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Summary

To date, there is no consensus on the pathogenesis of miscarriage. In modern life, human health is significantly influenced by
environmental factors. In this regard, 37 years after the accident at the Chornobyl nuclear power plant, the question of remote
cytogenetic and hereditary effects in the offSpring of parents affected by radiation remains relevant. Ecosystems contaminated with
radioactive substances are a source of exposure for humans. Internal irradiation is the cause of reproductive losses. Radiation
stress affects the course of redox processes in the body. Biochemical indicators are markers of the influence of environmental
factors on a person. The study is dedicated to determining the state of peroxide hemostasis in the case of miscarriage.

Aim: to determine the peculiarities of the functioning of the detoxification system in case of miscarriage due to the
accumulation of 137Cs.

Material and methods. The first (research) group included women with reproductive losses in anamnesis and signs of
termination of the current pregnancy; the second (control) group included women with an uncomplicated history and course of
pregnancy. Additionally, the first group was divided into subgroups according to pregnancy outcomes: A4 —38 women who gave
birth at 37-40 weeks, despite the complicated course of the current pregnancy, B—13 women who gave birth at 28-36 weeks + 6
days, C—9 women who birth at 22-27 weeks + 6 days. The state of peroxide hemostasis in women was studied using biochemical
studies. Accumulation of *¥'Cs with different activity was detected in the placentas of the examined women of both groups using
-spectrometry. Morphological examination of placentas was performed according to the protocol. The severity of placental
damage was studied by Olympus BX51 and Axioskop 40 microscopes. Analyzing the results revealed a relationship between
biochemical indicators, the activity of »*’Cs, and pregnancy scenarios.

Statistical data analysis was performed using Microsoft Excel (2016) and Fisher angular transformation. The difference
between comparative values was considered significant at p < 0.05 (probability index greater than 95 %).

Permission to conduct research was obtained from the Medical Ethics Committee of the SI «Institute of Pediatrics, Obstetrics,
and Gynecology named academic Elena M. Lukyanova of the National 4cademy of Medical Sciences of Ukraine» (protocol No
3 0f 07.06.2017).

Scientific research work is to «Develop the latest and improve existing technologies for diagnosis, prevention, and treatment
of premature termination of pregnancy in women with miscarriage taking into account the passport of the placenta» (2018-2020).
Code VN.20.00.02.18, state registration number 0118U000039, KPKV 6561040.

Results. It has been confirmed that the state of the environment plays a decisive role in the pathogenesis of miscarriage. It
has been proven that placental dysfunction caused by abnormal oxidative stress due to the action of incorporated *’Cs leads
to pregnancy termination. As a result of the depletion of the antioxidant reserve, the compensatory capabilities of the placenta
decrease. It was established that activity in the placenta up to 1.0 Bg/kg of **’Cs does not affect the course of gestation. The
compensatory capacity of the placenta remains preserved even with the accumulation of 1.1 to 4.4 Bg/kg of **¥’Cs. At the same
time, it is possible to prolong the pregnancy until the term of timely delivery. Internal irradiation with an activity of 4.5-10.4
Bg/kg of ¥'Cs causes damage to the stroma of the maternal surface of the placenta and premature birth at 28-36 weeks + 6
days. At the same time, newborns are viable due to the preservation of compensatory reactions in the placenta. Accumulation of
more than 10.4 Bg/kg of *¥'Cs causes antenatal death of the fetus and early premature birth due to damage to maternal and fetal
structures of the placenta. An increase in the content of malondialdehyde and a decrease in the activity of superoxide dismutase
in the blood indicate the severity of radiation damage.

Conclusions. Internal exposure to *3'Cs disrupts the architecture and functional capacity of the placenta. Extreme effécts
depend on the activity of *¥'Cs, the compensatory capabilities of the placenta, and the pregnant woman’s body. Activation of
lipid peroxidation acts as a biochemical amplifier of radiation exposure. An increase in the blood of malondialdehyde, diene
conjugates, and free SH groups is associated with the severity of radiation damage. An early marker of primary placental
dysfunction, premature birth, and antenatal fetal loss is an increase in MDA content in the blood by 12.0 % and a decrease in SOD
by 6.5 % relative to permissible values. An early marker of exhaustion of the compensatory reserve is an increase in the content
of MDA in the blood by 23.3 % and a decrease in SOD by more than 18.2 % relative to the permissible values. Decompensation
of adaptation mechanisms in the system «mother-placenta-fetus» leads to antenatal losses.

