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Abstract

The search for new ocular hypotensive agents represents a frontier of current eye research because blindness due to optic

neuropathy occurs insidiously in 10% of all patients affected by glaucoma. Cannabinoids have been proposed to lower intraocular

pressure by either central or peripheral effects but a speci®c mechanism for this action has never been elucidated. We recently

demonstrated the presence of the central cannabinoid receptor (CB1) mRNA and protein in the human ciliary body. In the present
study we show that the synthetic CB1 receptor agonist, WIN 55212±2, applied topically at doses of 25 or 50 mg (n = 8),

decreases the intraocular pressure of human glaucoma resistant to conventional therapies within the ®rst 30 min (15 6 0.5% and

23 6 0.9%, respectively). A maximal reduction of 20 6 0.7% and 31 6 0.6%, respectively, is reached in the ®rst 60 min. These
data con®rm that CB1 receptors have direct involvement in the regulation of human intraocular pressure, and suggest that,

among various classes of promising antiglaucoma agents, synthetic CB1 receptor agonists should deserve further research and

clinical development.

Introduction

Glaucoma is mostly a painless, insidious form of optic neuropathy

which leads to vision loss. It is estimated that almost seven million

people worldwide are totally blind, owing to the progression of their

glaucoma. This represents about 1/10th of all people affected by this

disease (Quigley, 1996). As glaucoma is a chronic disease lacking a

cure, the quest for new ocular hypotensive agents is important for its

treatment, and these agents are likely to remain frontline therapy for

the foreseeable future (Sugrue, 1997).

Current pharmacological therapies are based on lowering intra-

ocular pressure (IOP), one of the risk factors that can be decreased in

open-angle glaucoma, the most common of all forms of glaucoma

(Alward, 1998). Most drugs for glaucoma are applied topically and

are well tolerated. However, severe systemic side effects can occur,

up to the point where the side effects should always be considered

when a patient, undergoing local ocular therapy, presents with new

systemic problems (Sugrue, 1997). Drugs currently employed for

long-term glaucoma therapy belong to ®ve groups: (i) beta-adrenergic

antagonists; (ii) cholinergic agonists; (iii) carbonic anhydrase

inhibitors; (iv) alpha-2 adrenergic agonists and (v) prostaglandin

analogues, all of which may have important general, as well as

speci®c, central nervous system, cardiovascular, gastrointestinal,

pulmonary and haematologic systemic side effects (McLaughlin &

Chiou, 1985; Alward, 1998).

Since the early 1970s it was reported that smoking marijuana

cigarettes could lower IOP by up to 45% (Hepler & Frank, 1971);

later works showed that the principal active ingredient in marijuana,

Delta-9-tetrahydrocannabinol (D9-THC), lowered IOP when given

intravenously (Purnell & Gregg, 1975), orally (Merritt et al., 1980a)

or by inhalation (Merritt et al., 1980b). Others have failed to

demonstrate any ef®cacy of cannabinoid compounds in lowering IOP

(Pate et al., 1996; Hodges et al., 1997), concluding that side effects

such as hypotension, tachycardia, palpitations and altered mental

status precluded the use of these drugs in glaucomatous patients.

Cannabinol, nabilone, D9-THC and D8-THC have been found to

decrease IOP in humans affected with glaucoma, whereas cannabidiol

had no effect (Elsohly et al., 1981, 1984).

