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Summary

Genital tract infections of various etiologies and anemia remain common in pregnant women. At present, there is a paucity of
data on the impact of reproductive tract infections on the development of anemia in pregnant women, with particular emphasis
on the contribution of eryptosis.

The aim of the current study was to assess the ability of bacterial, viral and fungal reproductive tract infections to trigger
eryptosis of circulating erythrocytes in pregnant women.

Methods. The study included 47 pregnant women. According to the pathology of the infection, the patients were divided into
three groups: 14 women with bacterial, 12 women with viral, 11 women with fungal infections of the reproductive tract and 10
pregnant women without extragenital and obstetric pathology (control subjects). The following methods were used to determine
infection: bacteriologic, microscopic, polymerase chain reaction, immunoenzymatic, etc. Flow cytometry-based detection of
eryptosis parameters (cell morphology, membrane phospholipid scrambling, and oxidative stress) was performed in pregnant
women with reproductive tract infections of bacterial, viral, or fungal origin and in healthy individuals. Annexin V-FITC staining
and 2°,7’-dichlorodihydrofluorescein diacetate (H2DCFDA) staining were used to quantify phosphatidylserine exposure and
reactive oxygen species (ROS) generation, respectively. Fluorescence was acquired using a BD FACSCanto™ |1 flow cytometer.

ANOVA test was used to compare numerical data of eryptosis assays. Post-hoc Bonferroni test was applied afterwards. Data
were processed by Graph Pad Prism 5.0 software (USA). The difference was considered statistically significant at p < 0.05.

The research was conducted in accordance with the fundamental principles of Good Clinical Practice (GCP, 1996), the
Council of Europe Convention on Human Rights and Biomedicine (April 4, 1997), the Helsinki Declaration of the World
Medical Association on Ethical Principles for Medical Research Involving Human Subjects (1964-2008), as well as the Ministry
of Health of Ukraine Order No. 690 dated September 23, 2009 (amended by the Ministry of Health of Ukraine Order No. 523
dated July 12, 2012).

The research design was discussed and approved at the meeting of the Medical and Ethical Committee of the Kharkiv National
Medical University (Protocol No. 19 dated May 19, 2024).

The paper is an excerpt from the scientific research project of the Department of Obstetrics and Gynecology No. 2 at
Kharkiv National Medical University, entitled «Optimisation of diagnostics, treatment of diseases of the reproductive system and
pregnancy complications in women with extragenital pathology» (state registration number 0121U110923).)

Results. Erythropoiesis parameters were evaluated in pregnant women with bacterial, viral and fungal reproductive tract
infections. Pregnancy-associated bacterial reproductive tract infections were associated with increased phosphatidylserine
externalization in circulating erythrocytes, without ROS accumulation or cell shrinkage. Erythrocytes from patients with genital
tract infections of viral or fungal origin show no signs of eryptosis, such as cell membrane scrambling, oxidative stress, or
changes in cell morphology.

Conclusions. Reproductive tract infections of bacterial origin in pregnant women are associated with accelerated eryptosis,
which may contribute to anemia in these women. Exclusively bacterial genital tract infection was shown to induce lipid
membrane scrambling and hence eryptosis in erythrocytes from pregnant women. Phosphatidylserine externalization did not
differ significantly between women with viral or fungal infections and healthy controls. Eryptosis induced by bacterial genital
tract infection was not associated with cell shrinkage or ROS overproduction.
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Introduction

