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FIELD OF THE INVENTION

This invention relates to m_cthods for prevention of cancers, certaip 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
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coupling of nonerirc units c precursors su ci nnam c aci d,
caffeic, ferulic, coumaric, and gallic acids (Ayres and Loi ke, 1990).

Li ghans are vm'CdeI_y dLstri butg)g in plants. They can _be found in different
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lignan isolariciresinol, secoisolariciresinol, liovile, picearesinol, lariciresinol and pinoresinol
(Ekman 1979). The far most abundant singic 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

s: respecti ng the.practice,- -



production from di fferent |ol ant food are gi ven in Table 1. Considerable
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differs in different species and the anounts of |ignans vary ferent
parts of. the trees. The typical lignans in heart wood of spruce (Picea
abi es) are hydroxymatairesinol (HVR), a-conidendrin, conidendrinic acid,
mat ai resi nol, -isolariciresinol, secoisolariciresinol, .liovile,

pi cearesinol, lariciresinol and pinoresinol (Ekman 1979). The far nost
abundant single conponent of lignans in spruce is HVR, about 60 per cent
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concentration in thick roots is 2-3 per cent. Abundance of |ignans occur in
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corrpared to grou flax er known as lignan-rich material. The chem cal
structure ofg%yﬁ‘r %\lr 'sinol is OCH3 P 28 August 2003 3 Lignans can be

I sol ated e.g. from conpression-wood fiber. These fibers originate from
corrpre55| on wood of stens and knots (oversize chip fraction)-worsen -the
qual ity of ..PlagdigapnyErirahmatedzghol aﬂﬂammdoﬂagmnsndmhcamcrmdhy gessi nol and

secoi sol ari ci rted b m c of 0 to _mammal i an
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experi ment al theynReciugusendheonjratasiAacioon anﬁbgfadteilolrﬂﬂlbfASI angfrxaclsmental '
suppl enent at 'egﬂieﬁf:e for l&le%ﬁem%};rcvenhve actions of lignans, supplementauon of a high-fat

diet with lignan-rich flaxseed flour (5% or 10%) or 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
transplanted Dunning R3327 prostatic adenocarcinomas inl rats (Zhané etal. 1997;
Landstrém ot él. 1998). The percentdge of animals bearing palpable tumors, the tumor
volume, and the growth rate were signiﬁcantly lower. Further flaxseed or SDG

- supplemnentation mhxblted the formation of chermcally mduced aberrant crypts in'rat
colon (Serraino and Thompson 1992; Jenab zmd Thompson 1996). The antu:umor
action may theref()re 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_oth(_:si_zed to modulate hormone—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
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potency in' MCF-7 cells (Musavi and Adl ercreutz August
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As i f t -lik tivity, SDG feeding during:pregnancy and
I acf1 atS : gg ? oa?tg@?rq?g'%gﬁéggzdaﬁﬁ?é\é%é‘? f & I asg?‘:‘g@gﬁ‘gwgtk%&ﬁ"? Cef f ect

was not  evi dedforAdf Hgdhu®y in MAGRSIopdRH: d¥lcailers. FAIR) maRRSBhPliSnA hihddimoOr
ef fects have al so been associated with their antiestrogenic
shown to inhibit the conversion of testosterone to Sa-dihydrotestosterone (DHT), the
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
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- 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 muffins) 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.



about lignan action in humans have been derived fron1studies on -the effects
of diets supplenented with flaxseed products (and thus i i odgaxseed
in human femal e diet caused changes in nenstrual cycle ( pps et al.
1993). Thé subjects, all normally cycling wonen, showed a | onger nean

| ength of |uteal phase and higher progesterone/17B-estradiol ration in
serumduring the |uteal phase when they took 10 g of .flax seed powder/day
in addition to their habitual diets (Phipps et al. 1993). No significant
di fferences between flax and control cycles or concentrations of either
estrone or 17(3-estradiol were found. Neither there were any, significant
differences between flax and control grdups for concentrations of serum
estrogens in postnenopausal wonmen (Brzezinski et al. 1997). Fi axseed
suppl emrent atSUMMARY 25 BIVESHBIN( pr ot ei n whi ch bi nds estradi ol with high
capacity). concentration in serum This is a typical.estrogenic effect in-
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and the only possi o i ncrease |ignan I ntake has been to.increase the
consunpt i on 8¥sifg Efé?’ef}‘tioélﬁ’ f GaRper P’é?’rﬁeﬂaé%‘i’f‘ SACET, QQ@’&’G‘ epfndept disiaye Brher
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devel opnent %éf?f *?ES%H? %&Ig%ﬁ?lg 3T Eng & 5&? H?F progt Sfct s such as
functi onal foods_for chenopr evention of cancer and ot her hornone-rel ated
di seases andy ear LaSH Apeti, 8RARGStion 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
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invention concerns a nethod for prevention of a cancer, a &%§{5b03 ,

non- cancer, hornone dependent di sease and/or a cardi ovascular disease in a

person conprising adm nistering to said person an effective anmount of

hydr oxymat ai resi nol or a geonetric isoner or a stereoisoner thereof.

According to an other aspect, the invention concerns a nethod for

i ncreasing the level of enterolactone or another netabolite of

hydr oxymat ai resinol in a person's serumthereby causing prevention of a

cancer or a certain non-cancer, hornone dependent disease in a person

conprising adm nistering to said person &a effective anount of

hydr oxymat ai resi nol or a geonetric isonmer or a stereoisoner thereof..

According to a third aspect, the invention concerns a hydroxynatairesinol

or a geonet rthercof, somehed gt ansedibleorwoivaic arigpubnateaal, wherelmsait adddlived .on- of .a -

cancer, a C&lgh@rRe A GRS €L of hPHORPNSBERRN PN 0k SEASEerBIe® material.

cardi ovascul ar di sease I'n a person.” According to a fourth aspect, the

i'nvention concerns a hydroxymatairesinol or a geonetric isoner or a
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serum t her eby “"causing prevention Of '8 Canter or a certal n non-cancer,

hor none depehetepf di sease in a person conprising adninistering to said

person an effective anount of hydroxynatairesinol or a geonetric isoner or

a stereoi soner thereof, According to a fifth aspect, .the invention concerns

a phar maceut/eardipg ipuilanegapect SHpiny €itig cancEns epcihod faipgicpsipg the '

hydr oxynat aist#slitg@if a Gsodprg@eiiesmpdsihg tivekditionad said feydgabdeorer aft bfsctiot in
acceptable carrier.. Acco ding to a

nbi i i th i | .
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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.



