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Summary

Introduction. 137Cs ecosystem pollution is a source of radiation for humans. Undifferentiated cells capable of rapid
division are the most vulnerable to ionizing radiation. Therefore, the fetoplacental and immune systems should be expected
powerful responce to ionizing radiation. The functional capacity of the placenta determines pregnancy scenarios.

Aim: to study the features of the formation of the fetoplacental system under the influence of low doses of
radiation.

Materials and methods. Pregnant women were in two groups, according to the design. The main (1) group included
60 women with reproductive losses in their history and a threat of termination to the current pregnancy, control (2)
group consisted of 30 women with a physiological course of pregnancy and an uncomplicated anamnesis. The found
incorporation of 137Cs in the placentas of the women of the studied groups was on p-spectrometry. The nature of
placental damage was studied using the pathomorphological examination. The expressions of vimentin and CEA were
studied in the structures of the placenta using immunohistochemistry. The effects of radiation on the functional system
"mother-placenta-fetus” was determined in immunological, hormonal, biochemical, and bacteriological studies.

The study was approved by the Medical Ethics Commission 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 of 07.06.2017).

The results were statistically processed on a PC using Microsoft Excel-2016 using Fisher's angular transformation
criterion. Differences in comparative values are considered probable if p < 0.05 (probability index more than 95%).

The research was carried out as a fragment of the research work 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" "To develop the latest and improve existing technologies for the diagnosis, prevention and treatment
of premature abortion in women with miscarriage, taking into account the placenta passport” (2018-2020). Code
BH.20.00.02.18, state registration number 0118U000039, KIIKB 6561040.

Research results. According to the results, chronic radiation stress plays a decisive role in the multifactorial
nature of placental dysfunction and antenatal losses. Activity up to 1.0 Bq/kg of 137Cs does not affect the course
of gestation. The compensatory capacity of the placenta remains preserved at the accumulation of 1.1 to 4.4 Bq /
kg of 137Cs. It is possible to prolong the pregnancy until term delivery. As a result of exposure to 4.5-10.4 Bq/kg of
137Cs, the stroma of the maternal surface of the placentas is damaged. At the same time, the pregnancy is terminated
prematurely, at 28-36 weeks + 6 days, but thanks to the preservation of compensatory reactions in the placenta, the
children are born alive. Accumulation in placentas of more than 10.4 Bq/kg of 137Cs is a probable factor in antenatal
death of the fetus and early premature birth, as both maternal and fetal structures of the placenta are damaged.

Conclusions. Internal irradiation by incorporated 137Cs damages the architecture of the placenta, which
complicates the course of gestation. Extreme effects depend on the volumetric activity incorporating 137Cs and
compensatory placental properties. The placental accumulation of 4.5 to10.4 Bq / kg of 137Cs triggers premature
labor. Accumulation in the placenta of more than 10.4 Bq / kg 137Cs is a probable factor in antenatal fetal death
and premature birth. An imbalance of steroid hormones and peroxide hemostasis system are predictors of placental
dysfunction and termination of pregnancy. Expression of vimentin is a marker of placental destruction by internal
exposure to radionuclides. Expression of CEA is a marker of premature birth and the antenatal death of the fetus.

Keywords: Pregnancy; Placenta; Reproductive Losses; 137Cs; Vimentin, CEA.

Introduction

Defining markers of premature birth is an urgent need
for modern obstetrics science. Premature birth is often
the result of complex pathophysiological phenomena of
uncertain etiology [1-5]. The frequency of premature
birth is 75% of all pregnancy losses [3, 5]. Modern
diagnostics, pre-pregnancy preparation, pathogenetic
treatment, and the latest delivery technologies cannot
always prevent fetal loss. Scientists are trying to
find the causes of reproductive losses by studying

local processes in the placenta [6-13]. The internal
irradiation with incorporated radionuclides is a factor
that disrupts the architecture of the placenta [6,14]. In
this regard, the problems in Chornobyl are interesting
from the view of consequences for the "mother-
placenta-fetus" functional system. More than 36 years
have passed since the accident at the Chornobyl NPP
(ChNPP), which no analogs in the world in terms of
the variety of radionuclides, the area affected, and the
consequences [15, 16]. 137Cs pose the greatest danger
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to the population due to contamination of soil, drinking
water, and agricultural products. The power of internal
irradiation determines the content of the isotope in the
final products of agricultural production. The area of
137Cs radioactive contamination in Ukraine in 1986
was 53.5 thousand km2. In a radius of 300 km from
the Chornobyl NPP, 137Cs contamination was the
largest and amounted to 1500 kBq / m2. Due to the
radioactive decay, the area of agricultural land with
137Cs contamination above 37 kBq / m2 has three
decades later halved [16]. However, radioisotope
contamination of the ecosystem remains a source of
external and internal human exposure. Undifferentiated
cells capable of rapid division are the most vulnerable
to ionizing radiation. Therefore the fetoplacental and
immune systems should be expected powerful respond
to ionizing radiation. The functional capacity of the
placenta determines pregnancy scenarios.

The work aims to study the features of the formation
of the fetoplacental system under the influence of low
doses of radiation.

