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Background and purpose: Recent studies suggest that the effects of cyclooxygenase-2 (COX-2) inhibition are mediated by
cannabinoid receptor activation. However, some non-steroidal anti-inflammatory drugs inhibit the enzyme fatty acid amide
hydrolase, which regulates levels of some endocannabinoids. Whether COX-2 directly regulates levels of endocannabinoids in
vivo is unclear. Here, the effect of the COX-2 inhibitor nimesulide, which does not inhibit fatty acid amide hydrolase, on spinal
nociceptive processing was determined. Effects of nimesulide on tissue levels of endocannabinoids and related compounds
were measured and the role of cannabinoid 1 (CB;) receptors was determined.

Experimental approach: Effects of spinal and peripheral administration of nimesulide (1-100 ng per 50 puL) on mechanically
evoked responses of rat dorsal horn neurones were measured, and the contribution of the CB, receptor was determined with
the antagonist AM251 (N-(piperidin-1-yl)-5-(-4-iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide), in
anaesthetized rats. Effects of nimesulide on spinal levels of endocannabinoids and related compounds were quantified using
liquid chromatography-tandem mass spectrometry.

Key results: Spinal, but not peripheral, injection of nimesulide (1-100 pg per 50 pL) significantly reduced mechanically evoked
responses of dorsal horn neurones. Inhibitory effects of spinal nimesulide were blocked by the CB; receptor antagonist
AM251 (1 ng per 50 uL), but spinal levels of endocannabinoids were not elevated. Indeed, both anandamide and
N-oleoylethanolamide (OEA) were significantly decreased by nimesulide.

Conclusions and implications: Although the inhibitory effects of COX-2 blockade on spinal neuronal responses by nimesulide
were dependent on CB; receptors, we did not detect a concomitant elevation in anandamide or 2-AG. Further understanding
of the complexities of endocannabinoid catabolism by multiple enzymes is essential to understand their contribution to
COX-2-mediated analgesia.

British Journal of Pharmacology (2010) 160, 669-676; doi:10.1111/j.1476-5381.2010.00703.x

This article is part of a themed issue on Cannabinoids. To view the editorial for this themed issue visit
http://dx.doi.org/10.1111/j.1476-5381.2010.00831.x

Keywords: endocannabinoids; COX-2; nimesulide; LOX; cytochrome P450; CB;; pain

Abbreviations: 2-AG, 2-arachidonoylglycerol; 2-AG-ds, deuterated 2-arachidonoylglycerol; 5,6-EET-EA,  2-(5,6-
epoxyeicosatrienol)ethanolamide; 2-EG, 2-epoxyeicosatrienol glycerol; 2-11,12-EG, 2-(11,
12-epoxyeicosatrienol)glycerol;  2-14,15-EG, 2-(14,15-epoxyeicosatrienol)glycerol;  12-HAEA,  12-(S)-
hydroxyarachidonoylethanolamide; AEA, anandamide; AEA-dg, dueterated anandamide; AM251, N-(piperidin-
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Walker and Huang, 2002). Levels of endocannabinoids are
elevated spinally and supraspinally in models of chronic pain
(Palazzo et al., 2006; Petrosino et al., 2007).

Fatty acid amide hydrolase (FAAH) and monoacyl glycerol
lipase are predominantly responsible for the catabolism of
endocannabinoids. AEA and the related fatty acid amides
N-oleoylethanolamide (OEA) and N-palmitoylethanolamide
are hydrolysed by FAAH (Cravatt et al., 1996; Deutsch et al.,
2001), whereas 2-AG is metabolized by monoacyl glycerol
lipase (Dinh et al., 2002a,b). The analgesic potential of pre-
venting the catabolism of endocannabinoids elevated follow-
ing noxious stimulation has been widely studied. Inhibition
of FAAH, either pharmacologically (Lichtman et al., 2004;
Kinsey et al., 2009) or by gene deletion (Cravatt et al., 2001),
elevates levels of AEA and produces behavioural analgesia in
models of acute and chronic pain.

