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The effect of physical exertion on the development of atherosclerosis has not yet been studied system- 
atically. Observations reported in the literature show that atherosclerosis is less frequent and less pronounced in 
persons who'do physical work and lead active lives than in persons who do intellectual work and lead sedentary 
lives; the coronary arteries of persons in the latter group are particularly likely to be affected. In. L. Rappoport 
[2] found severe atherosclerosis to be 3 times more common in persons doing intellectual work than in persons 

doing physical work. 

We found no reports in the literature of experimental investigation of this matter and therefore deter- 
mined to study the effect of physical exertion on the rate of development, the degree, and the character of 
atherosclerosis of the aorta and coronary arteries, using N~ N. Anichkov's cholesterol-feeding technique for in- 

ducing atherosclerosis. 

E X P E R I M E N T A L  M E T H O D S  

Our experiments were performed on 45 rabbits of the same breed which had been kept under identical 
conditions and fed a standard diet; each rabbit weighed from 2000 to 2500 g. We induced atherosclerosis of the 
aorta and coronary arteries by feeding the rabbits a 109o solution of.cholesterol in vegetable oil daily for six 
months (this corresponded to 0.3 g,of cholesterol per kg of body weight). 

For physical exertion the rabbits were made to run daily on an electrically driven wheel during the whole 
course of the experiment. After each cholesterol feeding rabbits were made to run on the wheel until they began 
to become exhausted. This usually required from 5 to 7 minutes of running, with the wheel making 12 revolu- 
tions per minute; since the inner circumference of the wheel was 4 m 75 cm, the rabbits ran 57 m per minute. 

The experimental animals were divided into 3 groups. The rabbits of group I, the control group (12 
rabbits), were fed cholesterol but were not made to exercise. The rabbits of group II (25 rabbits) were fed cho- 
lesterol and were also made to exercise. The rabbits of group III (8 rabbits) were made to exercise but were not 

fed cholesterol. 

Twice a month we measured the blood cholesterol of all the rabbits, using Grigaug s method. At the 
beginning and at the end of the experiment the activity of the thyroid gland of 25 rabbits (10 from group I, 15 
from group II) was studied by means of radioactive iodine, I is1. At the end of the experiment all the animals 
were killed by the injection of air into an ear vein. The aorta and heart were removed from each animal. The 
aorta was stained in toto with Sudan HI. The heart was studied in serial sections in the usual way. We indicated 
the degree of atherosclerosis of the aorta and coronary arteries which we found with plus marks: + slight, ++ mod- 

erate, +++ pronounced alterations. 
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E X P E R I M E N T A L  RESULTS 

Twelve animals died in the course of the experiment: 1 rabbit of group I (of pneumonia), and 11 rab- 
bits of group II.  These animals died during the 3rd, 4th, and 5th months of the experiment. Electrocardiographic 
examinations showed that before their death the animals were suffering from acute coronary insufficiency, Histo- 
logical study of the heart disclosed extensive areas of necrosis in the muscle of the left and, less often, of the 
right ventricles; in one case an acute aneurysm of the heart was found in a necrotic area. 

The rabbits of group II died at different times during the period of cholesterol feeding (during the 8rd, 
4th, and 5th months), but in order to compare the degree of atherosclerosis which developed in the rabbits of 
group II with that which developed in the rabbits of group I it was necessary to study all animals which had 
been fed cholesterol for 6 months. In this report we will consider only the 14 rabbits (out of the original 24) of 
group II which did not die during the experiment but which were killed at the end of 6 months (our study of the 
myocardium of all  the rabbits used in the experiment is described in a separate report). 

In group I (rabbits which were fed cholesterol but not made to exercise) the blood cholesterol rose quick- 
ly to high values, to as much as 1780 mg q0 in individual cases, and to an average of 1028 mg %; afterwards it 
fell gradually to an average of 627 mg % at the end of the experiment. 

In group II (rabbits which were fed cholesterol and also made to exercise) the Mood cholesterol was con- 
siderably lower than that of the rabbits of group I; in most eases it did not exceed 600-700 mg % (Fig. 1), toward 
the end of the experiment it fell to an average of 310 mg %. The blood cholesterol of the rabbits in group III 
(rabbits which were not fed eholesteroD varied within normal limits. 
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Fig. 1. The effect of physical exertion on the development of 
hypereholesterolemia. 
---Cholesterol  and exercise; - - -~holes teml  only. 

