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Abstract
Rationale The interaction between two non-psychotropic
cannabinoids, cannabidiol (CBD) and cannabigerol (CBG),
which have been reported to act as a 5-hydroxytryptamine
1A (5-HT1A) agonist and antagonist, respectively, was
evaluated.
Objective To evaluate the potential of CBG to reverse the
anti-nausea, anti-emetic effects of CBD.
Materials and methods In experiment 1, rats were pre-treated
with CBG (0.0, 1, 5, and 10 mg/kg, ip), 15 min prior to being
treated with CBD (experiment 1a: VEH or 5 mg/kg, ip) or 8-
OH-DPAT (experiment 1b: VEH or 0.01 mg/kg, ip). Thirty
minutes later, all rats received a pairing of 0.1% saccharin
solution and LiCl (20 ml/kg of 0.15M, ip). Seventy-two hours
later, the rats received a drug-free taste reactivity test with
saccharin to evaluate the effects of the treatments on the
establishment of conditioned gaping reactions (a model of
nausea). As well, conditioned saccharin avoidance was
measured. In experiment 2, Suncus murinus were injected

with CBG (5 mg/kg, ip) or VEH 15 min prior to CBD
(5 mg/kg) or VEH and 30 min later were injected with LiCl
(60 ml/kg of 0.15 M, i.p.), and the number of vomiting
episodes were measured.
Results CBD (5 mg/kg) suppressed conditioned gaping in
rats and vomiting in shrews, which were reversed by pre-
treatment with all doses of CBG. CBG also prevented the
anti-nausea effects of 8-OH-DPAT.
Conclusions Interactions between moderate doses of CBG
and CBD may oppose one another at the 5-HT1A receptor
in the regulation of nausea and vomiting.
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Introduction

Considerable evidence suggests that cannabinoids are
effective in the treatment of nausea and vomiting (see
Abrahamov et al. 1995; Parker and Limebeer 2008; Parker
et al. 2005; Tramer et al. 2001). The primary psychoactive
cannabinoid found in marihuana, Δ9-tetrahydrocannabinol
(Δ9-THC; Gaoni and Mechoulam 1964a), has been shown
to suppress nausea and vomiting in humans (e.g., Orr et al.
1980; Sallan et al. 1975; see Tramer et al. 2001) and
vomiting in other animals (e.g. for review see Parker et al.
2005; 2008). As well, Δ9-THC interferes with the
establishment and expression of conditioned gaping reac-
tions (a measure of nausea-like behaviour) in the Taste
Reactivity (TR) test (Grill and Norgren 1978) in rats
(Limebeer and Parker 1999; Parker and Mechoulam 2003;
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Parker et al. 2004). The effects of Δ9-THC and other
synthetic psychoactive cannabinoids (e.g., HU-210, WIN
55, 212-2, CP 55,940) on both nausea (Parker et al. 2003)
and vomiting (Darmani 2001; van Sickle et al. 2001; Parker
et al. 2004; Kwiatkowska et al. 2004) are mediated by their
action on the Cannabinoid 1 (CB1) receptor because these
effects are reversed by pre-treatment with the CB1

antagonist/inverse agonist, rimonabant.
Another prominent cannabinoid found in marihuana is

cannabidiol (CBD) which is non-psychotropic (Mechoulam
1970; see also Mechoulam et al. 2007). CBD has a wide
range of therapeutic effects (see Mechoulam et al. 2007;
Pertwee 2004, for reviews) including the suppression of
nausea and vomiting (see Parker and Limebeer 2008). Low
doses (but not high doses of 20 mg/kg or greater; Darmani
et al. 2007; Parker et al. 2004; Kwiatkowska et al. 2004) of
CBD interfere with conditioned gaping reactions in rats
(Parker et al. 2002; Parker et al. 2003; Rock et al. 2008) as
well as vomiting (Kwiatkowska et al. 2004; Parker et al.
2004) and conditioned retching (Parker et al. 2006) in
shrews. This suppression of nausea and vomiting is not
mediated by action at the CB1 or CB2 receptors (see
Mechoulam et al. 2002; Parker et al. 2004). Russo et al.
(2005) showed that micromolar concentration of CBD
displaces [3H]8-OH-DPAT (a 5-HT1A receptor agonist)
from cloned human 5-HT1A receptors in vitro, increases
GTP binding to the receptor-coupled G protein, Gi, and
reduces cAMP production, all characteristic of a receptor
agonist. These findings suggest that CBD may act as a 5-
HT1A receptor agonist. Interestingly, the neuroprotective
effects of CBD are reversed by WAY100135 (a 5-HT1A

