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R-Flurbiprofen Reduces Neuropathic Pain in Rodents by
Restoring Endogenous Cannabinoids
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Abstract
[3], that has been used for decades as analgesic. Intergstingly, R-

Background: R-flurbiprofen, one of the enantiomers of flurbiprofep; e 41S. i I 4
inhibition, but shows analgesic properties without relevant toxici@i%ﬁm;ﬁgg%\iﬁgw &ﬁ%{%&%ﬁﬁiﬁiﬁﬁiﬁ?qﬁ r?]r;(:kz?:d

Methodology/Principal Findings: We show that R-flurbiprofen reJl&HQ_éob?&?Qrﬁa?émé%sé'm%%\ée&o%zﬂ%mf%ﬁ%é o4& inflam-
cord evoked by sciatic nerve injury and thereby alleviates pain in SRR BRIy IS YT RHRNTAHRY anpand

mice. This is mediated by restoring the balance of endocannabir®i§SIBTR MRS & H@@B@dqgﬁﬁﬁﬁﬁ@pgip%ﬁiﬁ%
injury in the DRGs, spinal cord and forebrain. The imbalance reS{#3 &®@RFHAEABHDALPRAGPAAIONISID falnBacauam
hydrolase (FAAH) and NAPE-phospholipase D, i.e. the major erpflaiegaioswetinaciand=earentigdiacklighioxinity
respectively. R-flurbiprofen inhibits FAAH activity and normalize&APEeR Y aipredsicna A e tiaisezynedyen R zloebi
improves endogenous cannabinoid mediated effects, indicated byitte samhueticuot egstaimatdimelebseiaiscrig sel-aativipr
has been approved for clinical use. attenuates nociceptive behavior in rats [8] and pain in| humans

Here, we studied the R-enantiomer of a well-known non[9]. In these species, R-flurbiprofen is not invertefl to its

steroidal anti-inflammatory drug (NSAID), flurbiprofen-racemate cyclooxygenase inhibiting S-enantiomer. Previously, it|has been
















R-Flurbiprofen & Cannabinoids

between R-flurbiprofen and vehicle treatment in CBA mice in both tests. In SNS-CB# mice R-flurbiprofen significantly reduced mechanical
hyperalgesia but not cold hyperalgesia (n =8 per group,, F0.05). The grey hatched areas indicate the difference in R—ﬂurbiProfen and vehicle treated
SNS-CB¥? mice. ¢ Anandamide (AEA) levels in L4/5 DRGs and dorsal horn of the spinal cord in SN$/EBind CBI'" mice treated with R-
flurbiprofen or vehicle (n=8, * indicated®, 0.05).5d, e, f Effects of CB1 and CB2 cannabinoid receptor antagonists, AM251 and AM630, respectively
on R-flurbiprofen mediated antinociception after nerve injury in the SNI model. R-flurbiprofen or vehicle was continuously administered in the
drinking water starting after SNI surgery up to the end of the observation period. Fifteen days after SNI AM251 (3 mg/kg) and AM630 (3 mg/kg) were
injected i.p. in R-flurbiprofen treated mice (black arrow) and heat (d), mechanical (e) and cold (f) pain analyzed 1 and 3 hours after AM251 and AM630
injection (grey area). To assess effects of AM251 and AM630 alone the drugs were injected (each 3 mg/kg) in vehicle treated mice at day 17 (white
arrow) and nociception analyzed 1 and 3 hours after drug injection.

doi:10.1371/journal.pone.0010628.9g005

by R-flurbiprofen suggested a mechanism with rapid onset andirop of FAAH expression (Fig. 3). OEA, PEA and 2-AG were not
creating a lasting impact on the underlying pathophysiology, bothsignificantly reduced. At both sites, R-flurbiprofen treatment
in line with the hypothesis of cannabinoid mediated effects. In aestored anandamide levels, but did not increase endocannabi-
microarray screen of gene regulation in the DRGs and spinal cordnoids above normal rige levels. To further assess the in vivo
we found a long lasting upregulation of FAAH expression in therelevance we analyzed the activity of the anti-inflammatory
DRGs in three models of sciatic nerve injury (Fig. 3 a) associatelanscription factor PPAR which is activated by cannabinoids
with a drop of endocannabinoids. In the dorsal horn of the spinaland found that R-flurbiprofen increased PPARctivity in DRGs
cord, FAAH mRNA levels were slightly reduced at 3 days andand spinal cord (Fig. 4e). From these results, we infer that R-
subsequently returned to baseline levels (Fig. 3 b). We confirmeflirbiprofen caused a restoration of endocannabinoid levels, which
the time course of FAAH regulation in DRGs and spinal cord after were diminished following nerve injury, and therefore likely led to
SNI at the level of mRNA via quantitative RT-PCR (Fig. 3 ¢) and a better utilization of available CB1 receptors, without causing
protein via Western Blot analysis (Fig. 3 d). At high concentrationgxcessive cannabinergic activation. To confirm the lack of central
R-flurbiprofen inhibited the activity of recombinant, purified CB1-mediated effects after R-flurbiprofen, we measured body
FAAH; the IC50 of R-flurbiprofen was 1586M (Cl 95%: 809.0  temperature. Activation of brain CB1 receptors causes a
to 3096) as compared to an4dgof 1.71nM for the specific FAAH  characteristic hypothermia (temperature35,C) (Fig. 4 f), a

inhibitor, URB597 (CI 95%: 1.150 to 2.552) (Fig. 3 e). Although, sensitive indicator of cannabinergic side effects. R-flurbiprofen had
in vitralata with recombinant enzyme cannot be directly translatedng effect on body temperature.

