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BIOXIMIYHI MAPKEPU HEBUHOIITYBAHHSA BAT'TTHOCTI,
ITIOB’A3AHI 3 IHTPAINIALHEHTAPHUM HAKOITMYEHHAM "“Cs

He Mo)Ha HefoOLiHIOBATU BNANB HAaBKONWWHLOMO CEPEfOBULLA HA 300POB'A NIOAUHM B Cy4acHUX YyMOBAX. BUBYEHHS
natoreHe3y 3axBOploBaHb HEMOXMBE 6e3 BCTaHOBNEHHA (aKTopiB fecTabinizauii 6ionoriyHMx membpaH — 0CHOBM
NaToNOriyHMX peakLiit B OpraHi3mi Nl0AMHN. Y CTATTi BUCBITAIOETLCA NPobieMa NepekNCHOro OKUCHEHHA NiNifiB Ta aH-
TUOKCUAAHTHOTO 3aXMCTYy, NOB'A3aHa 3 HAKOMUYEHHAM PafioLesilo B NnaLeHTi.
MeTa: BU3HAUMTK GiOXiMiYHI MapKepu HEBUHOLIYBAHHS BAriTHOCTI, NOB'A3aHi 3 HakonuyeHHAM B37Cs y nnaueHTi.
Marepianu Ta metogu. BignosigHo 8o an3aitHy fOCNigKeHHs BariTHi Gynu po3nogineHi Ha rpynu: go nepwoi (rpyna
1) yBiliwnn 153 XiHKKM 3 penpofyKTUBHUMM BTPATaMu B aHaMHe3i Ta 03HaKaMu nepepuBaHHA NOTOYHOT BAriTHOCTI; [0
KOHTpOMbHOT (rpyna 2) — 30 XiHOK 3 HeycKnagHeHUM nepe6irom BariTHOCTI Ta aHaMHe3oM. KiHKu nepwoi rpynu 6y-
Ny po3noAineHi Ha nigrpynu: 1a — B AKMX BAriTHICTb 3aKiHYMAACA BYAaCHUMU NOOraMK, HE3BAXKalOYM Ha 3arpo3nuBi
03HaKuW nepepuBaHHs; 1B — BariTHiCTb 3aKiHYMAACsA Ni3HIMM nepegyacHMMU nojoramu; 1c — BariTHICTb 3aKiHYMMacs
paHHiMK nepeaYacHUMK nonoramu. B nnaueHTax 060x rpyn MeTofoM B-cnekTpoMmeTpii BUABNEHO HaKonuYeHHs B37Cs 3
pi3Hoto akTuBHicTio. [is ¥Cs nonsrae B akTMBaLii BinbHOpaguKanbHUx npouecis. Cuny OKMCHOMO CTpecy JOCHifxXy-
BaJM 3a BMiCTOM y KpoBi fiieHoBuMX KoH'toraTiB ([K) i manoHoBoro gianbaerigy (MOA). AHTMOKCMAAHTHY 3[aTHICTb BU3-
Hayanu 3a akTUBHICTIO KaTanasw, MyTaTioH-S-TpaHcdepasun Ta cynepokcupancmytasm (COM). bioximiuni gocnigxen-
HA npoBoAMAM Ha cnekTpodoTomeTpi «Specol-11» (HimewumnHa).
Pesynbrartu. MigsuwenHs OK B I tpumectpi B 2,25 pasa, B II1 III tpumectpax BignosigHo B 1,25 1 1,5 pasa cBiguuThb
Npo aKTUBALil BiNbHOpagMKanbHUX peakuii. Tpurepom MmisHix nepeayacHux nonorie € 36inbwenHs MOA B I Tpu-
mecTpi Ha 17,4 %. NiguwenHa MIA Ha 23,4 % B I TpumecTpi CBifUMTb NPO PU3MUK PaHHiIX NepeavyacHUx nonoris i
BHYTPilWHbOYTPOOHOT 3arnbeni nnopa. 3HuxeHHs aktuHocti COL B I Tpumectpi Ha 13,0 % Moxe ByTM NpefuKTOpOM
nepegyacHux nonorie. 3HuxeHHs aktusHocti COL Ha 18,2 % y I TpumecTpi cBigYMTL Npo fekomneHcalilo agan-
TalifHKUX MexaHi3MiB. BHacnigoK oKCMAATUBHOIO CTPECy, CMPUYUHEHOTO HAaKONMYeHHAM B37Cs y nnaueHTi, Maite B 2
pa3u 3HUKYETbCA aKTUBHICTb MyTaTioH-S-TpaHcdepasun. Y I TpumecTpi aKTMBHICTb KaTanasu B KpoBi BariTHMx 1B Ta 1c
nigrpyn 6yna sHuxeHa Ha 39,2 % Ta 44,9 %. [AnHamika katanasu y II TpumecTpi BKa3ye Ha aKTMBALi0 NPUCTOCYBANb-
HUX peakuiit. Micna 25 TxHiB y BariTHUX 1B 1 1c nigrpyn BigbyBaeTbCA NPUTHiYEHHA AaKTUBHOCTI KaTanasu Yepes BUC-
HAXXEHHA MexaHi3MiB aHTUOKCUAAHTHOIO 3axMCTy. AKTUBHICTb 1¥7Cs y nnaueHTi Buwe 4,5 BK/Kr BUKIMKAE BUCHAXKEH-
H @aHTMOKCMAAHTHUX MEeXaHi3MiB, WO NiATBEPIKYETbCSA CTINKUM NPUrHIYEHHAM aKTUBHOCTI KaTanasu 1a COJ Ha doHi
Bucokux pisHi 1K Ta MJA B kpoBi. KpuTuuyHot ansa BaritHocTi € akTuBHicTb ¥7Cs y nnaueHTi noHag 10,4 bk/kr.
BucHoBKu. HakonnyeHHs 137Cs y nnaueHTi NpM3BOAUTb [0 aKTMBALLT MEPEKUCHOTO OKMUC/IEHHA NinigiB noHag MOX-
NMBOCTI aHTUOKCUAAHTHOT cucTemu. EkcTpemanbHi edekTr 3anexarth Bif akTMBHOCTI 1¥7Cs i KOMNEHCATOPHOT 3AaTHOCTI
nnaueHTun. MokasHukn MOA, 0K, COL i kaTanasu € NporHOCTUYHUMM WOAO MOTYKHOCTI OKCMAATUBHOIO CTPecy Ta cue-
HapiiB BariTHOCTI.
KnioyoBi cnoBa: HeBMHOWYBAHHSA BariTHOCTI; naaueHTa; ¥’Cs; nepekucHe OKUCIEHHS NiNifiB; aHTUOKCUMAAHTHUIA
3axucT.
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BIOCHEMICAL MARKERS OF MISCARRIAGE ASSOCIATED WITH
THE INTRAPLACENTAL ACCUMULATION OF *Cs

The impact of the environment on human health in modern conditions cannot be underestimated. The study of the
pathogenesis of disease is impossible without establishing the factors of destabilization of biological membranes.
The article highlighted the problem of lipid peroxidation and antioxidant defense associated with the accumulation
of radiocesium in the placenta.
Objective: to determine the biochemical markers of miscarriage associated with the accumulation of %¥7Cs in the pla-
centa.
Materials and methods. According to the research design, pregnant women were divided into groups. Group 1
included 153 women with reproductive losses in anamnesis and signs of termination of the current pregnancy.
Group 2 (control) included 30 women with an uncomplicated pregnancy and medical history. The women of Group
1 were divided into subgroups: 1a - in which the pregnancy ended with timely delivery, despite threatening signs
of termination; 1b — pregnancy ended in late premature birth; 1c — pregnancy ended in early premature birth.
Accumulation of ¥7Cs with different activity was detected in the placentas of both groups by B-spectrometry. The
effect of 1¥7Cs is the activation of free radical processes. The strength of oxidative stress was studied by the content
of diene conjugates (DC) and malondialdehyde (MDA) in the blood. The antioxidant capacity was determined by the
activity of catalase, glutathione-S-transferase, and superoxide dismutase (SOD). Biochemical studies were per-
formed using a spectrophotometer «Specol-11» (Germany).
Results. The increase of DCin the 1°* trimester by 2.25 times, in the 2" and 3" trimesters by 1.25 and 1.5 times indi-
cates the activation of free radical reactions. The trigger for late preterm births is an increase in MDA in the 1%
trimester by 17.4 %. An increase in MDA by 23.4 % in the 1 trimester indicates the risk of early premature birth and
intrauterine death of the fetus. A decrease in the activity of SOD in the 1° trimester by 13.0 % can be a predictor of
premature birth. Decreased activity of SOD by 18.2 % in the 1° trimester indicates decompensation of adaptation
mechanisms. As a result of oxidative stress caused by the accumulation of 3Cs in the placenta, the activity of GST
decreases almost 2 times. In the 1% trimester, catalase activity in the blood of pregnant women of the 1b and 1c
subgroups was reduced by 39.2 % and 44.9 %. The dynamics of catalase in the 2™ trimester indicate the activation
of adaptive reactions. After 25 weeks, catalase activity is inhibited in pregnant women of subgroups 1b and 1c due
to depletion of antioxidant protection mechanisms. The activity of Cs in the placenta above 4.5 Bq/kg causes
depletion of antioxidant mechanisms, which is confirmed by persistent inhibition of catalase and SOD activity
against the background of high levels of DC and MDA in the blood. Critical for pregnancy is the activity of *Cs in
the placenta above 10.4 Bg/kg.
Conclusions. The accumulation of *Cs in the placenta leads to the activation of lipid peroxidation beyond the
capacity of the antioxidant system. Extreme effects depend on the %37Cs activity and placenta compensatory ability.
Indicators of MDA, DC, SOD, and catalase are prognostic regarding the power of oxidative stress and pregnancy
scenarios.
Key words: miscarriage of pregnancy; the placenta; ¥7Cs; lipid peroxidation; antioxidant protection.
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BCTVYII INTRODUCTION

HesuHomryBanHs BaritHocTi (HB) — akTyanpHa mpo6-  Miscarriage remains an actual problem today. The
JleMa CchoromeHHs. logoBHMM 3aBHaHHSIM cydacHOTo  main task of modern obstetric science is to reduce
aKyIlIepcTBa € 3HIKEHHS 4YacTOTH penmpoAayKTWBHUX  the frequency of reproductive losses. Determining
BTpaT. BusHaueHHs naroreHeTnuHuX YynHHUKIB HB mae  the pathogenetic factors of miscarriage makes it
MOXKJIMBICTh 3ao0irTy il maroJjorii. BimoMo, 110 3m0-  possible to prevent this pathology. It is known that
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pOB’Sl HOBOHAPOIKEHOr0 BM3HAYA€ETLCSI YMOBaMHu, B
SIKAX PO3BUBAEThCH LT, HecmpusaTinsi yMoBY CIIpUYH-
HSIIOTh aKyllepchbKi Ta MNepuHaTalbHi YCKJIagHEHHS,
BIUIMBAlOTh Ha IOCTHATAJbHY i COlliajbHY afaIlTallilo.
BueHumu n1oBeeHO 3B’5130K HEBMHOILIYBAHHS BariTHOCTI
3 (pakTOopamMu 30BHillIHbOro cepegoBuina [1—4]. Exo-
JIoTist YKpaiHu TocTpaxjaja BHacaigoK aBapili Ha Yop-
HOOUNBCBKiN aToMmHil enekTpocTtaniii (HAEC), gka He
Ma€ aHaJIOTiB 3a KiJIbKICTIO paJlioOHYKIIiIiB, 110 MOTpanu-
JI B JOBKUJLJIS, TJIOLIEI0 ypakeHHs i Hacaiakamu [5—10].
Yepes 38 pokiB eKkooTiss YKpaiH MOKpaIIniiacs 3aBasi-
KM po3Iaay i mepepo3Mnoily i30TOIB Y HABKOJIUIIHbO-
MY cepenoBuILi. 3a0pyaHEHi palioi30ToNaMu €KOCUCTe-
MU € IKePeIOoM OIPOMIHEHHS WISt ToauHU. JJoBrorpu-
Bajie OIIPOMIHEHHSI MajJMMU J03aMu Mae€e Oijblie
HACIiAKiB, HiX MOTYyXXHE OJHOpPAa30BE OIPOMiHEHHS.
3Bincu icHye HayKOBUI iHTepec OO BiagaleHUX HACHi-
KiB HopHOOMJILCHKOI KaTacTpOdu.

