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BACKGROUND AND PURPOSE
Two non-psychoactive cannabinoids, cannabidiol (CBD) and cannabichromene (CBC), are known to modulate in vitro the
activity of proteins involved in nociceptive mechanisms, including transient receptor potential (TRP) channels of vanilloid
type-1 (TRPV1) and of ankyrin type-1 (TRPA1), the equilibrative nucleoside transporter and proteins facilitating
endocannabinoid inactivation. Here we have tested these two cannabinoids on the activity of the descending pathway of
antinociception.

EXPERIMENTAL APPROACH
Electrical activity of ON and OFF neurons of the rostral ventromedial medulla in anaesthetized rats was recorded
extracellularly and tail flick latencies to thermal stimuli were measured. CBD or CBC along with various antagonists were
injected into the ventrolateral periaqueductal grey.

KEY RESULTS
Cannabidiol and CBC dose-dependently reduced the ongoing activity of ON and OFF neurons in anaesthetized rats, whilst
inducing antinociceptive responses in the tail flick-test. These effects were maximal with 3 nmol CBD and 6 nmol CBC, and
were antagonized by selective antagonists of cannabinoid CB1 adenosine A1 and TRPA1, but not of TRPV1, receptors. Both
CBC and CBD also significantly elevated endocannabinoid levels in the ventrolateral periaqueductal grey. A specific agonist
at TRPA1 channels and a synthetic inhibitor of endocannabinoid cellular reuptake exerted effects similar to those of CBC
and CBD.

CONCLUSIONS AND IMPLICATIONS
CBD and CBC stimulated descending pathways of antinociception and caused analgesia by interacting with several target
proteins involved in nociceptive control. These compounds might represent useful therapeutic agents with multiple
mechanisms of action.
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Abbreviations
2-AG, 2-arachidonoyl glycerol; AEA, arachidonoyl ethanolamide (anandamide); CB1, cannabinoid receptor type 1; CBC,
cannabichromene; CBD, cannabidiol; FAAH, fatty acid amide hydrolase; RVM, rostral ventromedial medulla; THC,
D9-tetrahydrocannabinol; TRPA1, transient receptor potential channels of ankyrin type-1; TRPV1, transient receptor
potential channels of vanilloid type-1; vl-PAG, ventrolateral periaqueductal grey

Introduction

The periaqueductal grey (PAG) has a key role in the descend-
ing modulation of nociception (Behbehani, 1995; Fields,
2000). Although this region does have direct projections to
the spinal cord (Sandkühler and Gebhart, 1984), it uses the
rostral ventromedial medulla (RVM), a site that projects
directly to the spinal cord dorsal horn, as an important inter-
mediate in pain modulation (Basbaum and Fields, 1984;
Fields et al., 1995). Glutamate and g-aminobutyric acid play a
critical role in processing pain at the PAG-RVM level (Behbe-
hani and Fields, 1979; Moreau and Fields, 1986; Harris and
Hendrickson, 1987; Millan et al., 1987). Three different neu-
ronal classes are found in the RVM (Fields et al., 1991):
‘neutral cells’, which show no modification in spontaneous
activity associated with nociceptive stimulation; ON cells,
which show a burst of activity just before withdrawal reflexes;
and OFF cells, which are inhibited just before withdrawal
reflexes. These neurons usually respond in opposite ways to
pharmacological stimulation with antinociceptive sub-
stances: systemic or local injections of m-opioid or cannab-
inoid CB1 receptor agonists sufficient to inhibit nociceptive
reflexes usually inhibit the ongoing and tail-flick-related
activities of ON cells whilst increasing the activities and
reducing the pauses of OFF cells (Fields et al., 1983; Hein-
richer and Tortorici, 1994; Meng et al., 1998; Fields, 2004).
We have recently reported that also local stimulation of tran-
sient receptor potential vanilloid-type 1 (TRPV1) channels
(Palazzo et al., 2002; Maione et al., 2006; Starowicz et al.,
2007) or adenosine A1 receptors (Maione et al., 2007) in the
ventrolateral (vl) PAG exerts antinociceptive effects in rats by
stimulating a similar descending pathway, and resulting in
the stimulation and inhibition of OFF and ON cell ongoing
activities respectively. Interestingly, TRPV1 receptor activa-
tion in the vl-PAG interacts with both CB1 (Maione et al.,
2006) and m-opioid (Maione et al., 2009) receptor-mediated
stimulation of such pathway.

Plant-derived cannabinoids, and in particular the two
most abundant ones in Cannabis, D9-tetrahydrocannabinol
(THC) and cannabidiol (CBD), are known to possess strong
analgesic and anti-inflammatory properties and their clinical
use is now supported by several preclinical studies and clini-
cal trials (see Mechoulam et al., 2007; Karst and Wipper-
mann, 2009; Rahn and Hohmann, 2009; for reviews). While
most of the pharmacological effects of THC appear to be
mediated selectively by cannabinoid CB1 and CB2 receptors,
CBD is capable of interacting with several molecular targets
involved in the control of pain. These include: (i) one of the
enzymes involved in the inactivation of endocannabinoids,
the fatty acid amide hydrolase (FAAH), as well as the as
yet unclarified mechanism of endocannabinoid cellular
reuptake (Watanabe et al., 1996; Bisogno et al., 2001) –

