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Constitutive Activity at the Cannabinoid CB1 Receptor Is
Required for Behavioral Response to Noxious Chemical
Stimulation of TRPV1: Antinociceptive Actions of CB1
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The potential modulation of TRPV1 nociceptive activity by the CB1 receptor was investigated here using CB1 wild-type (WT) and
knock-out (KO) mice as well as selective CB1 inverse agonists. No significant differences were detected in baseline thermal thresholds of
ICR, CB1WT or CB1KO mice. Intraplantar capsaicin produced dose- and time-related paw flinch responses in ICR and CB1WT mice and
induced plasma extravasation yet minimal responses were seen in CB1KO animals with no apparent differences in TRPV1 channel
expression. Capsaicin-evoked CGRP release from spinal cord tissue and capsaicin-evoked action potentials on isolated skin-nerve prep-
aration were significantly decreased in CB1KO mice. Pretreatment with intraplantar galanin and bradykinin, compounds known to
sensitize TRPV1 receptors, restored capsaicin-induced flinching in CB1KO mice. The possibility that constitutive activity at the CB1

receptor is required to maintain the TRPV1 receptor in a “sensitized” state was tested using CB1 inverse agonists. The CB1 inverse agonists
elicited concentration-related inhibition of capsaicin-induced calcium influx in F-11 cells and produced dose-related inhibition of
capsaicin-induced flinching in ICR mice. These data suggest that constitutive activity at the CB1 receptor maintains the TRPV1 channel in
a sensitized state responsive to noxious chemical stimuli. Treatment with CB1 inverse agonists may promote desensitization of the
channel resulting in antinociceptive actions against chemical stimulus modalities. These studies propose possible therapeutic exploita-
tion of a novel mechanism providing pain relief by CB1 inverse agonists.
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Introduction
The transient receptor potential vanilloid 1 (TRPV1) channel has
been established as a molecular sensor of noxious heat and chem-
icals including capsaicin (Caterina et al., 1997). The TRPV1 re-
ceptor cannot only be directly activated by protons (Tominaga et
al., 1998), lipoxygenase products (Hwang et al., 2000) and endo-
cannabinoids (Zygmunt et al., 1999) but can also be modulated
by lipids (Chuang et al., 2001), heat �43°C, low pH (Caterina et
al., 1997; Tominaga et al., 1998) and endovanilloids (Premkumar
and Ahern, 2000). Additionally, activity at numerous G-protein
coupled receptors (GPCRs) including the galanin-R1 (Jimenez-
Andrade et al., 2004), somatostatin-S2 (Carlton et al., 2004),

bradykinin-B2 (Cesare and McNaughton, 1996), and
cannabinoid-CB1 (Hermann et al., 2003; Patwardhan et al., 2006)
has also been demonstrated to modulate TRPV1 function. Chi-
meric and site-directed mutation studies of the TRPV1 have
identified unique amino acid sites that are phosphorylated
(Bhave et al., 2002, 2003; Jung et al., 2004) resulting in increased
responsiveness of the channel to stimuli including capsaicin.
Likewise, the dephosphorylation of TRPV1 channels can lead to
pharmacological desensitization of the channel (Koplas et al.,
1997; Mohapatra and Nau, 2005). Although TRPV1 is modulated
by multiple pathways, this channel is an important integrator of
nociceptive stimuli (Caterina et al., 2000) resulting from activa-
tion of various receptors on afferent fibers leading to intense
efforts in developing TRPV1 antagonists as pain relieving drugs.

Endogenous and exogenous cannabinoids have been shown
to inhibit pain behaviors (Pertwee, 1997; Richardson et al.,
1998a,b) as well as capsaicin-induced release of calcitonin gene-
related peptide (CGRP) via CB1 receptors (Richardson et al.,
1998a,b; Ahluwalia et al., 2003). However, more recent studies
reported that endogenous cannabinoids such as anandamide
(AEA) activate TRPV1 which may result in afferent excitation
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(Zygmunt et al., 1999; Hermann et al., 2003; Price et al., 2005;
Evans et al., 2007). Recent reports demonstrate the expression of
CB1 and TRPV1 proteins on the same cells (Ahluwalia et al., 2000,
2002; Binzen et al., 2006; Mitrirattanakul et al., 2006) providing
an anatomical basis for modulation of TRPV1 function by com-
pounds interacting at the CB1 receptor. Although cannabinoid
modulation of the TRPV1 channel has been demonstrated with
WIN 55,212–2 which is thought to inhibit capsaicin activity via
the activation of calcineurin (Jeske et al., 2006; Patwardhan et al.,
2006), the precise pathway(s) by which CB1 receptors modulate
TRPV1 function remain to be established. Studies using CB1 re-
ceptor inverse agonists including SR141716A and AM251 have
suggested constitutive activity at the CB1 receptor in animals
(Gifford and Ashby, 1996; Zhou and Shearman, 2004) and hu-
mans (Després et al., 2005; Huestis et al., 2007), and CB1 activa-
tion was also shown to sensitize TRPV1 receptors in an heterol-
ogous expression system (Hermann et al., 2003). Recently it has
been shown that repeated administration of SR141716A is effec-
tive in alleviating thermal and mechanical hyperalgesia in a rat
model of nerve injury (Costa et al., 2005). Here, we further inves-
tigate modulation of TRPV1 responsiveness through compounds
acting at CB1 receptors, or through intracellular pathways asso-
ciated with the TRPV1 receptor as well as the possibility that CB1

inverse agonists may negatively modulate TRPV1 responses to
produce antinociception relevant to clinical pain states.

Materials and Methods
Animals
Male ICR mice (25–35 g) were purchased from Harlan. Male CB1 recep-
tor wild-type (WT) and knock-out (KO) mice were obtained as a gener-
ous gift from Dr. Debra Cockayne, Roche Biosciences and bred in house.
All animals were housed on a regular 12 h light/dark cycle (lights on at
07:00 A.M.) in a climate-controlled room with food and water ad libitum.
All studies were performed while animals were on their light cycle be-
tween the times of 7:00 A.M. and 7:00 P.M. Mice were housed three to a
cage and each animal was used only once per experiment. All procedures
were approved by the University of Arizona Animal Care and Use Com-
mittee and were in accordance with the guidelines of the International
Association for the Study of Pain.

Materials
Morphine sulfate and SR141716A were provided by the National Insti-
tute on Drug Abuse (Bethesda, MD). AM251 was purchased from Tocris.
U73122 was obtained from Biomol International and m-3M3FBS was
purchased from EMD Biosciences. Capsaicin, capsazepine, galanin, for-
malin, mustard oil, ethanol, DMSO, Tween 80 and PEG 400 were ob-
tained from Sigma. Bradykinin was purchased from Bachem. Evans blue
dye was purchased from Eastman Kodak Co. All solutions were prepared
on the day of each experiment.