Haii6inblny HeOe3neky B JOBrOCTPOKOBI Mepcriek-
TUBi CTAaHOBUTH pamionesiii (1¥’Cs) uepe3 3a0pyaIHEHHS
IPYHTY, BOIU, TTPOAYKTiB POCIMHHOTIO i TBAPMHHOTO I10-
XomxeHHs. 'Y7Cs € Oera- i raMMa-BUIIPOMiHIOBaueM 3
nepiogomM HamiBpo3mamxy 30 pokiB i OiogorigHUM
nepiogoM HamiBpo3mnany 100 gHiB y gopocaux i 20—50
nHiB y miteid [11—13]. B opranizm JonuHu pamionesiit
noTparuisie 6i0JIOTiYHMUM JIAHLIOTOM «POCMHU — TpaB-
HU TPaKT TBapUH — IIPOAYKTHU XapayBaHHs». JIxkepesa-
MU HagxoJkeHHs 37Cs B opraHi3M JIOOAUHU € MOJOKO,
M’sico, i, JicoBi ssrogu, rpudu [7, 8]. PiBeHb iXHBOTO
pagioaKTUBHOTO 3a0pyIHEHHS 10Ci 3aTUIIAETHCS BUCO-
kuM [6—10, 13]. ExosoriuHe 6aromnosydusi OKpeMoOro
perioHy He TrapaHTye CIIOXXKMBadyaM BiJICYyTHICTb pajio-
HYKJIiIiB y MpoaykTax xapuyyBaHHS. IlosicHIOETbCS 1ie
aKTUBHMM TOBapOOOMiHOM MiX perioHaMMu.

Edextn HamxomkenHs '7Cs B opraHi3M ajgiMeHTap-
HUM IIUISIXOM TOB’si3aHi 3i BCMOKTYBaHHSIM y KpPOB Ta
HaKOMUWYEHHSM B OpraHax i cucreMax 3 ITiJBUILEHOIO
pagiouyTauBicTio. Takum opraHom € riaueHTa. Ipuun-
HOIO HEBUHOILIYBAHHS € JI€KOMIIEHcallisl MaleHTapHO1
€MHOCTI.

HakonuuenHs '¥7Cs y mialleHTi BUKJIUKA€E paialliii-
HUI cTpec i mopyllye 11 apXiTeKTypy. 3arajJbHOI0 3aKO-
HOMIpPHICTIO OyIb-SIKOTO CTPECY € aKTUBallisl TIPOOKCU-
JaHTHUX peakuiii. IlepekncHe OKMCIEHHS JiMiliB
(ITOJT) € ogHUM i3 BaXKJIMBUX OKUCIIOBAJbHUX MTPOLIECiB
B opranizmi moauHu. ITOJI BnuBae Ha BiIHOBJIESHHS
MeMOpaH, CUHTE3 IpocTarjiaHIuHiIB, TPOMOOKCaHIB, Jieii-
KOTpi€HIB, IIIOKOKOPTUKOIAiB, mporectepony. I1OJI e
MOKAa3HUKOM afaNTalifHUX MOXJIUBOCTEN OpraHiamy y
BiAMOBiAb HA BILUIMB HeCNpUATIUMBUX (pakTopiB. ITOJI —
11e OKMCJII0BaIbHA Jierpaaallis JidifiB, 110 MiJ BILIMBOM

the health of a newborn is determined by the con-
ditions the fetus develops. Unfavorable conditions
cause obstetric and perinatal complications and
affect postnatal and social adaptation. Scientists
proved the connection between miscarriage of preg-
nancy and environmental factors [1—4]. The ecolo-
gy of Ukraine suffered as a result of the accident at
the Chornobyl nuclear power plant (ChNPP),
which has no analogs in terms of the number of
radionuclides that entered the environment, the
area affected, and the consequences [5—10]. After
38 years, the ecology of Ukraine has improved
thanks to the decay and redistribution of isotopes
in the environment. Ecosystems contaminated
with radioisotopes are a source of radiation for
humans. Long-term exposure to small doses has
more consequences than powerful single exposure.
Hence, there is a scientific interest in the distant
consequences of the Chornobyl disaster.

Radiocesium (*¥’Cs) poses the greatest danger in
the long term due to contamination of soil, water,
plant, and animal products. 7Cs is a beta and
gamma emitter with a half-life of 30 years and a
biological half-life of 100 days in adults and 20—50
days in children [11—13]. Radiocesium enters the
human body according to the biological chain
«plants — digestive tract of animals — food prod-
ucts» The sources of “Cs entering the human
body are milk, meat, eggs, wild berries, and mush-
rooms |7, 8]. The level of their radioactive con-
tamination remains high [6—10, 13]. The ecologi-
cal well-being of a particular region does not guar-
antee consumers the absence of radionuclides in
food. The active exchange of products between
regions explains this.

The effects of ¥"Cs after entering the body
through the alimentary route are associated with
absorption into the blood and accumulation in
organs and systems with increased radiosensitivity.
Such an organ is the placenta. The cause of miscar-
riage is decompensation of the placental capacity.

Accumulation of '¥Cs in the placenta causes
radiation stress and disrupts its architecture. The
general pattern of any stress is the activation of
pro-oxidant reactions. Lipid peroxidation (LPO)
is one of the important oxidative processes in the
body. LPO affects the restoration of membranes,
and the synthesis of prostaglandins, thrombox-
anes, leukotrienes, glucocorticoids, and proges-
terone. LPO is the main indicator of the body’s
adaptive capabilities in response to the influence of
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aKTUBHMX (DOPM KMCHIO TIPU3BOAUTD A0 TMOLIKOMIXKEH-
HS KJITUHHUX MeMOpaH 3 MOAajbIIOI 3aruOesiiio
KimituH [14, 15].

KrituHu opraHiaMy ckJiagaroThcs 3 Mojekyid. Hass-
HICTb y MOJIEKYJIi CITapEHUX €JIEKTPOHIB CBITUYMUTH PO 1i
cTabiabHiCTh. KiliTHM, SIKi TIpeacTaBieHi CTabiTbHUMU
MOJIEKYJIaMU BBaXKaIOThCs 300pOBUMU. MOJIEKy/ 11 3 He-
CrlapeHUM eJIEKTPOHOM B OOOJIOHIII € HeCcTabiTbHUMU
Ta arpecuBHuMU. lle BiIbHI pamukanu. IHiniaTopom
BiIBHOPAIMKAIbHOIO OKHUCJIEHHSI € aKTUBHI (opMu
kucHio (ADK). IIpoliec nmepeKMcHOro OKMCAEHHS JIiMi-
IiB iHilitoeTbcs B3aeMomiero ADPK 3 HeHacHMYeHUMU
>KUPHUMM KUCJIOTaMMU, SIKi yTBOPIOIOTH (hochoTimimHIA
map meM6pas. Ilpu oMy, BiIbHUI KMUCHEBUI panu-
KaJl Bimoupae BiJl MOJIEKYJ XKMPHOI KUCJIOTU O3UTUBHO
3apsIKEHUI aTOM BOJHIO, 11O iHILIiI0O€ HOBY JIAHIIIOTO-
BY peakllilo 3 HAaKOIMWYEHHSIM y TeOMEeTpUYHili mpor-
pecii arpecMBHMX MoJieKyJ. BHacmigok HaaauIiluKy
A®DK B opranizmi nopyiyerbces 6anaHc «ADPK — aHTu-
OKCHUJAHTH», 10 MPU3BOAUTH N0 yiukomkeHHs JHK,
OiKiB, MeMOpaH i KIiTuH. OKUCITIOBAJIbHUI CTpecC Mmia-
TBEPIKYEThCSI BUCOKMMM PiBHSIMU MaJOHOBOTO Jiajlh-
nmeriny (MJIA), mieHoBux koH’roraTiB (IK), ocHoB
udda B KpoBi, sIKi mepeBUITYIOTH (Di3i0J0TiYHI MOX-
JIMBOCTI aHTUOKcuaaHTHoi cuctemu (AOC) [14, 15].

K e neppuHHuMuU npoayktamu ITOJI, TokcuuHuMu
JIJIS JHITOTIPOTEINiB, OiNKiB, HYKJIEIHOBUX KMCIIOT i (hep-
MeHTiB. JIK yTBOpIOIOTBCSI B Pe3ysbTaTi BiTbHOpPAIM-
KaJIbHOTO OKHWCJIEHHS apaxilToOHOBOi? KUCJIOTHU. Jlimo-
MEPOKCUIN — HeCTiliKi peyoBUHU. OKUCHE Tepepo-
JKEHHSI NoJliHEeHACUYeHUX XXUPiB MPU3BOAUTH IO HAKO-
MUYEeHHS BTOPUHHUX TPOAYKTIB okucaeHHsa. MDA €
HaioinbII 3HaYywuM 3 HUX. [IpogykToM B3aemomii?
M/IA 3 aMiHOBMiCHMMMU CITOJlyKaMH € 111 (OBi OCHOBM.
[x HakonmueHHs nectabinizye KIITHHHI MeMOpaHu.

ITpu akrtuauii [TOJI HalOINBIIOrO0 MOIIKOIKEHHS
3a3Ha€e ocdoninigHuil map MemMopaH, 11O MPU3BO-
JUThb 10 MiABUIIEHHS €KCKpeLlil OiJIKa Ta MOPYLIEHHS
JIeTOKCUKAaLIil TIPOAYKTIiB MeTa00J1i3My B eH0I1a3Ma-
TUYHOMY peTukyayMi. Peakuii APK 3 okcugoM a3orty
YTBOPIOIOTb MEPOKCUHITPUTHU, SIKi BIUIMBAIOTh HA AU-
XaJIbHUM JTAHLIIOT MiTOXOHAPil i MPU3BOAITh 10 3aTU-
oeni kituH [14, 15].

