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Background: The analgesic effects of Cannabis sativa are mediated by A’ tetrahydrocan-
nabinol (THC), but the contributions of other bioactive complex components, including
cannabigerol (CBG) and cannabidiol (CBD), are unclear. We describe the individual and
combined effects of CBG, CBD and THC, on blocking capsaicin responses in dorsal root
ganglion (DRG) neurons, in an in vitro model of nociceptor hypersensitivity.

Materials and Methods: Adult rat DRG were dissected and enzyme digested to obtain
a neuronal suspension in BSF2 medium containing 2% fetal calf serum, and the neurotrophic
factors NGF and GDNF. After 48 h, cultured neurons were loaded with Fura-2 AM, to
determine the effects of cannabinoids on capsaicin responses using calcium imaging. In
control experiments, neurons were treated with vehicle, followed by 1 uM capsaicin. In
cannabinoid treated cultures, CBG, CBD or THC were applied individually, or combined
(1:1:1 ratio), followed by 1 uM capsaicin. Data from n = 6 experiments were analysed with
Student’s ¢-test and Pearson’s correlation coefficient.

Results: CBG, CBD and THC, applied individually, elicited dose-related calcium influx in
a subset of DRG neurons, and a corresponding dose-related reduction of subsequent
responses to capsaicin. Maximum inhibition of capsaicin responses was observed at 30
uM CBG, 100 uM CBD, and 100 uM THC individually, and with combined CBD+CBG
+THC (1:1:1) at 90 uM. THC+CBD+CBG combined in a 1:1:1 proportion has the potential
to enhance the potency of these compounds applied individually. There was a high correla-
tion between cannabinoid-mediated calcium influx and reduction of capsaicin responses:
CBG = —0.88, THC = —0.97, CBD = —0.99 and combined CBG + THC + CBD = —1.00.
Conclusion: CBG, CBD and THC demonstrated potent dose-related inhibition of capsaicin
responses in DRG neurons when applied individually in vitro, and enhanced when applied in
combination, being most effective at 90 uM. Thus, efficacy and tolerability of THC could be
improved in combination with CBG and CBD at optimal concentrations, which deserve
further studies in vivo.
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Plain Language Summary

Chronic pain affects 1 in 15 individuals globally, impacting their quality of life. Current
drugs for the treatment of chronic pain have limited efficacy, and undesirable side-effects.
The ability of cannabis to provide pain relief is well recognised, as are its many side-effects,
which include drowsiness. Cannabis contains hundreds of different compounds, of which
tetrahydrocannabinol (THC) is known to be psychoactive, by producing euphoria. Other non-
psychoactive components may also have analgesic effects. Here we have tested the ability of
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THC, and the non-psychoactive cannabidiol (CBD) and cannabi-
gerol (CBG) applied individually and in combination, to block
responses in pain-sensing neurons, to determine their most effec-
tive concentrations for providing pain relief. This was tested in
cultured sensory neurons, which are nerve cells grown in a tissue
culture dish in a laboratory, and which respond to painful stimuli
such as capsaicin (the hot ingredient of chilli peppers). We found
that THC, CBG and CBD applied individually were able to block
the capsaicin responses in the sensory neurons, and that THC
+CBD+CBG combined in a 1:1:1 proportion was more effective
than these compounds applied alone. This combination also made
THC more effective at a lower concentration, with the potential
to reduce its unwanted psychoactive effects. The findings of our
study will enable the testing of these compounds in human
studies, to develop more effective cannabis-based drugs for treat-
ing chronic pain, and with reduced side-effects.

Introduction

Chronic pain may be defined as “pain which has persisted
beyond normal tissue healing time”, which is generally
considered to be three months.! In the UK, 13-50% of
adults are reported to be affected by chronic pain, with
10.4-14.3% experiencing moderate to severe disabling
pain.? The aetiology of chronic pain includes postsurgical
pain that affects up to 10% of patients undergoing
surgery,” arthritis and neuropathy, and is influenced by
factors such as age, obesity and psychosocial aspects.*
Opioids remain a keystone of treatment for severe and
persistent pain, in accordance with the analgesic ladder
proposed by the World Health Organization (WHO), espe-
cially for palliative care.” However, inadequate relief of
chronic pain remains an unmet need, severely compromis-
ing the quality of life in a significant proportion of affected
individuals. The current ‘opioid crisis’ has accelerated the
need for non-opioid treatments of chronic pain.

