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The growing interest in the role of phyto-oestrogens in human health has prompted scientists to
evaluate the risk : benefit which would result from consuming high levels of these compounds at
different stages of the life cycle. These compounds have been shown to exert a wide range of
hormonal and non-hormonal activities in animals amdsitro, and these activities suggest
plausible mechanisms for potential health effects in human subjects consuming phyto-oestrogen-
rich diets. In addition, experimental and epidemiological data are available supporting the concept
that phyto-oestrogen-rich diets exert physiological effaéotssivo, however, their relative
importance to human health remains to be elucidated. Our understanding of factors involved in
their absorption and metabolism, including the role of intestinal microflora, is limited, and these
factors together with dose-related effects may well be important in determining clinical efficacy.

Phyto-oestrogens: Isoflavones: Lignans: Soyabean

The role of dietary phyto-oestrogens as protective Mechanisms of action
substances naturally present in the diet is receiving
considerable attention. However, despite substantial
epidemiological and experimental evidence from animal
models andn vitro test systems that are supportive of a
potential protective role in human health, to date limited
clinical data are available to support any of the hypothesized

benefits of these compounds (Setchell & Cassidy, 1999)'dietary phyto-oestrogens in human subjects, since we do not

The phyto-oestrogens are a varied class of compounds . o .
but most of the research attention has focused specificallyknOW what levels are attainable within cells or the tissue

. distribution of these compounds following ingestion.
on the isoflavone subclass. However, more recently novel p g ng

in hops Humulus lupulusL.; Milligan et al 1999), ’ 9

and interest is growing in these compounds, given their Many of the proposed mechanisms (including antioxidant

reater oestrogenic activity than the established bh tO_potential, anti-angiogenesis, anti-proliferative effects and
gestro ens su%h as the i)s/oﬂavones To date Ourpugderi_nhibition of enzymes involved in steroid metabolism) may
gens, : ; L be difficult to realize at a ‘physiologically-relevant’ range of
standing of the physiological behaviour of these compoundspl‘,jlsrm1 levels (Setchell & Cassidy, 1999)
following ingestion, including intestinal metabolism, o S o o
absorption and metabolic fate is limited. Although evidence The main interest in dietary isoflavones initially related to

; X X , their structural similarity to the mammalian oestrogen,
is available to support biological effects of phyto-oestrogens 17B-oestradiol (Fig. 1), which indicates their ability to act
following ingestion, the clinical relevance of such effects

and the doses required to exert potential influences or]potentially both as oestrogen agonists and antagonists (Shutt

. . : & Cox, 1972). It has been demonstrated that these
gg{gﬁ{sﬂhggort_ and long-term health issues remains to becompounds bind to the classical oestrogen receptor

(oestrogen recepton) and produce typical oestrogenic

Numerous mechanisms of action for the dietary phyto-
oestrogens have been proposed as a result of animal studies
andin vitro experiments. However, it is important to put into
perspective the relevance of these mechanisms to tieo
human situation (Cassidy, 1997). Currently we have little
understanding of the ‘physiologically-relevant’ range of
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responses when administered to animals (Shutt & Cox,et al. 1999). These actions are being compared with those of
1972). However, similarly to other weakly oestrogenic a group of drugs collectively known as oestrogen receptor
compounds, phyto-oestrogens have the potential to exertmodulators (SERMS), e.g. raloxifene (Etinggral 1999).
antagonistic effects, and this apparent paradoxical nature oSERMS bind to oestrogen receptors, and although they
these compounds may in part be explained by themimic the effects of oestrogen in some tissues, in other
identification of the novel oestrogen receptor (oestrogentissues such as the breast and uterus, classical oestrogenic
receptor3; Kuiper et al 1996). Not only do these two effects are not observed (Etinget al 1999). Hypo-
oestrogen receptors have a differential distribution amongthetically, therefore, these drugs have the capacity to exert
tissues (Fig. 2) but the isoflavone genistein has a 20-foldoestrogenic effects in vascular and bone tissues, and anti-
higher binding affinity for oestrogen receptBrthan for oestrogenic effects at the breast and reproductive tissue
oestrogen receptar (Kuiper et al 1998), suggesting that sites. Given the distribution of oestrogen receptors and the
isoflavones may preferentially bind to oestrogen receptor apparent greater binding affinity of isoflavones to oestrogen
[B-expressing tissues and have the capacity to exert tissuereceptor 3, the potential of phyto-oestrogens to act as
specific effects. Support for this tissue-specific potential has SERMS needs to be investigated further.
emerged from animal models in which treatment with the  Substantial evidence suggests that the oestrogen receptor
isoflavone genistein produced vasculo-protective effectsis only one mode of action by which phyto-oestrogens exert
unaccompanied by the uterotrophic outcome seen withtheir clinical effects. These compounds appear to alter
17B-oestradiol treatment in ovarectomized rats (Makela steroid metabolism through inhibition of the enzyme
aromatase (lbrahim & Abdul-Haj, 1990; Adlercreetzal
1993; Wanget al. 1993) and stimulation of sex hormone-
binding globulin (Adlercreutzet al 1992; Mousavi &
Adlercreutz, 1993). Additionally, phyto-oestrogens act as
- antioxidants (Ruiz-Larreat al. 1997; Tikkaneret al 1998),
have anti-proliferative potential (Peterson & Barnes, 1991,
Brown et al 1998) and exert anti-angiogenic effects (Fotsis
et al 1998). However, it is difficult to clarify the clinical
relevance of these mechanisms without reference to the
amounts of phyto-oestrogens attained within cells following
ingestion.

