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THERAPEUTIC USES OF STEROIDAL COMPOUNDS 5This invention
relates to the therapeutic uses of steroid derivatives in the treatment or
prevention of pain, especially, but not exclusively, neuropathic or
infl@iaateryopain, nerve injury and neuroprotection. In particyat, das,06/004305
invention relates to the use of certain hydroxysteroid derivatives, such as
11-hydroxy-M-androstene3,17-dione or 11-oxo-A4-androstene-3,17-dione.
More specifically, the invention 10 relatés to the use of these compounds,
especially 11p-hydroxy-A4-androstene-3,17- dionc, in the treatment or
prevention of pain and/or promotion of nerve regeneration or repair and/or
neuroprotection. Injury to a peripheral nerve induces changes within

the cell bodies of sensory neurons located in the dorsal root ganglion

(DRG) that promote survwal and axonal 15 regeneratlon Under
favourable cdddiERAL A FAE BI5dEs GROWIBR G TDAE Yy hdegpHerve
fibres successfully regenerate However in many cllnlcally relevant
circumstances, traumatic or disease-induced nerve injury has a poor
outcome with only a limited return of function and often with considerable
delay. IntBisdaveaties rmmm@mpmmm%aﬁmm&mv@wém@e
2QRBainCis: BPpRRY Eﬁdeytﬁémﬁ 1L ARMAGS 2R HESISHRL or

é%idmg an moblllsatlon of cted area, Nociception (the
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leasant sensor de pe rience. In man ical
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injiycresulistoathe Altsr ptitr e manyafdhep B}B%r?aﬁﬁﬂrémérxg%ﬁafa% or

neurgns and their central connections in the spinal cord, leading to

Al PERRSPIRSHBE pain from a normally innocuous stimulus),
hyperalgesia (an exaggerated response to any given pain stimulus) and’
an expahsion tofa Yep2esy MV@@@R@W@B@B@%M@@&&HM?@&MM@W
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majority of chronic pain conditions arise as a result of damage to either

cEPRFAFGEperipReralFevEhls seaditione iropsianes altr pangsectshiisigasmost
patdarbring fromsaamagetera. However, in many clinically relevant

circumstances, traumatic or disease-induced nerve injury has a poor outcome with only

a limited return of function and often with considerable delay. In such cases,

neuropathic or chronic pain states may develop.

Pain is normally associated with injury or damage and results in guarding and
immobilisation of the affected area. Nociception (the neuronal signalling underlying the
sensation of pain) therefore, results in protection and the promotion of rapid healing,
albeit triggering an unpleasant sensory and emotional experience. In many pathological
situations, nociceptive inputs can result in functional changes that are 'acﬁvely

detrimental to the organism.

Chronic inflammation or nerve injury results in the alteration of many of the
properties of primary afferent neurons and their central connections in the spinal cord,
leading to allodynia (the perception of pain from a normally innocuous stimulus),

hyperalgesia (an exaggerated response to any given pain stimulus) and an expansion of



Sinflammation of, the central or peripheral nervous systems. Examples of
pain syndromes and causes of pain of this class include painful diabetic
sensory neuropathy, alcoholic neuropathy, trigeminal neuralgia,
canseloralaied pain due to rumour invasion of a nerve, post-hgfR&tig006/004305
neuralgia, temporomandibular disorder, myofascial pain, back pain

(sciatica), peripheral nerve or spinal cord trauma or transection (including
surgery), 10limb amputation and stump ﬁain, arteriovenous

matfermatiting fvitaguntRladetisiencyipain cadsediihe sidsselectsmf

anti;Gi r and anti-AlDS therapies, post-stroke pain, complex regional
pain S?;/% rgrﬁ]%]r?%?oprﬁlffa(ia{lagé%sso %E@& HEaP tﬁ?@ﬁ%‘?ﬁ? ek central or
syripiaphreadiperrephiisplsantom limb syndrome, multiple
sclerosis-associated pain, HIV-associated neuropathic pain, carpal

tunnel-assoiajrthiesiianaiiic paimcpaibARsRsialed f;éwﬁmggémmﬂon

5Ori faclgl%gtpfa%t)&g)] toothache), or visceral pain. Similarly, pain

Il hody regions, Burn injury also often leads to neuropathie hypera
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("inflammatory pain®) My afse %ﬁ&ﬂ@@ﬁw L oAbt aRe
suchrsoseredthvesis stigadisebibésclubithndiusits i thiabétlinaEation newropathy,
rheypaateid Akt ‘ ' rome, systemic lupus o
erythernatolsuﬁg?5l8 mﬁfﬁﬁﬁggﬁﬁﬁggﬁ g%oﬁ%ﬁgﬁg%g% %%lzéj h-3 FHRMAHR mvasion
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in t D RS o rS patHrpatieeseNiamipd3 12 deficiency,
chififccaPhastgrishgeiiraffagreeinetic amangdt clibicitsianaurRRasHite pain,
paigh g isLAl ' -responsive, or only partially responsive to
treatment yvi%%og%fio; id 2?%&%@%@ ﬁféé%ﬁsesr%g%%a tlé?%la?ﬁ%a{fﬂ&%?e?%etx
the'HiHeteneBrhehrstamiebarm drewidelfisbughtoFheseineletipath V-
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onl

gabapentin and pregabalin. Both classes of drugs are effective y
15 25%&%“(@?3%%‘&8“!1% ﬁt%at%éﬁ%?ﬁ}i‘ié@@ﬁ‘é&%%f’%ﬁ’é?@ramg@are short

lived, rarely persist after a few weeks or months and are often at the
expense SFREEH3iaE  BluteciorSid dffentsbb tresedlassesrifdrgiry
inctudensadation .confusian. abderpinal pain, diafrhesa.yamiting,renal
toxblgf%gand iver toxicity. Slmllquy, current therapies W i
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including gastrointestinal upsét, nausea AY GEHS ,CB%%S[rointestinal
bleeding and gastritis. Cox.-2 inhibitors have also recently been implicated

in cardiovaSEORAMBHRATR AR OFRATIERAY PRt oainisk Sawel iafrekelso often leads to

neuropathic hyperalgesia in the affected body area. In humans, neuropathic pains tend
to be chronic. There is general agreement amongst clinicians that neuropathic pain is
usually resistant, non-responsive, or only partially responsive to treatment with opioid
analgesics. Consequently, alternate therapies for the management of neuropathic pain
are widely sought. These include the use of antidepressants and anti-epileptics, and
most recently the drugs gabapentin and pregabalin. Both classes of drugs are effective
in only 25-35% of cases. Further, the beneficial effects of these drugs are short lived,
rarely persist after a few weeks or months and are often at the expense of severe side-
effects. Side effects of these classes of drugs include sedation, confusion, abdominal

pain, diarrhoea, vomiting, renal toxicity and liver toxicity. Similarly, current therapies



In recent years, a number of compounds have been identified that

modulate neuropathic and/or inflammatory pain behaviour. For example:
WO-A-03/007936 relates to the use of carbamate compounds for the
prayentiaaRnd treatment of neuropathic pain; 10WO-A-03/013288-8436%s/604305
US-A-2003/0087965 relate to the use of 3-heterocyclo and
3-cycloalkyloxy-3-phenylpropanamines in the treatment of chronic pain,
including neuropathie pain; WO-A-03/032910 relates to the use of

carbindifam tiheoiepimentiod@urepatihic daits and ki Roftl 248288ammatories

relate. e use of a known.class of chemical compounds in the L
o A S Ol i I G LR SRR p i -
co ﬁiﬁ%ﬁé&h@alg@%@&i@i’t@@tf’@hbupmtimsﬁae_;ntlvmmﬁimgsgéﬁhe_intestin{ﬂ bleeding
pPathipr BRYSIOGIGRIIMRCRABIS %é‘l%%@&ﬂi? &%H@ng@&%&’ Anand 1S tar
relgt,lon hip to disordered peripheral nerve régeneration are poorly

un & Pelpomsdinstatacks Aatheedical and scientific issues, Many
research groups have attempted to further elucidate the mechanisms that
underlie _tﬁera@@pﬁvasfe@pmmbaaf thenpeviphéralaigrroids:ayie maonaHite

by SR PSHE/S AnsiOIRSERIRT Whase e vels and cipression

patterns are known to change in"primary sensory neurcns after injury, for

example, peurpt [ he T6113 superfamily, and various _
neuro pepﬁﬁs‘%@%@%ég‘%@&%&%@? Bhe %%IPFW@{%B@B%@?S{@&IW?V@WO“
Gatadindstacnivefywnapethimmndracid neuropeptide and was originally

isolated from porcine intestine in 1983 [K. Tatemoto, A. Rokaeus, H.

