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Tobacco smoke contains toxic substances, which is why cigarette smoking is a recognized risk factor for cancer
and cardiovascular disease. Pathological processes develop that disrupt cellular processes, including in pregnant
women. Less well known are the possible beneficial effects, which are briefly discussed in this review. Despite warn-
ings about the dangers of tobacco use during pregnancy, 10% to 15% of pregnant women continue to smoke. Some
studies focus directly on the effects of smoking on the placenta. It has been determined that smoke compounds cause
disturbances in endometrial maturation and affect angiogenesis and trophoblastic invasion, but the mechanisms by
which nicotine affects the implantation process are not yet fully understood. The placenta is a functional interface
between the mother and the fetus during pregnancy and a critically important factor in fetal growth and health
throughout life. Smoking during pregnancy increases the risk of adverse pregnancy outcomes, such as stillbirth and
fetal growth retardation. This indicates impaired placental function and restricted nutrient and oxygen supply. Scien-
tific literature confirms the importance of placental responses to changes in the oxygen environment in terms of cel-
lular, molecular, and functional changes aimed at increasing oxygen supply and/or mitigating oxidative stress in the
placenta as a means of optimizing fetal growth and are considered in terms of adaptive-compensatory mechanisms
in the process of trophoblast invasion. Studying the nature and consequences of the activation of these molecular

mediators may help to better understand the nature of abnormal placentation in smoking during pregnancy.
Key words: smoking, pregnancy, abnormal placentation, induced hypoxia, placental growth factor.

Connection of the publication with planned re-
search works.

The study was carried out within the framework of
the scientific program of the Department of Obstet-
rics and Gynecology No. 1 of the Bogomolets National
Medical University “Preservation and Restoration of
Women'’s Reproductive Health in Conditions of Rapid
Medical and Social Changes”, state registration number
0123U100920.

Introduction.

Cigarette smoking is a recognized risk factor for lung
cancer and cardiovascular disease. The adverse effects
of tobacco smoking on cardiovascular disease are great-
er than previously thought. This is due to the fact that
tobacco smoke contains toxic substances that can dam-
age cells and tissues of the human body, causing the de-
velopment of pathological processes. Smokers are par-
ticularly vulnerable to the development and progression
of heart failure, atrial fibrillation and venous thrombo-
embolis006, as well as myocardial ischemia [1, 2].

Human studies to date have demonstrated the del-
eterious effects of cigarette smoking on female fertility,
which are associated with molecular mechanisms identi-
fied in cigarette smoke-induced changes in oocytes. Cig-
arette compounds also impair uterine vascularization,
endometrium, and myometrial relaxation. These effects
lead to implantation failure in smokers and an increased
risk of miscarriage [3, 4]. Indeed, infertility rates were
~20% higher in women who had smoked for 10 years or
more than in women who had never smoked. However,
the reasons for the deleterious effects of smoking on fe-
male fertility remain a matter of debate.

Smoking during pregnancy increases perinatal mor-
bidity and mortality, suggesting impaired placental func-
tion, although placental mass increases.

Less well known are the possible beneficial effects on
the body. Preliminary evidence suggests that there may
be an inverse relationship between smoking and uterine
fibroids and endometriosis [5, 6]. Epidemiological stud-
ies have shown that cigarette smoke has antiestrogenic
properties, which is why women who smoke have lower
blood and urinary estriol E2 levels. Cigarette smoking
and nicotine directly and indirectly inhibit granulosa cell
aromatase in in vitro, and aromatase activity is lower in
full-term placentas of smokers. Smoking causes dysfunc-
tion of the invasive villi trophoblast in early pregnancy
and reduces placental aromatase activity [7, 8, 9]. There
is scant evidence on the direct effects of cigarette smok-
ing on the endometrium and the mechanism of the po-
tential paradox of the protective effect of tobacco smok-
ing on endometrial cancer.

Possible protective effect on hypertensive disorders
and vomiting during pregnancy. There is evidence to
support smoking for recurrent aphthous ulcers, ulcera-
tive colitis, and weight control. There is increasing evi-
dence that cigarette smoking and nicotine may prevent
or alleviate Parkinson’s disease and Alzheimer’s demen-
tia [10]. The mechanisms by which smoking may have
beneficial effects are diverse, but three are predomi-
nant: the “antiestrogenic effect” of smoking; changes in
prostaglandin production; and stimulation of nicotinic
cholinergic receptors in the central nervous system. Nic-
otine’s effects on acetylcholine receptors are mediated
by the binding of this compound to nicotinic acetylcho-
line receptors (NAChRs) [11, 12, 13]. Normally, nAChRs
are stimulated by acetylcholine, which is released by
cholinergic neurons as well as non-neuronal cells. Ace-
tylcholine is known to be an endogenous agonist, and
nicotine is also able to activate such receptors because
it is able to bind to the alpha subunit of the complex.
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nAChR receptors are involved in many cellular processes
of neuronal cells, including proliferation, adhesion, and
migration, all of which are important processes in pla-
cental development.

But positive inverse associations cannot be used as
a justification for cigarette smoking. These data can be
used to elucidate the mechanisms of the disease or for a
preventive option with a narrower application. The prev-
alence of smoking among women of reproductive age
has increased in recent decades. Since cigarette smoking
is associated with lower fertility, adverse reproductive
outcomes and a higher risk of IVF failure, it was inter-
esting in our opinion to conduct a literature review of
current knowledge about the effect of cigarette smok-
ing on the implantation process and early placentation.
Today, it has been determined that smoke compounds
cause impaired endometrial maturation, affect angio-
genesis and trophoblastic invasion, but the mechanisms
by which nicotine affects the implantation process are
not yet fully understood.

The aim of the study.

To determine the current aspects of the impact of
smoking on the placentation process.

Main part.

The search for literary sources was carried out in
the scientometric databases PubMed, Web of Science,
Google Scholar, MedLine.

Abnormal placentation has been implicated in early
fetal loss, abruptio placentae, preeclampsia /HELLP, and
fetal growth restriction. All of these disorders occur with
varying degrees of prevalence among pregnant women
who use tobacco.

It is recognized that smokers have certain placental
characteristics. A major component of placental weight
is the peripheral villous tree, which is known to adapt
to hypoxic stress. Maternal smoking affects human pla-
cental development by altering the balance between cy-
totrophoblast (CTB) proliferation and differentiation [14,
15]. It is likely that chronic exposure to tobacco compo-
nents during early pregnancy may directly or indirectly
affect placental development by reducing blood flow,
creating a pathologically hypoxic environment. Since
smoking impairs oxygen transport through increased
carboxyhemoglobin, the increased placental weight in
women who smoke during pregnancy is due to adaptive
angiogenesis in placental villi. Histological examinations
of placental tissue demonstrate increased capillary/villi
branching and increased capillary density in the termi-
nal capillary bundles of the placenta of women who
smoke [16]. Microscopic examination of placental villi
under high magnification revealed enhanced branching
specifically in the terminal capillary loops. Two types of
adaptive angiogenesis were noted: elongated type (B)
and compact type (C). To understand these mechanisms,
we studied the effects of maternal smoking and nicotine
exposure in in vitro on CTB, as well as on the expres-
sion of molecules that regulate the cellular response to
oxygen tension: von Hippel-Lindau tumor suppressor
protein (pVHL), hypoxia-inducible transcription factors
(HIFs) and vascular endothelial growth factors (VEGFs)
[17]. Hypoxia is known to increase the expression of
CTB pVHL. Here we show that in In vitro, nicotine expo-
sure to CTB has the same effect. Maternal smoking also
upregulates the expression of all three CTB molecules.
Passive exposure to cigarette smoke has been shown to

have many of the same effects as active smoking, which
in turn clearly demonstrates the detrimental effects of
cigarette smoke, even passive, on placental develop-
ment. Together, these data partially explain how smok-
ing damages the placenta by altering the expression of
key mediators of placental development. To understand
this process at the molecular level, tissue samples from
nonsmoking and smoking mothers were examined to
determine whether active and/or passive exposure to
cigarette smoke affects the expression of CTB molecules
that regulate cellular responses to oxygen tension: von
Hippel-Lindau tumor suppressor protein (pVHL), Bind-
ing of inducible hypoxia factor and ubiquitous binding
of von Hippel-Lindau tumor suppressor protein hypox-
ia-inducible transcription factors (HIFs) and vascular en-
dothelial growth factor A (VEGF). The results show that
maternal smoking downregulates the expression of CTB
of all three types of molecules [18].

