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Flavonoids (from the Latin word flavus meaning
yellow, their color in nature) are a class of plant
and fungus secondary metabolites.

Chemically, flavonoids have the general
structure of a 15-carbon skeleton, which
consists of two phenyl rings (A and B) and
heterocyclic ring (C). According to the IUPAC
nomenclature [1,2] they can be classified into:

1. flavonoids or bioflavonoids.
2. isoflavonoids,
3. neoflavonoids,

Isoflavonoids are a class of flavonoid phenolic
compounds, many of which are biologically
active. Isoflavonoids and their derivatives are
sometimes referred to as phytoestrogens, as
many isoflavonoid compounds have biological
effects via the estrogen receptor. Isoflavonoids
are derived from the flavonoid biosynthesis
pathway via liquiritigenin or naringenin. [3]

Isoflavonoids are subclass of flavonoids and
have been isolated from a wide variety of
leguminous and non-leguminous  plants.
Isoflavones are present in berries, wine, grains,
nuts, soybeans, and other legumes including
kudzu root (Pueraria lobata), peanuts
(Apiosamericana), and chickpeas (Cicer
arietinum).

There are many biological activities associated
with the isoflavones, including reduction in
osteoporosis, cardiovascular disease, and
prevention of cancer and for the treatment of
menopause symptoms. Recent data indicate
that the protective effect of isoflavonoids may
extend beyond their antioxidant activity on
molecular and cellular levels and modulating
activity of many other enzymes.

Biotechnological approaches have been used to
produce isoflavonoids through cell cultures of
different species grown in shake flasks and
bioreactor using normal and transformed cells.

Isoflavonoids are derived from the
phenylpropanoid pathway and are synthesized
predominantly in leguminous plants [4]. Simple
isoflavonoids are dietary phytoestrogens and
their glycosides. The isoflavanoid compounds
have been studied intensively and about 1,600
isoflavonoids have been identified. [5]

Isoflavones exist in abundance in the natural
sources in precursor form, not active form.
Isoflavones are inactive in glycosidic form, their
aglycosidic form is active and gets absorbed in
the intestinal tract however, it is dependent on
so many factors like fibre content of the diet and
microflora of the gut [6]. After absorption,
isoflavones are reconjugated to glucuronides
and excreted unchanged in the urine [7].

Soy is recognized as the major dietary source of
phytoestrogens, and soy-based products have
been shown to contain significant quantities of
total isoflavones. Daidzein and genistein are the
two most well-characterized isoflavones [8]

Dietary consumption of foods and food additives
containing isoflavone phytoestrogens has been
associated with several beneficial properties to
human health, such as prevention of coronary
heart disease and osteoporosis, reduction of
menopausal symptoms, and prevention of
distinct cancer forms (e.g., breast, prostate, and
colon cancer) [9, 10]. The potential health
benefits of isoflavones for humans have been
the subject of several reviews that have
analyzed clinical, animal, and in vitro evidence
for biological activity [11].

According to the USDA survey on isoflavone
content, lentils do not contain significant
amounts of these isoflavonoids [12]. Chickpeas
contain daidzein, genistein, and formononetin &
biochanin A. Soybeans have significantly higher
levels of daidzein and genistein but contain less
amount of formononetin and biochanin
compared to chickpeas.
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Epidemiological data suggest that a diet rich in
isoflavones provides protection against several
forms of cancer, particularly those that are
hormone-dependent, such as breast, prostate,
and lung cancer [13] Genistein, the predominant
isoflavones found in soy, has been shown to
inhibit the carcinogenesis in animal models.
There are growing body of experimental
evidence that show the inhibition of human
cancer cells by genistein through the modulation
of genes that are related to the control of cell
cycle and apoptosis. Moreover, it has been
shown that genistein inhibits the activation of
NF-kappa B and Akt (protein kinase also known
as PKB) signaling pathways, both of which are
known to maintain a homeostatic balance
between cell survival and apoptosis [14].
Genistein causes inhibition of cell growth in
breast and prostate cancers in vivo and in vitro
[15]. Both genistein and genistin induce cell
cycle arrest [16] and are able to induce
significant apoptosis.

Isoflavones prevent atherosclerosis; the most
cited example in this case is the inhibition of
LDL oxidation, formation of which is central in
atherogenesis [17]. Genistein upregulates the
expression of human endothelial nitric oxide
synthase and lowers blood pressure in
spontaneously hypertensive rats [18].

Soybean isoflavones may exhibit their cancer
preventive function through their antioxidant
properties. Genistein, the major component of
soybean isoflavones, has been demonstrated to
inhibit  ultraviolet-B ~ (UVB)-induced  skin
tumorigenesis in hairless mice. Genistein has
also been shown to inhibit hydrogen peroxide
production and increase the activity of
antioxidant enzymes, such as catalase,
superoxide dismutase, glutathione peroxidase,
and glutathione reductase. Furthermore,
genistein and daidzein can inhibit superoxide
anion generation by xanthine/xanthine oxidase

[7].

Depending on the type of estrogen receptor on
the cells, isoflavones may reduce or activate the
activity of estrogen. Isoflavones can compete
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with estrogen for the same receptor sites
thereby decreasing the health risks of excess
estrogen. They can also increase the estrogen
activity.

One study suggests only modest effects of
isoflavones  on plasma hormones in
postmenopausal women, and no significant
effects on vaginal cytology or endometrial
biopsy results. Thus, effects of isoflavones on
plasma hormones per se are not likely to be
significant mechanisms by which soy exerts
estrogen-like effects in postmenopausal women
[19].

In October 1999, the US Food and Drug
Administration authorized the use on food labels
of health claims associated with soy protein and
the reduced risk of coronary heart disease.
Several studies have indicated that a total daily
intake of 25 g of soy protein paired with a low-fat
diet resulted in clinically important reductions of
total cholesterol and low-density lipoprotein
(LDL) cholesterol levels. So far, there is no
evidence for a stimulatory effect of isoflavones
on the endometrium. A few studies reveal a
minimal effect of soy on hot flashes, with soy
reducing hot flashes 45% and placebo causing a
30% reduction compared with an approximate
70% reduction in hot flashes with estrogen
replacement therapy.

Data available from human studies on the effect
of isoflavones on osteoporosis are limited, and
additional studies are needed to support a role
in osteoporosis prevention. To date, no adverse
effects of short- or long-term use of soy proteins
are known in humans [20].

Current data are insufficient to draw definitive
conclusions regarding the use of isoflavones as
an alternative to estrogen for hormone
replacement in postmenopausal women.
Although epidemiological and basic laboratory
studies allude to the possible protective effects
of soy isoflavones at specific target tissues,
randomized, placebo-controlled clinical trials are
necessary to address these important issues.
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