Materials and methods

The pregnant women have carried out examinations in
laboratories at the SI “Institute of Pediatrics, Obstetrics,
and Gynecology named after Academician Elena M.
Lukyanova of the National Academy of Medical Sciences
of Ukraine”. All pregnant women are Ukrainian, without
chronic somatic pathology. The mean age of women
was 33.4 + 5.2 years. More women (69.4%) live in Kyiv
and the region. Respectively, in the western, eastern,
and central regions of Ukraine lives, 8.5%, 4.8%, and
17.3% of women. Pregnant women were in two groups,
according to the design. The first (1) group included 60
women with reproductive losses in their history and a
threat of termination to the current pregnancy, control
(2) group - 30 women with a physiological course of
pregnancy and an uncomplicated anamnesis. For detailed
analysis, subgroups formed within the main group.
Subgroup 1la included 38 women who gave birth at 37-
40 weeks, despite the complicated course of the current
pregnancy, the 1b subgroup - 13 women who gave birth
at 28-36 weeks + 6 days, and the lc subgroup - 9 women
who gave at 22-27 weeks + 6 days.

The course of pregnancy largely depends on the health
of the reproductive organs on the eve of fertilization.
Reproductive anamnesis of pregnant women was
studied retrospectively. 60% of women in the first group
had disorders menstrual cycle, leiomyoma, ovarian
cyst, and endometrial hyperplasia. Hyperandrogenism
had the cause of reproductive losses in 12.8% of women
and hyperprolactinemia in 37.2% of subjects. Past
pregnancy terminated in the first trimester in 76.7% of
women in the first group. In 37.2% of women, abortion
became habitual (up to 9 episodes in the anamnesis).
Almost 20.9% of women gave birth prematurely. In
5 (14.0%) pregnant fetuses antenatal died at 34, 36,
and 38 weeks of gestation. The probable cause of
reproductive losses in 73.3% of women was a hormonal
imbalance, in 30.2% - hereditary thrombophilia, in
53.5% - sexually transmitted infections, and cervical
insufficiency in 33.7% of pregnant. Almost 90% of
women were diagnosed with several probable causes of
abortion. Thus, the stress of the reproductive resources
contributed to their exhaustion, which explains the
pathological course of each subsequent pregnancy.
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Pregnant women had examined for their clinical,
immunological, hormonal, biochemical, and
bacteriological status. The functional capacity of
the fetoplacental complex had assessed by serum
progesterone, 17B-estradiol and placental lactogen (PL),
estriol excretion, and the ratio of sex hormones in the
vaginal environment. Daily excretion of estriol level was
determined after 20 weeks of gestation by the method of
Ittrich [17]. The pregnancy outcome was predicted with
indices of maturation (IM), pyknosis (IP), and eosinophilia
(IE) by cytology examination, using the method of H. Shor,
modified by M. Arsenyeva [18]. Peroxidic hemostasis and
adaptive capacity had assessed by prooxidant, antioxidant,
and cortisol levels. Immunological studies were carried
out by the immune-enzyme method using the photometer
"Multiscan  Plus" (Finland), analyzer "Medtronic"
(Sweden), and cytofluorimeter "DxFlekh" (USA); the
hormonal studies with the analyzer "MSR-1000" (USA);
biochemical studies using spectrophotometer "Specol-11"
(Germany), and bacteriology by nephelometer "BD
Phoenix Spec" (USA).

The found incorporation of 137Cs in the placentas of
the women of the studied groups was on B-spectrometry.
The volumetric activity of the radionuclide 137Cs was
measured using the "Scaler RC-101" analyzer (Japan).
The nature of placental damage was studied according to
the protocol by morphology examination of the placenta
(form No. 013-1/0) [6]. Sections of the placenta 5+I
um had treated with paraffin, hematoxylin, and eosin or
picrofuksin. Structural changes in placentas were detected
using Olympus BX51 and Axioskop 40 microscopes. In
the placentas were studied the expressions CEA/CD66e
Ab-2 (Thermo Scientific, Ne RB-368-A0) and Vimentin
(clone SP20, Thermo Scientific; Ne RM-9120-SO) using
streptavidin peroxidase indirect detection method and
imaging system of "UltraVision Quanto HRP DAB"
(Thermo Scientific; Ne TL-015-QHD). The evaluation of
Immunohistochemical reaction (IHCR) (in 100 cells in 10
fields of the view at magnification x400) was the scoring
system. The evaluation prevalence of IHCR: 0 points in
case of no color, 1 point - less than 10% positively stained
cells; 2 points - in case 10-50% stained cells; 3 points -
more than 50% stained cells. The evaluation expressiveness
of IHCR: 0 points in case of no color, 1 point - weak color;
2 points - a moderate stained; 3 points - an expressive color.

The study was approved by the Medical Ethics
Commission 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 0 07.06.2017).

The results were statistically processed on a PC
using the Microsoft Excel-2016 package, using Fisher's
angular transformation test. The comparative value
differences considered probable if p < 0.05 (probability
index greater than 95%).

The research was carried out as a fragment of the
research work 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" "To develop the latest
and improve existing technologies for the diagnosis,
prevention and treatment of premature abortion in
women with miscarriage, taking into account the placenta
passport" (2018-2020). Code BH.20.00.02.18, state
registration number 0118U000039, KIIKB 6561040.



PE3YNbTATU ANCEPTALINHUX TA HAYKOBO-AOCHIAHWUX POBIT / RESULTS THESIS AND SCIENTIFIC - RESEARCH

Results

Metabolism of steroid hormones plays a crucial role
in the pathogenesis of reproductive losses [19, 20].
Tables 1 and 2 are the levels of sex hormones during
pregnancy in women of the first group. Progesterone
deficiency indicates the functional failure of the corpus
luteum at the beginning of pregnancy and the placenta
after 16 weeks. High estradiol in serum is a marker for
miscarriage. Synthesis of 1 7B-estradiol in the II trimester
going at the placenta. The level of the hormone reflects
the quality of the uteroplacental circulation. A reduced
level of 17B-estradiol in the blood of pregnant women
of the first group is a marker of placental dysfunction.

