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POPOLI, P ,  M BENEDETTI AND A SCOTTI DE CAROLIS Antwonvulsant activity ofcarbamazepme and Ne-L - 
phenyhsopropyladenosme tn rabbits Relationship to adenosme receptors tn central nervous system PHARMACOL 
BIOCHEM BEHAV 29(3) 533--539, 1988 --The present work deals with an EEG and behavioral study on the effects of 
carbamazepme (CBZ) and N6-L-phenyhsopropyladenoslne (L-PIA) against the convulsions due to caffeine and pen- 
tylenetetrazole (PTZ) in rabbits Pretreatment with L-PIA (1, 3 and 4 mg/kg) caused a dose-related mhtbmon of the motor 
convulsions and the EEG "grand mal" lctal seizure reduced by caffeine (75 mg/kg IV) On the contrary, L-PIA given at the 
high dose of 5 mg/kg IV partially inhibited the EEG and motor seizures elicited by PTZ (20 mg/kg IV) CBZ completely 
antagomzed the EEG and motor convulsions induced by caffeine, while exerted only a protective action towards the EEG 
and motor convulsions due to PTZ The admmlstraUon of an lneffecttve dose of CBZ (5 mg/kg IV) was able to enhance the 
protective action of L-PIA towards caffeme-mduced convulsions This synergistic action between CBZ and L-PIA Is also 
present towards the spike-and-wave complexes elicited by PTZ (10 mg/kg) These results confirm that the punnerglc 
system plays an important role in the regulation of the CNS exc~tabdlty They suggest therefore, that the antlconvulsant 
propertms of CBZ may be at least partially explained by an influence of this drug on the punnerglc system 

L-PIA CBZ Caffeine PTZ ArA2 Adenosine receptors 

IT has been shown that adenosine and adenosine derivatives 
have sedative and hypnotic effects [16]. Antlconvulsant ef- 
fects have been reported in mice susceptible to audlogenlc 
seizures [ 11 ] and in rats treated with various types of convul- 
sants [6]. 

Many authors [7, 19, 22] reported that caffeine and other 
methylxanthlnes possess, at lugh doses, convulsant effects 
m animals and humans The central stimulatory effects of  
xanthines have been proposed to correlate with their m- 
teractions with central A1 adenosine receptors [4,17] Onthe  
other hand, it has been suggested that caffeine-induced sei- 
zures may be medmted via benzodlazeplne (BDZ) receptors 
In fact, it is known that methylxantlunes antagomze some 
effects of BDZ in animals [13] and humans [18], and that Ro 
15-1788, the BDZ antagonist, blocks caffeine-induced sei- 
zures m mine [20]. 

In a previous paper [14], we reported that a small dose 
(0.05 mg/kg IV) of Ne-L-phenyhsopropyladenoslne (L-PIA), 
a specific hgand of  A1 adenosine receptors, was able to 
completely antagonize the effects of caffeine (25 mg/kg IV) 
on the electrically-induced bappocampal after discharge in 

rabbits, while Ro 15-1788 was unable to affect it These data 
confirm that the proconvulsant action of  caffeine could be 
mediated by an effect on adenosine receptors and suggest 
that a potential species variation should exist in the media- 
tlon of caffelne-mduced effects. In particular, rabbits may be 
different from rodents as regards the interplay between ben- 
zodlazeplnerglc and adenoslnerglc mechanisms. 

Carbamazeplne (CBZ) is currently used to treat various 
forms of epileptic seizures, however, the mechanism of its 
antlconvulsant action has not been clearly established. CBZ 
displaces the binding tn vitro to synaptosomal membranes 
prepared from rat brain of several adenosine hgands such as 
[3H]dlethylphenylxanthme (DPX) and [aI-I]cyclohexyladenosine 
(CHA) [12] and of the adenosine agomst [~rI]N6-L-phenyl - 
lsopropyladenosme (L-PIA) [15] It has been reported an antag- 
omsm of the anticonvulsant action of CBZ by some methylxan- 
tlunes (caffeine, theophylhne) [2,16], further suggesting an influ- 
ence of CBZ on the punnerglc system. Weir et al [21] have 
hypothesized that CBZ, only at the tughest concentrations, 
may act as A2 adenosine antagomst The nature of  CBZ in- 
teractions, occurnng at therapeutic doses [21], at the A1 re- 