TABLE 1 

Changes in Blood Cholesterol Following Physical Exertion 
Cholesterol Cholesterol Cholesterol 

Nos.of ] in m~ % Nos.of I in ms  % ] Nos.of in mg % 
the ~ab-[ _o ] ~roupIII[ ~ I . . . .  

rabbits ] . ] i ra-  I 3hr. ] before ] after -' bits of ] . ira- ] 3hr .  I nealmy 
pc-  [medi-I after [ rabbits being [ being GrouplI[ fo De- medi-[ after I / 

[ exer- ately [ exer- [ I fO,~exerq ately I exer- I placed I placed 
[c ise  after [c ise  [ [ c i s e [ a f t e r [ c i s e  [ on I on 

wheel I exer-  I I l cise] ] [ | exer- I [ wheel 
I /c':~ I 

1G5 I 218 280 I 21~ I 96 ! 90 j86 / I 72 
168 I 224 41~ I 286r I 00 ! 62 ]74  / 86 

10 [ I 
1 9 1 1 6 4 0  ~12 I 5741 I 88 | 88 [80 I 
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A review of the literature on this subject shows that different authors have reached conflicting conclu- 
siom about the effect of physical activity on blood cholesterol and phospholipids. Chailley-Bert, P. Labignette, 
and Fabre-Chevalier [6] observed a fall in blood cholesterol in personswho changed from a sedentary to an 
active life and who took up sport. E.S.  Mnukhina Ill ,  in careful experiments on rats,found that muscular ex- 
ertion of short duration was associated with an increase in phospholipids and cholesterol in the muscles, but that 
muscular e~xertion over a long period of t ime resulted in a fall  in blood phospholipids and cholesterol. She con- 
cluded that muscular activity involves consumption by the active muscles of lipids and of cholesterol. However, 
G, Amelotti  [3] found in experiments on rats that rapid exhaustion leads to a fall in the blood lipi&, and slow 
exhamtion to a rise. 

Inasmuch as all of the authors just mentioned conducted careful research, we decided to study the blood 
cholesterol of our rabbits immediately after they had been exercised. We measured the blood cholesterol of 6 
rabbits of group II and 6 rabbits of group Ill before exercise, immediately afterwards, and 3 hours afterwards 
(Table 1). We found that the blood cholesterol of the rabbits of group III (which had not been fed cholesteroD 
fell immediately after exercise. 

The blood cholesterol of the rabbits of group n (which had been fed cholesteroD rose immediately after 
exercise, but three hours later fell to below its original level .  We made these investigations during the fourth 
and fifth months of the experiment, when the rabbits had become used to running on the wheel; we can there- 
fore exclude the operation of emotional factors which, as several investigators have shown [7-9], cause a tempo- 
rary rise in Mood cholesterol. That emotional factors did not play a role is further shown by the fact that the  
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Fig.  3, Aortas of rabbits which had been fed cholesterol  and made to exercise (a), and 
aortas of rabbits which had be~n fed cholesterol  but not made  to exercise (b), 

blood cholesterol of the rabbits of group Ill fell immediately after exercise. 

In addition we placed 3 healthy rabbits on the wheel and found a temporary rise in their blood choles- 
terol, which can only be explained by the operat ion of emot iona l  factors ( react ion to the noise of the motor, the 
motion of the wheel) .  In exac t  experiments  in which animals  are made  to do exercise  of a type to which they are 
unaccustomed,  the emot iona l  e lement  must be ~aken into account .  

Our findings, that  rabbits fed cholesterol  and made  to exercise  developed hypercholes tero lemia  more 
slowly and had lower levels  of blood cholesterol ,  may  be explained by an increased consumption of cholesterol  
by ac t ive  muscles, with a consequent lowering of its leve l  in the blood.  Several  authors are of this opinion [1, 
4, 5]. 

In our study of thyroid functioning by means of I lsl we found in the rabbits of group I (which had been 
fed cholesterol  but not made  to exercise) a great  decrease in radioacs iodine absorption toward the end of 
the  exper iment ,  whereas the decrease in the case of the rabbits of group II (which were fed cholesterol  and made 
to exercise) was unimportant  (Fig.  2). 

As is known, muscular  ac t iv i ty  increases the ac t iv i ty  of the endocrine glands, par t icular ly  the thyroid 
gland,  and causes an acce le ra t ion  of the metabo l ic  processes of the organism. 

