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Abstract. Isoflavones, rich in soy bean, are currently receiving much attention because of their potential role

in preventing and treating cancer and other human chronic diseases. Data from epidemiological reports and
hboratories have shown that isoflavones have multi-biological and phamacological effects in animals and
humans. These include estrogenic and antiestrogenic effects, cell signalling conduction, as well as ell growth
and death. Based on this properties, soy protin and isoflavones have been associated with reduced incidences
of breastand prostate cancers, cardiovascular diseases or osteoporosis, and exhibit some other favorabk effects.
The mechanism through which isoflavones may exert the above-mentioned functions are not only based on the
estrogenic properties of isoflavones, but also on their rok as proteinty rosine-knase inhibitors, as regulators of
gene transcription, modulators of transcription factors, antioxidants,as well by altering some enzy me activities.

INTRODUCTION

Interest in the phy siological role d bioactivecom poundspresent inplants has increased dram atically
over the last decade. Of particular interest in relation to human health are the class of compounds known as the
phy toestrogns, whichembody several groups of non-stroidal estrogens including isoflavones & lignans that
are widely distributed within the plant kingdom[11, 22].

Phy toestrogens (plnt estrogen) isa generic name used to define chsses of compound thathave high
gructural similarity to estrogen. They are either of plant origin or derived from “in vivo” metabolism of
precursors present in plants andor eaten by mammalsIn plants, phy toestrogens protects against ultraviolet
radiation effects, control normal plant growthand protect from stress[3, 22, 24, 26, 28, 29].

Phy toestrogens, like synthetic estrogenic and anti-estrogenic compounds, bind receptors in
mammals. They significantly differ from the sy nthetic estrogen-receptor modukators in their ability © undergo
metabolism [14]. Ths remarkable charastristic of high turnover and short half-life provides that the
phy toestrogns are stored in tissues. Phytoestrogens are able to selectively mimic the effects of estrogen in
certain tissues. Data indicates that phytoestrogens may offer protection against a wide range of human
conditions, including breast, bowel, colon, prostate, brain, and other cancers;cardiovascular
deseases;ostoporosis and menopausal symptoms [1, 16, 18, 25, 27]. Molecular and cellular biology
experiments, animal studies and human clinical trials suggest that isoflavonesin particular may confer specific
health benefits rehted to cardiovascular deseases, cancer, osteoporosis, menopausal symptoms and other
deseases. Thus, populations consuning diets rich in phytoestrogens were shown to be more protected against
breast cancar, heart descase, menopausal symptom s and osteoporosis than populations consuming less of these
products [6,9, 17, 21].

BIOCHEMICAL CLASSIFICATION OF PHYTOESTROGENS

Phtoestrogensare natural plant substances with a structural and functional similarity to genuine
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17B-estradiol. They are mainly absorbed by daily nutrifon and are principally categorized in two biochemical
classes [12]:
. ignans :enterolacton and enterodiol;
. soflavones:genistein, daidzein, biochanin-A, form ononetin and gly cetin;
Less significant are: coum estanes (coumestrol), lactones (ceralenone), sterolessitosterole-A, B).
Very high concentrations are found in the follbwing plants (in decreasing concentration) [3]:
. soflavones:soy, red clover, legumes, vegetables;
° Egnans:fruis, berries, full grain products, green fea, line seeds, vegetables
The highestconcentration of the phy toestrogens genistein and daidzin are found in soy bean as well
as other soy products, ncluding for exam pk ©fu, soy mik, miso, soyflour andrefined soyprotein [8, 12, 13].

BIOCHEMISTRY OF PHYTOESTROGENS
Due to the positioning of both hy droxy !l groups in a special dimensional order phy toestrogens have a
high sterical identity to 17p-estradiol and are therefore able to bind at the estradiol receptor. Moreover, lignans
and isoflavones possess a distinct antioxidative capacity through the prekevance of two phenyl groups (radical
scavengers).
Phy toestrogens bind with different relative binding affinity (RBA) to the estradiol receptor (ER)
with specialpreference of the estradiol receptor B (ERP). Opposite to the RBA of 17B-estiadiol of 100 the RBA

of genisteinis 5 on ERo and 36 on ERP. Other phy toestrogens, for exam ple coumestare (coumestrole), will
bind even with a significantly higher affinity to the ER-protein [26].

