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Abstract.

The impact of stress factors on the course of pregnancy remains a relevant issue in modern perinatology. This article
addresses the role of stress-related responses at the placental level in women exposed to *’Cs, and the role of psychoemotional
stressors in the pathogenesis of pregnancy loss — presented as two aspects of the same problem. The article draws on the results
of prior studies examining morphological and immunohistochemical placental damage resulting from *’Cs incorporation, and
the psychological components of recurrent pregnancy loss.

Aim of the study. To determine markers of miscarriage in the setting of chronic stress.

Materials and methods. The study enrolled pregnant women with a history of miscarriage and signs of threatened termination
of the current pregnancy (Group 1), and pregnant women with uncomplicated pregnancies and an unremarkable obstetric history
(Group 2, control). Gamma spectrometry of placentas from both groups demonstrated ¥’Cs accumulation at varying activity
levels. The consequent biological effect was oxidative stress. The magnitude of the stress response was assessed by serum levels
of diene conjugates (DC) and malondialdehyde (MDA). Antioxidant capacity was evaluated by measuring the activity of catalase,
glutathione S-transferase, and superoxide dismutase (SOD). Psychological screening comprised assessment of personal stress
perception, psychoemotional tension, anxiety, and asthenia. The study was conducted in accordance with the principles of the
World Medical Association Declaration of Helsinki on Ethical Principles for Medical Research Involving Human Subjects.
Informed consent was obtained from all participants prior to enrolment. Ethical approval was granted by the Medical Ethics
Committee of the State Institution «Institute of Pediatrics, Obstetrics, and Gynecology named after Academician O. M. Lukyanova
of the National Academy of Medical Sciences of Ukraine» (Protocol No. 3, 07 June 2017; Protocol No. 3, 20 April 2023).
Statistical analysis was performed in Microsoft Excel, with Fisher's angular transformation applied where appropriate.
Differences between compared values were considered statistically significant at p < 0.05 (confidence level exceeding 95%,).
The study was carried out under two institutional research projects: «To develop novel and refine existing technologies for the
diagnosis, prevention, and treatment of premature pregnancy termination in women with pregnancy loss, examining the role
of contemporary environmental exposures» (2018-2020, state registration No. 0118U000039), and «To develop diagnostic
and therapeutic measures for the prevention of pregnancy loss in women in Ukraine during martial lawy (2024-2026, state
registration No. 0123U103153).

Results. Psychosocial adaptation disorders — comprising elevated personal stress perception, anxiety, and asthenia — were
identified in women with pregnancy loss. The destructive effect of '*'Cs is mediated by oxidative stress and results in placental
dysfunction. The severity of these effects is determined by '*’Cs activity and the adequacy of antioxidant protection. A specific
activity of*’Cs exceeding 10.4 Bq/kg is critical for pregnancy outcome. A 2.25-fold elevation of DC in the first trimester relative
to controls indicates activation of free radical reactions. Prognostically unfavourable findings include SOD deficiency and
MDA excess exceeding 10% in the first trimester. Increased generation of lipid peroxidation (LPO) products with impaired
neutralisation and utilisation at the onset of pregnancy constitutes the pathophysiological basis for placental dysfunctionA first-
trimester MDA elevation of 17.4% relative to controls serves as a trigger for late preterm birth. The risk of early preterm birth
and intrauterine fetal death is increased when first-trimester maternal blood MDA levels exceed those of controls by 23.4%,
particularly when accompanied by an 18.2% reduction in SOD activity, indicating impaired antioxidant defence and early
decompensation of adaptive mechanisms.

Conclusions. Oxidative and psychoemotional stress play a decisive role in the pathogenesis of pregnancy loss. Radionuclide
decorporation and activation of placental adaptive processes represent promising strategies for mitigating the effects of internal
radiation exposure. Enhancement of pregnant women s adaptive potential through strengthening psychoemotional resilience and
fostering a positive orientation toward pregnancy and motherhood is of comparable importance for the prevention of pregnancy loss.
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The reduction of reproductive losses therefore remains the
primary goal of obstetrics.

Introduction
Sustaining population growth amid an unfavourable

demographic situation represents a challenge of national
importance for Ukraine, and within the system of state
priorities, particular attention is directed toward the
health of future generations. The health of the neonate is
substantially determined by the intrauterine conditions
of fetal development [1], and adverse environmental
conditions predispose to obstetric and perinatal
complications, impairing postnatal and social adaptation.

In the 1980s, World Health Organization (WHO)
experts identified four major determinants of human
health [2]. Genetic factors were estimated to account for
15-20%, environmental factors for 20-25%, quality of
medical care for 10-15%, and lifestyle factors for 50-55%,
rendering lifestyle and environmental conditions the
most influential determinants. Lifestyle encompasses the
standard of existence of an individual in society. A regular
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daily routine, balanced nutrition, adequate physical activity,
and psychoemotional stability constitute the foundations
of a healthy lifestyle. Pregnant women represent one of
the most vulnerable population groups, particularly during
periods of social upheaval, as pregnancy and childbirth are
themselves associated with profound changes in lifestyle,
perception, and psychophysiological functioning. The
war has fundamentally altered the lives of the Ukrainian
population, functioning as a powerful psychological
stressor capable of precipitating depressive disorders
and heightening anxiety. Warfare also carries significant
environmental consequences, including contamination
of soil, water, and air [3, 4]. The combination of chronic
psychosocial stress and deteriorating environmental
conditions undermines the maintenance of a healthy
lifestyle and, in pregnant women, may result in obstetric
complications, including pregnancy loss [5, 6].