Genital tract infections remain common in pregnant
women, affecting up to 70 % of pregnancies, with widely
varying prevalence rates reported in different studies
[1-3]. Etiologically, lower tract infections can be caused
by a variety of microorganisms [4]. Bacterial, viral, and
fungal lower tract infections have been widely reported [5].
There is increasing evidence that candidiasis remains the
most common genital tract infection in pregnant women
[2, 6]. Lower tract infections have been associated with
fetal infections and adverse pregnancy outcomes, including
spontaneous abortion, preterm delivery, and perinatal
complications [7, 8]. Thus, infections at the maternal-fetal
interface remain of great clinical importance, and further
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investigation of the molecular mechanisms and interplay
governing host-pathogen interactions in genital tract
infections in pregnant women should be encouraged [9]. In
particular, anemia is considered to be common in pregnancy,
being observed in up to 25 % of pregnancies [10, 11]. The
relationship between anemia and UTIs in pregnancy has
not been well studied. However, it has been reported that
iron deficiency anemia is associated with susceptibility to
UTI [12]. In this study, we hypothesized that eryptosis,
a suicidal cell death mode of erythrocytes [13-15], may
serve as a link between reproductive tract infections and
anemia in pregnant women. Eryptosis has been shown to
be a novel factor in the development of anemia in a variety
of pathologies. In addition, it has recently been reported
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to be a driver of anemia in chronic kidney disease [16].
In general, eryptosis is a cell death of mature erythrocytes
that is morphologically similar to apoptosis but different
from a signaling point of view [14, 17]. Eryptosis signaling
is governed by intracellular Ca?* elevation resulting in
dysregulation of flippases and scramblases with subsequent
phosphatidylserine externalization, activation of calpain
resulting in cytoskeleton degradation and morphological
changes in erythrocytes like cell shrinkage [13, 18].
Of note, ceramide and reactive oxygen stress (ROS) are
considered important second messengers in eryptosis,
which also contribute to the phospholipid membrane
scrambling that is a hallmark of eryptosis [19-21]. It should
be noted that phosphatidylserine externalization, an event
that culminates eryptosis signaling, mediates the clearance
of erythrocytic red blood cells from the circulation. This
process, termed efferocytosis, which implies engulfment of
erythrocytes by phosphatidylserine-associated mechanisms,
underlies the pathogenesis of anemia in diseases associated
with accelerated eryptosis.

The aim of the current study was to detect the impact
of pregnancy-related genital tract infections in a causative
agent-dependent manner on eryptosis of circulating mature
erythrocytes, which has been hypothesized to contribute to
anemia in pregnancy.

Materials and methods

Characteristics of patients.

The study included 47 pregnant women. According to
the pathology of the infection, the patients were divided
into three groups: 14 women (29.8 %) with bacterial,
12 women (25.5 %) with viral, 11 women (23.4 %) with
fungal infections of the reproductive tract and 10 pregnant
women (21.3 %) without extragenital and obstetric
pathology (controls). There were no differences between
the groups with regard to pregestational body mass index,
age, parity, gestational weight gain and neonatal outcomes.
The age of the studied pregnant women ranged from 20 to
37 years, the mean age of pregnant women with bacterial
infection was 33.5+4.1 years, pregnant women with viral
infection — 28.2+3.1 years, pregnant women with fungal
infection — 24.7+2.5 years, pregnant women in the control
group—25.1+3.7 years. The following methods were used to
determine infection: bacteriologic, microscopic, polymerase
chain reaction, immunoenzymatic, etc. The diagnostics of
infection agents was based on the result of the bacterioscopic
research of the contents of the vagina, canal of the cervix,
the urethra, bacteriological studies of vaginal secretion and
identification of pathogens in the smears from the mucosa of
the cervical canal by the method of polymerase chain reaction
with the determination of the quantity infections agents.

Sample preparation.

Blood samples were collected in EDTA Vacutainers
from pregnant women with genital tract infections and
healthy volunteers. The samples were immediately used
for flow cytometric detection of eryptosis markers.
Briefly, samples were centrifuged and washed twice with
phosphate-buffered saline (PBS; pH 7.4; BD, USA).
Once red blood cell (RBC) suspensions were obtained,

a total of 2 uL of erythrocyte mass from each sample was
resuspended in either 100 uL of PBS or annexin-binding
buffer (Becton Dickinson) or PBS, depending on the
staining procedure.

Membrane phospholipid scrambling detection.

RBCs resuspended in Annexin Binding Buffer as
described above were stained with Annexin V-FITC
(BD Pharmingen™ FITC Annexin V) for 15 minutes. After
incubation, cells were resuspended in Annexin Binding
Buffer. Fluorescence was acquired using a BD FACS
Canto™ I[I flow cytometer (Becton Dickinson, USA):
excitation wavelength was 488 nm; emission wavelength
was 525 nm. To compare phospholipid scrambling, the
percentage of cells displaying phosphatidylserine was
analyzed [22-25].

ROS detection in erythrocytes.

Cells resuspended in PBS were stained with 5 uM
2’,7’-dichlorodihydrofluorescein diacetate (H2DCFDA)
provided by Invitrogen™ (USA). After incubation for
30 minutes, fluorescence was detected. The excitation
and emission wavelengths were 488 nm and 525 nm,
respectively. The mean fluorescence intensity of the ROS
level-reflecting probe was analyzed to quantify ROS
signaling [23-25].