antagonist) (Mishima et al. 2005) and not by rimonabant
(Hayakawa et al. 2004). Recent experiments by Rock et al.
(2010) found that WAY100135 suppresses the ability of
CBD to reduce nicotine, cisplatin, and lithium chloride
(LiCl)-induced vomiting in shrews (as well as the more
selective antagonist WAY100635) and to interfere with the
establishment of LiCl-induced conditioned gaping in rats.
This is consistent with earlier work that very low doses
(0.001–0.01 mg/kg of the 5-HT1A agonist, 8-OH-DPAT,
suppressed LiCl-induced gaping in rats (Limebeer and
Parker 2003) and vomiting in cats (Lucot and Crampton
1988). Furthermore, Rock et al. (2010) found that when
delivered directly to the dorsal raphe nucleus (DRN), CBD
prevented LiCl-induced conditioned gaping reactions in rats,
andWAY100135 delivered to the DRN reversed the effects of
systemic CBD. Thus, it appears that CBD may exert its anti-
emetic and anti-nausea effects by agonism of the 5-HT1A

somatodendritic autoreceptors located in the raphe.
Another non-psychoactive cannabinoid found in mari-

huana is cannabigerol (CBG) (Gaoni and Mechoulam
1964b; Mechoulam 1970). CBG has shown potential for
the treatment of glaucoma (Colasanti 1990; Colasanti et al.

1984), psoriasis (Wilkinson and Williamson 2007), and
pain (De Petrocellis et al. 2008). CBG also shows antitumor
activity in vitro (Ligresti et al. 2006) and displays
antibacterial properties (Eisohly et al. 2006), making it a
potential candidate for the treatment of antibiotic-resistant
bacteria (Appendino et al. 2008). Recently, Maor et al.
(2005) reported that the synthetic dimethylheptyl homolog
of cannabigerol (CBG-DMH) displays hypotensive poten-
tial. The mechanism of action of CBG is still under
investigation. Preliminary evidence suggests that CBG
may act as a moderately potent 5-HT1A antagonist (Cascio
et al. 2010), as well as having other effects. If CBG indeed
acts as a 5-HT1A antagonist, it may block the anti-emetic,
anti-nausea effects of CBD.

It is of therapeutic interest to investigate the role of
cannabinoids in the regulation of nausea and vomiting as
well as the effects of their interactions on such regulation. The
following experiment evaluated the potential of CBD and
CBG to regulate nausea in rats and vomiting in the Suncus
murinus. If the hypothesis is correct that CBG acts in vivo as
a 5-HT1A receptor antagonist, then the anti-nausea, anti-
emetic effects of CBD should be blocked by pre-treatment
with CBG. As well, the potential of CBG to reverse the anti-
nausea effect of the classic 5-HT1A antagonist, 8-OH-DPAT
(Limebeer and Parker 2003), was also assessed.

Materials and methods

Animals

Animal procedures were according to the Canadian Council
on Animal Care (CCAC) and the National Institutes of Health
guidelines. The protocols were approved by the Institutional
Animal Care Committee, which is accredited by the CCAC.
Male Sprague–Dawley rats, weighing between 262 and 330 g
on the day of conditioning, obtained from Charles River
Laboratories (St Constant, Quebec) were used in experiment
1. They were single-housed in Plexiglas cages in the colony
room at an ambient temperature of 21°C with a 12/12 light/
dark schedule (lights off at 8 a.m.) and maintained on ad
libitum food and water. Male S. murinus (house musk
shrews) bred and raised at the University of Guelph colony
were used in experiment 2. They were single-housed in
cages in a colony room at an ambient temperature of 21°C
on a 14/10 light dark schedule (lights off at 9 p.m.) as
described in Parker et al. (2009).