The placenta exhibits an extraordinary ability to
adapt to adverse environmental influences and reduce
their impact on the fetus. However, if placental function
is impaired or its adaptive capacity is exceeded, fetal de-
velopment may be compromised [19].

In addition, cell columns and proliferating cells were
reduced, while there was a corresponding increase in
cell islands. Effects of oxidative stress. Fluctuations in
oxygen conditions can promote increased production
of ROS, where they can act as signaling molecules. This
may be particularly relevant for tissues that require high
energy or contain large numbers of mitochondria, such
as the placenta, brain, heart, and skeletal muscle. Fur-
thermore, ROS production varies throughout pregnancy,
highlighting the importance of oxidative signaling in the
placenta. In early human pregnancy, the establishment
of placental circulation is associated with a dramatic in-
crease in placental oxygen levels, leading to increased
ROS production and oxidative stress. As pregnhancy
progresses and the metabolic demands of the fetus in-
crease, there is an increase in both placental mitochon-
drial mass and mitochondrial electron chain enzyme
activity. This contributes to increased ROS production
and oxidative stress. Additionally, there is an increase
in systemic oxidative damage during pregnancy. It has
also been shown that exposure to cigarette smoke ex-
tracts in placental explants shifts the balance between
proangiogenic (placenta growth factor, PIGF) and antian-
giogenic factors (fms-like tyrosine kinase-1, sFlt-1). Fur-
thermore, a number of animal studies have demonstrat-
ed that chronic maternal exposure to carbon monoxide,
the major combustion product produced by cigarette
smoke, increases uterine blood flow and uteroplacental
vascular growth through [20].

Smoking is generally considered to be an oxidative
injury, and as a result, it has been suggested that smok-
ing causes abnormal placental vascular development
through oxidative stress-mediated pathways. Although
this has not been conclusively proven, recent studies
support the idea that maternal smoking leads to chang-
es in genes important for the management of oxidative
stress, which may contribute to adaptive changes in the
oxidative stress state in the placenta. For example, smok-
ing during pregnancy has been associated with increased
expression of antioxidants such as gem oxygenase in the
basal lamina of the term placenta and in HTR8/ SVneo
trophoblast cells exposed to cigarette smoke extract.
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Increased gem oxygenase expression in the placenta
may promote trophoblast invasion of spiral arteries and
thus reduce smoking-induced oxidative damage to the
placenta. However, increased oxidative damage to lipids
and DNA is observed within the term placenta of women
who smoked during pregnancy. Studies using placental
tissue from mothers who smoke have found an overall
decrease in total antioxidant capacity, and these tissues
have a shift in the oxidant/antioxidant balance toward
oxidation. Smoking is associated with a higher oxidative
stress index and a higher total oxidative status in the pla-
centa [21].

Equally important is the transcription factor Ets-1.
The transcription factor Ets-1 is regulated by hypoxia
and ROS and regulates angiogenesis and invasion, pro-
cesses that are central to normal placental development
and function. Under hypoxic conditions, other transcrip-
tion factors, such as hypoxia-inducible factor (HIF), can
also induce increased expression of Ets-1. While condi-
tions that enhance free radical signaling can upregulate
Ets-1 expression, Ets-1 itself upregulates VEGF, a key pro-
tein in angiogenesis. In addition, Ets-1 can also interact
with other transcription factors known to be important
in cellular responses to oxidative stress and hypoxia,
such as HIF-2a, to regulate the expression of VEGF re-
ceptor 2 (VEGFR-2). In addition, proangiogenic factors
such as VEGF also induce Ets-1 expression in human
umbilical vein endothelial cells, which then binds to the
promoter region of angiopoietin-2, upregulates the pro-
tein, and destabilizes the vessels for angiogenesis. We
know that Ets-1 expression in normal human placenta
correlates with trophoblast invasion and peaks during
the first trimester. Some investigators have suggested
that, based on its correlation with increased invasion,
Ets-1 may serve to increase the expression of matrix
metalloproteinases. metalloproteinase 9 (MMP-9) and
urokinase-type plasminogen activator (uPA), which are
important players in trophoblast invasion . Krippel-like
factor 8 and nuclear factor kappa-light chain-enhancer
of activated B. KLF8 is important in facilitating cellular
differentiation as well as angiogenesis. Hypoxia- reoxy-
genation (H/R) also serves to reduce the expression and
nuclear colocalization of KLF8, leading to the downreg-
ulation of MMP-9, which ultimately inhibits trophoblast
invasion [22]. Perhaps the most well-recognized tran-
scription factor associated with ROS signaling is NF-kB.
Increased cellular ROS production can lead to increased
expression of NF-kB, leading to the activation of factors
involved in angiogenesis.

NF-E2 is a transcription factor known to be involved
in the regulation of non-mitochondrial antioxidant de-
fense responses, as well as mitochondrial proteins in-
volved in the control of ROS production. Nrf2 has also
been linked to proangiogenic potential in endothelial
cells and can be induced in response to reduced oxygen
conditions. Nrf2 is thought to exert its proangiogenic ef-
fects by modulating known regulators of angiogenesis,
such as VEGF, in response to oxidative stress. STAT-3 is
part of a group of transcription factors that provide cel-
lular regulation in response to cytokines and growth fac-
tors. STAT-3 can respond to cytokines or oxidative signals
by influencing the expression of angiogenic factors, such
as VEGF. The proangiogenic role of STAT-3 is associated
with its ability to regulate both the expression and se-

cretion of MMP-2, MMP-9, and uPA, proteins involved in
the modulation of trophoblast invasion [23].

In studies of apoptosis activity, maternal smoking
has been shown to increase the expression of placental
growth factor (PGF), which promotes angiogenesis. In
addition, maternal smoking appears to activate the p53
pathway. Activation of p53 can induce the expression
of the proapoptotic Bcl-2 family member (BCL2-associ-
ated protein X, BAX) and inhibit the expression of the
antiapoptotic member (B-cell lymphoma 2, BCL2). An
increased ratio of BAX to BCL2 may promote apoptosis
[24]. Maternal smoking exposure increased gene expres-
sion and secretion of PIGF during oxygenation in invasive
trophoblasts from early first trimester villi. These data
suggest that maternal smoking in the first trimester may
increase serum PIGF levels even after smoking cessa-
tion. PIGF is a major member of the vascular endothelial
growth factor family. endothelial growth factor , which is
a ligand for the vascular receptor endothelial growth fac-
tor (VEGFR1), which activates the angiogenic response
of the vascular endothelial growth factor (VEGF. PIGF is
related to VEGF-A and binds to VEGFR1). PIGF enhances
VEGF-induced angiogenesis and permeability [25].

Conclusions.

1. The placenta demonstrates an extraordinary abili-
ty to adapt to adverse environmental challenges, thanks
to mechanisms for managing oxidative stress, especially
when the mother smokes, as it may be even more sensi-
tive to oxidative stress than in non-smokers.

2.Smoking is associated with a higher oxidative stress
index and higher overall oxidative status in the placenta.

