinnati, Ohio 45219. 

Frozen and thawed normal rabbit sera (NRS) contain a fac- 
tor(s) that reduces the Staphylococcus Aureus (St.a.) count - -- 
detected in a bacterial suspension after a 2 hr incubation at 
2o”c. In 13 tests with NRS present at 25 to 50% of the reac- 
tion volume, 92.5 + 1.5% (Mean + SEM) of the St.a. were elimi- 
nated when the targets were lOrSt.a./ml. 

-- 
In an additional 13 -- 

tests with NRS at 12.5% of the suspension volume, the cell 
count was reduced by an average + SEM of 412 7%. In 24 con- 
trol tests, the suspension media-alone affected only 10 + 4.6% 
of the test bacteria. The serum activity has some degree of 
specificity; Pseudomonas aeruginosa and E. coli are not 
affected by NRS. Normal rat serum and chicken serum also pos- 
sess an activity directed toward St.a. whereas normal dog serum -- 
and human serum are inactive. Heat inactivation of NRS (30 min 
at 56'C) in four tests showed a reduction of colony counts of 
96 t 0.92% of the St.a. The results show that a heat-stable -- 
normal serum product from rabbits (and possibly from rats and 
chickens) can specifically reduce St.a. colony counts recovered -- 
from cell suspensions and does not affect other bacterial spec- 
ies. The process initiating the development of the active 
serum factor is not known. Possibly bacteria resident in the 
digestive tract provoke the development of serum factors which 
may operate to control specific microbial infections. 
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EFFECTS OF TRIMETOQUINOL AND RELATED BENZAZEPINE ANALOGS ON 
AGGREGATION, SEROTONIN UPTAKE AND SECRETION BY HUMAN PLATE- 
LETS. Huzoor-Akbar*, S. Navran*, J. Chang, D. Miller* and 
D.R. Felle@(SPON: H.P. Pieper). Col. of Pharmacy, Ohio 
State Univ., Columbus, OH 43210 and Ohio Univ. Col. of 
Osteopathic-Medicine, Athens, OH 45701. 

Blood platelets provide a readily obtainable cell system 
which is used for in vitro evaluation of (a) antiaggregatory 
agents, and (b) psychotropic agents. This report compares 
the effects of S(-)-trimetoquinol (I) with that of racemic 
7,8+lihydroxybenzazepine (II) and 7,8+nethylenedioxidebenz- 
azepine (III) analogs of I on platelet aggregation, serotonin 
(5HT) uptake and secretion by platelets. Aggregation and 5HT 
secretion from platelets induced by arachidonic acid (AA) and 
U46619, a stable endoperoxide of PGH2, was only inhibited by 
I. The inhibitory concentration-SO's (ICSO) for I against AA 
and U46619 were 47 l.lM and 11 PM, respectively. By contrast, 
the prostaglandin (PG) independent aggregation and 5HT secre- 
tion induced by phospholipase C was inhibited by all three 
agents and the rank order of inhibitory potency was III>11 > 
I. In other experiments only II and III inhibited 5HT uptake 
by platelets in a concentration dependent manner. III was 5- 
fold more potent than II in inhibiting 5HT uptake into plate- 
lets. These findings show that (a) II and III are highly 
selective and more potent inhibitors of the PG-independent 
pathway of platelet aggregation than I and (b) the ability of 
II and III to block 5HT uptake by platelets may reflect a po- 
tential psychotropic action. (USPHS Grant HL 22533). 

472 
OSMOTIC PRESSURE OF HUMAN, SHEEP AND DOG ALBUMIN SOLUTIONS. 
N.C. Staub and M. Grady*, Cardiovascular Research Institute and 
Department of Physiology, University of California, San 
Francisco, CA 94143. 

With the advent of selectively permeable membrane, strain 
gauge osmometers, several groups have reported deviations from 
the Landis and Pappenheimer colloid osmotic pressure (n> 
equations (Handbook Physiol. Circulation 11:961, 1963). We 
measured n of commercially prepared human, sheep and dog 
albumin solutions up to 10 g/d1 at 37OC and pH 7.4 using a 
YM-10 membrane (Amicon). We applied each sample three times 
in succession to achieve a plateau. The data were highly re- 
producible (c.v. < 4%) for all albumins in three runs over two 
weeks. Sheep and dog were identical, but human l"I was 8% less 
at 10 g/dl. On polyacrylamide gel electrophoresis, all 
albumins showed some high molecular weight component but human 
albumin contained relatively more. The third order polynomial 
of best fit for the pooled data is: 

II(cmH20) = 3.7C + .25C2 + .020C3, 

essentially identical to Landis and Pappenheimer's e 
T  

ation. 
The calculated molecular weight of albumin = 70 x 10 Daltons 
is 11% high because commercial, lyphilized albumins contain 
a high molecular weight contaminant, probably albumin dimer. 
[Supported in part by HL25816 (Program Project)]. 
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LOCALIZATION OF ERYTHROPOIETIN IN RAT LIVER. G.K. Naughton,* VARIOUS FORMS OF MEGAKARYOCYTES tH THE SPLENIC RED PULP. 
B.A. Naughton, P. Liu*, S.J. Piliero, and A.S. Gordon. N.Y.U. S.H. Song. Biophysics Department, Health Sciences Centre, 
Dept. of Biology and College of Dentistry. New York,N.Y.10003 The University of Western Ontario, London, Canada. N6A 5Cl. 

Histological studies on the splenic megakaryocytes were 
performed after the red cell washout from the splenic red pulp 
in isolated, perfused spleens. Various stains were used in- 
cluding PAS, toluene blue and Gomori Trichrome stains. 

Since it was reported that in the samples of splenic venous 

Immunological studies were performed utilizing a specific 
fluorescein labelled guinea pig-anti-rat erythropoietin (Ep) 
to localize the site of production and/or storage of this hor- 
mone in rat liver. Rat Ep was obtained by passing sera from 
hypoxic rats through an Amicon XM-100 filter, running the re- 
tenate on Con-A Sepharose, and separating the bound fraction 
on Sepharose G-200. The rat Ep was found to have a M.W. of 
100-125,000. The degree of purity achieved was approximately 
8-10,000 I.U. Ep/ml. Guinea pigs were inoculated with this 
purified fraction over an eight week period. lmnune sera from 
these animals was precipitated with ammonium sulfate. IgG 
fractions were applied to a Cn-Br Sepharose column to which 
purified rat Ep was previously bound. Resulting Ab-Ag complexes 
were eluted and efficacy of the anti-Ep was tested using neutra- 
lization and immunoprecipitation tests. After further Ab puri- 
fication,anti-Ep was coupled to fluorescein and applied to 
frozen sections of rat liver of: l.normal, 2.hypoxic, and 
3.hepatectomized (hepx) animals. Sinusoidal (Kupffer) cells 
showed varying degrees of fluorescence after hypoxia or follow- 
ing hepx whereas no fluorescence was noted in normal livers or 
in hepatic parenchymal cells of any of the groups studied. 
(Supported b y NIH Grant # 2ROI HLB03357-23) 

outflow, 5 different types of megakaryocytes can be found 
(Song, 1978), more vigorous search for mobi le megakaryocytes 
is attempted from the histological sections of canine and 
feline spleens. Several types of megakaryocytes are 
identified especially in spleens of young animals, and pre- 
viously bled animals. Projections - amoeboi d- 1 i ke pseudopoda 
or even horse-shoe type of cytoplasmic configurations are 
found in the red pulp near the marginal zone of the white pulp. 
These project ions or vi 11 i forms are not associated with 
fenestrations which were found in the bone marrow sinuses. 
These projections are rather highly suggestive of active 
mobility than particulating into platelets. Therefore, in the 
splenic red pulp megakaryocytes can be mobile to seek the 
egress into pheripheral circulatory system by amoeboid 
movemen t s . Also this mobility can suggest possible access for 
megakaryocytes to appear in the peripheral circulation as we1 1 
as in pulmonary circulatory system. 

Song (1978) v Studies on splenic megakaryocytes: I. Recovery 
of megakaryocytes from the splenic venous outflow. VOX Sang. 
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SISTER CHROMATID EXCHANGES (SCEs) IN MAMMARY CARCINOMAS OF 
DIFFERENT SIZES. Anna Goldfeder, Ranjit Banerjee,* and Jyo- 
tirmay Mitra.* New York University, Cancer & Radiobiological 
and Cytogenetic Research Laboratories, Dept. of Biology, 
New York, N.Y. 10003 

We have previously shown (In Press, J.N.C.I. July 1981) 
that SCEs in dbrB tumors is significantly higher (P 0.001) 
than those in isogeneic bone marrow cells used for comparative 
purposes. In the present study we have compared dbrB tumors 
of two sizes (0.5 and 1.0 cu cm) to estimate a possible tumor 
size effect on the frequency of SCE by using BrdU tablet 
method. We have found that the SCE frequency of 1.0 cu cm 
tumor is approximately 15.0&0.27/cell which is slightly sig- 
nificant (P 0.05) as compared to 0.5 cu cm tumor having 
14.53f0.36/cell. Further, when these data were analyzed as 
SCE/chraPosome for more precision, it was found to be in- 
significant statistically. These findings indicate that the 
size of the tumor (0.5 to 1.0 cu cm) does not influence fre- 
quencies of SCE. Since the dbrB mamary tumor kills the host 
within two weeks, the use of larger than 1.0 cu cm tumor was 
not feasible for SCE analys,is. 

(Supported by Grants from American Cancer Society #PDT-107B 
and from NIH X12076). 
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REDUCED CARDIAC FUNCTION IN ISOLATED, PERFUSED HEARTS FROM 
ALLOXAN-DIABETIC AND FASTED RATS. David W. Garber and James 
R. Neely. Department of Physiology, The M. S. Hershey Medical 
Center, Penn State University, Hershey, PA 17033 

Hearts from diabetic rats showed reduced function when 
perfused by the working heart technique with Krebs-Henseleit 
buffer containing 11 mM glucose. The rats were injected with 
60 mg alloxan per kg body weight and insulin maintained for 1 
week. The animals were sacrificed 5 days after removal of in- 
sulin. At near-maximum work load, decreases occurred in peak 
systolic pressure (Control=189?2.01 mm Hg, Diabetic=164+1.54), 
heart rate (C=268?6 beats/min, D=220+14), and Ca*-activated 
ventricular myosin ATPase (C=1.35+0.02 urn Pi/min/mg myosin, 
D=1.05+0.02). Pacing did not restore peak systolic pressure. 
When paced, maximum rate of intraventricular pressure develop- 
ment (dP/dt,,) was reduced (C=9.58+0.52 mm Hg/msec, D=6.95+ 
0.28). Serum levels of T3 (C=72.06+2.33 ng/dl, D=36.09+4.59), 
T4 (C=3.86+0.36 ug/dl, D=1.29+0.23), and free T4 (C=1.20+0.10 
ng/dl, D=0.62+0.09) were significantly reduced. Hearts from 
non-diabetic animals which had been fasted for 5 days were 
also perfused. Although they showed a decrease in peak sys- 
tolic pressure compared to controls (C=177+1.67, Fasted=1632 
2.11), heart rate was not decreased (C=265?17, F=278+17). A 
significant decrease occurred in Ca*-activated myosin ATPase 
(C=1.59+0.06, F=1.43+0.03), dP/dt,, (C=9.38+0.32, F=7.85+ 
0.34), serum T  (C=71.64+3.50, F=30.02+3.38), and serum T4 
(C=3.44+0.17, $=1.33'0.21). (Supported by grant #HL-20484.) 

477 
ADENOSINE AND POSITIVE INOTROPIC RESPONSES ELICITED IN ATRIA. 
J.G. Dobson, Jr., Department of Physiology, University of 
Massachusetts Medical School, Worcester, MA 01605 

Adenosine has been shown to attenuate the catecholamine- 
induced enhancement of cardiac contractility. This study was 
undertaken to investigate if adenosine is capable of inhibit- 
ing the positive inotropic responses produced by various con- 
tractile interventions. Isolated rat and guinea pig atria 
were bathed in physiological saline (PS), stimulated to con- 
tract isometrically at 2/set and the rate of tension develop- 
ment (dF/dt, an index of contractility) recorded. In rat atria 
bathed in PS containing 2.5 mM Ca2+ 1 PM isoproterenol (ISO) 
increased dF/dt from 7.5k1.5 to 14.322.3 gm/sec and 10 UM aden- 
osine (ADO) reduced the increase by 32%. ADO alone did not 
significantly influence dF/dt. In depolarized atria (23mM K+) 
IS0 restored tension development (i.e. dF/dt increased from 0 
to 11.2k2.6 gm/sec) and ADO reduced this restoration by 64%. 
Theophylline (lo-5M) prevented the adenosine attenuation but 
atropine and indomethacin did not. Elevation of PS Ca2+ from 
1 to 4mM in the absence of IS0 produced a 4.3-fold increase in 
dF/dt that was not affected by ADO. In guinea pig atria in- 
creasing the frequency of contraction from 2 to 6/set and 
paired-electrical stimulation enhanced dF/dt by 1.9 and 2.4- 
fold, respectively. However, ADO had no effect on the latter 
two inotropic responses. These results suggest that adenosine 
attenuates only those positive inotropic responses elicited 
by catecholamine stimulation. (Supported by grants 18280 and 
22828 from the NHL&BL.) 
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PROTECTIVE EFFECT OF CATION SUBSTITUTION ON CALCIUM PARADOX. 
Terre11 L. Rich and Glenn A. Langer. Dept. of Physiology and 
Cardiovascular Research Laboratories, UCLA School of Medicine, 
Los Angeles, California 90024. 

The isolated arterially perfused interventricular rabbit 
septum was used to investigate the protective effect on the 
calcium paradox of adding micromolar amounts of divalent 
cations during the Ca-free perfusion period. Flow rate, beat- 
ing rate and septal temperature were kept constant. Muscle 
damage during 1.5 mM Ca reperfusion was assessed by quantitat- 
ing creatine kinase (CK) release, 42K loss, contracture dev- 
elopment and recovery of active developed tension. The inclu- 
sion of 50 

!i 
M+ Ca 2+ during 30 minutes "Ca-free" perfusion fol- 

lowed by Ca reperfusion showed essentially complete protec- 
tion, i.e., there was full mechanical recovery with no K+ loss 
or additional CK release. Other cations substituted in 50 pM 
concentrations during the Ca-free period showed variable 
ability to protect. The order of effectiveness (Ca > Cd > Mn > 
Mg) was related to the crystai ionic radius, with those radii 
closest to that of Ca 2+ (0.99A) exerting the greatest protec- 
tive effect. It is proposed that hypothermia and the effective 
substituted cations exert a similar protective effect on the 
Ca-paradox by inducing a phase transition in the membrane 
lipids (from a more liquid to a less liquid state). It is 
striking that the cation sequence for effectiveness in Ca- 
paradox protection is the same sequence for potency of excita- 
tion-contraction uncoupling. 
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ISOVOLUMIC PRESSURE DEVELOPMENT BY THE LEFT VENTRICLE OF THE 
ISOLATED, GENETICALLY OBESE RAT HEART. Norman F. Paradise, 
Charles F. Pilati* and Judith A. Finkelstein*. Northeastern 
Ohio Universities College of Medicine, Rootstown, OH 44272. 

We sought to determine if left ventricular (LV) function of 
the heart from the adult, obese animal is impaired. Hearts 
from 38-52 week-old genetically obese (fa/fa), female Zucker 
rats (640 + 18 g) and their lean (Fa/--) littermates (277 f 
7 g) were isolated under Nembutal anesthesia and supported 
metabolically by retrograde aortic perfusion (5 ml/min, 37'C) 
with physiologic solution containing suspended canine erythro- 
cytes (hematocrit, 20%). The intraventricular septum was 
crushed to dissociate A-V conduction and the ventricles were 
paced at 180/min. A fluid-filled balloon was placed in the LV 
and pressure-volume (P-V) relationships were obtained. The 
fa/fa and Fa/-- &d-diastolic P-V curves were similar, but the 
fa/fa systolic P-V relationship was shifted upward and to the 
left which indicated that the obese rat's heart had a greater 
pressure generating capability. This probably was related to 
the increased LV mass of the fa/fa heart (fa/fa LV mass of 
0.96 k 0.03 g versus Fa/-- mass of 0.68 + 0.03 g) since, when 
normalized for LV wall thickness, fa/fa LV systolic pressures 
were not different from control. Thus, the intrinsic contrac- 
tile function of the hypertrophied LV of the heart from the 
genetically obese, female rat does not seem to be depressed. 
(Supported in part by the Akron District Chapter, Inc., of the 

American Heart Association, by BRDG 1 SO8-RR 09026 and by NIH 
ROl-NS 14344). 
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PLASMA EFFECTS ON ANION PERMEABILITY OF TOAD SKELETAL MUSCLE. 
t Indiana Univ. Sch. 

est Ctr. for Med. Ed., Gary, Ind. 46408. 
Toad semitendinosus muscles were removed and one group of 

muscles incubated in a 35S-S04 labelled toad plasma sample and 
the contralateral muscles placed in a radiolabelled Ringer's 
solution. Tissues were allowed to incubate for time periods 
ranging from 45 to 170 mins and the "sulfate space",So, mea- 
sured. The So (in g SO4 Space H20/g Muscle H20) of muscles 
incubated in plasma for up to 170 mins remained remarkably 
constant, measuring 0.19 + .Ol and 0.20 + .Ol (n=6) at times- 
45 and 170 mins, respectively. These space values are similar 
to those measured in vivo (0.20 + .Ol, n=13). On the other -- 
hand, the So of the contralateral muscles incubated in Ringers 
solution were observed to increase (0.18 + .04 at t=45 mins to 
0.30 f .Ol at t=170 mins, n=3). When muscles were incubated 
in toad Ringer's containing toad blood albumin (16 n&ml) the 
So was observed to be similar to those values measured in 
toad plasma. Further, the So was observed to remain relative- 
ly constant over the time interval examined (0.19 f .Ol and 
0.20 f .02 at times t=45 and 170 mins, respectively). Since 
little difference in extracellular space (as measured morpho- 
metrically) was observed between muscles incubated in plasma 
and Ringer's solution, the above results were interpreted as 
a change in membrane anion permeability in the absence of 
some plasma fraction (i.e., albumin) permitting cellular entry 
of >he normally impermeant anion. (Supported in part by USPHS 
NIH Grant AM 27148) 

479 
COMPARISON OF THE Ca ++ TRANSIENTS IN VENTRICULAR MUSCLE 
FROM CATS AND RABBITS. James P. Morgan* (SPON: John R. Blinks) 
Dep;t+ff Pharmacology, Mayo koundat ion, Rochester MN 55905 

release from the sarcoplasmic reticulum (JR) mav 
play a less im ortant role in the activation of ventrictlar 
muscle from ra bits Iii than in other mammals. To test this 
hypothesis, Ca++ transients were recorded in ventricular 
muscle from cats and rabbits microinjected.with th&biolumines- 
cent protein aequorin. Li ht out ut (L) (i.e., Ca ) and 
force of isometric contrac ion ? 
intervals of stimulation. 

(T P were reZWded at 4 set 

si nificantly affect TPL, TPT, In 
bo h cats and rabbits, I + PL 9 

T  / ; ;c~T / T. 
an $6 1f PL J-K T1/2L 

and Tl/2T; R + PL and PT but + TPL, TPT, Tl/2L and 
Tl 2T. 
bu i 

In cats, C + PT, TPL, TPT, 
4 PL. In rabbits, the effects 

T  / L and Tl/2T 
o FE varied with the dose. 

In both cats and rabbits, L exhibited a single component under 
all conditions tested; distinct components related to Ca++ 
entry and release were not identified. These results indicate 
that although there are differences in the mechanisms that 
regulate excitation-contraction coupling in the cat and rabbit, 
similar 
ventricu 

recesses control the activation and relaxation of 
T  ar muscle from both species. 

HL 07111 and HL 12186) 
(Support: USPHS Grants 

481 

EFFECTS OF PLASMA ON cl-36 EFFLUX IN ISOLATED TOAD SKELETAL 
MUSCLE. D.D. Macchia. Indiana Univ. Sch. of Med., Northwest 
Ctr. for Med. Ed., Gary, Ind. 46408 and The Univ. of Chicago. . _ 
Dept. of Med., Chicago, Ill 60637 (SPON: M.F. Asterita) - I 

Toads were injected i.p. with a Cl-36 solution. The 
animals were allowed to sit for a time to permit in vivo 
equilibration of the isotope with muscle Cl-35. -- The muscles 
were then removed and the Cl-36 efflux rates determined for 
muscles washed out in either a Ringer's solution or plasma 
sample. Muscles "washed out" in toad Ringer's were observ- 
ed to have a mean Cl-36 efflux rate (0.042 2 .005 min-l, n= 
4) approximately 50% faster than the mean efflux rate mea- 
sured in muscles washed out in plasma (0.029 ? .002 min-l, 
n=5). When toad skeletal muscles were loaded in Ringer's 
in vitro (3-3.5 hrs), prior to the in vitro washout, the m- 
efflux rates were observed to increase=1 further (0.065 
+ .OlO min'l, n=4). In a separate series of experiments, 
muscles from toads were loaded in vitro in a radiolabelled -- 
Ringer's solution and the contralateral muscles loaded in 
vitro in a Cl-36 labelled plasma sample. Little difference 
in the Cl-36 efflux rate was observed between muscles load- 
ed in plasma and those loaded in vivo (0.029). Further, the -- 
efflux rates in muscles loaded and washed in Ringer's were 
greater than the contralateral muscles loaded and washed in 
plasma. These observations would suggest that the primary 
cause of the observed differences between muscles studied 
in Ringer's vs plasma is a plasma fraction absent in Ring- 
er's, which affects membrane permeability. (HL10503 6 20592) 

KFFECTS OF RUTHENIUM RKD (RR) ON POTASSIUM coNTRAcmREs IN 
SKI&ET& MUSCLE. K. W. Snowckwne” and J. N. Howell. Univ. of 
Pittrburgh, Pittsburgh, PA, 15261, and Ohio Univ., Athens, OH, 
45701 

Several investigators have reported effect8 of the hexava- 
lent cation, RR, on ucitation-contraction coupling. U8ing 
hlghly purified RR, we have been unable to detect any effects 
on @ contractures. Single Mtch fiber8 or bundle8 containing 
2 or 3 f iber8 from leg muscle8 of 8. temporaria were mounted 
In a Hodgkin-Horoulct type chamber and their length war adju8- 
ted 80 a8 to produce ma%imum tetanu8 tenrion. Piber8 were then 
equilibrated with 8olutlon8 containing TRIs+ in place of Na+. 
Contracture tenrlon wat3 exprerred a8 X of lOOH lC+ reference 
contracture8 obtained before and after tert contractured. 4S 
min. expowrer of fiber8 to ISW recryrtallired RR (~-60,778) 
cau8ed no rhift in the contracture curve. Similar exposures 
to comercial sampler of RR or to RR that had been allowed to 
8tand for a year following recryatallltatlon produced a right- 
ward rhift of the curve corre8ponding to an increase in mech- 
anical threshold of 7.SmY. Previous work had rhoun that lS@¶ 
RR cau8e8 a marked rhift In action potential thre8hold. Since 
the effect8 of other multivalent cation8 on mechanical thresh- 
old are thought to arilrc from a eurface charge machanlaa with- 
in the t-tubular, the failure of RR to 8hare theme effect8 
8ugge8t8 that m fail8 to gain aCCe88 t0 the t-8y8tefL thi8 
conclu8ion $8 consistent with electron aicro8copic observa- 
tion8. (Supported by NIH AM l$S33 and 22OS2 and the Ohio 
Unlverelty College of Osteopathic Medicine.) 
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VERTEBRATE SMOOTH MUSCLE CONTRACTILE ELEMENTS ATTACH TO AN 
AXIAL CYTOSKELETON.Roland M. Bagby and Margaret D. Corey.* 
University of Tennessee, Knoxville, TN 37916. 

Many studies of smooth muscles show attachment of thin fil- 
aments to membrane-associated dense bodies(MADB).Some studies 
also show thin filaments attached to cytoplasmic dense bodies 
(CDB).Cooke and Fay(J. Cell Biol. 52:105,1972) proposed a cy- 
toskeletal network(CSN) of CDB and?ntermediate filaments(IF) 
which attach to MADB primarily at terminal portions of cells, 
based on an axial concentration of CDB and IF in stretched 
muscles.Small(J. Cell Sci. 24:327,1977) also proposed a CSN of 
MADB, CDB and IF.In both models, contractile elements(CE) pass 
through or around the CSN without attaching to it. 

We have fixed guinea pig taenia coli at various points on 
their length-tension relationship in both relaxed(.Ol mg/ml 
epinephrine) and contracted (.Ol mg/ml acetylcholine) states 
and examined their ultrastructure.Relaxed muscles showed CDB 
becoming more axial as length increased beyond Lo, in accord- 
ance with the Cooke and Fay model, but contracted muscles 
showed a random distribution of CDB at the same lengths.This 
is consistent with obliquely oriented CE being attached 
peripherally by thin filaments to MADB and at their other ends 
to the more axial CDB.Thus, when CE contracts, the transverse 
vector of CE tension opposes the axial movement of CDB.The 
models of Cooke & Fay and Small are not consistent with our 
observations of CDB distribution in contracting cells. 
(Supported in part by NIH Grant HL-18077-06). 

486 

REDUCED CONTRACTURE OF DEEP SECOND DEGREE BURN WOUNDS COVERED 
WITH A SYNTHETIC DRESSING. Chenghui Fang*, J.W. Alexander*, 
Edward C. Robb* and Paul Nathan. Peking Med. College, Dept of 
Surgery, Peking, China, Shriners Burns Inst., and the Univ. of 
Cincinnati College of Medicine, Cincinnati, Ohio 45219. 

Minimizing the development of wound contractures following 
deep partial thickness burn injuries would improve the cosmetic 
appearance and function of the healed skin. This study was de- 
signed to evaluate the potential beneficial effects of a syn- 
thetic burn dressing (Hydron - formed on the wound from a mix- 
ture of polyethylene glycol-400 and poly-2-hydroxyethyl metha- 
crylate) when used to prevent scar contracture. Deep-partial 
thicknes s burns were inflicted on both sides of the back of 
anesthetized guinea pigs by preheated metal templates (75OC 
for 10 set). Twenty-two wounds, after three weeks of Hydron 
treatment, had significantly less contracture (26.6 + 2.2%, 
Mean + SEM reduction in the original wound area) than did 12 
wounds treated by exposure (70.9 + 1.7% reduction in the orig- 
inal wound area). Silvadene (a topical antimicrobial) t reat- 
ment of 12 wounds for three weeks resulted in wound contrac- 
tures of 61.9 + 2.47%. When 10 of the test burn wounds were 
covered with Hydron for 6 weeks, only 36.7 + 5.8% contractures 
were observed. Continuous coverage of the wounds by the Hydron 

485 
NON-LINEAR STIFFNESS OF ACTIVE SMOOTH MUSCLE SUB- 
JECTED TO SMALL STRETCHES. Richard A. Meiss. 
Indiana University School of Medicine, Indiana- 
polis, Indiana 46223 

Electrically-stimulated mesotubarium and 
ovarian ligament muscles from non-pregnant 
rabbits were subjected to sinusiodal oscillatory 
length perturbations (40 to 100 Hz) of small and 
variable amplitudes (0 to 100 micrometers). 
Stiffness of active muscle was calculated by 
measuring the amplitude of the resulting force 
perturbation and dividing it by the length per- 
turbation amplitude. For perturbation amplitudes 
up to approximately 15 micrometers peak-to-peak 
(approx. 0.15% of the muscle length) the measured 
stiffness was not dependent on the stretch ampli- 
tude; at larger amplitudes the computed stiffness 
was reduced. For a given muscle, the absolute 
stretch magnitude at which the computed stiffness 
became dependent on the stretch amplitude did not 
depend strongly on the muscle length at which the 
measurements were made. It is possible that the 
point at which the deviation began reflects some 
internal dimension of the contractile apparatus. 
(Supported by USPHS NIH Grant HD 10898) 

dressing provides an effective splint which holds the wounds 
expanded and prevents the massive contrac 
healing burn wounds in guinea pigs. 

tures associated with 
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487 
THE UTILITY OF PSEUDO-RANDOM NOISE IN DIFFUSION AUGMENTED BY 
HIGH FREQUENCY OSCILLATIONS. J.R. Clarke and L.D. Homer. 
Naval Medical Research Institute, Bethesda, Md. 20014. 

The nature of the pressure pulsations required to enhance 
gaseous diffusion in airways has not been well explored, other 
than to note that optimal excitatory frequencies seem to vary 
inversely with gas density. We compared sinusoidal oscillations 
and pseudo-random noise as a means of augmenting diffusion in a 
two compartment mechanical model. The oscillator was a loud- 
speaker receiving inputs from either a signal generator 
(sinusoidal input) or a Nicolet Fast Fourier Transform Analyzer 
(pseudo-random noise from 0 to 100 Hz). One compartment 
containing the speaker was filled with 02, and was attached 
through a valve to the second compartment, a bottle containing 
air. A pressure transducer located in the speaker compartment 
allowed power spectral descriptions of the pressures generated 
by the sinusoidal and random excitation. The rate of nitrogen 
washout was monitored by a mass spectrometer sampling from the 
bottle. For sinusoidal excitation the mixing process was most 
rapid at 35 Hz, with the speaker output varying only slightly 
for changes in frequency around 35 Hz. Mixing could also be 
achieved by pseudo-random noise. Details on the relative 
efficiencies of these two methods of excitation will be 
presented. The use of pseudo-random noise eliminates the need 
to alter oscillatory frequencies for varying gas densities. 
(Supported by Naval Medical Research and Development Command, 
work unit no. MROOOl.1305.1273). 

489 
MAXIMAL OXYGEN UPTAKE (DM02) IN THE REPTILIAN VERSUS 
MAMMALIAN LUNG: THE TURTLE IS NOT FASTER THAN THE 
RABBIT. Barry Burns. MIEMSS, U.Md.,Balto, Md. 21201 

Pulmonary membrane diffusing capacity was measur- 
ed by the dithionite (DTT) method (J.Appl.Physiol.46 
(l):lOO, 1979) in the lungs of 5 turtles (P.scripta 
1 kg) and in 5 common New Zealandwhite rabbits (3.5- 
4.5 Kg). Lungs were perfused through the pulmonary 
artery (PpA =14-20 torr) with a DTT solution (80 mM) 
containing 4 gram% albumin (25OC). Rabbits initial- 
ly anesthetized with pentobarbital (35 mg/Kg, 1-V.); 
turtles with Ketamine (120 mg/Kg, I.M.). Lungs were 
removed from the rabbits. Turtle lungs were left in- 
situ, the turtle placed on its back and a 4 cm 
square hole cut in the ventral shield to cannulate 
the pulmonary artery. 

Results: DMO (ml/min/torr, 
averaged 16.8 (r20.37 s.e. 

STPD) in the rabbit 
1 at a mean lung volume of 

122 (*lo ml at 4 cmH 0 PEEP). 
6 

The measured DMO in 
the turtle averaged .128 (2 0.009) at a mean lzng 
volume of 33 (* 3.7). If the DMO 

the DM/GL 
values are normal- 

ized for the lung volume, ratio for the 
rabbit (0.137) is 34 times larger than the corres.- 
ponding DM/VL ratio for the turtle (0.004) at 25OC. 
A significant membrane diffusion limitation for gas 
exchange may be present in the turtle under normal 
circumstances; whereas, 0 

2 
uptake in the rabbit is 

never limited by membrane diffusion resistance. 

491 
ROLE OF LIMITATION OF OXYGEN DIFFUSION IN CANINE UNIJ,ORAR 
OLEIC ACID PULMONARY EDEMA. P. Bm*, P. Schumacker*', G. 
Hedenstierna*. J. Ali*. P.D. Wagner*. andlkJLsI. Wood*. (SPON: 
H.S. Goldberg). U. of Man., 

In pulmonary edema, 
Canada, and U. of Calif, San Diego. 

an increase in cardiac output (Qt) 
causes an increase in intrapulmonary shunt (Qs/Qt). Conceiv- 
ably, the increase in Qt increases a diffusion barrier for 
oxygen (02) transfer by shortening pulmonary transit time. 
Then reduced inspired 02 (FI02) would impair diffusion further. 
Because incomplete 02 diffusion is signalled by a difference 
between 02 and inert gas transfer, we compared lobar venousP02 
with lobar multiple inert gas transfer in a canine model where 
all edema is confined to one lobe. All measurements were made 
2 hours after injection of oleic acid, and repeated 30 minutes 
after changing Qt (opening and closing a-v fistulas) and 
changing F102 (100% 02 and room air). 
breathing, 

During room air and 02 
PO2 predicted by inert gas transfer was similar to 

the measured P02, and an increase (pc.01) in Qt (3.0 to 5.5 
lpm) at each FI02 increased Qs/Qt but caused no change in the 
ratio predicted/measured P02. We conclude that in canine 
oleic acid edema diffusion limitation for 02 does not contri- 
bute to Qs/Qt or to the increase in Qs/Qt when Qt increases. 
Because the fraction of Qt perfusing the edematous lobe (mi- 
crosphere technique) did not increase with Qt, it seems un- 
likely that Qs/Qt increased by redistribution of blood flow to 
edematous regions. We speculate that Qs/Qt increased with Qt 
because edema increased or because hematocrit increased in 
edematous regions.(SupportedbyMFKof Canada andPHSfHLl7731) 

488 
CARBON MONOXIDE TOXICITY. G. Gutierrez*, D.R. Dantzker and 
H.H. Rotman. Univ. of Michigan, Ann Arbor, MI 48109 

Haldane's principle, M=pO2 [HbCOl/pCO [Hb02] has been wide- 
ly used to predict the equilibium concentration of HbO 
HbCO when blood is exposed to pO2 and pC0. The predic ive e 

and 

validity of this equation has been questioned by several in- 
vestigators, since the term M is not a constant, but depends 
upon the amount of free hemoglobin available in solution. It 
is the purpose of this paper to propose a set of formulas to 
describe the equilibrium relationship between ~02, pC0, Hb02 
and HbCO independent of the hemoglobin saturation level and M. 
Using first order kinetics, it is possible to formulate a dif- 
ferential equation whose steady state solution fits different 
sections of the 02-Hb dissociation curve. A similar method is 
used for the CO-Hb dissociation curve. These e uations are 
solved simultaneously, noting that [Hb]total = 
+ [Hblfree. 

i! Hb02] + [HbCO] 
This results in equilibrium expressions for Hb02 

and pC0 when HbCO and pO2 are known. The heme to heme inter- 
action effect is taken into account by shifting the origin of 
the steady state solutions. Hb02 dissociation curves are 
generated using these equations under different levels of 
HbCO. The predicted HbO 
published data. 

values fall with +7% of previously 
The mat ematical 2 predictions are also com- 

pared to experimental values obtained in vitro when fresh 
heparinized human blood is tonometered under varying ambient 
concentrations of 02 and CO. Eighty five percent of the pre- 
dicted values lie within + 5% of the experimental data. This 
validates the model as a predictor of Hb02, given HbCO and ~02. 

490 
ARTERIAL HYPOXEMIA AFTER OLEIC ACID: ROLE OF.DIFFUSION .,. 
LIMITATION FOR 02. P.T. Schumackert P. Breenf G. Hedenstiern:, 
N.J.H. Davies: J. Ali, L.D.H. Wood, and P.D. Wagner. Depts. 
of Med., U. Calif., San Diego and U. Manitoba, Canada 

Oleic acid has been used previously as a model of diffuse, 
hemorrhagic pulmonary edema. To determine whether diffusion 
limitation contributes to hypoxemia in this model, we studied 
simultaneous 02 and inert gas exchange in 7 anesthetized, 
paralyzed dogs challenged with oleic acid.(O:O3 ml/Kg). Distri- 
butions of ventilation-perfusion ratios (VA/Q) were estimated 
with the multiple inert gas elimination method. Cardiac output 
(h) was increased by opening peripheral A-V fistulas to 
stress equilibration by diffusion. Measurement? were made at 
2 hrs. post-challenge with the fistulas open (QT = 4.021.1 L/m) 
closed (QT = 3.020.7 L/m) and again open (OT = 4.020.7 L/m). 
Inert gas shunt with the fistulas open (35.0+4.5%) fell to 
31.0+4.2% (pc.05) with the fistulas closed, and returned to 
36.9+6.8% (pc.025) when QT was again increased. Measured 
arterial PO2 did not differ statistically from that predicted 
from inert gas irA/o distributions at high OT, and predicted 
values were only 1.420.7 torr higher at normal QT (pc.05). 
Thus, observed hypoxemia can be largely attributed to +A/0 in- 
equality or shunt, and diffusion limitation does not contribute 
significantly to the hypoxemia in this model. The increased 
shunt at high cardiac output is therefore likely due to a re- 
distribution of blood flow or an increase in the amount of 
edema, and not due to development of diffusion limitation. 
(Supported by HL 17731 and MRC, Canada.) 

492 
A CRITICAL VALUE OF TOTAL 02 TRANSPORT IN THE RAT. R.P. Adams, 
L.A. Dieleman* and S.M. Cain. Deot. of Phvsiol. and Biophysics, 
Univ. of Alabama in Birmingham, 35294. W- 

_ 

Rat skeletal muscle 02 uptake (VO2) has been reported to be 
supply dependent even at normal blood flow rates. To find the 
point at which whole animal VO2 became dependent upon total 02 
transport (TOT), intact anesthetized rats were ventilated under 
hypoxic, normoxic and hyperoxic conditions while either normo- 
volemic or hypervolemic. In this manner, TOT (cardiac output 
X arterial 02 content) was varied over a range of 4.3 to 50.6 
ml/kg*min. V02 was measured in a closed circuit, double servo- 
spirometer system. 02 contents were measured in carotid artery 
and right heart blood. Mean systemic arterial pressure and 
heart rate were recorded. Arterial PCO2, pH, and rectal temp- 
erature were kept within normal limits. Cardiac output was 
increased by hypervolemia (212 2 27 vs. 161 + 17 ml/kg*min, P< 
0.01) but above TOT of 23 ml/kg*min, decreased extraction main- 
tained VO2 independently of TOT (V02 = 15.0 + I.0 ml/kg*min). 
Above that TOT the slope of the line relating VO2 to TOT was 
not significantly different from zero. Below that value, VO2 
became linearly dependent upon TOT. For TOT between 4.3 and 
16.0 ml/kgominJ/02 = 0.65 + 0.75 TOT (r = .96). These data 
indicated that V02 in rats does not depend upon TOT until it 
drops below a critical value of approximately 23 ml/kg*min 
which is about twice the critical value in the dog. 
(Supported by grants HL-14693 and HL-26927 from NHLBI and 
Stichting "De Drie Lichten" Hilversum, The Netherlands). 
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493 
SHUNT CHANGES PRODUCED BY 100% OXYGEN IN CRITICALLY 
ILL PATIENTS. B. L. Beaver*, J. C. Cruz and T. E. Reilley*, 
Departments of Anesthesiology and Surgery, The Ohio State 
University, Columbus, Ohio 43210. 

Shunt (venous admixture and VA/& imbalance) measurements 
are carried out in critically ill patients while breathing therapeutic 
0 (30 to 100%). Theoretically, the shunt (&p&t) cajculation is 
a fected by changes in cardiac output (Qt), 02 uptake (VO2), mixed P 
venous oxygen content (CGO2). and inspired 02 (FIO2) per se 
(unpublished). Thermodilution Qt and arterial-mixed venous PO2 
(PaO2, POO2) were measured in 5 surgical intensive care patients 
while breathing 40% 02 and after 20 minutes of 100% 02. Results 
are presented in the Table (mean + s.+). Although the table shows 
Y\O difference in CvO2, Qt aid VO2, these variables affect 
significantly the shunt calculation (Fig, closed symbols). Assuming 
no change in mO2, the calculated shunt will be greater or lesser 
depending on the corresponding changes in VO2 (open symbols). 

FI02 (0.4 to 1.0) Changes ( ) 
1% 

Pa02 torr 261 +26 ** 
PO02 torr 5 sr2** cv’o2 vol %* 1 T  0.5 100 

Qt L/min 0.1+ 0.4 a 
002 l/min* 0 + 0.04 so 

Qsp/Qt % * 6 +2** 
*Calculated **p < 0.05 0 -10 0 20 40 60 

%A 90, 

495 

DIFFERENCES BETWEEN END-TIDAL AND ARTERIAL PCOZ IN 
UNANESTHETIZED DOGS IN HYPERCAPNIA. Peter Scheid, 
Donald B. Jennings, Michael Meyer*, Trond Stokke* 
and Johannes Piiper. Dept. Physiol., Max-Planck-Inst. 
f. exp. Medizin, D-34 Gdttingen, FRG 

Gas-blood CO2 equilibration in the alveolar lung 
during hypercapnia was studied in 6 unanesthetized 
dogs 1 that had been prepared for the experiments by 
a tracheostoma and an exteriorized carotid artery. 
PCOl in expired air was continuously monitored by a 
mass spectrometer, and arterial PCO, was measured by 
electrodes in samples withdrawn from the exterio- 
rized carotid artery. Expired and arterial PCOl 
values were adjusted to alveolar conditions using the 
temperature measured in the right ventricle by a 
thermistor catheter. 

When the dogs breathed 6 to 10% CO2 (in air), 
arterial PCOZ always exceed mixed expired PCO, and 
was within 1 Torr of mid-alveolar plateau PCOl. The 
results are in agreement with earlier experiments in 
the anesthetized dog (Scheid et al., J. Appl. Physiol. 
47: 1074-1078, 1979), but differyfor unknown reasons, 
from those obtained earlier by Jennings and Chen 
(J. Appl. Physiol. 38: 382-388, 1975) in a prepara- 
tion similar to the present. It is concluded that 
passive CO2 equilibration leads to equality between 
alveolar and capillary PC02. 

EFFECT OF BREATH HOLDING TIME ON DlcoSB IN PATIENTS 
WITH AIRFLOW OBSTRUCTION. D.l. Cotton, 1.T. Mink* and 
B.L. Graham*, Dept. of Medicine, University of Saskatche- 
wan, Saskatoon, Sask., Canada, S7N 0X0. 

We measured the single breath diffusing capacity 
(DlcoSB) during quasi-static vital capacity single breath 
maneuvers in 15 normal subjects, 10 patients with radio- 
graphic emphysema and 11 asthmatic patients. We monitor- 
ed CO and helium concentrations, airflow, and volume 
continuously. We measured DlcoSB using two methods: 
Method 1 utilized the entire alveolar sample and employed 
3 equations to describe CO uptake during inhalation, 
breath holding and exhalation (IEEE Trans Biomed Eng 
27:221, 1980); Method 2 (Quart J Exptl Physiol 46:13l-143, 
1961) utilized a small (100 cc) sample of alveolar gas 
obtained just after dead space clearance. In normal 
subjects DlcoSB did not change using either method when 
breath holding time decreased from 10 to 2 sec. In 
patients with emphysema DlcoSB decreased significantly (p 

< .OOl) with decreasing breath hold time (method 1: 
-35.9 + 25.6%, mean i 1SD) and decreased -9c1.7 + 168% 
using method 2. In asthmatics, DlcoSB also decreased (p 
< .05 for both methods) with decreasing breath hold time 

(method 1, -10.5 t 13.6%; method 2, -15.1 + 13.9%). The 
reduced DlcoSB during short breath holding times could 
be due to failure of inhaled test gas to adequately mix 
with alveolar gas. (Supported by MRC Canada and Canad- 
ian Lung Association.) 

496 
MODEL FOR THE LIMITING ROLE OF ALVEOLAR-CAPILLARY 
EQUILIBRATION FOR O2 UPTAKE IN HIGH ALTITUDE HYPOXIA. 
J. Piiper. Dept. Physiol., Max Planck Institute for 
Experimental Medicine, D-3400 Gbttingen, FRG 

In deep hypoxic range (PO2 from 40 to 10 Torr) 
the slope of the blood O1 dissociation curve (0, 
content vs. PO,), 8, is approximately constant. For 
this condition the alveolar-capillary O2 equilibra- 
tion of a homogeneous lung model can be described 
by the simple relationship, 

d= (PA-Pc')/(PA-PV) = exp[-D/(QB)] . 

(D, pulmonary diffusing capacity fog 0,; i, pulmonary 
capillary blood flow; PA, PC' and Pv, O2 partial 
pressure in alveolar gas, end-capillary blood, and 
mixed venous blood, respectively.) With the data 
obtained by Cerretelli (J. Appl. Physiol. 40, 658, 
1976) at an altitude of 5350 m and with thrD values 
recently determined by a rebreathing technique using 
isotopic O2 (Piiper et al., Bull. Europ. Physiopath. 
Resp. 15, 145, 1979)vaKes for d could be calcu- 
lated.For resting conditions d was 0.15, meaning 
moderate degree of diffusion limitation. The value 
obtained for maximum O2 uptake exercise, d = 0.65, 
represents a high degree of diffusion limitation, 
implying that pulmonary O2 uptake is more severely 
limited by alveolar-capillary diffusion than by the 
cardiac output. 

PERIPHERAL CIRCULATION Ill 

497 
PLETHYSMOGRAPHIC MEASUREMENT OF ARTERIOLAR CRITICAL OPENING 
PRESSURE (COP) IN THE FINGERTIP. Richard A. Cohen;’ and Jay D. 
Coffman. Department of Medicine, Boston University School of 
Medicine, Boston, Massachusetts 02118 

A strain gauge placed on the fingertip within a pressure- 
tight chamber records volume (V) during a linear decrease in 
appl ied external pressure (EP). The first pulse denotes fin- 
gert ip systol ic pressure (SP) . The filling of a low compliance 
(arterial) compartment is followed by a sharp increase in V as 
indicated at FS. In five subjects, FS (66t4.9 mmHg) coincided 

with the EP at which flow starts determined by venous occlu- 
sion (63t3.9) and iodine-131 washout (6724.2). The difference, 
SP - FS, is the transmural pressure required to open arterioles 
and initiate flow, or COP. The strain gauge is also used to 
measure fingertip flow by 
venous occlusion (FBF, ml 
/min/lOO ml). After envi- EP I 
ronmental cooling (lh, 20’ 
C), COP was 2453.0 mmHg 120 
and FBF was 9+5 in eight 100 
subjects. Following dig- 80 
ital nerve blockade, COP 60 

40 
20 

0 

fell in each subject to 
13i2.4, while FBF rose to 
74+35. COP is a precise 
measurement of arteriolar 
tone ; an important deter- 
minant of FBF. (NIH HL 26 
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VASOPRESSIN PLAYS AN IMPORTANT ROLE IN BLOOD PRESSURE REGULA- 
TION IN CONSCIOUS DOGS. Ian A. Reid and Jeffrey Schwartz*. 
Dept. of Physiology, Univ. of Calif., San Francisco, CA 94143. 

The role of vasopressin in blood pressure regulation during 
hemorrhage and water deprivation was studied in conscious dogs 
with the antagonist [1-(B-mercapto-B,B-cyclopentamethylene 
propionic acid)] arginine vasopressin. 

Hemorrhage. Four dogs were subjected to a 15 ml/kg hemor- 
rhage in the presence and absence of the antagonist. In the 
absence of vasopressin blockade, hemorrhage did not change 
mean arterial pressure (MAP) or heart rate (HR). In the pre- 
sence of the antagonist (10 pg/kg i.v.) however, hemorrhage 
decreased MAP from 96+2 to 6427 mm Hg (P < 0.001) and in- 
creased HR from 71?10 to 130?23 bpm (P < 0.05). 

Water Deprivation. In six 48-h water-deprived dogs, vaso- 
pressin blockade did not decrease MAP. However, there were 
increases in HR from 8728 to 138217 bpm (P < O.OOl), in cardi- 
ac output from 2.020.1 to 3.120.1 L/min (P < 0.005) and in 
plasma renin activity (PRA) from 12.4k2.2 to 25.923.4 rig/ml/ 
3 h (P < O.OOl), and a decrease in total peripheral resistance 
from 46.623.1 to 26.923.1 units (P < 0.001). When the same 
dogs were pretreated with the 8-adrenoceptor antagonist pro- 
pranolol, (0.5 mg/kg i.v.) the HR and PRA responses to the 
antagonist were attenuated and MAP decreased from 10322 to 
91+3 IIEU Hg (P < 0.001). 

These experiments demonstrate that vasopressin plays an 
important role in blood pressure regulation in conscious dogs. 
(Supported by USPHS Grant AMO6704). 
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499 
HEIERARCHY OF AUTONOMIC NERVOUS SYSTEM, ANGIOTENSIN, AND 
VASOPRESSIN IN THE MAINTENANCE OF BLOOD PRESSURE. Peter C. 
Houck, Mary J. Fiksen-Olsen*, Steven L. Britton, and J. Carlos 
Romero. Mayo School of Medicine, Rochester, MN 55905. 

This study was designed to investigate the possible role of 
angiotensin and vasopressin in the maintenance of arterial 
blood pressure during acute blockade of the autonanic nervous 
system. Two groups of 5 dogs each were anesthetized with 
sodium pentobarbital and autonomic ganglia were blocked with 
hexamethonium (20 mg/kg). Thirty minutes later Group 1 re- 
ceived the vasopressin antagonist (d(CHz)gTyr(ME) AVP; 10 pg/ 
kg) followed after a 30-minute interval by captopril (1 mg/kg). 
Group 2 dogs received the same drugs except the order of ad- 
ministration of vasopressin antagonist and captopril was re- 
versed. Mean blood pressures + 1 SE are shown in the table 
below. 
Grp 1 Control Hexamethonium AVP-Antagonist Captopril 

115 2 4 84 2 9 59 + 11 43 t 6 
Grp 2 Control Hexarnethonium Captopril AVP-Antagonist 

120 + 5 87 2 6 76 L 8 38 k 5 
Blood pressure fell similarly in both groups following hexa- 
methonium. Either vasopressin antagonist (Grp 1) or captopril 
(Grp 2) produced a further decrease in blood pressure. Ad- 

ministration of the final drug resulted in yet another de- 
crease in blood pressure. We conclude that vasopressin plays 
a role at least as important as angiotensin in the maintenance 
of blood pressure in the anesthetized, ganglionic blocked dog. 
(Supported in part by NIH grant HL-16496 and Mayo Foundation) 

501 

CONTRIBUTION OF ARTERIAL RESISTANCE AND OF DOWNSTREAM 
PRESSURE TO RENAL ARTERIAL AUTOREGULATION. Walter Ehrlich, 
Victoria Tsinberg*, W. Robert Taylor*, Wayne A. Mitzner, 
The Johns Hopkins Medical Institutions, Baltimore, MD. 21205 

Renal arteries of anesthetized, intact dogs were perfused 
in situ under controlled inflow pressure (P). Blood flow (0) 
was measured by an extracorporeal Q transducer and P was 
measured by a P transducer on a side arm. Steady state (ss) 
p/Q relations were examined by changing ss P. Instantaneous 
(inst) P/Q relations for each established ss P/Q value were 

also ascertained by allowing P to fall so that zero Q was 
reached within 2 s. The ss y was then immediately reestablish- 
ed. We found that the ss P/Q values from 40-100 mmHg P rise. 
along one inst P/Q line. The almost flat part of the ss P/Q 
curve between 100-200 mmHg is caused by a rise in arterial 
resistance(Ra) - defined by the slope of the given inst P/Q 
line - and a rise in downstream pressure (Pd)- defined by the 
intercept of the given inst P/Q with the P axis. We conclude 
therefore that both, Ra and Pd contribute to renal arterial 
autoregulation. When P rises beyond the autoregulatory range 
Ra decreases again, whereas Pd continues to rise. (Supported 
by PHS Grant #HL10342) 

503 
DISTRIBUTION OF CARDIAC OUTPUT (CO) IN AWARE AND ANESTHETIZED 
SWINE. W. J. TRANQUILLI,* M. MANOHAR, C. M. PARES,* J. C. 
THURMON,* M. C. THEODORAKIS* AND G. J. BENSON.* Univ. Illi- 
nois, Col. Vet. Med., Urbana, Illinois 61801. 

