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After  desympath iza t ion  of mice  with the aid of an t i s e rum agains t  growth fac tor  of the s y m -  
pathet ic  nervous  sys t em,  the i nc r ea s e  in the RNA and prote in  concentra t ion  in the r e t ina  is 
inhibited and A T P a s e  ac t iv i ty  in the neurons  is reduced .  Degenera t ion  of the r e t i na  is 
c h a r a c t e r i z e d  by vacuolat ion of the outer  segments  of the pho to recep to r s ,  di latat ion of the 
c i s t e rn s  of the Golgi appara tus  of the inner s egmen t s ,  and des t ruc t ion  of the c r i s t a e  of the 
mi tochondr ia  chiefly in neurons  of the ganglionic l aye r .  
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The influence of the sympathe t ic  nervous  s y s t e m  on nutr i t ion of the r e t ina  has  been  es tab l i shed  [1, 5, 
7, 12]. However ,  the m e c h a n i s m  of development  of degenera t ion  a f t e r  d i s turbance  of the innervat ion of the 
r e t i na  is not c l e a r .  

To study the m e c h a n i s m  of development  of re t ina l  degenera t ion  a f te r  desympath iza t ion  during onto- 
geny in mice  the content  and dis t r ibut ion of DNA, RNA, prote in ,  and A T P a s e  act ivi ty  w e r e  inves t iga ted  as 
components  c lose ly  linked with visual  function and playing an impor tan t  ro le  in the p r o c e s s e s  of fo rmat ion  
of the organ  [3, 4, 8]. 

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

Desympath iza t ion  was c a r r i e d  out with an t i s e rum (Wellcome, England) aga ins t  growth fac tor  of the 
sympathe t ic  ne rvous  s y s t em .  The s e r u m  was injected into 20 BALB mice  for  5 days in a dose of 500uni ts /g  
body weight. The an imals  we re  ki l led 1 and 2 weeks and 1 and 3 months a f te r  the beginning of the ex p e r i -  
ment .  The eye was fixed in C a r n o y ' s  fluid for  the invest igat ion of DNA, RNA by B r a c k e t ' s  method,  and 
pro te ins  a f te r  s taining with A m i d .  Black 10B. Af ter  f ixation of the m a t e r i a l  in 10% neut ra l  fo rmal in  so lu-  
tion, A T P a s e  ac t iv i ty  was de te rmined  [11]. Mate r ia l  for  e lec t ron  m i c r o s c o p y  was s ta ined with u ranyl  
ace ta t e  and lead c i t r a t e .  

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

In the contro l  an i m a l s  at  the age  of 1 week all  l a y e r s  in the cen t ra l  zones of the r e t ina  were  fo rmed .  
Only the outer  s egmen t s  of the pho to recep to r s  were  incomplete ly  d i f ferent ia ted  and the outer  p lex l fo rm 
layer  ill defined. In the pe r iphe ra l  zones of the r e t ina  no c l ea r  line of demarca t ion  could be  seen between 
the ce l l s  of the outer  and inner nuc lear  l aye r s .  The outer  segments  of the pho to recep to r s  we re  v i r tua l ly  
unformed  and the inner segmen t s  poor ly  di f ferent ia ted.  The nuclei  of the ganglionic ce l l s  had a del icate  
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Fig. 1 Fig. 2 

Fig. 1. Retinal ganglionic cell of a desympathized mouse: N) nucleus; 
M) mi tochondr ia ;  Ps)  pe r inuc lea r  space;  E) endoplasmic  re t i cu lum,  
15,000• 

Fig. 2. Myelin-llke structures (MS) in axons of ganglionic cells of a de- 
sympathized mouse, 13,400• 

ch romat in  s t ruc tu re .  The  ch romat in  s t ruc tu re  in the neurons  of the inner and, in pa r t i cu l a r ,  the outer  
nuc lear  l aye r  was c o a r s e r  than in the ganglionic ce l l s .  

The DNA concent ra t ion  fell  f rom the outer  nuc lear  l aye r  toward  the l aye r  of ganglionic ce i l s .  D)IA 
was  p r e sen t  in the s t r u c t u r e  of the ch romat in  both in the nuclei  of the ganglionic ce l l s  and in neurons  of the 
outer  and inner nuc lear  l a y e r s .  

