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Invest igat ions  [8, 9, 10-13, 17] have  shown that  the development  of a t umor  is p receded  by functional 
d i s tu rbances  of the cen t ra l  nervous  s y s t e m .  In these  invest igat ions,  by the use  of ce r t a in  agents  modifying 
the functional equi l ibr ium of  the cen t ra l  nervous  sy tem,  changes were  produced in the cou r se  of t umor  
development .  Converse ly ,  in morpholog ica l  invest igat ions changes have been found in the pe r iphe ra l  n e r -  
vous s y s t e m  and also in the neurons  of the spinal  cord  connected ana tomica l ly  with the focus of t umor  de -  
ve lopment  [2, 5, 6]. During s tudies  of va r ious  por t ions  of  the nervous  s y s t e m  (in accordance  with B. S. 
Doinikov 's  scheme) the initial changes  in neurons  belonging to a f fe ren t  s y s t e m s  were  demons t r a t ed  at l eve l s  
co r respond ing  to the innervat ion of the s i te  of inject ion of the carc ionogen  in the cour se  of tumor  f o r m a -  
tion [9J. Subsequently,  as  these  changes  at  the s i te  of appl icat ion of the ca rc inogen  in the cou r se  of t u m o r  
fo rma t ion  [9]. Subsequently, as these  changes  at the s i te  of appl icat ion of the ca rc inogen  inc rease ,  t e r -  
minat ing in mal ignant  growth, changes were  obse rved  in the motoneurons  of the spinal  cord  and also in 
higher  levels  of the cen t ra l  ne rvous  s y s t e m .  

The obse rva t ions  ment ioned above,  toge ther  with o ther  data  in the l i t e ra tu re ,  indicate that the ne rvous  
s y s t e m  plays an impor tan t  ro le  in the pathogenetic m e c h a n i s m s  of t u m o r  growth. 

In the p resen t  invest igat ion changes in the moto r  and s e n s o r y  ne rve  endings in musc le  t i s sue  at the 
s i te  of a focus of ca rc ionogens i s  we re  studied. 

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

The invest igat ion was conducted on male  albino r a t s  weighing 120-160 g, r ece iv ing  an inject ion of 
1 rag 9, 10 -d ime thy l - l , 2 -benzan th racene  (DMBA), d isso lved  in 0.2 ml  ra t  fat,  into the s a m e  region.  The 
an ima l s  were  sac r i f i ced  a f t e r  per iods  va ry ing  f r o m  21 to 327 days  inclusive .  The r ight  and left g a s t r o -  
cnemius  musc l e s  were  invest igated.  The ne rve  endings were  r evea led  by the B i e l s e h o w s k y - G r o s  method 
as modif ied by LavrentVev, and by Campos~s method.  To identify changes at the s i te  of  inject ion of DMBA 
and BA, the ma te r i a l  was stained by Van Gieson~s method and with hematoxy l in -eos in  and Sudan lII. 

EXPERIMENTAL RESULTS 

In ea r ly  s tages  of the p roce s s  (21st, 62nd, 90th days),  when nonspecif ic  i n f l a m m a t o r y  changes were  
p resen t  at the s i te  of injection of DMBA around the pe r iphe ry  of cavi t ies  containing the ca rc inogen  d i s -  
solved in fat  (see f igure,  A), s igns of i r r i t a t ion  were  seen  in the mo to r  endings of the left  gas t rocnemius  
muscle, in the form of thickening and coarsening of the preterminals and the terminal fibrils, together with 
an increase in the number of nuclei of the end-plate (see figure, B). In the neuromuscular spindles changes 
were observed in the nerve fibers, with signs of irritation (varices, pools of neuroplasm; see figure, C). 
On the 62nd day changes in the motor end-plates were found not only on the side of injection of DMBA but 
also in the opposite limb in the form of coarsening of the preterminal and terminal fibrils and the appear- 
ance of tiny spherical thickening at their ends (see figure, F). 

With the onset  of p ro le fe ra t ive  changes at the s i te  of inject ion of DMBA (120th-150th day), bes ides  
s igns of i r r i t a t ion  (see f igure,  D) in the mo to r  end-p la tes  of the left ga s t rocnemius  musc le ,  more  s e v e r e  
changes were  obse rved  compared  with those seen  in the preceding  s tage of the p roce s s .  Spherical  swel l ings 
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Changes in ne rve  endings in musc le  during development  of r habdomyosa rcoma .  A) Left 
gas t rocnemius  musc le ,  21st day a f t e r  injection of carcinogen.  In f l ammato ry  reac t ion  
around cavi t ies  containing DMBA dissolved  in fat. 10 x 20; B) motor  end-pla te  of left 
gas t rocnemius  muscle  of 21st day. Coarsen ing  of p r e t e rmina l s ,  i nc r ea se  in number  of 
nuclei  in end-p la te .  10 x 40; C) neu romuscu l a r  spindle of left  gas t rocnemius  musc le  on 
21st day. Var iees ,  pools of neurop lasm in ne rve  f ibe r s .  10 x 40; D) motor  end-pla te  
of left  gas t roenemius  musc le  on 120th day. Coarsening  of p r e t e rmina l  and t e rmina l  
f ib r i l s .  10 x 40; E) motor  end-pla te  of left gas t rocnemius  musc le  on 150th day. 
Neuroma  of endings. 10 x 90; ~ motor  end-pla te  of r ight  gas t roenemius  musc le  on 
62nd day. Coarsening  of p r e t e r m i n a l  and t e r m i n a l  f ib r i l s  with fo rmat ion  of spher i ca l  
thickenings on ends. 10 • 90; G) rhabdomyosa rcoma ,  327th day a f te r  inject ion of DMBA. 
10 • 20; H) two motor  end-p la tes  of left gas t roenemius  musc le  on 327th day. End-pla te  
whose t e rmina l  f ibr i l s  f o r m  a c o a r s e  a rgyrophi l ic  g lomerulus ,  and end-pla te  without 
t e rmina l  f ib r i l s .  10 • 40; D neu romuscu l a r  spindle of left  gas t rocnemius  musc le  on 
327th day. Nerve  f ibers  with v a r i c e s  and pools of neurop lasm.  10 • 40; K) moto r  end-  
plates  of left  ga s t rocnemius  musc le  with signs of i r r i t a t i on  of p r e t e r m i n a l  and t e r m i n a l  
f ib r i l s  and end-p la te  without t e rmina l  f ib r i l s .  10 x 40; L) left gas t rocnemius  musc le .  
I n f l ammato ry  reac t ion  around cavi t ies  with BA dissolved in fat .  10 x 40; M, N) motor  
end-p la tes  of left gas t roenemius  musc le  on 21st day a f t e r  injection of BA. C o r k s c r e w -  
like twist ing and intensif ied growth of t e rmina l  f ibr i l s  and format ion  of spher ica l  th ick-  
enings of the i r  ends.  10 • 40; O) motor  end-pla te  of no rma l  left  gas t rocnemius  musc le .  
I0  • 40. 

