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Modulation of transmiss ion in different electronic junctions by aminopyridine 
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Summary. 4 d i s t i nc t  e lect ronic  i n p u t s  c a n  be iden t i f i ed  in  a m p h i b i a n  m o t o n e u r o n s  pe r fu se d  w i t h  ca lc ium-f ree  so lu t ion  
c o n t a i n i n g  m a n g a n e s e .  T h e  d i f ferent ia l  effect  of 4 - a m i n o p y r i d i n e  on d i f fe ren t  e lec t ro tonic  j u n c t i o n s  m a y  ref lect  t h e  
pecul ia r i t ies  of molecu la r  a r ch i t e c tu r e  of p o t a s s i u m  c h a n n e l s  in d i f fe ren t  e lectr ical ly  exc i tab le  p r e s y n a p t i c  m e m b r a n e s .  

I n  c o n t r a s t  to  s y n a p s e s  w i t h  chemica l  m o d e  of t r a n s -  
mi s s ion  in e lec t ro tonic  junc t ions ,  t he  gene ra to r  of t he  
p o s t s y n a p t i c  c u r r e n t  is a) loca ted  w i th in  the  p r e s y n a p t i c  
m e m b r a n e  an d  b) p roduced  b y  t he  open ing  of t he  vo l t age -  
sens i t ive  m e m b r a n e  channe l s .  To f ind ou t  more  a b o u t  the  
re la t ion  b e tween  t he  electr ical  e v e n t s  in t he  p r e s y n a p t i c  
m e m b r a n e  an d  e lec t ro tonic  e x c i t a t o r y  p o s t s y n a p t i c  po- 
t en t i a l  (EPSP) ,  i t  is des i rab le  to in ter fere  w i t h  t h e  c h a n g e s  
of ionic c o n d u c t a n c e  p r o d u c e d  b y  t he  p r e s y n a p t i c  im-  
pulse .  I n  t h e  p r e s e n t  inves t iga t ion ,  an  a t t e m p t  was  m a d e  
to  affect  the  t r a n s m i s s i o n  process  across  t he  d i f fe ren t  
e lec t ro tonic  j u n c t i o n s  of a m p h i b i a n  m o t o n e u r o n e s  b y  
4 - am in o p y r id in e  (4-AP) wh ich  blocks  vo l t age  sens i t ive  
K + cu r r en t s  in m a n y  neu ra l  t i s sues  2 5, i nc lud ing  frog 
pe r iphera l  ne rve  8. 
The  effect  of 4 -AP  on t he  in t r ace l lu la r ly  recorded E P S P s  
in so lu t ions  c o n t a i n i n g  no Ca 2+ b u t  2 m M  Mn 2+ ( s t a n d a r d  
saline),  or 1.5 m M  Ca 2+ and  2 m M  Mn 2+, was  t e s t ed  on t he  
i so la ted  pe r fused  frog sp ina l  cord (Rana ridibunda). Pre-  
t r e a t m e n t  w i t h  Mn ~+ qu ick ly  and  revers ib ly  abo l i shed  
chem ica l l y  m e d i a t e d  s y n a p t i c  t r a n s m i s s i o n ,  whereas  
e lec t ro tonic  E P S P s  elicited b y  s t i m u l a t i o n  of dorsa l  and  
v e n t r a l  roots  (DR and  VR) or m e d u l l a r y  re t icu la r  for- 
m a t i o n  (RF) were no t  a l te red  af te r  10-14 h of per fus ion .  