Cell shrinkage analysis.

Forward scatter analysis was used to analyze cell
morphology of erythrocytes from pregnant women with
reproductive tract infections of bacterial, viral, or fungal
origin. Since cell shrinkage is generally considered
a hallmark of eryptosis, the degree of eryptosis was
estimated based on the number of cells with low forward
scatter (FSC) signal values. A comparison was made
between the percentages of FSC-low erythrocytes [24].

Data analysis.

FlowJo™ (v10, BD Biosciences, USA) software was
used to analyze data of eryptosis assays.

Statistical analysis.

ANOVA test was used to compare numerical data of
eryptosis assays. Post-hoc Bonferroni test was applied
afterwards. Data were processed by Graph Pad Prism 5.0
software (USA). The difference was considered statistically
significant at p < 0.05.

The research was conducted in accordance with the
fundamental principles of Good Clinical Practice (GCP,
1996), the Council of Europe Convention on Human Rights
and Biomedicine (April 4, 1997), the Helsinki Declaration
of the World Medical Association on Ethical Principles for
Medical Research Involving Human Subjects (1964-2008),
as well as the Ministry of Health of Ukraine Order No.
690 dated September 23, 2009 (amended by the Ministry
of Health of Ukraine Order No. 523 dated July 12, 2012).

The research design was discussed and approved at
the meeting of the Medical and Ethical Committee of the
Kharkiv National Medical University (Protocol No. 19
dated May 19, 2024).

The paper is an excerpt from the scientific research
project of the Department of Obstetrics and Gynecology
No. 2 at Kharkiv National Medical University, entitled
«Optimisation of diagnostics, treatment of diseases of
the reproductive system and pregnancy complications in
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women with extragenital pathology» (state registration
number 0121U110923).)

Results

The results of the study showed that during the
examination of pregnant women met most common
bacterial infections as Escherichia coli (45.5 %),
Staphylococcus epidermidis (40.9 %), Enterobacter
aerogenes (31.8 %), Streptococcus agalactiae (22.7 %),
Klebsiella pneaumoniae (13.6 %), Ureaplasma urealiticum
(27.3 %), Mycoplasma genitalium (18.2 %); viral infections
such as Cytomegalovirus (9.1 %), Herpes simplex virus
(9.1 %), fungal infections Candida albicans —59.1 %).

To determine whether genital tract infections affect
the suicidal cell death modality of erythrocytes, key
eryptotic parameters such as cellular morphology,
asymmetry of phospholipid content, namely distribution
of phosphatidylserine, in the plasma membrane of
erythrocytes, and features of redox homeostasis were

evaluated. Detection was based on flow cytometry using
commonly accepted biomarkers.

Importantly, phosphatidylserine externalization is
considered a major biochemical sign of eryptosis that
determines the clearance of circulating erythrocytes by
phagocytic cells. In the current study, high Annexin V-FITC
signaling indicated phosphatidylserine exposure and thus
its location in the outer leaflet of the phospholipid bilayer.
To quantify this process, we compared the percentage of
cells displaying phosphatidylserine. The gating strategy is
shown in Figure 1. Notably, fungal and viral reproductive
tract infections during pregnancy are not associated
with abnormal membrane phospholipid scrambling,
as evidenced by the absence of statistically significant
changes in the percentage of annexin V-positive cells
(Figures 1 and 2a). Conversely, bacterial genital tract
infections in pregnant women increased the percentage of
circulating phosphatidylserine exposed cells, indicating
activation of eryptosis (Figures 1 and 2a).

Fig. 1. Cell membrane phospholipid scrambling in circulating erythrocytes of pregnant women with
genital tract infections. Representative histograms of pregnant women with bacterial (panel a), viral
(panel b), fungal (panel c) reproductive tract infections and controls (panel d). The percentage of
phosphatidylserine (PS)-exposing erythrocytes is statistically significantly higher in bacterial genital
tract infections only. ANOVA and Bonferroni tests, Me and IQR (n = 10).