solid material enriched with hydroxymatairesinol or a geonetric isoner or a
stereoi soner thereof , for use as additive to a food prod éﬁﬁ ng to
a seventh aspect, the invention concerns an additive to a produ

said additive conprising hydroxymatairesinol or a geonetrlc i soner or a
stereoi somer 28 August 2003 6a thereof, enriched in an edible, non-toxic or
liquid material, wherein. said additive conprises 100 ng to | g of

hydr oxymat 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
effective anount of hydroxymatairesinol oy a geonetric isoner or a

st ereoi soner thereof According to still one aspect, the invention concerns

a method for gm@@g]ﬁ—g ﬁ%ﬂ?m@sf ood product conprising the
addition to said food-product of an ective amount of

hydr oxymat ai r esi nol or a geonetric isoner -or a stereoisoner. thereof.. ... . .-

Accor di ng to till anot C nti on_concerns fhe use

hydr oxymat ai é%‘frﬁéls'ﬁlo%? cﬁ&%ﬁ%&???‘b T4 %‘B‘irﬁ':f“etﬂ?méo{s"’tr%‘iné@fes naps, gy

enriched in gegplid or liquid material, as an additive to a food product.
28 August 2003 7 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows the
concentration-related inhibition of aromatase by lignans in JEG3 cells.

of "R ~Fi guiiEus SBhEs et ReRar M-t Bt Preita BREARERS o??@gﬁbse“e
with HVR or wwth an aronmatase inhibitor. Flgure 4 shows the antitunor '

~activity of HVR agai nst DVMBA-induced nmanmary
' Flgure shows the uterine wet welght of immature rats trcated w1th 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). .



gland tunors in female rats. Figure 5 shows the excretion of enterol actone
in the urine of rats treated with different doses of HNR gﬁ #EB
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hydr oxymat ai r esi nol (HVR), for the prevention of cancer, non=cancer,

hor nrone dependent di seases and cardi ovascul ar di seases by addi ng said HWR
into fooed or hy using it as a pharmaceutical preparation. Surprisingly, HW
is metabolizedin vivo to enterol actone, which is assuned to account at

| east partly for the antitunor properties of the lignans. Antioxidative
activity of ~-HVR in vitro is strong and this property indicates that HM
can al so prevent cardiovascul ar diseases Through the protective effect

agai nst damagj.ng free oxygen ecies in the The .invention relates
al'so to the ol Yot aecRilil foB usiion acfeolarinéitedSie inie poien g, | ty
(i.e. inhibileahidpd Qlcﬁ@gb@a&%eraﬁl)ﬂﬁ%'c%r FRfeotdd éa?x@%z”n&?éﬁi%ﬁr Whintdhatause .

Ioss of nutritional value and deVel opnent of off-flavofs in food). . 28
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effective in I ev ers such as breast, K cancer. rostate
cancer and c&tl%ﬁ E g‘rhtly ﬁgﬂgﬁra%‘g S%?Qﬂ?ng?mg'ﬂ%étﬁ%mpe&’ %@f@é such as

| ower uri nar Yeyvhéfdassy b Bind UirloRhRhiaE MRSMBE Fediifin iBhAslEERed NBLARI i tY,

bl adder outlet obstruction, benign prostatic hyperplasia, and gynecomastia

in nen, and cemdlovascul ar diseases resulting fromoxidized LDL in serum
The pharmaceutical preparation according to this invention is preferably an
~oral formulation. The required amount of the-active conmpound (HVR) will

vary W th therhephbadohdceli@dal g&p&latm[o:ﬁbcbmutgemnn@vmh@&l ls/brém@b@adn digise ranges
from about 10 to about 100
formulation . The required amount of the-active compound (HMR) will vary with the
particular condition to be prevented. A typical dose ranges from about 10 to about 100

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

' numtlonal supplement, a nutnent, a pharmafood a nut[aceuuca[ a health food, a°
demgner food or any food product A suitable concentratxon of HMR in the food
product is, for example, 1 to 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



ng per day and adult person. In the food additive of the invention, the
material to be enriched with hydroxymatairesinol can be i ,
non-toxic solid or liquid material suitable to be adm xe?%‘ﬁ}s%@% t hout
affecting the properties of HVR The role of the material is mainly to
make the exact dosage of HVR easier. A suitable concentration is for

exanpl e- 100 ng to Ig of HVR per 100 g of enriched material The food product
according to this invention is especially a functional food, a nutritional
suppl ement, 'a nutrient, a pharmafood, a nutraceutical, a health food, a'
desi gner food or any food product. A suitgble concentration of HVR in the
food product is, for exanple, 1 to 20 ng of HWVR per 100 g of food product.

The functi OnaJ)f}fﬂQl?(dfo?ﬁﬁé)é{ﬂ-bgs%iE%{J}Jarsngien&go%bqr%can; for exanple be in the
: §, breéad, cake;

formof butter, margari I"'sCul cake, candy, confectionery,

yogurt or an other fernmented mlk product, or cereal.such.as nuesli. The .. ..

addi tion of "hlyerxyrrat airesinol is particularly useful to increase food
S

stability in IsplatomebiMEfasnse inrthis inveptiocagsbe ingdedrom pversiza chipdrastigent

P avors in’  oqfiinftinchs il dlihink) SBOEE U BENEE PR irthe ) 1
purpose is, fmevenmianpl discaabogiich @s danter dnd@halicvancuddr dildkdsor use in this

invention can be nmade from oversize chip fraction (containing branches,
tw sts and knots) of conpression wood and use of HWR in the prevention of

di seases. suc ane - I l.ar..dj: he properties of HWR
! u i gé@ééﬁ@sr dcff?pgRC»%Q'sﬁHéﬁ%y sé‘vlgn%kg&@ﬁtea%?ragl. properti

wer e studied rent assays: asurenment of anti oxi dant.
capaci ty in vi.Mesiembbosflanaéoxdintobpaaitpivatigee i nhi biting capacity in JEG 3.
cell's 3. Neasynorent of estrogenic pnd antiestrpgen cyactivity in MOF-7

- 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-



4. Eval uation of estrogenic and anti estrogeni c activity by uteri.ne growt h
bi oassay 5. Measurenent of estrogenic and antiestrogenic i Vi ian adul t
male rats 6. Investigating the antitunor activity in rat Iﬁ%&"qaﬁg%%dgg
manmary cancer nodel 7. Analysis of netabolites fromrat urine after
different doses of HVR The isolation and purification of HWR in sufficient
anounts-for bi.ol.ogical tests has been inpossible earlier because it is a
component of wood |ignans, which have been relatively poorly ‘
characterized. Understanding the distribution of HWR in different parts of
spruce (El kman 1976 and 1979) has given tmz opportunity to study |ignans
and especially HWR in detail A linear, coftelation was found between the
doses of HWVR and the amounts of urinary enter tone. Enterolactone is a
wel | known mahydiprysaterolations Ve amaip [F‘ﬁf‘lég{t‘? ﬂ&{gﬁ%z’é‘f HHs Wagpqj fhe case.

mat ai r esi nol - gy, YRR cBit PR RletabO¥ién [TRMmANbIRRLHIBUR &Y -
Axel son et dt %%&g&y@ﬁfmcnute aml)lunts of unnet abolized HWR and ot her
met abol i t es ( éotethatdif IDGIEDG ismenbolized teemwtmdiod mbijchie patly owiddeedto ur i ne.

