
Antiepileptic Properties of A”-Tetrahydrocannabinol
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Treatment of freely-moving cats lvith 49-THC,  a prominent psychoactive
cannabinoid, temporarily reduced  the  c l in ica l  and  e lec t rographic  se izure
activity induced by electrical stimulation of subcortical structures. The anti-
epileptic  effects Lvere not accompanied by gross signs of behavioral toxicity.
Seizure activity induced by hypothalamic stimulation seemed to be more
sensitive to this drug than that induced by stimulation of dorsomedial
nucleus of thalamus.

IKTRODUCTION

Available evidence suggests that various cannabinoid drugs possess some
antiepileptic properties in terms of amelioration of clinical (behavioral)
seizures. For instance, treatment with a dimethylheptylpyran  derivative of
tetrahydrocal~l~al~il~ol (THC) reduced the incidence of electroconvulsive
shock-induced seizure activity in rats (7) ; the same THC derivative was
shown to have some therapeutic value for se\-era1  institutionalized epileptic
children (3). Similarly, seizures induced in mice both by electroconvulsive
shock (10) and by auditory stimulation (1) have been reduced or blocked
by administration of ag-THC,  the presumed major psychoactive ingredient
of cannabis (S). These studies concentrated on convulsive behavior but
did not investigate its possible electrngraphic effects.

On the other hand, electrocorticogram (EEG) of the cat was studied
with Ion- doses of A”-THC  \~~hicb  increased slow-wave activity, while
lligher closes increased the fast activity in the EEG of cats (4). Similarly,
moderate to high doses of A”-THC, an isomer of A,“-THC,  induced a
rhythmic polyspike  discharge in the EEG of sleeping rats (2). Segal and
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Kenny (9) h a v e  reported  tllat llig::ll  tlwcs  of A”-‘I‘HC  ilicrc:w  tile ninount
O f  aftcrdiscltarge  activity o]_,t;lillecl  lullon~ill,u clcctrical  stiliitilation  01 the
brain in cats. Yet the same substallce ii1 loivcr clo5cs  1~~1 no effect Ul~Oll
hippocampal  afterdischarge  activity induced by electrical stimulation of the
reticular formation in rabbits (6). Thus  it appears that low doses of
cannabis or its constituents produce an effect compatible with the drug.‘s
possible ability to serve as an antiepileptic agent, lyhile higher doses pro-
duce evidence of CNS activation as well as d&urged  electrographic
activity.

In orcler  to provide a more complete picture of the drug’s antiepileptic
activity we have initiated a preliminary examination of the effects of A”-
THC on both the clinical convulsive seizures as well as the electrographic
seizure discharges induced by electrical stimulation of subcortical structures
in awake, freely moving cats.

iMATERIALS  AND METHODS

Two male and three female cats, weighing 2.7-4.0  kg n-ere used. These
cats bore electrodes chronically implanted in the ventromedial hypothalamic
region, dorsomedial nucleus of the thalamus, preoptic region, fornix, and
frontal cortex. The animals had been used for other esperiments  and the
neural structures had been stimulated intermittently for a period of about
3 mo prior to the present investigation. The electrodes described here were
selected from a larger number of electrode placements on the basis of readily
produced electrographic and clinical seizures upon their electrical stimula-
tion. The bipolar electrodes n-ere comprised of two strands of a stsinless-
steel wire 0.19 mm in diameter n-hich n-ere covered xvith glass at all points
but the tips. The stimulation n-as monopolar and consisted of a 3-see train
of 60 Hz sine wave. For threshold determination, the intensity of stimula-
tion was initially set at 02~0 V and was increased by 0.05 \- every 3 min
until an electrographic seizure discharge associated with some ictal be-
havioral manifestation was produced. The threshold as determined by this
method was found to be stable and readily reproducible over a period of
2-3 1110.

In order to assess both short-term and long-term changes  in seizure
threshold induced by Ag-THC. the threshold voltage  level x-as  either
measured hourly for a period of 8 hr each day (between 9 AJI and 6 P M)

or once daily (between 9 A~\I and noon) . Tile EEG ~vas recorded from
frontal cortex as well as from the subcortical structures bearing electrodes,
including the site of stimulation. The drug, A’-THC,  which was assessed
to be 93% pure, was supplied by the Department of Kational Health and
IYelfare  of Canada and was stored in a refrigerator as a solution in ethanol
(200 mg/ml).  Shortly before use, a small amount of the drug n-as  t‘urther
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diluted with propylene glycol and ethanol, and the concentration of the
resulting solution xas 1 mg of drug dissolved in 1 ml of a vehicle comprised
of 9 parts PG to 1 part ethanol (i.e., 1 ml of solution contained 1 rng of
A~-THC, 0.9 ml of propylene glycol and 0.1 ml of ethanol). ,For control
injections, a separate vehicle solution of 9 parts prop~~lene  gl\-co1 to 1 part
ethanol was administered at a volume identical to the volume of the drug
injection (e.g., 0.25 mg/kg lg-THC  = 0.25 ml/kg of vehicle j . &lost of the
nbser~ations ivere  made with 0.25 mg,.‘kg  J~-THC,  but some cats were
given up to 0.5 mg)‘kg.  All injections were intraperitoneal. Histological
localization of stimulating electrode sites is showy in Fig. 1.

