WO 2004/ 022023 PCT/ AU2003/ 001152 REPAIR OF DNA MUTAGENI C DAMAGE The

pr esent invg&;ion rel ates to the use of equol, dehydroequol and

i sofl av-3-e and23gpf | avan conpounds in pronoting repair t ageni c
damage. 5 Metall ot hi oneins (M) are proteins synthesised oreﬁ@ggmgﬂﬁﬂé sed
in response to DNA damagi ng agents e.g. UVR (Hansen et al 1997). In nost
of the studies in animals and tissue cultures, high does of radiation were
used to induce MI, and therefore, it is difficult to extrapolate these '
results to low |l evel or repeated exposures-to UVR in humans (Cai et al 10
1999). Induced synthesis of MI is considered as one of the mechani sns -
involved in the adaptive response to | ow dose UVR exposure, and increased

level s of M appear to be agS0QiRRHFD N ' UVR, possibly

medi at ed t hrough scavenging of ROS in ﬁ@@@ﬁﬁﬂ&gﬁQé&&g al 1992). As

well, MIis inplicated in protecting against the immunosuppressive effects
M=l 15 and ||

of UVR on celpyenmedl onses .as, denonstrated in \
knockout nice 1(e eeveZlF %ej‘{elhgﬁgf@%%f.m@%"ﬁﬁc? 880l Hehiridmeatod cind nisefiav-3rene and
det ect abl e Misdflavikecatporady iresroalddnd &haRlor oncurrently with the
photocondg&tion of p53, mhiéﬁﬁguggegtg t he Jﬁég@hgé%@%é%n%§3tens are
protective and conplinentary in function. MI is detectable in dernal
 fibroblasts WMaMhiBRYLS t- Anstey, et al 1996). 20 Equol,
dehydroequolH isqfﬂa-B-ege 2HHQXQg%W§faW%8%ﬁﬁbﬂhHgmaﬁﬁﬂﬁ§@h6@§ﬂ$@M6toIH%A
produci ng t Hemeging agersts das ArvREEahgnCARE NdHRY i Patent.
Appl i cation PCT/ A‘lzﬁj?}/ 00427 . and WO 98/ 08503 B ?E%Sg%lk ﬁ@%?‘%%‘?%ﬁ%amﬁwsem
Py‘ ref erence”>28° Iﬁ%%&éb%ﬂ@mfﬁa@me\gerdmss@m indudBl\M_TW@f[l% theli;ayrelgit\i@?flrfﬁaﬁt
0 car Cl nogepasiapolafdGhRSL; N Mour 1n hunans IS e basal cell
carci nona (Bg,gﬁ fol I owed bysuslggamugeﬁ,gze%mp ‘?‘&WBFH%@C%YR%@H@#? €Caigtal y
mal i gnantOnel fbrrﬁldulc_td bprsthesasvo DRENisicousiderRY ok Re MRhd GRBRaEIN S ORPYNGS,
of the presepf jnvention, vi/nen
Pitve 1esponse to tow dose UVR exposure, and increased levels of MT appear to be
associated with protection from UVR, possibly mediated through scavenging of ROS in
the skin (Hanada, et al 1992). As well, MT is implicated in protecting against the
Imumunosuppressive effects of UVR on cell-mediated responses as demonstrated in MT=]
15  ‘and II knockout mice (Reeve, et al 2000). UVR induces immunohistochemically
detectable MT in keratinocytes and dermal fibroblasts concurrently with the
photoconduction of p53, which suggests the these protein systems are protective and
complimeptary in function. MT is detectable in dermal fibroblasts from 2 hours post-UV
(Anstey, et al 1996).

20

Equol, dehydroequol, isofla-3-enc 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.

o) - - ; .
25 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
30 applied to the skin, result in elevation of metallothioneins production in the skin

 particulatly the basal layer of irradiated skin,



30-applied to the skin, result in elevation of netall othioneins pro®CdVADO3/0115
in the skin, .patddcularly. the basal layer of irradiated skin. Received 16 July 20C
PCT/ AU03/ 0115 P "W P WCSI CRNSF. r$pxl,g]6al,d il.,.payer J.15107111 Received

16 July 20C -2 As nentioned above, netall othioneins affect and pronote

repair of DNA nutagenic danage of skin subject to UV exposure, and/or

enhanci ng defence agai nst UV-induced DNA nutagenic damage in skin. 5 1In
accordance with the present invention there2is provided use of equol, '
dehydroequol, isoflav-3-ene or isoflavan structures for protecting skin

from DNA nut ageni ¢ danage associated wth UV exposure. In another aspect
there is provagegenssgedfa i sof | av- 3-ene ot ,i.sofl avan .

10 structures for the Qvgﬁ%eg%ﬁtgggtmgﬂ@glg%n%%l#gt%iogﬁé? nrgpaflrnc'[rfpeRQT kFW?{agemc
particul arly def@gpadakin bubjent tofUkixposure) adaerdmasenpidefnanabiing Bvpashcdal
this inventi @Nkﬂﬁﬁtﬁ éns rovided a nethod for protecting skin from U

i nduced DNA nut agem% e rgRe R SR conprises applying to 15 skin a
conposition containing one or nore of equol, dehydroequol, isoflav-3-ene,

or isoflavan conpounds in adm xture with a dernmally acceptable carrier.

| sof | av- 3-end? gRePTHaese wirhthe presenindsentiay therer ispresielnt ade by éqbel, demgiradquol,
formula (I11) ; R2 - | | RER4 R 20 R7 5 in which Rl, R2, R3 and
R4 are i ndepelsr??éﬁﬁz ?/3%153}5?@3%@ t{,%llgﬁ,%o ,te%@@?m(ff rod iy RO tagepamage
C(O R10, COOessoClaRN0ith CONEpbRIR, al kyl, hal oal kyl, aryl al kyl, al kenyl,

In another aspect there is provided use of equol, dehydroequol, isoflav-3-ene or isoflavan

10 structures for the over expression: of metallothioneins in the skin, particularly the basal

layer of skin.

