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4-Aminopyridine Reveals Presynaptic GAB A 
Actions in Rat Sympathetic Ganglia 

P. Gräfe, Μ. Galvan, and G. ten Bruggencate 

Department of Physiology, University of Munich, 8000 München 2, Federal Republic of 
Germany 

GABA-receptors are p r e s e n t on p r e - and p o s t s y n a p t i c 
membranes i n mammalian s y m p a t h e t i c g a n g l i a ( 1 , 3^ 4, 
5 ) . R e c e n t l y , we have observed t h a t t h e a x o n a l Κ -
ch a n n e l b l o c k e r 4 - a m i n o p y r i d i n e (4-A Ρ) s e l e c t i v e l y 
enhances p r e s y n a p t i c e x c i t a b i l i t y i n i s o l a t e d r a t 
s y m p a t h e t i c g a n g l i a - a c o n d i t i o n which a l l o w s a 
p a r t i c u l a r l y c l e a r d e m o n s t r a t i o n o f p r e s y n a p t i c GABA-
e f f e c t s . T h i s i n t e r a c t i o n o f GABA and 4-AP has been 
used t o c h a r a c t e r i z e t h e p r e s y n a p t i c r e c e p t o r s , 

ACTIONS OF 4-AMINOPYRIDINE 

I n t r a c e l l u l a r r e c o r d i n g s were made from 35 neurones 
i n r a t i s o l a t e d s u p e r i o r c e r v i c a l g a n g l i a m a i n t a i n e d 
i n f l o w i n g Krebs' s o l u t i o n a t 25° or 30°C. Drugs were 
b a t h - a p p l i e d . 

The most o b v i o u s e f f e c t o f 4-AP on s y m p a t h e t i c 
neurones was a s i g n i f i c a n t i n c r e a s e i n t h e fr e q u e n c y 
o f spontaneous p o s t s y n a p t i c p o t e n t i a l s . Thus, a f t e r 
s e v e r a l m i n u t e s s u p e r f u s i o n w i t hi s o l u t i o n s c o n t a i n ­
i n g 0.1 - 1 mmol/1 4-AP, 25 out o f 36 c e l l s e x h i b i t e d 
spontaneous e x c i t a t o r y p o s t s y n a p t i c p o t e n t i a l s (EPSPs) 
as w e l l as a c t i o n p o t e n t i a l s (see f i g . 1 ) . 

EPSPs and a c t i o n p o t e n t i a l s were r e v e r s i b l y 
a b o l i s h e d by t h e n i c o t i n i c r e c e p t o r a n t a g o n i s t hexa-
methonium (0.5 - 2 mmol/1), i n d i c a t i n g t h a t t h e a c t i o n 
p o t e n t i a l s r e s u l t e d from s u p r a t h r e s h o l d EPSPs. Since 
t h e r e were no marked changes i n r e s t i n g membrane 
p o t e n t i a l and i n p u t r e s i s t a n c e , we concl u d e t h a t 4-AP 
enhances p r e s y n a p t i c e x c i t a b i l i t y i n r a t s y m p a t h e t i c 
g a n g l i a l e a d i n g t o spontaneous r e l e a s e o f a c e t y l ­
c h o l i n e . 
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ACTIONS OF GABA ON 4-AM1 NOPYRIDI NE 

F i g u r e 1 i l l u s t r a t e s t h e a c t i o n o f 100 μπιοΐ/i GABA 
d u r i n g a c o n t i n u o u s a p p l i c a t i o n o f 100 μπιοΐ/l 4-AP . 
Under such c o n d i t i o n s , GABA c l e a r l y i n c r e a s e d t h e 
f r e q u e n c y o f 4-AP induced spontaneous EPSPs; t h e 
n e u r o n a l d e p o l a r i z a t i o n produced by GABA remained 
unchanged ( n o t i l l u s t r a t e d ) . Hexamethonium a l s o 
a b o l i s h e d t h e GABA-induced i n c r e a s e s i n spontaneous 
EPSPs/spikes i n d i c a t i n g t h a t i n the presence o f 4-AP, 
p r e s y n a p t i c a c t i o n s o f GABA are r e v e a l e d . The q u e s t i o n 
r e mains as t o whether t h i s i n t e r a c t i o n r e s u l t s from 
GABA a c t i o n on nerve t e r m i n a l s ( 3 , 6) or t h e a f f e r e n t 
a x o n a l membrane ( 3 , 4, 6 ) . 