10 Jomvall, Twd-MoBonaidoand Vs Muihd@aanioss 2:nevel Biolgicaly,aetivs c1o

peptide fro rcine intestine. FEBS |ett. 164:124-128, (1983)]. Itis .
e e AT B G 0B A A WAL o pain, fcludivg
2007¥05%88it RGT/C B2006/004305 4 adult DRG neurons, which are
predominantly small diameter C-fibre nocieeptors [T. Hokfelt, Hallin Z.
Wiesenfelgrdvia \iillass ansh dl.Me 8L REGARRE FARMNIRIKR ot of neuropathic
immunoreactivity in rat dorsal root ganglion cells after peripheral axotomy?
Nebitde & fett. 83:217-220, (1987)]. After nerve section (axotomy), galanin
MRNA and 5 peptide levels rise by up to 120-fold, and are abundantly

15 expressedinA028696 it ®d R wsal rdobyangtiomfioberoes fEmpounds in the
HOﬁgﬁlﬁngﬁ’emﬁéﬂéﬁéﬁﬁﬁd}%gm'}/fo}/%ﬁlﬂaqﬂgum@@%%ﬁﬁ'tﬂifig S?I(ﬁ]:: compounds

galanin-like immunoreactivity in rat dorsal root ganglion ce te
peABHEFRIS3KbI fHY MNEURSSHEBH 88EPE%5:220, (1987)]. The levels of the

peptide remain elevated whilst the nerve is regenerating [T. Holclelt, X.
Zhang, ard¢eithe 2hysiological mechanisms that underlie neuropathic pain and its

relationship to disordered peripheral nerve regeneration are poorly understood and

5

20 remain important clinical and scientific issues, Many research groups have attempted to
further elucidate the mechanisms that underlie the adaptive response of the peripheral
nervous system to injury, by studying factors and/or receptors whose levels and
expression patterns are known to change in primary sensory neurons after injury, for
example, neurotrophins, the TGFB superfamily, and various neuropeptides and their

25 receptors. One such neuropeptide is galanin.

Galanin is a twenty-nine amino-acid neuropeptide and was originally isolated
from poreine intestine in 1983 [K. Tatemoto, A. Rokaeus, H. Jornvall, T. J. McDonald,
and V. Mutt. Galanin - a novel biologically active peptide from porcine intestine. FEBS

Lett. 164:124-128, (1983)]. Itis expressed at low levels in <5% of intact (uninjured)
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10 Wiesenfeld. Messenger plasticity in primary sensory neurons following
axotomy and its functional implications. Trends.Neurosci. 17:22-30,
(1994)]. To study the role played by galanin in the adaptive response

ofitbedeneass system to injury fin-cher, various novel strains pf{aRseRMNG305
mice in which galanin over-expression (Gal-OE) is targeted to the DRG,

were generated [F. E. Holmes, A. Bacon, 15 R. J. Pope, P. A.

Vanderplank, N. C. Kerr, M. Sukumaran?’ V. Pachnis, and D. Wynick.
Trassig®HGoverexpreikibare pgdlanininl ihendtirdzinoet GafigkmoetdytateT.

pajn-related behavigur, P ings of t tional Academy of Scienges
o e b R S S S e
Maranztio®aciviip iraaireral Batemation igllRaBurpkrph RalAxSwaiver, D.
Wﬁé%sé’i@e@- §3l2 Wasig syl 0&%@%&%3\9&88@2&%@3&%@! gﬁi%ﬂﬁpﬂﬂﬂf&t\];& and
and seizures by galanin. J.Neurosei. 20 (16):6276-6281, (2000) andOK. Il.
BIRRBH e eI bt e 121 40-1alkh 25¢ §1% AP R IREI, TPt AR oS B4 Al

Z. DResanisidddad ljan giichnklokie [ TMice ol crtaltir &S Sitgs GetadiMN AV ar, and
elevapd heal 'fx?c%%‘;r‘é’g}’ea'igﬁ?é? M NGaroreport 1%@%3%%5???&%&%& cells
Mary 0 thede over-expréssing lines of mice AVE Ar eoﬁy nCreased
lateficiastiphsorh X6t omec iéavicar alpettt RS 1Al At 3@8ti0g $ih el ietdustedruiitfE peptide

E. HolmescfuBsNsndnPOPS e eManderadie N xC7KeI; Md Hallin 7.

Sukumaran, V. Pachnis, and D. Wynick. Transgenic overexpression of

gal¥ieRtit Mersnagat GEREN AT BGRIIED IR Rt kR grotomy and its
Prageatingsepeidatianaldoadessy.al7oisocesofihe United States of
America 100 (10):6180-6185, (2003) and K H Blakeman, K. Holmberg, J.

X. Hao, Xy %&&ﬂ% SRRk by andabl, TnBaiah L Wiese el Halits

and T. Holcfelt. Mice over- expréssing galanin have elevated heat =~
no&YEEHVR HHFEE RETHCNEROTE BOYE 1S 1) 43 Sransesnio 6tie§ Hnwhich galanin over-
Hygﬂﬁe@é/ akemanor) ﬁmdfg/&valwm.m@%réfgén%&ge& [Hekietlnshs, W ®Bacon,
2007/05769 T/GB2006/004305 5 N. Crawley, and Z. : .
BTSRRI VARG el B KPR e R gfick
neﬂfmp%bﬂﬁnpndﬁdﬂgeebﬁ'hwﬁmﬂsﬂim mite dfterparigsgiatinodiaeeinjaiyrelated
Br%&%&&a mc]eggl%ésl 6%)[.\'&3%&??&1 gga%%&ﬁ%@@& %55&9[ E%H}%ﬁ(gﬂtes of
reduction in mechanical allodynia (neuropathic pain behaviour) in a

nudyBeEist dfferiNg @ PRSs GROR8lsethi pMazeratt J Ho HesnarBAcHgcon,
R. ﬁbm\}vr;@z._@ﬁ%_a}mf,%d@@@% N. @ydieer aha%@ltkum,@tlﬁaﬁé M&ﬂl&dbﬂﬁin of

and 0. Wynick. Transgenic overexpressiqn o nin in the dorsal ro
ga%b?%of‘r%l&ﬂﬁ}aﬁ}é‘? AT S BB G o o RATRGRE- OF (s Kear i L
Acqpieny afdSKidhdeklafihe KnifetnStages &f Aaweidcd.T0Q U. Kahl, U, Lendahl, T.
(10),6180-618 K, - P. Bram
S & M B D B S St e
Galdeated Beasxpricssitre deesbalse S eneoupod] dprife e ReutdftitticMany of

paiﬂié@@ob@ﬁ%%s’%ﬂ@ 11Rice aliek pattial SEallc DRSS URka BRI both

Research 1025 (1-2):152-158, (2004)]. These data support the _hypothesis

thalXySRaRiREh AR AR TS FoleeiH S A PO EE i A I te nBaCCRnimAal oPe:

and esp&eiady-folfwigCnEere Mjiykobivese, 8halysedss, ead e dditoldHBransgenic

use_of a_ number of galanin I ogical tool ve produc .

ve rg/‘iglregxgl‘gg%g)/no(?} %@gﬂ e%]g%%?%‘%%%% !ta%}gﬁla 11’10%'[1Pa <S pgm-réfm%g gehawour.
Proceedings of the National Academy of Sciences of the United States of America 100

(10):6180-6185, (2003) and K. H. Blakeman, K. Holmberg, J. X. Hao, X. J. Xu, U.
Kahl, U. Lendahl, T. Bartfai, Z. Wiesenfeld-Hallin, and T. Hokfelt. Mice over-
expressing galanin have elevated heat nociceptive threshold. Neuroreport 12 (2):423-
425, (2001) and K. Hygge-Blakeman, P. Brumovsky, J. X. Hao, X. J. Xu, T. Hokfelt, J.



after nerve injury, when endogenous levels of galanin are high, galanin
plays an inhibitory role in pain transmission. In addition to the pain
modulating role played by galanin, it has been shown that galanin
stimtasesperipheral nerve regeneration and neurite outgrow#cif@iB006/004305
cultured 20 adult mouse DRG neurons. The rate of peripheral nerve
regeneration following crush injury to the sciatic nerve was reduced by
35% in adult galanin knock-out animals and was associated with
longidiravdensodriotBidumatidia eficihin dveHolpiesich Makareyh -
R. Kj . .M, Pachnis, R. Curtis, J. V. Priestley, and
D R e o e Fordperr
senSoY2 Bt Forse sty el (fedehfer At AH8 e i tTh Brel dNatb v aatk Set!