In addition to FAAH, AEA is also a substrate for catabolism
by cyclooxygenase-2 (COX-2) (Yu etal.,, 1997; Kozak etal.,
2004), lipoxygenases (LOXs) (Hampson et al., 1995; Ueda
etal., 1995; Edgemond et al.,, 1998) and cytochrome P450
(cP450) (Bornheim et al., 1993; Snider et al., 2008). COX-2 has
been shown to contribute to the metabolism of 2-AG to bio-
logically active metabolites (Kozak et al., 2000; Prusakiewicz
et al., 2009). The role of COX-2 in the metabolism of these
endocannabinoids is of particular relevance to pain process-
ing as this enzyme is constitutively expressed in the spinal
cord (Ghilardi et al., 2004) and induced in chronic pain states.
COX inhibitors are commonly used in the treatment of
chronic pain states, but the role of endocannabinoids in
mediating these effects is unclear. Previous studies have dem-
onstrated that ibuprofen can inhibit AEA hydrolysis in rat
brain membrane preparations with a potency of the same
order of magnitude as required for inhibition of COX-2, and
at concentrations comparable to peak plasma concentrations
following therapeutic dosing (Fowler et al., 1997; 1999). The
inhibitory effects of non-steroidal anti-inflammatory drugs
(NSAIDs) are blocked by cannabinoid 1 (CB;) receptor antago-
nism, implicating a role of the endocannabinoids in mediat-
ing these effects (Guhring etal., 2002; Telleria-Diaz et al.,
2010). Nevertheless, the NSAIDs used in previous studies
inhibited both COX-2 and FAAH, thus the role of COX-2 in
regulating levels of endocannabinoids and the contribution
of endocannabinoids to the analgesic effects of NSAIDs in vivo
is unclear. In vivo and in vitro studies have shown that nime-
sulide is a relatively selective COX-2 versus COX-1 inhibitor
at therapeutic doses (for review see Famaey, 1997; Shah et al.,
2001; Kerola et al., 2009) and does not inhibit FAAH activity
(Fowler et al., 2003). The aim of this study was to determine
whether the inhibition of spinal COX-2 by nimesulide alters
innocuous and/or noxious-evoked responses of spinal neu-
rones, and the contribution of CB, receptors in mediating
these effects. Levels of endocannabinoids and related com-
pounds in the spinal cord following treatment with nime-
sulide were also determined.

Methods

Animals
Experiments were carried out on 70 male (200-220 g)
Sprague-Dawley rats (Charles River, Margate, UK), group
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housed in a temperature controlled (20-22°C) environment
with a 12 h light/dark cycle (lights on at 0700 h) with ad
libitum access to food and water. All experimental procedures
were carried out in accordance with the UK Animals (Scien-
tific Procedures) Act 1986 and International Association for
the Study of Pain (IASP) guidelines.

Surgical procedures

Methods were similar to those previously described (Sokal and
Chapman, 2001). Rats were anaesthetized with isoflurane
inhalation anaesthetic (3% induction, 2% surgery, 1-1.5%
maintenance in 33% 0,/67% N,O, Abbott Laboratories Ltd.,
Maidenhead, UK), and a tracheal cannula was inserted. Rats
were then placed in a stereotaxic frame to maintain stability
during recordings. A laminectomy was performed, lumbar
vertebrae L1-L3 were located, and segments L4-LS of the
spinal cord were exposed using fine rongeurs. The spinal cord
was held rigid by clamps rostral and caudal to the exposed
section of spinal cord (L4/5), and a small well was formed with
the surrounding muscle. Core body temperature was main-
tained at 36.5-37.5°C throughout the experiment by means of
a heating blanket connected to a rectal temperature probe.

