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Biological Activities of Phytoestrogens in Plant and Foodstuff
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ABSTRACT : Phytoestrogens are oestrogenic compounds
found in plants and consist of isoflavones, lignans, and
coumestans. The structural similarity of phytoestrogens to
endogenous oestrogens has promoted the hypothesis that
phytoestrogens exert hormonal or anti-hormonal effects
relevant to the risk of hormone-dependent disease and/or
their suitability as a dietary alternative to hormone
replacement therapy. Epidemiological studies suggest that
food stuffs containing phytoestrogens may have a benefi-
cial role in protecting against a number of chronic disease
and conditions. It is thought that these estrogen-like com-
pounds may protect against chronic diseases, such as hor-
mone-dependent cancers, cardiovascular disease and
osteoporosis. Furthermore, phytoestrogens are used as a
natural alternative to hormone replacement therapy and
to reduce menopausal symptoms. Phytoestrogens are con-
sidered good candidates for use in natural therapies and
as chemopreventive agents in adults. However safe and
efficacious levels have yet to be established.

Keywords: phytoestrogen, source, bioavailability, chronic dis-
ease

Phytoestrogene d|~E=Z7 3289 &4
estradiol# TE%, 7|FHoR FAMH
diphenolic structureE 35402 Zh= A&
o}, Al Aelo] 2sPH phytoestrogen “AEZA &
e LYol HlZHZo|=AY] AERY SeEE Aol
o, Allens Doisy(1924)°l 2J3] 41E<] F&EFo] o =27
s Bty XE BHiE o]FR 19540l o 2ER
7 e 7R AEY 589 53FF7F 28E dsient
1 % phytoestrogene X3Feh= 2ETLS 3009 THROIGL
2 AL, FAE 1,00099F00 o1& Aoz FFsk
tHBradbury et al., 1954; Franworth et al., 1975).
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Phytoestrogen®] €& 2|71 A12Hek AL “clover disease” @)
wolm AF exEF oM FRWr} FRE BxolA
FEEE FEAAAM EYol BAEHI olot AHIY
phytoestrogen®] X479 Aol vX= 37} BIEHAE
E] o]th(Bennetts et al., 1946). ©] B AEA A fE
AEEZA FAREE EAE A4 A7lsel FAEAA &
IE 2T Aolgte AFE 3 sl 2y o] F 21y
" ge skl Aol HEZQ ofroMAl AlFleA] A
# 8= phytoestrogen®] F5-g 2loj9} Aoz & Izl
Y, APAY, AR AFEE WEe A #A™-o
Ao AR e AT ALY B2 ZWo] o] o
A FAHo] = Ao= Uil wet AEFC 2R AFHE
3L Q= phytoestrogen®] U/ &3 E olE T} X FHo
o] &3t} she B At FsE 3 Qi

H, J2EZZ B4 HE 9o TE, v[AEEC] At
3l 3gtE SERAEE 2 1 EeEdME BaEHI
DDT 72 45A 3 734 BEx Ad2ERZ fAEAEE
HERYA| T o] 52 xenoestrogen® 2 E-FEE Ao Fa)3h
g4¢ JUedie 54 FHoz ArHIL led, o
xenoestrogenr 2 FA49] HYE WX ER TR ¢4, 4
B8O olgye 2| FHE U= phytoestogens T4
o= st EAT AEAEE AFRgdTh

A

l
=

Phytoestrogen2| #8 % &

Phytoestrogen> 2]52] £7], 8], oL} FAjelA s
w A M group =, isoflavones, coumestans, lignanso] 2+
deA Ark(Table 1). ¥l A 2Fo= HEAN d9€ 2
ol 2}3} resorcyclic acid lactone®S EFAIF|7|= SH=H
ol XA dAEZA(mycoestrogen)©l Bt B L4
(Adlercreutz, 2002).
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Table 1. Classification and food sources of phytoestrogens.