Key words: Pregnancy Failure; Placenta; 137Cs; Lipid Peroxidation; Glutathione; Antioxidant Protection System.
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Introduction

Reproduction of the population of Ukraine in the
conditions of an unfavorable demographic situation is
a task of national importance. Modern achievements in
obstetric science ensure that a woman realizes the function
of motherhood, starting from the stage of fertilization until
the birth of a healthy child. An obstacle is the problem of
pregnancy failure, associated with stillbirth, early neonatal
morbidity, and mortality. The frequency of miscarriage in
Ukraine and the world reaches 25 % [1-3]. According to
various authors, up to 50-70 % of reproductive losses occur
in the first, 18-20 %—in the second, and 7-30 % —in the third
trimesters of pregnancy [1-4]. The risk of pregnancy loss
after first miscarriage is 13-17 %, second to 24 %, third to
30 %, and fourth to 40 % [4]. The factors of pregnancy failure
are various [1-9]. In almost 80 % of women, termination of
pregnancy occurs due to a violation of adaptation in the
«mother-placenta-fetus» system under the influence of
immune and endocrine deregulation [1-3, 6, 7]. Sexually
transmitted infections are the cause of reproductive losses in
67 % of women. The introduction of molecular diagnostics
revealed a hereditary predisposition to miscarriage [1,3].
Usually, 90 % of women have a combination of several
factors. Despite a wide range of known factors, it is not
always possible to establish the reason for termination
of pregnancy in 41.2 % of women [1,2,5]. There is no
doubt about the connection between miscarriage and
environmental and social factors of modern life [2,6-9].

In recent years, more attention has been paid to the
influence of the environment, lifestyle, and concomitant
diseases on fetal development and pregnancy outcomes.
WHO experts identified the derivatives of human health,
among which the environmental factor was assigned the
second in terms of influence. Medicine is powerless against
diseases associated with environmental pollution. The
consequences for human health depend on the scale of
environmental pollution.

The ecology of Ukraine deteriorated due to the accident
at the Chornobyl NPP (ChNPP), which has no analogs in the
number of radionuclides entering the environment, the area
of damage, and the consequences [11,12]. Contaminated
ecosystems are a source of human exposure. Over time, the
ecology of Ukraine has improved due to the decay, fixation,
and redistribution of isotopes in the environment, as well as
the creation of safe living conditions. However, the issue of
remote cytogenetic and hereditary effects in the offspring
of parents affected by radiation remains relevant.

The most dangerous for humans 37 years after the
accident is **’Cs due to contamination of soil, water, plant, and
animal products, which enters the body through the biological
chain of plants — digestive tract of animals — foods [13-15].
Agriculture and the food industry are highly developed in
Ukraine. Thanks to established logistics connections, the
consumer receives food from different regions of the country.
Therefore, living in a territory free of radionuclides does not
guarantee the appropriate purity of food products. The effects
of ¥Cs entering the human body through food are associated
with absorption into the blood and accumulation in organs
and systems with increased radiosensitivity, for example, in
stem cells capable of division. Fetoplacental and immune
systems are donors of stem cells.

Internal radiation is one cause of reproductive losses
[8,9]. Internal radiation suppresses cell division and tissue
differentiation in the pre-implantation and implantation
period, as well as during placentation, increasing the
risk of death of the embryo and fetus. The possibility of
penetration of radionuclides through the placenta has been
proven experimentally. In the second half of gestation,
radiation exposure can cause a teratogenic effect. By the
way, low-power long-term internal irradiation causes more
pronounced changes in cell membranes than powerful one-
time external irradiation [15,16].

Accumulation of *’Cs in the placenta represents
radiation stress. The general pattern of any stress is
an adaptive reaction associated with the tension of the
sympathoadrenal and hypothalamic-pituitary-adrenal
systems. Radiation disrupts redox in the body and leads
to excess production of free radicals that damage vital
structures [16,17]. An excess of free radicals affects
reproduction. Internal irradiation **’Cs disrupts the placental
architecture, synthesis of hormones, and uteroplacental and
placental-fetal microcirculation [8,9]. Pregnancy scenarios
depend on the activity and speed removal of *¥'Cs from
the body, preservation of compensatory capabilities of the
placenta, and proper functioning of the antioxidant system.
Biochemical indicators are markers of environmental
influence on pregnancy. Therefore, our attention is focused
on the biochemical aspects of miscarriage caused by the
accumulation of *¥Cs.

Due to the hierarchy of antioxidant mechanisms, pro-
and antioxidant balance is maintained in the body under
normal. It is known that any pathological process occurs
against the background of activation of pro-oxidant
reactions. Lipid peroxidation (LPO) is considered the
most weighty oxidative process. LPO is a mechanism for
realizing the toxicity of xenobiotics. Intermediate and final
products of LPO have cytotoxic and mutagenic effects. An
excess of LPO products disrupts the energy supply of cells,
the synthesis of proteins and nucleic acids, and enzymatic
reactions. Numerous studies confirm the importance of
radiation-induced oxidative stress for the pathology [16,
17]. Activation of LPO caused by internal irradiation leads
to the mobilization of antioxidant protection.

