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OKCHUJI A30TY I IEPEKMCHE OKHUCJEHHS JIITIAIB Y JITEM-
MEIIKAHIIIB PAJIIOAKTUBHO 3ABPYJIHEHUX TEPUTOPIN

MeTta pocnifKeHHA: oLiHKa CUCTEMM OKCMAy a30Ty 3a BMiCTOM ioro cTabinbHMx MeTaboniTiB B CMPOBATLi KpoBi Ta
NOKA3HMKAMM NEPEKUCHOTO OKUCIEHHS NiNiAiB i aHTMOKCUAAHTHOIO 3aXMCTy Y liTeN-MelKaHLiB paaioakTUBHO 3a6-
PYAHEHWX TEpPUTOPIN.
Marepianu Ta metoau gocnigeHHa. 06CTeXeHT AiTH WKINbHOTO BiKy — MelKaHLi pafioakTMBHO 3a0pyaHEHNX Te-
puTOpiii. BusHayeHHs pisHiB azotuctux cnonyk (NO> 1a NO*") npoBoAMAM 3a CTaHAAPTHO METOAMKOIO 3 BUKOPUCTAH-
HAM peakTuBy [picca. [Ins BU3HAYEHHA 03HAK OKMC/IIOBANbHOTO CTPECCY NPOBOAUAMN LOCNIAKEHHS MaOHOBOrO fiaNb-
Jerify, Katanasu, LepynoniasmiHy.
Pe3ynbrat i BUCHOBKMW. Y [iTeii-MelWKaHUiB pafioakKTMBHO 3a0pyLHEHUX TepUTOPiil AOCHIAXKEHHSA BMicTy MeTa-
6oniTiB OKCMAY @30Ty B CMPOBATLL KPOBi BUABUIO 3HUIKEHHS PiBHA HITPUTIB NPYW BiACYTHOCTI AOCTOBIPHMX 3MiH BMicTy
HiTpaTiB i cymn meTabonitie NO. AKTMBALiA OCHOBHOrO BHYTPilWHbOKNITMHHOIO aHTUOKCUAAHTY KaTanasu npu BiacyT-
HOCTi CYTTEBUX 3MiH OCHOBHOTO CMPOBATKOBOMO aHTUOKCUAAHTY LEPYIONia3mMiHy He CynpOBOMAXKYBANacs MifBULLEH-
HAM piBHA TBK-akTUBHMX NPOAYKTIB NEPEKUCHOTO OKUCIEHHSA NiNiAiB — MaNOHOBOrO Aianbierigy B CMpOBaTLi KpOBi,
O CBiAYUTb NPO LOCTATHICTb KOMMNEHCATOPHUX MOXKINBOCTEH CUCTEMMU AaHTUOKCULAHTHOTO 3aXUCTY.
KntouoBi cnoBa: fitn, YopHobunbcbka Katactpoda, pafaioakTMBHO 3abpyaHEHi TepuTopii, OKCUA a3oTy, nepekucHe
OKWUCNEeHHs ninifis.

Mpo6nemu padiayiiiHoi meduyuru ma padiobionozii. 2013. Bun. 18. C. 261-269.

Ye. Stepanovac, 1. Kolpakov, V. Kondrashova, O. Litvinets

State Institution “National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine”, Melnykov str., 53, Kyiv, 04050, Ukraine

Nitric oxide and lipid peroxidation in children-residents of the contaminated
territories

