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WO 2004/ 022023 PCT/ AU2003/ 001152 -1 REPAIR OF DNA
MJUTAGENI C DAMAGE The present invention relates to the

wozevdoR2guol , dehydroequol and isofl av-3-ene aQW/AU2003/001152

i sof | avan conpounds in pronoting repair of DNA

mut ageni ¢ damage. 5 Metall othioneins (MI) are proteins
synt hesi sed or over expressed in response to DNA
damagi ng agents e.g. UVR (Hansen et al 1997). In nost
of the studies in animals and-1td ssue cultures, high
does of radiation were used to induce MI, and
therefore, it is difficult to extrapolate these
results to | ow RePATRADF DIVEMET AGENEC DESMAGENVR i n
humans (Cai et al 10 1999). Induced synthesis of Ml is
consi dered as one of the nechanisns involved in the

Rl £ I X : A
R 48, AR Sy 8oL ROyl snfiv-3ene e
igotlaest ¢aatipdundsrin pBmoting sipbir y{ DK atuedpchitrdangle.
scavenging of ROS in the skin (Hanada, et al 1992).
As well, MIis inplicated in protecting against the

N - V. / | L~ |
LIAIBEABRS 3816 SHLEEL S Bl 0808 LRl ellpone o DN
remaginBements eeg. [AVR2EDAen ¢\AR 1990)c &s most of the studies in animals and

SRR, 205! b bBhB G B 1 TPV ngnd Berefors, i is diffcut
RO SLBHRTAL b ORs@its 1BIw 1R 6Hrep L shiRE td DEREn humans (Cai et al

protein systens are protective and conplinmentary in
f1982). | Induceadsyinthegietod MBI eorisiletielr asadnef dfithe meabargsths pivolved in the

2 .hqurs post - st et al 1996). 20 uol ,

GaRgEeRge 19 ot ABSEOXR. Spaiores B ipsstoub RS ST appear to be
RBIORRER] Wah RbeeEH Rom UUR, $odELIF1BedRSE iirB8th bdvenging of ROS in
copendi ng I nternational Patent 3%[ ication _ )

HeT slivo@Giaeda7et alnd998D 985 088D isc hmplicatddntio ppseciingoagainst the
her ei n refer . ex e i . _
e B SR o RS Y SRR S L p GRS B 4R ARG in vt
GaMOnkibddkeul nibe NRBBAS dtSalt he0das aATVRekddueéy ¢iAmiABhistochemically
(BCC2 foll owed by squanmous cell carcinoma (SCC), an

d
istestabler M il i kpatiocHes aAthadermal hibropastp eemcpaemly with the
.kf;ﬁo{og b 26532 R@icit g@é@s‘t@d@le %egehﬁroperiﬁ %?E{Ems are protective and

Faventi on, f\}\,he
complimentary in function. MT is detectable in dermal fibroblasts from 2 hours post-UV

(Anstey, et al 1996).

Equol, dehydroequol, isofla-3-ene and isoflavan compounds and methods for producing
the same are described in copending International Patent Application PCT/AU03/00427
and WO 98/08503 which are incorporated herein by reference.

UV exposed skin causes damage in DNA which may give rise to carcinogenesis. The most
common tumour in humans is the basal cell carcinoma (BCC) followed by squamous cell

carcinoma (SCC), and more rarely malignant melanoma.

It has now been found by the applicant that compounds of the present invention, when
applied to the skin, result in elevation of metallothioneins production in the skin,

particularly the basal layer of irradiated skin.
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woOherdwazaB | ayer of irradiated skin. WO 2004/ 0R20/AR2003/001152

PCT/ AU2003/ 001152 -2 As nentioned above,

met al | ot hi onei ns affect and pronote repair of DNA

mut ageni ¢ damage of skin subject to UV exposure. 5 1In
accordance with the present invention there is

provi ded use of equol, dehydroéquol, isoflav-3-ene or
i sof | avan structures for protecting skin from DNA

mut ageni ¢ danage associated with UV exposure. In

anot her aspect there is provided use of equol,

dehydr gequol, isofl av-3-ene or_ isof]lavan 10
4y Tentioned #hover mestallpgionsins: effestorndypromate  repainiod HaNAs mutagenic

[ I1GU he basal layer of skin. In
géhg%%ance bee%{%nﬁgyhgﬁé)%gépect of this invention there

is provided a nethod for protecting skin fron1UV

I nduced DNA .nut ageni c dama ich conp |ses appl yi

{ﬁbacofe;gagwﬁ it Q@rwsgqnf F%Vﬁnﬁ%ﬁ%rﬁ ihgrayiftedaise mir eugh ®hydroequol,
RIUA-3-ARNYIIBRAHA! stricRPL RY aﬁofe@ﬁn Qkin_ 5! b%aﬂlutagemc damage

conpounds In admxture with dermal 'y accepta
essociiated witls UM expo8xrene and i sof | avan conpounds may be
represented by the general formula (Il) RL R2/ X R8
\' 1 RE(Il) RRRA 1/ R 207 inwhich Rl, R2, R3

% drbcg?%irgefsﬁ%é '@%&9 %ﬂﬂ%@fd@(‘l uEB’Qf Q%fiﬂ deh% 9@‘1)61 1%V 3-ene or isoflavan

soNRIreR1or, th@l Ck\gﬁr exmssm RQ metéloymamdn}d in ﬁ)lek@nylpam@l&ﬂy the basal

| kyn aryl, heteroaryl, alkylaryl, alkoxyaryl
? yop%ﬁ%ylthio, am no, alkylanino,

In accordance with another aspect of this invention there is provided a method for
protecting skin from UV induced DNA mutagenic damage which comprises applying to
skin a composition containing one or more of equol, dehydroequol, isoflav-3-ene, or

isoflavan compounds in admixture with a dermally acceptable carrier.

Isoflav-3-ene and isoflavan compounds may be represented by the general formula (II)

(1)

in which

Ri, Ry, Rs and R4 are independently hydrogen, hydroxy, ORy, OC(O)R;o, OS(O)Rj,
CHO, C(O)R19, COOH, CO2R;9, CONR;R12, alkyl, haloalkyl, arylalkyl, alkenyl,
alkynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl, thio, alkylthio, amino, alkylamino,

dialkylamino, nitro or halo, or
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di al kyl am no, nitro or halo, or WO 2004/ 022023
PCT/ AU2003/ 001152 -3 R3 and R4 are as previously

wdebisvezh2zand R1L and R2 taken together w th thectathes/001152

atons to which they are attached forma five-nenbered
ring selected fromT O T_~O~C OO0 5 Rl and R4

are as previously defined, and R2 and R3 taken
together with the carbon atons to which they are
attached forma five-nenbered-Bi-ng selected from0 O
==(or T OO10 Rl and R2 are as previously
defined, and R3 and R4 taken together with the carbon

&L, 0H%Ed R}, QroMd C}fr@wbﬁ‘ﬁy d@ﬂi&daﬁﬁcﬁkh%ﬂ RQ Edlﬂeﬁlt dge‘ﬂ{%r KBMaRE 65tbon atoms

ring selected fromO -~O wher ei n
R5, tRehighdhayrare aadhad épmﬁmwmbwdagmelengadrﬁm@
OR9, OC(O R o, OS(O RO, CHO, C(ORi o, COOH, CO2R10,
CONR11R12, al kyl, hal oal kyl, aryl al kyl, al kenyl,

al kynyl, 20 aryl, Theteroaryl, thioQ al kylthio, am no,
al kyl am no, dialfyllam no, nitro or halo, R8 is

hydr ogen, hydroxy,/at®yl, aryl, amn 91| o, NR11R12,
CONRL1R12, C(O R1{ where w}

-

R; and Ry are as previously defined, and R; and R; taken together with the carbon atoms

to which they are attached form a five-membered ring selected from
O ’ O s
KL XL

R; and R; are as previously defined, and R; and R4 taken together with the carbon atoms

to which they are attached form a five-membered ring selected from

oS o

T 0

and

wherein

Rs, Rg and Ry are independently hydrogen, hydroxy, ORy, OC(O)R;9, OS(O)R;0, CHO,
C(O)R;0, COOH, CO;R;0, CONR;1Ry, alkyl, haloalkyl, arylalkyl, alkenyl, alkynyl,
aryl, heteroaryl, thio, alkylthio, amino, alkylamino, dialkylamino, nitro or halo,

