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COLASANTI, B. K., C. LINDAMOOD, III AND C. R. CRAIG. Effects of marihuana cannabinoids on seizure activity in
cobalt-epileptic rats. PHARMAC. BIOCHEM. BEHAV. 16(4) 573-578, 1982.—Rats rendered chronically epileptic by
bilateral implantation of cobalt into frontal cortices were simultaneously prepared with permanent electrodes for longitudi-
nal recording of the electroencephalogram (EEG) and electromyogram (EMG). Delta-8-tetrahydrocannabinol (A-8-THC: 10
mg/kg), delta-9-tetrahydrocannabinol (A-9-THC; 10 mg/kg), cannabidiol (CBD; 60 mg/kg), or polyvinylpyrrolidone (PVP)
vehicle (2 ml/kg) was administered IP twice daily from day 7 through 10 after cobalt implantation, at which time generalized
seizure activity in non-treated cobalt-epileptic rats was maximal. Relative to PVP-treated controls, CBD did not alter the
frequency of appearance of seizures during the course of repeated administration. In contrast, both A-8-THC and A-9-THC
markedly reduced the incidence of seizures on the first and second days of administration. Interictal spiking during this
period, on the other hand, was actually enhanced. On the third and fourth days, tolerance to the effect on seizures was
evident, with a return of seizure frequency of THC-treated rats to values not significantly different from those of controls.
Unlike the effect on seizures, no tolerance developed to the marked suppression of rapid eye movement (REM) sleep
induces by A-8-THC and A-9-THC. REM sleep remained reduced in the treated animals during the first 2 days after
termination of THC administration. In contrast, REM sleep time was unaffected by repeated administration of CBD. These
results suggest that A-8-THC and A-9-THC exert their initial anticonvulsant effect by limiting the spread of epileptogenic

activity originating from the cobalt focus.

Tetrahydrocannabinols Cannabidiol

Cobalt epilepsy

Seizures REM sleep

THE anticonvulsant potential of the tetrahydrocannabinols
and cannabidiol has received considerable attention in recent
years [9,24]. These marihuana cannabinoids resemble
phenytoin with regard to their effects on acute seizure activ-
ity. Both compounds afford protection of animals against
maximal seizures induced by electroshock but fail to allevi-
ate minimal seizures induced by pentylenetetrazol.
Anticonvulsant effectiveness of the cannabinoids has also
been evaluated in various chronic models of epilepsy.
Delta-9-tetrahydrocannabinol (A-9-THC), the major psycho-
active constituent of marihuana [26], exerted anticonvulsant
activity in epileptic gerbils [12], epileptic chickens [22], and
amygdaloid-kindled rats [10, 11, 20}. Anticonvulsant activity
of A-9-THC in the epileptic baboon Papio papio has been
somewhat variable, with some researchers observing reduc-
tion of photomyoclonic seizure frequency [25] and others no
change [27,32]. On the other hand, this cannabinoid actually
exacerbated seizures in epileptic beagles and enhanced
epileptiform spiking activity in cats with alumina cream
motor foci [18]. In contrast to A-9-THC, cannabidiol (CBD),

a marihuana cannabinoid devoid of both psychic and car-
diovascular effects [29], did not increase convulsive activity
in epileptic beagles [18]. CBD was likewise ineffective in
protecting epileptic gerbils against seizures occurring spon-
taneously [12].

In the present study, the effects of repeated cannabinoid
administration on seizure phenomena accompanying cobalt
experimental epilepsy in the rat have been examined. Utili-
zation of this chronic model of epilepsy has allowed assess-
ment of changes in the occurrence of both abnormal focal
electrical activity and generalized major motor seizures
[8,13]. Cannabinoid effects on the rapid eye movement
(REM) phase of sleep have also been delineated.

METHOD

A total of 25 adult male Sprague-Dawley rats weighing
150-250 g were used in these experiments. With the animals
under anesthesia induced by subcutaneous administration of
0.4 cc Innovar® (a commercial mixture containing 0.05 mg
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FIG. 1. A. ECoG and EMG recordings collected from a representative rat during the
appearance of a seizure with incomplete secondary generalization. B. ECoG and EMG
tracings recorded during the appearance of a completely generalized seizure. Note the

electrical silence after its termination.

fentanyl and 2.5 mg dehydrobenzperidol per ml), 2 to 4 mm?
areas of skull lying 2 mm to the right and left of the midline
and 2 mm anterior to the bregma were removed. The dura
was reflected, and 1 to 2 mm lengths of cobalt wire 1 mm in
diameter (Kulite Tungsten Co., Ridgefield, NJ) were in-
serted directly into both right and left cerebral cortices. For
bipolar recording of the cortical EEG (ECoG), stainless steel
screws were engaged in the skull over the frontal and parietal
cortices. Electrode placements were 4 mm anterior and 3
mm posterior to the bregma. All electrodes were placed 2
mm lateral to the midline. For bipolar recording of the elec-
tromyogram (EMG), stainless steel wires were sutured
deeply into the temporalis muscles. Electrodes were sol-

dered to a 7-pin Amphenol connector which was positioned
over the skull with acrylic dental cement.

