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Abstract. Isoflavones, rich in soy bean, are currently  receiving much a ttention because  of the ir potentia l role 
in preventing and treating cancer and other human chronic  diseases. Data  from  epidemiological reports and 
laboratories have shown that isoflavones have m ulti-biological and pharmacological effec ts in animals and 
hum ans. These include estrogenic and antiestrogenic effec ts, ce ll signalling conduction, as well as ce ll growth 
and death. Based on this properties, soy  prote in and isoflavones have been associa ted with reduced incidences 
of breast and prosta te  cancers, cardiovascular diseases or osteoporosis, and exhibit som e other favorable  effec ts. 
The m echanism  through which isoflavones may  exert the  above-mentioned functions are  not only  based on the  
estrogenic  properties of isoflavones, but a lso on their role  as prote in ty rosine-kinase  inhibitors, as regula tors of 
gene transcription, m odula tors of transcription fac tors, antioxidants, as well by  a ltering some enzy me activities.  
 
 

INTRODUCTION 
Interest in the  phy siological role  of bioactive  com pounds present in plants has increased dram atica lly 

over the  last decade. Of particular interest in re la tion to hum an health are  the  class of compounds known as the  
phy toestrogens, which em body  severa l groups of non-steroidal estrogens including isoflavones &  lignans that 
are  widely  distributed within the  plant kingdom [11, 22]. 

Phy toestrogens (plant estrogen) is a  generic  nam e used to define  c lasses of compound that have high 
structura l sim ilarity to estrogen. They are  either of plant origin or derived from  “in vivo” m etabolism  of 
precursors present in plants and/or ea ten by m amm als.In plants, phy toestrogens protects against ultraviole t 
radia tion effec ts, control norm al plant growth and protect from  stress [3, 22, 24, 26, 28, 29]. 

Phy toestrogens, like  sy nthetic  estrogenic and anti-estrogenic  com pounds, bind receptors in 
mamm als. They  significantly differ from the  sy nthetic estrogen-receptor m odula tors in their ability  to undergo 
metabolism [14]. This rem arkable  charasteristic  of high turnover and short ha lf-life  provides that the 
phy toestrogens are  stored in tissues. P hy toestrogens are able  to selec tively  mim ic  the  effec ts of estrogen in 
certa in tissues. Data  indicates that phy toestrogens may  offer protection against a  wide  range of hum an 
conditions, inc luding breast, bowel, colon, prosta te , bra in, and other cancers;cardiovascular 
deseases;osteoporosis and m enopausal sy mptom s [1, 16, 18, 25, 27]. Molecular and cellular biology 
experim ents, anim al studies and hum an c linica l tria ls suggest tha t isoflavones in particular m ay  confer specific 
health benefits re la ted to cardiovascular deseases, cancer, osteoporosis, menopausal sy m ptom s and other 
deseases. Thus, populations consum ing die ts rich in phytoestrogens were shown to be more  protected against 
breast cancer, heart desease , m enopausal symptom s and osteoporosis than popula tions consum ing less of these  
products [6, 9, 17, 21]. 

 
 

BIOCHEMICAL CLASSIFICATION OF PHYTOESTROGENS 
Phtoestrogens are  natura l plant substances with a  structura l and functional sim ilarity  to genuine   
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17β -estradiol. They are mainly absorbed by daily  nutrition and are principally ca tegorized in two biochem ical 
classes [12]: 
• lignans :enterolacton and enterodiol; 
• isoflavones:geniste in, da idzein, biochanin-A, form ononetin and gly cetin; 

Less significant are : coum estanes (coumestrol), lac tones (cera lenone), steroles(sitosterole-A, B). 
Very  high concentra tions are  found in the  following plants (in decreasing concentra tion) [3]: 

• isoflavones:soy , red c lover, legumes, vegetables; 
• lignans:fruits, berries, full gra in products, green tea , line seeds, vegetables 

The highest concentra tion of the  phy toestrogens geniste in and daidzein are  found in soy  bean as well 
as other soy products, inc luding for exam ple  tofu, soy m ilk, m iso, soyflour and refined soyprote in [8, 12, 13]. 
 
