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ABSTRACT

Flavonoids and isoflavonoids are a large group of naturally occurring phenolic compounds
ubiquitously distributed in the plant kingdom. Most members of the Fabaceae family contain
significant quantities of isoflavones. Analysis of levels in various species has found that the
highest levels of genistein and daidzein were found in psoralea (Psoralea corylifolia). Flavonoids
and chalcones are prominent components of citrus fruits and other food sources.They have been
long recognized to possess anti-allergic, anti-inflammatory, antiviral, antiproliferative, anti-
carcinogenic, antioxident as well as to affect some aspects of mammalian metabolism.
Isoflavones are diphenolic compounds with a chemical structure similar to estrogen that bind to
both estrogen receptors alpha (ERa) and beta (ERP) and, for this reason, are commonly referred
to as phytoestrogens. Isoflavones exhibit estrogen-like properties but bind more weakly to ERs
than 17B-estradiol (E2), which is the primary physiologic estrogen. The chemical form in which
isoflavones occur is an important consideration because it may influence the biological activity,
the bioavailability, and therefore the physiologic effects of these dietary constituents. Estrogen
deficiency is associated with significant alterations in lipoprotein metabolism, with serum
cholesterol concentrations increasing markedly in the postmenopausal years. Preventing or
reducing the increase in serum cholesterol is associated with reducing risk for cardiovascular
disease.
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1. INTRODUCTION
Flavonoids and isoflavonoids are a large
group of naturally occurring phenolic
compounds ubiquitously distributed in the
plant kingdom. The term flavonoids
(lat.flavus=yello) was first used for the
family of yellow-colored compounds with a
flavones moiety. It was later extended to
various plant polyphenols to include less
intensively colored flavanones, colorless
flavon-3-ols and even more colored red and
blue anthocyanidins [1]. So far over 8,000
varieties of  flavonoids have been
identified.Individual difference within each
group result from the variation in number and
arrangement of hydroxyl groups as well as
from the nature and extent of alkylation and

/or glycosylation of these groups [2]. The

flavonoids are formed in plants, but not in

animals from the aminoacids phenylalanine
and tyrosine by combination with acetate
unites. Flavonoids are benzo-y-pyrone
derivatives and consist of a benzene ring
(commonly named A-ring) attached to a six
membered heterocycle named (C-ring) which
at C2 carries a phenyl group (named B-ring)

as substituent [3]

Isoflavone (3-phenyl-4H-1-benzopyr-4-one)
differs from flavone in the following: in
isoflavones, the position of the phenyl group
on the 4H-1-benzopyr-4-one skeleton is in
position 3 relative to the oxygen of the ring,

whereas in flavones it is in position 2.

Chalcone Flavanone

Flavone

isoflavone
Flavonol

Aurone

Structure of some flavonoids derivatives

Flavonoids and chalcones are prominent
components of citrus fruits and other food
sources. They have been long recognized to
possess

anti-allergic, anti-inflammatory,

antiviral, antiproliferative, anti-carcinogenic
as well as to affect some aspects of
mammalian metabolism. Flavonoids affect a

large variety of enzymes, possess enzyme
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inducing activities, and possess free

simportantly  affect  cellular  protein
phosphorylation. Some or all of these
properties may account for the multiple
activities of these activities[4].

Chalcone is a wunique template that is
associated with several biological activities.
Cytotoxicity against tumor cell lines may be
the result of disruption of the cell cycle,
inhibition of angiogenesis, interference with
p53-MDM2

interaction,  mitochondrial

uncoupling or induction of apoptosis.
Structural requirements for cytotoxic activity
vary according to the mechanisms of action.
The thiol reactivity of chalcones is likely to
contribute  to  both  cytotoxic and
chemoprotective ~ properties  of  these
compounds[5].

Flavonoids are among the most ubiquitous
groups of poly- phenolic compounds in foods
of plant origin. As integral constituents of the
diet, they may exert a wide range of
beneficial effects on human health, including
protection against cardiovascular diseases
and different forms of cancer. Flavonoids
likely produce such biological effect through
their free radical —scavenging antioxidant and
metal ion-chelating abilities .besides that,
flavonoids, either natural or synthetic, are
exhibit  various

known to biological

activities[6].In particular, many compounds

are exhibiting antitumor or related activities.