5 a d d i t i o n a l e x p e r i m e n t s u s i n g e x t r a c e l l u l a r r e ­
c o r d i n g s w i t h s u c t i o n e l e c t r o d e s on t h e p o s t g a n g l i o n i c 
n e r ve were p e r f o r m e d . T h i s method a l l o w e d a s i m p l e r 
a n a l y s i s o f the 4-AP/GABA i n t e r a c t i o n . F i g u r e 2, f o r 
example, i l l u s t r a t e s t h a t t h e fr e q u e n c y o f 4-AP 
i n d u c e d p o s t s y n a p t i c p o t e n t i a l s i n c r e a s e d from about 
0.25 Hz t o 4 Hz i n t h e presence o f 100 μποοί/ΐ GABA, 
an e f f e c t b l o c k e d by hexamethonium. 

EFFECTS OF BICUCULLINE AND SOME GABA-MIMET I CS 

S e v e r a l e x p e r i m e n t s , u s i n g b i c u c u l l i n e m e t h o c h l o r i d e 
and GABA-mimetics were performed t o c h a r a c t e r i z e t h e 
GABA-receptors r e s p o n s i b l e f o r the e f f e c t s d e s c r i b e d . 
T h is seemed i n t e r e s t i n g i n view o f the r e c e n t 
s u g g e s t i o n t h a t a second t y p e o f b i c u c u l l i n e -
i n s e n s i t i v e , p r e s y n a p t i c GABA r e c e p t o r e x i s t s i n t h e 
mammalian p e r i p h e r a l nervous system ( 2 ) . I t was ob­
serv e d t h a t t h e a c t i o n o f 100 μιηοΐ/ΐ GABA i n 4-AP 
was mimicked by 3-aminopropanesulphonic a c i d (30-50 
μιτιοΐ/ΐ; 9 c e l l s t e s t e d ) and muscimol (50 μπιοΐ/ΐ; 
3 c e l l s ) , b u t not by b a c l o f e n (100-200 μΐϊΐο1/1;8 c e l l s ) , 
g l u t a m a t e , g l y c i n e or t a u r i n e ( a l l 1 mmol/1; 2 c e l l s ) . 
B i c u c u l l i n e m e t h o c h l o r i d e (30 μπιοΐ/ΐ; 4 c e l l s ) r e -
v e r s i b l y a n t a g o n i s e d t h e p r e - and p o s t s y n a p t i c a c t i o n s 
of GABA. 

T h e r e f o r e , i t appears t h a t t h e GABA r e c e p t o r s r e ­
s p o n s i b l e f o r t h i s p r e s y n a p t i c a c t i o n are s i m i l a r 
t o t h o s e p r e s e n t on t h e p o s t s y n a p t i c membrane o f 
mammalian p e r i p h e r a l and c e n t r a l neurones ( 7 ) . 
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C O N T R O L 4AP + G A B A 

> IOOJJMC 

H E X A M E T H O N I U M 5 0 0 ^ 1 

FIG. 2. P a r t A shows an AC-coupled r e c o r d i n g o f 
spontaneous p o t e n t i a l s measured from a s u c t i o n 
e l e c t r o d e c o n t a i n i n g t h e p o s t g a n g l i o n i c s y m p a t h e t i c 
n e r v e . D u r i n g a p p l i c a t i o n o f 100 μπηοΐ/ΐ GABA i n 
100 μπιοΐ/ΐ 4-AP, " b u r s t s " o f p o s t s y n a p t i c p o t e n t i a l s 
c o u l d be r e c o r d e d . P a r t Β shows t h e complete ex­
p e r i m e n t from which t h e examples i n A were t a k e n . 
The o r d i n a t e i n d i c a t e s f r e q u e n c y o f p o t e n t i a l s ( B i n 
w i d t h = 20 s e c ) ; a b s c i s s a t i m e . A d d i t i o n o f 4-AP l e d 
t o a s m a l l e r number o f spontaneous p o t e n t i a l s , t h e 
f r e q u e n c y o f which was g r e a t l y enhanced d u r i n g 
a d d i t i o n o f GABA. A b r i e f a p p l i c a t i o n o f hexamethoniurn 
a l m o s t c o m p l e t e l y a b o l i s h e d t h i s e f f e c t . 
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