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Abstract
Rationale The effectiveness of cannabidiolic acid (CBDA)
was compared with other potential treatments for anticipatory
nausea (AN), using a rat model of contextually elicited con-
ditioned gaping reactions.
Objective The potential of ondansetron (OND), Δ9-tetrahy-
drocannabinol (THC), chlordiazepoxide (CDP), CBDA, and
co-administration of CBDA and tetrahydrocannabinolic acid
(THCA) to reduce AN and modify locomotor activity was
evaluated.
Materials and methods Following four pairings of a novel
context with lithium chloride (LiCl), the rats were given a test
for AN. On the test trial, they received pretreatment injections
of the following: vehicle, OND (0.1 or 1.0 mg/kg), THC
(0.5 mg/kg), CBDA (0.0001, 0.001, 0.01, 0.1 mg/kg or
1.0 mg/kg), CDP (1, 5, or 10 mg/kg) or co-administration of
subthreshold doses of CBDA (0.1 μg/kg), and THCA (5 μg/
kg). Immediately following the AN test trial in all experiments,
rats were given a 15 min locomotor activity test. Finally, the
potential of CBDA (0.001, 0.01, 0.1, and 1 mg/kg) to attenuate
conditioned freezing to a shock-paired tone was assessed.
Results THC, CBDA, and CDP, but not OND, reduced con-
textually elicited gaping reactions. Co-administration of sub-
threshold doses of CBDA and THCA also suppressed AN,
and this effect was blocked by pretreatment with either a
cannabinoid receptor 1 (CB1) receptor antagonist or a 5-
hydroxytryptamine 1A (5-HT1A) receptor antagonist. CDP

(but not CBDA, THC or CBDA and THCA) also suppressed
locomotor activity at effective doses. CBDA did not modify
the expression of conditioned fear.
Conclusions CBDA has therapeutic potential as a highly po-
tent and selective treatment for AN without psychoactive or
locomotor effects.
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When untreated, chemotherapy-induced nausea and vomiting
can be characterized by three distinct episodes: (1) acute
nausea and vomiting, occurring immediately following the
session, (2) delayed nausea and vomiting, beginning approx-
imately 24 h following the session, and (3) anticipatory nausea
(AN) and vomiting, occurring upon reexposure to contextual
stimuli previously associated with the acute nausea and
vomiting (a classically conditioned response). A major ad-
vance in the control of acute nausea and vomiting was the
discovery that blockade of one subtype of the 5-
hydroxytryptamine (5-HT) receptor, the 5-HT3 receptor, could
suppress the acute emetic response (retching and vomiting)
induced by cisplatin in the ferret and the shrew (Rudd and
Naylor 1994, 1996; Sam et al. 2003; Kwiatkowska et al. 2004;
Lau et al. 2005). Indeed, ondansetron (OND, a 5-HT3 receptor
antagonist) has proven to be highly effective in reducing acute
nausea and vomiting in chemotherapy patients (Morrow et al.
1995). OND, however, is less effective in reducing delayed
nausea and vomiting and is completely ineffective in reducing
instances of AN (Morrow et al. 1995, 1998; Hsu 2010) once
they develop. Therefore, an effective and selective treatment
for AN is necessary.

E. M. Rock : C. L. Limebeer :R. Navaratnam :M. A. Sticht :
N. Bonner :K. Engeland :R. Downey :H. Morris :M. Jackson :
L. A. Parker (*)
Department of Psychology and Collaborative Neuroscience
Program, University of Guelph, 50 Stone Rd E, Guelph,
ON N1G 2W1, Canada
e-mail: parkerl@uoguelph.ca

Psychopharmacology (2014) 231:3207–3215
DOI 10.1007/s00213-014-3498-1



AN continues to be a challenge for available pharmaco-
therapies. The search for an effective treatment for AN has
been limited by the lack of selective rodent preclinical models
of nausea, because rats and mice do not vomit in response to
toxins. Rats, however, display the orofacial reaction of condi-
tioned gaping (rapid, large amplitude openings of the mouth
with simultaneous retraction of the corners of the mouth
exposing excisors) when reexposed to a flavor using the taste
reactivity procedure (Grill and Norgren 1978) or a context
(Limebeer et al. 2008) that has previously been paired with an
emetic treatment, such as lithium chloride (LiCl). Conditioned
gaping responses elicited by a LiCl-paired context is remark-
ably similar to the phenomenon of AN in humans. Interest-
ingly, shrews, which vomit in response to an emetic treatment,
also display a conditioned retching reaction when
reintroduced to the context in which they previously vomited
(Parker and Kemp 2001; Parker et al. 2006). With the devel-
opment of animal models of AN, it is possible to evaluate the
potential of drug treatments to reduce this side effect of
chemotherapy treatment.

