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Abstract. Thereviewarticle summarizes the mainresults of halfa century of experimental research of the Department
of Endocrinology of Reproduction and Adaptation in the field of congenital defects of the neuroendocrine system
caused by pathogenic influences on the mother’s body during critical periods of individual development. A
neurochemical concept of androgen-dependent disorders of sexual differentiation of the brain is proposed, which
relate to the regulation of ovarian cycles, sexual behavior, the function of the hypothalamic-pituitary-adrenal axis and
its response to stress. The role of corticosteroids in the early programming of the hypothalamic-pituitary-adrenal axis
of intrauterine fetus is shown. The neurohormonal mechanisms of the pathogenesis of prenatal stress syndrome are
revealed and the ways of pharmacological prevention of its negative long-term consequences are outlined. Long-
term effects of prenatal exposure to dibutyl phthalate, bisphenol A and ibuprofen as endocrine disruptors were
studied. A new syndrome of hypersexuality and hyperandrogenism is described in male rats after maternal exposure
to low doses of dibutyl phthalate during the critical period of sexual differentiation of the fetal brain. Conclusions.
The research findings indicate the importance of further research in the field of so-called functional teratology. They
are the pathogenetic basis for the prevention of a number of neuroendocrine and behavioral disorders.
Keywords: brain, sexual differentiation, neuroendocrine system, prenatal stress, sexual behavior, endocrine
disruptors, rat.

For many years, the Department of Endocri-  Laboratory of Neurohormonal Control of Re-
nology of Reproduction and Adaptation (former  production), which T am heading since 1973 to
present, conducts animal research in the fields of
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endocrine physiology, pathophysiology, pharma-
cology and oncology. Exploration of phenomena
and mechanisms of the early and long-term neu-
roendocrine and behavioral consequences of var-
ious early-life influences on developing neuroen-
docrine system were kept as a mainstream of our
research team activities [1-13]. Some of the re-
sults of these studies are presented in this review.

One of the mysterious phenomena was the
formation of sexual differences in behavior and
other physiological functions regulated by the
neuroendocrine system. In the middle of the last
century, it was found that epigenetic program-
ming of the male type of these functions occurs in
early life under the influence of testicular testos-
terone, while the female type is determined ex-
clusively by the genome. This process occurs in
the human fetal brain during the middle trimes-
ter of pregnancy, and in rodents in the pre- and
early postnatal period, and is known as the sexual
differentiation of the brain (SDB). The study of
this problem made it possible to understand the
pathogenesis of disorders of the ovulatory-men-
strual cycles, infertility and sexual behavior de-
viations in some women born to mothers with
hyperandrogenic conditions.

We started to work on neonatally androge-
nized female (NAF) rats trying to clarify changes
in hormonal profile and leading neurochemical
mechanisms underlying disturbances of SDB.
For this purpose, testosterone propionate was ad-
ministered to 2-5-day-old females. In adulthood,
they demonstrated polycystic ovaries, anovula-
tion, persistent estrous infertility, decreased lev-
els of adenohypohyseal bioactive luteinizing hor-
mone and hypothalamic gonadoliberin, as well as
reduction of the uptake of 6,7-*H-estradiol-17f
(10 Ki/mM) by the hypothalamus, adenohy-
pophysis and uterus tissues. Ovarian and blood
plasma progesterone levels reduced significantly.
Neonatal injection of testosterone propionate in-
duced homo- or bisexual behavior and significant
defeminization of the female-type sexual behav-
ior. In particular, the lordosis index in NAF who
were ovariectomized and primed with estradiol
and progesterone decreased ten times.

Regarding the hypothalamic-pituitary-ad-
renal axis (HPAA), we have shown that plasma
corticosterone response to an acute restriction
stress was completely absent in contrast to nor-
mal females. This phenomenon was found to be
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associated with low levels of hypothalamic nor-
epinephrine and impaired noradrenergic response
to restriction stress. It should be emphasized that
these experiments with the stereotaxic admin-
istration of norepinephrine were carried out on
unanesthetized, freely moving animals in a cage,
with periodic blood sampling from a catheterized
heart for a period of one and a half hours.

