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t h e  2nd  c-wave seemingly  b e h a v e s  j u s t  l ike a pos i t ive  
off-response u n d e r  some s t imulus  condi t ions ,  such  as all 
t r aces  of t he  r i g h t  co lumn  in F igure  2 as well  as t he  t races  
of 10 sec a n d  20 sec of t he  lef t  co lumn.  

I t  is well  k n o w n  t h a t  a p p r o p r i a t e  app l i ca t ions  of e the r  
are effect ive for i so la t ion  of P~, P ~  and  P m  c o m p o n e n t s  
in E R G  a. Therefore ,  we s tud ied  on  t h e  m o v e m e n t s  of t h e  
2nd c-wave  u n d e r  t he  e t h e r  anes thes i a  suff ic ient  to  
abol i sh  t h e  c - w a v e  (PI) a n d  t he  l igh t  peak .  F igure  3 
shows t h a t  t h e  2rid c-wave was replaced  b y  a large slow 
pos i t ive  p o t e n t i a l  fo l lowing t he  e n h a n c e d  fall  of t he  
b - w a v e  (Pn), a n d  i ts  peak  t i m e  was b e t w e e n  140 sec a n d  
180 sec. This  va lue  was  fa r  longer  t h a n  t h a t  of t he  2nd  
C - w a v e .  

A t t e n t i o n  m u s t  be  pa id  to  t he  shape  of t he  p o t e n t i a l  
v a r i a t i o n  p roduced  du r ing  a per iod  f rom t he  b e g i n n i n g  of 
t he  l igh t  s t imulus  to  t he  peak  of t h e  large slow pos i t ive  
po ten t ia l .  T h e  shape  of t h e  b-wave,  wh ich  shows a 
reduced  rise a n d  a n  e n h a n c e d  fall, infers  t h a t  a c t i v i t y  of 
P n ,  c o m p o n e n t  p r e d o m i n a t e s  over  t h a t  of P n  componen t .  
I f  we ignore t he  smal l  rise of t h e  b-wave ,  t h e  r e m a i n i n g  

p o t e n t i a l  v a r i a t i o n  seems to be  s imi la r  in shape  to an  
isola ted la te  r ecep to r  p o t e n t i a l  (Pro) of re t ina ,  p icked  up  
b y  microe lec t rode  t echn iques .  T h u s  t h e  2nd  c-wave  seems 
to co r respond  in conf igu ra t ion  to t h e  ta i l  of t h e  isola ted 
la te  r ecep to r  po ten t i a l .  

This  work ing  h y p o t h e s i s  m a y  be  s u p p o r t e d  b y  t he  
r e p o r t  of KNAVE et  al. 4,5. T h e y  recorded  a slow cornea-  
nega t i ve  p o t e n t i a l  in sheep b y  c o n v e n t i o n a l  e lectro-  
r e t i nog raphy ,  a n d  t h e y  cons idered  i t  to  be  a la te  r ecep to r  
po ten t ia l .  A l t h o u g h  t h e i r  r ecord ing  per iod  was n o t  long 
enough,  t h e i r  p o t e n t i a l  closely resembles  in  m o v e m e n t s  
our  r e m a i n i n g  po ten t i a l .  Therefore ,  we h a v e  a s t rong  im-  
press ion t h a t  t he  2nd c-wave  is ba sed  on  t he  ta i l  of t h e  
la te  r ecep to r  p o t e n t i a l  of t he  re t ina .  

W e  h a v e  conf i rmed  t he  2nd c-wave  also in t h e  h u m a n  
and  ch icken  eye as well  as in t he  cat ,  b u t  n o t  in t he  frog. 
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Summary. An in t e rneu rone ,  m a k i n g  e x c i t a t o r y  synap t i c  connec t ions  w i t h  a second neu rone  has  been  ident i f ied  in t h e  
b r a i n  of Helix pomatia. The  resu l t s  sugges t  t h a t  t he  connec t ion  is monosynap t i c .  

I n t e r n e u r o n e s  m e d i a t i n g  a v a r i e t y  of s y n a p t i c  ac t ions  
to  severa l  p o s t s y n a p t i c  cells h a v e  been  ident i f ied  in 
Aplysia 2, a, Helix 4, a n d  Planorbis ~. These  sys t ems  are  a n  
a d v a n t a g e  in t h e  s t u d y  of synap t i c  t r a n s m i s s i o n  as well  
as for de ta i l ed  pha rmaco log ica l  s tud ies  once t h e  t r a n s -  
m i t t e r  c o m p o u n d s  h a v e  been  ident i f ied.  F o r  th i s  reason,  
a t t e m p t s  were m a d e  to i den t i fy  an  i n t e r n e u r o n e  in t h e  
suboesophagea l  gangl ia  of t he  snail, m a k i n g  m o n o s y n a p t i c  
connec t ions  w i t h  o the r  ceils. This  r e p o r t  descr ibes  t h e  
i n t e r ac t i on  be tween  2 ident i f ied  cells in  t h e  viscera l  
gangl ion  of Helix pomatia% 

4 
Fig. 1. Diagram of the ventral surface of the visceral ganglion show- 
ing the positions of the 2 cells postulated to be in monosynaptic 
connection. Ev denotes the ventral surface (v) of the visceral gan- 
glion (E). 

