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METHODS TO RELI EF PAIN The present invention rel ates
to pain relief and, in particular, conpounds for use

wa@gooanadgesi cs. The control and relief of pai NnPCEGBR005/000597

i mportant branch of nedicine. Pain may conme about both
as a result of disease or injury as well as a result
of medical treatnent suchjas chenot herapy. In each
case, it is inmportant to alleviate the pain as nuch as
possible so as to enable the sufferer to function

normal ly. Pain i S"ETHERHIPeREYERSE T on and is the nost

comon synptom of di sease. Pain may be nociceptive
pain, which is due to a_noxious stinulus (chem ca
The paeseat nveatinaneletas tetpeiy relipftandc in partisslapasgmpounds for
receptors, or neuropathic pain, which results from
USRS UYL ECBYS t he central or peripheral nervous system
Pain may al so be classified as being acute or chronic
in nature. Acute pain is usually a result of injury

Thé@ofitrol hAd AElicITofGase 8581 impbrth@skraneh sfignddi¢ingePaidmbas
typically resolves as the injured tissue heals or soon

combt @voutGhwthnasc apeisnlti of disgasd yrdafuryeas bradhabya aagihlt of
arbitrarily as a pain persisting for over., qne nonth

megispd rigratment s4dh as iFMDEAPYC I Sarh S8t i UMPOTRAR o
iy B odth & sbEfbpoRRololo Rl TaRAPR Hieyh

noRhalw ogressed (The Merck Manual, 1999). Several pain
syndrones are difficult to classify according to these
criteria. These include, for exanple, chronic headache
and continuous acute pain, produced by the invasion of

Paisotsya cpmpless sensatian jagddn tthaimed wmmppsyarieg) of disease.

PSSl 90 S5 SRS R e i
the?R1, SHBSEAHEN ) PERUESSte? pain receptors, or neuropathic pain,
which results from disease of the central or peripheral nervous system. Pain
may also be classified as being acute or chronic in nature. Acute pain is
usually a result of injury (e.g. trauma or disease), it lasts a short time and is
typically resolves as the injured tissue heals or soon after. Chronic pain is
usually defined broadly and arbitrarily as a pain persisting for over one
month beyond the resolution of an acute tissue injury, pain persisting or
recurring for more than three months, or pain associated with tissue injury

that is continued or progressed (The Merck Manual, 1999).

Several pain syndromes are difficult to classify according to these criteria.
These include, for example, chronic headache and continuous acute pain

produced by the invasion of body tissues in malignant diseases.

Two neural pathways relating to pain act concurrently in the body: (1) a
sensory pathway which senses tissue damage and subsequently produces a

feeling of pain; (2) an analgesic pathway which reduces the feeling of pain
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feeling of pain; (2) an anal gesic pat hway which
reduces the feeling of painand prevents the flow of
WO pdosomEri on about the pain to the central nerRPOUEB2005/000597
system (CNS), thus allowi ng the organismto maintain
it's normal activity in spite of an injury. Since
these are different path®ays, they are affected by
di fferent substances. For exanple, aspirin and
and Bﬂrgﬁéﬁé e V\Ebﬁf el EmAiort BBoMethe RIMeH 8 tseBeaEM] nervous
at hway, I I'e nmorphine and rel ated substances are
systegt (CNSRnhtiall @mialgghs iocgayahemmaipiaii i, nawedl agivity in
_nor phine and rel ated opi oid conpounds are consj derg%
spitaoftameinjirst Spneethesaats didtarentapahvayaibcy Adegiieried by

SRl kBl SSHREF R SR pel 35
pe RS RES PR, S0 p BB ol B s

actitlé bl thehhalbedieagigedn0 i ncreasi ng dosage of the drug
bei ng needed for exerting the analgesic effect and to
subsequent w thdrawal synptons. Further side effects

Onigi: ruds m¥iwiingaissitl Pl bponuAdh AeatSitur
T e

paifl SR et ASHRE hafdRicArigNhelé e deverd Araviyaekt o Iadiig to
mld to noderate pain. Anti-inflanmmatory agents of the

depblisddrde cdrisaldietinn. dn additton, patientytieated with( @pisids tgnd to

i ndonet haci n, di cl of enac and benzydam ne h
devalopdtoleraneaiogihisi digei whishy lsa %%E}%@%&’&ﬁ?ﬁg@e aﬁ ﬁgen dre

st B R R S840 B A s
syn‘g{‘/ﬁﬁs ab|iQfer HUOE 8oty Shiff %ﬁig)ﬁ] geAfsi igRludenBhsea

sfunction and hepatic damage. er maj or class of
sedatiel aed tapirhtory deptegsioh. anaest hetics that bl ock sodi um

Nonopioid analgesics, e.g. cyclooxygenase inhibitors such as
acetaminophen (paracetamol) and other nonsteroidal anti-inflammatory
drugs (NSAIDs) are often effective for treatment of mild to moderate pain.
Anti-inflammatory agents of the NSAID class such as acetylsalicylic acid
(aspirin), indomethacin, diclofenac and benzydamine have been used as
analgesics in pain associated with trauma and inflammation. Common side
effects of the NSAID class of drugs include gastrointestinal irritation and
ulceration, blockade of platelet aggregation, renal dysfunction and hepatic

damage.

Another major class of analgesics is the local anaesthetics that block sodium
channels. Compounds of this class, e.g. lidocaine, when topically applied to
the spine, have been found effective for control of pain after surgery or

trauma, but require expertise and infrastructure to administer and monitor
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channel s. Conmpounds of this class, e.g. |idocaine,
when topically applied to the spine, have been found

we@tdosntri7ve for control of pain after surgery oOPCT/GBNUE/000597

but require expertise and infrastructure to adm ni ster
and noni torproperly. System c infusion of |idocaine
can reduce acute pain, b® requires continuous
nonitoring so that resuscitation from seizures or
prop@e & yaddin REnBgi 510 bitdotdine hdieduce AUt paianbiit eeqeises
of "anal gesics include |ocal anaesthetics, NVDA
contieueys nronotiagost et resuscitatbpy Evsaneigurasdor apnea can be
anticanvul s @i In addition to the above cl asses of
perpgieddsinaed Bfong | aboratory evi dence now underwites
anecdotal clainms of cannabi noid anal gesia in
i nfl armatory and neuropathic pain (Rice et al (2003)

Ad§RBARD H&eg%f and é@ﬁ'cﬁ‘ indliide Rl hR¥SEeticSaNMBRreceptor
Ko zen urg Eds. Seattle: |ASP Press, 437-468). Recant

ant@gbrasis,emtidepeesshardsrand matﬁdcmvutsant&ased our under st andi ng
of cannabi noi d pharnmacol ogy: the psychoactive
cons:]i tuents of Cannabis sativa have been i sol at ed,
synt.heti c. cannabi noi ds desc

Tn GABEER RdBF ADPRC SJROENPT AnmEerva o HaREpLey (§vidence

no@%ﬁ@é}%\gﬂ% &E)ttﬁrcﬁam{s cgﬁd%ﬂﬁaﬁ%ﬂ el %es% af i Bhistory

ana gesic acti ave been i1dentified in

andorRifopaftilt NphinC Riceard AIh€2@03)i Wuanybinsidsh ande plaam din:
t wo presentlng attractlvetargetsfor di vorcin ‘
Dostrayislgs iCararahdp Kadrerthuogi Bdsef Peatls: dJASTadirass, ngﬁ 3545800

date two canpabi nqQi d recept h b d . CBi
Recpgboag fRlICShdBaYE  QTamafisaly NBEisRec st oeiceganding of

. [ r

ool SphlotBed: The s g‘gﬁ?%%e‘f%“%ﬁ%ﬁan ﬁéoﬁe??%abw
satztv)ip'hﬁ% 'éEéﬂJCf’sHIa@ecPOﬁﬁtﬁéﬁé‘gcéﬁna@mcﬁdé r agkibéiarand an

N-term nal domain, seven
endocannabinoid system 1dent1ﬁed together with its component receptors,
ligands and their biochemistry. Sites of analgesic action have been
identified in brain, spinal cord and the periphery, with the latter two
presenting attractive targets for divorcing the analgesic and psychotrophic

effects of cannabinoids.

To date two cannabinoid receptors have been cloned, CB; in 1990 (IMatsuda
et al (1990) Nature 346, 561-564) and CB, in 1993 (Munro et al (1993)
Nature 365 61-65). Both are G-protein coupled receptors and possess the
typical structure consisting of an extracellular N-terminal domain, seven

transmembrane helices and an intracellular C-terminal domain.

Several endogenous ligands that bind to CB; receptors have been
discovered: the two  prototypical ligands are anandamide
(arachidonylethanolamide, AEA) and 2-arachidonylglycerol (2-AG), both
derivatives of a long chain fatty acid (Figure 1). AEA binds to the CB;
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transmenbrane helices and an intracellular Cterm nal
domai n. Several endogenous |ligands that bind to CBi

w0 ewsptors have been di scovered: the two prot oRgPGB2005/000597

| i gands are anandam de (arachi donyl et hanol am de, AEA)
and 2-arachi donyl gl ycerol (2-AG, both derivatives of
a long chain fatty acid (4igure 1). AEA binds to the
CBi receptor and evokes the classical tetrad of

recEﬁt'&P aRh "é%E'esetfhE Hisical Rt fI@hinabinbydefetis| et ahalgesia,
cat al epsy and hypotherm a, as well as having effects

hypomaoliny capaleses and, h}q:mlmrtmat ws awdllcad lhaving effects on
proliferation. It alsog binds to the CB% recept or,

MeWSY PTPLesse sPAEITEFBH @eﬂumpb@ﬁr@m ylt @hbmdé dathe CB,

recEBioipribte Doyt Sof ¥ b pmcais Seab iRt tgt fad ig o

d u d I C ifgher »_
We%gngéé??é’u S *f’?é sV BTy ek o ias

cannabithirh&ti@ dffddis agrhiist foandt eddogehonsly tab @B2h higher
receptors. It has been suggested that 2-AGis tbye

‘ corm@dtrg‘emﬂrélan iAfafrd Iabinds enbBweeklyetor B 1,(tlis afull (aggwy

andbafsm b do! b%c%%ég%'( %&%a%ﬁiav%lgﬁteﬁﬁéaaﬁ@r is the
o SRFOREPRE RODE e CARARSON Pt e

p@@Médl@ﬁ@l rgeq:ga)otors yet sonme of its effects are
prevent ed by tthe CB2 receptor antagonist SR 44528

(SR2) (Calignano et al (1998) Nature 394 277-281;
Farquhar Smth et _al (2002) Pal 97 11-

Palpaiolin@ragaTiee alBEA)cel(E0) 1inel: n39GFbg dagayous

c SOé 513@’['1%? uhar ﬂj%néstlgfw)agidﬁggﬁ%g@ It possesses only

lun?%g' birﬂfnll infB@ny Sz)arféé SisC i fRahe oM itél ¥ffects are
Ilgna al 199 ure 394 277-281; Jaggar et

pre&bn(eﬂ&%sﬁhe%]Bprd:@ Tbﬁi%nﬂ@%msltﬁﬁ)m%%t(sm) (Patighano et al
Epi | epsia 42 321-327; Farquhar - et al_(2002) Pain

(1998) Nature 394 277-281; Farquhar—Smlth et al (2002) Pain 97,°11-21;

Farquhar-Smith and Rice (2001) Anesthesiology 94(3), 507-513; Farquhar-

Smith and Rice (2003) Anesthesiology 99, 1391-1401).

PEA has anti-inflammatory and analgesic effects in vivo (Calignano et al
(1998) Nature 394 277-281; Jaggar et al (1998) Pain 76 189-199; Lambert
et al (2001) Epilepsia 42 321-327; Farquhar;Smith et al (2002) Pain 97, 11-
21; Farquhar-Smith and Rice (2001) Anesthesiology 94(3), 507-513;
Farquhar-Smith and Rice (2003) Anesthesiology 99, 1391-1401), and there
are several theories on how this effect is mediated: PEA may be enhancing
the effects of other endogenous ligands that bind to the CB, receptor (the
entourage effect); or it may be binding to a new non-CB,;/CB, receptor at

which SR2 also acts as an antagonist.
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21; Farquhar-Smith and Rice (2001) Anesthesi ol ogy
94(3), 507-513; Farquhar-Smth and Rice (2003)

w@a@sniesi ol ogy 99, 1391-1401), and there are BEVE6Bal05/000597

theories on howthis effect is nediated: PEA may be
enhancing the effects of other endogenous |igands that
bind to the CB2 receptor (3 he entourage effect); or it
may be binding to a new n-CB1ZCB2 receptor at which
SR2 al so acts as an antagonist.Fatty acid am de

hydrol ase (FAAH) is an enzyne that degrades many
fattyacid am des including the endocannabi noi ds (Boger

Fagly asid pmddohy diotase dEAAH p idadediyina ghatGegmadds any fatty

Letters.1Q 2613-2616). It _is distributed widély in the
ac’df %IP}‘E{C@ %@Pé%éhéﬁngfc@ﬂgbwld& Gogersvel (HHP) Bisorganic
2085 i . 54

oo 3550 QYT s 350515 WBH BEu ik ateberouidebo n
thSBraAP B aRth R bPNRIUE) Pdk KSSENPHAG 0B s SRRTALR S0 ‘Bf‘spu/égél

and PEA (Tiger et al " (2000) Bi ochem cal Pharmacol og

(1998) dquresdpnceRbeters 254 tNa40hRonsdrova 1 00T REbIB&Sar
| ocalisation with CBlL receptors in nany

onpl
Bf%’%ﬁ?ﬁ@é%ﬁ) erg peripheryandais knoogso depadeb@hcAEanshd
PEACPRRRER: 20Tt R b B Recent
IR TN FRTRATTAL, T2 hia ool Wb ¢
receptbos anmahy beaid ye@ions (Biertéva 1909y Lok RIS o FRYHIEES

nor e g{c’iol onged effects, for exanple anal gesic effects.

208bvassincliding thest inwadvédispaiaiidthwhysi t ors have been
di scovered (Martin et al (2000) J Pharmacol Exp Ther

294 1209-1218; Boger et al OI(2000) Proc Nﬂl hAcad Sci
7 - . .PEA |
As St tackpdtes TP e AR BRUIRE B idesmpingifama

anPPEATEGRI bS8 FIRAR- ﬁ&%ﬁb? REGRD ity ByvBURR f‘efffé%{t Jha. the

studi es have been nade of the structure-actiVi
endocannabinoids persist for longer and thus may have more prolonged

effects, for example analgesic effects. Towards these goals various FAAH
inhibitors have been discovered (Martin et al (2000) J Pharmacol Exp Ther
294 1209-1218; Boger et al (2000) Proc Natl Acad Sci USA 97 5044-5049)
and, indeed, PEA itself has some ability to inhibit FAAH (Jonsson et al
(2001) Br J Pharmacol 133 1263-1275).

Recently, a number of studies have been made of the structure-activity of
PEA. Vandevoorde et al (2003) J] Med Chem 46 1440-1448 synthesised
analogues and homologues of PEA in which the ethanolamine head group
was changed and found that none of the compounds were dramatically more
potent than PEA at reducing AEA metabolism by inhibiting FAAH

function.
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PEA. Vandevoorde et al (2003) J Med Chem 46 1440-1448
synt hesi sed anal ogues and honol ogues of PEA in which

wa b@serdianol am ne head group was changed and fPCIGBRIVEN00597

none of the conpounds were dramatically nore potent
than PEA at reduci ng AEA netabolism by inhibiting FAAH
function.Simlarly Jonssof et al (2001) Br J Pharnmaco
13, 1263-1275 synthesi sed a nunber of anal ogues and

Smlﬁ‘i)elfg) PSH48Sn of alPBHOI ) BMY Bharkichl 15 e128happd @yhﬂh@s@@@@

p and the fatty acid tail were nodified
nurﬁbethfs ahelogdes haid t hemelogass | of t PEAdIibf ewlanheboﬂl tﬂm
ability of the anal ogues to reduce AEA Hyst abal i sm

ctb R heackBioaPamd BeREAY apslislleeremediiod e authors
ds di h I
fou%ﬁﬁﬁ#ﬁa%%a%e%ﬁﬁﬁéi%w%@ 6 b e A o fRAe

%I 0 g F%éﬂi @hgﬁ%e&g%)%( a]%@)‘ﬁ’g{éeﬂ 139 the

corﬁ st ddddﬁcﬂ%&ék: AiBAaJpadl@gm@ tlendelh wl’[dnmpaﬂedvtanEA
anges in both the ethanol am ne head group and the

andmmyémlldeﬁdlaﬂ ‘efonrageasompgunds for CB1 and CB2. The
aut hors found that PEA was a weak |igand for the CBl
and CB2 whi | e t he anal ogues and honol ogues essentially

n § fHreR! R0 At SEGPH ok B:AGN RByE Ath derd 260

am n ana ogues es no e any

274 edhBaedome Yapagity VFPEA Rndidt@logles dnavieorhelopdet hatin
conpounS\?mtﬁsfymlarltlgstooé\é%m V\hlchwtgde 8

chazipksirbathi the eframofrrhine Hvadrgroephod the fn}tyam:ld fthi Itca athas
group can act_as _an anal gesic_in 3} nodel s

hgfmds or &Enand 2. (e 4Mb@ﬁtfpgﬁd thag gvats @ewg@ghggncg for
the “CBP % HdC]g;f il e loguR%‘(Qd' ﬁlghlg%eg e%%ly did not

bind the receptors.

WO 00/32200 considers more anandamine analogues but does not provide

any indication of activity in vivo.

We have found that compounds with similarities to PEA in which the
ethanolamine group has been replaced by an allylamine group can act as an

analgesic in animal models.

