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Physiological effects of phyto-oestrogens in relation to cancer and other human 
health risks 

B Y  A E D I N  CASSIDY”  
Nutritional Chemoprevention and Gut Metabolism G r o u p ,  Medical Research Council, 

Dunn Clinical Nutrition Centre, Hills Road, Cambridge CB2 2DH 

Effets physiologiques des phytoestroghes en relation avec le cancer et autres 
risques sur la santC de l’homme 

RESUME 

Les aliments d’origine vCgCtale contiennent des phytoestrogknes dont la structure est 
semblable h l’oestrogkne des mammifkres, l’estradiol-17P. 11s ont une affinitC pour les 
rCcepteurs de I’oestrogkne entre 1/500 et 1/1000 comparCe a celle de 170estrog&ne-17P, et 
ils produisent des rCponses oestrogeniques typiques et prkvisibles lorsqu’ils sont admini- 
strCs aux animaux. Dans les modkles animaux et dans les systbmes expkrimentaux in 
vitro, les phytoestrogknes se montrent capables d’agir la fois comme agonistes partiels 
et comme antagonistes partiels, avec des effets primaires favorisCs par la competition 
avec l’estradiol-17P pour le rkcepteur de l’oestrogbne. 

Les isoflavones, administrCs comme produits de protCine de soja, ont modifiC le statut 
hormonal et la regulation physiologique du cycle menstruel chez des femmes avant la 
mCnopause. Aucun de ces changements n’a CtC observe lorsque le soja a CtC remplacd 
par de 1’Arcon F, un produit de soja sans isoflavone. Ces rCsultats suggbrent donc que les 
oestrogknes vCgCtaux presents dans le soja exercent potentiellement un effet oestro- 
gCnique faible sur l’axe hypothalamique-pituitaire-gonadique. I1 est possible que 1’Ctat 
de conjugaison des isoflavones de l’alimentation influence les effets physiologiques 
observCs, les isoflavones inconjuguCs Ctant potentiellement plus efficaces. Dans des 
essais en appartement mCtabolique sur des femmes mCnopausCes, on a observC que 60 
g/jour de soja sur une pCriode de quatre semaine supprimaient les niveaux de luteinizing 
hormone (LH), alors que 40 g/jour de graine de lin (une riche source de lignanes) sur une 
pCriode de six semaines causaient une suppression significative de LH aussi bien que de 
follicle-stimulating hormone. 

I1 est possible que les modifications hormonales et du cycle menstruel induites par la 
protCine de soja et la graine de lin sur les femmes avant et aprbs la mknopause soient 
potentiellement bCnCfiques au regard des facteurs de risque du cancer du sein. Des 
preuves CpidCmiologiques, des rCsultats d’Ctudes sur des animaux, et certains travaux 
in vitro suggbrent Cgalement que les phytoestrogknes pourraient avoir un r61e protecteur 
dans le dCveloppement du cancer du sein. Les donnCes exPCrimentales des Ctudes sur le 
r61e protecteur exercC par les phytoestrogbnes dans la prkvention du cancer de la 
prostate sont moins convaincantes. 

I1 est Cvident que ces composCs sont absorb&, mais il y a une grande variabilitt 
individuelle dans leur mCtabolisme. Des travaux plus approfondis devraient chercher a 
Ctudier le mCtabolisme des phytoestrogknes in vivo pour expliquer la grande variabilitd 
individuelle dans I’excrCtion de ces composks. 

* Present address: School of Biological Sciences, IJniversity of Surrey, Guildford GU2 5XH. 
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I1 est nkcessaire de mesurer les effets indesirables de phytoestroghes lorsqu’ils sont 
consommes h des concentrations naturelles dans l’alimentation. Les effets physio- 
logiques des phytoestroghes peuvent 6galement avoir des effets bdnkfiques sur le 
metabolisme osseux et la maladie ischkmique de coeur, mais ces hypothkses demandent 
une ttude approfondie. 

Edible plant material contains numerous weakly oestrogenic diphenolic compounds, 
termed phyto-oestrogens. Fig. 1. shows the major classes of phyto-oestrogens, which are 
the isoflavones, lignans, coumestans and resorcyclic acid lactones. Most work on the 
effects of phyto-oestrogens in relation to human health has centred on the isoflavones 
and lignans. 

