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12 INTRODUCTION
The history of estrogens began 125 years ago 

when Austrian scientist E. Knauer ovariectomized 
rabbits and discovered preventive effect of re-im-
planted ovarian tissue on uterine atrophy [1]. In 
1929, the American biochemist Doisy extracted 
from the urine of pregnant women and obtained 
in a crystalline form the estrogenic hormone th-
eelin [2]. With an interval of one month, a similar 
work was done by the German biochemist Buten-
andt, who called this preparation “proginone” [3]. 
This hormone was later named “estrone”. Ten years 
later Doisy and co-workers reported purification of 
dihydrotheelin [4], which is estradiol-17β (E2), the 
most powerful natural estrogen.

Estrogens, along with progesterone, play a 
key role in the functioning of the female repro-
ductive system in mammals. In humans, they 
are responsible for many reproductive disorders 
and tumor growth in adolescence, reproductive 
age and menopause. For instance, estrogens 
are known to contribute to endometrial and 
breast cancer development [5, 6]. As for breast 
cancer is concerned, estrogens play dualistic 
role in pathogenesis and treatment of this dis-
ease. Endogenic E2 can stimulate breast cancer 
growth in E2-positive cases, which are success-
fully cured with the antiestrogenic drugs. On the 
other hand, due to its capability of stimulating 
apoptosis of breast cancer cells, a high dose syn-
thetic estrogens can prevent and treat metastat-
ic breast cancer in postmenopausal hysterecto-
mized women that are resistant to long-term 
estrogen deprivation [7, 8].

Likewise, estrogens can exert a dualistic effect 
on the processes of steroid-dependent develop-
ment of neuroendocrine system and behavioral 
structures of the brain. This work summarizes the 
research results by the author and his collabora-
tors, as well as literature data on that issue.

MODIFYING EFFECT OF THE NATURAL 
ESTROGENS ON DEVELOPING FEMALE 
NEUROENDOCRINE SYSTEM AND BEHAVIOR
Hormones and growth factors play a crucial role 

in morphogenesis of embryo. In the fetal period of 
development and early postnatal life, they contin-
ue to participate in the formation and maturation 
of the functions of physiological systems. One of 
the directions of this process is hormonal control 
of the development of the neuroendocrine system 

and associated neural networks that regulate var-
ious forms of instinctive behavior such as eating, 
reproductive, grooming and others.

In accordance with the concept of fetal origin 
of adult health and diseases [9–11], an early-life 
events can create the risks of diseases in the late 
periods of life [12–15]. Insufficiency or excess of 
nutritional factors during pregnancy can cause 
epigenomic changes in the developing fetus 
[16]. In some cases, E2 can prevent pathological 
changes. Experiments on rats have shown that 
metabolic disorders in female offspring caused 
by the high-fat diet of mothers during pregnancy 
and early postnatal life can be prevented by E2. In 
this case, E2 reversed the diet-induced increase 
in proopiomelanocortin matrix RNA in the brain, 
which indicates its ability to modify the program-
ming of the feeding system in the critical period of 
its development. [17].

The central nervous, endocrine and reproduc-
tive systems of humans and animals has distinct 
functional, anatomical and microarchitectural 
signs of sexual dimorphism. They are formed in 
the process of intrauterine and somatosexual 
development and are determined primarily by 
the genetic program. The contribution of genet-
ic factors to the formation of sexual orientation 
and gender identity has been proven: homozy-
gous twins are more likely to have the same ori-
entation than heterozygous ones [18]. In both 
sexes, an immature brain is potentially capable 
of developing along the female type. In adult-
hood, it manifests as female sexual behavior and 
ability for pre-ovulation estrogen-induced surge 
of pituitary luteinizing hormone (LH), which is re-
quired for ovulation. Due to the plasticity of the 
brain, the implementation of the developmental 
program can be modified irreversibly under the 
influence of the hormonal, neurotransmitter and 
cytokine microenvironment.

