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Abstract

Rationale. The cannabinoid system consists of a complex array of receptors, substances with agonist/antagonist
properties for those receptors, biosynthetic machineries and mechanisms for cellular uptake and degradation for endocannabinoids.
This system is in interrelation with other systems that comprise lipid mediators like prostaglandins/leukotrienes systems. A clear
antagonist, additive or synergic effect of nonsteroidal anti-inflammatory drugs (NSAIDs)-cannabinoid associations was not yet
demonstrated. Aim. The present study tried to summarize the existent data on NSAIDS-cannabinoid system interactions.

Methods and results. A bibliographic research in Medline, Scirus, Embase was made using as keywords cannabinoid,
nonsteroidal anti-inflammatory drugs, aspirin, ibuprofen, flurbiprofen, diclofenac, indomethacin, acetaminophen, coxibs,
antinociceptive, antinociception, analgesia.

Discussions. A systematization of the results focusing on the NSAIDs drugs interaction with the cannabinoid system was
presented. Out of all the substances analyzed in the present review, acetaminophen was studied the most regarding its interferences
with the cannabinoid system, mainly due to contradictory results.

Conclusions. Some NSAIDs have additional influences on the cannabinoid system either by inhibiting fatty acid amide
hydrolase (FAAH) or by inhibiting a possible intracellular transporter of endocannabinoids. All the NSAIDs that inhibit COX2 can
influence the cannabinoid system because a possible important degradative pathway for anandamide and 2-arachidonoyl glycerol
might involve COX 2. One of the causes for the variety of experimental results presented might be due to pharmacokinetic
mechanisms, depending on the route of administration and the dose.

® Key words: cannabinoids; NSAIDs; cyclooxygenase; analgesia. ®

Abbreviations. A9 THC, (-)-(6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-benzo[c]chromen-1-ol;
A9-THC-11-0ic  acid,  1-hydroxy-6,6-dimethyl-3-pentyl-6a,7,8,10a-tetrahydrobenzo[c] ~ chromene-9-carboxylic  acid;
Anandamide, (5Z,8Z,11Z,14Z)-N-(2-hydroxyethyl)icosa-5,8,11,14-tetraenamide; Methanandamide, (5Z,8Z,11Z,14Z)-N-
[(2R)-1-hydroxypropan-2-ylJ-icosa-5,8,11,14-tetraenamide; 2-AG, 1,3-Dihydroxy-2-propanyl (5Z,8Z,11Z,14Z2)-5,8,11,14-
eicosatetraenoate; HU 210, (6aR,10aR)- 9-(Hydroxymethyl)- 6,6-dimethyl- 3-(2-methyloctan-2-yl)- 6a,7,10,10a-
tetrahydrobenzo [c]chromen- 1-ol; SR141716A, 5-(4-Chlorophenyl)-1-(2,4-dichloro-phenyl)-4-methyl-N-(piperidin-1-y1)-1H-
pyrazole-3-carboxamide; SR144528, N-[(1S)-endo-1,3,3-trimethyl bicyclo [2.2.1] heptan-2-yl]-5-(4-chloro-3-methylphenyl)-1-

(4-methylbenzyl)-pyrazole-3-carboxamide; AM251, 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyl-N-(1-
piperidyl)pyrazole-3-carboxamide; AM 404, (5Z,8Z,11Z,14Z)- N-(4-hydroxyphenyl)icosa- 5,8,11,14-tetraenamide; WIN
55,212-2, (R)-(+)-[2,3-Dihydro-5-methyl- 3-(4-morpholinylmethyl)pyrrolo [1,2,3-de]-1,4-benzoxazin-6-yl]-1-

napthalenylmethanone; AM 281,  N-(morpholin-4-yl)-5-(4-iodophenyl)-1-(2,4-dichlorphenyl)-4-methyl-1H-pyrazole-3-
carboxamide; AM 630, [6-lodo-2-methyl-1-[2-(4-morpholinyl)ethyl]-1H-indol-3-yl](4-methoxyphenyl)methanone; Ibu Am-5, N-
(3-methylpyridin-2-yl)-2-(4'-isobutylphenyl)propionamide; CP 55, 940, 2-[(1R,2R,5R)-5-hydroxy-2-(3-hydroxypropyl)
cyclohexyl]-5-(2-methyloctan-2-yl)phenol; NS-398, N-[2-(Cyclohexyloxy)-4-nitrophenyllmethanesulfonamide; SC-560, 5-(4-
chlorophenyl)-1-(4-methoxyphenyl)-3-trifluoromethylpyrazole; AM 1241, (3-iodo-5-nitrophenyl)-[1-[(1-methylpiperidin-2-
ylmethyljindol-3-ylmethanone; Met F AEA, 2-methyl-arachidonyl-2’-fluoro-ethylamide; PMSF, Phenylmethylsulfonyl
fluoride; URB 597, [3-(3-carbamoylphenyl)phenyl] N-cyclohexylcarbamate; TRPV1, Transient receptor potential vanilloid
type 1; CGRP, Calcitonin gene related peptide; COX1, cyclooxygenase type 1; COX2, cyclooxygenase type 2; CB1R,
cannabinoid receptor type 1; CB2R, cannabinoid receptor type 2; FAAH, fatty acid amide hydrolase; NSAIDs, nonsteroidal
anti-inflammatory drugs; p.o., per os; i.p., intraperitoneally; i.th., intrathecally; s.c. subcutaneously; i.pl., intraplantar; i.v.,
intravenously; CB cannabinoid.




Introduction

Only in 1964 when Ganoi and Mechoulam
identified A9 tetrahydrocannabinol (A9 THC) being the
main psychotropic agent from Cannabis sativa the
researches in the “field” of cannabinoids gain scale. Many
efforts to discover the substrate of psychotropic and
analgesic effects of A9 THC were made. The discovery of
cannabinoid receptors and endogenous cannabinoids
(endocannabinoids) came about twenty years later. The
two main endocannabinoids discovered were, in order,
anandamide (arachidonoyl ethanolamine) and 2-
arachidonoyl glycerol.

Cannabinoid system consists of a complex array
of receptors, substances with agonist/antagonist
properties for those receptors, biosynthetic machineries
and mechanisms for cellular uptake and degradation for
endocannabinoids. It might represent a new target for
drugs that produce analgesia, attenuation of nausea and
vomiting in cancer chemotherapy, reduction of intraocular
pressure, appetite stimulation in wasting syndromes, relief
from muscle spasms/spasticity in multiple sclerosis and
decreased intestinal motility.