Thei t [ th [ f ' d.
These 11 nal ngUeOIBe(RERa R 0 hepasoft St gV fur Ged et e
further, enteqplagi®R€a 8L pRAusbOM dlidolaboasigh denet hyl ation and

dehydroxyl ation steps is not converted to enterodiol. Based on the
structure of HVR one had expected that 7 28 August 2003 10
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enterodiol which is partly oxidized to enterolactone. (R ckard et at_.' 1996;
Lanpe et al . a@srogenidRctikily was demensiated doaidMiy d herplare, isheumsisigdhatdct

precursor of ?1:[1](} ﬁ[gglly%%m%c%m antitumor activity in DMBA-induced tamor model in rats as
sﬁown 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 6f 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,



HVR had weak if any estrogenic action in rat uterus or in the nmale
organism It exerted weak but not significant estrogen-lh#p | ¥ in
MCF-7 cells. No antiestrogenic activity was denonstrated dﬁ6§$ﬁ%@d@/
Therefore, it is surprising that it had highly significant antitunor
activity in DVBA-induced tunor nodel in rats as shown in Figure 2. The
activity of HVR nmay be due to HVR itself or .to enterol.actone. However, no
dose- dependence was found in the chenopreventive action of HVR when given
in tw different doses (3 and 15 ng/kg) to rats after DMVBA-treatnent. Thus
HVR needs not to be converted to enterol agtone to have an antitunor effect
or smaller doses of these lignans are sufficient to acconplish the maxinal

chenopreventi HVR is very effective antioxidant as shown in
Tabl es 2 and égkﬁéﬁﬁéhiﬁe of the nost potent known inhibitors of |ipid

per oxi dation. and excellent inhibitor of LDL -oxidation-:+tnhibition of LDL- - --

oxidation is considered to be of special inportance in hunmans as the
concent rat i orClfmieals di zed LDL.in serumis considered to be one of the best
predi ctors of cardiovascul ar di seases such as at heroscl erosis. HVR nmay
sefve as -a food additive to increase the food stability (i.e. inhibit

vitamn, |ipivarifid liph&H8te R3led 3 ViddTorhER Bsifdidarity OmbieflfogBhikity, ch@tiiy val ue
and devel opnent of off-flavors in food), because HWR was nuch better
super oxi de arfpéhibit aregagratignand ferdheix gntoxrdative pfopsdigy.crhgitesy camponnds han wel |

known -ant i oxi dant t vl.at ed -hydr oxyani sol BHA) and bu at ed '
nydr oxyt of verttor Bnrenelfitinh e AR S-SR, et flEn B 0. 1 000
stability.. Platdch?Bodigy /K, 2003-tiaiixiidrbibotonB ebaailig two 7-OH enantiomers
~ was a generous gift from Dr. Kristina Wihild, 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)



Various lignans were tested in vitro for their estrogenicity, )
antiestrogenicity, capability to inhibit aromatization aQﬁh@Rﬁmfﬂﬁ#%
antioxidative properties. The test conpounds were .purchase romthe

foll owi ng sources: enterodi ol and enterol actone from -Plantech, London, UK
and 7-hydroxyenterol actone containing two 7-OH enantioners was a generous
gift fromDr. Kristin Wahal a, Departnent of Applied Chem stry, University
of Helsinki, Finland. Extraction of HVR from wood HVR extracts were

i sol ated from Norway spruce (Picea abies) as described by Eknman, 1976 and
Ekman 1979. Shortly, freeze-dryed ground ?eartmood was Soxhlet- extracted
Iin with hexane to renove non-pol ar Iipoph lic extractive. The wood sanpl e

was re-extracted.in the sane a r at.u ith acetone/water (9:1 v/v 0 give
rude 11 gnades DiRghrb i aTe BEDAGR 1t R Sl repeicrithoba and

re- chromat ogf|aeh GdeMhicos B, Flal tbnciativh i Fehg PHdii/nAelva @iddeERaHEEqENT - Of - - -

antioxi dant capacity in vitro The antioxidative capaci fy of Tignans was
estimated by by 6uml ofildfisobiohs metohd dad tegf)chemiqals. Bhe lesiconfipdungs weperddsd @at i on,

2) inhibition of |owdensity |ipoptotei. DL). oxidation S| xi de
ani on scavendiuiaRdeiRgn ot PR Tutdp ol thaRKP AR of
l'ipid peroxi dfint@hioR SoRv) UAHIRE Bild pBRxRRGHS pSEndy\eAs coRfaRRNCY thA of tHal bi t
tert-butyl hydroperoxi de-induced |ipid.peroxidation (t-BuOOHLP) in rat
liver m cro¥enels (¢thanpl er dimefiyb sulploxide) alhe reggiph waphgitined by 0d)> mhef 0.9

t - BuOOHLP Wﬁﬁf 14 Lo~O0Mf as fol ] ows: The buffer (50 pM sodium
carbonate, p 8%‘6(%9? %é?bclgmﬂfscfgce&ﬁ?dg?asﬂﬁggoﬁ%%gy Iﬂ)g‘t ffj'é'ﬂl in a
vol ume of 0. 8ydMs, il thi Breh WAL VIBLERIntENS Was caldiigel YCHEntifudhiné RESceOf
,.diluted liver mcrosones, final concentration 1.5 ng protein/m, was
-added, fol | Baywenents were carried out using a Bio-Orbit 1251 Euminometer (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 pn_avént LDL oxidation, the
compounds were added to the incubation mixture prior addition of CuC ;. Possible
inteffcrcﬁcc of test compounds with the assay pr_o.cedu;'e was excluded be rmeasuring
the absorptioﬁ at 234 nm before an;d after the incubation period. For those compounds
which showed antioxidative potency at the starting concentration (6,1 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



by 6 nil of luminol (0.5 ng/m) and test chemicals. The test corrpounds wer e
added to incubation m xtures in a small vol une dil uted ”hd&%@ (g;

di et hyl sul phoxi de (2% of incubation volune), and the |ipi roxi dation
pot ency was conpared to that of the vehicle (ethanol -or dinethyl