In recent decades, numerous experimental and 
clinical studies have demonstrated the important 
role of steroid hormones in the epigenetic pro-
gramming of reproductive functions and the hy-
pothalamic-pituitary-adrenocortical system (HPA 
axis) [19–21]. Sexual differentiation of the brain 
(SDB) is a classic example.

There are several ways of epigenetic modifica-
tion of gene expression by hormonal and other 
microenvironmental factors. The main ones are 
DNA hypermethylation (decreases gene activity) 
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or DNA demethylation (increases gene activity), histone acetyl-
ation (increases gene activity) and messenger RNA interference 
with microRNAs (20–30 nucleotides).

Even now, specialists in the field of drug toxicology at the 
stage of preclinical studies of potential drugs focus on detect-
ing anatomical signs of teratogenicity of newborns, ignoring the 
risks of the remote in time functional disorders. Instead, many of 
drugs have concomitant hormonal activities, the ability to affect 
the synthesis, metabolism and reception of neurotransmitters, 
modulate membrane ion channels, and so on. Some of them 
are able to disrupt the process of programming physiological 
functions, in particular, neuroendocrine regulation of reproduc-
tion and stress reactivity. Progestin drug, which is characterized 
by concomitant weak androgenic activity, in pregnant women 
caused defeminization of behavior in the female offspring [22].

Hyperandrogenism is the most common endocrine pathology 
in women of fertile age [23]. In a latent or manifest form, it oc-
curs in 10–20% of the female population and in 1.5–3.0% of all 
gynecological patients. Hyperandrogenism of ovarian or adrenal 
origin is the leading pathogenetic factor of polycystic ovary syn-
drome, which occurs in 6–15% of women of fertile age [24]. Hy-
perandrogenic condition of a pregnant woman can be the cause 
of polycystic ovary disease, menstrual irregularities, infertility, 
and sexual orientation aberration in the direction of masculiniza-
tion in the female offspring. An excess of androgens in an intra-
uterine female fetus with a classic form of congenital hyperplasia 
of the adrenal cortex (deficiency of steroid 21-hydroxylase) can 
lead to homo- or bisexual orientation in adulthood [25, 26]. It has 
been shown recently that testosterone administration to preg-
nant rats causes not only irregular ovulation or anovulation, but 
also affects ovary lipid metabolism and ovarian steroidogenesis 
in adult female offspring [27]. 

The critical period of SDB, when the brain is sensitive to the 
programming by androgens, occurs in humans in the middle 
trimester of pregnancy. In rabbits, guinea pigs, sheep and other 
animals, it also ends before birth. However, in rodents (rats, mice, 
hamsters) the critical period covers the last week before birth (in 
rats, pregnancy lasts 21–22 days) and the first 10–12 days after it. 
Therefore, studies of epigenetic modification of developing neu-
roendocrine system are performed mainly on rodents.

While studying the mechanisms of androgen-induced anovu-
lation, it was unexpectedly found out that the masculinization of 
the developing neuroendocrine system is realized not by testos-
terone itself, but by E2, which is derived in situ from testosterone. 
The high level of maternal estrogens produced by the placen-
ta and other tissues, unlike synthetic estrogens, does not cause 
masculinization of the brain of the female fetus, probably due to 
estrogen-binding alpha-fetoprotein (AFP), a glycoprotein which 
is produced in high quantities by the fetal liver, and present in 
the fetal blood circulation. It was postulated that only natural 
estrogens, which are formed locally in the nervous tissue, inter-
fere with SDB. On the other hand, clinicians are aware of cases 
of reversal of sexual orientation of women whose mothers took 
the synthetic estrogen diethylstilbestrol during pregnancy [28]. 
This is probably due to the low affinity of synthetic steroids for 
AFP and testosterone-estradiol-binding globulin, which form 
complexes with natural estrogens and thus deprives them of 
hormonal activity.

Long-standing controversy over the possible role of AFP as 
a protector against the masculinizing or defeminizing effect of 
maternal estrogens on the sexual differentiation of the develop-
ing female brain has been resolved positively in experiments on 
AFP-knocked mice [29]. The brain and behavior of AFP-knocked 
female mice were masculinized and defeminized. This patholo-
gy was prevented by embryonic treatment with the aromatase 
inhibitor.

