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The Significance of Changes in Adrenal Size After Periods 
of Anoxia in Rats.* 

ABRAHAM EDELMANN. (Introduced by F. A. Hartman.) 
From the Department of Physiology, Ohio State University. 

I t  has been shown that enlargement of the 
adrenals occurs after periods of exposure to 
decreased atmospheric pressure.14 Lawless5 
demonstrated an increase in the water content 
of the adrenals of *rats exposed to a pressure of 
254 mm Hg (28,000 ft) for 3% hr. He sug- 
gested that the increased water might be as- 
sociated with augmented adrenal activity. 

In  this laboratory, histological examination 
of the adrenals of rats sacrihced after decom- 
pression to 225 mm Hg (30,000 ft) for periods 
up to 24 hr revealed hyperemia and congestion 
concomitant with an increase in size. The 
glands of those animals surviving the longer 
periods of decompression at  this pressure also 
showed necrosis, cellular atrophy and edema. 
It was decided, therelore, to determine whether 
the weight gain of the adrenals might be due 
to the increased blood content. 

Male albino rats were weighed and placed in 
vacuum uesiccators which were evacuated by 
water aspirators. ’lhe animals were Drought 
to an equivalent altitude of 30,000 leet at the 
rate ol lSOU it per min. ’ihe pressure was 
maintainea withn 2 mm by a mercury valve. 
b”0od and water were withneld auring the ex- 
periment. At the close of the decompression 
period, the animals were brought to atmos- 
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pheric pressure at  the rate of 3000 ft per 
min, weighed, and sacrificed by a blow on the 
head. The adrenals were immediately re- 
moved, freed from adhering tissues, weighed, 
and dried to constant weight at  100” C. Blood 
samples ( 2  cc) were taken, weighed and dried 
to constant weight. Control animals were 
treated in the same manner except that they 
were not decompressed. The rats were weighed 
to the nearest gram and the adrenals to the 
nearest tenth of a milligram. The data were 
analyzed statistically by means of the “t” test 
tor sigmlicance as described by Snedecor.” In  
all 0 1  the analyses there were 18 degrees of 
freedom, hence the t values must be greater 
than 2.1 or 2.88 to be significant at the 5 or 
170 levels respectively. 

l h e  results are expressed in the accompany- 
ing table. Starvation alone, lor the periocls in 
these experiments, produced no etfect; there- 
tore, one set of hgures, that of the fed controls, 
is used as a basls of comparlson with the ex- 
permental values. ’The water content of the 
~lood, wmcn was 79.670, did not change. 

At the end of 7 hr exposure to anoxia there 
is an average increase 01: 0.0018 g m the abso- 
lute weight of the adrenals. When this is ex- 
pressed as grams of adrenal tissue per 100 g 
of body weight, the increase which is 0.0060 g 
is statistically significant, t being 4.55. The 
weight of water contained in the glands has 
also significantly increased by an average of 
0.0024 g, t being 15.77 .  The percentage of 
water in the glands has increased 1.9%. 

The adrenals of animals exposed to anoxia 
for 24 hr show a decrease of 0.0029 g in weight. 
Despite this loss in absolute weight there is a 
slight gain of 0.0002 g per 100 g of body 
weight. This increase is statistically insig- 
nificant, t being 0.18. The actual weight of 
water has decreased but the percentage of 
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water is still elevated over that of the controls. 
I t  may be seen, therefore, that at  the end of 

7 hr exposure to anoxia there is an increase 
in weight of the adrenals which amounts to 
0.0060 g per 100 g of body tissue. The water 
in the adrenals of the control animals amounted 
to 0.0106 g per 100 g of body weight (0.0159 
X 0.669). In the 7-hr group the water con- 
tent has risen to 0.0150 g per 100 g of body 
weight, an increase of 0.0044 g per 100 g of 
body weight. If the increase in weight were 
due to an increased blood content, the figHre 
0.0044 would represent only 79.6% of the 
weight of the blood, as 20.4% would be solid 
matter which would not be lost by drying. 
l h i s  residue would, therefore, amount to 
0.0011, thus accounting for 0.0055 of the in- 
crease of 0.0060 g per 100 g of body weight. 

I t  is also evident that at  the end of 24-hr 
exposure to anoxia there is an absolute loss of 
adrenal weight. This is probably due to a 
loss of tissue, since the water content has ac- 
tually increased and histological examination 
reveals areas of necrosis, exhaustion atrophy 
and edema. 

These results indicate that the immediate 
response of the adrenal to anoxia is hyperemia. 
I t  is suggested that, perhaps, this occurs as a 
result of other forms of stress. Observations 
on wet weights alone, made a t  an early stage 
would give a false impression of hypertrophy. 
The augmented blood supply is probably an 
indication of hyperactivity. Evidence of an 
increased demand for adrenal cortical factors 
has been offered by others' '; and by Dr. K. A. 
Brownell in unpublished observations on the 
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effects of anoxia on carbohydrate metabolism 
made in this laboratory. Continued exposure 
to the decreased oxygen tension a t  30,000 feet 
causes exhaustion atrophy of the cortical cells 
of the adrenal. 

Acclimatization to an equivalent altitude of 
30,000 ft has not been demonstrated. It is 
highly probable that, at altitudes a t  which 
acclimatization can occur, the adrenals would 
show hyperemia but would not undergo ex- 
haustion atrophy. Instead, it is felt that re- 
covery followed by true hypertrophy as evi- 
denced by a gain in dry weight would occur. 
ii'hen the question of hypertrophy of the ad- 
renal is being considered, it is important to 
determine wet and dry weights of the gland 
to ascertain whether the observed weight gain 
is due to hyperemia or is caused by an increase 
in solids. As lipids appear to play so dominant 
a role in adrenal cortical activity, it would be 
valuable to determine the changes in these sub- 
stances. 

The author wishes to express his thanks to 
Dr. Ralph A. Knouff for confirming the find- 
ings of the histological examinations. 

Evidence is presented to show 
that the weight increase of the adrenals of rats 
exposed to a pressure of 225 mm Hg for 7 hr 
is due to hyperemia, indicating hyperactivity 
of the gland in response to the stress af anoxia. 
At this reduced pressure, the gland is unable 
to respond to the body's requirements and 
undergoes exhaustion atrophy as evidenced by 
histological examination and wet and dry 
weight determinations a t  the end of 24 hr de- 
compression. 

Summary. 