In the development of models of AN, Limebeer et al.
(2006) initially reported that when rats were repeatedly
intraorally infused (6 1-min infusions separated by 5 min)
with a novel flavor in a context previously paired with LiCl,
they not only gaped during the flavor infusions but also during
the inter-infusion intervals. The gaping reactions (during the
flavor and inter-infusion interval) were reduced by pretreat-
ment with a low dose (0.5 mg/kg) ofΔ9-tetrahydrocannabinol
(THC), but not with OND (0.1 mg/kg). Similarly, THC, but
not OND, also reduces contextually elicited conditioned
retching in shrews (Parker and Kemp 2001; Parker et al.
2006). OND is also ineffective in treating AN in human
chemotherapy patients (e.g., Morrow et al. 1995).

Since Limebeer et al. (2006) demonstrated that contextual-
ly elicited gaping reactions were evident even during intervals
between flavor exposure, they investigated the potential of
LiCl-paired contexts in the absence of a flavor exposure to
elicit gaping reactions on their own. Indeed, Limebeer et al.
(2008) reported such an effect. Subsequent studies using the
contextually elicited conditioned gaping model have found
that the non-psychoactive cannabinoid cannabidiol (CBD)
found in the marihuana plant also suppresses contextually
elicited conditioned gaping in rats (Rock et al. 2008) and
conditioned retching in shrews (Parker and Kemp 2001). As
well, the fatty acid amide hydrolase (FAAH) inhibitor
(URB597) which elevates endogenous anandamide (Fegley
et al. 2005) dose-dependently suppresses contextually elicited
(as well as flavor elicited, Cross-Mellor et al. 2007) condi-
tioned gaping in rats (Rock et al. 2008) and conditioned
retching in shrews (Parker et al. 2006). Most recently, the dual
FAAH/monoacylglycerol lipase inhibitor, JZL195, which el-
evates both anandamide and 2-arachidonoylglycerol was
found to effectively reduce contextually elicited conditioned

gaping (Limebeer et al. 2014). The suppression of AN by both
URB597 and by JZL195 were reversed by the cannabinoid 1
(CB1) receptor antagonist/inverse agonist, SR141716 (SR),
which on its own did not modify the strength of the contex-
tually elicited gaping reactions (Limebeer et al. 2014; Rock
et al. 2008).

The acidic precursors to CBD and THC, cannabidiolic acid
( CBDA , M e c h o u l am a n d G a o n i 1 9 6 5 ) a n d
tetrahydrocannabinolic acid (THCA, Gaoni and Mechoulam
1964) respectively, are converted to CBD or THC upon ap-
plication of heat (Potter et al. 2008). CBDA and THCA are
more potent than CBD and THC, respectively, in suppressing
both acute nausea (conditioned gaping to a LiCl-paired flavor)
and AN (contextually elicited conditioned gaping) in rats and
vomiting in shrews, suggesting that these compounds may be
an effective treatment for both phases of chemotherapy-
induced nausea and vomiting (Bolognini et al. 2013; Rock
et al. 2013). Both CBD and CBDA act as indirect 5-HT1A

receptor agonists in vitro and in vivo to reduce acute nausea
(conditioned gaping to a LiCl-paired flavor) and AN by 5-
HT1A receptor agonism (Rock et al. 2012; Bolognini et al.
2013). Furthermore, administration of WAY100635 (WAY, a
selective 5-HT1A receptor antagonist) blocks CBD’s suppres-
sive effect on conditioned gaping to a LiCl-paired flavor
(Rock et al. 2012) and CBDA’s suppressive effect on condi-
tioned gaping to a LiCl-paired flavor and contextually elicited
conditioned gaping (Bolognini et al. 2013). Like THC, THCA
also acts on the (CB1) receptor to reduce contextually elicited
conditioned gaping and vomiting in shrews, as administration
of SR blocks these effects (Parker et al. 2004; Rock et al.
2013).