Studying the long-term effects of a high dose of prenatal E2 
on the female offspring we observed a disruption of estrus cycle 
and a decline in plasma E2 levels which were accompanied by 
quasi-copulative male-typical behavior. Probably, AFP is not able 
to bind a large amount of E2, and part of it enters the fetal brain.

The most common experimental model for studying the long-
term consequences of SDB disorders is the neonatal androgeni-
zation of female rats. A single injection of a microdose of testos-
terone to a female in one of the first days after birth is enough 
for her to develop in her future life anovulatory state, infertility, 
alteration of estrus cycle and behavioral features of masculiniza-
tion of the brain as a result of a violation of SDB. The neonatal 
androgen programs male-typical sexual behavior and the refrac-
toriness of the neuroendocrine centers of the brain of a mature 
female to the stimulating effect of estrogens on the secretion of 
gonadotropins, that is, the preovulatory surge of LH.

Using an experimental model of neonatally androgenized fe-
male rats, we have studied the pathogenesis of SDB disorders. 
Upon reaching puberty the females developed irregular ovula-
tion or anovulation and persistent estrus dependently of testos-
terone dose and timing of the hormone injections. In females 
3–4 months of age, blood plasma levels of LH and progesterone 
decreased, E2 level decreased with a mild form of polycystic ova-
ry and increased with a severe form. The uptake of tritiated E2 
by the tissues of the hypothalamus, pituitary gland, and uterus 
was significantly reduced, which explains their reduced sensitiv-
ity to E2. In the hypothalamus, the content of neurotransmitters 
changed, in particular, a low concentration of noradrenaline and 
dopamine was found. Male-typical sexual behavior in neonatally 
androgenized females was characterized by the appearance of 
mounting on a receptive female. At the same time, the lordosis 
index, which characterizes female-typical behavior in the pres-
ence of an active male, decreased tenfold [21].

Together with our research team, we have studied the se-
quence of metabolic transformations of testosterone in the neu-
roendocrine structures of the newborn brain, and substantiated 
the neurochemical concept based on the key role of hypotha-
lamic estrogens, their metabolites and noradrenaline in SDB [20, 
21, 30, 31].

The first step is testosterone conversion to E2. This reaction 
is catalyzed by aromatase (CYP19A1, estrogen synthetase; EC 
1.14.14.1. enzyme of cytochrome P450 family) [32]. Within brain, 
aromatase is present in the highest concentration in the hypo-
thalamus, in particular, in the medial preoptic region of the ro-
dent brain, which in females is identified as a neuroendocrine 
center for the regulation of ovarian and estrous cycles, and in 
males as a center for the regulation of male sexual behavior. The 
idea of necessity of conversion of androgens to estrogens for 
masculinization of the developing neuroendocrine system was 
proposed by B. McEwen et al. [33] and F. Naftolin [34]. It was sup-
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ported by the data that only the aromatizable androgens, testos-
terone and androstenedione, when implanted intracerebrally or 
systemically to newborn female rats, are capable of causing an-
ovulation at puberty. In our experiments, SDB disorders could be 
prevented by the simultaneous administration of testosterone to 
newborn females with aromatase inhibitors.

Already in the first days after the administration of testoster-
one to newborn females, in the medial preolptic region, the 
disappearance or weakening of the sexual dimorphism of aro-
matase activity, the content of sex-specific proteins and biogen-
ic monoamines is found. These changes indicate an epigenetic 
reprogramming of the developing female brain towards mascu-
linization.