S T R U C T U R E  A N D  S O U R C E S  

Isoflavones are intrinsic plant compounds, the amount present being dependent on many 
factors, including those associated with growth (Hanson et al. 1965) and genetic 
background (Morley & Francis, 1968). Concentrations may be increased as a direct 
response to microbial or insect damage and it has been speculated that these diphenols 
possess anti-fungal activity (Naim et al. 1974). They are associated also with flower 
pigments (Clevenger, 1964) and play a role in lignification (Francis & Hume, 1971). 
Lignans are widely distributed as minor constituents of some plant species (Haworth & 
Slinger, 1940), and are defined as compounds possessing a 2,3-dibenzylbutane structure 
(Rao, 1978). The mammalian lignans, enterodiol and enterolactone, differ significantly 
in chemical structure from plant lignans in that they have a phenolic hydroxyl group 
substituted on the meta position of the aromatic ring (Setchell et al. 1981). 

Several plants contain high concentrations of phyto-oestrogens; for example, linseed 
(or flaxseed) is a rich source of the lignan precursor, secoisolariciresinol, while 
soyabean-protein products contain high concentrations of isoflavones (Table 1; Price & 
Fenwick, 1985). Phyto-oestrogens occur naturally in plants either as highly-polar 
glycoside conjugates, or in the unconjugated form; for example, textured vegetable 

0 Lignans 

Oestrogens 

OH 
HO 

Resorcylic acid lactones Coumestans 

Fig. 1 .  Common classes of phyto-oestrogens. 
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Table 1. Total isoflavone and lignan concentrations in foods (pglg) 

Textured soyabean* 
Soyabean flakes* 
Soyabean flakest 
Soyabean dessertt 
Soyabean milk: I t  

2 t  
Prosobee* 
Isornil* 

Linseed meal$ 
Linseed meal5 
Linseed flour$ 
Linseed oil§ 
Oat bran$ 
Oatmeal$ 
Wheat$ 
Rye$ 
Rye§ 
Asparagus$ 
Carrot$ 
Lentil$ 
Pear$ 

1136 
501 
366 
232 
20 
18 
39 
42 

675 
808 
527 

17 
7 
2 
5 
2 
6 
3 
4 

18 
2 

* Setchell er al. (19876). 
t Jones et al. (1989). 
$ Thompson et al. (1991). 
P Axelson er al. (1982). 

protein (TVP) and tofu (soyabean curd) contain high levels of conjugated isoflavones, 
such as daidzin and genistin, while in fermented soyabean products such as miso, 
approximately 90% of the isoflavones are present in the unconjugated form, e.g. 
daidzein and genistein (Coward ef al. 1993). When ingested, these compounds are 
metabolized by the bacteria in the large gut to form equol (Setchell et al. 1984). 

OESTROGENICITY 

These heterocyclic phenols are structurally similar to the mammalian oestrogen. 
oestradiol-17p. A common chemical characteristic of these compounds is the presence of 
a phenolic ring, a prerequisite for binding to the oestrogen receptor. The principal 
compounds within these classes of phyto-oestrogens have been shown to have weak 
oestrogenic activity, ranging from M O O  to 1/1000 the activity of oestradiol-l7P, and to 
produce typical and predictable oestrogenic responses when administered to animals 
(Shutt & Cox, 1972; Martin et al. 1978; Verdeal et al. 1980; Juniewicz et al. 1988). 
Oestrogenic compounds can be agonistic or antagonistic to oestradiol-17P when they act 
simultaneously at target tissues. Antagonistic compounds normally compete for 
oestradiol-17p receptors but fail to stimulate the nucleus to respond fully. This partial 
oestrogen agonistic and/or antagonistic behaviour is a common feature of many weak 
oestrogens (Jordan, 1990). In animal models and in vitro experimental systems the 
isoflavones appear to act as anti-oestrogens, with primary anti-oestrogenic effects 
mediated via competition with oestradiol-17P for the oestrogen receptor. 
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These compounds are weak oestrogens; the activity of genistein, for example, is 
1000-fold less than that of oestradiol (Shutt & Cox, 1972). However, certain foods 
contain comparatively large amounts so that urinary excretion and plasma concen- 
trations may exceed levels of endogenous oestrogens by several orders of magnitude 
(Table 2). Urinary excretion of the principal oestrogen, oestrone glucuronide, ranges 
between 2 and 27 kg/d during the menstrual cycle (Setchell, 1985), while the excretion of 
isoflavones on 60 g TVP diet/d was 0.4-7.5 mg/d (Cassidy et al. 1994). 