Interestingly, there is coincidence in time be-
tween the organizing effect of sex hormones on
the brain and the maturation of HPAA [14]. It
was shown that long-term disorders of HPAA in
NAF are associated with changes in the expres-
sion of corticoliberin mRNA and decline of cor-
ticoliberin content in the hypothalamus, as well
as an increase in the content of glucocorticoid
receptor in hypothalamic paraventricular nu-
clei [15].

The disorders of SDB were evidenced by at-
tenuation of sexual differences of the spectrum of
soluble cytosolic proteins in the discrete sex-di-
morphic brain areas of NAF and normal males at
postnatal days 5 and 10.

We focused on studying the preoptic area
(POA) of the hypothalamus because it is asso-
ciated with the regulation of male sexual behav-
ior in rodent males. We have found that an early
marker of SDB and an important mechanism in
the pathogenesis of its disorder was steroid aro-
matase activity (SAA) in the POA. At postnatal
day 10, conversion of [1,2,6,7-3H] testosterone
to radiolabeled estradiol-17p in the presence of a
NADPH-generating system was 3-5 times higher
in the POA of normal males in comparison with
normal females. In the NAF, sex difference in the
POA SAA disappeared due to its elevation.

Pathogenetic relevance of SAA in program-
ming the NAF brain on the male type has been
proven by significant reduction of occurrence of
anovulation and persistent estrus in adult rats as
result of inhibition of hypothalamic SAA with
androst-1,4,6-trien-3,17-dion or androst-4-en-
3,6,17-trion before neonatal androgenization.

It was reported that neonatally administered
testosterone induces an increase in the concen-
tration of norepinephrine in the whole brain of
newborn female rats. We hypothesized that this
is due to catechol estrogens, which are formed
locally from testosterone-derived estradiol and
compete with norepinephrine for binding sites
on catechol-O-methyltransferase, and in this way
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slows down the metabolism of norepinephrine,
causing its accumulation in the hypothalamus. In
support of this hypothesis, it turned out that SAA
inhibitors prevent an increase in the norepineph-
rine content in the hypothalamus of NAF, where-
as 4-hydroxyestradiol-17p, unlike other studied
catechol estrogens isomers, causes it to rise.

To clarify whether testosterone-induced in-
crease in the content of norepinephrine in the
hypothalamus is an associated phenomenon or
is critically important for SDB, testosterone was
administered to newborn females against the
background of blockade of catecholamine synthe-
sis by a-methyl-p-tyrosine. This drug prevented
anovulation and preserved the proestrus surge of
LH. On the other hand, an increase in the lev-
el of norepinephrine in the hypothalamus by the
administration of tropolone, catechol-O-meth-
yltransferase inhibitor, without testosterone did
not disturb SDB. Moreover, the addition of tro-
polone to testosterone augmented the severity
of anovulatory syndrome. Noticeably, blockade
of adrenergic receptors was not capable of in-
terfering with testosterone to disrupt SDB. We
concluded that norepinephrine is involved in an-
drogen-dependent SDB together with estrogen /
catechol estrogen, and both of them function as
non-synaptic inducers of neurocyte differenti-
ation. The discovery of non-synaptic effects of
norepinephrine was first demonstrated by us in
a multicellular organism in vivo. The results of
these studies formed the basis of our proposed
neurochemical concept of hormone-neurotrans-
mitter imprinting in the developing brain.

The crucial role of norepinephrine for natural
brain development in males was found out in our
experiments on castrated males bearing trans-
planted fragments of immature rat ovary in the
anterior chamber of the eye. Normally, estrogens
in blood circulation of mature male rats are unable
to induce hypophyseal luteinizing hormone surge
similar to what happens in females. During SDB,
fetal testosterone reprograms the brain develop-
ment, originally determined by the female type,
and the hypothalamus becomes refractory to es-
trogen. However, if newborn males are injected
with a norepinephrine synthesis blocker, a-meth-
yl-p-tyrosine, luteal tissue appears in ovarian
transplants and no cysts were found, which indi-
cates the female type of hypothalamic-pituitary
regulation of the ovaries.

