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ARSTRACT

S valunteers cornriced tuo groupe, one (o 7)) received acetazolanide
(AZ), .50 mq twice daily; a second received placebo (n:6). These subjects
viere redgced to € and 4, respectivelyv, because of acute mountain sichkrecs
PN D Marengies o 00-00ma A and evening (2100-2200 PM) blood samplec vere
P IS T tive . and a¥] gprine was collected,  On day 4 the suhiect.
werc trantoorces Tron sea Tevel (SH) to 4100 M (HA) over a period of three
hours erd returned to SIoon day 9. Intakes ot field rations and water were
picecured,  The cub jects Vived in tents, A7 resulted in a briet diurecis,
natrineesio, oo baliuresis o day 1, but by day 3 the subjects were in
Heviat weter and e balance. Foth K and water balance were similar between
groups <t A, e bdlance was significantly reduced in the AZ group for 511
days ol Ha, proieably a conscguence of sianificantly reduced caloric intake in
ot oneaans Tre nlesee aidosterone to renin ratio was significantly lower in
tro FYotnee S0 G st and hoth AM and PM ratios were reduced at HA, Urinary
ADH excretion was siuniticantly increased on days 4 and 5 in the placebo
group, but only on day 4 in the AZ group, and was significantly lower on day

5 in the AZ group. Thus AZ blunts the ADH response to HA, a possible

mechanism of the AMS ameliorative actions of the drug.
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Acetazolamide (AZ) has been shown to prevent or ameliorate the symptoms 2

e

of acute mountain sickness (AMS) resulting from rapid ascent to high

- v ¥ ¥
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altitudes (1,3,9,10,12,14,22). Generally it is believed that a cascade of

» L)

events beginning with a loss of bicarbonate ion in the urine, resulting in an

J

P

decreasea alkalinity of the blood and subsequent augmented ventilation,
increases artgria1 oxygen tension (1,3,9,10,12,22). However, it is also
frequently cualified that the increased arterial oxygen may not be the
mechanism whereby AZ ameliorates AMS. For instance, Gray et al (12) point
out that the resultant pH changes may reduce the oxygen extraction from
, hemoglobin, Ir addition, although low atmospheric oxygen is the initial .-
causal factor, as Houston has indicated, "oxygen uptake is the same at high
altitudes as at sea level and is not changed by acclimatization" and he
therefore concluded that the resultant symptoms are not from oxygen lack but =
secondary changes (18).
In addition to acid-base alterations, AZ is a mild diuretic. As Singh
et al (31) observed, that persons predisposed to AMS suffered from

antidiuresis. Moreover, the plasma volume increased in a single case of AMS

LEL

while to eight asymptomatic colleagues had decreased plasma volume (28).
Thus, as suggested by others (16), a possible additional mechanism of action
of AZ in preventing AMS may be via its effects in altering body fluid and
electrolyte balance.

In the present study, therefore, the water and electrolyte and

associated hormonal responses were compared in men with and without AZ

prophylaxis at the summit area of Mauna Kea, 4,100 M.




..i

Fetlerials and Methods

Experinental Design:

Thirteen male soldiers ranging in age from 19 to 30 years and weight
from 61 to 105 kg volunteered to participate in the study after giving
infurned, written consent and being advised that the could withdraw from the
study upon request. The men were randomly assigned to one of two groups.
Acetaznlamige (Didmox,@ Upjohn Laboratories) was given to one group (n=7) in
doses of 250 mg twice daily in slow-release capsules. Placebo capsules
(preparea by Upjohn Laboratories) were given to the other group (n=6) twice
daily.

Four days were spent at Si tollowed by four days at HA and then one and
vne-half deys at St. The subjects were housed in tents with no heating
guring the experiment. At SL temperatures ranged from 72 to 85°F. At HA,
the temperature ranged from 20° F to 65°F. The subjects were fed Long Range
Patrol vations, a freeze-dried homogenous mixture, e.g., corned beef hash, to
which a2 measured amount of water could be added, and the contents were
weighed before and after eating to determine intake measurements. In
addition, candy bars and powdered orange drink were available. All foond and
vater were ad libitum except for two hours before blood samples. Mild
exercise was also allowed.

