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During exposure  of dogs to hypokines ia  for  15 days a marked  dec r ea se  was found in the con-  
cent ra t ion  of h igh -po lymer  RNA in mi tochondr ia  f r o m  the myocard ium of the left  and r ight  
ven t r ic les .  Hypokinesia  is followed by a dec r ea se  in the abil i ty of the mi tochondr ia  to i nco r -  
pora te  CU-labeled amino acids.  E l ec t ron -mic ro scop i c  invest igat ion of the ven t r i cu la r  mi to-  
chondria  a f te r  hypokinesia  for  15 days revea l s  slight damage to mi tochondr ia  of genera l  type, 
while mitochondria  of muscu la r  type a re  well p r e s e r v e d .  

The ha rmfu l  action of l imited mobili ty on man and animals  has been known for  a long t ime.  However,  
the mechan i sms  lying at the bas i s  of p r o g r e s s i v e  disuse atrophy of the ent i re  muscu la r  s y s t e m  and, i n p a r t i e -  
ular ,  of the myocardium,  have rece ived  inadequate study. Metabolic p r o c e s s e s  in the myocard ium during 
s eve re  l imi ta t ion of i ts  physiological  function a re  undoubtedly changed at "all  levels  of regulat ion of the 
myocard ium,  but p r inc ipa l ly  at the ce l lu la r  and molecu la r  leve ls"  [5]. 

The object  of the invest igat ion desc r ibed  below was to study changes in the concentrat ion and compo-  
sit ion of h igh -po lymer  RNA and changes in the abil i ty to incorpora te  radioact ive  amino acids in v i t ro  ob- 
se rved  in an isolated f rac t ion  of mi tochondr ia  f rom the left  and r ight  ven t r i c l e s  and to compare  these  in-  
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Fig. 1. Specific radioact iv i ty  of 
mi tochondr ia  f r o m  lef t  (A) and right 
(B) ven t r ic les .  Unshaded c o l u m n s -  
control;  shaded columns - h y p o -  
kinesia .  

dices  with the morphological  s t ruc tu re  of the mi to-  
chondria  in hypokinesia.  

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

Exper iments  were  c a r r i e d  out on 12 dogs weigh- 
ing 15-18 kg. Hypokinesia was produced by secu re  

TABLE 1. Concentrat ion of H i g h - P o l y m e r  
RNA in Mitochondria f rom Different  
Pa r t s  of Dog 's  Hear t  a f t e r  Hypokinesia  
(in/~g RNA/mg mitoehondrial  protein) 

Group of animals I Left i Right 
ventricle ventricle P 

�9 - I 5,3 • l Control I 2,61+0,37 3,69_+_0,209 Hypokinesia _ 2,68• 
<0,001 
<0,01 
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Fig. 2. Mitochondria f rom left  (a) and r ight  {b) ven t r i c les  
of a dog following hypokinesia  (25,000 x). 

fixation by applicat ion of soft splints ,  o r  p l a s t e r  of pa r i s  s labs and bandages under  morphine anesthesia ,  
ensur ing a s ta te  of total  immobil i ty .  The an imals '  posi t ion cor responded  to a s tate  of physical  r e s t  (lying 
in the prone  position). To p reven t  the development  of p r e s s u r e  so r e s ,  the p l a s t e r  cas t  was lined with cotton 
wool. The animals  remained  secu re ly  fixed for  15 days,  a f te r  which the p l a s t e r  cas t  was removed  under 
m o r p h i n e - h e x o b a r b i t a l  anes thes ia ,  a f t e r  which thoraco tomy was p e r f o r m e d  and the hea r t  quickly extracted.  
Methods of obtaining a pure  f rac t ion  of mitochondria ,  of isolat ion of h igh -po lymer  RNA f rom it, d e t e r -  
mination of i ts  concentrat ion and composit ion,  and de terminat ion  of the mixture  of Ct4-1abeled amino acid* 
in pro te ins  of the mitoehondria l  f rac t ion  of the myocard ium in vi t ro ,  and methods of e l e c t r o n - m i c r o s c o p i c  
control  have been descr ibed  p rev ious ly  [1, 3]. 

