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The Cannabis Constituent Cannabigerol Does Not Disrupt
Fear Memory Processes or Stress-Induced Anxiety in Mice
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Abstract

Introduction: Medicinal cannabis has proliferated around the world and there is increasing interest in the ther-
apeutic potential of individual plant-derived cannabinoids (phytocannabinoids). Preclinical evidence suggests
the phytocannabinoid cannabigerol (CBG) could be useful in treating brain disorders, including stress and
anxiety-related disorders. In this study, we aimed to explore whether CBG disrupts various contextually condi-
tioned fear memory processes and trauma-induced anxiety-related behavior in a mouse model of post-traumatic
stress disorder (PTSD).

Materials and Methods: All mice underwent contextual fear conditioning. CBG was administered between 1
and 60 mg/kg intraperitoneally (i.p.). We first assessed the effects of repeated CBG exposure on long-term fear
memories. We also examined whether acute CBG affected various fear memory processes, namely expression,
acquisition, consolidation, and reconsolidation of conditioned fear. Finally, the effect of acute CBG administration
on stress-induced anxiety in the light/dark test was assessed.

Results: Repeated CBG exposure did not affect long-term conditioned fear that was observed 24 days after the
conditioning session. Moreover, acute CBG administration did not influence the acquisition, consolidation, recon-
solidation, or expression of contextually conditioned fear. Acute CBG treatment also did not affect stress-induced
anxiety-related behaviors in the light/dark test.

Conclusions: CBG was ineffective in disrupting long-term fear memories, various conditioned fear memory pro-
cesses, or stress-induced anxiety-related behavior in mice. These preclinical data suggest CBG may have limited
scope in the treatment of PTSD and stress-related anxiety.
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Introduction clinical testing before they are introduced to patients,

Medicinal cannabis has proliferated rapidly around
the world in the last decade and is frequently used
to treat post-traumatic stress disorder (PTSD).'™
PTSD is a complex mental disorder, arising from a
chronic impairment of memory processes in response
to a traumatic event.” Some PTSD patients choose to
use medicinal cannabis products because conven-
tional therapies have limited efficacy.®” Unlike con-
ventional drugs that require rigorous preclinical and

medicinal cannabis products have a direct pathway to
market and are being used in the absence of sufficient
evidence. Thus, there is an urgent need for research to
validate the uses of medicinal cannabis products,
while also refuting spurious applications.

Cannabis contains approximately >100 phytocan-
nabinoids, of which Ag-tetrahydrocannabinol (THC)
and cannabidiol (CBD) are the best characterized.®
CBD has recently been approved by drug regulatory
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bodies to treat intractable childhood epilepsies, but it is
also used to treat a myriad of medical conditions. The
hype around CBD has led to speculation on which in-
dividual phytocannabinoid might be next exploited to
treat medical conditions. One of these is cannabigerol
(CBG).”'° CBG is the decarboxylation product of can-
nabigerolic acid (CBGA), which is the major precursor
to the enzymatic synthesis of various phytocannabi-
noids in the plant.'"'> Many medicinal cannabis grow-
ers are developing strains of cannabis with high CBG
content, and CBG isolates can be purchased from nu-
merous vendors. There are suggestions that these prod-
ucts can be used for therapeutic purposes.

Accumulating evidence suggests neuroinflammation
may contribute to PTSD pathophysiology.">'* In
mouse models of PTSD, long-term persistent fear
memories have been associated with the upregulation
of various inflammatory-related genes, as well as
long-term microglial cell abnormalities.'>™"” Treatment
with fluoxetine, a drug used to treat PTSD, reduced
fear-related behavior, which was associated with a re-
duction in neuroinflammation in a mouse model of
PTSD."” Moreover, depletion of microglial cells re-
duces PTSD-related behaviors in mice.'® Preclinical re-
search suggests CBG has robust anti-inflammatory
effects across an array of disease models."”' Thus,
our first aim in this study was to assess whether re-
peated exposure to CBG might similarly reduce long-
term fear memories in mice.

Another compelling mechanism of action of CBG
that is highly relevant to fear memory and PTSD is
its ability to potently activate o,-adrenoreceptors
(2,R). 2 a,R agonists such as clonidine and guanfacine
have been suggested as potential treatments of
PTSD,>*** and a,R agonists disrupt acquisition, con-
solidation, and reconsolidation of conditioned fear in
rodents.”> > However, the effects of CBG on these
forms of fear memory are unknown. There is some ev-
idence to suggest that CBG may have anxiolytic ef-
fects.’® Additional aims of this study were then to
examine whether CBG disrupts various fear memory
processes, as well as to observe whether CBG reduces
stress-induced anxiety-related behavior in mice.

Materials and Methods

Animals and housing

Male C57BL/6 mice (Animal Resources Centre, Perth,
Australia) 10-12 weeks of age were used in this study.
All mice were housed in groups of 4-5 per cage and
maintained on a reverse 12-h light/12-h dark cycle
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(lights on at 7 pm). The mice had ad libitum access
to food and water, and environmental enrichment in
the form of an igloo, a toilet roll, and small wooden
block. All research and animal care procedures were
approved by the University of Sydney Animal Ethics
Committee and were in agreement with the Australian
Code of Practice for the Care and Use of Animals for
Scientific Purposes.

