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39.1

ACTIVATION OF THE SYMPATHETIC NERVOUS SYSTEM INHIBITS
CONTRACTIONS TO ENDOTHELIN-1 IN CANINE CORONARY ARTERIES.
P. Aarnio, C.G.A. McGregor, V.M. Miller, Mayo Clinic,
Rochester, MN 55905

Endothelin-1 contracts vascular smooth muscle and inhibits
release of neurotransmitter from adrenergic and cholinergic
neurons. The interactions of these mechanisms in a blood
vessel which receives both adrenergic and cholinergic
innervation is not known. Therefore, experiments were
designed to determine whether or not neuronal activation to
a blood vessel affects contractions to endothelin-1. Rings
were cut from canine left anterior descending coronary
arteries. The endothelium was removed and the rings
suspended for the measurement of isometric force in organ
chambers. Endothelin-1 caused concentration-dependent
increases in tension in all rings. During electrical
stimulation (1 Hz, 9V, 2 ms), the contractions to endothelin-
1 were reduced significantly. This decrease was greater in
the presence of atropine (10°M) and was eliminated E% a
combination of phentolamine (106M) and propranolol (5x10™M).
These results suggest that in canine coronary arteries
contractions to endothelin-1 may be modulated by the level of
sympathetic and parasympathetic tone. Therefore, endothelin-
1 may have more profound affects on vascular resistance in
denervated hearts, for example, those wused for
transplantation. Supported in part by the American Heart
Association, AHA891222.

39.3
GONADECTOMY ABOLISHES SEX DIFFERENCES IN ENDOTHELIAL
MODULATION OF VASCULAR REACTIVITY TO VASOPRESSIN (VP).

o lone. Dept. of Physiology, Northeastern
Ohio Universities College of Medicine, Rootstown, OH 44272.

Previously, we reported that VP-induced contraction of rat aorta is
substantially higher in females (F) than in males (M), which results (at
least in part) from greater release of endothelium-derived relaxing
factor (EDRF) by M than by F aortae. To explore the role of the gonadal
steroids in this sexual dimorphism in vascular function, the effect of
gonadectomy (GNX) on vascular reactivity to VP was examined in
thoracic aortae of M and F rats. Age-matched M and F Sprague-Dawley
rats were GNX or sham-GNX (intact, INT) at 4 wks age. At 12-14 wks age,
paired aortic rings were prepared for isometric tension recording (in
Krebs-Henseleit-bicarbonate, 370C, 2.50 g passive tension) in the
presence of either NG-methyl-l-arginine (NMLA, 0.25 mM) or l-arginine
(control, C, 2.5 mM). After equilibration (2 hr), a cumulative dose-
response curve to VP was obtained (10"11-106 M). The data presented
are means + SE (n = 3-4 animals per experimental group). Maximal
response of INT-C aortae to VP was markedly higher in F (4,406+310 mg)
than in M (1,158+314 mg). In GNX-C aortae, maximal response to VP
increased dramatically in M (4,167+324 mg), but was unchanged in F
(4,162+252mg). Pre-treatment of aortae with NMLA markedly increased
maximal response to VP in INT M (3,1381586 mg) but had no effect in
INT F (4,493+355 mg), or in GNX M (4,117+616 mg) or GNX F (4,225t85
mg). Maximal response to 80 mM KCl did not differ among M, F, INT, or
GNX (mean=2,819 + 73 mg). These data suggest that the gonadal steroids
are important modulators of endothelial function and are responsible
for the prominent male-female differences in VP-stimulated release of
EDRF by the rat aorta. (Supported by Am. Heart Assoc./Ohio Affiliate).

39.5

ANGIOTENSIN AND VASOPRESSIN INDUCE PREPROENDOTHELIN -1 mRNA AND
ENDOTHELIN-1 RELEASE FROM CULTURED BOVINE ENDOTHELIAL CELLS.
Y.Hirata, T.Imai, T.Emori-, M.Yanagisawa', T.Masaki-*, F.Marumo-*
2nd Dept. of Med.,Tokyo Med. & Dent. Univ., Tokyo, *1st Dept. of
Pharmacology, Kyoto Univ., Kyoto, Japan

‘To elucidate the cellular mechanism of endothelin(ET)-1
production and release by vasoconstrictive hormones, we have
studied the effects of angiotensin II (AII) and arginine-
vasopressin (AVP) on cytosolic free Cat* levels ([Ca?*];) by
fura-2 method and phosphoinositide breakdown in cultured
bovine endothelial cells (EC), and determined the agonists-
induced immunoreactive ET-1 release and the expression of
bovine preproET-1(ppET-1) mRNA by Northern blot analysis.
Both AII and AVP dose-dependently stimulated immunoreactive
ET-1 release, with concomitant increases in [Ca2* ], and
generation of inositol trisphosphate. ppET-1 mRNA was induced
within 5 min by AII (10-8M) and AVP (10-8M) which lasted for
3 hrs. AII and AVP induced ppET-1 mRNA in a dose-dependent
manner (10-%-10-8M). These effects were abolished by their
specific receptor antagonists (salarasin and POMT-AVP),
respectively. These data suggest that the release of ET-1
from EC stimulated by AII and AVP is mainly due to the
induction of ppET-1 mRNA via the receptor-mediated phospho-
inositide turnover and intracellular Cat* mobilization in EC.

39.2
FEMORAL vs RENAL BLOOD FLOW RESPONSE TO INHIBITION OF
ENDOTHELIUM-DEPENDENT RELAXING FACTOR (EDRF). David H. Sigmon®,
Oscar A. Carretero and William H. Beierwaltes. Henry Ford
Hospital, Detroit, MI. 48202

Inhibition of EDRF results in acute hypertension. We, and
others, have found that EDRF inhibition decreases renal blood
flow (RBF). We wished to compare the renal response to EDRF
inhibition with a representative peripheral bed, the femoral
vasculature. 12 anesthetized rats were treated with 10 mg/kg
bw Nw-nitro-L-arginine (N-Arg) to inhibit EDRF. Blood Pressure
(BP) was monitored by a femoral catheter. In 2 subgroups of 6
rats we determined either RBF or contralateral femoral blood
flow (FBF) using flow probes. EDRF inhibition caused a 21 + 1
mmHg increase in BP (p<0.001) and a 31 * 7 bpm decrease in
heart rate (p<0.005). RBF decreased by 32 * 5% (5.9 * 0.5 to
3.9 £ 0.3 ml/min/glkw; p<0.005) while FBF did not change (9.5
+ 0.4 vs 9.4 * 0.4 ml/min). Renal vascular resistance (RVR)
increased 97 + 16% compared with only 24 * 6% increase in
femoral resistance (FVR; p<0.00l1). To eliminate the effect of
increased BP, we returned organ perfusion pressure to pre-N-Arg
levels (106 * 2) by aortic constriction. The kidney auto-
regulated RBF by decreasing RVR 13 * 5% (p<0.05) compared with
no autoregulation of FBF. These results suggest that EDRF is
more critical in maintaining RBF than FBF. We conclude that
EDRF inhibition reveals a disproportionate reliance of the
kidney on endothelial regulation of blood flow compared to
peripheral vascular resistance beds. (HL28982)

39.4

ENDOTHELIAL DEPENDENT CONTRACTING FACTOR RELEASED BY
ARACHIDONIC ACID IN RABBIT PULMONARY ARTERY. Sandra L. Pfister*
Carol J. Buzzard* and William B. Campbell* (SPON: G.A. Ordway). UT
Southwestern Medical Center, Dallas, TX 75235

Because recent evidence suggested that arachidonic acid (AA)
releases an endothelial dependent contracting factor (EDCF), the aim of
the present study was to characterize the EDCF released by AA in rabbit
pulmonary artery. AA elicited endothelial dependent, concentration-related
contractions (97.1 + 4.6% of KCI contraction) that were blocked by the
cyclooxygenase inhibitor, indomethacin. In addition, the thromboxane (TX)
receptor antagonist, SQ 29548 and the TX synthetase inhibitor, dazoxiben
both caused a 88% inhibition of the maximal AA-induced contraction.
When segments of pulmonary artery were incubated with 14C.AA, and the
extracted metabolites resolved by reverse phase HPLC, a major radioactive
peak that comigrated with 6-keto prostaglandin (PG) F,_, the stable
metabolite of prostacyclin, and a minor radioactive peak that comigrated
with TXB,, the stable metabolite of were observed. The TXB
radioactive peak was rechromatographed on normal phase HPLC, ang
again comigrated with TXB,,. Using specific RIAs, AA stimulated both 6-
keto PGF, = and TXB, production. Indomethacin blocked the production
of both 6-keto PGF1 a and TXBZ, whereas dazoxiben inhibited only TXB2
production.  In conclusion, these results suggest that pulmonary
endothelial cells synthesize a product that may be TXA,, and it is likely
that this product mediates the endothelial dependent contraction elicited
by AA.

39.6

AGING AND ELEVATED LIPID PEROXIDATION IMPAIR VASCULAR

ENDOTHELIAL CELL FUNCTION. $.T. Davidge* and M.K. McLaughlin. Dept. Ani.
Sci., UVM, Burlington, VT 05405 & Dept Pediatrics, CHMC, Cincinnati, OH 45267.

Oxidative damage has been implicated in many age-related diseases, including
3 lar disorders. An

levation of lipid peroxides has the potential to alter
P glandin synthesis and endothelial-derived relaxing factor(s)(EDRF), which are
important for normal lar function. The i ion b lipid peroxides and
P glandins/EDRF on endothelial cell fi during aging is unknown. We examined
the effect of aging and el d lipid p ides on lar function in the Sprag
Dawley rat. Rats (n=20) were placed on a control(+) or vitamin E deficient(-) diet that
lted in equivalent i in red blood cell hemolysis between age groups.

Mesenteric arteries from 40 week old rats [Old;n=6(+), n=6(-),] and 20 week old rats
[Young;n=4(+), n=4(-)] were studied in an isometric myograph system. Aging
i d the ivity to phenylephrine iction (.8uM vs 1.6uM, p<0.0S).
Diet had no effect. Aging decreased the sensitivity to the endothelium-dependent agonist,
methacholine almost 2-fold (ECs, = .084uM (Old) vs .045uM (Young), p<0.01). Vitamin
E deficient diet did not affect this response in the Young rats, but caused a further 2-fold
decrease in the methacholine sensitivity in the Old rats (.084uM vs .164uM, p<0.01).
Ind hacin p iated the methacholi laxation resp only in the vitamin E
deficient animals (p <0.01); the effect was greater in the Old (.067uM vs .164uM) vs
the Young rats (.031uM vs .049uM). In Yy, age Ited in an i

ictor resp and a d in EDRF 1 p In a dietary
antioxidant deficiency, both Young and Old rats demonstrated an increase in a
cyclooxyg pend. ictor that was more pronounced in the Old rats. In
age and el d lipid p ides are both imp factors leading to an
impairment of I} dothelial cell fu which may contribute to age-related
vascular diseases. PHS# HL40130.
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SIMULTANEOUS INCREASE OF ENDOTHELIN-1 AND THROMBIN- RESTING HEMODYNAMICS IN CONSCIOUS RATS WITH NEPHROTIC SYNDROME.
ANTITHROMBIN III COMPLEX IN PLASMA AT OPEN-CHEST SURGERY. Hinojosa-, de a Internal Med. Dept.

M.Onizuka, T.Miyauchi*, S.Ishikawa*, K.Mitsui*, N.Suzuki*,
K.Goto, T.Masaki and M.Hori. Institutes of Clinical Medicine
and Basic Medical Sciences, University of Tsukuba, and Takeda
Chemical Industries, Tsukuba, Ibaraki 305, Japan

We reported Endothelin-1 (ET-1), a potent vasoconstrictor,

was released after open-chest surgery (Physiologist 33:1990).

Enhanced production of ET-1 by thrombin has been demonstrated
in cultured bovine endothelial cells (Biochem Biophys Res
Commun 160:1989), in porcine aortic strips (Hypertension 15:
1990), and in isolated perfused guinea pig lungs (Proc Natl
Acad Sci 86:1989). We measured plasma concentrations of ET-1
(pg/ml) and thrombin-antithrombin II complex (TAT, ng/ml) in
patients who underwent open-chest surgery (n=8, 40 samples).

The blood samples were collected from the median cubital vein.

The data are summarized in the table (mean * SEM).
Time sampling

pre-ope just-after-ope 6-hr-after  24-hr 43-hr
ET-1 1.320.1 3.5%0.8 2.8%0.4 1.6x0.1  1.320.2
TAT 5.8%1.2 31.1%12.4 24.3%9.1 12.5*2.5 12.4%3.7
Plasma concentrations of ET-1 and TAT were significantly
increased after the surgery (p<0.05) and showed significant
correlation between the two substances (r=0.73, p<0.001).
Present findings suggest that accelerated clotting system by
the surgery might stimulate the production of ET-1, or vice
versa.

39.9

Transcranial Doppler Evaluation of Syncope: An Application

in aerospace physiology. Philip C. Njemanze *

(SPON. Mary L. Ellsworth) Neurocybernetic Lab. Nigeria*,

St. Louis Univ. Medical Center, St. Louis M0.63110

A non-invasive method which combines the simultaneous
measurement of mean cerebral blood flow velocity (MFV),

mean arterial blood pressure (MBP), and heart rate (HR) was
used to monitor patients with history of syncope, in horizon-
tal and vertical posture tilt at 80°. All subjects gave
consent according to institutional guidlines. MFV in the
right middle cerebral artery was measured using a transcranial
Doppler instrument (TCD). MFV decreased concurrently with

the onset of symptoms, and at the time of syncope reached an
average of 68% below pretilt values. At the same time MBP
showed an average decline of 25%, and HR increased by 38%.
There was no correlation between MBP and MFV, at the onset of
of tilt, presyncope and syncope. MFV correlated with MBP

at supine recovery state. MFV but nor HR or MBP showed
significant transition from one condition to the other. These
data suggest that there may be a useful application of TCD
measurements of MFV in the study of syncopal tendency.
These measurements would necessarily be used in conjunction
tilt table procedure. The possibility exists that MFV might
be useful to preclude the actual occurrence of syncope in
test subjects who are aircrew candidates. [1]

Reference: Njemanze PC Aviat Space Environ Med 62:569-72 1991.

39.11

BLOOD LACTATE AND CATECHOLAMINE LEVELS IN THE CARBON
MONOXIDE-EXPOSED RAT: THE EFFECTS OF ELEVATED GLUCOSE
Bharat B. Sutariya, David G. Penney, Joseph C. Dunbar, and Curtis J.
Swanson. Wayne State University, Detroit, MI 48201

Previous studies have shown that elevated blood glucose is detrimental to
outcome in acute CO poisoning. The present goals were to characterize the
lactate and catecholamine changes, and to determine whether elevated blood
glucose increases the levels of these substances. Two groups of adult
Sprague-Dawley, Levine-prepared female rats (n=22 each) were exposed to
2400 ppm CO for 90 min: Group A received nothing; Group B was infused
with 50% glucose solu. (4 mlkg). The usual hypothermia, hypotension,
bradycardia, and hemoconcentration associated with CO poisoning were
observed. Survival rates were 77% and 68% in Gp. A and B, respectively.
Arterial blood pressure tended to decline more in rats that died; the difference
was signif. in Gp. B. In Gp. A, glucose was signif. lower after CO exposure
in rats that died than in survivors (35+/-15 vs. 99+/-16 mg/dl), as previously
reported. In Gp. B, glucose was signif. higher after 45 min in rats that died
(d) than in survivors (s) (447+/-29 vs. 324+/-31 mg/dl). Elevated blood
glucose in Gp. B failed to signif. increase blood lactate; however, lactate
tended to be higher in rats that died in both groups [Gp. A; 175+/-17 (d) vs.
138+/-9 (s); Gp. B; 154+/-10 (d) vs. 143+/-8 (s)]. Epinephrine and
norepinephrine increased approx. 6-10 fold and 2-6 fold in both groups,
respectively. The results do not support the notion that elevated blood
glucose signif. increases blood lactate during CO poisoning, and fail to
unequivocally show that death is related to signif. higher blood lactate levels.

Univ. of Iowa, College of Med. & VAMC, Iowa City, IA 52242
Nephrotic syndrome (NS) is characterized by renal sodium
and water retention and edema formation mediated by neuro-
humoral systems. This study determined if activation of volume
retaining mechanisms affected baseline hemodynamics in NS
Male Sprague-Dawley rats were given adriamycin (3.5 mg/kg,iv.)
to produce NS (N=6). Vehicle control (VC; N=7) rats received
isotonic saline (1.5 ml/kg,iv.). Three weeks later when NS rats
have significant (p<0.05) proteinuria (369126 vs.10+3 mg/24hr)
and hypoalbuminemia (2.16+0.03 vs.2.85%0.09g/dl), the rats were
instrumented with an electromagnetic flow probe on the ascend-
ing aorta and a femoral artery catheter for cardiac output and
arterial pressure (AP) measurements. Due to differences in
body weights (NS,303%5 g; VC,332%11 g), cardiac index (CI) and
total peripheral resistance index (TPRI) were calculated.

AP CI TPRI Heart Rate

mm Hg ml/min/100g |mmHg+100gemin/ml |bts/min
NS 113 = 4 27.6 1.2 4.19 £ 0.16 465 7
Ve (116 £ 2 |28.0 * 1.4 4.22 £ 0.20 452 + 12

There were no differences in hemodynamic variables between NS
and VC rats. We conclude that the alteration in volume homeo-
stasis in NS does not affect resting systemic hemodynamics.

39.10

BLOOD FLOW TO CIRCUMVENTRICULAR ORGANS DURING INFUSION
OF CATECHOLAMINES. J. L. Willi * *
Jones*. and R. M, Bryan Jr. Cleveland Clinic Foundation, Cleveland, OH
44195 and Hershey Medical Center, Hershey, PA 17033

In contrast to other brain regions, circumventricular organs (CVOs) do not
have a blood-brain barrier and are permeable to blood-bome hormones. In this
study, we examined effects of catecholamines on blood flow to cerebral cortex and
CVOs (SFO, subfornical organ; ME, median eminence; CP, choroid plexus; NH,
neurohypophysis; AP, area postrema) in unanesthetized rats. Rats were anes-
thetized initially with halothane and N20 in O for cannulation of femoral arteries
and veins. After recovery from anesthesia, one group of rats was treated with o-
methyl-paratyrosine (AMPT; 250 mg/kg i.p.), which inhibits catecholamine
synthesis. In 2 other groups, after AMPT treatment, dopamine (15.0 pg/kg/min)
or epinephrine (1.0 pg/kg/min) was infused for 5 min. Control rats were not
treated with either AMPT or catecholamines. Blood flow (ml/min/100g) was

measured with 14C-iso!zmp_xliodoamphetamine and quantitative automdiogg%%:
ontro opamine pinephrine

SFO 418129 4711491 585428* 370473
ME 568163 779482* 8491+23% 686490
cp 702157 728451 9894+60* 706455
NH 1036+42 1314194* 1842+164*t 1212480
AP 321117 473147* 551423* 432187
Cortex 180420 168440 241145 169160
*7P< m Control, ue = me: . (Number) = n.

Cortical blood flow was not affected significantly by any treatment. AMPT
increased blood flow to ME, NH, and AP, which suggests that catecholamines
tonically vasoconstrict these CVOs. Dopamine produced large increases in blood
flow to CP and NH. Our findings indicate that catecholamines can differentially
affect blood flow to CVOs.

39.12
METHODOLOGICAL AND FUNCTIONAL CONSIDERATIONS OF GLUCAGON IN
THE HEPATIC AND MESENTERIC VASCULAR BEDS. Mark S. d'Almeida*
and W. Wayne Lautt. Department of Pharmacology, Liver Unit,
University of Manitoba, Winnipeg, Manitoba, Canada, R3E OW3.
Due to the dual supply of blood to the liver, and the
relationship between these inputs, studying hepatic hemo-
dynamics has been difficult and confusing. In part, by using
the vasodilatory action of glucagon as a research tool, we
have been able to develop better methods for studying the
hepatic vascular beds in vivo. We d the effects of
intravenous glucagon and raised portal blood flow (PBF) on
hepatic arterial conductance and the resultant influence from
the hepatic arterial buffer response (HABR) in the cat. We
conclude that when studying hepatic hemodynamics, PBF must be
monitored or controlled in accordance with the role of the
HABR. In an opposite approach, we used the hepatic and
mesenteric vascular beds as research tools to study the
physiological and pharmacological characteristics of glucagon.
Glucagon was confirmed to be a dilatory agent, but not an
effective inhibitory modulator of nerve- and norepinephrine-
induced constrictions. Comparison of the pharmacologic
?stimates of Rmax and BDSO indicated that the efficacy of
intra-arterial gl in the eric vascular bed was
almost double that of the hepatic artery (HA) while the
potency of glucagon in the HA was approximately 9-fold
greater than in the mesenteric bed. This work was funded by
MRC of Canada and the Heart & Stroke Foundation of Canada.
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39.13
A THEORETICAL TREATMENT OF OXYGEN SHUNTING IN THE INTESTINAL
VILLUS. JW. Kiel and A.P. Shepherd. University of Texas Health Science
Center, San Antonio, Texas 78284

This report describes a mathematical model of the counter-current
shunting (CCS) of oxygen in the intestinal villus. The model divides the
villus into four segments from base to tip. Steady-state equations describe
the convective and diffusive fluxes of oxygen in the arteriolar, capillary
and tissue compartments within each segment. Longitudinal diffusion is
assumed to be negligible. Simulations with the model led to the following
observations. 1) In the absence of CCS, the oxygen uptake (VO2) versus
blood flow relation was linear at low flow when VO2 was delivery-limited.
At high flow, VO2 was independent of flow. CCS shifted the VO2 versus
blood flow curve down and to the right, slightly impairing VO2 at a given
flow. 2) In the absence of CCS, the villus tip PO2 was lower than the base
because of tissue O2 uptake; CCS further reduced the base-to-tip PO2
gradient. Reducing blood flow increased the base-to-tip PO2 gradient until
the tip PO2 fell to zero, then the base-to-tip gradient fell with further
flow reductions. 3) Lowering blood flow initially caused slight increases
in shunting; further decreases in flow reduced shunting. 4) In the flow
range in which VO2 was flow-independent, increasing VO2 or decreasing
the arteriole-to-capillary distance increased shunting. 5) Lowering the
hemoglobin's P50 to simulate fetal blood caused slight reductions in
shunting and reduced VO2 at a given flow. In summary, the model confirms
the potentially deleterious effects of CCS on intestinal oxygenation, and it
shows that a base-to-tip PO2 gradient is not prima facie evidence of
counter-current shunting. Supported by HL-36080 and AHA Grant-In-
Aid 90G-343.