3. Due to the narrowing of blood flow through the
uterine spiral arteries during smoking, uteroplacental
dysperfusion develops, which can lead to a delay in the
oxidative burst, especially in the early stages of pregnan-
¢y, and, as a result, leads to a decrease in the expression
of antioxidant protective enzymes. Delay or weakening
of the oxidative burst can further disrupt and worsen the
development of the embryo and fetus.

4. Increased placental oxidative stress in later gesta-
tion, in parallel with increased levels of lipid peroxidation
(damage to cell membranes) and antioxidant defenses,
leads to DNA damage and telomere shortening, which
leads to decreased placental function and, thus, may
cause an increased risk of SBP and stillbirth in smokers.

5. Increased expression of genes related to angio-
genesis, including hypoxia-inducible factor (HIF1A), as
well as enhanced expression of placental growth factor
(PGF), suggests that this is a compensatory-adaptive
mechanism of response to hypoxia of chorionic villi as-
sociated with smoking exposure.

Prospects for further research.

We aim to direct our research capabilities to stud-
ying the mechanisms of development of pathological
processes of invasion in pregnant women who smoke.
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TiomrwoHosuli dum micmume ompyliHi pe4o8uHU, MOMY KYpiHHA cu2apem € B8U3HAHUM (AKMOPOM pPU3UKY
OHKOs102iYHUX Ma cepye80-CyOUHHUX3aX80PO8AHb. PO38UBAHOMbCA NAMOs02iYHI Npoyecu, AKinopywyrme KAimuHHI
npouecu, 8 momy Yucsaiy ea2zimuux. MeHw 8i00Mi MOM1UBI KOPUCHI ehekmu, AKi KOPOMKO po32a10amscA 8 4boMy
027180i. He3saxcaro4u Ha nonepeodiceHHs npo Hebe3rneKy 8xUBAHHA MHOMIOHY Mid Yac sazimHocmi, 8id 10% 0o 15%
802iMHUX HiHOK npodosxyioms naaumu. Jesakxi 0ocnidxiceHHA 3ocepedxceHi be3nocepedHbo Ha 8aAUSI KYypiHHA Ha
naayeHmy. BusHayeHo, Wo croayku UMy SUK/AUKAOMb MOpYWeHHA 003pieaHHA eHOoMempito, enausarome Ha
aHeiozeHe3 i mpogobaacmuyHy iHeasito, ane AKi Oirome MexaHi3Mu 8rnausy HIKOMUHY Ha NMPoyec imnaaHmauii, we
He 308cim gidomo. laayeHma € pyHKYioHaAbHUM iHMepgelicom mix mamip’to ma nao00om nio Yac eazimHocmi
ma Kpumu4HO 8aM/IUBUM HYUHHUKOM pocmy rsao0a ma o2o 300p0o8’s npoma2om ycbo20 xumms. KypiHHA nio
Yyac saeimHocmi nidBUWYE PU3UK HECHPUAMAUBUX HACMIOKI8 802iMHOCMI, MAKUX AK MepmeOHAPOOXEeHHA Mmad
30mpumka po3sumky ra00y. Lle cgid4ume npo nopyweHHA yHKyii naaueHmu ma obMexeHHA HaOXOOMeHHA
MOXCUBHUX Pevy08UH i KUCHIO. Haykosoto nimepamyporo nidmeeporyemMsCa 8aMIugicms peakyili naayeHmu Ha
3MIHY KUCHE8020 cepedosuud 3 MOYKU 30py KAIMUHHUX, MOAEKYAAPHUX | (PYHKUIOHANbHUX 3MiH CrIpAMOBAHI
HQ MOCUMeHHA MOCMAYaHHA KUCHEM i/abo MOM’SKWeHHS OKUCHO20 cmpecy 8 naayeHmi SK 3acoby onmumizayii
pocmy na100a ma po32a90aomsca 3 MOYKU 30py a0anmayiliHo-KOMNeHCamopHUX MexaHiamie 8 npoueci iHeasil
mpogpobnacmy. BusueHHa npupodu ma HAcAiOKie akmusauii yux moseKkyaapHUx mediamopie moxce dornomoamu

Kpauwje po3ymimu rpupody aHOMAs16HOI naauemay,ii npu KypiHHi nid yac eazimHocmi.

Knw4oei cnoea: KypiHHA, 8a2imHicme, aHOMAsbHA MAAUEHMauis, iIHOYKOBAHA 2inoKcid, ¢akmop pocmy

naayeHmu.

3B8’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-J0CNIg-
HUMU poboTamu.

JocnigykeHHA BUKOHAHO B pamMKax HayKOBOi nporpa-
MK Kadeapwu akywepcTtsa Ta rinekonorii Nel HMY imeHi
O. O. boromonbua «36epekeHHA Ta BiAHOBAEHHA pe-
NPOAYKTUBHOIO 340PO0B’A iHOK B yMOBaX CTPIMKUX Me-
OWNKO-COUiaNbHUX 3MiH», HOMep Aep*KaBHOI peecTpauii
0123U100920.

Bcryn.

KypiHHA curapet € BW3HaHMM GAKTOPOM PU3KKY
paKy nereHb Ta CepLeBO-CYAMHHUX 3axBoptoBaHb. [lo-
6iYHMI BNAMB TIOTIOHOMANIHHA HA CEPLEBO-CYAMUHHI
3aXBOPIOBAHHSA DOiNblIMI, HiXK BBaXanocs paHiwe. Le
NnoB’A3aHO 3 TUM, WO TIOTHOHOBUI ANUM MICTUTb OTPYMHI
PEYOBUHM, AKI MOXKYTb MOLIKOAUTU KNITUHW Ta TKAHUHU
OpraHiamy A0ANHKU, CNPUYUHALOYU PO3BUTOK NATO/ONY-
HuUx npouecis. Kypui ocobnneo Bpasnusi WwWoao po3BUTKY
Ta NporpecyBaHHA cepueBoi HeaocTaTHOCTI, ¢pibpuna-
uii nepeacepAb Ta BEeHO3HOI Tpomboembonii, a Takox
iwemii miokapay [1, 2].

Jocnig»eHHA Ha NtoaAX Ha CbOTOAHILWHIN AeHb CBia-
YaTb NPO LWKIAAMBUIA BNANB KYPIHHA CUrapeT Ha XiHouy
bepTUNbHICTb, WO NOB’A3YETHCA i3 MONEKYNIAPHUMU Me-
XaHi3mMmamu, BUABNEHMMMU NPU 3MiHAX OOLMTIB, CNPUYK-
HEHWUX CMrapeTHUM aumoM. CUrapeTHi CMONYKM TaKoX
NOripWytoTb BACKyNAApMU3aLLiDO MATKM, eHAoMeTpia Ta
po3cnabneHHa miomeTpis. Lli Hacnhigkm npus3BogaTb A0
HeBAAui iMNNaHTaLi y KypLiB i NiABMLLEHOTO PU3UKY BU-
KuaHs [3, 4]. [iicHo, y XiHOK, siKi Kypuan npotarom 10
pokiB i binblue, piseHb 6e3nnigaa 6ys Ha ~ 20% BULLMIA,
HiX Yy KIHOK, fIKi HiKoAn He Kypuau. MNpoTe npuumnHn
WKIAAMBOTO BNAMBY KYPIiHHA Ha KiHOYy $epTUabHICTb
3a/MLIAOTLCA NPeAMETOM ANCKYCIN.

KypiHHA nig Yac BariTHOCTI NigBULLYE NepuHaTaNbHy
3aXBOPIOBAHICTb i CMEPTHICTb, WO CBig4YMTb NPO Mopy-

WweHHA GYHKUIT naaLeHTH, Xxoda maca naaueHTu 36inb-
LIYETHCA.

