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Exper imen ta l  hypodynamia  for  a per iod of 4-75 days  led to v a s c u l a r  d i s tu rbances  in rabb i t s  
accompanied  by changes  in the content of chromatophi l ie  substance in the ce l l s  of the cen t ra l  
ne rvous  sys t em,  va ry ing  in c h a r a c t e r  in different  p a r t s  of the b ra in  and spinal cord.  

Considerable  at tention is being' paid at the p re sen t  t ime  to the p rob lem of hypodynamia,  e spec ia l ly  by 
physiologis ts  and c l in ic ians .  In the invest igat ion desc r ibed  below the morphologica l  mani fes ta t ions  of hypo- 
dynamia were  studied. 

EXPERIMENTAL METHOD 

The invest igat ion was  c a r r i e d  out on 29 rabb i t s .  The an ima l s '  m o v e m e n t s  we re  r e s t r i c t e d  by keeping 
them in meta l  cages  of about the same size and shape as  the i r  body. Mo~vements of the l imbs  and t runk were  
t h e r e f o r e  v i r tua l ly  excluded, but the head r ema ined  outside the cage.  Suitable holes  were  dr i l led  in the lower 
pa r t  of the cage for  r e m o v a l  of exc re ta .  The r abb i t s  w e r e  fed on a specia l  stand; the quantity of food given 
was  the same as for the r ema in ing  rabb i t s  in the expe r imen ta l  unit. The per iods  of hypody-namia were  4-8,  
30, 45, 60, and 75 days.  Regular  observa t ions  were  made on the an imals .  Per iodica l ly  they were  allowed 
to mix  in o rde r  to study the i r  behav io r  outside the cage and for  ch ronax ime t ry  and e l ec t romyography .  P ieces  

Fig. 1. Chromato lys i s  and red is t r ibu t ion  of Nissl  sub- 
stance in neurons  of l a y e r s  IV-V of the par ie ta l  cor tex  
(period of hypodynamia  1.5 months).  Here  and in Fig. 2, 
staining by N i s s l ' s  method, 300• 
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Fig. 2. Increase  in size of granules  of chromatophil ic sub- 
stance and in size of nucleoli, with appearance of paranucleo-  
lar  bodies in anter ior  horn  motoneurons in the lumbar divi- 
sion of the spinal cord (duration of hypodynamia 1 month). 

of brain (par ie to- temporal  lobes), the brain stem at the level of the corpora  quadrigemina, the cerebel lum, 
segments  of the spinal cord (the cerv ica l  and lumbar enlargements ,  the mid- thorac ic  region), the sciatic 
nerve,  and femoral  muscles  were  removed for histological investigation. The mater ia l  was stained by the 
methods of Nissl, Van Gieson, Weige r t -Pa l ,  and Cajal in Favorsk i i ' s  modification, and also with hematoxy-  
lin and eosin. 

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

Microscopic examination revealed two principal groups of changes in the central  nervous sys tem of 
the experimental  animals:  1) vascu la r  disturbances,  and 2) changes in the content of chromatophil ic sub- 
stance in the cel ls  of the bra in  and spinal cord. 

Restr ic t ion of movement for a short  t ime (4-8 days) produced no appreciable changes in the blood 
vesse ls .  With an increase  in the duration of hypodynamia, a decrease  in the lumen and thickening of the 
walls  were  observed in the a r t e r i e s  of the cortex,  brain stem, and cerebel lum; fea tures  of per ivascu la r  
edema and cloudy swelling were  visible. 

After hypodynamia for 1-1.5 months, as a rule the cort ical  cells  showed a decrease  in the quantity of 
Nissl substance, or even its total disappearance.  Frequently the chromatolys is  was par t ia l :  vir tually 
complete absence of chromatophil ic granules  at one pole of the cell  was associa ted with its relat ive integrity 
at the other pole (Fig. 1). No significant changes affected the configuration and size of the nuclei, although 
the nuclear  membrane under these c i rcumstances  was often thickened. 

A picture of pseudoneuronophagy was frequently observed,  with the concentrat ion of glial elements  at 
the pole where the chromatophil ic  substance remained  intact or  even increased in amount. With an increase  
in the duration of hypodynamia, the features  of chromatolys is  usually progressed ,  but their  p rog re s s  was 
no longer regular .  

Similar changes  were found in the cells  of the subcort ical  s t ruc tures  and re t icu lar  format ion of the 
brain  s tem and in the Purkinje cells.  Redistribution of the Nissl substance with an increase  in size of the 
granules at one pole and chromatolys is  at the other was found in the hippocampal cells.  An increase  in size 
of the granules of chromatophil ic  substance was a regnla r  feature in the red nuclei. 

Fea tures  of hyperchromatos i s  were  most  c lear ly  seen in the anter ior  horn  cel ls  of the spinal cord  
(Fig. 2). The degree of hyperchromatos i s  was direct ly  connected with the duration of hypodynamia:  with 
an increase  in its duration the degree of hyperehromatos is  also increased.  Frequently the nucleoli were  
increased  in size, and paranucleolar  bodies appeared. In the ceils  of the intermediate zone and the poste-  
r i o r  horns,  as a rule changes of chromatolys is  were observed.  In the cells  of the spinal ganglia the gran-  
ules were  increased in size but decreased  in total number.  The changes descr ibed above were most  char -  
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ac t e r i s t i c  of ce l l s  in the lumbar  division, and l e s s  c h a r a c t e r i s t i c  of the ce rv ica l  en la rgement .  Most cel ls  
in the thorac ic  par t  ofthe spinal  cord  were  n o r m a l  in appearance ,  but l e s s  frequently they showed the in- 
i t ial  signs of red i s t r ibu t ion  of the chromatophi l ic  substance.  In sect ions  stained by the C a j a l -  Favorsk i i  
and W e i g e r t - P a l  methods ,  in a few c a s e s  deformat ion  of the ne rve  f ibe r s ,  tor tuos i ty  of the i r  course ,  and 
i r r e g u l a r i t y  of the i r  d i am e t e r  we re  observed.  Structural  d i s tu rbances  of a s im i l a r  c h a r a c t e r  were  also 
found in the sciat ic  nerve .  Deformat ion  of the nerve  endings in the musc le s ,  with foci of thickening and hy- 
pe r impregna t ion ,  was  a r egu la r  fea tu re .  

