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The au tho r ' s  c l in ica l  obse rva t ions  [2, 3] have shown that by r e s t r i c t i n g  m u s c u l a r  movements ,  e s p e -  
c ia l ly  by s t r i c t  confinement to bed, the co rona ry  c i rcu la t ion  of some pat ients  with chronic  co rona ry  in-  
suff ic iency is worsened .  To analyze the c l in ica l  findings,  exper iments  were  under taken on r abb i t s .  

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

To r e s t r i c t  the r a b b i t ' s  mobi l i ty ,  a spec ia l  cage was built cons is t ing  of a f loor  and a wi re  f r a m e -  
work  [5]. When the an imals  were  being fed, blood was taken for  es t imat ion  of the cho l e s t e ro l  concen t r a -  
tion, and during r e c o r d i n g  of the e l e c t r o c a r d i o g r a m  (ECG), the condit ions of immobi l i za t ion  we re  not d i s -  
turbed .  At the end of the exper iment  the a r t e r i a l  p r e s s u r e  was m e a s u r e d .  The ECG was r e c o r d e d  be -  
fore  the exper iment ,  at va r ious  t imes  dur ing the obse rva t ions ,  and at the  end of the exper iment .  Needle  
e l ec t rodes  we re  used.  To ensure  ident ica l  condit ions of r eco rd ing  of the ECG and maintenance  of the i m -  
mobi l iza t ion ,  each rabb i t  was p laced  in a spec ia l  " jacket"  and suspended in a hor izon ta l  posi t ion.  At 
nec ropsy  of the r abb i t s  s a c r i f i c e d  14-140 days f rom the beginning of immobi l iza t ion ,  the m a c r o s c o p i c  
and m i c r o s c o p i c  changes in the ao r t a  and the mic roscop i c  changes in the myoea rd ium were  a s s e s s e d ,  
us ing the s ta ining methods  of Van Gieson and Heidenhain.  

Expe r imen t s  we re  c a r r i e d  out on 18 male  chinchi l la  rabb i t s  (11 expe r imen ta l  and 7 cont ro l  an imals ) .  
The mobi l i ty  of the expe r imen t a l  an imals  was cons ide rab ly  r e s t r i c t e d ,  while the control  an ima l s  were  not 
immobi l i zed  - they  were  kept in o rd ina ry  cages .  Depending on the durat ion of r e s t r i c t e d  mobi l i ty ,  the 
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Fig .  1. A r e a  of the a rch  of a r a b b i t ' s  ao r t a  140 days  af ter  beginning 
of immobi l i za t ion .  Explanat ion in text .  Hematosy l in-Sudan  III. Mag-  
nif icat ion 50x (a) and 450x (b). 
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F i g .  2. ECG of a r a b b i t  b e f o r e  (a) and 14 days  a f t e r  (b) i m m o b i l i z a t i o n .  

e x p e r i m e n t a l  r a b b i t s  w e r e  s u b d i v i d e d  into two g r o u p s :  in the  a n i m a l s  of e x p e r i m e n t a l  g roup  1 (4 r a b b i t s )  
m o b i l i t y  was  r e s t r i c t e d  fo r  14 d a y s ,  and in the a n i m a l s  of g roup  2 (7 r a b b i t s )  - for  140 d a y s .  

E X P E R I M E N T A L  R E S U L T S  

In e x p e r i m e n t a l  g roup  1, two r a b b i t s  (Nos.  1 and 3) d i ed  7.5 days  f r o m  the  beg inn ing  of  i m m o b i l i z a -  
t ion .  In  e x p e r i m e n t a l  g roup  2, 1 r a b b i t  (No. 9) d i ed  15 days  a f t e r  the  beg inn ing  of i m m o b i l i z a t i o n  and 1 
r a b b i t  (No. 5) d i ed  7 days  a f t e r  d i s c o n t i n u i n g  i m m o b i l i z a t i o n .  

In a l l  t he  e x p e r i m e n t a l  r a b b i t s  m a c r o s c o p i c  changes  w e r e  found in the a o r t a  : r o u g h n e s s  of the  e n d o -  
t h e l i u m  and the  f o r m a t i o n  of t u b e r c l e s .  R o u g h n e s s  of the  e n d o t h e l i u m  was  c o n v e n t i o n a l l y  deno t ed  by  one 
p lus  s ign ,  changes  in the  a o r t a  wi th  a m o d e r a t e  n u m b e r  of t u b e r c l e s  - by two p lu s  s i gns ,  a n d  c h a n g e s  in 
the  a o r t a  wi th  n u m e r o u s  t u b e r c l e s  - by t h r e e  p lu s  s i g n s .  In e x p e r i m e n t a l  g roup  1, r o u g h n e s s  of hhe e n d o -  
t h e l i u m  (+) was  found in t h r e e  r a b b i t s  and t u b e r c l e s  (++) in one r a b b i t .  In  e x P e r i m e n t a l  g roup  2, changes  
c o r r e s p o n d i n g  to ++ w e r e  found in 4 r a b b i t s ,  and c o r r e s p o n d i n g  to +++ in 2 r a b b i t s .  In a n i m a l  No. 9 of 
t h i s  g roup ,  which  d i e s  15 days  a f t e r  the  beg inn ing  of i m m o b i l i z a t i o n ,  the  a o r t a  and h e a r t  w e r e  not i n -  
v e s t i g a t e d .  

