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THERAPEUTI C USES OF STERO DAL COVPOUNDS This invention
relates to the therapeutic uses of steroid derivatives
WO oovlos76bt eat nent or prevention of pain, especPel/GB2006/004305
but not exclusively, neuropathic or inflamuatory pain,
nerve injury and neuroprotection. In particular, the
invention relates to the usd of certain hydroxysteroid
derivatives, such as 11-hydroxy-D4-androst ene-
3,17-di one or 1l -oxo- D4-androstene-3,17-dione. Mre
specifically, the invention relates to the use of
t hese conpounds, especially
11b- hydr oxy- D4- androstene-3, 17- dione, in the
treatnment or prevention of pain and/or pronotion of
nerve r GAERRAREWHIC USESQFSTEROIDAReUOMPOUENDS on.
Injury to a peripheral nerve induces changes within
the cell bodies of sensory neurons |located in the
dorsal root ganglion (DRG that pronDte survival and
axonal regeperation. Under fayoura itions, for
i nstlAHCEVERIFRIAS 19 ﬂ&tgsrﬁpmcmﬁ o F%‘ﬂ‘nsm
tre% &R 85 bbbt e ISRE!, bR ciallO VY 86t e)dcﬁls[’%ﬁy néhioPhteal dry
evan circunstandes, traumatic or di sease-I nduced
1nﬂlzanmetor)npam,yndms lraurg@cd nciubwtﬂ@tlw t MISMI@I, therhyengion relates

return.of fu on .and Ie W th rabl del a
to i W kit B el BB ety et P P AT SR S A8 Rine-
3, ﬁﬁ&i@h@@r 1 PakéLA4Sartpésiddel 31 A8RAE. Moe@l spicifitails) e ynvetion
damage and results in quarding and i mobilisation of

relaire tatheaee efithapeeompieiis ppacilly (Il Adydeuyohdindrostene-3,17-
di?rh é}natihg #rggtm%rﬂgg #)%'vlgtﬁlo%lr 21‘?1%?18{9& gfbéﬁ{%thd?laéﬂ)erve re%enege}non or

resu Pecti o ronot i
repapard/dierbiopgeteatidiei t triggering an unpleasant sensory
and enotional experience. I n many pathol ogi cal

situations, ptlve ut.s can resu
£ unditni 4 BOIGES nEREI S drpEoarades pebEbadiss Gfgensory
neliths QRIS Me JAHEARS gaﬂéﬁcﬁ‘f@ﬁ{Gﬁﬁa@roﬂ%feVﬁr‘h%l%ﬂ axonal

results in the alteration of nmany of
regeneration. Under favourable conditions, for instance followmg a crush injury, most

nerve fibres successfully regenerate. 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 'actively

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
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properties of primary afferent neurons and their

central connections in the spinal cord, leading to
w@bdoomiymedr (t he perception of pain from a nor medT/¢B2006/004305

i nnocuous stimnulus), hyperal gesia (an exagger at ed

response to any given pain stinmulus) and an expansi on

ofthe receptive field (i.e. the area that is "painful"

. Std .US.i S _applijed).. e jority of chroni
WO RRRNE AR ol S0P S a3 2l oo d apme
mgjbtityadf chfonfepdin befidtionelise Usa tdsik Be dardiesy ORANE GenBl &
can be defined as pain deriving fromdanmage to, or

RERPRSIATREYQN tisFue- t he central or peripheral nervous

systens. Exanpl es of pain syndrones and causes of pain

of th&r bl ' (s T ' r

Peur aharRARE pulicali B8 a3 il pall AREERRR Ao o, o

indamubigdmof, twrestralrelpatipherplaienvalis 8ystems. UBRAtiple ¥ BSAiHN

of .a nerv post - her i c.neural gi a, tenporonmandi bul ar

SreBPiE P Rrar SEsrios sfacaninrpCBReste agsory nevtopathy,

ARhOROEE RIS, V@ hindIPh dd] 16 Of ol o &1L BT r}%‘in biARIEELLPvasion
i ncluding surgery), |inb anputation and stunp pain,

% BETeoResirberpea héwelga, tomsronandibnlar Biddete fiyofaomy pain, back

| 1 ed by the side-effects of anti-cancer, and,
AR e Bberp ™ O Bttt g neluding surgery)
lingtgaraputhtiqeand ssuif befPartdr Ve RAKdh AHRmASSRAC VahREh B12 deficiency,
neuropat hi ¢ pain, reflex synpathic dystrophy, phantom
PRin RSy thasideeiiiets oif antishroenandsaniis4 BO$ shesepipmipnst-stroke pain,

‘i . j i ar pal . .
oK TOgLR B SHERRRS Mof oD o LR newrapagiip gpiggretiex
syinphthicrdystoptet phantom 1o sid@ne, ®fulBple 8olekbs{st RE6NASH Bin, HIV-
or ylaﬁceral ain., Simlarly, pain ("inflamuatory

AROCRY NRHEPPAILGPAIR. GarRAl CEwehisseGirted peRropRYicawin iprinmssociated
VGRS mEANN 8L A Sioh | LGdledEhde,
without Iimtati on,OhrO égﬁoat? @gﬁg@ﬁﬁ}tﬁ%’e}a@@ enberg's
syndrone, system c |upus erythematosus, nmultiple

sc| eSsnilalyapaingtinflammeatoyi peinthohes alsolbe indidied b inflammatory

L 0f: L. ain. be .caused, by.varjous. chem cal

o B S AR S e S o,
riNeiTa0fd bhhitti) VAl By gGS Hirod, &sterO Wbt 8B} 1RRRato B! Rultiple
injury also often | eads to _

sclerosis and polyarteritis nodosa. In addition, inflammatory pain may be caused by

various chemical burns and various local and systemic infections.

Neuropathic pain may occur in all body regions. Burn injury also 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, diarthoea, vomiting, renal toxicity and liver toxicity. Similarly, current therapies
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neur opat hic hyperalgesia in the affected body area. In

humans, neuropathic pains tend to be chronic. There is
w@enansicongr eenent anongst clinicians that neup@CpaBR06/004305

pain is usually resistant, non-responsive, or only

partially responsive to treatnment wth opioid

anal gesi cs. Consequently, altérnate therapies for the

of .ney thic pain are w del ought . .
U S L R L R —
@il dyckpoty@phdse Il (cARD) HlEbitdreCBBH tedeastisUdirugs have major side-
%?bap_ent i.n and pregabalin. Both classes of drugs are

elRFYEnE geyLytestnab upsch magses a5d VAU inge gastioirgestinal bleeding
enekhfisalcogiS S\g#b?to&fha‘ifg GRS rggeg‘gyc‘ B%rnﬁbnsﬁ?%étte%%gaia@vascular

rarely persist er ‘a rew wee
difdarders aincluimgdeme nssckobnd eiveltee si deef fects. Side
effects of these classes of drugs include sedation,

conf usi on, ,abdom nal, pajpn, diarrhoea, vomt.i.n renal
F o IS TP P DO B P g™ it modlae
AMES AR €84 D6 inAhnARRERY Phh Bk fobf ol @ﬁax{}@egs in the

cl asses of non-steroidal antiinflamuatories and
cycl o-oxygenase-11 (cox-2) inhibitors. Both these

cl assWO-6F0HPRPS O lielaies imjheruse pliesshdmease sompeunddiforgthe prevention
' ' I . hausea and vom ting,

%gz{%ag#%gzb%ﬁgﬁat%lezjg%ﬁ’ ng and gastritis. Cox-2

i nhi bitors have also recently been inplicated in

car di W(aaed/ar1280 aad UES-4.,-2008010879 650 hediot the ke hé@Bfbeyclo

st,roke n.recent years, a .nunber of conpounds have )
BT Ao PEHA PHBMRAHPE ath BYWERRLISRGTER pain, including

deRfdRIHBLQLY Pai n behaviour. For exanpl e:
WOA-03/ 007936 rel ates to the use of carbamate

conpounds for the prevention and treatnent of

neur oYA-Ar@3/pRN 0 reldent@de Oite 6D@@biaold in the treatment of neuropathic
3 %,A—gOOB/ 0087965 relate to the use of 3-heterocyclo

and 5 cycl oal kyl oxy- 3- phenyl propanam nes in the

treatnment of chronic pain, including neuropathic pain;

VO A-ERB/AQB213262 kethtas ®Stht @sd bfen ksviOflas A RhéRlca] ddtgdd@ds in the
treatment of neuropathic pain; and
treatment of inflammatory pain, for example, rheumatoid arthritis pain. The compounds

are also said to show antinociceptive effects.

The patho-physiological mechanisms that underlie neuropathic pain and its
relationship to disordered peripheral nerve regeneration are poorly understood and
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 TGF superfamily, and various neuropeptides and their

receptors. One such neuropeptide is galanin.

