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S0y — relieving the symptoms of
menopause and fighting osteoporosis

Nima Kotecha and Brian Lockwood explore the growing evidence supporting the therapeutic use of soy in hormone-related conditions

last menstrual period and is defined as the

permanent cessation of menstruation re-
sulting from loss of ovarian follicular activity.
At menopause, many women experience a
decrease in their quality of life. The major
symptoms associated include:

The menopause is signalled by a woman’s

B Vasomotor symptoms

B Localised atrophy of genitalia
B Osteoporosis

B Coronary heart disease

I Psychological problems

The most common vasomotor symptoms
displayed by women include hot flushes,
night sweats and palpitations. Psychological
problems experienced are sleep deprivation,
forgetfulness, difficulty concentrating and de-
pression. Many women also suffer from vagi-
nal dryness, consequently leading to loss of
libido. These symptoms are all linked to the
declining and erratic production of oestrogen
by the ovaries.?

Nima Kotecha, MPharm, is a
preregistration trainee and Brian
Lockwood, PhD, MRPharms, is senior
lecturer in pharmacy, School of Pharmacy
and Pharmaceutical Sciences, University of
Manchester, Manchester

Osteoporosis is defined as a reduction in
bone density' and 1s another common symp-
tom experienced by menopausal women.The
lack of oestrogen results in an increase in os-
teoclastic bone resorption and consequently
there is an overall increase in bone turnover.
More bone is resorbed than replaced and
there is an associated increase in the rate of
bone loss which may continue for five to 10
years.

Hormone replacement therapy

Hormone replacement therapy (HRT) is
most commonly prescribed for the relief of
menopausal symptoms and for protection
against bone loss and ischaemic heart disease.
However, reports in the media on the long-
term effects of HRT have deterred its use,
due to the associated risks of breast cancer,
myocardial infarctions and stroke. As a result,
increasing numbers of women have turned to
complementary and alternative medicines for
relief from menopausal symptoms. This article
focuses on the potential use of soy isoflavones
for treating menopausal symptoms.

Isoflavones

Soy isoflavones are also referred to as phyto-
estrogens because they have properties similar
to  selective  oestrogen  modulators.’
Isoflavones are found naturally in a variety of

A diet rich in soy and soy products can provide certain therapeutic benefits

www.pjonline.com

plants, including fruits and vegetables, and are
most abundant in leguminous plants such as
soy. Soybean contains a complex mixture of
biologically active chemicals. One of the
main constituents of the soybean beneficial to
health is the protein, which contains
isoflavones. Isoflavones are a subclass of a
larger and more ubiquitous group of nu-
traceuticals known as flavonoids.

Chemical structure

The main isoflavones in soybeans are genis-
tein (4°,5-trihydroxyisoflavone) and daidzein
(4, 7-dihyroxyisoflavone), and their respective
B-glycosides, genistin and daidzin.* The abun-
dance of genistein appears to be higher than
daidzein in soybeans and soy products. There
are also small amounts of another isoflavone
in soybeans, glycitein (4’,7-dihydroxy-6-
methoxyisoflavone) and its glycoside, glyc-
itin.' The chemical structures of genistein and
daidzein are shown below.
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The main isoflavones of soy

The basic structure of isoflavones consists
of two benzene rings, which are linked by a
heterocyclic pyrane ring. One hydroxyl
group (-OH) is found attached to each ben-
zene ring. As can be seen from the chemical
structures, genistein and daidzein differ by
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one hydroxyl group on the A ring of the
isoflavone structure. In plants, isoflavones are
inactive when present in the bound form as
glycosides, but when the sugar residue is re-
moved, these compounds become activated.”
Both the metabolite and parent compound
are liable to absorption.

