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ABSTRACT KEYWORDS
Phytoestrogens are the phytochemical s quite similar in function to gonadal Phytoestrogens;
estrogen hormone and are potential aternatives to the synthetic selective Flavonoids;
estrogen receptor modulators currently used in hormone replacement Isoflavonoids;
therapy. They can be classified as flavonoids, isoflavonoids, coumestans, Stilbenes,
stilbenes, lignans and terpenoids. Soybean is richin isoflavones like Coumestans;
genistein, daidzein and their methyl ether derivatives, biochanin A and Lignans;
formononetin. Consumption of these is associated with reduced risk of Terpenoids;
osteoporosis and related health problems. The main dietary source of Osteoporosis,
phytoestrogenic stilbenes is trans-resveratrol from the skin of red grapes Cancer;
and peanuts. Coumestrol and 4'-methoxy-coumestrol are two potent mem- Cardiovascular diseases.

bersof coumestans mainly found in sprouted legumes. Secoisolariciresinol
and matairesinol are two lignan dimers which are not estrogenic by them-
selves, but readily convert to the mammalian lignans, enterodiol and
enterolactone, respectively and have estrogenic, antiviral, antifungal and
antioxidant activities. Terpenoids (ferutinine, tschimgine, and
tschimganidine) foundin the Umbelliferae family have estrogenic activities.
Infemales, lifeis affected by avariety of estrogen-related conditions such
as osteoporosis, cognitive and cardiovascular decline, increased risk of
breast cancer and other symptoms that decrease the overall quality of life.
Phytoestrogens are effective in maintaining bone mineral density, prevent
bone loss, and help in the prevention and/ or treatment of such health
related problems. Plant-derived food may supply avariety of phytoestrogens
capable of producing a range of pharmacological effects and protection
from various diseases. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION trients, dietary supplements and specific dietsto ge-

netically engineered designer foods, herbal products,

The nutraceuticals comprises bioactive processedfoodsandbeverages. ‘Nutrigenomics’ is the
phytochemicalsthat protect or promotehedthandoc-  next frontier in nutraceutical therapy progressinginthe
cur at theintersection of food and pharmaceutical in-  battleagaing ageing, diseasesand sufferingsby theavail-
dustries. Such substancesmay rangefromisolated nu-  ability of genomicinformation. Theinterface between
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thenutritiond environment and ol lular/genetic processes
isbeing referred as nutrigenomics. It providesamo-
lecular genetic understanding of phytonutrientsthat af-
fect health by atering the expression and structure of
anindividual’s genetic make-up. This in turn may alter
initiation, development or progression of specificdis-
eases. Nutraceuti cals havetremendousimpact onthe
hedlth care system and may providemedica hedth ben-
efitsincluding the prevention and/ or trestment of dis-
easesand physiological disordergt4.

Plantswith estrogen-likebiologicd activity are be-
ingusedintraditiond systemsof medicineandfolklore,
for example, the pomegranateisassociated with fertil -
ity,theThai vine, Puerariamirifica, asrguvenator and
aphrodisiac and hopsto lower libido by the German
clergyintheMiddleAges. Till now, several hundred
plants have beenfound to exhibit estrogenic activity due
tothe presenceof phytochemica scaled phytoestrogens
(PE). They arerecommended for the prevention of dis-
turbed hormonerel ated di seases>9.

Estrogen (Greek Oistros, ‘mad desire’ and
gennan, ‘to produce’) is the generic term for chemi-
caly smilar family of substancesthat function endog-
enously as hormones aff ecting femal e reproductive
function and/or anatomy. They are steroidal in nature
and play animportant rolein maintaining bonedensity
by regul ating the formation and resorption of bone.
Sincelower circulating estradiol levelsarefound dur-
ing menopause, caciumislost from theboneinto blood
plasma, leading to osteoporosis. Hormone replace-
ment therapy (HRT) stimul ates bone formation and
may prevent bonel oss, osteoarthritisand incidence of
osteoporosisin postmenopausal women. However, if
taken alone, HRT canincreasetherisk of developing
ovarian, uterineand breast cancer!™1Y,