MeHLwW BigoMi MOXANBI KOPUCHI eDEeKTU Ha opraHi3m.
MonepegHi AaHi NOKA3yOTb, WO MOXe iCHyBaTK 3BOPOT-
HUI 3B’A30K KYpPiHHA 3 MIOMOIO MaTKM Ta eHOOoMeTpio-
30m [5, 6]. EnigemionoriyHi gocnigskeHHs nokasanu, wo
CUrapeTHWU AMM Ma€E aHTUECTPOreHHi BNaCTMBOCTI, TOMY
Y XKIHOK, AKi NanAaTb, 3HWKYETLCA piBeHb ecTpiony E2 B
KpoBi Ta ceui. KypiHHA curapeT i HikoTMH 6e3nocepes-
HbO i ONoCepeaKOBAHO MPUTHIYYIOTb apomMaTasy rpaHy-
NIbO3HMX KNITUH in Vitro, a TaKOX aKTUBHICTb apomaTasu
HUXKYa Y AOHOLIEHUX NaaLeHTax KypL,iB. KypiHHA BUKAK-
Ka€ AMCOYHKLi0 BOPCUMHOK iHBasuBHoro Tpodobnacty
Ha PaHHIiX TePMiHAX BAriTHOCTI | 3HMXKYE AKTUBHICTb Naa-
LeHTapHOi apomaTtasu [7, 8, 9]. € misepHi gaHi npo npsa-
MW BNIMB KYPIHHA CUFapOK Ha eHAOMETPIl | MexaHi3m
NOTEHLIMHOIO MNapafoKCy 3aXMCHUN edeKT TIOTHOHO-
NaniHHA NPY paKky eHaoMeTpIto.

MIMOBIpHMI 3aXUCHUI BNAWB Ha rinepTeH3UBHI po3-
nagym Ta 61OBOTY Nig Yac BariTHOCTI. € BKa3iBKM Ha Ko-
PUCTb NanNiHHA WOAO pPeLnanBYoUMX abpTO3HMX BUPA3OK,
BMPA3KOBOro KOANITYy Ta KOHTpoO/aO Mmacu Tina. 3'as-
NAETLCA BCe binblue AO0KasiB TOro, WO KypiHHA curapeT
i HIKOTMH MOXyYTb 3anobirtm abo nonerwnTn xBopoby
MapKiHCOHA, a TakoX Npu gemeHuii Anbureimepa [10].
MexaHi3MK1 NOTEHLIMHO CNPUATANBOIO BNAMBY KYPIHHA
PI3BHOMaHITHI, ane nepeBa*kaloTb TPU: «aHTUECTPOreH-
HUI edeKT» KypiHHA; 3MiHM Y BUPOBAEHHI NpocTarnax-
OWHIB; CTUMYAALLIA HIKOTUHOBUX XONIHEPriYHMX peuen-
TOPIB Yy LLeHTPaNbHiN HepBOBIN cucTeMi. BNaMB HIKOTUHY
Ha aLEeTUIXONIHOBI peLenTopyn 3yMOBNEHWI 3B'A3yBaH-
HAM L€l CNONYKM 3 HIKOTUHOBMMM aLETUAXONIHOBMMM
peuentopamu (nAChR) [11, 12, 13]. 3a3Buuait nAChR
CTUMYIIOIOTLCA  ALETUNXONTIHOM, SKWUIA BUBIJIbHAETbCA
XONHEPriYHUMM HEMPOHAMMU, @ TAKOXK HEHEMPOHaNbHU-
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MW KNiITUHaMKU. Bigomo, Lo aueTuaxoniH € eHA0oreHHUM
AroHICTOM, HIKOTWH Te) 34aTHUM aKTMBYBATM TaKi pe-
LenTopu, TOMY LLLO 343aTHWUI 3B’A3yBaTHCA 3 anbda-cybo-
OVHuLeto Komnaekey. Peuentopu nAChR 6epyTb yyacTb
y 6araTbox KNITUHHUX NpoLecax HEMPOHaNbHUX KNITUH,
BKAtOYatoum nponidepauito, agresio Ta mirpauito, yci 3
AKX € BaXK/IMBMMM NMPOLLECAMU Y PO3BUTKY MJIALLEHTH.

Ane No3MTUBHI 3BOPOTHI acouialii He MOXKyTb ByTK
BMKOPUCTAHI AK OBIPYHTYBaHHA ANA NaniHHA Curaper.
Lli aaHi moxyTb ByTn BUKOpUCTaHi AnA 3’AacyBaHHA Me-
XaHi3miB 3axBoptoBaHHsA abo pgns npodinakTmyHoro
BapiaHTy 3 BiNbll By3bKMM 3aCTOCYBaHHAM. 3a OCTaHHi
DECATUNITTA 3pOC/a NOWMPEHICTb KYPIHHA cepes, *KiHOK
pPenpoAyKTUBHOIO BiKy. OCKiNbKM KypiHHA cUrapeT noB’s-
3aHe 3 HUXKYMM PiBHEM MNIOAIOYHOCTI, HECMPUATANBUMMU
pPENPOAYKTUBHUMWU pe3yabTaTaMu Ta BULLMM PU3UMKOM
HeBaaui EK3, uikaBMm Ha Haw nornag 6yno nposectu ni-
TEPATYPHUIN OrNAA Cy4aCcHUX 3HAHb NPO BMMB KypPiHHA
curapeT Ha NpoLLec iMNAAHTaLii Ta paHHIO NAALEeHTaL, 0.
Ha cborogHi BM3HauYeHO, WO CNOAYKU AUMY BUK/MKa-
I0Tb MOpPYLUEHHA A03PiBaHHA eHAOMETPIl0, BN/IMBAKOTb
Ha aHrioreHes i TpodobNaCTUYHY iHBA3itO, ane AKi 4itoTb
MexXaHi3MM BNAMBY HIKOTMHY Ha NPOLLEC iMNAaHTaLl, Wwe
He 30BCiM BigoMO.

Merta gocnigKeHHs.

BW3HAuYNTK cyvacHi acnekTu BNAMBY KypiHHA Ha Npo-
LLec naaLeHTaLil.

OCHOBHa YacTuHa.

MoLwyK niTepaTypHUX AKepen 34iNCHEHO Y HayKome-
TpuuHKux 6asax PubMed, Web of Science, Google Schol-
ar, MedLine.

AHOMa/IbHa NiaueHTauia 6yna npuyeTHa L0 paHHbO-
ro eMbpioHaNbHOrO BMKWUAHA, BiAwapyBaHHA abo aHo-
MasibHOT NaueHTaui, npeeknamncii /HELLP i obmeskeH-
HA pOCTy Nioga. Bci ui po3naam 3ycTpivatoTbea 3 pisHUM
CTyneHemM MOLWIMPEHOCTI cepef, BariTHUX, AKI BXMBanu
TIOTIOH.

