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E x p e r i m e n t s  on ca t s  have  shown tha t  a c t i o n  p o t e n t i a l s  in the  s h o r t  c i l i a r y  n e r v e  d u r i n g  s t i m u l a t i o n  
of  the  o e u l o m o t o r  n e r v e  a r e  r e c o r d e d  f r o m  the  f i r s t  day  of l i f e .  With  age  an  i n c r e a s e  in e x c i t a b i l i t y ,  s h o r t -  
en ing  of  the  l a t en t  p e r i o d  of  e x c i t a t i o n ,  and  a d e c r e a s e  in the  d u r a t i o n  of  the  a c t i o n  po ten t i a l  a r e  o b s e r v e d ,  
the  o p t i m u m  of t e t an i e  s t i m u l a t i o n  i s  sh i f t ed  t o w a r d  h i g h e r  f r e q u e n c i e s ,  and the  l e v e l  of func t iona l  r e s i s -  
t a n c e  of c e l l s  of  the  c i l i a r y  gang l ion  to t e t a n i c  s t i m u l a t i o n  i s  r a i s e d .  

The object of this investigation was to study frequency characteristics of impulse transmission in 

the ciliary ganglion in ontogenesis by recording evoked potentials developing in the short ciliary nerve in 

response to stimulation of the oculomotor nerve in cats. Studies previously carried out on the mammalian 

ciliary ganglion have been limited to adult animals. 

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on adul t  c a t s  and  k i t t ens  ( f rom the f i r s t  day  a f t e r  b i r t h  un t i l  a c q u i s i -  
t ion  of v i s ion)  a n e s t h e t i z e d  with  n e m b u t a l  (40 mg/q~g, i n t r a p e r i t o n e a l l y )  and a f t e r  d e c e r e b r a t i o n .  

A p e r i o r b i t a l  i n c i s i o n  was  m a d e  and the r e c t u s  l a t e r a l i s  m u s c l e  of the  eye  e x p o s e d ,  d iv ided  a t  i t s  
po in t  of  a t t a c h m e n t  to the  e y e b a l l ,  and  d r a w n  p o s t e r i o r l y  by  a l i g a t u r e .  To f a c i l i t a t e  a c c e s s  to the  c i l i a r y  
gang l ion  the v i t r e o u s  and l ens  w e r e  r e m o v e d  th rough  an  i n c i s i o n  in the  u p p e r  p a r t  of the  e y e b a l l ,  which was  
d r a w n  a n t e r i o r l y .  

E l e c t r o d e s  for  r e c o r d i n g  a c t i o n  p o t e n t i a l s  w e r e  p l a c e d  on the s h o r t  c i l i a r y  n e r v e ,  for  m o s t  p r e g a n g -  
l i on ie  f i b e r s  run  in i t .  The s t i m u l a t i n g  e l e c t r o d e s  w e r e  a p p l i e d  to the  i n t r a c r a n i a l  p a r t  of  the  o c u l o m o t o r  
n e r v e ,  in which  the p r e g a n g l i o n i c  f i b e r s  run .  

F ig .  1. Ac t ion  p o t e n t i a l s  of  
c i l i a r y  gang l ion  of k i t t en  aged  
1 day  (a) and of adu l t  ea t  (b). 
P a r a m e t e r s  of s t i m u l a t i o n  in 
a :  0.5 r e s e t , 3  V; i n b :  0 . 2 r e s e t ,  
1 V. T i m e  m a r k e r  20 m s e e .  

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

Action potentials in the short ciliary nerve can be recorded 

during stimulation of the oculomotor nerve in kittens from the first 

day of life. As Fig. 1 shows, action potentials both in newborn kit- 

tens and in adult cats consist of two components: a first of short 

duration with a short latent period and a second of longer duration 

and long latent period. When examining the latent period of excita- 
tion, consideration was paid to the time of onset of the second, main 

component of the action potentials, which evidently was due to the 

response of cells of the ciliary ganglion. The latent period of the 
second component of the action potential was 20-30 msec in newborn 

kittens and I0-12 msec in adult cats. The mean duration of the ac- 
tion p o t e n t i a l  in newborn  k i t t en s  was  80 m s e e  and in adu l t  ca t s  
20 m s e e .  
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a r y  Physiolog~y and B i o c h e m i s t r y ,  A c a d e m y  of S c i e n c e s  of the  USSR, L e n i n g r a d .  ( P r e s e n t e d  by  A c a d e m i -  
c i an  of the  A c a d e m y  of  M e d i c a l  S c i e n c e s  of the  USSR D. A. B i ryukov) .  T r a n s l a t e d  f r o m  B y u l l e t e n '  l ~ k s p e r i -  
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Fig.  2. Action potent ia ls  of c i l i a r y  ganglion in a ki t ten aged 5 days 
(A) and an adul t  ca t  (B). P a r a m e t e r s  of s t imula t ion  in A: 0.5 m s e c ,  
3 V, f requency per  second: a) 10; b) 15; c) 20; d) 30. P a r a m e t e r s  
of s t imula t ion  in B: 0.2 msee ,  1 V, f requency per  second: a) 10; 
b) 15; c) 25; d) 35; e) 45; f) 75. Time m a r k e r  20 m s e c .  
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Fig.  3. Res i s t ance  of newborn ki t tens  (a) and adul t  ca ts  (b) to 
te tan ic  s t imula t ion  at  d i f ferent  f r equenc ies .  A b s c i s s a :  t ime  of 
s t imula t ion  (in sec); ord ina te :  ampli tude of potent ia l  (in pV). 
Numbers  by curves  indicate  f requency of s t imula t ion  pe r  second.  

