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OXIDATIVE STRESS IN THE PATHOGENESIS OF OBSTETRIC AND
PERINATAL COMPLICATIONS

Abstract. Oxidative and nitrosative stress are recognized as universal
pathogenic mechanisms that play a pivotal role in the onset and progression of obstetric
and perinatal complications. This review summarizes current evidence on the impact
of oxidative stress on pregnancy, placental development, and the formation of various
complications, with a particular focus on preeclampsia. Literature indicates that an
imbalance between pro-oxidant factors and the antioxidant defense system leads to
damage to nucleic acids, lipids, and proteins, activation of apoptosis and inflammatory
responses, and impairment of endothelial function and microcirculation. These
processes underlie abnormal placentation, fetal hypoxia, growth restriction, and
increase the risk of preterm birth, miscarriage, low birth weight, and congenital anomalies.

Special attention is given to preeclampsia as a clinical model of oxidative—
nitrosative injury. Excessive production of reactive oxygen and nitrogen species
combined with reduced nitric oxide bioavailability provokes platelet aggregation,
placental ischemia-reperfusion injury, and intravascular coagulopathy, directly
impairing uteroplacental blood flow. Evidence indicates that manifestations of
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oxidative stress may appear as early as the first half of gestation and persist after
delivery, predisposing to neonatal diseases linked to oxidative damage, particularly in
preterm infants (bronchopulmonary dysplasia, retinopathy of prematurity, necrotizing
enterocolitis, periventricular leukomalacia, and others).

Recurrent pregnancy loss is highlighted as a condition reflecting chronic
oxidative imbalance: affected women show reduced adaptive capacity and down-
regulation of antioxidant defenses. Preterm birth, which is increasing worldwide, is
associated with elevated oxidative stress markers in maternal serum during threatened
preterm labor. A promising approach involves assessing oxidative-stress and
antioxidant parameters in umbilical cord blood of preterm neonates as a tool for
predicting specific neonatal pathologies.

Despite the large body of research, there are still no unified approaches for
guantitative assessment of oxidative stress or for selecting reliable prognostic
biomarkers for routine clinical practice. Future research priorities include the
development and clinical implementation of standardized biomarker panels to identify
pregnant women at high risk of preeclampsia and other complications, deeper
investigation of genetic and epigenetic regulators of redox homeostasis, and the
creation of novel antioxidant therapeutic strategies aimed at the prevention and
treatment of gestational disorders.

Keywords: oxidative stress; nitrosative stress; pregnancy; preeclampsia;
recurrent pregnancy loss; preterm birth; fetoplacental insufficiency; biomarkers;
umbilical cord blood; antioxidant defense.
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OKCI/II[ATI/IBHI/Iﬁ CTPEC B IIATOI'EHE3I AKYIHIEPCBKUX TA
NEPUHATAJIBHUX YCKIAJIHEHDb

Anortanisi. OKCUIaTUBHUI Ta HITPO3aTUBHUI CTPEC HHUHI PO3IIIANAIOTHCS SIK
YHIBEpCAJIbHI MAaTOrM€HETUYHI MEXaHI3MHU, [0 BIiAIrPalOTh MPOBIAHY pOJb ¥y
BUHUKHEHHI Ta MPOrPECYBAaHHI aKyIIEPChKHX 1 MEpUHATAIbHUX YCKIaAHEHb. MeToro
i€l poOOTH € y3araJbHEHHsS CYYaCHUX JaHUX IOJI0 BIUIMBY OKCHIATUBHOTO CTPECY
Ha 1nepeldir BariTHOCTI, PO3BUTOK IUTALIGHTH W (OpMYBaHHS PI3HOMAaHITHUX
YCKJIaJHEHb, 30KpeMa IpeekiaMmIcii. ¥ CTaTTl HAaBEACHO OIS JITepaTypH, SKUM
JIEMOHCTpPY€E, 10 AUCOANaHC MK MPOOKCHJAAHTHUMH (PaKTOpaMH Ta CHCTEMOIO
AHTUOKCUJAHTHOTO 3aXHUCTYy MPU3BOJUTH IO IMONIKOMKEHHS HYKJIETHOBHX KHCIIOT,
JTMiAIB Ta OIKIB, aKTHBAIli amomTo3y Ta 3amajbHUX PEaKilii, MOpPYIICHHS
eHoTemanbHO1 QYyHKINT i MikpouupkyJsmii. 1{i mporecu cipuYUHSIOTH TATOJIOTIIO
IUTAIeHTAIll1, TIMOKCiI0, 3aTPUMKY POCTY TUIOZA, MIABUIIYIOTh PH3UK MepeadacHUX
TI0JIOT1B, BUKH/IHIB, HU3bKOI MacH Tijla HOBOHAPOKEHHUX 1 PO3BUTKY BPOIHKCHUX Ba].