Antioxidant mechanisms are universal [18,19]. There
are four lines of antioxidant protection in the human
body, which sequentially neutralize the products of POL.
Glutathione participates in three of them. In the first stage,
lipophilic xenobiotics are transformed into hydrophilic
under the influence of cytochrome P450 (CYP)-dependent
microsomal monooxygenases associated with phospholipids
of the endoplasmic. In the first stage, active participation of
catalase, superoxide dismutase (SOD), and ceruloplasmin
ensures the transition of toxic substances into oxygen and
water. During the second stage, hydrophilic metabolites
enter into conjugation with glutathione, forming non-toxic
products easily excreted. Conjugation reactions occurring
on the endoplasmic membrane protect the cell from the
outside. Conjugation reactions in the cytosol can reduce
toxic effects inside the cell. Enzymes of the second phase of
detoxification: arylamine acetyltransferase, sulfotransferase,
glucuronosyltransferase, and glutathione-S-transferase, due
to weak specificity, neutralize a large group of xenobiotics.
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In the third stage, conjugated derivatives are removed
from the body through the lungs, kidneys, and intestines.
The fourth line of defense is responsible for the reparative
regeneration of damaged molecules due to the restoration of
disulfide bonds of proteins and antioxidants [18, 19].
Thus, the conjugation of xenobiotics with glutathione
is at the heart of the detoxification. Among antioxidants,
glutathione (y-L-rmytamin-L-uuncreinin-ruinun) has a high
reducing potential and cellular concentration. The L-isomer
of glutathione is biologically active. The intracellular pool of
glutathione includes reduced (GSH) and oxidized (GSSG)
forms, mixed disulfides, and thioesters. Functioning of
biological membranes, transmission of nerve impulses,
cell proliferation, synthesis of prostaglandins, metabolism
of proteins, carbohydrates, nucleic acids, and apoptosis
are provided by y-glutamyl and sulfhydryl groups of
glutathione. However, the primary function of glutathione is
to detoxify xenobiotics. The detoxifying effect of glutathione
is associated with the sulfhydryl (SH) group. GSH protects
cytochrome P450 from the harmful effects of reactive
oxygen species and peroxide compounds with the help of
glutathione peroxidase [18,19]. The depletion of endogenous
glutathione reserves slows down detoxification processes.
Conjugation and reduction reactions are catalyzed
by glutathione-S-transferase (GST) in the cytosol,
microsomes, and mitochondria. The highest activity of
GST is registered in the liver, kidneys, and intestines
[18,19]. In reactions with glutathione, GST neutralizes
electrophilic xenobiotics without damaging cells.

The purpose is to determine the features of the
functioning of the detoxification system in case of
miscarriage due to the accumulation of *¥Cs.

Material and methods

According to the study plan, pregnant women were
divided into groups. The first (research) group included 60
women with reproductive losses in anamnesis and signs of
termination of the current pregnancy. The second (control)
group consisted of 30 women with an uncomplicated
anamnesis and course of pregnancy. Additionally, the first
group was divided into subgroups according to pregnancy
outcomes: A — 38 women who gave birth at 37-40 weeks,
despite the complicated course of the current pregnancy,
B —13 women who gave birth at 28-36 weeks + 6 days, C—
9 women who birth at 22-27 weeks + 6 days. The average
age of the examined in both groups was 33.4 + 5.2 years.
Most women were from Kyiv and the region (69.4 %);
from the western, eastern, and central of Ukraine—8.2 %,
5.5 %, and 16.9 % of pregnant women, respectively.

Accumulation of ¥Cs with different activity was
detected in the placentas of women of both groups using
B-spectrometry. Placentas of the control incorporated
no more than 1.0 Bg/kg of *Cs. The activity of *¥'Cs in
the placentas of women of the first group was related to
pregnancy outcomes. According to measurement, about
1.1-4.4 Bg/kg of *¥"Cs accumulated in placentas of subgroup
A. The activity of ¥’Cs in subgroup B was 4.5-10.4 Bg/kg
and in subgroup C - 10.5-38.0 Bg/kg. A morphological
examination of the placentas was performed according to the
protocol [20]. The degree of placental damage was studied
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using Olympus BX51 and Axioskop 40 microscopes. The
state of peroxide hemostasis was determined using a dynamic
biochemical study of the blood of pregnant women.
Statistical data analysis was performed using Microsoft
Excel (2016) and Fisher angular transformation. The
difference between comparative values was considered
significant at p < 0.05 (probability index greater than 95 %).
Permission to conduct research was obtained from
the Medical Ethics Committee of the SI «Institute of
Pediatrics, Obstetrics, and Gynecology named academic
Elena M. Lukyanova of the National Academy of Medical
Sciences of Ukraine» (protocol No 3 of 07.06.2017).
Scientific research work is to «Develop the latest and
improve existing technologies for diagnosis, prevention,
and treatment of premature termination of pregnancy in
women with miscarriage taking into account the passport
of the placenta» (2018-2020). Code VN.20.00.02.18, state
registration number 0118U000039, KPKYV 6561040.