Structures of 17B-estradiol and ply toestrogens [24]:
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The organ specific distribution of the ER with an even higher concentration of ERf i prostate
gland, ovaries, lung, bladder, kidney s, uterus and testis points to a special loal efficacy of phytoestrogens in
these organs. The effect of phytoestrogens is only partially baed on the rehtively good binding of the
substances at the estradiol receptor. After consum ption, the extremely high concentration of isoflavones and
lignans is even higher than 178 estradiol. ER will be blocked for the genuine estradiol.It is of utterm ost
meaning, that phy toestrogens afta binding on ER, will only develop a relatively weak estrogenic activity [24,
26].
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ABSORPTION AND METABOLISM

The principal isoflavones found insoy proteins and soy foods are daidzein, genistein and gly citein.
Each of them is found in four clemical forms: the unconjugated form, or agly cone; the conjugated form, or
glucoside (daidzin, genistin and gly citin);acety Iglucoside;and malony Iglucosid. The soy isoflavones daidzein
and genistein primarily appear in the form oftheir glucosides, daidzan and genitin, respectively . Processing and
ferm entation of the soybean is known to influence the forms of isoflavones. The bioavaikbility andbiological
activities of differentisoflavones also differ to some extend. Moreover, the estrogenic potency of equol is
higher thanits precursor, daidzein [22].

After ingestion, the cogjugated fom of isoflavones is hydroly zed by intestinal B-glucosidases, which
release the princial bioactive aglycones, daidzein and gnistein. These compound may bte absorbed or further
metabolized in the distal intestine with the formation of specific metbolites, such as equol and p-ethy Iphenol
[22, 24].

The aglycones along with any bacterial metabolites are absorbed from the intestinal tract and
transported via the portal venous y stem to the liver, where the isoflavones and their metabolites areefficiently
conjugated with glucuronic acid (95%), and to a lesser extend are found as sulfat conjugats. They are then
excreted inthe urine orin the bile. Some isoflivones undrgo enterohepatic recy cling. It has been proposed that
intestinal metabolism & essential for their subsequentabsorption and bioavailability in the body. Andlaver et al.
reported that genistin was partly absorbed without previous cleavag. Piskula et al. also dem onstrated that both
aglycones and their glucosides are absorbed very fast These results contradict the above assumption. The
results from Izumi et al. showed that the isoflaivone agly cones were absorbed fister and in greater amounts than
their glucosides in humans. The peak concentrations of isoflavones in blood are seen generally 4-8 h after
dietary intake. Most ofthe daidzein and genistein are excreted in urine within the first 24 h after food intake.
The rat of urinary excretion of daidzein was greater thanthat of genistein throughout the potmeal period [22].

The preserce of diffrent populations of microflora in the human gut may influence the
bioavailability of isoflavone phy toestrogens and causes wide inter-individual variation in soflavone metabolite
excretion [15]. The reasons for the considerable inter-individual variation in soflavone metabolism following
the consumption of soybean isoflavones have not been fully elucidated. Recent data from a hum an intervention
study of soy-containing food (low or high i isoflavones)showed that propation of energy from fat affects
phytoestrogn excretion in the urine. Dietay fat intake decreaes the camcity of gut microbial flora to
sy nthesize equol [22].

Metabolism of isoflavones [26]:
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Isoflavones can be detectedin many tissues of animals and humans. Daidzein concentration was found to
be high in plasma, liver, lung and kidney at about 30 pg/g wet weight; to be moderate in skeletal mugle, spleen
and heart at about 1520 pg/g wet weight; and to be low in brain and testis at about 2-5 pg/g wet weight.
Tissues including brain, liver, mammary, ovary, prostate, testis, thyroid and uterus showed significant dose-
dependent ncreases in total genistein concentration. The liver contains the highest am ounts of genistein while
brain tissue accumulates less genistein, as compared to other tissues. Janning et al. found that the daidzein
kevels were usually three-to fivefold higher inthe liverand kidney than in plasma [22].

Plasma concentrations of 50-800 ng/m L were found for daidzein, genistein and equol in adults consuming
modest guantities of sgy foods conaining~50 m g/d of isoflavones. Inresponse to the consum ption of soy foods,
blood isoflavone concentrations can reach < 6 umol/L [22].
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Interaction of phytoestrogensand steroid metabolisn:
PLASMA CELL

Isoflavones » isoflavone

replacem ent
DNA »>

17B-OH-stefoid-dehidrogenase
Estrones > estrone o>y p

estradiol

v

>
Lignans g lignang > aromatae

Androstendiones

CLINICAL EFFECTS OFPHYTOESTROGENS
Hormonal effects

Isoflavones are structurally simiar to mammalian endogenous estrogens, and thus may act as
estrogen antagonist oragonists, depending on the isoflhvone concentration, or the tissue of action. They act
mainly by binding to the ERB, which was found to be expressed inmany tissues, including the hy pothalamus,
pituitary gland, lung and thymus [6, 11, 22].