In parallel with the SDB, the programming of
HPAA takes place under the influence of mater-
nal corticosteroids, which easily cross the pla-
cental barrier. An imbalance of corticosteroids
of endogenous or exogenous origin disrupts the
formation of fetal HPAA, which is found in the
adult period of life. There are clinical observa-
tions that early use of corticosteroids has long-
term adverse effects on neurodevelopment and
HPAA function.

In experiments on Wistar rats, we studied the
association of corticosteroid-induced HPAA pro-
gramming disorders in terms of gender differenc-
es and in association with SDB [7, 9]. It turned
out that catecholamines are the link between
these processes.

Although corticosterone is the main gluco-
corticoid in rats, hydrocortisone was used in
the experiments, because it is very close to cor-
ticosterone in terms of hormonal activities. Hy-
drocortisone acetate (HA) was administered to
pregnant dams for the last week of gestation that
caused their blood plasma corticosterone levels
to rise by 53% on the final day. The use of SAA
as an early marker of SDB disorder made it pos-
sible to detect its disorders in fetuses already at
postnatal day 10. Enzyme activity in female off-
spring increased significantly in the POA that at-
tenuated its sexual difference between males and
females. In medial basal hypothalamus, prenatal
HA led to impairment of formation of 5a-reduced
metabolites of testosterone.

In female pups, prenatal HA caused a decrease
in norepinephrine levels in the POA with no
changes in males resulting in disappearance of
sex difference. This is likely due to the known ef-
fect of hydrocortisone inhibition of tyrosine hy-
droxylase in developing brain. At the same time,
the rate of norepinephrine turnover in the POA
of newborn males was increased. Prenatal HA
caused an appearance of sex difference in the
concentration of 5-hydroxyindolacetic acid, and
serotonin metabolism in the POA, due to an in-
crease of these parameters in females.

A change in the morphology of the suprachi-
asmatic and medial preoptic nuclei of the hypo-
thalamus was also a manifestation of disturbed
sexual dimorphism. Prenatal HA induced reduc-
tion of the neurocyte nuclei size in the suprachi-
asmatic nuclei of males to that of normal females.
Perhaps this is a reflection of the violation of the
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programming the male sexual behavior, which is
disturbed under the influence of prenatal HA, as
well as the fertile potential.

On unanesthetized and unrestricted adult
offspring, we have found that prenatally HA-ex-
posed adult males, unlike females, do not response
to infusion of norepinephrine into the third brain
ventricle by significant corticosterone rise in
blood plasma. This was associated with the lack
of stress-induced decline in the level of hypotha-
lamic norepinephrine and increased synthesis of
GABA. Contrary, experimental females demon-
strated moderately enhanced HPAA and norepi-
nephrine stress response.

Similar to HA, prenatal dexamethasone caused
disorders of SDB eliminating sex difference of
SAA in developing POA. Therefore, it is not sur-
prising that males demonstrate abnormalities of
sexual behavior in adulthood. HPAA and norepi-
nephrine responses to restriction stress were sim-
ilar to that of induced by HA.

The results of studies indicate the need for
limited use of corticosteroids for the preven-
tion of fetal distress syndrome with the threat of
preterm birth.

A large part of our research was devoted to the
prenatal stress syndrome (PSS) in male rats and
other rodents born to stressed pregnant mothers.
PSS is characterized by a low copulatory activi-
ty, homo- and bisexual behavior in adulthood and
other abnormalities. G. Dérner and co-workers
were doing such kind of research, and they were
the first to obtain evidences that PSS is present
in real human life [16-18].