Mice were handled for 3 min for 3 consecutive days
before experimentation. Mice were also habituated to a
holding room for at least 1 h before all behavioral tests
and were transferred to each procedural room in indi-
vidual transport cages containing bedding.

Drugs

CBG (THCPharm, Germany, purity 99%) was admin-
istered at doses of 1, 3, 10, 30, and 60 mg/kg, and dis-
solved in a standard vehicle of ethanol, Kolliphor
EL™, and 0.9% NaCl at a ratio of 1:1:18, respectively.
Doses 1, 3, 10, and 30 mg/kg dissolved into a clear so-
lution, and 60 mg/kg was a suspension solution. Mice
were randomly allocated to experimental groups and
administered the drug or vehicle through i.p. injection
at a dosage of 10 mL/kg. For the acute studies, CBG
was administered such that the T},,x (2h) was during
the time of testing.”’

Contextual fear conditioning

The mice underwent fear conditioning in commercially
available chambers sourced from CleverSys, Inc.'®**~>*
Chambers consisted of transparent Plexiglas walls, with
a floor composed of stainless steel bars, which elicited
an inescapable electric foot-shock. Each individual
chamber was contained within its own sound attenuat-
ing isolation box. A video camera was positioned above
the center of the box.

All experiments utilized contextual fear conditioning
to establish a fear memory associated with the context.
Mice were placed into the fear conditioning chamber
and after 198sec, a single inescapable electric foot
shock was elicited (duration: 2sec and intensity:
1.5mA).">*** Mice remained in the chamber for a
further 60 sec, and then were returned to their home
cages. All freezing data were retrieved during re-
exposure sessions, where mice were placed into the
fear conditioning chamber for 180 sec without applica-
tion of foot shock. After each session, the chambers
were cleaned using 70% ethanol.

Freezing behavior was used as an index of contextually
conditioned fear memory. Freezing was defined as any
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time the mouse was vigilantly immobile, that is, with an
absence of movement, excluding respiratory-related
movements.”® Manual scoring was performed, where
freezing behavior was rated every 2 sec and determined
to be either “freezing” or “not freezing” by an observer
blind to experimental conditions (studies 3 and 4)*?
Total freezing behavior was calculated as a percentage
score as the proportion of “freezing” to “not freezing” ob-
servations for each mouse. For all other experiments,
freezing was measured using automated Freezescan
video tracking software (CleverSys, Inc.), which detected
freezing behaviors and quantified these events by calcu-
lating total time spent freezing as a % of total session
time.'*>*

Light/dark test

The light/dark test is well-validated model for measur-
ing anxiety-like behavior in rodents.’” The opaque Per-
spex box is divided into two chambers: the enclosed
dark chamber with black Perspex walls (28 cm wide x
18cm longx30cm high) and a larger, open light
chamber with blue Perspex walls (28 cm wide X 27 cm
long x 30 cm high). Mice were placed in the center of
the light side at the beginning of testing (150+10
lux). A video camera was positioned above the light
box and distance travelled in the area, time spent in
the area, and entries into the dark box were recorded
using TopScan™ software (CleverSys, Inc.).

Experimental design

Study 1: Assessment of whether repeated CBG expo-
sure disrupts long-term contextual fear memory. Mice
underwent contextual fear conditioning and 12 h later
were administered the first injection of vehicle or 10
or 30mg/kg of CBG. We tested these doses as they
were > the CBG dose of 10 mg/kg, which reduces neu-
roinflammation in mice.”* Twelve hours after the first
injection, mice were administered the same drug,
daily, for an additional 20 injections. A control group
was not fear conditioned and treated with vehicle.
Seventy-two hours after the last injection, mice were
returned to the fear conditioned context and freezing
was measured (Fig. 1a). We wished to washout CBG
to address whether repeated administration during
fear memory incubation was critical to any fear disrupt-
ing effects, rather than the acute effects it might have on
fear memory expression. CBG’s elimination half-life in
mouse brain was ~4 h, so 72 h was deemed sufficient to
remove CBG from the brain.”’

ZHOU ET AL.

Study 2: Assessment of whether acute CBG disrupts
expression of contextual fear memory. Mice under-
went contextual fear conditioning. A control group
of mice was placed in the fear conditioned context
without foot shock being applied. Twenty-four
hours later, mice were administered vehicle or
30 mg/kg of CBG and then returned to the fear con-
ditioned context where freezing was measured
(Fig. 1b).

Study 3: Assessment of whether acute CBG disrupts the
acquisition of contextual fear memory. o,R agonists
disrupt acquisition, consolidation, and reconsolidation,
and CBG potently activates o,R with an ECsq of 200
pM.*>?>~%° Therefore, in Study 3, 4, and 5, we included
a lower dose of CBG (1 mg/kg) to more selectively ac-
tivate a,R. Mice were administered vehicle or 1, 10, or
30 mg/kg of CBG, 2h before undergoing contextual
fear conditioning. Twenty-four hours later, mice were
re-exposed to the conditioned context and freezing
was measured (Fig. 2a).

