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Abstract
Rationale Anticipatory nausea (AN) experienced by che-
motherapy patients is resistant to current anti-nausea treat-
ments. In this study, the effect of manipulation of the
endocannabinoid (EC) system on a rat model of nausea
(conditioned gaping) was determined.
Objective The potential of cannabidiol (CBD) and the fatty
acid amide hydrolase (FAAH) inhibitor, URB597 (URB) to
reduce conditioned gaping in rats were evaluated.
Materials and methods In each experiment, rats received
four conditioning trials in which they were injected with
lithium chloride immediately before placement in a distinc-
tive odor-laced context. During testing, in experiment 1,
rats were injected with vehicle (VEH), 1, 5 or 10 mg/kg
CBD 30 min before placement in the context previously
paired with nausea and in experiment 2, rats were injected
with VEH, 0.1 or 0.3 mg/kg URB 2 h before placement
in the context. Additional groups evaluated the ability of
the CB1 antagonist/inverse agonist, SR141716A, to reverse
the suppressive effects of URB. Experiment 3 measured the
potential of URB to interfere with the establishment of
conditioned gaping.

Results When administered before testing, CBD (1 and 5,
but not 10 mg/kg) and URB (0.3, but not 0.1 mg/kg)
suppressed conditioned gaping. The effect of URB was
reversed by pre-treatment with the CB1 antagonist/inverse
agonist, SR141716A. When administered before condition-
ing, URB also interfered with the establishment of
conditioned gaping.
Conclusions Manipulations of the EC system may have
therapeutic potential in the treatment of AN.

Keywords Learning . Rat . Chemotherapy . Conditioning .

FAAH . CBD . URB597 . Nausea

Introduction

Chemotherapy-induced nausea and vomiting can be classi-
fied into three categories: (1) acute onset, occurring within
24 h of the initial chemotherapy administration; (2) delayed
onset, occurring 24 h to several days after the initial
treatment; and (3) anticipatory nausea and vomiting (Jordan
et al. 2005). Anticipatory nausea (AN) develops in response
to chemotherapy treatments, in which cytotoxic drugs are
delivered in the presence of a novel context (hospital sights,
sounds, smells and tastes). Developing in approximately
30% of patients by their fourth treatment (Morrow et al.
1998; Aapro 2005), AN has traditionally been understood
in terms of classical conditioning. After one or more
treatment sessions, a conditional association develops
between the distinctive contextual cues of the treatment
environment (conditional stimuli; CS) and the uncondi-
tioned stimulus (US) of chemotherapy treatment that results
in the unconditioned response (UR) of post-treatment
illness experienced by the patient. Subsequent exposure to
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the treatment environment (CS) results in the patient
experiencing a conditioned response (CR) of nausea and/
or vomiting before initiation of chemotherapy treatment.
Once it develops, AN has been reported to be especially
refractive to anti-emetic treatment (Morrow et al. 1998;
Foubert and Vaessen 2005).

The evaluation of potential treatments for AN would be
accelerated by the establishment of a reliable rodent model
of nausea. Although rats are incapable of vomiting, they
display characteristic gaping reactions (which may reflect
nausea) when exposed to a flavoured solution (see Parker
2003; Limebeer et al. 2006) previously paired with lithium-
induced nausea. In fact, this gaping reaction in the rat
requires the same orofacial musculature as that required for
vomiting in other species (Travers and Norgren 1986). Only
drugs that produce emesis in species capable of vomiting
produce conditioned gaping in rats, although many non-
emetic drugs produce conditioned taste avoidance (see
Parker 2003 for review). Furthermore, anti-emetic drugs
interfere with the establishment of conditioned gaping
reactions elicited by a nausea-paired flavor, presumably
by interfering with the nausea (Limebeer and Parker 2000;
Parker et al. 2002, 2003; Parker and Limebeer 2006).
Conditioned gaping in rats appears to be a selective index
of conditioned nausea.