indeed, inhibitors of endocannabinoid inactivation have
been found to exert antinociceptive and antihyperalgesic
activity in several studies (Petrosino and Di Marzo, 2010, for
review); (ii) the TRPV1 channel (Bisogno et al., 2001), the
desensitization of which causes analgesia and can be medi-
ated by CBD; (iii) the equilibrative nucleoside transporters,
which CBD inhibits at sub-micromolar concentrations
(Carrier et al., 2006), thereby causing elevation of adenosine
signalling and associated pharmacological actions, including
analgesia and inhibition of inflammation; and (iv) the
5-HT1A receptor (Russo et al., 2005; Campos and Guimarães,
2008; Resstel et al., 2009; Magen et al., 2010; Zanelati et al.,
2010), which has been implicated in the descending modu-
lation of nociception (Kishimoto et al., 2001; Huo et al.,
2008). Furthermore, CBD also stimulates and desensitizes
the ankyrin-type 1 transient receptor potential channel
(TRPA1), and this property is shared with other non-
psychotropic plant cannabinoids, of which cannab-
ichromene (CBC) is the one with highest potency and
selectivity (De Petrocellis et al., 2008). TRPA1 is emerging as
an important player in nociception (Cai, 2008), and its
direct activation and desensitization by the synthetic CB1/
CB2 receptor agonist WIN55,212-2 and the CB2 receptor
agonist AM1241 causes TRPA1-dependent antinociceptive
effects in vivo (Akopian et al., 2008). Although inactive at
TRPV1 channels and FAAH, CBC can inhibit endocannab-
inoid degradation by interfering with endocannabinoid cel-
lular uptake more potently than CBD (Ligresti et al., 2006).

In view of the well-documented presence in the vl-PAG of
several of the potential molecular targets of CBD and/or CBC
(FAAH, putative endocannabinoid transporter, ENTs, TRPV1)
(Maione et al., 2006; 2008), and of the possible presence in
this area also of TRPA1, which is very often co-localized with
TRPV1 in sensory neurons, and was suggested to be expressed
in the brainstem (Sun et al., 2009), we decided to investigate
the effects of the injection of these phytocannabinoids (see
Figure 1 for their chemical structures) into the vl-PAG on
RVM ON and OFF cell activity and tail-flick-related nocicep-
tion in anaesthetized rats.

Methods

Animals and treatments
All animal care and experimental procedures complied with
Italian (D.L. 116/92) and EECabO.J. of E.C. L358/1 (18/12/86)
regulations on the protection of laboratory animals and were
approved by the Animal Ethics Committee of the Second
University of Naples. All efforts were made to minimize
animal suffering and to reduce the number of animals used. A
total of 260 Wistar male rats (250–300 g) were used (Harlan,
Milan, Italy). Rats were housed three per cage under
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controlled illumination (12:12 h light : dark cycle; light on
06:00 h) and environmental conditions (ambient tempera-
ture 20–22°C, humidity 55–60%) for at least 1 week before the
commencement of experiments. Rat chow and tap water were
available ad libitum.

Groups of 12–16 animals per treatment were used in order
to have at least 6–8 ON and OFF cell recordings with each
animal being used for a single cell recording.

Rats receiving intra-vl-PAG microinjections of vehicle or
different doses of CBD and CBC, alone or in combination
with antagonists were grouped as follows:

• A group of rats received an intra-vl-PAG microinjection of
200 nL of vehicle (0.2% dimethyl sulfoxide, DMSO, in
rtificial CSF).

• Groups of rats received intra-vl-PAG microinjections
of same volume of CBD (1.5, 3 and 6 nmol) alone or
CBD (3 nmol) in combination with the selective TRPV1
antagonist, 5′-iodo-resiniferatoxin (I-RTX, 1 nmol), or the
selective CB1 receptor antagonist, 1-(2,4-dichlorophenyl)-
5 - (4 - iodophenyl) - 4 -methyl - N - (1-piperidyl)pyrazole-3-
carboxamide (AM 251, 0.5 nmol), or the selective
adenosine A1 receptor antagonist, 1,3-dipropyl-8-
cyclopentylxanthine (DPCPX, 0.05 nmol), or the selective
TRPA1 antagonist (Z)-4-(4-chlorophenyl)-3-methylbut-3-
en-2-oxime (AP18, 6 nmol), or the selective 5-HT1A

receptor antagonist, N-[2-[4-(2-methoxyphenyl)-1-
piperazinyl]ethyl] -N-(2-pyridyl)cyclohexanecarboxamide
(WAY100635, 0.34 nmol).

• Groups of rats received intra-vl-PAG microinjections of
CBC (3 and 6 nmol) alone or CBC (6 nmol) in combination
with I-RTX (1 nmol), AM251 (0.5 nmol), DPCPX
(0.05 nmol) or AP18 (6 nmol).

• A group of rats received intra-vl-PAG microinjections
of OMDM-2 (1.5 and 3 nmol), a selective inhibitor of
endocannabinoid cellular reuptake (Ortar et al., 2003).

• A group of rats received intra-vl-PAG microinjections of
mustard oil (3 and 6 nmol), a classical agonist at TRPA1
channels.

As, to our knowledge, no other study has been published
describing the effects of the drugs using a similar administra-
tion route in the rat, we performed preliminary experiments
(not shown) with several doses of all drugs in order to find the
lowest doses able to change RVM cell activities and/or tail-
flick latencies or, in the case of the antagonists, the highest
doses inactive per se.

Electrophysiological analyses and tail
flick test
In order to perform direct intra-vl-PAG administrations of
drugs or respective vehicle, rats were anaesthetized with pen-
tobarbital (50 mg kg-1, i.p.) and a 26-gauge, 12 mm-long
stainless steel guide cannula was stereotaxically lowered until
its tip was 1.5 mm above the vl-PAG by applying coordinates
(A: -7.8 mm and L: 0.5 mm from bregma, V: 4.3 mm below
the dura) from the atlas of Paxinos and Watson (1986). The
cannula was anchored with dental cement to a stainless steel
screw in the skull. We used a David Kopf stereotaxic apparatus
(David Kopf Instruments, Tujunga, CA, USA) with the animal
positioned on a homeothermic temperature control blanket
(Harvard Apparatus Limited, Edenbridge, Kent, UK). Only
those rats whose microinjected site was located within the
vl-PAG, recognized by histological methods, were used for
data computation (Figure 2).