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
15 skin a composition containing one or more of equol, dehydroequol, isoflav-3-ene, or

isoflavan compounds in admixture with a dermally acceptable carier.

Isoflav-3-ene and isoflavan compounds may be represented by the general formula (I1)

(1)

20
in which
Ri, Ry, Ry and Ry are independently hydrogen, hydroxy, ORg, OC(O)Rg, OS(O)R,q,
CHO, C(O)R,y, COOH, COsR 9, CONR| Ry, alkyl, haloalkyl, arylalkyl, alkenyl,
25 alkynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl, thio, alkylthio, amino, alkylamino,

dialkylamino, nitro or halo, or



25 al kynyl, aryl, heteroaryl, alkylaryl, alkoxyaryl, thio, alkylthio,

am no, al kylam no, dialkylamno, nitro or halo, or WO 2004/ 022023

PCT/ AU2003/ B@128902208 R3 and R4 are as previously defined,pcangy fds@nes,R2
taken together with the carbon atons to which they are attached forma
five-nmenbered ring selected fromT O To O 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 ring selected fromO-~or :rNOT O ~
10 R1 and R2 are as previously defined, and R3 and R4 taken together with
the carbon atons to which they are attached forma five-nenbered ring
selected fromT OO T O 15 and wherein R5, R6 and R7 are independently
hydr ogen, hy®;0xyd RORE: aseEhR Oy Rl R10
CONR11R12, al kyl, hal oaﬁ%, arlgldgilf;%f , aﬁkgﬁ? ta%@%%ﬂw}er%ﬁ%on atoms
heteroaryl, thi & Whickyheshire attaghed formed fiye-meirbereddial deyderdifagn nitro or

hal o, R3 is hydrogen, hydroxy, alkyl, aryl, amno, thio, NRL1R12,
CONRL1R, 2, C(O R13 where R13 is hydrogen, alkyl, aryl, arylal kyl or an
am no acid, or CO2R14 where R1# is hydrogen, apkyl, hal oal kyl, aryl or

/ /

5
Ri and R4 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:< I , or
10
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
S
O)Y o/l%f
O
T)r % ©
T 0
15
and
wherein

Rs, Rg and Ry are independently hydrogen, hydroxy, ORg, OC(O)R;g, OS(O)R;4, CHO,
C(O)Ryp, COOH, CO:Ry, CONR11R 13, alkyl, haloalkyl, arylalkyl, alkenyl, alkynyl,
20 aryl, heteroaryl, thio, alkylthio, amino, alkylamino, dialkylamino, nitro or halo,
Rg is hydrogen, hydroxy, alkyl, aryl, amino, thio, NR;R,, CONR“RIZ, C(O)Ry3 where
Ri3 is hydrogen, alkyl, aryl, arylalkyl or an amino acid, or CO;R_M where R4 is
hydrogen, alkyl, haloalkyl, aryl or arylalkyl,



WO 2004/ 122023 PCT/ AU2003/ 0011 52 -4 R9 is al kyl, haloal kyl, aryl,

arylal kyl, C(ORL13 where R13 is as previously defined, or Si(Rl5)3 where -
each R15 5§ .| dently hydrogen, alkyl or aryl, R o is_hydrogen,_alkyl,
haloalkyﬂ&aéwﬂﬂggﬁgryl, aryl al kyl , an anino acid, aIkyIafc'rﬁ'r%U%J'r"gjlm"”:‘2

di al kyl am no, 5 R11 is hydrogen, alkyl, arylalcyl, alkenyl, aryl, an am no
acid, C(OR13 where R13 is as previously defined, or CO2R14 where R14 is
as previously defined, R12 is hydrogen, alkyl or aryl, or R1l1 and R12 taken
together with the nitrogen to which thex4qre attached conpri se

pyrrolidinyl or piperidinyl, 10 the drawing "_" represents either a single
bond or a double bond, preferably a double bond, T is independently

hydr ogen, %lékrl uo\r aryl, and X is 0, NRL2 or S, Rgeferabl y 0, includin

phar maceut feafy ik @ Learyh| ar¥lalid GEPRyntvhors Ryhis appreviaslyedefied, or

corresponds tgikhs, §RLIU 11) . , : ﬁ%& R7 and Rs are

hydr ogen, RS .%(sl %/{Hr &xyf“aﬁﬁlsgﬁlﬂe‘g&n‘é&?'l%?@s?n %r%g%lhd. Dehydr oequol

cor respond&id & hyhogdna afiy), halbdRyREmif?, ariR3 arédlikcyRoan Bﬁir@nﬁ:i&alﬁ?lemino or
y

hydr ogen, R5 is]&(dr.oxy, Xis 0 and is a double bond. 20 Dernal
accept abl e cafPf¥MERY | otions are wel| known in the art, and are

descri bgd for; €4l 1 ) 1 : 1S e nar. .
Toth Ed . Necie ‘B Rap ol R S A TG SRS A T EIR Sy T 0
der mat ol ogi capieyicasiyalsfiabd, er €5).Riewhea® bz as pseibisty ddfmedonposi ti ons of the

i nvention. ,As. used herein, "dennatol ogically acceptable 25 carrier” refers
to vehicl edn2 Hﬁﬂyﬁ{a‘?ﬁe@,ﬁféﬂr‘)ﬁa@ﬁﬁr whi ch can include adjuvants, additives, or

Ry and Ry taken together with the nitrogen to which they are attached comprise
pyrrolidinyl or piperidinyl,
10 the drawing “---" represents either a single bond or a double bond, preferably a double
bond,
T isindependently hydrogen, atkyl or aryl, and
X 15O, NRy; or S, preferably O,

including pharmaceutically acceptable salts and derivatives thereof.