sul phoxi de). The reaction was initiated by 0.05 m of 0.9 nMt-BuOCH at
33C. Chemil um.nescence was neasured for about 45 nin at 1 min cycles, and
t he area under curve (integral.) was cal cul ated. Chem | um nescence
measurenents were carried out using a Bio-Orbit 1251 Lum noneter
(Bio-Orbit, Turku, Finland) connected to a per sonal conputer using

dedi cated software for the assays. Inhibition of LDL oxi dation was

oy br e, ot st OREUBRT eaahoR GG ftvenaThe coeablpbiste i B0 G phet o

buffer, 20 mMafaufdied. was added and the m xture was - i ncubated for 3 hrs .at -+
37C. After this, LDL |ipids were extracted with chlorof orm nethanol, dried
under nitrogen, redissolved in cyclohexane and anal yzed

of LoL " oxi amer ok Ptsee Bttt oy DS behe o RO RERRG s B e et

LDL oxi dat i ortheztﬂh@demm@mdaf mr-ezoemgdnﬁ&né;hepmm@indlﬂeﬁu&w& rior
addition of CuC 2. Possible interference of test conpounds wth the assay

procedur e, vvasChéF%lPWd@dc%yc tehosena ahgl. ¥994). dibe sesylts visragalonldedss Bef or e and
ft th ,
: Znt ?:)m d:t: \r/]gg{po ded.?éc%l/gﬁ{do?he s@gﬁﬁgg?oc%%@%w)%ﬁ Fﬁﬁ%gn%gf%d%’onval ues

(i.e. concentmaleiobtir tedi cipaindt est conpound i nhi bi ted LDL oxi dation by 50%

was deternlned Super oxi de ani on scavengi ng nmet hod was based on the
super oxi de ani on produced in controlled conditions by xanthinc-xanthi ne

O oo 1=t o gt ASPRI R Oryen spect e b
decrease the chem | um nescence was eval uated- | C50
"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 usefut aromatase model enabling the study of aromatase
inhibition in vitro {Krekels et al 1991). Cells were maintaitted in DMEM containing
10% fetal calf serum (FCS). The incdbation mixture contained 50 pi *H-androst-4-ene,
3,17-dione (0.5 nM) 50 ul untabelled androstenedione (0.5 nM), 100 .ttl test
compounds (10 mM) and 800 ul cell suspenszon (1 rmihon ceils) After the mcubatlon
| for 4 h, unlabelled carriers (androstenedtone testostcrone I7B-estradtol and estrone)
were added. The stermds were extracted twice with 3.0 ml dtchloromcthane.r HPLC
was used for separ-ation and 'quantiﬁcation of the radiclabelled 3H-l']ﬁ estradiol as.
previously described (Makela et al. 1995) The column system conStsted of a guard
column followed by a C18 150 X 3.9 mm ID analytlcai column (chhnopak 10C18
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



28 August 2003 13 concentration (concentratlon whi ch prevented t he

chem | um nescence by 50% was cal cul at ed. Per oxyl radlocalz§& A &p assay
was based an generation of peroxyl radicals by thernal sition of
2,2' -azobi s(2-am di nopropane) HCl and their detection by chenllutnlnescence
(Ahotupa et at., 1997). The results were calculated as the stochionetric
factor, "i.e. how many nol es of peroxyl radicals can be scavenged by one
nol e of the test compound. Measurenent of aromatase inhibiting capacity in
JEG 3 cells The effects of HW and structurally related |ignans

(enterol actone, enterodiol and 7- hydroxylgterolactone) were studied on.
formati on of 3H 1713-estradiol from 3H ahdostenedione in JEG 3 cells,
human chori ocarci noma cell line. The JEG 3 choriocarcinonma cells are a
useful aromatase nmodel enabling the study of aromatase inhibition in vitro

(Krekel s et afhdR@ELY cell g (haméR becalBdant@icoRy stk BMENLE o Eeia_%r Q & phdd&p fetal- - -
calf serum (FCS) The i ncubation m xture contained 50 At 3H an t 4- ene,

3, 17-di one (0 WmRPMmetumuablenm@dawﬂwb%tmdﬂawu@ ()eIECLHMand;IIIDO" 111

the. i ncubat 2 pediory il hoiiednd niinpdd EREC P nbdoDined Brreliculae: '
t est ost er one, bokl&: €hd madiual wﬁl@gﬁ@éd’ PNR FresH\6HR Llﬁ'ggﬁﬁlles ﬁés}gw ?(e’["l?é dgcnere

extracted twice with 3.0 nd dichl oronet hane. separation
and quant i fi cadtues were hargestesdhyoratsslization and Mﬁ&xkdlm mlnﬁlphaml recﬂ'lt@VI ously

ot um fol | ovsirefs S arttidrbinaddinr S i B0 Vb el gelinns parcliBbak 10
Cl8 HPLC Teabsishagd lﬂeékmmh&{lu&m?gem%&%ﬁ@ %lelé)maJ&}%:ér?aPé&gpéahase vas

acetonitrile /water (35165) and the wrate was 1. in-1ine
det ecti on of HpeldcEgsband ﬁe\?‘éﬂdr@véﬁ’éﬂlpiaé@ 50:008 celis{ St mbimedingy MRELOadhaunm was

~continuously s@:&ﬁqiay of culture the medium was changed and test compounds were added. To
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'teretropic test

The estrogenici[y HMR wasevaluated by the uterotropic assay in immature fats which
was performed as described earlier (Jordan et al. 1977) with the exception of
' treal:ment tunc which was 7 days instead of 3 days in the reference 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..



with liquid scintillant and then nonitored with in-line radi oactivity
detector. Measurenent of estrogenic and antiestrogenic acté%}\gisﬁ

cell. cultures 28 August 2003 14 The MCF-7 cell line (human 5 %ancer
cells) stock cultures were grown in phenol red free RPM nedi um

suppl emented with 5 % FCS, 100 Um penicillin and 100 pgfm streptonycin,
10 pg/nmt insulin and I nM 17[3-estradiol in T-75 cell culture bottles. The
medi um was replaced with fresh ones three tines per week. The stock
cultures were harvested by trypsinization and suspended in 10 m phenol red
free versene solution and centrifuged f 5 5 mn 800 rpm The cell pellet
was carefully resuspended into RPM nedium suppl enented with 5 % dextran
char coal strﬁlg@g F dcFCS) and seeded on.d well plates 50 000 cells/
3.0 nl nediu ﬁ“?“o GUPHELS cHppeR aﬁ%Y‘fde‘éd‘l‘lh@aF?e‘aisum was changed
and test conpounds were added. To test the estrogenicity.of.the l|.ignan..
conpounds, they were diluted in ethanol and added to cell cultures in
final concenistegenir @htiadiogenic) andartiestprgshiclegfeatsiob HIMR sepye dudied M hcs -