Organ blood flow (4) was studied in 9 pigs, using 15 pm 
tracer microspheres injected into the left atrium, during un- 
anesthetized (control) state, 
(50%) 

during halothane (1.25%) + N20 
anesthesia, during halothane (H,2.25%) anesthesia, and 

during enflurane (E,4.0%) anesthesia. All anesthetic steps 
employed positive-pressure ventilation to maintain paco2 
- 38 ntmHg. Animals were allowed to recover towards the con- 
trol state before changing anesthetic regimen. Forty-five min 

were allowed for equilibration with each anesthetic regimen 
before studies were begun. At control, the internal organs 
which constituted 8.25 + 0.79% of the body mass received 
45.46 + 2.64% of the CO, Fraction of CO received by brain, 
heart, kidneys, liver (via hepatic artery) and gut was 1.13, 
3.04, 12.95, 4.27 and 18.71% respectively. Arterial blood 
pressure and CO decreased significantly with each of the 3 
anesthetic steps, the reduction being largest with H(47, 52%). 
With each anesthetic regimen, 4 per unit weight of cardiac, 
renal, splanchnic, skeletal muscular, fatty and cutaneous tis- 
sues decreased significantly whereas brain and hepatic 0 were 
unaltered from control values. Thus, the % CO received by the 
brain and liver had increased with H and E while it was un- 
altered for the other organs. In conclusion, we found that 
homeostasis was better maintained during H(1.25%) + N20 
(50%) anesthesia in comparison with H(2.25%) or E(4X). 

500 
THE EFFECTS OF BOTH ANGIOTENSIN AND ALPHA SYMPATHETIC BLOCKADE 
ON ARTERIAL PRESSURE AND BLOOD VOLUME DURING DECREASES IN 
PLASMA PROTEIN CONCENTRATION (PPC). R.D. Manning, Jr., and 
A.C. Guyton. Univ. Miss. Med. Ctr., Jackson, MS 39216 

We had previously reported that a 35 percent reduction of 
PPC in unanesthetized dogs resulted in no change in blood 
volume. The objective of the present experiment was to deter- 
mine the role of angiotensin II (AII) and the sympathetic 
nervous system in the maintenance of blood volume when PPC is 
decreased. Arterial pressure and fluid volume measurements 
were made on 12 splenectomized, unilaterally nephrectomized 
dogs during a 3 day control period and a 12 day experimental 
period during which angiotensin formation was blocked with 
SQ 14,225 and alpha sympathetic blockade was achieved with 
phenoxybenzamine. A group of 6 of these dogs (GRl) received 
daily plasmapheresis for 5 days during the experimental period 
to decrease PPC; the sham group (GR2) received no plasma- 
pheresis. During the experimental period GRl experienced a 
36 percent decrease in PPC, no change in blood volume, a 45 
percent decrease inmean arterial pressure and an 11 percent 
increase in sodium space. During the same period GR2 
experienced a 15 percent decrease in PPC, no change in blood 
volume, a 32 percent decrease in mean arterial pressure, and 
a 6 percent increase in sodium space. These data indicate 
that neither AI1 or the sympathetic nervous system is respon- 
sible for the maintenance of blood volume in the face of 
chronic reductions in PPC. (Supported by NIH grant HL 11678) 

502 
REGIONAL RENAL AND SPLANCHNIC BLOOD FLOWS DURING NICOTINE 
INFUSION: EFFECTS OF ADRENERGIC BLOCKERS. George J. Crystal, 
H. Fred Downey, and Fouad A. Bashour. Departments of Physiol- 
ogy and Internal Medicine and Cardiovascular Research Labora- 
tory at Methodist Hospital, University of Texas Health 
Science Center at Dallas, Texas 75235 

Renal (cortex and medulla) and splanchnic (duodenum, liver, 
pancreas, and spleen) blood flows were measured with 25-p 
radioactive microspheres in anesthetized, open-chest dogs. 
The effects of nicotine (36 pg/kg/min) were evaluated alone 
and after either selective a-adrenergic blockade (phenoxyben- 
zamine) or combined a- and @-adrenergic blockade (phenoxyben- 
zamine and propranolol). Without blockade, nicotine increased 
arterial pressure (AP) 82%, but had heterogeneous directional 
effects on flows: pancreas (-64%), duodenum (-33%), kidney 
cortex (-31%), kidney medulla (-17%), liver (+5%), spleen 
(+70%). a-blockade prevented increase in AP during nicotine 

but changes in flows remained heterogeneous. After combined 
a- and B-blockade, nicotine increased AP 75% and decreased 
flow in all tissues. Results indicate 1) heterogeneous 
effects of nicotine in renal and splanchnic organs due to 
regional differences in activities of a- and B-adrenergic 
receptors, and 2) a potent non-adrenergic vasoconstrictor re- 
sponse to nicotine in these organs after adrenergic blockade. 
(Supported by Council for Tobacco Research - U.S.A., and the 

Cardiology Fund) 

USE OF MICROSPHERES FOR MEASURING MUSCLE BLOOD FLOW IN EXER- 
CISING RATS. M. H. Laughlin, R. B. Armstrong, J. A. White* and 
K. Rouk*. Dept. Physiol., Oral Roberts U., Tulsa, OK 74171 

A catheter implantation procedure allowing use of radiolab- 
eled microspheres (MS) for measuring muscle blood flow (BF) in 
rats during high-speed running was desired. Attempts to use 
existing procedures were unsuccessful, since reference cathe- 
ters placed in any brachial, femoral, or caudal artery affect- 
ed the rat's gait and a carotid catheter in the LV limited his 
ability to run. Silastic catheters placed in the renal artery 
and the ascending aorta minimized these exercise performance 
problems. However, it was necessary to establish that aortic 
MS infusions (MSI) result in good MS-blood mixing. The ade- 
quacy of mixing was tested with the following: 1) comparing 
radioactivity in reference withdrawal samples (R) taken from 2 
locations in the aorta with LV and aortic MSI; 2) comparing BF 
to bilaterally paired tissues (kidney and 3 hindlimb muscles) 
in resting rats with LV and aortic MSI; and 3) comparing BF to 
bilaterally paired muscle samples (9 hindlimb muscles) in rats 
during running at various speeds. The % difference between 
proximal and distal R was the same for aortic and LV MSI. Al- 
so, BF to the paired tissue samples was the same in both rest- 
ing and exercising rats with either LV or aortic MSI. These 
results demonstrate that aortic MS1 result in MS-blood mixing 
that is at least as good as that obtained with LV MS1 and can 
therefore be used to measure muscle BF during exercise in 
laboratory rats. (Supported by NIH AM25472 and AHA, Oklahoma 
Affiliate) 
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505 
A-V SHUNT AND CAPILLARY BLOOD FLOW DISTRIBUTION WITH NERVE 
STIMULATION.. C.H. Baker, D.L. Davis, and B.G. Lindsey. 
College of Medicine, Department of Physiology, University of 
South Florida, Tampa, FL 33612. 

The distribution of blood flow between the parallel vascu- 
lar circuits in the dog hindpaw has been assessed. Dogs were 
anesthetized and the right hindpaw was vascularly and neurally 
isolated. The venous cannula passed through a scintillation 
detector for obtaining isotope time-concentration curves. The 
skin flap served as a seal for a volume recorder. The animals 
were heparinized. The preparation was isovolumetric. The 
arterial tubing had side arms for measurement of perfusion 
pressure and injection of indicators-(Il31-albumin, Rb86 and 
SR85-microspheres (15pm)). The animal received a continuous 
transfusion of homologous blood at the rate of the hindlimb 
venous outflow. Deep fibular nerve stimulation had its major 
effects on the A-V shunts. The nerve was stimulated at a 
frequency of 15 impulses per second at 80 volts and 0.3 msec 
duration under conditions of controlled perfusion pressure. 
Arterial flow decreased and resistance increased significantly 
(P<O.Ol). PS increased significantly while the mean transit 
times for 1125-albumin and labeled microspheres increased 
significantly. The recovery of the microspheres and vascular 
volume decreased significantly. The increased blood flow 
resistance caused by the nerve stimulation resulted in dis- 
tribution of blood flow to the capillary circuit and a re- 
duction in A-V shunt flow. (Supported by USPHS Grant HL 
24151). 

507 

UPTAKE OF FATTY ACIDS, PROSTAGLANDINS, AMINO ACIDS AND SUGARS IN 
THE PERFUSED RAT LUNG IN A SINGLE CIRCULATION. 
A. Syrota* Monique Girault * and D.L. Yudilevich* (SPON: J. 
Boyle III). SHFJ, Departement de Biologie, CEA, 91406 Orsay and 
INSERM U 13, Univ. Paris VII, H8pital Claude Bernard, 75019 
Paris. 

Isolated lungs were ventilated and perfused (10 ml/min) with 
a Hanks culture medium containing Ficoll (70,000 MW: 70 g/l). A 
mixture of two or three labelled molecules (albumin, mannitol 
and test) was injected into the pulmonary artery, followed by 
venous sampling for 20 sec. From the tracer concentrations 
extraction (E), permeability-surface product (PS) and cellular 
uptake (U) were estimated. 

E=l- test/albumin (intravascular label) 
U=l- test/mannitol (extracellular label) 

PS for mannitol was 2.8 + 1.5 ml/min. per g. dry wt. (+ SD, n = 
243); however, E % was Tow: 8.8 + 4.8. 

Uptake was negligible for glucose, manoose, glycine, alanine, 
methionine, phenylalanine, lysine, glutamic acid, taurine, 
acetic acid, propionic acid and butyric acid. For fatty acids: 
palmitic, arachidonic, linoleic, linolenic and prostaglandin 
PGEI, U ranged between 26-903. Michaelis-Menten kinetic para- 
meters for PGEl were measured and palmitate uptake was inhibited 
by albumin. These measurements reflect endothelial cell perme 
ability. There is often a late uptake of methionine which can 
be inhibited by unlabelled substrate, suggesting facilitated 
transport by the epithelium. 

SHOCK I 

506 
THE RELATIONSHIP BETWEEN BLOOD FLOW AND "~Tc-LABELED METHYL Jc 
DIPHOSPHONATE UPTAKE IN BONE SCANNING. Stanley A. Riggs, Jr., 
Michael B. Wood* and Patrick J. Kelly. Mayo Clinic, 
Rochester, MN 55905 

With a canine tibia model, blood flow was increased or de- 
creased in one hind leg of an unanesthetized animal. 85Sr- 
labeled microspheres were used to measure blood flow; qqmTc- 
labeled methyl diphosphonate (MDP) scans of both the control 
and experimental hind legs were done at 3 h after injection. 
Five experiments without alteration of blood flow were done to 
validate the technique, 4 to produce a state of increased 
blood flow, and 4 to decrease blood flow to the hind leg. His- 
tologic studies were done with microradiographic techniques. 
Blood flow was 2.48 ml/100 g per min for cortical bone and 
12.5 ml/100 g per min for cancellous bone. When change in 
qqmTc uptake at 3 h is plotted against blood flow as deter- 
mined by the microsphere technique, a parabola is described 
with a linear relationship (correlation coefficient 0.97) be- 
tween change in qqmTc uptake and change in blood flow in both 
the control and decreased blood flow groups. The nonlinear 
component shows a disproportionately slower increase in qqmTc 
uptake with increased blood flow. Tests for nonlinearity show 
that the data describe a parabola with a coefficient of deter- 
mination of 0.95. Thus blood flow is a major determining fac- 
tor in the skeletal uptake of the qqmTc-MDP bone-scanning 
agent. Nonlinearity at high flows may be due to the increase 
in tracer extraction with high blood flows. (Supported in 
part by USPHS NIH Grant AM 15980) 

508 

NIFEDIPINE REDUCES ACUTE HYPOXIC VASOCONSTRICTION IN AWAKE 
NEWBORN PIGLETS. Gregory J. Redding* and Pierre Escourrou* 
(Spon: Alan Hodson). Univ. of Washington, Seattle, WA 98195 

-Nifedipine (N), a calcium antagonist, reduces smooth muscle 
constriction in coronary arteries and airways. We measured 
pulmonary hemodynamics before and after N in room air (RA) and 
isocapnic hypoxia (H; FI02=10% PlCC2=4%) in unanesthetized pig- 
lets, 822 days of age, to see if N alters acute hypoxic pulmo- 
nary vasoconstriction (HPV) in newborn animals. Catheters were 
placed in 5 animals 24 hours before eacL study. Mean pulmonary 
and systemic artery pressures (Fpa and Psa), heart rate (HR), 
and cardiac output (CO) were measured before and during an in- 
fusion of 16 mcg/kg/min of N. Before N, H increased Fpa by 70% 
and total pulmonary resistance (TPR) by 65%. N increased HR, 
Fpa, and CO but reduced Fsa and TPR in RA (Pa02=91+10 torr); 
and N reduced the rise in Fpa and TPR despite an increase in CO 
during H(Pa02=45?7 torr). We conclude that N reduces HPV but 
substantially increases CO in awake newborn piglets. 

Pre-N Post-N 
HR Fpa co TPR HR -- pPa co TPR 

RA 163+9 13?1 .66+.06 2023 260+33* 18+2* .88?.15* 2023 
H 19028 22+3 .67+-.ll 3328 278t30 2122 .94i.17 2325 
A 27+5 922 .02+.09 13?7 18?5 3+1* .06?.13 3+3* 

* P<.OS for pre-N vs. post-N comparisons on RA and forA. 
Values are expressed ai mean + standard error of the mean. 
Units: HR=beats/min; Fpa=torr; CO=L/min; TPR=torr/L/min. 
Supported by MCH Grant #000955 

509 
THROMBOXANE (TX) AND PROSTACYCLIN (PG12) IN THE SYNERGISM OF 
GENTAMYCTN (GENT) AND INDOMETHACTN (INDO) DURING SEPTIC SHOCK. 
R.R. Butler*, W.C. Wise, P.V. Halushka, and J.A. Cook. Depts. 
of Physiology, Pharmacology, and Medicine, Medical University 
of South Carolina, Charleston, South Carolina 29425. 

Fecal peritonitis is associated with increasedTxA2 and PG12. 
We sought to determine the role of these substances in mediat- 
ing the beneficial effects ofGENT(25mg/kg ip; 30 minpre-feces) 
and/or INDO (10 mg/kg ip; 30 min pre-feces). Shocked control 
rats received vehicle 30 min pre-ip feces. Plasma TxA2 and 
PG12 were measured via RIA of their stable metabolites iTxB2 
and i6-keto-PGFlo (6-KETO). Non-shocked rats have non-detect- 
able levels (ND<200 pg/ml). Fibrin degradation products (FDP) 
were measured with a staphlococcal clumping assay. 

Survival Time FDP(6 hr) Tx(4 hr) 6-KETO(4 hr) 
Group Hours* &ml* pg/ml* pg/ml* 
CONTROL 8.6&0.2(50) 18f8(4) 1681*248(12) 7450f933(12) 
INDO 13.3f0.6(21)a 4f1(4)a ND(lO)a ND(lO)a 
GENT 23.2&2.6(16)a 11*3(4) 1556f316(6) 3443f156(6ja 
GENT+INDO 41.4f1.8(17)apb 4&2(4&b ND(lO)a,b ND(lO)agb 
PcO.01 compared to aControl and bGENT; * = f SEM(N) 
GENT+INDO was the only treatment that gave long term survival 
(>48 hrs=35%;P<0.01). INDO alone decreased FDP, TX, and 6-KETO 
and increased survival time. GENT alone did not alter FDP or?k; 
however, we see decreased 6-KETO and increased survival time. 
GENT+INDO decreased FDP, TX, 6-KETO, and enhanced survival. 
These results support the hypothesis that TxA2 is involved in 
early sequelae and PG12 contributes to terminalpathophysiology 
of septic shock (Supported by NIH GM27673 and GM20387). 

510 

PROSTAGLANDIN MODULATION OF ADRENERGIC VASCULAR CONTROL DURING 
HEMORRHAGIC SHOCK. Bond, Robert F., Carol H. Bond, Lorraine C. 
Peissner, and Eva S. Manning. Departments of Physiology, Kirk- 
sville College of Osteopathic Medicine, Kirksville, MO 63501 & 
Oral Roberts University, Tulsa, OK 74171. 

This study was designed to evaluate 1) whether the initial 
compensatory skeletal muscle vascular constriction induced by 
hemorrhagic hypotension is primarily the result of increased 
adrenergic neural tone or circulating vasoconstrictor agents, 
and 2) whether the secondary skeletal muscle decompensatory 
vasodilation is caused by inhibitory action of prostaglandins 
on peripheral adrenergic nervous system. A constant flow vas- 
cularly isolated double canine gracilis muscle preparation in 
which one muscle served as innervated control for the contra- 
lateral muscle was used. Dogs were subjected to standard step- 
wise hemorrhagic shock protocol. In series 1, perfusion pres- 
sures to control muscles were compared to denervated muscles 
with the result that innervated muscle perfusion pressures in- 
creased initially from 105 to 175 mmHg, but subsequently fell 
significantly (wO.05) to 147 mmHg. Only modest increases in 
perfusion pressures with no significant secondary fall was 
noted in denervated muscles. Series 2 compared innervated con- 
trol perfusion pressures to pressures perfusing muscles pre- 
treated with prostaglandin-synthesis inhibitor sodium meclofe- 
namate (MCF). The MCF treated muscle perfusion pressures rose 
to 260 mrnHg where they remained without the secondary fall 
noted in control muscles. These data support the two hypothe- 
ses tested. (Supported by AOA and NIH grant RR-09130.) 
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511 
ENDOTOXIN INDUCED INEFFECTIVENESS OF NOREPINEPHRINE. 
R.M. Lust, H.F. Janssen, L.O. Lutherer, B.B. Bayer* and M.W. 
Cooper*. Depts. of Internal Medicine, Orthopedic Surgery and 
Physiology, Texas Tech Univ. H.S.C., Lubbock, TX. 79430 

Previous work in this lab has demonstrated significant de- 
pression of both contractility and contractile reserve follow- 
ing injection of 0.5 mg /kg end otoxin. Factors responsible for 
this depression are not known. To det ermine whether the de- 
pression is due to an inability to respond to catecholamines, 
responses to injected norepinephrine(NE) (0.6 ug/kg) were mea- 
sured in 6 animals before and 2,10,30,60,90,120,150 and 180 
minutes following the injection of endotoxin. Left ventricular 
and aortic pressures were monitored with a Millar catheter and 
an ultrasonic echocardiographic transducer was sewn to the per- 
icardium for visualization and measurement of left ventricular 
function. Contractile strength was increased 270% in the con- 
trol following NE injection. As early as 2 minutes after endo- 
toxin the response 
37%, and by 10 min 

to the same dose of NE was reduced to just 
. was reduced further to 2 5%. There was S 

some tendency towards recovery of 
the response was still less than 5:; 

sponsiveness, but at 3 hrs. 
. Thus, even at 3 hours 

after the initial insult, the animal remains at least 5 times 
less responsive toinfused NE as compared to control. It is 
suggested that the cardiac depression and peripheral vascular 
changes associated with end otoxemia may be 
apparant ineffectiveness of catecholamines. 

aggravated by an 

513 

THE EFFECT OF SEVERE HEMORRHAGIC HYPOTENSION ON THE SKELETAL 
MUSCLE VASCULATURE OF THE CHICKEN. James M. Ploucha, Robert 
K. Ringer, and Jerry B. Scott. Department of Physiology., 
Michigan State Univ., E. Lansing, MI. 48824 

We have recently reported that hemorrhage to a mean 
arterial blood pressure (MABP) of 50 mm Hg in the chicken has 
no effect on total peripheral resistance or skeletal muscle 
vascular resistance (judged from changes in hindlimb perfusion 
pressure, Pp)(AJP 240: Hg-H17, 1981). In the present study we 
report the effect of a more severe hypotension on skeletal 
muscle vascular resistance in the chicken. 
Condition MABP ' Pp ' 
control 115 +5 86 +5 -+ :??+SE 
hem. 50 r2 86 T5 13 ' b&xi flow = 7.1 +0.5 
hem. 25 52 182 57 13 ml/mini phentola&ne 
hem. + vagot2 25 r2 184 TlO 7 50 ug/min. 
hem. + Phen. 25 52 92 ;lo 6 
The sharp rise i'; Pp of-the isolated constantly perfused 
hindlimb when the bird was hemorrhaged to a MABP of 25 mm Hg 
was unaffected by severance of the ischiadic nerve trunk or 
bilateral cervical vagotomy. However, infusion of an 
alpha-adrenergic antagonist into the arterial perfusion 
circuit during hemorrhage completely eliminated the response. 
The rise in Pp is of a magnitude similiar to that recently 
reported with this technique during asphyxia in the chicken. 
We conclude that the vasoconstrictor response to severe 
hemorrhagic hypotension (MABP = 25) in the chicken is likely 
due to cerebral ischemia, rather than a baroreflex. 

512 
PRESSOR ROLE 0~ CEREBELLUM AND RENIV~VGI~TENSIN SYSTEM (RAs) 
DURING HEMORRHAGIC HYPOTEtiSION. B. C. Luthererj: A. L. Smith;* 
H. F. Janssen, C. D. Barnes and L. 0. Lutherer. Texas Tech 
University Health Sciences Center, Lubbock, Texas 79430. 

Previous work in our lab demonstrated the importance of the 
cerebellum and the RAS in recovery of mean arterial pressure 
(MAP) following endotoxin administration. The current study in- 
vestigated the role of the cerebellum and the RAS during hemor- 
rhagic hypotension. Dogs were hemorrhaged (1 ml/kg/min) until 
MAP reached 50 mnHg and then observed for 180 min or until 
death. All cerebellectomized (CX) animals (n=8) died between 
5 and 111 min following cessation of hemorrhage. All sham- 
operated (SO) animals (n=6) survived the full 180 min. MAP of 
SO animals returned to 109?6 by 45 min. In the CX group MAP was 
74&4 at 45 min and declined thereafter. The MAP was 8228 at 45 
min in dogs (n=9) given captopril (CAP) (anqiotensin I-convert- 
ing enzyme inhibitor) beginninq 15 min prior to hemorrhage. 
Four animals in this group died between 44 and 80 min with the 
MAP of the survivors reaching a maximum of 9224 by 90 min. No 
significant differences amonq qroups were noted for the percent 
estimated blood volume shed to reach 50 mmHg. However within 
the CAP group the percent was significantly less for surviving 
animals (34.322.1 vs 48.4k2.4). In preliminary studies ablation 
of the fastigial nuclei produced a response identical to cere- 
bellectomy. This suggests that fastigial nucleus activation of 
the RAS is important for restoration of MAP following hemor- 
rhagic hypotension. Other systems may partly offset angio- 
tensin blockade if the cerebellum is intact. 

514 
CARDIOVASCULAR AND METABOLIC RESPONSES DURING BURN SHOCK IN 
GUINEA PIGS TREATED WITH SEVERAL RESUSCITATION FLUIDS. S. J. -- 
Whidden, M. C. LaGarde,* F. C. Nance, * J. Duttarer,* H. I. 
Miller, L. S. U. Med. Cen., New Orleans, LA 70112. 

Guinea pigs with indwelling arterial, venous catheters and 
thermistors were anesthetized with Ethrane and scalded through 
a template in 1OO'C water to produce a full skin thickness 
burn over 40% of the BSA. These animals were treated with 3 
resuscitation fluids: normal daline (NS), lactated Ringer (RL) 
and hypertonic saline lactated (HSL). All showed a decrease in 
temperature and cardiac output in the first post burn (PB). NS 
and RL returned to preburn values at 8hrs and 24 hrs, respec- 
tively, while HSL values remained depressed. RL animals became 
acidotic at 4hrs while the pH of the groups was unchanged. As 
exoected, plasma lactate levels rose PB in all samples but were 
significantly higher in the HSL. An increase in plasma glucose 
levels was found at initially PB in all groups. It decreased 
moderately at 4hrs PB, and returned to preburn levels in NS and 
RL. However, the HSL PB became hypoglycemic by 8hrs (less than 
50 mgm-1. FFA values fell initially but then recovered in all 
but the RL group by 8hrs PB. 02 consumption decreased initially 
in all groups but only in the HSL was recovery to preburn level 
not found. The R.Q. for HSL was observed to be elevated 
throughout the duration of the PB experiment. Each resuscita- 
tion fluid was observed to have a different effect on metabo- 
lism and cardiovascular physiology. Supported by NIH Grant 
T2GM07029B. 

DIAC INDEX(CI), HYPERMETABOLIC STATE OF SEPSIS IN THE DOG. R.M. 
INCREASED SKELETAL MUSCLE GLUCOSE UPTAKE DURING THE HIGH CAR- 

Raymond* and T.E. Emerson, Jr. Physiology Dept. Michigan State 
University, East Lansing, MI 48824. 

Many reports in the clinical literature indicate an acceler- 
ated glucose turnover during high CI, hypermetabolic sepsis.Re- 
cent data from our laboratory indicate an increased skeletal 
muscle glucose uptake during endotoxin shock in the dog. The 
mechanism for this was shown to be related to local tissue hy- 
poxia. The early septic state in which organ blood flow is not 
decreased and tissue hypoxia is not apparent is different than 
the low flow state of shock. Therefore, this study was under- 
taken to define the role of skeletal muscle glucose metabolism 
during high CI sepsis in the dog. Large dogs (2@2kg) of either 
sex were implanted with catheters for measuring cardiac output, 
blood pressure and intraperitoneal administration of live E. co- 
li. Following control measurements, peritonitis was induced and 
the animals monitored daily until CI increased (>25%). The ani- 
mals were then anesthetized and the constant flow perfused gra- 
cilis muscle was used as the test organ. Control animals re- 
ceived saline. Experimental muscle glucose uptake was .72+.lmg/ 
min/lOOg whereas control muscle was .15+.04mg/min/lOOg. Lactate 
and pyruvate production by the septic muscles was significantly 
greater than control muscles. Oxygen uptake of either group did 
not change. These data provide evidence that skeletal muscle 
glucose uptake is markedly increased during high CI sepsis with 
no local hypoxia or changes in muscle 0 

f 
metabolism. 

(Supported in part by NIH grant GM26394 

CIRCULATIONS AFTER THERMAL INJURY. BA Harms*, BI Bodai*, GC 
MICROVASCULAR FLUID AND PROTEIN FLUX IN PULMONARY AND SYSTEMIC 

Kramer* and RH Demling. Depts. of Surgery and Human Physiology, 
Univ. of Calif. Davis, CA 95616 and Dept. of Surgery, Univ. 
of Wisconsin, Madison, WI 53706. 

We studied the local and generalized microvascular 
response to thermal injury, monitoring transvascular fluid 
flux and protein permeability in burned and non-burned soft 
tissue and in the lung. Chronic lymph fistulas were prtduced 
in lung and soft tissue in 7 adult sheep. Lymph flux (L) and 
the lymph-to-plasma protein concentration (L/P) ratio for four 
protein fractions separated by gel electrophoresis, were used 
to monitor fluid flux and protein permeability before and for 
72 hours after a 25% full-thickness skin burn. There was a 
marked increase in bqth c and the L/P ratio for all proteins 
ranging from 35-108 A radius in burn tissue for the entire 72 
hour period, indicating a sustained increase in protein 
permeabi1it.y. There was a transient increase in L' and L/P for 
proteins 58x and less in non-burn tissue, with the permeabil- 
ity change lasting about 12 hours. Fluid flux was signifi- 
cantly increased in the lung for 24-36 hours, but protein 
sieving was normal as demonstrated by a decrease in L/P ratio 
for all protein fractions, indicating the increase in L' was 
not due to an increase in vascular permeability. (Supported by 
NIH grants GM27619, HL 18010 and the Firefighters Pacific 
Burn Institute) 
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A SINGLE BREATH METHOD FOR 14EASUREMENT OF THE PASS- 
IVE 1lECHAfJICAL PROPERTIES OF THE RESPIRATORY SYSTEM 
DURING ANESTHESIA. W.A. Zin*, L.D. Pengelly and 
J. Milic-Emili. fleakins-Christie Laboratories, 
McGill University, Montreal, Quebec. 

In 6 anesthetized cats (Sodium Pentobarbital - 
35 mg/kg) we measured airflow, changes in lung 
volume and tracheal pressure. The airways were oc- 
cluded at end-inspiration (V ). During the ensuing 
period of apnea (Hering-Breugr inflation reflex) 
the animal relaxed the respiratory muscles and the 
massive compliance of the resoiratory system (Crs) 
was computed by dividing V by the tracheal 
pressure. With the animalTstill relaxed the 
occlusion was rapidly released, and by plotting 
volume against flow during the expiration a straight 
line was obtained, the slope representing the time 
constant of the respiratory system: A5 z C 
where R 

x RrS, 

respirag% 
is the flow resistance of the Da!!&ve 

ry system. From the measured values ofr 
and C R was computed. \pJith this information it 
was p6zLibfg to quantitate the net pressure 
developed by either inspiratory or expiratory 
muscles during control (unoccluded) expiration. 
(Supported by MRC of Canada, Dr. Zin is supported 

by CNPq, Brazil). 

518 
> MECHANICAL PROPERTIES OF THE RESPIRATORY SYSTEM IN ANESTHETIZB 

MAN. P. Behrakis*, A. Baydur*, B.D. Higgs* and J.Milic-Emili. 
Meakins-Christie Labs and Department of Anesthesia, Royal 
Victoria Hospital, Montreal. 

After the first moments of a relaxed expiration, all the 
pressure due to the recoil of the respiratory system,Prs(st) 
is available to produce flow (V). In the mid-range of lung 
volume(V), the static volume-pressure curve of the total 
respiratory system is nearly linear and Prs(st) can be ex- 
pressed as E rsV, where Ers is total respiratory elastance. In 
spontaneously breathing humans, anesthetized with nitrous oxide 
(70% in 02) we measured V, changes in lung volume and tracheal 
pressure (PT). After occlusion of the tracheal tube at end- 
inspiration (VT), we measured PT while the subjects relaxed tk 
respiratory muscles. By dividing relaxed PT by VT, Ers was ob- 
tained. With the subjects still r+axed, the tracheal occlu- 
sion was released to obtain the V-V relationship during the 
ensuing relaxed expiration. V was next multiplied by Ers to 
obtain Prs(st). The Prs(st) VS. i? lt’ re a ionships were curvilin- 
ear.in all subjects and fitted the following equation: Prs(st)= 
kl V and k2 V2, where kl and k2 are the constants of Rohrer's 
equation. 
flow rela 

In conclu sion, in anesthet ized humans the pr essure- 
tionship of the respiratory system (including tracheal 

tube) is curvilinear and can be determined without recourse to 
paralysis of the respiratory muscles. 

519 520 
DYNAMICS OF BREATHING IN INFANTS. J.P. Mortola, J.T. Fisher, 
B. Smith*, G. Fox* and S. Weeks*, Dept. of Physiology and Dept. 
of Anaesthesia, McGill Univ., Montreal, Canada H3G lY6. 

Passive and active properties of the respiratory system 
have been measured in 10 infants at lo-90 minutes after birth 
and in 10 infants at a few days of life. Fxamination of the 
passive compliance (C) and of the expiratory flow-volumecurves 
indicates that the end expiratory volume is maintained above 
functional residual capacity at both ages, but significantly 
more so at a few days (7.6 ml) than at lo-90 minutes (3.5 ml). 
The passive time constant is shorter at the early age due to 
the smaller C. The active time constant of the respiratory 
system is less than the passive value, due to a smaller active 
canpliance, particularly at a few days. The active resistance 
is on the contrary similar to the passive resistance value, 
suggesting that losses due to the velocity of shortening of the 
inspiratory muscles are not relevant in infants. The active 
stiffening of the respiratory system provides more stability 
and a more ready volume response for any given change in 
pressure; its price however is a higher work of breathing. At 
the optimal breathing rates the active work is 127% (lo-90 
minutes) to 183% (a few days) higher than that computed from 
the passive values. The inspiratory flow wave tends to be 
squared at both ages minimizing the energy losses due to 
friction. 

(Supported b y the Medical Research Council of Canada). 

521 
SHAPE AND REGIONAJJ VOLUME IN -SED LUNG LOBES. G.T. . 

D, Ford* Depts. of Medicine, 
Universities of Manitoba and Calgary, Canada. 

We froze 10 isolated canine lower lobes by immersing than 
in chloroethene (specific gravity=1.4) at -2O%C. In six in- 
stances the contralateral lower lobe was frozen over dry ice. 
The lobes were then sliced horizontally and the volume and 
weight of each slice measured, so that expansion (specific 
volume) and the amount of tissue (weight) could be assessed 
as a function of distance down the lung. Lobes frozen under 
chloroethene at low (35% TLC) and medium (60% TLC) volumes 
demonstrated a gradient of regional expansion which was about 
half that predicted on the basis of pleural surface pressure. 
Lobes frozen under chloroethene at high volumes (80% TLC) 
did not demonstrate a significant gradient of regional ex- 
pansion. These results demonstrated tissue interdependence. 
When lobes frozen under chloroethene were compared with con- 
tralateral lobes frozen over dry ice, substantial differences 
in shape were evident. Chloroethene frozen lobes had greater 
vertical height and a smaller fraction of their weight was 
present in dependent regions: over the lower 40% of their 
vertical height lobes frozen in chloroethene had half as much 
tissue as did lobes frozen over dry ice. We demonstrated 
two mechanisms by which relative homogeneity of regional ex- 
pansion was maintained in response to differences in pleural 
pressure: tissue interdependence and tissue movement from 
more compressed to less compressed regions. 

EFFECT OF CHEST WALL DISTORTION ON ESOPHAGEAL PRESSURE. P.N. 
LeSouCf*t,JM Lopes)t, N Muller, & AC Bryan. Respi ratory Physiol 
Res.lnst. Hospital for Sick Children, Toronto, Canada. 

In adults esophageal pressure (Pes) has been shown to appro- 
ximate mean pleural pressure (Ppl). However, this relationship 
may not hold true in preterm infants with severe chest wall 
distortion (CWD) as this could lead to an uneven distribution 
of surface Ppl. We therefore studied eight preterm infants 
(mean birth weight 1270 gm(range glO-1560 g),mean gestational 
age 31 w (range 28-33~)) mean age 21 d (range 8-45 d)). Antero- 
posterior diameter of the rib cage and abdomen were monitored 
with magnetometer pairs, Pes with an open-ended water-filled 
6 Fr gauge catheter and tidal volume with a face mask and 
pneumotachograph. CWD was considered present when there was 
inward motion of the rib cage on inspiration. In each infant 
a period with little or no CWD and a period with marked CWD 
were then selected for comparison. In each period, Pes swings 
required to generate identical tidal volumes were then assessed. 
For equal tidal volume, Pes increased significantly during 
periods of marked distortion in each of five infants (pqO.05) 
and remained unchanged in three. The overall mean increase 
was 12% (pcO.05). A change in lung volume and hence compliance 
did not appear to account for the changes in pressure observed. 
We conclude that the presence of CWD can result in higher Pes 
swings for the same tidal volume. This finding offers a poss- 
ible explanation for the wide variation in airway resistance 
and lung compliance reported in preterm infants, as these are 
based on measurement of Pes.(Supp Grant from U of W Australia)+ 

522 
FUNCTIONAL RESIDUAL CAPACITY (FRC) IN AWAKE AND ANESTHETIZED 
RATS. W.J.E. Lamm*, J.R. Hildebrandt, J. Hildebrandt, and 
Y.-L. Lai. Virginia Mason Research Center, Seattle, WA 98101. 

FRC, tidal volume (VT),and frequency (f) were compared in 23 
anesthetized rats with values later obtained when awake and un- 
restrained. A tracheal cannula with pneumatic airway occluder 
was implanted acutely, then FRC determined in a cone-shapedbody 
plethysmograph. Four-six hrs after the anesthesia, repeat mea- 
surements were made. In the awake state, FRC=1.02 + 0.22 ml/ 
loo 8, vT = 0.39 + 0.06 ml/lOOg and f = 142 + 22 breaths/min. 
FRC of the excised lung was measured by saline displacement and 
averaged 83 + 14% (n=14) of the calculated box values, reflect- 
ing effects of gas absorption and cooling. During pentobarbi- 
tal anesthesia (lying prbne), FRC decreased (PcO.01) to 52.9%, 
VT increased (PcO.01) to 147.4%, and f decreased (PcO.01) to 71 
% of awake values, leaving minute ventilation almost unchanged. 
Possible influences of abdominal or chest wall compression 
while lying prone were evaluated in a second group of 7 rats by 
adding spinal suspension to the above protocol for anesthetized 
animals. It appears that thoracic compression followed by a 
time-dependent volume history effect may account for the major 
FRC change. Some decrease in FRC may also be due to lower 
breathing frequency and loss of inspiratory muscle activity 
(expiratory braking and resting muscle tone in awake animals). 

Peak diaphragmatic BMG per unit VT was shown to increase almost 
linearly with FRC, indicating the decreased diaphragmatic ef- 
ficiency as lung volume is elevated. (Supported by NIH grants 
HL 20568, HL 27064, and HL 14854). 
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EFFECTS OF ACCELERATION (+Gz) ON THE INTRAPLEURAL PRESSURE 
GRADIENT. H.I. Modell, Virginia Mason Research Center, 
Seattle, WAX01 

ELASTIC AND RESISTANCE COMPONENTS OF THE RESPIRATORY SYSTE;I IN 
OBESITY. Paul M. Suratt, Donald Kaiser, Henry Hsiao, and 
Dudley F. Rochester*. UVa Med Center Charlottesville, Va. and 
Biomed Engineering, U.N.C. Chapel Hill. 

Although previous studies of respiratory mechanics in 
obesity have shown that the compliance of the total respira- 
tory system (Crs) and chest wall (Ccw) are low, studies of 
mass loading the respiratory system suggest that, over the 
range of tidal breathing, resistance to gravity is a major 
component of work of breathing in obese subjects. We used the 
pulse flow method (JAP 1980: 49,1116) to measure Crs in 17 
normal and 11 obese subjects with body mass indexes (BMI) 
ranging from 17 to 83 Kg/m 2. In 8 of these subjects (4 normal 
and 4 obese) Ccw and chest wall resistance (Rcw) were measured 
with the pulse flow method using the difference between eso- 
phageal and atmospheric pressure. Rcw was taken as the 
initial step rise in pressure divided by the pulse flow rate. 
Although BMI correlated with Crs when analysed alone 
(r=0.44,p<.OZ), when the effect of vital capacity and age were 
added in a multiple regression, the effect of BMI was no 
longer significant. BMI was highly correlated with Rcw 
(r=0.92,p<.OOl) but was not significantly correlated with Ccw. 

We conclude that elevated chest wall resistance is the major 
mechanical defect in obesity. 

Altho ugh a number o f investigato rs have examined the intra- 
eural pressure (Ppl) gradient in upright (+lGz) man and Pl 

animals, none hav e reported the influence of hig h +Gz stress 
on the g radient. We exposed 9 supine, anestheti zed, adult 
dogs brea thing spontaneously to +Gz levels ranging from 1 to 
+5Gz. Ai r-filled, right angled sta inless steel cannulae 
hav 
the 
To 
SYS 

ing multiple side holes were placed in 2 to 4 sites from 
3rd to 9th intercostal (10 space to monitor regional Ppl. 

determine the influence of +Gz stress on the passive 
tern, the animal was sacrificed with an IV injection of KCl, 

and the exposures were repeated immediately. In the live dog, 
the Ppl gradient at end-expiration increased with increasing 
+Gz stress. From +l to +5Gz, Ppl changed by a mean of -1.32 
cm H O/G at the 3-4th IC level. 
remagned essentially constant. 

Ppl at the 7-8th IC space 
At the 9th IC space, Ppl 

became more positive by a mean of 1.94 cm H O/G. 
1 

When active 
muscular tone was removed, the change in Pp with +Gz at the 
3-4th IC level was nearly twice that seen in the live animal. 
However at the 7-8th IC level, Ppl still remained constant 
with +Gz stress. The 7-8th IC level is the location of the 
last rib attachments to the sternum in the dog. The constant 
Ppl at this point may be associated with the structural 
transition from the relatively rigid container of the rib cage 
to the more distensible lower portion of the chest wall. 
(Supported by AFOSR Contract /IF 49620-78-C-0058) 
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BLOOD FLOW DISTRIBUTION DURING NEONATAL RESPIRATORY MUSCLE 
EXERCISE. E.F. Donovany U. of Cincinnati, Spon. L.I. Kleinman 

Respiratory muscle exercise is accompanied by increased 
respiratory muscle blood flow (QRM). Cardiac output (Qc) 
and organ blood flow were measured using the labelled 
microsphere technique in 14 unanesthetized newborn dogs ages 
3-15d. Measurements made during respiratory muscle exercise 
induced by CO2 rebreathing (RB) (steady state FiCO2=0.031, 
FiO2=0.33) were compared to measurements made breathing room 
air (RA). CO2 rebreathing resulted in increased blood flow to 
the diaphragm (Qdia) (.35 v .67 ml.min-1.9-I) and intercostal 
muscles (Qint) (.31 v .51 ml.min'l.g'l)o Brain, renal, 
skin, spleen and limb muscle blood flows were unchanged. 

526 
HUMAN STERNOCLEIDOMASTOID EMGs: NORMATIVE DATA. John A. 
Bowden* and Patricia Lynne-Davies. Department of Medicine, 
Wayne State University School of Medicine, Detroit, MI 48201 

We recorded surface EMGs from the right sternocleidomastoid 
muscle in 50 normal volunteers during 87 series, each consist- 
ing of 10 iso-volume breaths. Power density spectra were 
calculated after fast Fourier transform of the BMG signal, 
and the average centroid (fc) and median frequency (f med) 
between lo-250 Hz were computed for each series. Electrical 
activity was first reliably detected at a mean tidal volume 
(‘t SD) of 2.52 f 0.71 L. Mean values for fc were 67 2 9 Hz, 
and f med 58 f 10 Hz. There were no detectable spectral 
differences based on sex, age or smoking history. A trend 
towards lower spectral values in more obese subjects did not 
achieve statistical significance, but signal-to-noise ratios 
less than 2O:l were associated with lower values (p cO.02). 
In 46 of the 87 series there was a pronounced low‘frequency 
power peak at 14 f 2 Hz which, given the resolution of the 
analysis, we tentatively attribute to muscle tremor. We 
conclude from these data that frequency parameters of human 
surface KMGs have an acceptable reproducibility within and 
between subjects. (Supported by NHLBI Grant No. HL 26327). 

Qc 
(ml.min.-I.kg-l) 

RA 269 

Qdia 

(%Qc) 
.71 

bi-ier Qi$ Q+ 

(XQc) (XQc) (XQc) 
.31 18.7 . 

RB 280 1.41 .51 14.4 .31 
P NS <.Ol <.Ol <. 005 <.005 
Although the fraction of Qc to the GI tract decreased, QGI 
during RB wfs similar to that during RA (1.51 v 1.41 
m1.min'I.g' ). Increased Qc during RB was associated with 
an increase in Q I (r=.92, p<.OOl). Animals with no increase 
in Qc d rin RB 

Y 9 F n=8) had a fall in QGI (1.17 v 1.71 
ml.min- .g- , p<.O2). Increased QRM during RB occurs 
primarily via a redistribution of Qc away from the GI tract 
and liver. QGI may be compromised in newborn animals with 
limited cardiac reserve during RB. 

527 
RIB CAGE AND ABDOMINAL MOTION DURING BREATHING AT HIGH LUNG 

528 
REGIONAL LENGTH CHANGES IN THE DIAPHRAGM OF 
ANESTHETIZED DOGS FJEASURED WITH HALL EFFECT VOLUMES. K.P. Strohl*, D. Wolfson*, A. DiMarco*,M.D. Altose. 

Dept. of Medicine, Cleveland Metropolitan General Hospital and TRANSDUCERS. Arthur B. Otis and Cobern V. Peterson 
Department of Physiology, University of Florida, 
Gainesville, Florida, 32610 

Case Western Reserve University, Cleveland, OH 44109. 
When lung volume is increased, inspiratory chest wall mus- 

cles are shortened. To investigate the effect of an increased 
lung volume on the mechanical function of inspiratory chest 
wall muscles, we studied the patterns of rib cage (RC) and ab- 
dominal (AB) motion in six normal subjects in a fixed seated 
posture during tidal breathing at functional residual capacity 
(FRC) and at a high lung volume (HLV) (61+3%, M+SE,inspiratory 
capacity) produced by 12 cmH20 positive end expiratory pres- 
sure or by voluntary inspiratory muscle action. Subjects per- 
formed relaxation maneuvers before, during and after each trial 
and were coached to initiate breaths only from a "relaxed" 
RC-AB configuration. In all subjects tidal breaths from FRC 
were accompanied by outward RC and AB motion, but during equal 
sized breaths from HLV the AB moved inward while the RC moved 
outward. At HLV diaphragmatic electromyographic activity was 
600fl20% greater (PcO.01) and esophageal pressure swings were 
480258% greater (PcO.01) than during inspiration from FRC. 
Gastric pressure always increased 2.250.5 cmH20 during inspi- 
rations from FRC, but invariably fell -1.420.4 cmH20 during 
inspirations from HLV (PcO.05). We suggest that at HLV, 
breathing from a "relaxed" RC-AB configuration allows other 
chest wall muscles to overpower the diaphragm resulting in in- 
ward AB motion during inspiration. 

Supported by NIH grant HL-25830. 

In order to make direct measurements of regional 
length changes of the diaphragm under in situ condi- 
tions, we have constructed a small length gage con- 
sisting of a miniature Hall generator and a small 
permanent magnet. Changes in distance between the 
two elements generate electrical signals which can 
be recorded. Three such gages are sutured to dif- 
ferent regions of the abdominal surface of the dia- 
phrwm, which has been exposed by laparotomy. In 
some cases electrodes for electromyography (EMG) are 
inserted in the same regions. Connecting wires for 
EMG and gages are brought out through the abdominal 
incision, which is then closed. We have found that 
during spontaneous breathing in the supine position 
there is a linear relationship between costal length 
changes and volume changes as measured by integrated 
pneumotachogram. However, shortening of the crus 
always precedes that of the costal parts of the dia- 
phragm, although no corresponding asynchrony occurs 
in electrical activity. During passive inflations 
the costal regions always shorten, but the behavior 
of the crus is less consistent. (Supported in part 
by NIH Grant 1 ROl HL 2351502) 
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RIB CAGE (RC) MECHANICS IN QUADRIPLEGIC PATIENTS. M.E. -0, 
S-H. LQciu, d. Mead, a. Brown*, A-S. Slutskv, M. Sarkarati*, 
A. Rossier*. West Roxbury V.A. Med. Cntr., West Roxbury, MA 
02132, Harvard Sch. of Pub. Hlth. and Harvard Med. Sch., Bos- 
ton, MA 02115. 

Other investigators have shown that, contrary to Goldman 
and Mead's hypothesis, quadriplegics do not breathe along 
their respiratory system relaxation characteristics and that 
the RC paradoxes during spontaneous inhalation (SI). To test 
whether this distortion was due to inadequate abdominal sup- 
port, we substantially increased intraabdominal pressure with 
a pneumatic cuff while measuring upper (URC) and lower (LRC) 
rib cage cross-sectional (C-S) changes during SI. Abdominal 
support diminished or reversed RC paradox, but the entire RC 
never moved along the relaxation characteristic. In several 
patients, the diaphragm drove the LRC, but not the URC, along 
its relaxation characteristic without being influenced by cuff 
inflation or postural change. Near the end of deep SI, acces- 
sory muscle recruitment invariably resulted in dominance of 
URC C-S increase. We also assessed passive RC distortability 
by comparing URC and LRC C-S changes during axial forcing of 
the RC at the costal margin and observed variable LRC/URC cou- 
pling. We conclude that the LRC/URC stability responsible for 
the single degree of freedom behavior of the normal RC during 
SI depends more on active muscle coordination than passive 
mechanical features. 
HL22920) 

(Supported by V.A. funding, HL14580, 

531 
DIAPHRAGMATIC AND RESPIRATORY SYSTEM EFFICIENCIES. M. B. Reid* 
and R. L. Johnson, Jr. Univ of Texas, Southwestern Medical 
School, Dallas TX 75235 

Previous studies have compared oxygen consumption of the com- 
bined respiratory muscles to pressure-volume (p-v) work on the 
lung (W )(see fig.). b The resulting respiratory system effi- 
ciency as 15% during CO rebreathing; it fell from 13% to 4% 
during increasing inspir tory resistance, which was attributed $ 
to a general loss of muscular efficiency as mean inspiratory 
pressure rose. However, present data compares diaphragmatic 
oxygen consumption and p-v work (Wd)in 22 dogs during rising 
inspiratory resistance,finding 0 
mechanical efficiency of the 
diaphragm to be 23% throughout. 
We further compared inspired Ortygen 3o 

volume (V ) to diaphragmatic Ez:Ay 2 
volume di placement and W, to 4 

0 
i 

Wd in 10 dogs during inspbra- 10 
0 

tory resistance: as resis- 
tance increased, the diaphragm 0 t,....~ 

g ,1-t-' LLIll 
0 2 4 6 8 lo 

assumed a greater role in vol- Resswe-Vobnm Mxh Kd/fNn) 
ume displacement until, at high work loads, the diaphragm ac- 
counted for all of V 

E 
and W 

formed only isometri 
while the rib cage muscles per- 

work 4 o stabilize the thorax. We con- 
clude that respiratory system efficiency is less than diaph- 
ragmatic, and declines during inspiratory resistance because 
the muscles of the rib cage require metabolic energy without 
performing p-v work at high inspiratory resistance. 
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PENDELLUFT IN SUPINE AND PRONE ANESTHETIZED DOGS. R.D. 
Hubmayr*, B.J. Walters* and J.R. Rodarte. Mayo Clinic Fdn., 
Rochester, MN 55901. 