15
Equol corresponds to the formula (II) when Ry, Ry, Rs, Re, Rg, Ry and Ry are hydrogen, Rs
is hydroxy, X is O, and "---" is a single bond. Dehydroequol corresponds to formula (1I)
when Ry, Ry, R;, Ry, Rs, R; and Rg are hydrogen, R; is hydroxy, X is O and "---" is a
double bond.

20

Dermally 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
25 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
30 the skin. Dermally acceptable carriers may inciude orne or more sunscreen agents.

Sunscreens include those mater_ials commonly used to block ultraviolet light. [llustraiive



exci pients, known for use in dermatol ogical conpositions. The conpositions
of the invention include, but are not limted to, creans, ointnents,

sol utions, WORK22433 pes, cl eansers and/or gels. The corrp@t]tmigmgﬁ,,,hh@
present invention nmay be sinply m xed, adm xed or blended with suitable
carriers to give conpositions suitable for application to 30 the skin.
Dermal |y acceptable carriers may include one or nobre sunscreen agents.
Sunscreens include those materials commonly used to bl ock ultraviol et

light. Illustrative WO 2004/0221123 PCT/ A-§1211113 /1111 1 15 2 -5
conpounds include the derivatives of cinnamate, PABA, and salicylate. For
exanpl e, octyl nethoxyci nnamate and 2- hydr oxy-4- net hoxy benzophenone (al so

known as oxybangames inctimig tﬁ@d&ﬁ@ﬂves@’b%aﬂﬁkhfaép?&y ARG E@lf g/ll)al"i’é.' q*"or p{lﬁ, octyl

2- hydr oxy- 4- net hoxy benzophenone are conmercl aval under
tradermar ks, 'PalesycvRAH éﬂfBéﬁWéWéﬁomeﬂIEw 56I[2®pbﬂmhle \elksy knFhe aexagheranmynt

of sunscree % end| gree of protection
desired fro%@ggb%sg&s%ll ﬁeﬁgﬂi? rhé’\géqxr n@ﬁ%@h ReHOPREIONG  are
nmor e conpounasnérciale hoditblea unléy) the etrzfdéﬁﬁkﬂsat Fé}sdlntthXC%ﬁHeb'eﬁzogPenonea

pr epar at|§)n €n£I ei of cosnetic for nul ati ons i ncl ude creans
powder s, ef‘%?g TEeY- Lhi e¥adngmeunt q |$@@50f¢<§rpﬁmldystdsamhvargsdmbnchsg rgypn b

referred todygr eFhEsttRion & é@ﬁOIBgﬁ@;%%;"?@éfi% ically used to provide a

snoot h, even appearance to skin an 53“ col oured cosnetics).
Corrpounds of the fornula (II) may be used in the conpositions in an anount

from 15 0. (i%l% Q (?00/ eferably from0.1%to 20% nost preferably from
C1%to 10% WARTCICESY © ‘8128 jegt Owgﬁetqoamuwfdbmméa (Dparenfarondaed imo|

equol or ot Q@ém@tﬂ%‘d}gﬁoﬁf E [lcfs%rf @Hérﬁet‘clf%}rhuﬁﬁgh as g?%gt%&ﬁg%@g{?{dﬂghe

remai nder_ of the conposition rise one

accept ablle @astes, erkesaand éwdulm e’ﬁmﬂca@ auch dtbelhﬂetlcskﬂ@ywbel fa;férﬁ@ @' is "rﬁl@e o
wi th equol 20 and

nore conmpoung n the canpositions,

dehydr oequol %e?ﬁ%ﬁngﬁt?% @ﬁﬁ”&? gﬂ/ P PIOEEC 2 SBIR9H s oV P ABDeREANCH do alimi aidsases ed
topically tbaieﬁeraﬁblﬁe@eéﬁﬁ&msﬂur' ng and/or after sun exposure. Typically,
doses of between about 1 to 500 ng per day, with doses between 2 to 100 ng

per day being preferred.
Compounds of the formula (I} may be used in the compositions in an amount from

15 0.001% to 100%, preferably from 0.1% to 20%, most preferably from 0.1% to 10% w/w.
For example, compositions may cormprise 1 pm to 500 mmol equol or other compounds of
the formula (II), such as 20 pm to 400 pm. The remainder of the composition will
COmMprise one or more dermatologically accepfabie carriers and.excipients as are well
known in the art. One or more compounds may be utilised in the compositions, with equol

20 and dehydroequol being particularly preferred. Compositions may be administered
topically to the skin before, during and/or after sun exposure. Typically, doses of between

about 1 {0 500 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
25 treatment, or amelioration or preventing the formation of skin cancer, such as basal cell
carctnoma (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 (IT).

30 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



In accordance with another aspects of this invention there is provided a
nmethod for the 25 treatnent, or anelioration or preventing the formation
of skin cancer, such as basal cell carcinoma (BCC), squanous cell

car ci nomaWOSeH423%d nal i gnant nel anoma, which conpri sesPGHpIIBYIIE t he
skin of a subject a conposition containing one or nore of equol,
dehydroequol, or an isoflav-3-ene or isoflavan conpounds of the general
formula (11). 30 In another aspect of this invention there is provided a
met hod for increasing netallothionein production in the skin, such as the
basal |ayer of skin, which conprises WO 2004/ 022023 PCT/ A1J2 0 03/0 0 11 5
2 -6 applying to skin one or nore of equol, dehydroequol, isoflav-3-ene or
i sof | avan conpound in association with a dermally acceptable carrier. The
appl i cant haglyingrtolskin dreumadndrh af equvd, dahythouqets, Bofior dlicng ot &offlaid domyppahi on
pr onot e 5iDNA r.eﬁair. Trlbg rI notion of DNA repair nmay be by one or nore of
i ncr easi ng ¥ AECFAHYE Wifp 4 B’g‘? Y BFeRighie GBWeEne pyri ni di ne di mers (CPDs),
pronoti ng DNA repair by decreasing P53 expression, and/or by pronoting the
formation of netallothionein (MI). The formation of CPD is considered to be
an i npor t arftic|agphednt Aagl firthea demidcthatoths equgooads d@oofing MRilex posutien pidniabel |
et at, 198%QLiiardet.et at, .200 ni mal nodel s have dempnstrated an

