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TEHETUYHU ITOJIMOP®I3M CYITEPOKCUIANCMYTA3U
MAPTAHITIO TA SMIHU MAPKEPIB OKCUJATUBHOI'O CTPECY
Y JITENA — MEIIKAHIIIB PATTIOAKTUBHO 3ABPYTHEHUX
TEPUTOPI 1 JITEN, AKI 3A3HAJIU BILIMBY CTPECOBUX
JXKUTTEBUX MOAIN Y MEPIOJA BOEHHOI'O YACY

MeTa: BM3HAaYeHHS PO3NOAINY reHOTUNiB reHeTUYHOro nofimopdiamMy CynepoKCUAAMCMYTa3U MapraHulo Ta OLiHKa
3MiH MapKepiB OKCMAATMBHOTO CTPECY y fiiTeil — MeLWKaHLIB paAioakTMBHO 3abpyLHEHNX TepUTOPii i AiTel, Aki 3a3Ha-
JIN CTPECOBUX XUTTEBUX NMOLINA Y Nepiof BOEHHOTO Yacy.
Marepianu 1a metogu. 06CcTexeHi AiTH WKiNbHOMO BiKy, MeWKaHLi pafioakTMBHO 3abpyaHeHux Teputopiit (P3T) i
[iTW, AKi 3a3HaNn BNAKUBY CTPECOBMX XUTTEBUX NOAINA y nepiof BOEHHOTO yacy. Bci o6cTexeHi He Manu KNiHiYHKUX 03-
Hak nartonorii opraHiB AuxaHHsA. [MonimopdHuit mapkep Vall6Ala SOD2 rena cynepokcupaucmytasu (COM, SOD)
LOCNiAXKYBaNM B MOJEKYNAPHO-reHeTUYHiN nabopatopii [epxaBHoro 3aknagy «PedepeHT-LeHTp 3 MoneKkynspHoi
piarHoctukn MO3 YkpaiHu». BusHayeHHs reHoTuniB 3a BapiaHTom Val16Ala reHa SOD2 npoBopunu 3a MeTOAOM
nonimopdHoi naHulorosoi peakuii (MJIP) i HacTynHUM aHanizom nonimopdiamy LOBXKWUH PECTPUKLiHUX pparMeHTiB.
[ins BU3HAYEHHA 03HAK OKCMAATMBHOTO CTpecy Ta 6anaHcy B cucTeMi nepekucHoro okucnerHs ninigis (M0J) — aHtu-
OKCUJAHTHOrO 3aXUCTy NPOBeAeHi JOCNIfAXKEHHA BMICTY B CMpOBATLi KPOBi KiHLeBux npoaykTis M0J1, wo pearyoTs 3
Ti06ap6iTypoBOIO KMCNOTOW (MANOHOBUI [UANbAEria), AOCNIAKEHHA aKTUBHOCTI hepMeHTiB-aHTMOKCcMAaHTIB — SOD,
KaTanasu, mMyTaTioHNepoKCUAa3n B epUTpoLMTax.
Pesynbtatu. MNpu gocnigxeHHs reHoTunie Ta anenis nonimopdismy Val16Ala- SOD2 rena SOD y piteit — mewkaHuis P3T
Ta fiTen, AKi 3a3HaNu BNMBY CTPECOBMX XUTTEBUX NOLIN y Nepiof BOEHHOTO Yacy, BifMiYanacs TeHAEHLiA O 3HUXKEH-
HA B NOPiBHAHHI 3 pecepeHTHUMMN 3HAYEHHAMM NOKA3HMKIB KOHTPONbHOT rpynu Yyactotn reHotuny VV i nigBuiLeHHs
yactoTu reHoTuniB AV Ta AA, A0 3HMKEHHS YACTOTM PO3NOBCIOMKEHHS V-anens i fo NigBUILEHHS YacTOTU PO3MNOBCIOA-
KeHHA A-anens. Mpu ouiHUi cepefHiX MOKa3HWKIB MapKepiB OKCMAATUBHOMO CTpecy B 060X OCHOBHWX rpynax no
BiHOWEHHIO A0 KOHTpoio, akTUBHicTb SOD Gyna 3HMMXeHOto, BMicT KiHueBux npoaykTis M0J1 B cupoBaTtLi KpoBi, ak-
TUBHICTb KaTanasu Ta ryTaTioHNePOKCMAa3n Manu TeHAeHUio [0 nigBuieHHsA. JocnigKeHHs cepefHiX NOKa3HUKiB
MapKepiB OKCMAATUBHOTO CTpecy B reHoTUNax 3a nonimopdiamom Val16Ala reva SOD2 nokasano, o sk y Aitei — mew-
kaHuis P3T Tak iy miTei, ki 3a3Hanu BNIMBY CTPECOBUX KUTTEBUX NMOLIN Yy NEPiOf BOEHHOTO Yacy, MOKAa3HWUK BMiCTy
KiHuesux npoaykTis M0J1 B cupoBartLi KpoBi MaB TeHAEHLLiO 40 NiABUILEHHSA B 0Ci6 3 reHoTMNoM VV i 10 3HUKEHHSA B
oci6 3 reHoTunom AA.
BucHOBKMW. AHaNi3 NOKA3HMKIB aHTMOKCUAAHTHOTO 3aXWUCTy NokasaB y fiTeil 3 reHoTunom VV 3HUKEHHS aKTUBHOCTI
SOD, TeHpeHUii fo NifBMWEHHSA aKTUBHOCTI KaTanasu i MyTaTioHNEPOKCUAA3M MOPiBHAHO 3 AiTbMU 3 reHoTUNOM AA.
MoKa3HMKK 0cib 3 reHoTnoM AV B KifibKiCHOMY BifIHOWEHHT 3aiiManu NpoMixHe miclie. BuasneHi 3miH1 MapKepiB OK-
CUAATUBHOTO CTPecy CBifyaTh Npo iHTeHcMdikaLilo NpoueciB BiNbHOPaAMKANbHOIO OKUC/IEHHS B OpPraHi3Mi i neBHi
HanpyXeHHs GyHKLUiOHYBaHHA QepMeHTIB-aHTUOKCUAHTIB, AKi 3AIACHIOTb NEPBUHHUIA 3aXWUCT Bif BifIbHUX paau-
Kanie. 3meHwWweHHs akTUBHOCTI SOD MOXe BKa3yBaTW HA 3HUXKEHHS aHTUOKCUAAHTHOT aKTUBHOCTI.
KniouoBi cnoBa: aitv; pafioakTMBHO 3a0pynHeHi TepuTopii; CTPecoBi XUTTEBT NOAiT; reHeTUYHKI nonimopdi3m cyne-
POKCUAAMCMYTA3M MapraHLto.
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GENETIC POLYMORPHISM OF MANGANESE SUPEROXIDE
DISMUTASE AND CHANGES IN OXIDATIVE STRESS MARKERS

IN CHILDREN — RESIDENTS OF RADIOACTIVELY CONTAMINATED
TERRITORIES AND CHILDREN EXPOSED TO STRESSFUL LIFE
EVENTS DURING WARTIME PERIOD

Objective: to determine the distribution of genotypes of genetic polymorphism of manganese superoxide dismutase
and to assess the changes in oxidative stress markers in children-residents of radioactively contaminated territories
and children exposed to stressful life events during the wartime period.
Materials and methods. The examined school-age children are residents of radioactively contaminated territories
(RCT) and children exposed to stressful life events during the wartime period. All of the examined children had no
clinical signs of respiratory pathology. The SOD2 gene Val16Ala polymorphic marker was studied in the molecular
genetic laboratory of the State Institution «Reference Center for Molecular Diagnostics of the Ministry of Health of
Ukraine». Genotypes of the SOD2 gene Val16Ala variant were determined by the polymorphic chain reaction (PCR)
method and subsequent restriction fragment length polymorphism (RFLP) analysis. To determine the signs of oxida-
tive stress and the balance in the lipid peroxidation (LPO) system — antioxidant protection (AOP), studies were per-
formed on the content of the LPO end products in the blood serum that react with thiobarbituric acid (TBA-active
LPO products — malondialdehyde — MDA), as well as studies on the activity of enzymes — antioxidants — superoxide
dismutase, catalase, glutathione peroxidase in erythrocytes.
Results. In the study of genotypes and alleles of SOD2 gene Val164la polymorphism in children-residents of RCT and
children exposed to stressful life events during the wartime period a tendency towards a decrease in the frequency
of the VV genotype and an increase in the prevalence of the AV genotype and AA genotype, decrease in the V allele
prevalence and an increase in the prevalence of the A allele distribution was noted compared with the reference val-
ues of the those of the control group. When assessing the average values of oxidative stress markers in both main
groups in relation to the control, superoxide dismutase activity was reduced, the content of LPO end products in the
blood serum, the activity of catalase and glutathione peroxidase tended to increase. A study of the average values
of oxidative stress markers in genotypes for the SOD2 gene Val16Ala polymorphism showed that both in children liv-
ing in the RCT and in children exposed to stressful life events during wartime, the content of LPO end products in
the blood serum tended to increase in individuals with the VV genotype and to decrease in individuals with the AA
genotype.
Conclusion. Analysis of antioxidant protection indicators showed a decrease in superoxide dismutase activity in
children with the VV genotype and a tendency toward an increase in catalase and glutathione peroxidase activity
compared to children with the AA genotype. The indicators of individuals with the AV genotype occupied an inter-
mediate position in quantitative terms. The identified changes in oxidative stress markers indicate an intensifica-
tion of free radical oxidation processes in the body and certain stresses in the functioning of antioxidant enzymes
that provide primary protection against free radicals. A decrease in superoxide dismutase activity may indicate a
decrease in antioxidant activity.
Key words: children; radioactively contaminated territories; stressful life events; genetic polymorphism of man-
ganese.
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BCTVYII

OaHuMM 3 e(DeKTiB BILIMBY iOHi3y10UOr0 BUIIPOMiHIOBAH-
HSl € BAHUKHEHHSI BIJIbHUX paguKaJiB, sIKi MOXYTb OyTU
iHAYKTOpaMU OKCUJATUBHOIO CTpecy. IHAyKIlis oKcuma-
TUBHOTO CTPECY B KJIITUHI 3a JOITOMOTOIO B3aEMO/Iii Oa-
raTbOX ILISIXiB i KOMIOHEHTIB MOX€ 3MiHIOBAaTU €KC-
npecilo reHiB Ta BU3HA4YaTU IOJANbIIY [0 KJIITUHU.
Hamnmuiok pagukaiiB Moxe MpU3BOAUTU A0 TTOOAMHO-
KMX 1 MHOXKMHHMX OKCUIATUBHUX ITOIIKOKEHb JE30K-
cupuboHykiieiHoBoi kuciaoTu (JHK).

Buacnimok eKomoriyHmx i coliaJbHUX KaTtacTpod
CKJIAaIOThCsl CUTYallii, SIKi TMPU3BOISATH M0 3HMXKEHHS
CTPECOCTIMKOCTI 1iTeil, 00yMOBIIOIOThH MOPYILIEHHS TICH -
XOEMOIIIMHOIO CTaHy, CIPUYMHSIOTh PO3BUTOK (DYHK-
LiOHAJILHUX PO3JIa/liB 3 OOKY pi3HUX OpPraHiB i CUCTEM 3
HACTYITHOIO TpaHC(OPMAILIIEIO IX Y COMAaTUYHY Ta TICUX0-
coOMaTUy4Hy mnatoJjiorito. IlaToreHes ycix X HECIIPUSIT-
JIMBUX 3pYIIEHb € CIIUJILHUM SIK JJIS1 AiTeli — MeIlIKaHIIiB
pamioakTuBHO 3a0pymHeHux Teputopiit (P3T), Tak i
JiTe, sIKi 3a3HaJIU BIJIMBY CTPECOBUX XXKUTTEBUX MO y
nepios BoeHHOTro yacy. Moro MoxHa ysSIBUTH Yy BUIJISIAI
€IMHOTO TIPOIIECY, «IIYyCKOBUM MEXaHi3MOM» SIKOTO €
CTPECOBUIA BILJIMB Ha OpPraHi3M, a HaCIiIK{ BHU3Haya-
JOThCS CTYTIEHEM BUPAXKEHOCTI Pi3HUX KOMITEHCATOPHUX
peakiliif, 0OyMOBJIEHUX MEBHUMM T€HETUYHUMM OCOO-
JIMBOCTSIMU opraHizmy [1, 2].

Peaxliiss opraHiaMy KOXHO1 KOHKPETHOI JIOAUHU Ha
BILIMB HaBKOJIMIIIHBOIO CEPEAOBUILA 3aJI€XKUTh Bil re-
HETUYHO ETePMiHOBAaHMX OCOOJIMBOCTEN (PYHKIIIOHYBaH-
HS (pepMEHTHUX CUCTeM. AHTMOKCHIAHTHA CUCTEMA — IIe
cucTeMa, sika 0J10Ky€e YTBOPEHHSI BUCOKOAKTHUBHUX BiJlb-
HUX paauKalliB, TOOTO aKTUBHUX (opM KUCHIO. [0J10B-
HUM KOMMOHEHTOM LIi€l CUCTEMU € MYJ (PEPMEHTIB aH-
THOKcUAaHTHoro 3axucty (AO3), omgHielo 3 HaBax-
JINBILIMX JIAHOK SIKOTO € (hepMEHT CYIIepOKCUIINCMYTa-
3a (SOD) [3].

IeHeTnyHa MIiHIMBICTH (DEPMEHTIB aHTMOKCUIAHTHOI
CHCTEMM OpPraHi3My OCTaHHIM 4acoM CTajla BaXXJIMBUM
00’€KTOM y BUBYEHHI MaTOTeHe3y OaraTboX 3aXBOPIOBAHb.
BpaxoBytoun BeIMKy pojib TeHETUUHUX OCOOJIMBOCTEN B
PO3BUTKY 0araTbox MyJIbTU(aKTOpiaIbHUX 3aXBOPIOBaHb,
0 SKMUX HajexXaTb i OOCTPYKTMBHi 3aXBOPIOBAHHS Jie-
TeHiB, JOCHTIIKeHHS TTojiMopdismy Vall6Ala-SOD2 rena
CYNEPOKCUIAUCMYTa3U € BaXXJIUBUM [IJII BU3HAUYEHHS
MEXaHi3MiB HECNPUSTIUBUX 3MiH CTaHy 3I0pOB’S Y
JiTell — MELIKAaHIIiB pali0OaKTUBHO 3a0pyIHEHUX TEPU-
TOPpIi1 Ta 3’ICyBaHHS B3a€EMO/Iii YMHHUKIB HABKOJIUIITHb-
Oro cepeJoBUIIA, TICUXOJOTIYHOIO CTPECY i TeHETUYHOI
KOMITOHEHTH B 11 peasizaiiii [4, 5].

