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Abstract:

homeostasis.

estrogen receptors; diabetes mellitus; obesity

There are different opinions about phytoestrogens (hereinafter PhE): some consider them a panacea for the
whole complex of women's diseases, a vitamin of youth, while others indicate the presence of side effects of
these substances, an ambiguous effect and low effectiveness. PHE is similar in chemical structure to native
estrogens, which determines their affinity with estrogen receptors, which allows them to be included in the
natural metabolic processes in the body, affecting hormone metabolism and the processes of maintaining
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Introduction

Useful properties of plants have been known to mankind since ancient
times. For thousands of years, they served not only as food, but also
helped in the treatment of various diseases.

Relatively recently, in the 1930s, scientists began actively studying a
fundamentally new class of organic compounds — phytoestrogens (PhE).

(1]

It should be noted that PhE is not an independent class of organic
compounds. In terms of their effect on the endocrine system, these
compounds belong to an extensive class of “endocrine system effectors”
(option for CIS-countries) [2]. Effectors of the endocrine system affect
the endocrine system, acting as Xenobiotics [2]. According to the
classification, endocrine effectors are divided into anthropogenic (by-
products of human industrial activity), medicinal (contained in medicines)
and PhE [2]. This classification is not widely used in the West, where it
is customary to use either a clinical classification or an evidence-based
one [3,4]. The English-language equivalent of the term endocrine system
effectors is “endocrine disrupting chemicals”, which literally translates to
“substances that destroy the endocrine system” or “endocrine disruptors”
[5]. The latter term has become increasingly used in russian-language
literature. Initially, western scientists believed that endocrine effectors
only damage the endocrine system, causing malignant neoplasms [6,7],
but in more recent articles, western scientists offer therapy with endocrine
effectors, in particular phytoestrogens, not only for oncological diseases,
but also for certain pathologies of carbohydrate metabolism [8].

History of the study of phytoestrogens. The first mention of PhE dates
back to 1899 in the work of A. G. Perkin and F. G. Newbury, devoted to
the properties of the dyer's broom (Genistatinctoria) and heather (Calluna
vulgaris).

And only 27 years later, in 1926, scientists again returned to the study of
phytoestrogens. This was associated with reduced fertility in some
animals. So, for example, breeding cheetahs in nurseries, in order to
restore their population, soybeans were added to the diet. This was
reflected in a decrease in their fertility. Another example concerns
austrian sheep that ate clover, which affected their fertility. [9]

In 2006, L. W. Thomson and B. A. Booker published a study according
to which the list of foods containing PhE is headed by nuts and oil seeds.
They are followed by soy products, cereals and bread with bran, legumes,
meat and other food products [3].

Current research is aimed at clarifying the chemical structure of individual
phytoestrogens and their mechanisms of action.

Classification of phytoestrogens. Further refinement of the chemical
structure of phytoestrogens made it possible to divide them into 3 broad
groups: isoflavanoids (genistein, daizein, glycitein, biochanin);
coumestanes (coumestrol, vedelolactone, plicadin); lignans (enterodiol,
enterolactone, pinoresinol, etc.) [10]. It should be noted that the
consumption of soy rich in isoflavans and lignans increases with the
numerical growth.

Mechanisms of action. Until recently, it was believed that the only way
phytoestrogens interact with the human body is through interaction with
estrogen receptors. To date, this path is not the only one, but it is the main
one.

The chemical structure of phytoestrogens is extremely similar to that of
human endogenous estrogens. Two types of estrogen receptors are found
in humans: alpha (ERa) and beta (ERp). ERa is mainly localized in the
female genital organs, while ERp is located in other organs [11]. This
ubiquitous location of estrogen receptors determines the multi-organ
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effect of estrogens on a woman's body. It has been proven that ERa
enhances the growth and proliferation of cell populations [12], while ERS,
on the contrary, inhibits these processes [13], which makes ERa and ER}
antagonists. Strom A. in 2004 showed in his experiments on pure breast
cancer cell lines that genistein and estradiol in the expression of ERa
induce a concentration-dependent increase in proliferation and,
conversely, in the expression of ERp — don’t cause cell growth and
proliferation [15]. With the growth of a malignant neoplasm, for example,
a breast, activation of ERa will be an undesirable effect. Thus, more than
65% of breast tumors respond to antiestrogen therapy [14].