17B-Estradiol is one of the most potent
endogenous oestrogens in humans. The struc-
tures of isoflavones are similar to the structure
of 17B-estradiol in two ways:

M Both have an aromatic ring with a
hydroxyl group attached to it

I A nearly identical distance exists between
two hydroxyl groups in both®

estradiol

The structure of estradiol

Since the chemical structure of isoflavones
is similar to that of oestrogen it is not surpris-
ing that they bind and interact with the oe-
strogen receptor (ER), predominantly the
ERP form of the receptor and thereby exert
a weak oestrogenic effect. However, the
isoflavones have much lower binding affinities
to oestrogen receptors than estradiol. In addi-
tion they have been shown to have lower po-
tential to stimulate alkaline phosphatase
production in bone cells compared with
estradiol.”

The structural differences between oestro-
gens and isoflavones may explain why
isoflavones have more selective effects in dif-
ferent oestrogen-responsive tissues. Bone
contains only ER, but ER0o and ERJ are
both located in the vascular system, the pla-
centa, the uterus and in breast tissue.®
Isoflavones (particularly genistein) have
greater affinity for ER as opposed to ERo.
and this may explain why they have positive
effects on the central nervous system, blood
vessels and bone, although they have little or
no effect on breast and endometrial tissue.
The different affinities of isoflavones to ER o
and ER 3, and the different tissue distribution
of these two oestrogen receptors, could possi-
bly offer an explanation for the inconsistent
effects of isoflavones that have been reported
on menopausal symptoms and osteoporosis.

Clinical importance of equol
Equol is not found in soy but is a product of
the intestinal bacterial metabolism of
daidzein’, one of the main isoflavones in soy-
foods. It possesses oestrogenic activity, having
affinity for both oestrogen receptors ERo
and ER 3.

However, equol is not produced in adults

484  The Pharmaceutical Journal (Vol 275) 15 October 2005

HO. O

equol OH

The structure of equol

who lack the intestinal bacteria that are re-
quired to metabolise daidzein in soy products.
It has been proposed that the ability to make
equol may hold the clue to the effectiveness
of soy protein diets when employed in the
treatment or prevention of hormone-
dependent conditions.” The failure to distin-
guish those subjects who are “equol-produc-
ers” from “non-equol producers” in previous
clinical studies could possibly explain the
variance in reported data on the health bene-
fits associated with soy.” Equol was formed in
only 45 per cent of the postmenopausal
women in one particular study’, but in those
capable of making equol, lumbar spine bone
mineral density (BMD) increased by 2.4 per
cent (compared with the control group)
while there was no significant change in
BMD in the “non-equol producers”.

Mechanism of action

Soy isoflavones have been shown to reduce
menopausal symptoms, but the exact mecha-
nism of action is yet to be determined.
Several studies have hypothesised possible
mechanisms.

Oestrogen receptors (ERs) bind to en-
dogenous oestrogens and isoflavones, as well
as to other environmental oestrogen-like
molecules. When isoflavones reach the target
tissue, they cross the cell membrane by passive
diffusion, bind to ERs in the cytosol and
form an isoflavone-ER complex. This com-
plex then translocates into the nucleus for ac-
tivation of the oestrogen response element
(ERE), which is involved in the regulation of
DNA-directed mRINA synthesis and the pro-
duction of new proteins.” Therefore, by this
mechanism, isoflavones can bind to oestrogen
receptors and so directly affect transcription
of oestrogen-regulated gene products.

Another explanation is that isoflavones act
through their antioxidant effects. The antiox-
idant properties of isoflavones are associated
with the presence of hydroxyl groups at posi-
tions 4 and 5’ on the aromatic ring."
Furthermore, there appears to be a positive
synergy between phytoestrogens and other
antioxidants."” This may be important in dis-
ease processes that involve oxidative stress, eg,
in reducing low density lipoprotein (LDL)
oxidation in atherosclerosis. Apart from pro-
tecting lipid-carrying proteins, phytoestro-
gens may also prevent the oxidation of critical
enzymes in the signal transduction pathways
through protection of cysteine groups. This
property is not, however, governed by their
oestrogen-like structures, but rather their
anti-oxidant properties, suggesting that the
overall effect of isoflavones may appear to be

like that of an oestrogen or an anti-estrogen."’
It should be noted that the antioxidant prop-
erties of genistein may be responsible for its
proposed anti-cancer properties.