Objective. The nitrogen oxide system assessment by the nitrogen oxide stable metabolites assay both with indices of
lipid peroxidation and antioxidant protection of children residing on contaminated territories.
Materials and methods. Studies were conducted in children, born and residing in areas of contamination. Assay of
nitrogenous species (NO? and NO**) was performed using a standard method with Griss-reagent. Biochemical assay of
the malonic dyaldehide, catalase, and ceruloplasmin was applied to reveal the signs of oxidative stress.
Results and conclusions. The assay of nitric oxide metabolites in the blood serum of children-residents of contami-
nated territories revealed a reduction of nitrite and no significant changes in the content of both nitrate and total
NO metabolites. There was an activation of the intracellular antioxidant catalase with the absence of significant
changes in the basic serum ceruloplasmin antioxidant. All that was not accompanied with an increase of serum con-
centration of malonic dyaldehide i.e. the TBA-active product of lipid peroxidation being indicative to the adequacy
of compensatory capacity of antioxidant defense.
Key words: children, Chornobyl accident, contaminated territories, nitric oxide, lipid peroxidation.
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Hes3Baxkaroun Ha 3Ha4YHi 3yCUJUISI, CIIpSIMOBaHi Ha 30epe-
JKEHHsI Ta BiZHOBJIEHHS 300POB’Sl MiTel, SIKi MpOXUBaIOTh
Ha TepUTOPIsIX, 3a0pyIHEHUX PaIiOHYKIIiZaMU, 1Oro CTaH y
JUHaMIlli TTicasaBapiiHOTO Mepiomy Ma€ CTikKi HeraTUBHi
TeHAeHLIil. BimMidaeThbCsl CTIKMIA TPpeH I 3pOCTaHHS MTOKa3-
HUKIB SIK 3arajJibHO1 3aXBOPIOBAHOCTI, TaK i 3aXBOPIOBAHOCTI
Maiixe 3a yciMa KjlacaMy XBOpOO, LIOPiUHE CKOPOYEHHS
yucia MpakTUYHO 300POBUX JiTeit. MexaHi3Mu BUHMKHEH-
HSI HECTIPUSITIIMBUX MEIUKO-0i0JIOTMYHMX HacTiaKiB Yop-
HOOMIBLCHKOI KaTacTpodu HeJOCTaTHBO 3’sICoBaHi [1, 2].
3HayHe MicIle B IIMX MexXaHi3Max 3 BeJIMKOIO Bipo-
rimHicTio 3aiimMae okcup a3oty (NO). I[IpoTte BMBUEHHIO
i€l mpoOeMHU JO TENEPIlIHbOTO Yacy MPUCBIYEHI JIUIIIE
HEYMCJIeHHI eKCIIepUMeHTalbHI po0oTu. Baxiusa 6io-
soriuda posb NO, minTBepmkeHa HU3KOIO JOCHTIIKEHb,
00yMOBMJIa 3alliKaBJIEHICTh IiEI0 MOJIEKYJIOIO Y Teope-
TAYHIA Ta TpakTU4HiIi MenuivHi. BcraHoBiaeHO, 110
pouib i pyHK1i1 NO B opraHi3mi JIOOIMHU JayKe OaraTo-
rpaHHi. BiH sBjsie co000 YHiKalbHUIA, 32 CBOIM IOXO/I-
JKEHHSIM Ta MEXaHi3MOM [Iii, BTOPMHHUI MeceIkep Y
OLTBIIOCTI KJTITUH OpraHi3My. 30KpeMa, OKCH]I a30Ty Oepe
y4yacThb y peajizaliii 0araTboX OCHOBHUX (Pi3i0g0riyHuX
(yHKIIIN, TaKMX K Ba3ogujIaTallisi, HeipoTpaHCMicis,
PeryJisiliss TOHYCY IIaaKuX M’$13iB, peakilii iMyHHOI Cuc-
Temu Towlo [3, 4]. HoBeaeHa iforo poJjb y ratoreHesi piz-
HOMAaHITHHMX 3allaJIbHUX ITPOIIECiB, PO3BUTKY apTepialib-
HOI Ta JIET€HEBOI TinepTeH3il, aTepocKeposy, aiadbeTuy-
HOI aHTionaTii, TpPoMOOYTBOPEHHSI, a TAKOX 3aXBOPIOBaHb
HEPBOBOI, TPaBHOI CUCTEM Ta IMAaToJIoTii HUPOK [4, 5].
Mix cuctemoro NO Ta BilbHOpaIUMKaIbHUMU MPOLE-
caMM, 30KpeMa MepeKUCHUM OKMCJIEHHSIM JIiIiiB, iCHYE
TICHMI B32a€EMO3B’SI30K. SKIIO B OpPraHi3aMi 3HMXYETbCS
BUPOOJIEHHS OCHOBHUX (PepMEHTIB-aHTMOKCUIAHTIB:
Karajasy Ta CyIepPOKCUAINCMYTa3H, a YTBOPEHHS aKTUB-
HUX (HOPM KHCHIO MPOIOBXKYETHCS 3 HAPOCTAIOUOIO CH-
JIOI0, 10JATKOBO BUpOoOisieTbess NO mis 3B’ sI3yBaHHS Cy-
MEePOKCUIIMCMYTa3HOTO paduKaa-aHiOHY 3 YTBOPEHHSIM
TOKCUYHOTO MEPOKCUHITPUTY. AKTUBHI (DOPMU KMCHIO Ta
nponaykty [1OJI BUKITUKAIOTH TTOPYIIIEHHS TPOHUKHOCTI
KJTITUHHUX MeMOpaH, MOIIKOMXYIOTh BHYTPIllTHHOKITi-
TUHHI OpraHe/u, MopyIIyioTh MeTabOoi3M, 110 BJIACHE i
JIEXXUTh B OCHOBI €HAOreHHO1 iHToKcHKallii. Ile, B cBO1O
Yepry, CYIpPOBOIKYETbCS 3POCTaHHSIM HEAOCTATHOCTI
AHTUOKCUAAHTHOI cucTeMu. ToMy Ha cydyacHOMY PiBHi
HayKOBMX 3HaHb HEe aKTUBaLlisl BibHOPaAMKaJIbHOTO
OKMCJIEHHs, a aucOaJaHC MiX piBHEM I€PEKMCHOIrO
OKMCJICHHS JIiMiJiB Ta piBHEM aHTUOKCUJAHTHOTO 3aXUC-
Ty PO3IISIAAETHCS SIK OfHA i3 OCHOBHUX MPUYMH YIIKO/I-
SKEHHS KJIITUH 1 TKAHUH HA MOJIEKYJISIPHOMY piBHi [6].
3a ¢izionoriuHrx ymoB NO 1IBUIKO, 32 JiY€Hi CEKYHIU,
MEPETBOPIOETHCS Y HITPUTU Ta HITpaTH, SIKi JIETKO BUBO-

Despite significant efforts to preserve and restore
the health of children living in contaminated
areas, it is characterised with the consistently neg-
ative trends. Moreover a steady growth trend is
obvious on both general morbidity as the morbidi-
ty of almost all classes of diseases, followed by the
annual reduction in the number of healthy chil-
dren. Pathways of the unfavourable biomedical
consequences of Chornobyl disaster are still
underexplored [1, 2].

The nitric oxide (NO) may reliably have a signif-
icant part in these pathways. However only a few
experimental works are by now dedicated to the
study of this problem. Important biological role of
NO confirmed by several studies has lead to con-
cern with it both in academic and clinical medi-
cine. The role and function of NO in the human
body are found being rather comprehensive. It is a
unique by its origin and mode of action secondary
messenger in the most cells of the body. In partic-
ular, the nitric oxide is involved in many basic
physiological functions such as vasodilatation,
neurotransmission, regulation of smooth muscle
tone, immune response, etc. [3, 4]. NO has a
proven part in the pathogenesis of various inflam-
matory processes, arterial and pulmonary hyper-
tension, atherosclerosis, diabetic angiopathy,
thrombopoiesis, and diseases of the nervous,
digestive systems and kidneys [4, 5].

There is a close relationship between the NO
system and free radical processes with lipid perox-
idation in particular. If the production of major
antioxidant enzymes i.e. catalase and superoxide
dismutase is decreased whereas the formation of
reactive oxygen species increases then the NO is
produced additionally to bind the superoxide dis-
mutase radical anion and toxic peroxynitrite pro-
duction. Reactive oxygen species and lipid peroxi-
dation products disrupt the permeability of cell
membranes, damage the intracellular organelles,
and make metabolic disorders. All this processes
underlies of endogenous intoxication. This, in
turn, is accompanied by increased antioxidant sys-
tem failure. Therefore, from the current knowl-
edge the imbalance between the level of lipid per-
oxidation and level of antioxidant protection is
regarded as one of the main causes of damage of
cells and tissues in the molecular level but not only
the activation of free radical oxidation [6].