The subjects reported to the SL study area (Tripler Army Medical Center,
Oahu, Hawaii, approximately 200 M) at 0700 on day 1 and voided their
bladders, and urine collections were begun. At 1700 on day 1 placebo or
acetazolamide (AZ) administration was begun. On day 4 after morning sampling
the subjects and staff were taken by bus to a helicopter field and flown to

the island of Hawaii, landing at 1900 M elevation. They were then driven by
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truck to 4,100 M at the summit arca of Mauna Kea. The total time of ascent
from Tripler to Mauna Kea was three hours. At noon on day 8 descent was
bequn, but on arrival at the 1,900 M level, a four-hour delay was incurred
because of helicopter mechanical problems. Unfortunately, during this period
water was not available and only snacks could be eaten, which may have
~ttected the total food and water consumption for that day. The staff and
subjerts arrived on Oahu (SL) at about 1900.

Sampling Procedures:

Since diurnal rhythms affect several of the parameters studied, both
morning (0700-0800) and evening (2100-2200) venous blood samples were taken
on various days, and statistical comparisons were made accordingly. At each
blood sampling time, heart rate (arterial pulse), blood pressure
(sphygnomanometry) and body temperature (oral) were recorded. The subjects
were seated for about 15 minutes before each blood drawing. Because of
venous constriction resulting from the high altitude and cold, blood samples
could not always be obtained without stasis. However, this was attempted and
most often was achieved. The blood sampling days and morning and evening
designation are indicated on the tables.

Twenty-four hour urine collections were begun at 0700 or corrected for
time for slight deviations due to blood sampling not exceeding 30 minutes.
The collections were made four times daily.

Urine and blood samples were aliquoted and measured immediately and kept
on ice for transport to a laboratory at 1900 M for final processing or
freezing. Blood samples were immediately transported and urine was

transported within 12 hours,
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Standard Laboratorv Procedures:

Urinary sodium and potassium were measured by flame photometry with
lTithium as the internal standard (Instrument Laboratories Model 343). Urine
and plasma osmolality was determined by a freezing point depression osnometer
(Fiske Model 330D). Serum creatinine was determined by an autoanalyzer
(Technicon Auto-Analyzer SMAC). Hematocrit was determined by duplicate
analyses of centrifuged microcapillary tubes (IEC).

Hormone Assays: Urinary antidiuretic hormone (ADH) concentration was

determined by radioimmunoassay (RIA) of unextracted urine as described
previously (5). The antisera employed in the RIA was not affected by the
presence of urea, and only one peak of immunologically active material was
eluted from urine after Sephadex G-25 chromatography (6). The between-assay
ond within-assdy cuvefficients of variability (CV) were 13.9 and 12.7%,
respectively., Plasma ADH concentration was determined as previously

described (7) with extraction by C,, cartridges (SepPak, Waters). The

18
between and within-assay CV were 14.5 and 9.8%. Plasma cortisol was
determined by use of a RIA kit (Clinical Assays, Cambridge, MA), as was
plasma aldosterone (Radioassay Systemec). The between and within CV for these
three esaye were 1.5 anu 4.5, 9 and 47, respec.ively. Plasma renin
activity was determined by use of a RIA kit (New England Nuclear) with
between and within CV of 12.9 and 11.0%, respectively. The plasma prolactin
concentration was determined with a RIA kit (Clinical Assays) with between

and within CV of 10.9 and 9.8°.

Symptomatology and Statistics: A standardized test, the environmental

symptoms questionnaire, or ESQ (29) was given twice daily, once at 0700 and

once at 1900. On the day of ascent, another was given at 2100. Since these




data were not normally distributed, a Wilcoxan's cigned rank test (23) was
ared *9 acsess statistical significance.