Galanin is a twenty-nine amino-acid neuropeptide and was originally isolated
from porcine 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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EP- A- 1243262 relates to the use of a known cl ass of

chem cal conpounds in the treatnent of inflammtory
w@200mo5feor exanpl e, rheumatoid arthritis pai n. PATEB2006/004305

conpounds are al so said to show anti noci ceptive

effects. The pat ho-physi ol ogi cal nmechani sns t hat

underlie neuropathic pain and its relationship to
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t h TGFb
e R esng o Reons | bagiahealin 2" St M. Villar, and
TnWlQrR%PtIggx%aéeso 1921 R0-Rke ﬁ’ﬁhﬂmréhch%t? it ¥ BbdaltoBeganglion cells

am no-aci d neuropeptide and was originally isol ated
afteoperipheril a&ouonUerumecuImﬁl%@ T-R20,X42%Mbt Bhe lavels of the peptide

re g ety il Bisris b greparpl LT A ERr Aend b altin 2

WREABR. MYssiok astﬁﬁ?&*; bry skfdbri 2éurba8ollo®8EBadatorhy and its
I's expressed at low |levels in <5% of intact

frogtiomplinedications: Trmds Newiostis! 738 n(18P®)] pr edoni nant | y

smal | di anet er C—flbre noci ceptors [T. Hokfelt, Hallin

Z. W S&pﬁfh{% 10 laztﬁ;ed ?t alo3Hin the tpﬁ'i}g ?é’spoﬂs%%‘ff%ibﬁ?er%us

galanln reactivity in rat dorsal root
g8 gl to afjueefirthes fvadouspeve pdtmirsl of dnensgemic. mice in which galanin over-

et ioh (PADENH e Ao S E BB F ehfaimes, fBacon,
Ig%] ggg/é ® J%ZQ/'afn%%%‘lanﬁnﬁ @I €erRNMNS@RIn M2l AP PRSEEE, anfl D. Wynick.

’of "al | dorsal root gangli on) neurons [T.
Tiaké@hic ovidadxiprassign o!?\gdemnﬁlethg: domgal xaat lgangliagnedufates pain-related

| ande | n¢r eas lik
behaviggr- Lapceedings aﬁ%tﬂg Iﬁggerg?[t%chwrérl Oﬁeraqj%ltédy&hﬂgs of
ﬁfﬁ%@ﬂyw r6@§@-'613§t(2003§3&naw MZMazz(rlQSIYH Hohhenn, A. Bacon,
| evel s of 't i de remain el evated whilst the nerve

HsLiueBeRanker Hqu [Sltemmﬂar &Y ¥nicky angr R fiy W asteglaim Modyation of
hippocampal excitability and seizures by galanin. J.Neurosci. 20 (16): 6276-6281,

(2000), and K. H. Blakeman, K. Holmberg, J. X. Hao, X. J. Xu, U. Kahl, U. Lendahi, T.
Bartfai, Z. Wiesenfeld-Hallin, and T. Hokfelt. Mice over-expressing galanin have
elevated heat nociceptive threshold. Neuroreport 12 (2):423-425, (2001)]. Many of
these over-expressing lines of mice have markedly increased latencies to both
mechanical and thermal testing in the intact adult [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) 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.
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W esenfeld. Messenger plasticity in primary sensory
neurons follow ng axotony and its functi onal

w0 pp7iosmbi ons. Trends. Neurosci. 17:22-30, (199%)71/GBTw6/004305

study the role played by galanin in the adaptive
response of the nervous systemto injury further,
vari ous novel strains of tran§genic mce in which

[ I essi Gl is targeted to the
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100del§ Qﬁr)etﬁd;waﬁ P8, [F( BORSImespAdBAol] RMA PR8I P.. A W ar@erplank, N.

R Sankar . Steiner,

ébﬁg@ﬂw‘cﬁ ot v 'éécbﬁléfaé{iﬂ%uwm%&&a%%w Qyerexpression of
%“Iﬁgﬁ?%2“2?‘br%f""%Egiésf%%%"“%%%ef%{%%%%?d9 R Brecdings of the

BatinnehAnaderay ¢S citrmeg of the UditedStates)af A]rnen@éul OOLQl 0}<@180r6 185,

g ERH Y el P Bty B Lk Hohabcl cfeJaflobfet, . .

Oealley)atd ZEMibRFIMTRIIRY GAlanNE Pl 8pREL rla
(2): 423425 (2001)] . Nany of thes?eﬁgvé?-eicﬁ?aesgi?hegcieveIOPment

¢ IIWE@P@‘#UW%%' e behaviouce i mice nlrepata scitie meivesnjuey. Brain

I@%%Prt HFQ@?E' 5%???98 (g&h@ C'Jgﬁzses éét plpggt:}E hpspg_#‘ﬁesm that galanin
Mm]uhftkny e i@ palteproceshing Butid B hini¥al d?ﬂcégﬁécsfally%ﬁowmg

ni ck, TransPenlc overexpression of galanin in'th

f&?'aYes JWYoEbesgé\H@ Yes feNRec R theaise Of 2 NumBer efgraniour .
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adisd nﬁ've Ehjuisl, sthemandogénoddevddesgalahin %e Hilgtg, gaPﬁm la
EJE { U. Lendahl T. Bartfai, Z Wesenfeld- I—%I i n
lglg?ryr%k'flé’lafn TRASEESSRPer expr essi ng gal ani n have

el evat ed heat nociceptive threshol d. Neuroreport 12

( 2) 42 3ddiidh to (}?quéﬂ n@ﬂﬁiat}%g 1'31'691515 %ﬂ?ﬂn 1§>has'\Feen shown that

Brupovsky, J. -
gelaniy Synilates pzrlpw@g@nfeebgbnmhbn and @hra:n ontgrowth from cultured

AR SO DR h@lﬂogse. CHEARRS pgrlpheral nerve regeneration following crush

injury to the sciatic nerve was reduced by 35% in adult galanin knock-out animals and

was associated with long-term sensorimotor functional deficits [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 Acad Sci USA 97 (21):11563-11568,
(2000)]. Furthermore, this compromised regenerative 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
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devel opnent of neuropathic pain-like behaviours in

mce after partial sciatic nerve injury. Brain
wee®gassn 1025 (1-2):152-158, (2004)]. They al BOT/6BoMG6A04305

mar ked reduction in nechanical allodynia (neuropathic

pai n behaviour) in a nunber of differing nodels of

neuropathic pain [F. E. Holne§s, A Bacon, R J . Pope,

Bef sYarenr ot S Py Moo SUUIRER Y o e

lgagthwas dine td fhe labhroFablahfoih (BRI MR SRS S1o menta[l changes,
in-rel ated behavi our. Proceedi ngs of the Nationa

RePUse vasiaddedsie cpftures droomidudiowisi- atp@sandfgalam knakout
ala%lal@l Q&(ﬁﬁo & aI{n% Q}:J)’t e 1%0 W ne Se uférowth from
2 oty B T

Br unovs
\leté-wpeysgnmnyjnilrow e&ﬁleﬂlﬂsa Iréiellzﬁll thd: Bbseﬁiﬂda:l%ﬁﬁlts in galanin knockout

TS A Shton. B K00 Fomme. T8 Hevgend o Inesbyi BiShine,

i T

Batirysiadkey mele lynéwrte nuighayth fam adiii mmwlemhel ]I Neurosci. 23
d especially

BRHTSRRERBT Il g HaGia g ad & Serom wer ausie
dependésBurn @lMMTRE he@fiteGRIANLA aﬂ&l?érg[ﬂﬁ&h 391%% %‘n%n.

have produced a very |arge body o ennns
t hat, after nerve |nJury, when endogenous Ievels of

gal anmimilar o the HHP gandaf W%pangotmg mlﬂplbyetddny%arl?im in peripheral
0 t.he nodul a

setofly B ABRTHRE! RinorkdRf i {oo b Indt W1 R Pl fiodbin role in

the 4:€mtl‘ahma§somay51pime r@dlanie ayie a$ ag&{t%fgéﬁdxﬁme@f@r&%ﬂdetfﬁctor to the

outgromﬁh fron1cu| ured adult nouse DRG neurons. The

PROSABPUSB A ARARE PT HisYRy e 2R Ve aredshs elgniuawi lm@bangjﬁht
galdintH of ot %ﬁlﬂh@aéﬁ@%&ﬂ&‘ﬁﬁ%ghé’l"?éeuﬁ@ g@&qg \8?50&55{ 8f brain

adult anin ock-out ani ma was assocli
digieade @alnenjm}sé‘ni?oﬁlluxm Hont, Bndairdn Al Bded, (R tP%pE P E
A. Bacon,

‘}%9‘ btk %‘&ﬁ h\%’g’n}é& ‘ ‘Ei}?’%lflécfg 3 aVeWPP%’Oé%‘%tlIVéiaC‘f@rie i
h%@bﬁkpus‘l"am@@éeﬂ%géb? thONht%ﬁaPAcidéﬁl}&ﬁ{ RUReIEfe United States

o% i%gen%g lE)Ilq%l(SISU gﬁ?l 0, (%043) ear;%osr Pirondi, M. Fernandez, R. Schmidt, T.
Hokfelt, L. Giardino, and L. Calza “The galanin-R2 agonist AR—MI 896 reduces
glutamate toxicity in primary neural hippocampal cells” Journal Of Neurochemistry 95
(3):821-833, (2005)], including Alzheimer’s Disease [PCT/GB2005/000188 ; and S. E.
Counts, S. E. Perez, S. D. Ginsberg, S. De Lacalle, and E. J. Mufson “Galanin in
Alzheimer disease” Molecular Interventions 3 (3):137-156, (2003); and 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/GB2005/0001 88].

