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Abstract 

Unilateral injection of 25 ng of muscimol into the rat substantia nigra pars reticulata induced contralateral circling. Circling 
induced by 25 ng of muscimol was increased by simultaneous administration of 1 /zg of Ag-tetrahydrocannabinol and abolished 
by 10 /xg. Previous experiments have shown that A9-tetrahydrocannabinol enhances muscimol-induced catalepsy in the globus 
pallidus. These results identify another brain area in which synergism between Ag-tetrahydrocannabinol and muscimol can occur 
and show that Ag-tetrahydrocannabinol can enhance an excitatory as well as an inhibitory GABAergic motor effect. The data 
support the hypothesis that cannabinoids can facilitate transmission along central y-aminobutyric acid (GABA) releasing 
pathways. 
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1. Introduct ion  

Previous experiments with rats have shown that the 
G A B A  A receptor  agonist, muscimol, can interact syn- 
ergistically with A9-tetrahydrocannabinol in the globus 
pallidus in the production of catalepsy (Wickens and 
Pertwee, 1993). The present  experiments were de- 
signed to investigate whether  A9-tetrahydrocannabinol 
can also interact synergistically with muscimol when 
injected into the substantia nigra pars reticulata. This 
was chosen as the injection site for two reasons. First, 
like the globus pallidus, the substantia nigra pars retic- 
ulata is densely populated with cannabinoid receptors 
(Herkenham et al., 1990). Second, we considered it to 
be a brain area in which we could establish whether,  in 
addition to its ability to potent iate  an inhibitory y- 
aminobutyric acid (GABA) receptor  mediated effect 
on motor  activity (catalepsy), A9-tetrahydrocannabinol 
also has the ability to potentiate an excitatory 
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GABAergic  behavioural effect. One such effect, pro- 
duced by unilateral intranigral injection of muscimol, is 
contralateral circling behaviour (Arnt and Scheel- 
Krtiger, 1979; Olpe et al., 1977; Scheel-Kriiger, 1986) 
and it was this that we chose as our measured re- 
sponse. 

2. Mater ia ls  and methods  

2.1. Surgery 

Adult Sprague-Dawley rats (300-425 g) were anaes- 
thetized with sodium pentobarbi tone (60 m g / k g  i.p.) 
and then injected with scopolamine (1 m g / k g  i.p.). The 
animals were positioned in a stereotaxic frame (Bal- 
t imore Ins t rument  Co.) and a hole drilled through the 
skull 5 -6  mm caudal to the bregma and 2 mm to the 
right or left of the midline. A 22 gauge cannula guide 
(Plastic Products, Virginia, USA) was inserted through 
the hole and lowered vertically using stereotaxic coor- 
dinates A 2.2, L 2.0 and V 7.5 (K6nig and Klippel, 
1963). The cannula guides were fixed to the skull with 
acrylic dental cement,  additional anchorage being pro- 
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v ided  by two 12 B A  s ta in less  s teel  screws. Behav ioura l  
e x p e r i m e n t s  were  p e r f o r m e d  at leas t  48 h af te r  surgery.  
D u r i n g  surgery,  the  p l a c e m e n t  of  cannu lae  was a l te r -  
na ted .  N o  m o r e  than  3 ra ts  wi th  cannu lae  i m p l a n t e d  
on the same  side of  the  skull were  ass igned to any one  
e x p e r i m e n t a l  t r e a tmen t .  

2.2. Intracerebral administration o f  drugs 

Ag-Te t r ahydrocannab ino l  was mixed  with 2 pa r t s  of  
T w e e n  80 by weight  and  d i spe r sed  in sal ine (Pe r twee  et  
al., 1992). Musc imol  (Sigma)  was d issolved in saline.  
F o r  expe r imen t s  in which these  drugs  were  to be  
c o a d m i n i s t e r e d ,  A g - t e t r a h y d r o c a n n a b i n o l  was dis-  
p e r s e d  (with T w e e n  80) in a musc imol -con ta in ing  sal ine 
solut ion.  D r u g  in jec t ions  were  m a d e  th rough  28 gauge  
in jec t ion  cannu lae  (Plas t ic  P roduc t s )  using the  m e t h o d  
desc r ibed  by Wickens  and Pe r twee  (1993). T h e s e  injec- 
t ion c a n n u l a e  were  1 m m  longer  than  the i m p l a n t e d  
cannu la  guides .  Each  ra t  r ece ived  one  un i l a te ra l  injec- 
t ion into the  subs tan t i a  n igra  pars  r e t i cu la ta  over  a 
pe r iod  of  2 min.  T h e  inject ion cannu la  was kep t  in situ 
for a fu r the r  m inu t e  to al low t ime  for  di f fus ion and  was 
then  wi thdrawn.  The  inject ion vo lume was 1 /~1. Con-  
t rol  an imals  rece ived  drug  vehic le  ins tead  of  drug.  
A n i m a l s  were  r e t u r n e d  to the i r  home  cage for 15 rain 
and were  then  p l aced  in the  r o t o m e t e r  desc r ibed  be-  
low. The  pos i t ions  of  in jec t ion  sites were  ver i f ied  using 
a h is to logical  p r o c e d u r e  s imi lar  to tha t  ou t l i ned  by 
Wickens  and  Pe r twee  (1993). 