A first aspect of the invention provides the use of a compound of formula I:
RC(0O)-NH-(CH,),-CH=CH,
wherein R represents Cq.oo alkyl, C.p0 alkenyl or Cs 5 alkynyl; and

n is an integer from 0 to 3,

in the manufacture of a medicament for use in pain relief.
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wherein R represents Cl-20al kyl, C2-20 al kenyl or
C2-20 al kynyl; and nis an integer fromO to 3, n the
worwszorur e of a nmedi canment for use in pain retCT/eB2085/000597
second aspect of the invention provides a conpound of
formula | as hereinbefore defined for use in nedicine.
A third aspect of the invegntion provides a nethod of
providing pain relief to a patient conprising
A agsimi ! e . : 3
o e} U b PILGE b s P PBELhy R ) o

herdiktsafpte dafthed!floy nyd inghedieing. ef erred to herein may be
strai ght or branched-chain. For the avoi dance of

doubt, al kenyl groups may contain one or (where
ubl e bonds (eg 1 to

A BRRLRREL O She RIS SR mon e hon dadtl o (oo 1o,
' - i bon- carb

2 R Sp B0 ool Y O Bl ehy B AL SRR

combpbeany bf fsrthiad Ko Yibregitipie dediHedi N only one point of

unsaturation. Also preferably the al kyl, al kenyl or
al kynyl group is straightchai ned. The conpounds used

in the invention are am des of fatty acids having in
A”@Z‘ oy ta@an%lﬁm’ agxwarﬁefﬁéT%é@ hgrelgpmayhbe ;ﬁmai?gﬁt or
j qe ing.q..or likely to.have, a need for . .
branSh - For 19, 381daRE¢, o Fothy RV T el Bhev Gpmiain
oné OF (WARRPlEpABHIa) RHrC LSRN HouB e Boftfs (eg 1 t0 3
neur opat hi ¢ pain and post-operative pain, chr R
C=CodeublbdokdpaiMioreoters tafityrnyé adaape mayheripgis cieslbak@hare
ost, herpetic neural gia, phantomlinb pain, central
aprgapﬂ?teh apra caghsmncarben iiplerhandst(agtl @af &=C triple bonds).
- gl ated pai visceral pain, surgical pain,
PrefaRfS; e panll kvl agfotRs [SRlR AR Gepeyvait of
unsgg{r%%?; %1%6’) NBreliraBlyL YhESakhNCLHADY SH %ﬁ‘yl RBhp s
straightchained.

The compounds used in the invention are amides of fatty acids having in

common a terminal allylamine head group.

The patient is a patient having, or likely to have, a need for pain relief, By
‘pain’ we include all types of pain, for example acute and chronic pains,
such as neuropathic pain and post-operative pain, chronic lower back pain,
cluster headaches, herpes neuralgia, post herpetic neuralgia, phantom limb
pain, central pain, dental pain, opioid-resistant pain, cancer-related pain,
visceral pain, surgical pain, bone injury pain, pain during labour and
delivery, pain resulting from burns, including sunburn, post partum pain,
migraine, angina pain and genitourinary tract-related pain including cystitis.

The term includes nociceptive pain or nociception.
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m grai ne, angina pain and genitourinary tract-rel ated
pain including cystitis. The termincludes nociceptive

wW@aios/om77noci cepti on. The patient may be any anP@EGBRIVS/000597

need of pain relief, for exanple a human, horse, pig,

cow, sheep, chicken, dog, cat, rat or a nouse.

Preferably the patient is8 human patient. An

enbodi ment of the first or third aspects of the
Thierpatient omyite atyexginal ih aeeedf paierlief Uot eﬁﬁlﬁqﬁwmh{lﬁl% ,

one Qr nore analgesics or the patient is adm nistere

hogsg; pig.ueemeshesne chickany dognadtgesi os .a Moasé.uPtdferbly the
nal.gesi c is preferably a cannabi noid receptor |igand,
paﬁg}arngMag lge{wi donyl et hanol ani de (AEA) or
2-arachi donyl gl ycerol (2-AG or pal mtolyethanol am de
(PEA), or a substrate for FAAH5 for exanpl e PEA

ArExabplieserofof ghd Girstaaha@Sispec@r §F BelinPstitidelOWherh the
enbodi ment of the first, second or third aspects 0

medianaeni efirthen compatses ebmre, or nmbtee analpesicn dorothd gatuhe is

|, .R represents Cl0-20 al kyl, C10-20 al kenyl or
ad@%ﬁ@&f@i&r@hep\mngrem SHSnt of the first,

second or third aspects of the invention is wherein,

in the conpound of formula I, R represents Cl0-20

The afutter 4nblesfe 'i@ﬁﬁe?ért lﬁlg'y% Qﬁnrgo@nc%gggbgpﬁ{rm’l%ﬂd, Ror

further enbodi ment” of irst, seco
exagplecarachifiomyHethanslantide fAFA Woe Q%rﬁchiﬂﬁnillg%rdé@@ﬂ)@ipx@)
of formula I5 R regresents C10-20'-al kyl, C10-20
or palistiekyctrrelamide (PEA), 2omsubstratiekforyFAAKLS fort beample
ment of, the first, second.or third aspects of
PE&"E%gmﬁqf&;hqrsa sfre s qufé’ei%‘f‘fpound o? fornul a
I, Rrepresents Cn -19 n-alkyl, or C.
nmono- n- al kenyl . A further enbodi nent of the first,

Ansembodinent tdfi the Bpesécondl of Meird MspBLE Y e WRRLEIOR: is
in the conpound of formula I, Rrepresents C .1
whered, kijtl theogongpaignd of formula I, R represents Cio-20 alkyl, Cyg09

alkenyl or Cyg.y9 alkynyl.

A further embodiment of the first, second or third aspects of the invention is
wherein, in the compound of formula I, R represents Cyo.pp n-alkyl, Cyp.o0

mono-alkenyl or Cy9.59 mono-alkynyl.

A further embodiment of the first, second or third aspects of the invention is
wherein, in the compound of formula I, R represents Cyg.p9 n-alkyl, Cigp

mono-z-alkenyl or C;g.59 mono-#-alkynyl.

A further embodiment of the first, second or third aspects of the invention is
wherein, in the compound of formula I, R represents Cyj.j9 n-alkyl, or Cjy.p0

mono-#-alkenyl.
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nono- M al kenyl . A further enbodi nent of the first,
second or third aspects of the invention is wherein,

w0 poosh®7conpound of fornula |, the al kenyl or BCRGB005/000597
groups have no nore than 3 C-C double or triple bonds,
respectively. A further enbodi nent of the first,
second or third aspects of9 the invention is wherein
the conpound is not N (2-propenyl) - 5,8,1 1, 14-

A dirtleranshodhneand e s, yeddirr oreMdedispedts ofihd R ehlibatis
second or third aspects of the invention is wherein,
whegeing & thermesanmngsof formulal, R represgnte Senizs-aikgt, d,Cqq.p
m roeferanyY n represents 1. An enbodi nent of the first,
CBRETP t hird aspects of the invention is wherein

the conpound is N-(2-propenyl) hexadecanam de,
N- (2- propenyl ) cis-9-octadecenam de, N-(2-propenyl)

A irthd-cheboditaesneithe €irst) Yedoird Mt‘ﬁﬁjﬁrb)égécts of the invention is
t et radecanam de, N-(2-propenyl) cis-9-tetradecenam 3e,

wherein, ﬁpﬂk@ﬁ@ﬂiwd ()UIIdCQféﬂmmlﬂfad El,iﬁﬂe,alkbr(}ﬂ-ofn)radig&n&d ! Igroups (}jlave
trans- 9- cenam de, N-(2- propeny odecanam de,

1o Jporg than 8&%@@%&}1‘%& 6r Hipje boade.awapacEaclyPr ef erabl y t he
conmpound is N (2-propenyl) hexadecanam de. Figure 1
includes illustrative diagrans of these conpounds. The

A 09THReeRbDIHE&E dfthE Fratl E%éﬁi%rttﬁﬁ‘dacﬁﬁgtg% 5 e %ngntion is
invention may be prepared by any suitabl e method, “as
wheegihd e appmepiwltded by aoper 36(2-pkdpehel) i n-t he gart 14-

. For exanpl.e: JV- (2-propenyl ) hexadecanam de may be

cicopalpr@dMdem pal mtol y chloride and al |yl am ne as
outlined in Schene 1 of Vandevoorde et al (2003) J Med

Chem 46 1440-1448.
A further embodiment of the first, second or third aspects of the invention is

wherein, in the compound of formula I, n represents 0 or 1, preferably n

represents 1.

An embodiment of the first, second or third aspects of the invention is
wherein the compound is N-(2-propenyl) hexadecanamide, N-(2-propenyl)
cis-9-octadecenamide, =~ N-(2-propenyl)  cis-9-hexadecenamide, N-(2-
propenyl) tetradecanamide, N-(2-propenyl) cis-9-tetradecenamide, N-(2-
propenyl) octadecanamide, N-(2-propenyl) trans-9-octadecenamide, N-(2-
propenyl) dodecanamide, or N-(2-propenyl) cis-5-dodecenamide. Preferably
the compound is N-(2-propenyl) hexadecanamide. Figure 1 includes

illustrative diagrams of these compounds.
The compounds used in relation to the aspects of the invention may be
prepared by any suitable method, as would be appreciated by a person

skilled in the art.

For example:
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-(2-propenyl) cis-9-octadecenani de may be prepared
fromol eoyl chloride and allylam ne. The conpound is

wo egs®trered under CAS nunber 187529-39- 1. PCT/GB2005/000597

-(2-propenyl) cis-9-hexadecenani de may be prepared

frompalmtoleic acid, oxalyl chloride and allyl am ne.

-(2-propenyl) tetradecandimi de may be prepared from

nmyristoyl chloride and allyl am ne. -(2-propenyl)

ci s-9-tetradecenam de may be prepared fromnyristoleic

acid, oxalyl chloride and allylam ne. -(2-propenyl)
N-(Dptastasintexadecamynie maye pardpinedniremepaloyitoly ritderide

anc iy iuingreeisaed oRgRATEF dick GardevoRs ¢t lHPDRT ddviEia

al l'yl.amne. ,N-(2-propenyl) dodecanam de may be
Cheﬁ?éé&?”ggq?ﬁgm | aur oyl chloride and allyl am ne.

-(2-propenyl) cis-5-dodecenam de nmay be prepared from
ci s-5-dodecenoi ¢ acid, oxalyl chloride and

N.(@Jﬂr%ﬂ,@jﬂms-&dcxaM&nemy&é may heSprepared from oleoyl chloride
1, 14-ei cosatetraenam de may be prepared from

andadlytaminenThe aempouns as yagisienedrungsr S4tS apmpeadsra29-ple
compound i s regi stered under CAS nunber 177037-49-09.

L The conpound is nmentioned in Boger et al (1999) Bioorg
Med Chem Lett 9, 1151-1154; Lin et al (1998) J Med
Chem 41, 5353-5361; Pate et al (1996) Life Sci 58,

- cisVOhELRA B éRfmideh endye dg epitep aredn fiiomm gshlatitoleic
N(%%gg%%&g}arcghased from Si gma-KIedri ch- Fl uka, Acros
aciduixalyd @hlorfdetand aAlyydmatd. ori des are not commercial ly

avai | abl e,

N-(2-propenyl) tetradecanamide may be prepared from myristoyl chloride

and allylamine.

N-(2-propenyl) cis-9-tetradecenamide may be prepared from myristoleic

acid, oxalyl chloride and allylamine.

N-(2-propenyl) octadecanamide may be prepared from stearoyl chloride and

allylamine.

N-(2-propenyl) trans-9-octadecenamide may be prepared from elaidic acid,

oxalyl chloride and allylamine.

N-(2-propenyl) dodecanamide may be prepared from lauroyl chloride and

allylamine.

N-(2-propenyl) cis-5-dodecenamide may be prepared from cis-5-dodecenoic

acid, oxalyl chloride and allylamine.
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they m ght be prepared fromthe correspondi ng
carboxylic acids and oxalyl chloride in

waelc@khmonet hane as will be appreci ated by a pRCEGB2005/000597

skilled in the art. Provided belowis a detailed
protocol for the synthesis of JV-(2-Propenyl)
hexadecanami de: In a twolideck flask, with 5.7 g (100
nmol ) of allylamne was poured into 10 rriL of dry

N- (ggﬁrﬁyséﬁn? chk @i ded-cTeRaisabbidbilenasay O6d egrephredn fre@

and magnefically stirred. 2.74 g (10 mmmol) of
araplaidonico)elcid; hbomelytiechiasidad elndl diplaniise. The ¢empowwh is
m xture was stirred for

12
ettt ARG AR IHE0s £ OB o ThE SRR, 5 nehiiong in

P45 AT e M P PARRL ek 31510 00 4P 1o

Me%V@H&hazhe%@@dﬂd@ 1t §uc eﬁap(@%y ard 8cP 53e184§4 wog 5»9@5)
a white soll Physi cal "and”spectral data: np 61-6

00B22@muncorrected); TLC (ethyl acetate/nethanol 8:2 w-l)
RI) 0.77; ITHNW (CDC13)%0 (ppm 0.87 (t, J ) 3 Hz,
3H), 1.22-1.54 (m 26H), 2.19 (t, J ) 7 Hz, 2H),

3.7-3. 11-5. 2 5.55 E .

The rrasstighpRondd aBa%e cAvrbt CRRERiscsly ST B ldrich-
2 9 : :

SECEE ST el e
the%7r§1g@1? b@ aredi@f(ﬁn f@lﬁ@@éﬁ@ﬂpﬁlﬂmsé darbbxyli@ 26ids! dRddxalyl

cm1l) 3 (NH) 1636 C=0 nunber: 1012114-99- 8
chidtide mdldﬂaramaﬂnmleresqmlkleajapprewtﬂdwb}s agwersanr skilled in the

conmpounds used in the nethods of the invention will be
arty eadi |y apparent to those of skill in the art. The

conmpounds of the invention will normally be
adm ni stered orally or by

Provided below is a detailed protocol for the synthesis of N-(2-Propenyl)

hexadecanamide:

In a two neck flask, with 5.7 g (100 mmol) of allylamine was poured into 10
mL of dry methylene chloride. The solution was cooled in an ice bath and
magnetically stirred. 2.74 g (10 mmol) of palmitoyl chloride was added
dropwise. The reaction mixture was stirred for 12 h at room temperature
and then washed with 5% sodium bicarbonate solution, 1 M HCI, and brine.
The organic layer was dried over MgSO4, and after filtration, the solvent
was evaporated under reduced pressure to give 1.74 g (59%) of a white

solid:

Physical and spectral data: mp 61-63 °C (uncorrected);

TLC (ethyl acetate/methanol 8:2 vv-1) Rf") 0.77; 1H

NMR (CDCI13) %o (ppm) 0.87 (t, J) 3 Hz, 3H), 1.22-1.54 (m,
26H), 2.19 (t,J) 7 Hz, 2H), 3.7-3.72 (m, 2H), 5.11-5.2 (m,

2H), 5.55 (NH), 5.79-5.88 (m, 1H); 13C NMR (CDCI3) %o (ppm)
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any parenteral route, in the formof a pharnmaceuti cal
formul ati on conprising the active ingredient,

woepisorariy in the formof a non-toxic organi CPCDGB2005/000597
i norganic, acid, or base, addition salt, in a
pharmaceutically acceptabl e dosage form Dependi ng
upon the disorder and patizZnt to be treated, as well
as the route of admi nistration, the conpositions nay

14be) @By 2s7ar 26.88t 29a3yp0g6deses,. 3P0ef e53hl vy, the
formulation Is a unit dosage containing a daily dose

364Y7, dhi9, S84R) Y1 6a0(G6KY, b34.ah (BRDHr bPB.0A(E=)act i on

t hereof , of e c:ti%%/eI ingredient. |n human therapy,
masE SPeSHPRRGEVST] + B0:i IR ercnoh) 3490 BNHAdH3A st er ed

W il |y be adm nistered in adm xture
C“@fﬁ?%@ﬁhrln g |1é)qgﬂgi‘?§a ‘'uti cal excipient diluent or

carrier selected with regard to the intended route of

adm ni stration and standard pharnmaceutical practice.
Theamoédiaatibes requerabipeyntissise fubther recemidudids Galedbm the

adm ni stered orally, buccally or sublingually in the
metlpds offthe ayeatien V&lﬁ&me@éxly epparest tasthoge o skidlahithe arts

or suspensions, which may contain flavouring or

col ouring agents, for imredi ate-, del ayed- or

- is ' d

B A TR e e S Ao

any npsehtepdl. Sowte, t @bl ks fomY 6ONh ApRaBK&édRteAl Sfostellatfsh
m crocrystal|line cellulose, |actose, sodiumcitrate,

copprigingnihsartibieaingredichty soptiamllyi imthaofopinabé @amdn-toxic
| yci ne, disintegrants such_ as starch (preferably
Orggar% O BROLg ARGy agidy, ioéj%?sgat aii@lﬂp,n sl nd sihwregeettically
I SC e LUm and .certai n conpl ex
oY e A D RL iR T PR gRe hud Pheio B
tred10d,y 4§ REIPYS 10d irdORCor RUAHOHRLORY i
(.HE’{/C), hydr oxy-rpr opci)/l cel I'ul osé (’H{g’{gw%hgggégg iy be
admyimistered ahmarvacadoses. Addi tional |y, |ubricating agents
such as
Preferably, the formulation is a unit dosage containing a daily dose or unit,

daily sub-dose or an appropriate fraction thereof, of the active ingredient.

In human therapy, the compounds of the invention can be administered
alone but will generally be administered in admixture with a suitable
pharmaceutical excipient diluent or carrier selected with regard to the

intended route of administration and standard pharmaceutical practice.