We have shown that the restriction of preg-
nant rats during the last week of pregnancy leads
to deficiency of SAA and changes in sex-specific
protein distribution in the POA of newborn male
offspring, as well as to reduction of the volumes
of neuron nuclei in the medial preoptic and su-
prachiasmatic nuclei. Next, we found out changes
in the concentrations and metabolic turnover of
catecholamines in the brain, and these changes
are the predictors of violations in the direction
of the brain demasculinization. Those disorders
could be induced by prenatal B-endorphin and
prevented by prenatal naltrexone, opioid receptor
blocker, which indicate involvement of opioids in
the brain demasculinization. Prenatal nimodip-
ine, calcium ion blocker, normalized male sexual
behavior in PSS and prevented modification of
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the HPAA stress-responses. Obviously, calcium
signaling plays an important role in the patho-
genesis of PSS. Various manifestations of PSS
could be prevented by prenatal use of dexameth-
asone, B-phenyl-y-aminobutyric acid (GABA an-
tagonist), and methyldopa.

The impact of endocrine disrupting chemicals
as environmental pollutants on the developing
brain organization have been in the circle of sci-
entific interest of many investigators. We have
contributed to the study of this issue in relation
to the potential risk of exposure of the fetus to
low doses of dibutyl phthalate and bisphenol A at
SDB time window (15-21 gestation days). Dibu-
tyl phthalate and bisphenol A can transfer across
the placenta [19, 20].

The dose of dibutyl phthalate we used (100 mg/kg
b.w. /day) was close to NOAEL (no observable ad-
verse effect level) for rats (the NOAEL for devel-
opmental toxicity of dibutyl phthalate was estab-
lished based on pup body weight and reproductive
lesions at 50 mg/kg b.w. /day) [21]. As a result, we
have discovered the phenomenon of prenatal dibu-
tyl phthalate-induced hyperactive sexual behavior
in young male offspring accompanied by a twice-in-
creased level of testosterone in blood plasma. The
hyperandrogenic status was then replaced by an ac-
celerated involution of the reproductive system, in-
cluding weakened male sexual behavior, androgen
deficiency, oligospermia, etc.

Low doses of prenatal bisphenol A (25 mcg/kg
b.w. /day), which was 200 times less of NOAEL
for rats (5 mg/kg b.w. /day) [22], did not cause
teratogenic effects, but adult male descendants
demonstrated almost complete suppression of
copulatory components of male sexual behavior,
meanwhile testosterone level was preserved. Af-
ter orchiectomy and priming with estradiol and
progesterone, they expressed lordosis behavior
on contact with normal males. Histological and
karyometric characteristics of the medial pre-
optic nuclei showed a decreased activity of neu-
rocytes, which correlated with weakened male
sexual behavior. Probably, the violation of SDB
is due to the antagonistic action of bisphenol A
against testicular testosterone of the fetus be-
cause of estrogen-like activity of the disruptor.

Our recent studies have looked at ibuprofen as
a possible etiological agent that interferes with
SDB programming. Ibuprofen, a widespread in-
hibitor of prostaglandin synthesis, is used as an
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anti-inflammatory and analgesic drug. Although
it is contraindicated in pregnancy, in real life
many pregnant women take ibuprofen. The ma-
jority of pregnant women in the Western world
report intake of mild analgesics, and some of
them exhibit antiandrogenic properties [23]. In
the USA and Great Britain, ibuprofen is one of
the most frequently used analgesics by pregnant
women with up to 18-28% reporting use [24,25].

In adult male rats, prenatally exposed to ibu-
profen, a weakening of copulatory behavior was
found by us without a change in sexual behavior
according to the female type. Prenatal use of ibu-
profen caused oxidative stress in the testis and
the prostate of rats.

Research in the field of functional teratology
remains relevant and will be continued.

Conclusions

The research findings indicate the importance of
further research in the field of so-called function-
al teratology. They are the pathogenetic basis for
the prevention of a number of neuroendocrine
and behavioral disorders.

References

1. Nosenko ND, Reznikov AG. Sexual differentiation of the brain
as a manifestation of its plasticity. Neurophysiology. 2001 Mar
01;33(2):125-34. doi: 10.1023/A:1012388427974.

