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Cannabinol or cannabigerol was administered to cats topically in doses of 250, 500 and 1000 xg
as a single drop or chronically via osmotic minipumps (20 xg hr™') over a period of 9 days.
While cannabinol had a modest effect on intraocular pressure after a single dose, it caused a more
significant reduction in ocular tension during chronic administration. Cannabigerol had similar
effects, but the magnitude of response to its chronic administration was greater. Cannabinol but
not cannabigerol caused conjunctival erythema and hyperemia. After systemic administration of
cannabinol (20, 40 or 80 mg kg™') to rats, 813 Hz polyspike discharges appeared in the electro-
corticogram during wakefulness and during rapid eye movement sleep episodes. Cannabigerol (10,
30 and 100 mg kg™!) lacked this effect. These results indicate that chronic administration of these
cannabinoids lowers ocular tension considerably. Like marihuana and delta-9-tetrahydro-
cannabinol, cannabinol produced both ocular toxicity and neurotoxicity. As cannabigerol lacked
these toxicities, it appears that the ocular hypotensive effect of this cannabinoid is somewhat
dissociable from both the adverse central and ocular effects accompanying marihuana intake.

Key words: cannabinoids; cannabinol: cannabigerol; intraocular pressure; ocular toxicity;
neurotoxicity; cats; rats.

1. Introduction

A lowering of intraocular pressure (IOP) in humans after smoking marihuana was
initially observed by Hepler and Frank in 1971. Since then, studies in several species,
including man, have demonstrated that the primary psychoactive marihuana
constituent, delta-9-tetrahydrocannabinol (4°-THC), has an ocular hypotensive effect
(Green and Pederson, 1973; Purnell and Gregg, 1975; Green and Kim, 1977; Merritt,
Peiffer, McKinnon, Stapleton, Goodwin and Risco, 1981). Two other psychoactive
cannabinoids, delta-8-tetrahydrocannabinol and cannabinol, have also been reported
to lower ocular tension modestly (Perez-Reyes, Wagner, Wall and Davis, 1976 ; Green,
Wynn and Bowman, 1978). While cannabidiol, a major marihuana cannabinoid
lacking psychoactivity (Perez-Reyes, Timmous, Davis and Wall, 1973), also modestly
lowered IOP in rabbits (Green et al., 1978), this cannabinoid had minimal effect on
ocular tension after intravenous administration to man (Perez-Reyes et al., 1976).

Ocular toxicity after administration of marihuana or 4°-THC has been reported in
several studies. Both conjunctival hyperemia and decreased lacrimation were con-
sistently observed in man (Hepler, Frank and Ungerleider, 1972; Green, 1979). Other
toxic effects, including conjunctivitis, keratitis, corneal opacities, and corneal
ulceration, were observed after oral administration of several synthetic cannabinoids
to dogs (Thompson and Yang, 1976).

The present investigation of IOP and ocular toxicity was conducted to determine in
cats the effects of cannabinol, a psychoactive marihuana cannabinoid (Perez-Reyes
et al., 1973), and those of cannabigerol, a structurally-diverse naturally-occurring
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cannabinoid with unknown psychic effects. In addition, the neurotoxicity of these two
cannabinoids has been assessed in rats by evaluation of electrocorticographic activities
- after systemic administration.

2. Materials and Methods
IoP

The nictitating membranes of 55 adult cats of either sex (2:5-3:8 kg) were surgically
removed to minimize interference with topical drug administration. Several weeks later, IOP
was measured with a pneumatic tonometer (Alcon Laboratories, Fort Worth, TX) in
preliminary sessions in order to accustom the animals to the procedure. The tonometer had
been calibrated on anesthetized cannulated cat eyes by the open stopcock method (the
coefficient of correlation between manometrically set and tonometrically measured pressure
was 0987 in the range 9-30 mmHg).

Acute experiments

TIOP was measured at 1 hr and immediately before cannabinoid or vehicle administration
and then at hourly intervals for 6 hr. Cannabinol and cannabigerol were obtained courtesy
of the National Institute on Drug Abuse. Cannabinoids, dissolved in undiluted polyethylene
glycol 400 (Sigma Chemical Co., St. Louis, MO) or vehicle, were applied bilaterally to the
cornea in 25 or 50 ] volumes. Cannabinoid concentrations were 1, 2 or 49%,.