39.15

ANDROGEN REGULATION OF PENILE ERECTION. I._Mills. V.

o j , Department of Physiology &
Endocrinology, Medical College of Georgia, Augusta, GA 30912-
3000.

The direct involvement of androgenic steroids (AS) in the vascular
aspects of penile erection is not fully established. A rat animal model
has been used to determine whether reduction in AS leads to
changes in the erectile process. The erectile response was quanti-
fied by measuring the maximal pressure achieved in the corpus
cavernosum (CC) in response to stimulation of the autonomic
innervation of the penile vasculature. Blood was also collected for
the determination of circulating testosterone. The results show that
within 24 hr of lowering plasma AS levels by castration, there was a
decrease in the erection-induced maximal CC pressure with a
progressively greater decline at 2-21 days after castration. AS
replacement by implanting testosterone pellets prevented (or
reversed) the decline in maximal CC pressure which followed
castration. Castration also led to decreased sensitivity of the penile
vasculature to vasoactive drugs whereas AS treatment maintained
sensitivity suggesting that the androgen may act to regulate penile
vascular responsiveness. These studies show that AS are essential
for the maintenance of full penile erection and that AS may act to
maintain the vascular receptor activity.

39.17

hCGRPg 5, COMPETITIVELY ANTAGONIZES VASODILATIONS PRODUCED BY
HUMAN CGRP (hCGRP) IN PIG CAROTID ARTERIES. Ronald R. Fiscus, Huiging
Hao, Xian Wang, St E. Joh M + ing, Robert
K. Salley* and David R. Gross*. Sanders-Brown Center on Aging, Dept. Physiol.
& Blophys. and *CT Surgery Research Labs, Dept. Surgery, Univ. Kentucky,
Lexington, KY, 40536

Calcitonin gene related peptide (CGRP) is found in nerves (mostly
sensory afferent) within aimost all organ systems. This neuropeptide is also
found in the adventitial layer of almost all blood vessels. It is one of the most
potent vasodilators known. An important first step necessary for the
characterization of any physiological role that CGRP may play in the regulation
of blood flow Is to identify effective blocking agents. We studied the effects of
hCGRPg 37, a synthetically produced CGRP analog with the first 7 amino acids
deleted. Dose-response curves to hCGRP were produced from carotid arteries
harvested from 5, isoflurane anesthetized, crossbred, female pigs, approx. 25 kg.
Typical log-dose-response curves were obtained for hCGRP using multiple
vascular rings from each animal contracted with 3 X 108M norepinephrine. The
ECg,, In the control specimens was 3.53 X 109M. Rings prepared from the same
animals, and tested at the same time, were treated with 1 pM hCGRPg ,,.
Treated vessel dose-response curves were shifted to the right 7 X with a ECg, of
2.49 X 10, The effects of both hCGRP and hCGRPg 5, were similar in vessels
with and without endothelium, indicating the observed responses are endothelium
independent. We conclude that hCGRPg 4, acts as a competitive antagonist for
hCGRP In pig carotid artery and should serve as a useful tool for future studies.

39.14
IMMUNOCYTOCHEMICAL LOCALIZATION OF ESTROGEN (ER)
AND PROGESTERONE RECEPTORS (PgR) IN HUMAN AND
MACAQUE VASCULAR TREE. S.R. Money* and L.P. Pertschuk*
(Spon: J.B. Josimovich). SUNY HSC at Brooklyn and
The Methodist Hospital, Brooklyn, New York 11203

An immunocytochemical assay, utilizing different,
multiple monoclonal specific anti-ER and anti-PgR
antibodies and a peroxidase-antiperoxidase detection
system was used to study the vascular tree of humans
and macaques. ER as well as PgR appeared limited to
the nuclei of endothelial and smooth muscle cells of
intima, media and vasa vasora. Positive staining was
seen with 2 different anti-ER and 2 separate anti-PgR
antibodies. Staining was limited to the thoracic
aorta and its major branches in both species. Human
umbilical cord vessels and ovarian and uterine arteries
also demonstrated positivity. No staining was seen
when nonimmune IgG was substituted for specific
antibody. Positive staining was rare in other locations
(extremities, mesenteric, iliac, renal arteries and the
coeliac axis, etc.). We conclude that certain segments
of primate vascular system are steroid hormone targets.

Supported in part by USPHS CA 23623 (LPP)

39.16

SEX DIFFERENCES IN VASCULAR REACTIVITY IN RAT AORTA. O. Shechtman,
M.J. Katovich & E.E. Soltis. Dept of Pharmacodynamics, Univ of FL, Gainesville, FL
32605 & Dept of Pharmacol and Exprtl Therapeutics, Univ of KY, Lexington, KY 41005

There are documented sex differences in various cardiovascular diseases including
hypertension. A difference in sensitivity of the vascular smooth muscle to vasoconstrictor
and vasodilator agents may contribute to this sexual dichotomy. In the present study we
measured the vascular reactivity of aortic and tail artery smooth muscle of male and female
rats to various vasoconstrictor and vasodilator agents. The vascular responsiveness of male
rats was significantly greater than that of the females to the lower doses of KCI (5,10 and
20 mM). However, the response to the higher doses of KCl (40, 60 and 80 mM) was
significantly greater in the females. There were no differences in the vascular response
to the vasodilator agents sodium nitrate (NaNo,) and acetylcholine (Ach). However, the
vascular responsiveness of aortic smooth muscle of males to both phenylephrine (PHE) and
isoproterenol (ISO) was significantly greater than that of the females. On the other hand,
there were no differences in vascular responsiveness of the tail artery between males and
females to any of the vasoactive agents. Administration of phentolamine, an alpha-
adrenergic blocker, prior to contraction with KCI, resulted in a significantly smaller
contraction of the tail rings of both males and females but had no effect on aortic rings.
This was probably due to the difference in adrenergic innervation between the two vascular
beds and may account for the differences observed between the two vascular tissues for
the adrenergic agents studied. The difference in aortic rings responsiveness to KCI may
be due to sex-related differences in either calcium metabolism or calcium transport into the
cell. However, the data for the adrenergic receptor-mediated response of the aortic rings
indicate that male rats are more responsive to both alpha and beta adrenergic stimulation
than female rats. This increased sensitivity of males to adrenergic challenge could explain
in part the sex difference in cardiovascular disease. (Supported in part by the American
Heart Association, Florida Affiliate).

39.18

FEMORAL ARTERIAL RING RESPONSES AFTER ENDOTOXIN
(ETX). ho M. Pri H. Baker. Dept. of Physiology and
Biophﬁxcs, Univ. of South Florida, Tampa, Fl 33612

This study investigated the compensatory mechanisms of blood
vessel responses to agonists after E. coli ETX administration. Femoral
arterial rings were taken from anesthetized Wistar rats at three levels
of mean arterial pressure (P,): 1) control; 2) 100 mmHg and 3) 40
mmHg post ETX infusion (6mg/kg, 1hr). Dose-response curves were
obtained with vasopressin (AVP) (4-10 x 10* M), K&J (5-105 mM) and
Phen lephrine (PHE) (10°-10° M). When compared at the same ring
ength (e.g. the length of maximal responses in control vessels, Lmax),
no significant differences were found in EC,y and EC;, at three blood
pressure levels, but maximal response was decreased to 62% for AVP,
52% for KCl and 53% for PHE (all p<0.05) when P,=40 mmHg.
Examining the smooth muscle length-tension curve with 5x10° M PH
showed that the Lmax of endotoxic rin%s at P,=40 mmHg was 1.31
times of the Lmax at control P, (p<0.01) and the maximal reponse at
ETX Lmax was 1.59 times of the maximal response of control ring at
Lmax (p<0.01). The data shows that smooth muscle contraction is not
inhibited by endotoxin infusion and the comparison of response depends
on the length chosen. We suggest that at P,=40 mmHg vessel smooth
muscles work in a different length-tension curve which is on the right
of the control curve. (Supported by HL-33840)
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39.19

ATRIAL NATRIURETIC PEPTIDE (ANP) INCREASES DISSIPATIVE
BUT NOT CONVECTIVE ALBUMIN TRANSPORT. V.L. Tucker and
E.M. Renkin. Univ. of California, Davis CA 95616.

Infusion of exogenous ANP increases transvascular protein escape. In the
present study capillary solvent drag coefficients (1-0) were estimated in
hindlimb skeletal muscles of intact, anesthetized rats to determine the
relationship between fluid and protein movement during ANP infusion.
Synthetic rat ANP was infused i.v. at 0 (control, n=6) or 500 ng/kg/min
(n=8) for 30 minutes. Tissue albumin transport was measured as 30
minute clearances of 131--BSA (Calb) using a double isotope technique.
Water contents (W) were determined by wet-to-dry weight. Skeletal muscle
fluid extravasation was varied within rats by elevating hydrostatic pressure
(venous occlusion) of one hindlimb. The average (*SEM) increase in
skeletal muscle filtrate (AW) in occluded limbs of control rats was 13647
ul/g dry wgt and was associated with a small increase in Calb
(ACalb=1.2610.45 pl/g dry wgt) but no change in tissue plasma volume.
Thus 1-o, estimated as ACalb/AW, was 0.009. For ANP, fluid
extravasation into occluded legs was similar to control: AW=116x16 and
1-6=0.010. ANP significantly (P<0.05) increased Calb in each leg: from
4.71+0..3 to 7.7140.72 (non-occluded) and from 5.9740.3 to 8.79+0.6
(occluded). If the estimates of sovent drag are correct, then the minimum
amount of filtrate required to account for the elevation in Calb with ANP in
the non-occluded leg was 300 pl (9% increase in W). However, W did not
change with ANP (3224423 vs 3220%11 pl/g dry wgt). We conclude that
ANP increases tissue albumin uptake primarily by enhancing dissipative
transport and not by increasing solvent drag of albumin. Supported by NIH
HL07957 and HL18010

39.21

DIFFERENTIAL ACTION OF VERAPAMIL ON COLD INDUCED VASODILA-
TATION IN THE INTERNAL MAXILLARY ARTERY BED. Klaus Pleschka, Ferenc
Bari‘gd Olusegun Ariwgdgla*.' W.G Kerckhoff-Institut, 6350 Bad Nauheim, F.R.G.

Marked vasodilatation of arteriovenous anastomoses (AVA) and slight vaso-
constriction of precapillaries (CAP) characterize cold induced vasodilatation (c.v.) of
the canine internal maxillary artery (IMA). To find out whether thermal interference
with calcium channels underlies c.v. in nasal AVAs, blood flow of the IMA (IMA-
FLOW) was recorded electromagnetically together with perfusion pressure of the
IMA (PP-IMA) in response to cold inspired air (c.i.a.-35°C) during continuous
unilateral infusion of Verapamil (200 nM/min) into the IMA in anesthetized dogs.
Labelled microspheres were used to measure unilateral IMA-FLOW distribution.
Vascular resistance (R-IMA) was derived from IMA-FLOW and PP-IMA. 1.) Vera-
pamil significantly increased IMA-FLOW ( +53%) due to a significant decrease in R-
IMA (-40%). The latter affected mainly precapillaries as indicated by a marked
increase in CAP-FLOW (+131%), while AVA-FLOW even decreased (-46%).
2.) During Verapamil infusion electrical stimulation of the cervical sympathetic chain
(ST) induced a significant vasoconstriction in the IMA (IMA-FLOW: -16%, R-
IMA: +19%), confined, however, only to CAPs (CAP-FLOW: -17%), while the
usually stronger constriction of the AVAs beeing abolished. 3.) C.i.a. further enhanced
the Verapamil induced IMA-FLOW elevation (+16%) due to a decrease of R-IMA
(-14%), which was exclusively restricted to AVA-FLOW (+78%). 4.) During
Verapamil and c..a., ST diminished c.v. of the IMA (-19%), again only due to a
decrease in CAP-FLOW (-27%). The absence of an AVA-FLOW increase under
Verapamil, but its presence during c.i.a., however, at an absent constrictor response to
ST suggest dilator mechanisms independent from the usual calcium re-entry

hani The remaining constrictor response to ST in Verapamil dilated
precapillaries may originate from i pl blockade of calci h Is or
unaffected intracellular calcium stores.

39.23

EFFECT OF PHORBOL-MYRISTATE ACETATE AND Ca?* IONOPHORE
A23187 ON THE PERMEABILITY OF THE EEL RETE CAPILLARIES.
Eugenio A. Rasio and Carl A. Goresky. Notre-Dame Hosp., Univ. Montréal,
Montreal General Hosp., McGill Univ., Montréal, Que. Canada, H2L 4M1

The possible role of protein kinase C activation and intracellular calcium
changes on capillary endothelial permeability was tested in the
countercurrent perfused rete mirabile of the eel at constant flow and
pressure. Tracers were added to the perfusate at the arterial input and their
concentrations were measured at the venous (V,) and arterial (A) outputs.
The diffusion capacity PS of the rete equals the flow x V,/A, and was used
as a measure of permeability. In the first set of 8 perfusions, phorbol-
myristate-acetate (PMA) was added to the medium at a concentration of
10°M. PS values for '*l-albumin, '*C-sucrose and ?’Na rose gradually
from 6.9 + 1.9, 19.5 + 3.2 and 41.5 + 7.9 cm®/sec x 10° during the
control period, to 13.3 + 4.8, 46.2 + 6.2 and 93.5 + 11.9 cm®/sec x 10%,
respectively, at 120 min. (0.05 > p > 0.005). PS values for *H-water were
rapidly reduced from 2358 + 554 cm®/sec x 10° during the control period
to a plateau of 1712 + 238 cm®/sec x 10, for 120 min (p~0.05). In the
second set of 8 perfusions, A23187 was added to the medium at a
concentration of 5§ x 10°M. PS values for '**|-albumin rose from 6.0 + 1.7
cm?®/sec x 10® to a plateau averaging 10.0 + 1.3 cm®/sec x 10-°, from 60
to 120 min (p < 0.05). Concurrently, PS values for '*C-urea and *H-water
were reduced from 74.8 + 6.2 and 1953 + 414 t0 67.9 + 6.0 and 1103 +
219 cm®/sec x 10°°, respectively (p < 0.05). It is concluded that PMA and
A23187 increase paracellular permeation and decrease permeability to
cellular probes. Supported by grants from MRC and QHF.

39.20
ARE ELEVATED PLASMA CATECHOLAMINES A REQUIREMENT FOR
ARTERIOLAR VASOMOTION? S.P. Bruttig, J.A. Schmidt and P. Borgstrém.
Letterman Army Institute of Research, Presidio of San Francisco CA 94129, UCSD-
AMES-Bioengineering, and La Jolla Institute for Experimental Medicine, La Jolla,
CA 92037

Vasomotion, the regular, rhythmic and repetitive constriction and dilation of
terminal and pre-terminal arterioles, is frequently observed during periods of
profound hypotension or hypoperfusion of skeletal muscle. In our laboratories, we
study this hypotension/hypoperfusionas either massive hemorrhage (>30%), which
results in systemic effects, or as partial occlusion of the infrarenal aorta, which
results in local effects within the hindlimb tissue of anesthetized rabbits. Since
vasomotion following hemorrhage can be associated with elevated systemic
catecholamine levels, we wished to determine whether elevated systemic
catecholamine levels were a pre-requisite for the onset of vasomotion following local
pressure reductionof hindlimb skeletal muscle. Therefore, systemic plasma samples
were analyzed by HPLC separation and electrochemical detection for the presence
of epinephrine (A) or norepinephrine (NA). The data indicate that, following
uncontrolled hemorrhage (aortotomy or venotomy), systemic plasma A levels, but
not NA levels, rise to values 10x control levels, while following local pressure
reduction within the hindlimb ic plasma catechol are unchanged from
control.  Conseq ly, the coi rise in plasma A following systemic
hypotension/hypoperfusion in profound hemorrhage is not a cause or necessarily
supporting condition for the observed arteriolar vasomotion. Following local
pressure reduction to the hindlimb musculature, the resulting arteriolar vasomotion
does not require, nor appear coincident with a rise in either systemic plasma A or
NA. However, these data do not rule out a supporting role for baseline levels of
circulating catecholamine.

39.22

EFFECT OF HYPEROXTA AND EPIDERMAL GROWIH FACTOR ON
FIBROBIAST INFILTRATION AND NEOVASCULARIZATION. D.W.
Criswell* and W.J. Melm. Armed Forces Institute of
Pathology, Washington, DC 20306.

A polyvinyl alcohol sponge disc (13mm diameter) was
implanted in mouse subcutaneous tissue to investigate two
treatments [epidermal growth factor (BGF), and intermittent
hyperoxia (100% oxygen for 90 mins twice a day at 250 kPa))
which may modulate neovascularization. Two conditions were
established for treatment: exposure of animals to chronic
hypoxia (12% oxygen for 23 hrs/day), simulating low oxygen
tensions in problem wounds, and normoxia (21% oxygen). In
experiments evaluating BGF, discs were implanted whose core
contained EGF covered with a slow release polymer, the other
group with placebo. Discs were harvested at 14, 25, or 32
days after implantation. The area of the disc infiltrated
by fibroblasts was measured by planimetry and used as an
indirect measure of neovascularization. When EGF (20 ug)
was administered for 14 days under hypoxic and normoxic
conditions no effect was seen on neovascularization.
However, after 25 days under normoxic conditions EGF
slightly i (NS) neovascularjzation compared to
placebo (24.8 mm“, n=7, vs. 18.4 mm“, r=10). Exposure
of chronically hypoxic and normoxic animals to intermittent
hyperoxia between 21-32 days of disc implantation without
EGF did not affect of neovascularization. EGF may have more
potential than hyperoxia in promoting neovascularization.

39.24

A PLATELET MODEL OF ATHEROSCLEROSIS, AND THE EFFECTS OF

CHRONIC STRESS AND PSYCHOLOGICAL TRAITS ON PLATELET

1S)EI‘ISITIVI;I"Y TO EPINEPHRINE-INDUCED AGGREGATION.
atte {, Patte D

SO0 :fl Ad dSSON dlld Mars .
Armstrong Laboratory, Brooks AFB TX 78235 and Wilford-Hall
USAF Medical Center, Lackland AFB TX 78236.

A model of stress-induced atherosclerosis, with platelet
aﬁiregacion occupy1n§ a key position, has been developed.
This study is investigating the sensitivity of platelets to
epinephrine-induced aggreﬁation, as a primarK step in stress-
induced atherogenesis, under conditions of chronic stress,
including the effects of psychological traits on this
sensitivity. Platelet aggregation with epinephrine was
measured biweekly. Subjects are being categorized into three
groups: 1) individuals whose platelets were epinephrine
sensitive; 2) individuals whose platelets were epinephrine
insensitive; and 3) individuals whose platelets exhibited
variable epinephrine sensitivity. Preliminary findings
indicate that, of the third ﬁroup, 257 of the subjects
exhibited epinephrine-induced aggregation at the beginning of
the twelve week study, which rose to 807 after two weeks, and
dropped to zero after five weeks. At the sixth week, 407 of
the subjects exhibited aggregation, which remained relatively
constant until the end of the study, when the number of
subjects showing platelet reactivity decreased to 337. These
fluctuations correspond with the levels of stress experienced,
as regorted by subjective questionnaires. Scatterplots of
platelet aggregation category versus psychological traits
reveal a potential positive correlation with the driven trait
(r=.4), the perfectionist trait (r=.4) and the job
satisfaction trait (r=.6). These early findings are
encouraging, but any conclusions must await analysis of a

larger sample. The voluntary informed consent of the
subiects used in this research was obtained in accordance
with AFR 169-6.
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40.1 40.2
NEW STATISTICAL METHODOLOGY FOR PHYSIOLOGY. R. Jevning*, M. Biedebach*, A LABORATORY EXERCISE ON METABOLISM IN THE RAT.

R. Anand, and J. Barson*. Calif. State Univ., Long Beach, CA 90840 and
U.S. Inter. Univ., San Diego, CA 92340.

Concerns about probability and statistical methodology in physiology has
increased markedly in the last 10 years. However, taken as a whole, the
articles addressing this topic give a monolithic impression that the problem
of statistical analysis of treatment effects is one of the adoption or
non-adoption of particular statistical 'tests" for achieving answers that
are either correct or incorrect.