 

BIOCHEMISTRY OF PHYTOESTROGENS 
Due to the  positioning of both hy droxy l groups in a  specia l dimensional order phy toestrogens have a 

high sterical identity  to 17β -estradiol and are therefore  able  to bind a t the  estradiol receptor. Moreover, lignans 
and isoflavones possess a  distinct antioxidative capacity through the  pre levance of two pheny l groups (radical 
scavengers). 

Phy toestrogens bind with different re la tive  binding affinity  (RBA) to the  estradiol receptor (ER) 
with specia l preference of the  estradiol receptor β  (ERβ). Opposite  to the  RBA of 17β -estradiol of 100 the  RBA 
of geniste in is 5 on ERα and 36 on ERβ . Other phy toestrogens, for exam ple coum estane  (coum estrole), will 
bind even with a  significantly  higher affinity  to the  ER-prote in [26]. 

Structures of 17β -estradiol  and phy toestrogens [24]: 
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The  organ spec ific  distr ibution of the  ER  with  an even highe r concentra tion of ERβ  in prosta te  
gland, ova rie s, lung, bladder, kidney s, uterus and te stis points to a spec ia l loca l e fficacy of phy toestrogens in 
these  organs. The  e ffec t of phytoestrogens is only  pa rtia lly  based on the  re la tive ly  good binding of the 
substances a t the  e stradiol receptor. Afte r consum ption, the  extreme ly  high concentra tion of isoflavones and 
lignans is even higher than 17β -e stradiol. ER w ill be blocked for the  genuine  e stradiol.I t is of utterm ost 
meaning, tha t phy toestrogens a fter binding on ER, w ill only  deve lop a  re la tive ly  w eak estrogenic  activity [24, 
26]. 
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ABSORPTION AND METABOLISM 
The  princ ipa l isoflavones found in soy  prote ins and soy foods a re  da idze in, geniste in and gly c ite in. 

Each of them  is found in four chem ica l forms: the  unconj uga ted form , or agly cone ; the conj uga ted form , or 
glucoside  (da idzin, genistin and gly c itin);acety lglucoside ;and ma lony lglucoside . The  soy isoflavones da idze in 
and geniste in primarily appea r in the  form  of the ir  glucosides, da idzin and genistin, re spective ly . P rocessing and 
fe rm enta tion of the  soybean is know n  to influence  the  form s of isoflavones. The  bioava ilability  and biologica l 
ac tivitie s of diffe rent isoflavones a lso differ to som e  extend. Moreover, the e strogenic potency  of equol is 
highe r than its precursor, da idze in [22]. 

Afte r ingestion, the  conj uga ted form  of isoflavones is hydroly zed by inte stina l β-glucosidases, w hich 
re lea se  the  princ ia l bioac tive  aglycones, da idze in and geniste in. These com pound m ay  be  absorbed or furthe r 
me tabolized in the  dista l inte stine w ith the  form a tion of spec ific  me tabolite s, such a s equol and p-ethy lphenol 
[22, 24]. 

The  agly cones a long w ith any  bac te ria l me tabolite s are  absorbed from  the  inte stina l trac t and 
transported via  the  porta l venous sy stem  to the  live r, w he re  the  isoflavones and the ir  me tabolite s a re e ffic iently 
conj uga ted with glucuronic  ac id (95% ), and to a le sse r extend a re found a s sulfa te  conjuga te s. They a re  then 
exc re ted in the  urine  or in the  bile . Some  isoflavones unde rgo enterohepa tic  recy c ling. I t ha s been proposed tha t 
inte stina l me tabolism  is e ssentia l for the ir  subsequent absorption and bioava ilability  in the body . A ndlaue r e t a l. 
reported that genistin was pa rtly  absorbed without previous c leavage . P iskula  et a l. a lso dem onstra ted tha t both 
aglycones and the ir  glucosides are absorbed ve ry  fa st. These re sults contradic t the  above a ssumption. The 
re sults from Izum i e t al. showed tha t the  isoflavone  agly cones  were absorbed fa ste r and in grea te r amounts than 
the ir  glucosides in humans. The  peak concentra tions of isoflavones in blood a re  seen genera lly  4-8 h a fte r 
die ta ry  intake . Most of the  da idzein and geniste in are  excre ted in urine w ithin the  first 24 h a fter food intake . 
The  ra te  of urinary  exc re tion of da idze in w as grea ter than tha t of geniste in throughout the  potm ea l pe riod [22]. 