Chronic experiments

TOP was measured at least once daily for 12 days. Cannabinoids or vehicle were delivered
to eyes via osmotic minipumps and connecting extraocular cannulas made by fusion of
polyethylene tubings of several diameters and silastic medical-grade tubing (Dow Corning).
The osmotic minipumps (Alza Corporation, Palo Alto, CA) delivered solutions at a rate of
1 gl hr* for 9 days. Minipumps and cannulas were filled with either 29, solutions of
each cannabinoid or the polyethylene glycol 400 vehicle; the latter vehicle was used because
it is the only lipophilic solvent that has been shown to function effectively in osmotic
minipumps (Will, Cortright, and Hopfer, 1980).

With the animals under anesthesia induced by sodium pentobarbital [35-45 mg kg™
intraperitoneally (i.p.)] supplemented by ketamine hydrochloride [(Ketalar®, Parke-Davis,
Detroit, MI) 10-20 mg kg™! intramuscularly], minipumps were implanted as follows. One
incision was made in the midline anterior to the scapulae and a second above the frontal bone.
The minipump with flow modulator was inserted subcutaneously in the neck region. The
connecting cannula was then threaded subcutaneously from the back of the animal to above
the eye with metal guide tubing. The silicone tip was passed through the upper conjunctiva
to lie over the eye through the lumen of a 16 gauge angiocatheter. The cannula was firmly
anchored to underlying tissue. The silicone tubing portion of the cannula was then anchored
firmly to the sclera, and the tubing was cut with a downward bevel so that the tip lay 5 mm
central to the limbus. Finally, skin incisions were closed.

Ocular toxicity

Animals were observed daily for signs of corneal changes or ocular irritation. Eyes were
examined under a slit lamp and with an indirect ophthalmoscope at the end of the ninth day,
at which time the minipump was removed.

Neurotoxicity

Eighteen adult male Sprague-Dawley rats (200-300 g) were screened with a technique
employed previously in our laboratory for continuous monitoring of the electrocorticogram
(ECoG) and electromyogram (EMG; Colasanti and Khazan, 1975). Cannabinol (20, 40 and
80 mg kg™"), cannabigerol (10, 30 and 100 mg kg™?), or the polyethylene glycol vehicle
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Fie. 1. Differences in JOP between treated and untreated contralateral eyes of cats after chronic
administration of either cannabinol (@) or the polyethylene glycol vehicle (O), both of which were
delivered via osmotic minipumps and connecting extraocular cannulas. The vehicle flow rate was
1 pl hr~!, while the dose of cannabinol was 20 xg hr™'. Baseline levels prior to minipump implantation
were 200+ 1-2 (vehicle treated) and 22:6+1'6 (cannabinol-treated) mmHg. Depicted values are the
mean +8.E.M. for six to nine pairs of eyes. Arrow at day 9 indicates when the minipumps were removed.
*p < 005; **p<001; ***p < 0001, significantly different from corresponding value for vehicle
controls. .
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Fi6. 2. Fallin IOP 3 hr after bilateral topical application of cannabigerol (A) or the polyethylene glycol
vehicle (@) to the eyes of cats. Values are the means +s.E.M. for eight eyes. Absolute levels of IOP before
cannabinoid or vehicle administration ranged from 170+ 0:6 to 191 + 1-0 mmHg. * p < 0-05, significantly
different from vehicle control value.

(1 ml kg™') was administered i.p. ECoG and EMG activities were recorded before and up to
24 hr after each injection. Changes in gross ECoG activities were assessed, and evaluations
of sleep and rapid eye movement (REM) sleep parameters were undertaken, as described in
previous studies (Colasanti and Khazan, 1971; Colasanti and Khazan, 1975).

All data were statistically analyzed by Student’s ¢ test. A p < 0-05 was taken as the lower
level of significance.
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Fia. 3. Differences in IOP between treated and untreated contralateral eyes of cats after chronic
administration of cannabigerol (@) or the polyethylene glycol vehicle (O), both of which were delivered
via osmotic minipumps and connecting extraocular cannulas. The vehicle flow rate was 1 ul hr™!; the
cannabigerol dose was 20 ug hr~*. Baseline IOP levels prior to minipump implantation were 20-0+1-2
(vehicle-treated) and 19-5 4 09 (cannabigerol-treated) mmHg. Depicted values are the mean +s.&.u. for
six to nine pairs of eyes. Arrow at 9 indicates when the minipumps were removed. *p < 0-05;
**p < 001, significantly different from corresponding value for vhicle controls.

