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BACKGROUND AND PURPOSE

Cannabinoid CB, receptor activation by selective agonists has been shown to produce analgesic effects in preclinical models
of inflammatory and neuropathic pain. However, mechanisms underlying CB,-mediated analgesic effects remain largely
unknown. The present study was conducted to elucidate the CB, receptor expression in ‘pain relevant’ tissues and the
potential sites of action of CB, agonism in rats.

EXPERIMENTAL APPROACH

Expression of cannabinoid receptor mRNA was evaluated by quantitative RT-PCR in dorsal root ganglia (DRGs), spinal cords,
paws and several brain regions of sham, chronic inflammatory pain (CFA) and neuropathic pain (spinal nerve ligation, SNL)
rats. The sites of CB, mediated antinociception were evaluated in vivo following intra-DRG, intrathecal (i.t.) or intraplantar
(i.paw) administration of potent CB,-selective agonists A-836339 and AM1241.

KEY RESULTS

CB, receptor gene expression was significantly up-regulated in DRGs (SNL and CFA), spinal cords (SNL) or paws (CFA)
ipsilateral to injury under inflammatory and neuropathic pain conditions. Systemic A-836339 and AM1241 produced
dose-dependent efficacy in both inflammatory and neuropathic pain models. Local administration of CB, agonists also
produced significant analgesic effects in SNL (intra-DRG and i.t.) and CFA (intra-DRG) pain models. In contrast to A-836339,
i.paw administration of AM-1241 dose-relatedly reversed the CFA-induced thermal hyperalgesia, suggesting that different
mechanisms may be contributing to its in vivo properties.

CONCLUSIONS AND IMPLICATIONS
These results demonstrate that both DRG and spinal cord are important sites contributing to CB, receptor-mediated analgesia
and that the changes in CB, receptor expression play a crucial role for the sites of action in regulating pain perception.

Abbreviations

A-836339, 2,2,3,3-tetramethyl-cyclopropanecarboxylic acid [3-(2-methoxy-ethyl)-4,5-dimethyl-3H-thiazol-(2Z)-
ylidene]-amide; AM1241 (2-iodo-5-nitro-phenyl)-[1-(1-methyl-piperidin-2-ylmethyl)-1H-indol-3-yl]-methanone; CB,
cannabinoid, DRG, dorsal root ganglia; CCI, chronic constriction injury; CFA, complete Freund’s adjuvant; i.t.,
intrathecal; qRT-PCR, real-time quantitative polymerase chain reaction; rimonabant, N-(piperidin-1-yl)-5-
(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide hydrochloride; spinal nerve ligation, SNL,
spinal nerve ligation; SR144528 (SR2), 5-(4-chloro-3-methyl-phenyl)-1-(4-methyl-benzyl)-1H-pyrazole-3-carboxylic acid
[(18,25,4R)-1,3,3-trimethyl-bicyclo(2.2.1)hept-2-yl]-amide
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Introduction

The cannabinoid receptors belong to the G-protein coupled
receptor (GPCR) super family containing seven transmem-
brane domains (Matsuda et al., 1990; Munro et al., 1993). Two
cannabinoid receptor subtypes have been identified: CB; and
CB,. The CB, receptor couples through Gi/o proteins to
inhibit adenylate cyclase and stimulate MAP kinase activities
(Di Marzo etal., 2004). The CB, receptor shares approxi-
mately 44% overall sequence homology with the CB, recep-
tor and 68% homology within the transmembrane domains
Matsuda et al. 1990; Munro et al. 1993).

Although the analgesic properties of non-selective can-
nabinoid receptor agonists have been known for many
years, there is now an increasing body of evidence to
support the potential utility of selective cannabinoid CB,
receptor agonists for the treatment of pain (Guindon and
Hohmann, 2008). Strong supporting evidence for this
hypothesis is provided from knockout studies (Zimmer
et al., 1999; Ibrahim et al., 2006), and studies with a handful
of CB-selective agonists, such as HU308 (Hanus etal.,
1999), JWH133 (Elmes et al., 2005), AM1241 (Malan et al.,
2001, 2003; Ibrahim et al., 2003, 2005), GW405833 (Valen-
zano et al., 2005; Whiteside et al., 2005, 2007), JWHO15
(Romero-Sandoval and Eisenach, 2007), A-796260 (Yao
etal., 2008) and GSK554418A (Giblin et al., 2009), which
have demonstrated broad-spectrum efficacy in preclinical
models of inflammatory, moderate to severe post-operative
and neuropathic pain. In this regard, the non-selective can-
nabinoids such as A’-tetrahydrocannabinol (THC) retained
analgesic activity in knockout animals lacking the CB,
receptor (Zimmer et al., 1999). Also, a lack of analgesic effi-
cacy for the CB,-selective ligand AM1241 was demonstrated
in CB, knockout mice (Ibrahim et al., 2006), leading to the
conclusion that CB, receptor activation contributes to the
analgesic properties of cannabinoids. The discovery of anal-
gesic effects of CB,-selective ligands such as AM1241 also
confirmed the potential for use of CB, receptor agonists in
the treatment of pain without causing centrally CB;-
mediated side effects such as sedation, loss of motor coor-
dination and hypothermia (Malan et al.,, 2001; Bingham
etal., 2007). Furthermore, studies using the CB,-selective
ligand AM1241 have implicated modulation of endogenous
opioid systems as the underlying mechanism for CB, medi-
ated analgesia (Ibrahim et al., 2005), whereas several reports
with other selective CB, agonists A-796260 and GW405833
have failed to demonstrate an opioid dependent mechanism
(Whiteside et al.,, 2005; Yao etal., 2008). These findings
suggest that AM1241 may be a unique ligand that is not
generally representative of CB, agonists with respect to
mechanism(s) of action.

