WO 02/ 00225 PCT/ GB01/ 02937 7- HYDROXYEPI ANDROSTERONE HAVI NG NEUROPROTECTI VE
ACTIVITY The present invention relates to the use of certain

7- hydr oxyw@ovme@esl conpounds for protection agai nst neur oral/GBel/N29@eat h,
and which are thus useful in the treatnent and prevention of such
conditions or the sequel ae of such conditions as Al zheiner's D sease,

Par ki nson' s Drse@sexYHEONMPRISTBRINEDEA VINE NTEUROPEMTETIVEQACTIUEND) , str oke,

brain trauma, spinal cord injury and peripheral nerve injury; it is also

ful f h f t f.7a-hyd | at ed
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L Lewbart, Recent Progr. Horm Res. 15 (1959) 201-230; L Starka et al
din. Chi meamwnfﬂpr(ﬂ%_b)l Oiemyh]tlonSDMhe SQQIne}a;’:: of xichrehditions as

7a- hydr oxyl.at i 3- X er oi d tr tes inﬁ\bﬁi ng DHEA and
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of DHEA amsetﬂmlefm?el]dmscmgongmhmﬁmbsm been denonstrated in rat liver and in
numer ous nouse tissues and organs. In all these studies, 7a-hydroxy-DHEA
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correspondi ng?L?a h droxy netabolites in the rat brain [J M Giraud et al,
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endocrine organs, including adult and foetal liver, testes, epididymus, skin, mammary tissue,

prostate, adipose stromal cells and tonsils. Hydroxylation of DHEA at the 7-position

has also been demonstrated in rat liver and in numerous mouse tissues and organs. In

all these studies, 7a-hydroxy-DHEA was by far the major metabolite produced.

Indeed, Doostzadeh et al [Steroids 63 (1998) 608-614] reported that the production

rate of 7o-hydroxy-DHEA by mouse liver microsomes was more than fifteen times

the production rate of 73-hydroxy-DHEA.

EPIA, DHEA and pregnenolone have also been shown to be rapidly and
extensively transformed to their corresponding 7a-hydroxy metabolites in the rat brain
[J M Guiraud et al, Steroids 34 (1979) 241-248; M Warner et al, Endocrinology 124
(1989) 2699-2706; Y Akwa et al, Biochem. J. 288 (1992) 959-964)].

WO97/37664 discloses the use of certain specific compounds, including 7oi-
hydroxy-substituted steroids, to treat neuropsychiatric, immune or endocrine
disorders. Among the disorders suggested in WO97/37664 that these compounds may
be used to treat is included Alzheimer’s Disease. However, the mechanism suggested
for this action is that the disorder is hypothesised to result from a deficit of the 7oi-

hydroxy-substituted steroid in the brain, and the treatment proposed in W097/37664



di sorders. Anong the disorders suggested in W97/ 37664 that these conpounds
may be used to treat is included Al zheiner's D sease. However, the

mechani sweuygesied for this action is that the di sorderPCHGBYypaIBESI sed
toresult froma deficit of the 7a- hydroxy-substituted steroid in the

brain, and the_ treat .aroposed. i.n W97/ 37664 WO 02/ 00225 PCT/ GB01/ 02937
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7a- hydr ox Yec?‘-}wé%d fisking coipbRhd TR profduACRstARdTh FPOVY306PAH N eats N e
procedure described in W97/37664 thus treats an existing condition, rather

t han pr eveénexigigng ¢eadidiondiathes thasrpreventingthersgndition psprevergingef wokeningndi t i on
by prevent| fur.t.her neuronal nage. 7/ 376 ot, therefore,
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events such as stroke. W have now surprisingly discovered that

7- hydr oxy ceppaumnds osy deowed tovprevdng the damag@camsedbysuddem end taumiie used to

prot ect agai nst gcute and chroni ¢ neuronal danage caused by such events as
stroke, bFATY ehARUTd cerebral ischaemia such as may be induced by
sub- arachnoi d haemhorrage or which occurs during heart bypass surgery etc.
In events suchvashaveabensstisidpdiséodid tha TORRII:A-epMHEostéBNe, WnefllRY NOt be
associ ated with hypogl ycaem a, neuronal damage, to varying degrees, is
encount er egp or h sukaeican by pseddb ipyotent egaisst darte and tleanic nattonakdamalgeit t he

damage i ncurr at .these times js.substantially limted tqQ the heart
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of head imfcury. The severity of the ischaem a depends on the nature of the
stroke or injury, but, invariably, there is brain danmage, and it is this

whi ch the resent jnvention, addrgesses. Various. neur oprotective ents are
cnown i n the. alt AECHOLS RRIPEEe Mo And dighaemia, Which may or may not B

associated with hypoglycaemia, neuronal damage, to varying degrees, is encountered.

Ischaemia typically occurs during heart attacks, but the damage incurred at
these times is substantially limited to the heart tissues, and certain treatments have
been developed. With regard to the present invention, we are concerned with the
effects of more long term ischaemia on the brain, such as occurs with stroke patients
or as a result of head injury. The severity of the ischaemia depends on the nature of
the stroke or injury, but, invariably, there is brain damage, and it is this which the

present invention addresses.

