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This invention relates to methods for prevention of cancers, certain non—cancer, hormone dependent discases and/or cardiovascular
diseases in a person, based on administering of hydroxymatairesinol to said person. The invention also concems a method for increasing
the Tevel of enterolactone or another metabolite of hydroxymatairesinol in a person’s serum thereby causing prevention of a cancer or a
cernain non-cancer, hormone dependent disease in a person, based on administering of hydroxymatairesinol to said person. Furthenmmore,
this invention relates to phamacqutical preparations, food additives and food products comprising hydroxymatairesinol.




i HYDROXYMATAI RESI NOL. . | N CANCER PREVENTION FI ELD OF T+§§ h%ﬁp@b&y Thi s
invention relates to nethods for prevention of cancers, non- cancer,
hor none dependent di seases and/or cardi ovascul ar di seases in a per son,
based on adninistering of hydroxynmatairesinol to said person. The
invention also concerns a nethod for increasing the |evel of enterol actone
or anot her net-abolite of hydroxynatairesinol in a person's serumthereby
causi ng prevention of a cancer or Cfrtain non- cancer, hornone dependent

di sease in a person, based on adm nistering of hydroxymatairesinol to said
person. Furthermore, this invention relates to pharmaceutical

preparations, food additives and food products conpri sing

hydr oxymat ai r esi nol . BACKGROUND OF THE | NVENTI ON The publlcatlons and ot her
materials used herein to illum nate the background of the invention, and
in particular, cases toprawiMiearehthdiinepakesd ek@ishsiorespect:i hg the-'-pr--act-i--cef
are incorporated by reference. Lignans are defined as a crass of phenolic
conmpounds possessing a 2, 3-di benzyl butane skel eton. They are formed by
coupling of mononeric units called precursors such as cinnanic acid,
caffeic, ferulic, coumaric, and gallic acids (Ayres and Loi ke, 1990).

Li gnans are MAder dlstrlbuted in plants. They can be found in different

parts (roots, i: ﬁ% g fruits) but mainly in snmall anmounts. In
many sources g{'¥ &g§$$ﬁﬁ ghans are found as gl ycosidic conjugates
associated with fi'ber conponent of plants. The nost conmon dietary sources

of manmmal i an Ilgnan precursors are unrefined 28 August 2003 2
This invention relates to methods for prevention of cancers, certain non-cancer,

hormone dependent diseases and!of cardiovascular diseases in a person, based on
administening of hydroxymatairesinol to said person. The invention also concerns a
method for increasing the level of enterolactorne or another metabolite of
hydroxymataix;esinol in a person’s serum thereby causing prevention of a cancerora -
certain non-cancer, hormone dependent disease in a person, based on administering of
hydroxymatairesinoi to said person. Furthermore, this invention relates to
pharmaceutical preparations, food additives and food products comprising

hydroxymatairesinol.
BACKGROUND OF THE INVENTION

- The publications and d(hcr materials used herein to illuminate the background of the '
invention, and in paiticular, cases to provide additional details respecting the practice,

are incorporated by referente.

Lignans é;re defined as a ctass of phénolic compounds possessing a 2,3-dibenzylbutane
skeleton. They are formed by coupling of monomeric units called precursors such as
cinnamic acid, caffeic, ferulic, coumaric, and gallic acids (Ayres and Loike, 1990).
Lignans are widely distributed in plants. They can be found in different parts (roots,
leafs, stem, seeds, fruits) but maihly inn small amounts. In many Sources (seeds, fruits)
lignans are found as glycosidic conjugates assaciated with fiber component of plants. -

The most common dletary sources of mammalian lignan precursors are unreﬁned



grain products. The hi ghest concentrati.ons in edible plants have.been found
in flaxseed, followed by unrefined grain products, particsd ﬂﬁ%&’st%&r
Manmal i an |ignan production fromdifferent plant food are given in.Table
1. Considerable ambunts of lignans are also found in coniferous trees. The
type of lignans differs in different species and the anounts of |ignans
vary in different parts of. the trees. The .typical lignans in heart wood
of spruce (Picea abieS) are hydroxynatairesinol (HVR), a-conidendrin,
conidendrinic acid, matairesinol, isolariciresinol, secoisolariciresinol,
liovile, picearesinol, lariciresinol and pinoresinol (Ekman 1979). The far .
nost abundant single conponent of lignans 2n spruce is HVR  about 60 per
cent of total |ignans, which occurs nainly in unconjugated free form

Li gnan concentgraih pesduts. THe ghdsoirentfatidn3 id&1ible §hints HVE BN o8ndfn | | gnans
occur - in the heart wood of branches (5 10 per cent) .and-twists and-

especi al | y i n flageeedrfoilowed\hpprretipebemaimaraducss. plamgn@rly Ty Magemadiaghignan han 10~ -
per cent (EK edu%agrpfraﬁ%ﬁ%g%pl?% mﬁ?&%&ﬁt'[raglte ons are about

hundred-fol d conpared to groun nown as |lignan-rich material.
The chemical structure of hydr oxymatairesinol is OCH3 P 28 August 2003 3
Li gnans can be, i sol abed e. from corrpreSS| on-wood fi ber. These f| bers
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such as mataireéesinol and secoisol ariciresinol, are-conver

m crofl ora to theameesl Tlmtypmdﬂ@w igriteart loadtof sprueeiPiemntabiespirel |

correspondi ngl y

hydroxymamresmol (HMR), at-conidendrin, comdendnmc acid, matairesinol,
isolariciresinol, secoisolariciresinol, lovile, p[ccaresmol, lariciresinol and pinoresinol
(Ekman 1979). The far most abundant single component of lignans in spruce is HMR,

. about 60 per cent of total lignans, which occurs mainly in unconjugated free form.

- Lignan concentration in thick roots is 2-3 per cent. Abundance of lignans occur in the
heart wood of branches (5 - 10 per cent) and twists and especially in the knots, where
the amount of lignans may be higher than 10 per cent (Ekman, 1976 and 1979). These

concentrations are about hundred-fold compared to ground flax powder known as

lignan-rich matenal.

The chemical structure of hydroxymatairesinol is




(Axel son et al. 1982). They undergo an-enterohepatic circulation.and are
excreted in the urine as glucuronide conjugates (Axel son ﬁ?ﬁu@ﬁﬁﬁﬁﬁ§|1
1981). As an experinmental evidence for the chenopreventive actions.of

| i gnans, supplementation of a high-fat diet with lignan-rich fl axseed
flour (5% or 10% or flaxseed |ignans (secoisolariciresinol-diglycoside,
SDG) prevented the devel opnment of antiestrogen- sensitive DVBA-induced
breast cancer in the rat (Serraino and Thonpson 1991 and 1992; Thonpson et
al . 1996a and 1996b). They reduced the epithelial cell proliferation,

nucl ear aberrations, the growth of tunorsgz and the devel opnent of new
tunors. Hi gh lignan intake may al so protect agai nst experinental prostate

and col on canci@hsns deh Bk HoYarsd/& g.(t?&ﬂk%ﬁ%égnéglo%g%@a Bblr, Tﬂés%mﬁggiﬁgﬁateeﬁ&lny

stages the growh of transplanted Dun 7/ prostatic a car ci nomas
in rats (Zharpneression VESIAL stamsabdthnots (eversite cliif 683 tionfh@reaniseqtatigeofof . .. - -
ani mal s bearin Wbl f,-??t nors, the tunor volume, and the gromh rate were
significantl yp 4Ry T, flaxseed or SDG suppl enentation inhibited
the formation of chem cally induced aberrant crypts in'rat colon (Serraino
and Thonpson 1992; Jenab and Thonpson 1996). The antitunor action nmay

t heref ore be Rjaw ligpangesarh asmatdresinalrnid sscoimipeivitesike, e opevettied by gud/ or ot her

nechani sns, ' |l ..understood. Urinary excretion apd serum
concentrati o\rll@cgéhog%ﬁ’ e@%ﬁ“\éﬁ%gg%’ E ?XPO]T'" 0%?@6&66?@%8%?9% elhr east

cancer (| ngr g@xelsofbt al 18B2). Tl ufidlertd arbnterbBOkic SHONRTH £ AdBlcrerkd @hans
are chenopreventive. Mammalian |ignans (enterol actone and enterediol) have

been hypot hedhg Bdne & slumenidecorivanimd Axelson anl Saetellr ¥813 usraspbrimestl
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Adl ercreut z 1R&)ith lgtanhit RGseB (U 02 00B) 8r flaxseed lignans '
(secoisolariciresinol-digiycoside, SDG) prevented the development of antiestrogen-
sensitive DMBA-induced breast cancer in the rat (Serraino and Thompson 1991 and
1992; Thompson et al. 19962 and 1996b). They reduced the epithelial cell
proliferation, nuclear aberrations, the growth of tumeors, and the development of new
tumors. High lignan intake may also protect against experimental prostate and colon
cancers. Dietary rye (containing {ignans),- prevented at early stages the growth of
transplanl:ec_l Dunning R33727 prostatic adenocarcinomas inl rats (Zhané etal. 1997;
Landstrém et aL 1998). The percentdge of animals bearing palpable tumors, the tumor
volume, and the growth rate were signiﬁcantly lower. Further, flaxseed or SDG

- supplementation inhibited the formation of chemically ind’uced aberrant crypts in'rat
coI_on (Serraino and Thorhpsbn 1992; Jenab émd-Tho[;lpson 1996). The aﬁtitumbr
action may theref()rc be due to weak estrogen-antiestrogen-like properties and/or other
mechanisms, which are not-weil understood. ‘
Urinary e;(crction and serum concentrations of enterolactone are low in women
diagnosed with breast cancer (Ingram et al. 1997; Hultén et al. 1998) suggesting that
lignans are chemopreventive. Mammalian lignans (enterolactone and enterediol) have
been hyp_o_th(_:si_zed to modulate hdrmqne—related cancers, such as breast cancer,
because of their structural similarities.to the estrogens. Enterolactone had weak

estrogenic potency in MCF-7 cells (Mousavi and Adlercreutz: 1992), but had no



estrogeni c response in nouse uterine weight (Setchell et al. 1981) As-a

sign of estrogen-like activity, SDG feeding during pregn tation

to rats increased the uterine weight at weaning but the g?fégﬁﬂﬁ%g&%ot

evident at later stages (Tou et al. 1998). Possible antitunor effects have

al so been associated with their antiestrogenic actions (Waters and

Know er, 1982).. The inhibition of aronmatase .by mammlian |ignan,

ent erol act one, woul d suggest a mechani sm by whi ch consunption of |ignan-

rich plant food m ght contribute to reduction of estrogen-dependent

di seases, such as breast cancer (Adlercrgeutz et at. 1993, Wang et al.