of cons iderable  s ize (neuromas  of the ne rve  endings; see  f igure,  E) appeared  at the ends of the t e rmina l  
f ib r i l s .  Signs of  i r r i t a t ion  p e r s i s t e d  in the motor  end-p la tes  of the con t ro la te ra l  l imb. 
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With the appearance of a tumor  of rhabdomyosa rcoma  type (210th-327th day; see figure, G) in the 
left gas t rocnemius  muscle,  besides motor  end-plates  with signs of i r r i ta t ion  of varying degree  there  were  
o thers  in which the te rminal  f ibri ls  had joined together  to form coarse  argyrophi l ic  glomeruli .  In other  
end-plates no te rminal  f ibri ls  could be seen (see f igure,  H). 

In the sensory  neuromuscu la r  spindles, as in the preceding stages,  signs of i r r i ta t ion  of the i r  nerve  
f ibers  were present  (see figure, D. The pat tern of i r r i ta t ion  of the pre te rmina l  f ibri ls  was p re se rved  in 
the motor  end-plates  of the cont ra la te ra l  limb, and te rmina l  f ibri ls  could not be detected in every  case 
(see figure, K). 

In the control  animals in f lammatory  changes developed at the site of injection of BA in the ear ly  
s tages around the cavit ies containing BA dissolved in fat (see figure,  L), but by the 150th day these had 
disappeared and were replaced by fully formed sca r  t i ssue.  In the motor  end-plates of the left gas t ro -  
cnemius muscle in the ea r ly  periods slight signs of i r r i ta t ion  were  observed,  in the fo rm of increased 
growth of the te rminal  f ibri ls  and the formation of spher ica l  thickenings on their ends (see figure, M and N), 
but la ter  these were  no longer found. No changes were present  in the motor  end-plates  of the con t ra la te ra t  
limb. 

Hence, injection of a carc inogen (DMBA) into the left gas t rocnemius  muscle and the subsequent de-  
velopment of changes at the site of its injection are  accompanied by injury to both motor  and sensory  nerve  
endings. These changes initially take the fo rm of coarsening  of the pre te rmina l  and te rmina l  f ibri ls  of the 
motor  end-plates and an increase  in the number  of nuclei in the end-plate,  and also of the appearance of 
var ices  on the axons of the neuromuscu la r  spindles.  Later ,  with p rogress ive  development of the p ro l i fe ra -  
tive changes and, in par t icular ,  with the appearance of malignant changes at the site of injection of the 
DMBA, the changes in the motor  end-plates  became more  severe  and destruct ive in cha rac te r .  The changes 
found in the sensory  neuromuscula r  spindles throughout the exper iment  were of the cha rac t e r  of i r r i ta t ion  
phenomena. Similar changes in per iphera l  nerve endings in skeletal muscles  have been descr ibed  by sev-  
eral  invest igators  in experimental  c i r cu la to ry  dis turbances ,  in cases  of spontaneous gangrene,  and in other  
pathological conditions [1, 3, 19, 20]. 

Besides changes in the nerve  endings on the side of injection of the carcinogen,  changes were  also 
found in the motor  endings in the gas t roenemius  muscle of the opposite limb s tar t ing  with the 62nd day. 
However, the changes in the motor  endings on the cont ra la te ra l  side were not so severe  or  des t ruct ive  as 
those in the left gas t rocnemius  muscle .  

Investigations by A. D. Speranski i ' s  co l labora tors  [4, 14-16, 18] showed that prolonged, chronic s t im-  
ulation or  division of a per iphera l  nerve f iber  are  accompanied by injury to the nerve  endings not only on 
the side of the injured nerve,  but also on the cont ra la te ra l  side, indicating segmental  spread of dis turbances  
in the nervous sys tem.  The changes found in the present  investigations in the nerve endings of the con- 
t ra la te ra l  limb following injection of a carc inogen into the left gas t rocnemins  muscle  may also be evidence 
that in the case of growth of tumors  the dis turbances  in the nervous sys tem spread segmental ly  just  as du r -  
ing development of degenerat ion in a nerve.  
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