Capsaicin-induced paw flinching in ICR mice
Mice were placed separately in Plexiglas boxes for a 20 –30 min habitua-
tion period. Post habituation, capsaicin (1, 5, or 10 �g) in ethanol
(100%) was injected into the plantar side of the mouse left hind paw,
using a 30 gauge needle attached to a 25 �l Hamilton syringe in a volume
of 5 �l; this volume was used for all intraplantar injections unless other-
wise specified. In all studies, flinches of the capsaicin-injected hind paw
were recorded in 1 min bins for 5 min. In all studies of modulation of
capsaicin-induced flinching, the dose of intraplantar capsaicin was 10
�g. A flinch was defined as a rapid jerk of the injected paw. Control
experiments were performed in all studies using the capsaicin vehicle
(100% ethanol); the vehicle did not produce any significant nociceptive
behaviors when injected into the hind paw at this volume.

Modulation of capsaicin-induced flinching in ICR mice
To investigate the effects of an opioid agonist on capsaicin-induced
flinching, morphine (0.3, 1 and 3 mg/kg) was dissolved in saline and

administered intraperitoneally (i.p.) using a 27 gauge needle, 15 min
before intraplantar capsaicin. Separate animals were used for the differ-
ent doses of morphine. Control experiments included animals that re-
ceived saline by the i.p. route and capsaicin by the intraplantar route 15
min post saline. Intraperitoneal injections were performed by holding
the animals in a supine position and inserting the extremity of a 27 gauge
disposable needle attached to a 1cc disposable syringe into the peritoneal
cavity in the lower left quadrant of the abdomen. SR141716A (0.03, 0.3,
1.0 and 3 mg/kg) or AM251 (0.03, 0.1, 0.3 mg/kg) were dissolved in PEG
400 and always administered i.p. 15 min before intraplantar capsaicin.
Control animals received the PEG 400 vehicle by the i.p. route 15 min
before capsaicin. U73122 (10 and 30 mg/kg), a PLC inhibitor (Hou et al.,
2004), was administered i.p. in ICR mice 1 h before intraplantar injection
of capsaicin. In separate groups of animals, m-3M3FBS, a PLC activator
(Bae et al., 2003), was administered by the i.p. route at 5 mg/kg 30 min
before treatment with i.p. SR141716A (0.3 mg/kg) and 45 min before
challenge with intraplantar capsaicin. Both U73122 and m-3M3FBS were
dissolved in 1:1:8 DMSO/Tween 80/saline.

Capsaicin-induced flinching in CB1WT and CB1KO mice
CB1WT or KO mice respectively received 1, 5 and 10 �g or 1, 5, 10, 30 and
100 �g of capsaicin in the plantar side of the left hind paw. Separate
animals received vehicle (100% ethanol) concurrently. The number of
flinches was recorded in 1 min bins for 5 min.

Modulation of capsaicin-induced flinching in CB1WT and
KO mice
To test whether galanin would restore reduced capsaicin-induced flinch-
ing in CB1KO mice, galanin (0.1 ng/20 �l) was administered as in the
dose and volume described by Jimenez-Andrade et al. (2004) using ICR,
CB1WT and KO mice. Intraplantar capsaicin was administered in the
same paw immediately after galanin injection. As a control, galanin ad-
ministration was followed by intraplantar vehicle (100% ethanol) and
flinching behaviors recorded in all strains of mice. Bradykinin was ad-
ministered by the intraplantar route at 3 �g in a volume of 5 �l in ICR,
CB1WT and KO mice. At this dose bradykinin itself induced a small
number of flinches, which were recorded but no longer present within 5
min. Intraplantar capsaicin was then injected into the same hind paw, 10
min after the initial bradykinin injection. As a control, intraplantar bra-
dykinin was followed by a challenge with intraplantar vehicle (100%
ethanol) as described for capsaicin.

Cell culture of F-11 cells
F-11 cells (a gift from Dr. Fishman) (Platika et al., 1985) (mouse neuro-
blastoma � rat dorsal root ganglion neuron hybrid cell line) were cul-
tured and maintained in 75 cm 2 flasks at 37°C and 5%CO2 in Ham’s F-12
supplemented with 15% fetal bovine serum, 5% newborn calf serum, 1%
penicillin/streptomycin and 1% HAT. For calcium imaging experiments,
5 � 10 4 cells were plated in the area of cloning ring attached on the
Delta-T dishes (Bioptechs). Cell differentiation was initiated 24 h after
plating by replacing culture medium with the following medium: Ham’s
F-12 supplemented with 1% FBS, 50 ng/ml NGF, 2 �M retinoic acid, 0.5
mM cAMP, 10 �M IBMX, 125 �g/ml insulin, 10 �g/ml transferrin, and 50
IU/ml penicillin/streptomycin. Cultures were maintained for 72 h in this
medium before experiments.

Ca 2� imaging assay
F-11 cells were washed three times with bath solution and loaded with 5
�M fura-2/AM (Molecular Probes) at 37°C for 40 min. The bath solution
(Hanks’ balanced salt solution) contained 136 mM NaCl, 5.4 mM KCl, 2
mM CaCl2, 1 mM MgSO4, 5.5 mM glucose, 10 mM HEPES, pH 7.4. Cells
were washed twice and incubated at 37°C for another 10 min. The cells
were maintained at 37°C throughout the experiment with the Delta TC3
open culture dish system (Bioptechs). Image acquisition was performed
using a Nikon TE200 outfitted with a plan fluor 40� oil N.A. 1.3 objec-
tive lens, Xenon burner, an ORCA Hi binning 12 bit digital camera, filter
wheel with fura-2 filter set controlled by Mutech image master digital
workstation and Metafluor imaging software (Universal Imaging). The
ratiometric fluorescence images were captured at 6 s intervals. The
changes in the fluorescence level of individual cells over time are ob-
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tained by digitizing the integrated optical density of fura-2 emission at
510 nm as a ratio of 340 nm/380 nm excitation associated with a desig-
nated cell area of the serial images. Individual experiments were per-
formed in triplicate (Lai et al., 2006). SR141716A (10 and 100 nM) or
AM251 (10 or 100 nM) were dissolved in PEG 400 and administered 10
min before capsaicin (10 nM).