US Ae@ifc(2d)id 468t a8 AR FHNEIMATe L HUIR CAOMRIOMISEHe, of differing

Sregen%reqéi\é&%%}?oau .in-vivo was reflected by in-vitro deficCits in
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neutitogenedis” a8 taPRihEd By tNE hifin e e BodidianepR @ Mifsleeplank, N.
extéhdreubteSinmtan evm?%mmm{ngiﬁimaimsgkﬂ%%&ekﬁ%ﬂﬁoﬁl of
pro | uc third compareq tQ wi -ty e COI’]UO S

e A e Bt s o e
R. RiAe8! Berdsineieianscent the PaicthisatR @urtisribaV 0P (E3tER001ES,

D. Wy0inknX GRted dlistupion, of % 9BIR0N D8N grERNCas e nymper,of

sensory.neuro d their regenerative capacity. Proc
?’P@fﬁ%%@ RSB R B ErDISAl gy decreases the development

(219):114@6@&1&@@&4'xqaﬂao?ﬁlmgﬁmgtﬂnﬂibeltaﬁeatigamﬁuﬁi@ﬁbiﬁlé?@élfﬁﬁﬁfkf?l@Qﬁh

wa K0! n , I er tnan developmenta ]
e R i iR e
galBirs kAdekbieahirals. trireracidition of alamint peptideasimifiedntlyfollowing
enianecaveluite oot Tomanddme s neuens SR 1Y

rescued the ohserved deficits in galanin knockout cultures [S.7A.

MaRSHEV RHORiISRl; tevearodieed arenidirsedody of detelopaisBHinetiE:,

P. ligtvramrM ii§uScotieRe:pRoM6ls RIGIH VBRI x| iﬂ%]%eé%@efﬂn%é%'&{ﬁ

recgﬁgg{tgﬂ%% Pnlsa%\éls agke rolse in neurite outgrowth from adult sensory

neurons. J.Neuro |,I§ :4%99:21, (2003)]. These results demonstrate

that adult sensory neurons are 10dependent upon galanin for nemite

extension AAMHEIR¢hs RiéNRodErlioplayed Kirgikmio, thbay bphictaneh that

groguthejiretinotlagy pleipkeya dbyaalRRIN- N REHPErALS SRRy AEHEA Situred
in

there is increasing data to show that galanin plays an analogous role
188 LSRR8 S e R EPEr o PeriacgesERion following crush

the c_entraﬁ nervous sys?@sm.

neRBPYOtetisifdistoetee theshipincabby it thadiimbenaf BV @ndimals and

in-itko.madelsof,inluy.imnlving that dooalanin or o gal anin agonist

would have thera euticguses in varﬁoiogﬁﬁgtgfl %{é%r%q cits [B ' Ea“l%ojmes’ 5.
Mahoney, V. R. g, A. Bacon, N. C. H. Kerr, V. Pachnis, R. Curtis, J. V. Priestley,

and D. Wynick. Targeted disruption of the galanin gene reduces the number of sensory
neurons and their regenerative capacity, Proc Natl Acad Sei USA 97 (21):11563-11568,

(2000)]. Furthermore, this compromised re generative capacity in-vivo was reflected by

in-vitro deficits in neuritogenesis, as determined by the ability of dissociated DRG cells
to extend neurites in culture. The number of adult galanin knock-out cells producing
neurites was reduced by a third compared to wild-type controls whilst mean neurite
length was halved [F. E. Holmes, S. Mahoney, V. R. King, A. Bacon, N. C. H. Kerr, V.
Pachnis, R. Curtis, J. V. Priestley, and D. Wynick. Targeted disruption of the galanin

gene reduces the number of sensory neurons and their regenerative capacity. Proc Natl



disease and brain injury [C. R. Elliott-Htint, B. Marsh, A. Bacon, R. Pope,
P. Vanderplank, and D. Wynick, "Galanin acts as a neuroprotective factor
to the hippocampus”, Proceedings of the National Academy of Sciences of

thednitess Biates of America 101:5105-5110, (2004); and S. RPirppehob/eo430s
Fernandez, R. Schmidt, T. 20 Holcfelt, L. Giardina and L. Calza "The

galanin-R2 agonist AR-M1896 reduces glutamate toxicity in primary
neural hippocampal cells" Journal Of Neérochemistry 95 (3):821-833,

2320@5% Socllsing7AbA)dinses'sl DEJS@?@@O[(%P-EZQ &%Qﬂ%g@é%]tsﬁﬁ I\Aieﬂfﬂgtﬁn b neurite
0 rez. S. D. Ginsberg, S. ama; and E. S. Mufson
PRS0 BT e A R AR
(20TRARS I G D ity e S DewivM o Tavish Gatygbeatadkatyanttagk .
JhamanrdasshGalane, a - id.(A[beta]) toxicity in rat
cholinergic basal forebrg%@%gﬁgﬁN%ﬁ%%%%%g%n%%?i%?é % tesyth from
an r%%% 516 LYo e s e iy anengd ey bservichdisAstirid geldin knockout
hipqad‘eimmtml@emﬁiemﬁ_ y me%@ﬁ@it | Qi; INERLHR! ,'tﬁ.@l.gt?é?xﬂit!tﬁ,@%kﬁ%by, J. Shine,
an than i - optrols.. Exppsure to glutamate or
o R S TRAy ot dAareapdgatspia oceptor
gaﬁﬁiﬂ%@i@&@ bevrgarivypiviandigispersediprdranyinpocarnpalowiies. 23
tham)in \I2e0pis0ly; CANEseIass Gell.deall was observed in the

hippocampus of galanin over-expressing transgenic anmals =7 aftet e
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staurosporine. Further, exogenous galanin reduced cell death when
co-admintstetedavith ghwizmate postayrospeingedhe WilgHrEy GRS GeBheral
Cliotsbyibubud | RSH 1 BACONLT, 0PSB Mandertank, arg ypick

|

"Galaniu acts as a neuroprotective factor to the 5-nippoc: #paganalogous role in
ProcSaiF LY e NEEBhaF Alaninasty s cislnees withertdpiteesStatsiafto the

Arhirearifds 51 0arbdskd 20040 Halaninals sedused: H%P"i‘m&az'lhat
nage in Wlldfagzlge mice indyced by A-beta peptide (the aetlcﬁoyglga ‘

' o S ARSI kst RovATiRTalsand ess
dadifages imdataiimpve e xprasEngraninRIS(RGT /G B2O05/R0PI A8k
Fugthel:Hsing xpermental allergic encephalitis 10 (EAE) model of
MS, galanin kﬁggl?éﬁ%rg\’alg %%?%%%%ésr%o g gBVéF@%’i%é%’t%%ré‘f s
eﬂ@?"ﬁ?ﬁé’% iteapdEemsrd|thnNatitnalvhiistegatariif duereexpressingd States

anihaisesere resitiatmieodeyalapaentodany fl inghe EA
m%cg)%ﬁg/(glja 005/000138]. s daptggé%éi%gﬁ%%i%%tétE%%ﬁla%%%}n

plays & HetroprorBi & ilrine Br gmeaiishraanis iRV &g witferng
digéésm%m@iﬂﬁww%%ﬁrdﬂ%@psl@%m &gguggg&gf@pmpogggﬁrﬂgy 95
anah\its usas i ' 20 isclpses a rnunber of putative galanin
T St e Bel L Bk B it

15 8o adidieargdidtiF fethoned. Bie partitik seglBnt et atienpaptides

|.eA BhineicRenitas REGMAYLGMRGIUL 5)3991988195003); ang Xiling Ding,
David MacTavish, Satyabrata Kar, and Jack H. Jhamandas, “Galanin attenuates beta-
amyloid (A[beta]) toxicity in rat cholinergic basal forebrain neurons”, Neurobiology of

Disease In Press] and multiple sclerosis [PCT/GB2005/000188].