Such as anti-mitotic activity through
inhibition of aromatase or topoisomerase.
They are also known for their ability to
inhibit enzyme like protein kinase C, Several
protein —tyrosine Kinase or cyclic -
dependent kinase. Antiviral activities have
been also reported. Isoflavones comprise a
class of organic compounds, often naturally
occurring, related to the flavonoids. Many act
as phytoestrogens in mammals. Being
polyphenols, they are antioxidants [7]. Some
isoflavones and isoflavone-rich foods possess
activity against cancer, including certain
types of breast and prostate cancer.
Isoflavones are produced almost exclusively
by the members of the
Fabaceae/Leguminosae (bean) family.Plants
use isoflavones and their derivatives as
phytoalexin compounds to ward off disease-
causing pathogenic fungi and other microbes.
In addition, soybean uses isoflavones to
stimulate soil-microbe rhizobium to form
nitrogen-fixing root nodules [8].

Isoflavones bind to estrogen receptors,
affecting estrogen-regulated processes, and
are therefore referred to as phytoestrogens
(plant estrogens). Soy isoflavones are

heterocyclic  phenols  with  structural
similarity to estradiol-17beta and selective

estrogen receptor modulators. Isoflavones are
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a unique class of plant flavonoids that have a
limited distribution in the plant kingdom and
can be physically described as colorless,
crystalline ketones. The most common
isoflavone compounds are the conjugate,
glycoside, and aglycone forms. The three
main isoflavones are the aglycones genistein,
daidzein and glycitein [9].A recent study has
demonstrated that isoflavones have potent
antioxidant properties. Genistein is the most
antioxidant

potent among the soy

isoflavones, followed by  daidzein.
Antioxidants are compounds that protect
cells against the damaging effects of reactive
oxygen species, such as singlet oxygen,
superoxide, peroxyl radicals, hydroxyl
radicals and peroxynitrite. An imbalance
between antioxidant and reactive oxygen
species results in oxidative stress, leading to
cellular damage. Oxidative stress has been
linked to cancer, aging, atherosclerosis,
ischemic  injury, inflammation  and
neurodegenerative diseases (Parkinson’s and
Alzheimer’s)[10].The recognized dietary
antioxidant is vitamin C, vitamin E,
selenium, and carotenoids. However, recent
studies have demonstrated that flavonoids
found in fruits and vegetables may also act as
antioxidants. Like alpha-tocopherol (vitamin
E), flavonoids contain chemical structural

elements that may be responsible for their

antioxidant activities.The highest amounts of
soy isoflavones can be found in soy nuts and
tempeh. Another natural source of
isoflavones is red clover.Isoflavones offering
potential alternative therapies for a range of
hormone dependent conditions, including
cancer, menopausal symptoms,
cardiovascular disease and osteoporosis[11].
Isoflavonoid phytoestrogens are rich in some
plant diet such as soybean. Phytoestrogens
are natural active substances to be found in
plants, in more developed animals and in
humans they are characterized by affinity to
estrogen receptor. Phytoestrogens differ from
estrogens by their chemical structure, but
their phenolic nucleus in molecule is the
same as in estrogens enabling bonding to
estrogen receptor with consequent metabolic
activity and excretion like in endogenous
estrogens. The most well known group of
phytoestrogens are isoflavons, cumestans,
flavons, lignans etc, they vary by their
estrogennous qualities[12].Hormone
replacement therapy (HRT) is the main
method of the treatment and prevention in
menopause. The lack of endogenous
hormones in menopause is manifested,
among other symptoms, as a cardiovascular
disorders osteoporosis. For some reason long

supplementation of hormones may be

inadvisable regarding oestrogen proliferation
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boost in the uterus and  breast.

Phytooestrogens are thought to have
oestrogen activity. Their structural similarity
to steroid oestrogens conduces to their ability
to bind to ER Isoflavonoids are biologically
important natural products occurring mainly
in species of the Leguminosae family and
have shown a wide spectrum of biological
activities including estrogenic, anticancer,
insecticidal,

pesticidal and  antifungal

property [13].