Study 4: Assessment of whether acute CBG disrupts the
consolidation of contextual fear memory. Mice were
administered vehicle or 1, 10, or 30 mg/kg of CBG, im-
mediately after contextual fear conditioning. This time
point was chosen as consolidation preserves the condi-
tioned fear memory into long-term memory, and is
usually completed within 6 h of the initial fear condi-
tioning,38 and CBG has a brain half-life of ~4h.>!
Twenty-four hours later, mice were re-exposed to
the conditioned context and freezing was measured
(Fig. 2b).

Study 5: Assessment of whether acute CBG disrupts
the reconsolidation of contextual fear memory. Mice
underwent contextual fear conditioning and were
returned to their home cages. Twenty-four hours
later, mice were returned to the fear conditioned con-
text for 180 sec in the absence of foot shock to reacti-
vate the fear memory. Immediately after, mice were
administered vehicle, 3, 10, 30, or 60 mg/kg of CBG.
We used a CBG dosing regimen here that delivered
higher doses, as the previous CBG dose series on
acquisition and consolidation or fear memory was
ineffective. Mice were injected immediately after the
reactivation session as CBG has a brain half-life
of ~4h and reconsolidation of fear memory occurs
within 6h of reactivation.’’** Reactivation of the
fear memory renders it labile and vulnerable to
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FIG. 1. CBG did not disrupt long-term conditioned fear memory or conditioned fear memory expression.
(a) Long-term fear memory: fear conditioned mice were shocked and 12 h later administered vehicle, or 10
or 30 mg/kg of CBG. Twenty-four hours after the first injection, mice were administered vehicle or CBG,
daily for 20 consecutive days. After a 72-h washout, mice were returned to the fear conditioned context
and freezing was measured. (b) Fear memory expression: fear conditioned mice were shocked and 2h
before being returned to the fear conditioned context, mice were administered with vehicle or 30 mg/kg of
CBG. Percent total freezing during retrieval session was measured. Data are expressed as mean +SEM
(n=10 per group). *p<0.05, **p<0.01, and indicates significant differences when compared to the NS-VEH
group (Mann-Whitney U test). ns, not significant compared to S-VEH (one-way ANOVA or unpaired t-test).

NS-VEH, non-shock-vehicle; S-VEH, shock-vehicle; S-CBG10, shock-cannabigerol 10 mg/kg; S-CBG30, shock-
cannabigerol 30 mg/kg. ANOVA, analysis of variance; SEM, standard error of the mean.

pharmacological disruption. Twenty-four hours later,
mice were re-exposed to the conditioned context and
freezing was measured to assess reconsolidation of the
fear memory (Fig. 2¢).

Study 6: Assessment of whether acute CBG affects
trauma-induced anxiety-related behavior in the light-
dark test. Traumatic foot shock exposure alters
anxiety-related behaviors in the light-dark test.’
Mice underwent contextual fear conditioning and
24h later were administered vehicle, or 10 or
30 mg/kg of CBG, 2h before being placed in the
light-dark test apparatus (Fig. 3a). Higher CBG
doses were used here, consistent with CBG activity
at higher concentrations on other targets, rather
than specifically o,R, including the anxiety-relevant
receptors 5-HT1A and CB1.*>**"** The 60 mg/kg
CBG dose was abandoned due to it being poorly sol-
uble in our vehicle.

Statistical analyses

Statistical analyses were performed using GraphPad
Prism (Version 8, GraphPad Software, CA). The acquisi-
tion of fear memory was assessed by comparing the non-
shock-vehicle (NS-VEH) and shock-vehicle (S-VEH)
groups using Mann-Whitney U tests where the data
were not normally distributed, and unpaired ¢-tests
when the data were normally distributed. To investigate
the impact of CBG administration on fear memory, the
S-VEH mice were compared to CBG-treated shock
groups. An unpaired t-test was used in the cases where
only two groups were compared. One-way analysis of
variance (ANOVA) tests with Dunnett’s multiple com-
parisons were used for comparison of more than two
groups, and Kruskal-Wallis tests with Dunn’s post-hoc
tests were used when data violated normality or equality
of variance assumptions of ANOVA. Post-hoc tests were
performed with the S-VEH group as control. Statistically
significant results were determined when p <0.05.
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FIG. 2. (CBG did not disrupt acquisition, consolidation, or reconsolidation of contextual fear memory. (a)
Acquisition: mice were administered 1, 10, or 30 mg/kg of CBG or vehicle before contextual fear
conditioning. Retrieval was measured 24 h later. n=10 per group. (b) Consolidation: mice were fear
conditioned and immediately administered 1, 10, or 30 mg/kg of CBG. Retrieval was measured 24 h later.
n=38-10 per group. (c) Reconsolidation: mice were fear conditioned and fear memory was reactivated in
the fear conditioning context 24 h later. Mice were immediately administered 3, 10, 30, or 60 mg/kg of CBG
after reactivation. Retrieval was measured 24 h later. n=8-18 per group. Data are expressed as mean + SEM.
*p<0.05, ¥***p <0.0001 and indicates significant differences when compared to the NS-VEH group (Mann-
Whitney U test or unpaired t-test). ns, not significant compared to S-VEH (one-way ANOVA). NS-VEH, non-
shock-vehicle; S-VEH, shock-vehicle; S-CBG1, shock-cannabigerol 1 mg/kg; S-CBG3, shock-cannabigerol

3 mg/kg; S-CBG10, shock-cannabigerol 10 mg/kg; S-CBG30, shock-cannabigerol 30 mg/kg; S-CBG60, shock-
cannabigerol 60 mg/kg.