E P I D E M I O L O G Y  

Soyabean consumption is higher in countries where the risk of hormone-dependent 
cancers is low. Cross-sectional studies which have measured urinary excretion of 
phyto-oestrogens show that urinary isoflavone (daidzein, genistein and equol) excretion 
is substantially greater in Japanese volunteers consuming a traditional diet compared 
with levels in adults living in Boston and Helsinki (Table 2). The limited plasma data that 
are currently available also suggest that levels of biologically-active isoflavones (free and 
sulphate fraction) are ten to twenty times higher in Japanese men than in Finnish males 
(Table 2). Urinary lignan (enterodiol and enterolactone) excretion is higher in 
vegetarian subjects than in those consuming an omnivorous diet (Table 2). In addition. 
recent data from Adlercreutz et al. (1995), show that faecal excretion of phyto- 
oestrogens is substantially higher in vegetarian subjects than in a group of omnivores 
(Table 2). 

The incidence of breast cancer and prostate cancer in countries of the Western world is 
significantly greater than that in Oriental countries. where the incidence of developing 
the disease is S-8-fold less (Muir et al. 1987). However, the incidence of breast and 
prostate cancer in Asian migrants and their offspring approaches the incidence rates of 
indigenous Westerners (Muir et al. 1987). These findings indicate that the majority of 
hormone-dependent cancers occur as a result of environmental influences, probably diet, 
and that they are potentially preventable. 

The differences in breast-cancer incidence rates between Asian populations and 
Western countries may possibly be related to the action of phyto-oestrogens as protective 
agents in the diet. British intake of one class of phyto-oestrogens, the isoflavones, has 
been estimated to be <1 mg/d (Jones et al. 1989), while the average consumption of 
these compounds in Asian countries is 50-100 mg/d (Barnes ef  af. 1990; Adlercreutz et al. 
1991~;  Coward et al. 1993). Table 2 shows that Japanese excrete up to twenty times more 
equol in urine than Western populations, and have higher circulating levels of isoflavones 
in plasma than Western populations (Table 2). 

Table 3 shows that three of five epidemiological trials have reported a protective effect 
of soyabean products against the development of breast cancer. In the two prospective 
trials, Nomura et al. (1978) found an inverse association between intake of miso soup (a 
fermented soyabean paste), and a trend toward an inverse association between intake of 
tofu (a soyabean curd), and subsequent risk of breast cancer. Hirayama (1986) also 
showed that a high intake of soyabean-paste soup was associated with a reduced risk in 
Japanese women. One case-control study (Lee et al. 1991) found a significant inverse 
association in premenopausal women between breast cancer risk and soyabean-protein 
intake, although two other caseecontrol studies found no relationship (Table 3). 

Table 3 shows that there is less consistency between soyabean consumption and risk of 
prostate cancer. In one Japanese study. there was no significant association between 
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soyabean-paste soup and prostate cancer risk, although protective effects were observed 
for leafy green vegetables (Hirayama, 1979). In addition, Oishi et af .  (1988) found no 
significant relationship between intake of miso soup and prostate cancer when they 
compared cancer patients with patients with hyperplastic disease and hospital controls. 
Severson et af .  (1989) showed a trend towards a protective effect with tofu, but no effect 
with miso soup in a group of 7999 men in Hawaii followed for almost 20 years. In this 
study the number of subjects with the highest intake was small and the association 
reached only borderline significance (P=O*OS4). 

ANIMAL STUDIES 

In the last 50 years, several important examples of the way in which dietary intake of 
phyto-oestrogens can influence reproductive physiology in animals have been reported. 
The earliest documented example was the recognition of an infertility syndrome in 
sheep, referred to as ‘clover disease’ (Bennetts et af .  1946; Shutt, 1976). This condition 
resulted from ewes grazing on pastures rich in Trifolium subterraneum, a species of 
clover rich in the isoflavone precursor, formononetin. The intestinal metabolism of this 
isoflavone leads to the formation of equol, and this weak oestrogen is absorbed and 
attains high circulating concentrations that subsequently cause permanent histological 
damage to the ovaries and uterus of the animal. 

Setchell et al. (1987~) showed that the addition of soyabean protein to the commercial 
diet of the captive cheetah (Acinonyx juhatus) was the cause of infertility and 
veno-occlusive liver disease. The effectiveness of isoflavones in the cheetah is explained 
by the poor capacity of the feline liver to conjugate steroids with glucuronic acid, an 
important route of deactivation. As a result, the unconjugated isoflavones predominate 
in the circulation. 