Bracninok akrupaitiii [1OJI akTuBy1oThCS hepMeHTH
CUCTEMU aHTHMOKCUIAAHTHOIO 3aXUCTY, 30KpeMa CyIie-
poxkcuaaucmytasa (COJ/I), kaTanasa, rIyTaTiOHIIEPOK-
cumasa Ta rayraTtionpenykrasa [14—17]. COJl nepermr-
KOJIXKa€ MepeTBOPEHHIO CYTIePOKCUIHOIO aHiOH-pan-
KaJla Yy BUCOKOTOKCUYHUM? TiAPOKCUIBLHUU? pagnKall.
CO/l gk mepBUHHMU? aHTMOKCUAAHT JEaKTUBYE aK-
tiBHI popmu kucHio. COJl crpuse TpaHcdopMmalrii

(1) 450

adverse factors. LPO is an oxidative degradation of
lipids, which under the influence of reactive oxygen
species causes damage to cell membranes with sub-
sequent cell death [14, 145].

Body cells are made up of molecules. The presence
of paired electrons in a molecule indicates its stabil-
ity. Cells represented by stable molecules are consid-
ered healthy. Molecules with an unpaired electron in
the shell are unstable and aggressive. These are free
radicals. The initiator of free radical oxidation is
reactive oxygen species (ROS). The process of per-
oxidation is initiated by the interaction of ROS with
unsaturated fatty acids that make up the phospho-
lipid layer of membranes. At the same time, the free
oxygen radical selects a positively charged hydrogen
atom from fatty acid molecules, which initiates a new
chain reaction with the accumulation of aggressive
molecules in a geometric progression. Due to the
excess of ROS in the body, the balance of «<ROS —
antioxidants» is disturbed, which leads to damage to
DNA, proteins, membranes, and cells. Oxidative
stress is confirmed by high levels of malondialdehyde
(MDA), diene conjugates (DC), and Schiff’s bases
in blood, which exceed the physiological capabilities
of the antioxidant system (AOS) [14, 15].

DC are the primary products of LPO. They are
toxic to lipoproteins, proteins, nucleic acids, and
enzymes. DK are formed as a result of free radical
oxidation of arachidonic acid. Lipoperoxides are
unstable substances. Oxidative degeneration of
polyunsaturated fats leads to the accumulation of
secondary oxidation products. MDA is the most sig-
nificant of them. The product interaction of MDA
with amine-containing compounds is Schiff bases.
Their accumulation destabilizes cell membranes.

When LPO is activated, the phospholipid layer of
membranes suffers the greatest damage, which leads
to increased protein excretion, and impaired detox-
ification of metabolic products in the endoplasmic
reticulum. ROS with nitric oxide form peroxyni-
trites, which affect the mitochondrial respiratory
chain and lead to cell death [14, 15].

LPO activation mobilizes the antioxidant defense,
including superoxide dismutase, catalase, glu-
tathione peroxidase, and glutathione reductase
[14—17]. Superoxide dismutase (SOD) prevents the
conversion of the superoxide anion radical into the
highly toxic hydroxyl radical. SOD as a primary
antioxidant deactivates reactive oxygen species.
SOD contributes to the transformation of superox-
ide anions into less dangerous oxygen and hydrogen
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CYIepOKCUIHMX aHIOHIB Y MEHII HeOe3IMeuHi KUCeHb i
TMEePEeKUC BOAHIO. AKTUBHICTh KaTaJa3W MOB’sS3aHa 3
aktuBHicTio COJI. IXHi KOHIeHTpaLii B3aeMo3anexHi.
CO/l Mae renaTonpoTeKTOPHY, pereHepyIouy, pagior-
POTEKTOPHY, MPOTHU3aNaIbHY i aHTUTUBIPYCHY IiIO.

AHTHUOKCHUIAHTHI MeXaHi3MH yHiBepcaibHi [16, 17].
IMponyktnn I1OJI HeiTpanizyloTh YOTUPHU MOCTiTOBHI
JIiHil aHTUOKCUIAHTHOTO 3aXUCTY. Y TphOX Oepe yJacTh
rnytatioH (GSH). BucHaxxeHHsI eHIOTeHHUX 3araciB
rIyTaTioHa YIOBIBHIOE IIpoliecu AeTokcukaliii. Ha
nepuioMy eTari TOKCUYHi pedOBUHMU I1iJl BIUIMBOM Ka-
Taja3u, CYyNepoKCUAAUCMYTa3U i Lepy/I0IIa3MiHy Ie-
pPETBOPIOIOTHCS Ha KUCeHb i Boay. IigpodinbHi MeTa-
0oJIiTU BCTyMalTh B peakxliilo KOH’lorauii 3 Iiy-
TaTiOHOM Ha ApyTiii cranii. TpeTs cramis moB’s3aHa 3
eKCKpEeIli€l0 KOH’IOroBaHUX IMMOXiAHUX 3 OpraHi3my.
YeTrBepTuii eTam — 1ie penapaTUBHA pereHepallis Mmor-
KOIXeHUX Mojyiekya [16, 17]. [yratioH TpamguuiiiHO
BBaXKa€ThCSI KIIIOYOBUM aHTUOKCUIAHTOM IIPU OKMC-
HoMy cTpeci. TakoX MIyTaTioH MiATPUMY€E iMyHHY Bil-
MoBiAb, MeTaboJli3aM, MiKpoeJleMeHTHUI TreMocTas,
npoJidepaliio, mudepeHitoBaHHs i aronTo3. OyHK-
wii raayTaTioHnepoKcUaa3y 3ajiexaTh Bil 11 €KCIIpecil,
BUPAXKEHICTh SKOI CBiIUMTH MPO HAMPYKEHiCTb CUC-
TEMHOI'O PEIOKC CTaTyCcy i MexaHi3MiB eHIOTeNii-3a-
JIexXHOoI BazoaugTauii. BinHoBineHa (hopma riyraTioHy
(GSH) neperBoproerbess B okuciieHy (GSSG) min
BIUIMBOM TJIyTaTiOHIIepoKcuaa3u. BimHoBneHuit riy-
TaTioH 3axumae SH-rpynu OiIKiB Bil OKWCIEHHS.
30epexeHHsa SH-rpynu Ginka BimOyBa€eThcs 3a paxy-
HOK okuciieHHsa SH-rpynu rtimyraTtioHy. OKuCIeHHS
IJIyTaTiOHY BilOYBAEThCS B pe3yJIbTaTi OKMCIIOBATBHO-
ro crtpecy. CHiBBiIHOIIEHHSI BiZHOBJEHUIi/OKUCIE-
HUI TIyTaTiOH BKa3ye Ha CTYIIiHb OKMCHOTO CTPECY.

OT1xe, TIepeKMCHUI TeMocTa3 — HeoOXiTHAa yMOBa
KUTTA. Byab-sgKuil maTojoTiyHU# TIpolieC PO3BU-
BA€ThCS Ha TJIi MPOOKCUAAHTHOI aKTWBallili. BHyT-
pillIHE OMNPOMiHIOBAHHSI MOPYIIYE OKWCHO-BiTHOBHI
Mpo1iecu Ta (YHKIIOHAJIBHY CITPOMOXHICTh KJTITMH-
HUX MeMmOpaH. ToMy BUHMKAE HAyKOBMIi iHTepecC IO
OioximiuHux acriekTiB HB, moB’sg3aHux 3 iHTparia-
LIEHTapHUM HakoIMu4YeHHsIM 7Cs,

META
BusHauuTty OioXiMiuHI MapKepu HEBUHOIIYBaHHS
BariTHOCTi, MOB’s13aHi 3 HakKonuyeHHsIM 7Cs y mia-
LICHTI.

MATEPIAJIN TA METOJIN
BignoBinHO M0 Au3aiiHy MOCHiIKEHHS BariTHi Oyiu
poamonisiedi Ha rpymu. Jlo mepmioi rpymu (rpyma 1)

peroxide. Catalase activity is related to SOD activi-
ty. Their concentrations are interdependent. SOD
has hepatoprotective, regenerating, radioprotective,
anti-inflammatory, and antiviral effects.

Antioxidant mechanisms are universal [16, 17].
Four lines of antioxidant defense sequentially neu-
tralize the products of LPO. Glutathione is involved
in three (GSH). Depletion of endogenous glu-
tathione reserves slows down detoxification process-
es. In the first stage, toxic substances under the influ-
ence of catalase, superoxide dismutase, and cerulo-
plasmin are transformed into oxygen and water.
Hydrophilic metabolites enter into a conjugation
reaction with glutathione in the second stage. The
third stage is associated with the excretion of conju-
gated derivatives from the body. The fourth stage is
the reparative regeneration of damaged molecules
[16, 17]. Glutathione is traditionally thought of as a
key antioxidant in oxidative stress. In addition, glu-
tathione supports immune response, metabolism,
microelement hemostasis, proliferation, differentia-
tion, and apoptosis. The functions of glutathione
peroxidase depend on its expression, which expres-
siveness indicates the tension of the systemic redox
status and mechanisms of endothelium-dependent
vasodilatation. The reduced form of glutathione
(GSH) is converted into an oxidized form (GSSG)
under the influence of glutathione peroxidase. The
reduced glutathione protects SH-groups of proteins
from oxidation. The preservation of the SH-proteins
occurs due to oxidation of the SH-group of glu-
tathione. Oxidation of glutathione occurs due to
oxidative stress. Ratio reduced/oxidized glutathione
indicates the degree of oxidative stress.

So, peroxide hemostasis is a necessary condition of
life. Any pathological process develops against the
background of pro-oxidant activation. Internal radi-
ation disrupts redox processes and the functional
capacity of membranes. Therefore, there is scientif-
ic interest in the biochemical aspects of miscarriage
of pregnancy associated with intraplacental accu-
mulation of '¥7Cs.

OBJECTIVE

Determinate the biochemical markers of miscar-
riage associated with the accumulation of 3’Cs in the
placenta.

MATERIALS AND METHODS
According to the research design, pregnant women
were divided into groups. Group 1 included 153
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yBinuM 153 XXiHKY 3 penpOAyKTUBHUMHI BTpaTaMU B
aHaMHe3i Ta 03HaKaMU IlepeprUBaHHSI IIOTOYHOI BariT-
HocTi. dpyry rpymy (rpyma 2, KoHTpoabHa) ckmanu 30
KIHOK 3 HeyCcKJIaIHeHUM TIepebdiroM BariTHOCTI Ta
aHamHe3oM. CepenHill Bik BariTHUX 000X Ipyrnax crTa-
HoBUTH (33,4 = 5,2) poky. Haiibinblie xiHoK Oyi10 3
Kuesa Ta obaacti (69,4 %); i3 3axigHoi, cXigHOi Ta
LIEHTpaIbHOI YKpaiHu BianosinHo 8,2 %, 5,5 %1 16,9 %
BariTHUX.

