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Experiments  on young male ra ts  showed that graded muscular  exerc i ses  of gradually i n c r e a s -  
ing amount in the course  of 1 month led to an increase  in a rea  both of the neuromuscular  syn-  
apses and of the exchange surface of the capi l lar ies  in the region occupied by them. These 
quantitative changes are the morphological  equivalent of the increased activity of the neuro-  
muscular  apparatus during physical  exertion. 
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Changes developing regular ly  in the neuromuscular  apparatus during various types of physical exertion 
have been demonstrated experimentally [ 1, 3, 7, 8]. Meanwhile, the his tometr ic  relat ions of efferent nerve 
endings of skeletal muscles  and the mic rovesse l s  surrounding them have not been studied in the course  of 
graded muscular  exercises .  

The object of this investigation was the quantitative a s sessment  of changes in the myoneural  synapses 
and capi l lar ies  close to motor nerve endings during repetit ive motor  training with a gradual increase  in the 
volume of muscular  work. 

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

Experiments  were car r ied  out on 30 male ra ts  aged 1 month and weighing 62.4 + 2.7 g. Muscular ex- 
e rc i ses  consisted of graded running on a t readmil l  in accordance with a schedule worked out previously (from 
5 to 60 rain, distance f rom 130 to 1560 m). During the month of training exerc i ses  the work done by the ani- 
mals was equivalent to running a distance of 22,620 m at an intensity of 1560 m/h. The test  material  consisted 
of muscles  of the forel imbs (biceps and t r iceps  brachii) and hind limbs (biceps and rectus femoris  muscles).  
Capil laries and myoneural  synapses were both demonstrated by injecting the vessels  with a suspension of 
Par i s  green and then impregnating the sections by Bie l schowsky-Gros  method. The motor nerve endings were 
measured by Glagolev's  method [2] using a morphometr ic  grid designed by Stefanov [6]. The a rea  of the 
motor  end plates was calculated by the equation S x = Nx.A 2, where S is the mean area  of c ross  section of the 
motor  end plate (based on the resul ts  of severa l  measurements) ,  N x the mean number of junctions of the 
morphometr ic  grid lying within the c ros s  section during several  random applications of the grid to the c ross  
section; and A the step of the grid (the distance between junctions, in cm). 

The area of the exchange surface of the capi l lar ies  in the region of the motor  nerve endings was calcu- 
lated by the method suggested by Mel 'man et al. [ 5]. Capil laries within a radius of 25 ~ were studied. 

EXPERIMENTAL RESULTS 

The experiments showed that the neural elements of the skeletal muscles of young animals, especially 

the neuromuscular synapses, are highly sensitive to the action of muscular exertion. The afferent nerve fibers, 
their branches, and their terminal structures all showed changes. Differences in the response of myoneural 
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Fig.  1 Fig.  2 

Fig .  1. Myoneura l  synapses  of albino r a t s  a f te r  expe r imen ta l  muscu la r  t ra in ing:  a) mo-  
tor  nerve  ending f rom b iceps  b rach i i  musc le  showing di f ferent  s t ages  of changes in t e r -  
minal  s t r u c t u r e s ,  600x; b) n e u r o m u s c u l a r  synapse  with ve ry  c o a r s e  n e u r o f i b r i l t a r y  s k e l e -  
ton, 600• c) two end p la tes  on same musc le  f iber  f rom biceps  f e m or i s  muscle ,  300• 
Impregnat ion  by B i e l s c h o w s k y - G r o s  method. 

Fig.  2. A r r a n g e m e n t  of v e s s e l s  in vicini ty  of myoneura l  synapses :  a) forked cap i l l a ry  
loop f rom biceps  f e m o r i s  of exper imen ta l  ra t ;  b) c losed c a p i l l a r y  loop with vascu l a r  
anas tomot ie  br idge  from rec tus  f em or i s  muscle  of control  rat ;  c) a rcua te  cap i l l a ry  in 
region  of neu romuscu l a r  synapse  f rom biceps  brachi i  musc le  of expe r imen ta l  rat .  In-  
ject ion with suspension of P a r i s  green.  Impregnat ion  by B i e l s c h o w s k y - G r o s  method, 
300x. 

