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EXPERTMENTAL CORCNARY SCLEROSIS INDUCED BY IMMOBILIZATION
OF RABBITS. A NEW MODEL OF ARTERIOSCLEROSIS

V. V. 'I‘yavoki.n:L

We reported earlier on the possibility of producing arteriosclerosis with /29 *
coronary insuvfficiercy in rabbits by restricting their mobility (1965, 1965a, b,
1967a, b). In new experiments wiere mobility is even more severely restricted we
wish to attempt an analysis of the experimental findings.

Material and Method

The experimental animals were male chincilla rabbits kept in cages specially de=-
signed for immobilization (1966). The position of the animals was not changed dur-
ing feeding and during the required blood chemistry and EKG examinations. At spe-
cific time intervals we checked blood cholesterol, blood corticosteroids and GOT
activity in the blood serum. At the end of the experiment the arterial blood pres-
sure was taken. Macroscopic and microscopic alterations in the aorta and microscopic
alterations inthe myocardium were assessed in animals that underwent acute demise /30
during the experiment as well as those sacrificed by a cervical blow at the end of

the experiment. This was done according to a specific grading.

79 animals were divided into 3 groups. The actual experimental group contained
58 animals. A first control group numbering 12 animals were kept in ordinary cages
for the duration of the experiment (23-55 days). A second control group numbering
9 animals lived for 12 months in similar cages. All animals received normal food.

Results
The type and extent of morphological changes in the aorta, coronary arteries and

myocardium as well as the EKG findings are given inthe Table. In the actual experi-
mental group 58 animals started out and 30 died acutely before the end of the exper-

*
Numbers in the margin indicate pagination in the foreign text.
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iment. Shortly before demise 22 of these de-
veloped pulmonary edema. Nearly all animal

in this group (except 2) showed distir.ct macro-
scopic alterations in the aorta in the form of
roughened endothelium, arteriosclerotic nodules,
atheromatose ulcerations and aneurisms. The
extent of morphological changes was represent-
ed by this grading: rough endothelium = +,
thickening of the intima tn a lesser degree

= ++, thickening of the intima to a large ex-
tent = ++ and ulcerous breakup = ++++.

Roughness of the endothelium was shown
also by animals that died acutely already on
the first day of the experiment (Nos. 1, 5,

33). We may distinguish two different forms
Fig. 1. Aorta (animal No. 15). Focal
ulceration of the intima following
10 days of experiment. there is incipient thickening of the intima

of roughened endothelium: in the first case

and in the second case incipient breakup of
the intima. The majority of animals showed a development of ulcerous breakup prior
to arteriosclerotic thickening of the intima. Fig. 1. shows focal ulcerations of
the aorta on day 10. Only in rare cases did nodules and ulcers develop side by side
at the same time (Fig. 2a, b). In the case of 10 experimental animal:; of one /31

group of 41 kept under particularly severe conditions of immobilization did an aneu-
rism develop in the abdominal aorta (Fig. 3).

Three animals of group I were subjected to less severe conditions and were al-
lowed to move their legs (Nos. 37, 35, 30). These were sacrificed on days 24, 28 and
30. Only animal No. 30 showed sligiht changes in the intima of the aorta (+). The
two others showeu absolutely no macroscopic changes. Out of all the animals in both
control groups 2 animals of group III showed nodule formation in the aorta (++).

Already during day 1 of the experiment we were able to find histological chan- /32
ges of the aorta and endothelium in part of the animals. The layer of endothelial
cells ran an uneven and rough course. More obvious changes ware developing in the
subendothelial tissue and this independently of prior endothelial changes. At the
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J:_A’j'_;«". = NEL SR A e, L beginning of an arteriosclerotic
e nodule there is a subendothelial
edema that gradually increases
and incorporates cloudy sudano-
philic substances. The amount of

these substances runs a parallel

ocourse with proliferation of sub-
endothelial cells. The cells,
which vary in size and shape, go
on to accumulate fats. Not in-
frequently cells crammed full of
fat masses break up in the center
of the nodules. Over the arterio-
sclerotic nodules and in their
immediate vicinity the endotheli-
um often detaches itself from its
basement (Fig. 4a, b). Finally
the progressive shrinking cf the
detached endothelium layer is ac-
companied by the breakup of endo-
thelium and the formation of ul-
cers.