Some isoflavones, such as genistein, can
also bind with membrane receptors and func-
tion as tyrosine kinase inhibitors", which are
involved in protein phosphorylation during
cell proliferation. In this way, isoflavones can
influence the cell cycle and metabolism,
through second messengers in the cyto-
plasm.” In addition, genistein inhibits DINA
topoisomerasell and ribosomal S6 kinase,
both of which may lead to protein-linked
DNA strand breaks in cancerous cells.?

Studies have shown an increase in the
amount 17B-estradiol in the presence of
isoflavones, which has suggested that
isoflavone supplementation increases oestro-
gen levels. They may have an indirect effect
due to isoflavones acting on sex hormone-
binding globulin. Isoflavones might compete
with estrogens for this protein.”

Mechanism of action on bone cells
Researchers have hypothesized that a diet
rich in isoflavones has a protective effect on
bone. Krurzer and Xu® reviewed several stud-
ies that include possible mechanisms of action
to explain the beneficial effect of phytoestro-
gens on bone loss. These mechanisms include
prevention of calcium loss, beneficial eftects
on osteoblasts, and influences on the secretion
of calcitonin, which suppresses bone resorp-
tion. Both genistein and daidzein suppress os-
teoclast activity by a number of possible
mechanisms. These include induction of
apoptosis; activation of protein tyrosine phos-
phates; inhibition of cytokines; and changes in
intracellular calcium and membrane depolar-
isation, which are all involved in bone
turnover.'

Oestrogen receptors (only B) have been
found in osteoblasts. The phytoestrogen-ER
complex may bind to EREs and may thus
cause alteration in the production of certain
proteins as described earlier.

Bone remodelling is the function of the
activity of both osteoblasts and osteoclasts.
Osteoblasts respond to changes in the activity
of osteoclasts, the bone resorbing cells."
Osteoblasts are responsible for secreting bone
formation-related proteins, such as alkaline
phosphatase and osteocalcin. Besides this, os-
teoblasts are also capable of synthesising many
other cytokines such as interleukin-6 and os-
teoprotegerin. These cytokines have been
demonstrated to have critical roles in the reg-
ulation of osteoclast differentiation and activ-
ities.” Soy isoflavones may, therefore, have
indirect effects on osteoclasts by mediating
cytokine production in osteoblasts.

Isoflavones for menopausal symptoms

Menopausal symptoms, especially hot flushes,
have been reported to vary in incidence lev-
els between women in different countries. In
Asia (mainly South East Asia, Japan and
China), only 1425 per cent of women expe-
rience hot flushes, compared with 70-80 per
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cent of women in western countries such as
the UK and Denmark." The reason for these
differences may possibly be due to the high
proportion of soy isoflavones consumed in
the traditional Asian diet that may have an in-
fluence on the body’s response to the chang-
ing hormone levels at menopause. These
findings have encouraged research into the
potential benefits of soy isoflavones on
menopausal symptoms.

Critical analysis of many trials has led to
the suggestion that there is some evidence for
the use of soy to alleviate menopausal symp-
toms. In addition there appears to be no
safety concerns with soy products in short-
term use.'" However, other studies have
failed to demonstrate a reduction of
menopausal symptoms. "'

Another double-blind, placebo-controlled
trial of four months’ duration suggested that
soy isoflavone treatment (100mg per day) may
be a safe and effective alternative therapy for
many menopausal symptoms.* In that partic-
ular study it was noted that genistein and
daidzein plasma concentrations peak 6-8
hours after ingestion, thus the choice of ad-
ministering 33.3mg every eight hours was
made.