Phytoestrogens

Phytoestrogens (PE) are non-steroidal
phytochemicasquitesimilar in structureand function
to gonadal estrogen hormone. They offer an aterna-
tivetherapy for HRT with beneficial effectson car-
diovascular system and may even aleviate menopausa
symptoms. They are potentia alternativestothesyn-
thetic selective estrogen receptor modulators
(SERMs), whicharecurrently gppliedinHRT. Assuch,
PE may act asnatural SERM sthat dicit distinct thera:

peutical effectsby salectively recruiting co-regulatory
factors to estrogen receptor-f (ER- B), which then
specifically affect transcription. Therelative binding
affinity of estrogen for each isotypereceptor isstated
to be 1000-fold higher than that of phytoestrogens,
but the latter could evoke biological responses, be-
causeof their higher concentrationsin plasmaascom-
pared to the endogenous hormone estradi ol >, Apart
from their estrogeni c properties, other features (Fig-
ure 1) could also beinvolved in their observed di-
verse action mechanisms, including binding to other
nuclear receptors, antioxidant effects due to their
polyphenolic nature, anti-carcinogenic, modulation of
steroid metabolism or of detoxification enzymes, in-
terference with calcium-transport and favorabl e ef-
fectsonlipid and lipoprotein profileg®2.
Health Problems

Antioxidant
|
PHYTOESTROGENS

Radicals
Figurel: Biological propertiesof phytoestr ogens
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Onthebasisof chemical structure phytoestrogens
can be classified as flavonoids, isoflavonoids,
coumestans, stilbenes, lignans and terpenoids.
They occur (TABLES 1-3) inether plantsor their seeds,
soybeanisrichinisoflavones, whereasthe soy sproutis
apotent source of coumestrol, the major coumestan(>4,

TABLE 1: I soflavonoid content of somecommonly used foods

Sour ces | soflavones Sources | soflavones
(ng/9) (rg/)
Soy 610-2440  Kidney bean 0.1-4.1
Soy sprouts 250-530 Black gram 6.4-12.6
Soy protein  465-1993  Green gram 7.0
Soy milk 13-211 Red gram 2-5.6
Soy cheese 33-593 Beans 0.3-1.3
Tofu 79-635 Lentil 0.23-0.4
Miso 227-892 Barley 0.21
Soy sauce 12.7-230 Peas 04
Groundnut 3.5-84 Coconut 0.19
Tea 234 Currents 2.25
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TABLE 2: Resveratrol content of somefoods

Sour ces Resveratrol (ng/g)

Wine 0.316-15.348
Peanut butter 0.015-0.982
Peanuts 0.003-0.0725
Green peanuts 0.183-0.716
Polygonum cuspidatum 296-377
Green grapes 0.016-0.318
Black grapes 0.945-1.874
Raisins 0.0005-0.003
Grape juice-black 0.087
Grape juice-green 0.0015

TABLE 3: Lignan content of somecommonly used foods

Sources  Lignans(ug/g) Sources  Lignans(ug/g)
Soybean 9.6 Banana 2.8
Flaxseed 347.5-1140.3  Orange 21
Lentils 19.6 Apple 25
Cowpea 19 Mango 17
Green gram 17 Carrot 29.3
Walnut 1.7 Cabbage 18.6
Cashew 2.6 Cauliflower 16.2
Peanut 18 Onion 10.3
Wheat 0.8-2.8 Garlic 10.5
Rice 0.2-6.0 Potato 4.1
Barley 13 Cucumber 59
Strawberry 7.7 Tomato 33

Flavonoids

The isoflavonoids are a subclass of flavonoids,
where one phenolic ring has migrated from C-3to C-
2. Isoflavones have similar structureto estrogen and
have the capacity to exert both estrogenic and anti-
estrogenic effects, they may block the effects of estro-
genin sometissuese.g. thebreast and womb lining but
act likean estrogen in providing possible protection
againgt boneloss and heart diseases. The precursors of
these substances are widespread in the plant kingdom,
but mainly foundin Leguminosag™ and areespecialy
abundant in soybean and its products, legumes, ber-
ries, whole-grains and cereals (TABLE 1). Among
these, genistein (5,7,4-trihydroxy-isoflavone), daidzein
(7,4-dihydroxy-isoflavone) and their 4-methyl ether
derivatives, biochanin A and formononetin, respectively,
are the best-known examples (Figure 2). The main
isoflavones, genisteinand daidzein, commonly exist as

HO

R, = OH, R, = OH, Genistein

R; = H, R, = OH, Daidzein

R, = OH, R, = OMe, Biochanin A
R; = H, R, = OMe, Formononetin

OH
i
LT,
O-Desmethyl-angiolensin (O-DMA)