Note: * (p < 0.05) compared with the control group.
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Oxidative stress is a common trigger for eryptosis.
RBCs are known to be sensitive to ROS-mediated damage
due to their inability to upregulate antioxidant enzymes.
In this study, a ROS-sensitive H2DCDA probe was used
to characterize the ROS-generating activity of red blood
cells. Erythrocytes from pregnant patients with genital tract
infections of bacterial, viral or fungal origin were found to

contain undetectable levels of intracellular ROS compared
to control samples from healthy volunteers. As shown in
Figures 2b and 3, the difference between the numerical
values of the probe fluorescence, which characterizes the
ROS content in erythrocytes, is negligible. Thus, oxidative
stress is not observed in erythrocytes from patients with
pregnancy-associated genital tract infections.

Fig. 2. Eryptosis-related parameters in pregnant women with bacterial (group 1), viral (group 2),
fungal (group 3) reproductive tract infections and no pathology (group 4). Phosphatidylserine
externalization (panel a), reactive oxygen species (ROS) production (panel b) and forward scatter
(FSC) signaling (panel c) were quantified. ANOVA and Bonferroni tests, Me and IQR (n = 10). Note: *
(p < 0.05) compared with the control group.
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Fig. 3. Reactive oxygen species (ROS) production in red blood cells among pregnant females with

bacterial (group 1), viral (group 2), fungal (group 3) reproductive tract infections and no genital tract

infection (group 4). Representative histograms of ROS-sensitive probe’s fluorescence demonstrate
no changes in the redox homeostasis of circulating erythrocytes.

In addition to phospholipid bilayer asymmetry in
cell membranes and oxidative stress, eryptosis is often
associated with morphologic changes. Cell shrinkage is
considered to be the most common abnormality in cell
morphology observed in eryptosis. Flow cytometry-based
detection of cell morphology focuses on the analysis of
FSC signaling, which reflects cell shape. Our data show
that reproductive tract infection in pregnant women is not
associated with an increase in shrunken cells characterized
by reduced FSC signaling (Figure 2c).

Discussion

In the current study, blood samples were collected from
pregnant women with genital tract infections of bacterial,
viral and fungal etiology to analyze key parameters of
eryptosis. Adverse factors occurring in inflammatory
conditions (circulating pro-inflammatory molecules or
redox imbalance) are known to affect erythrocytes to
induce their eryptosis, which may contribute to excessive
erythrocyte loss, blood clotting, or abnormal rheological
properties of blood [26]. However, eryptosis is generally
considered to be protective because it occurs prior to
hemolysis, preventing this pro-inflammatory accidental
cell death mode of erythrocytes [23]. As has been widely
reported, accelerated eryptosis may contribute to anemia
in a variety of eryptosis-related diseases due to excessive
erythrocyte clearance via externalized phosphatidylserine-
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mediated efferocytosis [20, 27]. Indeed, our results clearly
indicate that eryptosis may contribute to anemia in bacterial
genital tract infections in pregnant women. Surprisingly,
ROS-mediated pathways aren’t involved in eryptosis
associated with bacterial genital tract infections during
pregnancy. However, bacterial urinary tract infections
have been reported to be associated with impaired redox
status [28]. Notably, oxidative stress is also observed at
the systemic level in bacterial urinary tract infections
in pregnant women and is manifested by elevation of
circulating lipid peroxidation markers and depletion of
the enzymatic linkage of the antioxidant system [29]. ROS
overproduction has been suggested to be an important
factor in the pathogenesis of pregnancy-associated urinary
tract infections [30]. In eryptosis, ROS are known to
mediate phosphatidylserine depletion by increasing
scramblase activity and decreasing flippase activity,
respectively [31]. However, this pathway was not activated
in the present study. Thus, it is likely that other molecular
mechanisms besides ROS are responsible for accelerated
eryptosis in genital tract infections in pregnant women.
In general, it is known that erythrocytes have a shorter
lifespan and are more susceptible to destruction during
pregnancy [32]. We believe that the pro-inflammatory
environment associated with infections may facilitate
erythrocyte elimination via eryptosis. Of note, viral
and fungal infections have no effect on erythropoiesis
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parameters in pregnant women, suggesting the pathogen-
dependent nature of erythropoiesis stimulation.