Isoflavones Lignans Coumestans
Legumes  Soybean products Whole grain cereal Fruit, Veges, Seeds Alcoholic sources  Bean sprouts  Fodder crops
Soybeans  Soy meal Wheat Cherries Beer from hops Alfalfa Clover
Lentils Soy grits Wheat germ Apples Bourbon from corn  Soybean sprouts
Beans Soy flour Barley Pears
haricot  Tofu Hops Stone fruits
broad Soy milk Rye Linseed
kidney Rice Sunflower seeds
lima Brans Carrots
Chick peas Oats Fennel
Onion
Garlic

Vegetable oils including olive oil

Source : Murkies, A. L. (1998)

Isoflavones

2EA Y EAlehe B 7Y ol IR 2 F
Fto] dl~EzA 848 JEPAT. Daidzein, genisteind} &
A 259 glusocide?] daidzin, genistin, ZE2] methyl
ethyl +%=4|2] formononetin® biochanin A7} THEAR] o2
EZA 84& Hols o)A, A%z B
hydroxylation 3} alkoxylation HElol] wjz} Ex}o] #4kst &
A4S HES Ay A zlolrzb vErdTh 3 tiEA<
isoflavone FYZEZA] tIFE Fo| A widA el
6"-malonylglucoside®} 6'-acetylglucoside FE|Z EA|5lH o}
ZTE FHl= vjFolnt. o|AEHE ofFT T FE uli,
UE, 24 5 g9 A% waaFol Egxo] Atk (Wang
and Murphy, 1994). Z8](clover)= o]AZe}Eo] F4 A&
ZA] daidzein, biochanin A ¥ formononeting L FFO
2 Fgfslz Uk A= SolX FAH Y chick peatt
Bengal gram®ll= formomonetin®|t} biochanin A7} Bo] &
o] AUt} BiFoM W] A& EE FelE pueralind

deoxymiroesterol®] F+5o] ATt

Coumestans

Coumestan oA G|AEZA 848 Yeplle 32 2
EF5H70) FAHNSH coumestrol(7, 12-dihydoxycoumestan)
3} 4'- methoxycoumestrol®] 7P 5238 g§Hgolc}, Lds}
FUYE, clover 59 E=2 EAg o8 F= ¥RE o}
Yet T A HoME olaZEiis) Fol ik 2
He Hddeidoez iy o|lAZeEe TAs gEd=
cinnamic acid25-8] coumestansS TAI STt B HATH

Isoflavone®] g9 A= 2 Z& mechanism®l] gt S+
2 RE Winkel-Shirley(2001)E isoflavone®] Fig. 13} 7Fo]
phenylpropanoid pathway®] branch A2 AFAE H& W3
). olo)] wle} EAENA isoflavone 8% S232 9% gene
manipulation 77} 8438 3= thJung ef al., 2000).

Phenylalanine

* Phenylalanine ammonia lyase (PAL)
Cinnamic acid
Phenylpropanoid

pathway p-Coumaric acid

+

4-Coumaroyl CoA + (3) Malonyl CoA

Chalcone synthase (CHS)

hall thase (CHS,
Chalcone reductase (CHR) Chalcone synthase (CHS)

Tetrahydroxychalcone

i hal
Trihydroxychalcone Chalcones

I Chalcone isomerase (CHI) I

Liquiritigenin Naringenin
l Isoflavone synthase (IFS) l
Daidzein Isoflavones Genistein
Isoflavonoids

Fig. 1. A partial diagram of phenylpropanoid pathway showing
intermediates and enzymes involved in isoflavone
synthesis. Source. Jung, W. et al. 2000.