4 -AP (4 -aminopyr id ine  p u r u m ,  F l u k a  AG, 3 �9 10 5_ to  
5 - 10 -4 M) qu ick ly  increased  the  du ra t i on ,  peak  ampl i -  
t u d e  an d  t ime  to p eak  of D R  E P S P  (figure 1). Th i s  effect  
was  d o s e - d e p e n d e n t  and  in 0.5 m M  4 -AP  the  t o t a l  du ra -  
t ion  of D R  E P S P  could  r each  300-350 msec  (as c o m p a r e d  
w i th  30-40 msec  before t he  t r e a t m e n t ) a n d  its a m p l i t u d e  - 
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Fig. 1. Effect of 4-AP on electrotonic DR and RF EPSPs recorded 
from 3 different motoneurones. The top and the bottom traces are 
averaged records, obtained in Ringer containing 1.5 inM Ca 2+, 
2 mM Mn 2+. The middle traces were recorded in standard saline 
(no Ca '2+, 2 mM Mn~+). Temperature during recording of these and 
all other traces was 16 18~ 

4-5  mV.  S i m u l t a n e o u s l y  w i t h  tile p r o l o n g a t i o n  of the  
E P S P ,  n u m e r o u s  h u m p s  a p p e a r e d  (figure 1), s u g g e s t i n g  
t he  r h y t h m i c  f i r ing in t he  p r e s y n a p t i c  t e rmina l s .  The  an-  
t i d romic  spike  was  on ly  m o d e r a t e l y  pro longed .  N e i t he r  
t he  r e s t ing  m e m b r a n e  p o t e n t i a l  no r  t he  p o s t s y n a p t i c  
m e m b r a n e  t i m e  c o n s t a n t  was  modif ied .  T h e r e  was  no 
c h a n g e  in t h e  ave rage  sha pe  of t he  s p o n t a n e o u s  m i n i a t u r e  
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Fig. 2. A Records of early VR EPSP ill standard saline (top), after 
addition of 4-AP (middle) and after washing for 70 min in standard 
saline (bottom trace). B Effect of 4 AP on late VR EPSP (left) and 
antidromic action potentials (right) recorded from the same moto- 
neurone. Top are responses recorded after 135 min perfusion by stan- 
dard saline, middle are responses obtained 20 rain after addition of 
4-AP, bottom are responses 54 rain after washing in standard saline. 
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E P S P s .  These  resu l t s  rule  ou t  t he  r a t h e r  r e m o t e  possi-  
b i l i ty  t h a t  t he  a l t e r a t i ons  of D R  E P S P s  b y  4 -AP are due  
to  i ts  ac t ion  on  t he  p o s t s y n a p t i c  m e m b r a n e .  The  effects 
of smal l  c o n c e n t r a t i o n s  were revers ible ,  whi le  a f te r  long 
exposure  to  large c o n c e n t r a t i o n s  of 4 -AP we could no t  
ach ieve  t he  comple te  r e s to ra t ion .  The  ra t e  of r ecove ry  of 
a n t i d r o m i c  spike was c lear ly  m u c h  faster .  A s imi la r  
d r a m a t i c  increase  of t he  R F  E P S P  b y  4 -AP was found  
(figure 1), a l t h o u g h  t he  l a t t e r  were m u c h  smal le r  in 
a m p l i t u d e  a n d  could be  de t ec t ed  on ly  in few moto -  
neu rones  i n  c o n t r a s t  to  e lec t ro tonic  D R  E P S P s  wh ich  
were p r e sen t  p rac t i ca l ly  in all  impa led  ceils. 
The  e lec t ro tonic  V R  E P S P s  can  be  subd iv ided  in to  2 
s epa ra t e  g roups :  ea r ly  and  late.  The  fo rmer  are cha rac -  
te r ized  b y  v e r y  s h o r t  l a t ency  (0.5-2.0 msec) and  re l a t ive ly  
long du ra t i on .  T h e  s u b t r a c t i o n  of the  ex t race l lu la r  re- 
sponse  f rom the  in t r ace l lu l a r  one d e m o n s t r a t e s  t h a t  the  
ea r ly  V R  E P S P s  a lways  beg in  before  t he  peak  of t he  
a n t i d r o m i c  spike. Af te r  4 -AP t r e a t m e n t ,  t he  ear ly  V R  
E P S P s  were e n h a n c e d  a n d  p ro longed  in a s imi la r  way  as 
D R  and  R F  E P S P s  (figure 2, A). This  fac t  a n d  t he  s h o r t  
l a t ency  of ea r ly  E P S P s  sugges t  t h a t  t h e y  are p roduced  b y  
m o n o s y n a p t i c  connec t ions  b e t w e e n  r e c u r r e n t  col la tera ls  
of m o t o r  axons  and  motoneurones .  