The positive effects are often accompanied by
adverse reactions like alterations in cognition and
memory, dysphoria/euphoria, and sedation [1].

The endocannabinoid system is in interrelation
with other systems that comprise lipid mediators like
prostaglandins/leukotrienes systems [2]. Nowadays it is
well known that cyclooxygenase type 2 (COX2) actions
both on arachidonic acid, resulting prostaglandins and
other  eicosanoids, and on endocannabinoids
(anandamide and 2-arachidonoyl glycerol), resulting
prostamides and prostaglandin glycerol esters. It is not
surprising that these substances have different
pharmacological properties than the amides or the esters
from which they are derived. From this point of view the
inhibition of cyclooxygenases, especially COX2, might
have many influences at the level of central nervous
system or in immune cells (two of the main domains that
are rich in cannabinoid receptors and in cannabinoids).
The cyclooxygenase products of endocannabinoids were
reviewed elsewhere [3-7] and will not make a subject for
this paper.

The cannabinoid
endocannabinoids

The human cannabinoid receptor 1 (CB1R) was
cloned by Gerrard et al. (1991). CB1 receptors are
coupled with Gi/Go proteins and are serpentine receptors.
Through G protein action the activity of adenylyl cyclase is
diminished, which leads to a decrease of CAMP level. The
activity of some ionic channels is also modulated.

The human cannabinoid receptor 2 (CB2R) was
first identified in man in 1993.

CB2 receptors are coupled with Gi/Go type
proteins. Unlike CB1 receptors, the CB2 ones do not
seem to be coupled to ionic channels. They are coupled

receptors and
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with intracellular signalization pathways associated to
MAP kinase.

Another two serpentine receptors, classified
among orphan receptors because, when discovered,
there did not exist a specific ligand to bind them, are
supposed to be cannabinoid receptors. These two
receptors are still named GPR55 and GPR119. Another
receptor for anandamide is the transient receptor potential
vanilloid1 receptor (TRPV1), the receptor for capsaicin [1].

Anandamide and especially 2-arachidonoyl
glycerol can function as retrograde synaptic messengers.
They are released from postsynaptic neurons and travel
backward across synapses, activating CB1 on
presynaptic axons and suppressing neurotransmitter
release. Cannabinoids may affect memory, cognition, and
pain perception by means of this cellular mechanism [8].

Endogenous ligands for CB receptors discovered
until now are eicosanoids: N-arachidonoylethanolamide
(anandamide), 2-arachidonoyl glycerol, noladin ether, O-
arachidonoylethanolamine  (virodhamide) and  N-
arachidonoyldopamine.

Anandamide, 2-arachidonoyl glycerol, and N-
arachidonoyldopamine are susceptible to degradation by
fatty acid amide hydrolase (FAAH), although a second
enzyme, monoacylglycerol lipase, catalyzes hydrolysis of
2-arachidonoylglycerol in vivo [1].

Numerous  substances with  cannabinoid
properties were described. They might act as full or partial
agonists, antagonists or inverse agonists, neutral
antagonists [9], or may increase the endocannabinoids
level (FAAH inhibitors, cellular uptake of cannabinoids
inhibitors). Some of them are presented in table I [1].

Cyclooxygenases inhibitors or nonsteroidal anti-
inflammatory drugs (NSAIDs) are a heterogeneous group
of substances that block either the cyclooxygenase site of
enzyme cyclooxygenase type 1 or 2 (COX 1 and COX 2,
respectively), or its peroxidase site [10,11]. In the first
category can be mentioned ibuprofen, diclofenac,
indomethacin, coxibs (rofecoxib, celecoxib) and in the
second category might be included acetaminophen and
metamizole sodium.

Methods

A systematic analysis of data from existing
literature databases Medline, Pubmed, Embase, Scirus
up to 31.08.2010 was performed. Initial selection of
articles was made using as key words cannabinoid AND
(nonsteroidal anti-inflammatory drugs OR aspirin OR
ibuprofen  OR  flurbiprofen OR diclofenac OR
indomethacin OR acetaminophen OR coxibs) taking into
account articles in abstract and full text from clinical and
preclinical studies. 225 articles, published after the year



1972 to date, out of which 199 in full text and 26 in
abstract, were found. The search area was reduced by
intfroducing new  keywords: antinociceptive OR
antinociception OR analgesia. References to all relevant
articles were examined to include all relevant reports and
review sites on the subject. The study included data in
English and French. Following the final selection, 24 items
were retained in the study considering the exclusion
criteria (analytical interference in the determination of
cannabinoids and NSAIDs). The 24 studies that
emphasized  the  interactions  between  the
endocannabinoid system or exogenous cannabinoids and
NSAIDs, especially on the analgesic effect, were
analyzed in terms of types of cannabinoid receptors or of
the endocannabinoids involved. Another aim was to
elucidate the mechanism of action of cyclooxygenase
inhibitors and their interactions with exogenous
cannabinoid agonists.

Results

A systematization of the data found in the articles
studied are presented in table 2.

Discussions

We tried to systematize the results presented in
the previous table by sorting the anti-inflammatory
substances and their interactions with the cannabinoid
system.

Indomethacin ~ might interfere  with  the
endocannabinoid system, as reported in some studies
made by Burstein SH, et al. 1988 [12], Gihring H, et al.
2001[14], Anikwue R, et al. 2002 [15] and Bujalska M.
2008 [29]. Oral administration of indomethacin decreased
the hiperalgesia produced by A9-THC - a cannabinoid
agonist, but in intrathecal administration did not influence
the analgesic effects of HU 210 — another cannabinoid
agonist. In chronic oral administration A9-THC decreased
the effects of indomethacin, possibly by a
pharmacokinetic mechanism (A9-THC interfered the
metabolism of indomethacin). The interference of
indomethacin on the cannabinoid system is relatively
controversial. Anikwue R, et al. 2002 [15] concluded that
indomethacin might not react on the cannabinoid system,
while Gilihring H, et al. 2001 [14] showed that
indomethacin acted by means of the CB receptors. In his
study, Bujalska M. 2008 [29] showed that indomethacin
might potentiate the low doses of CB1 and CB2 agonists
in a neuropathic pain model. Taking into account these
studies, we can conclude that indomethacin interfere the
cannabinoid system either by the CB receptors or by a
pharmacokinetic mechanism.