The d e c r e a s e  in the RNA concent ra t ion  f rom the l aye r  of ganglionic ce l l s  toward the l ayer  of photo- 
r e c e p t o r s  could be  c l e a r l y  t r aced .  P ro t e in s  in the r e t ina  of an imals  of this age can be detected in p r a c -  
t ica l ly  all  f o rmed  s t ruc tu ra l  e l ement s .  In the ac t ive ly  fo rmed  p lex i form l a y e r s  and segments  of the photo- 
r e c e p t o r s  the pro te in  concent ra t ion  was a l i t t le  h igher  than in the adult animal .  A T P a s e  act ivi ty  was m o r e  
m a r k e d  in the blood v e s s e l s  than in the ne rve  ce l l s  and f iber  s t r u c t u r e s  of the re t ina .  In the la t te r ,  the en- 
zyme  act ivi ty  was h ighes t  in the ganglionic ce l l s ,  then in the neurons  of the inner  and outer  nuc lear  l a y e r s  
and, f inally,  in the p lex i form l a y e r s .  

In an imals  aged 2 weeks ,  as di f ferent ia t ion of neurons  of the inner and outer  nuc lear  l aye r s  tookp lace  
t he r e  was some  d e c r e a s e  in the DNA concentra t ion  in the nuclei  and an i nc rea se  in the RNA concentra t ion 
grad ien t  in the cel l  cy top lasm.  The fo rmat ion  of the l aye r  of r o d s  was accompanied  by a higher  concen t ra -  
t ion of RNA and pro te in  in the l a t t e r  than in the pe r inuc lea r  cy top lasm of the pho to recep to r s .  

In an ima l s  aged 1 month the p r o c e s s  of s t ruc tu ra l  and chemica l  different ia t ion of the r e t i na  could be 
r e g a r d e d  as  e s sen t i a l l ycomple t e .  The ganglionic ce l l s  had the he te rogene i ty  of s t r u c t u r e  c h a r a c t e r i s t i c  of 
the ce l l s  of each type,  with a va r i ab l e  c h a r a c t e r  of d is t r ibut ion of RNA, prote in ,  and A T P a s e  act ivi ty.  The 
var iab i l i ty  of d is t r ibut ion of these  subs tances  was l e s s  m a r k e d  in the inner nuc lear  l ayer  than in the 
ganglionic ce l l s .  A m o r e  or l e s s  equal  d is t r ibut ion and content of RNA, prote in ,  and A T P a s e  ac t iv i ty  we re  
obse rved  in the  pho torecep tor  ce l l s ,  with a higher  concent ra t ion  of t hese  subs tances  in the inner segments  
than in the outer  s egmen t s .  The pro te in  concent ra t ion  in the p lex i fo rm l aye r s  was lower  than in an imals  
of the younger  age  groups .  

In the an imals  aged 3 months  the s t ruc tu re  of the r e t i na  did not differ  s ignif icantly f r o m  that  in the 
m i c e  aged 1 month.  His tochemica l ly ,  s o m e  dec r ea se  in the concent ra t ion  of RNA and prote ins  could be 
seen  in the r e t ina  c o m p a r e d  with an imals  aged 1 month.  

1122 



In desympath ized  an ima l s  aged 1 week the s t ruc tu ra l  and chemica l  d i f ferent ia t ion of the r e t ina  was 
delayed.  This  was shown by a s lower  than n o r m a l  i nc rea se  in the RNA concent ra t ion  gradient  and l a t e  dif- 
fe rent ia t ion  of the neurons  of the outer  and inner nuc lear  l aye r s .  The pro te in  concent ra t ion  and A T P a s e  ac-  
t ivi ty  w e r e  below n o r m a l  

In the an ima l s  aged 2 weeks  the delay in the s t ruc tu r a l  and chemica i  different ia t ion,  as  shown by the 
RNA concent ra t ion  gradient ,  was l e s s  than in the an ima l s  aged 1 week.  By con t ras t ,  in the  highly d i f fe r -  
ent iated ganglionic ce l l s  changes in the shape of the ce l l s  were  observed ,  with d i sp lacement  of the nucleus 
toward one pole and of the N l s s l ' s  subs tance  toward  the other  pole of the cell .  

