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P h y s i c a l  e x e r t i o n  i s  a c c o m p a n i e d  by  c h a n g e s  not  on ly  in  the  m y o c a r d i u m  and  s k e l e t a l  m u s c l e s ,  but  
a l s o  in  c e r t a i n  o t h e r  o r g a n s  and  s y s t e m s ,  n o t a b l y  the  c e n t r a l  n e r v o u s  s y s t e m .  The s t a t e  of the l a t t e r ,  in  
i t s  t u r n ,  has  a s i g n i f i c a n t  e f f ec t  on the  w o r k i n g  c a p a c i t y  of the m u s c l e  a p p a r a t u s  and  on i t s  e n d u r a n c e .  
Th i s  a c c o u n t s  fo r  the  i n t e r e s t  of the  s t u d y  of  the  s t r u e t u r a l  c h a n g e s  a r i s i n g  in  the v a r i o u s  p a r t s  of the  
c e n t r a i  n e r v o u s  s y s t e m  d u r i n g  p h y s i c a l  f a t igue .  I n f o r m a t i o n  on th i s  p r o b l e m  i s  i n c o m p I e t e l e .  

The  con ten t  of  e h r o m a t o p h i l i c  m a t e r i a l  in  the  n e r v e  c e l l s  of  dogs  has  been  found to d e c r e a s e  a f t e r  
p h y s i c a l  e x e r t i o n  and  to i n c r e a s e  d u r i n g  r e s t  [81. The  m o t o r  c e i l s  of the s p i n a l  c o r d  of f a t i g u e d  a n i m a l s  
c o n t a i n e d  a b o u t  o n e - f i f t h  a s  m u c h  p r o t e i n  and  RNA a f t e r  i n t e n s i v e  m u s c u l a r  e x e r t i o n  than  a t  r e s t  [3]. D u r -  
ing  p r o l o n g e d ,  con t inuous  m o v e m e n t  o r  in  the  a b s e n c e  of  s l e e p  f o r  48-72 h, the con ten t  of N i s s l ' s  s u b s t a n c e  
in  the n e r v e  c e l l s  of  a n i m a l s  fe l l  s h a r p l y .  I n v e s t i g a t i o n s  have shown tha t  a f t e r  a r e d u c t i o n  in the con ten t  
of N i s s l ' s  s u b s t a n c e  a s  a r e s u I t  of an  i n c r e a s e d  l o a d ,  r e s t o r a t i o n  of i t s  n o r m a I  l e v e l  o c c u r s  in  2 -3  d a y s ,  
o r  s o m e t i m e s  in a few h o u r s  [3 ,5] .  

A f t e r  s w i m m i n g  f o r  p e r i o d s  of b e t w e e n  30 ra in  and  3 h, the n u m b e r  of s a t e l l i t e s  in  the  m o t o r  n e u r o n s  
in  the v e n t r a l  h o r n  of the  l u m b a r  e n l a r g e m e n t  of  the  s p i n a l  c o r d  of m i c e  was  found to be  i n c r e a s e d .  With  
an  i n c r e a s e  in the d u r a t i o n  of s w i m m i n g ,  the  d i f f e r e n c e  be tw e e n  the m e a n  a r e a  of the  s a t e l l i t e s  and t h e i r  
" f r e e  g l i a "  a l s o  i n c r e a s e d  c o r r e s p o n d i n g l y  [7]. A f t e r  s w i m m i n g  fo r  40 m i n ,  the  m e a n  n u m b e r  of s a t e l l i t e s  
in  the m o t o r  n e u r o n s  of the  v e n t r o - l a t e r a l  nuc l e us  of the  l u m b a r  e n I a r g e m e n t  of  the sp ina l  c o r d  of r a t s  
i n c r e a s e d  by  a s t a t i s t i c a l l y  s i g n i f i c a n t  d e g r e e  [1]. 

The  o b j e c t  of the  p r e s e n t  i n v e s t i g a t i o n  was  to s t u d y  the s t r u c t u r a l  c ha nge s  a r i s i n g  in the  c e n t r a l  n e r -  
vous  s y s t e m  du r ing  p h y s i c a l  e x e r t i o n  u n d e r t a k e n  with  o r  wi thou t  p r e c e d i n g  t r a i n i n g .  