estradiol solution in etha s. used a tive control trogenic
response. ‘i ggm%whle\pf@ﬁ'&maér @@SB E‘OE@}rt‘i"HF’SRBé‘pr % Ctest
the anti eStr@E&%ﬁie Yan mclsZéiea/%hrbadiéaluct%&ﬂahaﬁﬂﬁaoﬁélkﬂédg%ﬁlM@hﬁleadded
to cell cultures. e cells were cultured for 5to 7 days In the presence

of test conp&ipReBICHYRItrAd &vagentiuged lmscon@uahfwg@eexem (életwhdltdawl 0 |

proliferation at ied by.,countin a ucl ei wi ulter
counter. Eval ﬁ)ﬁ%ﬁ)ggy i %’Ef“r%ﬁeﬁ'ilﬁc %H‘RPS ai?g@fsr @iﬁ%seé:g?%ﬁﬁ? Wn|cf‘ﬁc))n"rature
rat uterotropé gartlgsévelsile 6§ bfctate GhtiyitdiRatRst &Mﬁlsﬁﬂ%ﬁﬁhﬁosb _emMitwer ot ropi ¢
assay in immture rats which was perfornmed as descri-bed earlier (Jordan et

al . 1977), wliB ahi0-3mefe by oreight (Szangenh al. unprblishedctbsereationsiays i nst ead
of 3 days in the reference study. The treatment time was |onger because of
‘the expected weak estrogenicity of the test

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. Afier 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



(MPV-2213ad), which prevents biosynthesis of estradiol, wag M%Qt 5032 _
nmet hodol ogi cal control for non-estrogen-stimulated uterus.. August 2003

15 Eval uation of estrogenic and antiestrogenic activity in adult nmale rats
Estrogeni ¢ (antiandrogenic) and antiestrogenic effects of HVR were studi ed
in intact and hypoandrogenic Noble strain male rats (age 6 - 9 nonth),
correspondi ngly. The chronic hypoandrogenic state with both structural and
functional changes in the male reproductive tract was induced by neonat al
estrogeni zation (diethylstilbestrol, 10.0;¢9/kg body weight in rape oi

S.c. on postnatal days 1-5). These changes:are known to be partly

reversi bl e by EH{E Fahi biteor treatment consisting daily dose of MPV-
2213 ad 1o-3ot%§? g %@gyt&gfgh%%hgk?eng et al _ unpublished observations).

conpound. The treatment of inmmature rats with an aromatase inhibitor

Animal s were fed the soy-free basal diet  (SDS, -Witham Essex;: Engl-and) and .- -

they had a fiBdRagasagsven wr wasterting Prieteke afiér tho DIMB Atiaditctiand eh§ peakdafegeni ¢

animals were sav d in daily, dosage of H 0_no/ kg body wej in rape

o1 " Anot her PAEAGE SR RPN, BT RA: HVG R R Badr S et e SELEAHE it b+ ape

oi | only as aeRpaHRAR e BRbIBMre chEdiféd fnQibupterkorliing ¥ fn’%ﬁggr&m RRbERL S were
S

sacrificed. The weights of testis and accessory seX glan (ventral
prostate, senGrawingaymersd®Damprogressiut diseasg): g1 Mnarerowieg. stabilized tedors $8Pem and

testis testos ituitary. and serum | uteini.zi ho ne (LH)
“level s were négéggg%a{%gas?’rﬁ%cﬁgg%%@y o yolime prregiessipn ﬂ’g@%??%nsesti gating
the antitunor Regidssihg Vunidis (RR =piSAt ie8piEe e fTBEHGH Of (GRICRSluiB Bfire dART t UTOr
activity of HVR in rat manmary cancer was studi ed as described earlier
(Kangas et at 7>%gb)Disappeargd imoers (R rormipletsisspene opalppleatumenver e gi ven
12.0 ng DMBA (di met hyl bent z[ a] ant hracene) by savage. After approximtely 6
weeks -

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



pal pabl e tunors could be detected, whereafter the width (w) and the |l ength
(1) of the tunors were neasured once a week to determ ne é&pﬁu dgp%oavol unes
according to a formula V= (m2l)/12. The rats were al so weighed on

week. The rats were allocated in 3 different groups so that the total
nunber of tunors in the beginning of the experinent was simlar in each
group: (1) Control group 8 animals, (2) HVR 3.0 ng/kg 7 animals, and (3)
HVR 15.0 ng/ kg 7 aninmals, one of whi ch had to be killed 28 August 2003 16

- before the end of the experinment. HVR was given per os starting 9 weeks

~after the DVMBA-induction, i.e. 3 weeks af Ler pal pabl e tunors appeared, and .
was given daily for 7.5 vveeks At the eno[ of the experiment the. tunors wer e
classified in_groups accordi.n t heir attern tum)rs
(bp 2 br ogr e ERRHER B Ll i SVaPorbRis bnedins S T

stabilized dléﬁ%ﬁﬁedfﬁngd@@gglédagIZWﬂl@m or regression.less than 75%. .. -
3. Regressing tunors (P parti response, regression of tunor vol une

nore than 75%; 4. Disappeared tunors (CR = conpl ete response, no pal pabl e

tunor). Analy, is of nme abollte fromrat. urine recel di fferent doses. of
HVR Ten Sprag iR pasple werg gisdoly P@ﬂg’éﬁe‘{wﬁﬂ% Lhe

met abol i sm OfBSTMT'MCS’[I\GDI) stiPialiBh ﬁea&&{LeIM@%S'aﬂal ﬂsro‘? W diliaded D

|l ight:dark cycle and had free” access to water and Soy-free basal diet
(SDS, Wi t harsalples werepgfoamad wathrandiP 6820)- SQ?étCa‘GcMS smstrstnedy ThRGG colene

cavaged. with HNR al Ve nol 3..,1 25 and -

50 my/ kg body™" W 3@?8{-&? ug(egé?/e(&?ygpo]{y 0"35?/50 t%e# Qéﬁmé{Gagr%é‘“’t‘ he 24
hour  urine v hiRkh&®6}. PRtk mt@&pﬁmgﬁawﬂ&@bmwr% TRE &§CCQRhaI Ni ng
1201 0,56 M ascorbic acid and 1201110 M Na- azi de.as ‘preservatives. The

centrifuged uvasrt@npmm:mogvemadefm 60U tri2P08C pat 8GCTmin-h2ftihg tar The GC-

pretreat ment Zj%((:)top was szct M sa?i? mode 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



