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7- HYDRORYEPI ANDROSTERONE HAVI NG | OEUROPROTECTI VE ACTI VI TY The present

i nvent i onwigahahes to the use ﬁmmlmﬁlﬂmwmuﬂ hydr oxy- st er oi d AnEEMAES3-f Or
protection agai nst neuronal c ) d which are thus useful in the
treatnment and prevention of such eengdrti ons or the sequei ae of such

condi ti ons as -AkzhelxBsiawRbsRases RRENG NSO Robiaease.cTEDN tive

| mpai rment No Dementia (CIND}, stroke, brain trauma, spinal cord injury and
peri pheral nerve injury; it is also useful for enhancing cognitive
function. The pFlsduetenbmventiopretaiesrio g use efcorisimpbdiyitoas-stgroid

dehydr oepi andr ost er on EA) _in 1'LVQ has, been kn since 1959 with the
dent 11 oot aeaatE Byermio R Tenraie] o SR WRRR a8 ASShectlanfisr ¢
Recent Pr ogdaim&iRrail pf@enticn 61800 LorkMiord 3P ihdsePh@ikar fkh 8bndifiddsns Chi m

Acta. 7 (19Gl) 309- E_l6j ]. Since then, extensive 7a-hydroxylation of 3
( 3- hydr oxy&lzbeinied s SUbrese. SladenganncPDisdisagCamBN ednpagpicantde dxsnentme - EPI A)

has been r ed in.tissue preparatiaons from na uman. or gans, .i ncl udi ng
adul t and @@3@%%"?‘% amy s SPIRAYiCQE Wﬁ%?né??ﬁ“ﬁ?’g‘ﬁgm? PRy sEilsgyr ost at e,
adi pose stysefibore@hhfidcbgh@iel fhotioflydr oxyl ati on of DHEA at the 7-position
has al so been denonstrated in rat liver and in nunerous nouse tissues and

organs. In all these studies, 7a-hydroxy-DHEA was by far the major

met abol i t e pr odUsadodnativeed,7oByusixybtehmetabalte] Stdehpdrdepi®Bir¢1998) 608- 614]
reported t he production rate of 7a-hydroxy- DHEA by nouse |iver

m cr osones )rfﬁr‘}é)""tlﬁéﬁ’ef“i‘ E?%%Slfl?enjegssgt‘ﬁé‘ the fiegipnyoft/a-ippdroxy-

7( 3- hydr oxypPHEA-;-5E) BHEA Pf S5, e wn to be
rapi dly andHext epllgi véﬁ{/st r aﬁs@’ggr%‘e% to%ﬁ%?@?g%'ggﬁi%%g@g? dr oxy

met abol i t eX01+380t heStarkh eba/aCiin| Ghidd. Aueta: AYTOGD) 369-318f) e Stricd sheddexXtdikie)
241-248; M Warner et al, Endocrinology 124 (1989) 2699-2706; Y Akwa et al,
Bi ochem J/o-bgBoxylaieon ofPohyhayysterepd 97pssnrs fingiudtiedadEAtamd use of certain

" specific cor in jng . Zahydroxy-substituted steroids,,to treat
our opsycra i Rond TRbHE) NS o Ao TR s RER iy wlsParr <
, suggest ed drpandDRéMuARBOAUIIAL OISR cE HPRRUEHIG dMMs, RRInY BREhni Ay tiERal 1S

i ncl uded Al zhei mer's Di sease. However, the mechani sm suggested for this
action is nrpgetes addpase sopwel cdlls ang posite silwbexgianef IPHEAap thea/-pRsfticgi t of t he

7ahydr oxy- [ i,d_inthe brain, _and the treatment proposed in
VW097/ 3766: ag%?ﬂjb%%%’ﬁ%‘%%g ‘E(f?/“%%‘ff%ﬂgﬁb%l?mt“ﬁ&Ouﬁ%éﬁ*ﬁ%ﬁ SRR BT it by
the admi nigthadel AMIES 7a&-hidrdRyAdIRK-wasbSithd UE thi SHRERb it ?rordﬁwdace the

m ssing conmpound. The procedure described in V@97/37664 hus treats an

exi sting codetdt Dopstzadgh lsee! [iShexpidp 62 (E¥8) 6Q8-6 W repmttidtthanheopropeevent i ng a
wor seni ng of the conditj b reventing further neuropal  damage.