In vivo electrophysiology

Extracellular single-unit recordings of deep (500-1000 um)
wide dynamic range (WDR) dorsal horn neurones were made
with glass-coated tungsten microelectrodes. Electrodes were
descended vertically through the spinal cord with a SCAT-01
microdrive (Digitimer, Welwyn Garden City, UK); depths of
recorded neurones from the spinal cord surface were noted.
Receptive fields of neurones covering one or two toes were
identified using brush, pinch and heat stimuli. Single-unit
activity was amplified and filtered (Digitimer). Signals were
digitized and analysed using a CED micro1401 interface and
Spike 2 data acquisition software (Cambridge Electronic
Design, Cambridge, UK). Responses of neurones to a train of
16 transcutaneous electrical stimuli (0.5 Hz, 2 ms pulse-
width) applied to the centre of the receptive field were
recorded. All neurones selected were WDR, exhibiting a short-
latency AB-fibre-evoked response (0-20 ms post stimulus) and
Ad-fibre-evoked response (20-90 ms post stimulus). These
neurones also exhibited longer-latency C-fibre-evoked
responses (90-300 ms post stimulus) and post-discharge
responses (300-800 ms post stimulus).

Mechanically evoked responses of neurones to punctate
stimuli were characterized using von Frey monofilaments
(Semmes-Weinstein monofilaments, North Coast Medical
Inc., Morgan Hill, CA, USA, via Linton Instrumentation,
Norfolk, UK) applied to the centre of the receptive field on the
toes of the hindpaw in ascending (8, 10, 15, 26 and 60 g)
bending force order, representing both non-noxious (8 and
10 g) and noxious (15, 26 and 60 g) stimuli (Chaplan et al.,
1994). Monofilaments were applied every 10 min for 10 s
with 10 s between each monofilament, to the centre of the
receptive field. All neurones selected exhibited a graded
response to ascending bending force von Frey filaments with
<10% variation between stimuli, and quantified by the com-
pilation of stimulus-evoked histograms and analysis of the



mean firing rate during application. The effects of drug
administration on mechanically evoked responses of WDR
neurones were measured as a percentage change of firing rates
compared with pre-drug control values. First, the effects of
spinal nimesulide (1-100 ug per 50 uL, n = 6 rats per dose,
total n = 18 rats) or vehicle (50 uL, n = 6) were studied. Drugs
were administered directly onto the exposed spinal cord using
a S0 puL Hamilton syringe (Hamilton-Bonaduz, Bonaduz,
Switzerland). Each dose was applied for 60 min to the spinal
cord, followed by a higher dose, up to a maximum of
three doses per rat. In a separate group of rats, the effects
of CB,; receptor blockade on nimesulide-mediated effects
were determined. The CB, antagonist AM251 (N-(piperidin-
1-yl)-5-(-4-iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-
pyrazole-3-carboxamide) (1 ug per 50 uL, spinal, n = 6) was
given as a 30 min pre-administration prior to nimesulide
(25 pg per 50 pL). Finally, the effects of peripherally adminis-
tered nimesulide (100 pg per 50 pL, n = 6) or vehicle (50 uL,
n = 6) were studied for 60 min, injected directly into the
hindpaw above the receptive field.

Drugs

A range of doses [1-100 pg (65 uM-6.5 mM)] of the COX-2
inhibitor nimesulide (Tocris Bioscience, Bristol, UK) were dis-
solved in 100% ethanol, dried and reconstituted in 3% poly-
ethylene glycol sorbitan monooleate (Tween 80; Sigma-
Alrdich, Gillingham, UK) in physiological saline (together
constituting the vehicle). Because nimesulide has not previ-
ously been applied to the spinal cord under similar experi-
mental conditions, a pilot study was conducted to determine
the appropriate range of doses, and a wide range of doses were
used. Although the actual doses of drug that bathes the
surface of the spinal cord are high, the amount of drug that
reaches the intracellular targets within neurones is likely to be
far lower, especially given the distance of WDR neurones from
the surface of the cord. AM251 [1 pg per 50 pL (36 uM), Tocris
Bioscience] was dissolved in 3% Tween 80 in physiological
saline. The dose, and time point of administration, of AM251
used was based on previous studies (Johanek and Simone,
2004; Jhaveri et al., 2006). Drug/molecular target nomencla-
ture conforms to BJP’s guide to Receptors and Channels (Alex-
ander et al., 2008).