A total of 20 animals were prepared with indwelling intra-
peritoneal cannulas for drug administration at the time of
electrode implantation. The cannulas were constructed by
fusion of polyethylene S0 (PE 50) and silastic tubing. The
latter end of the cannula was inserted into the peritoneal
cavity and held in place with a suture. The PE 50 portion was
threaded subcutaneously to the scapulae, where it exited
through the skin via a puncture wound.

After completion of all surgical procedures, the rats were
placed in individual recording cages and connected to a ca-
ble. The EEG and EMG activities of these unrestrained and
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TABLE 1

SEIZURE FREQUENCY IN PVP-TREATED* AND NON-TREATED
RATS DURING COBALT EXPERIMENTAL EPILEPSY

Time After Seizure Frequency
Cobalt Placement (number of seizures + S.E.M.)
(Days) Non-treated PVP-treated
5-6 21.0 = 1.7 246 = 7.0
7-8 23.8 + 8.2 26.9 + 5.7
9-10 19.2 = 9.7 17.7 £ 6.4
11-12 10.0 = 5.4 125 + 7.0

*PVP administered IP twice daily from days 7 through 10 after
cobalt placement.

freely moving animals were recorded continuously over 24-
hour periods on an 8-channel Grass model 7 polygraph from
days 5 through 12 post-surgery. To reduce the volume of
chart paper accumulated. the EEG was usually recorded at
the slow chart speed of 25 mm/min.

A-9-THC and A-8-THC, both dissolved in ethanol, and
CBD crystals were obtained courtesy of the National Insti-
tute on Drug Abuse. The cannabinoids were suspended in
polyvinylpyrrolidone-40 (PVP; Sigma Chemical Company,
St. Louis, MO) using a modification of the procedure of
Fenimore and Loy [19]. Ethanolic solutions of cannabinoids
were mixed with ethanolic solutions of PVP such that the
mixture contained a ratio of PVP/cannabinoid (mg/mg) that
was 20/1 for A-9- and A-8-THC and 7/1 for CBD. The ethanol
was evaporated under reduced pressure and the
cannabinoid-PVP complex washed from the flask with
saline. Stock solutions of cannabinoid containing 5 mg A-9-
or A-8-THC/ml PVP-saline and 30 mg CBD/ml PVP-saline
were prepared fresh one day prior to use.

A-8-THC (10 mg/kg), A-9-THC (10 mg/kg), CBD (60
mg/kg) or PVP vehicle was administered via the indwelling
IP cannulas twice daily (8:00 a.m. and 4:00 p.m.) to groups of
5 rats on days 7 through 10 after cobalt implantation. The
injection volume was 2 ml/kg. Another group of 5 rats re-
ceived no drug or vehicle treatment.

Generalized motor seizures were quantified on the basis
of the accompanying ECoG and behavioral manifestations
[8]. The electrographic criterion used for detecting seizure
activity was the appearance of repetitive, bilaterally hyper-
synchronous spike activity in all cortical leads. Behaviorally,
clonic and tonic movements of both forelimbs and of the
facial muscles accompanied all seizures. Hindlimb muscula-
ture was additionally involved in those seizures terminated
electrically by pronounced ECoG flattening.

REM sleep time was determined by evaluation of the
ECoG activity in conjunction with the EMG tracings. REM
sleep episodes were identified by the appearance of low volt-
age fast ECoG activity resembling wakefulness but occurring
in association with extreme reduction of the EMG activity
surpassing that of slow wave sleep. Room lighting conditions
were timer-regulated to provide a 12-hour light-dark cycle.

Statistical comparisons between results for PVP-treated
and cannabinoid-treated cobalt-epileptic rats were made by
Student’s 2-tailed ¢-test. The 5% probability level was taken
as the lower limit of significance.
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FIG. 2. Effects of marihuana cannabinoids on seizure frequency in
rats with cobalt implanted bilaterally in frontal cortices. A-8-THC
(20 mg/kg/day), A-9-THC (20 mg/kg/day), CBD (120 mg/kg/day) or
PVP vehicle was injected IP via a chronic indwelling polyethylene
cannula on days 7 through 10 post-implantation. Each vertical bar
represents the mean=S.E. for 5 rats. *p <0.05, **p<0.02.