Fowler CJ, et al. 1997 [13], Seidel K, et al. 2003
[18] and Guindon J, et al. 2006 [22] in their studies with
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ibuprofen, ibu am5 and flurbiprofen showed that all these
substances  inhibited  FAAH.  Ibuprofen  acted
synergistically with anandamide. This effect of ibuprofen
was highlighted in experimental models for acute pain and
also for neuropathic pain. Guindon J, et al. 2006 [22]
concluded that ibuprofen potentiated the exogenous
cannabinoids. Flurbiprofen, an ibuprofen derivative,
intrathechally administrated proved an analgesic effect
mediated by the endocannabinoid system, as result from
Ates M, et al. 2003 [17], Seidel K, et al. 2003 [18] and
Bishay P, et al. 2010 [34].

Some nonselective COX inhibitors, such as
sulindac, ketoprofen and naproxen had been tested by
Anikwue R, et al. 2002 [15], who showed that these
substances did not act directly or indirectly on CB1 or
CB2 receptors. On the other hand, aspirin proved to
potentiate the effect of HU-210, a CB1 and CB2 receptor
agonist (Ruggieri V, et al. 2010, [33]). After Naidu PS, et
al. 2009 [31] diclofenac acted synergistically with URB
597 (a potent inhibitor of FAAH).

Ketorolac, a selective inhibitor of COX1, had
additive effects in association with WIN 55212-2, a
nonselective cannabinoid agonist (Ulugdl A, et al. 2006
[20]). However, other authors, like Anikwue R, et al. 2002
[15], proved that ketorolac did not act directly or indirectly
on cannabinoid receptors.

The selective COX2 agonists: NS-398,
respectively rofecoxib, potentiated the action of
cannabinoid agonists in acute pain models (Ahn DK, et al.
2007 [27]) or in neurophatic pain models (Guindon J and
Beaulieu P. 2006 [23]). Celecoxib might not have a
cannabinoid effect in the Anikwue R, et al. 2002 [15]
study, while nimesulide showed an effect on CBf1
receptors (Staniaszek LE, et al. 2010 [35]) without
implication on anandamide or 2-AG levels.

Out of all the substances included in the NSAIDs
group, acetaminophen was studied the most regarding its
interferences with the cannabinoid system mainly due to
contradictory results. Hogestatt ED, et al. 2005 [19]
showed that acetaminophen could be transformed in AM
404 in the central nervous system by FAAH. This
metabolite is an agonist on TRPV1 receptors, a COX1
and COX2 inhibitor and inhibits the reuptake of
anandamide, with an analgesic effect. There are some
studies using acute pain models realized on animals
performed by Ottani A, et al. 2006 [21] and Mallet C, et al.
2008 [30] and other studies conducted on neuropathic
pain models performed by Dani M, et al. 2007 [28] and
Hama AT and Sagen J. 2010 [32] which sustain the
existence of cannabinoid effects for acetaminophen.
Other studies (Anikwue R, et al. 2002 [15], Haller VL, et
al. 2006 [24]) had opposite results. Hama AT and Sagen
2010 [21] and Costescu M, et al 2010 [36] studied the
association between acetaminophen and gabapentin,
morphine or ibuprofen. They concluded that CB receptor
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blockers could antagonize the analgesic effects of these
associations.

Conclusions

1. A clear antagonist, additive or synergic effect
of NSAIDs-cannabinoid associations was not yet
demonstrated. One of the causes for the variety of
experimental results presented might be due to
pharmacokinetic mechanisms, depending on the route of
administration and the dose.
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2. All the NSAIDs that inhibit COX2 can influence
the cannabinoid system because a possible important
degradative pathway for anandamide and 2-arachidonoyl
glycerol might involve COX 2.

3. Some NSAIDs have additional influences on
the cannabinoid system either by inhibiting FAAH (i.e.
ibuprofen, indomethacin, flurbiprofen, ibu-am5), or by
inhibiting @ possible intracellular  transporter  of
endocannabinoids (i.e. acetaminophen).

Table I. Classification of substances that influence endocannabinoid system

Cannabinoid receptor agonists

Classical cannabinoids A9 THC partial agonist of CB1R and CB2R
complete agonist of both CB1R and
HU 210 CB2R
Non-classical cannabinoids CP-55, 940 complete agonist of both CB1R and
CB2R
Specific CB-2 receptor agonist AM 1241
Aminoalkylindoles WIN-55, 212-2 complete agonist of both CB1R and
CBZ2R, slightly selective for CB2R
Eicosanoids Anandamide (AEA) partial agonist of both CB1R and

R-(+)-methanandamide

CB2R and TRPV1 agonist

Met F AEA

2-AG

full agonist of both CB1R and
CB2R

Cannabinoid receptor antagonists/inverse agonists

Diarylpyrazoles and other

derivatives

SR141716A [rimonabant],
AM 251, AM281
SR144528, AM 630

selective CB1R blockers

selective CB2R blockers

Uptake blockers: AM 404

FAAH inhibitors: PMSF, URB 597

14
© 2011, Carol Davila University Foundation|



Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

[G1]

9-07€:(1)€0£190 2002
"1y dx3 [ooewleyd
[ [e o Y anmyluy

1]

ve-Leli(e-1)6eyi6L
190 1002 ‘looew.eyd
rIn3 eys ‘H Bulyno
)]

1-€01:(2)08-994

1661 °|091X0] [00BULIEYd
‘[e18 ‘1D Jajmod

[2)]

'9-220€:(71)Z:AON 8861 T

g3SV4 [B 18 HS uieising

sloyiny

Hedo

10 41,99 8y} Jayya je Apoauipul
1o Apoauip Bunoe jou ale sq|YSN
Jey} pajejs sem Ji os|y (SaIYSN
Um asapsjul Jyblw OHL-6V J0
S8)l|j0ge}aW BWOS) SWSIueyosW
Jneujooew.seyd o) anp aq ybiw
pue JH1-6V jo uonessiuilpe
21UOJYD 0} BNp JOU SEM

Sjoajle SC|VYSN Jo uoljels)je sy

‘Aemyjed

uipue|bejsoud ayj uo asuanjul sy
10 Juspuadapul aJe jey} saiadoud
2isabjeue pamoys (Lz-NH