BW3HaHO, WO Y KypLiB € NeBHi 0c06MBOCTI NAaLeH-
TM. OCHOBHMM KOMMNOHEHTOM Baru NAaLeHTH € nepude-
pU4He AepeBO BOPCUMHOK, AKe, AK Bi4OMO, afanTyeTbCA
00 rinoKcuMyHoro ctpecy. KypiHHA maTepi BN/MBaE Ha
PO3BUTOK MAALEHTU NIOAMHU, 3MIHIOIOYM BanaHC Mix
nposnidepauieto Ta AndepeHLitoBaHHAM LMTOTPODO6-
nacta (LUTB) [14, 15]. Llinkom MMOBIpHO, WO XPOHIYHWUI
BM/INB KOMMOHEHTIB TIOTIOHY Ha PaHHiX TepMiHax BariT-
HOCTi MOXe NpAMO YM OMnocepesKOBaHO BMAMBATM Ha
PO3BUTOK MJIALEHTU LIAAXOM 3MEHLUEHHA KPOBOTOKY,
O CTBOPKE MNATO/ONYHO TiMOKCUYHE CcepesoBuLE.
OCKiNIbKM KYpiHHA NOTipWy€e TPaHCMNOPT KUCHIO Yepes
36inblueHHA KapboKcuremornobiHy, 36inblueHHA macu
NAALEHTM Y XKIHOK, AKi KYpWau Mig Yac BariTHOCTI, cnpu-
YMHEHe aJanTMBHMM aHrioreHe3om Yy nJaLeHTapHUX
BOPCMHKax. Ornaan rictTonoriyHux 3pisis naaLeHTapHol
TKaHWHU cBiaYaThb NPo 36iNblUeHHA po3ranyKeHoCTi Ka-
ninApiB/BOPCUHOK Ta MiABULLEHY LWiJIbHICTb Kaninsapis
Y KiHUEBUX KanifAPHUX 3B’A3Kax NAALEHTU KiHOK, fKi
KypATb [16]. Mpn mikpockoniyHoMy ornsAi nig BeANKUm
36iNbLIEHHAM BOPCUHOK NAALLEHTU BUSAB/IEHO NOCU/IEHE
po3ranyeHHA came B KiHLEBUX KaninapHuX netnax. Big-
3HAYeHO ABa TUNWN a4aNTUBHOIO aHrioreHesy: NoaoBXKe-
HuIA TUN (B) i KomnaktHUI TMn (C). LLo6 3po3ymiTth Ui me-
XaHi3MU, MU BUBYUAUN BMNAUB KYPiIHHA MaTepi Ta BNAMBY
HIKOTMHY in vitro Ha LUTB, a TakoX Ha eKkcnpecito mone-
KyA, AKi PerynoroTb peakLito KAITUH Ha Hanpyry KUCHIO:
6inok-cynpecop nyxavH ¢oH linnensa-Nlivgay (pVHL),

rinokcis-iHayKkoBaHi ¢akTopu TpaHckpunuii (HIFs) Ta
dakTopu pocty cyauHHoro eHgotenito (VEGFs) [17].
Bigomo wo, rinokcia nigsuiye ekcnpecito LT pVHL. Tyt
MM MOKA3yEMO, L0 in vitro BNAWB HiKOTMHY Ha LT mae
TaKMi camuii edekT. KypiHHS maTepi TaKoX MNopyLuye
perynsauito ekcnpecii BCix Tpbox monekyn LUTE. Buasne-
HO, WO MNAaCMBHWI BMNJIMB CUrapeTHOro Aumy mae barato
3 TUX e edeKTiB, WO W aKTMBHE KYpiHHA, L0, B CBOIO
yepry, HA0YHO AEeMOHCTPYE 3rybHMIA BNINB CUTapeTHOro
OMMY, HaBiTb NAaCMBHOTO, Ha PO3BUTOK NaaLeHTU. Pazom
Ui AaHi YaCTKOBO MOACHIOKOTb, AK KYPiHHA MOLUKOMAMKYE
NAAUEHTY, 3MIHIOKUYN EKCMPECiO K/IIOYOBUX MefiaTopiB
po3BUTKY nnaueHTn. o6 3po3ymith uel npouec Ha
MONEKYNAPHOMY PiBHi, AOCNIAXKYBaAIN 3Pa3KM TKAHWH
MmaTepiB, AKi He ManATb i KypATb, W06 BU3HAYMTMK, UM
BMN/IMBAE aKTMBHMI i/abo MacMBHMIN BMNNB CUrapeTHO-
ro AMMy Ha ekcnpecito UTB monekyn, siki peryntowtb
peakuito KAITUH Ha Hanpyry KUCH: nyxauHa ¢oH lin-
nens-JliHgay cynpecopHuii 6inok (pVHL), 3B’a3yBaHHSA
iHoyumbenbHoro dakTopa rinoKcii Ta noBcogHe 38’s3y-
BaHHA 6inkom-cynpecopom nyxavH ¢oH linnena-NiHaay
iHAYKOBaHI rinokcieto TpaHcKpunuiliHi daktopu (HIFs) i
BaCKyNApHUI eHaoTenianbHuin daktop pocty A (VEGF).
Pe3ynbTaT NOKasylTb, WO KypiHHA MaTepi MopyLuye
perynsauito ekcnpecii LUTB ycix Tpbox Tnnis monekyn [18].

MnaueHTa AEMOHCTPYE HaA3BMYAMHY 34aTHICTb
a[anTyBaTMCA [0 HECMpPUATINBUX BMNAMBIB HAaBKOAMLL-
HbOrO CepefoBMLLA Ta 3MEHLYBATK iX BMJIMB Ha NAia,.
OpfHaK, AKLWO PYHKLis nnaueHTn nopyweHa abo ii 3aaT-
HICTb A0 aganTalii nepeBuLLLEHA, PO3BUTOK N104A MOXe
6yTn nig 3arposoto [19].