We recently found that rat (Porcella et al., 1998) as well as human

(Porcella et al. 2000) eyes are rich in CB1 mRNA and protein,

supporting a direct role for the CB1 receptor in controlling IOP. The

signi®cance of this ®nding has been con®rmed in rabbits by the IOP

lowering effect of the aminoalkylindole, WIN55212-2, a synthetic

and selective CB1 receptor agonist (Song & Slowey, 2000). The

present study was undertaken in order to determine whether

WIN55212-2 would also show any effect on the IOP of human

glaucoma resistant to conventional therapies.
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Patients and methods

Patient population

Eight patients attending the glaucoma service of S. Michele Hospital,

Cagliari, Italy and under the care of one board-certi®ed ophthalm-

ologist (C.M.), were enrolled in the study (Table 1). Patients with

bilateral glaucoma being treated with multiple topical medical

therapy, were selected. One eye was randomly chosen to be treated

by an investigator who was unaware of the primary diagnosis or the

IOP values. In all cases, the indication for synthetic cannabinoid was

inadequate control of IOP (i.e. values > 22 mmHg) with their current

therapy. Although the group consisted of patients who had differing

ophthalmic histories, each patient acted as his/her own control. The

protocol and procedures of this work were approved by a local

Ethical Committee. Informed written consent was obtained from all

patients according to the Declaration of Helsinki World Medical

Assembly in Helsinki (1964).

On admittance to the study, a standard protocol was used for all

patients. A general check-up and an initial ocular evaluation was

performed which included Snellen visual acuity, Goldmann

applanation tonometry, examination of the ocular adnexa, slit-lamp

biomicroscopy, gonioscopy and a dilated stereoscopic evaluation of

the fundus using the Volk 90-diopter lens. A perimeter [Octopus 500

EZ, G1 program; analysis by Peridata 6.2c (Interzeag AG, Zurich,

Switzerland)] was used for testing the visual ®eld. Demographic,

diagnostic and therapeutic data are shown in Table 1. All patient

were in wash-out from their previous therapy for 12 h.

Preparation of drug and eyedrops

The synthetic cannabinoid receptor agonist WIN55212-2 was

purchased from Tocris Cookson Ltd. (Bristol, United Kingdom).

The low aqueous solubility of WIN55212-2 was overcome through

the use of 45% 2-hydroxylpropyl-b-cyclodextrin (Sigma-Aldrich,

Milan, Italy). A 150-mg stock solution was made by dissolving

WIN55212-2 in 500 mL of 150 mM NaCl, and then diluted with

sterile saline. The vehicle control solution contained 150 mM NaCl

and 45% 2-hydroxylpropyl-b-cyclodextrin. This vehicle has been

successfully used to deliver anandamide to the rabbit eye, and is

neither irritant nor toxic to the eye (Song & Slowey, 2000). The pH of

these solutions was adjusted to 7.4 with NaOH, and they were ®lter-

sterilized through 0.2-mm pore disposable ®lters (Waters, Milan,

Italy). Before employing such preparations on the patients, the stock

solution was tested on a volunteer (L.P.) to assure that it was neither

an irritant nor that it could produce any major side effects.

Measurement of IOP

Before the measurement of IOP, 25 mL of 0.05% tetracaine solution

was applied topically to the eye for local anaesthesia. All subsequent

IOP readings were taken after local anaesthesia; tetracaine did not

affect IOP signi®cantly. To perform each evaluation, two drops

(50 mL) of a 25 or 50 mg WIN55212-2 or vehicle solution were

instilled unilaterally on the lower corneoscleral limbus. During

instillation the lower eyelid was slightly pulled away from the globe,

and gentle ®nger pressure was applied to the nasolacrimal channel for

1 min. IOP was measured using the Goldman applanation tonometer,

always by the same observer (who was unaware of which eye was

being treated). For every determination at least two readings were

taken from each treated (ipsilateral) and untreated (controlateral) eye,

and the mean of these readings was used. The IOP of the patients was

measured from 30 min before to 3 h after eye drop administration, at

15 min intervals. IOP at the time of eye drop administration (0 h) was

considered as the baseline value. Baseline values ranged between 22

and 31 mmHg. To avoid signi®cant ¯uctuation in the diurnal curve of

the IOP, which may be an important factor in predicting any

subsequent poor response to the topical therapy (Konstas et al., 1997),

the evaluation sessions were repeated twice with an interval of one

week, once in the morning (9 a.m.) and once in the late afternoon (6

p.m.). No signi®cant differences were observed in the two measure-

ment sessions.