The  pre sence  of diffe rent popula tions of m ic roflora  in the  hum an gut may  influence  the 
bioava ilability  of isoflavone  phy toestrogens and causes w ide  inte r-individua l va ria tion in isoflavone  me tabolite 
exc re tion [15]. The  reasons for the  conside rable  inte r-individua l varia tion in isoflavone  me tabolism follow ing 
the  consumption of soybean isoflavones have not been fully  e luc idated. Recent da ta  from a  hum an inte rvention 
study  of soy-conta ining food (low or high in isoflavones)show ed tha t proportion of ene rgy  from  fa t a ffec ts 
phy toestrogen excre tion in the  urine . D ie tary  fa t intake  decreases the  capac ity  of gut m ic robial f lora  to 
sy nthesize  equol [22]. 

Me tabolism  of isoflavones [26]: 
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Isoflavones can be  de tec ted in m any  tissues of anima ls and humans. D a idze in concentra tion w as found to 
be  high in pla sm a , liver, lung and kidney  a t about 30 μ g/g w e t we ight; to be  m odera te  in ske le ta l m usc le , spleen 
and hea rt at about 15-20 μ g/g w et w e ight; and to be  low  in bra in and te stis a t about 2-5 μ g/g w et w e ight. 
Tissues inc luding bra in, live r, mammary , ovary , prostate , te stis, thyroid and ute rus showed significant dose -
dependent inc reases in tota l geniste in concentra tion. The live r conta ins the  highest am ounts of geniste in while 
bra in tissue accum ula te s le ss geniste in, a s com pared to othe r tissues. Janning e t a l. found tha t the da idze in  
leve ls w ere  usua lly  three -to fivefold highe r in the  live r and kidney  than in pla sma  [22]. 

P la sma  concentrations of 50-800 ng/m L were  found for da idzein, geniste in and equol in adults consum ing 
modest guantitie s of soy  foods conta ining~50 m g/d of isoflavones. In re sponse to the  consum ption of soy  foods, 
blood isoflavone  concentra tions can reach <  6 μm ol/L [22].  
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Inte raction of phytoestrogens and ste roid m e tabolism : 
                         P LA SMA                                                                                                       CELL 
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CLINICAL EFFECTS OF PHYTOESTROGENS 
Hormonal effects 
Isoflavones are  struc tura lly  sim ila r to m amm alian endogenous estrogens, and thus may  ac t a s 

estrogen antagonist or agonists, depending on the  isoflavone  concentra tion, or the  tissue  of ac tion. They  ac t 
ma inly  by  binding to the  ERβ , w hich w as found to be  expressed in m any  tissues, inc luding the  hy potha lam us, 
pituita ry  gland, lung and thym us [6, 11, 22]. 

Isoflavones have  been show n to possess an estrogenic  horm one  func tion. They have  been show n to 
induce  specific  e strogen-re sponsive  gene  produc ts and stim ula te  the genita l trac t of fema le  anima ls. In rodents 
and ra ts, isoflavones were  found to stim ulate  m amm ary  and ute rine  grow th. But com pared to e stradiol, the  
isoflavone  estrogenic  effec ts a re  weak. In the m ouse  uterine  grow th a ssay , geniste in and da idze in are  roughly 
100,000 times le ss e ffec tive  than estradiol [14, 22]. 

The  horm ona l ac tions of isoflavones m ight expla in epidem iologica l obse rva tions of low ered risk for 
chronic  diseases and menopausal sy m ptoms in popula tions that consume soy . H owever, e ffects of soy 
consum ption on hormona l me tabolism have been inconsistent among m ost studie s, probably  a s a re sult of 
me thodologica l diffe rences in subj ec ts cha racteristic s, study  design, isoflavone form , dosage , and lengh of die t 
pe riod [22].  

Soy  isoflavones appear to a ffec t the  m enstrual cyc le  and concentra tions of reproduc tive  horm ones in 
prem enopausa l w omen. Cassidy  e t a l. found tha t premenopausa l w omen consum ing 60 g textured soy -bean 
(conta ining 45 m g isoflavones) expe rienced a  2.5 d increase  in the length of the ir follicular phase  whereas no 
change w as noted in w om en fed on a  similar am ount of soy beans from  which the  isoflavones had been 
chem ica lly  rem oved. P articula rly notew orthy  is the  finding tha t se rum  follic le  stim ula ting horm one  and 
lute inizing horm one  leve ls dec reased significantly  in response  to the  consumption of soybean isoflavones. In 
postm enopausa l w om en, the  e ffects of soy  isoflavones on endogenous e strogen m e tabolism  were  show n to be 
le ss pronounced than in prem enopausa l w om en [22]. 
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Geniste in and da idze in suppressed glucocorticoid and stim ula ted androgen produc tion in cultured 
hum an adrena l cortica l ce lls [22]. 