The female reproductive system responds to prolonged
exposure to adverse external and internal factors through
adaptive reactions that may progressively acquire
pathological characteristics [7, 8]. The psychoemotional
state of a woman exerts a measurable influence on pregnancy
outcomes, and an association between stress and pregnancy
loss has been established [9, 10]. Recurrent pregnancy loss
constitutes a profoundly distressing experience for affected
couples. Bereavement is accompanied by disappointment,
anxiety, hopelessness, and emotional dysregulation —
psychological sequelae that represent key components of
the recurrent pregnancy loss syndrome [11].

An understanding of the mechanisms underlying
stress vulnerability enables the prediction, prevention, and
treatment of post-stress pathological conditions. Despite its
paramount clinical importance, stress as a physiological
phenomenon remains incompletely characterized.
Although stress is commonly associated with adverse
health outcomes, it fundamentally represents the body’s
adaptive response to physical or psychoemotional stimuli
(stressors). In response to a stressor, an individual either
avoids its impact or adapts to new environmental demands.
Long-term adaptation is acquired through moderate
repeated exposure to stress, whereas excessive stressor
exposure leads to failure of adaptation, development of
pathology, or death. The constancy of the body’s internal
environment is an indispensable prerequisite for life, and
disruption of homeostasis is inherently stressful. The stress
response is directed at restoring homeostatic equilibrium.
Accordingly, efforts to preserve pregnancy must encompass
protection against both stressors and stress-mediated
tissue damage. The study of individual stress resilience is
clinically relevant for predicting pregnancy outcomes, as
pregnant women differ substantially in their susceptibility
or resistance to stress-related disorders.

The emotional sphere constitutes a primary component
of adaptive responses, reacting immediately to changes in
an individual’s environment and determining subsequent
humoral influences. The psychophysiological profile
of an individual is governed by the activity of cortical
and subcortical brain structures. The limbic system and
autonomic nervous system mediate sympathoadrenal and
vagotonic responses that regulate adaptive mechanisms.
A woman’s emotional state, mood, anxiety level, and
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perception of her impending motherhood exert a significant
influence on the course of pregnancy and on the physical and
mental health of the child [12]. The style of experiencing
pregnancy is regarded as an important characteristic of
the psychological component of the gestational dominant,
which regulates neuroimmune-hormonal processes within
the mother—placenta—fetus system [13].

Pregnancy is characterised by intensified emotional
reactivity, with each woman’s experience shaped by
her individual psychophysiological profile and obstetric
history; nevertheless, anxiety about the pregnancy outcome
represents a universal concern among pregnant women.
In the early stages of pregnancy, adaptation to the new
physiological state is accompanied by symptomatic
manifestations that give rise to cognitive interpretations
and emotional responses — including anxiety, fear, or
joy — which may either alleviate or intensify physical
symptoms. A particular concern is recurrent pregnancy
loss, in which pregnancy itself becomes a psychotraumatic
factor, activating latent experiences associated with prior
reproductive loss. Negative emotional states during gestation
are associated with placental dysfunction, fetal growth
restriction, and pregnancy loss [9-13]. Psychoanalytic
approaches enable exploration of deeply rooted irrational
emotions and resolution of internal conflicts. The elucidation
of the psychological component of pregnancy loss remains
an important objective of obstetric science.

Activation of stress-implementing systems and
catecholamine release is regarded as a physiologically
appropriate stress response; however, chronic stress
precipitates sympathoadrenal and hypothalamic-pituitary-
adrenal dysfunction, shifting stress reactions from adaptive
to destructive [8, 14, 15]. The resultant hyperproduction of
adrenaline and noradrenaline activates humoral immunity
and cytokine expression while suppressing cellular
immunity, and the ensuing immunological deviations serve
as predictors of inflammation, uncontrolled apoptosis, and
pregnancy loss [8, 11, 15].

Women are additionally exposed to various chemical
stressors. Although four decades have elapsed since the
Chornobyl Nuclear Power Plant accident, its consequences
continue to affect the Ukrainian population. The principal
radiological threat is posed by *’Cs, and ecosystems
contaminated with '*’Cs serve as a persistent source
of human exposure. Prolonged low-intensity radiation
exposure is more hazardous than a single high-intensity
exposure. The biological effects of '*’Cs are attributable
to its absorption into the bloodstream and accumulation
in organs with heightened radiosensitivity, including the
placenta. Oxidative stress induced by '*’Cs disrupts the
histoarchitecture of the placenta, and the severity of these
effects is governed by '*’Cs activity. Decompensation of
placental reserve capacity represents the proximate cause
of pregnancy loss [16, 17].

Oxidative stress represents an integral component of
normal pregnancy, regulating the onset of parturition. At the
cellular level, oxidative stress induces fetal cell senescence,
which in late-stage normal pregnancy is physiologically
justified, as fetal cell senescence exerts a uterotonic effect
that triggers the onset of labour [18Preterm birth, by
contrast, results from placental and fetal damage caused



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCTIAHUX POBIT

by oxidative stress exceeding the capacity of antioxidant
defence mechanisms. Assessment of the antioxidant system
is therefore essential for preventing adverse extremes
during pregnancy [16-21].

The biochemical response to stressors is complex, with
peroxide homeostasis representing a critical determinant of
successful pregnancy outcome [19]. The activation of pro-
oxidant reactions constitutes the general pattern of response
to any stressor, and psychoemotional stress and oxidative
stress are interrelated components of the pathogenesis
of recurrent pregnancy lossThe study of biochemical
processes in pregnant women subjected to prolonged
neuroemotional and radiation exposure is relevant to the
prediction and prevention of pregnancy loss.

Objective
To determine markers of pregnancy loss in the setting
of chronic stress.

