;e3e}ttu,yyj T}6} T} )19 DEC 2002 WO 99159S98 *tsstss* PCT/ CA99/ 00449 1 USE
OF TRI CYCL1C ANTI DEPRESSANTS FOR LOCALU"WW ELD OF THE | NVENTI ON 5
The present invention relates to thera m’mmfm tions and M8t bidd20820r
their use. Wwhodsgdgy ti cul ar aspect, the preggpk. i nvention relpgh@SsdoRodqs
conpositions for producing pain relief and nethods of their use. BACKGROUND
OF THE I NVENTI ON 10 Neuropathic pain is a formof chronic pain that can
persi st for nonths, years or decades fiollowing an injury, and results from
damage to peri pher al UsEEFTBE)Y CRISTANSIDEBRASSANTSHORI O AaANLIGE]IAOr certain brain
regions. It differs fromnociceptive pain in terns of duration,
characteristics, underlying nmechanisns and treatnent (Bennett G J. 15 (

1994a) In: Textbook of Pain (Edﬂwaﬂw Churchi | | Livingstone,
London 3rd edn, 20l). Neuropathic parn can CONsis f spontaneous pain

(e.g., burning, cutting, tingling), evoked pain (e.g., allodynia evoked by
. stimul ation of nonnpociceptive afferents, and hyperal gesia evoked by

stimul ati &n ?f nociNE PEISEHnYEtioN Spiptss touherapatisramnasitions ang éll.egho,ds for
Chock! 1 ke) ( BT 1 G B eltr. BRSSP RAERi S BARS bBbon P B

Mel zack R) @redueliigldaid-telieNgil meodd eMBgiPuss. d edn, 201 ). Neuropathic pain
can acconpany nociceptive pain, and nultiple treatnment strategies may be
required for optinmal alleviation of pain (Portenoy R K. (1991) In: Towards
a New Phar macol ogy of Pain ( ) John Wley & Sons
Ltd, New 25 York, 393; Devor ' : » s a New

Phar macotper apy of Pain (Ed. Basbaum A. L, Besson J.M) John Wley & Sons,
New York, 417). Neuropathic syndronmes are traditionally classified

accordi ng to the diseersthiopainieaforithefchporec paintthetedn pérsist foe ngpnths, years or

post herpetic peural.gja.foll ow ng shingles, causalgia follow ng partial
damage to a rfgf%s{es fllaeing am fUhEy aqgigen s rq*aﬂawggeatqwﬁﬁ@ﬁnqrmsapm
(Portenoy 30 . : : : &Iw . j:0: ( Ed.
Basbaum A. L, rgglsgfstgé\ S}\;J1 g%l]':)c}}c\ll gﬁ%méﬁ,%%gge%gﬁ%%? gf?é' rgg\g}v or cegé‘ééggdlﬁéé skey H.,
Bogaduk N. ( 1B®ds) oflduration, Chadadifristi2s) ARdaNT iR hie OB nAGERHA CAAGN €I 4B Onnétt G.J.
Classification of Chronic Pain. Descriptions of_ Chronic Pain Syndronmes and

DefinitidAs dfOMR fn:Teribgok onlaiadhd. WalhEP . Melzack RyChurehill Livigestonyy . The

i nvol t qf f & : i f .
condi & ons. ha8E ARLERES06, NePGINRL Bl kb S of PTREbuCRah (FEY
synpat heti ¢ oifiapasukting, EngRi)] %k@dipﬂﬁ_(é.gﬂﬁﬂédﬁid &KLY b BiimbRLibE 8f AcH-N

(reflect synpathetic dystrophy, causalgia) (Bonica J.J. ( I 990) In: The
Managenent ofnqveqentv(eem‘%ermmia@éhSper.al)geueawaceﬁibmsgmu,lauoniqf@d@r:mnva 2nd edn.

220; Bl uneberg.H. . JanigW (1994 n: Text hook. of Pain (Ed., MAll, R.D.,

Vol rack ) R st peln ek oratheling T Wil o e 1

pain is partigabid, Yandidafih€ WhbckikeS (Bhett G.NI PBULYIn: THQbSSHEHai ER WAL
P.D.. Melzack R.) Churchill Livingstone, London 3rd edn, 201). Neuropathic pain

can accompany nociceptive pain, and multiple treatment strategies may be required
for optimal alleviation of pain (Portenoy R.K. (1991) In: Towards a New
Pharmacology of Pain (Ed. Basbaum A.l., Besson J.M.) John Wiley & Sons Ltd, New
25  York, 393; Devor M. et al. (1991) In: Towards a New Pharmacotherapy of Pain (Ed.
Basbaum A.I., Besson J.M.) John Wiley & Sons, New York, 417). Neuropathic
syndromes are traditionally classified according to the disease or event that
precipitated them (e.g., postherpetic neuralgia following shingles. causalgia following
partial damage to a major nerve, central pain following a thalamic infarct) (Portenoy
30 R.XK.(1991) In: Towards a New Pharmacology of Pain (Ed. Basbaum A.lL, Besson
J.M.) John Wiley & Sons Ltd, New York, 393; Merskey H., Bogaduk N. (1994) In:

[
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is controversial, with issues of contention being the relative
refractoriness of neuropathic pain conpared to nociceptive pain, the need
for higher doses with an increased incidence of side effectb9tiECadieve
partial eW®etsms9sand concerns over the long termuse of opPaTARA9/004239

non- mal i gnant context (Amer S., Meyerson B. A (1988) 15 Pain 22: | 1;
Kuypers H., Konig H, Adriaenson H, Gybgls J.M ( 1991 ) Pain 47:. 5;
Portenoy R K, Foley KM, Inturrisi C E~ (1990) Pain 43: 273; Portenoy

R K.. (1994) In: Progress in Pain Research and Managenent (Ed. Fields H L.,
Li ebskind J.C.) | ASP Press, Seattle, 247). The major classes of agents
currently uSésifeatioreaf CheuicaRanhiDesqdptions of ChbaicsB@h Sywdrankyarit! i ver ed
anti depressants, anticonvul sants, |ocal 20 anesthetics, and specialized
agents suchDganiiese peleig Texmntind ednd IAVRPsesaorepttiecprage iy Theinvelvememor t enoy

R K. (1991 T P | Pai n . Ed. . Bash AL,

Bessog J. M §>f Jﬁ‘%ﬁﬁ”\%@‘é@%‘%@ﬁ#”f&% %&v‘”ﬁ%érfl?ﬂ}?ég‘?&ﬂgf%“éﬁﬁi/ além (1993)

Drug Ther apyppdciated fol\dd¥nedMirRe. Péi%%g_}ndr‘oﬂies Rﬁm&rﬁg%aihet@eé dRaeaLch and
S

Managenent (Ed. Fields H L., Liebskind J.C) | Press, Seattle, 229).
However , S 25 consideresf ast sysmatheticalthynmaingainétopain (raflect dyrepdtbesici dystuephy, (conpl et e
pain relief is rar achi.e - ere is a.high_ incidence of

debi |itativéaLEF£¥éa)Z*‘3¥’é‘6? -J(é§9%>ew0379 Managqrgas of %’8@%@#’&&?&-’2#%;
Bennett G JgiH;dS9 ial" 0 f i )
Churchill Lt {/bi('%%é?’g)nag%ﬁ%an%é@f’? 2gblr}1j)? a’“ﬁ%‘ieffg @h/}é’c:mégwg%?%tm%{e.@%k%g?)
Phar macol . Phagr(Ed7Wall §.D., Melkaék RECHROER] WYifgt e SPEndon Br£ARD,/ 683449 3

Danage to nerves can activate changes in both the peripheral and central
nervous systens, and these |lead to the characteristic expression of

neur opathi ¢ pai n; (Wele l. . I ' ' i nv.q| ved
(revi evvttlag by Dev(g;eﬁﬁpgﬁﬁcgﬁgkéy?arﬁlg@ﬁ?d{fﬁ&lf}%&@?ggﬁg&m%&ﬁ%%%@% apy of
Pai n (Ed. Basdvaudvésial, vBEBEORs bf Wbitediidiibeild @ rédardRnsfradiiine¥osk, 417, Devor
M ( 1994) In: Textbook of Pain (Ed. Wall P.D., Melzack R} Churchill

Li vi ngst one pewronatbis, Padt eprapaied toymoci@ptivepaingheneed fanhighyrdosgouith am:
Text book of .Pain (Ed., Wall.P.D... Mel zack R ) . chill, Livingstone, London
ara edn. oadided mdent of e eat Gl RS AR e RESBERIS R 1o
become sensildrgzefn asoPsIbidE & 2o REPichsht TEMELIARSRY . MEYerddn)B.A2 (1938 ed
threshold for activation, and a hei ghtened response to suprathreshol d

st i nul at$ on Pa{re32:Ddv Blugpere iit., wonigdi.opidtaatiser Halgdslsdav. 088 LrPair 47hE site of

oot gangl | SAReRes R T8y RoMinuRgH CFraPhDR % v, ehnby i koo

sensory neryge mndidgs, pLSYeRes ke MSISemsn (PdNedd f. INeLE08@s 7.8nd t he
dorsal root ganglion cell. Central nechanisns inplicated I n neuropathic

pai n are as lASPIRyess, $é§uﬁ£é4é).eTh@maj,or¢la%3pf &zents che@bPuseBemtredtt (1994) | n:
Text book of Pain (ed. by P.D. Wll et al.., London, 3rd edn., 20Il; ul ff
and Doubel [Pe{ropy k&)P%F’F.‘Ud@P’ﬁ?"ﬁ@ﬁ‘W&SIIWF& ar!tsissl)e.ssaetsim)tw??‘aﬁwss 8h

neur ons HWi t Qi I : L RJ qﬁn,ggg b W4 Lation
by exci t:2 2’1 o%&éﬁn%] ﬁgs%g if}g%@gkgi%@g%& su stf:i3 %lg%ﬁﬁé fé%ﬁ%ﬁ%@@ﬁ?&éﬁ#? ion

| eads to al l(reiewed RorehbpRIKG 199 B) Int Bowarals i Neat Plavinaavid ghyfRdaialBdsi a
(following A8 and C fibre activati O%ﬁy%é%qrg sinhibition resulti n%tfrom

| oss of i nhiBssbary AlaRgssent M-bidwy Add. A J9raRd? rRantenpufelar ni ng
f | . . t oS ™ . !
ot ferente. TN R BIRAUENS, (RRUNEPHDes TP BB |

and maki ng Sysridlelen®dC PIRIBH L TSiebskintD).€.) SABR Ptdss,i Stattlep?d9)aglowbvess can be
a mechani smfor the generation of all odi_/fni a. A nunber of nodels of
neur opat2fi ¢ manyrofithese tisamendeshovoimited affentiveness (ropndete @ainaelinfds mrelyy

under st andi na%hi%ilecﬁ,egnrda &g}ef}is% hlcg aﬂagled%néehcﬁi deBititative fsx%le le%\é“;:trs] ?Pon ern\éf R.K.
(1993) Drug Therapy 23: 41; Bennett G.J. (1994a) In: Textbook of Pain (Ed. Wall
P.D., Melzack R.) Churchill Livingstone, London 3rd edn, 201; Mac Farlane et al.,
(1997) Pharmacol. Ther. 75:1).



1 9 DEC 2002 WD 99/59598 PCT/ CA99/ 00449 4 injury, and to provi de nodel
'systens in which to test novel therapeutic strategies (reviewed Bennett

G J. (1994b) In: Progress in Pain Research and Managenent V(dl9 DECEsh0?
Gebhart C. Kygodfgyapnd D. L, Jensen T.S.) I ASP Press, Seattl|epctiiaoonddae best
characterized are a nunber of nerve injury nodels which have been devel oped
S only relatively recently (chronic constriction injury due to |oose
ligation of the sciatic nerve, Bennett GJ3, Xie Y.K (1988) Pain 33: 87;
and partial sciatic ligation due to tight Ilgation of a portion of the
sciatic nerve (Seltzer et al. (1990) Pain 43:205) and tight ligation of two
spinal nerves (KimS.H, Chung J.M (1992) Pain 50: 355)). These nodel

. systens exhibit various manifestations of neuropathic pain (e.g., degree 10
of expression of samagasonervpaean aghvate changes mdwitiathie patipharaltand camtiral

mer e Mol Aot Mo HE L P 551 e R SR s REHRS)
Sel t Z. M
(399?%}?r Pai n S%D%g%h&alrf%%{&? OWI@(%%CW&QJ ng V(h’\él ‘gtxg@d]Efbﬁr ai n aIJ

113: 200) .5 Th¢1951) bal Towerdsea Neg'd{iiaﬂnm(cﬁ%r)zp)myd@m Q.Ed eBabbdnrﬁ A.lg Bpssai er
degree of evoked pal n# mechani cal al | odyni etic invol verrent

in this paramdtdy JelnYiley & Renp ey XPfksﬁiét[$QY°FP’béﬁ%xhbrkéﬂé?%?fcp ain (Ed
constri ot on ke, TRABS RY BT GREARE L SARRL Sididono ﬁlu%%eggagfe |

exhibits a greater degree of s Ont aneous wevet T a

that such propaiigied 99aylnb6‘eftbbﬁddf\fe:uﬁ(ﬁii W\aﬂhﬂ@ VMElhadldRr&Ohurcmll
synpat heti c dependency can change with 20 time both in ani mal nodels and in

clinical neur dp‘apast@nq@éqondorsﬁrét A, 6§50k §1)Mollawing injyrygesmaiyisilerg Bociceriprs

System cally adm ni red ressant.s of f er Al a2 te t

e opat hie” oot et AR hee 88 SRRGiEe SoonPinedlh Rkl b Bried i
endogenous 25 fgPifiveidon, %ﬁ&h%@fgﬂfeﬁe@f@sﬁ&s@% SiprRRRRIAM SimaMhst.ange P and

cal ci um and sodi um channel s have been considéred in efforts to pinpoint the

mechani sm of Deyelpmeat d)fyecadm disehaeges ¢am ntdud epthe sBaof injufy eite efiergeheration
Eschalier A et  al CNS Dx 261 ar.is Ihat
anti depr essantaé‘de&ﬁlfog'@tji% HRAtiy AT g’l} ég?)ij‘i’féﬁ r?épﬁa\é\g]éq‘) (i) %J@ﬁoxg}ng INJURY
Neurol . 13 ( ésg&%ﬁthéﬁgaf?&énts Bs¢ 1ﬂe§%17$%8'4 g%rglng%s ﬁe%?ﬁer&h@ HerHdshréu t(sle ﬁGl )

WO 991 595 DEC 2002 PCIT/ CA! (Hwahg) A’S.
W cox) Gik., rEmama%Bar(d]lﬁBﬂ)arsﬁ%oﬁgdﬁghbmdhl CentralmeelmnisSis imphicatedin , Brain
Research 5 81 ( 1992) 59-66; nachand J. and Ce

F H
Anest hesi ol ogyieBePpathypain m@é 5(C§1d@€§ epal, 5&233)%031?21?%9' Bsnngtyd$p9)
A or s s RC Al fpaguo BP0k &k EL R4Sl cdRC O] Sl and

non- depr essed su ects”an rs I'ndependé mood “chianges i n

depressed SUbJ]B@(ﬂﬁll((Mﬂ}f)lCzﬁ‘ C()pzik%élurbbzaf uﬁSﬁZ(l)Tﬁﬁnsnﬁmdsueﬁau&s aithiin e
Houdenhove B ( 1992) Pain_ 49: 20S; Max M B. (L 1994) In: Progress . in Pain
Resear ch and Npinad eordrexhibitenhenced gensiivity, to lexeikation Ry e3CIttory IR wids s |

Seattl e, P. J.
oot e 560 ARkl el DTS s MEGAR Busbn 8RRyt 880
nor adr enal i ne {chibaticH) %@h%&m@wa (fBR6RIAGED &x{zr«tiﬁbresaeqbatm)am)t Disiihibitioe, or
whi ch bl ock NA but not 5 such as desipramne, are nore effective than
those with selresulting fronfloss 6f intTibiterydhputdo prajestioninaeropisend an aperrant patterning

of responses to large diameter afferent activation. (3) Myelinated afferents, which

normally would enervate deeper laminae, projecting into and making synaptic

25  connections in more superficial laminae. This can be a mechanism for the generation

of allodynia,

A number of models of neuropathic pain have been developed in order to

provide a basis for understanding of neuropathic changes that occur following nerve ‘



( 1994) In: Progress in Pain Research and Managenent (Ed. Fields H L.,

Li ebskind 15 J.C.) I ASP Press, Seattle, 229). Pain relief is reported to be
apparent wi thin one week of therapy (McQuay H J., Carroll D. 19@80r200Z. J. (
1992) AnaestW@89/895887: 646). This tine course corresponds to PEBCAPHEN449
required to attain stable plasma levels (t% 17-36 hours in humans, Ziegler
V.E., Biggs J.T., Aardekani A B., Rosen S.H (1978) Jdin Pharnacol 18:
462). By contrast. the antidepressant activity of these conpounds 20 takes
4-6 weeks to becone apparent (Potter WZ., Rudorfer M, Manj i H ( 1991 )
NeH Eng J Med 325: 633). These differences in profile of active drugs, tine
course, and i AiEpeAwbINPraxide sodebyyssmsdn whighdto despeval thempeutiestraiegiens
under | yi ng pai i el 0 messpon differ. 25 In animal . . »
Pest s, "bot 't HEvisfich HeoBE 1. LB nER Qe TR PR AR0 ) nf MapPerndil s show
intrinsic effivoWEdNGebhan®.Er, Hamnisdi D epidnéen PH.YTASPSEress, S8#&WYBENMhe
anal gesi a produced by opioids (reviewed by Eschalier A Mstre C bray C,
Ardid D ( 199¥pstchgrapieriges are amgmbyr ofinsrkeviaiury meiels pehagh have begn dryeloped abi e,

d i nhi bi ffect t ti. . hi ne. h b b d i
ases (1 ovP e aDL Y dPseally (onig CopRdtRh R si Y FordE SRt it ac &
al .) supra). MehRoHehRai Gal, XieTUeT14988) Pain 3P IY; BRY SHEHifWialiOfi SRt due@b

stinmulus, dose, reginmen of acute versus chronic adm nistration) are
reported to adighuligatioorof apoytiomfofitiresciatidinefver(Seltzes e a1 DSG)eRain B3 205) &l seed

R T., Goldstein F,.J.. 984) Pain 60: 275; Kell stegj E., Malseed RT.,
Ossipov M H., YéBt H%"‘l"é’glr?]flt‘."fi?sl"(‘ﬁf’g%f (%‘Wg#'ogh%grrﬁwﬁg&% Bgin 5 gﬁf’)éi ipJ.,
MartyH., Makangj ' i : q ii ) ahs Exp
Ther  248: 747;@ "'Ls?'é‘ﬁvﬁ‘?%sz%‘ﬂ"%@?ﬁ%‘ Vot i (ﬁgﬁ%‘ {ulﬁresﬁﬁ\ é’é‘éréﬁiﬁg%ﬁ;‘so@g’r?ﬁ%

i ntrinsiclact iofegpiessian oflspbatanaius paidbehatidris cmpehanichlemttBerimatdligliyath, ner ve

transaction (Seltzer Z. , Tal M, Sherav Y. (1989) Pain 37: 245)
mononeur opat hynehaeird opthemmphhyparatgesia) srybdegras of sympathetiy nerveiinyplysaent

neur opat hy 10 (el e (e £l 61 58k vl 8R4 Rk ST 163 10 45 Ot SLudy

exam ned chro VEr Sus "acu sing regi hmens ( (1992

Pai n 49: 279) Kian8. e HvedSkdea il Okunadt My {11993 BR&R 55084 ;00 RLIG Y i €. W,
par adi gns appeared to be accounted for by accumul ati ng doses rather than

bei ng qual i t atGhuagy.Mi (1087 )ekp. BraircRe YO by ppinalNgEreTligasion (SME Y orodeinc e

wi th the present..nvention, it has.,been discover that .l o I .

i ni st enda. (PRBAReaE et oL PR PR SRR, PloYBin i iynpathetic
ant i depr essantigyolREReH G# ths %é}_ﬁrﬁéteﬁi_hhh B8O eheCritid] $SlafC iz Adbn RERRAIA! | Y agai nst
i nfl ammat ory and 20 neuropat hic pain. Wien adm nistered locally in aninal

nmodel s of i nf|cansteictonyinjirymmedelsnwhids the chropicensoigtionm ingunyanede] exgiibias aner ve
ligation), amtriptyline,. a non sel ecthve nor adr enal.i nsﬂ_‘(aNQ and .

5- hydr oxyt ryptEFATHIEEC G SPORNSOUS RAR. n |15 RQ W ver apRieciated Hiah SHORPTORETHES ect i ve
NA reupt ake i nfhbhe flariveaid Uhfide k\q&lqlm@g,tel,@% §8Bd dpeRldncPBih cimge with
Accordingly, inone aspect of the invention; there are provided

conposi ti &s can¢ hothiimgniarl efddels tand &n ¢linicad pewropathia paimn Statdn-Hicks Myt lal.c)

second generat or t E .r& eneration antidepressant in an inert carrier.
The conpositi od%gg%)rﬁe‘"’?) éf 7g'bl y fornulated for |ocal administration, for

exanple in a saline solution, or as a cream 30 gel, ointnent, or spray.

Systemically administered antidepressants offer an alternate therapy in
neuropathic and chronic pain states. Interactions with biogenic amines, endogenous
25  opioids, excitatory amino acid receptors, substance P and calcium and sodium
channels have been considered in efforts to pinpoint the mechanism of systemically
administered antidepressants (reviewed by Eschalier A. et al. (1994) CNS Drugs 2:
261). What is clear is that antidepressants can act at both supraspinal (Spiegel, K. et
al., Ann. Neurol. 13 (1983) 462-465, Eschalier A, et al. (1994) CNS Drugs 2: 261)



1 9 DEC 2002 WD 99/59598 PCT/ CA99/ 00449 7 Such formul ati ons possess the
advant age that a higher and nore efficacious concentration of the
antidepressant can be attained in the region of the sensory he ks @@Fm nal
than wi th swewes$ses admi ni strati on of the antidepressant. | n POiRICA99m0449] ocal
5 administration greatly reduces the side effects that result fromsystemc
adm nistration of tricyclic, second generﬁti on or third generation

anti depressant(s). In another aspect of the invention, there are provided
met hods for producing local analgesia in a subject having a site of |ocal

di sconfort, such as is caused by 10 inflammtory or neuropathic conditions.
I'n the i nventandspinek(fbeang, dcS! am;h%/h@em@hsfbm% (0871 §43-355 Ivpshita, T.

-adm ni sterin ef fecti unt tricy secqnd ener tion or
third gener a?“i"gghgﬁ{z}‘d pr@é‘é’gﬁfse?ff?ﬁ@ @P§§ é‘*ﬂﬁ% O}B‘FEIq @b&ﬁpl e by
injection, s r n el ectroporati on,
t opi cal appl :tggt %&tﬁ%slr?&e cga?’pgl?lggﬂ%%n}onsh;ag%ow ?@ gase delivery vehi cle.
15 Figure 1 is a graph illustrating the difference in the threshold pain
response over 22 days in the ipsilateral and contralateral paws of rats
subj ect ed3to nerveT @analgasm @mmnmmdﬁmndem ofantdenressan efigetk apit Oshlersflm gure
illustrates the stat n| al _all nla 00/ rawal. thresh
(grams) of nep)vedsefJ ‘L‘et(z1 Sgg 80‘:%“1? alpgo%? PR LPrdSthes the

figure ill ustsubfees (Magnme(ngai) bpsuyal mmghm@ﬂawaam&ﬂem@wg@@ys
foll ow ng spinal nervemthl on. Val ues dep| ct group nmeans (n=6 per group).