Isoflavoneshave beenshown to possess an estrogenic hormone furction. They have beenshown to
induce specific estrogen-responsive gene products and stimulate the genital tract of female animals.In rodents
and rats, isoflavones were found to stimulate mammaity and uterine growth. But commred to estadiol, the
soflavone estrogenic effects are weak. In the mouse uterine growth assay, genistein and daidzein are roughly
100,000 times less effective than estradiol [14, 22].

The hormoml actions of isoflavones might explain epidem iologicalobservations of lowered risk for
chronic digases and menopausal symptoms in populations that consume soy. However, effects of soy
consum ption on hormonal metabolism have been inconsistent among most studies, probably as a result of
methodological differences in subjects characteristics, study design, isoflavone form, dosage, and lengh of diet
period [22].

Soy isoflavones appear to affect the menstrual cycle andconcentrations of reproductive hamones in
premenopausal women. Cassidy et al. found that premenopausal women consuming 60 g textured soy-bean
(containing 45 mg isofhvones) experienceda 2.5 d increase in the length of their follicular phase whereas no
change was noted in women fed on a similar amount of soybeans from which the soflavones had been
chemically removed. Particularly notewortly is the finding that serum follicle stimulating hormone and
luteinizing hormone levels decreased significantly in response to the consumption of soybean isoflavones. In
postm enopausal wom en, the effects of soy isofhvones on endogenous estrogen membolism were shown to be
less pronounced than inprem enomusal women[22].

143



Genistein and daidzein suppressed glucocorticoid and stimulated androgen production in cultured
humanadrenal corticalcells [22].

At high dosages, isoflavones may act as antagonists of estrogen. They have generally been reported
© have lower binding affinity for estrogen receptors and a lower potency in producing estrogenic effects
compared with 17B-estradiol. Thus, when isoflivones displace 17B-estradiol molecules, it can reduce the
function of real estrogn. At concentrations 100-1000 times that of estradiol (the probably levels in human
plasma after regular consumption), isoflavones may be able to compet effectively with endogenous
mamm alian estrogens, bind the ERs, and prevent estrogen-stim ulated growth inmamm als. This m ay also result
i interference with the release of gonadotropins and interruption of the feedback-reguhting sysem of the
hy pothalamus-pituitary-gonadal axis [22, 24].

Regulating sex hormone receptors at the transcriptional level

At pharmmacological concentrations, genistein decreasss ERa mRNA levek in the mt uterus.
Daidzein iscapable of down-reguhting androgen receptor and ERa mRNA expression significantly in rat uteri
[22].

No changes were detected inthe pituitary indicatind the possible centraleffects of daidzein on
the neuroendocrine sy stem. Kuiper et al. found genistein and daidzin stimulated estrogen-dependent receptor
gene activity at concentrations ranging from 10-1000 nM in cell cultures.Intrestingly, some results indicated
soy isoflavones increase nerve growth factorm RNA andbrain-derived neurotrophic factor m RN A i rats [22,
24].

Influence cell signalling

Isoflavones, particularly genistein, can regulate the cell signaling conduction from receptor
expression o cy toplasmic downsteam signalling [22].

Genistein mhibits tyrosine protein kinase activity. Many of tle peptide growth factor signal
transduction pathway sthat were implicated incerin cancers involve the action of tyrosine kinases. Therefore,
a circulting tyrosine kinase inhibitor, such as genistin, may have beneficial effects in the treatment of
cancer.Recently, genistein has beenshown to alter ion channel function of culture cells [22].

Cell proliferation, animal growth and development

Most isoflavone studieson cell proliferation were performed using estrogen-dependent human breast
carcinoma MCF-7 cells. The results displayed biphasic effects: stimulation of growth at low concentiations and
inhibition at high concentrations. Genistein and biochanin A, at 0.1-10 uM, induced cell DNA sy nthesis 150-
235%, while at 20-90 uM, inhibited DN A sy nthesis by 50%. The growth inhibttory effectsof daidzein might be
mediated through a blockat the Gl stage of the cell cycle.