2.3. Measurement o f  circling behaviour 

A harness  was secured  a r o u n d  the  u p p e r  body  of  a 
rat ,  jus t  b e h i n d  its f ront  legs. The  an imal  was now 
p l aced  in a c i rcular  open  a r e n a  of  d i a m e t e r  27 cm and  
wall  he igh t  20 cm and the  n u m b e r  of  t imes  it c i rc led  
t h rough  360 ° r e c o r d e d  using an a u t o m a t e d  r o t o m e t e r  
(L in ton  Ins t rumen t s ,  UK).  This  cons is ted  of  a l ead  
runn ing  be tween  the  ra t  ha rness  and  a microswi tch  
tha t  was l oca t ed  60 cm above  the  an imal  and  swivel led 
w h e n e v e r  the  ra t  circled.  Circ l ing behav iou r  was moni -  
t o r e d  by c o m p u t e r  (Acer ,  M o d e l  970L). This  was pro-  
g r a m m e d  to count  the  n u m b e r  of  circles c o m p l e t e d  in 
each  of  12 successive 5 min per iods .  

2.4. Dose levels 

Musc imol  was a d m i n i s t e r e d  at a submaximal  dose  
(25 ng) for  the  p r o d u c t i o n  of  con t r a l a t e r a l  circl ing 
behav iou r  (O lpe  et al., 1977) and  Ag- te t rahydrocanna  - 
b inol  at a dose  wi thin  ( 1 0 / z g )  or  be low (1 p~g) a r ange  
known to e n h a n c e  the ca ta l ep t i c  r e sponse  to in t rapa l l i -  
da l  in ject ions  of  musc imol  (Wickens  and Per twee ,  
1993). 

2.5. Analysis o f  data 

Values  have been  expressed  as m e a n s  and  l imits of  
e r ro r  as s t a n d a r d  er rors .  C o m p a r i s o n  of  sets of  da t a  
with s ignif icant ly d i f fe ren t  va r iances  ( P < 0 . 0 5 )  has  
b e e n  ach ieved  using S tuden t ' s  t - test  for p a i r e d  da t a  or  
the  M a n n - W h i t n e y  U-test  to e s t ima te  the  s ignif icance 
o f  d i f fe rences  be tw e e n  m e a n s  or  me d i a ns  ( P  < 0.05). 
F o r  o the r  da ta ,  S tuden t ' s  t - test  for  u n p a i r e d  da t a  has 
b e e n  used  to eva lua te  the  s ignif icance of  d i f fe rences  
b e t w e e n  m e a n s  ( P  < 0.05). 

3. Results 

W h e n  25 ng of  musc imol  was c o a d m i n i s t e r e d  uni la t -  
era l ly  with T w e e n  80 into the  subs tan t ia  nigra,  it in- 
d u c e d  s ignif icant  a symmet r i c  circl ing (Fig. 1). The  
n u m b e r  of  circles m a d e  in the  d i rec t ion  oppos i t e  to the  
s ide of  the  b ra in  into which musc imol  had  b e e n  in- 
j e c t ed  ( con t r a l a t e ra l  circles)  s ignif icant ly exceeded  the  
n u m b e r  of  circles m a d e  towards  the  in jec t ion  site (ipsi-  
l a t e ra l  circles).  M u s c i m o l - i n d u c e d  con t r a l a t e r a l  circl ing 
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Fig. 1. Circling behaviour after unilateral injection into the substan- 
tia nigra pars reticulata of (a) 2 /xg Tween 80, (b) 1 /xg A9-tetra - 
hydrocannabinol, (c) 25 ng muscimol with 2 /zg Tween 80, (d) 25 ng 
muscimol with 1 /zg Ag-tetrahydrocannabinol, (el 10 /xg Ag-tetra - 
hydrocannabinol, (f) 25 ng muscimol with 20/xg Tween 80, or (g) 25 
ng muscimol with 10 /xg Ag-tetrahydrocannabinol. Circling scores 
have been plotted using positive and negative values for contralateral 
and ipsilateral circling respectively. The bars represent mean values 
+S.E. for the number of circles completed in a 60 rain period, 
beginning 15 min after injection (n = 5 or 6). The significance of 
differences between mean ipsilateral and contralateral circling scores 
recorded over the same 60 min period has been calculated by 
Student's t-test for paired data ( * P _< 0.05; * * P < 0.01). The mean 
contralateral circling score following injection of 1 ~g Ag-tetrahydro - 
cannabinol (b) was not significantly different from that following 
injection of 2 #g Tween 80 (a) (P > 0.2; Student's t-test for unpaired 
data). Muscimol gave rise to a significantly greater mean contralat- 
eral circling score in the presence of 1 ~g Ag-tetrahydrocannabinol 
(d) than in the presence of 2 /zg Tween 80 (c) (P < 0.05; Student's 
t-test for unpaired data) and to a significantly lower score (P < 0.01; 