The main adverse effects of soy products
reported have been gastrointestinal distur-
bances such as nausea. However, allergy to soy
has been noted and several subjects in ran-
domised controlled trials (RCTs) have suf-
fered from unpalatability of the treatment,
especially in studies that have involved soy
drinks.” It is of vital importance that toler-
ance be balanced with efficacy to achieve
therapeutic effectiveness, because if patients
are not able to tolerate soy they are less likely
to be compliant. In one trial that used soy
drinks®, 10 out of 263 women volunteers
dropped out of the study due to intolerance
to the drink.

Risks of long-term effects of therapeutic
soy use are largely unknown, although epi-
demiological data do not seem to indicate
that serious problems exist.'

Even though many clinical trials have
been conducted, the understanding of the
potential health benefits of soy isoflavones is
far from complete. The lack of clarity in de-
termining any potential benefit of soy is most
significantly due to methodological variation
in trials. The most important factors include
the menopausal status of the participating
women, dosage of soy (ie, isoflavone content)
and the outcome measures that have been
used to test the efficacy.

Trials carried out have ranged from four
weeks” duration® to six months™’, making it
difficult to compare the findings directly. The
vast majority of the trials do not state specific
compositions of their soy treatment, and
therefore it is not possible to make conclu-
sions on specific isoflavone quantities.
Equally, the quality of the soy product used or
the bioavailability of the isoflavone content
may not have been assessed. Furthermore, as
mentioned earlier, there is great variability in
the ability to metabolise daidzein to its
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metabolite equol’” between individuals.
Isoflavone content of trial materials needs to
be used at standardised levels to determine
the most effective dose.

Plant sources that are rich in isoflavones
also contain other compounds that may have
the potential to interact with phytoestrogens,
interfering with their activity and bioavail-
ability. Consideration must therefore be given
to these compounds as well. In addition, some
phytoestrogens may act as oestrogen agonists
or oestrogen antagonists depending on their
structure and concentration. Isoflavones have
been shown to have oestrogen agonist effects
in low endogenous oestrogen concentrations
and oestrogen antagonist effects in a more oe-
strogenic environment.” Thus one would
expect isoflavones to have oestrogenic effects
after the onset of menopause due to the low
endogenous oestrogen concentration, and oe-
strogen antagonist effects before the onset of
menopause when the endogenous oestrogen
concentration is high. The oestrogen antago-
nist activity of phytoestrogens may be par-
tially explained by their competition with
endogenous 17B-oestradiol for the oestrogen
receptors.’

Use in breast cancer survivors

Soy isoflavones have also been tested for their
efficacy in reducing menopausal symptoms in
postmenopausal breast cancer survivors. The
efficacy of the agents tested in breast cancer
survivors has been variable, leaving vasomotor
symptoms inadequately treated or ineffective
in many women.” Previous studies have
claimed positive effects of soy on hot flushes,
but have had limitations in that they have
been small, or not blinded, or have found
only a minimal reduction or insignificant re-
duction in hot flushes.” Therefore, at present
there is insufficient evidence to qualify soy or
phytoestrogens as a suitable alternative to
HRT in the treatment of hot flushes. Further
study is required into safe and effective treat-
ments for vasomotor symptoms, and the
long-term safety of phytoestrogens in breast
cancer survivors must be determined as well.

Osteoporosis

The continual loss of bone in the elderly is a
natural process associated with aging. Women
have a higher incidence of osteoporotic frac-
tures than men due to their lower peak bone
mass but, in addition, the abrupt decrease in
oestrogen secretion in postmenopausal
women accelerates bone loss.” Soyfoods and
isoflavones have received considerable atten-
tion for their potential role in preventing and
treating osteoporosis. However, more long-
term studies are needed on bone density and
fracture rates, to determine safety, efficacy and
appropriate dosage.

Drug therapy for osteoporosis
Drug therapy for osteoporosis can be divided
functionally into two main categories:

M Antiresorptive agents These are drugs
that inhibit bone resorption, and therefore re-

duce bone turnover. Antiresorptive drugs
such as oestrogens, calcitonin and biphospho-
nates are most effective in the prevention of
0steoporosis.