This impression logically derives from an almost exclusive emphasis on

one statistical viewpoint-that based upon relative frequency, also known

as classical or "objective" statistics. By a device known as "significance
testing' whether a treatment effect cxists is ascertained by comparing

the relative frequency of the effect in an experiment to that theoretically
expected in an infinite number of independent repetitions of that same
experiment. In essence, the goal of objective statistics is thus to discover
a property (tveatment effect) of an idealized infinite number of experiments.
"Acceptance ot rejection of the null hypothesis" then denies or affirms

this property, respectively. From these premises, a statistical problem,
therefore, is only a problem of choice of the right significance test.
Unfortunately, the neat idealized scheme of relative frequency statistics,
most appropriate for physics, where properties of infinite collections

are relevant, is of limited applicability in areas of science, such as
physiology, where concern is with small, finite collections. For this
reason it is important to consider other statistical viewpoints such as

the neo-bayesian one, which despite its prominence in modern statistics,
remains to be considered by physiologists.

Rather than giving final answers (accpetance or rejection), neo-bayesian
statistics yields a probability of the existence of a treatment effect
and asserts that no "test" or statistical method can create certainty

in situations inherently uncertain, because of limited data.

40.3
SOFTWARE FOR TEACHING HEMODYNAMIC WAVEFORM RECOGNITION
AND COMMON HEMODYNAMIC MEASUREMENTS. E Larry Combs*,
Bernard J. Rubal, Joe M. Moody*, and James R.
Bulgrin*. Brooke Army Medical Center, Fort Sam
Houston, TX 78234

Cardiac catheterization studies representing a
broad spectrum of cardiac diseases were selected from
the hemodynamic tape library at Brooke Army Medical
Center. Hemodynamic data included simultaneously
recorded high-fidelity right and left heart pressures,
ECG and selected right and left heart fluid pressures.
Waveforms were filtered at 200 Hz and digitized at 500
Hz. Waveforms were displayed using commercially
available X-windows software capable of simulating
physiologic displays in most cardiac catheterization
laboratories. Interactive teaching software allows
users to select cardiac pathology of interest. The
trainee is then prompted to identify waveforms,
specific x or y values, or ranges of values. Fluid
pressure measurements may be filtered and directly
compared to high-fidelity pressures. Feedback is

provided for correct and erroneous responses. Trainee

may apply gain, bias or time skew to waveforms.

Software provides an instructor interface to allow new

waveforms to be incorporated into the student library.
Using a simple procedural language instructors may
generate new prompts for site specific training.

THURSDAY

I; , Dept. of
Physiology, Baylor College of Dentistry, Dallas, Texas 75246.

This laboratory exercise shows students how various conditions of
thyroid hormone status and food availability affect the animal’s
metabolism. Metabolism is measured using pentobarbital anesthetized
rats with a Phipps and Bird, Inc. Small Animal Metabolic Apparatus
Model 7122-410 from the change in O, volume in the metabolic
chamber. The students are asked to calculate liters of O, consumed per
day; to correct this to standard temperature and pressure; to calculate
Kecal utilized per day using the mixed diet value of 4.83 Kcal/l O,; and
to correct Kcal/d for per unit surface area. Blood was then taken for
radioimmunoassay of T,. Six groups (Grp) are utilized: Grp 1, controls;
Grp 2, thyroidectomized; Grp 3, T, injected; Grp 4, food restricted to
25% of normal intake for three days to simulate severe calorie
restriction diets; Grp 5, same as Grp 4, but then fed ad libitum for one
day to demonstrate the carry-over effect on metabolism; and Grp 6, ad
libitum fed plus access to a 30% sucrose solution for one week (this has
been reported to raise T, concentrations; a possible dietary
thermogenesns defense mechamsm) All statxstlcal comparisons P<0.05
= 001 = ** were made against Grp 1. The following data
represented O, consumption (1/d) and amount of T, present (ng/ml):
Grp 1, 5.1+0.3, 0.8+£0.06; Grp 2, 1.6£0.1**, 0.3:0.8**; Grp 3, 7.5£1.0**,
7.6% 1.2*‘; Grp 4, 2‘310.1“, 0.6t0.05"; Grp 5, 3.1£0.2**, 0.810.06; and
Grp 6, 4.0£0.3, 1.2£0.1*. The exercise shows thyroid status and diet can
have a profound effect on metabolism and T, plasma concentration.

GRAVITATIONAL PHYSIOLOGY IV

48.1

INCREASED INTRACRANIAL PRESSURE (ICP) IN HUMANS DURING
SIMULATED MICROGRAVITY. Gita Murthy,
Donald E. Watenpaugh, Life Science Division (239-
11), NASA Ames Research Center, Moffett Field, CA 94035-1000.
Microgravity-induced elevation of ICP may cause the headaches commonly
reported by astronauts. The same symptom occurs in subjects during
simulated microgravity (6° head-down tilt, HDT) and may be caused by
vascular and extravascular fluid translocation from the lower to the upper
body. Microgravity and HDT increase hydrostatic pressures in blood vessels
above the heart and therefore, both conditions may elevate ICP. We
noninvasively monitored ICP using the ty i brane displ t
(TMD) technique in six normal male subjects during upright, 0° supine,
6° HDT, and 15° HDT postures. Postural transitions from sitting to:
(1) 0° supine, (2) 6° HDT, and (3) 15° HDT produced negative TMDs of :
(1) 317 £ 112, (2) 403 £ 114, and (3) 474 £ 112 nl, respectively, showing
significant TMD decrements for each transition towards greater HDT
(p < 0.05). Previous studies indicate that ICP is inversely related to TMD.
Therefore, our results suggest that simulated microgravity (HDT) increases
ICP, which may be r ible for the headaches and other fluid-shift
problems associated with exposure to microgravity (Supported by NASA grant
199-14-12-04 and by the Ames Research Center Director’s Discretionary
Fund).

48.2

CEREBRAL BLOOD FLOW VELOCITY INCREASES WITH ACUTE
HEAD-DOWN TILT OF HUMANS. Yasuaki Kawai,
Donald E. Watenpaugh, and Alan B, Hargens. Life Science Division
(239-11), NASA-Ames Research Center, Moffett Field, CA 94035-1000.
Microgravity causes a cephalad shift of blood and tissue fluids which may
alter cerebral circulation and fluid h tasis. The purpose of this study is
to compare blood flow velocities in the middle cerebral artery before, during,
and after exp e to acute head-d tilt (HDT). We hypothesized that the
increase of local arterial blood pressure with HDT also elevates cerebral
blood flow velocity significantly. Right middle cerebral artery (MCA) blood
flow velocities were measured in 6 healthy males, aged 22 to 47 years, by 2
MHz transcranial Doppler (Transpect, Med ics, Inc.). Baseline control
measurements were obtained during upright sitting position with feet
hanging over the side of a tilt table. Then the subjects were positioned
supine (0°), tilted head-down at 6 and 15 degrees (5 min each), and then
returned to upright sitting. Blood flow velocities were averaged for 30 sec just
before posture was changed. MCA blood flow velocity increased significantly
by 11+ 4% (p=0.040), 14 + 3% (p = 0.007), and 9 + 3% (p = 0.017) at 0°, 6° HDT,
and 15° HDT, respectively, pared to velocity during upright posture.
During sitting recovery, flow velocities approached baseline levels. Our
results suggest that transcapillary filtration and edema formation may be
promoted in the brain during simulated microgravity (HDT) due to elevated
intracranial blood pressure and flow (Supported by NASA and an NRC
Fellowship to YK).
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48.3 48.4
GAS EXCHANGE AND CARDIOVASCULAR RESPONSES TO TILTING DURING PRESENCE OF ATRIAL NATRIURETIC FACTOR IN SALIVA.
GRADED EXERCISE. Y. Haruna*, D. Linnarsson and B. Tedner*. Environ— COMPARISON OF PLASMA AND SALIVARY CONCENTRATIONS
mental Physiology Laboratory, Department of Physiology, Karolinska Institutet, DURING A HEAD DOWN TILT., o * A
S-104 01 Stockholm, Sweden. MAILLET*, A. GUELL*, D. VOROBIEV" "and AL GRIGORIEY
"Lab.Physiol., Fac.Med. Grange-Blanche, 8 Av. Rockefeller, 69373 Lyon
Ten healthy male subjects were studied as they exercised at 50, 100 and 150 Cedex 08 , France, ** IBPM Moscow, USSR.
W. Breath-by-breath ventilation O, uptake and CO, elimination were recorded Using a specific and sensitive radioimmunoassay involving
together with beat-by-beat heart rate (HR) and non-invasive arterial blood separation on Centripor and extraction with C18 Sep-Pak
pressure (AP) in a finger. For each steady-state work load the subjects were Cartridges, we measured the concentration of salivary and plasma
tilted repeatedly from upright to —10° head-down tilt (HDT) and the reverse at ANF before and during a head-down tilt (HDT) at -6°. An increase
2 min intervals. AP at the level of the carotid showed a rapid increase with an of concentrations in saliva and plasma was found after 1h30 of
initial overshoot in the upright - to HDT transition and HR displayed a reverse HDT. Salivary ANF values closely correlated with plasma ANF.
transient with a delay of a few seconds. HR responses to the HDT to upright This is the first time that ANF is shown in saliva. This
transitsion were less marked. With increasing exercise intensity the high— methodology will be used during the Soviet French Space Flight
frequency component of the HR/AP variations was reduced, whereas the basic planned for 1992 (ANTARES PROJECT).
response to tilting was preserved. Pulmonary capillary O, and CO, transfer
showed short-lasting (10 sec) increases during the upright - to HDT transition re/mt el
and equally short-lasting reductions during the reverse transition. Our data Figure : 80 .
suggest that the HR response of the arterial baroreflex is not attenuated with Modifications of 70 y
graded exercise. Furthermore the major component of the change in pulmonary plasma (left scale) 60 .
blood flow during a sudden shift of body position in the exercising man seems and saliva (right 50 .
to be of very short duration. scale) concentra- 40
tions during a 30 ¢
head down tilt (- 20 3
6°). Results are 10}t

4H

expressed  as v i iiiiig

mean * SEM for oM s e

each para-meters.
48.5 48.6
DEFORMATION OF THE CATORID ARTERIAL WALL & BAROREFLEX RESPONSE EFFECT OF A 28-DAY CONFINEMENT ON BLOOD PRESSURE, BLOOD
DURING SHIFTS OF EXTRA-CELLULAR FLUID VOLUME (ECFV).J.L.Cuche*, VOLUME REGULATING HORMONES, AND ELECTROLYTES.A, MAILLET®*.
B.Pannier* S.Laurent* B.Levy* P.Maisonblanche* & M.Safar*. Dept H.C. GUNGA**, G, GAUQUELIN*, K. KIRSCH** and Cl. GHARIB*. *Lab.
Medicine & INSERM Unit=-337, HOpital Broussais, Paris, France. Physiol., Fac.Med. Grange-Blanche, 8 Av. Rockefeller, F-69373 Lyon Cedex 08,
In 6 volunteers, ECVF was shifted during 24-hours bed rest with France. **Dept. Physiol., Free Univ., Amimalee 22, D-1000 Berlin, Germany.
-5° head-down tilt (24-BR with HDT), and during -40 mmHg lower Prolonged bed-rest induces hormonal modifications which are linked to a
body negative pressure (LBNP). Systolic tangential tension of PCPhalad fluid S‘_llf( as In microgravity. Conﬁngmcqt and inactivity
the carotid artery was slightly increased during HDT (+9.5%, induce large physiological and psychological modifications. Thus, some
NS), and decreased during LBNP (-12.3%, p<0.01). 24-BR with HDT of the hormonal modifications described in bed-rest studies could be

has no significant effect on sytemic hemodynamics, forearm related to confinement, inactivity and stress. Our aim was to study some
blood flow and spectral analysis of heart rate (SA of HR); volume regulating hormones (Renin, Vasopressin, Aldosterone, Atrial

plasma dopamine only was significantly increased. During LBNP, Natriuretic Factor) and their modifications during a 4-week confinement.

expected effects on systemic hemodynamics were observed, with a This study was completed by other analyzes (N?"'- K+, creatinine, urea).
reduction of the high/low frequency ratio (-61%, p<0.01) in SA For the hormones analyzes, 2 blood samplings were made before
of HR, and a significant increase in plasma catecholamines. No (control), 1 blood sampling each week during the confinement period
alteration was observed when comparing LBNP responses before (D2, D8, D16, D22, D?7) and 2 blood SamPl"!gs after (rc.covcry)« Ur[nes
and after bed resting, suggesting an appropriate response of were COllc,Cled dupng (hF whole study with a day/night separation.
the baroreflex. However, the response of total peripheral re- Several points are interesting: 1/ The systolic blood pressure was higher
sistances (TPR) seems to be altered: +11.6% p<0.05 before, at the beginning of the confinement (p<0.01 D2 vs PRE 2) We observed an
+9.8%-NS, after 24-BR with HDT, and -2.18-NS when LBNP was su- increase in active renin (p<0.05 D8 vs PRE 2) and vasopressin (p<0.05 D2

and D8 vs PRE 2) during confinement , which was comparable to the

perimposed. This blunted response of TPR appeared in the pre- ¢ &
increase observed during a 4 week bedrest. Several factors could account

sence of a larger increase of catecholamines. Thus 24-BR with

HDT has no altering effect on the baroreflex but seems to alter for this : stress, but also a decrease in extracellular fluid volume. 2-/ The
TPR mechanisms uncompletly counterbalanced by an increased ac- increase in plasma creatinine could be related to hypohydration and
tivity of the sympathetic system. Whether BR with HDT induces a decrease in plasma volume. But it is possible also to explain this increase
down-regulation of peripheral adrenergic receptors remains to by inactivity which involved a loss of muscular mass. If these hYPO!heseS
be demonstrated. This could be an interesting hypothesis when are confirmed, confinement cou!d be a valuable analogous situation to
BR with HDT is used as a ground-based model of weightlessness. simulate some aspects of space flights.
48.7 48.8
WATER INTAKE, URINE VOLUME, Ca INTAKE,AND URINE Ca DURING 10-DAYS BED EFFECTS OF 10-DAYS BED-REST AND MODERATE TRAINING
_ ON LBNP TOLERANCE IN YOUNG WOMAN. S.Torikoshi,
REST IN YOUNG NOHAN. K. YOKQZAWA, S TOR[IFOSl.il, J. NAQANO. Y. SUZUKI K.Yokozawa,J. Nagano,Y.Suzuki, Tokyo Wouan s Chris-
(Lab. of Human Physiol.,Tokyo Woman's Christian Univ. JAPAN) tian Univercity,2-6-1 Zenpukuji Suginami-ku Tokyo
To investigate the relationships between water intake(WI) and uri 5 female students were studied LBNP tolerance

X . . after 10 days bed-rest(BD) and then the effects of
ne volume (UV),and between Ca intake(Cal) and urine Ca(UCa) during 10 a training program with 300Kcal/45min load per day

-days bed-rest(BR) in young woman. 5 female students were studied in and 20days/4wk on restoring the LBNP tolerance

24hs’WI,Cal, 24hs’ UV, its’UCa at every day and plaswa volume(PV) and during post-BR.The subjects were devided into two
groups, traning group (TG) and control group(CG) who

blood Ca(BCa) at lst,3rd, 11th day of BR. WI was gradual!y decreased, did normal daily life activity but not the train-
but UV was declined for theSdays and then altered to increase, so ing.LBNP tolerance time was dropped over 20% from
that passing 8th day the difference between Wl and UV was below 200 the 02““‘0111?"9'1] g‘;;‘- to BR,and it's decrease was
. . . significantly (p<0. correlated to each of the
nl. Despite of a food program ruled by intaking a 859mg Ca. Cal was decrease in left ventiricular end dyastolic dya-
about 850mg for the first 2 days and then decreased into between 550 meter (LVEDd), stroke volume(SV),and plasma volume
ng to 750mg. UVwas gradually increased by the 6th day and then alter (PC) due to BR. During post-BR,LBNP tolerance was
) lightly d . til the final day. PV and BC L restored in TG, but not in CG.Although LVEDd,SV,PC
ed to slightly decreasing unti e final day. an a were sig were similarly reached closely by each of the
nificantly decreased at the 3rd days and indicated a restoring tende control values in both of TG and CG.On the other
ncy at the 11th day. Body weight decreased an average 780g, in which hand, changing manner of LBNP tolerance was similar
) . to peak VO: not only at post-BR but post-training
the decreases in body fat and iean body mass were 480g and 300g.res period.The present study probably suggests that
-pectivly. From the results presented by 10-days BR study in young LBNP tolerance reduced by BT is resulted from the

decrease in blood volume, but as returning normal
life activity at post BR it restored by recovering
decreased. blood volume regardless of training.

woman, UV and UCa are gradually increased although Wl and Cal are
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Effects of moderate physical training after 10 days horizontal
bed-rest on peak V02 and cardio-respiratory functions during
submaximal supine and sitting exercise in young subjects

Y. Suzuki. A. Katagiri, H. Kashihara, R. Yanagibori. K. Kawakubo, and A.Gunji
Dpt. of Health Administration.Faculty of Medicine,Univ. of Tokyo

8 young subjects(female 5 + male 3) were studied for effects of 4
weeks upright bicycle exercise training (300 Kcal/day) after 10 days
horizontal bed-rest (BR) on peak VO: and on cardio-respiratory func-
tions during 100 Watts cycling in supine (sup.E) and sitting positions
(sit.E) ,respectively.The subjects were divided into two,training group
(TG,n=5) after BT and control group(CG.n=3). Peak V0. at BR was signi-
ficantly (p<0.05) decreased about 10% from the control given before BR.
while each of them returned to the control in TG but not in CG. After
BR,measurements of cardio-respiratory functions during sit.E were not
changed, while HR and Double Product were significantly increased(p<0.0
5).and 0; removable was significantly decreased(p<0.05) from the cont-
rol levels during sit.E.However, the changes in the measurements were
returned the control levels not only in TG but also CG. A possiblitys
from the presented results in young subjects is the peak-V0. reduced -
by 10 days BR is restored by moderate training for 4 weeks ,but net by
only daily life activity,and that cardio-respiratory functions during
Sup.E is affected by 10 days BR.

48.11

PERIPHERAL HAEMODYNAMICS ASSESSMENT during LBNP for the
EVALUATION of the VASCULAR DECONDITIONING.
Ph. ARBEILLE*, A. PAVY-LE-TRAON**, P, VASSEUR**, A.GUELL**
* Unité INSERM 316,CHU Bretonneau - 37044 TOURS Cédex - France.
** [nstitut MEDES, Hétel Dieu - 31052 TOULOUSE Cédex - France.
_STBAQ’_ The degnee of vascular deconditioning was evaluated
using a h d PP ment during a 20 mn LBNP test (-20 to
-60 mmHg). By recording imult; sly the bral and the f | flow
during LBNP on subjects disadapted and controls. we have identified a specific
response on the population of disadapted subjects. As the LBNP depressure
becomes lower, the femoral blood flow (mean frequency) decreases and the
vascular resistances in the inferior limbs increase on both group, but the
amplitude of the leg vascular resistance changes is higher on the control (non
disadapted) group. By the same time, we observed on the two groups a slight
increase of the heart rate, a decrease of the pic velocity and an increase of the
diastolic velocity in the bral ies, which confirms that the cerebral flow
regulation is still working. The cerebral flow response to LBNP was quite similar
for the two groups except that after the end of the test the increase of the
cerebral systolic and mean frequency, and the vascular resistance was higher in
the control group. Finally the regulation of the blood flow in the inferior limb is
significantly disturbed in case of vascular deconditioning, and the leg vascular
resistance response to LBNP could be used as an indicator of the vascular
disadaptation in flight. In case of inflight count t this
parameter will probably be helpfull to ajust the sequence of the
countermeasures according to the amplitude of the deconditioning.

48.13

PHYSICAL TRAINING AND THE REGULATION OF ATRIAL NATRIURETIC
FACTOR RELEASE DURING ORTHOSTATIC STRESS. Charles-Yannick

* * * (SPON : A. GUELL). Centre
d'études et de recherches de médecine aérospatiale, C.E.V, 91228 Brétigny sur
Orge Cedex, France.

Plasma levels of atrial natruretic factor (pANF) and plasma
norepinephrine (pNE) were measured in 30 men (10 endurance exercice trained
- ET, 10 untrained - UT and 10 weight trained - WT) during stepwise decreasing
lower body pressure. Blood was drawn from each subject at rest and after 20 mn
exposure to -15 mmHg, then to -30 mmHg of LBNP. pANF was measured by
radioimmunoassay and pNE by high-performance liquid chromatography with
electrochemical detection. Results showed a gradual decrease in pANF levels in
UT during LBNP (-15% at -15 mmHg, p < 0.05; -33% at -30 mmHg, p < 0.05)
while in ET and WT, pANF only decreased at the -15 mmHg level of
depressurization (-17% in ET, p < 0.05; -20% in WT, p < 0.05). At -30 mmHg,
pANF remained constant for ET or slightly increased for WT when compared to
levels observed at -15 mmHg. pNE increased in parallel with increasing negative
pressure in the 3 groups with a greater increase in WT and UT (+66% and +55%
respectively at -30 mmHg, p < 0.05 in both cases) than in ET (+32% at -30
mmHg, p < 0.05). There was no correlation between changes in pNE and
changes in pANF in either group. This suggests that the volemic stimulus is the
most important factor determining plasma ANF changes during LBNP. The
smaller decrease in pANF observed in this modeling of physiologic response to
gravitational stress Is explained by a greater plasma volume (ET) and/or by a
better venous return to the heart (ET and WT).

