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Atrophy and re innerva t ion  of the gas t rocnemius  musc l e s  in r a t s  and f rogs  d i f fe r  not only in 
the i r  r a t e s  of development ,  but a l so  quali tat ively.  In r a t s  both a t rophy and re innerva t ion  of 
musc le  takes  p lace  s e v e r a l  t imes  f a s t e r  than in frogs.  During re innerva t ion  of the r a t  musc l e  
the r egene ra t ing  ne rve  t i s sue  influences the musc l e  t i s sue  even be fo re  r e a p p e a r a n c e  of the 
cont rac t i l e  function of the musc le ,  a t rophy of which is delayed. However,  the weight of the 
re innerva ted  m u s c l e s  d i f fe rs  cons iderab ly  f rom the weight of the intact musc l e s  in the late  
s tages  af ter  r e s to ra t i on  of function. In f rogs ,  dur ing re innerva t ion  the nerve  t i s sue  has no 
apprec iab le  effect  on the m us c l e  t i ssue ,  but  the weight of the m u s c l e s  is a lmos t  comple te ly  
r e s t o r e d  2 months  af ter  the c o m m e n c e m e n t  of the i r  function. 

On the ba s i s  of cons iderab le  expe r imen ta l  da ta  Studitskii  developed the concept  of m e c h a n i s m s  of 
t i s sue  regulat ion,  control l ing s t ruc tu r a l  p r o c e s s e s  p e r f o r m e d  by  the t i s sues  [6, 7]. One type of t i s sue  r egu-  
la t ion dist inguished by  Studitskii  is neuro t rophic  regulat ion.  The t rophic  influence of the nervous  s y s t e m  
on o rgans  and t i s sues ,  e spec ia l ly  m us c l e s ,  has  f requent ly  been studied and continues to a t t r ac t  at tention [1, 
8, 9]. Using autograf ted  minced  m us c l e  t i s sue  and whole musc l e s  as exper imenta l  models ,  Zhenevslmya [2, 
3] demons t ra ted  that the t rophic  act ion of a ne rve  can be  dist inguished f rom its functional action, i .e.,  con-  
duction of the impulse ,  and she d i scovered  that the t rophie  action of a r egene ra t ing  ne rve  on s t ruc tu ra l  p r o c -  
e s s e s  in skele ta l  musc le  t i s sue  is induced in cha rac t e r ,  conf i rming that a neurot rophic  m e c h a n i s m  of t i s sue  
regulat ion actual ly  ex is t s .  In the w r i t e r s '  p rev ious  invest igat ions this t rophic  effect  of the r egene ra t ing  
ne rve  was conf i rmed by  studying p r o c e s s e s  of denervat ion and re innerva t ion  of the ga s t rocnemius  m u s c l e s  
in r a t s  [4, 5]. 

The object of the p r e s e n t  invest igat ion was to compare  the neurot rophic  t i s sue  regulat ion of s t r u c t u r a l  
p r o c e s s e s  in m u s c l e  t i s sue  in denerva ted  and re innerva ted  m u s c l e s  of lower  (frogs) and higher  (rats)  v e r t e -  
b r a t e s .  

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

Altogether 74 pond f rogs  (Rana ridibunda) weighing 40-70 g and 123 noninbred albino r a t s  weighing 
100-120 g were  used  in the two s e r i e s  of expe r imen t s .  In s e r i e s  I the t ibial  ne rve  was divided in the r ight  
hind l imb at a d is tance  of about 1 cm f rom the gas t rocnemius  muscle ,  and to p reven t  re innerva t ion  the cen-  
t r a l  end was sutured to the thigh m u s c l e s .  In the exper imen t s  of s e r i e s  II the t ibial  ne rve  was divided at 
the s a m e  dis tance f rom the m us c l e  but  was not su tured to the neighboring musc le ,  so that the injured ne rve  
could r egene ra t e .  The animals  were  fixed at in terva ls  between 3 days  and 4 months  a f te r  the operat ion.  
Befo re  fixation a physiological  b a s e  line for the t e s t  musc l e s  was obtained with a type ES-3M e lec t r i ca l  
h e a r t  s t imula to r .  The m us c l e s  were  weighed and fixed in 12% formal in ,  then impregna ted  with s i l ve r  by  
the B ie l s chowsky-Gros  method and gilded by  L a v r e n t ' e v ' s  method.  The left  intact  gas t rocnemius  musc le  
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Fig. 1. Change in weight of atrophied muscles  after division and displacement 
of tibial nerve in rats  and f rogs:  1) weight of rat  muscles ;  2) weight of f rog 
musc les ;  ver t ica l  lines show extent of e r r o r .  

Fig. 2. Regenerat ing axons in muscle  t issue of a f rog 1.5 months af ter  division 
of the nerve.  Impregnation, 900x. 

was used as the control .  The gravimet r ic  data were subjected to 
s tat is t ical  analysis by Student's method. 
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Fig. 3. Change in weight of r e -  
innervated muscles  after  division 
of tibial nerve in rats  and frogs.  
Legend as in Fig. 1. 

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

The resul ts  show that muscle  atrophy develops very  rapidly 
in ra t s  after  denervation. By the 3rd day after  division and dis-  
placement  of the nerve the weight of the muscle  was reduced by 
16% (Fig. 1). Histological examination showed that te rminals  in 
motor  end-plates and neuromuscular  spindles were degenerated. 
Axons were visible only in the nerve  t runk entering the muscle.  
In frogs atrophy of the muscle  fibers developed much more  slowly 
after  denervati0n. By the  15th day the loss  of weight of the muscles  
was only 5% (Fig. 1). Terminals  of myoneural  synapsis and neuro-  
muscu la r  spindles also were degenerated,  but occasional  axons or 
their  f ragments  could still be seen in the in t ramuscular  nerve 
trunks.  

