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this. Thus, increases in renin were identical in response to 20%
reductions in blood pressure whether or not 10% 02 was administered. On
the other hand, the sodium nitroprusside experiments demonstrated that
baroreceptor-mediated vasopressin release was enhanced by hypoxia. The
apparent reduced renin sensitivity to blood volume reduction in the
hemorrhage experiments is presently theorized to be due to a decrease
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FINAL REPORT

1. Funding No. 91MM1536 2. Report Date 30 AUG 92

3. Reporting period from March 1, 91 to September 30. 1992

4. PI John R. Claybaugh, PhD 5. Telephone No. (808) 433-5219

6. Agency Tripler Army Medical Center, Dept. of Clin. Invest.

7. Project Title: Effects of hypoxia on the vasopressin response
to hemorrhage and it's role in the maintenance of blood
Pressure.

8. Current Staff, with percent effort on each project.

Mark Eichinger (100%)

John Claybaugh (20%)

9. Approximate PI expenditures to date:

Personnel $24.800 Supplies $6,547.75

Travel aR~rox $4.363 Other

Equipment over $5,000 none

10. Comments on administrative and logistic matters.

In the original grant proposal $20,000 /year was anticipated
for salary expenses, and the balance for TDY, supplies, and small
equipment. Just as this MIPR was beginning, as stated in the
quarterly reports, I had to discontinue training of one graduate
student. Typical graduate student stipends are about $11,000/year
now, and the student I discontinued was in the early part of his
second year of graduate school, and I was paying him $800/month.
I was unable to recruit a graduate student to replace him, and then
we were faced with a hiring freeze, and I couldn't hire anyone.
Toward the end of this grant period, I requested a no cost
extension, which was approved through September 30th. The current
graduate student, Mark Eichinger, should finish all of his thesis
work and writing by December. Since the grant must end by
september, I increased his pay for the months of July, August and
September to $2,400/month, and he will work thereafter for nothing
until he finishes his thesis. In this way we were able to obligate
the money in approximate distribution as originally planned.

11. Scientific Progress:

There are essentially four subprojects to this grant. The
original projects proposed the investigation of hemorrhage during
hypoxia, and osmoregulation during hypoxia. To these, two more



have evolved in which influences of hypoxia on cardiovascular
regulating endocrine systems in response to hypotension are being
studied, and another in which angiotensin stimulation of
vasopressin during hypoxia is being studied.
* a. Hemorrhage during hypoxia: A major part of the thesis work
of Mark Eichinger, has come from this study. Two very significant
findings have emerged. These data demonstrate a greatly
compromised ability to maintain blood pressure during hemorrhage
when breathing hypoxic gas. The military significance of this is
clear. Secondly, these data demonstrate a greatly inhibited
response of renin to hypotension during hypoxia.

b. Effects of hypoxia on osmoregulatory systems: No progress
was made due to loss of student after considerable training.

c. Effects of hypoxia on hypotension-induced changes in
vasopressin, renin, ANF, and catecholamines. These are the final
set of experiments that Mark Eichinger will do for his thesis work.
He is about one-third of the way done with the experiments, so all
methodology is in hand, but all data analysis and writing lie
ahead. The proposed work has been approved by his thesis committee
to satisfactorily fulfill requirements of the PhD.

d. Effects of hypoxia on angiotensin-stimulated vasopressin
release. The release of vasopressin in response to osmotic stimuli
is related to, and some investigators would say dependent upon,
angiotensinergic mechanisms. We have refined and simplified the
osmoregulatory experiments to investigate this first step, ie, the
vasopressin reponses to intravenous and intracerbroventricular
administration of angiotensin with and without concurrent hypoxia.
These experiments are about 50% finished and will be completed by
November. Currently the data suggest that intracerebroventricular
injections of angiotenins are more effective in stimulating
vasopressin during hypoxia. These are unexpected results, and in
opposite direction to the responses we seem to be observing with
intravenous infusions. There are many possibilities of explanation
and significance, but it is too early to speculate further.

Publications: (Copies enclosed)

Claybaugh, J.R., A.K. Sato, and M.R. Eichinger. Blood pressure,
AVP, ACTH, and PRA Responses to IV and IVT angiotensin II
during hypoxia. Abstract submitted to 8th International
Hypoxia Symposium, 1993.

Eichinger, M.R. Cardiovascular and Hormonal Responses to
Hypotension During Hypoxia in the Conscious Goat. PhD Thesis,
Biomedical Sciences (Physiology), University of Hawaii,
Defended December 3, 1992. (a copy will be provided if
requested, the Title and Acknowledgements pages have been
included)

Eichinger, M.R., and J.R. Claybaugh. Hormonal responses to
hypotension during hypoxia in the Conscious Goat. Abstract
submitted to Experimental Biology (FASEB), 1993.

Eichinger, M.R., and J.R. Claybaugh. Hypoxia attenuates the renin
response to hemorrhage. Am. J. Physiol. 263 (Regulatory
Integrative Comp. Physiol. 32): R664-R669, 1992.



Eichinger, M.R., and J. R. Claybaugh. Hypoxic enhancement of the
vasopressin response to hemorrhage. Physiologist 34:268, 1991
(abstract 52.10)

Eichinger, M.R., and J. R. Claybaugh. Cardiovascular and hormonal
responses to hemorrhage during hypoxia. Proceedings of the 7th
International Hypoxia Symposium, Lake Louise Canada, (Abstract
#24), 1991.