It was found that neonatal introduction of testosterone leads 
to an increase in the concentration of noradrenaline in the hy-
pothalamus of newborn female rats, and this effect is prevented 
by the concomitant use of steroid aromatase inhibitors [35, 36]. 
Testosterone-induced increase in the hypothalamic concentra-
tion of noradrenaline is mediated by catecholestrogens, hydrox-
ylated derivatives of estrogens originated from testosterone. The 
newly formed 2α- and 4α-hydroxylated estrogens compete with 
noradrenaline for the use of the enzyme catechol-O-methyl-
transferase in the methylation reaction and thus slow down the 
metabolism of noradrenaline i.e. contribute to the growth of its 
content in the hypothalamus. This effect of catecholestrogens 
is confirmed by an increase in the concentration of noradrena-
line in the tissues of the hypothalamus of newborn female rats 
treated with catecholestrogens. On the other hand, inhibition of 
catecholamine synthesis in the hypothalamus by α-methyl-p-ty-
rosine produces an effect similar to that of aromatase inhibitors, 
preventing the masculinizing effect of exogenous testosterone 
on the developing brain.

Exploring the ability of a number of catecholestrogens ad-
ministered to newborn females intracerebrally or systemically, 
to disrupt SDB we found that only 4α-E2 is capable of causing 
defeminization of the neuroendocrine system in the form of 
anovulatory syndrome. It is noteworthy that an increase in the 
concentration of noradrenaline in the hypothalamus of new-
born females caused by the administration of tropolone, cate-
chol-O-methyltransferase inhibitor, not accompanied by the ad-
ministration of testosterone or estrogens, does not lead to the 
development of anovulatory state [37].

Thus, estrogens/catecholestrogens (4α-E2) and noradrenaline 
are the major neurochemical determinants of testosterone-in-
duced programming of neuroendocrine control of ovulation in 
the females, and they co-operate with each other. At this stage 
of individualistic development, the synaptic system has not yet 
been formed. Therefore, in the case of SDB, noradrenaline acts 
not as a neurotransmitter, but as an inducer of differentiation 
of immature neurocytes (Figure). This diagram also reflects the 
mechanisms of dysfunction of the HPA axis of female rats as 
a result of early androgenization. It is expressed in changes in 
sex-specific characteristics of corticosteroid secretion and adre-
nocortical response to an acute stress.

As for the aforementioned ability of diethylstilbestrol and, pos-
sibly, other xenoestrogens to modify sexual differentiation of be-
havior, it is possible that it does not require the participation of 
natural catechol estrogens.

EARLY-LIFE EFFECTS OF THE XENOESTROGENS 
ON DEVELOPING FEMALE BRAIN 
Xenoestrogens are non-steroidal substances of anthropogenic 

or natural origin, which have a weakly expressed estrogenic ac-
tivity. These include bisphenol A, parabens, some pesticides, and 
others. Phytoestrogens, that is, xenoestrogens of plant origin, 
represent a specific group. Among them, the most pronounced 
estrogenic activity is shown by coumestrol, daidzein, genistein.

Feeding to mothers of female pups with xenoestrogen-rich 
soy supplements during 3–21 postnatal days (100 mg/kg body 
weight at genistein equivalent) led to disorders of neuronde-
crine regulation of reproductive system: disruption of estrous 
cycles with concomitant changes in hormonal profile, egg pa-
thology, deterioration of the egg implanting and reducing off-
spring number [38]. Neonatal xenoestrogens interfere with SDB. 
Application of genisteine or coumestrol in the early postnatal life 
of rats and mice caused disruption of the estrus cycle, ovulation, 
implantation and development of the embryo [39, 40]. But nei-
ther gametes nor embryos were injured, which is confirmed by 
the normal development of early embryos after transferring to 
normal females.

The results of a number of studies support the postulate of 
functional teratology, according to which the most vulnerable 
developing physiological system with regard to endocrine dis-
ruptors is neuroendocrine regulation of reproduction, behav-
ior, and HPA axis [21, 41]. Such changes may be based on mod-
ifications of the brain microstructure and hormone receptors in 
the hypothalamus, amygdala and other neuroendocrine areas 
of the brain.

One of the most common xenoestrogens is bisphenol A, which 
is present in many plastic products. This endocrine disruptor 
binds to E2 receptor and initiates hormonal signaling. Bisphenol 
A even at low expositional dose is capable of transferring across 
the human placenta in active unconjugated form [42].