The identification of the analgesic effects of A tetra-
hydrocannabinol (THC), the psychoactive phytocannabi-
noid derived from the plant Cannabis sativa,® led to the
formulation of novel drugs such as Marinol (the synthetic
version of Dronabinol), targeting the cannabinoid subtype
1 (CB,) and subtype 2 (CB,) receptors.” Elderly patients
with chronic pain treated with Dronabinol reported more
than 50% pain relief in 10% of patients, and more than
30% pain relief in 52% of patients.® However, significant
central side-effects of synthetic THC derivatives such as
dysphoria have limited their usefulness,” including for
chronic neuropathic pain.'®!!

The analgesic effects of non-psychotropic ingredients
of the cannabis plant have been utilized for developing

oral medications such as the licensed Sativex (GW
Pharmaceuticals, Cambridge, UK), an oromucosal spray
containing THC and CBD in a 1:1 ratio, which is more
effective and better tolerated.'? Cannabinoid combination
preparations have provided significant dose-related pain
relief for postoperative pain,'> and improved pain relief
and quality of sleep in patients with chronic neuropathic
pain following brachial plexus injury."* A Phase III pla-
cebo-controlled study of Sativex also reported alleviation
of central neuropathic pain in multiple sclerosis patients.'”

Cannabis sativa contains hundreds of different compo-
nents, including 200 different terpenes. These components
characterize the complex nature of cannabis, and may
provide a variety of therapeutic effects in synergy with
cannabinoids.'® Recent legalization of medical cannabis
supports the development of novel cannabis-based thera-
peutics, based on emerging information of its less well-
known components. These may have synergistic effects
effect
endocannabinoids,17 via the cannabinoid CB;, CB, recep-

similar to the entourage described  for
tors, and transient receptor potential (TRP) ion channels.
While THC is well known to provide pain relief, more
information about the non-psychoactive cannabinoid CBD
has recently been provided from studies especially in the
context of analgesia.'®

CBD is well known for not being psychoactive or indu-

cing euphoria,”'®

— it can increase the tolerability and ther-
apeutic window of THC to potentiate its beneficial effects,'
which led to the development of Sativex. Another key non-
psychoactive cannabis component is cannabigerol (CBG),
the precursor of CBD and THC, which modulates cannabi-
noid receptor subtype 2 (CB,) signalling.** CBG has more
potent analgesic, muscle relaxant, anti-erythema and lipox-
ygenase blocking activity than THC.'*?"-

The effects of cannabinoids are mediated by specific
cannabinoid receptors, CBI’22 and CB,,>> to activate
downstream effects via adenylyl cyclase inhibition.?*
There is evidence for CBD and CBG interaction with
other receptors such as the transient receptor potential
vanilloid subtype 1 receptor (TRPVI1) in transfected
HEK cells.*>?” TRPV1 is expressed in small sensory
neurons of the DRG, and which detects noxious stimuli
such as temperature of 43°C and above, inflammatory
mediators, low pH, and capsaicin, the pungent ingredient
of chilli peppers.”*** The endocannabinoid anandamide
also reduced hyperalgesia and inflammation via peripheral
TRPV1 and CB, receptors expressed in primary afferent
fibres.*
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Other members of the TRP ion channel superfamily
activated by cannabinoids include TRPA1, which is acti-
vated by wasabi and mustard oil,>' and is expressed by
nociceptors. TRPV1 and TRPA1 are co-expressed in
rodent sensory neurons,’® increased in human DRG neu-
rons after injury, and cross-desensitize in cultured human
and rat DRG neurons.**** These receptors provide poten-
tial targets for the anti-nociceptive effects of cannabinoids.
Cannabinoid agonists were previously reported to stimu-
late TRPV1 and TRPAI in sensory neurons, leading to
calcium influx and desensitization.>> We have recently
reported CBD inhibition of TRPV1 in DRG neurons at
low physiological doses that did not stimulate calcium
influx,*® similar to inhibition of TRPV1 and TRPMS in
transfected HEK cells.”” However, as higher concentra-
tions of cannabinoids induce calcium influx, it is likely
that these doses of CBG, CBD and THC would lead to
desensitization of TRPV1 in DRG neurons, similar to
capsaicin-mediated effects.