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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neurons and their regenerative capacity. Proc Natl
Acad Sci USA 97 (21): 11563-1 1568, (2000)].

wo-anvksmapre, this conpronised regenerative caperGB006/004305
in-vivo was reflected by in-vitro deficits in
neuritogenesis, as deternmined by the ability of
di ssoci ated DRG cells to exté&nd neurites in culture.
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aﬁt%%gmgtg %uch 2}1‘9 q9& 1‘1% réa‘é_‘rre balgeh (\)/III@I ﬁ & 012 aino tac@ ﬁggaéiﬂgn
felfovieal By partidl rmdmena@ dfftdvdter @aptadus m.eocmlﬁeﬁ@b@iid@s@@a MhBibe
woul d have therapeutic uses in various forns of brain

ugpfukasamalggtichrain injury [C. R Elliott-Hunt, B.
Marsh, A. Bacon, R Pope, P.

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.

WO092/15681 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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Vander pl ank, and D. Wnick, "Galanin acts as a
neur oprotective factor to the hi ppocanpus”,
woe@cesddngs of the National Acadeny of Sci enckGI/GB2G06804305
United States of Anerica 101:5105-51 10, (2004); and
S. Pirondi, M Fernandez, R Schmdt, T. Hokfelt, L.
G ardino, and L. Cal za "The 8al ani n-R2 agoni st AR-M

896 XI Citve.in

b ppbeaars st SRS R Siar Rl SRRy Rt {Rlive of he

ngﬁerﬁgib dbddties(02 08y a)doﬁ§ inutle B@atiy ﬂéi%)ﬂ'ﬁéur&n EillﬁﬁlaB@urmg
PCT/ GB2005/ 000188 ; and S. E. Counts, S. E. Perez

dqyelapmesbandylong tesen pojeriiation (GHY sz resluced ingpise lagkingthe, galamn

o4 LT ARG RSN, LGSR B0 kB

erfpatiocaddl sich th¢a it laddhe) gaddnitigenkhamandas, " Gal anin
attenuates betaanyloid (Al beta]) toxicity in rat

D1 sc et PhSedaliciosis i phPEREBPEPEE] Erpounds Wik Fiay be
uieﬁglt%g%ﬁ% 183 hres K@hNARosk ReHGLAKE bREO ﬁ?élﬁl@ sy¢ €l tese are

death was greater in regions of galanin knockou
ccanplnnbgalnhacmmpmmds ahdionsef theae eorhnpourBgperanade‘galmon” [Wu et al.

A L

bR G AL RPQHE AR 2 fRd Mashis@piacrepegd padl tures than in W
controls. Cbnversely, | ess cell death was observed in

t he hi ppocanpus al ani n gver - expressi ng trans er}l C
0

ani nﬁhg%ﬁh%%b%5ldﬁ%tdgmoﬁft@é? thghths RAmiRsERtpRIB L
e)? gggl% o%as i3 g %1?:{1&?%3{;% Ore P%H%xg gl?ﬂ{dm%gof %ﬁfaﬁﬁ'f levels both
mdeedbbnmhﬁﬁt eaueehatiit paig Ibaheammtr endstimb bty pgipbeiaheernve
re\gg%%%y g o lecplt %&H}F; élgal[dglﬁg éa&#ﬁgblaywﬁlewprotec%ve role to
thecl‘ﬁ‘luﬁréhﬂ sﬁﬁqtalsccﬁ§ iifa PRIGE BOPHIALRE Mo‘d@lsftﬁﬁtlﬂélu&@stfdkg brain damage,

hi ppocanpus” Proceedi ngs of the National Acad erTy of
ABroeMSes of the United States of Anerica. 101 :5105-51
10 (2004)] Galanin al so reduced hi ppocanpal danage

aet :Mgl dtga| 1380 r‘ﬁl{llsglﬁ %}Q%febéﬁlate gaei%rﬂ %%g}eaggn i tlﬂg pervous system

afdpatitilak Gedult DRG vaksingndrd, 288 ﬂﬂaa;@msesn;o glai-xarinjmry are
over - expressin
own. Similarly, I?O 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 European 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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ani mal s [ PCT/ GB2005/ 000188] . Further, using the

experinmental allergic encephalitis (EAE) nodel of M5,
w@adoansmmoknock out ani mal s devel oped nore sevePEI/GB2006/004305

di sease at an earlier tinme point than control aninals,

whi | st gal anin over-expressugg ani mal s were resistant

to the devel opnent of any diSease in the EAE nodel

[ PCT/ GB2005/ 000188] . These data agai n dewnstrate that

gal ani n plays a neuropratecRive rol €Hp//t he brain and

spinal cord in many differing disease df ates.

W02/ 12997 di scl oses the segdence &

its uses in pain. W02/ 28409 di unmber of

putative gal anin antagonjstg. The gntagopi sts which

e 12 am no

by paftial sequences of
pri c peptides, and may be

aci ds of gal anin fft
ot her peptides i.
useful as anal gesi
synthetic pe “d% o =
inhibiting the insulin-secretion3suppressing action of
gal anin which peptide is expecth to be use&hl as a
gal ani n- ant agoni sti ¢ substance for the prevention and
treatment of Al zheiner's D sease. W2/ 15681 di scl oses
(idwheddt i de having the am no acid sequence of human
gal anin and DNA cl ones encoding the peptide. It is

h | . | €n atom,
o P ) P ey rbeagragtgen o

activity, or of stinulating ¢he production of growth
hor none, the nethods involving the use of the
Rdiagé R3g6gEthaptpdamt aNERPEDEMLS di scl oses DNA encodi ng
human gal anin and nethods for the identification of
Réatmedentsariiyalyogensitom BPa Aydoxy 8185; aiidcl oses t hat

recovery fromcrush.injur i ndi cat.i ve_ of, \{ he

ﬂﬁ@@é‘ﬁg HAES r\fr‘Breé‘EﬂtlS‘P’tf‘v’?ee%1J Jéfl%@&ﬁg’(?}ﬁgfa%? ﬁbsonflﬁ?’ the sciatic
nerve), neuron survjval duri nt% )

and pharmaceutically acceptable salts and esters thereof for the preparation ofa

medicament for the prevention of or the treatment of pain.

In the compounds of the present invention, where Rl or R? 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 11f 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 (11B-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.
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devel opnent and long termpotentiation (LTP) are
reduced in mce | acking the gal anin gene conpared to

wowddosispe nmce. There is al so discl osed a nDUBET/GBRG06/004305

has been engineered such that it lacks the galanin
gene. W02/ 096934 discloses a series of galanin
agoni st conpounds whi ch may bt used to treat

I t.h i ch.take .place
cpi | opsckRingdb BHORE SHEd o iiﬂeapé’es f’&i eaﬁtfdﬁ;‘d@g%;gé}& for
pfevbﬂitﬁ@eargmar rmf:] gﬁa}JedISZ 133 13; equdglﬁlllngskeéct |a\I/1at es aenadmount

L3 S%’%?‘%ft"aEV%\ef fopmpla @)cprt@dthnwmaémcgqu_Me saltioteater
e
I L R X T

eX(Q}ééfde)S@ab-ériﬁndlone bhthetr darisgives. le{fm‘ﬂicﬁﬂiﬁ %&lc@ﬁlp@ﬁnd is most
i nhi bit

anin | evels both marked|
g?%g&? - @%@F‘Pﬁ - AT EE- 5 b r A e DBl ]6é~r |Tbﬁ sergid derivative
Ff"b@ gfv%ﬁ%[b%%%? PO ARG CREh oRidf %FM Reatmle ]#]a)f Such as
anin plays a neuroprotective role tot ra|
g@hanm’fmc@rmegahalmrange of di sease nodel s that i ncl ude
stroke, brain damage AD or Ms. To date, the

hahyj UR e al an ress
e vtk B g SO A L 0L I ST B oo
paihn@he pain (ihay&:red:hhhﬁc ra@l%ﬂﬁﬁ@ €8 bercBRIoNCOA PRI Ym A Rrmally
unknown. Simlarly, nq conpounds or drugs have been

rgashous simuiuph hyp@alarsie fngapagiraied xqﬁp@lssgut@ ADY piveh paiDRGMulus)

|
e T e -
wiwdbgmt@nmammenﬂmwtorypmm akis and H G Friesen.

Gal ani n an estrogen regul ated hornone of the anterior

it d Pr oceedi n of the 4th l\/betln of the
Bur g:o%‘ar o G e DA JaAS: B8 GG penfy 1%@8@)%qlpheral

Nownspaety, bb@-h@ﬁﬁﬁ@ WeelalHh, SEHSTRM RS A5 Rt-Sh G HR Imul’uple
The inventors have now

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, 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 lupus

erythematosus, multiple sclerosis, or polyarteritis nodosa.