In female rats born to mothers who received oral bisphenol 
A at daily doses of 2.5 μg/kg or 25.0 μg/kg on gestation days 
6–21, the expression of estrogen receptors ERα and ERβ in the 
mediobasal hypothalamus and amygdala changed. Due to 
perinatal administration of low doses of bisphenol A to female 
rats, the expression of estrogen receptor in the sex-dimorphic 
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medial-preoptic nuclei and periventricular nuclei of the hypo-
thalamus reduced [43–45]. However, it should be noted that in 
the question of the early effect of bisphenol A on the micro-
structure of sex-dimorphic areas of the developing brain, there 
is no generally accepted point of view, which encourages fur-
ther research.

Arcuate nucleus of the brain is involved in neuroendocrine 
control of hormonal homeostasis. Noteworthy are a decrease in 
the expression of muscarinic receptor-3 and adiponectin recep-
tor-1, as well as changes in the expression of serotonin and cho-
lecystokinin receptors, in this nucleus in female rats exposed to 
bisphenol A for the last 4 days before birth and in the first week 
of postnatal life [46].

Neuroendocrine and behavioral effects of perinatal exposure 
to low doses of bisphenol A include disturbance of estrous cyclic-
ity and decreased response of the LH to oophorectomy in adult 
female rats [47, 48], alteration of maternal behavior in mice [49] 
and rats [50], anxiety and spatial memory in female mice [51].

Even extremely small doses of bisphenol A, lower than 
those allowed for humans, used perinatally in rats, disrupt-
ed SDB. Female rat offspring exposed to bisphenol A at daily 
dose of 25 μg/kg body weight from gestation day 7 to post-
natal day 22 showed altered spatial learning in a water maze 
test indicating masculinization of developing brain [52]. In 
the absence of anatomical evidence of teratogenic effects, bi-
sphenol A caused an inversion of the size of the blue spot of 
the rat brain, which is normally larger in females, and behav-
ior in the open field [53]. The perinatal effect of low doses of 
bisphenol A on mice was also manifested in the attenuation 
of sex-specific of behavior in the open field, and in addition, 
in the disappearance of sexual differences in the number of 
tyrosine hydroxylase-positive neurons in the preoptic area of 
the brain by reducing it in females [54].

According to our recent research, administration of low dose 
of bisphenol A to rats during the last week of pregnancy leads 
to lowering of blood E2 levels and masculinization of sexual be-
havior in adult female offspring, which, however, is not accompa-
nied by its defeminization. 

HPA axis dysfunction is known to be associated with some 
age-related psychiatric, cognitive, and neurodegenerative dis-
orders [55]. Therefore, the state of HPA system in prenatally ex-
posed to bisphenol A individuals is of some interest. A study of 
long-term effects of perinatal exposure to low dose of bisphenol 
A on female offspring demonstrated an increase in basal corti-
costerone levels in the blood and a decrease in glucocorticoid 
receptor expression in the hypothalamus. The rats demonstrat-
ed impaired spatial memory, anxious behavior, and a weakened 
corticosterone response to stress (swimming), and a lack of re-
duction in glucocorticoid receptor expression, which usually oc-
curs under stress.

There are also medical and psychological data on changes in 
behavior in girls due to prenatal exposure to bisphenol A [56, 
57], which may be caused by modification of HPA axis. High 
concentrations of bisphenol A r in the urine of pregnant women 
correlated with increased levels of cortisol in the saliva of three-
month-old girls. Instead, the stress-reactivity of HPA axis in girls 
was weakened, which indicates disruption of sex-dimorphic pe-
culiarities of HPA axis function [58]. 