Kainate-induced hippocampal cell death was greater in regions of galanin
knockout animals than in wild-type controls, Exposure to glutamate or staurosporine,
induced significantly more neuronal cell death in galanin knockout organotypic and
dispersed primary hippocampal cultures than in WT controls. Conversely, less cell

death was observed in the hippocampus of galanin over-expressing transgenic animals
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20SP-A-6172387 discloses a synthetic peptide and derivatives for

effectively inhibiting the insulin-secretion suppressing action of gala-min
which peptide is expected to be useful as a galanin-antagordstic
syhstaneesiesthe prevention and treatment of Alzheimer's DisgaS€g2006/004305
W092115681 discloses a peptide having the amino acid sequence of

human 25galanin and DNA clones encoding the peptide. It is suggested

that galanin may play a role in pancreatiz: activity and claims methods of

m@@Mk&tmga@aﬁya"@ﬁﬁpaa@tﬂ'ﬂi&yg@bquﬁimwﬂﬁmgﬁaeaﬁpe@luﬁtie@tﬁﬁgﬁp&yiﬂa.
e, the method invo \gnc%é ft X dlscl g[ % ;
gg%i%’()%%fsc‘foésaﬁﬁf &ncod |ng uman ga anln an RO sg aﬁ%a ot
30itentifivaiivriofgdisperentng dhists EIB EPE0 09,8455 didcBsesuRai ope, P.
"eCPUERAIIBM GHiEH INyRLnaicaliye ofhe IR0EREIBIlG ANLGS e

sSensory axons in the sciatic nerve) neuron survival urlng development

anbERBRGRTBRNF pBtesReSin PE the NaiopabiicatrmvAicisisran glte baiisdiNtates of
genenedmpared Ioawmypmmy@e Ghheare aﬁs@i@qwaplﬁgp&ma%ag@ ighwild-

has b 5en h th tI k

fsirbaa it ek Gt bR e
ma;asbegasecgdmm:aamdcmIameakemdrbssslwtag&thgé@mm&hﬂaﬂqnwsm
in Qfﬁh‘?ﬂ%{]ﬁ@i‘ﬁ%ﬁﬁ%f&%m ?@@@4%@9{%&9@%&%&9&%%1%ff§7he§r?cephalms

s, named "galnon” [Wu et al. (2003) Eur. J. Pharmac

oun
135@]@%@ %{%\Eé%é@lahﬁpﬁla%@wﬁmdﬁ&ﬁlﬂw%nwb‘é‘fﬁr@d&m@ at an
gngaﬁiérhﬁ?zge @Emmgzu&gﬁrd 0 ammag«mlgt galanTIhgﬁeﬂJagpa&@M@ gaitdals were
eanstrate a administrati N ro e
e e e s T AR Ao St e g s
inhHibitseelate pgahicl pamsistmilic galnth stinys te pepiphetalanebodo the brain and
fe%?ﬂ?aﬁ%%ﬁ%ﬁﬂﬁ?é&&&f&%@s@ ilarly, galanin plays a

roprotective role to 1 brain an splnal cord in a range of disease

5 models ”\91 ) ?999%%?55?05 %hg s%%&ggee of human galanin and its uses in pain.
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W092/20709 discloses a number of putative galanin antagonists. The
antagonists which are described are all based on the first 12 amino acids of galanin
followed by partial sequences of other peptides i.e. chimeric peptides, and may be

useful as analgesics.

JP-A-6172387 discloses a synthetic peptide and derivatives for effectively
inhibiting the insulin-secretion suppressing action of galanin which peptide is expected
to be useful as a galanin-antagonistic substance for the prevention and treatment of

Alzheimer’s Disease.

W0952/15681 discloses a peptide having the amino acid sequence of human
galanin and DNA clones encoding the peptide. It is suggested that galanin may play a
role in pancreatic activity and claims methods of modulating pancreatic activity, or of
stimulating the production of growth hormone, the methods involving the use of the

disclosed peptides.

W092/15015 discloses DNA encoding human galanin and methods for the

identification of galanin antagonists.
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AD or MS. To date, the mechanisms that regulate galanin expression in
the nervous system and particularly the adult DRG or spinal cord, and the
responses to nerve injury are unknown. Similarly, no compounds or drugs

haxeReemnsigantified that modulate galanin 20expression in thecBR&&s/004305
spinal cord, in contrast to galanin expression in the pituitary gland, which

is stimulated by chronic oestrogen exposure [M. E. Vrontakis and H. G.
Friesen. Galanin an estrogen regulated fiormone of the anterior pituitary

gland. Preeeediigs o @1tk Mesitogvehtiek urasieaiuNainoendacsnge

Assoctation 25,33, (1989)| 25None ai fhe compaunds discussed apoe,
aréeg?él%?daﬁ e Inventors nave now SUprISIﬂ&Fﬂ ﬂnaufﬁatscer]taln &

sterofdl gherivitivédanetetfeptivetin el diRyapaindnciicShictdpeiiag Hergeanin
inj é@fg %%e%%%ﬁ%@l@%.lﬂeﬁe@ 4B @W&Q@%&s& Xyhich has been

engineered such that it lacks the galanin gene.

W002/096934 discloses a series of galanin agonist compounds which may be
used to treat convulsive seizures such as those which take place in epilepsy. These are
complex organic compounds and one of these compounds, named “galnon” [Wu et al.
(2003) Eur. J. Pharmacol. 482 133-137] equally activates and has agonistic activity to
both GALRI and GALR2 and has uses in freating pain.

Thus, the above data demonstrate that the administration in rodents of
exogenous galanin or the transgenic up-regulation of endogenous galanin levels both
markedly inhibit neuropathic pain behaviour and stimulate peripheral nerve
regeneration and axonal outgrowth. Similarly, galanin plays a neuroprotective role to
the brain and spinal cord in a range of disease models that include stroke, brain damage,
AD or MS.

To date, the mechanisms that regulate galanin expression in the nervous system
and particularly the adult DRG or spinal cord, and the responses to nerve injury are
unknown. Similarly, no compounds or drugs have been identified that modulate galanin
expression in the DRG or spinal cord, in contrast to galanin expression in the pituitary
gland, which is stimulated by chronic oestrogen exposure [M. E. Vrontakis and H. G.
Friesen. Galanin an estrogen regulated hormone of the anterior pituitary gland.
Proceedings of the 4th Meeting of the Furopean Neuroendocrine Association:25-33,
(1989)].

None of the compounds discussed above are steroidal. The inventors have now
surprisingly found that certain steroid derivatives are effective in reducing pain in the

SNI (spared nerve injury) model.

Thus, the present invention, in one aspect, consists in the use of a compound of
formula (I):
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(in which: one of and R2 represents a hydroxy group and the other
represents a hydrogen atom; Or 5RI and R2 together represent an oxo
group; R3 represents a hydrogen atom or a hydroxy group; and the dotted
linas 1apIeseNt single or double carbon-carbon bonds); and  pr/aB2006/004305
pharmaceutically acceptable salts and esters thereof for the preparation of

a medicament for the prevention of or the treatment of pain. 10In the
compounds of the present invention, where RI. or R2 represents a

hydroxy group, this is preferably in thefgibta config
such compounds are 11- hydrox;_%ﬁ4 a drostene :
ox0-A4-androstene-3,17-dione B nlogita
are synthesized from androstenedignc (A4-andrgstene-3,17-dione) by an
11P hydroxylase that exists |n 15t e E)dy in the jadrenaf cortex and by
side-chain cleavage i in po j id cortlsol A

1j3-OH-A). The ste |d derlvtlve of formula (I) or a pharmaceutlcally
acceptable salt or estegtf he gien alone or in combination with

other known treatménts for 20pain sucha ggbapentin or pregabalin. WO

2007/057691PCTIGB2006/004305 10 Akcording to andther aspect of
the invention there is provided a method for preventing or treating a
subject for pain comprising administering an effective amount of a steroid
di AR of formula (I) or a pharmaceutically acceptable salt or ester

thereof. P efera y, the compounds are
10ﬁ9@|f(‘5<y 28d B ErorShshls- %I’Wr%r%‘%]ﬁ(flilp the other represents a hydrogen atom;

or
Rl andR2 1o gether represent an 0xo group;

R3 represents a hydrogen atom or a hydroxy group; and

the dotted lines represent single or double carbon-carbon bonds);

and pharmaceutically acceptable salts and esters thereof for the preparation of a

medicament for the prevention of or the treatment of pain.

In the compounds of the present invention, where Rl orr? represents a hydroxy

group, this is preferably in the beta configuration.

Examples of such compounds are 11-hydroxy-A4-androstene-3,17-dione and 11-
oxo-Ad-androstene-3,17-dione. These are physiological substances that are synthesized
from androstenedione (A4-androstene-3,17-dione) by an 11§ hydroxylase that exists in
the body in the adrenal cortex and by side-chain cleavage in position 17 of the
glucocorticoid cortisol. A preferred compound is 11B-hydroxy-A4-androstene-3,17-
dione (11p-OH-A).