synapses  not only some d i s tance  apar t ,  but a lso  s i tuated c lose  together ,  was an in t e r e s t i ng  fact. Whereas  in 
some n e u r o m u s c u l a r  synapses  r e a c t i v e  changes were  observed  both in the af ferent  nerve  f iber  and in the t e r -  
m i n a l s t r u c t u r e s ,  in o thers  the r e s p o n s e  to muscu la r  exer t ion  was l imi ted  to changes in the af ferent  nerve  f iber .  
In some p laces ,  e spec i a l l y  in the p r e t e r m i n a l  reg ions ,  ve ry  s l ight  thickening of the myel inated nerve f ibe r s  
was observed .  Many of the t e r m i n a l s  were  seen  more  c l e a r l y  than normal ly .  The t e rmina l  por t ions  of the 
myoneura l  synapses  did not at  all  r e a c t  at  the same  t ime to the motor  Ioad, but within the same motor  nerve  
appara tus  the changes in the t e rmina l  s t r u c t u r e s  could be in di f ferent  s tages  (Fig. la) .  The in i t ia l  s tage of the 
r eac t ive  s ta te  was manifes ted  as coa r sen ing  of the n e u r o f i b r i l l a r y  skeleton,  with the r e s u l t  that the de l ica te  
t e r m i n a l s  and, in p a r t i c u l a r ,  those that a r e  no rma l ly  diff icult  to see ,  became s t rongly  a rgyroph i l i c  and c l e a r l y  

dist ing'uishable (Fig. lb).  

In some motor  nerve  endings,  bes ides  the n e u r o f i b r i l l a r y  skeleton,  the s a r c o p l a s m ,  the amount of which 
was i nc r ea sed ,  a lso  was impregna ted .  No apprec iab le  change could be observed  in the number  of nuclei  in the 
foot of the motor  end p la tes ,  but the nucleoli  were  i nc r ea sed  in volume and occupied a lmos t  the whole nucleus 

(Fig. lb). 

The r e a c t i v e  changes in the myoneura l  synapses  were  accompanied by changes in thei r  quanti ta t ive in -  
d ices  (Table !). As Table 1 shows, the a r ea  of the ne u r om us c u l a r  synapses  in the r ec tu s  f e m or i s  musc le  was 
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T A B L E  1. Changes  in A r e a  of M y o n e u r a l  
S y n a p s e s  in S k e l e t a l  M u s c l e s  d u r i n g  G r a d e d  
M o t o r  T r a i n i n g  

Muscle 

Biceps femoris 

Rectus femoris 

Biceps brachii 

Triceps brachfi 

Statisti- 
cal index 

Mpm 

Area of m' ,oneural 
synapses, u z 

normal experiment 

348,1~ 13,5 359,4-----2,6 
- -  0,2 

246,8• 355,8+7,6 
- -  0 , 0 1  

210,1• 236,3---+2,7 
- -  0,001 

I91,5-----4,9 249,2--+5,0 
- -  0,001 

T A B L E  2. Change  in A r e a  of Exchange  
Su r f a c e  of C a p i l l a r i e s  in M i c r o r e g i o n  of 
M y o n e u r a l  S y n a p s e s  

Muscle 

Biceps femoris 

Rectus femoris 

Biceps brachii 

Triceps brachii 

Statisti - 
cal index 

Mpm 

M~n 
M~n 

Area of exchange surface 
of capillaries 

normal experiment 

202,1• 341,9+7,6 
- -  0,001 

337,4--3,3 426,9x25,9 
- -  0,001 

206,3• 216,8• - 
- -  0 , 0 5  

213,4+2,1 334,0--+4,4 
- -  0,001 

i n c r e a s e d  by 44.1%. The  i n c r e a s e  in a r e a  of the m y o n e u r a l  s y n a p s e s  for  the  b i c e p s  b r a c h i i  m u s c l e  was  12.4% 
and fo r  the t r i c e p s  b r a c h i i  30.4%. It was  due to b r a n c h i n g  and the f o r m a t i o n  of new t e r m i n a l s .  At  the s a m e  
t i m e  end p l a t e s  a p p e a r e d ,  so that  two o r  t h r e e  m y o n e u r a l  s y n a p s e s  could  be  s een  on one m u s c l e  f i b e r  (F ig .  l c ) .  
S ince  the  i m p u l s e  in a m y e l i n a t e d  m o t o r  n e r v e  s p r e a d s  much f a s t e r  than the s u b s e q u e n t  ac t ion  po ten t i a l  in the 
m u s c l e  f i b e r ,  the p r e s e n c e  of s e v e r a l  end p l a t e s  r e s u l t s  i n  g r e a t e r  s y n c h r o n i z a t i o n  of c o n t r a c t i o n  [9 ] .  