The plasma data was anglyzed by a twn-way analysis of variance on all
samples.  The urine data was analyzed similarly, but only for the data from
dav 3 tr tho end. This was done because the initial variability caused by
the M7 +heatrment nrior to the ascent indicated significant differences, e q.,
in urine flow, that were not of interest in the response to KA. A1l drta are
chrun.  The differences hetween individual means were determined by pootghoe
zvalysis with ths Purcan's Multiple Range Test (32). The 0.05 level cof
nrobability was censidered statistically significant. The regressic:.
aralyscs and comparison of slopes were done by t-test as described by Zar

{36).

Feculte
There were tendencies for AZ to lessen the overall score of the ESQ
test, especially on the day of ascent. Similarly, headache symptoms seemed
to be reduced by Al prophylaxis, and nausea showed no striking differences.
Although HA exposure produced significant symptom changes, no differences
between groups were significant. This is probably due to the small numbers
which were reduced te six in the AZ group and four in the placebo group. The
subject that dropped out of the AZ group had severe headache, stomach cramps,
and anorexia (< 300 calories/day at HA until evacuated on day 6). The two
cubjects evacuated on day 6 from the placebo group had severe headache.
Their data are not included in any of the analysis because of incompleteness.
Ascent to high altitude produced a similar degree of hemoconcentration

in both groups. Hematocrit was significantly increased (P< 0.01) in both
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groups by the morning after ascent and returned to sea level values the
evening of the day of return (Table 1). On the day of descent the drugs were
discontinued, and this may have resulted in the significant decrease in
hematocrit compared to pre-ascent values after a day at SL in the AZ grou;.
The change was small but may represent the degree of dehvdration which was
slight and not significant between groups before ascent. Ir additinn ‘¢ *he
hemoconcentration, there was evidence of water dehydration. Mean placma
osmolality was generally higher in the AZ group and statisticallyv significant
on the evening of ascent (P < 0.01) and after return to SL for 24 hours (P <
0.05, Table 1). The difference between groups in plasma osmolality is not
reflected in the plasma concentrations of either sodium or potassium,
Although sodium increased in both groups on the first day at altitude,
potassium was unchanged until return to SL when it decreased sianificantly,
In gencral, the plasma pntassium concentration was lower in the A aruup,
significant on the morning ot day 7, and after cessation of druq
administration on the morning of dav 10.

The cardiovascular responses of the two groups to high altitude were
similar (Table 2). Both groups showed similar increase in heart rate on tne
evening of the day of ascent, which was maintained during the nigh aititude
exposure and gradualily returned to SL control values by thc rorning o1 gay )

after 36 hours at SL. On the afternoon (PM) day 7 ana the morninc (/M) of
day 4, the heart rate was higher in the AZ group than tne placebn group (F
< 0.05), but otherwise the groups were similar. Systolic and diastolic blond
pressures were not different between groups at SL and only an thc evening

after ascent was the diastolic pressure in the AZ group siagniticantly hiahor

than the placebo group. There was a tendency for systolic and diastalic
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pressures to be elevated at high altitude, but this was significant only in

: the AZ group. Ei
Oral temperatures (Table 2) dropped similarly in both groups on the Ek
b evening after ascent (P < 0.01), showed some recovery, and then wers hwl'
2gain on the last morning, day 8, at altitude (P < 0.01). Terper.tureos worn
normal after return to sea level.
* High altitude resulted in a significant increase in the averinrg ;2lasma 1
concentration of ADH (P < 0.05) only in the placebo aroup (Tahle ). Tkr A7 1:
group demonstrated no changes. Although the mean values are the same fnr day ?;
4 PM and day 7 PM in the placebo group, these are rounded off values, and day ;;