The pain may be associated with cancer, surgery, visceral damage, headache or

trauma.
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surprisingly found that certain steroid derivatives

are effective in reducing pain in the SNI (spared
woeovesienj ury) nodel . Thus, the present i nventPORHGBRIV6/004305

one aspect, consists in the use of a conpound of

formula (1):(in which: one of R and R represents a

hydr oxy group and the other idépresents a hydrogen

atom, or R th t
Fepr AR BT RT A BTl Y PR i Dot g vse
o@' QlstepdldldeRPaivE SR EGRRIM (IF bﬂ"agblﬁar&racé?iﬁ@m}ea&é?tb@l@'sﬁl@ bb&ster
bonds); and pharnaceutical ly acceptable salts and

thegeadifor theerepafativn of medinassat foritempreverdioned ptmwwn against

t he e tlon of o reat nen

i SRRt O L o7 SR ErsEFE Ee s ysBRL iy & pftion of
IREPIIRER MWD RAvEYHFQ¥Y suhdifin dﬁaﬂllage ligjupr &f cﬁieabé yP.ﬂefer;iHHé, the
beta configuration. Exanples of such conpounds
cpmpRyesey | L-bidrawihdstnsirstencs3s] Tlione oahiroxe-Ad- Zandrostene-3,17-

e
SR PR RO DRl 6e BRI Realythip) pobyarony-
NAdndaosienes3, ENdiode 1 Dﬂcbrenﬁabldi)glem\mtﬂvesl arb alyp donteyipbeal for use in
that exists in the body in the adrenal cortex and by
3§WH@@¥ﬁdWH”@F@EWHB%n|n position 17 of the

gl ucocorticoid Cortisol. A preferred conmpound is 1l

b- hy d QuyaifAREaRS B?ﬂ@t b thd Inv@ht‘i’cﬁ?th@ﬂe' is Brovkdtet)a mdthsd for

steroid derivative of formula (1) or
mh@mtran efion pralettjornegaisst btsiedaraage, oy §tr diseasepienr mtmyvemen‘f

S 3R TS0, M e e My o s

RhERAR ddhifseanhs hf gfftdivanaiduar ofspesid &B‘nvtaﬁee of formula (1) ora
i nvention there 1 s provided a nethod fordﬁweventln

rherardentcallysgepiahle sabirorpaten thesradr Prafergblydthe srmpers gﬁlre 11-
h%ro%gfﬁgﬂaha/rgstgﬁ@yﬁt7-d10ne and 11-oxo0-A4-androstene-3,17-dione or their
derivatives. In particular, the compound is most preferably 11B-hydroxy-A4-

androstene-3,17-dione.

The brain injury or brain damage may be caused by one of embolic, thrombotic
or haemorrhagic stroke, direct or indirect trauma or surgery to the brain or spinal cord,
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
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of a steroid derivative of fornula (1) or a
phar maceutically acceptable salt or ester thereof.
woe@iesmbl y, the conmpounds are PCT/GB2006/004305
11- hydr oxy- D4- andr ostene- 3,1 7-dione and 11-
0x0- D4- androstene-3, 17-dione or their derivatives. In
particular, the conpound is hst preferably | |
b- hydr oxy:.D4- andr gst ene- 7-di one - . Th
i Y Bl P OB PO ARREPSERr e g 6 s ipbddhacol erve
r&RFYrMetopfotvdtion. Phdferabkntartotnpeahdiit $ 1hetrosi/vl-aikiiediene-
as gabapentin or pregabalin. The pain may be )
3511&!-%%%%451 Hl-pr0-Ad-apdeosienedd) \/-deng pribey dpdvatiyee din particular, the
¢ hj [ ' -\ N € odyni a
o sy R B R T koL
stinmulus), hyperal gesia (an exaggerated response to
any didvantapeduslys tHesaitamspoumdsl may axwdhs promatibn ofigerve

receptive field (i.e the a that is "painful” .when ..
<SS SERiON fad prelpib o i e FO B OB R g g, discase
oP@hfagd, %@u&iﬂ%k@f?ﬁéﬂd@%ﬂat ive, the pain nmay be one of
pai nful' di abetic peripheral neuropathy, post-herpetic
neural gia, trigem nal neural gia, post-stroke pain,
nul t iAsicerding wransthst aspseicifdbevprtian there is provided a method of

o ) i e . A coar -
e R Bl BB 8 ik e TR R ot omprisng
alinihiasS0E tcathe duly estaapiic i gpedunt of anesiddadeitiat efiformula (I) or
neur opat hi ¢ pai n, caraEaI tung@l - %SSOCi at ed neur opatcpj c
arPFAcSBiierly acevriahln falt 37 58T gerepie freieRRAlY. tgrpmaRund 1s
st Rdm PRh dl%)@-‘i{él@@rosfténgéfﬂaio% '@??—Bﬁb%q%drostene-?:,17—
neur opat hi ¢ pai n; |lunmbar and cervical pain, retlex
dyrpatikicdaipstivespphy, phantom |inb syndrone or
peri pheral nerve or spinal cord traunma, entrapnent

neur gpat h nerv ransection.i ncl udin ur ger
L s aeotipaidsdbe HSeS im@RigeSartier e BvaPet fppye domase
iRt or dISIAEO TRy WoREiiof WHRFELH I8 nerdt HBMhEY SN loss, such as
mal formation, Vitam n B12 deficiency, diabetic

de te tsplaaciiia onhyiwkdd | Nervie dampge dnylosspadhbe disste¢hippic he
' f f f.anti- 2en 1.8 = Al 1-£5;

0 B Sl R AR, S PR D88} e

Simditiy, the compounds of the present invention can be used to treat multiple

sclerosis.

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-oxo-A4-androstene-3,17-dione or their
derivatives, and a suitable excipient. Most preferably, the composition comprises 11B-

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

damage, injury or disease, the composition comprising an effective amount of a steroid
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(toot hache), visceral pain, pain caused by chem ca

burns, pain caused by local or system c infection, or
wQaion/osmased by connective tissue di sease. ThePCT/GB2006/004305

connective tissue disease may be one of: rheumatoid

arthritis, Wallenberg' s syndrone, system c |upus

eryt hemat osus, nul ti pI e scletdsis, or pol yarteritis

dBRAARA of H}ﬁuﬁ)@pg Pfrgé 1@&1('1132 (ﬁ; ept\éf)lte{gaﬁ ap 8&% thereo

surgery, visce raund. Accor
Ptmfelabfyuthelmmmsi[ﬁentcombnhdaat prastsmp tof il DAbgtitdxg4- bhﬁiresten?e 3,17-

ofie 5 A T RiGetiere 1 e b Bl <ovaiyas %A giale excipient
MOR ERArabI9! thb BEmDE GRS e&mmegfug RS ARR | Bnc 167 dione,

prevention of or protection agaln ain
brain injury or brain disease, an |nprovenent in
t he &ondeniewly, giese n@nlwmarr@ymen‘aweéuﬁefc@ile&a&uch

brai n damage, |nJury or di sease. Preferably, the

conp tene- 3.17-di one
I - o% : ﬁgﬁ%lr Sgl(i%ne %%H %%a%onécaor O?ﬁ%ﬁl?on fot S e

petemotica dfitesve regereadtioncol iive fepdir, cRdROUdErdtectidBSthe composition
referably,_11pb-hydroxy- D4-androstene-3,17-di one.
ginﬁlé?m% aR Pfafsfft@ec?éw%ﬁ fPesergidelesvatveefioanplrdDen af or

pHSE Bt RAAP E%B%%lé/‘%] Al R ﬂhé‘ﬁé@f“&%@é‘ SUIéB&OJ)(gi t.g Praclaferably the

anot her aspect e ITnvention there :
comppiiont omprsey ehleagione bf bl—hmmkﬁa&%mdr@nymemsﬂ bioae or 11-oxo-

rovement in the
qaarr{lg?ﬁe@ﬁ ﬁ%&‘?&?\?fhﬁga‘énﬁﬂg"r‘eﬁg\r)el gﬁff\e/red such brain

damage, injury or disease conprising adm nistering an

ef f e%am&cam%orﬁf)os@ncﬁis QI eHislir et ot by BorRprifednd¥r &ore or a
or, har maceutical ly acceptable salt or ester
C?lﬁ inatien Olgihéfo‘@r%l rivatives ebrepouladd aadehammaceutically acceptable

P s attes ?ﬂeﬁ?@%}%ﬂ% RS ofwls camir pdiprpgr vebicle

Li particular, the conmpound is nost preferably 1l

b- hy Bhamy&cé)mcaﬁy dcaeptabiceadidy,-adjwants ahti @chicRk that Rjay by used in
tl:tembg{:f%%cgpgg rlmgmpos1}/101?seofqt1€?ilg ?I?Vdentlgn ?nrc]fud(e)f fo(l? rer}t()%nlﬂ(é ion exchangers,
alumina, aluminium stearate, lecithin, serum proteins such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as
protamine sulphate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat. One or more of the esters may be used as a

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

used herein includes subcutaneous, intracutaneous, intravenous, intramuscular, intra-
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or haenorrhagi c stroke, direct or indirect trauma or
surgery to the brain or spinal cord, ischaemc or

wepdolhswIdamage to the brain during cardi opul NRCEGS2006/004305

bypass surgery or renal dialysis, reperfusion brain
damage followi ng nyocardial infarction, brain disease,
i mmunol ogi cal damage, cheni cd# danmge or radiation