W97/ 37eaiaﬁ&é?aﬁafdf%@?@f%g}égl%&l&%B CIOSORRGTVEASTBPIS RN BLGRIRGS |t al so
does not N td > 1 ﬂggpy be used to prevent the damage
caused byﬁgggggﬁcgn f?gﬁﬁggﬂgggggn s 'such as stroke. W have now
surprisingly discovered that 7-hydroxy-epiandrosterone, whether a, ~3 or a
m xture, can be&ERIsg®HEA pnopegheadaierinte slsoibecnashdwahe barapidiguidnal damage
caused by such events_ as stroke, brain_trauma and cerebral ischaem a such

as may be Sxasvely trpsfonmed iabsisracwanding r -ydraxy mefrkalitesds thesrabieimg hear t
bypass sur | ypoxi-a,and | sc m a,

Wi oh mmy R Sufis e B USSR R e L P sk T mmge, o
varyi ng degogn6992766,co Wit &/, HiseRae I 28ty pIDalsbhyeagicur s during heart
attacks, but the damage incurred at these tinmes is substantially limted to
the heart tissues, and certain treatnents have bean devel oped. Wth regard
_to the present WRPERYT06M displosey the semfeenan siwaific eonspamtiagnguding fer e | ong
termischaena _on rain. such as occurs . W th stroke patients or as a
result of W@%’&YTSH}’%?@?H?%&°@%3% FRICHPPEYEIALG FLBINS OHEORHES on the nature
. of the strakedas. Anicabthe BidbrdelstVadds@Bky WOIBBEG4ShANiRsE cIRAPBAfis niyi d it is
this which the present invention addresses. Various neuroprotective agents
are known berpsedhio taeat isapladedddzbepmertsdiataseviaweverhdeprashindsm sfigdsstafin

damage, b L1 of th cutrently known tend t e asspciated . wth adverse
si de effe%l‘s&l{1 IOEi%‘%%ﬁ&F Wg%il%}mp?@fflfeﬁ]itﬁée tl‘%&?ét)sdeﬁ%‘t a%ﬁﬁipiﬁy sinpl e
mol ecul e afydrdx§-eBaMitet Qtepbi@h HR tRaih SRl OlreMQUAOREALRE il WDIM3Fceghaeni ¢
pati ents. However, M801 is al so nssom ated with ™alarmng psychotropic

) [ d 1 | a

effects” (Martindale), as well as” ﬁwmﬁmﬁﬁu” H1or effects. The
neuroprotective effects are detai't L Research 755 (1997) 36-46
(Pringle, A K, et al}, incorporated-¢erein by reference. These sane
aut hors al so described the neuroprotective effects of conotoxin in an
earlier paper but, despite the neuroprotective effects of this V~0O

MW A PPN B NT ] 7 INs~A | 7NN\~ o o o o o Y Y r . o



HO and the 7a and 7[3 isoners are, respectively; O(la) HOO (lb) HO3 V11
H H V11 H 1'1'002/0()22S PCT/ 01/ 02937 The invention al so enbraces

t he use ofvoan@eewssors of these conpounds and conpounds whimity/GBa/oeharo, are
nmet abol i sed to give these conmpounds. The a and ~3 isoners may be used al one

or in adm xture, and, if in adm xture, may be present in any proportions.
However, tUes fFQt?&ﬂ‘?Sstg‘ﬁéiFﬁ%ﬂbBé&fiesa%n’éﬁﬁwng?fé‘a?% ydiexy-sitsfituderbstersidtaer ef or e

I : ' j d
presently ﬁéﬁ%&%ﬁﬂsm@%ﬁi&m{g@;‘”I%ﬁg?cfce&%@ﬁﬁ%cﬁgg@&W 1160 iR AR Prepare

by a vari et roce wn ves, starting fromthe

parent st eqrosxtising komditens mpther thif @yevemingite poreiemest fyvdnkiag ARidaamedescri bed
inthe literature referred to above, which woul dwg)ive a mxture of the 7(3

and cor r espohisagltiradyvaursatng Surthis neworlylamasn WONTERH04dees 1y, wel | known
techni quesl_lh @?or&%e?%x%%ln%mc{p oetr@&g\!re%rerF!If m(odéc?e;éﬁxglzg{gégﬂg tg%l()b tained from

DHEA by al §/|IC oxi dation a otection o group and the

17- ket one @h@PepndShgbEasrden bt theBihadcansti®yRuAgCnd thauk@p r educed
with a soluble netal compound catal yst (such as sodium hydride) and the

3~i - hydr ox§veataguadasisgebhie groups are deprotected. The 7a-hydroxy and
7(3-hydroxy epinmers may then, if desired, be separated by conventi onal

means, for exarwle%a‘(/; Orko%%ux%?lgﬁgﬁftcﬁgc%%}gd 1R 9'—htygl%xg%bia%agost?e?gﬁeb%gétgéry EPLA
may be crystallise 0 puUrfrty.

o, B or a mixture, can be used to protect against acute and chronic neuronal damage

caused by such events as stroke, brain trauma and cerebral ischaemia such as may be

induced by sub-arachnoid haemhorrage or which occurs during heart bypass surgery

ete.