Under physiological conditions the NO in a few
seconds turns into nitrites and nitrates being easily
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JAThCS 3 OpraHi3My. Y 3B’SI3KY 3 LIUM OioJIOTiuHi eheKTH
NO obMexeHi obnacTio ioro yrBopeHHs. IToTiM okcuna
a30Ty HE3BOPOTHHO iHAKTUBYETHCSI PEaKIi€l0 3 IeMor-
JIOOIHOM y TMPOCBITI KPOBOHOCHOI CyIMHU Ta 3 CYIEPOK-
CHUJTHUM PAIUKAJIOM Y CTiHIli KDOBOHOCHOI CyIWHMU [7].

Tomy 3araipHMMK MokazHuMKaMu BMmicty NO B op-
raHi3mi € piBHi HITPUTIB i HITpATIB, SIKi JOCTiIXKYIOThCS Y
CUPOBATIi KPOBi METOJAOM, IO 0a3yeThbCs Ha BiTHOB-
JIGHHI HiTpaTiB 10 HITPUTiB 3 BU3HAYEHHSIM OCTaHHIX pe-
akiuiero 3 peaktTuBoM Ipicca [8].

B Hain yac KilbKiCHe BUMipIOBaHHSI MPOAYKTIB Mepe-
kucHoro okucaeHHs aimigis (ITOJI) B mia3mi KpoBi Ha-
OyJI0 BaXKJIMBOTO IiarHOCTUYHOIO 3HAY€HHS$, OCKiJIbKMU
aktuauig ITOJI Bigirpae cyTTEBY poJib Y PO3BUTKY 0Oa-
raThbox 3aXBOPIOBaHb, a TAKOX Yy peakllisix OpraHiaMy Ha
BIUIMB Pi3HOMAaHITHUX YMHHUKIB JTOBKIJIA. 3a TyMKOIO
psiny OOCHiAHUKIB Mpo iHTeHCUuBHIicTh T1OJI mouisbHO
cynuty 3a piBHeM mpoaykTiB ITOJI (ManoHOBUlt Aiaib-
nerim — MJIA) [9, 10], 1o pearyioTs 3 TiobapOiTypOBOIO
kucaororo (TBK).

baraToKkOMMOHEHTHUI AaHTUOKCUIAHTHUI 3aXUCT
(AO3) B oprani3Mi 3a0e31euyeTbCsI EH3UMHUMU aHTU -
OKCUJAAHTHUMM MEXaHi3MaMM Ta €HO0- i €K30r¢HHUMM
AHTUOKCUJAHTAMU HedepMEeHTATUBHOI TIPUPOAU, SIKi 3
HUMU CUHEPTiYHO B3a€MOMit0Th. HalOuIbll BaxXIWBY
pOJIb BilirparoTh €H3MMHi MeXaHi3MU aHTUOKCUAAHTHO-
TO 3axMCTy, 110 3MiCHIOIOTHCS TPYNHoI0 (PepMEHTIB: Cy-
MEePOKCUANMCMYTA3010, KaTala3olo, TIyTaTiOHIIEPOKCH-
Ja3010, TJIYTaTiOHPeIyKTa3010, [ePYyI0IIa3MiHOM TOLIO.

Jtst ouiHKM (DYHKLiOHAJBHOIO CTaHY CUCTEMM aHTH-
OKCHUJAHTHOIO 3aXMCTy OOLLUIbHMM € BU3HAYEHHS OC-
HOBHMX 3 IIMX ITOKa3HUKIiB. 30Kpema, Karajasu, IO
MOB’S13aHO 3 LIEHTPAJIbHOIO POJUTIO IIOTO (PEPMEHTY, SIK
OCHOBHOTO BHYTPIITHBOKJIITUHHOIO aHTUOKCHUAAHTY, a
TaKOXX OCHOBHOTO ITO3aKJIiITUHHOTO aHTUOKCUIAHTY —
nepyaomiasminy [9, 10].

META JOCJIIJI2ZKEHHA

OwiHka cucTeM OKCHIY a30Ty 3a BMiCTOM MOTO CTa0iIb-
HUX MeTa0OoJIiTiB Ta MOKa3HUKAMM TEPEKUCHOTO OKMC-
JIEHHS JIiMiAiB i aHTMOKCUIAHTHOTO 3aXWUCTy Y IiTel-
MELIKAaHIIiB pagioaKTUBHO 3a0pyIHEHUX TEPUTOPIA.

MATEPIAJIN TA METOJIN

HocnimkeHHsT CTabiTbHUX METa0OJIiTiB OKCUYy a30Ty Ta
iHTerpaJIbHMX ITOKAa3HUKIB TEPEKMCHOIO OKMCJICHHS
JIIMAIB 1 aHTMOKCUMAAHTHOIO 3aXKCTy IpoOBeneHi y 63
JiTel KiJbHOTro BiKy (Bim 10 mo 18 pokiB). 3 HMX OCHOB-
Hy rpyny ckianu 42 AUTWUHU, SIKi HApOAMIWCS Ta
MOCTIAHO MPOXKMBAIOTh B 30HAX PaAi0OaKTUBHOIO 3a0py/I-
HeHHs. TepuTopil mMpoXKWBaHHS AiTeii OCHOBHOI Ipynu

excreted. In this regard the biological effects of
NO are limited to the area of its formation. Then
the nitric oxide is irreversibly inactivated by reac-
tion with haemoglobin in a vascular lumen and
with superoxide radical in the vascular wall [7].

Therefore the level of nitrites and nitrates assayed
in the serum is an integral indicator of NO content
in a body. The assay method is based on a principle
of nitrate to nitrite recovery with determination of
the latter via the Griss reagent application [8].