4 PM missed statistical significance.

The PRA in both groups slowly increased reaching significance or the
seventh day and generally remained elevated (Table 3). [In the A7 group a i
greater response is seen, achieving PRA values of abnut twn time« the placcho
group. Similarly, plasma aldosterone concentration (PAC) was not immediately
affected by the rapid ascent to high altitude in either qroup. In beth
groups the PAC became significantly higher than pre-ascent control values
only after return to SL. The AZ group occasionally had significertlv hicher
PAC values than the placebo group at both HA and SL. Further evaluation of
these data show that the PRA-PAC relationship changes as a function of time
of day at SL (Fig. 1, P < 0.01). High altitude exposure resulted in a
suppression of this relationship during morning (P < 0.001) ard evening (F -
0.01) samples. Correlations comparing AZ and placebo indicated more
variability in the PAC-PRA relationship in the AZ qgroups, but no difference.

in slopes between the two groups at the variocus times could be determired,




.............................................

Plasma cortisol concentrations were significantly elevated on the
evening of the day of ascent in both groups with no difference between qroups i
(Table 3). Similarly, plasma prolactin was not different between groups and
showed no response to HA (Table 3). ' ’
N Acetazolamide resulted in a diuresis (P < C.01) on the first day ard "
| concurrently reduced sensible water balance (water inteke minus urire Ou'pu‘;
- Figure 2). These statistics are not indicated on Ficure 2 sirce rthey
comparisons are as stated in the methods section. By the third dav the wster
halances between the two groups were similar, and there were no subsoquenrt

differences between them. The AZ group had a reduced sensible water balance

on the first day (P < 0.01) at high altitude and continued a reduced balance

k]

I,

on the second day (P < 0.05). The placebo group roughly paralleled this
pattern but was not different from its control value. The reduction in water %
balance during these first two days at high altitude appears to be a
conseguence of maintained urine output and significantly reduced water
intake. Both the AZ and placebo groups consumed approximately 1 Viter Tecgg
(P < 0.01) than at SL the day before (Figure 2). Although the plecebn qroup
improved somewhat the second day, the AZ group remained at a low fluid intake
i (P < 0.01) and fluid balance. The reduction in fluid intake on day 8 (P .
0.01) in both groups was probably due to the helicopter failure rentionea ir
the methods section.

Sodium balance was also reduced during the first day in the AZ qroun Cf

(P < 0.01, statistics not shown on Figure 2), but returned to values similar

to those of the placebo group by day 3. Both groups showed a sianificant

ata’al

negative sodium balance on the day of ascent to high altitude (P < 0.01, A/,

9 and P < 0.05 placebo). However, on day 5 the placebo group returned to

10
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F sodium balances comparable to SL, and the AZ group remained significantly

lower for the entire HA exposure. This reduced sodium balance in the AZ

T S .

group was partially due to reduced sodium intake evident on all days at HA.
. Moreover, the reduction in sodium intake was siqgnificartly lower on cays %‘
(P < 0.05) and 7 (P < 0.01) than in the placebo araun. S<dium aAveraticr was
significantly less in the AZ group on days 3 (P - 0.05), & (F' - 8,98) ar<s 7
(P < 0.05). There was a gradual decrease in sodium excretion ir both aroune
as the experiment progressed. This was evident on days 7 (P < 0,08), 2
(P < 0.01), and 9 (P < 0.01) in the AZ qroup and days 8 (P < 0.01) and ©
(P < 0.01) in the placebo group. The reduced sodium intake on these days
would appear to be a consequence of eating less food as judged bv calorir
intake (Figure 3).

Potassium balance (Figure 2) was negative on the first day cf A7
treatment similar Lo water and sodium balance, but remained lower theo the
placebo group through day 3 at sea level (P < 0.0b). Ascent to Ha vesulited

- in a reduction in potassium balance in the placebn group (P . U.0L,, crroared
to day 3, but this was not sustained on subsequert days at hA. There was o
reduction in potassium balance on the day of descent in both groups (F « (.(R
AZ, and P < 0.01 placebo). However, similar to woter balance and sadiuw
balance, this may have been partially affected by the transportsticr
difficulties (see methods) resulting in decreased water and food consury.sion,

The caloric intake was immediately reduced in both the placetc andg A7
groups at HA (Figure 3), but was reduced more in the AZ group evident oun davs
3 (P <0.01) and 5 (P < 0.05).