Results and discussions

The most common cause of reproductive losses is
placental dysfunction [7,21], which in pregnant women of
the first group was formed under the influence of internal
irradiation *¥Cs [8,9]. Of course, the decisive factor was
the absorbed dose of radiation.

According to the data of 3-spectrometry, the accumulation
of ¥’Cs with a specific mass of up to 1.0 Bg/kg was found
in the placentas of the control group without damage to its
architectonics.

In the placentas of the first group, violations of the
histological structure were determined as a result of
irradiation with incorporated **Cs.

The placentas of subgroup A contained 1.1-4.4 Bg/kg of
1¥7Cs. Foci of ischemic infarction were found on the maternal
surface of 30 % of placentas. The decidual membrane in
50 % of the samples had «afunctional zones» formed due
to the convergence of intermediate and terminal villi with
stroma fibrosis. An accumulation of fibrin was detected
in the intervillous space. The villi were walled-up fibrin.
A decrease in area and perfusion of villi increases the risk
of chorionic infarction and, accordingly, pregnancy failure.

Subgroup B included placentas from premature births at
28-36" weeks by viable children. Intraplacental accumulation
of 4.5-10.4 Bg/kg **"Cs caused damage to the maternal stroma.
Areas of ischemia were found on the maternal surface. The
decidua are represented by «afunctional zones» and signs
of exfoliation. Dystrophic changes inhibit oxygen transport
from the intervillous space to the umbilical cord. Insufficient
placental oxygenation, synthesis of inflammatory mediators,
and activation of phagocytosis lead to fetal distress, cervical
remodeling, amnion rupture, and premature birth.

Subgroup C included placentas from early premature
labor by a dead fetus. Accumulation of 10,5-38,0 Bg/kg
187Cs causes damage to maternal and fetal structures in
the placentas of subgroup C. Chronic radiation stress due
to the accumulation of 10,5-38,0 Bg/kg *’Cs contributes
to the development of systemic endothelial dysfunction,
activation pro-inflammatory response, and pro-coagulation
potential. Depletion of the compensatory ability of
subgroup C placentas occurs due to acute inflammation of
the decidua, immaturity of intermediate and terminal villi,
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and a global decrease in vascular perfusion. Hence, internal
exposure *¥'Cs above 10.4 Bg/kg is fatal to the fetus.

The mechanism for realizing the toxicity of xenabiotics,
in particular radionuclides, is lipid peroxidation (LPO)
[17-19,22]. Any powerful impact on the body initiates LPO,

the intermediate and final products of which are cytotoxic
and mutagenic. An increased content of malondialdehyde
(MDA), diene conjugates (DK), lipid hydroperoxides, and
anion-radical oxygen was found in the blood of women of
the first group (Table 1).

Table 1
Indicators of LPO in the blood of examined women in the dynamics of pregnancy, M+m
Groups n Trimester of _ Diene Lipid hydroperoxides, | Malonic dialdehyde, 0. OH. H.O
pregnancy | conjugates, um. od/ml pmol / ml pgmol / ml 272
First 1st 62.8+4.1' 2.1 +0.06* 149.6 + 3.8 63.8 + 3.6!
(research) 70 2nd 36.8 + 3,2! 2.1+0.07* 144.4 + 2.6* 54.3 +4.3!
group 3rd 46.8 +2.1' 3.3+1.1! 152.2 +3.1* 58.6 + 2.5!
Second 1st 27.9+1.2 1.7 +£0.04 128.4 + 3.7 35.3+2.8
(control) 30 2nd 295+1.2 1.8 £0.06 136.4+£2.9 36.4+1.7
group 3rd 31.1+29 20+£0.14 142.6 £ 3.6 38.7+£19

Note: ‘the probability of difference with control, p < 0.01.