Various neurbprotective agents are known in the art which attempt to alleviate
the problem of brain damage, but all of those currently known tend to be associated
with adverse side effects. For example, MK801 (dizocilpine maleate) is a fairly
simple molecule and is known to provide a level of neuroprotection to ischaemic
patients. However, MK801 is also associated with "alarming psychotropic effects"
(Martindale), as well as adverse motor effects. The neuroprotective effects are
detailed in Brain Research 755 (1997) 36-46 (Pringle, A.K., et al), incorporated herein
by reference. These same authors also described the neuroprotective effects of

conotoxin in an earlier paper but, despite the neuroprotective effects of this



the problem of brain damage, but all of those currently known tend to be
associated wth adverse side effects. For exanple, MK801 (dizocil pine

mal eate) w@ozo2as rly sinple nolecule and is known to proR€CTUEeBaINIEl oOf
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"O H3 (ro) HO = O4dH3 W 02/00225 PCT/ GB01/ 02937 The invention al so
enbraces the use of precursors of these conpounds and conpounds which, in
vivo, aravomreedi sed to give these conpounds. The a and PGI/GBONe2937 may be
used alone or in adm xture, and, if in adm xture, may be present in any
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the nmethods described in the literature referred to above, which would
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reaction sc
which would give a mixture of the 7B and corresponding 7o compounds, which may

then be separated by well known techniques.

As an example, 7o and/or 7B-hydroxy EPIA may be obtained from DHEA by
allylic oxidation after protection of the 33-hydroxy group and the 17-ketone group
using conventional methods. The product is then reduced with a soluble metal
compound catalyst (such as sodium hydride) and the 3B-hydroxy and 17-ketone
groups are deprotected. The 7a-hydroxy and 7B-hydroxy epimers may then, if
desired, be separated by conventional means, for example column chromatography,

and the 7o~ and 7B-hydroxy EPIA may be crystallised to purity.

Alternatively, 7a- and 7B-hydroxy-EPIA may be prepared as illustrated by the

following reaction scheme:
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In this reaction scheme, DHEA (II) is acetylated to give the corresponding
acetate of formula (III), which is then reacted with ethylene glycol, to give the ketal of
formula (IV). The ketal (IV) is then oxidised as described in Example 3, to give the
corresponding 7-keto compound (V), which is then deacetylated, to give the
compound of formula (VI). This is reduced, to give 7-hydroxy-17-ketal-EPIA of



formula (1V). The ketal (1V) is then oxidised as described in Exanple 3, to
give the corresponding 7-keto conpound (V), which is then deacetylated, to
gi ve thewaompend of fornmula (VI). This is reduced, to gPUBGB01/02937

7- hydroxy-17-ketal -EPI A of 5 WD 02/ 00225 PCT/ GBOl/ 02937 for rrul a (V1),

whi ch. i s ?%ﬂlamt \%ﬂlcﬂ‘ Hillexl?ﬂ'eﬁg& glltlil {E%X‘%e lr(lgi(% r Ou glvg I ve 7-

hydr oxy- E 7 ha sep araréd i nton? mers by
chr omat oghpRbYy-EPIA, gwmeh &mmnydémeﬁﬁlt&méwm a@dwh 71sd>r§ems roxy-EPIA (X).
The conpounds of t he present 1 nvention may b plied to the patient if it

i s suspechrethatogeaphyHeygiver ki -hydroenrGBIA ) and 7§dtydmy£EI§Ae(Xt)., especially a
stroke or head injury, or if they are suspected of developing a chronic

d enerat e di sea such hei nmer sea D,. which ma
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brai n. Such” prophyl actic application may be éxceedi hgly useful. However,
it has al spuryeanf thepreresuspected of davelofiag aolnpuwmtsmd[egerle%vpldwmt i nventi on

have eful  act t en if i ed after cev t, but it
Wi YI EZ a%i?#@él‘g%/ﬂfb'}/’?rh% ls?alsle Ps &ﬁél g‘t"EH’a@’&e “ﬁfg fpounds as
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possible. In some circunstances it my be e to m ni ster repeated
doses, esfremlwtlypbmmnﬁhﬁeagepgthrant Smempnophylamcd@pbemonﬁnayrba schaem ¢

event. Suitabl.e neth of adm are y |njec ion, in
order to SXERHBEY uﬁ?‘éijcsi%%‘f’?v&& 1t E%Slﬁtlﬁo B@Hn%’%teaéé dﬂﬁl@ {nt ravenous
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pr et or abl SeTa RAn Pk to bl RERlaEE e, S*’%% AR TRCAT SUIREATERS, by

fluid. Tha vdﬂsbe appretiated cloatitas prefarted toadmimsienthe compodride as sodi asvar y
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dependi ng up 0
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adm ni st r gtd MOV URY be AedRDR BfadlfifiSer repeated doses, especially where the

patient remains in danger of an ischaemic event.

Suitable methods of administration are generally by injection, in order to
achieve the desired result as soon as possible. Thus, intravenous injection is
particularly preferred but, in some circumstances it may be preferable to administer

the compound directly into the cerebrospinal fluid.

The dose of the compound of the present invention will vary depending upon
many factors, including the age, body weight and general condition of the patient, as
well as the mode, frequency and route of administration. However, a dose of from
0.01 to 50 mg/kg body weight is generally recommended, a dose of from 0.05 to
20 mg/kg body weight being more preferred. This may be administered in a single

dose or in divided doses.

