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The role  of s ens o ry  s t imulat ion in the development  and function of ne rve  t i s sue  was studied 
with special  r e s p e c t  to the re t inal  ganglion cel ls  of BALB mice  and CBA x C57BL hybr ids .  
The d ry  weight of the cel ls  at different  s tages  of s t imulat ion by f lashes  was de te rmined  in- 
t e r f e r o m e t r i c a l l y .  Changes in the prote in  content in mice  aged 2 months  grown under  
o rd inary  conditions of i l lumination followed a c l ea r ly  defined curve .  In mice  born and 
r ea r ed  up to the age of two months in da rkness  the metabol ic  r e sponse  was changed and the 
d ry  weight of the ce l l s  was  lowered.  No morphological  d i f fe rences  were  found in the re t ina .  
The need for  photic s t imulat ion for  the manifes ta t ion  of congenital pa t t e rns  of me tabo l i sm  
of the re t inal  ganglion ce l l s  is d i scussed .  

The visual  s y s t e m  prov ides  a convenient object  in which to study the ro le  of s enso ry  s t imulat ion in 
the development  and function of nervous  t i ssue .  Light depr ivat ion is  known to induce physiological ,  b io-  
chemical ,  and morphologica l  changes in va r ious  components  of the v isual  s y s t e m  [8, 12, 14, 15, 19]. The 
sens i t iv i ty  of the v isual  s y s t e m  to absence of light is at i ts  highest  in young animals .  The upper  age l imi t  
of sens i t iv i ty  is 4-8 weeks ,  and m o r e  prolonged hypofunction may  lead to i r r e v e r s i b l e  d i s tu rbances  of 
vis ion [10]. 

The ret inal  ganglion cel ls  respond to s t imulat ion by f lashes  with f luctuations in the i r  prote in  m a s s  
due to va r ia t ion  in the intensi ty  of prote in  synthes is  [1, 2 ]. The kinet ics  of the f luctuations in r e sponse  to 
the same  p rocedure  v a r i e s  during individual development  and may  be modified in the course  of a f requent -  
ly repea ted  functional load [2, 4]. Changes in the prote in  content of the ganglion ce l l s  a re  thus probably  
adaptive in c h a r a c t e r .  It can accordingly  be expected that a change in the working conditions of the organ 
leads  to changes in the pro te in  me tabo l i sm  of the nerve  cel ls .  

The object  of this invest igat ion was to examine the effect  of prolonged absence  of adequate s t imula -  
tion (light) on the kinet ics  of changes in the d ry  weight of the ganglion ce l l s  during s t imulat ion of the re t ina  
by f lashes .  

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

Expe r imen t s  were  c a r r i e d  out on 119 male  mice  with p igments  (CBA x C57BL hybrids) and nonpig-  
men ted  (BALB) re t ina .  The an imals  of the f i r s t  (experimental)  group consis ted of newborn BALB and 
hybrid  mice  which had been kept in a da rk  cabinet  since bi r th .  The second (control) group consis ted  of 
mice  grown in o rd ina ry  i l lumination.  At the age of 2 months all the an imals  were  exposed to f lashes  ( f re -  
quency 2 Hz, intensi ty about 100 lx). The eyes  were  fixed in da rkness  and at in te rva ls  of 5-10 min during 
i l lumination fo r  2 h. The f ixative consis ted  of a mix ture  of fo rmal in ,  alcohol,  and acet ic  acid ( 9 : 3 : 1 ) .  At 
each t ime 150-300 ce l l s  f r o m  2-4  an imals  we re  invest igated in each group.  To rule  out the poss ib i l i ty  of 
e r r o r  in the m e a s u r e m e n t s  because  of unequal th ickness  of the sect ions ,  as a f i r s t  step the th ickness  of 
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Fig.  1. Kinet ics  of changes in d ry  weight of ganglion ce l l s  during 
s t imulat ion of mouse  re t ina  by f lashes .  Absc i s s a  - durat ion of photic 
s t imulat ion (in min) ; ordinate  - d ry  weight in conventional units .  DA) 
State of dark  adaptation; each point r e p r e s e n t s  a r i thmet i c  mean  
value of dry  weight of ganglion ce l l s  of one an ima l -  ve r t i ca l  l ines  
r e p r e s e n t  s tandard  e r r o r s  of a r i thmet i c  means ;  A) control  hybr id  
mice ;  B) control  BALB mice;  C) exper imen ta l  hybrid mice ;  D) ex-  
pe r imen ta l  BALB mice .  

each sect ion was  es t imated .  When this  had been done the d ry  weight of the ganglion cel ls  was de termined.  
The th ickness  of the sect ions and the d ry  weight were  m e a s u r e d  by in te r fe rence  mic roscopy .  

EXPERIMENTAL RESULTS 

The results of the measurements are summarized in Fig. I. In the control animals, aged 2 months, 
during the first 15-20 rain of photie stimulation there was an increase in the dry weight of the ganglion 
cells. In the next 10-15 rain the protein content in the neuron fell to its initial level. During stimulation 
for 2 h, two or three cycles of rapid changes in the protein mass were observed (Fig. IA, B). This type of 
metabolic response corresponded to the normal pattern of metabolic response of the cell to photic stimula- 
tion and it is reproduced in different experiments [3, 4]. 

The kinetics of the changes in dry weight of the ganglion cells was different in the mice growing up 
in darkness. The rate of increase in the protein mass was much smaller and it took place gradually over 
a period of 60-70 rain. All these factors led to a much smoother kinetic curve. A more rapid rate of 
change in dry weight by comparison with the control was observed only after stimulation for 2 h. The dry 
weight of the retinal ganglion cells of mice grown in darkness also was reduced by almost 20% when com- 
pared with the state of dark adaptation Fig. IC, D). 

No morphological differences were found in the retina and, in particular, in the ganglionic layer be- 
tween the two groups of animals. Some authors foundno morphological changes in the ganglion cells of 
animals grown in darkness [6, 16]. Hypofunction was mainly reflected in the degree of myelinization of 
the optic nerve fibers and their density and relative distribution by thickness [7, 18]. However, light de- 
privation did not affect the rate of axoplasmatic protein transport in the ganglion cells [II]. On the other 
hand, the modification and delayed appearance of evoked potentials in the electroretlnogram and the bio- 
chemical abnormalities in the retinal cells (decrease in RNA and protein content, reduced activity of acetfl- 
cholinesterase and other enzymes) are evidence of delay in the functional development of this part of the 
visual system [5, 9, 12, 13, 15-17]. 

During normal development, in the prefunctional period before any nervous connections have formed, 
stimulation of the retina by flashes does not induce significant changes in the dry weight of the ganglion 
cells [3, 4]. Fluctuations in protein are observed for the first time when the animal acquires vision, re- 
gardless of whether or not the animal is kept under ordinary conditions of illumination or in darkness. 
They are evidently inborn [4]. 
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Comparison of the facts described above with results obtained in the present investigation suggests 
that changes in the metabolic response of the ganglion cells to adequate stimulation is the result of func- 
tional immaturity of the visual system. Natural functional stimulation is essential for manifestation of the 
inborn peculiarities of ganglion cell metabolism. 
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