By the 15th day the denervated rat  muscles  had lost  half their  
weight, which was now only 49 4-1% of the weight of the control 
muscles .  The denervated muscles  of the f rogs  lost  half their  
weight only after 4 months, when it was 55 *2% of the weight of 
the control muscles .  

The study of re innervat ion p roces se s  showed that in ra ts  the nerve began to grow into the muscle  
approximately on the 15th day after  its division. On the 18th-19th day, many regenera t ing  axons could be 
seen in the muscle.  P r i m a r y  contacts (of embryonic  type) between motor  nerve f ibers  and muscle  f ibers 
were  observed:  the myoneural  synapse was still without its end-plate, no nuclei were visible in the synapse, 
the axons had no terminal  branches ,  and they frequently ended in a "loop." A difference was observed be-  
tween the weights of the re innervated and denervated muscles ,  and this difference became stat is t ical ly s ig-  
nificant (P < 0.001) at the t ime of the f i r s t  signs of res tora t ion  of function (22 days af ter  division of the 
nerve). In frogs the nerve  began to grow into the muscle  apprc~imately 1-1.5 months after  division. 
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Reinnervation of the muscle  took place less  intensively than in ra ts .  A few regenerat ing axons formed 
"loops," or  pools of axoplasm, and somet imes  the end of the axon was twisted into a c o r k s c r e w  (Fig. 2). 
P r i m a r y  contacts were observed between moto r  nerve  fibers and muscle  t issue, appearing as one or  more  
loops around the muscle  nucleus. However, both then and at the beginning of function of the musc les  {2 
months after  division of the nerve), the difference between the weights of the denervated and re innervated 
muscles  was not significant. 

A distinct contract i le  react ion of the musc les  to nerve  stimulation was detected in the ra t s  4 weeks 
after  division of the nerve. On the 28th day the weight of the functioning gas t rocnemius  muscles  was 46 • 
of the weight of the control  muscles ,  the difference from the weight of the denervated muscles  being signi-  
ficant (P < 0.001). A rapid growth of axons took place in the muscles ,  many regenerat ing motor  end-plates 
could be seen, and the nucleoli of many of the muscle  nuclei  were close to the normal  size.  After 4 months 
the weight of the re innervated  musc les  reached 68 * 5.5% (Fig. 3). In frogs appreciable r ecove ry  of con t rac -  
tile activity of the musc le  was recorded  9 weeks after  division of the nerve. The weight of the functioning 
musc les  was then a lmost  the same as in the denervated muscles ,  namely 77 =~ 3% of the weight of the control  
musc les .  The difference in weight between the denervated and reinnervated muscles  became significant only 
1 month after the beginning of function of the muscle .  Four  months after division of the nerve the weight of 
the re innervated musc les  was 95 • 2% of the weight of the control musc les  (Fig. 3). 

P r o c e s s e s  of atrophy thus take place more  rapidly and more  intensively in ra ts  than in frogs.  Rein- 
nervat ion of the musc les  in ra ts  also takes place much fas ter  than in frogs. The cha rac te r  of the curves  
respect ing the change in weight of the muscles  in ra ts  and frogs after denervation and during reinnervat ion 
differed sharply (Figs. 1 and 3). The influence of nerve t issue on s t ructural  p rocesses  in the muscle  t i ssue 
evidently differed considerably  in these two se r i e s  of animals. In ra ts  the influence of nerve t issue on 
muscle  t issue is manifested even in the per iod before  function. This is shown b y  the fact that under the 
influence of the ingrowing axons there  was vir tual ly no fur ther  dec rease  in weight of the atrophied musc les .  
The action of the regenera t ing axons on the musc le  t issue in f rogs was not ref lected in the weight of the 
musc les .  Changes in the metabol i sm of the muscle  t issue undoubtedly occurred  under the influence of nerve 
t i ssue  in frogs.  However, these changes were so slight in degree and they took place so slowly that they 
did not affect the weight of the re innervated  muscles .  Meanwhile the weight of the muscles  in the f rogs  was 
re s to red  more  ~apidly and m o r e  completely  than in the rats .  This suggests  that in the course  of evolution 
the neurotrophic mechanism of t issue regulation of s t ructura l  p r o c e s s e s  in skeletal muscle  t i ssue has be-  
come strengthened. 

i~ 

2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 

LITERATURE CITED 

E. Gutmann and I. Hajek, in: Nervous Mechanisms of Motor Activity [in Russian], Moscow (1966), 
p. 9. 
R. P. Zhenevskays,  Dold. Akad. Nauk SSSR, 121, No. 1, 182 (1958). 
R. P. Zhenevskaya, Experimental  Histological Investigation of Neurotrophic Tissue Regulation of 
Structural  P r o c e s s e s  in Skeletal Muscle Tissue. Author 's  Abstract  of Doctoral Dissertat ion,  Moscow 
(1971). 
R. P. Zhenevskaya and L L. Novoselova, Dokl. Acad. Nauk SSSR, 185, No. I, 214 (1969). 
I. L. Novoselova, Byull. ]~ksperim. Biol. i IVied., No. i0, i00 (1971). 
A. N. Studitskii, Izvest. Akad. Nauk SSSR, Seriya Biol., No. 3, 332 (1948). 
A. N. Stu(/itskii, Arkh. Anat. No. I, 29 (1964). 
E. Gutmann, Curr. Res. Neurosei., i0, 54 (1970). 
L. Guth, Physiol. Rev., 48, 645 (1968). 

457 