In this study, we have used an in vitro model of
neuronal hypersensitivity produced by added neurotrophic
factors NGF and GDNF, which are increased in clinical
chronic pain conditions.*’=* Adult DRG neurons cultured
with additional neurotrophic factors NGF and GDNF
demonstrate neuronal sensitization, manifested as
enhanced responses to capsaicin stimuli.*> We examined
the effects of CBD, CBG and THC on TRPV1 activation
by capsaicin in cultured adult rat DRG neurons. Our find-
ings show that these cannabinoids induce dose-related
calcium influx and inhibit capsaicin responses when
applied individually, with greater inhibition when applied
in combination.

Materials and Methods

Neuronal Cultures

For each experiment, one adult female Wistar rat (Charles
River UK Ltd, Margate, Kent, UK), was sacrificed by
exposure to rising titres of CO, followed by cervical dis-
location (with approvals from the Animal Welfare Ethical
Review Body, Imperial College London, following UK
Home Office approved procedures, and in keeping with
the 3Rs ARRIVE guidelines, Animal Scientific Procedures
Act (ASPA 1986), in conjunction with guidelines from the
Laboratory Animal Science Association (LASA) and
Federation of European Laboratory Animal Science
Association (FELASA)). Bilateral DRG from all levels

were harvested in Ham’s F12 medium under sterile

conditions, and enzyme digested in 2 mL Ham’s F12
medium containing collagenase (0.2%) and dispase
(0.5%), at 37°C for 3 h. The enzyme digested tissue was
triturated in 1 mL BSF2 medium containing 100 ng/mL
nerve growth factor (NGF-7s, Merck Life Science, UK
Ltd), and 50 ng/mL glial cell-line derived neurotrophic
factor (GDNF, Merck Life Science, UK Ltd), trypsin inhi-
bitor and DNase, to obtain a neuronal cell suspension.
8000-10000 neurons in 200 pL medium were plated
onto each of 20 glass-bottom petri dishes (MatTek Corp,
USA), coated with 20 pg/mL poly-l-lysine and 20 pg/mL
laminin. The cultures were incubated at 37°C for 45 min to
allow the cells to attach before adding 2 mL BSF2 med-
ium. 24 h later 5 uM cytosine arabinoside was added to all
dishes to inhibit the growth of non-neuronal cells. Calcium
imaging was performed 48 h after plating.

Calcium Imaging

The culture medium was aspirated from each dish, and the
neurons rinsed with 4-(2-Hydroxyethyl)piperazine-1-etha-
nesulfonic acid (HEPES) buffered Hank’s Balanced salt
solution (HBSS), containing 0.1% Bovine Serum Albumin
(BSA) (pH 7.4). 1 mL HEPES buffered HBSS containing
2 uMol Fura-2 AM (Life Technologies, Paisley, UK), was
added to each dish, and the petri dishes were incubated at
37°C for 40 min. The medium was then replaced with
HEPES-HBSS containing 0.1% BSA for 20 min to allow
de-esterification in the dark. The intracellular bound/
unbound Ca*" ratio was determined by alternately exciting
the neurons at 340 and 380 nm wavelengths (Aex) for one
min to establish a stable baseline of the 340/380 nm Aex
ratio. For vehicle control, 0.1% DMSO was added to the
dish, followed 5 min later by 1 uM capsaicin. One image
was captured every two seconds in each of three channels:
brightfield, 340 nm and 380 nm Aex as previously
described. Regions of interest were highlighted in 10-15
phase bright neurons (Figure 1A), and the change of 340/
380 nm Aex ratio from baseline to maximum was recorded
for each neuron to reveal intracellular Ca®* changes due to
capsaicin or cannabinoid application. In each experiment,
the largest calcium responses to the cannabinoid were
selected for analysis. Responses were recorded as the
difference between baseline (mean 340/380 nm Aex ratio
just before addition of the cannabinoid or drug) and peak
after the addition. Data were recorded for the mean change
in 340/380 nm Aex ratio in response to added cannabinoid
(s), and capsaicin, and expressed as a percentage of the
control obtained from the same animal specimen. In
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Figure | Image showing a field of view of cultured rat DRG neurons, with individual cells highlighted for analysis; bar=100 pm (A). Sample traces showing absence of
response to vehicle followed by rapid rise in calcium in response to capsaicin (B). Sample traces showing response to 30 yM CBD followed by | uM capsaicin (C). Similar
traces of response to 30 pM CBG and capsaicin (D). Sample traces of responses to 100 yM THC and capsaicin (E). Sample traces of responses to the 30 yM mix of CBG
+CBD+THC (l:1:1), followed by capsaicin (F). Scale bars indicate change in 340/380 ratio on the y axis, and time in seconds on x axis.