Materials and methods. S t a n d a r d  e lec t rophys io logica l  
m e t h o d s  were used. The  snai l  b r a i n  was r e m o v e d  f rom 
the  a n i m a l  t o g e t h e r  w i t h  t h e  a t t a c h e d  n e r v e  t r u n k s  and  
p i n n e d  on to  a 'S i l a s t in '  block.  The  p r e p a r a t i o n  was 
p laced  in a n  o rgan  b a t h  c o n t a i n i n g  10 ml  of R inge r  
(NaCI: 8 0 m M ;  KCI: 4 m M ;  CaCI~: 8 m M ;  3/IgC~: 5 m M ;  
Tris buf fe r :  5 r a M ;  p H :  7.4). The  neu rones  to  be  impa led  
were exposed b y  d issec t ing  a w a y  t he  ou t e r  connec t ive  
t issue. S imu l t aneous  record ings  were m a d e  f rom cell 
pa i rs  us ing  glass microe lec t rodes  c o n t a i n i n g  1 M KAc.  
A T e t r o n i x  502A oscilloscope was used  and  p e r m a n e n t  
record ings  were o b t a i n e d  on  a W a t a n a b e  pen  recorder .  
E a c h  cell could  be  depolar ized  b y  t he  b r idge  or s t i m u l a t e d  
in t r ace l lu la r ly  w i t h  a s t i m u l a t o r  i n d e p e n d e n t l y  of t he  
second cell. 

Results and discussion. Chemica l ly  m e d i a t e d  synap t i c  
p a t h w a y s  were d e m o n s t r a t e d  in a p p r o x i m a t e l y  4 %  of 
t e s t ed  d i f fe rent  cell pa i rs  in t he  cen t r a l  ganglia .  Over  300 
cell pa i rs  were tes ted .  One cons i s t en t  i n t e r a c t i o n  was 
d e m o n s t r a t e d  wh ich  showed  t he  cha rac te r i s t i c s  of a 
monosynap t i c - l i ke  connec t ion .  A s t rong  'one  for  one '  con- 
nec t ion  was  d e m o n s t r a t e d  be tween  2 smal l  cells on  t he  
v e n t r a l  surface  of t h e  v iscera l  ganglion.  The  loca t ion  of t he  
cells w i t h i n  t he  gangl ion  is i nd ica t ed  in F igure  1. E v  
deno tes  t h e  v e n t r a l  surface  (v) of t he  v i scera l  gang l ion  
( E ) t  The  p r e s y n a p t i c  cell was  des igna t ed  Ev9.  The  
p rope r t i e s  of t h e  p o s t s y n a p t i c  cell, Ev8 ,  h a v e  been  s tud ied  
p rev ious ly  6. 
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S t i m u l a t i o n  of t he  p r e s y n a p t i c  cell e l ic i ted a s t e a d y  
t r a i n  of spikes wh ich  resu l ted  in t h e  a p p e a r a n c e  of smal l  
depolar iz ing  p o t e n t i a l s  in  t he  p o s t s y n a p t i c  cell. T he  in te r -  
ac t ion  was one way.  H y p e r p o l a r i z a t i o n  of t he  p o s t s y n a p t i c  
cell b y  50-60 m V  g rea t ly  increased  t he  a m p l i t u d e  of t h e  
p o t e n t i a l s  i nd i ca t i ng  t h a t  t h e  l a t t e r  are e x c i t a t o r y  post -  
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5O 
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Fig. 2. Responses recorded in the postsynaptie cell (upper traces) 
when the. presynaptic cell (lower traces) is stimulated to fire spikes. 
A) Each presynaptic spike gives rise to 1 EPSP. EPSP's summate if 
they are evoked close enough together. B) Facilitation and summa- 
tion of EPSP's produced by a train of presynaptic spikes. C) EPSP's 
summate to cause the postsynaptic cell to fire an action potential. 

s y n a p t i c  po t en t i a l s  (EPSP ' s ) .  I n  F igure  2A the  s t r i c t  one 
for one re l a t ionsh ip  be tween  t he  p r e s y n a p t i c  spikes a n d  
t he  E P S P ' s  can  be  seen. There  was a de lay  of 20 msec 
b e t w e e n  t he  p r e s y n a p t i c  spike a n d  t h e  onse t  of t h e  E P S P .  
The  d u r a t i o n  of t he  E P S P  was b e t w e e n  200 a n d  250 msec. 
The  a m p l i t u d e  of t he  E P S P  was  1 m V  a t  a m e m b r a n e  
p o t e n t i a l  of - -100 mV. 