Anaesthesia was maintained with a continuous infusion
of propofol (5–10 mg kg-1 h-1, i.v.), through a non-sterile
catheter (polyethylene tubing, ID 0.58 mm, OD 0.96 mm,
Becton Dickinson & Co., Franklin Lakes, NJ, USA) inserted
into the left jugular vein, and adjusted so that tail flicks
were elicited with a constant latency of 4–5 s. A thermal
stimulus was elicited by a radiant heat source of a tail flick
unit (Ugo Basile, Varese, Italy), focused on the rat tail
approximately 3–5 cm from the tip. The intensity of the
radiant heat source was adjusted to 50 mW (corresponding
to 50 mJ per second) at the beginning of each experiment
in order to elicit a constant tail-flick latency. A glass-
insulated tungsten filament electrode (3–5 MW) (FHC Fred-
erick Haer & Co., Bowdoin, ME, USA) was lowered into the
RVM using the following stereotaxic coordinates: 2.8–
3.3 mm caudal to lambda, 0.4–0.9 mm lateral and 8.9–
10.7 mm depth from the surface of the brain (Paxinos and
Watson, 1986) (Figure 2). RVM noxious stimuli-responding
neurons were identified by the characteristic OFF cell pause
and ON cell burst immediately prior to tail flick responses
(Fields et al., 1991). The recorded signals were amplified and
displayed on both analogue and a digital storage oscillo-
scope to ensure that the unit under study was unambigu-
ously discriminated throughout the experiment. Signals
were also fed into a window discriminator, whose output
was processed by an interface (CED 1401) (Cambridge Elec-
tronic Design Ltd, Cambridge, UK) connected to a Pentium
III PC. Spike2 software (CED, version 4) was then used to
create peristimulus rate histograms online and to store and
analyse digital records of single-unit activity offline. The

Figure 1
Chemical structures of cannabidiol (CBD) and cannabichromene (CBC).
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configuration, shape and height of the recorded action
potentials were monitored and recorded continuously using
a window discriminator and Spike2 software for online and
offline analyses. Once an ON or OFF cell was identified from
its background activity, we optimized spike size before all
treatments. This study only included neurons whose spike
configuration remained constant and could clearly be dis-
criminated from the background activity throughout the
entire experiment. For each neuron the ongoing activity
was obtained by averaging the firing rate (spikes s-1) for 50 s
before the tail flick trials (carried out every 5 min). More-
over, the peak height of the tail-flick-related burst (spikes
s-1) of the ON cells and the duration of the tail-flick-related
pause (the time elapsing between the pause onset and the
first action potential following tail flick) of OFF cells were
also quantified. Recording sites were recognized with an
electrolytic lesion at the conclusion of the experiment. The
locations of all the studied neurons were reconstructed and
plotted on standardized sections. Cells located outside the
RVM were excluded from the study (Figure 2).

Tail flick latencies and extracellular recordings were con-
sidered before and after microinjecting drugs, or respective
vehicle, into the vl-PAG. When CBD or CBC was adminis-
tered in combination with I-RTX, AM251, DPCPX, AP18 or
WAY100635, the two drugs were always co-injected. Tail flick
latencies were monitored in the same rats undergoing RVM
ON and OFF cell recordings.

Analysis of endocannabinoid levels in
the PAG
In order to perform the endocannabinoid analysis, a different
cohort of rats was used. Rats were decapitated 20 min after
intra-PAG drug/vehicle microinjections, brains were rapidly
removed and immersed in oxygenated ice-cold artificial cere-
brospinal fluid. A brainstem slice of 1.30–1.35 mm was cut
throughout the rostral-caudal PAG using a vibrotome
(Vibratome 1500, Warner Instruments, CT, USA) (interaural
from + 1.9 mm to + 0.7 mm, Paxinos and Watson, 1986). The
slice of tissue containing the PAG/dorsal raphe was then
further dissected under a optical microscope for microsurgery
to isolate the vl-PAG (M650, Wild Heerbrugg, Glattbrugg,
Switzerland) to be homogenized accordingly to the following
protocol. In brief, tissues were homogenized in five volumes
of chloroform/methanol/Tris HCl 50 mM (2:1:1) containing
20 pmol of d8-arachidonoyl ethanolamide (AEA) or d5-2-
arachidonoyl glycerol (2-AG). Deuterated standards were syn-
thesized from commercially available deuterated arachidonic
acid and ethanolamine or glycerol, as described, respectively,
in Devane et al. (1992) and Bisogno et al. (1997). Homoge-
nates were centrifuged at 13 000¥ g for 16 min (4°C), the
aqueous phase plus debris was collected and extracted again
twice with one volume of chloroform. The organic phases
from the three extractions were pooled and the organic
solvents evaporated in a rotating evaporator. Lyophilized
extracts were resuspended in chloroform/methanol (99:1,
v v-1). The solutions were then purified by open bed chroma-
tography on silica as described in Bisogno et al. (1997).
Fractions eluted with chloroform/methanol 9:1 by volume
(containing AEA and 2-AG) were collected, the excess solvent
was evaporated with a rotating evaporator, and aliquots
were analysed by isotope dilution-liquid chromatography/
atmospheric pressure chemical ionization/mass spectrometry
(LC-APCI-MS) carried out under conditions described previ-
ously (Marsicano et al., 2002) and allowing the separation of
the four compounds. Mass spectrometric (MS) detection was
carried out in the selected ion monitoring mode using m/z-
values of 356 and 348 (molecular ions + 1 for deuterated and
undeuterated AEA) and 384.35 and 379.35 (molecular ions +
1 for deuterated and undeuterated 2-AG).The area ratios
between the signals of the deuterated and undeuterated com-
pounds varied linearly with varying amounts of undeuterated
compounds (30 fmol–100 pmol). AEA and 2-AG levels in
unknown samples were therefore calculated on the basis of
their area ratios with the internal deuterated standard signal
areas. For 2-AG, the areas of the peaks corresponding to
1(3)-and 2-isomers were added together. The amounts of
endocannabinoids were expressed as pmol g-1 of wet tissue
weight.