1Requests for repnnts should be addressed to Dr A Scottl de Carohs, Laboratono dl Farmacologm, Istltuto Supenore dl SamtA, Vlale 
Regina Elena, 299, 00161 Roma, Italy 
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FIG 1 EEG seizures reduced by caffeine m the rabbit Upper record caffeine (75 
mg/kg IV) ehclted, within a few seconds, EEG "grand mal" ]ctal seizures charac- 
terized by high voltage (300-500 ~V)-hlgh frequency (10-20 Hz) spikes which 
started in red nucleus and then spread to the h]ppocampus and to all the cortical 
regions Middle record 4 mln later, the convulsive pattern was followed by a 
postlctal depression Lower record 10 mm later, the EEG appeared desyn- 
chronlzed Leads L left, R right, F anterior sensonmotor cortex, P posterior 
sensonmotor cortex, O optic cortex, HIP dorsal htppocampus, RN red nucleus 

cep to r s  is still unc l ea r  S k e m t t  et al [15] sugges ted  tha t  C B Z  
may  pos se s s  b o t h  A1 r e c e p t o r  agonls t  act ivi ty  and  A2 recep-  
to r  an tagon i s t i c  ac t iv i ty  T he  hypo thes i s  tha t  C B Z  may  exe r t  
some  of  ItS a n t l c o n v u l s a n t  effects  by  ac t ing  as a par t ia l  
agonls t  at  a d e n o s i n e  r ecep to r s  has  also b e e n  p r o p o s e d  [16] 

The  p u r p o s e  o f  the  p r e s e n t  e x p e r i m e n t s  was  to fu r the r  
inves t iga te  the  a n t l c o n v u l s a n t  p roper t i e s  of  b o t h  L - P I A  and  
C B Z  A n  E E G  and  b e h a w o r a l  s tudy  on  the  effects  of  L - P I A  
and  C B Z  aga ins t  the  convu l s i ons  i nduced  by  caffe ine was  
u n d e r t a k e n  in r abb i t s  M o r e o v e r ,  e x p e r i m e n t s  were  car r ied  
ou t  m o rde r  to  s tudy  the  in f luence  of  L - P I A  and  C B Z  on the  
effects  of  p e n t y l e n e t e t r a z o l e  (PTZ) 

METHOD 

E l e c t r o e n c e p h a l o g r a p h l c  record ings  were  ob ta ined  f rom 
130 adul t  male  r abb i t s  T he  a m m a l s  were  p r e p a r e d  for  the  
acu te  E E G  e x p e r i m e n t s  u n d e r  local  a n a e s t h e s i a  wi th  2% 
xyloca lne .  Six s c r ew  e lec t rodes  were  f ixed o v e r  the  sen- 
s o n m o t o r  and  opt ic  cor t i ces  C o n c e n t r i c  deep  e l ec t rodes  
were  p laced  in to  the  dorsa l  h l p p o c a m p u s  and  the  red  nuc leus  
acco rd ing  to a t e c h n i q u e  desc r ibed  p rev ious ly  [10] Rabb i t s  

were  then  p laced  in a res t ra in ing  box  and  were  c o n n e c t e d  
t h rough  long wires  to an  E E G  Gali leo a p p a r a t u s  (Model  E 
10b Polygraph)  P o s t m o r t e m  his tological  e x a m i n a t i o n s  con-  
f i rmed the  loca t ion  of  the  deep  e l ec t rodes  

All c o m p o u n d s  were  admin i s t e r ed  in t r avenous ly .  PTZ,  
caffe ine b e n z o a t e  and  L - P I A  were  d i s so lved  in wate r ,  C B Z  
was d i sso lved  in a mix tu re  of  40 par t s  of  po lye thy leng lyco l  
and  60 par t s  of  wa te r  Drug doses  refer  to the  weight  of  the  
base  

S t u d e n t ' s  t - t e s t  was  used to a s sess  the  s ignif icance be-  
t w e e n  the  d i f ferent  g roups  o f  experaments  

RESULTS 

Motor and EEG Effe~ ts o f  Caffezne and PTZ 

Caffeine Prev ious  expe r imen t s  p e r f o r m e d  In this  labora-  
to ry  [13] have  d e m o n s t r a t e d  tha t  caffe ine  at  the  doses  rang-  
ing f rom 10 to 50 mg/kg caused  E E G  desynchron lza txon  The  
dura t ion  of  this  ef fec t  was  dose - re la ted  and  v a n e d  f rom 10 to 
60 minu tes  B e h a v i o r a l  signs o f  the  a rousa l  were  no t iced  
af te r  admin i s t r a t i on  of  high doses  (25-50 mg/kg) the  ammals  
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TABLE 1 