48.10

INTERSTITIAL SPACE DYNAMICS. SIMULATED RESPONSE TO LBNP. $.Daiqui*
L.Beck*, F Baisch*. DLR, Institute for Aerospace Medicine, Linder Héhe, 5000
Koin 90, FRG.

During step-wise LBNP test which consisted of -20 mbar for 15 min (Phase A)
and -40 mbar for 5 min (Phase B) global volume changes for the thigh and
calf could be regularly registered compared to steady state control. Average
volumes of calf and thigh (measured by ultrasound plethysmography)
respectively increased 3% and 9% by the end of Phase A and 5% and 14% by
the last minute of LBNP. To better understand interstitial fluid spaces (IFS)
dynamics, a computer model (running on a Xerox 1186) was developed using
previous work by Guyton and coworkers. It was assumed that externally
applied pressure was completely and instantaneously transferred to the
interstitial spaces. IFS was analyzed with regards to its gel (G) and free fluid
(FF) components. This included evaluation of protein concentration, colloid
asmotic pressure, fluid pressure and volume for each of these compartments
and for the tissue itself. By the end of Phase A IFS increased 8 % and 13.3% by
the end of Phase B, primarily due to changes in G and FF. Fluid that remained
in the IFS expanded G volume 22% during Phase A and 24% during Phase B.
FF increased 177% by the end of Phase B and resulted in swelling of G and a
decrease in muccopolysacchride concentration. The ability to derive
magnitude and time course of these changes at each second of LBNP allows
development of a dynamic model for fluid compartment change and
suggests improved methods for countermeasure development against the
decreased orthostatic tolerance regularly seen following spaceflight.

48.12

MATHEMATICAL MODELING OF CARDIOVASCULAR RESPONSE TO LBNP.
F.M, Melchior * and S. Srinivasan * (SPON : S.M. Fortney)
LAMAS, CEV, F-91228 Brétigny Cedex.

A mathematical model was developped in order to better
understand how the human cardiovascular response to Low Body
Negative Pressure (LBNP) is related to blood volume redistri-
bution, Starling law of the heart, and the effectiveness of
the control elements. Blood volume redistribution was modeled
by the association of three compartments including the upper
body, the abdominal region, and the lower limbs. Starling law
was modeled by the (Central venous pressure, Left ventricular
end-diastolic volume) curve. The cardiovascular system was
described by a three-element Windkessel model. The left ven-
tricle was modeled as a time-varying elastance. Heart rate
and total peripheral resistance were modulated through arte-
rial and cardiopulmonary baroreceptors. The LBNP response of
a test from O to -50 mmHg was simulated. Results of various
hemodynamic parameters such as heart rate, central venous
pressure, mean and pulse arterial pressure, total peripheral
resistance, left ventricular end-diastolic volume, and cardiac
output agree fairly well with experimental data. The LBNP
response appears to be primarly dependent on the Starling
law and less on leg compliance. This study shows that a sim-
ple mathematical model can accurately simulate the human
cardiovascular response to LBNP. Secondly, this model provides
a usefull tool to evaluate the importance of the relevant
parameters on the cardiovascular response to LBNP,
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49.1

SPLENECTOMY DOES NOT ALTER THE NATRIURETIC
RESPONSE TO HEAD-OUT WATER IMMERSION. J.L. Sondeen,
J. R. Claybaugh, S. K. Hong, J. A. Krasney. Letterman Army Inst.
Res., Presidio of San Francisco, CA, Tripler Army Med. Ctr.,
Honolulu, HI, Dept. Physiology, SUNYAB, Buffalo, NY.

Previous studies showed variable natriuretic responses to
head-out thermoneutral water immersion (WI) in conscious dogs.
In one study using intact (INT) dogs, the increase in urine flow (V)
was due mostly to increased fractional sodium excretion (FENa)
and in another study in splenectomized (SPX) dogs, was due to
increased free-water clearance (CH20). The present experiment
was designed to test whether SPX altered the natriuretic response
to WI. Six chronically catheterized, conscious female dogs were
subjected to WI before and after SPX. In both the INT and the
SPX state, dogs responded with similar increases in V (INT +5056
+ 111%; SPX +660 + 245%), FENa (INT +275 = 13%; SPX +318 =
56%), CH20 (INT +12 * 3%; SPX +10 + 2%), arterial pressure
(INT +13 x 3%; SPX +14 + 3%), right atrial pressure (INT +90 =
18%; SPX +70 + 18%), and atrial natriuretic peptide (INT +99
+13%; SPX +96 + 9%). Similar decreases in plasma vasopressin
concentration (INT -41 + 10%; SPX -36 + 6%) and plasma renin
activity (INT -74 = 3%; SPX -67 = 4%) were seen with both
treatments. We therefore conclude that the spleen does not alter
the natriuretic and diuretic responses to WI. NIH Grant HIL28542.

49.3

CEREBRAL NATRIURESIS MEDIATED THROUGH URODILATIN.

C. Emmeluth*, C. Drummer*+, R. Gerzer*+ & P. Bie.

Department of Medical Physiology C, University of Copenhagen,
Denmark. + Labor fiir Klinische Pharmakologie, Medicinische
Klinik Innenstadt der Universitit Munchen, Federal Republic
of Germany.

The role of the Na* concentration of the head in the regu-
lation of renal Na* excretion was evaluated in conscious dogs
in which body water and Na* were controlled by separate
servo-controlled infusions. A selective 2% increase in the
Na* concentration of the carotid blood caused a marked incre-
ase in renal Na* excretion (from 3,2+0.4 pmol min-! to 109+19
pmol min-1) concomitant with a substantial increase in the
rate of urinary excretion of urodilatin (from 21#2 fmol min-!
to 93+35 fmol min~1). During infusion of the same amount of
NaCl as an isotonic solution sodium excretion increased from
3.74¢0.6 pmol min-! to 50+9 pmol min-1, i.e. the peak increase
was significantly higher during the hypertonic infusion
(P<0.02). The excretion of urodilatin did not change during
the isotonic infusion (preinfusional level of excretion was
3545 fmol min-1, while the level at the peak sodium excretion
was 3115 fmol min-1). Thus cephalic Na* concentration recep-
tors seems to participate in the physiological regulation of
the rate of excretion of sodium. Further, the results are
compatible with the hypothesis that urodilatin is causally
involved in this process.

49.5
ATRIAL NATRIURETIC PEPTIDE EXERTS PROTECTIVE EFFECTS ON
CARDIAC FUNCTION. J Gu* and Z Tan*. Deborah Research

Institute, Browns Mills, NJ 08015 (Spon: A.Malik)

A wealth of information about the newly discovered
cardiac hormone atrial natriuretic peptide (ANP) has been
obtained, however, knowledge about its actions on the heart
itself has been very fragmentary. We examined the hearts
of adult Wistar Kyoto rats (n=20) with immunocytochemistry
and in situ hybridization and found ANP to be present in
the cytoplasm of Purkinje cells in the subendocardium and
myocardiocytes surrounding the bifurcation of the coronary
arteries in the ventricles. In surgically overloaded and
hypertrophic ventricles of rat hearts (n=30), ANP and its
mRNA were also detected in more than 50% of the
ventricular myocardiocytes. ANP perfusion (3.26x107%M) in
an isolated working rat heart model produced no effects on
the heart, however if noradrenalin (8x107°M) was
administered prior to ANP perfusion, the marked
chronotropic, inotropic, and vascular effects of the
latter were reversed by ANP (n=5). The heart rate was
reduced from 328+7.58 to 285+6.12/min; and coronary
vascular resistance from 4.16+0.26 to 3.21+0.08mmHg.min/ml
(P<0.001 for both parameters). We hypothesize that ANP
exerts protective effects on cardiac function, which may
not be apparent until abnormalties such as tachycardia and
heart failure develop.

Supported by: Deborah Research Foundation DRG-1990-07

49.2

VASOPRESSIN, RENIN, ALDOSTERONE, AND ATRIAL PEPTIDE RESPONSES
TO UPRIGHT TILT AT SEA LEVEL AND 450 M SEA WATER. J.R.
Claybaugh, Y.C. Lin, J. Holthaus, H.G. Schafstall, and P.B.
Bennett, Tripler Army Med. Ctr., HI 96859, Univ. Hawaii, HI
96822, GKSS Forschungszentrum, Geesthact, FRG, Duke Univ., NC
27710.

We assessed vasopressin (AVP), plasma renin activity
(PRA), aldosterone (pALDO), and atrial peptide (AP) responses
to upright tilt at 450 M in a He-N2-02 environment. Tilt
tests, 10 min supine followed by 15 min 90° passive standing,
were performed at sea level (SL, 2 days), 450 M (2 days), 360
M (1 day) and near SL (NSL, last 2 days of decompression).
Plasma AVP increased from 0.24 to 0.48 uU/ml1 (p<0.005) and AP
decreased from 20.0 to 15.6 pg/ml (p<0.025) during SL tilt
tests. Increases in PRA and pALDO during tilt at SL were not
significant. Responses of AVP and AP to tilt were eliminated
during hyperbaria and NSL. Both supine and upright AP values
were reduced (p<0.005) in hyperbaria, but only upright AVP
values were reduced at all times after SL (p<0.005). PRA
increased during upright tilt at all periods after SL
(p<0.005), and both PRA and pALDO responses were enhanced at
NSL compared to SL (p<0.005). Although the accompanying
dehydration during hyperbaria could explain the PRA, pALDO,
and AP responses, the explanation for the reduced AVP
response to tilt is not clear. (Supported by GKSS
Forschungszentrum, US Army Health Services Command, NIH, HL
28542, NOAA Sea grant NA85-D-SG082 R/HP-6.)

49.4

SUSTAINED INTRAVASCULAR VOLUME DEPLETION DURING 2-DAY
INFUSIONS OF ATRIAL NATRIURETIC FACTOR (ANF) IN HUMANS
* * 1 1%

Cowley. Jr, Med. Coll. of Wisconsin and VAMC, Milwaukee, WI 53295

Our previous work in humans demonstrates that brief (2-3 hr) low-dose
infusions of ANF do not alter BP or renal function, increase capillary
permeability and lower central venous pressure (CVP)(AIP:255:H685,1988;
256:F780, 1989; 259:H258, 1990). After informed consent, we evaluated
hemodynamics, renal function, and plasma hormones (renin, aldo,
vasopressin, norepi) in 8 subjects on fixed diets receiving 2-day infusions of

~e—————— ANF infusion —————  Recovery

——— Conrol  Hour2 Dayl Day2 Hour2

CVP,mmHg 9.1%1 71+1*  66+1* 5811* 78%1

SV, ml 6714 56+ 3% 5515+ 58+ 5% 604

MAP, mmHg 8712 90+3 86+3 83+3 91%3

Norepi, pg/mi 205 + 38 198126‘ 301 £47* 320+44* 240162
* *

X+SEM. *=p<0.05 vs. control and placebo response. SV=stroke volume.

Heart rate, blood pressure, renal function (GFR, V, UNaV, UKYV), renin, aldo
and vasopressin did not change during either infusion. However, CVP and
SV decreased and hematocrit and norepi increased throughout the ANF
infusion period. In physiologic doses ANF's primary effect is to reduce
intravascular volume by shifting fluids to extravascular sites. ANF also
appears to limit the normal renal and hormonal response to intravascular
volume depletion.

Supported by a NIH First Award to TJ Ebert.

49.6

EFFECTS OF ANP ON BLOOD PRESSURE-HEART RATE
BAROREFLEX“ IN CONSCIOUS DOGS AND RAT§.
Robyn L. Woods arol-Ann (oyrneys ai coffrey A. Head
Baker Medical Research Institute, Prahran, Victoria 3181, Australia.
The observation that ANP lowers blood pressure (BP) in
conscious animals without eliciting reflex rise in heart rate (HR) has
led to the suggestion that ANP interferes with the BP-HR baroreflex.
We studied the effects of ANP on baroreflex responses that had
differing proportions of input from the arterial and cardiopulmonary
afferents by using the "steady—state" drug techniaue (predominantly
arterial), in conscious dogs and rats, and the "rapid-ramp" drug
technique (additional cardio—pulmonary) in conscious rats.
"Steady-state" sigmoid MAP-HR curves were constructed from
injections of pressor (phenylephrine or methoxamine) and depressor
nitro] russideg ents. HR responses (over 5-10 s) for the
rapid-ramp" technique were measured after rapid infusions of
methoxamine. ahANP at 120 ng/kg/min in dogs and 150 ng/kg/min
in rats did not affect any of the steady-state baroreflex parameters.
However, ahANP caused an 80 3 20% increase of the gain (slope) of
the bradycardic response using the "rapid—ramp" technique. These
results suggest that ANP may alter cardiopulmonary rather than
arterial baroreflexes. Therefore, the lack of tachycardia in response to
ANP-induced hypotension does not involve inhibition of the arterial
baroreflex response.
Supported by the National Health and Medical Research Council of
Australia.
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49.7

EFFECT OF BUFFER NERVE SECTION ON ATRIAL DYNAMICS AND
ATRIAL NATRIURETIC FACTOR (ANF) IN RESPONSE TO CHANGES IN
BLOOD VOLUME. LR, Ledsome and K. King* Dept. of Physiology, Univ. of B.C.,
Vancouver, B.C., Canada V6T 1Z3.

After section of the buffer nerves there is potentiation of the increases in plasma
ANF which occur in response to changes in blood volume (BV). To determine the
mechanism involved in the potentiation rabbits anesthetized with chloralose /urethane
were subjected to changes in BV before and after section of the vagus, aortic
depressor and carotid sinus nerves. BV was expanded to +20% then decreased at 1%
BV per min to -20% BV or until arterial pressure (MAP) fell to 40 mm Hg. Plasma
samples were taken at 5 min intervals and subjected to radioi y for ANF.
We measured right and left atrial pressures and right and left atrial diameters, the
latter using sonomicrometry. Right and left atrial systolic and diastolic wall stress
(SRAS, SLAS, DRAS and DLAS) were calculated as the product of pressure and
diameter divided by wall thickness (1 mm) at the peak of the a-wave and v-wave
respectively. After nerve section, in 4 of 8 animals, there were large increases in IR-
ANF and DLAS and SLAS. Data from these animals showed a linear relationship
between IR-ANF and DLAS and SLAS over the range of BV tested. Data from all
animals analyzed at +20% BV showed a similar relationship. There were no
significant changes in DRAS or SRAS. The results suggest that the potentiation of
the ANF response to changes in blood volume by buffer nerve section can be
accounted for by changes in left atrial wall stress.

Supported by Heart and Stroke Foundation of B.C. & Yukon, and Medical
Research Council of Canada.

49.9

INHIBITION OF Jv BY ANF IN RAT PROXIMAL STRAIGHT TUBULE
REQUIRES NOREPINEPHRINE (NE) OR ANGIOTENSIN (A II). Jeffrey
Ford Hospital, Detroit, MI. 48202.

The effects of ANF in the proximal nephron have proved
controversial. In vivo experiments have provided evidence
both for and against a direct effect of ANF in this segment.
Reports for such an effect seem to require either high
circulating levels of A II or that A II be infused into
peritubular capillaries. Our hypothesis is that ANF inhibits
Jv in the proximal nephron, but only after Jv has been
stimulated by other agents. To test this hypothesis, we
first measured the effect of 108 ANF in rat isolated,
perfused proximal straight tubules. There was no significant
reduction in Jv. We next tested the ability of ANF to
inhibit Jv while maintaining NE (1077M) in the bath.
Initially, Jv was 0.50 + 0.02 nl/mm.min. Fifteen minutes
after 10°°M ANF was added to the bath, Jv fell to 0.28 +
0.04 nl/mm.min, an inhibition of 44%. We next tested the
ability of ANF to inhibit Jv while maintaining A IT (1071%)
in the bath., Initially, Jv was 1.13 #+ 0.06 nl/mm.min.
Fifteen minutes after 1071M ANF was added to the bath, Jv
fell to 0.65 + 0.05 nl/mm.min, an inhibition of 43%. We
conclude: 1) ANF alone does not inhibit Jv in the proximal
nephron; 2) ANF inhibits Jv after it is stimulated by NE or
A II; 3) the permissive role of NE and A II may involve
diacylglycerol and activation of protein kinase C, since
this pathway is common to both.

49.11

ATRIAL NATRIURETIC PEPTIDE REDUCES LEG TRANSCAPILLARY

FILTRATION. DE Watenpaugh, SF Vissing, LD Lane, JC Buckey,
BG Firth, W Erdman, AR Hargens and CG Blomgvist.
UT Southwestern Med. Ctr., Dallas, TX 75235, and Life Science
Div., NASA Ames Research Center, Moffett Field, CA 94035-1000.
Atrial natriuretic peptide (ANP) commonly enhances transcapillary
filtration (TCF) of fluid from the systemic vasculature. We measured
TCF rate with prolonged venous occlusion plethysmography in legs
of six supine subjects during infusion of ANP (48 pmol / kg x min for
15 min). Systemic hemoconcentration occurred during ANP
infusion: mean hematocrit and plasma oncotic pressure increased
4.6% and 11.3%, respectively (p < 0.05). Mean leg TCF, however,
was significantly reduced from 0.15 to 0.08 mi/ 100 g x min with
ANP. Heart rate increased significantly with ANP, while blood
pressure was unchanged. Placebo infusion had no effects.
Hemoconcentration indicates ANP-induced systemic capillary
filtration took place, yet leg TCF was reduced with ANP. Increased
plasma oncotic pressure partially explains reduced TCF in the leg,
where the protein reflection coefficient may be relatively high.
Therefore, pharmacologic ANP infusion appears to elicit TCF in the
splanchnic circulation, where reflection coefficients are lower, while
having the opposite effect in skin and skeletal muscle of the leg.
(Supported by a NASA Graduate Student Research Fellowship to DEW).

49.8

THE EFFECT OF ANGIOTENSIN 1II, PHENYLEPHRINE AND
NORADRENALINE ON PLASMA ATRIAL NATRIURETIC FACTOR IN
ANESTHETIZED RABBITS. ing* Dept. of Physiology,
Univ. of B.C., Vancouver, B.C. Canada V6T 1Z3.

Although pressor agents release atrial natriuretic factor (ANF) from atrial myocytes,
it remains unclear whether ANF release is mediated by a direct action or is secondary to
the hemodynamic changes. Consequently, the effect of angiotensin 1I (ANG),
pho-ylephnne (PHE) and nondmulme (NOR) on atrial wall function and plasma IR-
ANF was gated in chloral hetized rabbits. Left and right atrial

ions were d by i y. Left and right atrial pressures were
d with lae i d into the tip of the left atrial appendage and right
jugular vein, respectively. Systolic left and right atrial wall stress (SLAS, SRAS) were
calculated by multiplying peak a wave p by the corresponding atrial di i
and dividing by 4. Diastolic left and right atrial wall stress (DLAS, DRAS) were
derived using v wave pressure and dimension. Plasma IR-ANF was determined by
RIA. Animals were divided into 3 groups; each group was given only 1 drug, at 3
different infusion rates which i d arterial p (MAP) by 10, 25 and 50
mmHg. Group I (n=8) received ANG (0.1, 0.45 and 2.5 mg/kg/min for S min),
Group II (n=8) received PHE (1, 7.5 and 30 mg/kg/min for 10 min) and Group III
(n=7) received NOR (1, 7, 30 mg/kg/min for 10 min). Plasma IR-ANF was
increased only after the highes( dose of the three agents; MAP, SLAS and DLAS were

also el d. Thus ly large i in MAP appear to be necessary for ANF
release to occur. This suggests thn( the reluse of ANF in response to ANG, PHE and
NOR s dary to h d g 2 d SLAS and DLAS.
Supported by MRC and HSFBCY

49.10

ANGIOTENSIN II ATTENUATES ATRIAL NATRIURETIC PEPTIDE-INDUCED

CHANGE IN HYDRAULIC CONDUCTIVITY OF FROG MESENTERIC CAPILLARIES.
and Yirginia H. Huxley

Dept. of Physiology, UMC Medical School, Columbia, MO 65212.

Previous work in our laboratory has demonstrated that the vasoactive
hormone atrial natriuretic peptide (ANP) elevates the water conductivity
(Lp) of true and venular capillaries. At present there is no known
antagonist for ANP; it has been suggested that another vasoactive peptide,
angiotensin II (AII), may antagonize the actions of ANP. |n situ measure-
ments of Lp were obtained using the modified Landis technique in
individually perfused frog (R. pipiens) mesenteric vessels. In the present
study we tested two hypotheses. First, we anticipated that AIl would lower
capillary Lp; Second, we expected that AIl would abolish the rise in Lp
induced by ANP. Control Lp (ch) measurements were obtained during
perfusion with frog Ringer's and 10 mg/ml bovine serum albumin for all
experiments prior to perfusion with test solutions. To test hypothesis I,
Lp was measured a second time during perfusion with 100nM AIl. Median
LpC= 1.9 x10-7cm-s!-cmH20°1(n=8). Addition of AIl produced no

significant change in Lp from control (LpAIILEC = 10.2; mean+SEM).
To test hypothesis II, Lp was measured a second time with 100nM ANP and
a third time with 100nM ANP+1uM AIL. Median LpC=1.2 x10°7 cm-s™!

cmH20-1 (n=7). In response to ANP, Lp rose 5.3+1.5-fold from control.
ANP+AII perfusion decreased the ANP-induced rise in Lp by
approximately 35%. These results suggest that while AIl does not affect
basal Lp, AIl may attenuate the ANP-induced rise in capillary hydraulic
conductivity. Supported by NIH HL42528; VHH is an AHA El.