N nversejsre?)ell\tr‘%((g <hi pT%ee?%@HOQS?mlﬁé?paéﬁﬁalf gf’)iﬁyr‘mﬁﬁﬂ nERY g?l%?%l%éb%ﬁeg%i s
(Young et afrephRW)cycibbealt® Rt Minlel H)S pRMILEES g‘q%’c ge
by WV irradi atpi on. _g53 IS agﬂg}gnspri pti o?%%@fgr V\A‘tlfl?l hﬁgﬁg% gﬁg I u]ieggrqﬂg
progr essi oR>3 EXRIRFSEI, £Bd/Sr Phpromoting tke formeton dfigenbpthioeti GATPf damaged DNA
(Canpbel | et at, 1993). 15 The P53 protein nay act as a tunour pronoting
agent (Murphey et at, 2001). This invention will be described with
reference The tdrematioh lofWPNYis cdasidéredtd boBn BXAGMRAR Sethal BRATRLSehiQontbGucatE ect
of equgll on t(ﬂg%i nduction of CPD was exam ned in the skin o% hairl ess m ce
(a stafdaPf sxppre {iHicheld et pht b98Yi ddirdehee st.i 20800).0nd hinesl posdeds theve
sol ar sinu travi; radiat i . AL, var time.points after
SSwv, dor sgﬁhg%&%w&asﬁefg?%e%,I%mfﬁ?)ilke}gﬁf g}% ieHIdaen-%%ian d PR3 n & m
(Hi st oChoi catinpgoess Q@uhgat afol 6). ChieP53 protein (TP53) is expressed after DNA

damage by UV irradiation. P53 is a transcription factor which blocks cellular progression -
from G1 to S phase, thus preventing replication of damaged DNA. (Campbell et al, 1993).
15 The P53 protein may act as a tumour promoting agent (Murphey et al, 2001).

This invention will be described with reference to the following, non-limiting examples.

Example 1

20  The effect of equol on the induction of CPD was examined in the skin 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 (HistoChoice , Amersco Inc, Solon, Ohio,
USA), processed and paraffin-embedded. Pyrimidine dimers were detected

25 inunuhohistochemicaliy using citric acid antigen retrieval and the H3 anti-pyrimidine
dimer antibody. The number of dimer-positive cells was counted nmianuvally in 30 fields per

mouse, at 40x magnification.

When equol lotion (containing 20 uM equol) was applied daily for 7 days prior to and
30 following irradi.ation wit_h 1 x BMED of SSUV, the effect of equol was to reduce the inttial



USA), processed and paraffin-enbedded. Pyrimdine dinners were detected 25
i mmunohi stochem cally using citric acid antigen retrieval and the H3

anti - pyri mwonesssbzemsr ant i body. The nunber of di nmer- positj,) S
counted manually in 30 fields per nouse, at 40x magnifi ceytci\‘g‘nl.%w(g'r‘ny\%quol
| otion (containing 20 Mequol) was applied daily for 7 days prior to and
30 following irradiation with I x 3MED of SSUV, the effect of equol was to
reduce the initial W 2004/0221123 PCT/ Alj 2003/ 0011 S2 -7 induction of
dinmers, and to enhance the rate of their repair, as evidenced by a reduced
nunber of dinmers at 24 hr (Table 1). Table 1: Induction of epidermal
CPD-positive cells followwng W irradiation 5 Tine of collection Treat nent

CPD +ve cel | glduchgabsq L0l 0sl-SSW Vehicle. + S 300, 1
equol +SSUV 23822 24Nhr mﬁ%rg’l? %@EN@@E ?ecfhémi‘tep $o°PEE aéq%Yéﬁ‘e“$eC§ng ’it‘éi?“'efg7
Appl i cati on aimbegudldimpnyet2ahe(Tabkf Her SSUV exposure (and continuing for

5d) resulted in significantly reduced diners at 1 day post-irradiation (a
significant reduction of 23%, and at 2d (a significant reduction of 42%

-data not shwwble.1: IGdWEAGH 8EMAHerRL EPD( Ledyhor. bath 7 days
prior and_5 days after SSW ét;eix?)osur e, t‘ﬁ’gl\q"éﬁ@% ?"gﬁlﬁi"ﬁg%rﬁ%‘ﬁﬁg?g was
evi dent i Pmedi ately and at 1, 24 and 48 hours after (p < 0.05; 54% 50%

and 26%reduction i Wh t he
control group (vehi cFEeRigodsctiops Exeatipent 2 CPD +ve cells/linear cm

Normal skin 0

lhr post-SSUV Vehicle + SSUv 300+ 18

e‘qﬁol + S5UV 238+ 22

Vehicle + SSUV ~ 340£ 55
equol+SSUV ~ 167+17

24hr post-SSUV

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).