Bimomo, 1110 aHTMOKCUAAHTHA CUCTEMA MiCTUTh B cOOi
BEJIUKY KiJIbKiCTh JJaHOK PEryJsiliii, aje TeHeTUUYHO Jie-

INTRODUCTION

One of the effective exposure to ionizing radiation is
the occurrence of free radicals, which can be induc-
ers of oxidative stress. Induction of oxidative stress
in a cell through the interaction of many pathways
and components can change gene expression and
determine the subsequent fate of the cell. An excess
of radicals can lead to single and multiple oxidative
damages to deoxyribonucleic acid (DNA).

As a result of environmental and social disasters,
situations arise that lead to a decrease in children’s
stress resistance, cause disturbances in the psy-
choemotional state, and result in the development
of functional disorders on the part of various
organs and systems with their subsequent transfor-
mation into somatic and psychosomatic pathology.
The pathogenesis of all these unfavorable changes
is common both for children living in radioactive-
ly contaminated territories and for children
exposed to stressful life events during wartime. It
can be represented as a single process, the «trigger
mechanism» of which is a stressful impact on the
body, and the consequences are determined by the
degree of expressiveness of various types of com-
pensatory reactions caused by certain genetic
characteristics of the body [1, 2].

The reaction of each individual body to environ-
mental influence depends on genetically deter-
mined features of the functioning of enzyme sys-
tems. The antioxidant system (AOS) is a system that
blocks the formation of highly active free radicals,
i.e. reactive oxygen species. The main component
of this system is the pool of antioxidant protection
enzymes, one of the most important links of which
is the enzyme superoxide dismutase (SOD) [3].

Genetic variability of enzymes of the body’s
antioxidant system has recently become an impor-
tant object in the study of the pathogenesis of
many diseases. Given the large role of genetic fea-
tures in the development of many multifactorial
diseases, which include obstructive pulmonary dis-
eases, the study of the Vall6Ala-SODZ2 polymor-
phism of the superoxide dismutase gene is impor-
tant for determining the mechanisms of adverse
changes in the health of children — residents of
radioactively contaminated areas and understand-
ing the interaction of environmental factors, psy-
chological stress and the genetic component in its
implementation [4, 5].

It is known that the antioxidant system contains a
large number of regulatory links, but it is the
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TepMiHOBAaHUMM € CcaM€ aHTMOKCHUIAHTHI (pEpMEHTH,
SKi XapaKTepU3YyITbCS MiXXiHAMBiTyalbHUMU BiAMiH-
HOCTSIMM B aKTMBHOCTI Ta eKCHpecil 3aBASIKM HasiB-
HOCTi B CTPYKTYpi IXHiX IreHiB (pyHKIIIOHAJILHO HEpPiB-
HOILIIHHUX TMojiiMopdHUX aneniB [6—8]. HasBHicTb
JAHK-noniMopdi3MiB reHiB epMeHTiB aHTUOKCUAA-
HTHOI CUCTeMU POOUTH KOXHY JIIOAMHY YHIKAJIbHOIO
LIOJIO PEryJslii aHTMOKCUIAHTHOTO CTaTyCy i CTymeHs
AaKTUBHOCTI BUTbHOpaIMKaIbHOTO OKKCIIeHHs. Lle dak-
TUYHO BU3HAYA€E iHAMBiAyalIbHY CTiAKICTh 00 YyTIU-
BICTb 10 MOILLIKOAXKYBaJIbHOI /il HABKOJIUIIHbOTO cepe-
JIOBMIIIA i 1O PO3BUTKY IaTOJIOTiYHUX IpoleciB [9, 10].

[oJIOBHMM KOMITOHEHTOM aHTHMOKCHUIAHTHOI CHCTE-
MU € Hu3ka (pepmeHTiB AO3: cynepokcuaaucMyTasa
(SOD), karamaza (CAT), rayrarioHmepokcuaasa
(GPx) [11]. Cepen dbepMeHTIB aHTUOKCUIAHTHOI CHC-
TE€MHU, B Iepiry yepry ciin BUumimutu SOD — aHTHOK-
CHIIAHT, SIKMU IIPEICTaBIISIE IIEPIIy JIAHKY 3aXUCTY.
Lleit bepMeHT MiCTUTBCS B YCiX KIIITUHAX, SIKi CTIOXKM-
BaloThb KuceHb. Ponb SOD nonsirae y mpuckopeHHi pe-
aKIIil TIepeTBOPEHHST TOKCUYHOTO JIJISI OPraHi3My KHC-
HEBOTO paguKalla — CYIIePOKCUAY — B IIEPEKUC BOIHIO
1 MOJIEKYJISIPHUM KMCEHb. Y CCaBLiB BiIOMO TpU TUIIU
SOD: uurtoszonsHa (Cu/Zn — SOD; SODI1), wmirto-
xoHapianbHa (Mn-SOD; SOD?2) i no3zakiitunHa (EC-
SOD; SOD3) [12].

Karanaza (CAT) — ommH 3 OCHOBHMX (PEpMEHTIB
pyiiHyBaHHS akTUBHUX popM KucHIo. [eH CAT posrta-
moBaHuit Ha 11-i xpoMocomi i ckimagaeTbes 3 13 ex-
30HiB. Binomo nexinbka anebHUX BapiaHTiB LIbOTO Ie-
Ha, aCOLIOBaHMX 31 3HIKEHHSIM KaTaJIITUYHOI aKTUB-
HocTi (pepmeHTy. CAT s1BIsIE COOO0I0 MEPOKCUCOMHUIA
(bepMeHT, 110 KaTajidye HeWTpasizallilo MEePOKCUIY
BOJHIO 1O MOJIEKYJSIPHOIO KMCHIO i Boau. Pasom i3
SOD ta GPx, CAT 3axuiiae KJIiTUHU BiJ OKCUIATUB-
Horo cTpecy [12].

®epmeHT TaytatioHnepokcuaaza (GPx) cmnpusie
BCTyNy MEePEKUCHUX PaauKaliB B peaklilo MixX co0010,
pe3yabTaTOM 4YOro € YTBOPEHHSI BOJAM i KMCHIO. ICHY€E
BiciM i30opm rinyratioHnepokcumazu (GPxl —
GPx8), sKi Bigpi3HSAIOTbCS JIOKadi3ali€lo B KIITUHI i
cyocTpaTHoto cnieuudivHicTio. GPx1 € HaibinbLI po3-
MMOBCIOMKEHOI0 (POpMOIO (pepMeHTa, 110 3HAXOIUTHCS
y LMTOIUIa3Mi MpakKTUYHO BCiX ccaBliB. [eHeTnuHa
MIiHJIUBICTh POAVMHU IJIyTaTiOHIIEPOKCHUAA3 JIEXKUTh B
OCHOBi MixXiHAMBiAyaabHO1 BapiabeJbHOCTI MeTa-
00J1i3My BHUCOKOTOKCHMYHMX MPOAYKTIiB BiIbHOpaIU-
KaJIbHOTO OKHCIeHHs [12].

CynepokcuaHi aHiOH-paguKaaud He TiAbKM MaroTh
MOLIKO/KYBaJIbHY JIi10 Ha eMiTe/liaibHi KJIITUHU, ajle i
3IaTHI IIBUJIKO BCTYMNAaTH B peakirito 3 NO-pagnkaaoM

(1) 432

antioxidant enzymes that are genetically determined,
which are characterized by interindividual differ-
ences in activity and expression due to the presence
of functionally unequal polymorphic alleles in the
structure of their genes [6—8]. The presence of DNA
polymorphisms of the genes of AOS enzymes makes
each person unique in terms of regulation of antioxi-
dant status and the degree of FRO activity. This actu-
ally determines individual resistance or sensitivity to
the damaging effects of the environment and the
development of pathological processes [9, 10].

The main component of the antioxidant system is
the network of enzymatic antioxidant defense
(AOD): superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx) [11]. Among
the AOS enzymes, first of all, it is necessary to high-
light SOD — an antioxidant, which represents the
first link of defense. This enzyme is found in all cells
that consume oxygen. The role of SOD is to acceler-
ate the reaction of converting the oxygen radical,
superoxide, which is toxic to the body, into hydrogen
peroxide and molecular oxygen. In mammals, three
types of SOD are known: cytosolic (Cu/Zn - SOD;
SOD1), mitochondrial (Mn-SOD; SOD2) and
extracellular (EC-SOD; SOD3) [12].

Catalase (CAT) is one of the main enzymes for the
destruction of reactive oxygen species. The CAT gene
is located on chromosome 11 and consists of 13
exons. Several allelic variants of this gene are known,
associated with a decrease in the catalytic activity of
the enzyme. CAT is a peroxisomal enzyme that cat-
alyzes the neutralization of hydrogen peroxide to
molecular oxygen and water. Together with SOD and
GPx, CAT protects cells from oxidative stress [12].

The enzyme glutathione peroxidase (GPx) pro-
motes the reaction of peroxide radicals with each
other, resulting in the formation of water and oxy-
gen. There are eight isoforms of glutathione peroxi-
dases (GPx1 — GPx8), which differ in cellular local-
ization and substrate specificity. GPx1 is the most
common form of the enzyme, which is found in the
cytoplasm of almost all mammals. Genetic variabil-
ity of the glutathione peroxidase family underlies
interindividual variability in the metabolism of high-
ly toxic free radical oxidation products [12].

Superoxide anion radicals not only have a damag-
ing effect on the epithelial cells, but are also capable
of quickly reacting with the NO radical to form the
no less toxic peroxynitrite. Superoxide dismutase,
catalase and glutathione peroxidase are involved in
the detoxification of anion radicals.
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3 YTBOPEHHSIM HE MEHII TOKCUYHOTO MEePOKCUHITPUTY.
B neTokcukallii aHioHHUX paguKaiiB, 6epyTb y4acTh Cy-
nepoKCUAAMCMyTa3a, KaTajla3a i [IyTaTioHIIepoKCcuaa3a.

MapraHenpb-3ajexHa cyrnepokcugaucmyTtasa (Mn-
SOD; SOD2) po3TaloByeThcsl B MiTOXOHIpisAX. [i TeH
JIOKaJTi30BaHUi Ha 6-if XxpoMocoMi. IIIupoko BUBYEHMIA
B Pi3HUX MOMYJIALISX MOJiMOP(}i3M 3aMiHM ajlaHiHy Ha
BaJliH B 16-My MOJIOKEHHI NOCIinoBHOCTI nentuay. I1o-
Ka3aHo, 110 JaHWI MoJjliMopdhi3M BILUTMBAE HA BTOPUHHY
CTPYKTYPY CUTHAJIbHOIO MENTUIY i TPU3BOAUTh A0 ACC-
Tabimizaiii foro anbda-cIripaabHOI TiJSTHKHN, 110 BIUI-
Ba€ Ha IepeHeceHHs (PepMEeHTY 3 LIUTOILIa3MU B MiTO-
XOHIpiadbHUIA MaTpukc. B  pesyaprari maHuit
nojiMopdizM MoOKe TMPU3BOAUTU A0 3HUXKEHOI aKTHB-
HocTi pepmenTy [10—12].

Busnaueniit posi nonimopdismy Vall6Ala-SODZ2 rena
CYMEPOKCUAAUCMYTAa3U Y PO3BUTKY OKCUIATUBHOI'O
CcTpecy IpUCBSYEHI OKpeMi moBigomMaeHHs1. Taki moci-
KeHHd y aiteii — memkaHuiB P3T ta miteit, 9ki 3a3Hann
CTPECOBUX KUTTEBUX MOZil y Tepiol BOEHHOTO Yyacy, He
MPOBOJIUIIUCS.

Harenep BCcTaHOBJIEHO, IO €TiOJOTrisl i MaToreHes
OpOHXOOOCTPYKTUBHUX 3aXBOPIOBAHb BU3HAYAETHCS
CKJIQTHOIO B3aEMOJII€I0 T€HETUYHUX OCOOJIMBOCTEI Op-
raHi3My Ta HECHPUSTIUBUX YNHHUKIB HABKOJUIITHHOTO
cepenoBuilia. OCKiJIbKY B ITePCIIeKTUBI IIAHYEThCS 00C-
TEXXEHHS IiTelt 3 MeTOIo 3’ SICYBaHHS POJIi TIEBHUX I'eHIB i
¢epMeHTIB, KOJOBaHMX HUMU B MaTOreHe3i OpoxoJiere-
HEBOI IaToJIOTii, BUBHAHO AOLIJILHUM ITOMNEPeaHE MPO-
BEACHHS IOCJIIKEeHb Yy IiTel, Ki He MaloTh IMaTOJOTil
OpOHXiB Ta JIETCHiB.

META

BusHaueHHs po3noaisly reHOTUIiB FreHEeTUYHOro MOJi-
Mopdi3zMy CYyNEepOKCUIIUCMYTa3d MapraHillo Ta OlliHKa
3MiH MapKepiB OKCUIATUBHOIO CTpeCy Yy HiTeil — Melll-
KaHIIiB pafioaKTUBHO 3a0pYyIHEHUX TEPUTOPIl i MiTel,
SdKi 3a3Hald CTPECOBMX XUTTEBUX MOMiA y Iepion
BOEHHOTO 4acy.

MATEPIAJIN TA METO/JIN

OO6cTexeHo 42 TUTUHM MIKiIbHOTO BiKy (Bim 10 mo 17
pPOKiB), sIKi TiepeOyBaJiu Ha CTallioOHApHOMY JIiKyBaHHi B
kiaiHini HHIIPMTIO.

Cepen HUX OyJay BUIIEHI ABi TPYITN:

I rpyna — 18 nmiteit, memikanuiB P3T. O6cTexeHi mitTu
i€l TPy MOCTIMHO (3 MOMEHTY HapOIKEHHS ) TIPOXKH -
BaJIM Ha pafioaKTUBHO 3a0pyaHEHUX TepuTopisx 2Knuto-
mupcbkoi, PiBHeHChKOi Ta KuiBchKOi oOnacTeil 3i
LIiIbHICTIO 3a0pyaHeHHs IpyHTiB *'Cs Big 18 kBk/M? 1o
235 xbk/m?. B nabGoparopii JiYMIbHUKIB BUIIPOMIHIO-

Manganese-dependent superoxide dismutase
(Mn-SOD; SOD?2) is located in mitochondria.
The gene is localized on chromosome 6. A poly-
morphism that has been widely studied in different
populations is the substitution of alanine for valine
at position 16 of the peptide sequence. It has been
shown that this polymorphism affects the second-
ary structure of the signal peptide and leads to
destabilization of its alpha-helical region, which
affects the transfer of the enzyme from the cyto-
plasm to the mitochondrial matrix. As a result, this
polymorphism may lead to reduced enzyme activ-
ity [10—12].

Only a few reports are devoted to determining
the role of the SOD2 gene Vall6Ala polymorphism
in the development of oxidative stress. Such stud-
ies have not been conducted in children-residents
of the RCT and in those exposed to stressful life
events during the wartime period.