Data analysis
Results were expressed as means � SEM of latency time to the
tail withdrawal reflex or spikes s-1 obtained by averaging the
ongoing cell firing recorded in 50 s before tail flick trials
(which were carried out every 5 min). Tail-flick-related ON
cell burst was calculated as means � SEM of the number of
spikes in the 10 s interval starting from the beginning of
the increase in the cell frequency. The duration of the cell
pause was expressed as means � SEM of the time elapsing

Figure 2
Schematic illustration of the location of periaqueductal gray (PAG)
microinjection sites (A) and rostral ventromedial medulla (RVM) ON
or OFF cell recording sites (B). Vehicle or drug microinjections were
performed in the ventrolateral (vl)-PAG (filled squares) (A). Open
squares indicate the microinjection sites performed outside the
vl-PAG, which were neither associated with change in RVM cell
activity nor with tail-flick latency. Moreover, cell recordings per-
formed by lowering a tungsten electrode into the RVM and ON cells
(filled circles) or OFF cell (open circles) sites (B) are shown. Many sites
are not shown to avoid symbol overlapping. Distances (mm) from
the interaural line are indicated.
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between the pause onset and the 1st spike after the tail flick.
Comparisons between pretreatment and post-treatment
ongoing and tail-flick-related cell activity changes were per-
formed by ANOVA for repeated measures. Comparisons
between different treated groups of rats were performed by
using Wilcoxon signed-ranks test. P < 0.05 was considered
statistically significant.

Materials
5′-iodo-resiniferatoxin, DPCPX, AM 251, OMDM-2, and pro-
pofol were supplied by Tocris (Bristol, UK) and AP-18,
WAY100635, pentobarbital and mustard oil were from Sigma-
Aldrich (Milano, Italy). CBD and CBC were obtained from
GW Pharmaceuticals, Salisbury, UK. Receptor and channel
nomenclature follows Alexander et al. (2009)

Results

Effect of intra-vl-PAG CBD and CBC on
ongoing ON and OFF cell activity in
anaesthetized rats
The results were based on RVM neurons (one cell recorded
from each animal per treatment) at a depth of 9900–
10 955 mm from the surface of the brain. All recorded
neurons, identified as OFF cells by the characteristic pause
induced by the tail flick trail, were spontaneously active and
discharged with a mean frequency of 7.58 � 0.6 spikes s-1

(Figure 3B).
Neurons identified as ON cells by a burst of activity just

before tail flick responses were spontaneously active in 33.2%
of the cases and inactive in the remaining cases. ON cells with

Figure 3
Effect of vehicle, cannabidiol (CBD) (1.5, 3 and 6 nmol) alone or CBD (3 nmol) in combination with AM251 (0.5 nmol), I-RTX (1 nmol), DPCPX
(0.05 nmol), AP18 (6 nmol) or WAY100635 (0.34 nmol) on the spontaneous firing of rostral ventromedial medulla ON (A, C and E) or OFF (B,
D and F) cells. A and B show the effect of intra-ventrolateral periaqueductal gray (vl-PAG) microinjections of vehicle and CBD (1.5, 3 and
6 nmol). C and D show the effect of intra-vl PAG administration of CBD (3 nmol) in combination with AM251 (0.5 nmol), I-RTX (1 nmol) or
WAY100635 (0.34 nmol). E and F show the effect of intra-ventrolateral periaqueductal gray administration of CBD (3 nmol) in combination
with DPCPX (0.05 nmol) or AP18 (6 nmol). Each point represents the mean � standard error of the mean (SEM) of 6–8 neurons. Filled
symbols indicate values significantly different (P < 0.05) from vehicle or CBD (3 nmol). DPCPX, 1,3-dipropyl-8-cyclopentylxanthine; I-RTX,
5′-iodo-resiniferatoxin.
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spontaneous activity were chosen in order to characterize
drug-related changes on both ongoing and tail-flick-related
activity. The population of ON cells with spontaneous
activity had a mean frequency of 7.12 � 0.4 spikes s-1

(Figure 3A).
Microinjection of vehicle did not change the spontaneous

activity of either ON (F(1,14) = 0; P > 0.05) or OFF cells (F(1,14) =
0.02; P > 0.05). Microinjections of CBD (1.5, 3 and 6 nmol)
into the vl-PAG caused a decrease on the firing activity of the
ON cells. CBD (3 nmol) induced a greater effect with a
maximal decrease observed 35 min after microinjection (F(1,14)

= 28.64; P < 0.01) (Figure 3A). The same treatment produced
a decrease in the firing activity of the OFF cells, which was
maximal 30 min after the microinjection of CBD (3 nmol)
(F(1,14) = 88.65; P < 0.01) (Figure 3B). CBD (3 nmol) also
reduced tail-flick-related ON cell burst (F(1,14) = 8.71; P < 0.05)
(Figure 4A) but was devoid of activity on the OFF cell pause.
The effects induced by CBD (3 nmol) on the ON and OFF cell
were prevented when AM251 (0.5 nmol) (Figures 3C and D,
4B), DPCPX (0.05 nmol), AP18 (6 nmol) (Figures 3E and F,
4C) or WAY-100635 (0.34 nmol) (Figures 3C and D, 4B) were
co-injected. I-RTX (1 nmol) only antagonized the effect of
CBD (3 nmol) on the OFF cells at 5 and 10 min after drug
microinjection (Figure 3D).

