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Antitussive effect of WIN 55212-2, a cannabinoid receptor agonist
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Abstract

Several lines of evidence indicate that the opioid and cannabinoid systems produce synergistic interactions. The present study examined

the opioid receptors involved in the antitussive effect of WIN 55212-2 ((R)-(+)-[2,3-dihydro-5-methyl-3-[4-morpholinylmethyl]-pyrrolo-

[1,2,3-de]-1,4-benzoxazin-6-yl](1-naphthyl) methanone mesylate), a high-affinity cannabinoid receptor agonist, in mice. WIN 55212-2, at

doses of 0.3–3 mg/kg ip, produced a dose-dependent antitussive effect. This antitussive effect of WIN 55212-2 was antagonized by

pretreatment with either methysergide (3 mg/kg ip), a 5-HT receptor antagonist, or naloxone (1 mg/kg ip), an opioid receptor antagonist.

Furthermore, pretreatment with N-(piperidin-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide hydro-

chloride (SR141716A, 3 mg/kg ip), a cannabinoid CB1 receptor antagonist, also significantly reduced the antitussive effect of WIN 55212-2.

Blockade of A-opioid receptors by pretreatment with h-funaltrexamine (40 mg/kg sc) significantly reduced the antitussive effect of WIN

55212-2. However, pretreatment with nor-binaltorphimine (20 mg/kg sc), a n-opioid receptor antagonist, did not affect the antitussive effect

of WIN 55212-2. Pretreatment with naloxonazine (35 mg/kg sc), a A1-opioid receptor antagonist, also did not affect the antitussive effect of

WIN 55212-2. These results indicate that the antitussive effect of WIN 55212-2 is mediated by the activation of cannabinoid CB1 receptors

and A2 (naloxonazine-insensitive)-opioid receptors, but not A1 (naloxonazine-sensitive)- or n-opioid receptors.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction

D9-Tetrahydrocannabinol has a wide range of central and

peripheral actions, including hypothermia, antinociception,

catalepsy, sedation, memory disruption and anxiolytic-like

effects (see Martin, 2002). Two subtypes of cannabinoid

receptors, CB1 and CB2, mediate these cannabinoid-induced

effects. Cannabinoid CB1 receptors are located centrally

(Matsuda et al., 1990), whereas cannabinoid CB2 receptors

are expressed almost exclusively by peripheral immune cells

(Munro et al., 1993). Cannabinoid receptor agonists produce

several characteristic symptoms in rodents and share several

actions with opioid receptor agonists. Indeed, Welch et al.

suggested that the mechanisms by which the cannabinoids

produce antinociception involve the modulation of endoge-

nous opioid systems (Welch, 1993; Smith et al., 1994; Pugh

et al., 1996). On the other hand, opioids, such as morphine
0014-2999/03/$ - see front matter D 2003 Elsevier B.V. All rights reserved.

doi:10.1016/S0014-2999(03)02009-0

* Corresponding author. Tel.: +81-3-5498-5030; fax: +81-3-5498-

5029.

E-mail address: kamei@hoshi.ac.jp (J. Kamei).
and codeine, are well-known antitussive agents. We previ-

ously indicated that the antitussive effects of opioids are

mediated predominantly by A- and n-opioid receptors.

Although the pharmacological interaction between cannabi-

noid and opioid systems strongly suggests the possibility

that cannabinoids have antitussive effects, the antitussive

effects of cannabinoids have not yet been examined.

The availability of the synthetic cannabinoid agonist (+)-

WIN 55212-2 has facilitated the characterization of canna-

binoid receptor subtypes and their pharmacological profiles.

WIN 55212-2 is highly selective for cannabinoid receptors

and interacts negligibly with other neurotransmitter systems

and ion channels (Martin et al., 1991; Compton et al., 1992).

Several reports have indicated that WIN 55212-2 elicits

hypothermia and antinociception in rodents via a cannabi-

noid CB1 receptor mechanism (Compton et al., 1992; Fan et

al., 1994; Fox et al., 2001).

The aim of the present study was to investigate the

antitussive effect of the cannabinoid receptor agonist WIN

55212-2, and to explore the possible involvement of the

endogenous opioid system in the antitussive effect of WIN

55212-2.