Measurement of levels of endocannabinoids and related
compounds in spinal cord

Rats were anaesthetized and surgically prepared as described
above. In two separate experiments, nimesulide (25 pg per
50 uL, n =8; 100 ug per 50 uL, n = 6), or vehicle (n =8 and n
= 6, respectively), was applied to the spinal cord as described
above. The maximal effect of nimesulide on mechanically
evoked neuronal responses occurred 30 min post administra-
tion and therefore tissue was collected at this time point. Rats
were killed by anaesthetic overdose with 5% isoflurane in 33%
0,/67% N0, and the spinal cord was rapidly removed, sepa-
rated into ipsilateral and contralateral segments, snap-frozen
on dry ice and stored at —80°C until analysis. A validated
liquid chromatography-tandem mass spectrometry (LC-MS/
MS) analytical method was used to measure AEA, OEA and
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2-AG as previously described (Richardson et al., 2007), with
some alterations as described below. The assay method is in
routine use and has been fully validated (Richardson et al.,
2007) demonstrating intra- and inter-day precision and accu-
racy of =15% RSD (relative standard deviation). To ensure
appropriate control for these studies, which were conducted
with an interval of 6 months, time-matched effects of vehicle
on levels of endocannabinoids were determined for each of
analytical runs to ensure comparability.

Briefly, tissue was weighed, finely minced and homogenized
in 5 mL acetonitrile (Fisher Scientific UK., Loughborough, UK)
with 15 puL of 28 uM deuterated AEA (AEA-ds) and 100 pL of
10 uM deuterated 2-AG (2-AG-ds) internal standards (Cayman
Europe, Tallinn, Estonia). The homogenized mixture was cen-
trifuged, the supernatant collected and the remaining pellet
re-homogenized in 2.5 mL acetonitrile before further centrifu-
gation and collection. The solvent was evaporated and the
remaining material reconstituted in 200 uL acetonitrile. Ana-
lytes were separated chromatographically using a Waters Sym-
metry C18 column (100 x 2.1 mm id, 3.5 um particle size;
Waters Ltd., Hertfordshire, UK), with a mobile phase from rate
of 0.3 mL-min™, using a gradient elution with mobile phases
consisting of A (water, 1 g-L”! ammonium acetate, 0.1% formic
acid) and B (acetonitrile, 1 g-L”' ammonium acetate, 0.1%
formic acid) (both Fisher Scientific). Analytes were injected
from a cooled autosampler maintained at 4°C. Analysis was
carried out using an Agilent 1100LC system (Agilent Technolo-
gies, Boblingen, Germany) coupled to a triple quadropole
Quattro Ultima mass spectrometer (Waters Micromass UK Ltd.,
Manchester, UK) recording in electrospray positive mode. The
lower on column limits of detection of AEA and OEA was
5 fmol, while that of 2-AG was 100 fmol.

Statistical analysis

Data from electrophysiology studies are expressed as a per-
centage of the pre-drug control = SEM. Statistical analyses
comparing effects of nimesulide to vehicle were performed
with a one-way ANovA (Kruskal-Wallis) with post hoc Dunn’s
test. Statistical analysis comparing effects of 25 pg nimesulide
to that of 25 pg nimesulide with CB,; antagonist pretreatment
were performed using a non-parametric Mann-Whitney test.
Statistical analysis of the effects of nimesulide on levels of
endocannabinoids and related compounds were performed
using non-parametric Mann-Whitney test.