Not only are flavor cues capable of eliciting conditioned
gaping reactions when paired with lithium chloride (LiCl)-
induced nausea in rats, but recently Limebeer et al. (2006,
2007) have demonstrated that re-exposure to LiCl-paired
contextual cues also elicit conditioned gaping reactions in
rats. This paradigm more closely resembles that reported to
produce AN in chemotherapy patients. Rats were injected
with LiCl (group paired) or saline (group unpaired) before
placement in a vanilla-odor laced chamber with lights and
texture different than their home cage on each of four trials,
separated by 72 h. To equate both groups for experience
with illness, the rats in group unpaired were injected with
LiCl and those in group paired were injected with saline
24 h after each conditioning trial but were then simply
returned to their home cage. When the rats were returned to
the conditioning context, 72 h after the final conditioning
trial, rats in group paired showed the conditioned gaping
reaction, as a measure of AN.

Although classical anti-emetic treatments such as the 5-
hydroxytryptamine-3 (5-HT3) antagonist, Ondansetron
(OND), effectively reduce unconditioned nausea and
vomiting, they are ineffective in the alleviation of
conditioned nausea once it develops in humans (Morrow
et al. 1998). Indeed, OND also did not suppress the
conditioned gaping reactions displayed during re-exposure
to the LiCl-paired context (Limebeer et al. 2006). Further-
more, using the emetic species, Suncus murinus (house
musk shrew) as an animal model for AN, pre-treatment

with a dose of OND that was shown to alleviate acute
vomiting (Kwiatkowska et al. 2004; Parker et al. 2004b),
did not reduce the display of conditioned retching reactions
during re-exposure to a nausea-paired context (Parker et al.
2006). Thus, although OND has proven effective in the
reduction of acute post-treatment nausea and vomiting, it
does not appear to relieve conditioned nausea when it does
develop.

The endocannabinoid (EC) system has been implicated
in control of nausea and vomiting (Kwiatkowska and
Parker 2005). The psychoactive component in marijuana—
delta-9-tetrahydrocannabinol (Δ9-THC)—has been shown
to interfere with the expression of vomiting in shrews and
ferrets (Darmani 2001; Parker et al. 2004b; Van Sickle et al.
2001) and conditioned gaping reactions elicited by a
lithium-paired flavor in rats (Limebeer and Parker 1999).
The Δ9-THC-induced suppression of conditioned nausea
could be reversed by a CB1 receptor antagonist/reverse
agonist (SR141716A), implicating the CB1 receptor in this
effect (Parker et al. 2003). Limebeer et al. (2006)
demonstrated that, unlike OND, Δ9-THC also interfered
with the expression of conditioned gaping elicited by the
LiCl paired contextual cues in rats. This finding was
consistent with the demonstration that Δ9-THC, unlike
OND, also suppressed the expression of conditioned
retching in shrews when returned to a LiCl-paired context
(Parker et al. 2006).

The primary non-psychoactive compound found in
marijuana, cannabidiol (CBD), has also been shown to
suppress nausea and vomiting. In shrews, vomiting elicited
by LiCl is suppressed by low doses (5–10 mg/kg) of CBD,
while higher doses (20–40 mg/kg) were found to facilitate
vomiting, rather than reducing its expression (Parker et al.
2004b). Additionally, CBD reduced conditioned retching in
shrews elicited by a lithium-paired context (Parker et al.
2006). In rats, a dose of 5 mg/kg CBD interfered with the
establishment of conditioned gaping elicited by a LiCl-
paired flavor, as well as its expression (Parker et al. 2002;
Parker and Mechoulam 2003). Because CBD has not been
shown to bind with known CB receptors, this suppression
of nausea and vomiting does not appear to be linked to
activity of the CB1 or CB2 receptors (Kwiatkowska et al.
2004). These results suggest that the primary nonpsychoac-
tive compound found in marijuana may be a useful
treatment for conditioned nausea.

Arachidonylethanolamide or anandamide (AEA) is an
endogenous agonist for cannabinoid receptors (Devane
et al. 1992) which is rapidly degraded by the fatty acid
amide hydrolase (FAAH) (Deutsch and Chin 1993) that is
distributed throughout the brain and periphery (Piomelli
2003). The action of AEA can be prolonged by inhibiting
its degradation, through the use of URB597 (URB), an
FAAH enzyme inhibitor, that can increase basal levels of
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AEA in the rat brain (Fegley et al. 2005). URB adminis-
tration has been shown to reduce the establishment of
conditioned gaping elicited by LiCl-paired saccharin solu-
tion in rats (Cross-Mellor et al. 2007). Thus, prolonging the
action of AEA with the FAAH inhibitor URB has been
shown to suppress the establishment of conditioned nausea
in rats.