For example, the compounds of the invention can be administered orally,
buccally or sublingually in the form of tablets, capsules, ovules, elixirs,
solutions or suspensions, which may contain flavouring or colouring agents,
for immediate-, delayed- or controlled-release applications. The
compounds of invention may also be administered vig intracavernosal

injection.
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magnesi um stearate, stearic acid, glyceryl behenate
and talc may be included. Solid conpositions of a

W@ Rwslze77t ype may al so be enpl oyed as fillers PeEI/GB2005/000597

gelatin capsules. Preferred excipients in this regard
i nclude | actose, starch, a cellulose, mlk sugar or
hi gh nol ecul ar wei ght pollget hyl ene gl ycols. For
aqueous suspensions and/or elixirs, the conmpounds of
the invention may be conbined with vari ous sweetening
or flavouring agents, colouring matter or dyes, with
Suchmidtdetsyimy eerfhir excipienielisugh agfe misreainstpling eluloses

oo SR SRR B0 B KiEhf bR
s UCTRRRERR: 2 e AN ROSHSFA, BALE OGR! i, e

statch! aB@fi 0SaaH Ygl%/édllaft@,t heeRktiellbsy rsvdanhr iaed! aettin

intrasternally, intracranially, intra nuscularly or

e e Ay e
hyfgﬁgfﬁ:@giﬁ&g@fﬂﬁ?@ | $C OiftsP1eBk ileSen OBy
suctige. EHBR M 2SR R o SAFEORHEY dtGputle, JeRBRERALR o
R SRR LR M4 ke bafa et ey e
inchitdeldabl e parenteral fornul ations under sterile

conditions is readily acconplished by standard
phar maceuti cal techni ques well-known to those skilled

i.n the art. Forpoul ati. itable f t I .
Soligh FoMRAFHAnsol Aritridh HRTABER leuDh STBAESE Gllers i
ol BGpufey Bl B Bty FEME ROLA L In e A bpe et
a cERhINYE, ahilRRubaObPRIgh molduldtaydihogdokttyiend ptywotedFor

reci pient; and aqueous and non-aqueous sterile
aqsosip enspensmnakindforrdixiisnteuchsnpoispisnef| thg iayertien say be

t hi ckenji ng agents. The . .
combined with varidus sweetening or flavouring agents, colouring matter or

dyes, with emulsifying and/or suspending agents and with diluents such as

water, ethanol, propylene glycol and glycerin, and combinations thereof.

The compounds of the invention can also be administered parenterally, for
example, intravenously, intra-arterially, epidurally, intraperitoneally,
intrathecally, intraventricularly, intrasternally, intracranially, intra-
muscularly or subcutaneously, or they may be administered by infusion
techniques. They are best used in the form of a sterile aqueous solution
which may contain other substaﬁces, for example, enough salts or glucose
to make the solution isotonic with blood. The aqueous solutions should be
suitably buffered (preferably to a pH of from 3 to 9), if necessary. The
preparation of suitable parenteral formulations under sterile conditions is
readily accomplished by standard pharmaceutical techniques well-known to

those skilled in the art.
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formul ati ons may be presented in unit-dose or
mul ti-dose containers, for exanple seal ed anpoul es and

woe@b®7972and may be stored in a freeze-dried  PCT/GB2005/000597

(l'yophilised) condition requiring only the addition of

the sterile liquid carrier, for exanple water for

i njections, immediately prldor to use. Extenporaneous

i njection solutions and suspensions may be prepared

fromsterile powders, granules and tablets of the kind

previously described. For oral and parentera
Formml#tions saitalls oo patpmiaralpadmiafstuation Heclide byuemsaael non-

aqgS e e OBy Whlslliney eogtain ABtoRAATS. Grcies,
_ al . L i |
bR Bl BT LI bSOl B
fethepatended fredip@nt: i ' ' i
B e e

whicht wayorinplsde avspentlinge, agestsampro ghicktwing Thagents.  The
fogg@"d an in.any event will, determ ne the actual

ansyAnash b Presepdedga; unitripsioe multi-dese icauiaineats,afor
[ ' i | AR t he ;age i.ght and .
X ei%eg Eéaelg%% rﬂt‘éoéﬂ\%gala{lg g‘ﬂ%{lg’r a%(gtrp@ﬁtb.e ﬁ%ggﬁ’g\ﬁe fﬁ@fgﬁﬁé%ed
Lyphilieg y 13 :
o Cech & VA 280 B kP righld sapgfer
forl oxagplerwatge foraingections, tiethalisteyustonfoeu, t BkRnigtRaneous
. Scope of this invention. The conpounds of the
IJEERh 8P OBS And | Sispensiensrinay eeprepatast franasterily powdzys,

' at n re. conveni ent eljvered in the form

ot G B RE BF Risk BV ekl s pr ay
presentation froma pressurised container, punp,spray
or nebuliser with the use of a suitable propell ant,

Foe.ogal aliccpirenngal hdiafraseithant hinhhs Waeteatd Yre h@(ﬁt‘%
di chl or o?et raf | uor oet hane, a hydr op% uor oal ka(r?emé'uc §§

level of thecempeundsof thet inarmtiqrHmAl 1644y bk foom 1 to 1000 mg
1,1.1,2,3.3,3- f HEA 227EA(tM)),
per gﬁg%n(%gi &rormy é’ll?)gfl% %.(51u50 [cc? %O%agig)f administeregl 12? )single or

divided doses.

Thus, for example, the tablets or capsules of the compound of the invention
may contain from 1 mg to 1000 mg of active compound for administration
singly or two or more at a time, as appropriate. The physician in any event
will determine the actual dosage which will be most suitable for any
individual patient and it will vary with the age, weight and response of the
particular patient. The above dosages are exemplary of the average case.
There can, of course, be individual instances where higher or lower dosage

ranges are merited and such are within the scope of this invention.

‘The compounds of the invention can also be administered intranasally or by
inhalation and are conveniently delivered in the form of a dry powder

inhaler or an aerosol spray presentation from a pressurised container, pump,
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ot her suitable gas. In the case of a pressurised
aerosol, the dosage unit nay be determ ned by

w@e@siodi’ng a val ve to deliver a metered anmountPCTE82005/000597

pressuri sed contai ner, punp, spray or nebuliser may
contain a solution or suspension of the active
conpound, e.g. using a mildture of ethanol and the
propel | ant as the solvent, which nmay additionally

sprEP ol hebulisdl | GRAL , the. GuseSosdi hansulitable) epicpellaapsul. gs
and cartridges (made, for exanple, fromgelatin) for
dichlpeodifivaromhethaher orichisroflibeamoethaeg, bedichlaoratestadgorer

contain a powder mx of a c ound of the i t.i
cthama achylin boics owaoet Bad - DaRR AL upEectige GfF R T
Al r. dr owder far ti af
or 3t Eogea ecnhaPoRREpard: (ER 43280 Bafo Shiae cor
i ld@Bagninit
R e e A
be teeraNgsdlby gedvigingos evalw ho ateliver @sodeteetll amanyt. f ridm

patient to patient, and may be adm nistered in ia )
pres$uriped chosainer,  pump.eSpIayI & Ingbulipergmgy dentaissa solution or

SUSDRESION FOLY R L ROBBORN b ShUPEd PHEHCOF BIRRG) o4 the
e BUEREHE SRR TASH p a Sutpe 15a, .

sorPithh NBles. d L(§e|tﬂsﬁ&s pandl edartritipes canade)nfty ekatiipée, from

invention may al'so be transdermally adm ni stered, for
geletin)rforeysebiy ahinhader @f inqulator paydie fornailatedytoaganiainea

adm ni stered by the ocul ar route, rticularly for
powderamikide senangs of the W@ntl%rm@‘gﬁt%ﬁahfec phwder prse
q%o ounds of t%g i nvention can be fornul ated as
suqh 838088 4" 853G knsi ons in isotonic, pH adjusted,
sterile saline, or,preferably, as solutions in
i sotonic, pH adjusted, sterile saline, optionally in
Aegsxabiopadriyopowileh farnprl e$ersvatel prefenably asranged so that each
benzyl al koni um chl ori de.
metered “dose or “puff’ contains at least 1 mg of a compound of the
invention for delivery to the patient. It will be appfeciated that the overall
daily dose with an aerosol will vary from patient to patient, and may be
administered in a single dose or, more usually, in divided doses throughout

the day.

Alternatively, the compounds of the invention can be administered in the
form of a suppository or pessary, or they may be applied topically in the
form of a lotion, solution, cream, ointment or dusting powder. The
compounds of the invention may also be transdermally administered, for
example, by the use of a skin patch. They may also be administered by the

ocular route, particularly for treating diseases of the eye.

For ophthalmic use, the compounds of the invention can be formulated as

micronised suspensions in isotonic, pH adjusted, sterile saline, or,
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Alternatively, they may be formulated in an oi nt ment
such as petrolatum For application topically to the

W@ Ri08/0747me conpounds of the invention can be fPRPCHGBa08M00597

as a suitable ointnent containing the active conmpound
suspended or dissolved in, for exanple, a mxture with
one or nore of the followiHg: mneral oil, liquid
petrol atum white petrolatum propylene glycol,
pieddybly et Ryheias peliyssie! gﬂyécgﬁﬁe@,oﬂ%wﬂé&ﬁn%wnhﬁ bﬁéﬂ&n th
wax and water. Alternatively, 'they can be for ate

cogsbigagont sithe A quessrvative reial as us pbadedalkoniting s chlveide.

i.n, for. exanple, .a m xture, of one or nore of the
Alginagiph they may be formulaiest B ampinisrt seshrast st olatum.

pol yet hyl ene glycol, liquid paraffin, polysorbate 60,

cetyl esters wax, cetearyl alcohol, 2- octyl dodecanol,

Fdredpiticafibg edisibaldsn o VIR Qin, tﬁg rc%ﬁg%{%n@@ r¥he EARNE ok Yan be

topi cal adm™nistration in the I nclude 1 0zenges
formifatedi ay a heuitatilev eiitngnedtemkining atid asieeddi@sddnd

usual ly sycrose_ and_acacia_or tragacanth; pastilles
SUgB ds‘i’fnéltsﬁcﬂ"‘é@tmsv@ri%ﬁ@é@,e&]mlx‘ﬁnamﬂh ene dvanose efithe

fof R e cofh i oo e SaN gt nr%%?lene
B A e S SrapPTREC Eh bl SRS Wik o

watay e Altepnatively hthepreheie fnfiQated astesliga 1O eofiBS br cream,
convenient. In circunstances where the recipient

suspATidssor disaoliedvia fowexamplies ar téxtuoe off rame ormpirenehthe

f f dru absqar(ﬁii on after oral admnistration, the drug
Oﬁgv%qamﬁ | W3R RItR, Manostearaty, a pofyetaylene aleals iqeid
apiegal bivds etgrin u a conppound of, the

P I nveht iﬁcé)r%y s:log(5 %%m’ (ﬁ?’st(ge%ld gsgter sﬁ‘?a‘%gblcﬁ‘%gggep%ﬂh%h 2-

octyddsddcahbp behsyladeshslamasymet h normal veterinary
practice and the veterinary surgeon will determ ne the

dosi ng regi men androute of adm nistration which wll

be {m,st ap_?r?pri ate for _a partjcular
Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavoured basis, usually sucrose and
acacia or tragacanth; pastilles comprising the active ingredient in an inert basis
such as gelatin and glycerin, or sucrose and acacia; and mouth-washes

comprising the active ingredient in a suitable liquid carrier.

Generally, in humans, oral or topical administration of the compounds of
the invention is the preferred route, being the most convenient. In
circumstances where the recipient suffers from a swallowing disorder or
from impairment of drug absorption after oral administration, the drug may

be administered parenterally, e.g. sublingually or buccally.

For vetetinary use, a compound of the invention is administered as a
suitably acceptable formulation in accordance with normal veterinary

practice and the veterinary surgeon will determine the dosing regimen and
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animal . Conveniently, the fornulation is a
phar maceutical formulation. Salts of the conpounds to

wheoossed7i n the invention may be prepared in PCT/GB2005/000597

conventional manner, for exanple by reaction of the
conmpound with an appropriate base to formthe
correspondi ng base salt, “fr with an appropriate acid
to formthe corresponding acid salt. Physiologically
rouf¢ SEPAERLA cfh SAUER WP bedimdy dppedpriané dor & papthaller
nmesyl at e, ate, phosphate and gl utamate. The
anig@ipounds to be used in the invention may. al so be
adm nistered in the for of 'prodrugs'. The term
"prodrug” as used in this application refers to a

CobeiiguTE e ramowepae f ergupiarAch RpEREgHS =o' 1Y

enzymatically activated or converted into the nore

Sal%ﬁgfog\éﬁﬁg‘ggﬁﬁé@%@rgseeﬁ%t thg)p() EI oche% CAl }4\% drety”
coryegﬂéﬁé:lt g{%ﬂ.ﬁell“for %ﬁ@ Hyb keddfiolyest g coBfouadt wiidamn

a et Prodrugs: A Chem cal "Approach to

apprepagieashsBro fofa| thy @opésgdnding babeDrally obevitly enyapRropriate
Borchardt et al (ed.) pages 247-267 (Humana Press,

acid985pym thh eoxmeap@ndglgmd 5@1‘[ Rbfﬁl@&%}ﬁ@ﬂ)@ acceRtghle agig salts

incrsticFadnidR. S, FEsglat IR, pae e SR !

factors need to be taken into account in selecting an
enzyme for prodrug activation. These include the
ThERb Hs Y& behisednsl thhysicatibn pispelsdibesadrhirtistered in the
enzy its activity and stability under physi ol ogica
ﬁnaﬁnphkhogs and the nature of the drug that the enzyne
generates. The enzynemay be an endogenous enzyne or
may be an exogenous enzynme targeted to a site where

ThR¥ ' & rlo%rug”S a5 S8 8 ik Ok % AR Gefrt UBPHT prebldr or

derivative form of a pharmaceutically active substance that is capable of being

enzymatically activated or converted into the more active parent form (see, for
example, D.E.V. Wilman “Prodrugs in Cancer Chemotherapy™ Biochemical
Society Transactions 14, 375-382 (615th Meeting, Belfast 1986) and VJ.
Stella et al “Prodrugs: A Chemical Approach to Targeted Drug Delivery”
Directed Drug Delivery R. Borchardt et al (ed.) pages 247-267 (Humana
Press 1985)).

The prodrug may be, for example, easier to administer, more suitable for

storage or less toxic or undesirable at the site of administration.

Several factors need to be taken into account in selecting an enzyme for
prodrug activation. These include the molecular weight and physical
properties of the enzyme, its activity and stability under physiological
conditions, and the nature of the drug that the enzyme generates. The enzyme
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Enzynmes of both manmmal i an and non-manmmalian origin are
currently being explored for the activation of a w de

wo 209079071 prodrugs (Senter et al, 1993. Gener apCDOBRG05/000597

cytotoxic agents by targeted enzynmes. Bi oconjugate 4,
3-9; Senter et al, 1991. Activation of prodrugs by
anti body-enzynme conjugated8 In I nrnunobiol ogy of
Proteins and Peptides VI, ed. MZ. Atassi. Plenum

maPriesan ehogeonk enpym® or 1) be Mbekeo@iday BBSyRE targeted to a

manmal i an orlfgl n m ght be advantageous du€ to reduced

site Wrpsropainireiafys rfcqmrqdr(&i‘raxgmpdﬁattumbmysmc)t upon ni ght
be substrates for correspondi ng endogenous enzynes.
Enzymas that may be useful in the nmethod of this

ted to al kal .
sg%g?)ggﬂe%u a‘?(l#l dggﬁv@%ﬂ% oggg%g{eec%?étgr h?W@
expﬂbﬁéﬂ fgsthe RicEvAGe ofTUgsde AnseSH plakas Fe?% 41019903,
converting sul phat econt ai ni ng prodrugs |

Gemexagion ¢f orteteses agsnmsrb)asargaedaanzgnmsotEmmugate 4, 3-9;
t her no sybtilisjn, carbhoxypeptidases and
Seryigy ﬁ%‘ﬁj ﬁép(é&wa%&n ebpiodpashy @tMYtepzymmonmg@tes In

ImfR i1 of BRI, PR PRRMGCR T G AU Mt Jenidn 21555

Newonisd pROYRI108) UMk ARRLAIG afflliOnabhifin might g)e

substituents, carbohydr eavi ng enzynes

advatagebus e tereainded emnambptake, He el %Mha@ BB LAT D
| ycosyl ated prodrugs into free drugs, | act amase
mj ubplgiet Giasrtasponding gsdwnwabnmnesm th b-
| actans into free drugs, and penicillin am dases, such
as penicillin V am dase or penicillin G am dase,

sl ncrenath) o0 Ul o sl 0,
not laspettd Mkhl)ﬂle% $phbf8€ uskfibfor oﬁh&@r&ﬁg?g‘égﬁ%ﬂate—comauhmg

anti bodies with enzymatic activity, own in
prOdrugSamtabﬁyﬁeérugsamrphulmwse ousedinly efmt coheeringd Isu@)&atéf-

he.invention.into free active drugs [see, e.g.
ﬂ%?dﬁ% &t dnt 03%%? gﬁlgmmof@g@% fgeb)qs @rﬁa‘cwamrqtease
theﬁ’rﬁﬁl?/ 1 dg@}é@%{lﬁ;cérlbjb)?yﬁepﬁggge's W' & elj'%%is (b Hen 8 Rathe epsms
B and L), that are useful for converting peptide-containing prodrugs into free
drags, D-alanylcarboxypeptidases, useful for converting prodrugs that contain
D-amino acid substituents, carbohydrate-cleaving enzymes such as p-
galactosidase and neuraminidase useful for converting glycosylated prodrugs
into free drugs, p-lactamase useful for converting drugs derivatized with B-
lactams into free drugs, and penicillin amidases, such as penicillin V amidase
or penicillin G amidase, useful for converting drugs derivatized at their amine
nitrogens with phenoxyacetyl or phenylacetyl groups, respectively, into free
drugs. Alternatively, antibodies with enzymatic activity, also known in the art
as abzymes, can be used to convert the prodrugs of the invention into free

active drugs [see, e.g. R J Massey, Nature, 328, pp. 457-458 (1987)].
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above-listed prodrugs, e.g., phosphate-containing
prodrugs, thiophosphatecontaining prodrugs,