At present, it has now been established that the
etiology and pathogenesis of broncho-obstructive
diseases are determined by a complex interaction
of the genetic characteristics of the organism and
unfavorable environmental factors. Since it is
planned to examine children in the future in order
to clarify the role of certain genes and enzymes
encoded by them in the pathogenesis of bron-
chopulmonary pathology, it has been considered
appropriate to conduct preliminary studies in chil-
dren who do not have bronchial and pulmonary
pathology.

OBJECTIVE

Determination of the distribution of genotypes of
genetic polymorphism of manganese superoxide
dismutase and assessment of changes in oxidative
stress markers in children-residents of radioactive-
ly contaminated territories and children exposed
to stressful life events during the wartime period.

MATERIALS AND METHODS
There were examined 42 school-age children
(aged from 10 to 17 years) who were hospitalized
for inpatient treatment at the NRCRMHO Clinic.
Among them, the following groups were selected:
Group I — 18 children-residents of the RCT.
Surveyed children of this group permanently (from
the moment of birth) lived in radioactively con-
taminated areas of the Zhytomyr, Rivne, Kyiv
regions with soil contamination density of ''Cs
from 18 kBq/m?to 235 kBq/m?. The level of 137Cs
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BaHHS JoAuHU Bigginy mo3umetpii HHIIPMIO, 3a
JIOTIOMOTOI0 JTIYMJIbHUKA BUIIPOMIHIOBAaHHS JTIOIWHU
«Ckpunep 3M», BupoOHUUTBA [HCTUTYTY eKOJOTii
JIIOOVMHU, IPOBOAIIM BUMiproBaHHs BMicTy *’Cs y Tii
IIUX JiTe i 3MiiiCHIOBaJIM pO3paxXyHOK iHAMBITyaTbHUX
CepeaHbOPIYHUX HAKOTUYEHUX 103 BHYTPILITHBOTO OIT-
poMmineHHs. Bmict '’Cs B opraHismi IiTeil KOJIMUBaBCs
Bin 74 bk no 140 bk.

Il rpyna — 24 quTtuHU, NepeMillieHi i3 30H 00MOBUX
MiiA, sIKi 3a3HaJIU BIUTMBY CTPECOBUX XXUTTEBUX IMOMIIN y
nepiojl BOEHHOTO Yacy.

Sk pedepeHTHi 3HAUYEHHS BMKOPUCTOBYBAJIU pe-
3yJIBTaTH 00CTeXXEHHST 167 MpakKTUYHO 310POBUX OCIO
(IIT rpyma) [12].

Bci obcTexxeHi aiTv He MaJiv KJIiHiYHMX O3HaK MaTo-
Jorii opraHiB aguxaHHs. Y HUX OyJIu BUSBJICHI
(byHKUIOHaIBHI po3anu 3 60Ky IITYHKOBO-KUIITKOBO-
TO TPAKTY, SIKi CYITPOBOXKYBAJINCS BETETATUBHOIO TUC-
¢yHKIi€r0. 3 BOrHUIL XPOHIUHOI iH(MEKIIii BUSIBIISIN-
Ccsl XpOHIUHMI KOMIIEHCOBAHMM TOH3WJIIT i Kapiec
3y0iB. Yacrora BusBiIeHOi martosorii y aiteir I ta II
rpyn CyTTEBO HE Biapi3Hsiacs.

IMonimopdumii mapkep Vall6Ala-SODZ2 tena cyre-
POKCUIAMCMYTa3U NOCIIKYBaIU B MOJIEKYJISIPHO-T€-
HeTWYHill nabopartopii epxkaBHoro 3aknany «Pede-
PEHT-LEHTP 3 MOJIeKYJIsIpHOI aiarHocTuku MO3 Vk-
paiHu».

IIpoBeneHHI0 MOJIEKYJISPHO-TEHETUYHOTO TOCTiIKEH-
Ha nepenysaio BuaiteHHsS JJHK i3 minbHOI BeHO3HOI
KpOBi 3a JOIMOMOI010 KoMmepliliHoro Hadbopy «Quick-
DNA Miniprep Plus Kit» («Zymo Research», CILA).
Busnauenns reHoruriB 3a BapianToMm 1s4880 (T201C
a6o Vall6Ala) rena SOD2 npoBonuiv 3 BAKOPUCTaH-
HsaM metony ITJIP i HacTymHMM aHaji3oM IOJiMOp-
(izMy TOBXWH pecTpUKLIiHNX pparMeHTiB. Jlocmin-
JKyBaHi JiJITHKY TeHa aMmIuTiikyBaau 3 BUKOPUCTAH-
HsM KoMmepuiitHoro Haoopy «DreamTaq Green PCR
MasterMix» («Thermo Scientifi», CILIA) Ta cremnu-
(iYHUX OJIIrOHYKJICOTUIHUX TpaiiMepiB («Metabion»,
Himeyuuna). ITocnimoBHOCTI mpalimMepiB i CIiBBiZHO-
ILIEHHSI peaKTHMBiB, BM3HAYalM 3TiIHO 3 iHCTPYKLIEO
BUPOOHMKA IO 3aCTOCOBAHOTO KOMEPIIITHOTO HAaboPYy.
Peakuiro amrmuidikauii npoBoAWIN B TEPMOLUKIEPI
«FlexCycler BU» (Analytik Jena, Himeuunna). Ilpo-
nyktu amrutidikanii pparmentis AHK mignsrany mo-
JIAJbIIOMY TiIpOJITUIHOMY PO3ILICIUICHHIO 3a HOIIO-
Moroo eHgoHykiaeasn pectpukiii BsuRI («Thermo
Scientific», CILIA). Peakiito pecrpukiiii amruticpiko-
BaHUX (pbparMeHTiB TeHa SOD?2 mpoBoauau B Mikpo-
TepMocTari npu temnepatypi 37 °C mpotsirom 12 ro-
IrH. Po3Mip pecTpuKLiitHX (pparMeHTiB aHaIi3yBaJIn

in the body of children ranged from 74 Bq to 8806
Bq. In the laboratory of human radiation counters of
the dosimetry department of the NRCRMHO, using
the human radiation counter (HRC) «Skrinner 3M»
manufactured by the Institute of Human Ecology,
measured the '¥Cs content in the bodies of these
children and calculated individual average annual
accumulated doses of internal radiation. The level of
7Cs in the body of children ranged from 74 Bq to
140 Bq.

Group II — 24 children were relocated from com-
bat zones that were exposed to stressful life events
during the wartime period.

We used the results of a survey of 167 practically
healthy individuals as reference values [12].

All examined children had no clinical signs of res-
piratory pathology. They were found to have func-
tional disorders of the gastrointestinal tract, accom-
panied by vegetative dysfunction. Chronic compen-
sated tonsillitis and dental caries were detected
among the foci of chronic infection. The frequency
of the detected pathology in children of groups I and
II did not differ significantly.

The SOD2 gene Vall6Ala polymorphic marker was
studied in the molecular genetic laboratory of the
State Institution «Reference centre for molecular
diagnostic of Public Health Ministry of Ukraine».

The molecular genetic study was preceded by DNA
extraction from whole venous blood using the com-
mercial Quick-DNA Miniprep Plus Kit (Zymo
Research, USA). Determination of genotypes for
the rs4880 variant (T201C or Vall6Ala) of the SOD2
gene was performed using the PCR method and sub-
sequent analysis of restriction fragment length poly-
morphism. The studied gene regions were amplified
using the commercial Dream Taq Green PCR
Master Mix kit (Thermo Scientifi, USA) and specif-
ic oligonucleotide primers (Metabion, Germany).
The primer sequence and reagent ratio were deter-
mined according to the manufacturer’s instructions
for the commercial kit used. The amplification reac-
tion was carried out in a Flex Cycler BU thermal
cycler (Analytik Jena, Germany). The amplification
products of DNA fragments were subjected to fur-
ther hydrolytic cleavage using the restriction
endonuclease Bsu RI (Thermo Scientific, USA).
The restriction reaction of amplified fragments of
the SOD2 gene was carried out by a microthermo-
stat at a temperature of 37 °C for 12 hours. The size
of restriction fragments was analyzed in a 3 %
agarose gel (agarose from Cleaver Scientific, UK)
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B 3 % araposHomy remi (araposa ¢ipmu «Cleaver
Scientific», BeaukoOpuTaHisn) 3 momaBaHHIM OpOMIC-
TOTO €THIiI0, MapKepa MoseKysspHoi Baru GeneRuler
50 bp DNA Ladder («Thermo Scientific», CIIIA) Ta
MOJAJbIIOI Bi3yalizalli€lo 3a JOMOMOTOI0 KOMIT I0-
TepHoi nporpaMmu Vitran. Pe3ynbratu iHTepnpeTyBaiu
BIITIOBIAHO A0 HAasIBHOCTI abO BiJCYTHOCTi pecT-
PUKIIMHUX (parMeHTiB 3 BiIOMOIO MOJIEKYJISIPHOIO
Baroto [11].

[Momimopdism Vall6Ala-SOD2 rena cyniepoOKCUIINC-
MyTas3n y giteii — memkaniiB P3T Ta miteit, mo 3a3Ha-
JIU CTPECOBUX KUTTEBUX MOIiil Y TIepioa BOEHHOIO Ya-
CY, TTOPiBHIOBAJIN 3 TAKUMHU Y pehepeHTHil rpyri 3i 167
MpaKTUYHO 300pOBUX 0cib [12].

Jlna BcTaHOBIIEHHS HMOBIPHOTO BILUIMBY T'€HETHYHOTO
nojiMopdizMy  CymepoKCHAIMCMYTA3W  MaPraHIIO
(rs4880) Ha cuctremy AO3 y niteit — MmemkaniiB P3T i
JiTei, sIKi 3a3HajIv BIUIMBY CTPECOBUX KUTTEBUX MO
y MepioJ, BOEHHOTO 4Yacy, NpoBeAeHO JOCIiIXKEHHS ce-
pelHiX MOKa3HUKIB MapKepiB OKCUIATUBHOIO CTPECY B
reHoTuIax 3a nojgimMmopdismom Vall6Ala rena SOD2.

Busnauenns Bmicty nponykris I1OJI, mo pearyiots 3
TiO0APOITYPOBOI0 KHCJIOTOI (MAJOHOBMiA IWAJIbIETria,
MA) B cupoBatni Kposi. [TpuHLIMn MeToay: mpu BU-
COKilt Temmnepatypi y Kuciomy cepegobuii MJIA 3 2-
Tio6apbitypoBoro kuciaoro (TBK) yrBoproe cTilikuii
TPUMETUIOBUIA KOMILIEKC, SIKW1 3a0apBIIOETHCS Y OY3-
koBuii Komip [13]. PeaktuBu: 1 % po3unn H3PO4; 1 %
BonHuit po3unH THK (pH = 7,0); nuctriiboBaHa Boa.
Xin BU3HaAUeHHS. Y gociigHy mpody no 0,2 mia cupo-
BaTKu KpoBi gopaBanu: 2 M 1 % poszuuny H3;POy; 0,6
M 1 % BonHoro po3unHy TEK. Y KoHTpoJIbHY TTpo0y
3aMiCTh CUPOBATKX KpoBi BHOCUIU 0,2 MJI IMCTUIHO-
BaHO1 Boau. KOHTpOIbHY Ta AOCTiAHY MPOOU BUTPU-
MyBau 45 XB Ha KUTUISYii BoOgHIN 0aHi. OX0I0mKy-
Baj Ta (DOTOMETPYBAJIM MOPIBHIHO 3 KOHTPOJIBbHOIO
npo0OoI0 MpU JOBXUHI XBUJIb 532 HM Ta 580 HM.

BusHauyeHHs AKTHMBHOCTI CYNEPOKCHIAUCMYTA3d B
epurpomuTax. Meroa IpyHTYeThCs Ha 3gaTHOCTI SOD
rajbMyBaTH peaklililo ayTOOKUCAEHHS aJpeHaliHy Ipu
pH = 10,2 [13]. BukopuctoByBasin peaktusu: 0,15 M
Kap6onaTtHuii 6ypep (pH = 10,2) 3 3 x 10* M eTu-
nengiaminTeTpaouTosa Kuciora (ETA); xmopodopm;
96 % eranoi; 0,1 % ampeHaiH; IUCTUILOBaHA BOJA.
[emomizar TOTyEThCST TAKUM K€ YMHOM, SIK i TIpY BU3-
HaueHHi CAT. Ilepen mociigXeHHSIM BU3HA4YalOTh
BMICT reMorJjio0iHy B reMostizati. XiJ BU3HAUEHHS: 10
0,2 M1 reMoJtizarty y rpo0ipKy nogamoTh 0,4 MJI XJIOpo-
dopmy, 0,2 M1 eTaHOJTY, €HepriliHO CTPYIIYIOTh. LleHT-
pudyryoTh npotiaroM 10 XB mpu LIBUAKOCTI 0OepTaH-
a1 4000 06./xB. 0,5 MJI OTpUMaHOTO LEHTPUDYTaTy

with the addition of ethidium bromide, the molecu-
lar weight marker Gene Ruler 50 bp DNA Ladder
(Thermo Scientific, USA) and subsequent visualiza-
tion using the computer Vitran program. The results
were interpreted according to the presence or
absence of restriction fragments with a known
molecular weight [11].

The SOD2Vall6Ala polymorphism in children-
residents of the RCT and children exposed to stress-
ful life events during the wartime period were com-
pared with those in a reference group of 167 practi-
cally healthy [12].

In order to establish the possible influence of the
genetic polymorphism of manganese superoxide dis-
mutase (rs4880) on the antioxidant protection sys-
tem in children-residents of the RCT and children
exposed to stressful life events during the wartime, a
study was conducted of the average values of oxida-
tive stress markers in the genotypes for the SOD2
gene Vall6Ala polymorphism.

Determination of the content of lipid peroxidation
products reacting with thiobarbituric acid (MDA) in
blood serum. Principle of the method: at high tem-
perature in an acidic medium, MDA with 2-thiobar-
bituric acid (TBA) forms a stable trimethyl complex,
which is colored lilac [13]. Reagents: 1% solution of
H;PO4; 1% aqueous solution of TBA (pH = 7.0);
distilled water. Determination procedure. To 0.2 ml
of blood serum were added to the test sample: 2 ml
of 1% solution of H3PO4; 0.6 ml of 1% aqueous solu-
tion of TBA. Instead of blood serum, 0.2 ml of dis-
tilled water was added to the control sample. The
control and test samples were kept for 45 min in a
boiling water bath. Cooled and photometrically
compared with the control sample at wavelengths of
532 nm and 580 nm.