Drugs

All drugs were injected intraperitoneally (ip). Both CBG
and CBD were prepared in a vehicle (VEH) solution of
45% 2-hydroxypropyl-β-cyclodextrin (Sigma) with sterile
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water. CBD (provided by Dr. Raphael Mechoulam, Hebrew
University) was prepared as a 5 mg/2 ml solution of the
VEH and administered at a volume of 2 ml/kg (5 mg/kg the
optimal dose previously demonstrated to interfere with
conditioned gaping in rats [Parker et al. 2002] and vomiting
in shrews [Parker et al. 2004]). CBG (also provided by Dr.
Raphael Mechoulam, Hebrew University) was prepared as
1 mg/2 ml, 5 mg/2 ml, and 10 mg/2 ml in experiment 1a
and as a 5 mg/2 ml solution in experiments 1b and 2 and
was always administered at a volume of 2 ml/kg. The 8-
OH-DPAT was prepared in saline at a concentration of
0.01 mg/ml and administered at a volume of 1 ml/kg.
Lithium chloride (LiCl, Sigma) was prepared in a 0.15 M
solution with sterile water and administered at a volume of
20 ml/kg (127.2 mg/kg) in experiments 1a and 1b and
60 ml/kg (390 mg/kg) in experiment 2.

Apparatus

A clear Plexiglas chamber (22.5×26×20 cm) with an
opaque Plexiglas lid was placed on a table with a clear
Plexiglas top for TR procedures with rats and to monitor
vomiting in the shrews in different rooms. A mirror beneath
the chamber on a 45° angle facilitated viewing of the rat's
ventral surface. The room was dark with two 60 W white
lights on either side of the chamber. A video camera (Sony
DCR-HC48) with firewire feed to a computer was used to
record the behaviour from the mirror beneath the chamber.

Procedure

Experiment 1: interaction of CBG and CBD or 8-OH-DPAT
on LiCl-induced nausea in rats

Experiment 1a: CBG and CBD All rats were surgically
implanted with intra-oral cannulae as described by Limebeer
et al. (2010). Three days later, the rats received an adaptation
trial to the TR procedure. The rats were placed individually
into the chamber with their cannulae attached to an infusion
pump (Model KDS100; KD Scientific, Holliston, MA) via
an infusion tube inserted through the ceiling of the chamber.
They were infused with reverse osmosis water for 2 min at a
rate of 1 ml/min, following which they were returned to their
home cages.

Twenty-four hours following adaptation, the rats re-
ceived a conditioning trial in which they were administered
a pre-treatment and a treatment injection. The pretreatment
drug was CBG (0, 1, 5, or 10 mg/kg) followed 15 min later
by a treatment injection of either VEH or CBD (5 mg/kg).
This design resulted in the following groups: CBG
0 mg/kg-VEH (n=8), CBG 0 mg/kg CBD (n=9), CBG
1 mg/kg–VEH (n=8), CBG 1 mg/kg–CBD (n=8), CBG
5 mg/kg–VEH (n=9), CBG 5 mg/kg–CBD (n=8), CBG

10 mg/kg–VEH (n=8), and CBG 10 mg/kg–CBD (n=9).
Thirty minutes after the treatment injection, the rats were
individually placed in the chamber and intra-orally infused
with a 0.1% saccharin solution for 2 min at a rate of
1 ml/min, while their orofacial and somatic responses were
video-recorded. Immediately following the saccharin
infusion, the rats were injected with 20 ml/kg of 0.15 M
LiCl and returned to their home cages. Ninety-six hours
following the conditioning trial, the rats individually
received a single drug-free test trial in which they were
returned to the chamber and intra-orally infused with the
0.1% saccharin solution for 2 min (1 ml/min), while their
orofacial and somatic responses were video-recorded. The
rats were then returned to their home cages.