Rg is hydrogen, hydroxy, alkyl, aryl, amino, thio, NR;1R12, CONR;1R;2, C(O)R;3 where
Ris is hydrogen, alkyl, aryl, arylalkyl or an amino acid, or CO;Ry4 where Ry is
hydrogen, alkyl, haloalkyl, aryl or arylalkyl,
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R13 is hydrogen, alkyl, aryl, arylalkyl or an am no
acid, or CO2R14 where R14 is hydrogen, alkyl,

woabmakkes, aryl or arylal kyl, W 2004/ 022023 PCT/AU2003/001152

PCT/ AU2003/ 001152 -4 R9 is al kyl, haloal kyl, aryl,
arylal kyl, C(OR13 where R13 is as previously defined,
or Si(R15)3 where each R15 is independently hydrogen,
al kyl or aryl, R o is hydrogen, alkyl, haloal kyl,

am no, aryl, arylalkyl, an antde acid, alkylam no or
di al kyl am no, 5 R11 is hydrogen, alkyl, arylal kyl,

al kenyl, aryl, an amno acid, C(O R13 where R13 is as

R, e @11@1 )haﬂﬁtﬁl«tyll eﬁryl %ylﬁmgrRJG(O)R%f &hBEAR [3Sisak previously defined, or
previ ously defined, R12 is hydrogen, al kyl or ‘aryl, or

R11 Sdﬁw)mhene@a@lthsowﬂPmndwtb&hmem alkﬂgé arylo whi ch
k erl ge% adil{ﬁt %ﬁ&gﬁg El%mcp yar 1OI e}q%ﬂw hermg a01d a|ll%ylamino or

bondmdl{ylamihoubl e bond, preferabl y a doubl e bond, T is
| ndependent Iy hgdrogen al kyl or aryl, and_ X is
R 35 ydrageny allvbrapiplkyh  allkeay)s @gylngn @nanmeléuﬂ(@mm ywhere Rys is as

SCCRRLARLE FALLE AR SET (HARIER dORAEAn grtigEau]

cor esponstothefornu ,
inydargd:nmkyﬂrc&ahyldmrogen R5 is hydroxy, X is O,
v S|n | e bon roequol corresponds
Ror m}if aRm iﬂ?en v hfmwﬂ th tevhigly they 4B aljaghed comprise

hyd@g@ﬁumﬁi’brlp@pe@mgg@xy, X |s O and is a double bond.

rmal I'y acceptabl'e carriers and lotions are well
Keodvawing t-he mpresendnditizare siegleriond dbrfaodoutdx dopd,epreferably a double
Rerq)nl%{aon' s Pharnmaceutical Sciences, Gennaro A 18th
ck Publishing Co., Easton, PA, 1990, pp.

1‘4925—191 éndamy}@qf@hoﬂl@}glogahjlyanaccept able carrier can

use he “composi tions "of the invention. As used
ﬁ(er & Q, NRdze?rlﬁaptﬂf ly&dl y acceptabl e

including pharmaceutically acceptable salts and derivatives thereof.

Equol corresponds to the formula (II) when R;, Rz, R3, R4, Rg, R7 and Rg are hydrogen, Rs
is hydroxy, X is O, and "---" is a single bond. Dehydroequol corresponds to formula (II)
when Rj, Ry, R3, R4, Rg, Ry and Ry are hydrogen, Rs is hydroxy, X is O and "---" is a
double bond.

Derrﬁally acceptable carriers and lotions are well known in the art, and are described for
example in Remington's Pharmaceutical Sciences, Gennaro A. 18th Ed., Mack Publishing
Co., Easton, PA, 1990, pp. 1492-1517. Any dermatologically acceptable carrier can be
used in the compositions of the invention. As used herein, "dermatologically acceptable
carrier" refers to vehicles, diluents, carriers, which can include adjuvants, additives, or
excipients, known for use in dermatological compositions. The compositions of the
invention include, but are not limited to, creams, ointments, solutions, sticks, wipes,
cleansers and/or gels. The compounds of the present invention may be simply mixed,
admixed or blended with suitable carriers to give compositions suitable for application to
the skin. Dermally acceptable carriers may include one or more sunscreen agents.

Sunscreens include those materials commonly used to block ultraviolet light. Illustrative
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25 carrier" refers to vehicles, diluents, carriers,
whi ch can include adjuvants, additives, or

wexei4manss, known for use in dermatol ogi cal PCT/AU2003/001152

conpositions. The conpositions of the invention

i nclude, but are not |imted to, creans, ointnents,
sol utions, sticks, w pes, cleansers and/or gels. The
conmpounds of the present invention may be sinply

m xed, adm xed or blended w tlh-suitable carriers to
gi ve conpositions suitable for application to 30 the
skin. Dermally acceptable carriers may include one or

BB BoBHIR SEIERthaH& M aSives TUMSHIBE PABK| MdQafiiRE. For example, octyl
materials comonly used to block uitraviolet |ight.

melthps.wpmnamete\ﬁ@d mmmtm/mmn@m@m known as oxybenzone)
ounds | he derlv tiy
ey ot ReboGeifri®’ slf S R a R R reEdphenone are
aalﬂm%rdimw erébl@eﬁﬁ&i(ythbe &a@@ﬁﬁﬁ@n@afsal SIICRD OAMd iﬁenzophenone 3,
oxybenzone can be used, Cctyl nethoxyC|nnanate and
@snwW@lw eneash RipoPBh 96 SHRSSEIFE %m@lqudoﬁ%rvéwarimﬁndmg upon the
' MCX and
A T AR s L el
sunscreen enpl oyed can vary dependlng upon the degree
of protection desired fromthe sun's WV irradiation

Iha areﬁfmde?mwl@ﬁ%axer% ARorg gemppunds of thetopanladdD are fora@ulated into
e
chsglg%r 3% I}%)alrrétlcﬁféx EfXQIFl F@%&%ﬁogﬁ@% 12%1}1%encreams gels, powders,
pHﬂIéS,I dekesr auinthe lg«el sTymealiyesush codfiefiasiey becateasd 2o ohs "make-up",
li.ke. a cos tics be referred

For s agdt Reg iS58 @20 G » R BIL 47 7 ReBngiy  Skin and as a
Bﬁ&Mbg&ﬂ§m§HQ9&ﬂﬂK§yen appearance to skin and as a

base for coloured cosmetics). Conpounds of the fornula
(I'1) may be used in the conmpositions in an anount from

0. 001% 1Q0% era 1% to 0% oS
giboba 9t RriroredbdEh BeBohdid M st P8 amouwnt fiom
QUM td 16095, ﬂf@ﬁérdb@ﬁﬁbins@l% @md%) rﬁ&ﬁ) pieTelabBAféh (01% to 10% w/w.
ot her corrpounds of the formula Lﬁ)Op such as 20 t%mto
[

X¥0p e)gqmplermmwﬁlﬁlpm@ﬁy epmptige yple0Pingmolgqupl or other compounds of
?l?erTPJﬁn%?a Qkh r"rltgrft‘) ?%r 963&86 gl% afrﬂey e?r?a(ﬁ?cpe& tﬁle composition will
carriliers d exc prents as ar wel ﬁnovvn the a%rf.