Cannabichromene (3 and 6 nmol) induced effects similar
to those elicited by CBD, that is, a decrease on the ongoing
activity of the ON and OFF cells. In particular, the decrease in
the ON cell ongoing activity was maximal 30 min after the
injection of CBC (6 nmol) (F(1,14) = 22.65; P < 0.01) (Figure 5A).
CBC (6 nmol) also reduced tail-flick-related ON cell burst
(F(1,14) = 9.15; P < 0.01) (Figure 4A) without changing the OFF
cell pause. The decrease in the OFF cell ongoing activity
started 5 min after CBC (6 nmol) microinjection and was
maximal 35 min after its administration (F(1,14) = 49.97; P <
0.01) (Figure 5D). Similarly to CBD, the effect of CBC
(6 nmol) was antagonized by AM251 (0.5 nmol) (Figures 4C,
5C and D), DPCPX (0.05 nmol) and AP18 (6 nmol)
(Figures 4C, 5E and F), although not by I-RTX (1 nmol)
(Figures 4C, 5C and D).

Effect of intra-vl-PAG CBD and CBC on
tail-flick-related nociception in
anaesthetized rats
Tail flicks were elicited every 5 min for at least 10 min prior to
microinjecting drugs or respective vehicle into the vl-PAG.
Data related to pretreatment intervals were considered as
basal tail flick latencies (4.5 � 0.3 s). Intra-vl PAG microin-
jection of vehicle did not change the tail-flick latency as
compared with basal values. Tail-flick latency proved to be
significantly increased by CBD (1.5 and 3 nmol). The dose of
3 nmol CBD produced the highest antinociceptive effect
(F(1,30) = 38.12; P < 0.01) while the dose of 6 nmol was devoid
of antinociceptive effect (Figure 6A). The antinociceptive
effect of CBD (3 nmol) was blocked by AM251 (0.5 nmol) or
WAY100635 (0.34 nmol) (Figure 6C), DPCPX (0.05 nmol) or
AP18 (6 nmol). I-RTX (1 nmol) was instead able to block CBD
(3 nmol) antinociceptive effect only at 15 min after drug
microinjection (Figure 6C).

Tail-flick latency was also increased by CBC (3 and
6 nmol) with a maximal effect at the higher dose used

(F(1,30) = 40.70; P < 0.01) (Figure 6B) and at 15 min after
its administration. Such an antinociceptive effect was
prevented by AM251 (0.5 nmol) (Figure 6D), DPCPX
(0.05 nmol) or AP18 (6 nmol) (Figure 6F) but not by I-RTX
(1 nmol) (Figure 6D).
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Figure 4
Effects of intra-ventrolateral periaqueductal gray microinjections of
vehicle, cannabidiol (CBD) (3 nmol), cannabichromene (CBC)
(6 nmol), OMDM-2 (3 nmol) and mustard oil (6 mol) on the tail flick
induced RVM ON burst of firing (A). B shows the effect of vehicle,
CBD (3 nmol) alone or CBD (3 nmol) in combination with AM251
(0.5 nmol), I-RTX (1 nmol), DPCPX (0.05 nmol), AP18 (6 nmol) or
WAY100635 (0.34 nmol). C shows the effect of vehicle, CBC
(6 nmol) alone or CBC (6 nmol) in combination with AM251
(0.5 nmol), I-RTX (1 nmol), DPCPX (0.05 nmol) and AP18 (6 nmol).
Each histogram represents the mean � SEM of 6–8 neurons.
* indicates values significantly different (P < 0.05) from vehicle and
° from CBD (3 nmol) or CBC (6 nmol). DPCPX, 1,3-dipropyl-8-
cyclopentylxanthine; I-RTX, 5′-iodo-resiniferatoxin.
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Effect of intra-vl-PAG injection of mustard oil
and OMDM-2 on ongoing ON and OFF cell
activity and tail-flick-related nociception in
anaesthetized rats
In order to substantiate the involvement of TRPA1 channels
and endocannabinoid cellular uptake in the effects of the
phytocannabinoids, we next tested pharmacological tools
specific for these two targets. Both OMDM-2 (1.5 and
3 nmol), a selective and potent inhibitor of endocannabinoid
cellular uptake (Ortar et al., 2003), and mustard oil isothio-
cyanate (3 and 6 nmol), the prototypical activator of TRPA1
(Jordt et al., 2004) injected into the vl-PAG, reduced ON
and OFF cell ongoing activity (Figure 7A–D). In particular,
OMDM-2 (1.5 nmol) decreased the ON cell ongoing activity
with a noticeable delay (35 min). The highest dose of
OMDM-2 (3 nmol) decreased the ON cell ongoing activity as

early as 15 min after its administration and showed a
maximal effect 35 min after its administration (F(1,14) = 116.46;
P < 0.01) (Figure 7A). OMDM-2 also decreased the OFF cell
ongoing activity but only at the higher dose used (3 nmol).
This effect was evident after 15 min and maximal 35 min
after its administration (F(1,14) = 135.98; P < 0.01) (Figure 7B).
The lowest dose of mustard oil (3 nmol) did not change
the ON cell ongoing activity. The highest dose (6 nmol)
decreased the ON cell ongoing activity after 20 min showing
a maximal effect after 35 min from its administration (F(1,14) =
23.82; P < 0.01) (Figure 7C). The highest dose of mustard oil
(6 nmol) also decreased the OFF cell ongoing activity already
after 5 min from its administration showing a maximal effect
35–40 min after its administration (F(1,14) = 28.55; P < 0.01)
(Figure 7D). OMDM-2 (3 nmol) and mustard oil (6 nmol)
decreased also the tail-flick-induced ON cell burst (Figure 4A)
but were devoid of activity on the OFF cell pause. OMDM-2