separate dishes, following determination of the baseline,
THC (1, 10, 30, 100, 150 uM), or CBG (1, 10, 30, 100
uM), CBD (1, 10, 30, 100 uM), or combined CBD/THC/
CBG (1:1:1 ratio, concentrations of 3, 30 or 90 uM) were
added at the indicated concentrations, followed 5 min later
by 1 uM capsaicin (Figure 1B-F).

Cannabinoid Solutions

Stock solution of CBG (from extract paste, #401100P Curaleaf
International, London, UK), was prepared at 316 mM in
DMSO. 100 mM CBD stock solution was prepared in
DMSO (# 200003, Curaleaf International, London, UK), and

A°THC (#401100P, Curaleaf International, London, UK) was
prepared in DMSO at 317 mM. All stock solutions were
aliquoted, stored at —20°C, and freshly thawed prior to use.
Intermediate dilutions were freshly prepared at 1000x final
concentration, so that the final concentration of vehicle was
0.1%. THC, CBD and CBG were combined in 1:1:1 propor-
tion by adding each cannabinoid at 1, 10 or 30 mM to give
a mixture containing 3, 30 or 90 mM total in DMSO. This was
diluted 1:1000 so that the final concentration of the added
mixture was 3, 30 or 90 uM for the combination. Capsaicin
stock solution was prepared in ethanol as a 100 mM solution,
aliquoted and stored at —20°C, until use; intermediate dilution
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of 500 uM was freshly prepared prior to use. All chemicals
were obtained from Merck, unless otherwise indicated.

Data Analysis

Cannabinoid and capsaicin responses were averaged for each
concentration for each rat, and normalized to controls. The
number of rats tested for each concentration, and the total
number of neurons for each group, from which the data is
derived, is indicated in the results Tables below. Average
values for each cannabinoid concentration were compared to
the control using a one-tailed Student’s #-test. Pearson’s corre-
lation coefficient was used to determine a correlation between
calcium influx in response to the cannabinoid, and calcium
influx in response to capsaicin administration in the presence of
the cannabinoid. All analyses were carried out using GraphPad
Prism software. *P < 0.05, **P < 0.01, ***P < 0.001.

Results

Control

Responses to 1 puM capsaicin alone, following vehicle
application, were used as control (mean = 100 £+ 20.5%).
No change in baseline was observed following application
of vehicle. Capsaicin responses were observed in phase

A CBG effect on capsaicin responses
140
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3
S 100
g‘, 80
g8 o : .
g, 40 * %
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0
0 1 10 30 100
CBG concentration (uM)
C CBD effects on capsaicin responses
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* %k %
2 *k K
0
0 : | 10 30 100

CBD concentration (UM)

bright neurons (Figure 1A), within seconds of application,
as a rapid and sustained increase in intracellular 340/380
ratio (Figure 1B). Application of the cannabinoids resulted
in calcium influx after a long delay, unlike the immediate
capsaicin responses (Figure 1C—F).

Effect of CBG

Application of CBG at 1 uM did not elicit calcium influx,
but reduced the subsequent capsaicin response (n.s.). Higher
concentrations of 10 uM and 30 uM elicited dose-related
increases in calcium influx in a subset of neurons, that was
reduced at the highest concentration of 100 uM tested, in
a bell-shaped distribution. Capsaicin responses showed dose-
related reduction, in a U-shaped distribution (Figure 2A).
CBG responses were inversely related to capsaicin response
reduction, with a Pearson’s coefficient of —0.88 (Table 1).