The experiments described below evaluated the potential
of the non-psychoactive component of marijuana, CBD, and
the FAAH inhibitor, URB, to interfere with conditioned
gaping elicited by a LiCl-paired chamber in rats. On each of
four conditioning trials, rats were injected with LiCl-paired
(127 mg/kg, intraperitoneally (ip)) immediately before
placement in a distinctive context laced with the odor of
vanilla extract. After the conditioning trials, the rats were
injected with CBD (experiment 1) or URB (experiment 2)
before placement in the distinctive CS context. Additionally,
experiment 2 evaluated the potential of the CB1 antagonist/
inverse agonist, SR141716A (SR), to reverse the suppres-
sion of conditioned gaping produced by URB. Finally, in
experiment 3, the ability of URB to interfere with the
establishment of conditioned gaping was also assessed. In
each experiment, to ensure that the suppression of condi-
tioned gaping was not merely an artefact of drug-induced
suppression of general activity, the number of seconds that
the rats remained immobile (no body movement) was
recorded as a measure of activity.

The doses of CBD (1, 5 and 10 mg/kg) were selected on
the basis of our previous work (Parker et al. 2004b)
demonstrating that these lower doses suppressed lithium-
induced vomiting in the shrew, but higher doses (20–
40 mg/kg) potentiated vomiting. Furthermore, a dose of
5 mg/kg of CBD interfered with the establishment and the
expression of conditioned gaping elicited by a lithium-
paired flavour (Parker et al. 2002). The doses of URB (0.1
and 0.3 mg/kg) were chosen based upon results showing
that in vivo FAAH activity is blocked with a half-maximal
inhibitory dose (ID50) of 0.15 mg/kg ip with concurrent
increase in brain AEA (Kathuria et al. 2003; Fegley et al.
2005). Additionally, a dose of 0.3 mg/kg has been shown to
attenuate the establishment of conditioned gaping elicited
by a flavored stimulus (Cross-Mellor et al. 2007).

Materials and methods

Subjects

The subjects were male Sprague-Dawley rats (experiment
1) and Long-Evans rats (experiments 2 and 3; Charles
River Lab, St Constant, Quebec). The change in strain
across experiments coincided with a change in laboratory
locations. There were no strain differences in baseline

measures. The animals were group-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 AM) and
were maintained on an ad libitum schedule of food and
water. All procedures adhered to the guidelines of the
Canadian Council of Animal Care and were approved by
the Animal Care Committee of University of Guelph.

Drugs

Lithium chloride (LiCl) was prepared in a 0.15-M solution
with sterile water and was administered intraperitoneally
(ip) at a volume of 20 ml/kg (127.2 mg/kg). CBD, URB
and SR were prepared in a vehicle of 45% 2-hydroxypropyl-
β-cyclodextrin with sterile water. CBD was prepared at
concentrations of 1 mg/2 ml, 5 mg/2 ml and 10 mg/4 ml
which were each administered at a volume of 4 ml/kg.
SR was prepared at a concentration of 1.25 mg/ml and
was injected at a volume of 2 ml/kg (2.5 mg/kg). URB
was prepared at a concentration of 0.1 and 0.3 mg/ml
and was administered at a volume of 1 ml/kg (0.1 and
0.3 mg/kg).

Conditioning context

The distinctive context utilized for conditioning varied the
dimensions of location, visual, tactile and olfactory cues
from the home cage environment. The room was dark with
two 50-Watt red lights on either side of the conditioning
chamber. The conditioning chamber was made of opaque
Plexiglas sides (22.5×26×20 cm) with an opaque lid. The
chamber was placed on a table with a clear Plexiglas top.
A mirror beneath the chamber on a 45° angle facilitated
viewing of the ventral surface of the rat. Four plastic
containers were permanently attached to holes on each
side of the chamber in which a cotton dental roll saturated
with vanilla flavour extract (Clubhouse; 35% alcohol) was
placed to create the olfactory cue in the chamber. The
cotton roll was inaccessible to the rat, with a newly
saturated cotton roll used for each rat placed in the
context.