Determination of the ratio of sex hormones in the
vaginal environment allows for predicting the course of
pregnancy in advance (table 3). Progestogenic smears
are characteristic of physiological pregnancy, and
estrogenic or atrophic smears for premature termination
of pregnancy. The high number of surface cells and
increased index of cariopyknosis (IC) and index of
eosinophilia (IE) in the vaginal environment of pregnant
women of the main group indicates progesterone
deficiency starting from the I trimester. Estrogen smears
prevailed in women of the main group. The parabasal
cells in smears of the first group indicate distress in the
fetus. Colpocytological smears in every third woman
had signs of inflammation.

Table 1

The concentration of progesterone in the serum of pregnant in the dynamics of pregnancy, M £ m, nmol / |

G The concentration of progesterone in the blood
roups n
P before 12 weeks 13-24 weeks 25-36 weeks
Main group 30 57,5+ 5,03~ 93,4+49"* 157,56+ 11,7~
Control group 30 84,6 + 8,9 139,1 £ 5,7 283,8 £ 9,3
Note:* the probability of difference with control, p < 0,01.
Table 2

The concentration of estradiol in the serum of pregnant in the dynamics of pregnancy, M £ m, nmol / |

The concentration of estradiol in the blood
Groups n
before 12 weeks 13-24 weeks 25-36 weeks
Main group 30 39,2+2,04* 28,7+21* 356 £3,9*
Control group 30 22,2+1,9 36,9+ 3,8 56,9+ 9,4
Note:* the probability of difference with control, p < 0,01.
Table 3

Indicators of colpocytological research in surveyed in the dynamics of pregnancy, M * m, %

Gestation Groups & N Maturation index (cells) o e
period subgroups parabasal intermediate | superficial
Control group | 20 0 81,4 7,6 18,6+2,9 | 150+4,1 | 10,7 + 3,1
before 12 Main 1-A | 30 | 0,018 +0,017 | 59,0+4,9* |40,98+4,9*| 36,5+5,1* | 38,7 +5,0*
weeks group& | 1-8 [ 20 [ 0,018 0,017 [ 585+6,0* [ 41,4+6,0* [37,7£6,2*[37,4+59"*
subgroups 7750 | 0,05+ 0,02+ | 59,96 2,9 |39.98+29 " |356+29"|371£29"
Control group 20 0 88,8 + 4,7 11,2+ 2,2 8,9+2,0 6,1+1,3
13-24 Main 1-a | 30 | 0,16 +0,04* | 672+22* | 32,6+2,2* [283+22*[305+22*
weeks group& |18 | 20 | 0,06+0,03* | 66,5¢3,0* | 33,4t3,0* [29,4+28*[30,9+3,0*
subgroups == o0 [ 0,07 20,03 | 593+36° | 406+36° | 363237 " |384%37"
Control group | 20 0 90,9450 | 9,0£0,36 | 7,9+0,23 | 560,33
2536 | 1A | 30 | 0,2+007* | 77,7+3,1* | 21,98+3,1* | 21,7+1,8*|18,5+3,1*
gr'\c",f‘jL”& 18 | 20 | 0,37+0,06* | 69,3+2,9* | 304+29* |264+28*[293+3,1"*
2528 subgroups | 4 | o0 | 098+006* | 614:31* | 37.6+31* [397+18*|41,8+3,1"

Note:* the probability of difference with control, p < 0,05.
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The excretion of estriol is a criterion for assessing
the fetus. The endocrine glands of the fetus secrete
dehydroepiandrosterone, converted into estriol by
syncytium. During normal pregnancy increases the
daily excretion of estriol. Excretion of the hormone

decreases long before clinical manifestations of fetal
distress. Compared with controls, pregnant women
of subgroups 1b and lc had a low concentration
of estriol in urine, which is associated with fetal
distress (table 4).

Table 4

The concentration of estriol in the urine of pregnant in the dynamics of gestation, M £ m, ymol / d

The concentration of estriol in the urine
Groups & subgroups n
20-28 weeks 29-32 weeks 33-36 weeks 37-40 weeks
1a 30 28,1+ 21 35,9+ 3,8 46,1 £ 7,6 67,0+ 7,9
Main group & * kk * ]
subgroups 1b 20 246 £2,6 23,95+ 2,2 40,0 £ 4,8
1c 15 22,8 +2,7 - - -
Control group 30 27,0+ 2,9 39,2+5,2 56,4 + 6,7 79,6 £ 8,7

Note:* the probability of difference with control, p < 0,05.

**:the probability of a difference with 1a subgroup, p < 0,05.

Determining the content of placental lactogen (PL)
in the blood allows for early diagnosis of placental
insufficiency. PL deficiency characterizes a pathological
condition in which the transport function of the placenta
is disturbed, namely the provision of the fetus with the
necessary nutrients and oxygen. In the presence of PI, the

concentration of PL decreases by 50%, and in the case
of fetal distress - almost three times. Such a deviation
from the norm threatens the development delay or death
of the fetus. Information on the concentration of PL in
the serum in pregnant in the dynamics of gestation is in
table 5.

Table 5

The concentration of PL in the serum of pregnant in the dynamics of pregnancy, M £ m, nmol / |

G & sub The concentration of PL in the blood
roups & subgroups " 20-24 weeks 25-28-36 weeks 37-40 weeks
Mai 2 1a 30 67,0+7,9* 1449 + 15,8 255,0 + 18,2
ain group 18 20 35,0 £ 8,8 * ** 73,8 £2,2 * ** R
subgroups
1c 15 30,6 £7,4*** 60,9 £7,8* **# -
Control group 30 109,7 + 11,9 204,5 + 45,2 279,0 + 28,6

Note:*the probability of difference with control, p < 0,05.
**the probability of a difference with 1a subgroup, p < 0,05.
#the probability of a difference with 1b subgroup, p < 0,05.