Currently, AN in humans is most often treated with non-
specific anti-anxiety drugs (Razavi et al. 1993; Malik et al.
1995); however, both benzodiazepines and THC have sedat-
ing side effects, which may diminish their therapeutic effec-
tiveness. Therefore, the present experiments evaluated the
potential of CBDA (across a wide range of doses), the benzo-
diazepine chlordiazepoxide (CDP), OND, and THC to inter-
fere with the expression of contextually elicited conditioned
gaping reactions in rats and to modify general locomotor
activity. It is expected, based on previous data from our
laboratory (Bolognini et al. 2013), that CBDA will potently
and dose-dependently reduce contextually elicited condi-
tioned gaping without interfering with locomotor activity.
We also expect that THC will reduce contextually elicited
conditioned gaping based on previous findings indicating that
THC reduced contextually elicited conditioned gaping in
which a novel flavor was infused at test within the LiCl-
paired chamber (Limebeer et al. 2006). We expected that
CDP would effectively reduce contextually elicited condi-
tioned gaping, as benzodiazepines have been shown to reduce
AN in human patients (as reviewed by Kamen et al. 2014);
however, we expected that CDP may also impair locomotor
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activity (Haller et al. 2010). On the other hand, it is expected
that OND will not be effective in reducing contextually elic-
ited conditioned gaping based on previous work from our
laboratory in which a novel flavor was infused at test within
the LiCl-paired chamber (Limebeer et al. 2006).

In addition, we examined the effectiveness of co-
administration of subthreshold doses of CBDA and THCA,
as well as their mechanisms of action in the expression of
contextually elicited conditioned gaping reactions. Since both
non-psychoactive compounds are in the cannabis plant before
heating and both are effective in reducing AN in this model, it
is conceivable that administration of doses of CBDA and
THCA that are ineffective on their own, when combined, will
reduce contextually elicited conditioned gaping. We also an-
ticipated that administration of either SR orWAYwould block
the combined suppressive effect of CBDA and THCA on
contextually elicited conditioned gaping, as CBDA has been
shown to produce this effect by acting as a 5-HT1A receptor
agonist (Bolognini et al. 2013) and THCA’s effects have been
blocked by SR, a CB1 receptor antagonist (Rock et al. 2013).

Finally, since anti-anxiety drugs are currently used in hu-
man patients to treat AN, the potential of CBDA to reduce
anxiety (as has been shown with CBD, Zuardi et al. 1993) was
also assessed using the expression of conditioned freezing to a
shock-paired tone. As CBD exhibits anti-anxiety-like effects,
we expected that CBDA may also produce such effects.

Materials and methods

Animals

Animal procedures complied with the Canadian Council on
Animal Care and the protocols were approved by the Institu-
tional Animal Care Committee at University of Guelph. A
total of 199 naive male Sprague–Dawley rats, obtained from
Charles River Laboratories (St Constant, Quebec), were used
for assessment of AN. They were pair-housed in shoebox
cages, subjected to an ambient temperature of 21 °C and a
12/12 h light–dark schedule (lights off at 7 am), and main-
tained on food (Highland Rat Chow [8640]) and water ad
libitum. Their body weights ranged from 300 to 440 g on the
day of testing for AN.

Drugs

LiCl (Sigma-Aldrich) 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 dose). OND (Sigma-
Aldrich) was prepared in saline (SAL) and was administered
subcutaneously (sc) at a volume of 1 ml/kg at concentrations
of 0.1 mg/ml (0.1 mg/kg) or 1.0 mg/ml (1.0 mg/kg). CDP
(provided byNIDA)was prepared in SAL and administered ip