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

T w i c e  a week  the a n i m a l s  (8 r a t s )  w e r e  m a d e  to s w i m  fo r  2 h in w a t e r  a t  a t e m p e r a t u r e  of 32-35 ~ 
A f t e r  6 m o n t h s  of  th i s  t r a i n i n g ,  the  nex t  t i m e  t hey  had  to s w i m  f o r  4 h t o g e t h e r  wi th  8 u n t r a i n e d  r a t s ,  s w i m -  
m i n g  f o r  the  f i r s t  t i m e .  The l a s t  g r o u p  c o n s i s t e d  of 8 r a t s  which  d id  not  sw im ( con t ro l s ) .  A t  the  end of the 
e x p e r i m e n t  the a n i m a l s  w e r e  k i l l e d  b y  d e c a p i t a t i o n .  The b r a i n  was  f ixed  in C a r n o y ' s  f lu id  and e m b e d d e d  
in p a r a f f i n  wax.  Sec t ions  w e r e  s t a i n e d  with  h e m a t o x y l i n - e o s i n  and  by  N i s s l ' s  m e t h o d .  The n e u r o n s  of the  
s e n s o r i m o t o r  a r e a  of the c o r t e x  (Area  p A m ) ,  l a y e r  V, w e r e  s tud i ed .  By m e a n s  of a s c r e w  o c u l a r  

TABLE I. Mean Area of Cross 
Section of the Nucleus of a Cor- 
tical Neuron (in # 2) 

Control 
Experiment 

untrained ] trained 
:rats rats 

45_+2,5 59• 44• 

P 0,00001 0,5 

TABLE 2. Mean Area of Cross 
Section of a Cortical Neuron 
(in # 2) 

Experiment 
Control untrained ] trained 

rats ] rats 

107• 118--+6'8 I 99• 

P 0,005 0,05 
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Fig. 1. Neuron of layer  V of the c o r -  
tex, Area  PA m, of a control animal.  
Nissl.  900 x. 

Fig. 2. Neuron of layer  V of the c o r -  
tex, Area PA m, of an animal af ter  
physical exert ion (swimming for  4 h). 
Nissl.  900 • 

Fig. 3. Neuron layer  V of the c o r -  
tex, Area  PA m, of an animal p e r -  
forming physical  work (swimming) 
for  4 h) af ter  p re l iminary  training 
for  6 months. Nissl .  900 x. 

m i c r o m e t e r  the dimensions of the c ross  section of the neurons 
and of their nuclei were measured  in this area .  The c ross  s e c -  
tion was determined as the product of two mutually perpendi-  
cular  d iameters  (the l a rge r  and smaller)  of the neuron and of 
its nucleus. The resul ts  were analyzed by the Student--Fisher  
method. 

The resul ts  of the measurements  are  given in Tables 1 
and 2. 

The predominant  neurons in l ayer  V of Area PA m of the 
cor tex of the Controi grot{p of animals were normoct~romie in 
type, with hypochromie neurons among them showing signs of 
per ipheral  chromatolys is .  The cell nuclei, like the cells them-  
selves,  were of medium s ize  (cross section of neuron 107 ~2) 
and r ich  in ehromatin.  The nucleoli were la rg  e, regular ly  c i r -  
cular in shape, and situated in the center  of the nucleus (Fig. 1):. 

The sensor imotor  cortex of the experimental  untrained 
animals contained pale, hypochromic cells. The Niss l ' s  sub- 
stance of these cells was in a state of per ipheral  ehromatolys is ,  
their nucleus was large,  pale, and occupied two-thirds of the 
cell, and the nucleoli were in various states (ectopia, hyper t ro -  
phy, disintegration, atrophy). The c ross  section of the neuron 
and its nucleus was l a rge r  than in the control animals (Table 
I; Fig. 2). 

Histological examination of the cerebra l  cor tex of the t rained animals showed that the cy toarehi tec-  
tonic picture was c lear ly  p reserved .  Layer  V of the cor tex contained normochromic  neurons.  The nucleus 
was regu la r ly  round in shape, with a central  nucleolus and well-defined in t ranuclear  granules ,  r ich in 
Niss l ' s  substance,  and somet imes  showing per ipheral  chromatolys is .  The c ross  sect ion of the nerve cell 
and of its nucleus was indistinguishable f rom that of the neuron and its nucleus in the control animals 
(Table 2 Fig. 3). 
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The statistical analysis of the measurements of the neurons and their nuclei in the sensorimotor area 

of the cerebral cortex thus showed that they were increased in the animals performing physical work. 
Meanwhile the amount of Nissl's substance in the cytoplasm was reduced. In animals trained to perform 
physical work for a long time, these changes were much less marked, and the neurons of these animals 

were practically indistinguishable from the corresponding cells of the control animals. 
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