Dietary sources, metabolism and bioavailability

Fig. 1. Comparison of chemical structures of oestradiol and _Seve_r?-l Classes of dietarY_ phyto-oestrogens .have been
isoflavones. (From Jacobs, 1999.) identified, with two of the major subclasses (the lignans and
ERa ERo and ERp ERB
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Fig. 2. Distribution of oestrogen receptors (ER) a and 8 in human tissues.

https://doi.org/10.1017/50029665100000719 Published online by Cambridge University Press


https://doi.org/10.1017/S0029665100000719

Nutrition Society Medal Lecture 491

isoflavones) currently stimulating interest from a nutritional affect the bioavailability and pharmacokinetic profile of
and health perspective. The recent identification of a novelthese compounds in human subjects. Only limited data exist
more-potent phyto-oestrogen in hops (8-prenylnaringenin; as to the metabolites produced during intestinal metabolism
Milligan et al. 1999) suggests that our attention has been too(Joannotet al 1995), and the specific bacteria involved are
focused and should in the future encompass other naturallycurrently unknown (Setchell & Cassidy, 1999). Data
occurring oestrogen-like compounds present in plants. currently available indicate that large intra- and inter-
Dietary phyto-oestrogens are present in plant foods andindividual variability exists in the metabolic fate of these
are synthesized from phenylpropanoids and simple phenolscompounds (Setchell & Cassidy, 1999). For example, there
(Hahlbrocket al. 1981; Ayres & Loike, 1990; Rolfe, 1998). is large variation in the excretion of isoflavones between
Lignans are present in many fibre-rich foods (Table 1), andindividuals, and individuals appear to be either equol
although the nutritional properties of flaxseed, the richest (metabolite of equol) or non-equol producers (Cassid.
identified source of the lignan precursor secoisolariciresinol, 1994). The factors which determine equol or other
is receiving some attention, only limited data on the levels metabolite production have yet to be elucidated, but some
of lignans in food and their biological effedts vitro and evidence suggests that a high-carbohydrate diet facilitates
in vivo are currently available (Setchell, 1995). Most of the intestinal phyto-oestrogen metabolism (Setcaell 1984;
consumer attention has focused on the isoflavones, inKelly et al 1995; Lampest al. 1998). Metabolism may well
part because of the epidemiological evidence which isbe an important indicator of clinical efficacy, sirioevivo
suggestive of a potential role for soya bean, a major sourceevidence suggests that equol is a more potent ‘oestrogen’
of isoflavones, in explaining the wide differences in rates of than its precursor daidzein (Shutt & Cox, 1972). Generally,
some hormone-related diseases between Asian countriesmeasurement of phyto-oestrogens in biological fluids has
and the West (Messingt al 1994). Soyabean proteins and focused only on daidzein, genistein and equol, and
foods (Table 1) contain significant levels of isoflavones, subsequently only a small percentage of the ingested
predominantly daidzein and genistein. The chemical compounds can be accounted for by urinary excretion in
composition of the isoflavones in soyabean foods is eitherstudies which have measured these compounds (Cassidy
as different types of glycoside conjugatgsg(ucosides, etal 1994; King & Bursill, 1998). Many metabolites may
malonylglucosides, acetylglucosides) or as the unconju-have been identified only recently, or currently remain
gated aglycone form (Cowar@ét al 1993). Glycetin unidentified (Joannoet al 1995). Furthermore, the effect
conjugates are also frequently found in soyabean proteins abf the food matrix and the chemical composition of the
low levels (Kudouet al 1991), but high concentrations of compounds (conjugate : aglycone) on their metabolic fate
glycetin conjugates are found in the hypocotyledon or germremains to be elucidated, and further information as to the
(Naimet al. 1973). Levels of isoflavones are highly variable effects of the absorption and metabolism of these
between soyabeans due to environmental factors and theompounds needs to be obtained.
variety of soyabean (Eldridge & Kwolek, 1983), and it is not
surprising, therefore, that large ranges in isoflavone content
have been reported within and between soyabean products
(US Department of Agriculture, 1998) In recent years considerable attention has been paid to the
Although we know that after ingestion the phyto- phyto-oestrogen levels in soyabean infant formula and the
oestrogens are absorbed and metabolized, and the biopotential biological effects in infants of exposure to phyto-
transformation of ingested phyto-oestrogens occurs by theoestrogen (Setchell, 1985). Soyabean-formula-fed infants
action of the intestinal microflora (Borriellet al 1985), have plasma concentrations of isoflavones which are
currently we have a limited understanding of factors which 10-fold higher than those of adults (Setctedllal. 1997).
These concentrations exceed circulating levels of oestradiol,
but the biological relevance of this finding is unclear
(Setchellet al 1997). However, a more sensitive period of
development is during fetal life. Recent evidence has
demonstrated that phyto-oestrogens cross the placenta,