To summarize the balance responses, after three days of AZ this group

was similar to the placebo group in both water and sodium balance, but

11
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significantly lower in potassium balance. The day of ascent resulted in
reduced balances of water, sodium and potassium, but water and potassium
balance recovered, and sodium balance recovered only in the placebo aroup.
It is difficult to interpret day 8 because of the transportation problen%t
but reduced balances were observed in both groups for water, seodiun, and
potassium. The differences, however, between the reduced halarncece doyrirne
ascent and descent are that on the day of ascent, sodiur and potassiue
intakes were comparable to sea level control values, and the reduced water
intake on the day of descent resulted in an appropriate response te by
decreased urine flow,

The low excretion rates of sodium and potassium were parallelnc kv low
osmotic clearances in the A7 qgroup (data not shown). Since there were
similar between-group urine flow rates, the AZ group produced a mare dilute
urine (Fiqure 4). Thus on days 6 and 7, the urinc osmolality was morn dilute
in the AZ group than the placebo group (P < 0.05). Despite discontinuance of
the AZ and return to sea level, the final dav's urine was also mnre dilute in
the AZ group (P < 0.01). The responses were essentially opposite, with the
AZ group tending to decrease urine osmolality between day 3 through day 7
(day 6, P < 0.05, day 7, P < 0.05) and the placebo group tendina to increase
urine osmolality, resulting in a statistically significant interactinn
(P < 0.025). The increases in the latter group were, however, not
significant,

During the first two days of AZ treatment, the slightly less
concentrated urine and increased flow probably resulted in a volume depletion
which stimulated ADH on day 1 (Figure 5), However, this response was

temporary and by day 2 and 3, urinary ADH was similar between qroups., At

1?




high altitude the average urine ADH excretion rate was usually higher in the
placebo group. The greatest difference occurred on day 5 (P < 0.05). The
urinary ADH excretion rate was increased in the A7 group after high altitude
exposure on day 4 (P < 0.05). In contrast, both days 4 (P < 0.05) and 5

(P < 0.05) were significantly greater than day 3 in the placebo aroup.

Discussion

There have been several possible mechanisms proposed that mav be
invoived in development of the symptoms of AMS. One approach te the nechy'e:
has been to administer AZ and observe differences in responses to untreated
subjects. In most recent studies AZ has demonstrated an amelioration of
symptoms. Most studies have focused on the ventilatory and acid-base
responses in control and AZ treated subjects (1,3.9,10,17,22,34). A< a
secondary issue in some studies it has been reported that A7 prophviaxic dneg
not affect urine excretion rates at hich altitude (7.027), 1tbough it ray
produce a slight lowering of plasma potassium, but stil? within neve 1 range
(3). Frayser et al (11) approached the problem ir a manner <i=ilar ta the
present study, focusing on the renin and aldosterone hormone systems anc the
urinary excretion and plasma concentrations of sodium and potassium. The
results of the present study are in general agreement with theose reports,

There was not & statistically significant effoct of A7 1 thr
symptomatology of AMS. Other studies demonstrating sianifizent rffert- bavn
used larger numbers of subjects, the least being ten men v cach arvony (1),
Our results, albeit only suggestive, are in agreerent with these previous

reports,

13
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] Several years ago Sinah et al (3?) suqgested that the increased plasma
concentiation at ADH he observed in HA pulmonary edema <usceptible subincts