25 Fi gures 2/Aain 49e208; §3dl99§j‘r)éph1§’ogr458yt?@m|ﬂ¢gem‘deamd Monagamene (Id. t he

ef fect of sy ses her

hyper al gesi asé‘ﬁglf ﬁeﬁn}pﬁ% 1§P‘i QWS%@W@%% %@@“ﬁ%@ ( F@l -oN¥e and

t he ther ngl h t C abh1Ppa th
=sal i ne (r:,gnt \r,%}A Ctt%i Eg%ﬁﬂﬁ‘?ﬁlﬂ3MBo}en€A K’/){%@Zlgﬁ&‘? !ﬂ)ﬂ ")‘&g&:ﬁis%lﬂl é%tr\g 2C
illustrates ttheupﬂahubﬁbothaomhmhne (NA) incBS-lB&dio&@G?ptﬂﬂMﬂ@'S})S

PCT/ CA99/ 00449 8 t he, Maxi.mum Possij bl e Ef f ect ti rre course for

i psilateral (T8AYmIEPYHAE e whieh hlock dbhbreno 63% S“ﬁk‘ phdesHEAmEgy are

repr esent | N9 gl dfecHANElos0B5A seblit) BPSIAT duol A ihOATa! SpRESent i ng

1 ng/kg AMT, bars w prn I hes representl ng
and bars wit me94))slahaﬁaghmgn Pammemtchmgdm”aigérkgzrm andéllallmasleba{ihésent

t he MPE +s & or 1 and and n=15 for 10 *=pP<. OS
conpar ed 1t50 sJaQ) ASR é’ﬁw&@tﬂq:?é?)”g’@umhef igreposted & b%%pngfengwa%\ﬁsone week

| | ustrat th f f 0 f
on ther mal "y laberrbR SR R 1S G 5, G G, (1R el Pidsid R0 farE 11O
thermal w t hdimvaburkdéQedipbiilisitd tHetiné Rigjuirad & £tadd st ﬁfaﬁhgﬂ!d’\/@ls(’(ﬁ)& 17v94 h

=saline control, = 60p,g AMT. Figure 3C represents the cunul ati ve change
in the MPE (Dnmgmhumnobnsler VrEaB@gbdtTe,erd(kapsA)B aRosendhllr @Pa8)f &fin

t th 1t | t
ST opi ng bars PibriecehfEAG oy BREaR sohfaseaant et ot oPBBERY bar s
representigng bR ﬂ@‘%\'/eeﬂ\/{o t(e‘é@x'% %ﬁﬂareﬂ(‘{’?b‘@ér WZ.[RRIBREM., Magji M7 9915 Mgwm

(n=6 for both groups) =P<. OS conpared to saline controls. Figures 4A-C
are a series Eﬁggn\éqd}ﬁéﬁ 633)sﬂ'rhase|dl@”etehesestmpmfdaufwvofdrugsetlméte\use @hdl ocal

injection of 1Q0 nnol amtriptyline on thermal per al ia. Fi

Showe 20t he BAFRRST S XPHSTPRoY PG SiRatrl Bl s A S e SRS i
injected into r (i psi) and non-injured paw (contra), and
Figure 4B shoallg {aﬁtol\f%ﬂg%%(ﬁg(gw the change in the thermal wi thdrawal

| atency in the contral ateral paw, when the antidepressant is injected into

the nerve_i nj ured Paw (i psi) and non-injured paw (contra)) wth =saline
control ; 12AM i psi In gnimal tests,ath the sy stamiang spanal sdminisratipe pLantidePresiaticat i ve
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Val ues represent the E + =9 for all groups). *=P<.OS as conpared

to saline conGNSl Brugs 2:=pé&d )OHaeven mlpap&ﬁl@ earchsrvariablet &nddnhibisery effests on

the action of morphine have been observed in some cases (reviewed by Eschalier et




WD 99/59S98 9 "1.i,9 ~pF C 2002 P/ A99/00449 Figures SA-C are a series of

graphs illustrating the tine course of the effect of systemc amtriptyline
on static nechanical allodynia in the ipsilateral paw (Figure &Acapd2on
t he threshol gy@bo/amisdshdraval to static nmechanical stinmuli in tp@T/CA99/00449

contral ateral paw (Figure SB), with =saline control; =1.5 ng/kg AM; 1=5
ng/ kg AM, and ~=10 ng/kg AM. Figure SC represents the cunmul ative change
in the MWPE (~MPE), with open bars representbng saline control, bars with
rightward sloping lines representing 1.~ ng/ kg AM, bars with |leftward
sloping lines representing 5 nglkg AM, and bars with crosshatching

representing 18l nepleg. Wmodwdgumlsl;ﬁesr(e@e Ogaramgﬁx mténsﬂyr@fstéxﬂ&msfdzfsel 5

and 5 ng/ kg, and n=lI 5 for as conpared to saline, .
=P<. S as conpmgemeMﬁa@mvestgamgadrmrwmgnMe Gpartedmapemum@roﬁarg'rcafphs

| | ustrat t t

tatic meohani B Aesay o% Rleit B pleFEH RT atReeigl (L Pain: s
threshol d of WkleligleMBIE. MaREMR T, mtpwmrl @bld@%éldmmm contral ateral
paw (Figure 6B), with =sal i ne control; =30 p,g A =60 AM , and =90

p,g AM . Figur dlegophitmacolagyed: 1 hEiabipdu Martyis, MhmmialalM(Ih@NVEIEMAVPE) ),
I nes Fepr Ziéﬁﬁéﬁgaiébé%éé&ﬂf%%c&%ﬁ@f 2RE 7Y Sitem R s gisrRs nt | ng
60 ~g AM d g)glg& |
reprgsent tﬁg ﬁ@@d%t&é&%{&mﬁ% n= ? or ggg& Q&:Jng%Eggx%é%?,n 8k gadrq\l:c@l\é#notreé%oug;).

*=P<. 05 conpar @ethiding Adrve eranaotioro{Skltzér YUTAM] Shéraa ve (E989p PuRs3 0R48) aphs
illustrating the time course of the effect of |ocal Ialgerl pheral injection of

amitriptyline Popoueyppatyy ehrdiPnGilbasd CLI9%aidimd9:A7gland digberianppiopathy at es
the effect ;pn (NGl RE AR ﬁgﬂ%?’ﬁzr{%‘ﬁ?ﬂé e'&fn%%ﬁﬁggx Wenlcgrf?ﬁar ).

| ocal |y |nto t he nerveée-injure and hrnjar

Figure 7B il ustfsas aaid desigd RRinsans/(8ediaD.| GEbAIIAG92997) Mwwwbﬁ%@al
threshold of the contralateral paw followng injection into the

nerve-inj ured phseryedibatthe aetivityessenn fMllgwingehrpaig patadigmseappeared to besagcpurged
trol; =AM 02 WD 99/ 59598
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of MPE (~MPE) over the entire tine course), with open bars representing

saline conteol (ipsi), bars wt F'UrfM Cﬁ?HEWﬂﬂW representing 100
vvard s o]

nmol AM (ipsi), and bars with p| ng l'ines representing 100 nnol
AM (contra). Val ueg re‘g) $sent ,
P 8°Lx

v=p<. 08 as conpar ed 356 vibyife Blesent isaiioh it s baeh eippRredfidolly
contral ateral G@RfifidkRd tricyclic, second generation. or third generation antidepressant(s)
produce a local antinociceptive action, especially against inflammatory and
20  neuropathic pain. When administered locally in animal models of inflammatory
(formalin test) and neuropathic pain (spinal nerve ligation), amitriptyline, a non
selective noradrenaline (NA) and 5-hydroxytryptamine (5-HT) reuptake inhibitor, and
desipramine, a selective NA reuptake inhibitor, produced local antinociceptive
actions.
25
Accordingly, in one aspect of the invention, there are provided compositions
containing an effective therapeutic amount of a tricyclic, second generation or third
generation antidepressant in an inert carrier. The compositions are preferably
formulated for local administration, for example in a saline solution, or as a cream,

30 gel, ointment, or spray.



Figures SA-B are two graphs illustrating the tinme course of the | ocal
‘antinoci ceptive effect produced by coadministration to rats of
amtriptyline (AM) 10 with formalin ?.5% as nmeasured by n EfC ;200§| i nches
(Figure 8 spent biting or Ilcklng (Figure 8B). = n

al one; ODQ?’Y%I a%%?e = 2.5% formali n+1 OhM AM ; open squar e— %&9 s
formali n+30 nznol AM; open di anond = 2. 5%forma| i n+100 nnmol AM . Val ues
depi ct group means (n:5-11 per group); erfor bars for s.e.m were onitted
inthe interest of clarity. 15 Figures 9A-C are a series of bar graphs
illustrating the cunul ative scores for phase 1 flinches (Figure 2A), phase
2 flinches (Figure 9B), and biting/licking time (Figure 9C) follow ng
coadm nistration to rats of amtriptyline (100 nnmol) with 2. 5% formalin
(F). The antinoci Seght formulatibas posséssahe advaptage ithaeah(ghﬂenhmimomdfﬁmctdue 20

i psilateral aw | ocal é&fect was not re rod ce adm istration of
anmitriptylin ’}cﬁ watiqneof t egfeéfaé’ltc madig eg‘PHé’ |SERSOTYIBSIVE L ed
are + s.e.m e)‘rﬁi ﬁxaﬁ%ﬁg-systemlc a&l@urﬁ&aéx n CQ’?ﬁ%amld Bant’ E&(ﬁtl&ﬂ%&?mar ed
totheforrraln one group. Figures 1 A are a erleso

illustrats ngadzhm:sufdnnblgrmly reddces theagideXFfeptsahat rdsuftlfiom bmenﬁlElaﬁutrﬁsti'zﬁxﬁh
phase 2 flinches (Figure 10B), .and time spent biting and |licking (Figure
10C) fol | ow ﬁ@trw@}mnsw@érgawrahmt@rﬁhsrdgemrafm atideprgssep¥s)( 100 nnol ) (open
di anonds) on forrnalin-induced behaviors at different concentrations of
formalin (filled circles). n=6-11 per group. *=P<0.05, **=P<0.01, and * *
*=P<0. 001 conpar efh hehthdi@spedh GRHeNnGehivn AheréRire protided Riethodd G pY§RR{g> 9598
PCT/ CA99/ 00449 11 Figures 11A-C are a series of graphs |IIustrat| ng parti al
reversal of tdsel mlaantalsnh)@pdwmgvaasxmf logal discamdort; systhyas iswaused iyhe 2. 5%

formalin test coadm ni tra h caffei.ne FF sur.ed by
phase 1 M 1 hinfEEmRbptaaRonaie Badons’ i pe@pR el bsdmaEaa R e
spent |i ckingp@ndly tnbwly(aﬁhgﬂfsf%nﬁg af;)effe&nﬂeoan:lo‘an%ﬁaeefc sz ségﬁﬁd E@rLefrﬁHﬁe (
1500 nnol) group whére n=5 P<0. 001 co are

formalin onlgr gmmmrnenanﬁ’m@n@&pmssaﬂ?{@ﬂﬁklteofrﬂmccenifottofdr@xamplerb&amyed:tmxpt yline
group. The filled barS|IIustrate25%forrraI|n al one, the enpty bars

i |l ustrate a8WRSRTOMG BAWEH IYFCD: Tapylanal telgetioppration. Lopisal Fprlica ory%p. ng
lines 10 ill + e crosshatched bars illustrate
1500 nmol ca ?&Pgﬁéﬁgﬂ\’lﬂe?%?w&?@hse%@&e%%ﬂﬁw Figures 12A-B are two graphs
illustratfng the tinme course of caffeine (CAFF) reversal of amtriptyline
(AM) action in the 2. 5%fornalln t est for the exerlrrent 15
illustrated in Figures 4A- GREEESGRSEIIIN Qkaak & nches (Figure 12A)
and time spent biting and I|ck| ng (F| gure 12B). =2. 5%for mal i n al one; open
upwar d- poi nting triangl e=2. 5% F+100 nnol AM T, 1=2. 5% F+100 nnol AM +1500
nmol GAFF; ~=2. 5% 1s&@hpﬂﬁ§trat¥@ﬂd@&1f¢@&ic@in e ShrdsHObbPHEn (e’pbnskl per
group); error bars for e.m were omtted in the interest of clarlty 20
Fi gures 13A- Bvera2 gmpnshq lpmtaé@mbandr@ntrhl@terd\pews af ragf subjested e hersei cepti ve

action of,amtripty. S 0/for caf tei.ne ( GAFF)
(Fi gure ti:%A) lig h‘gﬂ H& ‘é){g‘gﬂ%&’@? ga #&5%?}5%5 W’Fﬁgw‘%‘ﬁc& el13B)
n=5-b per gr@updy ma’gﬁ‘? <\9tt19:!11'awal t’fuesﬁaﬂ((gﬁﬁﬂs? 6£REP-RfhatbPrats) hitPdhe Rovelo@ Bers

t =P<0. 05, ttt P<0 001 25 conpared to fornalinlamtriptyline. The filled

bar s repr eserat thetfeontfof ¢t figufre dtiisiraies therthernal hﬂw&lgfrsnm(lsewnd$)mucm8Vbar s

wi th downward slgﬂiogugpl i nes represent g;fF al qQne or_in conbénatlon with

AM T, and t h&agh & SRR mesvslieatinn. dpefues AeRiet SIRRP DEYRAN0 P B5OWP)E C 2002
VD 991 59598 PCT/ CA99/ 00449 12 Fi gure 14 is a bar graph illustrating
enhancenent of the |ocal antinociceptive of 30 nMand 100 nMam triptyline
(open bars) agai nsFigdré&2A-Qr aralaiseri¢s of draghslithistrating theninsescoweseof theeceffoet of

decrease in phase_ 2 flinches in the formalin test by coadm nistration of
t he adenosi néYRFRaGamitiptybine oAMU-ptdvagiops E‘LOWHH}C)’m?JH‘aYP?"'&&eF‘H 18 théht war d

| |
> Oﬁ'egi’ycl)? or bty Bk ofert G AUTLAS B OAT, A3 ishnd iflarawal tweshold
group. *=P<0. lﬁﬁuﬁﬂfﬁlﬁlﬂ&al pav (Figtdei2B)awith @=saliik<ddnfiol; I#I]wg/legiAIvﬁ'It =3

formalin/amtriptyline conbination. 10 Figures 1~A-B are bar_ graphs

i |l ustrating mekehMLandoY =1 @ mede Ao Figue 3Ciibugiratsthepurl ‘I‘We@hiﬂllgeeié} bar s)
when the fonmalin is coadm nistered with MK-801 (20 nMor 100 nM (open
bars) into the ipsilateral (1) paw, or the contralateral (C) paw. n=6-8 per

group.




*=P<0. 0~; **=P<0.01, and ***=P<0.001 conpared to formalin alone. 15 Figure
16A-B are bar graphs illustrating that the antinociceptive action_of
amitriptyline (20nmol and 100nnol) against 2.5%formalin (F) §8aP5 B3®) was
not decr easewoly/se98dm ni strati on of phentol am ne (PTA) (100®CHCAD960449
SOOnnol ) (bars with crossed hatching) or nal oxone (NLX) ( 100nnpl and 300
nmol ) (bars with 20 horizontal lines). n=~;8 per group. *=P<0.05, * *
*=P<0. 001 conpared to the fonmalin group; F:- P<0. 05 conpared to the
formalinlamtriptyline conbination. Figures 17A-C are a series of graphs
showi ng dose-related inhibition of 25 formalin-induced pain response

behavi ors by |theMaxymaaRossiblediféagt (AMBEYtine course fortipsletera<ipailasd The bar
graphs depict the ntrol values f.or formalin (salid. bar) and saline (open
bar) when inj e‘@PHﬁﬁgﬁSﬂt(F%ﬂ‘@gB?‘éﬁ’l“{}, %ﬁf‘|béfstfﬁ%fe%g?8§a%éal’(j&e H%‘&déﬁfﬁ ¥ith he
results when j r imedl : t InSe b %,@g? L gun 17A
and 17B show %tﬁ%@aﬁﬁ@g?esgﬁ%tg?nghgﬂgn gﬁgs{’gﬂ kZT’fHIa?Sn‘gﬁlil geg e %@) i%gsh,%%s -
respectivel y, rapeisentiig3 1hgKg 200D adb&3 Mo I8ssRETHIEAPr&BAHYy 1Bme/pUARILT7C
shows anelioration of biting/licking behaviors induced by formalin 2.5% ()

- ¥ y
injected i Ato Y#HueursPrasnt ipenMSETsetmt (855 fer | sndehmerke, et ol for 1@ me/ke).
coadmi ni st er ed, W I 1 or fluoxetine (FLUOX) into the dorsal
hi ndpaw (| ocal Jg‘ﬁ@%%‘?ﬁ@?&%%@éﬁ r?%so the contral ateral hindpaw (systen c
effect). 1l=ipsilateral DES;, open 5 triangle=contral ateral DES; =ipsilateral
FLUOX; O=contral ateral FLUOX. Data depicts mean + s.e.m for n=5-6; n=8 for
i psilateral cont r ol Figures&r(@e aserespf@raphs illustratingithe timecoonysaoé theteffect of
correspondi ng formal in grou Figures 18A-D are.a. series of graphs
11 Ustrat | ng el Amiraaps Ronre R fimy huperiitridiontic iRsRaBipy P Cigure
coadm ni stypat i Ay, @hd SRShEhRAI W MWathéesRIRITiR iHERohRalafetd) pa@IFiRAR A wiGB
show the tine course for the suppression of flinching behaviors by
coadmi ni st r at | @rsalineDe&rol W+ G0pg AMiITaFignre 3{t wptdsents i duatudatple chiggLinéhel 8A)
or contralateral (Fi e.l 8B) paw. .Figures, 18C and 18D show the ti e
course for supwgs@ir‘g#quﬁﬁ‘i‘ﬁ‘gwl‘P%‘gfeﬁﬁ,(‘l’é’éﬁa PORIaiFTEL{CORGNIATEL PRI on of
t he hi ghest do [l L1Ew 0, LR ; i
contral at er al I gbl%%eﬂeﬁéf%ﬁ%gvﬁl.hl aﬁohte}gl’ g?@“ﬁ@aﬁé&hﬁnﬁ)ﬁﬁqg@r@%%ﬁ rl gé 8?7110% ted
i n the interespaMIf(igsl)asnd efiwbal sloping bas ppasienting FI0gnial AMI (dongd). €€aliA- C
are a series of graphs illustrating the results of |ocal injection 20 of
desi pram né ( DEstes¢nt teMPkoT §-eandnT6 fosbeth greugsikL 5P <03 oompared o safingur e 19A
depicts the | ocal 0znti noci ceptive action of desipram ne, but not
fl uoxeti ne, WhEH ﬁ'ect ed into the ipsilateral (ipsi) paw corresponding to
t he spinal nerve ligation, and Figure 19B depicts the |lack of effect in the
contral ateral paw (contra) with =saline control; =DES; and 1=FLUOX Figure
19C shows the cunul Bigures $Aa4ngss a seripfef geaphgiiliustrating the dimeeausserad theoeféert phg

N n T
to sal i ne gy O cffeatindnDGderal P I BR GnRFHGARUHAMR I hoMhHE 08, 20A- B

are two graphs illustrating the effect of caffeine (1500 nnol) (CAFF) for
i nhi bi ting theinqured pewi(ipsi)tand eowdrjerct pew (centia) radFigureB shows theitime carsad

into th i il [t i [ 1 t . Fi 20A sh t
ant | - hypet al ged] RepEB i PR AL BB et SB BB hEE:  and
1= DES + CAFF. mﬁic%??e%sa%@% iRjeeid i ehati b%gjry@%a@hggﬂmd‘ndﬁj&% pRR)

wherein the ope represents 100nnol ot rrwth rightward sl opi ng
| i nes repr esen{contra), with @=saline control; M=AMI ipsi, and ; A= AMI contra. Figure 4C

25  depicts the cumulative change in MPE value (AMPE), with open bars representing
saline control (ipsi), bars with rightward sloping lines representing 100 nmol AMI
(ipsi), and bars with leftward sloping lines representing 100 nmol AMI (contra).
Values represent the MPE F s.e.m. (n=9 for all groups). *=P<.05 as compared to

saline controls, # =P<.01 as compared to contralateral controls.



1500 nnmol CAFF; and the bar with crosshatching represents DES + CAFF. n=9
per group; *=P<p.05 conpared to saline group. 10 Figures 21A-C are a series
of graphs showi ng a | ack of suppression of the |ocal antinocj d vgeef f ect
of desi pr aswiorye/s6%98S) or fl uoxeti ne (FLUOX) caused by coadm AD9/00a49 Of
caffeine (CAFF) (1500 nnmol) in the 1.5%formalin test. Figure 21 A shows
the effect on phase 1 flinches, and Figure 21 B shows the effect on phase 2
flinches. Figure 21 C shows the effect phase 2 biting/licking tinme. The
enpty 15 bar represents the saline control; the bar with rightward sl opi ng
lines represents the effect of caffeine (CAFF) either alone or in
conbination with the test drug. Values depict nean + s.e.m for n=6 per

group. *=P<0.05, * *=P<Q.01, * * *=P<0.001, conpared to formaln group.. NS
i ndi cates no si ganstHaﬁngéﬁreearngE%OEs%n*a%&%%@a&ﬁm e sAvSEepeSERRLof

group. 20 Fi -%g{\frﬁ r i I At . . y
adm ni steredg%’qe&;?lgr ar%‘l éﬁgﬁ u%%%%hﬁégnﬂ%g 2\1/0 uﬁg15 {l%&%ﬂgab‘}rgg@r{%e of

formalin. Fi §A)end3itimhthieshdldef eithdmaivabfo statici mechauioaltstiadyli indksi pr ami ne, or
fl uoxeti ne on paw vol unme follow ng. coadnministration with form_all ininto the

i psi | at eral sawalﬁertahea\ﬁ(%lgéwé@)o%itbﬁsakiquﬁpl; Iﬁﬂ-%ﬂ&”ﬁ&é@ﬂv A5 HaR

! o R p . R _
rangl oct or A AAS N T e kATt FRGR SONBIALG, B ik Mive change inthe: |y
Figure 22B shgpe (ARPES WRE bp@ibapamprositngnalift con@dl, Har e rightward Shepinign e

injected at either concentration used in Figure 22A into the contral ateral
hi ndpaw ( sysiiaes wpedfsérgintg) 1.5 Pka/AMinesss withdeftward slopingdinets represeatiog 6f 19

0 L L R LA SRR St S P
Fi gures 2§A- %@E&nﬁhﬁ%# e2.02f(n9 ARNSs é:id yﬁ&g?, &ﬂﬂnél%efgﬁgmbt /E%?Of*=p<_05

desi pram ne, uoxetine, and amtriptyline conpare sdl i ne control
on paw vol uniasshmpared jiesdling, 4+R<003 dsecotirassl 1. Hambipawmgket he rat. Figure 23A
shows the effects of 100nnol DES (open di anond) and 300nnol DES (open
square). Figure 23B shows the effects of | Onnmol FLUOX (open upward facing

i | e); 30nmol FLUOX - fac I e)
(open_di hirond) . arkIESOR SAaE s EEHESRY Pisplc et cot AMTRAG SHedb Y
effects of 1GBHAPAM(tAPSAIné bh 3AGE ﬂﬂecl@dﬁﬁtaﬁ&@ddggih iﬁmgsmuarpaw dFighrei @)y i ne

on dorsal paw volune. n=6 per group. *=P<0.05, ***=pP<0.001 conpared to the
sal i ne- i Apectanctthgthoesholdofguitleirawal g0 Bratie meghamdad stirnuly in thecontgalateral pawect s of

th I ti 5-HT_15 t or t i I = HTt t i
e e o v raet o SRR BB R Sag AP IRRL 2L A0 T b e
paw vol ume i ndygedidi¥e b6€GRbstlafts ?rfetd\ﬁ’:ﬂllétfvefc'hh&@éeﬁl HRAMPELOMEPEYL § Ot Bhdn

Figure 24A shows the percent increase in paw volune over a three hour
period of 10Cramorfepfdsehtirigsabing dgntiel; bars Wil rightwapd sloping dined representing 30pgnd) ;

FLX + SOonnol ket in (D), FLX +,300nnol tropjset 2
upwa;rd- poOi gi /hbﬂelt ggg%giéw?ﬁﬁéﬁﬁﬂ%+me§€g{0?ﬁﬁpmﬁdlégw @égg%gdﬂ war d

nar g rak : * "
oF Fi gur @t Atgspching Feleehiths 30 ol RMBBesfE o PR 7 b b T8 B8 SO0,
al one; the bagg Mg hilt DOz Z ok 5 for 8O figh.| +1P.0RERRparédtbianhé astttdld.; the bar

with vertical |ines iIPustrates FLX+§etanserin; the bar with rightward
sloping lines represents FLX+tropisetron; and 25 the bar with |eftward

sloping lines reprgsents +GLR113808A. .n= er. Qup. *=P<0.
S 2P0 on, e PO BRI TATFES O Heninth SReraine §F s corgsidRosttr of
graph show ”glofcg'lepclri?ﬁ&api‘nj&fif)ﬁ 6f arﬁfu%ﬁtﬁ%ﬁ’@@%%o§ On MEthani¢AQ11BEPhia A FikPHO0
nmol ketanserin (KET), a Selective $ recept or antagoni st, on
25  7A illustrates the effect in the ipsilateral paw when the antidepressant is injected
locally into the nerve-injured paw (ipsi) and non injured paw (contra). Figure 7B
illustrates the time course of the change in the mechanical threshold of the
contralateral paw following injection into the nerve-injured paw (ipsi) and the non-

injured paw (contra), with @=saline control; M=AMI (ipsi), and ; A= AMI (contra).