Results

The mean depths of WDR neurones recorded were similar for
each of the treatment groups and were between 500 and
1000 um from the dorsal surface, corresponding to laminae
V-VI (data not shown). Control mechanically evoked
responses of WDR neurones used in electrophysiological
studies (n =42 rats) were: 8 g, 22 = 4,10 g, 26 = 4; 15 g, 38 =
5;26g, 60 *7,60g 87 = 7Hz.

The effects of spinal versus peripheral administration of
nimesulide on mechanically evoked responses of dorsal

horn neurones

Spinal administration of the COX-2 inhibitor nimesulide
(1-100 pg per 50 uL) produced a dose-dependent attenuation

British Journal of Pharmacology (2010) 160 669-676



COX-2 modulation of nociceptive processing

672 LE Staniaszek et al
A
100+ *= 8
—e— 10g
(]
2
% 754 4
g 4
@ 504
2
2
[}
& 251
X
0-— —T—TT T —T—TTTTT
1 10 100
Nimesulide (ug per 50puL)
B
—e— 15¢g
—8— 269
1004
—¥—60g
Q
1%}
759 :
g & 43 4§
n
g
o 504
2
?
[}
& 25-
EN
0-+— ——TTTTTr —TTTTTr
1 10 100
Nimesulide (ug per 50uL)
Figure 1 Mean maximal effects of spinal nimesulide on mechani-

cally evoked (8-60 g) (A) non-noxious (8 g and 10 g) and (B) noxious
(15 g, 26 g and 60 g) responses of wide dynamic range dorsal horn
neurones in naive anaesthetized rats in vivo (n = 6 rats per dose, total
n =18 rats). Nimesulide reduced mechanically evoked responses in a
dose-dependent manner. Statistical analyses were performed with
one-way ANOVA (Kruskal-Wallis) with post hoc Dunn’s test; single
symbol (#, $, &) P < 0.05; double symbol (**, ##, ++, $$) P < 0.01
versus vehicle (not shown, no significant difference to pre-drug con-
trols). Data are expressed as a percentage of the pre-drug control +
SEM.

of mechanically evoked firing of WDR dorsal horn neurones,
both in the non-noxious (8 and 10 g) and noxious (15, 26 and
60 g) range (Figure 1). Nimesulide significantly attenuated
evoked responses of WDR dorsal horn neurones, compared
with the effects of vehicle, for the majority of the mechanical
stimuli applied (Figure 1). The maximal attenuation of
mechanically evoked responses was produced by 25 ug of
nimesulide, and maximal effects for all doses studied were
observed at the following times (min) post drug administra-
tion: 8g,32+3;10g,37£3;15g,35*3;26g,32*2;60g,
33 + 3; overall 34 = 1 (n = 18 rats). An example trace of the
effect of 25 ug nimesulide on neuronal firing of WDR neu-
rones is shown in Figure 2.
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The next series of experiments determined the potential
involvement of the cannabinoid receptor system in
nimesulide-mediated effects at the level of the spinal cord.
The ability of spinal pre-administration of the CB; receptor
antagonist AM251 (1 pug per S0 uL) to modulate nimesulide
(25 pg per 50 uL)-mediated inhibition of neuronal firing was
determined. AM251 alone did not alter mechanically evoked
firing of dorsal horn neurones in the 30 min pre-
administration period (Figure 3). AM251 pre-administration
blocked the inhibitory effects of nimesulide on mechanically
evoked responses of WDR dorsal horn neurones (Figure 4).

The effects of peripheral administration of nimesulide were
also studied. Intra-plantar injection of 100 ug per 50 uL nime-
sulide did not alter mechanically evoked responses of dorsal
horn neurones, compared with either pre-drug controls or
vehicle (Table 1).