In events such as prolonged hypoxia and ischaemia, which may or may not be

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 neuroprotective 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

[



Alternatively, 7a- and 7 j3-hydroxy EPI A nmay be prepared as illustrated by
the foll ow ng reacti on schene: 4 W O 02/ 00225 PCT/ GBOL/ 02937 O/ O H Ac

(u) (V) (\\/b)m@‘,zlj, C]—I H( OHOHH(X) (Ill) r o~ 0 Ac (IPreBrirngstH (V1)
In this reaction scheme, DHEA (I1] is acetylated to

glvethe correso etate of formnula I}, which is then reacted with
et hyl ene §Pyeeid geé?’ev%g"’t?é c&sethv@farqqhsﬁ&pg (IV} The ketal (1V} is then

oxi di sed as descrlbed in Exanmple 3, to give the corresponding 7-keto

compound {V}, Tp4bi; g@pﬂe&ﬁt%nﬂ&@@&{s)é s3h Sib udeFo O S dnll s fcﬁﬁé@@é‘”d of formula
(Vn. This is reduce to give /-hydroxy-17-ketal - EP Ao

medicament for protection against acute or chronic neuronal damage of 7-

hydroxyepiandrosterone (7-hydroxy-EPIA).

This compound may be represented by the formula (I):

CH;
O
_
@
HO H OH
H
and the 7a and 7P isomers are, respectively:
CH;
0
=
(a)
HO :
H
CHj
O
=
(Ib)

HO

m“llun-



~'1~0 02/ Q22 PCT/ GBOL/ 02937 formula (VI1), which is then treated with an
acid to renove the ketal group and give 7 hydroxy-EPIA , which is finally
separ at edvd pi/mrbhe 7~3- and 7a- isonmers by chronat ographypctr@Give3?
70c- hydroxy-EPI A (I X) and 7(3-hydroxy-EPIA (X). The conmpounds of the

present inventjon nmay be applied to the patient if it is suspected that
they are in daF’@%WVS%/t‘Wl?CE%H s QYA PrestRior %{{tpvegoglpp 8¢ head

injury, Of, e; : 0Pl LC neurodegenerative
di Seave, S 0“2‘2%3%.”ﬁ‘.é*?‘-‘??%ﬁgéﬁilgg%?@%?%*ﬁ%ﬁ?‘%ﬁ“%% be facilitated by
chronic subthreshold brain ischaem a or by reduced neuronal energy
producti on, suthe asnd$ ikorecuentylby vedibdonesr inndithaumgend)gf ibradiniktuBpch
prophyl actic_application nmay be exceedingly useful. However, it has al so
been deno®igY bapdertipeny pepesivpd URecEE, tgﬁéﬁpﬁ%@mmpeaﬁs/@mlmmrmVe usef ul
activity,(:%ﬁn iééﬂggj%ed %ftgf @q?ks haem c event, but it wll be
appreciat% HERS 1% S‘BFBES?%%H’%S 8Uni ni ster the conpounds as soon as
possible, in order to avoid as nuch neuronal degeneration as possible. In
some circunst angesorhpoutdy obthe peskitablantibe nadBer&iagdd Hepaaricgdodoses,
especially where the patient remains in dan%er of an ischaem c event.

Sui t abl e Precefsess wetl kagmnip semselven stringgiaserartbs pareystareifis ckoraample, or der to
achi eve the I . i.bl hus., .. avenous inj

ot on i SHEu R okl B Ap g BRP B R e R AR ey B

pref erabl @hica wasmd in%taQﬁixhﬁ@oﬁ@l@WPLhﬂQ cBirt§ohlivg 78lRnipdende WaRNessi nal
fluid. The dose of the conmpound of the préesent invention will vary

dependi ngthapbe seprrated by el &pownédehuliqnes. t he age, body wei ght and gener al
condition of the patient, as well as the node, frequency and route of

adm ni stration, However, dose of, from | to, 50 /1.g bo ight is
general |y recofiahgsPl ﬁb@ﬁ%ffﬂr?@??’df ]g%&t Bayhe Hﬁgﬁﬁd%@&}ygﬁé\ﬁgﬂﬁ? bei ng
nore pref ad.:hi 1 4 1 i, ingl ). i-n.di vi ded
Goses " TnabiESichiod «fBY oAU e DB il FRREE el ) L ot g
Exanpl es, ugiig vdniveitidnoh metieds. 1 Thopdudtlid theh radueed with prsejubteahittan of conpounds