Western blot analysis
The L4, L5 and L6 dorsal root ganglia (DRG)s and dorsal horns (lumbar
enlargement) were removed from mice and homogenized separately in
an ice-cold 10 mM sodium phosphate buffer, pH 7.4, containing 100 �M

PMSF, bestatin (30 �M) and captopril (10 �M). The membrane fractions
of sequentially centrifugal extractions were performed as follows. Briefly,
the homogenate was centrifuged at 2000 � g for 10 min at 4°C. The
supernatant was removed and centrifuged at 16,500 rpm for 1 h at 4°C.
The pellet was solubilized in the 10 mM sodium phosphate buffer con-
taining 2% Triton X-100, 4% SDS and the mixture of protease inhibitors.
The resultant membrane protein was refined by passage through 23
gauge and 27.5 gauge needle several times. The protein concentration
was determined with a standard Lowry assay as described previously
(Bilsky et al., 1996). Protein samples were separated on a SDS-PAGE
gradient gel (4 –15%; Bio-Rad) and transferred to the nitrocellulose
membrane. The blots were blocked with 3% nonfat dry milk, 2% goat
serum and 2% mouse serum for 30 min and incubated with rabbit-anti-
rat vanilloid receptor subtype 1 (TRPV1) antibodies (Alpha Diagnostic,
TX) (3 �g/ml) for 1.5 h at room temperature. The blots were then incu-
bated in goat-anti-rabbit HRP-conjugated secondary antibody 1:5,000
(Jackson ImmunoResearch) for 1 h at room temperature, developed in
ECL solution (Amersham Pharmacia) for 1 min, and exposed onto
X-films (Hyperfilm; Amersham) for 30 min. The cross-reactivity of the
antibody to mouse TRPV1 is proven by the detection of TRPV1 protein
in the DRGs from ICR mice. G�q antibodies (Santa Cruz, CA) 1:500 were
applied on the same membrane as an internal loading control although
Western blots were not used for quantitative purposes.

Reverse transcription PCR
Total RNA was isolated from F-11 cells and rat DRGs using RNAqueous-
total RNA isolation kit (Ambion). First strand cDNA was reverse transcribed
using RETROscript kit (Ambion) following manufacturer’s instructions.
For multiplex PCR amplifications, 3 �l of the first-strand cDNA template
were used in 20 �l of reactions containing 1� PCR buffer, 0.25 �M each
sense and antisense primer, 125 �M each dNTP, and 1 U of TaqDNA poly-
merase (Invitrogen). 1� PCR buffer contained 10 mM Tris-HCl, 50 mM KCl,
0.1% Triton X-100, and 1.5 mM MgCl2. PCR was performed in PCR Express
Thermal Cycler (Thermo Hybrid) as follows: (1) hold at 94°C for 2 min; (2)
35 cycles at 94°C for 40 s, 55°C for 40 s, and 72°C for 1 min; (3) hold at 4°C.
Primer sequences for CB1 were 5�-AAGAGGATCGTCACCAGG-3� (sense)
and 5�-CCAGCCTAATGTCCATGC-3� (antisense); and that for TRPV1
were 5�-CAACGCAAGGAGTATGTGG-3� (sense) and 5�-GAGTTA-
CCTGGCTTGCAG-3�. GAPDH (sense primer: 5�-CACGGCAAGT-
TCAATGGC-3�; antisense primer: 5�-GCCTGCTTCACCACCTTC-3�)
was coamplified with CB1 or TRPV1 cDNA as an internal control. The PCR
products were run on a 2% agarose gel containing ethidium bromide, visu-
alized by UV illumination, and then photographed. Primers used for PCR
amplification were synthesized from Midland.

Skin nerve electrophysiological recordings
Male ICR mice, CB1WT or CB1KO mice were recorded from in random
order, and the investigator was blinded as to their genotype. The saphe-
nous nerve and innervated skin were removed from mice and placed in
an organ bath and bathed with synthetic interstitial fluid (SIF) buffer as
previously described (Stucky et al., 2004). The nerve was placed in a
separate chamber filled with mineral oil, desheathed, and teased into fine
filaments. Single units were identified by mechanical stimulation with a
glass probe. Conduction velocity was determined by applying electrical
pulses to the receptive field via a tungsten needle electrode. Only unmy-
elinated C fibers were recorded for this study and C fibers were identified
as units conducting slower than 1.2 m/s. Mechanical threshold was de-
termined by using calibrated von Frey filaments (range, 0.04 –147 mN).
Data were recorded using Chart (AD Instruments). For chemical stimu-

lation, a stock solution of capsaicin (10 mM) was made in 1-methyl-2-
pyrrolidinone (Sigma), a solvent that has no effect on fibers in the skin
nerve preparation (Stucky et al., 2004) and stored at �20°C. On the day
of recording, the capsaicin stock was diluted in 32°C SIF buffer just
before application. The receptive field of the C fiber was isolated with a
stainless steel ring (6 mm ID) that was sealed to the skin with a thin layer
of vacuum grease. First, a control was performed by applying 1:100
1-methyl-2-pyrrolidinone:SIF buffer (32°C) for 1 min. Next, 100 �M

capsaicin was applied for 1 min and the number of evoked action poten-
tials were counted. Capsaicin was applied at 100 �M because this concen-
tration maximally activates C fibers (�58% of all C fibers) in the skin
nerve preparation. The criterion for a positive response to chemical or
mechanical stimuli was at least three evoked action potentials. If any
action potentials occurred during the application of control solution,
these action potentials were subtracted from the total capsaicin-evoked
action potentials. To confirm that noncapsaicin responsive fibers were
still active, each fiber was stimulated mechanically with a glass rod at the
end of recording. Fibers that were unresponsive to the terminal mechan-
ical test were excluded from the data. Only fibers with nonoverlapping
receptive fields were used from the same skin preparation.

Plasma extravasation
Extravasation of plasma albumin in mice was assessed by the Evans blue
leakage method. Evan’s blue dye (100 mg/kg) in saline was injected using
a 30 gauge needle attached to a 1 ml syringe in the tail 15 min after
capsaicin (10 �g) administration in the left hind paw. Vehicle (100%
ethanol) was injected in the contralateral paw (right), so that each mouse
served as its own control. Two hours after Evan’s blue injection animals
were killed under ether and hind paw tissue was removed with an 8 mm
hole-puncher. The tissue was incubated in 100% formamide, 50°C water
bath for 2 h and samples were centrifuged at 14000 rpm for 20 min. The
supernatant was collected and measured by spectrophotometry at 620 nm
(Beckman DU-62 Spectrophotometer). The absorbance values were calcu-
lated from a calibration curve. The amount of extracted dye was expressed as
fmol of dye per gram of wet tissue, as described (Trevisani et al., 2002).