Information on the concentration of stress-associated
hormone cortisol in the biological environments of
pregnant women in the first trimester is present in table 6.

High cortisol in the blood and urine of pregnant women
of the first group indicates glucocorticoid activity of the
adrenal and the tension of adaptation mechanisms.

Table 6

Cortisol level in biological environments of subjects in the 1st trimester of pregnancy, M+ m

The level of cortisol
Groups n - . - ;
in blood, nmol / | in daily urine, nmol / d
Main group 60 3458 +6,1* 283, 7+2,7*
Control group 30 284,4 + 4.3 136,4 + 9,04

Note:*the probability of difference with control, p < 0,05.

Pregnancy is a new state of immune homeostasis
[21, 22]. Immunological suppression is a key to the
physiological course of gestation. The T-lymphocytes,
B-lymphocytes, and natural killer (NK) cells provide
recognition of foreign antigens and timely reaction.
Immunocompetent cells differ in phenotype (presence
of CD markers) and functions. The common T-cells
marker is CD3-complex. According to the CD4 or
CD8 CD4+ T-lymphocytes phenotype, T-helpers and
T-suppressors are distinguished. CD4+ T-lymphocytes
are immune memory cells that perform regulatory
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functions due to the production of cytokines. CD8+
make up 30% of lymphocytes circulating in the blood,
which control cellular immunity. B-lymphocytes,
which make up 20% of circulating blood lymphocytes,
are responsible for humoral immunity. Natural killers
control the early phase of infection by secreting pro-
inflammatory cytokines. Membrane molecule CD56 is
an exclusive marker of NK cytotoxicity. Most often,
NKs presented by CD3-CD56+. The immune indicators
in pregnant during gestation shows in table 7.

In the blood of pregnant of the main group, the
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relative number of lymphocytes did not differ from
the control indicator. However, the absolute number
of lymphocytes in the blood exceeded the control
indicator during I and II trimesters, p < 0,05. The
relative amount of CD3+ in the blood of pregnant
women of the first group did not differ from the
control group. However, the absolute number of
CD3+ in the blood of pregnant women increased
during gestation. In the blood of pregnant of the main
group in the I trimester was found the reduction of
CD4+. However, the content CD4+ in the II trimester
did not differ from the control indicator. The relative
number of CD8+ in the blood of women from the

main group differed from the control indicators only
in the II trimester. However, the absolute number of
CDS8+ exceeded the control indicators, starting in I
trimester, p < 0,05.

The number of CD16+ NK in the blood of patients
of the main group in the dynamics of pregnancy is
higher than the similar indicators of the control group,
p <0,05. CD16+ is responsible for NK cytotoxicity [9].
Physiological pregnancy is typical of a reduction of
CD16+ in the blood. A high number of CD16+ and CD3-
CD16/56+ in the blood of pregnant of the main group
indicates an unfavorable immunobiological symbiosis
between the mother and fetus.

Table 7

The immune indicators in examinated pregnant at the dynamics of gestation, M * m, abs. n., %

| trimester Il trimester
Indicators Main group Control group Main group Control group
n=18 n=13 n=18 n=12
Leukocytes 7403 " 6,0 £ 0,1 9.0 04" 59002
Lymphocytes 24038 19,0 2.4 22549 21.0 £ 4.1
x 10°/ 1 1801 " 1101 2001~ 12+0.1
CD 3+, % 70,0 £ 1,0 70,1 £ 2.1 701+ 2.9 71,9+2.3
x 10°/n 12+0,02" 0.8 £ 0,02 140,06 " 0,9 % 0,01
CD 4+, % 37106 " 444272 45276 50,0 + 2.1
< 10°/ 1 0.6 £ 0,01 0.5 0,02 09002 0.6 £ 0,02
CD 8+, % 26,7 £ 0.7 25412 27600 " 244009
X 10°/ 1 0.5+0,01" 0.3 £ 0,01 060,02 " 0,3 % 0,01
CD4.CD8 1.4 %01 1,702 1.8+0.,9 2,003
CD 16+, % 12518 " 71+15 10,806 * 6,802
x 10°/ 1 0.2%0,01" 0.1 £ 0,01 0.2+0,01" 0.1 £ 0,01
CD3-CD16/56+, % 19,4 4.3 * 12,8 % 2.4 12,2 % 3.7 10,3 « 3.4
x10° / | 0,25+ 0,08 * 0,15 0,06 0,18 £ 0,05 0,14 * 0,08
CD 19+, % 82+06 7.3%0.8 7.4 0.6 7.4 %05
x 10°/ 1 0.1 % 0,01 0.1 % 0,01 0.1 % 0,01 0.1+ 0,01
CIC with medium molecular 16,5 + 2.3 14,2 + 3.6 13,5 + 4,3 16,7 + 5,6
weight, ODU
cic "\‘j\'lg]g'ﬁ;” polsoular 50,4 6,5 48,6 + 5.6 49,6+ 7.7 54,6 + 6,1
cD 19+, % 8206 73:008 7.4+06 7.4£05
x 10°/ L 0.1 £ 0,01 0.1 £ 0,01 0.1 £ 0,01 0.1 £ 0,01
CIC with medium molecular| 455,53 14,2 + 3,6 13,5+ 4,3 16,7 + 5.6
weight, ODU
cic “elant 000 59,4 £ 6,5 48,6 + 5,6 49,6+ 7,7 54,6 + 6,1

Note:*the probability of difference with control, p < 0,05.