=12

RESULTS

By the fourth to fifth day after bilateral cerebral cobalt
implantation, focal seizures with incomplete secondary gen-
eralization (Fig. 1A) appeared in the ECoG recordings of the
five experimental animals not subjected to drug or vehicle
administration. In the next few days, completely generalized
seizures (Fig. 1B), also of focal origin, appeared in the ECoG
tracings as well, and from days six to ten after surgery sei-
zure activity of both types was maximal. After this time,
seizure frequency began to decline. Seizure incidence from
days 7 through 10 after cobalt placement was not affected by
administration of the PVP vehicle (Table 1).

During the first two days of treatment with A-8-THC or
A-9-THC at a dose of 10 mg/kg IP twice daily, the incidence
of generalized seizure activity in the cobalt-epileptic rats was
markedly less than that occurring in animals treated with the
PVP vehicle only during the same two days (Fig. 2). The
effects of the first few injections of these cannabinoids in rats
with high seizure frequencies were dramatic. Within 15 to 30
minutes after administration, generalized seizure activity
was completely abolished (Fig. 3). By the third treatment
day, however, tolerance development to the anticonvulsant
activity became evident, with a return of seizure frequency
during the third and fourth days to values approaching those
of the PVP controls during the same days (Fig. 2). The
number of seizures occurring within the first two days after
cessation of A-8- or A-9-THC administration did not signifi-
cantly differ from that for the PVP controls. In contrast with
results for THC, administration of CBD at a dose of 60 mg/kg
IP twice daily had no effect on the appearance of generalized
seizure activity throughout the four-day period of treatment
(Fig. 2).
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FIG. 3. ECoG and EMG tracings illustrating the immediate effect of A-8-THC on generalized motor seizures during cobalt experi-
mental epilepsy in the rat. Before drug administration (Panel A), seizures were occurring every several minutes. Within 15 to 20
minutes after administration of A-8-THC, 10 mg/kg IP, generalized seizure activity was completely abolished.
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FIG. 4. Polygraphic tracings collected during the period in which
spikes and spike and wave complexes appeared continuously in the
ECoG of a cobalt-epileptic rat treated with the PVP vehicle.

TABLE 2

EFFECTS OF CANNABINOIDS ON THE APPEARANCE OF ECoG
POLYSPIKES DURING COBALT EXPERIMENTAL
EPILEPSY IN THE RAT

Duration Polyspike Periods

.Treatment (hr + S.E.M.; n=5)
PVP Vehicle 234+ 34
A-9-THC (20 mg/kg/day) 69.5 + 14.9*
A-8-THC (20 mg/kg/day) 52.8 = 9.7*
CBD (120 mg/kg/day) 355 6.4

*p<<0.001 in comparison with value for PVP vehicle.

Between 6 and 12 days after cobalt implantation, spikes
and spike and wave complexes accompanied behaviorally by
unilateral clonic movements of the facial and forelimb mus-
culature began to appear in the ECoG during wakefulness.
This type of focal activity subsequently prevailed during
slow wave sleep and REM sleep as well (Fig. 4) and persisted
in the PVP control rats for almost 24 hours. The duration of
appearance of polyspikes with a behavioral counterpart was
significantly prolonged by treatment with either A-8-THC or
A-9-THC (Table 2). CBD, on the other hand, did not signifi-
cantly alter the duration of this epileptiform activity.

Repeated administration of A-8- or A-9-THC resulted in a
marked suppression of REM sleep during all four days of
treatment (Fig. 5). REM sleep time remained greatly reduced
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FIG. 5. Effects of marihuana cannabinoids on REM sleep time in
cobalt-epileptic rats. A-8-THC (20 mg/kg/day), A-9-THC (20
mg/kg/day), CBD (120 mg/kg/day) or PVP vehicle was administered
IP via a chronic indwelling polyethylene cannula on days 7 through
10 after cobalt implantation. Hatched area represents + 1 standard
error for REM sleep values of PVP-treated control rats. Control
values (minutes per 24 hrs) were 58.8+7.2, days 5 and 6; 56.8+8.2,
days 7 and 8; 66=8.0, days 9 and 10; and 88.4+11.2, days 11 and 12.
*p<0.05; **p<0.02; ***p<0.001.

during the first two days after termination of THC adminis-
tration. Repeated administration of CBD had no effect on the
appearance of REM sleep episodes (Fig. 5). Values for REM
sleep time of PVP-treated rats during days 7 through 10 after
surgery were not significantly different from those for un-
treated cobalt-epileptic animals during the same days (Table 3).