‘usjoldnq Jo sasop ainadelsyy
ay) buimoyioj ‘pajosye aq Jybiw
aplwepueue JO WSIjoge}sw ay |

‘suipue|Bejso.d Jo sjans)
anssi) pajeas|d (QHL-6v) Bnip
Jualed ay) sealaym SISayiuAs
plouesools payiqiyul pioe
010-||-OHL1-6V 8ljogelsw 8yL

uoIssnoasiqg

'pajsa)

SAIVSN 8y} JO sjoa)ja 3y} paXd0|q
825y LS ‘VILLLYLYS JayleN
"pa1sal SQIVYSN 8y Jo s1oayle oisabjeue
8y} Jaj[e Jou pIp apiWepuRURy)aW
U)IM JusLU}Eal) o1UoIyD)

"paj08]ap JOU SEM 08|00} ‘QIX008][80
‘Ulpey}aLopUI ‘ulidse Jo Joaye

a8y 8|lym pasesioap usydoulweisoe
puE 2BUBJOJIP JO 10818 dIsabjeue ay)
OHL-6V UJIM JusLjeal) o1uoJyD Joyy

0L2-NH J0 108ye dIsableue

ay} ajenuajod jou pip Ing uoionpoud
suipuejbeysold aandaoooucid uo J0ayse
0l¢ NH 8y} psdnpai uloeyiswiopul
"WSI|oge}sw aplwepueue

au} iqiyul Jou pip usxoideu

pue usjoido}ay ‘usydouiwe)sde
‘9epulIns ‘uuidsy 'ZX 0 o uoniqiyul
10} palinbal se spnjubew swes

3} JO SeM WISI[0ge}aW SpIWEPUBUE JO
Jojiqyui ue se uajoudnai jo Aousjod ay |
‘PIoE 010-| L -OH1-6V

J0 UIoBY1aWOpUI JBY}I8 JO UoljeJISIulLpe
Joud Aq payiqiyur 8q pinod
eisabjesodAH "usas sem eisabjeiadAy
pasunouoid e ‘uoljelisiulwpe

OHL-6V Jeye ulw o}

Apnis 8y} Jo synsa 8y |

(801w ur) 358}
Buiyyum suouinb
-ozuaqjhuayd ay |
SIsAjeIpoJoIW
leuids

(|01

u1) 19} Uljew.oy
pue ol jie|

uone.eda.d
auelquiaw
Je||9ga.80 jey

(e01w ul)
1se) ajejd joy 8y

pash poyjsw
[eJuswadx3

(d)

8CayIHS
'VILLIYLYS

‘apiwepueueylow
‘aulwe|oueyla
‘pIoe dluopIyoele
‘aplwepueue

‘OHL-6V

('yr1 pue o-d)
0L2-NH

(od)
PIoe 210-| |-OHL-6V
OHL-6V

paJsjsiulwpe
(s)siuobejue

‘sisiuobe)
ploujqeuue)

SuoIoBJIBIUI WRJSAS piouIgeuu.D pue SjYSN U0 SaIpns Gz Woj pa)os]0d ejep Jo sisdouAs "z ajqe]

(‘od)

JBUBJOIP
usydouiwelade
‘0e|0J0}8Y ‘qIX028]80
‘uroeylaWOopUl ‘uLIdsy

(w)
uIoBYIaWOopU|

usxoideu ‘usjoidolsy
‘usydoulwe}soe
‘oepulins

‘upidse ‘usjoudnq)

(od)

uloBYIBWOpU|
(suoyqiyul

X09? ‘suipuejbejsoud
‘s10s1ndaud
suipuejbeyso.d)
Aemyyed
9seuabAxo0joh)

15

© 2011, Carol Davila University Foundation|



Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

2]

£2-v18:(2)0g:unr 9002
‘ABojooew.eydoinaN 'd

najneag pue [ uopuing
[zZ]

£6-8:(2-1)1.211e|N 9002
‘uled ‘e 18 ‘r uopuing
[12] 1-08Z:(c-1)1egiG1
@4 9002 ‘|0oew.eyd
[In3 -[eje 'y ueno

[oZ]

L-€v¥:(2)201 ge

9002 Bleuy

yisauy ‘e 18 v 106n|n

61]

21-60v1£:(9€)082'6
das 500z "wayd
loig *[e 8 ‘a3 neiseboH

(81]

201-66:(2)8¢e¢:L2

o4 £00Z heT
[0S0JN3N ‘e 18 ‘Y |oples
(2]

09-/65:(€).1-qe4
£00¢ ‘19s0inaN
ran3 ‘e e ‘| sely
[91]

£9-¢51:(e-2)vStisL
AON 200¢ ‘|0dew.eyd
rIn3 ‘e je ‘H buuyng

‘Slewiue 21yiedoinau Ul JolABYaq
uled pasesioap suoneuIquod
JIay} pue gixoasjol ‘usjoidnql

‘apiwepeue pajaalul A||eaoT
"d¢do pue

199 plouiqeuues yjoq Buinjonul
S108)48 2Isabjeue ansiBiauAs
paonpoud uajosdngl yum

SpILEPUBUE JO UORBUIGWIOD 8y |

‘wa)shs
pIoUIGeUUBD 8y} SAJ0AUI JyBiw
eisabjeue paonpul-jowe)sdeled

"0B|0J0}8Y PUB Z-Z12°GS NIM
USBMIB SUOIJOBIBIUI BAIPPE
pamoys sisAjeue aiydeiBbiojoqos|

usydouiwe}sde yym juswies.)
Buimojo} wajsAs snoAssu sy} Ul
YOYINY 8)jogejew oisableue au}
JO 8OUBLINIJ0 U} IO} WISIUBYOSW
Jenosjow e papiroid Apnjs ay
uonew.oy

