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Cholesterol atherosclerosis has been pro- 
duced in animals by many investigators. The 
results of these experiments and of studies 
in the pathogenesis of the lesions have been 
extensively reviewed( 1-4). In man the effect 
of diet on serum lipids has been extensively 
investigated. However, opinion varies on 
the importance of all lipids(5) and of the 
type of ingested lipid ( 1 7-2 1 ) causing varia- 
tions of serum lipids in man. The serum lipid 
levels and the serum lipoprotein types have 
some relation to the occurrence of sequelae 
of atherosclerosis, but the predictive value 
and role of these factors in the pathogenesis 
of human atherosclerosis are not defined( 7 ) .  
In human beings, as well as in experimental 
animals, very little attention has been paid 
to the question of the influence of physical 
activity of the atherosclerotic process. The 
effect of physical activity on incidence of 
coronary artery disease in sedentary and 
more active workers was studied, and al- 
though the groups differed in respects other 
than those of physical activity, it was judged 
that the active workers had less se- 
vere heart disease than the more sedentary 
workers (6) .  Some indication was obtained 
that, following ingestion of a high fat meal, 
exercise lessened the degree of hypercholes- 
terolemia (9).  In studies of different national 
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groups, a tendency to a lowered serum cho- 
lesterol was found in Bantus doing heavy 
manual labor, but in white populations, total 
fat content had more effect on cholesterol 
level in the blood than did exercise(8). In 
experimental animals there is, to our knowl- 
edge, only one study on record concerning 
the effect of physical activity on rabbits be- 
ing fed cholesterol( lo),  in which the seden- 
tary and exercised groups showed equal 
atherosclerosis. In our experiments an ap- 
parent decrease in the amount of athero- 
sclerosis of the aorta of cholesterol-fed rabbits 
was shown to occur in the group of rabbits 
exercised in an electrified treadmill. 

Materials and methods.  The animals used 
in this experiment were New Zealand white 
rabbits purchased from a local supplier.: 
They consisted of 5 groups of 5 to 7 litter 
mates obtained from bucks and does of known 
pedigree. The animals were individually 
housed in air-conditioned animal quarters. 
Each litter of 5 to 6 animals was divided 
into 2 groups without reference to sex. One 
was fed cholesterol and allowed to remain 
sedentary. The other group was fed cho- 
lesterol but exercised. The sedentary and 
experimental groups are indicated in Table 
I and sex distribution is evident in Figs. 1-6. 
The inclusion of a group of animals fed an 
ordinary diet was not considered necessary 
since this strain of rabbits has been used for 
years in this laboratory for various purposes, 

$ Gralbles Rabbit Ranch, Pontiac, Mich. 
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has been fed the same diet free of cholesterol the experiment was 24.25 g of cholesterol, 
and has shown no tendency to develop athero- 9.5 g per day for 7 days and 0.25 g per day 
sclerosis of the aorta. The rabbits were fed? for 83 days. Blood Chem.istr]t. -411 animals 
cholesterol for ninety days: 75 g of ordinary 
Purina Chow in the evening and 25  g of rab- 
bit chow coated with 0.25 g cholesterol in 
the morning. The pellets were prepared by 
mixing them with an appropriate solution 
of cholesterol in ether and allowing the 
ether to evaporate, leaving the pellets 
coated with the cholesterol in the amount 
of 1 g of cholesterol per 100 g of pel- 
lets. Any residual food from either feed- 
ing was to be weighed. However, throughout 
the experiment this did not prove to be neces- 
sary since all the rabbits invariably ate their 
full ration. Water was given ad libitum. 
Total amount of cholesterol fed throughout 

were bled every two weeks when 10 cc of 
blood was collected from the central artery 
of the ear before feeding or exercise on the 
day of bleeding. The methods used were: 
for cholesterol determination. that of Zak 
ct al.( 13) ; for total lipids, Kunkel et aZ.( 14) ; 
and for lipid phosphorus. modifications of 
the procedures of Youngburg and Young- 
burg ( 15)  and Fiske and Subbarow ( 16). 
Exercise. An electrified drum7 was con- 
structed, 30 inches in diameter and 9 
inches wide, in which the peripheral wall of 
the drum was composed of 3/16 inch brass 

f Constructed by Ernest .4rtt, Detroit, Mich. 
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FIG. 1-4. 
FIG. 1-6. Aortas from the animals by litters. The exercised animals are marked with a n  aster- 
isk. Sex and visual grading are indicated in  the diagrams. Note the tendency to  diminished 

atherosclerosis in all aortas marked with an asterisk. 

