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Cannabinoids produce ocular hypotension via activation of cannabinoid receptor type 1 
(CB1). Adrenergic receptors (ARs) may contribute to this effect. Recently de-orphaned 
receptors, GPR55 and GPR18, are activated by some cannabinoids, but their role in IOP 
modulation is unknown. This research examined CB1-mediated IOP reduction by 
cannabinoids and tested whether ligands that activate GPR55 and GPR18 reduce IOP. 
Measurement of IOP was made using rebound tonometry in wild-type (WT) mice, and 
mice lacking �ARs, GPR55, or cannabinoid receptors. CB1 or �AR knock-out, or �AR 
desensitization and catecholamine depletion in WT mice eliminated IOP reduction by 
cannabinoids. CB2 and GPR55 activation in WT mice failed to reduce IOP. Activation of 
GPR18 by selective and non-selective agonists reduced IOP and the GPR55/GPR18 
antagonist, 0-1918, blocked this effect. These findings suggest that cannabinoids reduce 
IOP via a CB1-mediated reduction in catecholamine release and that GPR18 activation 
reduces IOP independent of CB1/CB.
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Intraocular pressure (IOP) measurements were made noninvasively using rebound 

tonometry (Tono-lab tonometer; Colonial Medical Supply Company, Franconia, NH).  

The technique of rebound tonometry involves placing a magnetized probe on the cornea 

of the eye; this in turn determines IOP by changes in the motion parameters of the probe 

(Nissirios et al., 2007).  The Tono-lab has been shown to be reliable instrument for 

measuring IOP in different mouse strains (Nissirios et al., 2007). 

In order to obtain reproducible IOP measurements, mice were anesthetised with 3-

4% isoflurane in oxygen.  The mouse was then placed on a secure stage in the prone 

position and anaesthesia was maintained with 2% isoflurane. Ten IOP measurements 

were taken from each eye and the average taken as the absolute pressure. All IOP 

measurements following drug administration were taken between 16:00 and 18:00 in 

order to reduce any variability in IOP resulting from diurnal changes.  

 For diurnal IOP experiments, IOP was measured by using the method described 

above on the same day and from the same animal at 9:00 and 21:00. Diurnal variation 

experiments were carried out to insure that IOP regulation was intact, recent evidence 

suggests that circadian rhythms are altered in eye which have glaucoma or ocular 

hypertension (Aihara, 2003; Aihara et al., 2007). Diurnal variation of IOP is well 

established in humans, primates and rodents ( Aihara et al., 2007; Moore et al.,1996; 
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Nickla et al., 2002; Nickla, 2013). In mice IOP is higher in the dark cycle and for this 

reason IOP measurements were carried out at the same time of day between 16:00 and 

18:00 (Aihara, 2003; Aihara et al., 2007). 
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Capsaizepine, 0-1602, WIN, 55212-2, Abn-CBD, HU308, AM281, AM630, and 

NAGly were all obtained from Tocris Bioscience (Ellisville, MO, USA). Isoproterenol 

(ISO), reserpine, timolol, metoprolol were obtained from Sigma-Aldrich (Oakville, ON, 

Canada). Ophthalmic solutions latanoprost and dorzolamide were obtained from Pfizer 

(Kirkland, QC, Canada), and from Merck Frost (Kirkland, QC, Canada), respectively. 

For all receptor agonists, drugs were applied topically to one randomly assigned 

eye, while the other eye received the appropriate vehicle. All receptor antagonists were 

injected intraperitonealy (i.p.) at a dose of 2mg/kg, 30 minutes prior to topical 

application of the agonist, in order to control for topical washout and allow for time to get 

to the ocular site of action.   The vehicle used for the cannabinoids: WIN, Abn-CBD, 

NAGly, 0-1602 and CP 55,940 was TocrisolveTM. Saline was used as a vehicle for 

timolol, latanoprost, dorzolamide and isoproterenol. 
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Desensitization of �-adrenergic receptors (�-AR) was achieved by using the non-

selective �-AR agonist ISO. ISO was dissolved in saline at 2.5% and applied to both eyes 

in the experimental animals; control animals received saline. Drops were installed twice a 

day between 9:00-10:00 and 21:00-22:00 for a time period of 7 days. 

 In order to demonstrate �-AR desensitization, the actions of the non-selective �-
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AR antagonist timolol 0.5% was tested after 7 days of treatment, 7 hours after last ISO 

topical administration.  In treated animals, one eye received saline and the experimental 

eye received timolol.  
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Depletion of catecholamine levels was based on the methods of Olfe and 

collegues (2010). Briefly, reserpine was dissolved in 5% glacial acetic acid (at 2 �g/�l). 

All mice used in these experiments were approximately 25g.  Animals received reserpine 

at 1 �g/g body weight: 12.5 �l of the reserpine stock solution was combined with 100 �l 

saline for a total of 112.5ul, which was injected subcutaneously 24 hours prior to 

experimental manipulation. Control animals received the same injection without 

reserpine (12.5 �l 5% glacial acetic acid + 100 �l saline). 
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Innervation to the eyelid tarsal muscle is supplied by sympathetic innervation. In 

order to determine if reserpine affected sympathetic activity to the ocular structures 

animals were evaluated for ptosis (lower upper eyelid). 

Animals receiving either reserpine or vehicle control treatment, were evaluated 24 

hours later by both a blinded researcher and a researcher who administered treatments. 

An scale was used from one to three: Zero =no observable ptosis, 1 = mild ptosis, not 

interfering with the visual axis, 2 = moderate ptosis, covering visual axis, and 3 = 

complete ptosis. Half values were also evaluated. For these evaluations, animals were 

non-anesthetized and both researchers handled the mice in order to effectively evaluate 

the presence of a ptosis. 
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