Compounds in soyabean also appear to be active in animal models of breast cancer. 
Hawrylewicz et af .  (1991) showed that soyabean-protein isolate decreased tumours by 
SO% in an N-methyl-N-nitrosourea (NMU) model of breast cancer. Troll et al. (1980) 
showed a 50% reduction in experimentally-induced X-ray irradiated mammary tumours 
in rats consuming a powdered soyabean diet. More recently, Barnes et al. (1990) showed 
that soyabean ingestion led to a reduction in mammary tumour growth in both the NMU 
and the dimethyl-benz(a)anthracene rat models of breast cancer. In these models, 
tumour formation was negatively correlated with total dietary isoflavone concentrations 
and, in particular, with dietary intake of genistein and urinary isoflavone excretion 
levels. In addition, the results from a follow-up study found that a soyabean product 
from which the isoflavones had been chemically removed (Arcon F) had no effect on 
mammary carcinogenesis (Barnes et al. 1990), again providing evidence that isoflavones 
exert anti-oestrogenic effects in vivo. 

More recently, Lamartiniere et af .  (1995) showed that administration of genistein to 
rats in the perinatal period was sufficient to cause a marked latency in the appearance of 
mammary tumours after administration of 7,12-dimethylbenz(a)anthracene at 50 d of 
age. 

Only limited data on the effects of soyabean on prostate cancer induced in animal 
models are available. Sharma et af .  (1992) showed in a rat model that a soyabean diet 
reduced the severity and incidence of prostatitis in the lateral lobe of the prostate. 
Soyabean appears to exert anti-oestrogenic effects in neonatally-oestrogenized mice. A 
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Table 3. Epidemiological studies examining the role of soyabean products in breast and 
prostate cancer risk (Adapted from Messina et al. 1994) 

Estimate of 
Study Soyabean product relative risk Findings Reference 

Breast cancer 
Case-control Soyabean 
Prospective Miso soup 

Prospective Miso soup 
Case-controlt Soyabean protein 

Caseecontrol Soyabean protein 

Tofu 

Soyabean: total protein 

Soyabean: total protein 

Prostate cancer 
Cohort Miso soup 
Caseecontrol Miso soup 

Cohort Tofu 
Miso soup 

NC 
NC 
NC 
0.46 
0.43 
0.29 
1.0 
1.0 

NS Hirohata et al. (1985) 
Decreased risk* Nomura et al. (1978) 
Decreased risk* 
Decreased risk Hirayama (1986) 
Decreased risk Lee et al. (1990) 
Decreased risk 
No change in risk Yuan et al. (1995) 
No change in risk 

0.76 NS Hirayama (1979) 
1.29 NS (cancer patients Oishi et al. (1988) 

v .  benign condition) 
0.64 NS (cancer patients 

v .  hospital controls) 
0-35 NS (P=0.054) Seversen er al. (1989) 
1.24 NS 

NC, could not be calculated. 
* Decreased risk was significant only for baseline period 1971-197s. 
? Premenopausal only. 

soyabean diet reduced the prostatic growth inhibition due to diethylstilbestrol and, in 
preliminary studies, delayed the development of dysplastic changes in the prostate 
(Makela et al. 1995). However, the homology between this animal model and human 
prostatic cancer remains to be established. 

M E C H A N I S M S  OF A C T I O N  A N D  M E T A B O L I S M  

On ingestion the phyto-oestrogen conjugates daidzin and genistin are hydrolysed in the 
large gut under the action of intestinal bacteria (Setchell et al. 1984) to release the 
unconjugated daidzein and genistein. The extent of absorption may be dependent on the 
chemical form of the isoflavones, in that the unconjugated isoflavones, because of their 
amphiphilic properties, may be more readily absorbed and, therefore, more bioavailable 
than the highly-polar conjugated species. The isoflavone metabolite, equol, is thought to 
be derived from isoflavone precursors. 

Absorbed phyto-oestrogens are transported to the liver via the hepatic portal vein, 
where they are rapidly conjugated with glucuronic acid, and to a much lesser extent with 
sulphuric acid, by the liver (Axelson & Setchell, 1980; Setchell et al. 1981, 1984; Fig. 2) .  
Thus, in both blood and urine, phyto-oestrogens are found primarily as conjugates. In 
plasma, the free and sulphate fractions are biologically active, while the glucuronide 
fraction is considered to be biologically inactive (Adlercreutz et al. 1 9 9 3 ~ ) .  In faeces, 
phyto-oestrogens are predominantly found in the unconjugated form, with less than 10% 
present in the conjugated state (Fig. 2). Quantification of phyto-oestrogens in biological 
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Renal clearance 

Bacterial metabolism 
of lignans andlor 

isoflavones 

Faecal loss 
unconjugated metabolites 

Fig. 2. Physiology of phyto-oestrogens. 

fluids is generally performed by gas chromatography-mass spectrometry, following 
extensive extraction, hydrolysis, and derivatization of the compounds (Setchell et ul. 
1983; Adlercreutz et al. 1993~).  