Lignans

Lignan® monomeric C;Cs 207t HWEE #HE3EZEA
dibenzylbutane skeleton 7-Zo|H X 2HE(oilseeds), NZEF,
5, Ot T2, FY, oRl, FRe FREY itk 59
obuh(flaxseed)ell FFHOZ FEE] glo] olrpAE UnHy
O 096~3.15 pmol lignan/gs ks Zo= Uikt
(Thompson et al., 1997). ©15 2t&Eo| g-=o] U= lignan
€ secoisolariciresinol-diglucoside, matairesinol 52 A&
gldolgtal FE22H o] ItEES A F AW ol 9
3 mammalian lignan?] enterodiol, enterolactone® = o]
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2La-3ie}, o| 9% Forsytia intermedia®) pinoresinol, sesame
(Sesamum  indicum) 2]
(Podophyllum peltatum) rhizomes®| podophyllotoxin, Shizandra
chinensis fruit2] gomisin A, creosote bush(larrea tridendata)

sesamin¥} sesaminol, Mayapple

2| nordihydroguaiaretic acid’} $1
SHH A& s AbEd (sapomn)o]b} B9’z 0] = (terpenoid)
Ald A fAEZA g3F zk it} E3) o|5& £u}
(black cohoshy} 7FZ=(licorice)?] dl~E=A 38 Yehlie
Z9 APolAut Aoz #Hise o AE ZA (phenolic
estrogen) B0} A A o © FRsiA EAgT 2 9
flavanones, flavones, dihydrocalchones 5 TFFgt 3}51Eof|A
g2go] 7l #H Aot Edsi
Phytoestrogen®| 2jo] F-Holl tatod= B2
Table 2= 8. phytoestrogen®] ¥ 2 S ‘)r‘:/}"” Aol
o} olaZEfEe FE F #H “Eoﬂ Ak o
mg/g dry weight HAZ g5Ho] Qlon 1 ke 3 £
A, A AR, F 7?‘6—%’%’ T o8 8%
22 th(Wang and Murphy, 1994(a) 1994(b)).

Phytoestrogen2| SAu} AR |2k 33
forage legumesell A F 68 EFS UAOZ isoflavone T

g RAgE A3 F FEE kudzu root(Pueraria lobata
and Radix pueraria)’t 2 mg/g, dry weight® 2 7P =S
o 53] 32 genistein®] TF0] 7P T2 Folgfal Birs}
$tt ESF pigeon pea, groundnuts, pinto beans, hericot
beansdl| M= =2 50] genisteino] 5] e Aoz v}
EPth HH mung bean sprout®ll A= daidzein(7 pg/g dry
weight)®} genistein(20 ug/g dry weight)e] =] = AR
o2 e THMazur, 1998).

ojaFehEe] HATFES AR Ao oJshA OV‘]O]'O 18
25~100 mg/day, FH HAA7] AHELS | mgday 7T
AFetT BT EATH Coumestan clover, alfalfad] 3= OP
3L legume shoot, sprouts?] Y FEE WPHE Z0R HIE
Fey=s Split pea, kala chana seeds, pinto beans, lima beans
5 d¥ F324EF soybean sproutel]l 29| coumestan(15-
80 ug/g dry weight)o] ®F3Th E3] mung beand} alfalfa
+ sprout’¥E7F H¥ coumestan gl 208 F7FSHOIAL B

