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Recent  invest igat ions have shown that l imitat ion of moto r  act ivi ty (hypokinesia) of an imals  and man in- 
evi tably  leads to a t rophy of the l imb musc l e s  and to a reduction in the i r  blood supply, which is mani fes ted  
morphologica l ly  as emptying of some of the cap i l l a r i e s  and an inc rease  in the number  of a r te r iovenous  ana-  
s t omoses  [1, 2, 5, 8, 9 ]. However,  it should be pointed out that musc l e s  whose f ibers  differ  in the i r  function 
and composi t ion respond  dif ferent ly  to hypokinesia.  For  instance,  unlike mos t  of the hind- l imb musc les ,  not 
only atrophic changes a re  obse rved  in the ant igravi ty  soleus musc le  of r a t s ,  but also s eve re  dystrophic  
changes [3, 6, 7, 10]. The reasons  for  d i f fe rences  in the r e sponse  of musc les  to hypokinesia  a re  not c l ea r ,  
and it can only be suggested that they a re  connected with d i f fe rences  in blood supply to the musc les .  

This paper describes the results of a quantitative histological study of the microcirculation of the hind- 
limb muscles of rats during hypokinesia. 

EXPERIMENTAL METHOD 

Experiments were carried out on 20 albino rats weighing 240 g, I0 of which were kept for 20 days in in- 
dividual restriction cages, severely restricting the animals T movements, while I0 rats were kept under nor- 

mal animal house conditions. Immediately after the end of the experiment, the experimental and control ani- 
mals were weighed and decapitated. The soleus, gastroenemius, and tibialis anterior muscles and also the 
biceps femoris muscle were fixed in 10% neutral formalin and embedded in paraffin wax. (All muscles except 
the biceps femoris were weighed before fixation in formalin.) Dewaxed sections through the muscles, 6 
thick, cut perpendicularly to the long axis of the muscles, were stained with hematoxylin-eosin, with azan by 
Heidenhain's method, and with iron-hematoxylin by a modification of the method suggested previously [4], 
selectively revealing functioning (containing erythrocytes) capillaries. The number of functioning capillaries 
was counted under the light microscope with a magnification of 450• the number of capillaries in 500 muscle 
fibers was Counted. In the gastroenemius muscle, besides counting the total number of functioning capillaries, 
the number of flmetioning capillaries in the white (consisting mainly of white muscle fibers) and "red" (con- 

sisting of white, red, and intermediate muscle fibers) parts of the muscle was determined. The results were 
subjected to statistical analysis, differences between mean values for which P < 0.05 being taken as signifi- 
cant. 

EXPERIMENTAL RESULTS 

Hypokinesia  for 20 days led to loss  of body weight by the animals  and a d e c r e a s e  in the weight of the 
h ind- l imb musc les  (Table 1). Bes ides  a t rophy in the gas t rocnemius ,  t ibialis  an te r ior ,  and biceps  f emor i s  
musc les ,  the number  of functioning cap i l l a r i e s  d e c r e a s e d  by 19, 30, and 30%, r e spec t i ve ly  (Table 2). The de-  
c r e a s e  in the number  of functioning cap i l l a r i e s  in the gas t rocnemius  musc le  took place mainly  on account of 
a dec r ea se  in the number  of cap i l l a r ies  in i ts  "red" p a r t  (the number  of functioning cap i l l a r i e s  diminished by 
24%), whereas  in the "white" p a r t  of the gas t rocnemius  musc le  t h e n u m b e r  of functioning cap i l l a r ies  de-  
c r e a s e d  by only 9% (not s ta t i s t i ca l ly  significant).  
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TABLE 1. Body Weight  and Weight  of Hind- 
Limb Musc les  of Rats  under  N o r m a l  Condi-  
t ions and a f t e r  Hypokines ia  (M ~: m) 

Character of W e i g h t  Weight of muscles, mg 
of rats, gastroc- experiment tibialis 

g nemius  soleus anterior 

Control 3004-9 16834-75 130_+4 5574-20 
Hypokinesia for 

20 days 228+7* 1360+36" I 1154-6" 4284-16" 

Legend. Here  and in Table 2, a s t e r i s k  indi-  
ca t e s  s t a t i s t i ca l l y  s igni f icant  d i f f e rences  
between con t ro l  and e x p e r i m e n t ,  

TABLE 2. N u m b e r  of Funct ioning Cap i l l a r i e s  in Dif ferent  H i n d - L i m b  Musc les  of  Rats  under  
N o r m a l  Condi t ions  and a f t e r  Hypokines ia  (M • m) 