RSl ML ARG PR ) LR SEHbI i
ob&nfiidien teelsnitjtesof excess al cohol consunption or
adm ni stration of chenotherapy agents for cancer

treatpent,, The radi ati.on danpge. .he t resul.t of

it TR B pp et OB e ain g G Seneedle-
fied dBVieé, 81 @By Be ABe WrrfbZHQLAR InRctbIE %?eﬁﬁreftiﬁ@)or a form suitable
Par ki nson' s” Di sease (PD), Miulti'ple SClerosis (Ms) or

foraelizeny bersadlefidedleyiweowhivh swyde ah@yDyousAe otradineys suspension.
till further ,aspect. of. the . .invention there is .
TR o L PRt ateg, APty 8 el et Bt g usine
sGitabl®Odisersli@ btk iagahts Ysudk 6§ Foeddatpdel Thwedh 80P 4R suspending
t hereoffor the preparation of a nmedi canent for the

ageritrot heovierdle injesiolle peeperrsionor Snm svétable fpedediverydyy needle-free

[ 0
B ORY 20 S i T S Rhfon b SRR G By acceptable
didert g sals¢renfer 8xdnpld) asrresobutionlieil [3-biasnedidli Waesong the acceptable
riicular, the co und |s st preferably | | .
ngﬁﬁi?a %iwlt%ﬁsaﬁia? B4y B Sm@,ﬁoﬁggﬁdﬂ@?ﬂ“g VEETaB st jelution and
i{RRRE s SRR HRHRe T8N tiah | MMddREnPEeAR! ﬁQ&i[ Qs df}g E¥fventionally
regeneration and/or repair, as the result o
efpldyediang solvent oz xaspehding meaditen.i Rputhis, pudpese pmey Wand fixed oil
da e, .1 ncl.udi AD, . PD and Ms...Accordi ng .t o anot her .
TS PR erRl VB PR ATHBRTR Hare Gl eoicib o ubimetfRothegyes olei
aBIIQAB itk BE/cBRAY GerivRH QLA kT al inB M@pdr8H&H 6f Bfectables, as are
neurogrotectlon in a subject conprising admnisterin

ngiyral pearsmpspecallpcedptable pile seahmsmlive bilar sesteraiily eSpecia%y in
' j I har maceuti.cal | .
S Rof s Blad RGTUAE ke B0 sBuPORTRREBe by gt contein e
legrphaindcdl®] ddhat be dispéremtlshchysdMO ety or a similar alcohol.
D4- andr ost ene- 3, 17-di one and || - oxo-
D4- a'ﬁgr ostene-3,17- .. . .. .
armaceutical 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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di one or their derivatives. The conpounds of the
present invention can be used to repair nerve danage
w0 pjoany7ear di sease in any condition where therBCT/6€B2006/004305
nerve damage or nerve | oss, such as due to ischaem a
or hypoxi a. Nerve damage or | oss nmay be due to chronic
neurodegenerative condition ¥uch as in Al zheiner's
e BT Eeae PRSP BEBRe T o ot i s ety b ot imited to,
cdcb@@hﬁémbédswb}eaﬁ&b@wﬁyﬁne Ageelkdi ng to anot her aspect
of the invention there is provided a pharmaceutica

corrp03|t|onfor use in the treatnent or preventjqn of
pai n1opiFd ABHREEHINGH ROPRATPATHIGCRTORPPEEPRS & tifdHYROtON IS

es?%ﬁltl}{ L &RAWIRAGHO HeRidd HeBMint B Ve §1teh§’ ﬁrt &%axfxsqreg&i yaccessible

a pharmaceutically acceptab e sa ester
by h@ucmb fpplientidre rEdeapphctalmen copipedlyi t itlenskom gy pleemaceutical

- hydr oxy ndr.os -3, 17-di one or 1l -0x0- .
P Be 0T B T8 e S Bl e R s YR8 traptiye
o?ﬁ'f)drﬁﬁjtsesu%ﬁﬂéﬂ &’Hlssol‘@:ﬁtm BIe8irRE.abhiierd 081 A& iriffhtion of
conprises 1l b- hydroxy- D4-androst ene- 3, 17-di one.

thAa;ompdumgs of; chhla 11r1u§nt1mmcaglpemt agsf nat higitedviesmingral o eliguid
G R T R e e

cdrfpolinds, Fmld§iBjife Hag @AG Qated! AMBrratPEIPMBEBRArmatetlt@l composition
condi tion of individuals who have suffered such brain

capebrafgenulataduyifh spuitbledatien of sean sApaLTRY BA aeTéYﬁpqqr%M@

%p &{ed%‘f‘td %&V&Fﬁuﬁ]%arﬁér KtafleQ ?gag{ i'n}fﬁl'ii Vibr 9}22&121?5 rﬁi' n8ral oil,
S: or a armaceutically acceptable sa toor er

sdrhﬂaxembnoﬂaﬁte,r;mﬂ)yswbatdweo cetybesért e, cxenpyli Eﬂﬁﬂ’loatz—

| east on hydr oxy- ndr ost ene 17- . di on
oqtvld@si%canmgm plsplnien “@?erd Pg%@wa?uttq% semppsitiopsof i

irRBAich B LREbLE nﬁﬂ&cﬂl 'a‘ﬁﬁled MRE 1RF L iREARhYiradt B§ rectal supposrtory

conposition co
fdmim}aﬂmw i s taiteosernadoBndlZtich. o hepicabdmusieirmalk pagches are also

H‘}% oug%s may prevent or reduce cell death. The
ine ﬁf‘i‘gﬂsp %r ovi des a pharmaceutical conposition
for use in the

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.
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15

pronoti on of nerve regeneration, or nerve repair, and
neur oprotection, the conposition conprising an

we@tdogosicye anount of an steroid derivative of POT/GBR@G6/004305

(1) or a pharmaceutically acceptable salt or ester
thereof and a suitable excipient. Preferably the
conposition conprises at |ea$® one of 1l -hydroxy-
D4- andr ost ene- 3, 17-di one or 11-oxo-

D4- andr ostene- 3, 17-di one or their derivatives.

Phar maceuti cal conpositions of this invention may
conpri se one or nore or EXAMPLESi on of the steroid
derivatives of fornmula (1) and pharnaceutically

ﬁﬁ?&pable Saa@%r ﬁfﬁiﬁuﬁqégg 8mwwn&5 Y?d%meor

pllal rnmaocutroca
vehi cl e. Pharnaceutlcally acceptable carrlers,
adj uvants and vehicles that may be used jh the
phar maceuti cal conmpositions of this inveltion include,

P

for exanple, ion Eﬁsh , gl/um ni um
stearate, |ecithi .20 Ny h/as hunman serum
al bum n, buffer subst aMes. 4 .-pHiosphat es,

glycine, sorbic acid, pofaldsi q qppartia

wat er, as pLo am ne

sul phat e, e, pot assi um

hydr ogen p zinc salts,
col | oi dal di , ponV|nyI
pyrrolidone, subst ances, pol yet hyl ene
gl ycol , I 1 ul ose, polyacrylates,
waxes, opyl ene- bl ock pol yners,

polyetu W fat. One or nore of the
esters nmay be used as a prodrug. Pharnmaceutica
conp05|t|ons of this invention may be adni nistered

0 g 3: &i B- }Wre nt r al log‘ﬁn%;yi L@Jdi%%l% :};V%g éyrftgesm[e g]il %s{n%?e stage,

oRRRAYE béac@&?ﬁ@ﬂn' Mdrdé@ﬁis@ﬁé | ’Yhé)srtafﬁhg niferiaMag@is88ved in acetic
reservoir. dm nistration or adm nistration by

apidjead ellowed to ﬁ?é@tcwléh sqdéem diswiugleate gvegsnightinrtbel darkhd'he emipture
wal %e%%l?e&g& andWashed with dichloromethane. The organic phase was separated,

washed with water and neutralised with sodium bicarbonate (to pH 8). The organic
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

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).
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15

20

25

used herein includes subcutaneous, intracutaneous,
i ntravenous, intranuscular, intraarticul ar,

WO paorasyaovi al , intrasternal, intrathecal, PCT/GB2006/004305

intral esional and intracranial injection or infusion

techni ques. Were the pharnmaceutical conposition is

adm ni stered by injection or lheedl efree device, it may

§%§ in the formof a sterile injectable preparation or
m sui tabl e for delivery by needl e-free devi ce,

whi ch may be an aqueous or ol eagi nous suspension. This

suspemme®nnmmyw@keﬁﬂﬂﬂﬂﬂﬁﬂgﬂmmmdﬁmnmngCﬁnﬂtééhﬁnqweb+

rhigotnpae 1 Q arainiensiop Myt N ol RE S50 A R Tl e rao

A9EH E‘ti 4e Ep%r Tg@ dckfily @és@ﬁl’éeﬁbé}@l RHENJF abirBPatRic Jal 'th used

Sulta IVery needl e-free device may al so
(Helnzesso b LIEA00B) BﬂocsNatﬂJGMdOSmJ 0.SaA ndif- G180+l 85) The spared nerve

g i S0 e By Heatos R ERiehr ooe Rgetigerve oferit
tﬁﬁﬁ@a@ésawaem‘g%'e %’r@rﬁ:h&iﬂtgcts Qi eb SeduftidenBi¥eshp£iial de@dation of

ar e annItO mater nger s solution and i'sotonic
thostiatin enveowhith 1sdncas pligdyniarand daiekpansionsafdhe 1egeptiviespain field.

