Cannabis and Cannabinoid Research
Volume 5, Number 2, 2020

Mary Ann Liebert, Inc.

DOI: 10.1089/can.2019.0028

ORIGINAL RESEARCH

Anticonvulsive Properties of Cannabidiol in a Model
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Vanilloid 1 Dependent
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Abstract

Introduction: Highly purified cannabidiol (CBD) (approved as Epidiolex® in the United States) has demonstrated
efficacy with an acceptable safety profile in patients with Lennox—Gastaut or Dravet syndrome in four random-
ized controlled trials. CBD possesses affinity for many target classes with functional effects relevant to the path-
ophysiology of many disease types, including epilepsy. Although the mechanism of action of CBD underlying the
reduction of seizures in humans is unknown, transient receptor potential vanilloid 1 (TRPV1) represents a plau-
sible target because (1) CBD activates and then desensitizes TRPV1, (2) TRPV1 is overexpressed in models of tem-
poral lobe epilepsy and patients with epilepsy, (3) and TRPV1 modulates neuronal excitability.

Methods: To investigate a potential role of TRPV1 in the anticonvulsive effects of CBD, the effect of CBD on sei-
zure threshold was assessed using a mouse maximal electroshock threshold model of generalized seizure in
TRPV1 knockout and wildtype mice. The dose dependence of the CBD effect was determined and compared
with that of the positive comparator diazepam and vehicle.

Results: At 50 and 100 mg/kg, CBD significantly (p < 0.0001) increased seizure threshold in wildtype mice com-
pared with TRPV1 knockout and vehicle controls. This effect was observed only at 100 mg/kg in TRPV1 knockout
mice compared with knockout vehicle mice, in which gene deletion partially attenuated the CBD-increased sei-
zure threshold. The effect of high-dose CBD in wildtype mice was nevertheless significantly different from
vehicle-treated TRPV1 knockout mice (p<0.0001). Bioanalysis confirmed that genotype-specific differential
brain exposure to CBD was not responsible for the observed effect on seizure threshold.

Conclusion: These data strongly implicate TRPV1 in the potential mechanisms of action for the anticonvulsive
effects of CBD. The partial inhibition of the anticonvulsive effect of high-dose CBD in TRPV1 knockout mice may
indicate the involvement of targets other than TRPV1. Further characterization of TRPV1 in the anticonvulsive
effect of CBD in validated models of seizure is warranted, as is pharmacological investigation of the molecular
interaction between CBD and TRPV1.
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Introduction

The transient receptor potential vanilloid 1 (TRPV1)
channel consists of six transmembrane domains with
a nonselective hydrophobic pore between the fifth
and sixth transmembrane domains that is respon-
sive to chemical and physical stimuli.

Activation of TRPV1 by the vanilloid capsaicin, nox-
ious heat, low pH, various lipids,' or other agents includ-
ing phytocannabinoids® leads to Ca®* influx through
the channel. Depending on the degree and duration of
influx, the increase in intracellular Ca®>* can desensitize
the channel, representing a protective negative feedback
mechanism. TRPV1 channel activation is thought to be
a sensor of physiological and pathological processes in-
cluding itch, temperature, cancers, genetic disorders,
pain, and seizures.* TRPV1 receptors are expressed
widely throughout the central nervous system,” where
they promote neuronal depolarization, firing of action
potentials, and generation of postsynaptic currents.®

The anticonvulsive efficacy of cannabidiol (CBD)
has been described in a range of preclinical models of
seizure” and in clinical trials wherein amelioration of
seizure in Dravet and Lennox-Gastaut syndromes has
been established.>* The demonstration that the anti-
convulsive effect of CBD may involve TRP channels
was demonstrated by reversal of CBD-dependent inhi-
bition of pentylenetetrazol-induced seizures by the
TRPV1 antagonist, SB366791.'°

Bisogno et al.'" were the first to describe the affinity of
CBD for TRPV1 and its action as an agonist, with subse-
quent validation and extension to include evidence of
CBD-induced rapid desensitization.”> Recent evidence
suggests that TRPV1 may contribute to the onset and
progression of some forms of epilepsy.'>"'* The possi-
bility that TRPV1 is involved in the anticonvulsive ac-
tivity of CBD is based upon the observations that CBD
can activate and rapidly desensitize TRPV1 receptors at
low micromolar concentrations in recombinant sys-
tems and in in vitro experimental models of epilepti-
form activity."” Patch clamp recordings from human
TRPV1-expressing HEK293 cells demonstrated rapid,
concentration-dependent activation, and desensitization
of TRPV1 by CBD. Both effects were sensitive to the
TRPV1 receptor antagonist, capsazepine, confirming
that CBD was acting specifically at TRPV1 receptors.