For 2 days following the test trial, the rats received
consumption tests to assess conditioned taste avoidance. At
9 a.m. on the first day, having been water deprived for 17 h,
the rats received two graduated drinking tubes, one with the
0.1% saccharin solution and one with water. The tubes were
placed on the lids of the home cages, in the usual location
of their water bottles, and the amount of solution consumed
was recorded at 30, 60, 120, 240, and 360 min to obtain a
measure of taste avoidance. On the second day, the rats
were given an identical test, except that they received only
one drinking tube with the saccharin solution, and
consumption was measured at the same time intervals and
additionally at 24 h.

The videotapes from the conditioning and test trials were
scored by observers blind to the experimental condition
using “The Observer” (Noldus, NL) event-recording pro-
gram. The behavioural measure of interest was gaping, the
most reliable measure of conditioned nausea (Breslin et al.
1992). Gaping is defined as large openings of the mouth
and jaw, with lower incisors exposed.

Conditioned taste avoidance was assessed in both a
two-bottle test and a single-bottle test. For the two-bottle
test, the amount consumed of 0.1% saccharin solution,
and water was transformed into a saccharin preference
ratio which was defined as the amount of saccharin
solution consumed divided by the total amount of
saccharin and water consumed (saccharin solution/[sac-
charin solution+water]).

Experiment 1b: CBG and 8-OH-DPAT Experiment 1b was
conducted identically to experiment 1a, except that during
the conditioning trial, the rats were pre-treated with either
VEH or CBG (5 mg/kg) followed 15 min later by a
treatment injection of saline or 8-OH-DPAT (0.01 mg/kg)
with the following groups: VEH–saline (n=8), CBG–saline
(n=8), VEH–8-OH-DPAT (n=7), or CBG–8-OH-DPAT
(n=8). Thirty minutes later, rats were intra-orally infused
with 0.1% saccharin solution and were immediately
injected with LiCl as in experiment 1a.
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Experiment 2: interaction of CBG and CBD
on LiCl-induced vomiting in shrews

The shrews were moved into the experimental room from the
adjacent colony room and given four meal worms in an empty
cage 15 min prior to receiving the pre-treatment injection of
either VEH or CBG (5 mg/kg). Fifteen minutes later,
they were treated with an injection of either VEH or CBD
(5 mg/kg), and 30 min later injected with LiCl (390 mg/kg).
The shrews were then individually placed into the chamber,
and the frequency of vomiting episodes (expulsion of fluids
from the stomach) displayed over the next 45 min was
measured by an observer blind to experimental conditions.
The groups were: CBG–CBD (n=8), CBG–VEH (n=8),
VEH–CBD (n=11), VEH–VEH (n=11).

Data analysis

In experiments 1a and 1b, the number of gapes displayed by
each rat on the TR test trial was entered into a two-factor
ANOVA with the factors of pre-treatment drug (experiment
1a: VEH, 1 mg/kg CBG, 5 mg/kg CBG, 10 mg/kg CBG;
experiment 1b: VEH or CBG) and treatment drug (experiment
1a: VEH or CBD; experiment 1b: Saline or 8-OH-DPAT). For
conditioned taste avoidance, since the preference ratios and
intake measures were cumulative, and therefore not indepen-
dent, the data for each time point was entered into a 4×2
between-groups ANOVA. For experiment 2, the number of
vomiting episodes was entered into a 2×2 between-groups
ANOVAwith the factors of pre-treatment drug (CBG orVEH)
and treatment drug (CBD or VEH). Significance was defined
as p<0.05.

Results

Experiment 1: interaction of CBG and CBD or 8-OH-DPAT
on LiCl-induced nausea in rats

Experiment 1a: CBG and CBD CBD attenuated LiCl-
induced conditioned gaping reactions; this attenuated
nausea was prevented by pre-treatment with 5 or 10 mg/
kg of CBG (and marginally by 1 mg/kg of CBG). The
lowest dose of CBG also suppressed LiCl-induced condi-
tioned gaping on its own.