1994). The potential antioxidant activity of |ignans could also represent

a mechani sm ' e ' ' j o} Lhgpans_in:-the
SFEGERR (Bipotlc 1 rhfe BICANE Bl XF G BLarLos) P0Gt B

devel opnment o have 0 inhibit

t he conver si estregentldkstaotitigy, SDE; feeding ddiilyy pepiamsy atd Re@aen fobikiacredsed: pot ent. - -

intracel | ul ar, androgen,  at the concentrations which are achievable in

humans ( Evandheftetine weight at wegping byt the Fg?Fti“ﬁ*S prfrevidant atfaterstegns (RewPelnodi fy
the risk of 106@SpalhICaRtGhof Efckisdide REY b&ih RIS & %ﬂ%ﬁl&:ﬁ%@'ggrlﬂé gPH) -

It is possible thhat ['ignans as precursors ent er ol act one cou
al | evi at e | owetions (Wateas ynd KacwlesI9p2)0The [nhidlG)n arnsomgyaedgmahinliaOn t he

basis of the results qgbtained  .in the animl| npde], we have suggested that
estrogens pl é‘ﬁ“%fh eB’&E‘_@?ﬁ?"&r wpRldsuggest zh@“*ﬁ‘é‘(?gl %Wé‘ﬁ’f‘ "B‘FS“FW@OHQE g&‘l‘f’é‘r |
dysfunction 'ri'&H913&?%0&%@5%&%ut&)ﬁ§&%@61%@e3§8§&-@&3 ddM: RS, @ﬁ&kas
dyssynergi a or external Sphincter pseudodyssynergi a (egtreng et al,

unpubl i shed &bmstroancdrdAdiercrSue bt alelP93nWaog bieal. 19940 Jhe pateatiaitantiaxidant

artially reversed . by an aronatase inhibifor (MPV-2213ad). indicating the
rpol e of gstrB(&éﬂg'.Ofrlﬁ#?‘ﬁé:P?{d%%ngrﬁFé’é?Fﬁ?ﬁW‘ﬁ FespQlated fitidhe BEvelésure to

estrogens or abdbrl dT9ighARSE ML RblopiBal GRS, FhitRer Oha®&lalifY R nal® gévf};dr ogens.

Gyneconmastia can be successfully treated wth an aronmatase Tnhibitor. The
capabi | i ty ofhdwmtocinkibitehe qumviision ©f tastediesinase Saniihydootestastarondt @RIETY drebi ned

with their potent. al nfi oxArdant activity may rﬁﬂlesen ) .
potent intracellular androgen, at the concentrations which are achievable in humans

(Evans et al. 1995). The reduction in DHT concentration would modify the risk of
prostate cancer (PC) and benign prostatic hyperplasia (BPH).

It is possible that lignans as precursors of enterolactone could also alleviate lower
urinary tract symptoms (LUTS) and gynecomastia. On the Easis of the results obtained
in the animal model, we have suggestéd that estrogens play an essential role in the
development of the muscular dysfunction involved in urethral dyssynergia seen as

‘ bladdcr neck dyssynergia_’or external sphincter pseudodyssynergia (Strcng etal.
unpubiiShed observations). Such neuromuscular éhangﬂes are at least partizilly reversed
by an aromatase inhibitor (MPV—2213ad) indicating the role of estrogens. Further,
gynecomastia, which is induced by exposure to estrogens or in the presence of '
increased ';atio'of estrogeti o androgéns. Gynecomastia can be successfully treated
with an aromatase inhibitor. The capability of lignans to inhibit 5ct-reductase and/ or
aromatase combined with their potential antioxidant activity may represent
‘mechanisms associated with the preventive action of lignans in the development of

hormone-rclated diseases in male organism.

No data is available on the possible effects of lignans in humans. The current theories



mechani snms associ ated with the preventive action of lignans in the

devel opnent of hornone-rel ated di seases in nmale organi sm {
avai l abl e on the possible effects of lignans in humans. Tﬁgh%ﬁﬂ%£%¥t§

t heories 28 August 2003 5 about lignan action in humans have been derived
fromstudies on the effects of diets supplenented with flaxseed products
(and thus lignans). Flaxseed in human female diet caused changes in
menstrual cycle (Phipps et al. 1993). The subjects, all normally cycling

- wonen, showed a |onger nmean |length of |uteal phase and higher

progesterone/ 17B-estradiol ration in serumduring the |uteal phase when _
they took 10 g of flax seed powder/day i® addition to their habi tual diets
(Phipps et al. 1993). No significant differences between flax and control

cycl es or con@bpittlighamppsionsn biymyshavebeanglse vest fram(sgidiestandli effecippfdi¢tyund.

o oups. for cotrabiih Ateckd Al [ ARR R LR B iy ©

(Brzezi nski edieatausd®ihgesih axae@dhl syl (RhipRtcd k. 0993)TTheabpides, SHRSu{afly ot ei n
whi ch binds estradiol with high capacity) concentration in serum This 1is
a typical estFEJ@aomay shawedr lopger moga engfhal Juteal phascanddusierpc

cotrogene. 1 nPibsipnef I Eodd N SR AL ARl plole BheF IEORERVIES
suppl enment at i grof Ghx kdvd podiwatr/dalOn gdditibn bk hﬁliiuah@idts@gig% &l fligognieef f ect

on plasma testosterone concentratigns (Shultz et al. 1 indicating ‘a
| ack of est r offénificpitylifferenqes bagyeen Bagard eontropgyclas g conpsntratione o€ cithendi es

i ndi cate that i \Y; hgrnonal (estrogeni ¢. and,. _

anti est r ogeni 834(’&@ FS g@?ﬁs@é&[ﬁt‘ﬁ%ﬁﬂég hgﬁ'inﬂg%ﬁbefé PRE ar“gémcfbcﬁmb%ﬁﬁ'gf‘ceﬁe fully
described by baecbonspaRl caRbrbE&bEps fob cEiRBftng Bf sdrsflledtG@ndBmMal i an

| i gnans have not been available earlier in sufficient anmounts to be used

in ani mal expePstEERRPsuTH women (Begezingki gt al. 199y Hlawseeshsuppleowestaion incyeasest

E - SHBG (protein which binds estradiol with higﬁ capacity) concentration in serum. This
is a typical estrogenic effect in the liver tissue. Increased SHBG concentration on the
other hand reduces bioavailability of endogenous estrogens. In healthy young men, the
short-term (6 weeks) flaxseed supplementation of the diet (10 g/d in muffias) had no
significant effect on plasma testosterone concentrations (Shultz et al. 1991) indicating
a lack of estrogenicity in the male organism. All together, these studies indicate that
lignans may have weak hormonal (estrogenic and antiestrogenic) effects, but the

mechanism of their action cannot be fully described by the hormonal effects.

In conclusion, isolated mammalian lignans have not been -a\;railablc earifér n sufﬁcient : '
amounts {0 be used m animal experiments or clinical trals, and the only possibility to
increase lignan ir;take has been to increase the consumption of fiber-rich food items
such as flaxseed. HMR or any other lignaa that is efficiently converted to

R entero[acfonc, and can bégfoducedffsolated'iﬁ largé qﬁantitig:s’ would be valuable in
the development of pharmaceutical preparations and food products such as functional
foods for chemoprevention of cancer and other hormone-telated diseases and

cardiovascular diseases.



increase lignan intake has been to increase the consunption of fiber-rich
food itenms such as flaxseed. HVR or any other lignan thatyg A ffdded ently
converted to enterol actone, and can be produced/isolated iii1. Targe.
gquantities would be valuable in the devel opnent of pharnaceuti cal
preparations and food products such as functional foods for
chenoprevention of cancer and other hornone-rel ated diseases and

cardi ovascul ar di seases. 4' 28 August 2003 6 SUMVARY OF | NVENTI ON
Accordi ng. to one aspect, this invention concerns a nethod for prevention
of a cancer, a- certain non-cancer, hornone dependent di sease and/or a
cardlovascular di sease in a person conpré sing adm ni stering to said person
an effective anount of hydroxymatairesinol or a geonetric isonmer or a

st er.eoi sonerSUMBIARY OFARVENITHONt 0 an ot her aspect, the invention concerns
a nethod for. increasing the | evel of enterolactone or-another netabolite-
of hydroxynatairesinol in a person's serum thereby causing prevention of a
cancer or a Ansprdiigtornsn-aspest dhis inventierheongema A draioddios peesention of 2 G8aees.oh

conpri sing a@miRingh %ﬁfl&g HoPmafkd 8kpeBd&®Risdie@hd/BEA tMBioAATMNE dRbase in a
hydr oxymat ai r esi nol ar, eonetric t er eoi soner t hereof.

nmer
Accor di ng t deEoR ﬁP‘F‘H“ﬁEE)é nieEng tﬂ\?é‘ﬁtﬂebﬁ‘?“@l}ﬁ grthe a&’%‘%?{)xynﬁt ai r esi nol
or a geonet miyroxysankesiasl & agieomectRiiBrméie neadredi@marsieerést. preventi on of a
cancer, a certain non-cancer, hornone dependent di sease and/or
cardlovascular di sease in a person. According to a fourth aspect, the

i nvention comsending @ dnydheaypast, die ovenivnh conceans amethed fordnersesies thefevel of

st er eoi sonel., LAt 8ot §0iohRPmicRbaliRF AYGoRImhBGESAR NS p exfa@n-é E‘éf@th Rdreby
enterolactone or anot her netabolite of  hydroxym alreS| d (?(Person S
serum t her eWUSIHg p[‘CVBIlthn of a cancer or a certain non—cancer ormone pen ent disease in a

© person comprising admlmstenng to said persen an effective amount of

hydroxymatairesinol or a geometric isomer or a stereoisomer thereof.

According to a third aspect, the invention concerns a hydroxymatairesinol or a geometric
isomer or stereoisomer thereof for use in prevention of a cancer, a certain non-cancer,

hormone dependent disease and/or cardiovascular disease in a person.

According to a fourth aspect, the invention concerns a hydroxymatairesinol or a
geometric isomer or a stereoisomer thereof for use in a method of increasing the level of
enterolactone or another metabolite of hydroxymatairesinol in a person's serum thereby
causing prevention of a cancer or a certain non-cancer, hormone dependent disease in a
person comprising adniinistering to said person an effective amount of

hydroxymatairesinol or a geometric isomer or a stereoisomer thereof.

According to a fifth aspect, the invention concerns a pharmaceutical preparation
comprising an effective amount of hydroxymatairesinol or a geometric isomer ora”

_ stereoisomer thereof in combination with a pharmaceutically acceptable carrier.

According to a sixth aspect, the invention concerns a product comprising a liquid or -
solid material enriched with hydroxymatairesinol or a geometric isomer or a

stereoisomer thereof , for use as additive to a food product.

According to a seventh aspect, the _invéntion concerns an additive to a food product, said

* additive comprising hydroxymatairesinol or a geometric isomer or a stereoisomer



. causing prevention of a cancer or a certain non-cancer, hornone dependent
di sease in a person conprising adm nistering to said per spn, usp&&ﬁptive
anount of hydroxymatairesinol or a geonetric isoner or a Stereolsoner

t hereof. According to a fifth aspect, the invention concerns a
pharmaceutical preparation conprising an effective anmobunt of

hydr oxymat ai resi nol or a geonetric isoner or. a° stereoisoner thereof in
conbination with a pharnaceutically acceptable carrier. According to a

. sixth aspect, the invention concerns a product conprising a liquid or

solid material enriched with hydroxymatairesinol or a geonetric isoner or a
stereoi soner thereof , for use as additiwe to a food product. According to
a seventh aspect, the invention concerns an additive to a food product,
said additive conprising hydroxymatairesjnol or a geonetric isonmer or a

st er eoi sonerthegofhgatehed 2oasedble: fun-toFic ordigpidanatgrialn whereusail additien- t oxi c- or -
l'i qui d mat erdoglprisé RIAhP to B @lod h?d’f@k?ﬁl&tﬁireéﬁﬂﬂ%t B®Pg PGB Ped nfhtefal.

hydr oxynmat ai resi nol. per 100 g of said enriched material. According to an

ei ght h aspect, the invention concerns a food product conprising an

ef f ecti ve - anieoakding tdandsightl aBjeat, flesihnaltioa coacegeontsbd ipeodusbemitprizingan

st er eoi soner i bl I | concerns
2 et hod or*TeureaBHESF RESLRHRraHo! by 2B B3RE Bt 0P MBISIBLRE “The
addi tion to thetedf. f ood- product of an effective anount of

hydr oxymat ai resi nol or a geonetric isomer or a stereoi soner thereof.
According to still another aspect,. the invention cgncerns the use of

hydr oxymat ai A8rdiae to il onegarsitethy BVeLigRePeesmS2 wetiod dosgrersios Beof
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28 August 20391;1)’0unt of hydroxymatairesinol or a geometric isomer or a stereoisomer thereof.

