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LITERATURE REVIEW

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-17f (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
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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.

AHATIITUYHWIW OTNAL

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, 311.

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 2a- and 4a-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 a-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 40-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 (4a-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.
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Figure. Neurochemical mechanisms of neuroendocrine disorders resulting from
early-life androgenization of female rat

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 pug/kg or 25.0 pug/kg on gestation days
6-21, the expression of estrogen receptors ERa and ERp 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

Ne 3(59)/uepBeHb 2021 WWW.REPRODUCT-ENDO.COM / WWW.REPRODUCT-ENDO.COM.UA



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 pg/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,
571, 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].

AHATIITUYHWIW OTNAL

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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The review highlights current views and hypotheses on the pathogenetic role of natural and ¥enoestrogens in the disorders of programming of neuroendacrine requlation 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 estragens 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.

ECTPOTEHM TA XIHOYMI MO30K, LL{O PO3BUBAETBCA: /1BI CTOPOHY MELATII

Orniag niepatypu

0.1. Pe3HiKoB, 4. Mea. H, npodecop, akagemik HAMH Ykpaitu, une-kopecnongent HAH Ykpainu, 3asiaysay Biaainy exgokpuonorii penpoayKuii Ta agantaui [IY «|HCTuTyT engokputonorii Ta 06MmiHy pedou im. B.IT. Komicapetka

HAMH Ykpainuy, M. Kviig

Ornag BUCBITIOE CyuacH NOrnAAY Ta rinoTe3w LOAO NaToreHeTUYHOT PO NPUPOAHIX Ta KCEHOBCTPOTEHIB Y MopyLLeHHAX MPOrpaMyBaHHA HelipoeHA0KPUHHOT perynALii penpoayKuii, aaanTai Ta pi3HiX GOpM IHCTUHKTUBHOT NOBEAIHKY
(penpoayKTHBHa, XapuoBa, 0aTbKiBCbka Ta iH.) y nepuHaTanbHIiA nepiod PO3BUTKY XiHouoro Mo3ky. KaexonecTporeHu, Aki YTBOPIIOTHCA B FONIOBHOMY MO3KY B Pe3yiibTaTi NOCNiA0BHMX MeTaboiuHIX NepeTBopeHb TecToCTEPOHY,
6epyTb yuacTb B iHAYKOBRHIl eK30reHHMMM ab0 eHAOTEHHIMI aHAPOreHamMit AeGeMmiRi3aLi rinoTanamiuHoro KOHTPONIO OBYAALTT B PaHHBOMY XIHOUOMY OHTOreHe3i. Y AOCHIMKeHHAX Ha CaMKaX TBAHH i3 HOKyTOBAHIM reHoM
anbha-geTonporeiy Oyna 10Be/ieHa 3axycHa oAb Uboro Gika Bizl MOMNBOTO NATOTEHHONO BIAIUBY MALEHTapHIX ECTPOreHiB Ha MO30K NN0AIB CaMOK. MoKa3aH NaToreHHy fito GiToecTporeHis (reHicTeil, kymecTpon) y panHii
NOCTHaTaNbHMiA Nepioz Ha GopMyBaHHA OBYAATOPHUX LMKAIB. [laHi OCNIAXEHb Ha rpy3yHaX Ta IHLLIMX BWAAX TBAPUH, NIAKPINAeH] KNHIYHMMY CNOCTEDEXXEHHAMY, BKA3yIOTb Ha NOTEHLYtHMiA MOLLKOKYI0UMiE eQeKT HU3bKIX piBHIB
KCeHOECTPOreHiB HaBKOMMLLHBOrO CEPEA0BMLLA Ha MO30K, (L0 PO3BYBAETLCA, 30KDEMA Ha i0ro CTaTeBy AndepeHLiaLito Ta cvcTemy «rinoTanamyc-rinogis-HaaHupkosi 3ano3u». 06roBopioeTbCA NOTeHLiiHa Hebe3neka nepuHatanbHoro
BIIVMBY HIU3bKIIX 403 bicheHony A 1A GopMyBaHHA peLienTopis ecTporeHis y rinoTanamyci Ta MUTAANMHAX XiHOUOT0 MO3KY, CeKCyanbHol NoBEAiHKY Ta 0ByALi. OcobanBa yBara NpUAINAETCA MOX MBI Gi3ionoriukiil poi NPUPOAHNX
€CTPOTeHIB Y GopMyBaHHI XIHOUOT HeiipoeHAOKPUHHOT CUCTEMM B N1EPIOA CTaTeBOro 03piBaHHA. 3p06IeH0 BUCHOBOK, L0 Ha PaHHIX CTaliAX XIHOUOTO XWTTA eCTPOreHY BIAITPaloTb Pi3Hy Pofib Y NPOrpamyBaHHi He/ipoeHAOKpUHHOT
CUCTEMY Ta NOBEAIHKIA 3aN1EXHO BiZ Nepiogy iHANBIYaNbHOTO PO3BITKY.