We evaluated the interlobar redistribution of volume during 
inspiratory efforts against an occluded airway (Mueller Maneu- 
ver, MM) in 3 anesthetized dogs in the supine and prone posi- 
tions. Regional lung volume (Vr) was determined from the posi- 
tions of radiopaque metallic markers previously implanted in 
the parenchyma and recorded with a biplane video roentgenogra- 
phic system. Vr's expressed as % TLC in both right upper (UL) 
and lower lobes (LL) at FRC (FRC%) and at peak negative oral 
pressure (MM%), developed as the animal tried to inspire 
against an occluded airway, were compared. -During the MM pleu- 
ral pressure (Ppl) measured with an esophageal balloon fell to 
approximately In supine dogs 
FRC% 

-20 cm H20 in both positions. 
- MM% ranged from +0.4 to +3.3% TLC in the UL and -2.7 to 

-6% TLC in the LL, indicating movement of air from UL to LL. 
In the prone position the opposite was observed: FRC% - MM% 
ranged from -1.7 to -6.6% TLC in the UL and 0 to +6.6% TLC in 
the LL. The decrease in lobar volume was generally less than 
the corresponding increase in the other lobe. The relative 
contribution of cardiac and middle lobes, gas rarefication and 
an increase in lobar blood volume may account for this discrep- 
ancy. We conclude that during inspiratory efforts against an 
occluded airway in anesthetized dogs the applied Ppl changes 
nonuniformly and that thoracoabdominal coupling is profoundly 
influenced by position and possibly support of the animal. 
(Supported in part by NIH grants HL 21584, HL 07222 & HL 4664). 
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CONTRACTURE OF DIAPHRAGM WITH FATIGUE. Michael J. Miller*, 
Peter LaCouture*, and Jeffrey M.. Drazen. Brigham and Women's 
Hospital, Boston, MA 02115 

The mechanical response to a fatiguing stimulus was exam- 
ined in isolated rat diaphragm. Diaphragm strips (mean length 
18.2 mm) from six animals were placed in organ baths with 
oxygenated Tyrode's solution and studied isometrically. Repet- 
itive submaximal stimulation via platinum electrodes (60 V, 
250-800 msec duration every 10 seconds) produced marked fa- 
tigue (active tension < 25% initial values) within 45 minutes 
(mean 34, SEM=3.3). Passive tension rose dramatically with 
fatigue, from 202 mg (SEM=13) to 1461 mg (SEM=234). Total 
tension, therefore, rose from 538 mg (SEM=26) to 1509 mg (SEM= 
235), despite a decrease in active tension from 336 mg (SEM= 
20) to 48 mg (SEM=9). With stimulation discontinued, the 
muscle was allowed to shorten until the pre-fatigue level of 
passive tension was reached. This contracture averaged 3.0 mm 
(SEM=O.32) or 17% of total muscle length. Four additional 
strips were fatigued and not allowed to shorten after cessa- 
tion of stimulation. Elevation of resting tension was found 
to be long lasting (> 1 hour after stimulation off) and not 
reversed by washing with fresh Tyrode's soltuion. Contrac- 
ture of the diaphragm may contribute importantly to changes in 
lung volume during fatiguing inspiratory work. (Supported by 
NIH grants HL 00549 and 17382.) 
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ELECTROMYOGRAPHIC ASSESSMENT OF THE RELATIVE CONTRIBUTIONS OF 
RESPIRATORY MUSCLES TO THE INSPIRATORY P-V RELATIONSHIP. 
F.J.R. Buick*, J.R.A. Rigg*, M.E. Easson* and L.D. Pengelly. 
Depts. of Medicine and Anaesthesia, McMaster University, 
Hamilton, Ontario, Canada, L8N 325. 

The EMG of contracting muscle is dependent on its rate and 
intensity of contraction, and the length of the muscle. The 
EMG assessment of respiratory muscle recruitment is, therefore, 
best performed using static pulmonary techniques. The integ- 
rated EMG (IEMG) of the diaphragm, parasternal muscles of the 
second intercostal space, and scalene and sternomastoid 
muscles were recorded while studying the static inspiratory 
muscle pressure-volume map of healthy subjects. Target mouth 
pressures were maintained for 5 seconds at different lung 
volumes. For the diaphragm and intercostal muscles, IEMG 
increased progressively with increasing mouth pressure at all 
lung volumes. In the scalene and sternomastoid muscles, 
little increase in IEMG was observed up to a certain pressure 
threshold, beyond which it increased markedly. The pressure 
threshold for these muscles was inversely proportional to lung 
volume. Thus, under static conditions, it is clear that the 
relationship between IEMG and inspiratory muscle activity 
depends both on the intensity of effort and the lung volume. 
(Supported by the Medical Research Council of Canada.) 
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DIAPHRAGMATIC LENGTH-TENSION CURVE OF NORMAL AND EMPHYSEMATOUS 
HAMSTERS. G.A. Farkas* and Ch. ROUSSOS, Meakins-Christie Lab., 
McGill University, Montreal, Quebec, H3A-2B4. 

In vitro Length-Tension (L-T) curve of the diaphragm (Di) 
was measured in two groups of inbred adult hamsters (7 4Owks), 
randomly divided into 11 control (C) and 10 emphysematous (E) 
animals. Emphysema was induced by a single endotracheal in- 
stillation of elastase. Following a 24 week experimental 
period,FRC (mean *SE) measured by means of a pressure plethys- 
mograph was: C,2.56tO.O8mls; E,8.02+ 0.31mls. Small costal 
Di bundles were then isolated. Optimal bundle length (Lo) was 
defined as the length at which maximal twitch tension occured. 
The L-T curve was measured by tetanically stimulating the Di 
at rest lengths varying between 0.45% and 1.25% Lo. Plotting 
the L-T curve as a percent of Lo and maximal tetanic tension 
(Pmax) revealed no difference between groups. In absolute 
terms, however, the L-T curve of E showed a significant paral- 
lel shift to the left. Pmax (mean SE) was similar for both 
groups: C,2.06? O.llKg/cm2; E,1.93*O0.10Kg/cm2, while Lo 
(meanfSE) was significantly (C 0.05) shorter in the E group: 

C,1.42-CO.O5cm; E,1.16* 0.04cm. Plotting FRC (mls/Kg) versus 
diaphragmatic Lo (cm) revealed a significant (41%) negative 
correlation (r= -0.60). 

We conclude that the Di of emphysematous hamsters chronic- 
ally adapt by decreasing diaphragmatic length in proportion 
to the degree of hyperinflation and thus continue to operate 
at an optimal length. (Supported by MRC) 
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ROLE OF INTERCOSTAL MUSCLES IN THE RIB CAGE DISTORTIONS PRODUC- 
ED BY INSPIRATORY LOADS. Michael G. Sampson* and Andr6 De 
Troyer* (SPON: A. Grassino). Meakins Christie Labs., Royal 
Victoria Hospital, McGill University, Montreal, Canada. 

We studied the patterns of rib cage (RC) deformation in six 
normal subjects breathing against different resistive and elas- 
tic inspiratory loads, and we examined, with concentric needle 
electrodes, the role played by the inspiratory intercostal mus- 
cles in the development of these patterns. Four of the sub- 
jects deformed their RC to a more elliptical shape during load- 
ed inspirations; RC anteroposterior diameter became smaller and 
RC lateral diameter became larger. The RC deformation increas- 
ed as the load increased, and it was independent of the type of 
load. Moreover, these deformations were invariably associated 
with a marked increase in the inspiratory activity of the in- 
tercostals situated in the lateral parts of the RC and a strik- 
ing diminution of the activity in the parasternal area. On the 
other hand, two subjects breathed along their RC relaxation 
characteristic and they showed an increased inspiratory activi- 
ty in all regions of the intercostal musculature. These find- 
ings indicate that 1) the pattern of RC deformation during 
loaded inspirations is closely related to the activity and co- 
ordination of the various inspiratory intercostal muscles and 
2) the parasternal intercostals are not necessarily represen- 
tative of all the inspiratory intercostals. They are also 
strong evidence against the concept that the parasternal inter- 
costal electrical activity normally recorded during quiet 
breathing is an excitatory reflex activity.Supported,MRC Canada, 
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ESTIMATION OF CHEST WALL VOLUME-MOTION COEFFICIENTS: A THIRD 
DEGREE OF FREEDOM. M.D. Goldman, H.R. Gribbin*, E.N. Bruce and 
E.M. Haacke*, Case Wes. Res. Univ., Cleveland, Oh. 44106 

We used multilinear regression (MLR) techniques based on a 
2 degree-of-freedom (d.f.) model of chest wall movement to es- 
timate volume-motion coefficients (VMC) for rib cage (RA) and 
abdominal (AB) A.P. displacements measured by magnetometers. 
Estimates of VMC had large confidence intervals (C.I.) making 
it difficult to estimate volume changes or to quantify the sep- 
arate RA and AB contributions to volume change. Nonetheless, 
tidal volume during quiet breathing could be well estimated 
using these VMC. We found values for VMC which had smaller 
C.I.'s and were closer to those expected from isovolume maneu- 
vers, when the volume signal was delayed several tens of milli- 
seconds relative to the RA and AB signals. Closer examination 
of the start of inspiration showed that the volume signal 
often lead both magnetometer signals. Because of this and the 
effect of delaying volume on the MLR estimation, we hypothe- 
sized that another d.f. of chest wall movement contributes to 
volume change even during quiet breathing. Further studies in 
which lateral rib cage displacement (RI,) was recorded indeed 
demonstrated that in most cases RL was not linearly related to 
RA and often preceded it in inspiration. This suggests that 
time-shifting of volume in the MLR analysis allows us to ac- I 
count for part of the contribution of a 3rd d.f. of chest wall 
movement using RA and AB only. (Supported by HL-25830, 
HL-25233, V.A. and Parker-Francis Foundation) 
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DEGREES OF FREEDOM OF CHEST WALL MOTION IN MAN. &I(;. w* m 
J. &&. Dept. of Physiology, Harvard School of Public Health, 
Boston, MA 02115 

Descriptions of chest wall volume displacements are 
currently based on a model of the chest wall consisting of two 
components, the rib cage (rc) and abdomen (ab), each represent- 
ing a single degree of freedom (d.f.) of motion. We have iden- 
tified two additional prominent d.f. and their associated chest 
wall volume displacements. The new d.f. are associated with 
changes in the attitude of the thoracic spine (ATsa) and lumbar 
spine (ALsa). The relationships between ATsa or ALsa and 
changes in cross-sectional area of rC(AArc) and ab (AAab) have 
been examined in several men. AArc and AAab were measured by 
inductive plethysmography. ATsa or ALsa were measured by magne- 
tometry as changes in the distance (AD) between points parallel 
to the spinal axis on the anterior rc near the ziphi sternum 
and the anterior ab wall near the pubic symphysis. At any fixed 
lung volume (V,) the relationship between AD due to ATsa or 
ALsa and the sum AArc + AAab is nearly single valued. The iso- 
VL area changes are generally larger with ATsa and can be as 
large as those accompanying VL changes of 25-302 VC. With the 
airway open, 
even though 

end-expiratory VL changes little with ATsa or ALsa 
AArc and AAab are appreciable. The results sug- 

gest: l.Respiratory system volume displacements are more com- 
pletely described by treating the chest wall as a system with 4 
d.f.; 2. The 4 d.f. functionally interact in a manner which 
tends to minimize changes in VL during nonresplratory changes 
in chest wall configuration. (Supported by HL14580 and HL07118) 

THE ACTION OF THE ABDOMINAL MUSCLES ON THE RIB CAGE IN DOGS. 
A. De Troyer*, M. Sampson*,and S.Sigrist* (SPON: P.T.Macklem) 
Meakins Christie Labs., McGill University, Montreal, Canada. 

The abdominal muscles are traditionally considered as pure 
expiratory muscles; however, there are at present no data re- 
garding their mechanical effect on the rib cage. Using im- 
planted electrodes, we separately stimulated the rectus abdo- 
minis (RA), the external oblique (EO), and the transversus (T) 
in anesthetized dogs in supine position, and we measured 
changes in rib cage dimensions by displacement transducers 
connected to screws fixed into the bony structures of the 
thorax. In all instances stimulation of the RA and of the T  
resulted in inward displacement of the rib cage, more markedly 
so with the RA than with the T. By contrast stimulation of 
the EO invariably displaced the rib cage outward. Opening of 
the abdomen enhanced the deflationary effect of the RA and of 
the T, and reversed the inflationary action of the EO into a 
deflating one. In no case, did the anteroposterior and 
lateral diameters of the lower rib cage move in opposite di- 
rections. We conclude that in supine dogs, 1) the RA, the EO, 
and the T  have a direct deflationary action on the rib cage; 
2) the increase in abdominal pressure per se has an inflation- 
ary action on the lower rib cage, and this effect overcomes 
the deflationary action of the EO; and 3) the abdominal mus- 
cles do not distort the rib cage when they contract bilateral- 
ly. (Supported by the MRC of Canada). 
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EFFECTS OF A 3RD DEGREE-OF-FREEDOM ON ESTIMATED VOLUME-MOTION 
COEFFICIENTS FOR A 2 DEGREE-OF-FREEDOM MODEL OF CHEST WALL 
MOVEMENTS. E.N. Bruce, E.M. Haacke*, H.R. Gribbin*, and M.D. 
Goldman. Case ides. Res. Univ., Cleveland, Oh. 44106 

Lung volume change during quiet and moderately stimulated 
breathing is accomplished through displacement of the chest 
wall (CW) along at least 3 independent pathways: the AP diame- 
ters of the rib cage (RA) and abdomen (AB), and the lateral 
diameter of the rib cage (RI,). Often however, lung volume 
changes are estimated from measurements of RA and AB displace- 
ments, with RL displacements assumed to be so highly correlated 
with RA that the contribution of RI, is "included" by measuring 
RA. We have tested this assumption using two models: one 
based on computer generation of simulated magnetometer data; 
the other on polynomial approximations to actual RA, AB, and RL 
data. In both cases multipl e linear regression was used to 
estimate the volume-motion coefficients (VMC) for a 2 degree-of 
-freedom (d.f.) model (i.e. R/1 and AB) of CW motion from this 
data. The existence of a r?on?inear relationship between RL and 
RA causes systematic errors if: <he estimation of VMC. If one 
allows a time shift of volume relative to RA and AB, then the 
best fit (minimum mean square (>rror) occurs at that time shift 
which yields a close estimate of the correct VMC for AB and a 
coefficient for RA which includes that part of the RL volume 
contribution which is linearly re?ared to RA. These coeffi- 
cients would seem to be the most Physiologically appropriate 
for the 2-d.f. model when only KA and AB measurements are made. 
(Supported by HL-25830, HL-25233, V.A. and Parker-Francis Fdn) 

INDEPENDENCE OF DIAPHRAGM LENGTH AND CHEST WALL CONFIGURATION. 
S.B. Lor, J.L saliLh*, WJ. Mead. Harvard School of 
Public Health, Boston, MA 02115. 

Konno and Mead showed that when spinal attitude Is fixed, 
chest wall volume changes may be conveniently divided into rib 
cage displacements (ARC) and abdominal wall displacements 
(AAbd). It has been thought that changes in diaphragm fiber 
length (AL-di) are closely coupled to AAbd ("the diaphragm- 
abdomen pathway") and relatively insensitive to ARC, and that 
lung volume changes (AVL) occuring without AAbd are nearly 
isometric for the diaphragm (1). To test this assumption, we 
studied 3 trained subjects during normal breaths (ARC: AAbd Z 
3:l) and breaths taken without AAbd. We obtained an estimate 
of AL-d1 by magnetometers for transverse diameter, ultrasound 
for chest wall thickness and changes in height of the 
diaphragm apposed to the rib cage, and a diaphragmatlc dome 
shape factor obtained from separate xray studies of Rochester 
et al. For a given AVL, AL-di was 80, 82, and 85% as great 
for the breath without AAbd as for the normal breath. These 
numbers are close to a theoretical prediction presented in an 
accompanying communication. Large lsovolume maneuvers (AAbd 
and ARC without AVL) resulted in very small AL-di. We con- 
clude that AL-di is closely coupled to AVL and relatively 
independent of chest wall configuration. (Supported by 
HL22920, HL14580, HL07118.) 
1. Mackem, P.T., D. Gross, A. Grassino, and C. ROUSSOS. J. 
Appl. Physiol. 44:200-208, 1978. 
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ANALYSIS OF VOLUME DISPLACEMENT AND LENGTH CHANGES OF THE 
DIAPHRAGM DURING BREATHING. Jerem. Department of Phy- 
siology, Harvard School of Public Health, Boston, MA, 
02115. 

Diaphragmatic volume displacements, AVdi, cause equal 
abdominal displacements. Since the rib-cage forms a vari- 
able part of the abdominal wall (the variable part being 
its area of apposition with the diaphragm) it shares in 
abdominal displacments. The fraction of total rib-cage 
displacements, AVrc, contributing to abdominal displace- 
ments is predicted from anatomic considerations and meas- 
urements. During quiet inspirations it is estimated that 
more than half of AVrc goes into abdominal expansion. This 
plus the outward displacement of the antero-lateral abdomi- 
nal wall constitutes AVdi. In a typical inspiration in 
which the rib-cage accounts for 3/Q of the volume change, 
the diaphragm displaces nearly the same fraction. Associ- 
ated changes in diaphragm length are estimated with a 
model. Diaphragm shortening during an inspiration in which 
only the rib-cage expands is estimated to be 20% less than 
during a normal inspirations. (Supported by HLl4580.1 
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CALIBRATION OF RESPIRATORY INDUCT-IVE PLETHYSMOGRAPH. T.Chadha*, 
S. Birch*, G. Jenouri", A. Schneider*, H. Watson*, M. Cohn" 
and M.A. Sackner. Mt. Sinai Med. Ctr., Miami Beach, FL 33140 

The least squares method (LSD) for calibration ok the res- 
piratory inductive plethysmograph (RIP) based upon differences 
in rib cage and abdominal contributions to tidal volume in 2 
positions shows <IO% deviation from spirometry (SP) in 89% of 
observations in 7 bod postures (ARRD 123:181,1981). In this 
study, we compared LS li to the isovolume angle calibration 
method (IV). Ten normal subjects were calibrated by LSD, IV- 
Supine (SUP) and IV-Standing (STD) and validated with SP at 
tidal volumes (VT) of 250 ml, 750 ml, 1250 ml with the iso- 
volume angle measured in SUP and STD positions. The results 
were as follows: 
METHOD % Values RIP <lo% from SP % IV angles 45+3 

- VT 250 ml 750 ml 1250 ml degrees 
SUP STD SUP STD SUP STD SUP STD 

LSD-SUP & STD 100 90 90 100 90 100 40 50 
IV - SUP 80 70 90 70 90 80 100 40 
IV - STD 50 80 20 100 50 100 30 100 
Thus, in normal subjects, 1) LSD gives a closer estimate of VT 
as determined by spirometr 

r 
than IV and less variability with 

change in body position, 2 IV estimates the fractional contri- 
butions of rib cage and abdomen more accurately than LSQ if 
body posture is not changed after calibration but may be less 
accurate when posture is changed. We conclude that LSD which 
is easier to accomplish than an isovolume maneuver in untrain- 
ed subjects is to be preferred when Respiratory Inductive Ple- 
thysmograph is used to monitor tidal breathing. 

INTEGRATED AND CO2 RESPONSES 
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LACK OF CEREBRAL BLOOD FLOW RESPONSE TO INSPIRED CO2 IN 
PATIENTS WITH SLEEP APNEA. M.W. Eldridge* and J.A. Loeppky. 
Lovelace Medical Foundation, Albuquerque, NM 87108. 

Poor ventilatory control in patients with sleep apnea (SA) 
is often attributed to a defect in central chemoreceptor func- 
tion during s leep , however abnormalitie s in cerebrovascular 
responsiveness to blood gases may be a contributing factor. 
Common carotid artery blood velocities (v) were measured non- 
invasively during a 3-min rebreathing ventilatory response 
test to CO2 in 7 normal (N) subjects while awake (mean age: 
38 yr) and 5 patients noted to have severe SA (mean age: 55 
yr) in prior sleep laboratory evaluations. Ventilatory re- 
sponse in N was 2.6 L/min/mmHg (range: 1.6 to 3.9) and 2.0 in 
SA (range: 0.1 to 3.5). End-tidal PCG2 rose 22 mmHg in both 
groups. Carotid v and diameter were obtained continuously 
with a 5.0 MHz real-time, two-dimensional pulsed Doppler 
(Duplex Scanner-ATL) before, during and for 3 min after re- 
breathing. Resistivity index (RI) defined as (peak systolic 
v-mean diastolic v)/peak systolic v was maximally reduced in 
N after 90 set on CO2 by 27% (range: 16-40%) and returned to 
baseline within 60 set after CO2. Conversely, RI increased 
in linear fashion in SA by 12% (range: 7-22X) and remained 
elevated for 3 min after C02. These results indicate an ab- 
normal autoregulatory cerebrovascular response to CO2 in SA 
rather than chemoreceptor malfunction since ventilatory re- 
sponse may be adequate while awake. (Supported in part by 
Lovelace Medical Foundation Intramural Grant.) 

RESPIRATORY SENSITIVITY TO HYPOXIA AFTER CAROTID BODY REMOVAL 
(CBR) IN AWAKE CATS. Fordyce, W.E., K.J. Franklin* and S.M. 

Tenney. Dept. of Physiol., Dartmouth Med.Sch.,Hanover,NH 03755 
3 groups of cats have been studied in order to deduce the 

role of the carotid body in ventilatory acclimation to hypoxia 
and to investigate the recovery of hypoxic sensitivity. Long 
term acclimation to CBR has been observed during 6 mo exposures 
to normoxia (N=6) and hypobaric hypoxia (HH; PIO2=83; N=5); 
tests were first made on the intact animal and then at 6 wk 
intervals following CBR. Also, intact cats were acclimated to 
HH (N=5) for 5 mo and then treated with CBR. Steady state 
breathing pattern (VT, TTOT) was measured in a plethysmograph 
while the animal was inhaling various C02-free oxygen mixtures 
(PIO2=700,147,83,70 and 56 Torr). Neither long term CBR group 
recovered their normal hypoxic sensitivities. Although hypoxia 
produced hyperpnea, VT decreased with decreasing PI02 and ta- 
chypnea (TTOT<l set) developed at PIO2=70-83 Torr in the nor- 
moxie cats and at PI02 56 Torr in HH cats. Intact cats, before 
and after 5 mo exposure to HI-I, exhibited increases in VT with 
decreasing PI02 and small changes in TTOT. At each 02 level, 
intact cats had larger VT and TTOT when compared to HH CBR cats; 
this latter group had larger VT and TTOT when compared to nor- 
moxie CBR cats. This suggests that the HH CBR cats obtained 
some degree of acclimation. 3 days after CBR, the formerly 
intact HH animals exhibited hypoventilation and ventilatory 
responses similar to normoxic CBR cats. (Supported by PHS 
grants T32 HL07449-01 and 5ROl HL02888-24.) 

BRAIN BUFFER CAPACITY DURING PROLONGED HYPERCAPNIA. Y.-L. Lai, 
W.J.E. Lamm*, and J. Hildebrandt. Virginia Mason Research 
Center, Seattle, WA 98101. 

Ventilatory adaptation to chronic CO2 has been related to 
increases in arterial and CSF pH due to accumulation of HCO-. 
CSF acid-base adjustment could involve changes in brain bu - 3 
fering capacity (8). We have therefore compared brain non-bi- 
carbonate 8 before and after exposure to 7% C02. Rats were di- 
vided into 3 groups: air control, 3 days 7% C02, and 1 wk 7% 
co2. Rats were decagitated and the brains removed for immediate 
homogenization in 0 C saline. Each homogenate was then tono- 
metered at 37'C with 2%, 5%, and 15% CO2 in 02 continuously for 
3 hrs. At 30 min intervals, 0.5 ml samples were measured for 
PH, Pco~, and PO?. [HCO;] increased with time for the first l$- 
2 hr ofLequilibr$tion aid then remained constant. Steady state 
values were plotted as [HCO?] vs pH. Slopes represent the non- 
bicarbonate 8. Mean values were slightly but not significantly 
larger in the two chronic CO2 groups. Average values (means + 
SD) were 22.97 + 2.66, 25.49 + 0.48, and 26.02 + 1.30 (meq/Kg 
pH unit) for control, 3 day and 1 wk groups, respectively. The 
in vitro CO2 dissociation curves (CO2 content versus PCo2) for -- 
the chronic CO2 groups were shifted up compared to control, re- 
flecting retained HCO:. These results suggest that a slight 
increase in the noncagbonic #3 during chronic 
possibly a result of either the accumulation 

CO2 exposure, 
as of additional 

buffers (NH4+, protein, etc), or increased blood in tissue, or 
a reduction in brain water content. (Supported by NIH grant 
HL 20568). 

EFFECTS OF CO2 INHALATION AND VAGOTOMY ON ACTIVITY OF INTERNAL 
INTERCOSTAL (IIC) MOTOR UNITS IN CAT. Hideho Arita* and 
Beverly Bishop. Dept. Physiology, SUNY/Buffalo, NY 14214. 

The purpose of this study was to define IIC activity in re- 
lation to CO2 drive and vagal volume feedback. Single motor 
potentials were recorded with fine wire electrodes from the 8th 
IIC along with that of diaphragm and external intercostal 
muscle (EIC) in Dial-Urethane anesthetized, tracheotomized, 
spontaneously breathing cats during CO inhalation (3%, 5%, 7%), 
and during airway occlusion, before an 2 after vagotomy. Compu- 
ter-based analyses on a spike-by-spike basis have revealed two 
types of IIC motor units. One type with small spikes and tonic 
expiratory activity was classified as tonic-E. The second type 
with large spikes and phasic expiratory activity was classified 
as late-E. Before vagotomy, both tonic-E and late-E were ac- 
tive during normocapnia. As CO2 drive was enhanced, the dis- 
charge of late-E ceased and the inspiratory firing of tonic-E 
also ceased and its expiratory firing rate was slowed. In con- 
trast, airway occlusion always augmented the firing frequency 
of both types of units. After vagotomy, the activity of both 
types of IIC units was markedly reduced or even silenced, while 
the inspiratory activity of EIC was augmented and prolonged. 
Airway occlusion either no longer activated IIC activity, or 
activated to a lesser degree. The results demonstrate that CO2 
drive depresses rather than augments IIC activity and that 
vagal feedback is essential for expiratory activity of IIC. 
(Supported in part by NHLBI Grant POl-HL-14414. H. Arita is a 
Dr. Henry C. and Bertha H. Buswell Fellow.) 
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EVIDENCE THAT VENOUS RETURN, PER SE, CONTRIBUTES TO THE EXER- 
CISE HYPERPNEA. A. Huszczuk,* A. Oren,* L.E. Nery,* E.Shors, 
B. J. Whipp and K. Wasserman. Harbor-UCLA Med.Ctr.Torrance, 
CA 90509. 

In order to regulate arterial PC02 during exercise, venti- 
lation must be proportionally coupled to the CO2 flux to the 
lung. To determine the role of the components of this CO2 
flux in the exercise hyperpnea, we previously removed CO2 from 
the venous return (Qv) in the exercising dog (Shors et al. 
Fed. Proc. 39:583, 1980). Ventilation (GE) decreased but 
hypocapnia ensued. In subsequent studies we also demonstrated 
that VE changed as a linear function of right ventricular 
pressure,+ regardless of whether this pressure change was in- 
duced by Qv or by partially obstructing ventricular ejection 
(Huszczuk et al. Fed. Proc.40:568, 1981). And therefore, in 
the present study we determined during steady-state exercise 
the effect of reducing venous return and hence right ventri- 
cular pressure (utilizing partial cardiopulmonary by-pass) 
to or slightly below the control level. 
(6 dogs) this invariably resulted in a 

In 17 experiments 
decrease in the exer- 

cise.hyperpnea; from 245% f 71 S.D. to 175% -f 54 of the rest- 
ing VE. This was associated with a slight, but insignificant, 
rise in PaC02. We therefore conclude that the rate of venous 
return plays an important role in the control of exercise 

the mediation hyperpnea, 
mechanism. 

although is not exclusively this 
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PULMONARY MECHANICS DURING THE BIPHASIC VENTILATORY RESPONSE 
TO HYPOXEMIA IN THE NEWBORN MONKEY W.A. LaFramboise*, T.A. 
Standaert* R.D. Guthrie*, and D.E. Woodrum* (SPON:W.A.Hodson). 
Univ. of Washington, Seattle, Washington 98195 

In a previous investigation (Physiol. 23(4),140), we deter- 
mined that the hypoxic venti latory response of the newborn 
monkey was biphasic despite a sustained elevation of airway 
inspiratory occlusion pressures (Po.2). Dynamic pulmonary 
compliance and mean inspiratcry pulmonary resistance were 
measured in 8 two day old Macaca nemestrina during normoxic 
and hypoxic conditions to determine whether a change in lung 
mechanics occurs during the biphasic response. Normoxic compli- 
pliance was .71?.08ml/cm H20 and resistance was .13f.O2 cm H20' 
set/ml at an end-expiratory lung volume (EELV) of 4.26+.47 ml 
(X+S.E.). Minute ventilation (VE), tidal volume (VT),inspi- 
ratory flow (VT/Ti) and PO 2 significantly increased at 1 
minute of hypoxemia while no significant change occurred in 
compliance and resistance. At 5 minutes of hypoxemia, VE and 
VT/Ti returned to control values and VT dropped below normoxic 
values despite the fact that PC.2 remained elevated. EELV in- 
creased to 6.21+.57ml and compliance fell to .58+.07ml/cm H20 
at this time - goth significant at the pc.02 level when com- 
pared with normoxic values. Pulmonary resistance did not 
change significantly after 5 minutes of hypoxemia. These re- 
sults indicate that the failure to sustain ventilation during 
acute hypoxemia in the newborn is accompanied by an increase in 
EELV and a resultant decrease in dynamic compliance. 
(Supported by NIH Grants HL 19187 and RR 00166). 
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Effects of Aerosolized Methacholine on Respiratory Drive. 
J.A. Salamone*, L.B. Eberlin*, E.C. Deal, Jr., S.G. Kelsen,and 
N.S. Cherniack, Case West. Res. Univ., Cleveland, Oh. 44106 

In anesthetized dogs, methacholine-induced bronchocon- 
striction is accompanied by increased ventilation (V ), in- 
creased breathing frequency (F) and an increase in p renic I? 
activity (Feb. Proc. 40:381, 1981). To further evaluate these 
changes in respiratory drive, thirteen vagotomized dogs, anes- 
thetized with either pentobarbital or chloralose, were stu- 
died. In eight spontaneously breathing dogs, methacholine 
aerosols increased resistance (RL) by a mean of 244% but did 
not significantly affect VE or F. However, both the rate of 
rise and the peak phrenic neurogram increased to 134.1 + 24.9 
(mean + S.D.) (p c.05) and 130.7 + 11.5 (p c.05) % of control, 
respectively. To determine whether chest wall distortions 
during bronchoconstriction explained the increase in phrenic 
activity, five animals were given methacholine aerosols after 
they had been paralyzed, artificially ventilated with 100% 
0 

1 
and the chest had been opened widely. In these studies, 

a though pCO2 was unchanged, the peak phrenic increased to 
116.1% + 15.0% of control (p c.05) and the rate of rise in- 
creased-to 132.3 + 27.4% (p cO.5) as mean RL increased 205%. 
Thus, only part of the respiratory stimulating effect of 
methacholine can be attributed to vagal afferents or chest 
wall mechanoreceptors. Preliminary studies suggest that the 
carotid sinus afferents are not responsible for the increases 
in phrenic, but that sympathetic afferents from the heart or 

HUMAN VOCAL CORD MOVEMENTS DURING HYPOXIA DIFFER FROM THOSE 
DURING HYPERCAPNIA. S. J. England* and D. Bartlett, Jr, 
Dartmouth Medical School, Hanover, NH 03755. 

In awake human subjects, as in anesthetized cat s, the vocal 
cords are abducted during inspiration but move tow ,ard the 
midline during expiration thus increasing airflow resistance, 
Expiratory glottic narrowing is reduced during hyperpnea 
induced by exercise or hypercapnia. Using a fiberoptic 
laryngoscope and video equipment, we have recorded and 
measured vocal cord movements during both eucapnic hypoxia and 
hypercapnia. When assessed at similar levels of minute 
ventilation, expiratory glottic narrowing was substantially 
greater with hypoxia than with hypercapnia in most 
experiments. A similar laryngeal response to hypoxia has been 
shown in anesthetized cats, but only following bilateral 
vagot omy . This expiratory laryngeal closure in vagotomized 
animals depends on stimulation of carotid body chemoreceptors. 
(Rest. Phvsiol. 42:189, 1980). The present findings in 

hypoxic humans, considered together with the earlier 
observations in cats, suggest that expiratory behavior of the 
larynx in both species is determined by a complex integration 
of afferent information from the lungs and from peripheral and 
central chemoreceptors. The net effect in hypoxic human 
subjects is narrowing of the glottis during expiration. 
(Supported in part by NIH Grant No. HL 19827 and grants from 
the Albert J. Ryan and Parker B. Francis Foundations.) 
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CONTROL OF RESPIRATION IN YOUNG ANESTHETIZED MYOPATHIC HAMSTERS. 
Evelyn tj. Schlenker. Section on Physiology, University of South 
Dakota, Vermillion, South Dakota, 57069. 

Tidal volume (VT), frequency (f), minute ventilation (\jE) 
were measured in 5 myopathic (MB) and in 5 random bred (RB) 30- 
day old hamsters before and after sodium pentobarbitol anes- 
thesia. The values of VT, f, and VE were similar between the 
RB and MB hamsters. In unrestrained and unanesthetized MB and 
RB hamsters VT equalled .34 + .07 and .36 t .08 ml; and f 
equalled 104 + 4 5 22.3 and 108 + 18.8 breaths/min, respec- 
tively (x ? SD). After anesthesia, however, f dropped to 69.6 
+ 9.1 b/min in MB hamsters as compared to 103 5 21 b/min in RB 
hamsters. VT dropped tt .22 2 .05 ml in RB's and .18 2 .04 ml 
in MB's. Consequently, VE fell 40% in the RB hamsters and 68% 
in the MB hamsters. When RB and MB anesthetized hamsters were 
challenged to a rebreathing test using a hypercapnic-hypoxic 
stimulus, the product of the maximum pressure developed at the 
mouth times frequency for 2 seconds equalled 2060 + 367 cm 
H20/ min in RB and 142.8 2 91 cm H20/min respectively. These 
results indicate that anesthesia depresses respiration to a 
greater extent in MB hamsters as compared to RB hamsters. The 
factor affected most seems to be the frequency response in 
anesthetized MB hamsters. The response to chemical stimulation 
in anesthetized MB hamsters is also largely depressed. Ana- 
logous results have been noted in some patients with muscular 
dysfunction. 

552 
DEVELOPMENT OF EXPIRATORY MOTOR RESPONSES IN THE OPOSSUM. 
J.P. Farber and M.A. Maltby*. Department of Physiology, Univ. 
of Oklahoma Health Sciences Ctr., Oklahoma City, OK 73190 

To evaluate developmental aspects of expiratory muscle uti- 
lization, studies were performed on unanesthetized suckling 
opossums. Ventilation was assessed using pressure plethysmo- 
graphy while electromyographic (EMG) activity of abdominal ex- 
piratory muscles was obtained using fine wire electrodes. In 
the youngest animals tested (12-15 days of age), coherent acti- 
vation 0 f expiratory muscles was not observed during positive 
pressure breathing ( 3-8 cmH70) or during inhal 
capnic and asphyxiant test iases. 

.ation of hyper- 
Over the next 15- 20 days, 

abdominal EMG activati on became apparen .t with al 1 of the above 
maneuvers ; some animals also began to show abdominal muscle 
responses when inhaling room air. From about the 25-30th day 
of age, activat ion of abdominal muscles occurred during the 
first breath af ter the initiation of positive pressure while 
younger animals more typically activated after several breaths 
were taken. In animals prepared under 11 .ght pentobarbi tal 
anesthesia with a suture around a vagus nerve, expiratory motor 
responses during i nhalati .on of all test gases could be inhib- 
ited by unilateral vagotomy. In addition, unilateral vagotomy 
decreased expiratory muscle activation during positive pressure 
breathing and could also delay the initiation of the response. 
The results of vagotomy suggest that a component of expiratory 
motor activation during chemostimulation of breathing as well 
as pressure breathing depends upon maturation of vagal reflex 
loops. (Supported by NIH Grant #HL24865) be res onsible 

lung oL?Zupporte$ 
in some animals. 

by the V.A. and HL-25830) 
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PARASYMPATHETIC BRONCHOCONSTRICTOR FIBERS FIRE WITH AN 
INSPIRATORY RHYTHM TO EVOKE RHYTHMIC FLUCTUATIONS IN AIRWAY 
SMOOTH MUSCLE TONE. D.G. Baker and R.A. Mitchell. Cardiovas- 
cular Research Inst., Univ. Calif., San Francisco, CA 94143 

In anesthetized paralyzed open chested cats, ventilated 
with low tidal volumes at high frequency, we recorded phrenic 
nerve activity, airway pressure, and either the tension In an 
upper trachea segment or the impulse activity In a pulmonary 
branch of the vagus nerve. Airway pressure and upper tracheal 
segpnent tension fluctuated with respiration, peak pressure and 
tension paralleling phrenic nerve activity. Increasing end 
tidal CO2 or stimulating the carotid chemoreceptors with 
sodium cyanide Increased both airway pressure and tracheal 
segment tension during the increased activity in the phrenic 
nerve. Lowering end tidal CO2 or hyperinflating the lungs to 
achieve neural apnea caused a fall in airway pressure and tra- 
cheal segment tension and abolished the inspiratory fluctua- 
tions. During neural apnea the tracheal segment tension and 
airway pressure were the same as those following the transec- 
tion of both vagus nerves or the administration of atropine 
(.5mg/kgL Numerous fibers in the pulmonary branch of the 
vagus nerve fired in synchrony with the phrenic nerve. Only 
these fibers had activity which paralleled changes in airway 
pressure and tracheal tension. We conclude that a major por- 
tion of the airway smooth muscle tone arises from parasym- 
pathetic fibers that fire during Inspiration and which prob- 
ably originate In the region of the ventral respiratory 
in the medulla. (Supported by USPHS NIH Grant HL-24136.) 

group 
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02 AND CO2 INDUCED CHANGES IN VENTILATORY GAIN DURING EXERCISE 
IN INTACT AND CAROTID BODY DENERVATED GOATS. G.S. Mitchell. 
C.A. smith, L.C. Jameson* and J.A. Dempsey. University of 
Wisconsin, Madison, WI 53706. 

Steady-state ventilatory responses to exercise were stud- 
ied in 4 goats in nonnoxia (FI02=0.21), hypoxia (FIO2=0.12), 
hyperoxia (FIO2 =l.O), and hypercapnia (i.e., increased dead 
space ventilation in hypeFoxia). Hypoxia (Pa02 40-45 torr) had 
little effect on resting VE or PaC02 but increased ventilatory 
gain during eXe+Se (ATjE/&O2) 20% (p<0:05): Hyperoxia af- 
fected neither VE and PaC02 at rest nor AVE/AMCO2 in exercise. 
PaC02 increased 2.2 torr with increased dead space (420 ml 
BTPS) both at rest and exercise resulting in a 77% increase in 
A+~/&02 (pc0.02). Measurements were repeated in 3 goats 2 
months after surgical removal of the carotid bodies. Carotid 
body denervation 1) decreased +E 26% (pcO.01) and increased 
PaC02 8.3 torr (pcO.02) at rest with an apparent decrease in 
A+E/&O, of 14% in normoxia, 2) abolished the increase in 
ACE/&CO2 in hypoxia, 3) caused hyperventilation at rest 
(APaC02=- 4.5 torr, p<O.Ol) and in exercise (APaC02=-8.3, p= 

0.05) in hyperoxia, and 4) had no effect on the hypercapnic- 
exercise interaction. These results indicate that complex 
interactions occur between 02 and CO2 sensitive receptors and 
the factors involved in controlling ventilation during exer- 
cise. The carotid bodies are necessary for the hypoxic-exer- 
cise interaction, mask the hyperoxic hyperventilation, but do 
not appear to be involved in the hypercapnic-exercise inter- 
action. (NHLBI and USAMRGDC). 
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VENTILATORY EFFECTS OF AIRFLOWS THROUGH THE UPPER AIRWAYS OF 
NEWBORN KITTENS AND PUPPIES. S.F. Al-Shway* and J.P. Mortola, 
Physiol. Dept., McGill Univ., Montreal, Quebec, Canada. 

Ten kittens, 10 puppies, 6 cats and 4 dogs were anaesthet- 
ized with pentobarbital and tracheotomized; respiratory flow 
and tidal volume were recorded. Steady flows of room air of 20 
or 50 ml set -lkg-1 were delivered in the expiratory direction 
through a second cannula inserted just below the larynx, for a 
period corresponding to the duration of 3 breaths. Inhibition 
of the ventilatory pattern, with decrease in both breathing 
rate (F) and tidal volume, was observed in the newborn at both 
flows, and particularly more so at the higher flow. The decre- 
ase in F was due to a marked prolongation of the expiratory 
time; in 18 % of all the trials total apnea' occurred for the 
period of the stimulus. No ventilatory effects were observed in 
adult dogs, while some inhibition was occasionally present in 
the cat. The ventilatory inhibition was reduced when humidified 
warm air was delivered, and was similarly observed when CO2 
enriched airflows were applied. After local anaesthesia of the 
laryngeal region or after bypassing the larynx the ventilatory 
inhibition disappeared. By closure of a nostril at any given 
airflow the upper airways pressure was substantially increased. 
This did not significantly alter the respiratory inhibition. 
We conclude that airflow through the upper airways can inhibit 
ventilation in newborn kittens and puppies presumably through 
the stimulation of temperature and airflow sensitive laryngeal 
receptors. (Supported by MRC Canada). 

CHANGES IN VENTRAL MEDULLARY ECF PH DURING ACUTE METABOLIC 
ACIDOSIS. D. G. Davies and W. F.-Nolan. Department of 
Physiology, Texas Tech University Health Sciences Center, 
Lubbock, TX 79430. 

Ventral medullary ECF pH was measured during 30 min of 
isocapnic metabolic acidosis caused by infusion of 0.2 N HCl 
in 5 chloralose-urethane-anesthetized, gallamine-paralyzed, 
artificially ventilated New Zealand white rabbits. Ventral 
medullary ECF pH was measured continuously with pH micro- 
electrodes (1-2~ tip diameter) positioned l-2 mm below the 
ventrolateral surface of the medulla. The following results 
were obtained: 

[HCO,-]a 

0 7.390 f 0.022 25.9 l 0.8 15.6 f 0.8 7.352 f 0.112 

30 7.246 l 0.030* 25.8 * 0.9 10.6 f 0.9* 7.270 * 0.105* 

+p<o.o05 

We conclude that metabolic changes in blood acid-base balance 
are reflected rapidly in cerebral ECF. This response could 
account for the increase in ventilation observed during 
metabolic acidosis in peripheral chemodenervated animals. 
(HL 25984). 
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ISOCAPNIC HYPOPNEA RESULTING FROM PARTIAL CARDIOPULMONARY 
BY-PASS. A.Oren,* A. Huszczuk,* L.E. Nery,* E.C. Shors, B.J. 
Whipp, and K. Wasserman. Harbor-UCLA Med. Ctr.Torrance, 
CA 90509 CO2 flux to the lungs can be altered 

by changing C-CO2 and/or the rate of ve- 
nous return (Qv). Reducing &CO2 by 
means of extra-corporeal gas exchanger 
while maintaining Qv, leads to hypocap- 
nit hypoponea along the CO2 response 
slope (line A in figure). Loaging the 
right ventricle by increasing Qv, or by 
partially obstructing its outflow, pro- 

al aa a4 
COCO:tIOW, 

1P vides po;ent stimulation of minute venti- 
lation (VE) (Huszczuk et al.Fed.Proc.40:568, 
1981). Utilizing partial cardiopulmonary 

by-pass in anesthetized dogs we diverted -50% of Qv from the 
venaq cavae to the abdominal aorta. Gas exchange variables 
and VE were determined breath-by-breath and arterial PC02 was 
continuously displayed from an on-line PC02 electrode.The 
by-pass resulted in a decrease of VE in all cases, which av- 
eraged 32.5% f 1.7 SE. This hypopnea was isocapnic (line B in 
figure) despite the CO2 output decrease (37.5% f 2.0 SE) being 
significantly greater (P<O.OOl). This isocapnia must therefore 
have resulted-from ventilatory control mechanisms which reflect 
both reduced Qv and a relatively increased dead space ventila- 
tion. 

THE EFFECT OF SO2 ON THE RESPONSE OF RABBITS TO EXPIRATORY 
LOADING. P.W.Davenport and K.A.Rex*. Dept. of Physiology and 
Biophysics, Univ. of Texas Med. Branch, Galveston, Texas,77550 

Eight rabbits were anesthetized, tracheostomized and 
placed supine.The diaphragm EMG was recorded from electrodes 
inserted into the diaphragm through an abdominal incision. 
The tracheal cannula was connected to a loading manifold which 
allowed the selective single breath loading of expiration. Two 
levels each of resistive, elastic and threshold loads and 
tracheal occlusion at end inspiration were presented 3 times 
each. We recorded airflow, volume, dia. EMG, integrated EMG, 
tracheal pressure and arterial blood pressure on a polygraph. 
The loading protocol was presented 4 times: control, after 
15-20 min. exposure to 250-400 ppm SO 

6 
, 1 hour after stopping 

exposure to SO 
ii 

, and after vagotomy. uring control breathing, 
increasing loa magnitude caused a progressive decrease in the 
expired volume and an increase in the expiratory duration (Te) 
as measured from the dia. EflG. The degree of prolongation of 
Te was related to the area under the expired volume trajectory. 
Exposure to SO 

$ 
markedly reduced or abolished the prolongation 

of Te which re urned after recovery. Vagotomy also abolished 
the prolongation of Te. These results suggest that the 
reported (Davies, et al., Respir. Physiol. 34: 83, 1978) selec- 
tive block of pulmonary stretch receptors (PSR) in rabbits 
with SO supports the hypothesis that PSRs are the afferents 
mediatiig the volume related prolongation of Te observed with 
expiratory loads. 
Supported by NIH grant number DHHS l-F32-HL06314. 
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THE MODULATION OF FETAL BREATHING MOVEMENTS BY CSF [HCO-1 IS 
NOT DEPENDENT UPON CHANGES IN ELECTROCORTICAL ACTIVITY i ECoG). 
A. Roger Hohimer, John M. Bissonnette and Bryan S. Richardson*. 
Oregon Health Sciences University, Portland, OR 97201. 

Ventriculocisternal perfusio&(JAP 50:880, 1981 
formed on 11 fetal lambs. Artificial CSFwith [HCOj 

were per- 
between 6 

and 40 mEq/l was perfused at 123 pl/min. Fetal i trac eal pres- 
sures were recorded to determine the incidence and de th of FBM 
during a 3-hr period following an alteration of [HCO- in CSF. 

4 Fetal blood gases and pH were measured and in 6 anima s ECoG 
was recorded. The animals have been grouped according to the 
cisternal [HCO:] and the results given as means k SEM. 

Cisternal FBM 
[tw] 

Depth 
0) 

Pa02 pco* PH 
(torr) (torr) (torr) 

Low 17.3 45.7 8.9 20.0 48.8 7.389 
(n=7) ~0.8 56.8 +1.6 k1.4 21.4 50.006 

Normal 24.6 26.8 6.9 21.7 50.5 7.392 
(n=4) kO.4 -111.5 k1.8 +0.3 +O.l kO.014 

High 30.7 0.6 3.0 19.6 50.5 7.391 
(n=5) kO.4 kO.2 kO.2 k1.4 +l.l kO.012 

Four low [HCOi] animals had differentiated ECoG; the incidence 
of high voltage (HV) activity was 47.8 f 2.0%. FBM occurred 
during 77.8 + 3.7% of low voltage and 30.9 + 11.7% of HV. In 
2 animals ECoG was not altered by high [HCOZ] perfusions. We 
conclude that 
that elevated F 

SF [H+] is a critical stimulus to normal FBM and 
H+] can cause FBM during HV ECoG. 

561 
CENTRAL NEURAL STIMULATION OF RESPIRATION BY SODIUM SALICYLATE. 
D.E. Millhorn, F.L. Eldridge and T.G. Waldrop*. University 
of North Carolina, Chapel Hill, NC 27514. 

Therapeutic doses of sodium salicylate cause significant 
increases in respiratory output (RO); the mechanism remains 
unknown. It has been reported (JAP 41: 639, 1976; 46: 1029, 
1979) that salicylate stimulates RO through its ability to un- 
couple oxidative ph?sphorylation and thereby increase metabol- 
ic CO2 production (VC02). We studied this possibility in an- 
esthetized, paralyzed cats whose vagi and carotid sinus nerves 
had been cut. PETCO2 and body temp were servocontrolled and 
kept constant. RO was quantified from peak integrated phrenic 
activity. Rate of CO2 production was determined from the 
pumping rate of the C02-servocontrolled ventilator. In asepa- 
rate animal salicylate did not affect carotid bod output. 
Systemically administered salicylate (240 mg/kg 0.75 iv) led to 
less than a two-fold increase-in VcO2 and a four-fold increase 
in RO. The fime courses for VC02 and RO were unrelated; the 
increase in VCO2 was complete in lo-15 min whereas RO contin- 
ued to increase for at least 60 min. The increase in RO was 
not prevented by cervical (C7-Tl) chordotomy. When salicylate 
was given into the third ventricle (12 mg/kg0*75), RO still 
increased but without an increase in VCO2. We conclude that 
salicylate does not stimulate respiration through peripheral 
mechanisms but through central mechanisms. Supported by USPHS 
grants HL-17689, NS-11132, FR-05406 and the Parker B. Francis 
Foundation. 

EFFECT OF CEREBRAL INTRAVENTRICULAR ADMINISTRATION OF ANIONIC 
BLOCKING AGENTS ON CEREBROSPINAL FLUID (CSF) ELECTROLYTE DUR- 
ING RESPIRATORY ACIDOSIS. H.M. Frankel and H. Kazemi, Rutgers 
University, New Brunswick, N.J. 08903 and Pulmonary Unit, 
Massachusetts General Hospital, Boston, MA 02114 

The possibility that a [Cl']-[HCOS] exchange occurred in 
the CSF during respiratory acidosis was investigated by admi- 
nistration of 2 compounds that reportedly block the [Cl']- 
[HCO?] exchange transport system. Anesthetized dogs were 

maintained either normocapnic or hypercapnic and given either 
pyridoxal S-phosphate (P-P, 1 mg/kg) or 4,4' diisothiocyano-2, 
2'-disulfonate stilbene (DIDS, 10 ug/kg) in the lateral cere- 
bral ventricles (CV). PCO2, p , H [Na+] and [Cl-] were deter- 
mined in cisternal CSF and arterial blood. [HCO?] was calcu- 
lated. Samples were drawn before and 4 hrs after administra- 
tion of the compound. With 4 hrs of hypercapnia CSF PC02 in- 
creased approx 32 torr and [H+] increased approx 13 mM/L in 
dogs receiving either compound. CSF [Cl-] decreased approx 9 
and 6 mM/L with CV-P-P and CV-DIDS, respectively; CSF [HCO?] 
increased approx 9 and 7 mM/L, respectively. There was no sig- 
nificant change in CSF [Na+] during hypercapnia with either 
compound. At normocapnia CSF [Cl'] was decreased 5-6 mM/L 
with both compounds. With CV-P-P CSF [HCO3] did not change; 
it decreased with CV-DIDS. CSF [Na+] decreased 2-3 mM/L with 
both compounds. The reciprocal relationship between changes 
in [Cl-] and [HCOS] observed during respiratory acidosis was 
not duplicated at normocapnia and requires further explanation. 
(Supported in part by NIH Research Training Grant HLO7354) 

LONG-LASTING CENTRAL INHIBITION OF RESPIRATION: MEDIATION BY 
GABA AND ENDOGENOUS OPIATES. T.G. Waldrop*, D.E. Millhorn and 
F.L. Eldridge. Univ. of North Carolina, Chapel Hill, NC 27514 - 

In addition to the direct effects during stimulation andthe 
afterdischarge, stimulation of 1 
causes a post-stimulation inhibi 

imb muscles or their afferents 
tion of respiratory output (RO) 

which lasts for up to 1 hour. We have previously shown that 
this response is caused by a central neural mechanisminvolving 
the higher brain and cerebellum (Physiologist 23: 75, 1980). 
The purpose of the present study was to determine which neuro- 
transmitters mediate this inhibitory effect. Anesthetized, 
paralyzed cats whose vagi and carotid sinus nerves had been 
cut were studied. Respiratory output was derived from peak 
integrated phrenic activity. Body temperature and PETa were 
kept constant by servocontrollers. Pretreatment with either 
an endogenous opiate antagonist (naloxone) or a GABA antago- 
nist (bicuculline methiodide) prevented the post-stimulation 
inhibition. The response was not blocked by prior administra- 
tion of either a serotonin antagonist (methysergide) or a 
dopamine and norepinephrine antagonist (a-methyltyrosine). 
These results suggest that both GABA and endogenous opiates, 
but not serotonin, dopamine or norepinephrine, are involved in 
the mechanism mediating the long-lasting inhibition of respir- 
ation caused by stimulation of limb muscles or their afferents. 
(Supported by USPHS G rants HL-17689, NS-11132 and the Parker 
B. Francis Foundation. 