INFLUENCE OF L-PIA AND CBZ ON THE MOTOR CONVULSIONS INDUCED BY CAFFEINE 
AND PTZ IN RABBITS 

No No Percent of 
Treatment (mg/kg IV) Animals Convulsions Protective Effect 

CA 75 10 10 - -  
L-PIA 1 + CA 75 8 6 25% 
L-PIA 3 + CA 75 10 4 60%t 
L-PIA 4 + CA 75 6 - -  100%~: 
CBZ 20 + CA 75 6 - -  100%:~ 
CBZ 5 + CA 75 6 6 - -  
L-PIA I + CBZ 5 + CA 75 6 2 66 6%t 
L-PIA 3 + CBZ 5 + CA 75 6 - -  100%~: 
PTZ 20 6 6 - -  
L-PIA 5 + PTZ 20 7 4 42 8%§ 
DZ 1 + PTZ 20 6 - -  100%¶ 
CBZ 20 + PTZ 20 10 6 40%§ 
CBZ 20 + CA 10 + PTZ20 6 6 - - #  

* = n s  vs CA 75, t=p<001 vs CA 75,~:=p<0001vs CA 75 
§=p<001vs PTZ20,¶=p<0001vs PTZ20 ,#=p<001vs  CBZ20+ PTZ20 

presented raising of the head and ears and widening of the 
eyes 

A total of l0 rabbits were injected with 75 mg/kg of caf- 
feine This dose elicited a brief period of desynchronlzatlon 
followed by a "grand mal" ictal seizure usually starting in 
the hlppocampal and red nucleus leads and then spreading to 
all cortical regions. The "grand real" attack consisted of 
high voltage (300-500/zV)-hlgh frequency (10-20 Hz) spikes 
which lasted for 0 5-3 minutes This pattern was followed by 
a postlctal depression The EEG seizures were accompanied 
by chewing, tremors, head extension up to oplsthotonus and 
tonic-clonic convulsions followed by death in 4 out of l0 
animals (Fig. 1) 

PTZ A total of 12 rabbits were injected with PTZ (10-20 
mg/kg) PTZ (10 mg/kg) caused a brief period of desyn- 
chronization followed by the characteristic spike-and-wave 
complexes in the sensorlmotor and associative cortices (Fig 
4) This EEG pattern was occasionally accompanied by ear 
twltchings The dose of 20 mg/kg induced within 30-40 sec- 
onds a "grand mal" lctal seizure in cortical and subcortical 
regions in all animals The EEG "grand real" attack con- 
SlSted of continuous high voltage (300-600/~V) and high fre- 
quency (20 Hz) spikes lasting about 60 seconds Concomi- 
tantly, the ammals showed a tonic extension of the head and 
of the hindhmbs This tonic phase was followed by a clonlc 
one characterized by a progressive slowing of the spike fre- 
quency concomitant with repeated violent movements of the 
head and limbs Then a characteristic isoelectnc pattern oc- 
curred, followed later by trains of spike-and-waves The 
electncal silence and the spike-and-waves were associated 
with the postictal behavioral depression and lack of response 
to stimuh 

Effects of  L-PIA on the Motor and EEG Convulsions 
lnduced by Caffeine and PTZ 

In a series of experiments carried out in 12 rabbits the 
influence of various doses of L-PIA on behavior and EEG 
was studied. Within 1 mln following administration of L-PIA 
(1 mg/kg), only an EEG synchronization consisting of spin- 

dies and slow waves (3 Hz, 300/xV) occurred. Higher doses 
(2-3 mg/kg) elicited a slow waves pattern characterized by 
high voltage (400-500/zV) and reduced frequency (2 Hz) in 
sensorlmotor optic cortex and hlppocampal areas With the 
highest doses (4 and 5 mg/kg) the slowing of the record was 
much more marked up to the appearance of a cortical tracing 
without spindles, and full of synchronous slow waves (500- 
600 /zV), a complete disruption of the theta hlppocampal 
rhythm occurred At the same time, the animals showed 
sleep posture and muscle relaxation. 