Materials and methods

The present article draws on the results of studies
examining morphological and immunohistochemical
changes in the placenta resulting from '*’Cs incorporation,
and identification of psychological factors associated with
pregnancy loss [16, 17].

The study enrolled pregnant women with a history of
reproductive losses and signs of threatened termination
of the current pregnancy (Group 1), and pregnant women
with uncomplicated pregnancies and an unremarkable
obstetric history (Group 2, control). *’Cs accumulation
at varying activity levels was detected in the placentas
of both groups, accounting for observed differences in
pregnancy outcomes. Volumetric activity of '*’Cs in
placental tissue was measured by gamma spectrometry
with the isotope sample analyser RC-101 (Japan). *’Cs
is a beta-gamma emitter with a half-life of 30.1 years,
emitting gamma quanta at an energy of 662 keV, which
are detected by the instrument; measured activity was
divided by sample mass, with results expressed in Bq/kg.
The nature of placental damage attributable to '*’Cs was
assessed by morphological examination. Placental samples
were analysed according to a standardised protocol
comprising organometric measurements and examination
of the umbilical cord, membranes, and both the fetal and
maternal surfaces of the placenta (Form No. 013-1/0) [16].
Light microscopy was employed to identify involutional-
dystrophic, dyscirculatory, and inflammatory changes.

Based on the outcome of the current pregnancy, women
in Group 1 were stratified into subgroups. In subgroup 1a,
pregnancy culminated in term delivery despite signs of
threatened miscarriage throughout gestation; in subgroup
1b, late preterm birth occurred; and in subgroup lc, early
preterm birth was recorded.

In placentas from the control group, *’Cs activity
did not exceed 1.0 Bq/kg — a level insufficient to induce
morphological changes or impair placental functional
capacity.

In subgroup la, '¥’Cs activity in placental tissue
ranged from 1.1 to 4.4 Bg/kg. Morphological examination
revealed circulatory disorders in 30% of placentas and
dystrophic changes in 50% of samples; nonetheless,

pregnancy was successfully prolonged to term, reflecting
preserved compensatory capacity of the placenta.

In subgroup 1b, *’Cs activity ranged from 4.5 to
10.4 Bg/kg and was accompanied by injury to the maternal
stroma. The maternal surface of the placenta exhibited
areas of ischaemia, haemorrhages, afunctional zones,
and detachment of the decidual membrane, while signs
of inflammation were detected in approximately 80% of
fetal membranes.

In subgroup Ic, *7Cs activity in placental tissue exceeded
10.4 Bg/kg. Damage to both maternal and fetal placental
structures at this activity level constituted a probable
cause of fetal death. Morphological examination revealed
immaturity of intermediate and terminal villi, inflammation
of the decidual membrane, and globally impaired vascular
perfusion attributable to total detachment of the decidual
membrane. A '¥’Cs activity exceeding 10.4 Bg/kg is therefore
considered lethal to the fetus.

Stress screening was performed in 84 women from Group
1 and 30 women from Group 2, comprising assessment
of stress perception, psychoemotional tension, personal
anxiety, and asthenia [22]. Laboratory investigations were
carried out in 70 of the 84 women in Group 1; the remaining
14 women, as internally displaced persons during wartime,
continued antenatal follow-up at healthcare facilities in
other regions, primarily in western Ukraine.

Stress perception was assessed by the Perceived Stress
Scale (PSS), with a score of 32 points corresponding to
a high stress level.

Psychoemotional tension was measured by the PSM-25
scale, on which a score below 100 points indicates
psychological adaptation to stress, a score of 100-154 points
corresponds to moderate psychoemotional stress, and
a score of 155 points or above indicates maladaptation and
psychological discomfort.

Personal and situational anxiety were assessed by the
Spielberger Anxiety Scale, with scores of 20-34 points
indicating low anxiety, 35-45 points indicating moderate
anxiety, and scores above 45 points indicating high anxiety.

The degree of asthenia was assessed by the Minnesota
Multiphasic Personality Inventory (MMPI), with scores
below 50 points indicating the absence of asthenia,
51-75 points indicating minor asthenic manifestations,
76-100 points indicating a moderate asthenic state, and
101-120 points indicating pronounced asthenic syndrome.

The autonomic nervous system response to stressors
was evaluated by measuring pulse rate and blood pressure,
with reference to the height, weight, and age of the
participant. A functional change index below 2.6 points
indicates satisfactory adaptation; 2.6-3.0 points indicates
strained adaptation mechanisms; 3.1-3.5 points indicates
unsatisfactory adaptive capacity; and a value exceeding
3.5 points indicates adaptive failure.

Activation of stress-implementing systems was
quantified by cortisol levels in blood and 24-hour urine.

The intensity of oxidative stress was evaluated by serum
levels of diene conjugates (DC) and malondialdehyde
(MDA), and the status of the antioxidant defence system was
assessed by measuring the activities of catalase, glutathione
S-transferase (GST), and superoxide dismutase (SOD).
Biochemical analyses were performed on a Specol-11
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spectrophotometer (Germany). DC concentrations were
determined by spectrophotometric analysis of the lipid
extract, exploiting the ultraviolet absorbance of diene
conjugates at 233 nm. MDA levels were quantified by
measuring the absorbance of the 3-methyl-2-thiobarbituric
acid-MDA complex at 532 nm in 10 mm cuvettes under
acidic conditions and elevated temperature. Catalase
activity was determined by monitoring the decrease
in hydrogen peroxide concentration at 240 nm. GST
activity was measured based on the absorbance of the
complex formed between reduced glutathione and
chlorodinitrobenzene at 340 nm. SOD activity was
assessed by the rate of formazan formation in reactions
with nitroblue tetrazolium at 560 nm.