502 
MECHANISM OF HYPWPNEA INDUCED BY AMINOPHYLL1NE.F.L. Eldridee. 
D.E. Millhorn and T.G. Waldrop*. University of North Carol& 
Chapel Hill, N.C. 27514 

be 
Aminophylline causes an hyperpnea that has been though 
mediated by i ts direct action on central r espira tory 

t to 

neurons. We have reexamined this 
paralyzed cats (vagi and carotid 

quest 
sinus 

ion in 40-anesthetized, 
nerves cut) whose end- 

tidal PC02 and body temperature were kept constant by means 
of servocontrollers Respiratory output (RO) was quantified 
from peak integrated phrenic nerve activity. Systemically 
administered aminophylline (8 mg/kg iv) caused RO to double 
within 10 min and to remain elevated for > 35 min. Neural 
output of the carotid body did not change. Slope of phrenic 
response to hypercapnia increased after aminophylline. Spinal 
cord transections at C7-Tl, T4-5 and Ll-2 had no effect on 
the response. Pretreatment with a serotonin antagonist (methy- 
sergide) had no effect, but two dopamine-norepinephrine anta- 
gonists (haloperidol and a-methyltyrosine) caused an attenua- 
tion of the response. When given into the 3rd ventricle at 
a pH adjusted to 7.0, both aminophylline (0.4 mg/kg) and theo- 
phylline (0.34 mg/kg) caused inhibition of respiration lasting 
> 30 min whereas control injections of Ringer's solution 
(pH 6.3) had little effect. Our findings raise doubts that 
aminophylline stimulates respiratory neurons directly. We 
suggest that its stimulatory effect, when given systemically, 
is due to its ability to reduce cerebral blood flow. 
(Supported by USPHS grants HL-17689, NS-11132 and the Parker 
B. Francis Foundation) 
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CORRELATION OF RENAL ANATOMY TO RENAL XENON WASHOUT. Robert 
L. Allen*, John C. Passmore, Carl E. Hock* and William B. 
Bradford*. Dept. physiology, Univ. of Louisville, School of 
Medicine, Louisville, Kentucky 40292. 

1333 

A correlation of renal anat omical compar tments to IdaXe 
washout rates has been studied. Adult mongre 1 dogs weighing 
19-30 kg were anesthetized with chloralose-urethane. By 
dissection, we found that the cortex comprises 68.9 f 1.1% 
(S.E.) of the total kidney weight; whereas, the outer medulla 
is 17.9 + 1.5% of the total kidney weight .A, Flow rates for the 
two compartments were determined by the l"Xe disappearance 
freeze-dissection technique. The average flow rate for the 
cortex was 4.25 f .49 ml/g/min and the y intercept for the 
133Xe washout rate indicates that 87% of the initial radio- 
activity was distributed to the cortical compartment. The 
average fl .ow rate for the outer medulla was 1.9 
and the Y interce pt for the 133 Xe washout rate 

L .  

indi 
19 ml /g/min 
cates that 

10% of the initial radioactivity was distributed to the outer 
medullary compartment. Based on a 1OOg kidney, total cortical 
blood flow would be 292.8 ml/min (4.25 ml/g/min x 68.9g) and 
total outer medullary blood flow would be 34.0 ml/min (1.9 
ml/g/min x 17.9g). These calculations indicate that 89.5% of 
the total flow is distributed to the cortex and 10.4% is dis- 
tributed to the outer medulla, exac tly as the intercept-cal- 
culated percentages would indi cate. (Supported by Kentucky 
Heart Associat ion 
Jeffe rson Coun ty.) 

and Heart Association of Louisville and 

QUANTIFICATION OF REGIONAL RENAL CORTICAL BLOOD FLOW USING A 
THERMODYNAMIC TECHNIQUE. T. Adams, W.S. Spielman, J.C. 
Hartman* and M.A. Steinmetz. Department of Physiology, Michi- 
gan State University, East Lansing, MI 48824. 

Regional renal blood flow was measured at localized corti- 
cal zones in situ at 90 set, intervals over a 3 hour period in -- 
anesthetized (30 mg.kg'l Na pent.; iv) dogs using a new tech- 
nique (A.J.P. 238:H682-H696, 1980) which involves heat trans- 
fer analysis. It requires establishing a weak thermal field 
in a tissue across which unidirectional heat flux (nom. 8 mW) 
and a temperature gradient (nom, 0.050C.mm'1) are simultan- 
eously measured to allow for the calculation of tissue effec- 
tive thermal conductivity (k') and the deduction of local 
blood flow (ml.min-l.cm-3). Mean k' for the non-perfused 
renal cortex (n=3) was 5.34 + 0.13 (SE) mW*°C'l=cm'l. Total 
renal perfusion measured with an electromagnetic flowmeter 
was varied with an adjustable arterial clamp. Simultaneous 
thermodynamic measurements of regional cortical flow correlate 
(r=.87) with the electromagnetic determinations of total renal 

blood flow, Advantages of the thermodynamic technique for 
renal perfusion studies are that it allows for rapid sequen- 
tial measurements of regiona 1 flow q uantitatively in small 
tissue volumes and its accuracy and precision are unaffected 
by either local met abolic heat production or tissue tempera- 
ture. 

RENAL VASCULAR RESPONSES TO HYPOXEMIA IN SPONTANEOUSLY BREATH- 
ING DOGS. W.R. Sexson*, D.S. Miles* and R.W. Gotshall. Wright 
State University, School of Medicine, Dayton, Ohio 45435 

Our previous report (Fed. Proc. 40:554, 1981) demonstrated 
that RBF and renal function were unchanged during hypoxemia 
with controlled ventilation until very low Pa02's (18 torr) 
when cardiac output decreased. To compare hypoxemia along 
with hypocapnia and alka losis, 5 anes thetize d spon taneously 
brea thing dogs breathed progress ively lower levels of inspired 
02' 
02 (% inspired) 21% 16% 14% 
Pa09 (torr) 73 53 43 

12% 10% 21% thesia (AN), propranolol (P) pretreatment plus AN, captopril 
37 29 71 (CAP) pretreatment plus AN, and saralasin (SAR) pretreatment 

Pa&2 (torr) 39 33 29 26 
PH 7.40 7.46 7.49 7.53 
C.O. (l/min) 3.42 3.37 3.26 2.97 
BP (mm Hg) 131 132 136 134 
RBF (ml/min/lOOg) 520 545 551 558 
GFR (ml/min/ 1OOg) 72 68 68 72 
FE,, (%I 0.19 0.16 0.20 0.22 

22 30 
7.56 7.43 
1.24 1.91 
115 95 
449 409 
55 62 
0.08 0.09 -.- 

Renal function was well maintained until the lower PaO2's 
(29 torr) when cardiac output and BP decreased. When hypo- 
capnia and alkalosis are present, the decrease in systemic and 
renal hemodynamics occurs at a higher Pa02 (29 torr vs. 18 
torr) than when PaC02 and pH are controlled. This probably 
results from the left shift in the 02 dissociation curve due 
to the low PaC02 and elevated pH in the present experiment 
which compromised 02 delivery to the myocardium. (Supported 
by NIH 21382) 

EFFECTS OF CAPTOPRIL AND SARALASIN ON THE HEMODYNAMIC RESPONSE 
TO RENAL TUBULAR OBSTRUCTION. Pamela K. Carmines* and George 
A. Tanner. Indiana Univ. Sch. Med., Indianapolis, IN 46223. 
Turpose of this study was to examine the role of the 
renin-angiotensin system (RAS) in the decreased glomerular 
blood flow (GBF) that occurs with chronic single tubular 
obstruction. The effect of pharmacologic interruption of the 
RAS on blood flow to blocked nephrons was studied in two 
groups of anesthetized rats treated as follows: (I) Captopril 
(10 mq/kg, p.0.) or vehicle, and (II) saralasin (10 pg/kg/min, 

i.v.) or vehicle. Blood flow was determined using nephron 
microdissection and microsphere techniques for normal tubules 
and tubules subjected to 24 hr castor oil blockade. 

Glomerular Blood Flow, nl/min 
Control Captopril Control Saralasin 
(5 rats) (5 rats) (6 rats) (6 rats) 

Normal 235+16 296+40 233+28 210+11 
Blocked 116T13** 252T31* 139+20** 152+4** 

**P<OTOOl and 
- 

(!?+SEM. *p<o.O25 when compared to normal tubules) 
Blood flow to blocked nephrons averaged 50+4% of normal in 
group I control rats; Captopril improved flow to blocked neph- 
rons to 8624% of normal (P<O.O05). In group II control rats, 
blood flow to blocked nephrons was 59+2% of normal; saralasin 
increased flow to blocked nephrons to-73+3% of normal (PcO.05). 
Since both agents improved blood flow to-blocked nephrons, and 
in view of their different modes of action, these data provide 
evidence for a role of the RAS in maintaining decreased GBF 
during obstruction. (Supported by NIH grant HL 13929.) 

567 
EFFECT OF RENAL ISCHEMIA OR URETERAL LIGATION ON THE RENAL 
BLOOD FLOW RESPONSE TO HYPERONCOTIC DEXTRAN. R.W. Gotshall. 
Wright State University, School of Medicine, Dayton, OH 45435 

Previously, we have shown that the renal vasodilatation 
response to intrarenal hyperoncotic dextran infusion was absent 
in nonfiltering canine kidneys. Glomerular filtration was 
eliminated in these kidneys by a combination of renal ischemia 
and ureteral ligation. To discriminate between these two 
effects on the renal response to dextran, hyperoncotic (20%) 
dextran was infused into-renal arteries of kidneys with only 
ischemia or ureteral ligation. Two hours of ischemia or ure- 
teral ligation was done 4 days prior to the acute experiment. - 

RBF (ml/min/I00g) GFR (ml/min/lQQg) 
Control Dextran Control Dextran 

Ischemic (N=5) 285 323 32 21 
Ureteral ligation (N=5) 110 106 -- -- 
The renal vasodilatation response to dextran is evident only 
in those kidneys with GFR and not when GFR wa s not measurable. 
Thus it appears that ischemia per se does not interfere with 
the vasodilatation response. The data suggests that the vaso- 
dilation by dextran is subsequent to the dextran reduction in 
GFR and tubular feedback control of the renal vasculature. 
(Supported by NIH 21382 and MVHA #57-293-801). 

RENIN-ANGIOTENSIN AND IMPAIRED AUTOREGULATORY EFFICIENCY DURING 
PENTOBARBITAL ANESTHESIA IN RATS. L.A. Walker*, M. Gellai, and 
H. Valtin. Dept. Physiol., DartmouthMed. Sch.,Hanover,NH03755. 

Our previous results indicated depression of renal blood 
flow (RBF) and glomerular filtration rate (GFR) during pento- 
barbital anesthesia (AN) in rats. AN also caused reduction in 
renal perfusion pressure (RPP) to 80-85 mmHg and, according to 
some reports, stimulation of renin release. In order to deter- 
mine the role of these factors in the depression of RBF and GFR 
during AN, studies were performed in: conscious (CON), anes- 

plus AN. All animals were trained and had chronically implanted 
catheters and, where appropriate, aortic constriction cuffs. 
Clearances were performed first in the conscious state (at nor- 
mal RPP), and then in the same rat at RPP of 80-90 mmHg,accom- 
pllshcd by aortic constriction (AC) in CON or by AN. Values in 
table are at the 10~ ~pp, expressed as % of control (normal 
RPP) values for that particular group. 

CON+AC(7) N9) ~ - P+W6) CAP+AN(6) SAR+AN(5) 

GFR 99 76* 97 107 95 
RBF or ERBF 100 74* 88* 94 76* 

*p<0.05 compared to control state (i.e., high RPP) 

Results suggest: (1)impairment of GFR autoregulation during AN 
is due largely to renin-angiotensin; (2)angiotensin II may not 
act predominantly on efferent arterioles. Supported by NKF and 
NIH. 
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EFFECT OF SARAIASIN ON THE RENAL CORTICAL VASOCONSTRICTION 
INDUCED BY NICOTINE INFUSION. C. E. Hock*, J. C. Passmore, 
R. L. Allen*, W. B. Bradford* and K. C. Huang. Dept. 
Physiology, School of Medicine, Louisville, Ky. 40292. 

The 
Nicotine is known to be a potent sympathomime tic agent. 

effects of nicotine infusion (0.024 mg/kg/min) on renal 
blood flow distribution was investigated using a freeze- 
dissection 133Xe disappearance technique. Radioactive micro- 
spheres me 
previously 
infusion, 
fused via 

asured total renal blood flow (TRBF). Since we have 
found increased renin secretion during nicotine 

the angiotensin II antagonist, saralasin, was in- 
the renal artery (4 mg/kg/min) to determine the role 

of the renin-angiotensin system in the nicotine-induced renal 
cortical vasoconstriction. Nicotine infusion alone caused a 
75% increase in mean arterial pressure. TRDF, outer cortical 
(oc), inner cortical (IC) and outer medullary (a) flow de- 
creased 640/o, 80%, 77% and 68oJ0, respectively, from control. 
Animals receiving saralasin with the nicotine infusion had a 
130% greater OC flow, a 78% greater IC flow and no difference 
in OM flow when compared to nicotine infused dogs. Although 
these values are 
indica .te tha ta S 

less than untreated c ontrol values 
ignifican t portion of the ni cotine 

they do 
linduced 

renal vasoconstriction is due to angiotensin II. 
(Supported by Kentucky Heart Association and Heart Association 
of Louisville and Jefferson County and Louisville Medical 
Research Foundation. Saralasin provided by Norwich-Eaton.) 

EFFECTS OF CONVERTING ENZYME INHIBITION ON SUPERFICIAL NEPHRON 
FUNCTION OF THE NONCLIPPED KIDNEY IN GOLDBLATT HYPERTENSIVE 
RATS. Wann-Chu Huang and L. Gabriel Navar. University of Ala- 
bama Medical Center, Birmingham, Alabama 35294 

Previous studies have demonstrated that blockade of the 
renin-angiotensin system enhances GFR, renal blood flow and ex- 
cretory function of the nonclipped kidney of 2-kidney, 1 clip 
Goldblatt hypertensive (GH) rats. The present study was perform- 
ed in 13 GH rats to evaluate superficial nephron responses to 
converting enzyme inhibition (CEI, SQ 20881, 3 mg/kg.hr). Late 
proximal and early distal tubule collections were followed by 
recollection from the same site during CEI. Significant in- 
creases in GFR, urine flow, Na+ excretion, single nephron GFR 
(25.2 f. 2 to 27.4 + 1.9 nl/min) and distal tubule flow (4.4 + 
0.4 to 6.9 + 0.6 nl/min) occurred in spite of reductions in BP 
(160 + 5 to 137 + 6 mmHg) during CEI. Both proximal and distal 
tubule TF/P inulin ratios were decreased (1.9 + 0.2 to 1.5 + 
0.1 and 7.4 + 0.7 to 4.8 5 0.4, respectively). There were sign- 
ificant decreases in fractional reabsorption of fluid (45 + 4 
to 28 + 4%), Ci(38 + 6 to 23 + 3%) and total solute (44 + 4 to 
23 + 3%) up to the proximal collection site. Fractional re- 
asborption of the nephron segment between 2 collection sites 
decreased significantly (72 + 2 to 63 + 3% for fluid; 92 f. 1 to 
88 + 2% for Cl-; and 84 + 1 to 77 2 4% for total solute). These 
results indicate that inhibition of angiotensin II formation 
reduces superficial tubule reabsorptive function and suggest 
that an angiotensin mediated alteration of tubular reabsorption 
exists in the nonclipped kidney of this hypertensive model. 
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FACTORS AFFECTING ADSORPTION OF LIPIDS RELATED TO LUNG 
SURFACTANT AT THE AIR-WATER INTERFACE. Jon Goerke. 
Cardiovascular Research Inst. and Dept. Phys~, 
Univ. Calif., San Francisco, CA 94143 

We made all measurements at 370C in cylindrical 6.5 cm 
diameter TeflonR cells, containing 15 PM lipid in 30 ml 
stirred buffer (10 mM HEPES pH 6.9, 6 mM CaCl 1 mM EDTA, 
100 mM NaCl). Lowering of surface tension !'), determined ;i 
with a Wilhelmy plate, was taken as a measure of lipid 
adsorption. We used large multilayer vesicles (LMV) and 
small unilamellar vesicles (SUV) prepared both by the French 
press and by ethanol injection. 

Dry dipalmitoyl phosphatidylcholine (DPPC) powder, 
applied directly to the air-water surface or stirred into 
the subphase, did not lower Y for up to 2 hr. DPPC as LMV 
or SUV behaved similarly when prepared between 45 and 5OoC. 
On the other hand, all forms of vesicles adsorbed measure- 
;;:; (AY > 10 mN/m in 30 min) when prepared at or below 

The former SUV suspensions were clear, the latter 
opallscent. The adsorbability of the latter LMV was des- 
troyed by warming them to 48oC for 20 min followed by slow 
(20 min) cooling to 37oC. 1 to 16 mol% eggPC, phosphatidyl- 
glycerol, lysoPC, cholesterol or palmitic acid in DPPC pro- 
duced LMV and SUV with graded adsorption rates. 

These results suggest that liposome adsorbability is 
related to the presence of strained structures which, in the 
case of pure DPPC. can by removed by annealing above the 

Mechanism of liposomal phosphatidylcholine uptake by granular 
pneurnocytes. A. Chander; W.D. Claypool, Jr?, A.B. Fisher. Dept. of 
Physiology, Untversity of Pennsylvania, Philadelphia, PA 19104. 

We have previously shown that granular pneumocytes in prirnary 
culture take up exogenous phosphatidylcholine (Fed. Proc. 40:407, 
1981). In this study we further investigated this uptake as a mod- 
el for the clearance of surfactant phospholipids frorn the alveolar 
surface. Lung epithelial type II cells were isolated by trypsiniza- 
tion and differential adherence (JAP 48:743, 1980). Liposomes 
were pre ared 
or frorn P 

frorn rnixtures of 14C-DPL-cholesterol (1:l) (neutral) 
4C-DPL:phosphatidylcholine (egg;hydrogenated):phospha- 

tidylglycerol:cholesterol (50:25:10:15) (anionic) either by sonication 
or by passage through a French pressure cell (16,000 psi). With 
neutral liposornes, rates of DPL uptake were 3.01 nmol/h/mg 
cell protein and 0.63 nrnol/h/mg cell protein at final concentrations 
of 0.33mM and O.O6lmM, respectively. Uptake with anionic 
iiposornes was 1.41 nrnol/h/rng cell protein at 0.05rnM DPL. Uptake 
was time dependent and was maxirnal at 2-3 h. 6-Carboxyfluores- 
cein, used as a rnarker for the liposornal aqueous compartment, was 
accumulated by cells over 2-3 hrs. Inhibitors of oxidative meta- 
bolism had no effect on liposornal uptake, but 2-deoxyglucose (5.6 
rnM) decreased liposornal uptake by more than 50%. Addition of 
0.5 ug/ml surfactant hydrophobic apoprotein (Fed.Proc. 40:408,1981) 
increased the uptake of liposornes by 2-4 tirnes. These results in- 
dicate that granular pneurnocytes accumulate exogenous DPL. 
uptake is likely rnediated, in part, by endocytosis. Surfactant 
phobic apoproteins rnay play an irnportant role in rnodulating 
uptake and further rnetabolisrn of surfactant phospholipids. 

The 
hydro- 
the 

4loC DPPC phase transition temperature. 
(Supported in part by Grant HL-24075 from the NHLBI). 
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IN VITRO EFFECTS OF KAOLIN ON DIPALMITOYL LECITHIN (DPL) AND 
LUNG SURFACTANT. K.C. Weber, J. Ma* and W.E. Wallace*, 
NIOSH, Morgantown, WV 26505. 

Since kaolin was previously found to absorb DPL from 
solution (J. Colloid Interface Sci. 51: 535-537, 1975), we 
studied kaolin's absorption of surface active material from 
the air-liquid interface of a Wilhelmy balance (Kimray- 
Greenfield). Lung surfactant was obtained from the foam 
evolved from the lavage of excised rat lungs. After control 
studies with synthetic DPL and rat lung surfactant (22Oc 
and aqueous subphase), kaolin (<30 mg) was sprinkled unto 
the balance surface at minimum area and the surface tension 
vs surface area was recorded for 4 cycles at speeds of 5.5 
min per cycle with the pool area changing from 100 to 15%. 
When DPL was used (3 experiments), the minimum surface 
tension (y min) increased from <2 to 31 dynes/cm and the 
maximum surface tension (y max) remained constant. The 
hysteresis decreased by >90%. When lung surfactant was 
used (3 experiments), y min increased frm I5 to 43 
dynes/cm, y max increased from 41 to 55 dynes/cm and the 
hysteresis decreased by >908. These results indicate that 
workers exposed to kaolin dust may be experiencing changes 
in their alveolar surfaces due to absorption of the 
surfactant by the respirable dust particles. 

575 
EFFECTS OF UNSTIRRED WATER LAYERS ON LIPID PERMEABILITY 
CHARACTERISTICS OF GUINEA PIG TRACHEAL EPITHELIUM. S .F.P .Man*. 
D.S.K. Park*, and A.B.R. Thomson*. (SPON: R.L. Jones) Dept. of 
Med., University of Alberta, Edmonton, Alberta, Canada. 

The entry of non-electrolytes into the cytosol has several 
important determinants, among which are the lipid 
characteristics of the cell membrane, and the overlying 
unstirred water layer (UWL). We used an in vitro technique to 
measure the uptake of a homologous seriesyf "C-labeled 
saturated fatty acids (FA) and fatty alcohols ( Ale) into 
guinea pig tracheal epithelium. When the hulk phase was not 
stirred, a linear relationship was noted between the uptake 
and the number of CH groups for FA 4:0-12:0* In contrast, 
the uptake reached 02plateau from Ale 8:0 to l2:0, indicating 
that tbc uptake of these alcohols were limited by diffusion 
across the UWL. When the bulk phase was stirred at 600 rpm, 
the resistance of the UWL was markedly reduced, the uptake of 
AlclO:O and 12:0 remained limited by diffusion across the WL, 
and a linear relationship was again noted between the uptake 
and the number of CH2 group for FA 4:0-12:O. From this linear 
relationship, 
was calculated 

the incremental chang; in free energy, &WI 
to be - 147 cal*mol It is concluded that 

(1) the guinea pig tracheal epithelik is moderately lipid 
permeable; (2) the UWL is the major barrier limiting the rate 
of uptake of medium chain fatty alcohols; and (3) failure to 
correct for the effects of UWL leads to an under-estimation 
of the true permeability of tracheal epithelium.(Supported by 
MRC 6183 and Cystic Fibrosis Foundation of Canada). 
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BRONCHODILATOR ACTIVITY OF VASOACTIVE INTESTINAL PEPTIDE (VIP) 
IN THE CAT IN VIVO. John L. Szarek*, Mark Gillespie* and 
Louis Diamond. Univ. of KY., College of Pharmacy, 
Lexington, KY 40506. 

VIP is an octacosapeptide which occurs widely in the animal 
kingdom, is distributed in many organs and tissues, and has a 
broad range of biological actions. The present experiments 
were undertaken to characterize the actions of VIP on feline 
airways in vivo. For comparative purposes, prostaglandin E2 
(PGE2) also was studied. A steady state level of bronchocon- 
striction was induced in anesthetized, atropinized, artifi- 
cially ventilated cats by means of an iv infusion of serotonin. 
The increase in lung resistance (Rl) so produced was used as an 
index of central airways response and the increase in dynamic 
elastance (Edyn) as an index of peripheral airways response. 
VIP and PGE2 (.l-lOpg/kg iv) were evaluated for their ability 
to moderate these indices of heightened bronchomotor tone. 
Both drugs elicited dose-related bronchodilation which was 
more prominent in central than in peripheral airways. The 
mean ratio of % AR1 to % AEdyn was 6.6 for VIP and 4.0 for 
PGE2. The potency of the 2 drugs was similar: the ED5QR 
(dose which reduced Rl by 50%) was 4.1pg/kg for VIP and ii .7 

pg/kg for PGE2. The bronchodilator action of VIP was not 
susceptible to beta adrenergic blockade with propranolol or to 
cyclooxygenase inhibition with indomethacin. These findings 
indicate that VIP is a potent relaxant of feline airways 
smooth muscle in vivo and tha t this effect is not mediated 
through beta adrenerg ic stimu lation or by prostaglandins. 

578 579 

EFFECTS OF OXYGEN TOXICITY AND ELASTASE TREATMENT ON LUNG 
FUNCTION IN RATS. Jack R. Harkema* and Joe L. Mauderly. 
Lovelace Inhalation Toxicology Research Institute, Albuquerque, 
NM 87185 

The purpose of this study was to evaluate the lung function 
changes in two disease models and examine the combined effects. 
Twenty female rats were instilled intratracheally with 0.3 IU/ 
gm elastase and 20 were instilled with saline. Half of each 
group was exposed to room air and half to 100% 02 for 48 hrs 
at 1 atm. Tests were performed on anesthetized rats by ple- 
thysmography before instillation and after exposure. Function 
tests included spontaneous breathing patterns, subdivisions of 
lung volume, quasistatic cord compliance 
capacity (DLCO), and forced expirograms. 

(C S), 
8 

CO diffusing 
1 0% 02 exposure 

induced a "restrictive" lung disease characterized by de- 
creased CQS, vital capacity and DL 0. Rats treated with 
elastase had increased CQS, total F ung capacity, functional 
residual capacity (FRC), residual volume (RV), forced expira- 
tory volume at 0.1 set (FEVO.I), and reduced expiratory flow 
rates, characteristic of an "obstructive" disease. Elastase- 
treated rats exposed to 100% 02 had decreased C S, FEVO,I, and 
DLCO, increased FRC and RV, and severely reduce !  flow rates. 
These results indicate that separate treatments of oxygen and 
elastase induced distinct lung disease models. Combined 
treatments induced some pulmonary function features of both 
lung diseases. (Research performed under U.S. Department of 
Energy Contract DE-AC04-76EV01013.) 
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STIMULATING BRONCHIAL C-FIBERS. B. Davis, A.M. Roberts, H.M. 
REFLEX INCREASE OF CANINE TRACHEAL GLAND SECRETION CAUSED BY 

Coleridge and J.C.G. Coleridge. C.V.R.I., Depts. of Physio- 
logy, Medicine and Pediatrics, UCSF, San Francisco. CA 94143. 

In anesthetized dogs with open-chests, we ventilated the 
lungs through the lower trachea, opened the upper trachea in 
the midline and retracted the cut edges. We sprayed powdered 
tantalum onto the exposed mucosa. Secretions from the open- 
ings of submucosal gland ducts caused elevations (hillocks) in 
the tantalum layer which we recorded on videotape with a tele- 
vision camera connected to a microscope.. We counted the num- 
ber of hillocks on an area (1.2 cm2) of trachea at 10s inter- 
vals for 1 min before and 1 min after injecting into the 
bronchial artery bradykinin (1.5 pg) or capsaicin (3 pg)(chemi- 
cals known to stimulate bronchial C-fibers). Bradykinin 
increased the maximum rate at which hillocks appeared from 
2+1 to 2226 hillocks/lOs (mean + SE; n=9, ~~0.02); the latency 
of response was 21+2s. Capsaicin increased the maximum rate at 
which hillocks appeared from 2+1 to 25+4 hillocks/lOs (n=19, 
p<O.OOl); the latency of response was-ll+ls. Cooling the vagi 
to O°C abolished the responses to bradykisn and capsaicin; 
responses were restored by rewarming the vagi. We conclude 
that stimulation of afferent vagal bronchial C-fibers reflexly 
increases secretion from tracheal submucosal glands. 
(Supported in part by USPHS. NIH Grants HL-24136, HL-07192 
and the Cystic Fibrosis Foundation). 

INTRINSIC ROLE OF BRONCHIAL DIMENSIONS IN MUCOCILIARY TRANS- 
PORT. M. King and J. Kay.* Meakins-Christie Labs, McGill 
Univ. and Royal Victoria Hosp. Montreal, Quebec, Canada. 

Most, if not all, agents that alter bronchial dimensions 
also alter mucociliary clearance rates. While many mechanisms 
for altered mucus transport are possible, it is conceivable 
that dimensional charges alone could contribute to altered 
rates of mucociliary clearance. In this study, we examined 
the effect of mechanical alterations of airway dimensions on 
mucociliary transport in the absence of the pharmacologic or 
humoral agents that normally induce airway dimensional change. 
Mucociliary transport rates were observed in excised dog and 
rabbit tracheas. Biaxial stretching and compression of the 
non-cartilagenous portion of the tracheal mucosa was used to 
simulate mechanically induced bronchodilation and constriction. 
We found that biaxial compression of the mucosal surface 
led to a reduction in mucociliary transport rate. Modest 
degrees of stretching did not affect clearance, but extremes 
of stretching led to irreversible inhibition of transport. 
These observations suggest that bronchodilation, within 
reasonable limits, 
clearance rates, 

has no inherent effect on mucociliary 
while broncho-constriction inherently 

inhibits the rate of clearance. (Supported by the Canadian 
Cystic Fibrosis Foundation). 

AIRWAY MORPHOLOGY IN NORMAL, 4LLERGIC AND SO7 EXPOSED SHEEP. 
David R. Maurer*, Marek Sielczak*, William My Abraham and Adam 
Wanner. Mount Sinai Medical Center, Miami Beach, Florida. 

Light and electron microscopy (SEM and TEM) were used to 
study the airway morphology of 4 groups of adult sheep: 3 nor- 
mals; 2 aerosol controls; 6 A. suum hypersensitive (allergic) 
sheep after repeated bronchospasm due to inhalation of this an- 
tigen, and 2 sheep with long-term SO2 exposure (lo-50 ppm). 
The surface epithelium was evaluated by determining cell type 
frequency, while submucosal muscle, glands, connective tissue 
and basement membrane were evaluated by morphometric tech- 
niques. Proximal airwa s of normals had 50% ciliated (C), 40% 
basal/intermediate (B/I v , and 10% mucous (M) cells. Bronchioles 
had 65% C, 24% Clara (CL), and only 11% B/I. Aerosol per se 
produced increases in B/I frequency, overall cell concentration 
and tracheal submucosal gland volume density. Allergies had 
intermittent decreases in C and in CL frequency, but increases 
in B/I and cell concentration. SO 
and C, higher B/I frequencies, 1 

exposed sheep had lower M 
ccl concentration and tracheal 

gland volume density. No sheep had increases in smooth muscle 
or basement membrane. In all but the SO2 exposed sheep, SEM 
showed a uniformly ciliated epithelium, while TEM indicated 
little cellular dama e. 
of denudement, H 

In contrast, the SO2 group had areas 
vacua ated cells, infiltration, and some squa- 

mous metaplasia. We conclude that repeated aerosol exposure 
caused changes in airwa 
that repeated allergic i: 

epithelium and suhmucosal glands but 
ronchospasm did not produce histologic 

lesions consistent with human bronchial asthma. Changes due 
to SO2 exposure were consistent with previous models. Support- 
ted by NIH HL 20989 and EPRI 1373. 
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ON SYNTHESIS OF LUNG PROTEINS. 
PENTOBARBITAL POTENTIATES THE INHIBITORY EFFECT OF HALOTHANE 

D. E. Rannels and C. A. Wat- 
kins, Physiology and Anesthesia, Hershey Med. Cntr., Penn 
State Univ., Hershey, PA 17033. 

Anesthetic agents may be important modulators of metabo- 
lism, especially in lung 9 where they are present at high 
concentration. Thus, the effect of pentobarbital (PB) on 
protein synthesis (PS) in lung was investigated, both alone 
and in combination with halothane. In rat lungs perfused in 
situ with buffer containing 5.6 mM glucose, 4.5% bovi serum 
albumin, fE - plasma levels of 19 amino acids and 690 FM [ C]phe- 
nylalanine, addition of PB (50-500 pg/ml) to the perfusate 
resulted in a dose-related inhibition of PS. Halothane (l-4% 
in 02/N2/C02, 4:15:1) also rapidly inhibited PS in a dose-de- 
pendent manner. The effect of halothane to inhibit PS was 
potentiated by a dose of PB (100 pg/ml) which had no effect 
when present alone. At a maximally effective dose of PB, l-4% 
halothane further reduced PS, suggesting the agents worked by 
different mechanisms. Effects of PB and halothane, alone or 
in combination, were rapidly reversible. A similar dose-re- 
lated inhibition of protein synthesis by PB was observed in 
rat hearts perfused by a modified Langendorff technique, 
suggesting PB was not selectively inhibitory in lung tissue. 
These observations suggest that metabolic effects of volatile 
anesthetic agents may be enhanced in the presence of barbit- 
urates.' Supported by HL-20344 and HL-00294. 
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PROMOTION OF CADMIUM INDUCED PULMONARY LESIONS BY GALACTOSA- 
MINE. P. Chowdhury, L..W. Chang, R. C. Bone, and P. L. 
Rayford, Depts. of Physiology-Biophysics, Pathology and 
Medicine, Univ. Ark. Med. Sci., Little Rock, AR 72205. 

Previous studies have shown that cadmium (Cd) induces pul- 
monary lesions. This study was conducted in rats to deter- 
mine if galactosamine, a known hepatotoxin, will enhance Cd 
induced pulmonary injury. Methods: Rats in groups of 6 were 
given either galactosamine (400 mg/kg), cadmium chloride (4 
mg/kg) or a combination of the two compounds. Galactosamine 
was injected i.p. and 24 hours.later Cd was administered i.p. 
Rats were sacrificed 60 min after Cd and blood samples col- 
lected by orbital bleeding for measurement of trypsin inhibi- 
tory capacity (TIC). Lungs of rats were perfused with saline 
and fixed in 10% formalin. Light microscopic examinations 
were made of longitudinal sections of both apical and basal 
portions of the whole lung. Results: Galactosamine alone pro- 
duced a reduction in serum TIC by 30% and with Cd, TIC was re- 
duced to 50%. No significant pathology was observed in the 
lungs of animals treated with either galactosamine or Cd alone. 
However, severe hemorrhage with polymorphonuclear (PMN) in- 
filtration was observed in all the Gal-Cd treated lungs The 
most severe hemorrhage was found at the basal portion of the 
lung while PMN infiltration was found throughout the lung tis- 
sue. This is associated with severe distention of alveoli, 
vascular congestion and vascular leakage. These results indi- 
cate that galactosamine and Cd action on TIC are associated 
and combined effects of these promotes injuries to the lung. 

663 
VESICULAR LUNG SOUND MAPPING BY AUTOMATED FLOW-GATED 
PHONOPNEUMOGRAPHY. Steve S. Kraman* and Dennis O’Donnell* 
(SPON: N.K. Burki). Univ. of Kentucky, Lexington, KY 40506 

A recently developed automated apparatus capable of deter- 
mining vesicular sound amplitude rapidly and accurately was 
used to construct detailed inspiratory vesicular sound ampli- 
tude maps in 8 normal subjects in order to determine the 
normal amp1 itude patterns on the chest wall. The sounds were 
recorded in 2 cm steps along the following lines, bilaterally: 
A) Clavicle to abdomen, 6 cm from the sternal border; B) level 
of Tl to the lung bases, 6 cm from the spine, and C) horizon- 
tally, from the sternal border to the spine at the level of 
the nipple. Sound amplitude was measured at an air flow rate 
of 1.3 l/s. The resulting amplitude maps revealed considerable 
intra and intersubject variation with frequent amplitude 
heterophony. The overall patterns were as follows: A) amp1 i- 
tude decreasing with distance from the clavicle, B) amplitude 
increasing with distance from Tl with a peak at the bases, and 
C) equal amplitude at all positions. The findings in series 
B and C are, in general, consistent with an explanation of 
ventilation following hydrostatic gradients. The series A 
pattern and the intersubject variability in amplitude suggest 
that the inspiratory vesicular sound amplitude is not simply 
a result of ventilation distribution but involves other as 
yet undefined factors. (Supported by NHLBI grant HL26334-01). 

MICROCIRCULATION 

FLEXIBILITY OF CAPILLARIES IN THE HEART. James B. 
Bassingthwaighte and Edward C. Carlson. University of 
Washington, Seattle, WA 98195 and University of California, 
Davis, CA 95616 

Capillaries have been considered stiff compared to other 
vessels. Because the walls are so thin there has been dis- 
cussion on whether this stiffness lies all within the cells, 
in the basement membrane, or in the surrounding interstitial 
gel matrix. Observations on dog and rabbit hearts on 9, 15, 
and 25~ microspheres within capillaries which were subsequently 
filled with silicone elastomer, microfil, showed that the sil- 
icone elastomere filled the capillaries upstream and downstream 
from the microspheres of all sizes even though the capillary 
diameters are only about 5 microns. By electromicroscopy, 
endothelial cells deformed by microspheres appeared undamaged 
even though the local deformation was great. Local defor- 
mation demonstrates flexibility but does not prove disten- 
sibility, i.e. an overall stretching with an increase in total 
surface area in response to increased luminal pressure. The 
techniques provide a basis for further work on characterizing 
the mechanical features of the wall and perhaps for separating 
out the contributions made by the various components. (sup- 
ported by NIH grants HL19135, AM24000, and the Juvenile 
Diabetes Foundation.) 

ARTERIOLAR REACTIVITY TO ANGIOTENSIN IN THE CREcdASTER i$IUSCLE 
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OF THE DECEREBRATE RAT. D.A. Bishop*, P.D. Harris, I.G. 
Joshua*,F.N. iJiller*, and D.L. Wiegman. Dalton Research Center, 
Univ. of Missouri, Columbia, 110. 65211. 

Arteriolar reactivity to angiotensin II was studied in 1) 
Sprague-Dawley rats anesthetized with urethane (800 mg/kg) and 
a-chloralose (60 mg/kg) and 2) decerebrate rats after a 5 to 
10 hour period for dissipation of the initial urethane-chlora- 
lose anesthesia. The cremaster muscle with intact circulation 
and innervation was suspended in a Krebs-bicarbonate bath. 
Bath temperature (34.5"C), PO2 (30-40 mmHg), PC02 (40-50 mmHg), 
and pH (7.4) were controlled. Lumenal diameters of second and 
third order arterioles were measured by television microscopy. 
Angiotensin II was added tc,fhe crem~~t;;er~;th to produce con- 
centrations between 3 x 10 and 10 Second (90+3pm) 
and third (Zl+Z~m) order arterioles responded differently-to 
angiotensin. -Angiotensin did not alter the diameters of sec- 
ond order arterioles in either anesthetized or decerebrate 
rats. High concentrations of angiotensin produced complete 
closure of third order arterioles in decerebrate rats; however, 
angiotensin gave considerably less constriction (to 45% of-gon- 
trol diameter) in anesthetized rats. rjorepinephrine (3x10 ii) 

constricted second and third order arterioles in both anesthe- 
tized and decerebrate rats. This study shows 1) that the con- 
strictor effect of angiotensin is limited to specific arter- 
iolar levels, and 2) that arteriolar reactivity to angiotensin 
is markedly depressed by urethane-chloralose anesthesia. 
(Supported by hLl2614 and MO. tieart Assoc.). 

ARTERIOLAR VASOMOTION AND IT'S EFFECT ON CAPILLARY BLOOD FLOW. 
W. Funk* and M. Intaglietta. University of California, San 
Diego, La Jolla, CA. 92093 

Rhythmic arteriolar smooth muscle cell action was investi- 
gated looking at changes in diameter and flow velocities in the 
arterial part of the microcirculation as well as their influ- 
ence on capillary perfusion patterns. Measurements were per- 
formed on skin flap chambers of unanesthetized hamsters using 
intravital microscopy and television techniques. The macrocir- 
culation was monitored by permanent cathetersallowingmeasure- 
ment of central venous/arterial pressure and heart rate. When 
the criteria for a physiologic state were met, i.e. no pus, 
edema, hyperemia, microbleedings or leukocyte rolling in the 
chamber, no permeability for fluorescein labelled dextran 150 
within 2 hours, and normovolemia, rhythmic arteriolar vasomo- 
tion was present in 72% of the arterioles between 25 and 80vm 
diameter with an average amplitude of 54% of mean and frequen- 
cies of 2.621.2 min-1. Terminal arterioles, precapillaries and 
1 group of capillaries showed a superposition of the upstream 
rhythms in their flow velocity profiles. Another group of 
capillaries showed stop-and-go type flow patterns. We hypothe- 
size, that capillary network geometry is the main factor cau- 
sing different behavior of capillaries of the same arteriolar 
trunk. We conclude, that arteriolar vasomotion is a perfusion 
regulating factor generally present in not manipulated tissues. 
Since vasomotor activity also affects hydrostatic pressure in 
the capillaries previous calculations on capillary exchange 
should be revised. (Supported by USPHS-HL 12493) 

587 
A COMPARISON OF MICROVASCULAR CHANGES IN SKELETAL MUSCLE OF 
RENAL AND SPONTANEOUSLY HYPERTENSIVE RATS. R.L. Prewitt, 
I.I.H. Chen* and R. Dowell*, University of Tennessee Center 
for the Health Sciences, Memphis, TN 38163 

Using stereological methods in vivo we have investigated - -' 
the rarefaction of arterioles and capillaries in one-kidney- 
Goldblatt (lKG), 4 weeks after renal artery clipping, and 
spontaneously hypertensive rats (SHR), 16-18 weeks old. The 
gracilis muscle was transilluminated in situ for television -- 
microscopy. Vessel length per unit volume of tissue (densi- 
ty) 9 internal diameter, and wall thickness of arterioles were 
measured in 3 consecutive states: innervated, denervated, 
and vasodilated with locally applied nitroprusside. Arterio- 
lar density in the denervated state was reduced in the 1KG by 
40% and in the SHR by 59% compared to their respective con- 
trols. After vasodilation arteriolar density was reduced 26% 
in the 1KG and 56% in the SHR. Capillary density of 1KG was 
reduced 45% in the innervated state but not after vasodila- 
tion. However, in the SHR, capillary density was reduced 61% 
in the innervated state and 18% after vasodilation. Inner- 
vated arteriolar diameter was 16.722.5 p in the 1KG and 25.9+ 
8.2 p in the control (p<O.O5), whereas there was no differ- - 
ence in arteriolar diameter between SHR and controls. The 
decreased internal diameter of the 1KG arterioles may be re- 
lated to their increased wall/lumen ratio, which was 0.318+ 
0.037 compared to 0.20620.026 for the controls (~~0.05). - 
There were no differences in the wall/lumen ratio between SHR 
and controls. (Supported by USPHS GR HI,-23480 and HL-18489.) 
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EFFECTS OF HEAT-DAMAGED BLOOD ON MICROCIRCULATORY FLOW. 
M. Mason Guest, M. E. Frazer* and David Wainwright" 
Shriners Burns Institute, University of Texas Medical Branch, 
Galveston, Texas 77550 

Blood flow in both heat-damaged tissues and in tissues 

FILTRATION COEFFICIENT OF THE BLOOD-LYMPH BARRIER IN THE 
POPLITEAL NODE. Thomas H. Adair, Alfred W. Paulsen*, David S. 
Moffatt*, and Arthur C. Guyton. Univ. Miss. Med. Ctr., 
Jackson, MS 39216 

Popliteal node fluid filtration characteristics were studied 
in six dogs. The lymph compartment was perfused with various 
concentrations of homologous plasma (lla) at several flow rates 
@a) 9 and steady state efferent lymph oncotic pressure (lie), 
flow rate (Fe) and systemic plasma oncotic pressure (nc) were 
determined. Perfusion with solutions having a high oncotic 
pressure (OP) caused protein free fluid to be filtered into the 
lymphatics, which diluted the lymph (!la > IIe); whereas, per- 
fusion with solutions having a low OP caused protein free fluid 
to be absorbed into the microvasculature, which concentrated 
the lymph (IIa < Re). The lymph OP (II) which would cause neither 
absorption nor filtration was determined graphically. By assum- 
ing that IIc and the hydrostatic pressure gradient across the 
blood-lymph barrier remain constant as Fa changes, the net 
driving pressure for transudation acrossthebarrierwasapproxi- 
mated by Q-IT, where Ill is the mean lymph OP. no must lie be- 
tween I'Ia and IIe, and was calculated assuming that lla approaches 
Be exponentially, with ll as the asymptote. The rate of fluid 
filtration or absorption was calculated as Fe-Fa. The filtra- 
tion coefficient (Kf) was then computed from the slope of the 
line generated by expressing Q-It as a function of Fe-Fa. The 
Kf of the intranodal blood-lymph btfrier derived fryrn 40 
observations averaged 0.038 ml*min 0100 gm l mmHg . 
(Supported by NIH Grants HL 06122 and HL 11678). 

not subjected to high temperature is altered after extensive 
burns. Hindrance to flow is resultant of heat-induced 
changes in physical and chemical properties of blood. 
1) Heating erythrocytes to 550C for 1 minute causes them to 
become rigid. Consequently they cannot change to the hollow 
paraboloid shape which permits them to traverse true 
capillaries; this increases resistance to flow in the micro- 
circulation. Furthermore the rigid cells damage membranes 
of endothelium when in contact with its luminal surfac 8 . 
2) Fibrinogen is denatured and becomes insoluble at 55 C. 
The denatured fibrinogen increases the viscosity of blood and 
hence resistance to flow. 3) Although clotting enzymes are 
inactivated by heat, tissue thromboplastin, a lipoprotein 
complex from cell memb&anes, is relatively stable at 
temperatures below 100 C. Fragments of cell membranes 
(thromboplastin) from formed elements of blood and from 
endothelium, following damage by heat, are released into the 
blood and accelerate clotting as it flows through both heat- 
damaged and heat-undamaged tissues. 
(Supported by grant from Shriners of North America.) 

590 
PERMEABILITY OF STOMACH CAPILLARIES TO SMALL AND LARGE 
MOLECULES. M. A. Perry* and D. N. Granger (Spon.: Gregory 
Bulkley) University of South Alabama, Mobile, AL 36688 

The permeability of gastric capillaries was studied in the 
dog with the double indicator diffusion technique and in the 
cat stomach by analysis of steady-state lymph and plasma pro- 
teins obtained at different capillary filtration rates. The 
osmotic reflection coefficient, calculated as l-L/p when L/P 
was filtration rate independent, ranged from 0.73 to 0.91 for 
molecules which ranged in size from albumin (37 A radius) to 
&lipoprotein (120 A radius). The steady-state lymph data 
was consistent with an effective large pore radius of 250 A, 
and an effective small pore radius of 47 A. Indicator diffu- 
sion studies gave a value for pore radius in gastric capillar- 
ies of 53 A. Both techniques indicate that the permeability 
of gastric capillaries for small solute molecules is similar 
to values reported for the small intestine. However, steady- 
state lymph samples suggest that gastric capillaries are more 
permeable than capillaries in the small intestine and colon 
to albumin and larger molecules. 

Supported by a grant from the Alabama Heart Association. 
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PAPAVERINE ANTAGONIZES HISTAMINE INDUCED INCREASES IN THE 
CAPILLARY FILTRATION COEFFICIENT. Ronald J. Korthuis*, C.Y. 
Wang: and Jerry B. Scott. Michigan State University, East 
Lansing, MI 48824. 

Although many studies show that local histamine increases 
capillary filtration coefficient (CFC), the mechanism of the 
increase is uncertain. CFC provides a direct measure of 
transcapillary hydrodynamic conductivity which, in turn, is a 
product of the microvascular surface area available for ex- 
change and microvascular permeability. Our intent was to 
determine the relative contribution of increases in permeabil- 
ity and/or surface area by maximally dilating (increasing sur- 
face area to a maximum) the vascular bed of isolated canine 
gracilis muscle with papaverine (PAP). Any increase in CFC in- 
duced by the concomitant infusion of histamine would then be 
due to increased microvascular permeability. To test this 
hypothesis, CFC was determined at timed intervals during PAP 
(1 mghin) and PAP plus histamine (12 ug base/min) infusion. 

Propranolol (3 mg/kg) was administered 30 min prior to control 
CFC determinations. PAP reduced perfusion pressure (Pp) from 
a control of 110 mg Hg to 30 mm Hg. Concomitant infusion of 
histamine produced no further reduction in Pp. Histamine in- 
fusion alone transiently increased CFC approximately 7-fold. 
Histamine plus PAP produced a shorter lived 3-fold increase in 
CFC while PAP alone was without effect on CFC. While the 
mechanism whereby PAP antagonizes histamine is unclear, it 
seems more likely that it is related to permeability. 