The affinity of phytoestrogens to estrogen receptors is not uniform and
depends on their chemical structure, the concentration of native estrogens,
and the predominant fraction of estrogen receptors. Thus, genistein will
have different effects, for example, on the mammary gland, in which ERa
prevails, and, for example, on the prostate (ERp prevails) [16]. It should
also be noted that the affinity of phytoestrogens compared to endogenous
estradiol is less than 1%, and their affinity for ERp is higher than for ERa.

Another possible mechanism of action according to Dolinoy D.Y. et al.
(2006) is DNA methylation in the offspring of mice. Virgin female mice
were fed a phytoestrogen diet 2 weeks before mating, then during
pregnancy and when feeding their young. As a result of the experiment,
the offspring of female mice on a phytoestrogen diet showed a change in
color and a significant effect on the color change of the offspring of mice
was proved. [17]

Hilakivi-Clarkel and etc. (2010) reports on the role of genomic changes
in reducing cancer risk with genistein [18], and Ramali (2015) provides
statistical data on the relationship between genome modification caused
by phytoestrogens and reducing the risk of obesity [19]. DNA methylation
causes certain genes to become unavailable for transcription. This leads
to inhibition of adipocyte division in the first year of life, which
significantly reduces the risk of obesity [8].

Inhibition of kinases by phytoestrogens may also be a likely mechanism
of their action [20]. A large number of protein kinases are encoded in the
human genome, and a violation of their transcription will lead to the onset
of the disease.

According to Jungbauer A. and Medjakovik S. (2014), the likely
mechanism of action is the effect on receptors activated by peroxisomal
proliferates (RAPP) [21]. RAPPs are nuclear receptors that are
transcription factors [22]. There are 5 types of RAPPs have been
identified: a, p/A, y-1, y-2, and y-3, each of which is refractory to certain
organs and tissues [23]. Activation of RAPPs can either increase or
decrease the expression of transcription genes. Thus, RAPP regulates
metabolism in specific tissues, for example, an increase in the
concentration of free fatty acids activates RAPP-y-2, which leads to
increased metabolism in adipocytes. Presumably, phytoestrogens have a
certain affinity for RAPP- o, and RAPP- y, which explains the statistical
relief of diabetes mellitus type 2 in people taking products with
phytoestrogens in high concentrations [24]. Perhaps this mechanism is
responsible for the reduction of obesity [8].

Some researchers suggest that phytoestrogens act through the activation
of AMP-activated protein kinase [25]. In vitro experiments vitro have
shown an association between an increased amount of phytoestrogens and
activation of AMP-activated protein kinase. The exact mechanism of this
phenomenon is unknown, but it is suggested that this mechanism may be
implemented in connection with phytoestrogen-mediated stimulation of
intracellular reactive oxygen species [25].

Receipt paths. The most frequent route of intake of phytoestrogens is
alimentary. Phytoestrogens are absorbed in the gut, but bacteria can
convert daidzein (a poorly digested phytoestrogen) into equol. It turns out
that approximately half of the population has an intestinal flora capable
of producing equol [26]. Back in the 60s of the last century, it was shown
that the intestinal flora is responsible for the production of equol [27], and
it was proved that bacteria capable of synthesizing equol are present only
in women [28]. These are representatives of the genera Clostridium,
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Fecalibacteria, and Colinciella [29]. It should be noted that, unlike
humans, absolutely all rodents and horses are able to synthesize equol,
which casts doubt on the possibility of comparing the effects of
phytoestrogens in these animals with humans [30]. In humans,
enterolignans are metabolites of the intestinal biota [31].