Malondialdehyde is a marker of LPO intensification
[17] (Table 2). In the blood of women of subgroups B and
C, starting from the early stages of pregnancy, increased
content of MDA was observed compared to the indicators
of subgroup A: in the 1st trimester by 12.7 %, in the 2nd and
3rd trimesters by 5.3 % and 6, 0 % (p < 0.05) respectively;
compared to the control group: in the 1st trimester by 17.4 %
and 23.3 %, in the 2nd and 3rd trimesters, respectively, by
10.7 % and 11.5 % (p < 0.05). In pregnant women of

subgroup A, the content of MDA exceeded that of the
control group only in the 1st trimester (+8.7 %) (p < 0.05).
The difference between subgroups B and C during gestation
is 5.3 %. The increased content of MDA in women of the
first group from the 1st trimester of pregnancy indicates the
early onset of placental dysfunction. Thus, a high content
of MDA in the blood of pregnant women can be considered
an early marker of placental dysfunction, premature birth,
and antenatal fetal loss.

Table 2
Dynamics of MDA in the blood of examined pregnant under the influence of 137Cs, M+ m
MDA, pmol/ml
G & sub

roups & Subgroups s before 12 weeks 13-24 weeks 25-36 weeks

First h A 30 139.6 £ 4.1* 137.6 +2.9 1445+ 3.2
s S’riz‘;arc ) B 20 150.8 £ 2.6"2 144.0 £ 2.0"2 152.1+2.9"2
CNe! 20 158.4 + 4.21.23 151.6 +2.9+23 160.0 + 3.21-23

Second (control) group 30 128.4 +3.7 136.4+2.9 142.6 + 3.6

Notes: 1the probability of difference with control, p < 0.05;
2the probability of difference with subgroup A, p < 0.05;
3the probability of difference with subgroup B, p < 0.05;
NB' for subgroup C — 25-27+6 weeks.

The activity of superoxide dismutase (SOD), catalase,
glutathione peroxidase, and reduced glutathione in the
blood reflects the functioning of the antioxidant defense
system [18, 19]. In the blood of pregnant of the first group,
a deficiency of reduced glutathione, slowed activity of SOD,
catalase, and glutathione peroxidase was detected, which
indicates inhibition of detoxification mechanisms (Tables 3-5).
Depletion of the glutathione reserve leads to an increase in the
number of free radicals in the body. Activity SOD is a marker
of oxidative stress. SOD is found in oxygen-consuming
cells. Manifestation of oxidative stress in pregnant of the
first group is a decrease in SOD activity after 25 weeks. In
the blood of women of subgroups B and C, reduced content
of SOD was found compared to subgroup A: in the 1st
trimester by 6.5 % and 12.2 %, in the 2nd trimester by 5.9 %
and 21.7 %, and in the 3rd trimester by 10, 7 % and 31.3 %,
respectively (p < 0.05); compared to the control group: in the
1st trimester by 13.0 % and 18.2 %, in the 2nd trimester by
11.4 % and 26.3 %, in the 3rd trimester by 17.1 % and 36.2 %,
respectively (p < 0.05). The difference between subgroups B

and C is 6.0 % in the 1st trimester, 16.8 % in the 2nd trimester,
and 23.0 % in the 3rd trimester (p < 0.05). Thus, inhibition
of antioxidant protection due to the exposure of 137Cs leads
to the depletion of compensatory reactions in the «mother-
placenta-fetus» system. A pronounced lack of SOD in the
blood during pregnancy should be considered a marker of
placental dysfunction, premature birth, and antenatal fetal loss.

Defects in LPO and antioxidant protection against the
background of a decrease of glutathione in the blood and
the activity of glutathione peroxidase inevitably lead to
the pathology of cell membranes with the development
of organ and tissue hypoxia. An increase in the content of
malondialdehyde in the blood and a decrease in the activity
of superoxide dismutase are associated with the severity of
radiation damage. Accumulation of reactive oxygen species
with the subsequent formation of insoluble, denatured, and
mutant proteins threatens the destruction of cells [18, 19,
22]. Overexpression of CO, triggers pregnancy termination
mechanisms, such as arachidonic cascade and synthesis of
prostaglandins.
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Table 3
The activity of glutathione-S-transferase in examined pregnant, M+m
Groups & subgroups n GST activity, HDNB/mg protein/min
] A 30 2.0+0.1¢
First (research) B 20 184021
group
C 20 1.8+0.2¢
Second (control) group 30 3.9+0.2
Note: ‘the probability of difference with control, p < 0.05;
Table 4

Dynamics of SOD in the blood of examined pregnant under the influence of *¥’Cs, M+m

SOD, um. od. act/ml/min
Groups & subgroups : before 12 weeks 13-24 weeks 25-28-36 weeks
A 30 51.0+£2.6 57627 57.9+23
First (rrizeamh) B 20 47.7+2.8 54.2+2.9 51.7+2.4
grotp CNe! 20 448 £ 2.7* 451 +2.8%2 39.8+2.2%2
Second (control) group 30 54.8 + 3.6 61.2+1.4 62.4+2.6
Notes: ‘the probability of difference with control ma A nidepynu, p < 0.05;
2the probability of difference with subgroup B, p < 0.05;
NB! for subgroup C —25-27+° weeks.
Table 5