The invention is further illustrated by the following non-limiting Examples, of
which Examples 1 to 20 illustrate the preparation of compounds of the present
invention and Examples 21 and 22 illustrate their activity. In Examples 1 t020, the

Roman numerals refer to the formulae in the reaction schemes shown above.

EXAMPLE 1



0.01 to 50 ng/ kg body weight is generally recormmended, a dose of from 0.05
to 20 ng/ kg body wei ght being nore preferred. This may be adm nistered in a
single ®v362/01223n divided doses. The invention is furthePCT/GBOF029at ed by
the followng non-limting Exanples, of which Exanples | to 20 illustrate
the pr epar@tgﬁ_%et&g@ nds of the present invention and Exanples 21 and
22 il lust (Tvity. In Exanples 1 to 20, the Ronman nunerals
refer to the fornmulae in the reaction schenes shown above. EXAMPLE | 6 WO
02/ 00225 PCT/ GBOddla3of SO0 -p3ridnetantl €0 @hll df acdicsmhydridecontairifle M gof

pyridine a 0O . of acetic anhydride containing 10 g of DHEA (34.72
nmmol ) was Oﬁggl:etﬁ@dgfl-gg myRoly Bras hegied, fosretlp fordciouts. orherrerptigmmegitim c ool ed,

poured in r i e _organic _phase was
dried ove?ﬁg\gﬁélgé’ggggggﬁotﬁ ésrﬁﬁg‘g\#é‘%rg"tgnﬁy%\?a g%%ﬁ%a :{[% %r%yalg%gégsell. 0 g of
DHEA- 3- acetaatdéied bier @BRyd3Sugssdium Si@Phate wht &hpwatdiedrynsésal 11ieedr from

et hanol, _were obtained. EXAMPLE 2 17-Ket aF- DHEA- 3-acetate (IV) A solution
of 100 ni DBiEADrasstate ABNBAi3dimarob 9§%0s wiekeaas regewstadlised iframy ethamlls ol ), 5
m of ethyld ‘??Dtgilng&ol and a catal ytic amount of p-tol uenesul phonic acid was
heated to reflTux w'th steamdistillation using a Dean-Stark apparatus for
24 hours. The reaction nmediumwas poured into 100 m of a 10% w v aqueous
pot assi um carbonate sol ution. ThEXAMPIIE2phase was decanted. The aqueous
phase was extracted with ethyl acetate. The organi ¢ phases were conbi ned

and evapor9 dt drgness. 5.10 g of 17-ketal - 3- DHEA-acetate LIV) (13.64
ol , QO%M'—WMI lised from ethanol, were obtained.

A solution of 100 ml of toluene containing 5 g of DHEA-3-acetate (II) (15.15

mmol), 5 ml of ethylene glycol and a catalytic amount of p-toluenesulphonic acid was
heated to reflux with steam distillation using a Dean-Stark apparatus for 24 hours.
The reaction medium was poured into 100 ml of a 10% w/v aqueous potassium
carbonate solution. The organic phase was decanted. The aqueous phase was
extracted with ethyl acetate. The organic phases were combined and evaporated to
dryness. 5.10 g of 17-ketal-3-DHEA-acetate (IV) (13.64 mmol, 90%), which was

recrystallised from ethanol, were obtained.
EXAMPLE 3

7-Keto-17-ketal-DHE A-3-acetate (V)

A solution of 70 m! of pyridine containing 5 g of 17-ketal-DHEA-3-acetate
(IV) (13.37 mmol) and a catalytic amount of Bengal Rose was irradiated using a
medium-pressure mercury vapour lamp with oxygen sparging. A catalytic amount of
copper acetate was added to the reaction medium after 24 hours. The reaction
medium, after 24 hours, was evaporated to dryness. The residue was purified by flash
chromatography (SiO2/ethyl acetate : cyclohexane 3/7). 3.11 g of 7-keto-17-ketal-
DHEA-3-acetate (V) (8.02 mmol, 60%) were obtained.

EXAMPLE 4

7-Keto-17-ketal-DHEA (VI)




EXAMPLE 3 7-Keto-17-ketal - DHEA- 3-acetate (V) A solution of 70 m of
pyridine containing 5 g of 17-ketal - DHEA-3-acetate (13.37 mml) and a

cat al yti ov@anrwones of Bengal Rose was irradiated using a nRAT/GBIPI®IBUr e
mercury vapour |anmp with oxygen sparging. A catalytic anount of copper
acetate was ad t I I I t.¢ 4 The .r tion

medi um after %}g}%%%) ?gga@%%%@?g%lq%%grI%%fz%qt%ﬁ?}é%r&g%%\?és purified
by flash 1guforeatoy7-&play-DEEE A2 ektd (VMR8 kbEnol) 6 hehexanefig fxy2 3. 11 g of
7-keto-17-ketal - DHEA-3-acetate Q (8.02 mml, 60% were obtained. EXAVPLE
4  7- Ket ohayrsk Eheyeagiiqmanedzm was fzepooadeh neptpdyedapalithopedracted ved ut i on of 50

