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Summary. The  ac t ion  of d i a z e p a m  on t he  para l le l  f i b re s -Purk in j e  cell synapse  was s tud ied  in a per fused  frog cerebel lum.  
D i a z e p a m  fac i l i t a tes  t he  e x c i t a t o r y  i n p u t  to  P u r k i n j e  ceils a n d  hence  increases  t he  i n h i b i t i o n  p roduced  b y  P u r k i n j e  
cells ac t iv i ty .  

D i a z e p a m  is one of t h e  m o s t  wide ly  used t r anqu i l i ze r s  
a n d  an t i -ep i l ep t i c  drugs.  The  ac t ion  of d i a z e p a m  on t he  
c e n t r a l  n e r v o u s  s y s t e m  has  been  e x a m i n e d  b y  severa l  
a u t h o r s  a n d  i t  is genera l ly  accep ted  t h a t  t he  e lectr ical  
a c t i v i t y  in  t h e  b r a i n  is depressed  b y  t h e  drug.  D i a z e p a m  
is effect ive  in t he  t r e a t m e n t  of pho to -myoc lon ic  epilepsy,  
and  th i s  was  a t t r i b u t e d  to  t he  r e d u c t i o n  of t he  v i sua l ly  
evoked  response  p roduced  b y  t he  d rug  3. Convuls ions  
p roduced  b y  soman,  a p o t e n t  an t i cho l ines te rase ,  could  
be  t e r m i n a t e d  b y  d iazepam.  T he  E E G  was m a r k e d l y  
depressed  a f t e r  successful  t r e a t m e n t  w i t h  t he  d rug  4. 
I n  m o s t  sys t ems  wh ich  h a v e  seen examined ,  the  in te r -  
p r e t a t i o n  of t he  d a t a  is d i f f icul t  because  compl i ca t ed  
p a t h w a y s  a n d  m a n y  synapses  are involved .  W e  r e p o r t  
he re  on  t he  ac t ion  of d i a z e p a m  on t he  wel l -def ined 
synapse  b e t w e e n  t h e  para l le l  f ibres  a n d  P u r k i n j e  ceils 
in  t he  frog cerebel lum.  W e  found  t h a t  d i a z e p a m  fac i l i t a tes  
t h e  e x c i t a t o r y  i n p u t  to  P u r k i n j e  cells, a n d  hence  increase  
t h e  i n h i b i t i o n  p roduced  b y  P u r k i n j e  cells ac t iv i ty .  
The  fac i l i t a t ion  of a n  i n h i b i t o r y  m e c h a n i s m  ( ' change  of 
sign')  m a y  t h u s  p l a y  a role in  the  ac t ion  of d i a z e p a m  
on  t h e  c e n t r a l  n e r v o u s  sys tem.  
The  phys io logy  a n d  a n a t o m y  of n e u r o n a l  c i rcui ts  in  t h e  
b r a i n  are b e t t e r  u n d e r s t o o d  in t he  ce rebe l lum t h a n  in 
a n y  o t h e r  h ighe r  center .  E x c i t a t o r y  i n p u t  to  P u r k i n j e  
cells is t r a n s m i t t e d  a long  t he  c l imb ing  a n d  para l le l  fibres.  
The  P u r k i n j e  cell axons  are t h e  on ly  o u t p u t  of t he  cere- 
be l l a r  cor tex,  a n d  t he  axons  fo rm i n h i b i t o r y  synapses  
w i t h  va r ious  subcor t i ca l  s t r u c t u r e s  6. C o m p a r a t i v e  s tud ies  
show t h a t  t h e  ' ce rebe l la r  c i r cu i t ry '  in t he  frog is s imple  
b u t  v e r y  s imi la r  to  t h a t  of h i g h e r  an i m a l s  ~. I t  h a s  r e c e n t l y  
been  s h o w n  t h a t  t h e  frog ce rebe l lum is well  m a i n t a i n e d  
in v i t ro  and  t he  p r e p a r a t i o n  m a y  be  used in t he  inves t iga -  
t i o n  of c e n t r a l  s y n a p t i c  m e c h a n i s m s  v, s. 
The  m e t h o d  for  pe r fus ing  t h e  frog ce rebe l lum w i t h  R i n g e r  
so lu t ion  ha s  a l r eady  been  descr ibed  8. This  p r e p a r a t i o n  
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Diazepam effect on the parallel fibres-Purkinje cell synapse in a 
perfused frog cerebellum. Each record is a computer average of 10 
responses, a Following the stimulus artefact, the surface field po- 
tential exhibits a presynaptie component which arises from the 
action potential of the parallel fibres (circle) and a postsynaptic com- 
ponent which arises from the chemically induced depolarization of 
the Purkinje cells (filled circle), b Following diazepam administration, 
the postsynaptic component is increased, whereas the presynaptic 
component is not changed, c After prolonged washing (45 min), the 
effect of the drug is abolished. Calibration: vertical bar, 1 mV~ 
horizontal bar, 5 msec. 