Results Twenty-two days after the CS-US pairing, vehicle-

Study 1: Repeated CBG exposure did not disrupt
long-term contextual fear memory

We first examined whether repeated CBG exposure dis-
rupted long-term contextual fear memories (Fig. 1a).

treated shocked mice displayed a significantly increased
% freezing compared to the control mice that were not
shocked, consistent with long-term contextual fear con-
ditioning (Mann-Whitney U test, p=0.012). However,
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FIG. 3. (CBG did not disrupt trauma-induced generalized anxiety. (a) Experimental protocol: mice were
shocked and 24 h later administered vehicle, or 10 or 30 mg/kg of CBG. They were then placed into the
light/dark box to test for generalized anxiety. The control NS-VEH group was not fear conditioned and
treated with vehicle. (b) Total distance travelled in the light box. (c) Percent of total time mice spent in the
light box. (d) Number of total entries into the dark box. (e) Latency to the first entry into the dark box.
Data are expressed as mean + SEM (n=19-20 per group). ns, not significant, **p <0.01, ***p<0.001,
**¥%n < 0.0001. Bars indicate significant differences when compared to the leftmost group, that is, the
NS-VEH group (Dunn’s post-hoc tests) or the S-VEH group (one-way ANOVA or Kruskal-Wallis test). NS-VEH,
non-shock-vehicle; S-VEH, shock-vehicle; S-CBG10, shock-cannabigerol 10 mg/kg; S-CBG30, shock-
cannabigerol 30 mg/kg.
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repeated treatment with either 10 or 30 mg/kg of CBG
did not affect the long-term fear conditioned freezing
behavior [one-way ANOVA; F(2,27)=0.081 p=0.922].

Study 2: Acute CBG did not affect the expression

of conditioned fear

We then wished to observe whether acute CBG
inhibited the expression of conditioned fear (Fig. 1b).
Contextual fear conditioning was observed as vehicle-
treated mice that were shocked displayed significantly
higher % freezing than control mice that were not
shocked (Mann-Whitney U test, p=0.001). However,
acute CBG treatment did not disrupt the expression
of conditioned fear, as mice treated with 30 mg/kg of
CBG did not differ from vehicle-treated mice in the
shock group [unpaired t-test; #(18)=0.581, p=0.569].

Study 3: Acute CBG did not disrupt acquisition

of contextual fear memory

We then assessed whether acute CBG exposure had any
effect on the acquisition of contextual fear memory
(Fig. 2a). Contextual fear conditioning was observed
as vehicle-treated shocked mice had significantly
higher freezing than their non-shocked counterparts
(Mann-Whitney U test, p<0.0001). However, the
acute administration of CBG did not diminish freezing
compared to the vehicle-treated group [one-way
ANOVA; F(3,36)=0.992, p=0.408], consistent with
acute CBG not disrupting the acquisition of contextual
fear memory.

Study 4: Acute CBG did not disrupt consolidation

of contextual fear memory

Contextual fear conditioning was observed as vehicle-
treated mice that were shocked had significantly higher
freezing than control mice that were not shocked
[Fig. 2b; unpaired t-test, #(16)=2.689, p=0.016].
CBG-treated mice did not have significantly different
freezing compared to the vehicle-treated group at any
of the doses tested [one-way ANOVA; F(3,31)=0.121,
p=0.947], consistent with CBG failing to disrupt the
consolidation of contextual fear memory.

Study 5: Acute CBG did not disrupt

reconsolidation of contextual fear memory

Contextual fear conditioning was observed as vehicle-
treated mice that were shocked had significantly higher
freezing than the control group that did not receive
shock [Fig. 2¢; unpaired t-test, £(34) =6.763, p<0.0001].
Fear conditioned mice treated with CBG did not signif-
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icantly differ from vehicle-treated mice [one-way
ANOVA; F(4,47)=0.847, p=0.503], consistent with
acute CBG failing to disrupt the reconsolidation of
fear memory.

Study 6: Acute CBG did not affect trauma-induced
anxiety-related behavior

Foot shock decreased the total distance travelled in the
light area compared to mice that did not receive shock
[Fig. 3b; unpaired t-test; #(37)=3.602, p=0.0009],
although there was no change in the time spent in
the light box (Fig. 3c; Mann-Whitney U test,
p=0.465). Foot shock also significantly reduced the
number of entries into the dark box [Fig. 3d; unpaired
t-test, #(37)=4.408, p<0.0001], and increased the la-
tency for first entry into the dark box (Mann-Whitney
U test, p=0.002; Fig. 3e).

Acute CBG treatment did not alter the effects of foot
shock on the total distance travelled in the light area
[one-way ANOVA; F(2,54)=0.578, p=0.564], the num-
ber of entries in the dark box [one-way ANOVA;
F(2,54)=0.318, p=0.729], or the latency to enter the
dark box [Kruskal-Wallis test, H(54)=3.068, p=0.216].