The CB, receptor has historically been referred to as the
‘peripheral’ cannabinoid receptor due to its predominant
expression on cells of the immune system and the spleen
(Galiegue et al., 1995; Di Marzo et al., 2004). In contrast, the
CB; receptor has long been regarded as the ‘central’ cannab-
inoid receptor for its high level of expression in the brain
and other neurological tissues and its mediation of cannab-
inoid psychotropic effects (Mackie, 2006). However, recent
studies have shown up-regulation of the CB, receptor in
CNS tissues such as spinal cord following nerve injury,

Sites of action for CB2 mediated antinociception

specifically on non-neuronal cells presumed to be microglia
(Zhang et al., 2003; Romero-Sandoval and Eisenach, 2007;
Romero-Sandoval et al., 2008). As stated above, analgesia
mediated by CB,-selective agonists can offer significant
advantages as CB-mediated undesirable side effects are asso-
ciated with the activation of the CB, receptor subtype. Yet,
the mechanism(s) and site(s) of action underlying CB,-
mediated analgesia remain largely unexplained. In the
present study, we evaluated CB, gene expression changes in
various tissues obtained from animals under chronic inflam-
matory (CFA) or neuropathic pain (L5-L6 spinal nerve liga-
tion injury, SNL) conditions. To further support a role for
CB, receptors located in dorsal root ganglia (DRG) and the
spinal cord in CB,-mediated analgesia, we investigated the
site-specific effects of two CB,-selective agonists A-836339
(Dart etal., 2007; Yao etal.,, 2009) and AM1241 (Malan
etal., 2003) in both inflammatory and neuropathic pain
models.

Experimental procedures

Animals, compounds and dosing

Male Sprague Dawley rats (Charles River Laboratories, Wilm-
ington, MA) weighing 250-300 g at the time of testing were
used for all experiments, unless indicated otherwise. The
animals were housed in Association for Assessment and
Accreditation of Laboratory Animal Care-approved facilities
at Abbott Laboratories in a temperature-regulated environ-
ment under a controlled 12-h light-dark cycle, with lights on
at 0600. Food and water were available ad libitum at all times
except during testing. All testing was done following proce-
dures outlined in protocols approved by Abbott Laboratories’
Institutional Animal Care and Use Committee and followed
the Guidelines on Ethical Standards for Investigations of
Experimental Pain in Conscious Animals laid down by the
International Association for the Study of Pain (Zimmer-
mann, 1983).

A-836339 was synthesized at Abbott Laboratories (Dart
etal.,, 2007). AM1241 is available through Sigma-Aldrich
Chemical Co (catalogue #A6478, St. Louis, MO). Rimonabant
(also known as SR141716A, a CB, receptor selective antago-
nist) and SR144528 (a CB, receptor selective antagonist) were
also prepared at Abbott Laboratories according to literature
methods (Barth etal., 1995, 1997). Gabapentin was pur-
chased from ChemPacific (Baltimore, MD). Complete Fre-
und’s adjuvant (CFA) was obtained from Sigma-Aldrich
Chemical Co.

A-836339 and AM1241 (dissolved in 5% DMSO/95%
PEG-400, v/v) and gabapentin (prepared in water) were
administered intraperitoneally (i.p.) at a volume of
2 mL-kg' 30 min before behavioural testing. A-836339 and
AM1241 were dissolved in 10% DMSO/90% hydroxyl-B-
cyclodextrin (30%, w/w) in water (v/v) for intra-DRG or i.t.
(administration 30 min before behavioural testing) at an
injection volume of 10 puL and for i.paw administration
(50 puL). For the antagonist blockade studies, rimonabant or
SR144528 was dissolved in 5% DMSO/95% PEG-400 (v/v,
1 mL-kg™") was i.p. administered 15 min before CB, agonist
administration.
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RNA isolation and real-time quantitative
polymerase chain reaction (qRT-PCR) for

CB receptor mRNA gene profiling

Tissues of interest, that is, paws, spinal cords, DRGs and brain
regions (hippocampus, thalamus, sensory cortex and brain
stem) were collected individually from animals 48 h post CFA
injection or 14 days post-L5/L6 spinal nerve ligation surgery
after the rats were humanely killed (with CO,). Tissues from
sham operated animals were used as controls. Total RNA
samples were prepared using Trizol® reagent (Invitrogen,
Carlsbad, CA, USA) following the vendor’s protocol. RNA
samples were treated with approximately 30 Kunitz units of
DNase I (Qiagen, Valencia, CA, USA) for 15 min at room
temperature to remove genomic DNA contamination. For
CB; detection, custom forward (5" GCA GCG TGA CCA TGA
CCT T-3’) and reverse (5-AGG TAT CGG TCA ACA GCA GTC
AG-3’) primers (accession #NM020543) were used with a
probe (5’-ACG GCC TCT GTG GGC AGC CTG-3’) conjugated
at the 5" end with 6-carboxyfluorescein (FAM) and at the 3’
end with Black Hole Quencher™ 1. TagMan Gene Expression
Assays were used for detection of CB; (Rn00562880_m1) and
HPRT1 (Rn01527840_m1) (Applied Biosystems, Foster City,
CA, USA). RT-PCR reactions were prepared in a total reaction
volume of 25 uL using the SuperScript III Platinum One-Step
Quantitative RT-PCR System (Invitrogen, Carlsbad, CA, USA)
and analysed using the 7300 Real-Time PCR System (Applied
Biosystems). The relative levels of CB; and CB, expression
were normalized to the expression of HPRT1. CB, receptor
protein levels were not conducted in this study because a
robust commercially available CB, antibody was not avail-
able, according to the data observed in our laboratory.

In vivo pain models

Rat complete Freund’s adjuvant (CFA) —
induced chronic inflammatory pain

Chronic inflammatory mechanical allodynia was induced by
injection of 150 pL of a 50% emulsion of CFA in phosphate
buffered saline (PBS) into the intra-plantar surface (palmar
site) of the right hind paw in rats; control animals received
only PBS treatment. Thermal hyperalgesia was assessed 48 h
post CFA injection. On the day of testing, A-836339 or
AM1241 was injected 30 min (i.p., i.t., intra-DRG or i.paw)
before testing for thermal hyperalgesic effects.

Thermal hyperalgesia was determined using a commer-
cially available thermal paw stimulator (UARDG, University
of California, San Diego, CA, USA) as described by Hargreaves
et al. (1988). Rats were placed into individual plastic cubicles
mounted on a glass surface maintained at 30°C, and allowed
a 20 min habituation period. A thermal stimulus, in the form
of radiant heat emitted from a focused projection bulb, was
then applied to the plantar surface of each hind paw. The
stimulus current was maintained at 4.50 = 0.05 amp, and the
maximum time of exposure was set at 20.48 s to limit pos-
sible tissue damage. The latency to a brisk withdrawal of the
hind paw from the thermal stimulus was recorded automati-
cally using photodiode motion sensors. The right and left
hind paws of each rat were tested in three sequential trials at
approximately S5 min intervals. Paw withdrawal latency
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(PWL) was calculated as the mean of the two shortest laten-
cies. PWL were measured 30 min post-A-836339 or AM1241
administration in both the CFA-inflamed and un-injected
paws.