Oco0nuBy yBary mpuaiJIeHO MPEEKIaMIICIi K KIHIYHIA MOJel OKCUaTUBHO-
HITPO3aTUBHOTO YIIKOJKEHHs. [ligkpecneHo, 1m0 HaJAMIpHE YTBOPEHHS aKTUBHHUX
(GopM KHCHIO Ta a30Ty Ha TJI 3HM)KEHHS O10JJOCTYITHOCTI OKCHAY a30Ty IPOBOKYE
arperamiro TpoMOOLMTIB, 1HIEMIYHO-penepdy3iiHe ypaxKe€HHS IUIALlEHTH Ta
BHYTPIIIHbOCYIMHHY KOAaryJionaTito, 1o Oe3nocepeAHbO BIUIMBAE HA MAaTKOBO-
TUTalleHTApHUN KPOBOTUIMH. BCTaHOBIIEHO, 1110 IPOSBU OKCUATUBHOTO CTPECY MOXKYTh
3 ABISITHCS BXKE Yy MepIliid MOJIOBMHI recrauii ¥ 30epiratucs Mmicisg MOJOTIB, IO
CTBOPIOE YMOBH JUisl (POPMYBaHHSI Y HOBOHAPOKEHUX 3aXBOPIOBaHb, MOB’S3aHUX 3
OKCUJATUBHUM YIIKOJKEHHSIM, OCOOJIMBO Yy HEJIOHOIICHUX AiTel (OpoHXoJiereHeBa
IUCIUIA3isd, PETUHONATIsA, HEKPOTHMYHUUA  EHTEPOKOJIT, IEPUBEHTPUKYIISIPHA
JICHKOMAUTSIITiS T 1HIIII).

OxpemMO poO3IJIIHYyTO 3BUYHE HEBHHOIIYBAaHHSA SIK CTaH, IO BiJoOpaxae
TPUBAIMI OKCHAATUBHUIN nucOaIaHC: y TMAII€HTOK (IKCYIOTh 3HMKEHHS PE3epPBHO-
aJanTalifHUX MOJKJIMBOCTEH Ta MPUTHIYCHHS AaHTUOKCHIAHTHUX cHCTeM. Jlis
HepeIyacHUX MOJIOTIB B1I3HAYEHO I100adbHy TEHJAEHIIIO 10 3POCTAHHS YacTOTH Ta
acolialio 3 NiABUIIEHHSAM MapKepiB OKCUJAATUBHOIO CTPECY Yy CUPOBATII KPOBI1 HA TJII
3arpo3u nepeayacHux noJiori. IlepcrnekTMBHUM MIAXOAOM € OLIHIOBAaHHS MapKepiB
OKCHUJATUBHOTO CTpECy Ta AHTHOKCHUJAAHTHUX KOMIIOHEHTIB Yy MYMOBHMHHIN KpOBI
HE/IOHOIIIEHUX HOBOHAPO/KEHUX K IHCTPYMEHTY MPOTHO3YBAHHS PU3HKIB OKPEMHX
HEOHATAJIbHUX MATOJIOT1H.

HesBaxkaroun Ha 3Ha4HMM 00CSAT HAyKOBUX POOIT, HMHI BiACYTHI yHIikoBaHi
M1IXO0/IM J10 KUIBKICHOT OLIHKY PIBHS OKCUJIATUBHOTO CTPECY Ta BIIOOPY JOCTOBIPHUX
NPOTHOCTHUYHUX MAapKepiB MJisi PYTUHHOI KJIIHIYHOI mpakTuku. llepcrieKTUBHUMU
HanpsMaMy MOJANIBIINX JIOCHIKEHb € PO3pOOJICHHS Ta BIPOBAKEHHS CTaHAApPTH-
30BaHHUX 010MapKepiB, M0 JO3BOJIATh CBOEYACHO 1/IEHTU(IKYyBATH BariTHUX 13 BUCOKUM
PU3HMKOM MPEEKIIAMIICIT Ta 1HIIWX YCKJIaIHeHb, MOTJIMNOJICHE BUBYCHHS TEHETUYHUX 1
EMIreHETUYHNX MEXaHI3MIB PeryJssilii OKHCHO-BIITHOBHOIO TOMEOCTa3y, a TaKOX
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CTBOPEHHS HOBHUX AHTHOKCHUJAHTHHMX TEpPANEBTUUYHMX CTpATEriid, COpsIMOBAaHUX Ha
npo(IaKTUKY ¥ JIIKyBaHHS T€CTAIITHUX MOPYIIEHb.