W@ ioplzd7er cont ai ni ng prodrugs, pepti de-cont ai NPEYGB2005/000597

prodrugs, D-am no acid-nodified prodrugs, glycosyl ated
prodrugs, b-lactantontaining prodrugs, optionally
substituted phenoxyacet ami@e- cont ai ni ng prodrugs or
optionally substituted phenyl acetam de-cont ai ni ng

SinRlR8, 4HS -prédﬁlgy lrhhspeehtic ifdhedd, eenié aot ilismited to, the
pharmaceuti cal” conposition conprising a conpound as
abaleflisted! prodruge, Eigr,s phasphete-caftaining iprodmes.othieplpsphete-

or. nore anal gesi cs and a pharnaceut.i cally acceptabl e
COTHRIBINE e PEOArAY, f%%@ﬁ@@ﬂpammghé’mﬁv&% i é’ﬁPPge'goﬁitPPﬂ%&

o 1R8BS SRS R D D

cor@%%@%ﬁ%ﬂ apt(cﬁl)au?s ?ﬁl@s’tiﬂ%ﬁubhéﬁé@éca%ﬁﬁ@é-@bh@ining

carrier must be "acceptable" in the

prodemseoradptivahiig seisstipaed iphenyla¢dtamie-cantpiningiprotrugse
i nvention and not deleterious to the recipients
thereof. Typically, the carriers will be water or

saline which wl] be sterile and rogen.free
A o‘?’uétg“m 343pegty é]t\gdi 6#6 ofTVEIHRr ﬁ%c@utp%g’ﬂ Ceg%gﬁi%qngﬁgﬂgﬁgn
Ldne EQr t ' f ti5vERY. d
e T e Rt
on@ BAhARE afiflgeyins bad A haehaasitidilyweotpdbisexcisiepar at e
fornul ati ons and | abel |l ed for use together. An
enbodi nent of the first, third, fourth or fifth

aspects of the inyention. is wherein the analgesic is
A ﬁﬁﬁ)@ﬁ’f&f af the HERUERISA g’él(’%@ﬁ{tﬁ ORI S ¥t ory drug,

al ocal anaesthetic, a NVDA receptor antagonist, a

cannabi noi d, an anti depressant, and/or an

ant i ag%éfdihﬁ&iﬁd 2 FAST ER B T8l Agstrsf ihedhveetbr; anthi s
enbodi.nment” of the aspects of the
(b) one or more analgesics; and,

(c) a pharmaceutically acceptable excipient

The carrier(s) must be “acceptable” in the sense of being compatible with the
compound of the invention and not deleterious to the recipients thereof.
Typically, the carriers will be water or saline which will be sterile and pyrogen
free. Means of administration of a pharmaceutical composition are outlined

above.

For example, the kit of parts may comprise a compound of formula I and one
or more analgesics, wherein each are presented as a separate formulations and

labelled for use together.

An embodiment of the first, third, fourth or fifth aspects of the invention is

wherein the analgesic is an opioid, a non-steroidal anti-inflammatory drug, a
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i nvention include opioid such as norphine, codeine,
pet hi di ne, net hadone, aspirin and rel ated conpounds,

w0 bawpoofen, cycl ooxygenase inhibitors such as PCT/GB2005/000597

acet am nophen (paracetanol), sodi um channel bl ockers
such as |idocai ne, dibucaine and tetracai ne, cal cium
channel bl oackers, N-netBfd- D- aspartate (NDVA)
receptor antagoni sts such as ketani ne and

lochaAseghEEE Ny NMIDADI Rekpi®r S uathgadnisyh andearingbinoid, an
(ar achi donyl et hanol ani de,  AEA) and

anhﬂepnee&ammmdjbghlyentod)m(lﬂsam;) anti depressants such as
the tricyclic antidepressants im pram ne and the
serotonin re-take inhibitor par oxeti ne,

ant.i-c sants. s
Ex%@ﬁ@pgn ai‘%e&masgg)ﬁ#%&ﬁq ﬁﬁ er ac{ﬁen‘?@ﬁ traﬁ@ eéq%fEJCHEi
1nvéﬁgfxpﬁ19ﬂuﬂ’é36§fﬁlﬂ ahch EB%OW@ havte@ies petiiiine, methadone,
ications referred to herein are hereby
asp irin: afid arhited coynpoehes eiteproftng ciyaloomy gerasi inhititows kSélCh
descrlbed in nore detai] by reference t hk foll
as resatamimophey @@r@ﬁ@@ﬂ%}i EediNes aﬁﬁl‘{f}u&éo‘i erp A)Su

hdcf’ctg{qlém ib ggag{aﬁ an ﬁ]gﬁgf:,g%ﬁAim? F;E%}xﬁ&hiaﬁ%@%&l Y\Fﬁ{e%yl-
D-ﬁggﬂtgoygéb%ﬁ‘mrgg by Z%tath)ﬁlstJ heugh r ust Uekaline and

npound S|m arities to PEA Figure 2:

?&i(ﬁﬁles adrirebindldysech supprinside (axfachpdonykeﬁhaxmlmlde
ionpotential at the Ere synaptic cell leads to
AEmauaml r Rramachidenylalyesek @nd(hi natidepeessapis such as the

tric a0 29 TS ANE HUTH S R LG° e Pbirb g ke Hhhibitor
PerpRGTEy PR AN it r pFASERRERY, (AR RRED shd
phe}rﬁ{o?n%ﬁd NSRS vEHiEH aiterdes with enSibaciecepioe ipantial (TRP)

annels, making it less likely that another action
ionpdhamdlsal will reach threshold |evels.

Any publications referred to herein are hereby incorporated by reference.

The invention will now be described in more detail by reference to the

following non-limiting Figures and Examples.

Figure 1:

(A) The structure bf anandamide (AEA), 2-arachidonylglycerol (2-AG),
palmitoylethanolamide (PEA) and palmitoylallylamide (L-29).

(B) The structure of compounds with similarities to PEA

Figure 2: Depolarisation-induced suppression of excitation
An action potential at the pre-synaptic cell leads to neurotransmitter release
and binding to the post-synaptic receptor. Subsequent calcium influx causes

endocannabinoid synthesis and release. Endocannabinoids travel in a
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Figure 3 : (A Anandam de and ot her cannabi noids are

synt hesi sed and rel eased into the synapse, where they
w@2ms5791th t o t he CBi receptor. AEA re-enters tPer/G8ki05/000597

via its concentration gradient by facilitated

di ffusion or passive diffusion. Once inside the cel

endocannabi noi ds are brokZh down to inactive

net abolites by FAAH. (B) If FAAH is inhibited the
retr %{"A@l‘éﬂ FAsBldroRcAisadihenéyapk® dnde bael o ithe rpdusedpaadCB,;

e anmount of endocannabi noi ds present in the synapse

recﬂ:p’umr éHisie aictivites €bprotamsenlsichdplocin calnglm @hamelss,emebmg g

gure 4 : Pain behaviour .in_the
lessail i ncher et aly dhacach RAIHEEE o of
noci ceptive activity (nmean CPS-WST(QO 2) S.E.M) for
the _control group, 0.1 ng/kg L-29, 1 ng/kg L-29 and 10
FigngeRg L-29, following s.c. injection of 2.5%formalin
into the dorsal hind paw. (B)Mean pain scores (nmean
(A)CREBaEF( Qe ar) otheB. dankbbinbods et fyihedsedlafd relessed mto
and phase 2 (15 60 min) of the formalin test for the
the synepet, wheepthey. camghbing 1o the CBingforBior- AdiA sa-epgers the

L- 29. P<0. 05 ed h |
el §i | ol ARESTRIETPRoREAIEY o apiaiEd { Alflsiohf S TeBlive
dif8R o b%l% {ﬂfs Jeeq 0t Q1] B HaHiR0i8S are broken down to
Al t oyl al TyTam (AT

e nmedi at ed anti noci ception.

ma@@atarﬁ%tﬁﬁom@g:bywe activity (msan CPS— WET(O i 2) +
E.M) for the control group, 1 ng/ L-29, and 1

(B)nI[ﬁ/H@AIH poinhittibedpttieosarbentration @radmnbmt@ ithaeell is reffuegd

SR141716A, 1 SR, .44528 or capsaze
and the amount of en(ﬁ)cannabmmds present mn%egsyn se 1n%reases

thereby increasing binding to CB; receptors

Figure 4: Pain behaviour in the formalin test is attenuated by

. palmitoylallylamide.

(A) Time course of nociceptive activity (mean CPS-WST g, + S.E.M.) for
the control group, 0.1 mg/kg L-29, 1 mg/kg L-29 and 10 mg/kg L-29,
following s.c. injection of 2.5% formalin into the dorsal hind paw.

(B) Mean pain scores (mean CPS-WST g 12 + S.E.M.) for both phase 1 (0-
15 min) and phase 2 (15-60 min) of the formalin test for the control
group, 0.1 mg/kg L-29, 1 mg/kg L-29 and 10 mg/kg L-29.

* P<0.05 compared with control values by one-way ANOVA followed by

Dunnett’s test

Figure 5: The effect of receptor antagonmists on palmitoylallylamide

mediated antinociception.

(A) Time course of nociceptive activity (mean CPS-WST(q 1,2 + S.E.M.) for
the control group, 1 mg/kg L-29, and 1 mgkg L-29 with prior
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(B) Mean pain scores (mean CPS-WST(0,i1,2) + SSEEM) for
both phase 1 (0- 15 mn) and phase 2 (15-60 m n) of

wo b@spormal in test for the control group. 1 ngP&DGB2®@3/000597

and 1 ng/ kg L-29 with prior adm nistration of either 1
ng/ kg SR141716A, 1 ngy/ kg SR144528 or 10 ny/ kg
capsazepine. # P<0.05 cogared with L-29 1 ny/kg

val ues by one-way ANOVA fol |l owed by Dunnett's test

SasiSt-BrioBbt afte&al nhi/RE IR 1 Misia o st SRIAAHSR rt10
corﬁg{lst?hrr% gti on éé‘ﬁ% o%e drop) in rats grendgr?red '
ﬂ%lél.tg)papsmze%imﬁ. part(i al sciatic nerve ligation
admnistered L-29 (0.1 - 10 nog/ kg, .~ N=6 _per dose).
(B) Magﬁrpam:scstﬂSa(mﬂéll CRSnW ST (orte) i gﬁ%}k&\é{’r P@@ﬁBﬁ%’S@sﬁ%‘
chani cal] stimyl at. elect panic_V I 0, T
TECHA. o ohia, o0 Aot B Lm0 EAE Rl Eehhel
ni Q9 A s i ior Rrd®ni ARTE
g feﬁﬁé@gl%gg_f gﬁgh?ﬁgg/ﬁgﬁﬁ%ﬁg%gﬁf reslggsﬁges t%f
biiesrmal  sig/loal BRi1gN7{6Ar gl eavgky ERAESRSI rom altls mg/kg
rendered neuropathic by partial sciatic nerve ligation
E@:pnazeplgergg L-29 (0.1 - 10 ng/kg, Lp., n=6 per dose).
i gure 9: e-r.espopse.rel ati onship.for the I
# Brbimneapaen Hih 1rap LB ke ol Pxuprecyag; Af0%A
nm nute ost. .- adm ni stration (where response is
fOII?WSgi’gyis’Rg é\%gli% sensory threshol ds corrpargd to
baseline). Figure 10: Bilateral hind Iinb w thdrawal

responses to cold (acetone drop), nechani cal
Figed 6ct r oBilaterédrhifd djmnb amihdtasrataksgonsey e opdd stigaiatéen

ti | at i [ { d '
(aosonatropy s ngerebROHABaS B BTBF SOeHa e S ERan
T 0 T 6imbRe): SOH- 8P LRS 1 ve cose of L-28

Figure 7:  Bilateral hind limb withdrawal responses to mechanical
stimulation (electronic Von Frey) in rats rendered neuropathic by partial

sciatic nerve ligation administered L-29 (0.1 - 10 mg/kg, i.p., n=6 per dose).

Figure 8:  Bilateral hind limb withdrawal responses to thermal
stimulation (Hargreaves’ device) in rats rendered neuropathic by partial

sciatic nerve ligation administered L-29 (0.1 - 10 mg/kg, i.p., n=6 per dose).

Figure 9:  Dose-response relationship for thermal and mechanical
stimuli for L-29 (0.1 — 10 mg/kg) at 20 minutes post drug administration
(where response is the % increase in sensory thresholds compared to

baseline).

Figure 10: Bilateral hind limb withdrawal responses to cold (acetone
drop), mechanical (electronic Von Frey) and thermal (Hargreaves’ device)

stimulation in rats rendered neuropathic by partial sciatic nerve ligation



Figure 11: Bilateral hind |inb wthdrawal responses to
cold (acetone drop), nechanical (electronic Von Frey)
wa@easorermal (Har greaves' device) stimnul ation PCT/GBR®S/000597
rendered neuropathic by partial sciatic nerve ligation
(n=5 per group) co-adm nistered SR 44528 (1 ng/ kg,
i.p.) and an effective @8se of L-29 (1 ng/kg, Lp.)
Jgigiire 12:- Qutlineof Eyperieaeafcal P-r-oedafer
= -a2dBen t I b &
R e o S S S L e e, S
doseRdI29 (1 mg&cl;?ap) Abstract This study assessedthe
anti noci ceptive effect of a newy characterised fatty
aci d am de, pal mtoyl aIIyI am de, in a rat nodel of

S EE N LT R
dropgcﬁlr““ nglg asetngéfl\aé% tgﬁd 'tH%:nﬁHI, afr@éa%e?’cﬂgvlce)

e n Si g nd to
stlmlﬂhttl&?ﬁn @Bcvs 1ehdé&Bd h@gﬁgia%@ by heartihile s@aﬁutm@veflﬁgﬁi&l

of palmtoylallylamde on the behavioural response to
(n=5eb i) ecasnfiorstetednSR b 4528 6hmglke, 1123 red. anCeffectove

animal s di spl ayed the characteristic biphasic (phase 1
dose phd-phelsmekg :iESponse to formalin injection.

Pal m toyl al | yl am de (10 ng/kg and 1 ng/kg Lp.)

significantly alleviated pain behaviour conpared to

10 m&p&mﬁﬂ%&ﬂg&ﬂi@nﬁ%@%@nd phase 2. The
_se ective I receptor antagonist, SR141716A (1 ng/kg
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.p.) significantly attenuated the antinociception

produced by palmtoylallylamde in phase 2 of the
Exarplend! iThet Eftect T Mnnmylaﬁybmd@mﬂaﬁamsm@iﬂlmm

Hydg@g%lﬁg, @Q@a(;‘gm}aga_ggl% Lbye VR, apt agoni st

pal mi t oyl al | yl am dei nduced anti noci cepti on. These
results support the hypothesis that fatty acid

Abstract

This study assessed the antinociceptive effect of a newly characterised fatty
acid amide, palmitoylallylamide, in a rat model of inflammatory pain.
Palmitoylallylamide is an analogue of palmitoylethanolamide, an
endogenous cannabimimetic compound. Palmitoylallylamide inhibits fatty
acid amide hydrolase but does not significantly bind to either CB; or CB,
receptors.  The therapeutic effects of palmitoylallylamide on the
behavioural response to subcutaneous formalin injection were tested.
Control animals displayed the characteristic biphasic (phase 1 and phase 2)
response to formalin injection. Palmitoylallylamide (10 mg/kg and 1 mg/kg
i.p.) significantly alleviated pain behaviour compared to solvent control in
both phase 1 and phase 2. The selective CB; receptor antagonist,
SR141716A (1 mg/kg i.p.) significantly attenuated the antinociception
produced by palmitoylallylamide in phase 2 of the formalin test. The
selective CB, antagonist SR144528 (1 mg/kg i.p.) and the selective VR1

antagonist capsazepine (10 mg/kg i.p.) did not reverse palmitoylallylamide

SUBSTITUTE SHEET (RULE 26)
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am de hydrol ase inhibitors induce antinociception by
i ncreasing the extracel lular |evels of

wepasozTnebi noi ds and t hereby increasi ng CB1 rBCEBBRI05/000597

activation. Abbreviations: L-29, Palmtoylallylamde;
DMSO, Di met hyl sul phoxi de; D9- THC,

D9-t et r ahydr ocannabi nol ; 22EA Pal ni t oyl et hanol ani de;
SR, SR141716A; SR2, SR144528; FAAH, Fatty acid am de

indDy&l AtBRRicepPion. I THdsaREflEsxMPPOLT the hiypOthtesistthnetuity, acid
AEA, anandam de; 2-AG 2- arachi donyl gl ycerol; VR,

amidenitydedldser eicdyphitors GBdycec samtimocinsiptione dyptipereasingezhe
cannabi npoi d receptor 2, WN2, WN,55, 212-2; 1..

extreHoanCITel G faoPsainabibags BRGSO npisedising ofB:
ears to provide henp fibre and for its psychotropic

recép]tgrg%tg(aéf[égi c effects, but it wasn't until the 1960's
t hat meani ngful research into cannabi noi d conpounds
began. Since then the active constituents of cannabis

Abbeveithesn Uexyr Phladtodyhylhetide, DAMEahi Donebyhaukphoxide;
di scoveJed and endogenous receptors.  and |igands

N°TaERt | A-ettahYHeocenaskinokl RRds afabpitexlsthasiokynyle; SRI,
SR Ty SREneS S i, Kbl FAUYC aNEL ARGan gHolase: -

Cannabi tiva. ffect a, o i
BB T eGSR TR, A, 2

araEH@Bhfrlgl%d&raanMRm P2hitl ol @ SQRPELY; ICB ) @anhsbiaehbreeptdE;
undesirabl e psychotropic effects of cannabi noids Trom
CB,heinhabmbahte celptart s rpNa; WiNoehe212-2;i n pai n,

gl aucoma, nausea and vomting and spasticity. The

di scovery of mammal i an cannabi noid receptors and

&ndo er}ous ligands is allow ng greater understandi ng
L BHrodictiii-hani sns behi nd the physi ol ogi cal effects of

LOg| W 6RPRGALBdetnp fibre and
o B R o o R D i fbre an
for its psychotropic and analgesic effects, but it wasn’t until the 1960’s that
meaningful research into cannabinoid compounds began. Since then the
active constituents of cannabis have been described, synthetic cannabinoids

have discovered and endogenous receptors and ligands identified.