The study was conducted in accordance with the principles
of the World Medical Association Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human
Subjects. Informed consent was obtained from all participants
prior to enrolment. Ethical approval was granted by the
Medical Ethics Committee of the State Institution «Institute
of Pediatrics, Obstetrics, and Gynecology named after
Academician O. M. Lukyanova of the National Academy of
Medical Sciences of Ukraine» (Protocol No. 3, 07 June 2017;
Protocol No. 3, 20 April 2023).

Statistical analysis was performed in Microsoft Excel
(2016), with Fisher’s angular transformation applied where
appropriate. Differences between compared values were
considered statistically significant at p < 0.05 (confidence
level exceeding 95%).

The study was carried out under two institutional
research projects: «To develop novel and refine existing
technologies for the diagnosis, prevention, and treatment
of premature pregnancy termination in women with
pregnancy loss, examining the role of contemporary
environmental exposures» (2018-2020, state registration
No. 0118U000039), and «To develop diagnostic and

therapeutic measures for the prevention of pregnancy loss
in women in Ukraine during martial law» (2024-2026, state
registration No. 0123U103153).

Results and discussion

The magnitude of the stress effect is determined by the
duration of stressor exposure, the state of the autonomic
nervous system, the degree of psychoemotional tension,
and the extent of activation of stress-implementing systems.
Inadequate adaptation of maternal physiology predisposes
to pregnancy complications. Women in Group 1 had
a history of 2 to 9 prior pregnancies; habitual miscarriage
was documented in 35.8% of cases, with pregnancy loss
occurring in the first trimester in 76.3% and in the second
trimester in 7.9% of affected women. Preterm birth had
been recorded in 22.0% of women in this group. Early
preterm births resulted in stillbirth, whereas late preterm
births resulted in live-born premature neonates requiring
prolonged rehabilitation; among the latter, 5.6% were
subsequently assigned disability status.

Women in the control group were not exposed to
comparable stressors, and their perceived stress levels
remained within physiological ranges.

Stress perception in Group 1 was elevated, with amean PSS
score of 39.8 + 0.4 points, compared with 26.2 + 0.3 points
in the control group (p < 0.05). Psychoanalytic assessment
identified two dominant psychotypes in Group 1: psychotype
A — highly anxious women with neuropsychic lability (n =
54; 64.3%); and psychotype B — emotionally stable women
with preserved adaptive capacity (n = 30; 35.7%). Notably,
90% of women with psychotype B belonged to subgroup
la, whereas the majority of women in subgroups 1b and 1c
were classified as psychotype A. A. Psychotype classification
was based on assessment of anxiety level, perceived stress,
psychoemotional stability, asthenic manifestations, and
adaptive mechanisms (Table 1).

Table 1

Criteria for psychotype formation in pregnant women with habitual miscarriage

Criterion Psychotype A

Psychotype B

Anxiety level worry and fears

High anxiety; pronounced tendency toward

Moderate or low anxiety; emotional control
and positive thinking

Psychological Emotional lability; mood fluctuations

Emotional stability; appropriate stress

stability responses
Perceived stress High perceived stress, emotional distress and .

. s Moderate or low perceived stress
level rapid cognitive overload

Asthenic symptoms exhaustion

Pronounced asthenic symptoms; emotional

Moderate asthenic symptoms; preserved
energy and work capacity

Adaptive coping
mechanisms

Reduced adaptive responses, negative affect
and impaired mobilisation of internal resources

Adequate adaptive mechanisms; effective
coping with stressful situations

Assessment of experienced stress levels, together with
somatic, behavioural, and emotional indicators, revealed
a state of disadaptation and psychological discomfort in
pregnant women of Group 1 (Table 2). Prior experiences of
reproductive loss were associated with greater psychological
discomfort in women with psychotype A than in those
with psychotype B. The threat of pregnancy loss induced
pronounced anxiety and fear. Psychoemotional tension in
women with psychotype B decreased toward the end of the
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second trimester, when the critical periods of reproductive
risk had elapsed; however, psychological discomfort
recurred after 36 weeks of gestation, driven by anxiety about
the outcome of impending delivery.

Personal anxiety levels in women with pregnancy loss,
stratified by psychotype, are presented in Table 3. Women
with psychotype A demonstrated high personal anxiety,
whereas those with psychotype B exhibited moderate
anxiety levels throughout gestation
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Table 2

Stress experience index according to the PSM-25 scale in pregnant women of Group 1, stratified by psychotype
across gestational trimesters (M £ m, points)

Psychotype N Value of the indicator by gestational age (weeks)
variants before 12 weeks 13-24 25-36 37-40
A 54 159.1+24 159.6 £ 2.8 1604 £ 3.4 149.2 £ 3.1
B 30 156.2 + 3.3 153.7 £ 3.1 132.8 + 3.1* 146.2 + 3.3

Note. * Statistically significant difference relative to psychotype A, p < 0.05
Scale interpretation:

below 100 points — psychological adaptation;

100-154 points — moderate psychoemotional stress;

155 points and above — maladaptation and psychological discomfort

Table 3

Personal anxiety index according to the Spielberger Anxiety Scale in pregnant women of Group 1, stratified by
psychotype across gestational trimesters (M * m, points)

Psychotype n Value of the indicator by gestational age (weeks)
variants before 12 weeks 13-24 25-36 37-40
A 54 484 +22 48.0+1.8 46.4+1.8 452 +1.8
B 30 40.2 +1.8* 38.4+1.9* 34.2 +1.6* 36.2 + 1.6*

Note. * Statistically significant difference relative to psychotype A, p < 0.05

Scale interpretation:

20-34 points — low anxiety;
35-45 points — moderate anxiety;
above 45 points — high anxiety

Pronounced asthenic manifestations were characteristic
of women with psychotype A, whereas moderate asthenia
predominated in those with psychotype B (Table 4).