TH7| %= S5k

Mazur 5(1998)2 19% 9] food legume species®} 4% 2] Lignang 4] = oilseeds, 3NZ2F, 57, T, 3, oF
Table 2. Phytoestrogen content of staple foods and beverages of western, oriental, and mediterranean diets.
Isoflavones Lignans
Plant foods, Trivial name (Botanical name) - — —
Daidzein Genistein Secoisolariciresinol Mateiresinol
Western diets
Rye (Secale cereale). whole meal 0 0 47.1 65.0
Wheat (Triticum dicoccum), whole meal tr tr 8.1 0
Potato (Ipomea batatas) 0 0 10.0 6.5
Carrot (Daucus sativiis) tr tr 192.0 3.0
Cabbage (Brassica oleracea) tr tr 33.0 tr
Apple (Pyrus malus) 124 tr tr 0
Strawberry (Fragaria x ananassa) tr tr 1500 78.1
Oriental diet
Soybean, ranges for species (Glycine max)* 10,500~85,000 26,800~102,500 13.0~273.0 tr
Kudzu root (Pueraria lobata)® 185,000 12,600 31.0 tr
Rice (Oryza sativa) 0 0 16.0 tr
Japanese Sencha green tea. brewed tr tr 1890 277.0
China black tea. brewed 0 0 1050 90.9
Mediterranian diet
Flaxseed (Linum usitatissimum) 0 0 369,900 10,871
Sunflower seed (Helianthus) 8.0 13.0 610 0
Garlic (Allium sativum) tr tr 379.0 3.6
Tomato (Lycopersicum esculentum) 0 0 51.6 6.5
Grapefnit (Citrus paradist) 0 0 219.2 0
Olives, ranges for species (Otea europaea) 0 0 48.0~292.9 3.9~11.9
Lettuce Rucola (Lactuca) 0 0 1056 tr
Red wine, Chianti reserve® 0 0 1280 98.0

The samples were analyzed using the ID-GC-MS-SIM method, and the results are given in pug/100 g dry matter.

 Additionally, contained isoflavone formononetin 18.0-121.0

® Additionally, contained isoflavones formonoetin 7090, biochanin A 1400, and coumestrol [570.

¢Given for wet weight, ug/L.
tr. Present in trace amounts.
Source : Mazur, W. and Adlerereutz, H. (2000)
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A, TF, 2232 53] flaxseedl] FHFH o8 FEH Utk
(Thompson et al., 1991). Flaxseed= YR SZ 0.96~3.15
umol lignan/gs TH3tH, ke E5 A X, 8 d
= 7k 9Q1Ed wet gl uj= HA7] A4 ES] sHF
B HAad HHFS 578 pgo = AEATHde Kleijn et
al., 2001).

Phytoestrogen2| 7% 54

rEZAL AN FAHERTH A da, F
A9, 378 glo} EuHAlolA EHlEs JP4S2R0RE o
EHU)L (estradiol), “N2EZ(estrone), | =EE] S (estriol) 52
A3, 17B-estradiole] 714 Z&E 3},

F23F phytoestrogend] ©|4ZEHE A, 2lade] &
AtxE Aoz EAske 7V AR 2ERA 17B-
o 2Eglt]&x vws] B Fig. 29} 7t} Phytoestrogens
NrERA FgAfe] Afo] FHIIEF 17p-o2ERTE
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Fig. 2. Chemical structure of some mammalian estrogens and
phytoestrogens. Source : Humfrey C. 1998,

b FRde] FAREe] ot AFATE B gAel digk A
sl¥e 17pc2Eetr] &3 vlwsle] A4gs] Hojxlvkal Bl
HAok ALl thol=ARle AZRe] OH7| frte] &
ol7b U= &R, ©] &2 o)zt F #Ae] Ae]r)Eel
- & kg vt FHAEZS 3 FRE A o|2E
2ol FAGo] olaFete] & FxRT § At
Miksicek(1995)= flavonoid ol 724 fAMIe] Jde E4
EoA estrogen /o] Atz HTEH O™ Mazur and
Adlercreutz(2000)= phytoestrogen®] o|A~EZA 2438 8}
o Table 3% 22 723 5A4E 7Pk gL st o
23t 123 FAMISE phytoestrogens estrogen agonist 2
2 estrogen antagonist® 218314 o}

Isoflavone¥} coumestans | A~EZA $2A(ER) o, Bl
g 2EEs} gsatgel & izt 2tk Cassidy(1999)y=
genistein, daidzein, coumestrol®] selective estrogen-receptor
modulator®£4] ERoETH= ERBY 3k o & zggog 4
e e whale ofy ZAE, ¥, AE8A,
AAA, ZAA o fFroEd s LRtk Rusitt
Kuiper 5(1998)2 Table 49} 7Zo] phytoestrogen 3}3+E2

Table 3. Diphenolic phytoestrogens : key structural elements
crucial for estradiol-like action.