At high dosages, isoflavones m ay ac t a s antagonists of estrogen. They  have  genera lly  been reported 
to have  lower binding a ffinity  for e strogen receptors and a  lower potency  in produc ing e strogenic e ffec ts 
com pared with 17β -e stradiol. Thus, w hen isoflavones displace  17β-e stradiol m olecules, it c an reduce  the 
func tion of rea l e strogen. A t concentra tions 100-1000 tim es tha t of e stradiol ( the  probably  leve ls in hum an 
pla sm a  a fter regular consum ption), isoflavones may be  able  to com pe te e ffec tively  w ith endogenous 
mamm alian e strogens, bind the  ERs, and prevent e strogen-stim ula ted grow th in m amm als. This m ay  also re sult 
in inte rfe rence  w ith the  re lea se  of gonadotropins and inte rruption of the  feedback-regula ting sy stem  of the  
hy potha lamus-pituita ry-gonada l axis [22, 24]. 

Regulating sex hormone receptors at the transcriptional level 
At pha rm acologica l concentra tions, genistein decreases ERα  mRN A leve ls in the  ra t ute rus. 

Da idze in is capable  of dow n-regula ting androgen receptor and ERα m RN A  expression significantly  in ra t ute ri 
[22]. 
                           N o changes were de tec ted in the  pituitary  indica tind the  possible  centra l e ffec ts of da idze in on 
the  neuroendocrine  sy stem . Kuiper e t a l. found geniste in and da idze in stim ulated e strogen-dependent receptor 
gene  ac tivity  a t concentra tions ranging from 10-1000 nM in ce ll culture s.Intere stingly , som e  re sults indica ted 
soy  isoflavones inc rease  nerve  grow th fac tor m RN A  and bra in-de rived neurotrophic  fac tor m  RN A  in ra ts [22, 
24]. 

Influence cell signalling 
Isoflavones, pa rticula rly  geniste in, can regula te  the  ce ll signa lling conduc tion from receptor 

expression to cy topla smic  dow nstream  signa lling [22]. 
Geniste in inhibits ty rosine protein kinase  ac tivity . Many of the  peptide grow th factor signa l 

transduc tion pa thway s tha t we re  implica ted in ce rta in cance rs involve  the  ac tion of tyrosine  kinases. The re fore , 
a c ircula ting ty rosine  kinase  inhibitor, such a s geniste in, may  have  bene fic ia l e ffec ts in the  trea tm ent of 
cance r.Recently , genistein has been show n to a lter  ion channe l func tion of culture  ce lls [22]. 

Cell proliferation, animal growth and development 
Most isoflavone  studie s on ce ll prolife ra tion were  pe rformed using estrogen-dependent human breast 

ca rc inoma  MCF-7 ce lls. The  re sults displayed biphasic  effec ts: stimula tion of grow th a t low  concentra tions and 
inhibition a t high concentra tions. G eniste in and biochanin A , a t 0.1-10 μ M, induced ce ll D NA  sy nthesis 150-
235% , w hile a t 20-90 μM, inhibited DNA sy nthesis by  50% . The  grow th inhibitory  effec ts of da idze in m ight be 
media ted through a  block a t the  G1 stage  of the  ce ll cyc le. 

Isoflavones can free ly pass the  placenta l barrie r . In hum ans the  isoflavone  concentra tions in the  
neona te  are sim ilar to those  in m ate rna l pla sma . Resea rch has reported tha t isoflavones a t concentra tions found 
in a  standa rd na tura l-ingredient diet m ay  affect the  sexual diffe rentiation of fema le  ra ts in ute ri. 
 