Accordingly, stress-protective therapy was indicated to
a greater extent in women with psychotype A than in those
with psychotype B.

Table 4

Asthenia index in pregnant women of Group 1, stratified by psychotype across gestational trimesters (M £ m, points)

Psychotype N Value of the indicator by gestational age (weeks)
variants before 12 weeks 13-24 25-36 37-40
A 54 109,8+2,4 106,2 + 3,4 104,8+24 90,8 + 3,1
B 30 83,9 +1,3* 81,1+24" 772+1,3" 76,5+ 1,3"

Note. * Statistically significant difference relative to psychotype A, p < 0.05

Scale interpretation:

51-75 points — mild asthenia;
76-100 points — moderate asthenia;
101-120 points — severe asthenia

The pathogenesis of obstetric complications resides
in the desynchronisation of adaptive reactions within
the functional mother—placenta—fetus system [6, 17, 18].
Based on the calculated functional change index, tension of
adaptation mechanisms was observed in 55.3% of women
in Group 1, whereas adaptive failure was recorded in 7.9%.
In the control group, autonomic function was assessed
as satisfactory in 76.5% of women, with the remainder
exhibiting moderate tension of adaptive mechanisms.

Prolonged activation of stress-implementing systems
in Group 1 was evidenced by elevated blood cortisol
concentrations of 345.8 + 6.1 nmol/L and accelerated
urinary cortisol excretion of 283.7 £ 2.7 nmol/day,
compared with control values of 284.4 + 4.3 nmol/L and
136.4 £ 9.04 nmol/day, respectively (p < 0.05). Cortisol is
a principal mediator of the stress response: glucocorticoids
redirect metabolism toward increased energy expenditure,
alter the response properties of physiological systems,
and facilitate cognitive restructuring associated with

adaptation to significant events. Chronically elevated
cortisol concentrations are associated with an increased
risk of various pathological conditions [23].

Habitual miscarriage thus constitutes a powerful
stressor. The inability to sustain a pregnancy generates
fear of subsequent conception attempts, and the cumulative
negative experience of reproductive loss gives rise to
a pathological psychological profile. The psychological
component of recurrent pregnancy loss comprises elevated
personal stress perception, anxiety, and asthenia, the
combined effect of which exhausts adaptive mechanisms
and perpetuates a cycle of pregnancy loss. The statistically
significant differences identified within Group 1 according
to psychotype confirm the contribution of psychological
factors to the development of pregnancy loss.

Placental dysfunction, arising from anatomical damage
and aberrant angiogenesis, represents the most frequent
cause of reproductive losses. In Group 1, placental
dysfunction developed as a consequence of internal
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radiocesium exposure, which induced oxidative stress,
with'¥’Cs activity in placental tissue being a critical
determinant of outcome. Reactive oxygen species in the
intervillous space mediate damage to the chorionic tree,
haemorrhages, and infarctions. Peroxide homeostasis is
therefore a critical determinant of successful pregnancy
outcome. The balance between pro-oxidants and
antioxidants governs the body’s resistance and tolerance to
external influences. Elevated malondialdehyde (MDA) and
diene conjugate (DC) levels exceeding the physiological
capacity of the antioxidant system (AOS) are indicative
of oxidative stress. Both intermediate and end products of

lipid peroxidation (LPO) exert cytotoxic and mutagenic
effects [18, 24-28].

From the onset of pregnancy, elevated blood levels
of DC, lipid hydroperoxides, MDA, and reactive oxygen
species were detected in Group 1. Oxidation of arachidonic
acid resulted in the formation of primary LPO products —
diene conjugates — which are toxic to lipoproteins, proteins,
nucleic acids, and enzymes. DC levels in the first trimester
exceeded control values by 2.25-fold, and by 1.25-fold and
1.50-fold in the second and third trimesters, respectively
(p<0.01) (Table 5), indicating sustained activation of free
radical reactions throughout gestation.

Table 5
LPO parameters in the blood of examined women across gestational trimesters (M £ m)
Groups n Trimester . Diene Lipid hydroperoxides, | Malonic dialdehyde, 0., OH, H.O
conjugates, U/mL pgmol / ml pmol / ml 2 272
I 62.8 +4.1* 2.13 + 0.06* 149.6 + 3.8* 63.8 + 3.6*
Group 1 70 Il 36.8 + 3.2* 2.12 £ 0.07* 144 .4 + 2.6* 54.3 +4.3*
1] 46.8 +2.1* 3.34 +1.1* 152.2 + 3.1* 58.6 + 2.5*
I 27.9+1.2 1.67 +0.04 128.4 +3.7 353+2.8
(%f:tfof) 30 I 295+ 1.2 1.77 £0.06 136.4 £ 2.9 364117
1] 31.1+29 1.99+0.14 142.6 + 3.6 38.7+1.9

Note. * Statistically significant difference relative to the control group, p < 0.01

The end products of LPO influence the synthesis
of prostaglandins, thromboxanes, leukotrienes,
glucocorticoids, and progesterone [25, 28], with MDA
representing the most clinically significant among them.
First-trimester MDA concentrations are predictive of
pregnancy outcome: elevated MDA in early gestation
increases the likelihood of placental dysfunction,
preterm birth, and antenatal fetal loss. In subgroup la,
first-trimester blood MDA levels exceeded baseline
by 8.7% — an increment regarded as physiologically
acceptable, consistent with the natural metabolic adaptation
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to pregnancy and the attendant increase in oxidative
compound production; all pregnancies in this subgroup
culminated in term delivery. A first-trimester serum MDA
elevation of 17.4% relative to baseline was associated
with an increased risk of late preterm birth, whereas
a 23.4% elevation served as a predictor of early preterm
birth (Figure 1). These findings confirm the prognostic
value of dynamic MDA monitoring from early gestation
and substantiate its application to risk stratification and
individualised pregnancy management aimed at reducing
the incidence of preterm delivery.
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Figure 1. Percentage increase in blood MDA levels in pregnant women of Group 1 relative
to the control group