In the an ima l s  aged 1 month no signif icant  changes in the RNA and pro te in  concent ra t ion  o r t h e A T P a s e  
act ivi ty  in the neurons  of the outer  and inner nuclear  l aye r s  could be seen c o m p a r e d  with those  aged 2 
weeks .  The deformat ion  and reduced  densi ty of the ganglionic ce l l s  we re  c l e a r l y  vis ible ,  e spec ia l ly  in the 
sma l l  and midd le - s i zed  ce l l s ;  this  was accompanied  by a d e c r e a s e  in the concent ra t ion  of the subs tances  
studied. 

E l e c t r o n - m i c r o s c o p i c  examinat ion of the r e t ina  of a desympath ized  mouse  aged 1 month showed fea-  
t u r e s  of degenera t ion  in all  the neurons .  The g r e a t e s t  changes were  found in the  ganglionic ce l l s :  m o r e  
m a r k e d  des t ruc t ion  of the c r i s t a e  of the mi tochondr ia  (Fig. 1). Growth of the components  of the smooth 
endoplasmic  r e t i cu lum and dilatat ion of the c i s t e r n s  of the Golgi appara tus ,  with an i nc r ea se  in the number  
of l y s o s o m e s  and the appea rance  of mye l in - l ike  s t ruc tu res ,  we re  c h a r a c t e r i s t i c  (Fig. 2). Toge ther  with 
ce l l s  of n o r m a l  s t ruc tu re ,  ce l l s  with vacuolat ion of the outer  s egmen t s  and some  d isorganiza t ion  of the 
l ame l l a r  s t r u c t u r e s  coulct be seen in the pho to recep to r s .  In the inner segments  the c i s t e rn s  of the Golgi 
appara tus  w e r e  dilated, the m a t r i x  was t rans lucen t ,  and the c r i s t a e  in the mi tochondr ia  had d i sappeared .  
In the ce l l s  of the inner nuc lea r  l ayer  the pe r inuc lea r  spaces  we re  widened and the nuclei  pycnotie.  

In the an imals  aged 3 months  the degenera t ive  changes desc r ibed  above in the r e t ina  were  m o r e  
m a r k e d  and were  accompanied  by a substant ia l  d e c r e a s e  in the RNA and prote in  concent ra t ions  c o m p a r e d  
with the an ima l s  aged 1 month.  

These  data on changes in the RNA concent ra t ion  gradient  during development  of the r e t ina  indicate 
that  under  n o r m a l  condit ions s t ruc tu r a l  and chemica l  d i f ferent ia t ion is comple te  in the ganglionic ce i l s  
sooner  than in neurons  of the outer  and inner nuc lear  l a y e r s .  Af te r  desympathiza t ion ,  the i n c r e a s e  in the 
concent ra t ion  gradient  of RNA in neurons  of the outer  and inner nuclear  l aye r s  is delayed,  indicating a 
d e c r e a s e  in morphogenet lc  act ivi ty.  However ,  in the m i c e  aged 1 month the re  was hard ly  any d i f fe rence  
between the contro l  and expe r imen ta l  s e r i e s .  Desympath iza t ion  evidently does not act  powerful ly  enough to 
change the genet ica l ly  de te rmined  regula t ion  of morphogene t ic  act ivi ty  [2, 9]. 

Degenera t ive  changes in the ganglionic cel ls  of desympath ized  mice  at  the ages  of 1 and 3 months a r e  
poss ib ly  connected with the higher  r a t e  of pro te in  me tabo l i sm  in these  ce l l s ,  as  au torad iographic  s tudies  
have shown [10]. The p redominance  of degenera t ive  changes  in the ganglionic ce l l s  have a lso  been  r ev ea l ed  
by admin i s t r a t ion  of ch lo rp romaz ine  [6], a drug with sympatholyt ic  action. 

These  invest igat ions show that  the sympathe t ic  nervous  sy s t em pa r t i c ipa te s  in the regula t ion  of the 
nucleoprote in  me tabo l i sm of the re t ina .  Desympath iza t ion  d is turbs  nutr i t ion mainty  in the ganglionic ce i l s ,  
as  the e lements  with the highest  level  of nucleoprote in  me tabo l i sm .  
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