Spinal administration of nimesulide decreased spinal levels of
endocannabinoids and related molecules

To determine the potential contribution of changes in levels
of endocannabinoids to the CB, receptor-mediated effects of
nimesulide, the effects of nimesulide (25ug; n = 8, and
100 ug; n = 6) versus vehicle (n = 14) on spinal levels of
endocannabinoids and related molecules in vivo were deter-
mined. Nimesulide significantly decreased levels of AEA
(25 pg P < 0.005, 100 pg P < 0.01) and OEA (100 ug P < 0.01),
without altering levels of 2-AG in the spinal cord of rats
(Figure 5).

Discussion and conclusions

In the present study, spinal, but not peripheral, administra-
tion of the COX-2 inhibitor nimesulide reduced mechanically
evoked firing of WDR dorsal horn neurones in the anaesthe-
tized rat. The effects of nimesulide were blocked by a CB;,
receptor antagonist, and accompanied by a decrease in spinal
levels of AEA and OEA; levels of 2-AG were unaltered com-
pared with matched vehicle controls. Our pharmacological
data support the proposal that COX-2-mediated analgesia is
mediated at least in part by CB; receptors. The association of
the inhibitory effect of nimesulide with a decrease in the
levels of AEA and OEA suggests that there are complex inter-
actions between the effects of metabolizing enzymes and
levels of endocannabinoids and related compounds in vivo.
Spinal administration of the COX-2 inhibitor nimesulide
dose-dependently reduced mechanically evoked responses of
dorsal horn neurones to both non-noxious and noxious
stimuli, compared with both pre-drug responses and effects of
vehicle. Maximal inhibitory effects of nimesulide were
observed with a dose of 25 pg, and occurred at approximately
30 min post administration for all of the evoked responses
studied. These data are consistent with the established con-
stitutive expression of COX-2 by the spinal cord (Ghilardi
et al., 2004) and indicate that COX-2 has a role in modulating
the responses of spinal neurones in naive rats. Previously,
both systemic and intrathecal administration of a COX-2
inhibitor has been shown to suppress acute thermal hyperal-
gesia and reduce the spinal release of prostaglandin E, (Yaksh
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Figure 2 Example trace of mechanically evoked responses of a single wide dynamic range dorsal horn neurone in a naive anaesthetized rat
before (pre-drug response) and after spinal administration of nimesulide (25 ug per 50 pL).
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Figure 3 The CB; antagonist AM251 (N-(piperidin-1-yl)-5-(-4-
iodophenyl) - 1-(2,4 - dichlorophenyl) - 4 - methyl - 1H - pyrazole - 3 -
carboxamide) (1 ug per 50 uL) alone did not alter mechanically
evoked (8-60 g) responses of dorsal horn wide dynamic range neu-
rones in naive anaesthetized rats (n = 6). Data are expressed as a
percentage of the pre-drug control = SEM.

et al., 2001). Further work has indicated a role of spinal pros-
taglandins in the development, but not the maintenance of
spinal hyperexcitability produced by joint inflammation
(Vasquez etal.,, 2001). Thus, the effects of nimesulide on
mechanically evoked responses of spinal neurones may arise,
at least in part, from decreased levels of prostaglandin E,.

In the present study, the inhibitory effects of spinal nime-
sulide on mechanically evoked responses of dorsal horn
neurons were blocked by pre-administration of a CB, receptor
antagonist, AM251, implicating a role of the endocannab-
inoid receptor system. Despite this pharmacological evidence
the two higher doses of nimesulide, both of which inhibited
neuronal responses, decreased levels of AEA and OFA in the
spinal cord, while levels of 2-AG remained unchanged. Our
electrophysiological data are consistent with the report that
the inhibitory effects of spinal administration of indometha-
cin are also blocked by AM251 (Guhring et al., 2002). It is
important to note, however, that unlike indomethacin
(Fowler et al., 2003; Holt et al., 2007), nimesulide does not