At present the quantitative assay of lipid peroxida-
tion (LPO) products in plasma has become an
important diagnostic value, because the activation
of lipid peroxidation plays a significant role in the
development of many diseases, as well as in
response of organism to the impact of various envi-
ronmental factors. By the opinion of some
researchers the intensity of LPO should be judged in
terms of the end product of lipid peroxidation i.e.
malonic dialdehyde (MDA) concentration [9, 10].

A multicomponent antioxidant (AD) defence
in the organism is provided by the antioxidant
enzyme pathways synergistically interacting
with endogenous and exogenous non-enzyme
antioxidants. Enzymatic pathways of antioxi-
dant defence are of a key role here being repre-
sented by a group of enzymes: superoxidedismu-
tase, catalase, glutathioneperoxidase, cerulo-
plasmin, etc.

To evaluate the functional state of antioxidant
defence system it is reasonable to assay some
essential indicators of its pathways. Enzym cata-
lase being a major intracellular antioxidant and
ceruloplasmin in its turn as a principal extra-
cellular antioxidant are of a particular interest
here [9, 10].

OBJECTIVE

The nitrogen oxide system assessment by the nitro-
gen oxide stable metabolites assay both with indices
of lipid peroxidation and antioxidant protection of
children residing on contaminated territories.

MATERIALS AND METHODS

Assay of stable metabolites of nitric oxide and inte-
gral parameters of lipid peroxidation and antioxi-
dant defence system were conducted in 63 chil-
dren of a school age (10 to 18 years old). The 42 of
them born and residing in areas of contamination
were enrolled as a main study group. The territory
of residence of this study group is attributed to the
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Hajexarb 10 2-130HU (30Ha 00OB’SI3KOBOT'O BiICEJICHHSI —
TEPUTOPiA 3 LIIbHICTIO 3a0pyaHeHHs 'Y’Cs moHam 555
kBk/M? a60 *Sr monan 111 kbx/M?) Ta 3-i 3081 (30Ha ra-
PaHTOBAHOTO JOOPOBIILHOTO BilCEIEHHSI — TEPUTOPIs 3
LIIbHICTIO 3a0pyaHeHHs i3otonamu *7Cs Bin 185 kbk/M?
10 555 xBk/m? a6o *Sr Bin 5,55 kbk/M? 10 111 kBk/M?).

KoHTposbHa rpyna, NopiBHSIHHA 3 OCHOBHOIO 3a BiKOM,
CTaTTIO Ta JAHUMMU KJIiHIYHOTO OOCTEXKEeHHSI, CKJIaaaaacs 3
21 IUTUHU, SIKi TTPOXKUBAIMU B “UYUCTUX” 1100 PATiOaKTUB-
HOTO 3a0pyIHEHHSI perioHax i He Hajlexasy 10 MOCTpaXKaa-
JIMX BHACAin0K YopHOOUIIbCHKOI aBapil KOHTUHIE€HTIB.

Bwmict *’Cs B opranismi aiteil BU3Ha4any 3a JOIIOMO-
rolo JiYMJbHUKA BUMPOMiHIOBAaHHS JIoAMHU CKpUH-
Hep-3M. PiBenn inkoprioposaHoro '3’Cs KonuBascs Bin
269 no 6253 bk y Timi.

OOcTeXeHi IiTH He Majlid KJIiHIYHO BHUpPaXKeHOI IaTo-
JIOTi1 OpraHiB IMXaHHS Ta MAaTOJOTIi CepleBO-CYIUHHOI
CHCTEMM OPTaHIYHOTO XapakTepy. BusiBieHa y HUX
XpOHiYHa TAaTOoJIOrisl y CTaHi KOMIIeHcallii OyJia npeac-
TaBJeHa 3aXBOPIOBAHHSIMMU 3y0iB (Cy0- Ta JEKOMITEHCO-
BaHa (oOpMM Kapiecy), JOp-opraHiB (TOH3WIITH, aje-
HOIAWUTHU, (PAapUHTITH), TPABHOTO KaHay (raCTpUTH, 1yO-
JIEHITH), Ta XOBYOBUBITHUX IIJIAXIB (XOJIEIIMCTUTH, XO-
JIAHTITH), BETeTaTUBHOIO TUCPYHKIIIEO.

BusHaueHH4 piBHiB azotucTux croiyk (NO?* ta NO*)
MIPOBOIMIIM 34 CTAHAAPTHOIO METOIMKOIO 3 BUKOPHCTAH-
HIM peakTuBy Ipicca. BimHOBJIEHHS HiTpaTiB [0
HITPUTIB TPOBOAMIN METAJTiYHUM LIMHKOM B PO34YMHI
ouroBoi kucjaotu. loun NO? BUABIAIN 1MAa30peaKIi€io
3 peakTuBOM Ipicca, 3 momaapIInM KOJOPUMETPUIHUM
BU3HAUCHHSIM a303’€IHAHHS POKEBOTO KOJIBOPY.

Po3paxyHOK KinbKOCTi HiTpaT-iOHiB NpPOBOIWIN 3a
PI3HMIIEI0 CYyMapHOI KiJIbKOCTI HiTpaT- i HITpUT-iOHIB Ta
KUJIBKOCTi HiTpUT-ioHiB. KilbKiCTh HITPUTIB Ta HIiTpaTiB
poO3paxoByBaJM B MKMOJb/J 3a KaliOpyBaJlbHUM
rpagikoMm 3TiTHO 3 METOAMKOIO Bu3HaYeHHs [11].

[ BUSIBIGHHSI O3HaK OKMCIIIOBaJIBHOIO CTpecy Ta
nucoanancy ITOJI-AO3 npoBoauau BuzHayeHHs1 THK-
aktuBHMX TIponaykTiB I1OJI; karama3m, SK OCHOBHOTO
BHYTPILIIHbOKJTITUHHOTO aHTUOKCHUIAHTY Ta LEpYJIOoIl-
JIa3MiHy, K OCHOBHOIO aHTMOKCUIAHTY CUPOBATKH
KpoBi [12].