at a volume of 1 ml/kg at concentrations of 1 mg/ml (1 mg/
kg), 5 mg/ml (5 mg/kg), and 10mg/ml (10 mg/kg); at doses of
5–10 mg/kg, CDP produces anxiolytic-like responses in ani-
mal measures of anxiety, such as the light–dark immersion test
(Merlo Pich and Samanin 1989; Chaouloff et al. 1997). THC,
THCA, and CBDA (GW Pharmaceuticals, UK) were pre-
pared in 1:1:18 vehicle (VEH) solution of ethanol/
cremophor (Sigma)/physiological SAL. At test, THC was
administered ip at a volume of 1 ml/kg at a concentration of
0.5 mg/ml (0.5 mg/kg); this dose has been shown to be
effective in suppressing acute nausea (conditioned gaping to
a LiCl-paired flavor) in rats (Limebeer and Parker 1999) and
to interfere with gaping to a novel sucrose solution presented
in a context previously paired with nausea (Limebeer et al.
2006). Each dose of CBDAwas administered ip at a volume
of 1 ml/kg at concentrations of 0.0001 mg/ml (0.0001 mg/kg),
0.001 mg/ml (0.001 mg/kg), 0.01 mg/ml (0.01 mg/kg),
0.1 mg/ml (0.1 mg/kg), or 1.0 mg/ml (0.1 mg/kg). In exper-
iment 4, THCAwas administered ip at a volume of 2 ml/kg at
a concentration of 0.25 μg/ml (5 μg/kg) and CBDA was
administered ip at a volume of 1 ml/kg at a concentration of
0.1 μg/ml (0.1 μg/kg). The doses of 0.1 μg/kg of CBDA
(based on experiment 2 results) and 5 μg/kg of THCA
(Rock et al. 2013) were used, as they are below those that
suppress contextually elicited gaping on their own. SR at
1 mg/kg—a dose that on its own does not potentiate condi-
tioned gaping over that of VEH (Bolognini et al. 2013)—was
prepared in a VEH consisting of a 1:1:18 mixture of ethanol,
cremophor, and SAL and administered ip in a volume of 1 ml/
kg at a concentration of 1 mg/ml. WAY (0.1 mg.kg) was
mixed in SAL and administered ip in a volume of 1 ml/kg at
a concentration of 0.1 mg/ml (Rock et al. 2012; Bolognini
et al. 2013). These doses of SR and WAY were selected based
on previous work indicating that neither of these compounds
alone interferes with contextually elicited conditioned gaping
(Rock et al. 2012; Bolognini et al. 2013).

Apparatus

The distinctive context used for AN conditioning was con-
structed of black Plexiglas and sat on a table with a clear
Plexiglas top as previously described (Limebeer et al. 2014).
A mirror beneath the chamber on a 45° angle facilitated
viewing of the ventral surface of the rat. A Sony video camera
(Handycam, model DCR-HC28, Henry’s Camera, Waterloo,
ON, Canada) was used to videotape the rats from the mirror
beneath the chamber. The videotapes were later scored using
“The Observer” Event recording software (Noldus Informa-
tion Technology, Leesburg, VA, USA).

The activity chamber was constructed of white Plexiglas
with the dimensions of 60 cm×25 cm×25 cm and located in a
different room than the AN chamber, illuminated with a red
light. A video camera mounted on an extension pole captured
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the activity of the rat which was sent to a computer for analysis
of distance (cm) traveled using the Ethovision software pro-
gram (Noldus Information Technology, Leesburg, VA, USA).

For the fear conditioning experiment, the rats were condi-
tioned in one of four chambers (30×24×40 cm; MED-
Associates, Burlington, VT, USA) constructed of aluminum
(rear and side walls) and Plexiglas (door and ceiling), which
were housed in sound-attenuating cabinets. The chambers
were equipped with a speaker to present discrete auditory
stimuli and a solid-state grid scrambler to deliver foot shocks.
Background noise (65 dB) was provided by a ventilation fan
that was housed in each cabinet. The activity of each rat was
continuously recorded by a near-infrared-based imaging cam-
era that was connected to a computer. Freezing behavior was
assessed using “Video Freeze” (MED-Associates; Burlington,
VT, USA) software (30 fps, movement threshold: 150, min
freeze duration: 90), and percent freezing behavior was calcu-
lated as the amount of time each rat was immobile per minute.
The original chamber context (context A) was used for habit-
uation and conditioning, whereas a novel context (context B)
was created for the purpose of specifically assessing condi-
tioned behavior to the auditory stimulus alone. Context B
consisted of chambers that were equipped with an opaque
white plastic insert over the floor bars and an opaque black
plastic teepee overtop. The chambers were wiped down with a
1 % acetic acid solution to yield a novel odor. To further
distinguish from the original context, the testing room was
illuminated by a dim red light (40 W), whereas the sound-
attenuating cabinets were illuminated by white ambient light.