OH
O OH
HO I (0]

Equol

HO

Figure2: Chemical structuresof someisoflavones

inactiveglucosides. They area so derived from precur-
sors, biochaninA and formononetin, which areconverted
to genistein and dai dzein respectively, after breakdown
by intestinal glucosidases. Daidzeinisfurther partialy
metabolized to O- desmethyl-angiolensin(O-DMA)
and equol (Figure 3). Because of their non-steroidal
skeleton and different specia structure, phytoestrogens
when bound to the estrogen receptors (ER) were ex-
pected to act totally differently. They share structural
featureswith estrogen, inthe sensethat the presence of
particular hydroxyl groupsthat can bepositionedina
stereo chemical dignment virtually identica to one of
theestrogen. They can exist asglucosidesor asagly-
cones, theglucosides being readily hydrolyzed inthe
gut to their aglycones (Figure 3). The aglyconesare
easily trangported acrossintestind epithdlia cdlg¢29,
Onceingested, the absorption of thesecompoundsre-
quires initial hydrolysis of the sugar moiety or
demethylation, respectively, by gut/bacteria-released
intestinal enzymes in the digestive tract. The
metabolization of isoflavones to equol and O-
desmethyl-angolensin (O-DMA) for daidzeinandto 2-
(4-hydroxyphenyl) propanoic acid and tri-hydroxy-
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benzene (THB) for genistein by gut bacteria(Figure 3)
aresubjectsof largeinter individual variation, depend-
ingongestrointestind microfloraand diet®%1. A closdy
related compound to the isoflavonoids is 8-prenyl-
naringenin, anisoflavanone, foundin hops (Hummulus
lupulus), an ingredient used in beer. Populationsin
China, Japan, Taiwan and K oreaare estimated to con-
sume high quantities of isoflavones (TABLE 1) and
women of these countries complain fewer incidences
of osteoporosi sand related health problems, especially
hot flushes, cardiovascul ar diseases, |lower incidence
of hormone dependent breast and uterine cancer.
|soflavones have a so been reported to inhibit angio-
genesis, cdl cycleprogression, aromataseenzymeinhi-
bition, stimulation of sex hormone binding globulin
(SHBG) synthesisand digitais-likeactivity!?-3,

| Glucosides of genistein & daidzein |

| Hydrolysis by gut microflora (glucosidases) |

Sugar moeity Aglycones
(glucose) (genistein & daidzein)

Demethylation, Dehydroxylation, Reduction, Ring cleavage

Metabolites of genistein (THB & Metabolites of diadzein
2-(4-hydroxy-phenyl) propanoic acid) (dihydrodaidzein, equol & O-DMA)

Hepatic conjugation <—> Enterohepatic recycling

Excretion in urine

Figure3: Metabolic conversion of isoflavonesglucosides

Silbenes

Themaindietary sourceof phytoestrogenic stilbenes
(Figure 4) is resveratrol from red wine and peanuts
(TABLE2).Althoughtherearetwoisomersof resverarol,
cisandtrans, but only thetransform hasbeen reported
to beestrogenic. Itisfound only intheskinof red grapes,
ingreengrapesand whitewinevery low levelsof trans-
resveratrol arefound®4. The content of resveratrol in
winedependson cultivars, geographiclocation, season
and presence of Botrital fungus. The level of trans-
resveratrol inredwines, fermented withgrapeskins, can

beashighas 14.5 mg/lit. Boiled peanutswerefount to
contain moreresveratrol than peanut butter and roasted
peanuts. Asthe peanut matures, theresveratrol content
inthenut dedines, whilesmd ler immature peanutshave

higher levelsof resveratrol >33,
O OH

HO
Sh
HO

Trans-resveratrol

Diethyl-stilbestrol
Figure4: Chemical structuresof somestilbenes

Coumestans

Although therearealarge number of coumestans
(Figure5), only asmal number have shown estrogenic
activity, predominantly coumestrol and 4'-methoxy-
coumestrol aretwo potent membersof thisgroup. The
main dietary sources of coumestrol are sprouted le-
gumessuch assoy, and dfdfa; however low levelshave
been reportedin brussel sproutsand spinach. Clover

OH O

H3C CH;