Busnauennsg manoHoBoro gianpaeriny (MJA) mpoBo-
WM 3a peakiliero 3 TiobapoiTypoBoio kucjororw (THK)
3 HACTYMHKM BUMipIOBAHHSIM OINTUYHOI IIIJIbHOCTI Ha
($OTOKOIOPUMETPI MOPiBHSIHO 3 KOHTPOJLHOIO TTPOOO0I0
pu JOBXMHaX XBWIb 532 ta 580 uMm [12].

BuszHaueHHSs BMiCTY Liepy/I0ILIa3MiHy IPOBOAWIM 3a Pe-
aKIIi€l0 OKUCIeHHS p-eHUIeHIiaMiHy epy/I0TruIa3MiHOM
3 HACTYITHMM BUMIipIOBaHHSIM OITUYHOI IIiIbHOCTI Ha (po-
TOKOJIOPUMETPI TTpy JoBKMHI xBrti 530 HM [12].

) 264

2" zone (zone of a mandatory evacuation because
of Cs soil contamination density over 555
kBg/m? or *°Sr over 111 kBq/m?) and the 3™ zone
(zone of a guaranteed voluntary resettlement with
37Cs contamination density from 185 to 555
kBg/m? or *Sr from 5.55 to 111 kBq/m?).

Control group was comparable to the main one in
age, sex and according to clinical data. There were
enrolled 21 children living in the “clean” from
contamination areas and been not attributed to
contingents of the Chornobyl accident survivors.

The content of '¥’Cs in children was measured
by the WBC “Scriner-3M.” The incorporated
137Cs level ranged from 269 to 6253 Bq in a whole
body.

The examined children had no clinically signifi-
cant respiratory diseases or organic disorders of
cardiovascular system. The diagnosed chronic
medical disorders been compensated at a moment
were such as dental diseases (several forms of
caries), diseases of the upper respiratory tract (ton-
sillitis, adenoiditis, pharyngitis), gastrointestinal
tract (gastritis, duodenitis), biliary tract (cholecys-
titis, cholangitis), and autonomous dysfunction.

Assay of nitrogenous compounds (NO?* and NO*
) was performed using a standard method with Griss
reagent. Reduction of nitrate to nitrite was achieved
with a metallic zinc application in a solution of
acetic acid. The NO?* ions were detected via diazo
reaction with Griss reagent followed by a calorimet-
ric test for a pink-coloured azocompound.

Quantification of nitrate ions was carried out by the
difference of the total amount of nitrate and nitrite
ions and the amount of nitrite ions. The amount of
nitrite and nitrate was calculated in mmol/L using the
calibration schedule according to the manual [11].

Assay of TBA-active LPO products i.e. cata-
lase as a major intracellular antioxidant and
ceruloplasmin as a principal extracellular
antioxidant were held in a serum to determine
the signs of oxidative stress and LPO-AD imbal-
ance [12].

Assay of malonic dyaldehide (MDA) was con-
ducted via reaction with thiobarbituric acid (TBA)
followed by an optical density measurement at a
photocolorimeter vs. the control sample at a wave
length of 532 and 580 nm [12].

Assay of ceruloplasmin was achieved via reaction
of p-phenylenediamine oxidation by ceruloplas-
min followed by an optical density measurement at
a photocolorimeter at a wave length of 530 nm [14].
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Ta6bnuuysa 1

Bmict meTabonitie NO B cupoBarui KpoBi giTelf-MelwKaHLiB paaioakTMBHO 3a6pyaHeHux Teputopin (M+m)
Table 1

Content of the NO metabolites in serum of children living in contaminated areas (M+m)

Moka3uuk OcHoBHa rpyna KonTponbHa rpyna p
Indices Main study group Control group

Hitputi, Mkmonb/n 6,09+1,67 13,07+1,28 <0,001
Nitrites (mmol/L)

Hitpatn, MkMonb/n 35,06+2,69 35,82+4,13 >0,05
Nitrates (mmol/L)

Cyma metabonitie NO (HITpUTM+HITpaTH), MKMONIB/N 41,17+2,96 48,91+5,05 >0,05

Integral NO metabolites i.e. nitrite+nitrate (mmol/L)

AKTUBHICTh KaTajla3u B CUPOBATLi KPOBi BU3HAYaIu
KOJIOpUMEeTpUIHUM MeTogoM [10].

PE3VYJIBTATU TA OBTOBOPEHHS

HocnigxeHHs1 BMicTy MeTtabonitiB NO B cupoBatui
KpOBi 110Ka3aJlo, 110 y AiTei OCHOBHOI I'pylu B MOpPiB-
HSIHHI 3 KOHTPOJIEM CITOCTepirajiocsl NOCTOBipHE 3HU-
>KEHHs1 piBH HiTputiB (6,09+0,67 Mxmonb/m i 13,07+
1,28 Mxmounb/1, p<0,001): 3a BiZCYTHOCTi TOCTOBIpHUX
BimMiHHOCTel BMicTy HiTpaTiB (35,06%2,69 MKMOJIb/JT i
35,82%4,13 mxmonb/1, p>0,05), a TakoxX cymMH MeTa-
oomitiB NO (41,17£2,96 mxmonb/n i 48,91+5,05
MKMOJIb/11, p>0,05) (Tabm. 1).

O1iHKa MOKa3HWKIB CTaHY TEePEeKUCHOTO OKUCICHHS
JIMIiAiB CBITYNTD, 110 Y AiTell OCHOBHOI IPyNHY B MOPiB-
HSIHHi 3 KOHTpOJIEM He BM3Hayajaocsl JOCTOBIPHUX Bil-
MiHHOCTEe BMicTy y cupoBaTli KpoBi TBK-akTuBHUX
npoaykrie [1OJ (3,074+0,28 umonab/mi i 3,89+0,48
HMOJb/M1, p>0,05) (Tadu. 2).