Early life: in utero and infancy

Table 1. Examples of dietary sources of isoflavones and lignans in
average portion sizes*

Isoflavones Lignans indicating that these compounds have the potential to
Food (mg) Food (mg) modify oestrogen metabolisin utero (Adlercreutzet al
Soyabeans 25143 Linseed 135 1999). Inform_atio_n on the effect (_)f such exposure on
Soyabean flour 0.8-59 (flaxseed) de_velopment is Ilmlted, but t.here is no gp|d9m|olog|cal
Textured vegetable 29.67  Oatbran 0-25 evidence from Asian populations (who historically have
protein Asparagus 0-46 consumed high levels of phyto-oestrogens and who are
Tofu 19 Carrot 0-21 currently consuming between 20 and 50 mg/d; Nagatd
Tofu yoghurt 5-85  Broccoli 0-20 1998) to suggest that uteroexposure results in any future
Tempeh 4-38  Lentils 072 developmental effects. In fact, studies in which rats were
Miso 4-16  Pear 0-27 exposed to isoflavonds uteroindicated beneficial effects,
Soya sauce Negligible  Sweet potato 0-36 with a subsequent reduction in the risk of developing
ggﬁ ﬁ:ﬁ(ese é:gg E’;T(ey bean gig mammary carcinoma in later life (Lamartiniéreal 1995;
Murrill et al 1996). These findings indicate that benefits of
*Adapted from the US Department of Agriculture isoflavone database phyto-oestrogen €xposure in later life may occur as a result
(Thompson et al. 1996), using average portion sizes from Crawley (1992). of early exposure to these compounds. However, since this
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period of development is particularly sensitive in human elevated risk of thrombosis, breast cancer and endometrial
subjects, long-term follow-up trials are required to fully cancer (Colditzet al 1995; Colet al 1997). It is not
elucidate the effect ofin utero exposure to these surprising, therefore, that due to the weak oestrogenicity of
compounds. phyto-oestrogens and their potential to act as SERMS they
are being investigated as a potential natural alternative to
conventional HRT (Clarkson, 1997).

Epidemiological data are supportive of a beneficial role
The lower incidence of many hormone-dependent diseasesof isoflavones in decreasing menopausal symptoms; the
including CHD, menopausal symptoms, osteoporosis andincidence of hot flushes ranges from 70 to 80 % in
breast cancer, in women in Asian countries where adultsmenopausal women in Europe compared with 18 % in China
consume between 20 and 50 mg isoflavone/d (Nagjath (Sturdee, 1997). A number of short-term clinical studies
1998), along with the observed biological effects of these investigating the efficacy of isoflavone-rich foods have
compounds (Cassidyet al 1994, 1995), has led to reported a significant reduction (40-56 %) in the incidence
speculation that phyto-oestrogens have potential healthof hot flushes (Murkiegt al 1995; Brzezinsket al 1997;
benefits in women, particularly in relation to menopausal Albertazziet al 1998), but all studies were characterized by
health. a strong placebo effect, a problem which is also consistently