Atherosclerosis of the aorta was very marked in the rabbits of group I (which had been fed cholesterol  
but not made  to exercise) .  Large confluent  a themmatous  plaques were prominent  on the surface of the aorta 
a l l  along its length and were par t icu lar ly  extensive in the arch and ascending branch. We evaluated ~ e  a thero-  
sclerosis of this group at  +++ (Fig.  3). 

We also found marked atherosclerosis of the coronary arteries, mainly  in the in t ramyocard ia l  branches.  
The atheromatous plaques great ly  narrowed the lumen of the vessels. In the large subepicardia l  branches we 
more often found l ip id  inf i l t ra t ion of the in t ima,  although very large atheromatous plaques did occur in some 
of  the an imals ,  We evaluated  the atheroselerosis of the coronary arteries at ++. 

In examin ing  the aortas of the rabbits of group II (which had been fed cholesterol  and made  to exercise) 
we found remarkabIy l i t t l e  atherosclerosis in most cases,  The occasional  atheromatous plaques were si tuated 
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TABLE 2 

Atherosclerosis of the Aorta and Coronary Arteries (Group I: 
control group, rabbits fed cholesterol; Group Ii: rabbits fed 
cholesterol and made to exercise) 

Nos. of 
rabbits 
group I 

120 
121 
122 
123 
125 
126 
127 
128 
129 
13,0, 
131 
I32 

Atherosclerosis [ Nos. of 

~oronary=, 1 rabbits 
aorta I arteries [ group II 

Atherosclerosis 

+ + +  
+ + +  
+ + +  
+ + +  
+ + +  
+ + + 
+ + +  
+ +  + 
4-}- 

q- + + 
+ + +  
+ +  

+ +  
+ +  

+ +  
+ +  
+ +  
+ +  
+ +  
+ +  
-b 
+ 

165 
168 
171 
172 
175 
177 
179 
186 
188 
190 
191 
102 
193 
194 

aorta 

+ 
q- 
+ 
+ 
-I- 

+ + .  
q- 
+ 
+ 

-++ 
+ +  
+ 

+ +  
+ +  

coronary 
arteries 

+ 
+ 
+ 
+ 

+ +  
+ +  
+ +  
+ 
+ 

+ +  
+ +  
-~- 

+4- 
+ + 

mainly in the ascending branch of the aorta, in the arch, and at the orifices of the intercostal arteries. We eval- 
uated most cases of atherosclerosis of the aorta in group II at +, the remainder at ++ (Table 2). 

Atherosclerosis of the coronary arteries in group II affected mainly the intramyocardial branches of the 
left  and, less often, the right coronary arteries. There were no atheromatous plaques in the large subepicardial 
branches. 

We thus found the same range of atherosclerotic changes (+ and ,+) in the coronary arteries of the rab- 
bits of group I and group II. 

However, the proportion of animals with only slight alterations of the coronary arteries (+) was much 
higher (7 out of 14) in the group which had been made to exercise (group II) than in the control group (group I), 
which had not been made to exercise (3 out of 12). 

The relatively small difference in the atherosclerotic changes in the coronary arteries of the two groups 
of rabbits can be explained be the heavy functional load on the coronary circulation of the rabbits which 
were made to exercise. This explanation is in agreement with the findings of M. Schmidtmann [11] and E. 
Pfleiderer [10]. 

Our findings support the view that daily physical exercise hinders the development of hypercholesterol- 
emia .  This effect appears to be associated with increased activity of the thyroid gland, which occurs in con- 
nection with physical exertion. The physical exercise done by one group of cholesterol-fed rabbits resulted in 
these rabbits developing less atherosclerosis of the aorta than did a control group of cholesterol-fed rabbits which 
did not do exercise and which developed pronounced atherosclerosis of the aorta. The difference between the 
two groups in the development of atherosclerosis of the coronary arteries was less significant, probably because 
of the heavy functional load on the coronary circttlation of the rabbits which were made to exercise. 

S U M M A R Y  

The effect of physical strain On the development of atherosclerosis of the aorta and of the coronary ar- 
teries was studied in rabbits. 

It was established that physical exercises (daily running of rabbits) combined with cholesterol feeding 
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inhibits the development of hypercholesterolemia and, therefore, the development of aortic atherosclerosis is 
not very intense. The activity of the thyroid gland is increased under the effect of physical strain. This possibly 
has an effect on the condition of lipid metabolism. 
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