Figure 1 presents the mean number of gaping reactions
elicited by intra-oral infusion of 0.1% saccharin solution on
the TR test trial for each pre-treatment (0, 1, 5, and 10 mg/kg
CBG) and treatment (VEH and CBD) drug. The 4×2
between-groups ANOVA revealed significant effects of
pre-treatment, F (3, 59)=4.2; p=0.01, and a significant
pre-treatment by treatment interaction, F (3, 59)=3.4; p=
0.024. As assessed by separate planned comparison tests for

each pre-treatment group, CBD significantly attenuated
gaping in the 0 mg/kg CBG pre-treatment group (p <
0.001), but not in any other pre-treatment group. In addition,
separate one-way ANOVAs for each treatment drug revealed
a significant effect for both the CBD treatment drug, F (3,
30)=3.5; p=0.025, and the VEH treatment drug, F (3, 29)=
4.1; p=0.015. Among the CBD treated rats, those pre-treated
with 0 mg/kg CBG displayed significantly fewer gapes than
those pre-treated with either 5 or 10 mg/kg of CBG (p <
0.025), but they only marginally differed from those pre-
treated with 1 mg/kg of CBG (p=0.063). Among the VEH-
treated rats, those pre-treated with 1 mg/kg CBG displayed
significantly fewer gapes than any other pre-treatment group
(p <0.025).

The groups did not differ in mean saccharin preference
in the two-bottle test or in mean saccharin consumption in
the one-bottle test. Figure 2 presents the mean cumulative
saccharin preference ratios during the two-bottle test for the
various groups across the 360 min of testing. Separate 4×2
ANOVAs for each time period revealed no significant
effects. As well, the mean amount of saccharin solution
consumed in the subsequent one-bottle test across 24 h of
testing revealed no significant group differences at any time
point (data not depicted).

Experiment 1b: CBG and 8-OH-DPAT The classic 5-HT1A

agonist, 8-OH-DPAT also suppressed LiCl-induced condi-
tioned gaping reactions in rats as has been previously
reported (Limebeer and Parker 2003) and CBG reversed
this effect. Figure 3 presents the mean number of gaping
reactions elicited by LiCl-paired saccharin solution during
the TR test trial in experiment 1b. As is apparent, the 2×2
ANOVA revealed a significant pre-treatment by treatment
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Fig. 1 Mean (±SEM) number of gaping responses elicited by a 2-min
intra-oral infusion of 0.1% saccharin solution on the TR test trial for
each pre-treatment (0, 1, 5, and 10 mg/kg CBG) and treatment (VEH
and CBD) drug. All rats were conditioned with LiCl. ***p <0.001;
**p<0.01, significant results
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interaction, F (1, 26)=4.2; p<0.05. Rats pre-treated with
VEH displayed fewer gapes during the TR test when they
were treated with 8-OH-DPAT prior to conditioning (p<
0.01), but this effect was reversed by pre-treatment with
CBG. Although not depicted, as in experiment 1a, the
groups did not differ in mean saccharin preference in the
two-bottle test or in mean saccharin consumption in the
one-bottle test.

Experiment 2: vomiting in shrews

In experiment 2, CBD suppressed LiCl-induced vomiting
in S. murinus, an effect which was reversed by pre-
treatment with CBG. Figure 4 presents the mean number of
vomiting episodes elicited by LiCl for each pre-treatment/
treatment group. The 2×2 between-groups ANOVA re-
vealed a significant interaction, F (1, 34)=5.7; p<0.025.
Subsequent planned comparisons among all groups revealed
that group VEH–CBD displayed significantly less vomiting
than any other group (p<0.01), which did not differ among
themselves.