1 9 DE C 2002 WO 99159598 PCT/ CA99/ 00449 16 fornmalin-evoked behaviors
(phase 2 flinches) in the rat | %formalin test. Val ues depict the nean of
6 nmeasurenents per group. = formalin 2.5%control; O = propran @Iﬂg} =
ket anseri n; wapemsogssanond = tropi setron; open hexagon = GR | # Bo/00aad =
P<0. 05 conpared to formalin controls. Figure 26 is a graph show ng the |ack
of effect of ketanserin {KET) at dosages ﬁf 50 nnol and 500 nnol on

formal i n-evoked behaviors (flinches) int 8 rat 1 formalin test. Val ues
depict the nmean of 6 neasurenents per group. = 1% formalin 10 control; ~ =
50 mmol KET; 1= 500 nnol KET. Figures 27A and B are graphs show ng bl ockade

of rat paw edBiparé Tdilbatatey theammiulathjeashbnginahe Jalté 6OMPE-(WMBB) over the

coadm ni stration of 3 nnol or 30 nnol ketanserin with 5-HT. Figure 27Ais.a:
graph il ust rentiragimeroussgmwith pRan hapciepresenting salingeantrob(ipsik bars avithl 80

m nutes. Open_bars £.5-HT,alone: cross-hatche S..= 5. HI + KEI (3, nnol
ST =i eft nEBB T IRRCE 1S b Ci ARG U eyt it "2 s
a graph illus ' ' 0, | [ ' | n
paw vol ume. over PO Ael g LU0 R o ol LB e MBS B R s 00
nmol ; = 55 HT(8® fonell gedupslke ; *=0<.05 sdcod(paradob salinébnEOR, amig=P<P0as * =
P<0.0I, * * * = P<0,001 coppared to, 5-HT response. Figures 28A-C are a
series of graﬁ?fEP?IF‘iiEPs‘f‘?”éﬁaﬁﬂa]t‘Wé‘trQ]‘sf ects of atropine, necanyl anine and

d-t ubocurarine at dosages of 10, 30, 100 , 300 and 1000 nnol on flinching
and biting/licking behaviors produced by 2.5%formalin in rats. Figure 28A

25 il lustrates theFifures8A-Bhretthe gtaplgdllasrating thewirhecourfe ¢gfhkskcal f1i nches.
Figure 28B illustrates the effects of the drugs on the nunber of phase 2
f1inches, andaminpsiceparefiact prodpegdhy ¢qadmimistzation terats peamitipyylisg(A¥Bse 2

bi ting/li ﬂf | n%/itthi %Fmal£ndf.g&}o epsemxgaggrned%y number of flinches (Figure 8A) or time spent

biting or licking (Figure 8B). @=2.5% formalin alone; open triangle = 2.5%
formalin+10nM AMI; open square=2.5% formalin+30 nmol AMI; open
diamond = 2.5% formalin+100 nmol AMI. Values depict group means (n=5-11 per
group); error bars for s.e.m. were omitted in the interest of clarity.

15

Figures 9A-C are a series of bar graphs illustrating the cumulative scores for

phase 1 flinches (Figure 2A), phase 2 flinches (Figure 9B), and biting/licking time
(Figure 9C) following coadministration to rats of amitriptyline (100 nmol) with 2.5%
formalin (F). The antinociceptive effect of amitriptyline administered to the

20 ipsilateral paw (local effect) was not reproduced by administration of amitriptyline
into the contralateral (CONT) hindpaw. The values depicted are ¥ s.e.m. values (n=5-
11). *=P<0.05, **=P<0.01, and ***=P<0.001 compared to the formalin alone group.

Figures 10A-C are a series of graphs illustrating the inhibitory effect on
25  phase 1 flinches (Figure 10A), phase 2 flinches (Figure 10B), and time spent biting
and licking (Figure 10C) following coadministration to rats of amitriptyline
(100 nmol) (open diamonds) on formalin-induced behaviors at different
concentrations of formalin (filled circles). n=6-11 per group. *=P<0.05, **=P<0.01,

and ***=P<(0.001 compared to the formalin only group.



formaiin 2.5% O= amtriptyline; D = nmecanylam ne; d = atropine
(ipsilateral); dark WO 99159598 17 triangle = atropine (contral ateral);
open di anond =d-tubocurarine. 1 9 DEC 2002 PCT/ CA99/ 00449 * 4+9R3L Q62 * * =
P<0.01; * ‘Wdogrsoseg 0. 001 conpared to respective formalin comoradA9/00449
DETAI LED~ES~21 PTI ON OF THE | NVENT10N 5 I n accordance with the present
I nvention, a new nmethod has been discovered for producing |ocal anal gesia
by local adm nistration of a tricyclic, s€cond generation or third
generation antidepressant to a body site of |ocal disconfort. 10 Exanples
of tricyclic antidepressants useful in the practice of this invention are
those having the structure: Ar ~ Z(R)_Ar~ wherein Zis a 7-nenbered ring,
optionally containping 1 OrA& bi oconpati bl e heteroatons, or an 8-nenbered
bicyclic ring, 15FigureshbAA aren serispof gronhs Ylustratinginertiab sevarsahefithe lacehgs
fused to Z, s 1S | kyl-ani. ) { . Exanples of Z
Ql“g'l(?%bc:e i ol o At t)ﬁ[dng}{l 5@%{‘5‘}8%9% (‘gé(@k{%{;érye

as an 8- nenber I'c ring I ncl y and (3,2,1)

bi cycl ooct angeadadiflistrifor Wt caff¥ing GOAFFY aflinkisuBAbyditasé NAinhel @igwre 114),
heteroatoms for optional inclusionin Z the central ri ng of the three ring
struct ured bphase 2 flinches (Figure 11B), and time spent licking and biting (Figure 11C). n=10-

15 except for the caffeine (1500 nmol) group where n=5. *=P<0.05, ***=P<(.001

compared to the formalin only group; =P<0.05, #=P<0.01 compared to

formalin/amitriptyline group. The filled bars illustrate 2.5% formalin alone, the

empty bars illustrate administration of AMI alone, the bars with leftward sloping lines
10 illustrate AMI+500 nmol CAFF, and the crosshatched bars illustrate 1500 nmol

caffeine alone or with 100 nmol AMI.

Figures 12A-B are two graphs illustrating the time course of caffeine (CAFF)
reversal of amitriptyline (AMI) action in the 2.5% formalin (F) test for the experiment
15  illustrated in Figures 4A-C as measured by number of flinches (Figure 12A) and time
spent biting and licking (Figure 12B). @=2.5% formalin alone; open upward-pointing
triangle=2.5% F+100 nmol AMIT; l=2.5% F+100 nmol AMI+1500 nmol CAFF;
¢=2.5% F+1500 nmol CAFF. Values depict group means (n=5-11 per group); error
bars for s.e.m. were omitted in the interest of clarity.
20
Figures 13A-B are graphs illustrating the reversal of the antinociceptive action
of amitriptyline (AMI) against 1.5% formalin (F) by caffeine (CAFF) (Figure 13A),
and 8-cyclopentyl-1,3-dimethylxanthine (CPT) (Figure 13B). n=5-6 per group.
**=pP<0.01, ***=P<0.001 compared to formalin alone; #=P<0.05, #t==P<0.001
25  compared to formalin/amitriptyline. The filled bars represent the effect of
administering 1.5% formalin alone; the bars with downward sloping lines represent
CAFF alone or in combination with AMIT, and the open bars represent the effect of
AMI alone.



20 sul fur can also be included. R can be an al kyl am no or aryl am no

substituent, or an N-oxide derivative thereof and generally conprises from
4 to 5 carbons, although as few as two carbons or as many as sS@DEG g082 bons,
or even as WO99/8%980 carbons can be contained in R If R isparvcab¥gdsasan no
substitutent, in sone enbodinents the alkylamno is a tertiary or secondary
am no group. For exanple, R can be 25 '(C'i|~)3N( CH3) 2, - (CHZ) 3NHCH3,

- (CHZ) 3N( CH3) 2~ - CH2CH( CH3) CHZN( CH3) z, :CHECHZ) ZN(CH3) 2, 1 9 DEC 2002 WO
99/ s9598 PCT/ CA99/ 00449 18 - (CH2) 3NHCH3, =CH(CHZ)2NHCH3, and the like. The
preferred point of attachnent of Rto the tricyclic structure is at carbon
~, or to a het eroatfignreddds a bangraplodiustrasingsnhancementrdfitige lotal antinwacepiivenpl es

of the optiona I 0CO i bl.e hal ogen substituent for Ar, an r.Ar2 are - - -
chlorine, br oﬂ*ﬁ@“gﬁﬁ“?ﬁ%‘wﬁg}m ’_Fi‘eé‘l’ﬁeé‘rsq a%%?ﬂ&'iﬂ“é?@aﬁ@g{.‘ﬁ%é?ixanpl e
Arland/or Ar Zoean eﬁ%Hp:ﬁtHytdéEl%gse%Pﬂa&@eﬂiﬁl’:hets‘i‘ﬁ’f}ﬁffortnﬁingéé?%g”pat' ble
hal ogen atons. 10 n-lfirmtrng exanplfes of tricyclic antidepressants useful -

in the practi ceadvhinistratipn efSthatidénvsiaakinase mhibiwot N, pAB( 0@maly{harswithe,
amtryptyline,, desi Er amne, nortri pi)yl i ne, anoxapine, mprotiline,

trim pranihe, ghtvard slopingdineg), guiat by Hhecadenosipe figaminage BIIDIOY two or nore
th f. Amtgi ' L ' ' A |
adai ¢ onat - antt SeopiedrdGndBER ( A B RE SR knHifE)T hERS v Browp,

sonet i mes ref &=pPed.0b@ofpared @€ orthalie Aloh&tA=PRO.00 compdtred b @ener at i on”
anti depressants, having pharmacoki netics and potency simlar to those of
the tricycli cfermalipdmigipiplinecombirationed herei n. Exanpl es of second

generation or third generation antidepressants 20 useful in the practice of
the invention are those having the structure ~" 3(Y)-X-~"a(Q

10 Figures 15A-B are bar graphs illustrating inhibition of responses by rats to
2.5% formalin (filled bars) when the formalin is coadministered with MK-801 (20 nM
or 100 nM) (open bars) into the ipsilateral (I) paw, or the contralateral (C) paw. n=6-8
per group.

*=P<(,03; **=P<0.01, and ***=P<0.001 compared to formalin alone.
15
Figure 16A-B are bar graphs illustrating that the antinociceptive action of
amitriptyline (20nmol and 100nmol) against 2.5% formalin (F) (dark bar) was not
decreased by coadministration of phentolamine (PTA) (100nmol and 500nmol) (bars
with crossed hatching) or naloxone (NLX) (100nmol and 300 nmol) (bars with

20  horizontal lines). n=5-8 per group.

*=P<(.05, ***=P<0.001 compared to the formalin group; =P<0.05 compared to the

formalin/amitriptyline combination.

Figures 17A-C are a series of graphs showing dose-related inhibition of
25  formalin-induced pain response behaviors by locally administered tricyclic
antidepressants. The bar graphs depict the control values for formalin (solid bar) and
saline (open bar) when injected contralaterally; while the dosage graphs depict the
results when antidepressant, rather than control, is injected. Figures 17A and 17B

show amelioration of phase 1 and phase 2 flinching behaviors, respectively, and



wherein Ar3 is an N-containing heterocyclic ring, e.g., a substituted 1,2,4
triazole or triazone, Y is either an aryl group fused to the heterocyclic
ring or one or two 25 substituents selected fromal kyl, al kyl 8x3EC 2002

aryl al kyl , vah yé/edsky| oxy, aryl and heteroaryl substituents coeafid e
total of about 4 to 8 carbons attached to Ar3, X is an alkyl group
conprising 2 to 5 carbon atons |inking Ar3 and Ara, Ar4 is a piperazine
attached to X by a first nitrogen atom of Bar4, and 1 9 DEC 2002 WO

991 59598 PCT/ CA99/ 00449 19 Qis benzene ring optionally substituted with a
bi oconpati bl e hal ogen, and attached to Q at a second nitrogen atom of Ar4
For exanpl e, Figurah7C ehdws amdicratibwofbitinglicking belaavidre indudedbyfoimalaz 0158 5

. substituted at the 4 position with an aryl al kyl oxy substituent containing 6

to 8 carbon GMpiniectedingnthsdostal hindpa oéterat whenrthe farmalin iscondmipistered

het er oaryl al k ubstitu aini.n n.at r
b oconpati bl SiihESREAmaTBEST BERBORGR BRI TP af B PiieRt CorplsTene,
broni ne and {} H-gédt&ﬁmtd:ﬁﬁrc%ﬁ@ﬂ&ﬁ?dl%%dﬁé@@sﬁ:‘im@%ff&&? O ARBFADERD opén t hi rd
gener atiron anti epr essants useful in the practice of the resent i nvention

are trazoflo naimtglmpmaiatemkﬂ&%&ﬁpmmemldfﬂlé@& Dmpnlfrdaiazab tb@®X.abdtat he
like. 15

depicts mean F s.e.m. for n=5-6; n=8 for ipsilateral control). *=P<0.05, **=<0.01,

***=P<0.001 compared to corresponding formalin group.

Figures 18A-D are a series of graphs illustrating the suppression of pain

10  related behaviors by coadministration of desipramine with 2.5% formalin.
Figures 18A and 18B show the time course for the suppression of flinching behaviors
by coadministration of DES with the formalin into the ipsilateral (Figure 18A) or
contralateral (Figure 18B) paw. Figures 18C and 18D show the time course for
suppression of biting/licking, behaviors after administration of the highest doses

15  injected into the ipsilateral (Figure 18C) or contralateral (Figure 18D) paw. Values
are means. with error bars omitted in the interest of clarity. Data corresponds to

Figure 17.

Figures 19A-C are a series of graphs illustrating the results of local injection
20  of desipramine (DES) (100 nmol) and fluoxetine (FLX) (100 nmol). Figure 19A
depicts the local antinociceptive action of desipramine, but not fluoxetine, when
injected into the ipsilateral (ipsi) paw corresponding to the spinal nerve ligation, and
Figure 19B depicts the lack of effect in the contralateral paw (contra) with @=saline
control; M=DES; and A=FLUOX. Figure 19C shows the cumulative change in MPE
25  with the open bars representing saline control, the rightward sloping bars representing
DES and the leftward sloping bars representing FLUOX. n= 9 per group. *=P<0.05

compared to saline group.



In one aspect, the present invention includes conpositions for |ocal

adm nistration of tricyclic, second generation or third generation

anti depressants to a subject having a site of |ocal disconfg$ DESudBR
conposi ti onVapPYSBPecifically formul ated to ensure substanti BETAFAPHBMHI
rather than system c adm nistration of such 20 antidepressant(s). In
addition to one or nore of the antidepresggnts described for use herein,

t he conpositions of the invention nay conprise one or nore adjuvants which
facilitate delivery, such as inert carriers, penetration enhancing agents,

col | oi dal di spersi Sys 25 Representative and non-Ilinting . exanples
of such inert carr&ggﬁ')éééﬁA”géa?éW€c£@§5ﬁp‘ﬁwm @F,eng%tﬁFG{ﬁ?Pe Qﬁ@meq
gaseous fl uor i : ; { :
Gyool . a fr g AREatst kit & RASHcRR KHLVOr SPHPlalihE R oQARIERD,
aci d, sper nacéito thespavbigstatera mospliex tigatione tHigiire 20 A showetheand-lypefabdeksia

conmbi nations of _two or nore thereof. 1 9 DEC 2002 WD 99/59598

PCT/ CA99/ 00449VBE overdime phergn O] 0nmal DI M 1 300umol {cA i and A= BESvhr e

known penetr atd ep. J e . A\ Rl _al l.ergi ¢ or
irritati ngg ef fde%k?' Eﬁ%%%@gg g%‘?%ﬁ%ﬁ%’ncm n% lgg\)éﬁlt:‘g& M\ﬁcﬁuw e‘iwé% B
azacycl o compQydpelpresents N0RENSITIES, the BarssitiosGtward slbping RAdseBprediss
4,755,535, 4,801,586, 4,808,414, an 4,920,101, which are incorporated
herein, each 1400 nmobRRFeryd thedanwith crsfsshatqhingepreserdnDES NG AF g nxg et
shoul d be i ncl udec_l,,‘i_P< ld?h conp§§iti.ons than is consistent with the goal of
attaining sub& A 3 I@' SRIPAS Wélps,grqugt her than system c delivery, of
the tricyclic, second generation or third generation anti depressant(s).
Those of skill in the art will 10 be able to select a suitable penetration
enhanci ng 18gent usdfigures @i At@ergasdries of graphbesowingd lapleofsupatession déthier ed. | n
anot her enbodi nent, .the invention_ conpositi is formula r | oc

i nj ection. |n Q¢ ANURPCIERAYS 9f$q§£’?%ﬁﬁ&ﬁgﬁ ?fna‘{j’éﬁ'é?%&igjc&g}ﬁﬂqs‘%‘géy a 15
physi ol ogi cal | s ji ' b :
encapsul at ed i%a%gggﬁéﬁklgéﬁgg%élﬁzcls@eﬂgi%h@@@é%?? gt{i’ gj}@girle%gal

i njection, sudhgas 2aAcshbleitittadffedt wpliase O Misches,aml Pigurd12 B khovey the effeetlonzed
crystals. Colloidal dispersion Sﬁst ens include nanocapsul es, m crospheres,

beads, and |i pib@soadinghes Jiiswss 21kchaws R ebfert phassyé bitingdickingitisne | The erapiyes)
m xed m cqld e | o) T r . i . hi s
i nventi onqlss Zoalr?%g%%}rlr%q%ergﬁ%ﬁ%F%@g%’gng&L%%gggﬁewsa% argdlgg Fﬁ#s%%?en% tc:r ane
vesi cl es whi cheffeceofiaieifle (SRR eitheraloda seiri@mbigdtionwath the st dhgn Vamect ed

or inplanted, or when contained within a topical preparation. One type of
m cr ospher es sdepiciipiesn e mnfoapsaipar gragp.dr*ads0.-0or™*F8ca0 L H*&P<0MLi s

poly(D, L)l acti de m crospheres, as scribed in F her, .Anest h. Anal g.
b4 50-04  1oorormarer8 PR e NS IR GrThribeBLEIERRG 8088  or ¢t opi cal
adm ni strati orbor{e%,{dn.%tmg@pﬁga& &bgam a lotion, a gel, an ointnent, a
spray, or an aerosol. Tricyclic, second generation and third generation

antidepres¥ants are quite lipid soluble thenselves and, readily cross lipid

barriers 1o gain acgesded AR Sraphs INStRing fie éHect of locally administered

desipramine and fluoxetine on paw volume in the presence of formalin. Figure 22A

shows the effect of saline (control), desipramine, or fluoxetine on paw volume

following coadministration with formalin into the ipsilateral paw in the presence of
25  formalin. @=formalin+saline; open diamond=formalin+100 nmol FLUOX; open

downward pointing triangle=formalin+300 nmol DES; and open

square=formalin+300 nmol FLUOX. Figure 22B shows the effect on paw swelling of

desipramine or fluoxetine injected at either concentration used in Figure 22A into the

contralateral hindpaw (systemic effect). Paw volumes were determined at the end of



1 9 OEC 2002 WD 991 59598 PCT/ CA99/ 00449 21 sites. This sanme property
enables themto cross the perineurial barrier surrounding p(jri ggterqzaﬁ nerve
endings (this barrier limts access of sone agents to such i% " 2

Ant oni j evi Woe9/59598, Peri neuri al defect and peripheral opioi RFHAAPY44% in
i nflanmation, J. Neurosci 15 ( 199S) 165-172), giving themready access to
the peripheral nerve 5 termnal and adjagent sites. Topical adm nistration
can al so be effected by delivering the invention conpositions via a slow
rel ease "patch."” Therefore, in yet another enbodi nent, the conposition
further includes a patch delivery system having the_anti depressant

sequest er ed thgbebavigyal ebseration pertpda g5ior & BeriesPrR: o *SkPRO8P] serepared tetsr ane.
10 I n anot her ,as ecf of the invention, there are provided nethods for
produci ng | otPINCAFAIG&LPYP- i h a subject, such as a manmal, by |ocally

adm nistering an effective amount of a tricyclic, second generation or
third generation antidepressants) to a site of |ocal disconfort. The term
"I ocal admi ni str aFigures 23Iniiare 2 sangs ofegraphd ilbdstratugithe effeatd 0f despramtinggn known
in the arj. The antignﬁpressa ts) used ia t.{?%qgractic? of the invepntion can
be injectad FBXANNG, ACFAMIEIRIYHICSS CRTAPATSH ] BR Convol PR PRY VRIIME Wheh

i nj ecti on. Ai;#&g%itovﬁkﬂors;dhﬁn?g- yftht fat. %E&Q%Agﬁ%%fs%é Aol of 100RFhol
generation antidepressants) ca e applied topically by applying a cream
oi ntment, spD&S, (opén diamoadngdi ¥0nmot DES{openasquarde PFigaed3B shonisehgpefiitad f or
use herein to_an area of_skin 20 adjacent, tqQ a Siteﬁﬁi‘ﬂﬁai n. Additional

routes of | of&iOngadkiLUQRdePER géf*é'éﬁ‘%?‘@‘i“ﬂo PdoPDi cal
appl i cati on, d{)&ﬁ@&d‘-ﬂ&ﬁg?}i%@f %@P@T%Eﬁ%ﬁ%‘@eﬂeg@kﬁﬁs,‘aﬁ@ 3ﬁf)nﬁmgleF 18]6).¢

ant i depr essant encapsu e w relea such as a Trposone
or microsphe(pendquakBe Highrd123Cahbws te\etfeaitR MOUnmslBper thanglepdid 300nfiol 2
conpound according to the invention necessary to prevent, to cure, or at

| east part i akopensanare; amitwpyiincoen &irsal pewlvobuns wto RArSEQNPF 5TE<G.B5.a subj ect .
A subj ect is,.apy I referably a.hu . Amounts effective for creating
a substanti al*?g—fl)éc@@a‘fq?ﬁaé%{eﬁﬂttﬁ s%‘f‘?'é‘li‘?&‘?ﬁpgrlo,‘lp'of course, depend on the
severity of the disease causing the painful condition, and the wei ght 19

DEC 2002 WO 99/59598 PCT/ CA99/ 00449 22 and general state of the subject.
Typi cal |y, ani mal Figukes 24A< ate Q@&h‘d}@@ﬁ%&ﬂielﬁfeasioﬁthehelegé‘cﬁ&@i'ﬁund and
Exanpl es_herein, may be .used to t 1 sui t abl sages.to sed to
achi eve égbsf%q’?PfoéP{\{S?g?rﬂﬁtéProc?éﬂogﬁKi‘i@lﬂﬁ‘ﬁ@“ﬁr\“&?}ﬁ ] ‘fﬁ%ﬁ?éfﬁa (g'mr‘* tion or
third generaty ! Y : i ! | er
cr ol 5 ( Dovnf CRATRBOERSEAANE Bl indedst i By POl Y il o 1
t o neur opat hiffuopetire: (FILIX9 (Nuira@iat Rigare hd AnsHoeal the pédeett Ghavepge #BpAvl 98lime

332-338), which uses termnol o specific_ for neuropathic Pai n, shaoul d be
bt ter abl e ECTRITerdiE PETR QSUIRERLE LK AN (ONoF oY ciQpcl ProPERIGHAli on,

vari ous gener C L dar af 4-on di]gfc J i 1: U
"t herapeuti ca@}’e;? cg%?!é%@f gféka+rr§)0unt ?g?tlgﬂ °§83§9’?ﬁ ﬁo@ggﬁg%@lﬁtﬁgﬂ (BP%’ t he
art and aoe dgwatd-péeidting tripngle);ranGFLXA 560nmdl. GR EIBB08A Gopehidownivedd G | m an' s:
The Phar macol ogi cal Bases of eralgeuti cs, 8th ed., Pet:pgam),n Press, .1990; and
Reni neton' s Meitingdtenglen Figr eAB shows theicumylativegfect of e is¢reasg & igureast on,
Pa., 1990, e of ich is herein 4 ncorpo I 15§

conmposi tions 42710%%‘3053?80%!“? eeno!dn‘y/ﬂéeﬁ‘fglggge éf;%é%grar e u'}tg?legcag%qef glcf }P‘%
produci ng | oGgith R&Woaes tided MustRAés FLK-+SyprahGIOE theWitRvith vertial Bhds iflstrates
"neuropathic pain." As used herein the term"neuropathic pain'' refers to
pai n syndr omdd.Xiemmsenin;she basyvitprghtiverd sloping linksaepresantssFlo¥strepisaisest andt i on

such as 251 1 he AL IsebEd Hob g HGRT teRraatT K Ot 606 Mt R R O™
dystrophy, catsgalogsr*Lpad. 6 alx+pap£p oG Ednaad8 thefludatiné ploupcar) and the

like. Certain relatively localized syndrones are al so consi dered to be
neur opat hi c. Anong these are specific neuralgias at any | ocation of the

body, head or face; diabetic, alcohqlicg, tabqlic qr infl tor

neur opat hi es; post?'&‘%%@ 152 §1a W%ﬁleﬁg‘z‘tﬁfg&ﬁﬁégf’i“‘gﬁﬁ_ o%'fmlexa%donti c
odant al i a1t HRAMHSBHN S ke BRAURET) 225 RIVE SHT rdcBAbAGSzon, T
radi cul opat hies"wth nérve conpressi on; cancer Wwth nerve 1 hvasion; post
traumati c avul sion inj uries; post mastectony pain, post thoracotony pain;
post spinal cord injury pain; post stroke pain; abdom nal cutaneous nerve

entrapnments; primary tunors of neural tissues; and arachnoiditis, and the
li ke.