Fig. 2a, b. Aorta (animal No. 29) 28 days after In 13 of 17 animals examined
initiation of immobilization. a - focal intima in group I there were also similar
nodules in aortal arch; b - extende intima ul- ) _
ceration in abdominal aorta. changes in the coronary arteries.

As in the aorta, the initial situ-
ation is subendothelial edema. However, in contrast to the aorta we noted here no
deposit of sudanophilic substances. Moreover, cell proliferation was distinctly
weaker than in the case of the aorta. More severe immobilization in this case also
clearly produced increased peremeability of the endothelial layer to blood proteins.
Depending upon the extent of changes there was compression or complete occlusion of

the vascular lumina. Vascular stenosis and vascular occlusion developed in arteries
of different caliber. When mobility was restricted for 10-20 days the animals exhi-
bited different forms and degrees of changes in the coronary vessels ranging from
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Fig. 3. Aorta (animal Nc. 36) 20 ..ys
after beginning of experiment. Aieu-
rism of abdominal aorta at diapiwagm
level, middle occupied by ulceréetions
and ulcerocus nodules.

subendothel inl edama tn sclerosis with _/_1;_
total occlusion of the vessels. (Fig. 5).

Changes of the myocardium began with
henostasis in the capillaries. Frequent-
ly there was circumscribed diapedesis.
Muscle fibers in the early stages showed
a loosening of the fribrils, a loss of
cross striation and a loss of the capaci-
ty for nuclear coloration. In more pro-
longed experiments the muscle fibers ac- /34
cunulated fat. There was frequent deve-
lopment of circumscribed myocardial ne-
croses, as in the case of 6 out of 7 ani-
mals of group I. The argyrophilic fiber
network became collagenized and the de-
stroyed muscle fibers were replaced by

connective tissue. In the Table we have rated myocardial alterations as follows:

circumscribed loss of nuclear colorability and cross striation, depending upon extent,

from + to ++. Extensive changes of this kind +++. Focal necroses ++++.

In the case of 7 animals we made a neurohistological examination of the nerve
fibers of the aorta and in 5 animals an examination of the heart fibers. The extent
of recognizable changes ranges from reactive to severely degenerative. It is worthy
of note, that neural changes in the aorta and heart are distinctly inferior in extent
to those of arteriosclerosis and coronary insufficiency. Consequently in our experi-
ments we consider neural changes as secondary. They are the result of the conditions

in the organism which have induced the development of arteriosclerosis and coronary
insufficiency. On the other hand it seems possible, that the neural changes have a

regressive effect on the course of arteriosclerosis. This might be an explanation
for the breakup of ulcerations since in the area that they occupied we found no neu-

ral tissue. We are apparently decling here with a vicious circle.

The EKG findings are parallel to the microscopic myocardial changes. Nearly all
examined rabbits in group I (except for 3) showed marks of coronary insufficiency:
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Fig. 4a, b. Aorta (animal No. 14) 11 days after beginning of
experiment. a - detached endothelium with subendothelial

cell proliferation, x 50; b - cell fattening, incipient cell
destruction, x 450, Hematoxylin-sudan IIT.

displacement of the ST line, deformation of the T wave. We distinguish 4 degrees of
EKG changes:

1. Broadening of the T wave;

2. A higher degree of T wave changes with negativization;
3. Concordant displacement of the RST complex;
4. Signs of myocardial infarct.

10




ORIGIN IS
OF D . Y

Of special interest is
the EKG of 3 rabbits (Nos. 30,
35, 37) whose movements were
less restricted. Although
they were sacrificed later
than the other animals, follow-
ing days 24, 28 and 30, the
EKG £ animals No. 30 and 35
showed only changes of the
first degree and for animal No.
37 none at all. Among the
animals whose mobility was se-

verely restricted (41 animals)

Fig. 5. Cardiac muscle (animal No. 35) 20 days after % Bhowed. chisngie of, the secomd
beginning of experiment. Sclerosis of coronary ar- degree, 21 changes of the third
tery branch with total occlusion of vascular lumen,

x 240. van Gieson and 16 of the fourth degree,

with signs of myocardial in-
farct.

In order to study further the myocardial changes we used GOT activity in the
blood serum. At the beginning and end of the experiment we determined this activity
for 20 experimental animals using the colorimetric procedure of Reitmann and Frenkel
(1957). 10 animals showed histological changes in the form of myocardial infarcts,
8 showed changes of the third degree and 1 no changes at all. The initial mean ac-
tivity level was 12.3+1.9 col. E. At the end of the experiment this level for ani-
mals with histological coronary infarct was around 37.4+18.8 col. E. The activity
fluctuated between 12.6 and 125.6 col. E. In a group with myocardial changes of
the third degree the mean activity level was 44.5+7 col. E. Activity fluctuated be-
tween 15.7 and 88 col. E. Difference of activity for COT at the beginning and end
of the experiment is statistically significant in both groups (P << 0.001).