The steroid derivative of formula (I) or a pharmaceutically acceptable salt or
ester thereof may be given alone or in combination with other known treatments for

pain such as gabapentin or pregabalin.



gweurop y-associatcd pain such as in idiopathi

5exo0-A4-androstene-3,17-dlone or their derivatives. In particular, the
compound is most preferably 11f3-hydroxy-A4-androstene-3,17-dione
(1113-OH-A). The steroid derivative may be given alone or in combination
Wikiheenisaewn treatments for pain, such as gabapentin or pregaRalifico430s
The pain may be neuropathic pain, preferably centrally mediated

neuropathic 10 pain. The pain may be chronic, allodynia (the perception of
pain from a normally innocuous stimulus)%yperalgesia (an exaggerated

][gslpopse técangd@igma}naﬂ‘nesﬁﬁpehﬂﬁg &ﬁd@@rﬁlﬁﬁdﬁ@i@& %f&gi)%éﬁﬁ%ﬁw& for

ie I at is "painful” when a stimulus.is.applied), phantom

it e o RATE S R TG ELBHR pAmount
pgirﬁﬁEdr@@&iéeﬁ@{ﬂ“@mém@nmpamapuscdma'qaﬁy_campma@aah or ester
trigamiRak neitelgif, ROSLSGHOKS, PR m%98%8@%4%%&5&%&%‘2?i[‘%gdPo%'é‘and 11-

Zﬁl{f é) s in idiopathic or post-tramatic
UeuPEBHtATATESFshdruHnge prtheis derivatonsnduimstaviens &in compound is most
canpmfa;ssmageﬂy_aﬁmgonata@ﬁmiem@amﬁhmhmm@ﬁ%ﬁ%égﬂéﬁ%ﬁvmve
pai .cord injury-associated pain, complex regional pain syndrome
fibrgrrlngga% f%’ééé%%%&%ﬁr%ﬁ%%ﬁh?@%aﬁ%f BP HitfEErdal Bl such as
refléapegmNetestrdphy, phantom limb syndrome or peripheral nerve or

spinal cord trauma, entrapment neuropathy, nerve transection including

surgery, Libsapteh iragtsawionpimb @mppiatanord SRRl hed ne%r]c?}iathic

1dweu§%rrrlla' nour compression, ar egé,)v,e%?}t%s malformation, Vitamin 1

defitiency, diabetic heuropathy “afiBHEE TS HERY Op RftcASenByHy
sidensieeesoftiantusariver bzt fntiedd RErherapiRs spANAS SRR stimulus)
with, iaf i | ion: th. (tpothache),.visceral pain, pain, X
o e a rseey S T B d s
paiﬁ@ﬁ@é&%@%ﬁ@&Rfé&%@ﬂ@mé@@The connective tissue disease

may be one of: rheumatoid arthritis, Wallenberg's syndrome, systemic

lupus erythenfat@sus]taudtiple telerdsisapbpolyarfertifinetiassc dekipheral

| t tinvention there i ided th
L e S e e Bl

use of a steroid derivative 0 orap
saltSeleEsigrirrastiatihapropaiitan eizehendicaurens foidhpphventicn
of oprateictienragalnshiy alo:amAgs, NrelliuLY.ar RN diseass: o8-

imp,rovemegt in the condition of 5individuals who have suffered’such brain
da rﬁ%sgc%aliﬁju%ué?p&i cag@pﬁm%e{ﬁésomated neuropathic pain, spinal cord

injury-associated pain, complex regional pain syndrome, fibromyalgia-associated

20 neuropathic pain, lumbar and cervical pain, reflex sympathic dystrophy, phantom limb

25

30

syndrome or peripheral nerve or spinal cord trauma, entrapment neuropathy, nerve
transection including surgery, Lissauer tract section, limb amputation and stump pain,
neuroma/tumour compression, arteriovenous malformation, Vitamin B12 deficiency,
diabetic neuropathy, alcoholic neuropathy, pain caused by the side effects of anti-cancer
and anti-AIDS therapies, pain associated with inflammation or infection of a tooth
(toothache), visceral pain, pain caused by chemical burns, pain caused by local or
systemic infection, or pain caused by connective tissue disease. The connective tissue
disease may be one of: rheumatoid arthritis, Wallenberg’s syndrome, systemic tupus

erythematosus, multiple sclerosis, or polyarteritis nodosa.

The pain may be associated with cancer, surgery, visceral damage, headache or
trauma.
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compounds are 11-hydroxy-M-androstene-3,17-dione or
11-oxo-A4-androstene-3,17- dione or their derivatives. In particular, the
compound is most preferably 113-hydroxyA4-androstene-3,17-dione.

Gissiyisahia derivatives are also contemplated for use in acsefda8¥6s/004305
with the invention. 10According to another aspect of the invention there is

provided a method for prevention of or protection against brain damage,
injury or disease, or an improvement in #ie condition of individuals who

hzve_ S_Uﬁﬁ@gr%@’%&biﬁﬁ“rﬂﬁ*ﬂﬂﬁ@t di?ﬂh@’p%s@éﬁg@%ﬁ&maéff?i%rovidid the use

a nisteri an effecti amount of a sterol eriative o muja or

o O O S 0l CRame L\ bF BErEP B A I PSTSPLA T s

cothpeofifis txepidpaiBtopdrixypédsandrosietie-Bravbdione@mchrotection against

11 oo andiostone.3 17.d. il
HRAR éz%n% ,%‘%ﬁ%ﬁE@%ﬁﬂ&ﬂ%@éé&?ﬁe'&%ﬁ%%@&‘?gmle%ﬁﬁ%{g@{_ K8 of

compound Is'most pr 1113-h_y-droxy-A_4-_ androstene-3, lone.
Thiadirdivaoryodramedin Gean aud ialn Hereass by ordsehembisiesably, the

th r%ﬁ%%&fa?@?mm%ﬂ%@% SHERCS o7 indirest TRRA /O SUHGSIRAED 17-
the brain or. spinal cord, 20ischgemic or embolic damage to the brain

dufiR e ST RER IFHSHAISS by b ALL SRS SPRROEPdiVATSt Paieniblyi dihRsrarioxy-
dabgadioleniriglMyoeardahinfarcticn derainidiseas elstrnmiaatdgiabior use in

da%@&%’aﬁ&e{ﬁiﬁ@ég%@&gﬁor radiation damage. The immunological
damage may be the result of bacterial or viral infection. The chemical

damage may be the result of excess alcohol consumption qr
administr8f6 SRR AISHREATRT AL S ForesBom Histe Fatavidrt appgthod for
radisdientttanbgeproaythe ieiresitafdanio) erapy Jodsanecod@dimentement

The brain disgase s preferably, one of Alzheimer,s,Disease (AD), .
B e
Jaconpiskasd(GIBFring dortvetyeparativef ofsterviddicamint fdfehpula () or a

Pro/RAtoR Qf RIS IGeNGIANR A BRLYRISRAI Bl AEMAPIALGRHOR A :
Prg%rably, tﬁe cgmééimds are fl-h droxy-A4-a{3ndrosg%2ne3,17-diong %rﬁél

11 KR Ahardierees 4 7-8ieReebt et autvatdstar patticlige engheir
coaybutields Id PSS Tuphe tasaly dokaddriomypAdeaibyaseRedzty-Alione.
Adyagtasgeou;% ;qnese compounds may allow the promotion of nerve

andaro f:ne- 10N, . .
regeneration and/or répair, as the result of following, for example, nerve
injury, disease Or damage, including AD, PD and MS. According to _
another aspebtdt iRETHoERtdR dHBREs B RAGEEs S REPISCPE P BRSHHo firgmbotic

nepterregRABRatoN:Ie! Ve EeRai Rl BaUrARFAIECHARHR oSHPIRG or spinal cord,
com ising : . . .

ischaemic or embolic damage to the brain during cardiopulmonary bypass surgery or
renal dialysis, reperfusion brain damage following myocardial infarction, brain disease,
immunological damage, chemical damage or radiation damage. The immunological
damage may be the result of bacterial or viral infection. The chemical damage may be
the result of excess alcohol consumption or administration of chemotherapy agents for
cancer treatment. The radiation damage may be the result of radiotherapy for cancer

treatment,

The brain disease is preferably one of Alzheimer’s Disease (AD), Parkinson’s

Disease (PD), Multiple Sclerosis (MS) or variant Creutzfeld Jacob Disease (CID).