1 9 DEC 2002 WD 99/59598 PCT/ CA99/ 00449 23 Ot her pain syndrones believed to .

have a neuropat hic conponent are stunp pain, fibronyal gia. I’ﬁgl onal_sprains
or strains (crushing injury), nyofascial pain, psoriatic art ﬂgz

pol yarteri t WO ¥E898a, osteonyelitis, burns involving nerve dBnHgaWi4Is

rel ated pain syndrones, and connective tissue disorders, such as systemc

| upus erythematosis, systemc sclerosis, pglynyositis, and dermatonyositis,
and the |like. The conpositions and nmethods of the invention are al so
particularly suited to producing | ocal analgesia for synptons of |ocalized

pai n and di sconfort caused, by. 10 jnfl to ondi,tj pns... 1 nf| tory
conditions th ﬁ'eb‘g‘“ﬁsﬂfb&é}?éa“i(nl‘#ﬁ&%§ %’etﬁf)fattl%épmlé‘hf?bnl ??]H?ﬂ ude
condi tions of yafiulife ghd 818 RicafilehiEntd petl £rBUIR@ S WrHAlY 2394 cddticahi=on) or - -~
chronic inflammation (e.g., arthritis and gout). The relative high

concentr at i onpropfandtalgs attai nabl e by |ocal adm nistration, 15 coupled with
a | esser incidence of the side effects characteristic of _systenc T

absor ption, pAGKRIaNspERqnen MK iaippisetron; opeberagen 5rGRild 43 or t

associ at ed: W &h § [ L.C pain conditions using the
conposi ti gsns andbrgré'tbﬁgggbg%xttﬁl%rﬂl%#ggﬁﬁt&&c}%ﬁ 20 A rat spinal ncrve ligation
(SNL) nodel was used to determ ne the effect of tricyclic, second

generation or third generation antidepressants) agai nst ne_ur]gEat hic pain as
described in full Figura@6msasspbshowingithe lack of pifect pbkesanserin (RET) at dosages
adm ni stered apitri | § and desi pramnn ricvelig antidepressgnts, were
Shown to be. epf i pbtand 1 fH IRRBAERE ke ebflini Guliy) iRk K32

anti - hyper al gesrhfalifkdseCtalues depitiithé Rickh b6 mtas@bdetts priiraip. "W=39 N dthRligr ed
to a nerve-damaged hi ndpaw were observed w thout a conconitant anal gesic
ef f ect onl@ hecoumly @l-afEnmbl REW, AFng0hemohiETef f ect of |ocal |y admini stered

anutriptyline was equal in magnitude to that of system c injection, but
al I evi at ed mani festati ons of neuropathic pain over a |longer time period

change in the 1 SR SEA3nYE8 ol artulf iihe tRURAL ARt nfY biha Rlafiuced O
threshol d of bhéocabijectibaiofBaimqavHDbytdoadmmistationaf ¥ amahon3) smébl | ow ng

| ocal admi nistration. Further,  the_local nakg\ﬁ{lg of tgi s effect, was verified
when inj ect i oK&2ners WitheSEbht Fighes 1S 3,8p URtgFae FEnpale jgrease in

significapy effechon b@e?'llk;%’ﬁfn 'es.'\é)dﬁe%%%&?é“é S-FRLfoRE; &éss-lfétéh@d bR sgfT 4O
the beneficial actions o ocally adm nistered amtri ptyline agai nst

thermal hyper &R mmoladHIT + pfyhandeolasnsy B8 amob 6-HD=hight hafif@hinng. Figuiehe
treatment of nerve injury-induced nmechanical allodynia. There may even be a
sli ght unt onardBds f graphfibrstealing thestiinp gpurseied ation iniergnobte IasRCRSEIIBOEM ne (60

p.g) that beca 10 statistically skgpifi At Tu% { nge in
t he maxi num pé’g el%veéﬁgg{mlctﬁs.w&)5%53@%@@% Fi%ﬁ[r g ﬁ ncr@ell);i ng
the spinal dosgnddf @MHT P HinoNGoh®, RO SIHD30 AHEYHET se0a@6l.a si gni fi cant
sedative effect so that the animals were flaccid in the testing apparatus,

a result fAat *MimBed.eld* ¥ heif<048i1| dompatest to dsiddmesponset he stinmuli. An
interesting observation with the use of amtriptyline in the allodynia test
was the 15 decrease in response threshold observed in the contral ateral paw
(Figs. SA-C 6A-C pprk8ALESre fiséries of Brapht ARistri@ighe effedtOofBidpine, as a
"hyperaesthetic tactrle response.” Wil e the hyperaesthetic response

t hr eshol d was mécamylamine andditulpfcutdrme e dosagespiulle 30,040 , 308 ~nd 28G0/mingl ont he

observed behavjoral respaonse (a brisk wthdrawal) djffered.fromdt.hat
Oohi b tod by SiRURRERG DRSSk REbehaTar OISR Rivh ormplig gt IFIBRIEAIA and
25 illustrates the effects of the drugs on the number of phase 1 flinches. Figure 28B

@

illustrates the effects of the drugs on the number of phase 2 flinches, and Figure 28C
illustrates the effects of the drugs on phase 2 biting/licking time. (dark hexagon =

formalin 2.5%; O= amitriptyline; O = mecamylamine; A = atropine (ipsilateral); dark



20 guarding). The results of this study indicate that amtriptyline
preferentially alleviates thermal hyperal gesia through all routes of

admi ni stration, but has no effect on allodynia. These findi nb8 DEGg@est t hat
t he pat hopwe9asesspy of thernmal hyperal gesia and 25 tactil e @crathssiosddar e
mai nt ai ned t hrough di stinct mechani snms, which has al so been suggested by
the differential profile of other drugs I]i7ke dext r omet hor phan on these two
endpoints (M Tal and G J.Bennett (1994) Neuroreport 5:1438-1440).
Therefore, the efficacy of tricyclic antidepressants, such as amtriptyline
in a patient may be determ ned by which of the neuropathic synptons is the
nmost st rongl friaaglerestsepine (cohtrglalEdl); 2peR diaMddd FAATBEURETeCA99/ 00449 2S For

exanple, in tient pres i .t bust al lodynic, |ike synpto
amitriptyli ng%ﬂfﬁ-@ﬁt*i*d%gfﬁﬁi;aﬁtgs%<W‘ﬁiwmpafedéef'?/svmtverésyn%tcons@- any
perceived difference in the pain. However, if the dom nant conplaint is one
that can be characterized as hyperal gesia, amtriptyline and drugs with
simlar activity may 5 k : AP THEENNVENTPON which this
invention is based al so denonstrate a | ocal peripheral antinociceptive
action fot anti depressants, such as tricyclic, second generation and third

generation antide t i intlar ion,. ln.the rat 10 formalin
test, a well knowﬁﬂ)lﬂ §§°?’?f€ﬁ“%%o“’§‘§ﬁh€§‘%s?“ﬁf‘ +x§[r gri,&rgc;wc ﬁtglog s%%,ent Sgovergai
anti noci cept kytgradicimplocsl naRwkia By |6 bdhiniratibn BAA RHdyERE BT geRdthfion
flinching behaviors and biting/licking tine) caused by injection of
formal i n i nt or thirdsgengration Fhiéddpresaint tara body sife aflipeal discorofori.s verified in the
ani mal nodel by the lack of effect of amtriptyline injected into the
contral ateral hindpaw. The antinociceptive effect is 15 seen at locally
i nj ectedjgloses of pEinhldshiridyefic u&a&@;&@&@ﬁ@m iffHeGRactRE bEERORYeNR 2
system ¢ dose of 0.22 ng/kg (for a 142 g rat). In the 2.5% formalin test,
am triptyli nere thoss lpavarg the sametufet uoxet i ne 10- 300 nnol produced a
dose-rel ated reduction in phase 2 ( 16- 62 mn) flinching and in
biting/licking behaviors when coadm NG th the infl ammat ory
irritant, formali [ V] . i ed at
t he hi ghest dose. %hegégﬁ;zgl %(;]fﬁlln\b:\gl?gﬁegga r{’/ﬁ%’g’éﬁgf‘é’ga‘@ﬂ (Epzmg@&ﬁno%ﬁfs%g&én when
t he anti depr gegadHtems, bPAn 830EmbBeret bickelieringj ected into the contral ateral
hi ndpaw. The | ocal action of desipramne and fluoxetine was partially
al tered By coadni f\isarGAipere optienglhyessuhatitued gramasic rings fusef do eandon of
amtriptyline was x{les"a%raﬁgﬂmB nocoé}f im%‘?no %ﬁs&ng tperi pheral action of

o] rn

amtriptyline involves a eraction w endogenous adenosi ne systens as
shown by t he HxaipdseT 28 & Simebsiddi Bidyclid @ink Rvhid (2871 IiekidoRpint ¥ed act i on

of NHzdAD, an inhibitor of adenosi ne kinase, which also acts 1 9 DEC 2002
WO 99/ 59598 K&E QA chbosroe andibe ikangkygsntand nitxagen ees the pepfereadai | abi | ity of
adenosi ne, i hown in the rat. for.nali est.. The | ocal.effect of |ogall
adni ni st of ed ROy aP for offioBRntBRaP in ot Bt PP oB B s HPE grocure)bE 1Y
ant i depr 88S anfuPSandsPRSintRId8d RMtah B8 ah AlkFRIniiflo besylahfind WbsBnieADYSn W T h

N-oxide derivative thereof and generally comprises from 4 to 5 carbons, although as

few as two carbons or as many as seven carbons, or even as many as 10 carbons can
be contained in R. If R is an alkylamino substitutent, in some embodiments the
alkylamino is a tertiary or secondary amino group. For example, R can be
25 ~(CH,);N(CH,),,

-(CH,);NHCH,,

~(CH,);N(CHj3),,

-CH,CH(CH;)CH,N(CH;),,

=CH(CH,),N(CHj),,



phase 1 and phase 2 flinching behaviors and the total biting/licking tine
bei ng suppressed markedly. While the nechani smof action of the

anti depressants does not forma part of 10 this invention, it!h&EChawn

det ermi ned tWa9%SA¥8peri pheral antinociceptive action of am tROATHEA900649

i nvol ves endogenous adenosine with a subsequent activation of adenosine A ~
receptors on sensory nerve termnals (revi d Sawnok J. ( 1997) In:
Purinergi ¢ Approaches to Experinental Therapeutics (Ed. Jacobsen K., Jarvis
M} WIley-Liss Inc., New York, 495) This observation is based on the
ability of caffeine, 15 a non-sel ective adenosine A~ and A2 receptor

ant agoni st, and CPT, a s¥CEeNACHG enosi ne A, receptor antagonist, to

inhibit the action of anityl | n a 2 flinching responses and -
biting/licking tine. Phagéﬁ?l@géélggﬁggsm\a@%ﬁﬁnaffect ed by caffeine, and may
resul t from antidysefenme poit dMhtaBmEREofHt Hthe fridyRROstlthih it e &bbR%EHE QN 1S
based al so denonstrate that an inhibitor of adenosine kinase (NH2dAD) can-
augment t he | dietgroatom loeated atpasitiont ipithewing sidshwei ne ki nase is an

intracel lul.ar enzyme (reviewed J.D. Geiger et al., Regulators of endogenous
adenosi ne ISeveI S as therapeutic agents in: Purinergic approaches in

Experi nmental Ther apegdn i ) " Aki ss
e, 25 New York (150 585%%% PRSP RLomfatble RllochdiMitiuent tdr Ar, /Gy Al

i ntracel | ul ar axechlotihettrominefand dhwdse,withactdorine tefirfg prefentd.aBemexaimpée Ar,om t he
cell along a concentration gradient This effec ul d enhance the

extracel | ul ar aé@g’ﬁoéhr‘r‘@“geé&l’%wtégw Ofp PHIAS %ftﬁhe ‘HEO‘PP&t@?ea‘@?‘P&?ﬁ akpmp,
amtriptyline. Inhibition of adenosine 1 9 DEC 2002 WD 99/ 59598

PCT/ CA991 00449 27 deam nase with 2'-deoxycofornycin did not produce the
sane respdfse, and Nbndinmitngexaiplesd of teioyedic aheddprassirs wdaeul irethatpractice F tHensi C
effects expressed by these twp agents. It is inportant  to note that in the
experinents deFEsSnbEYCAAE CoMIDEming dmEpramings arpitypding esigwamise-ne

availability ?lﬁ}f i 0 bt .rlm‘ﬁtgr- i pul f.Qr.nglin).
Endogenous adg‘E]°05| n@?ues%gﬁ%g‘s‘%@‘a g?tlhgeét?)a y 1%6:,?%4%'1:?{%, %’B%SE%, Sawynok
J. ( 1995) EurcombBihaiome®any Bids oPrhdre)therasf, Wahitrigtlif/arld{ekipram@ih@ase processes
in general (Cronstein, 1994). Thus, the stinulus generates the substrate

(adenosi ne andpresentlyprefkagd.wi t h which anmitriptyline interacts. The |ack of,
or nore lijdted, effect 10 of amtriptyline observed at | ower

concentratlj ons of formalin inflammatory nodel (Figures 10A-C) nay well be
due to an inadequat Ad&ﬁiloﬁa%ﬁaépre@d@@%aﬁemﬁ%ms%eﬁn indRidE e¥Rposidsmul us
intensity. Simlarly, the experinments on ich this invention is based have
shown t hat 15 smdtengsaeferndd @Ps Veecandrnganhation’aor ‘ithitd-gensrationt dmttepeetssaints %o
formalin, or slightly redyced. the effect .of formalip_ at .2.5% (cf. Figures
19 Aec M2 o GG BRmRCoRRgics A0 Dot FiBde BrhEBeL I DI e spreis
amount of endogapAs RIGAOTBARIRIESALRM cNerdifts o BGfPLdnBrNeS dititdssaient
to produce ant?%oc?cept |Eon; sugﬁga %%ts?poﬁseronﬁy oclcu Pgﬁﬁgﬁenm el

am tri ptyl2ne uwsfulpnélsepractivechfitichinibertiad aseithnseshavinguhe stheturdhe nodest 20
effect of caffeine at 2.5% formalin nmay rg%ectgg slight predom nance of
adenosi ne A2 receptor activation in t KF(Yaxpér(Q@nt . Caffei ne has been
shown to | ack a perj 3 RGLE NISAGa; id ckadsstRfiie@RPOSI NY
i nfl uences of adenoﬁggﬁ&ﬁggﬁ&A\gédrrg%lg%?g@sem?ggék&n(@%%,’laSav@tnotﬁ J.E%??1995,
supra). 25 |In trixeokmrrdizoney ve ligation nodel, amtriptyline ( 100 nnol)

and desipramne ( 100 npol), but not fluoxetine ( 100 nnol), produced a
|l ocal and conpl et e dnisicHhFaancarpleaspep fised wrihe hetereeyqhic FgLR 088 PF ®¥hondi ng t o

st mul atorsS peSbsPHER R dRRFATRS ST S RRT. A ARGy ARt e B iloary)
naxi mal |y ef f egiidsyituedS@pridingtiieeal ofabout 4 1o § cAbbns2iddchedo 22{,59598 28

PCT1CA99100449 .
X is an alkyl group comprising 2 to 5 carbon atoms linking Ar; and Ar,,

Ar, is a piperazine attached to X by a first nitrogen atom of Ar,, and



slight increase in paw vol une, but fluoxetine produced a robust and

sustai ned increase in paw vol unme over the conpl ete dosage ranﬁ é 173 300
nnmol ). No agent significantly altered the degree of paw swel i 8 ?)r Wuced
by formaliwons¥sesi nfl ammat ory pain nodel when coi nj ect ed \RCATWCA9900449
formalin. The increase in paw vol unme produced by 5 fluoxetine was inhibited
by ketanserin, a selective 5-HTZ receptorgsantagoni st, but not by other

sel ective 5-HT receptor antagonists. The pronounced | ocal pain alleviating
actions in the absence of marked changes in paw vol une produced by the
tricyclic antidepressants desipramne and amtriptyline in the formalin
test and the spi nél isthenzeane|ringaaptionallyoybstitited vt abipenmpatiblehalogen, asdcond
generation or tlhi rg @erati n.&o an ide?ressants) can be used to produce
local anal gedftacheflfo Qa2 s5¢ond HIFOgFAMRT 64, and neur opat hi ¢ pain st at es.
The invention will now be described in greater detail by reference to the
followng non-limting exanples. 15 EXAMPLE 1 Experinents were conducted on
mal e Spr ague- Dawl &pr exdnsplé, X 0ard 2dntajnP carbioas,land AR can be QU aiazbanada) .

Ani mal s re housed,in pairs,, nmai.ntained on a 20 12: 12 hour Light-dark
cycle at m§z+§abs&wae<§w€§4m§4up5 ithan-aeraly lowy sitastieahoniainiag 6 8 8 carbon
Prepar ati on i . j I kAl . le rats
was perfor m%tol%?%%g%@gﬁlgﬁp g@ﬁ#ﬁgﬁ?ﬁ%&%} IYI(le?gaihs%{s%ec @#y gglb\rér%@r@%{srgope and
wi t h adher engentaihiidéh uyigdalatones of the | ASP on ani mal experinentation in
pai n research. The neuropathic condition was created by a tight ligation of
the dorsal roots of |unbar nerves L-5 and L-6. Sprague Dawl ey rats ( 100125

gn) were anaest hety,zed and r.gi I i nt ained using, Hal ot ha

00 55 0o he et efBiies BHPERIu pBLH AbAE*R D 48584088 Bom ¢ oy e
Ant i bact @pi alchRy e Br8Rne and flud¥in@EC 2002 WO 99/ 59598 PCT/ CA99/ 00449 29 were
applied to the eyes to prevent drying through the course of the surgical

procedure. The aninmals were placed on a water heated pad (37t0.5C). The
area for surgical jncision was cleansed ﬁnd sterili éﬁl wi th, ethyl al cohol

and i odine. A 3 crSPROFRADYE READRIERE SEIonH §ERTRIQTITLad geERArgtnl with t he
position of tRgaillacc et A the'pHabileidPthd HeschDnvaliR At thidiBne,A Stab

i nci si on was aﬁgg%dr%% tﬁe%f]t s‘?%lg of the I;\}erte\‘t?)lra mgoﬁnn d<'311t%n%’he | evel of
t he sacrum TBuprdpigsmarthzapineavéniaiakine tfefabdrionspindahe klor.d were cut 2 cm
rostral to the stab incision. Blunt dissection was used to further

di sconned? and separate the remaining tissue fromthe spinal cord. One
retractor was pla : . r was used
o counter 1ot act i RE Per s et bEBERR AlHiA SREBNHORERITRET 5P LF

di ssecti on wasimifrtation ¢fl tayclichsecont gedetatian of thixdltgenératon aftidspieseants wul ar
(facet) joint, and the transverse process of L-6. The facet was ni pped off
wi th rongeur ssubjgct raving 4 gite ofdpeal dissemipsie Such compesidensiare spagifially away from

the L-6 transyers I SS, , e di ' ' a i ng
jewel ers for ifé&“ﬁ{eﬁégg‘g ee%‘#?&?‘gﬁgﬁrs@%%’ r@@iﬁ?\%‘éﬁ%#@“@%ﬁﬁéﬁ%&&é@“ﬁ ocess
and the 99Cr omiidepressaht{3)\ds adGHTBY fFonedR RaRe bEtheinEideieshah@ des@itdell for ke avVay
the transverse process of L-b and expose the area for access to the L-S/L-6
nerve bundl e.hemginnthescomiposisiops obide inugntionynay somprisecons o diare adivvards ibirhand

mani pul ated to 4.e0l ggl?ve}yrlesuc ) & g \éaeri'iercs},q g&egar\t?o% e%axtlcrilgg Ia‘g_elrllts, colloidal

dispersion systems.

25 Representative and non-limiting examples of such inert carriers can be
selected from water, isopropy! alcohol, gaseous fluorocarbons, ethyl alcohol,
polyvinyl pyrrolidone, propylene glycol, a fragrance, a gel-producing material, stearyl
alcohol, stearic acid, spermaceti, sorbitan monooleate, methylcellulose, and suitable

combinations of two or more thereof.



20 nerve, the L-5 nerve was tightly ligated using 6-0 silk so that t he
nerve bul ged on both sides of the ligature. The suture ends i d
and the nerve was allowed to fall back into its resting p05|t|on ;gﬂﬁﬁ

usi ng the glWo99p?8dbe, the L-6 nerve was hooked from under ttfé—‘Tm@OMBl ac
rim tightly ligated (6-0 silk), and placed back in position under the
sacro-iliac rim Al danmaged tissue was d i ded, and al! bl ood swabbed 25
clear of the incision site. The nuscle and tissue was gently rolled back
into place to prevent any subdermal air pockets. The fascia over the

nmuscl e, and subsequently the skin was sutured shut (both using 3-0 Vicryl).
1 9 DE C 2002 WO 99159598 PCT/ CA99/ 00449 30 Post-operatively, the animls

were placed in ar t. ation. oIIovmnga
successful surger yeﬁ’t%\{g‘g'é%%rra @ﬁt&\%}%ﬂ@ﬁ%lnl‘,@%ofnaé ’3‘9"’&%"??(“.?8 neURY, °Rat i ons
of spont aneousnRa@icing dgeitsiselcteditd hal@ mBEmA RN Yr @ﬁtahhgzeﬂ@w RRawhi ¢ foot,
or vocalizations). If the animals presented initially wth a foot drop 5 of

t he neur opat hlp@nmamontenhancmgs@pp@an@uﬂwm@md Zzadyg)s cpropeundpesnch w@b;c Any

| s that
pai 1 2 days. poLETORbiap: b T ERr e oot 14 orRn R R a8kt ot
hal ot hane. B. a?@?ﬂ%ﬁ)@f&@éd ﬂ_e‘?&h' ¢idh mlté\éﬁnr@@hwd ﬁ’nb?é oﬂa%%hétré’tﬁh%nﬁ% ted
bet ween 08: 00 and 14: 00 daily, and occurréd at , 7, and 22 days

f ol | owi ng ner \agentrshould beAmcle&adaptsudncdmpdshumsﬂm is bmstswmlnmnhttbdgcmhlofral s,

whi ch tested, at ft It 14 d 19 d ft

O e o s AN A Sy GaIRLALL ST Lh e d, oy of tor
I

ani ol ver'e U QNG YLl MG 00, BELL SR AL Se .

pl aced i n 1ohe He&&ld 0GeiRprasiiiabie ﬁeﬁétrﬁﬂn@ﬁhmcmg‘. @&nﬂliseﬂmmrhhemlﬂll&t dapyee
behavi or ceased. B.1l. Establishnent and nai ntenance of neuropathic pain for
the testing 2(Pf[§§§’¢t€?(9'§“'ﬁ651€?élt erm ne that peripheral nononeuropathy resulted
fromligation of LS and L6 spinal nerves tests of static nechani cal

al l odynia and thermal hyperal gesia were 25 conducted. B.2. Testing for

Ther mal Hyper al gesija ahothgt abddimefid tizadvdntion ¥Bmpbyiiien Bl fomitlaedds: 1a6dessed
usi ng a Paw Ther nal
injection. In such an embodiment, the composition generally comprises a
15  physiologically compatible saline solution and may optionally be encapsulated in a
slow release delivery vehicle suitable for local injection, such as a colloidal dispersion
system or in polymer stabilized crystals. Colloidal dispersion systems include
nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water
emulsions, micelles, mixed micelles, and liposomes. The preferred colloidal system
20  of this invention is a liposome or microsphere. Liposomes are artificial membrane
vesicles which are useful as slow release delivery vehicles when injected or
implanted, or when contained within a topical preparation. One type of microspheres
suitable for encapsulating drugs for local injection is poly(D,L)lactide microspheres,
as described in D. Fletcher, Anesth. Analg. 84:90-94, 1997.
25
The invention compositions may be formulated for topical administration, for
instance as a cream, a lotion, a gel, an ointment, a spray, or an aerosol. Tricyclic,
second generation and third generation antidepressants are quite lipid soluble

themselves and, readily cross lipid barriers to gain access to central nervous system