Collectively, these data prompted the present inves-
tigation of the possible contribution of TRPV1 channel
activity to the anticonvulsive effects of CBD in a model
of generalized seizures shown to be responsive to CBD
treatment.

GRAY ET AL.

Methods

TRPV1 knockout mice (B6.126X1-trpvltm1]Jul/]) were
obtained from Jackson Laboratories and wildtype
C57Bl6 mice from Charles River, United Kingdom. Stud-
ies were conducted in accordance with national and insti-
tutional guidance. The use of animals in experiments and
testing is regulated under the Animals (Scientific Proce-
dures) Act 1986. Animals were randomly assigned to ei-
ther vehicle or CBD (n=12 per group) and received
intraperitoneal (i.p.) injection of either plant-derived
highly purified CBD (10-100 mg/kg; GW Pharmaceut-
icals) or CBD vehicle (ethanol:Kolliphor® EL:saline,
1:1:18 ratio) 60 min before testing, based upon the
pharmacokinetic data previously described."

The positive control diazepam (2.5 mg/kg in saline;
Sigma) was administered 30 min before testing. Diaze-
pam was selected as a positive control on the basis that
its primary mechanism of anticonvulsive action is
TRVP1 independent.

Mice were individually assessed for production of a
tonic hind limb extensor seizure after a single corneal
delivered electroshock of 0.1 sec duration, using an
“up and down method” of shock titration. Thus, the
first mouse within a treatment group was shocked at
the expected or estimated CCs, current (current pro-
ducing tonic hind limb extensor seizures in 50% of
animals). For subsequent animals, the stimulus inten-
sity was lowered or raised (usually in 1-5 mA intervals)
if the preceding mouse did or did not show tonic hind
limb extension. This procedure was continued for all
mice within a treatment group. Using the method orig-
inally described by Kimball et al.,'® the data generated
in a single group of animals were used to calculate
CCs, which is presented as mean * standard deviation.

For assessment of brain and plasma CBD concentra-
tions, a satellite group of wildtype and knockout mice
(n <5 per group) received plant-derived highly purified
CBD (10, 25, 50, or 100 mg/kg; i.p.) under isoflurane
anesthesia, and plasma was collected into lithium hep-
arin tubes through cardiac puncture 60 min postdose.
Samples were centrifuged (4°C; 1500 g 10 min) and the
resultant plasma (~400 uL) was added to the same
volume of ascorbic acid (100 mg/mL). Immediately
after blood collection, animals were decapitated and
brains were removed, rinsed in physiological saline,
and snap frozen in liquid nitrogen. Plasma and brain
samples were stored at —80°C until use. Bioanalytical
samples were prepared and analyzed using liquid
chromatography/tandem mass spectrometry for CBD
according to a validated method.
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Planned statistical comparisons were conducted to
determine the statistical significance of the difference
in seizure threshold between wildtype and TRPV1
knockout mice within and between given treatment
groups, using a two-way ANOVA with Tukey post
hoc test on the basis that the data were normally dis-
tributed. Similarly, two-way ANOVA with Sidak post
hoc test was conducted to make planned comparisons
of plasma and brain exposure between wildtype and
TRPV1 knockout mice within each dose group.

Results

Two-way ANOVA identified a significant interaction
(F(s,132)=25.75; p<0.0001) between genotype and
treatment upon seizure threshold (CCs,), as defined by
an increase in current required to induce seizure in
50% of animals within a given dose group. In addition,
significant main effects of genotype (F(; 132)=134.3;
p<0.0001) and treatment (Fs13,)=110.4; p<0.0001)
were also observed (Fig. 1).
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Significant increases in CCs, were detected in wild-
type animals treated with CBD at both 50 and
100 mg/kg (each p<0.0001), when compared with the
wildtype vehicle group. In contrast, significant increa-
ses in CCs, were observed in TRPV1 knockout mice
treated with CBD only at 100 mg/kg ( p <0.0001) com-
pared with the knockout vehicle group. In addition,
wildtype mice treated with 50 mg/kg CBD had signif-
icantly increased seizure threshold compared with
TRPV1 knockout mice at the same dose and were not
significantly different from TRPV1 knockout mice trea-
ted with 100 mg/kg CBD.