According to still another aspect, the invention concems the use of hydroxymatairesinol
or a geometric isomer or a stereoisomer thereof, enriched in a solid or liquid material, as
an additive to a food product.



7 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the
concentration-related inhibition of aromatase by |ignans igy 4 3320 I'ls.
Figure 2 shows the proliferation of MCF-7 cells in the presence and.absence
of- HR. Figure 3 shows. the uterine wet weight of immature rats treated
with HWR or wwth an aronmatase inhibitor. Figure 4 shows the antitunor
activity of HVR agai nst DVBA-induced mammary. gland tunors in fenmale rats.
Figure 5 shows the excretion of enterolactone in the urine of rats treated
with different doses of HVR DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
invention relates to the use of a lignan,7hydroxymatairesinol (HW), for
the prevention of "cancer, non=cancer, hornone dependent di seases and

car di ovascul gt 1SESCRPNONOHTIIE P g nto food or by using it as a
phar maceuti cal preparation. Surprisingly, HWR is netabolized in vivo to
ent er ol actone which is assuned to account at |east.partly. for t he -

antit unor erti e8 of .the |ignans I datl acti VI {
vitrois st r ﬁ%}"ﬁﬁé P¥5 hegpp {jor Fﬂ?‘ﬁ‘gy\g‘é"il%? HPRARSH %II‘ }ﬂm
car di ovascul gejigli seases through the protective effect against damagl ng free

oxygen species in the body. The invention rel ates aI so to the use of HWR as
a food additive to increase the food stability (i.e. inhibit Iipid and
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Figure 3 shows the uterine wet weight of immature rats treated with HMR or with an

aromatase inhibitor.

Figure 4 shows the antitumor activity of HMR against DMBA -induced mammary

gland tumors in female rats.

Figure 5 shows the excretion of enterolactone in the urine of rats treated with different

doses of HMR.
DETAILED DESCRIPTION OF THE INVENTION

This invention ré.l-ates o the use of a lignan, hydroxymatairesinol (HMR), for the
‘prevention of cancer, non-cancer, hormone dependent diéeases and cardiovascular
diseases by adding said I—I-MRV into food or by using it;xs a phannaccuticél prepération.
Surprisingly, HMR is metabolized in vivo to enterolactone, which is assumed to

account at least partly for the antitumor properties of the lignans. Antioxidative . ‘
activity of HMR in vitro is-strong and this gr_opérty indicates that HMR can also

prevent cafdiovascu[a: diseases through the protective effect against damaging free
oxygen species in the body. The invention relates also to the use of HMR as a food
additive to increase the food stability (i.e. inhibit lipid and pigment oxidations and -
vitamin losses which'cause loss of nutritional value and development of off-flavors in

| food). .



The method according to this invention is particularly effective. in the
prevention of cancers such as breast cancer, prostate cangex | dﬂy on
cancer, non-cancer, hornonal dependent di seases such as |'owerr urinary
tract synptons, urethral dyssynergia, bladder instability, bladder outl et
obstruction, benign prostatic hyperplasia, and gynecomastia in nmen, and
cardi ovascul ar. di seases resulting fromoxidized LDL in serum The

phar maceuti cal preparation according to this invention is preferably an
oral formulation. The required anmount of the-active conpound (HVR) wl|
vary with the . particular condition to be,prevented. A typical dose ranges
fromabout 10 to about 100 ng per day_an% adult person. In the food

additive of the invention, the yateri,al .to be enriched wth T
hydr oxynat ai r irﬂﬁhf)(@%ﬁff%ﬂ%mm‘m?ﬂ Kaartcylarly elisrive 1g,thg prgvsioRsf er i al

sui tabl e 10 R&ncRdfich g bitlabetahidR nﬁ%§t£t@ WhnRE hRFLIBPcAnbE:, H&Q@ﬁ{cﬁ:#, B8rn®inal MR -

The role of the material is nmai
A suit abl e colepemienedisaanesisacl ay lowex srpirg radGymptons, igthodl dyséImpegia, 100 g of
enriched material The foo roduct gccording to this._.invention

especial ly aa‘ﬂﬁﬂ %“8%8&11_ g@%ﬁeraouﬁﬁW%S%P?%ﬁc“é%fbﬂpétﬁﬁ% Ype‘palasﬁﬁtaflﬁent ., a
phar maf ood, g visdondREsin h&, and cA8RIVhdtufaP Alleasds resMBf} HORI ofi@Q64 LDLARY food
product. A suitable concentration of HVR in the food product is, for

exanple, 1 teemn.ng of HVR per 100 g of food product. The functional food
according to this-invention can; for exanple be in the formof butter,
. margarin, biscuits, bread, cake, candy, confectionery, yogurt or an other

fermented m IThephathideutical prephiratbn Sd¢6RliStohie $hventidiid pasfaitablydih @kl

hydroxymat ai resinol is particularly useful to increase food stability in
the neani ng dprmulatias tRheireanitst amogniof the-setive somperst GHMRY walk varstwitrthe  whi ch
cause |05 ofo, AL Lh@RRn t5He e ARla R YFHOR M ralfes Holm EAGY 0% bfbuf ROF' A
sui tabl e concentration

mg per day and adult person. - '

In the food additive of the invention, the material to be enriched with
hydroxymatairesinol can be any edible, non-toxic solid or liquid material suitable to be
admixed with HMR without affecﬁng the properties of HMR. The role of the material
1s mainly to make the exact dosage of HMR easier. A suitable concentration is for

cxample 100 mg to 1g of HMR per 100 g of enriched material.

Thé food product according to this invention is especially a functional food, a
"nutritional supplement, %;nutxjent, a pharmafood, a nutraée’utica[, a health food,a"
deéignér food or any food product. A suitable cphcenflration of HMR in the food
product is, for example, 1 tor 20 mg of HMR per 100 g of food product.

Thé functional food accord'mg to this invention can, for example be in the form of
butter, margarin, biscuits, bread, cake, candy, confectionery, yogurt or an other
fermented milk product, or cereal such as muesli.

The addition of hydroxymatairesinol is particularly useful to increase food stability in
the meaning of inhibitition of lipid, vitamin and 'pigzheht oxidations, which cause loss -

of nutritional value and development of off-flavors in food. A suitable concentration

l'y to nake the exact dosage of HWMR easi er.



28 August 2003 9 of HWR for this purpose is, for exanple, about 0.1 %

| sol ation of HVR for use in this invention can be nmade fr } chip
fraction (containing branches, tw sts and knots) of conprg%%@%ﬁ&ﬁggﬁ and
use of HWR in the prevention of diseases such as cancer and cardi ovascul ar
di seases. The properties of HWR were studied by seven different assays: 1.
Measur enent of. antioxi dant capacity in vitro 2. Measurenent of aromatase

i nhi biting capacity in JEG3 cells 3. Measurenent of estrogenic and
antiestrogenic activity in MCF-7 cell cultures 4. Evaluation of estrogenic
and antiestrogenic activity by uterine grewh bioassay 5. Measurenent of
estrogenic and antiestrogenic activity.in adult male rats 6. Investigating

the antitunor talglﬁ'l'R vity.-in rat . - J.nduc ry cancer nodel 7.
Anal ysi s of net abo #Of}ejgg#lrlgén%erl%%’elaﬁng%as%élr%g}r% erent doses of HWVR The

isolation and purification of HW in sufficient anoupts.for . biological . ..

tests has been inpossible ear|lier because it is a conponent of wood
| i gnans, whi clsolatioffdMR for ssein this igveplien ¢an herazdedran pyeraize chigdrastiathdi ng

the distributj ‘l&-?ﬁi“g%] j ' r I gg‘nwljﬁg d
1979) has gi vqgﬁ e oppodrhtgsd%{S&e{ngﬁsl?tﬁg@fr‘{oﬁgg%ﬁéamaaélgpl)%m ally E]l\yﬁgi n
detai |l A |i ngaeventon ef distases suah af canoel dadicarisvabhidardideasesof HVR and t he

amounts of urinary enterolactone. Enterolactone is a well known manmal i an
lignan formed by intestinal bacteria from matairesinol-or by oxidation of

amounts of unn ARaTiSNA TRl by s TR, i odi ol and’
7- hydr oxyent el. Maastement ofendofidandapacity i vieo Their  anmounts remai ned :
unchanged V_Vhe£ l\}lgagurgt%iell ofqgg[gatgsfe ﬂu@ﬁ‘ﬁ@%aéa@ﬁ??nafﬁe(ﬂ'3 c-gﬁse se
- 3. Measwrement of estrogenic and antiestrogenic activity in MCF-7 cell cultures
4. Evaluation of estrogenic and antiestrogenic activity by uterine growth bioassay
5. Measurement of eslrogcnic and antiestrogenic activity in adult male rats

6. Investigating the antitumor activity in rat DMBA-induced mammary cancer model

7. Analysis of metabolites from rat urine after different doses of HMR

The 1solation and purification of HMR 1n sufﬁéient amounts for biological tests has
been impossible earlier because it is a component of wood Ilignans, wﬁch have been
relatively péorly_ characterized. Undefstanding the distributioﬁ of HMR in different
paﬁs of sprice -(Ekman 1976 and 1979)'has given the opportunity to study lignans and
- especially HMR 1n detail: ‘ R o :