Determination of superoxide dismutase activity in
erythrocytes: the method is based on the ability of
SOD to inhibit the reaction of adrenaline autooxida-
tionat pH = 10.2 [13]. The reagents used were: 0.15 M
carbonate buffer (pH = 10.2) with 3 x 10* M ethylene-
diaminetetraacetic acid (EDTA); chloroform; 96 %
ethanol; 0.1 % adrenaline; distilled water. The
hemolysate is prepared in the same way as for the
determination of catalase. Before the study, the hemo-
globin content in the hemolysate is determined.
Determination procedure: 0.4 ml of chloroform and
0.2 ml of ethanol are added to 0.2 ml of hemolysate
in a test tube, and shaken vigorously. Centrifuge for
10 min at a rotation speed of 4000 rpm./min. 0.5 ml of
the resulting centrifuged product is added to tubes with
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BHOCSITh y TPOOIpKU 3 iHKYOAIlifHOIO CYMIIIIIIO Y
ckuani: 0,5 ma kapoonatHoro 6ydepy (pH = 10,2); 0,1
MJ agpeHaniHy. B KOHTpoJbHY IpoOy 3amicThb re-
Mouizaty goxatoTh 0,5 Ma gucTuiaboBaHoi Boau. Orm-
TUYHY TYCTHUHY BHMipIOIOTh IIPOTHM KOHTPOJIO Ha
CreKTpoOTOMETPI 3 TEPMOCTATOBAHOIO KIOBETOIO TTPU
temmepatypi 30 ?C mipu goBxuHi xButi 340 HM BIIpo-
JIOBX 5 XB Uepe3 KOXKHY XBUJIUHY.

Bu3HayeHHs1 aKTHBHOCTI KaTaja3u B epUTPONUTAX.
[TpuHLIMTT METOY: MEPEKUC BOAHIO YTBOPIOE 3 COJISIMU
MOJIIOJeHY TIEPEKMCHI CITOJIYKU, 3a0apBiieHi B XKOBTUM
KOJIip, iIHTEHCUBHICTb SIKOTO 3aJIEXKUTh BiJl KOHLIEHTpa-
11ii mepekucy BoaH1o, He3pyiiHoBaHoro CAT, ToOTO Bin
ii akTuBHOCTI [13]. BukopuctoByBaau peaktunu: 4 %
po3urH MonibaaTy amoHiw; 0,03 % po3uuH mepekucy
BonHio; 2,7 MM po3uun EATA (pH = 7,0); IN HCI;
xaopodopMm; 96 % etaHos; AUCTUIbOBaHa Boaa. s
OpuroTyBaHHs remoiizaty 0,5 MJI LiJIbHOI KPOBi TpUYi
npoMuBaioTh 10 MJ i30TOHIYHOTO PO3YMHY HATPilo
XJIOpUAy Ta UESHTpUPYTyIOThH MpoTtsaroM 10 xB mpu
mBuaKocTi ooepranHHs 3000 00./XB, OTPUMYIOTh EPUT-
pouuTtapHy Macy. 1o 0,1 M1 epuTpoLIUTApHOI MacH A0-
nawThb 1,9 mi crabinizytouoro po3unny EJITA — pos-
yuH «A». /1o 0,05 M1 po3unHy «A» 10Ja0Th 4 MJI IUC-
TWIbOBAHOI BOOU — po3uuH «b». Bu3HauaioTh BMicT
reMorjo0iHy: 10 2 M po3unHy «b» gogaroTs 2 M 1N
HCI na i3oToHiYHOMY pOo34MHi HaTpio xjmopumy. Orr-
TUYHY TYCTUHY JOCHIZHOI MpoOM MOPiBHSIHO 3 IUC-
TUJbOBAHOIO BOJOI0 BUMIipIOIOTH Ha CIMEKTPOdOTO-
MeTpi npu O1oBXUHi xBWJIi 530 HM. KoHleHTpallio re-
MOIIO0iIHY MOXHA BU3HAYUTHU OyIb-SIKUM CTaHAAPT-
HUM J1a00paTOPHUM METOIOM. XiJl BUBHAYEHHS: 10 2 MJT
po3uuny «b» momatots 0,4 mu xsopodopmy Ta 0,2 mi
€TaHOJIy, €HEPriiHO CTPYIIYIOTh IIPOTIATOM S5 XB Ta
HeHTpuPyryiors 10 XB TIpy IIBUAKOCTI OOEpTaHHS
4000 00./x8. 0,1 M1 OTpUMaHOIro LEeHTpU(YraTy BHO-
CITh Y KOHTPOJBHI Ta MOCHIAHI MPOOIpKU 3 iHKY-
GauiiiHolo cymimmno y ckiami: 2 i 4 % momibmary
amoHiro; 0,9 mu agucrunwoBaHoi Boau; 1 ma 0,03 %
H>03; 2 M 4 % monionary. KoHTposibHY Ta AOCIiAHI
npoOu iHKyOyIOTh Ha BOJASHIN OaHi Ipu TemIieparypi
22 °C BoponoBxk 10 xB. ITicas iHKyOaLii a1 3ymMHEeH-
H$I peakiil y nocaigHy npooy gonaiothb 2 Mit 4 % mouti-
omaty amoHito. ONTUYHY TYCTMHY AOCHITHOI Mpoou
MOPIBHSIHO 3 KOHTPOJBHOIO BUMIPIOIOTh Ha CIIEKTPO-
¢doromeTpi npu 1oBKMHI XBUIi 410 HM.

BusHauyeHHs AKTHMBHOCTI IIYyTATIOHNEPOKCHUIA3H B
epurpomurax. Ockinbku GPx kaTanizye okucaoBaib-
HO-BiTHOBJTIOBAJIbHY peakKlililfo MiXX BiIHOBJIEHUM IJIy-
TaTiOHOM Ta OpPraHiYHMMU IepeKrucaMu (Tigporiepe-
KHCH XUPHUX KHUCIIOT, ITlepekucu). [IpuHInMIT MeTomy:

an incubation mixture consisting of: 0.5 ml of car-
bonate buffer (pH = 10.2 ml) 0.1 ml of adrenaline.
0.5 ml of distilled water is added to the control sam-
ple instead of hemolysate. Optical density is meas-
ured against the control by a spectrophotometer with
a thermostated cuvette at a temperature of 30 °C at a
wavelength of 340 nm for 5 min every minute.

Determination of catalase activity in erythrocytes.
Principle of the method: hydrogen peroxide forms
peroxide compounds with molybdenum salts, which
are colored yellow, the intensity of which depends on
the concentration of hydrogen peroxide not de-
stroyed by catalase, i.e. on its activity [13]. The fol-
lowing reagents were used: 4% ammonium molyb-
date solution; 0.03% hydrogen peroxide solution;
2.7 mM EDTA solution (pH = 7.0); IN HCI; chlo-
roform; 96% ethanol; distilled water. To prepare the
hemolysate: 0.5 ml of whole blood is washed three
times with 10 ml of isotonic sodium chloride solu-
tion and centrifuged for 10 min at a rotation speed of
3000 rpm./min, to obtain erythrocyte mass. 1.9 ml
of EDTA stabilizing solution - solution «A» is added
to 0.1 ml of erythrocyte mass. To 0.05 ml of solution
A add 4 ml of distilled water - solution B. The hemo-
globin content is determined: to 2 ml of solution B
add 2 ml of IN HCI in isotonic sodium chloride
solution. The optical density of the test sample com-
pared to distilled water is measured by a spectropho-
tometer at a wavelength of 530 nm. The hemoglobin
concentration can be determined by any standard
laboratory method. Procedure for determination. To
2 ml of solution «B» add 0.4 ml of chloroform and
0.2 ml of ethanol, shake vigorously for 5 min and cen-
trifuge for 10 min at a rotation speed of 4000 rpm./min.
0.1 ml of the resulting centrifugate is added to con-
trol and test tubes with an incubation mixture con-
sisting of: 2 ml of 4% ammonium molybdate; 0.9 ml
of distilled water; 1 ml of 0.03% H,0,; 2 ml of 4%
molybdate. The control and test samples are incu-
bated in a water bath at a temperature of 22 °C for 10
min. After incubation, 2 ml of 4% ammonium
molybdate are added to the test sample to stop the
reaction. The optical density of the test sample com-
pared to the control is measured by a spectropho-
tometer at a wavelength of 410 nm.

Determination of glutathione peroxidase activity in
erythrocytes: since glutathione peroxidase catalyzes
the redox reaction between recovered glutathione and
organic peroxides (fatty acid hydroperoxides, perox-
ides). The principle of the method: the activity of the
enzyme is indicated by the accumulation of oxidized
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PO aKTUBHICTh ()ePMEHTY CBITUNTh HAKOITMYECHHS TJTy-
TaTiOHY OKMCJIEHOTO 3a TIEBHUI TTPOMiXKOK Yacy, KOHIIEHT-
pamist #oro BU3HAYAETHCS CITeKTpodoTroMeTpudHo [13].
BukopucroByBanu peaktuBu: 0,3 M ¢ocdaTHuii oydep
(pH = 7,4); 12 MM a3un Hatpito; 6 MM EJITA (Tpunon b);
2,5 MM rnyTaTioH BigHOBAeHU; 1,8 MM mepekuc Boj-
HI0; 10 % poO34MH TPUXJIOPOLTOBOI KHUCIOTH; i30-
TOHIYHUI PO3YMH HATPil0 XJIOpUAY; IUCTUIbOBaHA BO-
na. Jlns miaroryBaHHs remodtizaty: 0,5 MII LJIbHOI KPOBi
Tpuyi IpoMuBatoTh 10 MJT i30TOHIYHOI'O PO3YKMHY HATPilO
XJIOPUIY Ta HEeHTPUDYTYIOTh IPOoTsroM 10 XB IIpy IIBUI-
kocti 00epTaHHs 3000 00/XB OTPUMYIOTh €pUTPOLIATAD-
Hy Macy. JIst DOCIIiIKeHHsI BUKOPUCTOBYIOTh €pUTPO-
LIUTApHY Macy, sIka po3BeJieHa JUCTUILOBAHOIO BOJOIO Y
cruiBBimHomteHHi 1 : 40. Xix BuzHaueHHs. 0,2 MJI reMoO-
JIi3aTy BHOCSTh Y JOCTiAHY Mpo0y 3 iHKyOaLiiHO1 CyMilll-
o y ckiani: 1 mut 0,3 M docdatauit 6ydep (pH = 7,4)
3 12 MM a3uny Hatpito Ta 6 MM EJITA; 0,5 Mt rnyTaTioH
BigHOBJIEHU. B KOHTpOIbHIN 1po0i 3aMiCcTh remMoJii3arty
noaaoTh 0,2 M1 tMcTUILOBaHOL Boau. [Jist moyaTky pe-
aKllii 1o iHKy0oBaHOI cyMilli gjoaaTb 0,5 MJI mepekucy
BoAHIO. KOHTpONBHY Ta AOCTiAHY MPOOU iHKYOYIOTh Ha
BOISHIN OaHi mpm Temriepatypi 22 °C BIPOIOBXK 2 XB.
3ynuHSIOTh peakiiilo gomaBaHHIM 1 M 10 % po3unHy
TPUXJIOPOLITOBOI KUCJIOTH Ta LIEHTPUQYTYIOTh IIPOTITOM
15 xB ipu mBUAKocTi odepranHs 3000 06/xB. OnTHYHY
TYCTUHY HeHTpUQYyTaTy JOCHTiIHOI ITpOOKN MOPIBHIHO 3
KOHTPOJIBHOIO TMPO00I0 BUMIPIOIOTH Ha CIEKTPOPOTO-
MeTpi IpY TOBXKUHI XBUJIi 260 HM.

CraTUCTUYHE OIpallOBaHHS OTPMMAaHMX JAaHUX IIPO-
BOJIMJIM 3a ITOIIOMOIOI0 CTaHAAPTHHUX IIporpaM Ha Iiep-
COHAJTbHOMY KOMIT'IOT€Pi 3 BUKOPUCTAHHSIM ITaKeTy
nporpam StatSoft, Inc. (2011). STATISTICA (Data
Analysis Software System), version 10. www.statsoft.com.
No4431415926535897 [14].

PE3VYJIBTATU TA OBTOBOPEHHS

HocniaxeHHs TeHOTUITIB Ta ajiesliB MoJiMop(HOro Map-
kepa Vall6Ala rena SOD2 nposenerHo y 42 miteii. Cepen
HUX BUSIBJIEHO HACTYMHi YaCTOTU T€HOTMIIIB 3a MapKe-
pom Vall6Ala rena SOD2: VV (Val/Val) renotun — y 13
niteii (30,9%), AV (Ala /Val)-renorum —y 18 miteii (42,9
%), AA (Ala/Ala) renotun —y 11 gireit (26,2 %), yacto-
Ta posnoscromkeHocTi V (Val) anens — 52,4 %, A (Ala)
anenst — 47,6 %. O6cTexkeHi oiTh OyJIM po3MoIiieHi Ha
nBi rpymu. 3 Hux 18 miteit — memkanui P3T, 24 nutuau
3a3HaJii BILJIMBY CTPECOBUX KMTTEBUX MOMIIN y mepion
BoeHHOrO 4acy. Cepen o0CTeXKEeHUX AiTell — MeIlIKaHIIiB
P3T (I rpyna) BUSIBJIEHO TaKi YacTOTM TE€HOTHMIIIB 3a
mapkepoM Vall6Ala rena SOD2: VV renotun — y 3 miteit
(16,7 %), AV renorur — y 10 xiteit (55,6 %), AA reHo-

glutathione over a certain period of time, the con-
centration of which is determined spectrophoto-
metrically [13]. The following reagents were used:
0.3 M phosphate buffer (pH = 7.4); 12 mM sodium
azide; 6 mM EDTA (Trilon B); 2.5 mM recovered
glutathione; 1.8 mM hydrogen peroxide; 10%
trichloroacetic acid solution; isotonic sodium chlo-
ride solution; distilled water. To prepare the
hemolysate: 0.5 ml of whole blood is washed three
times with 10 ml of isotonic sodium chloride solu-
tion and centrifuged for 10 min at a rotation speed
of 3000 rpm to obtain the erythrocyte mass. The
erythrocyte mass diluted with distilled water in a
ratio of 1:40 is used for the study. Determination
procedure. 0.2 ml of hemolysate is added to the test
sample with an incubation mixture consisting of:
1 ml of 0.3 M phosphate buffer (pH = 7.4) from
12 mM sodium azide and 6 mM EDTA; 0.5 ml of
reduced glutathione. In the control sample, 0.2 ml
of distilled water is added instead of hemolysate. To
start the reaction, 0.5 ml of hydrogen peroxide is
added to the incubated mixture. The control and
test samples are incubated in a water bath at a tem-
perature of 22 °C for 2 min. The reaction is stopped
by adding 1 ml of 10% trichloroacetic acid solution
and centrifuged for 15 min at a rotation speed of
3000 rpm./min. The optical density of the cen-
trifuged sample of the test sample compared to the
control sample is measured by a spectrophotometer
at a wavelength of 260.