of the present invention and Exanples 21 and 22 illustrate their activity.
"I'n Exanpl @nﬂowézet,athh@u%ﬁsawdmg&da’ldg) it e SPdwdrxyrasd dutkgtonen t he

reacti on schenes shO\{vnte b 8. ﬁEh 1012PL§17?3 6 ., WO 112/ 0022@ DﬁEA 3-acetate
(111) PCTHFEBETH 887 K Lo \IE SISO 53 Pty B TR I BF M of acetic
anhydri dedd&pBad,&ceparaikd b§ conventional means, for example column chromatography,

and the 7o~ and 7f3-hydroxy EPIA may be crystallised to purity.

Alternatively, 70~ and 73-hydroxy-EPIA may be prepared as illustrated by the

following reaction scheme:



of DHEA ~ (34,72 mml) was heated to reflux for 4 hours. The reaction
medi um was cool ed, poured into ~.vater and extracted with ethyl acetate.
The or ganyg Rhgse was dried over anhydrous sodi um sul phat e@EhggawapRr at ed
to dryness. 11.0 g of DHEA-3-acetate I~ (33.33 nunol, 96%, which was
recrystallised fromethanol, were obtained. E ~AU PLE 2
17- Ket al - DHEA- 3-acetate (I ~~? A .oD!tion of 100 m of toluene containing 5
ATTD nd a catalytic
; : t eam
distillation using a Dea t‘ark apparatus for 24 hour g, eaction nedi um
was poured into 100 m ; af bonat e sol ution.
The organi ¢ phase wa$“dec & xtracted with ethyl
acetate. The organi c phases mere conbi ned and‘**&vapérated to dryness. 5.10 g
of 17-ketal - 3- DHEA-acetate ~ (13.64 mmol, 90%, (mdich évas recrystallised

fromethanol, were obtained. EXAMPLE 3 7-Keto-17-ketal - DHEA- 3-acetate (V3 A
solution of 70 m of pyri di ne contg(\qng 5 g of 17-ketal - -acetate
(13.37 mmol) and a catal ytic anpdpth oD Bengal Rose was'ir 2 ed using a

medi um pressure mercury vapo r th oxygen spargipg. YA satal ytic
anount of copper acetate wa dded~t0 the reaction ngd af yyer 24 hours,
wWRs_evapor at df yness, The residue

The reaction nedium afteg
was purified by flash, gt ghy (S|02/eth¥. 3 i e © cycl ohexane
(8.02 mol, 60% were

¢)
317). 3.11 g of 7- keto 17- ket al DHEA- 3- acet at e**
obt ai ned. EXAMPLE 4 7-Kétd-17-ketal -DHEA (V1) 7 VM ' O U2/ 00225
PCTI GBU1/ 02937 A solution of |50 m of nethanol containing 1 % of potassium
hydroxi de and 1 g of 7-keto- 7-ket EA- 3-acetate (V~ (2.58 muol) was
heated to reflux for 2 hours. Thg @eagtion nmedi um was tyhen dool ed,
neutral i sed and then extracte N . e~yryadi ¢ phase was
dri ed over anhydrous sodi umis te/ and _t hgn evappr e‘ dryness. 802 ny
of 7-keto-17-ketal - DHEA F i €h~w ystallised from
met hanol , were obt ai ned, A (VIl) 10 g of
7-ket o- 17- ket al - DHEA WP (28.90 nn%l) were addEd to:aTiI"gl d amoni a
"solution at -33C contai gvipng 2.65 g of sodium eUeIEI 4 hours, anmoni um
chl ori de was added until the blue col our dlsappearethZ 65 g of sodium were

t hen added. After 4 hours, ammonium chl oride was agaj n added until the blue
col our di sappeared. Water was ¢ d the ammoni a s allowed to
evaporate. The reaction nmediumywag extracted with ethyl acetate. The
organi ¢ phase was dried oJe anhyobou sodiun1su|phate and ghen evapor at ed
to dryness. 6.07 g of 1) 1e
obt ai ned. EXAMPLE 6 7- cy-EPLA|(VITIT) A soI . 3 00 m of

acet one contai ni ng BO tcﬂ ' al -EPIA ~ {28.57
mol , 50% and a catahx i ¢ amount of p-Toluenes acid was heated to
reflux for 4 hours. The reaction nedi Um was g ed;polrgd into 100 M of a
10% w/ v aqueous sodi um carbonate sol uti on and th nHextract ed with ethyl
acetate. The organic phase .vasg driced|over anh)(/ ﬁ bus sodi um sul phat e and
then evaporated to dryness. The\residue was purified by flash

chr omat ogr aphy (Si 02/ et hylja . 5.24 g of 7-hydroxy-EPIA (Vffl1l {17.14
nrnol, 60% were obtai 7 Ya- Hydroxy-EPIA (I X) & 7a-bydroxy-EPI A
(~