Isoflavones can freely pass the placental barrier. In hunans the isoflavone concentrations in the
neonate are similar to those in maternal plasma. Research has reported that isoflavones atconcentrations found
in a standard natural-ingredient dietm ay affect the sexual differentiation of female rats in uteri.

PHARMACOLOGICAL AND THERAPEUTICEFFECTS
Anti- cancer

Epidemiological data suggest thata dietrichin isoflavores providesprotectionagainst several forms
of cancer, mrticularly those that are horm one-dependent such as breast, prostate,and lung cancer [2,22, 27].

In vitro data have demonstrated that isoflavones inhibit cancer cell growth, including prostate
cancercellsand MCF-7human breast cancercell line. There are literally hundreds of “in vitro” studies showing
that genistein inhibits the growth of a wide range of bothhorm one-dependentand horm one-independentcancer
cells. The concentration of genistein required to inhibit angiogeness “in vitro” was reported to be higher than
the genistein concentration likely to be achieved “in vivo” [22, 24,26].

In animal studies, neonatal injections of pharmacologic doses of genistein have been shown to
suppress the development of dimethy Ibenzanthracene-induced m amm ary adenocarcinomas in rats. So far, there
have been very few human studies to reveal direct evidence thatsoy intake orisoflavones may protct against
breast cancer [22].

Xu et al. suggested that isoflivones may esxert cancer-preventive effects by decreasing estrogen
sy nthesis and altering metabolism away from genotoxic metabolitestoward inactive m etabolites [22].



It has becane apparent that the anti-cancer mechanisms of isoflivones are not exclusively via the
estrogen receptor. In vitro studies have rewaled that numerous mechanisms may be involved. One is via
inhibiting protein tyrosine kinase [23]. Other anticancer mechanisms of isoflavones may include inhibition of
3B -hy droxysteroid dely drogenase, 178 -hy droxy steroid dehy drogenase, So.- reductase and aromatase, followed
by affecting the level of active steroid homones. Isoflavones also inhibited DNA topoisomerase I and II
activity, which were predicted to cause DNA damage [24, 26]. The transcription factor p53 currently has
become the most important tumor suppressor. It has been shown that genistein induced the up- regulation of
pS3 protein. More recently, it wassuggested that genistein may inhbit cell growth by bothincreased expression
and production of transform ing growth factor( TGF)B 1 signaling pathways [22].

Another mechanism topartially explain the anti-cancer activity of isoflhvones involves their ability
© inhibit angiogenesis,or new blood vessel growth, which is required for tum or growth [10, 22].

Certain references describe adwrse effects of isoflavones in reltion to breast cancer. The
soflavonesdose is crucial to increase or decrease cancer risk. In vitro studies have dem onstrated that genistein
enhanced the proliferation of estrogen-dependnt humanbreast cancer cells atconcentrations as low as 10 nM,
with a concentration of 100 nM achieving proliferative effects similar to those of 1 nM estradiol. At higher
concentration, genistein inhibits MCF-7 cell growth [22].

Soy diets containing varying amounts of genistein stimulatd the growth o estrogen-dependent
(MCF-7) tumors in a dose-dependent manner [22]. Peeters et al. estimated that the real protective effect of
phytoestrogns may be smaller than expected or only lmited to premenopausal women[22]. Moreover, soy
intake in premenopausal women may increase breast cancer risk by elevating the levels of prolactin.
Preliminary data suggested positive relations between estrogenic effects, plasma prolactin levels, and breast
cancer risk [22].

Lowering the risk of cardiovascular diseases

Many investigations have dem onstrated that soy proteininhibits cardiovascuhr diseases and reduces
atherosclerosis risk in animals and humans [27]. The teneficial effects of soy are thought to be mediated by
many meclanisms. Most researchers consider that these effects result from areduction of phsma low density
lipoprotein (LDL) choksterol and trigly ceride concentations [7, 24]. Soy potein may also inhibit platelet
activation and aggregation and reduce the am ount of serotonin in the platelets [20, 22, 26].

The hypocholesterolemic effects of soy protein may function by influencing lipid metabolism
through altering lipid-related gene expression. The results of Tikkanen et al. showed that intake of soy protein
containing 60 m g isoflavones per day may provide protection against oxidativem odification of LDL [22].

Currently, he mechansm is associated with soy 's beneficial effectson cardiovasculr health are not
fully understood. It is possible thatsoy substances other than isoflavones suchas saponins, phy tic acid, protein
components, amino acid composition or a protein-isoflavone interaction may be involvedin the multi-various
processes. The ability d saponinsto lower cholesterol insom e species is especially well-known [19, 22].

