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Although it has long been k n m  that the 
imposition of forced exercise on man and 
other animals results in an increased release 
of the adrenal hormones ( 1-4), the effects of 
these hormones on the metabolic responses to 
exercise have not been fully explored. Gray 
and Beetham ( 1 )  reported an increase in the 
level of plasma catecholamines in young men 
after either acute or chronic exercise bouts. 
Others have found that the intensity of the 
exercise markedly influenced the concentra- 
tions of the individual hormones ( 2 )  and that 
the intensity of the work performed could be 
related to the presence or absence of cor- 
tisone or hydrocortisone (3 ) . 

Previous studies have shown that exercise 
lowers serum insulin, liver fat, serum and 
liver cholesterol, body weight gain, and in 
some instances food intake (5-8). While some 
of the reduction in body weight gain could 
be attributed to a decreased food intake and 
an increased metabolic rate during the brief 
exercise period, not all of the differences in 
caloric balance could be explained on this 
basis. Earlier (8) we suggested that the 
effects of exercise on the above parameters 
might be mediated through the adrenal hor- 
mones, since these hormones have been 
shown to inhibit insulin release and enhance 
lipid mobilization. To test this hypothesis it 
was first necessary to determine if the diet 
would provide enough salt, protein, and lipid 
such that adrenalectomy per se would not 
inhibit food intake or body weight gain. Once 
this was established we then sought to deter- 
mine the effect of exercise on serum insulin, 
liver fat, liver and serum cholesterol and car- 
cass composition of adrenalectomized and 
sham-operated rats. The present paper re- 
ports the results of these studies. 

Methods and Materials. Thirty-two 70-day- 

old, specific pathogen-free male Wistarl rats, 
weighing 280-300 g, were divided into two 
groups. One group was bilaterally adrenalecto- 
mized2 via a dorsal incision while the remain- 
ing animals were subjected to a sham opera- 
tion. After recovery, half of each group was 
forced to run 1/4 mile/30 min/day on a 
treadmill. The sedentary control animals were 
placed in an identical apparatus but without 
a moving floor. 

Animals were housed individually in wire 
mesh cages in a temperature-humidity con- 
trolled room with equal periods of light and 
dark. A 48% protein, 28% fat, 15.5% carbo- 
hydrate diet3 was fed ad libitum; water like- 
wise, was available at  all times. The diet was 
identical to that used previously (7, 8) ex- 
cept for the addition of 0.9% NaCl needed to 
compensate for the excess Na loss by the 
adrenalec tomi zed animals. 

At the end of the 8 wk experimental peri- 
od, the animals were deprived of food for 12 
hr and anesthetized with sodium amytal (60 
mg/kg, ip). The thoracic cavity was opened, 
blood was withdrawn by heart puncture and 
an aliquot was used for the determination of 
glucose (9) .  The serum from the remaining 
blood was collected after centrifugation 
(3000g, 15 min) in a refrigerated centrifuge 
and used for the determination of immun- 
oreactive insulin ( 10) , cholesterol ( 1 1 ) and 

Manor Research Farms, Ralston Purina Co. 
2The carcasses were examined at the end of the 

experiment and no adrenal tissue was found. 
3 Composition of diet: 48% lactalbumin, 15.5% 

carbohydrate mixture, which approaimated the car- 
bohydrate consumption of an average U.S. “market 
basket” diet, 6.7% safflower oil, 21.4% beef tallow, 
5,476 mineral mix, 2.4% cellulose, 0.5% vitamin mix 
and 0.9% NaCI. A full description of this diet with- 
out the added NaCl may be found in Ref. ( 6 ) .  
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TABLE I. Effect of Adrenalectomy and Exercise on the Food Intake, Body Weight Gain, and Final 
Oarcasls Composition of Rats. 

Carcass 
Body wt Fo,od intake Protein: 

Treatment Exercise gain (g) (g/day) Fat (%) Protein (%) fat  ratio 

Adrenalectomy + 
Sham + 
Adrenalec tomy - 
Sham - 

Adrenalectomy 
Exercise 
Adrenalectomy X 

exercise interaction 

156 & 12" 1 5  -I 1 10 * 1 215 k 1 2.52 * 0.20 
132 I+ 7" 14 -t- 1 10 * 1" 24 2 1 2.41 -I 0.12" 
187 & 12 15 ? 1 12 & l b  22 & 1 1.96 k 0.28 

1.28 & 0.08 186 * 5 1 5  L 1 18 2 1 22 t 1 

Analysis of variance 
ns ns P < ns P < .05 

P < .01 ns P < .01 P < .01 P < .a 
ns ns P < .01 ns ns 

"The mean of the exercise group is significantly different from that of the sedentary group of the 

The mean of the adrenalectomized rats is significantly different from that of the sham-operated 

Standard error of mean of 8 rats. 

same adrenal status ( p  < .05). 

animals on the same exercise treatment ( p  < .05). 

triglycerides ( 12 ) . The liver was excised, 
blotted, weighed, and used for the determina- 
tion of total lipid ( 13) and cholesterol ( 11 ) . 