8-Prenylnaringenin

HO
R = H, Coumestrol

R = Me, 4' -methoxy-coumestrol
Figure5: Chemical structuresof somecoumestans
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and soybean sprouts are reported to have its highest
concentration®*41,

Lignans

The term lignan is used for a diverse class of
phenylpropanoid dimers and oligomers. Secoiso-
laridresnol and matairesnol aretwo lignandimerswhich
arenot estrogenic by themsalves, but readily convert to
themammalian lignans, enterodiol and enterol actone
(Figure 6), respectively, which are estrogenici4243,

HsCO CH,OH
CH,OH
OCH,

Secoisolariciresinol

HsCO
OCH,

Matalresmol

——— Review

Theseareof great interest because of their estrogenic,
antiestrogenic, anticarcinogenic, antivird, antifungd and
antioxidant activities. Thephytolignansarefoundinhigh
amountsin flaxseed, asparagus, whole grains, veg-
etables, and tea(TABLE 3). Fruitsa so havetheir low
level swith the exception of strawberriesand cranber-
ries. In humans, after consumption of plantsrichin
isoflavonesand lignans, enzymatic metabolic conver-
sionsoccur inthegut, by micro floraand themamma-
lian lignansarereadily absorbed .

HO CH,OH

Enterodiol

SN

Enterolactone

Figure6: Chemical structuresof somelignans

Terpenoids

Ikeda et al.l*®! surveyed estrogenic and
antiestrogenic activities of terpenoid phytochemicals
foundinthe Umbelliferaefamily andrevealed that three
compounds(tschimgine, tschimganidineand ferutinine)
have agonistic and/or antagonistic activitiesfor ER-o
and ER-B. Ferutinine and tschimganidine are
sesquiterpenoids and tschimgineisamonoterpenoid

HaC

e H\;CA'
3 ‘y
éH3 H3CO o
. @*

HO

Tschimgine

Tschimganidine

(Figure7). Thestructuresand biosynthesisof theseter-
penoids are distinct from the well-known
phytoestrogens such asisoflavonesd*dl. Ferutinineiso-
lated from Ferula jaeschkeana was reported to in-
crease uterineweight and prevent pregnancy when ad-
ministered ordly inrats. It may modul ateestrogen Sig-
naling similar to phytoestrogens specificaly, estrogen
receptor subtype selective PE and may be useful as

CHj,

OH CHgz

.....

Fenl

Ferutinine

Figure7: Chemical structur esof someestrogenicter penoids
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natural SERMs. Itisan agonist for ER-a and an ago-
nist/antagonist for ER-p, tschimgine is an agonist for
both ER-o and ER-f and tschimganidine is an agonist
for ER-a only. It was assumed that they affect theen-
docrine system similar to other man-made endocrine
disruptersto exert their effectsthrough estrogen recep-
tors, specifically ER-a. and ER-B7.

ROLE OF PHYTOESTEROGENSIN
HUMANHEALTH

Osteoporosis

Itispainful, disfiguring and debilitating conditionre-
sultingin theloss of bone massand vertebra fractures
that shorten height and may aso lead to rounding of the
spine known as Dowager’s hump. Osteoporosisisre-
lated to multiplefactorsincluding aging, hormonedefi-
ciency and diet. Because of thisinsidiousprocess, itis
not uncommon for older peopletolooseupto 7-8cm
inheight dueto skeletdl damageand compression, which
can lead to nerve problems and increased pain. M ost
of the studies suggest that phytoestrogensare some-
what effective in maintaining bone mineral density
(BMD) in postmenopausa women“®%3, | priflavone (7-
isopropoxy-isoflavone), asynthetic flavonoid, inhibits
osteocl ast recruitment and function,anditsuseat adose
of 600 mg/day preventsbonelossin osteoporotic post-
menopausa women. Evidencefrom severd human stud-
iesdemondtratesthat certaindietary phytoestrogenscan
produce estrogenic effects in the postmenopausal
women, including estrogen-like effectson vaginal cy-
tology and reductionsin hot flusheg?"285354,