591 
HISTAMINE INCREASES CORONARY BLOOBTISSUE TRANSPORT 
OF SUCROSE IN DOGS. Thomas R. Harris, Benjamin R. Barnford* and 
Jerry C. Collins*. Vanderbilt University, Nashville, TN 37232 

Histamine infusion is known to increase the flow and protein content 
of lymph from skeletal muscle and lung tissue. We have studied blood- 
tissue exchange of sucrose in the left anterior descending coronary 
artery (LADCA) in response to infusions of histamine phosphate 
solution. In 8 open-chest anesthetized dogs a tubing shunt connecting 
the carotid artery with the LADCA was used to measure coronary blood 
flow and to inject a multiple tracer (MT) mixture. 51Cr red blood cells, 
12%albumin, 14C-sucrose, and 3H-water were used to measure sucrose 
permeability surface area (PS,) and extravascular water volume (VE) 
from MT curves formed by collection of blood samples from the 
coronary sinus and counting for radioactivity. MT studies were 
performed at baseline and after steady 20 min infusions of histamine 
into the cannula sufficient to maintain plasma concentrations at levels 
from 0.07 to 0.51 micrograms/cc plasma. Histamine infusion generally 
increased blood flow to the LADCA and PS,. Concentrations above 
0.60 micrograms/cc plasma tended to lower aortic blood pressure, 
coronary blood flow and PS,, possibly due to recruitment. VE did not 
correlate with histamine concentration. To make the observations 
comparable among dogs, we normalized LADCA plasma flow (PF) and 
ps, t0 VE. For all dogs, PF/VE correlated significantly with plasma 
concentration (R = 0.796, P<.OOl) as did PS,/VE (R = 0.688, P<.OOl). 
We conclude that histamine infusion can increase microvascular 
exchange to small molecules as well as flow in the coronary circulation. 
(Supported by USPHS. NIH Grant HL-19370) 

593 
AMINOPHYLLINE ATTENUATES THE EDEMOGENIC ACTION OF HISTAMINE. 
J. Dabney, C. Soika*, A. Premen and D. Dobbins. Dept. of 
Physiology, Uniformed Services University, Bethesda, MD 20014 

Histamine may contract fibrils in the cells of post-capil- 
lary venules, thus forming endothelial gaps. Bronchial con- 
striction by histamine is reduced by aminophylline. We tested 
whether aminophylline can limit the increase of lymph flow and 
protein concentration due to infusion of histamine into the 
constantly perfused forelimb of the anesthetized dog. System- 
ic, forelimb perfusion, skin small artery, and vein pressures 
were recorded every 10 minutes. Lymph was collected from a 
lymphatic near the elbow. After lymph flow and pressures were 
steady, an infusion of aminophylline (10 mg/min) and ten min- 
utes later, an infusion of histamine (4 pg base/min) were 
begun into the arterial supply of the forelimb. Aminophylline 
was infused for 70 minutes and histamine for 80. Aminophyl- 
line alone did not change systemic or small vein pressure, 
heart rate, lymph flow or its protein concentration. It did, 
however, lower perfusion and small artery pressure. During in- 
fusion of both agents, heart rate and small vein pressure were 
increased by 10 minutes and systemic pressure was decreased by 
50 minutes. Lymph flow was increased by 10 minutes but lymph 
protein concentration was not statistically different until 
50 minutes. With aminophylline present, the increase in lymph 
flow and protein concentration were markedly attenuated re- 
lative to the effects of histamine alone. It is suggested 
that aminophylline may lessen a constricting action of hista- 
mine on fibrils in post-capillary venules. 
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ALBUMIN EXCLUSION IN THE LIVER INTERSTITIUM. James A. -. 
Barrowman*, M. A. Perry*, P. R. Kvietys and D. Neil Granger, 
Memorial University of Newfoundland, St. John's and Univ. 
of South Alabama, Mobile, AL 36688 

An important property of the interstitial matrix is the 
ability of the gel reticulum to exclude solutes from a por- 
tion of the available intragel water. In this study, we 
examined the effect of increased interstitial hydration on 
albumin exclusion in the cat liver. Tissue blood volume, 
interstitial volume (VI) and extravascular albumin space 
(VA) were estimated using 51Cr-labeled autologous red cells, 
"mTc-DTPA and 1251-labeled cat albumin or human albumin, 
respectively. The interstitial concentration of the tracers 
was obtained from samples of hepatic lymph. The control 
values (n=12) for interstitial volume (VI), extravascular cat 
albumin (VAC) and human albumin (VAH) spaces were 0.194 f 
0.008, 0.112 + 0.003, and 0.073 + 0.005, respectively. That 
is, the fraction of the interstitial space from which albumin 
was excluded (FE) was 0.413 f 0.022 for cat albumin and 0.678 
f 0.016 for human albumin. During venous pressure elevation 
(8 mmHg) liver lymph flow increased fourfold, VI increased to 
0.240 2 0.010, VA for cat albumin increased to 0.157 + 0.009; 
however, FE for cat albumin decreased to 0.338 f 0.001. The 
data indicate that exogenous albumin is excluded from the 
liver interstitium to a much greater extent than endogenous 
albumin. Elevated venous pressure expands hepatic interstit- 
ial volume and reducgthe ability of the interstitial matrix 
to exclude albumin. Supported by NHLBI 26441 and 00816. 

ISOBARIC COUNTERDIFFUSION OF He AGAINST N2; A PROBE FOR VASCULAR 
FAT? B.G. D'Aoust. Virginia Mason Res. Ctr., Seattle, WA. 98101 

Perfusion theory predicts, and animal experiments demon- 
strate, that isobaric counterdiffusion of inert gases with 
unequal tissue/blood partition coefficients can cause transient 
over or undersaturation depending upon their sequence. BY 
contrast, these over- or undersaturations are not reliably 
predicted by comparing diffusion coefficients of therespective 
gases. The simplest consistent model predicting both direction 
and degree of such transients relates the maximum total inert 
gas pressure, (Pss) at any point, ie. a potential "site" in the 
vasculature system to the sum of the pressures of the desatu- 
rating gas, (1) and the saturating gas (2) at that point (2). 

Thus, Pss = Pl [exp.-klt + 1 - exp.-Ykltl 1 
where Pl represents the saturation pressure in atmospheres of 
inert gas 1, k 

i 
is the reciprocal time constant (ie. propor- 

tional to the issue/blood partition coefficient) of gas 1 at 
the bubble site, Y is the ratio of k2/kl and k2 is the 
tissue/blood partition coefficient of gas 2 at the same bubble 
"site." Predictions using equation 1 are supported by results 
of over 50 saturation experiments, many of which have used most 
of the possible sequence combinations of He, H2, N2, Ne, and Ar. 
Further, equation 1 not only predicts higher supersaturations 
from fatty tissues but experiments have shown more bubbles at 
the central venous location; experiments on swine produced many 
more bubbles than the same experiment on goats, and large 
variations between goats are probably due to compositional 
differences. It may therefore be possible to distinguish fatty 
from aqueous tissue by such methods. 

RENAL METABOLISM 
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RESTORATION OF PHOSPHATURIA IN PHOSPHATE-DEPRIVED RATS BY 
PHOSPHATE INFUSION IN THE PRESENCE OF PARATHYROID HORMONE 
(PTH). Aviad Haramati, Michael Baldwin*, and Franklyn G. 

Dept. Knox, of Physiology, Mayo Clinic, Rochester, MN 55905 
It is well known that rats fed a low phosphate diet (LPD) 

avidly retain phosphate (Pi) and resist the effects of 
phosphaturic stimuli. It is not clear, however, whether a 
combination of factors would evoke a phosphaturia in these 
animals. We tested this possibility by comparing the effects 
of Pi infusions in the presence and absence of PTH. Clearance 
experiments were performed in 12 acute TPTX rats fed LPD 
(0.07%) and given either PTH (33 U/kg prime, 1 U/kg*min 
sustaining), or vehicle. After a control clearance, Pi was 
infused at progressively increasing rates of 1, 2 and 3 
pmol/min and fractional Pi excretion (FEPi) was evaluated. 

FEpi(%) Pi Infusion (~m0Umir-d 
0 1 2 3 

Group 1 0.14 0.12 0.11 0.76 
(vehicle) +.02 +.03 +.02 +.44 - - 

Group 2 2.75 9.74 29.12 35.40 
(PTH) +2.13 +4.93 +11.66 +7.80 
These effects-were not Felated to plasma Pi-which rose to a 

greater extent in group 'l (2.26 to 4.91 mM) than in group 2 
(2.92 to 3.87 mM). Thus, the phosphaturic response to 
phosphate infusions was restored in phosphate-deprived rats 
in the presence of PTH. (Supported by AM19715) 

598 
EFFECT OF PHOSPHATE (PO,,) LOADING ON URINARY PO4 EXCRETION 
(UP04V) IN THE BULLFRdG RANA CATESBIANA. R-C. Hanson, 
S.D. Gleaso& and E.G. Schneider. Biologic Research Dept., 
Mead Johnson Pharmaceutical Div., Evansville, IN 47721 and 
Dept. of Physiol. & Biophys., UTCHS, Memphis, TN 38163. 

Net renal PO4 secretion has been observed following PO4 
infusion in several vertebrate classes. To ascertain if 
intravenous (IV) PO4 infusions would cause net renal PO4 
secretion in the amphibian, R. catesbiana, bullfrogs were 
anesthetized by soaking in a- solution of 2% MS 222 and 
surgically prepared for clearance (C) measurements. Animals 
were placed in a restraining cage in aerated dechlorinated 
freshwater and were allowed to recover from the anesthesia 
for at least 120 minutes before the start of two control C 
measurements. Frogs then received a PO4 infusion of either 
1.6 pM/min/kgBW(n=2) or 7.0 pM/min/kg(n=5). 60 minutes after 
the start of the infusion additional C periods were obtained. 
The low rate of PO4 infusion increased plasma PO4(PPO4) by 64% 
(A1.4+.7pM) and UP04V by 11% (0.04+.03 pmol/min/kidney/kg). 
The high rate of PO4 infusion increased PPO4 by 77% (A22.3 PM) 
and UPO4V by 126% (A0.51f.03 pmol/min/kidney/kg). Neither 
infusion produced significant alterations in UV or GFR. The 
CP04/Cinulin ratio during the low rate infusion was 0.75 f .07 
and during the high rate infusion was 0.80 + .05. At no time 
was this ratio >l. Under these conditions, we were unable to 
demonstrate net PO4 secretion by the kidney of the intact 
bullfrog as has been shown for -fishes, reptiles and birds. 
(Supported in part by USPHS Grant No. HL 16658). 

597 
EFFECT OF METABOLIC ACIDOSIS ON RENAL ADAPTATION TO LOW PHOS- 
PHATE DIET. Stephen A. Kempson. University of Pittsburgh 
School of Medicine, Pittsburgh, PA 15261 

The action of certain phosphaturic stimuli on renal proxi- 
mal tubules may involve stimulation of gluconeogenesis (GNG) to 
increase cytoplasmic NAD+ which inhibits phosphate (Pi) trans- 
port across the luminal brush border membrane (BBM). (Endo- 
crinology 108:2005, 1981.) Present study tested whether stimu- 
lation of renal GNG by metabolic acidosis (MA) reverses the 
antiphosphaturic response to low Pi diet. Rats adapted to low 
Pi diet became acidotic after drinking 1.5% NH4Cl for 3 days 
and GNG in renal cortical slices was significantly increased in 
MA rats compared to pair-fed controls. In MA rats U iV was in- 
creased compared to controls (106 + 43 vs. 7 + 2 nmo 7 Pi/mg 
creatinine; p < 0.05); plasma Pi and creatinine were not dif- 
ferent between groups. Results were similar using thyropara- 
thyroidectomized (TPTX) rats. Na+-gradient dependent Pi trans- 
port by BBM vesicles from renal cortex of TPTX rats was de- 
creased in the MA group (1501 + 55 vs. 3096 + 158 pmol Pi/mg 
protein/30 set; p < 0.001) but transport of D-glucose, L-pro- 
line and Na+ were not different from controls. In snap-frozen 
cortex the NAD+/NADH ratio was 2.6 f 0.2 in MA rats compared to 
2.1 2 0.1 in controls (p < 0.05). In summary, the MA-induced 
phosphaturia in low Pi diet rats is due in part to decreased Pi 
transport across BBM of proximal tubules and is independent of 
PTH. The intracellular mediator of the change in BBM transport 
of Pi may be NAD+ which is increased in MA due to a shift in 
the NAD+/NADH ratio following stimulation of GNG. 

PHOTOAFFINITY LABELING OF THE RENAL ORGANIC ANION TRANSPORT 
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SITE IN BASOLATERAL MEMBRANE VESICLES. J.M. Goldinger, B.D.S. 
Khalsa*, and S.K. Honq. Dept. of Physiology, SUNY at Buffalo, 
Buffalo, New York 14214. 

Semiipurified basolateral membrane vesicles from rabbit 
proximal tubule were prepared according to the method of 
Scalera et al. (Biochem. J. 186:177, 1980). This method in- -- 
volves centrifugation of a cortical membrane fraction through 
a 12% Percoll gradient to separate the basolateral and luminal 
membranes. The distribution of the membranes in the gradient 
was determined using conventional enzyme markers. The result- 
ing membrane preparation was shown to be vesicular by the 
demonstration of p-aminohippurate (PAH) transport into an 
osmotically active space. PAH uptake into these vesicles was 
shown to be inhibited by probenecid (0.5 mM) and unphotolyzed 
NAP-taurine, an analogue of PAH. Further, vesicles previously 
photolyzed in the presence of NAP-taurine show partial inhi- 
bition of PAH transport. SDS polyacrylamide gel electro- 
phoresis of basolateral membrane vesicles photolyzed in the 
presence of (3H) NAP-taurine revealed four labeled protein 
peaks with molecular weights of approximately 26,000, 52,000, 
76,000 and 104,000 daltons. Inclusion of PAH (1.0 mM) in the 
medium during photolysis prevented NAP-taurine labeling. The 
fact that labeling these proteins inhibits transport suggests 
these labeled protein elements may form all or part of the 
system which serves to actively transport PAH in the renal 
proximal tubule. (Supported by USPHS Grant AM-18918.) 
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ULTRASTRUCTURAL LOCALIZATION OF NA+,K+ ATPase IN RAT AND 
RABBIT KIDNEY MEDULLA. S.A. Ernst and 5.H. Schreiber*. 
University of Michigan, Ann Arbor, MI 48109 

The K+- 
nent of Na 

$epqndent nitrophenylphosphatase (K+-NPPase) compo- 
,K -ATPase was localized in rat and rabbit kidney 

medulla after perfusion-fixation with 1% formaldehyde-0.25% 
glutaraldehyde. In rat outer medulla (OM), ascending thick 
limbs (MATL) showed intense activity, whereas descending thick 
limbs and collecting ducts were barely reactive. While descend- 
ing thin limbs (DTL) of short loop nephrons were unstained, 
DTL from long loops in OM exhibited moderate activity. In rat 
inner medulla (IM), DTL and ascending thin limbs (ATL) wer$ 
unreactive. In rabbit OM and IM, only MATL were sites of K - 
NPPase activity. The specificity of reaction product localiza- 
tion was demonstrated by its K -dependence, restriction to the 
cytoplasmic side of basolateral plasma membranes, insensitivity 
to inhibitors of alkaline phosphatase, and in the glycoside- 
sensitive rabbit kidney, marked inhibition by ouabain. The 
presence of substantial Na +,K+-ATPase in MATL is consistent 
with its putative role in the countercurrent multiplication 
system in OM. The absence of activity in ATL and DTL of IM, 
however, implies that interstitial solute accumulation in IM 
may occur by passive processes. The presence of Na +,K+-ATPase 
in DTL of long loops in rat OM correlates with structural 
specialization in this segment and suggests that solute concen- 
tration in OM DTL may occur in part by an active salt secretion 
which might ultimately contribute to IM interstitial hyper- 
tonicity and urine concentration. (Supported by NIH AM 27559) 
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RENAL HIPPURATE HANDLING AND AMMONIAGENESIS. 
T.C. Welbourne and P.D. Dass, LSUMC, Shreveport, LA 71130 

y-Glutamyltransferase, y-GT, is an extrinsic brush border 
membrane enzyme reacting with extracellular y-glutamyl donors 
(gln and GSH) to form y-glutamylpeptides/glu. Hippurate (N- 
benzoylglycine) reacts with the purified enzyme apparently at 
the y-glutamyl acceptor site to activate NH3 formation fromgln. 
To determine whether hippurate would activate the in situ en- 
zyme and renal ammoniagenesis, rat kidneys were isfiated and 
perfused with an artificial plasma solution containing 2 mM L- 
gln, 3H-inulin and 1311 hippurate, 0.5 mM. After perfusion the 
kidneys were immediately homogenized in 0.44 M sucrose, pH 7.4 
and the subcellular distribution of labelled 1311 determined. 
The microsomal fraction containing 80 percent of the total y-GT 
activity was then papain treated to free membrane bound y-GT 
and 1311. Results. Over the 60 minute perfusion period the kid- 
neys excreted 34 pmoles of hippurate with 62 percent via secre- 
tion; tissue to perfusate and tissue to urine ratios were 13 
and 2.6 respectively; 75 percent of the tissue hippurate was 
accumulated in the cytosol and only 1.3 percent in the micro- 
somes. Of that associated with the microsomes, papain released 
4x10-3 pmoles and 2~10'~ pmoles y-GT consonant with 2 moles 
activator per mole enzyme. At this low level of hippurate, the 
in situ enzyme increased NH3 production 65 percent while uri- 
nary3 excretion rose from 12+4 to 26+6 umoles 60 min-l. 
These findings indicate a relatively low level of hippurate 
maximally activates the in situ y-GT and stimulates NH3 forma- 
tion from L-gln as a consequence of organic acid secretion. 

MAGNESIUM METABOLISM IN MAN STUDIED WITH MAGNESIUM-28 AND MAG 
NESIUM BALANCES. Herta Spencer, Emilie Wlatrowski*. Clemon- 
tain Norris*, 

I 
and Date Osis*. Metabolic Section, Veterans 

Administration Hospital, Hines, IL 60141. 
Metabolic balances of magnesium were determined in adult 

males during a constant analyzed dietary magnesium intake for 
several weeks. The diet and urinary and fecal magnesium ex- 
cretions were analyzed for magnesium by atomic absorption 
spectroscopy. The intestinal absorption of magnesium was de- 
termined by using oral and intravenous tracer doses of 
2bgc12. Plasma levels, urinary and fecal 28Mg excretions 
were determined. There was good agreement between the ab- 
sorption of magnesium determined from fecal 28Mg excretions 
following the oral dose of 28Mg and from the 28Mg plasma 
levels following the ora 
tracer. The net absorpt i 

and intravenous 
on va lues determ i 

doses of this 
ned from magnes ium 

balances were also in agreement with the 28Mg absorption. 
The 28Mg absorption averaged 47% of the dose during a low 
calcium intake of 200 mg/day and did not change when the cal- 
cium intake was increased to 800 or 2000 mg/day. In agree- 
ment with these results, the magnesium balances also changed 
little during the higher calcium intakes. The studies have 
shown that the net absorption of magnesium, determined from 
magnesium balances, reflects the 28Mg absorption determined 
with 28Mg and that a calcium intake up to 2000 mg/day did not 
affect the absorption of magnesium compared to values during 
lower calcium intakes. (This study was supported by a grant 
from the USDA.) 

601 
NET SECRETION 0~ p-AMINOHIPPURIC ACID (PAH) IN THE URINARY 
BLADDER OF A CRAB (Cancer borealis). D.S. Miller and C.W. 
Hollidav. Mount DesmmLab.. Salsburv Cove.ME 04672 Y 

Uptake of-10 uM PAH by sections of bladder t&sue was con- 
centrative, saturable (Km 67 uM, Vmax 1.7 nmoles / mg tissue/ 
h), inhibitable by other organic anions and dependent on 
medium Na and glycolytic metabolism. Bladders mounted in flux 
chambers exhibited net secretory transport of PAH, with 
serosa-to-lumen fluxes (JSL) being about 4 times JLS. In 60 
min experiments, tissue-to-medium ratios exceeded unity, with 
serosal, but not luminal, PAH. Initial (10 min) fluxes and 
tissue accumulations (Ac) were measured in the absence and 
presence of l-5 mM bromocresol green (BCG) . With serosal PAH, 
serosal 1mM BCG reduced serosa-to-cell flux @SC), Ac and JCL 
by 60-75%. With luminal PAH, luminal 1mM BCG had no effect on 
JLC, AC or J increasing the luminal BCG concentration to 
5 mM reduce 5 

S; 
JL , 

tent with a mode F 
A, and JCS by 40-50%. The data are consis- 

featuring an inwardly-directed PAH pump on 
the serosal membrane, cellular accumulation and a facilitated 
carrier on the luminal membrane. Aside from differences in 
the metabolic pathways that power transport, this simple epi- 
thelium provides a convenient model for the study of organic 
anion transport in the vertebrate renal proximal tubule. Sup- 
ported by USPHS grants ES-00920, AM-15973 and RR-05764 and NSF 
grant DEB 7826821. 
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RENAL ACID EXCRETION IN NORMAL AND ACIDOTIC FISH. Patricia A. 
King* and Leon Goldstein. 

- m  

m-- Division of Biology and Medicine, 
Brown University, Providence, R.I. 02912, and the Mount Desert 
Island Biological Laboratory, Salsbury Cove, ME 14672. 

We have examined the renal response to acidosis in the 
dogfish (Squalus acanthias) and the goldfish (Carassius 
auratus). Both species show increased renal excretion of 
titratable acids and ammonia (NH4+) when made acidotic either 
by acid injection into the caudal vessel (dogfish) or by 
acidification of the aquarium water (goldfish). In the 
dogfish these increases accounted for the elimination of 
approximately 15% of the acid load (0.65 mEq/kg) during the 24 
hours post-injection; titratable acid excretion increased 
from 28.6 pEq/hr (pre-injection) to 49.9 pEq/hr (post- 
injection) and NH4 + elimination went from 0.11 uEq/hr to 0.24 
pEq/hr (n=8). For the goldfish, titratable acid excretion 
increased from an average of (-)0.33 pEq/hr before acid stress 
to (+)O.lO pEq/hr following acid exposure (pH 4.0); urinary 
NH4+ rose from 0.17 pEq/hr to 0.38 pEq/hr excreted (n=7). 
This increase in NH 

4 
+ excretion alone restores 3.36 mM HC03- 

over 24 hours or 36", of the normal goldfish blood HC03- pool. 
In vitro studies indicate that both species have the capacity m- 
for renal NH4+ s nthesis with glutamine and aspartate serving 
as the major NH4 

T  
precursors. For the dogfish, the simulta- 

neous activities of glutaminase and glutamine synthetase in 
the kidney mitochondria suggest the presence of a substrate 
cycle between NH4+ plus glutamate and glutamine which could 
modulate the production of NH4+ during acidosis. 

605 
ACUTE EFFECTS OF LEAD ON RENAL HANDLING OF ZINC IN DOGS. 
Winona Victery, Neil Soifer*, Jonathan Weiss*, and Arthur J. 
Vander. Univ. of Michigan, Ann Arbor, Mi. 48109. 

Urinary zinc excretion was monitored in anesthetized dogs 
before and during 4 hrs after acute exposure to lead (doses: 
0.3 mg Pb (as acetate)/kg, 3 mg Pb/kg, or equimolar sodium 
acetate in the control group. Zinc excretion in time controls 
was relatively constant over the 4 hrs, but it rose above base- 
line values an average of 140 ng/min in 0.3 mg Pb/kg animals, 
and an average of 300 ng/min in 3 mg Pb/kg animals. Other in- 
dices of renal function including excretion of protein, Na, K, 
and Mg, were relatively constant. Plasma Zn concentration was 
stable in time control and low Pb animals, but rose signifi- 
&ply after the higher Pb dose. Clearance experiments using 

Zn and in vitro ultrafiltration of plasma were performed in -- 
another series of dogs nder antidiuretic conditions. Zn ex- 
cretion (monitored by 6y Zn) was 7-fold higher in Pb-treated 
dogs; plasma Zn was slightly, but not significantly elevated. 
Ultrafilterable Zn concentration was 2% fold higher and frac- 
tional Zn excretion was 3 times higher in Pb-treated dogs. 
The stop-flow pattern for Zn after Pb treatment showed no 
change-in the distal tubular handling of Zn, but revealed 
prominent net proximal tubular secretion of Zn in all animals, 
a frequency statistically different from that observed in 
control animals. Thus, acute Pb treatment in dogs produced an 
increase *in urinary Zn excretion which was related both to an 
increase in ultrafilterable plasma Zn and a change in renal 
tubular Zn transport. (Supported by NIOSH 5ROl 0800913-05.) 
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NATURE OF URANIUM INHIBITION OF TUBULAR AMINO ACID (AA) REAB- 
SORPTION. E.C. Foulkes and S. Blanck*. Depts. Environ. Health 
& Physiol., Univ. Cincinnati Med. Cen., Cincinnati, OH 45267. 

Heavy metals are well-known to inhibit proximal tubular AA 
reabsorption. We analyzed the nature of this inhibition in 
rabbits injected S.C. 
(NO&/kg. 

10 days previously with 0.5 mg U as UO2 
Absorption parameters (max. transport/ml GFR: TM; 

affinity constant: KM) of the non-metabolizable AA cycloleucine 
or AIB were indeterminately high. Further studies utilized 
U-14C-ASP. In order to 1) avoid possible pharmacological ef- 
fects of high systemic AA levels, 2) abolish need for repeated 
long equilibration periods, and thus 3) minimize ASP metabo- 
lism with likely formation of competing AA, an arterial grad- 
ient infusion was used (JPET 150:406, 1965). This permitted 
rapid attainment of a constant arterial ASP concentration. 
3H-inulin served as glomerular marker, and clearances were 
calculated from 1 min collections of ureteral urine. In 6 con- 
trols, T  = 5.ltZ.O pmol/ml GFR, KM=5.1?2.0 mM. Addition of 
ALA (n=4r caused little change in TM (4.1f1.8) or KM (4.lz2.0). 
Use of the competitive inqibitor GLU instead of ALA, as ex- 
pected, raised KM (to 9.4-2.0) with little effect on TM 
(7.2tl.7) (n=6). In 5 U-poisoned animals, both TM and KM 
were greatly lowered (to 0.7 and 0.5, resp.). Future work 
will test whether such mixed non-competitive inhibition des- 
cribes the action of other metals on absorption of ASP and 
other AA. (Supported by NIH grants ES 02453 and ES 00159.) 
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EFFECTS OF SYMPATHETIC NERVES ON CEREBRAL BLOOD FLOW DURING 
HYPERCAPNIA IN CATS. David W. Busija* and Donald D. Heistad. 
Dept. of Int. Med. and CV Center, University of Iowa and VA 
Hospital, Iowa City, Iowa 52242 

Although sympathetic nerves play an important role in atten- 
uating increases in cerebral blood flow (CBF) during sudden 
severe hypertension, it is not clear whether sympathetic 
nerves have important effects during other stimuli. The pur- 
pose of this study was to determine whether reflex or electri- 
cal activation of sympathetic nerves attenuates increases in 
CBF during hypercapnia. Sympathetic nerves supplying cerebral 
vessels were interrupted on one or both sides in 20 chloralose 
anesthetized cats. CBF was measured with 15 pm microspheres. 
During hypercapnia (PC02 > 55 mmHg), CBF increased from 53+_5 
to 12029 ml/min per 100 g (mean+SE). Electrical stimulation 
(10 Hz) of sympathetic nerves to one hemisphere reduced blood 
flow to the ipsilateral cerebrum by 1222% (~~0.05). Bi- 
lateral stimulation reduced CBF more (30+5%) than unilateral 
stimulation (p<O.O5). Unilateral or bilateral section of 
sympathetic nerves, however, did not change CBF during hyper- 
capnia. Thus, in anesthetized cats, although intense electri- 
cal stimulation of sympathetic nerves attenuates increases in 
CBF during hypercapnia, reflex activation of nerves has little 
or no effect on CBF during hypercapnia. 

SYSTEMIC AND RENAL HEMODYNAMIC RESPONSE TO LEFT VENTRICULAR 
FAILURE (LVF), CAROTID OCCLUSION (CO) AND VAGAL BLOCK (VB) IN 
CONSCIOUS CALVES, J.E. Chimoskey and S.W. Ely*. Dept. of 
Physiology, MI State Univ., East Lansing, MI 48824 

Male Jersey calves were chronically instrumented with elec- 
tromagnetic detectors to measure pulmonary and renal blood 
flow and with catheters for pressure in the aorta (AoP) and 
right atrium (RAP) to compute total peripheral (TPR) and renal 
resistances (RR). Occluders were placed on the ascending 
aorta, both common carotid arteries and the left renal artery. 
Catheters were also placed in one carotid artery and the left 
atrium to monitor CO and LVF. Coils of stainless steel tubing 
were placed on the vagus nerves to produce (VB), RAP did not 
change during CO or LVF with or without VB. The % changes 
r,e. control of AoP, CO, TPR and RR during LVF, CO, VB, LVF+VB 
and CO+VB shown in the table are significant at the 5% level 
or better. 

LVF co VB LVF+VB COtVB 

AoP no change +25 +14 +27 +41 
co -15 no change no change -15 -7 
TPR +13 +25 +17 +39 +52 
RR no change +27 no change +24 +39 

Competition between the high and low pressure baroreflexes 
occurs during LVF and is abolished by VB. Competition between 
the two high pressure baroreflexes occurs during CO and is 
abolished by VB. LVF+VB and CO+VB are similar. 

REGIONAL CEREBRAL BLOOD FLOW (CBF) RESPONSE TO POSTSYNAPTIC 
#-BLOCKADE IN HYPOXEMIC NEWBORN LAMBS. L.C. Wagerle*, T.M. 
Heffernan*, C.N. Roper*, L.M. Sacks*, and M Delivoria- 

%-=-- 
Univ. of Pennsylvania, PhiladLlphia, PA 19104 

renergic effects on CBF in adult animals have shown con- 
troversial results. The present study investigates the response 
of total and regional CBF during hypoxemia in newborn lambs 
following infusion of prazosin HCl, a postsynapticwntagonist. 
Hypoxemia was induced in 12 newborn lambs by decreased FI02 
during mechanical ventilation at constant PaC02 (38.220.5 torr> 
Six lambs received 0.5 mg/kg prazosin (Gr II) while six served 
as controls (Gr I). Measurements of ma, blood gases, 02 sat., 
and regional blood flow by microspheres, were made prior to and 
following decreased FI02 in all animals. During hypoxemia, Pa02 
decreased to 24.1k2.0 torr reducing 02 content to 8.4k1.2 ml/d1 
and to 6.921.1 ml/d1 in Gr I and II respectively. During hypox- 
emia total CBF increased from 119.4f7.2 ml/min*lOOg-l- to 185.52 
28.8 ml/min*lOOg'l in Gr I and to 179.3219.4 ml/min=lOOg-l in 
Gr II indicating no difference between the two experimental 
groups. Regional blood flow to the cerebrum, cerebellum, cau- 
date; hippocampus, thalamus midbrain, 
creased during hypoxemia in all animal S 

PO- 9 and medulla in- 
; the observed increase 

to each region was not different between controls and those re- 
ceivingu-blockade. These data indicate that adrenergic effects 
do not influence either total or regional brain blood flow in 
the hypoxemic newborn lamb suggesting that the circulatory 
response to hypoxemia, mediated by potent metabolic factors, is 
not influenced by adrenergic stimulation. (Supported by NIH #2- 
T32-HL-07027-06 and #lPO-HL-19737.) 

010 
INFLuENcE OF LOWER BODY NEGATIVE PRESSURE (LBNP) ON 
UNANESTHETIZED MALE RATS. T. G. Bedford* and C. M. Tipton. 
Exercise Science Program, University of Iowa, Iowa City, 
Iowa 52242 

The decrease in arterial blood pressure with LBNP in humans 
and anesthetized animals has been used as a test of cardio- 
vascular functioning. Application of LBNP to trained anesthe- 
tized rats has yielded blood pressure responses similar to 
those reported from trained humans. However no tachycardia 
was observed, presumably due to anesthesia . Therefore, we 
sought to expand the LBNP test to include unanesthetized rats. 
Cannulas were ins erted into the j ugular vein and ascend 
aorta (from the 1 eft carotid) in 6 Sprague-Dawley rats 

.ing 

(35@15 g). After 1-2 days recovery-, measurements were made 
while the animals rested in their cages, within an LBNP cham- 
ber and during LBNP. Results obtained were as follows (&-SE): 
Parameter Cage Chamber At -5mmHq At -lOmmHg 
HR (bpd 382510 - 427+10 481514 505211 
SBP (=Wg) 148+_7 152k4 135+6 103+10 
CVP (cmH20) 1.820.3 2.eO.3 1.320.4 -0.4kO.4 
Resp Rate (f) 106+7 12123 130+_14 126+_5 
Compared to our published results from anesthetized rats, 
tachycardia was present, blood pressure fell lo-30% less, and 
CVP changes were similar. Administration of Valium (150 pg/kg) 
changed only the degree of tachycardia during LBNP (20 bpm 
less) but reduced the total testing time and muscular activity 
during LBNP. Supported in part by HL-21245-04 and 
GM-07045-03. 
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EFFECTS OF CHOLINERGIC AND ADRENERIC BLOCKADE ON CARDIOVASCULAR 
DEPRESSION OCCURRING WITH LUNG INFLATION 

THE EFFECT OF CARDIAC DENERVATION ON CARDIOVASCUq FUNCTION 
BEFORE AND AFTER AUTONOMISj BLOCKADE. Joyce M. Evans-., David C. 
Randall, Charles F. Knapp. Wenner-Gren Res. Lab. and Dept. of 
Physiol. and Biophysics, U. of KY., Lexington, KY 40506. 

Juliet H. Ashton* and Sharon S. Cassidy, Univ. of Texas, 
Southwestern Medical School, Dallas TX 75235 

The goal of this study was to determine the role of efferent 
neural pathways in mediating depression of cardiovascular func- 
tion evoked by lung inflation (LI). Direct mechanical cardio- 
vascular effects were eliminated and gas exchange was maintain- 
ed by diverting all blood flow and ventilation to the right 
lung during left LI in 14 open-chest dogs. Mean arterial pres- 
sure (MAP), hindlimb vascular resistance (HVR), and heart-rate 
(HR) were measured prior to (PI) and during left LI to 30 cm 
H 0. 

? 
Left LI was repeated after atropine blockade (ATR), after 

a ropine plus B-blockade (ATR+B), or after ~1 blockade (a). Max- 
imum changes occurring with left LI are expressed as a percent 
of PI, %AMax (*=p<.05). t indicates a significant change in 
response following blockade, pc.05. 

ATR ATR +B a 
%AMax Before After Before After Before After 
MAP -34* 5* -31? 5" -28+4* -222 4* -40?5* -1428 i- 
HVR -15213* -19215" -- -- -28?6* - 523 t 
HR -352 8* -152 3*t -2223" 020 t -27+6* -2Ot5" 
This vasodilation is primarily mediated via a-adrenerqic path- 
ways 9 and bradycardia'is mediated via B-adrenergic, as well as 
cholinergic, pathways. These data indicate that LI causes 
increased vagal stimulation and withdrawal of ~1 and B adrener- 
gic activity, confirming the presence of a refexly mediated 
cardiovascular inhibition in response to lung inflation. 

613 614 
REFLEX CARDIOVASCULAR RESPONSES TO TOPICAL APPLICATION OF 
BRADYKININ ON THE GALL BLADDER OF CATS. G.A. Ordway and J.C. 
Longhurst. Univ. of Texas Health Sci. Ctr., Dallas, TX 75235 

Pharmacological stimulation of the gall bladder with cap- 
saicin reflexly activates the cardiovascular system in cats. 
The reflex responses to endogenous substances, however, have 
not been shown. Therefore, in 14 cats anesthetized with me- 
thoxyflurane, we studied the cardiovascular responses to 
topical application of bradykinin (0.5pg) on the serosal 
surface of the gall bladder. After a latency of 132.92 set, 
there were significant (pc.05) increases in mean arterial 
pressure (lOl+ 4.0 to 118+5.OmmHg), heart rate (193t7.4 to 
199+7.3beats/iin), dP/dt zt 40mmHg developed pressure (dP/dt 
40) (27772159 to 3286+173mnHg/sec), and left ventricular end 
diastolic pressure (2.6t.56 to 3.7+.81mmHg), while aortic flow 
was not changed (269+38 to 272f_40ml/min). Overdrive right 
atria1 pacing did not alter the increase in dP/dt 40. Celiac 
and superior mesenteric ganglionectomy eliminated all re- 
sponses to application of bradykinin on the gall bladder. 
Further, serosal application of bradykinin to the neurally 
intact liver, adjacent to the gall bladder, did not evoke any 
cardiovascular changes. These data demonstrate that, in cats, 
local serosal application of bradykinin to the gall bladder 
activates spinal afferents to increase myocardial performance, 
heart rate and peripheral vascular resistance. Thus, brady- 
kinin may be formed in bile or in the gall bladder wall and 
induce reflexes that are manifested as cardiovascular abnor- 
malities known to be associated with gall bladder disease. 

Chemical Depolarization of Left Ventricular (LV) 
Mechanoreceptor Nerve Endings by KC1 in Verapamil 
Asystolic Hearts. J.A. Estrin*, A.M. Booth*, G.M. 
Wahler*, C.R. Swayze* and I.J. Fox. University of 
Minnesota, Minneapolis, MN 55455 

The LV mechanbreceptor reflex is normally initi- 
ated, e.g. in exercise, by increased LV contractili- 
ty mechanically depolarizing LV mechanoreceptors to 
reduce the systemic (SX) resistance. In beating 
hearts, intracoronary KCl, a chemical depolarizing 
agent, produces ventricular asystole or fibrilla- 
tion, unloading LV mechanoreceptors, causing a re- 
flex rise in SX resistance, indicating mechanical 
effects predominate in beating hearts. To test if 
chemical depolarization of LV mechanoreceptors is 
possible in asystolic hearts, 4 pneumonectomized 
dogs were studied on total cardiac by-pass (chlora- 
lose-FlaxedilR) with SX and coronary circulations 
isolated and perfused separately (constant-rate SX 
perfusion). In hearts asystolic from intracoronary 
verapamil (80 mg) intracoronary injection of 5 mEq 
KC1 caused an 8 * 2% fall in pressure (resistance) 
of the SX circulation (P ~0.01) from a control of 
93 * 4 mm Hg, a fall abolished, attenuated or 
unchanged by vagotomy. Thus, KC1 can depolarize LV 
mechanoreceptors in verapamil asystolic hearts to 
cause reflex SX hypotension, an effect overshadowed 
by mechanical effects of KC1 in beating hearts. 

615 

GABA MODULATION OF THE EFFECT OF AUTONOMIC NEUROTRANSMITTERS 
IN THE CANINE SINUS NODE. Brett H. Neely*, Gilbert R. Hageman 
and Thomas N. James*. University of Alabama Medical Center, 
Birmingham, Alabama 35294. 

Gamma- amminobutyric acid (GABA) is an important CNS neuro- 
transmitter. In seven pentobarbital anesthetized open chested 
dogs we investigated the local effects of GABA upon the neuro- 
humoral regulation within the sinus node. Stimulus frequency- 
response curves (8-32Hz.) of right stellate ganglion (RSS) 
and right cervical vagus (RCV) as well as selective perfusions 
of the sinus node (via the sinus node artery (SNA)) with 
norepinephrine and acetylcholine (0.01 and 0.1 ug/ml) were 
performed before and after GABA (1 to 1000 ug/ml) was perfused 
via the SNA. All changes in heart rate were expressed as per- 
cent of control. GABA had no significant effects upon spon- 
taneous sinus rate. At 1 ug/ml GABA potentiated by 23% 
(pc.001) the tachycardia produced by RSS; at 100 pg/ml GABA 
potentiated the response to RSS by 15% (pc.05). The brady- 
cardia produced by RCV was significantly attenuated by 17% 
(p<.O5) with 1 pg/ml of GABA; by 27% (pc.001) with 100 pg/ml 
of GABA; and 38% (pc.001) with 1000 pg/ml of GABA. The direct 
effects of norepinephrine and acetylcholine (via the SNA) 
were not significantly affected by any concentration of GABA 
used. These effects of GABA were entirely reversed by 
perfusion of picrotoxin (1000 pg/ml) via the SNA. Thus, GABA 
exerts a peripheral effect by modulating the neural regulation 
of the canine sinus node. (Supported by NHLBI program project 
grant HL 11,310 and the American Heart Association) 

i comparison of various card iovascular variables for normal 
(N) and cardiac denervated (D) dogs was made before and after 

alpha and beta adrenergid and muscarinic blockades (n= number 
of dogs per group) All dogs were studied in the supine posi- 
tion three weeks a ,f ter instrumentation/denervation surgery 
under Innovar tranquilization with the following results: 

HR co SV TPR AP LV PV HCT EPI NOR PRA ADH OSM 
VOL EPI 

b/m L/m ml mm%mmHg cc L % 
L/m 

UNBLOCKED 
N 97 2.4 24 41 92 28 1.1 35 0.4 0.6 2.2 20 306 
Ii 94 70 2.3 70 24 70 43 70 97 70 33 70 0.8 5 4; Or2 0:3 0.5 77 27 77 306 77 

n 70 70 70 70 70 70 4 7 5 5 c 7 7 
FOLLOWING AUTONOMIC BLOCKADE (SAME DOGS) 

N 144 2.5 17 34 67 34 - 35 4.9 10 6.4 76 323 
D 102 2.2 21 31 71 42 - 39 1.4 6 5.6 85 318 

These results suggest differences between unblocked normal 
and cardiac denervated dogs for hematocrit plasma volume, renin 
activity, epinephrine and norepinephrine. In the autonomically 
blocked state, additional differences in heart rate, stroke 
volume and mean left ventricular volume appear. SUPPORTED BY 
AFOSR GRANT: 80-0039 and NIB: HL 19343 
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AN INTRACELLULAR STUDY OF EFFERENT NEURONS OF THE CELIAC PLEXUS 
AND THEIR CONNECTIONS IN CELIAC GANGLIA (CG). D.L. Decktor* 
and W.A. Weems, Univ. of TX. Med. Sch., Houston, TX 77030. 

Recent evidence has accumulated indicating that sympathetic 
prevertebral ganglia integrate neural input of both central 
and peripheral origin. This study was designed to identify the 
soma of neurons whose axons are located in the celiac plexus 
and determine the origin of their preganglionic inputs. Feline 
solar plexus were superfused in vitro with Krebs solution. m- 
Stimulating electrodes were placed on the celiac and superior 
mesenteric plexus and the ipsilateral and contralateral 
splanchnic nerves. The soma of efferent neurons whose axons 
are located in the celiac plexus were identified by antidromic 
activation. A number of these neurons were splenic efferents. 
Synaptic input to both efferent andnon-efferentneurons was 
generated upon stimulation of either the celiac or mesenteric 
plexus. Included in this suspected peripheral input was synap- 
tic activity initiated by splenic nerve stimulation. Seventy- 
one percent of the CG neurons impaled received synaptic input 
upon stimulation of the ipsilateral splanchnic nerves. No 
synaptic input was observed upon stimulation of the contra- 
lateral splanchnic nerves. These findings demonstrate that 
(1) splenic efferent neurons can be identified in the CG, 
(2) these neurons receive both central and peripheral synaptic 
input, and (3) central nervous input to these neurons is pro- 
vided by the ipsilateral splanchnic nerve exclusively. 
(Supported by NIH Grant HL 21351-03 and Heart, Lung and Blood 
Institute Research Career Development Award.) 
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617 
EFFECTS OF ELEVATED INTRACRANIAL PRESSURE ON PLASMA VASOPRES- 
SIN. Richard P. Menninger, University of South Florida, Col- 
lege of Medicine, Department of Physiology, Tampa, FL 33612. 

Several intracranial lesions, including subdural and intra- 
ventricular hemorrhage have been associated with the syndrome 
of inappropriate secretion of arginine vasopressin (AVP). 
Many of these same lesions are also associated with increased 
intracranial pressure (ICP). The present studies were con- 
ducted in anesthetized cats to determine whether elevated ICP 
can alter plasma AVP levels. ICP was elevated with a hydro- 
static column applied to a cannula in the cisterna magna, a 
lateral ventricle or to a subdural balloon. Increasing ICP 50 
to 2OOmmH20 for periods up to 20 minutes had no effect on mean 
arterial pressure (MAP) or plasma AVP. Increasing ICP 15Omm 
H20 did not alter the AVP response curve to increasing plasma 
osmolality. Increasing ICP 5OmmHg resulted in a rise in 
plasma AVP from 39 to 80pg/ml (P<.OOl) and increase in ifiD 
from 117 to 150mmHg (P<.O5) within 10 minutes. There were no 
changes in central venous pressure or plasma osmolality during 
this time. Since elevated MAP reflexly inhibits AVP release, 
it is hypothesized that some central or brainstem reflex is 
responsible for the elevated AVP. This reflex could be in- 
itiated by central pressoreceptors or the generalized decrease 
in cerebral blood flow reported at these levels of ICP. 

618 
HEMODYNAMIC SIGNALS ARRIVING AT THE HYPOTHALAMUS MAY 
TRAVERSE A DISCRETE PONTINE AREA. Drew E. Carlson, Anne 
Dornhorst*, Janice W. Maran, and Donald S Gann. Brown 
buversitv. Rhode Island HOSDlta 1. Wowdke. RI. 02902. 

This research supported by NIH 2 SO7 RR5749-08 and NIH 1 ROl 
HL26792-01. 

To ideitify the pontine area through which#the input from 
cardiovascular receptors might pass from the medulla to the 
hypothalamus we recorded extracellularly from hypothalamic 
neurons in 13 cats anesthetized with chloralose-urethane 
artificially respired, and immobilized with gallamine. ton- 
striction of supradiaphragmatic inferior vena cava (CVC), 
that reduced both venous return and arterial pressure was 
used as a stimulus. Neurons were also tested for orthodromic 
responses to single electrical shocks (0.05 msec, lOO-800pa, 
O.S/sec) delivered with bipolar coaxial electrodes placed at 
3 or 4 pontine sites in each cat. These sites occupied a 
region that extended laterally from the dorsal tegmental 
nucleus to and includino the oarabrachial nuclei. Of 29 
neurons tested, 8 increised and 10 decreased their firing 
during CVC. Eleven of the CVC-responsive neurons were tested 
with stimulation of a total of 27 pontine sites. Three other 
sites drove neurons not responsive to CVC. On1 
drove CVC-responsive neurons. However, 3 of t ese 4 sites $: 

4 sites 

were located in the lateral locus ceruleus within 300~ of an 
area shown previously to contain CVC-responsive neurons. In 
contrast only 5 of the remaining 26 sites were located 
within 360~ of the above re 

8 
ion. This difference in distri- 

bution is significant (p<O. 25, X2-test). Thus, it ap ears 
that hemodynamic information enters the hypothalamus F 
very discrete region in the pons. Further, these hemod 

rom a 

3: 
namic 

neurons do not seem to receive additional input from t e 
parabrachial or the dorsal tegmental nuclei. Supported in 
part by NIH grant AM26831. 
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A TECHNIQUE FOR MEASURING DEFORMATION OF THE AORTIC VALVE RING 
DURING THE CARDIAC CYCLE. R.J. van Renterghem*, T. Arts", A.A. 
van Steenhoven*, R.S. Reneman, University of Limburg, Maas- 
tricht and University of Techhology, Eindhoven, Netherlands. 

The deformation of the aortic valve ring (ring to which the 
leaflets are attached) is assumed to be determined by the nat- 
ural strains between the commissures (cs), the bases of the 
aortic valve leaflets (bs) as well as the commissures and the 
bases (cbs). Natural strain is measured by using the induction 
principle. A magnetic field, generated in coil G induces a 
voltage in coil R. From the amplitude of this voltage the nat- 
ural strain between G and R can be determined because the 
strength of the magnetic field decreases with distance. In vi- 
tro over a range of 2.5 to 30 mm, natural strains < 20% can be 
measured with an accuracy of 0.1%. The frequency response is 
O-150 Hz (-3dB). In dogs on total cardiopulmonary bypass, 6 
coils (D: 1.5mm; thickness: 1.3 mm) could be attached to the 
commissures and the annulus at the base of each leaflet. TWO 
coils can generate magnetic fields synchronously, but at dif- 
ferent frequencies. The remaining 4 coils act as receivers. By 
varying the generator and receiver assignment over 6 coils the 
above mentioned natural strains can be measured. Preliminary 
results show that in the anesthetized open-chest dog 7 natural 
strains (3cs, lbs, 3cbs) can be determined as an instantaneous 
function of time simultaneously with the pressures in the left 
ventricle and the ascending aorta, so that information can be 
obtained about the deformation of the aortic ring during the 
cardiac cycle. (Supported by the Dutch Heart Foundation). 

621 
INDICES OF VENTRICULAR CONTRACTILE STATE: COMPARATIVE SENSITI- 
VITY AND SPECIFICITY. Charles R. Lambert Jr. and Carl J.Pecine* 
and Wilmer W. Nichols, Dept. of Medicine,University of Florida, 
Gainesville, FL 32610. 

Twenty-four indices of ventricular contractile state were 
compared as to inotropic sensitivity (dobutamine) as well as 
preload (dextran) and afterload (phenylephrine) i .ndependence. 
Experiments were done in open-chest instrumented dogs and sig- 
nal processing was done off-line by digital techniques. The 
indices studied, listed in order of decreasing sensitivity, are 
(1) power-averaged rate of generation of power density, (2) 

peak isovolumic rate of change of power, (3)ejection rate of 
change of power at peak tension, (4) peak second time deriva- 
tive of ventricular pressure, (5) peak e jection rate of change 
of power, (6) peak isovolumic power, (7) energy-averaged power 
density, (8) mean aortic blood acceleration, (9) peak aortic 
blood acceleration, (10) peak first time derivative of ventri- 
cular pressure, (11) peak normalized fiber velocity, (12) peak 
fiber velocity, (13) peak aortic blood flow, (14) peak power, 
(15) extrapolated Vmax (total pressure), (16) mean normalized 
fiber velocity, (17) mean fiber velocity, (18) extrapolated 
Vmax (developed pressure), (19) mean aortic blood flow, (20) 
mean power, (21) stroke volume, (22) peak wall tension, (23) 
mean wall tension, (24) time-tension index. The most sensitive 
index which was independent of preload and afterload manipula- 
tion was the ejection rate of change of power at peak tension. 
(Supported by the Southern Medical Association and NIH Bio- 

medical Research Support Grant, 79-113). 

620 
ARTERIAL HEMODYNAMICS OF ACUTE MITRAL INSUFFICIENCY. 
M. M. Lane*, J. A. Glasgow*, M. G. Nagle*, and R. C. Elkins. 
Veterans Administration Medical Center, Oklahoma City, 
Oklahoma 73104. 

The hemodynamic consequences of the development of acute 
mitral insufficiency (MI) have not been described. Aortic 
impedance was studied in 6 dogs with induced acute HI, and the 
changes occurring in the first 5 min of MI were analyzed. With 
a sustained rise in mean left atria1 pressure (from 5.9 + 
.9 mmHg to 10.7 + .6 mmHg at 5 min, p < .005) and coincident 

drop in mean aortic pressure, (from 114 + 13 mmHg to 86 + 12 
mmHg at 5 min, p < .OS), cardiac output decreased such that 
input impedance did not change. Characteristic impedance 
increased significantly after only 30 set of MI (from 219 + 75 
dyne-set cm5 to 302 + 85 ds/cm5, p < .02), and remained signi- 
ficantly elevated for the 5 min of study (349 + 88 ds/cm5 at 
5 min, p < .05). The magnitude of the oscillations of the 
impedance modulus with frequency increased by 30 set but 
returned toward baseline values by 3 min; no change was 
observed in the frequency at which the first minimum of the 
impedance modulus occurred, nor in the frequency at which the 
impedance phase changed sign. These alterations in aortic 
impedance are consistent with an increase in wave velocity 
and an increase in aortic wall stiffness. The acute reduction 
in left ventricular (LV) afterload which occurs with the 
development of acute MI appears to be associated with prompt 
alteration in aortic wall properties. These changes have 
significant consequences for LV function. 

622 
COMPARATIVE EFFECTS OF ISOPROTERENOL AND CALCIUM CHLORIDE ON 
LEFT VENTRICULAR PERFQRMANCE.R.G.Johnson*.L.J.DroD*.G.A.G.A.Geffin$ I 
B.N.Fowler*,D.D.O'Keefe,G.S.Haas*,W.M.Dagg ett. Surg. Cardio- ' 
vascular Unit, Massachusetts General Ho-, Boston, MA 02114 

We compared the effects of isoproterenol (ISU) with those of 
CaCl 
talc mia ii 

on left ventricular (LV) performance depressed by hype- 
in dogs on right heart bypass.In 22 dogs,LVend-diasto- 

lit pressure (EDP),dP/dt and myocardial oxygen consumption 
(Efi02) at constant (c) stroke work (SW), and LV function curves 
at c mean aortic pressure and heart rate, were obtained during 
normocalcemia (A&BI) and during stable citrate-induced hypocal- 
cemia(AII,BII).In group A (n=12),ISU(O.l6ug/kg/min) was infused 
(AIII);in group B (n=10),CaC12 was infused (BIII) to match the 

EDP changes of A. LV end-diastolic segment length was obtained 
with circumferential gauges in 17 of the dogs. 