Procedures

Effect of pretreatments on contextually elicited conditioned
gaping and locomotor activity

All rats received four conditioning trials, with 72 h between
trials. On each conditioning trial, each rat was injected with
LiCl and immediately placed in the distinctive context for
30 min. The test trial occurred 72 h after the final conditioning
trial. In experiment 1, on the test trial, the rats were randomly
assigned to one of four pretreatment groups (n=8/group):
VEH, 0.1 mg/kg OND, 1.0 mg/kg OND, or 0.5 mg/kg THC.
In experiment 2, on the test trial, the rats were assigned to one
of six preteatment groups: VEH (n=10), 0.0001 mg/kg
CBDA (n=8), 0.001 mg/kg CBDA (n=8), 0.01mg/kg CBDA
(n=8), 0.1 mg/kg CBDA (n=7), and 1.0 mg/kg CBDA (n=6).
In experiment 3, on the test trial, the rats were assigned to one
of four pretreatment groups (n=8/group): VEH, 1mg/kg CDP,
5 mg/kg CDP, or 10 mg/kg CDP.

Thirty minutes following OND, THC, or CDP and 45 min
following CBDA, the rats received an ip injection of SAL and
were placed in the conditioning chamber for 5 min while their
orofacial reactions were videotaped from the mirror beneath

the chamber. VEH-injected rats display the most contextually
elicited gaping reactions during the first 5 min of a longer test
trial (Limebeer et al. 2008; Rock et al. 2008). The videotapes
were later scored for the number of gapes (large amplitude
openings of the mouth with simultaneous retractions of the
corners of the mouth exposing incisors). Immediately follow-
ing the test trial, the rats were placed in the novel activity
chamber for 15 min and their locomotor activity was automat-
ically video tracked.

Effect of co-administration of subthreshold doses of CBDA
and THCA on contextually elicited conditioned gaping
and locomotor activity

Procedures were the same as above, except as indicated. On
the test trial, rats received a first pretreatment of CBDA or
VEH. Fifteen minutes later, rats received a second pretreat-
ment of THCA or VEH. To investigate the mechanism of
action, additional groups of rats were injected with either SR
or WAY prior to the first pretreatment. This resulted in the
following pretreatment groups (n=8/group): VEH-VEH,
VEH-THCA, CBDA-VEH, CBDA-THCA, SR-CBDA-
THCA, and WAY-CBDA-THCA.

Effect of CBDA on expression of conditioned freezing
to a shock-paired tone

Context-independent fear conditioning was based on the pro-
cedures of Maren (1999). Naive rats received a single 10 min
habituation session, followed 24 h later by a single condition-
ing trial. During conditioning, the rats received three tone
(85 dB, 2,000 Hz, 10 s) - footshock (2 s, 0.8 mA) pairings
with a 70 s intertrial interval that began 3 min after the rats
were placed into the chambers. Twenty-four hours later, fear
conditioning was assessed with a 10min test that occurred in a
novel context (context B). During this test, the tone occurred
after 2 min and remained on for the remainder of the 10 min
session. Forty-five minutes prior to the test, the rats were
injected with the appropriate pretreatment (n=8/group):
VEH, 0.001 mg/kg CBDA, 0.01 mg/kg CBDA, 0.1 mg/kg
CBDA, or 1.0 mg/kg CBDA.

Data analysis

In each experiment, the number of gapes and distance (cm)
traveled in the locomotor activity test were entered into a one-
way between groups analysis of variance (ANOVA), with
subsequent Bonferroni pairwise post hoc comparisons of sig-
nificant effects. For the expression of conditioned freezing, the
mean number of seconds spent freezing every 2 min was
entered into a 5 by 5 mixed factor ANOVAwith the between
group factors of pretreatment and the within groups factor of
interval. Significance was defined as p<0.05.
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Results

Effects of OND, THC, CBDA, and CDP on contextually
elicited conditioned gaping reactions and locomotor activity