Epidemiological studies have suggested that
Asian diets may provide protection from
several cancers, including those of the breast,
prostate gland and colon. The action of
isoflavones as weak estrogens allows them to
bind to estrogen receptors and block some of
the detrimental effects of estrogen - such as
promotion of cancer cell growth. Tamoxifen,
a prescription drug for treating breast cancer,
is thought to act as an anti-estrogen by
binding to the estrogen receptor and
"blocking" the growth-promoting effects of
estrogen in cancer cells. Women using
tamoxifen have a lower incidence of breast
cancer and a 30-40% reduction in breast
cancer cell growth rate. The isoflavones in
soy are chemically similar to tamoxifen and,
therefore, may also reduce the risk of
hormone-dependent cancers via the same

"estrogen-blocking" mechanism[14].

Isoflavones consumption has been shown to
reduce bone loss and slow calcium loss in an
animal model of osteoporosis, suggesting a
beneficial role

possible in preventing

osteoporosis in  humans. In addition,
soybeans contain relatively high calcium
content. It is also interesting to note that soy
protein seems to cause less loss of calcium
from the body compared to other dietary
sources of protein, which may promote
calcium loss and bone breakdown at high
levels. Ipriflavone, a synthetic isoflavone
drug prescribed in Europe, is metabolized in
the body into daidzein, and has potent effects
on reducing bone resorption in post-
menopausals women [15].

1.2 Source of Isoflavone

Most members of the Fabaceae family
contain significant quantities of isoflavones.
Analysis of levels in various species has
found that the highest levels of genistein and
daidzein were found in psoralea (Psoralea
corylifolia). Various legumes including
kudzu (Pueraria lobata), lupine (Lupinus
spp), fava bean (Vicia faba), and soy
(Glycine max) contained substantial amounts
of isoflavones according to this analysis.
Highly processed foods made from legumes,
such as tofu, retained most of their isoflavone
content, with the exception of fermented
increased

miso, which actually has

IJBPAS, March, 2017, 6(3)

451



Shukla S et al

Review Article

levels[16].0ther  dietary  sources of
isoflavones include chick pea (biochanin A),
alfalfa (formononetin and coumestrol), and
peanut  (genistein). The soybean, in
particular, provides the most abundant source
of isoflavones, and therefore most soy foods
will provide a significant dietary source of
these bioactive nonnutrients Isoflavones
occur predominantly as glycosides in plants
and consequently are highly polar (water-
soluble) compounds. Comprehensive
analyses of the isoflavone content of
numerous soy foods have been reported and
generally indicate that most contain 0.1-3.0
mg/g of total isoflavone. Soy germ products
derived from the hypocotyledon provide one
of the most concentrated (>20 mg/g) sources
of isoflavones[17].Numerous commercial
soy supplements, many of which are made
from concentrated extracts of the soybean,
are now available, circumventing the need
for nutrition as a source of isoflavones. The
clinical effects of isoflavone supplements,
however, have yet to be fully evaluated, and
there are obvious concerns regarding the
potentially adverse effects that could result
from mega dosing with these bioactive
compounds, a practice all too common in the
supplement area .Although a high proportion
of foods contain soy products, these are

mostly soy oils and soy lecithin; these soy

products are devoid of isoflavones, and the
average daily dietary intake of isoflavones in
Western populations is typically negligible
(<1 mg/d). Isoflavones migrate with the
protein fraction of the soybean during its
processing, and because soy protein is rarely
a normal component of the average Western
diet, this accounts for the low daily
intake[18].

No formal recommendations for isoflavone
intake have been reported. Consumption of
isoflavones in Asian countries varies between
25 and 200mg a day. In general, 250ml soya
milk or yoghurt, or 50g soya flour, cooked
soya beans or textured vegetable protein
(TVP) provide approximately 50mg
isoflavones. 2 grams of soy protein contains
approximately 1  milligram of soy
isoflavones. Most isoflavone supplements
provide 25-100mg total isoflavones. The
North

(NAMS) HAS reported that the consumption

American  Menopause  Society
of 50 mg/day may reduce cholesterol, 40 to
80 mg/day may strengthen blood vessels and
possibly improve blood pressure, 50 mg/day
may keep bone health, and 40 to 80 mg/day
may reduce hot flashes [19].