In s t a n d a r d  saline,  the  de layed  V R  E P S P s  were p r e sen t  
on ly  in a few cells. T h e y  h a d  a v e r y  fas t  t i m e  course,  b u t  

a lways  appea red  a f t e r  t he  p e a k  of t he  a n t i d r o m i c  spike  
( l a tency  2.5-4.8 msec).  W h e n  4 -AP was applied,  t he  de-  
l ayed  V R  E P S P s  a p p e a r e d  in m o s t  cells and  t h e i r  h e i g h t  
could r e a c h  up  to 8-12 inV. However ,  t he  d u r a t i o n  was 
on ly  s l igh t ly  a l t e red  a n d  t h e y  p rese rved  the  r ap id  spike-  
l ike shape  (figure 2, B). The  long l a t e n c y  of  de layed  V R  
E P S P s  a n d  the i r  s u d d e n  a p p e a r a n c e  a f t e r  4 -AP t r e a t -  
m e n t  are c o n s i s t e n t  w i t h  t he  p ro longa t i on  of t he  soma-  
dendr i t i c  spike a n d  sugges t  t h a t  th i s  t y p e  of a c t i v i t y  is 
t r a n s f e r r e d  f rom m o t o n e u r o n e  to m o t o n e u r o n e  v ia  elec- 
t r i ca l ly  ope ra t i ng  d e n d r o - d e n d r i t i c  synapses .  
Our  resu l t s  show t h a t  4 -AP is a n  eff ic ient  p o t e n t i a t o r  of 
e x c i t a t o r y  t r a n s m i s s i o n  in d i f fe ren t  e lec t ro tonic  j u n c t i o n s  
a n d  t h a t  t h i s  effect  is p roduced  a t  the  p r e s y n a p t i c  level.  
The  obse rved  e n h a n c e m e n t  of e lec t ro ton ic  E P S P s  b y  t he  
s u b s t a n c e  b lock ing  K + c o n d u c t a n c e  f u r t h e r  ind ica tes  t h a t  
t h e y  are  n o t  caused  b y  K + a c c u m u l a t i o n  in p e r i n e u r o n a l  
space. The  d i f fe ren t ia l  effect  of 4 -AP on d i f fe ren t  e lectro-  
ton ic  j u n c t i o n s  m a y  ref lect  the  d i s t i nc t  s t r u c t u r a l  or- 
gan i za t i on  of r e l e v a n t  synapses  (axo-dendr i t i c  and  dendro -  
dendr i t ic ) ,  b u t  m a y  d e p e n d  also on  t he  pecul ia r i t ies  of 
molecu la r  a r c h i t e c t u r e  of K+ channe l s  in d i f fe rent  elec- 
t r i ca l ly  exc i t ab le  p r e s y n a p t i c  m e m b r a n e s .  Therefore ,  th i s  
s u b s t a n c e  m a y  be  used as a p robe  for ana lys i s  of pre-  
synap t i c  even t s  which,  as a rule,  are n o t  sub j ec t  to  d i r ec t  
e lec t rophys io logica l  inves t iga t ion .  

Project ions  f r o m  nucleus  a c c u m b e n s  to g lobus  pal l idus and substant ia  n igra  in the rat 1 
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Summary. S t i m u l a t i o n  of nuc leus  a c c u m b e n s  p roduces  i nh ib i t i on  and  fac i l i t a t ion  of n e u r o n a l  a c t i v i t y  in the  ips i la te ra l  
g lobus  pa l l idus  and  s u b s t a n t i a  nigra .  Smal l  lesions in t he  a c c u m b e n s  reduce  pa l l ida l  b u t  no t  n igra l  G A B A  con ten t .  

R e c e n t  s tud ies  us ing  t he  o r t h o g r a d e  t r a n s p o r t  of label led  
amino  acids or t he  r e t rog rade  t r a n s p o r t  of ho r se rad i sh  
pe rox idase  h a v e  shown  t h a t  neu rones  of t he  nuc leus  
a c c u m b e n s  send e f fe ren t  p ro jec t ions  to  the  g lobus  pa l l idus  
a n d  s u b s t a n t i a  n igra  2-4. This  r e p o r t  p rov ides  electro-  
phys io log ica l  c o n f i r m a t i o n  for these  p ro jec t ions  and  
discusses the  possible  n e u r o t r a n s m i t t e r s  released.  