According to a still further aspect of the invention there is provided the use of a

steroid derivative of formula (I) or a pharmaceutically acceptable salt or ester thereof



10administering to the subject an effective amount of a steroid derivative
of formula (1) or a pharmaceutically acceptable salt or ester thereof
Preferably, the compound is selected from

13xloysbi9x¥-6¥t-androstene-3,17-dione and 11-oxo-A4-androstgRgehiobe 004305
dione or their derivatives. The compounds of the present invention can be

used to repair nerve damage 15injury or disease in any condition where
there is nerve damage or nerve loss, suéh as due to ischaemia or

hygoxiae pepuextiamagaeaiossemay:- e duentoti onieReutgdegansrative:
condition such as i?ﬁAlzhe' % isease or Parkinso isease

I's 's d imilarly,
e B LIRS ARV S 0 AP P rose-

the compounds
sclérbbigioRe At dicing-tot smdtbeierasphé Cidodnberthentenviitiors. isypavicider, the

2 PhamRsa LG Gmpesiion a6 e JEAERLOr piygntion of

pain, the composition comprising an effective amount of at least one of an
steroid defiyative of formula (1) or a (?armac utically acceptable salt or

3 ester ther‘é(é){?{dﬁ\’{ra@feec?éwyflﬂfﬁsé & Iﬁ?ﬁggl fo’ﬁaéfoarﬁﬁwggg brotiotion of nere
11 -degelrenajionpatidrogpenc:Stisraidhefofollowing, for example, nerve injury, disease
11-&%4%?%9%g%%%d49@@[9y their 25derivatives, and a suitable

excipient. Most preferably, the composition comprises 113-

hydroxy-A4d-androstene-3,17-dione,. . According to a thriller aspect of

the invenfiSKiePé 18 ﬁ%%ﬁéﬁ%"bﬂ%ﬁﬁéﬁ%‘éﬁ‘ﬁﬁ@&i tgﬁ’rﬁ BoEHAsor Tedhpiti

tre@tareotingy mvengiﬂmaﬁmghardaqapaggmbnaimdmurqcﬂmrbmimdimasem@ﬁsing
1pa@n éﬁ}f?ﬁﬁyﬁmfgntto' ﬂl@ﬁ@g&% %ﬂfe%ti%dsl}ﬂgtlfﬁl%f\%hs?epoaﬁ%esryvfafl%(f%dof %Io%lnula (D) or

brain 30dmnage, injury or disease, the composition comprising an

eff@HVERAROTE LY acseaiehis el elerientiberestfioRralitaehlyofbe compound is

phaereasewtically ageenipble.saltarasten thereef Rreferablyalig drostene-3,17-
corgpositioii co(g;grlses at least one of 11-hydroxy-A4-androstenc-3,17-
861t 78%S*

diohe 61t 128% S A %G ostene-3,17-dione or their derivatives and a
suitable excipient. Most preferably, the composition comprises

11P-hydrdky-mmppardses the sraserdipnenBoeavarisstiyiothass compunas
15 mayipre etk JeaHes cell dedtRvhere thBR 5@‘@9&@5&&%& REQMAEI s, such as

pharmaceutical _com\gé?sition for use in the promotion of nerve
reg%eur‘?éf’dﬁ%]?ﬁeBP?‘lB’f REHAIrNTRE ARtRSp It crtke dunipeeRin
comprisiegean affectivelaimounhaf an staraid-gerivaive af fenmmla ()iakae.

E??ﬁeéé%”‘%ﬁe@‘”%ﬁ%% 2hle:qlh QL s ingreal and a syitable exgipjent
sclerosis.

20 According to another aspect of the invention there is provided a pharmaceutical
composition for use in the treatment or prevention of pain, the composition comprising
an effective amount of at least one of an steroid derivative of formula (I) or a
pharmaceutically acceptable salt or ester thereof. Preferably, the composition comprises
11-hydroxy-A4-androstene-3,17-dione or 11-0x0-A4-androstene-3,17-dione or their

25 derivatives, and a suitable excipient. Most preferably, the composition comprises 11p-
hydroxy-A4-androstene-3,17-dione.

According to a further aspect of the invention there is provided a pharmaceutical
composition for use in the treatment or prevention of brain damage, brain injury or brain
disease, or an improvement in the condition of individuals who have suffered such brain

30 damage, injury or disease, the composition comprising an effective amount of a steroid



10composition comprises at least one of
11-hydroxy-A4-androstene-3,17-dione or 11-oxo-

A4-androstene-3,17-dione or their derivatives. Pharmaceutical
carpResiliens Of this invention may comprise one or more or ae@mBHIBLIRN305
of the steroid derivatives of formula (l) and pharmaceutically acceptable

salts or esters thereof, with any pharmaceutically acceptable carrier,
adjuvant or vehicle. 15Pharmaceutica||y1acceptable carriers, adjuvants
andeviehilesfthatmayHeusgthimibherpibdiymacepttichl airopesiionsfthis
InvERHARIDIHIE, [ SN AMBIS,IO0 LAFANASIS, AT, AUIIIUR e o 5 17.

stearate, lecithin, serum proteins suc S human serom a umin, bu
subisiameeslstremad sibapmRass] ilienser sbelsidcabiet yrotasbiumisbibateipient.
panisbigivserde natusa ofisatuapHe g IR Aty Acid s Waler SSAtSOh.
electroly-tes, such as 20 protamine sulphate, disodium hydrogen

5 phospha | rogen phosphate, sodium chloride,.zinc salts,
colloidal gﬁcﬁﬁggnggé%é{%%%%} %@éfgprg@rﬁrrﬁ%nﬁ?{)ﬁ%‘%uﬁg,cglglflﬁﬁo e-based
substanc %polyethylene glycal, sodium carboxymethylcellulose,
polyacrylafed WAL Alayaaidehe Bhatrses Brop\ e rRisiR Solyasdrshe
polyethytienetiyeot aagfmmﬁbtam@el;eﬁemm%ﬁ ﬁB@fr@ﬁE@t’é%ﬁBﬁ}‘tK@cHﬁﬁ%sition
as rug. Pharmaceutical co sitions of this invention may be
ad(r:?ﬁ)%ﬁ 's%%gdg‘gr% VTRt aIRy, By ".%ﬁé%'?%ﬁ%%}vﬁé’éﬁé?ﬁ%% @e‘?ﬁ@e, by
inHaRmGsapieaiepienitp s eeiatysstrashilyobant aliyj bginatipiontvifraferably the

10 IMBbAHEGTESEEUANEY 3l RAPUNSHRICRLIIRINISEANON DY, Yeton or ;o
p(—ﬁéi_le-f ee device is preferred. The term "parenteral” as 30use herein
in daé‘é{‘é’lﬁ

BaGtArdaterfrrdReitA5E8AEY shtravenous, intramuscular, intra-

14 articular, intrasynovial, intrasternal, intrathecal, intralesional and
intmcranidiinfecioicet ¢afupisititeshhibisesventionneye theppiwsmasenticad: a
compasiHians pAmIRstaIed RLiNR oD AhIReAIS e device, itmay be
in the form of a_sterile ir]'ect;ble preparation i@ggo%%é%%gaﬁei@m aXcep table
defRIEr)I5y S dbreefre 8/t drep oA v beaseenighlsousrisr. oidiaginbosvehicle.
suspension. This suspension may be formulated according to techniques
15 known inRbrerazceging lsuitabis dispersing djwettingdgentddsiehnas; ferused in
eXAPIR Ve S0) ﬁldggggqigg- ents. The sterile injectable
preparation or form sOui able for de |velr%/g%ﬂ{/%lr(?l(vel(%;%Clelzl-%aégotrzl(ea'}\i/lcéD r?ialtyo/na §6' BT
a

1B BlEHEpER SteralT-dasihiosaE paretiraNch es dptabieOdikibunin,
or sgifiee Biibiamexampleasash s SRAHIOR ¥Bide Ss0WiRRERIOl - ARRRIMBate, partial

acceptable . i
ngQe?f%e mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as

20 protamine sulphate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zine salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glyeol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block

polymers, polyethylene glycol and wool fat. One or more of the esters may be used as a

25  prodrug.

Pharmaceutical compositions of this invention may be administered orally,
parenterally, by injection, by needle-free device, by inhalation spray, topically, rectally,
nasally, buccally, vaginally or via an implanted reservoir. Oral administration or
administration by injection or needle-free device is preferred. The term “parenteral” as

30 used herein includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-
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vehicles and solvents that may be employed are mannitol, water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending medium. For this
PYBOsRyANRland fixed oil may be employed including synthgtic mMono- .50
or diglycerides. Fatty acids, such as oleic 15acid and its glyceride

derivatives are useful in the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such a4 olive oil or castor oil, especially

in theiepalyoxysihyleigdnversians, Thesecai] 5o Mk SYSRENSIONS MdMion
alsgr%ﬁgfgi%%é%%hcegain alcohol diluent or dispersant such as Ph. Hely or

a simifar alcohor. Pharmaceutical compositions of this invention may be
orally administered in 20any orally acceptable dosage fonii including, but

not limited{B° & Aprspietnespybics sperpasiiisous alipivipshbyHnitgitntonsedle-
In theechrseoafitablielsfrosabiae feaEars WBIAbRIS-GURMAIY 48§5h suitable
inclftj)g el%osg argddtchrg; st%rch. %%%riﬁ%in agents, such as magnesium
stearats. can aso typicaity Be S8 ESFHrA T H OIS U sLsRension.
forrhig sefpéailoremiayibe e itattdse @ndigy iedechniystaiotow/ he th agieots
su i ind r eActive ingredient is,combined ..
Wit?%ﬁ%i?gﬁﬁ%%%gﬁﬂé@?%%%ﬁg%%ﬁ% P, e S 2R R encing
flavtHivig FiolaiGFiAB aBeRes dien B dosadetable fpristivenduticeddle-free
compasitions DfdhisapyrmbanMayaise e administes eakindha iRy 9faple

suppositories for reﬁ)tal adérinistra %ﬁxn,. These compositions can be
preparet %@S%ﬁlﬁ 1158 FEBMpSHAS SRt i ShtEaGdinla e dhe acceptable
nonahiitetingdesddipienthwhickyibesoliglapad amtempetatirerbRidiguidsatution and

reciakiamREsA e ARminsIsigre Efﬂ'mﬁl

é;!{‘ the) 15 Jeptum to release the,
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long-chain alcohol diluent or dispersant such as Ph. Helv or a similar alcohol.