Indicators of antioxidant protection in the blood of surveyed women in the dynamics of pregnancy, M+ m

Trimester | Catalase, Superoxide Antioxidant activity | Glutathione Reduced
Groups n of pmol H,O, | dismutase (SOD), | (AOA), um. od. act | peroxidase, glutathione,
pregnancy ml um. od. act /ml/min /ml/min pmol / ml pmol / ml
Eirst 1st 25.7 +1.5! 47.8+2.7 1.4 +0.03! 2.2 +0.04! 2.8+0.02!
(research) | 70 2nd 38.6+24 52.3+2.8! 1.3 +0.05% 3.2 +0.06! 3.3 +0.06!
group 3rd 325+211! 49.8 +2.3! 1.3+0.03! 2.3+0.04! 3.0 £ 0.04!
Second 1st 385+2.2 54.8 + 3.6 1.8 £0.03 2.6 £0.02 3.6 £0.03
(control) | 30 2nd 40.6+1.8 61.2+1.4 1.7 £0.02 2.5+ 0.04 3.6 +0.02
group 3rd 44.8+1.9 62.4+2.6 1.6 +0.03 2.6 +0.02 3.7 £0.03

Note: the probability of difference with control, p < 0.01.

Thus, the incorporated *’Cs disrupt the placental
architectonics, which affects the course of pregnancy.
Extreme effects depend on the amount of incorporated
radioisotope and compensatory capabilities of the placenta.
The functional ability of the placentas of subgroup
A (1.1-4.4 Bg/kg *'Cs) is preserved despite the circulatory
disorders and dystrophic changes. Pathogenetic therapy
allows pregnancy to be prolonged up to 37-40 weeks.
Structural changes in the placenta due to the action of
4.5-10.4 Bg/kg of *¥'Cs related to damage to the maternal
stroma. Children of women of subgroup B were born viable
at 28-36*¢ weeks due to preservation of the compensatory
capabilities of the placenta. The result of internal irradiation
of 10.5-38.0 Bg/kg **"Cs (subgroup C) was damage both to
maternal and fetal structures of the placenta. Depletion of
the compensatory capacity in the placentas of the subgroup
C leads to the antenatal death of the fetus.

Conclusions

Internal exposure to *3’Cs disrupts the architecture and
functional capacity of the placenta. Extreme effects depend
on the activity of ¥’Cs, the compensatory capabilities of
the placenta, and the pregnant woman’s body. Activation
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of lipid peroxidation acts as a biochemical amplifier
of radiation exposure. An increase in the blood of
malondialdehyde, diene conjugates, and free SH groups is
associated with the severity of radiation damage. An early
marker of primary placental dysfunction, premature birth,
and antenatal fetal loss is an increase in MDA content in the
blood by 12.0 % and a decrease in SOD by 6.5 % relative
to permissible values. An early marker of exhaustion of the
compensatory reserve is an increase in the content of MDA
in the blood by 23.3 % and a decrease in SOD by more than
18.2 % relative to the permissible values. Decompensation
of adaptation mechanisms in the system «mother-placenta-
fetus» leads to antenatal losses.

Prospects for further research aim to prevent
reproductive losses and pathological conditions caused by
internal radiation.

Financing was carried out with state funds (registration
number 0118U000039).
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OCOBJHUBOCTI ®YHKIIIOHYBAHHA CUCTEMU TETOKCHUKAIIIL ITPU 3ATPO31 TEPEPUBAHHSA
BATITHOCTI SIK HACJIJOK HAKOIIUYEHHS “'CS

A. A. JKuseuvka-/[enucosa’, I. I. Bopooiiosa', JI. A. Jlozoeat, B. b. Tkauenko*, 0. A. Bonowun?, C. M. Toaxau, O. B. [llamacsa’,
C. K. Cmpusicar*

Y «IucruTyT nexiarpii, akymepcrsa i rinekodiorii imeni akagemika O. M. JIlyk’snosoi HAMH Ykpainu»?,
Haugionansnuii yHiBepcuTeT oxoponn 310poB’st Ykpainu imeni I1. JI. [lynuka 2
(m. KniB, Ykpaina)

Pesrome.