3. Results
Cannabinoid effects on I0P

Three hours after bilateral topical application of a single 1000 ug dose of cannabinol,
there was a significant (21-4+2:3%; n = 8; p < 0-05) reduction in IOP from the
baseline value of 23-5+2-5 mmHg in comparison with values for vehicle controls
(41104% fall, n =8, from the baseline value of 187 +0:3 mmHg). The lower dose
of 500 ug did not significantly change 10P.

Throughout the period of chronic administration, IOP of cannabinol-treated
(20 ug hr™') eyes remained 4-6 mmHg lower than that of the untreated contralateral
eyes, while I0P of the polyethylene glycol vehicle-treated (1 ul hr™1) eyes (control
group) ranged 1 mmHg lower or higher in pressure than the untreated contralateral
eyes; these differences between experimental and control groups were statistically
significant (Fig. 1). They disappeared by the second day after minipump removal.

After bilateral application of single doses of cannabigerol (250, 500 or 1000 Hg), a
dose-related fall in IOP occurred (Fig. 2). Throughout chronic administration, IOP
of cannabigerol-treated (20 ug hr™!) eyes remained 4-8 mmHg lower than that of the
untreated contralateral eyes, and this difference was statistically significant (Fig. 3).
Pressure differences between these pairs of eyes returned to vehicle control values by
the third day after minipump removal.

Ocular toxicity
Ocular examination of cats treated topically with either the polyethylene glycol

vehicle or cannabigerol was unremarkable. Indirect ophthalmoscopy and slit lamp
examination, undertaken before minipump removal on day 9, revealed no abnor-



CANNABINOID OCULAR AND CEXTRAL EFFECTS 255
A. Control
Sleep

REM sleep Awake

1
i
I
I
1

ECoG

100 v

EMG

8. Cannabinol

ECoG

Mg

Fic. 4. ECoG and EMG tracings of the sleep-wakefulness cycle collected both 1 hr before (A) and 3 hr
after (B) the administration of cannabinol (20 mg kg™ i.p.) to a rat.

malities, and the ocular media appeared clear. On the other hand, eyes treated with
cannabinol developed moderate chemosis, hyperemia, and erythema of the conjunctiva
within 1-2 days. These changes remained apparent until after minipump removal.

Neurotoxicity

Within 10-15 min after i.p. administration of cannabinol to rats (20, 40 or
80 mg kg '), polyspike discharges 8-13 Hz in frequency appeared in the ECoG during
wakefulness and behavioral depression. These polyspike bursts subsequently re-
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Fia. 5. Total duration of appearance of polyspike discharges in the ECoG during wakefulness after
i.p. administration of either 4°-THC (A) or cannabinoi (A) to rats. Values represent the mean+s.E.M.
for four to six animals.

TasrLe I

Effects of cannabinol on sleep and REM sleep parameters after i.p. administration

to rats
Cannabinol
Vehicle
1 ml kg™ 20 mg kg1 40 mg kg™! 80 mg kg™!
Sleep onset* 04+01 0-4+0-2 05+02 - 2:0+0-9%
REM sleep onset* 07101 2:54+0-5% 33+08% 104 +4-61
REM time (24 hr)~'t 86:2+9:3 882+10-8 704+114 6-9+2-51
* Hours.
T Minutes.

1 Significantly different from corresponding value for vehicle; p < 0-05.

appeared during the REM sleep episodes (Fig.4). The total duration of their
appearance within the awake state ECoG was dose-related but was shorter than that
after 4%-THC (Fig. 5). The onset of sleep was significantly prolonged after the
80 mg kg™! cannabinol dose in comparison with vehicle control values, and the onset
of REM sleep was delayed after all three doses (Table I). REM sleep time was markedly
reduced by only the 80 mg kg™ dose.

For up to 24 hr after i.p. administration of cannabigerol to rats (10, 30 or
100 mg kg™*), ECoG and EMG activities did not differ in appearance from those
preceding the injections or those for vehicle controls. Sleep onset after the two higher
doses, however, was significantly prolonged, and REM sleep onset was significantly
delayed after all three doses (Table IT). On the other hand, REM sleep time was not
significantly changed.