RESULTS

Results are summarized in Table 1 and details are given below.

Gc~rerol  Behavioral  Eiqects

One cat (No. 564) began vomiting about 3 min after the drug was
injected. Defecation v-as observed 20 min (X:0.  564) and 2.5 hr (No. 566)
following administration of THC, but these cats also defecated when the
vehicle alone was given. All the cats receiving 0.25 mg/kg of A~-THC
showed some evidence of behavioral  and electrographic drowsiness for
about 4 hr after drug administration, with the peak effect occurring at
l-2 hr. The significance of this phenomenon is unclear, ho\vever,  since a
similar trend was notecl following administration of vehicle alone. On the
other hand, an obvious difference between treatment with A’-THC and
I\-ith the vehicle can be inferred from the fact that THC-treated cats con-

FIG. 1. Localization of stimulating electrode sites.



Investigation
Cat xcl.

~-
Site of stimulation
ElTect  0x1 seizure

E E G
Clinical

Maximal effect (lir)

a (+) Complete elimination; (&) shortening of duration; (-) no et’fecr;  lID, r~uclcus
medialis  dorsalis; %%I,  vcntromedial nucleus of hypothalamus.

tinued  to respond to loud noises n-ith an excessive behavioral arousal re-
sponse (e.g., standing up> accompanied by an EEG “arousal” pattern,
while the vehicle-treated cats showed a smaller initial response and rapidly
habituated. This arousal tendency peaked about 1 hr after THC administra-
tion and gradually subsided until the third hour, \\,hen a differential re-
sponse towards arousing stimuli could no longer be detected.

How1~1  E.ratlrination  of Electrograpltic  and Clinical Seimves

Three electrode sites in two cats were tested.
Cat No. 562: DorsonzEdinZ  Thalanzus.  In the nondrugged state, electrical

stimulation of the right dorsotnedial nucleus of the thalamus  at an intensity
of 1.05 V produced piloerection and m:driasis  during stimulation, followed
by tnitching of facial muscles lasting 7-10 sec. Subsequently a generalized
jerking accompanied by masticatorq- movements often dei,eloped whik the
animal maintained a standing posture. About  20 set after the offset of
stimulation the cat often ran towards the left, sometimes associated with
urination. About 4W5 set after stimGlation offset, the twitching and
jerking tended to stop abruptlv while the animal remained standing still.
IVithin  the subsequent 10-15 sic the cat again became mobile with meow-
ing. Electrographically, the clinical manifestation was coincident with
ongoing high-voltage spike or multiple spike and wave discharges, with
a marked increase in frecluency of spikes during the latter part of the
clinical seizure accompanied bv urination. The termination of organized
seizure discharge \vas followed by a brief electrographic depression and
then the subsequent appearance of continuous high voltage l-2 cycle/set
slow a&ii-ity in some areas,

Follon-ing  adminiskation  of 0.25 mg/lq  A”-THC, tile duration of the
seizure was markedly reduced  to a maximum of about 25 sec. Clinically,



c~iily i f  Jiglit Iiextl tn-itclling  I\-itllout ~eneralize~l clonic j e rk ing  alqK%re~l.

Electra ~grq~l~icall~-.  tliere \v;id a con5itleral~le  re(hWion  l)vth of tlx d u r a t i o n
ni spike-\I-ave discharge5 and of the degree of pcj”tical depression and slob*-
ing. iiclminis;trntion  oi a comparnl,le amount  of  vehicle  alone p r o d u c e d  a
sl ight  rctluction  in the seizure  durat ion (ito approsimatel!- 33 jet), hut the
intensitv  of the clinical seizure remained unchanged.

Therefore, in this particular cat? A”-THC produced amelioration of the
intensity of the clinical seizure as \\-ell as a reduction in the duration of
110th the electrographic and the clinical seizure.

Cut No. 566: Dorsa~~~rdial  Tlmlarr~~rs.  Tn the nondrugged state, electrical
stimulation of the left dtx-somedial  nucleus of thalamus  at an intensity of
0.55 1; produced marked pupillary dilatation and piloerection. Following
the termination of stimulation, the cat stood immobile and stared ahead.