Procedure

Experiment 1: effect of CBD on the expression
of conditioned gaping

The rats received four conditioning trials, during which the
contextual chamber was paired with 127 mg/kg LiCl. On
each conditioning trial, each rat was injected with LiCl and
immediately placed in the distinctive context for a 30-min
period. This procedure was followed for a total of four
conditioning trials, with 72 h between each trial.
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On the test trial, the rats were randomly assigned into
four pre-treatment groups (with n=7/group): VEH, 1 mg/kg
CBD, 5 mg/kg CBD and 10 mg/kg CBD 30 min before
placement in the chamber. The rats received the appropriate
pre-treatment injection 30 min before placement in the
chamber. The doses and time of CBD pre-treatment were
selected on the basis of previous studies (Parker et al. 2002,
2004b). Each rat was taken individually to the conditioning
context and was placed in the chamber for 15 min while the
orofacial responses were video-recorded from a mirror
beneath the chamber.

Experiment 2: effect of URB on the expression
of conditioned gaping

The rats received four conditioning trials, during which the
chamber was paired with LiCl as in experiment 1. On the
test trial, the rats were randomly assigned into five groups:
VEH (n=9), 0.1 URB (n=9), 0.3 URB (n=9), VEH-SR
(n=7) and URB-SR (n=9). The URB or VEH pre-treatment
was injected 2 h (Fegley et al. 2005) before placement in
the chamber and SR (in the groups given SR) was injected
30 min before placement in the chamber. As in experiment
1, the rats remained individually in the conditioning
chamber for 15 min while the orofacial responses were
video-recorded.

Experiment 3: effect of URB on the establishment/
expression of conditioned gaping

The rats received four conditioning trials as in experiment 1.
However, 2 h before each conditioning trial, approximately
half of the rats were injected with VEH or 0.3 mg/kg URB on
each trial separated by 72 h. Seventy-two hours later, on the
test trial, the rats were injected with VEH or 0.3 mg/kg URB
2 h before placement in the chamber that had previously been
paired with LiCl. The groups were (conditioning pre-
treatment–test pre-treatment): URB-URB (n=7), URB-VEH
(n=7), VEH-URB (n=8), VEH-VEH (n=9). Because the
results of experiments 1 and 2 demonstrated that the strongest
conditioned response was evident during the first 5 min of
testing, the duration of the test trial was reduced to 5 min
while the rats’ orofacial responses were video-recorded.

Behavioural measures

The videotapes were scored by an observer, blind to the
experimental condition using the Observer (Noldus Infor-
mation Technology, Sterling, VA, USA) event-recording
program. The behaviours measured included gaping reac-
tions (wide opening of the mouth, exposing the teeth) and
the amount of time (seconds) the rat remained immobile (no
body movement) as a measure of inactivity.

Results

Experiment 1: CBD on the expression of conditioned
gaping

At doses of 1 and 5 mg/kg, CBD suppressed the expression
of conditioned gaping. Figure 1 presents the mean
frequency of gaping responses expressed in discrete 5-min
intervals for the various pre-treatment groups. A four (pre-
treatment) by three (time) repeated measures analysis of
variance (ANOVA) for the gaping reactions revealed
significant main effects of pre-treatment, F(1, 24)=3.3;
p<0.05 and time F(2, 48)=28.4; p<0.01. Overall, rats
displayed fewer gaping responses after pre-treatment with
1 mg/kg (p<0.05) and 5 mg/kg (p<0.01), but not 10 mg/kg,
CBD than after pre-treatment with VEH. Furthermore,
overall rats displayed more gaping reactions during the first
interval than during the second and third intervals, ps<0.01.

Analysis of the pre-treatment effect during the first 5 min
interval of testing produced the identical pattern of results
as the overall main effect.