Discussion

The present results showed that both CBD and 8-OH-DPAT
attenuated conditioned gaping produced by LiCl in rats, as
has previously been reported (e.g., Parker et al. 2002;
Limebeer and Parker 2003). Both effects were prevented by
pre-treatment with CBG. CBD may produce this anti-
nausea effect by activating the 5-HT1A receptor, as the 5-
HT1A receptor antagonist WAY100135 also prevents CBD's
suppression of gaping (Rock et al. 2010). Cascio et al.
(2010) reported that at high concentrations, CBG antago-
nizes the 5-HT1A receptor agonist 8-OH-DPAT in [35S]
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Fig. 3 Mean (±SEM) number of gaping responses elicited by a LiCl-
paired saccharin solution during the TR test; in experiment 1b when
rats were pre-treated with VEH or CBG and treated with saline or 8-
OH-DPAT prior to the conditioning trial **p <0.01
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water]) for the various
conditioning groups during
the preference test at 30, 60,
120, 240, and 360 min.
All rats were conditioned
with LiCl
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GTPγS binding assays in mouse brain membranes, suggest-
ing that CBG acts as a 5-HT1A receptor antagonist. In support
of this interpretation, CBG prevented the suppression of
gaping by 8-OH-DPAT. As well, our finding that CBG
prevented CBD's suppression of gaping, similar to
WAY100135, provides further evidence that CBG may act
as a 5-HT1A receptor antagonist and is also consistent with
the finding of Cascio et al. (2010) that CBG is a neutral 5-
HT1A receptor antagonist and not an inverse agonist.

In experiment 2, CBG also prevented the CBD-induced
suppression of LiCl-induced vomiting in shrews. Like nausea
in rats, the suppression of vomiting produced by CBD is
reversed by the 5-HT1A antagonist, WAY100135 (Rock et al.
2010). The effect of CBD on toxin-induced vomiting in
shrews is biphasic with low doses (1–10 mg/kg) suppressing
vomiting, but higher doses (20–40 mg/kg) either producing
no effect (Darmani 2001) or actually potentiating vomiting
(Parker et al. 2004; Kwiatkowska et al. 2004). The effect of
CBD on LiCl-induced conditioned nausea in rats may also
be biphasic (Rock et al. 2008).

Interestingly, at the lowest dose evaluated here (but not
higher doses), CBG appears to have produced an anti-nausea
effect among the VEH-pre-treated rats; the mechanism for this
effect is unknown. This finding may, however, be related to
the concentration specific in vitro effects of CBG; that is at
low concentrations, CBG stimulates GTPγS binding to
mouse brain membranes, and this effect disappears at higher
concentrations to be replaced by its action as a 5-HT1A
antagonist (Cascio et al. 2010).

Treatment with CBD or 8-OH-DPAT did not modify the
strength of conditioned taste avoidance in the saccharin
preference test or in the one-bottle test of saccharin consump-
tion in experiment 1. Instead, as has been previously reported
(Limebeer and Parker 2003; Parker et al. 2002), the effect of
CBD or 8-OH-DPATwas selective to conditioned gaping (the

behaviour selectively produced by nausea) and not condi-
tioned taste avoidance (the behaviour that is non-selective to
nausea). Since the rats treated with CBD or 8-OH-DPAT did
not show attenuated conditioned taste avoidance, these
attenuated conditioned gaping reactions cannot simply be
explained as interference with learning. Instead, it is more
likely that CBD and 8-OH-DPAT suppressed the nausea
produced by LiCl, resulting in attenuated conditioned gaping
reactions; that is, the nauseating aspect of the unconditioned
stimulus (US) property of nausea was attenuated. CBG
reversed this effect; however, even with the nausea sup-
pressed, LiCl produced a sufficiently strong change in state
(as do rewarding drugs for instance) that even in the absence
of nausea, the rats displayed a conditioned avoidance of the
taste. These findings replicate previous reports that taste
avoidance may not be modified by anti-nausea treatments that
dramatically attenuate conditioned gaping reactions (e.g.,
Parker et al. 2008). Thus, conditioned gaping is a more
selective measure of nausea in rats.

Chemotherapy-induced nausea remains a significant clinical
problem. Marihuana may be used to treat nausea; however,
people who smoke marihuana are exposed to over 60
cannabinoids, some of which counteract one another. Although
the Δ9-THC content in the more potent strains of marihuana
has increased over the past 10 years, the concentration of both
CBD and CBG has remained constant (Mehmedic et al. 2010).
Our findings suggest that it may be more effective to treat
nausea with specific cannabinoids that have proven anti-nausea
effects, such as CBD, rather than with marihuana, which is
psychoactive and contains cannabinoids, such as CBG, that
prevent the anti-nausea effects of other cannabinoids.
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