Cardiovascular health

In postmenopausal women, cardiovascular diseases
(CVDs) areoneof theleading causesof desthin United
States and Europe. Estrogen can affect the vascular
system both directly, through the estrogen receptors
located invascular tissue, and indirectly through alter-
ing thelipoprotein profile. Isoflavonoids or soy prod-
ucts/soy protein and flaxseed havetheability to lower
total and LDL cholesterolsand raiseHDL chol esterol
resulting in reduced risk of CVDg%%, Thereisevi-
dence to support the hypothesis that phytoestrogen
consumptioncontributesto thelower incidenceof CVDs
inAsan countriesand in vegetariansand that they may

inogecﬁtzofo_qy C—

also be cardio protective. A study of Rhesusmaeand
female monkeys has shown that i sofl avone-intact soy
protein supplementation resulted in hypocholesterolemic
effect that appearsto be significantly related to pre-
treatment plasmachol esterol. Dietary phytoestrogens
may providecardio protectivebenefitsviadirect effect
onlipids, inhibition of platelet aggregation and antioxi-
dant effectg519%9,

Cancer

A large number of epidemiological studieshad
shown that people who consume high amounts of
isoflavonoids (phytoestrogens) intheir dietshavelower
incidencesof varioustypesof cancersincluding breast,
prostate and colon cancer. A high plasmaconcentra-
tion of themammalian lignan, enterol actone, iscorre-
lated with areduced risk of breast cancer. Similar cor-
relations have al so been found between dietary in-
takes of isoflavonoids and lignans and thyroid, ova
rian, and breast cancersin pre and postmenopausal
women*"182%3 Theincidence of hormone depen-
dent tumorsislower inAsiaand EasternEuropewhere
consumption of phytoestrogensishigher than western
countries and amongst vegetarians. Breast, ovarian,
prostate, and colon cancer show anegative correla-
tionwith PE intakewhen compared with mortaity rates
dueto cancer. The epidemiological, animal, and cell-
line datasuggest that phytoestrogensmay play apro-
tective role against the devel opment of prostateand
breast cancert®-335860_ |t has been reported® that
increased consumption of beans, lentilsand pess, to-
matoes, and dried fruits was associated with signifi-
cantly decreased prostate cancer risk. Hirayamal®!l
showed the protective effects from prostate cancer
withconsumption of green leafy vegetables. In human
prostate cancer cell lines, high concentrations of
genistein and biochanin A inhibit the growth of both
androgen-dependent and independent cel | 96293062631,

Estrogenic and antiestrogenic activity

Phytoestrogens are of biological interest because
they exhibit both, estrogenic and antiestrogenic actiong®.
Theestrogenic effect of phytoestrogenswasfirst ob-
served as reproductive disturbances in sheep.
Isoflavones stimul ate uterine hypertrophyin laboratory
anima sexhibiting estrogenic action®, Whenadminis-
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tered with estradiol, genistein functions as an
antiestrogen, decreasing uterineestradiol uptakein ani-
mal modds. Isoflavonesexhibit anticarcinogenic activ-
ity in vivo. Genistein has been the phytoestrogen of
greatest interest at present and, in vitro, hasbeen shown
to exert both proliferative (estrogenic) and
antiproliferative (antiestrogenic) effectsin human cell
lineg¥. Sathyamoorthy and otherd® haveshown simi-
lar stimulatory effect with daidzein, equol, and
enterolactoneat very low (10° M) concentrations. This
anti-proliferative effectsof genistein occurredin both
ER-positiveand ER-negativecedll linesand thus appear
not to be medi ated by the estrogen receptorg 316193964,

Dietsrichin plant-derived products may supply a
variety of phytoestrogens (TABLES 1-3) capable of
producing arange of pharmacol ogical effects(Figure
1). Infemadees, lifeisaffected by avariety of estrogen-
related conditions such as osteoporosis, cognitiveand
cardiovascular decline, increased risk of breast cancer
and other symptomsthat decreasetheoveral quality of
[ifel3-3365, Phytoestrogens appear to have physiol ogi-
cd effectsin humans, withthemost supportivedatabeing
related to the effects of soy proteinsupplementsonlip-
idsand lipoproteinsand on vascular function. Postmeno-
pausal women who havethe greatest breast cancer risk
should be encouraged to increasetheir phytoestrogen
intake. It may bethat phytoestrogen ingestion needsto
belife-long and combinedwith other low-risk dietary
constituents. Non-estrogenic compounds present in
phytoestrogen-rich plant sourcesused in clinical re-
search may interact with them either by potentiating or
interferingwiththeir activity and bioavailability. In addi-
tion, some phytoestrogens may act as estrogen ago-
nists or antagonists depending on their structure and
concentrationl628-3066],
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