The pre-treatment drug did not modify overall activity
levels during the test. A four by three mixed factors
ANOVA of the null activity data revealed only a significant
main effect of intervals, F(2, 48)=7.3; p<0.01. Rats were
more active during the first 5 min interval than any of the
remaining intervals (ps<0.01).
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Fig. 1 Mean (+SEM) frequency of gaping responses expressed in 5-
min intervals for group vehicle, 1, 5 and 10 mg/kg CBD, respectively,
during the 15-min test trial of experiment 1. Asterisks indicate
significant (*p<0.05; **p<0.01) differences from group vehicle
during the first 5-min interval. There were no other significant
differences among groups during any other interval
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Experiment 2: URB on the expression of conditioned
gaping

At a dose of 0.3 mg/kg URB suppressed the expression of
conditioned gaping and SR reversed this effect. Figure 2
presents the mean frequency of gapes expressed in discrete
5-min intervals for the various groups during the 15-min
test trial in experiment 2. A five (pre-treatment) by three
(time) repeated measures ANOVA revealed significant
main effects of pre-treatment, F(4, 37)=3.4, p<0.02 and
time F(2, 74)=28.9, p<0.01, as well as a pre-treatment by
time interaction that approached statistical significance F(8,
74)=1.9, p=0.07. A simple main effects analysis of the
frequency of gaping at each interval of testing revealed that
in the first 5 min interval, group 0.3 mg/kg URB gaped
significantly less than group VEH, group VEH-SR and
group URB-SR (ps<0.01), with no other significant group
differences. The groups did not significantly differ at any
other interval.

The pre-treatment drugs did not modify overall activity
level during the test. The five by three mixed factors
ANOVA for the null activity data revealed only a
significant effect of intervals, F(2,74)=17.1; p<0.01. The
rats were more active during the first 5 min (ps<0.01) than
during the remaining intervals.

Experiment 3: URB on the establishment/expression
of conditioned gaping

URB interfered with both the establishment and the
expression of conditioned gaping. Figure 3 presents the
mean frequency of gaping responses displayed by the rats
pre-treated with VEH or URB during testing that had been
pre-treated with VEH or URB before conditioning. A two
(conditioning pre-treatment) by two (test pre-treatment)
repeated measures ANOVA revealed a significant main effect
of test pre-treatment, F(1, 27)=6.0, p<0.025 and a significant
conditioning pre-treatment by test pre-treatment interaction
""F(1, 27)=9.7, p<0.01. A simple main effects analysis of
the interaction revealed that among the rats pre-treated during
conditioning with VEH, but not URB, those tested with URB
displayed fewer gapes than those tested with VEH, F(1, 15)=
14.7, p<0.01. Additionally, among the rats tested with VEH,
but not URB, those pre-treated with URB during condition-
ing displayed fewer gapes than those pre-treated with VEH
during conditioning, F(1, 14)=10.1, p<0.01. Therefore, URB
interfered with both the establishment and the expression of
conditioned gaping elicited by a lithium-paired context. The
suppression of gaping observed is not simply the result of
state-dependent memory, as those rats conditioned and tested
in the URB-induced state displayed the same suppression of
gaping as those receiving URB during only conditioning or
testing. There were no significant differences in activity
between the groups during the test trial.

Discussion

When re-introduced to a context previously paired with LiCl,
rats display conditioned gaping (Limebeer et al. 2006, 2007),
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a measure of conditioned nausea. The expression of this
gaping reaction is not reduced by pre-treatment with a classic
anti-emetic agent, OND, as has been reported by human
chemotherapy patients; however, the psychoactive component
in marijuana, Δ9-THC, did suppress conditioned gaping
elicited by a LiCl-paired chamber (Limebeer et al. 2006). In
agreement with the gaping data with rats, Parker et al. (2006)
reported that shrews (which are capable of vomiting) display
a conditioned retching reaction when re-introduced to a
chamber previously paired with LiCl (which produced
vomiting) and this conditioned retching reaction was sup-
pressed by pre-treatment with Δ9-THC or CBD, but not
OND. The present findings provide additional support for the
potential of cannabinoid treatments to suppress AN on the
basis of results with the rat gaping model.