;In intermittent fern-ar<l-runnin,0 movement then began to alternate Jvith

staring, and at  t imes the animal  looked around.  This  seizure,  \vhich

t e r m i n a t e d  n-it11 mea\\-ing, lasted about 30 set and n-as not followed by
postictal  exhaustion.

Administration of A”-THC at a dose of 0.25 mg/kg  resulted in complete
suppression of the clinical and marked suppression of the electrogra hit
seizure at the first hour (Fig. i-,3 So. 5G6j. At the second and third 1 urs.x
there \vas a reduction of the duration of the seizure to a length of approsi-
mately  10 sec. The significance of this observation is questionable, howe\-er.
since a similar reduction in seizure duration has been observed to occur
spontaneously in control (nondrug)  experiments. On the other hand, there
n-as a definite amelioration of the intensitl;  of the clinical seizure even at
the second hour after injection. ,\t this time, the cat remained crouched
and did not exhibit the intermittent running behavior which was typically
displayed in the nondru,,uued state, Seven hours after administration of
A”-THC,  a generalized convulsion developed,. its significance is uncertain.
Xdministration  of t.he x-ellicle at a dose of 0.25 mg/kg  failed to produce any
alteration of either the clinical or the electrograpliic seizure.

Cat  LVo.  566: I~‘c?ztromrdial Rcgio?z of tlzc H~~potlzalavmts.  During electr i-
cal stimulation of the left ventromedial  area of the hypothalamus at an
intensity of 1.25 IT: the cat u-ould run ton-ards the left, at times hissing.,
Eollo\ving  offset of stimulation, the animal remained inmol~ile  in an WI-
nat~lral stantling  posture and exhibited pupillary dilatation, piloerection and
sali\-ation, followed by facial t\~itching  and turning of the head towards
the leit. Clonic jerking of the right forepaw combined with  head twitching
was subsequently-  observed. The seizure, lasting for 30-50 set, terminated
\vith the aljrupt onset of meo\ving.  Electrographically, the stimulation was

follo\ved 11~ semirhythmic 13-l j/sec high-voltage sharp activity, which

gradually developed into a generalized spike and slow wave complex of



F I G. 2. Cat Ko. W: Lack of effect of ~a-THC.  Note abrupt change of seizure
pattern (v), Cat No. 566: Effective suppression by ilo-THC but not its vehicle.
& End of stimulation. + End of behavioral seizure.

about  3-3.5/set  with a progressive recruitment of multiple spike com-
ponents. There I~YIS  a profound postictal depression as well as high voltage
1.5 Hz slow waves in sonle structures.

Administration of 0.25 mg/k,w A”-THC  caused a< complete suppression
of electrographic and clinical seizures through the second hour, but by
the third hour brief electrographic seizures unaccompanied by behavioral
manifestations had returned. Treatment n-ith the vehicle in a comparable
dose failed to produce any change in the clinical or EEG pattern.

One electrode site was examined in each of t\vo cats.
C a t  N o .  56.7: Ventvosltedial  H>lpothalntlttrs. Tllis cat \vas ~timulntetl

in the left ventromedial nucleus of the hypotl~ulan~us  at an intensity of
0.6 V. During the latter halr oi the stimulation the animal turned his heat1
towards the right and twitching of the head and facial muscles KIS obser\-ed.
Following stimulation offset, a progressive intensif icat ion of pupillary
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dilatation, piloercction, s a l i v a t i o n  and t\\-itching  \\25 nc)tecl. .\lmit 10-l 5
sc’c  dtcr 0fTbd.t.  tllcl-c ;~~qxu-c~l :t l,i-e(l~,niill;llltl~~  I-is-lit-sided t\\.itcllill:g oi tlw+
ex t r emi t i e s  aswciatctl  mith xllliturniug to\\-arc15  tllc right, \\~iiich ~r:~tlmll~-
de\~elolwl  ilito generalized cloilic jerking. L)ui-ii~g tllih ~gel~cwlizecl  jerliing,
which  lasted 42-S set, the cat remained standing l:pright. He maintained
an unnatural pcisture \vitll infrequent twitching oi the leit iacial Inuxulature
for about 5 min. at which time “ n o r m a l ”  b&al-ior reappmred. Electro-
graphically, there nere generalized high-voltage multiple spike and sharp
n-ax-es  which graduallp t ransformed into high-\.oltage  irregular spike or
multiple spike- and-ma\-e complexes in all regions from which recordings
were taken.

Both electrographic and clinical seizure manifestations n-ere completely
suppressed 1 hr after administration of 0.25 mg/kg  A”-THC. -4s shown in
Table 1, complete suppression of epileptiforrn activity by administration of
AS-THC was replicated ivith a second injection on the iollon-ing day ; treat-
ment with vehicle alone, however, had no effect. This dose of A”-THC  \\-a~
inefi’ective in suppressing the seizure actiI+ty  elicited by a higher intensit!
of stimulation, 0.8 I’- as opposed to 0.6 V.