buffer (pH 4.0.} 0.1) was added to 3.0.m thawed urine aliquots.. Sep-Pak C
18 columns. (100 ng silica based resin/colum) were used f@faWisPSo03
extractions. Colums were preconditioned with 3.0 nil H20, 3. met hanol
and 3.0 ml acetate buffer. After urine had filtered through the colum and
washed with 3.0 nml of acetate buffer polyphenolics were eluted with 3.0 ni
met hanol. The .el uate was evaporated to dryness under nitrogen in +45C

wat er bath and dryed residues were redissolved in 3.0 Ml of 0.2 Macetate
buffer. 30 i Helix pornatia enzyne m x was added and the solutions were

i ncubated in +97C to hydrol yze both gl ucuroni des and sul fates. 3001x1 of

fl avone stock solution (100 gg/nml in Et 0-68 was added into. hydrolyzed

sanpl es- The 28 August 2003 17 sanples were extracted in C 18 columms and

evapor at ed t V& tostedat difergatcancenimyonyf lMR. The dnhibitore gapapity oMWy

anal yzed w t [g@%r i

pyri di ne, Ic;b gﬁ_&@at?ggéb f){a I ng%%éﬁ&?%%@f%gd%@ l%dﬁ)xlll a%Ji5 éﬁgﬁggggent

The GC- M5 anaia;am dlfse-ﬂbmrﬁbﬂltyiﬂbﬂﬁn of argrheizati@f ﬁltﬂlﬂl’tﬁ@cfdiie&ld&hbﬁlr

6890- 5973 GCI\/& |ns(t) gfge Tfstg oI um  was an HP- crosslinke rreth I
pol ysi | oxane tOIUHK e Tygs yrther showin that entgrodiolsigs mmnmhlqentuaﬁ@%r)gmﬂa i um
was used as

tenmperature gﬁ%g%%ﬁggg#f%nn@gfo%?#bq%égm Thg@)n?&t‘%ﬁ?}gng rate The GC-

i nj ector was lsrdtomymaapbsmelrtmdmoanmaxt&plefﬁecns@anureolr) ﬂdﬁaimgﬂkwxmportmicmf

t enper-at ure s 250C. d |d ntificati based on mass spectra.
The quanti taﬁ\’?@“mg%(la&ﬁm gB%!&’éd“ﬁ'ﬁ %FP vl dorfhgpromagase of
target conmpongmbiiohe! ative to the internal standard. RESULTS Assessnent of

antioxi dant capacity in vitro HVR had st ronger | i pi d ‘peroxi dation capacity
t han any ot her- I'ignan or flavonoid in

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 effeet_

' 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'eétroger-lic activity on hypothalamus -

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



our tests (Table 2). HVR was, conpared.to well known antioxidants TROLOX,

which is a water soluble vitamn E derivative, and BHA a i e :
ability of inhibiting |ipid peroxidation, inhibitiod of L%%@gg??%ﬂqn and

scavengi ng superoxi de and peroxyl radicals (Table 3). HVR was as a whol e

t he strongest antioxidant, nore effective than BHA or BHT in all assays,
and stronger than TROLOX in all assays except for |ipid peroxidation

i nhi bition assay, where the conpounds were al nost equally active.

Aromat ase i nhibiting capacity in JEG 3 cells The inhibition of

3H- 170-estradi ol formation from 3H andr o'jgenedi one in JEG 3 cells 28 August
2003 18 was tested at different concentrations of HVR The inhibitory

capacity of HVR was coppared to enterol actone, 7-hydroxyenterol actone and
ent erocl i ol : ABAEFYOSER g%é‘usec‘éﬂ%"édm&reﬁ‘éfé"e&’ﬂégéﬂfﬁ% H{dz/'F%'PJbi‘?qﬂé‘i‘il of
aromat i zat i ORxsbidNiAAGEN T GO REENF ati on range of 1.0.to 10.0.M It was ... ...

further shown that enterodiol was noninhibitory indicating that the
| actone ring is critical for the inhibition. 7-hydroxyenterol actone and

hydr oxymat ai resi nol . h _i nhi bi.t f (Fi 1) indicating th
Tpor t nce. ot ek e RS Sl b/ALORRLE iR tesime

nol ecul e for the aromatase inhibition. Estrogenic and antiestogenic
.activity in MCF-7 cell cultures HVR had very weak, not statistically
si gni fi cant &Vumbsseneovang € westus sgblei(EDhtmiors, rggressingVBR) Tureak And

proliferation: shown .in _Fi gur.e Eyal.uat j.on of _estr. ic and
~anti est rogen{aéﬁéé?%@c} @R)ﬁ?\mf)%?ﬁ?eé&p f F%ﬂué‘? %‘tattl?pﬂ"i}g’f‘écgtef%‘g‘tf was
i |l ustrates tfbendaibiteelatistallyVEyQinifiRnt tThkre Meas o Q¥MaP d&de-ddpBndiBpbpr € rats.
HVR had no significant estrogenic effect on the uteri'ne weight gain of the

i mmature r a8 a0 igites el BaticantiokidativeiagH turged grewitnetersatingig no
antiestr Ogen'p?og%He%%tf}MR may therefore be connected with the in vivo antiumor 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



- illustrates t

Aromat ase inhibitor prevented the increase of uterine weight, as.expected,
indicating that the nmethod for.the neasurenment of the argiei,aget sdtai bitors
was adequat e. Eval uation of estrogenic and antiestrogenic activity i.n adult
mal e rats After a 4-week treatnment with HVR no significant changes in the
wei ghts of accessory sex glands and testis were observed in control and
hypoandrogenic aninmals (Table 4). There-were no significant changes in
testosterone or LH concentrations, either (Table 5). These results
indicate, that 1-1IMRis not a full estrogen agonist in male organism
because it does not exert"the typical est&qgenic activity on hypot hal anus
hypophysis -- gonad - axis (inhibition of"LH and androgen secretion).