Stimulator System The animals were allowed two acclimatization periods
prior to 1 9 DEC 2002 WD 991 59598 PCT/ CA99/ 00449 31 the t@gt[gg[g 26020

m nut es post renoval from housing facility; 20 m nutes in individual
testing cha¥B@s¥98 Rats were placed in pairs in a plexigl asPPEAEPUEp of
the tenperature mai ntained glass surface (30 0.1 C) of the stinulator.
After the initial acclinmatization period,2irats were tested for baseline

wi t hdrawal | atencies (seconds) of 5 both paws once every 20 m nutes until
t hree stabl e baselines were achieved. The animals were then returned to

s f o . S . S
hac 1 bt o atiss SR OREy BiRefs thetn i ST RRh ARl bt e RE, 1,
ani mal s wer e pe@ihérd ServeQ@ntiiiRs (@9 batbelIhiRSadceés IfR8ik Afentd ) Belsitezl Bt C

Mechani cal API odyni a Foll owing wei ghing and testing room acclinmati zati on,
rats were pl dogehijemicaenak)Rermeudalplefect ghdiperipheral apioet analgebiadn iniflasnmaidn,
bottomto allow acce ventral, surface of the hind paws, Rats were
further accl Jn&f’@&%§§t(i1§95bg§§ﬂ§§)c&h‘a% LeAdy PCCSSStt@réllIPeeEF”fP Frabﬁ‘?{é‘?i ment al
basel i ne £t i Rdi9het BRdy dﬁ(jl MBS N6l ' iy RIRAL
(Stoelti nég mcgen%%:ﬁ%%gdj%gﬁegl L.%T. _I_adeS olvm t§1 ﬁ r?@%‘%ﬂ?@%&g Wasm;lﬁg

det er mi ned ushengvémmnBoxpositiops diavasiowe rélease (‘Ghtalpl’ aFheedforel in, yel 8sther Bri ef | y,
filaments were applied to the veniral ,SU{face of tfl,e paw starting with the
4.31 fil amenembodigengihe eorapesiEon é@geme udet @ patclicdelivsty svstem baying thee
response (pa h I | LStLGr: R j | ower
filament Was\gfl ﬁ%éﬁp%s%&?é%egﬁéﬁn%p?@%‘%&%ﬁ%’? “?ﬁ%ﬁ‘m% Htt(ﬁgagxé% %&%O%S? t he
subsequent f ighepBrade. appl i ed was i ncreased. The 50% wi t hdrawal threshol d was
then determ ned fromthe tabul ar value for the pattern of responses (k),
the finalOnonofilament value (Xf, in log units), and interpolated using the
formula: 25 50% g,threshold = 1 .O-r+ ks ~ 10, 000 ,wher e i s the nean

di fference betweerdP&p9 Iqspccli_é’h}ﬁ/\'fﬁg‘"toﬂeéh)'dﬂ?taé? RPH&%FW%‘?‘*S@%&@P?W@%@ ues,
the rats wer qoda®hifIfah ihG SuBRict, s & IAhmeRUS 1888y dabdinidhs hvEedivi t h
ad-libitumaccess to food and water for 30-40"m nufes. After drug

admi ni st rat i eamounhef amicyellcs sewnd gaperatiomportbird gemerstiom antidepresyantfndesse and

nonitored for _the r opri 99159598 32 1.9 C 2002 PCT/ CA99/ 04449
behavi or al p&fﬁ%éég‘ggﬁ%ﬁ& ?f&g-ﬁ%??“\fl‘ﬁéo‘ia_lﬁf? ‘W’aﬂ?ﬁdnﬁl&DE?Wt‘?eég?‘b?ﬁg e
results q§ thaignitesich HoSmIAWEart "THe SR pressaft(dy ustRIPAEPAUSE Sf the

invention can be injected locally, for example, by subcutaneous or intra-articular

injection. Alternatively, the tricyclic, second generation or third generation
antidepressant(s) can be applied topically by applying a cream ointment, spray, or gel
comprising the any antidepressant contemplated for use herein to an area of skin

20  adjacent to a site of pain. Additional routes of local administration contemplated
herein include topical application, local injection or subcutaneous implantation of the
antidepressant encapsulated in a slow release vehicle, such as a liposome or

microsphere.

25 The term “effective amount” means the quantity of a compound according to
the invention necessary to prevent, to cure, or at least partially arrest a symptom of
local pain or discomfort in a subject. A subject is any mammal, preferably a human.
Amounts effective for creating a substantially local therapeutic effect will, of course,

depend on the severity of the disease causing the painful condition, and the weight



5 For each of the experinents, raw data for response threshol ds of both
paws in each aninmal were recorded and entered into a spreadsp}ggk (Mﬁ:rosoft
Excel 5.0). T(Eu? %%é% was then normalized for each animal as b

Possi bl e Ef 87 ) in terms of reversal of the neuropat hi ECEa8¥8#thei ng
tested (MPE (anti-hyperalgesia or 10 antiallodynia)) or in ternms of the
anal gesic effect of the contral ateral paw2g MPE (anal gesia)). These val ues
were cal culated as follows: MPE (anti-neuropathic) _ (PDR-1BR)I (CBR-I1BR),
wherein PDR is the post drug response of the ipsilateral paw, IBRis the

bosel (e res pnERRgy e dBPRINE HRlAM ol BRoGS e s a6l oo
fol l ows: MPE fhamalcR@®ufid and ERIMples kdBBh! ey be Lifed BB terniine b@itablCatsabds has Déo o

seconds fromthe thermal stinulus and 15 g for tactile allodynia, "and P
is the post dpaigsedito hchiavesubsiantaallydbehl dliveme of thatricyicht,seeindganeration or

Accordi ngly, the individual, val ues reported or depjcted are the MPE SEM °
The 20 11’ GURIAERGHetip BRRAH PSRt (A FEcet RaGh LA AevEIAesEox BISEehH at i ve

change i n & he(rhE|de PRl blinfR6 vAIlBAbABE pARthd QUL Sl T iosh

i on.
Thi s val ue was cal s the sum of the I vi dual™ MPE val ue t{hﬁérough
t he time courpan( Fhi NeasspathicBaiaScAlEENsablogy dB (0097p832-B28)bahizhiuses val ues
(not shown in figures). Tigg data was statistically analyzed using a one way
ANOVA for repEHREWIoRY-spsribs T neyropaghi P%sséoelerabs&mr@hlezs delingatreties post

hoc anal ysi s) . val - Of | &1 ps a
one- way ANO\/Asyvr\ﬂ- @ﬁ&gr%g{lgﬁi%ng%arﬁségﬁﬁ?& YJ%E’H% ?ﬁlgﬁa&tgﬁﬁﬁéﬁs Bgé%‘ﬁhoc
anal ysi s) wasints &stoulfiarictonindng thg “tHeeapeandudly &ffettivdi avioduel aré kn®vip & thbse Or
in the OWE val ues, a student's T-test was used with a Student-Neunman-Keul s
post hoc tbrrektkildin thegrt apdpre desegbedyeg. . ymGilmanegs el .eHanGoginupAnds) was

considered si &E'ilmfalncs":i!fhg' Ebgmmagglgggl 1%39|§Bca8§§§3g3f [herapeutics, 8th ed., Pergamon Press, 1990;

and Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing Co., Easton,

Pa., 1990, each of which is herein incorporated by reference.

15 The compositions and methods of the invention are particularly suited to
producing local analgesia for painful symptoms known in the art as “neuropathic
pain.” As used herein the term “neuropathic pain” refers to pain syndromes known to
be neuropathic (i.e., due to lesions or dysfunction in the nervous system) including
certain relatively generalized syndromes, such as peripheral neuropathy, phantom

20  pain, reflex sympathetic dystrophy, causalgia, central pain, syringomyelia, painful
scar, and the like. Certain relatively localized syndromes are also considered to be
neuropathic. Among these are specific neuralgias at any location of the body, head or
face; diabetic, alcoholic, metabolic or inflammatory neuropathies; post herpetic
neuralgias; post traumatic and post endodontic odontalgia; thoracic outlet syndrome;

25  cervical, thoracic, or lumbar radiculopathies with nerve compression; cancer with
nerve invasion; post traumatic avulsion injuries; post mastectomy pain, post
thoracotomy pain; post spinal cord injury pain; post stroke pain; abdominal cutaneous

nerve entrapments; primary tumors of neural tissues; and arachnoiditis, and the like.



1 9 D E C 2002 PCTI CA99/ 00449 These tests showed that spinal l|igation
resulted in neuropathic painin rats with presenting synpt onsy gfzcsﬁoggi C
mechani cal al |l odynia and thermal hyperal gesia, and the conditlion was

mai nt ai ned Wﬂﬁﬂééﬁ%ut the testing periods (days 7, 12, 17, FPEF/CAR/08448hown
by the data summarized in Figure 1, the threshold values for thernmal
hyperal gesia were 7.98 0.48 sec for thesgpsilateral paw as conpared to
10.35 0.63 sec for the contral ateral paw. All odynia was nani fested as 50%
wi t hdrawal threshold of 2.20 0.28 g for the ipsilateral paw and 13. 37
0.37 g for the contral ateral paw, Threshpol d val ues remained relatively
stable with no st %P?@éVP‘}’O%SQFWe it Bate afrenrapattic eompPngat 818 S¥eMp al ues

for either t I S : : i
subsequent 1 2ap REORENEIL rndtin $0 WA ChBhipRRILAY BI6Rs BE,,
det er mi ne t hpsoniatic aakiopathy| polyicritic hoddsal dktedniyelits, | buensdnvaldipp mReweaNt
amtriptyline in the ligated rat nodel. All drugs treatnments were blinded.

In both of t#emagen&IPSrelated Psinssyndiomes; gndysonrastivstigivg doeeders auctces. | St .
o spor 3 or bt TSR AR BUR SUE e BASLIMR Mt ey

intrathecal ganpel@s. (1.t.)), or locally (by 20 subcutaneous injection

(s.c.) in the dorsal surface of the paw). Drugs were injected in vol une of
5 m/kg for systemic injections, and a total volunme of 20 ~1 (10 ~1 drug +

10 p.| saline flu for intrathec j nj.ect.ions. For |ocal inject.iaqgns, the
ani mal's were bri eﬁ-lt'lg’/c%{ﬁa‘é%rt“ﬂ@ﬁn Q&%ﬁ‘#ﬁ;f iBY§ILiQR arealtp pATECWHIY #4154 tas
adm ni stered : i-ns Jat | at er al
adr i ot o piiink ol s SHGPAE oflogh B LU AE BN cHARES 2 o
34 Cl. E0 ecinflaimmatetycstinditions.t Inflaimhdtong conditions/thay dan e ytrehted i €1t pricicenl

hyper al gesi a S%/st,en‘i c admnjstration to nerve-injured rats of amtriptyline
at doses of of thg investign mplydg/gegdigipnyelAscutednfammaijon (¢.o. imapmas susgerpedduced an

ti-h I ' 0n s . th -1 nj d ,
e shown by PRevaf! SbeRRhA bR, SBHOSRA el ' 07 01 ek i mal

10 ng/ kg; reaching an al nost conplete reversal of thermal hyperal gesia (MPE
=0.94 -0.17) 60-80 mnutes after injection (Figure 2A). A slight but not
statistically sigriiheirdatite gl oendentations ohdrgh attainables by pealpdainistiation, t he

tral I f t.he 10 no/ k Fi 2B) .. Co ' f the ~MPE
Co e T koM bR 1 BB Rl el §aB s EOPOREREF o
significant aBddrp@sH, pRodfube/ BarfibhieChenefitsif peBthest dfQiscAifbr afoYiatddtwils
conpared to saline controls, as well as for 1 ng/kg and 3 ny/ kg doses.

Wi | e bot h 1imfipnkmatardorhenypathicipain sopditonsasihgrtbs compositiapaiand oethiddg of
different frogmthose of the saline controls, they were not 15 significantly
different fr&M 8ER"GPher. A slight sedative effect of the 10 ng/ kg dose
was observed in a few of the rats, but none was observed at other doses.
This effect did not inpact the ability of the aninmals to respond to the
stimul us20as the \A gospiadl riehee ligasion (SHL xmoti¢lrvess st ditovdeeermine theeffea dfhat
observed during ?asel i ne determ n&tji ons. . ) )
tricyclic, second generation or third generation antidepressant(s) against neuropathic
pain as described in full in the Examples herein. In this model, locally administered
amitriptyline and desipramine, tricyclic antidepressants, were shown to be effective in
alleviating thermal hyperalgesia. The local anti-hyperalgesic effects of amitriptyline
25  and desipramine administered to a nerve-damaged hindpaw were observed without a
concomitant analgesic effect on the contralateral paw. The maximal effect of locally
administered amitriptyline was equal in magnitude to that of systemic injection, but
alleviated manifestations of neuropathic pain over a longer time period than did

systemic administration of the drug. This local effect produced no change in the



20 C2. Intrathecal Cannulations In animals used to study the effects of
spinal adm nistration of amtriptyline, intrathecal cannul as & nl ?\ant ed
7 days followi ng nerve injury. For the inplantation of intrat“\rq\gcpglc 2@ nul as
for the spi n&'lcwg@f’ﬁ%ery of drugs, rats were 25 anaestheti zed REHEAIMOSOhane
and mounted in the earbars of a stereotaxic apparatus. The ci sternal
menbrane at the base of the skull was expoged, a small incision made, and a
cannula (7.5 cmof PE-10 tubing) inserted into the subarachnoid space. The
cannula was filled wth saline and the external end was occluded with a

smal |l wire pluyg. ) re.i,nj ect ed wi.t h Penl on R.(0.15nl i.m.) and

| act ated Ri nggggnﬁat&m@hm@%&f g}%‘?“ A DA EE t ‘8‘0@& a]§§°l.l;9ﬂ"ﬂgﬁl%§l (10
m s.c.) whil gdminidttatiBR2PaEAG! the Bsbal fdtuleT tilQ¥fredt wa8 Vekified whé ﬁx'%ﬁ?ﬁs ‘
acconmodated in a plastic container for the intratheca( 1njecti f)n In a l10d
vol ume f ol | owado khe do@fralaadlipaw were foundho hivee masignifiednt effdct dnfipsitaterall spi nal
am triptyline on nerve-injury induced thermal hyperal gesia The intrathecal
i nj ection of &PPPREPENG$e (60 pg) resulted in a partial reversal of the
thermal hyperal gesia of the ipsilateral paw in nerve injured rats that was
evident 10 20 m nutes after injection and |l asted for the 60 m nute testing
period, as shown byn tdtrageioahé berfefigial 3iodAoOocBBCaInsifisereDamript9hige Was
ineffective in the allodynia test, and 90 pg was hi ghly sedative, these
doses were notgysgdharmal hyperalgrsia pmitiptitline wegobsaryrdrtg bg drgifectiv indhe Wi | e

| ; the. indiyvi L Comifi it
Uheir oun (Fi oriskbP e il RAlal offuliol afbelite, G AR ERIGR" o
P, g) were si grinfowapdéffoct difdving BindlRdeiniSraoh of Mmiipsinki(68DE) Hhf e@hmace
was observed, in the contral ateral paw wi thdrawal thresholds,” at either

single tie petatistically signifanpwhérstba comutatize ChARge Wrathe esaximigupossibBBffeod 3C) .
C4. Effect of |qc injection of amtriptyline on nerve ipjury-induced 20

t her mal hyperéﬁ@égﬁhwwixzmi é@gw Q¢ dngriasing;the EM%ﬂﬁh’é’Eﬁ iRty kingpo
amtriptylineaggt, a o] i.6h. nr i L Geptive
ftect i h o SPHE pOFRRH tauplss SaRincalf bR PRHAS I PG Rna U RELSET
8), had an i migdiecatingtapparatus calebylt tiaghinfiéredtieir2bilantd rReporciaptthe/tingilf ect

al nost conpletely reversing the thermal hyperalgesia in nerve injured rats
(Fi gure 4A). THeinigosting ohsesvationgvidethe ypgaf amiguptyline igithe aliedypigtegwasilse of

saline fore<th ISt ) P {er L._iR}ecti f

o 11 pt o no Stk in FERoMe e SRotg bR o G atale g RIS A,

Wit hdrawal | ataad GYgueés 1AE)] sasdffert fifértednaWefelm Mﬂuyféi/&sthaicrteauk teshbide.”
indicates a |lack of systemc effect. No |ocal 9 DEC 2002 WO 99/ 59598

PCT/ CA99/ 00449WBide thiethyperaesthatisaespopsscthreghqld wagsinitdy sethat of the mheve ifjoredt he
control rats injected w.th saline (Jipsilateral .Qr f anj S L Rpjected
Wth am (i ptyRerafEsek e Phodtied bRaveR SisBonB R b piBleeRBh et BREC' no
signi ficant alth@reghibRed bir‘atnbﬁnéllﬂr{eﬁ Qﬂh?épéir'i‘i‘e@ﬁ&‘rﬁb G, Mitin@il¢Ringnad®l s af ter

l ocal injection of amtriptyline 100 nnol (n=4; data not showdi). In

addi ti on, 20ei tguerding)e Thpsesulis of this stady indicate ahat amitaiptylline prefenepealtyi aleviatdsoned

ignifi f t th tral at |, p. .t h | 1 Fi
AB) . " Conpar | SoheB FieraRpts ot el opes Erraobralen PREsp ST i cant

di fference allodynia.

These findings suggest that the pathophysiology of thermal hyperalgesia and
25 tactile allodynia are maintained through distinct mechanisms, which has also been
suggested by the differential profile of other drugs like dextromethorphan on these
two endpoints (M. Tal and G.J.Bennett (1994) Neuroreport 5:1438-1440). Therefore,
the efficacy of tricyclic antidepressants, such as amitriptyline in a patient may be

determined by which of the neuropathic symptoms is the most strongly expressed.



10 resulting fromlocally injected amtriptyline on thermal hyperal gesia as
conpared to both the saline control and the contral ateral |§1he®d %h?_control
(Figure 4C). C5. Effect of systemc amtriptyline on nerve Fé_ce‘%/) Eldgced
mechani cal WOPBHESM a 15 Anitriptyline was systenical ly adm FCd{&rPg™4?

nerve injured rats at doses of 1.5, 5.0, and 10.0 ng/kg of body wei ght. No
significant effect on nerve injury inducggl allodynia in the ipsilateral paw
was observed at any of the doses (Figure SA). Since 10 ng/ kg was slightly
sedative in sone rats, a higher dose was not used. In the 20 contral ateral
paw, all doses of amiriptyline caused, a eraesthetic response resulting
in a reducedFWPEa’Pa'ﬁa}”g%B#té?t RESPERLng Xith fﬁgxgra@ﬂ?-fb? ﬁ{(? ?yymﬁpg‘s’( Fi gure SB).
The D MPE v his WG mstaf At maeannberogivedi gur e
SO . Quali tg%ﬁl{l@xﬁe?(gﬁﬁ? ﬁgdc%t/%gégsesg‘%ev? |£c reIsa|gog'dr?csvrgg’\;\q‘llzlzla's}J [(y)olgsr,ﬁer vedﬁgs a brisk

Wi t hdr awal t giffefenicé i thepsin. Mdweven ifthe doménaph soroplaing i erel thatean bpat hi ¢ pai n
responses such as biting, 25 licking, vocalization or, guardi ng of the paw
Al t hough t hechagdctasizedps 8mr$la§%ﬁ§‘etrwm1@§waﬁdm&$ ‘Y‘Hbs‘ﬁg]ﬁ{ F‘H]V&gé%?ypams wer e
very sim]ar to.d:?hgﬁeg. in the injured paws, the responses were not

cat egori zed BOVY9dtYBpat hi ¢ pain responses'. Threshold testing 24 hours
after drug adm nistration showed that both the ipsilateral and

contral ateral baselines returned to predrug val ues (data not shown). 19
D E C 2002 WO 991 Fh&egperomncAgnovidotheyingentiqe is based asodsmenptraieadegabt y| i ne

on nerve injury-induced mechani cal all ni RN AN RN al so

adni ni st er ed PEREEA! RHURQEIGERLYE g ?“éﬁ’i %P@gsbaﬁfs\‘/p\gﬂcef 2}6‘%/51"38’%%5 nerve

i nj ury-inducgd NBENANIGRIrd BbdREhR A tildprbRitnts Pipalriat mflanidion. K thdeses of 30,
60, and 90 pgg%dm ni stgﬁégi@épi nal | y,l gbril t rrll[){]% ine failed to have a
significant e€érhmlin tesn, awelbEyowmanimal medelfor torygenditiopuitkss SA and 60) .
However a conpari son of the, E for the.three. groups r@v&%e .t he 60 pg
group to be &NERACIGERHENE ASHODAS HoWIEDYFsAUGHQDIN PRI TERPANSeS(RAIGHNCHIRE o 5 ps | as
wel | “as fromgthe.saline oratp. CRigur infRiiGRb G S B ew. The
amtriptyli né’e?aé@grg,a_g&]?“glgﬁiségg’%adrﬁ@ﬁg?séeggﬁgﬁm& response in the9

cont r al at er aljodagmatife dfubie acidh Rerifi€d inf thatnined neided batheilackmdgffecuade to t hat

observed followi ng system ¢ admnistration. Wile 90 ug dose (nz3) .appeared
not to facil iamitriptyline wpteéarégtthfeqqn&ra#a@éﬂdm@a%ﬁﬂmn@ B‘Fl?"'%geﬁ%ﬂabl y due

largely tQ the 15 Lye - i
i oh 1 S t drerspe SBEER BRI 8 bRk B e 0EmELWiCH edrtsRag,
C7. Effect ofsybieffl dElof 0inlily/kg efoPl 19P Ay I the 2:$% doromdinmeschani cal

al lodynia 20 Amtriptyline was also injected |ocally to test the | ocal
ef fect on nerangtriptyliney desipramine and fluoxetine 10-300 nmol produced a dose-related

reduction in phase 2 (16-60 min) flinching and in biting/licking behaviors when
coadministered with the inflammatory irritant, formalin. Phase 1 flinch behaviors (0-

20 12 min) were reduced at the highest dose. This action was locally mediated, as it was
not seen when the antidepressants (100, 300 nmol) were injected into the contralateral
hindpaw. The local action of desipramine and fluoxetine was partially altered by
coadministration of caffeine 1500 nmol, but the action of amitriptyline was reversed
by caffeine.

25

The peripheral action of amitriptyline involves an interaction with endogenous

adenosine systems as shown by the Examples herein. A similar peripheral

antinociceptive action of NH,dAD, an inhibitor of adenosine kinase, which also acts



i nduced nechani cal allodynia. Local injection of amtriptyline (100 nnol)
failed to show any significant effect on the wthdrawal respon$gcops he
nerve injured paw to tactile stimulation (Figures 7A and 7C). Local

i njection of WPt yline into the 25 nerve injured paw di d,PATERAPOR449
cause a reduction in the response threshold of the contral ateral paw. This
effect also occurred after direct |ocal imgction of amtriptyline ( 100
nnmol) into the non-injured contral ateral paw (Figure 7B). The response to

| ocally adm nistered drug in the contral ateral paw was observed to be
significantly. ditferent fromt response to.saline, but not different from
the response £ mﬁ’%h’e %tr@cﬁt]“%’év?gag‘gll%ﬁ%§@r’@§’§§’gé ghopndndes whipAmalkin
injection intg@ghe non-injured paw at individual time points (Figure 7B) - -
and in comparison of the OWEs (Figure 7C). EXAVMPLE 2 Experinents were
performed using nmale Sprague-Dawl ey rats ( 120-160 g; group nean 142' +4 )
(Charles River, Quebec, Canada). Rats were hqused_in pairs and maintained’
on a | 2:12 h |ightyhedesal sffestotdecally administencd dacyshe, saeand gengspion orathirg

avail abl e. ¢10 . ) L i feine, . .