HO

In this reaction scheme, DHEA (II) is acetylated to give the corresponding
acetate of formula (IIT), 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



7- Hydroxy-EPIA (V~ (5 g) containing 7a and 7(3 epiners in a ratio 65/35
V~0 U2/ UU22S PCT/ GBUL /U2937 was purified by flash chromatography

( Ah03/ CHG0) 02/06423- Hydroxy-EPI A X (2.5 g) was obtai ned firsigr/&eianes7
7a- hydroxy-EPIA ~ (1.34 g). 7(3-Hydroxy-EPIA ~ and 7a.-hydroxy-EPI A ~ were

recrystall]jsed f thyl acetate. E ~AMPLE 8 Protocol Tor Studying Hynoxic
Neur onal Sﬁ%‘gé (@géﬁB%lﬁiﬂ&e“‘rﬁ%c‘ﬁ ap adfl feemAye tif el BEeW Bl &d usi ng
t he basic et [ ) qoﬁ!;f foll ows: RTistar
rat pups (}gﬂ é&%‘}%l‘}é, gﬁsﬂ Q%Pgiyﬁkg%%et%gggdﬁ%ﬁ% e iléﬁg%égﬁ%us rapi dly

di ssect ed dhidrBatb&apleg kdlgiée yoshydedxa @ @8} indsTl-Hidrogy-gepp(erent ed with

4. 5nmglnml gl ucose. Slices were separated and plated onto MIlicell CM

culture inserts (4 per vvelclé) and mai ntai ned at 37C/ 5% COZ for 14 days.
Mai nt enance medihgraoawagndstad dhopresemtanysation may be opnlied thdegatisrtrifihis 25%
Hank' s bal apc I ol ution (HESS). and 50% m ni num essenti al diumw th
added Ear Isgppse%%gﬁ asttﬂ%% ms%ﬁ%%reo ht et a%ﬂ“tcﬁviwsé)lsﬂ@ RS hﬁ? ng/ m

gl ucose. Ne@iw @) Wakecdta B@RECtEY 6f Jev3topirdaydhrotiy BEkrbaRRhahti Y Pigddsq Was
performed as descripbed previously (Pringle et al., 1996; 1997). Briefly,
cul tures weeleas Alghsimer sdlipeess o &7 IR, frhich meybefac{lisrsd by TBoRIEND- 25% HBSS
suppl enment ed w 1mM gl ut.amine and .4. 5nyl | ucose). containing 5 ~g/m of
the fluor éﬁrgg}&l& E%’? llfglgagﬁn%?/rebyprregbcfegiIlfﬁfrggi)jg‘%n&&%y(ﬂf‘?_u&leﬁ’l Sflﬁﬁéilswer e al | oned
to equili ¥eyuentlyobsbMed axith6Qodthbiads DidhProfifldciBapdIatifi nfal yer escence vas
detected using a Leica inverted mcroscope fitted with a rhodam ne filter
set. Any cubeadingdy isefthHohveper, ftihae plse besicéemvastrated Bet the campohinds ot age wer e

| uded f further .study. ' i.nd t r.ansf i | t
Co S ( +ihs Pte A bEes ot Rt B e i 05T D e i tofid o
(wi t hout I3 gf) b Redi 8N aER ST cfePe® teiRinTstdr GRY corklmREd ad o ch the

at nosphere was saturated with 95%NZ/ 5%CO~ by continuously bl ow ng through
gas at | Qosible, handdrémaydidas ewchatworalblegangrationlaedosibde. plnasoed i n t he

i ncubator for 170mins (total.ti of hypoxia was, therefare 180 njns). At
heend o EHERREEL BepE: FisitR et el oS aeps A Rt M