Statistical processing of the obtained data was
performed using standard programs by a personal
computer with the software package Stat Soft, Inc.
(2011). STATISTICA (data analysis software sys-
tem), version 10 [14].

RESULTS AND DISCUSSION

The study of genotypes and alleles of the SOD2 gene
Val16Ala polymorphic marker was conducted in 42
children. Among them the following frequencies of
genotypes for the SOD2 gene Vall6Ala marker were
identified: VV (Val/Val) genotype — in 13 children
(30.9%), AV (Ala/Val) genotype — in 18 children
(42.9%), AA (Ala/Ala) genotype — in 11 children
(26.2%), the frequency of distribution of the V (Val)
allele was 52.4%, A (Ala) allele — 47.6 %. The exam-
ined children were divided into 2 groups. Of them, 18
children were residents of the RCT, 24 children were
exposed to stressful life events during the wartime
period. Among the examined children-residents of
the RCT (group I) the following genotype frequen-
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in — y 5 gireit (27,7 %), yactota po3IOBCIOIKEH -
Hs V-anens — 44,4 %, A-anensa — 55,6 % (1a6u. 1).
Cepen oOcCTeXXeHUX IiTel, SIKi 3a3HaJIM BIJIUBY
CTPECOBMX XKUTTEBUX MO y TIepioa BOEHHOIO Yya-
cy (IT rpyna), BUSIBJAEHO TaKi 4aCTOTU T'eHOTHUIIIB 3a
MmapkepoM Vall6Ala rena SOD2: VV renotum —y 10
niteit (41,7 %), AV reHorun — y 8 miteii (33,3 %),
AA rexorur — vy 6 giteit (25,0 %) yacroTta po3IoB-
cromkeHHs V-anensa — 58,3 %, A-anena — 41,7 %
(Tabum. 1).

Ax pedepeHTHI 3HaUYeHHSI M BUKOPUCTOBYBaIU
pe3yabTaTh 00CTeKeHHs 167 MpakTUYHO 340POBUX
ocio (I rpyma) [12]. 3a manumu [12] y rpymi mpak-
TUYHO 310POBUX OCi0 (pedepeHTHi 3HaYeHHSs) BU-
saBJieHO 58 (34,7 %) roMo3UroTHUX HOCIIB V-aens
(VVrenorun); 75 oci6 (44,9 %) uiei rpynu Oyiu re-
tepo3urotamu (reHorun AV); 34 ocoobu (20,4 %)
OyJIM TOMO3UTOTHUMU HOcisiMu A-anens. Po3nos-
CIOJKEHICTh V-ajiens ToniMopdHOro Mapkepa
Vall6Ala rena SOD2 cknana 57,2 %, A-anens —
42,8 % (tabm. 1).

Cepen 42 obOCTexXeHUX MiTeil OCHOBHMX TPYIl B
MOPiBHSIHHI 3 KOHTPOJIEM BiaMivanacsl TEHIEHLIis 10
3HMXKEHHS yactoTu reHotuny VV (30,9 % i 34,7 %,
p > 0,05), a TakoxX TEHIEHLisI A0 3HWXXEHHS B
MOPiBHSIHHI 3 KOHTPOJIEM YacTOTU TeHoTuily AV
(42,9 % 144,9 %, p > 0,05) i K0 MiABUILEHHS YaCTO-
™ reHoTuIy AA (26,2 % 120,4 %, p > 0,05), 1o 3HU-
SKEHHST 4aCTOTH po3mnoBciokeHHst V-anens (52,4 %
i57,2 %, p > 0,05) i 10 MigBUILIEHHST YACTOTH PO3-
noBclomkeHHs A-anens (47,6 % 142,8 %, p > 0,05).

B rpyni nmiteii — memikanuis P3T (I rpyna) B no-
PiBHSIHHI 3 KOHTPOJIEM BiaMivanacs TeHAEHIis 10

Ta6nuusa 1

cies were identified according to the SODZ2 gene Vall6Ala
marker: VV genotype — in 3 children (16.7 %), AV geno-
type — in 10 children (55.6 %), AA genotype — in 5 chil-
dren (27.7 %), the frequency of prevalence of the V allele
was 44.4 %, the A allele was 55.6 % (Table 1). Among the
examined children exposed to stressful life events during
the wartime period (group II), the following genotype fre-
quencies were identified according to the SOD2 gene
Val16Ala marker: VV genotype — in 10 children (41.7 %),
AV genotype — in 8 children (33.3 %), AA genotype — in
6 children (25.0 %), the frequency of distribution of the V
allele was 58.3 %, the A allele was 41.7 % (Table 1).

The results of a survey of 167 practically healthy
(group III) were used as reference values [12].
According to [12], in a group of practically healthy
individuals (reference values), 58 (34.7 %) homozygous
carriers of the V allele (VV genotype) were identified; 75
individuals (44.9 %) of this group were heterozygotes
(AV genotype); 34 individuals (20.4 %) were homozy-
gous carriers of the A allele. The prevalence of the V
allele for the SOD2 gene Vall6Ala polymorphic marker
was 57.2%, the A allele — 42.8 % (Table 1).

Among the 42 examined children of the main groups,
compared with the control group, there was a tendency
towards a decrease in the frequency of the VV genotype
(30.9 % and 34.7 %, p > 0.05), there was a tendency
towards a decrease in the frequency of the AV genotype
compared with the control (42.9 % and 44.9 %, p > 0.05)
and to increase in the frequency of AA genotype (26.2 %
and 20.4%, p > 0.05), towards a decrease in the fre-
quency of the Vallele (52.4 % and 57.2 %, p > 0.05) and
towards an increase in the frequency of prevalence in
the A allele (47.6 % and 42.8 %, p > 0.05).

MokasHMKK yacToTU reHoTUniB Ta anenis nonimopcgHoro mapkepa Vall6Ala reHa SOD2 y piten — MelIKaHLiB
P3T (I rpyna) Ta piten, o 3a3Hanyu BNAUBY CTPECOBMUX XKUTTEBMX NOAIN Y nepioa BoeHHoro yacy (II rpyna), aki
He Manu naronorii 6poHxiB Ta nereHiB, B NOPiBHAHHI 3 NOKa3HMKaMKU NPAKTUYHO 3A0pOBUX 0Ci6 (pedhepeHTHMIA

KoHTponb, III rpyna)
Table 1

Indicators of the frequency of genotypes and alleles of the SOD2 gene Val16Ala polymorphic marker of in chil-
dren-residents of the RCT (group I) and children exposed to stressful life events during the wartime period
(group II) who did not have bronchial and lung pathology compared to the indicators of practically healthy

individuals (reference control)

FeHotun / anenb I rpyna / Group I, n=18

Il rpyna / Group Il, n = 24

Il rpyna / Group lll, n= 16

abc. K-cTb / n % abc. K-cTb / n % abc. kK-cTb / n %
w 3 16,7 10 41,7 58 34,7
AV 10 55,6 8 33,3 75 449
AA 5 21,7 6 25,0 34 20,4
Anenb V / V allele 16 444 28 58,3 191 57,2
Anenb A / Aallele 20 55,6 20 41,7 143 42,8
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3HMXKEeHHS yactotu reHotumny VV (16,7 % i 34,7 %,
p > 0,05). ITpu upboMmy Majia Micle TEHAEHLS 10
NiABUILEHHS MTOPiBHSIHO 3 KOHTPOJIEM YaCTOTU re-
Hotumy AV (55,6 % i 44,9 %, p > 0,05) i reHOTHUITY
AA (27,7 %1 20,4 %, p > 0,05), 10 3HUKEHHS Yac-
TOTHU PO3MNOBCIOKeHHsT V-anens (44,4 % i 57,2 %,
p > 0,05) i 10 mMiOBUIIEHHS YaCTOTU PO3IIOBCIOM-
KeHHsT A-anens (55,6 %142,8 %, p > 0,05). Inui 3a
CIIPSIMOBAHICTIO TEHIEHIIii 1O 3MiH MOPiBHSIHO 3
KOHTpPOJIEM BU3HAYaAIMCS B IpyMi AiTe, SKi 3a3Ha-
JIM BIUJIUBY CTPECOBUX KMTTEBUX MO y MHepiof
BoeHHoro yvacy (II rpyma). B wiit rpymi Oyna BusiB-
JIeHa TeHACHIIisI A0 i IBUILEHHS YaCTOTU TEHOTHITY
VV (41,7 % i 34,7 %, p > 0,05), 10 3HVKEHHS Yac-
totu reHoTuiry AV (33,3 % i44,9 %, p > 0,05) i min-
BUILLIEeHHS TeHoTuIry AA (25,0 % 120,4 %, p > 0,05),
JIO MiABUILIEHHS YACTOTU PO3IOBCIOMXKEHOCTI V-aie-
11 (58,3 % i 57,2 %, p > 0,05) i mo 3HMKEHHST Yac-
TOTU PO3MOBCIOIKEHOCTI A-anens (41,7 % 142,8 %,
p > 0,05) (Tabu. 1).

V niteit 1 rpynu B nopiBHsHHI 3 AitbMu 11 rpyrm
CITOCTepirajacs TeHISHIIiS 10 3HVDKeHHSI YaCTOTH T'e-
Horumy VV (16,7 % 141,7 %, p > 0,05), 0o migBuILcH-
Hs1 yactotu reHotumy AV (55,6 % i 33,3 %, p > 0,05)
i renorumty AA (27,7 % i 25,0 %, p > 0,05), 1o 3HHK-
KEHHSI po3moBclogkeHocTi V-anens (44,4 % i
58,3 %, p > 0,05) i mo miABMILEHHS PO3IIOBCIOIKE-
HocTi A-anens (55,6 % i41,7 %, p > 0,05).

B o0GcTexxeHux rpyrnax mpoBeIeHO AOCTiIKEHHS
MapkepiB okcuaatuBHoro crpecy. Cepen 42 obcte-
KEHUX AiTeil OCHOBHUX IPyIl B MOPIiBHSIHHI 3 KOHT-
poJieM BigMivajacsg TeHAEHLIiS 10 MigBUIIEHHS
BMICTY B CHpPOBATLli KpOBi KiHIEBUX IMPOIYKTiB
ITOJI, 1o pearyioTh 3 Tio0apOITypOBOIO KUCIOTOIO
(MIA): (3,94 £ 0,46) umonb/mMa npotu (3,22 =+
0,24) aumonb/mia, p > 0,05. AHaniz nokaszHukis AO3
BUSIBUB, 110 cepenHiit BMicT SOD OyB 3HMXKEHUI
MOPIiBHSIHO 3 ITOKA3HMKOM KOHTPOJILHOI T'PYIIN:
(3,11 £ 0,49) BigH. on./mr Hb nipotu (4,37 £ 0,31)
BimH. ox./mr Hb, p < 0,05. AktusHicte CAT Mana
TeHAEHLiIO A0 MiABUILEHHS B MOPiBHSHHI 3 KOHT-
ponem: (1954 = 82,8) mxmonb/xB - Mr Hb mpoTu
(1820 * 43,6) mxMoib/xB - Mr Hb, p > 0,05. Ak-
TuBHiCT, GPX Takox Majla TeHIEHIi0 10 MiABU-
ILIEHHS B MOPiBHSIHHI 3 MMOKA3HUKOM KOHTPOJbHOI
rpynu — (178,5 = 50,9) MMoab/XB*MII IIPOTHU
(154,0 = 22,1) mMoab/xB - M, p > 0,05.

Pesynbrat gociigkeHHST cepelHixX MOKa3HUKiB
TPYIT MOKa3aJIu, 1110 BMIiCT B CUPOBATILi KPOBI KiHIIE-
Bux npoaykTiB ITOJI, 1o pearytoTh 3 Tio6ap0OiTypo-
Boto kucioroto (M/IA), y aiteit — memkaHis P3T

In the group of children-residents of the RCT (group I),
compared with the control group, there was a tendency
towards a decrease in the frequency of the VV genotype
(16.7 % and 34.7 %, p > 0.05). At the same time, there
was a tendency towards an increase in the frequency of
the AV genotype (55.6 % and 44.9 %, p > 0.05) and AA
genotype (27.7 % and 20.4 %, p > 0.05) compared with
the control, towards a decrease in the frequency of the V
allele (44.4% and 57.2%, p > 0.05) and to an increase in
the frequency of the distribution of the A allele (55.6%
and 42.8%, p > 0.05). Other trends in the direction of
changes compared with the control group were deter-
mined in the group of children exposed to stressful life
events during the wartime (group II). In this group, a ten-
dency was found to an increase in the frequency of the VV
genotype (41.7 % and 34.7 %, p > 0.05), to a decrease in
the frequency of the AV genotype (33.3 % and 44.9 %,
p > 0.05) and to an increase in the AA genotype (25.0 %
and 20.4 %, p > 0.05) and in the V allele (58.3 % and
57.2 %, p > 0.05) and to a decrease in the frequency of the
Aallele (41.7 % and 42.8 %, p > 0.05) (Table 1).

In children of group I, compared to children of group
I1, there was a tendency towards a decrease in the fre-
quency of the VV genotype (16.7 % and 41.7 %, p > 0.05),
an increase in the frequency of the AV genotype (55.6 %
and 33.3 %, p > 0.05) and the AA genotype (27.7% and
25.0%, p > 0.05), the decrease in prevalence of the V allele
(44.4% and 58.3%, p > 0.05), and an increase in the
prevalence of the A allele (55.6% and 41.7%, p > 0.05).

In the examined groups, the oxidative stress markers
were studied. Among the 42 examined children of the
main groups, compared to the control, there was a ten-
dency towards an increase in the content of end prod-
ucts of lipid peroxidation in the blood serum, reacting
with thiobarbituric acid (MDA) (3.94 & 0.46) nmol/ml
versus (3.22 = 0.24) nmol/ml, p > 0,05. Analysis of
antioxidant defense indicators revealed that the average
content of SOD was reduced compared to the control
group indicators (3.11 = 0.49) rel. units/mg Hb vs.
(4.37 = 0.31) rel. units/mg Hb, p < 0.05. CAT activity
tended to increase compared to the control group.
(178.5 = 50.9) pmol/min - mL and (154.0 £ 22.1)
umol/min - mL p > 0.05. GPx activity also tended to
increase compared to the control group indicators
(178.5 £ 50.9) mMol/min - mL and (154.0 £ 22.1)
mmol/min - mL p > 0.05.

The results of the study of the average indicators in
the groups showed that the content of the LPO end
products reacting with thiobarbituric acid (MDA) in
children living in the RCT (Group I) was (4.24 +
0.49) nmol/ml and tended to increase compared to chil-

439 ‘&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

(I rpyna) ckimanas (4,24 £ 0,49) HMOIB/MJT i MaB TEH-
JIEH1Iil0 10 MiABUILEHHS B MOPiBHSIHHI 3 JAiThbMU KOHT-
posbHoI rpy (3,22 +0,24) uMmonb/mi, p > 0,05 (Tada. 2).