OND and THC THC, but not OND, interfered with the ex-
pression of contextually elicited conditioned gaping reactions
in rats. Neither pretreatment modified general activity level.
Figure 1a(i) presents the mean number of gapes displayed
during the test of AN for the rats pretreated with VEH,
0.1 mg/kg OND, 1.0 mg/kg OND, and 0.5 mg/kg THC. The
single factor between group ANOVA revealed a significant
main effect of pretreatment, F(3, 28)=7.7; p<0.001; subse-
quent Bonferroni pairwise comparison tests revealed that the
group pretreated with THC displayed significantly (p<0.01)
less gaping than any other group. Figure 1b(ii) presents the
mean distance (cm) traveled in the 15 min locomotor activity
test. The one-way ANOVAwas not significant, F(3, 28)=0.6,
p>0.05.

CBDA CBDA suppressed AN at doses of 0.001–0.1 mg/
kg, but not 0.0001 or 1 mg/kg, suggesting a U-shaped

dose–response function. However, CBDA did not modify
locomotor activity at any dose tested. Figure 1a(iii) pre-
sents the mean number of contextually elicited gaping
reactions displayed during the test trial among rats
pretreated with various doses of CBDA. The single fac-
tor between group ANOVA revealed a significant main
effect of pretreatment, F(5, 41)=13.0; p<0.001; subse-
quent Bonferroni pairwise comparison tests revealed that
groups 0.001, 0.01, and 0.1 mg/kg CBDA displayed
significantly (p’s<0.001) less contextually elicited gaping
reactions than Groups VEH or 0.0001 CBDA. Group
1 mg/kg CBDA, however, did not significantly differ
from group VEH or any of the other groups.
Figure 1b(iv) presents the mean distance (cm) traveled
by the rats pretreated with the various doses of CBDA.
The one-way ANOVA revealed no significant effect, F(5,
41)=1.8, p>0.05.

CDP At doses of 5 or 10 mg/kg, CDP suppressed contextu-
ally elicited gaping, but these doses also reduced activity level.
Figure 1a(v) presents the mean number of gaping reactions
among the rats pretreated with CDP prior to the test for AN.

Contextually elicited gaping
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Figure 1 a i Mean (±sem) number of gapes elicited during the AN test
trial among rats pretreated (n=8/group) with VEH, OND (0.1 or 1.0 mg/
kg), or THC (0.5 mg/kg; **p<0.01 relative to all other groups). iiiMean
(±sem) number of gapes elicited during the AN test trial among rats
pretreated (n=6-10/group) with VEH or CBDA (0.0001, 0.001,
0.01 mg/kg, 0.1 or 1.0 mg/kg; ****p<0.001 relative to groups VEH
and 0.0001 mg/kg). v Mean (±sem) number of gapes elicited during the
AN test trial among rats pretreated (n=8/group) with VEH or CDP (1, 5,
or 10 mg/kg; *p<0.05, **p<0.01 test relative to groups VEH or 1 mg/kg

CDP). b ii Mean (±sem) distance (cm) traveled during the locomotor
activity test among rats pretreated (n=8/group) with VEH, OND (0.1 or
1.0 mg/kg), or THC (0.5 mg/kg). ivMean (±sem) distance (cm) traveled
during the locomotor activity test among rats pretreated (n=6-10/group)
with VEH or CBDA (0.0001, 0.001, 0.01 mg/kg, 0.1 or 1.0 mg/kg. vi
Mean (±sem) distance (cm) traveled during the locomotor activity test
among rats pretreated (n=8/group) with VEH or CDP (1, 5, or 10 mg/kg;
*p<0.05, ***p<0.001 relative to VEH or 1 mg/kg CDP)
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The one-way ANOVA revealed a significant effect of pretreat-
ment dose, F(3, 28)=8.6; p<0.001; subsequent Bonferroni
pairwise comparison tests revealed that groups 5 (p<0.05)
and 10 (p<0.01) mg/kg CDP displayed less gaping than
groups VEH or 1 mg/kg CDP.

Figure 1b(vi) presents the mean distance traveled in the 15
min locomotor test. The one-way ANOVA revealed a signif-
icant effect of dose of CDP, F(3, 28)=32.3; p<0.001; subse-
quent Bonferroni pairwise comparison tests indicated that rats
pretreated with 10 mg/kg CDP displayed suppressed locomo-
tor activity relative to all groups (p’s<0.001). As well, rats
pretreated with 5 mg/kg CDP were less active than rats
pretreated with VEH or 1 mg/kg (p<0.05).