CGRP release assay
Tissue extraction and preparation. Mice were deeply anesthetized using
CO2 and decapitated. The spinal cord was severed at the pelvic girdle.
Hydraulic extrusion was performed by inserting a 16 gauge needle into
the sacral vertebral canal and expelled with ice-cold saline. The spinal
cord was immediately placed on ice in a glass Petri dish, and the dorsal
half of the lumbar cord was dissected, weighed and chopped into 0.2 mm
cubes with a McIwain tissue chopper (Mickle Laboratory Engineering).

CGRP assays. Chopped lumbar spinal cord tissue was placed in a 1 cc
superfusion chamber and continuously superfused with oxygenated
modified Krebs’ buffer (135 mM NaCl, 3.5 mM KCl, 20 mM NaHCO3, 1
mM NaHPO4, 2.5 mM CaCl2, 3.3 mM dextrose, 0.1 mM ascorbic acid, 10
mM thiorphan and 0.1% bovine serum albumin) maintained at 37°C, pH
7.4, at a rate of 0.5 ml/min with a Brandel Superfusion Pump. The tissues
were equilibrated for 30 min. Superfusate samples were collected into test
tubes using a fraction collector (Gilson) every 3 min and measured for
CGRP release. A total of 5 fractions (15 min) were collected to establish
baseline levels of CGRP release before capsaicin (1 �M) was applied for 2
fractions (6 min). Superfusate was then collected for an additional 8
fractions (24 min). The superfusate obtained from the release assay was
preincubated with 100 �l of a C terminus directed anti-CGRP antibody
(Peninsula Laboratory) for 24 h at 4°C. The samples were each mixed
with 50 �l of goat anti-rabbit antiserum coupled to ferric beads and 100
�l of [ 125I-Tyr0]CGRP28 –37 (at �25,000 cpm per assay tube) and in-
cubated for an additional 24 h. The [ 125I]CGRP bound to the CGRP
antibody was separated from the free tracer through immunomagnetic
separation (PerSeptive Diagnostics). The immunoprecipitates were de-
termined by gamma counting. Standard curves were generated and
CGRP content was determined through logit-log analysis. This assay has
a minimal detection limit of 1–3 fmol/tube. The CGRP antiserum used in
these experiments binds near the C-terminal end of CGRP and does not
cross- react with cholecystokinin, neuropeptide Y, or other peptides with
similar C-terminal residues. The CGRP concentrations were plotted
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against time in 3 min intervals. Evoked release
was calculated as the total amount of CGRP re-
leased (i.e., CGRP-IR) during the capsaicin in-
fusion above the basal release of CGRP.

Statistical analysis
All data were expressed as mean � SEM. For
behavioral experiments, differences among sev-
eral means relative to a single baseline group
were determined with one-way ANOVA, fol-
lowed by Fisher’s least significant difference
test. Fisher’s least significant difference test is
based on using ANOVA to determine a given
value at which, if the difference between two
means is equal to or greater than that value, the
difference is significant. Differences among sev-
eral treatment groups were evaluated with
ANOVA followed by Student–Neuman–Keuls
post hoc test. Differences between two individ-
ual means were analyzed with Student’s t test. A
p � 0.05 was considered significant and is indi-
cated by an asterisk.

Results
Thermal and mechanical testing in
CB1WT and KO mice
No significant differences in response la-
tencies to three different temperatures
were observed in CB1WT and CB1KO
mice. Tail withdrawal latencies from water
at 48°C for WT was 25.8 � 3.1 s and KO
23.6 � 2.6 s, from water set at 52°C for WT
was 8.9 � 1.2 s and KO 9.3 � 1.5 s and
from water set at 55°C for WT was 4.2 �
0.2 s and KO 4.3 � 0.5 s. Non-noxious
mechanical thresholds using von Frey fila-
ments also showed no significant differ-
ences between WT mice 1.8 � 0.3 g and
KO mice 2.0 � 0.4 g (n 	 6 – 8 in all
experiments).

Capsaicin-induced paw flinching
Intraplantar administration of capsaicin
produced a time- and dose-related in-
crease in flinching behaviors in ICR mice.
The dose producing a 50% response (and
95% C.I.) based on the highest total flinch-
ing responses observed throughout all ex-
periments was 2.5 (1.3–3.4) �g (Fig. 1A,B). At the 10 �g dose, the
total (cumulative) number of flinches after 1, 5 and 10 min were
19.0 � 1.7, 37.7 � 2.8 and 44.5 � 1.9. The time course for all
subsequent capsaicin-induced paw flinch experiments was short-
ened to 5 min, because the majority of paw flinches occurred
during this period.

Systemic morphine significantly and dose-dependently inhib-
ited capsaicin-induced paw flinching in ICR mice. Morphine pre-
treatment at 1 and 3 mg/kg reduced the total number of flinches
to 8.7 � 1.2 (n 	 6) and 2.3 � 0.3 (n 	 6) respectively, when
compared with control (vehicle administered) animals receiving
capsaicin (24.9 � 1.5, n 	 12) ( p � 0.001).

Capsaicin also elicited time and dose-related flinching behav-
iors in CB1WT mice with responses similar to those observed in
ICR mice. The dose producing a 50% response (and 95% C.I.)
was 3.2 (2.1– 4.4) �g (Fig. 1C,D). After 5 min, the number of
flinches induced by capsaicin (10 �g) in CB1WT mice was 26.9 �

3.0. However, in CB1KO mice, capsaicin elicited significantly
fewer flinching responses compared with either CB1WT or ICR
control mice. Even when substantially higher doses were admin-
istered to CB1KO mice, very few flinches were observed, such that
a 50% response could not be calculated (Fig. 1E,F). The total
number of flinches after capsaicin at 10 or 100 �g in CB1KO mice
were 4.6 � 1.1 and 1.8 � 0.8, respectively; these responses were
significantly lower than those seen in either ICR or WT mice ( p �
0.001, n 	 6–12 in all experiments). No responses were seen at the
lowest doses of capsaicin (e.g., 1 and 5 �g) suggesting that the lack of
response seen at higher doses was not due to desensitization.