Rat SNL model of neuropathic pain

As previously described in detail by Kim and Chung (1992),
rats were placed under isoflurane anaesthesia and a 1.5 cm
incision was made dorsal to the lumbosacral plexus. The
paraspinal muscles (left side) were separated from the spinous
processes, the L5 and L6 spinal nerves isolated, and tightly
ligated with 5-0 silk suture distal to the dorsal root ganglion.
Care was taken to avoid ligating the L4 spinal nerve. Follow-
ing spinal nerve ligation, a minimum of 7 days of recovery
and no more than 2 weeks was allowed prior to the behav-
ioural testing (mechanical allodynia). Only rats with thresh-
old scores =4.5x g were considered allodynic and utilized in
pharmacological experiments.

Mechanical allodynia was measured using calibrated von
Frey filaments (Stoelting, Wood Dale, IL). Paw withdrawal
threshold (PWT) was determined by using the Dixon's
up—-down method (Chaplan efal.,, 1994). Rats were placed
into inverted individual plastic containers (20 x 12.5 x
20 c¢cm) on top of a suspended wire mesh with a 1 cm? grid to
provide access to the ventral side of the hind paws, and
acclimated to the test chambers for 20 min. The von Frey
filaments were presented perpendicularly to the plantar
surface of the selected hind paw, and then held in this posi-
tion for approximately 8 s with enough force to cause a slight
bend in the filament. Positive responses included an abrupt
withdrawal of the hind paw from the stimulus, or flinching
behaviour immediately following removal of the stimulus.
A 50% withdrawal threshold was determined using an
up-down procedure (Dixon, 1980). The strength of the
maximum filament used for von Frey testing was 15.0x g. A
per cent maximal possible effect (% MPE) of testing com-
pound was calculated according to the formula: [(compound
— treated threshold) - (vehicle - treated threshold)]/
[(maximum threshold) - (vehicle-treated threshold)] x 100%,
where the maximum threshold was equal to 15x g.

Rat chronic constriction injury (CCI) model of
neuropathic pain

As previously described in detail by the method of Bennett
and Xie (1988), the right common sciatic nerve was isolated
at mid-thigh level, and loosely ligated by four chromic gut
(5-0) ties separated by an interval of 1 mm. All animals were
left to recover for at least 2 weeks and no more than 3 weeks
prior to testing of mechanical allodynia.

Mechanical testing was measured using calibrated von
Frey filaments as the procedures described above. Only rats
with a baseline threshold score of less than 4.5x g were used
in this study, and animals demonstrating motor deficit were
excluded.

Rat intrathecal catheterization

A group of rats were implanted with i.t. catheters, as previ-
ously described (Yaksh and Rudy, 1976), to investigate poten-
tial spinal sites of action of A-836339 and AM1241 in this
model. Rats were placed under isoflurane anaesthesia and



mounted onto an intrathecal stereotaxic instrument by
placing the animal into blunt ear bars, which held the ani-
mal’s head firmly. An incision was made vertically from the
dorsal surface of the occipital bone to the base of the skull
(2 cm). Tissue was then displaced using a blunt probe so that
the atlanto-occipital membrane at the base of the skull was
clearly seen. A custom-made intrathecal PE-5 catheter (Marsil
Enterprises, San Diego, CA, USA) was inserted through the
atlanto-occipital membrane via a small hole in the cisterna
magnum. The catheter was then advanced 8.5 cm caudally
such that the tip ended in the spinal subarachnoid space
around the lumbar enlargement (L4-L6). The catheter was
then secured to the musculature at the incision site. The
incision was closed with surgical wound clips. The catheter
was filled with sterile physiological saline and the end of the
catheter was heat-sealed. Animals with catheters were
allowed 1 week of recovery from surgery before behavioural
testing. For i.t. injection, a Hamilton syringe (50 uL) was
connected to the external portion of the catheter and 10 puL
of drug solution was slowly injected into the catheter over a
period of 1 min. The catheter was subsequently flushed with
10 uL of sterile water and the behavioural testing was con-
ducted 30 min post-CB, agonist administration. After the
behavioural testing was completed, cannula placement was
confirmed by the infusion of 0.5% Evans blue dye in saline
solution (10 uL) and subsequent dissection. In the pilot
studies, we had demonstrated that intrathecal catheterization
procedures did not change the paw withdrawal baseline of
either CFA-inflamed or SNL paws.

Rat intra-DRG catheterization

A group of rats were also implanted with intrathecal catheters
as previously described (Rueter et al., 2003) to investigate a
potential DRG site of action of A-836339 and AM1241. Under
isoflurane anaesthesia, an incision was made on the dorsal
portion of the hip and the muscle was blunt dissected to
reveal the spinal processes. The left LS DRG was exposed by
removing the posterior articular process of the LS vertebra.
The catheter constructed of PE20 tubing was implanted with
the tip positioned about 1 to 2 mm dorsal to the exposed L5
DRG. A small piece of absorbable gelatin sponge (Gelfoam®,
Pharmacia & Upjohn Co, Division of Pfizer Inc, Kalamazoo,
MI, USA) was packed between the DRG and the tip of the PE
tubing to prevent the catheter from damaging the ganglion.
The catheter was sutured to the muscle and fascia, then run
subcutaneously and exteriorized between the shoulder
blades. Saline was infused into the catheter, and the catheter
was heat-sealed. For intra-DRG injection, a Hamilton syringe
(50 uL) was connected to the external portion of the catheter
and 10 pL of drug solution was slowly injected into the cath-
eter over a period of 1 min. The catheter was subsequently
flushed with 10 uL of sterile water and behavioural testing
was conducted 30 min post-CB, agonist administration. At
the end of each experiment, the area of initial operation was
re-exposed and the status of the tubing was examined. An
injection of 10 uL of Evans blue dye (0.5%) showed that the
tubing permitted unobstructed, free passage of injected mate-
rial in all cases. In the pilot studies, we had demonstrated that
intra-DRG catheterization procedures did not alter the paw
withdrawal baseline of either CFA-inflamed or SNL paws.

Sites of action for CB2 mediated antinociception

Data analysis

The statistical analysis was carried out using GraphPad
Prism (GraphPad Software, Inc., San Diego, CA, USA). The
values were represented as mean *+ S.E.M. All in vivo behav-
ioural studies to determine the sites of actions were con-
ducted in a randomized blinded fashion. Statistical
significance of group means difference was measured by
one-way analysis of variance (ANOvA), followed by Bonfer-
roni’s post hoc analysis. In all cases P < 0.05 was assumed as
the level for statistical significance. EDs, values (Effective
Dose, 50%) (GraphPad Prism) were also calculated by linear
regression analysis and reported with the 95% confidence
interval (95%CI). The drug/molecular target nomenclature
(e.g. receptors, ion channels and so on) used in the present
study conforms to BJP’s Guide to Receptors and Channels
(Alexander et al., 2008).