There is compelling evidence that phyto-oestrogen seen in HRT trials. Studies using isoflavone extracts have
ingestion can exert biological effects in both premenopausalyielded unconvincing data (Kniglet al 1998), suggesting
and post-menopausal women (Wilceal. 1990; Gavaler  that they may be less effective than the isoflavone-rich foods
et al. 1991; Phibbst al 1993; Cassidet al 1994, 1995, in alleviating menopausal symptoms. However, these
1998; Brzezinskiet al 1997; Xuet al 1998). Isoflavone  studies were all of short duration, used variable doses of
ingestion has been shown to have an endocrine-modifyingisoflavones, and used only limited assessments of hormonal
effect through the suppression of follicle-stimulating status (Setchell & Cassidy, 1999). Further clinical studies
hormone and luteinizing hormone in both premenopausalneed to be conducted in order to evaluate the efficacy of
and post-menopausal women (Wilceial. 1990; Cassidy  different doses of isoflavones for menopausal symptom
etal 1994, 1995, 1998; Xet al 1998). In post-menopausal relief.
women isoflavone ingestion has resulted in the elevation of The efficacy of HRT in ameliorating the bone loss
plasma sex hormone-binding globulin (Wilcekal 1990; associated with the menopause is well established (Felson
Gavaleret al 1991; Brzezinsket al 1997), but this increase etal 1993). The idea that phyto-oestrogens may have
has not been evident in premenopausal women (Phtldls beneficial effects on bone is gaining momentum, especially
1993; Cassidyet al 1994). Alterations in oestrogen in the knowledge that bone is an oestrogen receptor
metabolism have also been demonstrated following B-expressing tissue (Kuiper & Gustafsson, 1997). Asian
isoflavone ingestion (Xet al 1998). women have a considerably lower risk of suffering an

However, although evidence is available to suggest theoesteoporosis-related fracture than their Western counter-
existence of biological effects following ingestion of phyto- parts (Tobaiset al 1994; Ho, 1996), and to date
oestrogen-rich diets, limited data are available defining the experimental studies using the ovarectimized rat model have
optimal intake leading to potential ‘health effects’. Intakes demonstrated that isoflavones can prevent bone loss
of approximately 45mg isoflavones/d are known to exert (Arjmandi et al 1996, 1998; Andersoat al 1998; Ishida
biological effects (Cassidgt al 1994), yet a dose of 23mg et al. 1998). However, to date there have been only limited
isoflavones/d caused no hormonal effect (Casathal clinical studies in human subjects. One study reports that
1995). Whether or not specific health benefits are related toingestion of isolated soyabean protein over a 6-month
intake needs to be addressed, and differential effects operiod by post-menopausal women resulted in an increase in
phyto-oestrogen-rich foods need to be ascertained. Differentbone mineral content and the density of the lumbar spine at
‘optimal’ doses may be required depending on the healtha dose of 90 mg isoflavones/d (Pogerl 1998). Studies in
issue of concern, and limited data from human trials havewhich biochemical markers of bone turnover were measured
indicated that the intake required to exert effects on boneshowed that consumption of 60—70 mg isoflavones/d over a
(Potteret al 1998; Scheiber & Rebar, 1999) may exceed 3-month period in post-menopausal women resulted in
that required to alter lipoprotein metabolism and antioxidant decreases in markers, including urinary excretion of
activity (Andersoret al 1995; Tikkaneret al 1998; Crouse  D-pyridinoline and N-telopeptide, and urinary markers of
et al 1999). The ultimate goal, therefore, in determining the bone metabolism (Scheiber & Rebar, 1999; F Pansini,
optimal dose, particularly for menopausal women, will be to G Bonaccorsi, P Albertazzi, D Costantino, A Valerio,
establish the dose that is likely to be most efficacious in C Negro, S Ferrazini, | Bonacuore, D De Aloysio,
addressing their specific health outcomes. A Fontano, N Pansini and G Mollica, unpublished results).

The changes that occur during the menopause, characThe mechanisms through which phyto-oestrogens prevent
terized by oestrogen deficiency due to decreasing ovarianbone loss are still unclear, but one possibility is that these
oestrogen production, result in an increased risk of compounds modulate cytokine production, which in turn
developing breast cancer, CHD, osteoporosis andregulates ostoeclast activity since genistein has been shown
menopausal symptoms. Hormone (oestrogen)-replacemento stimulate the production of transforming growth fagor
therapy (HRT) is effective in symptom relief and has in osteoclasts (Kimet al 1998). Long-term studies are
beneficial effects on the bone and vasculature, but isrequired to address the effect of phyto-oestrogen-rich diets
associated with a number of side effects including a slightly on bone health, given the length of time required to observe