Effect of THC

Dose-related calcium influx was observed in a subset of
neurons, following application of THC at 1, 10, 30, 100
and 150 pM in a bell-shaped distribution. Corresponding
dose-related was

reduction of capsaicin responses

observed in the presence of THC, with maximum

B THC effect on capsaicin responses
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3
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[=]
?» 80
c 60 *
] *
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0
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Figure 2 Graphs showing dose-related calcium responses to cannabinoids (black bars), CBG (A), THC (B), CBD (C), and combined CBD+CBG+THC (D). Each graph also
shows the inhibitory effects of the added cannabinoids on capsaicin responses (grey bars) at the indicated concentrations, expressed as a percentage of calcium influx in
response to | pMol capsaicin. The inhibition of capsaicin responses was inversely proportional to the cannabinoid concentrations. *P < 0.05, **P < 0.1, **P < 0.001.
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Table | Effect of CBG

CBG concentration (uM) 0 | 10 30 100

CBG response 0 0 53+4 672 = 19 13.5 £ 6.6
Mean + s.em

N (neurons) 8 (52) 6 (47) 6 (60) 6 (58) 6 (37)
Capsaicin response Mean * s.e.m. 100.0 £+ 20.5 69.8 + 43 43.1 £5.1* 16.0 £ 4.2%F 41.2 £ 4.8*
N (neurons) 8 (52) 6 (47) 6 (59) 6 (58) 6 (44)

Notes: Data showing dose-related responses to CBG expressed as a percentage of the response to | uMol capsaicin, and reduction of capsaicin responses following CBG
application. “N” indicates number of rats tested for each concentration, with the total number of neurons in each group, from which the data is derived, in brackets. *P < 0.05,

*P < 0.01, Students t-test.

reduction at 100 uM, in a U-shaped distribution (Pearson’s
coefficient = —0.99, Table 2, and Figure 2B).

Effect of CBD

Application of CBD at 1, 10, 30 and 100 uM concentra-
tions elicited dose-related calcium influx, with correspond-
ing dose-related reduction of capsaicin
Figure 2C and Table 3.

résponses.

Effect of Combined CBG, THC and CBD
Combined CBG+THC+CBD applied in a 1:1:1 ratio at 3
pM, 30 puM, and 90 puM elicited dose-related calcium
influx, with maximum influx at 90 pM. Capsaicin
responses were dose-dependently diminished at 3 pM, 30
uM, and 90 uM CBG+THC+CBD (Figure 2D), and
Table 4. Pearson’s coefficient = —1.00.

All three cannabinoids, CBG, CBD and THC - had
dose-related inhibitory effects on capsaicin responses,
whether applied separately or combined, with capsaicin
responses distributed in a “U” shaped pattern (Figure 3).
Maximum inhibition due to CBG alone was observed at 30
pM, and that due to CBD and THC applied individually
was observed at 100 uM. The combined inhibitory effect

Table 2 Effect of THC

at 3 uM was equivalent to the individual effects at 10 uM.
Inhibition due to 30 uM mix was equivalent to the indivi-
dually applied cannabinoids at the same concentration.
Inhibition due to 90 uM mix was greater than that due to
100 uM CBG and 100 uM THC, but similar to inhibition
due to 100 uM CBD (Figure 4). At higher concentrations,
the inhibitory effects of CBG, CBD and THC applied
individually were diminished, ie, the capsaicin responses
were greater, than those in the presence of lower cannabi-
noid concentrations. Inhibition due to CBG application
diminished at the higher concentration of 100 pM.
Similarly, inhibition due to THC was less at 150 uM
than at 100 uM.

The comparative inhibitory effects of the cannabinoids
applied individually and combined, were distributed in an
inverted U pattern, as shown in Figure 4. There was a high
degree of correlation between cannabinoid-induced cal-
cium influx and inhibition of capsaicin responses.
Inhibition by 3 uM combined application was significantly
greater than by 1 pM CBG alone (*P < 0.05), and equiva-
lent to inhibition by individually applied cannabinoids at
10 uM. Inhibition by 30 pMol combined application was
significantly greater than by 10 uM CBG (*P < 0.05).

THC concentration (uM) 0 | 10 30 100 150

THC response 0 242 +79 492 £ 6.7 614 +42 724 +74 50.7 £ 15.8
Mean * s.em

N (neurons) 8 (52) 6 (40) 7 (51) 6 (59) 6 (69) 5(59)
Capsaicin response 100.0 + 20.5 608+ 79 433+ 104 * 35.6 + 8.5% 24 + 5k 455+ 11.2
Mean * s.em.