KntouoBi cnoBa: ectporeny, KceHoecTporeHi, Gicoeron A, anva-¢eTonpoTeik, rinepaaporeHiam, Cratesa AudepeHLiallis, pO3BATOK MO3KY, PENpOAYKLA, Camka, iyp.

3CTPOTEHbI 11 PA3BIBAIOLLIMICA XEHCKWIA MO3T: IBE CTOPOHbI MEAANM

0630p nutepatypbl

AT Pe3HuKoB, . Mea. H., npodeccop, akasemuk HAMH YkpanHbl, unen-koppecnonaeHT HAH Ykpautbi, 3aBezyloLuyit 078e10M SHAOKPUHONOTMIA penpoayKumi 1 agantaumy [ «/HCTUTYT 3HA0KpUHONOTMM M 06MeHa BELLIECTB

M. B.IN. Komuccaperko HAMH YkpauHbi», r. Kues

0630p 0CBeLLLAET CoBPeMeHHbIe B3MAAbI 1 FUNOTe3bl OTHOCUTENIbHO NaToreHeTHeCKot Ponv MPUPOAHbIX 1 KCEHO3CTPOTEHOB B HApyLLUEHYAX MPOrpaMMIPOBAHIA HeiipOHLOKPUHHON PErynaLIMM PeNpOAYKLIY, AAANTaLMM U
Pa3MYHbIX GOPM MHCTUHKTMBHONO NoBeeHIA (DenpOAYKTUBHOTO, MULLIEBOFO, POLUTENbCKOTO U AP.) B NEPUHATANbHOM Nepuoze Pa3BHTILA XKeHCKOro Mo3ra. KaTexonacTporeHbl, KOTopble 06pasyloTca B rofI0BHOM Mo3re B pe3ybrare
NOCNIEN10BaTeNbHbIX MeTaB0IMUeCKIX NPeBPaLLIEHIii TECTOCTEPOHA, Y4aCTBYIOT B UHAYLIPOBAHHOY 3K30TeHHBIMY UM 3HAOTEHHbIMY aHAPOreHaMM AeGeMUHU3aLMI FUN0TanamMuyecKoro KOHTPOAA OBYALIAN B PAHHEM XeHCKOM
OHTOreHe3e. B 1ccnenoBaHIAX Ha CamKax UBOTHBIX C HOKayTMPOBAHHbIM reHOM anb(a-(eTonpoTelHa Obina 10ka3aHa 3allMTHas Posib 00 6eNIKa 0T BO3MOMHOTO NaToreHHOro BO3ALICTBIAA MNALIEHTAPHIX ICTPOEHOB Ha MO3r
NN0408 CamoK. [oKa3aHo natoreHHoe AiicTBIE GUTOICTPOreHOB (FeHVCTEMH, KyM3CTPOA) B PaHHEM MOCTHATANIbHOM Nep1oze Ha GOPMIAPOBAHHE OBYATOPHbIX LMKNOB. [aHHbIE MCCTIeZl0BaHHiA Ha TPbI3yHaX v APYruX BILKaX
XKUBOTHbIX, NOAKPENNeHHbIE KIMHIYECKIMM HaOM0AEHUAMY, YKa3bIBaIOT Ha NOTEHLMaNbHBIA NOBPEXAaoLLiA IDEKT HU3KYIX YPOBHel! KCeHOICTPOTeHOB OKPYXaloLLei CeAbl Ha PasBUBAIOLLMICA MO3T, B YACTHOCTI Ha €ro NoNoBYI0
JAvOepeHLmMaLIio 1 cucTemy <runoTanamyc-runogu3-HaanoueyHukiy. O6CyaeTca BO3MOXHaA ONacHOCTb NepHHaTanbHOro BO3Ae/CTBINA HU3KMX 03 brcheHona A AnA GOpMIPOBaHIA PELIENTOPOB SCTPOTeHOB B runoTanamyce

11 MIAHZANMHX KEHCKOrO MO3ra, M0/I0B0ro NoBeAeHvA 1 oBynALyM. 0co60e BHUMaHVe yaenaeTca BO3MOXHOI GU3n0A0rnyeckoid ponia NpUPOLHLIX SCTPOTeHOB B GOPMIPOBAHMIA XEHCKOIA HEIPOHAOKDUHHOI CUCTEMbI B NIEpHOz
110/10BOF0 C03peBaHHA. (ZlenaH BbIBOZ, UT0 Ha PaHHIX CTAAUAX XU3HM XXEHCKOr0 OpraH3Ma ICTPOreHbI MPIoT PasHyto poib B NPOrpaMMIPOBAHIH HeVipO3HAOKPHHHOIA CUCTeMbl U MOBEAEHIA B 3aBIUCMMOCTY OT Nep10za

VHAUBWAYANbHOMO Pa3BUTHA.

KntoueBble cnoBa: 3CTporeHbl, KceHo3CTporesl, ucheron A, anbda-Getonpotent, runepaHaporeH3m, nonosad AMddepeHLmaLa, passuTe Mo3ra, PasMHOXKEHIE, CAMKa, KpbICa.