KiiouoBi cioBa: OKCHUAATHBHUN CTpeC; HITPO3AaTHBHUN CTpPEC; BariTHICTH;
MpPEEKIaMIICI; 3BUYHE HEBHUHOUIYBAaHHS; IEpEIYacHi MOJIOTH; (eToraneHTapHa
HEJJOCTATHICTh; O10MapKepH; MyNOBUHHA KPOB; aHTUOKCUAAHTHHUI 3aXUCT.

Problem statement. Oxidative and nitrosative stress are now widely
acknowledged as fundamental pathogenic mechanisms in a broad spectrum of human
diseases. Their influence extends well beyond classical cardiovascular or metabolic
disorders, exerting a profound and multifaceted impact on female reproductive health,
the physiological course of pregnancy, and perinatal outcomes at both the maternal and
neonatal levels [1,2]. Free radicals (FR) — highly reactive molecular species with
unpaired electrons — are capable of damaging virtually all classes of biological
molecules. By modifying lipids, proteins, and nucleic acids, FR disturb the normal
cellular redox balance and trigger a cascade of biochemical events that compromise
tissue integrity and function [3]. Such processes are particularly critical in pregnancy,
where the delicate equilibrium between oxidative reactions and antioxidant defenses
determines the success of implantation, placentation, and fetal development.

Analysis of recent research and publications. Under normal physiological
conditions, the healthy organism maintains a dynamic equilibrium between pro-
oxidants and antioxidants through an intricate defense network that includes enzymatic
and non-enzymatic mechanisms. This system provides continuous protection against
reactive oxygen species (ROS) and other free radicals, preventing excessive
accumulation of oxidative products and maintaining redox homeostasis [4]. When this
finely tuned balance is disrupted — whether by increased FR formation, diminished
antioxidant capacity, or a combination of both — oxidative stress (OS) develops. OS in
turn leads to structural and functional damage to nucleic acids, lipids, and proteins [2].
Numerous studies demonstrate that excessive and uncontrolled ROS production during
pregnancy has far-reaching consequences: it adversely affects maternal health, impairs
embryonic and fetal development, and contributes to a variety of complications
including implantation disorders, spontaneous miscarriage, preterm birth, low birth
weight, and congenital malformations. Moreover, heightened OS weakens maternal
iImmune competence and interferes with the rapid pulmonary adaptation required for
neonatal survival immediately after delivery [5].

The aim of the article. To summarize current evidence on the role of oxidative
and nitrosative stress in the pathogenesis of obstetric and perinatal complications, with
particular attention to preeclampsia.

Presentation of the main material. Pregnancy represents a remarkable state of
continuous maternal adaptation to profound anatomical, physiological, and metabolic
changes, many of which are driven by the high metabolic demands of the developing
feto-placental unit [6]. Numerous anatomical, physiological, and metabolic
adjustments occur during gestation [5]. The placenta, as the interface between mother
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and fetus, exhibits intense mitochondrial activity and produces significant amounts of
ROS even under normal conditions. In healthy pregnancies, this rise in ROS generation
is counterbalanced by a parallel increase in antioxidant defenses, ensuring that
oxidative reactions remain within physiological limits. When this compensatory
mechanism is inadequate, the balance tips toward oxidative predominance, resulting in
sustained OS [7]. Consequently, pregnancy is often described as a state of heightened
susceptibility to oxidative stress, primarily due to the placenta’s elevated oxygen
consumption and mitochondrial energy requirements [8]. Impaired antioxidant activity
during critical stages of placentation can accelerate lipid peroxidation, damage vascular
endothelium, and disrupt normal angiogenesis. At the same time, an up-regulation of
certain antioxidant enzymes may act as a partial, though frequently insufficient,
compensatory response [9,6]. These molecular events highlight the delicate interplay
between oxidant production and antioxidant protection throughout gestation.

Accumulating evidence indicates that OS contributes to pregnancy loss through
multiple, often overlapping mechanisms. These include disruption of uteroplacental
blood flow, induction of apoptosis in fetal and placental cells, activation of
inflammatory pathways, and dysregulation of immune responses [10]. Importantly,
biochemical markers of OS can be detected as early as the first trimester and may
persist well beyond delivery, influencing both prenatal and postnatal health [11]. After
birth, additional stressors — such as hypoxia, ischemia, and rapid hemodynamic
changes — can further exacerbate oxidative injury. Neonates are particularly vulnerable
because their endogenous antioxidant systems are immature. Preterm infants are at
even greater risk, facing a pronounced imbalance between oxidant generation and
antioxidant protection that gives rise to a spectrum of conditions collectively known as
free radical-related diseases of prematurity. These include bronchopulmonary
dysplasia, retinopathy of prematurity, necrotizing enterocolitis, intraventricular
hemorrhage, periventricular leukomalacia, renal injury, eryptosis, respiratory distress
syndrome, and persistent ductus arteriosus, among others [12-14].