; ' at HA, may he causally related to AMS. This theory has had difficulty in

nreoaptance hecause of the inconsistency of reported values of ADH at altitude

1d during AMS. There appears, however, to be a pattern in the diverse

responsec of ADH to hynotia. Thus, with a slow ascent nf 1,500 M per day as

the maximun rate of climb, altitudes of 6,000 M will not result in elevated

urinarv excretion of ADH (15). With rapid ascent there is a dependence on

the hynaxia level, such that with rapid increases in altitude of 2,000 M (25)

sr with moderate levels af hvpoxia for a short duration, plasma ADH i<

reduced (4). However, with rapid decompression to equivalent pressures of

£ 100 M, plasma ADH is increased (17). Furthermore, the ADH excreted durirqg

the firet day at altitudes over approximately 3,500 M is prabably always

incressed if the decompression is rapid (7). Also, this increase in ADH

E appears to pe dose-dependent on the level of hypoxia (7). Thus, the ADH

: response correlates well with the conditions necessary for the appesrance of

AMS.

Increased plasma ADH concentration with AMS symptoms, with the exception

¢t high altitude pulnonary edema-prone subjects, is frequently not

observed (13). However, the urinary excretion of the hormone can be greatly

elevated, but only for a brief two to three hour period (7). It is rot

likely that enough body fluid conservation could occur during such a brief

interval to bring about the volume expansion that has been reported with

X AMS (28). However, the observation that the increases in urinary ADH precede
headache and wane during the continuation of the headache (7) indicates that

possibly ADH is initiating the effect. Wang et al (36) have demonstrated

14
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shat o hegovie eitlates ADH release into the CSF concomitant with an
Sporeased plecey ADH, hat atfter 30 minutes of recovery, plasma ADH returned
to norwal and CSF ADH remained elevated and similar to hypoxia conditions.
Thic i of interest because ADH in the CSF has been reported to increase
syt ater [27Y 0 Thus, increased urinary or plasma ADH during hypoxic
_tees =ay be paralleled by increases in the release of the hormone Lo the
JSF ar ecther Certral sites of action.

In this regard, the results of the present study indicate that if ADH is
inynlvyed in the cause of AMS, A7 therapy is causing the desired effert, i.o.,
3 rediction of the initial surge of ADH occurring during the first hours at
Figh altitude, Of interest are the recent reports that dexamethasone, a
natent 2lucacorticaid, prevents AMS (19), and that increased endogennus
corticosteroids essentially eliminate the ADH response to hyporia in
dogs (26). Thus part of the mechanism of dexamethasone may also be via ADH

inhibition at high altitude. Indeed, its administration resul“ed in

R ARRATY

increased urine output compared to controls (19). Although the mechanisms of
ADH inhibition durina AZ therapy may be via the relatively increased
ventilation, subsequent increased thoracic blood volume, and baroreceptor
irhibition of ADH release, the mechanism of cortisol on ADH inhibition is not
clear. According to the present study, the only suggestive inhibition of
plasma ACH by AZ occurred at night. Although the subjects were not sleeping,
the late time of the sampling, 2100, may have coincided with increased
episodic breathing in the placebo group which has been reported to be
decreased by AZ (34). Thus, the exaggerated hypoventilation during sleep
would be expected to increase ADH, and AZ, by promoting more regular

breathing, would tend to inhibit its release.

15
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1% onite of the increiased urinarv ADH and occasionally increased plasma
AN concantratinn, the uvine flow rates were <imilar hetween the two qroups
athars have repavted neeviously (2,11,22). The mechanisms, however,
wnear 1o bho different,  The creatinine cledarances were not different. at’ high

3143tyde . bt tho urine nimolalities were greater in the placebo qroup than

0 the A7 avoup, corvesponding with the relativelv higher ADH levels in the
clacens areoyp, Yeunite the more dilute urine, however, the AZ qroup
meintainad similsr urine flows to the controls. It would appear that the AZ

group, 2< @ consequence of the initial volume reduction and electrolvte loss,
was nengrzlly selrating more renin which became significant during the latter
nevticn of high altitude axposure. Similarly, plasma aldosterone levels were
generallv higher. This apparently resulted in more avid sodium retentinn and
possibly a reduced renal distal tubular delivery. Thus despite lower ADH
levels, as detected in the 24 hour urine excretion, and lower urine
osmolality, the urine flows were similar between the two groups. Although a
dire:ct comparison was not possible to the study by Frayser et al (11), the
third and fifth days at 17,500 ft in their study, after this group had had a
staged ascent, were characterized by greater sodium excretion than in AZ
premedicated subjects at day 4 at the same altitude. This response is
similar to that observed in the present study.