Corpfike B0E &rqnmodmdﬁtdimg(cdmf adcieptiable deartierk fmd excipients as are well
conp05|t|ons wi t h equol nd dehydro quol bei ng
ﬂfﬁ?‘fm an, the I,qrty %%qrép?r@&omeg dngy bendilisgd yide compositions, with equol

S gt et Y8 D DO gong paminisrd

toplcally to the skin before, durmg and/or after sun exposure. Typically, doses of between

about 1 to 500 mg per day, with doses between 2 to 100 mg per day being preferred.

In accordance with another aspects of this invention there is provided a method for the
treatment, or amelioration or preventing the formation of skin cancer, such as basal cell
carcinoma (BCC), squamous cell carcinoma (SCC) and malignant melanoma, which
comprises applying to the skin of a subject a composition containing one or more of equol,

dehydroequol, or an isoflav-3-ene or isoflavan compounds of the general formula (II).

In another aspect of this invention there is provided a method for increasing

metallothionein production in the skin, such as the basal layer of skin, which comprises
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about 1 to 500 ng per day, with doses between 2 to 100
ng per day being preferred. In accordance with another

weazpeoex28f this invention there is provided araenua3/001152

for the 25 treatnent, or amelioration or preventing

the formati on of skin cancer, such as basal cel

carci noma (BCC), squanous cell carcinom (SCC) and

mal i gnant el anoma, which conprises applying to the

skin of a subject a conpositioff-containing one or nore

of equol, dehydroequol, or an isoflav-3-ene or

i sof | avan conpounds of the general formula (I1). 30 In

apisitingrto sBipeAE 08 ndkdbSequiy, @lhydBedudt g flas-3Pévdrdsstladan compound
nmethod for increasing netallothionein production in

fhesse@pation with g dgenallyaceepiahle pasgier of skin, which

conprises WD 2004/ 022023 PCT/ AU2003/ 001152 -6

applying to skin one or nore of equol, dehydroequol,
Thofapplicait hateﬂmmar foohtl dbetrthe compoundls accordigotoi thisi ianention promote
| a de acce 1% e carrier. The applicant. has

ﬁg}alrf mgflon ﬁé Hd’%ayal?;ec@‘ ARG gre  igcreasing the rate

[
Pg igez)lﬁirr df Q}}/t&%@ﬁiﬁ%@%}lﬁmfgﬁﬁ n(%rﬁfeé?éo CP Qg‘fpergfsx’l?ﬁgé PEEA %apt% decreasing
863 expassiony end'ychohonmtieg rﬂ;erﬁonnatmmofdnetﬂicﬁha@ﬁ?ﬁﬁ)iMT)

pronoti ng DNA repair by decreasing P53 expression,

and/or by pronoting the fornation of netall othionein

CNE Yormblfien 0@ OPES is@BnQfiertd HS ait ARSIrHAF fehdl Gnd ﬁlu@igemc gonsequence

i mportant |ethal and nutagenic consequence
ek O8R raxposure divEichelbtet ail, 198989 Liuidelr etesl, éhOOa) Agﬁma) models have

dels rated an invers
é&}ﬂ |on iD be ﬁgeenregag%agrpﬂa?)e%rg ideymal ) ¢T0; pepair and  skin
wﬁﬁlbgét@@ﬁe@oﬁlné\é@wmgl%)al Th&@@ﬁ)protsﬂﬂe(ﬁ%%\) R§ @kfieksed after DNA

(TP53) is _expressed after DNA damage
Hamags B Wnlrraﬁlstyon sPad iy %Hﬁ%ﬁcﬂptl@lbfﬂCMG’ﬂ@@h blerksheellular progression

B 6 S B AOLRRSL R IAAID Gl BT PR gbBYr . 1950
THEB}3 praléin iy d4ebd Ppruatodi promotingGlced{Murphsyyal, 2001).
pronoti ng agent (Murphey et al, 2001). This invention
will be described with reference to the follow ng,
TR 1h‘lféi‘i't1¥)h RYE11 B ﬁ%hﬁ@d wi B@i’éﬁln@e th R0 f(;lﬂb%vngé,fn%ﬁll'n‘?iftin examples.
equol on the induction o was exam ned”in the Skin
of hairless mce (a standard nodel for human
g'er ma(i1 Logl cal investigations) exposed to sol ar
PSS ultraviolet radiation (SSU). At various

Theefe& ofegudli drfthe ARMMsiok!8f EBD Wifd SkaWRRed®ths §6in of hairless mice (a

standard model for human dermatological investigations) exposed to solar simulated

ultraviolet radiation (SSUV). At various time points after SSUV, dorsal skin was excised,
fixed for 6hr in a standard fixing medium (HistoChoiceTM, Amersco Inc, Solon, Ohio,
USA), processed and paraffin-embedded. Pyrimidine dimers were detected
immunohistochemically using citric acid antigen retrieval and the H3 anti-pyrimidine
dimer antibody. The number of dimer-positive cells was counted manually in 30 fields per

mouse, at 40x magnification.

When equol lotion (containing 20 uM equol) was applied daily for 7 days prior to and
following irradiation with 1 x 3MED of SSUV, the effect of equol was to reduce the initial
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fixed for 6hr in a standard fixing nedi um
(Hi stoChoi ceTM Anersco Inc, Solon, GChio, USA),

wononaeses and paraffin-enbedded. Pyrim di ne dPaEMa32003/001152

wer e detected 25 i mmunohi stochem cally using citric
acid antigen retrieval and the H3 anti-pyrimdine

di mer anti body. The nunber of dinmer-positive cells was
counted manually in 30 fields per nouse, at 40x

magni fi cation. Wen equol |otirdn (containing 20 M
equol ) was applied daily for 7 days prior to and 30
followng irradiation with 1 x 3MED of SSUV, the
afduetién of dafers) ante® é&hanedtheeratehef theirtrepdir, WO evidenced by a reduced
2004/ 022023 PCT/ AU2003/ 001152 -7 induction of di mers,
apaberofchimsrncs 24 he(aklel)of their repair, as evi denced
by a reduced nunber of dinmers at 24 hr (Table 1).
Table 1: Induction of epidermal CPD positive cells
flableoi hgludtion fof apiidaimahCPB-positveadells filloediig UV irradiation
Treatment CPD +ve cells/linear cm Normal skin O |hr
post - SSW Vehicle + SSUVv 300 18 -equol + SSUV 238 22

Vehi cl '
R T N e T R

(and continuing for SUN§RSYEERT Th gSignificantly
reduced diners at 1 day post-irradiation (a

si gni fi capf pssedgetv on 300 £dsg(a
si gni fi cant reduct| on g?ehﬂéégr- a not shown). 10 Wen

equol lotion (20M was Aappliggytor besh+22days prior
and 5 days_after SSUV eggnosgre the reduction in CPD
nunbers was evi dent im%@g;@ge.lgs(ﬁy}d 34015524 and 48
hours af 2éhr ggst-8SOM0O5; 54% 50% and 26% r eduction in
t he nunber of CPD resp%qtlbl\ﬁesgojv conp@t&€d’with the

control -g~eup-—irehi-cl-e—atone)

Application of equol immediately after SSUV exposure (and continuing for 5d) resulted in
significantly reduced dimers at 1 day post-irradiation (a significant reduction of 23%), and

at 2d (a significant reduction of 42% -data not shown).

When equol lotion (20uM) was applied for both 7 days prior and 5 days after SSUV
exposure, the reduction in CPD numbers was evident immediately and at 1, 24 and 48
hours after (p < 0.05; 54%, 50% and 26% reduction in the number of CPD respectively)

compared with the control group (vehicle alone).

Example 2

Equol was applied to the skin of five human volunteers immediately after, and at 4 hours
and 6 hours post-UV irradiation. A control lotion was also used containing no equol.
Twenty-four hours after UV irradiation, skin biopsies were taken and MT production was

measured using immunohistochemistry.