1.3 Pharmacokinetics study

The chemical form in which isoflavones

occur is an important consideration because

it may influence the biological activity, the
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bioavailability, and therefore the physiologic
effects of these dietary constituents.
After ingestion, soybean isoflavones are

hydrolyzed by intestinal glucosidases, which

release the aglycones, daidzein, genistein and

glycitein (Fig. 1.1)

[ Metabolic fate of soybean isoflavones in humans '

demethylation

: dehydroxylation
intestinal reduction

glucosidases ring cleavage

malonylglucceides equol
acetylglucosides daidzein dihydrodaidzein
p-glucosides genistein desmethylangolensin
p-ethylphenol

I absnrptiml

hepatic conjugatior-enterchepatic cycling

urinary excretion

Figure:-1.1 Schematic showing the major bio-transformations in the metabolism of isoflavones in humans and animals.

These may be absorbed or further
metabolized to many specific metabolites
including, equol and p-ethylphenol. The
extent of this metabolism appears to be
highly variable among individuals and is
influenced by other components of the diet.
A high carbohydrate milieu, which causes
increased intestinal fermentation, results in
biotransformation  of

more  extensive

phytoestrogens, with greatly increased
formation of equol a mammalian isoflavone
metabolite of daidzein [20].

This metabolic pathway may be clinically
relevant to the

efficacy of soybean

isoflavones because the estrogenic potency of

equol is an order of magnitude higher than its
precursor, daidzein. The importance of the
microflora in the metabolic handling of
phytoestrogens is illustrated from
observations that antibiotic administration
blocks metabolism, germfree animals do not
excrete the metabolites and infants fed soy
infant formulas in the first 4 mo of life, when
gut microflora are underdeveloped, cannot
form appreciable amounts of equal [21].

1.3 Clinical effects of Isoflavone

1.3.1 Premenopausal women

studies in

Controlled intervention

premenopausal women provide direct

evidence to suggest that diets containing
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phytoestrogens can produce estrogenic
effects. A daily intake of textured vegetable
protein (TVP) containing 45 mg of
isoflavones modified characteristics of the
menstrual cycle of healthy premenopausal
women by prolonging its length, specifically
the length of the follicular phase and
suppressing the magnitude of the normal
midcycle surge in follicle-stimulating
hormone (FSH) and luteinizing hormone
(LH). This effect did not occur with an
isoflavone-free soy protein, thus providing
evidence that dietary soy protein— containing
phytoestrogens  have  an  endocrine-
modulating effect and that this occurs at the
level of the hypothalamic-pituitary-gonadal
axis [22].

Menstrual cycle length, as epidemiologic
data show, is one of the risk factors for breast
cancer; the reasons for this association are
unclear. Mean cycle length in Western
countries, in which breast cancer risk is high,
is 28-29 d, whereas the average length of the
menstrual cycle is 32 d in Japanese women,
for whom breast cancer risk is four to five
times lower. Interestingly, plasma circulating
estrogen concentrations in Asian women are
20— 30% lower than those in Western women
and the combined effect of longer menstrual

cycles with lower estrogen concentrations

translates to an overall lower integrated

lifetime exposure to estrogens. Whether this
may be a factor in explaining the lower risk
of breast cancer in Asian women is
speculative. Critical studies of the effects of
phytoestrogens on estrogen status and
metabolism in premenopausal women remain
to be undertaken, but the facts that dietary
isoflavones can modulate endocrine status
and influence ovarian cyclicity appear to be
favorable with regard to potential breast
cancer prevention. In this regard, it is of
interest  that the commonly  used
chemotherapeutic antiestrogen, tamoxifen,
which also has similar effects on the
endocrine regulation of the menstrual cycle,
is in use as a pharmacologic means of
preventing breast cancer in women at high
risk for this disease[23].