Ha cporopnimHiil 1eHs HeMae €IMHOI JyMKH II0J0 MaTOreHe3y HEeBHHOUIYBAHHS BAariTHOCTI. Y CydaCHOMY JXKHTTI Ha 37J0pOB’S
JIFOZIMHY ICTOTHO BIUIMBAIOTH (DAaKTOPH 30BHIMIHBOTO CEpeNOBHIIA. Y 3B’3Ky 3 MM 4depe3 37 pokiB micis aBapii Ha YopHOOMIBCHKIN
AEC 3anuina€ethcst akTyallbHUM MTUTaHHS PO BiIalICHI IUTOTCHETHYHI Ta CIIaKOBI e(DEeKTH y HAlaIKiB OAThKIB, YPaKCHUX palialli€ro.
3a0pyaHeHi palioHyKIIiTaMHi €KOCHCTEMH € JUKEPESIOM paiamii Juist JTIOIHHU. BHYTpilllHE ONIPOMIHEHHS € OJTHI€IO 3 IIPUYHH PEIPOIYK-
TUBHUX BTpat. PajiauiiiHuii cTpec BIUIMBa€e Ha epedir OKMCHO-BITHOBHUX HPOLECiB B OpraHi3mi. bioxiMiuHi MOKa3HUKH € MapKepamu
BILIMBY (haKTOPIB 30BHIIIHBOTO CEPEIOBHILA HA JIFOAUHY. JlOCiIKEHHS IIPUCBAYCHO BU3HAYEHHIO CTaHy MEPEKHCHOIO I'eMOCTasy Ipu
HEBUHOIIYBaHHI BariTHOCTI.

Merta 10CJIi/IZKeHHS] — BU3HAYUTH 0COOIUBOCTI (DYHKI[IOHYBaHHS CHCTEMHU ACTOKCHUKALIiT TPY HEBUHOLIYBAaHHI BariTHOCTI BHACITIIOK
HakormaeHHs *¥'Cs.

Marepiau i metoau mocaizkenns. J[o mepmroi (ZocmigHol) rpynu yBIHILIH KIHKH 3 PEIPOAYKTHUBHUME BTPaTaMHU B aHAMHE31
Ta O3HaKaMH MepepHUBAHHS OTOYHOT BAariTHOCTI; 10 pyroi (KOHTPOJIBHOI) IPYIH — KIHKH 3 HEYCKJIaJHEHHM aHaMHE30M Ta 1epeoi-
roMm BariTHOCTI. [lomarkoBo mepiia rpymna Oyiia po3nojijieHa Ha MiATPYITH 3a pe3yJabTaTaMu BariTHOCTI: A — 38 KiHOK, SKi HapOIWIn
B 37-40 THKHIB, HE3BAXKAKOYH HA YCKIAJHEHUI 1epedir MOoToYHO1 BariTHOCTI, B — 13 iHOK, siki Hapomwu B 28-36+ 6 TixkHIB, C—9
JKIHOK, sIKI Hapoquin B 22-27+ 6 TrokHiB. CTaH NepeKHCHOr0 reMocTasy Yy *KiHOK BUBYAJIM 3 JOIOMOI00 010XIMIYHUX JOCII/KCHB.
3a J101oMOro10 3-CrIeKTPOMETPIi B IUIAIEHTaX 00CTEKEHUX JKIHOK 060X TPyII OYJI0 BUSABIEHO HakomndeHHs *3'CS 3 pi3HOI0 aKTHBHI-
cTr0. Mopdosoriune JOoCITiPKeHHS [UIALeHT IPOBOAMIIH BiIITOBIAHO J10 MpOoTOKOITy. BrukoprcroBytoun mikpockorn Olympus BX51 ra
Axioskop 40, rocii/pKyBaiu CTYIiHb yPaKEHHS IUTALCHTH. AHAJI3 Pe3y/bTaTiB BUSIBUB 3B’ 130K MK 010XIMIYHHMH MOKa3HUKAMH,
akruBHicTio *¥CS i clieHapisiMu BariTHOCTI.

CrarucTiHaHUH aHai3 JaHux npoBo itk 3a gornomoroto Microsoft Excel (2016) Ta kyroBoro neperBopentst ®imrepa. PisHuIiio Mix
MOPIBHAIBHUMH 3HAYCHHSMHU BBaskasu Biporiguoto npu p < 0,05 (inaekc Biporigxocti Ginbie 95 %).

J103Bin Ha POBEAEHHS IOCIiKeHb oTpuMaHo Bifg Komicii 3 MmequuHoi etuku Y «lHeTuTyT nmemiarpii, akyniepcTsa i riHEKOIOTil
imeni akamemika O. M. JIyx’ssHoBoi HAMH Vkpaiuu» (mpotoxon Ne 3 i 07.06.2017 p.).