Inflammatory diseases of the genital are a
predictor of reproductive losses [23, 24]. Diagnostics
confirmed the prevalence of sexually transmitted
infections (STIs) among the examined. Thus, almost
20.0% of patients in the main group were diagnosed
with STIs during pregnancy. Pregnant women in the
control group suffered from STIs three times less
often. In 33.4% of pregnant women in the control
group, Staphylococcus epidermidis with Candida was
detected by bacterial examination. Almost 63.4% of
the pregnant women in the main group have found
Staphylococcus epidermidis and Intestinal infection.
Lack of lactobacilli in pregnant women led to a shift
in the pH of the vaginal environment to the alkaline
side. Lack of lactobacilli in the vaginal environment

increases the risk of infection of amniotic membranes
and premature termination of pregnancy.

Most often, in women of the main group,
pregnancy was complicated by placental dysfunction
(PD). At the heart of PD is an imbalance of oxidation
processes and blood supply against the background
of a violation of the placental structure and immune
homeostasis. Hence, there is interest in studying the
morphological component of PD formed under the
influence of internal irradiation.

The radioisotope measurement established the
accumulation of 137Cs in the placentas of the control
group did not exceed 1.0 Bq / kg. At the same time,
structural changes in the placenta at 39—40 weeks of
pregnancy were natural. The average weight of the
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placentas ranged from 550.0 + 35.5 g.

Damage to the structure of proteins threatens the
vital functions of cells. Vimentin is an intermediate
filament of mesenchymal origin, the main protein that
controls shape, flexibility, integrity, cell interaction
under mechanical stress, and the transport of low-
density lipoproteins. In response to cellular stress,
vimentin promotes the formation of aggresomes that
perform a cytoprotective function. The placentas of
the control group have high expressiveness vimentin.

Cancer-embryonic antigen (CEA) is formed in the
digestive system of the fetus and is responsible for
cell division. After the birth of a child, the synthesis
of antigen stops. It is known from the scientific
literature that CEA expression is usually not detected
in the placenta. As a result of the study found, the
control group of placentas did not have CEA.

In placentas of the 1a subgroup, about 1.1-4.4 Bq
/ kg ¥7Cs accumulated by radioisotope measurement.
Placentas with oval shape. The weight of the placentas
ranged from 450.0-610.0 g. The surface placenta
on the side of the fetus is smooth. The amniotic
membrane is grayish-blue and thin. The umbilical
cord is not longer than 55 cm and not wider than
1.5-1.7 cm?. The umbilical cord slightly thickened
due to edema. Blood supply to the maternal surface
of the placenta occurs evenly. But, in 30% of cases,
the areas of ischemic infarction are determined on
the maternal surface of the placentas. The decidual
membrane (DM) shows edema, inflammation,
hemorrhages, and "afunctional zones" in 50% of
cases. The intervillous space (IVS) contains single
areas of hemorrhage and increased amounts of fibrin.
The villous chorion (VC) is proportionally branched;
the density of the villi is appropriate. At the same
time, the villi seem to be "walled up" with fibrin,
which significantly reduces the area of the syncytial
lining of the villi and partially reduces the perfusion
of maternal vessels. This condition threatens villous
chorion infarction and, ultimately, premature
termination of pregnancy.

LRI 7
Fig. 1. The placenta. 1b subgroup.
Activity 4.5-10.4 Bq / kg 137Cs. Expression of CEA

in ChM. Zoom %100.

The placentas of the la subgroup have high
expressiveness vimentin. As a result of the study
found, the 1a subgroup of placentas did not have CEA.

Subgroup 1b included placentas of women who
gave birth to live children at 28—36 weeks + 6 days
of gestation. Placentas had significant structural
changes due to the accumulation of 4.5-10.4 Bgq
/ kg 'Cs. The placentas are usually oval with an

26

average weight of 480.0 g; the umbilical cord with
varicose veins. The ischemia, decidual membrane
detachment, hemorrhages, plethora, calcifications,
and "afunctional zones" was found on the maternal
surface of the placentas. "Afunctional zones" are
convergent intermediate (IV) and terminal (TV) villi
with stroma fibrosis. Amniotic membranes in 80% of
samples are thin, with hemorrhage and inflammatory
infiltration. These disorders are named injuries
"maternal stromal" of the placenta [10-13].

In the stroma of villus of the 1b subgroup was
found moderate (2 points) expression of vimentin. In
the decidual (DM) and chorionic membranes (ChM)
of the 1b subgroup was found high expression of CEA
(Fig.1). In the syncytia of the villus and endothelium
of fetal vessels were found single of CEA.

Subgroup Ic included placentas of women who gave
birth to stillbirths at 22—27 weeks + 6 days of gestation.
The placentas 1c subgroup accumulated 10.5-38.0 Bq
/ kg 137Cs. In placentas of the 1c¢ subgroup were found
acute inflammation and total detachment of the decidual
membrane, depletion of compensatory reactions in the
intermediate and terminal villi against the background
of the global decline in vascular perfusion. Therefore,
internal exposure to 137Cs incorporated in the placenta
with an activity of more than 10.4 Bq / kg is fatal to
the fetus.

A moderate (2 points) expression of vimentin has
been in the stroma of villi and endothelium fetus
vessels of the 1c subgroup. The high activity of
CEA has been in decidual and chorionic membranes,
syncytia of villi, and endothelium fetus vessels of

the lc subgroup (Fig. 2).