Other:

The total grant was approximately $80,000 over 3 years. When the
work is completed, it will have constituted the major support for
the publications above, and also two more publications from the
work in progress, and one PhD thesis. In addition, it has provided
the stipend support for Mark Eichinger, who received top graduate
student honors for two of the years during this grant period. It
also provided stipend support for Robert Griffith who will most
likely complete his masters degree next year.
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plasma hormones. SNP induced hypotension increased HR from 67
±5 to 103 ±9 bpm during normoxia, but had no effect on HR during
hypoxia. AVP was increased with SNP infusion during both NH and
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Hypoxia attenuates the renin response to hemorrhage

MARK R. EICHINGER AND JOHN R. CLAYBAUGH
Department of Physiology, University of Hawaii, Honolulu 96822; and Department of Clinical
Investigation, Tripler Army Medical Center, Honolulu, Hawaii 96859-5000

Eichinger, Mark R., and John R. Claybaugh. Hypoxia knowledge, only two studies have investigated the corn-
attenuates the renin response to hemorrhage. Am. J. Physiol. bination of hypoxic exposure and blood loss on cardio-
263 (Regulatory Integrative Comp. Physiol. 32): R664-R669, vascular and hormonal responses in conscious animals
1992.-We studied hypoxia and hypotensive hemorrhage in (24, 25). However, the duration of hypoxic exposure in
conscious female goats. After control, goats continued an exper- both studies was of at least 24 h, and cardiovascular and
imental period in normoxia or hypoxia [fractional inspired ox-
ygen concentration (Fio2) = 0.101 for 120 min. After 60 min in hormonal responses to the blood loss were assessed only
the experimental period, a hemorrhage (0.5 ml kg-I -min-I for after completion of the hemorrhage. The intent of the
30 min) was initiated (normoxic hemorrhage, NH; hypoxic present study was to further investigate the cardiovas-
hemorrhage, HH). Heart rate (HR) increased 51 ± 18 beats/min cular and hormonal responses during hemorrhage under
with NH after 30 min of hemorrhage. HR increased 40 ± 10 acute hypoxic exposure. We hypothesized that hemor-
beats/min after hypoxic gas introduction, with no further in- rhage during hypoxia would lead to both an earlier de-
crease during HH. Mean arterial blood pressure (MABP) was velopment and greater degree of hypotension and that
reduced 23 ± 7 mmHg 30 min after completion of blood loss hormones regulated by pressure changes would thus also
with normoxia but was reduced 23 ± 7 mmHg at 20 min of HH. show altered responses.
Arginine vasopressin (AVP) was increased to 2.60 ± 2.08 and
160.40 ± 49.74 jAU/ml after 10 and 20 min of HH, respectively,
and was only increased after 30 min (87.33 ± 67.18 MU/ml) of METHODS
NH. Unexpectedly, plasma renin activity (PRA) increased in
parallel in both groups and was doubled at 30 min of hemor- Surgical preparation. Female goats (wt = 30-47 kg) were used
rhage. Atrial natriuretic factor was reduced to 8.8 ± 1.6 pg/ml by in this study, which was approved by the Tripler Army Medical
10 min of NH and to 11.4 ± 3.3 pg/ml at 30 min of HH. Thus Center Institutional Animal Care Use Committee. At least 3 wk
hypoxia leads to an earlier development of hypotension and before use in experimental procedures, the right carotid artery
increase in AVP with blood loss but may attenuate the PRA was surgically brought to the surface of the neck and exterior-
response to blood pressure reduction. ized in a loop of skin. Preanesthetic administration consisted of
arginine vasopressin; plasma renin activity; atrial natriuretic ketamine (10 mg/kg) and xylazine (0.2 mg/kg). Goats were
facorn maintained on halothane (0.5-1.5%) and 02 (3 I/min) for the
factor duration of the surgery. Under sterile operating conditions, a

BOTH INTACT and sinoaortic-denervated animals have 10-cm incision was made midline about the midcervical area of
been shown to regulate blood pressure during hypoxia the ventral side of the neck. A second parallel incision, 5 cm in
(22). Yet, more than 20 years ago, Heistad and Wheeler length, with the same midpoint, was made 2.5 cm to the right of

)demonstrated an inability to maintain blood pres- the first. The carotid artery was isolated and freed of its sheath.(16) dThe vagus nerve was then carefully teased away from the artery
sure during simulated hemorrhage with hypoxia in hu- and left intact in its original location. The strip of skin was
mans. In their study, a level of lower-body negative pres- teased away from the underlying muscle and was stripped of
sure found to have no effect on mean arterial pressure excess fat and connective tissue. Finally, the artery was enclosed
under normoxic conditions led to hypotension when the in the skin flap produced by the two incisions and was sutured
subjects breathed hypoxic gas. Forearm vascular resis- closed. No internal suturing was required, but tension sutures
tance was found to be increased with lower-body nega- were used to oppose the two outside edges of the incisions before
tive pressure alone, but hypoxic gas administration at- suturing. All loops remained patent for the duration of the
tenuated the reflex. This observation suggests that local study.
vascular responses tu hypoxia can override reflex car- Experimental protocols. The goats were placed in a stanchion
diovascular adjustments to blood pressure. Further, it on the day before the experiment and were fasted overnight with
has been shown that chemoreceptor reflexes are aug- water ad libitum. At about 8:00 A.M. a catheter (Novalon, 20
h bentedby shonthac cheporecepiornref a rdeter ned a- gauge, Deseret Medical) was inserted into the carotid artery

asd by yen- loop to allow for measurement of mean arterial blood pressure
tilatory and circulatory responses (15). However, it (MABP) and heart rate (HR), as well as removal of arterial
seems that the interaction of chemoreceptor and barore- blood for samples and the hemorrhage procedure. In addition,
ceptor reflexes may not be strong enough to offset the an intravenous catheter was placed in the saphenous vein for an
prevailing vasodilatation and hypotension associated infusion site. Goats remained standing in the stanchion for the
with hypoxia and lower-body negative pressure. duration of the study and were fitted with a large box about the