Further exploration of the relationship between
pregnancy-associated genital tract infections and eryptosis
may provide a theoretical basis for targeting this cell death
as a novel therapeutic approach to prevent anemia in
pregnhant women with this pathology.

associated membrane phospholipid scrambling is observed
exclusively in bacterial genital tract infections, whereas this
hallmark of eryptosis is not seen in pregnant women with viral
or fungal infections. Bacterial genital tract infection-induced
eryptosis is ROS-independent and lacks cell shrinkage.
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Conclusions
This study demonstrates accelerated eryptosis in pregnancy-
associated bacterial genital tract infections, which may provide
a link between anemia and urinary tract infections. Eryptosis-
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EPUIITO3 AK 3B’ 30K MI’K BAKTEPIAJIBHOIO IHOEKIIE€IO PENPOAYKTUBHOI'O TPAKTA
TA AHEMI€IO BATITHUX

1. /1. Kyoin, B. B. Jlazypenxo, B. IO. IIpokonwok, O. I0. /Kenesnaxos, M. JI. Ilanacoecvkuii

XapkiBchbKuii HALIOHATBLHUIT MeTUYHMI YHIBepCHTET.
(m. XapkiB, Ykpaina)

Pesrome.

Tudexuii reniTanbHOrO TPaKTy Pi3HOI €TIONOrIT 1 aHeMis 3aJIUIIAIOTHCS MOMIMPEHUMHE CepeJl BariTHUX JKiHOK. Ha nanuii MOMeHT
ICHYIOTh Mi3epHi JIaHi PO BIUIKB iHEKLiil penpoLyKTHBHOIO TPAKTy Ha aHEMIiI0, sIKa PO3BHBAETHCS Y JKIHOK ITiJl Yac BariTHOCTI, 0CO-
611BO (HOKYCYIOUHCH HA MPOLECAX SPUIITO3Y.

MeTo10 1aHOTO OCTIPKeHHsI OyJI0 OLIHUTH 3aTHICTh OaKTepianbHOI, BipyCHOI Ta rpuOKOBOI iH(EKIii PerpOIyKTHBHOTO TPAKTY
CTaTy TPUTEPOM IIPOLIECIB EPUNTO3Y LUPKYIIOIOYNX SPUTPOLUTIB Y BariTHUX JKIHOK.

Marepiauu i metoau. Byno o6crexxeno 47 BariTHHX, SIKHX B 3aJ€KHOCTI BiJl HASBHOCTI iH(QEKII{HOI maTonorii 0y/1o MoaiIeHo
Ha Tpu rpynu: 14 BariTHHX 3 OakTepiadbHUM ypakeHHsM, 12 kiHOK 3 BipyCHUM ypakeHHsM, 11 BariTHuX 3 rpuOKoBoIO iHDEKIi€IO,
10 xiHok Ge3 o3HaK iH(IKyBaHHS CKJIaly KOHTPOIbHY rpymy. st BusHaueHHs iH(QIKyBaHHS BUKOPUCTOBYBAIH HACTYIHI METOAN
JIarHOCTHKH: OaKTepioNIOriyHMi, MIKPOCKOMIYHHHN, IMyHO(DEPMEHTHUH, OTiIMepa3Hy JIAHILIOTOBY PEaKIifo. 3a 0MOMOI0I0 TPOTOYHOT
LUTOMETPIl BU3HAYAIIH [TAPAMETPH epHITTO3y (KIITHHHY MOp(hOIIOrito, ckpeMOmiHr GpocdominiaHoi MeMOpaHu Ta OKCHIATHBHHI CTPEC)
B KPOBI BariTHUX 3 OaKkTepianbHOIO, BipyCHOO, IPHOKOBOIO iH(eKLieo penpoaykTuBHoro Tpakry. ®apOysanus anexkcun V-FITC ta
2°,7’-nixnopuaniriapoduyopeciuna gianerara (H2DCFDA) BUKOPHCTOBYBAIOCS IS KiJIbKiCHOrO BU3HaueHHst (ocdarimincepiny
i yrBOpeHHs akTHBHHX (popM kucHio (ADK) BianosinHo diyopecieHilisi BU3HaYaacs 3a jgornomoroto Hadopis BD FACSCanto™ |1
JUTSL IPOTOYHOT LIUTOMETPII.

Tect ANOVA BHKOPHCTOBYBABCS ISl HOPIBHSHHS YMCIOBUX JaHUX aHami3iB epunto3y. [Ticis 1poro 6yB 3aCTOCOBAaHHUN TECT
Boudepponi. [lani 06pobistin mporpamoro Graph Pad Prism 5.0 (CIIIA). Pisuiio BBaXkaiu CTaTUCTHYHO 3Ha4y110k0 mpu P < 0,05.