Table 2 shows the counts of cells in the basal epidermis and superficial dermis that
demonstrated positive staining for MT. Approximately half of the cells in the basal

epidermis constitutively expressed MT at baseline, whereas almost none of the cells in the
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15 Exanple 2 Equol was applied to the skin of five
human vol unteers imedi ately after, and at 4 hours
wanw4@2mer s post-UV irradiation. A control | oPCOMAU2808/001152
al so used containing no equol. Twenty-four hours
after UV irradiation, skin biopsies were taken and Mr
production was 20 neasured using
i mrunohi stochem stry. Table 2 shows the counts of
cells in the basal epiderm s-&nd superficial derms
that denonstrated positive staining for M.
Approxi mately half of the cells in the basal
mER §PEMictl ¢ARSS bt el dppdrmex BpRsned MAT. At 2hase laﬁélee%)osure to 2.5
wher eas al nost none of the cells in the WO 2004/022023
MBOTS S 0heyeooare Bpparerg diferences petheickpressipmoEME igfthe hasal layers of
epl.derm xpressed .. At h t .
o8 BtdE i eI SEREne et il i o s RARRL Mt O i ase
log¥i (whidlNIodll Bpattivipanes, E}R,S@(Erésﬁwﬁ lo$ MIT wdsheglepiial éiendksn treated
between sections treated with equol apnd those treated
wifh eqpobvgdh ths neagaitudg of the diffeyense anging fremaide tp +21%.
partici pants, the expression of MI was higher in the
skin treated 5 with equol, with the magni tude of the
Table RePropertioangficells §taining Positively 200 TTimbdhe epidermis of five human
Proportion of cells staining positively for MI in the
valpnigerspby, tisatment EXABREN  vol unteers, by treat nent

group_rotar ept der"iﬁ’)takf%ﬁﬁgrﬁff 0T T S e pider .,,deﬁﬁgzﬁepidermis
bl adeaimaal oreio ‘ o

%0 90”0 0 PEH JPOS t% 10 oPEE  POS

NO3PWIH9 Baseimeo 03933 20D 4490 DVsP282 485 @0 70 2940 201 50
212 185 4P mieguol 23H3 382 541185 272 118 380 76 NBPPA79 49
Basel i ne DMS0109 322971850 480 1097016 @0 ndns 232237185 47
51 77 4 %qddi4 233369 BBBO 347 236183 9% 4 ¥ 221 232 380 76

NO3pp&AUOIR¢eithel /1229 6209 Uzios 274709 o ¢ 130 109 46
10mins 231 237 51 77 4 5 154 233 60
DMSO 317 236 43 9% 4 4 221 232 51
equol 270 271 50 82 0 0 188 271 59
NO6MED  Baseline 420 413 50 169 0 0 251 413 62
10mins 437 565 56 168 1 1 269 564 68
DMSO 440 442 50 130 6 4 310 436 58
equol 315 539 63 76 8 10 239 531 69
NI13PDO  Baseline 267 217 45 112 0 0 155 217 58
10 mins 468 703 60 270 10 4 198 693 78
DMSO 465 405 47 144 0 O 321 405 56
equol 323 527 62 169 5 3 154 522 77
N14GBO  Baseline 270 127 32 113 0 0 157 127 45
10 mins 381 242 39 247 0 O 134 242 64
DMSO 276 217 44 111 4 3 165 213 56
equol 225 234 51 68 1 1 157 233 60

Note: "Baseline" refers to the skin sections from the punch biopsy taken prior to exposure
to 2.5 MED SSUV.

"10 mins" refers to the skin sections from the punch biopsy taken 10 mins after exposure to
2.5 MED SSUV. The skin was not treated with either DMSO in base lotion (vehicle) or
equol at 200 pM. .
"DMSO" refers to the skin sections from the punch biopsy taken 24 hrs after exposure to
2.5 MED SSUV. The skin was from the grid treated with DMSO in base lotion (vehicle).
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NOSMED Basel i ne 420 413 50 169 0 0 251 413 62 10 mns
437 565 56 168 1 1 269 564 68 DMSO 440 442 50 130 6 4

wO02004435258 equol 315 539 63 76 8 10 239 531 6OTMIARDBO01152

Basel i ne 267 217 45 112 0 0 155 217 58 10 mins 468
703 60 270 10 4 198 693 78 DMSO 465 405 47 144 0 O
321 405 56 equol 323 527 62 169 5 3 154 522 77 N14GBO
Basel ine 270 127 32 113 0 0 157 127 45. 10 mins 381
242 39 247 0 0 134 242 64 DwvB®-276 217 44 111 4 3 165
213 56 equol 225 234 -51 68 1 1 157 233 60 10 Note:
"Baseline" refers to the skin sections fromthe punch

miﬁtgﬁ'yretf&g EhB kiRl sedtRnS FRAS e PundiPbidpsy A BPIY afted &kposure to 2.5

refers to the skin sections fromthe punch
DI SPUNa K skid widsrfsora theegrideixgntesiuwish ol 2t Z00MEM. SSUV.
The skin was not treated with either DMSO i n base
lotion (vehicle) or equol at 200 M 15 "DVMSO' refers

e tih@e sk 0T MECiRMorédctfmty e basadahd Bupabisal &k@tindsytes of recently
hrs after exposure to 2.5 MED SSW_ The skin was from

{R&expased indisadends wat hightcm skin Batkad heen gisated rthcgaupl.

WO 2004/ 022023 PCT/ AU2003/ 001152 -9 "Equol " refers to

the skin sections fromthe punch biopsy taken 24 hrs
Fxagiple3posure to 2.5 MED SSW The skin was fromthe

grri d treated with equal at 200 [M The | ncrease of M

i diensieyi f9m; thepHvahuaag wlprtass S50m erampl oo Yy tested for

imidind i GEPRS ARGl eing i hYSohl t in
g gﬁﬁgﬁgéﬁgﬁélgga treggeé\mtég%quo . Exanpl e~3 The
skin biopsies fromthe five human volunteers from

E{Xiaﬁg% S@%ﬁ:&e ?I%nctqilg%sspgldif - Cl%g gﬁgnrﬁ%gg%gprgsgfvgﬁl with an antibody
directed against CPD. These data demonstrate that, as expected, there were essentially no
CPD-positive cells in the epidermis prior to irradiation with 2.5 MED. However, skin
sections taken from all of the participants 10 mins after UV exposure showed high levels
of DNA damage, with the proportion of positively-staining cells ranging from 36%
(participants NOIDWH and NO3PPA) to 87% (participant N14GBO).

Skin sections taken 24 hrs after UV exposure showed substantially lower levels of CPD
damage in all subjects. For 4 out of 5 participants, the skin sections treated with equol
lotion had proportionally less CPD-positive cells than the skin sections treated with DMSO

in base lotion (vehicle).
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10 Table 3 presents the counts and percent ages of
cells staining positively with an anti body directed
wage#e202€PD. These data denonstrate that, as expackes/001152

there were essentially no CPD-positive cells in the

epiderms prior to irradiation wwth 2.5 MED. However,

skin sections taken fromall of the participants 10

mns after UV exposure showIa hi gh | evel s 15 of DNA

damage, with the proportion posi tivel y-staini ng

cells ranging from 36% (partl ci pants NOLDWH and

NO3PPA) to 87% (participant N14GBO . Skin sections
TableagenPpontien aff teeHs skaiwing qusitey elsh e @ PRsbint thret ¢pideénymis of five

| ower. | eve amage in all subjects. For 4 out

f D
humgn ‘?‘%‘F?ﬁscﬁ%&ﬁ?gﬂwf’gkl n sections treated with

equol 20 TotTon HadIRLARMdE ONaUypdrSepiddrh ADOSBf al Epidermis

1all bKI I SCLLT U[T% tredatl €U W UTHg

Suby K(;Tf’. r reaun"ihnﬁ oy D055 Ty dliemn pos ) oo meg  pos _ %

o LA " A~ A~ A { AN~ a —y —a- g —a 4

NOBIWHAUBessno 11525 - 10 Talfl e 3: Pfopdrtiod of cdlls 0 0
staini nt0 paas ti vE2y B CHBs i n ®he &pi derdis oP8fivéd 36
human vDMHQ® eer s231by t05eat3tent dloup 4¥ot al37epi débdi s58 28
Upper egjuwkr m s Basal3%pi dér m s 70Subj28ct t25eat modt nég 15