HJP «Po3poOuTH HOBITHI Ta BIOCKOHAIUTH iICHYIOUI TEXHOJOTI A1arHOCTUKH, PO(ITAKTHKY Ta JIIKyBaHHS IEPEIIacHOTO Te-
pepUBaHHS BAariTHOCTI Y J)KIHOK 3 HEBUHOILIYBaHHSIM 3 ypaxyBaHHsM macropra mianentn» (2018-2020 pp.). MIndp BH.20.00.02.18,
Ne nepxpeectparii 0118U000039, KITKB 6561040.

Pe3yabraTn pocaigxkenns. [lixTBepakeHo, 0 CTaH HAaBKOJIHUIIHBOIO CEPEIOBHIIA BiJlirpae BUPINIAIBEHY POJIb Y TTaTOTCHE31
HEBHHOIIyBaHHS BariTHocTi. JloBeeHo, Mo AUCYHKIIS IUIALEHTH, CIIPUYMHEHA aHOMaJIbHUM OKHCIIIOBAJIEHUM CTPECOM Yepe3
nito iHKoprmopoBanoro ¥’Cs, Ipu3BOIUTE 10 MEPEPUBAHHS BATITHOCTI. B pe3ynbraTi BUCHAKEHHS aHTHOKCHIAHTHOTO PE3EPBY
3HUXKYIOTHCS KOMIIEHCATOPHI MOYXJIMBOCTI IJTALEHTH. BCTaHOBJIEHO, 0 akTHBHICTD Yy tuiauenTi 10 1,0 bk/kr ¥'Cs He BiinBae Ha
nepebir recraiii. KomneHncaropHa 31aTHICTh MalieHTH 36epiraeThest mpu HakomuyenHi Bix 1,1 no 4,4 bx/kr 137Cs. Tlpu upomy
MO’KJTMBO MPOJIOHTYBATH BATITHICTH 10 TEPMiHY BYACHHUX MOJIOTiB. BHyTpiliHe onpomiHeHHs 3 aktuBHicTio 4,5-10,4 Br/kr 137Cs
BUKJIMKAE MOIIKOKEHHS CTPOMH MaTEePUHCHKOI TIOBEPXHi IIAICHTH 1 nepeayacHi mosoru B repMini 28-36+ 6 tikuiB. [Ipu npomy
HOBOHAPOJKCHI SKUTTE3/aTHI 3aBIAKH 30CPEKEHHIO KOMIICHCATOPHUX peakiliil y manenti. Hakonuuenns nounan 10,4 Br/kr 137Cs
CIIPUYHMHSE aHTECHATAJIbHY 3aru0elb 1J10/1a Ta PaHHI IepeT9acHi HOJIOTH Yepe3 MOMIKOKEHHS MATEPUHCHKHX 1 IJIOIOBUX CTPYKTYP
rtateHTH. [TiIBUIICHHS BMICTY MaJIOHOBOT'O J{iaJIbJICTi/ly Ta 3HHIKCHHS aKTHBHOCTI CyNIePOKCHANCMYTa31 B KPOBI CBiAYaTh PO
TSDKKICTh IPOMEHEBOT'O yParkeHHSL.

BucnoBkn. Bayrpimse onpomitenss *'Cs mopyurye apXiTeKTOHIKy Ta GyHKIIOHAIbHY CIPOMOKHICTD IUIAeHTH. EKCTpeManbHi
edexru 3anmexars Bix akTHBHOCTI *¥CS, KOMIIEHCATOPHUX MOMKIMBOCTEH TUIALICHTH i opraHi3my BaritHoi. Mopdo-dyHKIionanbHuit
CTaH KIITHHHUX MEMOpaH TiCHO MOB’sI3aHUH 3 MEPEKUCHUM OKHCJICHHSIM JiMifiB. 301TbIICHHS B KPOBI BMICTY MAJIOHOBOTO JTiaJIbJCTi Y,
JIIEHOBHX KOH IOTaTiB Ta BUTBHUX SH-TPyI KOPEIIoe i3 TAXKKICTIO IPOMEHEBOTr0 ypaxkeHHs1. JlekoMIleH cais afanTaiiHuX MeXaHi3MiB
CHCTeMH «MaTH-IUIaleHTa-UIi1» BUKIMKAE aHTEHATaIbHY 3arnoesipb miosa. bioxiMiYHUM MTiICHIIIOBauYeM pajialiifHOro BIUIUBY € aK-
THBALSI IEPEKUCHOTO OKHUCIICHHS JIMiiB.

KuarouoBi ¢j10Ba: nesunomysanns aritHocti; nnanenta; ¥’CS; nepekncHe OKMCIEHHs TiMijliB; TIyTaTioH; CHCTEMA aHTHOK-
CHIQHTHOTO 3aXHCTY.
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