. cont ai ni ng,aRkniaBdapk A eBadkaniibhkigid dembat or for 24 hours. Neuronal
damage was assessed as described previously (Pringle et al., 199b; 9 WO
02/ (10225 PCT/ GB(11/0293? 1997) using either NIH Image 1.60 running on an
Appl e I1si conpiunieblearetigsis wf admmistrationpgregensiaby py ijestiongingnder thaci nt osh
4/ 400. | es re .captured using a naghrone canera.and saved onto
optical di% leY%&g(ﬁlﬁlm%ﬁgsﬁtrf’ﬁlsﬁg? Qgp‘ﬁsg’ﬁf‘r Oﬁ}uﬁﬁ*gﬁ?‘é%lfbﬁﬁmi]%&%és wer e captured
prior to thgicadsivtjrerred bel! Hodmedn@ufikiahtddor @ d@é‘ﬁﬁﬁférﬁmgﬁﬁac};rﬁ%féﬂed at the

end of the 24-hour post-hypoxia recov_erly peri od. e area o
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 thzir activity. In Examples 1 t020, the

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

EXAMPLE 1



the CAl cell layer was determned fromthe transm ssion i mage. The area of
Pl fluorescence in CAl was neasured using the density slice function within

Nl H | magewoyigenl ab, and neuronal danmage expressed as them@ecgankege of
the CAL in which PI fluorescence was detected above background. Steroid

conpounds re prepared by making an initial 1 nmg/m solution in ethanol
and furth iA-dracg@t in SFM Conpounds were added to the cultures for
45 mnutes prior to hypoxia, during the hypoxic episode and during the
post - hypoxi ¢ r egQyRifi¥n BE5H ff of FOMIROL @S‘(Pﬁl'ibﬁﬁdaﬁaﬂﬂﬂﬁh% RifngCly) g ur es
treated with vehicl e1 %I one. I%Eg%L'IlS Er>1<peri ment I: A 1ni tI&gﬁa e%er% ment was
per f or med ¢fDAEAEN{ e/ Annetohewas/a@tddERrAliandr 7 (3ist ERE AZeasoremedium

neuroprotective_at a high concentration of 100nM Hypoxia produced a | esion
in 2~ 5~6. ¥3% (PlegaROUrgE, [0 H’&Wﬁ@@ fRetsacidghith ?tgélﬁpﬁtgter Jﬁﬁ@é@%@pm h

7a0H EPI A re-, i S Vi ia as shown
o Tabl e 1P pa e e o e ey AR 1 AP

Hypoxi ai 725H¥8.-3Hdyqan i(AD 3399 nivhal peash, B il e ds 10625191 el o @hanol,00NM

7(30H EPI A169. 0~4. 7* 10 V4' O 02/110225 Experinent 2: PCT/ GBOLl/ 02937

Havi ng det ®#HRioRE#hat both the a- and (3-isoners of 70H EPIA were

neur oprotective, we assessed the concentration-dependency of this effect.
Control hypoxia resulted in neurongk . dappge to 31.94, 7% of the CAL.

7a0H EPI A was significantly protectitve at 100nM A small, but
not-statistically significant reduction, in neuronal danmage was observed at
| OnM and thEetlMHIF Ae3-efdtaet(Id} | nM  Tsi

A solution of 100 ml of toluene containing 5 g of DHEA-3-acetate (IIl) (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% wiv 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-DHEA-3-acetate (V)

A solution of 70 ml of pyridine containing 5 g of 17-ketal-DHEA-3-acetate
(IV) (13.37 mmeol) 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 (V1)




contrast, 7(30H EPIA was significantly neuroprotective at | OnlVlI and 1

OOnlvl, but activity was lost if the concentration was reduced to InM {See

Tabl e 2).whablg22 ConpoundN% Damage in CAl Control Hypoxi a3@3lcidfsdpoxi a +

1nM 7a0OH EPr A1428. 8t 5. 8Hypoxia + | OnM 7a0OH EPI A1521. 948, 1Hypoxia + 100nM

7a0H EPI A1611. 82. 8*' ~Hypoxi a + 1nM 7(30H EPI A1520. 6+7. 2Hypoxia + | OnM
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anest hesia {60 /[1:9g1.p,). The anjmals were allowed to recover for 24
hours wi t 7K aestae.c BRe OleBhigmhase iR GOV P Ay d*phe Sofbskn syipaterad éignot i d

arteries :}{;n% 2 Gl CBQ) ) p n %:hal ot hane
in 30% ox\%é@f g}%%om rosg'séggﬁ%eoﬁéﬁgslﬁ% %@an ﬁgﬁéggﬁp%gg@%{ﬁ 15‘ m nut es
usi ng m créasaidtaliseel fage mdbhdinggueabvbiyinedot h cl anps were renoved and both
arteries were inspected for imedi ate reperfusion. During the operation and
the follow ng 3 hours nornotherm a of the animals {37.5T0.5C) was