10
When equol Iotion (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).

15

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

20  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



Equol was applied to the skin of five human volunteers inmmedi ately after,
and at 4 hours and 6 hours post-UV irradiation. A control |otion was al so
used containing no equol. Twenty-four hours after UV irradiation, skin

bi opsi es Werestiakgn and MI production was 20 neasured uSITIgU2003/061152

I mmunohi stochem stry. Table 2 shows the counts of cells in the basal
epiderm s and superficial derms that denonstrated positive staining for
MI. Approximately half of the cells in the basal epiderm s constitutively
expressed MI at baseline, whereas al nbst none of the cells in the WO

2004/ 022023 PCT/ AU20113 /0 0 1 1 5 2 88 nore superficial |ayers of the
epiderm s expressed MI. At 24 hrs after exposure to 2.5 MED SSUV, there
wer e appar ent differences in the expression of MI in the basal |ayers of
the epi depsfeSsul ()é%%f ﬂiasep‘id&ﬁx‘iﬁgxmfeésﬁd aqVOk+ 28yt NGRS dxpeaireth Bist h
DVMSO in base [Iotion ehicle). In all 5 participants, the expression of M
was hi ghdlEPSSH¥, téuzrienvqrc emae@nt difforendes di thsl exmsmhntoﬁé/l?rmg Hicthegel layers ofe
differen om +4% 1t q +210% bl e .2: 0 t|o nlng
posi 1 vel e PORSRR ok SeichS read i oot SR AT ain BRI iF b
group TotlalioepicHRIg) B dlbp@értﬁ;ﬁpaﬂ%r meSe)%a@saioneﬂl M’ermsshlgﬁubhﬁme skinegdaradnt

neg pos % neg pos % neg pos % asel ine 303 201 40 99 0 0 204 201 50
10 mins 21515*1q_wlMltwemmmg@qfﬁbedﬁferm@%% frem wyoto+81%. 212 185 47
equol 303 382 56 185 2 1 118 380 76 NOBPPA Baseline 227 109 32 97 0 0 130
109 46 10 mins 231 237 51 77 4 5 154 233 60 DMSO 317 236 43 96 4 4 221
232 51 eruhé 22 PRopoilioch®hf @elOst@iniBBpasitivay tHIOINER Bhaspidaenid 20 fidd hubfAnl69 O

0 251 413 62 10 ruins 437 565 56 168 1 1 269 564 68
volunteers, by treatment group

Total epidermis Upper epidermis  Basal epidermis

Subject  treatment neg pos Yo neg pos % neg pos %
NOIDWH - Baseline 303 201 40 99 0 0 204 201 50
10 mins 255 179 41 72 0 0 183 179 49

DMSO 282 185 40 70 0 0 212 185 47

equol 303 382 56 185 2 1 118 380 76

NO3PPA Baseline 227 109 32 97 0 0 130 109 46
10 mins 231 237 51 77 4 5 154 233 60

DMSO 317 236 43 96 4 4 221 232 51

equol 270 271 50 82 0 0 188 271 59

NOOMED  Baseline 420 413 50 169 0 0 251 413 o2
10 mins 437 565 56 168 1 1 269 564 68

DMSO 440 442 50 130 6 4 310 436 58

equol 315 539 63 76 S 10 239 531 69

N13PDO Baseline 267 217 45 12 ¢ 0 155 217 58
10 mins 468 703 60 270 10 4 198 693 78

DMSO 465 405 47 144 0 0 321 405 56

equol 323 527 62 169 5 3 154 522 77

N14GBO Baseline 270 127 32 1130 0 157 127 45
10 mins 381 242 39 247 0 0 134 242 o4

DMSO 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 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. |
15 "DMSO" refers to the skin sections from the punch biopsy taken 24 hrs after exposure to
2.5MED SSUYV. The skin was from the grid treated with DMSO 1n base lotion (vehicle).



DVSO 440 442 50 130 6 4 310 436 58 equol 315 539 63 76 8 10 239 531 69
N13PDO Basel i ne 267 217 45 112 0 0 155 217 58 10 mns 468 703 60 270 10 4

198 693 78 wONBO4663 405 47 144 0 0 321 405 56 equol 323
154 522 77 N14GBO Baseline 270 127 32 113 0 0 157q127 45, P%%é[?naﬁingglé‘? 242
39 247 0 0 134 242 64 DMBO 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 from
t he punch biopsy taken prior to exposure to 2.5 MED SSUV. "10 nmins" refers
to the skin sections fromthe punch bi opsygtaken 10 mins after exposure to
2.5 MED SSW. The skin was not treated with either DVMSO in base | otion
(vehicle) or equol at 200 M 15 "DMSO' refers to the skin sections from

t he punch b|. 1tk fier.exposure.to The skin S
fromthe gri eate V\Ill?% tmn:E gl tg? B?I?C(I)IrP‘?R)Sé(ﬁgl&‘TNrE‘)% l‘sl\‘i\g}{w}“ﬂ’ﬂ@ 5
PCT/ Al 121103MHED $SUS2The &ifi Faw (ﬁom tefepiireaRdtWith naﬁﬁwms fromthe
punch bi opsy taken 24 hrs after exposure to 2.5 . The skin was
fromthe grid treated with equol at 200 M The i ncrease of M

i mmunor eact i yhd ly . 5
UV- exposed |’¥1!é| gllcglé&%‘ibgﬁ%g %ﬂ&‘%gfs%a@t?ﬁﬁ '%dqu%g%aégf)[(?r?é%chfs\ﬂf rgoently
equol . BExanmlU¥-&piied usdwuduials@mlm@eﬁtnﬁrﬁkhhaatfhaﬂﬁeé‘rwi‘&&e& alirhear s from

Exanple 2 were tested for cycl obutane pyrimdine dinmer formation using
i mrunohi st ochem stry. 10 Table 3 presents the counts and percentages of

cell's stai nipga@ieisti vely with an antibody

The skin biopsies from the five human volunteers from Example 2 were tested for
cyclobutane pyrimidine dimer formation using immunohistochemistry.
10
Table 3 presents the counts and percentages of cells staining positively 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
15 of DNA damage, with the proportion of positively-staining ceils 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

20  lotion had proportionally less CPD-positive cells than the skin sections treated with DMSO

in base lotion (vehicle).
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di rected agai nst CPD. These data denonstrate that, as expected, there were
essentially no CPD-positive cells in the epiderms prior to irradiation
with 2.5 However, skin sections taken fromall of the participants 10
m ns aft&h{’Eg\‘)"&%@B&ure showed high levels 15 of DNA darré'&é”f‘%"?%"“ﬂ‘hz
proportion of positively-staining cells ranging from36% (participants