NOFA % nBgkefs % 3@y p®s %0 NO1DWH4Bagel i ng 345 009 184 ¢
0 0 2111®mhsl0 moxs 167 1Qi8 40 G4 51 1@6 9%55(1393%48[)'\/@9 36

231 105D§/ﬂsc§1 4TI7 150 58228
25 94 15, 15 NOBPEA

NO@_E 2$a5f Be : ‘ 7 (])
Nosl\/gD %%@gﬁ ne ?&9 0349 %olg 21199 01(98 %1 117 166 59

35 227 6 3

equol 279 25 98 71 42 181 21 10

N13PDO Baseline 205 O 0 60 0 0 145 0 0
10 mins 69 195 74 20 94 82 49 101 67
DMSO 105 68 39 78 51 40 27 17 39
equol 213 94 31 79 50 39 134 44 25

N14GBO Baseline 255 0 0 98 0 0 157 0 0
10 mins 34 389 92 0 157 100 34 232 87

DMSO 240 131 35 93 69 43 147 62 30
equol 188 &5 31 63 44 41 125 41 25

Note: "Baseline" refers to the skin sections from the punch biopsy taken prior to exposure
to 2.5 MED SSUYV. "10 mins" refers to the skin sections from the punch biopsy taken 10
mins after exposure to 2.5 MED SSUV. The skin was not treated with either DMSO in
base lotion (vehicle) or equol at 200 uM.

"DMSO" refers to the skin sections from the punch biopsy taken 24 hrs after exposure to
2.5 MED SSUV. The skin was from the grid treated with DMSO in base lotion (vehicle).
"Equol" refers to the skin sections from the punch biopsy taken 24 hrs after exposure to 2.5
MED SSUV. The skin was from the grid treated with lotion containing equol at 200 pM.

When data from all participants were pooled, it can be seen that skin sections treated with

equol had moderately lower levels of CPD damage at 24 hours.
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10 mins 136 364 73 19 198 91 117 166 59 DWMSO 339 65

16 112 59 35 227 6 3 equol 279 92 25 98 71 42 181 21
woQoMNMbARDO Baseline 205 0 0 60 0 0 145 0 0O 10PQTAL2613/001152

195 74 20 94 82 49 101 67 DWMSO 105 68 39 78 51 40 27

17 39 equol 213 94 31 79 50 39 134 44 25 N14GBO

Baseline 255 0 0 98 0 0 157 0 0O 10 mins 34 389 92 0

157 100 34 232 87 DMSO 240 131 35 93 69 43 147 62 30

equol 188 85 31 63 44 41 1251441 25 Note: "Baseline"

refers to the skin sections fromthe punch biopsy

taken prior to exposure 5 to 2.5 MED SSUWV. "10 m ns"
Exgﬁﬁﬁg@ to the skin sections fromthe punch biopsy

taken 10 mns after exposure to 2.5 MED SSUWV. The
The kskin biepsierofronr atfew huinan eolukieers B0 Bxampla g evérpti¢ssad for P53

hi ¢ | .at 200.M " Q. f he ski
sobUS Sh g e BB oD s BRI T 2o T
exposure to 2.5 MED SSUWV. The skin was fromthe grid

treated with DMSO in base |otion (vehicle). 10
TablefioPropostien of eellstshaining posibvely ton pS5B iw the erpidgimis iof five human

Voﬁliﬁlg&%\gib %mgé{nfeﬁggl:@after exposure to 2.5 MED SSUV.

e grid treated with lotion
contai ning equol atT&Q%e ermifen dagppdr épidémis Basal
participants were pooled, it can be seen that skin epidermis

ilﬁlljéstunbirte uagrﬁuwﬁdﬂl 8quui orrad |luuﬁaoefyo':guvvcl os %
N@@%Z@Wﬁﬁﬂigéiéilﬂ Exdhpl e 4 Hhe in §i opsi 446 8 0

from t heldmims hurd3 vol unt ers frddftExdnpl e 12 wer 889
tested fOMIB3 st&inil¥g fd | owi ngOUV 4 radiSati onl08 8 7
Resul t s equel showR270n Tabl e 26. 5 Tdlbe 48 Pr Gporti dalof 46 22

NQ3HPA StBhdling pozi4dively fior pS31iip the epiider m g36»f 1 1

five humpiimins 316 2 1 114 2 2 202 0 0
DMSO 223 55 20 81 31 28 142 24 14
equol 337 87 21 165 72 30 172 15 8
NO6MED  Baseline 412 1 0 134 0 0 278 1 0
10 mins 402 3 1 153 1 1 249 2 1
DMSO 462 133 22 165 77 32 297 56 16
equol 500 50 9 250 19 7 250 31 11
NI13PDO Baseline 325 0 0 141 0 0 184 0
10 mins 304 0 0 140 0 0 164 0 0
DMSO 222 45 17 109 8 7 113 37 25
equol 287 13 4 147 4 3 140 9 6
N14GBO Baseline 321 O 0 1499 0 0 172 0 0
10 mins 292 4 1 185 2 1 107 2 2
DMSO 217 190 47 106 106 50 111 84 43
equol 227 76 25 109 35 24 118 41 26

Note: "Baseline" refers to the skin sections from the punch biopsy taken prior to exposure
to 2.5 MED SSUV.

"10 mins" refers to the skin sections from the punch biopsy taken 10 mins after exposure to
2.5 MED SSUV. The skin was not treated with either DMSO in base lotion (vehicle) or
equol at 200 pM.

"DMSO" refers to the skin sections from the punch biopsy taken 24 hrs after exposure to
2.5 MED SSUV. The skin was from the grid treated with DMSO in base lotion (vehicle).
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vol unteers, by treatnent group Total epiderm s Upper
epiderms Basal epiderms Subject treatnent neg pos

wooeg2pns % neg pos % NOLDWH Basel i ne 261 0 OPETATQ003/001152

146 0 0 10 mins 343 1 0 154 1 1 189 0 0O DMSO 187 12
6 79 4 5 108 8 7 equol 270 94 26 109 48 31 161 46 22
NOBPPA Baseline 274 2 1 112 1 1 162 1 1 10 mins 316 2
1 114 2 2 202 0 0 DMSO 223 55 20 81 31 28 142 24 14
equol 337 87 21 165 72 30 172 1%~ 8 NOSMED Basel i ne 412
10134 0027810 10 mns 402 31153 1 1 249 2 1
DVBO 462 133 22 165 77 32 297 56 16 equol 500 50 9

25@«101'9re?er8 §0thd kkﬂakebﬂo’h@lﬁ@nﬁ&xﬁ@luhmbﬁﬁ@ fakéh A4HrsQfter &épbsure to 2.5
10 mins 304 0 0 140 0,0 164 0O DVBO 222 45 17

W§SW1316§1F1112‘835 faqadhe @@H%%Wﬁh 2quplat 30(hudL. 6

N14GBO Baseline 321 0 0 149 0 0 172 0 0O 10 mins 292 4

1185 2 1 107 2 2 DWMSO 217 190 47 106 106 50 111 84

43 expgoed, ﬂﬁfr’e Wer bsskigalB5n@ £elld n 4he Eﬁidbbﬁie expressing p53 prior to

ellne" to the skin sectlon fro unch
S it Sfpﬁfﬁﬁ? £91Angy ¢l PaTIGHRgnS. Y. 4o taken from
ai@ic{paﬁﬁ 10 Ry §ftér°UVh§xp%L<ﬁr9 sh6bd OB 1@5@%%1@ oP $38 expression, in
8 Y
I opsy taken 10 mns after exposure 2.5 MED SSUV.
Torddoicn withghe bterdtureat ed with ei t her DNSO in base
| otion (vehicle) or
Skin sections taken 24 hrs after UV exposure showed substantially higher levels of p53
expression in all subjects. The percentage of p53 expression in upper and/or basal
epidermis was reduced in four out of five equol treated subjects. For example, in subjects

N13PDO and N14GBO the percentage of p53 staining was reduced significantly (generally

more than 50%) compared with vehicle controls.