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

The animals  were  divided into two groups:  controls ,  kept under  normal  conditions in the animal house, 
and animals  subjected to hypokinesia.  

hnmobi l iza t ion  of the animals  for  15 days led to a dec rea se  of 27-30% in the absolute weight of the 
hear t .  A marked  dec r ea se  in the number  of mitochondria  was found in the left  and right ven t r ic les ;  this de-  
c r ea se ,  calculated re la t ive  to d ry  weight, was 20-25%. 

The concentra t ion of h igh -po lymer  RNA in mitochondria  f rom myocard ium of the left  vent r ic le  of dogs 
exposed to hypokinesia  was reduced by 50.8%, and in the mitochondria  of the r ight  vent r ic le  by 27.5% (Table 1). 

*Proline, valine, arginine, serine, threonine. 

867 



Hypokinesia led not only to a sharp  dec rea se  in the concentrat ion of h igh-po lymer  RNA, but also to changes 
in i ts  nucleotide composit ion.  These were  pa r t i cu l a r ly  marked  in RNA f r o m  mitochondr ia  of the left  ven-  
t r ic le .  For  instance,  the base  rat io (G +C/A +U) was shifted toward the GC-type:  1.25 =L 0.071 in the control  
animals  and 1.37 10.01 in the immobi l ized  animals .  This change in the base  rat io  was evidently due to the 
fact that mi tochondr ia  of muscu la r  type, whose RNA is most  s t rongly of the GC-type,  [3] were  predominant  
in the myocardium.  

The specif ic  act ivi ty of mitochondrial  prote in  f r o m  the left ven t r ic le  of intact  dogs and of dogs exposed 
to hypokinesia  was 475 and 113 p u l s e s / m i n / m g  pro te in , respec t ive ly ,  and the cor responding  f igures  for  mi to-  
chondria  of the right vent r ic le  were  274 and 112.5 p u l s e s / m i n / m g  pro te in  (Fig. 1). 

On e lec t ron  mic rographs ,  spec imens  of mitochondria  f rom the left  ven t r ic le  of an imals  exposed to 
hypokinesia  appear  mainly as mi tochondr ia  of muscu la r  type, with the i r  s t ruc tu re  in mos t  cases  well p r e -  
s e rved  (F ig .  2a). In some mitochondr ia  c lear ing of the ma t r ix  is observed  and the o rde r ly  a r r a n g e m e n t  
of the c r i s t a e  is  l ess  c lear .  Only a few ord inary  mitochondria  with short ,  tubular  c r i s t a e  were  p resen t ,  
and they were  slightly modified. The e l e c t r o n - m i c r o s c o p i c  p ic ture  of mi tochondr ia  f rom the r ight  vent r ic le  
(Fig. 2b) was bas ica l ly  the same,  except  that fewer  mitochondria  of muscu la r  type were  p r e sen t  in the 
specimen.  In these  mitochondria  the ma t r ix  occupied a l a r g e r  a rea ,  and the a r r a n g e m e n t  of the c r i s t a e  was 
sl ightly abnormal ,  but the l imit ing m e m b r a n e  was intact  (electron mic rog raphs  of mitochondria  f rom the 
hear t  of intact  an imals  have been published by the wr i t e r s  p rev ious ly  [3]). 

Hypokinesia for  two weeks thus leads to slight d is turbances  of the s t ruc tu re  of the myocard ia l  mi to-  
ehondria,  manifes ted mainly as des t ruc t ion  of mi tochondr ia  of the genera l  type while those of muscu la r  type 
r e m a i n  intact.  Diminution of the contract i le  function of the myocard ium as a resu l t  of hypokinesia  also 
d e p r e s s e s  p ro te in  synthesis  in the myocard ia l  mitochondria .  T e m p o r a r y  depr ivat ion of moto r  act ivi ty de-  
p r e s s e s  the contract i le  function of the an imals '  hear t ,  and also, consequently,  reduces  the degree  of wear  
and t ea r  on i ts  cell  s t ruc tu res .  The need for synthesis  of specia l ized pro te ins ,  providing the myocard ium 
with the ma te r i a l s  requi red  for  its contract i le  function, is reduced, so that  the d e c r e a s e  in intensi ty  of syn-  
thes is  of pro te in  and RNA obse rved  in the mitochondria  conforms to modern  views regarding  the dependence 
of synthesis  of pro te in  and nucleic acids on the level  of physiological  cell  function [4]. 
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