Free radical neutralisation is effected by the antioxidant
system (AOS) through four sequential stages of antioxidant
protection. At the first stage of detoxification, toxic
substances are partially neutralised by antioxidant enzymes:
superoxide dismutase (SOD) converts superoxide radicals
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into hydrogen peroxide, catalase degrades hydrogen
peroxide into water and oxygen, and ceruloplasmin
attenuates free radical formation. The resulting hydrophilic
metabolites subsequently undergo conjugation with
glutathione, after which the conjugated derivatives are
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excreted. The final stage comprises reparative regeneration
of damaged molecules. Glutathione is regarded as a key
antioxidant, supporting immune responses, metabolism,
micronutrient homeostasis, proliferation, differentiation,
and apoptosis [24, 27].

Women in Group 1 exhibited reduced levels of
glutathione, SOD, and catalase (Table 6). Glutathione
S-transferase activity was approximately half that recorded
in the control group (Table 7), indicating suppression of
detoxification mechanisms.

Table 6
AOS parameters in the blood of examined women across gestational trimesters (M £ m)
Groups n Trimester Catalase, SOD, arb.u./mL/min | Reduced glutathione, pmol / ml
pmol H,O,, ml
I 25.7 + 1.5* 47.8+2.7 2.78 + 0.02*
Group 1 70 Il 38.6+24 52.3+2.8* 3.34 + 0.06*
11l 32.5+2.1* 49.8 +£2.3* 3.02 + 0.04*
G 9 I 385+2.2 54.8+3.6 3.58 + 0.03
roup 30 I 40618 612+14 3.62£0.02
(Control)
11l 448+1.9 62.4+26 3.74 +0.03

Note. * Statistically significant difference relative to the control group, p < 0.01

Increased generation of LPO products with impaired
neutralisation and utilisation at the onset of pregnancy
constitutes the pathophysiological basis for placental
dysfunction. A first-trimester reduction in blood SOD
activity of 13.0% served as a predictor of preterm birth in
subgroup 1b. Decompensation of adaptive mechanisms,

associated with early preterm birth and antenatal fetal
death, was indicated by an 18.2% reduction in first-
trimester blood SOD activity in subgroup lc. SOD activity
in subgroup la was maintained at levels sufficient to sustain
adaptive and compensatory responses throughout gestation
(Figure 2).

Table 7
Glutathione S-transferase activity in examined pregnant women (M * m)
Groups and subgroups n GST activity, CDNB /mg protein/min
1a 30 1.99 + 0.14*
1b 20 1.83+0.18*
1c 20 1.82+0.16*
Control 30 3.86 + 0.23

Note. * Statistically significant difference relative to the control group, p < 0.05

The compensatory capacity of the mother—placenta—
fetus system in these women was closely associated with
blood SOD concentrations. Reduced SOD activity in the first

18,2

BifACOTOK, %
percentage, %

- 13

trimester, accompanied by a 10% elevation in MDA relative to
the control group, represented a prognostically unfavourable
indicator for pregnancy outcome (Figures 1 and 2).
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36,2

26,3

17,1

0012 TUX/BEFORE 12
WEEKS
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1c niarpyna/subgroup

Figure 2. Percentage reduction in blood SOD activity in pregnant women of Group 1 relative
to the control group

137



HEOHATOJNOrIA, XIPYPTISi TA NEPUHATANBHA MEAULUHA
NEONATOLOGY, SURGERY AND PERINATAL MEDICINE

ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

T. XVI, Ne2(60), 2026
VOL. XVI, Ne2(60), 2026

KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)

SOD and catalase activities are interrelated. Catalase
protects cells from the damaging effects of hydrogen
peroxide by degrading it into water and oxygen, and its
activity reflects cellular oxygen demand [19, 24]. Catalase
activity in subgroups 1b and lc was reduced by 39.2%
and 44.9%, respectively, in the first trimester (Figure 3).
Second-trimester catalase activity dynamics indicated
the development of adaptive reactions during this period;
however, after 25 weeks of gestation, catalase and SOD
activity declined in subgroups 1b and lc, reflecting
depletion of antioxidant defence mechanisms (Table 5,
Figure 3).

Impairment of LPO regulation and antioxidant
defence inevitably predisposes to hypoxia in organs and
tissues. Oxidative stress activates the transcription of

factors regulating inflammatory and immune responses,
and insufficient homeostatic support by regulatory
systems contributes to endothelial dysfunction, systemic
inflammation, and mono- or multi-organ failure [8, 11,
15, 28]. Prolonged *"Cs exposure depletes antioxidant
defences, and placental '*’Cs activity exceeding 10.4 Bq/kg
is considered critical for pregnancy outcome.

Serial determination of DC, MDA, SOD, and catalase
concentrations in maternal blood represents a predictive
approach to assessing oxidative stress intensity and
stratifying pregnancy risk. Expansion of women’s adaptive
potential through strengthening psychoemotional resilience
and fostering a positive orientation toward pregnancy
and motherhood constitutes a promising strategy for the
prevention of reproductive losses.