Conclusions
The biomarkers assessed in these experiments were selected based on their biological
associations with skin cancer (which is directly associated with UV-induced DNA

mutagenic damage).

UV-induced oxidative damage is now recognised as a potentially important causal factor in
skin cancer. MTs are molecules with anti-oxidant properties that are specifically induced in
response to UV exposure. This study found consistent evidence that human skin treated
with equol, and it is believed other compounds of the formula (II), induce more MT than

skin treated with base lotion.

CPDs are the earliest indicator of molecular damage following exposure to UV radiation,
and if not repaired, lead to fixed mutations in the DNA of skin cells. Thus one mechanism
of action of a post-exposure treatment would be to increase the rate of repair of these
lesions. The experiments conducted here suggest that CPD repair may be enhanced by

topical equol compositions, and other compositions containing one or more compounds of
the formula (II).
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equol at 200 M "DWVMSO' refers to the skin sections
fromthe punch biopsy taken 24 hrs after exposure to

wa.2004MED285SW  The skin was fromthe grid treat edTaitRins/001152

DMSO in base lotion (vehicle). WD 2004/022023

PCT/ AU2003/ 001152 -12 "Equol " refers to the skin
sections fromthe punch biopsy taken 24 hrs after
exposure to 2.5 MED SSUW. The skin was fromthe grid
treated with equol at 200 M AB expected, there were
essentially no cells in the epiderm s expressing p53
prior to 5 irradiation with 2.5 MED for any of the
participants. Simlarly, skin sections taken from
participants 10 m ns after UV exposure showed

* BEQlis gietly ah dmpbyansfregBIoBX gMEShatols compnondy: awteteh db epidermal skin

wth t literature. 1N ctd-ons [s.

Eipesiep Sleree Bt S efE bt b R oSt b5 exposure 10
pRveNhR6SE Gkl DNA danﬁagbjiﬁ@gsiredl' hEquae herilagethe fexplession of p53 in
expression in upper and/or basal epiderms was i i
g gty Gansins i resetion 1t theenwnb) of Fallst Bythe iHpse 0% basal epidermis

E [ ' 13PDO and N14GBO t he
Sgérggsﬁf%’:{ge%g k&p}gy?tvglg% %césl'\'was reduced significantly
(

generally nore than 50% conpared with vehicle

SRR hSRT 388 B FEEAERD R E7R d Bren s

g.ﬂf&’@g{eﬁﬁ": wod® 5&%‘61%'&.%9 33 v dtdns Kidh £2RERPriéed bof Mookiirising”, will be
Irectly associ at wi't h UV-1 nduced DNA " nut ageni c
dadegopd t@fnply-the debmsibnoxi aistbled entdgeranyestipsomgraup of integers or steps

S L S il Gy Bl ueshy OB ohBant P! Sfvesiiy st "
properties that are specifically induced in response

to UV exposure. This study found consistent evidence
{Thatreferanan te lkhy priceartdd thigispeciBeption, is @t and sheuld not be taken as an

TR TR R DA i ok g e comven

%l’sﬁeralhﬁloaaédg'eqlsmuismﬁacat or of nol ecul ar damage
ol | owi ng exposure to W/ radiation, and if not

repaired, lead to fixed nutations in the DNA of skin
cells. Thus one nechani sm
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of action of a post-exposure treatnent would be to
increase the rate of repair of these |I|esions. The

wexprroezest s conduct ed here suggest that CPD rep@iAu20m5001152

be enhanced by 30 topical equol conpositions, and

ot her conpositions containing one or nore conpounds of
the formula (11). WO 2004/ 022023 PCT/ AU2003/ 001152
-13 P53 is clearly an inportant regul atory gene that
is commonly nutated in epidernid- skin cancers.
Moreover, in normal skin cells, p53 is up-regul ated
follomﬁng UV exposure to prevent mitosis until DNA

@m sepaired. Equol nodul ated the expression of
In 5 this study causing a reduction in the nunber

Afnsteg,l As RnMalls, {p plermgp H. Beasabi. e‘}m Bearsa, D. Wypfarddibamas and B. e.

53 f r f.0 Ve, su ro

IEs)pecl kl{?r?%g {ant Wé’ocﬁ%ﬂ% a\ﬁi’io@h Egﬁ%%mlﬁﬂ?“é 2 pygan skin by
cont eiﬂtra‘vﬁﬂéihfr&‘(ﬁatl&i 'hyma%z%fpbﬂz@zagyndshqoamsl se", or
variations such as "conprises conpri si ng”, will

be 10 understood to inply the |ncI usion of a stated

Pﬁltgl%g el E %tfggp & ghgm%?lﬁ ch%% 'beegxfeasc‘edoﬂ'ﬁs&%g)e%smﬁﬁ cﬂt%#lically sun-

tepror
i Nt egekposed HueRs. e ragker espiealt Op}ﬁiﬂ()pr@tfebﬁb’n ar tPhbn;dermatology,
this specification is not, and should not be taken as

an  abkacnredeiniesy &Phainpedising KO-igddstd on that t hat

prior art fornms part of the conmon 15 general

know edge in Australia. WO 2004/022023

PRI /TANR 0886100015 &hyanibdandRKE- ERESKr AN A1 99%)y ,"MatalloRionein in radiation
Marks, C. Long, H .Navabi. A. Pearsg, D.

W nf o FEROPHBHHS ghigtien and protga%veﬁarp?e( i@%ﬁqlogm 132(3-3%, 85-98.

phot oi nducti on of netallothionein in human skin by

ultraviolet irradiation."” Journal of Pathology 178(1):
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14(5-6): 148-

Hanada, K., T. Baba, I. Hashimoto, R. Fukui and S. Watanabe (1992). "Possible role of
cutaneous metallothioncin in protection against photo-oxidative stress--epidermal
localization and scavenging activity for superoxide and hydroxyl radicals."

Photodermatology, Photoimmunology & Photomedicine 9(5): 209-13.

Hansen, C., E. Ablett, A. Green, R. A. Stunn, I. S. Dunn, D. P. Fairlie, M. L. West and P.
G. Parsons (1997). "Biphasic response of the metallothionein promoter to

ultraviolet radiation in human melanoma cells." Photochemistrv & Photobiology
65(3): 550-5.