SPIOUIGEUUBI0PUS SPIEMO)
WISIjoge}aW PIO. IUopIYOeIe

4O H1us 8y} 8q Jybiw esesja
d¥99 [eulds uo Joays Aojqiyul
usjoidigunyy J0} WiSiUBYIBW 8Y |

eisabjeue paonpul
-usyo.diginyy Buieipaw ui sjou
Jolew e pake|d spiouigeuuedopul

SpiouIgeuuedopus
10 [oA8] 8y} Buisealoul

£q 10 4199 jo uone|nw)s

£q payoe 1ybiw udeyswopuy|

"0£9INY 1o LGZNY Ag peziuobejue
JOu alam S|YSN 8saul JO Sjoalje ay |

"elsablesadAy [ewsay)

pue eluApoj|e [ealueyos pasesldsp
Apueaiyubis suopeuIquIod JIay}

pue qix098j0. ‘usyoidnal ‘apiwepueuy
‘0N

Aq payqiyul Ajlersed Ajuo ing | GZINY Aq
paziuobejue Ajg}e|dwod pue ansibisuAs
Sem usjoidnq| pue apiwepueue
usamjaq uonoeJajul disabjeuy
VOl./Ly) dS Pue | 8ZAY

Aq paziuobejue s usydoulwe)aoe

10 AyiAoe aisabjeue ay |

188}

Buiypm ayy ul eisabjeue juspuadap
8S0p paonpo.d UoRBUIGWIOD Ul JO SUOJE
18yy1e 9ej0.I0}8Y PUB Z-Z1.2'GS NIM
suipuejbeyso.d Jo SIsayjuAs pue g
-X0J Pue |-X0Q pailind payqiyul yeyy
POPINY JsiuoBe | Ad¥ | Jusjod ey wioj
0] (uspuadap HyV4) ploe oluopiyoele
yym parebnfuod sem ‘jousydoulwe -d o)
uone|f1eaeap Buimoo} ‘usydoulwe}aoy
23 uipuejbeysoud

JO UoljelISiulwpe-09 Aq jou

g ‘1.GZ-NV Aq pasianal sem uojgiyul
SIyL "asesjal gy9 [eulds pajqiyul
usjoudiqunyy ‘AuejiuS “asesjal 4499
paonpul uiotesded payqiyul OHL 6V

Z3 uipue|bejso.d

Aqj0uIng ‘L GZ-NY JO UoKeSIUWpPE
-00 8y} Aq pasianal sem ("yy1)
usjoudigunyy Jo 1088 aIsabjeue ay |

'z3 uipuebeysoud

J0 UoISNjuI-09 Aq U Ing ‘LGZNY

1O UoNBASIUILPE-00 AG pasianal
sem eisabjeue psonpul-uioeyaWopU|

sjel aiyiedoinau
u eisabesadAy
[ewlay}

pue eluApoje
[BOIUBYOBW

10 Uoijenjeas

(sped u))
1S9} uljewo) ayy

sjel ul
1581 9jeyd joy sy

(801w ur) 358}
Buiyyum— paonpul
-pIoe 21}9%e 3y |
(9

‘Aessy awAzug
HVV4 pailnd
1eY) siuswuadx3
gjeusbowoH
anssi|

(sped u))
[opow uoisnyiad
-1adns |euids ay |

(sped u))
1S9} Uljewlo} ay |

(901w pazAjelp
-0J01W Ajjeurds ui)
189} Ullewoy ay |

(med puy ayp ur)
0S9NY

LGZINY
apIepueuY

0S9NY
LGZNY
(1d)
aplwepueuy
(d)
YOLLLYLYS
L8ZINY

(0s)
C-CLT'SSNIM

(urn)
LSZINY

OHL -6V

(p)
LGZNY

(w)
LGZNY

(med puiy ayp ui)
QIX008J0Y
usjoidnq|

(1d)
usjodnq|

(0d)

usydouiwe)eoy

(0's)
oB|0J0}8Y

usydouiwe)eoy

()
Z3 uipue|bejsoid
usjoidiquni4

(1)
usjoudigin4
Z3 uipue|bejsoid

(w)
Z3 uipue|bejso.ld

uloeyjaWOopU|

¢l

7’

0l

ity Foundation|

iversi

© 2011, Carol Davila Un

16



Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

gl

'96-8:(1)6zeHdy

600¢ "8y dx3 jooeuLeyd
[ '[e18 ‘Sd npieN

[og]

'002-061:(1)6€1-0¢ des
8002 "Uled "2 18 ‘D 18]l
[62]

00Z-¢61:(£)28'8002
‘ABojooew.eyd

I\ exsjelng

(82

AN VIR )
AON /00¢ ‘|0dew.eyd
rin3-eje ‘| lueg
(L2

'26-62:(2-1)ZEL-NON
1002 "Uied "2 18 ‘) uyy

[oz]
9¢-92:(€-1)996-2¢
unr /00¢ ‘|odewleyd
[in3 e je ‘S ioH
[cz]

Ge-v2:(1)08-€ 980 9002
108 917 *[e 18 “Ir Asjim

[vz] 8-09:(¢-1)9vS82
dasg 900z ‘j0oew.RYd
[In3 ‘e Je “IA JajleH

'}sey Buipum

ay) ul AjjeansibisuAs pajoe
2BUSJODIP PUB /8G g4N ‘SisAleue
a1yde.Bojoqosi o) buipioaoy
‘uonejnuis ¥ 90

UO $0 INV 10 JUBLISA|OAUI J08JIPUI
pue $0FNY ol usydoulwe)eoe
JO Wisljogelaw juspuadap-Hy'y4
:80 p|nod eisabjeue paonpul
-uaydouiwe)ade ul sdajs om|

‘sisiuobe

€40 pue | gD JO S3Sop MO|

ay) sjenuajod Jybiw uoeywopu|
‘usydouiwe)aoe

Aq paonpoud eisabjeue

Ul WiasAs pIoUIGRUUBIOpUS

3} jo uoipeol|du

ay paysabbns Apnis ay |

"PAAISS]O SEM
usydouiwe)aoe o ‘uleyiswopul

10)GIYUI Z-XOD SA}I38S B
UM 2-C1L ¢GGNIM JO uonenusiod

‘siojqiyul
aseuabAx00joko-ase|oipAy apiwe
pIoe Ajje} pauiquiod Jo [enusjod
annadesay) ay) Jo Apnis ay)

Jo} |njesn aq Aew punodwod ay |

"peAjoAul 8 ybiw |80
uou jey) paysabbns apiwepueue
JO S}08Y8 OAIA Ul 8y} dziuobejue

0} V9l LLy1YS Jo ainjiej 8yl

‘Remyjed uied zgo-uou ‘199
-uou e elA eisabjeue paonpoid
19} sy} ul usydoulwe}eay