Phytoestrogen concentrations in the urine and
plasma of Japanese women consuming a
traditional diet are high, as are those of
vegetarians; the incidence of breast,
endometrial and ovarian cancers in these
groups is low

1.3.2 Postmenopausal women
Epidemiologic data and clinical experience
indicate that estrogen therapy after the
menopause offers protection from
cardiovascular disease, reduces the extent of
osteoporosis, improves cognitive function
menopausal

and  relieves symptoms
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associated with acute ovarian estrogen loss.
Given the poor compliance with conventional
HRT that is driven by a fear of possible
increased risk of developing breast cancer,
and because of side effects, alternative
sources of exogenous estrogen are constantly
being sought[24].Diet has been claimed to
offer potential relief from some of the
symptomology of the menopause, with
vegetarians reporting fewer symptoms,
although much of the evidence is anecdotal.
Hypothetically, soy isoflavones have the
potential to provide an exogenous source of
estrogen, and the lower incidences of
osteoporosis, breast cancer and menopausal
symptoms for women in countries consuming
soy as a staple have been attributed in part to
the intake of isoflavones. The incidence of
hot flushes ranges from 70-80% in
menopausal women in Europe, to 57% in
Malaysia and 18% in China[25].

1.3.3 Cardiovascular health

Mortality from cardiovascular disease is
similar in men and women, and heart disease
is the major cause of death in
postmenopausal women. Estrogen deficiency
is associated with significant alterations in
metabolism,  with

lipoprotein serum

cholesterol concentrations increasing
markedly in the postmenopausal years.

Preventing or reducing the increase in serum

cholesterol is associated with reducing risk
for cardiovascular disease. The cardio
protective effects of estrogen replacement
therapy are well established and are mediated
via effects on lipid metabolism, which
include a lowering of LDL cholesterol
(LDLc) and increases in the levels of HDL
cholesterol (HDLc), and by direct actions on
the blood vessel wall[26].In addition to
effects on lipids, there may be other benefits
from phytoestrogens that are of relevance to
reducing risk for cardiovascular disease. The
antioxidant properties, albeit weaker for
isoflavones than for flavonoids, which appear
to have cardio-protective effects, may
contribute to reducing oxidation of lipids.
Atherosclerosis, a secondary response to
hypercholesterolemia and  dyslipidemia,
severely impairs coronary vascular reactivity.
In vitro studies confirm that genistein inhibits
the process of coagulation, a key promoter of
plaque formation, and that this effect may be
mediated through its inhibition of growth
factors such as platelet-derived growth factor
and effects on thrombin formation . These
effects may be the result of genistein’s potent
inhibition of tyrosine kinase because this
enzyme is central to thrombin formation and
inflammation in general[27].

1.3.4 Osteoporosis
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Ipriflavone is a synthetic isoflavone lacking
estrogenic activity but strikingly similar in
chemical structure to daidzein and genistein;
one of its metabolites is daidzein. When
given at doses of 600 mg/d, Ipriflavone
prevents bone loss and increases bone
formation The possibility that phytoestrogens
may offer a natural alternative to
conventional HRT for the prevention of bone
loss due to estrogen deficiency associated
with loss of ovarian function during the
menopause has led to a number of animal
and clinical investigations of the effects of
either soy protein or genistein on bone
remodeling.It would appear that the action of
nonsteroidal ~ phytoestrogens on  bone
remodeling differs from that of classical
estrogens .The recent identification of the
ERB in bone coupled with its ligand
specificity toward phytoestrogens may be of
relevance in explaining the effects of
isoflavones in this tissue. Alternatively, these
effects need not be restricted to direct
hormonal actions. Growth factors and
cytokines play a role in regulating osteoclast
activity and several of these are tyrosine
kinase—mediated pathways that could
conceivably be influenced by genistein. More
recently it has been suggested that genistein

might stimulate the production of TGFb in
osteoclasts [28]