mai nt ai ned by using a thernostati Mﬂ@@iﬂr ol I ed heating bl anket connected
to a rectal thernoneter. For control, in shamoperated animals both
vertebral ol gri&siMELaI-RPYA]YIAED | n pentobarbital anesthesia and both
comon carmmw%%osed but not cl anped under 2% hal ot hane in
30% oxygen, ~70% ni trous oxi de anesthesia the follow ng day. The wound was
treated with |il@godi7hectgel/-leted-RiRA (Wit (@888 muible ward ariled tweliguidept under a

heat i | t. 3QC. i tal. t il i ned
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ections: 15 mnutes prior to the induction of I1schema, during 1Ischam a and

5 m nut es adfi¢derAfiepicidunsiaomigni@n chloriy weit egon dddsdngilitie, blge-&i@H EPI A (0. 3

ng/ kg, i. V. three injections as described in 1.}; 3. {n=8 eroid

conpound, dﬁﬁgpwd@h{e( rvaﬁﬁsﬂ%&,anﬂ?h%f{lm?wa@siaﬁ?%e@ FoH parg'l% ribed in

1)y 40 (ne8k - (i | , : ref erence
&Rt om@&uﬁx@m@kw&@} ft eﬁl?%%’t%?e. nﬁﬁ%@%ﬁgﬁg@? _hﬁ%)q 8er

substance and positive contro S, Germany, , three
i nj ect i onsnhglrdesedivpesulpmtd and thsn evapo8iied eakinesd 6-02 it 7ehydBx9%7NaCl ,

containi ngf(e%a?-%PEA lV{__E%_ P1a7r:|304£ I)nm-l‘-)rll,r6%§/o) were obtained.

EXAMPLE 6

7-Hydroxv-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 exiracted 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 (VII) (17.14 mmol, 60%) were obtained.

EXAMPLE 7

To-Hvdroxy-EPIA (IX) & 7B-hvdroxyv-EPIA (X)

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



injections as described inl.); 5 (n=8) ischem a alone; 7. (n=8) sham
operated controls. NBQX is

2, 3- di hydygxyndr£ ut ro- 7- sul f anmoyl - benzo( F) qui noxal i ne and pics/clBd1/02081' O
02/01122; PCT/ GB01/ 02937 known to have neuroprotective activity [GII], R
hbrdholnl L., Lodge The neuroprotective action

e Gk UG b B B O B R et RN B S0 at. 1 ocal
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subst anceg WetRxILEEAl YR wieh r@@@stﬁﬁls@ ﬂ&ﬂ@thﬁ@c@etz&bna' ly diluted with 0.9% N
aCl. After a'survival tine of 7 days after ischema, all animals were

perfusion fixed transcardially with 4% par af or ral dehyde. The brai ns were
then renoved careful |y and postfi X¥AMILIE same f xative for 2 hours.
After cryoprotection in 3096sucrose the brains were rapidly frozen in

i sopent ane,_and pbcroneter cryostat sections
conpri si ngERE Pt -+ or e Pere mrssl stained with tol uidine blue
or NeuroTrace fluorescence Data anaIyS|s The severity of neuronal damage
in the hi ppocampgdnotic hipgbeimmat t1e¥e cuBleWes prasared adin@ihebably nichtdnunber  of
survi ving neurons using N ssl staining. The nmean nunber of norphol ogically
i ntact neqf Brsglpet «/4d <iﬂ99€h§@ﬁﬁﬁﬁésg@PWﬁlated in CAl region for each
group. Cell counting was performed in 3-5 serial sections per atumal and 6

times 400 p, m r d wth a
20 x objective. aﬂ%g{l gse(/\eFF&%’{S%?q)gféiré;g?cl%lt%%gﬁdﬁgg h@@%pal Q&g&ga dent's
t-test. Daisgect®li@ipiceselt @el’ abalbman salidWitidesipplementd vidis4.6mgingn The
results are shown in Figures 1 to 3 of the accogg?nylng dr awi ngs.