Pharmaceutical compositions of this invention may be orally administered in
any orally acceptable dosage form including, but not limited to, capsules, tablets, and
aqueous suspensions and solutions. In the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch. Lubricating agents, such as
magnesium stearate, can also typically be added. For oral administration in a capsule
form, useful diluents include lactose and dried corn starch. When aqueous suspensions
are administered orally, the active ingredient is combined with emulsifying and

suspending agents. If desired, sweetening and/or flavouring and/or colouring agents

may be added.

Pharmaceutical compositions of this invention may also be administered in the
form of suppositories for rectal administration. These compositions can be prepared by
mixing a compound of this invention with a suitable non-irritating excipient which is

solid at room temperature but liquid at rectal temperature and therefore will melt in the
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the compounds of this invention include, but are not limited to, mineral oll,
liquid petroleum, white petroleum, propylene glycol,
polyoxyethylene-polyoxypropylene 10compounds, emulsifying wax and

walehobdigynaiively, the pharmaceutical composition can be fgyguaiads no430s
with a suitable lotion or cream containing the active compound suspended

or dissolved in a carrier. Suitable carriers include, for example, mineral oil,
sorbitan monostearate, polysorbate 60, ]csetyl esters wax, cetearyl alcohol,

2- @@Mﬂ@@f&@d}g@&h@%ﬁ% alsebhaland &?@Ebfnﬁ&mm” @mﬁéicelat are ﬁot llimited to,
compositions of this 15invention may also be topically applied to the lower
int%%g(i)ﬁah%%t%ﬁ?%%i&@&ﬁ%gﬁgﬁ?%@%w&tion or in a suitable enema
formulation. Topical-transdermal patches are also included in this o
inventionl oricatigdmpnisirtiee afitha eempisiadid cmprsihverichiriayepdon is
adé%ﬁ?@ﬁs&ﬁglﬁm @1@%@@6@@%@1@%@&@%@%@ tﬁQﬁt E?@fre@ﬂ@ly accessible
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1is a histogram il‘lﬁtilgftirating the results of experiments on the effect of daily

or SPERHAICHBH BF18 R oG, 4iFaPALYE He B PHEBRRP dhiFal composition
meeharitaimddicbpitbn mintdeiathitomicefoscadayssane 4b6v @Bmpound

meaipaeal aledia s 200l RIS SRAISS RESEIIDNGNY o
sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol and water. Pharmaceutical compositions of this
invention may also be topically applied to the lower intestinal tract by rectal suppository
formulation or in a suitable enema formulation. Topical-transdermal patches are also

included in this invention.

The pharmaceutical compositions of this invention may be administered by
nasal aerosol or inhalation. Such compositions are prepared according to techniques
well-known in the art of pharmaceutical formulation and may be prepared as solutions
in saline, employing benzyl alcohol or other suitable preservatives, absorption
promoters to enhance bioavailability, fluorocarbons, and/or other solubilising or

dispersing agents known in the art,
BRIEF DESCRIPTION OF DRAWING

The invention is further illustrated by reference to the following non-limiting

Examples and drawings in Figure 1 in which:

Figure 1 is a histogram illustrating the results of experiments on the effect of
daily oral administration of 11B-hydroxy-A4-androstene-3,17-dione on mechanical
nociception in intact adult mice for 7 days and then on mechanical allodynia in mice

over 7 days in a spared nerve injury (SNI) model of neuropathic pain.



A. Method of manufacture of 1113-hydrox-v-4-androstene-3, 17-dione
511D-Hydroxy-4-androstene-3, 17-dione was synthesised in a single
stage, oxidative reaction from hydrocortisone. The starting material was
dmg@gog;@petlc acid and allowed to react with sodium bismyRRL,006/004305
overnight in the dark. The mixture was then filtered and washed with
dichloromethane. The organic phase was separated, washed with water
and neutralised with sodium blcarbonatég(to pH 8). The organic 10phase
was again separated and then washed, dried and filtered. Finally, the
organic solvent was removed under reduced pressure. Pure product was
achieved by recrystallising from ethy: {ftgibeptane. B. Biological
Methods Animals 15All animals were andard chow and water ad

libitum. ) imal.care and pro es were performed in.the United
Ki Plototolsatt guaeies Age (to-12 Weeks, 25-30

g) matched adult mice were used in all experiments (n:8/genotype). 17
Surgery Mice were anaesthetised with Hypnorm (Fentagiy! citrate 0.315
mg/nil + Fluanisone 10 mg/ml, Jansson):Hypn el Cv gazolam 5 mg/ml,

Acad. Sci. U.S.A. 100 6180-6185). Flje waréa nerve inj
) branches § fthe ciatic nerxe after it

trifurcates, leaving one branc edure geherates a partial
denervation of the #a and an expansion
of the receptive pai lpaln bekaviours in these models closely

resemble a numbger of huma neuropathic 10 pain conditions, such as
Icoholism and trauma

Curr. Opimi&ubiol. 4575- 534] An‘incision Was made in the lateral right
hind leg just above the level of the knee, exposing the three terminal
branches of the sciatic nerve: the common peroneal, tibial and sural

5 nerves. ThEPddremsi-prarskedtend SindiPReissymkestighty a single stage,

oxidative reaction from hydrocortisone. The starting material was dissolved in acetic
acid and allowed to react with sodium bismuthate overnight in the dark, The mixture
was then filtered and washed with dichloromethane. The organic phase was separated,
washed with water and neutralised with sodium bicarbonate (to pH 8). The organic

10 phase was again separated and then washed, dried and filtered. Finally, the organic
solvent was removed under reduced pressure. Pure product was achieved by

recrystallising from ethyl acetate/heptane,

B. Biological Methods
Animals

15 All animals were fed standard chow and water ad libitum. Animal care and
procedures were performed within the United Kingdom Home Office protocols and
guidelines. Age (10-12 weeks, 25-30 g) matched adult mice were used in all

experiments (n=8/genotype).



15ligated with 7/0 silk and sectioned distal to the ligation removing
approximately 2 nun of distal nerve stump. The tibial branch remained
untouched during the procedure. The overlying muscle and skin was

suiireq anddhe animals allowed to recover. In sham- operateq,@ﬂ@ﬁ[ﬁbt}a&ms

sciatic nerve branches were exposed but not lesioned. Behavioural testing
20In all tests, the examiner was blind to the genotype of the mice.
Mechanical thresholds were measured with a series of calibrated von Frey
filaggpdsy(Stocling) from 0.005 g to a maximum of 3.63 g. Animals were
put in Perspex enclosures placed on an elevated grid (Ugo Basile) and

habituatedfol gtleashamalios indeatpa,Merbaniealaensi s Wam +

assessed on each hind paw, employing the up-down testing paradigm to

25FbteRFAE tHeEiRL AR E AN EA S hia YR A F?S%H&ﬁéé%mo
50 gpof @tﬁﬂwlﬁfﬂ@n?ﬁg &l @lﬁ&i&d%@«q%o(ﬁl df P&y dthidpain was used

Vandelplank C. Kerr, M, Sukum ran
ST ARSRHTES E ri gAFA o SOk R Shced erve
moﬂ@daﬁesqﬂalr{ﬂﬁ[a,tmpbeﬂoﬁnmmy E’gﬁhﬁeﬁiﬂ' ngs bfativhdN afidradctademy after it

of Seiences of loe Unled Stales of Ameica. 19010} 6180:94880 R0 hon of
11,mwmwaﬁmbs@ueesailwdamﬁmmaﬁ%@ﬁﬂ@rwmwergﬁ@rﬁem