N RSB B R B
I%ad ?dmmo@lg RAB E@tﬂtﬁ@e am&mrﬁa n\gthsdamelmetmahtmmeolmhsm and trauma
i cerides. Fa as goleic
[Blegesiartigad Sl B0t Bringa 1868 Woattiang Donbp BBy ug Opin
I{Iﬂlb T 3%? 334 1%131&{ \5&% ade in the lateral right hind leg Jus} above the
a I y-acce EI}} }

rmaceu e oll's, such as olive oil or
leas bﬁtheddnlee, eﬁ@pﬁﬂg ghel tyrele mertrinl bramohesoodytled bnjdtit redve: the common

ver3|on These oil sol ytions or sus ensji ons nay al so.
R?é?ﬂea D11 o it BETHESa 108 BT RS BT A GO P B et tighly
'Féa Bh o silehY sREtidhed titlal & the lll%Qtlﬂﬁ‘J renPd%ﬁ{g'%?dﬁlﬂnﬁfély 2 mm

np03|t|ons this invention may be oral
afdiistalireter stanpn Thanyibot hiahgh mamﬁa@lt@lcu@é é@reng ibe procedure. The

| udi n but otllmte tbets d
SRt Sl was i BT b s BRRA Sowb BB er. ilnam-
ép'@:pelt&i §mfn‘afs tRE YiatiSRorvE BlahdRE Sve¥dé:glosél ButGoHTERdhyd.Used
I'ncl ude | actose and corn starch. Lubricating agents,

such as nagne3|un1stearate can also typically be
al administration in a capsule

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
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)].
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form wuseful diluents include |actose and dried corn
starch. When aqueous suspensi ons are adm ni stered
wWo@e@ly769t he active ingredient is conbined w tPCT/GB2006/004305
enmul si fying and suspendi ng agents. |If desired,
sweet eni ng and/or flavouring and/or col ouring agents
may be added. Pharnaceutlcal1§onp03|t|ons of this
Effee Bt
suppositories
B¥Aposi ti ons can be prepared by m xing a conpound of
this |nvent|on W th a suitable non-irritating
exci pilérydigsycdt-padiostenet3di/- da@mmseqwlpu'niatemdetotﬂﬂdun male mice

d. th
e doSheck o6t e dTRR O Wb LGRS BR Meeke B day 8 an
m1e31@mmS pasrfdamﬁad Ailﬂpnﬁ(mﬁthﬁ @hayd whid t%@hﬂgotool@ P8,

ter, beeswa d pol yet hyl ene gl ycols. Topica
SERSOBY [IEFODGS HEC BieaTHc: cLhe esalts Sbyed e bHbpirony At

a!nﬁf Stehavant sired
MR SR e ol
(blgrom@ mamdfbehayzlpmgoidtmaneasﬁlced laia?mh idaidy (drrevé@r]nm?’tljdag) ber a 7 day
armaceutica ition shou
ng%l#%f g\gt eﬁy arrgafetsﬁ i @eéh‘h Ig@6nlt ai ni ng t he
active conponents suspended or dissolved in a carrier.
Carr IS&Elﬁlshigﬂy,ttB@b&ﬁboﬁﬂﬁbﬂﬂﬁtﬂéﬁhﬁﬁv&ﬁlohQ.?e ﬁl%‘ﬂ?&éuiﬂqssimple

of this invention include, but are not limted
PABTBPGA! ViieTe PAIR HAAESYsE excessive mﬂhamch@tmmmmm They are,

R AR L Ly R R B Sl B R BRI G pticatng

that ¢heph eompmends o ffeeanmp agditst aourcgahld@afror nul ated with
a suitable lotion or creamcontaining the active
conpound suspended or dissolved in a carrier. Suitable
carriers include, for exanple, mneral oil, sorbitan
nonost earate, pol ysorbate 60, cetyl esters wax,
cetearyl alcohol, 2- octyl dodecanol, benzyl al coho
and wat er. Pharmaceutical conpositions of this
invention may al so be topically applied to the | ower
intestinal tract by rectal suppository fornulation or
in a suitable enema fornul ati on. Topical -transder nal
pat ches are al so

r?ofcwe tion in




included in this invention. The pharnmaceutica
conpositions of this invention nay be adm ni stered by
woa®alsmer osol or inhal ation. Such conpositi oNBCHGB2006/004305
prepared according to techni ques well-known in the art

of pharmaceutical fornulation and may be prepared as
solutions in saline, enployind benzyl al cohol or other
suitabl e preservatives, absorption pronoters to

ChAIMEs bi oavail ability, fluorocarbons, and/or other

sol ubi l'ising or dispersing agents known in the art.

BRI EFTIRESERI Bet i GivapiRaW tNEoTHeofi foxmeuwdt (On i s furt her
illustrated by reference to the follow ng non-limting
Exanpl es and drawings in Figune 1 in whi Figure 1

is a histogramillustrating Rﬁe resul¢g 0 experinments

on the effect of daily qg- ? [

b- hydr oxy- D4- andr ost ene

noci ception in intact adu
on nechanical allodynia
spared nerve |nJury
pai n. EXAMPLES A.
1b- hydroxy 4- andr

; was di ssolved in

acetic acid and allowed to reactRM th sodiu

bi smut hate overnight in the dark. The m xture was then

filtered and washed wi th dichl oronet hane. The organic
AsppWas separated, washed with water and neutralised

Wi th sodi um bi carbonate (to pH 8). The organi c phase

was in par at ed t hen washe drled and

#19 ¢l aend Wﬂ?ﬂﬁn‘fsaﬁaﬂs}xww ) the AthenEspTosEns gy drogen atom;
under reduced pressure. Pure product was achi eved by
recrystallising fromethyl acetate/heptane.

R! and R? together represent an oxo group;

R3 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 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 11p-hydroxy-A4-

androstene-3,17-dione.
4. The use according to any preceding claim wherein the pain is neuropathic pain.

5. The use according to any preceding claim wherein the pain is centrally mediated

neuropathic pain.

6. The use according to any one of claims 1 to 4 wherein the pain is chronic,

allodynia, hyperalgesic pain, phantom pain or inflammatory pain.



B. Biol ogical Methods Animals AU animals were fed

standard chow and water ad libitum Animl care and
w@e@cesisres were perforned within the United Ke@myd®no06/004305

Home OFfice protocols and guidelines. Age (10-12

weeks, 25-30 g) matched adult mce were used in al

experiments (n=8/genotype). 28rgery Mce were

ana [ i 0 . t it 0. .
7-g A RStk o BASRAIES T B BXUAGEDIRY Bl "0 of painul
diftdtid aecibheramengppathy, Rot-hejpetiaheuralgia, aigeatihal metiralgid, pdst-stroke

at 4 mM/g., The recent .descri bed SN  nodel, of )
P%MBB(E%F@%WS%@% > REERREY -asp0ciied PagSYclpry,
idf¥Rbthic AGRA-trathatid-heprdbattlURd SlGRnEdriBS HTv RS SR8 Biropathi
1.ig@rvecinjury model (éﬁf§, I's perPorﬁeery I?%at?%n of e
paimycanreaastvssitat naumpathid paincarmel wenealf-4ssociated neuropathic pain,

e 0 B P imo ROPRE Feaio Pemevadib EPRERGE

as¥dbiABd hAGUEABiC Paln) HitiHad 23D 6brdfda BRARS X sy pathi€ dystrophy,
receptive pain field. The pain behaviours in these
phaptea) Bmb| sydiogneras peviphesalaenigriyspinef cid ranmacentopaehi c

' it ) t ' i.th .. )
o lgB208h LR AR B SR A rovsin
andrseun phih, 42060 /1edur cB8iipledSiod, Hteridoaious andfoRawie], Vitamin
4) Curr.. in. Neubiol. 4 525-534]. An incision

1994), @4 . 1. £ .
B ief%%w diabalie negtopriay- dlrofiotic RPWEPHEY, PR pauspG vk theride
effeRMelr Rfi-LP&r kR Qnti—%)fﬁg§hé}9}\)/ite§_] FITh L6 AEH E{Elﬂ%gathic pain, pain
branches of the sciatic nerve: the comobn peroneal,
assodpited wathdnS8ammktioreoniefectidinef « towttoftoqibache} afiscaratl painy @din

nerves were tightly ligated with 7/0 si]k and ,
calliih oshechich Pt Bin s 32 lacebor i wgecﬂona or pain caused by
coRREUtR% t¥RIEdiYeade. M Of di stal nerve stunp. The ti bial
branch renmai ned untouched during the procedure. The

overlying nuscle and skin was sutured and the aninals
8.al | ollesgusegceasdimgde clain 7oizeneip drcascadediivertishes dikgase is one of

rhgﬁh%ifaﬂs{t%?wﬁlgﬁ‘&e?ge§ s%&gmg,xs%fgt%%(%c Pllf)%s Qr%;[helmea (i)s%g,ergultiple

sclerosis or polyarteritis nodosa.