Under controlled conditions, Cassidy et al. (1994) showed that a challenge of 45 mg 
conjugated isoflavonedd, as 60 g TVP/d over a complete menstrual cycle, resulted in a 
1000-fold increase in isoflavone excretion (Table 1). Total urinary isoflavone levels 
ranged from 1 to 17 Kg/d during the control diet, while levels increased to between 0-4 
and 8 mg/d on the TVP diet. There was marked individual variability in metabolism of 
the isoflavones. Only two subjects excreted substantial levels of the metabolite, equol, 
while the other four subjects absorbed and excreted the precursors, daidzein and 
genistein (Cassidy, 1991; Cassidy et al. 1994). Quantitatively, daidzein excretion was 
more important than genistein and this finding has been reported also by other 
investigators (Kelly et al. 1993; Xu et al. 1994). Individual variability in isoflavone 
metabolism had been observed previously by Setchell et al. (1984). Kelly et al. (1993) 
also showed some individual variability in ability to deconjugate and to absorb dietary 
isoflavones in twelve subjects following ingestion of a 40 g soyabean-flour cake over two 
consecutive days. Inter-individual variation in isoflavone excretion between twelve 
female volunteers challenged for 1 d, on three separate occasions with either 0.7, 1.3 or 
2.0 mg isoflavonedkg body weight was substantial (Xu et al. 1994). 

Cassidy et al. (1994) reported an average recovery of total urinary isoflavones of 
between 2 and 13% of intake, following consumption of 45 mg isoflavones/d as 60 g TVP. 
Xu et al. (1994) showed average 24 h urine recoveries of daidzein and genistein to be 21 
and 9% respectively at all three doses of isoflavones. Only 1-2% of ingested isoflavones 
was found in faeces. No equol was detected in their urine samples. Therefore, the 
absorption, excretion and plasma concentrations of isoflavones may be dependent on the 
dose given, with urinary and plasma isoflavone levels increasing with increasing dose. At 
all three doses, urinary isoflavone levels were significantly greater in the first 12 h after 
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dosing than in the subsequent 12 h period; plasma concentrations were significantly 
increased 6.5 h after dosing (Xu et al. 1994). 

It is evident, therefore, that these compounds are absorbed. However, currently there 
is limited information on their bioavailability and further investigation is required to 
establish the reasons for the wide individual variability in excretion of these compounds. 

B I O L O G I C A L  EFFECTS IN HUMANS 

Studies by Cassidy et al. (1994, 1995) have examined the physiological effects of 
phyto-oestrogens in humans. Isoflavones, given as various soyabean products, modified 
hormonal status in healthy premenopausal women. Fifteen premenopausal women were 
studied over a 9-month period, 4-6 months of which were spent in a metabolic suite, and 
2 or 3 months under closely-monitored conditions. Consumption of 45 mg conjugated 
isoflavones as TVP (60 g/d; n 6) over a 1-month period significantly prolonged the length 
of the menstrual cycle, specifically the length of the follicular phase. The delay in 
menstruation was accompanied by a delay in peak luteal-phase progesterone concen- 
trations. In addition, the mid-cycle surges of the gonadotrophins, luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) were suppressed ( K 0 . 0 5  and P<O.Ol 
respectively; Cassidy e l  al. 1994, 1995). A small number of subjects (n  3) consumed half 
the dose (25 mg) as unconjugated isoflavones, 50 g miso/d. Similar biological effects were 
observed with this diet as with 45 mg conjugated isoflavones, although the findings of the 
study were not statistically significant. However, peak luteal phase progesterone 
concentrations were significantly delayed ( K 0 . 0 5 ) .  The results of these studies suggest 
that the chemical form of dietary isoflavones influences the observed physiological 
effects, with unconjugated isoflavones being potentially more efficient. None of these 
changes were observed when soyabean was replaced with Arcon F, an isoflavone-free 
soyabean product, in five subjects, providing convincing evidence that phyto-oestrogens 
are the biologically active components of soyabean products. 