B Formation-stimulating agents These
stimulate bone formation, exerting an ana-
bolic effect. Formation-stimulating regimens
such as sodium fluoride or monofluorophos-
phate, parathyroid hormone fragments, and
anabolic steroids are of potential value in the
treatment of established osteoporosis, where
bone mass is already low and benefit from an-
tiresponsive drugs is likely to be small.*

Ipriflavone is a synthetic derivative of nat-
urally occurring isoflavones. It is a new non-
hormonal agent that has become widely
available in various countries for use in the
treatment of osteoporosis, used at a dose of
200mg three times daily. Although its mecha-
nism of action is still not fully understood,
both in vivo and in vitro studies indicate that
the drug inhibits osteoclast-mediated bone
resorption, and stimulates bone formation in
some systems.”

The role of soy-containing phytoestrogens
in bone health is an area of growing interest
and is based on observational studies among
Asian women showing that a higher con-
sumption of phytoestrogens is associated with
higher values of BMD and consequently a
lower incidence of osteoporotic fractures.
Three lines of evidence have been used to il-
lustrate the effectiveness of isoflavones in
bone: animal research; human studies; and in
vitro cell investigations."

Animal research

Opvariectomised (OVX) rodents (mainly rats)
have mostly been used as models to examine
the effect of isoflavones on bone loss caused
by oestrogen deficiency. Current reports on
animal studies have been highly consistent in
demonstrating that soy isoflavones, either ad-
ministered alone or with soy protein in the
diet, increase bone mineral content (BMC) or
BMD compared with control animals.*

Human investigations

When compared with animal studies, data
from human studies are limited, and have
shown contradicting results. Clinical trials in
volving postmenopausal and perimenopausal
women, analysing BMC and BMD, have
demonstrated that isoflavones can signifi-
cantly increase bone mineral density at the
lumbar spine.””* However, these studies had
limitations in that they were of short duration
with small sample sizes. The studies, which
were ranging from four to 16 weeks’ dura-
tion, are short with respect to bone metabo-
lism because the bone remodelling cycle can
be as long as 80 weeks.” It would therefore
be premature to assume that soy with
isoflavones has a significant long-term bone-
sparing effect or that soy reduces bone frac-
tures of the spine. The findings need to be
confirmed by longer studies of two to three
years’ duration.
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Bone turnover has mainly been assessed by
the bone resorption markers pyridinoline and
deoxypyridinoline, and the bone formation
marker osteocalcin. Some studies are promis-
ing and suggest that isolated soy protein may
have a protective role on bone maintenance™
and that daily supplementation of soybean
isoflavones (61.8mg) for four weeks is associ-
ated with a significant reduction in the excre-
tion of bone resorption markers (pyridinoline
and deoxy-pyridinoline).”" In postmenopausal
women, diets rich in soyfoods have resulted in
significant increases in serum osteocalcin
concentrations.”

However, other researchers have reported
that soy supplementation over a three-month
period did not produce any significant
changes in the two pyridinoline markers of
bone resorption® and that soy protein isolate
containing high concentrations of isoflavones
was not protective against bone loss in early
menopausal women.”

Trials have shown a greater response to oe-
strogen treatments in the spine than in the hip
due to the higher content of trabecular bone
in the spine.” Trabecular bone is known to
have a higher turnover rate than does cortical
bone that is found in the hip. Thus, the lum-
bar spine, which is relatively high in trabecu-
lar bone, should be more sensitive to
compounds that are thought to affect remod-
elling, such as oestrogens and phytoestrogens.™

In a recent study, daily administration of
54mg genistein reduced postmenopausal
bone mineral loss at the femoral neck and
lumbar spine as effectively as hormone re-
placement therapy with 1mg per day oestro-
gen.” These findings add to the existing
evidence that soy intake may be beneficial for
bone conservation in postmenopausal
women. However, further studies, ie, longer-
term RCTs, are needed to elucidate the
components of soy protein, to deduce opti-
mal dosages and the time of life that soy is
most effective in maintaining bone mass.