Discussion
CBG is being touted as the “next big phytocannabi-
noid” and it has been suggested that CBG might have
a place in the treatment of neuropsychiatric disor-
ders.”'**® However, the evidence base around the
pharmacology of CBG is limited and further research
is needed to validate its potential medicinal properties.
In this study we examined whether CBG disrupts con-
textual fear memory processes and shock-induced
anxiety-related behavior in mice. Repeated CBG expo-
sure did not influence long-term fear memory. More-
over, acute CBG administration failed to disrupt the
acquisition, expression, consolidation, or reconsolida-
tion of contextual fear memory. Finally, acute CBG
did not affect stress-induced anxiety-related behavior.
It is highly unlikely that our negative findings are
explained by chemical degradation of our CBG stock.
First, the CBG active pharmaceutical ingredient we
tested had a purity of 99%. Furthermore, pilot experi-
ments confirmed adequate CBG exposure in mice
using high performance liquid chromatography and
tandem mass spectrometry (HPLC-MS/MS). In one
study, we dosed adult male C57BL/6 mice with CBG
30mg/kg ip. daily for 3 days consecutively. Two
hours after the last injection, which is the reported
Tmax We collected plasma of the mice and analyzed it
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for CBG concentrations.”’ The average plasma concen-
tration was 23.64 ug/mL (75 uM). These data highlight
the presence of our target compound CBG at uM levels
in experimental mice following i.p. injection.

In this study we utilized a validated mouse model
of PTSD in which mice exposed to foot shock display
persistent fear memory, as well as other maladaptive be-
haviors such as hyperarousal, increased anxiety-related
behavior, and disrupted rapid-eye-movement sleep.'®*
Fluoxetine, a drug used to treat PTSD patients, reduced
long-term fear memory and associated neuroinflamma-
tion in this model, suggesting anti-inflammatory agents
might be explored as novel treatments for PTSD.'
CBG has robust anti-inflammatory effects in cellular
and animal models of brain disorders?®****=*; thus,
we sought to examine whether CBG reduces long-term
fear memory in mice. Repeated CBG administration,
however, was ineffective at reducing long-term contex-
tual fear memory at 10 and 30 mg/kg doses. These
encompass doses of CBG that were reported to reduce
inflammation in mouse models of Huntington’s disease
and inflammatory bowel disease.'**° For example, four
daily ip. injections of 10 mg/kg of CBG robustly de-
creased inflammatory and oxidative stress markers
COX-2, TNFu, IL-6, and iNOs, as well as microgliosis
in the brain of a 3-nitropropionate-induced model of
Huntington’s disease.”’

We next focused on whether CBG affected different
memory processes, some of which are disrupted by
CBD.3246:47 Again, we did not observe CBG to have
any activity, even when testing as high as 60 mg/kg.
Our experimental fear conditioning paradigm pro-
duced consistent and statistically significant fear condi-
tioned responses across all studies, but CBG was not
able to reverse these effects. CBG is a very potent a,R
agonist (ECso=200 pM)** and R agonists have
been suggested to be promising novel PTSD therapeu-
tics.”>** Indeed, the a,R agonists clonidine and dexme-
detomidine are known to disrupt acquisition,
consolidation, and reconsolidation of conditioned
fear in rodents.”>™** The doses of CBG we tested likely
attained brain concentrations sufficient to exceed the
low concentrations necessary to activate murine
%,R*!, therefore, it was surprising to observe no effect
of CBG on acquisition, consolidation, and reconsolida-
tion of contextual fear memory. CBG was characterized
as an o,R agonist in murine isolated vas deferens and
brain tissue, where its a,R activity was inferred using
the %,R receptor antagonist yohimbine.** It would be
of interest to observe whether CBG directly activates
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murine o,R in mammalian cell lines. We have screened
CBG at 3 uM for its agonist activity at human o, 0,3,
and o,c adrenoceptors in human embryonic kidney
293 (HEK-293) cells, and there was no appreciable ag-
onist activity at these receptors (Eurofins gpcrMAX
panel; data not shown).

There are increasing claims made on the internet
that CBG has anxiolytic effects and that it might reduce
stress-induced anxiety. In this study, we could not find
any effect of CBG on trauma-induced anxiety-related
behavior in a model sensitive to the effects of the phy-
tocannabinoid cannabidiolic acid.>* One study recently
reported a subtle anxiolytic effect of CBG, with CBG-
treated mice spending more time in the center area of
an open-field test at a dose of 10 mg/kg.’® However,
acute or repeated daily exposure of 2.5mg/kg CBG
did not affect anxiety-related behavior in rats in the
light/dark test.*®

The lack of effects of CBG in this study contrasts with
data showing CBD is anxiolytic and decreases the acqui-
sition, expression, consolidation, and reconsolidation of
contextual fear memory in rodents.’>***”*’ This might
be explained by the distinctive molecular actions that
these phytocannabinoids have on the brain. For exam-
ple, CBD’s anxiolytic and disrupting effects on fear
expression are, at least partly, mediated by 5-HT1A re-
ceptor activation, whereas CBG is a moderately potent
5-HTIA antagonist.*>**™>> The disruptive effects of
CBD on reconsolidation involve cannabinoid CBI re-
ceptors and might be explained by CBD indirectly acti-
vating these receptors by fatty acid amide hydrolase
(FAAH) inhibition, which would increase concentra-
tions of the endocannabinoid anandamide.”> However,
unlike CBD, CBG did not inhibit FAAH in rat
brain.”> CBG appears to directly activate CBI receptors
in cellular assays, but with much lower efficacy than
THC.>