Reduced plasma extravasation is observed in CB1KO mice
Capsaicin resulted in extravasation of Evan’s Blue dye after injec-
tion into the hind paw of CB1WT (60.6 � 3.1 fmol/g tissue) or
ICR mice (50.6 � 2.3 fmol/g tissue) (Fig. 2). In contrast, tissues
from CB1KO mice showed significantly decreased extravasation
in the capsaicin-injected paw (1.9 � 0.3 fmol/g tissue). In all

Figure 1. ICR, CB1 wild-type (CB1WT) or knock-out (CB1KO) mice received capsaicin or vehicle (100% ethanol) into the plantar
surface of the left hind paw. Volume of intraplantar paw administration was 5 �l. A, Number of flinches induced by capsaicin (1,
5, or 10 �g) or vehicle in ICR mice every minute for 5 min. B, Total number of flinches evoked by capsaicin or vehicle in 5 min in ICR
mice. Capsaicin induced paw flinches in a dose-dependent manner, resulting in A50 of 2.5 �g. C, Number of flinches induced by
capsaicin (1, 5, or 10 �g) or vehicle in CB1WT mice every minute for 5 min. D, Total number of flinches evoked by capsaicin or
vehicle in 5 min in CB1WT mice. Capsaicin induced paw flinches in a dose-dependent manner, resulting in A50 of 3.2 �g. E, Number
of flinches induced by capsaicin (1, 5, 10, 30, 100 �g) or vehicle in CB1KO mice every minute for 5 min. F, Total number of flinches
evoked by the different doses of capsaicin in 5 min was significantly abolished in CB1KO mice (n 	 6 –12 in all studies).
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animals, Evan’s blue dye extravasation was minimal in the con-
tralateral (noncapsaicin injected) paw ( p � 0.005, n 	 5–10 in all
studies) (Fig. 2).

Reduced capsaicin-evoked release of i-CGRP in dorsal spinal
cord of CB1KO mice
Baseline levels of CGRP in ICR and CB1WT just before capsaicin
administration were 10.3 � 1.7 and 9.1 � 1.1 fmol/mg tissue,
respectively. Similarly, baseline levels of CGRP in spinal cord
tissue from CB1KO mice before capsaicin administration were
6.0 � 0.2 fmol/mg tissue; these values were not significantly dif-
ferent from those of the ICR or WT tissues. Application of cap-
saicin (1 �M) for 6 min evoked CGRP release in spinal cord tissue
from ICR and CB1WT mice. Capsaicin-evoked CGRP release was
significantly reduced in spinal cord tissue from CB1KO mice.
Evoked CGRP release was calculated as 17.6 � 1.9, 16.6 � 3.1 and
5.0 � 2.5, fmol/mg in ICR, WT and KO tissues, respectively ( p �
0.05, n 	 6 in all groups) (Fig. 3).

Capsaicin-evoked responses are reduced in C-fibers from
CB1KO mice
Capsaicin-sensitivity of single cutaneous C-fibers was evaluated
in skin-nerve preparations from CB1KO and CB1WT mice.
Whereas nearly 60% (16 of 27) of C fibers from CB1WT mice

responded to 100 �M capsaicin, only 37% (12 of 32) (1-tailed t
test p 	 0.07) of C-fibers from CB1KO mice responded to capsa-
icin with 3 or more action potentials during the capsaicin appli-
cation. More importantly, the number of capsaicin-evoked ac-
tion potentials in C-fibers from CB1KO mice (14.6 � 4.3 spikes/
min) was �50% less than that in WT mice (25.2 � 5.6 spikes/
min; 1-tailed t test, p 	 0.05). There were no differences between
the genotypes in C-fiber conduction velocity (WT: 0.57 � 0.04
m/s; KO: 0.57 � 0.03 m/s) or von Frey thresholds (WT: median
6.8 mN, lower and upper quartiles 4.0, 11.7 mN; KO: median 9.25
mN, lower and upper quartiles 5.4 mN, 12.8 mN).

TRPV1 receptors are expressed in DRG of CB1WT and
CB1KO mice
The presence of TRPV1 protein in tissues from CB1WT and KO
mice was evaluated via Western blot analysis. TRPV1 protein was
present in DRG of both CB1WT and CB1KO mice with a molec-
ular weight of �95 kDa (Fig. 4). Gq� was used as an internal
loading control for membrane proteins. Although Western blots
were not performed for quantitative purposes, Gq� bands with a
molecular weight of 42 kDa, were identified in both genotypes.
Figure 4 is representative of three separate Western blots using
DRGs from CB1WT and CB1KO mice.

Pretreatment with galanin or bradykinin restores capsaicin-
induced flinching in CB1KO mice
Intraplantar galanin (0.1 ng), a peptide known to sensitize
TRPV1 channels, followed by intraplantar vehicle did not result
in significant flinching responses in ICR, WT or KO mice. In-
traplantar galanin followed by capsaicin challenge in ICR and
WT mice resulted in an increase in the total number of flinches.
In ICR and CB1WT mice, capsaicin elicited 31.6 � 1.6 and 21.8 �
2.2 flinches, whereas in CB1KO mice, capsaicin only evoked 3.9 �
1.4 flinches. Pretreatment with galanin resulted in 40.8 � 3.2 and
28.9 � 1.6 flinches in ICR and CB1WT mice, respectively, values
which were significantly higher than in the vehicle pretreated
group ( p � 0.05). More strikingly, in CB1KO mice, galanin pre-
treatment markedly enhanced capsaicin-evoked flinching from
3.9 � 1.4 to 33.7 � 3.1 ( p � 0.001). The capsaicin response of
galanin pretreated CB1KO mice was not different from that ob-
served in galanin-pretreated ICR or WT mice (Fig. 5A).

Intraplantar bradykinin (3 �g) alone induced a total of 1.0 �
0.5 and 1.0 � 0.6 flinches in KO and WT mice, respectively, in the
first 5 min; intraplantar saline did not elicit flinching behaviors
(data not shown). After 10 min, no remaining bradykinin-
induced flinching behaviors were observed. At this time point,
animals were challenged with intraplantar capsaicin or vehicle

Figure 2. ICR, CB1WT and CB1KO mice received an intraplantar (left paw) injection of capsa-
icin (10 �g). Intravenous (tail vein) injection of Evan’s blue dye (100 mg/kg) was performed 15
min after capsaicin administration. Vehicle for capsaicin (100% ethanol) was injected into the
contralateral paw (right paw). Pronounced plasma extravasation expressed as fmol/g tissue
was seen in the capsaicin-injected left paw of ICR and CB1WT mice, as opposed to CB1KO, in
which no capsaicin evoked plasma extravasation was detected (*p � 0.005, n 	 5–10).

Figure 3. Calcitonin gene related peptide (CGRP) was measured from the lumbar spinal cord
tissue of ICR, CB1WT, and CB1KO mice. After a 45 min equilibration period in the perfusion
chambers, followed by a 12 min collection of perfusate for determination of baseline values,
capsaicin (1 �M) was added to the perfusion medium. CGRP content was quantified by radio-
immunoassay. Evoked release was defined as the amount of CGRP above the basal values.
Capsaicin-evoked CGRP release from spinal cord tissue of ICR and CB1WT mice was significantly
higher when compared with spinal cord tissue from CB1KO mice (*p � 0.05, n 	 6 in all
groups).