A linear correlation was found between the doses of HMR and the ainounts of urinary
enterolactone. Enterolactone is a _well known mammalian lignan formed by intestinal .
‘b'aéteria from matairesinot-or by oxidation of enterodiol {Axelson and Setchell 1981;
Axelson ét al. 1982). Only minute amounts of unmetabolized HMR and otﬁer
metabolites (enterodiol and 7-hydroxyenterolactone} were found in urine. Their
amounts remained unehanged when the daily dose of HMR was increased. These
findings suggest that HMR was nietabolized to enterolactone, and, further,

| enterolactone den"./ed from HMR ‘through demethylétibn éﬁd dehydroxylation steps is -

not converted to enterodiol. Based on the structure of HMR one had expected that 7-



findi ngs suggest that HVR was netabolized ‘to enterol actone, and, . further,
ent er ol actone derived from HW t hrough denet hyl ati on and I on
steps is not converted to enterodiol. Based on the struc?%%‘%‘gf(m@ one
had expected that 7 28 August 2003 10 hydroxyenterol actone were the main
met abolite of HVR, but this was not the case. This hydroxyl group is
elimnated in.the netabolism The netabolismof HVWR differs fromthat of
SDG. - SDG is netabolized to enterodiol which is partly oxidized to
enterolactone (Rickard et at. 1996; Lanpe et al. 1994). HWR thus offers an
advantage over SDG as a direct precursor1 f enterol actone_ HVR had weak if
any estrogenic action in rat uterus or,in"the male organism It exerted
weak but not significant estrogen-like activity | -7 cells. No

anti est r ogeni bycgrenewefe}a%&ge HeRdhs AL Bealpalite Pﬁ\(ﬂbfﬂ#%gr@fso%% nqt the; case.
surpri sing tNaysinaroR b BRI Yinth4A8H ol (i@ RetBBidch U m@sBd¥ of HVIR differs -
DVBA- i nduced '?Euﬁo? mgf;grr ":l[g rats as ' shomta?n Igflguremz. The activity of HWR
may be due t ofdiviRhat SIIG.EDG s metaboliied 6d emerodidbwinadris pady daslizedépendence

was found in the chenopreventiv ion of H Lven.in t different
doses (3 and i@e‘??g@cwf?{{lf Qteéalgil?%fc;&“améﬁf gh @4m§%ﬁgffmﬁn\ﬁg‘é@§aﬁ%t to
be converted [, &HELO) ARERPRChRN G @Blac@RL | tunor effect or smaller doses
of these lignhans are sufficient to acconplish the naximl chenopreventive

effects. HWRis very effective antioxidant as shown in Tables 2 and 3. |t

is one of the - potent. known inhibitors of |ipid peroxidation.and
excel Tent i nnERR bed e ey ibestit aton iinghienb Bt fyRE BRSEHIARAE s
consi der ed t 0P8R fweaRB6I @t siphIRAACREEgdlikd UHRIHS irdICHIEcAIRNNBNt r at i on of
oxidized LDL.in serumis considered to be one of the . o ) ‘
antiestrogenic activity was demonstrated for HMR. Therefore, it is surpnising that it
had highly significant antitumor activity in DMBA-induced tumor model in rats as
shown in Figure 2. The activity of HMR may be due to HMR itself or to
enterolactone. However, no dose-dependence was found in the chemopreventive
action of HMR when given in two different doses (3 and 15 mg/kg) to rats after
DMBA -treatment. Thus HMR needs not to be converted to enterolactone to have an
antitumor effect or smaller doses of these lignans are sufficient to accomplish the

maximal chemopreventive effects.

HMR ié very effective antioxidant aé shown in Tables 2 and 3. It is one of the most
potent known inhibitors of lipid peroxidation and éxcellgnt inhibitor of LDL

" oxidation. Inhibition of LDL oxidation is considered to be of special importance in
hﬁmans as the concentration of oxidized LIjL_iﬁ senim is considered td be one of the
best prcdictdrs of cardiovascular ﬂiseases such as atherosclerosis. HMR may serve as
a food additive to _'increasc the food stability (i.e. inhibit vitamin, lipid and pigmcr;t
o:&idatior.ais which cause 108s of nutritiohalfya}ue and de’velopment of off-flavors in
food), because HMR was much better superoxide anion scavenging and peroxyl
radical scavenging agent than well known aatioxidants butylated hydroxyanisol
(BHA) and butylated hydroxytoi_uene (BHT), which are commonly used {or increasing
the food stability,



best predictors of cardiovascul ar di seases such -as atherosclerosis. HVR may
serve as a food additive to increase the food stability (Jg £;qusPSddy t _
vitamn, lipid and pignment oxidations which cause | oss oflmﬂrqtlonal val ue
and devel opnent of off-flavors in food), because HVR-was mnuch better

super oxi de ani on scavengi ng and peroxyl radical scavengi ng agent than well
known anti oxi dants butyl ated hydroxyani sol .(BHA) and.butyl ated
hydr oxyt ol uene (BHT), which are comonly used for increasing the food
stability.. S. 41 28 August 2003 EXPERI MENTS Chemi cal s Various |ignans were
tested in vitro for their estrogenicity,&zntiestrogenicity, capability to
inhibit aromatization and for their antioxidative properties. The test

conmpounds \/\géi?%w%ed fromthe foll owi ng sources: enterodiol and
ent erol act on tech, London, UK, and 7-hydroxyenterol actone

containing two 7-CH enantioners was a generous gift.from.Dr.: Kristin . oo -

Wahal a, Departnent of Applied Chem stry, University of Helsinki, Finland.
Extracti on ofChdicdls om wood HVR extracts were isolated from Norway spruce
(Picea abies) as described by Ekman, 1976 and Eknman-1979. Shortly,
freeze-dryed ground heartwood was Soxhl et- extracted in wth hexane to

renpbve non- poyaouk LipRRRIvkdre 1eg%H i@ 0itdo\Bs thdid @stybrelicR @ BhiBstropesiclif cBydbilagt ed
in the sane apparatus with acetone/water (9:1 v/v) to give crude |ignhans.
Hydr oxymat ai rte ihileif aropeeyationdng fer theipamtioxydatize pepediced hgriest cempounds

chromat ogr ap h\s.gre Wﬁltcnas)éé%ohleﬁlié '%dlflcg)v;infg %&r@&g e -lejrroidfcjl G4 Lrﬁgfolactone from 7
Plantech, London, UK, and 7-hydroxyenterolactone containipg two 7-OH enantiomers '
was a generous gift from Dr. Kristiﬁa Wiihild, Department of Applied Chemistry,
University of Helsinki, Finland.

Extraction of HMR from wood

HMR extracts were isolated from Norway spruce (Picea abies) as described by
Ekman,. 1976 and Ekman 1979. Shorﬂy, frecze-dryed ground heartwood was Soxhlet-
extracted in with hexane to remove non-polar lipophilic extractive. The wood sample
was re-extracted in the same apparatus with acetone/water (9:1 v/v) to give crude
iignans.-[{ydroxymatairesinol (I-[MRj and its isomer were isolated and re-

‘chromatographed with XAD-resin for further puriﬁcation.'
Measurement of antioxidant capacity in vitro

The antioxidati\:lc capacity of lignans was estimated by four different methods: 1) .

' .iﬁhibition iof lipid peroxidation, 2) inhibitidn_of low_' dénsity lipoprotein (LDL)
oxidatidn, 3) superoxide anion scavenging and 4) peroxyl radical scévenging assays.
Inhibiton of lipid peroxidation was evaluated on the basis of their potency to inhibit
tert-butylhydroperoxide-induced lipid peroxidation (t-BuOOH-LP} in rat liver
microsomes in vitro (Ahotupa et al. 1997). The fest for the -BuOOH-LP was carried
oAut as follows: The b:iffer (50 mM sodium carbonate, pH 10.2, with_ 0.1 mM EDTA)



Measurenment of antioxidant capacity in.vitro The. antioxidative capacity of

| ignans was estimted by four different nethods: | nh:%/g\uqc)m %)6 3I I pi d

peroxi dation, 2) inhibition of |ow density Ilpoproteln (L XI Q|on

super oxi de ani on scavengi ng and 4) peroxyl radical scavengi ng assays.

I nhi biton of |ipid peroxidation was eval uated on the basis of their potency

to inhibit tert-butylhydroperoxide-induced |ipid.peroxidation (t-BuGOOHLP)

inrat liver mcrosonmes in vitro (Ahotupa et al: 1997). The test for the

- t-BuOOHLP was carried ti. out as follows: The buffer (50 nM sodi um
carbonate, pH 10.2, with 0.1 nM EDTA) 28:$ugust 2003 12 was pipetted in a

volume of 0.8 m i'n the | um noneter cuve% Tmenty mcroliters of

.diluted liver sone ancentration 1. r ot ei n/
"added, fol | 8%@8‘?689‘9 B %‘fq?“ra F‘E}Sn “'S‘"}?a}%?f)c“&?ﬁf i Tuptyansrtsr el The
test. corrpounﬁﬂuee@ (i9eraHRRHomSs, ﬂnapéb%&mﬁlﬁomwzﬁg ?ﬁ)télﬂ/nﬂ m&ddeu%na&e&il lut ed-
in ethanol or dinethylsul phoxide (2% of incubation volume), and the |ipid

per oxi dat i onbpémlmf)luml @b?mahﬂdand)te’smnmalﬁ [ ): tcamumpoan@:etvh@miﬂecmo

di met hyl sul phoxi de).. The .react was

L Buoon at aeubiEmi s 83RO e ol Bt Ruelerdateg " &
cycles, and bhmcabfion VOREe) G YR: Kipid pedkRlatidn PREnGAV SRR to that of the
Chem | um nescence neasurenents were carried out using a Bio-Obit 1251

Lumi nonet er yehiele Gthanol ordiethyl sulpherids). Hmnmavas@maaqsé by &1 mbefithUt er

using -dedi ca _%Q]‘Cp@ assays. | nhibiti LDl oxidation was
esti mat ed ashjc?fgscrl ?i ﬁh%%‘ uml[ngg% nce rgneas g:}?‘f OUEE af'g'iﬂ at ed
by preci pit atyodes, wid the btd:ﬁhﬁa@d:uh@qarmgaal)m@ﬂcum@a mﬂmh@s&emd@ phosr)hat e
buffer, 20 mM Cud 2 was added and the m xture was '

measurements were carried out using a Bio-Orbit 1251 Luminometer (Bio-Orbit,

Turku, Finland) connected to a personal computer using dedicated software for the

assays.

Inhibition of LDL oxidation was estimated as described by Ahotupa et al, 1996.
Shortly: LDL was isolated by precipitation with buffered heparin. After
resuspendation in phosphate buffer; 20 mM CuCl, was added and the mixture was
incubated for 3 hrs at + 37°C. After this, LDL lipids were eJ'(tracted with chloroform-
methanol, dried under nitrogen, redissolved in cyclohexane and analyzed
spectrophotometrically at 234 nm. Thé in;ensity of absorbance is indicative of LDL
oxidation. To test the ability of different compounds.to prevént LDL oxidation, the
compounds were added to the incubation Imxture pnor addmon of CuC lz Possible
mterfcrcncc of test compounds thh the assay procedure was excluded by measuring
the absorption at 234 nm before and after the incubation period. For those compounds
which showed antioxidative potency at the starting concentration (0,1 mM), [C-50 ‘

o va'lu.'es (i.e.jéoncentrations'a‘fjWhich test compound inhibited LDL oxidation by 50%)
was determined. |
Superoxide anion scavenging method was based on the superoxide anton produced in
controlled conditions by xanminc-kanﬂline oxidase system and detection of the

" . generated reactive oxygen species by luminometer (Ahf)tupé et al., 1997). The ability -

of test compounds to decrease the chemiluminescence was evatuated. IC-50



i ncubated for 3 hrs at + 37C. After this, LDL lipids were extracted with
chl orof orm nethanol, dried under nitrogen, redissolved ingLyelah e and
anal yzed spectrophotonetrically at 234 nm The intensity of sorbance is
indicative of LDL oxidation. To test the ability of different conpounds to
prevent LDL oxidation, the conpounds were added to the incubation m xture
prior addition of CuC 2. Possible interference of test conpounds with the
assay procedure was excluded by neasuring the absorption at 214 nm before
and after the incubation period. For those conpounds which showed

antioxi dative potency at the starting con entration (0,1 mV, [C50 values
(i.e. concentrations at which test conpound inhibited LDL oxidation by 50%

was determ ned. S roxi de anj.on scavengi nq .jet.hod. was base n the
super oxi de an‘f%’ﬁe‘gﬁgaﬁ@éﬂc‘? ah‘&'be‘F eyt gﬁﬁr?e?l}egﬁg’"ﬂﬁ}e%?%ﬁv%@%hi ne
oxi dase syst emlaldediet ection of the generated .reactive. oxygen. speci-es by .-

| um nonmet er ‘(Ahotupa et at., 1997). The ability of test conpounds to
decrease the chem | um nescence was eval uated- |1 C-50 28 August 2003 13 -
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of peroxyl r atie@@l deddynpobifien 6BD,20eadigRaidiaspropane)HCI and their detection by
2, 2' -azobi s(2-am_di nopropane) HCIl and their detection b chem | ut ni nescence
(Ahot upa et oghemilyminesceneyAhaiupa ot 3l (O98). dhe cenulis sigreepleukued a3 Behi ometri c
factor, i.e. - of, . adi e e
e of the aRolR BRGES Phol A oI E 0 SARRTAESKARERRAN Y 1
JEG 3 cel | s Theleef firats cohpdidd. and structurally rel ated |ignans '
(enterol actone, enterodiol and 7- : ‘ o