into in viveefficacy, it appears unlikely that direct inhibition of

FAAH enzymatic activity is the only mechanism by which R- Effects of R-flurbiprofen in SNS-CB? mice and effects

flurbiprofen attenuates neuropathic pain. -
. e . I of CB1 and CB2 receptor antagonists
Despite weak FAAH inhibition, R-flurbiprofen significantly To further evaluate whether thantinociceptive effects of R-

increased anandamide levels in unstimulated and LPS-stimulate . . L
microgliain vitro(Fig. 4 a). The levels of palmitoylethanolamine urbiprofen were mecﬁated thmgh normalization of endoge- )
(PEA) and oleylethanolamine (OEA) that are also metabolized b ous c_anne_lbln0|d§ In r_lomcc_eptlve neurons, - we tested its
FAAH were only increased in LPS-stimulated cells. Owing to ntmo_mcep_tlve _efﬂcacy in mice lacking the CBI1 r_eceptor
these intriguing observations, we analyzed N-arachidonoylS€lectively in primary afferent DRG neurons. These mice were
phosphatidylethanolamine phospholipase’ D (NAPE-PLD), theJeénerated as described [13] mating mice carrying two CB1-
enzyme involved in anandamide synthesis. Anandamide id0xed alleles (CBY') [25] with mice that express cre-
generated through phosphodiesterase-mediated cleavage of a dgfombinase under controlfdhe promoter of the SNS gene
membrane phospholipid precursor, N-arachidonoyl-phosphati-(SNScre) [13]. SNS codes for the voltage-dependent sodium
dylethanolamine (NAPE) which is generated by the enzymati€hannel Nav1.8, which is exciusly expressed in peripheral
transfer of arachidonic acid to the amine group of phos-neurons of dorsa/lzand_ trigeminal ganglia [26]. Following nerve
phatidyl-ethanolamine. NAPE cleavage to anandamide is cataMuy: SNS‘C_:Bf mice SP?IW enhanced nociceptive behavior
lyzed by NAPE-PLD [24]. RT-PCR and Western Blots compared/\éwth that ofﬂ/%?Bi_ -mice [13_]. Treatment of t_)oth
revealed a decrease in NAPE-PLD expression in DRG neuron$NS-CBE’? and CBI"™ with R-flurbiprofen resulted in a
after sciatic nerve injury (Figures 3 f). This downregulationsignificant reduction of the miceptive responses towards
was completely prevented in R-flurbiprofen-treated animalsMechanical stimulationP=0.001 and P, 0.001, respectively;
(Figures 3 f). Fig. 5 a, b). With respect to coldimulation, R-flurbiprofen

As a result of the adaptations of cannabinoid synthesizing angignificantly reduced néeeptive behavior in CBT' mice
metabolizing enzymes after nerve injury, we observed that levels §f=0.036), but not in SNS-CEY'? mice P=0.315). R-
anandamide, OEA and PEA in the DRGs were considerablyflurbiprofen restored anandamide levels in SNS-€81 and
reduced by about 50% after sciatic nerve injury (ANOVA CBI1"" mice to a comparable degree as in wild type animals
P, 0.001 for AEA,P=0.045 for OEA andP=0.027 for PEA).  (Fig. 5 c). To further test cannatpid mediated effects we used
We analyzed the endocannabinoids in the DRG and not at the sitespecific antagonists at CB1 and CB2 receptors, AM251 and
of nerve damage because the latter is confounded by th&M630, respectively (Fig. 5d, e, f). Mice were treated after SNI
endocannabinoid levels of infiltrating leukocytes in the peripherywith R-flurbiprofen or vehicle. A combination of both drugs
and dominated by 2-AG [13]. The observed drop of endocanna-(3 mg/kg, single dose) was therjeicted i.p. in R-flurbiprofen
binoid levels in the DRGs was evident at 7 days after nerve injurgreated mice (indicated by aaik arrow). The cannabinoid
(Fig. 4 b). It was maintained for at least 5 weeks (Fig. 5 c), i.éeceptor blockage completelgbolished the antinociceptive
lasting longer than the down-regulation of cannabinoid-1 receptoeffect of R-flurbiprofen in testfor heat (5d) and mechanical
in the DRGs, which had a maximum at 3-7 days and then hyperalgesia (5e) and cold allodyi(bf), with partial recovery of
gradually returned to normal levels (Suppl. Fig. S1 a, S1 b). In th&k-flurbiprofen mediated antinociception within the following 2
spinal cord dorsal horn and forebrain, anandamide levels showedays. The cannabinoid receptor antagonists did not evoke
a similar decrease as in the DRGs (Fig. 4 c, d) despite the observbgpernociception at the respegti doses in vehicle treated mice.
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