 

PHARMACOLOGICAL AND THERAPEUTIC EFFECTS 
Anti- cancer 
Epidem iologica l da ta  suggest tha t a  die t r ich in isoflavones provides protec tion aga inst severa l form s 

of cance r, pa rticularly  those  tha t are  horm one-dependent, such a s breast, prostate , and lung cancer [2, 22, 27]. 
 In vitro data  have  dem onstra ted tha t isoflavones inhibit c ancer ce ll grow th, inc luding prosta te 

cance r ce lls and MCF-7 hum an breast cance r ce ll line . There  are  litera lly  hundreds of “ in vitro”  studies show ing 
tha t geniste in inhibits the  grow th of a  w ide  range  of  both horm one-dependent and horm one-independent cance r 
ce lls. The  concentra tion of genistein required to inhibit angiogenesis “ in vi tro”  w as reported to be  highe r than 
the  geniste in concentration  like ly  to be  achieved “ in vivo”  [22, 24, 26]. 

 In anim a l studie s, neona ta l inj ections of pha rm acologic  doses of geniste in have been show n to 
suppress the deve lopment of dimethy lbenzanthracene-induced m amm ary  adenoca rc inomas in ra ts. So fa r, the re 
have  been very  few human studies to revea l direc t evidence  tha t soy  intake  or isoflavones m ay protec t aga inst 
breast cancer [22]. 

Xu e t a l. suggested tha t isoflavones may  exe rt cancer-preventive e ffec ts by dec reasing e strogen 
sy nthesis and a lte ring me tabolism aw ay  from genotoxic  me tabolite s tow ard inac tive  m e tabolite s [22]. 
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 I t ha s become  appa rent  tha t the anti-cance r mechanisms of isoflavones a re  not exc lusively  via  the 
estrogen receptor. In vitro studies have  revea led tha t num erous mechanisms may  be involved. One  is via 
inhibiting prote in ty rosine  kinase  [23]. O ther anticance r mechanisms of isoflavones may inc lude  inhibition of  
3β -hy droxysteroid dehy drogenase, 17β -hy droxy ste roid dehy drogenase , 5α- reduc ta se and a roma ta se, followed 
by  a ffec ting the leve l of ac tive  steroid horm ones. Isoflavones also inhibited DN A  topoisomerase  I  and II 
ac tivity , w hich w ere  predic ted to cause  D NA  damage [24, 26]. The  transc ription  factor p53 currently  has 
becom e  the m ost im portant tum or suppressor. I t ha s been show n tha t genistein induced the  up- regula tion of 
p53 prote in. More  recently , it w as suggested tha t genistein may  inhibit c e ll growth by  both inc reased expression 
and produc tion of transform ing grow th fac tor (  TG F)β 1 signa ling pathw ay s [22]. 

Anothe r mechanism  to pa rtia lly  expla in the  anti-cancer ac tivity of isoflavones involves the ir ability 
to inhibit angiogenesis, or new  blood vesse l grow th, w hich is required for tum or grow th [10, 22]. 

Ce rta in refe rences describe  adve rse  e ffec ts of isoflavones in re la tion to breast cancer. The 
isoflavones dose  is c ruc ia l to inc rease  or decrease  cancer r isk. In vitro s tudie s have  dem onstra ted that geniste in 
enhanced the  prolife ra tion of e strogen-dependent hum an breast cancer ce lls a t concentra tions a s low  as 10 nM,  
with a  concentra tion of 100 nM achieving prolifera tive effec ts simila r to those  of 1 nM estradiol. A t highe r 
concentra tion, geniste in inhibits MCF-7 ce ll grow th [22]. 

Soy  die ts conta ining va ry ing amounts of geniste in stim ula ted the grow th of e strogen-dependent 
(MCF-7) tumors in a  dose -dependent m anner [22]. P eete rs e t a l. e stima ted tha t the  real protec tive e ffec t of 
phy toestrogens may  be sm a ller than expec ted or only  lim ited to prem enopausa l w om en [22]. Moreove r, soy 
intake  in premenopausa l w omen m ay  increase  breast cancer risk by  e leva ting the leve ls of prolac tin. 
Pre lim ina ry da ta  suggested positive  re la tions be tw een e strogenic  e ffec ts, plasm a  prolactin leve ls, and breast 
cance r r isk [22]. 