IIpu ananizi mokasHukiB AO3 BCTaHOBJIEHO, IO CE-
penHiit mokazHuk SOD y naiteit I rpynu 0yB 1OCTOBipHO
3HIDKCHMI TTOPIBHSIHO 3 MOKa3HUKOM KOHTPOJIBHOI TPY-
m — (3,04 = 0,51) BimH. ox./mr Hb npotu (4,37 = 0,31)
BimH. on./mr Hb, p < 0,05 (taba. 2.1). AktuBHicte CAT y
niteit I rpynu Maja TeHAEHLiI0 10 MiABUILIEHHS B TTOPiB-
HSIHHI 3 KoHTposieM — (1983 £ 91,4) mxmonb/xB - M Hb
npotu (1820 *+ 43,6) mkmonb/xB - Mr Hb, p > 0,05. ITo-
Ka3HUK aktTuBHOCTI GPx y miteii | rpynu MaB TeHAEHIIiI0
IO MiABUILEHHS B TOPiBHSIHHI 3 MOKa3HUKAMU KOHT-
posbHoi rpynu — (167,4 £ 56,4) MMOJIb/XB * MJI TIPOTHU
(154,0 £ 22,1) mmoab/xB * M, p > 0,05 (Tadu. 2).

VY niteii, SKi 3a3HaJM BIUIMBY CTPECOBUX KUTTEBUX
nofii y nepion BoeHHoro vacy (II rpyma), sBmict MJIA B
cupoBaTii KpoBi craHoBuB (3,71 = 0,44) HmMonb/Min i
MaB TeHJEHLIiIO IO IiIBUILEHHS B ITIOPiBHSIHHI 3 TTOKa3-
HUKaMM KOHTpoJbHOI rpynu (3,22 + 0,24) HMoab/MII,
MPOTE Pi3HUIA CTATUCTUYHO 3HAYYIIOTO PiBHS HE TOCS-
rana (p > 0,05), (Tabm. 2).

Oninka ctany AO3 y miteit II rpynu mokasasa, 1o ak-
TuBHicTL SOD y HUX Oyna HMXKUYOIO 3a MOKA3HUK KOHT-
pomo — (3,16 + 0,47) BigH. on./mr Hb mipotu (4,37 +
0,31) BimH. ox./mr Hb, p < 0,05. AktuHictb CAT cTaHO-
Bwia — (1932 £+ 76,4) MxMoib/xB - Mr Hb i mMajna TeH-
JIeHIIil0 10 TiABUILEHHS TMOPiBHSIHO 3 aHAJIOTIYHUMU
MOKa3HMKaMU KOHTposibHOI Tpynu — (1820 *+ 43.,6)
MKMOJIb/XB - MT Hb, p > 0,05. AktuBHicTs GPx y miteii 11
rpynu gopiBHioBana (182,7 + 46,8) MMoib/XB - MJI i Ma-
Jla TeHAEHIIilO 10 MifABUILEHHS B MOPiBHIHHI 3 KOHTPO-
JeM — (154,0 £ 22,1) mMonb/xB - mi, p > 0,05, npote
pi3HMLS He Jocsraja CTaTUCTUYHO 3HAUYYyIIOTO PiBHS
(Tabmn. 2).

Ta6nuusa 2

dren in the control group (3.22 * 0.24) nmol/ml,
p > 0.05 (Table 2).

When analyzing the antioxidant defense indica-
tors, it was found that the average SOD index in
children of group I was significantly reduced com-
pared to the control group — (3.04 = 0.31) rel.
units/mg Hb vs. (4.37 = 0.31) rel. units/mg Hb,
p < 0.05 (Table 2). CAT activity in children of
group I tended to increase compared to the control
(1983 £ 91.4) pmol/min - mg Hb vs (1820 £ 43.6)
umol/min - mg Hb, p > 0.05. The GPx activity
index in children of group I was (167.4 £ 56.4)
mmol/min ml and had a tendency to increase
compared to the control group (154.0 = 22.1)
mmol/min - ml, p > 0.05 (Table 2).

In children exposed to stressful life events during
wartime (group II), the MDA content in the blood
serum was (3,71 = 0,44) nmol/ml, and tended to
increase compared to the control group (3,22 *
0,24) nmol/ml, but the difference did not reach a
statistically significant level (p> 0,05) (Table 2).

The assessment of the antioxidant defense
status in children of group Il showed that the
SOD activity was lower than the control value —
(3,16 £ 0,47) rel. units/mg Hb and (4,37 = 0,31)
rel. units/mg Hb, p < 0.05. The CAT activity was —
(1932 £+ 76,4) umol/min - mg Hb and tended to
increase compared to similar values in the con-
trol group — (1820 + 43,6) umol/min - mg Hb,
p > 0.05. The GPx activity in children of group 11
was equal to (182,7 + 46,8) mmol/min - ml and
tended to increase compared to the control —
(154,0 £ 22,1) mmol/min ml, p > 0.05, howeyver,
the difference did not reach a statistically signifi-
cant level (Table 2).

MapKepu oKcupaTUBHOIO CTpecy v Aiten — mewkaHyis P3T Ta gitei, AKi 3a3Hanu BNAMBY CTPECOBUX XUTTEBUX

noAin y nepiop BoeHHoro yacy (X + m)
Table 2

Oxidative stress markers in children - residents of the RCT and children exposed to stressful life events dur-

ing the wartime (X + m)

Mapkep okcuaaTMBHOIo cTpecy | rpyna / Group | Il rpyna / Group Il 1l rpyna / Group I
Oxidative stress marker n=18 n=24 n=49

TBC acve practs LPO (MDA, ol 424049 71 =044 325024
SOD, BigH. on,/mr Hb / SOD, rel. units/mg Hb 3,04 £0,51* 3,16 = 0,47* 4,37 0,31

CAT, mkmonb/mr Hb - x8 / CAT, umol/mg Hb - min 1983 £ 91,4 1932 £ 76,4 1820 + 43,61

GPx, MMonb/xB - Ma1 / GPx, mmol/min - ml 167,4 + 56,4 182,7 + 46,8 154,0 £ 22,1

Mpumitka. *[locToBipHa pi3HMLs nokasHukie BigHOcHO Il rpynu, p < 0,05
Note. *Significant difference in indicators compared to group Ill, p < 0.05
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IIpu mOpiBHSAHHI CepenHiX MOKa3HUKIB MapKepiB
okcuaatuBHoro crpecy Mixk I ta Il rpynamu MoxHa
BIAMITUTH NEBHY OJHOCHPSIMOBAHICTh 3MiH CTOCOB-
HO KoHTpouto. Bmict kiHueBux mpoayktiB I1OJI B
CUpPOBaTLi KPOBi, aKTUBHICTh aHTUOKcUAAHTIB CAT
ta GPx Manu TeHAeHLil0 A0 MiABUILEHHSI, a aK-
tuBHiCTE SOD 0OyJia 3HIKEHOIO TTOPIiBHSIHO 3 KOHT-
poJeM.

ITpu nopiBHsHHI ganux I ta Il rpym ob6cTexeHnx
JiTei MiX co0010 TOCTOBIPHUX BiMiHHOCTEI HEe Oy-
JIO BUSIBJIEHO, IpoTe y AiTeil I rpynu mopiBHSIHO 3
pitbmu Il rpynu Bimmivanacs TeHAEHLISI 1O TiIBU-
IIeHHsT BMicTy KiHueBux mpomaykriB ITOJI y cupo-
BaTLi KpoBi, g0 migBuileHHs akTuBHOCTI CAT Ta
GPx i mo 3amxenHsa aktuBHocTi SOD (Ta6m. 2). OT-
XKe, y JiTeit 000X IrpyIn MaB Miclie AucOaniaHC y Cuc-
temi ITOJI-AQO3.

OtpuMaHi pe3yabTaTh AOCTIIKEeHb MOXHA MOsIC-
HUTU, CIIMPAOYUCh HA CYYacHi HayKOBi AaHi 1100
¢yHKLioHYyBaHHS (epMeHTaTuBHOI JaHku AO3.
Haii6inbil BaXXJIMBUMU aHTUOKCUIAHTHUMU hep-
meHTaMu € SOD, CAT Tta ¢depMeHTU TpyIlu IIy-
tationy (GPx B HamoMy JOCITiIKeHHi), SKi BIUIMBA-
IOTh Ha MOYAaTKOBY CTalil0 BiJIbHOPAaAMKAaJIbLHOIO
MpOLECy, PEryaloyr BMICT aKTUBHUX (hOPM KMHC-
HI0. 3 HHUX IIEPIIOI0 ITPOSBISIETHCS AKTUBHICTH
SOD. lle enuauit BimoMuii (pepMeHT, cyOCTpaToM
gKoro € panukanu. SOD nepeTBopio€e CynepoKCUIHi
aHiIOH-paguKaad Ha MOJEKYJISIPHUIA KHUCEHb i repe-
KMC BOIIHIO, IKUii pyitHyeTbcs (pepmeHTamu CAT Ta
GPx, mo o6puBae JaHUIOT BiJTbHOPAIMKAIHLHOTO
okMcieHHs. JloBeaeHo, IO TepMiH KUTTS Pi3HUX
KJIITUH OpTaHi3My JIIOAWHU 3aJI€XUTh Bill BMIiCTY B
Hux SOD: yuMm Oiblie 11 KiAbKiCTb, TUM JOBIIE KU~
BYTb KJIITUHU. MoOXHA OPpUOYCTUTH, 11O MPU TPU-
BaJliil MigBUILEHil aKTUBHOCTI BiIbHOpagUKaIbHUX
MpoLIeCiB MOXe HACTaTU 3HUXKEHHS BMIiCTYy B KJTiTU-
Hax UbOTo (hepMEeHTY BHACIiIOK HOro IMiaBUILEHUX
BuTpat Ha AO3 3 TOJaIbIINM MPUTHIYEHHSIM aHTH -
okcuganTHoi epekTuBHOCTI. CAT He#Tpanisye mne-
pPEKNC BOAHIO, PO3IIETIIIONYY HOro 10 BOIU i BOMI-
H10. GPx, cyocTpaToM SIKO1 € OKMCJIEHMIA T1yTaTioH,
MepeBOUThL OCTaHHil y BimHOBJIeHUIA. [TinBUlLIEHHS
koHueHTpalii CAT Ta (¢pepMeHTIB IpyIu IJIyTaTioOHY
CBIIYWTH TMPO HAMJIMIIOK TEepPeKUCy BOAHIO Ta aK-
TUBHUX (POPM KHUCHIO i MiATBEPAXYE iHTEHCHU-
¢ixatriro MmpoIeciB BiTbHOPAINKAJIHLHOTO OKHCJICH-
Hsa. TakuM 4YMHOM, OTpMMAaHi pe3yabTaTh AOCHiM-
JKEHHSI MapKepiB OKCUIATUBHOIO CTpecy y AiTeit —
mewkaHuiB P3T Ta aiTeit, 110 3a3HajIv BILIMBY CTpeE-
COBMX XUTTEBUX MOJIiN y mepioJ BOEHHOTO Yacy, sIKi

When comparing the average values of oxidative
stress markers between groups I and II, a certain uni-
directionality of changes in relation to the control can
be noted. The content of LPO end products in the
blood serum, the activity of antioxidants catalase and
glutathione peroxidase tended to increase, and super-
oxide dismutase was reduced compared to the control.

When comparing the data of groups I and II in
examined children, no significant differences were
found; however, in children of group I, compared to
children of group II, there was a tendency towards an
increase in the content of LPO end products in the
blood serum, an increase in the activity of catalase and
glutathione peroxidase, and a decrease in superoxide
dismutase (Table 2). Consequently, children in both
groups had an imbalance in the LPO-AOP system.

The obtained research results can be explained based
on modern scientific data on the functioning of the
enzymatic link of the AOP system. The most impor-
tant antioxidant enzymes are superoxide dismutase,
catalase and enzymes of the glutathione group (glu-
tathione peroxidase in our study), which affect the ini-
tial stage of the free-radical process, regulating the
content of reactive oxygen species. Of these, superox-
ide dismutase activity is the first to manifest itself. This
is the only known enzyme whose substrate is radicals.
Superoxide dismutase converts superoxide anion radi-
cals into molecular oxygen and hydrogen peroxide,
that is destroyed by the enzymes catalase and glu-
tathione peroxidase, which breaks the chain of free-
radical oxidation. It has been proven that the lifespan
of different cells of the human body depends on the
content of superoxide dismutase in them: the greater
its amount, the longer the cells live. It can be assumed
that with prolonged increased activity of free radical
processes, the content of this enzyme in cells may
decrease due to its increased expenditure on antioxi-
dant protection with subsequent inhibition of antioxi-
dant efficiency. Catalase neutralizes hydrogen perox-
ide by splitting it into water and hydrogen. Gluta-
thione peroxidase, the substrate of which is oxidized
glutathione, converts the latter into water and hydro-
gen. An increase in the concentration of catalase and
glutathione group enzymes indicates an excess of
hydrogen peroxide and reactive oxygen species and
confirms the intensification of free radical oxidation
processes. Thus, the obtained results of the study of
oxidative stress markers in children-residents of the
RCT and children exposed to stressful life events dur-
ing the wartime, who did not have bronchial and lung
pathology, may indicate an intensification of free rad-
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HE MaJd MaToJIoTii OPOHXiB Ta JEreHiB, MOXYTb
CBIIYMTH Mpo iHTeHcUdiKallilo MpoleciB BiJbHOpa-
JIMKAJIbHOTO OKMCJIEHHS B OpraHi3Mi, Ha 1110 BKa3ylOTh
TeHIEHLIig OO0 MiaABUILeHHS BMicTy npoaykTiB [TOJI y
CUPOBATLi KPOBi, TEHACHLIis A0 IMiIBUIIEHHS aKTUB-
HocTi aHTuokcuaaHTiB — CAT, ¢pepMeHTIB IpyIu Ii1y-
TaTioHy (TIyTaTiOHIIEPOKCUIA3MW). 3MEHIIECHHS aK-
tuBHOCTI SOD MoXe BKa3zyBaTu Ha 3HMXKEHHST aHTU-
OKCHUJIaHTHOI e(peKTUBHOCTI. OTprMaHi 1aHi MOXYTb
CBIIYMTHU MpPO MEBHiI HANpyXeHHsI (PYHKILiIOHYBaHHS
(depMeHTIB-aHTUOKCUIAHTIB, SKi 3IiHCHIOIOTH ITIep-
BUHHUI 3aXMCT BiJl BiIbHUX pagukaiiB [8§—11].