Measurement of aromatase inhibiting capacity in JEG-3 cells

"The effects of HMR and structurally related lignans (enterolactone, enterodiol and 7-
hydroxyenterolactone) were studied on formation of “H-17B-estradiol from *H-
andostenedione in JEG-3 cells, human choriocarcinoma cell line. The JEG-3
choriocarcinoma cells are a usefui aromatase model enabling the study of aromatase
inhibition in vitro {Krekels et al 1991). Célls were maintaiqed in DMEM containing
10% fetal calf serum (FCS). The incqbation mixture contained 50 pi *H-androst-4-ene,
3,17-dione (0.5 nM), 50 ul unlabelled androstenedione (0.5 nM), 100 .ul test
compounds ‘(10' M) and 800 ul ceil suépension (1 miilio:l'ceils). After the incubation

. for 4 h, unlabelled carriéré (androstencdionel,_ testostcr,ohé, . 17B-estradioifénd estrd_ne) |
were added. The ster(:)idé Werc extracted twice with 3.0 ml dichlor-omcthanef HPLC
was used for separ-ation and 'quantiﬁcation of the radiclabelled 3I—i-i_’]ﬁ-estracliol as.
previously described (Méikeiéi etal. 1995). The column system consisted of a guard
column followed by a Clé’wl—.SO x39 mm ID iiﬁalyﬁcai éolurmi (;["ccﬁnopak.IO C18
HPLC Technology; Wellington House, Cheshire, UK). The mobile phase was
acetonifrile /water (35765) and the flow rate was 1.2 mi/min. For in-line detection of
the radioactive metabolites, the eluent of the HPCL column was continuously mixed
with liquid scintillant and then monitored with in-line radioactivity detector.

[

Measurement of estrogenic and antiestrogenic ac_'tivity in MCF-7 cell cultures



hydr oxyent er ol act one) were studied on formation of 3H 1713-estradi ol from
3H andostenedione in JEG 3 cells, human chori ocarci noma %Aﬁdsp% The
JEG 3 choriocarcinoma cells are a useful aronatase nodel ‘enabiing c{.:"he
study of aromatase inhibition in vitro (Krekels et al 199 1).. Cells were
mai ntai ned in DMEM containing 10%fetal calf serum (FCS). The incubation
m xture-contai-ned 50 At 3H androst-4-ene, 3,17-dione (0.5 nM, 50 rl

unl abel | ed androstenedi one (0.5 nM, 1100" 111 test conpounds (10 mVy) and
800 | cell suspension (1 mllion cells). After the incubation for 4 h,
unl abel I ed carriers (androstenedione,. te?{% osterone, 170-estradiol:and
estrone) were added. The steroids were eXxtracted twice with 3.0 nd

di chl oronet hane. HPLC was used for separation and quantification of the
radi ol abel | ed 3H 17f 3-estradi ol as. previously described (Makela et al.

1095). The COTNSMCE'S baifOMaish efbaof caediang) skl WLOWLRR SR fheibP 150
X 3.9 mm | D analytical colum (Technopak 10 C18 HPLC Technol ogy;
Vel | i ngt on Howgd dree Bfddhmediumispplemigatedwtith %3S 6 0RAEmI pemititlivi andi 108 / wat er

135165) and the I t 2.n-/mn  For jn-line detection of th
oo oact e rivabefii i D ntptul Lo st < esienfusust y

mxed W th |8diisdTRE mBliubd Wik replafed WRRA FEBNbAR TGEe Yﬂngpgéméeikn?he stock

radi oactivity detector. Measurement of estrogenic and antiestrogenic
activity in Motups e havestad straginieatios and QGPerkiéd Tin £0 MOphahot edd frde ne

hunman br east S) . Siack | tur.e re.qro i henol ed free
I(IQPM medi um sU] p%ﬁgge&%@g[{din vc\k) c[eﬁﬁ-guggd?‘és "fﬁgo‘i\?fﬁﬂ" r%lé’rﬁ\éﬂ ipFﬁ?tgvaéﬁafef'ﬂ pgf m
st rept onyci n,redipggiedind RPMI Medtch shgﬂ%@ﬂ&@vﬁtﬁ@ B Qe Rbrar éha}_éogpstﬁﬁéég EUl ture
e

bottl es. -The nmedi umwas replaced with fresh ones three tinmes per The
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: test the estrogenicity of the lignan compounds, they were diluted in ethanol and added
to cell cultures"m final concentration of 1.0 M. In each proliferation assay 1.0 nM 17-
estradiol sotution in ethanol was used as a positive control for estrogenic response.
Equal amounts of ethanol were added to control wells. To test the antiestrogenicity
both 178-estradiol and lignan solutions were added to cell cultures.' The cells were |
cultured for 5 to 7 days in the presence of test compounds, and the medium was

changed every second day. Cell proliferation was quantified by counting the released

nuclei with Coulter counter.
Eve_ﬂuation of estrogenic. and antiestrogenic activity in immature rat u'ter(itropic test

The estrogenicity HMR wasevaluated by the uterotropic assay in immature fats which
was performed as described earlier (Jordan et al. 1977), with the exception of

' .trea'lment ﬁmc which was 7 days instead of Jdays m thf; re-fer_enée study. The
treatment time was longer because of the expected weak estrogenicity of the test
compound. The treatraent of immature rats with an aromatase inhibitor
(MPV-2213ad), which prevents biosynthesis of estradiol, was used as a

~methodological control for non-estrogen-stimulated uterus..

3-



resuspended i nto RPM nedi um suppl enented with 5 % dextran char coal
stripped FCS (dcFCS) and seeded on d well plates 50 000 q@%k@%gﬁ2§:f1 _
medi uni well. On the second day of culture the nedi um was a %d t est
conpounds were added. To test the estrogenicity of the |ignan conpounds,
they were diluted in ethanol and added to cell cultures in final
concentration.of 1.0 M In each proliferation assay 1.0 nM 17(3 estradi ol
solution in ethanol was used as a positive control for estrogenic response.
Equal anounts of ethanol were added to control wells. To test the
antiestrogenicity both |73-estradiol an? | i gnan sol utions were added to
cell cultures. The cells were cultured 5r 5 to 7 days in the presence of

test conmpoundgs”and t medi um was ., changed every second day. Cell
proliferati o%%ﬂﬁ%mﬁfh rfiSPPEeLc $if9sRgic ervivdr adebmralaraisi ei with Coul ter

counter. Evaluation of estrogenic, and antiestrogenig¢ activity in, i.nmature .

rat uterotropic test The estrogenicity HVR was' eval uated by the uterotropic
assay in i nmisuogeniciastiandiagenio\and peicstorgrant cfiecd of HMR odresindied in fndor dan et

al. 1977), with the excepti of . treatnent ti which was 7 days,jnstead
of 3 days i na{@mogfl‘grf’g?fg‘ébg’g{?ﬁ.amfﬂée 3% @ﬁf’ ﬁiﬁ“‘?f‘w&: craesnogdiel- Bt ause of
the expect edcH@ale HpbirdBSIhR stite AithBE tfdtural GAIRRAREhal ThEnskE RAhERRAL Of
imature rats with an aromatase i nhibitor (MPV-2213ad), which prevents

bi osynt hesi sreprodustiveiacswas weincedleyinepnatal estrogérazhsion Gdicthlylstthestral] 1G.0r

non- estrogen-ski nul erus... 28 Augu 200Q3..15. Eval uati on of -
~ estrogenic aH?kgnBtdldggsﬁ%?%'g}é'nrﬁee TaRLg! stgﬁaiﬂ@fsa"?}]al esﬁé’@“@@if‘f"d@éﬁﬁ“& -
(anti andr oge bk pirtlg ievedsible 6§ hfcdaHtae entBbitd tledtnRint EORisURS Bail) 4k @EMPV.I Nt act
and hypoandrogeni ¢ Noble strain male rats (age 6 - 9 nonth), :
cor r espondi na &,3 adrik30 mg/kg body weight (Streng et al. unpublished observations).

Animals were fed the soy-free basal diet (SDS, Whitham Essex, England) and they
ﬁad a free access to water. Twelve of both intact and hypoandrogenic animals were
cavaged in daily dosage of HMR 50 mg/kg body weight in rape oil. Another twelve
animals from both animal models were cavaged with rape oil only as a placebo
treatrnent. After four-week treatchnt the animals were sacrificed. The weights of testis
and accessory sex glands (ventral prostatc,- seminal vesicles and coagulating gland)
were measured. Serum and testis testosterone and pituitary a:md serum luteinizing

hormone (LH) levels were measured by immunoassays (Haavisto et al. 1993).
Investigating the antiturrl_o_’r activity in rat DMBA-induced mammary cancer model

Antitumor activity of HMR in rat mammary cancer was studied as described earlier
(Kangas et al. 1986). Fifty-day-old female Sprague-Dawley rats were given 12.0 mé
DMIBA (dimediylbentz[a]ah‘thracene)' by cavage. After approximately 6 weeks
palpable tumors could be detected, whereafter the width (w) and the length (1) of the
tumors were measured once a week (o determine the tumor volumes according to a
formula V = (nw’ 1)/12. The rats were also weighed once a week. The rais were
allocated in 3 differ_eﬁ[ groups so that the total number of tumors in the beginning of
" . the experiment was similar in each group: (1) Cohtrbi groﬁ'p 8 animals, (2) HMR 3.0
mgfkg 7 animals, and ‘(.3) HMR 15.0 mg/kg 7 anirnals, one of which-had to be killed



chroni ¢ hypoandrogenic state with both.structural and functional . changesrin
the male reproductive tract was induced by neonat al estr%efqugﬁg
(diethylstilbestrol, 10.0 g/kg body weight in rape oil s.cC post nat al
days 1-5). These changes:are known to be partly reversible by aromatase
inhibitor treatment consisting daily dose of MPV- 2213 ad 10-30 ng/ kg body
wei ght (Streng et al _ unpublished observations). Aninmals were fed the
soy-free basal diet (SDS, Whitham Essex, England) and they had a free
access to water. Twelve of both intact and hypoandr ogeni ¢ ani nal s were
savaged in daity dosage of HVR 50 ng/ kg bqgy weight in rape oil- Another
twelve aninmals fromboth animal nodels were cavaged with rape oil only as
a placebo tre Wegk treatnment the animals were sacrificed.
The wei ghts o?%gggppéﬁa%?gl g%ssory sex glands (ventral prostate, sen na
vesi cl es and coagul ati ng gl and) were neasured. Serumand.testis - - S
test ost er one dRdRpvasdivearper onstagimg Frwéaks after the PYIB Adndmtien,(ileHp Weekmdf&arwer e

db Ha t t at 9 oSt t t
i tumor ot PHRGIE AR APPSR AR BB AR O &3 AR g0t R AT or
activity of meé@mmmwe@ SRS Sfied iy gg%@fﬁdﬁﬁa&%ﬁ@r&ﬁﬁ gagtdnl €1

(Kangas et at. 1986). Fifty-day-old female rague- Dawl ey Tats ‘'were given
12.0 ny DNBACtrawmthgmtfe(R piogressivedicensy); ByNeargenydng, Atabdlized ppnars(Sltel y 6

weeks pal pabl det eGt ed. .whereafter. t ( ) and the
Vengen (1) or SERAERY FisERe futlnisch G troniBE ERmston BoeBaEnd « he ¢ urmor
vol umes accor ®epgestifg mmdr@(PRll:fpaMaFrc@mh@é)réérgsmM thRbSvolRMe ntrSthaiei ghed
once a week. The rats were allocated in di fferent groups so that the
total nunber df Ct)tﬂwrd?lgappﬁar@%@mg@ﬁqmgmlete responsserpialpabic twasnsi ni | ar i n
each group: (1) Control group 8 animals, (2) HVR 3.0 ng/kg 7 animals, and
(3) HWR 15.0 ng/ kg 7 animals, one of V\/ni ch had to be killed 28 August 2003
16 Analysis of metabolites from rat urine receiving different doses of HMR

Ten Sprague — Dawley male rats (age 4 month) were used to study the metabolism of
HMR in vivo. Animals were housed in pairs with 12 h light:dark cycle and had free
access to water and soy-free basal diet (SDS, Whitham Essex, England) during the
metabolism study.