m of met nt-al ni.ng.:1 % i oxi de. and of

7 et o- 1705 e eBrait dhak RRRAELUTMGAN ABlipe Bt ror -
hours. Thevdpeasdd t0/dryRed. LBO2WAS of haRtcc DRk&sl-DABUL 3 @. 3B @ehadgbout)heRicaxt r act ed
with ethyl acetate. The organi ¢ phase was dried over anhydrous sodium

sul phat e afﬁarqcnéwlhsédér@mmpgun@lowambé@@qd- 802 ny of 7-keto-17-ketal -DHEA 5
(2.32 mol, 90%, which was recrystallised from nethanol, were obtai ned.
EXAMPLE 5 7-Hvdroxv-17-ket al - EPI g of 7-keto-17-ketal - DHEA VI
(28.90 nmol) were added to a quuﬁ E)LElg)a solution at -33C containing
2.65 g of sodium After 4 hours, ammonium chloride was added until the

bl ue col oG+HylreappBdteed-EPISBVI) of sodi um were then added. After 4 hours,
ammoni um chl ori de was agai n added until the blue col our disappeared. Water

was added and e ni s allo to evaporate. The, reactjon nedium
was extracted 3/\5? 4 ﬁ?%-%@g&a&ﬁ&%\qﬁ&) &% hmmobnxers agded 193 agidyy er

ammonia solution at -33°C containing 2.65 g of sodium. After 4 hours, ammonium

chloride was added until the blue colour disappeared. 2.65 g of sodium were then
added. After 4 hours, ammonium chloride was again added until the blue colour
disappeared. Water was added and the ammonia was allowed to evaporate. The
reaction medium was extracted with ethyl acetate. The organic phase was dried over
anhydrous sodium sulphate and then evaporated to dryness. 6.07 g of 7-hydroxy-17-
ketal-EPIA (VID) (17.34 mmol, 60%) were obtained.

EXAMPLE 6

7-Hvdroxy-EPIA (VIII)

A solution of 100 ml of acetone containing 5 ml of water, 10 g of 7-hydroxy-
17-ketal-EPIA (VII) (28.57 mmol, 50%) and a catalytic amount of p-toluenesulphonic
acid was heated to reflux for 4 hours. The reaction medium was cooled, poured into
100 ml of a 10% w/v aqueous sodium carbonate solution and then extracted with ethyl
acetate. The organic phase was dried over anhydrous sodium sulphate and then
evaporated to dryness. The residue was purified by flash chromatography (SiO,/ethyl
acetate). 5.24 g of 7-hydroxy-EPIA (VIII) (17.14 mmol, 60%) were obtained.

EXAMPLE 7

To-Hydroxy-EPIA (IX) & 7B-hydroxy-EPIA (X)

7-Hydroxy-EPIA (VIII) (5 g) containing 7o and 7f epimers in a ratio 65/35



anhydr ous sodi um sul phate and then evaporated to dryness. 6.07 g of

7- hydroxy-17- ketal -EPIA (17.34 mmol, 60% were obtained. EXAMPLE 6

7- Hydr oxyw@pP2/#02¢3/1 1 1) A solution of 100 nml of acetone conp@l/GBayo®3m of
water, 10 g of 7-hydroxy- 17-ketal-EPIA (VI1) (28.57 mml, 50% and a

catal ytic - i ' ate flux, for 4
hours. Thatr Baedlly Sk HHRESHBRALO AR “‘?@s@% 88%!%@(%9&% Wy
aqueous s Ggi bithigiad BeR BeFore Tl cEcEkyaE'lﬁiAt@ 1ex4 g ? acetate.
The organi ¢ phase was dried over anhydrous SOdI um su e an hen

evapor at edothydmxydas4 (X heereesirpualiveasrom eiifyl sty flash chr omat ogr aphy
(Si 2/ ethyl acetate). 5.24 g of 7-hydroxy-EPIA (VI11) (17.14 mol, 60%

wer e obtained. EXAMPLE 7 7a- I—Ndr&%iéﬁéjl X) & 70-hydroxy-EPI A (X)
7- Hydroxy-EPIA VIII (5 g) contain 7(3 epinmers in aratio 65/35 8

WO 02/ 00225 PCT/ GB01/02937 was purified by flash chromat ography

(A1203/ CHEdgtbeol FHos SkiYdvia s Yiveokt MurogalDshasdVas obt ai ned first, before

7a- hydroxmr(%%rﬁ(ﬁmﬁ and 7a-hydroxy-EPIA L were
recrystallised fromethyl acetate. EXAMPLE 8 Protocol For Studying Hypoxic
Neur onal Darrag@r@ngfa’n&f}lpp@amppkﬁh@aﬁq!ialress\h’@r@@r@narﬁdmse’@ thebssipmethaded usi ng

t he baS|c 1997) nodified as follows: Wstar
rat pups ? rirfe 2%%; T%ﬁén%ié 1? ¥ and the hi ppocanpus rapidly
di ssected into ice-cold Cey's bal anced salt solution supplenented with

4.5mg/ M gl ucVESar Bt pERSSVES &iys 1 vetetbcaifitdd AR Ripp&avipub k@il
culture inserts (4 petr) vel 1) z}alnd Zal nt ai a;I?ejd at 37C ? 602 for 14&days

Mai nt enanéissestediintmicosali S3eye hpanced salt solution supplemented w1th 4.5mg/ml

glucose. Slices were separated and plated onto Millicell CM culture inserts (4 per
well) and maintained at 37°C/5% CO, for 14 days. Maintenance medium consisted of
25% heat-inactivated horse serum, 25% Hank’s balanced salt solution (HBSS) and
50% minimum essential medium with added Earle’s salts (MEM) supplemented with

ImM glutamine and 4.5mg/ml glucose. Medium was changed every 3-4 days.