There was an apparent affect of acetazolamide on appetite evidenced by
reduced caloric intake. The rations were available ad libitum for the most
part. Probably as a result of this decreased intake of food, both groups
showed reduced intake and reduced urinary excretion of sodium and potassium.
Overall, this eftect was greater in the AZ group, which resulted in a

significantly reduced sodium balance that was negative for the entire high

16




oltituae eaposure. The placebo group, however, returned to normal sodiur
Lalance after the day ot ascent. The caloric, sodium, and potassium intakes
were rot different between the two groups at SL. Thus the effect of AZ per

se on appetite it not supported by our data, but seems to be precipitated by

ascent to high altitude. Forwand et al (10) characterized gastreintestional

symptoms as mild, woderate, or severe distinguished by anorexia, nausea, and
vomitina, respectively. In their study, AZ treatment produced siqnificantlv
creater symntomatnlogy on day 1 at high altitude (12,800 ft) than in the
control subjects, and most of the symptomatology was due to anorexia. Upon
cessation of the druq after day 2 in their study, the anorexia disappeared.
Iv cur study the drug was administered for four days at HA which may have
nrolonged the effects,

The water balance was indistinguishable between the two groups after 46
hours of A7 treatment at sea level. Upon ascent to HA there was reduced
water intake by both groups which recovered completely by the fourth day at
HA. The AZ group was rot different from the placebo group at any period. Of
interest is the maintained urine flow on the day of ascent opposed by a
reduced fluid intake. This resulted in decreased sensible water balance,
which would tend to gecrease body water as observed by others (21). The
mechanism of the decreased thirst drive at HA has been extensively
investigated in the rat (20). These studies indicate that the osmotic
threstcld for thirst is increased during hypoxia independent of ADH, renin,
body temperature, or volume status. The investigators concluded, therefore,
that "the mechanism resides beyond the central integration of osmotic and

nonosmotic information, or at the osmotic sensing mechanism itself."
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Iv spite of the decreased water balance, there were no significant
increases in plasma osmolality at HA.  Assuming no short-term trancient
increa<es in plasma osmolality, the stimulus for ADH release in the control
group was probably due te either the body fluid volume reduction or the
direct ~ffects of hypoxia at the chemoreceptor (30). Insofar as the high

prescure syster receptors could be involved, there were no decreases in

3 systalic or diastolic pressures or heart rate that would account for the
' increased ADH observed in the control group. The results carnot discourt a
F possibie role of the low pressure receptors in the cardiac atria in the

stimulation of ADH. However, with a chemoreceptor and/or atrial receptor

ricehanisi, another difficulty lies in understanding the means by which the

: MADH releasce is inhibited after 24 to 48 hours at HA, Little information is
available on the long-term effects of reduced volume or chemoreceptor
stimulation on ADH control.