Kpim Toro, KAiTMHHI CTOBMYMKM Ta nponidepytoyi
KNiTUHWM Oynn 3meHwWweHi, Toai Ak 6yno BignosigHe
36iNblEHHA KNITUHHUX OCTpiBLiB. BNMB OKMCHIOBasb-
HOro ctpecy. KONMBaHHA YMOB KUCHIO MOXEe CMpUATH
36inbleHHI0 BUpobHMUTBA ADK, e BOHU MOXKYTb AiATH
AK CUrHanbHi Monekynun. Lie moxe 6yTn ocobnmBo ak-
TyanbHO ANA TKAHWH, AKi NoTpebyloTb BUCOKOI eHeprii
abo MiCcTATb BENMKY KiNbKICTb MITOXOHZAPIM, TaKUX AK
naaLeHTa, MO30K, cepue Ta cKeneTHi m’asn. Kpim Toro,
BUPOO6HNLTBO ADPK 3MiHIOETBCA NPOTATOM BariTHOCTI,
LLLO MiZAKPECNHOE BAXKAUBICTb OKUCHOI CUrHaNi3aL,ii B Naa-
LeHTi. Ha paHHix cTagiax BariTHOCTI y NOAUHM BCTAHOB-
NIeHHA NAaLeHTapHOro KpoBoobiry nos’s3aHe 3 piskum
NiABULLEHHAM PiBHA KMCHIO B MALLEHTI, LLO NPU3BOANTb
00 36inbweHHA BMpobHMuTBa ADK i okmncHoro cTpecy. Y
Mipy MpOrpecyBaHHA BariTHOCTI Ta MiABULLEHHA MeTa-
6oniyHnx noTpeb nnoaa BiAbOyBa€ETbCA 30iNblIEHHA SK
Macu nNiaueHTapHUX MITOXOHAPIN, TaK i akTUBHOCTI dep-
MEHTIB MITOXOHAPIANbHMUX eNeKTPOHHUX NaHutori. Lle
cnpuse nigsuweHomy BupobHnutey A®K i niasuweHH0
OKWC/IIOBasIbHOTO cTpecy. Kpim Toro, crocTepiraerbcea
36iNbLIEHHA CUCTEMHOTO OKWUC/OBA/NIbHOFO MOLLKOA-
YKEHHS nig, Yac BariTHOCTI. Takox Oyno nokasaHo, Wo
BM/IMB EKCTPAKTIB CUrapeTHOro AMMY Ha EeKCMIaHTH
NAaueHTV 3miwye 6anaHc MK npoaHrioreHHUMK (nia-
TPMMKOlO dakTopa pocTy nnaueHtu, PIGF) i aHTuaHrio-
reHHumu cdaktopamu (fms- noaibHa TMPO3UHKiHa3a-1,
sFlt-1). Binbwe TOro, HM3Ka AOCAIAXEHb Ha TBAapMHaXx
NPOAEMOHCTPYBaNa, WO XPOHIYHMIK BMJMB Ha MaTip
MOHO OKCMAY BYI/eLo, OCHOBHOIO NPOAYKTY 3rOPAHHSA,
WO YTBOPHETHCA CUrAapPETHUM AMMOM, MOCU/IIOE MaT-
KOBMI KPOBOOBIT i MaTKOBO-MNNALLEHTAPHUIA PiCT CyAuH
waaxom [20].
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KypiHHA, AK NpaBWiO, BBAa*KAETLCA OKWUC/IHOBA/IbHUM
yPaxKeHHAM, i B pe3yabTaTi 6y/10 NpunyLeHo, Wo KypiH-
HA CNPUYMHAE AHOMAJIbHUI PO3BMTOK MALEHTAPHUX
CYOVH Yepes WAAXK, onocepesKoBaHi OKMCIOBANbHUM
cTpecom. Xouya uUe He 6yno OfHO3HAYHO LOBeAEHO,
OCTaHHI AOCNIOXKEHHA NiATBEPOKYIOTb, WO KYPiHHA Ma-
Tepi NPU3BOAMTb A0 3MiH Y reHax, BaXKNMBUX ANA yNnpas-
NiHHA OKMCHMM CTPECOM, L0 MOMKe CNPUATU afanTmB-
HMUM 3MiHaM y CTaHi OKMCHOrO cTpecy B naaueHTi [21].
Hanpwknag, KypiHHA nig Yyac BariTHocTi 6yn0 nos’A3aHe
3 NiABWLLEHOK EKCNPECIE aHTUOKCUMAAHTIB, TaKUX AK
rem-oKkcureHasa B 6a3a/ibHiit NNacTMHLi AOHOWEHOT Naa-
LEHTU, a TaKoX y KniTuHax Tpodobnacta HTR8/SVneo,
AKI 3a3HA/IM  BMJIMBY EKCTPAKTy CUFapeTHoOro Aumy.
MigBuuleHa eKcnpecia rem-oKcuMreHasm B NAAUEHTI
MOKe cnpuATK iHBa3ii TpodobnacTta B cnipanbHi apTepii i
TaKMM YMHOM 3MEHLUYBATU OKUCHE MOLWIKOAMKEHHA M/ia-
LEeHTU, CNPUYMHEHe KypiHHAM. lNpoTe nigBuLLeHe OKuCc-
Nt0BaNbHe NowKoaKeHHA ninigis i AHK cnoctepiraeTbea
B MeKax AOHOLIEHOI MIALEHTU KiHOK, AKi Kypuau nig
yac BariTHOCTI [22]. [JoCniarKeHHs 3 BUKOPUCTaHHAM TKa-
HUHU NNAUEHTU MmaTepiB, AKI MNanATb, BUABMAM 3araib-
HE 3HM)KEHHA 3arasbHOI aHTUMOKCUAAHTHOI 34aTHOCTI, i
Ui TKaHMHM MaloTb 3CYB OKMCHOro/ aHTMOKCMAAHTHOIO
6anaHcy B 6iK OKMCHEHHSA. KypiHHA noB’A3aHe 3 BULWMUM
iHOEKCOM OKMCHOrO CTpecy Ta BULLMM 3arasibHUM OKMUC-
HUM CTaTyCOM Y NAALEHTI.

He meHWw Baxknmeum € PakTop TpaHcKpunu,ii Ets-1.
dakTop TpaHcKpunuii Ets-1 peryntoerbcs rinokcieo Ta
ROS i peryntoe aHrioreHes Ta iHBa3ito, NPOLLECH, LLLO € LLEeH-
TPa/SIbHUMM AS1IA HOPMaIbHOFO PO3BUTKY Ta PYHKLOHY-
BaHHSA NaueHTU. B ymoBax rinoKcii iHWwi paktopu TpaHc-
Kpunuii, Taki Ak ¢aKTop, iHAyKoBaHWUI rinokcieto (HIF),
TaKOX MOXYTb BUK/IMKATKU MiABULLEHY eKcnpecito Ets-1.
Y TOl Yac fiK YMOBM, AKi NOCUNIOIOTb Nepeaady CUrHanis
BiIbHNX pagMKanis, MOXYTb peryntoBath ekcnpecito Ets-
1, cam Ets-1 nocuntoe perynsuito VEGF, kntoyoBoro 6inka
B aHrioreHesi. Kpim Toro, Ets-1 Tako»K MOKe B3aemogiaTu
3 iHWKUMKM daKTopamMm TpaHCKpUNuii, sKi, AK Bigomo,
BaXKNMBI ANA KNITUHHMX BigNOBiAEN HA OKMCAIOBAIbHUMN
cTpec i rinokcito, Takumu Ak HIF-2 a, ana perynoBaHHA
ekcnpecii peuentopa VEGF 2 (VEGFR-2). Kpim Toro,
npoaxrioreHHi pakTopu, Taki Ak VEGF, TaKoXK iHAYKYOTb
ekcnpecito Ets-1 B eHAoOTeniabHUX KAITUHAX MynKoBOI
BEHW NIIOAMHM, KA NOTIM 3B’A3YETHCA 3 MPOMOTOPHOO
061acTio aHrionoeTuHy-2, NiaBuLLYe peryasauito 6inka Ta
nectabinisye cyanHu ans aHrioreHesy. Mu 3Haemo, WO
ekcnpecia Ets-1 y HOpManbHilt NnaueHTi NI0AMHU Kope-
Ntoe 3 iHBasieto Tpodobnacta Ta AOCATaE NiKy NPOTArOM
nepworo Tpumectpy. [eaki AocAigHUKK npunycTuan,
LLLO, BUXOAAYM 3 MOTO KopensLii 3 NiABULLEHOLO iHBa3i€Eo,
Ets-1 moxKe cAyKuTU ansa 36iNblUEHHS eKcnpecii Ma-
TPUKCHOI MmeTanonpoteiHasn 9 (MMP-9) i ypokiHasHoro
TUNY aKTMBaTOpa naasmiHoreHy (uUPA), siKi € BaXXAnMBMMM
rpaBuUsAMU B BTOPrHeHHi TpodobnacTa. Kptonnenenogaio-
HUI dakTop 8 Ta aaepHuUi GaKTop Kanna — IerKUN Nax-
utor-nigcmntosay aktmsosaHoro B. KLF8 saxknunsuin gna
NnoJsierieHHs KNiTMHHOT gudepeHuiauii, a TakoX aHrio-
reHesy. linokcia-peokcureHauis (H/R) TakoX CAy»uTb
ONA 3MEHLIEeHHA eKcnpecii Ta A4epHOI KonoKanisauii
KLF8, wo npu3soantb A0 3HUMKEHHA perynauii MMP-
9, WO 3peLlTo NpUrHivye iHBasito Tpodobnacta [22].
MOXNMBO, HaMbiNbW BM3HAHMM TPAHCKPUMLIAHUM
dakTopom, nos’asaHMm i3 nepegayeto curHanis ROS,
€ NF- Kk B. 36inblleHHA KNITUHHOTO BUMPOBHMLTBA ROS

MOKe Mpu3BecTM Ao 36inblweHHs ekcnpecii NF- k B, wo
NpU3BOAMTbL A0 aKTMBALIi $GaKTopiB, 3aNy4YeHMX 40 aH-
rioreHesy.