IIpoBeneHo mocaigXeHHsI CepedHiX ITOKa3HUKIB
MapKepiB OKCHUIATHMBHOIO CTPECy B TeHOTHUIIAX 3a
noniMopdizmoMm Vall6Ala rena SOD2. Cepen 42 o6c-
TEXEHUX JIiTeil OCHOBHUX I'PYII CEPeAHIll BMICT B CUPO-
BaTLi KpoBi KiHLeBUX MpoayKTiB [TOJI, 1110 pearyiots 3
Tio6apbitypoBoio kuciaoToro (M/IA), y ocid 3 reHOTU-
noMm VV ckinanas (4,51 = 0,68) HMoOJIb/MJI i MaB TeH-
JEHIIiI0 1O MiABUIIEHHS B MOPiBHSIHHI 3 MOKAa3HUKAMU
reHotuity AV — (3,89 £ 0,49) umonn/mi, p > 0,05 i re-
Hotuny AA — (4,30 £ 0,72) amoas/ma, p > 0,05.

I1pu mocnimkeHHi mokasHUKiB AO3 BU3HAYEHO, 11O
cepelnHiii moka3HUK akTuBHOCTI SOD y 0cib 3 reHOTH-
oM VV craHoBuB (2,31 + 0,64) BinH. on./mMr Hb OyB
3HVDKEHMI TTOPiBHSIHO 3 TeHOoTUIIoM AA (4,41 £ 0,70)
BimH. ox./mr Hb, p < 0,05 i MaB TEHACHIIIIO 10 3HMKEH-
Hs B MOPIBHSIHHI 3 cepelHiM MOKAa3HUKOM TeHOTUITY
AV (2,96 £ 0,50) BinH. ox./mr Hb, p > 0,05.

AxtuBHicTh CAT Mana TEHOEHLIiI0 10 3HUXXEHHS Y
niteii 3 reHoTUIIOM AA (1838 £ 105,2) MKMOJIB/XB * MT'
Hb B mopiBHsIHHI 3 ocobamu 3 reHoTUNIoM VV (2105 =
103,8) Mmxmonb/xB + Mr Hb, p > 0,05 i reHOTHIIOM AV
(1933+ 84,2) mxmoab/xB - Mr Hb, p > 0,05.

AxktuBHicTs GPX Maa TeHAEHIIiI0 10 3HWXKEHHS Y
niteii 3 reHotuiioM AA (165,1 £ 60,8) MMOJIB/XB * MJI B
MOPiBHSHHI 3 AiThbMU 3 TeHOTUIIOM VV (194,5 + 49,3)
MMOJIb/XB * MJI, p > 0,05 i giTbMu 3 reHoTUTIOM AV
(173,6 £ 39,8) mmonb/xB - M, p > 0,05.

Cepen ob6ctexxeHux miteit — memkaHuis P3T (I
rpyna) cepeiHiif BMiCT Y CUPOBAaTIli KpPOBi KiHIIEBUX
npoayktiB ITOJI, o pearyloTb 3 Tio6apOiTypOBOIO
kucioroo (M/A) B oci6 3 reHotuniom VV ckiamas
(4,98 £ 0,19) HMOJB/MJT 1 MaB TEHIEHIIiIO 1O MiIBU-
ILIEHHS B TTIOPiBHSHHI 3 TOKa3HUKAMHU SIK TeHOTUITY AV
(4,16 £ 0,56) amonb/mi, p > 0,05, Tak i reHOTUITY AA
(3,52 £ 0,81) amonn/mu, p > 0,05. TenmeHwuist mo
HaNOIIBIIOrO IMiABUIIEHHS 1IbOIO IMOKa3HUKA CIIOC-
Tepirajacs B ocib 3 reHoturioMm VV (1abJ. 3).

Anani3z noka3HukiB AO3 nokasas, 110 CepenHii mo-
Ka3HUK akTUBHOCTI SOD y roMo3uroT 3 reHoThIioM AA

ical oxidation processes in the body, as indicated by
a tendency to increase the content of LPO products
in blood serum, a tendency to increase the activity of
antioxidants - catalase, enzymes of the glutathione
group (glutathione peroxidase). A decrease in super-
oxide dismutase activity may indicate a decrease in
antioxidant efficiency. The data obtained may indi-
cate certain stresses in the functioning of enzymes-
antioxidants that provide primary protection against
free radicals [8—11].

The average values of oxidative stress markers in
genotypes for the SODZ2 gene Vall6Ala polymor-
phism of were studied. Among 42 examined children
of the main groups, the average content of the LPO
end products reacting with thiobarbituric acid
(MDA) in the blood serum of individuals with the
VV genotype was (4.51 £ 0.68) nmol/ml and tended
to increase compared to the values of the AV geno-
type (3.89 £ 0.49) nmol/ml, p > 0.05 and the AA
genotype (4.30 = 0.72) nmol/ml, p > 0.05.

When studying the antioxidant protection indica-
tors, it was determined that the average SOD activi-
ty index in individuals with the VV genotype was
(2.31 £ 0.64) rel. units/mg Hb and was reduced
compared to the AA genotype (4,41 + 0,70) rel.
units/mg Hb, p < 0.05 and tended to decrease com-
pared to the average index of the AV genotype
(2,96 = 0,50) rel. units/mg Hb, p > 0.05.

CAT activity tended to decrease in children with
the AA genotype (1838 *+ 105.2) umol/min - mg Hb
compared to individuals with the VV genotype
(2105 = 103.8) umol/min - mg Hb, p > 0.05, and the
AV genotype (1933% 84.2) umol/min - mg Hb, p > 0.05

GPx activity tended to decrease in children with
the AA genotype (165.1 £ 60.8) mmol/min - ml
compared to children with the VV genotype
(194.5 £49.3) mmol/min - ml, p > 0.05, and children
with the AV genotype (173.6 £ 39.8) mmol/min - ml,
p > 0.05.

Among the examined children — residents of the
RCT (group I), the average content in the blood serum
of the LPO end products reacting with thiobarbituric
acid (MDA) in individuals with the VV genotype was
(4.98 = 0.19) nmol/ml and tended to increase com-
pared to the indicators of both the AV genotype
(4.16 £ 0.56) nmol/ml, p > 0.05, and the AA geno-
type (3.52 £ 0.81) nmol/ml, p > 0.05. The tendency
to the greatest increase in this indicator was observed
in individuals with the VV genotype (Table 3).

Analysis of antioxidant protection indicators
showed that the average superoxide dismutase activ-
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Ta6nuusa 3

leHotunu nonimopgismy Vall6Ala rena SOD2 i noKasHUKU MapKepiB OKCMAATMBHOrO cTpecy y piten —

mewkaHuis P3T (X + m)
Table 3

Genotypes of the SOD2 gene Val16Ala polymorphism and the indicators of oxidative stress markers in children -

residents of the RCT (X + m)

Mapkep OKCMAATUBHOIO CTpecy

FeHotun / Genotype

Oxidative stress marker VV,n=3 AV,n=10 AA,n=5
TBK-aktueHi npogykti MOJT (MIA), HMOMb/MA

TBC-active products LPO (MDA), nmol/ml 490,73 416+ 0,5 3,52 0,51

SOD, sigH. oa,/mr Hb / SOD, rel. units/mg Hb 2,19 + 0,62* 3,02 £0,51 4,26 0,80

CAT, mkmonb/mr Hb - x8 / CAT, ymol/mg Hb - min 2148 £ 105,7 1960 + 79,4 1849 + 108,9
GPx, mmonb/xe - Mn / GPx, mmol/min - ml 187,8 £ 51,5 162,8 + 41,2 160,9 + 66,1

Mpumitka. *[10CTOBIPHICTb Pi3HMLI 3 NOKa3HMkamm ocib 3 reHotunom AA,p < 0,05
Note. *Significance of difference vs subjects with AA genotype, p < 0.05

MepeBUIYBAaB MOKA3HUK TOMO3UTIOT 3 TEHOTUIIOM VV
(4,26 £ 0,80) BinH. ox./mMr Hb i (2,19 £ 0,62) BinH.
on./mr Hb, p < 0,05. I[Toka3HUK TeTepO3UTOT 3 TeHO-
tunoM AV cranosuB (3,02 = 0,51) BigH. ox./mr Hb i
MaB TEHIEHIIil0 10 3HM>KEHHSI B MMOPiBHSIHHI 3 TTOKa3-
HUKOM TreHoturny AA (p > 0,05) i 10 migBUIEHHS B
nopiBHAHHI 3 reHoTUNIoM VV (p > 0,05), (Tab. 3).

AkTtuBHicTh CAT Maja TEeHIEHIIiIO 10 3HUXKEHHS Y
niteit 3 reHotunom AA (1849 + 108,9) MKMoOJb/XB -
mr Hb B rtopiBHSHHI 3 AiThMI 3 reHOTHTIOM VV (2148 +
105,7) mxmonb/xB - Mr Hb, p > 0,05 i Takox mana
TeHACHLiIO IO 3HUXXEHHS B MOPiBHSIHHI 3 TeTePO3U-
rotamu 3 reHoturioM AV (1960 * 79,4) MKMOJIb/XB *
mr Hb, p > 0,05 (tabm. 3).

AkTtuBHicTb GPX Mana TeHOeHIIiI0 10 3HIKEHHS Y
aiteii 3 reHoTunoM AA — (160,9 £+ 66,1) MMOJIB/XB - MJT
SK B MOPiBHSHHI 3 MOKA3HUKOM JiTe€il 3 TEHOTUIIOM
VV — (160,9 £ 66,1) MMoJb/xB - M, p > 0,05, Tak i mi-
Teii 3 reHoturioM VV — (187,8 = 51,5) MMOJIb/XB * M1,
p > 0,05 (Taba. 3).

Cepen aitei, sIKi 3a3HaJIM BILUIMBY CTPECOBUX XKUT-
TEBUX IO y Tepiol BOEHHOTO 4acy, BMIiCT y CUPO-
BaTLi KpoBi KiHueBux mpoaykris [1OJI, 1o pearyioTsb
3 TiobapOiTypoBoto kuciaoTor (MA) y ocid 3 reHo-
turoM VV ckianas (4,14 £ 0,68) HMOJIb/MIT i MaB TeH-
JIeHILIil0 A0 IMiABUILEHHS B IMTOPiBHSIHHI 3 TTOKa3HUKA-
MU ocib gk reHotuiry AA (3,38 + 0,66) HMonb/MI,
p > 0,05, Tak i reHotuiry AV (3,68 + 0,42) HMOJIb/MII,
p > 0,05. TenaeHLis1 10 HAKOLIBLIIOIO MiABUILEHHS
piBHs1 MJIA B cupoBarTii KpoBi criocTepiraiacst B ocio
3 reHoTUIioM VV (1ab7. 4).

IIpu ananmizi mokasHukiB AO3 akTuBHicTE SOD y
oci6 3 reHoruriom VV cranoBuia (2,50 + 0,66) BimH.
on./mr Hb i Oya 3HIKEHOIO ITOPIBHSHO 3 IIOKA3HUKOM

ity index in the homozygotes with the AA genotype
exceeded that of the homozygotes with the VV geno-
type (4.26+0.80) rel. units/mg Hb and (2.19%0.62)
rel. units/mg Hb, p < 0.05. The indicator of heterozy-
gotes with the AV genotype was (3.02+0.51) rel.
units/mg Hb and tended to decrease compared to that
of the AA genotype (p > 0.05) and to increase com-
pared to the VV genotype (p > 0.05) (Table 3).

CAT activity tended to decrease in children with the
AA genotype (1849 + 108.9) umol/min mg Hb com-
pared to children with the VV genotype (2148 * 105.7)
umol/min mg Hb, p > 0.05 and also has a tendency to
decrease compared to heterozygotes with the AV
genotype (1960% 79.4) umol/min mg Hb, p > 0.05
(Table 3).

GPx activity tended to decrease in children with the
AA genotype (160.9 £ 66.1) mmol/min - ml, both in
comparison with the indicator of children with the AV
genotype (162.8 = 41.2) mmol/min - ml, p > 0.05, and
also children with the VV genotype (187.8 + 51.5)
mmol/min - ml, p > 0.05 (Table 3).

Among children exposed to stressful life events dur-
ing the wartime, the serum content of LPO end prod-
ucts reacting with thiobarbituric acid (MDA) in indi-
viduals with the VV genotype was (4.14 = 0.68)
nmol/ml and tended to increase compared to individ-
uals with both the AA genotype (3.38 £ 0.66) nmol/ml,
p > 0.05, and the AV genotype (3.68 £ 0.42) nmol/ml,
p > 0.05. The tendency toward the greatest increase in
serum MDA levels was observed in individuals with the
VV genotype (Table 4).

When analyzing the antioxidant protection indica-
tors, the activity of superoxide dismutase in individuals
with the VV genotype was (2.50  0.66) rel. units/mg
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Ta6nuusn 4

FeHoTunu nonimopdismy Vall6Ala rena SOD2 i noKasHUKM MapKepiB OKCMJATUBHOIO CTPeCy y AiTen, AKi 3a3Hanu
BMNJIMBY CTPECOBUX XKUTTEBMX NOAIN Y nepiof, BOEHHOro Yacy (X £ m)

Table 4

Genotypes of the SOD2 gene Val16Ala polymorphism and the indicators of oxidative stress markers in children
exposed to stressful life events during the wartime period (X+m)

Mapkep OKCUAaTUBHOrO CTpecy

FeHotun / Genotype

Oxidative stress marker VV,n=10 AV,n=8 AA,n=6
TBK-aktueHi npogyktv MOJT (MIA), HMONb/MA

TBC-active products LPO (MDA), nmol/ml 414+0,68 3,68 £ 0,42 3,38 + 0,66
SOD, BigH. oa,/mr Hb / SOD, rel. units/mg Hb 2,50 = 0,66* 2,91 +£0,48 4,38 £ 0,54
CAT, mkmonb/mr Hb - x8 / CAT, umol/mg Hb - min 2089 + 99,6 1912+ 71,3 1831 + 96,8
GPx, mmonb/x8 - Mn / GPx, mmol/min - ml 199,8 + 47,6 182,0 + 38,4 167,6 + 55,1

Mpumitka. *[loCTOBIPHICTb Pi3HMLL 3 NOKa3HMkamm oci6 3 reHoTunom AA,p < 0,05
Note. *Significance of difference vs subjects with AA genotype, p < 0.05

oci0 3 reHotuniom AA (4,38 £ 0,54) BigH. om./mr Hb,
p <0,05. INoka3HuK ocib 3 reHoTUIIOM AV CTaHOBUB
(2,91 £ 0,48) BigH. on./Mmr Hb MaB TeHAeHIIiO 10
MiABUILIEHHS B MMOPiBHSIHHI 3 TOKA3HUKOM IF'€HOTHUITY
VV, p > 0,05 i 10 3HMKEHHS B TTOPIiBHSIHHI 3 MOKa3-
HUKOM reHotuiry AA (p > 0,05), (Tab:m. 4).

AxtuBHicTh CAT Mana TeHACHII0 10 3HUKEHHS Y
niteii 3 reHoTunoM AA (1831 £ 96,8) MKMOJIb/XB “MJI
B TMOPIBHSHHI 3 MiThbMU 3 TeHOTUNIoM VV (2089 *+
99,6) MKMOJIb/XB - M, p > 0,05 Ta AV (1912 £ 71,3)
MKMOJIb/XB * M1, p > 0,05 (Tadm. 4).