Neuroprotective and neurotrophic efficacy of phytoestrogens in
cultured hippocam pal neurons

Epidemiological data from retrospective and case-control studies have indicated that estrogen
replacem ent therapy (ERT) can decrease the risk of developing Alzheimer’s disease. In addition ERT has been
found to prom ote cellular correlates of memory and to prom ote neuronal survival both in vivo and in vitro [26].
Phy toestrogens have been proposed as potential alternatives to ERT. Six phytoestrogens, genistein, genistin,
daidzein, daidzin, formononetin, equol, were tested for their neuroprotective efficacy against two toxic insults,
glutamate excito-toxicity and beta-amyloid. Neuronal membrane damage was quantitatively mesured by
hctate dehydrogenase (LDH) release, and neuronal mitochondial viabilty was determined by 3-[4,5-
dim ethy Ithiazol-2-y I]-2,5-diphenyl tetrazolium bromid (MTT) assay. Results of these studies dem onstrated that
all phy toestrogens induced a m odest but significant reduction in LDH release following exposure to glutam ate
and beta-amy loid. In contrast, nore of phytestrogens induced a significant ircrease in reduced MTT levels ,
which occurred in the presence ofa full estrogen agonist, 17p-estradiol. Analysis of the neurotrophic potential
of genisteinand daidzein, who phytoestrogens that exerted a significant reduction in LDH release, dem onstrate
that neither of these molecules promoted hippocampal neuron process outgrowth. Results of these analyses
indicate that although phytoestrogens exert a neuroprotective effect at the plasma membrane, they do not
sustain neuron mitochondrial viability nor do they induce cellular correlates of memory as neurite outgrowth
and sy naptogenesis are putative mechanismsof memory. Data derived from these investigations would predict
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that phytoestrogens could exert some neuropotective effects analogous to that of antioxidants, but that these
moleculks are not furctional equivalents to endogenously active 17B-estradiol or to estrogen replacement
formultions and, therefore, wouldraise the concern thatthey may not reduce the risk of Alzheimer'sdisease or
sustain memory function in postmenopausal women [29].

Immune system

It is well known that estrogen has an important effect on the immune system. For, exampk, most
autoimm une diseases are more canmon in women than in men and quite fequently begin under conditions
when estrogen levels change dramatically, durind puberty, menopause, pregnancy. The exact mechanism
involved in these membolic processes have yet to be detem ined. Daidzein, in vitro, has been proven o increase
the activation of murine lymphocytes. In another in vito study of Zhang etal., it was shown that isoflavone
glucuronides might not only compet with endogenousestrogen to inhibit estogen-dependent proliferation of
cancer cells. They are also able toactivate natural killer cells to potentially increase the immune defenses of the
body against canceratnutritionally relevant concentrations [22].

Isoflavones have also demonstatd an anti-infammatory potential in various animal models, including
chronic ileiis, inflam mation-induced corneal neovascularization, and ischemia reperfusion injury. However,
any potential anti-inflammatory benefit of an isoflavone diet needsto be balanced by the possibility that such
dietary m odificationsmay also be detrim ental [22].

Cellular and molecular mechanisms of isoflavones effects

It has become apparent from the diversity ofisoflavone propertiesthat no single action can explain
many of the effects if isofhvones. Isoflavones exert multifunctions through genomic and nongenomic
mechanisms of cellular regulation. First, isoflavones have a similar structure to estradiol and are capable of
binding to the two estrogen receptors, ERa and ERB. Secondly, isoflavores can interact with membrane
proteins (receptors) and exert aneffect that isexpressed through secondary messengers inthe cy toplasm [22].

Structurally, ERB is highly homologous to ERa in the DNA binding domain, but shows only 55%
homology inthe ligandbinding domain. These stucturaldifferences lead to different relative binding affinities
i ligand bind ing assays. Compared to ERa, isoflavoneshave a greater relative binding affinity to ERB, while
estradiol binds to ERacand ERB with equal affinity . Studies by structural biologists dem onstrated that genistein
s completely buried within the hydrophobic core of the protein and binds in amanner similar to 17p-estradiol
[22].

There are recent findings from cell lines that ERo and ERB can associat with the G-potein and
protein kinase A (PKA) to activate many of the intracellular cascades. For example, genistein potentiated
GHRH-stimulated c AMP accum ulation in a concentration-dependent manner [22].