1.3.5 Men

To date, there have been very few reported
studies  examining the  effects of
phytoestrogens specifically in men. There
appear to be no clear gender differences in
the Dbioavailability or metabolism of
isoflavones or lignans, and therefore many of
the potential benefits attributed to dietary
phytoestrogens are probably applicable to
men.Prostatic cancer is responsive to
estrogen therapy, and it is known that phyto-
estrogen intake is higher in countries in
which the incidence rates of prostatic cancer
and other conditions linked to estrogen
exposure are low. Analysis of the plasma and
prostatic fluid from Asian men who have a
low risk for prostate cancer relative to
European men, found high concentrations of
the isoflavones, equol and daidzein; genistein
was not measured. This type of data has
consequently led to speculation that dietary
phytoestrogens may play a role in the
reduced risk for prostatic cancer that is
evident from some epidemiologic studies. In
the absence of solid data from clinical
studies, circumstantial evidence in support of
this contention comes only from in vitro and
animal studies. In vitro, the isoflavone,
genistein inhibits steroid Sa-reductase and

17b-hydroxysteroid dehydrogenase in genital

skin fibroblasts. These two enzymes are
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involved in the synthesis of androgens and
estrogens. Genistein and biochanin A have
both been shown to inhibit the growth of
prostatic cancer cells in vitro, irrespective of
whether these were androgen-dependent or —
independent cell lines .The severity and
incidence of prostatitis in the lateral lobe of
the prostate in a rat model of prostatitis were
reduced when the animals were fed a soy-
rich diet .Inflammation may play a key role
in tumor formation by mechanisms involving
cytokine release, free radical formation and
subsequent DNA damage, and a reduction in
the extent of inflammation may in general be
considered to be beneficial in reducing
cancer risk. In subsequent studies, Pollard
and Luckert (1997) showed in a rat model
that an isoflavone-rich diet reduced the
incidence of prostate cancer and prolonged
the disease-free period by 27%. However,
these effects were observed only if the soy
was fed before the induction of cancer [29].
1.3.6 Infants

Few studies have examined the effects of
phytoestrogens in infants, yet this has been a
particularly controversial area .More than a
decade ago, soy infant formulas were first
shown to contain significantly high levels (40
mg/ml) of the isoflavones daidzein and
concentrations ~ were

genistein.  Similar

confirmed in later studies of five

commercially available soy infant formulas,
and exposure levels for 4-mo-old infants fed
these formulas exclusively were calculated to
be in the range of 6—11mg/(kg body weight z
d). This was confirmed in a subsequent
study. This is an order of magnitude higher
than the dose of isoflavones consumed by
adults [<1 mg/(kg body weight z d)] with
comparable intakes of isoflavones (50 mg/d)
from soy protein foods .Absorption of
isoflavones by the infant was clearly
demonstrated from the appearance of
daidzein and genistein in the urine of 4-mo-
old infants fed soy formulas, although there
was a high variability in the concentrations
excreted. Equol, a specific bacterial
metabolite of daidzein, was not detected in
the urine .in later studies; it was either not
detectable or present only in traces in the
serum of 4-mo-old infants fed soy infant
formulas, thus highlighting the requirement
for a mature intestinal flora for this
biotransformation. Interestingly, equol was
found in the serum of infants fed cow’s milk
or human breast milk. Cow’s milk has been
shown to contain isoflavones, and the
maternal transfer of isoflavones into human
breast milk has been demonstrated
Isoflavone concentrations in human breast

milk are <10 ng/ml (mean 6 SD, 5.6 6 4.4

ng/ml); although these values increase when
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lactating women consume a soy diet, the
contribution of phytoestrogens from human
milk is still trivial relative to that from soy
infant formulas. Contrary to what has been
stated previously, human breast milk is not a
useful source of phytoestrogens.
Concentrations of genistein and daidzein
combined in the plasma from 4-mo-old
infants fed soy formulas were found to range
from 654 to 1775 ng/ml (mean 980 ng/ml),
which is approximately an order of
magnitude higher than plasma concentrations
reported for adults consuming similar levels
of isoflavones from soy foods, and 13,000- to
22,000-fold greater than plasma estradiol
concentrations in infants (40—80 pg/ ml). The
finding of high plasma concentrations of
daidzein and genistein is probably accounted
for by the reduced intestinal bacterial
degradation of the ingested isoflavones,
combined with frequent feeding during the
day, which would facilitate a high steady-
state circulating level, especially given the
relatively long half-life of plasma clearance.
Although there is evidence for reduced
intestinal biotransformation of isoflavones by
infants, the presence of the aglycones,
genistein and daidzein in plasma indicates
that there is efficient hydrolysis of the
glycosidic bond in early life. Over the first 2