Figure 4. Western blot for TRPV1 protein (95 kDa; the figure shows 102 kDa) was performed
using lumbar spinal cord tissue or dorsal root ganglia (DRG) from either CB1WT or CB1KO mice.
Gq� bands with the molecular weight of 42 kDa were identified and used as an internal loading
control for membrane proteins. Image represents a total of three separate Western blots using
DRGs from CB1WT and CB1KO mice.
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and flinching behaviors were recorded. Bradykinin pretreatment
in ICR mice enhanced capsaicin-evoked flinching from 31.6 �
1.6 to 47.7 � 1.2. Likewise, bradykinin pretreatment enhanced
capsaicin-evoked flinches in WT mice from 21.8 � 2.2–27.4 �
5.8. Pretreatment with intraplantar vehicle or bradykinin in KO
mice significantly increased the flinching response from 3.9 � 1.4
to 15.4 � 3.6 flinches ( p � 0.05) (Fig. 5B). The enhancement of
capsaicin-evoked flinching by bradykinin pretreatment in KO
mice remained significantly lower than the response seen in WT
or ICR mice.

CB1 inverse agonists inhibit capsaicin-evoked Ca 2� influx in
F-11 cells
F11 cells were used to characterize the effects of CB1 inverse ago-
nists on TRPV1 channels. The presence of CB1 and TRPV1 re-
ceptors were demonstrated by multiplex reverse transcription
(RT)-PCR analysis of total RNA extracts from F-11 cells and L5

DRG of male Sprague Dawley rats. The 2% agarose gel electro-
phoresis displays PCR products demonstrating both CB1 (352 bp
product) and TRPV1 (281 bp product) expression in F-11 cells,
as well as in rat DRG. GAPDH (638 bp product) as an internal
control represented equal total RNA materials for amplification.
A 100 bp DNA ladder was used (Fig. 6, inset).

The acute application of 10 nM capsaicin resulted in a an in-
crease in [Ca 2�]i in 56% of the total recorded cells (322 of 577).
When cells were challenged a second time with the same capsa-
icin test, 81% of capsaicin responsive cells were desensitized (n 	
172 of 212). In contrast, allowing cells to recover for 5 min after
the first capsaicin application resulted in desensitization of only
3% of capsaicin-responsive cells (n 	 1 of 33) (Fig. 6, control
group). Therefore, experiments were performed using this pro-
tocol to assure capsaicin sensitive cells yet exclude the factor of
capsaicin/TRPV1 desensitization. As a control to assure activity
via the TRPV1 channel, effects of capsaicin on transient [Ca 2�]
influx were suppressed after incubation of the cells with capsaz-
epine. Preincubation, 10 min, with capsazepine at 100 nM or 1 �M

decreased the number of capsaicin-responsive cells by 82% (n 	
42) or 93% (n 	 42), respectively. SR141716A or AM251 (10 or
100 nM) significantly inhibited capsaicin-evoked transient
[Ca 2�] influx in F11 cells (Fig. 6). In the presence of 10 and 100
nM SR141716A, number of capsaicin responsive cells was de-
creased by 45% and 79%, respectively. Similar results were seen
with AM251 at 10 and 100 nM; the number of capsaicin respon-
sive cells was decreased by 37 and 61%, respectively (Fig. 6).

Figure 5. Compounds known to sensitize the TRPV1 channel restore flinching in CB1KO mice.
A, ICR, CB1WT and CB1KO mice were administered galanin (0.1 ng) in the ventral side of the left
hind paw followed by capsaicin (10 �g) administered in the same paw. In ICR and CB1WT mice,
the total number of capsaicin-induced flinches in 5 min was increased in the presence of gala-
nin, when compared with vehicle pretreated animals. Surprisingly, in CB1KO mice, galanin
completely restored the capsaicin-evoked response, (*p � 0.05; **p � 0.001, n 	 6 –10). B,
ICR, CB1WT and CB1KO mice were administered bradykinin (3 �g) in the ventral side of the left
hind paw 10 min before intraplantar capsaicin (10 �g) administration in the same paw. In ICR
and CB1WT mice, the total number of capsaicin-induced flinches in 5 min was increased in the
presence of bradykinin, when compared with vehicle pretreated animals. CB1KO mice pre-
treated with bradykinin resulted in a significant increase in the capsaicin-evoked flinching
behavior (*p � 0.05; **p � 0.05, n 	 8 –10).

Figure 6. Capsaicin (10 nM)-induced transient [Ca 2�] influx in F-11 cells was performed in
the presence and absence of the CB1 inverse agonists SR141716A or AM251. Capsaicin-induced
calcium influx in the F11 cells was significantly blocked in a concentration-dependent manner
by either SR141716A (n 	 29 at 10 nM and n 	 89 at 100 nM) or AM251 (n 	 35 at 10 nM and
n 	 86 at 100 nM) (*p � 0.05, **p � 0.001). RT-PCR was performed using Sprague Dawley rat
L5 DRG or the mouse neuroblastoma rat DRG hybrid F11 cell line (inset). A 2% agarose gel
electrophoresis of multiplex PCR products demonstrating both CB1 (352 bp product) and TRPV1 (281
bpproduct)expressioninF-11cellsaswellas inratDRG.GAPDH(638bpproduct)asaninternalcontrol
represented equal total RNA materials for amplification. Inset, A 100 bp DNA ladder.
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CB1 inverse agonists suppress capsaicin-induced flinching in
ICR mice
Intraperitoneal pretreatment with SR141617A (0.03–3 mg/kg)
significantly suppressed intraplantar capsaicin-induced flinching
in ICR mice. Intraplantar capsaicin elicited 24.6 � 0.8 flinches in
vehicle pretreated animals and 10.2 � 2.9, 8.0 � 3.6, 6.1 � 2.0,
and 0.2 � 0.2 flinches after pretreatment with doses of 0.03, 0.3,
1.0 and 3 mg/kg SR171416A, respectively (Fig. 7A,B). In the same
manner, preadministration of AM251 significantly decreased total
capsaicin-induced flinching at the doses of 0.1 and 0.3 mg/kg result-
ing in 12.8 � 0.8 and 5.5 � 2.2 flinches, respectively (Fig. 7C,D).