N (neurons) 8 (52) 6 (41) 7 (51) 6 (58) 6 (63) 5 (60)

Notes: Data showing dose related responses to A’THC application, and corresponding reduction of capsaicin responses. “N” indicates number of rats and the total number

of neurons is in brackets. *P < 0.05, **P < 0.01, Students T-Test.
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Table 3 Effect of CBD
CBD concentration (uM) 0 | 10 30 100
CBD response 0 69 55 45.6 + 10.6 59.9 £ 10.6 743 £ 28
Mean + s.em
N (neurons) 6 (78) 6 (80) 6 (81) 6 (71) 6 (80)
Capsaicin response Mean * s.e.m. 100.0 + 4.7 62.6 £ 7 ** 25 + 9.7 ¥k 18.6 + 7.] *¥* 9.99 + 2.5 ¥
N (neurons) 6 (78) 6 (80) 6 (81) 6 (71) 6 (80)

Notes: Data showing dose related responses to applied CBD, and reduction of capsaicin responses after CBD application. Pearson’s coefficient = —0.99. “N” indicates
number of rats and the total number of neurons is in brackets. **P < 0.0, **P < 0.001, Students T-Test.

Table 4 Effect of Combined CBG+CBD+THC

CBG + CBD + THC concentration (uM) 0 3 30 90

CBG + CBD + THC response 0 46 +28 403 + 4.3 48 £ 2.8
Mean + s.em

N (neurons) 8 (52) 6 (47) 6 (57) 6 (55)
Capsaicin response 100.0 £ 20.5 44475 20.1 + 7.1%* 13.0 + 3.4 **
Mean + s.e.m.

N (neurons) 8 (52) 6 (47) 6 (62) 6 (55)

Notes: Data showing dose related responses to combined CBG, CBD, and THC application, and corresponding reduction of capsaicin responses. Pearson’s coefficient=—1.00. “N”

indicates number of rats and the total number of neurons is in brackets. **P < 0.01, Students T-Test.

Inhibition by 90 pM combined application was signifi-
cantly greater than by 3 uM mix (**P < 0.01), 30 uM
THC (*P < 0.05), and by 100 uM CBG (***P < 0.001).

Discussion

This study aimed to determine the dose-related effects of
the phytocannabinoids THC, CBG and CBD, applied indi-
vidually and in combination, on capsaicin responses, using
an in vitro model of neuronal hypersensitivity.>* CBD,
CBG and THC induced calcium influx in a pattern char-
acteristic of cannabinoids, resulting in desensitization to
capsaicin stimulation. Capsaicin responses were inversely
correlated with the magnitude of the cannabinoid response,
with a high coefficient of correlation in each case, for
CBG, THC, CBD and CBD/THC/CBG combination.
This suggests that the cannabinoids activate DRG neurons

anti-
26,27

resulting in desensitisation and consequent
nociception, in agreement with previous findings.
These studies reported that CBD, CBG, cannabidivarin
(CBDV), and tetrahydrocannabivarin (THCV) act as ago-
nists that desensitize TRPV1 in human recombinant
TRPV1 transfected HEK cells. Our study has further

shown that the combined 1:1:1 mix of CBG:CBD:THC

has the potential to enhance the potency of these com-
pounds applied individually.

CBG showed a maximum effective concentration of
30 uM, with less efficacy at lower and higher concentra-
tions. THC was most effective at 100 pM. The combined
THC, CBD and CBG (1:1:1) at 3 uM was equivalent to
CBD, CBG or THC applied individually at 10 pM.
Maximum inhibition by 90 pM mix was similarly equiva-
lent to inhibition by 100 uM CBD applied alone, and
greater than that due to CBG and THC at 100 uM. This
enhanced efficacy of combined phytocannabinoids is akin
to the effects  described the
endocannabinoids,'” and recently reviewed.*

combined for

While the cannabinoids caused neuronal activation, the
calcium influx induced was less than that of the control (1
UM capsaicin). TRPV1 is expressed by nociceptive thin
myelinated Ad and unmyelinated C nerve fibres. It is
highly
capsaicin,*’ resulting in the opening of cation-specific

activated by its specific potent stimulant
ion channels, with a high permeability to calcium.*'
Calcium influx is known to activate the protein phospha-
tase calcineurin, that dephosphorylates TRPV 1, causing its
desensitization.*> TRPV1 desensitization using high dose

topical capsaicin is an effective treatment for neuropathic
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Figure 3 Graph showing comparison of dose-related reduction of capsaicin responses due to cannabinoids applied individually (patterned bars), or in combination (black bars).
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Figure 4 Graph showing the percentage inhibition of | uM capsaicin responses in the presence of CBG, CBD and THC applied individually (patterned bars), and combined
(black bars). *P < 0.05, ***P < 0.001.