Neither is HVR 28.August.2003,19 tiestrqgep hecause it. does . nat

reverse the cﬁﬁ%ﬁ%@%ﬁﬁ%"ﬁ%%ﬁﬁe&? Felées‘fﬁeggépﬂaﬁé’fcﬁ eﬁ%‘“?ﬁ’élaﬁ%lr}g“@pat.

| nvesti.gati ngad feardatdukit Dg@&i&ﬂdiét&yisﬁg?l@&gﬂ%ﬁﬁg%%-' BRIy cancer...... . ..
Ver sus sta e

nodel Nunber of grow ng ggk ] 10 SD) “tunors, regressing (PR
tunors and drad@yasculag effery inthumnans. AddiporesiiMRitoi fnodioguale idnovEige aew i t unor

effect of HM . found be statistically ver ignificant. There was no
cl ear dose- de*&%‘%&%‘h"g&"’c‘)’r Bﬁ)‘%ﬁ?f: \"fcﬁ'ﬁr%‘P gllg‘c@log aFF‘?fﬁ?‘i c%ﬂg’é‘fr.cfo%i)?rhuove{ food s

ant i oxi dat i vefagitlet unor grow h regressing properties of FIMR may therefore
be connected with the in vivo antitunor activity. The mechani sm of
antitunor activity of HVR iii vivo is still unknown. Analysis of

retabol | es ! LOBLolkk ARSI B ALMLSTSN: ABRSE R b St

In excreting neta

ent er ol act onethe fofm ofa v@setpef duitddi@ltQonBad few GFHiMPare ARRWEDherdini B Wil
surprising taking intg account = the chem cal structure of HVR, because one

woul d expect PS/RRRIRENE HAr dheoipgeinlis an ths fisld thatptherembordimentrtxist and Fpaot -
t abol i f | _ o
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illustrative and should not be construed as restiictive. -




CONCLUSI ONS Hydr oxymat ai resi nol (HVR) has antitunor activity either as
unchanged conpound and/or after conversion to 'enterol actzguduat 2HEA

i nduced breast cancer nodel. HVR has therefore a potential to have.
beneficial effects in humans who are at risk of developing breast cancer
(BC), prostate cancer (PC), colon cancer or benign prostatic hyperplasia
(BPH) _ HVR is-netabolized to enterol actone which inhibits aromatization in
vitro. HVR may as a precursor of aromatase inhibitor also prevent the

devel opment of lower urinary tract synptons (LUTS), bladder instability,

bl adder outlet obstruction,-urethral dyssynergia, and gyneconmastia_ HVR has
al so strong 28 August 2003 20 antioxidative activity and may therefore be
used as food additive (antioxidant). HWR as pharmaceutical product or
dietaryﬂgggqlenent may have advantageous cardiovascul ar effects in hunans
Additio HVR to food to make innovative-new functlonal f.00d, RO
nut race ql Qealth fOﬁ%%?%ﬁ% ood gF ner .food or novel food IS

f easi bl “'f 1459 lmag'é“a%l%'b ury diffprent olanh fooq By @ yifeo ﬁ"@‘"bl’"’é’é;é‘i‘ﬂ‘ﬂi fsebntion -
can be |ﬁ¥%rporated in -the forn1of a variety of enbodinents, only a few of
whi ch are discl osed herein. %g be apparent for the specialist in the
field that other enbodi nents eil st &nd do not depart. fromthe spirit of

the invention. Thus, the described enbodinents are illustrative and should

not be constpggggggpyggbkgctlv%£0&§ August 2003 21 Table i. Production of
mammalian lignans fromdifferent plant food by in vitro fernentatlon wi'th

human fecal BbyBEAN | 170
CEREAL BRANS:

WHEAT 570
OAT 650
WHOLE CEREALS:
» RYE . 160
POTATO 30
CARROT 350

ONION 110

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



g/ 100 g FLAXSEED FLOUR68 000 SOYBEAN170 CEREAL BRANS: 570 WHEAT QAT650
VWHOLE CEREALS: RYE.. 160 POTATO80 CARROT350 ONI ON110 'Thorrp%)ﬂug}st 0
Nutrition and Cancer 16:43-52, 1991 28 August 2003 22 Table 2.7 A C_%(I DANT
PROPERTI ES OF LI GNANS AND SOVE RELATED FLAVONO DS IN VITRO BY LIPID
PEROXI DATI ON | NHI BI TI ON TEST. Conpound Anti oxi dative - capacity -
(t-BuOOHLP) .. (UM Flavonoids kaenpferol (3,4',5,7-tetrahydroxy-

22

Table 2.

' ANTIOXIDANT PROPERTIES OF LIGNANS AND SOME RELATED FLAVONOIDS IN VITRO
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)-butyrolactone

enterodiol o o 12.7 |
2,3-bis-(3"-hydroxybenzyl}-butane-1,4-diol

hydroxymaairesinol . 0.08



fl avone) quercetin (3,3',4',5,7-pentahydroxy- 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 ‘ﬁgﬁbéﬂiﬁﬂﬁw
2,3-bis-(3 -hydroxybenzyl)-butane-1,4-diol 12.7 hydroxytnatai nesi nol 0.08
28 August 2003 23 Table 3. COVPARI 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'

Table 3. o o e
COMPARISON OF ANTIOXIDATIVE 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® BHA® 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 |ipid peroxidation0,06. pM),02 IiML, 1 1.tM 15,3 EtM

I nhibition of LDL oxidation2,0 }i M, 71MVhot determ ned SusrAXuwee2G03 on
scavengi ngb, 6 pM25 pML5 pM > 1 nmM Peroxyl radical -scavengingl : 41:.2not
determ ned hydroxymatairesinol 2 water soluble E-vitam n derivative a
Butyl at ed hydroxyani sol (synthetic antioxidant) s Butylated hydroxytol uene
(synthetic antioxi dant) Determ nati on 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 wei ghts' Treat nentaBody

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

wei ght I ntact animal sPl acebol12426 284362 170909 146412 43223 49

FI MR1244713842233049381484195920448 50 ng/ kg. Hypoandr ogeni cPl acebo12481
293340 509333 188249 6369 49 animals HVR12455 363276 327378 198266
4970 30 50 np/kg ' Data is expressed as- nean _
Rel ative weijghts after HM. treatnment are not significantly different from
pl acebo in either group Table 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'

SD ( nmg/kg:-body: wei ght:).... oo o

Serum LH

{Treaunent ~ .} n Testis Serum Pituftery 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 1129585 | 2770+ 1421 | 683842061 | 108840352
Hypaandrogenic | Placebo 12| 6358259 | 119720663 |8673+2224| 07120371
animals -

somegke EMR | 12| 4g0s152 | 09390431 | 753022286 | 0854+ 0333

! Data is expressed as mean  SD. Hormone concentrations after HMR treatment are not significantly different from

placebo in either group.




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
placebo in either group. 28 August 2003 35 REFERENCES Adlercreutz H,
Bannwart C, Wahala K, Mkela T, Brunow G se T, Arosenena PJ, Kellis JT,
and Vi ckery LEpgdpifhEéon of human aromat ase by manmalian | i ghans and

i sof | avonoi d phytoestrogens. J Steroid Biochem Mot Biol, 44: 147-153, 1993.
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1. Hydroxymatairesinol. or a geonetric isonmer or a stereoisonmer thereof for
use in prevention of a cancer, a certain non-cancer, horngnQKQngmﬂent

di sease and/or a cardiovascul ar di sease in a person. 2.