Results

Changes in CB mRNA expression in the CFA
model of inflammatory pain

To determine if induction of an inflammatory pain state
altered expression of CB, receptors in tissues associated with
pain responses, expression of CB, mRNA was analysed in the
L3-LS spinal cords and DRGs, paws and several brain regions
including hippocampus, sensory cortex, thalamus and brain
stem 48 h after CFA injection, using qRT-PCR. The levels of
CB; mRNA were significantly up-regulated in ipsilateral DRGs
(Figure 1A) and paws (Figure 1C) as compared with the sham
controls, whereas the expression of the CB, mRNA in spinal
cord (Figure 1B) and hippocampus, thalamus, cortex and
brain stem was not altered (Table 1). Interestingly, the con-
tralateral DRGs also showed increased levels of CB, mRNA
expression as compared with sham controls (Figure 1A). The
expression of the CB; mRNA in these animals was not altered
(Table 2).

Changes in CB mRNA expression in the SNL
model of neuropathic pain

To elucidate the possible changes in CB, receptors in the SNL
model of neuropathic pain model, we also examined CB,
mRNA levels in the tissues as described above for the CFA
model. The tissues were collected 2 weeks after ligation of the
L5-L6 spinal nerve. Ipsilateral L5-L6 DRGs had a significantly
higher level of CB, mRNA as compared with the contralateral
side and sham controls (Figure 2A). The contralateral DRGs
also showed increased levels of CB, receptor expression as
compared with sham controls (Figure 2A). A significant
increase (68% as compared with sham control) of CB, mRNA
expression in the ipsilateral spinal cord was also observed
(Figure 2B). In contrast, expression of the CB, mRNA in
supraspinal tissues, hippocampus, thalamus, cortex and brain
stem was not altered as compared with sham groups
(Figure 2C-F). The expression of CB, mRNA was also not
changed in paw tissues derived from SNL as compared with
sham rats (data not shown). No difference in the expression
of the CB; mRNA in these tissues was detected (Table 2).
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Figure 1

Expression of CB, mRNA in the CFA model of inflammatory pain in
rats. CB, gene expression up-regulation observed in ipsilateral paw
and DRG of CFA rats, but not in spinal cord. The relative levels of CB,
expression were normalized to the expression of HPRT1. Data
expressed as mean * SEM **P < 0.01 as compared with sham rats
(n=135).

Effects of A-836339 on CFA-induced chronic
inflammatory thermal hyperalgesia

A-836339 elicited significant anti-hyperalgesic effects in CFA-
induced inflammatory pain in rats. Administration of CFA
produced a significant decrease in PWL, from 11.6 = 0.5 to
5.8 £ 0.3 s, demonstrating inflammation-induced thermal
hypersensitivity. A-836339 (1, 3, 10 umol-kg™, i.p.) signifi-
cantly reversed CFA-induced decrease in PWL to control
levels in a dose-related fashion, resulting in an 80% effect at
the highest dose tested with an EDs, value of 1.8 umol-kg™!
(95% CI=1.5-2.2) (Table 3). A-836339 at 10 umol-kg™ had
no effect on PWL of the contralateral non-inflamed paw
(10.1 = 0.3 s), indicative of a specific anti-hyperalgesic effect.
Systemic administration of SR144528 (10 umol-kg™!, i.p.), a
CB, receptor selective antagonist, completely reversed
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Table 1

Expression of CB, mRNA in the CFA model of inflammatory pain in
rats. CB, gene expressions detected in supra-spinal tissues hippoc-
ampus, thalamus, cortex and brainstem were not altered. Data
expressed as mean * SEM (n = 3-5)

CB; relative expression levels®

Tissues Sham CFA

Hippocampus 1.83 £0.87 2.01 = 0.38
Thalamus 1.14 = 0.29 1.04 = 0.09
Sensory cortex 1.61 £ 0.68 1.57 £0.36
Brainstem 0.98 + 0.05 0.88 = 0.08

*The relative levels of CB, expression were normalized to the
expression of HPRT1.

Table 2

Expression of CB; mRNA in the CFA model of inflammatory pain and
the SNL model of neuropathic pain in rats. CB; gene expressions
observed in ipsilateral tissues (paw, DRG and spinal cord) and supra-
spinal tissues (hippocampus, thalamus, cortex and brainstem) were
not altered. Data expressed as mean = SEM (n = 3-5)

Tissues CB, relative expression levels®

Sham CFA
DRG 1.00 = 0.11 1.31 = 0.01
Spinal cord 0.99 + 0.29 0.99 + 0.29
Paw 1.00 = 0.50 0.25 = 0.10
Hippocampus 1.01 = 0.38 2.14 £ 0.96
Thalamus 1.00 = 0.47 0.82 = 0.27
Sensory cortex 1.00 = 0.16 1.11 = 0.42
Brainstem 1.04 = 0.58 1.47 = 0.63

Sham SNL
DRG 1.33 £ 0.10 1.31 = 0.03
Spinal cord 1.25 = 0.44 0.94 £ 0.15
Paw 0.82 = 0.30 0.40 = 0.10
Hippocampus 2.09 £0.76 2.07 £1.37
Thalamus 0.50 = 0.18 1.12 £0.47
Sensory cortex 1.54 £ 1.05 1.23 = 0.20
Brainstem 1.83 = 0.04 2.04 = 0.65

“The relative levels of CB; expression were normalized to the
expression of HPRT1.

A-836339-evoked anti-hyperalgesic effect. In contrast,
rimonabant (10 umol-kg™!, i.p.), a CB; receptor selective
antagonist did not significantly block the anti-hyperalgesic
effect of A-836339 (Table 3). These data demonstrate that the
effects of A-836339 are mediated through activation of CB,
receptors. However, the effects of A-836339 in the CFA model
were not reversed by an opioid receptor antagonist naloxone.
A-836339 alone (10 umol-kg™, i.p.) produced a significant
anti-hyperalgesic effect (58%, P <0.01 vs. vehicle). Pretreat-
ment with naloxone (10 mg-kg™ i.p.) 20 min prior to admin-
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Sites of action for CB2 mediated antinociception
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Upregulation of CB, gene expression in the SNL model of chronic neuropathic pain in rats. In spinal cord, a significant increase in CB, mRNA versus
sham operated was observed. In DRGs, 11 fold increases in CB, message versus sham operated rats was observed. CB, gene expression was not
upregulated in sensory cortex, hippocampus, thalamus or brainstem. The relative levels of CB, expression were normalized to the expression of
HPRT1. Data expressed as mean = SEM. *P < 0.05; **P < 0.01 as compared with sham rats (n=5).

istration of A-836339 did not block the anti-hyperalgesic
effect of A-836339 (71%, P <0.01 vs. vehicle, P> 0.05 vs.
A-836339 alone).