Figure 5
Effect of vehicle, cannabichromene (CBC) (3 and 6 nmol) alone or CBC (6 nmol) in combination with AM251 (0.5 nmol), I-RTX (1 nmol), DPCPX
(0.05 nmol) and AP18 (6 nmol) on the spontaneous firing of RVM ON (A, C and E) or OFF (B, D and F) cells. A and B show the effect of intra-vl
PAG microinjections of vehicle and CBC (3 and 6 nmol). C and D show the effect of intra-ventrolateral periaqueductal gray administration of CBC
(6 nmol) in combination with AM251 (0.5 nmol) or I-RTX (1 nmol). E and F show the effect of intra-vl PAG administration of CBC (6 nmol) in
combination with DPCPX (0.05 nmol) or AP18 (6 nmol). Each point represents the mean � standard error of the mean (SEM) of 6–8 neurons.
Filled symbols indicate values significantly different (P < 0.05) from vehicle and from CBC (6 nmol). DPCPX, 1,3-dipropyl-8-cyclopentylxanthine;
I-RTX, 5′-iodo-resiniferatoxin; vl-PAG, ventrolateral periaqueductal grey.
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(3 nmol) and mustard oil (6 nmol) increased the tail-flick
latency (F(1,30) = 22.49 and F(1,30) = 8.98 respectively; both P <
0.01) (Figure 7E and F).

Effect of intra-vl-PAG CBD and CBC on
endocannabinoid levels in the PAG
The effect of the intra vl-PAG injection of maximally active
doses of CBD (3 nmol) and CBC (6 nmol) on PAG endocan-
nabinoid levels of lipid extracts of the PAG were determined
by LC-MS (Table 1). CBD significantly elevated 2-AG by 2.6-
fold, but not anandamide levels. CBC, instead, significantly
elevated both 2-AG levels, by almost 3.9-fold and ananda-
mide levels, by almost 1.7-fold.

Discussion

We have described here for the first time the dose-related
effects of intra-vl-PAG injections of two major non-
psychotropic phytocannabinoids, CBD and CBC, on the
activity of the descending pathway of antinociception in
anaesthetized rats. We found that the two compounds
behave in a similar way by producing tail-flick-related anti-
nociceptive responses accompanied by the expected decrease
in ON cell ongoing activity and by a paradoxical decrease of
OFF cell ongoing activity, in the RVM. Indeed, most of the
analgesic compounds that have been studied on RVM ON
and OFF cell activity, for example, m-opioid, CB1 cannabinoid

Figure 6
Effect of vehicle, cannabidiol (CBD) (1.5, 3 and 6 nmol) and cannabichromene (CBC) (3 and 6 nmol) alone or CBD (3 nmol) or CBC (6 nmol) in
combination with AM251 (0.5 nmol), I-RTX (1 nmol), DPCPX (0.05 nmol) and AP18 (6 nmol) on the tail-flick latency. A shows the effect of intra-vl
PAG microinjections of vehicle and CBD (1.5, 3 and 6 nmol). B shows the effect of intra-vl PAG administration of CBC (3 and 6 nmol). C shows
the effect of intra-vl PAG administration of CBD (3 nmol) in combination with AM251 (0.5 nmol), I-RTX (1 nmol) or WAY100635 (0.34 nmol). D
shows the effect of intra-vl PAG administration of CBC (6 nmol) in combination with AM251 (0.5 nmol) or I-RTX (1 nmol). E shows the effect of
intra-vl PAG administration of CBD (3 nmol) in combination with DPCPX (0.05 nmol) or AP18 (6 nmol). F shows the effect of intra-vl PAG
administration of CBC (6 nmol) in combination with DPCPX (0.05 nmol) or AP18 (6 nmol). Each point represents the mean � standard error of
the mean (S.E.M) of 12–16 rats. Filled symbols indicate values significantly different (P < 0.05) from vehicle or from CBD (3 nmol) and CBC
(6 nmol). DPCPX, 1,3-dipropyl-8-cyclopentylxanthine; I-RTX, 5′-iodo-resiniferatoxin; vl-PAG, ventrolateral periaqueductal grey.
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and adenosine A1 receptor agonists, have been found to
reduce ON cell and stimulate OFF cell activity after intra-PAG
injections (Fields et al., 1983; Heinricher and Tortorici, 1994;
Meng et al., 1998; Fields, 2004; de Novellis et al., 2005;
Maione et al., 2007). Therefore, in view of the fact that we are
proposing here that the action of CBD and CBC in the vl-PAG
mechanisms is mediated by CB1 and adenosine A1 receptors,
it is difficult to explain why these compounds inhibited both
ON and OFF cell ongoing activity. It is possible that the one
of the mechanisms of action that we have suggested here for
these two compounds, that is, the activation of TRPA1 chan-
nels, by stimulating glutamatergic signalling in the vl-PAG, as
recently shown for another brainstem region, the nucleus
tractus solitarius (Sun et al., 2009), activates descending path-
ways that do not only turn off ON cells but also interfere with
the activity of OFF cells in the RVM (see Rea et al., 2007).
Against this possibility is the previous finding that stimula-
tion, in the vl-PAG, of TRPV1 receptors, which also enhance