pain.**** We also observed reduced capsaicin responses in  suggesting that mechanisms involving different targets,
the presence of 1 pM CBG, which did not elicit calcium  are likely to be involved. Capsaicin application stimulates
influx, and significant desensitization at 1 pM CBD, calcium influx, and blocks further capsaicin responses by
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desensitization. It is likely that cannabinoid mediated cal-
cium influx has similar desensitizing effects to subsequent
capsaicin stimuli. Investigating the mechanisms of action
underlying TRPV1 desensitization by capsaicin and can-
nabinoids, and their differential effects, will be the focus
of our future studies. These may enable optimal doses and
formulations of cannabinoids for pain relief, such as spe-
cific combinations of cannabinoids taken orally, while
minimising their individual side-effects. Elucidation of
the pathways involved requires further investigations,
including using receptor antagonists to identify their
roles. As CBD activates TRPV1 at high concentration,
other receptors involved in cannabinoid effects including
CB, and CB, will require examination, using their respec-
tive antagonists. Interaction of cannabinoids with other
receptors has recently been reviewed.*

The CB; and CB, receptors are G protein coupled
receptors (GPCRs) that lead to adenylyl cyclase inhibition
and decreased intracellular cAMP upon ligand binding.**
cAMP is a critical regulator of TRPV1 sensitivity, as
TRPV1 is sensitized when phosphorylated, and desensi-
tized when dephosphorylated.*>*® Thus, cannabinoid inhi-
bition of capsaicin responses in our study may result from
the activation of multiple targets. The mechanism(s) of
cannabinoid desensitization may involve several receptors
that are co-expressed in subsets of DRG neurons, and lead
to their in vivo analgesic effects; these are considered in
turn below for CBG, THC, CBD and their combination.

CBG has been shown to bind different receptors includ-
ing TRPM8,27 TRPV1,27’47 CB; and CB2,20’48 Experiments
carried out in HEK-293 cells expressing the rat recombinant
TRPMS channel showed large decreases in response to the
TRPMBS agonist icilin in the presence of increasing concen-
trations of CBG, with maximum inhibition of icilin at
a concentration of around 30 uM CBG. Similar results
were obtained in our study, utilising the TRPV1 agonist
capsaicin instead of icilin. We found that Ca®" influx in
response to the addition of CBG was the highest at 30uM,
with a Pearson’s coefficient value of —0.88. This supports the
proposition that 30 uM is the most effective concentration of
CBG for inhibiting calcium influx at both TPRMS8 and
TRPV1 channels. We attempted a study of higher CBG
doses, eg, 150 uM; however, solubility issues of this viscous
concentration were problematic.

Recent evidence using in vitro studies highlights many
potential beneficial effects of CBG. These include treat-
ment for neuroinflammation and oxidative stress,49 with
reduced secretion of inflammatory mediators such as TNF-

o and IL-6.>° There is, however, very limited evidence that
1*® used the

in vivo Tetrad Test with multiple phytocannabinoids,

CBG has anti-nociceptive effects. Zagzoog et a

including CBG, to determine their effects on spontaneous
activity, catalepsy, hypothermia, and analgesia in mice, as
defined by Ben Shabat et al.'” They found that CBG
caused a small but statistically significant anti-
nociceptive effect at 3 mg/kg, as well as an anxiolytic
effect at 10 mg/kg. We have, in this study, provided
in vitro evidence to support the anti-nociceptive effect of
CBG, reported in vivo previously.

In clinical trials of pain reduction with cannabis admin-
istration, adverse events were found to be more likely with
high-THC preparations than multi-cannabinoid-containing
products.”’ Two randomised control trials’>>* found that
inhaled cannabis provided significant analgesic effects in
neuropathic pain, with increasing concentrations of THC
providing greater pain relief. However, both studies
reported that the higher THC concentrations were also
associated with adverse cognitive side effects, such as
memory deficits and impaired performance in neuropsy-
chological tests. The psychoactive effect of THC is well
established and limits the licensing of higher concentra-
tions of THC in analgesic medicinal preparations.