To test potential sites of action, A-836339 at
100 nmol-rat™ (= 0.3 umol-kg™) was administered directly
into the L4-L6 spinal levels or L5 DRG in rats with chronically
implanted i.t. or intra-DRG catheters. Intra-DRG administra-
tion of A-836339 significantly reversed CFA-induced hyper-
algesic effect (65%, P < 0.01 vs. vehicle, n = 8) (Figure 3A). In
contrast, i.t administration of A-836339 at the same dose did
not significantly produce reversal of CFA-induced decrease in
PWL (14%, P > 0.05 vs. vehicle, n=8) (Figure 3A). A-836339
was also directly administered (50 uL/i.paw) into the CFA-
inflamed or non-injured hindpaws to examine whether the
CB; activation at local paw site contributes to systemic effi-
cacy of the compound. Ipsilateral i.paw administration
(palmar site) of A-836339 did not produce any reversal of
thermal hyperalgesia. A weak effect (27%, P <0.05 vs.
vehicle) was observed at the highest dose 300 nmol/i.paw.
However, similar effects (33%, P < 0.05 vs. vehicle) were also
observed with the contralateral i.paw application at this dose
(Figure 3B).

Effects of A-836339 in chronic models of

neuropathic pain
Administration of A-836339 also produced a significant rever-

sal of nerve injury-induced tactile hypersensitivity in the rat
SNL model of neuropathic pain. A reduction in PWTs was
observed ipsilateral to the nerve injury (3.1 = 0.2x g), dem-
onstrating the development of mechanical allodynia.
Systemic A-836339 treatment attenuated SNL-induced
mechanical allodynia in a dose-related manner with an EDs,
of 14.5 umol-kg™ i.p. (95% CI: 11-19) and a 67% reduction
(P < 0.01 vs. vehicle) at the highest dose tested (30 umol-kg™)
(Figure 4A). Under the same conditions, i.p. administration
of gabapentin (500 umol/kg™), a clinical-use analgesic for
neuropathic pain, was used as a positive control and pro-
duced a statistically significant reversal (53%, P <0.01)
(Figure 4A).

Separate studies were conducted to determine the poten-
tial sites of action of CB, agonism induced anti-allodynic
effects. A-836339 (100 nmol-rat™ = 0.3 umol-kg™") was admin-
istered directly into the L4-L6 spinal levels or L5 DRG in rats
with chronically implanted i.t. or intra-DRG catheters. Intra-
DRG administration of A-836339 significantly attenuated
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Table 3

Efficacy of A-836339 in the CFA-induced inflammatory pain model.
Administration of CFA produced a significant decrease in paw with-
drawal latencies (PWL) in the ipsilateral but not contralateral paws,
significantly diminished from 11.6 = 0.5 to 5.8 = 0.3 5. A-836339
exhibited dose-dependent reversal of the decreased PWL and the
effects were blocked by antagonists selective at CB, (SR144528), but
not at CB, (rimonabant) receptors

A-836339
Percent
Treatment pmol-kg™' i.p. reversal (%)
A-836339 1 31 £ 4%, n=12
3 68 = 7**, n=12
10 80 = 5%, n=12
+ CB, antagonist SR144528 (10 umol-kg™)
A-836339 alone 10 91 £4** n=6
A836339 + SR144528 10 16 = 5%, n=6
SR144528 alone 5+3,n=6
+ CB; antagonist rimonabant (10 umol-kg™)
A-836339 alone 10 97 £3**,n=6
A836339 + rimonabant 10 87*4,n=6
Rimonabant alone 0*x5n=6

Antagonist was administered i.p.15 min before A-836339 injec-
tion (10 umol-kg™). Data are expressed as mean = SEM
**P<0.01 versus vehicle treated group, ++P<0.01 versus
A-836339 alone.

mechanical allodynia (45%, P < 0.01, n=8) compared with
vehicle treated animals assessed 30 min after dosing
(Figure 5B). Similarly, i.t administration of A-836339 at the
same dose also significantly produced reversal of SNL-
induced decrease in PWT (33%, P < 0.01 vs. vehicle, n=28)
(Figure 4B). Pretreatment with naloxone (10 mg-kg™ i.p.)
20 min prior to administration of A-836339 (30 umol-kg™”,
i.p.) did not reverse or attenuate the anti-allodynic effects of
A-836339 (69%, P < 0.01 vs. vehicle, n = 6) (Figure 4C).

In rats, CCI of the sciatic nerve produced a decrease in
PWT to mechanical stimulation with von Frey monofila-
ments 2 weeks following surgery (PWT=2.2=*0.2x g,
Figure 5A), demonstrating the development of mechanical
allodynia. Administration of A-836339 attenuated CCI-
induced mechanical allodynia in a dose-related manner
(n=12) and produced a 71% effect (P <0.01 vs. vehicle) at
the highest dose (30 umol-kg™ i.p.) tested. In the same study,
intraperitoneal administration of gabapentin (500 pmol-kg™")
also produced a statistically significant reversal (49%, P < 0.01
vs. vehicle group) of mechanical allodynia. Systemic admin-
istration of SR144528 (10 umol-kg™, i.p.), a CB, receptor
selective  antagonist, completely reversed A-836339-
evoked anti-allodynic effect (Figure 5B). A-836339 alone
(30 umol-kg™, i.p.) produced a significant reversal of allo-
dynia (64% at 30 min, P <0.01 vs. vehicle, n=6) and the
effects were significantly blocked by the pretreatment with
SR144528 (10 umol-kg™!, i.p.) 15 min prior to administration
of A-836339 (14%, P < 0.01 vs. A-836339 alone, n = 6). These
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Figure 3

Local site of action of CB, agonist A-836339 on the CFA model of
inflammatory pain in rats. (A) Effects of A-836339 on thermal hype-
ralgesia following i.DRG or i.t. administration (100 nmol-rat™).
Responses of only the ipsilateral paws of the treated animals were
shown. Responses of the respective contralateral paws of all treat-
ment groups are similar to that of the vehicle treated contralateral
paws (not shown). (B) Effects of A-836339 on thermal hyperalgesia
(A ipsilateral paw, @ contralateral paw) following ipsilateral or
contralateral injection (i.paw) into the intra-plantar surface of
the hindpaw. Data represent mean = SEM (n=6-8). *P<0.05;
**P < 0.01 as compared with vehicle-treated animals.

results demonstrated that the analgesic effects of A-836339 in
the neuropathic pain model were also mediated through CB,
receptor activation.