5' -am no- 55- d&ggégﬁgl?\%g%g%§ﬁﬁ?d%ﬂ?mo%%ﬂéﬁ%yo%a@ng?\oe ?elsé}? %‘tt%liﬂbg lSJtI’ ?’vcl)t;(li de
(DVBO) (Si grma phasan add pHage 2 fBhchih®béhaviodInd the total biting/licking time being

8-cycl opentyl - 1, 3-di met hyl xant hi ne (CPT), N6' benzyl - N et hyl car boxam de
adenosi ne ( N6-SBpPregsed dly.\K- 801 hydrogen 15 nal eate, nal oxone Hd
(Research Biochemicals Inc., Natick, N-, 2'-Deoxycofornycin (Parke Davis
Phar maceuti cal Research Division, Ann Arbor, M). Formalin (37%

formal dehyde) (Bri twile eutlediaHzSof abB6PBE e afdideprdsSantsbes ho&ofR Alpalof
irritant. Al drugs except for CPT were dissolved in saline and diluted to
t he appr opfi attbisdwemtiontihhdsdveen|determitied thet thediesiphéraleaitinociceptiveadtion of
concentration of. 15% 20, O, and apprqpriate .control groups were included.
A. The For mal i ¥R NNy prycg eariogen “é§‘8$ ine Wit a%@#%u&t&e@%o&oﬁ 28x28x28
cm pl exi gl ass val.] chedh i & kals ] .
PPl TR ot engmeA ot B ngs. Sy hefve Alsld Lbie i ShRloR 1159 1o

(0. 5-2.5% andrPurimengic idppebactes @niXpacinentas Thenpeutias dixt. datobsen K| JaraisWhl) une of

e AR R ke o P Rty A,
100 1 B P e iad P LR o e

adenosine A, receptor antagonist, to inhibit the action of amitriptyline on phase 2

flinching responses and biting/licking time. Phase 1 responses were unaffected by

caffeine, and may result from another mechanism.

20 The studies upon which this invention is based also demonstrate that an
inhibitor of adenosine kinase (NH,dAD) can augment the local action of amitriptyline.
Adenosine kinase is an intracellular enzyme (reviewed J.D.Geiger et al., Regulators of
endogenous adenosine levels as therapeutic agents in: Purinergic approaches in
Experimental Therapeutics, Ed. Jacobsen, K.A. and Jarvis, M.F., Wiley-Liss Inc.,

25 New York (1997) 55-84) and its inhibition would result in an intracellular
accumulation of adenosine and an efflux of adenosine from the cell along a
concentration gradient This effect would enhance the extracellular adenosine

available for uptake and the interaction with amitriptyline. Inhibition of adenosine



contral ateral paw, the drug was injected imediately before the formalin in
the other paw. Following injections, rats were returned to the observation
chanber, and flinching behaviors (lifting, shaking or rippl i15905$ 00%
haunch) werWOP8#KP¥98r ed over two tine periods, phase 1 (0-12 RET/GA40449

foll ow ng adm ni stration) and phase 2 ( 16-60 5 m nutes foll ow ng

adm nistration). Biting/licking time was g so nonitored. Flinches, which
were rapid events, were recorded as discrete episodes, while the tinme spent
biting or licking was recorded cunul atively. Two rats in adj scent chanbers
were observed at,a ti r@ ,wWth o?serv_at', ns taking place in alternating 2
mn bits. ReCSABERSeNt 3d'\g§°’é)ﬁ8 Qrimygia i pet RrRYuCe Hhe BMEJESPORFS: And Hus Fesul t

t hat val ues L J f i
expr csoed. - DAnaag SolRERSAN e RN bttt bl 8 8 (RSETH Ahcins
St udent Neurman- Keul s test for nultiple groups, or the Student t-test for two

groups. 15 B. Local A Antinociceptive Action of Amtriptyline To test the
anti noci ceptive eflf sdmpentantde apieythatdnthe experiments describgst kereiamil of these

Formal T 3 apl e E0Rt b SE AHeRl R Sndimiied S ARGiR R Rl " 2 >
behavi ors bot(torinalidf BidbzencusaidenhdifiRSSreleadssd pQivh B, €6imlA (TRaK Gser ved.

i
The tinme course for these effects is presented in Flygure 8A, and the
cunmul ati ve sd@amenokdr (1008 Ewmo/ Prarsesol284: pllosasrweallbasi by iRflgamatorg pravesse9B. A

CEgures op dh st (Grthsy 199, Pl fre Ml e netae® fha sbbr e Bl iBnasr ved
in biting/lickiyng ‘@@ﬁ@ymﬁ wHiH SHESp§Rle infdrferd, ”h{'cfh%l%lf‘fﬁ’ omelanFeClrciimR;d, 2Pect

amtriptyline on both paraneters was”not observe OW ng adm ni'stration
of ami trilpt yldfraamiiriptylitehubservad atdbwtecomcerttatidnsaof fofmalin iafladéaB)ry middel absence
of inhibitory effect on_the contral ateral hindpaw indicates that the

ant i noci cept i (Fguses i Comaynyell bs,aus tp 38 1nadequateieipaseglieadpgenouy adenpgine 2b02
WO 991 59598 P . J.nhibition of pain was seen nost clearly at

hi gher concent rg%%g%éﬁlg“ﬁésgégrsﬁwn. For exanple at Q 75% formalin, the
effect was seen only with flinching behaviors, while at 0.5% it was not
seen at all (Figure 3?@_ 5 C. Involvenment of Adenosine in the Local

Ant i noci cepti ve Actirdlarlyf thagkperimengs emwhirh thig inviepéon ispaseddimsa shawn tdenosi ne
in the anti nogcigept.i Lon of amtriptyld caf, fLelne. on-.sel ective
adenosi ngtsantcz?g%h@satn, %\%Ig&gr%avg%:o#?gg ianrt%lgsl%%ffé%gat Og%sfg%?ﬁglogr SQ?%“@SOO nnol
with am tri ptpghihded théefFédof fdralih afESW(@_ﬂ'Fi%:frcstlh@\-@,n!im&fdemA-‘m._ gaki on of
amtriptyline was observed in phase 2 flinches and total biting/licking
time, but phdsek of éfféchefhi€BTimdieatescthatth¢ ampent of Ehdpgerans denos@ie gengratedihyh
there was onl% ? aaﬁ.ti al .rﬁlg.ter.sal of dz;‘n‘itri ptiyl i ne.achi on at 2. L—'i%formal in
caused by caf'f@FFRALBAY3SIPHRIGPRIAP PHOGUES, RRUTIQGICERION; FiCH 2 TEFROBET Q¢

adenosi ne. They.6f0f Qiheh brfRrylme %@gw_s@ﬂt%ﬂd irltAbitdiRRe s e ApRIKRN TAE nRRGOSI ne
may depend on the intensity of the pain stimulant. To test this hypothesis,
sone expal nesffest ofcaffeinec 2t ¥ formatin mpyareflentr slight ipeaioimindrice of adenfosinae,i n.
Amtriptyline at 100 nmpl copcentration reduced phase 2 flinches to

formal i n' 1. SORERPIar 2csaun ,2his,eRDEIHAFRY frafiFe basbach shoy foasiea perighere!

caffeine pro : < L | i LVe t4 on of
amtriptyli ngﬁﬁg—gﬂz%fgé&?ghéi%%%@lﬁgémg%pﬁ gg%hl?‘%%ﬁe%?gg%?gﬁgﬁ ‘aa%atArzi ptyline
(300 nnol), wktedtonr(Dduk &l. SaaympRIadbes.expht of inhibition as did 100
nmol with 2.5%formalin, the degree of reversal by caffeine was still only
partial (Figure 13A). CPT, a selective adenosine A, receptor antagonist,

2aim | o egr co ot PEVBPALAAY: MenBNnd Mg Tl ol il Mool O e

in the 1.5% f Q00&Indl),bRE hot(flicgtutie A8Bhmof), prbdbéédfadbcabhdicothpleteef f ect of
amtriptyline on phase 1 flinches was not reversed in any experinment, while

the effect onamihyparplgesisiaction inethe hindpawsarrespopding tathe Higated sideiwhenat 100
ol am tri Pt 58144542 a0im AT ith o ket 5% AT BldpdRinituce an

amitriptyline, at 100 and 300 nmol, which are maximally effective doses, produced a -




~ ~ D~~ 2002 WO 99/ 59598 PCT/ CA99/ 00449 41 intrinsic effect in the 1.5%
formalin test (Figure 13A-B), but caffeine produced a sli ght1 3 88Gc2W0dn in
flinches at wobddedseg malin concentration as can be seen by coppidadgiodsis
data of (Figures 11A-C and Figures 12A-B). Coadmi nistration of NHZJAD, an

i nhi bitor of adenosi ne kinase, at a dose of 100 nnol augnented the action
of a partially effective dose of an‘itript%ine on phase 2 flinches in a
2.5% forcnalin test (Figure 14), but was without effect on phase 1 flinches
and biting/licking time (data not shown). This dose of NH dAD is w thout
intrinsic effgght tftrdagé FpavvAl@ka e isoRdtink Préducod § esHusPdrd¥stained PictBsE N-

10 D. Involvenent of Other Mechanisns in the Local Antinociceptive Action
of Ami trzptyl inmewinelume over the eompleterdoanget rangedd P304 nmath o agent significantly

phar macol ogi cal effects. 15 Experi.nments, we onducted to.test for .

ot enti ol F nvBtEhiRcegiee SpEY RUFIBRE SropuER i FRRAHE b e b iBaeet Tk ept o s,
bi ogeni ¢ anm ngRdéNPhaddofieditdRith e bsethtin/ t THETha@hdRan PhwSroline @baﬁ@é@H}E) and
endogenous opi oids by determ ning effects of respective receptor

ant agoni st%s. fhexatinacvas mbgbitedttiydetapkerith @ splectivoirpld}, redeptor ABfonmstclegttnot

ant agoni st , -801 at dos f 20 and 100 nnp] with fo ljn,.produced a
2050720 epenBbAMET Serve ot T FecBpiaE B aEanistc hhe Bronoret bieal ialleviatng
bitina/licki ; ; € . ¢ it
oreater sonsi o EBUERofmatkePkhartel Ih dev B ROt B PR L1 1O @
phase 1 fli nchntidgphsim destprdmiat andanitspiyling in the farmadihitest and thyl$pB@llndrse not

| ocal |y nedi ated, as shown by the identical effect seen follow ng
adni ni st r at i oHg¥on Redalkadiertc that Bicyelic, sesand gengrasion) or fhirdigeniradion ( Fi gur es

i oot onthr - BARsreoy LAt prlfs il ldectly R RNRBIRIS uiithians

contral at eral aﬁdﬂéﬂ_ﬁa{ygﬁhialpsm spit¢@duces a behavioral hyperactivity during the
observation interval. Lower doses of MK-801 (0.03 and 0.3 nnol) )
coadm nistered with formalin had no effect on any paraneter (n=4 each, data

not shown). ~ ~ C. 2002 WD..99/ 59598 PCT/ CA99/ 00449, 42 adm ni.stration
of phentol anine (P 5}nvgnﬁ%rhyvggxil%%gieags_cggéwcﬁrgaggp el %yn{e%?}?ﬁeé? e 24 no
signi ficant effigpdin@Rod Migifsd &H-@mpMs. am triptyline at 100 nnol, but

coadm ni stration of 500 nnol augnented its action (Figure 16A). This
potentiatildbn is 5 due to an additive action of an intrinsic effect of
phentolam ne with that of amtriptyli ntol am ne al one at this dose
inhibited the action of formalin (Fi g&ﬁ@“@lﬂ%?m i dentical pattern of
interactions was seen with the phase 2 biting/licking tinme, but no
significant effects were seen with phentol am ne on phase 1 flinching (data
not shown). Experiments were conducted on male Sprague-Dawley rats (100-120 gm)

(Charles River, Quebec, Canada). Animals were housed in pairs, maintained on a

20  12:12 hour light-dark cycle at 22°F1°C and given ad-libitum access to food and water.
A. Preparation of the spinal nerve ligation animal model

Surgery on male rats was performed using aseptic technique under a dissection
25  microscope and with adherence to the guidelines of the IASP on animal
experimentation in pain research. The neuropathic condition was created by a tight
ligation of the dorsal roots of lumbar nerves L-5 and L-6. Sprague Dawley rats (100-
125 gm) were anaesthetized and surgically maintained using Halothane (1.5-2.0%).
The animals were surgically clipped in the dorsal pelvic area. Antibacterial eye drops .



10 To exam ne a potential |ocal antihistamne or anti-serotonergic action
for amtriptyline. tests were designed to determ ne whether amtriptyline
coul d alter the flinching behaviors produced by Nébenzyl NECA,DEN 28@enosi ne
A3 recept or WM whi ch produces intrinsic nociceptive behBGTEAS9/DAA49

rel easing histamne and 5-HT from 15 mast cells. In these tests, 100 nnol
amtriptyline did not alter the nunber of,dlinches generated by S nnol

N6' benzyl - NECA (25.5+6.3 flinches in the absence, and 27.8+4.3 flinches in
the presence of amtriptyline, n=6 per group}. Nal oxone, an opioid receptor
antagoni st, did not _alter the local effect of amtriptyline against phase 2
fl1inching (Fiv§ei® épnl@%)@ tha-gyes ta prevent drying throvghdhe coryse dlcke sgeicehe (data not

“shown). 20 E 3 i ] X &t i

caf f ei ne and%&@&%ﬁoﬂ%ﬁaﬂﬂé%g%}@tg%&cﬁg %@Fﬁ%{%fﬁg[}?gﬂf%@ %tﬁ‘gfqur?sfgfi n
and tropi set rsafgi¢dResaaon Wag dleBhsed Radsedlised With ethiedicstol ad-iodafed ACREASB08A
(d axo Research G oup, Geenford, Mddlesex, UK ). Formalin (37%

f or mal dehyde)in¢iBiontwasimageadperigshe dersalmiddine withthe pesition ofthe ilise crasht r ol

i rntant. | .drugs re prepared i line. and diluted, tp.the indicated
dose w § hot orHUERIR e aFh ey SRbyingRigh e Seadéioh tye Racadiee The ©

PCT/ CA99/ 00442:r4BraRad|Gma theBidloRtedcrbf THeIWakRhi Mtadhhents ¢ ¥ spiianal
nerve ligation of the 5th and 6th spinal nerves as described in Exanple 1

Prelimnary tewsd weshom@dn tostrak thehsgtanaicisidng Blimtrdissectipar wasgene tafurthen
t hermal hyperal gesia of 2-3 seh%in i he tpaw orrtgésgq‘ongi n? to the ligation
(basel i ne on HPRPFY4nd aenerafe thegeraining tissum HOm he Shing cpidy {PRafedpeey Wasind

this effect Vﬂél_%cgedfl B{eqi,-'a%rtgﬂrae ahd ngc%E? ?&rcfggﬂsl %vgg glsédq .cg |t§]tlléggér%¥‘ee A The

Formalin Test ormalin test was applie escri be 2
above. Fdl0l ownoglddwanfromahé satso-iliadtcsesweBRunt dissectieti waoudedao olearethe 8adron
chanber and scored for flinching behaviors (lifting, shaking or rippling of

t he haunch) allliéc Biest: H_&/ﬁ"ﬁ@d ﬁglcplaﬁéf.acqtmimaw thﬁ?&’éﬁ"&@éﬁfocéwfﬁeﬁs ere
observed al 3l M) EPSELYAJANS BT LN AL LNBE S RSL LS

Recor ded epi sodés Wwer'€ no orre I So val ues represen out

hal f of the tgysl i@yl @ Sard¥ésepoRess. 15 B. Local Antinociceptive Action
of Desipram ne and Fl uoxetine Wen i ndependently injected with formalin

2.5%into the dorsal hindpaw of a non-surgically altered rat, desipram ne
10- 300 I d §/ ti .30- 300 1) ,2Q both d .
dose- depatdent - ant PR BePEsEbRELT O R Al St RS R HF RPBER i o o

(Figure 17B) gqifle BEREn thelll 6itRBEVdredpricesd SiPiE Qhcto il Tith Svad féhovddhase 1
flinching behaviors exhibited nuch nore variability, and were only reduced

si gni fi cant | yRatgenhewtriegised to doskysip kvgythe tdangyerseitecess ofls-6rand ghpese the
expression of biting/lickin havi ors (Figure 18C). si pram action
suppr essed bo¥fR? %)‘Hi cess g %86?@@?8%83’%‘55' pﬂnsﬁ %SétP etiF é‘l%ﬂ'sé‘se“i%A- B)
inauniformm@ 35‘!}5%’ g i . I iqm | ar
pattern of supprésgvfgoﬁ&g#g%gﬁgl réﬁ\%a{s? lg%éﬂg;ﬁ\%e%qu\{efﬁ'f ug%’tg?ﬁgé(%gt a not
shown) . Rdrevedryve wheb-3 eveloastiglithaligawed esingps-0 stk 8o tdactheusrierbulded on both

i psilateral paw were njected into the contral ateral hindpaw, _the
ant i noci cept i ¥des@fithg Hestus, | khesyturs endswvnie Fmmed F%ff thg megre veas allgwgd g fallo,

fluoxetine back into its resting position. Again using the glass probe, the L-6 nerve was hooked
from under the sacro-iliac rim, tightly ligated (6-0 silk), and placed back in position
under the sacro-iliac rim. All damaged tissue was debrided, and all blood swabbed
25  clear of the incision site. The muscle and tissue was gently rolled back into place to
prevent any subdermal air pockets. The fascia over the muscle, and subsequently the

skin was sutured shut (both using 3-0 Vicryl).
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Figures 17A-C, 18B and 18C). These results show that the antjnogci tive
(Fig ) R 550

effect of t ly injected antidepressant was | ocal onl y1.
o bgRe

Coadni ni srat'| si prami ne or Fluoxetine and Caffeine 5 TETAY044f%
effect of caffeine on the antinociceptive effect of the antidepressant
drugs, a formalin concentration of 1.5% Vs used as this concentration
reveal ed the invol venent of adenosine in the action of amtriptyline nost
clearly. (See Exanple 2 above). Coadm nistration of caffeine (1500 nnol)

W th desi pram ne g{ois%ég@%tf\ﬁebﬂ%m%%lg wWile éfagf?islfn' aCr@&;ve%I ﬂc%?‘%:l}tﬁ) gp&%‘ﬁ%mp

antinoci ceptive a e anti depressan I n"any -aspe

formalin testfof fbsghaton. 2P dWing Bsudcessfhl sheerylithé frilimalrvat fkIRsabdafore and -
Fl uoxetine in therpal hyperal gesia test 15 Nerve damaged rats (SNL) were
anaest het i zedVigt neindjcations ¢frspantargons pris{licking, bitng or putopemy ofithedor sal part

of the hindp Lt he slde { Sl ral to the.surger | i ed

i de) to eotepsPaiiCloty YRR G ROl TiRs R Rebaf AR b e %ep
systeni cabl y ofest dueshagifié paw Sthatldieipp@dred mtﬁﬁhpb@ayy\sﬁseos@rhﬁmj(.nﬁﬂyw th the
i nvestigator unaware 20 of the particular treatment. The |oca

admi ni st r at i amirpdls thes presemechwith lacomoteradeficithont symyttorhs abspentaneoys @ nnol ),

into the hin w correspondi ng to the, operat.ed side produced.. a, | ocal
Lt - hy e ol LGRS PORT R E Ve ts REpBIY R auRs Hh f PRdbRat sodas i ng a

t her nal

B. Behavioral Testing

10

All behavioral tests were conducted between 08:00 and 14:00 daily, and

occurred at 7,12, 17, and 22 days following nerve injury. An exception to this was
the cannulated animals, which were tested at 7 and 12 days after cannulation (14 and
19 days after nerve injury respectively). Following a recovery period of 7 days,

15  animals were moved from the vivarium, weighed, and acclimatized to the testing
room for 40 minutes. After this initial period the animals were placed in the testing

apparatus for 30-40 minutes or until exploratory behavior ceased.

B.1. Establishment and maintenance of neuropathic pain for the testing

20  periods

To determine that peripheral mononeuropathy resulted from ligation of L5 and
L6 spinal nerves tests of static mechanical allodynia and thermal hyperalgesia were
conducted.

25
B.2. Testing for Thermal Hyperalgesia

Surgically induced thermal hyperalgesia was assessed using a Paw Thermal

Stimulator System. The animals were allowed two acclimatization periods prior to



25 paw stinmulator (Figures 19A and 4B). This effect was not observed
followng injection into the contral ateral paw correspondi ngr#ﬁ éh@
non-operated side (Figure 19B) These results show that the Rbc gzeptive
effects obdR PRSP the ' ipsilateral side were |ocal. The PGTLARPRPHEt i on
of desipram ne or fluoxetine, 100 nnol each, into a normal rat paw
(control) had no effect on thermal threshplds (n=4 each, 19 D~c 2002 WO
99/ 59598 PCTI CA99/ 00449 45 data not shown). Coadministration of caffeine (
1500 nmol ), which inhibits the local action of amitriptyline on thernal
hyper al gesi a, f ol |.ow spinal nerve |iqgation le 1. al so,.bl.ocked the
ant i hyper al 3‘5% %éhﬁ%\ﬁbgﬂ"@fesé’ggﬁ rﬁ?‘&ﬁ?lrfé&f‘hoflﬂgé ?&ﬁﬁ% EQ@F‘%}%CSI p g’ﬁjt‘Y'E}Halrrpdel

(Fi gures 21Asfing dRambbrshCR8ts WerdBIaERT i@Palls in & bleRipHsk BEx %H_@onfﬁﬁthé' ptyline on
Paw Vol ume Paw vol ume was determ ned by plethysnmonmetry using a commercially
avai | abl e deemperafutgmairBained glass stinfact {30dh 8/ °Gaef thastmulatori nAfiertthe irdtlut i on
to the 10 juncfion of the hairy and n hai ry skij a vol.u was

det er ni ned KAFCHMEHFALon PEHP, Toi VI @a&egq%%ﬁﬁ%wagé@wﬁﬂﬁmls&”&md@ of
determn [tR bady TRk hed it i L 3 I ol | owi ng
t he beha\E;?orp%qt g%sg?ééa}ﬁvgﬁfl nt (ﬁaﬂrh\%asl , ‘m}%*."gﬁ“ g\gtﬁg%@ig @Wnb%"ﬁ‘é oe?éoﬁi?rheef course
det er m nat i car$malsobvanertien\wetumedad etein cages foir 386i0minutesipeiby @l drugs i ndi cat ed up
to 3 hours in separate groups of rats. 15 The anti-inflammtory effect of

dfesij pr ani ne %dwmtramm%vm%d-iib@%@cys tm@Oﬁﬁaép\@meﬁpllwag f stlrati on
i i . . i. 0 3 . in. No
ot oni i cant Sy BByt BEhREISIGE Riwicd b ot RoRtol il 107 11 i 1

al one was observed by the antidepressants, although there was a 20 tendency
towards an increased paw volune resulting fromfluoxetine (Figure 22A) at
2.5% forHhl i n. WiB3. HdatioMacbapigal Allodyriia contral at eral hi ndpaw, fl uoxetine
al so significantly increased the paw volune in the absence of an

i nflammatory stinulus (Figure 22B). The tinme course of the actions of

desi pramine and f Fuygxehb RRigkse MERsER RbH feimalifhtiolSH W&S bhcdes 4 ani ne
produced a limted effect on paw volu 25 (Figure 23A), but fluoxetine
produced a célewatediplsrigiant adresinemwitle avdre mesichottoal toralobhmtessas thenientral ned

for the entire_3 hr observatiaon interval (Figure 23B). The |ncyease_ in paw
vol une was na%rfaaeeéwﬁgwc[eea%sy Rats wa%ﬂhar wgmﬁ@%%ssae teﬁtmsyh%rﬁ%ﬁts #éous
behavi or gz i ngi RY . (i Lifti i cli [ :

A 11 pt 1 | n e 4 BpBimEhaFORLAE o éhus rlone kB wehf et WERAR) . 130y,
and did monofilaments (Stoelting Comp., Wood Dale IL.). The 50% withdrawal threshold

was determined using the Dixons up-down method (Chaplan et al., 1994). Briefly,
filaments were applied to the ventral surface of the paw starting with the 4.31 filament
(2.04 gm) and the response noted. Following a positive response (paw withdrawal,

20  with characteristic pain behavior), a lower filament was then applied. If no response
was shown, the weight of the subsequent filament applied was increased. The 50%
withdrawal threshold was then determined from the tabular value for the pattern of
responses (k), the final monofilament value (X in log units), and interpolated using
the formula:

25 50% g threshold = (10%,**%} / 10,000
where 8 is the mean difference between stimuli. Following the determination of
baseline values, the rats were returned to their original cages and left undisturbed with
ad-libitum access to food and water for 30-40 minutes. After drug administration, the

animals were again placed in the testing chambers and monitored for the appropriate
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degree of paw swelling produced by formalin 1.5% (data not shownén. F.