2. Reznikov AG. Neurotransmitters and brain sexual differentiation.
In: Dorner G (Giinter), Kawakami M, eds. Hormones and brain
development: proceedings of an international symposium held in
Berlin; 1978 September 6-8; Berlin, GDR. Amsterdam; New York:
Elsevier/ North-Holland Biomedical Press, 1978. p. 175-9.

3. Reznikov AG. Sex hormones and the brain differentiation. Kiev:
Naukova dumka, 1982. 252 p. Russian.

4. Reznikov AG. Estrogen metabolites and biogenic amines as deter-
minants of steroid-dependent brain differentiation. In: Dérner G,
McCann SM, Martini L, eds. Systemic Hormones, Neurotransmit-
ters and Brain Development. International Symposium, Berlin,
September 1985. Frontiers Neurology Neuroscience. Basel: Karger,
1986;12:96-102. doi: 10.1159,/000412738.

5. Reznikov AG. Hormone-neurotransmitter imprinting in the neuro-
endocrine control of reproduction. New York: Harwood Academic
Publishers, 1994. 90 p.

6. Reznikov OG. Perinatal programming of disorders of endocrine
functions and behavior. Kyiv: Naukova dumka, 2019, 272 p.
Ukrainian.

7. Reznikov AG, Nosenko ND, Tarasenko LV. Prenatal stress and
glucocorticoid effects on the developing gender-related brain. J
Steroid Biochem Mol Biol. 1999 Apr-Jun;69(1-6):109-15. doi:
10.1016/s0960-0760(98)00151-4.

8. Reznikov AG, Pyshak VP, Nosenko ND, Tkachuk SS, Myslits-
kiy VF. Prenatal stress and neuroendocrine pathology. Chernovt-
sy: Medakademia Publishers; 2004. 320 p. Russian.

9. Reznikov A, Nosenko N, Tarasenko L, Sinitsyn P, Polyakova L,
Mishunina T. Neuroendocrine disorders in adult rats treated pre-
natally with hydrocortisone acetate. Exp Toxicol Pathol. 2008
Sep;60(6):489-97. doi: 10.1016//j.etp.2008.05.004.

10. Reznikov A, Sachynska O, Lymareva A, Faliush O. Developmental,
behavioral and endocrine alterations in male rats at early and
late postnatal life following in utero exposure to low dose di-
n-butylphthalate. Toxicol Res. 2020 Jul 6;37(2):173-181. doi:
10.1007/s43188-020-00050-5.

11. Reznikov AG, Sachynska OV, Lymareva AA, Polyakova LI. Sexual
behavior, profile of steroid hormones, and morphology of the me-
dial preoptic nuclei in F1 male rat progeny prenatally exposed to
low-dose bisphenol A. Neurophysiology. 2020 May 04. 52(5):388-
96. doi: 10.1007/s11062-021-09895-4.

12. Sinitsin PV, Tarasenko LV, Reznikov AG. Modifications of reac-
tions of the hypothalamo-hypophyseal-adrenocortical system to
noradrenergic and corticotropic stimulations in rats subjected to
prenatal hydrocortisone treatment. Neurophysiology. 2005 Nov
10;37(1):19-23. doi: 10.1007/s11062-005-0040-4.

13. Tarasenko LV. Metabolism of testosterone in the brain of rats ex-
posed to dexamethasone in the prenatal period. Endokrynologia.
2001 6(Supplement):293. Ukrainian.

14. McEwen BS, Coirini H, Westlind-Danielsson A, Frankfurt M,
Gould E, Schumacher M, et al. Steroid hormones as mediators of
neural plasticity. J Steroid Biochem Mol Biol. 1991 Aug;39(2):223-
32. doi: 10.1016,/0960-0760(91)90067-f.

15. Seale JV, Wood SA, Atkinson HC, Lightman SL, Harbuz MS. Or-
ganizational role for testosterone and estrogen on adult hypotha-
lamic-pituitary-adrenal axis activity in the male rat. Endocrinolo-
gy. 2005 Apr;146(4):1973-82. doi: 10.1210,/en.2004-1201.