V 37,3 % XiHOK TieplIoi I'pyny MUHYJI BariTHOCTI
nepepuBaiucs nepesaxHo B I tpumectpi. IlonepenHi
BaritHOCTi Y 20,9 % XiHOK 3aKiHYMJIMCS TIepeayacHu -
MH TTosioraMu. Maiike 4,6 % XiHOK TIepeK WA 3aBMU -
paHHs 11oaa Ha 34—38-My THXKHSIX BariTHOCTI. YacTu-
MU IIPUIMHAMU PEIIPOAYKTUBHUX BTpaT OYJIM: TOPMO-
HaJlbHUI aucbanaHc — y 73,3 % BUIIaJKiB, CIlaJKoBa
tpoMbodinia —y 30,1 % xiHok, iHdexuia —y 53,0 %
0ci0, o0TypaliiiHa HeIOCTaTHICTh INMUKU MaTKU — Y
33,3 % nauienTok. [1epebir BariTHOCTI YCKJIaqHIOBAB-
cs TMualeHTapHolo aucyHkuier. JIiKkyBaHHS He
3aBXIU JaBaJio MO3UTUBHUI edekT. He3Baxkaroum Ha
CXOXi YMHHMKI, ClLeHapil BariTHOCTi BiApi3HSIMCS.
BinnoBigaioo Ha 3anmuTaHHSI OPO Pi3Hi CLieHapil BariT-
HOCTi Ha (pOHi CXOXKMX MAaTOreHeTUYHUX (PaKTOpPiB cTa-
JIo BUsiBJIeHHS ¥7Cs 3 pi3HO10 00’€MHOI0 aKTUBHICTIO B
yciX 6e3 BUHATKY IUTAllEHTaX 000X Tpyrm METOIOM [3-
CTIIEKTPOMETpil 3a JOITOMOTOI0 aHaii3zaTopa <«Scaler
RC-101» (AnoHis). Xapakrep ImialeHTapHUX YIITKOI-
>K€Hb BUBYAJIM 3TiTHO 3 IIPOTOKOJIOM MOP(OJIOTIYHOTO
nociimkeHHsT mraueHT (popma Ne 013-1/0) [18] Ha
mikpockomnax Olympus BX51 ta Axioskop 40. Bcra-
HOBJIEHO, 1110 BIUIMB '¥’Cs MOpYIIYE apXiTeKTypy Iia-
IIEHTH, a eKCTpeMaibHi e(heKTH 3ajiexXaTh Bill 00’eMy
iHKopriopoBaHoro ¥’Cs [3, 4].

KiHOK meploi Irpynu AJisi MPOBEACHHS 1€TalbHOTO
aHaJjii3y Oys10 po3IOoIiJIeHO Ha MiArpynu: la — XiHKu, y
SIKMX BariTHiCTb 3aKiHYMJAcsl CBOEYACHMMU ITOJIOra-
MM, HE3BaXKAIOUM Ha TMepedir 3 03HaKaMu 3arpo3u Tie-
pepuBaHHS; 1B — BariTHICTb 3aKiHUMJIACS Ii3HIMU IIe-
peaJYacHUMH TojioraMu B 28—36 TukHiIB + 6 AHiB; 1¢c —
BariTHICTh 3aKiHUMIacs paHHIMM MepeadyacHUMMU TO-
soramu B 22—27 TVKHIB + 6 AHIB. 32 TaHUMU B-CrIeKT-
poMmeTpii y XKiHOK KOHTPOJIbHOI Ipynu B IJalleHTaX
BusiBieHo 10 1,0 bx/kr 1¥7Cs, 1110 He MOpyILIyBaJIO IXHi
apXiTeKTOHIKYy Ta (hyHKIIIOHaJIbHY 31aTHicTh. Y 30 %
BUMAAKIB Ha MaTEPMHCHKil MOBEpPXHi LIMX IIALICHT
BUSIBJICHO AUISIHKM ilieMii. Y mianeHTax miarpynu la
HakonuuyBasioch Bin 1,1 bk/kr no 4,4 bk/kr ¥7Cs, 1110
MPU3BOAWIO 10 TMOPYIIEHHS MiKpPOIMPKYJIALil Ta
aucTpodivnux 3miH. Y 30 % BunmaakiB Ha MaTe-
PUHCBKIM TTOBEPXHI LIMX MJIALEHT OyJ0 BUSBICHO

women with reproductive losses in anamnesis and
signs of termination of the current pregnancy. Group
2 (control) included 30 women with an uncompli-
cated pregnancy and medical history. The average
age of pregnant women in both groups is 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.

In 37.3 % of women in the first group, previous
pregnancies were interrupted mainly in the 1st
trimester. Past pregnancies in 20.9 % of women
ended in premature birth. Almost 4.6 % of women
have experienced fetus death at 34—38 weeks of
pregnancy. Frequent reasons for reproductive losses
were: hormonal imbalance — in 73.3 % of cases, he-
reditary thrombophilia — in 30.1 % of women, infec-
tion — in 53.0 % of people, obturation failure of the
cervix — in 33.3 % of patients. The course of preg-
nancy was complicated by placental dysfunction.
Treatment did not always have a positive effect.
Despite similar factors, pregnancy scenarios dif-
fered. The answer to the question regarding different
pregnancy scenarios against the background of sim-
ilar pathogenetic factors was the detection of '¥Cs
with different volume activity in all placentas of both
groups without exception by the B-spectrometry
method, using the «Scaler RC-101» analyzer (Japan).
The nature of placental injuries was studied accord-
ing to the protocol for the morphological examina-
tion of the placenta (form No. 013-1/0) [18], using
Olympus BX51 and Axioskop 40 microscopes. It has
been established that exposure to 3’Cs disrupts the
architecture of the placenta and extreme effects
depend on the volume of incorporated '¥Cs [3, 4].

The women of Group 1 were divided into sub-
groups for detailed analysis: 1a — in which the preg-
nancy ended with timely delivery, despite the course
with signs of a threat of termination; 1b — pregnan-
cy ended in late premature birth at 28—36 weeks + 6
days; 1c — pregnancy ended with early premature
birth at 22—27 weeks + 6 days. According to B-spec-
trometry, up to 1.0 Bg/kg of '¥7Cs was detected in
the placentas of women in the control group, which
did not disturb their architecture and functional
capacity. From 1.1 Bq/kg to 4.4 Bq/kg ¥7Cs were
accumulated in the placentas of subgroup la, which
led to microcirculation disturbance and dystrophic
changes. Areas of ischemic were found on the
maternal surface of these placentas in 30 % of cases.
The decidual membrane in 50 % of cases contained

(1) 452
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IinstHKM imemii. JeunmyanbHa obonoHka B 50 % Bu-
naakiB MicTuiaa «ad@yHKLiOHaJIbHI 30HU» 3a PaxyHOK
KOHBEPTeH1il MPOMiXKHUX i TEpMiHAaJIbHUX BOPCUHOK 3
¢ibposHoI10 cTpoMoto. CBoevacHe JIiKyBaHHS TIalleH-
TapHO1 TUCHYHKILT Y XKiHOK la MiArpynu A03BOJUIO
OpOJIOHTYBaTU BariTHicTh n0 37—40 TUXHIB. AK-
tuBHIcTb 4,5—10,4 bk/kr *'Cs y mianeHTax Miarpymnu
1B BHACHIZOK TOLIKOMXKEHHSI MaTepUHCHKOI CTPOMU
cTajia TPUTepOM ITi3HiX mepeayacHux noJioris. [Tpu 1b-
OMy MaTepWHCbKa TOBEpPXHsS IUIAIICHT IIpeACTaBlIeHA
BOTHUMIIIAMU illleMil Ta KpOBOBWJIMBIB. JlenumyajibHa
0007I0HKa MIiCTUTh «aYHKIiOHAJIbHI 30HW» Ta TiJsSH-
KU BimmapyBaHHs. [1nomoBi o6ononku B 80 % Bumnan-
KiB 3 O3HaKaMM 3anajeHHs. AKTUBHiCTh '7Cs moHan
10,4 bx/Kr mpu3Besia 10 YIIKOMKEHHS MaTepUHCHKUX i
TUIOIOBUX CTPYKTYpP Y TUlalleHTax XiHOK MiArpynu lc,
II0 MOXHa BBaXXaTW MNMOBIPHOIO IMPUYMHOIO PaHHIX
nepeayacHUX TIOJIOTiB Ta YTpoOHOI 3arubesi Iuiona.
IIpu mMopdomoriaHoMy AOCHTIIKEHHI TaKUX TUIAleHT
BUSIBJIEHO HE3PiIiCTh MPOMIXKHMX i TEpMiHAIBHUX BOP-
CMHOK, TOCTPUM 3amajbHUI IIpolec IelnayalbHOI
000JI0HKM, TJ00aibHe 3HUXKEHHSI CYAMHHOI nepdyaii
BHACJIiIOK TOTaJbHOIO BiAllIapyBaHHS JdeUMAYyaIbHOI
00onoHKHU. OTXe, BHYTpILTHE orpoMiHeHHs ¥Cs T110-
Haza 10,4 bx/Kr € datanbHuM 1jd 1ioaa [3, 4].
DyHKIIiOHAJIPHA CIIPOMOXKHICTh IJIALICHTH BU3HAYAE
clieHapii BariTHOCTI Ta MepCIIeKTUBU IJisI HOBOHAPO/I -
KeHoro. Oco0JIMBOCTI OKMCIIIOBaJbHO-BITHOBHUX
MpOLIECiB IiA BIUIMBOM HAKOMMWYEHOro B ILJIALEHTI
137Cs Bu3Havaucs NeBHUMM O610XiMiYHMMU MOKa3HU-
Kamu. [1s1 JiarHOCTUKM I1aTOJIOTil JIimonepoKCUaaliii
BU3Havaau B KpoBi BMicT nepBuHHUX (JIK) i BropuH-
Hux (MJA) npoaykrtiB ITOJI. AHTMOKCUIAHTHUI CcTa-
TyC OLIIHIOBAJIM 32 aKTUBHICTIO KaTala3u, IJTyTaTioH-S-
tparcdepasn Ta COJ. JlocmimKkeHHS MPOBOIMIM Ha
crnektpogoromeTpi «Specol-11» (Himeuunna).

CTaTUCTUYHUIA aHani3 faHux

Cratnctnany 00poOKy pe3ynbTaTiB JOCIiIKEHHS TTPO-
poam Ha [1K 3a mormomororo Microsoft Excel (2016) i
KyToBoro neperBopeHHs1 Dimepa. JlocToBipHOIO BBa-
JKaJIW Pi3HULIO MiX MOPiBHSUIbHUMM 3HAYEHHSIMU TTPU
p < 0,05 (ingexc BiporigHocTi 6inbiIe 95 %).

ETn4Hi npyUHUMNN Megn4HuX gocnigkeHb

J103BiJ 111010 TPOBEASHHS HAYKOBUX JOCTiAXeHb OT-
pUMaHO Bif KoMiTeTy 3 MeauuHol eTUuku 1Y «IHCcTUuTyT
nenmiaTpii, aKkyiiepcTBa Ta riHekosiorii iM. akazg. O. M. Jly-
K’sHoBoi HAMH Vkpainu» (mpotokon No 3 Bin
07.06.2017 p.).

«afunctional zones» due to the convergence of
intermediate and terminal villi with fibrotic stroma.
Timely treatment of placental dysfunction in
women of the la subgroup made it possible to
extend the pregnancy to 37—40 weeks. The activity
of 4.5—10.4 Bg/kg of ¥Cs in placentas of the 1b
subgroup due to damage to the maternal stroma
became a trigger for late premature births. At the
same time, the maternal surface of the placentas is
represented by foci of ischemia and hemorrhage.
The decidual membrane has «afunctional zones»
and areas of detachment. Amniotic membranes in
80 % of cases with signs of inflammation. Radioce-
sium activity of more than 10.4 Bq/kg resulted in
damage to maternal and fetal structures in placen-
tas of the 1c subgroup, which can be considered a
probable cause of early premature birth and ante-
natal fetal death. Morphological examination of
the placentas revealed the immaturity of intermedi-
ate and terminal villi, an acute inflammatory
process of the decidual membrane, and a global
decrease in vascular perfusion due to total detach-
ment of the decidual membrane. Therefore, inter-
nal exposure to ¥’Cs over 10.4 Bq/kg is fatal for the
fetus [3, 4].