y of life, there is an age-dependent increase

in the activity of b-glucosidase, and at 4 mo
of age, there is clearly sufficient activity to
efficiently  hydrolyze the  isoflavone
glycosides that constitute the major fraction
of phytoestrogens of soy infant formulas. The
safety of soy-based infant formulas has been
under scrutiny because of the presence of
phytoestogens and their potential for
hormonal actions at critical times of
development[30].Data are lacking in infants
for biological effects from exposure to
phytoestrogens, with the exception of a study
of cholesterol homeostasis showing that the
fractional synthesis rate of cholesterol is
inversely related to the urinary isoflavone
concentration 1in infants fed different
formulas. Despite the use of these feedings
for more than 30 years, there is no obvious
evidence to support negative effects from
exposure to phytoestrogens. Two studies that
used the classical animal model of
chemically induced mammary cancer have
examined the effects of early lifetime
exposure to phytoestrogens .Prepubertal and
neonatal rats exposed to genistein were
shown later in life to have increased
resistance to tumor formation, suggesting
that early lifetime exposure may confer
protection later in life against the

susceptibility to breast cancer. It is

conceivable that it may be the lifetime
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exposure to a diet rich in phytoestrogens that
explains the epidemiologic data showing a
lower incidence of hormone-dependent
diseases in populations consuming high
intakes of soy and other plant-based foods. A
strong case could therefore be made for
supplementing infant diets with
phytoestrogens rather than removing these
phyto-protectants, as appears to be under
consideration [31].

Studies indicate that the isoflavone
ipriflavone can increase bone mass, although
not in the same chemical path as estrogen.
Soy isoflavones have also been proven
effective in the treatment of hot flashes
among post menopausal women. Soy
isoflavones have the additional advantage of
being non-toxic, while the research on HRT
remains inconclusive. Studies have indicated
that HRT, while improving quality of life for
many women, can actually lower life
expectancy. Some HRTs increase the risk of
estrogen-related cancers, including breast and
uterine cancer; HRTs can also cause breast
sensitivity, vomiting, and yeast infections.
None of these harmful side affects have thus
far been observed among women taking soy
isoflavones. A 1996 National Cancer
Institute report judged that Genistein, the
principal soy isoflavone compound most

often used in the treatment of menopausal

women was non-toxic and non-carcinogenic
[32]

1.4 Application of Isoflavone

Isoflavones are diphenolic compounds with a
chemical structure similar to estrogen that
bind to both estrogen receptors alpha (ERa)
and beta (ERPB) and, for this reason, are
commonly referred to as phytoestrogens.
Isoflavones exhibit estrogen-like properties
but bind more weakly to ERs than 17pB-
estradiol (E2), which 1is the primary
physiologic estrogen [33].

The chemical structure of isoflavones is very
similar to that of our own estrogen. Because
of this similarity in structure, they can
interfere with the action of our own estrogen.
Depending on the type of estrogen receptor
on the cells, isoflavones may reduce or
activate the activity of estrogen. Isoflavones
can compete with estrogen for the same
receptor sites thereby decreasing the health
risks of excess estrogen. They can also
increase the estrogen activity. If during
menopause the body's natural level of
estrogen drops, isoflavones can compensate
this by binding to the same receptor, thereby
easing menopause symptoms as a result. The
best way to consume isoflavones is in the

form soy or soyfoods [34].
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SIMILARITY OF ISOFLAVONES TO ESTROGENS

Estrogen

Estradiol

OH

Isoflavone

FIGURE 1 Comparison of the structure of the isoflavone metab-
olite equol with that of estradiol showing the striking similarity in planar
spatial arrangement of the two molecules.