If we compare the GOT activity of both groups at the end of the experiment we
also find a statistically reliable difference (P<< 0.025). In regard to arterial
blood pressure there is no assessable difference between experimental and control

animals.

11
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At the beginning of the experiments the cholesterol level in the blood serum was
81+1.43 mg%. After 24 hours the mean value was 75+8.85 mg¥ (P =>0,2). After 5 days
it was 89+9.6 mg% (P >0.2), after 7-10 days 63+7.7 mg% (P<< 0.015), after 14-15 days
82+9.6 mg%, after 28-30 days 176+15.08 mg3 (P << 0.01).

There were considerable fluctuations in the average cholesterol level during the
first 2 weeks. The majority of animals showed hign cholesterol at the beginning of
the experiment. This decreased as the experiment went on. After 7-10 days the drop
was significant statistically. When the experiment lasted longer there was a new in-
crease. After 14-15 days there was a return to the initial value, after 28-30 days
this value wwas distinctly exceeded. In the case of 22 experimental animals we exam-
ined the amount of corticosteroids in the blood. At the begimning of the experiment
the mean value was 11.8740.25 gamma/100 ml plasma. After 24 hrs it was higher by a
very slight and therefore statistically insignificant amount. It is noteworthy that
this increase is true only for 2 animals who showed a blood level of 24.3 and 20.5
gamma/100 ml plasma. For the other rabbits the corticosteroid level remained the

same. After 4, 7 and 14 days only did the average valie go down to 10.57+0.89 /42

(P < 0.05), 9.21+0.92 (P << 0.005) and 8.9+0.86 gamma/100 ml plasma (P<< 0.001).

In the case of 14 experimental animals and 16 controls we examined likewise the
catecholamine content of the myocardium of the base of the heart. The mean adrenal
level of the control qroup was 0.788+ 0.0497 mg and the norepinephrine level 0.583+
0.0083. The experimental group showed an average adrenalin value of 0.5812+0.0227
(P< 0.001) and an average norepinephrine value of 0.3417+0.0258 (P<< 0.001).

Discussion of Findings

An experimental creation of arteriosclerosis with coronary insufficiency in the
rabbit by means of severe mobility restriction offers a new model for experimental
research in sclerosis and myocardial infarct. In a model under discussion which fac-
tors induce arteriosclerosis and coronary insufficiency? Are we dealing with a neu-
rally generated event or a direct consequence of abrogated muscular activity?

Undoubtedly at the beginning of the experiments there is nervous excitation in
the animals. After 2-3 days this fades as they become habituated to their cramped

12




position. Shutova (1958, 1963) and Chomulo (1961, 1964) have pointed out the signi-
ficance of prolonged functional excitation of the central nervous system in respect
to arteriosclerosis in rabbits. In our experiment the chief factor in sclerosis is
the hypodynamia consequent upon the external restriction of muscular activity. The
following facts support this position:

1. Arteriosclerosis and coronary insufficiency do not develop after long ex-~
periments. Distinct changes in the aortal wall are seen already during the first
week of the experiment. They lead to characteristic arteriosclerotic nodules and ul-
cerous breakups in relatively short periods of time (10, 15, 20, 30 days). Up to
now there have been no reports on similar experimentally induced changes in the aor-
ta wall. The experiments of Chomulo lasted many months and even years. It took him
23 months of excitation of the central nexrvous system without additional exogenous
cholesterol overloading alone to produce lipoidosis in the vascular walls of the
rabbit.

2., Our results show a clear association between the extent and length of moliii-
ty restriction on the one hand and morphological changes in the aorta wall and myo-
cardium on the other. The longer and more consistently severe the immobilization,
the more pronounced the changes in the aorta and myocardium. |

3. In our experiment the most prominent changes occur in the area of the lumbar
aorta. This is a part of the body most clearly affected by immobilization due to
the construction of the caggs. Out of 41 animals subjected to particularly severe
immobilization 10 showed an aneurism of the abdominal aorta.

4, Only 2 out of a total of 9 control animals kept in ordinary cages for 12
months presented sclerotic nodules of the aorta wall. In this case the influence of
neural factors is excluded because of experimental conditions.