16. Dérner G. Environment- and gene-dependent human ontogenesis,
sociogenesis and phylogenesis (eco-geno-onto-socio-phylogene-
sis). Neuro Endocrinol Lett. 2004 Jun;25(3):164-8.

17. Dérner G, Geier T, Ahrens L, Krell L, Miinx G, Sieler H, et al. Pre-
natal stress as possible aetiogenetic factor of homosexuality in hu-
man males. Endokrinologie. 1980 Jun;75(3):365-8.

18. Dérner G, Schenk B, Schmiedel B, Ahrens L. Stressful events in
prenatal life of bi- and homosexual men. Exp Clin Endocrinol. 1983
Jan;81(1):83-7. doi: 10.1055/s-0029-1210210.

19. Saillenfait AM, Payan JP, Fabry JP, Beydon D, Langonne I, Gal-
lissot F, et al. Assessment of the developmental toxicity, metabo-
lism, and placental transfer of Di-n-butyl phthalate administered
to pregnant rats. Toxicol Sci. 1998 Oct;45(2):212-24. doi: 10.1006/
toxs.1998.2518.

20. Balakrishnan B, Henare K, Thorstensen EB, Ponnampalam AP,
Mitchell MD. Transfer of bisphenol A across the human placenta.
Am J Obstet Gynecol. 2010 Apr;202(4):393.e1-7. doi: 10.1016/j.
2j0g.2010.01.025.

21. Zhang Y, Jiang X, Chen B. Reproductive and developmental
toxicity in F1 Sprague-Dawley male rats exposed to di-n-butyl
phthalate in utero and during lactation and determination of its
NOAEL. Reprod Toxicol. 2004 Jul;18(5):669-76. doi: 10.1016/j.
reprotox.2004.04.009.

22. Arambula SE, Jima D, Patisaul HB. Prenatal bisphenol A (BPA)
exposure alters the transcriptome of the neonate rat amygdala in a
sex-specific manner: a CLARITY-BPA consortium study. Neuro-
toxicology. 2018 Mar;65:207-20. doi: 10.1016/j.neuro.2017.10.005.

23. Kristensen DM, Lesné L, Le Fol V, Desdoits-Lethimonier C, De-
jucq-Rainsford N, Leffers H, et al. Paracetamol (acetaminophen),
aspirin (acetylsalicylic acid) and indomethacin are anti-androgenic
in the rat foetal testis. Int J Androl. 2012 Jun;35(3):377-84. doi:
10.1111/j.1365-2605.2012.01282.x.

24. Ben Maamar M, Lesné L, Hennig K, Desdoits-Lethimonier C, Kil-
coyne KR, Coiffec I, et al. Ibuprofen results in alterations of hu-
man fetal testis development. Sci Rep. 2017 Mar 10;7:44184. doi:
10.1038 /srep44 184.

25. Rifas-Shiman SL, Cardenas A, Hivert MF, Tiemeier H, Bertol-
di AD, Oken E. Associations of prenatal or infant exposure to ac-
etaminophen or ibuprofen with mid-childhood executive function
and behaviour. Paediatr Perinat Epidemiol. 2020 May;34(3):287-
98. doi: 10.1111/ppe.12596.

Abbreviation

HA — hydrocortisone acetate
HPAA — hypothalamic-pituitary-adrenal axis
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NAF — neonatally androgenized female rats
NOAEL — no observed adverse effect level
PND — postnatal day

POA — preoptic area

PSS — prenatal stress syndrome

SAA — steroid aromatase activity

SDB — sexual differentiation of the brain

Haw niscToniTHiii nowyK po3ymiHHA

eTionorii Ta naToreHesy nopyweHxs po3BUTKY
HeipOBHAOKPUHHOT perynauii penpoaykuii

Ta eHJIOKPUHHOT peakuii Ha cTpec (miHi-ornap)

O.l. Pe3HikoB
LY «IHCTUTYT eHBoKpUHONOri Ta 0OMiHY peyoBmH
im. B.IN. KomicapeHka HAMH YkpaiHu»