has  t he  a d v a n t a g e  of keep ing  t he  i so la ted  ce rebe l lum 
in a wel l -def ined e n v i r o n m e n t .  The  para l le l  f ibres were 
s t i m u l a t e d  a t  a r a t e  of 2 m in  b y  s ta inless  s teel  e lec t rodes  
coa ted  w i t h  Teflon.  The  surface  field p o t e n t i a l  was re- 
corded  b y  a glass m ic rop ipe t t e  filled w i t h  3 M KC1 a n d  
t he  response  was ave raged  in a CAT (TMC) compute r .  
W h e n  t he  ce rebe l lum was per fused  w i t h  n o r m a l  R i n g e r  
(figure, a), t he  shape  of t he  surface  field p o t e n t i a l s  evoked  
b y  s t i m u l a t i o n  of t he  para l le l  f ibres  was  v e r y  s imilar  to  
those  descr ibed  in v ivo  9. The  field p o t e n t i a l  compr ized  
2 d i s t i nc t  c o m p o n e n t s :  A p r e s y n a p t i c  c o m p o n e n t  wh ich  
arises f rom the  ac t ion  p o t e n t i a l  of t he  para l le l  f ibres  
and  a p o s t s y n a p t i c  c o m p o n e n t  wh ich  ar ises  f rom the  
r e su l t ing  depo la r i za t ion  of P u r k i n j e  cells. The  ra t io  be-  
tween  t h e  p o s t s y n a p t i c  a n d  p r e s y n a p t i c  c o m p o n e n t s  m a y  
t h u s  represen t ,  qua l i t a t i ve ly ,  t h e  eff ic iency of the  t r a n s -  
miss ion  in the  synapse .  Fo l lowing  t he  per fus ion  of dia-  
z e p a m  (5-20 txg/ml) for 5 m in  (figure, b), t h e  a m p l i t u d e  
of t he  p o s t s y n a p t i c  wave  was  increased,  whereas  t he  
p r e s y n a p t i c  ac t ion  p o t e n t i a l  was  no t  m a r k e d l y  changed .  
The  effect  las ted  for a b o u t  10-45 min  a f t e r  w i t h d r a w a l  
of d iazepam.  
The  ra t io  b e t w e e n  t he  pos t -  and  p r e s y n a p t i c  waves  was  
m e a s u r e d  in 16 expe r imen t s ,  a n d  i t  a lways  increased  
fol lowing d i a z e p a m  appl ica t ion .  The  m e a n  increase in 
the  'e f f ic iency '  of synap t i c  t r a n s m i s s i o n  was 33% 4- 12~ 
(range 11-64%) .  This  was  n e v e r  found  in con t ro l  exper i -  
m e n t s  in  wh ich  t he  response  was c o n s t a n t  for up  to  
45 rain,  and  t he  p o s t s y n a p t i c  wave  a lways  de t e r i o r a t ed  
more  rap id ly .  I n  some expe r imen t s ,  a d d i t i o n a l  waves  
which  r e p r e s e n t  P u r k i n j e  cell r e - exc i t a t ion  were ob-  
served% These  waves  d e t e r i o r a t e d  over  a long per iod  of 
t ime  (figure, c). 
The  increase  in t he  ra t io  b e t w e e n  t he  pos t -  a n d  p r e s y n a p t i c  
waves  shows t h a t  for a g iven  n u m b e r  of a c t i v a t e d  pa r -  
allel fibres,  t he  t r a n s m i s s i o n  in t h e  para l le l  f i b re s -Purk in j e  
cell synapse  is f ac i l i t a t ed  b y  d iazepam.  W h e t h e r  t he  d rug  
increases  t r a n s m i t t e r  re lease f rom ne rve  t e rmina l s ,  or 
increases  t he  s ens i t i v i t y  of p o s t s y n a p t i c  receptors ,  is n o t  
ye t  known.  The  fac i l i t a t ion  of t he  e x c i t a t o r y  i n p u t  t o  
P u r k i n j e  cells m a y  a c c o u n t  for t h e  increase  in t he  f i r ing  
r a t e  of P u r k i n j e  cells fol lowing i.v. a d m i n i s t r a t i o n  of t he  
d rug  1~ Since P u r k i n j e  cell axons  compr ize  t he  en t i r e  
o u t p u t  of t he  cerebel la r  cor tex,  and  since P u r k i n j e  cells 
are i n h i b i t o r y  in t he i r  p ro j ec t i ons  to  subco r t i ca l  s t ruc-  
tu res  5, t he  fac i l i t a t ion  of t he  para l le l  f ib res -Purk in je  cell 
synapse  m a y  p l a y  a n  i m p o r t a n t  role  in  the  a n t i - c o n v u l s a n t  
ac t ion  of t he  d iazepam.  
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