Other diseases

Estrogen is used in hormone rephcement therapy to prevent menopausal symptoms and
osteoporosis in postm enopausal women. But estrogen Ias been proven to be associated with an ircidence of
breast and endometrialcancer. This relationship has severely ham pered the clnical use of estrogen. Therefore,
there is growing interest to use isoflivones as a potential alternative to the estrogens in hormone replacem ent
therapy. Observational studies have shown a lower incidence of menopausal symptoms and osteoporosis in
Asian women who haw a diet richin soy products [22, 26].

Decreas of climacteric complaints

In clinical studies, menopausal women who consum ed isoflavone-enriched foods have alleviated
sym ptom s associated with hot flashes. Another study has reported no beneficial effects of isoflavones on hot
flashes. Thus, data are currently insufficient o draw definitive conclusions re@rding the use of isoflavones for
the treatment of menopausal symptoms[22, 26].

Prevention of osteoporosis

Osteopoross is characterized by a loss of bone mass usually associted with aging, due toincreased
bone resorption and reduced bone formation. The beneficial effects of estrogen replacement therapy (ERT) on
prevention of postmenopausal osteoporosis are well known. But more resarchers have begun turning to
soflavonesas an alternative therapy [26]. Data from animal studiessuggest that isoflavones could prevent bone
loss that occurs as a result of estrogen defficiency . Results from Yamaguchi'sgroup have shown that daidzein
and genistein stimulated osteoblastic bone form ation and inhibited osteoclastic bone resorption. Data available
from human studies about the effect of isoflavones on osteoporosis are limied. Potteret al. showed a dose



between 50 and 90 mg per day seems to be needed © show a skeletal benefit in postmenopausal women.
Recently, Akkel et al.reported sgy isoflavores attenuated bone loss from the lumber spine in perimenopausal
women. Somekawa et al. reveabd consumption of soy productsis associated with increased bone mass in
posmenopausal Japanese women However. other investigations failed to find the bone-repairing effect of
soflavonesin postm enopausal wan en. Therefore, the impact of genistein and daidzein onbone lossappears to
be mininal. However, one or more of the isoflavone metabolites may prove to be a clinically useful agent in the
prevention and treatm ent of osteoporosis [22].

Effects on the endometrium

Estrogen stimulates the endometrium, and there is a low but important risk of endometrial
hy perplasia and carcmoma in te presence of unopposed estrogen. The effects of isoflivones on the
endometrium have been assessed in animal and hum an studies. Foth and Cline treated surgically menopausal
female maaques with isoflavone, estradiol, or placebo for 6 months. After 6 months, histopathologic,
morphometic, and immunohistochemical assessements of endometrium were performed. 6 months of
soflavone therapy didnotreduce proliferation of endometrium. Isoflivones did not have estrogenic effects on

endometrialtissues [26].

Effects of isoflavones on alcohol pharmacokinetics and alcohol-
drinking behawor.

Daidzin is efficacious in lowering blood alcohol levels and shortens skep time induced by alcohol
ingestion [24]. A study was conducted to test the antidipsotropic effect of daidzin and two other major
soflavonoids : daidzein and puerarin from Pweraria lobata. An alcoholpreffering ratm odel, the selectively -bred
P line of rats, was used for this study . All three isoflavonoid com pounds were effective in suppressing voluntary
alcohol consum ption by the P rats. The decease in alcohol consum ption was accompanied by an increase in
water intale, so that the total fluid volume consumed daily remained unchanged. The effects of these
soflavonoid compounds on alcohol and water intake were reversible. Data demonstate that isoflavonoid
com poundsare effective in suppressing the appetite for akohol when taken orally [4].

CONCLUSIONS
Interest in the field o fdietary estrogens has exploded in the past five years. The

evidence showing that these nonstemwidical estrogens have an array ofpotent biological
activities is indisputable, and animal and clinical studies are providing convincing
evidence for potentially beneficial effects of a diet containing these compounds. The
threshold intake o fdietary estrogens necessary to achieve a biological effect in humans

appear to be 30-50 mg/d, which is readily attainable by the inclusion ofmodest amounts
of soy pmotein in the average Western diet. Although it may be difficult for adults to
consume su fficiently large enough quantities o fisoflavones fornormal dietary sources to
cause the type ofdeleterious effects previously experienced by several animal species,
there is a distinct possibility of risk associated with the use of these compounds as
uncontrolled over-the-counter pharmacologic agents, because estrogens exhibit biphasic
responses that are highly dose-dependent.
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