POSSIBLE ROLE OF ESTRADIOL 
IN THE FEMALE BRAIN DEVELOPMENT IN PUBERTY
It is assumed that, regardless of gender, brain development is 

programmed in a female pattern. So far, no convincing exper-
imental and clinical evidence has been presented that during 
the intrauterine development of the female fetus or in the early 
postnatal period, estrogens are involved in the programming of 
neuroendocrine regulation and female behavior. Nevertheless, 
the high content of AFP in the blood of the fetus and early post-
natal life does not exclude the possibility of the participation of 
estrogens in the feminization of the female brain during puber-
ty, when the amount of protein decreases sharply down to trace 
levels. The article by Bakker J, Baum MJ [59] mentions research 
results from Steward and Cygan about enhancement of fe-
male-typical behavior of gonadectomized male and female rats 
treated with E2 during puberty (postnatal days 30–40). Besides, 
E2 induces the female pattern of progesterone receptor in devel-
oping hypothalamus. It is proposed that the feminizing action of 
estradiol normally occurs in genetic females between birth and 
the age of puberty [59].

 
CONCLUSION
Thus, in early life, estrogens play a dualistic role in program-

ming the neuroendocrine system and behavior, depending on 
the sex of the individualistic and the period of individualistic de-
velopment.
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ESTROGENS AND FEMALE DEVELOPING BRAIN: TWO SIDES OF THE COIN
Literature review
A.G. Reznikov, MD, professor, academician of the NAMS of Ukraine, corresponding member of the NAS of Ukraine, head of the Department of Endocrinology of Reproduction 
and Adaptation, SI “V.P. Komisarenko Institute of Endocrinology and Metabolism of the NAMS of Ukraine”, Kyiv
The review highlights current views and hypotheses on the pathogenetic role of natural and xenoestrogens in the disorders of programming of neuroendocrine regulation of reproduction, alaptation, and various forms of instinctive 
behavior (reproductive, eating, parental, etc.) in the perinatal period of development of the female brain. Catecholestrogens, which are formed in the brain as a result of sequential metabolic conversions of testosterone, are involved in 
exogenous or endogenous androgen-induced defeminization of hypothalamic control of ovulation in early female ontogenesis. In the research on female animals with a knocked out gene of alpha-fetoprotein, the protective role of this 
protein against the possible pathogenic effect of placental estrogens on the developing brain of female fetuses was proved. The damaging effect of phytoestrogens (genistein, coumestrol) in the early postnatal period on the formation 
of ovulatory cycles has been shown. Evidence from studies in rodents and other animal species, supported by clinical observations, indicate the potential damaging effect of exposure to low levels of environmental xenoestrogens 
on the developing brain, in particular on its sexual differentiation and the hypothalamic-pituitary-adrenal axis. The potential hazard of the perinatal exposure to low doses of bisphenol A for the formation of estrogen receptors in the 
hypothalamus and amygdala of the female brain, sexual behavior and ovulation is discussed. Special attention is paid to the possible physiological role of natural estrogens in the formation of the female neuroendocrine system during 
puberty. It was concluded that in the early stages of female life, estrogens play a different role in the programming of the neuroendocrine system and behavior, depending on the period of individual development.
Keywords: estrogens, xenoestrogens, bisphenol A, alpha-fetoprotein, hyperandrogenism, sex differentiation, brain development, reproduction, female, rat.