Bimomnin NF-E2 — dakTop TpaHcKpunuii, aAkuii bepe
yyacTb y perynauii HeMiToXoHAPiaAbHOI aHTUOKCUAAHT-
HOT 3aXMCHOI peakKLji, a TaKoX MITOXoHApianbHUX BiNKiB,
nos’A3aHUX 3 ynpasaiHHAM BMpPobHMuTBOM ADK. Nrf2
TAKOX MOB’A3aHUIM 3 MPOAHFIOFeHHUM NOTEHLia oM B
eHAoTeNiaNbHUX KAITUHAX i MoXKe ByTU BUKAMKaAHWUI Y
BiZNOBIAb HAa YMOBM 3HUXKEHHA KUCHIO. BBaXKa€eTbcA, WO
Nrf2 mae cBoi npoaHrioreHHi epekTn WAAXoM Mmoayna-
Lii BigoMUX perynaTopis aHrioreHesy, Takux ak VEGF, y
BiANOBIAb Ha OKMCAOBAaNbHUI cTpec. STAT-3 € YaCTUHOLO
rpynu $akTopiB TpaHcKpunuii, AKi 3abe3nevyyoTb Kni-
TUHHY perynauito y BiANoBiAb HAa LMTOKIHK Ta daKkTopy
pocty. STAT-3 Moxe pearyBaTu Ha LMTOKiHM abo OKMC-
NOBANbHi CUTHANW, BM/IMBAKOYM HA EKCMPEeCito aHrio-
reHHux ¢akTopis, Takmx AK VEGF. MpoaHrioreHHa posb
STAT-3 nos’A3aHa 3 MOro 34aTHICTIO PEryaoBaTh AK eK-
cnpecito, Tak i cekpeuito MMP-2, MMP-9 i uPA, 6inkis,
AKi 6epyTb yyacTb y moaynsuii iHeasii Tpodobnacta [23].

Mpu pocnigXKeHHi aKTUBHOCTI anonTo3y MOKa3anw,
LLLO NpPMY KYPiHHI Yy BariTHUX MNOCUIIOE eKcrpecito pakTop
pocty nnaueHTn (PGF), AKuiA cnpusie aHrioreHesy. Kpim
TOro, 34a€TbCA, WO KYPIHHA MaTepi aKTUBYE WNAX p53.
AKTMBaLia p53 moOXKe iHAYKYBaTW eKcnpecito npoanon-
TO3HOro cimeictea Bcl-2 (BCL2-acoujiioBaHnit 6inoK X,
BAX) i iHribyBaTu ekcrnpecito aHTMaMoOMNTO3HOro YjeHa
(B-kniTvHHa nimdoma 2, BCL2). 3b6inblieHe cniBBig-
HoleHHA BAX go BCL2 moke cnpuAatv anontosy [24].
Bname KypiHHA maTepi 36inbluMAO eKcrnpecito reHis i
cekpeuito PIGF nig yac okcureHauii B iHBasMBHUX TPO-
¢dobnactax 3 BOPCMHOK PaHHbOIO NEPLUOrO TPUMECTPY.
Lli maHi cBigyaTb Npo Te, WO KypPiHHA MaTepi B nepLiomy
TPUMeECTPi MoKe MigBuwmTK piBeHb PIGF y cupoBaTui
KPOBi HaBiTb Nicns NPUNUHEHHA KypiHHA. PIGF € ocHoB-
HUM Y/IEHOM CiMENCTBa BaCKyJAPHOIo eHA0TeNialbHOro
baKTopa pocTy, AKUI € NiraHAOM A1A peLenTopa BacKy-
NApHOro eHaoTenianbHoro ¢aktopa pocty (VEGFR1),
AKUIA aKTUBYE aHriOreHHy BiAMNOBiLb BACKYIAPHOrO eH-
potenianbHoro gakropa pocty (VEGF. PIGF nos’s3aHui
3 VEGF-A Ta 38’Aa3yeTbcA 3 VEGFR1). PIGF nocuntoe VEGF-
iHAYKOBaHMI aHrioreHes i NPOHUKHICTb [25].

BucHoBKM.

1. MnaueHTa AEMOHCTPYE HaA3BUYAMHY 34aTHICTb
a[anTyBaTMCA A0 HECNPUATANBUX BUKIMKIB HAaBKOAWULL-
HbOrO CepefoBMLLa, 3aBAAKM MexaHi3mam ynpas/iH-
HA OKMUCHUM CTpecom, 0cobmMBO Mpu KypiHHI maTepi,
OCKIZIbKM MOKe OyTW HaBiTb Binbll YyTANBO A0 OKUC-
JIIOBANIbHOTO CTPECY, HiXK Y HEeKYpL,iB.

2. KypiHHA noB’A3yeTbcA 3 BMLWMM iHAEKCOM OKMC-
HOrO CTpecy Ta BULLMM 3arajibHUM OKUCHUM CTaTyCOM Yy
nAaueHTi.

3. 3a paxyHOK 3BY}KEHHA KPOBOMANHY Yepe3 MaTKOBI
cnipanbHi apTepii Nia Yac KypiHHA, PO3BMBAETbLCA MaT-
KOBO-NNaLeHTapHa aucnepdysia, Wo MoxKe npu3BecTu
[0 3aTPUMKM OKWUCNIOBA/NIbHOrO BUOYXY 0C06/iMBO Ha
PaHHIX TepMiHaxX BariTHOCTI i, AK HAaCNiAOK, NPU3BOAUTb
00 3MEHLIEHHA eKCnpecii aHTUOKCMAAHTHOIO 3aXMCHOTO
depmeHTy. 3aTpMMmKa abo ocabsieHHA OKUCIOBaNbHO-
ro BUBYXY, MOXYTb LWe binblie NopyWwnTM Ta NOFiPWNTK
po3BUTOK embpioHa Ta naoay.

4. TlocMneHHA nNNaueHTapHOro OKMCAHOBANbHOIO
cTpecy B 6inbl Ni3HIX TepmiHax recrtauji, napanesnbHO
3 NiABULLEHHAM PiBHA NEPEKUCHOrO OKUCNEHHA Ninigis
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(MOWKOAMKEHHA KNITUHHUX MeMbpaH) i aHTMOKCUAAHT-
HOrO 3axmcTy, NpPuU3BOAUTbL A0 NOWwKogKeHHA [AHK i
BKOPOYEHHA Te/OMep, WO MNPU3BOAUTbL [0 3HUMKEHHA
OYHKUIT NAauLeHTN i, TaKUM YMHOM, MOXKE BWMK/IMKATU
nigsuLeHnit pusmk 3PN i mepTBOHAPOAKEHHA Y KypLiB.

5. NigBuweHa eKcnpecia reHiB NOB’A3aHMX 3 aHrio-
reHe3om, BK/OYaoun GakTop, iHAYKOBaAHWI FiMOKCie
(HIF1A), a Takox nocuneHa eKkcnpecia dakTopa pocTy
nnaueHTM (PGF) go3BOAsiE MPUNYCTUTU, WO LE KOM-

NeHcaTopHO-NPUCTOCYBA/IbHUIA MeXaHi3m Bignosiai Ha
riNOKCit0 BOPCMHOK XOPiOHa NOB’A3aHY 3 BN/IMBOM KypiH-
HA.

MepcnekTUBM NOAANbLUUX JOCNIAMKEHD.

Mu nparHemo cnpAMyBaTM Hawi [OCAIAHUUbKI
MOX/IMBOCTI Ha BWBYEHHA MEXaHi3MiB  PO3BUTKY
NaTo/IoNYHNX MNPOLLECiB iHBA3ii y BariTHMX XKIHOK, AKi
nanatb.
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BMN/INB KYPIHHA HA PO3BUTOK AHOMA/IbHOI NNALEHTALLIT (OrNA4, NITEPATYPW)

boHpapeHko H. M., LaneHko T. B.