Ilpu aHanizi cTaHy aHTUOKCUAAHTHOTO 3aXMUCTY
BiaMivajocsl AOCTOBipHE MiABUILEHHS aKTUBHOCTI KaTa-
a3y y cuposarmi (23,1+1,9 mkar/mi 15,9%+2,0 mxat/x,
p<0,05) Ta BiACYTHICTb HOCTOBIpHMX BigMiHHOCTEH
BMicTy uepyiomniasminy (92,10+8,42 mr/n i 92,82+
16,88 mr/m1, p>0,05) (Tad. 2)

OTtpuMaHi HaMM JaHi MOXHa TTOSICHUTH, CITUPAIOYNCh
Ha pe3yJabTaTu JOCHiIKeHb psiay aBTopiB. Tak, 3a gaHu-
MU [13—15] BiTHOCHE 3HMXKEHHS PiBHS HITPUTIB € MPO-
SIBOM 3HVKEHHSI aKTMBHOCTI eHaoTesiaabHol NO-cuH-
tasn (eNOS). [1pu mboMy BHpiBHIOBAaHHS B ITOPiBHSIHHI
3 KOHTpOJIEM CyMapHUX MoKa3HUKiB MeTabonizmy NO 3a
paxyHOK HiTpaTiB IMOB’3y10Th 3 nocwieHHs M [1OJI Ta
MiABUIIEHHSIM aKTUBHOCTI iHAyLMOe1bHO1 NO-cuHTa3n
(INOS).

B excnepuMeHTanbHux poodotax [14, 15], nmpucBsiue-
HUX BU3HAYCHHIO KJIIOYOBMX MEXaHi3MiB, 3aIisTHUX B pe-
ryasauii NO-cucteMd 3a YMOB BIUIMBY MalluX 103
paniallii, BiiMiUYa€eTbhCsI HACTYITHE.

Catalase activity in serum was assayed with a col-
orimetric method [10].

RESULTS AND DISCUSSION

Assay of NO metabolite content in a serum showed
a significant reduction of nitrite in children of a
main study group vs. the control (6.09+0.67
mmol/L vs. 13.07+1.28 mmol/L, p<0.001) under
no significant difference of nitrate content
(35.06£2.69 mmol/L vs. 35.82+4.13 mmol/L,
p>0.05), and the integral NO metabolites
(41.17£2.96 mmol/L vs. 48.91£5.05 mmol/L,
p<0.05 (Table 1).

Review of the lipid peroxidation pattern is
indicative of no significant difference in the final
product of lipid peroxidation i.e. MDA content
in serum of children from the main study group
(3.07£0.28 nmol/mL vs. 3.89%0.48 nmol/mL,
p> 0.05) (Table 2).

Analysis of the antioxidant defence status
showed a significant increase in serum catalase
activity (23.1x1.9 mcat/L vs. 15.9+2.0 mcat/L, p
<0.05) and no significant difference in ceruloplas-
min content (92.10£8.42 mg/L vs. 92.82+16.88
mg/L, p> 0.05) (Table 2).

The received data can be explained by reference
to the research of some authors. Thus, according
to [13—13] a relative reduction of nitrite is a man-
ifestation of reduced activity of the endothelial
NO-synthase (eNOS). At that the levelling of inte-
gral indices of NO metabolism at the expense of
nitrates vs. control is considered being due to an
increased lipid peroxidation and increased activity
of inducible NO-synthase (iNOS).

The experimental studies [14, 15] devoted to the
key pathways in regulation of the NO-system
under the effect of radiation in low doses gave the
following data.
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Ta6auuysa 2

XapaKTepucTUKa NOKAa3HUKIB CTaHY NMepeKUCHOro OKUCNEeHHA NinigiB Ta aHTMOKCUAAHTHOIO 3axuCTy y Aitein-

MellKaHLiB paaioakTMBHO 3a6pyaHeHuUx TepuTopiin (M+m)

Table 2

Lipid peroxidation and antioxidant protection indices in children living in contaminated areas (M+m)
Moka3uuk OcHoBHa rpyna KonTponbHa rpyna p
Indices Main study group Control group

TBK-aktueHux npoaykTie MOJ, HMonL/MA 3,07+0,28 3,89+0,48 >0,05
TBA-active LPO products (nmol/mL)

Karanasa, mkat/n 23,10+1,90 15,90+2,00 <0,05
Catalase (mcat/L)

Liepynonnaamin, mr/n 92,10+8,42 92,62+16,88 >0,05

Ceruloplasmin (mg/L)

3a i3i0JIOTiYHMX YMOB OCHOBHUM IIIJISIXOM CHUHTE3Y
NO B opraHi3mi € KoHCTUTYTUBHUI cuHTe3 NO 3a mii
Ca**-3anexHoi engoreianbHoi i3opopmu NO-cuHTa3m
(eNOS), Toxni K 3a YMOB MaToJIOTii — iHAYLIUOEeIbHUI
cunTe3 NO Ca’’-He3anexXHo0 iHIyLHOeIbHOIO 130 op-
moio NO cuntaszu (iNOS). Sk BiamoBigb Ha Aito pamgiaiii
Mae Micue rinepekcrpeciss iNOS, Toai SIK aKTUBHICTb
eNOS, HaBmaku, 3HUXYETbCS, He3BaXkKarouy Ha ITiJBU-
LIEHUI piBeHb BHYTPILIHBOKIITUHHOIO Kaibllilo, 110 €
ogHUM 3 i1 akTuBaTopiB. OTXe, 3a Aii pamialiil B 3ajiexX-
HOCTI BiZl TepMiHYy il i 1031 Moxe MaTu Micie gk Ca’*-
3aexHa, Tak i Ca’"-Hes3ajexxHa perysiis akTMBHOCTI
eNOS.

