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T h e  a c t i o n  of  m u s c i m o l  o n  n e u r o n e s  o f  t h e  s u b s t a n t i a  n i g r a  of  the  rat  1 
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Summary. Muscimol and  GABA applied micro ion tophore t ica l ly  onto  nigral  neurones  reduce the  discharge ra te  of m o s t  
of these  cells. Bicucull ine revers ib ly  an tagonizes  the  act ion of muscimol.  I.p. appl ied muscimol  reduces  the  fir ing ra te  
of abou t  hal f  of the  nigral  cells tes ted.  

Muscimol,  a isoxazole found in the  m u s h r o o m  Amanita 
muscaria, is a s t ruc tu ra l  modi f ica t ion  of GABA. I t  
po t en t i a t e s  morph ine  analgesia  2 and the  ca ta lept ic  and  
amphe t am ine -an t agon i s t i c  ac t ion of ha loper idol  ~. These 
la t t e r  effects are p robab ly  resul t ing f rom s t r ia ta l  dop-  
amine  receptor  blockade.  I t  is conceivable  t h a t  the  po- 
t en t i a t i ng  effect  of musc imol  is p roduced  t h roug h  its 
depressan t  act ion on nigral  dopaminerg ic  cells. To t es t  
th is  hypothes is ,  the  effect  of micro ion tophore t ica l ly  and 
i.p. appl ied muscimol  on nigral  neurones  was inves t iga ted .  
Methods. The expe r imen t s  were pe r fo rmed  on 20 male  
Sprague-Dawley  ra ts  (250-350 g) anaes the t i zed  wi th  
ch lo ra lhydra te  (400 mg/kg  i.p.). Body  t e m p e r a t u r e  was 
ma in t a ined  a t  be tween  36~ and 38~ Ext race l lu la r  
ac t ion po ten t ia l s  were recorded f rom spon taneous ly  
act ive  nigral  cells. Ampli f ied  spike discharge was rou ted  
t h rough  a level d i sc r imina tor  and ra temete r .  The fol- 
lowing subs tances  were appl ied by  means  of 3-barrel 
mic rop ipe t t es  into the  immed ia t e  e n v i r o n m e n t  of single 
spon taneous ly  act ive  neurones :  GABA (0.5 M, p H  3.5), 
muscimol  (0.5 M, p H  3.5), bicucull ine meth iod ide  (20 mM, 
p H  3.0 in 165 mM NaC1). In  some exper iements ,  1 barrel  
was filled wi th  3 M NaC1 in order  to balance eject ing 
currents .  The cauda te  p u t a m e n  complex  was s t imula ted  
by  means  of small  b ipolar  e lect rodes  (single pulses 0.3 
msec, 3-5 V). Nigral  cells were approached  s tereotac t i -  
cally using the  at las  of De Groot.  The site of the  s t imula-  
t ion electrode was verif ied on cy ros t a t  sections.  
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Fig. 1. Ratemeter record from a neuron of the substantia nigra 
which was inhibited in response to striatal stimulation. Depressant 
actions of muscimol (MU) and GABA. In this and the subsequent 
figure; the etectrophoretic administration of agonists are indicated 
by horizontal lines and bars. 

Results and discussion. There is good evidence for an 
inh ib i to ry  descending  gabaergic  t r a c t  impinging  on nigral  
cells der iv ing  f rom the  s t r i a t u m 4, 5. In  t he  p resen t  s tudy,  
m a n y  nigral  cells were found to  be inh ib i t ed  in response  
to s t r ia ta l  s t imula t ion  as revealed on per i s t imulus- t ime  
h is tograms.  Drugs were appl ied to cells which  were 
inhib i ted  and  to  cells which were no t  inh ib i ted  in res- 
ponse  to s t r ia ta l  s t imula t ion .  Bo th  cell t ypes  were s t rongly  
depressed b y  muscimol  (5-30 nA, 5 30 sec) and  to  
s o mew h a t  lesser e x t e n t  by  GABA (5-30 nA, 5-30 sec). 
Most  cells of the  inhib i ted  type  (8 o u t  of 13 cells), as well 
as of the  non inh ib i t ed  type  (14 out  of 22 cells), were more  
s t rongly  depressed  by  muscimol  t h a n  by GABA, as 
judged  f rom the  compar i son  of e jec t ing cur ren t s  (figure 1). 
A similar  fas t  onse t  of ac t ion was observed  wi th  bo th  
compounds  b u t  recovery  f rom the  depress ion of firing 
was of ten  cons iderab ly  slower af ter  muscimol  (figure 1). 
Biscucull ine (20-30 nA, 1-2 rain) ve ry  p o t e n t l y  and 
revers ib ly  an tagonized  the  act ion of muscimol  on 8 out  
of 10 cells t e s t ed  (figure 2). 
The effect  of i.p. appl ied muscimol  was t e s t ed  on 13 nigral  
cells. 7 cells were of the  inh ib i ted  and  6 of the  nonin-  
h ib i ted  type .  There  was no s ignif icant  difference in the  
way  the  2 cell groups r e sponded  to var ious  doses of 
i.p. appl ied muscimol .  At  a dose of 0.1 mg/kg  i.p. the  
ac t iv i ty  of only  1 cell was mark ed l y  reduced.  W i t h  
0.5 mg/kg  i.p., 6 ou t  of 13 cells were depressed by  10-42%.  
W h e n  the  dose was fu r ther  increased to  1.0 mg/kg  i.p., 
a t o t a l  of 7 cells t es ted  were depressed  by  16-50%,  
The p resen t  s t u d y  conf i rms earlier repor t s  d e m o n s t r a t i n g  
a GABA-like ac t iv i ty  of muscimol  on spinal  neurones  ~, ~. 
The results  cor robora te  o ther  inves t iga t ions  showing t h a t  
muscimol  is more  p o t e n t  t h a n  GABA s,9. In  con t r a s t  to  
GABA, muscimol  - as shown in the  p re sen t  s t u d y  - is 
able to  p e n e t r a t e  the  blood bra in  barrier .  Muscimol 
therefore  could be an in teres t ing  c o m p o u n d  for s tudy ing  
the  biological funct ion  of GABA in brain,  and to examine  
the  po ten t i a l  t he rapeu t i c  value of GABA agonists .  A 
depressan t  ac t ion of muscimol  on nigral  dopaminerg ic  
cells m a y  accoun t  for its p o t e n t i a t i n g  effect  on the  
ca ta lept ic  and a m p h e t a m i n e  an tagonis t i c  ac t ion of 
haloper idol  in rats .  
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Fig. 2. The effect of bicuculline on the sensitivity of a spontaneously 
active nigral cell to muscimol. 
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