inhibit FAAH (Fowler et al., 2003) and therefore our data
implicate a direct role of COX-2 in the regulation of endocan-
nabinoid function in vivo. Recently, the effects of two COX-2
inhibitors (NS398 and L-745337) on evoked neuronal
responses in naive rats and in a model of joint inflammation
have been reported (Telleria-Diaz et al., 2010). In this study,
spinal administration of the COX-2 inhibitor L-745 337 did
not alter evoked neuronal responses in naive rats, but attenu-
ated responses in the model of joint inflammation. Although
this previous study only investigated the effects of the COX-2
inhibitor NS398 on the spinal release of 2-AG, it is of interest
to note that spinal NS398 did not alter spinal release of 2-AG
compared with the pre-drug application period (Telleria-Diaz
etal., 2010). These data are consistent with our observation
that spinal nimesulide, at doses that attenuate evoked neu-
ronal responses in a CB, receptor-dependent manner, does
not alter levels of 2-AG in the spinal cord.

In contrast to the effects of spinally administered nime-
sulide, intra-plantar injection of nimesulide did not alter
mechanically evoked responses of WDR dorsal horn neurones
in naive rats, consistent with the established literature that
COX-2 is not constitutively expressed in peripheral tissue
(Vane et al., 1998). Under conditions of peripheral inflamma-
tion, hindpaw injection of the COX-2 inhibitor rofecoxib
enhances the inhibitory effects of AEA on pain behaviour and
elevates levels of AEA, OEA and N-palmitoylethanolamide in
the hindpaw, indicating a role of peripheral COX-2 in the
modulation of endocannabinoid function under these condi-
tions (Guindon et al., 2006).

It is established from in vitro studies that COX-2 can metabo-
lize AEA and 2-AG (Yu et al., 1997; Kozak et al., 2004). Further-
more, the physiological relevance of COX-2 regulation of
endocannabinoids has been demonstrated in work using the
hippocampal slice preparation, although levels of endocan-
nabinoids were not measured (Slanina and Schweitzer, 2005).
Evidence for a role of COX-2 metabolism of endocannabinoids
is further supported by the detection of COX-2 metabolites of
AFA in FAAH knockout mice dosed with AEA (Weber et al.,
2004) and the presence of COX-2 metabolites of 2-AG in the rat
(Hu et al., 2008). Our data demonstrating a mismatch between
the pharmacological effects of nimesulide mediated by the CB,
receptor and levels of endocannabinoids suggest that, at least
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Figure 4 Spinal pretreatment with the CB; receptor antagonist AM251 (N-(piperidin-1-yl)-5-(-4-iodophenyl)-1-(2,4-dichlorophenyl)-4-
methyl-1H-pyrazole-3-carboxamide) (1 pg per 50 ulL) blocked the inhibitory effects of nimesulide (25 pug per 50 uL) on mechanically evoked
(8-60 g) responses of wide dynamic range dorsal horn neurones in naive anaesthetized rats in vivo (n = 6). Statistical analyses were performed
with non-parametric Mann-Whitney test; *P < 0.05; **P < 0.01 versus vehicle; ##P < 0.01 versus 25 ug nimesulide. Data are expressed as a

percentage of the pre-drug control = SEM.

Table 1
horn wide dynamic range neurones in naive anaesthetized rats

Effects of peripherally administered nimesulide (100 pg per 50 uL) or vehicle (50 puL) on mechanically evoked responses of dorsal

Vehicle (3% Tween 80 in saline)
(percentage of pre-drug firing rate)

von Frey stimulus

Nimesulide 100 g
(percentage of pre-drug firing rate)

10 min 30 min 50 min 10 min 30 min 50 min
8¢9 112.9 = 41.7 103.5 +7.8 97.8 = 8.8 141.3 = 53.9 138.0 = 19.1 163.6 + 35.2
109 143.5 + 38.8 1124 +15.3 106.3 = 20.5 168.8 = 18.9 118.2 = 16.9 87.8 = 15.3
159 128.2 + 26.6 104.1 = 13.0 138.8 = 39.6 117.5 £ 19.9 104.9 = 16.8 77.4 + 9.8
269 97.9 = 20.6 102.7 =179 123.2 = 21.6 107.4 = 16.7 111.8 =154 103.8 = 12.8
60 g 99.2 £ 17.1 95.7 = 9.5 101.9 = 15.3 95.4 = 8.9 95.4 9.2 100.5 + 9.7

Data are expressed as a percentage of the pre-drug control = SEM (n = 6).

at the level of the spinal cord, the COX-2 regulation of
endocannabinoids is complex.