While we could not find any effect of CBG in this
study, it remains possible that CBG might affect other
PTSD-relevant endpoints that were not addressed
here. We did not examine whether CBG facilitates
the extinction of fear memory. This might be antici-
pated, given reports that CBG weakly activates CB1 re-
ceptors, which are known to facilitate extinction.’*>*
However, agonist activity of CBG at CBI1 receptors
must be functionally distinct from the effects of THC,
as CBG tested up to 80 mg/kg did not produce the
classical tetrad effects of THC in vivo, that is, hypother-
mia, reduced locomotor activity, catalepsy, and antino-
ciception.” Perhaps, the subtle activity of CBG at CB1
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receptors might be leveraged for therapeutic benefit
without the liability of intoxication. CBG’s potent a,R
agonist activity might also be more relevant to manag-
ing hyperarousal and nightmares associated with
PTSD, as o,R agonists, like clonidine, have been sug-
gested to treat these PTSD symptoms.”® Future studies
might explore these potential applications of CBG in
treating PTSD patients.

In conclusion, CBG was ineffective in disrupting var-
ious conditioned fear memory processes and stress-
induced anxiety-related behavior in mice. These data
suggest CBG has limited scope in the treatment of
PTSD and stress-related anxiety.

Acknowledgments

The author gratefully acknowledges Barry and Joy
Lambert for their continued support of the Lambert
Initiative for Cannabinoid Therapeutics.

Author Disclosure Statement

J.C.A. is Deputy Academic Director of the Lambert
Initiative for Cannabinoid Therapeutics, a philan-
thropically funded research initiative at the University
of Sydney. He has served as an expert witness in var-
ious medicolegal cases involving cannabis and canna-
binoids and as a temporary advisor to the World
Health Organization on their review of cannabis and
cannabinoids.

Funding Information

J.C.A. receives research funding from the Australian
National Health and Medical Research Council
(NHMRC) and the Lambert Initiative. J.C.A. reports
the patents W02019227167 and W02019071302
issued.

References

1. Turna J, MacKillop J. Cannabis use among military veterans: a great deal
to gain or lose? Clin Psychol Rev. 2021;84:101958.

2. Cougle JR, Bonn-Miller MO, Vujanovic AA, et al. Posttraumatic stress dis-
order and cannabis use in a nationally representative sample. Psychol
Addict Behav. 2011;25:554-558.

3. Lake S, Kerr T, Buxton J, et al. Does cannabis use modify the effect of post-
traumatic stress disorder on severe depression and suicidal ideation?
Evidence from a population-based cross-sectional study of Canadians.

J Psychopharmacol. 2020;34:181-188.

4. Bitencourt RM, Takahashi RN. Cannabidiol as a therapeutic alternative for
post-traumatic stress disorder: from bench research to confirmation in
human trials. Front Neurosci. 2018;12:502.

5. Brewin CR. Episodic memory, perceptual memory, and their interaction:
foundations for a theory of posttraumatic stress disorder. Psychol Bull.
2014;140:69-97.

6. Bradley R, Greene J, Russ E, et al. A multidimensional meta-analysis of
psychotherapy for PTSD. Am J Psychiatry. 2005;162:214-227.

7. Krystal JH, Davis LL, Neylan TC, et al. It is time to address the crisis in
the pharmacotherapy of posttraumatic stress disorder: a Consensus

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

ZHOU ET AL.

Statement of the PTSD Psychopharmacology Working Group. Biol
Psychiatry. 2017;82:e51-e59.

. Banister SD, Arnold JC, Connor M, et al. Dark classics in chemical

neuroscience: A9-tetrahydrocannabinol. ACS Chem Neurosci. 2019;10:
2160-2175.

. Nachnani R, Raup-Konsavage WM, Vrana KE. The pharmacological case

for cannabigerol. J Pharmacol Exp Ther. 2021;376:204-212.

. Stone NL, Murphy AJ, England TJ, et al. A systematic review of minor

phytocannabinoids with promising neuroprotective potential. Br J Phar-
macol. 2020;177:4330-4352.

. Gaoni Y, Mechoulam R. Isolation and structure of delta-1-

tetrahydrocannabinol and other neutral cannabinoids from hashish. J Am
Chem Soc. 1971;93:217-224.

. Wang M, Wang Y-H, Avula B, et al. Decarboxylation study of acidic can-

nabinoids: a novel approach using ultra-high-performance supercritical
fluid chromatography/photodiode array-mass spectrometry. Cannabis
Cannabinoid Res. 2016;1:262-271.

. Zass LJ, Hart SA, Seedat S, et al. Neuroinflammatory genes associated with

post-traumatic stress disorder. Psychiatr Genet. 2017;27:1-16.

. Speer K, Upton D, Semple S, et al. Systemic low-grade inflammation in

post-traumatic stress disorder: a systematic review. J Inflamm Res. 2018;
11:111-121.

. Kao C-Y, He Z, Zannas AS, et al. Fluoxetine treatment prevents the in-

flammatory response in a mouse model of posttraumatic stress disorder.
J Psychiatr Res. 2016;76:74-83.