Experiment 1 demonstrated that low doses of CBD (1
and 5 mg/kg) that suppressed LiCl-induced vomiting
(Parker et al. 2004b) and conditioned retching in the shrew
(Parker et al. 2006) as well as the establishment and the
expression of gaping elicited by a LiCl-paired flavor in the
rat (Parker et al. 2002), also suppressed the expression of
gaping elicited by LiCl-paired context in the rat. A low
dose of 5 mg/kg CBD has also been reported to serve as an
effective anti-inflammatory agent (Malfait et al. 2000), as
well as a neuroprotective antioxidant (Hampson et al.
1998). As CBD is a non-psychoactive component in
marijuana, the ability of CBD to suppress conditioned
gaping is promising for its use in the suppression of AN.

The effective anti-nausea range of CBD appears to be
narrow because at the highest dose tested (10 mg/kg), CBD
did not suppress the expression of gaping elicited by a
LiCl-paired context. Our previous work with the Suncus
murinus (Parker et al. 2004b) revealed that although doses
of 1–10 mg/kg CBD reversed LiCl-induced vomiting,
higher doses (20–40 mg/kg) potentiated LiCl-induced
vomiting. It is possible, that CBD also produces a biphasic
effect on the expression of conditioned gaping with lower
doses reducing the expression of conditioned gaping, but
higher doses enhancing the expression of gaping elicited by
a LiCl-paired context.

Experiments 2 and 3 demonstrated that the FAAH
inhibitor, URB, also suppressed the display of AN as
measured by gaping in rats. Presumably, prolonging the
action of endogenous AEA produced an anti-nausea effect
when rats were re-exposed to the LiCl-paired context. The
effect of URB on the expression of conditioned gaping was
dose-dependent, with 0.3 mg/kg (but not 0.1 mg/kg) serving
as the effective dose. The suppression of gaping by URB was
reversed by pre-treatment with the CB1 antagonist/inverse
agonist, SR141716A, suggesting a CB1 mechanism of
action. URB also interfered with the establishment of
conditioned gaping when administrated before each pairing
of the contextual stimuli with LiCl. This finding was

consistent with that recently reported by Cross-Mellor et al.
(2007) demonstrating that URB interfered with the estab-
lishment of conditioned gaping elicited by exposure to a
LiCl-paired flavor. Presumably, URB reduced the nausea
produced by the LiCl resulting in weaker conditioning.

The potential of CBD or URB to suppress the gaping
reactions during re-exposure to the context previously paired
with LiCl-induced nausea might also be accounted for by
interference with memory for the previously established
association, rather than by interference with conditioned
nausea per se. The design of the present experiments cannot
discriminate between these two potential mechanisms;
however, a memory deficit explanation is less tenable in
light of the finding in experiment 1 that the highest dose of
CBD (10 mg/kg) did not modify the expression of gaping.
Furthermore, at a dose of 5 mg/kg CBD neither affected the
acquisition nor retrieval of a floor-amphetamine association
in a conditioned place preference task (Parker et al. 2004a)
or of a flavor-lithium association in a conditioned taste
avoidance task (Parker et al. 2002). Finally, Varvel et al.
(2007) reported that mice pre-treated with the FAAH
inhibitor, OL-135, as well as FAAH knockout mice with
elevated central AEA levels, did not display memory
impairment or motor disruption in a spatial memory task
(Morris water maze); in fact, the FAAH knockouts displayed
a significant increase in acquisition rate.

The unpleasant experience of AN reported by chemother-
apy patients may impact the patient’s resolve to continue
treatment. Because classic anti-emetics such as OND have
proven ineffective in the alleviation of AN, there is a need to
develop effective pharmacotherapies. The current findings,
along with past research provide support for the role of the
EC system in the suppression of nausea to a context
previously paired with illness. Through the use of the FAAH
inhibitor URB, the action of AEA is prolonged, interfering
with the expression of the conditioned gaping response to a
context paired with illness, as a model for anticipatory nausea
in rats. As URB administration modulates the EC system, it
may be a preferred therapeutic over exogenously adminis-
tered cannabinoids, in the alleviation of conditioned nausea.
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