Suppression of capsaicin-induced flinching by U73122, a
PLC inhibitor
Pretreatment with U73122 (Hou et al., 2004) significantly atten-
uated capsaicin-induced flinching in ICR mice. Vehicle treated
mice showed 51.6 � 4.5 flinches. U73122 given at 10 and 30
mg/kg, resulted in 39.0 � 4.8 and 26.3 � 3.4 flinches, respectively
indicating a 29 and 49% decrease in capsaicin-induced flinching
( p � 0.001) (Fig. 8A).

Blockade of SR141716A-induced antinociception by m-
3M3FBS, a PLC activator
When administered alone, m-3M3FBS (5 mg/kg) (Bae et al.,
2003) did not alter responses to intraplantar vehicle (4.3 � 0.4
flinches) or alter capsaicin-induced flinching (42.0 � 5.1
flinches). However, pretreatment with m-3M3FBS (5 mg/kg) 30
min before i.p. SR141716A (0.3 mg/kg) and 45 min before in-
traplantar capsaicin injection blocked the antinociceptive effects
of the CB1 inverse agonist in ICR mice. The total number of
capsaicin-induced flinches (46.4 � 3.7) was significantly inhib-

ited by pretreatment with SR141716A
(22.6 � 2.4), but restored by the PLC acti-
vator m-3M3FBS (43.3 � 3.4 flinches)
(Fig. 8B). Pretreatment with vehicle did
not restore capsaicin-induced flinching
(22.1 � 2.4) in animals treated with
SR141716A.

Discussion
Findings presented here support the idea
that tonic activity of the CB1 receptor
maintains the TRPV1 channel in a “sensi-
tized” state through a PLC-dependent
process. Our studies have shown that inhi-
bition of CB1 function either through ge-
netic deletion of the receptor or by activity
of inverse agonists results in diminished
reactions to capsaicin. In CB1KO mice, di-
minished capsaicin-induced responses
included flinching behaviors, neurogenic
inflammation, generation of action poten-
tials, and evoked release of CGRP in spinal
cord tissue.

Although CB1KO mice demonstrated
decreased responses to a chemical activa-
tor of the TRPV1 channel, their responses
to three different noxious temperatures
were not different from those in ICR and
CB1WT. These findings are consistent
with previous reports (Zimmer et al., 1999;
Bölcskei et al., 2005) and may reflect the
contributions of other heat-sensitive
channels (Güler et al., 2002). Unlike heat,

capsaicin is selective for the TRPV1 channel (Caterina and Julius,
2001). One explanation for such loss of capsaicin activity in the
CB1KO mice is that genetic deletion of the CB1 receptor alters the
expression of the TRPV1 channel. However, our findings indi-
cate that the expression of TRPV1 was similar in tissues from WT
and KO mice.

Since the discovery that the CB1 agonist anandamide (AEA)
could also activate TRPV1 (Zygmunt et al., 1999; Smart et al.,
2000), a barrage of investigations has focused on the relationship
between these receptors, particularly in C-fibers, in which activa-
tion of TRPV1 and CB1 receptor lead to nociceptive and antino-
ciceptive effects respectively (for reviews, see Morisset et al., 2001;
Ross, 2003; Immke and Gavva, 2006). Although CB1 activation
typically exerts inhibitory effects over neurons expressing
TRPV1, Hermann and colleagues (2003) were the first to report
that CB1 activation could sensitize TRPV1 through PI-3-K or
PLC pathways in the absence of activated cAMP cascade in HEK-
293 cells. Evans et al. (2007) also observed CB1 receptor-mediated
TRPV1 sensitization in DRG neurons cultured in high NGF con-
centration. In addition to sensory neurons, CB1-TRPV1
crosstalk has been demonstrated in central dopaminergic neu-
rons in which extended opening of the TRPV1 channels resulted
in cell death via either TRPV1 or indirectly via CB1 receptors
(Kim et al., 2005, 2008). Consistent with the requirement for
their close anatomical localization to enable a functional
crosstalk, many studies reported a high level of coexpression of
CB1 and TRPV1 in DRG (Ahluwalia et al., 2000; Mitrirattanakul
et al., 2006) and CNS (Cristino et al., 2006) neurons.

The CB1 receptor has been well established as having consti-
tutive activity both in in vitro and in vivo (Gifford and Ashby,

Figure 7. ICR mice received CB1 inverse agonist, SR141716A, or vehicle (PEG 400) intraperitoneally 15 min before intraplantar
capsaicin. A, Number of flinches induced by capsaicin (10 �g) every minute for 5 min in the presence of SR141716A (0.03, 0.3, 1.0,
and 3 mg/kg). B, Total number of flinches in the presence of SR141716A. C, Number of flinches induced by capsaicin (10 �g) every
minute for 5 min in the presence of AM251 (0.03, 0.1, 0.3 mg/kg). D, Total number of capsaicin-induced flinches in the presence
of AM251. (*p � 0.05, n 	 6 in all groups).
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1996; Zhou and Shearman, 2004). Costa and colleagues (2005)
demonstrated that SR141716A (Rimonabant) relieved hypersen-
sitivities in a rat model of sciatic nerve constriction. In clinical
studies, Rimonabant has resulted in weight loss, reduction in
low-density lipoproteins, and decrease in craving of cigarette
smoking suggesting a significant tonic activation of CB1 receptors
(Després et al., 2005; Huestis et al., 2007). Such tonic activity
maintains an endogenous intracellular level of second messen-
gers that can be altered by inverse agonism. Therefore, to confirm
our findings in CB1KO mice, we used two different CB1 inverse
agonists to attenuate the constitutive activity of the CB1 receptor
and measured capsaicin’s ability to provoke an effect via the
TRPV1 channel.

Using F-11 cells containing functional CB1 and TRPV1 recep-
tors we demonstrated that application of CB1 inverse agonists
blocked capsaicin-induced calcium influx in a concentration-
dependent manner. Although it has been reported that
SR141716A may act directly at the TRPV1 channel in concentra-
tions �1 �M (De Petrocellis et al., 2001; Gibson et al., 2008), our
in vitro studies used SR141716A at concentrations 10- to 100-fold
lower, suggesting that this ligand is acting selectively at CB1 re-
ceptors. A similar blockade of capsaicin-induced calcium influx
was observed with AM251, a different selective CB1 inverse ago-

nist, which has not been shown to bind to TRPV1 channels. To-
gether, our in vitro data combined with the blockade of capsaicin-
induced flinching produced by SR141716A and AM251 in ICR
mice confirm our findings in CB1KO, and support the idea that
suppression of CB1 receptor constitutive activity leads to de-
creased TRPV1 sensitivity to capsaicin.