In vitro studies of osteoblast-like cells
Numerous in vitro studies with human and
animal osteoblasts and with osteoclasts have
been carried out, yielding consistent observa-
tions of direct effects of phytoestrogens and
isoflavones on both cell types. Daidzein and
genistein have been found to have a stimula-
tory effect on protein synthesis and on alka-
line phosphatase release by various types of
osteoblast cells in wvitro." Osteoprotegerin
(OPG), a member of the tumour necrosis fac-
tor receptor superfamily, prevents bone re-
sorption by a paracrine mechanism." It has
now become apparent that osteoclast activity
is modulated through osteoblasts via OPG.
The cytokine receptor/activator of nuclear
factor-K  (RANKL)" stimulates osteoclast
differentiation and function with higher lev-
els of RANKL expression leading to in-
creased bone resorption.

Additional components in soy
There are additional components in soy
products that may also be responsible for the
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prevention of bone loss or stimulating bone
formation. The main ones include calcium
and vitamin K2 (menatetrenone). Calcium is
a component of many soy products and vita-
min K2 is present in fermented soybeans
(also known as tofu).Vitamin K2 is known to
stimulate bone formation and prevent bone
loss.” A significant correlation was found be-
tween BMD, the number of years since the
onset of menopause, and consumption of fer-
mented soybeans, suggesting that the effects
of calcium, vitamin K2, and isoflavones
might be synergistic.” Fermented soybeans
have been shown to be consumed in higher
quantities in eastern rather than in western
Japan, correlating with epidemiologic data
that show a lower incidence of osteoporotic
bone fractures in women in eastern Japan.”
This evidence might indicate that consump-
tion of fermented soybeans is required to
achieve the synergistic effects of calcium,
vitamin K2, and isoflavone, rather than
consuming isolated isoflavone extracts from

Soy.

Safety issues

The isoflavones, individually or combined, are
considered to be safe up to quite high doses.
Human toxicity studies of isoflavones suggest
that doses ranging from 1-16mg/kg body
weight are reasonably safe.'” The higher doses
may prove to be necessary to prevent osteo-
porosis. At the higher doses being recom-
mended for prevention of bone loss in
postmenopausal women, little concern has
been raised about adverse effects.

A few studies in rodents and isolated cells,
however, suggest that isoflavones may not be
totally safe. Genistein at high doses such as
600mg per day has been shown in vitro to in-
hibit cell growth and induce apoptosis.” In
addition, some reproductive disturbances,
such as uterotropic effects, have been reported
in animals fed a diet rich in isoflavones or
other phytoestrogens.” Although the effect of
soy and isoflavones on bone health constitutes
to be an exciting area of research, no firm
conclusions about safety can be reached at
present.

Uncertainties

In order to achieve a significant reduction in
total cholesterol, and the cardiovascular bene-
fits reported for soy, one may require soy pro-
tein together with the isoflavones. However,
for skeletal effects, pure genistein alone (or a
combination of genistein with other
isoflavones) is effective." It remains debatable
whether a combination of isoflavones with
soy proteins is necessary for optimal skeletal
maintenance.

It is yet to be determined whether split
doses of isoflavones over 24 hours would be
more effective than a single dose of daily
isoflavones or vice versa. The long-term
safety of isoflavones, either mixed with soy
protein or as purified supplements, remains to
be examined in human subjects.”” The
amounts of isoflavones consumed in standard
food products such as tofu is generally re-

garded as safe but the higher quantities in
supplements used over long periods is a con-
cern to many researchers.

Soy intake recommendations

There is now a wide range of new foods con-
taining soy readily available in supermarkets
for those who wish to increase phytoestro-
gens in their diet. Specifically to alleviate
menopausal symptoms and to prevent osteo-
porosis for which HRT is commonly used,
phytoestrogens have been suggested as an al-
ternative. In addition to this, isoflavones are
now directly extracted from soya and red
clover for use as an additive to non-soya
foods.