Analysis of data and statistics

The data presented in the Fig. 1 represent mean 6 SE values. The

data were analysed using Prism (Graph PAD Software, San Diego,

CA. USA) and plotted as IOP values (mmHg) vs time (h). The

statistical signi®cance of the effect of WIN55212-2 on the IOP values

of treated eye was evaluated by one-way analysis of variance

(ANOVA). When a signi®cant (P < 0.05) interaction (vehicle vs drug

treatment) was demonstrated, the Newman±Keuls post hoc test was

used to compare the effect of the instilled drug from that of the

vehicle.

Results

IOP-lowering effect of WIN55212-2

Figure 1 shows the time course and dose±response relationship for

the topical administration of WIN55212-2 on IOP. WIN55212-2

promptly decreased IOP in most patients treated, and a dose response

was evident in the ®rst 30 min by comparing the 25 mg (±15 6 0.5%)

with the 50 mg (±23 6 0.9%) dose. In both series of patients the

maximal effect was observed after 60 min from the instillation of the

drug where the decreased percentage with the two dosages used was

equal to 20 6 0.7 and 31 6 0.6%, respectively. Interestingly, at this

time point an effect was also observed in the untreated eye, although

it never reached statistical signi®cance with respect to baseline

values.

TABLE 1. Patient demographic, diagnostic and therapeutic data

Patient no. Patient Sex Age (years) Glaucoma type IOP Therapy

1 GM F 72 Closed angle 22 Acetaz + physostigmine
2 RP F 27 Familial malformative 25 b-blocker + pilocarpine
3 FP M 21 Familial malformative 31 b-blocker + pilocarpine
4 EM F 53 Pigmentary with high myopia 26 b-blocker + pilocarpine + physostigmine
5 PC M 35 Open angle 22 b-blocker + pilocarpine
6 EDC M 53 Simple primary chronic 23 b-blocker + pilocarpine
7 SC M 63 Simple primary chronic 22 b-blocker + pilocarpine
8 AS M 60 Simple primary chronic 24 b-blocker + pilocarpine + physostigmine

Acetaz, acetazolamide; b-blocker, thymolol.
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Discussion

Hepler & Frank (1971) showed that marijuana smoking could

signi®cantly decrease IOP in volunteers and later research showed

that this effect could be attributable to D9-THC when given to healthy

individuals (Purnell & Gregg, 1975) or to glaucomatous patients

(Merrit et al., 1980a), ruling out a simple IOP stabilizing effect of

cannabinoids (Mechoulam et al., 1998; Pertwee, 1999).

The role of CB1 receptors in decreasing IOP in normotensive

rabbits, after the topical administration of the endogenous ligand

arachidonylethanolamide (Pate et al., 1996), was brought into

question by the lack of action of systemically administered

WIN55212-2 (Hodges et al., 1997). However, very recently, it was

shown that, in rabbits, the topical administration of WIN55212-2 was

able to lower IOP in a time and dose dependent manner (Song &

Slowey, 2000). In the current study, we observed that in

glaucomatous patients, the IOP-lowering effects of WIN55212-2

were time and dose dependent, with no signi®cant effect in the

controlateral eye, indicating that the effects of WIN55212-2 were not

due to systemic actions but rather mediated by cannabinoid receptors

in the eye.

This con®rms our and other's recent ®ndings in the rat (Porcella

et al., 1998) and human (Straiker et al., 1999; Porcella et al. 2000)

ciliary bodies of signi®cantly detectable levels of CB1 transcripts and

proteins. CB1 cannabinoid receptors were also found expressed in the

embryonic rat retina suggesting that cannabinoids could in¯uence eye

development (Buckley et al., 1998) and disrupt habituation and

reactivity to different illumination conditions in adulthood (Navarro

et al., 1995). Accordingly, in humans, prenatal exposure to marijuana

was found to decreases visual perception (Fried, 1995)