Rats were cavaged with HMR dissolved in 10 % ethanol in PEG in doses 3, 15, 25 and
50 mg/kg body weight once a day for two days. After second cévaging the 24 hour

_ urine was collécted in metabolic cages in collection jars containing 120 1 0,56 M
ascorbic acid and 120 111 0,15 M Na-azide as preservatives. The centrifiged urine
volumes were mg:asuréd a.qd stored in -20°C. For prctrcatmént 756 ul 0.2 M acetate
buffer (pH 4.0.£ 0.1} was added to 3.0 ml thawed urine aliquots. Sep-Pak C18

~ columns (100 mg silica based resin/column) were used for urine extréctions. Coiumns

- were preconditioned with 3.0 ml H,O, 3.0 mt ﬁemmol and 3.0 m! acetate buffer.
After urine had filtered through the column and washed with 3.0 mi of acetate buffer
polyphenolics were eluted with 3.0 ml methanol. The eluate was evaporated to dryness
under nitrogen in +45°C water bath and dryed residues were redissolved in 3.0 mi of
0.2 M acetate buffer. 30 pul Helix por‘patia enzyme mix was added and the solutions
were incubated in +37°C to hydrolyze both glucuronides and sulfates. 300 pzl of

. flavone stock solution (100 yg/ml in EtOH) was added into hydrol.yzed samples. The



before the end of the experinent. HVR was given per os starting 9 weeks
after the DVBA-induction, i.e. 3 weeks after palpable tu d, and
was given daily for 7.5 weeks. At the end of the experi m%%@g?gﬁdofs wer e
classified in groups according to their growh pattern: 1. G ow ng tunors
(PD = progressive disease); 2. Non-growing, stabilized tunors (SD = _
stabilized disease, no change in tunor volune or regression |ess than 75%
3. Regressing tunors (PR = partial response, regression of tunor vol ume

- nmore than 75%; 4. D sappeared tunors (CR = conpl ete response, no pal pabl e
“tunor). Analysis of netabolites fromrat L}I’i ne receiving different doses of
HVR Ten Sprague - Dawl ey male rats (age Af nonth) were used to study the

met abol i smof _ HVR in vivo, Ani s . were housed | irs with h
s k. oy et iriega? IR SRS BpSTaled R Fnerecs hscted apose
(SDS, . Wi t hamBs&red inERedc@ Rl gﬂ[}jzg(gwm@(f._m_abol ismstudy. Rats were. . ..... -.
cavaged with HVR dissolved in 10 "% ethanol 1n PEGin doses 3, 15, 25 and

50 ng/ kg body wei ght once a day for two days. After second cavagi ng the 24

hour ri ne collected in tabolic cages in collectjon jars, ¢containin
1201 0.56 M HeSpRIaedBrine SAmPleoware thssoved i muzidie pad lylaled SeAdding ves.  The

centrifuged USSTIA TMUSTERD: WRIGIABRFRAEEH. PROGEIAGSHalyEks of ¥e silyRifed
pretreatnment 750 pl0.2 M alc?gt gtae burfer (pH 4.0.}?8&]5.)0%V\/a581§%({jced to 3.0 m

t haned urine samplesstese pestiqnnBd ki@ andHP 689043678, GLAGS Amptrsiient Thb SBcblumn

Weh 500 ni wgn i S kel e il R ane folumatls B paeP et BaBRSiy | o
had filtered g fRicahest BleGOMUR BETaVRSHRR Ga¥Vht Gy Of MmiRhina PRt @eovanf f er

pol yphenolics were eluted with 3.0 nt nethanol. The eluate was evaporated
to dryness uvaddempgrattggmagiammedSOmaddr ta230AC an@°Chyiathenting witeeTheveCe

redi ssolved i.n. 3.0 m of 2 M acet zill e buff ef Tﬁo_ i. Helix gor natia enzynme
mix was addedVsHge Y«ﬁsescg& -§iode at'a'split ratio of 1:15. The injector temperature was

250°C. Compound identifications were based on mass spectra. The quantitative

calculations were based on uncorrected peak areas of target components relative to the

internal standard.
RESULTS
Assessment of aatioxidant capacity in vitro

HMR had st%on’gér lipid peroxidation bdpacity than any o_thér lignan or flavonoid in
' our tests (Table 2). HMR was compared to well 'l_mow_n antioxidants TROLOX, which |
is a water soluble vitamin E derivative, and BHA and BHT in the ability of inhibiting
lipid peroxidation,?inhibitiori of LDL oxidation, and scavenging superoxide and
pt_:rpxyl radica.ls:(T able 3). HMR was as a whole the strongest antioxidant, more -
effective than BHA or BHT in all asls'ays, and strongef than TROLOX in all assays
except for lipid peroxidation inhibition assay, where the compounds were almost

equally active. -
Aromatase inhibiting capacity in JEG-3 cells

The inhibition of *H-178-estradiol formation from *H-androstenedione in JEG-3 cells



were incubated in +97C to hydrol yze both gl ucuroni des and sul fates. 3001x1

of flavone stock solution (100 gg/nl in EtOH) was added gg%ﬁyﬁé@j yzed
sanpl es- The 28 August 2003 17 sanples were extracted in G 1 ol ums and

evaporated to dryness as descri bed above ,; and stored in -20C until

anal yzed with GC=MS. The evaporated urine sanples were dissolved in
pyridine, and.silylated by adding BSTFA:TMCS (10:1) silylation reagent,
The GC-Ms anal yses of the silylated sanples were perfornmed with an HP
6890- 5973 GC-Ms instrunent. The GC colum was an HP- | crosslinked nethyl
pol ysi | oxane colum (15 mx 0,25 mmi.d., 0,25 pm filmthickness). Helium
was used as carrier gas at a flow of 1. m¥&in. The GC-oven . was

t enperature programred from 60C to 290C, at 8C/min heating rate. The GG
i nj ector was Wextested aifferentrgucentragionypl MR The imdfibitory sapatiteof, HMEcway

tenperature fead d4i QH%'E .catl. re baseq. on . spectra. -
The quanti tav}t,*?)\%né) .ca?gﬁ atl oérfllgé’ \%é‘f}e é‘gg[%%dﬁpdlg%g}gg F@E‘%@%’?‘%@%"{a&%@% of
t ar get conponenicl a diseddependent ibliitionrif aromdtizati@neahid thd¥onbbnbtée cegs 6eNnt  of
ant i oxi dant capacij ip.vitro HWR had stronger |ipid peroxidation capacity
than any ot hehVf9 %éHl\’grlt ‘V’F—%@‘Hﬁsﬁ gropm thy saterediplovasmaninbitptpry ipdRagpgsthat

conpared to vgli OWHe AH RN f : Xg_ 10kl = sol ubl e
vitamn E de\rltlﬁv;tcﬁg\q}e, gnd BHA angﬁeép\q:'gﬁ?% ?Iél aofi ?ntt‘ﬁ%/rﬁlg 0%4\% Ibiting lipid
per oxi dat i on, hydrixiytnatairesinalfhall B iohibileryiefiiects fRiguschiadigiting s ipgomadefand
peroxyl. radicals (Table. 3).. was as a.whol e the strongest  antioxidant,
more effecti Eé“'f‘ﬁ'é‘?{ agﬁ@%@%p@&r@pggg dignap, grolecpls Agidhe AoRasRO_OX i n
al | assays exggBitiohor |i-pi d peroxidation inhibition assay, where the
conpounds were al nost o U

Estrogenic and antiestogenic activity in MCF-7 cell cultures

HMR had very weak, not statistically significant estrogenic or antiestrogenic activity

in MCF-7 cell proliferation assays as shown in Figure 2.
Evaluation of estrogenic and antiestrogenic activity in immature rat uterotropic fest

Figure 3 illustrates the effects of HMR on the uterine growth of the immature rats.
HMR had no significant estrogenic effect on the uterine weight gain of the immature
rats. Neither did HMR reduce the weight gains indicating no antiestrogenic efféct.

' Aromatase inhibitor prevented the increase of uterine y&cight, as expected, indicating

that the method for the measurement of the aromatase inhibitors was adequate.

Evaluation of estrogenic and antiestrogenic activity in adult male rats

After a 4-week treatment with HMR, no significant changes in the weights of
accessory sex glands and testis were observed in control and hypoandrogenic animals
(Table 4). There were no significant changes in testosterone or LH concentrations,
either (Table 5). These results indicate, that HMR .is not a full estrogen agonist in male
organism, because it does not exert the typical'eétroge'r-lic activity on hypothalamus -

hj.rpophysis - gonad - axis (inhibition of LH and androgen secretion). Neither is HMR



equal ly active. Aromatase inhibiting capacity in JEG3 cells The

i nhibition of 3H 170-estradi ol formation fron13FLandrosteq?gAﬁggt%@$fEG;3-
cells 28 August 2003 18 was tested at different concentratio of HVR The
i nhibitory capacity of HVWR was conpared to enterol actone,

7- hydr oxyent erol actone and enterocliol: Enterol actone caused a

dose- dependent. inhibition of aromatization within the concentration range
of 1.0to 10.0 M It was further shown that enterodi ol was noninhibitory
indicating that the lactone ring is critical for the inhibition.