Several other studies with free-living subjects have examined the biological effects of 
phyto-oestrogens in women. Wilcox et af. (1990) supplemented the diets of a group of 
post-menopausal women to evaluate the oestrogenic effects of several sources of 
phyto-oestrogens. They showed significant changes in vaginal cytology and suppression 
in FSH after 6 weeks on the diet. Phipps er al. (1993) showed that 10 g flaxseed powder/d 
over three menstrual cycles in eighteen premenopausal women had little effect on their 
sex steroid hormone metabolism. In trials with free-living postmenopausal women, 60 g 
soyabeadd over a 4-week period suppressed LH levels, while 40 g linseed/d over a 
6-week period caused a significant suppression of both LH and FSH (A.  Cassidy, M. 
Faughnan, R. Hughes, C. Fraser, A. Cathcart, N .  Taylor and S.  Bingham, unpublished 
results). 

These findings suggest that the phyto-oestrogens present in soyabean potentially exert 
a weak oestrogenic effect on the hypothalamic-pituitary-gonadal axis and potentially 
may be beneficial with respect to risk factors for breast cancer. Oestrogen exposure and 
the cumulative number of menstrual cycles a woman experiences over her pre- 
menopausal years are two important risk factors for breast cancer (Henderson et al. 
1985). Mean cycle length in Western countries, where risk of breast cancer is high, is 
28-29 d,  while average cycle length is 32 d in Japan, where risk of breast cancer is 4-fold 
lower (Henderson er al. 1985). Breast-cell division is 4-fold lower during the follicular 
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phase of the cycle (Ferguson & Anderson, 1981; Anderson et al. 1982), so women with 
longer menstrual cycles, therefore, will have longer follicular phases, resulting in 
reduced cell division over their premenopausal years. Tamoxifen, which is successfully 
used in breast-cancer therapy, at a daily dose of 20 mg, has been shown to similarly 
interfere with the hypothalamic-pituitary-gonadal axis, resulting in a decrease in 
circulating levels of LH and FSH in breast-cancer patients (Golder et af. 1976; Willis 
et al. 1977; Jordan et al. 1987). 

Several trials have examined the biological effects of lignans in groups of free-living 
men. Shultz et al. (1991) showed that a daily 13.5 g supplement of linseed over 6 weeks 
had no effect on plasma testosterone, free testosterone or sex-hormone-binding globulin 
levels in a group of six young men. Hughes et al. (1994) showed that a higher level of 
linseed (40 g/d) resulted in a significant decrease in FSH, total cholesterol and 
LDL-cholesterol levels in a group of middle-aged men over 4 weeks. Although male 
serum testosterone and dihydrotestosterone showed a trend towards a decrease on the 
linseed diet there was no observed change in total urinary androgen output. Only one 
dietary-intervention trial with isoflavones in men has been conducted. In a group of 
middle-aged men 60 g TVP/d did not result in any significant hormonal modifications (A. 
Cassidy, M. Faughan, R. Hughes, C. Fraser, A. Cathcart, N. Taylor and S. Bingham, 
unpublished results). 

OTHER POTENTIAL MECHANISMS OF ACTION 

In addition to phyto-oestrogens, soyabeans contain several other potential anti- 
carcinogens, including protease inhibitors, phytosterols, saponins and inositol hexaphos- 
phate (Barnes et al. 1990). Substantial literature has been published on the anti-cancer 
activity of the Bowman-Birk trypsin inhibitor (Kennedy, 1995); however, Barnes et al. 
(1990) showed that autoclaved soyabean, which inactivates the trypsin inhibitor, was as 
effective as non-autoclaved soyabean in reducing the number of tumours in two standard 
experimental animal models of breast cancer. They also showed that the Bowman-Birk 
trypsin-inhibitor preparations typically contain high concentrations of isoflavones. 

Initial interest in the role of phyto-oestrogens in cancer prevention has centred on their 
anti-oe.strogenic effects. However, results of several in vitro studies suggest that 
isoflavones, specifically genistein, do not inhibit cell growth by classical anti-oestrogenic 
mechanisms. 

At high concentrations, genistein acts as a potent inhibitor of proliferation of both 
oestrogen-receptor-negative and -positive breast-cancer cells (Peterson & Barnes, 1991). 
Genistein also specifically inhibits the activity of the epidermal-growth-factor receptor 
(EGFR) tyrosine kinase with the value for the concentration required for 50% inhibition 
(IC~O) of about 0.7 kg/ml. Senne and threonine kinases require concentrations >30 
kg/ml for inhibition (Akiyama et al. 1987). However, genistein does not inhibit the 
activation of growth-factor receptors in tumour cells, because genistein did not block 
EGFR autophosphorylation in DU-145 prostate cancer cell lines (Peterson & Barnes, 
1993). Neither daidzein (Sargeant et al. 1993) nor genistin (Arrora et af. 1995) exhibit 
anti-tyrosine kinase activity. Genistein also inhibits in vitro angiogenesis and endothelial- 
cell proliferation (Fotsis et af. 1993). In contrast, enterolactone, equol and daidzein were 
twenty to fifty times less potent (Fotsis et al. 1993). This may be an important finding; 
however, the half-maximal effect for inhibition of angiogenesis required approximately 
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40.5 pg genisteidml, which is an order of magnitude higher than the levels required to 
inhibit cancer-cell growth, and almost two orders of magnitude higher than estimates of 
blood isoflavone Concentrations reported in humans consuming soyabean products. 