AxTuBHicTh GPx MaJsia TEHAEHILiIO 10 3HUXKEHHS Y
oci6 3 reHoTumnom AA (167,8 £+ 55,1) MMOJIb/XB "M
B MOPIBHSIHHI 3 MTOKa3HUKOM 0Ci0 3 reHOTUIioM VV
(199,8 £ 47,6) mmoan/xB - M, p > 0,05, i ocib 3 re-
HotunoM AV (182,0 % 38,4) Mmmonb/xB - M1, p > 0,05
(Tabun. 4).

BusiBneHi oco0aMBOCTI 3MiH cepenHix MoKas-
HUKiB MapKepiB OKCUIATUBHOIO CTPEeCy B F€HOTU-
nax 3a noximopdizmom Vall6Ala rena SOD2, 30K-
peMa 3HMXKEHHSI aKTUBHOCTI ¢gepMeHTy SOD?2,
3[e011b1Ooro y ocio 3 reHotunoM VV MoxHa mif-
TBEPIUTU TIOCWIAHHSIM Ha pe3yJibTaTh, OTpUMaHi
iHIMMU gocaigHukamu [10—17].

BapianT rs4880 o3Hauyae 3aMiHy ajlaHiHY Ha BaJiH,
110 TIOB’I3aHO 3 BiMIOBIIHUMHU 3MiHaAMM TIETITUIY B
MITOXOHAPISIX HAa €H3UM, SIKM 3HMUXKYE e(PeKTUB-
HICTb i DepMEHTHY KaTaliTUIHY aKTUBHICTh B MiTO-
XOHOpiaJibHOMY MaTpukci. Ileil tun 3amilleHHs
OB’ SI3aHUI TAKOX 3 BapiaOeIbHICTIO 3aTaJIbHOI aK-
tuBHOCTI SOD i piBHSIMY TTOB’sI3aHUX 3 OKCUJATUB-
HUM cTpecoM OGiomapkepiB KpoBi [12—17, 21].

Bimomo, 1o nomimopdism Vall6Ala, sskuii mpus-
BOAUTH IO 3aMiHU ajlaHiHy Ha BaJliH, JIOKaJli3oBa-

Hb and was reduced compared to the indicator for indi-
viduals with the AA genotype (4.38 £ 0.54) rel. units/mg
Hb, p < 0.05. The indicator for individuals with the AV
genotype was (2.91 £ 0.48) rel. units/mg Hb and had a
tendency to increase compared to the indicator for the
VV genotype, p > 0.05 and to decrease compared to the
indicator for the AA genotype (p > 0.05) (Table 4).

CAT activity tended to decrease in children with the AA
genotype (1831 £ 96.8) mmol/min - ml compared to chil-
dren with the VV genotype (2089 £ 99.6) mmol/min - ml,
p > 0.05) and AV genotype (1912 £ 71.3) mmol/min - ml,
p > 0.05 (Table 4).

GPx activity tended to decrease in individuals with the
AA genotype (167.8 £ 55.1) mmol/min - ml compared
to the indicator in individuals with the VV genotype
(199.8 £ 47.6) mmol/min - ml, p > 0.05 and in individu-
als with the AV genotype (182.0 + 38.4) mmol/min - ml,
p > 0.05 (Table 4).

The revealed features of changes in the average values of
oxidative stress markers in genotypes for the SOD2 gene
Vall6Ala polymorphism, in particular a decrease in the
activity of the SOD2 enzyme, in most cases in individuals
with the V/V genotype can be confirmed by reference to
the results obtained by some researchers [10—17].

The rs4880 variant represents a substitution of alanine
for valine, which is associated with corresponding
changes in the peptide in the mitochondria to an
enzyme which reduces the efficiency and enzymatic
catalytic activity in the mitochondrial matrix. This type
of substitution is also associated with variability in total
SOD activity and levels of oxidative stress-related blood
biomarkers [12—17, 21].

It is known that the Vall6Ala polymorphism, which
leads to the replacement of alanine by valine, is local-
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HUI B MOiNSIHLG, 11O BiAINOBiZa€ 3a 3B’sI3yBaHHS 3
MITOXOHJIPI€IO JJIsI TPAHCIIOPTYBAaHHS (DePMEHTY 10
MITOXOHIPiaJIbHOTO MaTpukcy. B MiToxoHapiaabHO-
MY MaTPHUKCi LSl AiITHKa po3ieruioeTbes i SOD ne-
pEXoauTh B aKTUBHY ¢opMy. BinmidyeHo, mo c¢ep-
MEHT, KW MICTUTh B NaHii mo3uilii BamiH (Val),
TpaHC(POPMYETHCS B MITOXOHAPIaIbHUIT MaTPUKC
MOBiJIbHIIIE, HiX (bepMEHT, SIKUI MICTUTh ajlaHiH
(Ala). BinnosigHo, y HOCiiB ajenst V i reHotuny VV
HAKOITMIYETHCS CYIIEPOKCHUI B MAaTPUKCIi, IO TIPU3-
BOAUTH A0 OLIbIIOI BUPAXXEHOCTI OKUCIOBAIBHUX
MoMmKoIKeHb MiToxoHapianbHoi JIHK i 3HMXeHHS
akTUBHOCTI hepmeHty SOD?2 [15].

Heski 3 BapiaHTiB, ineHTU(diKOBaHi B reHi SOD2,
MoB’s13aHi 31 3HMKEHHSIM (PepPMEHTATUBHOI aKTHUB-
HocTi. BapianT rs4880 € mpoaykTom 3miHu anens A
Ha V B KozioHi 16 ex3oHy 2 reHa SOD2. Bin xapakre-
pu3yBaBCsl 3aMiHOIO ajlaHiHYy Ha BaJliH i TOB’sI3aHUM
3i 3HMKeHHSIM (Ha 30—40 %) akTUBHOCTI (DepMEHTY
SOD2, odymoBiaeHuM reHoturiom VV [17].

B pesynbrati nanuit noniMopdizM, Ha AYMKY Py
aBTOPiB, Ma€ MPU3BOAUTU A0 aOCOJIOTHOTO abo Bif-
HOCHOTO JIOKaJIbHOTO Aedinuty dpepmenty [10—17].

BUCHOBKHA

1. Ilpu pochigXeHHi Te€HOTUIIIB Ta ajesliB IOJi-
mopdismy Vall6Ala-SOD2 rena cynepoKCHIINCMYTa-
3u y giteit — memkaHuiB P3T Tta miteit, siki 3a3Hanu
BIUIMBY CTPECOBUX JKUTTEBUX IO Y Mepioa BOEHHOTO
yacy, BimMivanacsl TeHAEHLis OO0 3HMXKEHHSI B MOpiB-
HSHHI 3 pedepeHTHMMHU 3HAYeHHSIMHU ITOKA3HUWKIiB
KOHTPOJIBHOI TPyNY 4YacTOTU VV-TeHOTUITY, YaCTOTU
AV-TeHOTHITY i 10 MiABUILIEHHS YaCTOTU AA-T€HOTHITY,
JIO 3HWXKEHHSI YaCTOTY PO3IMOBCIOMKEHHS V-aess i 10
MiIBUILIEHHS YaCTOTU PO3IOBCIOMKEHHSI A-aiesl.
2.V niteit — memkaniB P3T B mopiBHSIHHI 3 TiTbMHU,
SIKi 3a3HaJIM CTPECOBUX XUTTEBUX MOAINA y mepiof
BOEHHOTIO 4acy, CIIOCTepirajgacs TSHICHIIiS 10 3HU-
JKEHHS 4acTOTU VV-T€HOTUITY, OO MiABUIICHHS Yac-
TOoTU AA-TeHOTUNy i AV-TeHOTUITy, JO 3HVXKEHHS
PO3MOBCIOAXKEHOCTI V-anens i 10 NiABUILEHHS po3-
MOBCIOJKEHOCTi A-aJensl.

3. I1pwm owiHIIi cepeaHiX MOKAa3HUKIB MapKepiB OKCH-
JNaTUBHOIO CTpecy B 000X OCHOBHHUX TIpynax IO
BiTHOILIEHHIO O KOHTPOJIO, aKTUBHICTb CYNEpPOK-
cuaavMcMyTasu Oyjia 3HMXKEHOM, BMIiCT KiHLIEBUX
nponykTiB ITOJI y cupoBaTiii KpoBi, aKTUBHICTh Ka-
Taja3u Ta IJIyTaTiOHIIEPOKCHUIAa3u MaJli TEHIEHILIiI0
JIO MiABUILEHHS.

4. HocnimKeHHs cepeIHiX MOKa3HUKIB MapKepiB OK-
CUAATUBHOTO CTPECy B TE€HOTHUIMAX 3a MOJiIMOp-

ized in the region responsible for binding to the mito-
chondria for transporting the enzyme to the mito-
chondrial matrix. In the mitochondrial matrix, this
region is cleaved and superoxide dismutase is convert-
ed to the active form. It has been noted that the
enzyme containing valine (Val) at this position is
transformed into the mitochondrial matrix more slow-
ly than the enzyme containing alanine (Ala). Accor-
dingly, in carriers of the V allele and the V/V genotype,
superoxide accumulates in the matrix, which results in
a greater severity of oxidative damage to mitochondri-
al DNA and a decrease in the activity of the SOD?2
enzyme [15].

Some variants identified in the SOD2 gene are asso-
ciated with decreased enzymatic activity. The rs4880
variant is a product of the A to V allele change in codon
16 of exon 2 of the SOD?2 gene. It was characterized by
the replacement of alanine with valine and is associat-
ed with a decrease (by 30—40 %) in the SOD2 enzyme
activity, caused by the V/V genotype [17].

As a result, this polymorphism, according to a num-
ber of authors, should lead to an absolute or relative
local deficiency of the enzyme [10—17].

CONCLUSIONS

1. When studying the genotypes and alleles of the
SOD2 gene Vall6Ala polymorphism in children-resi-
dents of the RCT and children exposed to stressful life
events during the wartime, a tendency was noted
towards a decrease in the frequency of the VV geno-
type, the frequency of the VV genotype, the prevalence
of a decrease in the frequency of the V allele, and an
increase in the prevalence of the A allele compared
with the reference values of the control group.

2. In children living in the RCT, compared to children
exposed to stressful life events during the wartime,
there was a tendency toward a decrease in the frequen-
cy of the VV genotype, an increase in the frequency of
the AA genotype and the AV genotype, a decrease in
the prevalence of the V allele, and an increase in the
prevalence of the A allele.

3. When assessing the average values of oxidative stress
markers in both main groups in relation to the control,
the superoxide dismutase activity was reduced, the
content of LPO end products in blood serum, the
activity of catalase and glutathione peroxidase tended
to increase.

4. The study of the average values of oxidative stress
markers in genotypes by the SOD2 gene Vall6Ala
polymorphism showed that both in children — resi-
dents of the RCT and in children exposed to stressful
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dizmoM Vall6Ala rena SODZ2 okasano, 10 SIK y JiTeid —
MemkaHiB P3T Tak iy miTeii, sIKi 3a3HaJM BIUIUBY CTpe-
COBMX XKUTTEBUX MOil Y MEPioJ BOEHHOTO Yacy, IoKas-
HUK BMicTy KiHueBux mnpoaykTiB ITOJI y cuposarii
KpOBi MaB T€HAEHIIil0 A0 MiABUILEHHS B OCi0 3 TeHOTU-
noM VV i 10 3HUXKeHHS B 0ci0 3 reHOTUNOM AA. AHalti3
noka3HukiB AO3 1moka3aB y fmiTeii 3 reHOTUIIOM VV 3HU-
JKEHHSI aKTUBHOCTI CYIEepOKCUIANCMYTa3u, TeHAEHIIil
O MiIBUILIEHHS aKTUBHOCTI KaTaja3u i INIyTaTiOHIIe-
pOKCHUAa31 NOPiBHIHO 3 AiTbMU 3 reHoTunoMm AA. Ilo-
Ka3HUKHU 0cCi0 3 reHOoTUNIOM AV B KiJIbKICHOMY BiJHO-
LIeHH] 3aiiMaJIu TIPOMiKHE Miclie.

5. BusBneHi 3MiHM MapKepiB OKCHIATUBHOTO CTpECY
CBiIYaTh Mpo iHTeHCcUdiKallilo MpoleciB BilbHOPaIU-
KaJbHOTO OKUCJICHHSI B OpraHi3Mi i IeBHi HalpyXeHHSs
¢yHKILiIOHYBaHHS (PepMEeHTIB-aHTUOKCUIAHTIB, $Ki
31iCHIOIOTh MEPBUHHUM 3aXUCT Bifl BUIbHUX palrKaliB.
3MEHIIEeHHSI aKTUBHOCTI CYNEPOKCUAIUCMYTAa3U MOXE
BKa3yBaTH Ha 3HIDKCHHST aHTUOKCUIAHTHOI aKTUBHOCTI.

IHndopmauisa npo piHaHCyBaHHA

DinancyBaHHs BUOaTKaMu JepxaBHOTO OIOMXKeTy YK-
paiHnu. PobOoTa BMKOHaHa B paMkKax IuiaHoBoi HJIP
«JlocnimkeHHsT poJii TeHETUYHOTO MogiMopdi3My cyre-
POKCHUIAVMCMYTa31 MapraHillo, MapKepiB OKCUAaTUBHO-
ro i MCUXOJOTIYHOI0 CTpeCy Ta 1IX B3a€EMO3B’SI3KiB B Ia-
TOT€HEe31 pO3BUTKY OPOHXOOOCTPYKTUBHOIO CUHIPOMY Y
JiTeli — MEIIKAHIIiB palioaKTUBHO 3a0pyIHEHUX TEPU-
TOpili Ta AiTel, sKi 3a3HaJIM BILUIMBY CTPECOBUX XKUTTE-
BUX IIOJIl y Tepios BOEHHOTO Yacy», No mepkpeecTpa-
wii: 01240001480, mudp podot Ne 648.
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life events during the wartime, the values of the
content of LPO end products in the blood serum
tended to increase in individuals with the VV
genotype and to decrease in individuals with the
AA genotype. The analysis of antioxidant protec-
tion indicators showed a decrease in the superox-
ide dismutase activity of children with the VV
genotype, a tendency to increase the catalase and
glutathione peroxidase activity compared to chil-
dren with the AA genotype. The indicators of indi-
viduals with the AV genotype quantitatively occu-
pied an intermediate place.

5. The revealed changes in oxidative stress markers
indicate an intensification of free radical oxidation
processes in the body and certain stresses in the
functioning of antioxidant enzymes that provide
primary protection against free radicals. A
decrease in superoxide dismutase activity may
indicate a decrease in antioxidant activity.
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