Effect of co-administration of subthreshold doses of CBDA
and THCA on contextually elicited conditioned gaping
and locomotor activity

Co-administration of 0.1 μg/kg CBDA with 5 μg/kg THCA
reduced contextually elicited conditioned gaping in rats and
administration of either SR or WAY blocked this effect. A
one-way ANOVA of the mean number of gapes elicited by the
LiCl-paired chamber among the pretreatment groups revealed
a significant main effect of group, F(5,42)=3.8; p<0.01.
Subsequent post hoc comparisons revealed that the group
pretreated with CBDA-THCA gaped significantly less than
the VEH-VEH-treated controls (p<0.003). In addition, those
rats pretreated with SR or WAY prior to CBDA and THCA
gaped significantly more than group CBDA-THCA
(Figure 2a).

No differences in activity were seen between groups. A
one-way ANOVA of the distance traveled in the chamber
revealed no significant effects, p>0.05 (Figure 2b).

Effects of CBDA on expression of conditioned freezing

CBDA did not modify the expression of conditioned
freezing to a shock-paired tone. Figure 3 presents the
mean number of seconds that each group spent freezing
during each interval of testing. The tone was turned on
during min 3. The 5 by 5 mixed factors ANOVA re-
vealed only a significant effect of interval, F(4, 140)=
28.2; p<0.001. Overall, the rats spent more time freezing
with the onset of the tone during min 3–4 than during
any other interval (p’s<0.001), showing the establish-
ment of conditioned fear to the tone. The fear gradually
extinguished across the testing; during min 7–10, the rats
no longer significantly differed in time spent freezing
from min 1–2 prior to the onset of the tone. However,
CBDA pretreatment did not interact with the effect of
interval.

Discussion

The present results extend the findings of Bolognini et al.
(2013) showing that CBDA is a highly potent anti-nausea
compound when evaluated in the preclinical model of AN,
contextually elicited conditioned gaping in rats. Indeed, a
systemic dose as low as 1 μg/kg potently suppressed AN in
this model. This is in contrast with CBD, which requires a
dose of 1–5 mg/kg to attenuate contextually elicited condi-
tioned gaping reactions in rats (Rock et al. 2008). Therefore,
the acidic precursor of CBD is more potent than CBD in
reducing both AN and acute nausea (conditioned gaping to a
LiCl-paired flavor) (Rock and Parker 2013; Bolognini et al.
2013). Neither CBD (Parker et al. 2004) nor CBDA
(Bolognini et al. 2013) produces their anti-nausea effect by
activation of the CB1 receptor; instead, both act at the 5-HT1A
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Figure 2 a Mean (±sem) number of gapes elicited during the AN test
trial (n=8/group) among rats pretreated with VEH or CBDA (0.1 μg/kg),
followed byVEH or THCA (5 μg/kg; **p<0.003 relative to VEH-VEH).
Additional groups were also pretreated with either SR or WAY to deter-
mine the mechanism of action for co-administered CBDA and THCA
(#p<0.05, ##p<0.004 relative to group CBDA-THCA). b Mean (±sem)
distance (cm) traveled during the locomotor activity test (n=8/group)
among rats pretreated with VEH or CBDA (0.1 μg/kg), followed by
VEH or THCA (5 μg/kg). Additional groups were also pretreated with
either SR or WAY to determine the mechanism of action for co-
administered CBDA and THCA
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receptor (like 8-OH-DPAT, Limebeer and Parker 2003) be-
cause their anti-nausea (both acute, conditioned gaping to a
LiCl-paired flavor, and AN) effects are reversed by the 5-HT1A
antagonist, WAY (Rock et al. 2012; Bolognini et al. 2013).