The functional capacity of the placenta deter-
mines pregnancy scenarios and prospects for the
newborn. Features of redox processes under the
influence of ¥’Cs accumulated in the placenta were
defined by certain biochemical parameters. To diag-
nose lipoperoxidation pathology was determined in
the blood content of primary (DC) and secondary
(MDA) LPO products. Antioxidant status was
assessed based on the activity of catalase, glu-
tathione-S-transferase, and SOD. The research was
using spectrophotometer «Specol-11» (Germany).

Statistical analysis

The study result was statistically processed on a PC
using Microsoft Excel (2016) and Fisher’s angular
transformation. The difference between compara-
tive values at p < 0.05 (probability index greater than
95 %) was considered reliable.

Ethics

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» (proto-
col No 3 0of 07.06.2017).
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PE3VYJIBTATU TA OBTOBOPEHHS
HaiirommpeHinrown NpuIruHOO PEIPOAYKTUBHIX BTPAT €
TUTalieHTapHa IUC(YHKIIS, B OCHOBI SIKOi JIeXKaTh aHa-
TOMiYHi MOPYIIEHHS Ta aHOMaJIbHUI aHTioreHes [19, 20].
YV BariTHUX MepIIoi rpyIu ralieHTapHa AMCHYHKILIS € pe-
3yJBTaTOM BHYTPIlLIHBOTO OINPOMIHEHHS PaaiolLe3iEM.
BupimansHe 3Ha4eHHS Ma€ KiTbKIiCTh 17Cs, HAKOTTMYEHO-
ro B ruianeHTi. Pamioniesiii mopyiiye ricroapXiTeKTOHIKY
TUTALIEHT! Ta 11 (PYHKIIOHAIBHY 3AaTHICTh [3, 4, 21, 22].
PesyabraToM BHYTpillHBOrO onpoMiHeHH: ¥’Cs € yTBO-
PEHHSI 3HAYHOI KIUJIBKOCTI aKTUBHUX (OPM KMCHIO
(ADK), okcumaTuBHMIA cTpec Ta 3arubelib KJIITHH.
DyHKIIiOHAIBHA 30ATHICTh KJIITUH OB’ sI3aHa 3 TIEPEKIC-
HUM remocTasoM [21, 22]. ITpo- Ta aHTUOKCUIAHTH BU3-
HavyarThb 3araJibHy OITiPHICTh OpraHi3My i Mexi i10ro BUT-
pUBAJIOCTi 10 30BHIllIHIX BIUIMBIB. B pasi 30epeskeHHs
OKMCHOTO 0ajiaHCy MaTOJIOTiYHI peakilii MPUITUHSIOTHCS.
3a MeBHUX YMOB BiJIbHI paauKaaud MOXYTh iHilliltOBaTU
JIAHIIIOTOBI peakllii, sIKi MPU3BOASITH 10 IOLIKOMXKEHHS
kJiTuH. BinbHi pagukanu (BP) € peaktuBHuMu popma-
MU KucHIO (ADK). 1o HUX BiTHOCSTBCS TiIPOKCUIIbHUI
pamukan (OH™), nepokcun Boguio (H,0,) i cynepokcu-
auit pagukan (O;7). IinpokcnmibHM pagnKan — 11e peak-
TUBHa XiMiuHa yacTHMHKa, yrBopeHa 3 Oy i H,0,, sxa 6e3
po300py aTakye KIiTUHHI CTpyKTypu. [lepekuc BoaHIO
OinbII HeOe3MeUYHM HiXX TiApOKCUIbHUM panukain. Ile-
peKuc BOAHIO MOXe MpOHMKATU B siapa KiituH i JJTHK.
CynepokcuaHuit pagukan MeHin pyiiHiBHMA. COJI
edexTuBHO neakTUBye Horo [14, 15].

ADK nyxe arpecuBHi. MoeKyJIsIpHiii 0i00Tii Bigomi
JIeKiJIbKa MeXaHi3MiB TmomkomkeHHsT KiniTnH ADK. 1o
HUX BiTHOCSITh ITepEKCHE OKUCIEHHS (hocdoltinimHoro
11apy KJiTUHHUX MEMOpaH i JiIiZliB KPOBi; BUTbHOpaIU-
KanbHe pyiiHyBaHHS JIHK, 3MiHa OKMCHO-BiZIHOBHOIO
noreHuiany [14—16]. Bucokuii BMict ADK y mixsop-
CUHYACTOMY ITPOCTOPi BMKJIMKA€E ITOIIKOIKEHHS XOpi-
aJIbHOTO JiepeBa, KPOBOBUJIMBY Ta iH(apKTU IJIaLICHTHU.
ADK 110TparuIsioTh Y NO3aKJIIITUHHAN MIPOCTIp i T1a3My
nursgxoMm audysii. Cumy ITOJI oniHOIOTL 32 BMIiCTOM Y
KpOBi Ti€EHOBUX KOH’IOTaTiB i MaJJOHOBOTO diaJbAeTimy.
VY XiHOK Meplloi TPyMy Ha MOYaTKy BariTHOCTiI B KPOBIi
BUSIBJIEHO BUCOKMI1 BMICT JIi€EHOBUX KOH IOTaTiB, Tigpo-
NepoKCUIIB JIiMiAiB, MaJIOHOBOIO JiaJibAEriay Ta aHiOH-
paguKanabHOrO KMCHIO (Tabi. 1). 3MileHHs OanaHCy B
0iK MPOOKCHIAHTHOI aKTWBALlil — 1€ CTpec IJIsI opra-
Hi3My. BHCHaXXeHHSI aHTMOKCUIAHTHOTO MEXaHi3My
crpuse HakormmuyeHHI0 CO,, akTHUBaLil apaxiZoHOBOTO
Kackamy i CMHTe3y TpocTarjaHauHiB. Hammuiiok Tok-
CUYHUX PEYOBUH MPU3BOIUTH IO PYMHYBaHHS TKAHUH i
aHTeHaTaJbHOI 3arudeni ruioga. BupilnaabHOlO € ak-
tuBHicTb '¥Cs y rrameHTi [3, 4, 21, 22].
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RESULTS AND DISCUSSION
The most common cause of reproductive losses is
placental dysfunction, based on anatomical disor-
ders and abnormal angiogenesis [19, 20]. In preg-
nant of the first group, placental dysfunction is the
result of internal exposure to radiocesium. The
amount of '¥Cs accumulated in the placenta is of
decisive importance. Radiocesium disrupts the
histo-architectonics of the placenta and its function-
al capacity [3, 4, 21, 22]. The result of internal '¥’Cs
irradiation is the formation of a significant amount
of reactive oxygen species (ROS), oxidative stress,
and cell death. The functional ability of cells is relat-
ed to peroxide hemostasis [21, 22]. Pro- and antiox-
idants determine the body’s resistance and the limits
of its endurance to external influences. If the redox
balance is preserved, pathological reactions in the
body stop. Under certain conditions, free radicals
can initiate chain reactions that lead to cellular dam-
age. Free radicals (RF) are reactive oxygen species
(ROS). These include hydroxyl radical (OHY),
hydrogen peroxide (H20O,), and superoxide radical
(07). The hydroxyl radical is the reactive chemical
particle formed from O, and H,O; and indiscrimi-
nately attacks cellular structures. Hydrogen peroxide
is more dangerous than the hydroxyl radical.
Hydrogen peroxide can penetrate the nucleus of
cells and DNA. The superoxide radical is less
destructive. SOD effectively deactivates it [14, 15].
ROS are very aggressive. Several mechanisms of
cell damage by ROS are known to molecular biology.
These include peroxidation of the phospholipid layer
of cell membranes and blood lipids; free radical
destruction of DNA, and change in redox potenti-
al [14—16]. A high content of ROS in the intervillous
space causes damage to the chorionic tree, hemor-
rhages, and placental infarcts. ROS enter the extra-
cellular space and plasma by diffusion. The power of
LPO is assessed by the content of diene conjugates
and malondialdehyde in the blood. At the beginning
of pregnancy, a high content of diene conjugates,
lipid hydroperoxides, malondialdehyde, and anion-
radical oxygen was found in the blood of women of
Group 1 (Table 1). Shifting the balance towards pro-
oxidant activation is a stress for the body. Depletion
of the antioxidant mechanism contributes to the
accumulation of CQO,, activation of the arachidonic
cascade, and the synthesis of prostaglandins. Overex-
pression of toxic substances leads to tissue destruc-
tion and antenatal death of the fetus. The decisive is
the activity of '’Cs in the placenta [3, 4, 21, 22].
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Ta6nuusa 1
Noka3Huku NOJI B KpoBi o6cTeXKeHMX Y AMHaMiLi BariTHocTi, M + m

Table 1
Indicators of LPO in the blood of examined women in the dynamics of pregnancy, M + m

LieHoBi koH’oratn Tigponepekucu ninigise  ManoHoBWiA gianbperip,

Fpynu Tpumectp ym.on./mn MKMOJb/MJ MKMONb/MN 0.. OH. H.0

Groups Trimester  Diene conjugates  Lipid hydroperoxides Malonic dialdehyde 2, U, 242
c. un./ml pumol/ml pmol/ml

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

Groun 1 70 Il 36,8 = 3,2* 2,12 £0,07* 1444 £2 6* 54,3 +4,3*

P i 46,8 +2,1* 3,34+ 1,1* 152,24 3,1% 58,6 + 2,5*
Tpyna 2 (KOHTPOAb) ' 219+1.2 1,67 + 0,04 1284 +3,7 35328
Group 2 (control) 30 Il 295+1,.2 1,77 £ 0,06 136,4£29 36,417

Ml 31,129 1,99 £ 0,14 142,6 + 3,6 38,719

TMpumiTka. *BiporigHicTb pisHML WOAO NokasHmuka koHTponio, p < 0,01
Note. *Probability of difference with control, p < 0.01

JlieHOoBi KOH toraTu € nepBUHHUMM npoaykramu [TOJI,
SKi NOLIKOXKYIOTh JiMONpoTeiHu, 0inKu, (hepMeHTH Ta
HyKJIeiHOBiI kucnoth [14, 15]. Ix KoHLEeHTpawis B KpoBi
BariTHUX Tepinoi rpynu y | TpuMecTpi mepeBuilyBajia
KOHTPOJIBHUI MOKa3HUK y 2,25 pasa, y Il ta I1I Tpumect-
pax BignosigHo B 1,25 i1 1,5 paza (p < 0,01), m1o cBinuuTh
Opo iHTEHCUBHICTh MOYATKOBUX BiJIbHOpaJUKaJIbHUX
peaxkuiit (Tadh. 2, puc. 1).