Liardet, S., C. Scaletta, R. Panizzon. P. Hohlfeld and L. Laurent-Applegate (2001).
"Protection against pyrimidine dimers, p53, and 8-hydroxy-2'-deoxyguaosine
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UVB + UVA and UVA alone sunscreens." Journal of Investigative Dermatology
117:1437-1441.
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skin a conpositi k% G or nore 5 conmpounds

of the general for Rl R2R; X R8 R6 ()l R3

RA 1/ RRS 7

in which

Ri,Ry, Rs and Ry are independently hydrogen, hydroxy, ORy, OC(O)Rjo,
OS(O)Ryg, CHO, C(O)Rj9, COOH, CO;Rjp, CONRiiRiz, alkyl, haloalkyl,
arylalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl, thio, alkylthio,
amino, alkylamino, dialkylamino, nitro or halo, or

R; and Ry are as previously defined, and R; and R, taken together with the

carbon atoms to which they are attached form a five-membered ring selected from

i Neo
o\} 0\2\

R; and Ry are as previously defined, and R, and Rj taken together with the

carbon atoms to which they are attached form a five-membered ring selected from

0 O
KL XL
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10 R1,R2, R3 and R4 are independently hydrogen,
hydr oxy, OR9, OC(O Rlo, OS(OR o, CHO C(O R10, COOH,

wWOQ2RHM3202€O0NR11R12, al kyl, hal oal kyl, aryl al KpCT/AU2003/001152

al kenyl , al kynyl, aryl, heteroaryl, alkylaryl,

al koxyaryl, thio, alkylthio, amno, alkylamno,

di al kylam no, nitro or halo, or R3 and R4 are as

previously defined, and RL and R2 taken together with

the 15 carbon atons to which-they are attached forma
five-nmenbered ring selected from TOT ~O~0 OO

Rl and R4 are as previously defined, and R2 and R3

taken together with the 20 carbon atonms to which they

are attached forma five-nenbered ring selected from _

T, >( 0==< & and RQ afc WP2004sly 2], M@a@@@/t@wltsgether with the

re a reV| o) fi n R3 d R4
{ aken SpBgR A R BET He e iohE T et il sefbred from
are attached forma five-nenbered ring selected from
OOTA- OO 5T O and wherein R5, R6 and R7 are
i ndependent |y hydroge hydr oxy, OR9, O Rlo, 10

OS(O Rlo, CHO, C(O Q2R 0, 4 1R12,

al kyl, hal oal kyl, ar yl, al kenyl ,=al kynyl, aryl,
~heteroaryl, thio, 3L¥YT1 i0, amino, al m no,
di al kyl am no, nitro orphalo, R8 is hygrogen, hydroxy,

al kyl, aryl, amno, thio, NRL1R12, R11R12, C(O R13
where R13 is hydrogen, alkyl, aryl, arylalkyl or an
am no acidhngr CO2R14
wherein
Rs, R¢ and Ry are independently hydrogen, hydroxy, ORg, OC(O)R;e,
OS(O)Ryy, CHO, C(O)R;y, COOH, COzRjp, CONRjjR;;, alkyl, haloalkyl,
arylalkyl, alkenyl, alkynyl, aryl, heteroaryl, thio, alkylthio, amino, alkylamino,
dialkylamino, nitro or halo,
Rg is hydrogen, hydroxy, alkyl, aryl, amino, thio, NR;;Ri2, CONR;1R3,
C(O)R;5 where Ry3 is hydrogen, alkyl, aryl, arylalkyl or an amino acid, or CO;R;4
where Ry, is hydrogen, alkyl, haloalkyl, aryl or arylalkyl,
Ry is alkyl, haloalkyl, aryl, arylalkyl, C(O)R;3 where R;3 is as previously
defined, or Si(R;5); where each R;sis independently hydrogen, alkyl or aryl,
Ry is hydrogen, alkyl, haloalkyl, amino, aryl, arylalkyl, an amino acid,
alkylamino or dialkylamino,
Ry is hydrogen, alkyl, arylalkyl, alkenyl, aryl, an amino acid, C(O)Ry3
where Ry3 is as previously defined, or CO,R14 where Ry4 is as previously defined,
Rj;is hydrogen, alkyl or aryl, or
Ry and Ry, taken together with the nitrogen to which they are attached
comprise pyrrolidinyl or piperidinyl,

the drawing "---" represents either a single bond or a double bond,
preferably a double bond,
T is independently hydrogen, alkyl or aryl, and

X is O, NR;; or S, preferably O,
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15 where R14 is hydrogen, al kyl, haloal kyl, aryl or
arylalkyl, RO is al kyl, haloal kyl, aryl, arylal kyl,

wCRWuRrA28here RL3 is as previously defined, ®BCT/AU2003/001152

Si (R15) 3 where each R15 is independently hydrogen,

al kyl or aryl, Rlo is hydrogen, alkyl, haloal kyl,

am no, aryl, arylalkyl, an am no acid, alkylamno or

di al kyl am no, 20 R11 is hydrogen, alkyl, arylal kyl,

al kenyl, aryl, an anino acid,- O R13 where RI3 is as
previously defined, or CO2R14 where R14 is as

previously defined, R12 is hydrogen, alkyl or aryl,

or RljhchidehgRiAriakesmicalboetdeptablai dallts tane derivaidgsnthe@of in admixture
whi ch they are attached conprise pyrrolidinyl or

pi per Withmdermatglogirally peseptgle @pi@sent s either a single

bond or a double bond, preferably a double bond, T is

i ndependent|y hydrogen, alkyl or aryl, and X is O, :
BIR12 Ar mSthodr sfcerdidy yo @]aiMOl 20044102202 ®ne or more compounds of the
PCT/ AU2003/ 001152 . -18 i nc [ har maceutical ly

accept@piu @ﬁl"?@l”&%@%h mdaéjq%v@@’eg?@r eof in adm xture

with a dermatol ogically acceptable carrier. 2. A

nmet hod according to claim 1l wherein said one or nore
8onpoAnusthod atdveding té olaim|lawhich )is & ompirddster grryshtingthe formation of
dehydr.aequol . 3. A nethod according to claim21 which

is a Hﬂ?g?ﬁf’ef‘or preventing the formation of skin

cancer. 10 4. A nethod according to claim3 wherein

skin cancer is selected frombasal cell carcinoma,
dquamdumethed| aceendsignioneland wheteialin ogaseirisalectsd from basal cell

met hod_accor di n [.m. L h:SKin i tected

from EV° llnﬁ]g’&téeq&%n%ﬁ? g%@nﬁ%é&o angﬂg(g{ngl)}é%d :I%gmg fanﬁ%]gé of

increasing the rate of repair of cyclobutane 15

pyrimdine diners, pronotjng the fornmation of )

et al Pomildeperording tacelatash mhepsn skik % duetesigd from UV-induced

mutagenic damage by one or more of increasing the rate of repair of cyclobutane
pyrimidine dimers, promoting the formation of metallothionein, and decreasing p53

expression.

6. A method according to claims 1 to 5 wherein the composition is administered

before, during and/or after UV exposure.

7. A method according to claim 6 wherein the composition is administered before UV
exposure.
8. A method according to claim 6 wherein the composition is administered before and

after UV exposure.

9. A method according to claims 1 to 8 wherein the composition comprises 20 pm to

500 mmol of compounds of the formula (II).

10.  Use of one or more compounds of the formula (II)
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6. A nethod according to clains 1 to 5 wherein the
conposition is admnistered before, during and/or

waho@ro2tdz exposure. 20 7. A nmet hod accordi ng tectiAaim3®o1152

wherein the conposition is adm nistered before W
exposure. 8. A nmethod according to claim6 wherein the
conposition is admni stered before and 25 after W
exposure. 9. A method according to clains 1 to 8
wherein the conposition conprti&es 20 gmto 500 mm

of conpounds of the formula (11). 30 10. Use of one or
nore conpounds of the formula (I1) WO 2004/ 022023

PCT/ AU2003/ 001152 -19- R R X R8 R6 (Il) R3 R4 1/
R5 in which 5 R, R2, R3 and R4 are independently

hydr ogen, hydr oxy, OS(O R o, CHO

C(O R10, COOH, , al kyl, hal oal kyl,
aryl al kyl , al kenyzl ) aryl, heteroaryl,

al kyl aryl, al koxyar al kyl t Rgo, ani no,(l)

al kyl anmi no, di alkytan £1a -ﬁ/’alo, or R3 and R4
are as previously defin d R2 taken
together with the 10Rgarbon at whi ch they are
attached forma five-nenbered yng selRxted from T O
T~00 OO0

in which

R, Rz, Rz and Ry are independently hydrogen, hydroxy, ORg, OC(O)Rjq,
OS(O)Ryp, CHO, C(O)Rjg, COOH, COzRjp, CONR;yjRjp, alkyl, haloalkyl,
arylalkyl, alkenyl, alkynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl, thio, alkylthio,
amino, alkylamino, dialkylamino, nitro or halo, or