Genistein inhibits the activity of topoisomerase I1 in vitro with Icso values of 
approximately 30 pdml (Okura et al. 1988; Markovitz et al. 1989; Constantinou et al. 
1990). Slight inhibition occurs at low genistein concentrations (3 pg/ml) but complete 
inhibition requires concentrations >50 pg/ml. In vitro studies also show that genistein 
inhibits topoisomerase I1 activity by stabilizing the DNA-topoisomerase I1 complex 
(Yamashita et al. 1991). Stabilization of this complex in tumour cells leads to double- and 
single-strand breaks in cellular DNA, leading to growth inhibition or cell death 
(Gerwirtz, 1991). However, at ICSO values for growth inhibition, little DNA damage is 
observed, suggesting that genistein does not inhibit cell growth through inhibition of 
topoisomerase I1 activity (Okura et al. 1988; Markovitz et al. 1989; Constantinou et al. 
1990). 

Isoflavones may exert some of their anti-cancer effects through an antioxidant 
mechanism. Genistein has been shown to decrease the production of reactive oxygen 
species (ROS) by tumour cell types and cells of the immune system. Genistein at 0.5-8 
pg/ml can directly inhibit agonist-stimulated ROS production (Akimura et al. 1992; 
Tanimura et al. 1992; Utsumi et al. 1992; Wei et al. 1993). 

The relevance of these in vitro studies in understanding the potential chemoprevent- 
ative effects of phyto-oestrogens is unknown. Many of these studies were carried out 
using high concentrations of phyto-oestrogens and few of the previously described 
mechanisms in tumour cells are sensitive to physiological serum concentrations of 
genistein. However, limitations in the existing analytical methods need to be resolved 
(K. D. R. Setchell, personal communication). For example, mean total genistein levels 
in plasma were 16 ng/ml in a group of vegetarians, while a group of Japanese men 
secreted on average 75 ng genisteidml (Table 2), whereas concentrations used in the in 
vitro studies were in the microgram range. 

The majority of in vitro tissue-culture experiments have been carried out with 
established human cancer cell lines, although these experiments will not address the role 
of phyto-oestrogens on normal cell proliferation. Thus, the physiological significance of 
the inhibitory effects of isoflavones on the growth of untransformed, normal cells needs 
to be examined. 

POTENTIAL ADVERSE EFFECTS 

In order to evaluate any potential risks offered by phyto-oestrogens, their potency and 
sites of action, when consumed at natural dietary concentrations, need to be investi- 
gated. Each phyto-oestrogen needs to be fully characterized in terms of its site of action, 
balance of agonistic and/or antagonistic properties, natural potency and short-term and 
long-term effects. It has been suggested that differences in sensitivity to phyto- 
oestrogens is dependent on differences in metabolism, particularly in conjugative 
capacity. 

Phyto-oestrogens are known to induce infertility in livestock (Price & Fenwick, 1985), 
so it is important to determine if there are potential effects on fertility in humans. Several 
studies have examined the effects of phyto-oestrogens in the reproductive tract and brain 
of experimental animals. These studies show that phyto-oestrogens in a similar way to 
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other oestrogens, have the capacity to induce developmental toxicity, but most of these 
studies have concentrated on the actions of the most-potently-oestrogenic isoflavone, 
coumestrol (Burroughes et al. 1985,1990; Whitten et af. 1992; Medlock et af. 1995). 

It is well established that exogenous oestrogens increase the risk of endometrial cancer 
(Smith et al. 1975). Tamoxifen, an anti-oestrogen drug which has successfully been 
employed in the treatment of breast cancer, has also been associated with oestrogenic 
side effects, such as thrombo-embolic phenomena and endometrial proliferation in 
post-menopausal women (Fornander et al. 1989; Fisher et al. 1994). Phyto-oestrogens 
also exert partial agonist and/or partial antagonist activity, but there is insufficient 
epidemiological evidence to suggest that the agonist properties of the compounds may 
cause an increased risk of endometrial hyperplasia, or endometrial carcinoma. Miyazawa 
(1976) suggested that there was a high prevalence of endometriosis in Japanese women, 
but this finding was based on one cross-sectional study of gynaecological admissions to 
hospitals in Hawaii, in which fewer than four cases of endometriosis were Japanese. 