Figure 7
Effect of vehicle, OMDM-2 (1.5 and 3 nmol) or mustard oil (3 and 6 nmol) on the spontaneous firing of rostral ventromedial medulla ON (A and
C) and OFF (B and D) cells and on nocifensive behaviour through tail flick test (E and F). Each point represents the mean � standard error of the
mean (SEM) of 6–8 neurons (A and D) or 12–16 rats (E and F) per groups. Filled symbols indicate values significantly different (P < 0.05) from
vehicle.

Table 1
Amounts of anandamide and 2-arachidonoylglycerol (2-AG) in the
rat periaqueductal grey (PAG) after injection of cannabidiol (CBD) or
cannabichromene (CBC)

Anandamide
(pmol g-1 tissue)

2-AG
(nmol g-1 tissue)

Vehicle 90.1 � 15.8 7.8 � 2.1

CBD (3 nmol) 107.7 � 14.4 20.5 � 4.4*

CBC (6 nmol) 148.7 � 21.0* 30.1 � 6.1**

Injection of vehicle (0.2% DMSO in aCSF), or cannabidiol (CBD,
3 nmol in 0.2 mL of vehicle) or cannabichromene (CBC, 3 nmol
in 0.2 mL of vehicle) were made into the ventrolateral PAG. Data
are means � SEM of n = 4 determinations. *P < 0.05; **P < 0.01
as assessed by ANOVA followed by Bonferroni’s test.
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glutamatergic signalling in this area as well as in the RVM
(Starowicz et al., 2007), reduces ON cell but stimulates OFF
cell activity. On the other hand, we have recently reported
that N-arachidonoyl-5-HT, a mixed inhibitor of endocannab-
inoid inactivation and a blocker of TRPV1 receptors, also
causes antinociception accompanied by inhibition of both
ON and OFF cell activity (de Novellis et al., 2008). Also CBD
and CBC inhibit endocannabinoid inactivation (Ligresti
et al., 2006), and hence, elevate endocannabinoid levels, as
shown in the present study, and this might explain also why
their effects were found here to be sensitive to the CB1 antago-
nist, AM251 (the two phytocannabinoids have almost negli-
gible intrinsic affinity for CB1 receptors). Furthermore, again
like N-arachidonoyl-5-HT, by activating TRPA1, CBC and
CBD might also desensitize and hence block TRPV1 [see
(Jeske et al., 2006; Akopian et al., 2008) for examples of such
mechanism]. Therefore, it is possible that these compounds
act on both RVM ON and OFF cell activity in a way similar to
N-arachidonoyl-5-HT.

Indeed, we found here that, when reproducing the puta-
tive effect of CBC and CBD on endocannabinoid cellular
uptake by using an intra-vl-PAG injection of a synthetic inhibi-
tor of such mechanism, inhibition of both ON and OFF cell
activity in the RVM, as well as inhibition of tail-flick-related
nociception, were again observed, although in this case the
former effect was somewhat delayed as compared with those of
the phytocannabinoids. Thus, inhibition of ON-cell ongoing
activity in the RVM might be sufficient to cause antinocicep-
tive activity even in the presence of inhibition of OFF cell
activity, a finding that is supported by more than one recent
study (de Novellis et al., 2008), and which suggests that ON
cells might be more important than OFF cells in determining
the output of the descending PAG-RVM pathway of antinoci-
ception (Heinricher and Neubert, 2004; Kincaid et al., 2006;
Neubert et al., 2004; Bee and Dickenson, 2007; Xu et al., 2007;
Heinricher and Ingram, 2008; Heinricher et al., 2009).
However, considering that the highest dose of CBD reduced
ON-cell activity without exerting any antinociceptive effect in
the tail-flick test, some discrepancies seem to emerge between
the behavioural and electrophysiological experiments in the
current study, thus raising important questions about ON-cell
activity as a functional correlate of descending pain pathway
activity. Indeed, this finding seems to contradict the idea that
the ongoing activity of both ON and OFF cells modulates
nociceptive responsiveness (Heinricher et al., 1989; Jinks et al.,
2004; Foo and Mason, 2005). Furthermore, it is noteworthy
that previous studies have shown that ON-cell bursts can be
completely inhibited, without any consequent change of tail-
flick latency (Heinricher and McGaraughty, 1998). It is pos-
sible that ON-cell firing provides a complex and critical
regulatory pronociceptive output that might be more impor-
tant in specific pathological conditions (Bederson et al., 1990;
Wiertelak et al., 1997), whereas in healthy animals, as in the
case of our experiments, ON-cell discharge may not always be
a potent regulator of moment-to-moment variations in noci-
ceptive responsiveness.

We also observed here that, similar to CBD and CBC,
mustard oil isothiocyanate, a specific activator of TRPA1 with
no direct action on TRPV1 or on endocannabinoid inactiva-
tion, and OMDM-2, a specific inhibitor of endocannabinoid
cellular re-uptake, when injected into the vl-PAG, inhibited

both ON and OFF cell ongoing activity in the RVM and
nociception. However, both compounds produced a some-
what delayed response as compared to CBC and CBD, and
their analgesic effect in the tail-flick response was lower.
These observations, together with the data obtained previ-
ously with selective adenosine A1 and CB1 receptor agonists,
whilst supporting the hypothesis that the two phytocannab-
inoids act at multiple targets in the vl-PAG, also suggest that
it is the combination of several effects that confers on CBC
and CBD their unique ‘pharmacological fingerprint’ in terms
of modulation of ON and OFF cell activity.