N MNEEHain FRARNEERX: MR HIQRIRRE; éi%@%eﬂ%@@? intstarad ﬁ@lﬁopaﬂlic
adult male mice aged 10-12 weeks of age dai % at 9.00 am by ral gavage

10for BB GORERIoNS e A5 BASE AT TeL0 Wik disirsRat: %aéiﬁ OB fed trauma
da@wben@rte&tmgvmk(pm Pmeemangaéﬁswmmmmm@% Curr. Opin.

ts showed that 11P-hydrox
os é%e 3%] %%c? gLe‘&rlﬁalnﬁecﬁy Y AN 5?8?1 %‘c%lnt a;‘}eé” mﬁd leg just above the
metdwah@%*é:né@gp,aﬁwma Wmdm%émrymwmméd@ common
2pi Be@&k’é’aﬂ %b‘%é’l%(d%ﬁ%[ dan @Vﬁ{e%gnﬁ%%ﬂﬁﬁﬂﬁﬁ& SN SHEIE el DB ohily

results are shown in Figure 1 1OSur%1|S|n y,.the compounds of the
Lpredeseihvihtioh eIl SR plieFHOBETIERS EREFRRER™m
by axammemmﬁaplcahstﬂmulaﬂmﬂaam@uhmvmeardm:ﬁyewptheem. The

MO R R IR (PRRIC DA Rd tQ“%lasd"f%%E‘e%%Q%éé&?éemshm-
compou?ﬁ&% are e fective against neurupa

operated animals the sciatic nerve branches were exposed but not lesioned.

Behavioural testing

20 In all tests, the examiner was blind to the genotype of the mice. Mechanical
thresholds were measured with a series of calibrated von Frey filaments (Stoeling) from
0.005 g to a maximum of 3.63 g. Animals were put in Perspex enclosures placed on an
elevated grid (Ugo Basile) and habituated for at least 2 h prior to testing. Mechanical
sensitivity was assessed on each hind paw, employing the up-down testing paradigm to

25  determine the threshold force required to elicit a withdrawal response to 50 % of
stimulations [F. E. Holmes, A. Bacon, R. J. Pope, P. A. Vanderplank, N. C. Kerr, M.
Sukumaran, V. Pachnis, and D. Wynick. Transgenic overexpression of galanin in the
dorsal root ganglia modulates pain-related behaviour. Proceedings of the National

Academy of Sciences of the United States of America 100 (10):6180-6185, (2003)].



MCSLLP 19 CLAIMS: 1.The use of steroid derivative compound of

formula (1): S (1) (in which:  one of and R2 represents a hydroxy group
and the other represents a hydrogen atom; 10or Rl and R2 tog;?er

r xo group; R3 represents a hydrogen atom or a fygioshos/o04305
gﬁgﬁaﬁr&%ﬁ do?ted lines represent single or double carbon-carbon

bonds);  or a pharmaceutically acceptable salt or ester thereof for the
preparation of a medicament for the 15pi1§vention of or the treatmept c_)f
neutdetthic! il b b ueeraseardny Wi olaivh hywvhereienteyderiyaiiven in
is sglegted from 11 -hydroxy-A4- androstene-3,17-di(_)ne and I_
1-oxo-A4-androstene-3,17-dione. 3. The use according to claim | or 2
wherein tHé fHbytiatiye/ié-dhBrdayero3y-AdoandpstenerdidrédioBadult male mice

aged 10-12 weeks of age daily at 9.00 am by oral gavage for two weeks, On day 8 an

S SNIlesion was performed. At2pm on the days when testing took place,

10

mechanosensory thresholds were measured. The results showed that 11B-hydroxy-A4-
androstene-3,17-dione markedly and significantly attenuated mechanosensory allodynia
(chronic pain behaviour) when measured at 2pm daily (or every other day) over a 7 day

period after SNI surgery. The results are shown in Figure 1

Surprisingly, the compounds of the present invention are inactive ina simple
pain model where pain is caused by excessive mechanical stimulation. They are,
however, active in the SNI model, which is a neuropathic pain model, thus indicating

that these compounds are effective against neuropathic pain.
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204.The use according to any preceding claim therein the neuropathie
pain is centra mediated neuropathie pain. 5.The use according to any one
of claims | to 3 wherein the neuropathic pain is chronic, allodynia,
hyperalgesic pain, phantom. pain or inflammatory pain. MCSLLP 70
6.The use according to anyone of claims I to 5 wherein the neuropathic
pain is one of painful diabetic peripheral neuropathy, post-herpetic
neuralgia, trigeminal neuralgia, post-stroke pain, multiple
(delel¥Eis-associated pain, neuropathy-associated pain such as in
idiopathic or post-traumatic neuropathy and mononeuritis, HIV-associated
neuroegthdge%?m c%n[gglrvaSag%ggaggd n $r ope thr< pain, carpal
tunnel as88emte neurop atnic pa splna cor iry- associated pain,
complex regional pain syndrome flbromyalgla assouated neuropathic
pain, lumbar and cervical pain, reflexRé’ympatlmg strophy, phantom limb
syndrome or peripheral nerve orspinal cetd trau f entrapment

MCSLLP

neuropathy, nerve transection includifig surg sauer tract section,
limb amputation and stump pain gompression,
arteriovenous malformation y diabetic neuropathy,
alcoholic neuropathy, pai by the side effects of anti-cancer and
anti-A1DS therapies, HI C neuropathic pain, pain associated

with inflammation or ififectiono6f a tooth\(toothache), visceral pain, pain
caused by chemical burns, pain caused byj’local or sygtemic infection, or
pain caused by connective tissue disease. 157.The use according to claim
(& whierein the connective tissue disease is one of rheumatoid arthritis,
Wallenberg's syndrome, systemic lupus erythematosus, multiple sclerosis

o€ polyattentis Hedesd « Mo Useascalding JaampeReaf ClaiRsdn tadh;

wherein the neuropathie pain is associated with cancer, surgery, visceral
damage, headache or trauma. 209.Theg,use according to any one of
claims | to 7 wherein the neuropathie pain is due to nerve injury and is

Rrealae Ry, DALY E-FRRAIN A Nk Lpgeneration.

R’ represents a hydrogen atom or a hydroxy group; and
the dotted lines represent single or double carbon-carbon bonds);

or a pharmaceutically acceptable salt or ester thereof for the preparation of a medicament for the

prevention of or the treatment of neuropathic pain.

2. The use according to claim 1 wherein the derivative is selected from 11-hydroxy-A4-

androstene-3,17-dione and 11-ox0-A4-androstene-3,17-dione.

3. The use according to claim 1 or 2 wherein the derivative is 118-hydroxy-A4-

androstene-3,17-dione.

4, The use according to any preceding claim wherein the neuropathic pain is centrally

mediated neuropathic pain.

5. The use according to any one of claims 1 to 3 wherein the neuropathic pain is chronic,

allodynia, hyperalgesic pain, phantom pain or inflammatory pain.
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6. The use according to any one of claims 1 to 5 wherein the neuropathic pain is one of
painful diabetic peripheral neuropathy, post-herpetic neuralgia, trigeminal neuralgia, post-stroke
pain, multiple sclerosis-associated pain, neuropathy-associated pain such as in idiopathic or
post-traumatic neuropathy and mononeuritis, HIV-associated neuropathic pain, cancer-
associated neuropathic pain, carpal tunnel-associated neuropathic pain, spinal cord injury-
associated pain, complex regional pain syndrome, fibromyalgia-associated neuropathic pain,
lumbar and cervical pain, reflex sympathic dystrophy, phantom limb syndrome or peripheral
nerve or spinal cord trauma, entrapment neuropathy, nerve transection including surgery,
Lissauer tract section, limb amputation and stump pain, neuroma/tumour compression,
arteriovenous malformation, Vitamin B12 deficiency, diabetic neuropathy, alcoholic neuropathy,
pain caused by the side effects of anti-cancer and anti-AIDS therapies, HIV-associated
neuropathic pain, pain associated with inflammation or infection of a tooth (toothache), visceral
pain, pain caused by chemical burns, pain caused by local or systemic infection, or pain caused

by connective tissue disease.

7. The use according to claim 6 wherein the connective tissue disease is one of rheumatoid
arthritis, Wallenberg’s syndrome, systemic lupus erythematosus, multiple sclerosis or

polyarteritis nodosa.

8. The use according to any one of claims 1 to 6 wherein the neuropathic pain is associated

with cancer, surgery, visceral damage, headache or trauma.

9. The use according to any one of claims 1 to 7 wherein the neuropathic pain is due to

nerve injury and is treated by nerve repair or nerve regeneration.