The mechanisms by which cannabinoids are able to decrease IOP

remain open to debate. Indirect mechanisms of action have been

proposed as being responsible for the CB1 receptor mediated IOP-

lowering effect in the human eye. Inhibition of presynaptic calcium

channels (Twitchell et al., 1997) by cannabinoids may reduce

noradrenaline release in ocular tissues, in a similar way to what has

been demonstrated in slices from the human and rat hippocampus

(Schlicker et al., 1997), and decrease the production of aqueous

humor that depends on the adrenergic tone produced by a2 and b
receptors localized in the ciliary body (Sugrue, 1997). In contrast to

this hypothesis, both a-and b-adrenergic antagonists, however,

reduce the D9-THC-induced decrease in IOP by approximately 50%

(Green & Kim, 1976). It could be possible that, rather than reducing

the production of aqueous humor, cannabinoids may favour the

opening of the endothelial Schlemm±Fontana channels that drain the

aqueous humor. The dimensions of Schlemm's canal in glaucomatous

human eyes have been found signi®cantly smaller than those in

normal eyes. (Allingham et al., 1996).

The high level of CB1 mRNA and functional protein found in the

human ciliary body (Porcella et al. 2000) supports the hypothesis that

cannabinoids may act directly as vasodilators of the efferent blood

vessels of the anterior uvea, favouring humor acqueous ef¯ux. This

effect on the endothelial eye structure is reminiscent of the improved

microcirculation due to a localized vasodilation (Randall & Kendall,

1998) of vascular smooth cells challenged with macrophage-derived

anandamide (Wagner et al., 1997).

In addition, in laboratory animals, the IOP-lowering effect of CP-

55940 (Pate et al., 1998) and WIN55212-2 (Song & Slowey, 2000),

two structurally distinct compounds with comparative potency

consistent with their af®nity for cannabinoid receptors (Compton

et al., 1996), were shown to both be eliminated by the speci®c

cannabinoid receptor antagonist SR141716A, suggesting that their

effect is most likely mediated through cannabinoid receptors

expressed in the eye. In addition, the ®nding that SR141716A

per se, whether given systemically (Pate et al., 1998) or applied

locally (Song & Slowey, 2000) increases IOP, is consistent with an

inverse agonism (Bouaboula et al., 1997) or an antagonism by

SR141716A of endogenous cannabinoid tone on IOP.

Anandamide and congeners formation in the nervous system has

been shown to occur, by multiple biochemical pathways, through

phosphodiesterase-mediated cleavage of a phospholipid precursor,

N-arachidonoyl-phosphatidylethanolamine (Di et al., 1994). Enzyme

activity for anandamide synthesis has been reported in porcine ocular

tissue (Matsuda et al., 1997) and locally produced anandamide, either

in the ocular tissue (Matsuda et al., 1997) or macrophage (Wagner

et al., 1997), could be responsible for the vasodilatation mediated by

a CB1 receptors.

Since ethical reasons advised against the use of a CB1 antagonist to

be employed in the present study, we cannot be entirely certain that

the observed IOP-lowering effect of WIN55212-2 is mediated by a

CB1 receptor. It is also conceivable that other known or unknown

FIG. 1. Effect of topical administration of WIN55212-2 at two different
doses, 25 (panel A) and 50 mg (panel B), on intraocular pressure of
glaucomatous patients (n = 8) resistant to conventional therapies. #P < 0.05
and ##P < 0.01 with respect to baseline values (both eyes). *P < 0.05 and
**P < 0.01 with respect to untreated eye.
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cannabinoid receptor subtypes or nonreceptor related mechanisms

may be involved.

In conclusion, our results suggest that the topical application of

WIN55212-2 lowers IOP in human glaucoma, and that the IOP-

lowering effects of WIN55212-2 are, most likely, directly mediated

through a CB1 cannabinoid receptor. These present data would

encourage further clinical research and development of CB1 receptor

agonists as potential antiglaucoma agents.
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