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E F F E C T  O F  R E S T O R A T I O N  O F  V I S U A L  I M P U L S E S  ON E N E R G Y  
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Changes in the r a t e  and c h a r a c t e r  of energy  me tabo l i sm  in the mi tochondr ia  of the v isual  
s y s t e m  of the b ra in  induced by prolonged visual  depr iva t ion  ( f rom b i r th  until the age of 2.5 
months) were  shown to be r eve r s ib l e .  The degree  of normal iza t ion  dif fered for  mi tochon-  
d r i a  of the v isual  co r t ex  and supe r io r  coll iculus.  During the 2-week r e c o v e r y  per iod (when 
the animal  was t r a n s f e r r e d  to o rd ina ry  conditions of i l lumination) the r a t e  of these  p r o c e s s e s  
inc reased ,  when glutamic acid was used as the subs t ra te ,  and reached  the control  level  o r  ex-  
ceeded it somewhat .  The ra te  of e l ec t ron  t r a n s p o r t  in the cy tochrome c - c y t o c h r o m e  oxidase  
sect ion of the succinate  oxidase  oxidation chain, which was inc reased  during depr ivat ion,  d i -  
minished in the r e c o v e r y  per iod and came  c lose  to the contro l  level .  The ro le  of specif ic  i m -  
pulse act ivi ty in the fo rmat ion  of mi tochondr ia l  energy  p r o c e s s e s  in the b ra in  with age is  d i s -  
cussed.  

KEY WORDS: mi tochondr ia  of rabbi t  brain;  pos tna ta l  development;  v isual  deprivat ion;  b io -  
energe t ic  p r o c e s s e s .  

Exclusion of v isual  afferenta t ion before  complet ion of the s t ruc tura l ,  functional,  and b iochemica l  d i f fe r -  
entiat ion of the visual  s y s t e m  leads to physiological ,  morphologica l  and b iochemica l  changes in that  s y s t e m  at 
the t i ssue ,  ce l lu lar ,  and subce l lu la r  levels  [1, 2, 6-8]. The wr i t e r  has  shown that  mi tochondr ia  of the visual  
s y s t e m  of the b r a in  in an imals  r e a r e d  in the da rk  until the age of 2.5 months di f fer  in s e v e r a l  indices of the i r  
energy  me tabo l i sm  f r o m  cont ro ls .  The d i f fe rences  a r e  connected with changes in the re la t ive  impor tance  of 
individual subs t r a t e s  in the ene rgy  balance  and, in pa r t i cu la r ,  an i nc rea se  in the ro le  of succinic acid and an 
i nc rea se  in the eff ic iency of the f inal  sect ion of the succinate  oxidase oxidation chain. The fact  that  such 
changes in the mi tochondr ia  of the visual  s y s t e m  exceed those found in the mi tochondr ia  of o ther  p a r t s  of the 
co r t ex  has  suggested an impor tan t  ro le  of v isual  afferenta t ion in the fo rmat ion  of the ene rgy  me tabo l i sm of 
the developing b ra in  [3]. 

The object  of this invest igat ion was to d i scover  whether  energy  p r o c e s s e s  in the mi tochondr ia  of the 
visual  s y s t e m  (visual cor tex ,  supe r io r  col l iculus,  and, fo r  c o m p a r i s o n ,  the nremaining"  cor tex) ,  if a l t e red  by 
l ight depr ivat ion,  can be r e s t o r e d  to normal .  
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Oxidation of glutamic acid during 
d e p r i v a t i o n  and r e s t o r a t i o n  of v i s u a l  f unc -  
t ion:  A) v i s u a l  cor tex ;  B) s u p e r i o r  c o l l i -  
cu lus ;  C) " r e m a i n i n g "  cor tex .  1) Oxida-  
t ive  phosphory la t ion ;  2) coupled r e s p i r a -  
t ion;  3) ADP/O.  Shaded c o l u m n s  r e p r e s e n t  
dep r iva t ion ,  unshaded  c o l u m n s  r e s t o r a t i o n .  

TABLE 1. Oxida t ive  Ac t iv i ty  of Succinic  Acid  in  Mi tochondr ia  of E x p e r i m e n t a l  and Con-  
t r o l  Rabb i t s  u n d e r  Di f fe ren t  Condi t ions  (effect of ro tenone ,  d in i t ropheno l ,  and the a s c o r -  
b ate - t e t r  apheny lened iamkne  sys t em)  

Functional state 
Endogenous 
respiration 

Rotenone 
Rotenone + 
succinate 

Rotenone + [Rotenone + suc- 
succinate + [cinate + DNP + 

DNP |asoorbate- tetra- 
Iphenylenediamine 

Control 
Per cent of previous level 
Visual deprivation 
Per cent of previous level 
Recovery 
Per cent of previous level 