Effects of AM1241 in inflammatory and
neuropathic pain models

To further support a role for CB, receptors located in DRG and
the spinal cord in CB,-mediated analgesia, we also evaluated
the effects of CB, selective reference agonist AM1241 follow-
ing intra-DRG and i.t. administration. In the CFA-induced
inflammatory pain model, acute systemic administration of
AM1241 dose-dependently reversed thermal hyperalgesia by
22, 55 and 78% at 2, 6 and 20 umol-kg™, i.p., respectively
(n=6) (Figure 6A). AM1241 at 20 umol-kg™" dose had no
effect on PWL of the contralateral non-inflamed paw
(10.4 = 0.4 s), indicative of a specific anti-hyperalgesic
effect in this model. i.t. administration of AM1241
(100 nmol-rat™ = 0.2 umol-kg™) directly into the L4-L6 spinal
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Figure 4

Effects of CB; agonist A-836339 on mechanical allodynia in the SNL
model of neuropathic pain in rats. (A) A-836339 (A) dose-
dependently attenuated mechanical allodynia. Two weeks following
spinal nerve injury, A-836339 was injected 30 min before testing.
Gabapentin (®, gaba, 500 umol-kg™ i.p.) was included as a positive
control. Data expressed as mean = SEM (n=12). *P<0.05;
*P<0.01 as compared with vehicle-treated animals (B, veh).
(B) Effects of A-836339 on mechanical allodynia in the SNL model
of neuropathic pain following iDRG and i.t. administration
(100 nmol-rat™). Data represent mean = SEM (n = 8). **P < 0.01 as
compared with vehicle-treated animals. (C) Lack of naloxone block-
ade of A-836339 (30 umol-kg™ i.p.) reversal of mechanical allodynia.
Data represent mean * SEM (n=6). **P <0.01 as compared with
vehicle-treated animals. Responses of only the ipsilateral paws of the
treated animals were shown. Responses of the respective contralat-
eral paws of all treatment groups are similar to that of the vehicle
treated contralateral paws (not shown).
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Figure 5

Effects of CB, agonist A-836339 on mechanical allodynia in the CCI
model of neuropathic pain in rats. (A) A-836339 (A) dose-
dependently attenuated mechanical allodynia. Two weeks following
spinal nerve injury, A-836339 was injected 30 min before testing.
Gabapentin (#, gaba, 500 umol-kg™' i.p.) was included as a positive
control. Data expressed as mean = SEM (n=12). *P<0.05,
**P<0.01 as compared with vehicle-treated animals (M, veh).
(B) Antagonism of the effect of A-836339 (30 umol-kg™', i.p.) by
SR144528 (10 umol-kg™, i.p.). Data represent mean + SEM (n = 6).
**P < 0.01 as compared with vehicle-treated animals, ++P < 0.01 as
compared with A-836339 alone. Responses of only the ipsilateral
paws of the treated animals were shown. Responses of the respective
contralateral paws of all treatment groups are similar to that of the
vehicle treated contralateral paws (not shown).

levels produced a weak anti-hyperalgesic effect (29%,
P <0.01, vs. vehicle). However, a near full efficacy (76%,
P <0.01 vs. vehicle) was observed when the compound was
administered into L5 DRG in rats with chronically implanted
catheters (Figure 6B). Consistent with literature findings
(Malan et al., 2001), we also demonstrated that ipsilateral paw
injection (palmar site) of AM1241 dose-relatedly reversed
thermal hyperalgesia with a 62% effect (P < 0.01, vs. vehicle)
at 6 umol-kg™ (Figure 6C). In contrast, an injection of
6 umol-kg™' into the contralateral paw only produced a
marginal effect (18%), which was significantly different
from the effect upon ipsialateral injection (P <0.01).
AM1241 (6 umol-kg™') was more efficacious in producing
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Effects of CB; agonist AM1241 on the CFA model of inflammatory
pain in rats. (A) Effects of AM1241 on thermal hyperalgesia (A
ipsilateral paw, @ contralateral paw) following systemic i.p. admin-
istration. (B) Effects of AM1241 on thermal hyperalgesia following
i.DRG or i.t. administration (100 nmol-rat™). Responses of only the
ipsilateral paws of the treated animals were shown. Responses of the
respective contralateral paws of all treatment groups are similar to
that of the vehicle treated contralateral paws (not shown). (C) Effects
of AM1241 on thermal hyperalgesia (A ipsilateral paw, @ contralat-
eral paw) following the hindpaw ipsilateral or contralateral injection
(i.paw). Data represent mean = SEM (n = 6-8). *P < 0.05; **P < 0.01
as compared with vehicle-treated animals; ++P < 0.01 as compared
with ipsilateral paw injection.

antinociception when administered i.p. than when adminis-
tered i.paw contralaterally (Figure 6A and C, P < 0.01 55% vs.
18%). This is possibly because the systemic absorption and
distribution of the compound is much more efficient from
the peritoneal cavity than from paw tissue.
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In the SNL neuropathic pain model, AM1241 significantly
reversed mechanical allodynia by 23, 48 and 58%, at 3, 10
and 30 umol-kg™, i.p., respectively (1 = 6), as compared with
the vehicle controls (Figure 7A). Intra-DRG administration of
AM1241 (100 nmol = 0.2 umol-kg™") attenuated mechanical
allodynia (69% P <0.01 vs. vehicle, n=8) compared with
vehicle treated animals. AM1241 also produced significant
effect upon i.t administration (42%, P <0.01 vs. vehicle,
n = 8) (Figure 7B). However, the effects of AM1241 in the SNL
model were not sensitive to naloxone blockade (Figure 7C).
AM1241 alone (30 umol-kg™, i.p.) produced a significant
reversal of allodynia (56%, P <0.01 vs. vehicle, n=6). Pre-
treatment with naloxone (10 mg-kg ') 20 min prior to admin-
istration of AM1241 (30 umol-kg™!, i.p.) did not reverse or
attenuate the anti-allodynic effects of AM1241 (55%, P < 0.01
vs. vehicle, n = 6) (Figure 7C). These results are in contrast to
the full reversal of the anti-hyperalgesic effects of AM1241 by
naloxone under an identical treatment protocol in the CFA
model of chronic inflammatory pain (Yao et al., 2008).