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

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

10. A method of preventing or treating a subject for pain comprising administering

to the subject an effective amount of a compound of formula (I):

2 O

)



Behavi oural testing In all tests, the exam ner was
blind to the genotype of the m ce. Mechani cal

wao booessmebds were nmeasured with a series of cal POT/aB2@6/004305
von Frey filanments (Stoeling) fromO0.005 g to a
maxi mum of 3.63 g. Aninmals were put in Perspex
encl osures placed on an elevaled grid (Ugo Basile) and
(Hﬁ%ikﬂ:ated for at least 2 h prior to testing.
Mechani cal sensitivity was assessed on each hind paw,
enploxingﬁ%?e up-down testing paradigmto determ ne
ang &f Rhraag A1 @ptesewea hpdroky erbupand thecotherarepietdty apdrogen atom;
response to 50 % of stinmulations [F. E. Hol mes, A
Bacon, R J. Pope, P.A Vand@FpI ank, N. C. Kerr, M

Rg%ﬂ@@)geth}!r reBP#Qgiaﬁ’oxz’a‘% D. Wnick. Transgenic

over expr €ssion‘o al ani %>t he dorsal root ganglia

R¥adWead 88, Rz .0 .Proceedi ngs of the
Nat’ gna] %cg%gﬁéﬁgﬁﬁggﬁeﬁ?gébég&ghgn%nited St at es of
thendntied dingOfepecsont sigddetdcdble da2M)arbde haek);of 1l

b- hydr oxy- D4- andros% ne- 3L7-di one gn nechanosensory
OF]gg%(%rg&c%lgwaglﬁ apgeptablg salt or ester thereof.

b- hydr oxy- D4- andr ost ene- 3, 17-di one was adm ni stered to

18, adw ieteced i i dal
9. 00 ameby 0|rc gi:i?gsgggu‘?‘g?%&%@k@?‘vﬁ‘%‘%%&%ﬁh@ﬁ“'

hydexyrd dnpiisirorserfeot, hedionaand phrose-Adrandiastenevh drdicest i ng
t ook place, nmechanosensory threshol ds were neasur ed.

he b5 roxy-D4-. . .
i ereme a5 9450 o Dk Kb of VARG ing e i aperopatic pein
att enuat ed nechanosensory al |l odynia (chronic pain
1behavi pharhacdutinalmeaposiddn fdr 2P Maiteytri @k oE¥RF¥ntRIEpain, the
da %{over aléﬁgﬁ% eriod after SNI surgery. The
C?%ﬁ QL chrap PR Uepiing or Prevsntpe peions of at {eaet one compound
of Qs of the present invention are inactive in a
simpl e pain nodel where pain is caused by excessive
mechani cal stinulation. They are, however, active in
the SNI nodel, which is a ney# opat hi aPn nodel, thus
i ndi cating that these cofpoupds are g tive agai nst
neur opat hi ¢ pai n. CLAI MR

CH3

R @

(in which:

one of R! and R2 represents a hydroxy group and the other represents a hydrogen atom;

>

or
R! and R? together represent an 0xo group;

R3 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 and a suitable excipient.



1. The use of steroid derivative conpound of fornula
() : (in which: one of R1 and R represents a hydroxy
w@e@ops@moad the ot her represents a hydrogen at oPgT/GB20R6/004305
and R together represent an oxo group; R represents a
hydrogen atom or a hydroxy group; and the dotted |ines
represent single or doubl e c&¥ bon- car bon bonds); or a
1Rhar Besubb G YeBRARPLAMIR PRMheRin tﬁghaﬁvm@ Ecotd from
the prepa canent revention
10)&1yﬂf®ﬁyt/xzbaxidremnaa$,l’¢alnm aRd 1Thmotrs®amtrosimmh B),@?{dmone.
claim1 wherein the derivative is selected from11-

ydr ndr ost 17- d one and 1l - oxo-
ﬁ§¥8 conpcA 3ﬁ@n“§1l*he use according to

cIa|n11 or 2 wherein the derivative is 11b-hydroxy- D4-
androstene-3, 17-dione. 4. The use accor@ ng to any
precedi ng cl ai m wherei n the Hain i s Re&tBrppat hi c pain.
5. The use according to A
the pain is centrally nedi ate

The use according to any
the pain is chronic, aI
phant om pai n or |n

mul tiple scl ergsl s- as
neur opat hy- associ ated pai n sucz&§$ in idiopathic or
post-traunmati c neuropat hy and oneuritis,

H V- associ at ed neuropat hi c pain, cancer-associ ated
neur opat hi ¢ pain, carpal tunnel-associ ated neuropathic
(avhich:ispi nal cord injury-associ ated pain, conplex

regi onal pain syndrone, fibronyal gi aassoci at ed

one of R! and R? represents a hydroxy group and the other represents a hydrogen atom;

or
R! and R2 together represent an 0xo group;

R3 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 nerve repair or nerve regeneration in cases of nerve injury.

16.  The use according to claim 15 wherein the derivative is selected from 11-

hydroxy-A4-androstene-3,17-dione and 11-oxo-A4-androstene-3,17-dione.

17.  The use according to claim 15 or 16 wherein the derivative is 11B-hydroxy-A4-

androstene-3,17-dione.

18.  The use according to any one of claims 15 to 17 wherein the nerve injury occurs

due to acute conditions or chronic conditions.

19. A method of promoting nerve regeneration or repair in a subject comprising

administering to the subject an effective amount of a compound of formula (I):



neuropat hi ¢ pain, |unbar and cervical pain, reflex
synpat hi ¢ dystrophy, phantom|inb syndrone or
w@eon7psmeerl nerve or spinal cord trauma, entr apEGB2006/004305
neur opat hy, nerve transection including surgery,
Li ssauer tract section, Iing anmput ati on and stunp
pai n, neurona/tunour conpre %ion, arteriovenous
mal formation, Vitam n Bl12 deficiency, dpabetic
neur opat hy, al coholic neurdpat hy, p&Hs /taused by the
side effects of anti-car - AJ/DS t her api es,
Hl V- associ at ed neuropathic gt T xSociated with
inflammation or infectiew 3t hache),
visceral pain, pain cauged hUr ns, pain
caused by | ocal or-%8ys T~0r pain caused
by connective ti$ ' . 8. The use according to
claim7 wherein fhe connective fti ssue di sease i s one
of rheunatoidé;,b riti.gA Wl exberg' s syndrone,
system c | upgs~er ythe A\ multiple sclerosis or
polyarteritis nodosa. 9. The use3according to any one
of clains 1 to 7 wherein the pd%n is associfted with
cancer, surgery, visceral damage, headache or trauma
10. A nmethod of preventing or treating a subject for
(inpwlhiph:conpri si ng adni ni stering to the subject an
ef fective amount of a compound of formula (I): (D(in
oo R :aﬁ@ R @ re&ﬁ@ghﬁiﬁﬁg gﬁﬁg L af dd ésé;ﬁsoéc'%uﬂggen atom;
the other represents’ a rogen atom or and
t oget her represent an oxo gooup; R represents a
hydrogen atom or a hydroxy group; and the dotted |ines
ermdr ogtthei napgteserdandxalgk@ipcar bon- car bon bonds); or a
pharmaceutically acceptable salt or ester thereof.
R3 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.

20. A pharmaceutical composition for use in the promotion of nerve regeneration or

repair the composition comprising an effective amount of a compound of formula (I):

2 o)

@

(in which:

one of R! and R? represents a hydroxy group and the other represents a hydrogen atom;

or



11. A nmethod according to claim210 wherein the

derivative is selected from11-
whyarosxw9D4- andr ost ene- 3, 17- di one and PCT/GB2006/004305

1l - oxo- D4- andr ost ene- 3, 17-di one. 12. A nethod

according to claim 10 or 11,wherein the pain is

neur opat hic pain. 13. A pharmaceutical conposition for

) e treat vention of pain, the
E‘Bog%et%?ﬁ{r% %ﬁlﬂxg 51%@1 n treating or preventing
sanount _of ofpdormula (I): (in
mfsfr?ntso%@%s?g a%dra%gft gpr eggntg c{hydr oxy group and

thelddBte@lih@yr rep&%rﬁSﬁlrgléoraiduylérca@en-wthmmmndS)R and R
toget her r Eﬁgsent an 0xo g%: &Pree LS
or hykaregesvtisalniseria ﬁfﬁpé&ﬁ 5ot apdft a0y F?@dmfines
represent single or double carbon carbon bonds); or a
pha o GERSARIe(pal t or ester thereof and
21 F[ﬁ?ﬁ%‘%fagidg%t pient.14. A E:gn‘po& tion according to
cIa|n113 wherein the derivative is seleoted from
1l - hydr oxy- D4-andr ost ene- ) ' 1l - oxo-

D4- andr ost ene- 3, 17-di ong. 1b. l a conmpound of
formula (1) : (in whick e R represents a

hydr oxy group and the ot her ¢ A\ hydr ogen
atom or R and R toget héiHy ¢present o group; R
represents a hydrogen atom ) group; and the
dotted i nes repregént doubl e car bon-car bon

thereof for the r epar atf on of medi canent for nerve
S cases of nerve injury.

R @

(in which:

one of R and R% represents a hydroxy group and the other represents a hydrogen atom;

or
R! and R? to 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);

or a pharmaceutically acceptable salt or ester thereof for the preparation of a
medicament for the prevention or treatment of brain injury, brain damage or brain

disease.

22, The use according to claim 21 wherein the derivative is selected from 11-

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

23.  The use according to claim 21 or 22 wherein the derivative is 11B-hydroxy-A4-

androstene-3,17-dione.