4. Discussion

The results of this study indicate that, as in the rabbit (Green et al., 1978),
cannabinol administered as a single dose causes a modest reduction of IOP in the cat.
Cannabinol lowered ocular tension after chronic administration as well, and to a much
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Tasre 11
Effects of cannabigerol on sleep and REM sleep parameters after ©.p. administration
to rats
Cannabigerol

Vehicle

1 ml kg™ 10 mg kg™ 30 mg kg™ 100 mg kg™
Sleep onset* 04401 06+004 09+01% 1-56+ 031
REM sleep onset* 07401 174021 1-54+011 221011
REM time (24 hr) '+ 86:2+93 856+79 96:9+162 856+ 155

* Hours.
T Minutes.
1 Significantly different from corresponding value for vehicle; p < 0-05.

greater degree than after single doses. Tolerance to this effect did not develop by the
ninth (final) day of drug treatment.

As has been reported for 4°-THC (Hepler et al., 1972; Green, 1979), cannabinol
caused moderate conjunctival erythema and hyperemia. On the other hand, although
A°-THC caused corneal opacities at the site of chronic drug delivery (Colasanti, Powell
and Craig, 1984), cannabinol did not.

Forsimplicity in drug sereening, neurotoxicity is usually measured as an impairment
of observed spontaneous animal behavior, e.g. depression of locomotor activity or
inability to remain upright on a rotorod. Electroencephalography provides a more
sensitive analysis of neurotoxicity. It provides information on changes in spontaneous
behavior during both wakefulness and sleep, and it also reveals any specific
drug-related changes in ongoing electrical activity of the brain.

Polyspike discharges like those produced in the ECoG by cannabinol have previously
been observed after administation of marihuana extract, 4°-THC, or 48-THC to rats
(Lipparini, Scotti de Carolis and Longo, 1969; Masur and Khazan, 1970; Colasanti
and Khazan, 1971; Pirch, Cohn, Barnes and Barratt, 1972). In the present study,
cannabinol was much less potent than A°-THC in causing polyspikes, and the maximal
effect of cannabinol was significantly lower (Fig. 5). These results in the rat correlate
well with those obtained in man with regard to psychoactivity; the subjective effects
of high intravenous cannabinol doses are reportedly much less intense than those of
A°-THC (Perez-Reyes et al., 1973).

Like cannabinol, cannabigerol modestly lowered 10P after topical application of
single doses. IOP reduction was also greater after chronic administration. Tolerance
to the ocular hypotensive effect did not develop by the final day of drug treatment.

Unlike cannabinol, cannabigerol did not cause ocular toxicity after chronic topical
administration, nor did it overtly change ECoG or behavior after systemic administra-
tion to rats. In earlier studies in dogs or monkeys, two species showing characteristic
behavioral responses to both marihuana extract and THC (Grunfeld and Edery,
1969; Mechoulam, Shani, Edery, and Grunfeld, 1970}, overt behavior was also not
altered by cannabigerol.

In the present study, cannabigerol did prolong the onset of both sleep and REM
sleep. This finding suggests a slight stimulatory effect, although behaviorally the rats
did not appear stimulated; instead, they showed intermittent writhing behavior for
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Fic. 6. Chemical structures of cannabinol and cannabigerol in comparison with that of 4°-THC.

more than an hour after injection. The delay in the appearance of sleep thus appears
to be caused by peritoneal irritation rather than CNS stimulation. This possibility is
supported by the finding of normal REM sleep time during the first 24 hr after
injection, as REM sleep is a behavioral state easily disrupted by the administration
of psychotropic drugs (Freemon, 1972).

Structurally, cannabigerol differs substantially from both cannabinol and 4°-THC .
in that two of the three rings present in A°-THC are opened (Fig. 6). The ocular
hypotensive effect of both cannabinol and 4°-THC, as well as that of marihuana, has
unfortunately been accompanied by both ocular adverse effects and psychoactivity.
Results obtained in the present study after administration of cannabigerol to cats
indicate that the ocular hypotensive effect produced by this marihuana cannabinoid
isdissociated from both the ocular toxicity and neurotoxicity accompanying marihuana
intake over a relatively wide dose range.

ACKNOWLEDGMENTS

Supported by National Institutes of Health (National Eye Institute) Grant EY 03520. The
technical assistance of Ms Catherine Bowyer and Ms Catherine Heynemann is gratefully
acknowledged.