rods, placed 5/8 of an inch apart. These were a damped-wave alternating current a t  2,000 
wired alternately and connected to a power to 4,000 volts and 1 to 2 milliamperes to the 
source (Electro-stimulator$) that delivered rabbits. It was found necessary to shave or 

0 Constructed by M. L. Appelbaum, Detroit, Mich. clip the feet of the rabbits closely So that 
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shocking might be possible since rabbits do 
not have pads on their paws (a fact ap- 
parently little k n o w ) .  Electrode  jell^-. wch 
as used for electrocardiograms or electro- 
encephalograms. proved ineffective as a con- 
ductor for electrical impulses to the paws. 
By shocking the animal and. at  the same 
time, sounding a bicycle horn, the rabbits 
could be conditioned to run a t  the sound of 
the horn. In this manner they could tie in- 
duced to rotate the drum about 50 times 
per minute. The animals were exercised in 
this way for 5 minutes twice daily before 
food was given. The animals were obtained 
4 weeks before the exercise was begun and 
all were exercised 4 weeks. until 2 weeks 
prior to the beginning of the cholesterol feed- 
ing when the exercise was stopped in the 
sedentary group. Autopsjl .  After 13 weeks 
a complete autopsy was performed. The 
aortas were fixed in formalin and the adven- 
titia meticulously cleaned. The extent of 
the atherosclerosis was drawn without pre- 
liminary staining in Sharlach solution as it 
was not desired to lose any of the lipid in the 

stain solvent. The aortas were then subjected 
to ether alcohol extraction according to Gor- 
don ct ul.( 1 1 )  and the cholesterol and phos- 
pholipids determined as for serum. Visual 
grading of the aortas was done according to 
standards outlined by McMllan et ul. ( 1 2 ) .  

Degree of atherosclerosis of t he  
aorta. Inspection of Figs. 1-6 indicates that, 
estimated visually, no animal of any exercise 
group ever developed atherosclerosis of more 
than 2+! whereas half the animals of the 
sedentary group developed atherosclerosis of 
3 and 4+. 

The lipid content of t he  aortas is indicated 
in Table T.  The correspondence between con- 
tent of lipids and visual grading is by no 
means absolute, but the tendency for higher 
values in the sedentary group is fairly con- 
sistent. In the J group where the greatest in- 
consistency is present in the degree of sclero- 
sis. the animals were not litter mates nor of 
the same breed. That is, they were not all 
S e w  Zealand whites, but mixed Dutch, 
checkered giant and mongrel. It is also in- 
teresting that there was no correlation be- 

Results.  
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TABLE 11. Gain and Loss of Body Weight and Adipose Tissue jii Retroperitoneum and 
Omentum. 

r Sedentary 7 r- Esercisecl------------9 
Body wt (g)-----, Adipose ,----Body wt  (g)-, Adipose 

Start  End Gain tissue Start  Elid Gain tissue 

Mean '3325 2791 466 ++-+++ 2492 2863 371 0 - + "  
Raiige 1965-2840 2325-3300 245-740 2235-2872 2520-3160 145-735 

* One animal only. 

tween the sex and the degree of athero- 
sclerosis. Some of the females in a given 
litter developed more atherosclerosis than the 
males (Fig. 1-6). I t  is considered an im- 
portant observation that in the exercised rab- 
bits there was a significant diminution in the 
amount of fat in the depots in contrast to 
those of the sedentary animals. The muscles 
of the exercised rabbits were also more hyper- 
emic than those of the sedentary group. Al- 
though the exercised group was leaner, there 
was no significant difference between the 
weights of the animals in the two groups 
(Table 11). 