The  one for one re l a t ionsh ip  was m a i n t a i n e d  as t he  
f r equency  of f i r ing in t he  d r ive r  celt was  increased  (Fig- 
ure  2A). The  E P S P ' s  began  to  s u m m a t e  as soon as t he  
f r equency  of f i r ing in t h e  d r ive r  cell was increased  to 2 
spikes per  sec. F igure  2A shows s u m m a t i o n  of t he  E P S P ' s  
depolar ized  t he  m e m b r a n e  b y  5 mV. D u r i n g  t h e  depolar -  
i za t ion  i n d i v i d u a l  E P S P ' s  could  be  seen clearly.  Often,  
s u m m a t i o n  of E P S P ' s  caused  t he  p o s t s y n a p t i c  cell to  
fire an  ac t ion  p o t e n t i a l  (Figure 2C). W i t h  r epe t i t ive  
s t i m u l a t i o n  of t he  d r ive r  cell t h e  E P S P ' s  were fac i l i t a t ed  
as well  as s u m m a t e d  (Figure 2 B). Af te r  p ro longed  per iods  
of f i r ing in the  d r ive r  cell, E P S P ' s  increased  in b o t h  am-  
p l i tude  a n d  dura t ion .  U n i t a r y  P S P ' s  r eached  a n  a m p l i t u d e  
of 2 m V  a n d  increased  in d u r a t i o n  to  as long as 1 sec f rom 
an  in i t ia l  d u r a t i o n  of 200 msec. The  de lay  b e t w e e n  s t imu-  
l a t ion  and  response  r e m a i n e d  c o n s t a n t  a t  20 msec. 

The  resu l t s  sugges t  t h a t  t he  i n p u t  on to  t he  follower cell 
is monosynap t i c .  P r e l i m i n a r y  inves t iga t ions  h a v e  sug- 
ges ted  t h a t  ace ty lcho l ine  or g l u t a m a t e  could be  t he  t r a n s -  
m i t t e r  c o m p o u n d  re leased b y  t h e  p r e s y n a p t i c  cell on to  
t he  follower cell 6. I t  the re fore  appea r s  t h a t  t he  p r e s y n a p t i c  
cell is an  in t e rneurone .  E x p e r i m e n t s  show t h a t  i t  re- 
ceives a n  e x c i t a t o r y  i n p u t  f rom t h e  ana l  n e r v e  s. 

This  s y s t e m  requi res  f u r t h e r  i n v e s t i g a t i o n  in to  t he  
m o n o s y n a p t i c  n a t u r e  of t h e  synapse ,  b u t  a l r eady  promises  
to  be  useful  for the  s t u d y  of cell-cell in te rac t ions .  
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Summary. A d m i n i s t r a t i o n  of t h e  t e r a togen ic  d rug  t h a l i d o m i d e  to  p r e g n a n t  does p roduces  u i t r a s t r u c t u r a l  changes  in 
foeta l  gang l ion  ceils, S c h w a n n  ceils a n d  axons  in t he  pos te r io r  roo t  gangl ia  co r re spond ing  to fore l imb segmen t s  de fo rmed  
b y  the  drug.  U l t r a s t r u c t u r a l  changes  in gangl ia  a p p e a r  on  t he  13 th  day  of ges ta t ion ,  i.e., p reced ing  t he  a p p e a r a n c e  of 
l imb  m a l f o r m a t i o n .  

A m o n g  t e r a togen ic  subs t ances  capab le  of p roduc ing  
deformi t ies  in  t he  m a j o r  sys tems  of t he  h u m a n  body,  
t he  m a x i m u m  a c t i v i t y  is exh ib i t ed  b y  •  3, 4. 
Never the less ,  t h e  va r ious  m e c h a n i s m s  of d y s m o r p h o -  
genesis a n d  in p a r t i c u l a r  t h a l i d o m i d e  t e ra togenes i s  are 
poor ly  unde r s tood .  McBRIDE 5, 8 r epo r t ed  t h a t  t h a l i d o m i d e  
t o x i c i t y  is assoc ia ted  w i t h  d e r a n g e m e n t  a n d  decreased  
n u m b e r s  of gang l ion  cells of t h e  dorsa l  roo t  a n d  pos tu l a t e s  
t h a t  i t  is t h e  d i m i n u t i o n  in n u m b e r  of sensory  ne rve  f ibres  
w h i c h  in te r feres  w i t h  p e r i p h e r a l  o rgan  deve l opmen t ,  

To seek c o n f i r m a t i o n  of t h i s  hypo thes i s ,  t h e  u l t r a -  
s t r u c t u r e  of sensory  neu r ons  of t h e  dorsa l  roo t  gang l ia  of 
New Zea l and  W h i t e  R a b b i t s  de fo rmed  b y  t h a l i d o m i d e  
was  c o m p a r e d  w i t h  t h a t  of u n t r e a t e d  controls .  Sensory  
neu rons  were e x a m i n e d  on t he  13th, 15th, 17 th  a n d  21st 

days  of ge s t a t i on  because  these  days  co r respond  to  im-  
p o r t a n t  s tages  in  d e v e l o p m e n t  of l imbs :  on  d a y  15 d ig i ta l  
t i ssues  beg in  to  condense  in t he  forepaws a n d  b y  d a y  17 
sepa ra t i on  has  occur red  of t h e  d ig i ts  of t h e  forepaws,  as 
well  as comple te  r educ t i on  of t h e  webbing .  D a y  21 m a r k s  
t h e  end  of o rganogenes i s  in  t he  r a b b i t  (EDWARDST). 
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