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Effect of Cytochrome C Therapy on Altitude Tolerance of Normal Rats.

WILLIAM R. CHRISTENSEN AND lVIARSHALL CLINTON, JR.

(Introduced by A. Baird Hastings.)

From the Department of Biolo qical Chemistry, Harvard Medical School, ana the Department
of Industrial Hygiene, Harvard School of Public Health, Boston.

Previous studies have indicated that the
ability of normal rats., to withstand severe
anoxia can be improved by a variety of pro­
cedures. Animals rendered polycythemic by
the administration. of c<~1alt were capable of
increased work performance under conditions
of severe anoxia.' Administration of a con­
centrated extract of adrenal cortex III sesame
oil was f.ollowed by a marked improvement
in abilitv ito withstand short exposures to
ordinarily lethal altitudes.:: Animals given a
2-hour conditioning exposure to pressures
equivalent to 18,000 or 26,000 feet altitude
daily for 7 or 30 days developed improvement
in their ability to withstand exposure to or­
dinariIy lethal altitudes." In these later stud­
ies, the improvement was most marked after
conditioning at the higher altitude, and was
accompanied by both polycythemia and ad­
renal gland hypertrophy. However, the im­
provement could not be explained solely on
the basis of either polycythemia or adrenal
gland hypertrophy, since it occurred following
conditioning at lower altitudes, which faiIed
to influence organ weight or morphology, and
there was a lack of correlation between hema­
tocrit increase and the survival rate of the
conditioned animals. It is apparent, there­
fore, that the mechanisms responsible for the
increased altitude tolerance found in the
above-noted experiments are not entirely
dear. In view of this circumstance, it has
been considered advisable to appraise the ef­
fect of parenterally administered cytochrome
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C upon altitude tolerance. This was under­
taken because of the recently demonstrated
influence of adrenalectomy on cytochrome
oxidase and cytochrome C concentration" and
because of the beneficial influence of paren­
terally administered cytochrome C on patients
suffering from inadequate oxygenation of
their tissues. 5 •6 ,7

1111ethods. Young, male, white rats of ap­
proximately 200 g average weight were used
in these studies. The animals were main­
tained in wire mesh cages on a standard diet
of Purina dog chow. Access to food and
water was unrestricted until 5 hours prior to
exposure to anoxia; after this, water only
was allowed. Five mg of cytochrome C in 2
cc of isotonic saline were administered to the
experimental animals in a single intraperi­
toneal injection 45 minutes prior to altitude
exposure.* The control animals were handled
in the same manner as the treated group, ex­
cept that an equal volume of physiological
saline was substituted for the cytochrome C
solution.

The cytochrome C was isolated according
to the technique of Keilin and Hartree which
yields a product containing .34% Fe." The
concentration of cytochrome in the injected
material was determined by spectrophoto­
metric analysis. The amount given is com-
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that intravenous, intramuscular, and intraperi­
toneal injections of cytochrome C' increase the
blood and organ content of cytochrome C.
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parable to that used by Prager and Dekaneas
in their studies.'-"

The acute altitude survival test has been
described in detail elscwhere.v'' Exposure
was carried out in a decompression chamber
with sufficient air flow to prevent any per­
ceptible increase in carbon dioxide content.
The survival rates reported represent the per­
centage of animals alive at the conclusion of
the test, since no delayed deaths were noted.
All animals were exposed for one hour at the
test altitude. Moreover, they were exposed
simultaneously, thus eliminating any possible
differences in survival rate due to variations
in temperature and humidity within the
chamber or such other unpredictable vari­
ables as handling and feeding.

Results and Discussion. The results of
exposure with and without parenteral cyto­
chrome C were as shown in Table 1. A
graphic presentation is given in/the accom­
panying chart.

H is apparent that cytochrome C Was not
effective in protecting the, irita,ct rat against
severe anoxia. If inj~C'fedCeytochrome C is
capable of increasing the 'ability of .tissues
to utilize oxygen~J1det conditions of ::trioxia,
one might expect administration of'this re­
spiratory enzyme to> increase the ability of
the intact organism to withstand the-anoxia
of high altitude exposure. The present ex­
periments give no indication as to why this
expected action did not occur. It is quite
possible that the cytochrome C, being a pro-

TABLE I.
10 animals in each experiment.
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EFFECT OF INJECTED CYTOCHROME C

ON ALTITUDE TOLERANCE OF NORMAL RATS

tein whose molecular weight is at least 13,000,
was unable to penetrate intact cells. How­
ever, there are indications that even had this
occurred, it would not have affected the oxy­
gen consumption of the cells."

Summary. This report presents dafacon­
cerning the ability of rats treated witll';"cyto­
chrome C •• to withstand.·t~e anoxia.of~igh

altitude exposure.sc'Theoservival rates (H. ex­
perimental animals'; given'~n intraperitoneal
injection of 5 mg of cytochrome "C in iso­
tonic saline were compared with those of con­
trol animals treated with a similar amount of
saline. Groups of control and experimental
animals were exposed simultaneously for
periods of one hour. Altitudes of 33,000 and
35,000 feet were employed. In both in­
stances, the survival rate was higher in the
control' group. In is conduded, therefore,
that the intraperitoneal injection of cyto­
chrome C is not effective in protecting rats
against the anoxia of high altitude exposure.
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Normal saline----2 cc
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Normal saline-2 ce
Cytochrome 0-5 mg
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