The expe r imen t s  showed that  act ion poten t ia l s  in newborn ki t tens  a r i s e  in r e sponse  to s t imul i  of 
g r e a t e r  s t reng th  and longer  dura t ion  than in adul t  a n i m a l s .  To produce an act ion potent ia l  in newborn k i t -  
t ens ,  for ins tance ,  the dura t ion  of the s t imulus  mus t  be not l e s s  than 0.5 m s e c  for  a s t rength  of s t imula t ion  
of 2-3 V, whereas  in adul t  c a t s ,  with the same  s t rength  of s t imula t ion ,  a s t imulus  0.1-0.2 msec  in dura t ion 
is suff ic ient  to cause genera t ion  of an act ion potent ia l .  When s t imul i  of longer  dura t ion  (0.5 msec) were  
appl ied ,  act ion potent ia ls  were  gene ra t ed  by adul t  cats  in r e sponse  to a much lower s t rength  of s t imula t ion  
(0.4-0.6 V). 

Impulses  were  conducted with constant  ampl i tude  in newborn ki t tens  only when s t imul i  of low f r e -  
quency were  used.  Conduction of the second component began to be i m p a i r e d  in ki t tens  in the e a r l y  pos t -  
nata l  pe r iod  as soon as  the f requency of s t imula t ion  reached  15 / sac  (Fig.  2A). Conduction of the f i r s t  com-  
ponent in ki t tens  r eaches  a min imum dur ing s t imula t ion  a t  a f requency of 3 0 / s e c .  In adult  ca ts  (Fig.  2B), 
conduction of the second component r eached  a min imum dur ing s t imula t ion  at a f requency of 40 - 50 / s ec ,  and 
for the f i r s t  component a t  a f requency of 6 0 - 8 0 / s a c .  

Age d i f fe rences  in conduction of exc i ta t ion  through the c i l i a r y  ganglion were  s t i l l  more  c l e a r l y  r e -  
vea led  by the study of functional r e s i s t a n c e  of the ganglion ce l l s  to te tanic  s t imula t ion  of the pregangl ion  
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t runk. Changes in the ampl i tude of the second component  of the ac t i on  potentials  during prolonged s t imula -  
tion of the pregangl ionic  t runk with square  pulses  of d i f ferent  f requencies  a r e  i l lus t ra ted in Fig. 3. The 
graphs  in Fig. 3 show that  f requencies  of up to 5 / s ec  a r e  optimal  for newborn kit tens,  this rhy thm of s t im-  
lat ion being reproduced  unchanged throughout the per iod of s t imulat ion {2 rain). At a f requency of 10 / sec ,  
the ampli tude of the potent ia ls  in newborn kit tens fell  to one- th i rd  of its initial value a f t e r  45 sec ,  and at  a 
f requency of 15 /sec  the conduction of exci tat ion through the ganglia stopped a f t e r  30 sec .  

Invest igat ion of functional r e s i s t a n c e  of the c i l i a ry  ganglion cells  of adult cats  showed that conduc- 
tion of impulses  through the ganglion was unchanged over  a long per iod of t ime at a f requency of 15 / sec .  
At f requencies  of between 30 and 40 / sec ,  an a l te rna t ing  rhythm appeared ,  and the ampli tude fell  during 
te tanizat ion for 2 rain by two- th i rds  of its initial value.  At f requencies  of m o r e  than 40 / sec ,  conduction be -  
gan to be impa i red  in the cour se  of prolonged te tanizat ion.  At higher f requencies  of s t imulat ion (50-60/sec) ,  
this i m p a i r m e n t  of conduction developed m o r e  rapidly.  

The r e su l t s  descr ibed  above show that  an inc rease  in exci tabi l i ty ,  shortening of the latent  per iod of 
exci ta t ion and shor tening of the durat ion of the act ion potential  a r e  obse rved  with age,  the opt imum of 
te tanic  s t imulat ion being shifted toward higher  f requencies  and the level  of functional r e s i s t ance  of the 
c i l i a ry  ganglion ce l l s  to tetanic s t imula t ion  being ra i sed .  
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