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Anticonvulsant interaction of cannabidiol and ethosuximide in rats 
PAUL F. CONSROE*, ANDREA L. WOLKIN, College of Pharmacy, University of Arizona, Tucson, Arizona 85721, U.S.A. 

Cannabidiol (CBD), a major component of marihuana, 
has been shown to have dose-response anticonvulsant 
activity in laboratory animals(Karler, Cely & Turkanis, 
1973) and to be devoid of typical marihuana-likepsycho- 
activity in man (Hollister, 1973; Karniol, Shirakawa & 
others, 1974). Furthermore, CBD is a potent inhibitor 
of the hepatic microsomal drug-metabolizing enzymes 
in rodents (Fernandes, Warning & others, 1973). These 
previous findings and a recent survey showing high 
h i u e n c e  of marihuana usage among young epileptics 
(Feeney, 1976) led us to explore the combined effects of 
CBD and various standard antiepileptic drugs against 
electrically- and sound-induced seizures in rats (Consroe 
& Wolkin, 1977). In the latter study, one anti-epileptic 
drug, ethosuximide, failed to elicit a graded dose- 
response effect in either of the two seizure tests. We now 
report additional data on the interactive effects of CBD 
and ethosuximide against leptazol-induced minimal 
(clonic) seizures in rodents. Comparative data are also 
presented on the interactive effects of ethosuximide, 
which is extensively metabolized in vivo (Chang, 
Burkett & Glazko, 1972), and an inhibitor of hepatic 
microsomal enzymes, SKF 525A. 

* Correspondence. 

CBD was incorporated into a 10% polysorbate 
(Tween 81) 80-0.9 % saline vehicle and ethosuximide, 
SKF 525A (p-diethylaminoethyldiphenylpropylacetate 
hydrochloride) and leptazol were dissolved in 0.9 % 
saline. Male Sprague-Dawley rats (200-300 g) were 
treated in groups of ten with one of the following: 
Tween 81-saline (2 ml, oral), saline (1 ml, i,p.), ethosuxi- 
mide (250 mg kg-l, oral), CBD (34 mg kg-l, oral), 
CBD (17 mg kg-', i.v.), and SKF 525A (10 mg kg-I, 
i.p.). Each treatment was followed by leptazol (70 mg 
kg-', s.c.) at 1 ,  2, 4, and 8 h intervals. Of all com- 
pounds given, only ethosuximide blocked leptazol- 
induced minimal seizures and showed a maximum effect 
at 1 h. A median effective dose (EDSO) of ethosuximide 
against leptazol seizures was then determined by the 
method of Litchfield & Wilcoxon (1939). Subsequently 
the ED50 of ethosuximide was determined in different 
animals 1 h after the drug had been given concurrentlY 
with CBD (34 mg kg-', oral) or SKF 525A (10 mg 
i.p.). Anticonvulsant potency comparisons among EDSO 
of ethosuximide alone and with the two other agents 
showed significant differences (P < 0.05) of the fohw- 
ing order: SKF 525A + ethosuximide > ethosuximide 
> CBD + ethosuximide. The ED5Oand 95 % contiden@ 
limits (in mg kg-') were: SKF 525A + ethosuximides 
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FIG, 1. The nticonvulsant effects of ethosuximide 
drug interactions against leptazol clonic seizures in rats. 
Tween-saline vehicle (2 ml, oral), SKF 525A (10 mg 
kB-1, i.p.1 or cannabidiol (CBD; 34 mg kg-l, oral or 
17 mg kg-’, i.v.) was given concurrently with (open 
columns) or 1 h before (hatched columns) ethosuximide 
(250 mg kg-’, oral); leptazol(70 mg kg-’, s.c.) was given 
1 h after ethosuximide. Each bar represents effects in 10 
rats. O r d i n a t e %  protection against leptazol seizures. 
a--ethosuximide + Tween-saline, b-ethosuximide + 
sKF 525A, c--ethosuximide + CBD (oral), d- 
ethosuximide + CBD (i.v.). 

180 (163.6198.0); ethosuximide, 230 (203.5-259.9); and 
CBD + ethosuximide, 360 (314.4-412.2). These data 
indicate that concurrent SKF 525A enhanced and CBD 
reduced the anticonvulsant potency of ethosuximide. 

Additionally, CBD (34 mg kg-’, oral) or SKF 525A 
(10 mg kg-l, i.p.) was given 1 h before ethosuximide 
(250 mg kg-’, oral), and CBD (17 rng kg-I, i.v.) was 
given either 1 h before or with ethosuximide. In  each 
case, leptazol (70 mg kg-I, s.c.) was given 1 h after 
ethosuximide. Fig. 1 shows the comparisons of anti- 
convulsant effects of the drug combinations in the pre- 
treatment conditions and when given together. Com- 
pared with the effects of the ethosuximide + Tween- 
saline conditions, there are marked differences in 
seizure protection with ethosuximide + SKF 525A and 
ethosuximide + CBD treatments. 

SKF 525A, when given concurrently with ethosuxi- 
mide or as a pretreatment, potentiated the latter’s anti- 
convulsant effects since it undergoes extensive aliphatic 
side chain oxidation (Chang & others, 1972). This 
type of reaction is typically inhibited by SKF 525A in 
the liver (Anders, Alvares & Mannering, 1966). The 
potentiation observed appears to be a result of the in- 
hibiting effect of SKF 525A on the metabolism of 
ethosuximide. As both CBD (Fernandes & others, 
1973) and SKF 525A (Anders & others, 1966) produce 
the same type 1 spectral changes of rat liver microsomal 
inhibition, one might expect CBD to also potentiate the 
effects of ethosuximide. Anticonvulsant potentiation of 
this drug was observed in the CBD pretreated groups 
suggesting a mechanism in hepatic microsomal en- 
zymes. But, concurrent administration with CBD 
greatly reduced the anticonvulsant potency of ethosuxi- 
mide. Coldwell, Bailey & others (1974) using a 30 min 
pretreatment of CBD (i.p.) with pentobarbitone (oral), 
found the time required to reach peak blood concentra- 
tions of pentobarbitone was lengthened compared with 
that of pentobarbitone alone; this was explained as an 
inhibitory action of CBD on pentobarbitone absorption. 
In the present study, oral or intravenous CBD given 
concurrently with ethosuximide orally, reduced the 
anticonvulsant activity of the latter drug suggesting that 
this interaction may not be wholly explained by CBD’s 
action on the liver or gastrointestinal system. Collater- 
ally, ethosuximide is not significantly bound to plasma 
protein (Chang & others, 1972), theoretically eliminat- 
ing competition for the lipoprotein binding sites with 
CBD. We feel further investigation involving central 
mechanisms may elucidate the cause of this acute 
antagonism to ethosuximide. 
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