As mentioned above, the stimulatory effect of CBD and
CBC on PAG endocannabinoid levels and the antagonism of
CBD and CBC actions by AM251, observed here, support the
involvement of mechanisms of endocannabinoid inhibition
in the mode of action of the two phytocannabinoids. Inter-
estingly, while CBD is more efficacious than CBC at inhibit-
ing FAAH, CBC is significantly more potent at inhibiting
endocannabinoid cellular uptake (Ligresti et al., 2006). This
might explain why CBC elevated both anandamide and 2-AG
levels, because both endocannabinoids are good substrates
for the putative membrane endocannabinoid transporter
(Bisogno et al., 2002), whereas FAAH inhibition was previ-
ously shown to elevate anandamide but not 2-AG levels in
the whole brain (Kathuria et al., 2003). Nevertheless, it has
also been previously shown that the selective FAAH inhibitor,
URB597, when injected into the vl-PAG, can produce eleva-
tion of both anandamide and 2-AG levels (Maione et al.,
2006). Clearly, CBD is a much less potent FAAH inhibitor
than URB597 (Bisogno et al., 2001; Kathuria et al., 2003), thus
possibly explaining why this compound, in terms of its dif-
ferential effect on the levels of the two endocannabinoids,
seemed to be acting in this study more as a weak endocan-
nabinoid uptake inhibitor than as a blocker of FAAH.

Our findings indicate that CBD and CBC exert their
effects by inhibiting not only endocannabinoid, but also
adenosine inactivation. In fact, their actions were antago-
nized here not only by AM251, but also by the selective
adenosine A1 receptor antagonist DPCPX. This finding is in
agreement with previous evidence indicating that CBD can
produce several pharmacological effects via inhibition of the
equilibrative nucleoside transporters (Carrier et al., 2006),
and subsequent enhancement of adenosine tone at the
various adenosine receptors (Liou et al., 2008; Magen et al.,
2009; Castillo et al., 2010). However, it must be emphasized
that no direct evidence exists for the interaction of CBC
with the equilibrative adenosine transporter (ENT), although
Carrier et al. (2006) did show that several ‘classical’ (including
THC) and non-classical cannabinoids can exert this property,
thus suggesting that the structural prerequisite for cannab-
inoid interaction with this transporter might be such to allow
its interaction also with CBC.

Cannabidiol has been reported to exert some of its phar-
macological actions by enhancing the activity of the 5-HT1A

receptor (Russo et al., 2005; Campos and Guimarães, 2008;
Resstel et al., 2009; Magen et al., 2010; Zanelati et al., 2010).
This receptor is involved in supra-spinal antinociception and
is expressed in the PAG, and its activation in this brain area
was associated with inhibition of g-aminobutyric acid release
in the PAG, but not yet with descending analgesia (Behbe-
hani et al., 1993; Kishimoto et al., 2001; Huo et al., 2008). We
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report here that the effect of CBD on ON and OFF neurons of
the RVM and on tail-flick latency is also antagonized by a
selective 5-HT1a antagonist, thus adding further complexity
to the action of this phytocannabinoid. Further studies with
selective 5-HT1A receptor agonists are now required to assess
whether this mechanism can account for the somewhat sur-
prising inhibition of both ON and OFF neuron activity caused
by intra-vl-PAG injection of CBD and CBC.

Indeed, one might wonder whether the effects found here
with CBC and CBD on ON and OFF cell activity are the results
of sequential or simultaneous activation of several targets.
When looking at the delayed actions of OMDM-2 and
mustard oil, it is possible to hypothesize that the effect of the
two phytocannabinoids on TRPA1 and endocannabinoid
uptake occurs after those on the ENT. It is possible that
adenosine elevation by the two compounds, and the subse-
quent activation of adenosine A1 receptors causes, on the one
hand, elevation of endocannabinoid levels, which would
then be enhanced by the inhibitory effect on endocannab-
inoid cellular uptake, and on the other hand activation of
TRPA1. Although there is no evidence of adenosine A1 recep-
tor activation of TRPA1, previous data have shown that this
receptor can instead sensitize TRPV1 channels (Vaughan
et al., 2006), the gating of which might lead to TRPA1 activa-
tion (Akopian et al., 2007; Salas et al., 2009). However, the
only evidence so far pointing to an interaction between
adenosine A1 receptors and endocannabinoid release showed
inhibition, rather than stimulation, by the former over the
latter (Hoffman et al., 2010). Moreover, one should not
neglect the possibility that the differences observed in the
time-course of the effects of CBC and CBD on behaviour and
cell firing may be merely due to differences in the pharma-
cokinetics of these drugs, such as differential rates of diffusion
through the PAG, differential susceptibility to metabolism/
degradation or vascular uptake.

In conclusion, the present findings indicate, for the first
time, that two non-psychotropic phytocannabinoids, CBD
and CBC, produce antinociceptive effects also at the supraspi-
nal level by interacting with several targets involved in the
control of pain. They also provide unprecedented in vivo
evidence for the targeting by these compounds of TRPA1
channels and endocannabinoid inactivating mechanisms,
which might open new avenues in their therapeutic exploi-
tation (Cai, 2008; Petrosino and Di Marzo, 2010). Further
studies will be now necessary to identify other pharmacologi-
cal effects of CBD and CBC that are due, at least in part, to
these mechanisms.
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