The classical tetrad of cannabinoid effects are mediated by A’-
tetrahydrocannabinol (A’-THC), the main psychoactive constituent of
Cannabis sativa. These effects are analgesia, hypomotility, catalepsy and
hypothermia. A major problem in cannabinoid research is how to separate
the undesirable psychotropic effects of cannabinoids from their potential
therapeutic benefits in pain, glaucoma, nausea and vomiting and spasticity.
The discovery of mammalian cannabinoid receptors and endogenous
ligands is allowing greater understanding of the mechanisms behind the

physiological effects of cannabinoid compounds.
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et al 1990) and CB2 in 1993 (Munro et al 1993). CBl is
expressed primarily on neurones. It has a very w de

wale@snoidati on in the brain, especially in pai nPCT/GB2005/000597

processi ng areas (Egertova et al 1998) and is al so
found in the spinal cord (Farquhar-Smth et al 2000)
and dorsal root ganglia.2bft appears to nedi ate nost of
t he supraspinal effect of cannabi noids, as knockout

To Hh&%w@%afambuﬂfbc rdhsp Been bﬁ)rféﬂnUEﬁhanQ@@C@\&aﬁﬁda

D9- THC (Ledent et al 1999). CB2 receptors were

et adbr PO nald ¢BH dunid93 (vVepke nt ad ha83p pGBg es emswemmmrtlﬁ
restricted to i mMmune, cell Iines, although there have,

on pewAneepbrias a vew WHiswisppuLiehimihe hragt &@PP%laﬁY n pain

o SELAELL0 B GO0, LG APRERED RS
(F a @'H%J%néanna Q@ggjsﬁ'ﬁd 8Brsaf rHBﬁtgaﬁglﬁé STt (dppests &) rrﬁlﬂdlate

I nol are unusual neurotransmtters as
mobtsfthaksepiaspingl affectsof canaatsiyiatds sisdeckout teéca(@dB; ™) do
i nstead of stored in tlge cell and usually travel in a
notrdsplay thedeentias kffocts af oOsBHEHd edenb gt el 1%¥ﬂéy Cé}ﬁpé%ﬂepmr S

Weg‘lﬁgl!@gélgg;’ ggulgé] ?lg)%gfe?lgn@ﬁ()f rc?;%%%e%,reip %{%%g é urce%gricted to
. Post

Rt -SU R R TR AEA SRS e Do BT
mlcg%Hx Thﬁcﬁ@ﬂi?éh Séff‘t@B?' fREpEHLOGHPBART RO Qﬁtvéh%ﬁ anti-

use ouf of the pos synaptl c cell and travel
infhaakavery effect;0fkré e seymrapsielaneebthnsl may Gl duectpdora-
on th:ﬁpre synaptl c cell nmenbrane. Agonist binding to

regaitionefapasscelladliaogaetel 188Pbt eins that directly
inhibit pre-synaptic Ca2+ entry into the pre-synaptic
cell, thereby decreasing the probability of an action

CoBHRRLE g FLRP HFESIGFeRS jBoeg: froms s, ar

synthesised ‘on demand’ instead of stored in the cell and usually travel in a

retrograde fashion across the synapse. They appear to mediate the
phenomenon of depolarisation-induced suppression of excitation (DSE) in
the brain. | Post-synaptic depolarisation activates the enzymes that
synthesise endocannabinoids in the post-synaptic cell. ~ The newly
synthesised endocannabinoids then diffuse out of the post-synaptic cell and
travel backwards across the synapse to bind to CB; receptors on the pre-
synaptic cell membrane. Agonist binding to CB; receptors activates G-
proteins that directly inhibit pre-synaptic Ca®" entry into the pre-synaptic
cell, thereby decreasing the probability of an action potential reaching
threshold and neurotransmitter release (Krietzer and Regehr 2001) (Figure
2). This may explain some of the analgesic properties of cannabinoids as
they may disinhibit the descending pain-modulating pathways from the
midbrain periaqueductal gray (PAG) and the rostral ventromedial medulla

(RVM) both of which contain CB; receptors (Egertova et al 1998).
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2). This may explain sonme of the anal gesic properties
of cannabi noids as they may disinhibit the descending

w@aiosomodul at i ng pat hways fromthe midbrain  PCT/GB2005/000597

peri aqueductal gray (PAG and the rostral ventronedi al
medulla (RYM both of which contain CBl1 receptors
(Egertova et al 1998).Fa¥§y acid am de hydrol ase
(FAAH) is an enzyne that degrades man%/ fatty acid
Fattgfﬂ'cdtamiidimhydibt@et(ﬁéxﬁéﬂ)ﬁmalm wapymeithet degrgdes many) fatty
000a). It is distriputed wide|ly in the braj .
acid Egndqmwl@dlnalthimocwpléf’ldél (é%%r, e‘R&L?rdg)Oé‘?' aft 1
. .2002). an eriphery .ang i 0 0 r t
AistERETPRIGH] gBr B, PR D5 O oo e o R s Rong’
that .k ﬁﬁﬁ? ¥s kasdh madé@adwibioth GBEA and
Rorpg%e%[tégﬁs@o?z%ﬁg y ?gii%ﬂ&?deg? ons (Egert%sa et al 1998)
PEANCIHEE RY dl IG09)] nRekerd evidepaenhamishomys thatf FAAH has

endocannabi noi ds have been rel eased,fromthg %énagseh
contplementarg nioealisation pvsth- $FagerePter N piPagys STa/e 1esions

B
oAU 16 L3P PO T e g0y

tranSport is

i BlIEbY 12Q%ve aFuen dirdd dsiilimtéd amnbseralang their
posﬁ%ﬁ%rﬂdg(@)%l)y he two conpounds may have different, .
corlceamatimt teeadiemt e AEAsis Orrghtnts davehanpiaky -bsy dagilitated

'l both bol i.sed, b
transpast (06 e AbaDD Lo aqsEeh crhyF THEDPOL) 3 gnPEA

M | acki ng. t : : f
SRS SO RARRA RO B DETEp LA P obP g ST detr

| R{iHAYS GRSk Mraarpoitec medsades. e Oalcs
20%\@ g%aﬁ%%%g,gﬁ%eﬁce t hat FAAH regul ates the_ |l evel

inspfe 1BBGREEEPLpticatidbithaionspoumds atet ngtpboNAe HyokinhH to
increase the |l evels of AEA (I\grti B et al 2000, Day et
inaative o@tabobises: Fegure 3 A (Tager1st alZP08%EA | nsi de t he

post -synaptic cell, thereby reducing the inward
concentration

Mice lacking the gene that encodes for the enzyme FAAH (FAAH™) have

been developed (Cravatt et al 2001) which have reduced pain sensation and
increased levels of anandamide, evidence that FAAH regulates the level of
endogenous cannabinoids. Inhibiting FAAH should increase the levels of
AEA (Martin et al 2000, Day et al 2001, Deutsch et al 2001) and PEA
inside the post-synaptic cell, thereby reducing the inward concentration
gradient and therefore increasing the amount of endocannabinoids in the
synapse. This will cause increased levels of CB; binding (Figure 3B). The
same applies to peripheral FAAH and increased extracellular levels of
endocannabinoid. There is evidence that inhibiting FAAH causes
cannabimimetic effects (Compton and Martin 1997), although the enzyme
inhibitor used was not specific to FAAH.
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gradi ent and therefore increasing the anount of
endocannabi noids in the synapse. This will cause

wo pwsezsed | evel s of CBi binding (Figure 3B). HtIEGB2098/000597

applies to peripheral FAAH and increased extracel |l ul ar

| evel s of endocannabi noid. There is evidence that

i nhi biting FAAH causes cafnabi m netic effects (Conpton

and Martin 1997), although the enzyne inhibitor used
Vaﬂ@§s PRIATS RRfbtbS Have HAAIHAMROY exed (MMt el lpicoor B dpey et

been di scovered (Martin et al 2000, Boger et al 2000b)
al 2000b) ankd aulcPEREA skl Haasomwenabilityi 1q mhlbrt HEAAFD(Ionspek

cta fz@gii%m%gglthéggﬁ wlel Bl %ﬁ%ﬁ%ﬁ% OBompBAAT
t

intyfifthy B Pafng i e A 138y &y B3R BSa e o phARulIES

palgiw% gg'%ﬂa%ugég 5 tesphsadeviellShddby QDQQDQHMTLmeert and

et " de Radi opharmacie, Universite
teaﬁﬁtaln ofheqURitde deo Ghiinie I&ausxaeémqﬁelegu den Radeopdmpaaciey
of L-29 to inhibit FAAH was cal cul ated_ by neasurin
Univessitésathaligust de h@uwanmelﬁon}gwm t ThMﬁP@%lﬁéW iea9

to i F AVt B B R alP e B bl AR Sopound
o B bl SO seosael oS i

pls(oawﬂéttaéjﬂelg mc@mekatéme)f(tﬂ@m@mm iahib R = BOE), so
hods).” In conparison, the values for PEA were 78%

Waé ?%soﬁﬁtﬂy&fﬂnﬁdlo@s L&ith aEpIﬁﬂl o S5t47L0d (:301663[:820 was quite
receptors was al so cal cul ated by nmeasuring th

porfgnts puram@hehnd dagae dwit sge t(oresspaHjt- @p2g0b) dox msibadgel [

ne t {

OBy B8 PSS o B ey 7F o1 Vo PBet i i (10 )
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BERERD T30t CoFRSRYS AhoR AOMY e} Apflstipg e

dispRReASHRYE ral@SactioB e ]-6095RAA Hosrd eetdiStrafsfettedAvith

and 13.9% 1. 7%
CB; receptors and radioactive [PH]-WIN 55 212-2 from a cell line

transfected with CB, receptors. At a concentratlon of 10uM, L-29
displaced 13.3% (+0.4%) in the CB, assay and 7.8% (£0.3%) in the CB,
assay. For comparison PEA displaced 23.8% (£0.07%) and 13.9%(+1.7%)
respectively, evidence that L-29 has a lower affinity at both the CB; and

CB, receptors.

The formalin test was first described by Dubuisson and Dennis in 1977
(Dubuisson and Dennis 1977) and is a widely used and well-characterised
model of acute and tonic inflammatory pain. Injection of dilute formalin
into a rat hindpaw produces a biphasic pain-related behavioural response.
There is an initial period of pain behaviour in the first five minutes after
injection, followed by a period of quiescence lasting about ten to fifteen
minutes. This is followed by a second period of pain behaviour, which

continues until the end of the experiment.
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respectively, evidence that L-29 has a |lower affinity
at both the CB1 and CB2 receptors. The formalin test

woR®s07973t descri bed by Dubui sson and Denni s i PCT/@BZ005/000597

(Dubui sson and Dennis 1977) and is a widely used and
wel | -characteri sed nodel of acute and tonic
inflammat ory pain. InjecBon of dilute formalin into a
rat hi ndpaw produces a bi phasic pain-rel ated
behavi oural response. There is an initial period of
pai n behaviour in the first five mnutes after
Maipj ecitennes, ofob¢arimegl this paperbddvisurghipees cdsee DPEERISEY-
about ten_to fifteepn mnutes., This_.is foll owed by a
DuBEg ARG PEBRISACSEE PR ATEHETIHACOrS g CasHgRR My digount
until the en f ' g
of b isprb! 1RG0 ofe e PEhiaTRAtc AR, BEDEFES G affected
paviUBIL SEAN N drbeeni savelaagidkeng tveagleted panr tbaisson

measures the amount” of time spent in each of three
ando Beamio U 7T). c ddthgry hese coamtedr thegnumbenicife fimchgsaef the
el evating the affected paw and |ickjng the affected.

affesdiod {ioubuT sedparesy hes attempteazp v e giéerept aering

h fli-Ach f ,t:he af | ]
mefhilsr PR 67 al (950 caro e Pt ERE Sy S 2R spent
. i . 9: .

i goHA SRR e A0bahE kgl dBEBMsSachie plriin e
supefidr $6 an Rthgle nheduey afdithak sddimgafithcbannand vieveuring did
superior to any single neasure and that addin s
notfimprowe vglidityt feoniatigl §1W M otalidandoihe Qﬁﬂlmi? Weighting

N\t t al (.1997) .vali dat th ti I L ghti
mefhah - CQPEITER A SEORATH SEOTRTANIET LN the
1 . . .

DuBlbEOT IS PReh Btttk PRI SRR, TN Mthe the paw
is %ﬁéxga_twéiéhtloﬁﬂ dindl ilickinpotht BRwRWEilV en giweirha ofed. ghhisofew
. This hew pain score was called the Conbined Pain
paifiGoor-Wés giiteddhEcimebintd Pain Hoeref Weigttyd (ScrseyBr¢iagpye

i st e nethod used in this study. ..
(0,1,2) (CPS-WSTq,1,2) and 1s the method useg){n this study.

What are the mechanisms mediating the pain behaviour in the formalin test?
It is generally believed that the first phase is due to direct chemical
activation of primary afferent neurones of the C-fibre type (Puig and Sorkin
1995, Dallel et al 1995, Mc Call et al 1996). It seems that the C-fibres at the
site of formalin injection are destroyed by the injection and it is those that
are further from the injection site which receive a lower concentration of
formalin that survive to respond to the stimulus (McCall et al 1996). Some
authors believe that the second phase is due to the intense afferent barrage
of the first phase causing central sensitisation in the dorsal horn neurones
of the spinal cord (Martindale et al 2001). However, there have been
numerous electrophysiological experiments showing continued C-fibre
activation, albeit at a reduced intensity, throughout the second phase (Puig

and Sorkin 1995, Dallel et al 1995); probably due to inflammation in the
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VWhat are the mechani sms nedi ating the pain behavi our
inthe formalin test? It is generally believed that

w0 b@s507973t phase is due to direct chem cal actP@EGBRWS/000597

of primary afferent neurones of the C-Fibretype (Puig

and Sorkin 1995, Dallel et al 1995 M Call et al

1996). It seens that the 22 fibres at the site of

formalin injection are destroyed by the injection and
pawt (Damiase Lidoial 299)ur Themdst evidtReadazpeal hgpothiesis is

whi ch receive a |ower concentration of formalin that
that aroonvisinatidon of pentrhl sensitisstion; maintein¢d/bygaontisuing primary

1996). . Sone aut hors begi eve that the second.phase is
affgtrart fisingn e e ORgEINgrPEPORAL Y Proglcet PR sHavIQUL - be

<o shlsCer Thile 36T SRR, ke I, FEpbaiost e o
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experinments showi ng continued GC-fibre activation,
Sodltinel 99 5ateary et at ¢899 riensicr othed rhawg reporteddesseigring of
hase (Puig and Sorkin_ 1995 [l1el et al 1995);

C-%btﬁﬁeibltbe ifernhese QYIPaatat tblP9%- t hepaw (Danas and

Li egeois 1999). The nost widely accepted hypothesis is
that a conbination of central sensitisation maintained

Y ,6a0t LRURE s a e i 14 s 4e0 1PN O AN 05
T AP OF A0 BRIk TheR Pl ooy il 2o s

anfihe&ieeptihe it the fatmpaireviddiehedf infflamhitery ianphadethen to
due to descending inhibition from hi gh_er centres to
detemmingiwlsire chisd effecti 5 mediated.ki ho 1w shisHaier yused gpecific

1999) however others have_r rted.less firi of
reQSPROTAHAZOH St 10T e s b JVECSF? Lo ficy) WouldYevsusg any
y o . ‘ ol ; et
pofilh Bbolf{SoBIRCEROR. SRiRTIqet (ol s deLine O,
re%e?)]fgéxarﬁﬁ@ég%ﬁ{stpﬁ&ﬁa d@grtgivgge Pﬁt gRéefeE ChRgonheee 41hi1995).

ect I s nmediated. is we used specific
Straggamhoet aln¢ EPS)i daseripped someoofyihe phatmmagkinetiese of fSR1.
they woul d reverse_any possi bl I noci ceptjve .
Thermibhers aRNERTSA WORIS, 23 2:7 COIDE: @Ot CB1 agonist, o
rats inducing catalepsy. SR1 significantly antagonised WINZ2 induced
catalepsy within 15 min of administration (1 mg/kg i.p.), this effect lasted at
least until the end of their experiments, approximately 50 minutes after
administration. SR2 is a selective CB, receptor antagonist first described by
(Ueda et al 2000). It has been used in studies at doses of 0.3 mg/kg and 3
mg/kg ip. (Beaulieu et al 2000). Capsazepine is a competitive VRI
lantagonist, developed by (Bevan et al 1991), and further described as
antagonising the antinociceptive effect of capsaicin (Urban and Dray 1991,
Dickenson and Dray 1991, Di Marzo et al 2001b). It has been used in
studies at doses of 10 mg/kg i.p. (Bouaboula et al 1997). Therefore, we
used SR1 (1 mg/kg), SR2 (1 mg/kg) and capsazepine (10 mg/kg) prior to L-

29 administration.
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receptor antagoni st first described by
(Rinal di -Carnona et al 1995). Strangman et al (1998)

waele®snived sonme of the pharmacoki netics of SR PCTE82005/000597

aut hors adm ni stered WINS5, 212-2 (WIN2), a potent CBi
agonist, to rats inducing catalepsy. SR significantly
ant agoni sed WIN2 i nduce@at al epsy within 15 mn of
adm nistration (1 ng/kg i.p.) this effect |asted at

2. Mla%&3h1sUid Methsdsend of their experinents,

approximately 50 m nutes after admnistration. SR2 is
a selective CB2 receptor antagonist first described by
Ueda et al 2000). It has been used in studies at
2.1 Avgeds of 0.3 ny/ kg and 3 ng/kg i.p. (Beaulieu et al
2000) . psazepi ne_ I BN IS
All GeRpairaia D eBisan B Ber e FbSiame (RS rRhARaR, Svile
i t bl 990 ' ' i RECt Mhimals were
Wi B AR B2 200G B CLEEY R AT,
houst894 gr&ip btz anétmaintz20d on a 12-las ligherdarls egiclerwith ad
studies at doses of 10 ny/kg.i.p. (Bouaboula et aj
libitwagwpessTiocoefl aind, watier. uEahsminyal way wegr, Ingyse ¢XpSHINg)
and capsazepi ne (10 ng/kg) prior to L- 29
onlyadnini stration. 2. Materials and Methods 2.1 Animals AU
experinments conformed with British Hone Ofice
regul ations. Male Wstar rats wei ghing 230-29Cgwer e
2.2 Pliatsmed from B&K. Animals were housed in group cages
and mai ntai ned on a 12-hour light-dark cycle with ad
L-29 nak taugiftaftemdd [tamberoGeanbignae drfor Ehemiedi stmicturgs SRdd
in one experjnent gnly 2.; Material s L-29 s a,qift
and fSRAVEEnd &l Trame Senefir and ¢ansageRIpe CXps @#@asesi géf?m
TomaggAﬁﬂg%ﬁgggggﬁﬁgﬁpghﬁﬁ‘iéﬁpﬁﬁﬁgﬂgls@@ﬂoﬁﬁ@%ﬁﬁ@@tﬂ%md

saline.