16. The use according to claim 15 wherein the
derivative is selected from11-
whyaroxw9D4- andr ost ene- 3, 17-di one and 1l - oxo- PCT/GB2006/004305
D4- andr ost ene- 3, 17-di one. 17. The use according to
claim15 or 16 wherein the derivative is
11b- hydr oxy- D4- androstene-¥ , 17-dione. 18. The use
24.2CCORAIRG LGB0 ARF AL of1FiER 1148 2BAyHefeiMIE Biath tnfiRy or
nerve I njury occurs due to acute conditions or chronic
bratrodehi dge dnsausddby sneref drolkblisf thprrobaid ardapmpxrbagic stroke, direct or
. Jfegeneration or repair.in a.subject .conprising i
indlF TR HEECT ot e DR i ROrg PP S OLRB R dymage to
the®P41R guﬂﬁ% @irdfo%ﬁﬁh'(')@ar& bypasé Surkdty O rer@n@iaBsisRrepBusion brain
represents a hydroxy group and the other represents a
darhggerfolewingtmyqcagtialinfaneiior, brotnedispape, impreslagicalAamags,
r.oup,.. R represents hydrogen atom or a hydroxy
ch 18%Spngﬁ%o€ﬁtu§%%f% a"lé(’nes represent single or double
car bon-carbon bonds); or a pharmaceutically acceptable
25 sal Thetseegterdiidierdam 220herdinghaimmasalbgical damage is the result
conmposition for use in the pronotion of nerve
of bastraieb PRY A Afsetiothpai r the conposition conprising an
effective anount of a conmpound of fornmula (1): (in
26 Wi Gfc QNEcOfdiiE RNYaifh I PRIESRIThS cRenMy Al dAe8 OB r&AH of
the other represents a hydrogen atomy orR and R
extesyatdtel coegumagiontor adminisiraon opchamatherapy agangs fr cancer
ir h drggen atom or a hydroxy group; and the dotted |ines
e?%BP sent single or doubl e carbon-carbon bonds); or a
pharmaceutically acceptable salt or ester thereof and
278 STht akd gcoxdih®iosdliim 25lwhdibin the eadddtion duarnge tnthe @ésult of

formula (1)
radiotherapy.
28.  The use according to any one of claim 22 to 24 wherein the brain disease is one

of Alzheimer’s Disease, Parkinson’s Disease, Multiple Sclerosis or variant Creutzfeld

Jacob Disease.

29. A method for preventing or treating brain injury, brain damage or brain disease
in a subject comprising administering to the subject an effective amount of a compound
of formula (I):

@

(in which:



(in which: one of R and R represents a hydroxy group
and the other represents a hydrogen atom or R and R -

W@ o@ensmel r epresent an oxo group; R represent SPEL/GB2006/004305
hydrogen atom or a hydroxy group; and the dotted |ines
represent single or double carbon-carbon bonds); or a
pharnaceutlcally acceptablék%alt or ester thereof for

ati on of .a nedi canent, for the revent.i
ong PR RS Spraa: T GoAEroms S g aise BT A Hy 2rog8h atom;
di sease. 22. The use accordjng to claim2 1 wherein
the derivative is selected from 11-

R“&M&’R@Wge%er@éﬂééé%@xﬁ‘@x@gﬂaﬁ%dl one and 1l - oxo-
D4- andr ost ene- 3, 17-di oné. 23. The use according to

R3 %Iﬁbsféh% alhydkogld AR LER ﬁy&rﬁﬁ‘y %ﬁﬁl!pV@{d ve is 1l

dr oxy-D4- andr ost ene- 7-di one. 24. The use

theaﬂ@ttqi tingsgrepusse yingleeor (glpublp sppgnzatbopdopdsiaher ei n t he
in_in gaused by one of
Or%H@%F%%?ﬁﬁﬁﬁ%%%%gégk%aﬁﬁggggrr agi c stroke, direct or

indirect trauma or surgery to the brain or spinal
30.cor 4, phagaiativad compesiﬁcmh for udanmihe ptaventien drta¢atmel oif brpin

. .cardi op InDnar ass s or renal .dialysis
inj g o hrav Biemgn Bty gl aomBound of

tion, brain disease, imunol ogical damage,

:hﬂﬁﬁﬁggal danage or radi ati on damage. 25. The use
according to claim25 wherein the |nnunolog|cal damage
Is the result of bacterial f vi fection. 26. The
use according to claim25 [ ghem cal damage
is the result of excesB i

adm ni stration of chenotherp cancer
treat nent .
© 3
R ®
(in which:

one of R! and R? represents a hydroxy group and the other represents a hydrogen atom;

or
R1 and R? together represent an oxo group;

R3 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 and a suitable excipient

31.  The use of a compound of formula (I):



27. The use according to claim25 wherein the

radi ati on danage is the result of radiotherapy. 28.
wab@7oswonaccordi ng to any one of claim 22 to ZECTHO82@6/004305

the brain disease is one of Al zheiner's Disease,

Par ki nson' s Di sease, NUItrpge Scl erosis or variant

Creut zfeld Jacob Di sease A net hod for preventing

or treating brain injury, bhyln damage or brain

di sease in a subject coppriisi fering to the

subj ect an effective agount| of ~s nd of fornula

(I): (in which:one of R and 23 x a hydroxy
group and the other repgege y atom or R
and R toget her represent y represents a

gr use in the preventron
oL brai n damage or brain

di sease, the conposition conprising a conpound of
fornula (1): (in which: one of R and R repf®sents a
hydroxy group and the other represents a hydrogen
atom or R and R together represent an oxo group; R

(inrvdgclesent s a hydrogen atom or a hydroxy group; and the
dotted lines represent single or double carbon-carbon

on@ ag 9\3 Jand R2 represents a hydroxy group and the other represents a hydrogen atom;

or
R! and R? together represent an oxo group;

R3 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 manufacture of a

medicament for the prevention of or protection against cell death.

32.  The use according to claim 31 wherein the derivative is selected from 11~

hydroxy-A4-androstene-3,17-dione, or 11-o0x0-A4-androstene-3,17-dione.

33.  The use according to claim 31 or 32 wherein the derivative is 11p-hydroxy-A4-

androstene-3,17-dione
34.  The use according to claim 31 wherein the cell is a neuron.

35.  The use according to claim 34 wherein the neuron is from the central nervous

system.

36.  The use according to claim 34 wherein the neuron is from the peripheral nervous

system.

37.  The use according to claim 34 wherein the cell is a dorsal root ganglion or

hippocampal or cortical neuron.



or a pharmaceutically acceptable salt or ester thereof

and a suitable excipient 31. The use of a conpound of
wo eoomab@9( 1) : (i n which: one of R and R repr eskPCit/&€Ba006/004305

hydr oxy group and the other represents a hydrogen

atom or R and R together rggresent an oxo group; R

represents a hydrogen atom a hydroxy group; and the
3800t PehethoRF tIc8IES QY eck FRThEprRlerARURIFSr BRI RORESH HRfhst cell

bonds); or a pharmaceutically acceptable salt or ester
death epmpfising admistering foatbe swtiead in affpeticcarmamt of gympdved of
ﬂ”%ﬁﬁyﬁgtion of or protection against cell death. 32.

'e according to claim3 1 wherein the derivative

is selected from 11- hydroxy-D4-androstene-3, 17-di one,

or 1l - oxo- D4-androstene-3,17-di one. 330 The use

according to claim3 1 > H3 derivative is

1l b- hydroxy-D4- andro®t dipne/B84. The use

according to claim31l whereyn the ge S a neuron.

he use

is fromthe
The use according to
dorsal root ganglion or
~38. A nethod of

¢ gvention of or the
protection against cell death &o3rprising adm nistering
to the subject an effective anotnt of conpélnd of
formula (1): (in which:

(in which:

is fromthe central
according to claig”
peri pheral nervoys syst

one of R1 and R? represents a hydroxy group and the other represents a hydrogen atom;

or
R! and R2 together represent an oxo group;

R3 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.

39. A pharmaceutical composition for use in the prevention of or protection against

cell death the composition comprising compound of formula (I):

2 O

)



one of R and R represents a hydroxy group and the

ot her represents a hydrogen atonm or R and R together
WO e@resS®at an oxo group; R - represents a hydrpPQEGBai06/04305

or a hydroxy group; and the dotted |ines represent

singl e or doubl e carbon-carbpn bonds); or a

phar maceutical ly acceptabl e%salt or ester thereof. 39.
(inAvHRéar maceuti cal conposition for use in the prevention

of or protection against cell death the conposition

ongFLR SRURA TFBRELOHREIS MR R P Ui KRIFHS AoHeen som

represents a hydrogen atom opr R and R together
represent an oxo group; R represents a hydrogen atom

RIGHAR Y4 aﬁéﬁﬁgfg&@an@g@ gidg; dotted |ines represent
single or doubl e carbon car bon bonds); or a

R3Rbaesmeelhy Bakdnatas o8 RhalloRy gadup; aid est er thereof and

a sui tabl e exci pient.
the dotted lines represent single or double carbon-carbon bonds);

or a pharmaceutically acceptable salt or ester thereof and a suitable excipient.