Experimental hypoxia was performed as described previously (Pringle et al.,
1996; 1997). Briefly, cultures were transferred to serum free medium (SFM — 75%
MEM, 25% HBSS supplemented with 1mM glutamine and 4.5mg/ml glucose)
containing Spug/ml of the fluorescent exclusion dye propidium iodide (PI). Cultures
were allowed to equilibrate in SFM for 60 minutes prior to imaging. PI fluorescence
was detected using a Leica inverted microscope fitted with a rhodamine filter set. Any
cultures in which PI fluorescence was detected at this stage were excluded from
further study. Hypoxia was induced by transferring cultures to SFM (+PI) which had
been saturated with 95%N,/5%CO,. Culture plates (without lids) were then sealed
into an airtight chamber in which the atmosphere was saturated with 95%N,/5%CO,
by continuously blowing through gas at 10L/min for ten minutes before being sealed
and placed in the incubator for 170mins (total time of hypoxia was therefore 180
mins). At the end of the hypoxic period cultures were returned to normoxic SFM

containing PI and placed back in the incubator for 24 hours.

Neuronal damage was assessed as described previously (Pringle et al., 1996;
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described previously (Pringle et al., 1996; 9 WD 02/00225 PCT/ GB01/ 02937

1997) using ei N 1.60 r i ng,on an e ll.si.conmputer or
OpenLab 2. 1 (%%gérlgsg)lslﬂpé‘%?ﬁ%eﬁ%ﬁﬁaﬂgﬁB%H%E&deﬁg%a‘%.soﬁuﬁﬁ% were
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RESULTS

Experiment 1:

An initial experiment was performed to determine whether 7aOH-EPIA and
7BOH-EPIA were neuroprotective at a high concentration of 100nM. Hypoxia
produced a lesion in 25.5+6.4% of CA1. This damage was significantly reduced by
both 7a.OH-EPIA and 7BOH-EPIA when present pre-, during and post-hypoxia as

shown in Table I, below.

Table1
Compound N % Damage in CAl
Control Hypoxia 17 25.5+6.4
Hypoxia + 100nM 70.OH-EPIA 16 4.0£2.9%*
Hypoxia + 100nM 73OH-EPIA 16 9.0+4.7*
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or Openl ab, and neuronal danmage expressed as the percentage of the CAl in
which Pl fluorescence was detected above background. Steroid conpounds
wer e prepeoeziodays naking an initial 1ng/m solution in etpP@GBOHIIIT urt her
diluting dowmn in SFM Conpounds were added to the cultures for 45 m nutes
prior to hypoxia, during the hypoxic episode and during the post-hypoxic
recovery BExpérbmieniCntrol experinents consisted of cultures treated with
vehi cl e alone. RESULTS Experinent 1. An initial experinment was perforned

to determ ne et.her, 7aCH EPI 7(3 EPI A rotective at a

hi gh concentr \Qﬁ%‘ﬁg g?tepﬁﬂﬁﬁ%ﬁlaﬁi%gg}i‘&aa' ﬁ%ﬁegﬁrs\gﬁ{@ﬂﬁﬁﬁv%_ 56. 4% of CAl .
Thi s damege yRstestied] el dsaRiditnd @&feaﬁ%tﬁﬁ-d SdindpStHnis RNl OH EPI A
when presentéﬁ%ree- ,1 durei ng and post - hypoxi aeBas nshovvn ien Tab él I, bel ow.
Tabl e 1 Goperisdsiltctabasmoeal dama@ to 3CAHU B oFfleA R 10ORERB. wasHypoxi a +
100nM 7a0H EPI A 16 4. 02. 9** oxi a Cxt)lM 7(30HEPLA 16 9.04.7* 10 WO

: . + | . [ :
02/ 00225 penfieglymolgsiyve ﬁﬁ@ﬂk‘%géﬁmfﬂk bupxetrptisaeallyfgsicanhedugiom t he a-

and a-i so; R ' di.t he
concentrati gﬁzoglé}o%%eggg%/ Soop?‘{rﬁ?dsﬁg? %1812%8 4 %%%ét‘)ré%ﬁ “°\A§f§e§§§tﬁ3‘i?elsnu| ted in

neur onal éiﬂllﬂiﬁst?7[B©H3EPI9ész%i%ﬁﬁ&diﬂy@éimopF<ﬂ@ﬁvEEi oM and S0 fhgant |y
protective at | OOnM A small, but not-statistically significant reduction,
i N neur on#tivit v doshifSho paneenieaiion tvas oedvicedi iedl mie(See Wetde b ef fect at I nM In
contrast, 713CH EPIA was significantly neuroprotective at | OnMand | OOnM

but Table 2
Compound N % Damage in CA1
Control Hypoxia 29 31.9+4.7
Hypoxia + 1nM 70OH-EPIA 14 28.8+5.8
Hypoxia + 10nM 70OH-EPIA 15 21.9+£8.1
Hypoxia + 100nM 7aOH-EPIA 16 11.8+2.8%%
Hypoxia + 1nM 7BOH-EPIA 15 20.6+7.2
Hypoxia + 10nM 7BOH-EPIA 12 11.944.7%
Hypoxia + 100nM 7OH-EPIA 13 14.3+5.0*