Pestome. B ornagosin cratTi nigcymoBaHi OCHOBHI pe3ynbratv Mis-
CTOPIYHMX eKCNepUMEHTANbHMX AOCHiKeHb Bigainy eHaookpuHonorii
pPenpOAyKLii Ta afanTauii B ranysi BDOAKEHWX Baf HEMPOEHOOKPUH-
HOI CMCTEMM, 3yMOBIEHMX NAaTOrEHHUMI BMNANBAMMN Ha MaTEPUHCHKNI
OpraHi3m nig 4ac KPUTUYHKX NEPIOAIB iHAWBIAYaNbHOTO PO3BUTKY. [o-
CNifKeHO naToreHe3 nepuHaTanbHWX MopyleHb GOPMyBaHHA Hel-
POEHAOKPUHHIUX CUCTeM PenpoayKLii Ta agantauil, eHOOKPUHHMX Ta
NOBEIHKOBMX HACNIAKIB LMX NMOPYLIEHD Y BIKOBOMY acMneKTi. 3anpo-
MOHOBAaHO HEMPOXIMIUHY KOHLeMUilo aHAPOreH3anexHx po3snagis
cTaTeBoOl AndepeHLiaLii MO3Ky, AKi CTOCYIOTbCA perynaLii oBapianbHMX
UMKNiB, cTaTeBOi noseAiHKyM, dyHKUi rinoTanamo-rinodizapHo-agpe-
HaNoBOI CMCTeMM Ta i peakuii Ha cTpec. [TokaszaHa posb KOPTUKOCTe-
poidis y paHHbOMY MPOrpamyBaHHi rinoTanamo-rinodizapHo-agpeHa-
NIOBOT CUCTEMY BHYTPILIHBOYTPOOHOIO Mofy Ta BUABNEHO aHOManii
1i peakLil Ha CTPECOTeHHI YNHHWKM B JOPOCIOMY XUTTi €KCNePUMEH-
TaNbHWX TBAPUH. PO3KPWUTO HEMpOropmoHanbHi MexaHismu natore-
He3y CMHAPOMY MpPeHaTasbHOro CTPeCy, 30Kkpema Posib ramMmaamiHo-
MaCIAHOI KUCNIOTK | KaTexonamiHepriyHol cucTemu rinoTanamyca, i
HaKpecneHo Wnaxu GapMakonoriyHoi NpoGinakTuKky Moro Heratue-
HUX BiAAaneHnx Hacnigkie. [JocnigxeHo BigaaneHi edpektn npeHa-
TanbHOI ekcno3uLii go anbyTundTanarty, bicherony A Ta ibynpodeHy
B AKOCTI €HLOKPUHHMX An3panTopis. ONMcaHo HOBWI CUHAPOM rinep-

CeKCyanbHOCTI Ta rinepaHAporeHii B camuis LLypiB NiCAA ekcno3uui

MaTePUHCbKOrO OpraHi3My A0 HU3bKUX [03 AnbyTundtanaty npota-
rOM KPUTUYHOTO nepiody cTateBoi Andeperuiallii Mo3ky nnogy. Bu-
CHOBKMW. Pe3ynbtati JOCNIKEHb CBIfYaTb MPO Bax/IMBICTb NOAaNb-
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KX NOLWYKIB y rany3i Tak 38aHOi GyHKLiOHanbHOI TepaTonorii. BoHu €
MaTOreHeTUYHOIO OCHOBOIO ANA NPOGINAKTVKM HU3KM PO3NagiB Hel-
POEHAOKPUHHOT perynauii Ta NoBefiHKu.

KniovoBi cnoBa: Mo30k, CTateBa AndepeHLiallia, HeMpoeH[oKPUHHa
CuCTeMa, NPeHaTalbHWi CTPec, CTaTeBa NOBEAIHKA, eHOOKPVHHI An3-

panTopwu, Wypw.

Ona uyntyBaHHA: Pe3Hikos Of. Haw niBCTONITHIN NowWwyK po3y-
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LOKPUHHOT perynauil penpoaykLuii 1a eHOLOKPUHHOI peakuii Ha
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