MaioHoBUIl Aianbaerig BBaXKa€TbCsS iHAMKATOPOM
aktuBauii ITOJI [14, 15]. 3a iioro piBHeM MoOXHa Me-
pendauuTu cueHapii BaritTHocTi. Bucokuit BMict MJIA
B KPOBi Ha IMOYaTKy BariTHOCTi BKa3y€e Ha MMOBIpHiCThb
TUlalleHTapHoI AuchYHKII, mepeqdyacHuX IOJOriB Ta
aHTeHaTaJbHOI BTpaTu mioaa. ITigBUILEHHSI CUPOBAT-
koBoro MJIA Ha 8,7 % y BaritHux la nigrpynu B I Tpu-
MECTpi MOPIBHSIHO 3 KOHTPOJEM € TMNPUUHITHUM,
OCKiZIbKM I1XHsI BariTHiCThb 3aKiHYMJIACsl CBOEYACHUMMU
nosioramu (CIT). 36inbmennss MDA na 17,4 % y 1 Tpu-
MECTpi € TpUTepOM JJIsl Mi3HiX mepeayacHUX I10JIOTiB
(TTI1IT). 36inpmenus MIAA y I tpumectpi Ha 23,4 %

Ta6auusa 2

Diene conjugates are primary products of LPO
that damage lipoproteins, proteins, enzymes, and
nucleic acids [14, 15]. Their concentration in the
blood of pregnant Group 1 in the 1% trimester
exceeded the control by 2.25 times, in the 2" and
3" trimesters, respectively, by 1.25 and 1.5 times
(p <0.01), which proves the intensity of initial free
radical reactions (Table 2, Fig. 1).

Malondialdehyde is an indicator of LPO activa-
tion [14, 15]. According to its level, you can pre-
dict pregnancy scenarios. A high content of MDA
in the blood at the beginning of pregnancy indi-
cates the probability of placental dysfunction, pre-
mature birth, and antenatal losses. An increase in
serum MDA by 8.7 % in pregnant of subgroup la
in the 1* trimester compared to controls is accept-
able, as their pregnancy ended in timely delivery
(TD). A 17.4 % increase in MDA in the Ist tri-
mester is a trigger for late preterm labor (LPL). An
increase in MDA in the 1* trimester by 23.4 %

NuHamika 1K B KpoBi o6cTexkeHux BaritTHux nig enameom *’Cs, M + m

Table 2

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

Fpynu 3 nigrpynamm

DK, ym. oa./mn / DC, c. un./ml

n . . .
Groups & subaroups Bo 12 TuxHi 13—24 TnxHiB 25—36 TnXHIB
P grotip before 12 weeks 13-24 weeks 25-36 weeks
1a 30 55,8 £ 3,5* 3,1 x£27 38,9£2,1*
I'pyna 1 / Group 1 1b 20 62,8 £4,1* 36,9 = 3,2* 46,7 £2,1%**
1c 20 69,8 £ 4,4%** 43,3 £4,25** 54,4 + 2 1%x#
'pyna 2 (konTponb) / Group 2 (control) 30 2719+1.2 295+15 31,1+£29

MpuMiTkn. *BipOriaHICTb PisHNL 1LOAO MOKa3HMKa KOHTPOMIo, p < 0,05; **BiporiaHicTb PisHMLI WOAO nokasHuka 1a niarpynu, p < 0,05; #BiporigHicTb pisHmLi Woao nokasHuka 1b

nigrpynu, p < 0,05; NB! ana 1c nigrpynn — 25—27+6 Tuxis

Notes. *Probability of difference with control, p < 0.05; **probability of difference with subgroup 1a, p < 0.05; #probability of difference with subgroup 1b, p < 0.05; NB! for sub-

group 1¢ — 25-27+6*6 weeks
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——— la nigrpyna / subgroup
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n
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_
o
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PucyHok 1. Bigcotkose
36inbweHHa pisHa AK

BifCOTOK, % / percentage, %
[==)
o

60 . . .
B KPOBi BariTHUX nepuoi
0 rpynu BigHOCHO
KOHTPOJI10
2 Figure 1. Percentage
increase in DC in the
0
110 12 TuxHiB / before 12 weeks 13-24 TuxHi / 13-24 weeks 25-28-38 TuxHi / 25-28-38 weeks blood of the Pregnant
TepMiH BariTHOCTi, TUXKHi / gestational age, weeks GrouP 1 relative to the
control
Ta6nauusa 3
NuHamika MJIA B KpoBi 06cTexkeHux BariTHux nig enameom “’Cs, M + m
Table 3

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

Fpynu 3 nigrpynamu MJA, mkmonb/mn + MDA, pmol/ml

n - - -
Groups & subgroups B0 12 TXHiB 13—-24 TnxHiB 25-36 TuxHiB
P grotp before 12 weeks 13-24 weeks 25-36 weeks
1a 30 139,6 = 4,1* 1376 £2,9 144,5 £ 3,2
lpyna 1 / Group 1 1b 20 150,8 = 2,6™** 144,0 = 2,0* 152,1 £ 2,9%**
1c 20 158,4 + 4,2% %% 151,6 = 2,9%*%# 160,0 £ 3,2%*%#
I'pyna 2 (koHTponb) / Group 2 (control) 30 128,4 + 3,7 136,4+29 142,6 + 3,6

TMpuMiTku. *BipOriaHICTb PisHILL LLIOAO0 NMOKasHMKa KoHTpomio, p < 0,05; **BiporiaHicTb pisHML oo nokasHuka 1a niarpynu, p < 0,05; #siporigHicTb pisHuLi o0 nokasHuka 1b
nigrpynu, p < 0,05; NB! ana 1c nigrpynn — 25—27+6 TuxHis

Notes. *Probability of difference with control, p < 0.05; **probability of difference with subgroup 1a, p < 0.05; #probability of difference with subgroup 1b, p < 0.05; NB! for
subgroup 1c — 25-27+6 weeks

MJIA / MDA

(953
o

la nigrpyna / subgroup
1b nigrpyna / subgroup |
Lc niarpyna / subgroup PUCYHOK 2. BigcoTtkose
””””””””””””””””””””””””””””””””””””””””””””””””””””””””” nipsuweHHs pisHa MAA
B KPOBi BariTHMx nepoi
rpynu BigHOCHO

N
o

N
o

BiACOTOK, % / percentage, %
&

10
KOHTpOJlO
5 Figure 2. Percentage
0 increase in MDA in the
10 12 TuxHis / before 12 weeks 13-24 TxHi / 13—24 weeks 25—-28-38 TvxHi / 25—28—38 weeks blood of the pregnant
TepMiH BariTHoOCTi, TWXKHi / gestational age, weeks Group 1 relative to the
control

IMIBUIIYE PU3KK paHHIX nepeqyacHux mosoriB (PITIT)  increases the risk of early preterm birth (EPB)
(Tabm. 3, puc. 2). (Table 3, Fig. 2).

(1) 456
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Heiitpanizaiisi BUTbHUX pajguKaliB BigOyBa€eTbcs 3a
norioMoroto antuokcuaanTHoi cuctemu (AOC), ctan
SIKO1 Yy BariTHUX MepPILIOl IPYyIY BU3HAYAIU 32 BMICTOM Y
KPOBI CYIIepOKCUIAMCMYTa31, KaTaja3u Ta IIyTaTioH-
nepokcuaasu. MOHITOPUHT KpOBi 3a MOKa3HUKaMU
OKCHMIATUBHOTO CTPECY € BaXKJIMBUM 3 KJIIHIYHOI TOUKH
30py /15 3an00iraHHsI aKylIePChbKUM YCKJIAIHEHHSIM.

VY BariTHUX mepiioi rpynu BUSBICHO AeMillUT Bif-
HosieHoro raytationy(GSH), CO/, kaTtana3u i miy-
TaTiOHIIEPOKCUIA31, 110 CBIIUUTH IIPO IIPUTHIYCHHS
MexaHi3MiB meTokcukairii (tadm. 4). Cucrema Tiyrati-
OHY DPEryJII0€ OKMCHO-BiIHOBHMIA MOTEHIiaJl KJIiTUH.
Maiixe 99,5 % riyratioHy MiCTUTLCSI B €pUTPOLIMTAX.
GSH eputpouuriB Buctynae sik 6iomapkep GSH-cra-
Tycy opraHismy. OcHOBHa (YHKIIiSI €pUTPOLIUTIB —
TPaHCIIOPTYBaTU KMCEHb i OKCUJI a30Ty Ha Iepudepito,
a CO, — o nereHb. EpUTpOLIMTH BBaXKaIOThCS LIUPKY-
JIIOIOYMMU iHAKTUBATOpaMU OKUCHOTO cTpecy. BucHa-
KEHHS$ 3araciB TrJyTaTioHY CHOpUSIE HAKOMUYEHHIO
BiTBHUX paguKaJiB, 110 MPU3BOAUTH A0 MOIIKOIKEH-
HsI KJITUHHUX MEMOpaH 3 PO3BUTKOM OpraHHO1 Ta TKa-
HUHHOI rinokcii [14—17]. Iltnboke OKUCIEHHS BHYT-
PILIHBOKIITUHHOTO IJIYyTaTiOHY 3arPOXKY€E CTPYKTYPHiit
LiJTICHOCTI Ta XXWUTTE3JATHOCTI €pUTPOLUTIB. BHacmi-
JIOK TTOPYIIEHHSI OKMCHO-BiTHOBHOTO CTaTyCy €pUTPO-
LUTiB 3HUXKYETHCS Oi0AOCTYMHICTh OKCUAY a30TY B 30-
Hi OKMCHOTO ITOIIKOIKEHHS.

B ocHOBIi gerokcukailii BiTbHUX paguKaliB JeXaTb
peakilii KoH torailii 3 rIyTaTioHOM, SIKi BiIOyBalOThCs
3a J0MOMOrolo riayratioH-S-tpaHcgepasu (GST). Ak-
tuBHicTE GST BM3HavanmM 3a IMIBUAKICTIO YTBOPESHHS
KOH’10raTy MiX BiIHOBJIEHUM TIJIyTaTioHOM i 1-Xxj0p-
1,4-nuHitpo6en3onom (ChDNB). AktusHicts GST B

Neutralization of free radicals occurs with the help
of the antioxidant system (AOS), the state of which
was determined by the content of superoxide dismu-
tase, catalase, and glutathione peroxidase in the
blood of pregnant Group 1. Blood monitoring of
oxidative stress indicators is important from a clini-
cal point of view to prevent obstetric complications.

A deficiency of reduced glutathione (GSH), SOD,
catalase, and glutathione peroxidase was found in the
blood of pregnant of Group 1, which indicates inhi-
bition of detoxification mechanisms (Table 4). The
glutathione system regulates the redox potential of
cells. Almost 99.5 % of glutathione is contained in
erythrocytes. GSH of erythrocytes acts as a biomark-
er of the GSH status of the body. The main function
of erythrocytes is to transport oxygen and nitric oxide
to the periphery, and CO; to the lungs. Erythrocytes
are considered circulating inactivators of oxidative
stress. Depletion of glutathione reserves contributes
to the accumulation of free radicals, which leads to
damage to cell membranes with subsequent develop-
ment of organ and tissue hypoxia [14—17]. Profound
oxidation of intracellular glutathione threatens the
structural integrity and viability of erythrocytes. As a
result of a violation of the redox status of erythro-
cytes, the bioavailability of nitric oxide decreases in
the zone of oxidative damage.