‘suopjoeJajul disabjeue
a11s1618UAS pamoys deusojdIp
pue /6GddN 0 suoljeuiquog

‘usydoulwe}soe

10 10818 2Isabjeue ayy passaiddns
HVV4 J0 uomqiyui ‘usydouiwe}sde jo
uonoe oisableue sy} paysijoge | GZINY
Yav-4sN

Pue | ZLINY ‘2-21.2'GS NIM JO Sesop
MOJ JO S}0BYo JIsabjeue ay} paseasoul
Ajanissaiboud

UIDBY}SWOpUI Ypm Juswiesaliaid a1uoiy)
0E9NYV Pue | GZNY

Jo uoessiuiwpe sy} Aq payqiyul

aIam s198Yd 8say ] ‘Apuspuadap

-asop eisabjesadAy pue eiuApoje
[EOIUBYOBW Pasealdap usydoulwe)aoy
"096-0S Buimojjo} Jou inq
‘usydoulwie)ade ‘uloeyBWwopul ‘g6£-SN
JO UONe.SIUIWPE [eulalsioeul Buimojjoy
BAI}08)J8 BWEI] UOjeJISIuILIpe
[eulajsioeul Aq eisabjeue Buronpoid

U 2-212'GS NIM JO 8S0p 8Adaj8uI Uy
‘uajoldnq! ueyy Apuajod ajow s¥zZgD
uewny 0} pue sy|. g uleiq jel o}
0v6'65dO-[He] Jo Buipuig sy} payqiyul
G-We Nnq| "Jauuew aA}}edwoo-uou e u
HvYV4 Aq sisAj0ipAy apiwepueue uleiq
Jel pajiqiyul G-we ng| punodwod ay|

'V9LLLY LS Aq paxoojq
SEM SOUBJSQNS JBY}Iau Inq spiwepueue

Se peJa) Ul Sjo8)8 Jo ajoid
auwes ay) peanpoud pioe SluopIyIeIY

‘8eGyy1 S

pue y91/L¥1YHS Aq pesoolq Jou siem
usydouiwe}ade Jo s}oaye aisabjeuy

(e01w ul)

158}

Buiym paonpul
-ploe a|oe ay |

S19)
ured |eaiwayo
pue |eajueyosuw
‘lewayy

[opow
ured a1yredoinau
paonpul-(Z1s)
uro0jozoydang
sjel oyedoinau
ul eisablesadAy
pue eluApoje
[EOIUBYOBW

JO Uonenjens

(s1ed ui) yuiol Je
[ngipuewo.oduws)
Ul ujew.oy

JO uonaalul
JejnoiJe-enu|

(sped u))

sAesse |99 JoBul
10 syuswuadxs
ajeusbowoy
anssi|

(Asdsjejea

pue elwisyiodAy
‘uonepas
‘eisabjeue

10} S1S8})) BOIW

ul [spow pesa |
(|01

ur) 188} buyim su
ouinbozuaqjfusyd
|yl

(s)
£6584N

(0's) 4SINd

(d'1) z658dN
(d)

| GCNY

(d)

(yuawyeal; o1U0IYD)
Vav-4-18N

LY LINY
2-CLC'GSNIM

(1d1)
0S9NY
LSZINY

(jeussysioeu)
2-CLT'SGNIM

(1)

VIL.LLy1YS
apiliepueuy

(d)
82571YS
VOLLIPIYS

(0s)
oeUBJOpIg

(0d)
usydouiwe)soy

(0s)
(uawieal
21U0JYD) UIDBYIBWOPY|

(19 1) usydouiwe)eay

(lewssysioeur)

09¢

-0S ‘usydoulwe}eoe
‘uloeylawopul
‘86€-SN

(usyoudnq

Jo anbojeue [A-Z
-UtpuAd-iAyrew-g ayy)
g-we nq|

(A1)

pIoe dluoplyely

(d)

usydouiwe)soy

0¢

6l

8l

Ll

9l

Gl

145

€l

17

© 2011, Carol Davila University Foundation|



Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

[o¢]

¢¥g 11 '} |ddng

‘201 ‘010z “ABojooixo
9 ABojodeuleyd
[ealulD pue

JISeq |e 8 ‘|\ n9s8)so)

[gel
'9/-699:(€)o9} :unp

0102 109euLeYd
[1g [e10 ‘37 Yozseluels

[vel

'829018:(G)g'¢L

Kew 0102 8U0
S07d ‘e 18 ‘d Aeysig
eel

L-01G:(p)
-€1)98:22 1eIN 0102

103 )17 '[e J0 ‘A Lalbbny

(z¢l

'99-85/:(G
-p)8G-1dv-1ejy 0102
‘ABojooew.eydoinaN
' usbeg pue |\ eweH

SuoljeUIqUIOd
usjoldngl-usydouiwe)soe

10 108)48 21sabjeue jo Jed

e 10} 8|qisuodsal aq Jybiw wajshs
plouigeuued ayy burouanju

oV

-z 10 aplwepuBue Jo uoneaijdw
ue Jnoyim ‘Y99 uo Juspuadap
81aM 3pINSaWIU 0) Sasuodsay

‘uled ojyjedoinau 21U0IYd By} JO
pus) 0} swisjueydsw snousbopus
3y} panoidui usjoidigunyi-y

"WSIUBYISW pIoUIqeuued
J0 uonedionued jo8a1pul

ue uo puadap Jybiw uLidse
pue 0L ZNH Jo sjoays aisableue
ay} Jo uonenusjod [emnyy

SuoleuIquod

usydoulwe}ade Jo S}oaye
aIsabjeue ansibisuAs ay) sjeipaw
1ybIw wa)sAs piouigeuuedopus
33 JO uolenpoy

paseaddesip

159} aje|d Joy ul uonenusjod

8} pue pasea.dap i 18} Buiypm

Ul 103}48 SARIPPE 8} | 8ZINY Buippy
1s9} 8je|d Joy Ui uorenuajod pue

19} Bulyum Ul 10840 dIsableue aAIppy
"PAJBAS|S JOU BI9M SPIOUIGBUUBI0PUS
Jo sjeAs) eulds “LGZINY Ag

PaY20|q 8JaM Jey} SUOINSU UIOY [ESIOp
JO sesuodsal paxyoAs Ajjedlueyosw
paonpai Ajuesyiubis spinsauuiu