. Smith KL, Kassem MS, Clarke DJ, et al. Microglial cell hyper-ramification

and neuronal dendritic spine loss in the hippocampus and medial pre-
frontal cortex in a mouse model of PTSD. Brain Behav Immun. 2019;80:
889-899.

. Muhie S, Gautam A, Chakraborty N, et al. Molecular indicators of stress-

induced neuroinflammation in a mouse model simulating features of
post-traumatic stress disorder. Transl Psychiatry. 2017;7:e1135.

. Li'S, Liao Y, Dong Y, et al. Microglial deletion and inhibition alleviate

behavior of post-traumatic stress disorder in mice. J Neuroinflammation.
2021;18:7.

. Borrelli F, Fasolino I, Romano B, et al. Beneficial effect of the non-

psychotropic plant cannabinoid cannabigerol on experimental inflam-
matory bowel disease. Biochem Pharmacol. 2013;85:1306-1316.
Valdeolivas S, Navarrete C, Cantarero |, et al. Neuroprotective properties
of cannabigerol in Huntington's disease: studies in R6/2 mice and 3-
nitropropionate-lesioned mice. Neurotherapeutics. 2015;12:185-199.
Anil SM, Shalev N, Vinayaka AC, et al. Cannabis compounds exhibit anti-
inflammatory activity in vitro in COVID-19-related inflammation in lung
epithelial cells and pro-inflammatory activity in macrophages. Sci Rep.
2021;11:1462.

Cascio MG, Gauson LA, Stevenson LA, et al. Evidence that the plant
cannabinoid cannabigerol is a highly potent alpha2-adrenoceptor ago-
nist and moderately potent 5HT1A receptor antagonist. Br J Pharmacol.
2010;159:129-141.

Belkin MR, Schwartz TL. Alpha-2 receptor agonists for the treatment of
posttraumatic stress disorder. Drugs Context. 2015;4:212286.

Chiu S, Campbell K. Clonidine for the Treatment of Psychiatric Conditions
and Symptoms: A Review of Clinical Effectiveness, Safety, and Guidelines.
Canadian Agency for Drugs and Technologies in Health: Ottawa, ON,
2018.

Davies MF, Tsui J, Flannery JA, et al. Activation of alpha2 adrenergic re-
ceptors suppresses fear conditioning: expression of c-Fos and phos-
phorylated CREB in mouse amygdala. Neuropsychopharmacology. 2004;
29:229-239.

Ji M-H, Jia M, Zhang M-Q, et al. Dexmedetomidine alleviates anxiety-like
behaviors and cognitive impairments in a rat model of post-traumatic
stress disorder. Prog Neuropsychopharmacol Biol Psychiatry. 2014;54:
284-288.

Schulz B, Fendt M, Schnitzler H-U. Clonidine injections into the lateral
nucleus of the amygdala block acquisition and expression of fear-
potentiated startle. Eur J Neurosci. 2002;15:151-157.

Holmes NM, Crane JW, Tang M, et al. A2-adrenoceptor-mediated inhi-
bition in the central amygdala blocks fear-conditioning. Sci Rep. 2017;
7:11712.

Gamache K, Pitman RK, Nader K. Preclinical evaluation of reconsolidation
blockade by clonidine as a potential novel treatment for posttraumatic
stress disorder. Neuropsychopharmacology. 2012;37:2789-2796.



Downloaded by Optum Health from www.liebertpub.com at 03/28/24. For personal use only.

CBG DOES NOT DISRUPT FEAR MEMORY PROCESSES

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

Zagzoog A, Mohamed KA, Kim HJJ, et al. In vitro and in vivo pharmaco-
logical activity of minor cannabinoids isolated from Cannabis sativa. Sci
Rep. 2020;10:20405.

Deiana S, Watanabe A, Yamasaki Y, et al. Plasma and brain pharmacoki-
netic profile of cannabidiol (CBD), cannabidivarine (CBDV), A°-
tetrahydrocannabivarin (THCV) and cannabigerol (CBG) in rats and mice
following oral and intraperitoneal administration and CBD action on
obsessive-compulsive behaviour. Psychopharmacology (Berl). 2012;219:
859-873.

Assareh N, Gururajan A, Zhou C, et al. Cannabidiol disrupts conditioned
fear expression and cannabidiolic acid reduces trauma-induced anxiety-
related behaviour in mice. Behav Pharmacol. 2020;31:591-596.

Bahceci D, Anderson LL, Occelli Hanbury Brown CV, et al. Adolescent
behavioral abnormalities in a Scn1a+/- mouse model of Dravet syn-
drome. Epilepsy Behav. 2020;103(Pt A):106842.

Brzozowska NI, Smith KL, Zhou C, et al. Genetic deletion of P-glycoprotein
alters stress responsivity and increases depression-like behavior, social
withdrawal and microglial activation in the hippocampus of female mice.
Brain Behav Immun. 2017;65:251-261.

Siegmund A, Wotjak CT. A mouse model of posttraumatic stress disorder
that distinguishes between conditioned and sensitised fear. J Psychiatr
Res. 2007;41:848-860.

Wood SC, Anagnostaras SG. Interdependence of measures in pavlovian
conditioned freezing. Neurosci Lett. 2011;505:134-139.

Takao K, Miyakawa T. Light/dark transition test for mice. J Vis Exp. 2006;
13:104. DOI: 10.3791/104.