The above observations suggest that the maintenance head for gas administration. Gases were delivered to the box
of blood pressure during a hemorrhage with hypoxia from compressed gas cylinders; compressed air was delivered for
would be impaired compared with the normoxic condi- the control and normoxic time periods, and compressed aif
tion. Thus a hemorrhage would produce a reduction in mixed with nitrogen was delivered for the hypoxic periods.oon. pFractional inspired gases were monitored with a Horizon Met-
blood pressure with less blood loss during hypoXia than abolic Cart. Arterial blood gases were measured using standard
during normoxia. The response of pressure-regulating electrodes (Coming blood gas analyzer, model 168) and were
hormones, regulated themselves by baroreceptors, would corrected for body temperature. MABP and HR were monitored
be expected to respond differently between a hemor- using a Hewlett-Packard pressure transducer and monitor
rhage with normoxia and hypoxia. However, to our (model 66).
R664
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Four experimental protocols were conducted. In a nonheno- RESULTS
orrhaged control series, the goats breathed normoxic air for 60 Cardiovascular, blood gas, and hormonal responses to
min after catheterization. They then either continued with nor- 120 min of normoxic or hypoyic gas exposure are given in
moxic exposure or were exposed to 10% 0, for an additional 120 Tables 1 and 2. Exposure to a fractional inspired 02 con-
min; these served as the normoxic control (NC) and hypoxic centran 2. Exposuresto a an expired incon-
control (HC) experiments, respectively. In the other two proto- centration (Fio) of 10% resulted in an expected increase
cols a,0.5 ml-kg- min- I hemorrhage was initiated 60 min after in HR (P < 0.01), while MABP remained unchanged.
control period and terminated 90 min after control period. Arterial 02 partial pressure (Pao.,) was reduced to an av-
These served as the normoxic hemorrhage (NH) and hypoxic erage of 35.2 ± 2.0 mmHg for 12O min of hypoxic expo-
hemorrhage experiments (HH). Each animal (n = 5) partici- sure. Likewise, arterial C0 2 partial pressure (Pa(-o.) was
pated in all four protocols, performed on different days. One reduced to 32.0 ± 1.1 mmHg, and pH increased to 7.44 ±
animal was unable to complete the HH protocol in two attempts 0.02. Hct was increased from 30.4 ± 1.2 to 33.9 ± 0.9% (P
and so is not included in this report (i.e., for HH, n = 4). At least < 0.01) in the HC animals while plasma osmolality re-
2 wk were allowed to pass after either a NC or HC study, and at mained unchanged (290.8 ± 2.0 mosmol/kgH2 O).
least 3 wk after a hemorrhage study. Hypoxic gas exposure elicited no significant changes in

During the hemorrhage, arterial blood was withdrawn with a any of the hormones measured. It was not possible to
peristaltic pump (Sage model 375A) and was collected in sterile detect AVP in two NC and HC goats, and thus the lowest
blood donor bags. The hemorrhaged blood was filtered (Trave- detectable limits for the assay (0.06 pU/ml) were substi-
nol Laboratories) and reinfused on completion of the study tuted for these two individuals in the analyses.
period. Thirty-milliliter blood samples were withdrawn after the Cardiovascular and hormonal responses to hemorrhage
control period and at 60 and 120 rain of gas exposure in the NC
and HC groups; an infusion of 30 ml of isotonic lactated Ringer are presented in Figs. 1 and 2. In the NH group, HR was
solution was made simultaneous to the removal of blood sc a- significantly greater than baseline (P < 0.01) only at the
pies. Blood samples were also taken at 10, 20, and 30 min of 30-min period of blood loss (time 90). At 30 min posthem-
hemorrhage in the NH and HH groups. The volume of these orrhage (time 120), however, HR was no longer different
samples was incorporated into the hemorrhage and was re- from time 0. HR was increased by hypoxic exposure (P <
moved at the predetermined hemorrhage rate. A portion of each 0.01) in the HH group and thereafter remained un-
sample (20 ml) was placed in iced heparinized tubes for later changed until the 30-min point of blood loss (time 90). At
determination of plasma arginine vasopressin (AVP) and osmo- this point, HR was not significantly different from pre-
lality. The remainder of the blood was placed in iced Na-EDTA hypoxia exposure; HR was again increased 30 min post-
tubes for determination of plasma renin activity (PRA) and hemorrhage (time 120).
plasma atrial natriuretic factor (ANF) concentration. Two-mu- MABP was significantly decreased during the post-
liliter plasma aliquots for ANF were treated with 50 ,I aprotinin hemorrhage period in the NH group (to 75 ± 5 mmHg; P(10,000 KIU/ml).

B1o0d me n. A 0.05). In contrast, MABP was decreased at 20 rain ofSBlood measurements. AVP was measured from extracted hemorrhage (time 80; to 75 ± 4 mmHg; P < 0.01) and
plasma utilizing previously described methods (12) and is re- h emrrage i8 to 75 go4 mmgP w 0.1 d
ported in microunits per milliliter (-2.5 pg/MU). Because of low stayed decreased in the HH group. MABP was not dif-
plasma concentrations, control AVP samples were extracted ferent between the two groups at either the 30-rain point
from 4 ml of plasma, diluted with 0.4 ml assay buffer, and of hemorrhage or the posthemorrhage period (time 90 and
assayed entirely. The within-assay coefficient of variability time 120, respectively).
(CV) was 4% for the assay of these nonduplicated samples. While AVP was not increased until 30 min of hemor-
Hemorrhage samples were assayed in multidose fashion with a rhage (time 90) in the NH group (to 87.33 ± 67.18 PU/
within-assay CV of 9%. Between-assay CV was 6% for both
methods. Osmolality was measured by freezing point depression Table 1. Cardiovascular and blood ga3 responses
osmometer (Advanced DigiMatic model 3D2). PRA and ANF in normoxic and hypoxic controls
were measured using commercially available radioimmunoassay
kits (New England Nuclear and Peninsula Laboratories, respec- Time, min
tively). Within- and between-assay CVs for PRA were 11 and 0 60 90 120
8%, respectively. Within- and between-assay CVs for ANF were _0 90_ _ 20
3 and 15%, respectively. Hematocrit (Hct) was determined by HR, beats/min
microcapillary centrifugation. NC 55±4 57±5 57±4 58±6

Statistical analyses. Our original statistical design was to uti- HC 59±5 121±12•t 103±12"t 95±12*t
lize a two-way analysis of variance (ANOVA) for repeated mea- MABP, mmHgNC 94_±2 96±_2 95±_2 96±_4
sures with all data. However, we were unable to achieve an equal HC 10093 98±3 99±4 99±4
number of subjects in our hemorrhage groups. Because the dif- PH10, mmHg

ference in group size was due to the treatment effect per se (i.e., NC 94.4±2.2 99.2±2.3 98.3±2.0 100.1±0.8
hemorrhage with hypoxia), we feel unjustified in utilizing the HC 97.4±2.3 32.7±2.1*t 35.9±2.1*t 37.0±2.4*t
original statistical design (30). Therefore, each group was ana- Paco, mmHg
lyzed with a separate one-way ANOVA. A Duncan's multiple Nd 36.5±1.6 35.4±1.1 36.6±0.8 36.8±0.5
range test was performed to establish significance between HC 36.0±0.9 33.1-±1.5* 31.1±1.1' 30.7±+0.6*t
means within each group. Corresponding time points between pH