- Presence of the phenolic ring indispensable for binding to
estrogen receptors

-Role of the ring A of isoflavones mimicking the ring A of
estrogens at receptor binding

- Low molecular weights, similar to those of estrogens

- Distance between two aromatic hydroxyl groups in the nucleus of
the isoflavones almost identical to the distance between the C3
and C17 hydroxyl groups of estradiol

- Optimal pattern of hydroxlation, i.e., hydroxyl substituents at 4,
5, and 7 positions(e.g. genistein)

Source : Mazur W. and Adercreutz, H. 2000

Table 4. Relative binding affinities of phytoestrogens to human
estrogen receptor hERo and hERP.

hERo hERJ
17B-Estradiol 100 100
Coumestans
Coumestrol 20 140
Isoflavonoids
Genistein 4 87
Daidzein 0.1 0.5
Formononetin <0.01 <0.01
Biochanin A <0.01 <0.01
Flavonoids
Apigenin 03 6
Naringenin 0.01 0.11

Source : Kuiper G. G. et al. 1998.
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AiEzA g g WFbe] gJolr} Urky BT
Ashe Pt opdet &A1) wisfskE fdRbe] AArEAd
(transcriptional activity)| == phytoestrogen Atuit} X}o|7t
wrha sk

g isoflavonoids®] THAFESI equoke- daidzein® ZHE T)
e dUiEeR A olaFehEolth ollA equols ¥
ke SEE ARttt Zlel7k U & el mhER, oa
2 HEE S o A 30% 7o) equots FASkE
Ao VEPTHLampe, 1998).

[

&2} oAt

Absorption and metabolism

A g 2lohs o] aFate) Fot At o} Fast
o, V\E‘E}EJ F49 thakl #-d dAlE Fg 33 2o
o|AFEEHLS UFE glucoside conjugate FEIZ 43 =

HE F %HH u}a]a]o}oﬂ ojal] AJ2HE glucosidasesol] iaH
glycosidic  isoflavones©] aglycones?l genistein,  daidzein,
glycitein® 2 tQALEL), AollA] FE7] Ao Adu HE o)
of 9Jgt o]AFETHE aglycone?] isoflavone metabolite=2] T
At Alg dojubAl ftk(Setchell, 1998). 53],
p-ethylphenol, daidzein2 equol®] 1}, O-desmethylangolensin
(O-DMAE A= ol U2 2% S RSetchell
and Cassidy, 1999). S5 % o] AZ TS glucuronic acid®h
sulphate®} 7+ollA] 2§31 (hepatic conjugation) -2 4%
3= 8 FE© genistein-glucuronides, genistein-sulfate®]
. olES T WY ZERol=e) fAteA, FRAEE

genistein-

Aglycones + glucuronides +
sulfates (?)

Isoflavone
Glucosides
! Aglycones + glucuronidees
+ sulfates + hydroxylated
metabolites + methylated
metaboiites

Small
intestine

Glucuronides

+ sulfate:
Isofiavoni }
Glucurc;nid

Kidney

)
1
La vl
rge
¥ Bladder
Bowel Agtycon gs e
)
¥
Bacterial™
metabolites
Urine
Aglycones + glucuronides
+ sulfates + hydroxylated
Aglycones + glucuronides metabolites + methylated

metaboiites +
bacterial metabolites

Feces + sulfates + bacterial
metabolites

Fig. 3. Bacterial and mammalian metabolism of isoflavones.
Source : King, R. A. (2002).