49.12

EFFECT OF WEIGHTLESSNESS ON THE DISTRIBUTION OF ATRIAL
NATRIURETIC FACTOR (ANF)-LIKE IMMUNOREACTIVITY IN THE BRAIN

AND HEART OF THE FROG HYLA JAPONICA. M. Feuilloley, L.. Yon, M. Okuno',
S. Kikuyama', J. Gutkowska® and H. Vaudry (SPON: A. Dupont). Europ Inst. Peptide
Res., CNRS URA 650, Univ. of Rouen, Mt-St-Aignan, France; 'Dept. Biol.,, School
Education, Waseda Univ., Tokyo, Japan; *Clin. Res. Inst. Montréal, Canada.

Six treefrogs (Hyla japonica) were sent into space for 9 days in a "SOYUZ"
spaceship and were kept in the space station "MIR". The distribution of ANF-like
immunoreactivity was investigated in the brains and hearts of two "space frogs" and was
compared to that observed in three control animals kept on Earth under similar
conditions. In the telencephalon of the control frogs, the most prominent group of ANF-
containing cells and fibers was observed in the amygdala. ANF-positive fibers and cells
were also detected in the area of the nucleus olfactorius and the pallium mediale. In the
"space frogs", the i ity of labeling of the dala and nucleus olfactorius was similar
to that scen in the control animals; in contrast the rostral pallium of the "space frogs"
was totally devoid of positive cell bodies. In the diencephalon, the preoptic nucleus of
control and "space frogs" contained numerous ANF-immunoreactive perikarya. In all the
animals, mununoreactwc cells and fibers were noted in the anterior thalamus,
infundibulum, medi and, dally, in the nuclei tegmenti mesencephali and
the nucleus cerebelli. Conversely, positive ocll bodies were only observed in the lateral
forebrain bundle of the control frogs and in the posterior nuclei of the thalamus of the
spacc frogs". In the hearts of all the frogs, atrial myocytes exhibited intense ANF-like

eactivity. The i ity of labeling in the ventricles was variable but apparently
lower in the "space frogs" than in the control is. These data support the p
that the biosynthesis and/or release of ANF-related peptides in the brain and heart may
be affected by space flight and low gravity. Supported by grants from CNRS (URA 650),
the Conseil Régional dc Haute-Normandie and Tokyo Broadcasting System.
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RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM AND ATRIAL
NATRIURETIC PEPTIDE DURING CHRONIC EXPOSURE To
ALTITUDE.
A.Daniele*, F.Pedini*, M.Zaccaria® Institute of Semeiotica Medica,
University of Padua, 35100 Padua, ITALY

While the association of natriuresis with exposure to altitude and
hypoxia is well known, less concordant are the data on the renin-
angiotensin-aldosterone system (RAAs) and atrial natriuretic peptide
(ANP) in this condition. We have studied the effect of a prolonged exposure
to altitude during the EVK2-CNR Htalian expedition in Nepal. Seven trained
subjects, aged between 22 and 29 have been studied at sea level (si1),
after 1 (py1) and 3 (py 3) weeks at 5.050 m in the "pyramid lab" and
back at the sea level (sl2). Blood samples for plasma renin activity
(PRA), Aldosterone (aldo) and ANP had been drawn in upright position,
centrifuged and frozen "in loco".

ur. Na ur.volume PRA pl.aldo ANP

mEq/24h mL/24h ng/mL/3h  ng/dL pg/mL
sl1 166:t34 10641129 1.90+0.40 8.3+2.1 13.3#5.7
pyl 427+46* 2450t255* 0.08+0.03" 3.9+0.5" 9.1+2.7
py2 257+34 1398+303 0.51+0.12* 4.1+0.1* 3.5+1.2*
sl2 228433 1685t232 3.00+0.50 8.2+1.2 5.6x2.2
(* p< 0.01 versus sl1)  Conclusions: our results indicate that, at least
during the first period of adaptation to altitude, there is a great
natriuretic and diuretic effect, a profound decrease of the RAAs while ANP
remains unchanged and later tends to decrease. Natriuresis and inhibition
of RAAs cannot be accounted to ANP changes which otherwise appear to be
secondary to rather than the cause of altitude-induced natriuresis.

49.15

PUTRESCINE RESTORES THE BASAL AND STIMULATED SECRETION OF
ATRIAL NATRIURETIC PEPTIDE INHIBITED BY
DIFLUOROMETHYLORNITHINE. Ulka R. Tipnis and Paul J. Boor. Univ. of Tx.
Med. Br., Galveston, TX 77550

Atrlal natriuretic peptide (ANP) Is synthesized and secreted predominantly
by atrial myocytes. Our previous studies (Tipnis, et al., J. Mol. Cell Cardiol.,
21:743, 1989) demonstrated that Ornithine decarboxylase, the rate-limiting
enzyme in the biosynthesis of polyamines, is inmunolocalized in atrial secretory
granules that store ANP, thereby suggesting a role for polyamines in ANP
secretion. We have used difluoromethylornithine, an irreversible and covalent
inhibitor of ODC activity and polyamine synthesis, to investigate the functional
significance of polyamines in ANP secretion. Rats were given 2% DFMO in
drinking water and received 200 mg/kg of DFMO (i.p.) in saline. Controls were
given plain drinking water and saline (i.p.). Carotid artery was cannulated and
ANP secretion was stimulated by arginine-vasopressin (AVP) (1 ug/animal, i.v.)
and blood samples were removed at 0-30 min, centrifuged, extracted through
SEPCOL1, lyophilized, and assayed by radioimmunoassay. Basal levels of
plasma ANP in control were 89 pg/ml, while those in DFMO group averaged 25
pg/ml. Following AVP administration, plasma ANP levels in both groups
increased to a peak at 5 min and returned to control level by 30 min. However,
ANP levels at the time of peak secretion in control were two fold higher (532
pg/ml) than those in the DFMO group (269 pg/ml). Following the prior
administration of putrescine (80 yM/kg), basal levels of ANP in control and
DFMO group were 118 pg/ml and 67 pg/ml, respectively. However, putrescine
restored the plasma ANP response to AVP-stimulation at 5 min, lLe. in
control + putrescine and DFMO + putrescine groups ANP levels were 626 + 42 and
426+75 pg/mi respectively (not significantly different). These results
demonstrate that putrescine is an intracellular modulator of ANP secretion.

49.17
DIFFERENTIAL REGULATION OF CARDIAC HORMONE GENES.
Mona Nemer and Lina Dagning; Institut de recherches cliniques de Montréal,
Montréal (Québec) CANADA H2W 1R7

The heart synthesizes a family of peptide hormones which have potent
natriuretic, diuretic and vasodilatory properties. These peptides which
include ANF and isoANF/BNP contribute to cardiovascular homeostasis
although their respective roles remain unclear. We hypothesized that
differential expression of the genes encoding these two peptide hormones
might reflect different physiological functions in health and disease. To this
end, we developed a quantitative PCR protocol to measure both ANF and
iSOANF mRNA in cardiac and extracardiac tissues during normal development
and in pathophysiological conditions. In addition, we examined the
regulatory elements of the rat isoOANF gene and compared them with those
involved in ANF gene transcription using DNA mediated gene transfer into
primary cardiocyte cultures. All our data so far are consistent with a
differential temporal and spatial regulation of these two cardiac genes.
Indeed, within the heart itself, ANF and isoANF genes are differentially
expressed in atria and ventricles, and whereas the atria are the major site of
ANF synthesis, ventricles are the main site of isOANF production since they
account for over 90% of cardiac is)oANF mRNA and peptides. In addition,
there is a difference in the developmental regulation of the two natriuretic
peptide genes and although they are both regulated by hypertrophy and
increased blood pressure, the response to these stimuli is not coordinated
temporally. Finally, and consistent with differential expression, regulatory
promoter elements of the isoOANF gene were mapped and found to be distinct
from those of the ANF gene indicating the existence of more than one putative

ism for regulation of cardiac genes.

49.14

DEGRADATION OF ATRIAL NATRIURETIC PEPTIDE (ANP) BY CPA 47
ENDOTHELIAL-DERIVED CELLS: EVIDENCE OF SOLUBLE AND CELL
SURFACE PROTEOLYTIC ACTIVITIES. S.J, Frost, Y.-M. Chen and P.A.
Whitson. (Spon. S. Fortney) NASA/Johnson Space Center and KRUG Life
Sciences, Houston, TX 77058.

Clearance of ANP in vivo is rapid and nonguanylnm cyclase receptors are
thought to be ible for its In the present study, we

d the cellul h of ANP degradation by a bovine

pulmonary artery-derived endothelial cell line, CPA 47. The kinetics showed
rapid binding of ANP at 37°C (10 min), but a 76% decrease in specific binding
after 60 min. The decrease in ANP binding was not due to downregulation of
receptors since there was no change in ANP binding after preincubating cells
with unlabeled ANP. Furthermore, there was little or no intracellular
accumulation of ANP in the continuous presence of ANP or when cells were
prebound with ANP and warmed to 37°C. These data suggest that ANP was
not being internalized. However, a 95% loss in specific ANP binding waa
observed when ANP was preincubated with cells and then transferred to fres!
cells for binding, indicating that ANP was being modified at the cell surface or
by a soluble enzyme or both. HPLC lysis was used to ine the extent
of ANP degradation and/or modification in the medium by CPA 47 cells. ANP
was 90% degraded after 1h at 37°C or after 4h at 4°C. The conditioned
medium from these cells also degraded between 40 and 60% of the ANP.
These data suggest that these endothelial cell have both a soluble and cell
surface-associated proteolytic activities. EDTA (2 mM) was found to inhibit
the proteolytic activity in the medium by >90%. Cell surface activity was
demonstrated by low temperature (50% degradation at 4°C in 1 h) or 0.2 M
sucrose (28% degraded at 37°C in 20 min) which inhibits receptor-mediated
internali These studies indicate that endothelial cells may play a
crucial role in the in vivo clearance and metabolism of ANP.

49.16
BLUNT CIRCADIAN RHYTHMS OF BLOOD PRESSURE AND ATRIAL NATRIU-
RETIC PEPTIDE IN CHRONIC RENAL FAILURE. Francesco Portaluppi,*
Paolo Gilli,* Giorgio Trasforini,* Luciana Vergnani,* Maria
Rosaria Ambrosio,* Roberta Rossi* and Ettore degli Uberti*
(SPON: E. Roti). University of Ferrara, Ferrara, Italy I-44100
Hypertension due to chronic renal failure (CRF) is a condi-
tion in which the nocturnal drop of blood pressure (BP) can be
lost or reversed. We investigated the circadian rhythm of
atrial natriuretic peptide (ANP) and its relation with the BP
pattern of 12 hypertensive patients in CRF matched by sex, age
and mean 24-h BP levels with 12 patients affected by essential
hypertension (EH). Noninvasive BP monitoring was performed
with an oscillometric devite and plasma ANP levels were meas-
ured by radioimmunoassay under carefully standardized condi-
tions. In EH, plasma ANP concentration was highest at 4 AM
(34+1 pmol/L) and lowest at 4 PM (16%1 pmol/L), while a noc-
turnal BP drop was evident. In CRF, no significant circadian
change of ANP was detectable (2243 and 20+4 pmol/L, respec-
tively) and the nocturnal fall of BP was lost. These findings
are further evidence in favor of a role for ANP in the alter-
ation of BP homeostasis occurring during CRF. They suggest
the existence of a causal relation between the circadian
rhythms of ANP and BP.
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50.1

SMOKE INHALATION INDUCES INDIRECT LUNG DAMAGE HM Loick*, LD
Traber*, R Tokyay*, HA Linares*, DN Herndon, DL Traber.

Univ. of Tex. Med. Br. & Shriners Brns Inst., Galveston, TX,
77550. The chemicals in smoke induce lung damage directly and
by activation of granulocytes(PMN). We hypothesized that
damage could be induced in areas of the lung which were not
injured by the smoke. In 6 chronically instrumented sheep, the
right lung and lower trachea was insufflated with smoke.
Before and 30 min. after smoke the bronchial tissue blood flow
(BTQ) was measured in the smoked and in the air insufflated
lung with an endoscopic laser flow probe. All animals were
studied for 24 hours. Lungs were harvested at autopsy for
tissue PMN count (count/0.0645 mm2), wet/dry ratio (W/D) and
determination of tissue conjugated dienes (CD), products of
lipid peroxidation. The lungs of healthy sheep served as
controls. Data are mean + SE and analyzed by t-test. BTQ of
the bronchial wall was 36.5+2.4 and 35+2.9 ml/min/100g in the
right and left lung, respectively. After smoke BTQ was
increased only in the smoked lung (52 ml/min/100g). The tissue
PMN count was significantly increased in the smoked lungs (11.
5+0.9) compared to normal lungs (7.4+0.4). W/D and tissue CD
were increased in both the smoked (W/D: 5.3+0.1, CD: 3.5+0.1)
and air insufflated lungs (W/D: 4.9+0.2, CD: 2.5+0.2) compared
to normal lungs (W/D: 4.3+0.1, CD: 1.940.1). Smoke can induce
tissue damage indirectly. We believe that the underlying
pathogenesis is due to a release of mediators over time from
damaged areas into the interstitial space and down the airways
to uninjured tissue.

§0.3

CHARACTERIZATION OF LEUKOTRIENE C, RECEPTORS IN BULLFROG
LUNG. M.J. Chiono*, J.J. Andazola*, 0. Torres,*, and C.A.
Herman. Department of Biology, New Mexico State University,
Las Cruces, NM 88003.

LTC, has potent contractile effects on isglated bullfrog
lung strips. Specific binding sites for ([“H] leukotriene
Gy (I H]-LTC,), were characterized in membrane pre-
parations from American bullfrog (Rana catesbeiana) lungs.
Binding assays were done at 23°C for 30 min with serine
borate (10 mM) to prevent metabolism of LIG, to LTD,.
Specific binding reached steady state within 10 min and was
reversible. Scatchard analysis predicted a single class of
binding sites with a Ky of 48.1 nM and a B, of 54.7
pgol/mg protein. LTC, was the most potent inhibitor of
["H]-LTC, specific binding with a K; of 33 nM. LTD, and
LTE, had K; values of 3350 nM and 5979 nM, respectively.
The K; values for the mammalian LTD, antagonists LY171883,
L-649,923 and ICI 198,615 were 144900 nM, 117750 nM and
117750 nM, respectively. Glutathione and hematin had K;
values of 57000 nM and 29000 nM, respectively. In addition,
no activity of glutathione S-transferase was detected in
the membrane preparation suggesting that the binding site
is not the enzyme. Guanosine 5'triphosphate and guanyl-5'-
yl-imidodiphosphate did not affect specific binding of
[“H]-LTC, indicating that a G; protein is not involved in
the transduction mechanism. The data suggest that LTC,
exerts its action by binding to receptors in bullfrog lung.

50.5

AXON REFLEX IN RESINIFERATOXIN (RTX)-INDUCED BRONCHO-
CONSTRICTION (RIB) OF GUINEA PIGS. H.-Q, Zhang and Y,-L. Lai.
University of Kentucky College of Pharmacy, Lexington, KY
40536

To study the role of axon reflex in RIB in vivo, 24 guinea pig
weighing 284 + 8 g were randomly divided into four groups: Gp
1, control (n=6); Gp 2, chlorisondamine (n=6); Gp 3, tetrodotoxin
(n=6); and Gp 4, tachykinin depletion (n=6). Each animal was
anesthetized with sodium pentobarbital, cannulated with a
tracheal cannula and venous catheter, paralyzed with
gallamine triethiodide, and artificially ventilated. All animals
were treated with atropine (0.2 mg/kg) and phenoxybenzamine
(0.5 mg/kg). RTX (2 pg/kg),which is an ultrapotent capsaicin
analog and causes release of tachykinins, was intravenously
injected to induce bronchoconstriction. Immediately upon the
RTX injection each control animal exhibited decreases in vital
capacity, maximal expiratory flow and respiratory compliance,
as well as increases in functional residual capacity and residual
volume, indicating severe bronchoconstriction. The airway
spasm then decreased gradually toward the baseline values. The
animals in Gp 3 indicated a partial abolishment of the RIB,
while in Gp 4 the abolish was compl Gp 2 did not
display a significant change from the control group. Since it is
known that tetrodotoxin blocks nerve conduction, the data
suggest that the axon reflex plays a significant role in RIB,
which is apparently mediated via tachykinins. Supported by
HL40369.

50.2
PERIODICITY OF TRACHEAL CILIARY BEAT FREQUENCY IN VIVO.
Tarun Chandra, Lid B. Wong, Irving F. Miller and Donovan B.
Yeates. University of Illinois at Chicago and Veterans
Administration, West Side, Chicago, Illinois, 60612
Cytosolic calcium oscillations may be associated with the
maintenance of cellular functions. Any periodicity of
ciliary beat frequency, CBF, may be dependent on calcium
induced calcium release. 8 dogs were anesthetized with
pentobarbitol (40 mg/kg). The cuff of the endotracheal tube
was inflated in the distal trachea. CBF in the mid trachea
was measured in real time at 5 s intervals using
nonstationary heterodyne laser light scattered from the
ciliated epithelium. 4mg/kg of hexamethonium and 4 mg/kg of
indomethacin were administered i.v. to inhibit neural and
cyclooxygenase pathways. To increase intracellular calcium
through non-receptor mechanisms aerosolized A23187 (10°° to
10°° M) were delivered to the trachea. Following the
administration of aerosolized nifedipine (2 mg/ml) the
trachea was again challenged with A23187. The baseline CBF
in each dog was observed to oscillate between 6 and 12 Hz
with a period of 3.3 min. A23187 synchronized these oscil-
lations as evident when the temporal nature of CBF was
averaged over all dogs. The amplitude of CBF stimulation
initiated by 10°° M A23187 was inhibited by nifedipine. The
period of the CBF was not changed by A23187 with or without
pretreatment with nifedipine. These data indicate that the
induced stimulation of CBF was dependent on voltage operated
calcium channels but period of CBF was not.

50.4
CHARACTERIZATION OF LEUKOTRIENE B, BINDING SITES IN
BULLFROG LUNG MEMBRANES. J.J. Andazola,*, J.A.

Underwood,*, M.J. Chiono,* and C.A. Herman. Department of
Biology, New Mexico State University, Las Cruces, NM 88003.

Leukotriene B, (LTB,) binding assays were carried out
using lung membrane preparations from the American bullfrog
(Rana catesbeiana). Lung tissue was homogenized with a
polytron. The homogenate was centrifuged at 1000 x g and
the supernatant centrifuged at 30000 x g. The final pellet
was resuspended, frozen in liquid nitrogen, and was stored
at -80°C until use. Incubations were carried out at 23°C
for 30 min in 20 mM Tris-HCl (pH 7.5) containing 10 mM
MgCl,. Competition studies demonstrated LTB, and 20-OH LTB,
wege the most potent competitors of [“H] leukotrieme B,,
([°H]-LTB,) specific binding, with Ky values of 6.96 nM
and 195.03 nM, respectively. LTC,, LTD, and LTE, failed to
ink_\%bit tl}g binding of [}*]’LTBA with concentrations from
10 - 1077 M When 10°"M GTP ¥ S was added to the LTB,
binding assay, a K; of 24.6 nM was obtained, suggesting the
LTB, receptor is associated with a guanine nucleotide
regulatory protein. Scatchard analysis indicated a single
class of binding sites with a Ky of 4.3 nM and a B . of
1744.6 fmol/mg protein. This Ky is similar to the Ky of
3.85 nM reported for guinea pig lung macrophages. These
data suggest LTB, binds to specific receptors in bullfrog
lung membrane preparations although the location of binding
remains to be determined.

50.6

OXYGEN RADICALS IN EXSANGUINATION-INDUCED BRONCHO-
CONSTRITION (EIB) IN GUINEA PIGS. K.-R. Zhou*, and Y.-L. Lai.
University of Kentucky College of Pharmacy, Lexington, KY
40536

To investigate the role of oxygen radicals in EIB, 33 guinea
pigs weighing 348 + 10 g were divided into five groups: Gp I,
control (n=7); Gp 2, chronic dimethylthiourea (DMTU, n=8); Gp 3,
acute DMTU (n=7); Gp 4, superoxide dismutase (SOD, n=6); and Gp
5, catalase (n=5). DMTU, SOD, and catalase were used to scavenge
hydroxyl radical, superoxide anion, and hydrogen peroxide,
respectively. In Gp 2, DMTU was administered for 3 days (the
daily doses were 250, 125, and 125 mg/kg, ip) before the study.
In addition, 750 mg/kg -of DMTU was infused via a venous
catheter into each animal for 30 min before the baseline study.
This latter acute DMTU treatment was also given to Gp 3
animals. In Gp 4 and Gp 5, SOD (120,000 U/animal) and catalase
(400,000 U/animal) solutions were respectively infused for 15
min before the baseline study. All animals were anesthetized,
sternotomized, and artificially ventilated. At 5 min intervals
until 30 min after exsanguination, decreases in the maximal
expiratory flow and dynamic compliance were used as
indicators of EIB. Exsanguination in the control group caused a
gradual increase in EIB that was significantly ameliorated by
chronic DMTU, but was not significantly altered by other
treatments. These results suggest that EIB is modulated by
oxygen radicals, which may be involved in the biosynthesis
and/or axonal transport of tachykinins. Supported by HL 40369.
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SARCOMERE LENGTH RANGE OF m SITU RAT DIAPHRAGM.
Dept. of Medicine, U.CS.D., La
Jolla, CA. 92093-0623.