Materials and methods. E x p e r i m e n t s  were pe r fo rmed  in 
10 ma le  a lb ino  r a t s  l i gh t ly  a n a e s t h e t i z e d  w i t h  u r e t h a n e  
(1.2 g/kg, i.p.). The  effect  of nuc leus  a c c u m b e n s  s t imula -  
t i on  was e x a m i n e d  on  s p o n t a n e o u s  n e u r o n a l  a c t i v i t y  in  
t he  ips i l a te ra l  g lobus  pa l l idus  a n d  s u b s t a n t i a  nigra .  The  
cen t re  b a r r e l  of a m u l t i b a r r e l l e d  m i c r op i pe t t e  was  used 
to record  ex t race l lu la r  ac t ion  po ten t ia l s .  O t h e r  bar re l s  
c o n t a i n e d  aqueous  so lu t ions  of subs t ances  for e lectro-  
phores i s ,  p o n t a m i n e  blue,  GABA,  dopamine ,  1 M NaC1 
(cur ren t  control) .  Me t hods  for record ing  a n d  ana lys i s  
h a v e  been  descr ibed  5. 
In  o t h e r  a n i m a l s  (11) un i l a t e ra l  e lec t ro ly t ic  lesions 
(300-400 FA for 20 sec) of the  nuc leus  a c c u m b e n s  were 
made .  The  c o n c e n t r a t i o n  of G A B A  ~ was e s t i m a t e d  in 
g lobus  pa l l idus  a n d  s u b s t a n t i a  n igra  14 days  a f te rwards .  
Results. The  effects  of nuc leus  a c c u m b e n s  s t i m u l a t i o n  
are s u m m a r i z e d  in t he  table .  I n  t he  g lobus  pa l l idus  39 
of 62 cells t e s t ed  were ac t i va t ed .  The  p r e d o m i n a n t  re- 
sponse  was  i nh ib i t i on  of f i r ing (33 cells) (figure 1). This  
occur red  a lone  w i t h  r e l a t ive ly  sho r t  and  c o n s t a n t  l a t ency  
(3.3 msec),  b u t  in o t h e r  cells t he  l a t e n c y  was longer  
(13.0 msec) more  va r i ab l e  a n d  i n h i b i t i o n  was  of sho r t e r  

d u r a t i o n  (table).  I n  2 cells sho r t  l a t ency  i n h i b i t i o n  was 
fol lowed b y  a single phase  of r e b o u n d  exc i ta t ion .  I n  3 
cells fac i l i t a t ion  p receded  a per iod  of i nh ib i t i on  (figure 1) 
and  6 cells r e sponded  b y  fac i l i t a t ion  alone.  Fac i l i t a t i on  
was cha rac t e r i zed  b y  a b u r s t  of ac t ion  p o t e n t i a l s  (figure 1) 
and  no  ev idence  was o b t a i n e d  for a n t i d r o m i c  ac t i va t i on .  
The  l a t e n c y  of these  exc i t a t ions  was s imi lar  (2.4 msec) 
b u t  t he  d u r a t i o n  of e x c i t a t i o n  occur r ing  a lone  was longer  
(45.0 msec) t h a n  t h a t  w h i c h  preceded  a per iod  of in- 
h i b i t i o n  (15.7 msec).  His to logica l  e x a m i n a t i o n  revea led  
t h a t  m o s t  cells a f fec ted  (22 inh ib i t ed ,  5 exci ted)  were 
localized ro s t romed ia l l y  in  t he  v e n t r a l  t w o - t h i r d s  of t he  
pal l idus .  B o t h  G A B A  and  D A  (5-75 nA) depressed  all  
cells t e s t ed  in the  pa l l idus  (26 cells). 
In  t he  s u b s t a n t i a  n ig ra  13 of 30 cells t e s t ed  responded .  
Only  s imple  i nh ib i t i on  (7 cells, f igure 2) or s imple faci l i ta-  
t i on  (6 cells) was  observed .  The  l a t ency  of i n h i b i t i o n  
(6.7 msec) or exc i t a t i on  (5.2 msec) was  s imi lar  as were 
t he  respec t ive  d u r a t i o n s  of the  evoked  effect  ( table).  
Of t he  respons ive  neurones ,  m o s t  (5 inh ib i t ed ,  5 exci ted)  
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