5. Three of the experimental animals were kept in less severe immobility al- /43
lowing for leg movement. They were sacrificed later than most of the other animals
(after 24, 28 and 30 days). Only one of them presented changes in the aorta of the
first degree of severity (+). Undoubtedly a neural factor is at work in this exper-
imental method. Since immobilization is not severe a higher grade of atherosclero-

sis cannot develop.
ORIGINAL PAGE 1S
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6. During the experiments the corticosteroid level in the blood declined.

7. There was a statistically reliable reduction of catecholamines in the myo-
cardium. Gavyrin (1961, 1966) was able to demonstrate that elimination of the sym-
pathicus induces distinct morphological changes in the myocardium of vertebrates,
whereas the reinforcement of sympathetic stimulation induces no visible degenerative
changes in the heart muscle. Our results are in accord with this finding. Immobili-
zation in the rabbit leads to a reduction of catecholamines in the myocardium and
thus conditions secondary changes in the heart muscle.

8. The morphological changes in the nervous system of the aorta and of the
heart are distinctly less pronounced than those that occur in association with deve-
loping arteriosclerosis and coronary insufficiency.

Thus the restriction of muscular activity (hypodynamia) in our experiments must
be considered as the chief factor of the developing arteriosclerosis and coronary in-
sufficiency. We have not found any further reports in the literature demonstrating
comparable severe changes in the coronary arteries experimentally induced. Only Sel-
ye (1961) noted the development of a sharply delineated occlusive subintimal edema
with focal necroses of the myocardium in rats presenting mild sclerosis of the coro-
nary vessels.induced by an overdose of vitamin D derivatives and the administration
of 2-methyl-9-chlorcortisol and NaH2P04: Meessen (1944), Blichner (1946), Bredt (1949)
and Miller (1949) reported on fatal myocardial infarcts which developed in the subin-
timal layers of the coronary arteries following nonadipose edema.

Doerr (1963) presented the intramural movement of the perfusion stream in the a-
orta. He was able to demonstrate that the reorganization of the inner wall structure
resulted in blockage of the plasmatic perfusion stream with consequent accumilation of
lipoids. Our findings in respect to disturbed plasma perfusion and edema in experi-
mental arteriosclerosis coincide with these research results.

Quite obviously the movement of the vascular canal is essential for maintaining
its structure and nourishment. In humans the most severe mobility restriction in the
aorta occurs in the region of the aorta arc. This is probably why in humans arterio-
sclerosis develops at this part of the aorta most frequently and most severely. In

14




our experiments movement restriction of the aorta canal occurred especially in the
abdominal area. This was also the area in which the most prominent changes in the
wall developed. According to our findings, blockage of the intramural perfusion
stream predominates in the abdominal aortas. On the other hand subintimal edematous
swelling predominates in the coronary arteries, which move periodically during the
operation of the heart. /44
Green (1935) observed that there is an increase in coronary blood flow that
sets in with the contraction of isolated muscles which are only attached to the or-
ganism by nerves. ILebedinskiy, Medved'yev and Peymer (1953) found that muscle con-
traction due to the excitation of proprioreceptors releases reflexively an increase
in coronary flow of blood. In their experiments with cats they found that muscular
contraction of the extremities due to excitation of the cerebral cortex was accom-
panied by an increased flow of coronary blood. There was no such increase when the
roots of the posterior spinal chord were severed so that impulses from the proprio-
receptors of contracting muscles could not reach the nervous system. Evidently in
the case of the rabbit in hypokinesia there is a reduction in the reflex effects on
the coronary vessels, so that, in addition to the factors nehtioned above, a restric~
tion on the myocardial blood supply is effected.

Our experimental results indicate that arteriosclerosis and coronary insuffi-
ciency are to be considered homogeneously. Coronary insufficiency should not be
looked upon merely as a complication of coronary sclerosis. In our experiments with
rapbbit immobilization it is possible, by modifying experimental conditions in respect
to the extent and length of immobilization to produce coronary insufficiency without
arteriosclerosis as well as, in a case of longer experiments, coronary insufficiency
with arteriosclerosis.

Footnote

1. cCandidate in Medical Sciences (Hospital Therapy Administration of the Child
Health Medical Institute, Leningrad, and the K. M. Bykov Department of General
Physiology of the Research Institute for Experimental Medicine of the Soviet
Academy of Medical Sciences, Leningrad).
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