EXAMPLE 8

Global cerebral ischemia in rats (4 vessel occlusion)

Cerebral ischemia was induced by four-vessel-occlusion (4VO) in male Wistar
rats (250-280g). Both vertebral arteries were occluded by electrocauterization in
pentobarbital anesthesia (60 mg/kg i.p.). The animals were allowed to recover for 24

hours with free access to water but not food. The next day the carotid arteries were
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activity was lost if the concentration was reduced to 1nM (See Table 2).
Tabl e 2 Conpound N % Danage in CAl Control Hypoxia 29 31.94.7 Hypoxia +
1InM 7( xOw@Pr/#021%1 28.85.8 Hypoxia + | OnM 7aCH EPI A 15 2RCPD8BL1/029§poxi a +
100nM 7a0H EPI A 16 11.82.8** Hypoxia + 1nM7 f OHEPI A 15 20.67.2 Hypoxia

ExapLE 8 e aftet Easpictoce n VBN Tl RNl by BSre L oo a

i schem a ﬁ&ﬁuddﬂdﬂﬁﬁﬁmh}&tés&isfng\&ﬁﬁ&ﬁias@ﬁ@c%bOﬂuﬁségigntlyrbdfﬁb&rﬁﬁléﬂe@é rats
(250-280g). Both vertebral arteries were occlude el ectrocauterization
in pent omweﬁland hetbstraes were auspaeied éorulmgle}hatmeeréuﬁlmaa|1§uwtéea| | oned to

f th {4 t but Th t d
e car ot PeerdiuRadee llob/ine S R SPER0RuR) Bhanta T M under 250
hal ot hanepjahtA0%0 BYYSEN ﬁ@%&uﬁa&w cohtidiRd BRI eAKka cﬁﬁhﬂeé”t@d ® aRe@l uded for

10 m nutes using mcrovascul ar claps. Subsequently, both clanps were
renoved aﬂmrrbmmhtearE(Hrcpmgolv\mrﬁamnmaic@dnm}s blOﬂﬁ@:ﬁ@t@M@}@Mﬂﬂ@l on. During

th t d the f th f ot I
(37, 5P SeSTHeT Thatar ik SIS B AR e LI eE OATS SPPER heat i ng
bl anket  copNReE ERthpk® uiddr 294 BllothhAEITITEbRYeen/70% HRBES Blide a&sﬁxeé}m&per ated

ani mal s both vertebral arteries were cauterl zed I n pentobarbital
anest hesi lamingdayh Tewmmd seasdteattdaritieidoesinagelandtposmtiredutheot ¢l anped

under 2% hal o hane. i % oxygen/ 70% nj trous. oxi de .anest hesi a
ol Tow g SHES S R AR e SR dCh ST aiaemi S Gperantr SHLHYut ur ed.
The regained consciousness.

Seven groups of animals were investigated:

1. (n=8) steroid compound, 73-OH EPIA (0.1 mg/kg, i. v. via tail vein, three
injections: 15 minutes prior to the induction of ischemia, during ischemia and

5 minutes after reperfusion);

2. (p=8) steroid compound, 7p-OH EPIA (0.3 mg/kg, i. v. three injections as
described in 1.);

3. (n=8) steroid compound, 73-OH EPIA (Img/kg, i. v., three injections as
described in 1.);

4. (n=8) NBQX (disodium salt, because more water soluble) as reference
substance and positive control (TOCRIS, Germany, 30mg/kg, i. p., three

injections as described in 1.);

5. (n=8) received vehicle (0.9% NaCl, containing 100 pl Ethanol) three

injections as described in 1.);
6. (n=8) ischemia alone;
7. (n=8) sham operated controls.

NBQX is 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline and is
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animal s were kept under a heating |anp at 30C environnental tenperature
until they regained consciousness. Seven groups of aninmals were

i nvest i gav@ed2/om25 (n=8) steroid conpound, 7(3-CH EPIA (0. 1remiGBgI/03937 v. Vi a
tail vein, three injections: 15 mnutes prior to the induction of

I schem a, ' Qﬁﬁkﬁ} - e erf . (n=8)
steroid cgﬂn%g%%é@?l - é%ﬁgefg[lxg?yﬂg@@g{alﬁ&%\%&n?& &@m ec |ons as

descr i bednewrofro}ectie adtion®Y 231—&111194116}(5}6#1’&’@0!—0€h111f11§18y1%n55’dF/9qt(1ﬁ<5@}hK@, . V.,
three injections as descrjbed in k%% (n=8) C%§%d|sod|unlsalt

because mHNBQRARR & SpGabiseh ae’&%}al“&délr B Reg 138t 3 dl-posi tive control
(TOCRI'S, Germany, 30ng/kg I. p., three injections as described in 1.); 5.