REFERENCES

Colasanti, B. and Khazan, N. (1971). Effects of delta-8-tetrahydrocannabinol on the voltage
output of the EEG in the rat. Proceedings of the Committee on Problems of Drug
Dependence, NAS—-NRC, Vol. 11, 1727-36.

Colasanti, B. and Khazan, N. (1975). Electroencephalographic studies on the development
of tolerance and cross tolerance to mescaline in the rat. Psychopharmacologia 44, 33—6.

Colasanti, B. K., Powell, S. R. and Craig, C. R. (1984). Intraocular pressure, ocular toxicity
and neurotoxicity after administration of 4°-tetrahydrocannabinol or cannabichromene.
Exp. Eye Res. 38, 63-71.

Freemon, F. R. (1972). Sleep Research— A Critical Review. Pp. 205. Charles C. Thomas,
Springfield, Illinois.

Green, K. (1979). The ocular effects of cannabinoids. In Current Topics in Eye Research (Eds
Zadunaisky, J. A. and Dawson, H.). Pp. 175-215. Academic Press, New York.

Green, K. and Kim, K. (1977). Acute dose response of intraocular pressure to topical and
oral cannabinoids. Proc. Soc. Exp. Biol. Med. 154, 228-31.



CANNABINOID OCULAR AND CENTRAL EFFECTS 259

Green, K. and Pederson, J. E. (1973). Effect of 4'-tetrahydrocannabinol on aqueous
dynamics and ciliary body permeability in the rabbit. Exp. Eye Res. 15, 499-507.
Green, K., Wynn, H. and Bowman, K. A. (1978). A comparison of topical cannabinoids on

intraocular pressure. Exp. Eye Res. 27, 239-46.

Grunfeld, Y. and Edery, H. (1969). Psychopharmacological activity of the active constituents
of hashish and some related cannabinoids. Psychopharmacologia 14, 200-10.

Hepler, R. 8. and Frank, I. M. (1971). Marihuana smoking and intraocular pressure. J. Am.
Med. Assoc. 217, 1329.

Hepler, R.S., Frank, I. M. and Ungerleider, J. T. (1972). Pupillary constriction after
marihuana smoking. Am. J. Ophthalmol. 74, 1185-90.

Lipparini, F., Scotti de Carolis, A. and Longo, V. G. (1969). A neuropharmacological
investigation of some trans-tetrahydrocannabinol derivatives. Physiol. Behav. 4, 527-32.

Masur, J. and Khazan, N. (1970). Induction by Cannabis sativa (marihuana) of thythmic spike
discharges overriding REM sleep electrocorticogram in the rat. Life Sci. 9, 1275-80.

Mechoulam, R., Shani, A., Edery, H. and Grunfeld, Y. (1970). Chemical basis of hashish
activity. Science 169, 611-2.

Merritt, J. C., Peiffer, R. L., McKinnon, S. M., Stapleton, S. S., Goodwin, T. and Risco, J. M.
(1981). Topical A°-tetrahydrocannabinol on intraocular pressure in dogs. Glaucoma 3,
13-16.

Perez-Reyes, M., Timmous, M. C., Davis, K. H. and Wall, E. M. (1973). A comparison of the
pharmacological activity in man of intravenously administered A°-tetrahydrocannabinol,
cannabinol, and cannabidiol. Experientia 29, 1368-9.

Perez-Reyes, M., Wagner, D., Wall, M. E.and Davis, K. H. (1976). Intravenousadministration
of cannabinoids and intraocular pressure. In The Pharmacology of Marihuana (Eds
Braude, M. C. and Szara, S.). Pp. 829-832. Raven Press, New York.

Pirch,J. H., Cohn, R. A., Barnes, P. R. and Barratt, E. 8. (1972). Effects of acute and chronic
administration of marihuana extract on the rat electrocorticogram. Neuropharmacology
11, 231-40.

Purnell, W. D. and Gregg, J. M. (1975). 4°-tetrahydrocannabinol, euphoria and intraocular
pressure in man. Ann. Ophthalmol. 7, 921-3.

Thompson, G. R. and Yang, C. L. (1976). Comparative toxicities of tetrahydropyridobenzo-
pyrans. In The Therapeutic Potential of Marihuana (Eds Cohen, S. and Stillman, R.)
Pp. 457-473. Plenum Press, New York.

Will, P. C., Cortright, R. N. and Hopfer, U. (1980). Polyethylene glycols as solvents in
implantable osmotic pumps. J. Pharm. Sci. 69, 747-9.