The influence of pretreatment (10 mln before) with L-PIA 
on the convulsions due to caffeine (75 mg/kg) was studied in 
3 groups of rabbits treated respectively with 1, 3 and 4 
mg/kg L-PIA caused a dose related inhibition of the motor 
convulsions and the EEG "grand mal" lctal seizure ehclted 
by caffeine (75 mg/kg) (see Table 1) L-PIA administered to 8 
animals at the dose of 1 mg/kg was able to prevent motor 
convulsions and the EEG "grand mal" lctal seizure elicited 
by caffeine in 2 out of 8 animals These two animals showed 
a subconvulslve pattern characterized by scattered high 
voltage spikes associated with chewing and slight tremors. 
The dose of 3 mg/kg administered to 10 animals prevented 
caffeine-reduced convulsions in 6 out of 10 animals Half of 
these animals showed the same subconvulslve pattern de- 
scribed above, while the remaining half presented an EEG 
desynchronlzatlon Full protection was observed in the 6 
rabbits treated with L-PIA 4 mg/kg (Fig. 2) In none of the 
animals treated with L-PIA did caffeine induce death 

The influence of pretreatment (10 min before) with a high 
dose (5 mg/kg IV) of L-PIA on the convulsions induced by 
PTZ (20 mg/kg IV) was studied in 7 rabbits L-PIA was able 
to prevent the EEG and motor convulsions only in 3 out of 7 
animals (see Table 1). Instead of EEG "grand mal" lctal 
seizures, these animals presented spike-and-wave com- 
plexes with intermingled slow waves (3-5 Hz). In all animals 
L-PIA inhibited the tomc motor convulsions ehcited by PTZ 
(lack oplsthotonus) Lower doses of L-PIA were ineffective. 

In order to better elucidate the nature of the antagomstic 
effects of L-PIA towards the convulsions due to both caf- 
feine and PTZ, additional comparative expenments with 
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FIG 2 Antagonistic effects of L-PIA towards the convulsions due to caffeine in the rabbit Upper 
record L-PIA (4 mg/kg IV) elicited a slow waves pattern characterized by high voltage (500-600 
/xV)-reduced frequency (2 Hz) in the cortical leads and disruption of the theta hippocampal rhythm 
Middle record the injection of caffeine (75 mg/kg IV) did not reduce EEG seizures when the animal 
was pretreated (10 mm before) with L-PIA The EEG "grand mal" lctal seizures was replaced by a 
desynchromzed pattern Lower record 30 mm after the injection of caffeine the record appeared still 
desynchronlzed Leads See Fig 1 

dlazepam (1 mg/kg) were carried out in 6 rabbits None of the 
rabbits treated with 1 mg/kg of dmzepam and challenged (10 
mm later) with PTZ 20 mg/kg exhibited tomc motor convul- 
sions and the EEG "grand mal"  ictal seizure The EEG 
moddicatlons induced by dmzepam were present m the record 

Pretreatment with diazepam (1 mg/kg) was able to prevent 
the EEG and motor convulsions elicited by caffeine (75 
mg/kg) only m 4 out of 6 animals Half of  these ones showed, 
instead of EEG seizures, a long lasting EEG desynchroniza- 
tlon The others presented short lasting bursts of spikes m 
optic and hlppocampal areas 

E f f e c t s  o f  C B Z  on  t h e  M o t o r  a n d  E E G  C o n v u l s t o n s  I n d u c e d  

b y  C a f f e l n e  a n d  P T Z  

The influence of various doses (5-20 mg/kg) of CBZ on 
behavior and EEG was studied m a separate series of  exper- 
iments carried out m 8 rabb~ts One-two minutes after admin- 
istration of CBZ at the doses of 5-10 mg/kg a slowing of the 
basal EEG actiwty occurred the spindles were present and 
assocmted with rare slow waves (200-400/zV, 3-4 Hz) in the 
sensorlmotor and optic areas. Administration of  15-20 mg/kg 
of CBZ caused an EEG consisting In less frequent spindles 
and numerous slow waves, the d~srupnon of theta waves 
occurred The EEG response to external stimulation was 
absent 

The influence of the pretreatment (10 mm before) with 
CBZ (20 mg/kg) on the convulsions due to caffeine (75 
mg/kg) was studied in 6 rabbits CBZ was able to prevent the 
caffeine-induced EEG and motor seizures in 100% of the 
ammals The EEG seizures were replaced by EEG desyn- 
chromzatlon (Fig 3) Lower doses than 20 mg/kg of CBZ 
were ineffective 