Some w o r k e r s  [5, 8, 11] assoc ia te  the appearance  of changes in many  s y s t e m s  of the body in an imals  
whose m o v e m e n t s  a r e  r e s t r i c t e d  a r t i f ic ia l ly  with an acute r e sponse  to s t r e s s ,  and they specify i ts  durat ion 
in per iods  not exceeding a few days.  To invest igate  the re la t ionship  between the s t ruc tu ra l  r e s p o n s e s  d is -  
cove red  by this  invest igat ion and the behavior  of the an imals  during the f i r s t  few days ,  the same  p a r t s  of 
the ne rvous  s y s t e m  were  invest igated in r abb i t s  kept under  exper imenta l  conditions for  the f i r s t  4-8 days.  
However ,  initial  changes of the same intensi ty as  during prolonged immobi l iza t ion  were  obse rved  only in 
single ce l l s :  the absolute ma jo r i ty  of neurons  re ta ined  the i r  usual  s t ruc ture .  

Prolonged hypodynamia  in an imals  is thus accompanied  by definite morphologica l  changes in va r ious  
pa r t s  of the cen t ra l  and pe r iphe ra l  nervous  sys tem.  

Bes ides  the r e v e r s i b l e ,  functional nature  of these  changes,  the i r  polymorphic  c h a r a c t e r  is  noteworthy.  
Since too li t t le at tention has  been  paid to the study of the morphologica l  mani fes ta t ions  of hypodynamia,  it 
is difficult to explain the d i s tu rbances  found. Meanwhile, the opposite condition - motor  hyperfunct ion - has  
been  fa i r ly  widely d i scussed  in the l i t e r a tu re  [2 ,4 ,  6, 7, 9, 10, 12-21]. There  a re  also r e p o r t s  of ob se rv a -  
t ions made during expe r imen t s  in which a d e c r e a s e  in the functional load has  been  c rea ted  on other  s y s t e m s  
(usually exclusion of the v isua l  system) [1, 20], or  the b r a i n  in a s tate  of inhibition has  been  studied [3]. The 
r e s u l t s  of these  inves t igat ions  can be used, with some justif ication,  as an aid to the in te rpre ta t ion  of the 
p re sen t  findings. 

It is now genera l ly  cons ide red  that r e s t  p romo te s  the accumula t ion  of Niss l  substance,  while act ive 
function leads  to i t s  d i sappearance .  If s t a tes  of r e s t  and hypodynamia  a re  identical,  the above conclusion is  
val id  in the p r e sen t  obse rva t ions  only for  ce l l s  of the an te r io r  ho rns  of t h e  spinal  cord,  the region mos t  
c lose ly  connected with d i rec t  mo to r  effects .  Changes in higher  leve ls  of the motor  s y s t e m  and sensory  
pathways a re  opposite in c h a r a c t e r .  The explanation of these  fac t s  mus t  evidently be sought in the different  
r o l e s  of o rd inary  r e s t  and hypodynamia  where  an imals  a re  concerned.  To some extent this  could be p r e -  
dicted, having r e g a r d  to the wel l -deve loped  " f r eedom ref lex"  in the an imal  wor ld  ( there a re  many  examples  
of this ,  such as  death of an ima l s  when kept in confinement).  In addition, the morphologica l  p ic ture  of a r t i -  
f ic ia l  hypodynamia  r e f l e c t s  the end r e su l t  of act ion of a cumulat ive  s t imulus .  It mus t  evidently be  borne  in 
mind that  maintenance of a un i form posture  for  a long per iod  of t ime  mus t  i nc rea se  the act ivi ty of ce r t a in  
groups  of toxic musc le  f ibe r s .  At the same t ime,  the act ivi ty of other  s y s t e m s  was  not essen t ia l ly  r e -  
s t r ic ted ,  nor  we re  m o v e m e n t s  of the neck excluded. These  f ac to r s  may  pe rhaps  be r e l a t ed  to the p r ed o m-  
inance of changes  in the cel ls  of the lumbar  en la rgement .  Brazovskaya  [1] points out that  many  impulses  
of other modal i t ies ,  capable  of maintaining a ce r t a in  level  of unit act ivi ty  even a f t e r  exclusion of one sen- 
sory  sys t em,  reach  the c e r e b r a l  cor tex.  In other  c a se s ,  the level  of this act ivi ty in ce r t a in  reg ions  of the 
b ra in  evidently mus t  have been higher  than normal .  

Consequently,  his tological  changes in the cen t ra l  nervous  s y s t e m  a re  not only the r e su l t  of d i rec t  ef-  
fec ts  of hypokinesia ,  but may also be a s soc ia t ed  with the act ion of many  other  f ac to r s .  This  is of cons ide r -  
able impor tance  both to the fo rmat ion  of genera l  conclusions and a lso  for  the in te rpre ta t ion  of fac ts  ob- 
s e rved  in expe r imen t s  on man. 
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