The effect of phytoestrogens on sex hormones is realized through the
main mechanism of action, that is, interaction with estrogen receptors.
Thus, the influence on the hypothalamic-pituitary system is carried out,
within which the hypothalamic-pituitary-gonadal axis (HPGA) and the
hypothalamic-pituitary-thyroid axis (GPTA) are distinguished.

GPTA controls the secretion of estrogen. When there is insufficient
estradiol, the hypothalamus releases follicle-stimulating hormone and
luteinizing hormone, which promote follicle maturation and estradiol
synthesis [33]. When estradiol levels drop , it is a trigger for follicule-
stimulating hormone (FSH) and luteinizing hormone (LH) realization by
the hypothalamus [34]. Thus, phytoestrogens can regulate FSH and LH
levels through ER.

Ha 6epemennsix sxenmuH Phytoestrogens don’t affect pregnant women.
It has been shown that the blood of women taking PhE during pregnancy
has a normal level of estradiol in the blood [35].

Phytoestrogens also do not significantly affect infants [36], even though
their bodies are more sensitive to exogenous factors during this period of
life. However, according to some data, girls who take phytoestrogens in
preschool age are prone to early puberty [37]. An increased amount of
estrogens in boys can lead to its subsequent development in the female
type [37].

An extremely important clinical effect is the postmenopausal endowment
associated with the inability to synthesize estradiol in the required
volume. In response to this failure of the ovary, the hypothalamus
implements FSH and LH, and their concentration increases. In high doses,
FSH and LH determine the symptoms of menopause: headaches, neurosis,
brittle bones, hair, sagging skin, although the latter is most likely
associated with a lack of estradiol. Phytoestrogens, through their effect on
ER, reduce the production of FSH and LH, which eases the menopausal
symptom. [43]

However, according to the 2008 RQS, phytoestrogens increase the risk of
breast cancer in european women[39], which is not the case for Asian
women (2009 RQS) [40].

In men, phytoestrogens contribute to reducing the risk of prostate cancer
[41], which is most likely due to their mechanism of action through ER.
Prostate cancer is mainly mediated by a high content of androgens, while
phytoestrogens reduce the concentration of male sex hormones.

There are no unambiguous data on the effect of phytoestrogens on GPTA
[42,43]. A 2011 RQS [44] shows an insignificant association of less than
10% of women with relief of hypothyroidism due to the use of
phytoestrogens, provided that the iodine content in the diet is normal. The
exact effect of phytoestrogens on thyrocytes or mediated mechanisms of
influence has not been established [43].

There are no data on the effect of phytoestrogens on thyroid hormones in
pregnant women [45].

A mass screening of children in the Czech Republic in 2006 showed an
increase in free thyroxine in the blood due to the intake of phytosetrogens
[46]. According to Conrad S. S., Chiu H., Silverman B. L. (2004),
children with congenital hypothyroidism showed an increase in the
production of thyroid hormones when taking phytoestrogens [47], but this
is not confirmed by newer studies [48].

Conclusion: Thus, despite the fact that phytoestrogens themselves can
cause malignant neoplasms, they are quite a promising direction in
hormone replacement therapy. It is worth noting that breast cancer is
mainly observed in european women, who are not characterized by the
use of phytoestrogen-containing products.
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The main mechanism of action mediated by the effect on estrogen
receptors, most likely, was "developed" by plants to reduce the fertility of
the animal population in order to spread phytoestrogen-containing plants,
today it can not only help in relieving postmenopausal symptoms, but also
in the treatment of pathologies of carbohydrate metabolism, some
malignant neoplasms within the framework of the influence on the
hypothalamic-pituitary-the gonadal axis.

Although the effect of phytoestrogens on the hypothalamic-pituitary-
thyroid axis has not been proven, this direction remains promising due to
the small amount of literature, which is completely contradictory.
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