Among the many pregnancy complications associated with OS, preeclampsia
(PE) occupies a special and extensively investigated position. PE is characterized by
reduced nitric oxide (NO) bioavailability, placental ischemia—reperfusion injury, and
tissue damage caused by excessive levels of ROS and reactive nitrogen species (RNS).
These reactive molecules promote platelet adhesion and aggregation, intravascular
coagulopathy, placental infarction, and impaired uteroplacental perfusion, ultimately
leading to fetal hypoxia and growth restriction [15]. PE remains one of the most
prevalent obstetric syndromes and continues to be a leading cause of maternal and
perinatal morbidity and mortality worldwide [16]. Numerous experimental and clinical
studies confirm the pivotal role of OS in the pathogenesis of PE [17-23]. Oxidative
agents generated during placental ischemia-reperfusion can overwhelm endogenous
antioxidant defenses, and this imbalance is now considered a defining feature of the
disorder [24]. Notably, investigations reveal that women who subsequently develop PE
often exhibit biochemical evidence of OS as early as 16-20 weeks of gestation, a period
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critical for normal placental development. Such early oxidative disturbances may not
only impair placentation but also program long-term non-communicable diseases in
the offspring [25]. Given these observations, there is a compelling need to identify and
validate novel biomarkers capable of detecting pregnancies at high risk for PE in the
earliest stages. Early detection would facilitate targeted prophylaxis and the
development of innovative therapeutic strategies aimed at modulating redox
homeostasis [26]. Yet, despite decades of research, no universally accepted parameters
or standardized assays currently exist for the routine clinical assessment of OS in the
reproductive system or pregnancy-related conditions [27].

Interest in the relationship between OS and recurrent pregnancy loss has also
intensified. Recent investigations provide deeper insights into key pathogenic
mechanisms and reveal potential therapeutic targets [28,29]. Women with recurrent
miscarriage frequently demonstrate diminished adaptive capacity and down-regulation
of antioxidant defenses, creating a biochemical milieu conducive to lipid peroxidation
and sustained oxidative damage [30].

Preterm birth (PTB) continues to be a major obstetric challenge and remains one
of the leading causes of neonatal morbidity and mortality. Despite advances in perinatal
care and active implementation of preventive measures, global PTB rates have shown
little decline and, in some regions, continue to rise [31]. Elevated maternal OS is
strongly associated with an increased risk of PTB. Several clinical studies evaluating
serum OS biomarkers in women with threatened preterm labor have documented
significantly higher concentrations of these markers, although their specificity for
predicting individual outcomes remains limited [32,33]. In contrast, assessment of
oxidative and antioxidant parameters in umbilical cord blood of preterm neonates
shows promise as a tool for identifying infants at risk of particular complications. The
consequences of oxidative injury are not confined to the immediate perinatal period;
they extend into infancy and childhood, contributing to both short- and long-term
morbidity [34].

Taken together, these data provide convincing evidence that OS impairs
reproductive function and contributes to the pathophysiology of a wide range of
complications, including infertility, recurrent miscarriage, PE, fetal growth restriction,
and PTB [35]. Excessive ROS production disrupts critical developmental processes,
elevates the risk of complicated gestation, and may exert lasting effects on offspring
health [36]. As a result, the study of oxidative mechanisms in reproduction has become
a rapidly expanding and highly promising field of biomedical research.

Conclusions. Oxidative and nitrosative stress constitute a central, unifying
mechanism in the pathogenesis of numerous obstetric and perinatal complications, with
preeclampsia serving as a particularly illustrative model. The excessive generation of
reactive oxygen and nitrogen species, combined with depletion or functional
exhaustion of antioxidant defenses, precipitates cellular injury, abnormal placentation,
chronic hypoxia, and fetal growth restriction. Evidence indicates that biochemical signs
of oxidative stress may emerge during the earliest weeks of gestation and can persist
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long after delivery, contributing to neonatal disorders associated with oxidative
damage — especially in premature infants.

Despite the considerable body of experimental and clinical research, there are
still no standardized, clinically validated biomarkers that reliably quantify oxidative
stress or accurately predict obstetric complications. Future investigations should
therefore prioritize the development and large-scale validation of predictive biomarker
panels, the exploration of genetic and epigenetic regulators of redox homeostasis, and
the design of effective antioxidant interventions. Such strategies hold the potential not
only to prevent preeclampsia but also to reduce the global burden of pregnancy-related
complications and improve long-term outcomes for both mothers and children.
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