JToCiKEHHSI TIPOBOMITKCS BIAMIOBIIHO 10 OCHOBOIIOJIOXKHKX TIPUHIKIIB Hase:kHOI KiiHiuHOT pakTuku (GCP, 1996), KonseHuil
Pagu €Bponu npo npasa JiroauHu Ta GiomenuiuHy (4 kBiTHs 1997 poky), enbcinchkol nekiapariii BeecBiTHROT MEIMYHOI acoriaii
Npo eTHYHI npuHIMIH MeandHux Jlocrmipkerns Ha monsx (1964-2008), a takox nakaz MO3 Vkpainu Bix 23.09.2009 Ne 690 (3minu
BHeceHi Hakazom MO3 Vkpainu Bix 12.07.2012 Ne 523). TIpoekT 10CITiIKeHHS 00TOBOPEHO Ta CXBAJIICHO Ha 3aCiJaHHI MEANKO-ETHIHOT
komicii XHMY (nporokosn Ne 19 gin 19 tpasust 2024 p.).

CrarTs € pparMeHTOM HAyKOBOTO MPOEKTy Kadeapu akyiiepcTsa Ta rinexosnorii Ne 2 XapkiBChbKOro Hal[iOHAJILHOTO MEIHYHOTO
yHiBepcutery «OnTrUMi3allis JiarHOCTHKH, JTiKyBaHHs 3aXBOPIOBaHb PENPOAYKTUBHOT CHCTEMHU Ta YCKIJIAJAHEHb BariTHOCTI Y iHOK
3 EKCTPAreHITaIBHO MATONIOTIE0» (IepkaBHI peecTpaniiinuit Homep 0121U110923).)

Pe3yabrarn. [lapamerpu epurnto3y Oyiu OLiHEHI y BariTHUX JKIHOK 3 OaKTepialbHHM, BIpyCHUM, PHOKOBUM iH(]IKyBaHHIM pe-
MPOAYKTHBHOTO TPAKTY. YPaKeHHs PENPOAYKTHBHOIO TPAKTY BariTHUX GakTepialbHOIO (IOPOIO CYIPOBOMKYBATIOCS MMiACHICHHIM
ekcrepHaizarii Gpocharuauiceputy cepes HUPKYIIOUHX epUTPOLUTIB 3/0e3 HakomumyyBaHHIM ADK Ta 3MOpIIyBaHHSAM KIITHH.
EpuTponnTy BiJ BariTHUX 3 BipyCHUM a00 IPUOKOBUM yPaKCHHSM HE IMPOASMOHCTPYBAIN 03HAK SPUIITO3Y, TAKUX SIK CKPEMOTiHT
KJITITHHHUX MeMOpaH, OKCHIaTUBHUI cTpec a0 3MiHM KIIITHHHOI MOPQOIIOTii.
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BucnoBkun. [ndexuii penpoxyKTHBHOTO TpakTy OaKTepiaIbHOTO MOXO/PKEHHS Y BariTHHX XKiHOK ITOB’s3aHi 3 IPUCKOPSHHSIM IIPOIIECIB
epUINTO3Y, IKUIT MOXe MPU3BOUTH JI0 aHEMIl y IIUX BariTHUX. BukirouHo nmpu OakrepianbHiil iH(eKnii reHiTaIbHOTO TPaKTy OyIro rmoka-
3aHO, 110 3aIMyCKAETHCS CKPEMOITyBaHHS 1 3 IIbOTO Yacy €PUIITO3 B EPUTPOLUTAX BariTHUX XKiHOK. ExcrepHamizarist pocharunincepuny
HE3HAYHO BiAPI3HSIIHCS cepell BipycHOi abo rprOKoBOi iH(eKmiil Ta 3710pOBUMH BariTHIMH IpynH KOHTpoutto. bakrepianbHe iH(iKyBaHHS
TEeHITAIBEHOTO TPAKTY 1HAYKYE IPOIECH ePUIITO3Y, sIKi He Oy 1MoB’s3aHi Hi 3 yCaKOIO KIITHH, Hi 3 Ha/UTHIIKOBOO Npoxykuieo ADK.

Ku1rouoBi cj10Ba: indexiii penporyKTHBHOTO TPAKTY; EPUTPOLMTH; AHEMisl; BATITHICTh; €PUIITO3.
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