The basis of detoxification of free radicals is con-
jugation reactions with glutathione, which occur
with the help of glutathione-S-transferase (GST).
GST activity was determined by the rate of conju-
gate formation reduced glutathione and 1-chlor-
ol,4-dinitrobenzene (ChDNB). GST activity in

Ta6nuusa 4
Noka3sHuku AOC3 B 06cTexeHux y AuHamiui BaritHocti, M + m
Table 4
Indicators of antioxidant protection in the blood of surveyed women in the dynamics of pregnancy, M + m
- -
®m 598 = .
S
=20+ 20 :
SE23E2 S&
Fpynu TpumecTtp
Groups Trimester
Fpyna 1 | 25,7+ 15" 47,8 +2,7 1,37 £0,03* 2,16 + 0,04* 2,78 £ 0,02
Groun 1 70 I 38,6 + 2,4 52,3 +2,8* 1,34 £ 0,05 3,02 + 0,06 3,34 + 0,06
P Il 325+2,1* 49,8 +2,3* 1,28 + 0,03 2,26 = 0,04* 3,02 0,04
Fpyna 2 (KoHTpOL) | 385+22 54,8 3,6 1,77+ 0,03 2,59 £ 0,02 3,58 £ 0,03
Group 2 (control) 30 I 406+ 1,8 61,2+ 1,4 1,67 £0,02 2,53 £0,04 3,62+ 0,02
Il 448+19 62,4 2,6 1,62+ 0,03 2,58 £ 0,02 3,74 0,03

MMpumiTka. *BiporigHicTb pisHMLi WOAO NokasHMka KoHTponio, p < 0,01
Note. *Probability of difference with control, p < 0.01
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Taoauua 5

AKTUBHiCTb rnyTaTioH-S-TpaHcdepasun y 06CcTekeHUX BariTHux, M + m

Table 5

Activity of glutathione-S-transferase in examined pregnant, M + m

Fpynu 3 nigrpynamm

AxtueHictb GST, mkmonb XAHB/mr Ginka/xe

n
Groups & subgroups GST activity, HDNB/mg protein/min
1a 30 1,99 £0,14*
pyna 1/ Group 1 1b 20 1,83 +0,18*
1c 20 1,82 £ 0,16*
I'pyna 2 (koHTponb) / Group 2 (control) 30 3,86 £ 0,23

IMpumitka. *BiporigHiCTb Pi3HML OO NOKasHWKa KoHTpoio, p < 0,05

Note. *Probability of difference with control, p < 0.05

epUTPOLIMTAX BariTHUX MEpIIOl rpynu Oyja BABiYi
Hux4a KoHTposio (p < 0,05) (tada. 5).

B eputpountax Bussnsiors COJl, karama3sy, riy-
tatioHpenykrasy. 3 CO/l moB’a3y10Th KOMIIEHCATOP-
HY 3JaTHICTh CHCTEMM <«MaTH—ILIalleHTa—ILTiI».
CO/l — 6imoK, 10 CKIATAETHLCS 3 IBOX CYOOIMHUIID,
KOXHA 3 SIKUX MiCTUTB ITO0 OMHOMY aTOMY LIMHKY, Mifi
ta Kobanery. CO/l miaTpumMye crauioHapHy KOHIIE-
HTpaLlil0 CYIIEPOKCUAHUX paauKalaiB B OpraHiami Ta
aKTUBYE iX TpaHchopMmallilo MeHII HeOe3IeuHi Ku-
CeHb i MepeKuc BoaH0. 3HKeHHs akTuBHOCTI CO/]
Yy KPOBi BariTHUX nepiioi rpynu y I TpuMecTpi Ha Ti1i
BUCOKOro piBHI MJIA € NposiBOM OKCHUIATUBHOTIO
cTpecy 3 (opMyBaHHSIM TIEpPBUHHOI TIJIAlleHTapHOI
HegocrtatHocTi. [ligBuinennii BmMict M/JIA B KpoBi
CBiMUUTH MTPO HaAMipHe yTBopeHHs nmpoaykTiB [TOJI,
MNOpPYLIEHHS iX HelTpamizalii Ta yruiizauii. I1posic-
HUKOM Ilepea4yacHMX IMOJIOriB y BariTHUX 1B miarpy-
nu Oyno 3HmxkeHHs akTuBHOCTI COJl kpoBi B 1 Tpu-
mectpi Ha 13,0 %. Ilpo mexkommeHcallilo amanTa-
LiMHUX MEXaHi3MiB, 1110 OIPU3BOAUTH OO PAHHIX Me-
penyacHUX IOJIOTIB i aHTeHaTaJbHO1 3arubei muoja,
CBimuuTh 3HMXKeHHs akTuBHOCTI COJl y KpoBi Ba-
ritHux lc miarpynu y I tpumectpi Ha 18,2 % (Ta6:1. 6,
puc. 3). BariTHicTb XiHOK la miarpynu 3akiH4uaacs
CBOEUYACHO, 3aBISIKU 30epeKeHHI0 ajarnTaliliHo-
KOMITEHCAaTOPHUX MEXaHi3MiB.

Karanaza 3axuiae KJaiTMHU Bi pyiHiBHOI 1ii me-
PEKUCY BOOHIO, PO3LICILIIOYM MOro Ha BOAY i Ku-
ceHb. PiBeHb KaTajia3n B KPOBi TTOB’I3aHUH 3 KMCHE-
BUM OOMIHOM i 3aJI€3KUTh Bijl MOTped KiTiTuHM [ 14—16].
VY BaritHux 1B i lc miarpyn y I TpuMecTpi 1O0CTOBipHO
3HIKEHA aKTMBHICTh KaTaja3u B KpoBi Ha 39,2 % Ta
44,9 % BinnosinHo (Tab:. 7, puc. 4). JluHamika KaTa-
na3u B 11 TpuMecTpi cBiZUUTH PO PO3BUTOK MPUCTO-
cyBaibHUX peakuiil. Ilpore micasg 25 TUXHIB y
BariTHUX 1B Ta lc miArpynu CrocTepira€Tbes Mpu-
rHidveHHs akTmBHOCTI Katamasu i COJl BHacigok

(1) 458

erythrocytes of pregnant Group 1 was twice as low rel-
ative to the control (p < 0.05) (Table 5).

SOD, catalase, and glutathione reductase are also
detected in erythrocytes. The compensatory ability of
the «<mother—placenta—fetus» system is associated with
SOD. SOD is a protein consisting of two subunits, each
of which contains one atom of zinc, copper, and
cobalt. SOD maintains a stationary concentration of
superoxide radicals in the body and activates their
transformation into less dangerous oxygen and hydro-
gen peroxide. A decrease in the activity of SOD in the
blood of pregnant Group 1 in the 1% trimester against
the background of a high level of MDA is a manifesta-
tion of oxidative stress with the formation of primary
placental insufficiency. The increased content of MDA
in the blood indicates the excessive generation of LPO
products and the violation of their neutralization and
disposal. A predictor of premature birth in pregnant of
the 1b subgroup was a decrease in blood SOD activity
in the 1% trimester by 13.0 %. The decompensation of
adaptation mechanisms, which leads to early prema-
ture birth and antenatal death of the fetus, is indicated
by the 18.2 % decrease in the activity of SOD in the
blood of pregnant women of the 1c subgroup in the 1%
trimester (Table 6, Fig. 3). The pregnancy of women of
l1a subgroup ended with timely, thanks to the preserva-
tion of adaptive and compensatory mechanisms.

Catalase protects cells from the destructive effects
of hydrogen peroxide, splitting it into water and oxy-
gen. The level of catalase in the blood is related to
oxygen metabolism and depends on the needs of the
cell [14—16]. In pregnant women of subgroups 1b and
Ic in the I* trimester, catalase activity in the blood was
significantly reduced by 39.2 % and 44.9 %, respective-
ly (Table 7, Fig. 4). The dynamics of catalase in the 2™
trimesters indicate the development of adaptive reac-
tions. However, after 25 weeks, in pregnant women of
subgroups 1b and lc, there is a persistent inhibition of
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Ta6nauus 6
IOunamika COJl B KpoBi 06cTeXeHux BaritHux nig snaueom ’Cs, M + m

Table 6
Dynamics of SOD in the blood of examined pregnant under the influence of *’Cs, M + m

Ccop, ym.oa. akr./mn/xe + SOD, c. un. act./ml/min

lpynu 3 nigrpynamm

n . - -
Groups & subaroups 10 12 TuxHiB 13—-24 TnxHis 25-36 TnxHiB
P group before 12 weeks 13-24 weeks 25-36 weeks
1a 30 51,0+2,6 57,6 +2,7 579+23
I'pyna 1/ Group 1 1b 20 47728 54,2 £2,9* 51,7 £ 2,4***
1c 20 44,8 + 2,7%** 45,1 + 2,8%+%# 39,8 + 2, 2% #
'pyna 2 (koHTponb) / Group 2 (control) 30 54,8 +3,6 61,214 62,4+26

MpuMiTku. *BiporiaHICTb PisHNL WO MoKa3HMKa KoHTpoio, p < 0,05; **BiporiaHicTb pisHMLI WOAo nokasHuka 1a niarpynu, p < 0,05; #BiporigHicTb pisHL Woa0 nokasHka 1b
nigrpynu, p < 0,05; NB! ans 1¢ nigrpynu — 25—27+6 TuxHis

Notes. *Probability of difference with control, p < 0.05; **probability of difference with subgroup 1a, p < 0.05; #probability of difference with subgroup 1b, p < 0.05; NB! for
subgroup 1¢ — 25-27+6 weeks

COfi / SOD
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w
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Figure 3. Percentage of

5 . . .
SOD deficiency in the
10 12 TuxHis / before 12 weeks 13-24 TxHi / 13—24 weeks 25-28-38 TvxHi / 25—28—38 weeks blood of pregnapt women
TepmiH BariTHocTi, TMXKHi / gestational age, weeks of GrouP 1 relative to the
control
Ta6nuua 7
[AmHamika BMicTy KaTanasu B KpoBi 06cTexeHux BaritHux nig Bnauom *’Cs, M + m
Table 7

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

Fpynu 3 nigrpynamu Karana3a, mkmonb H202/mn + Catalase, 2mol H202/ml

n . . .
Groups & subaroups Bo 12 TuxHis 13—-24 TnxHiB 25-36 TnxHiB
P group before 12 weeks 13-24 weeks 25-36 weeks

1a 30 32,6 +34 39,2+3,2 38,1 +2,71
Mpyna 1/ Group 1 1b 20 23,4+ 1,2%%* 389+ 16 31,7 1,25
1c 20 21,2 £ 0,9%** 37, 7£24 28,7 £ 2,45

pyna 2 (koHTponb) / Group 2 (control) 30 38,5+22 406 1,8 448+19

MpumiTku. *BiporigHicTb PisHMLI W00 NOKasHUKa KOHTPOAHO, p < 0,05; **BipOriaHICTb pisHuL 1RO nokasHuka 1a nigrpyru, p < 0,05; NB! ana 1c nigrpynn — 25—27+6 TuxHis
Notes. *Probability of difference with control, p < 0.05; **probability of difference with subgroup 1a, p < 0.05; NB! for subgroup 1¢ — 25-27+6 weeks

BUCHAXXCHHSI MEXaHi3MiB aHTUOKCHIAHTHOTO 3aXMC-
1y. TakuM 4ymHOM, TpuBaauii BIUIMB ''Cs 3 aKTUB-
HicTio moHan 4,5 BK/KT cIpusi€e BUCHAXKEHHIO Me-
XaHi3MiB aHTUOKCUAAHTHOTO 3axucty. Lle minTBepa-
JKYEThCSI MPUTHIYEHHSIM aKTUBHOCTI KaTtana3u i COJJ
Ha doni Bucokux piBHiB JIK i MJIA. AktusHicTb ¥’Cs

catalase activity and SOD in the blood due to deple-
tion of antioxidant defense mechanisms. Thus, pro-
longed exposure to '¥’Cs with an activity of more than
4.5 Bg/kg contributes to the depletion of antioxidant
defense mechanisms. This is confirmed by inhibition
of catalase and SOD activity against the background of
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Figure 4. Percentage of
catalase deficiency in the

1o 12 TuxHis / before 12 weeks
TepMiH BariTHOCTI, TMXKHi / gestational age, weeks

1324 TxHi / 13—24 weeks

25—28-38 TuxHi / 25—28—38 weeks

blood of pregnant women
of Group 1 relative to the
control

y mwianeHTi moHan 10,4 bK/Kr € KpUTUIHOO 1151 BariT-
HOCTI.