DISCUSSION

The resuits of this study have demonstrated that both
A-8-THC and A-9-THC exert anticonvulsant activity in rats
exhibiting spontaneous generalized seizures during cobalt
experimental epilepsy. Activity of the cobalt focus, on the
other hand, was actually enhanced by these two psychoac-
tive marihuana cannabinoids. This latter effect of THC was
also recently observed by others in acute experiments [3].
Phenobarbital, which is widely used clinically as an anticon-
vulsant, likewise enhances focal activity in cobalt-epileptic
rats [15] as well as in man.

In contrast with results for the THC cannabinoids, re-
peated administration of CBD had no effect on either seizure
incidence or the frequency of focal polyspikes with a behav-
ioral counterpart. In this regard, CBD resembles phenytoin,
which has previously been reported to exert no effect on the
abnormal focal activity [15] or generalized motor seizures
[13] accompanying cobalt experimental epilepsy in the rat.
Other similarities between CBD and phenytoin have previ-
ously been observed. Like phenytoin, CBD reduces
posttetanic potentiation [21,31] but exerts no effect on phot-
ically evoked afterdischarge potentials [30].

Our results provide further evidence that A-9-THC dis-
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TABLE 3

REM SLEEP DURATION IN PVP-TREATED*AND NON-TREATED
RATS DURING COBALT EXPERIMENTAL EPILEPSY

Time After REM Sleep Time
Cobalt Placement (minutes per 24 hr = S.E.M.)
(Days) Non-treated PVP-treated
5-6 633+ 7.2 588+ 7.2
7-8 50.1 = 10.2 56.8 = 8.2
9-10 635+ 9.2 66.0 + 8.0
11-12 738+ 54 88.4 + 11.2

*PVP administered IP twice daily from days 7 through 10 after
cobalt placement.

plays an anticonvulsant spectrum of activity distinct from
that of CBD. Because A-8- and A-9-THC activate the cobalt
focus but inhibit the subsequent appearance of generalized
seizure activity, one can infer that these cannabinoids exert
their anticonvulsant effect by limiting seizure spread. The
mechanism by which THC suppresses seizure spread re-
mains to be defined. Phenytoin is thought to limit seizure
spread by reducing posttetanic potentiation [16], and CBD,
which also reduces posttetanic potentiation [21], may
presumably act similarly. However, although metabolites of
A-9-THC reduce posttetanic potentiation, A-9-THC itself
does not [31]. Elucidation of the mechanism whereby
A-9-THC reduces seizure spread should lead to innovations
in anticonvulsant therapy.

By the third day of repeated administration to the cobalt-
epileptic rats, A-8- and A-9-THC were much less effective in
reducing seizure occurrence. Rapid development of
tolerance to the anticonvulsant effect of A-9-THC has also
been reported to occur in amygdaloid-kindled rats [11,20],
rats subjected to maximal electroshock [23], and seizure-
susceptible gerbils [12]. However, tolerance also developed
rapidly to the anticonvulsant effects of phenytoin and
phenobarbital in rats subjected to electroshock [23]. Because
tolerance to the anticonvulsant effect of the latter two drugs
is not observed clinically [2], it has been suggested that only
clinical studies can determine the significance of this effect
[23].

The marked suppression of REM sleep induced by
A-8-THC and A-9-THC in the cobalt-epileptic rats was much
greater than that reported previously for normal rats given
comparable doses [28]. Pentylenetetrazol and phenytoin
have likewise been found to produce a greater reduction of
REM sleep time in cobalt-epileptic rats than in normal
animals [7,14]. A relationship between sleep and seizure ac-
tivity has been well documented in experimental animals
[4,5,6] as well as in man [1]. It appears that the REM stage of
sleep in rats rendered chronically epileptic by cerebral cobalt
implantation is highly susceptible to disruption by several
classes of centrally acting drugs. Whether human epileptics
are similarly affected remains to be determined.

In a survey concerning marihuana usage among human
epileptics, it was found that a substantial number of patients
abuse marihuana without obvious effects on their condition
[17]. However, one epileptic reported that marihuana usage
exacerbated his seizures while another reported that smok-
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ing marihuana actually improved his condition. In animal
studies, likewise, both enhancement [18] and alleviation
[10, 12, 22] of seizure activity have been observed. The re-
sults of the present study may help to explain these divergent
effects of marihuana. While the psychoactive cannabinoids,
A-8-THC and A-9-THC, markedly reduce the appearance of
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