As predicted by previous examination of purified
CBD in a range of animal models, including a maxi-
mal electroshock model of generalized seizure, a
dose-dependent increase in seizure threshold was
observed in wildtype mice wherein each stepwise
dose increase from 25 to 50 mg/kg and 50 to 100 mg/
kg resulted in significant increases in seizure threshold
(p<0.0001).
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FIG. 1. Comparison of the effects of CBD in TRPV1 KO and WT mice in the maximal electroshock threshold
test. Generalized seizures were induced by a constant current stimulus (1-300 mA; 0.1 sec duration) through
corneal electrodes in WT and TRPV1 KO mice. Differences between CCsq values (mA) were assessed using a
two-way ANOVA with post hoc Turkey test: ****p <0.0001; n=12 animals per group. Data represent
mean + standard deviation. CBD, cannabidiol; CCs, current producing tonic hind limb extensor seizures in 50%
of animals; TRPV1 KO, transient receptor potential vanilloid 1 knockout; WT, wildtype.
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genotype were assessed using a two-way ANOVA.

FIG. 2. (CBD exposure in WT and TRPV1 KO mice in plasma and brain. CBD exposure was measured

60 min after intraperitoneal injection of CBD in mice. n<5 animals per group. Median CBD exposure is
represented by a horizontal line and 25th and 75th percentiles by the box, whiskers indicate minimum and
maximum values, and open symbols describe individual data points. Differences in exposure between
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Bioanalytical assessment of brain and plasma con-
centrations of CBD revealed no interaction between ge-
notype and dose group (brain: F(;309)=0.5453; p=
0.6551; plasma: F;31)=0.6402; p=0.5949), nor was a
main effect of genotype detected (brain: F(30)=
0.1740; p=0.6976; plasma: F(; 3;y=0.3211; p=0.5750).
A main effect of dose group was detected (brain:
F30=18.55 p<0.0001; plasma: Fss)=21.38;
p<0.0001). Therefore, median exposures were dose
dependent but not genotype dependent, indicating
that the degree of efficacy observed between doses
but not between wildtype and TRPV1 knockout ani-
mals was attributable to exposure (Fig. 2).

Conclusion

Highly purified botanically derived CBD dose-
dependently increased seizure threshold in wildtype
mice: an effect that was significantly curtailed with
TRPV1 gene deletion. Concentrations of CBD mea-
sured in the plasma and brain at doses shown to in-
crease seizure threshold were consistent with those
required to activate TRPV1 channels, further validat-
ing the relevance of the present findings and those of
Vilela et al.'® Interestingly, the higher dose of CBD
(100 mg/kg) significantly (p<0.001), but partially, in-
creased seizure threshold in TRPV1 knockout mice
when compared with the knockout vehicle group, sug-
gesting the engagement of mechanisms independent

of TRPVI. Importantly, no effect of TRPV1 gene dele-
tion on either plasma or brain exposure to CBD was
observed.

The present observation that the anticonvulsive effect
of diazepam was marginally attenuated in TRPV1
knockout mice is in accordance with the findings of
other studies wherein exposure to diazepam can result
in elevated concentrations of the endogenous signaling
lipid anandamide in the brain.'” These mediators, like
CBD, both activate and desensitize TRPV1 channels.'®
Thus, the effect of diazepam on GABA signaling may
result in the release of these mediators, which may
then increase diazepam actions through interaction
with their receptors, including TRPV1. Therefore, the
inhibition of diazepam effect in mice lacking functional
TRPV1 channels is consistent with both this previous
hypothesis and, indirectly, the present suggestion of a
TRPV1-mediated mechanism of action of CBD.

Further examination of the molecular interaction of
CBD with TRPV1 and other potential targets involved
in the mechanism of anticonvulsive action is warranted,
as is the assessment of the role of TRPV1 in the efficacy
of CBD in other well-validated models of seizure, in-
cluding those in which the involvement of TRPV1 in
seizure has been previously described and the efficacy
of CBD confirmed. Given the diverse pharmacology of
CBD, the modulation of targets beyond TRPV1 (includ-
ing GPR55) involved in the normalization of aberrant
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inhibitory-excitatory imbalance and calcium signaling
associated with conditions that include multiple types
of epilepsies have been described and investigated
further. In summary, the data presented are consis-
tent with previous studies in which the effect of
CBD on TRPV1 function has been identified and
strongly implicates TRPV1 as one of multiple targets
underlying the anticonvulsive mechanism of action
of CBD.
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