Ef fects of Receptor Subtypes in Nociceptive Action of DesipradB 288 5

Fl uoxeti ne ™OI¥8598 or i nvol vement of 5-HT receptor subtypes PCH/GA9/0&de i on
of fluoxetine ( 100 nnol), the effects of propranolol (5-HT~ receptor
antagoni st) (300 nnol), ketanserin (5-HT~3peceptor antagonist) (500 nnol),
tropi setron (5-HT3~4 receptor 10 antagonist) (300 nnol). and GR113808A
(5-HT4 receptor antagonist) (500 nnol) on paw vol une were determ ned at

doses known to bl ock 5- ctiqns when injecied into the hindpaw (G J. Doak
and J. Sawyno e}(ai’%l?ﬁ)pquég? agﬂﬁng%é’“éb‘? @y@é_@fp@ga statipn.¢ Shestesyliseafdhesgst s
show t hat the.J ' ol une induced by fluoxetine was bl ocked by~ -
ket anserin buttés{r%gitrggy an@@gm’tené ot her antagonists, indicating an 15

I nvol venent of 5-HT2 receptor subtypes in this action (Figures 24A-B).
EXAMPLE 4 A. The Rol e of 5-HTZ Receptor Antagonismin Peripheral Analgesia
by 20 Amitriptylind.4t DateAnalysis conducted to resol ve an apparent

i nconsi stepcy in the art regardi ng the mechani sm of anal gesi a of
amtriptylTne and other tricyclic, second generation) or third generation

anti depressants of Fofgadhvfehd éxperimantsHal da8d forrespbhse thredip| SUTIRE! palvdinat a
nunber of anti depressants can bl ock 5-HT2 receptors g( 1984) Acta Phar nacol

Toxi col , 54: 3%gcheamal wenegeeasdasiandyeniered infpdspreasisheet (Mirsorofidincak ). t Fret
For mal | - evo QAT RETRLERG OF ROyt P PUCE R RR e T  MRRY e,
ow dose ot udy R B B NP Op Rt plgpslor 1 <
anal gesi c$0 ( ( 2994)odyeia))omtiateracof dgyandlgesd efféd)of the contralateral paw (MPE
(analgesia)). These values were calculated as follows:
MPE (anti-neuropathic) = (PDR-IBR)/(CBR-IBR),
wherein PDR is the post drug response of the ipsilateral paw, IBR is the ipsilateral
paw baseline response, and CBR is the contralateral paw baseline response.
15  Similarly, the MPE (analgesia)was calculated as follows:
MPE (analgesic) = (PDR - CBR)/(cutoff-CBR).
wherein cutoff was 20 seconds from the thermal stimulus and 15 g for tactile
allodynia, and PDR is the post drug withdrawal threshold of the contralateral paw.
Accordingly, the individual values reported or depicted are the MPE + SEM. The
20  time course of the drug effect is also depicted as the cumulative change in the MPE (A
MPE) for each treatment and route of administration. This value was calculated as the
sum of the individual MPE values through the time course (Z,,), assuming an MPE
value of 0 for the baseline values (not shown in figures). The data was statistically
analyzed using a one way ANOVA for repeated measures with a pairwise comparison
25  (Dunnetts post hoc analysis). To compare the AMPE values of multiple treatment
groups a one-way ANOVA with a pairwise comparison (Student-Neuman-Keuls post
hoc analysis) was used. When comparing the means at individual time points or in
the AMPE values, a student’s T-test was used with a Student-Neuman-Keuls post hoc

correction. For all tests, a P value less than .05 (P<.05) was considered significant.



1 9 DEC 2002 WD 99159598 PCT/ CA99/ 00449 47 However, when Doak and Sawynok,
supra (1997) conducted a detailed investigation into the 5-I—1;I' r@ge?@?r

subt ypes :Ngzé)év?g é]n formal i n-evoked behaviors using a 2.5% %r I t est,
evi dence ¥tarhed for the invol venent of 5- HTi, 5-HT3 afh@ $AM4%448t not
S-HT2 receptors in such behaviors. Figure 25 above sunmarizes the results
of 5 the Doak and Sawynok studies of 19933 A nunber of drug effects are
known to be intensity-dependent (in their expression) in the formalin test
(e.g., Sawnok J., Reid AR (1996) Eur JPharmacol) 298:105-111 ). In view of
t he apparent contradiction between the results obtained in 10 the Abott
study in which 1 % formalin was used and in the Doak and Sawynok study, in

whi ch ?.5% f or mal TheséasstsSivedthdt@pidal N@dtion wersdRed mlamrdpathiepAn o thd withhe
performance of ketanserin, the selective 5-HT~ receptor ant agonl st used in

bot h st udi espresentingsymptombofottaticanenhanigaladlodynia fad thermal hyperalgesiafand thee
2.5%formalin used in the Doak,and, S nok..st udy, e Lower age of
Fornal i vasCUCEEPn b5 ARERGLEE e HF RiTRRl s [Rs 7alE 47, Fuding

i ndi vi dug  ggRRRSHPhe Ml LsunithAta ilPP)%‘u?é’l,rtﬁé fhrdsAGIE VAffes BrQhdhnal © conduct
the 1 %formalin test as 1 n Exanple A. "‘above. The results of the

r e- eval uat i ohypenalgesia wefd 198 ¢ 0248 szb dorethe iydilatatab pawe aaceepared @t 10ifses of 20
50 nnol and 500 nmpl (a dose equal to or greater than the 9.5-50 p, g or
0.92 - 92 nndE3uetiprite somaeR Pay- yoljgdymia yas manifgs I?Sggr/%‘&ﬂi“g’?\é@oked
flinches in 4 i ' st,

co-admi nistra %%%Hg %ﬁ\é\%l*%gﬂ%eeﬁ%ﬁe@;%%@%i 'g{ iéﬁéggfé)frg’}vﬁvgere used to

bl ockade chaggtralateradpaw OTHrEhdld dalbesrdmainedaalativély e@bleatitiDho fatisticaiy 0 t he
hi ndpaw of Sprague Dawl ey rats. Drugs were injected in a volunme 25 of 50 pl
and paw léhenaga%@anﬁaﬁfafe@ee inoaselinervplies fern aither the instiatersl epthg centalateral The
results of these set dif:ﬁ‘ shgvga ei:rt]tthﬁ'urgs 27 A and B clearly indicate that
t he dosage oP R EBSASEPT MECRAT A 1B %8 )bsr event 1 % formalin-induced
flinching behavior was sufficient to block the paw edena produced by | ocal

i njection of 5-HT. 1 9 p~C 2002 WD 99/59598 PCT/ CA99/ 00449 48 The only
other difference B vieug Treatmpott study and the Doak and Sawynok study was
t he species of rat used, Long Evans rats in the fornmer and Sprague Daw ey
rats in the latter. It may be that there is a differential expression of

5 HT receprors on 1seRsahy cadelednd dtemiifc bRlamildliseptive LB bPheIREFIRS,
However, 1t should be noted that 1 n the absence of "any effect of the 5-HTZ
ant agoni st i antidepréssait anitrijpyaieds theenlipatsinedi mobdels Alhdmgs @megmmerdtowet: anal gesi a

is seen with am.triptylin 2.5%formalin, Spra .Dawl.ey rats), it is not
shown 't hat 5bﬁwéedar#5¥é8hp ﬁlﬁg%Wenw%te%rmﬁ@@ﬂﬁ%ﬂgw%&%@eﬁ@éted by
antitriptyli n U |G Akl : i ration
ant i depfegsar@t%ggbgds(gi%h%lénwﬁg&dé%%?gg91 e§g$| Ee‘g&m&gilﬁ#aﬁfgwﬁgd%ﬁ'ggml e of
Bl ockade of Gijettiord) gpimaliV(geanghdnCimpiahtdd matihacat cikamii(ion)3, dariodatlyi(bher al

Anal gesia by Amtriptyline Amtriptyline is _known to bind to central_,
nuscari ne@ clsubqutanegpe iniessiop(o¢-3 imthe dppspl supfacepfrthe pay). Irugswere injegied fn

Phar macol , 70Q; 393-40/7: i A . M.tchelson F h

48: 293-300) , ol by E’flﬁgﬁlﬂ ystegpe gﬁ%ﬁ%l%&%@é?%‘g%i%mgs@%mrﬁP?@ﬁ%ﬁ“i n
certain side 1gf [1Q6fise MhshfPrlihtrRth¥dal Hectidne Fitdodl irjéctiohd, thd BamdRSFRE Ni

R J. ( 1990) The Pharmacol ogi cal Basis of Therapeutics) 383-435).

Ani t ri ptyl i ndrizflyanbéstiedtigedivith thalvtiane candhosolutin wassdmirisieradses t¢ ehof i | ed
GG et al. (,1981 Proc Natl 20 Acad Sci USA, .78:5420- 4; Fryer J.D.,
Lukas R J. ( S‘ﬂ‘)ﬁ@ﬁr"g@#e‘ﬁf‘kaﬁ.all‘i‘f?“g steral pay ip g ygime P ﬁl% case the

bl ock seggs to result froman inhibition of the ion channel itself rather
than a conpetitive inhibition at the receptor binding site. Acetylcholine
can stimul ate sensory nerve endings to produce pain (Steep K H, Reeh P.W
(1993) JNeurophysiol, 70:397-405; Bauer MB. et al. (1994) Neuroscience) 25

62:3 51-3 59), and both nicotinic and nuscarinic receptors are present in
dor sal root



gangl i on neurons and on sensory nerve endings (N nkovic M, Hunt S. P.
(1983) Brain ,. Research, 272:57-69; Wansley J.K et al. 1981) EE@@Z
Resear ch, 2%‘79\%%? 61). In view of these findings, studies rge n glct ed
to deternine K&t established ~ ~ UEC 2002 WO 99159598 BEFAR4EI4D449
49 ant agoni sts for nuscarinic and nicotinic cholinergic receptors can mmc
the action of amtriptyline. In these stwles, groups of male Sprague

Dawl ey rats (n=5-8 per group) 5 received doses ranging froml Oto 1000
nnol of atropine (nmuscarinic receptor antagonist), nmecanylam ne (ganglionic

i of : i receptor st)., ne (gangl i o
"ecopt or _ant agoni <01 ERA U BRCABFHIRRY AL bR AR ARMIGH Serlhf oo, M ©

test. Figur eshyjiefalgesihow the effects of the drugs on phase 1 (Figure 28A) . . °

and phase 2 flinching (Figure 28B) and phase 2 biting/licking 10 behaviors
(Figure 28C), which were determ ned as described above. In these tests,

at ropi ne produced reduction in. flinching behaviqgrs.only. at the hi st
dose tested (1 008y pamapistion e BEVE SurRRk o bRy Pipnlidie 58RF BT Be i ¢
was not obserypid ¢ @blkgWrBedRdeight By [ tdj&RioR préduced bR 8ntiAlPerhidsic effect on
contral ateral hindpaw. 1 ~ "Atropine ‘al S50 produced a dose-dependent
reduction in thethargpal thedshold of dkeaneres-mjurac gawasshapp dartbel date siromarieahposi t e

of peripheral _and niral . acktions as admnjstration of atrppine into the
contr al at or al FRPEPAT ALl SHEUUEBSTRL AU B HroeRne 2DaRBes SPBIEE h
hi ghest dose (&L gur e@@ﬁést %h%?ﬂé’é?d_ Lom=b;@din-@. )Qmsfdf@g@%esgﬁéﬁﬁﬁec@lene'ther

behavior at the hig S curarine had'no e

f or mal i n- evok@iguit® 2BghAvslighsbuttnof Satisiiehlly sipaifebntllérationin théksholdoeasr ar i ne
was | ethal, probably due to system c activity of the drug_on respiratary
muscl es cHlsi ppervedpn Ff&tceﬂsrala%raéww foribe d 0 gk dase; (Ewt@agﬁ)-t Gempadtoawfi shed

cholinergic r t ant agony. st s. onl y-.\we Ve .LQpi ne).-or are
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15  significantly different from each other. A slight sedative effect of the 10 mg/kg dose

was observed in a few of the rats, but none was observed at other doses. This effect
did not impact the ability of the animals to respond to the stimulus, as the vigor of the

response at threshold was similar to that observed during baseline determinations.
20 C2. Intrathecal Cannulations

In animals used to study the effects of spinal administration of amitriptyline,
intrathecal cannulas were implanted 7 days following nerve injury. For the
implantation of intrathecal cannulas for the spinal delivery of drugs, rats were

25  anaesthetized with halothane and mounted in the earbars of a stereotaxic apparatus.
The cisternal membrane at the base of the skull was exposed, a small incision made,
and a cannula (7.5 cm of PE-10 tubing) inserted into the subarachnoid space. The
cannula was filled with saline and the external end was occluded with a small wire

plug. Rats were injected with Penlong XL} (0.15ml i.m.) and lactated Ringers



The present results provide no evidence to support an invol venent of
bl ockade of peripheral 5-HT2, nmuscarinic cholinergic or ni cot’i nj
cholinergic receptors in the 5 anal gesic actions of amtri ptylgi 1202t he
rat formal i‘N°t98’§f5.98 To date, despite considering the possi bi |RGEC&39/0q449
potential involvenent of antihistam nic, antiadrenergic, antiserotonergic
and anticholinergic actions in the actioggof amtriptyline, the only
mechanismclearly inplicated in the action of amtriptyline is some form of
i nteraction with adenosine receptors as peripheral analgesia is partially
bl ocked by the 10 enosi pe, receptor antagonist caffeine. It wll be
apparent to F‘ﬁB@%“ @aiq’ £ Vhile F@P?ﬂﬁes ﬁ%’fe%vg}q %Egak‘:ﬂ 1¢§8RS: 13y WEE made in
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therefore, t I'on enconpasses enbo ose

speci fical | yfaliow@d®yad.4 salinbeo fibstseehdriudf)t i on, but only as indicated in
t he appended cl ai ns. 1 9 DEC 2002 si CLAIMS 1. The use, in the
manuf acture of a medi canent, of a tricyclic, second generation or third

generation antidepy,e n as_an tiye.ingredient.in.a,co sitioon for
produci ng® 5 | ocal Erghmi P%smg‘r?fgﬁwﬁﬁg{e r&?’"ﬂ“gyt"éd‘lfl"gﬁgirﬁal
di sconfort, mppadgesiaure With an inert carrier. 2. The use according to

claiml1l wherein the antidepressant is a tricyclic antidepressant. 10 3. The
use according to claiml wherein the tricyclic antidepressant has a

Cont ai ni ng 1 or 2 ThE BRGRSAR BIeSHLPLABAREMENE G0 A8\ AL APERATFLSEN
ring, of the thermal hyperalgesia of the ipsilateral paw in nerve injured rats that was evident
10 20 minutes after injection and lasted for the 60 minute testing period. as shown by the

data in Figures 3A-C. Because a 30 pug dose was ineffective in the allodynia test, and
90 ug was highly sedative, these doses were not used for testing of the thermal
hyperalgesic effect. While values for the individual time point are not significantly
different on their own (Figure 3A), the AMPE values for saline and amitriptyline

15 (60 pg) were significantly different (Figure 3C). No significant difference was
observed, in the contralateral paw withdrawal thresholds, at either single time points

or in comparison of the AMPE values (Figures 3B and 3C).

C4. Effect of local injection of amitriptyline on nerve injury-induced

20  thermal hyperalgesia

When injected locally into the neuropathic paw, amitriptyline at a dose of 100
nmol, which produces a local antinociceptive effect in the rat formalin test as
described in Example 2 herein (Figure 8), had an immediate statistically significant

25  antinociceptive effect, aimost completely reversing the thermal hyperalgesia in nerve-
injured rats (Figure 4A). The MPE values remained significantly different from those
of saline for the first 120 minutes. A contralateral local injection of amitriptyline
(100 nmol) failed to show any significant effect on the withdrawal latency of the

ipsilateral paw (Figure. 4A), a result that indicates a lack of systemic effect. No local °



~ 5 Ar, and Are are optionally substituted aromatic rings fused to Z, and R

Is an al kylam no or arylam no substituent, optionally an N-g ' @Cd’ﬁﬁf vative
then eof. 4wdJdbgsoasee according to claim3 wherein the heter ?&g;@Ai9§,omygen
or nitrogen. 20 5. The use according to claim3 wherein Are and Ar2 are

I ndependent|ly optionally substituted with_a bi oconpati bl e hal ogen. ~ ~J
DEC 2002 52 G The use according to clai m& wherein the al kyl am no or

aryl am no substituent is an N-oxide derivative thereof. 7. The use
according to claim3 wherein the al kyl am no substituent conprises from5 4

to 5 carbons effeet’sf the injédied paw vas eBEeH dtlkither for #idBohtrohRiiSinjecied Svithl dakiham no
is a tertiary or secondary _anmp qrpgp. 9. The use according to claim3
wherein R is (ipsilaterad pam enfaraingals inecteshwith amifjpoline (169, ioHBg 7,

- (CHz) 3NHCH3, 9—%9—1%1043 CHzN(CH3) z, =CH(CHz) zN(CH3) z, and 15

=CH( CHz) z NHCHE " 2#6“"¥f#"use according to claim 1 wherein the tricyclic
anti depressant is selected fromthe group consisting of clom pram ne,

i mpramne, amtriptyline, doxepin, desipramne, nortriptyline, anoxapine,
maprotilide, trin Pheamiwes alsamd sigrificdnt alt@atiqoinitharaithdrawabthreamglds ofnaive nor e

T L e el gl o gt O Sh A nd 6 Shi) (5, ek Sy, 1
addition, neither the ipsilateral nor contralateral local injections showed any
significant effect on the contralateral paw withdrawal latency (Figure 4B).
Comparison of the AMPE values revealed a statistically significant difference

10  resulting from locally injected amitriptyline on thermal hyperalgesia as compared to

both the saline control and the contralateral injection control (Figure 4C).

C5. Effect of systemic amitriptyline on nerve injury-induced mechanical
allodynia

15

Amitriptyline was systemically administered to nerve injured rats at doses of
1.5, 5.0, and 10.0 mg/kg of body weight. No significant effect on nerve injury
induced allodynia in the ipsilateral paw was observed at any of the doses (Figure 5A).
Since 10 mg/kg was slightly sedative in some rats, a higher dose was not used. In the

20  contralateral paw, all doses of amitriptyline caused a hyperaesthetic response resulting
in a reduced MPE (analgesia) value ranging from -0.4 to -0.8 (Figure 5B). The A
MPE values for each dose differed significantly from saline (Figure 5C).
Qualitatively, the hyperaesthetic response was observed as a brisk withdrawal to the
filament with no overt signs of typical neuropathic pain responses such as biting,

25  licking, vocalization or guarding of the paw. Although the values of the response
threshold in the non-injured paws were very similar to those in the injured paws, the
responses were not categorized as ‘neuropathic pain responses’. Threshold testing 24
hours after drug administration showed that both the ipsilateral and contralateral

baselines returned to predrug values (data not shown).



or desi pram ne. 1 9 DEC 2002 53 12. The use according to claim1l wherein
the second generation or third generation antidepressant is selected from
the group consisting of nirtazapine, vanl afaxine, trazodonéel, 9B rﬂﬁion,

f ef azodone WRARAYSIHM t abl e conbi nations of any two or nore t hECTEA98043  The
use according to claim 12 wherein the second generation or third generation
antidepressant has the structure Ar3(Y)-X9Ar4(Q wherein Ar3 is an

N-contai ning heterocyclic ring, 1o Y is either an aryl group fused to the
het erocyclic ring or one or tw substituents selected from al kyl,

aryl al kyl , aryl al kyl oxy, aryl and heteroaryl substituents conprising a
total of about 4 to 8 carbons attached to Ar3, Xis a 2 to 5 carbon al kyl

group |inking Ar 3ca.nif&&€ofﬁiésbﬂ§gﬁga' ﬁfe%imw@ﬁﬁg,g{aﬁﬂukﬁ Kxe@ﬂ%ﬁcili rst

nitrogen atomof Ar4, and ~'5 enzene ring lonally substituted

wi th a bi ocoxlpmlymid e hal ogen, and attached to Ar4 at a second nitrogen atom
of Ar4. 14. The use according to claim13 wherein X is an al kyl group
containing 3 carbons. 20 15. The use according to claim1l3 wherein Ar3 is a

1,2, 4-trigzine, YA}rﬁtrﬂJ'i'yline was also administered spinally to test its antinociceptive effect

against nerve injury-induced mechanical allodynia in the ipsilateral paw, At doses of
30, 60, and 90 pg administered spinally, amitriptyline failed to have a significant
effect on allodynia in the ipsilateral paw (Figures 5A and 6C). However a comparison
of the AMPE for the three groups revealed the 60 pg group to be significantly

10  different from the 30 pg and 90 pg groups, as well as from the saline group
(Figure. 6C). Spinally administered amitriptyline (60 pg ) caused a hyperaesthetic
response in the contralateral paw (Figures 6B and 6C) that was similar in magnitude
to that observed following systemic administration. While 90 ug dose (n=3) appeared
not to facilitate the hyperaesthetic response, this result was probably due largely to the

15  pronounced sedative effect of the drug at this dose, which interfered with accurate

determination of the withdrawal threshold.

C7. Effect of local amitriptyline on nerve-injury-induced mechanical
allodynia
20
Amitriptyline was also injected locally to test the local effect on nerve-injury
induced mechanical allodynia. Local injection of amitriptyline (100 nmol) failed to
show any significant effect on the withdrawal response of the nerve injured paw to
tactile stimulation (Figures 7A and 7C). Local injection of amitriptyline into the
25  nerve injured paw did, however, cause a reduction in the response threshold of the
contralateral paw. This effect also occurred after direct local injection of amitriptyline
(100 nmol) into the non-injured contralateral paw (Figure 7B). The response to
locally administered drug in the contralateral paw was observed to be significantly

different from the response to saline, but not different from the response following



aryl al kyl oxy substituent containing 6 to 8 carbon atons, and is substituted
at the 4 position with Q ~ 9 DEC 2t12 54 16. The use according to claim
13 wherein the al kyl substituent contains 3 carbon atons. 171 9TDEC L2562
accordi ng t VEIPFMIL3 wherein the benzene ring is substitut edCWECAPINOH9

hal ogen sel ected fromthe group consisting of chlorine, bromne, and
fluorine. 18. The use according to claim % wherei n the
tricyclic-antidepressant is desipram ne. % The use according to claim1
wherein the tricyclic-antidepressant is to amtriptyline. 20. The use
according to claim1 wherein the tricycljc-antidepressant iis adm ni stered
topi cal |y, 15imectionpgto thenon-grad pyv abindividual imgmerds (Figyre 7B enditpr essant

i s adm ni st er&ﬂn 's%nfo?ﬁ{E”Aﬁi’E?mjg@e%)ed fromthe group consisting of a
cream a lotion,"a gel, an oin , a’'spray, a polyner stabilized crystal,
a powder, and an aerosol. 22. The use according to claim 17 wherein the
antidepressant is admnistered by a 20 nethod selected frominjection,
supersoni ¢ powder injection, and tran$dAMRLER2ect roporati on. 19 DEC 2002
55 23. The5 use according to claiml1l wherein the antidepressant is

adm ni stered encapsul ated in a delivery system selected fromthe group
consisting of a m exESMREHE wefe RAoHRBA usih@Riald SR RINSVRY ratd (2021 40 poSONE.
5 24. The use according to claim 1l whereih the "anal gesi a” suppresses pain
caused by i nf geupaheanri42+4 g) (Charles River, Quebec, Canada). Rats were housed in pairs

and maintained on a 12:12 h light/dark cycle at 22°F1°C. Food and water were freely
available.

10

The test drugs were amitriptyline, caffeine, 5°-amino-5’-deoxyadenosine

(NH,dAD), phentolamine HCl, dimethylsulfoxide (DMSO) (Sigma Chemical Co., St.
Louis, MO), 8-cyclopentyl-1,3-dimethylxanthine (CPT),
N6'benzyl-N-ethylcarboxamide adenosine (N6'benzyl-NECA), MK-801 hydrogen

15  maleate, naloxone HCl (Research Biochemicals Inc., Natick, NJ),
2’-Deoxycoformycin (Parke Davis Pharmaceutical Research Division, Ann Arbor,
MI). Formalin (37% formaldehyde) (British Drug Houses, Toronto, Ontario) was the
control irritant. All drugs except for CPT were dissolved in saline and diluted to the
appropriate dose with formalin. CPT was dissolved in a final concentration of 15%

20 DMSO, and appropriate control groups were included.

A. The Formalin Test

On the day of testing, rats were placed in a 28x28x28 cm plexiglass
25  observation chamber for an initial 20 min to allow familiarization with surroundings.
The indicated doses of formalin (0.5-2.5%) and formalin/drug combinations were
injected s.c. in a volume of 50l into the dorsal hindpaw of the rat. To establish
whether inhibition of pain response was due to a systemic rather than a local effect,

the test drug was administered into the contralateral paw. For injections into the



25. The use according to claim 1l wherein the anal gesia suppresses
neuropathic pain. 10 26. A conposition for |ocal adm nistration conprising
a second generation or third generation antidepressant, and &Y \FEG g’ﬁ%

sui tabl e fVOVYPIE&I admi nistration. 27. The conposition acRETICARY/0069C| ai m
26 wherein the second or third generation anti depressant has a structure:

15 Ar3(Y)-X-Ar. ~(Q wherein Ar3 is a subg?i tuted N-containing heterocyclic
ring, Yis either an aryl group fused to the heterocyclic ring, or one or
two substituents selected fromthe group consisting of alkyl, alkyl oxy,
arylal kyl, arylal kyl oxy, aryl, heteroaiyl substituents, and conbinations
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attached to Ar4 at a second nitrogen atom of Ara. , 19 DEC ZOp~ SG 28. The
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biting or licking was recorded cumulatively. Two rats in adjacent chambers were

observed at a time, with observations taking place in alternating 2 min bits. Recorded
episodes and times were not corrected. with the result that values obtained represent

10 about half of the total behaviors expressed.