A&B1 AI1 AI11 BII BIII 
[Ca+]*(mM> 1.1+0.04 0.59?0.04 0.58+0.03 0.53tO.02 1.00?0.06q 

LVEDP§ 5.420.5 13.220.5 6.4?0.6:1 13.020.8 6.320.77 
dP/dt 23092106 16922737 295822787 17192152 246923237 
mo ** 10.620.4 
SW@$DP=145 34.621.6 

10.520.3 12.5t0.8+ 12.420.9 12.120.8 
11.421.2 30.4+2.ln 13.922.5 32.722.57 

SW@cEDSL 29.5t2.4 9.522.9 21.7+3.17 10.522.3 30.223.4r 
TpcO.05 llp<O.Ol(all vs II) *ionized calcium 
**ml/min/lOOg LV. Conclusions: 

5cm H20 
ISU (O.l6ug/kg/min) is equiva- 

lent to a [Ca++] rise of 0.44 mM from a hypocalcemic baseline 
as shown by the decrease in LVED? at c SW and by the increase 
in SW at c LVEDP, but increased LV performance secondary to ISU 
was associated with increased oxygen cost whereas that secon- 
dary to CaC12 was not.(Supported in part by NIH grant HL 12777) 
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623 
EFFECTS OF PLASMA IONIZED CALCIUM CONCENTRATION ON VENTRICULAR 

624 
VENTRICULAR FUNCTION IN CATECHOLAMINE-INDUCED CAHDIOMYOPATHIC 

FUNCTION DURING REGIONAL ISCHEMIA. G.A.Geffin,* L.J.Drop*, 
D.D.O'Keefe, M.A.Jacocks,* W.M.Daggett. Massachusetts General 
Hospital, Boston, MA 02114. 

We assessed the effect of plasma ionized calcium ([Ca+t-]) on 
global and regional left ventricular (LV) function(F) in 10 an- 
esthetized dogs on right heart bypass with mean aortic pressure 
and heart rate held constant . Control of 
paired comparisons to be mad e at matched 

cardiac output enabled 
preloads: stroke work 

(SW) at iso-LV-end-diastolic pressures and, using piezoelectric 
crystals in control(C) and ischemic(1) regions, normalized sys- 
tolic shortening (AL) at iso-end-diastolic chord lengths. LVF 
was studied before(Pre) and after coronary artery ligation(CAL) 
during normocalcemia(N) and then after stable ionized hypercal- 
cemia(fCa) or citrate-induced hypocalcemia(JCa), established in 
random order,each compared toFin the immediately preceding N:- 

[Ca+I-1 (IN SW(g.m.) AL(C>(mm) AL,(I)(mm> 
Pre 1.0420.03 38.4+2.8x 
CAL 1.05t0.03 25.522.6,' 

1.67+0.13x, 
1.3220.17' 

2.21+0.38\+ 
-0.90+0.17/ 

N 1.11+0.02\ 
+Ca 1.71+0.01,~ 

26.422.5~~ 1.47+0.12\ -0.65+0.20\, 
32.523.1,' 2.00'0.15,+ -0.11+0.21/' 

N 1.04?0.03\ 25.423.1~ 
$Ca 0.75+0.02> 14.7?2.9/§ 

1.53+0.09\ 
0.76+0.11,' 

-0.37'0.10~+ 
-0.65+0.12/ 

Thus, -CCa depressed and +Ca improved F in C and I, (as well as 
global LVF), but the effects in I were small compared to the 
ischemia-induced depression. +Ca returned F in C,but not global 
LVF (p<.OO3), to preligation levels. *p<o.o2, +p<.o1, gp<.OOl 
(Supported in part by NIH Grant # HL 12777 and HL 12322) 

PARASYMPATHETIC STIMULATION AND THE SYSTOLIC INTRAMYOCARDIAL 
625 

PRESSURE GRADIENT IN THE DOG. D. Nematzadeh*, P.A. Kot and 
J.C. Rose. Georgetown U. Med. Ctr., Washington, D.C. 20007 

During measurement of intramyocardial pressure (IMP) at 
specific myocardial depths, the peripheral stump of the tran- 
sected left vagus nerve was stimulated in 12 dogs (10 volts, 
10 cps, lo-30 sec. duration). Left ventricular pressure (LVP) 
was recorded simultaneously. Heart rate decreased up to 50%. 
A decrease in pressures occurred during stimulation followed 
by a slight increase of pressures upon cessation of stimula- 
tion. Computer linear regression analysis was performed on 59 
data points obtained before and during stimulation. During 
control, the systolic IMP (SIMP) expressed in percent of 
systolic LVP (SLVP) increased linearly with a slope .88 from 
about 15% of SLVP at subepicardium to as high as 103% at the 
subendocardium. However, upon vagus stimulation the slope 
decreased to . 78 and SIMP increased linearly from about 13% of 
SLVP in subepicardium to 91% in the subendocardial layer. 
Vagus stimulation caused the SIMP grddient to shift to the 
right and the slope to decrease by 11.5% from that of control. 
This indicates an inhomogeneous negative inotropic response 
across the myocardium in response to left vagus stimulation. 
These results emphasize a functional role for the left vagus 
nerve in modulating LV contractility in the intact canine 
heart. The intrinsic mechanisms are complex and involve 
peripheral autonomic interactions across the LV wall. 
(Supported in part by USPHS. NHLBI Training Grant HL07213) 

627 628 
INFLUENCE OF POSITIVE END EXPIRATORY PRESSURE(PEEP), ON LEFT 
VENTRICULAR PERFORMANCE. Frances L. Bosse*, George P. Shedd, 
Jr.*, Richard W. Stremel and William B. Wead*. Dept. of 
Physiology and Biophysics, University of Louisville, Health 

IONIZED CALCIUM: A MAJOR DETERMINANT OF THE LEFT VENTRICULAR 
RESPONSE TO CALCIUM INFUSION.L.J.Drop,* R.G.Johnson,* G.A. 
Geffin,* D.D.O'Keefe, W.M.Daggett. Surg. Cardiov. Unit, Massa- 
chusetts General Hospital, Boston, MA. 

Sciences Center, Louisville, Kentucky 40292. 
The influence of PEEP on cardiac function has been exten- 

sively investigated, The purpose of our study was to observe 
the effects of PEEP on left ventricular (LV) performance in 
the closed chest dog. LV pressures and diameters were record- 
ed with the Pieper left ventricular diameter-pressure trans- 
ducer. Acute, mongrel dogs were anesthetized with chloralose 
and urethan and pancuronium bromide was given as needed to 
prevent spontaneous respiration. The following parameters 
were recorded at 0, 10, and 20 cm H20 PEEP (at control and 
increased respiratory rates): intrapleural, aortic, pulmonary 
artery (PA) and LV pressures, heart rate, LV dp/dt, LV dia- 
meters and cardiac output. Control values were obtained at a 
tidal volume of 15 ml/kg, 12 breaths/min, and 0 PEEP. In 
addition to a significant decrease in cardiac output, we 
observed an increase in PA pressures and a decrease in LV end- 
diastolic diameters (LVEDD) that were directly related to 
increasing levels of PEEP. At a PEEP of 10 cm H20, LVEDD's 
were reduced 11% and at 20 cm H20, LVEDD's were decreased 18% 
from control values. These results suggest that the reduction 
in cardiac output and LV performance associated with PEEP are 
consistent with decreased LV preload. 
(Supported by the American Heart Association, Kentucky 
affiliate.) 

RABBITS. J.C. Lee and S.E. Downing, Yale University School 
of Medicine, Dept. of Pathology, New Haven, Ct. 06510 

Catecholamine cardiomyopathy (CM) was produced in rabbits 
by a 90-min infusion of norepinephrine (NE, 2 pg/kg/min). 
Left ventricular (LV) contractility and pump function (VF) 
were examined 2 days later and compared with control animals. 
The effects of hypercapnia (PC02 >70 mmHg) and inotropic re- 
sponsiveness to NE were also determined. VF was assessed by 
means of left ventricular function curves obtained with con- 
stant aortic pressure and heart rate, and quantified by de- 
termining stroke volume at LVEDP 10 c&-I20 (SVlo). Mean SVlo 
was 1.16 (20.06) ml in controls, but averaged only 0.93 
(tO.05) ml in CM (P ~0.02). Hypercapnia caused significantly 
greater depression of VF in CM than in controls. NE dose- 
response curves demonstrated increases in both LV dP/dt 
and SVlo in each group. The percent increase in LV dP/%Eax 
was markedly attenuated in CM, but the increments in SV 
did not differ. The mean histological score in the CM 10 

animals was 1.6 (+O.l), indicating extensive myofiber injury. 
No histological abnormalities were observed in the controls. 
Thus ) functional defects correlated with the presence of 
histopathological changes. In addition, a disscoiation of 
velocity (dP/dt 
otropic stimula ion was vax 

) and force (SV > responsiveness to in- 
identifie i 0 in the CM group. ( sup- 

ported in part by NIH Grant #HL-20401 and HL-08659) 

NEGATIVE CHRONOTROPIC EFFECT OF ADENOSINE ON ISOLATED RAT 
HEARTS. 

626 

Lois Jane Heller. U. Minnesota, Duluth, Sch. of 
Med., Duluth, Mn. 55812 

Isolated rat hearts were perfused with modified Krebs- 
Henseleit solution (Langendorf method-constant flow) and left 
ventricular isovolumic pressure measured. When adenosine was 
added to the perfusate (low7 to 10m5M), a dose-dependent de- 
crease in spontaneous beating rate was observed (to 45% with 
10B5M adenosine, n=32). Neither propranolol nor atropine 
eliminated this adenosine effect. Electrocardiograms indi- 
cated that the pacemaker site usually remained constant and 
that gradual slowing of pacemaker firing rate usually ac- 
counted for the negative chronotropic effect. In a few in- 
stances, the higher doses of adenosine produced a second- 
degree AV nodal block causing an abrupt halving of heart rate. 
Increased systolic pressure development accompanied the 
adenosine-dependent decrease in heart rate reflecting the 
negative staircase of the force-frequency relationship of rat 
cardiac muscle. When hearts were paced to maintain constant 
rate, adenosine produced the expected coronary vasodilation 
and had a sligh t negative inotropic effect. These data sup- 
port previous suggestions that, in addi tion to e 
coronary vasculature, adenosine also ha s direct 
on cardiac function. 

ffects on - 
influences 

We tested the hypothesis that the left ventricular (LV) re- 
sponse to calcium infusion is dependent upon the preexisting 
plasma ionized calcium <[Ca*]) level.Dogs were placed on right 
heart bypass;LV end-diastolic pressure(EDP), peak LV dP/dt and 
myocardial oxygen consumption were obtained at constant(c) mean 
aortic pressure(MAP), cardiac output and heart rate(HR) and LV 
function curves were obtained at c MAP and HR during normocal- 
cemia(Al,Bl).In group A(n=lO) [Ca+t] was then lowered to 0.532 
0.03mM (steady state) by citrate infusion(A2).CaC12 was admin- 
istered to raise [Ca+t] to normal (A3).In group B(n=13) CaC12 
was infused to raise [Ca+t] from normal(B-1) to hypercalcemia 
(steady state)(B2).In 8 dogs of each group,LVend-diastolic seg- 

ment length (EDSL) was measured with circumferential gauges. 
Delta values (A) (A2+A3 vs BljB2) were compared. 

[Ca+t](mM) 1.09ti.04 0.5tiO.03 1.0~~0.06 1.08BiO.02 l.,,"f,.,l' 
LVEDP§ 4.620.7 13.020.8 6.320.7 6.OkO.8 4.420.5 4. 
peakLVdP/dt 22652182 17192152 24692323 26702260 32942226 
SW@EDP=14§ 39.421.6 13.922.5 32.622.5 36.822.3 40.322.5 fl 
SW& EDSL 38.621.8 10.522.3 30.123.4 34.622.5 40.723.9 n 
A: A2-tA3 vs Bl-2: +p<O.O25 T[p<O.Ol 
Conclusions: 

§cm H20 
The initial [Cat+] (or its associated cardiac con- 

tractile state) is an important determinant of the LV response 
to CaC12 infusion.(Supported in part by NIH Grant HL 12777) 
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CALIBRATION OF VENTRICULAR END DIASTOLIC VOLUME BY A BIXX)D- 
BASED IDEAL ATTENUATION COEFFICIENT. Richard D. Baldwin*, 
Richard P. Spencer, Judith Gouldin*, Joseph Caulder*, John 
Burkes*. Williamsport Hospital, Williamsport, PA and Univ. of 
Connecticut Health Center, Farmington, CT 06032. 

Calibration of end diastolic volume is needed to determine 
cardiac work. We are studying a technique which may allow 
this calibration, by comparing end diastolic counts with acti- 
vity in a tube of blood drawn during blood pool imaging (Tc- 
99m in vivo labeled RBC). Venous blood, in a heparinized tube, 
was placed on a lead rectangle and counted under a gamma camera 
after being taped in place at the axilla. The ideal attenua- 
tion coefficient (IAC) was defined by: (end diastolic counts)/ 
[(counts in tube)(IAC)] = end diastolic volume. After back- 

ground correction, the ratio of tube counts to end diastolic 
counts was taken as an index of the difference between the 2 
sources at the crystal face. Data were converted to a cardiac 
index and compared with the index calculated at the time of 
cardiac catheterization. Plots of IAC as a function of the ra- 
tio of tube counts/end diastolic counts showed a linear rela- 
tionship: IAC = 0.263 - 0.279.Ratio. This suggests further re- 
finement could be obtained by using correction factors for 
body size and apparent cardiac depth. In more general terms, a 
venous blood/cardiac ratio could be compared with other organs 
during studies of perfusion and function. 

630 
ACUTE ANOXIA IN RAT HEART : EFFECT OF AGE. Eeolleen 
George* and M.T. Kopetzky. Texas Tech U. School of 
Medicine, Dept. of Physiology, Lubbock, TX 79430 

Young (3 months, 
(11 months, 

32 animals) and middle- aged 
32 animals) male Sprague-Dawley ratswere 

respired with nitigen to determine the effects of 
acute anoxia (AA) on heart rate (HR), peak aortic 
flow (PAF) and myocardial contractility. Thoracotomy 
yas done after anesthesia, tracheal intubation, ad- 
renectomy and obstruction of blood flow to the brain. 
Right and left ventricles were cannulated by direct 
puncture with bevelled PE tubing connected to pressu- 
re transducers. 
around 

An electromagnetic probe was placed 
ascending aorta. Measurements were made dur- 

ing initial room air period, AA period, and recovery 
room air period. The statistical model was a split 
plot factorial anova. The 11 months old animals had 
significantly lower HR and higher PAF on room air. 
AA significantly depressed HR and PAF, but age dif- 
ferences in HR and PAF were not significant; however, 
the age differences in right vs. left ventricle po- 
sitive and negative dP/dtmax were significant. Myo- 
cardial contractility in AA varies with age and 
arently is related to contraction and relaxation 

app- 

changes specific to right and left ventricle. 

CONTROL OF BREATHING: RECEPTORS 
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IN CHRONICALLY HYPOXIC CATS. N. Smatresk, S. Lahiri, M. 
AUGMENTED EFFERENT INHIBITION OF CAROTID BODY CHEMORECEPTORS 

Pokorski* and P. Barnard*. DeDt . 
Environ. Med., Univ. of Penna.', 

of Phvsiol. and Inst. for 
Philadelphia, Pa. 19104. 

Chronic hypoxia leads to hypertrophy, increased vascular 
volume and an elevated dopamine and norepinephrine content in 
the carotid body. Since both catecholamine release and local 
blood flow may be regulated by sinus nerve efferents, these 
changes provide a basis for a greater efferent effect during 
chronic hypoxia. We studied this possibility by testing 
chemoreceptor responses before and after complete section of 
carotid sinus nerves in two groups of cats, one exposed to 10% 
02 for 21-30 days and another to air at sea level. The cats 
were anesthetized with a-chloralose, and single or pauci-fiber 
chemoreceptor afferents were recorded from a fine slip of an 
otherwise intact sinus nerve. Chemoreceptor responses were 
measured at several levels of Pa02 and PaC02. While still re- 
cording from the slip, the remaining part of the nerve was cut 
and the measurements were repeated. In chronically hypoxic 
cats, carotid chemoreceptor activity consistently rose after 
sectioning the nerve, with the greatest stimulation seen in 
hypoxia. In normoxic cats, the effects of sinus nerve section 
were marginal. Thus, the inhibitory effect of sinus nerve 
efferents is augmented in chronically hypoxic cats, possibly 
via elevated dopamine release, which inhibits chemoreceptor 
activity, or through changes in local flow of the carotid body. 
(Supported in part by NHLBI Grant # 19737-05) 

VENTILATION IN CHRONICALLY HYPOXIC CATS. M. Pokorski*, S. 
Lahiri, N. Smatresk and A. Mokashi. 

632 

Inst. for Environ. Med. 

EFFECTS OF NALOXONE ON CAROTID CHEMORECEPTOR ACTIVITY AND 

and Dept. of Physiol., 
phia, Pennsylvania 

University of Pennsylvania, Philadel- 
19104. 

The mechanism of "blunted" ventilatory response to hy- 

CAROTID CHEMORECEPTOR AND VENTILATORY RESPONSES IN CHRONICALLY 
HYPOXIC CATS, P. Barnard*, R. Zhang*, N. Smatresk, M. 
Pokorski*, A. Mokashi*, and S. Lahiri. Dept. of Physiol. and 
Inst. for Environ. Med., Univ. of Penna., Pa. 19104. 

to 
Attenuated hypoxic venti latory re sponses in cats exposed 

chronic hypoxia have been reported (Tenney et al., 1971). 
However, the contribution of carotid chemoreceptor activity to 
this attenuation is unknown. We studied the carotid chemore- 
ceptor and ventilatory responses under steady state conditions 
to both hypoxia and hypercapnia in cats acclimatized to 70 
torr PI02 for 21-30 days and those in normoxic cats at sea 
level. Cats were anesthetized with oC-chloralose. Carotid 
chemoreceptor act ivity from a s lip of an otherwise intact 
sinus nerve, vent ilation, end-t idal Pa02 and PaC02, and art- 
erial blood pressure were continuously monitored. The chroni- 
cally hypoxic cats had on the average lower PaC02 values on 
hyperoxia than did the controls; however, ventilation increased 
linearly with PaC02 in both groups. The chronically hypoxic 
cats exhibited a lower Pa02 threshold for ventilatory responses 
than did the control cats. However, the percent increases in 
vent ilation at Pa02 values of less than 40 torr were similar 
in the two groups. 
lically wi th decre 

- 
a 

Chemoreceptor activity increased hyperbol- 
sing Pa02 in both groups. Whether the car- 

otid chemoreflex response is responsible for the lowered PaO? 
threshold for ventilation has not been settled by these data: 
(Supported in part by NHLBI Grant i/19737-05.) 

poxia in cats exposed to severe chronic hypoxia (Tenney et al. 
1971) is still not known 9 although endogenous op iates which 
suppress ven tilatory response to hypoxia may play a role. We 
investigated this possibility utilizing opiate antagonist 9 
naloxone, in chronically hypoxic cats which, in 
study (Barnard et al. 1981), were found to show 
ventilatory response to acute changes in Pa02. 
exposed to a 10% 07 environment for 21-30 days, 

a companion 
an attenuated 
Cats were 
then anes- 

thetized with a-chloralo se. The activity of pauci-fiber 
chemoreceptor afferents from a cut sinus nerve was recorded, 
and ventilatory responses before and after naloxone (0.4 
mg.kg'1; i.v.) at various steady-state levels of Pa02 were 
studied. We found that naloxone raised the level of ventila- 
tion at any Pa02 level and increased ventilatory effect of a 
given carotid chemoreceptor input, but did not change the 
blunted pattern of ventilatory response, nor chemoreceptor 
activity appreciably regardless of the Pa02 level. These 
findings argue against the possibility that the increased 
secretion and release of endogenous opiates play any signifi- 
cant role in the attenuation of respiratory response to 
chronic hypoxia. (Supported in part by NHLBI Grants HL-08899- 
17 and HL-19737-05) 

CAROTID SINUS BARORESPIRATORY INHIBITION IN PENTOBARBITALIZED 
CATS. H.L. Borison , R. Borison*, M.J. Purves* and T. Sadig*. 
Dartmouth Med. Sch., Hanover, NH and Univ. Bristol, England. 

Pressure-controlled bilateral autoperfusion of the carotid 
sinus was effected by means of a peristaltic roller pump redi- 
recting heparinized blood from a common carotid artery. Pump 
oscillations were damped with an air cushion. Blood supply to 
the carotid body was preserved while major arterial branches 
were ligated. The cat was maintained on 02 inhalation, with 
FACO2 measured continuously and ventilation recorded as the 
integrated pneumotachogram. Rapid elevation of intrasinual 
pressure (ISP), within the physiological range, produced a 
sharp inhibition of breathing evident as a fall in VT and/or 
a change in timing of the cycle in progress depending on the 
phase of respiration coincident with the stimulus. Further ex- 
pression of the inhibitory effect with sustained ISP was rela- 
ted both to the amplitude of the rise and to its slope; in any 
case, recovery occurred in less than a minute. Cardiodecelera- 
tion also began promptly and showed a similar tendency to re- 
cover after a step shift in ISP. Vasodepression on the other 
hand developed more slowly to a non-adapting level. Respira- 
tory steady-state was altered slightly if at all from the prior 
condition after any change in ISP. Vagotomy enhanced the vaso- 
motor and respiratory responses. The order of ISP thresholds 
for eliciting steady-state effects was VT>HR>BP. All responses 
to AISP were abolished by carotid sinus neurotomy. 
tMacy Foundation Faculty Scholar. ISupported by PHS HD-0947) 
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FUNCTIONAL LOCALIZATION OF PULMONARY STRETCH RECEPTORS IN THE RESPONSE OF SLOWLY ADAPTING RECEPTORS IN THE T?ACEEA TO SINU- 
NEWBORN KITTEN. D. Marlot*, J.P. Mortola and B. Duron*. Dept. 
Neurophysiology, Univ. Picardie, Amiens, France and Dept. 
Physiology, McGill Univ., Montreal, Canada. 

and most of them were located in the trachea. 

Six kittens between 5 and 8 days of life have been 
anesthetized with ketamine, tracheotomized, cannulated just 

An immaturity 

below the larynx, paralyzed and passively ventilated. The 

of PSR is probably the explanation of the low tonic vagal 

thorax was widely open and an expiratory load equal to the 
transpulmonary pressure at functional residual capacity 

activity in the kitten. 

(PLFRC) was added. Single vagal fibers were dissected from 
the peripheral cut end of the right vagus nerve. Of 38 

(Supported by INSERM, France and MRC Canada). 

pulmonary stretch receptors (PSR) studied 10.5% were firing at 
PLF c while the remaining had a threshold between 1.2 and 7.6 
cm I4 20,increased their activity with higher pressures reaching 
a plateau between 5-10 cm H20. By occluding the airways at 
different levels of the tracheobronchial tree 32 PSR have been 
functionally localized: 0% were located in the extrathoracic 
trachea, 9.5% in the intrathoracic trachea, 37.5% at the 
carina, main bronchi and lobar bronchi, 53% inside the lobes. 
All the tracheal receptors were tonic PSR. Previous data in 
adult mammals indicated that 40-60% PSR had tonic activit.y 

SOIDAL STRETCHES AT FRE@JENCIES UP TO 40 Hz. G. Sant'Arnbrosio 
and P.W. Davenport. Dept. of Physiology and Biophysics, 
U.T.M.B. Galveston, Texas 77550 

In 5 dogs anesthetized and spontaneously breathing we recor- 

crease in tracheal stretch receptors activity per second as t.'le 
oscillatory frequency increases might explain the inhibitory 
influences on respiration observed with high frequency ventila- 

ded from thin vagal filaments action potentials from 5 slowly 

tion (A. Jonzon, Acta Anesth. Stand., Sup21. 64, 29-35, 1977). 

adapting receptors (SAR) of the extraf!loracic trachea (ETT). 
The E T T  was cut longitudinally, the cut ends of the cartilage 
corresponding to the site of the receptor in the trachealis 
muscle were stretched sinusoidally at frequencies up to 40 Hz. 
The number of spikes per cycle decreased with increasing fre- 
quency. At the highest frequency (40 Hz) SARs still responded 
to each oscillation with a single action potential. In 4 of 
the SARs the number of action potentials per second increased 
with increasing L'requency. A decrease in smooth muscle tone, 
following vagotomy, decreased the firing of these endings at 
rates of oscillations below 2c) Hz. Vice-versa an increase in 
smooth muscle tone, as obtained by acetylcholine applied topi- 
cally, increased the receptors discharge at rates of oscilla- 
tions below 8 Hz. These latter results are consistent with an 
I'in seriesll arrangement of SAR with the muscle fibers. The in- 

Supported by NIH Grants St HL-2122 and DHES l-F32-HL-06314. 
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TRACHEOBRONCHIAL VAGAL AFFERENTS IN THE NEWBORN DOG. John T .  
Fisher and Giuseppe Sant'Ambrogio. Dept. of Physiology and 
Biophysics, U.T.M.B. Galveston, Texas 77550. 

Activity from vagal afferents of respiratory origin were 
recorded from thin filaments of the vagus nerve in newborn 
(NB) puppies (age l-5 days). The single fibre discharge was 

classified as arising from slowly or rapidly adapting recep- 
tors (SAR and RAR respectively) on the basis of their respon- 
se to lung inflation and deflation. A total 02 79 receptors 
were recorded of which 92% (75/79) were identified as SARs 
and 5% (4/73) as XAF,s. Further classification of the SARs 
was made on the presence or absence of activity at Functional 
residual capacity (FRC). The SARs with FRC activity account- 
ed for only 8% (6/75) of the SAX recordings while 92% (69/75) 
had no FRC activity. In 13 SAlis the discharge Frequency (f) 
vs static transpulmonary pressure (P ) curve was obtained. 
The response curves were of 2 types: 3 n increase in discharge 
f with increasing P 
while in t;le second ? 

after which a plateau was observed 
y?e no plateau of f was present. Four- 

teen SARs were localized by direct probing and of the lung and 
dissection of the lung Garenchyma while recording from the 
fibre; 7 were intrapulmonary and 7 extrapulmonary. Compared 
to t;:e adult dog (A) the :JB has much less SAR activity at FRC 
(8% NB vs 50% A) and the N3 appears to have fewer RARs. 

Supported by: NIH Grant No. HL-2122 

FLOW SENSITIVITY OF PULMONARY STRETCH RECEPTORS. Steve Iscoe* 
(SPON. J.V. Milligan). Dept. of Physiology, Queen's University 
Kingston, Ontario, Canada K7L 3N6. 

The contribution of flow to the discharge of pulmonary 
stretch receptors (PSR) has not been established. In this 
study, the instantaneous discharge frequency of a single PSR 
was related to inspiratory flow in spontaneously breathing, 
pentobarbital-anesthetized cats. Inspiratory flow was 
increased by allow ing the cats to rebreathe a hyperc apni C gas 
mixture (5.5% CO2, 50% 02 and N2) from a spirometer. In .S tan- 
taneous discharge frequencies and flows were measured at 
selected volumes above the cat's end-expiratory level. At 
volumes below 40 ml, instantaneous discharge frequencydecreased 
as flow increased. Between 50 and 120 ml, instantaneous 
discharge frequency increased as flow increased. The average 
flow sensitivity in this latter range was 0.070 spikes/s per 
ml/s. During CO2 rebreathing, tidal volume increased by 61221 
(SD) ml and flow by 131+_30 ml/s. Associated with these 
increases was an increase in peak discharge frequency of 37.8+_ 
16.1 spikes/s. Increases in flow alone would account for an 
increase in frequency of 9.2 spikes/s, or 24% of the observed 
change. Moreover, since CO2 inhibits PSR, this value may 
underestimate the contribution of flow to PSR discharge 
during increased ventilation in air. These data also indicate 
that the flow sensitive component of PSR discharge must be 
included in any model of the inspiratory off-switch 
mechanism. 
(Supported by the M e d ical Research Council of Canada) 

RESPIRATORY RESPONSES TO FLOW RESISTIVE LOADS DURING VAGAL 
BLOCKADE IN AWARE DOGS. B. Simhai* and S. Kelsen, Dept. of 
Medicine, Case Western Reserve Univ., Cleveland, Ohio 44106. 

In awake animals and man, external flow resistive loading 
of ventilation (FRL) elicits increases in respiratory muscle 
electrical activity and contraction force (occlusion pressure). 
Although the motor response to FRL appears to involve neural 
rather than chemical mechanisms, the location(s) of the mech- 
anoreceptor(s) mediating this response are not clear. The 
present study examined the response to FRL when sensory input 
to the respiratory neurons from lung and tracheal mechanore- 
ceptors was eliminated (vagal blockade) and receptors in the 
mouth and upper airway were bypassed (tracheostomy breathing). 
Inspiratory FRL (12 cmH20/L/sec) were applied during complete 
vagal blockade produced by cooling exteriorized cervical vagal 
loops in 4 awake dogs. Respiratory responses to FRL were 
assessed from changes in ventilation and occlusion pressure 
(PlOO). Respiratory activity under control and loaded con- 
ditions was compared at the same level of chemical drive by 
adding FRL during CO2 rebreathing. FRL produced no consis- 
tent change in either the duration of inspiration or expira- 
tion but increased the PlOO at a given level of PC02 in each 
animal. PlOO at PACO2 55 mmHg during FRL was 168 + 33% SE of 
control (p = 0.01). We conclude that FRL can augment respir- 
atory motor activity in the absence of sensory input from the 
lungs and airways. Presumably chest wall mechanoreceptors are 
responsible for the response to FRL under these conditions. 
(Supported by NIH grant HL-24537.) 

CENTRAL CHEMORECEPTOR BLOOD FLOW ESTIMATED BY HYDRCCEN 
CLEARANCE. P.J. Feustel, M.J. Stafford, J. Allen' and J.W. --- 
Severinghausr Cardiovascula: Research Inst. and Dept. of 
Anesthesia, Univ. of Calif., San Francisco CA 94143. 

To verify conclusions concerning central chemoreceptor 
blood flow made from observations of ventilatory responses to 
step changes in end tidal Pco2, we have used the H2 clearance 
technique to measure flow independent of ventilatory system 
parameters. In 6 cats, 251 teflon coated platinum wire elec- 
trodes were implanted and polarized for H2 determinations. To 
insure that perfusion rather than diffusion dominates the 
clearance, flow was determined both during a step decrease in 
H2 and following bolus H2 inhalations. If flows were indepen- 
dent of technique they were judged to be perfusion limited. 
The flows meaawed from 24 electrodes placed in the ventrola- 
teral surface of the medulla (area 'M') and in 14 electrodes 
placed in the adjacent pyramidal tracts were (Mean f S.D.): 

1 Ptco2 1 Blood Flow (ml/min/lOOg) 1 

These results confirm that flow in central chemoreceptors 
exceeds that of white matter (p<O.O5) and is sensitive to 
variations in arterial Pco2. (GM-15571) 
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Blood Flow to the Respiratory Centers (RC) and Central Chemo- 
sensitive Areas (CCA) in the Dog. P. J. BUCO, J. C. Passmore 
and R. W. Stremel. Dept. Physiology and Biophysics, University 
of Louisville, HSC, Louisville, Kentucky 40292. 

Brain blood flow and its distribution are critical in 
considerations of respiratory control. We 9 therefore, wished 
to determine in dogs the total blood flow, and the contribution 
from the common carotid arterial flow (CCAF) and vertebral 
arterial fIow (VAF) to the pneumotaxic center (PNC), apneustic 
center (APC), dorsal respiratory group (DRG), ventral respira- 
tory group (VRG) and CCA. Anesthetized dogs were surgically 
prepared with non-occlusive catheters in the right femoral, 
right vertebral and right common carotid arteries. Each artery 
received one of three radioactively-labeled 15 + 3~ diameter 
microspheres. The results are in the table below. 

TBF* VAF** CCAF** 
PNC 67.4 k-O.1 93.2 f 0.1 6.81 
APC 76.1 f 0.1 82.8 f 0.2 17.2 + 0.2 
DRG 122.1 + 0.2 98.1 t 0.0 1.9 * 0.0 
VRG 89.9 f 0.1 98.3 f 0.0 1.7 f 0.0 
CCA 80.5 + 0.2 99.2 -t 0.0 0.8 + 0.0 

* Total Blood Flow (2 f S.E. ml/lOOg~min). 
** Contributions as % f S.E. for right side structures. 
The contributions of VAF and CCAF to the TBF for the contra- 
lateral structures are similar. The results suggest that the 
vertebral artery is the principal artery for perfusion of the 
RC and CCA. (Supported by Academic Excellence Commission of 
the University of Louisville and USPHS - HL23546.) 
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NOREPINEPHRINE TURNOVER IN HEART AND SPLEEN DURING ENDOTOXICO- 
SIS. B. J. Pardini, S. B. Jones and J. P. Filkins. Dept. of 
Physiology, Loyola Univ. Medical Center, Maywood, IL 60153. 

Hyperactivity of the sympathetic nervous system during en- 
dotoxin shock is mainly supported by findings of increased 
serum levels of catecholamines and depressed tissue content of 
norepinephrine (NE). The present study is the first quantita- 
tion of sympathetic activity in endotoxic rats using measure- 
ments of the turnover rate of NE. NE turnovers in the heart 
and spleen were evaluated by the 3H-NE decay method. Fasted 
rats were injected iv with high specific activity 3H-NE one 
minute before injection with either saline (S) or 2. enteriti- 
dis endotoxin (E) (2 mg/300gm rat; LD 5% at 24 hrs). Rats were 
sacrificed at preselected times up to 24 hrs later (4-7 rats 
per time group). Tissues were analyzed for NE content (pq/gm) 
and the specific activity of 3H-NE. Least squares regression 
analysis of log specific-activity vs time was performed. Turn- 
over rate (pg NE x gm-l x hr-l) was derived from the slope 
and NE content. 

Group NE Content Slope Turnover Rate 
Heart (S) 1; .Oll 

(E) 22 .049 
Spleen (S) 19 .94+.04 l 84?.05NS ::;;;$-J<*oo1 

.020 
(E) 22 .093 

NE turnover is increased in spleens and hearts of E rats indi- 
cating increased peripheral sympathetic nerve activity and in- 
creased rate of NE synthesis. (Supp. by NIH Grant HL 08682.) 

EFFECT OF THE THROMBOXANE (TX) A2 SYNTHETASE INHIBITOR, UK37, 
248, IN ENDOTOXIN (LPS) SHOCK: PREVENTION OF SPLANCHNIC INFARG 
TION AND IMPROVED FUNCTIONAL PARAMETERS. J.A. Cook- P-V. -- ----- - - 
Halushka*, and W.C. Wise, Med. Univ. of S.C., Charleston, S.C. 

Our previous studies have suggested that TxA2, a platelet 
aggregator and vasoconstrictor, plays a pathogenic role in LPS 
shock. In this study we evaluated the actions of the clinical- 
ly effective TX synthetase inhibitor, UK37,248(UK)(PfizerInc.) 
in 'rats injected iv with S. enteritidis LPS (30 mg/kg). Plasma 
TxB2 9 the stable metabolite of TxA2, and PGE were measured by 
RIA, 30 minutes after LPS. LPS increased TxB2 from <2OO pg/ml 
to 1013f116 pg/ml whereas UK pretreatment 30 mg/kg reduced &B2 
to <200 pg/ml (PcO.01) but did not affect plasma PGE. UK atten- 
uated the severity of LPS shock at 4 hours as denoted below.UK 

Blood Serum Plasma Platelet 
Glucose 8-glucuronidase Fibrin Split CouIJt ~ 

UK (N) 
(mg%) (units/ml) Products(ig/ml) (xlO~/n&) 

57&6*(21) 127f24*(16) 10&3*(6) 404+38(20) 
Control(N) 39&6(27) 253f48(18) 26f6(6) 301f27(21) 

*P<O.O5 compared to control 
prevented splanchnic infarction as determined by gross and 
histological examination. Disruption of mu cosal integrity and 
hemorrhage in the bowel were present in 18 of 20 controls and 
only 1 of 16 UK pretreated rats (PcO.01). These observations 
further support the notion that TxA2 is an early pathogenic 
factor in LPS shock and suggest that it may be an important 
mediator of splanchnic ischemia. (Supported b y NIH GM27672 
and GM20387 and RRlO70). 
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Inactivation of Catecholamines by Endogenously Released Per- 
oxidase During Endotoxin Shock. H. F. Janssen and M. B. 
Grisham*. Dents. of Orthonaedic Suraerv and Biochemistry. 
Texas Tech Hlth. Sci. Ctr.' Lubbock." A Texas 79430 

The cardiovascular system is, for the most part, insensi- 
tive to catecholamines during endotoxin shock. The rapid fall 
in mean arterial pressure (MAP) which occurs following an in- 
travenous bolus of endotoxin results mainly from vasodifation 
due to an apparent loss of sympathetic tone. Numerous reports 
indicate that the decrease in MAP closely correlates to the 
removal of white blood cells (WBC's) from the circulating 
plasma. The present study explored a possible implication of 
this correlation in adult mongrel dogs given a bolus injection 
(0.5 mg/kg) of E. coli endotoxin. The analysis of plasma col- 
lected from these animals showed a rapid increase in peroxi- 
dase activity as early as 4 min. following the endotoxin in- 
jection and reaching a plateau at 90 min. Additional tests 
suggest that this peroxidase activity is due to myloperoxi- 
dase (MPO) released from neutrophils. The effect of the MPO 
upon catecholamines was then investigated. Dopamine, epine- 
phrine, and norepinephrine were separately incubated with MPO 
(harvested from dog WBC'S) in the presence of H202. The 
subsequent intravenous injection of these incubated compounds 
into naive dogs produced a significantly reduced cardiovascu- 
lar effect as compared to a similar dose of the original drug 
or the drug incubated with H202 only. 

EXTRACORPOREAL PERFUSION WITHOUT EXOGENOUS ANTICOAGULATION: 
LIMITATIONS OF ITS PROTECTIVE ROLE IN ENDOTOXIN SHOCK. L B. A 
Hinshaw, A.C.K. Chang*, B. Belier-Todd* and L.T. Archer*. 
VA Medical Center, Oklahoma City, OK 73104 

Our previous work demonstrated that after 90 min. of arter- 
iovenous perfusion without anticoagulation dogs are protected 
from lethal endotoxin. We extended this work by administering 
endotoxin simultaneously with the onset of perfusion and by 
excluding the open air reservoir from the system. Anesthe- 
tized dogs (N=24) were divided equally into 4 groups and per- 
fused for 240 min. and/or infused with LD E. coli endotoxin 
for 30 min. Group A (endotoxin; no perfu 81 > on ; Group B (per- 
fusion; no endotoxin); Group C (perfusion; endotoxin initiated 
after 90 min.); and Group D (perfusion and endotoxin initiated 
simultaneously). Percent 7 day survival: Group A = 17%, 
Group B = lOO%, Group C = 83%, and Group D = 17%. Mean aortic 
pressures, glucose, platelets, and fibrinogen concentrations 
fell in Groups A, C, and D but remained stable in B. PTT in- 
creased markedly in Groups A, C, and D. White blood cell 
counts decreased in Groups A, C, and D but increased in B. 
Lee White whole blood clotting times were prolonged in Groups 
C and B, were unchanged in D and decreased in A. Groups B and 
C confirm the stability of the perfusion system and its de- 
fense against shock. The lethal effects of endotoxin are pre- 
vented if extracorporeal perfusion is begun 90 min. before 
endotoxin administration (Group C), but not if extracorporeal 
perfusion and endotoxin infusion are started simultaneously 
(Group D). (Supported by VAMC, NIH, and U.S. Navy) 
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CHARACTERISTICS IDENTIFYING SURVIVORS INBABOONS CHALLENGED 
WX!l!H E. COLI SHOCK. Daniel J. Brackett, Michael F. Wilson 
and L&a. Hinahaw. VA Medical Center and OU Health 
Sciences Center, Oklahoma City, OK. 73.lO4 
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INSULIN-LIKE ACTIVITY OF ENDOTOXIC LIPID A. J. P. Filkins and 
L. Witek-Janusek. Depts. of Physiology and Maternal Child 
Health Nursing, Loyola University of Chicago, Stritch School 
of Medicine, Maywood, IL 60153. 

The pathophysiological mechanisms of septic shock have r& 
been completely identified. Ineffective treatment is partly 
related to this lack of understanding. Itision of 2. coli in 
the baboon is a recognized experimental septic shock mot in 
this study we have administered an LDIo() dose to 39 baboons 
followed by different therapy regimens in 31. There were 18 
permanent survivors (S) (7 d8ys or more), all receiving an 
antibiotic/steroid combination therapy. If the early re- 
sponses and their temporal patterns which are characteristic 
of S could be identified, specific supportive therapy to en- 
hance them may be beneficial in the treatment of septic shock. 
Responses were measured during the first 12 hours from the on- 
set of E. coli infusion to evaluate the circulatory and meta- 
bolic s&txf the animals. Non-survivors (NS) were compared 
to S during the 12 hour observation period (unpaired t test, 
pc.05) and measurements at each time period were compared to 
control within each group (paired t test, F.05). Lactate, 
heart rate and blood urea nitrogen were lower in S than NS. 
Glucose and insulin levels were higher in S while blood pres- 
sure, white blood cell count, and blood gases were the same. 
A greater lactic acidosis with the ssxne respiratory compensa- 
tion in NS was evident as early as 4 hours. We conclude that 
S had a lesser impairment of renal, hepatic, and pancreatic 
function during the early phase of septic shock in the baboon. 

BASAL INSULIN AND GLUCAGON RESPONSES TO PORTAL VERSUS SYSTEMIC 
VENOUS ADMINISTRATION OF ENDOTOXIN IN FASTED RATS. Robert P. 
Cornell. Norhteast Missouri State Univ., Kirksville, MO 63501. 
Intravenous administration of bacterial endotoxins causes 
basal plasma hyperinsulinemia and hyperglucagonemia in rats, 
dogs, and humans. Kupffer cells of the liver are well recog- 
nized for their phagocytic removal of circulating endotoxins. 
In the present study Salmonella enteritidis endotoxin was 
injected slowly over a 1 rmn interval into the portalvein or 
systemic inferior vena cava of fasted, anesthetized rats at a 
range of doses (10,33,100,333, and 1000 pg/lOO g>. Compared 
to saline control values at 4 hr postinjection (portal and 
systemic plasma levels, respectively, insulin = 43t6.6 and 
16t1.8 W/ml and glucagon q 0.70+0.04 and 0.53tO.05 &ml), 
sy&mic administration of endotgxin usually resulted in 
significantly greater hyperinsulinemia and hyperglucagonemia 
than did portal administration for all but the lowest (10 pg/ 
100 g> and highest (lOOO~g/lOO g> doses. For example, at the 
100 pg/lOO g dose, portal injection of endotoxin yielded 
values of 58t5.2 and 17t2.4 vu/ml for insulin and 1.29tO.30 
and 0.7O+O.Ogng/ml forglucagon while the values after 
systemic-injection were 71t9.8 and 26t3.1 pU/ml for insulin 
and 1.97tO.22 and 1.22+0.18ng/ml forglucagon. The results 
suggest That Kupffer czlls of the liver normally provide an 
effective barrier against the influence of bacterial endo- 
toxins on pancreatic hormone secretion. (&ported by DCWA 
of St. Louis, MO and NIH Grant 22102.) 

EFFECTS OF EARLY AND LATE SEPSIS ON HEPATIC OXYGEN SUPPLY AND 
SELECTED BLOOD PARAMETERS. Kathleen A. Fitch* and Richard D, 
Rink -' Univ. of Louisville, Louisville, Ky, 40292 

Hepatic oxygen supply and related parameters were evalu- 
ated during early (B-10 h) and late (18-30 h) stages of lethal 
septic peritonitis induced in rats by cecal ligation and punt- 
ture (CLP) . Mortality was 65% in 30 h. In the early phase, 
hepatic PO2 was reduced significantly (mean 9.3 versus 22.2 mm 
Hg in sham-operated controls), This was accompanied by eleva- 
tions of serum glutamic oxaloacetic transaminase and glutamic 
pyruvic transaminase (P<O.O2 and PcO.10, respectively), moder- 
ate hyperglycemia (P<O.O2), and hemoconcentration (56.7X, 
P<O.OOl), Total body oxygen consumption was decreased by 21% 
(P<O.OOl). By the late stage of sepsis hepatic oxygen supply 

was depressed profoundly (mean 2.0 versus 24.5 mm Hg in con- 
trols) concomitant with further elevations of serum transami- 
nases. Lactacidemia, respiratory alkalosis, and tachycardia 
were also present. No additional changes of total body oxygen 
consumption or hematocrit were recorded. Hypoxemia and hypo- 
tension were not observed during either early or late stages. 
While it has been proposed that the CLP model develops a 
hyperdynamic state in early sepsis, the hemoconcentration we 
recorded is interpreted as evidence of hypovolemia. Our 
results suggest hypoperfusion leading to early impairment of 
hepatic nutrient flow sufficient to establish hypoxic foci 
and hepatocellular damage. 

A comparative analysis of various endotoxin preparations 
suggested that the insulin-like activity (ILA) of Gram- 
negative lipopolysaccharides resides in the lipid A moiety 
(The Ph&o~og~R 23: 131, 1980). The current study evaluated 
lipid A as purified from Salm. minnesota Re595 for in vivo and -- -- 
in vitro evidence of ILA. Lipid A -- m- either as complexed with 
bovine serum albumin (BSA) or as the triethylamine salt (TEA) 
-- induced a hypoglycemic shock syndrome in lead-sensitized 
assay rats. Lipid A-BSA also induced hypoglycemic deaths in 
adrenalectomized assay rats. Lipid A-BSA iv to donor rats 
elicited increased ILA as assessed by enhanced glucose oxida- 
tion in epididymal fat pads (EFP). In contrast, neither 
A-BSA nor-TEA exerted a direct ILA on EFP as assessed in 

however, vitro; addition of lipid A-BSA to inactivated<1 
line hydrolysates of 2. enteritidis Boivin lipopolysaccha 
resulted in restoration of ILA. The data indicate that 1 
A is indeed the active ILA moiety of endotoxin, but that 
requires additional components of the lipopolysaccharide 
plex in order to exert in vitro actions. -- The ILA of lipi 
may play a major role in development of endotoxic hypogly 
and shock. (Supported by NIH grant HL 08682.) 
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EFFECTS OF ATP-MgCl, ON HEPATIC GLUCOSE METABOLISM AND OXYGEN 
CONSUMPTION. M.G. i?lemens, I.H. Chaudry, P.H. Z,lcDermott* and 
A.E. Baue. Yale University School of Medicine, Department of 
Surgery, New Haven, Connecticut 06510. 

Salutory effects of ATP-MgC12 in low flow states have 
been documented but the mechanisms remain unclear. This study 
describes the effects of ATP-MgC12 on he?atic oxygen consump- 
tion (VO2) and glucose metabolism. Livers from fed or 4G hr 
fasted rats were isolated and perfused at a constant flow. 
Gluconeogenesis was estimated from glucose release by livers 
from fasted rats when 5mM lactate was added and glycogenolysis 
from glucose release by livers from fed rats without substrate. 
ATP-MgC12 in equimolar amounts was infused to give final con- 
centrations of 10m6 to 10e4M. In fasted rats, lo-%1 ATP-ZIgC12 
increased glucose production from 17.4 + 1.14 to 19.2 + 1.4 
pmoles/hr/g liver (pc.001 by t-test for-naired data), with no 
change in V02. At concentrations >5xlO-511, glucose production 
decreased with concomitant decrease in VO . ATP 4gCl 
10w6M stimulated glycogenolysis (maximum zffect 227: 2 at >5x 

of con- 
trol). Steady state VO 

5 
showed little change except for a 

transient decrease at > x10m5M. These results demonstrate 
that exogenously applied ATP-MgC12 in micromolar amounts have 
direct cellular effects on glycogenolysis and gluconeogenesis 
with little effect on V02. At higher concentrations, however, 
gluconeogenesis and V02 are decreased. 

651 
EFFECTS OF INTESTINAL BLOOD FLOW REDUCTION AND SUPEROXIDE 
RADICALS ON MUCOSAL ALBUMIN CLEARANCE. Dale A. Parks,* 
Biarne Grogaard,* and D. Neil Granger, Dept. of Physiology, 
Univ. South Alabama,Mobile, Ala. 36688. 

The purpose of this study was to determine if intestinal 
arterial occlusion (of varying durations) or superoxide radi- 
cal s, generated by the hypoxanthine-xanthine oxidase reaction, 
inf luence the c learance of albumin across the intestinal mu- 
cosa. Albumin clearance was measured in jejunal segments of 
23 dogs which were injected with I-125albumin 12 hrs. prior to 
the experiment. In addition, the RBCs were labelled with Cr- 
51. Clearance rates (R) were estimated from the luminal per- 
fusion rate and the activity of protein bound I-125 in the 
perfusate and plasma. R was 0.00035 + .00012 ml/min/cm under 
control conditions and increased progressively with arterial 
occlusions of 15 min (.00084 2 .00019) to 240 min (.0296 ? 
.0094) duration. Intraluminal perfusion with hypoxanthine- 
xanthine oxidase (H-X0) significantly increased R (.00133 + 
.0002). Superoxide dismutase prevented the R increase pro- 
duced by H-X0 while H or X0 alone did not affect R. T1.e 
results of this study indicate that arterial occlusion and 
enzymatically generated superoxide radicals increase mucosal 
albumin clearance. 
Supported by NHLBI 26441 and 00816 
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CARDIORESPIRATORY EFFECTS OF ACUTE SMOKE INHALATION, R.Dunn, 
M. Pindok, E.Sukowski and V.V.Glaviano, University of Health 
Sciences/The Chicago Medical School, North Chicago,I1.60064. 

Cardiorespiratory alterations in the experimental animal 
subjected to acute smoke inhalation have not been precisely 
defined. Mongrel dogs anesthetized with morphine-chloralose 
were intubated for inhaling smoke from burning white pine 
chips for 5 min. The smoke inhaled contained 1.6% carbon mono- 
xide and 10.1% 02 . Aortic blood pressure, right and left in- 
traventricular pressures and heart rate were measured before, 
during and 20 min following smoke inhalation. Inhalation pro- 
duced a decrease in aortic diastolic pressure and marked ele- 
vations of left and right ventricular end diastolic pressures 
and right ventricular systolic pressure. A return to control 
values occurred gradually during recovery except for right 
ventricular systolic pressure which remained elevated. Smoke 
inhalation increased carboxyhemoglobin saturation from 2.1 to 
73.8% and arterial lactate from 1.12 to 1.66 mM. Twenty min- 
utes of recovery failed to decrease carboxyhemoglobin satura- 
tion during which time a further rise in arterial lactate to 
4.97 mM occurred. Arterial pCO2 increased and PO2 and pH dec- 
reased with smoke inhalation but returned to near control val- 
ues in the recovery period. Smoke inhalation increased hemato- 
crit from 41.5 to 53.5%. Analysis of the data indicates that 
acute smoke inhalation caused a combination of hypoxic hypoxia, 
carbon monoxide poisoning and pulmonary vasoconstriction that 
likely act synergistically to produce cardiorespiratory 
collapse. 

PRIMATE ENDOTOXEMIC SHOCK REVERSED BY OPIATE RECEmOR BLOCKADE 
WITH NALOXONE. Nelson J. Gurll, David G. Reynolds, Thomas 
Vargish*, Stephen A. Lutz*, and Eric Ganes*. Univ. Iowa Coil. 
Med Iowa City, IA 52242. 