(n=8) recelved can [N hr ee

i nj ections as d SCri Eﬁ%i &ﬁ%@@l@%epl _ﬁer%ecgg%ggo@dﬁlﬁé{?@&el tltl =8) sham
oper at ed @omhti@l.s. NBQX is

2, 3-di hydr oxy-6-nitro-7-sul fanoyl - benzo(F) qui noxaline and is 12 WO

02/ 00225 PCT/ GBO1/ 02937 known to have neuroprotective activity [GIIl, R
Nor dhol m L., [Bgsbstancestiere difselvepinot08a+liBilangtamdofinadly diluted with 0.9%
2,3-dihydhp ¥ 6- ni tro-7-sul fanoyi - benzo(F) qui noxaline (NBQX) in a rat
focal ischaem a nodel. Brain Res. 580, 35-43, 1992]. 7[i-OH EPIA is

7] 3- hydr oxyepi andr ost erone, a conpound of the present invention. The

substances wer af@t s salisalting ofGQals fdpaobémiang] inimals werd ipbtfigeh fikddh 0. 9%
NaCl .

.r“

transcardially with 4% paraformaldehyde. The brains were then removed carefully
and postfixed in the same fixative for 2 hours. After cryoprotection in 30% sucrose,
the brains were rapidly frozen in isopentane and stored at —80°C. Twenty-micrometer
cryostat sections comprising the hippocampal formation were Nissl stained with

toluidine blue or NeuroTrace fluorescence.

Data analysis:

The severity of neuronal damage in the hippocampal CA1 region after
ischemia was evaluated by the number of surviving neurons using Nissl staining. The
mean number of morphologically intact neurons per 400 um length was calculated in
CAL1 region for each group. Cell counting was performed in 3-5 serial sections per
animal and 6 times 400 um CA1 area per section using a light microscope equipped
with a 20 x objective. The data were statistically analyzed by paired Student’s z-test.

Data were presented as mean = SEM.

Results and Discussion

The results are shown in Figures 1 to 3 of the accompanying drawings.

Morphological intact hippocampal CA1 neurons were characterized by Nissl
staining (toluidine blue and NeuroTrace, Fig. 2) with the following criteria: clear
shape of a neuronal perikarya, large nucleus with a positive labeled nucleolus, a small
cytoplasm zone around the nucleus with positive Nissl staining, indicating the intact

rough endoplasmic reticulum with ribosomes and therefore the intact protein synthesis
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After a survival tinme of 7 days after ischema, all aninmals were perfusion
fixed transcardially wth 4% paraf ormal dehyde. The brains were then
renoved owdet/ui2ky and postfixed in the sane fixative forPCT/IGBOI/B293Aft er
cryoprotection in 30% sucrose, the brains were rapidly frozen in

| sopent ang, aﬂg r'%tored at -80C. Twenty-m croneter cryostat sections
conprising t | ppocanpal formation were N ssl stained with toluidine

bl ue or NeuroTrace fluorescence. Data analysis: The severity of neuronal

damage in the Inﬁ)pnmﬁeerlqifaglolﬁQ\hschagiaC(ﬂu]dﬁicﬂhémla)&ﬁhel’mﬁnmanﬁ\taﬁuﬁp@d by the
nunber of syrviving neurons usjng N ssl_staining mean nunber of

mor phol ogisads foyr neyrosdegensariton af pyeamidy gelly ﬁe\lﬁﬁgyﬂymﬁleébmmqmap@&f}xh CAl
region f Of ;(g %rlﬁufbs%éomg&%ﬁﬂégo ol S1T8H dAY &'s%arﬁ%rlple%k gsections

per ani ITB are per section usin m Cr oscope

equi pped anirialy was2Q 1ST@S @6t asvl@owherhek@foae wWorsostAl |n%ﬁﬂoﬁ§ﬂieﬁ aﬁ&aicyzed by
paired Student's t-test. Data were presented as nean SEM Results and

Di scussi oftines ofetehal §Ch¢félas(ﬁtgwﬂ13) Lt npurtess of neugords infthe arematgrowpahyi ng

dr awi ngs. ho 0 i cal .int eur.ons re.ch cterized
by N sor sghaRaRe 0 GestiaRied Vel BRAMBE rolmBete gvph?? S AERTPHe

fol I owi ngirtthi Eﬂfdri%&en@%%om?ﬁﬁlﬂ@ t@{ha@oﬁﬁé’{s@i@ﬁa%% AT QAQ‘?BS‘UC' eus
with a positive |abel ed nucleolus, a smal cyt opl asm zone  around t he

nucl eus wWNBRQXp G mpike, iN-. sthreesnjaatinns g$ dcsadbcxhim thg expreeinient)astiowed augh
e TR NN ST AT SR R
e AL OB el chaE L KB T O, SRS %
regi on ( Fivhile ¢gtmpare) torthe shan operatet) @ninils ihy rpmttcdazle etﬁfed:tl v8asi 68.5%A1 Thé sham
operat ed neuroprotection caused by NBQX was in agreement with Gill et al., 1992 and Gill
1994 demonstrating the validity of the global ischemia model we used in our
experiments. 73-OH EPIA leads to a concentration dependent neuroprotection of
hippocampal CA1 pyramidal cells after 10 minutes of global ischemia and a survival
time of 7 days (Fig. 1A). T-test analysis revealed a highly significant neuroprotective
effect of 7B-OH EPIA in concentrations of 0.1 mg/kg (p=0.01) and 0.3 mg/kg
(p=0.0008). Compared to the sham operated group 7p-OH EPIA showed a 74.8%
(0.1 mg/kg) and a 83.9% (0.3 mg/kg) neuroprotective effect on CA1 pyramidal cells,
respectively (Fig. 1C). 7B-OH EPIA in a concentration of 1.0 mg/kg showed only a

tendency to neuroprotection, but the effect was not significant.