NO DWH and NO3PPA) to 87% (partici pant N14GBO). Skin sections taken 24 hrs
after UV exposure showed substantially |lower |evels of CPD damage in all
subj ects. For 4 out of 5 participantsyytihe skin sections treated with equol
20 lotion had proportionally |less CPD-positive cells than the skin sections
treated with DMSO in base lotion (vehicle). 25 30 WO 2004/ 022023 PCT/ A

/ : ab ' f
CPDs 1t is o PaapRitRopr Fin o g Bl 8 CPrd i MelthiBRieds ¢fTieroc

epi der nhdmbip PeTun®sir sl Hyira R lor derm s Subject treatnent neg pos % neg
pos % neg.-pos 9% NO DWH Baseline 345 0 0 134 0 0 211.0.0 10 rains 162 107
40 64 31 44 98 56 36 _DMVBO Patl ¢pideBibisBl 4 U ati28 B EpiiédmB9 19
70 23 2550Bjetb 1%rdihRRA Bae , - B0 mhas 234 191
48 56 IQbi B‘WH% $ 0 # [ ] 70
17 20 279 1 0 N(ié%gaseliﬂe gg 049 90 % ) ' g, 73 19
198 91 117 166 5 M O3 §1651 1]j 59 = 37 150 58 28
equol - 164 39 19 70 23 25 94 16 15
NO3PPA Baseline 309 0 0 104 0© 0 205 O 0

10 mins 204 191 48 56 106 65 148 85 36
DMSO 179 25 12 55 20 27 124 5 4
equol 349 18 5 70 17 20 279 1 0
NO6MED  Baseline 309 0 0 90 0 0 219 0 0
10 mins 136 364 73 19 198 91 117 166 59
DMSO 339 65 16 112 59 35 227 6 3
_ equol 279 92 25 98 71 42 181 21 10
NI3PDO Baseline 205 0 0 60 0 0 145 0 0
10 mins 69 195 74 20 94 g2 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 34 380 92 0 157 100 34 232 87
DMSO = 240 131 35 93 69 43 147 62 30
equol 188 85 31 63 44 41 125 41 25

Note: "Baseline" refers to the skin sections from the punch biopsy taken prior to exposure
5 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 puM.
"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).
10 "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.

15



equol 279 92 25 98 71 42 181 21 10 N13PDO Baseline 205 0 0 60 0 0 145 0 O
10 mins 6 4 94 82 49 101 67 DMSO 105 68 39 78 7.39
equol 213%9‘3’#’%&%0 39 134 44 25 N14GBO Basel i ne 255 ogé”ggz‘g‘g’ﬁ‘%ﬁg 00
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 41 125 41 25 Note: "Baseline" refers to the skin
sections fromthe punch biopsy taken prior to exposure 5 to 2.5 MED SSW
"10 mins" refers to the skin sections _fiyomthe punch biopsy taken 10 nmins
after exposure to 2.5 MED SSW. The ski'n was not treated with either DVSO
in base lotion (vehicle) or equol at 200 M "DWVSO' refers to the skin
sections fromthe punch biopsy taken 24 his after exposure to 2.5 MED
SSUWV. Theisunpledhs fromthe grid treated with DVMSO i n base |otion

(vehicle) “Equol " 1 ef ' ' ipQASY
taicen 24 Fies S0 SR 06 ¢ Tyt Subf RSt ToE R3pap ) ot RARE P BB
treated witiiRing@bllGNInGANY airadiatihne Recliltsadre ZOvMn Taien. data from al |

partici pants were pooled, it can be seen that skin sections treated with
equol had noderately | ower |evels of CPD danage at 24 hours. 15 WD 2110 4/0
220 [¢A ﬁ*& ; Mtive i iski BvOhRRShLeS
from t%eﬁlfb\c/%é‘huﬁnéﬁgvo uﬁﬁ%@%éﬁa r%ﬁ?égﬁﬁ%?néﬁgvggﬂéhﬁee tle %%%FK P‘53 st ai ni ng
fol | owi ngvdilvhieersably aidaomenRasupt s are shown in Table 4. 5 Table 4: '
Proporti.on—of—cells stalning—positivelyw—+for p53in-+the—-epiderms—ot—-+vre
human vol unteers, by treat nedfiotafrepigerimgs al e Mrner ¢pidemier epi B3 s Basal

epidermis

Subject treatment neg pos Yo neg pos % neg pos %
NOIDWH  Baseline 261 O 0 115 0 0 146 0 O
10 mins 343 1 0 154 1 1 189 0 O
DMSO 187 12 6 79 4 5 108 8 7

equol 270 94 26 109 48 31 161 46 22
NO3FPPA 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 15 8
NOSMED  Baseline 412 1 0 134 ¢ 0 278 1 0
10 mins 402 3 [ 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 0O 0
10 mins 3064 0 0 140 0O 0 164 0O 0

DMSO 222 45 17 109 8 7 113 37 25
equol 287 13 4 147 4 3 140 9 6
N14GBO Baseline 321 0 0 149 0 0 72 0 0
10 mins 202 4 1 185 2 I 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 "10mins" 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 lirs after exposure to
2.5MED SSUV. The skin was from the grid freated with DMSO in base lotion (vehicle).



epiderm s Subject treatnent neg pos % neg pos % neg pos % NO DWH Basel i ne
261 0 0 1150 0 146 0 0 10 mins 343 1 0 154 1 1 189 0 0 DMsO 187 12 6 79
4 5108 8 7 equol 270 94 26 109 48 31 161 46 22 NOBPPA Baseline 274 2 1