Fig. 2. The placenta. 1c subgroup.
Activity 10.5-38.0 Bq / kg 137Cs. Expression of
CEA in FM. Zoom x50.

The functionality of cell membranes is directly
related to lipid peroxidation (LPO). Peroxide
hemostasis, namely the balance of concentrations of
prooxidantand antioxidant components, is an essential
condition for life [25, 26]. High levels in the blood
of pregnant of the main group in the 1st trimester
of diene conjugates (DC), lipid hydroperoxides,
malondialdehyde (MDA), and anionic-radical
oxygen indicate an imbalance system of antioxidant
protection (AP) (Table 8, 9). Depletion of AP leads
to the formation of placental insufficiency (PI) and
premature termination of pregnancy.

Discussion
The harmonious functioning of the "mother-
placenta-fetus" system ensures the physiological
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course of gestation. At the same time, an important
role belongs to sex steroid hormones [19, 20, 27]. The
course of pregnancy in the first trimester depends on
the functional ability of the corpus luteum to synthesize
progesterone. Endogenous progesterone provides the
mechanisms of complete trophoblast invasion: secretory
transformation and decidualization of the endometrium,
suppression of prostaglandin synthesis and expression
of oxytocin receptors, inhibition of calcium transport
to myometrial smooth cells, synthesis of progesterone-
inducing blocking factor. The high level of estradiol and

reduced progesterone in the blood of pregnant of the
main group in the I trimester are markers of miscarriage.
A reduced level of 17B-estradiol and progesterone in the
blood of pregnant women of the main group in the II and I1I
trimesters are markers of placental dysfunction.

The materialization of immunological changes depends
on the dominant etiological factor of reproductive losses
and maintaining the balance of immune relationships of
the "mother-placenta-fetus" system.

Infectionagainstthebackground ofimmunosuppression
and placental dysfunction leads to fetal distress, premature

Table 8
Indicators of lipid peroxidation in the blood of surveyed women
in the dynamics of pregnancy, M £ m
Trimester of Diene Lipid Malonic
Groups n reananc conjugates, hydroperoxides, dialdehyde, O, OH, H,0,
pregnancy | ym.od / ml pmol / ml pmol / ml

I 62,8 + 4,1 2,13 + 0,06* 149,6 + 3,8 63,8 + 3,6

Main group 30 Il 34,8 + 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 35,3+2,8

Control group 30 1l 29,5+1,2 1,77 £ 0,06 136,4 £ 2,9 36,4 +1,7

1 31,1+2,9 1,99 £ 0,14 142,6 + 3,6 38,7+1,9

Note:*the probability of difference with control, p < 0,01.
Table 9
Indicators of antioxidant protection in the blood of surveyed women
in the dynamics of pregnancy, M £ m
Superoxide Antioxidant

Trimester Catalase dismutase activity Glutathione Reduced
Groups n of mol H.O ,ml (SOD), um. (AOA), um. peroxidase, glutathione,

pregnancy H 272 od. act. / ml od. act. / ml pmol / ml pmol / ml

/ min / min

I 25,7 + 1,5* 47,8 + 2,7 1,37 + 0,03* | 2,16 £+ 0,04 | 2,78 + 0,02*
Main group | 30 1l 38,6 +2,4 52,3+2,8 1,34 +0,05* 3,02 + 0,06* 3,34 + 0,06*
1 32,5+2,1* 49,8 + 2,3* 1,28 + 0,03* | 2,26 + 0,04* 3,02 + 0,04*
c | I 38,5+2,2 54,8 + 3,6 1,77+ 0,03 2,59 + 0,02 3,58 + 0,03
g‘;ghrg 30 I 40,6 1,8 61,2+14 | 1,67+0,02 | 2,53+0,04 | 3,62+0,02
1 448 +1,9 62,4 +2,6 1,62 + 0,03 2,58 + 0,02 3,74 + 0,03

Note:* the probability of difference with control, p < 0,01.

rupture of amnion, and reproductive losses.

The placentas of the main group had a disturbed
structure. Naturally, structural changes in the placenta
affect its functional capabilities. The morphological
substrate of chronic placental dysfunction in the samples
of the main group consists of narrowing and tortuosity of
spiral arteries, stasis, aggregation or adhesion of formed
blood elements, an increase in the amount of fibrin in the
intervillous space, calcifications, edema, and fibrosis of
the stroma of villus. As a result of a decrease in the volume
and area of intermediate and terminal villus, the presence
of "afunctional zones" and endothelial dysfunction
intraplacental oxygenation and blood circulation in the
umbilical cord arteries are disturbed, and fetal distress
occurs. A low level of placental lactogen (PL) in the blood
and a decrease in estriol excretion in pregnant women
of the main group confirms the presence of placental

dysfunction and distress in the fetus.

Radiation stress caused by internal irradiation hurts
the course of gestation. The incorporation of 137Cs
into the placenta disrupts its architecture. Extreme
effects differ depending on the volumetric activity of
the incorporated agent. In the control placentas, an
accumulation of up to 1.0 Bq/ kg of 137Cs was detected,
which did not affect the course of pregnancy.

The activity of incorporated 137Cs in the placenta
of women of subgroup la was 1.1 - 4.4 Bq / kg. 30% of
placentas had circulatory disorders. Almost 50% of placentas
had dystrophic changes. At the same time, in the placenta
were preserved compensatory capabilities. In this regard,
with the timely appointment of pathogenetic therapy, it is
possible to prolong the pregnancy to 37-40 weeks.