NC 7.42±0.02 7.43±0.01 7.42±0.01 7.42±0.02
groups were compared with a two-tailed, unpaired t test. For HC 7.41±0.02 7.43±0.01* 7.44±0.01* 7.44±0.02*
consistency, control data were handled in an identical manner. Values are means ± SE; n 5 for normoxic control (NC) and hypoxic
Because of heterogeneity of variance in the hemorrhage AVP control (HQ. HR, heart rate; MABP, mean arterial blood pressure:
data, values were converted to log1 before statistical compari- Pao, arterial 02 partial pressure; Paco , arterial CO 2 partial pressure.
sons were made. Significance was set at P < 0.05 * P < 0.05 vs. time 0; t P < 0.05 vs. N6.
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Table 2. Hormonal responses in normoxic 1000.00 I--HEUORRHAGAE 4

and hypoxic controls 0-1 --m 0
Tie mi 00-

060 120 0

AVP, MU/ml . 0
NC 0.17±0.07 0.17±0.07 0.16±0.c6 a. +
HC 0.19±0.06 0.17±0.06 0.18±0.06 > T

PRA. ng.m-1 .h-1 <' 1.00 o
NC 0.78±0.11 0.76±0.13 0.84±0.07 0
HC 1.12±0.27 1.34±0.31 1.32±0.38 1

ANF, pg/mi 0.10
NC 15.6±1.2 14.2±2.0 13.1±1.0
HC 12.9±2.6 14.5±1.7 13.5±2.0 2.40

"Values are meanq ± SE. AVP, arginine vasopressin; PRA, plasma
renin activity; ANi", atrial natriuretic factor. • 2.20
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60 70 80 90 120 Fig. 2. Hormonal responses to hemorrhqge during normoxia (n = 5,
0 60 70 n 80 90120 open circles) and hypoxia (n = 4, closed c;zcles). Note log scale for
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Fig. 1. Cardiovascular responses to hemorrhage during normoxia (n - 5, natriuretic factor. * P < 0.05 vs. time 0; + P < 0.05 vs. corresponding

open circles) and hypoxia (n = 4, solid circles). * P < 0.05 vs. time 0. + P NH time.

< 0.05 vs. corresponding normoxic hemorrhage (NH) time. HR, heart
rate; MABP, mean arterial blood pressure. loss (time 90) the PRA in the HH group was starting to

ml), it was significantly increased above control and cor- decline. Indeed, during the posthemorrhage period there

responding NH values at 10 and 20 min of blood loss was a significant difference in PRA between the two
(time 70 and time 80) in the HH group (2.60 ± 2.08 and groups, with the HH value no longer greater than its
160.40 ± 49.74 gU/ml, respectively). Both groups showed control. The NH PRA value remained significantlY
increased AVP levels at 30 min of hemorrhage (time 90) greater than its control after the blood loss (time 120).
and posthemorrhage (time 120), although there were no ANF was decreased and stayed reduced after 10 mrin
significant differences between groups at those time hemorrhage (time 70) in the NH group and 30 mini
po*initica blood loss (time 90) in the HH group. However, the'

The initial PRA response to hemorrhage was similar in were no differences between groups at any time point.'
the two groups, with an increase evident at 10 min of
hemorrhage (time 70) in the HH group. Both groups DISCUSSION

showed a continued increase in PRA as the hemorrhage We hypothesized, based on the findings of Heistad.
progressed, although it is apparent that at 30 min of blood Wheeler (16), that hemorrhage during hypoxia, comP
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with normoxia, would result in an earlier development of taken 10 min after the onset of blood loss (25). Thus it
hypotension and that, consequently, vasoactive hor- was not possible to determine the rate of change in blood
mones would respond differently. Our results support this pressure between the two groups. It is interesting to note
hypothesis. we also did not observe a difference in MABP between

The cardiovascular and hormonal responses to hypoxic groups after completion of hemorrhage (Fig. 1). Finally,
exposure are well documented. Several studies, incorpo- the relative reductions in blood volume (- 20%) appear to
rating- a level of hypoxia similar to ours, have demon- be similar between our study and those of Raff et al. (24,
strated an increased heart rate with no change in MABP 25). However, in the studies by Raff et al., experimental
(1, 16, 22). While studies have shown an increase (11, 26) design dictated a rapid withdrawal of blood (over 1 and 2
or a decrease (7, 23) in AVP with hypoxic exposure, in the min; Refs. 24 and 25, respectively), perhaps precluding
present studies it is apparent that the conscious, sponta- any observable differences in cardiovascular responses to
neously breathing goat, in similar fashion to human sub- hemorrhage during normoxia and hypoxia as we have
jects (7), exposed to moderately severe hypoxia shows no demonstrated.
change in plasma concentration of this hormone. This Like the MABP changes we observed, the AVP re-
response, too, has previously been reported (2, 29). Like- sponses to hemorrhage differ with regard to time. It ap-
wise, PRA (2, 8) and ANF (5) have been shown to be pears the AVP responses follow MABP changes, although
unaffected by hypoxic exposure. In light of findings by this is not entirely certain. In both hemorrhage condi-
others, the cardiovascular and hormonal responses to hy- tions, plasma AVP levels were significantly greater before
poxia we observed are not unique. a significant reduction in MABP was noted. However, it