Fig. 1. Dose– response relationship of the antitussive effect of WIN 55212-

2 in mice. The antitussive effects of WIN 55212-2 were assessed 30 min

after intraperitoneal administration of the drug. The effects of WIN 55212-2

on the number of capsaicin-induced coughs were determined. Each column

represents the mean with S.E. (n= 10). *P< 0.05 vs. vehicle-treated group.

K. Morita, J. Kamei / European Journal of Pharmacology 474 (2003) 269–272270
2. Materials and methods

2.1. Animals

Male ICR mice (6 weeks old; Tokyo Laboratory Animals

Science, Tokyo, Japan), weighing about 30 g, were used.

They had free access to food and water in an animal room,

which was maintained at 24F 1 jC with a 12-h light–dark

cycle. This study was carried out in accordance with the

Declaration of Helsinki and/or with the guide for the care

and use of laboratory animals as adopted by the committee

on the care and use of laboratory animals of Hoshi Univer-

sity, which is accredited by the Ministry of Education,

Science, Sports and Culture.

2.2. Antitussive assay

The cough reflex was induced as previously described

(Kamei et al., 1993a,b). Briefly, animals were exposed to a

nebulized solution of capsaicin (30 Amol/l) under conscious

and identical conditions using a body plethysmograph. The

coughs produced during a 3-min exposure period were

counted. Capsaicin was dissolved to a concentration of 30

mg/ml in a 10% ethanol and 10% Tween 80 saline solution.

The solution was further diluted with saline. The mice were

exposed for 3 min to capsaicin 30 min before the injection

of drugs to determine the frequency of control coughs. The

animals were again exposed to capsaicin aerosol for 30 min

after intracerebroventricular administration of drugs. Each

animal was used only once. The number of coughs pro-

duced after drug injection (Ct) was compared with the

number of control coughs (Cc). The antitussive effect was

expressed as the % inhibition of the number of coughs=

(Cc�Ct)/Cc� 100.

2.3. Drugs

(+)-WIN 55212-2 ((R)-(+)-[2,3-dihydro-5-methyl-3-[4-

morpholinylmethyl]-pyrrolo-[1,2,3-de]1,4-benzoxazin-6-

yl](1-naphthyl) methanone mesylate), h-funaltrexamine

hydrochloride, a A1/A2-opioid receptor antagonist, nalox-

onazine dihydrochloride, a selective A1-opioid receptor

antagonist, nor-binaltorphimine dihydrochloride, a selec-

tive n-opioid receptor antagonist and methysergide male-

ate, a serotonin receptor antagonist, were purchased from

Sigma-Aldrich. SR141716A (N-(piperidin-1-yl)-5-(4-chlor-

ophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-

carboxamide hydrochloride), a selective cannabinoid CB1

receptor antagonist, was generously supplied by Sanofi-

Synthelabo Recherche (Montpellier, France). WIN 55212-

2 was dissolved in 2.5% dimethyl sulfoxide (DMSO). All

other drugs were dissolved in saline. WIN 55212-2 was

injected intraperitoneally 30 min before the antitussive

assay. h-Funaltrexamine (40 mg/kg sc) and naloxonazine

(35 mg/kg sc) were injected 24 h before testing. Nor-

binaltorphimine (20 mg/kg sc) was injected 3 h before
testing. Methysergide or SR141716A was injected intra-

peritoneally 15 min before the injection of WIN 55212-2.

2.4. Data analysis

Data are expressed as meansF S.E. The statistical sig-

nificance of differences was assessed by the Mann–Whit-

ney U-test to evaluate the antitussive effect. A level of

probability of 0.05 or less was considered significant.
3. Results

3.1. Effects of intraperitoneal administration of WIN 55212-

2 on capsaicin-induced coughs

WIN 55212-2, at doses of 0.3, 1 and 3 mg/kg ip, dose-

dependently inhibited the number of capsaicin-induced

coughs when the antitussive effect was examined 30 min

after administration (Fig. 1).

3.2. Effects of SR141716A and methysergide on the

antitussive effect of WIN 55212-2

As shown in Fig. 2, pretreatment with SR141716A (3

mg/kg ip), a selective cannabinoid CB1 receptor antagonist,

significantly reduced the antinociceptive effect of WIN

55212-2. Furthermore, the antitussive effect of WIN

55212-2 was also significantly reduced by pretreatment

with methysergide (3 mg/kg ip), a selective serotonin

receptor antagonist (Fig. 2A).