Higher levels of renin and aldosterone during the early morning compared

- to evening have been reported previocusly (23). Only recently, however, has
it been proposed that aldosterone rhythmic control at night is influenced
very little by the renin-angiotensin system, but during the daytime this
inTluerce of the renin-angiotensin system is greater (35). The present study
supports these findings. That is, the plasma aldosterone concurrent with
plasme renin activity was lower in the evening at sea level. Presumably
because of the decreased volume status brought about by the AZ
adrniinistration, renin was stimulated. Thus in all of the experimental
conditions, a range of renin, i.e., low for the controls and higher for the
AZ group, was achieved. Consequently, slopes relating the aldosterone

response (ordinate) to plasma renin activity (abscessa) could be constructed

f 18
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cCie. 1j.  The rerationship between aldosterone and PRA was notl affectea by
o as mentioned in the results. The results of the present study show that
ni turther suppresses this aldosterone response to renin such that in the
evening the adrenal glands seemed essentially unresponsive to even high
tevels o1 renmin,

Tne present study does not add to the understanding of the mechanism of
the decreased renin stimulation of aldosterone at HA. Plasma levels or
angiotensin converting enzyme have been reported to be lower at HA (24),<«nd
tne conclusion is that angiotenin Il is therefore lowered. However, in
recent stuaies on normal human subjects, & similar situation of decreased
aldosterone responsiveness to renin was observed with acute hypoxia in spite
of unchdanged plasma anaiotensin converting enzyme levels (8). Thus the
mecnanisek of decreased aldosterone responsiveness to renin at HA is still
unclear.

In summary, the present study has confirmed that urinary excretion of
ADH is increased during the first 24 hours after acute ascent to HA.

Previous studies had been conducted in hypobaric chambers and the response
appears to occur during the more rigorous field conditions of this study,
including subfreezing overnight temperatures. The relationship of ADH to AMS
ic <till theoretical, but it is interesting to note that AZ prophylactic
therary reduces this surge in ADH during the first 24 hours at HA. After the
sea level equilibration period, sodium and water balances were similar
betweern AZ and placebo treated subjects but potassium balance was still lower
in the AZ group. At HA, however, only sodium balance was consistently lower
in the AZ group, which probably resulted in significantly higher plasma renin

and aldosterone levels in that group. AZ had no effect on the

19
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renin-aldosterone relationship; however, at sca level @ ¢reater ',

responsiveness of aldosterone to renin was noticed in the riorning compared to z

o

evening. High altitude reduced the aldosteronc response to renin in hoth AM “

and PM samples. Al) subjects showed a decreased caloric intake, but the AZ N

qroup was apparently more anorectic. It would seem advisable to discontinue

A7 therapy after two days at high altitude in order to improve appetite and

ccdium balance.
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Figure 1: Correlations (r) of plasma aldosterone concentration ard renin
activity as & function of time of day (AM - moraing, P avericg) s
! altitude. Both AM and PM values demonstrated significant ecorrelatinee 4¢ ana
1rvel but not at hinh altitude. The sea level A <lope of £ 707 e
“ignificantly steeper than the PM slape of 0,057 77 - it Te vy
=1titude this difference was not significant. Poth AM (P . (701} e o ;l
(F < €.01) slopes at sea level were greater than correcperding <l uns at hjgh

altitude (AM slope = 0.011, PM slope = 0.003). AN

Figure 2: Fluid, scdium, and potassium intakes, urinary excretior rates, 4 ¢ -9
balances. The shaded period on days 1 and 2, designated EP (equilibratinn
period), was not included in the statistical analysis. SL = sca Tevel
control day (days 3 and 9). A = day of ascent. A = peried of high altitude
exposure, D = day of descent. . P < 0.05 and R P < 0.0] corpared to '
day 3, S control. + = P < 0,05 and ++ = P < (.6i] between grouts., -
P = placebo group, hZ = acetazolamide group. Intake is designated by the -
total height of the open and cross-hatched bars, and urine.excretinr nv the
total length of the shaded bar and cross-hatched hars. The balance is the

length of the cross-hatched bars, positive above the zero linc and negativc ii

below.

Figure 3: Caloric intake. The periods are designated by the same
: abbreviations as in Figure 2. Siguificant changes are designated as 1n

Figure 2.
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Fiqure 4: Urine osmolality. Abbreviations and symbols are as described in

Figure .
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figure 5: Urinary ADH excretion, mU/day. Abbreviations and symbols are 8s

~

described in Figure 2.
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