In all experiments with 73-OH EPIA injected i.v. prior, during and after

ischemia we never observed any behavioral abnormalities of the animals.

Legends of the Figures:

Number of morphological intact hippocampal CA1 pyramidal cells in rats 7
days after global cerebral ischemia in rats and under the influence of different

compounds.

Data were presented as mean number + SEM of intact neurons per 400 pm
length of CA1 region.
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animal s was 121.5F4.3 (set as 100% . Therefore, 60% of CAl neurons died
after 10 mnutes of global ischema (Fig. 1B). The nunber of neurons in

t he ani mavogr/omps of ischema and i. v. injection of vehi BCEHGBNE@I3DI us 100
| Ethanol) applied as described in the experinment was conparable to that
of the ischem ' X (30, o/ k .. V., three

i njections as ggb{:\?%i%ggbﬁgs‘%fl (ﬁgb%‘g%%%enoéfﬁ%?c%%%aﬂagr 4%%??}%}5% (p=0. 03)
neur opr ot €etliregiohromphredyto aintaperated hisineBgeasethoksn the i schem a group.
Conpared to the ischem a al one NBQX | eads to a 47.5% neuroprotection while
conpared to the sham o?erattﬁéd r';)hr,%’l8 | s the protective effect was 68.5% The
neur opr ot ect i ot 2ENEEFTFENIRBEHARIALLS Prresgtags of neurgprotectipr wher thg) | 1992 and
Gll 199 i i g : I | LS ] el we used
T our  cruaBTUIL AR SO PLA Rl R 2l PR RS

neur opr ot sem operattd glouppeasasial 10041l pyrami dal cells after 10 minutes of

gl obal ischema and a survival tine of 7 days (Fig. 1A). T-test analysis
reveal ed a highly significant neuroprotective effect of 7P-OH EPIA in
concentrations of 0.1 ng/kg (p=0.01) and 0.3 ng/kg (p=0.0008). Conpared to
t he sham operated group 7(3-CH EPI A showed a 74.8% (0.1 ng/kg) and a 83. 9%
(0.3 ng/ kg) neuroprotective effect on CAl pyram dal cells, respectively
(Fig. 1. 7(3-OH EPIA in a concentration of 1.0 ng/kg showed only a
tendency to neuroprotection, but the effect was not significant. In all
experinments with 7(3-OH EPIA injected i.v. prior, during and after

i schem a we never observed any behavi oral abnormalities of the aninmals.
Legends of the Figures: Nunber of norphol ogical intact hippocanpal CAIl
pyram dal cells in rats 7 days after global cerebral ischema in rats and
under the influence of different conpounds. Data were presented as nean
nunber SEM of intact neurons per 400 m length of CAl region. 14
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WO 02/ 00225 PCT/ GB01/ 02937 Data were expressed as percentage of intact
neurons per 400 mlength of CAl region conpared to sham operated ani mal s
set as 100092/Dae:h were presented as absol ute percentage oPCTVEBODMIGT ecti on
when the nunber of surviving neurons in the ischem a group was set to zero
and those of the sham operated group was set to 100% 15 WD 02/00225

PCT/ GBO1/ ORA3NVIS:CLAI MS: 1. The use for the manufacture of a medicament for
protection agai nst acute or chronic neuronal damage of

7- hydr oxyepiandr osterone. 2. The use.according.to Cai.m1, in which the
7 by oxy S ARaroRt Bieonay S O o iedisRien! fraruion st souefe s
accor di ngchr8nieliufbndl danthodlak ¢hylilegydpihdsQerysPi androsterone is 7(3-

hydr oxyepi andr ost er one. ny The use” according to Claim1, in which the

7- hydr oxyepi androsterone is a m xture of 7a-hydroxyepi androsterone and

7( 3- hydr oy &pé asmhcostdingiodlaim 1,Tihavhishetha deyddixyepitudrasigrope sscedi ng A aim in
whi ch the,neuronal damage is caused by stoke or brain trauma. 6. The use
accor di ngh¥ Omlaﬁfl@é@&%ﬁg Claim in which the neuronal damage is caused
by Al zheiner's Disease, Parkinson's Di sease, Cognitive |Inpairnment No

Dementi a, 3. §RE B ackBfdthgd Bk £in RAAAHAE 7alydRE YRakdtbHéréne %7p-
hydroxyepiandrosterone.

4. The use according to Claim 1, in which the 7-hydroxyepiandrosterone is a mixture

of 7o-hydroxyepiandrosterone and 7f-hydroxyepiandrosterone.

5. The use according to any preceding Claim, in which the neuronal damage is caused

by stoke or brain trauma.

6. The use according to any preceding Claim, in which the neuronal damage is caused
by Alzheimer’s Disease, Parkinson’s Disease, Cognitive Impairment No Dementia,

spinal cord injury or peripheral nerve injury.
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