Jo uonoalul ‘jesayduad jou Ing ‘jeulds

‘Ainoe Hyv4 payaiyul

os|e ‘Ainfur aassu 21jeIos Aq payoAs pJod
leurds 8y} Jo UIoy [BSIOP 8y} Ul 8SES|a!
ajewe)n|b paonpal usjoidiqin-y
"uoljeulquod uuidse snid

012NH 8y Aq peonpul eisabjeue Ajipow
0} pajie} pue as Iad aAl0ayaul Sem
Y91LLyLYS “uLlidse jo 8sop aAlde-gns
ay) Jo Joaya disebjeue sy} paseasoul
Aueoyubis 0L ZNH J0 S8S0p MO
"uojeuIquIod

aulydiow + uaydoujweysoe

au} Jo Aoeauys sy} paanpal

0E9NY Pue |LGZNY Yiog “uoljeulquiod
unuadeqeb + usydouiwe)soe

aU} Jo j10aye d1sebjeue ay) paysiulwip
Apuesyiubis | GZINY Yim Juswiesij-aid

(901
ut) se} ajeyd joy
pue 19} Buiyum

pioe 218y
sisAjeip

-0Jolw |euidg
sjeJ Ul suoinau
uloy [esiop

Jel Jo sasuodsal

peXoAg

sjed ul Aunfu
BAJBU J[JeI0S JaYe
‘sisAjelpo.olw
pJ02 |euldg

(sied

ur) S}se} Ulfeuoy
pue aje|d-10y
pJ02 |euids
J1oeJoy}-piw 8y}
10 uoissaidwod
ajnoe Jaye
AianisussiadAy
Mmed puly

JO dInseaw ay |

(d)
18ZINY

(y)
LGZNY

(d)
0L2NH

(0s)
0S9INY
LSTNY

(0d)
usydouiwejede
UM pajeroosse
(*d'1) usyoudnq)

(y)
apInsawiIN

usjoudiginii-y

(d)
uLidsy

UONBUIGUIOD JIBY)

pue (-o's)unuadeqeb

‘(a's) auiydiow

(-d1) usydouiweyeay

Gc

ve

174

44

74

18

2011, Carol Davila University Foundation




References

Coman OA, Paunescu H, Coman
L, Badarau A, Fulga I. Recent data
on  cannabinoids and their
pharmacological  implications in
neuropathic pain. J Med Life. 2008
Oct-Dec;1(4):365-75.

Huwiler A, Pfeilschifter J. Lipids as
targets for novel anti-inflammatory
therapies. Pharmacol Ther. 2009
Oct;124(1):96-112.

Burstein SH, Rossetti RG, Yagen
B, Zurier RB. Oxidative metabolism
of anandamide. Prostaglandins
Other Lipid Mediat. 2000 Apr;61(1-
2):29-41.

Kozak KR, Marnett LJ. Oxidative
metabolism of endocannabinoids.
Prostaglandins Leukot Essent Fatty
Acids. 2002 Feb-Mar;66(2-3):211-20.
Matias |, Chen J, De Petrocellis L,
Bisogno T, Ligresti A, Fezza F,
Krauss AH, Shi L, Protzman CE, Li
C, Liang Y, Nieves AL, Kedzie KM,
Burk RM, Di Marzo V, Woodward
DF. Prostaglandin ethanolamides
(prostamides): in vitro pharmacology
and metabolism. J Pharmacol Exp
Ther. 2004 May;309(2):745-57.
Guindon J, Hohmann AG. A
physiological role for
endocannabinoid-derived products of
cyclooxygenase-2-mediated
oxidative  metabolism. Br J
Pharmacol. 2008 Apr;153(7):1341-3.
Sagar DR, Gaw AG, Okine BN,
Woodhams SG, Wong A, Kendall
DA, Chapman V. Dynamic
regulation of the endocannabinoid
system: implications for analgesia.
Mol Pain. 2009 Oct 8;5:59

Wilson RI, Nicoll RA.
Endocannabinoid signaling in the
brain. Science. 2002  Apr
26;296(5568):678-82.

Sink KS, McLaughlin PJ, Wood
JA, Brown C, Fan P, Vemuri VK,
Peng Y, Olszewska T, Thakur GA,
Makriyannis A, Parker LA,
Salamone JD. The  novel
cannabinoid CB1 receptor neutral
antagonist AM4113 suppresses food
intake and food-reinforced behavior
but does not induce signs of nausea
in rats. Neuropsychopharmacology.
2008 Mar;33(4):946-55. Erratum in:
Neuropsychopharmacology. 2008
Jun;33(7):1776. Pang, Yan
[corrected to Peng, Yan]; Olzewska,
Teresa [corrected to Olszewska,
Teresa).

10.

1.

12.

13.

14.

15.

16.

17.

18.

Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

Aronoff DM, Oates JA, Boutaud O.
New insights into the mechanism of
action of acetaminophen: Its clinical
pharmacologic characteristics reflect
its inhibition of the two prostaglandin
H2 synthases. Clin Pharmacol Ther.
2006 Jan;79(1):9-19.

Pierre SC, Schmidt R, Brenneis C,
Michaelis M, Geisslinger G,
Scholich K. Inhibition of
cyclooxygenases by dipyrone. Br J
Pharmacol. 2007 Jun;151(4):494-
503.

Burstein SH, Hull K, Hunter SA,
Latham V. Cannabinoids and pain

responses: a possible role for
prostaglandins. FASEB J. 1988 Nov;
2 (14) :3022-6. PubMed
PMID:2846397.

Fowler CJ, Stenstrom A, Tiger G.
Ibuprofen inhibits the metabolism of
the endogenous cannabimimetic
agent anandamide.  Pharmacol
Toxicol. 1997 Feb; 80 (2) :103-7.

Giihring H, Schuster J, Hamza M,
Ates M, Kotalla CE, Brune K. HU-
210 shows higher efficacy and

potency than  morphine after
intrathecal administration in the
mouse formalin test. Eur J

Pharmacol. 2001 Oct 19; 429 (1-3)
:127-34

Anikwue R, Huffman JW, Martin
ZL, Welch SP. Decrease in efficacy
and potency of nonsteroidal anti-
inflammatory  drugs by chronic
delta(9)-tetrahydrocannabinol
administration. J Pharmacol Exp
Ther. 2002 Oct; 303 (1) :340-6.
Giihring H, Hamza M, Sergejeva M,
Ates M, Kotalla CE, Ledent C,
Brune K. A role for
endocannabinoids in indomethacin-
induced spinal antinociception. Eur J
Pharmacol. 2002 Nov 15; 454 (2-3)
:153-63.