Number of functioning capillaries per 500 muscle fibers 
Character of ex . . . . . . .  

tibialis biceps re- gastrocnemius "white" part of "red" part of 
periment soleus anterior moris igastrocnemius igastroenemius 

Control 657• 425-4-28 I 6964-53 4374-18 [ 2774-15 [ 5974-26 
Hypokinesia for 20 days  6544-34 2964-14 4924-20 3564-12 2544-12 458:t= 19 

Fig. 1. T r a n s v e r s e  sec t ion  through soleus  m u s c l e :  a) 
con t ro l  r a t  ( a r r o w s  indicate  funct ioning ca p i l l a r i e s  con-  
taining e r y t h r o c y t e s ) ;  b) r a t s  kept  fo r  20 days  u n d e r  
condi t ions  of  hypok ines i a ,  c ap i l l a r i e s  and sma l l  veins 
a re  di la ted and congested .  Stained with i ron -hema toxy l in ,  
450• 

The r e s u l t s  a r e  f u r t h e r  ev idence  in suppor t  of a d i r e c t  r e la t ionsh ip  be tween the funct ional  load on m u s -  
c les  and the level  of the i r  blood supply. The fac t  that  the d e c r e a s e  in the n u m b e r  of functioning cap i l l a r i e s  
was g r e a t e r  in the " r e d "  p a r t  of  the g a s t r o c n e m i u s  m u s c l e  can  evident ly  be explained on the grounds  that  r ed  
f ibers ,  with the i r  oxidat ive type of m e t abo l i s m ,  r e q u i r e  m o r e  oxygen dur ing  ac t ive  work  of the musc le ,  and 
this is suppl ied to them by the n u m e r o u s  cap i l l a r i e s  which run  toward  them,  w h e r e a s  at  r e s t  (during hypo-  
k ines ia )  the oxygen consumpt ion  of the r ed  musc l e  f ibe r s  fal ls  sha rp ly  and s o m e  of the cap i l l a r i e s  supplying 
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them cease to function. In other words, the level of the blood supply to the red muscle fibers during active 
work and at rest varies over a much wider range than the level of the blood supply to the white fibers with a 
glycolytic type of metabolism. 

By contrast with the hind-limb muscles mentioned above, the number of functioning capillaries in the 
soleus muscle was not reduced after hypokinesia for 20 days (Table 2). Moreover, the study of the microcir- 
culation of the soleus muscle of rats kept under conditions of hypokinesia showed signs of congestive stasis, 
reflected in the large number of dilated capillaries and small veins, congested with blood~ (Fig. I). The con- 
gestion of the veins and capillaries of the soleus muscle was evidently connected with the fact that the function 
of the "muscular pump" is disturbed during hypokinesia and, as a result, the blood flow along the thin-walled 
intramuscular veins, incapable of contracting by themselves, is slowed. Slowing of the blood flow is invariably 
accompanied by the development of tissue hypoxia, and this most probably is the direct cause of the develop- 
ment of dystrophic changes in the muscles. 
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P rev ious ly ,  the w r i t e r s  r e p o r t e d a  fall  in the level  of functional p a r a m e t e r s  of f r agments  of the s a r e e -  
p l a smic  re t i cu lum (FSR) of ske le ta l  musc les  of rabbi t s  with thyrotoxicosis .  In pa r t i cu la r ,  a d e c r e a s e  in the 
eff iciency of accumula t ion  of Ca ~ ions f rom the med ium by FSR p repa ra t ions  was obse rved  agains t  the back-  
ground of a dec r ea s e  in Ca-dependent  A T P a s e  activity.  The effects  obse rved  may  be cansed by var ious  fac -  
to rs :  a change in lipid composi t ion  occur r ing  during thyrotoxicosis ;  d i s turbance  of the s to ieh iomet ry  of FSR 
pro te ins  respons ib le  for  Ca ++ t r a n s p o r t  and util ization; a change in the c h a r a c t e r  of p r o t e i n - l i p i d  in terac t ions  
in the m e m b r a n e  complex.  In fact, if  the ene rgy  b a r r i e r  to pass ive  outflow of Ca ++ ions f r o m  the ves ic les  is 
lowered because  of s t ruc tu ra l  changes in the p r o t e i n - l i p i d  complex of FSR m e m b r a n e s ,  this mus t  cause  both 
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