Rj and Ry are as previously defined, and R; and R; taken together with the

carbon atoms to which they are attached form a five-membered ring selected from

TjLo O>\”O
o\/\ 0\2\

R, and Ry are as previously defined, and R; and Rj3 taken together with the

carbon atoms to which they are attached form a five-membered ring selected from
O—r O—_
KL oL

R; and R; are as previously defined, and R; and Ry taken together with the

carbon atoms to which they are attached form a five-membered ring selected from



Rl and R4 are as previously defined, and R2 and R3

taken together with the 15 carbon atons to which they
waneakr@shed forma five-nmenbered ring sel ect edTiAatam3/001152

O OTOor =< TOORL and R2 are as previously

defined, and R3 and R4 taken together with the 20

carbon atons to which they are attached forma

five-menbered ring selected from W) 2004/ 022023

PCT/ AU2003/ 001152 -20- O TA 020- T O and wherein 5

R5, R6 and R7 are independently hydrogen, hydroxy,

OR9, OC(ORlo, OS(OR10, CHO C(O R10, COOH, CO2R10,

CONR11R12, al kyl, hal opl kyl, aryl al kyl ; al kenyl,
al kynyl, aryl, heteroagyz( thio, al kyl am no,

al kyl am no, dial kyl9ming, nitro or hAlo, /[R8 is

hydr ogen, hydroxy, al Q aryl, am no, o, NR11R12,
CONR11R12, 10 C(O where R13 is hyfdrogen, alkyl,
aryl, arylal kyl or an B no aci d, or 2R14 where R14
I s hydrogen, alkyl, haloal kyl, aryl or arylalkyl, RO
is al kyl, haloal kyl, aryl, arylalkyl, C(OR1l3 where
R13 is as pnéviously defined, or Si(RLl5)3 where each
R15 i s indegendently hydrogen, alkyl or aryl, R10 is
hydr ogen, I hal oal kyl, amino, aryl, arylalkyl, an

am no aci dr; 1 MdR,2HeNAdfentERl< Ky &TLED: hydroxy, OR,, OC(O)Ry,,
OS(O)Ryp, CHO, C(O)Rjp, COOH, COzR;9, CONR;j;R;p, alkyl, haloalkyl,
arylalkyl, alkenyl, alkynyl, aryl, heteroaryl, thio, alkylthio, amino, alkylamino,
dialkylamino, nitro or halo,

Rs is hydrogen, hydroxy, alkyl, aryl, amino, thio, NR;;R;12, CONR{ 1Ry,
C(O)R;3 where R3 is hydrogen, alkyl, aryl, arylalkyl or an amino acid, or CO,R4
where R4 is hydrogen, alkyl, haloalkyl, aryl or arylalkyl,

Ry is alkyl, haloalkyl, aryl, arylalkyl, C(O)R;3 where R;3 is as previously
defined, or Si(R;s); where each R;sis independently hydrogen, alkyl or aryl,

Ryo is hydrogen, alkyl, haloalkyl, amino, aryl, arylalkyl, an amino acid,
alkylamino or dialkylamino,

Ry is hydrogen, alkyl, arylalkyl, alkenyl, aryl, an amino acid, C(O)R;3
where R;3 is as previously defined, or CO;R ;4 where R4 is as previously defined,

Rz is hydrogen, alkyl or aryl, or

Rj1 and Ry, taken together with the nitrogen to which they are attached
comprise pyrrolidinyl or piperidinyl,

the drawing "---" represents either a single bond or a double bond,
preferably a double bond,

T is independently hydrogen, alkyl or aryl, and

X is O, NRy; or S, preferably O,
including pharmaceutically acceptable salts and derivatives thereof in admixture
with a dermatologically acceptable carrier for the manufacture of a topical
composition for protecting skin from DNA mutagenic damage associated with UV

exposure.
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Rl is hydrogen, alkyl, arylalkyl, alkenyl, aryl, an
amno acid, C(OR13 where R13 is as previously

wdebisvezh2zor CO2R14 where R14 is as previ ousl ypdeiAnes/001152

R12 is hydrogen, alkyl or aryl, or R, and R12 taken
together with the nitrogen to which they are attached
20 conprise pyrrolidinyl or piperidinyl, the draw ng
represents either a single bond or a double bond,
preferably a doubl e bond, T ir2li-ndependent!|y hydrogen,
alkyl or aryl, and X is 0, NR12 or S, preferably O,
25 including pharmaceutically acceptable salts and
derivatives thereof in adm xture wth a

dermatol ogically acceptable carrier for the

Wanufdse aseardsig @ dapi Oawhergigspisiane) o mqrs coppgdstof fap formula (I1)

skin [ ge associated with W
expos%%s%@%?gwﬁ%&g@/ AU2003/ 001152 -21 11.
Use according to claim 10 wherein said one or nore
conmpounds of the formula (l1) conprise equol and ) )
Hehy dYssetrgardingtordaim b & whichos & gfhpd fen pie niige ik o of skin
a methad.for preventing the formation of skin cancer.
13. Use according to claim 12 wherein skin cancer is
sel ected from basal cell carcinoma, squanous cel

| anama., .10 14. Use acc

rcinoma and. ma] i gnant rdi ng
g I URrRso ey & AECR 12 FYED; SUE CHFFoM BRACEY. (o basal cel
nut agediforf R ESnoRYcefltarcon DA RAlidnasf Balahdida.t he
rate of repair of cyclobutane pyrimdine diners,

pronoting the formati on of netall othionein, and

creasin 53 EeXpr.essi on, 15:15, r di t .
Ecs e BB B AURER e udE B raRE R bAOh brageic camses
adm nbys by eCmbded 6f BrcreaSitlg thidradnélf fpaidfof efclobuierdphithirline dimers,

16. Use according to claim 15 wherein the conposition,
i s admPrictipg thedfoppatimeofnetallothionein, and decreasing pS53 expression.

15.  Use according to claims 10 to 14 wherein the composition is administered before,

during and/or after UV exposure.

16.  Use according to claim 15 wherein the composition is administered before UV

exposure.

17.  Use according to claim 15 wherein the composition is administered before and after

UV exposure.

18.  Use according to claims 10 to 17 wherein the composition comprises 20 pm to 500

mmol of compounds of the formula (IT).

19.  Use of compounds of the formula (II) for protecting skin from DNA mutagenic

damage associated with UV exposure.

20. A method according to any of claims 1 to 9 where the composition comprises a

cosmetic or sunscreen composition.
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10

exposure. 20" 17. Use according to claim15 wherein
the conposition is adm ni stered before and after WV

woxpogaze3 18. Use according to clainms 10 to 1PCTA@R@i3001152

the conposition conprises 20 gmto 500 25 mmol of

conmpounds of the formula (11). 19. Use of conpounds of

the formula (11) for protecting skin from DNA

nmut ageni ¢ danage associated with UV exposure. 30 20.

A met hod according to any of elains 1 to 9 where the
conmposition conprises a cosnmetic or sunscreen

conposi tion. WD 2004/ 022023 PCT/ AU2003/ 001152 -22 21

A use according to clains 10 to 19 wherein the

conposi tion conprises a cosnetic oOr sunscreen

dnpod} tseorscomrlimpto gaimsshietoi 19 whersinribe cempositetpeyhptisss a cosmetic
whi ch nmore conpounds of the formula

(rn) a??ﬂﬁ?g@ﬁge Q&ﬂgéeflned in association with one

or nore dermally acceptable carriers or excipients.

23. A cosnetic conposition according to claim22 which

Zénpr i EFMEtiGOK SURRSTESH COmPosiEom §AiShyTPIagHHES §Ne PHAoTe compounds of

the formula (II) as hereinbefore defined in association with one or more dermally

acceptable carriers or excipients.

23. A cosmetic composition according to claim 22 which comprises a make-up or

foundation composition.