Data was analyzed using analysis of variance followed by the Student-

Neuman-Keuls test for muitiple groups, or the Student t-test for two groups.
15  B. Local Antinociceptive Action of Amitriptyline

To test the antinociceptive effect of locally administered antidepressant,

amitriptyline was coadministered at doses of 10, 30, and 100 nmol with 2.5%
formalin. A dose-dependent reduction in the expression of flinching behaviors both in

20  phase 1 and phase 2 following injection was observed. The time course for these
effects is presented in Figure 8A, and the cumulative scores for the two phases are
presented in Figures 9A and 9B. A similar dose-related inhibition in biting/licking
behaviors was obtained (Figures 8B and 9C); however, there was no distinct phase 1
effect observed in biting/licking behaviors (Figure 8B). The inhibitory effect of

25  amitriptyline on both parameters was not observed following administration of
amitriptyline into the contralateral hindpaw (Figures 9A-B). The absence of
inhibitory effect on the contralateral hindpaw indicates that the antinociceptive action

of amitriptyline is a local effect.



10 contains an oxygen atom 31. The conposition according to claim 27
wherein the benzene ring is substituted with a hal ogen sel edt®QECr 2062 t he
group consi MO 9848 chl ori ne, brom ne, and fluorine. 15 32. Pag/axdpessti on
of claim26 further conprising an inert carrier. 33. The conposition of
claim 32 wherein the inert carrier is selggted fromthe group consisting of
wat er, isopropyl al cohol, gaseous fluorocarbons, ethyl alcohol, polyvinyl
pyrrolidone, propylene glycol, a fragrance, a gel-producing nmaterial,
stearyl alcohol, 20 stearic acid, spermaceti, sorbitan nonooleate,
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accordi ng to whitd ME2%! i whsnot sBehat b (Figeleeyt ed from the group consisting

of a cream a lotion, a gel, an ointnent, a spray, a powder, a polyner
stabilized crystal, and an aerosol. 36. The conposition of claim26 further

conprising a peutraglizin nt..37. JThe c osi tion . of chai 26 wherein
Lhe conpos t i bn IPESIYehRRtafederosinein saf Lofglabatingsicentive AftoR 8hposi t i on
according to ghaifpefinyherein the antidepressant is encapsulated in a slow
rel ease delivery vehicle. 39. The conposition according to claim38 wherein
the delivery vehicle is selected 15 fromthe group consisting of a
| i posonme, a microcapsule, and a polyner stabilized, | . .
0 examine involvement of adenosine in the antinociceptive action of
amitriptyline, caffeine, a non-selective adenosine antagonist, was coadministered at
10 doses of 500 and 1500 nmol with amitriptyline. A significant reversal of the
antinociceptive action of amitriptyline was observed in phase 2 flinches and total
biting/licking time, but phase 1 flinches were not affected (Figures 11A-C). Although
there was only a partial reversal of amitriptyline action at 2.5% formalin caused by
caffeine, caffeine clearly reversed the local effects of adenosine. Therefore, it was
15  speculated that the expression of adenosine may depend on the intensity of the pain
stimulant. To test this hypothesis, some experiments were undertaken using a lower
concentration of formalin. Amitriptyline at 100 nmol concentration reduced phase 2
flinches to formalin 1.5% to a lesser extent than in the 2.5% formalin test, but caffeine
produced a complete reversal of the antinociceptive action of amitriptyline
20  (Figure 13A). However, at a higher dose of amitriptyline (300 nmol), which produced
a comparable extent of inhibition as did 100 nmol with 2.5% formalin, the degree of

reversal by caffeine was still only partial (Figure 13A).

CPT, a selective adenosine A, receptor antagonist, coadministered at a dose of
25  150nmol with 100 nmol amitriptyline produced a similar degree of reversal of the
action of amitriptyline as did caffeine in the 1.5% formalin test (Figure 13B). At
1.5% formalin, the effect of amitriptyline on phase 1 flinches was not reversed in any
experiment, while the effect on biting/licking was reversed only with the caffeine at

100 nmol amitriptyline (data not shown). Caffeine and CPT did not produce an
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(Figure 16A). An identical pattern of interactions was seen with the phase 2
biting/licking time, but no significant effects were seen with phentolamine on phase 1
flinching (data not shown).
10
To examine a potential local antihistamine or anti-serotonergic action for
amitriptyline. tests were designed to determine whether amitriptyline could alter the
flinching behaviors produced by N6benzyl NECA, an adenosine A; receptor agonist
which produces intrinsic nociceptive behaviors by releasing histamine and 5-HT from
15 mastcells. In these tests, 100 nmol amitriptyline did not alter the number of flinches
generated by S nmol N®benzyl-NECA (25.5¥6.3 flinches in the absence, and 27.8¥4.3
flinches in the presence of amitriptyline, n=6 per group). Naloxone, an opioid
receptor antagonist, did not alter the local effect of amitriptyline against phase 2
flinching (Figure 16B), phase 1 flinching, or biting/licking time (data not shown).
20
EXAMPLE 3

The drugs tested were desipramine, fluoxetine, caffeine and propranolol
(Sigma Chemical Co., St. Louis, MO), ketanserin and tropisetron (Research
25  Biochemicals Inc., Natick, NJ), and GR113808A (Glaxo Research Group, Greenford,
Middlesex, U.K.). Formalin (37% formaldehyde) (British Drug Houses, Toronto,
Ontario) was the control irritant. All drugs were prepared in saline and diluted to the

indicated dose with formalin when coinjected.
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LY" Z" 10900& gl 6th difikal HeRves as described in Example 1. Preliminary tests showed that the
spinal ligation surgery generates a thermal hyperalgesia of 2-3 sec in the paw
corresponding to the ligation (baseline on non-ligated side 10-12 sec, and 710 on

5  ligated side), and this effect was maintained for at least 22 days following surgery.

A. The Formalin Test

The formalin test was applied as described in Example 2 above. Following
10 injections, rats were returned to the observation chamber and scored for flinching
behaviors (lifting, shaking or rippling of the haunch) and biting/licking time. Two
rats in adjacent chambers were observed at a time, with observations occurring in
alternate 2 min bits. Recorded episodes were not corrected for this, so values
represent about half of the total behaviors expressed.

15

B. Local Antinociceptive Action of Desipramine and Fluoxetine

When independently injected with formalin 2.5% into the dorsal hindpaw of a

non-surgically altered rat, desipramine (10-300 nmol) and fluoxetine (30-300 nmol)

20  both produced a dose-dependent antinociceptive action against phase 2 flinching
behaviors (Figure 17B) and phase 2 biting/licking behaviors (Figure 17C). Phase 1
flinching behaviors exhibited much more variability, and were only reduced
significantly at the highest doses (Figure 17A). There was no phase 1 expression of
biting/licking behaviors (Figure 18C). Desipramine action suppressed both pain

25  response behaviors (illustrated in Figures 18A-B) in a uniform manner throughout the
entire time course observed. A similar pattern of suppression of behaviors was
observed with fluoxetine (data not shown). However, when the doses that were most
efficacious in the ipsilateral paw were injected into the contralateral hindpaw, the

antinociceptive action resulting from coadministration of desipramine or fluoxetine
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To test the effect of caffeine on the antinociceptive effect of the antidepressant
drugs, a formalin concentration of 1.5% was used as this concentration revealed the
involvement of adenosine in the action of amitriptyline most clearly. (See Example 2
above). Coadministration of caffeine (1500 nmol) with desipramine or fluoxetine had
10 no significant effect on the antinociceptive actions of the antidepressants in any aspect

of the formalin test (Figures 20A-C).

D. Local Administration of Desipramine and Fluoxetine in thermal hyperalgesia
test
15
Nerve damaged rats (SNL) were anaesthetized briefly for drug injections (in
50 ul) into the dorsal part of the hindpaw, either on the side ipsilateral to the surgery
(ligated side) to test for local effects, or the contralateral side to test for systemically
mediated effects. Thermal thresholds were determined with the investigator unaware

20  of the particular treatment.

The local administration of desipramine (100 nmol), but not fluoxetine
(100 nmol), into the hindpaw corresponding to the operated side produced a local
anti-hyperalgesic effect when reaction thresholds were determined using a thermal
25  paw stimulator (Figures 19A and 4B). This effect was not observed following
injection into the contralateral paw corresponding to the non-operated side
(Figure 19B) These results show that the antinociceptive effects observed in the
ipsilateral side were local. The local injection of desipramine or fluoxetine, 100 nmol

each, into a normal rat paw (control) had no effect on thermal thresholds (n=4 each,
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nerve ligation model (Figures 21A-C).

E. Effects of Desipramine, Fluoxetine and Amitriptyline on Paw Volume

Paw volume was determined by plethysmometry using a commercially

available device (Ugo, Basile). The hindpaw was inserted into the solution to the

10 junction of the hairy and non hairy skin. and volume was determined by displacement.
Triplicate baseline determinations were determined prior to the formalin injection, and
again immediately following the behavioral observation interval, which lasted 60 min.
For time course detérminations, volumes were determined at 30 min intervals as
indicated up to 3 hours in separate groups of rats.

15

The anti-inflammatory effect of desipramine and fluoxetine was tested by the

independent coadministration of desipramine and fluoxetine (doses of 100 or
300 nmol) with formalin. No significant effect on the increase in paw volume induced
by 1.5% formalin alone was observed by the antidepressants, although there was a

20 tendency towards an increased paw volume resulting from fluoxetine (Figure 22A) at
2.5% formalin. When administered into the contralateral hindpaw, fluoxetine also
significantly increased the paw volume in the absence of an inflammatory stimulus
(Figure 22B). The time course of the actions of desipramine and fluoxetine was also
determined. In these tests desipramine produced a limited effect on paw volume

25  (Figure 23A), but fluoxetine produced a clear dose-related increase in paw volume
that was maintained for the entire 3 hr observation interval (Figure 23B). The
increase in paw volume was not accompanied by a reddening of the paw, or by
spontaneous behaviors indicative of discomfort (e.g. lifting, licking, shaking).
Amitriptyline also produced a limited increase on paw volume (Figure 23C), and did
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F. Effects of Receptor Subtypes in Nociceptive Action of Desipramine and

5  Fluoxetine

To test for involvement of S-HT receptor subtypes in the action of fluoxetine

(100 nmol), the effects of propranolol (5-HT), receptor antagonist) (300 nmol),
ketanserin (5-HT, receptor antagonist) (500 nmol), tropisetron (5-HTj,, receptor

10 antagonist) (300 nmol). and GR113808A (5-HT, receptor antagonist) (500 nmol) on
paw volume were determined at doses known to block 5-HT actions when injected
into the hindpaw (G.J. Doak and J. Sawynok (1997) Neuroscience 80:939-949). The
results of these tests show that the increase in paw volume induced by fluoxetine was
blocked by ketanserin but not by any of the other antagonists, indicating an

15  involvement of 5-HT, receptor subtypes in this action (Figures 24A-B).

EXAMPLE 4

A. The Role of 5-HT, Receptor Antagonism in Peripheral Analgesia by
20  Amitriptyline

Studies were conducted to resolve an apparent inconsistency in the art
regarding the mechanism of analgesia of amitriptyline and other tricyclic, second
generation, or third generation antidepressants of the invention. H. Hall et al. first

25  suggested that a number of antidepressants can block 5-HT, receptors ((1984) Acta
Pharmacol Toxicol, 54:379-384). More recently F.V. Abott et al. demonstrated that
peripheral 5-HT, receptor blockers can block the expression of formalin-evoked
behaviors using the formalin test as described above, except that 1% formalin was
used and proposed based on the results of this low dose study that 5-HT receptor

30 antagonists might make useful analgesics ((1996) Neuropharmacology 35:99-110).
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However, when Doak and Sawynok, supra (1997) conducted a detailed investigation
into the 5-HT receptor subtypes involved in formalin-evoked behaviors using a 2.5%
formalin test, evidence was obtained for the involvement of 5-HT), 5-HT; and 5-HT,
but not 5-HT, receptors in such behaviors. Figure 25 above summarizes the results of

5  the Doak and Sawynok studies of 1997.

A number of drug effects are known to be intensity-dependent (in their
expression) in the formalin test (e.g., Sawynok J., Reid AR (1996) Eur J Pharmacol,
298:105-111). In view of the apparent contradiction between the results obtained in

10  the Abott study in which 1% formalin was used and in the Doak and Sawynok study,
in which 2.5% formalin was used, studies were undertaken to re-evaluate the

performance of ketanserin, the selective 5-HT, receptor antagonist used in both

studies.

15 As the Abbott study used 1% formalin rather than the 2.5% formalin used in
the Doak and Sawynok study, the lower dosage of formalin was used to re-evaluate
the performance of ketanserin using individual groups of male Sprague Dawley rats
(n=6 per group) to conduct the 1% formalin test as in Example 2 A. above. The
results of the re-evaluation shown in Figure 26 above indicate ketanserin at doses of

20 50 nmol and 500 nmol (a dose equal to or greater than the 9.5-50 pug or 0.92 - 92 nmol
used in the Abott study) fails to block formalin-evoked flinches in Sprague Dawley
rats even at 1% formalin. By contrast, co-administration of 3 nmol and 30 nmol doses
of ketanserin were used to blockade change in paw volume induced by local injection
of 5-HT into the hindpaw of Sprague Dawley rats. Drugs were injected in a volume

25  of 50 pl and paw edema was measured by plethysmometry (volume displacement).
The results of these studies shown in Figures 27 A and B clearly indicate that the
dosage of ketanserin that failed to prevent 1% formalin-induced flinching behavior

was sufficient to block the paw edema produced by local injection of 5-HT.
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rats in the latter. It may be that there is a differential expression of 5-HT receptors on
sensory afferent nerve terminals in the two species. However, it should be noted that
5  inthe absence of any effect of the 5-HT, antagonist in the test in species and

conditions where a profound analgesia is seen with amitriptyline (2.5% formalin,
Sprague Dawley rats), it is not shown that 5-HT, antagonism accounts for the
analgesia demonstrated by amtitriptyline and other tricyclic, second generation, or
third generation antidepressants observed in the studies described herein.

10
B. The Role of Blockade of Cholinergic Muscarinic and Nicotinic Receptors
in Peripheral Analgesia by Amitriptyline

Amitriptyline is known to bind to central muscarinic cholinergic receptors

15 (Hall H, Ogren SO. (1981) Eur J. Pharmacol, 70:393-407; Choi A, Mitchelson F.
(1994) Pharmacology, 48:293-300), and its affinity for such receptors has been
implicated in certain side effects of amitriptyline observed clinically (Baldessarini R.J.
(1990) The Pharmacological Basis of Therapeutics, 383-435). Amitriptyline also
blocks nicotinic receptor-mediated responses (Schofiled G.G. et al. (1981) Proc Nat!

20  Acad Sci USA, 78:5420-5244; Fryer J.D., Lukas R.J. (1999) J Neurochem, 72:1117-
1124), although in this case the block seems to result from an inhibition of the ion
channel itself rather than a competitive inhibition at the receptor binding site.
Acetylcholine can stimulate sensory nerve endings to produce pain (Steen K.H., Reeh
P.W. (1993) J Neurophysiol, 70:397-405; Bauer M.B. et al. (1994) Neuroscience,

25  62:351-359), and both nicotinic and muscarinic receptors are present in dorsal root
ganglion neurons and on sensory nerve endings (Ninkovic M., Hunt S.P. (1983) Brain
Research, 272:57-69; Wamsley J.X. et al. 1981) Brain Research, 217:155-161). In

view of these findings, studies were conducted to determine whether established



10PyPy! X 10 10 10! k1#109%& ()-!t"109%& ()- !'k"10%& ()- '1"10%g& ()- "{dEMEN
10z 10PyPyF! 10908 () - &&z _

10%0& () - #s10%08' () - 10%08' () - @ 10%08' () - f #10%0& () - {: dEMEN 18AELoRPPY
10908 () - LIWex98/s4sp8 S10%08 () - 9Z 10%0& () - 9" 10%0& () - 9S 10%0plyve kddohsoN 10z
10PyPyL/ 10%08& ()- f, 10408 ()-)"10%08' ()- L' 10%0& () - &YA 0% () - Y" g10%0& () -
&03~\'N 10z IN'10%: & ()-!6P"10%& ()-!h"1Q0& ()- 10 10 10s3

109% ()-1 1T10%08' ()-K()*zXJ<:N 10z ! 10

10! KY+" 109&' () - ! XY+" 109%& ()-L!"109%F& ()- !kL! "1090D& ()-"!a"10%H& () - *+UDl
M : Y109%0& ()-, 109& ()-10%& ()-!nf 1098mBn& ()- & Pt 10%*& ()-& [ 10%j & (
)-& antagonists for muscarinic and nicotinic cholinergic receptors can mimic the action of

amitriptyline.

In these studies, groups of male Sprague Dawley rats (n=5-8 per group)

5  received doses ranging from 10 to 1000 nmol of atropine (muscarinic receptor
antagonist), mecamylamine (ganglionic nicotinic receptor antagonist) and
d-tubocurarine (neuromuscular nicotinic receptor antagonist) coadministered with
formalin in the formalin 2.5% test. Figures 28A-C show the effects of the drugs on
phase 1 (Figure 28A) and phase 2 flinching (Figure 28B) and phase 2 biting/licking

10  behaviors (Figure 28C), which were determined as described above.

In these tests. atropine produced a reduction in flinching behaviors only at the
highest dose tested (1000 nmol). This effect is a local peripheral action, as it was not
observed following administration of atropine into the contralateral hindpaw.
Atropine also produced a dose-dependent reduction in biting/licking behaviors, and
this appeared to be a composite of peripheral and central actions as administration of
atropine into the contralateral hindpaw also produced a reduction in this behavior at
the highest dose (Figure 28C). Mecamylamine had no significant effect on either
behavior at the highest dose. d-Tubocurarine had no effect on formalin-evoked
20  behaviors at 10 nmol, and at 100 nmol, d-tubocurarine was lethal, probably due to

systemic activity of the drug on respiratory muscles causing respiratory arrest.

These results indicate that established cholinergic receptor antagonists are only
weakly active (atropine) or are inactive (mecamylamine, d-tubocurarine) at inhibiting
25  formalin-evoked behaviors when administered peripherally. In view of these resuits,
it can be concluded that the actions of amitriptyline on formalin behaviors are due to

blockade of peripheral cholinergic receptors on sensory nerve terminals.
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mechanism clearly implicated in the action of amitriptyline is some form of
interaction with adenosine receptors as peripheral analgesia is partially blocked by the

10 adenosine receptor antagonist caffeine.

It will be apparent to those skilled in the art that various changes may be made
in the invention without departing from the spirit and scope thereof, and therefore, the
invention encompasses embodiments in addition to those specifically disclosed in the

15  specification, but only as indicated in the appended claims.
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inert carrier.

2. The use according to claim 1 wherein the antidepressant is a tricyclic
antidepressant.
10
3. The use according to claim 1 wherein the tricyclic antidepressant has a structure:
Ar-Z(R)-Ar;
wherein Z is a 7-membered ring, optionally containing 1 or 2 biocompatible
heteroatoms, or an 8-membered bicyclic ring,
15 Ar, and Ar, are optionally substituted aromatic rings fused to Z, and
R is an alkylamino or arylamino substituent, optionally an N-oxide derivative
thereof.
4. The use according to claim 3 wherein the heteroatom is oxygen or nitrogen.
20
5. The use according to claim 3 wherein Ar) and Ar; are independently optionally

substituted with a biocompatible halogen.
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5 4 to 5 carbons atoms.

8. The use according to claim 7 wherein the alkylamino is a tertiary or secondary

amino group.

10 9. The use according to claim 3 wherein R is selected from the group consisting of
-(CH2);N(CH3)s,
-(CH;);NHCH3,
-CH,CH(CH3)CH,;N(CH3)a,
=CH(CH;),N(CHj3),, and

15 ZCH(CHz)zNHCH3.

10. The use according to claim 1 wherein the tricyclic antidepressant is selected
from the group consisting of clomipramine, imipramine, amitriptyline, doxepin,
desipramine, nortriptyline, amoxapine, maprotiline, trimipramine, and suitable

20  combinations of any two or more thereof.

11. The use according to claim 1 wherein the tricyclic antidepressant is amitriptyline

or desipramine.
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5
13.  The use according to claim 12 wherein the second generation or third generation
antidepressant has the structure
Ar(Y)-X-Ary(Q)
wherein Ar; is an N-containing heterocyclic ring,
10 Y is either an aryl group fused to the heterocyclic ring or one or two substituents
selected from alkyl, arylalkyl, arylalkyloxy, aryl and heteroaryl substituents comprising
a total of about 4 to 8 carbons attached to Ars,
X is a 2 to 5 carbon alkyl group linking Ar; and Ary,
Aryis a piperazine attached to X by a first nitrogen atom of Ar,, and
15 Q is a benzene ring optionally substituted with a biocompatible halogen, and
attached to Ar, at a second nitrogen atom of Ary.
14, The use according to claim 13 wherein X is an alkyl group containing 3 carbons.
20 15, The use according to claim 13 wherein Ars is a 1,2,4-triazine, Y is an

arylalkyloxy substituent containing 6 to 8 carbon atoms, and is substituted at the 4

position with Q.
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17.  The use according to claim 13 wherein the benzene ring is substituted with a

5  halogen selected from the group consisting of chlorine, bromine, and fluorine.
18. The use according to claim 1 wherein the tricyclic-antidepressant is desipramine.

19. The use according to claim 1 wherein the tricyclic-antidepressant is

10 amitriptyline.

20. The use according to claim 1 wherein the tricyclic-antidepressant is administered
topically.
15 21.  The use according to claim 1 wherein the antidepressant is administered as a

formulation selected from the group consisting of a cream, a lotion, a gel, an ointment, a

spray, a polymer stabilized crystal, a powder, and an aerosol.

22. The use according to claim 17 wherein the antidepressant is administered by a
20  method selected from injection, supersonic powder injection, and transdermal

electroporation.
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10

20

inflammation.
25.  The use according to claim 1 wherein the analgesia suppresses neuropathic pain.
20. A composition for local administration comprising a second generation or third

generation antidepressant, and a vehicle suitable for topical administration.

27.  The composition according to claim 26 wherein the second or third generation
antidepressant has a structure:
Ar(Y)-X-Ary(Q)

wherein Ar; is a substituted N-containing heterocyclic ring,

Y is either an aryl group fused to the heterocyclic ring, or one or two
substituents selected from the group consisting of alkyl, alkyloxy, arylalkyl,
arylalkyloxy, aryl, heteroaryl substituents, and combinations thereof comprising a total
of about 4 to 8 carbons attached to Ars,

X 1s an alkyl group comprising 2 to 5 carbon atoms linking Ar; and Ary,

Ary is a piperazine attached to X by a first nitrogen atom of Ary, and

Q is a benzene ring optionally substituted with a biocompatible halogen and

attached to Ary at a second nitrogen atom of Ary.
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5 29. The composition according to claim 27 wherein Ar; is a 1,2,4-triazone

substituted at the 4 position with the arylalkyoxy substituent containing 6 to 8 carbon

atoms.

30.  The composition according to claim 29 wherein the heteroarylalkyl substituent

10 contains an oxygen atom.

31. The composition according to claim 27 wherein the benzene ring is substituted

with a halogen selected from the group consisting of chlorine, bromine, and fluorine.

15 32 The composition of claim 26 further comprising an inert carrier.

33. The composition of claim 32 wherein the inert carrier is selected from the group
consisting of water, isopropyl alcohol, gaseous fluorocarbons, ethyl alcohol, polyvinyl
pyrrolidone, propylene glycol, a fragrance, a gel-producing material, stearyl alcohol,

20  stearic acid, spermaceti, sorbitan monooleate, methylcellulose, and suitable

combinations thereof.

34. The composition according to claim 26 wherein the composition further

comprises a penetration enhancing agent.
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36.  The composition of claim 26 further comprising a neutralizing agent.

37.  The composition of claim 26 wherein the composition is formulated for local
injection.

10
38.  The composition according to claim 26 wherein the antidepressant is

encapsulated in a slow release delivery vehicle.

39.  The composition according to claim 38 wherein the delivery vehicle is selected
15  from the group consisting of a liposome, a microcapsule, and a polymer stabilized

crystal.