3.3. Effects of opioid receptor antagonists on the antitussive

effect of WIN 55212-2

Pretreatment with h-funaltrexamine (40 mg/kg ip), a A1/
A2-opioid receptor antagonist, significantly reduced the

antitussive effect of WIN 55212-2 (Fig. 2B). However, as

shown in Fig. 2B, the antitussive effect of WIN 55212-2



Fig. 2. Effects of SR141716A or methysergide (A), and opioid receptor

antagonists (B) on the antitussive effect of WIN 55212-2. SR141716A (3

mg/kg) and methysergide (3 mg/kg) were each injected intraperitoneally 30

min before the administration of WIN 55212-2. h-Funaltrexamine (40 mg/

kg sc) and naloxonazine (35 mg/kg sc) were injected 24 h before testing.

Nor-binaltorphimine (20 mg/kg sc) was injected 3 h before testing. The

antitussive effect of WIN 55212-2 (3 mg/kg) was assessed 30 min after

intraperitoneal administration. Each column represents the mean with S.E.

(n= 10). *P < 0.05 vs. respective vehicle-pretreated group.
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was not antagonized by pretreatment with naloxonazine, a

selective A1-opioid receptor antagonist. Moreover, pretreat-

ment with nor-binaltorphimine (10 mg/kg ip), a n-opioid
receptor antagonist, also had no significant effect on the

antitussive effect of WIN 55212-2 (Fig. 2B).
4. Discussion

In the present study, we observed that systemic admin-

istration of the cannabinoid receptor agonist WIN 55212-2

produced a dose-dependent antitussive effect in mice. The

antitussive effect of WIN 55212-2 was significantly reduced

by pretreatment with the cannabinoid CB1 receptor antag-

onist SR141716A. These results indicate that the cannabi-

noid CB1 receptor subtype play an important role in

mediating the antitussive effect of this cannabinoid receptor

agonist.

We also demonstrated that methysergide significantly

antagonized the antitussive effect of WIN 55212-2. We

previously demonstrated that a reduction in the level of

serotonin (5-HT) in the whole brain decreased the potency

of antitussive drugs that acted at the central nervous system,
but not peripherally (Kamei et al., 1987). Neonatal treatment

with 5,7-dihydroxytryptamine, which was sufficient to re-

duce whole brain levels of 5-HT to 19% of control levels,

resulted in supersensitivity to the cough-depressant effect of

dihydrocodeine (Kamei et al., 1988). Furthermore, the

potentiation of the antitussive effect of dihydrocodeine

observed in 5,7-dihydroxytryptamine-treated rats was abol-

ished by pretreatment with methysergide, a 5-HT receptor

antagonist. Therefore, the marked increase in the antitussive

effect of dihydrocodeine might have been due to changes in

the sensitivity of 5-HT receptors. Thus, we proposed that 5-

HT receptors may play an important role in the cough-

depressant activities of centrally acting, but not peripheral

acting, antitussive drugs (Kamei et al., 1987, 1988). These

results and those in the present study suggest that the

antitussive effect of WIN 55212-2 may depend mainly on

central mechanisms (modulation of serotonergic systems).

In the present study, we also observed that the antitussive

effect of WIN 55212-2 was significantly reduced by pre-

treatment with the A1/A2-opioid receptor antagonist h-funal-
trexamine, but not naloxonazine, a selective A1-opioid
receptor antagonist. Furthermore, the n-opioid receptor an-

tagonist nor-binaltorphimine had no significant effect on the

antitussive effect of WIN 55212-2. These results indicate

that endogenous naloxonazine-resistant A-opioid receptors,

i.e., A2-opioid receptors, may be involved in the antitussive

effect of WIN 55212-2. These results are consistent with our

previous findings that naloxonazine-resistant A-opioid recep-
tors, i.e., A2-opioid receptors, but not A1-opioid receptors,

play an important role in opioid receptor-mediated antitus-

sive effects (Kamei et al., 1993a,b).

In conclusion, the antitussive effect of WIN 55212-2 is

mediated by the activation of cannabinoid CB1 receptors.

Furthermore, this antitussive effect may be attributable to an

increase in the production and/or release of endogenous

opioid ligands for naloxonazine-insensitive opioid receptors

(probably A2-opioid receptors), but not A1 (naloxonazine-

sensitive)- or n-opioid receptors.
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