Phytoestrogen®| &

g M2l 35

(enterohepatic circulation)y& 3hH AollA AFto] 3g]|=o] =}
FrEAY Mes widdEn.
gade] F59 tirbe o)A fARE 7 A
5 AE gl secoisolariciresinol- diglucoside(SECO-
DGy= 7l ghelgotel] o8] 3 dFEe] 7ieEslE Eal
SECOZ tjAlHt}, o]F dehydroxylation®} demethylation® 2
enterodiol®] =™, WH3-& HlE|glo} dhof ols] FAdstEc)
Enterodiol 312 &57F doid ?)\2 , O AkshE o
H7}9 A 22 enterolactone?] Eo] F5ET; G Bellof
A 3 dehydroxylations} demethylation{-3-2- Zvl 3},
matairesinol( MAT)S enterolactoneC E HSHA)7 10, o] Hejz
%"QE}(Setchell et al., 1988). Mammalian ]2 He2
E45 72 glucuronic acid$} sulphates} ZdwE ooz
‘E_‘%E’]}h"' s AX =2 WAEAY AEF ¥o
(Adlercreutz et al., 1995).

Bioavailability

King# Bursill(1998)2 th552E2 FAE Fejo] Ayx
Bl AuzEle] erelalag s ATsinen, Wl
ANZHARLE B sl B ANLAR S5} A
AV2RL TR Aol AeuT FLT P& UHND N
2 ol 2 ol BT WRT o)2FAE e o
FeZol| el gollX FE7] o, 3ol 2 &
Ago] 7] wiitoltt, Aset IFEEE AFT ATl A
Hgh o]AZERE WG 7 A HALA] TRl EEdhe
Y= o] AZalE olFgE Bt ¢ 7! /\]7]—0] gast Aoz
el o] Aikz olaEHE wiBAlZL A FE7] €
A= A glucosidaseol] 2Jsl olFE]EoE ZFE ojof &
The A o] aZTHE wigA| 9] olZe|Ee R e g Aol
AAAN FHEEE Fesle F8 Dlgke 2E veR
Frh o]aEEE ofFEES AT ¥ Y AL F=
TEttE AL olaZEhE WiRBAE HFHE BeET Ak

Al ] o), SEE FoA] 5H) olge] AfFHE o=
VFERSETE,
Watanabe 5(1998y Edolxf A zdele] w7 (half-

lifey’h 84NIZHO R Tol=AlRle] 5.8 Al7hart o AYrkE B
5Tt EG o]aTebR olFeTOE 4 F B A
UzElel FErh tolEAdET B B3 AsE st o
L A&He o2 et o oSl alle] &
% Ao AT 9]

2t

FOII

Phytoestrogen2| 2|&41} QX0 OX[=

Breast cancer. 2 AT A ¥ A ENAIN 71
T 29 s #HEFHY )

&
= o,
Y Y SU T o AERE HAF Alolol] 2o 4
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FAA7E Jrhs BA(Dai, 2001)9}, isoflavone®] estrogen 2
A ZHgsle] Y A EAE SISk Aol 2A3
of e At s HClemons, 2001). LUEZ3} S
genisteinS FJg 2] F4ollA terminal end buds (7&3}
" ey 42 v, B3 A9l F4E FEiL lobule 1T
Eol BoHle A #Hste 53| A7) ofd dAlA
genistein F7F 4 S AHH R AT Aol
BRIt T3 genistein AE7] A, Al Aelzle] o
Al 22T AU raelA gk o R ke e o
Hojo] WolE YeEpAIthy B 78l thLamartiniere, 1998).
et AES o] #ld, enterolactone, enterodiol, &
] = F %, 85 enterolactone F-2]E 07 S-9
FHAAE 7RI HaEHATHMcCann et al., 2002) YRt
ol sl AiH o2 et w fgo] 42 AAFeRe
T
S

hul

T FejFos goade] o] HFH@ & owjd o] 8kt
3 B3E K Adlercreutz er al., 1986). LUt o]
aZEoY gt HF ol JEFE LA B 4R 2
e JdFER RIHIT e Aot 2
phytoestrogen®] W91 &2 &3} FAdR] Faet 7hdol
oq3te AAH WAUS SHOE A7 AL 3
(Bridgette er al., 2000).