7- hydroxyent er ol actone and hydroxymatair,gsi nol had no inhibitory effects
(Figure 1) indicating the inportance of ¥he number and | ocation hydr oxyl
groups in the lignan nolecul e for the aroggégse inhi bition. EStrogenic and

anti est ogeni PRIOBER PorapsHt dossdipt reyerse angerinduged ey yeamaiak  not

statistical | yesfbgipifatieRM e sldiO@eNi C or antiestrogenic.activity in.MOF-7.. .. .

cell proliferation assays as shown in Figure 2, Evaluation of estrogenic
and antiestrogenic activity in immture rat uterotropic test Figure 3

illustrates the effects of. HVR on the u ine.growh of the immature rats.
HVR had o s P e SHragan e vi Tt DMES e st Prmane gkt B of t he
immature rats. Neither did HVR reduce the wei ght gains indicating no

.antiestrogenic effect. Aromatase inhibitor prevented the increase of
uteri ne wei giYumbes of grwdng(PD) vegius atabledSD) taors, negrasstrigd@R) eumark end

measur.enment of _the tase .i.nhi bitor.s was a2 uat.e. Eval uat.i of -
~ estrogenic a(r%féls aé?\ﬁreséﬁrigg"g[ﬁlg? I%B'ief'?ﬁwni l"lguéfi:l%rldﬁ‘ r?aﬁlﬁ“?%ezfl%‘ﬂfje‘m& Yweek
treat nent wi tfbur_ld\@bers:ausﬁcgnyfve?es_igmmaﬂ TB8re ivihs HORIABHEHRL depRiiden@F S£SSOTy  seX
gl ands and testis were observed in control and hypoandrogenic ani mals :
antitumor action in this model. Both antioxidative and tumor growth regressing
properties of HMR may therefore be connected with the in vivo antitumor activity.

The mechanism of antitumor activity of HMR in vivo is stifl unknown.
Analysis of metabolites from rat urine after different doses of HMR

Figure 5 illustrates that the main ekcreting metabolite of HMR in rats is enterolactone,
which may be the biologically active combound. This is surprising taking into account
the chemica; structure of HMR, because one would expect ilydroxyenterolactone to be
the main metabolite. The metabolism'of HMR to enterolactone may be catalyzed by

bacterial intéstinal flora rather than by the rat liver.
CONCLUSIONS

Hydroxymatairesinol (HMR) has antitumor activity either as unchanged compound.
_aridfor aftér convérsion to enterolactone in DMBA induced breast cancer model. HMR
has therefore a potential to have beheﬁcial effeéts in humans who are at risk of
developing breast cancer (BC), prostate cancer (PC), colon cancer or benign prostatic
hyperplasia (BPH). HMR is metabolized to enterolactone which inhibits aromatization
in vifro. HMR may as a precursor bf aromatase inhibitor also prevent the deilelopment
of lower uriﬁary tract symptoms (LLUTS), bladder ins-tall)ility., bladder outlet
obstruction,- urethral ciyssynergia, and gynecomastia. MR has also strong



(Table 4). There-were no significant changes in testosterone or LH _
concentrations, either (Table 5). These results indicate,gAsdoddsMR is
not a full estrogen agonist in male organism because it é%es not .
exert"the typical estrogenic activity on hypot hal anus - hypophysis -- gonad
- axis (inhibition of LH and androgen secretion). Neither is HVR 28 August
2003 19-an ant.i estrogen because it does not reverse the changes induced by
neonat al estrogeni zation in the nale rat. Investlgatlng the antitunor
activity in rat DVBA i nduced mammary cancer nodel Nunber of grow ng (PD)
versus stable (SD) tunors, regressing (PR% tunors and disappeared (CR)
tunors is presented in Figure 4. The anti %nnr effect of HMwas found to

be stati st || Y Si 'f' t.. Th I de f
e onor - nct PP R ol BR3¢ e e R P BN ©
regressing paopiirinkutied] proddic dtdiethfuH {vl@h@nﬁﬁafﬁ%@%&&zﬁ&gf%ﬁsh the in vivo . . -

antitunmor activity. The nechan|sn1 itumor activity HVR iii vivo is
sti |l unknowncarfdipypseylas eﬁﬁcwmnﬁ t@@lmrotnﬁ HBAR torfood tahalerindovafive sewy  doses

f HVR Fi t hat tahol ite of HVR
Cars ts ent or Baibh IS iFeckfiay ol Rl Rag T RAR A SRR Thi <

IS surprisingfdagilkieng | nto account the chem cal structure of HWVR, because
one woul d expect hydroxyenterolactone to be the nain netabolite. The
met abol i sm of HVR to enterol actone nmay be catal yzed by . bacteri al

intestinal flgra t t .
. Hydr oxymat ai r fe}5| n(%}fgtapﬁ@%téﬁglsﬂgﬁtrﬁ J;rrc%rofa%f(‘:et]i%? %F%g‘? éﬂ'cgg?c hremaTyedin
conpound  andfherfomi bei vaienyel Ghtdihénts, ORlyer Rwasttwieh re diYRAed Relbiaed i €ast
cancer nodel. HVR has therefore a potential to have -beneficial effects in
humans who ar ke appapeng a)r e specmhst in the field that other embodiments exist and do not -
' depart from the spirit of the invention. Thus, the described embodiments are

illustrative and should not be construed as restiictive. -



devel opi ng breast cancer (BC), prostate cancer (:PC), col on cancer or benign
prostatic hyperplasia (BPH)_ HVWR is nmetabolized to entercdgagiqre2ods ch
inhibits aromatization in vitro. HVR nay as a precursor of aromatase

i nhibitor also prevent the devel opnent of lower urinary tract synptons
(LUTS), bl adder instability, bladder outlet obstruction,-urethral
dyssynergi a, and gyneconmastia_ HVR has al so.strong 28 . August 2003 20
antioxidative activity and may therefore be used as food additive
(antioxidant). HVR as pharnaceutical p2oduct or dietary suppl enent may
have advant ageous cardi ovascul ar effects in humans. Addition of HVR to
food to nake innovative new functional food, nutraceutical, health food,
phar maf ood, - desi gner food or novel food is feasible. It will be
appreciﬁ%@g that the, nethods of the present invention can be incorporated
in the hof a vari ety of enbodi nents; -only a few.of:whieh are-di:scl-osed -
t

her ei n. Ml . be. a ent for . .the specialjst i.n the field that other
enbodi wﬁﬁf@x\% of prayriatg linges é"&éﬁ‘th‘F‘.“ Pfﬁ"gk?f’% hé‘"s"b’r 4 fpegtation with Higgsm, ko,
Thus, tH&%described enbodi ments are illustrative and should not be
construed as restrictive. 28 A %P 2003 21 Table i. Production of

D

mammal i an lignans fromdiffere nt food by in vitro fernentation with
human fecal flora. g/100 g FLAXS

D FLOUR6S 000 SOYBEAN170

FLAXSEEDFLOUR 68000
SOYBEAN | 170
CEREAL BRANS: .
WHEAT 570
OAT 650
WHOLE CEREALS:
: RYE .. 160
POTATO 80
CARROT 350

ONION 110

*Thompson et al. Nutrition and Cancer 16:43-52, 1991



CEREAL BRANS: 570 WHEAT QAT650 WHOLE CEREALS: RYE.. 160 POTATO80 CARROT350
ONI ON110 ' Thonpson et al: Nutrition and Cancer 16:43-52, o%gé\‘:%ﬁ E%@Jst
2003 22 Table 2. ANTI OXI DANT PROPERTI ES OF LI GNANS AND S A+ _
FLAVONO DS IN VITRO BY LIPI D PEROXI DATI ON | NHI BI TI ON TEST. Conpound

Anti oxi dative - capacity (t-BuOOHLP) . (UM Flavonoids kaenpferol
(3,4',5,7-tetrahydroxy- flavone) quercetin

22

Table 2.

 ANTIOXIDANT PROPERTIES OF LIGNANS AND SOME RELATED FLAVONOIDS IV nmo R

BY LIPID PEROXIDATION INHIBITION TEST.

Compound Antioxidative -
capacity
(t-BuOOH-LP)
IC. (M)

| Flavonoids '

kaempferol

- (34,5,7-tetrahydroxy-

" flavone) ' 0.9

~ quercetin

(3,3',4',5,7-pentahydroxy- , '

flavone) : . 04

kaempferide

(3,5,7-trihydroxy-4'-methoxy-

flavone) ‘ _ 0.5

Lignans

enterolactone . o 15.9

2,3-bis-(3'~hydroxybenzyl)—butymlactonc

enterodiol o o 12.7 |
2,3-bis-(3’ -hydroxybenzyl)-butane-l 4-diol

hydroxymatmresmol . ' . -0.08



3,3 ,4',5, 7-pent ahydroxy- flavone) kaenpf eride

3,5, 7-trihydroxy4-net hoxy- flavone) 0.9 0.4 0.5 Lignans I e 15 9
2, 3-bi s- (3 -hydro)ybenzyl)-butyrol act one enterodi ol %EUQJS?%@
2,3-bi s- (3" -hydroxybenzyl)-butane-1|,4-diol 12.7 hydroxytnatalne3|nol 0.08
28 August 2003 23 Table 3. COMPARI SON OF ANTI OXI DATI VE EFFECTS OF HVR AND
KNOAN ANTI OXI DANTS IN VITRO. | G50 concentrations have been presented,
except for peroxyl radical scavengi ng assay where the stochionetric factor
(Le. how many nol es of peroxyl radical one nole of test conpound can
scavenge). HWR TROLOX2BHA3 BHT' | n®? bition of | i pi d peroxidation0O, 06.
pMD,02 |iML,1 I|.tM15,3 EEM :

Table 3

COMPARISON OF ANTIOXIDATNE EFFECTS OF HMR AND KNOWN ANTIOXIDANTS IN
" VITRO. IC-50 concentrations have been presented, except for peroxyl radical scavenging assay where
the stochiometric factor (i.e. how many moles of peroxyl radical one mole of test compound can

scavenge) .
HMR' TROLOX? BI—IA3 BHT*
 Inhibition of lipid peroxidation 006uM 002pM 11pM 153 M
Inhibitior; of LDL oxidation 20uM  2,7pM  not determined
_ Superoxide anion scavengir;g - ‘ S6uM  25puM 15 pM > 1 mM
- | Pero:&yl radical scavenging 1:4 ° 1:2 not deterrnined
Thydroxymatairesinol

? water soluble E-vitamin derivative
* Butylated hydroxyanisoi (synthetic antioxidant)
* Butylated hydroxytoluene (synthetic antioxidant)

Determination methods have been described in the text.



I nhibition of LDL oxidation2,0 }i M, 71MVhot determ ned Superoxi de ani on
scavengi ng5, 6 pM5 pML5 pM > 1 nM Peroxyl radical -scavengigngiust Z0032not
determ ned hydroxymatairesinol 2 water soluble E-vitam n derivative a
But yl at ed hydr oxyani sol (synthetic antioxidant) s Butylated hydroxytol uene
(synthetic antioxidant) Determ nation nethods have been described in the
text. 28 August 2003 24 Table 4. The effect .of four week exposure to HVR on
mal e rat reproductive organ relative weights' TreatnentaBody '

wei ght Testi sVentral Sem nal Coacul ati ng Prostate vesicl egl and ng/ kg body

wei ght I ntact ani mal sPl acebol12426 284362 170909 146412 43223 49

FI MR1244713842233049381484195920448 5Q4my/ kg Hypoandr ogeni cPl acebo12481
293340 509333 188249 6369 49 ani mal s HVR12455 363276 327378 198266
4970 30 50 ng/kg ' Data is expressed as nean SD (ng/kg body weight).

Rel ati ve weights after HM.
pl acebo i mawé4.her . group Tabl e 5.