I&oxone (nal) attenuates the cardiovascular depression 
found with hemorrhage or endotoxemia in rats and dogs with re- 
sultant increased survival. This presumably occurs by block- 
ing opiate receptors from endorphins released 6y stress. 
Since primate endorphin systems may be under different control 
mechanisms (Science 209:827, 1980) we investigated the effect 
of nal on mean arterial pressure (MAP), cardiac output (CO), 
and left ventricular contractility (LV dp/dt max) in cynomul- 
gus monkeys. Monkeys lightly anesthetized with N20/02 were 
given E. coli endotoxin 5 mg/kg i.v. When MAP reached 75 mmHg 
or its-at 60-90 min the animals were treated with either 
nal 2 mg/kg plus 2 mg/kg*hr i.v. for 4 hours (N=6) or 0.9% NaCl 
in equivalent volumes as a control (con, N=6). Nal signifi- 
cantly increased MAP by 20-30 mmHg and LV dp/dt max by 400-800 
mmUg/sec over controls. Differences between nal and con groups 
remained significant during treatment (repeated measurement a- 
nalysis of variance) for MAP (F(1,10)=14.5, pc.003) and LV 
dp/dt max (F(1,9)=13.3, pc.005). Nal significantly enhanced 
survival at 48 hrs (6/6 alive cf l/6 con alive, pc.05). En- 
dorphins , acting on opiate receptors, are activated in and con- 
tribute to the cardiovascular depression in primate endotoxemia 
like other species. 
80-C-0094). 

(Supported by U.S. Army Contract DAMD-17- 
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IN VITRO MECHANICAL PROPERTIES OF SMOOTH MUSCLE FROM FELINE 
LOWER ESOPHAGEAL SPHINCTER (LES). N.W. Weisbrodt and R.A. 
Murphy, Dept. of Physiology, University of Virginia School of 
Medicine, Charlottesville, VA 22908 

The circular layer of the LES differs from most smooth 
muscles in developing a high level of spontaneous tone and 
undergoing relaxation when electrically stimulated. LES strips 
were connected to an electronic isotonic lever system. Spon- 
taneous tone after equilibration was 0.57kO.08 (SEM) x lo5 
N/m2 at the optimum length for force development (Lo). Active 
stress increased to 1.08+0.19 x lo5 N/m2 in the presence of 
10w6M carbachol. Field stimulation (8 Hz, 1 ms) for 30 s re- 
sulted in complete relaxation, and 95% of maximum stress was 
redeveloped within 30-60 s after stimulation ceased. Isotonic 
shortening velocity increased rapidly to a peak value 10 s af- 
ter cessation of stimulation and then rapidly declined. The 
maximum shortening velocities with no external load (V,) were 
0.121 20.032 at 10 s and 0.038+0.003 L,/sec at 10 min. The 
isotonic estimates of average crossbridge cycling rates were 
confirmed by similar changes in the rate of isometric force 
redevelopment with time following a 0.05-0.07 Lo step-shorten- 
ing. We conclude that the LES exhibits properties lobserved in 
arterial smooth muscle (Dillon et al., Science 211:495, 1981). -- 
The relaxing system rapidly inhibits crossbridge interactions. 
On cessation of stimulation, rapid crossbridge cycling occurs 
but this is converted to an economical slow cycling during 
maintained tone. [Supported by NIH grants HL19242, AM19886 
and DA00022.1 

PHOSPHORYLATION OF MYOSIN LIGHT CHAIN KINASE IN TRACHEAL SMOOTH 
MUSCLE. J.R. Miller* and J.T. Stull* (SPON: G. Weiss). Univ. 
Texas Health Science Center, Dallas, TX 75235 

Phosphorylation of smooth muscle myosin light chain kinase 
(MLCK) in vitro by the catalytic subunit of cyclic AMP- -- 
dependent protein kinase (C) is accompanied by a decrease in 
kinase activity at limiting concentrations of Ca2+*calmodulin. 
This has been postulated to partially mediate relaxation by 
agents which increase intracellular cyclic AMP. We have devel- 
oped a method for ass essing the extent of phosphorylation of 
MLCK in intac t smooth muscle (SM) based upon the ratio of MLCK 
activities measured in the presence of low (4 PM) and high 
(100 PM) concentrations of Ca2+, and 1 PM calmodulin. Phos- 
phorylation of purified MLCK from bovine aortic SM by C pro- 
duced a decrease in this activity ratio (AR) from 0.79 to 0.21. 
Incubation of a bovine tracheal SM homogenate with C similarly 
decreased AR from 0.68 to 0.32. When intact tracheal SM strips 
were treated for 5-6 min with 5 UM isoproterenol, which 
relaxes smooth muscle, a smaller but significant (p < 0.001) 
decrease in AR of the extracts, from 0.75 to 0.66, was 
observed. However, 80 mM KC1 and 0.1 PM carbachol, both of 
which elicit contraction, decreased AR, from 0.79 to 0.57 and 
from 0.81 to 0.62, respectively. The effects of these agents 
correspond to relatively small (1.5-2.7 fold) decreases in MLCK 
sensitivity to activation by Ca2+*calmodulin. Thus, there does 
not appear to be a clear association between the extent of MLCK 
phosphorylation and relaxation in tracheal smooth muscle. 
(Supported by NIH grant HL 26043) 

855 
MYOSIN PHOSPHORYLATION AND CONTRACTION OF AIRWAY SMOOTH MUSCLE 
WT. Gerthoffer* and R.A. Murphy. Dept. of Physiology, Univ. 
of Virqinia School of Medicine, Charlottesville, VA 22908 

The-hypothesis that Ca++ activates a crossbridge in smooth 
muscle by stimulating phosphorylation of the 20,000 dalton 
light chain of myosin (LC 29) was supported by a correlation 
between LC 20 phosphorylation and active stress in canine tra- 
chealis (deLanerolle & Stull, J. Biol. Chem. 255:9993, 1980). 
However, in the carotid artery, LC 20 phosphorylation correla- 
ted with isotonic shortening velocity and crossbridge cycling 
rate rather than developed stress (Dillon et al., Science 211: 
495, 1981). The latter study suggested that the mmight 
chain kinase/phosphatase system can arrest the crossbridge cy- 
cle in the attached state, maintaining force with high economy 
while slowing shortening velocity. We tested the applicability 
of this hypothesis to the rabbit trachealis, where short diffk 
sion distances (<lOOurn) allow detection of rapid changes in LC 
20 phosphorylation and shortening velocity. At 30 set after 
stimulation with carbachol, active stress was 0.6kO.12 (SEM)x 
lo5 N/m2 (0.73 Fo) at the optimum tissue length (Lo); shorten- 
ing velocity at zero afterload (V,) was 0.37 20.02 Lo/set, and 
LC 20 phosphorylation was 0.42tO.02 mol Pi/mol LC 20. However, 
at 5 min,active stress increased to 0.820.1 x lo5 ?j/m2 (0.96 
Fo),whileVo and LC20 phosphorylation declined to 0.24 iO.03 
L /set and 0.24?0.004 mol Pi/mol LC20respectively. We con- 
c ude that the regulatory scheme proposed for arterial smooth ? 
muscle may apply to other tonic smooth muscles. [Supported by 
NIH grants 2POl HL 19242 and F HL 5991.1 
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MYOSIN LIGHT CHAIN PHOSPHORYLATION AND PHOSPHORYLASE a FORMA- 
TION DURING CHANGES IN THE CONTRACTILE STATE OF TRACHEAL 
SMOOTH MUSCLE. P.J. Silver* and J.T. Stull* (SPON: G.B. 
Weiss), Univ. Tex. Hlth. Sci. Ctr., Dallas, Texas 75235 

The activity of phosphorylase kinase and smooth muscle myo- 
sin light chain kinase can be regulated by Ca2+-calmodulin or 
the CAMP system. This study relates temporal changes in phos- 
phorylase 2 (Ps a) formation and phosphorylation of the phos- 
phorylatable light chain (P-LC) of myosin with isometric 
tension (I.T.) development in intact strips of bovine tracheal 
smooth muscle during cholinergic and/or B-adrenergic stimula- 
tion. After recording changes in I.T., each strip (15 mg) was 
quick-frozen and assayed for Ps a levels [activity -AMP/+AMP] 
and P-LC phosphate content (PC) [mol P/mol P-LC] as shown: 

c;c+1* C;C+I C;C+I C;C+I c C;C+I 
time 0 15" 30" 1' 2' 3' 

I.T. (g) 0;O 3.5;0.8 6.7;l.g 9.7;3.9 11 11;6.3 
Ps at 
P-L? PC+ 

.16;.40 .33;.50 .45;.63 .61;.56 .59 .58;.61 

.13;.09 .25;.15 .35;.24 .75;.38 .55 .48;.30 
*C-l PM carbachol; C+I=pretreatment with isoproterenol (5 PM- 
5') followed by 1 F.IM C-- t% values-SEM range from .02-.05. 

These results show that increases in Ps a and P-LC PC reach - 
maximal values prior to the development of maximum I.T.; P-LC 
PC subsequently declines as Ps a and I.T. remain elevated. - 
Isoproterenol alone increases Ps 2 formation without affecting 
I.T. and also attenuates carbachol-mediated increases in I.T. 
and P-LC PC while not attenuating Ps a formation. - (Supported 
by NIH HL26043) 
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TEMPORAL RELATIONS AMONG ACTIVE ISOMETRIC FORCE (A!&, 
CAMP-DEPENDENT PROTEIN KINASES (cPKs) AND PHCX3PHORYI,- 
ASE (P’lase) IN BOVINE CORONARY ARTERIES. P. Galvas*. C. 
Kuettner*, -J. DiSalvo, and R. Paul (Spon.: D.L. 

I 
Kline) Depth 

Physiology, U. of Cincinnati, Coll. of Medicine, Cincinnati, OH 45267 
Vascular smooth muscle (VSM) contractility is tightly coupled to 

ATP production by intermediary metabolism. To elucidate 
mechanisms underlying coordination of metabolism and contractility 
we measured the time-course of APO, activation of cPKs and P’lase in 
VSM. Strips of bovine circumflex coronary artery were mounted for 
recording isometric force. The strips were contracted by addition of 
30mM KC1 (EDgO), frozen in liquid freon (-780C) at 2’,3’,10’,20’ and 30’ 
of contraction and homogenized in 20 ~01s. of buffer. Aliquots were 
analyzed for P’lase (activity ratio, -/+2mM 5’AMP) and cPKs (activity 
ratio, -/+2 PM CAMP) activities. A PO increased to maximal values 
within 6’-10’ of contraction and remained constant throughout the 
period of study. In contrast, P’lase activity increased to 
approximately 180% of the control value at 3’ (pc.05) and decreased 
significantly (p c.05) to about 140% of the control value at 20’ (p c.05). 
The activities of cPK isozymes-type I and type II-however, did not 
vary from control values at the same time points. These findings 
suggest that activation of P’lase during K+ induced contraction is 
independent of the CAMP system and may be attributable to Ca++ 
activation of the phosphorylase cascade. The decline in P’lase activity 
is of particular interest in light of the reported decrease with time in 
the phosphorylation state of myosin light chains of VSM during 
contraction, an effect presumably ascribable to an enzyme cascade 
similar to P’lase in terms of Ca++ and calmodulin dependence. 
Supported in part by NIH 22619, 23240, and 20196. 

BOVINE AORTIC MYOSIN LIGHT CHAIN PHOSPHATASE D.S. 
Gifford*, P. Roberts*, and J. DiSalvo. Dept. Physiol., Univ. C? 
Coll. Med., Cinn., OH 45267 

Contraction of a variety of smooth muscles, including vascular 
smooth muscle, is associated with phosphorylation of the 20,000 dalton 
myosin light chains (MLC). Moreover, relaxation is associated with 
dephosphorylation of MLC suggesting that such phosphorylation-de- 
phosphorylation cycles may participate in regulating contractility of 
smooth muscle. Although information regarding MLC kinases is 
accumulating rapidly, relatively little is known of MLC phosphatases. 
We partially purified aortic MLC phosphatase by procedures involving 
precipitation with (NH4)2S04, and ion exchange and affinity chroma- 
togra hy. 

!i 
The specific activity of the preparation was 0.1-1.0 

v mol 2P/mg/min when measured with phosphorylated MLC from bo- 
vine cardiac or rabbit skeletal muscle. Phosphorylated aortic myosin 
was also dephosphorylated but virtually no activity was manifested 
against a synthetic .substrate (p-nitrophenyl phosphate) or phosphoryl- 
ated histone IIA. Enzymic activity was unaffected by Ca++ (.l-5mM) 
but it was progressively and markedly inhibited by either ATP (.5- 
8mM), Mn++ (l-20mM) or Mg++ (l-20mM). However, further purifica- 
tion eliminated sensitivity to Mg++ perhaps suggesting that Mg++ 
dependent modulators of MLC phosphatase exist in aortic muscularis. 
This mammalian MLC phosphatase may function in modulating cont- 
ractile responses in vascular smooth muscle. (Supported by NIH grant 
HL20196). 
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THE ABSENCE OF A CHANGE IN PHOSPHAGEN LEVELS IN VASCU- 
LAR SMOOTH MUSCLE DURING CONTRACTION. J.M. Krisanda 
and R.J. Paul Department of Physiology, University of Cincinnati, 
College of Medicine, OH 45267 

Active isometric force (AP,) in vascular smooth muscle (VSM) is 
critically dependent on oxidative metabolism. The rate of oxygen 
consumption during maintenance of maximal APO is nearly twice the 
basal level. Stimulation of oxidative phosphorylation has been correl- 
ated with changes in the [ATPI / [ADP I [Pi] ratio in other tissues. We 
tested the h 
tion is 

pothesis that a change in the [ADP 1 free during contrac- 
suf icient to stimulate oxidative phosphorylation in VSM. i! 

Media strips from porcine carotid artery were equilibrated in Krebs- 
PSS at 37oC, at lo where the average AP,, stimulated with 50mM KCl, 
of 165 9 mN/mm2 (n=13) was attained with a t$ of 2.OkO.2 min. 
Strips were rapidly frozen in freon cooled in liquid N2 at 0, 0.5, 1 and 
15 min. after K+-depolarization. Methanol-EDTA extracts of the 
frozen tissues were analyzed usin 

f: 
an LKB Analytical Isotachophor. 

Basal [ATP 1, [ADPI and [PCr were 0.57 20.03, 0.20+ 0.02 and 
0.79kO.05 pmol/gm wet wt., (n=24). No significant changes from these 
values were observed during stimulation suggesting that a change in 
the A DP free does not correlate with the elevated rate of oxidative 
metabolism. Assuming that the Lohman reaction is in equilibrium 
(Keq=20), one can calculate using the measured [ Cr Itotal = 
2.34 20.19 mol/gm wet wt. (n=4) an [ADPI free of 56uM, which is 
similar to values reported for skeletal muscle. In the absence of a 
detectable change in the [ADP 1 free during contraction we conclude 
that alternate mechanisms, such as changes in [ Ca2+1 i or [Pi] i, may 
be operating to couple AP, with oxidative metabolism in VSM. 
(Supported by NIH 1 F32 HL06051-01, AHA 78-1040 and NIH 23240.) 
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EFFECTS OF CALMODULIN (CaM) CAMP-DEPENDENT PROTEIN 
KINASE (cPK) ON THE Ca 2+ SENSITIVITY OF SKINNED VASCULAR 
SMOOTH MUSCLE. J. Caspar R&g* and Richard J. Paul, Depart- 
ments of Physiology University of Heidelberg (FRG) and Universitv of 
Cincinnati, College-of Medicine, Cincinnati, OH 45267. 

Recent work on VSM actomyosin has indicated that the Ca2+ 
sensitivity of both ATPase and superprecipitation are affected by CaM 
and cPK. Using a “chemically skinned” arterial preparation, we have 
extended these observations to the intact structured contractile 
system. Media from hog carotid artery was cut into strips approxi- 
mately lmm wide, which were fixed at 1.25 slack length and treated at 
OoC with an EGTA-isosmotic relaxing solution (RS), RS + 1% Triton X- 
100, followed by a 50% glycerol-ATP salt solution, in which the strips 
were stored at -25OC. Small strips (.l-.3mm d.) were teased and 
relaxed in a Mg-ATP salt solution, pH 6.7, Ca2+ < lo-8M, 30°C. 
Ca2+ elicited a contraction with an ED50 of 10’6M. Isometric force 
was between l-4mN, consistent with the force observed before 
skinning. With time, the preparation became less sensitive with an 
increase in ED50 to 10’5.7M. CaM (4pM) reverses this loss, stabilizes 
the preparation and sharply accelerates the rate of tension develop- 
ment. The ED50 in the presence of 4pM CaM shifts to about 10 -7M. 
This effect is dose-dependent with the half maximal effect at about 
0.4pM CaM. Submaximal Ca2+ contractions can be reversibly depres- 
sed by preincubation of relaxed fibres with cPK catalytic subunit 
(300U/ml), even in the presence of 4pM CaM. An inhibition of about 
SO% of the contraction at 0.2 PM Ca2+was obtained, whereas only 20% 
inhibition was found at 6pM Ca2+. Supported in part by NIH 23240, 
22619, AHA 78-1080, and DFG-RU-154/14-l. 
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THE EFFECT OF REPETITIVE STIMULATION ON MYOSIN P-LIGHT CHAIN 
PHOSPHORYLATION IN SITU. G.A. Klug*, B.R. Botterman*, and 
J.T. Stull* (SPON: G.B. Weiss), Univ. of TX Hlth. Sci. Ctr., 
Dallas, Texas 75235 

Calcium-dependent phosphorylation of the P-light chain of 
myosin (P-LC) has been shown to be correlated to post-tetanic 
potentiation of twitch tension. The purpose of this study 
to determine if a similar relationship exists between P-LC 
phosphorylation and the potentiat ion of twitch tension 
observed in the rat gastrocnemius muscle during repetit 
stimulation (staircase phenomenon) of the sciatic nerve in 
situ. The magnitude of P-LC phosphorylat ion was found to be a 
function of stimulus frequency as phosphate content increased 
from a control value of 0.18 mol phos/mol P-LC to 0.52 and 
0.80 following 100 pulses at 1 Hz and 20 Hz, respectively. 
The time course of phosphorylation measured at 5 Hz was char- 
acterized by an initial rapid increase during the first four 
set (0.18-0.43) followed by a secondary gradual increase 
(0.43-0.71 over 12 set). Potentiation of isometric twitch 
tension displayed a time and frequency dependence similar to 
that of phosphorylation. Maximum twitch tension increased to 
180% of control and l/2 relaxation time decreased 20% during 
the period of maximum P-LC phosphorylation whereas contraction 
time remained unchanged. These data demons trate that in situ 
phosphorylation of P-LC can occur with low frequency stimula- 
tion with a time course and frequency dependence that would 
permit myosin phosphorylation to play a role in the alteration 
of twitch characteristics during low frequency stimulation. 

ive 

was 

IMPARED ENERGY TRANSPORT IN THE MYOCARDIUM OF PHOSPHATE 
DEPLETED (PD) RATS. N, Brautbar, R.~ l3aczsi.*, P. Geiger* 
and S.G. Massry. Dept. Med., Div. Nephrol., USC Sch. of Med. 
Los Angeles, Ca. 90033 

Myocardial dysfunction occurs in PD but the molecular 
basis is not understood. Myocardial ATP remains unchanged af- 
ter 4 and 8 weeks (W) of PD, but fell at 12 W of PD. While CP 
was reduced at 8 and 12W. Suggesting: intact ATP production 
but impaired energy transfer. This study examined this ques- 
tion by evaluating mitochondrial function from hearts of PD 
and control (C) rats, after 4, 8 and 12W. Respiratory control 
rate was not altered 13.6k1.3, lO.O+l.O, 15.8u.8 in PD rats 
vs 15.221.8, 12.721.7, 17.3+1.0fSE in C at 4, 8 and 12W re- 
spectively. ADP:O ratio in PD 3.6ko.12, 3.620.7, 3.5kl.O was 
not different from C 3.620.2, 3.61to.2, 3.320.09 SE. Oxygen 
consumption Q02 was significantly reduced in PD rats 65.4t4.0, 
82.ok8.0 vs 94.0?10.0, 114.0t9.2 SE nmoles per mg protein. 
CPK activity was markedly reduced in PD 1.05+0.1, 0.86kO.05, 
0.7720.08 vs 1~QO.12, 1.5&0.20, 1.6kO.08: SE IU/mg protein 
(pco.01). The results show: 1) ATP production via oxidative 

phosphorylation is intact 2) energy transport through the CPK- 
CP shuttle is impaired. The data suggest that the initial 
step leading to myocardial dysfunction during PD is impairment 
in energy transport from mitochondria to cytosolic compart- 
ments. 
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CHANGING STEADY STATE ATPASE ACTIVITY OF CONTRACTING ACTOMYO- 
SINS. G. Kaldor and W. J. DiBattist$. VA Medical Center, 
Allen Park, Michigan and Wayne State Univ., Detroit, Michigan. 

Previous work done in this laboratory showed that the "extra- 
phosphate production" of the superprecipitating actomyosins 
14 nmole per nmole actomyosins (Physiol. Chem. and Phys. 6, 
67, 1974). This "burst" is 7 times higher than the stochio- 
metric "burst" and, therefore, it was difficult to explain on 
the basis of presteady state phosphate production. A filter 
was attached to the Durrum Multi-mixing System right after the 
second mixer. Actomyosin and ATP were mixed in the first mixer 
and interaction was permitted to proceed in the delay time. 
After various time intervals the actomyosin was forced through 
the second mixer and retained on the filter. 

The actomyosin was removed from the filter, washed and analyzed 
for protein and phosphate. This method showed 2 nmoles of 
phosphate per nmole of actomyosin. Thus the "high extraphos- 
phate production" was not caused by increased "presteady state 
burst". Analysis of the filtrate showed that the superpre- 
cipitating actomyosin during the first 800 millisecond has 
very high "steady state" ATPase which continuously decreases 
to the "steady state" level of the "superprecipitated" acto- 
myosin. This initial high ATPase activity of the "contracting" 
actomyosin was not demonstrated with myosin, NMM, denatured 
actomyosin and 85% of it was missing when previously super- 
precipitated actomyosin was used instead of the native protein. 

DI- IN F/G ACTIN RATIOS IN VA%XIAH ANDSTHIATED 
mm. C.L. &i&l, M. Snabes* and Janis M-d*. Dept. of 
&dicine, Baylor College of Medicine, Houston, Texas 77030 

Many of the characteristics of smooth muscle contractile 
proteins are more similar to non-muscle than to striated muscle 
proteins. Because non-muscle tissues exhibit a low filamentous 
to globular (F/G) actin ratio, the nature of this ratio in 
smooth muscle is of interest, both from a comparative and 
functional standpoint. Rat aorta, gastrocnemius and left ven- 
tricular muscles were homogenized under conditions favoring F- 
actin foxn-ation (15QnM NaCl, m1 MgCl2, 5mM QHEQ4, 0.2rW A'IP, 
0.%4 MT, 0.5% triton, pH 7.6, 4OC). After centrifugation at 
2500 xg, the supernatant was analyzed for Gactin by determi- 
ning its inhibition of DBase I activity relative to that of 
known amounts of purified G-actin. This determination was 
made before and after treatment of the supernatant with 1.514 
guanindine-HCl (depolymerizes F-actin) and indicates G and 
total actin, respectively, with the difference being F-actin. 
The amount of G (X total) was 11 + 2, 13 + 2 and 39 + 5 for 
skeletal, cardiac and vascular, resptively (pcO.05 relative 
to vascular) giving F/G ratios of 9:1, 8:l and 2:l. These 
differences in F/G ratio between mth and striated muscles 
may reflect differences in the conditions necessary for actin 
polymeriation, as has been suggested by other investigators, 
or may reflect differenc;es in the in situ filamentous organiza- 
tion of actin such that smooth musxexin is rrore similar to 
non-muscle actin. (Supported by NIH HL 25349). 
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MICROCOMPUTER DEMONSTRATION OF PHARMACOKINETICS. 

James E. Randall and Donald J. Costello.* Indiana -Be 
Univers=ySchool of MieBloomington, 47405. 

Biomedical students frequently have difficulty 
with dynamic concepts, such as the plasma level of 
a drug as a function of time. Microcomputers can 
now provide graphic simulations in which 
hypothesized changes in drug kinetics and dosage 
regimes may be demonstrated in the lecture room and 
for individual study. An instructional program has 
been written which is based upon a single 
compartment model with single first-order 
absorption and elimination rates. The program asks 
for the size of the initial dose, the size and 
frequency of booster doses, and half-lives of the 
absorption and elimination processes. Video 
monitors display the computed plasma concentrations 
over time spans matched to the concepts being 
explored. Concepts of loading doses and long-term 
steady state with multiple doses are much easier to 
grasp from graphic presentations. Demonstrations 
also include the effects of different modes of 
administration and matching doses to half-lives to 
maintain a desired steady-state concentration. 
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SATELLITE SYMPOSIUM 
SUNDAY, AM CONTROL OF VENTILATION - COMPARATIVE 129 

1 
PERFORMANCE OF GAS EXCHANGE ORGANS OF VERTEBRATES 
J. Piiper. Dept. Physiol., Max Planck Institute 
for Experimental Medicine, D-3400 Gijttingen, FRG 

The performance of the various gas exchange organs 
of vertebrates is determined by a number of factors 
(J. Piiper and P. Scheid: Internat. Rev. Physiol., 
vol. 14, 219-253, 1977). The following factors will 
be analyzed on the basis of specific examples. 

(1) The external respiratory medium: water or air. 
(2) The magnitude and the nature (tissue, water, air) 

of the resistance to gas transfer between the 
external medium and blood. 

(3) The arrangement of external medium and blood flow 
directions at the site of gas exchange (counter- 
current, cross-current, ventilated pool). 

(4) The extent of functional inhomogeneity. 

3 

EFFECTS OF HYPOXIA ON SEA BASS (Morone labrax). 
and S Thomas. 

An extracoporeal circulation has been used for continuous 
recording of arterial P 

8 
2, PCC , and pH. Moderate hypoxia 

(40 nmHg) is accompanie by a zespiratorr alkalosis, fHe 
increases from 8.0 to 8.13 associated wi h hyperventi a ion 

t;Q &'L!~)pp2' Blood lactate concentration 
s unchanged but rises if the ypoxia is 

continued for 24 hours; pHa falls to 7.86 and ventilatory 
frequency increases. 
Deep hypoxia (10 nmHg) was sustained for 60 mins during which, 
following an initial brief increase, pH, returns to normal 
levels as lactate concentration rises and metabolic acidosis 
develops. On return to normoxia there is a very marked 
decrease in pHa (8.0 - 7.73) and rise in lactate (6.2 meg.L") 
during the first 5 mins. Recovery of P 02 from levels below 

k 
is more rapid than recovery of P 

flual 
e0 

it 
associated with 

hyperventilation indicate that t e fish is paying- 
off an oxygen debt because of persistent lactate 
(4.63 meq.L-1) in the blood 1 hour later. These results will 
be compared with those obtained with rainbow trout under 
comparable conditions. 

5 

THE EFFECT OF INSPIRED GASES, BODY TEMPERATURE AND BILATERAL 
VAGOTOMY ON VENTILATION IN SNAKES. Ronald K. Gratz and Jay 
B. Dean. Department of Biological Sciences, Michigan 
Technological University, Houghton, Michigan, 49931. 

Water snakes (Genus Nerodia) increase tidal volume (Vt) but 
decrease respiratory frequency (Fresp) in response to 
breathing increased concentrations of CO2 in air (2 - 6% 
FiC02). Hypoxic breathing (to 5% Fi02) elicits the same 
response. In neither case does oxygen consumption (MO2) 
change significantly. Increased body temperature from 15 to 
300C results in an approximately 8-fold increase in oxygen 
c?nsumption (MO2) but only a Q-fold increase in ventilation 
(V), the latter being due almost entirely to an increase in 

Fresp. Arterial pH changes by a factor of -0.024 units/oC 
over this temperature range. While breathing 5.2% CO2 in air, 
the snakes' arterial pH changes by a factor of -0.034 units/OC 
over the same temperature range. Bilateral vagotomy results 
in a markedly increased Vt but a much reduced Fresp in snakes 
breathing room air. Breathing 5.2% CO2 following vagotomy 
produces no further change in Vt but does produce a further 
reduction in Fresp. 

2 

ACISBASE STRESS AND CENTRAL CONTROL OF VENTILATION IN TURTLES. 
Bernard M. Hitzig and Eugene E. Nattie. Dept. of Physiology, 
Dartmouth Medical School, Hanover, N.H. 03755 

Central chemical control of ventilation has been demonstra- 
ted in the turtle, Pseudemys scripta. It has also been shown 
that the central response consists of alterations in breathing 
frequency (f), To assess the effects of hypercapnia and/or an: 
oxia on the central ventilatory response, 3 groups of adult 
Pseudemys (l-2Kg; n=6/group) were subjected to 2 hrs of nitro- 
gen (N2) breathing, hypercapnia (8% CO2 in air), or hyp$rcapnia 
plus anoxia (8% CO2 
dal volume (VT), and 

in N2). Respiratory minute volume (V,), ti- 
f were continuously measured. At the end 

of 2 hrs arterial blood and cerebrospinal fluid (CSF) acid-base 
variables were measured. Results show that after the 1st .5 hrs 
f was elevated 2.5 times control in all groups. However, f fell 
to control values by the end of the 1st hr of anoxia, while 
rising continually in hypercapnia to 3.1 times control by 2 
hrs. Anoxia plus hypercapnia increased f to 2.5 times control 
which was maintained for 1.5 hrs and then decreased to 1.8 tim- 
es control during the final .5 hr. tE followed the same pattern 
as f, while VT was elevated to similar levels in all groyps. 
These experiments show that after 2 hrs f and therefore V 
not behaving as a single function of CSF pH since it was E 

are 
owes t 

(7.10) in anoxia plus hypercapnia, slightly higher in anoxia 
(7.19), and highest in hypercapnia (7.37). Our results strongly 
suggest that the central effects of anoxia (accumulation of 
lactate in CSF) produces centrally mediated ventilatory changes 
in a fundamentally different way than hypercapnia in Pseudemys. 

4 

RESPONSE TO HYPERCAPNIA OF TRACHEAL AND INTF?APUL:?ONARY AIRHAY 
STRETCH RECEPTORS IN NEWBORN PUPPIES. John T. Fisher and Giu- 
seppe Sant'Ambroqio. Dept. of Physiology and Biophysics, 
U.T.K.B. Galveston, Texas 77550. 

We have recorded action potentials from single vagal fibers 
originating from aimday slowly adapting stretch receptors in 
3 newborn puppies anesthetized with a mixture of chloralose 
and urethane, with the chest open and artificially ventilated. 
Both vagus nerves were cut in the neck and the pressure in the 
trachea was also recorded. Four slowly adapting stretch recep- 
tors, localized in the trachea, were inhibited by carbon dio- 
xide (10% in the inspired air): their discharge in expiration 
being more affected (15% of control) than that in inspiration 
(71% of control). Eiclht slowly adapting stretch receptors were 
localized within the-lung parench,yma and found to remain lar- 
gely unaffected by carbon dioxide.!dith carbon dicxide inhala- 
tion there were marginal chanqes,in both directions,of the tra 
cheal pressure with no apparent relationship with the mocifi- 
cations in receptors discharge. Therefore the action of carbon 
dioxide on airway stretch receptors appears to be quite diffe- 
rent in newborn and adult dogs.In fact in this latter croup 
bronchial, but not tracheal stretch receptors, are inhibited 
by carbon dioxide (Bartlett and Sant'Anbrcgio, Res:ir.Physiol. 
26: 91, 1976). 

Supported by N. I .H. grant HL-20122. 

6 
THE EFFECT OF BODY TEMPERATURE ON VENTILATORY SENSITIVITY TO 
CO2 IN THE ALLIGATOR, A. MISSISSIPIENSIS. D. G. Davies. 
Department of Physiology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 

Changes in minute ventilation and blood acid-base balance 
were measured in 6 conscious alligators during hypercapnia at 
15, 25 and 35°C to determine whether body temperature affects 
ventilatory sensitivity to C02. Three definitions for vent- 
ilatory sensitivity were used: 1) A+E/APaCO2; 2) A(9~/902)/ 
ApaC02; 3) A($E/?D2)/Aapr, where aPr is the fractional diss- 
ociation of blood imidazole. Results: A+E/APaC02 was greater 
at 35'C than at either 15 or 25°C while A&/io2)/APaC02 was 
greater at 15°C than at either 25 or 35°C. However, the 
values for A($E/qo2)/Aapr were similar at each temperature. 
It is concluded that the interpretation of the effect of body 
temperature on ventilatory sensitivity to CO in the alli a- 
tor depends on the definition for sensitivit % 9 used in ana y- 
sis. (Supported by USPHS, NIH grant HL 25984.) 
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7 
NARIAL RESISTANCE DURING BUCCAL AND LUNG VENTILATION IN Bufo 
marinus. Ronald M. Jones, Department of Physiology, Dartmouth 
Medical School, Hanover, NH 03755. 

The external nares rarely close completely during positive 
pressure lung filling in B. marinus. Simultaneous measurement -- 
of airflow at the nares and transnarial pressure revealed con- 
tinuous airflow (out) during lung emptying (nares open] and 
the subsequent lung filling (nares partially closed). VE mea- 
sured at the nares is consistently greater than VB from the 
lungs because the buccal contents are being simultaneously 
forced into the lungs and out the partially closed nares. 

The relation between narial resistance and ventilatory 
parameters during hypercapnia was investigated to determine if 
control of the narial aperture is an important variable related 
to the volume of air transferred to and from the lungs and buc- 
cal cavity. Buccal f decreased (73/min + 30/min) and buccal TE 
increased (0.28 + 0.41 set) when breathing 2% C02. Mean narial 
resistance was 0.11 cm H20/1-min, maximum narial resistance 
was 0.12 cm H20/1-min, and both were uninfluenced by C02. 

Lung ventilation f increased with 2% CO2 (5.3 + 20.8/min). 
TB of lung ventilation cycles (time for expiratory airflow at 
the nares) remained constant (about 0.45 set) while VTB(at the 
nares) increased from 0.73 + 0.90 ml/lOOg. Mean narial resis- 
tance during lung ventilations decreased from 1.04 to .48 cm 
H20/1-min with 2% C02. Maximum narial resistance during lung 
ventilations was unchanged. It is concluded that the nares may 
remain open for a longer proportion of each lung ventilation 
cycle during hypercapnic hyperpnea. 

9 
Neuroepithelial cells in fish gill primary lamellae: a 
possible 02 sensor. P. Laurent, S. Dunel-Erb" and Y. Baillyf 
LPCR, CNRS, BP20CR, 67037 Strasbourg, France. 

Falck and Hillarp method reveals numerous yellow-fluorescent 
aminergic cells within the gill primary epithelium. Cells 
are isolated or clustered and supported by the epithelial 
basal lamina but they never reach the external medium. They 
are found exclusively on the internal side of the lamellae 
facing the respiratory water flow. With the electronmicroscop 
these cells are found to contain granular vesicles of 80 to 
100 nm, they have a round nucleus and clear cytoplasm. 
Sometimes basal part of the cell threads its way through 
interrupted basal lamina down to subepithelial region. Nerve 
profiles displaying a green fluorescence are consistently 
found close to the granular cells. With the electronmicroscop 
nerve terminals are seen crossing the basal lamina finally 
ending on vesiculated cells. These terminals display 
granular and agranular vesicles and are in direct contact 
with the cells. Specific membrane alterations are suggestive 
of efferent synapses. These neuroepithelial cells remind 
neuroepithelial bodies of lung airways in mammalian and 
submammalian Vertebrates as well as carotid bodies type I 
cells. Structure and localization are suggestive of an 
external 0 2 sensor. 

8 
TM RESPIRATORY ROLE OF THE CARDIAC CHRONOTROPIC RESPONSE TO 
HYPOXIA AND ITS NERVOUS CONTROL IN THE DOGFISH SCYLIORHINUS 
CANICULA. E.W.Taylor and P.J.Butler, Zoology & Comparative 
Physiology, University of Birmingham, Birmingham B15 2TT, U.K. 

During hypoxia the dogfish exhibits a reflex bradycardia 
accompanied by an increase in stroke volume such that cardiac 
output is unchanged except at the slowest heart rates. Card- 
iac vagotomy abolishes the bradycardia and reveals that it can 
serve to increase blood oxygen saturation during hypoxia and 
decrease apparent power output by the heart, thus reducing 
oxygen demand. Anaesthetised, decerebrate dogfish were infus- 
ed with a relaxant. The cardiac nerves were exposed via a 
lateral incision into the anterior cardinal sinus and lifted 
clear of the blood flowing along the floor of the sinus. En 
passant activity included small units firing continuously at 
2-4 sec’l and larger units which fired in bursts of 5-8 spikes 
per burst at approximately 2 second intervals. These bursts 
were synchronised with ventilatory movements of the pharynx 
and may serve to optimise the concurrence of periods of most 
rapid flow of blood and water over the counter-current gas 
exchange system at the gills. When the level of relaxant was 
increased in order to reduce ventilatory movements the bursts 
decreased in frequency and number of spikes and could be 
abolished. Occasional events such as a 'cough' or violent 
expiration, were accompanied by a burst of activity in the 
cardiac vagus and cardiac slowing. During hypoxia there was 
a bradycardia accompanied by an increase in the rate of firing 
of the small units to 10 set -1. 
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10 
Significance of unidirectional ventilation for avian 
pulmonary gas exchange. P. Scheid, Abteilung Physiol. 
Max-Planck-Inst. f. exp. Med., D 3400 Goettingen,FRG 

Airflow through the open-ended parabronchial 
tubes of avian lungs is unidirectional, i.e. assumes 
the same flow direction during both inspiration and 
expiration (cf. Scheid, 1979). Although theoretical 
and experimental evidence predict independence of 
gas exchange efficacy on flow direction in the iso- 
lated parabronchus, the effect of unidirectional, as 
opposed to bidirectional, ventilation is to reduce 
the respiratory air shunt (equivalent to alveolar 
dead space ventilation). In fact, with bidirectional 
flow, the entire cranial air sac ventilation would 
by-pass the parabronchi. Further reduction in respi- 
ratory air shunts with unidirectional ventilation is 
provided by the following functional valving mecha- 
nisms for which recent experimental evidence has 
been provided: (1) No inspiratory flow from main 
bronchus into ventrobonchi; (2) No (or little) ex- 
piratory flow from caudal air sacs through main bron- 
chus, past parabronchi. It is concluded that the uni- 
directional ventilation, in conjunction with the 
functional valving, is advantageous for pulmonary 
gas exchange in the avian respiratory tract. 

Scheid, P.: Mechanisms of gas exchange in bird lungs. 
Rev. Physiol. Biochem. Pharmacol. 86: 137-186, 1979. 

12 
Effects of changes in lung CC021 on the timing and amplitude 
of the ongoing breath in awake Roosters. T.L. Clanton, 

G.O. Ballam, R.K. Moore, A.L. Kunz. Ohio State University 
Department of Physiology, Columbus, Ohio 43210. 
The breathing patternsof birds appear to depend in part upon 
feedback from intrapulmonary chemoreceptors which can be 
stimulated by changes in CC021 within the lungs (FLCOz). In 
an attempt to study the reflex effects of stimulation of 
these receptors, we have given brief pulses or step changes 
of FLC02 in the gas blowing through the lungs of unidirection- 
ally ventilated roosters and observed the effects on the 
pattern of the ongoing breath. Within 200 to 500 msec., a 
noticeable change in inspiratory or expiratory airflow 
occurred; increases in FLC02 caused airflow and tidal volume 
to increase while decreases in FLC02 caused airflow and tidal 
volume to decrease. Expiratory duration (TE) was prolonged 
by decreases in FLC02 and shortened by increases, whereas 
inspiratory duration (TI) was not appreciably altered. When 
the amplitude of the steps was changed, the responses changed 
almost proportionally. When the time in which pulses were 
given within the breath cycle was changed, the response 
often reached a peak at mid-cycle. The results are consis- 
tent with a first order model coupling FLC02 and respiratory 
motor output. (Supported in part by NHLBI Grant HL23780 
and Central Ohio Heart Chapter, AHA). 

14 
GAS EXCHANGE DURING HIGH FREQUENCY VENTILATION OF THE CHICKEN. 
LB. BanzettangJ.L. Lehr#, withmtechnicalassistancepf 
B.A. Geffrov. Harvard School of Public Health, Boston, MA 
02115. 

High frequency ventilation (HFV) at 1 to 30 Hz Is capable 
of maintaining adequate gas exchange in humans and dogs with 
tidal volumes substantially less than dead space. We 
evaluated the effectiveness of gas exchange in the avian lung 
by comparing CO 

T 
elimination during various frequencies and 

tidal volumes o HFV with CO2 elimination during conventional 
mechanical ventilation. Anesthetized adult roosters were 
tracheotomized and paralyzed. Approximately sinusoidal 
oscillations were applied at the tracheal cannula and their 
amplitude was determined by Integrating the output of Fleisch 
pneumotachograph calibrated to 30 Hz. A bias flow provided 
fresh gas at the top of the tracheal cannula. CO2 concentra- 
tion was measured In the exiting bias flow. Three conclusions 
emerge from the data. 1) HFV enhances gas transport in the 
chicken, as it does in mammals. 2) At low oscillatory flows 
(amplitude x frequency) CO 
quency and tidal volume, ii 

elimination depends on both fre- 
w ile at higher flows CO2 elimination 

depends almost entirely on tidal volume. The flow at which 
this transition occurs Is relatively lower than in humans and 
much lower than in dogs. 3) HFV at volumes below dead space is 
usually not capable of maintaining adequate gas exchange in 
the chicken In contrast to results in dog and man. (Supported 
by NIH grants HL14580 and HL26566) 

11 
EFFECTS OF DEAD SPACE ON CAUDAL AIR SAC GAS COMPOSITION IN THE 
GOOSE. M.R. Fedde, R.E. Burger*, J. Geiser*, R.K. Gratz*, J.A. 
Estavillo* and P. Scheid, Dept. Physiol., Max Planck Inst. 
Exp. Med., D-3400 Gottingen, W. Germany. 

The relative contributions of gas exchange by neopulmonic 
parabronchi and reinhalation of dead space gas to the high CO2 
and low 0 2 concentrations in the caudal air sacs is currently 
under debate. We altered the dead space in adult, anesthetized 
geese and observed the influence on ventilation, air sac gas 
concentrations and arterial blood gases. Changing the dead 
space from low values (about 3 ml, by allowing the bird to in- 
hale through its mouth or tracheal cannula and exhale out a 
clavicular air sac cannula) to high values (>lOO ml, by adding 
tubing to the tracheal cannula) caused a marked increase in VT, 
c, and V,/V, ratio but very little change in respiratory fre- 
quency 9 effective ventilation, arterial blood gases and pH, O2 
and CO concentrations in end-expired, clavicular or cranial 
thorac 1 c air sac gases, and respiratory exchange ratio (R) in 
these gases. There were progressive increases in [CO21 and 
decreases in [0 ] and R values in the gas of the caudal thora- 
tic and abdominil air sacs with added dead space, with larger 
R values in the abdominal than in the caudal thoracic air sac 
gas. CO concentration was approximately 2 to 2.5% greater 
in these2sacs than predicted if the CO came only from rein- 
haled dead space gas. We conclude tha? a significant propor- 
tion of the CO2 in the caudal air sacs is derived from.gas ex- 
change in the neopulmo and that there are different V/Q ratios 
in the exchange system leading to these two sacs. 

13 
LIMITATIONS OF GAS EXCHANGE IN AVIAN LUNGS. Frank L. Powell 
and Peter D. Wagner. Dept. of Med., Univ. of Calif., San 
Diego, La Jolla, CA 92093 

To better understand gas exchange in bird lungs, the ef- 
fects of t/o inequality on 02 and CO2 exchange in cross- 
current lungs were studied using a computer model which in- 
corporated physiologic dissociation curves and the Bohr- 
Haldane effect. Q was considered uniform along a cross-cur- 
rent gas exchange unit, viz. parabronchus, and inhomogeneity 
was introduced between parabronchi. Acutely increasing the. 
standard deviation (a) of log normal distributions of V or Q 
reduced both 02 and CO2 transfer quantitatively similarly to 
alveolar lungs. In steady state, CO2 transfer is less affec- 
ted by inequality in that the negative (E-a)02 predicted for 
homogeneous cross-current lungs is abolished at a=0.5, but 
the negative (a-E)C02 persists to a=1.2. The consequences 
of Q/G maldistribution as determined with the multiple inert 
gas elimination technique in 3 normoxic geese were also mo- 
deled. (E-a)02 was positive, in contrast to ideal cross- 
current predictions, but (a-E)C02 was negaFi?e similar to log 
normal model predictions for mild (u=O.6) V/Q inequality. 
However, modeled (E-a)02 was always more negative than mea; 
sured differences suggesting that other factors besides V/Q 
inequality (e.g. diffusion impairments) may reduce normoxic 
02 exchange efficacy in birds. This latter finding is in 
contrast to healthy men or dogs under similar conditions. 

15 
EFFECTS OF CO2 AND AIR SAC VOLUME ON THE ACTIVITY OF MEDULLARY 
RESPIRATORY NEURONS OF THE CHICKEN. E.K. Tlichal, G.O. Ballam, 
and A.L. Kunz. Dept. of Physiol. Ohio State University, 
Columbus, Ohio 43210. 

Much is known about rapid pulmonary reflex responses to 
changes in CO2 concentration and stretch in birds. The affer- 
ent limb of these reflexes has been studied and the functional 
characteristics of intrapulmonary chemoreceptors described. 
14uch is also known about the effector response of these 
reflexes; but little is known of the information processing 
within the CNS, which connects the two limbs. This is a pre- 
liminary report on a study investigating these reflexes through 
extracellular recordings of the activities of neurons in the 
medulla of the chicken. Decorticate, upright, unanesthetized 
roosters were stereotaxically positioned for neural recording. 
Breathing movements were recorded by measuring sternal position 
and air sac pressure. During unidirectional ventilation, the 
insufflated CO2 concentration and air sac volume could be 
altered independently. The effects of steady state and pulsed 
changes were studied. Both inspiratory and expiratory units 
were recorded. Most decreased firing rate when [CO2] was 
decreased and increased firing rate when [CO2] was increased. 
These changes occurred within 300 msec of the [CO21 change at 
the trachea. Expiratory units were responsive to stretch 
inputs, increases in volume causing excitation. Supported 
by NHBLI Grant #HL 23780. 
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EFFECT OF CARDIOVASCULAR VARIABLES ON HYPERPNEA DURING 
RECOVERY FROM DIVING IN DUCKS. Richard Lillo and David R. 
Jones. Zoology Dept., University of British Columbia, 
Vancouver, B.C., Canada. 

DEPOSITION AND CLEARANCE OF INHALED AEROSOL IN THE RESP- 
IRATORY TRACT OF CHICKENS. George A. Mensah*and Joseph D. 
Brain, Department of Physiology, Harvard School of Public 
Health, Boston, MA. 02115. 

Sixteen unanesthetized adult White Leghogkhens (Gallus Control of hyperpnea during recovery from diving in 
unanesthetized White Pekin ducks, Anas platyrhynchos, was 
examined. Post-dive minute ventilation (VE) increased 5 
times regardless of the length of the precluding dive (l-4 
min) although longer dives resulted in slower return of 
ventilation towards pre-dive levels. Manipulation of 
arterial blood gases showed that both hypoxia and 
hypercapnia contributed to hyperpnea on emergence. 
Although chronic bilateral carotid body denervation 
depressed VE before and after diving, VE still 
increased 4 times after 1 min dives. Post-dive hyperpnea 
was accompanied by dramatic elevations in heart rate, 
cardiac output, and the ventilation/perfusion ratio. 
However, artificially maintaining heart rate at abnormally 
low levels did not affect the post-dive hyperpnea. In 
addition, post-dive hyperpnea was unaffected by systemic 
arterial baroreceptor denervation. Post-dive hyperpnea in 
ducks depends on blood gas changes occurring during a dive 
yet a substantial part of the response is independent of 
input from carotid body chemoreceptors and the 
accompanying rises in heart rate and cardiac output. 

18 

EFFECT OF [co,] CHANGES ON VOLUME TIME THRESHOLD (vTT) CURVES 
IN CHICKENS. G.O. Ballam, T.L. Clanton and A.L. Kunz. Dept. 
of Physiology, Ohio State University, Columbus, OH 43210. 

We have previously demonstrated that in birds, both the 
I+E and E-t1 phase switches are triggered by the bird's volume 
crossing a threshold value, which changes with time. The 
present study was to determine if these volume thresholds are 
CO2 dependent. Awake, White Leghorn roosters were unidirec- 
tionally ventilated with rates of inspiratory and/or expira- 
tory air flows that could be mechanically limited. The [CO,] 
of the insufflated gas was then raised or lowered 5 to 1% for 
a period of 2 minutes. VTT curves were generated by repeating 
this CO2 step at a variety of inspiratory and expiratory flow 
rates and measuring threshold during 5 breaths immediately 
after the step and then again 60 to 90 seconds later. In 
response to step increases in [C02]: I-tE VTT curves showed a 
small shift initially to either the left or right, followed by 
a larger shift to the right after 60 seconds; while the Et1 
VTT curves shifted immediately to the right. In response to 
step decreases in [CO,]: I-tE VTT curves shifted first to the 
right and then later to the left of control curves; while E-+1 
VTT curves shifted initially to the right and later further to 
the right. Summary: Changes in lung or arterial [CO,] shift 
the VTT curves for both I+E and E-+1. For the I+E VTT curve, 
the early shift is in a different direction than the later. 
Therefore, during normal ventilation, [CO23 may affect TI and 
TE by changing VTT in addition to changing respiratory motor 
output. (Supported in part by NHLBI Grant HL23780 and Bremer 
Foundation). 

20 
EFFECT OF CAROTID BODY DENERVATION ON THE CARDIAC RESPONSE TO 
SPONTANEOUS DIVING IN TUFTED DUCKS. P.J.Butler and A.J.Woakes, 
Dept. Zool. & Comp. Physiol., Univ. of Birmingham, Birmingham 
B15 2TT, England. 

In intact tufted ducks there is an immediate reduction in 
heart rate, upon spontaneous diving, from its elevated 
pre-dive level. There is then a slow increase during the 
remainder of the dive so that after lo-15s, heart rate is 
similar to that recorded when the duck is swimming fairly 
vigorously at the surface. The carotid bodies were 
effectively denervated, as indicated by the abolition of the 
ventilatory responses to hypoxia and hyperoxia. Qualitatively 
the cardiac response to spontaneous diving was not altered, 
although heart rate was higher during all stages of diving 
after carotid body denervation. This difference was at its 
greatest towards the end of the dive. It is concluded that 
the carotid bodies are not involved in the initial reduction 
in heart rate from its elevated level upon diving but that 
they do exert some inhibitory influence on the heart 
particularly during the latter stages of submersion. 

domesticus), were exposed to an aerosol of 77yfIc labelled 
submicrometric particles and sacrificed 0, 1, 12, or 36 hrs 
later. The amount and distribution of radioactive particles 
retained in the lungs and skeletal system were measured to 
describe regional deposition and clearance. There was 
deposition in the air sacs and skeletal system immediately 
after exposures. Reduction in activity with time suggested 
clearance of aerosol from the pneumatized bones. Aerosol 
particles were not di stributed uniformly within the lungs; 
there was greater retention in the caudal regions. No 
dorsal-ventral gradients were observed. Of the initial lung 
deposition, only 54 2 13.9% (S.D.) remained at one hr post- 
exposure, however, 35.6 + 20.9% (S.D.) remained 36 hrs 
later. There was no statistically significant decline in 
retention between 12 and 36 hrs post-exposure. These data 
suggest an early fast phase of lung clearance followed by a 
slower phase. Detailed morphological studies are needed to 
understand the underlying clearance mechanisms and the basis 
for the differences in regional deposition. (Supported by 
NIH grants ES-01016 and ES-00002). 