9 Mann-Whitney U-test) in the presence of 10/xg A -tetrahydrocanna- 
binol (g) than in the presence of 20 /xg Tween 80 (f). 
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was increased by 1 /~g of A9-tetrahydrocannabinol and 
abolished by 10 /xg (Fig. 1). The interaction between 
muscimol and 1 txg of Ag-tetrahydrocannabinol was 
greater than additive as, in the absence of muscimol, 
unilateral injections of Ag-tetrahydrocannabinol or 
Tween 80 did not induce asymmetric circling behaviour 
(Fig. 1). 

The injection sites were located throughout the an- 
terior and medial parts of the substantia nigra pars 
reticulata (co-ordinates A2580 to A1610). Of these, 
51% lay between the narrower confines of co-ordinates 
A2420 and A1950. 

4. Discussion 

Further  experiments are required to discover the 
mechanisms for the interactions between A9-tetra - 
hydrocannabinol and muscimol observed in this investi- 
gation. One possibility is that A9-tetrahydrocannabinol 
can interact directly with the GABA n receptors that 
seem to mediate the asymmetric circling induced by 
unilateral injection of muscimol into the substantia 
nigra pars reticulata (Arnt and Scheel-Kriiger, 1979; 
Scheel-Kriiger, 1986). However, there is already evi- 
dence that cannabinoids do not alter the affinity of 
GABA for its receptors (Leader  et al., 1981) and there 
are no reports that cannabinoids affect GABA A recep- 
tor signal transduction. Another  possible explanation, 
that applies only to the synergism that occurs between 
Ag-tetrahydrocannabinol and muscimol, is that A 9- 
tetrahydrocannabinol somehow increases free extracel- 
lular concentrations of GABA and that it is GABA 
which interacts synergistically with muscimol. [Because 
the relationship between the concentration GABA re- 
ceptor agonists and the size of the effects they produce 
is probably a logarithmic one, interactions between 
muscimol and GABA may well be synergistic in nature 
when expressed on an arithmetic scale (Wickens and 
Pertwee, 1993).] There  are at least two mechanisms by 
which Ag-tetrahydrocannabinol might elevate extracel- 
lular concentrations of GABA in the substantia nigra 
pars reticulata. One is through its known ability to 
inhibit the neuronal uptake of GABA (Banerjee et al., 
1975; Hershkowitz et al., 1977). The other  is by facili- 
tating the neuronal release of GABA. This A9-tetra - 
hydrocannabinol might do by acting through cannabi- 
noid receptors that are present on the terminals of 
neurons projecting from the striatum to the substantia 
nigra pars reticulata (Herkenham et al., 1991). Interest- 
ingly, this is a brain area in which cannabinoid recep- 
tors may be co-localized with presynaptic dopamine D~ 
receptors (Herkenham et al., 1991), a receptor type 
through which the neuronal release of GABA can 
apparently be facilitated (Reubi et al., 1977; Starr, 
1987). 

We have found previously that the cataleptic re- 
sponse to 25 ng of muscimol, injected bilaterally into 
the globus paIlidus, can be enhanced by coadministra- 
tion of Ag-tetrahydrocannabinol at doses of either 3/xg 
or 30 ~g (Wickens and Pertwee, 1993). Our present 
finding that a dose of A9-tetrahydrocannabinol within 
this range (10 txg) will attenuate an effect of 25 ng of 
muscimol, albeit by unilateral injection into a different 
brain area, is therefore difficult to explain. This is 
especially so since the globus pallidus, like the substan- 
tia nigra pars reticulata, contains both cannabinoid and 
GABA A receptors (Herkenham et al., 1990; Scheel- 
Kriiger, 1986). One possibility, that the higher dose of 
Ag-tetrahydrocannabinol enhanced the ability of intra- 
nigral muscimol to induce stereotyped behaviour 
(Scheel-Kriiger, 1986) and that this behaviour com- 
peted with the motor act of circling, is unlikely as there 
was no sign of such stereotypy in these experiments. 

Further  research is required to establish whether 
Ag-tetrahydrocannabinol can facilitate the neuronal re- 
lease of GABA or, indeed, whether it can elevate 
extracellular nigral concentrations of GABA. Also still 
to be determined is whether potentiation of muscimol 
by Ag-tetrahydrocannabinol in the substantia nigra is 
cannabinoid receptor mediated and if so, whether 
anandamide or some other endogenous cannabinoid 
receptor ligand (see Pertwee, 1995) undergoes similar 
interactions with GABA under  physiological condi- 
tions, perhaps serving as a modulator of GABAergic 
neurotransmission in this region of the brain. 
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