The ingesta-free, liver-free carcass was au- 
toclaved (15 lb/in2, 15 min) and homogen- 
ized with crushed ice (carcass:ice, 1 : 2). Ali- 
quots of this homogenate were used for the 
determination of total lipid (13) and protein 
( 14). Differences between the means of each 
group for each determination were tested by 
student's t test. Data were also analyzed 
statistically by means of the analysis of vari- 
ance. 

Results. The experimental design implies 
that the crucial difference in the response to 
exercise between the adrenalectomized and 
sham-operated rats was the presence or ab- 
sence of the adrenal glands. In  the present 
study, perhaps due to the high protein and 
electrolyte content of the diet, no differences 
due to adrenalectomy were observed in the 
body weight gains, food intakes, or the body 
composition of the exercised rats (Table I) .  
However, adrenalectomy did affect the body 
composition of the sedentary animals. Exer- 
cise served to lower the body weight gain and 
the carcass fat content and increased the 
carcass protein to fat ratio in the sham oper- 
ated animals but not the adrenalectomized 
animals. An analysis of variance of these data 
revealed a significant effect of exercise on 

body weight gain, percentage carcass fat, per- 
centage carcass protein and the protein: fat 
ratio, a significant effect of adrenalectomy on 
percentage carcass fat and the carcass pro- 
tein: fat ratio, and a significant adrenalecto- 
my/exercise interaction effect on percentage 
carcass fat. 

Serum cholesterol and whole blood glucose 
levels were unaffected by exercise or adren- 
alectomy (Table 11). Liver cholesterol levels 
were lower in sedentary adrenalectomized an- 
imals than in the sham-operated animals. 
Liver lipid was unaffected by adrenalectomy 
but was lower in the exercised animals than 
in the sedentary animals. A trend towards 
lower serum triglycerides with adrenalectomy 
was observed but these differences were not 
statistically significant. The imposition of 
daily forced exercise resulted in less liver 
cholesterol and serum insulin in the adren- 
alectomized rats and less liver cholesterol in 
the sham-operated rats. An analysis of vari- 
ance of these data showed a significant exer- 
cise effect on liver lipid, liver cholesterol and 
serum insulin. 

Discussion. The performance of the adren- 
alectomized rats indicates that the ability to 
withstand a moderate level of forced exercise 
was unimpaired by the removal of the adren- 
als. The lack of effect of adrenalectomy on 
the metabolic responses to exercise does not 
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appear to support the suggestions of others 
(1-5, 8, 15)  that the adrenal hormones (both 
corticoids and catecholamines) play impor- 
tant roles in the adaptation of rats to forced 
exercise, The results do not rule out, howev- 
er, a contributory role of these hormones in 
influencing carcass fat in exercised rats, since 
a significant effect of the exercise/adren- 
alectomy interaction on this parameter was 
observed. 

In the present study, as in other studies 
(5 -8 )  , moderate forced exercise appeared to 
increase the mobilization of the carcass fat 
with both exercised groups having less car- 
cass fat and more carcass protein than the 
sedentary groups. The differences in carcass 
fat content between the exercised and seden- 
tary animals and between the adrenalecto- 
mized and sham operated sedentary animals 
suggests that two different control mechan- 
isms exist for the utilization and storage of 
fat. One of these mechanisms is quite adapta- 
ble and independent of the adrenal hor- 
mones; the other is dependent on the action 
of the catecholamines and adrenal corticoids. 
The former mechanism apparently is ac- 
tivated by exercise or by the absence of 
adrenal stimulation and appears to result in 
an increased mobilization of carcass fat. 

The l m e r  levels of serum insulin with ex- 
ercise observed in this and other studies (7 ,  
8) do not appear to be related to adrenal 
activity. It is more likely that the insulin 
level reflects both a decreased need due to 
the activation of a noninsulin-dependent glu- 
cose transport by exercise (16, 1 7 )  and an 
inhibition of release by the products of the 
exercise induced increased fat mobilization. 

Summary. Metabolic responses to exercise 
were determined in adrenalectomized and 
sham-operated rats. Exercised animals were 
forced to run 1/4 mile in 30 min each day 
for 8 wk. All animals were fed ad libitum at  
48% protein, 28% fat, 15.5% carbohydrate 
diet. Extra (0.9%) NaCl was added to the 
diet given to the adrenalectomized rats. Un- 
der these experimental conditions, exercise 
reduced body weights gains to a similar degree 
in both the adrenalectomized and sham- 
operated animals and similarly lowered liver 
fat, liver cholesterol and serum insulin. No 
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differences in food intake, body weight gain, 
blood glucose, serum insulin, carcass protein, 
or serum triglycerides were observed with the 
removal of the adrenals. Adrenalectomy did, 
however, affect the percentage carcass fat 
and the level of cholesterol in the livers of 
the sedentary animals. From this data it was 
suggested that two separate mechanisms exist 
for the mobilization of carcass fat: one ac- 
tivated by exercise and the other by the 
adrenal hormones. 

The authors express their appreciation to Mrs. 
Ensook Koh for her technical assistance and to Dr. 
Richard Ahrens, College of Home Economics, Uni- 
versity of Maryland for the use of the treadmill. 
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