2.3 Treatment groups

Rats were randomised into seven groups. Investigator JB carried out the
dosing of the animals to coﬁforrn with Home Office regulations, while
investigator HJ carried out all other duties including scoring the behavioural
test, she was blinded to the drugs given. All animals were acclimatised to
the testing environment for at least 30 min prior to the experiment
beginning. Each animal received a first intraperitoneal (i.p.) injection of
either vehicle or antagonist and five minutes later a second i.p. injection of
either vehicle or L-29. All i.p. injections had a volume of 1 ml/kg. 10 min

later all the animals received a formalin injection. See Table 1 for groups.

2.4 Formalin Test
50p] of 2.5% formalin was injected subcutaneously into the dorsum of the
right hind paw via a 27G needle. The paw was then marked with permanent

ink. The animal was immediately replaced in the observation chamber, a



10

15

20

25

30

Tocris. Al drugs were dissolved in -40% di net hyl
sul phoxi de (DMSO) and saline. 2.3 Treatnentgroups Rats
waweros/oreandon sed i nto seven groups. | nvesti gatBCT/GB2005/000597
carried out the dosing of the animals to conformwth
Home OFfice regul ations, while investigator H) carried
out all other duties inclilding scoring the behavioural
test, she was blinded to the drugs given. Al aninals
cled® r]ﬁeﬁgl?dsé B $9hstiing MBS dne'st | IRgnenvilhoBReNWithos rairror
least 30 mn prior to the experinent beginning. Each
posifioned undesiedtd an 465P rtet allow reapenobsine#dd fiew.of the paw.
injection of either vehicle or antagonist and five
Observations bagay antheaetiwere placedjimha bex and spatigyed for 60

okt s B A AT

Ty . ] o 1 . .

WG S OISER R BI5-FEBFGy ), SLHRE pef epavion

SCEURE S AR aUSHE fab femidie 1dor SWarsoh ot lae199 DNt Tld adopanof
via a 27G needl e. The paw was then nmarked with

tinpe rspemteint eactk . of TR ebehaivrairalvastegaries|i vaase measesidaterd ea¢h
t he observati on chanper clear plexigla ox . .
conmae Sy SR A 3SR b GRS of e injcte
osi tioned under t I e
paly Bl AE AREAPT B St P0L AT el h ot 2 e
mjggﬁgg{éw R 1ichedPeiteartd sEARH. Wedidiaed 6&raivhs thegobtained

our was rated according to the Conposite Pain
foSeauhes miéipghioddhnScior ghade ¢ {0 HumigCast Pase( D (13-B))min),
val i dated pain behavi our scoring systemfor the rat
byfusingathierforregle hel@Wson et al 1997). The anpunt of tine
spent in each of 2 behavioural categories was neasured
for each consecutive 5 mn period within the hour

CPEAv ST h0j

not in
Test session duration

2.5 Statistical Analysis
Data was analysed using the one-way ANOVA test followed by Dunnett’s
test using the SigmaStat 2.3 computer package.

3. Results

3.1 Effects of L-29 on formalin-evoked nociception

Figure 4A shows the time course of pain behaviour following formalin
injection for the control group and all doses of L-29 and Figure 4B shows
the mean pain score for phase 1 and phase 2 for these groups. The control
group confirmed the previously described biphasic response to formalin
(Dubuisson and Dennis 1977, Malmberg and Yaksh 1992, Abbott et al

1995) with an initial high pain score in the first 5 minutes, followed by a
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injected paw is |licked, bitten or shaken. A weighted

score was then obtained for each 5 mn period and for
wWEb@se79r7( 0- 15 min) and phase 2 (15-60 m n), bRCTIEBRWS/000597

the formula below. CPS-WST = (1 x tine in category 1)

+ (2 x tinme spent in category 2 Test session duration

2.5 Statistical Analysis Bata was anal ysed using the

one-way ANOVA test followed by Dunnett's test using

i LRl ahd2the &R PRekagRcoRd o) trharked b
qméE%‘&?gEts of L- 29 onforgrrgillll?lﬁ% evoked noci celfplﬁson_ Fi gure .ZA
incsdasyd phinesdorese wiich persist il thoendvifolhe dxpleriowinig Pain

formalin injection for the control group.and. all doses
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. .Rhase 1. a hase 2. .for. t hes r 0
oG E Sey BRI D o Oe y HaEERrd S BIZRSI pattern

i, f ht L35 aRdangnRENL-290188Hificant]
e e e T vt
attdniatddapaifibghavdain (B0 biyroteheay iANO VA pluriDespett’s test
foll owed by aqui escent period and the begi nning of tTe

v cortroNgbpih®d engtkgr ke® wos nat pigasiengy; ditfrest deonmgoatro
i St til t d of .t ' t.. Pal
Atggh; B 10h B RSeSTof Phe Dy ALl | ISP REnflys more
dose. Ly Lnhi bited ) Lo . but
o iREFARRMITTER PR al R disigion, b
behavi our. Both 10 ng/ kg L-29 and 1 ng/kg L-29

si;gni ficantly attenuated pai n behavi our (P<0.05 by
3. 2oty FesENBy iz opisin en tL-29eegkedandgesiol ), but 0.1

T R ST T SN T
B ST A BB RGBS S ¥
L-29 with prior administration of either 1 mg/kg SR1, 1 mg/kg SR2 or 10
mg/kg capsazepine. Figure 5B shows the mean pain scores for phase 1 and
phase 2 of the above groups. All groups show the biphasic response to
formalin injection. We wanted to discover whether the receptor antagonists
decreased the antinociceptive effect of the L-29, so we analysed the data
against the 1-29 group. In phase 1 of the formalin test, the only group that
was significantly different (P<0.05 by one-way ANOVA with Dunnett’s test
v 1 mg/kg 1-29) to L-29 was the control group. In phase 2 however, SR1
reverses the antinociceptive effect of L-29 in phase 2 of the formalin test.
SR2 and capsazepine do not significantly reverse the antinociceptive effect

of L-29 in either phase.

4. Discussion

The results demonstrate that 1-29 reduces pain behaviour in a dose-

dependent manner in both phase 1 and phase 2 of the formalin model of
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3.2 Effects of receptor antagonists on L-29-evoked
anal gesia Figure 5A shows the tine course of pain

whewawioar for the control group, 1 ng/kg L-29PQr/GBp005/000597

and the receptor antagoni st groups, which were 1 ny/kg
L-29 with prior admnistration of either 1 ng/kg SR,
1 ng/ kg SR2 or 10 ng/ kg Sdpsazepi ne. Figure 5B shows
the nean pain scores for phase 1 and phase 2 of the

infRBEMELOBY P4RS in Ahb 1ot O8RS, Shevlettiee WBhasiaptore apagseist,o
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reverses the Tantinociceptive effect of L-29 in phase 2

nocitepthe behavbim wassstiersRRdaby bedfs acnlyi the antimesiceptive
significantly reverse the antinociceptive effect of

effectan HhﬁS@W?érreﬁﬁééfibY&RlDi scussion The results
denonstrate that L-29 reduces pain behaviour in a
dosedependent manner in both phase 1 and phase 2 of

In é%l%,rﬁlgﬁls'%hia{}id{ﬁgleﬂestﬁfehﬂfrbﬁﬁi@ﬁfa‘l’ XctBR Hhvieh Tage En”ﬂuence,.

R, a ective CBlI receptor antagonist,
if AbigbafefBNtbitroled it scanhleadatat birsci Depelty estefst doducdd
L-29 in phase 2, whereas SR2 and capsazepi ne do not
analgesin de atrhegmised phenomanonsingigés placeh a8 NEHeCRYIF QERENISS
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In all animal behavioural tests environmental
leakt6t days befoes dh¢ axperinenl siamed, They were housed in group
cages of 5 as rats become stressed when housed in isolation, and were
handled regularly to reduce stress due to handling during the experiment.
On the day of the experiment rats arrived at the lab at least 1 hour before
experiments began and were acclimatised to the observation chamber for at
least 30 min before starting the experiment. There is also evidence that
ambient temperature can affect the formalin test (Rosland 1991), so all
experiments were carried out in the same climate controlled room. Site of
injection can also lead to variation (Puig and Sorkin 1995), so all injections
were given by same investigator and any rats without noticeable oedema

and redness in the injected paw (indicating fajlure of the injection) were

excluded.

The protocol for administering the treatment drugs was decided by
reference to previous work. Pharmacological data available for SRI,

(Strangman et al 1998) showed that SR1 has a latency to effect of
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if not carefully controlled this can |ead to bias.
Novelty stress induced analgesia is a recognised

w@b@somenon in rats placed in new environment SPCT/GB2005/000597

nmedi ated by rel ease of endogenous opiates (review
Yamada and Nabeshi ma 1995). To m nim se any such
variation we kept to a sB#ict protocol. Al rats were
6-8 weeks old and arrived fromthe supplier at the
appRokifBdte oL idl sd #esdechdaliysadiafmister all entaguaistdemgs 15
“started. They were housed in group cages_of as rats
mirbbefnre stirties sxpbrither. Hyesiowsdata sonel: pvailable gorv\iﬂé’s SO
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{d ag%hﬁaf EV a3l | @ogphamdenad alscabebeagitedd.pri 30 heimites prior to

arting the experiment. There is also evidence that
adrainisteatfort efrpexiauissebstancesf nethte winighingr teat ((Galignano et al

Rosl and 1991), so all ex [ [ i
2oélagsw|§ﬂﬁlef¢fpr%@§§@@ﬁt%%ﬁ%ﬁﬁﬁmﬁ aftites SeHfrecroiin”
can also |lead t iati [ L.
s o aren Sty oyl sy b B Al fit dlonie,
Thfsai%%é@agéwﬁ a{i&ggﬁﬁa%a%/ ascemRk ap Fullesiias Sf ithe hpenist is
I'njected paw (I ndicating failure of the injection)
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treatment drugs was decided hy reference to previous
(Lasoetial 2008). feowropneantratians wilhproghice smsllesppin responses,

rob By S ek O Ao e gL g o
co B RA3H P PSHRORE B gl atpens

makthoMe dPERAH 16 WeteteaihspernlgesiaetietaiVe uitd'a deddian dbsacof
I's structurally simlar to L-29. PEA has been given

2.5% orrhatire ditdcke hgs pednonsedaontinelyonratrilabaratory( Jaggar et
al 1998b) and has al so been given i.p. 30 mnutes
prior to

There are many different animal models of pain. Differences between
nociceptive assays include the stimulus aetiology, intensity, location and
duration of the stimulus and the characteristics of the response. The
formalin test is caused by a chemical/inflammatory stimulus given in a
subcutaneous location producing a moderate intensity stimulus with a tonic
but limited duration. It produces an organised and integrated behavioural
response, not simply a reflex action. It’s main advantage over models that
look at simple nociceptive stimuli, such as the tail-flick test, are that it
mimics human clinical pain conditions, in which pain lasts for a longer
period of time and is not escapable. The immediate onset and limited
duration are an advantage over the more prolonged time course of other
inflammatory pain models, such as carrageenan. Another advantage is that
the formalin test uses a freely moving animal which prevents the

confounding factor of endogenous analgesia caused by the stress of



10

15

20

25

30

adm ni stration of noxious substances in the withing
test (Calignano et al 2001). We therefore decided to
w@ewse/0t9720 10 m nutes before formalin adm ni stPEL/GBR0S/000597
as agonists should generally be given after their
antagonist. This is because an antagoni st nmay not work
to full effect if the agdfist is already occupying the
receptor site. Dose of formalin used is also inportant
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tesg,gﬁ(z\kl% odothéﬁ] (tffé%uﬂgﬁ Ui 19 rﬁ(ﬁ‘ff(ﬁ eax%’tﬁr;é A98e@\ALs EfEct.

| 'onged tine course of "ot her i ammat ory pai n

StIREE IR monIE RS aBACAERE NaNlevAko bl ehda gtk agimabirdids
the formalin test uses a freely noving ani mal which

folpoweingnfosmalie itjenfion (WMalkerfecal di998) pemdde evidence that SR1
anal gesi a caused by the st r%%; ofrestraint. A

cawes adtexsrsal ef endegrnops tang raherdhan an imgrse AZonshAHES!

’l“hrc]s‘raet i %1s%f extensive evidence that SR1 has no effect in many other

systems (for review see Martin and Lichtman 1998).

The VRI receptor is a cation channel activated by noxious heat and
capsaicin, the pungent ingredient in chilli peppers, and mediates ‘burning’
pain sensation. AEA is an endogenous ligand of cannabinoid receptors, and

there is also evidence that it is a full agonist at VR1 (Smart et al 2000),

~ although in this study this action was not at physiological relevant

concentrations. On the other hand, there is some evidence that the action of
anandamide at VR1 receptors can be potentiated in certain circumstances.
Inhibiting hydrolysis of anandamide has been shown to enhance the potency
of anandamide as a VRI ligand by at least 5 times (De Petrocellis et al
2001a). Increased levels of PEA have also been shown to increase

anandamide action at VRI receptors (De Petrocellis et al 2001). Therefore,
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the response makes interpretation of results nore
difficult when pharnacoki netics are uncertain.

wa\RaokoTgm t he formalin test is a robust nodel BPET/GB2005/000597

inflammatory pain, further work using different pain
nodel s is needed to confirmthe results we obtained in
this study. SRl and SR2 @y be inverse agonists rather
t han pure antagonists at cannabi noid receptors
in (iBAUSDOPORIRE cflectl@VR] rbostrose wagael Sapsaepineat epditret
receptor to produce effects opposite to that of the
andagelecive Vihkbramtagonisti (Baves ethalt 1982) tedetegtigay possible
hyperal gesia at the CBi receptor, suggesting either
effedit agoni sm of an endogenous cannabi noid tone or an
I nverse agoni st effect. Calignano et al 1998 showed a
hyperal gesic effect of SR in the formalin test,
FARGUERT 2 Q¥ihersabéiBasWpetifitly ahd 20QApablavel Atabolising a
replicated this effect. Studies denonstrating an
widenmgasd ADAl maklgnies find ndlogyefatiy sicichamaddsrivici s PEA and

Oleprind e G siedaith SoMBRUDGR e caepis, of PTHY FAAH
acthir it i e SRE BRlRlal AR NG (PR R Bhnpfon il
Mag*% ‘1‘9!‘97?1 Enafﬁ{%@g% ehj ﬁﬁ@fogﬁag HoRteENIAPEMMVIRithh et

Llctrra_n The VR receptor is a cat’ion
al cbamnaioretdrvibess daynoiobe owsedhihatapenticaliy sai thew, atehtoo
pungent ingredient in chilli peppers, and nedi ates

toxidausonvaripus peEA anatrgites smd ol fadtyaarie depyetivtrsbaveghern
il ek S B B BRI h R Al 1554, 5REE
o 40070 el 3Bl Aot on AR e soplgesc

effB@nih theh@irthal St8€Nes SungeMSAH haliibitbss Beki@nnabimimetic
anandam de at VR receptors can be potentiated in

effeets tinivive, althemghaniveslacking BANI JFAATToHydo dape reduced
pai%ngegggtrirc])r(lj %C?gf%ﬂbgtegl 388\“{] IEM{] I?l%?i%%O}‘Shlen yo%vee “Ye more
beneficial in inflammatory states as levels of AEA and PEA are increased in
these circumstances, for instance in a mouse model of multiple sclerosis
(Baker et al 2000) and increased brain levels have been detected in response
to the formalin test (Walker et al 1999). In addition, AEA and PEA given
exogenously have been found to reduce inflammatory pain (Jaggar et al

1998a, Calignano et al 2001).