Several investigators (3, 4) have demonstrated an in- is also clear that MABP was tending toward reduction in
creased baroreceptor reflex sensitivity with hypoxia. Fur- both groups at the point of increased AVP. Such a finding
ther, Bagshaw and co-workers (4) presented evidence is in agreement with others (19) and would suggest "nor-
that mild hypoxemia maximized the ability of the carotid mal" arterial baroreceptor regulation of AVP. Thus it
sinus reflexes to maintain arterial pressure. Thus it ap- appears that the high-pressure arterial baroreceptors may
pears hypoxic exposure may increase the ability of the be primary regulators of vasopressin secretion during
cardiovascular system to reflexively control cardiovascu- hemorrhage in the goat. Seemingly, then, the conscious
lar function. Our findings, however, are similar to the goat behaves in much the same manner as has been de-
studies by Heistad and Wheeler (16) and suggest that scribed in the conscious dog by Cowley et al. (9). In their
despite the possible increased baroreceptor reflex sensi- dogs, blood loss that reduced atrial pressures without re-
tivities, hemorrhage represents a greater cardiovascular duction in arterial pressures produced only mild increases
challenge during acute hypoxia. It is generally agreed that in AVP. Constrictor levels of the hormone were not ob-
local vascular hypoxemia elicits vasodilation, while served until hypotension developed.
chemoreceptor reflexes act to maintain blood pressure Yet it could also be argued that low-pressure cardiac
and flow (14). Also, the increased HR and unaltered baroreceptors (i.e., left atrium) play a role in the release of
MABP associated with hypoxia in our study would sug- AVP during hemorrhage with normoxia or hypoxia. The
gest that cardiac output was increased in our animals. significant increase in plasma AVP levels before a MABP
Despite this probable occurrence, hypotension developed reduction would support this argument (13). However, as
within 20 min of blood loss during hypoxia, about a 12.5% no cardiac pressures were measured in the present study,
blood volume reduction assuming a blood volume of -- 80 the possibility of low-pressure baroreceptor involvement
ml/kg. remains an unresolved issue. AVP concentration pla-

Figure 1 clearly illustrates the time course difference in teaued in both groups, and final concentrations were not
the development of hypotension between the two condi- different between groups. Because final MABP was not
tions. The period from time 60 to time 80 is of special different between NH and HH, it could be suggested that
interest because during HH a reduction in MABP of >24 the main stimulus for AVP release during a hemorrhage
mmHg occurred, while MABP remained unchanged dur- with normoxia or hypoxia is indeed a reduction in arterial
ing NH. The difference in MABP between the two con- blood pressure.
ditions was no longer apparent at 30 min of blood loss In contrast to our findings, Raff et al. (25) demon-
(time 90) or posthemorrhage (time 120), indicating that strated a hypoxic enhancement of AVP 20 min posthem-
although hypotension develops sooner during HH, the orrhage. The greater increase in AVP observed following
magnitude of pressure reduction with blood loss during hemorrhage with hypoxia in their study occurred despite
hypoxia is no greater than with normoxia. In question, a blood pressure reduction similar to a group hemor-
then, is the relative contributions of local vascular effects, rhaged during normoxia. The authors were unable to ac-
cardiovascular reflexes, and hormonal systems in the reg- count for the observed differences in AVP, although they
ulation of blood pressure under the two 02 states. suggested a possible interaction of baroreceptor and

In two other studies investigating the combination of chemoreceptor stimuli (25).
hypoxia and hemorrhage on hormonal and cardiovascular In a comprehensive review article, Korner (18) has
responses (24, 25), no differences were observed in blood cited numerous studies that indicate that hypoxia is ca-
pressure between a normoxic and hypoxic group of rats pable of resetting the baroreceptor reflexes in conscious
after blood loss. However, neither study assessed the animals. Further, Heistad et al. (15) have shown an en-
blood pressure response during hemorrhage. The earliest hancement of chemoreceptor control of ventilation dur-
measurement of blood pressure after hemorrhage was ing hypoxic exposure with hypotension. At least one
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study (1) has proposed that baroreceptor stimulation of rized that rapid atrial contractions may have elicited
vasopressin is responsible for the antidiuresis and de- ANF release because increased atrial pressures developed,
crease in free water clearance associated with hypoxia. presumably because of contractions against a closed valve
While these findings might suggest a possible hypoxic during ventricular systole. The idea of brief, increased
enhancement of baroreceptor regulation of AVP, our data atrial pressure stimulation of ANF partially offsetting the
do not conclusively support such a notion. A regression inhibitory effects of reduced central blood volume is fea-
analysis comparing the slopes of AVP with arterial blood sible, although we have no direct evidence to support such
pressure in NH and HH was not statistically significant a notion.
(P < ).1) In conclusion, our data indicate that hypoxia leads to

PRA responses to hemorrhage were affected by hy- an earlier development of hypotension because of hemor-
poxia. The PRA response during NH and HH were es- rhage. Although the development of hypotension may be
sentially parallel, with the HH group showing an earlier the primary stimulus for AVP secretion during hemor-
significant increase. The first significant increases in rhage with normoxia or hypoxia in the conscious goat, the
PRA occurred 20 min before a decrease in MABP with role of low-pressure baroreceptor mechanisms in this re-
NH, and 10 min before with HH. Most curious is the sponse remains unclear. Further studies designed to in-
nearly identical responses of PRA to hemorrhage during clude the measurement of cardiac pressures and cardiac
normoxia and hypoxia, especially considering the earlier output are justified. Despite the earlier development of
development of hypotension during HH. Again, referring hypotension due to blood loss during hypoxia, PRA re-
to the first 20 min of blood loss (i.e., time 60 to time 80), sponds in a fashion similar to a hemorrhage with nor-
it should be noted that during HH a reduction in MABP moxia. Thus it appears hypoxia attenuates the PRA re-
of -24 mmHg was observed, while MABP was un- sponse to hypovolemia. The earlier onset and higher
changed during NH. After the same 20-min time period, levels of circulating AVP during hypoxic hemorrhage may

however, there was no difference in the PRA responses in part be responsible for the decrease in PRA observed

between the two experimental conditions (NH 1.56 e during hypoxic hemorrhage despite the continuation of

0.05 vs. HH 1.82 ± 0.33 ng m- 1 .h-i). There are man hypotension. Finally, ANF has been shown to decrease

known stimuli for the release of renin including a reduc- with hemorrhage in both hypoxic and normoxic condi-
tion in renal blood flow or perfusion pressure and in- tions, although at a later time period with hypoxia.

creased renal sympathetic nerve activity (17). The exact The opinions and assertions contained herein are the private views of

mechanism behind the hypoxic moderation of renin re- the authors and are not to be construed as official or as reflecting the

lease is unclear and might involve a moderation in renal views of the Department of the Army or the Department of Defense.
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THE EFFECT OF CREATINE DEPLETION AND ENDURANCE THE INTERACTION OF CHRONIC B-GUANIDINQPROPIONIC
TRAINING UPON WORK CAPACITY AND CARDIAC FUNCTION. ACID (BOPA) FEEDING AND INTERVAL TRAINING UPON
R-P Farrar*_ D-BowletO H_ Park*- H-L-Sweeney*. and LngStrtes SKELETAL MUSCLE FUNCTION H. Park* G.Howell.
(SPON: J.Wilmore) Dept. of Kinesiology. Univ. of Texas. Austin. TX. H.L.LSeggny! R.P-znmr*SPON: J. Ivy). Depc. of Kinesiology. Univ.
78712 and Dept of Physiology, Univ. of Penn. of Texas, Austin, TX. 78712 and Dept. of Physiology. Univ of Penn.