M y o n e u r a l  s y n a p s e s  w e r e  found to be in c l o s e  con tac t  with v e s s e l s  of c a p i l l a r y  type (Fig ,  2). W h e r e  they  
w e r e  p r e s e n t  the c a p i l l a r i e s  f o r m e d  oval ,  c i r c u l a r ,  h o r s e s h o e - s h a p e d ,  and fo rked  loops .  C losed  c a p i l l a r y  
loops  w e r e  f o r m e d  by fus ion  of d i c h o t o m o u s l y  d iv id ing  c a p i l l a r i e s  o r  with the a id  of c a p i l l a r y  a n a s t o m o t i c  
b r i d g e s .  If the func t iona l  a c t i v i t y  of the m y o n e u r a l  s y n a p s e s  was  d e p r e s s e d ,  one of the m i c r o v e s s e l s  of the 
loop c o n s i s t e d  of a p l a s m a t i c  c a p i l l a r y  (2 .5-3 .0  p in d i a m e t e r )  and the a n a s t o m o s i s  was  open. The  e x i s t e n c e  
of c l o s e d  c a p i l l a r y  loops  e v i d e n t l y  e n s u r e s  o p t i m a l  o p p o r t u n i t i e s  for  a r e g u l a r  c i r c u l a t i o n  of the blood and 
t r a n s p o r t  exchange  in the m i c r o r e g i o n  of the m y o n e u r a l  s y n a p s e s  [4 ] .  

A h i s t o m e t r i c  a n a l y s i s  showed tha t  u n d e r  the in f luence  of m u s c u l a r  e x e r t i o n  the a r e a  of the exchange  
s u r f a c e  of the c a p i l l a r i e s  c l o s e  to the m o t o r  end p l a t e  of the b i c e p s  f e m o r i s  m u s c l e  i n c r e a s e d  by  69.1% (Table  
2), in the r e c t u s  f e m o r i s  m u s c l e  by 26.5%, in the b i c e p s  b r a c h i i  by 5.1%, and in the t r i c e p s  b r a c h i i  by 56.5%. 
No s i g n i f i c a n t  d i f f e r e n c e  could  be found be twee n  the a r e a  of the exchange  s u r f a c e  of the c a p i l l a r i e s  in  1 ~2 of 
a r e a  of the n e u r o m u s c u l a r  s y n a p s e  of the c o n t r o l  and e x p e r i m e n t a l  a n i m a l s  ( n o r m a l  0.9 ~2, e x p e r i m e n t  1.1 ~2). 
T h e s e  i n d i c e s  a r e  e v i d e n c e  of the adequa te  r e s p o n s e  of the m i c r o v e s s e l s  in the m i c r o r e g i o n  of the m o t o r  n e r v e  
end ings  to r e p e a t e d  g r a d e d  m u s c u l a r  e x e r t i o n .  

The  r e s u l t s  of th i s  i n v e s t i g a t i o n  showed that  g r a d e d  m u s c u l a r  e x e r t i o n  with a g r a d u a l  i n c r e a s e  in i t s  v o l -  
ume  for  a p e r i o d  of 1 month  l e a d s  to an i n c r e a s e  in a r e a  both of the n e u r o m u s c u l a r  s y n a p s e s  and of the e x -  
change  s u r f a c e  of the c a p i l l a r i e s  in the m i c r o r e g i o n  occup ied  by them.  T h e s e  quan t i t a t i ve  c ha nge s  a r e  the 
m o r p h o l o g i c a l  e q u i v a l e n t s  of the i n c r e a s e d  a c t i v i t y  of the n e u r o m u s c u l a r  a p p a r a t u s  d u r i n g  p h y s i c a l  exe r t i on .  
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