Astopu [14, 15] HaBoaITh GiOXiMiUHiI MexaHi3MU, 1110
MOXYTb 3YMOBUTM TakKi 3MiHU €KCIpecii i aKTUBHOCTI
pizHux i3odopm NOS 3a mii panmiauii, gKi MOJSAralOTb y
HactyrmHOMY. Excripecig iNOS iHIyKy€eThCsS IIUTOKiIHA-
MU a TaKOX CTEPOiTHMMHU rOpMOHaMM. 3a HOPMaJIbHUX
yMOB piBeHb ekcrpecii iNOS HeBUCOKMIA, ajie Mpu
OKMCHOMY CTpecCi, 1110 € 3arajbHOI0 BilINOBIIAI0 KJIITUH
Ha [1i10 MaTOoJOriYHUX YMHHUKIB, Y TOMY YUCJI pagiaiii,
piBeHb ekcrpecii iNOS Moxe 3HaYHO TTiIBUILYBATUCS.
3a LMX YMOB MiABUILYEThCS reHepaliist O, , IKU € Tyxe
NOTYKHUM migcumoBayeM ekcrpecii iNOS. Ak Bimomo,
3a [il pagiaiii, y ToMy YMCJIi HU3bKMX 103, 3pOCTAE TeHEe-
pauisg Oy pisHuMHM okcugazamu. OTXe, OKUCHUI CcTpec,
1110 BUHUKAE 32 XPOHIYHOI [ii HU3bKUX 103 pamiallii, MO-
>Ke OyTM OCHOBHOIO NMpUYMHOIO Tinepekcrpecii iNOS B
KapIioBacKylsIpHiil cuctemi [14, 15].

Excripecia eNOS 3amyckaeTbesl pisHUMM TENTUIHU-
MU TOpPMOHAaMHW, B TOMY YHUCIi aHrioTeH3uHoM I,
IHCY/IiHOM, TiIIOKCi€I0 Ta iHIIUMU (paKTOpaMU, IPUUOMY
MOCUJICHHSI eKcIlpecii BinOyBa€Tbcsl MpU MiABUILEHHI
piBas1 H,O,. 3a #ii pagiawii mae miciie 3HauHe IMiaBU-
meHHs piBHsS H2O, B KapaioBacKyJISIpHil CUCTEMI, OTXkKe
rinepekcnpecis eNOS 3a panmialiiiHOro BIUIMBY MOXe
MaTu 3a IPUYMHY OKMCHHUM CTpec, SIK i y BUNAAKY 3

(1) 266

Under the physiological conditions a constitutive
NO synthesis by the Ca?*-dependent endothelial iso-
form of NO-synthase (eNOS) is the main pathway of
NO synthesis, whereas under abnormal conditions
the inducible NO synthesis by the Ca?"-independent
inducible isoform of NO synthase (iNOS) is the
main pathway. The overexpression of iNOS is a
response to radiation, whereas the activity of eNOS is
at that declining despite elevated levels of intracellu-
lar Ca" being one of its activators. Consequently, the
effects of radiation depending on exposure duration
and dose can occur both as a Ca?"-dependent and
Ca?"-independent eNOS activity regulation.

The authors [14, 15] suggest the probable bio-
chemical pathways of abnormal expression and
activity of different isoforms of NOS after the
exposure to radiation. Expression of iNOS is
induced by cytokines and steroid hormones. Under
normal conditions, the level of expression of iNOS
is low, but within oxidative stress being a common
response of cells to the hazardous factors including
radiation the expression of iNOS may significantly
increase. It leads to anincreased generation of Oy
being in its turn a powerful activator of iNOS
expression. Radiation even in low doses increase
the generation of O, by several oxidases. Thus, the
oxidative stress that occurs under chronic low dose
radiation exposure may be a major source of iNOS
overexpression in cardiovascular system [14, 15].

Expression of eNOS is triggered by various pep-
tide hormones, including angiotensin II, insulin,
and also by hypoxia and other factors, and the
increased expression occurs under the exces of
H,0,. A significant increase of H,O, content in
cardiovascular system occurs under radiation
exposure. Hence the oxidative stress after radiation
exposure can be the source of eNOS overexpres-
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iNOS. Ha Bigminy Big iNOS aktusHicTe eNOS 3ane-
>KUTb He JIMIIE Bil piBHS ii eKcrpecii, a 3AiiCHIOETbCS 3a
paxyHok akTtuBauii Ca’>" un docopuioBaHHaM Oika
¢depMeHTyY pi3HMMU NpoTeiHKiHazamu [ 14, 15].

AK nokaszanu ekcrnepuMeHTalbHi AoCTimkeHHs [14,
15], GioxiMiuYHMM MeXaHi3MOM MOLIKOIXKYIOUOl Aii Ma-
JIMX 03 pajdialii Ha CUCTeMy OKCHUIY a30Ty OyJ0 3HU-
JKEHHSI KOHCTUTYTUBHOTO cuHTe3y NO i3ohepmMeHTOM
eNOS, Ha 110 BKa3yloTh HU3bKi PiBHI HITPUT-aHIOHY B
opraHax CeplLeBO-CYAMHHOI CHUCTEMM, SIK TPU OTPU-
MaHHI OJHOPa30BOI HMU3bKOI J0O3U 10HI3yIOUOIrO BUII-
POMIHIOBaHHS, TaK i IpU TpUBAJIOMYy IepeOyBaHHI B
yYMOBax MiABUILIEHOIO paaialliiHOro (oHy.

Ha mincraBi ¢Boix mociimxeHb aBTopu [15] nmpuidnuin
IO 3arajbHOTO BHUCHOBKY, SIKMI IIOJISITA€E y TOMY, IO
HU3bKi JO3M pafiallii, OTpMMaHi MPOTITOM TPUBAJIOTO
yacy, CIIpUYMHSIOTh 3HA4YHi 3MiHU Yy MyjJax cTabiIbHUX
MeTaboiTiB NO, 110 Moxe 0yTH MPUYMHOIO TTOPYLIEHb
pany NO-zamexunx ¢izionoriuanx (yHKIIH. 3HauyHE
3HUKEHHSI PiBHSI HITPUTY 32 LIMX YMOB MOXe€ MPU3BOM -
TH 10 OKUCHOTO cTpecy. BUCOKi piBHI 0MHOYAaCHOI reHe-
pauii Ox'ta NO, 3B’43y104MCh, MOXYTbh HPU3BOAUTU 10
yTBopeHHs ToKcmuyHoro ONOO™. Jloka3oM HBOTO €
HU3bKi PiBHiI HITPUTY, 10 YTBOPIOETHCS CITOHTAHHO 3a
HasIBHOCTi MOJIEKYJISIPHOIO KHUCHIO, Ha (pOoHi abo MminBu-
IIeHUX, a00 KOHTPOJbHUX PiBHIB HITpaTy, SIKMiA B OC-
HOBHOMY YTBOPIOETHCSI IPU Aerpajallii IEpOKCUHITPUTY,
TOOTO, TP BUCOKOMY PiBHi CYTIepOKCHUIHOIO aHiOHY.