Discussion and conclusions

The present study investigated the potential sites of action for
CB, receptor activation-induced analgesic effects in preclini-
cal models of inflammatory and neuropathic pain, using a
potent and selective CB, agonist A-836339 (Dart et al., 2007)
and a literature CB, agonist AM1241 (Malan et al., 2003).
A-836339 was potent and efficacious in inflammatory and
neuropathic pain models following systemic administration.
The analgesic effects of A-836339 were CB, receptor mediated
as they were blocked by a selective CB, antagonist but not by
a selective CB; antagonist. We had previously reported that
A-836339 exhibits high binding affinities at the human and
rat CB, receptors (Ki = 0.4 and 0.8 nM, respectively) and had
high selectivity over the CB, receptor (>200) (Yao et al., 2009).
Unlike AM1241 (Ibrahim et al., 2005), the antinociceptive
effects evoked by A-836339 do not involve the p-opioid
receptor, a finding similar to those previously reported for
A-796260 (Yao et al., 2008) and GW405833 (Whiteside et al.,
2005).

Our data also demonstrate that both the DRGs and the
spinal cord are important sites contributing to CB, receptor-
mediated analgesia, and that increased CB, gene expression
in DRG in animal models of inflammatory and neuropathic
pain plays a significant role for the sites of action in regulat-
ing pain perception. To our knowledge, this is the first time a
DRG site of action of CB, agonism has been demonstrated in
the preclinical pain models of inflammatory and neuropathic
pain following the intra-DRG injection of CB, agonists. Inter-
estingly, in an in vitro setting, Sagar et al. (2005) has previ-
ously reported effects of a CB, agonist JWH133 on calcium
responses of DRG neurons from SNL rats. CB, mRNA expres-
sion was significantly up-regulated in the ipsilateral DRG
following L5-L6 spinal nerve injury in rats and similar expres-
sion profiles were observed in tissues from CFA-treated
animals. CB, gene expression also appeared to be increased in
the spinal cord of neuropathic animals, whereas no signifi-
cant changes were observed in the supraspinal brain regions.
The finding of CB, mRNA up-regulation in the spinal cords
derived from neuropathic (SNL) and not from the inflamma-
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Figure 7

Effects of CB, agonist AM1241 on mechanical allodynia in the SNL
model of neuropathic pain in rats. (A) AM1241 dose-dependently
attenuated mechanical allodynia. One to two weeks following spinal
nerve injury, A-836339 was injected 30 min before testing. Data
expressed as mean = SEM (n = 6). *P < 0.05, **P < 0.01 as compared
with vehicle-treated animals. (B) Effects of AM1241 on mechanical
allodynia following i.DRG and i.t. administration. Data represent
mean * SEM (n=7-8). *P<0.05; **P<0.01 as compared with
vehicle-treated animals. (C) Lack of naloxone blockade of AM1241
(30 umol-kg™ i.p.) reversal of mechanical allodynia. Data represent
mean = SEM  (n=6). **P<0.01 vs. vehicle-treated animals.
Responses of only the ipsilateral paws of the treated animals were
shown. Responses of the respective contralateral paws of all treat-
ment groups are similar to that of the vehicle treated contralateral
paws (not shown).

Sites of action for CB2 mediated antinociception

tory (CFA) pain model could mean in a broad sense that
neuropathic pain is associated with a more central compo-
nent, whereas inflammatory pain is more peripheral. These
results were also in line with the weak anti-hyperalgesic
effects of A-836339 and AM-1241 observed in the CFA model
of inflammatory pain following the i.t. administration
(Figures 3A and 6B). The expression of CB; was not signifi-
cantly changed in the tissues examined, consistent with that
reported by Zhang et al. (2003). The increase of CB, and CB;
receptors had been reported in ipsilateral paw skin, L3-L4
DRG or spinal cord derived from neuropathic rats and mice
following the saphenous nerve partial ligation (Walczak et al.,
2005, 2006), inconsistent with some but not all of our obser-
vations in CFA inflammatory and SNL neuropathic pain con-
ditions. The CB, expression was also up-regulated in
contralateral DRGs in both CFA inflammatory and SNL neu-
ropathic pain models. The reason for these findings is cur-
rently not clear. Whilst the pathophysiology behind this
symmetry is unexplained, there are well documented evi-
dences that indicate peripheral-nerve lesions can affect the
contralateral non-lesioned neurons. These contralateral
effects are qualitatively similar to those occurring at the ipsi-
lateral side, but are usually smaller in magnitude and have a
briefer time course (Koltzenburg et al., 1999). Nonetheless,
neither A-836339 nor AM1241 had any effect on PWL of the
contralateral non-inflamed paws in the present study, indica-
tive of a specific anti-hyperalgesic effect of the compounds.
To further support a role for the CB, receptors located in
DRG and the spinal cord in CB,-mediated analgesia, we dem-
onstrated the analgesic efficacy of the CB,-selective agonists
A-836339 and AM1241 following intra-DRG or i.t. adminis-
tration in rats with chronic inflammation and neuropathic
pain. The doses are well below those required to produce
comparable efficacy upon systemic administration and,
though the concentration of CB, agonist at the receptor level
in DRG and spinal cords is unknown, it would be expected
that local (i.DRG or i.t.) administration of drugs does not
result in the systemic exposure and, subsequently, accessing
the spinal cord or DRG. Nevertheless, our results further
emphasize that both the DRG and spinal cord levels are
important sites for CB, mediated analgesia in chronic neuro-
pathic and inflammatory pain. Tonic activity of the CB recep-
tor at spinal cords and skin tissues has been reported
previously in different models (Richardson et al., 1997; Calig-
nano etal., 1998; Lever and Malcangio, 2002). It would be
expected that the up-regulation of CB, receptors would be
accompanied by increased tonic activation and CB, antago-
nists would be pro-nociceptive. However, the present results
had demonstrated that the analgesic effect produced by
A-836339 was reversed by systemic administration of the CB,
antagonist SR1144528, which, by itself, did not produce
hyperalgesia in CFA model (Table 3). Studies designed to
further demonstrate the blockade of CB, antagonists locally
administered (i.t. or intra-DRG) on systemic CB, agonism-
mediated effects would be needed to address this question.
The mechanism of CB, receptor-mediated antinocicep-
tion has not been readily explained. CB, receptors are not
normally present in the spinal cord or brain or peripheral
neurons because the receptor expression in these tissues is
below the detection limit of available technique (Howlett,
1995; Pertwee, 1997). The effects of CB, agonists were
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assumed to arise as a result of activation of receptors on
peripheral immune and inflammatory cells and, under some
pathological conditions, on microglia (Carlisle et al., 2002;
Walter et al., 2003; Nufiez et al., 2004; Cabral and Marciano-
Cabral, 2005; Benito et al., 2008). The findings that CB, recep-
tor expression is up-regulated in the spinal cords and DRG
tissues obtained from rats under inflammatory or neuro-
pathic pain conditions in the present study suggest that they
might mediate some of the analgesic effects of systemically
administered CB, agonists. Several studies have demonstrated
a novel functional role of spinal CB, receptors in modulating
nociceptive processing in neuropathic, but not sham-
operated, rats (Sagar et al., 2005), supporting their presence in
the spinal cord of neuropathic rats (Zhang etal., 2003;
Wotherspoon et al., 2005; Beltramo et al., 2006).