Maximum transdiaphragmatic pressure decreases sharply (~70%) with
increasing Iung volume from functional residual capacity (FRC) to total
lung capacnty (TLC) (Braun et al. ,L_Amzl_,_my_s_QL 53: 405-412, 1982).
One putative cause of this is that as lung volume increases, the capacity for
tension development of the diaphragm is reduced. Thus, as sarcomere
length becomes progressively shorter on the descending limb of the
sarcomere length-active tension curve, tension development becomes
increasingly impaired. However, to our knowledge, sarcomere length in
diaphragm has never been related to lung volume and/ or airway pressures

in situ. Eleven rats were perfusion-fixed with glutaraldehyde at different
airway pressures, from - 20cmH,O(correspondmgto residual volume, RV)
to +25 cmH,0 (TLC) and dunng sub- or supramaximal stimulation.
Sarcomere and filament lengths in costal diaphragm were determined using
microscopic techniques. At FRC, sarcomere length was 2.66+0.07 um.
From RV to TLC, sarcomere length ranged from 2.98+0.05 to 2.2110.04
pm, respectively. Direct supramaximal stimulation of the diaphragm
reduced this further to 2.12+0.04 um. Considering that peak active tension
«, ) is developed at a sarcomere length of ~2.70 ym and usmg the %l to
actnve -tension relationship of McCully and Faulkner ( 4:
1681-1686, 1983), the ~17% reduction in sarcomere length from FRC to
TLC suggests that only a modest portion of the reduced transdiaphragmatic
pressure at high lung volumes can be attributed to decreased sarcomere
length per se. It is likely, therefore, that other factors e.g. gross
geometrical changes are important determinants of transdiaphragmatic
pressure generation at high lung volumes.

Supported by NIH 17731, 07694 and The American lung Assoc. of CA.

50.9

CHRONIC HYPOXIA DOES NOT ATTENUATE VASOPRESSINER-
GIC PULMONARY VASODILATION.
DepL of Physiology, Univ. of New Mexico Sch. of Med., Albuquerque, NM
8713

We have previously demonstrated that arginine vasopressin (AVP) dilates
preconstricted pulmonary vasculature via the release of endothelium-derived
relaxing factor (EDRF). However, recent evidence suggests that EDRF
release in response to other agents may be supressed in lungs from animals
chronically exposed to hypoxia. Therefore, we investigated the putative role
of EDREF in vasopressinergic vasodilation in lungs from rats acclimated at Pg
= 380 mmHg for 4 weeks. Lungs from control and chronically hypoxic rats
were suspended in a humidified chamber (38°C), and perfused at 30
ml'min-’kg BW-! with a physiological saline solution. Pulmonary artery
pressure was measured as an index of pulmonary vascular tone. Following a
20 minute equilibration period, the pulmonary vasculature was preconstricted
with the synthetic thromboxane analogue U-46619. At the height of
vasoconstriction, a 50 ng bolus of AVP was administered and the resulting
vasodilatory response observed. Administration of AVP to chronically
hypoxic and control lungs resulted in a 73+2% and 68+3% decrease in pulmo-
nary artery pressure, respectively. Separate groups of lungs were pretreated
with the EDRF synthesis inhibitor N®-Nitro-L-Arginine (N-ARG;
18.45mM). N-ARG pretreatment attenuated the vasodilatory response to
AVP by 81% and 82% i m chronically hypoxic and control lungs, respectively.
Addition of 10 pg:mi-! meclofenamate to inhibit prostaglandin biosynthesis
did not affect responses | in any of the groups tested. We conclude that AVP
causes dilation of the p via the rel of EDRF in lungs
from both control and chmmcally hypoxic rats. (Supported by HL-42778)

50.11

PULMONARY VASODILATOR RESPONSES TO ACETYLCHOLINE AND
ISOPROTERENOL ARE ABOLISHED IN CONSCIOUS DOGS FOLLOWING
LEFI‘ LUNG AUTOTRANSPLANTATION K. N;ghmak; N D,P, Nyhan®, P.
il X. Ton nd P.A

Murray. The Johns Hopkms Medical Institutions, Baltimore, MD 21205

Acetylcholine (Ach) and isoproterenol (Iso) cause vascular relaxation via
increases in cytosolic concentrations of cyclic GMP and cyclic AMP, respectively.
We investigated the effects of intravenously administered Ach (0.05 pg/kg/min)
and Iso (0.1 pg/kg/min) on the left pulmonary vascular pressure-flow (LPQ)
relationship of conscious dogs following left lung autotransplantation (LLA).
LLA was achieved by serial anastomoses of the left pulmonary artery, left
pulmonary veins and left mainstem bronchus. LPQ plots were constructed by
continuously measuring the pulmonary vascular pressure gradient (PAP-
LAP:mmHg) at multiple levels of left pulmonary Q (m!/min/kg) by gradually
(~ 1 min.) inflating an occluder implanted around the right pulmonary artery.
LPQ plots were generated in 6 dogs 2 - 3 weeks post-LLA before and during Ach
and Iso. Compared to identically-instrumented normal conscious dogs, PAP-LAP
was approximately doubled at each value of Q following LLA. For example, at
()=80, PAP-LAP was increased (p < 0.01) from 19 + 2 to 39 + 5. However,
despite this marked pulmonary vasoconstriction following LLA, neither Ach nor
Iso had any significant effect on PAP-LAP at any value of Q. At Q=80, PAP-
LAP was 39 + 5 before and 40 + 6 during Ach, and PAP-LAP was 38 + 6
before and 37 + 8 during Iso. Thus, LLA results in chronic pulmonary
vasoconstriction, as well as a total loss of pulmonary vasodilator responsivity to
Ach and Iso in conscious dogs. Supported by NIH 40361.

50.8

VASOPRESSINERGIC PULMONARY VASODILATION IN 1SO-
LATED RAT LUNGS. T.C. Resta*, R.D. Russ and B.R. Walker. Dept. of
Physiology, Univ. of New Mexico Sch. of Med., Albuquerque, NM 87131.

Controversy exists concerning the specific receptor subtype(s) involved
in vasopressinergic pulmonary vasodilation. Therefore, experiments were
performed on isolated, salt-perfused rat lungs to investigate the putative
roles of V - and Vz-recepw:s in this response. Lungs were removed from
male Sprague Dawley rats, suspended in a humidified chamber at 38°C and
perfusecl with a physiological saline solution at 30 ml'min” kg body
weight™". Pulmonary arterial pressure was measured as an index of pulmo-
nary vascular tone. Control pulmonary arterial pressure was approximately
8.5 mmHg and did not differ between groups. After time for stabilization,
the pulmonary vasculature was preconstricted with the synthetic throm-
boxane analog U-46619. Administration of a 50 ng bolus of arginine
vasopressin (AVP) to preconstricted lungs elicited a 65% reversal of pulmo-
nary vasoconstriction. Similar vasodilatory responses were observed upgn

Tlmstrﬁnon of either 50 ng of the selective V| -receptor agonist [Phe”.
Ile”, Orn®]-AVP, or 50 pg of oxytocin. Vasodilatory responses to AVP,
Vl-agomst and oxytocin were attenuated by 93% or greater (p<0.05) fol-
lowing pretreatment with 10 ug of the V -receptor antagonist d(CH,);
Tyr(Me)-AVP. However, 2prelre4a(mem with 20 ug of the V2 receptor an-
tagonist [d(CH2)5 D-lle“, 1le”]-AVP did not affect the AVP-mediated
vasodilatory response. Fur!hermore administration of the V,-receptor
agonist dDAVP (50 ng) to preconstricted lungs elicited no Significant
vasodilation. We conclude that AVP induces vasodilation of preconstricted
pulmonary vasculature in the isolated, salt-perfused rat lung via stimulation
of Vl-vasopressinergic receptors. (Supported by NHLBI Grant HL-42778.)

50.10

DOES PGE, RELEASE FETAL NON-PITUITARY IMMUNOREACTIVE
ACTH FROM A PULMONARY SOURCE? Timothy A. Cudd, Colin
Sumners, M, Ian Phillips, and Charles E, Wood. Department of
Physiology, University of Florida, Gainesville, FL 32610
The late term sheep placenta secretes large quantities of prostaglandin
E, (PGE,) into the fetal circulation. Prostaglandins are involved in
mediating developmental changes in the fetus including changes in blood
pressure and blood flow in many organs including the lungs. It has been
hypothesized that PGE, stimulates the late term rise in fetal plasma
cortisol and the initiation of parturition. We have recently reported
increases in plasma IR-ACTH from a non-pituitary source in late
gestational sheep fetuses infused with PGE,. We hypothesize that the
fetal lung is the source of the increased late gestational plasma ACTH.
Pulmonary tissue from late gestational fetal sheep was examined for the
presence of immunoreactive ACTH using radioimmunoassay (RIA) and
immunocytochemical methods (n=6). Fetal pulmonary tissue contained
21.1+4.1(SEM) ng ACTH immunoreactivity per gram tissue wet weight
measured by RIA. We calculate that late gestational fetal lungs contain
about 2.7 ug of IR-ACTH, an amount comparible to that found in late
gestatlonal fetal pntu:tary ACTH immunoreactivity was also detected by
cytochemical techni in cells lining the alveolar space though
it was not possible to identify the specific cell type. The presence of
pulmonary immunoreactive ACTH supports the hypothesis that pulmonary
ACTH may be released into the fetal circulation in response to late
gestational increases in plasma PGE, concentrations. Support: NIH grant
HD24250, Established Investigator Award, American Heart Assoc.(CEW);
Post Doc. Fellowship, American Heart Assoc., Florida Affiliate (TAC).

50.12
HYPOXIC PULMONARY VASOCONSTRICTION IS INCREASED IN COPPER
DEFICIENT RATS. Corrje B. Allen* and Jack T, Saari. USDA,

ARS, Grand Forks Human Nutrition Research Center, Grand Forks,
ND 58202

The mechanism by which alveolar hypoxia produces
vasoconstriction within the pulmonary vasculature remains
poorly defined. Dietary deficiency of copper results in
changes in a number of enzymes (cytochrome oxidase, superoxide
dismutase, glutathione peroxidase, lysyl oxidase) which may be
involved in this response. Weanling male rats were fed
semipurified diets containing adequate (>5 ppm, n=16) or
deficient (<1 ppm, n=16) copper for 5-8 weeks. Isolated
perfused lung preparations were used to assess vasoconstrictor
responses to 0.1 ug angiotensin II (AII) and hypoxia (3% 0,).
Responses to AII and hypoxia were repeated five times. While
there were no significant differences in baseline perfusion
pressures between copper-deficient and copper-adequate lungs
(p=0.65), the vasoconstriction in response to both acute AII
and hypoxic ventilation was greater in the copper-deficient
lungs in the last four of the five experimental bouts
(Bonferroni contrasts, p<0.05). These findings suggest that
individuals exposed to acute alveolar hypoxia (i.e. aircraft
pilots, visitors to high terrestrial altitudes) may experience
exaggerated pulmonary vascular responses to the alveolar
hypoxia if they are copper-deficient. Further study is
required to define amounts of copper consumption which prevent
this exaggerated response.



THURSDAY

PULMONARY PHYSIOLOGY 265

50.13
WARM BUTANOL VAPOR THERAPY IN ASPIRATIONAL LUNG EDEMA. W. H.
Waugh, East Carolina Univ. Sch. of Med., Greenville, NC 27858.
Ethyl alcohol vapor (e.g. 20%) as defoaming agent in lung
edema (Luisada Clin Pharm Therap 5:628,1964) appears disrepu-
table, partly because foam bubbles of alveolar origin in lung
edema are destroyed only partly & very slowly by air saturated
with ethanol vapor (Pattle J Path Bacti 72:1956). As antifoam
agent, I tested 7% l-butanol (But) at 39°C, in a lung edema
model in pentobarb-anesthetized rabbits bteathing spontan thru
a 10-ml tracheostomy mask. Air humidified by H,0 or 7% But at
39°C was started 30 min after instilled 1.1 ml/kg of soln [1.2
molal sorbitol (19 g%) 140 Inmolal NaCl-10 mmolal HC1l, pH 2.0].

H,0 Vapor Rx Pa02 PaCo0,* PapH PaHCO4” MAPX
efore (n=7) 6811.7* AOil.A* 7.36%£0.03 22%*1. h 96i‘3.1*
Edema, 30" 35+¢1.8% 34%1.8%2 7.3920.04 20%1.3% 87#3.1
Rx, 15" 36%1.4 32+1.8 7.40%0.04 20*1.6 85%2.2
Rx, 60" 38+2.2  31#1.5% 7.4110.03 19%1.1 83#3.0

But Vapor Rx [x = Jun Hg; *, a, & b = mean diff P < 0.05

Before (n-6) 71%3.2} 3s+1.1: 7.4040.02 23:0‘3: 914157
3542.6%3 33:1.6% 7.43%0.022 21%0.9%2 8242.4

Edema, 30"
Rx, 15" 40$2.58P 33+1.28 7.39+0.01 19+0.73P 80+1.42
Rx, 60" 5511.7b 3041.2% 7.34%0,032 161‘1.0b 63+1.32

After 60 min Rx, edema proteins (mg/ml) were 2.6%0.2 &
2.6+0.2; lung/body wt ratios (g/kg) were 9.0x0.5 & 9.5%0.3,
resp. Thus, warm But vapor appears effective for hypoxia in
pulmonary edema associated with high permeability alveolar
damage, without serious butyl alcohol-induced acidosis or CNS
depression unless vapor Rx is protracted.

50.15

EFFECTS OF POSITIVE END-EXPIRATORY PRESSURE (PEEP) ON NON-
STEADY STATE CO, KINETICS IN THE DOG. B Mazumdar*, SA |sserles*,
A!LMQQ!&M..MIH.BLQQH_“ (SPON: A Leff). Dept. of Anesthesia & Critical
Care, University of Chicago, Chicago, IL 60637

Six chioralose-urethane anesthetized dogs underwent median thoracotomy
(open pleural spaces) and constant O, ventilation. Measurements included
VCO,/br, pulmonary VCO, per breath by computer integration of exhaled flow
and PCO,; Q,, cardiac output; P,CO,, P,CO, & P,CO,, end-tidal, arterial &
mixed venous CO,; and V,/V;, physiologic dead space fraction. The table
shows mean (SD) values at Baseline (B) and 1, 2, 5, 15, and 25 min after appli-
cation of 10 cmH,0 PEEP. (denotes wnﬁum (p<.05) difference from 'B')

B 1 5 15 25

VCO,/br (ml) 9.9 (3.6) '5.1(26) 65 (2‘7) '71(30) ‘7.2 (3.0) 7.4 (3.0)
P,CO, (Torr) 41(5) 36 (6) 9@ 43@4) 445 45()
Q,(L/min)  29(5) 23(5 22(6) 20(5 "2.0(6) 2.0 (6)
P,CO, (Torr) 52 (§) 51 (5) 53 (2) 56 (3) 58(4) 62(8)
PeCO, (Torr) 34(2) 31(5) 34(@3) 383 3@ 400
Vp/Vr (%) 66 (8) 76 (8) 76 (8) 76 (7) 74 (7) 74 (7)
At 1 min after PEEP, VCO,/br decreased. The increase in functional residual
capacity of 7932 206 mi diluted alveolar gas and reduced P,CO,. Q, decreased
to reduce CO, delivery to the lung. Then, P,CO, steadily increased to restore
CO, delivery to the lung. The value of increased P ,CO, (at constant minute
ventilation) might otherwise suggest increasing pulmonary CO, elimination.
However, VCO,/br remained significantly lower 25 min after 'B' because in-
creased V,,/V; during PEEP reduced alveolar ventilation. Thus, PEEP reduced
CO, elimination from the lung that was not reflected by P.,CO2. (Supported by
grants from NIH (HL-42637) and Foundation for Anesth. Educ. & Research).

50.14
HETEROTOPIC LUNG TRANSPLANT:AN AUXILLIARY OXY-
GENATOR. Bernard E. Pennock, Robert R. Lazzara*,
Anthony Furnary*, Dennis Trumble*, Peter D. Kaplan¥*
and James A, Magovern* Medical College of PA at
Allegheny General Hospital, Pittsburgh, PA 15212
Left lungs from donor dogs were transplanted
into the retroperitoneal spaces of three reci-
pient dogs. The donor pulmonary artery and left
atrial cuff were anastomosed to the external
iliac artery and vein. The transplanted lung was
ventilated with 100% 02. With ventilation to the
native lung removed, the following mean values
were obtained:

Transplant lung Systemic
Pulm art Pulm vein Arterial Venous

Pressure (mmHg) 29 24 86 5.3
Blood flow (L/min) 1.1 4.9
p02 372 514 372 79
pC02 47 40 47 52
A mathematical model of this circulatory and gas
exchange system was developed. The experimental

data and model show that the transplanted lung
can provide supplemental gas exchange, or under
defined conditions, can provide total support.
The heterotopic transplant could be useful in the
treatment of life threatening reversible pul-
monary failure,

50.16
MALIGNANT HYPERTHERMIA: A CANINE MODEL OF CO, KINETICS.
PH Breen', AV Montano’, and SA Isserles’. (SPON: A Lof') Dept of Anesthesia
& Critical Care, University of Chicago, Chicago, IL, 60637

An increase in end-tidal PCO, (P.,CO,) is an early monitor of malignant hy-
perthermia (MH). To investigate the time course of P.,CO, during MH, we have
used a canine model to simulate the pharmacokinetics of the CO, load that
occurs in MH. CO, is added to venous blood in a bubble oxygenator. After
Animal Care Committee approval, in 6 anesthetized (chioralose-urethane) and
heparinized open-chest dogs (24t 4 kg), we inserted cannuli into the superior
and inferior vena cavae to drain venous return into a bubble oxygenator. A
calibrated roller pump returned blood to the right atrial appendage at constant
cardiac output (Q;) (1.6t .3 L/min). P¢,CO, was measured by side-stream
infra-red capnography and VCO, was d by i ing exhaled flow and
tidal PCO,. After Baseline measurements, CO, was added to carrier flows
through the bubble oxygenator (FCO, = 13t 3%) Measurements were
repeated up to 25 min. By 25 min after CO, input to the system, (as if muscle
hypermetabolism was occurring), the mixed venous PCO, (P,CO,) increased
significantly from 471 6 to 762 13 mmHg (p<.05, means SD), resulting in para-
llel increases (p<.05) in arterial PCO, (P,CO,, 35t 4 to 48t 7 mmHg), P,CO,
(281 6 to 38+ 6 mmHg), and VCO, (1431 57 to 2041 57 mi/min). We have
modelled CO, kinetics during MH, independent of effects from changing Q;.
The increase in P¢,CO, of 10 mmHg (36%) occurred in the face of a 29 mmHg
(62%) i in P,CO,, refi storage of CO, in ponphual tissues. VCO,
increased more (43%) than PE,COZ. since it also in exhaled

CO, volume. CO, stores approached equilibrium within about 25 min. We
suggest that these data help understand CO, kinetics during MH. (Supported
by NHLBI grant HL-42637 & Foundation for Anesthesia Education & Research).
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51.1

TOPOGRAPHIC, MORPHOLOGIC AND GROWTH CHARACTERISTICS OF
DISSOCIATED CELLS SENSITIVE TO CO, AND LOW pH ISOLATED FROM THE
RESPIRATORY AREAS OF THE UPPER MEDULLA. S.C. Fitzgerald, M.A. Willis,
Chang Yu, and H. Rigatto. Lab.Dev.Neurobiol NICHD, NIH, Bethesda, MD and
Dept. Pediat., Univ. Manitoba, Canada.

Dissociated cells from the areas of the nucleus ambiguus and the nucleus tractus
solitarius obtained by punch technique or block dissection [Brownstein and Palkovits,
New York, Elsevier, 1987] from coronal slices [Imm thickness] at the level of the
obex were cultured from fetal rats [Sprague-Dawley] at 18 to 21 days gestation.
Vitrogen coated 35 mm tissue culture dishes were plated with cortical or medulla
derived non-neuronal cells split from flask, at 0.15 million cells per dish. After the
non-neuronal cells reached c y and were d with FUDR, neuronal cells
were plated at a concentration ranging from 0.5 to one million cells per dish.
Neurons grew extremely well on medulla and cortical background, but were sparse
on vitrogen dishes without any background. Medulla was the background of choice.
Tissue treated with papain instead of trypsin yielded cleaner preparations, and the
cell yield from the tissue was greater. This method produced a neuronal population
of heterogenous morphology including small and large bipolar, pyramidal, and
multipolar cells. Neurons sensitive to CO, and/or low pH [n=68] did not appear to
have any definitive morphologic characteristics, but most were multipolar. These
neurons stained well with antibodies to neuro-specific enolase [NSE] and fragment
C tetanus toxin. They did not seem to stain for choline acetyltransferase [ChAT].
However, other cells in these preparations were i
alpha-1 or 2 probes for adrenergic receptors did not appear to target these cells.
These findings suggest that neurons responsible for the central regulation of
respiration can be cultured. These cultures may serve as a system for neuro-
transmitter, electrophysiological, and other morphological studies of cells from these
regions of the brain.

rreactive for ChAT. Use of

51.2

CELLS INHERENTLY SENSITIVE TO CARBON DIOXIDE (CO,) OBSERVED
IN DISSOCIATED CULTURES OF THE UPPER MEDULLA IN THE FETAL
RAT. H. Rigatto’, S.C. Fitzgerald, M.A. Willis and C. Yu. Lab. of Dev.
Neurobiology, NICHD, NIH, Bethesda, Md. and the Dept. of Pediatrics, Univ.
of Manitoba, Canada.

