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THE EFFECTE OF ACETAZOLAMIDE ON PHYSIOLOGIC AND SUBJECTIVE RESPONSES OF MEN TO 24 HOURS AT 14,000 FEET

By:

Richard S, Kronenberg, Captain, USAF, MC, and Stephen M, Cain, Ph.D.,

Physiology Branch, USAF School of Aerospace Medicine, Brooks Air Force Base, Texas

There have been several past attempts to aid
altitude accommodation through the use of meta-
bolic acidifying agents (1). Recently, aceta-
zolamide has been shown to raise effectively the
arterial PQ1 of men pretreated with the drug
prior to going to altitude (2), Accordingly, it
was decided to explore further the usefulness of
acetazolamide in aiding accommodation to altitude
and to examine the mechanisme of its action
through a study of blood and cerebrospinal £1luid
acid-base balance.

METHODS AND_PRQOCEDURES

For each experiment, four subjects were
placed in a low pressure chamber at either 3,000
ft. (6B1 torr) or 14,000 ft. (447 torr). ERach
subject consumed either 500 mg. of acetazolamide
or a lactose placebo in the form of two 250 mg.
gelatin capsules 12 hours prior to entering the
chamber, An additional 250 mg. capsule was taken
just before going to altitude. The capsules were
administered in a double-blind fashion and the
order of presentation of the drug and placebo was
random. A total of 44 experimental subjects were
used, With one exception, no subject was run
more than once.

End-tidal Pco, sampling was done on each sub-
ject using a nasal catheter as socon as the cham-
ber had stabilized at its designated altitude and
every two hours thereafter, except during sleep.
After 24 hours at altitude, a single sasmple of
arterial blood was obtained from the brachial
artery, The subject was then placed in the left
lateral decubitus position and a lumbar puncture
done, A 24-hour urine sample was collected from
each subject while he was at altitude.

lactate, pH, Pgq,, Pg,, Het, HCO;™, std HCOS™,
cq,, O sat, and onb were either determined
directly or calculated on the blood and CSF
samples. The urine specimens were anslyzed for

volume, Na*, X', and 1l7-hydroxycorticosteroids.

Bach subject at 14,000 ft. was observed and
questioned by the authors. At the conclusion of
a run the subjects were numerically ranked as to
their state of well-being against the three
others who where with them, with a rank of &
being least sick and 1 being most aick. In addi-
tion, each subject filled out a2 26-item question-
naire degigned to evaluate their subjective re-
sponses to the experiment, Before going to sleep
at night each subject had electrodes applied for
the continuous monitoring of their respiratory
pattern by Impedance pneumogram and EEG,

RESULTS

The results of the biological fluid data are
given in Table I. Acet amide significantly
lowered - both blood and CSF BCO,” under all condi-
tions. In the case of arterial blood, Pgg,, pH
and std HCO,~ were also lowered significantly.
Arterial Pg, st 14,000 ft, wam increased by the

8l

drug, but only at a borderline level of signifi~
cance (P < .10), The arterial O, saturation and
qu% were significantly raised by acetazolamide
at both altitudea (P < .00l in both cases). CSF
lactate was alsoc increased significantly at

14,000 ft.
Table I. PBiological fluid variabies
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Values are means + 1 5.D. @ Denotes proba-
bility levels for significant differences between
acetazolamide and placebo; ® =P < .05; & =
P < .01, + Denotes that a significant difference
(P < .001) was present between altitudes but not
between acetazolamide and placebo.

The combinations of altitude and drug
divided the end-tidal Pgg, determlnations into
four distinct groups (fig. 1). End-tidal Feqg,
decreased gignificantly over time in both the
treated and untreated groups at 14,000 ft,, but
remained relatively constant at the 3,000-ft.
elevation. The apparent rise in the end-tidal
Po levels in three of the four groups at the
seventh hour could not be related to any single
event, such as food intake or initiation of an
experimental procedure. It was not found to be
statistically significant.

bd - ARG

- v WOCERPo sl i

.- aeT macemm

1 AN

U T S W R
3 4 Y a uou
L

PR- 84T - ROTRS A

L

Figure 1. End-tidal ch,‘a determinations as
a function of time at altitude. Each point
represents a mean value + 1 S.E.M.

Ag was expected, acetazolamide produced a
significant diuresis and kaluresis at both 3,000
ft. and 14,000 ft. The drug did not affect
sodium excretion. 17-0HCS excretion was higher



st alzitude, dut showed no difference between
treated and untreated groups.

The incidence of pattern breathing as
recorded by magns of the impedance pneumcgram wes
significantgly higher {P < .001) st 14,000 than st
3,000 £t; however no diffevence was found between
tyested and untreated subjects. Thae 14,000-ft.
group reported mors sywptoms suggestive of alti-
tude sickness oa their questionneires, bug no
difference was noted bafween acetazolamide and
placebo, Those who received acetazolamide at
14,000 fr. slept more on the average than the
tontrols, but this was not statistically signi-
Ficant. The results of the ciinicel rankings fn
the 14, 000-fr. yuns are summarized in figure 2.
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Figure 2. Clinical rankings of subjects at

14,000 fe.
RISCUSSION

The present study has ageln demonstrataed the
ability of low dosges of acetazolamide to lower
aigaificantly blood pH and HCO,™; bloed and alve-
olar Peo, ; and CSP HCO,”. The data on OSF and
plasma gﬁcb' tends to support the concept ad-
vancad by Severinghaus and his co-workery (3}
that the reduction in CSF BCO,™ 48 sccomplished
to & large extent by meaus of an active trans-
port mechanism {fig. 33. A high coefficlent of
correlatiaon was found berween CEF HCO,” and
slveolar Fgo, (flg. &4y,
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Figure 3, CSF BECO.™ vs. arterial H0O,;™.
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Figure 4. CSF B0O,™ ws, alvenlsr Pegy, -

The subjents recaiving acetazoslemide falled
to show a clesr-cut advantsge over the controls
a8 far us thefr objective and subjective testing
wag able to deterwine. Unfortunately, congider-
able individusl veriation was encountared and,
although & definite trend wes established in
favor of the drug, this failed to sttain any ste-
tistical significance. For exsmple, the differ-
ence batween raunkings of 2 and 3 on the cliaical
ranking scale wen quite srbitrary at best. An
individual subject might change from a2 2 to e 3
and back again seversl times during the flight.
If just the 1 and 4 groupa sre congidered, aceta-
zolamide does demgnstrate 4 statistical advantage
F < .01},

In spite of the fact that the present study
has failed to establish acetzcolamide 38 provid-
ing definitive protection mgeinst altitude sick-
ness, we recommend its use prior te altitude
exposure. Xf one considers that even a modest
amelioviaticr of symproms might make the differ-
ence batween being prostrate with vomiting and
being able to function in » ressonable fashion,
anything that can schieve this diffecence is
probably worthwhile. When this small but defi-
nity benefit is coupled with the fact that aceta-
zolsmide is npontoxic and had virtually no side
effects in the dosage given, there seems to be no
reason fovr withhalding the drug.
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