KaTtanasa/Catalase

44,9
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percentage, %
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1c niarpyna/subgroup

Figure 3. Percentage reduction in blood catalase activity in pregnant women of Group 1 relative to
the control group

Conclusions

1. The psychological component of pregnancy loss
comprises elevated personal stress perception, anxiety, and
asthenia.

2. Two dominant psychotypes of psychosocial
adaptation disorder have been identified in women
with pregnancy loss: psychotype A — high anxiety
with low neuropsychic resistance (64.3%); psychotype
B — emotional stability with preserved adaptive capacity
(35.7%). Premature termination of the current pregnancy
occurred predominantly in women with psychotype A.

3. ¥Cs at varying activity levels is detectable in the
placentas of Ukrainian women 39 years after the Chornobyl
accident. Prolonged low-intensity radiation exposure
disrupts the histoarchitecture and functional capacity of the
placenta, with the severity of consequences determined by
¥7Cs activity and the adequacy of antioxidant protection.
A ¥7Cs activity exceeding 10.4 Bq/kg is critical for
pregnancy outcome.

4. Serial determination of DC, MDA, SOD, and
catalase concentrations in maternal blood enables
assessment of oxidative stress intensity and stratification of
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pregnancy risk. Increased generation of LPO products at the
onset of pregnancy, combined with impaired neutralisation
and utilisation, constitutes the pathophysiological basis for
placental dysfunction, the proximate cause of reproductive
losses being placental insufficiency.
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POJIb CTPECY B IATOI'EHE3I HEBUHOILIIYBAHHSI BATITHOCTI: IBI CTOPOHH OJHIEI TPOBJIEMHU
A. A. ’Kuseyvka-/lenucosa, 1. 1. Bopooitosa, JI. A. Jlozoea, O. B. Illamacsa, H. B. Pyoakosa

Y «BceykpaiHcbkHil HeHTP MaTepuHCTBA Ta IuTHHCTBA HanionanbHol akagemii MeAMYHUX HAYK YKpaiHm»
(M. KniB, Ykpaina)

Pesrome.

BuBueHHs BIUIHBY cTpecoBuX (akTopiB Ha mepedir BariTHOCTI € aKTyaJIbHIM ITUTaHHAM y CydacHil mepuHaronorii. ¥ crarri
BHUCBITJICHO POJIb CTPECOBHX PEaKIiil y iHOK, sKi 3a3HaiM BIUIMBY '*’Cs Ha piBHI IUIALICHTH, Ta ICHXOEMOLIHHUX CTPECOPIB y maro-
reHe31 HeBUHOIITYBAaHHS BariTHOCTI, SIK IBOX aCIIEKTIiB OfHi€l i Tiel sk mpobnemu. CTarTs 6a3yeThesl Ha pe3ynibTaTax BIACHUX MHHYIIHX
JOCTTIPKEHb 0CO0MMBOCTEH MOPQOIOTIYHOTO Ta iIMYHOTICTOXIMIYHOTO MOIIKO/KEHHSI IUTAIIEHTH BHACIIIOK iHKOprioparii'?’Cs, a Takox
TICHXOJIOTIYHUX KOMIIOHEHTIB HEBUHOIITYBAHHS BariTHOCTI.

Merta pocaigaxennsi. BusHaunti Mapkepy HEBHHOIIYBAaHHS BariTHOCTI B yMOBaX XpOHIYHOTO CTPECY.

Martepiajan Ta MeToaH. Y TOCTiIXXEHHI B3SJIM y9acTh )KiHKM 3 HEBUHOITYBAaHHSM B aHAMHE31 Ta 03HAKaMU MepepUBaHHS
MIOTOYHOI BariTHOCTI (MepIa rpyma), a TAaKoXX BaTiTHI 3 HEYCKJIaJHEHOIO BaTiTHICTIO Ta aHAMHE30M (IpyTa rpymna, KOHTpPOJIbHA). 3a
JIOTIOMOT' 010 Y-CIIEKTPOMETPIl B IIalieHTax 000X Ipyn crocTepiranocs HakonunueHHs '*’Cs 3 pi3HOI aKTHBHICTIO. Pe3ysipTaTtoM iforo
BIUTMBY € OKCHJIATHBHUI cTpec. CHIIy CTpecoBOl peakilii OIiHIOBAIN 3a piBHEM AieHOBHX KoH foratiB (JIK) i MmanoHOBOTrO miambae-
rizy (MJIA) y kpoBi. AHTHOKCHIAHTHY aKTHBHICTh BU3HAYAJIN 3a JIOTIOMOT0I0 MOKA3HUKIB KaTasasHy, [IyTaTioH-S-TpaHcdepasa Ta
cynepoxcuaaucmyTasu (CO/l). CkprHIHTOBa JiarHOCTHKA CTPECY BKJIIOYAJIa BU3HAYEHHS OCOOMCTICHOTO PiBHS CIIPHHHSTTS CTPECY,
TICHXOEMOI[i HHOT HAPyTH, TPUBOKHOCTI Ta acTeHii. JlociiyKeHHs TPOBOMIIOCS BiIMOBITHO 0 MPpUHIUTIIB [ ebCiHChKOT Aekmapartii
BcecBiTHBOT MequuHOI aconianii « ETHYHI MPpUHIUNN METUYHUX TOCIIKEHD 32 YUYacTIO JIofeii». Bix BariTHUX KiHOK OTpHMaHa
iH(OpMOBaHa 3roJja Ha y9acTh y JOCIikeHHi. JI03Bis Ha MPOBECHHS IOCiIKeHHS Oy10 OTpuMaHo Bij KoMiTeTy 3 MEIMYHOT €THKHU
Y «lHCcTHTYT mexiaTpii, akymepcTBa Ta TiHeKkoorii iMeHi akagemika O. M. Jlyk’ssHoBoi HarioHansHOT akafemMil MeANIHUX HAyK
VYxpaiam» (IIporoxon Ne 3 Big 07.06.2017 p; IIpotokom Ne 3 Bix 20.04.2023 p.). CTaTHCTHYHHHN aHAIII3 TPOBOAMIIH 3a JIOIOMOTOI0
nporpamu Microsoft Excel 3 BuxopuctanHsam KyToBoro nepersopeHHs dinrepa. Pi3HUII0 MiK MOPIBHSIBHIMHY 3HaUCHHSIMH BBaXKa-
1 BiporigHoto npH p < 0,05 (imxexc BiporigHocTi 6inbire 95%). JocmiiKeHHs IPOBOIUIIOCS B paMKaX JOCIITHUIBKAX TPOEKTIB:
«Po3po0HTH HOBITHI Ta BIOCKOHAIMTH iICHYIOUH TEXHOJOT11 JIarHOCTUKY, MPO(ITAaKTUKY Ta JTiIKYBaHHS IEPEIIACHOTO MIEPEPHUBAHHS
BAariTHOCTI Yy JKIHOK 3 HEBHHOIIYBAaHHSM 3 YpaxXyBaHHSM BILTUBY €KOJIOTTYHUX (PaKTOPIB B YMOBAX CHOTOJICHHS» (HOMEP JeprKaBHOT
peectpanii 0118U000039, repmin Buxonanus 2018-2020 pp.), a Takox H/IP «Po3pobuTn aiarHOCTHYHI Ta TiKyBaJIbHI 3aX0IH MO0
TIOTIepeKEHHS PO3BUTKY HEBUHOIIYBAHHS BariTHOCTI y XKIiHOK YKpaiHH B yMOBaX BOEHHOTO CTaHY» (HOMep AepkaBHOI peecTparil
01230103153, Tepmin BukoHanHsS 2024-2026 pp.).