Dissociated fetal rat (Sprague-Dawley) cells in culture (n=87) obtained from
the nucleus ambiguus and adjacencies (Na area, n=57) and the tractus nucleus
solitarius and adjacencies (NTS area, n=30) were used for electrophysiologic
patch recording. Cells with a regular firing pattern resembling pacemaker
activity were more frequent in the NA area than in the NTS (25% vs 10%;
p<0.05); those firing irregularly (29% vs 43%; p=0.11) and the silent cells (46%
vs 47%; p=0.8) were similar in both areas. With small pulses (<100 ms) of
media equilibrated with high CO, (PCO, 190+20 torr; pH 6.704+.012), applied
adjacent to the cell, firing frequency increased from 129+11 to 345:14
spikes/min (p=0.001) and amplitude decreased from 4514 to 38+3 mV (p=0.002)
in the pacemaker cells. Irregularly beating or silent cells usually required
pulses greater than 200 ms and were insensitive or inhibited by CO,. Input
membrane resistance appeared not to change and membrane potential
decreased by 4 to 10 mV during CO,. Synaptic blocking with tetrodotoxin or
high magnesium media did not prevent the response to CO,. Media with HCl
of similar low pH but normal PCO, stimulated and media with high oxygen
(>600 torr) inhibited activity at rest. The findings suggest a) some cells,
primarily in the NA area, even in culture, express a phenotype inherently
designed to respond to CO, and/or low pH; and 2) these characteristics would
allow them to be responsible for central respiratory chemoreceptor activity. We
speculate that these cells may also be involved in the generation of the
respiratory rhythm.
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51.3

RESPIRATORY RESPONSES TO CO; IN THE BRAINSTEM
PREPARATION OF RANA CATESBEIANA. E.G. Smith, R.J,
* hiri . Center for Sleep & Respiratory Neuro-
biology and Department of Physiology, University of Penna., Phila., PA
In mammalian systems, increases in CO2 produce an increase in
ventilation. This is thought to be mediated, at least in part, by cells in the
ventral medullary surface (the central chemoreceptors). Since the cellular
basis for this response is unknown, we wondered whether the recently
described in vitro brainstem preparation of the larval form of Rana catesbeiana
showed chemosensitivity and, therefore, might be a preparation to study
cellular mechanisms of CO3 sensing. Brainstems were removed and secured
in a recording chamber and superfused with standard modified Krebs
solution. Discharges of the facial motor nucleus were recorded extracellularly
to monitor respiration. Altering the pCO2 (pH) in the superfusate changed the
frequency of the rhythm related to lung ventilation, but not to gill ventilation.
At different pH’s we recorded the following average frequencies/hour of lung
ventilation: (n=7) 119+21.0 (pH 7.2); 81£18.6 (pH 7.4); 14.312.0 (pH
7.8). The frequency of gill ventilation/ minute (n=7) was 38.743.5 (pH 7.2);
40.312.8 (pH 7.4); 42.5£3.6 (pH 7.8). Recently we have shown that there
are putative pacemaker cells for lung, but not for gill ventilation in this
preparation. With removal of Cl' (replaced with gluconate) lung ventilation,
but not gill ventilation, persists. We questioned whether the activity of the
pacemaker system is altered by CO2 (pH). We found that COy in the absence
of CI',in a different series of studies, still changed the frequency of lung
ventilation (n=7) 56.619.5 (pH 7.2); 43.747.0 (pH 7.9). In conclusion, the
brainstem of this preparation (800 pm thick) has chemosensitive elements,
and these elements are connected to the putative pacemaker cells for lung
ventilation (Supported by HL 39775, T32HL 07027-16).

51.5

HYPOGLOSSAL (HG) AND PHRENIC (PR) NERVE RESPONSES TO CAROTID
BARORECEPTOR STIMULATION. MJ WASICKO, C UKABAM, SL KNUTH, JC
LEITER. DARTMOUTH MEDICAL SCHOOL, HANOVER, NH.

. Elevated arterial BP leads to a preferential inhibition of
the activity of HG compared to PR. To determine the role of
the carotid baroreceptors (BARO) in this reflex, we studied
4 decerebrate, vagotomized, paralyzed, mechanically venti-
lated cats. The left carotid sinus was stimulated by inflat-
ing a 3F balloon catheter, inserted in the lingual artery
and positioned at the carotid sinus; the right carotid sinus
was denervated. BP was maintained constant. Steady-state
BARO stimulations were 30 sec in duration; 5-7 stimulations
were performed in each cat before and after denervation of
the left carotid sinus. The following results were ob-
tained: BARO stimulation inhibited peak inspiratory PR and
HG activity to 79.7t4.2 and 56.7t4.6 % control, respective-
ly. Barodenervation abolished this response. With BARO
intact, HG returned immediately to control levels upon
cessation of the steady-state BARO stimulation. After cyclic
(1/sec) BARO stimulation, however, HG exhibited sustained
inhibition (> 5 breaths post-BARO stimulation). We con-
clude: 1) elevated BP leads to preferential inhibition of HG
by direct stimulation of carotid BARO; 2) brainstem centers
involved in this reflex are sensitive to the dynamics of the
BARO afferent information. These data have implications for
obstructive sleep apnea: increases in BP that occur in the
post-apneic period may lead to increased pharyngeal collap-
sibility through BARO mediated inhibition of upper airway
dilator muscle activity. Support: HL01998, HL07449.

51.7

DIFFERENTIAL EFFECTS OF EXTRACELLULAR ATP ON CAROTID
CHEMOSENSORY RESPONSES TO HYPOXIA AND NICOTINE.
D. Spergel (SPON: S. Lahi{?. Department of Physiolo%, University
of Pennsylvania School of Medicine, Philadelphia, PA 19104-6085.
It is unclear which neurotransmitter(s) mediates the carotid
chemosensory response to hypoxia. ATP exists in glomus cell dense-
core granules from which “catecholamines are secreted during
hypoxic or nicotinic stimulation. The hypothesis that ATP is also
released and acts as a neurotransmitter in the carotid body was
tested using carotid chemosensory discharges in vitro. Exogenous
ATP, ATP analogues and ATP hydrolysis products were used. Their
effects on chemosensory discharge and responses to ischemic
hypoxia evoked by perfusate stop-flow and to a pulse of 4 nmole
nicotine were measured. The cat carotid body was perfused and
superfused with modified Tyrode solution (PCO,<1 Torr, pH 7.4,
36°C) equilibrated at PO,=150 Torr and PO,<40 Torr, respectively.
Pulses of ATP showed dose-dependent stimulation of chemosensory
discharge (ED,,=60 nmole). The responses to ATP analogues, a,8-
methylene ATP and ATP-y-S, were larger and slightly longer lasting.
The responses to similar doses of ADP, AMP and adenosine were
smaller than those to ATP. Constant infusion of 1.65 mM ATP
desensitized the responses to ATP and nicotine after the initial
stimulation but did not desensitize the response to stop-flow. The
results suggest a) that carotid body cells have ATP receptors, b) that
extracellular ATP supﬁresses the excitatory response to nicotine but
is not involved in O, chemotransduction, and c) that the desensitized
nicotine receptors are not a prerequisite for O, chemotransduction.
(Supported by NIH grants 2-T32-HL-07027-16 and HL-43413-02.)

51.4

INHIBITION OF THE ROSTRAL MEDULLARY RAPHE NUCLEUS (RMRN)
HPON RESPIRATORY-MODULATED FACIAL DISCHARGE IN THE CAT.

.-C. Hwang, L.-C. Hu* and S.-E. Wang*. Dept. of
BioTogy, National Taiwan Normal University, Taipei,
Taiwan 11718, R.0.C.

To examine respiratory-modulated facial response to
RMRN activation, activities of both the facial (FN) and
the phrenic nerves were monitored in decerebrated, vago-
tomized, paralyzed and ventilated cats. Electrical sti-
mulation (12.5 to 100 uA, 80 Hz and 0.5 ms pulse
duration) and glutamate injection was performed to
activate the RMRN. The animal was maintained at normoca-
pnia and hypercapnia in hyperoxia. The results showed
that respiratory-modulated activity of the FN was
reduced while non-respiratory was excited in response to
the RMRN activation. The reduction of FN activity with
RMRN activation was due to the decrease of discharge
rate of inspiratory facial motoneurons. At high concen-
tration of C0,, diminishes in discharge rate of facial
motoneurons %nd whole FN activity with RMRN activation
were attenuated. Moreover, some silent facial motoneu-
rons were recruited when the RMRN was activated. These
results suggest that the RMRN may exert an inhibition
upon respiratory-modulated facial activity whereas exci-
tation on non-reapiratory facial discharge (Supported by
NSC grant #80-0211-B-003-05).

51.6

Analysis of pharyngeal resistance and genioglossal EMG
activity using a model orifice flow. J.C. Leiter. Dartmouth
Med. Sch., Hanover, N.H. 03756.

I have applied a model of orifice flow to pharyngeal pres-
sure, flow and genioglossal electromyographic (EMG,,)
measurements made in humans during inspiration. The results
suggest that airflow is turbulent in the pharynx for flow
rates between 0.3 and 1.5 L/sec. Furthermore, the area of the
pharynx appears to increase as flow increases, but the actual
change in pharyngeal diameter necessary to fit the pressure-
flow data is quite small (0.11 to 0.87 cm, depending on the
assumptions in the model). By analyzing pressure and flow as
a function of EMG,, I have also estimated the effect of a
given level of EMG,, activity on orifice area. The flow related
increase in orifice area can be attributed, in part, to the
activation of the genioglossus muscle. However, other flow-
related factors also contribute to pharyngeal dilation as
airflow increases. Different airway shapes (circular and
elliptical) and orientations (major axis anteroposterior and
lateral) were incorporated into the model calculations, and
genioglossal muscle shortening increases pharyngeal area and
reduces pharyngeal resistance more effectively when the
pharynx is elliptical with the long axis of the ellipse orie-
nted laterally. The results of this analysis suggest that the
genioglossus may operate at a significant disadvantage in
patients with Obstructive Sleep Apnea in whom the pharyngeal
lumen is small and oriented with the longer axis
anteroposteriorly. Support: HL01998.

51.8

MENTHOL INDUCED HYPOPNEA IS GREATLY DIMINISHED BY
TRIGEMINAL NERVE BLOCKADE. G.E. Woodson, F. Sant’Ambrogio,

»

J.W. Anderson, G. Sant’Ambrogio. UTMB, Galveston, Texas, 77550

Stimulation of upper airway cold receptors, by L-menthol, reduces
ventilation. Most of the receptors responsible for this reflex are in the
nose. To determine whether this response is due to trigeminal or
olfactory afferents, the effect of 1-menthol was studied before and after
trigeminal block by intraorbital injection of 2% lidocaine (0.1 ml).
Anesthesia was induced in 9 guinea pigs (urethane, 1g/kg), tracheotomy
was performed, and the upper airway was isolated to permit passage of
air (30 mUs) in the expiratory direction. Airflow, tidal volume, and
laryngeal temperature were recorded in control conditions and during
passage of warm air (37°C, saturated) with addition of l-menthol (390
ng/ml). Warm air + -menthol reduced ventilation to 27 + 8% of control
(P<0.01) before trigeminal block and to 90 + 8% of control (P>0.05) after
block. The ventilatory depression was mostly due to prolongation of Tg,
1,152 + 262% (P<0.01) before and 142 + 17% (P<0.01) after block. The
effects of trigeminal blockade are significant (P<0.01). One hour after
lidocaine injection there was only a partial recovery. Intraorbital
injection of equal volumes of saline did not modify respiration. We
suggest that the response to menthol is mostly due to activation of
trigeminal cold receptors. However, a role for olfactory receptors cannot
be ruled out. (NIH Grant HL-20122 and DC-00009)
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51.9

MENTHOL IN THE UPPER AIRWAY DEPRESSES VENTILATION IN NEWBORN
DOGS. Franca B, Sant’Ambrogio, James W, Anderson and Giuseppe
Sant’'Ambrogio, Dept. of Physiology and Biophysics, University
of Texas Medical Branch, Galveston, TX 77550-2774.

Upper airway cooling decreases ventilation, particularly
in newborn animals in which superior laryngeal nerve (SLN)
afferents mediate the response. Since laryngeal cooling
activates cold receptors and inhibits respiratory modulated
mechanoreceptors it i{s difficult to determine which type of
receptor is responsible. To this purpose we used I-menthol,
a specific stimulant of cold receptors in the absence of any
temperature change. Experiments were carried out in 6
anesthetized puppies (5-14 days old) breathing through a
tracheostomy, with the upper airway functionally isolated.
Warm (37°C), saturated air was delivered through the upper
airway without and with addition of l-menthol (390 ng/ml) for
10 s in the expiratory direction. Airflow, tidal volume and
esophageal pressure were recorded. The test trials with I-
menthol markedly depressed ventilation (Vg, 45%l4% of
control, P<0.05), mostly due to a prolongation of Tg
(402+110% of control, P<0.05). SLN section reduced
considerably the response to I-menthol (Vg, 8218%; Tg,
118+14%); the residual effect was abolished by nasal
anesthesia. In one puppy we recorded from the SLN the
activity of 2 cold receptors and ascertained the prompt
stimulatory effect of I-menthol. This results support a
preponderant role of cold receptors in the response to upper
airway cooling. [Supported by NIH Grant HL-20122]

EXERCISE/HYPOXIA
52.1 52.2
TRAINING AND POST-EXERCISE HYPOTENSION WITH HYPERTENSIVE EFFECTS OF HIGH AMBIENT HEAT AND COOLING ON HEART
RATS (SHR). Martin D. Devine, Lisa A. Sebastian, Kim A. Monnin, and Charles M. RATE DRIFT AND WORK ENDURANCE. A.Sucec,* D,Trone,*
Tipton*. Dept. of Exercise and Sport Sciences, School of Health Related Professions, R.Pozos,* R. Hesslink,* C. Bischoff.* E.LaBranch*

University of Arizona, Tucson, AZ 85721.

Previous studies with ined (NT) hy ive rats have shown that 25 minutes
or more of moderate exercise (60-70% \702 max) will be associated with a significant
duction in the post ise mean blood p (MBP) dnnng a 60-minute recovery
period when compared to their ise value. To gain insight on the responsible

mechanisms as well as to leamn whether endurance training (12-16 weeks at 40-70%
VO, max) would facilitate the process, we anesthetized 18 male trained rats and placed a
sterile thermal probe and cannulae into the aortic arch, carotid artery, and jugular vein in
order to measure MBP md carmac output (Q, thermal dilution) and to calculate cardiac
index (CI), total periph (TPR) and the total peripheral vascular
resistance index (TPRI) After 2-7 days of recovery, the rats performed an exercise test
(60-70% VOz max) and received either sterile saline or naloxone (1 mg-kg-1) infusions.
As with the NT rats, mod acute i was iated with a significant reduction
in post-exercise MBP (F = .001) in rats iving saline. H , the reductions were
not significantly Iower or more prolonged whcn compared m NT groups As expected,
d the post: ise fall in MBP. Analysi or ¢o-
multsdldnotmdncaw hether the reduction was due to chang mellherQ Cl TPR,
or TPRI. From these collective findings we have luded that acute by
hypertensive rats will significantly lower post-exercise MBP; a history of chronic
exercise does not facilitate the p an opioid recep ) mhnbnor will prevent the
reduction, and it remains uncertain how the hanism is al of cardiac
output and total peripheral vascular resistance.

(Supported in part by Grant HL-33782-05).

52.3

ROLE OF PLASMA VOLUME IN CARDIOPULMONARY FUNCTION DURING
EXERCISE IN THE EQUINE ATHLETE. H.H. Erickson, M.K. Hopper*, R.L.
Pieschl*, N.G. Pelletier*, and C.P. Coyne*. College of Veterinary Medicine, Kansas
State University, Manhattan, KS 66506

Plasma volume increases wuh training and decreases in horses given furosemide
to prevent di y hemorrhage. Six horses were evaluated on
a high-speed treadmill on the level at mild, moderate, and intense exercise (6-14
m/sec). Under control conditions, right atrial pressure (RAP) increased from 6 mm
Hg at rest to 20, 28, and 40 mm Hg during exercise. Pulmonary artery pressure
(PAP) increased from 30 mm Hg at rest to 49, 55, and 80 mm Hg during exercise.
Sy ic arterial p (SAP) i d from 115 mm Hg at rest to 151, 165, and
186 mm Hg during exercise. Cardiac output (CO) increased from 33 I/min at rest
to 205, 261, and 293 Vmin during exercise. Heart rate increased from 39 b/min at
rest to 167, 183, and 203 b/min during exercise. Plasma volume (PV) increased from
28.9 to 35.3 liters with dextran infusion (DI). Following DI, RAP increased from 10
mm Hg at rest to 25, 31, and 45 mm Hg during exercise. CO increased from 54
/min at rest to 242, 287, and 339 I/min during exercise. PV decreased from 28.9 to
26.5 liters with furosemide (1 mg/kg) administered three hours before exercise. FUR
resulted in a significant reduction in RAP to 12, 17, and 31 mm Hg during exercise.
There was a significant reduction in PAP from 80 mm Hg to 58 mm Hg at the
highest level of exercise. CO, SV, and SAP were also reduced with furosemide. The
results indicate that changes in PV can influence RAP and subsequently SV, CO,
and 1 to ise in the equine athlete. (Supported by the
American Quaner Horse Association)

(Spon: M. Buono) Naval Health Research Center, San
Diego, Ca 92186

High heat loads have been shown to increase heart
rate (HR) and reduce the duration of work over the
course of steady state exercise to exhaustion. The
purpose of this investigation was to ascertain the
effectiveness of a portable individual ice cooling
system (CS) at high heat load (dry bulb 49°C, 20%RH)
(HH+CS) as compared to no cooling control (HH) at
dry bulb 49°C, 20 $RH. Both slopes of HR response
and work duration (WD) in minutes were assessed.
Eight, unacclimatized male Marines, with means for;
age=21 yrs, height=180cm and weight=78.3kg, walked
at 4.8 km/hr and a two percent grade in chemical
defense gear with a load of 34kg over nude weight on
two different occasions. The results indicate that
the cooling system reduced HR slope (p<.05) from
1.15 (HH) to 0.82 (HH+CS). Likewise, WD was
improved from 24.3 (HH) to 32 min (HH+CS) (p<.05).
These finding support the use of 1light weight
cooling systems for increasing WD and reducing heart
rate drift in high heat conditions.

52.4

EFFECTS OF HIGH INTENSITY INTERVAL TRAINING ON
CREATINE DEPLETED RAT DIAPHRAGM M, Burch*, G .Howell*
Park*, * (SPON: J Ivy ). Dept. of Kinesiology,
Univ. of Texas, Austin, TX, 78712 and Dept. of Physiology, Univ of Penn

Prolonged (4hr/day) endurance training has been demonstrated to
induce a shift in type of diaphragm muscle of rats to a greater percentage of
IIB fiber (Green H.J., et al. 1989). This study was designed to evaluate the
interaction of an increased functional demand imposed upon the diaphragm
by high intensity interval training, and the loss of temporal and spatial
buffering of changes in the phosphorylation potential induced by creatine
depletion. Fifty male Fischer 344 rats were divided into two primary
groups. One was fed a control diet, the other a diet containing 3% w/w B-
GPA. The groups were further subdivided into a sedentary and a high
intensity trained group. The animals were treated for 12-15 weeks. The
diaphragm was removed and frozen for histochemistry, with a portion being
utilized for citrate synthase activity. Surprisingly the interaction of 8-GPA
and interval training did not alter the activity of the diaphragm muscle as
measured by citrate synthase activity. The results from the sedentary control
group were 41% Type I, 24% Type IIA, and 34% Type IIB. No significant
changes were seen in the sedentary B-GPA group. The interval trained
group showed a shift of an increase to 40% in Type IIB fibers, a non-
significant increase to 27% Type IIA, with a drop in Type I to 31%. The
interval trained 8-GPA group showed an attenuation and/or reversal of this
shift, maintaining a more equal fiber type distribution of 34% Type I, 35%
Type IIA, and 31% Type IIB. Therefore, it appears the depletion of creatine
phosphate in the cell induced a signal in the animals that were interval trained
to maintain a higher percentage of IIA fibers.
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52.5

THE EFFECT OF CREATINE DEPLETION AND ENDURANCE
TRAINING UPON WORK CAPACITY AND CARDIAC FUNCTION.

ol ad > *, and LW.Starnes*.
(SPON: J.Wilmore) Dept. of Kinesiology, Univ. of Texas, Austin, TX.
78712 and Dept of Physiology, Univ. of Penn.

F344 male rats were placed in one of two main groups, creatine
depleted or control diet, and then each group further subdivided into
sedentary, endurance or interval trained groups. The treatments were
evaluated in terms of in vitro heart function, myosin isozyme composition,
citrate synthase, changes in in vivo work capacity ( VO2) and run-time to
exhaustion. Creatine depletion, achieved through feedings of 3% B-
guanidinopropionic acid( BGPA ) in the diet, had no effect upon VO;max
when compared to their contol-diet matched groups. Creatine depletion
doubled the run-to-exhaustion time in the sedentary group, reduced it
significantly in the endurance group, and had no effect on the interval
group, relative to the control-diet matched groups. BGPA feeding did not
alter the citrate synthase activity nor myosin isozyme patterns of the heart
when compared to their control-diet matched groups. Significantly lower
cardiac outputs were observed in all BGPA treated groups when the hearts
were evaluated against 130mm Hg afterload and paced at 420bpm in the
working heart model. The interval trained BGPA hearts had significantly
higher cardiac outputs than all other BGPA groups. Creatine depleted
hearts appear unable to meet the demands of high heart rate and high
afterload in vitro. The interaction of creatine depletion and training
resulted in cardiac hypertrophy, a normal training response in VOzmax,
but only interval training attenuated the decline in cardiac outputs against a
high heart rate and high afterload.