The CB; receptor has also been identified in microglial
cultures of neonatal rat spinal cord (Guo et al., 2007). In a
rat LS spinal nerve transaction model, CB, expression is
up-regulated in spinal microglia and the CB, agonist JWH-
015 (i.t.) reverses hypersensitivity following nerve injury,
which can be blocked by AM630 (CB, antagonist) but not
AM281 (CB; receptor antagonist, i.t.) (Romero-Sandoval and
Eisenach, 2007). Appearance of CB, receptor expression,
though the specific response is not robust, also coincides
with the activation of spinal microglial and astrocytic cells
following either peripheral nerve injury or paw incision
(Romero-Sandoval et al., 2007, 2008). The same authors also
showed spinal cord as the site of action in the skin inci-
sional model of post-operative pain (at 24 hr post surgery).
Microglial and astrocytic activation is well known to play
an important role in the initiation and maintenance of
hypersensitivity in neuropathic pain (Watkins et al., 2001;
Guo et al., 2007). Therefore, we speculate that CB, agonism-
inhibited glial activation would be, at least in part, the
cause of analgesic effects induced by A-836339 and
AM1241.

In the present study, we also demonstrated a novel
finding that CB2 gene expression was significantly up-
regulated in the ipsilateral paw tissues in a model of inflam-
matory (CFA) pain. CB, receptor is highly expressed in the
immune cells (Galiegue et al., 1995; Di Marzo et al., 2004) and
increases in CB2 mRNA levels in the CFA-inflamed paw
tissues would be expected because of the immune cell infil-
tration. Interestingly, A-836339 did not exhibit any local,
peripheral effect following ipsilateral i.paw injection up to a
dose of 100 nmol/i.paw in the CFA model. Although the
modest analgesic activity was produced at 300 nmol/i.paw,
similar effects were also observed with the contralateral i.paw
administration, suggesting that the effect of i.paw A-836339
at that dose may be systemic rather than local. The reason for
this is currently unexplained. In contrast, our data demon-
strated the local site of action following i.paw injection of
AM1241 in the CFA model, as an injection of 6 pmol-kg™ into
the contralateral paw only produced a marginal effect (18%),
which was significantly different from the effect upon
ipsialateral injection (62%, P < 0.01 vs. contralateral i.paw)
(Figure 6C). The results are consistent with the literature find-
ings, that CB, agonist AM1241 suppressed the carrageenan or
capsaicin-evoked thermal and mechanical hyperalgesia and
allodynia in rats after local administration to the ipsilateral
paw but was inactive after administration to the contralateral
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paw (Hohmann et al., 2004; Gutierrez et al., 2007). Similarly,
it has also been reported that AM1241, administered locally
in the paw, is sufficient to suppress C-fibre-evoked responses
and windup at the level of the spinal dorsal horn and the
AM1241-induced suppression of electrically evoked responses
is blocked by the CB, antagonist but not by the CB, antago-
nist intraplantar, administered to the carrageenan-injected
paw (Nackley et al., 2004).

The antinociceptive effects evoked by A-836339 do not
involve the p-opioid receptor in inflammatory (CFA) as well
as neuropathic (SNL) pain as the effects are not sensitive to
the pre-treatment of naloxone, a finding similar to those
previously reported for other CB, agonists A-796260 (Yao
et al., 2008) and GW405833 (Whiteside et al., 2005). Interest-
ingly, the blockade effect of AM1241 by naloxone is only
observed in the CFA model of inflammatory pain (Yao et al.,
2008) but not in the chronic (SNL) model of neuropathic
pain in rats (Figure 7C). The reason for the difference between
two models is currently unknown. Whether CFA injection
up-regulates endogenous opioid levels in the periphery
remains to be determined. In naive rats, CB, immunolabel-
ling was detected on B-endorphin-containing keratinocytes
in stratum granulosum throughout the epidermis of the hind
paw and the antinociceptive effects of AM1241 were pre-
vented in rats when naloxone or antiserum to $-endorphin
was injected in the hindpaw where the noxious thermal
stimulus was applied (Ibrahim et al., 2005). Therefore, the
p-opioid receptor dependency of CB,-mediated analgesic
effect may be only true for specific compounds like AM1241
for specific efficacy models. A-836339 is shown to exhibit
relatively few off-target interactions (Yao et al., 2009), which
is in contrast to the CB,-selective ligand AM1241 that exhib-
its significant radioligand binding affinity to a large number
of additional GPCR and ion channel targets (Yao et al., 2008).
Therefore, AM1241 may interact with additional targets that
may contribute to the antinociceptive efficacy through the
regulation of the opioid receptor pathway. Taken together,
our data have provided evidence that A-836339 could serve as
a useful tool for further characterization of CB, receptor phar-
macology with respect to site(s) or mechanism(s) of action. It
would also be interesting to see if there is pharmacological
interaction between CB, agonists and clinical-use analgesic
drugs in the preclinical models of pain.

In summary, we have demonstrated a functional inhibi-
tory effect of intrathecal or intra-DRG administration of the
CB,-selective agonists A-836339 and AM1241. The data
complement the findings that CB, receptor mRNA is
up-regulated in the spinal cord and DRG tissues obtained
from rats under inflammatory or neuropathic pain condi-
tions, but not sham-operated animals, suggesting that CB,
agonists may elicit their analgesic effects by acting not only at
peripheral DRG sites but also at central levels of the spinal
cord, making CB, an attractive target for chronic pain
treatment.
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