OTHER POTENTIAL HEALTH BENEFITS 

The physiological effects of plant oestrogens are also likely to have effects on bone 
metabolism and on heart disease. There is substantial evidence from studies on 
experimental animals and human subjects that substituting soyabean protein for animal 
protein in the diet reduces serum concentrations of total and LDL-cholesterol (Sirtori 
et af. 1993), but the mechanism by which this occurs is unknown. There are well- 
documented effects of oestrogens on lipid metabolism, thus the observed effects of 
phyto-oestrogens in lowering blood cholesterol levels may be relevant to ischaemic heart 
disease, of which total cholesterol, LDL-cholesterol, and LDL-cholestero1:HDL- 
cholesterol are known to be important risk factors (Cardiovascular Review Group 
Committee on Medical Aspects of Food Policy, 1994). Independent of a possible role of 
isoflavones in the reduction of serum cholesterol levels, limited studies of cultured 
vascular cells suggest that some of the cellular processes involved in lesion formation are 
inhibited by genistein. Genistein is a potent inhibitor of tyrosine kinase activity in vitro 
(Akiyama et af. 1987) and is, therefore, capable of blocking growth factor action. For 
example, genistein (27pg/ml) inhibited platelet-derived growth factor-induced thymidine 
incorporation and receptor autophosphorylation (Hill et al. 1990). It has been shown also 
to inhibit thrombin formation, and platelet activation in vitro (Sargeant et af. 1993; 
Wilcox & Blumenthal, 1995). If genistein has the same effects in vivo, this compound has 
the potential to slow the development or progression of atherosclerotic disease by 
modifying coagulation responses. However, currently this is speculative and future 
research should assess its potential therapeutic effects for vascular disease in vivo. 

The weak oestrogenic action of isoflavones may be potentially beneficial in the 
prevention of osteoporosis; however, there are few studies to support this hypothesis. 
Anderson et af. (1995) compared the potential agonistic effects of genistein on the 
retention of cancellous bone tissue in rats with premarin, an oestrogen with known 
bone-retaining properties. Genistein at a dose of 1 mg/d had a similar effect in 
maintaining trabecular bone tissue to that of premarin (5 pg/d), but at higher doses (3.2 
and 10 mg/d) it had no retentive effect on bone mass. In addition, an isoflavone 
derivative, ipriflavone, directly inhibited bone resorption in a human model of osteoblast 
(Cheng et af. 1995). 
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High levels of circulating gonadotrophins have been associated with post-menopausal 
symptoms, e.g. hot flushes (Aitken et al. 1974; Casper et al. 1979; Tataryn et al. 1979). 
The observed decreases in LH and FSH levels in the free-living post-menopausal women 
consuming TVP and linseed (A. Cassidy, M. Faughnan, R. Hughes, C. Fraser, A. 
Cathcart, N. Taylor and S. Bingham, unpublished results) suggest that phyto-oestrogens 
have the potential to alleviate post-menopausal symptoms. Recently, Murkies er al. 
(1995) showed that a daily supplement of 45 g soyabean flour significantly reduced the 
number of hot flushes within 6 weeks in a group of post-menopausal women. 

CONCLUSIONS 

Epidemiological evidence, results from human and animal studies, and some in vitro 
work suggest that phyto-oestrogens may be protective against the development of 
hormone-dependent cancers. It is evident that these compounds are absorbed, and from 
the available data, have potential biological effects in humans. Isoflavones, 50-100 mg/d, 
are typically consumed by humans in the Far East (Barnes et al. 1990; Adlercreutz er al. 
1991; Coward et al. 1993) where hormone-dependent cancer rates are low. Phyto- 
oestrogens, therefore, may protect against hormone-dependent cancers but more 
research needs to be conducted. 

Future research should examine the metabolism and absorption of these compounds 
in vivo to help explain the wide individual variability in excretion of these compounds, 
even under controlled dietary conditions. More feeding trials need to be conducted to 
examine the biological effects of lignans in humans, and to confirm the importance of the 
chemical form in which the isoflavones are ingested. Evidence of a direct effect at the 
breast or prostate needs to be demonstrated in clinical trials. The mechanisms of action 
of the phyto-oestrogens needs to be established by performing further in vitro studies 
using non-transformed normal cells at physiologically-relevant concentrations of the 
compounds. The biological relevance of these in vitro studies could then be predicted. 
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