All the studies reviewed on menopausal
symptoms and osteoporosis have examined
different quantities of soy or isoflavones, mak-
ing it difficult to assign an exact value for rec-
ommendation. Generally, reports on the
efficacy of soy isoflavones in reduction of
menopausal symptoms suggest the targeted
delivery is approximately 50mg of isoflavones
per day. Since dose levels for other known
phytoestrogens have not yet been deduced, it
should be noted that this recommendation is
focused on specified isoflavones (genistein
and daidzein) rather than other phytoestro-
gens present in soy. Much of the justification
regarding the selection of a dose of 50mg
isoflavones/day (0.5-1.0 mg/kg body weight
per day) is based on the presumed average in-
take of isoflavones in adults in China, Japan
and Taiwan.

For the prevention of osteoporosis, how-
ever, soy isoflavones have to be consumed in
much higher doses. A six-month trial in post-
menopausal women reported that subjects
consuming 90mg of isoflavones contained in
soy protein have a two per cent increased
bone mass compared with those on 56mg of
intake contained in the same protein level.
Another study” revealed that soy protein iso-
late containing 80mg of isoflavones, attenu-
ated bone loss in the lumbar region of
perimenopausal women. Based on these find-
ings and a number of human studies, for os-
teoporosis prevention a dose between 60 and
100mg of isoflavones per day may be needed.
Toxicity studies of human subjects suggest
that purified isoflavones are safe at doses at
least twice as high as used in reported stud-
ies."

Traditional soyfoods have an protein-to-
isoflavone ratio of approximately 300:1;
therefore, consuming 15g soy protein will re-
sult in consuming approximately 50mg
isoflavones. These amounts of soy protein and
isoflavones are provided by approximately
two servings of traditional soyfoods and are
likely to be efficacious for those diseases for
which soy is proven to be beneficial.*

Conclusion

There is a growing body of literature on the
subject of phytoestrogens that suggests that
they may provide substantial health benefits,
but there are still gaps in our understanding of
them and their impact on human health and

www.pjonline.com



Articles & ‘H

safety. Phytoestrogens can be a significant
contributor of oestrogens of dietary origin
and may have health effects that are especially
relevant to women’s health, due to hormone-
associated diseases in women. The plant
isoflavones share structural similarities with
endogenous oestrogens and in wvitro studies
have shown that the isoflavones can bind to
oestrogen receptors. Functionally, it appears
that the phytoestrogens may exert both oe-
strogenic and anti-estrogenic eftects, depend-
ing on circulating levels of endogenous sex
hormones.

Although the purity, potency and eftec-

tiveness of the soy extracts are not well estab-
lished, they are popularly believed to be safe
and eftective for the treatment of menopausal
symptoms. It is clear, however, that much re-
search is required to define clearly the phar-
macological effect of dietary isoflavones and
that future studies are of longer duration and
are carried out using standardised quantities
and structurally characterised mixtures of
compounds, or with isolated phytoestrogens.

The benefit of isoflavones in the diet is to

help maintain a healthy balance between the
activities of osteoblasts and osteoclasts, result-
ing in better bone conservation and the po-
tential prevention of osteoporosis, and
associated fractures." However, as mentioned
earlier, further research is needed into the
long-term bone sparing effects of isoflavones
so that their potential benefits in the preven-
tion of osteoporosis can be confirmed.
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Note added in proof
Since this manuscript was submitted for pub-
lication, two relevant publications have ap-

peared.

An  investigation into  the

enantiomeric form of equol has shown that
the S-enantiomer is the exclusive product of
human intestinal bacterial synthesis from soy
isoflavones. The S-form has high affinity for
ER, whereas R-equol is relatively inactive.'

A

prospective cohort study of soy food con-

sumption in 24,403 postmenopausal Chinese
women over four and a half years has shown
that soy consumption halved the number of
osteoporotic fractures within a period of 10
years post-menopause.’
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