The activity of incorporated 137Cs in the placenta of
women of subgroup 1b was 4.5 - 10.4 Bq / kg. The damaged
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the maternal surfaces of placentas subgroup 1b by internal
irradiation. The changes belong to the category of maternal
stroma damage. As a result, the dystrophic changes caused
by primary vascular disorders are inhibited intraplacental
oxygenation and oxygen transport from the intervillous
space to the vessels of the umbilical cord. At the same
time, the fetus develops distress. Insufficient intraplacental
oxygenation, synthesis of low-molecular-weight mediators
of inflammation, and activation of phagocytosis are
triggers of structural changes in the cervix, rupture of the
fetal membranes, and premature labor. In women of the
1b subgroup, the pregnancy ended prematurely, at 28-36
weeks + 6 days, but their children were born alive, thanks
to the preservation of compensatory reactions in the
placenta. Usually, the expression of CEA does not detect
in the placenta. However, the placentas of the 1b subgroups
observed a high expression of CEA.

Chronic radiation stress caused by the accumulation
in the placenta of more than 10.4 Bq / kg of 137Cs (lc
subgroup) led to the development of systemic endothelial
dysfunction, activation of the pro-inflammatory response,
and the formation of pro coagulation potential. Subgroup
Ic damaged both maternal and fetal structures of the
placentas. Depletion of compensatory reactions in samples
of the lc subgroup was due to acute inflammation of
the decidual membrane, immaturity of intermediate and
terminal villi, and a global decrease in fetal vascular
perfusion against the background of the total detachment of
the placenta. Decompensation of the adaptive mechanisms
of the "mother-placenta-fetus" system is the cause of
antenatal fetal death. At the same time, the placentas of the
1b subgroups observed a high expression of CEA.

The morpho-functional state of cell membranes is
directly related to LPO processes [26]. The authors proved
that ionizing radiation affects metabolism, enzymatic
processes, and the permeability of cell membranes [14-
16]. Defects of POL and AP found in women of the main
group lead to the accumulation of overactive CO2 products,
which threatens the vital activity of cells, and activates

Reference

the arachidonic cascade, synthesis of prostaglandins,
and premature labor. As a result of overexpression of
toxic aggregates, the risk of tissue destruction is due to
the formation of large amounts of insoluble, partially
denatured, or mutant proteins. The main structural protein
of cells, vimentin, rushes to the rescue. Vimentin promotes
the formation of aggresomes that perform a cytoprotective
function. However, vimentin in the placentas of the Ic
subgroups is insufficient activity. As a result of structural
changes, in placenta disrupted metabolism, transport of
nutrients, and gas exchange. In this case, the culmination
is antenatal fetal death.

Thus, chronic radiation stress plays a critical role in
the multifactorial nature of placental dysfunction and
antenatal losses, involving hormonal, immunological,
bacterial, and hypercoagulable disorders [21].

Conclusions

Internal irradiation by incorporated 137Cs disrupts the
architecture of the placenta, which complicates the course of
gestation. Extreme effects depend on the volumetric activity
of the incorporated 137Cs and compensatory placental
properties. The placentas accumulation of 4.5 t010.4 Bq /
kg of 137Cs triggers premature labor. Accumulation in the
placenta of more than 10.4 Bq / kg 137Cs is a probable
factor in antenatal fetal death and premature termination of
pregnancy. An imbalance of steroid hormones and peroxide
hemostasis system are predictors of placental dysfunction
and termination of pregnancy. Expression vimentin is a
marker of placental destruction by internal exposure to
radionuclides. Expression CEA is a marker of premature
birth and antenatal death of fetus.

Prospects for further research are aimed at preventing
reproductive losses and pathological conditions caused
by internal exposure.
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OCOBJHMBOCTI ®OPMYBAHHS ®YHKIIOHAJIBHOI CHCTEMY «MATH-TIJTALIEHTA-ILIIL»
1] BILIMBOM MAJHX JO3 PAJXIAIIT

A. A. Kueseyvka-/[enucosa, 1. 1. Bopooiiosa, H. A. Ckpunuenxo, C. M. Toakau, H. B. Pydakosa,
10. M. Bounoapenko, C. K. Cmpuscax

Y «IneTuTyT nmeaiaTpii, akymepcrsa i rinexoJorii imeni akagemika O. M. Jlyk’anoBoi HAMH Ykpainn»
(M. KuiB, Ykpaina)

Pesome

Beryn. 3abpynuenns ekocucremu 2’Cs — mpkepento paianii B aroguud. HaiiGinbun ypasiusi g0 i0Hi3y1040ro BUIPOMIHIOBAHHS - He-
nudepeHiioBaHi KIITHHH, SKi 3AaTHI O MIBUAKOTO MOALTY. 3BifcH, came Bil (eTo-IUTalleHTapHOol Ta IMyHHOI CUCTEM CIIiJI O4iKyBaTH
HOTY)KHY PEaKIliio Ha JIif0 iI0HI3yI040ro BUMPOMiHIOBaHHS. DYHKIIOHAIBHICTh MIIALEHTH BU3HAYAE CIIEHAPIi BariTHOCTI.

Merta gocaimkennsi. BcranoButr oco6nuBocti GpopMyBaHHs (heTo-IUIalleHTapHOT CHCTEMH B yMOBAX BIUIMBY MaJUX JI03 pajiarii.