Pe3ynbraTi. Y XKiHOK i3 HEBUHOIIYBaHHSM BariTHOCTI BUSBIICHI PO3JIa/IN TICHXOCOIIaIbHOT a/IalTallil: BACOKHUI piBEHb 0COOHCTIC-
HOTO CIIPHUHHATTS CTPECY, TPUBOTH i acTeHii. PyiiHiBHuMIT BrutuB *’Cs 0B’ 13aHHI 3 OKCHIATHBHUM CTPECOM Ta PO3BUTKOM IUIALICHTAPHOT
mucoyHkii. EkcTpeManbHi HACIi KK 3aiekarh Big aktuBHOCTI '¥7Cs Ta aIeKBaTHOCTI aHTHOKCHIAHTHOTO 3axucTy. [Turoma maca '¥’Cs
Bume 10,4 Bx/kr € kputiaHoto ams BaritHOCTI. 30inpmennas K y I Tpumectpi B 2,25 pa3u MOPIBHSAHO 3 KOHTPOJIEM CBIJYUTH IIPO
aKTUBALIIO BUIHOpaUKANEHUX peakniil. [IporHoctnano HecnipustiueiM € aedimut COJl ta naymmok MJIA B I Tpumectpi Ha 10%.
[ligBumieHa reHepartist IPOAYKTIB MEPEKUCHOTO OKUCHEHHS JIIMTI/IiB 3 MOPYIICHHSIM HEHTpatiallii Ta yTUIi3amii Ha MOYaTKy BariTHOCTI
3aKJIa/1a€ OCHOBY IUIarieHTapHoi aucdynkmii. 36inpmenss MJIA y I tpumectpi Ha 17,4% BiTHOCHO KOHTPOJIIO € TPUTEPOM Mi3HIX Mepen-
YacHUX TOJIOTIB. PU3KK nepeqyacHuUX MOJIOTiB Ta BHYTPIITHBOYTPOOHOT 3arudeti mioaa 3pocTae, Koiu piBeHs MJIA B KpoBi BariTHUX
*iHOK mpoTsiroM | Tpumectpy Ha 23,4% BuIMI, HIX Y KOHTpOIbHIH rpymi. OqHowacHe 3HmkeHHs aktuBHOCTI CO/l Ha 18,2% mpotn
KOHTPOJIIO CBIAYHUTH PO TOPYIICHHS aHTHOKCHAAHTHOTO 3aXHCTY Ta PAHHIO AEKOMIICHCAIIII0 aIallTHBHUX MEXaHI3MiB.

BucnoBkn. OkcHIaTHBHAHN 1 eMOLIIHUH cTpec BiAIrpaloTh BUPIMIaIbHy PONIb Y MaTOTeHEe31 HEBUHOIIYBAHHS BariTHOCTI. J{exop-
roparis paJiOHYKIIi/IiB i aKTHBALlis aJaNTaIifHAX MMPOIIECiB Y IUIANEHTI € MePCIEKTUBHUM IIOJ0 3MEHIICHHS BILTUBY BHYTPIllIHHOTO
onpoMiHeHHs. He MeHII BaykJIMBUM JJIs 3ar100iraHHs BTpaTaM BariTHOCTI € MiJABHINEHHS aJallTHBHOTO MOTEHI[Iay BariTHUX XIHOK
[IUISTXOM TTOKpAIIEHHS ICHXOEMOIIHHOT CTa0lTBHOCTI i POpMyBaHHS IO3UTHBHOI Opi€HTAIII] HA BAaTiTHICTD Ta MAaTEPUHCTBO.

KirrouoBi cj1oBa: 3suune HEBUHOIIIYBaHHSI BariTHOCTI; ruianenTa; ¥’Cs; cTpec; mepeKHCHUI reMoCcTas.
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