CBZ was weakly effective on the convulsions due to F r Z  
(20 mg/kg) PTZ was administered 10 mm after CBZ treat- 
ment Only a dose of 20 mg/kg of  CBZ was able to prevent 
the EEG and motor convulsions in 4 out of  10 ammals In- 
stead of EEG seizures, trams of spike-and-wave complexes 
accompamed by excitation and tremors and lasting 2 mln 
were seen. Then the EEG effects of CBZ appeared again in 
the record and the animals were sedated Of the remaining 6 
ammals, 4 presented EEG and motor seizures followed by 
electncal silence, the other 2 exhibited spike-and-wave 
complexes lasting 100 seconds and followed by EEG and 
motor convulsions w~thout opisthotonus 

In a separate series of experiments carried out m 8 rabbits 
the influence of  caffeine (10 mg/kg) on the protecnve action 
of  CBZ towards PTZ-induced convulsions was studied The 
ammals were treated w~th caffeine 5 mm after CBZ and 5 mln 
before PTZ. Caffeine (10 mg/kg) counteracted the protecnve 
effect of CBZ against PTZ-mduced seizures A few seconds 
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FIG 3 Antagonistic action of CBZ on the caffeine-induced seizures m the rabbit 
Upper record 5 mm after the rejection of CBZ (20 mg/kg IV) the EEG record was 
charactenzed by less frequent spindles and numerous slow waves (300-500 gV), 
the &srupt]on of theta waves occurred Middle record the pretreatment (10 mm 
before) with CBZ prevented the caffeine-induced EEG seizures The EEG "grand 
mal" lctal seizure was replaced by EEG desynchronlzatlon Lower record 30 mln 
after the injection of caffeine the record appeared stdl desynchromzed Leads See 
Fig 1 

after the administration of PTZ (20 mg/kg), 100~ of CBZ + 
caffeine treated animals presented the motor and EEG 
"grand mal"  lctal seizure followed by electrical silence 

Effe( ts o f  Combined Treatment o f  CBZ + L-PIA on 
Caffeme-lnduced Convulsions 

The influence of  pretreatment with CBZ (5 mg/kg) on the  
antagonistic effect of L-PIA (1 and 3 mg/kg) against the EEG 
and motor convulsions due to caffeine (75 mg/kg) was 
studied in 12 rabbits (see Table 1) Of the 6 animals pre- 
treated with CBZ + L-PIA (1 mg/kg) 4 out of 6 animals did 
not exhibit EEG and motor convulsions after the adminis- 
tration of  caffeine (75 mg/kg), while the remaining animals 
presented motor and EEG "grand mal"  seizures (Table 1). 
None of the second group of  animals pretreated with CBZ + 
L-PIA (3 mg/kg) exhibited caffeine-reduced motor and EEG 
seizures 

Effects o f  CBZ, L-PIA and CBZ + L-PIA on PTZ-Indu¢ ed 
Spike-and-Wave Complexes 

The influence of  pretreatment with CBZ (20 mg/kg) and 
L-PIA (4-5 mg/kg) was studied in 8 animals. Animals pre- 
treated either with CBZ or with L-PIA did not show spike- 

and-wave complexes which normally occur after PTZ 10 
mg/kg (Fig 4) The combined admtmstratlon of CBZ + 
L-PIA was studied in 6 animals Pretreatment with ineffec- 
tive doses of both CBZ (10 mg/kg) and L-PIA (2 mg/kg) was 
able to prevent the appearance of spike-and-wave complexes 
elicited by PTZ (10 mg/kg) (Fig 4) 

DISCUSSION 

In the present experiments some aspects of the antlcon- 
vulsant activity of  L-PIA and CBZ have been investigated in 
rabbits 