Hydr oxynat ai resi nol or a geonetric isomer or a stereoi-somer thereof
according to claiml for use in the prevention of cancer in a person,
wherein-said cancer is selected fromthe.group consisting of breast
cancer, prostate cancer and colon cancer. 3. Hydroxymatairesinol or a
geonetric isomer or a stereoisoner thereof according to claim1 for use in
the prevention of a certain non-cancer, hornone dependent disease in a
person, wherein said non-cancer, hornonaBOdependent disease is selected
fromthe group consisting of lower urinary tract synptons, ureéthral

dyssynergla instability, bladder outlet obstruction, benign
prostatic. hy a
a geonetric isonmer or a stereoisoner thereof according to claiml for use

i n the prevanHygnx9hatedhovaragebmetrl is@ageriatteqiemsanhervdfdorise isai d
car di ovascu lp?éveﬂﬁ&ﬁ@lsaecdn%rr gauhdigtod- CAHEeD )ﬁ'oﬂ‘lé K elpgrdrehpdﬁ@drsy%d/é' a

FWdroxynatalre5|n gonetric I soner use In a nethod of
i ncreasi ng rngagﬁﬂéﬂﬁpﬁétone or another netabolite of
hydroxynatalre5|nol in a person's serumthereby causing prevention of a

cancer or ajst ﬁfyﬁfﬁ'x Qﬁ'ﬂreﬁﬁ&q}? fa ehﬁ%{ﬂlqgom&%%@%wlsdﬁﬁé ‘?ﬁ’é@of‘a@c&dﬂﬂ% k& on
conpri-sing a sald person an: i ve

St 51 S g R BT ik d
hydr oxymat ai’r®%i ndl " a* GRGHEY P &* FLfre” %I?e"?“si” Peb & ?TH%F%%CF&
Hydr oxynat aifross thegrowpr consigiages breast cansae prastatacascer adicolompaneaier eof for use
in a nmethod according to claim5 wherein said cancer.is‘selected fron1thé

group consi st of pbreast, cancer r.ost at e lQn
0D sonet st Lo PhaPhEtgh FNERhyRRR0ALF SARETI AR DA BERNEE , T
in a methodlamddpersegnitles RICEEIHOB ORASPEIIA NeRICANGEH ROERMRepenbsrhdisease in
dependent diagresa, whereishiaioncaht@hdrhi@ngrdeppndeandisaike gelkbtel duar thar i nary
tract synpt ) &Bﬁgm,ga(j)f lower urinary tract symptoms, urethral dyssynergia, bladder

instability, bladder outlet obstruction, bemgn 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 geometnc isomer thereof for use in a method of i 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 cander. '

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.

S|a and gyneconmastia in nen. 4. Hydroxymatairesinol.or. ...



dyssynergi a, benign prostatic hyperplasia, and gyneconastia in men. 28
August 2003 31 8. A pharmaceutical preparation conprising znagjlsegoade
amount of hydroxymatairesinol or a geonetric isomer or a stereoi soner
thereof in conbination wth a pharmaceutically acceptable carrier. 9. An
additive to a food product, said additive conprising hydroxymatairesinol or
a geonetric isonmer or a stereoisoner thereof, enriched in an edible,
non-toxic or liquid material,' wherein said additive conprises 100 ng to |
g of hydroxynatairesinol per 100 g of said enriched material. 10. The food
additive according to claim9, wherein said food product is selected from
the group consisting of a functional foodl a nutritional suppl enent, a
nutrient, a pharmafood, a nutraceutical, a health food, a designer food or
any food product 11. The food additive accor%¥ng to cIa|n19 wherein said
food product®-i® PRaaReicahRIEPaTpRICqmRPIHE FiiReRTe HERURPL . mar gari n

bi scuits, brt@aﬁbxyﬁﬁkaer,esmalndw, ge@ﬁfﬂ:frﬁﬁbd)tﬁé’tﬁj’r)a,ste}taﬂsti’rﬁer tl@érecﬁnn@bxlnernaﬁ&trrent ed

m | k product er eal esl i..12. A food product conprising an
effective ad%t ﬁﬁ °%¥% j%%?%?@ ﬁ%ﬁror a geonetric isonmer or a
st er eoi soner thereof 13. The food product according to claim12 wherein

sai d food p@@b‘tcidd}tﬁfe%@5?&6@&03&&”QaldtJlﬁltﬁfe%ﬂlpﬁ%ﬁg'hﬁﬁﬂoﬁg@%anésmSILHP%t' onal

food, a nutritiona  enent, a nutrient a nutraceutical,
a heal th focgaomstruégqrafrrér afstsaepisnmer terecfotrrish %utatn ediblg, nomrt@m@baqprioduct

accor di ng t anatbdlWhdein sMleidditiveeon@ris@ADOREOBUCE of BydRofyiiaitRRR! perf @ad i n
the formof b bi scuits, bread, cake, candy, conf ectlone'ry

r arin
yogurt or L{I&?ﬁewng‘?cﬁ%ﬁ%ﬁ m | k- product or cereal such as nuesli.

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 isomer or a stereoisomer thereof.

13. The food prodhct 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 nutracoutiéal, a health food, a designer food or any food product.

14. The food product according to claim 13 , wherein said food product is a functiortal
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.



15. A nmethod for increasing the stability of a food product conprising the
addition to said.food product of an effective anmount of 5g ayuqust 2003

hydr oxymat ai resi nol or a geonetric isoner or a stereoisoner t ereo?.

August 2003 32 16. The nmethod according to claim 15 where the increasing of
food stability conprises the inhibitition of lipid, vitamn and pignent

oxi dations, which cause loss of nutritional value and devel opnent of off
flavors in food. 17. The use of hydroxymatairesinol or a geonetric isoner

- or a stereoisoner thereof, enriched in a solid or liquid material, as an
additive to a food product. 18. The use according to claim17, wherein said
food product is selected fromthe group 32onsisting of a functional -food,
a nutritional supplenment, a nutrient, :a pharnmafood, a nutraceutical, a
health food, a_designer food or any food product. 19. The use according to
claim 17,  whi dpg “?gl(’éi aceyding e glan 15 svhere the dngrepsimig of dondl gtabilityecontpsisgn of .

-

butter, margag idhibibiiGCof ligid, WasRdandak@enCAidiions, WiGEEIBORISY of MREHEal OF
anot her fern?ntegcp1lk!grqd¥ch, or cere%i such as nuesli.
_ value and development of off-flavors in food.

17. 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.

18. The use according to claim -17, wherein said food product 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.