F344 male rats were placed in one of two main groups, creatine Depletion of creaonie by the feedings of 6OPA in the diet has been
depleted or control diet, and then each group further subdivided into utilized to determine whether changes in the spatial and temporal buffering
sedentary, endurance or interval trained groups. The treatments were of the phosphorylation potential can induce changes in aerobic capacity of
evaluated in tnsof in vitro heart function, myosin isozyme composition, the muscle as well as expression of myosin isozymes. In otrder to
citrate synthase, changes in in vivo work capacity ( V02) and run-time to exacerbate changes in the phoshorylation potential high intensity interval
exhaustion. Creatine depletion, achieved through feedings of 3% B- training, repeated sprints of 60m,/min, was imposed upon F344 male rats
guanidinopropionic acid( BGPA ) in the diet, had no effect upon VO2rnax that were placed on a diet of 3% BGPA. Following 12- 15 weeks of this
when compared to their contol-diet matched groups.. Creatine depletion protocol the planutris muscle was evaluated for changes in contractile,
doubled the run-to-exhaustion time in the sedentary group, reduced it histochemical and biochemical properties. The interval training did not alter
aignificantly in the endurance group, and had no effect on the interval comntrctile function, but did increase citrate synthase activity by 50%.
group. relaitive to the control-diet matched groups. BGPA feeding did not BOPA feedings alone did not alter contraction time, half relaxation time or
alter the citrate synthase activity nor myosin isozyme patterns of the beant tetanic force, but the fatigue index was increased by 200%, while citrate
whetn compared to their control-diet matched groups. Significantly lower synthase inicreased by only 25%. The interaction of the two increased
cardiac outputs were observed in all BOPA treated groups when the hearts contractioin time and half relaxation time by 50%, increased fatigue index
were evaluated against 130mm Hg afterload and paced at 420bpm in the by 450%, decreased tetanic force by 60 %, but did not change specific
working heart model. The interval trained BPA hearts had significantly tension. Histochernical analysis demonstrated that BOPA feedings alone
higher cada outputs than all other 8OPA groups. Creatine depleted did not induce fiber type transformation, but that interval training caused a
hearts appear unable to meet the demands of high heart rate and high significant ( p !ý 0.05) increase in type I fibers at the expense of type [1B
afterload in vitro. The interaction of creatine depletion and training fibers The interaction of interval training and creatine depletion induced
resulted in cardiac hypertrophy, a normral training response in VO2max, significant fiber type shifts with type IIB decreasing by 50%. type IIA
but only interval training attenuated the decline in cardiac outputs against a increasing by 35%, and type I increasing by 100%. Interval training
high heart rate and high afterload. imposed upon creatine depleted muscles significantly increases the signals

for fiber type transformation.
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MODUJLATION OF HYPOXIC TOLERANCE BY NALOXONE AND MORPHINE IN HYPOCAPNIA * HIGH ALTITUDE, ANDO EGGSHELL CONDUCTANCE TO WATER
MICE. KlimssdifP. Malffi and Louits G_ Alecv!, TheUniversity of Michigan. VAPOR (GHt2O). S.C. Itempleman, F.L. Powell. T.P. Adamson* and
Amh Arbo,O( MI 48109 R.E. Burger! U.C. San Diego, La Jolla, CA 92093-0623 and

Our laboratory has demonstrated that a non-lethal, hypoxic U.c. Davis, Davis, CA 95616.
pretreatmet Ianceasesghypoxic survival timie (HST) Intmice. To detotitifleli We hypothesized that hypocapnia associated with high
endogeran oplola after HST we administered aioxone (I mgflt I~p.) at altitude hypoxia in hens is responsible for the reduced GH20natwm5 nftnI mphine(10 or 20 migft.p.)at mnusa30 mnnor askne(0.3nml in avian eggs. If true, correcting hypocapoja (but not hypo-
ip.) at corresponding lInes puior to the hypoxic pretreatment. Sixty percent of
the mice received the0 pretreatment consisting of three hypoxic exposure xia) at altitude should return GH20 to normal values. Seven

(4.%oxenalmceltmenotl5..an2.nll~spartet~ysnrses hens native to 1200m were exposed to high altitude (380Dm).
of mom air. Theremainingnicke ddnot receive apretreatmenitbutlInstead were and then to high altitude with 28 tort PIC02 to relieve hypo-
mantaireanomom arfrtis duration. AD mice were tested forhypoxic survival capnia (3800m+C02). Eggshell GH20 was measured gravimetrical-