It is because of these adverse effects that alternatives to
high concentrations of THC are needed. Our study has
shown that THC+CBD+CBG combined in a 1:1:1 propor-
tion at 30 uM, was more effective than 100 uM THC
applied alone, and 30 uM CBG had an equivalent effect
as the combined formulation at 30 uM. 30 uM CBG, 30
pM and 90 uM CBG+CBD+THC combination is more
effective at reducing capsaicin-induced calcium influx,
than the most effective concentration of 100 uM THC.
By using a combination of CBD, THC and CBG, equiva-
lent or greater levels of analgesia could be achieved with
lower concentrations of THC, thus minimising its side-
effects profile. The effects of cannabinoid combinations
excluding THC have not been examined, and will be
determined in our future studies. Such studies may guide
the rational design of trials, to investigate their clinical
efficacy and potential benefits.

A recent study, examining the effects of CBD on
capsaicin response in rat DRG neurons, found that admin-
istration of 10 pM and 50 uM CBD caused significant
calcium influx, but lower concentrations did not.*® In this
study, 50 uM CBD was the most effective concentration,
in a similar range to CBG (30 uM). Various other receptor
targets for CBD have been identified, such as the orphan
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G-protein coupled receptor GPR18, GPRS55, PPARs,
5-HTla and the a3 and al glycine receptors.”* >’
A major difference in calcium influx mediated by canna-
binoids and by capsaicin is their activation time-course.
Capsaicin responses were very rapid (within a few sec-
onds), while the cannabinoid responses were relatively
delayed. The activation kinetics of cannabinoids require
further investigation to explain this difference. As canna-
binoids activate multiple targets, unlike capsaicin, their co-
expression and interaction with TRPV1 requires further
analysis. This would include use of specific receptor
antagonists and elucidation of the signalling pathways
involved. Ward et al’® researched the effects of CBD in
mice with chemotherapy-induced hyperalgesia, and con-
cluded that CBD successfully prevents the development of
cold and mechanical allodynia. These results suggest that
CBD could be used to prevent the development of che-
motherapy-induced pain in humans. Further clinical inves-
tigations into the role of CBD-containing cannabinoid
combinations for anti-nociception are also required.

Comelli et al’® used a rat model of neuropathic pain to
demonstrate the anti-hyperalgesic effects of a cannabis
extract containing multiple cannabinoid and non-
cannabinoid fractions. The plant extract, which included
CBD, THC and CBG, showed better efficacy than any
cannabinoid administered individually. This data is sup-
ported by our findings that combined CBD+THC+CBG
provides generally greater antinociceptive effects than
THC applied alone, especially at 30 uM concentration.
Our study found that the most effective concentration of
the combination was 90 pM CBD+THC+CBG, which
caused only 13% of the calcium influx in response to
capsaicin as the control, and similar to inhibition by 100
pM CBD. Similarly, at 30 uM, there was no statistical
difference between the CBD+THC+CBG combination
treatment and CBG alone. Higher concentration of the
CBD+THC+CBG combination treatment than 90 pM
could not be used in this study due to limitations in
solubility of the stock solutions.

A four-way crossover clinical trial randomised patients
with chronic fibromyalgia pain to different ratios of inhaled
THC and CBD (high THC, roughly 1:1 THC:CBD and high
CBD or placebo).”” Only those receiving the THC/CBD
combination treatment had a significant improvement of
pain compared to placebo. This trial also found that CBD
increased plasma THC concentrations, but decreased THC-
induced analgesic effects, highlighting the complex pharma-
cokinetic and pharmacodynamic interactions of cannabinoids.

In conclusion, this study has determined that the can-
nabinoids CBG, CBD and THC dose-dependently reduce
capsaicin responses in rat DRG neurons, in a model of
neuronal hypersensitivity. The combined treatment has the
potential to enhance the potency of individually applied
cannabinoids. The cannabinoids dose-dependently caused
calcium influx, which was inversely correlated to subse-
quent capsaicin response. These results highlight the
potential anti-nociceptive application of phytocannabi-
noids, particularly in combination.
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