The isoflavones are strikingly similar in
chemical structure to mammalian estrogens.
The phenolic ring is a key structural element
of most compounds that bind to estrogen
receptors When the structures of the
isoflavone metabolite equol and estradiol are

overlaid, they can be virtually superimposed;

the distance between the hydroxyl groups at
each end of both molecules is virtually
identical [36]. On the basis of structure alone,
it is not surprising that isoflavones bind to
estrogen receptors (ER) 3; however, their
actions are more those of partial estrogen

agonists and antagonists, a concept that is
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difficult to fully wunderstand, but that
continues to fascinate steroid biochemists
and endocrinologists .To complicate matters
further, estrogens can have nonclassical
actions distinct from their classical genomic
actions [37].These include effects on plasma
membranes and on cell signaling pathways
.What this implies from a clinical perspective
is that at certain concentrations, which may
depend on many factors including receptor
numbers, occupancy and competing estrogen
concentration, rather than acting as estrogen
mimics and initiating estrogen-like actions,
they may antagonize and inhibit estrogen
action. These effects will also be tissue
specific. Structure-activity relationships may
provide clues to the molecular basis for this
agonism and antagonism and the absence of a
specific lipophilic region in phytoestrogens
may affect binding to the ER[38].Differences
in the ability of isoflavones to bind to ER
induce estrogen regulated end products and
activate cell proliferation in estrogen
sensitive human breast cancer cell lines may
help to explain this difference in biological
activity. However, predicting the effects of
isoflavones in vivo is more difficult because

the route of administration, chemical form of

the  phytoestrogen, its metabolism,
bioavailability, half-life, timing and level of
exposure, intrinsic estrogenic state and non-
hormonal secondary mediated actions of
isoflavones also have to be considered in the
design of clinical studies investigating their
effects [39]. It is conceivable that there will
be further estrogen receptors discovered in
the future, given that there are a large number
of so-called orphan receptors that have been
identified and are awaiting the recognition of
specific ligands and function. The tissue
distribution (Fig. 2) and relative ligand
binding affinities of the ERP and ERa differ,
and this finding may help to explain the
selective action of estrogens in different
tissues [40]. It is fascinating that ERP is
found in brain, bone, bladder and vascular
epithelia tissues that are responsive to
classical hormone replacement therapy
(HRT). Furthermore, the relative molar
binding affinities of different estrogenic
compounds reveal that phytoestrogens and
some environmental Xxeno-estrogens have
significantly higher affinities for ERB than
ERa suggesting that this new receptor may

be important to the action of non-steroidal

estrogens [41].
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Figure 1: Simplified diagram illustrating the anatomical distribution of the newly described estrogen receptor, ERp to
sites that are specific targets where classical estrogen replacement therapy is beneficial.[42]

1.5 Current Updates of Isoflavone
Isoflavones such as genistein, daidzein, and
glycitein are bioactive compounds with

estrogenic properties and often referred to as

phytoestrogen [43].These are present in
significant quantities (up to 4-5mg.g ' on
dry basis) in legumes various types such as

soybeans, green beans, mung beans. In grains

IJBPAS, March, 2017, 6(3)

462



Shukla S et al

Review Article

they are present mostly as glycosides, which
are poorly absorbed on consumption. Thus,
soybeans are processed into various food
products for digestibility, taste and
bioavailability of nutrients. Processed soy
food products have been an integral part of
regular diets in many Asia-Pacific countries
for centuries e.g. China, Japan and Korea
[44]. However, in the last two decades, there
have been concerted efforts to introduce soy
products in western diets for their health
benefits with some success. Isoflavones were
hailed as magical natural component that
attribute to prevent some major prevailing
health concerns, Consumption of soy
products have been linked to reduction in
incidence or severity of chronic diseases such
as cardiovascular, breast and prostate
cancers, menopausal symptoms, bone loss
etc. [45].Overall, consuming moderate
amounts of traditionally prepared and
processed soy foods may offer modest health
benefits while minimizing potential for any
adverse health effects [46].

1.6. CONCLUSION

Isoflavones are flavonoids, but they are also
called phytoestrogens so, having oestrogenic
activity. Structurally, they exhibit a similarity
to mammalian oestrogens and bind to
oestrogen receptors o and B [47].0n another
similarities, their

part basic structural

estrogenic effect is the presence of the
hydroxyl groups on the A and B rings [48].
They are classified as oestrogen agonists but
also as oestrogen antagonists since they
compete with oestrogen for their receptor
[49].They have also been demonstrated to
exert effects that are independent of the
oestrogen receptor [50].
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