Lowering the risk of cardiovascular diseases 
Many  investiga tions have  dem onstra ted tha t soy  prote in inhibits ca rdiovascula r diseases and reduces 

athe rosc le rosis r isk in anim a ls and humans [27]. The  bene fic ia l e ffec ts of soy are  thought to be  media ted by 
many mechanism s. Most re sea rche rs consider tha t the se e ffec ts re sult from a  reduc tion of pla sma  low density 
lipoprote in (LD L) chole ste rol and tr igly ce ride concentra tions [7, 24]. Soy  prote in m ay a lso inhibit pla te le t 
ac tiva tion and aggrega tion and reduce  the  am ount of serotonin in the pla te le ts [20, 22, 26]. 

The  hy pochole sterolemic  e ffec ts of soy  prote in m ay  func tion by  influencing lipid me tabolism 
through a ltering lipid-rela ted gene expression. The  re sults of Ti kkanen e t a l. show ed tha t intake  of soy  prote in 
conta ining 60 m g isoflavones pe r day  m ay  provide  protection aga inst oxida tive m odifica tion of LD L [22]. 

Currently , the  m echanism is a ssocia ted with soy `s bene fic ia l e ffec ts on ca rdiovascula r health a re  not 
fully  unde rstood. I t is possible  tha t soy  substances othe r than isoflavones such a s saponins, phy tic  acid, prote in 
com ponents, am ino acid com position or a  prote in-isoflavone  inte rac tion m ay be  involved in the  m ulti-various 
processes. The  ability  of saponins to low er chole ste rol in som e  specie s is e specia lly  w e ll-know n [19, 22]. 

Neuroprotective and neurotrophic efficacy of phytoestrogens in 
cultured hippocampal neurons 

Epidem iologica l da ta  from  re trospec tive  and case-control studies have  indica ted that e strogen 
replacem ent the rapy  (ERT) can dec rease  the  risk of developing A lzhe im er`s disease . In addition ERT has been 
found to prom ote  ce llula r corre la tes of m em ory  and to prom ote  neurona l surviva l both in vivo and in vitro [26]. 
Phy toestrogens have  been proposed a s potentia l a lte rnatives to ERT. Six phytoestrogens, geniste in, genistin, 
da idze in, daidzin,  formonone tin, equol, w e re te sted for the ir  neuroprotec tive  efficacy  against tw o toxic  insul ts,  
glutam a te  exc ito-toxicity  and beta-amy loid. N eurona l m em brane damage  was quantitative ly  m easured by 
lac ta te  dehydrogenase (LDH) relea se , and neurona l m itochondria l viability  was dete rm ined by  3-[4,5-
dim e thy lthiazol-2-y l]-2,5-diphenyl te trazolium brom id (MTT) a ssay. Results of the se  studie s dem onstra ted tha t 
all phy toestrogens induced a  m odest but significant reduc tion in LDH  re lea se  follow ing exposure  to glutam a te 
and be ta-amy loid. In contra st, none  of phy toestrogens induced a  significant inc rease  in reduced MTT leve ls , 
which occurred in the  pre sence  of a  full e strogen agonist, 17β -e stradiol. A na lysis of the  neurotrophic potentia l 
of geniste in and da idzein, w ho phytoestrogens tha t exerted a  significant reduc tion in LD H re lea se , dem onstra te 
tha t ne ithe r of the se  molecule s prom oted hippocam pa l neuron process outgrowth. Results of the se ana ly ses 
indica te  that a lthough phy toestrogens exert a  neuroprotec tive  e ffec t a t the pla sma  m em brane , they  do not 
susta in neuron m itochondria l viability nor do they  induce  ce llular corre la te s of m em ory a s neurite  outgrow th 
and sy naptogenesis a re puta tive  mechanism s of mem ory. D a ta  derived from  these  investiga tions w ould predic t 
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tha t phy toestrogens could exe rt som e neuroprotec tive effec ts ana logous to tha t of antioxidants, but tha t the se 
molecule s are  not func tiona l equiva lents to endogenously  ac tive 17β-e stradiol or to estrogen replacem ent 
form ula tions and, the refore , would ra ise  the  conce rn tha t they  m ay  not reduce  the  risk of Alzhe im er`s disease  or 
susta in m emory  func tion in postmenopausa l wom en [29]. 