Taxum ynHOM, '¥’Cs BUKJIMKAE OKUCTIOBAILHUIA CTpec
Y IJIALIEHTi. XpOHiUHEe OIPOMiHEHHS B MaJIUX J03aX I10-
PYIIIYE apXiTeKTOHIKY Ta (PYHKITIOHAJIbHY 3IaTHICTh TTJ1a-
neHntu. Busnauenns smicty MJIA, K, CO/I, katana3su
B KPOBi € MPOTHOCTUYHO 3HAYYILIUM ILOJO0 MOTY>KHOCTI
OKCHUJATUBHOTIO CTpecy i cueHapiiB BaritHocTi. ITpodi-
JIAKTUKA TTAlleHTapHOI TUCOYHKIIIT — BasKJIMBE 3aBIaH-
HS 17151 30epeskeHHs 3I0POB’SI MaOyTHIX MOKOMiHb. [
3MEHILEHHSI €(EKTiB BHYTPIIIIHHOTO OIPOMiHEHHS
MEPCIEKTUBHUMU € IeKOPIIopallisl paaioHYKJTi/IiB Ta aK-
TUBALlisl afanTaliiHUX ITPOLIECIB Y IUIALEHTI.

BUCHOBKU

1. HeBuHOLIYBaHHSI BariTHOCTI € pe3yJbTaToM ILjia-
LEeHTapHO1 AUCHYHKILII.

2. Yepes 38 pokiB micast YopHOOMIbCHLKOI aBapii B
IJIalleHTaX YKPaiHChKUX XiHOK BUSIBISIETbCs ''Cs 3
Pi3HOIO0 aKTUBHICTIO.

3. XpoHiuyHEe OMPOMIHEHHS B MaJIMX J03aX IMOPYIIYE
apXiTeKTOHIKY i (pyHKIiOHAJIbHY CIIPOMOXHICTb IlIa-
ueHTy. Hacninku 3anexats Big aktuBHOCTI ''Cs Ta Ha-
JIEXKHOTO aHTUOKCUIAHTHOTO 3aXUCTY.

4. TlpnmumHol0 IUCGYHKIII TUIAIIEHTH BHACTITOK
BruBY 'Y'Cs € OKCUIAaTUBHUI CTpeC — aKTUBALLis I1e-
PEKUCHOTIO OKMCJIGHHS JiMiIiB MTOHAA MOXKIMBOCTI aH-
THOKCUAAHTHOI CUCTEMMU.

5. Buznauenng Bmicty MIA, 1K, CO/I ta karamasu B
KPOBi € TPOTHOCTUYHO 3HAYYIIUM IIO/I0 CUJIU OKCH-
JMATUBHOTO CTPECY i ClieHapiiB BariTHOCTI.

6. Ilpo iHTEHCUBHICTh BiTLHOpPAAUKAIBHUX peakLiil
cBimunTh 30inpmenHs JAK y I tpumectpi B 2,25 pa3a, a

(1) 460

high levels of DC and MDA. The activity of *’Cs in
the placenta over 10.4 Bq/kg is critical for pregnancy.
Thus, ""Cs cause oxidative stress in the placenta.
Chronic irradiation in small doses disrupts the archi-
tecture and functional capacity of the placenta.
Determination of the content of MDA, DC, SOD,
and catalase in blood is prognostically significant
regarding the strength of oxidative stress and preg-
nancy scenarios. Prevention of placental dysfunc-
tion is an important task for the health of future gen-
erations. Decorporation of radionuclides and activa-
tion of adaptive processes in the placenta are prom-
ising for reducing the effects of internal irradiation.

CONCLUSIONS

1. Miscarriage of pregnancy is the result of placental
dysfunction.

2. Accumulation of '"Cs with different activity is
detected in the placentas of Ukrainian women 38
years after the Chornobyl accident.

3. Chronic low-dose irradiation disrupts the archi-
tectonics and functional ability of the placenta. The
consequences depend on the activity of ’Cs and
adequate antioxidant protection.

4. The cause of placental dysfunction due to exposure
to ¥’Cs is oxidative stress — activation of lipid peroxida-
tion beyond the capabilities of the antioxidant system.
5. Determination of the content of MDA, DC, SOD,
and catalase in blood is prognostically significant
regarding the strength of oxidative stress and preg-
nancy scenarios.

6. The increase of DC in 1* trimester by 2.25 times,
and in the 2™ and 3" trimesters by 1.25 and 1.5 times,
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B II i III TpumecTpax BiamosimHo B 1,251 1,5 pasa nmpo-
T KOHTpoJto. 30inbiieHHsS MDA B I Tpumectpi Ha
17,4 % BiZTHOCHO KOHTPOJIIO € TPUIECPOM JUIS ITi3HiX
nepeayacHuUX nojoris. Ha pu3uk paHHix rnepenyacHux
TOJIOTIB i BHYTPIlIIHLOYTPOOHOT 3arnbelTi 1mio1a BKa3ye
migBuieHHss MJIA Ha 23,4 % y I Tpumectpi.

7. 3umxenHs aktuBHocTi COJl y I tpumectpi Ha 13,0 %
€ TIPeIUKTOPOM IepeauyacHUX ITOoJIOTiB. JleKomIieH-
callig amanTaliiiHUX MeEXaHi3MiB CYIpPOBOIKYETHCS
3HMDKeHHSIM akTuBHOCTI COJl mpoTH KOHTPOJIO Ha
18,2 % B I TpuMecTpi. AKTUBHICTb INIyTaTiOH-S-TpaHC-
depasy 3HMKYETbCS Malike B 2 pa3u IPU OKUCITIO-
BaJJbHOMY CTpe€Ci, CIIPUMYMHEHOMY HaKOITMYECHHSIM
¥Cs y maueHTi. Y BaritHux 1b ta lc migrpyn y I tpu-
MECTpi aKTUBHICTb KaTajla3u B KPOBi JOCTOBIPHO 3HU-
keHa Ha 39,2 % Ta 44,9 % BinnosinHo. JluHaMiKa Ka-
tanasu y Il TpuMecTpi BKa3ye Ha pO3BUTOK MPUCTOCY-
BajbHUX peakuiii. [TpoTte micasa 25 TUXHIB recrailii y
BariTHUX MArpym 1b i 1¢ akTUBHICTH KaTajia3y MPUTHI-
YYEThCS BHACJITOK BUCHAXKEHHST MeXaHi3MiB aHTHOK-
CHUJTAHTHOTO 3aXUCTY.

8. AkrtusHnicth ’Cs nonan 4,5 BK/Kr npu3BoAUThL 10
BUCHAXXEHHS ME€XaHi3MiB aHTHUOKCUIAHTHOTO 3aXUCTY.
Lle minTBepIKy€ETHCS CTIHKUM MPUTHIYEHHSIM aKTUB-
HocTi kaTtanasu i CO/l Ha ¢oHi Bucokux piBHiB K Ta
MJA. AxtuBHicth ’Cs y mnauenTi noHan 10,4 Bk/kr
€ KPUTUUYHOIO JJIs1 BariTHOCTI.

9. llexopriopallisl padiOHYKJIiiB Ta aKTUBAallisl agar-
TalUiiHUX TPOLECIB Yy IJIALEHTI € MepCHeKTUBHUM
HampsIMKOM 3MEHIIEHHS e(eKTiB BHYTPilIHbOTO OM-
POMIiHEHHSI.

diHaHcyBaHHS

HocnimxeHHss BUKOHYBAJOCh 3a JIep>KaBHI KOIUTU SIK
HayKoBuil nipoekT Y «IHCcTUTYyT nepiarpii, akyiiep-
cTBa i riHekoJiorii iM. akaza. O. M. Jlyk’sHoBoi HAMH
Ykpainu» «Po3poOUTH HOBITHI Ta BIOCKOHAJIUTH iCHY-
[04i TEXHOJIOTIl AiarHOCTUKMU, NPOMiIaKTUKU Ta JIiKy-
BaHHSI IepeauyacHOro IepepuBaHHSI BariTHOCTI Yy
JKiHOK 3 HEBUHOIIYBAaHHSIM 3 ypaXyBaHHSIM IacropTa
mwraneHTr». lndp BH.20.00.02.18, Ne nepxpeecTpa-
it 0118U000039.

KoHdnikT iHTEepecie
BincytHiit.

CMUCOK BUKOPUCTAHUX OXEPEN

respectively, against the control indicates the intensi-
ty of free radical reactions. An increase in MDA in
Ist trimester by 17.4 % relative to control is a trigger
for late preterm birth. The risk of early premature
birth and uterine fetal death is indicated by an
increase in MDA by 23.4 % in the 1st trimester.

7. The decrease in the activity of SOD in the 1%
trimester by 13.0 % is a predictor of premature birth.
Decreased activity of SOD by 18.2 % in the 1* tri-
mester indicates decompensation of adaptation
mechanisms. GST activity decreases almost 2 times
with oxidative stress caused by the accumulation of
¥Cs in the placenta. In pregnant 1b and Ic sub-
groups, in the 1st trimester, catalase activity in the
blood was significantly reduced by 39.2 % and 44.9 %,
respectively. The dynamics of catalase in the 2™ tri-
mester indicate the development of adaptive reac-
tions. However, after 25 weeks of gestation, catalase
activity is inhibited in subgroups 1b and 1c¢ pregnant
women due to exhaustion of antioxidant defense
mechanisms.

8. The activity of 'Cs over 4.5 Bq/kg leads to ex-
haustion of antioxidant protection mechanisms. This
is confirmed by persistent inhibition of catalase and
SOD activity against the background of high levels of
DC and MDA. The activity of '¥’Cs in the placenta
over 10.4 Bq/kg is critical for pregnancy.

9. Decorporation of radionuclides and activation of
adaptation processes in the placenta is a promising
direction for reducing the effects of internal radia-
tion.
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