This study has demonstrated that the FAAH inhibitor L-29 may work
primarily to increase the levels of endogenous cannabinoids available for
binding to CB; receptors, however further work is needed to confirm our
results and extend the understanding of the mechanisms of action of L-29.
Another possibility could be that L-29 produces analgesic effects due to
actions on a novel non-CB,/CB, receptor. It is widely believed that there is

a novel cannabinoid receptor, but this hypothesis has not yet been proved by
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of anandam de as a VR ligand by at least 5 tinmes (De
Petrocellis et al 200l1a). Increased |evels of PEA have

wak®s/ogen shown to i ncrease anandani de acti onPEX/GBRI05/000597

receptors (De Petrocellis et al 2001). Therefore,in
view of a possible effect at VR receptors, we used
capsazepi ne, a potent and7’el ective VR antagoni st
0gﬁBevan et al 1992) to detect any possible effect. FAAH
t Sl icadb¥e i fandafoa Bhi ati
cl m%g%meg?ﬁgkglg v:ar lgeéx%ro ange lgfe%,gb %I lti)%au ezﬂégn%@ (ﬁ e ;Ve
redeptdryisaPEA. afhidemakerc lit dessPhkelanthad|ledfi te actey evial this
st andard _conpounds are capabl e of bl ocki ng FAAH

rec@gﬁj}éné B3 iilé.if\ﬁéleﬁﬁ@mgarp natagoRiseR AysGPr dRSAPLeY AR eSS, not
t d [ .
Chieroah SURPUORG: Tvon D AR vl E R s theastion L
293h sggé}gﬁ divERUE nfdIBRE ACHIIRT oPRerliseRithBRkANUER Galhe
as ey are todo toxic, so various AEA anal ogues and

taiPEEN tekafVARGIH afle Sl | 94F); haneddesivisceresp aigasech as
for their ability to inhibit FAAH (Lanbert et al 1999

coBogeal distaisi@o@less andi Gelblaarbt9F8) wWietflammajquy visceral
i nhi bit sic.eff

poipopahced By dommsutiimyrRRen i wecsery Sdde? (MSahon
nabia . ¢ ; : : . .

enfi A0 CERATE Periabf e plodd gfatfroBrlie il LohUT,

spiial "i‘l'er@ﬁ%ﬁtioffﬁﬁni i bhuaps 9y, Webts fueforaied after L-29

beneficial in inflamatory states as levels of AEA and

adPEAstragon e reeakmtt ihe tetmdeoft camalbrimimetés effeots: icatalepsye

in a nmouse nodel of nultiple sclerosjs. (Baker et al
hypalyepmebions nandlasea Hakeads cdane) Had biBahGEPGet P

ocl SEPSHSE BRSNS A Wb s 10 il chgidimold
A@I@M@ oﬁlgtqug% '2%%' RER QnhaBfhiné@08mECSt va{enlggaean

I ghan 001). Thi's study has denonstrate
exbp@iodshie oA the@hhbint effett 29 DelP \iortk increase endogenous

anandamide, as suggested by administration of SR1, then L-29 may also

produce similar effects.

CB1 agonists are undoubtedly antinociceptive, both in a variety of animal
models of pain (review Pertwee 2001) and in clinical pain states, but dose-
limiting psychotropic side effects have restricted their use thus far.
Therefore new strategies for manipulating the endocannabinoid system are
being developed (review Porter and Felder 2001). Partial agonists, receptor
modulators which have no agonist activity but potentiate the response to
agonists, reuptake inhibitors and FAAH inhibitors may have more potential
as therapeutic agents. In this study we have demonstrated an antinociceptive
role for a FAAH inhibitor in a clinically relevant model of inflammatory

pain.
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Vehicle 1 mg/kg 1.-29

UJ<’

4 Vehicle 0.1 mg/kg L-29

5 1 mg/kg SR144528 1 mg/kg L-29

6 1 mg/kg SR141716A 1 mg/kg L-29

7 10 mg/kg capsazepine 1 mg/kg 1.-29

Example 2: the Effect of
Palmitoylallylamide (L-29) in a Rat Model of Neuropathic Pain

Assessment  of Antinociceptive

1. Introduction

Palmitoylallylamide (L-29) is a structural analogue of the endogenous
cannabimimetic compound palmitoylethanolamide (PEA), but does not
significantly bind to either CB; or CB, receptors. L-29 inhibits fatty acid
amide hydrolase, the enzyme known to degrade endogenous cannabinoids

including the prototypical ligands anandamide and PEA. This mechanism is
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Yamada andNabeshi ma Behav. Brain. Res. 61 (1995)
133-45Appendi x Table 1 Exanple 2: Assessnent of the

wao\ndosnooicepti ve Ef fect of Pal m toyl al | yl am dePCL/6B2005/000597

in a Rat Model of Neuropathic Pain 1. Introduction
Pal m toyl al |l yl am de (L-29) is a structural anal ogue of
t he endogenous cannabi mi n#2i ¢ conpound
pal m t oyl et hanol am de (PEA) but does not significantly
thcpight té An@ihdehgitikdRlceptionboy eemrpasing the eRBacelhilb fevels of
fatty acid am de hydrolase, the enzyne known to_
endegnadeineitsoehtheselyaincaastng 8 1iraesniar agiivatieon. It is also
pr.ot ot ypi cal |igands anandam d d.PEA. This
posrible S OOl PRI S P RORE SEHPIT by
i ncreasing the extracellular |evels of
endocannabi noi ds and t hereby increasing CBl receptor

Th@%éfé?&ih@@ effbét 651 Iosen ARIshbl Ruriiadespor’? iaei @it widlchof
uncharacterised CB2-1ike receptor. The therapeutic

forehdlastvated iRfammathey tpstaviasumatviosslyohsen i mvastigated'.
nodel of fornalin-evoked jnflammtory pain has .
Hayveser.olis leffepleinan ﬁ@@éilﬁ@fﬁi et TsiEs 08 rn,eumpé?l@f:f:ﬁ@&? hag,
stabl i d rodent node|. e i f :
el B AR IS S R B AR B clBgive
effRE5 TSI ANk ?é’i‘ﬁ'af eRidiie nefee Hoaflbn Lndlel isapRaibugy
sciatic nerve ITgation nodel as previously described
defotitedl baeSehtenlet, 2., Anghd hhen didtemninee whissr dhishiegfect is

effect is nediated, To establish this, we wll utilise
mediated e [Tac establighBthisn gvepvik aibise rthgnselgdties (B1 apfl CB:

(SR14 1716a 45 ific Ans

re QRIS SR AR LA P RN CORTEERDLT Sciati c
nerve ligation (PSL) as previously described by
Seltzer et al.2 as a nodel of peripheral nerve injury

2.1 el apedifipetipapat hy.

. Reproduce an established rat model of partial sciatic nerve ligation
(PSL) as previously described by Seltzer et al.®> as a model of peripheral

nerve injury related neuropathy.

. Investigate whether rats in this model display behavioural features of

neuropathic pain and whether behavioural response is altered by L-29.

o Identify through which cannabinoid receptor this antinociceptive
effect may be mediated by using selective CB1 and CB2 receptor
antagonists.

o Dose/ response curves were constructed.

3. Materials and Methods
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I nvestigate whether rats in this nodel display
behavi oural features of neuropathic pain and whet her

whewawioar al response is altered by L-29. | depti/6$2005/000597

t hrough whi ch cannabi noid receptor this

antinoci ceptive effect may be nedi ated by using

sel ective CBl and CB2 recdptor antagonists. Dose/

response curves were constructed. 3. Materials and

Met hodsAl'| experinents were performed in accordance

with British Honme O fice regul ations, over a five week
Alpexpedments were pbtfonged incochedagee geitly Srifish Home Office

adm nistered._3.1 i mal i, nt enan / star rat.s
re GRS VOE 0. S GBI VB teoipiabl fi¢ iftes' Bif
2dG00Nsiang tenperature under a 14:10 |ight/dark cycle,
PR Fee access to food and water. 3.2 Experi nent al
Groups The aninals were random sed into four
experinmental groups, with six animals in each group:
3. G omital Bbdimtertanceont r ol (DMBO vehicl e + sal i ne)

Behavi oural thresholds to all three (gal ities were
Mplsc Vgt zatss vyrighing 250-3508¢ g 0B hwire diusedat a
| m t al I I_nt it ' g [
copgap bR rS BTGk Aa OOy e s i S o tgod

anfW@ep@s admini stered. Goup B. L-29 in a DVSO vehicle
I'n three i.p. doses: 0.1 ngkg-1, 1 ngkg 1, 10 ngkg 1
Previ ous experinments in a nodel of formalin-evoked
inflanmatory pain 1

3.2 Experimental Groups

The animals were randomised into four experimental groups, with six

animals in each group:
Group A. Solvent control (DMSO vehicle + saline)

Behavioural thresholds to all three modalities were recorded at time (t) = 0.
Each animal then received 1ml total volume intraperitoneal (i.p.) injection
of 40% dimethyl sulphoxide (DMSO) vehicle and saline. No drug was

administered.

Group B. L-29 in a DMSO vehicle in three i.p. doses: 0.1 mgkg™”, 1
mgkg”, 10 mgkg'1

Previous experiments in a model of formalin-evoked inflammatory pain’
investigated three dose groups of L-29 (0.1 mgkg?, 1 mgke™ and 10 mgkg™
administered 1.p.) and demonstrated that while both 1 mgkg™ and 10 mgkg™
doses significantly attenuated pain behaviour, an i.p. dose of 0.1 mgkg™ L-
29 was not significantly different from the control group. In this study, six

animals were allocated to each dose group and baseline limb withdrawal
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i nvestigated three dose groups of L-29 (0.1 ngkg 1, 1
mgkg 1 and 10 ngkg 1 admi nistered i.p.) and

walerwnstrrat ed that while both 1 ngkg 1 and 10 PgiRGB1005/000597

doses significantly attenuated pain behaviour, an i.p.
dose of 0.1 ngkg"1l L- 29 was not significantly
different fromthe cont46#l group. In this study, six
animals were all ocated to each dose group and baseline

threslééﬁlgp vy}érg hd (ﬂ'\ﬁ@%tfgﬁ_%ﬁﬁ‘? ladsnueret EegoTtdwhorineaediately

I's was I medi ately followed by the

follotve® by 311 pi srhiafidtanion df- 2@ 9swllutioron. G oup C. CB

receptor antagonist: SR (1 ngkg' 1 i.p.) Linb

wi t hdrawal threshol ds to all three m)daliti es were

recorded at t = 0. Each a@{rﬁ] I?en received i.p.
Grouprij-ect i@ T@Peﬁt%a%‘ﬁ‘ga@éﬁ MEXLYKIHVEO and sal i ne

solution, imediately followed by the administration

of L-29 at a dose of 1 ngkg"1l via the sane route.

Lim%ﬁféﬁwélecgfésﬁelds%%%@e dnbdatitiesi whdr@eatdednatesfid).ds
were recorded over the course of the experinent_as

Eachdﬁﬁﬁfal lﬂ%ﬂl re&%seﬁf@ ifjB2tion od| ptl?:@ gn‘?gotajg;@m 8t40%FPMSO
. p. or ou ar.tj rve
and s%a rsylu(tlléﬁl_lmm@éla)telﬁz pﬂ@\?\ﬁeg@%fﬂi@ aéFffla%S?FQP é’?@r ?Bﬁ
f t at 2
dosesé’.f{épar k2B bt srimsaT e RO dhsale PO ol b
hal &
T i
descHBRE' - thigh level and the dorsal third - haI f of the

sclatic nerve tightly ligated with a 7-0 silk suture
at a site just distal to the point at which the

posterior biceps semtendj gsi g'fé ranches off the
GroupcDat i cCCRerareDIHABFAZINAL, ﬁwa( g i +hed and the wound

then closed with nuscle and skin sutures and a snal |
vol unme of 0.5% bupi vi cai ne admi ni st ered

As for group C.

3.3 Partial Sciatic Nerve Injury (PSL model)

Following the original description for partial sciatic nerve ligation by
Seltzer et al.?, surgery was performed in equal number. Under inhalational
anaesthesia using isoflurane and nitrous oxide, the left sciatic nerve was
exposed at upper-thigh level and the dorsal third - half of the sciatic nerve
tightly ligated with a 7-0 silk suture at a site just distal to the point at which
the posterior biceps semitendinosus nerve branches off the sciatic nerve.
Haemostasis was confirmed and the wound then closed with muscle and
okin sutures and a small volume of 0.5% bupivicaine administered
subcutaneously. A strict aseptic technique was maintained throughout. The
animal was then recovered and returned to its housing eny \gozlfl%nt and a
post-operative check conducted the following day. See ﬁg—a%e—-l% for full

description and protocol.
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mai nt ai ned t hroughout. The ani mal was then recovered
wa@pasoetrar ned to its housing environment and aPCT/GB2005/000597

post - operative check conducted the follow ng day. See

ugur-e IS for full descrimai on and protocol . 44a

Qutline of Experinental Procedure On day of surgery,

acclimatise rat for 15 m ns and neasure pre-op
baseline sensory thresholds-to-cold—nmechani-cal—and

T T TT—Car

Qll@nfr_ﬁfEsl’@rmPlllf_,aé Bxogsdmrer ot ocol ) Perform parti al

S LT SR ST SR

sérﬁ)ﬁyotﬂaeisll‘l@ldﬁ elccdpahéshabiealsandehaans siyuli (aseehplotdsol)or
a maallt] =

Peeiprpe nartiebsiatis) negye ligatign swigty @A Pes Pratocalit agoni st

U L I a
RS BT hesein o nitaniedilE G B o oatim nedogty |
M&surdQendody tirekh8Rsforall @sditiies att=0g adni ni strati on
Table 1 B45 3.4 Sensory Testing-Behavioural tests.
Adnsinistes #psinjgstien pEsolesat GPRtF} Akt $AURIc(hAmnEagonist
SGRREET BRLeEOhT affinTUdionRET 5o RIRNCI NG -
experinments, aninals were allowed to acclimtise to
M&guiegshdong theeshotdsnoendh hodaliay 20,eds 60 dhd 80 mirhess post diug
exploratory behavi our had ceased. In order to mnimse
aBmistratioB experi ment to be conducted was randoni sed
(accordimg to a predeterm ned random nunber table -
,%gfe 1t].jzalbl e 2) on the day of testing and the drug doses

e drawn up and given by a separate investigator to

t he one scoring the behavioural tests who was blinded
to the drugs given. Baseline sensory
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t hreshol ds were nmeasured pre-operatively on the day of
surgery and on post-operative day eight. Al animls

w0 p@btiedt i n drug testing displayed a stati stiPEi/G$2005/000597

significant |owering of sensory thresholds (p < 0.05)
conpared to the pre-operative thresholds in all
sensory nodalities. Sensody t hreshol ds were recorded
at tinme (t) 0, 20, 40, 60 and 80 m nutes post drug
34adm5@h§(§,r atdsgng Table 2: Randomisation table 3.4.
Col d al | odym a CoI d all odynia was assessed usin the
Behaetomns! tapplinclatedsimptshrefigueyitodiamab to Mashamsal, therneal
al A Animal s_were placed .in a clear Plexiglas bo
and zokd ssimubinp elqrerPoRupeBeiRe SKRSHIE Fe §Hlf?‘r%8 J¥Sth g’lﬁo)&’ed to
e bubbl e of..ceton I
acﬁ“@-%?%nttoa?h% UFFUNE %’?\%g\ﬁrﬁ Iﬁ[ fglr ;Jaatwtllerﬁ1 pLeeIg#dr%r%ﬁt il
expﬁ(ﬁ%?% BehRLEHr hy E@@s@ﬁnﬁ?oﬂi&? td aliBimRs bRASkid é’)épdrfment
ered6 was paw W t hdrawal acconpani ed b a pai n
to res pondected . was narmdosrisght (abeandingy fo ru prddebernuhed aandom
vocal i sation. Each paw was sanpled five ti w th at

nuinehes ttabler-e seqriahle ¢9 QiéﬂWsé@!y @géwttn@s@n%ﬂw gf%eé@ﬁe%were

arRRE R G Zh1To Ay RSB SE TR ESHEAEE 15 b B degtige the

behg{’i%ﬁpéﬁl 5 t%hgo?\; Ll?l xgﬁ%gllhgﬁltl‘féildr gWe'n WAR1iHE 8fnk&ry

assess nec ani ca was conduct ed

thiéghokisawer ntdastied pf@@péﬂaﬁivélyv on theegayde¥isuegdr®. &minon
di aneter force transducer tip lied manually at a

postﬁnpﬁmmge rdatyeeight. 8fyllsaumalo lltqi@d@f{) ih grumtestingudisplepedfa
the hjin Mean wi t hdr awal k

StFRGHLY SRLBFaTt 08 B P PBRs DRI g8 2 ) Feripared

toIh€ %Peq%pgx%ﬂvg thresholds in all sensory modalities. Sensory thresholds
were recorded at time (t) 0, 20, 40, 60 and 80 minutes post drug

administration.