145 24 1902iB3S, 67721 165 7230 170 15 8 NOSVED Balkn/HE UYL

31 28
0 134 0

0278 1 0 10 mns 402 3 1 153 1 1 249 2 1 DWSO 462 133 22 165 77 32 297
56 16 equol 500 50 9 250 19 7 250 31 11 N13PDO Baseline 325 0 0 141 0 O

184 0 0 10 mins 304 0 0 140 0 0 164 0 O DMSO 222 45 17 109 8 7 113 37 25
equol 287 13 4 147 4 3 140 9 6 N14GBO Bageline 321 0 0 149 0 0 172 0 O 10

mns 292 4 1 185 2 1 107 2 2 DWMSO 217 190 47 106 106 50 111 84 43

equol

227 76 25 109 35 24 118 41 26 Note " Basel ine" refers to the skin sections

f th t D uv. 10 "1
o e DU BT KR B 2 B et PP PR B8 i i o
exposur e tME[?S§UME@h§§de£%n§Ei&%%§eﬁ%&%%§ﬁ&q% $66 fivei ther DVBO in

base lotion (vehicle) or equol

refers to the skin

sections fromthe punch biopsy taken 24 his after exposure to

10
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As expected, there were essentially no cells in the epidermis expressing p53 prior to
uradiation with 2.5 MED for any of the participants. Stmilarly, skin sections taken from
participants 10 mins after UV exposure showed negligible levels of pS53 expression, in

accordance with the literature.

Skin sections talken 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 (IT), 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 (11).



2.5 MED SSW. The skin was fromthe grid treated with DVSO in base | otion
(vehicl e) w2944 £22023 PCT/ At 12003/ 001152 - 12 " Equol pefRLSISné9st he
skin sections fromthe punch biopsy taken 24 hrs after exposure to 2.5 MED
SSW. The skin was fromthe grid treated with equol at 200 M As 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 mng3after UV exposure showed
negligible levels of p53 expression, in accordance with the literature.

- Skin sections taken 24 his after UV exposure showed substantially higher

| evel s of p53 10 expression in all subjects. The percentage of p53
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The reference to any prior art in this specification is not, and should not be taken as an
acknowledgment or any form of suggestion that that prior art forms part of the common

15 general knoWIedge in Ausfralia.



30 topical equol conpositions, and ot her conpositions containing one or
nore conpounds of the fornmula (11). WD 21114/022023 PCT/ AU2003/ 001152 13
P53 is clearly an inportant regulatory gene that is comopnly nmutated in
epidermagLY ﬁ'n cers. Moreover, in normal skin cells I <
up-regul ‘i hygpﬁggﬁng UV exposure to prevent mtosis Eﬁ?ﬁﬁ”ﬂ@%ﬁ&aﬁage IS
repai red. Equol nodul ated the expression of p53 in 5 this study causing a
reduction in the nunmber of cells in the upper or basal epiderms

expressing p53 for four of five subjects. Throughout this specification and
the claims which follow unless the context requires otherw se, the word
"conprise", or variations such as "conprises" or "conprising”, wll be 10
understood to inply the inclusion of a stated integer or step or group of
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(H 5 R 1R2 xUReof/oR6 of e colnpREnds bitRdoRwR @) i n which RL, R2, R3 and R4
are independently hydrogen, hydroxy, OR9, OC(O R10, OS(O R10, CHQO

C(O Rlo, COOH, CO R 30, CONR11R12, alkyl, haloalkyl, 15 arylalkyl,

al kenyl 5 al kynyl, aryl,- heterdaryl, alkylaryl, alkoxyaryl, thin, alkylthio,
am no, al kyl am no, dial kyl,am nixt.ro @§ hal o, or R3 and R4 are as

previously defined, and Rf ogether with thF
Rg (

10

1 which
R;,Ra, Ry and Ry are independently hydrogen, bydroxy, ORg, OC{ORu0,
OS(0)R1, CHO, C(O)R,, COOH, COsR;o, CONRy Ry, alkyi, haloalicyl,
15 arylalicyl, alkkenyl, alkynyl, aryl, hetercaryl, alkylaryl, alkoxyaryl, thid, éllcylthio,
anuno, alkylamino, dialkylamino, nitro or halo, or
_ R; and R4 are as previously déﬁned, and R, and R, taken together with the

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

20 T Q

’s Ry and R, axe as previously defined, and R, and Ry taken together with the

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

N N 0
1><OI O:<OI , or

30



carbon atonms to which they are attached forma five-nmenbered ring sel ected
from 20 TOT~-O~a O k1 and R, are as previously defined, and R2 and R3
taken together with the 25 carbon atons to which they are attached forma
five-menbered ring selected from T, x 1 O=Z< 1 or r o o 30 -17- R and R2
are as previously defined, and R3 and R4 taken together with the carbon
atons to which they are attached forma five-nenbered ring selected from O
0/ ~" 0O . 5Tand wherein R5, R6 and Ry. are independently hydrogen, .
hydroxy, OR9, OC(O Rlo, 10 OS(O R o, CHO C(OR o, COOH CO2R o, CONRL1R12,
al kyl, hal oal kyl, arylal kyl, al kenyl, alkynyl, aryl, heteroaryl, thio,

al kyl thi o, am no, al kyl arni no di al kylam no, nitro or halo, Rs is

hydr ogen, hydroxy, al k ,.amno, thio, NRLI1R12, CONRL1R @2 O R13
where R13 is hydrdy EéaWWP prexioysly definedeAngd\Rs and Re fakepniogeheroyith the parbgio Ry 4
15 where R14 ét@m@%%lﬁ&ﬁﬂeyﬁ%M’A}hﬁdﬁ@t‘t@@h@h&ﬂi@éf&d riffscleéyd byl , RO is al kyl,
hal oal kyl, aryl, arylalkyl, C(ORL3 where R13 is as previously defined, or
Si (R15) 3 where each R15 is i ndependent |y hydrogen, al kyl or aryl,