The effect of four week exposure to HMR on male rat reproductive organ relative weights'

Treatment | n | Body weight Testis Ventral Scminal Coaculating
'| Prostate vesicle - gland
- g mg/kg body weight
Intact animals Placebo 12| 426+28 ‘| 4362170 |909x146]| 412143 223+ 49
HMR 121 447138 42234304 |9381+148] 419159 204 £ 48
50 mg/kg ' .
Hypoandrogenic | Placebo 21 481129 3340+ 509 [333£188] 249%463 69+ 49
animals -
HMR 12 455+36 3276 £327 |378£198] 266149 To£30
S50 mg/kg

! Data is expressed as mean £ SD (mg/kg body weight). Relative weights after HMR, ircatment are not significantly
different from placebo in either group.

Table 5.

The effect of four week expasure to HMR on male rat testosterone and LH concentrations'

treatnment are.not signifi.cantly...different. .from -

Serum LH

{ Treatment in Testis Serum Pituitary LH
- testosterone testosterone )
(ng/ftestis) (ngfrul) {pg/pit) (ng/ml)

Intactanimals, | Placebo 12| 97.6+463 | 2405+1,122 | 6747£2.479 | 1,804 £ 1,294

SomghgHMR | 12| 112,9£58,5 | 27701421 | 68382061 | 1,080,352
Hypaandrogenic | Placebo 12| 6358259 | 119720663 |8673+2224| 07120371
animals : :

SOmgkg HMR | 12| 4801152 | 0939+0.431 | 75302286 | 0.854£0,333

! Data is expressed as mean £ SD. Hormore concentrati
placebo in either group.

ons after HMR treatment are not significantly different from



The effect of four week exposure to HVR on nale rat testosterone and LH
concentrations' Testis SerumPituitary LH Serum LH Treat -erone
testosterone i[fl rnl O testisa nl Intact aninals,PIacebgﬁggggﬁé{ﬂﬁ%532,405
1,1226,747 2,479-1,804 1,294 50 ng/ kg HWR12112,9 58,52,770
1,4716.8382,0611, 088 0, 352 Hypoandr ogeni cPl acebol1263,5 25,91, 197
0,6638,673 2,2240,712 0,371 animals 50 ng/ kg HVR1248, 0 15, 20, 939
0,4317,530 2,2860,854 0,333 ' Data is expressed as nean SD_ Hornone
concentrations after HVR treatnment are not significantly different From
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August 2003 30 CLAIMS 1. Hydroxynatairesinol or a geometric isoner or a
stereoi somer thereof for use in prevention of a cancer, a certain

non- cancer, hornone dependent di sease and/or a cardiovascul ar disease in a
person. -2. Hydroxymatairesinol or a geonetric isomer or a stereoisoner

t hereof according to claim1 for use in the prevention of cancer in a
person, wherein said cancer is selected fromthe.group consisting of
breast cancer, prostate cancer and col on cancer. 3. Hydroxymnatairesinol or
a geonetric isonmer or a stereoisoner thePBof according to claim1 for use
in the prevention of a certain non-cancer, hornone dependent disease in a
per son, mhngi i d non-cancer, hornonal dependent disease is selected
fromthe fg[_dgm%gnsisting of |ower urinary tract synptons, .urethral.
dyssynergia,” bl adder instability, bladder outlet obstruction, benign
prostati c hypeyploasinatairasiflolgy Regomesid isorhér orMBerecisontdy diic@eofifad weri@si nol  or

2 geomet 11 C ok SRS OFa BuShioh SOUARIE clSE SQmAR LR i%psthipd for Use

in the prevention of cardigvascu sedse I n a person, erein said
car di ovasculcaidiQyagauar diseassiB &NCFO- f r om oxi di zed LDL in serum 5.
Hydr oxymat ai resi nol or a geonetric isonmer thereof for use in a method of

i ncreasi ng il dio??ﬁﬁlataﬁfesiﬁ'&t(ﬁ ra‘ée@ﬁ%&f&%s&ﬁer%?@s@éoi%@lﬂ@r&&f"acéﬁrdi_ng to
hydroxynatalképhgg In %%gﬁfsoq.s serunltherﬁg% ausmgjs revention of ‘a
cancer or a® hUSfdR-"EaricEr 10 Sf FEIPET 1N felE e HOCTITSWHL @AnCef 15 Sdedieh n
conpri sing dum thegrenp segsisongsef ieie cawar, prostagd ¢ancer apd colpmpanger.of '
hydr oxymat ai resi nol or a geonetric isonmer or a stereoisoner thereof.
3. Hydroxymatairesinol or a geometric isomer or a stereoisomer thereof according to
claim 1 for use in the prevention of a certain non-cancer, hormone dependent disease in
a person, wherein said non-cancer, hormonal dependent disease is selected from the
group consisting of lower urinary tract symptoms, urethral dyssynergia, bladder
instability, bladder outlet obstruction, benign prostatic hyperplasia, and gynecomastia in
men.

4. Hydroxymatairesinol or a geometric isomer or a stereoisomer thereof according to
claim 1 for use in the prevention of cardiovascular disease in a person, wherein said
cardiovascular disease is resulted from oxidized LDL in serum.

5. Hydroxymatairesinol or a geometric isomer thereof for use in a method of increasing
the level of enterolactone or another metabolite of hydroxymatairesinol in a person's
serum thereby causing prevention of a cancer or a certain non-cancer, hormone
dependent disease in a person comprising administering to said person an effective
amount of hydroxymatairesinol or 2 geometric isomer or a stéreoisomer thereof.

6. Hydroxymatairesinol or a geometric isomer or a stereoisomer thereof for use in a
. method according to claim 5 wherein said cancer is selected from the group consisting
of breast cancer, prostate cancer and colon cancer. o

7. Hydroxymatairesinol or a geometric isomer or a stereoisomer thereof for useina
method according to claim 5 wherein said non-cancer, hormonal dependent disease is
selected from the group consisting of lower urinary tract symptoms, urethral
dyssynergia, benign prostatic hyperplasia, and gynecomastia in men.

y-



6. Hydroxymatairesinol or a geonetric isonmer or a stereoi sonmer thereof for
use in a nethod according to claim5 wherein said cancer agaAsflsegé@d from
the group consisting of breast cancer, prostate cancer and col on cancer.
7. Hydroxymatairesinol or a geometric isomer or a stereoisomer thereof for
use in a nethod according to claim5 wherein said non-cancer, hornonal
dependent disease is selected fromthe group consisting of |ower urinary
tract synptons, urethral dyssynergia, benign prostatic hyperplasia, and
gynecomastia in nmen. 28 August 2003 31 8. A pharnmaceutical preparation
conprising an effective anount of hydroxymatairesinol or a geonetric

i somer or a stereoisoner thereof in conbiddation with a phar maceutical |y
acceptable carrier. 9. An additive to a food product, said additive
conprising hydroxymatairesinol or a geonetri ¢ i somer or _a Stereoisomner

t her eof , enry cheBATRCEHICBHPIEPEAtiQRePNR IS aslref?qcatﬁ@nqﬁpé.r.;i.. al,'! wherein.. .. .
sai d addi ti ‘g daxyplataesindl0s a@otetric igoér dhadeauismbaitiassfialcobinadod g of
said enriched, materi al The food additive according to claim9, wherein

ol
said food pﬁ%&h%? ?Em%%FQQQ%ﬁ“?P% ec?ﬁgngroup consisting of a functiona
food, a nutritional supplenent, a nutrient, a pharmafood, a nutraceutical,

a health foaqgd, I ] : : ditive
accordi ng t?éﬂ Zﬁd%ﬁ%}bgﬁﬁg?iﬁgggtdﬁ ?%%1 %R?ggg@g Hilﬁg hﬁ%ﬁ%@%ﬁ? g&%{?ﬂ (.)?g_od in
the form of S5emelic somsrParisteredsasegsithegeotperaiched wpeedibienep-toxis oF bigeidoner y,
yogurt . or aRatéfidlefhéremneiit fiditivielkmpriguon m®fo pgbﬁ@d@mkatﬂ&sm&fséﬂ 10012. A
food product % risi ﬂ% an eflf ective anount of hydroxymatairesinol or a
geometri ¢ i oMM OFIE €t BFEBF soner t her eof . '

10. The food additive according to claim 9, wherein said food product is selected from
the group consisting of a functional food, a nuiritional supplement, a nutrient, a
pharmafood, a nutraceutical, a health food, a designer food or any food product.

11. The food additive according to claim 9, wherein said food product is a functional
food in the form of butter, margarin, biscuits, bread, cake, candy, confectionery, yogurt

or an other fermented milk product, or cereal such as muesli.

12. A food product comprising an effective amount of hydroxymatairesinol or a

geometric 1somer or a stereoisomer thereof.

13. The food prodict according to claim 12 wherein said food product is selected from
the group consisting of a functional food, a nutritional supplement, a nutrient, a

pharmafood, a nutracgutiéal, a health food, a designer food or any food product.

14. The food produé:t according to claim 13 , wherein said food product is a ﬁmctiopal
food in the form of butter, margarin, biscuits, bread, cake, candy, confectionery, yogurt -

“or an other fermentéd milk-product, or cereal such as muesli.

15. A method for increasing the stability of a food product comprising the addition to
said food product of an effective amount of hydroxymatairesinol or a geomietric isomer

or a stereoisomer thereof.



13. The food product according to claim 12 wherein said food product is

sel ected from the group consisting of a- functional food,>@apstdibbhnal
suppl ement, a nutrient, a pharmafood, a nutraceutical, a health food, a
desi gner food or any food product. 14. The food product according to claim
13 , wherein said food product is a functional food in the formof butter,
margarin, biscuits, bread, cake, candy, confectionery, yogurt or an other
fermented m | k-product, or cereal such as nuesli. 15. A nethod for

- increasing the stability of a food product conprising the addition to
sai d. food product of an effective anount of hydroxymatairesinol or a
geonetric isoner -or a stereoisoner ther&@f. 28 August 2003 32 16. The

nmet hod according to claim 15 where the increasing of food stabi'llity
conprises the_ inhibitition of Iipid, vitamn and pignent oxidations, which
cause | oss of0- Atie methadrpgrordipg |t elagn d S adwes thp insreasivi b fieod siahibycomprisend, . .
17. The use taé idhyslfigay S8R, &P AnOfigRefei@itdonhs, Wi Bus@losfoPhREEOhaF OMET

t hereof, - enr ch%gg n.a SO|I£ ar |qulg? terial, as an additive to a food
product . 18. Vareand developmensiof gttrflaversap wherein said food product is

selected fromthe group consisting of a functional -food, a nutritional

suppl ement, @& BYLI - , r. ti I f,ood, a

desi gner f 001? _olrLl génee;/&tflg gfﬁf_gﬁ‘ E%%?B&%S 2 é Rrg@_{d{scel %@%Odrréﬁkereﬁ%&gﬁar%%eqt%

wher ei n sai ¢nfiglrd igragglhié or liguid mateyial,ias pakddivelto mfooderodust.m of butter,

mar garin, biscuits, bread, cake, candy, confectionery, yogurt or another

f ted mJ k duct I h li . ,
ermented m 18. Tﬁer: Sseua%cérdgl';g tg % a?rg 17’,S Vlifl eref%ssalrglu f%gd Iproduct is selected from the group .

consisting of a functional food, a nutritional supplement, a nutrient, a pharmafood,' a

nutraceutical, a health food, a designer food or any food product.
19. The use according to claim 17, wherein said food product is a functional food in the

form of butter, niargarin, biscuits, bread, cake, candy, confectionery, yogurt or another

fermented milk product, or cereal such as muesli.