Mor phol ogigiépsei ritliget Wﬁ?%ﬁ@ﬁ%fai‘?ﬂé*lld olatedpain Milicold £ eplara dserts Ae¥ by Ni ssl
stai ni ng Q%ﬁih{{cﬁng%ta%&fat%dcﬁeﬂE%Trfércl% clggé.gMag‘%ten\%nEpmte&%n{c &5&&‘@% Ag
C alf shape O rya, e

criterla: a neurona nucleus wt

- positive hahgladinbelfel Wsse SerefBd % CuhioR hakitaoag s@hﬁlUﬁl@HBBS) adcl eus with
p05|t|ve Ni ssl stai ning, |nd|cat|ng t he intgct rough endopl asm c reticul um
_with ri bo98¥eyindmun dseanéipbmediunewith added Herlstsesalis €Y1 i\/ﬂégp@emsnted with

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

Experimental hypoxia was performed as described previously (Pringle et a/.,
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 Sug/ml of the fluorescent exclusion dye propidium iodide (PI). Cultures
were allowed to equilibrate in SEM 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%C0;. 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 ef al., 1996,
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in our exphbworasecs in AL g pEsuel SRS tl@eodeal%bﬁacerfwcétonow%b%aeﬁge

o obal + sl g RERFO e A ARk E e B E AL MRS U, o

reveal ed gjrdbdnte si@ldicfcceanbonaiacionooiecti ve effect of 7~i-OH EPIA in
concentrations of 0.1 rrg/kg (p=0.01) and 0.3 ng/l:g (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 ny/ kg) nediterpitasanqupds WeeeEPagd malﬁpgawatafﬂ 1@@/mbsolvfe§}pléct| vel y
(Fig. 10. P y a
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t endency t0 neuro was not signi |can

ehper i ment4s iintifes Zmoﬁd sBbAal dﬂ.lrﬁ@ttﬁéihypo\tlc @ﬁme andldininigthapdstefybexici scheni a
we never observed any behavioral abnormalities of the aninmls. Legends of
the Fi gurégﬁovmwdoﬁoﬁﬁpbﬁ@m@is@éICOIPS#tt%Eb@fW“ﬁfﬁﬁé@ﬁ*ﬁéw@mehw%’r%{ﬁﬁl%al ceps
inrats 7 days after gl obal cerebral |schema in rats and under the

i nfluence of different conpounds. y\%r&e present ed as mean nunber  SEI VI
_of intact neurons per 400 p, mlength o regi on. "0 (12/ 00226

PCT/ GBI | 1/ U2937 Data were expressed as percentage of |nt act neurons per 400
~. m | engt lExgferigfdntriegi on conpared to sham operated animals set as 100%
Data were presented as absol ute percentage of neur opr otection when the

nunber of surviving neurons in the |s Iz/riggma gr oup % ero, and those
of the sham opetatbie grpemmGRH &7as perforgrefdpdgteinine whei H'9 Y Al VS:

7BpOH-EPIA were neuroprotective at a high concentration of 100nM. Hypoxia
produced a lesion in 25.54+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.

Tablel
Compound N % Damage in CAl
Control Hypoxia 17 25.5+6.4
Hypoxia + 100nM 70.OH-EPIA 16 4.04£2.9%%*
Hypoxia + 100nM 7B0OH-EPIA 16 9.0+4.7*
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thermometer. For control, in sham-operated animals both vertebral arteries were
cauterized in pentobarbital anesthesia and both common carotid arteries were exposed
but not clamped under 2% halothane in 30% oxygen/70% nitrous oxide anesthesia the
following day. The wound was treated with lidocaine gel and then sutured. The
animals were kept under a heating lamp at 30°C environmental temperature until they

regained consciousness.
Seven groups of animals were investigated:

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

5 minutes after reperfusion);

2. (n=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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The substances were dissolved in 100 pl Ethanol and finally diluted with 0.9%

NaCl.

After a survival time of 7 days after ischemia, all animals were perfusion fixed
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 analvsis:

The severity of neuronal damage in the hippocampal CA1 region after
ischemia was evaluated by the number of surviving neurons using Niss] staining. The
mean number of morphologically intact neurons per 400 um length was calculated in
CAL region for each group. Cell counting was performed in 3-5 serial sections per
animal and 6 times 400 pm CA1 area per section using a light microscope equipped
with a 20 x objective. The data were statistically analyzed by paired Student’s f-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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animals was 121.5T'4.3 (set as 100%). Therefore, 60% of CA1 neurons died after 10
minutes of global ischemia (Fig. 1B). The number of neurons in the animal group of
ischemia and i. v. injection of vehicle (NaCl plus 100 pl Ethanol) applied as described
in the experiment was comparable to that of the ischemia group alone (Fig. 1A, 1B).
NBQX (30 mg/kg, i.v., three injections as described in the experiment) showed a
significant (p=0.03) neuroprotection in CA1 pyramidal cells compared to the ischemia
group. Compared to the ischemia alone NBQX leads to a 47.5% neuroprotection
while compared to the sham operated animals the protective effect was 68.5%. The
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. 7f-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 7p-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 73-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). 78-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 CA1l region.
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