Ates M, Hamza M, Seidel K,
Kotalla CE, Ledent C, Giihring H.
Intrathecally  applied flurbiprofen
produces an  endocannabinoid-
dependent antinociception in the rat
formalin test. Eur J Neurosci. 2003
Feb; 17 (3) :597-604.

Seidel K, Hamza M, Ates M,
Giihring H. Flurbiprofen inhibits
capsaicin induced calcitonin gene
related peptide release from rat
spinal cord via an endocannabinoid
dependent mechanism. Neurosci
Lett. 2003 Feb 27; 338 (2) :99-102.

© 2011, Carol Davila University Foundation|

19.

20.

21,

22,

23.

24.

25.

26.

Hogestatt ED, Jonsson BA,
Ermund A, Andersson DA, Bjork
H, Alexander JP, Cravatt BF,
Basbaum Al, Zygmunt PM.
Conversion of acetaminophen to the
bioactive N-acylphenolamine AM404
via fatty acid amide hydrolase-
dependent arachidonic acid
conjugation in the nervous system. J
Biol Chem. 2005 Sep 9; 280 (36)
:31405-12.

Ulugdl A, Ozyigit F, Yesilyurt O,
Dogrul A. The additive
antinociceptive interaction between
WIN  55,212-2, a cannabinoid
agonist, and ketorolac. Anesth
Analg. 2006 Feb; 102 (2) :443-7.
Ottani A, Leone S, Sandrini M,
Ferrari A, Bertolini A. The
analgesic activity of paracetamol is
prevented by the blockade of
cannabinoid CB1 receptors. Eur J
Pharmacol. 2006 Feb 15; 531 (1-3)
:280-1.

Guindon J, De Léan A, Beaulieu P.
Local interactions between
anandamide, an endocannabinoid,
and ibuprofen, a nonsteroidal anti-
inflammatory drug, in acute and
inflammatory pain. Pain. 2006 Mar;
121 (1-2) :85-93.

Guindon J, Beaulieu P.
Antihyperalgesic effects of local
injections of anandamide, ibuprofen,
rofecoxib and their combinations in a
model of  neuropathic  pain.
Neuropharmacology. 2006 Jun; 50
(7) :814-23.

Haller VL, Cichewicz DL, Welch
SP. Non-cannabinoid CB1, non-
cannabinoid CB2 antinociceptive
effects of several novel compounds
in the PPQ stretch test in mice. Eur J
Pharmacol. 2006 Sep 28; 546 (1-3)
:60-8.

Wiley JL, Razdan RK, Martin BR.
Evaluation of the role of the
arachidonic acid cascade in
anandamide's in vivo effects in mice.
Life Sci. 2006 Dec 3; 80 (1) :24-35.
Holt S, Paylor B, Boldrup L,
Alajakku K, Vandevoorde S,
Sundstrom A, Cocco MT, Onnis V,
Fowler CJ. Inhibition of fatty acid
amide hydrolase, a key
endocannabinoid metabolizing
enzyme, by analogues of ibuprofen
and indomethacin. Eur J Pharmacol.
2007 Jun 22; 565 (1-3) :26-36.

19



27.

28.

29.

20

Ahn DK, Choi HS, Yeo SP, Woo
YW, Lee MK, Yang GY, Jeon HJ,
Park JS, Mokha SS. Blockade of
central  cyclooxygenase  (COX)
pathways enhances the
cannabinoid-induced antinociceptive
effects on inflammatory
temporomandibular  joint  (TMJ)
nociception. Pain. 2007 Nov; 132 (1-
2) :23-32.

Dani M, Guindon J, Lambert C,
Beaulieu P. The local
antinociceptive effects of
paracetamol in neuropathic pain are
mediated by cannabinoid receptors.
Eur J Pharmacol. 2007 Nov 14; 573
(1-3) :214-5.

Bujalska M. Effect of cannabinoid
receptor agonists on streptozotocin-
induced hyperalgesia in diabetic
neuropathy. Pharmacology. 2008; 82
(3) :193-200.

30.

3.

32,

33.

Journal of Medicine and Life Vol. 4, No. 1, January-March 2011

Mallet C, Daulhac L, Bonnefont J,
Ledent C, Etienne M, Chapuy E,

Libert F, Eschalier A.
Endocannabinoid and serotonergic
systems are needed for

acetaminophen-induced analgesia.
Pain. 2008 Sep 30; 139 (1) :190-200.
Naidu PS, Booker L, Cravatt BF,
Lichtman AH. Synergy between
enzyme inhibitors of fatty acid amide
hydrolase and cyclooxygenase in
visceral nociception. J Pharmacol
Exp Ther. 2009 Apr; 329 (1) :48-56.
Hama AT, Sagen J. Cannabinoid
receptor-mediated  antinociception
with acetaminophen drug
combinations in rats with neuropathic
spinal cord injury pain.
Neuropharmacology. 2010 Mar-Apr;
58 (4-5) :758-66.

Ruggieri V, Vitale G, Filaferro M,
Frigeri C, Pini LA, Sandrini M. The

© 2011, Carol Davila University Foundation|

34.

35.

effect of
is differently

antinociceptive
acetylsalicylic acid
affected by a CB1 agonist or
antagonist and  involves  the
serotonergic system in rats. Life Sci.
2010 Mar 27; 86 (13-14) :510-7.
Bishay P, Schmidt H, Marian C,
Héussler A, Wijnvoord N, Ziebell
S, Metzner J, Koch M, Myrczek T,
Bechmann I, Kuner R, Costigan M,
Dehghani F, Geisslinger G,
Tegeder I. R-flurbiprofen reduces
neuropathic pain in rodents by
restoring endogenous cannabinoids.
PLoS One. 2010 May 13; 5 (5)
:10628.

Staniaszek LE, Norris LM, Kendall
DA, Barrett DA, Chapman V.
Effects of COX-2 inhibition on spinal
nociception: the role of
endocannabinoids. Br J Pharmacol.
2010 Jun; 160 (3) :669-76.