Phytoestrogens- A|AEZ A 839 F#3t 7]12o]] 2]s)A]
T el Wolgds vehit o|aZehds Blad BY
ZHZOlE 3=2E Ao #dd" 3=2E& A
(Adlercreutz et al., 1993; Krazeisen ef al., 2001), genistein®]
protein tyrosine kinase, DNA topoisomerase®} angiogenesisS
AAsh, 3t 28-S Wiy B E vk (Adlercreutz,
2002). Table 5v= Phytoestrogen®] ¢ ol 2h83} s &
A5} 712k Aeg Aot

[e]

_

N

e

MU o

Prostate caner

AGAY WHELS A7 Aol Hg) ofrlo} FAEE] HE
o] Yrhil By E o, ofrlol WIEdAN, 53] ol4Eet
g Bol AT a5l AEAY wE o] ¥ RBA
3 Ak EFE ofrjol FAES] H, =, HAeM o]AZe}
£ st w2 28 AT Morton et al., 1997).

Stephens(1997)2 &%t phytoestrogen(160 mg/day)yS ¥
FA AT EHN, F218 Qlo] M EIF AFEE AL MY
FUE "It Basitk. Urban 520012 A5E &
% prostate specific antigen(PSAYE 717 =91& didez A
st AHH biomarkerse] & FEo| o]AZTHE(69
mg/day)eHT & D o] viXe IS A7 AP &
£ AWehe T olaZEhEe] A e A WAES
E A= HEEAHES US 7JE3 dihydrotestosterone
o2 AIB3t= So-reductased] A, aromataset 17p-
hydroxysteroid dehydrogenaseE X3él= AH|ZolE $28

b

Table 5. Phytoestrogen activities relevant to cancer prevention.

Estrogen-like actions
Selective ER-agonism
Estrogen antagonism
MCF-7 cell proliferation
Inhibition by antiestrogens
Modulation of sex steroid metabolism
Decreased serum estradiol, 16-hydroxyestrogens
Inhibition of enzymes of estradiol biosynthesis
Sulfatase/sulfotransferase inhibition
Enhanced SHBG synthesis
Antiproliferative/Apoptotic actions
Inhibition of protein tyrosine kinase
Antioxidative activity
Inhibition of DNA topoisomerase
Induction of tumor cell differentiation, G2/M arrest
Induction of TGF-B1, p2lWAF/CIP1, wt p53
Supression of COX, c-fos, heat shock proteins
Inhibition of angiogenesis

ER, estrogen receptor; SHBG, steroid hormone binding globulin;
TGF, transforming growth factor; COX, cyclooxybenase. Source :
Wood C. et al. (2002).

ol HHEE sEEO oA, 2 WP Al EoA
apoptosisE sl A 502 HWEHI UtKEBvans et al,
1995; Onozawa er al., 1998; Krazeisen, 2001).

ShA glado] FR3 flaxseed HH= & HAESHES
free androgen index& TAA)71™, apoptotic cellsg F7HA7]
37, tumor proliferation indexE A4aAl7|= RoZ et
(Demark-Wahnefried et al., 2001).

Cardiovascular effects

Phytoestrogen©| A ¥ A 23 2y} #AHAH opfst
markers Z-sk= WolAd A4S sivhs o8 Bt 3l
(Cassidy and griffin, 1999). F #|&-2 H]Edle] o]4hZ}
I} o] e 7922 =Z plasma triglyceridese} A8
A Zg x|} So AHAPL 7= oz vshlti(de
Kleijin, 2002). 3+ ol&Fetds} FH743), 2293t aortic
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Menopausal hormone effects
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