Marepiauu i MeToau gocaigkeHHs. BaritHi Oynu po3nineHi Ha TpyIu, 3T1IHO 3 AW3AHOM JOCITIKEHHS: 10 0CHOBHOI (1) yBiiinum
60 XIHOK 3 PEernpoAYKTUBHMMHM BTpaTaMM B aHAMHE3i Ta O3HAKAMM IEPEIYACHOTO TEpEepUBAHHS MOTOYHOI BATiTHOCTI, O KOHTPOJb-
HOT (2) - 30 oci6 3 }i310JI0rIUHO BariTHICTIO Ta HEYCKJIaJHEHUM aHaMHe30M. Hakorudennst B rutaneHTi 137Cs BCTAHOBUIIM HIISIXOM
B-crekTpomertpii. Xapakrep yUIKO[PKEHb BH3HAYAIM 32 JOMOMOIOI0 MatoMOp(OIOriYHOro AOCHIIKCHHS IUIAICHT. B IUlaneHTax Mero-
JIOM IMyHOTIiCTOXiMii BUB4aIU ekcrpecito BimenTrHy i PEA. Brmus paziauii Ha QyHKIIOHATBHY CHCTEMY «MaTH-TUIAIIEHTA-TUTi) OLi-
HIOBAJIM 32 Pe3yJbTaTaMy IMyHOJIOTIYHIX, TOPMOHATIBHUX, O10XIMIUHUX Ta OAKTEPIOJOTTYHUX J0CIIIKCHb.

JHocnimxenns 3atBepmkeni Komiciero 3 menuunoi etuku [V «lHcTuTyT memiaTpii, akyniepcTsa i riHekosIorii iMeHi akagemika O. M.
Jlyx’snoBoi HAMH VYkpainn» (mpotoxon Ne 3 Bix 07.06.2017).

Pesynbratn 06podisin cratuctiano Ha I1K 3a nonomororo nakera Microsoft Excel-2016, BukopuctoByto4n KpuTepii KyToBoi TpaHc-
¢dopmanii @imepa. BimMiHHOCTI MOPIBHIBHIX 3HAYEHb BBAKAIOTHCS HMOBIpHUMHY, KO p < 0,05 (immexc BiporigHocTi Oinbie 95%).

JocmipKkeHHs: BUKOHAHI Y MeXax HayKoBO-10ciiaHoi pobotn Y «IHCTUTYT meaiarpii, akyiiepcTsa i riHeKoIoril iMeHi akaaemika
O. M. Jlyx’ssnoBoi HAMH VYkpainn» «Po3poOuTy HOBITHI Ta BIOCKOHAJIHUTH ICHYIOUI TEXHOJOTII IiarHOCTHUKY, NMPOQIIAKTUKK Ta JIi-
KyBaHHS TIepeYacHOTO MepeprBaHHs BariTHOCTI y JKIHOK 3 HEBHHOIIYBaHHSM 3 ypaxyBaHHAM macropta mianeatm» (2018-2020 pp.).
Mndp BH.20.00.02.18, Ne nepsxpeectparii 0118U000039, KITKB 6561040.

PesyabraTu nociaimkenns. J{oBenu, 110 XpOHIYHMNA pagialiiiHuil cTpec BiAirpae BU3HAUHY poiib y OararodakTopHiil mpupo/i mia-
LEHTAapHOI JUCYHKIIT Ta aHTeHATAIBHUX BTpart. Beranosmim, o akruBHicTs *’Cs 10 1,0 Bi/kr He BrutnBace Ha nepebir recraiii. Kom-
MEHCATOpHA 3/IaTHICTh TUIAlCHTH 30epiraerTsest pu iHkopropyBanHi 1,1 - 4,4 Br/kr '¥7Cs. MoxknBo 30epertu BariTHIiCTh 10 TEpMiHY
nosiorie. B pesynbrari BHYTpilHb0ro onpomineHHs 4,5-10,4 Br/kr ¥7Cs yIIKO/KEHHS 3a3Ha€ CTPOMa MaTePUHCHKOT MOBEPXHI IJIAIICHT.
[Ipu upoMy BariTHICTH IEPEPHUBAETHCS MEPEAUACHO - y 28-36 TIDKHIB + 6 IHIB. AJe IITH HAPOIKYIOThCS JKHBUMHU 3aBJISKU 30€pEKCHHIO
KOMIIEHCATOPHHX peakiiii y mnanenti. Hakormmuenus nounan 10,4 Br/kr ¥7Cs - iIMOBipHHII YHHHUK aHTEHATAIbHOT 3aruberti miogy Ta
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paHHIX HepeIIacHUX MOJOTIB, OCKUIBKH YIIKO/PKEHb 3a3HAIOTh SIK MAaTEPUHCHKA, TaK i II0JJ0BA CTPYKTYpa IUIALCHT.

BucnoBku. Buytpimne onpominenHs 137Cs nmopyIye apXiTeKTOHIKY IUIAIIEHTH, [0 YCKIAAHIOE epedir BaritHOCTi. EkcTpemanbHi
edeKTH 3aexarb BiJ 00’€MHOT akKTHBHOCTI BKJIt04eHOro 3/Cs Ta KOMIIEHCATOPHOI CIPOMOXKHOCTI MianeHTH. J{ucOananc crepoiaHux
TOPMOHIB Ta CHCTEMH HEPEKUCHOTO I'éMOCTa3y - NPOBICHHUKH IDIAlieHTapHOI AMcYHKIII Ta HeBUHONIyBaHHS BariTHOCTi. Excrpecis
BIMEHTHHY - MapKep IUTalleHTapHOI JeCTPYKII Mpy BHYTPIIIHbOMY BIUTHBI pagionykmiai. Excnpecis PEA B mimanenri - mapkep nepen-
YaCHHX IOJIOTIB Ta aHTEHATAIBHOT 3arkOeIi III0Y.
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