In line with these findings, we also demonstrated that co-
administration of subthreshold doses of CBDA and THCA
reduced contextually elicited gaping. Our group has previous-
ly shown that THCA potently reduces AN (0.5–0.05 mg/kg,
ip), as well as acute nausea (conditioned gaping to a LiCl-
paired flavor) in rats, and toxin-induced vomiting in shrews
(Rock et al. 2013). Furthermore, these effects seem to be CB1

receptor mediated, as SR, but not WAY, blocks THCA’s anti-
nausea effects in AN. This CB1 receptor-mediated mechanism
of action indicates that THCA could exhibit CB1 receptor-
mediated abuse liability problems, perhaps making CBDA a
preferred therapeutic agent over that of THCA.

It has been repeatedly reported with human chemotherapy
patients, when AN and vomiting occur, OND is completely
ineffective in reducing these symptoms (Morrow et al. 1995;
Hsu 2010). Consistently, OND at doses of 0.1 and 1mg/kg did
not reduce contextually elicited AN in rats, providing further
face validity for the model. As well, OND did not reduce the
expression of previously established conditioned retching in
shrews when reexposed to a context in which they previously
vomited (Parker and Kemp 2001; Parker et al. 2006). As with
human chemotherapy patients, however, OND does prevent
acute nausea in rats when administered prior to LiCl-induced
malaise as measured by the behavior of lying on belly (Parker
1984) and the establishment of conditioned gaping (Limebeer
and Parker 2000; Tuerke et al. 2012). Indeed, when delivered
directly to the interoceptive region of the insular cortex, the
visceral insular cortex, OND suppresses the nausea produced
by LiCl. Therefore, as is also the case with chemotherapy

patients, OND reduces acute nausea (conditioned gaping to a
LiCl-paired flavor) but not AN in rats. Interestingly, a sub-
threshold dose of CBDA potentiates the effectiveness of OND
in reducing acute nausea in rats (Rock and Parker 2013).

CBDA, THC, CDP, as well as CBDA and THCA co-
administered at subthreshold doses; all suppressed contextual-
ly elicited conditioned gaping, suggesting that they may all be
potential treatments for AN in chemotherapy patients. Indeed,
THC also suppressed contextually elicited conditioned
retching in shrews (Parker and Kemp 2001; Parker et al.
2006). In addition, CDP is the treatment most likely to be
prescribed for AN and vomiting in chemotherapy patients
(Razavi et al. 1993; Malik et al. 1995). Both THC and CDP,
however, are psychoactive, and at the doses that produce
anxiolytic-like effects, CDP has been shown to exhibit sedative
properties. These sedative properties were again demonstrated
here, as CDP (5 and 10 mg/kg; doses producing anxiolytic-like
effects) reduced locomotor activity. CBDA (as well as co-
administration of CBDAwith THCA), however, did not mod-
ify activity levels at any dose tested, and its lack of effect on
CB1 receptors, in vitro and in vivo, indicates that it would not
trigger any CB1 receptor-mediated abuse liability problems.

In addition, here we present further evidence for CBDA and
THCA’s mechanisms of action in reducing contextually elicited
conditioned gaping. Administration of either SR orWAYequiv-
alently blocked the enhanced suppression of contextually elicit-
ed gaping by subthreshold co-administered CBDA and THCA.
This finding would suggest that this effect is mediated by
activation of both the 5-HT1A and CB1 receptors. This is in line
with previous reports from our laboratory indicating that CBDA
acts as an indirect 5-HT1A receptor agonist, and that THCA’s
effects are blocked by administration of the CB1

receptor antagonist SR (Bolognini et al. 2013; Rock et al. 2013).
CBDA, unlike CDP (e.g., Merlo Pich and Samanin 1989;

Ramos et al. 2008), did not produce an anxiolytic-like behav-
ioral profile when evaluated in the expression of conditioned
freezing to a shock-paired tone. Indeed, the only behavioral
effect of CBDA was the suppression of contextually elicited
conditioned gaping, highlighting its selectivity in reducing
AN. This finding suggests that CBDA may be a highly spe-
cialized treatment to attenuate nausea and vomiting and may
be particularly useful in the attenuation of AN for which there
is no currently available specific treatment. In fact, recently,
Takeda et al. (2012) reported that CBDA (5, 10, 25 mM)
actually inhibits cancer cell migration in highly aggressive
human breast cancer, an important factor in preventing cancer
metastasis. These results argue strongly for the need for clin-
ical trials with CBDA for the treatment of AN in human
chemotherapy patients.
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