by firet exposing themto 20sec of 8.5% oxygen baler"enitrogenfollowed by ly. shell thickness was measured micrometrically (i~sem):
exposure 1* 4.5% oxygen balance ndttgen. The HST was recorded as the tnme 1200. 3800m 38O;m+-co,fromthsouueor" the 4.5% oxygen to the cessation of spontaneous veneulaton. Number of Eggs 102 82 IT8
C~ontrol inice (noni-pretreated. saline Inlectmo) had a pooled mean HST of GH2 0 (ug/d/torr) 13.9-I-.2 12.6+.2 11.1+.2
147±9 sac (n-48). The pretreatment significantly Increased HIST 0)4t.001, Thickness (mn) .297+7.003 .287+7003 .305+.003
Mannt VMlteU Tedt). Seline Injected, poetrealed mice had HST's of 434061 Pore Area (urn 2) 1-07±.03 1. F2±.03 1.6-1+.03
eec (ftm2O. Infected at Milan 5 'tin) and 437t36 sac (n.49, Injected at mnutaj 30 _ ____________________
rrin). Najoxone significantly (p<.0O.O) blunted the pretreatment effect Relieving hypocapnia at altitude reduced both CH20 and
producing a mean HST of 215±26 see (.i-17 which was not sIgnIfcantly pore area of the eggshell (ps.05), thus -ve must reject our
dalesmil (p.0.2) Iroinnon-pretrmaed. sallne-Iriected nice. MIce gvenl10 initial hypothesis. Other altitude stimuli (eg. hypoxia or
nigr mouplilne had an augmented pretreatmnt effect with a mean HST of hpbra a as h eutosi gselG2 n hl55001seecompared I*prerated alM-Iried mice. Hoevr hy2a0a ma as terdciosi gghl 1 n hl
mouPhtn dampened the pretreatment effect decreasing the mean HST pore area we observed at 3800m. Hypocapois does appear to38331se whchtea horereuaivl im tan hesen. onr to cause thinning of eggshells at altitude (p< .05). Supported
prelninaty results suglgest that endogenous opliolcl may be involved in the by HIM grants HtL17731 and HL02071.
protective adaptation to hypoxia Induced by prior exposure to non-lethal
hypoxia.

52.3 52.10
OXYGEN CONSU3bIION OF TME AXOLOTI.. Ainkijtornn HYPOXIC ENHANCEMENT OF VASOPRESSIN RESPONSE TO HEMOR3IRHAGE.
mealmmm.AS AFUNCITO OF VENTILATORY MODE DURING N. R. Eichinaer *and J. R. Claybaugh. Tripler Arwy Ned. Ctr.,
A flOGhESSIV HYPOXIC CSALLENGE. Q. E. Zw r jjL V Hon., HI. 96859
E! M nd L ALUM~b P* I eto.MdclScece orm Cardiovascular and hormonal responses to hemorrhage with
hLda.. Uniersiuty, Nlooindglems, IN 4740. hypoxia were studied in conscious goats. Following control,

AredMersa'metaboicstrategicemeployed when bim~odal breathers are goats continued in normoxia (N1H) or were exposed to hypoxia
mdt o ventilateile d y*dirougli he aqusic mode? To address this (1411, F102-10%) for 120 min. After 60 min of norwoxia or

question, wernesalated dhcomypi conumption (V0 5)in tel -g- l'.hrof hypoxia, a hemorrhage was initiated (0.05 ml/kg/mln for 30
11 adult aolodts Jurlag menressive aquatic Iypoula (P02 from 13D to w in). Mean arterial blood pressure (MABP) and heart rate (HIR)

gnl) 30mnctouet were monitored throughout; :rginine vasopressin (AVP), aerialsas1W.A~uk ad erill 0, asmeaure duinnatriuretic fatr(A/IF), an lsarnnactivity (PRA) werediliaeeea aquaetle O;s Tilerelationalhp between %102andPM wasabest assayed. MABP was maintained through 20 min of hemorrhage in
mpe~,eseofd by a quedatc regression where 10, - 0.10 -1.04 10'rl the NH group, and then decreased by 30 min of blood loss. In
PO, +e 3.70 .10' -P0.V (r-3) for amiokl with access to air. For contrast, KA8P was reduced by 20 min of hemorrhage in the H41
thome -w ,- atames so air, '6, = -3.40 -103 + 2.93 - 100 P0M2 - 7.43 group and remained decreased. AVP responses mirrored KA8P
-*1011 P PI (r-3I)6 111sessrepesdoms iffr sigpjflleutzy (pc.coooand changes In the MNH group with a significant increase
dimerp lid.Scamily, (p<11C0011)below a M of about 90mmn RS, These simultanteous to NAlP decrease. However, AVP was significantly
to-% damousrate thalt, v&-m dialleageld byp aquatic; hyo V02 is elevated 10 min prior to a decrease in MASP in the HN group.
11mfciio of the arailsbuhi of saas. so air stade that metabolism may he Further, lowest HASP values were not different between the
depressedwhese smlods am roacd tobreadacsolelyin water. (Funded in groups, yet AVP was two-fold higher in the HN group. PRA

portby ndina nivrsiy Dctorl Sudet Oantin-id)increased in parallel in both groups up to 20 min; at 30 minpertbplsliia~iawitpoctoal~udet OantIn-ld)NH group was higher than HN group and remained higher post-
hemorrhage. Hypoxia significantly attenuated the A/IF reduction
in response to hemorrhage. Thus, hemorrhage during hypoxia
results in an earlier development of hypotension and enhances
the AVP response to HABP reduction.

Funded by US Army Health Services and Medical Research and
Development ComIsasnds.
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ACUTE HIGH ALTITUDE ILLNESSES ARE NOT RELATES TC CARDIOVASCULAR AND0 HRMON~AL RESPONSES TO HEMORRHAGE
PERIODIC BREATHING AND APNEAS DURING SLEEP DURING HYPOXIA

U. Eiohenberger. U. Waber, Mi. Naggiorini. 0. c.-:z, fichinger, M.R. and JR. Claybaugh. Dept.,of
P. Bartsch, University Hospital Zurich and Sep. Physiology, University of Hawaii, and Dept. o f
of Medicine, Inoelapital. CH-3010 Bern, Clinical Invest., tripler Army Ned. Ctr. , Hon.- HI
Switzerland 96859