Immune system 
It is we ll known tha t estrogen has an im portant e ffec t on the  immune  sy stem. For, example , m ost 

autoimm une diseases are  m ore  com m on in w om en than in m en and quite  frequently  begin under conditions 
when e strogen leve ls change  drama tica lly , durind pube rty , m enopause , pregnancy . The  exac t mechanism 
involved in these  m e tabolic  processes have  yet to be  de term ined. D aidze in, in vitro, ha s been proven to inc rease 
the  ac tiva tion of m urine  lym phocy te s. In another in vitro study  of Zhang e t al., it w as show n tha t isoflavone 
glucuronides m ight not only compe te  w ith endogenous e strogen to inhibit e strogen-dependent prolifera tion of 
cance r ce lls. They  a re  also able  to ac tiva te  natura l kille r  ce lls to potentia lly  inc rease  the  imm une  de fenses of the 
body  aga inst cance r a t nutritiona lly re levant concentra tions [22]. 
   Isoflavones have  a lso dem onstra ted an anti- inflammatory  potentia l in various anima l m ode ls, inc luding 
chronic  ile itis, inflam mation-induced corneal neovasculariza tion, and ischemia  repe rfusion inj ury . H ow ever, 
any potential anti- inflammatory  benefit of an isoflavone die t needs to be ba lanced by  the possibility tha t such 
die ta ry  m odifica tions may  a lso be  de trim ental [22].  

Cellular and molecular mechanisms of isoflavones effects 
It ha s become  appa rent from  the  dive rsity  of isoflavone propertie s tha t no single  ac tion can expla in 

many  of the  e ffec ts if  isoflavones. Isoflavones exert m ultifunc tions through genomic  and nongenom ic 
mechanism s of ce llular regula tion. First, isoflavones have  a  sim ila r struc ture to e stradiol and a re  capable  of 
binding to the  tw o e strogen receptors, ERα and ERβ. Secondly, isoflavones can interac t w ith mem brane 
prote ins (receptors) and exe rt an effec t tha t is expressed through seconda ry  m essenge rs  in the  cy toplasm  [22].  

Struc tura lly, ERβ  is highly  hom ologous to ERα  in the  D NA  binding dom ain, but show s only  55% 
hom ology  in the  ligand b inding dom ain. These  stuc tura l diffe rences lead to diffe rent re lative  binding a ffinitie s 
in ligand bind ing a ssays. Com pared to ERα , isoflavones have  a  grea ter re la tive  binding affinity  to ERβ , w hile  
estradiol binds to ERα  and ERβ  with equa l a ffinity . Studie s by  structura l biologists dem onstra ted that geniste in 
is com ple tely  buried within the  hydrophobic  core  of the prote in and binds in a m anne r simila r to 17β-e stradiol 
[22].  

The re  a re  recent f indings from  cell line s that ERα  and ERβ  can assoc ia te  w ith the  G-prote in and 
prote in kinase  A  (P KA) to ac tiva te m any  of the intrace llula r cascades. For exam ple , geniste in potentia ted 
GH RH -stimula ted cAMP  accum ula tion in a  concentra tion-dependent manner [22]. 

Other diseases 
Estrogen is used  in horm one replacement the rapy to prevent menopausa l sym ptom s and 

osteoporosis in postm enopausa l women. But e strogen has been proven to be a ssoc ia ted w ith an inc idence  of 
breast and endom etria l cance r. This re la tionship has seve re ly  ham pered the  c linica l use  of e strogen. There fore , 
the re  is grow ing interest to use  isoflavones  a s a potentia l a lte rna tive to the e strogens in horm one  replacem ent 
the rapy . O bserva tiona l studie s have  show n a  low er incidence  of m enopausal sy m ptoms and osteoporosis in 
Asian w omen w ho have  a  die t r ich in soy  produc ts [22, 26]. 

Decrease of climacteric complaints  
  In c linica l studie s, m enopausa l wom en who consum ed isoflavone-enriched foods have a llevia ted 
sym ptom s assoc ia ted with hot f lashes. A nothe r study  has reported no beneficia l e ffec ts of isoflavones on hot 
fla shes. Thus, da ta  a re  currently  insuffic ient to draw  de finitive  conclusions rega rding the  use  of isoflavones for 
the  trea tm ent of menopausa l sym ptom s [22, 26].  