Our results demonstrate that L-PIA is about two times 
more effective in antagonizing EEG and motor convulsions 
elicited by caffeine than in antagomzlng those induced by 
PTZ These data further suggest that a block of central 
adenosine receptors can be linked to the eplleptogenlc ef- 
fects of  methylxanthines On the other hand, we reported 
that L-PIA counteracts, at a very low dose (0.05 mg/kg), t h e  
potentiating effect of  caffeine on electrically-induced after 
dis(barge In rabbits [14] This fact shows that the antlcon- 
vulsant activity of L-PIA is more marked towards 
proconvulsant doses of  methylxanthmes than convulsant 
ones These data suggest that the convulsant action of 
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FIG 4 Effects of CBZ, L-PIA and CBZ + L-PIA towards PTZ-mduced splke-and-wave 
complexes in the rabbit First record PTZ (10 mg/kg IV) induced characteristic, rhythmic 
spike-and-wave complexes m sensonmotor and associative cortices Second record the 
pretreatment (10 mm before) with a high dose of CBZ (20 mg/kg IV) prevented the PTZ- 
reduced spike-and-wave complexes Third record the pretreatment with a high dose of 
L-PIA (5 mg/kg IV) prevented the PTZ-lnduced spike-and wave complexes Fourth record 
the combined pretreatment w]th CBZ + L-PIA at lower doses (10 and 2 mg/kg respectively) 
Leads See Fig l 

methylxanthines can be mediated not only by A1 punnergic 
receptors, as it appears demonstrated for the proconvulsant 
effects caused by slow doses, but also by other subclasses of 
adenosine receptors or by other neurotransmitter system 
correlated to them The fact that high doses of L-PIA (5 
mg/kg) are required to antagonize at least partially PTZ- 
induced seizures confirms our previous data [14] showing 
that L-PIA is able to reduce the duration of the electrically- 
reduced a f t e r  d i s c h a r g e  not modLfied by caffeme only at the 
highest dose (5 mg/kg) These results agree also with those of 
Bortolotto e t  a l  [3] who found that 2-chloroadenosme at the 
dose of 5 mg/kg blocks the evolution of either amygdalold or 
hippocampal kindled seizures m rats. These findings suggest 
that L-PIA is weakly effective against convulsions electrically- 
induced or ehoted by drugs having different action mech- 
anism from methylxanthmes 

The mechanism of the antlconvulsant action of CBZ is 
stdl unknown. Recent studies focus the attention on the 
possible interactions of this drug with adenosine receptors 
Many authors [9,21] agree with the A2 receptor antagomstlc 
actwlty of CBZ, but the exact nature (agomst, partial 
agomst, antagomst) of ~ts interaction at the A1 receptors, 
responsible for its effects at the therapeutic doses [21], is not 
definltwely explained Our results show that CBZ is able to 

prevent caffeme-lnduced convulsions at the dose of 20 
mg/kg At the same dose, CBZ is more than two times less 
effective towards convulsions ehclted by PTZ 

The administration of an ineffective dose of CBZ (5 
mg/kg) is able to enhance the protective action of L-PIA 
towards caffeine-induced convulsions L-PIA (1 mg/kg) does 
not significantly antagomze the caffeine-induced convul- 
sions The antagonism becomes highly slgmficant with the 
combined administration of L-PIA 1 mg/kg + CBZ 5 mg/kg. 
This synergistic action between CBZ and L-PIA is also pres- 
ent towards a non convulsant dose of PTZ (10 mg/kg) In 
fact, the spike-and-wave complexes elicited by 10 mg/kg of 
PTZ are prevented by the combined treatment of ineffective 
doses of L-PIA and CBZ (2 and l0 mg/kg respectively) A 
dose of caffeine (10 mg/kg), 7 5 times lower than the convul- 
sant one, can revert the protective effects induced by CBZ 
against PTZ-lnduced convulsions These data agree with 
those of Skerntt e t  a l  [16], who found that theophylhne 
pretreatment significantly decreased the anticonvulsant ef- 
fects of CBZ agmnst PTZ-Induced seizures in mice 

Nevertheless none of these experiments byself provide a 
direct evidence that CBZ interacts with A1 adenosine recep- 
tors, our results are consistent with this hypothesis Other 
pharmacological studies are required to elucidate the central 
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and per iphera l  ac t ions  of  CBZ in relat ion to the punne rg l c  
sys t em 

It is wor th  noting that an interaction with adenosine  recep- 
tors  could not  be the only explanat ion  of  the an t Iconvulsant  
ac t ion of  CBZ.  In fact ,  r ecen t  s tudies  r epor ted  that  CBZ 
causes  an increase  of  G A B A  concen t ra t ion  in the t empora l  
co r t ex  o f  amygdalo ld-k lndled  rats [8] It has  also a high in- 

hibl tory p o t en cy  for  the "pe r iphe ra l  t y p e "  benzod tazep ine  
recep tors  [12] and a synergist ic  act ion on the dopamlnerg lc  
sys t em [1] 
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