Since hyposia and hemorrhage each present Ce
The hypothesis sa, tented that perio.dic breathning special cardionascalar and hormonal challenges, we a

anod/or apnean during sleep at high altitode are -ore stadied the cosbined effects in conscious goats. ar
frequent and reinforce bypoonsia in subjects decec- Following a control period, goats Continued is an
ping aoote mountain Sickneess (ANSI and high altitude norsoola or were exposed to hypooia (FiD2.l0t) for t
pulonoary edema (HAPE). Thoraco-abdonial cvseners 120 sin. After 60 sin a continuoos hemorrhage es
and oxygen saturation were registered by Medxiog re- (.5 al/kg/sin for 3D sin) was initiated (norsoxia.
cordera and Bios 3700 doring the first night spent rt-~yoi Hn3. Bodpesr HS)adm
at 4559 -. Analyzable tine was benween H4 and 90 heart rate (HR) were monitored throoghout;li
of the total recording time 17 hI and not sign I- aspressim (VP), plasma renin activity (PRA) and e

vaMstly diferelpnt AetSee subject PEduin a stayin aibc. PSarial natrinretic peptide (ANP) were assayed. HR Bes.
lAN-I.dvlpn N 04. rRP uigasa increased in the NH group after 3D sin of blood5V
of 3 days at 4559 a. Median oxygen saturation 150021, loss. HR increased after hyponic gas introduction, S
percentage WB of analyzed time aith periodic Area- bat did not increase farther in the HR groap. HASP S
-thing (periodic) and apneen 0>10 sec) were was reduced only daring post-hemorrhage period in artl(meanns :t SD): the NH groap. In contrast. HASP was reduced at 20 wer,

a SaO2 periodic WI apneas W sin of hemorrhage in the HR groap. Post-hemorrhage pe
AND- 9 03 z 10 h9 ±; 25 2.6 o 5.0 HASP was not different between groops. HP toI
014Ev a 63 ± 7 hi z lb 0.5 10.7 responses mirrored AMUP responses with HR groap inK.
HAPE 8 a9 ± 10 75 E 20 0.7 t 1.3 greater than NN groap at 20 and 3D eMi of blood W
p < 0.025 vs n. loss, bat not post-hemorrhage. PRA increased afterlo

Ths eut hwthat Dm012 in AND- and ANSn is not 20 s in of blood loss in NHi group and remained nth
Thee rsols sowelevated. PMA was increased after 20 and 3D sin of shitdifferent during sleep at high altitude. fuirthermore, blood loss Is the M0 group. ANP was redaced in

periodic breathing and apseas do not avcovont for the bath groups. It appears hemorrhage daring hyponiaHz
significantly lower sxygen saturation observed in results in an earlier denelopment of hypotension. cu
wuhject. developing RAPE. Funded by US Army Health Services and Medical

soporedbyDas atona Smenerondtin.Research and Development Commnands. of

25 26
AEAar LAzoMM vs 00 EX*AEHAONE FOR PREVENTIONJ THE EVENT BELATED POTENTIALS AND THE AUDITORY EVOKEDC
OF ACUTE MOUNTAIN SICKNESS: A META.A2AALYSYS POTENTIALS IN THE 109014 BRAIN AT HIGH ALTITUIDE

Endo.!. * M.Adschi. A.Demiza. E.Hirnta, I.jin- m
EusossAJie.LOCaie..P~oeo..~ss~sEB.noachi, N.Eas, S.Inba, Li-Dyauping. K.IHtsahayambi. Al

thkWsuimso 'WasVIM wo us rCJ c Skag eas, WA and (asarvofe. FL K.Platsbnyasmbl T.ihtnanaws * R .Ssgstn. M.Rakshamhla.
A.Satto. S.Seto. T.Sogie. and T.Tobe. a

Despite udo aausee ofI dow, maged ascat. a*bgmodo Kyoto Uninermity Himalapan Medical Research I
psganihugnmma Id~ AShm o~~el Expedition. Faculty of Medicine. Department of in
dwnSop11gP101,ldtugoegIid hcimibsgaimdh~gft efiscae. . Physiology. Sebpo-ka. kyoto 606, Japan.
adwasdeetded Mostd s Is has been a~h aceeszdaolanhe a
Momsreamndy,dsuaraive"f htas aso bowfound topWwrsetlhe The aim of Ebbs study was to find the changes is a

sywmptomwofAMS. A comnpsutermsedtud Wran march foowed by the electrical activities of the haman brain at high
an aOMYapproach to ftereIedpeflhuertaiideand altitude. occarring in associntien with the brain
Fee-.omdcausagc abwthines 'In ;ub Ithamid llded Dy raponts functions sod disorders. Elec troencephaiogram (EEG) t
uusalk hsbnonaitef(oonSredinfWtmmaswubjects "ine was recorded from the enpedltio Mmbhers. at verten
wsncucleat aftiuds -dou rGlpop hylaxis mss On (Ca) on the scalp of the subjects. with eariobes as 5CC

boom dAMB.udulwupweaufodhf~Litodwncuteuti. The referente. The amplified EEG was stared an magnetic
reeutofthsdswe27traswne m aurwizdy and pooled. Themanors tspes for off-line analysis by so aeeraging computer g

NdOnsof AdSvs used bsou~n Thsseaerge weighedd t after returning to oar laboratory. The muhjects
oft 00sboh dudW rmmsusarepoolede4s .56 (95%ib- .0.30 to contentrated to a tone and responded by pressing ad.
0A0 *sgsaa g' doa-sS0). Whenfi shfavialpt.aseigieo push-button with the dahmb It wsa f ound that late

~ dae m4m frproyadswt asceazau*er ass4 80.60% CI- 4 20 component of the soditory evoked potential (AEP) sod
to .0.M Ion19 dsls withnauweasp ;I Wealof 32 t"edaf the event reinted Potential (P300) decreased at high 1
447 "MQ- 0.c04 to4..0 khanusaveasgmup lsbof28 altitade. Mesas calme of the iate P2-N2 component of
s*Iomaib8uJINofdeadrdfsi Overal phwuuacdoGoc A6W were 9.6 1 5.8 oR (S.D.) at high altitude and
peo I i I 611sblom. AIU Oud esswroitU orflWpSmro 15.8 1 6.2 IN at ass lenel (N4.21). Mean mauese of
be nearlyeipplefecda O~dyone hadto headwuornaraveerepno P300 were 7.9 t 5.1 BR at high aititude sod 18.5 ±
shamfud. VartudS Iwwd1ofAMS Iaud lsasgdIfnuit More 9.2 oR at eam lenel (11-13). respectinely. TheC
wuorkedKS to bedmdto uwtuusphoody deeen*wco~nPNadve decrease in the mine of P300 at high altitade wan
OSedteeneedgueetwoges closely associated with the socnrrence of retinal

hemnrrhage.
Sopported by a grant (NO.h304I1h2) from the

Ministry of Education. Science and Culcnre in Japan.