Control 
Per cent of previous level 
Visual deprfvation 
Per cent of previous level 
Recovery . 
Per cent ot previous level 

Control 
Per cent of previous level 
Visual deprivation 
Per cent of previous level 
Recovery 
Per cent of previous level 

Visual cortex 

14,2~-2,0 
I00 

20,9-+0,9 
I00 

17,9-----2,8 
100 

Superior oolliculus 

19,7--+2,9 
100 

29,7-----3,8 
I00 

19,3~3,8 
100 

Remaining cortex 
15,722,8 

100 
16,3 + 1, l 

100 
17,9~-2,0 

100 

12,4-+-2,2 
87 

19 ,7~  1,9 
94 

18,5~3,6 
103 

17,3~2,6 
88 

27,8*'3,7 
92 

21,0+3,4 
108 

10,5-----0,9 
67 

15,0+2,3 
92 

21,8-+'5,3 
I22 

19,4+--2,5 
156 

30,3m 2,9 
154 

32,8 + 6,1 
177 

24,0• 
139 

38,8--~- 3,1 
t40 

29,3-----4,7 
140 

21,5~-4,7 
205 

24,5-+- 2,8 
163 

28,2~2,6 
129 

32,7~2,7 
169 

41,2---+ 2,0 
136 

51,4--'-9,2 
157 

42,7m3,4 
178 

53,3-----6,3 
137 

40,4m 6,1 
138 

30,0-+-2,5 
140 

31,2~2,2 
127 

43,0~2,3 
153 

86,7---+9,7 
265 

167~7,8 
405 

109-----9, 1 
212 

100~ 9, I 
234 

189----- 15,6 
354 

116-----6,6 
287 

77,8---8,4 
256 

138~5,5 
442 

129--+5,2 
300 

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

B r a i n  m i t o c h o n d r i a  f r o m  r a b b i t s  kept  i n  da rk  c h a m b e r s  f r o m  b i r t h  un t i l  the age of 2.5 months ,  and then  
t r a n s f e r r e d  for  2 weeks  into condi t ions  of o r d i n a r y  a l t e r n a t i o n  of l ight  and d a r k n e s s ,  w e r e  u s e d  in  the e x p e r i -  
m e n t s .  In tac t  r a b b i t s  aged 2 .5-3  mon ths  w e r e  u s e d  as the con t ro l .  The r e s u l t s  w e r e  c o m p a r e d  with those  
ob ta ined  on the v i s u a l l y  dep r ived  r abb i t s .  The method  of i so l a t i ng  the m i t o c h o n d r i a  and the c ompos i t i on  of the 
i ncuba t i on  m e d i u m  w e r e  pub l i shed  p r e v i o u s l y  [4]. The r a t e  of r e s p i r a t i o n  and of phosphory l a t i on  was r e -  
co rded  p o l a r o g r a p h i c a l l y .  

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

Af t e r  r e s t o r a t i o n  of the flow of v i s u a l  i m p u l s e s ,  the r a t e  of endogenous  r e s p i r a t i o n  in  the m i t o c h o n d r i a  
s tud ied  was  r educed  c o m p a r e d  with the c o r r e s p o n d i n g  p r o c e s s e s  in  the m i t o c h o n d r i a  of the d e p r i v e d  a n i m a l s  
(Fig.  1). An i n c r e a s e  in  the r a t e  of phosphory l a t i on  by  35 and 20% r e s p e c t i v e l y  was  found in  the m i t o c h o n d r i a  
of the v i s u a l  c o r t e x  and s u p e r i o r  co l l i cu lus .  A s i m i l a r  t endency  a lso  was  o b s e r v e d  in  the m i t o c h o n d r i a  of the 
" r e m a i n i n g "  cor tex .  
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The ra t e  of r e sp i r a t i on  when glutamic acid was used  as subs t ra t e  was a l i t t le h igher  than in the control ,  
amounting to  113% in the mi tochondr ia  of the visual  co r t ex  and 123% in the supe r io r  eoll ieulus compared  with 
the control .  Under these  conditions the r a t e  of r e sp i r a t ion  in the mi tochondr ia  of the NremainingW cor tex  was 
the s ame  as in the control .  The values of ADP/O in the r e c o v e r y  per iod became  higher  than in the depr ived 
animals ,  but did not r each  the control  level .  