On h i s t o l o g i c a l  i n v e s t i g a t i o n  of s e c t i o n s  of the  a o r t a  ( s t a ined  wi th  h e m a t o x y l i n  and Sudan III) d u r i n g  
the  f i r s t  w e e k s  of r e s t r i c t e d  m o b i l i t y  of the  r a b b i t ,  m e t a c h r o m a t i e  s t a i n i n g  of i nd iv idua l  a r e a s  of the  a o r t i c  
w a l l  was  found in t he  s u b e n d o t h e l i a l  zone .  The  s l i g h t l y  t h i c k e n e d  e l a s t i c  f i b e r s  w e r e  m o s t  b r i g h t l y  s t a i n e d .  
At s o m e  p l a c e s  in the  s u b e n d o t h e l i a l  r e g i o n ,  s i g n s  of i n f i l t r a t i o n  w e r e  o b s e r v e d .  

F o u r t e e n  days  a f t e r  the  beg inn ing  of i m m o b i l i z a t i o n  of the  r a b b i t s ,  the  zone  of m e t a c h r o m a s i a  in 
the  r e g i o n  of the  i n t e r n a l  e l a s t i c  m e m b r a n e  and the  s i g n s  of s u b e n d o t h e l i a l  i n f i l t r a t i o n  i n c r e a s e d  c o n s i d e r -  
ab ly  in i n t e n s i t y .  S igns  of s u d a n o p h i l i a  w e r e  o b s e r v e d  in the  s u b e n d o t h e l i a l  r eg ion ,  and h e r e  and t h e r e  
i n t r a e e l l u l a r  d e p o s i t i o n  of l i p i d s .  In the  c e l l s  of the  e n d o t h e l i a l  l a y e r ,  the  f i r s t  s i g n s  of f a t ty  i n c l u s i o n s  
w e r e  s e e n .  

A f u r t h e r  i n c r e a s e  in the  i n t e n s i t y  of p r o l i f e r a t i o n  of the  s u b e n d o t h e l i a I  c e l l s  was  o b s e r v e d  140 days  
a f t e r  the  beg inn ing  of i m m o b i l i z a t i o n  (Fig .  l a ,  b).  T h e  s u b e n d o t h e t i a l  m e t a c h r o m a t i c  zones  w e r e  m o r e  e x -  
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tensive; lightly stained areas of cells with numerous fatty inclusions developed beneath these zones, towards 

the muscular coat. At some places above the tubercles, detachment of the endothelium from the subendo- 

thelial layer of cells was observed. In some places the subendothelial layer was thinner. Evidently in 
areas such as these, the endothelium later ruptured and an ulcer was formed. 

Atherosclerosis of the cornary arteries was not found in a single rabbit. 

In the experimental animals and in one control rabbit (with paralysis of the hind limbs) changes were 

observed in the myocardium : signs of capillary stasis, disappearance of the nuclei and cross striation of 

the fibers, loci of necrosis and proliferation of connective tissue. The appearance of capillary stasis was 

conventionally described by one plus sign, disappearance of the nuclei and the cross striation of the fibers 

in a small area of myocardium by two plus signs, disappearance of the nuclei and cross striation of the 
fibers over a wide area by three, andchanges in the myocardium with loci of necrosis by four plus signs. 

In experimental group 1 histological changes in the myocardium corresponding to + were observed 

in one rabbit, corresponding to ++ in two rabbits, and to +++ in one rabbit. In experimental group 2, changes 
corresponding to ++ were found in only two animals, and in all the others the changes corresponded to +++. 

The ECG at the end of the experiment was recorded before discontinuing immobilization and then at 
intervals of 3-10 days until the rabbits were sacrificed. The data of the ECG corresponded mainly to the 

microscopic changes in the myocardium. In all the rabbits of the experimental groups except 1 signs of 

coronary insufficiency were observed on the ECG taken before discontinuing immobilization: changes in 

the amplitude of the R wave, displacement of the RS-T interval from the isoelectric line, and deformation 
of the T waves (Fig. 2). 

In all the experimental rabbits one month after the beginning of immobilization the blood cholesterol 

level rose to 164-242 mg % (before the beginning of restriction of movement it was 36-84 mg ~c}. 

No appreciable difference was found between the arterial pressure of the rabbits of the experimental 
and control group. 

Hence, during the first week of immobilization the rabbits developed trophic changes in the aortic 

wall (the pre-lipoid stage of atherosclerosis). By the end of the second week these changes gradually led 
to the formation of atherosclerotic tubercles. It is interesting that the initial changes in the aorta ap- 

peared when the blood c h o l e s t e r o l  level  was no rma l  or even s l ight ly  below normal .  

The changes in the myocard ium were  evident ly  a s soc ia t ed  p r inc ipa l ly  with n e u r o - h u m o r a l  d i s t u r b -  
ances  in the body. It was found in acute expe r imen t s  on an imals  [1] that  muscu la r  movement ,  by s t imu-  
lat ing the p r o p r i o c e p t o r s ,  leads  to the re f l ex  di la t ion of the co ronary  a r t e r i e s .  In condit ions of r e s t r i c -  
t ion of muscu la r  movements ,  the re f l ex  influences f rom the p r o p r i o c e p t o r s  of the m us c l e s  on the co rona ry  
v e s s e l s  a r e  evident ly  cons ide rab ly  d iminished,  and this  may lead to a d e c r e a s e  in the blood supply to the 
myoea rd ium.  In the p resen t  expe r imen t s  ind i rec t  evidence of this  was given by the e l e c t r o c a r d i o g r a p h i c  
r e s u l t s .  However,  even during immobi l i za t ion  of an imals  the negative influence of the ca techo lamines  on 
the myocard ium cannot be ru led  out: Raab and c o - w o r k e r s  [61 showed that  a lack  of phys ica l  ac t iv i ty  l eads  
to the r e l a t ive  pathogenic p redominance  of the influence of the sympathe t ic  nervous  sys t em onthe  myoca rd ium.  
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