Women
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physical changes in the bone and to elucidate the optimakancer (Yatanet al 1989). Evidence also suggests that the
dose required for bone health effects. development of prostatic tumours in Japanese men is slower
CHD is one of the leading causes of death in post- (Shibataet al 1997), raising the question of whether dietary
menopausal women in the UK (Williams, 1997). factors play a protective role. Analysis of plasma and
Endogenous oestrogen levels during the premenopausaprostatic fluid from Asian men showed that isoflavones
years appear to confer protection from the disease, andconcentrations were 2-fold higher in prostatic fluid than in
during the peri- and post-menopausal years it has beerplasma (Mortoret al. 1997). These data have consequently
suggested that HRT may reduce the risk of developingled to speculation that dietary isoflavones may play a role in
the disease by up to 44 % (Stampfer & Colditz, 1991). the reduced risk for prostatic canchkr.vitro studies have
Epidemiological data are supportive of a cardio-protective demonstrated that genistein and bichanin A can inhibit the
influence from a diet high in phyto-oestrogens (Katyal growth of prostate cancer cell lines (Peterson & Barnes,
1996; Nagataet al 1998). Furthermore, evidence exists to 1993; Naiket al 1994; Kyleet al. 1997) via inhibition
indicate that phyto-oestrogens have favourable effects onof 5a-reductase and PBrhydroxysteroid dehydrogenase
factors that affect the two major processes involved in the (Evanset al. 1995; Makeleet al 1995), enzymes involved
development of the disease, atherosclerosis and thrombosig androgen and oestrogen synthesis. In rat models soyabean
(Cassidy & Griffin, 1999). The lipid-lowering effect and genistein ingestion have resulted in a reduction in the
associated with the ingestion of soyabean protein in humarincidence of prostate cancer (Nakal 1994; Wanget al
subjects is well established (Andersenal 1995; Baum 1995; Pollard & Luckert, 1997; Zhangt al 1997;
et al 1998; Crouset al 1998; Potteet al 1998; Scheiber  Schleicheret al 1998; Zhouet al 1988). The specific
& Rebar, 1999), but the extent of the effect is highly protective roles that phyto-oestrogens may play are most
dependent on initial cholesterol levels. This phenomonenlikely to be multifactorial, incorporating both oestrogen-
has been attributed in part to the isoflavone content of thedependent and -independent mechanisms, including
soyabean in both animal and human trials (Anthehwpl induction of cell proliferation and expression of tyrosine-
1996, 1997; Balmiet al 1996; Anthony & Clarkson, 1998; phosphorylated proteins (Griffittet al 1998).
Crouseet al 1998), but interestingly the pure compounds
exert no hypocholesterolaemic effect (Baemal 1998;
Nestelet al 1999), suggesting a food matrix effect. Animal
studies have demonstrated that soyabean ingestion inhibit$lypothetically, phyto-oestrogens have the potential to exert
atherosclerotic plague growth (Anthony & Clarkson, 1998; biological effects from fetal life through to old age. Early
Kirk et al. 1998) and improves vascular reactivity (Honore exposure of some populations to these compounds has
et al 1997; Williams & Clarkson, 1998). Human studies raised a number of issues which have implications on future
have also shown that isoflavone ingestion can improve health, but animal data suggest that lifetime exposure may
systemic arterial compliance (Nesgtlal 1997), diastolic be beneficial to future cancer risk (Lamartiniétal 1998).
blood pressure (Washbugt al. 1999) and can reduce the For women these compounds have the mechanistic potential
susceptibility of LDL to oxidation (Ruiz-Larrest al 1997; to act as a natural alternative to HRT, and in men phyto-
Tikkanen et al 1998; Scheiber & Rebar, 1999). oestrogens may reduce the risk of prostatic cancer,
Furthermore, genistein has been shown to inhibit plateletosteoporosis and CHD; however, clinical data are not yet
activation and aggregation (McNicol, 1993; Murpéiyal. available to support specific health effects. Nevertheless,
1993), and to inhibit thrombin formation (Wilcox & these compounds are known to exert biological effects, and
Blumenthal, 1995; Tharat al 1998)in vitro, processes that mechanisms of actions have been demonstrated which
initiate the thrombotic process. The evidence, therefore, forsuggest plausible health effects. However, as yet our under-
a role for phyto-oestrogens, particularly soyabean proteinstanding of the physiological behaviour of these
and genistein, in the prevention of CHD is promising, compounds, the doses required to exert biological and
although the optimal dose for exerting specific effects is specific health effects, and the influence of factors such as
currently unavailable. age and sex is limited.

Summary
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