Serum lipids, the total cholesterol, phos- 
pholipids, cholesterol esters, as well as the 
total cholesterol to phospholipid ratios were 
determined and calculated for each animal. 
There was no correlation between any of the 
lipid levels in the blood and the degree of 
atherosclerosis in the aorta, in individual 
animals or when the average results of all 
the animals in the sedentary or exercised 
groups were plotted. 

Discussion. In a previous experiment 
several methods of exercise were tried.]] The 
first was an apparatus decribed by Kramar 
( 2 2 ) ,  whereby a large drum was rotated 
slowly by means of an electric motor. We 
were unable to induce rabbits to run normally 
in such an apparatus. Even if it was re- 
volved slowly at  4 or 5 revolutions per minute, 
they soon began to slide and tumble on the 
rubber matting. They became almost para- 
lyzed with fear, and once exposed to such 
an experience, the rabbits would only tumble 
passively in the apparatus. When the motor 
was detached and the drum rotated manually, 
it was an exceptional accomplishment to even 
induce a rabbit to walk in the drum. Light- 
weight drums designed to be rotated by the 

11  Unpublished data. 

rabbit were equally ineffective. Despite ex- 
treme caution, mechanical treadmills imposed 
a stressful experience for animals that could 
not be properly considered exercise. No 
exercise effect was observed either on the 
body or on the deposition of atherosclerosis.11 
The efficacy of the exercise in the present ex- 
periment is attested to by the leanness of the 
rabbits a t  autopsy on the standard food in- 
take and the general hyperemia of their 
muscles. It may be that the development 
of this apparatus is a significant contribution 
of the experiment. The difference in the type 
of exercise thus possible may account for the 
difference between our results and those of 
Brown et aZ.( 10). 

It should also be noted that after the first 
week of the experiment the amount of cho- 
lesterol given to the rabbits was only 0.25 g 
per day. This was done on the theory that 
whatever mechanisms allowed the deposition 
of cholesterol in the aorta should not be over- 
whelmed by too large a dose of the cholesterol, 
so that any possible effect of exercise in pre- 
vention might become apparent. 

The amount of atherosclerosis present in 
the exercise group appears to be distinctly 
less than in the sedentary group. The use 
of the lipid content of the entire aorta to 
correlate with the visual grading follows the 
recommendations of McMillan, Horlick and 
Duff ( 1 2 )  who discussed the controversial 
considerations fully . They concluded that 
both visual and chemical estimations of the 
degree of atherosclerosis should be used to 
evaluate these experiments. Brown et aZ.( 10) 
used evaluation of microscopic sections of 
aorta, likely to be subject to sampling errors. 

These results of our experiment are not 
absolute in that atherosclerosis developed in 
the exercise group. However, if it is indeed 
true that exercise is a significant factor in 
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the reduction of the amount of atheromatous 
deposit in the aorta, then it is also probable 
that it is not the only factor in the patho- 
genesis of atherosclerosis in rabbits. 

It is interesting that the effect of physical 
activity was more evident in the relatively 
pure-bred litters (litters A. B, E. G, H )  than 
in the unrelated animals of group J. This 
implies the possibility that some individual 
strain factor exists in the amount of athero- 
matous deposition, which is also not unex- 
pected. This may also account for the dis- 
parity of these results and those of Brown 
ct  a/ . (  10) in which animals were used a t  
random. The  absence of correlation of the 
atheromatous deposits with the level of the 
serum lipid is consistent with what may be 
expected in view of the estreme controversy 
in which such a correlation is held both in 
human beings and in experimental ani- 
mals(3). 

The results of the present experiment are 
considered to be highly suggestive of an 
effective diminution of the deposit of athe- 
roma in the aorta of cholesterol-fed rabbits 
but further confirmatory experiments are re- 
quired to confirm and to establish the patho- 
genesis of this phenomenon. 

Su~mrztir-v. 1.  Thirty-sis S e w  Zealand 
white rabbits of 5 litters and one group of 
miscellaneous rabbits were fed 28 g of cho- 
lesterol for 60 days. Half of the animals 
were exercised for 10 minutes a day: half 
the animals remained sedentary. 2 .  There 
was a significant diminution of athero- 
sclerosis in the exercised animals as deter- 
mined by visual grading and by chemical 
analysis of the lipid content of the aorta. 
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