Pestome. KypiHHA curapet € BM3HAHUM GaKTOPOM PU3UKY PaKy JiereHb Ta CepLLeBO-CYyANUHHUX 3aXBOPIOBAHb.
Lle noB’A3aHO 3 TUM, WO THOTIOHOBUI AUM MiCTUTb OTPYMHI PEYOBUHMU, AKi MOXKYTb NOLIKOAUTU KNITUHM Ta TKAHUHU
OpraHismy NoAMHN, CNPUYMHAKOYM PO3BUTOK MATONOTNYHUX MPOLLECIB.

MnaueHTa € dyHKLiOHaNbHUM iHTepdencom MixK MaTip’to Ta NA10A40M Mif, Yac BariTHOCTI Ta KPUTUYHO BaXKJAUBUM
UMHHUKOM POCTYy NaoAa Ta MOro 340p0B’A NPOTArOM YCbOro KUTTA. KypiHHA nig Yac BariTHOCTI NigBULLYE PU3MK
HeCNpUATANBUX HAC/IAKIB BariTHOCTI, TAKMX AK MePTBOHAPOAKEHHSA Ta 3aTPUMKA PO3BUTKY naoay. Lie ceigumntb npo
nopyLeHHs GyHKLiT naaLeHTV Ta 0bMeKeHHA HaaXOAKEHHA NOXUBHUX PEYOBUH | KUCHIO. BaxkAuBicTb peakui nna-
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OornAaaun NITEPATYPU / LITERATURE REVIEWS

LLeHTU Ha 3MiHY KMCHEBOTO CepefoBuMLLA Nif Yac KYPiHHA 3 TOYKM 30PY KAITUHHUX, MONEKYAAPHUX | YHKLIOHANbHUX
3MiH CMPAMOBaHi Ha MOCUAEHHA MOCTaYaHHA KUCHEM i/abo MOM’AKLWEHHSA OKMCHOrO CTpecy B MAALUEHTI K 3acoby
onTuUMmi3aLii pocTy naoaa.

MeTa — BU3HAYMUTM Cy4YaCHi NUTAHHA LWUKIAJIMBOIO BMJIMBY KYPIHHA CMrapeT Ha KiHovy GepTuabHicTb. Mowwyk
34iMcHEHO Yy HayKkomeTpuyHKux 6asax PubMed, Web of Science, Google Scholar, MedLine.

MnaueHTa A4EMOHCTPYE HaA3BMYAMHY 3[4aTHICTb afanTyBaTUCA A0 HECNPUATAUBUX BUKAMKIB HAaBKOMLIHBLOTO
cepenoBMLLA, 3aBAAKM MEXaHI3MaM ynpaBaiHHA OKUCHUM CTpecoMm, 0cOBAMBO NPW KyPiHHI MaTepi, OCKINbKN MoKe
6yTM HaBiTb 6iNbL YYTANBOIO [0 OKMC/IHOBAZIbHOTO CTPECY, HiXK Y HeKypLiB. KypiHHA NOB’A3YETLCA 3 BULMM iHAEKCOM
OKMCHOIO CTPecy Ta BULLMM 3arasibHUM OKUCHMM CTaTyCOM Y MaLeHTi. 32 paxyHOK 3BY)KEHHA KPOBOMJIMHY Yyepes
MATKOBI CnipanbHi apTepii Nig Yac KypiHHA, PO3BMBAETLCA MATKOBO-NAALEHTapHA Ancnepdysia, WO MOoXKe npusse-
CTM [0 3aTPUMKM OKUCNIOBANbHOMO BMOYXY 0COBNMBO Ha paHHiX TepMiHax BariTHOCTI i, AK HACNiAOK, NPU3BOAUTL
[0 3MEHLUEHHA eKCnpecii aHTUOKCMAAHTHOMO 3aXMCHOTo GepMeHTy. 3aTpMMKa abo ocabieHHA OKMCAOBaIbHOMO
BMOYXY, MOXYTb Lie Binblue NOpyLNTM Ta NOTiPLIMTA PO3BMTOK embpioHa Ta naoay. MNocuneHHa naaueHTapHoro
OKWC/IIOBANIbHOIO CTpecy B binbl Ni3HiX TepmiHax recrauii, napanenbHo 3 NiABULLEHHAM PiBHA MEPEKMUCHOro OKMUC-
NeHHA ninigis (NOWKOAXKEHHA KNITUHHUX MeMBpaH) i aHTMOKCUAAHTHOIO 3aXMUCTY, NPU3BOAUTL A0 MOLIKOAKEHHSA
[OHK i BKOpoueHHsA Tenomep, Lo NPU3BOAUTL A0 3HUNKEHHA GYHKLIT NAALEHTU i, TAKUM YMHOM, MOXKE BUKINKATH
niasuweHnii pusmk 3PI i mepTBOHapoAXKeHHA Y Kypuis. lNiaBuLLeHa ekcrnpecia reHiB NoB’A3aHMX 3 aHrioreHe3om,
BK/IOUAOUM paKTop, iHAYKoBaHMM rinokcieto (HIF1A), a TakoX nocuaeHa ekcnpecia ¢pakropa pocTty naaueHtm (PGF)
[0,03BO/IAE NPUMNYCTUTHU, WO Le KOMMNEHCAaTOPHO-NPUCTOCYBANIbHUIN MeXaHi3M BiANOBiAi HA riNOKCito BOPCUHOK Xopio-
Ha NoB’A3aHy 3 BMN/IMBOM KYPiHHS.

Knto4oBi cnoBa: KypiHHA, BariTHICTb, aHOMa ibHa N/1aUeHTaLis, iHAYKOBaHa rinoKcis, GpakTop poCTy NAaLeHTw.

THE IMPACT OF SMOKING ON THE DEVELOPMENT OF ABNORMAL PLACENTATION (LITERATURE REVIEW)

Bondarenko N. P., Tsapenko T. V.

Abstract. Cigarette smoking is a recognised risk factor for lung cancer and cardiovascular disease. This is because
tobacco smoke contains toxic substances that can damage cells and tissues in the human body, causing pathological
processes to develop. The placenta is the functional interface between the mother and the fetus during pregnancy
and is critical to fetal growth and health throughout life. Smoking during pregnancy increases the risk of adverse
pregnancy outcomes, such as stillbirth and fetal growth restriction. This indicates impaired placental function and
restricted nutrient and oxygen supply. The importance of placental responses to changes in the oxygen environment
during smoking in terms of cellular, molecular, and functional changes is aimed at enhancing oxygen supply and/or
mitigating oxidative stress in the placenta as a means of optimizing fetal growth.

The aim is to study current issues related to the harmful effects of cigarette smoking on female fertility. The
search was conducted in the scientometric databases PubMed, Web of Science, Google Scholar, and MedLine.

The placenta demonstrates an extraordinary ability to adapt to adverse environmental challenges through
oxidative stress management mechanisms, especially when the mother smokes, as it may be even more sensitive
to oxidative stress than in non-smokers. Smoking is associated with a higher oxidative stress index and higher
overall oxidative status in the placenta. Due to the narrowing of blood flow through the uterine spiral arteries
during smoking, uteroplacental dispersion develops, which can lead to a delay in oxidative burst, especially in
early pregnancy, and, as a result, leads to a decrease in the expression of antioxidant protective enzymes Delay
or weakening of the oxidative burst may further disrupt and impair embryo and foetal development. Increased
placental oxidative stress in later stages of gestation, along with increased levels of lipid peroxidation (cell membrane
damage) and antioxidant defence, leads to DNA damage and telomere shortening, resulting in reduced placental
function and, thus, may cause an increased risk of preeclampsia and stillbirth in smokers. Increased expression of
genes associated with angiogenesis, including hypoxia-induced factor (HIF1A), as well as increased expression of
placental growth factor (PGF), suggests that this is a compensatory adaptive mechanism in response to chorionic
villus hypoxia associated with smoking.

Key words: smoking, pregnancy, abnormal placentation, induced hypoxia, placental growth factor.
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