19 
IMTRAPULMONARY CO7 RECEPTOR DISCHARGE AT DIFFERENT LEVELS OF 
VENOUS CO 

? 
. R.D/Tallman, Jr. and F.S. Grodins. Dept. of 

Biomedica Engineering, U.S.C., Los Angeles, Calif, 90007 
It has been suggested that avian intrapulmonary CO2 

sensitive receptors (IPC) may be capable of affecting 
ventilation in response to changes in lung CO2 load. The 
purpose of this study was to record IPC discharge activity 
in spontaneously breathing ducks when venous PC0 was elevated 
or lowered from resting levels. Venous CO2 load ng and f 
unloading was accomplished using an extracorporeal veno-venous 
blood circuit which included a 0.25 m2 silicone membrane 
blood oxygenator and heat exchanger. Adult, male Pekin ducks 
(3.06 kg avg. wt.) were Urethane anesthetized and tracheosto- 
mized. Single unit vagal activity was recorded from 23 IPC. 
During the loading state, the rate of CO2 excretion was 
increased to twice the resting level. There was no difference 
in the IPC discharge during CO2 loading as compared to the 
control discharge despite an increase in end-tidal PC02 of 
14 torr. Similarly, venous CO2 unloading was without affect 
on IPC discharge. Peak inspiratory and expiratory tracheal 
flow did increase during CO2 loading and decrease during 
unloading. This finding may explain how IPC discharge remains 
high despite large increases in lung CO2 flux. (This work was 
supported by HL07012). 

21 

COtiTROL 3F RESPIXTJRY PATTERN IN EXERCISI::G FC!dL. J. 
Brackenbury, M. Gleeson and 2. Avery. Univ. of Salfox, 
Sal?orc! !I5 <!-Ii, England. 

!lean ventilation (V), respiratory rate (f) and tidal 
volume (VT) were measured between the S-1'3th minutes of 
treadmill exercise at speeds of 1.X-4.3 kn.h-1 and 
environmental temperatures of 13Q°C and 3W°C. At 13'C 
the increases in 0 with work load were brought about rlainly 
by increased f, VT increasing by less than 15% except 
during maxigal exercise* At 330C the resti?? f was higher 
and VT lower than at 1 2 C but increases in V with work load 
were produced mainly by increased VT. At maximal work loa<s 
respiratory pattern was similar at both temperatures. 
Comparison with the steady-state respiratory responses at 
rest to combined hyperthermia and hypoxia/hy?ercapnia 
suggests that interaction between Q-dependent an! thermal 
factors is important in determining respiratory response to 
exercise. (Supported by !J.K. Science and Agricultural 
Research Councils). 
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22 23 
ACTION OF VARIOUS AMBIENT FACTORS ON CO2 AND IONIC EXCHANGES 
AND BLOOD ACID BASE BALANCE IN WATER BREATHERS: A STUDY ON 
CRAYFISH. Pierre Dejours. CNRS, 67087 Strasbourg, France. 

The branchial CO2 output and the acid base balance, ABB, of 
the hemolymph in the crayfish Astacus le todac lus depend on 

-Tf--% several factors in the ambient water: oxygena on; 2) ionic 
composition, particularly [Cl]; 3) titration-alkalinity; TA; 
4) Pco2 and pH; 5) temperature. Changing the first four factors 
in directions which either increase or decrease hemolymph pti 
and Pco2 resulted in extreme values of the hemolymph ABB. The 
table shows the composition of three waters at I3 "C and the 
corresponding hemolymph Pco2 and pM. Line A is the reference 
water and hemolymph ABB. Line B and C show the effects on hemo- 
lymph ABB of changing the first four factors either side of the 
reference water values. 

Water (13 "C) Hemolymph 

Cl' TA PC02 
meq.L-l meq*L'' Torr 

PH PO, PC02 PH 
Torr Torr 

A 1.0 5.0 0.80 8.39 152 2.53 7.84 

B 9.7 0.5 2.0 6.99 550 8.91 7.69 

C 0.20 10.0 0.30 9.07 40 0.77 8.34 

u 25 
ERYTHROCYTIC ORGANIC PHOSPHATES IN AMPHIBIANS AND REPTILES. CAN THE GAS GLAND OF TELOSTS SECRETE HIGHLY DIFFUSIBLE GASES? Brian 
V.H. Hutchison, A.G. Hughes* and E.S. Hazard*.. Univ. of G. D'Aoust and Wayne A. Gerth! Virginia Mason ResearchCtr., Seattle 
Oklahoma, Norman, Oklahoma 73019 WA 98101 

Concentrations of organic phosphates (2,3-diphospho- 
glycerate (DPG}, nucleoside triphosphates {NTP), inositol 
pentaphosphate {IPP}, and total phosphate {Ptot}) within the 
erythrocytes of 55 species of amphibians and reptiles were 

Inert gas secretion into deep-sea fish swlmbladders evidently 
proceeds by the countercurrent multiplication (ccm) of minute dis- 
solved gas tension differences between counterfluent blood in the 
arterial and venous limbs of the rete mirczbile. For theinertgases, -- 
these A-V gas tension differences are induced via the salting out 
effect (see) presumed to be due to the addition of lactic acid to 
the rete venous blood as it circulates through the gas gland. The- 
oretical treatments of this mechanism currently consider only rad- 
ial gas diffusion between the rete arterial and venous capillaries, 
while diffusion along the rete capillary axes is neglected. This 
axial "back diffusion," which tends to short-circuit ccm and reduce 
the maximum attainable swlmbladder gas pressures and gas secretion 
rates, is an insignificant feature of rete countercurrent perfor- 
mance only when the rete capillary blood flow velocities exceed 
twice the ratio of the gas diffusion coefficient in theblood plasma 
to the effective capillary diameter. Thus, in a given retecounter- 
current system, backdiffusion imposes a more severe limitation on 
countercurrent performance for highly diffusible gases such as H2 
and He than for less diffusible gases such as N, and Ar. Recent 
theoretical estimates of rete countercurrent pefformance based on 
measurements of the soe of lactic acid in water indicate that In 
order to account for the production of observed swimbladder N2pres- 
sures in some deep-sea species, the rete capillary blood flow vel- 
ocities must be in the range where N backdiffusion is important. 
The 1attKesult suggests that gases2 more diffusible than N may 
not be secreted into the swimbladders of these species. Thi; sug- 
gestion can be tested for a given species by measuring the swim- 
bladder gas compositions in specimens pressurized to a hydrostatic 
pressure of 10 atm in water equilibrated at 1 atm with N2 and He. 

de terminded by enzymatic and/or ion exchange chromatograph 
me thods. qualitatively and quantitatively the organic 

SC 

phosphate concentration of amphibian erythrocytes ranged from 
reptilian to mammalian values. All species of amphibians 
examined had DPG. The DPG:Hemoglobin (Hb) molar ratios ranged 
from 0.07 - 1.9. DPG concentrations exceeded NTP 
concentrations in 18 species. NTP was primarily adenosine 
triphosphate (ATP); the mean guanosine triphosphate:ATP ratio 
was 0.128. NTP:Hb molar ratios ranged from 0.32 - 1.8. IPP 
was detected in only 5 species of amphibians and never 
exceeded a molar ratio of 0.03. Molar ratios of organic 
phosphates correlate with aerobic scope for activity in 
amphibians. NTP (primarily ATP) was present in high 
concentrations in all species of reptiles examined. The 
NTP:Hb molar ratios always exceeded 0.81 and ranged up to 
3.93. IPP was present in lesser concentrations in all turtles 
examined except softshelled turtles (Trionyx). Substantial 
concentrations of DPG were observed only in erythrocytes of 
softshelled turtles, where DPG:Hb molar ratios ranged from 
0.63 - 1.29. 

26 
cn4w?ATIvE~EcrsoF0xYGENDELIyERYANDREsIsr~ToANoxIAIN 

TURTLES AND RATS. Thanas J. Sick: Peter L. Lutz~ Joseph C. LaMmn 
and !&on Rosenthal. Tts of Neural. and Marine Sci., Univ. 
Mismi, Miami, FL. 33101. 

Theminimuap02thatananimalcanendureisdeterrminedby 
the tissue in which oxidative m&abolisn is moat critical. For 
air-breathing vertebrates, this is the central nervous system but 
causes of this sensitivity w ur&oun. Jh these studies, we 

clOmpare metabolic and electrophysiological change3 in brains of 
3niml3 extremely sensitive to amrxia'(rat) with brain8 of 3nimal3 

which show great endurance toanoxia (turtle). such changeswere~ 

recorded in situ by reflect$m apectrophotaaetryand electrode BP 
probes for tissue p02and K . 
pro&x& decreases in tissue p0 

In both species, N2 respiration 
accanp8nied by reductionof 

cytochranE!~,a, . In rat, lmx IiLl change3occurredwithln 3-4mln 
whileinturtle& such reapomea required up toanhour. In 

contrast to rapid EEIC auppressi$nand w effluxofK+seen 
duringanoxia in rat, mandK rw18in8dnearoontrollevela (2-4 
mM) during anoxia in turtle brain. Differcencespectra 3howlngredox 
changesofm8nymito&ondr ial enzym33 obtained under nomoxic and 
anoxic condition8 were similar in the two species, demonstrating 
thatresistancetoanaxiainthesetwoapecies~notresultftvm 
dlfferencesinmitochon&ial caupomnta. Rather, other pathways for 
producing cellular energy appear sufficienttomaintainion 
homo3ta3is durm long periods of inhibition of oxidgtive 
metabolisa. This capacity may provide a basis to evaluatxthe 
vulnerability ofmian brain tooxygendeprivation. (Suppported 
by n-is grants NS16655, NSl4~,tsl4319 and NSO~~) 

A COMPARATIVE STUDY OF THE FUNCTION OF EMBRYONIC CHICKEN HEMOG- 
LOBIN IN SOLUTION AND RED CELLS. R. Baumann,Zentrum Physiology, 
Medizinische Hochschule Hannover, F.R.G. 
The 0 -binding curve of early embryonic chicken blood, is bi(po- 
lY)Ph$ sic,reflecting the presence of the 4 embryonic hemoglobi- 
ns(HbP,P',M,E).The "n"-value of the 0 -binding curve changes co 
ntinuously from < 1 at low 0 2 -saturation to a maximum value of 
-8 at the middle to high 02-%aturation range. The high coopera- 
tivity in the middle and upper range of the 02-binding curve,is 
coupled with a low 0 -affinity (P -84 mmHg at day 6 and pH7.4 
37'C),but arterial o?ygenation is5!?nimpaired. At day 6 80% of 
total hemoglobin bound O2 can be released at a PO 
thus creating excellent conditions for diffusion.; 

'40 mmHg, 
Between 3-6 

days of development, the position and form of the O,-binding cu 

onic hemolysate(or wi th the i 
PhYS iological concent rations 

solaied embryonic hemoglobins) at- 
of H ,ATP,and hemoglobin,one cann 

change c ontinuously,although the c oncent ration gf red cell 
and the hemoglobin pattern remain stable . In puri fied embry 

- 
ot simulate the 0 -binding curve of embryonic red cell suspens- 
ions.Under these gonditions the 0 -affinity of the isolated emb 
ryonic hemoglobins is still 3 to 2 times higher than that of blo 
od and likewise the n-value never exceeds 3. Freshly prepared 
hemolysate shows,however,the same binding characteristics as wh 
ole blood.Additional experiments indicate that embryonic red ce 
11s contain other low molecular weight factors,not competitiv ‘e 
with organic phosphates,that reduce the 02-affinity and increas 
e the cooperativity of embryonic hemoglobrns P and P' probably 
by promoting tetramer-tetramer aggregation.Supp.by DFG SFB 146. 

27 
INTERPRETING OXYGEN DISSOCIATION CURVES IN VERTEBRATES WITH 
CENTRAL VASCULAR SHUNTS. S.C. Wood. University of New Mexico 
School of Medicine, Albuquerque, N.M. 87131 

The oxygen equilibrium curve of blood (02EC) is convention- 
ally drawn as % Sat. = f(P02). However, when the 02EC is de- 
termined in vitro by the "mixing-method", PO2 = f(% Sat). The -- 
principle of this method should also apply in vivo if venous -- 
admtxture occurs. Therefore, P02, the independent variable of 
open systems (tonometers or pulmonary capillaries), become8 
the dependent variable in closed systems (mixing syringes or 
central shunts). Furthermore, arterial PO2 (Pa02) for a given 
% Sat. should be inversely related to Hb-02 affinity. For a 
given reduced % Sat. due to shunt, a right-shifted 02EC will 
provide increased Pa02. This, in turn, could increase the rate 
of 02 diffusion to tissues. Limiting factors of this hypothesis 
are environmental PO2 and lung (or gill, skin) 02 diffusing 
capacity. The presence of low Hb-02 affinity in many amphib- 
lane and reptiles (the "shunt" vertebrates) is indirect support 
of the hypothesis. Direct support is limited but shows in- 
creasing Pa02 (at constant X Sat.) with decreasing Hb-02 
affinity due to species differences or increased temperature 

(Supported by NSF Grant PCM 77-24246 and Battelle Research 
Centres, Geneva) 
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28 
RELATIONSHIP OF PULMONARY MEMBRANE DIFFUSING CAPACITY 
(DM02) TO  DLco IN THE TURTLE (p. scripta elegans). 

Barry Burns. MIEMSS, University of Maryland, Baltimore, 
Maryland 21201 

Turtles (1 kg n=5) were anesthetized (Ketamine, 120 mg/kg, 
i.m.1, tracheostomized and the rebreathing DLco measured at 
two levels of inspired 0 

ii 
(hematocrit = 15-25%)in the 

upright position at 23-2 OC. Following this, the turtles 
were inverted, a 4 cm square hole cut in the plastron and the 
lungs perfused through the pulmonary artery with Na dithio- 
nite (DTT, 80 mM) SO~U tion (4 mg% albumin, 375 mOs) at 14-20 
torr pulmonary artery pressure (25 "C). Rebreathing meas- 
urements of DM02 were made during DTT perfusion (JAP, 46 (1): 
100, 1979). Results: The mean DLco (? S.E.M.) was 0.033 
(+ .0015) and 0.019 (2 .0021) ml/min/torr STPD, at ca. 20% 
alveolar 0 and 70% alveolar 0 , respectively. DLco/V 
ratios werz 0.00028 and O.OOOl?, respectively also. Tke DTT 
DM02 averaged 0.128 (? .0087) and the DMO /V ratio was 0.004 
(k .00022). DM02 was only approximately a L times larger than 
the normoxic DLco, indicating less "diffusion reserve" for 
gas exchange than in the mammalian lung, poss ibly reflecting 
the reduced aerobic metabolic requ irements of poikilotherms 
and the increased thickness or diffusion resistance of the 
alveolar-capillary membrane. 

30 
THE CO2 AND FIXED ACID ROOT EFFECT IN BLOOD OF THE EEL, 
ANGUILLA ANGUILLA. M.P. Elastala, C.R. Bridges, G. Riepl and -- 
P. Scheid. Kax Planck Institut fur exp. Ifed., Guttingen, Fed. 
Rep. of Germany and Univ. of Washington, Seattle, WA 98195. 

The pH dependent desaturation of eel blood (Root effect) 
was separated into its fixed acid and CO2 components. Pooled 
blood samples were divided into equal aliquots and acid-base 
status was adjusted either by equilibrating with varying PCG2 
@co2 range - 0.3 torr to 74.0 torr) or by adding 0.15N EC1 or 
0.15N NaEC03 at a PC02 of 2.2 torr (pE range - 5.0 to 8.6). 
Equilibration PO2 was held at either 148, 370, or 666 torr. 
Blood samples were analyzed for pE and oxygen content (Lex-02- 
Con). Analysis was performed at 15'C and 25OC. 

Oxygen saturation decreased in a sigmoid shaped fashion as 
pE was reduced from 8.6 to 5.0. For lS°C, the reduction in 
oxygen content was to 45% of maximum Hb02 content with $ of 
the effect occurring at pH of 7.4. For 2S°C, the reduction in 
oxygen content was to 26% of maximum Hb02 content with $ of 
the effect occurring at pH of 7.1. The decrease in oxygen 
saturation was independent of PO 

2 
between 148 and 666 torr. At 

pH>6.0, the effects of fixed aci and of CO2 were indistin- 
guishable. At pHc6.0, CO2 had an independent effect further 
reducing oxygen content. The independent CO2 effect was more 
important at 250C than at 15OC. 

We conclude that: 1) the Root effect is not an exaggerated 
Bohr effect, 2) there is an independent CO2 Root effect at 
pHc6.0, 3) the Root effect is more important at 25OC than at 
15oc. 

a 
RESPIRATORY PROPERTIES OF BLDOD OF SKIN-BREATHING AMPHIBIANS. 
Robert Blake Reeves. Dept. of Physiology, School of Medicine, 
SUNY, Buffalo, N. Y. 14214. 

Plethodontid salamanders lack lungs or gills; gas exchange 
occurs by diffusion across skin and buccopharyrqeal surfaces. 
Exercise begets respiratory and metabolic acidosis. How is red 
cell Hb 02-carriage adapted to these conditions? Local 
specimens of Desmognathus-ochrophaeus and G rino hilus 

pm;,P:‘,“,edo”,f:‘,’ ,:“Pb:;,‘,::P~:~ 
conditions were presumed to be pH 7.75 at 25 degrees C. 
Complete dynamic oxygen eguilibriun curves at 1, 2 and 4% CO2 
were determined on thin (6 p) hole blood films usirrg a fiber 
optic dual-wavelength spectrophotometer (558/536 nm) and 
platinun electrode oximetry. 

I Wg) P50 (7.75) alog ~50/dp~ n 

Gyrinophilus 7 6-21 25.6 + 1.14 -0.23 2.24 
Desmognathus 5 3-7 23.2 T  1.52 -0.21 2.10 

Isoelectric focusirq disclosed distinctive Hbs. Gyrinophilus 
gave 4 peaks (p1 61 % total Hb:7.02, 61; 6.97, 27); 
Desmognathus IEP showed individual variation in Hbs present. 
Curve shapes wre flattened providirq a constant Beta (&/@) 
over saturation range .05 to .80. Uniform Beta and low Bohr 
effect assist 02 loading in activity even at low ambient 
PO2’s. (Supported in part by NIH Grant POl-HL-14414.) 
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31 
CHANGES IN EGGSHELL CONDUCTANCE AND PORE AREA AFTER TRANSFER 
OF HENS FROM AN ALTITUDE OF 3800 TO 1200 M. H. Rahn, 
T .  Ledoux, C. V. Paganelli, and A. H. Smith. State University 
of New York at Buffalo, NY, White Mountain Research Station 
and University of California at Davis, CA. 

Past evidence has shown that in birds incubating at altitude 
the total pore area of their eggshells is decreased in direct 
proportion to the barometric pressure, thus compensating for 
the increased diffusivity of gases at altitude and providing 
a normal she1 1 conductance. Such adaptation would ensure a 
normal incubation water loss which appears to be mandatory for 
hatching success. Here we report shell conductance and pore 
dimensions of eggs of White Leghorn hens before and after they 
were transferred from 3800 to 1200 m. Within two months after 
their transfer the shell conductance and total pore area had 
increased in nearly direct proportion to the increased baro- 

metric pressure, from 480 to 657 torr. These observations of 
reacclimation provide additional evidence of an active struc- 
tural adaptation to changes in altitude and the time required 
for this manifestation. 

33 
O2 TRANSPORT IN REPTILIAN EMBRYOS. C.P. Black, G.F. Birchard, 
G.W. Schuett, and V.D. Black. Dept. of Biology, Univ. of 
Toledo, Toledo, OH 43606. 

Our laboratory is undertaking a long-range project to de- 
scribe 02 transport from atmosphere to tissues in embryonic 
reptiles, both oviparous and viviparous. One feature which 
distinguishes oviparous and viviparous forms is a difference 
in the barriers to O2 diffusion for the embryo. Thus, the 02 
transport characteristics of egg shells and chorioallantoic 
membranes versus those for the oviduct-placenta complex could 
become very influential in determining factors such as rates 
of embryonic 02 consumption, development patterns and growth 
rates, and the respiratory characteristics of embryonic blood. 
Initial data from eggs of the Burmese Python show a shell 
structure which is highly porous (GH 0 
36X greater than predicted for a bir 2 

= 1040 mg H20/day*torr, 
egg of similar mass), 

but which also has shell interstices filled with a layer of 
liquid water. Preliminary data suggest this layer may present 
a barrier to 02 diffusion. Blood respiratory characteristics 
for python embryos just prior to hatch show Pso = 38 torr 
(PH = 7.4, T = 32OC), Bohr factor = -0.32, and Hct = 30.5. 

Comparative data from other oviparous and viviparous species 
will be presented. 

35 
HEN EGG OUTER BARRIER GAS CONDUCTANCE IS MODIFIED BY ENVIRON- 
MENTAL HUMIDITY. Amos Ar. Charles V. Pananelli, Gilbert S. 
Grant, Hermann Rahn and Johannes Piiper.Dept. Physiol., State 
Univ. of NY at Buffalo, NY 14214, and Dept. of Physiol., Max 
Planck Inst. Exp. Med., D-3400 mttingen, W. Germany. 

CO2 and 02 conductances in N2 or He mixtures of eggshells 
with membranes were measured simultaneously in shell hemi- 
spheres, using CO2 and 02 electrodes. CO2 diffused from the 
saturated interior outwards, and 02 diffused inwards. Outer 
atmosphere was dry or humidified. Water content of the shell 
and its membranes was determined in different humidities. 
Pres sure differences between air-cell and ambient atmospher 
were determined with a differential pressure transducer. CO2 
and 02 gas conductances were reduced by the water-saturated 
atmospheres to 0.72 + 0.1 SE (n=5) and 0.77 + 0.1 SE (n=5) and 
their dry atmospheric values respectively. CO2/02 conductance 
ratios in dry atmospheres is 1.075 + 0.025 SE (n=lO) times 
that of saturated atmospheres. The-shell and its membranes 
increase in water content by 0.6 mg/% RH t 0.07 SD. Pressure 
in air-cells of 6 eggs was +6.5 Pa + 1.5 SD and +25.0 Pa 2 7.8 
SD in dry N2 and He mixtures respectively. It was negative 
(-0.6 Pa t 0.2 SD) in saturated atmospheres. Conductance 
reduction corresponds to reduction in gas spaces due to occu- 
pation by water. Changes in CO2/02 conductance ratios corres- 
pond to the enhanced CO2 and hindered O2 diffusion in the 
convective flow that must have been generated by the pressure 
difference (Supported in part by NIH grants ROI-HL-18022 and 
POI-HL-14414, and the Minerva Foundation. 

32 
INCUBATION OF CHICKEN EGGS UNDER HYPERBARIC CONDITIONS. 
Harold S. Weiss and Joseph F. Pitt*. Dept. of Physiology, 
The Ohio State University, Columbus, OH 43210 

Fertilized chicken eggs incubated at 2 and 4 atmospheres 
pressure absolute (ATA) do not develop normally. At 2 ATA, 
hatch size was 40% and at 4 ATA only 4% of hatch size at 1 ATA 
(normal ground level controls). A common characteristic of 
eggs incubated at hyperbaric pressures was retention of fluid, 
as indicated by decreased weight loss during incubation. m3s 
at 2 ATA lost $ and those at 4 ATA % the weight of the 1 ATA 
eggs, which averaged 0.4 to 0.5% loss/day. The decreased 
weight losses in hyperbaria follow closely the prediction of 
the Chapman-Enskog equation for water vapor diffusion through 
gas filled pores of fixed area and length, as is presumed to 
exist in the eggshell. The problem of hatching in hyperbaria 
might therefore be alleviated by increasing shell pore area. 
An attempt was made to increase pore area by carefully grind- 
ing away parts of the calcified shell over the air cell, 
leaving the outer shell membrane intact. Progressive removal 
of shell resulted in progressive increase in weight loss 
during incubation, reaching as high as 3-4 times normal. For 
1 ATA eggs, hatch decreased with increasing egg weight loss, 
as expected. For both 2 ATA and 4 ATA incubations, hatch 
tended to increase as egg weight loss increased, up to a loss 
approximately equivalent to that of intact 1 ATA eggs* There- 
after, continuing weight loss resulted in decreasing hatch. 
Peak hatch at 2 and 4 ATA remained low, however, at about 60% 
and 40% of controls, respectively. 

34 
METABOLIC COST OF INCUBATION IN THE LAYSAN ALBATROSS AND BONIN 
PETREL. G. S. Grant, G. C. Whittow, and T .  N. Pettit. 
University of Hawaii, Honolulu, HI 96822. 

Whether birds increase their metabolism above resting level 
during incubation has been debated. In the present studies 
incubation and resting metabolism were compared in two species 
of Procellariiformes on their breeding grounds on Midway Atoll 
in the central Pacific Ocean. The Laysan Albatross (Diomedea 
immutabi 1 is. ca. 3.0 Ka) nests on the around and the Bonin 
Petrel (Pterodroma hyp&uca, ca. 0.18-Kg) nests in burrows. 
In both species incubation metabolism (Vnq) was 5 - 7% less 
than the resting value. Resp i ratory quoifknts during incuba- 
tion were .68 and .73 in the albatross and petrel, respectively, 
suggesting ketogenesis and utilization of fat during the long 
fasts (24 days for the albatross and 7 days for the petrel) 
which are characteristic of the incubation bouts of these 
birds. Reduced energy expenditure during incubation is asso- 
ciated with a decrease in activity levels and a drop in body 
temperature of 1 - 2oC. (Supported b y NSF Grant PCM 76-12353.) 

36 
PHYSIOLOGIC ADAPTATION TO HYPOXIA IN THE AVIAN EMBRYO: MFTA- 
BDLIC, RESPIRATORY, AND TISSUE. G.K. Snyder, C.P. Black, and 
G.F. Birchard. Dept. of EPO Biology, U of Colo. Boulder, Co. 

In avaian embryos 02 transport is a three-step process: 1) 
diffusion through shell and membranes from atmosphere to chor- 
ioallantoic capillary blood, 2) convective transport by blood 
to tissue capillaries, 3) diffusion from tissue capillaries to 
cells. Therefore, adaptation to hypoxia potentially may occur 
at any or all of these steps. Embryos from a seal-level 
species (Canada goose-Branta canadensis) and a high-altitude 
species (bar-headed goose-Anser indicus) were incubated under -- 
either moderate (P02=125 torr) or severe PO2=95 torr) hypoxia. 
Hypoxic tolerance was determined as critical P02, and shell, 
blood and selected tissues were examined for evidence of hy- 
poxic adaptation. Severe hypoxia incubation significantly im- 
proved hypoxic tolerance in canada embryos while no difference 
could be detected between treatments with bar-head embryos. 
Bar-head embryos had significantly greater tolerance than 
either group of canada embryo. Egg 02 and Hz0 conductance 
values were lower in bar-heads, but were unaffected by hypoxic 
treatment. Hematologic values were similar in all groups, but 
bar-head blood had higher Hb-02 affinity throughout develop- 
ment. Skeletal muscle capillary density was significantly 
higher in bar-head and severely hypoxic canada embryos, but 
myoglobin levels showed no difference. Adaptation to hypoxia 
in avian embryos therefore appears to occur at blood and 
tissue levels, but not within shell and shell membranes. 
(Supported by NSF) 
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37 
HIGH ALTITUDE INCUBATION OF CHICKEN EGGS. BASIC ASPECTS AND 
THEIR APPLICATION. A.H.J. Visschedijk. Vet. Physiol., Univ. of 
Utrecht, Netherlands. 

Gas transport across gas filled pores of a bird egg shell 
is limited by diffusion. The transfer rate is determined by 
the part ial pressure gradient and the effective egg shell con- 
due tance . The latter is invers ely related to the barometri .C 

pres 
sea 

sure 
leve 1 

hypoxia, hypocapnia, reduced gaseous exchange and poo 
ability. According to Fick's law of diffusion it can 

and increases with al t itud e. Embryos in eggs 
. and incubated at alt i tude 9 thus show dehydr 

that gaseous exchange at alti .tude is normalized when respira- 
tory gas tensions on the air space are restored to sea level 

, laid at 
ation, 
r hatch- 
be shown 

values and when, simultaneously, the partial pressure gradients 
of 02, CO2 and H20 are reduced in accordance with the increase 
of the shell conductance. This condition is achieved by an in- 
crease of the ambient 02 and CO2 concentrations and of the re- 
lative humidity. Sea level incubators are ventilated with an 
air flow of at least 200 times the embryonic CO2 production. 
Maintenance of the latter ventilation at altitude requires huge 
amounts of 02 and C02. However, to economize on gas supply ven- 
tilation c an be kept at the minimal value at which the embryos 
create their own optimal ambient CO2 concentrat ion. The gas 
mixture supplied should consist of air enriched with 02 only. 

39 40 
THE DYNAMICS OF THE DEVELOPMENT OF TISSUE OXYGEN IN THE EFFECTIVE DIFFUSIVITIES OF WATER VAPOR IN TERNARY MIXTURES 
EMBRY3NIC NERVOUS SYSTEM. Bradford T. Stokes. Dept. of CONTAINING N2-02, He-02, and SF6-02. C. V. Paganelli and 
Physiology, Ohio State University, Columbus, OH 43210. H. K. Chang. State University of New York at Buffalo, Buffalo, 

We have characterized and mapped the oxygen microenviron- NY, and McGill University, Montreal, Que., Canada. 
ment of the embryonic spinal cord as it spontaneously changes 
during development and during manipulations designed to pro- 
voke changes in spinal cord blood flow. We have used an 
oxygen microelectrode system whose characteristics (tip dia- 
meter < 1.0 urn; oxygen consumption in room air < 1.0 x 10 -14 
amps) allow us to monitor tissue oxygen (TR)~) in small vol- 
umes and at low partial pressures. In spite of lower meta- 
bolic requirements (decreasing neuronal activity) and the 
relatively constant oxygen consumption of this tissue, tissue 
PO2 fell by 70% from 15 to 19 days in ovo. -- Embryos who had 
pipped into the air space had a considerably greater TpO . 
In a 10% oxygen environment, Tp02 fell most rapidly in t 2 e 19 
day embryos; the decline toward low PO2 values was markedly 
prolonged (> 100 set) at 15 days. Nineteen day embryos also 
had the greatest ability to increase their TP02 values above 
their own control values in the post-hypoxic period. The 
application of adenosine to the embryonic spinal cord usually 
provoked stage dependent increases in TpO 
were most dramatic at day 15 and 19; at 1 3 

. Such reactions 
-18 days, such a 

We used the eggshell model to determine effective diffusivi- 
ties of water vapor as a function of fractional composition in 
gas mixtures containing N2-02, He-02, and SF6-02. Water vapor 
fluxes at 2S°C through the porous shells of intact, non- 
metabolizing hens’ eggs were measured gravimetrically in gas 
mixtures whose fraction of 02 was varied systematically from 
0 to nearly 100% 02, with either N2, He, or SF6 making up the 
balance. Effective diffusivity of water vapor was practically 
independent of fractional composition in N2-02 mixtures, but 
varied significantly with fractional composition in both He-02 
and SF6-02. Experimentally determined values of effective 
diffusivities compare well in most cases with those calculated 
from the Wilke equation. If the data are viewed in another 
fashion, measured water vapor fluxes agree we1 1 with those 
predicted from multicomponent diffusion theory. (Supported in 
part by USPHS Grant 5-POl-HL 14414.) 

response was absent. Changing modes of tissue metabolism 
coupled with blood flow dynamics may explain relative sensi- 
tivities to hypoxic insults during this period. (Supported 
by USPHS NS-10165 and NSF BNS-7905756.) 

THE INITIATION OF PULMONARY RESPIRATION IN A BIRD EMBRYO: 

TIDAL VOLUME AND FREQUENCY. Ted N. Pettit and G. Causey 
Whittow. Dept. of Physiology, University of Hawaii, Honolulu, 
HI 96822 

Pulmonary ventilation in paranatal embryos of the Wedge- 
tailed Shearwater (Puffinus pacificus), measured with a baro- 
metric plethysmograph, revealed a progressive rise in tidal 
volume (VT) and minute volume (OF) during the paranatal period 
to achieve hatchling levels. VT and VE in internally pipped 
eggs (penetration of air cell) was 0.06 ml+ 0.03 (S.D.) and 
3.11 ml=min-1 + 1.80, respectively. Ventilation was signifi- 
cantly higher Tp < .05) in 

"4 
gs with pip-holes (VT = 0.15 ml 

5 0.04 and VE = 7.09 ml.min' + 2.76). A significant differ- 
ence (p < .O5) was also obtained for VT and 0, between para- 
natal embryos and hatchling chicks. The respiratory frequency 
(f) was approximately 45 breathsamin'l for both embryos and 
chicks. Acute changes in ventilation were examined in re- 
sponse to 2% CO2, 5% C02, and 10% CO2 in air. For paranatal 
embryos, VT increased significantly (p < .05) only with 10% 
CO2 and was accompanied by a significant decrease (p < .05) 
in f. Hatchling VT increased significantly (p < .05) with 
each test gas and VE increased significant1 1 (P < .05) with 
acute exposure to 5% CO2, from 16.5 ml*min' + 2.0 in normoxic 
air to 53.9 mlemin -l + 8.6. The shearwater p&natal embryo 
is relatively insensitive to high levels of C02, suggesting 
a respiratory adaptation to naturally inspired air cell gas 
concentrations during internal rebreathing. 

36 
COMPENSATING PROCESSES FOR METABOLIC AND RESPIRATORY ACID-BASE 
DISTURBANCES IN THE CHICK EMBRYO. H. Tazawa. Dept. of Physiol. 
Yamagata Univ., Yamagata 990-23, Japan 

The avian embryo is a unique experimental subject for study 
on compensation of acid-base disturbances, because it has no 
respiratory organ performing the convective ventilation. To 
produce metabolic disturbances, a hypertonic electrolyte solu- 
tion must be infused through a catheter implanted in blood 

vessel. A volume of solution to be infused and of blood to be 
sampled is not negligible compared with the total blood volume 
(TBV) of the embryo. The preliminary experiment was designed 

in 16-day embryos to investigate the effect of electrolyte 
infusion and repetitive blood sampling on hemodilution which 
might influence the acid-base balance. The repetitive sam- 
pling which diminished the TBV to about 2/3 induced hemodilu- 
tion without significant change in acid-base balance. The in- 
fusion of isotonic saline solution whose volume equaled about 
5 % of TBV produced hemodilution causing dilution acidemia. 
The dilution acidemia was also induced by hypertonic infusion. 
The embryo was recovered from the acidemia in 6 hrs after in- 
fusion. On the basis of the preliminary study, the metabolic 
acid-base disturbances were made by administration of NaHC03 
or NH4Cl solution. The time course of the change in acid-base 
status shifted almost along the Pco2 isopleth and returned to 
control level in 6 hrs. The respiratory acid-base disturb- 
ances which were made by exposing the egg to high CO2 environ- 
ment or to He-02 atmosphere were compensated after 3-6 hrs. 
The plasma [HC03-] seemed to be regulated by Pco2 of blood. 

42 
TOLERANCE OF VARIATION IN EGGSHELL CONDUCTANCE AND DIFFUSIVE 
GAS EXCHANGE IN WILD AVIAN EMBRYOS. Cynthia Carey, Dept. of 
EPO Biology, University of Colorado, Boulder, CO 80309 

Birds breeding at high elevations are confronted with a 
reduction in barometric pressure which enhances the diffu- 
sive flux of gases by increasing their diffusion coefficients. 
A reduction in eggshell conductance of eggs of wild birds 
breeding at high elevations relative to sea level controls 
has been interpreted as a necessary adjustment to offset the 
increased diffusivity of CO2 and water vapor from the egg. 
Such adjustment has been assumed to be mandatory to prevent 
mortality, since chicken embryos exhibit high mortality if 
exposed to significant variation in rates of gaseous diffu- 
sion. This study tested the tolerance of embryos of red- 
winged blackbirds (Agelaius phoeniceus) to variation in 
gaseous diffusion. Eggshell conductances of birds breeding 
at 1600, 2400, and 2900 m were varied by poking 2 holes in 
the eggshell or by covering the aircell with wax on day 1 of 
incubation. Daily water loss, eggshell conductance, final 
water content on day 10, and hatching success were monitored. 
These manipulations significantly varied the rate of water 
loss from control values. Hatchability was very high except 
in some 2-holed shells, suggesting that embryos of wild birds 
are more tolerant of variation in eggshell conductance than 
previously appreciated. 
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The Healing Brain Ill: Who Stays Healthy 
Oct. 17-18, 1981 
Sheraton Palace Hotel 
San Francisco, CA 
Fee: $125 
Credits Available 

Contemporary medicine has understandably focused on those 
who become ill. But what about those who remain healthy in the 
face of considerable trauma and life change? What can we learn 
from those with strong resistance to illness and disease? This 
symposium will explore the role of personality, coping strategies, 
social support, and lifestyle including exercise and nutrition as 
factors which determine who stays healthy. 

The 5th Annual Symposium on Aging 
Oct. 24-25, 1981 
Golden Gateway Holiday Inn 
San Francisco, CA 
Fee: $125 
Credits Available 

The theme is coping and the older patient: perspectives for 
neuropsychology. Throughout the program, multidisciplinary 
discussion will explore the biochemistry of the aging brain, the 
physiology of the aging body, clinical issues of geriatric medicine 
and health policy issues that effect the health and well being of 
older patients. 

The 3rd Annual Symposium on Preventive Oncology: Cancer 
Prevention and Clinical Practice 
Oct. 31-Nov. 1, 1981 
Sheraton Palace Hotel 
Fee: $125 
Credits Available 

Focus on the etiology, pathogenesis, and prospects for preven- 
tion of cancer of the colon, lung cancer, oral cancer, breast 
cancer, cancer of the cervix, corpus and melanoma. 

In Pursuit of Wellness--The 2nd Annual 
Nov. 14-15, 1981 
University of California, Los Angeles 
March 19-21, 1982 
Jack Tar Hotel 
San Francisco, CA 
Fee: $75 
Credits Available 

Will explore wellness form political, sociological, spiritual, policy 
and health perspectives. Focus on biological and psychological 
hardiness, the media and wellness and clinical case studies. 

Cross-Cultural and Trans-Cultural Issues in Family Health 
Care: The Multigenerational Perspective 
University of California, San Francisco 
Fee: $125 
Credits Available 

An exploration of the delicate balance between ethno-cultural 
identity and effective interface with the larger societal fabric and 
with the health care system. 

Herpes Simplex: Clinical Practice And Research 
Jan. 16, 1982 (for health practitioners) 
Jan. 17, 1982 (for lay public) 
Fort Mason Conference Center 
Fees: $75 health practitioners 

$30 lay public 
Credits Available 

Review of the natural history of HSV infections; neurological, 
ocular, and dermatological complications; management of the 
pregnant woman and neonate; chemotherapy; comfort 
measure; and trends in treatment. 

Multidisciplinary Short Courses 
Sept. 1981 - Jan. 1982 
University of California, San francisco 
Fees: $65 
Credits Available 

These short courses address issues of health care, health policy, 
and health care delivery. 

Continuing Education in Health Sciences Certificate Programs: 
Patient Education 
Health of the Family 
Health and Aging 
Volunteer Management 

Sept. 1981 - June 1983 
University of California, San Francisco 
Credits Available 

Certificate programs designed to build on present skills and in- 
crease the knowledge base of practitioners in specific fields. In 
each certificate program eight two-day courses will be given over 
a two-year period. Courses must be taken sequentially on 
specified dates . 

For Program Information: 
University of California 
Continuing Education in Health Sciences 
24 Kirkham 
San Francisco, CA 94143 
(415) 666-3904 

For Registration Information: 
University of California 
Continuing Education in Health Sciences 
1308 Third Avenue 
San Francisco, CA 94143 
(415) 666-2894 
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USA NATIONAL COMMITTEE FOR 
THE INTERNATIONAL BRAIN RESEACH ORGANIZATION 

ANNOUNCEMENT OF TRAVEL AWARDS 

The USA National Committee for the international Brain 
Resarch Organization (IBRO) is sponsoring a travel grant program 
to benefit American scientists who could not attend the First 
World Congress of IBRO in Lausanne, Switzerland, April l-6, 
1982, without such assistance. A limited number of grants will be 
available. Those eligible to apply for awards are qualified scien- 
tists who are citizens or permanent residents of the United States 
of America, and who plan to participate fully in the Congress. 
Federal employees are not eligible for this award program. Each 
applicant will be judged on the merit of his contribution to the 
Congress in Lausanne, and also on his training, experience and 
potential. Priority will be given to young scientists. Grants will be 
in the range of $700-900 depending upon airport of departure and 
return. 

Requests for application forms should be addressed to: 
USA National Committee for IBRO 

Attention: June S. Ewing, Staff Officer 
Division of Medical Sciences 
National Research Council 
Washington, D.C. 20418 

Deadline for postmark of completed application is November 6, 
1981. 

To the degree that it is possible, successful applicants will be 
notified by December 15, 1981. 

SHORT COURSES AT WOODS HOLE 

MARINE BIOLOGICAL LABORATORY, Woods Hole, 
Massachusetts, will conduct a series of residential laboratory 
courses in the fall of 1981 as follows: 

October 18-23, 1981, Liquid Scintillation Counting in Biology 
and Medicine, Instructor in Chief, Yutaka Kobayashi, New 
England Nuclear Corp.; November l-6, 1981, Protein Analysis by 
Polyacrylamide Gel Electrophoresis, Raymond E. Stephens, 
Marine Biological Laboratory and Boston University; November 
15-20, 1981, Biological Electron Microscopy for Technicians, 
Morton D. Maser, Marine Biological Laboratory; November 
29-December 4, 198 1, Quantitative Analysis of Electron 
Micrographs, Lee Peachey, University of Pennsylvania; 
December 6- 11, 1981, Small Computers in Biomedical Research, 
Larry Palmer, University of Pennsylvania; December 6-11, 1981, 
Optical Microscopy and Imaging in the Biomedical Sciences, 
Robert Day Allen, Dartmouth College. 

1982 CLINICAL PHARMACOLOGY AWARD 
OF $200,000 OFFERED 

The Burroughs Wellcome Fund is offering a Clinical Phar- 
macology Award for 1982 in the amount of $200,000, payable in 
annual installments of $40,000. 

The Award is available to U.S. medical schools to support a 
clinical pharmacologist who will initiate and develop a new Divi- 
sion of Clinical Pharmacology; or, alternatively, to provide for the 
salary of a faculty member in an established Division. The pro- 
gram is designed to supply supporting funds for the discipline, 
needed even more today than when The Burroughs Wellcome 
Fund began its pioneering program over twenty years ago. A 
total of 34 Clinical Pharmacology Awards have been made. 

Applications for the 1982 Award will be accepted until October 
1, 1981 

Selection of the Burroughs Wellcome Scholar in Clinical Phar- 
macology will be based upon the recommendation of the Ad- 
visory Committee, under the chairmanship of Dr. A. McGehee 
Harvey. The other members are: Sir Arnold Burgen, Dr. Alfred 
Gilman, Dr. Carl W. Gottschalk, Dr. Howard H. Hiatt, Dr. David 
M. Kipnis and Dr. John A. Oates. 

The 1981 Clinical Pharmacology Award was made to the Mayo 
Medical School on behalf of Richard M. Weinshilboum, M.D. 

The 1982 Award recipient will be announced in early spring 
1982. 

The Burroughs Wellcome Fund is a private nonprofit founda- 
tion, supported by Burroughs Wellcome Co., pharmaceutical 
manufacturers, and is located in Research Triangle Park, North 
Carolina. 

GASTROENTEROLOGY RESEARCH GROUP SYMPOSIUM 

Time b Place: November 6, 1981; 8:00-10:00 PM 
Place: Hyatt Regency, Chicago 
Title: Cellular Protein and Membrane Processing 
Moderator: Dr. Robert Glickman, Chief of GI Unit, Columbia 

University College of Physicians b Surgeons 
1st Speaker: Dr. Gunter Blobel, Professor of Cell Biology, 

Rockefeller University 
Title: Translocation and Integration of Proteins 

Across b Into Membranes. 
2nd Speaker: Dr. Marilyn Farquhar, Professor of Cell Biology b 

Pathology, Yale University School of Medicine 
Title: Multiple Pathways of Intracellular 

Membrane Traffic. 
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PROPOSED RESEARCH TRAINING CUTBACKS. In an unexpected move, the Reagan Administration has 
proposed to rescind $59.5 million from the NIH research training budget for the current 
year. Congress had approved, and NIH was operating on, a training budget of $194.4 million. 
Thus, Administration proposals, if accepted by Congress, would reduce the 1981 research 
training budget by 31%. OMB Director David Stockman 
plished by removing all institutional allowances and 
than by reducing numbers of trainees. 

Institutional allowances are used to pay for trainee 
books, and to support partially the training program 
NIH and Congress to enable institutions to provide a 
possible on a program of fellowships alone. Veteran 
cleverness of the OMB move but not surprised given 
Federal supportof biomedical research training. 

said this reduction would be accom- 
the 8% indirect cost recovery rather 

travel and laboratory costs, to buy 
directors. They were instituted by 
richer training environment than is 
Hill staffers were amazed at the 

le implacable opposition of OMB to 

In related actions, Congress prepares to review the research training authority (National 
Research Service Awards) which expires this year. It came as no surprise that the Repub- 
lican-controlled Senate health Committee's NRSA bill (S. 800) provides a research training 
authorization of only $150 million- a level consistent with the OMB proposal to cut research 
training. It was very surprising, however, when Congressman Henry Waxman introduced a 
House NRSA bill that also accepts the Republican Administration's reduced funding ceiling 
for training. 

FEDERAL BUDGET PROPOSALS FOR FY1981 AND FY1982. Budget and Appropriations Committees in both 
Houses of Congress are diligently working out details of Federal spending levels for the 
current fiscal year and for next year. The Senate Budget Committee adopted a budget resolu- 
tion (Senate Concurrent Resolution 9) that was subsequently approved by the entire Senate. 
The Senate resolution directs the appropriating and authorizing committees to reduce spend- 
ing this year by $14.7 billion and recommends extremely meager spending levels for the next 
two years. The passage of this bill in the Senate puts enormous pressure on the Senate Ap- 
propriations health subcommittee to approve the President's rescission requests for NIH and 
other programs of importance to the medical schools and to reduce drastically spending for 
controllable health programs next year. 

In the House, there appears to be a higher degree of skepticism that health, education and 
other so-called people programs must be sacrificed in order to restore economic well-being 
in the country. On April 6, House Budget Committee Chairman Jones proposed an alternative 
Federal budget. Representative Jones indicated that his proposal supports "our national in- 
vestments in human capital- in education and skills and health." When the House Budget Com- 
mittee marked up its resolution, which will be voted on in the House shortly, it recommended 
partial restoration of many of the proposed rescissions and funding reductions for programs 
of interest to the medical schools. The House Appropriations health subcommittee just re- 
cently considered the FY1981 rescissions, and although the results have not yet been made 
public, it is understood that the Subcommittee did not approve all the rescissions requests, 
particularly in the research and research training areas. 

! 
~~~ 

1981 FALL MEETINGS-NOVEMBERl-2-WASHINGTON, DmCm 
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SINGLE ROUTE TO LICENSURE CREATES CONTROVERSY. The proposal by the National Board of Medical 
Examiners and the Federation of State Medical Boards that there be a single route to licen- 
sure through a sequence of two examinations has generated discussion and controversy. The 
NBME has had a Comprehensive Qua1 ifying Examination (CQE) under development for the past 
several years and the Federation has made a preliminary commitment to have the CQE be the 
first examination in the sequence (FLEX I). 

At a presentation by the National Board at the 1981 CAS Interim Meeting, it was evident that 
the CQE cannot evaluate the technical skills, interpersonal skills and attitudes that facul- 
ties of accredited U.S. medical schools evaluate repeatedly by direct observation of a stu- 
dent's performance. The proposition that passing the FLEX I will assure that graduates are 
competent to care for patients in a graduate medical education programs is open to serious 
question. 

Acting on the advice of the CAS Administrative Board, the AAMC's Executive Council has re- 
quested that the Federation and the National Board not proceed with the implementation of 
the proposed two examination sequence for licensure. An ad hoc Committee, chaired by 
Carmine D. Clemente, Ph.D., former chairman of the CAS, ideveloping an alternative pro- 
posal to ensure that graduates of schools not accredited by the Liaison Committee on Medical 
Education meet educational achievement and professional preparedness standards equivalent 
to those met by graduates of U.S. medical schools. For further information, call August G. 
Swanson; M.D., Director of the Department of Academic Affairs at 202-828-0430. 

HOUSE AND SENATE MANPOWER BILLS INTRODUCED. In late February, Representative Henry Waxman (D-Ca), 
chairman of the health subcommittee, introduced H.R. 2004 which is essentially the same health 
manpower bill that passed the House last year by an overwhelming margin. One month later, 
Senator Orrin Hatch (R-Ut), chairman of the Senate health committee, introduced S. 799-a man- 
power bill that calls for a reduction in Federal support for medical education. The House 
and Senate proposals are markedly different: the House proposal is generally supportive in 
most areas of importance to medical schools and their students; the Senate proposal is very 
stringent and terminates or greatly reduces support for medical education programs. 

HR. 2004 reauthorizes with minor revisions the current health manpower law with the major 
exception that it phases out medical school capitation. The proposed phase out would 
mean that schools would receive approximately $400 per student in FY1982, $200 per student 
in FY1983, and no capitation support in FY1984. The House bill continues support for the 
existing special project grant program and includes generally favorable student aid pro- 
visions. 

S. 799 terminates medical school capitation and greatly reduces support for several pro- 
grams of importance to the medical schools: primary care residencies, area health educa- 
tion centers, departments of family medicine, and assistance for students from disadvan- 
taged backgrounds. The Senate bill limits access and funds for student financial aid. If 
the Senate bill's student aid proposals were adopted and coupled with the Reagan Admini- 
stration's plan to limit access to Guaranteed Student Loans, medical students would be 
forced to turn to the high-interest HEAL loan program, now running at 18%, and would not 
have the option currently available for some HEAL borrowers to consolidate their loans at 
a more reasonable interest rate. 

GENERAL REQUIREMENTS FOR GRADUATE MEDICAL EDUCATION RATIFIED. After five years of debate, 
a revision of the General Requirements of the Essentials of Accredited Residencies has 
been ratified. The revision requires greater institutional accountability for the quality 
of sponsored graduate medical- education programs than do the previous requirements. The 
ACGME has also provided the authority to determine the examination standards that are 
acceptable for graduates from foreign schools to be eligible to enter accredited gradu- 
ate medical education programs. Copies of the revised General Requirements are avail- 
able by writing to the Secretary of the Accreditation Council for Graduate Medical Educa- 
tion, 535 North Dearborn Street, Chicago, Illinois 60610. 
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