1. control 7. sham 13. SR2 19. SR1 25.1.-29(10) | 31. control
2.SR2 8.SR1 14. SR1 20. L-29 (1) 26. SR2 32.SR1
3.L-29 (1) 9.1.-29(10) 15. sham 21. sham 27. control 33.SR2

4. SR1 10. SR2 16. L-29(10) | 22. control 28.1-29(1) 34. sham
5.1-29(10) 11. control 17.1L-29 (1) | 23.1-29(10) | 29. SRl 35.1L-29 (1)
6. sham 12.1L-29 (1) 18. control 24.SR2 30. sham 36.1L-29(10)

Table 2: Randomisation table

3.4.1 Cold allodynia

Cold allodynia was assessed using the acetone application technique,
modified from Carlton et al.®>. Animals were placed in a clear Plexiglas box
(23x18x14cm) with a 0.8cm plastic mesh flooring. A single bubble of
acetone was carefully applied to the mid-plantar surface of each hind paw

and the animal’s response noted. A response was taken as positive if there
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3.4.3 Thermal hyperal gesia Thermal hyperalgesia is
assessed using a noxious infrared heat stimulus

wa@ppbied7t o t he pl antar surface of both hind pe@EGE2005/000597

descri bed by Hargreaves et al.4 Paw w t hdrawal
thresholds to a focused beam of radi ant heat at a
constant tenperature of 440C and infrared intensity
(of twenty for rats and thirty for mce) is neasured.
wad ShANEAh8raseH] - &donPirest Ybyola ﬁém%@?@tmﬂ Se.gS noneweioht
prevent possible tissue dama Sanmpling is repeated
bedringg ruizmksg 0O pewcdr peoalinatidn. ?Emé@em’ MRS senipdedniizp times,
testing and a nean withdrawal threshold is cal uI at.ed.

with, ot ade s yBInsties RETResT £RC; 8 AP o dBeHo POSILIVE

ned for athy by the paired t-test and for
tg’ﬁ @rp&qrgsebc}gpglﬂ%tgghe_my ANOVA (Dunnett's test)
(corrpared to post-operative values), both taking p <
0.05 as statistically significant. 4. Results47
3.4Thi Meehnieal allodphia dermonstrated al tered sensory
thresholds in all nodalities 8 days follow ng péﬁetlal

Biletsirak hinchéinve wnﬂg@ﬁW@h tbmsb@m,s {OTRPSIORE SmEGHRH SaleR By

LB L R B AR b G RRAP
cal%lld{:%i[ %g t{r&}é%ﬂb}fiﬁddé%é‘é) Eeie d?a?ﬁ&%f’ B Rranldhdi® tip)

no Wlt dr awal response to any

ﬁl@ét‘ﬁﬁ{a‘nuﬁnﬁ alt iat dorisesl eate (508 /rse@)etoanhen"ﬁicisplamamtnface of
sol vent (40% DMSO and saline) was adm nistered as a

thechintd pawt dMeawiwithdsawgk threshalds evarastakien draani g sefapf five
di.fference from baseline sensory t hreshol ds. This was

appligat iqnﬁe’éPtB?S%{}r‘] iten secAndsARAsi s usi ng t he one-way
ANOVA (Dunnett's) (*P<0.05,

3.4.3 Thermal hyperalgesia
Thermal hyperalgesia is assessed using a noxious infrared heat stimulus

applied to the plantar surface of both hind paws as described by Hargreaves

" et al.* Paw withdrawal thresholds to a focused beam of radiant heat at a

constant temperature of 46°C and infrared intensity (of twenty for rats and
thirty for mice) is measured. A standard cut-off latency of 21.4 seconds is
used to prevent possible tissue damage. Sampling is repeated five times to
each paw with three minutes between testing and a mean withdrawal

threshold is calculated.

3.5  Data Analysis

Statistical significance was determined for neuropathy by the paired t-test
and for drug effects by the one-way ANOVA (Dunnett’s test) (compared to
post-operative values), both taking p < 0.05 as statistically significant.

4. Results
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**p<0.005) 4.1 L-29 Studies 4.1.1 Thermal Hyperal gesi a
Attenuation of thermal hyperal gesia was greatest at a

waelo®e/onf7710 ngkg 1 between 20 and 60 mi nutes pPGL/GB2(®5/000597

drug adm nistration. At a dose of 1 ngkg"l, thernal
hyper al gesi a was attenuated | ater between 40 and 60
m nutes post drug injectidfi and only at 40 m nutes at
a dose of 0.1 ngkg 1 L-29. (Figure 8). 4.1.2
T}M%gl}%_ calimMd odumioashatellgnilfekanberisdey edgestiolds in  all
mechani cal sensory threshol ds and hence reversal of
médeditive Shamjscidlloadingdyantial goiaticioenyeblygasont superyeiBuis gvas
nerve |ligation, was observed, at dose of 1 nmgkg 1
confipgedt byo statifliical andysis misHa e@lepd&lfqd. p-tesiy u‘gp<0-05,

+GoenaOR B s08n8H 5 brghg™ SRR aH Bl S ehARtRLe
B g Gtati b o W s o

an§iseBsdrydnseditditestodt yiel d a statistically significant

reversal of cold allodynia associated with parti al
sciatic nerve ligation. However, there was a trend in

thjs directjon in that the er, ge.of positive
Iny ég‘ﬁﬁ?nsaé%maiéc rBas¥diCin Sﬁr‘fengggg)oﬁr u?ﬁ“ﬁgszﬁm&e) was
our f e i : ' F o
diiTe] o X sTREL] iRying, B, R Nk 1R ginifgent
diffefidces fid@s t bdseAne dk@tsoad MhiesHoldd.i Thisd wis acodéitriede by
from 100% positive response to 50% A decline b

statistioal amalyisisvamsing nihieaohy-vedys eANEIVAL (Rutiosd’ sof %/"d?<10-05,

kg 1 between 20 - 40 m nutes. Fi qure
**rlr)“;<09005) (Fig

4.1  L-29 Studies

4.1.1 Thermal Hyperalgesia

Attenuation of thermal hyperalgesia was greatest at a dose of 10 mgkg™

_between 20 and 60 minutes post i.p. drug administration. At a dose of 1

mgkg™”, thermal hyperalgesia was attenuated later between 40 and 60
minutes post drug injection and only at 40 minutes at a dose of 0.1 mgkg™

L-29. (Figure 8).

4.1.2 Mechanical Allodynia

A significant increase in mechanical sensory thresholds and hence reversal
of the mechanical allodynia produced by partial sciatic nerve ligation, was
observed at a dose of 1 mgkg™ L-29 at 20 minutes and 60 minutes post i.p.
drug administration. No effect on mechanical allodynia was observed at a
dose of 10 mgkg'l and only at 80 minutes post i.p drug administration for

0.1 mgkg'l (Figure 7).
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6). 4.2 Receptor Involvenment The effect of selective
CBi and CB2 receptor antagonists on L-29 effects was

w0 poestd7gat ed at a dose of 1 ngkg 1L-29. 4. 2. IPCBGB2005/000597

Receptor Antagonist (SR 41716a) Co-adm nistration of
this selective antagoni st at the CBl receptor appeared
not to prevent the anti-h§deral gesic and '
anti-allodynic effects seen at the 1 ngkg 1 dose of

4.113- 2% [Ballbdpmighani cal al | odyni a and ther mal
hyperal gesia were reversed throughout the entire .
Thesaderinismation tof ded8only alhrdespp @ naf o@gld a statistically

. si.gnificantly aboyv asel.ine. A signifi A duct |

e oSy Lot BS5bALET S BoPHaBA HLER Al TV

. Lever cpl ' Clt: : f

ligdy s bGP S Bl dRCHAS Fhrechioh 8, BOE e s

perB&fhd & Vst {)@ﬁﬁ@@ $8spchse®| ddctdabsdl linsalmdpsd grofsedueig the
fromstart of the experinent. (Figure 10). 4.2.2 CB 2

comccaigﬂm exjreranenti 8t rfnasﬁmumzleﬁ‘m wseohseresat gfoses of 1 and
co-adir ni stration this selective antagonist.at t

10 rkes Lwpvenn dpmdils THOHES s 1dul BRI At Witk @
e to e_prevent 4 Nty -ialq [ f

decie Py 0P SRS RisBnby REPOZE A GRHBEHY o BLBAE Sras

sinﬁlfgfnl?‘:éﬁsé?@éd‘gt PS8 ¥ed. 1f'mgﬁgﬁ@;emvaeﬂ 26 -PABiifited (Figure
adnfnistration. However, t(here appears to be no

6).reversal of the anti-hyperalgesic effects of i.p. L-29
to thermal stinmuli, nor any reversal of cold allodynia

(Figure 11). 5. Discussion This study provides

evi dence far anal gesic actions of palmtoylallylamde
4.2(L- e@f”’%&‘é"zge”&?ntl and 10 ngkg 1 in a nodel of
peri pheral nerve injury

The effect of selective CB; and CB, receptor antagonists on L-29 effects
was investigated at a dose of 1 mgkg™” L-29.

4.2.1 CB; Receptor Antagonist (SR141716a)

Co-administration of this selective antagonist at the CB; receptor appeared
not to prevent the anti-hyperalgesic and anti-allodynic effects seen at the 1
mgkg™ dose of L-29. Both mechanical allodynia and thermal hyperalgesia
were reversed throughout the entire experiment with sensory thresholds
raised significantly above baseline. A significant reduction in % positive
response to cold stimulus and hence reversal of cold allodynia occurred at
the end of the 80 minute experiment. However, a downward trend in %
positive response to cold stimulus may be observed from start of the

experiment. (Figure 10).

4.2.2 CB3Receptor Antagonist (SR144526)
The effect of co-administration of this selective antagonist at the CB,

receptor appears more difficult to interpret. It seems to have prevented the
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rel at ed neuropat hy, although |arge group sizes would
be required to be certain of the effects denonstrated

wWhmews/079Thi s supports previous work in a rat noREl/GBR005/000597

formal i n-evoked inflammatory pain in which both 1 and
10 ngkg 1 doses L-29 significantly attenuated pain
behavi our, while 0.1 ngkg4®? had no effect 1. Overall
nmechani cal al |l odyni a produced by partial sciatic nerve
anliladididyait weectiosf asmeflfeti-29 ebymatharicalt stimal drilgy thedse
hyperal gesia in which sensory threshol ds were
effentsrbedsg dbsiryed fiamad0lpinweoperioling elmisistiatin. However,

(hGTB IRBPERR Ol Ho VB LSHoRy VBT PRELSI B oo g dard

hat -y _t:h i - [ :Of il

to [iZinaf Moolic Fof iy r Rk SROR I GRR MRl P oy o
ant agoni st SR144528, and not by the CBi receptor
ant agoni st SR141716a as previ ous work has

5. sugdastwesdiddrs. In the formalin nodel of inflammtory
pain, the selective CBi receptor antagonist, SR 4
1716a (I nmgkg 1) significantly attenuated the

ant j -noci ception .produce .- N
TS s bR S0P g’ et ROab BB IREul ittt
DSk, d ek
e R R st e e R LS b
relaydr abaspatinh)i dithough (drgd\Hrpup ndpese vantld -beoceqed do be
by a CBi receptor nediated nechani smor by interacting:
centiinhof tleseffeett edameenspiatad herso Thns swpmsREuRENBOYSS Wark dn a

g
_ 240 F thi ' -1

GO R B S e R R

hagrrﬁ,Yéfﬁé(ﬁﬂ anal gesi c effects, suggesting that the

action of WN55,212-2 is nediated via the CBl receptor
5.

Overall, mechanical allodynia produced by partial sciatic nerve ligation was
not as effectively attenuated as thermal hyperalgesia in which sensory
thresholds were increased significantly throughout the entire experiment. In

addition, no significant reversal of cold allodynia was observed.

In this study, it appears that only the anti-allodynic effect of L-29 to
mechanical stimuli is antagonised by the CB, receptor antagonist
SR144528, and not by the CB; receptor antagonist SR141716a as previous
work has suggestedl’s. In the formalin model of inflammatory pain, the
selective CB; receptor antagonist, SR141716a (1mgkg™) significantly
attenuated the anti-nociception produced by L-29 in phase two of the
formalin test, while the selective CB, receptor antagonist, SR144528 (1
mgke™) had no effect, thereby supporting the hypothesis that either fatty
acid amide hydrolase inhibitors (FAAHI) induce anti-nociception by a CB;

receptor mediated mechanism or by interacting with a CB,-like receptor at
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adm nistering to said patient an effective anount of a
conpound of formula |, as defined in claiml1l. Use

wa@ewsndi’ng to claim1 or nethod accordi ng to cPEi/GB3005/000597

wherei n the medi canment further conprises one or nore

anal gesics or the patient is adm nistered said further
one or nore anal gesics. THAd use, conmpound or nethod of
any of the previous clainms wherein, in the conpound of

Clagnagrul a 1, R represents ClO 2Cal kyl, C10 2Qal kenyl or

d o. 20al kynyl . The use, conpound or nethod of any of
clains 1 to 4 wherein, in the conpound of formula I, R
represents Cl o.20,n C10- 20monoal kenyl or

E?ﬁ?ﬁéaé conpound or met hod of
any of clains 1 to 4 mhereln, in the conpound of

formula I, Rrepresents O o-20 wal kyl,

C10- NHeCKENYCHCIEL0- 20mono- " - al kynyl . The use,
conmpound or nethod of any of claims 1 to 4 wherein, in
t he veloarpinuR depfeségs ﬁ;tzaaﬁwh Cepredsayl or €220 alkamyliandor

Cl1- 19nono- nal enyl The use, conpound or nethod of
any Toif 88| 1§{eger frome O4%fherein, in the conpound of
fornmula I 5R represents Cl1-18w al kyl, or Cn-18
nono-rcal kenyl . The use, conpound or nethod of any of
cl allfﬁhelrﬁaﬂuﬂac\e@&r@ﬁ dimelditatiiit ForRRLind b rélsfnul a |,

t he al kenyl or al kynyl groups have no nore than 3 CC
doubl e or triple bonds, respectlvely The use,

conmpound or net hod of any of clai 5 wherein.the

. Conp%@ﬁmpognd&f fempplagly ype)d in olaig 1 for use i medicine.

1, 14- ei cosat etraenam de. The use, conpound or nethod
of any of the previous clains wherein,

A method of providing pain relief to a patient comprising
administering to said patient an effective amount of a compound of

formula I, as defined in claim 1.

Use according to claim 1 or method according to claim 3 wherein the
medicament further comprises one or more analgesics or the patient

is administered said further one or more analgesics.

The use, compound or method of any of the previous claims wherein,
in the compound of formula I, R represents Cyg.5 alkyl, Cyg.29 alkenyl

or C 10-20 alkynyl

The use, compound or method of any of claims 1 to 4 wherein, in the
compound of formula I, R represents Cjoa n-alkyl, Cjo.n0 mono-

alkenyl or Cyg.50 mono-alkynyl.



in the conpound of formula I5n represents 0 or 1. The

use, conpound or nethod of claim 12 wherein, in the
waeewwpowatdh of formula |, n represents 1 The usePCT/GB2005/000597

conmpound or nethod of any of clainms 1 to 4 wherein the

compound is N (2-propenyl) hexadecanam de,

N- (2- propenyl) cis-9- octa@decenanm de, N-(2-propenyl)

ci s- 9- hexadecenani de, N-(2- propenyl) tetradecanam de,
7.N- ( ZPHe @€ 8¥inpoahd 08 niethbd o aan arfiotemsN to 2-wherp@nyn jhe

oct adecanam de, N-(2-propenyl) trans-9-53

oct adagrEnedi @t%fommqla-IBrlbp@mBqntsj Selecatitide Cippo mono-»-

N-(2-propenyl) cis-5-dodecepnam de . A use conpound or

met HOECTHH 04 O-Nmpﬁe"ﬁ?@i}@%ﬂs clai s wherein the

conmpound is N (2-propenyl) hexadecanam de. A

phar maceuti cal conposition conprising a conpound as

8. def iTiedude) chBipdith@ brtrfetibll offany e dMieny Dus4 Glledreth, amehe
one or nore anal gesics and a pharnaceuti cal !s,é
Fngp oao-a-

ac ¢ eqonaiiumdexCiopmeid I, R represefts §41-1-akiyhrar
conpound _as defined in relation to any of the previous
cl aiafenydnd, (b) one or nore anal gesics; and, (c) a
pharmaceutically acceptabl e exci pient A use or nethod
according to claim4 or pharmaceutical conposition

9.accorgll pg %Bngio%hmo%qn&hoa JfidnyQff RS @&g%gérem,tiﬂ the

claim1/7 wherein the analgesic’is an opioid,

non-cingp@irdiedt fortriula If R aopmsearty Oy ygy-alkyllooaCy;.1s mono-n-
anaest hetic, a NVDA receptor antagonist, a

canrdkemdi d, an

10.  The use, compound or method of any of claims 1 to 4 wherein, in the
compound of formula I, the alkenyl or alkynyl groups have no more

than 3 C-C double or triple bonds, respectively.

11.  The use, compound or method of any of claims 1 to 5 wherein the

compound is not N-(2-propenyl) — 5,8,11,14-eicosatetracnamide.

12.  The use, compound or method of any of the previous claims wherein,

in the compound of formula I, n represents O or 1.

13.  The use, compound or method of claim 12 wherein, in the compound

of formula I, n represents]

14.  The use, compound or method of any of claims 1 to 4 wherein the
compound is N-(2-propenyl) hexadecanamide, N-(2-propenyl) cis-9-
octadecenamide, N-(2-propenyl) cis-9-hexadecenamide, N-(2-
propenyl) tetradecanamide, N-(2-propenyl) cis-9-tetradecenamide, V-
(2-propenyl) octadecanamide, N-(2-propenyl) trans-9-
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anti depressant, and/or an anticonvul sant.

WO 2005/079771

15.

16.

17.

18.

53

octadecenamide, N-(2-propenyl) dodecanamide, or N-(2-propenyl)

cis-5-dodecenamide.

A use compound or method of any of the previous claims wherein

the compound is N-(2-propenyl) hexadecanamide.

A pharmaceutical composition comprising a compound as defined in
relation to any of the previous claims and one or more analgesics and

a pharmaceutically acceptable excipient.

A kit of parts comprising:

(a) a compound as defined in relation to any of the previous claims;
and,
(b) one or more analgesics; and,

(c) a pharmaceutically acceptable excipient

A use or method according to claim 4 or pharmaceutical composition
according to claim 16 or a kit of parts according to claim 17 wherein
the analgesic is an opioid, a non-steroidal anti-inflammatory drug, a
local anaesthetic, a NMDA receptor antagonist, a cannabinoid, an

antidepressant, and/or an anticonvulsant.

PCT/GB2005/000597