52.7

MODULATION OF HYPOXIC TOLERANCE BY NALOXONE AND MORPHINE IN
MICE. Kimberdy P, Maytield and Louis G. D'Alecy*. The University of Michigan,
Ann Arbor, MI 48109

Our laboratory has demonstrated that a non-lethal, hypoxic
pretreatment increases hypoxic survival time (HST) in mice. To determine if
endogenous opioids alter HST we administered naloxone (1 mg/kg i.p.) at
minus 5 min, morphine (10 or 20 mg/kg i.p.) at minus 30 min, or saline (0.3 mi
i.p.) at corresponding times prior to the hypoxic pretreatment. Sixty percent of
the mice ived the pret isting of three hypoxic exposures
(4.5% oxygen balance nitrogen for 1.5, 2, and 2.5 min) separated by 5 minutes
of room air. The remaining mice did not receive a pretreatment but instead were
maintained on room air for this duration. All mice were tested for hypoxic survival
by first exposing them to 20 sec of 8.5% oxygen balance nitrogen followed by
exposure to 4.5% oxygen balance nitrogen. The HST was recorded as the time
from the onset of the 4.5% oxygen to the cessation of spontaneous ventilation.
Control mice (non-pretreated, saline injection) had a pooled mean HST of
14719 sec (n=46). The pretreatment significantly increased HST (p<0.001,
Mann Whitney U Test). Saline injected, pretreated mice had HST's of 434161
sec (n=20, injected at minus 5 min) and 437135 sec (n=49, injected at minus 30
min). Naloxone significantly (p<0.01) blunted the pretreatment effect
producing a mean HST of 215128 sec (n=17) which was not significantly
different (p=0.238) from non-pretreated, saline-injected mice. Mice given 10
mg/kg morphine had an augmented pretreatment effect with a mean HST of
550151 sec compared to pretreated, saline-injected mice. However, 20 mg/kg
morphine dampened the pretreatment effect decreasing the mean HST to
353131 sec which is a shorter survival time than the saline controls. These
preliminary results suggest that endogenous opioids may be involved in the
protective adaptation to hypoxia induced by prior exposure to non-lethal
hypoxia.

52.9

OXYGEN CONSUMPTION OF THE AXOLOTL, Ambystoma
mexicanum, AS A FUNCTION OF VENTILATORY MODE DURING
A PROGRESSIVE HYPOXIC CHALLENGE. C. F. Zwemer* H. D.
Prange® and J. M. Stager. Physiology Section, Medical Sciences Program,
Indiana University, Bloomington, IN 47405.

Are different metabolic strategies employed when bimodal breathers are
forced to ventilate exclusively through the aquatic mode? To address this
question, we measured the oxygen consumption (VO,) in ml - g* « hr? of
11 adult axolotls during progressive aquatic hypoxia (PO, from 150 to 0
mmHg). Aquatic and aerial VO, was measured during 30 min exposure to
different aquatic PO,’s. The relationship between VO, and PO, was best
represented by a quadratic regression where VO, = 0.10 - 1.04 - 10 -
PO, + 3.70 - 10° - PO,* (r=.83) for axolotls with access to air. For
those without access to air, VO, = -3.40 - 10° + 2.93 - 10* - PO, - 7.43
+107 - PO,%, (r=.91). These regressions differ significantly (p<.0001) and
diverge significantly, (p<.0001) below a PO, of about 90 mm Hg. These
results demonstrate that, when challenged by aquatic hypoxia, VO, is a
function of the availability of access to air and that metabolism may be
depressed when axolotls are forced to breathe solely in water. (Funded in
part by Indiana University Doctoral Student Grant-in-Aid)

52.6

THE INTERACTION OF CHRONIC 8-GUANIDINOPROPIONIC
ACID (BGPA) FEEDING AND INTERVAL TRAINING UPON
SKELETAL MUSCLE FUNCTION _H. Park*, G.Howell,
* (SPON: J. Ivy). Dept. of Kinesiology, Univ.

of Texas, Austin, TX, 78712 and Dept. of Physiology, Univ of Penn.

Depletion of creatine by the feedings of BGPA in the diet has been
utilized to determine whether changes in the spatial and temporal buffering
of the phosphorylation potential can induce changes in aerobic capacity of
the muscle as well as expression of myosin isozymes. In order to
exacerbate changes in the phoshorylation potential high intensity interval
training, repeated sprints of 60m./min, was imposed upon F344 male rats
that were placed on a diet of 3% BGPA. Following 12-15 weeks of this
protocol the plantaris muscle was evaluated for changes in contractile,
histochemical and biochemical properties. The interval training did not alter
contractile function, but did increase citrate synthase activity by 50%.
BGPA feedings alone did not alter contraction time, half relaxation time or
tetanic force, but the fatigue index was increased by 200%, while citrate
synthase increased by only 25%. The interaction of the two increased
contraction time and half relaxation time by 50%, increased fatigue index
by 450%, decreased tetanic force by 60 %, but did not change specific
tension. Histochemical analysis demonstrated that BGPA feedings alone
did not induce fiber type transformation, but that interval training caused a
significant ( p <0.05) increase in type I fibers at the expense of type IIB
fibers. The interaction of interval training and creatine depletion induced
significant fiber type shifts with type IIB decreasing by 50%, type IIA
increasing by 35%, and type I increasing by 100%. Interval training
imposed upon creatine depleted muscles significantly increases the signals
for fiber type transformation.

52.8

HYPOCAPNIA, HIGH ALTITUDE, AND EGGSHELL CONDUCTANCE TO WATER
VAPOR (GH20). S.C. Hempleman, F.L. Powell, T.P. Adamson® and
R.E. Burger? U.C. San Diego, La Jolla, CA 92093-0623 and
U.C. Davis, Davis, CA 95616.

We hypothesized that hypocapnia associated with high
altitude hypoxia in hens is responsible for the reduced GHy0
in avian eggs. If true, correcting hypocapnia (but not hypo-
xia) at altitude should return GH0 to normal values. Seven
hens native to 1200m were exposed to high altitude (3800m),
and then to high altitude with 28 torr PICOj to relieve hypo-
capnia (3800m+CO7). Eggshell GHy0 was measured gravimetrical-
ly, shell thickness was measured micrometrically (itsem):

1200m 3800m 3800m+CO-o
Number of Eggs 102 82 118
GH20 (mg/d/torr)  13.9+.2 12.6+.2 11.1+.2
Thickness (mm) .+297+.003 .287+.003 .305+.003
Pore Area (mmz) 1.97+.03 1.751.03 1.61+.03

Relieving hypocapnia at altitude reduced both GH0 and
pore area of the eggshell (p<.05), thus we must reject our
initial hypothesis. Other altitude stimuli (eg. hypoxia or
hypobaria) may cause the reductions in eggshell GH0 and shell
pore area we observed at 3800m. Hypocapnia does appear to
cause thinning of eggshells at altitude (p<.05). Supported
by NIH grants HL17731 and HL02071.

52.10

HYPOXIC ENHANCEMENT OF VASOPRESSIN RESPONSE TO HEMORRHAGE.
M. R. Eichi * . R. Claybaugh. Tripler Army Med. Ctr.,
Hon., HI. 96859

Cardiovascular and hormonal responses to hemorrhage with
hypoxia were studied in conscious goats. Following control,
goats continued in normoxia (NH) or were exposed to hypoxia
(HH, Fi02=10%) for 120 min. After 60 min of normoxia or
hypoxia, a hemorrhage was initiated (0.05 ml/kg/min for 30
min). Mean arterial blood pressure (MABP) and heart rate (HR)
were monitored throughout; arginine vasopressin (AVP), atrial
natriuretic factor (ANF), and plasma renin activity (PRA) were
assayed. MABP was maintained through 20 min of hemorrhage in
the NH group, and then decreased by 30 min of blood loss. In
contrast, MABP was reduced by 20 min of hemorrhage in the HH
group and remained decreased. AVP responses mirrored MABP
changes in the NH group with a significant increase
simultaneous to MABP decrease. However, AVP was significantly
elevated 10 min prior to a decrease in MABP in the HH group.
Further, lowest MABP values were not different between the
groups, yet AVP was two-fold higher in the HH group. PRA
increased in parallel in both groups up to 20 min; at 30 min
NH group was higher than HH group and remained higher post-
hemorrhage. Hypoxia significantly attenuated the ANF reduction
in response to hemorrhage. Thus, hemorrhage during hypoxia
results in an earlier development of hypotension and enhances
the AVP response to MABP reduction.

Funded by US Army Health Services and Medical Research and
Development Commands.
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52.11

HYPOXIA MODULATES SYMPATHETIC VASOCONSTRICTION
iQi , Dept. of Physiology, University of Texas

Health Science Center, San Antonio, Texas 78284.

In a previous study, we noted that mesenteric venous PO2 and 02
consumption fell during the reductions in intestinal blood flow caused by
sympathetic stimulation and that alpha-2 receptor antagonists enhanced
autoregulatory escape (the partial recovery that flood flow undergoes in spite
of sustained sympathetic stimulation). In addition, other studies indicated
that decreased PO2 selectively inhibits the responsiveness of postjunctional
alpha-2 receptors to UK-14,304. Therefore, we investigated the role of
hypoxia in the modulation of sympathetic vasoconstriction by 1) infusing
hypoxic blood intra-arterially and determining the effects of hypoxia on
sympathetic vasoconstriction, 2) ascertaining the effects of hypoxia on the
release rate of endogenous NE during sympathetic stimulation, and 3)
determining whether hypoxia exerts effects in vivo on postjunctional
responses to the selective alpha-1 and alpha-2 agonists, phenylephrine and
clonidine. Our findings were that 1) infusing hypoxic blood to lower arterial
PO2 from 125 to 52 mmHg attenuated the initial vasoconstrictor response
after 30 sec of stimulation, 2) hypoxia caused blood flow to return further
toward control in spite of continued stimulation, 3) hypoxia impaired neither
NE uptake nor NE release at either 30 sec or 6 min of stimulation in the
presence of cocaine, and 4) hypoxia inhibited the intestinal vasoconstrictor
effects of selective alpha-2, but not alpha-1, agonists. The results support the
hypothesis that hypoxia or an agent released during hypoxia inhibits
sympathetic vasoconstriction by selectively antagonizing alpha-2-mediated
postjunctional responses to neuronally released norepinephrine (supported by

PO1 HL-36080).
BODY FLUID REGULATION

53.1 53.2
SELECTIVE INHIBITION OF ALDOSTERONE SYNTHESIS BY MDL 19,347 INTERACTIONS OF HUMAN RECOMBINANT RELAXIN (hRIx) WITH
(18-ACETYLENIC DEOXYCORTICOSTERONE) IN  SODIUM-DEPLETED FLUID BALANCE AND HEMODYNAMICS IN CONSCIOUS FEMALE
MONKEYS.  P.R. Kastner, R.A. Bohnke*, C.L. Wright*!, and RATS. D.G. Ward and M.]. Cronin. Dept. Endocrine Res., Genentech, Inc.,
J.0. Johnstonl. Marion Merrell Dow Research Institute, South San Francisco, CA 94080.
Indianapolis, IN 46268 and 'Cincinnati, OH 45215 Relaxin is a hormone of pregnancy that was reported to effect blood pressure

Sequential oxidation of deoxycorticosterone (DOC) at Cl11 in anesthetized and hypertensive rats (Life Sci 37; 1351, 1985: | Neuroendo 2;
and C18 by P450 monooxygenase(s) constitutes the final steps 53, 1990), but not in pregnant normotensive and hypertensive rats (J_Qbstet
of aldosterone biosynthesis. Selective inhibition of C18 Gynecol 161; 618, 1989: Ward, Baertschi & Cronin, Am ] Physiol 1991, in
hydr°xY1°“°'1‘d (i‘;r;i‘wsi;rmt‘e meth)f'l Oﬁdase) d°£ °°:;i§§‘ press). Nonpregnant Sprague Dawley (SD) or Spontaneously Hypertensive
sterone wou mit aldosterone formation and potentially rats (SHR) were prepared either with osmotic minipumps and arterial

decrease sodium retention and potassium excretion associated
vith hyperaldosterone states. The purpose of this study was
to evaluate MDL 19,347, an enzyme-activated substrate analog
of DOC, as an aldosterone synthesis inhibitor. Sodium-
depleted rhesus monkeys with plasma aldosterone levels 20-fold
higher than normal vere utilized in this study. Preincubation
of adrenal mitochondria with 1 uM of MDL 19,347 for 20 min

cannulae or with minipumps alone. Blood volumes were determined after 5 d,
and water intake, urine volume, food intake, mean arterial pressure (MAP)
and heart rate (HR) were obtained daily. Bioactivity of hRlx was confirmed
with increased uterine weights and circulating hRIx was determined by an
ELISA. Relative to controls, infusion of hRlx at either 1 or 10 ng/min for 1 wk
did not change blood volume or MAP in SD or SHR. Small but significant,

prior to a 2 hr incubation with 1 uM of [3H]-DOC resulted in dose-related increases in HR occured in SD and SHR, but increases in water
80-100% inhibition of the formation of [3H]18-hydroxycortico- intake and urine volume occured only in SD. In SD with minipumps alone,
sterone and [3H]-aldosterone without inhibition of 11B-hydrox- dose-related increases in water intake and urine volume were confirmed. Ina
ylation of DOC. Intravenous MDL 19,347, 3 mg/kg (n=4), separate study of SHR infused with 2 ng/min hRIx for 2 wk without
resulted in a 50% decrease in plasma aldosterone levels at measurements of blood volume, MAP did not change while there were small
6 hr after dosing. These data indicate that MDL 19,347 and significant increases in water intake, urine volume and HR. In summary,
decreases plasma aldosterone by selectively inhibiting C18 hRIx had a modest but consistent influence on fluid balance and heart rate
hydroxylation and are consistent with the presence of two with no effect on blood volume or MAP in conscious SD and SHR.

distinct adrenal P450 hydroxylases, 118/18-hydroxylase and
corticosterone C18 methyl oxidase, in the biosynthesis of
aldosterone. MDL 19,347 provides a novel approach for
treatment of conditions associated with hyperaldosteronism.

53.3 53.4
HYPOTHALAMIC INFUSION OF ACTIVIN-A INCREASES WATER DOPAMINE SPECIFICALLY INHIBITS PHOSPHATE TRANSPORT IN THE RAT
CONSUMPTION AND URINE VOLUME IN THE FEMALE RAT. Ralph H. RENAL BRUSH BORDER MEMBRANE. . * *
W . (SPON: Michael J. Cronin) e . Mayo Clinic &
Gmﬁﬁgﬁgﬁﬁﬁﬁﬁiﬂdﬁ?ﬁﬁﬁﬁ~d but activin A (BA) i Foundation, Rochester, MN 55905
- Vi Ul id, vin im- i
munoactivity has subsequently been found in other tissues, such as the nu- DAAlithouﬁh %revw'u s gxpgriments have shown that dopamine
oo itarius and | ons | (DA) is phosphaturic, it is not known whether this effect is
Glous ':gg'gilgu py 61';;”1'%‘9".}0z%ﬂ?sgwﬂwﬁfx‘s&?‘imﬂ?m independent of the effects of DA on Na‘ transport. The
CNé: we have monitore'dbodywe.ighl. food and water consumption, fecal presel.ﬂ: study was designed t? determine the effects of DA
mass and urine volume during infusion of activin-A into the paraventricular nu- administered in vivo on the Na*-dependent uptake of inorganic
cleus of the hypothalamus. Adult female Sprague-Dawley rats (~200 g) were phosphate (Pi), proline, glucose, and sulfate by renal brush
placed in metabolic cages and 2 days of baseline data were collected. Bilateral border me@brane vesicles (BBMV). Paired studies were
intracranial catheters were then implanted, under ketamine-xylazine anesthe- performed in acutely TPTX male Sprague Dawley rats. The rats
sia, with the ends 0.8 mm dorsal to the paraventricular nucleus. Vehicle were fed a low phosphate diet (LPD, .07% Pi) for 2 days to
ngsgha"*P“"°’:l‘; :aallne) or_reﬁmﬁg agg");;lncg t(‘(;Jr-?:o ug/d per side) was enhance basal rate of Na*-P, transport. After surgical
wou  OSMO I - ter consumption an preparation and equilibration, DA (350 ug/kg bolus plus 35
urine volume increased in activin-treated animals beginning on day 3 and #g/kg/min infusion), parathyro,id hormone (PTH; 33 U/kg bolus

reaching a maximum on day 5 [WATER: Vehicle = 23.5 + 2.1 ml (Mean + SEM,
n=6); Activin = 62.2 + 9.0 ml, P<0.001; URINE: Vehicle =11.3 + 1.3 ml; Activin
= 45.8 1 8.4 ml; P<0.001). This increase was maintained through day 8, when

plus 1 U/kg/min infusion), or 0.9% NaCl was infused for 90
minutes at a rate of 3 mi/hr. The kidneys were then

the study was terminated. The same dose of cytochrome C or recombinant harvested and BBMV were prepared. DA decreased Pi transport

inhibin-A, or a lower dose of activin-A (0.009 ug/d) had no effect on water con- by 22.4 :+ 4.1% (P=.01), but had no effect on proline,

sumption or urine volume. In addition, water consumption and urine volume in glucose, or sulfate uptake. By comparison, PTH inhibited Pi

vehicle-infused animals were not different from values in sham-operated con- transport by 45.2 : 3.9% (P=.01). Thus, the effect of DA is

:t’::ls&a‘;lleoil?g:vi%ag"; J??wcﬁ‘n:“ng?n aﬁt'em‘:)ai'drlry‘ar:fu t’rrz‘aengilemly decrleasled on approximately half of the maximal inhibition of P, transport
3 O presurgical

levels. None of thelgstod pro(gins?lsad any effect on these paprametgr& Our ‘t)zb:'lT:r p:'ip?nﬂwe that DA specifically inhibits proximal

results suggest that activin-A may play a physiological role in the central
regulation of fluid balance.
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53.5
INDOMETHACIN ABOLISHES THE RESTORATION OF THE
PHOSPHATURIC RESPONSE TO PTH BY CHRONIC RENAL
DENERVATION (DNX) IN PHOSPHATE (P;) DEPRIVED RATS.
R jbi, C. M . Mayo Medical

School, Rochester, MN 55905

Previous studies demonstrated that DNX restored the phosphaturic
response to PTH in P;-deprived rats. The present studies were performed to
evaluate the role of prostaglandin (PG) synthesis in the restoration of the
phosphaturic response to PTH by DNX. Unilateral renal DNX or sham
surgery was performed 1 week prior to the acute experiment. Four groups of
rats were fed low P; diet (0.07%) for 2 days. All rats were TPTX.
Indomethacin (3 mg/kg) or vehicle was administered 1 hr prior to the control
clearance. After a 2 hr equilibration period, a control clearance was taken
and PTH was administered (33 U/kg+1 U/kg/min). Forty-five minutes later
an experimental clearance was taken.

Fractional Excretion of P,

Vehicle domethaci

C PTH (o} PTH
DNX+PTH 6+3 3045* (n=12) 02+.1 4+2% (n=5)
Sham+PTH  0.6+.3 10+4* (n=9) 2+1 10+5 (n=5)

*p<.05 paired t, control vs PTH; %p<.05 group t, indomethacin compared to
vehicle treatment.

Indomethacin abolished the restoration of the phosphaturic effect of PTH
by chronic DNX in P-deprived rats. These results suggest that PGs play a
role in the interaction of the renal nerves with P; transport.

53.6

INCREASED CO, STIMULATES INOSITOL TRIPHOSPHATE

(IP;) IN ISOLATED CELLS OF TOAD URINARY BLADDER.
ier, Dept. of Physiology, Baylor College of Dentistry, Dallas

TX 75246.

The urinary bladder of Bufo marinus excretes H' and this excretion
is increased by increased CO, (respiratory acidosis), metabolic acidosis
(MA) and various hormonal agents. It was recently reported by this
laboratory that MA and insulin stimulates formation of inositol
phosphates (IP) in this tissue (Fed. Proc. 5(4), A763, 1991). The
purpose of this experiment was to determine if CO, stimulates IP
formation in isolated cells of toad bladder. Cells from 15 paired
hemibladders were isolated from normal toads by treating bladder sacs
with collagenase (100 U/ml). The cells from each hemibladder were
suspended in 2 ml of Ringer’s solution containing *H-myoinositol (10
pCi) and then incubated for 2 hrs at 25°C. The cells were washed,
suspended in Ringer’s containing LiCl (10 mM) and the experimental
cells were challenged with 5% CO, for 20 min. Cells from the paired
hemibladders (control) were maintained in room air for 20 min. Cells
were then homogenized and the IP fractions quantitated by column
chromatography and liquid scintillation counting. The results were
expressed as DPM (uM PO,)'(min)"'. The IP, in control cells was
126 and in 5% CO, cells 163 (mean difference 37+13.2, P<0.05). We
conclude that increased CO, stimulates IP; in toad bladder and IP,
may be a second messenger in mediating the response to t CO,.
Supported in part by BCD research funds.