Schafe GE, LeDoux JE. Memory consolidation of auditory pavlovian fear
conditioning requires protein synthesis and protein kinase A in the
amygdala. J Neurosci. 2000;20:RC96.

Suzuki A, Josselyn SA, Frankland PW, et al. Memory reconsolidation and
extinction have distinct temporal and biochemical signatures. J Neurosci.
2004;24:4787-4795.

Echeverry C, Prunell G, Narbondo C, et al. A comparative in vitro study of
the neuroprotective effect induced by cannabidiol, cannabigerol, and
their respective acid forms: relevance of the 5-HT1A receptors. Neurotox
Res. 2021;39:335-348.

Gobira PH, Lima IV, Batista LA, et al. N-arachidonoyl-serotonin, a dual
FAAH and TRPV1 blocker, inhibits the retrieval of contextual fear memory:
role of the cannabinoid CB1 receptor in the dorsal hippocampus.

J Psychopharmacol. 2017;31:750-756.

Bitencourt RM, Pamplona FA, Takahashi RN. Facilitation of contextual fear
memory extinction and anti-anxiogenic effects of AM404 and cannabi-
diol in conditioned rats. Eur Neuropsychopharmacol. 2008;18:849-859.
Gugliandolo A, Pollastro F, Grassi G, et al. In vitro model of neuroinflam-
mation: efficacy of cannabigerol, a non-psychoactive cannabinoid. Int J
Mol Sci. 2018;19:1992.

Hill AJ, Jones NA, Smith |, et al. Voltage-gated sodium (NaV) channel
blockade by plant cannabinoids does not confer anticonvulsant effects
per se. Neurosci Lett. 2014;566:269-274.

Gugliandolo A, Silvestro S, Chiricosta L, et al. The transcriptomic analysis
of NSC-34 motor neuron-like cells reveals that cannabigerol influences
synaptic pathways: a comparative study with cannabidiol. Life (Basel).
2020;10:227.

Stern CAJ, Gazarini L, Takahashi RN, et al. On disruption of fear memory
by reconsolidation blockade: evidence from cannabidiol treatment.
Neuropsychopharmacology. 2012;37:2132-2142.

47.

48.

49.

50.

51.

52.

53.

54.

55.

303

Stern CAJ, da Silva TR, Raymundi AM, et al. Cannabidiol disrupts the
consolidation of specific and generalized fear memories via dorsal hip-
pocampus CB1 and CB2 receptors. Neuropharmacology. 2017;125:220-
230.

O'Brien LD, Wills KL, Segsworth B, et al. Effect of chronic exposure to
rimonabant and phytocannabinoids on anxiety-like behavior and sac-
charin palatability. Pharmacol Biochem Behav. 2013;103:597-602.
Raymundi AM, da Silva TR, Zampronio AR, et al. A time-dependent con-
tribution of hippocampal CB1, CB2 and PPARy receptors to cannabidiol-
induced disruption of fear memory consolidation. Br J Pharmacol. 2020;
177:945-957.

Zanelati TV, Biojone C, Moreira FA, et al. Antidepressant-like effects of
cannabidiol in mice: possible involvement of 5-HT1A receptors. Br J
Pharmacol. 2010;159:122-128.

Gomes FV, Reis DG, Alves FHF, et al. Cannabidiol injected into the bed
nucleus of the stria terminalis reduces the expression of contextual
fear conditioning via 5-HT1A receptors. J Psychopharmacol. 2012;26:
104-113.

Gomes FV, Resstel LBM, Guimaraes FS. The anxiolytic-like effects of can-
nabidiol injected into the bed nucleus of the stria terminalis are mediated
by 5-HT1A receptors. Psychopharmacology (Berl). 2011;213:465-473.

De Petrocellis L, Ligresti A, Moriello AS, et al. Effects of cannabinoids and
cannabinoid-enriched Cannabis extracts on TRP channels and endocan-
nabinoid metabolic enzymes. Br J Pharmacol. 2011;163:1479-1494.
Navarro G, Varani K, Reyes-Resina |, et al. Cannabigerol action at canna-
binoid CB1 and CB2 receptors and at CB1-CB2 heteroreceptor complexes.
Front Pharmacol. 2018;9:632.

El-Alfy AT, Ivey K, Robinson K, et al. Antidepressant-like effect of delta9-
tetrahydrocannabinol and other cannabinoids isolated from Cannabis
sativa L. Pharmacol Biochem Behav. 2010;95:434-442,

( N
Cite this article as: Zhou C, Assareh N, Arnold JC (2022) The cannabis
constituent cannabigerol does not disrupt fear memory processes or
stress-induced anxiety in mice, Cannabis and Cannabinoid Research
7:3, 294-303, DOI: 10.1089/can.2021.0027.

\. J
e A
Abbreviations Used

ANOVA = analysis of variance
CBD = cannabidiol
CBG = cannabigerol
CBGA = cannabigerolic acid
FAAH =fatty acid amide hydrolase
HEK-293 = human embryonic kidney 293
i.p. = intraperitoneal
ns = not significant
NS-VEH = non-shock-vehicle
PTSD = post-traumatic stress disorder
SEM = standard error of the mean
S-VEH = shock-vehicle
THC = A®-tetrahydrocannabinol
\ J