Cat h’o. 277:  _Dorso~~zcdirrk  Tlzn/a~tzz~s.  This animal was stimulated in t.he
left dorsonledial  nucleus of the thalamus  at two intensities, 1 .l and 1.3 I-.
Treatment with 0.5 mg/kg A”-THC produced no evidence of suppression
eitlw of the clinical (at 1.3 1’) or of the electrographic seizure discharge
( a t  1 . 0 5  V) \I-ithout  c l i n i c a l  ictal iiialiifestatioiis-tile  only completely
negative case in this series. T\\.o possible factors map have  contributed to
this negative Gnding. First, this cat \vas the heal,iest  animal (4 kg) tested
in the present er;perinlent  and a higher dose might have produced positive
results. Second, and perhaps more important, the electrographic seizure
pattern evoked iu this cat \~as distinctly different from that of the other
s u b j e c t s .  in that the iiiimetliatc- l’ost~tirn~~l~ltirjn  cli~liarge pat tern al\va\.s
c h a n g e d  almptlp  to a lo\\,-an~plitutle  nmltiple  sharp discharge \vhich pro-
gressivelv  built up into a lii~ll-amplitucle, full l~lo\w electrographic seizure
tlischarg~ (,Fig. 2, Ko. 557).

This finding suggest s tlmt, in this cat at least. distant  s t ructures  must
ha\-e been activated  secondarily bp the primary afterdischarge,  Therefore ,
propagation of seizure discharge into 3 distant set of subcortical structure5
may be resistant to treatment \vith A!‘-THC.

T h e  r e s u l t s  o f  tile p r e s e n t  eslw-iment iutlicate tllat the clilliml ant1
electrogrnphic  epileptiicmn  ncti\,ity ititlucetl by l o c a l i z e d  electl-ical stiiii~ll;t-
t i o n  0i t h e  c a t ’ s  lmin  cm l)e su~qmssecl  1)~  aclniinistratiol~  0i lz’-I‘EIC.



This  ~~el~~ollstr~lti~Jl1  ~Jllfil-111s alltl  e~t~!llclri  thC I-edts Ui 1)l-~~‘iW~5  stlidics

\vllir*ll have  Awn-n  tllat clilii~~;~l Coll\-t1lsive n&\-i+ iliiluccd I,\* electI-o5llocli
o r  nutlitury  stimulation  ill rorlents  is rc&~ctl IJY treatnicnt i\.itli v a r i o u s
cannabinoid drugs ( l! 10 j . The importnllCe  of taking some measure of the
e l ec t rog raph ic  a s  lvell as belmviornl seizllre actkit)- follo\ving t r e a t m e n t
\\-ith cannabis is indicated 1.~ the fnct that  gve  noted at least one instanceI
where electrographic abnormalities had reappeared at a time after the in-
jection when clinical convulsions remained suppressed. The antiepileptic
activity of A~-THC  observed in tile present experiment \vas not absolute,
in the sense that an increase in the intensity of the seizure-pro\-eking
stimulation n-as capable of counteracting t h e  d r u g  effect.  I n  add i t i on ,
A”-THC strongly suppressed seizures for only 1-2 hr folloiving  injection.
This short-term effect is interesting in the light of the fact that THC and
metaholites are known to be slowly disposed of and often remain in the
plasma and tissues for clays after a single injection (5). These results were
obtained at a dose of a3-THC that did not produce marked toxic effects on
the general behavior of the cats. In fact, tlie only reliable behavioral effect

we observed was an enhanced arousal response to a loud noise, in con-
junction lvitli an impaired tendency to habituate to this noise. More \vorE;
will be necessary to specify the dose-response relations of the drug’s
antiepileptic properties, but the results of this preliminxrx-  esperimcnt  sug-
gest that effective closes need not necessarily produce gross aberrations in
the subjects’ ongoing behavior.

Negative  results were obtained from only one subject in this series. and
this cat’s stimulating electrode was located in the clor5omedial  nucleus of
the thalamus. Together with the fact that seizure actiivity evoked from the

hypothalamus seemed more readily disrupted bp the drug than that from
the thalamus, the lack of effect on epileptiform  acti\-ity in this cat suggests
that different structures in the brain may  possess ~arinnt  setxitivity to the
antiepileptic properties of A”-THC. _-ilternatively, this abrupt change of
seizure pattern observed may suggest secondary activation of distant cere-
bral structures and, therefore! such a distant seizure propagation may be
resistant to treatment \vith A”-THC,
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