Prevention of osteoporosis  
Osteoporosis is cha rac te rized by  a loss of bone  m ass usua lly  a ssoc ia ted w ith aging, due  to inc reased 

bone  re sorption and reduced bone forma tion. The  bene fic ia l effec ts of e strogen replacement the rapy (ERT) on 
prevention of postm enopausa l osteoporosis a re  w e ll know n. But m ore  re sea rche rs have  begun turning to 
isoflavones a s an a lterna tive  therapy  [26]. D ata  from  anima l studie s suggest that isoflavones could prevent bone 
loss tha t occurs a s a  result of e strogen de fficiency . Results from  Yamaguchi`s group have show n that da idze in  
and geniste in stim ula ted osteobla stic  bone  form a tion and inhibited osteoc la stic bone  re sorption. D a ta ava ilable 
from  human studie s about the  e ffec t of isoflavones on osteoporosis a re  lim ited. P otte r e t a l. showed a  dose 
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be tw een 50 and 90 mg pe r day  seem s to be  needed to show  a  ske le ta l bene fit in postm enopausa l w om en. 
Recently , Aleke l e t a l. reported soy isoflavones a ttenua ted bone  loss from  the lum ber spine in perimenopausa l 
wom en.  Somekawa  et a l. revea led consumption of soy  produc ts is a ssoc ia ted with increased bone  mass in 
posm enopausa l Japanese w om en. H ow ever. othe r investiga tions fa iled to find the  bone-repa iring effec t of 
isoflavones in postm enopausa l w om en. The refore , the  impac t of geniste in and da idze in on bone  loss appea rs to 
be  m inim a l. H owever, one  or m ore of the  isoflavone  me tabolite s may  prove  to be  a  c linically  use ful agent in the  
prevention and trea tm ent of osteoporosis [22]. 

Effects on the endometrium 
Estrogen stim ula te s the  endometrium , and the re is a  low  but im portant r isk of endom etria l 

hy perpla sia and ca rc inom a  in the  pre sence  of unopposed e strogen. The e ffec ts of isoflavones on the 
endometrium have been a sse ssed in anim a l and hum an studie s. Foth and Cline  trea ted surgica lly  menopausa l 
fem a le macaques w ith isoflavone , e stradiol, or placebo for 6 m onths. After 6 m onths, histopa thologic , 
morphom etric , and imm unohistochem ica l a sse ssem ents of endom etrium  w ere  perform ed. 6 months of 
isoflavone  the rapy  did not reduce prolifera tion of endometrium . Isoflavones did not have e strogenic e ffec ts on 
endometria l tissues [26]. 

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

Daidzin is efficac ious in lowering blood a lcohol leve ls and shortens sleep time  induced by a lcohol 
ingestion [24]. A  study  was conduc ted to te st the  antidipsotropic  e ffec t of da idzin and tw o othe r m aj or 
isoflavonoids : da idze in and pue rarin from  P ue ra ria  lobata . A n a lcohol-preffering ra t m odel, the  se lec tive ly -bred 
P line  of ra ts, w as used for this study . A ll three  isoflavonoid com pounds w ere  effec tive  in suppressing volunta ry 
alcohol consum ption by the  P  ra ts. The  dec rease  in a lcohol consum ption was accom panied by  an inc rease  in 
wa te r intake , so tha t the  tota l fluid  volume  consumed da ily  rema ined unchanged. The  e ffec ts of the se  
isoflavonoid com pounds on a lcohol and wa ter intake  w ere  reversible . Da ta  dem onstra te  tha t isoflavonoid 
com pounds a re  e ffec tive  in suppressing the  appe tite  for alcohol w hen taken orally  [4]. 

 
 

CONCLUSIONS 
Interest in the field o f diet ary estrogens has exploded in the p ast five years. T he 

evidence showing th at these nonsteroidical estrog ens h ave an array o f pot ent biological  
activities is indisputable, and animal and clinical studies are providing convincing 
evidence fo r potentially b enefi cial effects of a diet containing thes e compounds. T he 
threshold intake o f diet ary estrogens necessary  to achiev e a biological effect in  humans  
appear to be 30-50 mg/d, which is readily attain able by the inclusion o f modest amounts  
of soy p rotein in the average Western diet. Although it may be di ffi cult for adults to  
consume su fficiently larg e enough quantities o f iso flavones fo r normal dietary sources to  
cause the type o f d eleterious effects previously experienced by several animal species,  
there is a distinct possibility of risk associated with the use o f these compounds as  
uncontrolled over-the-counter pharmacologic agents, because estrog ens exhibit biphasic 
responses that are highly dose-dependent. 
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