Although several studies reported CB1 receptor precoupling
to G-proteins in heterologous systems (Bouaboula et al., 1997;
Pan et al., 1998) and cultured neurons (Meschler et al., 2000;
Leterrier et al., 2006), in our studies we cannot exclude the role of
endogenous agonists in the tonic activation of CB1 receptors. In
agreement with an endocannabinoid-dependent CB1 sensitiza-
tion of TRPV1 channel, HU-210 sensitized TRPV1 to capsaicin in
HEK-293 cells coexpressing CB1 and TRPV1 (Hermann et al.,
2003). Furthermore, in this study the authors observed an en-
hanced AEA-induced TRPV1-mediated Ca�2 influx, supporting
a possible CB1 receptor-mediated sensitization of TRPV1. In
contrast to our findings, SR141716 (0.5 �M) showed no effect on
capsaicin-induced response (Hermann et al., 2003) suggesting a
lack of CB1 receptor constitutive activity. However, it is likely that
in F-11 cells and in vivo the level of endocannabinoids (Pertwee,
2005) and/or the coupling machinery is different from what is
present in transfected human embryonic kidney cells. What we
do not know is the precise optimal level of endocannabinoids and
the ratio of CB1 agonist to CB1 receptor as well as to G-protein(s)
necessary to induce tonic activation.

The possibility of altering the response to capsaicin stimula-
tion in CB1KO mice through the actions of GPCRs that are
known to modulate the responsiveness of the TRPV1 channel
was explored with galanin and bradykinin, which act through
G�q-coupling to activate PLC, leading to PKC-mediated phos-
phorylation of TRPV1 and thus increased responses to capsaicin
(Cesare and McNaughton, 1996; Chuang et al., 2001; Jimenez-
Andrade et al., 2004). Galanin or bradykinin, when preadminis-
tered at low doses to CB1KO mice, restored capsaicin responses in
CB1KO mice to levels similar to those observed with capsaicin
alone in WT mice. These findings suggest that the TRPV1 chan-
nel is present in a desensitized state in CB1KO mice, and when
known sensitizing compounds are preadministered, re-
sensitization of the TRPV1 channel to capsaicin takes place.

Although the CB1 receptor has traditionally been classified as
a G�i/o-protein coupled receptor (Bayewitch et al., 1995) studies
have also demonstrated CB1 receptor coupling to G�q and PLC
(Ho et al., 1999, 2002; Lauckner et al., 2005; De Petrocellis et al.,
2007) and �-gamma portions of G-proteins that activate PLC
isoforms (Liu and Simon, 1996; Huang et al., 1998), indicating
that activation of CB1 receptors can result in a decrease in PIP2

and an increase in PKC and Ca�2-induced kinases, intracellular
activities that sensitize TRPV1 channels to capsaicin (Vellani et
al., 2001; Rathee et al., 2002; Bhave et al., 2003; Jung et al., 2004).

To further explore a potential PLC-mediated mechanism, we
have demonstrated that the preadministration of the PLC inhib-
itor U73122 significantly reduces behavioral responses to capsa-
icin in ICR mice similar to levels seen in CB1KO mice or in
animals pretreated with SR141716A. More interestingly, the sig-
nificant reduction of capsaicin-induced flinching by the CB1 in-
verse agonist SR141716A was attenuated by the preadministra-
tion of the PLC activator m-3M3FBS. Furthermore, increases in
cAMP/PKA, which occur in the presence of the inverse agonist
SR141716A, result in the inhibition of PLC activity (Wen et al.,
1992; Liu and Simon, 1996). Together with the effects of brady-
kinin and galanin in CB1KO mice, these findings point to PLC as
a link in this CB1-TRPV1 crosstalk, a hypothesis supported by

Figure 8. Compounds that modulate PLC, the enzyme responsible for PIP2 breakdown, af-
fect capsaicin-induced flinching. A, ICR mice were pretreated with U73122 (10 or 30 mg/kg,
i.p.), a PLC inhibitor, intraperitoneally 1 h before intraplantar injection of capsaicin (10 �g).
U73122 produced a 29% (10 mg/kg) and 49% (30 mg/kg) blockade of total number of
capsaicin-evoked flinches, when compared with vehicle pretreated mice (*p � 0.001, n 	 10).
B, m-3M3FBS (5 mg/kg, i.p.), a PLC activator, was given 30 min before intraperitoneal admin-
istration of SR141716A (SR, 0.3 mg/kg). SR141716A was given 15 min before capsaicin (Cap)
injection. The total number of capsaicin-induced flinches in 5 min was significantly inhibited by
pretreatment with SR141716A (*p � 0.05), yet restored by pretreatment with m-3M3FBS but
not by vehicle (n 	 10 –14). m-3M3FBS alone did not enhance capsaicin-induced flinching and
had no effect on vehicle (data not shown).
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several studies (Premkumar and Ahern, 2000; Hermann et al.,
2003; van der Stelt et al., 2005; Vellani et al., 2008).

Recent reports further implicate PLC- and PKC-mediated
mechanisms in the biosynthesis of AEA (van der Stelt et al., 2005;
Liu et al., 2006; Vellani et al., 2008), resulting in additional path-
ways for production of endovanilloids. Thus modulation of the
aforementioned enzymes may alter TRPV1 function also due to
changes in levels of AEA, which activate and sensitize this channel
(Premkumar and Ahern, 2000). Finally, we propose that tonic
CB1 receptor function activates PLC which 1) releases TRPV1
from PIP2 inhibition, 2) promotes PKC-mediated sensitization
of TRPV1 and 3) stimulates synthesis of AEA, which activate and
sensitize TRPV1 channels.

The recent development of TRPV1 antagonists for acute and
inflammatory pain have resulted in some unwanted side effects
including increasing body temperature (Gavva et al., 2007) and
some uncertainty in such antagonists for drug development, yet a
very recent study by the same group reported TRPV1 antagonists
that may or may not result in hyperthermia in humans (Lehto et
al., 2008). Although TRPV1 is a promiscuous channel with mul-
tiple intracellular messengers and surface receptors modulating
its function, such complimentary pathways may lead to novel
pharmaceutical targets. The endogenous cannabinoid system
may be one such pathway that when attenuated may result in the
inhibition of some types of inflammatory pain. Thus far the CB1

receptor has demonstrated a propensity to be constitutively acti-
vated or tonically activated by endocannabinoids and is plausible
as a receptor that maintains an intracellular environment result-
ing in a capsaicin-sensitized TRPV1 channel. These studies sup-
port an antihyperalgesic role for CB1 inverse agonists in conditions
of inflammatory pain in which TRPV1 receptors have been shown to
promote hypersensitivity and suggest that strategies to indirectly
modulate TRPV1-function warrant increased exploration.
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