T
5 T _ 0

and

wherein -

Rs, Rs and R; are independently hydrogen, hydroxy, ORe, OC(O)Ryg,
10 OS(O)Ry0, CHO, C(O)Ryy, COOH, CO;Ry0, CONRjiRjz, alkyl, haloalkyl,

arylalkyl, alkenyl, alkynyl, aryl, heteroaryl, thio, alkylthio, amino, alkylamino,
dialkylamine, nitro or halo,
Rg is hydrogen, hydroxy, alkyl, aryl, amino, thio, NR;;R;z, CONRi Ry,
C(O)R,; where Ry3 is hydrogen, alkyl, aryl, arylalkyl or an amino acid, or CO;R4
15 where R4 is hydrogen, alkyl, haloalkyl, aryl or arylalkyl,
Ry is alkyl, haloalkyl, aryl, arylalkyl, C(O)R,; where R 3 is as previously
defined, or Si(R;s5); where each Rysis independently hydrogen, alkyl or aryl,
Ry is hydrogen, alkyl, haloalkyl, amino, aryl, arylalkyl, an amino acid,
alkylamino or dialkylamino,
20 Ry is hydrogen, alkyl, arylalkyl, alkenyl, aryl, an amino acid, C(O)R3
where R;3 is as previously defined, or CO3R 14 where Ry4 is as previously defined,
Ry is hydrogen, alkyl or aryl, or
R;; and Ry, taken together with the nitrogen to which they are attached
comprise pyrrolidinyl or piperidinyl,
25 the drawing “---" represents either a single bond or a double bond,
T is independently hydrogen, alkyl or aryl, and
X isO,NRy; or S,
including pharmaceutically acceptable salts in admixture with a dermatologically
acceptable carrier for the manufacture of a topical composition for promoting repair
30 . of UV-induced DNA mutagenic damage in skin, wherein DNA mutagenic damage



R10 s hydr ogen, al kyl, hal oal kyl, am no, aryl, arylalkyl, an am no acid,

al kyl am no or dial kyl am no, 20 R11 is hydrogen, alkyl, arylalkyl, alkenyl,
aryl, an amno acid, C(OR13 where R13 is as previously defined, or CO2R14
where R14 is as previously defined, R12 is hydrogen, alkyl or aryl, or Rl1
and R12 taken together with the nitrogen to which they are attached

conprise pyrrolidinyl or piperidinyl, 25 the drawing -," represents either
a single bond or a double bond, T is indg@pendently hydrogen, alkyl or
aryl, and X is O NR12 or S, including pharmaceutically acceptable salts in

admi xture with a dermatol ogically acceptable carrier for the manufacture
of a topical corrpoisiﬁ:j;aimd fiyr oy oFOhdre Bf ria@adsing3fhe OfateUsf irdpaircefd cylabutanc

nmut ageni ¢ damage r t ageni by
one or nore of i ncp&gglslélhrﬁ%dl r% ?rgélg%%paiggngfmgég&g‘gm%lg’n%dﬁ%cﬁ| ﬁé i'ne

di eters, pronoti ngexpiyesidror ITB.tI on . of netallothionein, and decreasing p53
expression. 5 2. Use according to claim1, wherein the dravm' ng represents a
doubl e bond. _3. Use accqrdin to c a| m1l, whereip Xis O 4. Use daccordl ng
to claiml| whérei nULAFPGeiosiing &Ff’d‘gnﬁ)f"“t W@’aﬁ?i‘r‘%‘"iloé‘b](ej??‘}

conpri se equol and dehydr oequol . 5 Use according to claiml which is a

nmet hod for §Ventﬂl£%éo?cﬁeé8 [g%l O\Qhﬁ?él %58 cancer. 15 6. Use according to
claim5 wherein skin ca el ected’ 11 om basal cell carci noma,

squanmous cel | carcinoma and mal | gnhant nel anoma. 7. Use according to claim!|l
wherein skin is prgkasdoadng fo%%ﬁ@:&ﬁ%@b& 513086 BomPHin@NEr RE fo'i‘iﬂﬁlﬁ (9f
increasing.the rate of re cl oput ane pyri m di ne di ners,

promoting the for fATPHI BY° nghp’é‘)f/’f"ﬂuﬁ' ein, and decreasing p53 expre55| on.

5. Use according to claim 1 which is a method for preventing the formation of skin
Cancer,
15 6. Use according to claim 5 wherein skin cancer is selected from basal cell carcinoma,

squamous cell carcinoma and malignant melanoma.

7. Use according to claim 1 wherein skin is protected from DNA mutagenic damage
by one or more of increasing the rate of repair of cyclobutane pyrimidine dimers,

20 promoting the formation of metallothionein, and decreasing p53 expression.
8. Use according to any one of claims I to 7 wherein the composition is administered

before, during and/or after UV exposure,

25 9. Use according to claim 8 wherein the composition is administered before UV
exposure,

10.  Use according to claim 8 wherein the cémposition is administered before and after
UV exposure.
30
11.  Use according to any one of claims 1 to 10 wherein the composition comprises 20
pm to 500 mmol of compounds of the formula (I1).



8. Use according to any one of clains | to 7 wherein the conposition is
adm ni stered before, during and/or after W exposure. 25 9. Use according
to claim8 wherein the conposition is adm nistered before UV exposure. 10.
Use according to claim8 wherein the conposition is adm nistered before and
after UV exposure. 30 11. Use according to any one of clains | to 10
wherein the conposition conprises 20 pmto 500 nmol of conpounds of the
formula (11). -19- 12. A use according tggany one of clainms | to 12 wherein
t he conposition conprises a cosnetic or sunscreen conposition.

12. A use according to any one of claims { to 12 wherein the composition comprises a

cosmetic or sunscreen composition.