The mechanism by which inhibition of COX-2 by nime-
sulide can produce CB; receptor-dependent effects in the
absence of overt increases in levels of AEA or 2-AG is unclear,
but may involve catabolism via other pathways. Indeed, it has
been established that LOXs (Hampson et al., 1995; Ueda et al.,
1995) and cP450 enzymes (Snider et al., 2007; 2009; Awumey
etal., 2008; Stark et al., 2008) metabolize AEA and 2-AG.
Importantly, a number of the LOX and cP450 metabolites of
the endocannabinoids and their precursor, arachidonic acid,
have activity at the CB, receptor. For example, the LOX-12
metabolite of AEA, 12-(S)-hydroxyarachidonoylethanolamide
(12-hydroxyanandamide, 12-HAEA) binds the CB,; receptor
with affinity comparable to, or greater than, that of AEA
(Hampson etal.,, 1995; Edgemond etal., 1998). cP450
metabolism of AEA and its precursor arachidonic acid
results in the formation of eicosatrienoic acids (EETs),
in particular the 2-epoxyeicosatrienol glycerols (2-EG),
2-(11,12-epoxyeicosatrienol)glycerol (2-11,12-EG), 2-(14,15-
epoxyeicosatrienol)glycerol (2-14,15-EG) from arachidonic
acid (Chen etal, 2008) and 2-(5,6-epoxyeicosatrienol)
ethanolamide (5,6-EET-EA) from AEA (Stark etal., 2008;
Snider et al., 2009), which are agonists at CB; receptors with
comparable or greater binding affinity than 2-AG (Chen et al.,
2008).

British Journal of Pharmacology (2010) 160 669-676

Although speculative, the metabolism of endocannab-
inoids via some, or all of the pathways described above, may
be increased when COX-2 is inhibited by nimesulide. Nev-
ertheless, a rigorous investigation of this hypothesis, includ-
ing the in vivo measurement of alternative metabolites of
AEA and 2-AG alongside behavioural or neuronal measure-
ments of ant-nociceptive responses, is required to substan-
tiate this proposal. At the present time it is not possible to
confirm this hypothesis as, to the best of our knowledge,
deuterated standards for these novel CB ligands are not
available. The generation of these standards is crucial for
further elucidation, via LC-MS/MS techniques, of the role of
these pathways in the regulation of endocannabinoid levels
in vivo.

In conclusion, we have demonstrated a major contribution
of the CB, receptor in mediating nimesulide-induced inhibi-
tion of the spinal processing of innocuous and noxious
inputs; however, these effects occur alongside a decrease in
spinal levels of AEA and no change in levels of 2-AG.
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Figure 5 Effects of spinal nimesulide on levels of anandamide (AEA), N-oleoylethanolamine (OEA) and 2-arachidonoylglycerol (2-AG) in spinal
cord of naive anaesthetized rats. Two analytical runs were conducted; effects of nimesulide 25 pg per 50 pL versus 50 pL vehicle (n =8 samples
per group) were analysed in one LC/MS run, followed by nimesulide 100 pg per 50 uL versus 50 uL vehicle (n = 6 samples per group) in a
second analytical run. Statistical analyses were performed with non-parametric Mann-Whitney test; **P < 0.01, ***P < 0.005 nimesulide versus
vehicle. Data are expressed as individual values and median value is depicted by the line.
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