ЕСТРОГЕНИ ТА ЖІНОЧИЙ МОЗОК, ЩО РОЗВИВАЄТЬСЯ: ДВІ СТОРОНИ МЕДАЛІ
Огляд літератури
О.Г. Резніков, д. мед. н, професор, академік НАМН України, член-кореспондент НАН України, завідувач відділу ендокринології репродукції та адаптації ДУ «Інститут ендокринології та обміну речовин ім. В.П. Комісаренка 
НАМН України», м. Київ
Огляд висвітлює сучасні погляди та гіпотези щодо патогенетичної ролі природних та ксеноестрогенів у порушеннях програмування нейроендокринної регуляції репродукції, адаптації та різних форм інстинктивної поведінки 
(репродуктивна, харчова, батьківська та ін.) у перинатальний період розвитку жіночого мозку. Катехолестрогени, які утворюються в головному мозку в результаті послідовних метаболічних перетворень тестостерону, 
беруть участь в індукованій екзогенними або ендогенними андрогенами дефемінізації гіпоталамічного контролю овуляції в ранньому жіночому онтогенезі. У дослідженнях на самках тварин із нокаутованим геном 
альфа-фетопротеїну була доведена захисна роль цього білка від можливого патогенного впливу плацентарних естрогенів на мозок плодів самок. Показано патогенну дію фітоестрогенів (геністеїн, куместрол) у ранній 
постнатальний період на формування овуляторних циклів. Дані досліджень на гризунах та інших видах тварин, підкріплені клінічними спостереженнями, вказують на потенційний пошкоджуючий ефект низьких рівнів 
ксеноестрогенів навколишнього середовища на мозок, що розвивається, зокрема на його статеву диференціацію та систему «гіпоталамус-гіпофіз-надниркові залози». Обговорюється потенційна небезпека перинатального 
впливу низьких доз бісфенолу А для формування рецепторів естрогенів у гіпоталамусі та мигдалинах жіночого мозку, сексуальної поведінки та овуляції. Особлива увага приділяється можливій фізіологічній ролі природних 
естрогенів у формуванні жіночої нейроендокринної системи в період статевого дозрівання. Зроблено висновок, що на ранніх стадіях жіночого життя естрогени відіграють різну роль у програмуванні нейроендокринної 
системи та поведінки залежно від періоду індивідуального розвитку.
Ключові слова: естрогени, ксеноестрогени, бісфенол А, альфа-фетопротеїн, гіперандрогенізм, статева диференціація, розвиток мозку, репродукція, самка, щур.

ЭСТРОГЕНЫ И РАЗВИВАЮЩИЙСЯ ЖЕНСКИЙ МОЗГ: ДВЕ СТОРОНЫ МЕДАЛИ
Обзор литературы
А.Г. Резников, д. мед. н., профессор, академик НАМН Украины, член-корреспондент НАН Украины, заведующий отделом эндокринологии репродукции и адаптации ГУ «Институт эндокринологии и обмена веществ 
им. В.П. Комиссаренко НАМН Украины», г. Киев
Обзор освещает современные взгляды и гипотезы относительно патогенетической роли природных и ксеноэстрогенов в нарушениях программирования нейроэндокринной регуляции репродукции, адаптации и 
различных форм инстинктивного поведения (репродуктивного, пищевого, родительского и др.) в перинатальном периоде развития женского мозга. Катехолэстрогены, которые образуются в головном мозге в результате 
последовательных метаболических превращений тестостерона, участвуют в индуцированной экзогенными или эндогенными андрогенами дефеминизации гипоталамического контроля овуляции в раннем женском 
онтогенезе. В исследованиях на самках животных с нокаутированным геном альфа-фетопротеина была доказана защитная роль этого белка от возможного патогенного воздействия плацентарных эстрогенов на мозг 
плодов самок. Показано патогенное действие фитоэстрогенов (генистеин, кумэстрол) в раннем постнатальном периоде на формирование овуляторных циклов. Данные исследований на грызунах и других видах 
животных, подкрепленные клиническими наблюдениями, указывают на потенциальный повреждающий эффект низких уровней ксеноэстрогенов окружающей среды на развивающийся мозг, в частности на его половую 
дифференциацию и систему «гипоталамус-гипофиз-надпочечники». Обсуждается возможная опасность перинатального воздействия низких доз бисфенола А для формирования рецепторов эстрогенов в гипоталамусе 
и миндалинах женского мозга, полового поведения и овуляции. Особое внимание уделяется возможной физиологической роли природных эстрогенов в формировании женской нейроэндокринной системы в период 
полового созревания. Сделан вывод, что на ранних стадиях жизни женского организма эстрогены играют разную роль в программировании нейроэндокринной системы и поведения в зависимости от периода 
индивидуального развития.
Ключевые слова: эстрогены, ксеноэстрогены, бисфенол А, альфа-фетопротеин, гиперандрогенизм, половая дифференциация, развитие мозга, размножение, самка, крыса.