During the study of the b r a in  mi tochondr ia  in the r e c o v e r y  per iod  a detai led examinat ion was made of the 
s ta te  of e l ec t ron  t r a n s p o r t  in the succinate  oxidase oxidation chain, fo r  definite changes w e r e  found in it in the 
per iod  of deprivat ion.  A s  Table  1 shows, in the per iod of r e c o v e r y  of visual  afferenta t ion the addition of sue -  
cinic acid to the med ium with rotenone inc reased  the r e s p i r a t o r y  act ivi ty of the mi tochondr ia  of the visual  c o r -  
tex, supe r io r  col l iculus,  and " remain ing"  co r t ex  compa red  with the level  of that p r o c e s s  without the subs t ra t e  
by 77, 40, and 29% respec t ive ly .  The acce le ra t ion  of r e sp i r a t i on  under  these conditions in the mi tochondr ia  
of the control  an imals  was 56, 39, and 105% respec t ive ly .  The ra t e  of r e sp i r a t i on  in the mi tochondr ia  of t h e  
visual  co r t ex  of the expe r imen ta l  animals ,  when suceinic acid was used  as subs t ra te ,  was thus h igher  than in 
the control ,  in the mi tochondr ia  of the supe r io r  coll iculus it was the same,  and in the mi tochondr ia  of the ~re-  
maining ~ co r t ex  it was much s m a l l e r  st i l l  than in the control .  

The addition of DNP to the incubation medium containing rotenone and succinic acid led to an i nc r ea se  in 
the r e sp i r a t i on  ra t e  of the mi tochondr ia  of the an imals  in the r e c o v e r y  per iod (Table 1). This  i n c r e a s e  was 
less  ma rked  for  mi tochondr ia  of the visual  cor tex  than fo r  the cor responding  mi toehondr ia  of the control  r a b -  
bi ts .  In the mi tochondr ia  of  the ~remaining ~ cor tex  the degree  of uncoupling of r e s p i r a t i o n  was actual ly s o m e -  
what g r e a t e r  than in the mi tochondr ia  of the control  animals .  At the s tage of r e c o v e r y  of v isual  function the 
uncoupling effect  of DNP in the mi tochondr ia  of the visual  s y s t e m  on oxidation of succinate  (in the p r e sen ce  of 
rotenone) was thus l e s s  m a rked  than in the control  animals .  Compared  with the mi toehondr ia  of the v isual ly  
depr ived animals ,  the mi tochondr ia  of the visual  co r t ex  in the r e c o v e r y  per iod were  m o r e  "normal i zed  ~ than 
those of the supe r io r  coll iculus.  

The addition of the specif ic  subs t r a t e  (ascorbate)  and a c a r r i e r  ( te t raphenylenediamine)  to medium with 
uncoupled mi tochondr ia  and succinate  act ivated e lec t ron  t r a n s p o r t  in the cy tochrome  c - c y t o e h r o m e  oxidase  
sec tor .  Acce le ra t ion  of r e sp i r a t i on  in the mi tochondr ia  during the per iod of r e c o v e r y  of visual  function was 
less  marked  than during visual  deprivat ion,  but it s t i l l  d i f fered f r o m  the control  level .  

Energy  p a r a m e t e r s  of the b r a in  mi tochondr ia  during r e c o v e r y  of visual  afferenta t ion thus showed a 
g r e a t e r  change toward normal i za t ion  than the i r  s ta te  during deprivat ion.  This  was re f lec ted  in changes in 
r e s p i r a t o r y  and phosphoryla t ing  act ivi ty  during ut i l izat ion of glutamate ,  and also in cor responding  adjus t -  
ments  to the succinate  oxidase  oxidation chain. The degree  of normal iza t ion  of these  p r o c e s s e s  di f fered in 
the b ra in  mi tochondr ia  studied, evidently because  of the di f ferent  s ignif icance of v i sua l  impulses  to the d i f fe r -  
ent p a r t s  of the bra in .  

The fo rma t ion  of mi tochondr ia  in the developing b ra in  is  known to be accompanied  by  r e g u l a r  changes 
in the p r o p e r t i e s  of the r e s p i r a t o r y  chain and of the pro te in- l ip id  components  of the mi tochondr ia l  m e m b r a n e s  
[5]. Poss ib ly  under  conditions of visual  deafferenta t ion  the mitochondria l  m e m b r a n e s  do not r each  the level  
of b iochemica l  different ia t ion c h a r a c t e r i s t i c  of control  an imals  of the cor responding  age. These  f ea tu re s  d i s -  
t inguishing the mi tochondr ia  of v isual ly  depr ived  an imals  could account fo r  the g r e a t e r  abil i ty of DNP to pass  
through the mi tochondr ia l  m e m b r a n e s .  During r e c o v e r y  of visual  function the d i f fe rences  between the effects  
of DNP on these  p r o c e s s e s  in the mi tochondr ia  of the visual  and " remain ing"  cor tex  b e c a m e  l e s s  m a r k e d  than 
in the cor responding  mi tochondr ia  of v isual ly  depr ived  animals .  This  fact  is in t e rp re ted  as an indication of 
normal iza t ion  of the r e s p i r a t o r y  chain when modified by visual  deprivat ion.  The facts  desc r ibed  above show 
that  changes in ene rgy  p r o c e s s e s  in the b ra in  mi tochondr ia  induced by visual  depr iva t ion  are  r e v e r s i b l e .  
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