Buxoasum 3 BUILEBUKIAAECHOTO, MPOBEAESHI HAMU [0-
CJIIJIKEHHS TIyJIiB cTaOiIbHUX METa0OJIITIB OKCUIY a30Ty
BUSIBUWIN Y JiTeli-MeLIKAHLiB pagioaKTUBHO 3a0pyaHe-
HUX TEePUTOPIiil 3HMXKEHHS piBHS HITPUTY HA TJIi He
BiIMiHHUX CYTTEBO BiJl KOHTPOJIbHUX PiBHIB HiTpaTy Ta
CyMapHOro nokasHuka Meta6oitiB NO, 110 y3romxy-
€TBCS 3 EKCIEepPUMEHTATLbHUMHU poboTtamu [14, 15]. 3a
JYMKOIO aBTOPIB LIMX POOIT MOAIOHI 3MiHM € XapaKTepHU-
MM JUISL HACJTIKIB SIK TOCTPOT'O TaK i XpOHIYHOTO BILJIUBY
MaJIvX 103 i0Hi3yI04Oro BUIIPOMiHIOBAHHSI HAa OpPraHi3M.

Bugsnene nmpu gociimkeHHi cTtaHy mmokasHukis [TOJI
Ta aHTMOKCUIAHTHOI'O 3aXUCTY ITiABUILIEHHS aKTUBHOCTI
KaTaja3u MOXe BKasyBaTM Ha KOMIIEHCATOpPHE Hampy-
KEHHSI (PYHKIIOHYBaHHS LIbOTO BHYTPIlLIHBOKJIITUHHO-
o YMHHUKA aHTUOKCUAAHTHOTO 3axucTy [9, 10].

BigcyrHicte migBuieHHst TBK-akTUBHUX TIpOAyKTiB
ITOJI Mmoxxe B 1IbOMY BUITaJIKy PO3TJISIAATUCS K CBiTUEH-
Hsl €(DEKTUBHOCTI aHTMOKCUJIAaHTHOTO 3axucty [9, 10].

3a3HavyeHi 3MiHM cTa0ITbHUX META0OIIITIiB OKCHIY a30-
Ty, Toka3HuKiB [TOJI i aHTMOKCUIAHTHOTO 3aXUCTYy MO-
KYTb CBiTUMTU MPO HASIBHICTb MEPEAYMOB JJISI PO3BUTKY
y JiTei-MellKaHLiB palioaKTUBHO 3a0pyaIHEHUX TEPU-
TOpIiil CUCTEMHOTO OKUCHOTO cTpecy [9, 10].

sion, as in the case of iNOS. Unlike iNOS the
eNOS activity depends not only on a level of its
expression, but is due to Ca?" activation or phos-
phorylation of protein kinase enzyme [14, 15].

As shown by experimental studies [14, 15] the
reduced constitutive NO synthesis by isoen-
zyme eNOS is a biochemical pathway of the low
dose radiation injury. It is suggested by the fact
of a low level of nitrite anion in the organs of
cardiovascular system both after a single low
dose radiation exposure and during a long-term
stay in elevated background radiation environ-
ment.

The authors [15] came to the conclusion that
low doses of radiation received in a long time cause
the significant abnormalities in the pools of stable
NO metabolites, which can cause disorders of sev-
eral NO-dependent physiological pathways.
Significant reduction of nitrite under these condi-
tions can lead to oxidative stress. High levels of
simultaneous 02, and NO generation being
bound may lead to the formation of toxic ONOO".
This is proved by low levels of nitrite produced
spontaneously in the presence of molecular oxy-
gen at a background either elevated or control lev-
els of nitrate, which is mainly formed under degra-
dation of peroxynitrite, i.e. at high superoxide
anion level.

According to results of our research of the stable
metabolites pools of nitric oxide a reduced content
of nitrite and no significant differences of nitrate
and total indices of NO metabolites were identified
in children-residents of contaminated areas,
which is consistent with experimental work results
[14, 15]. In opinion of authors of these papers such
abnormalities are specific to the effects of both
acute and chronic human exposure to low doses of
ionising radiation.

Increased catalase activity revealed in the
study of LPO and antioxidant defence system
can point to a possible compensatory function-
al strain of this intracellular antioxidant factor
[9, 10].

No increase of TBA-active product of LPO can
in this case be considered as an evidence of the
effective antioxidant protection [9, 10].

These abnormalities of the stable metabolites of
nitric oxide, indices of LPO antioxidant system
can be indicative of preconditions for the systemic
oxidative stress development of children residing
on contaminated territories [9, 10].
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BUCHOBKU

1. HocnimkeHHs Bwmicty MetabonitiB NO B cupoBatii
KpOBi I0Ka3ajio, 10 Yy AiTeli-MeLIKaHLIiB pagioaKTUBHO
3a0pyIHEHUX TEPUTOPIil Y MOPiBHSIHHI 3 KOHTPOJIEM CITOC-
Tepirajiocs 10CTOBipHE 3HWKEHHST PiBHSI HITPUTIB, TOMI SIK
BipOTriIHUX BiIMiHHOCTEI BMICTYy HiTpaTiB Ta CyMapHOIO
MoKa3HWKa BMicTy MeTabosiTiB NO He criocTepiraiocs.

2. AKTHBAIlisI OCHOBHOTO BHYTPIIIHHOKJIITUHHOTO aHTH -
OKCUJAHTY — KaTajia3u 3a BiJICYTHOCTi TOCTOBipHUX 3MiH
TbK-aktuBHux npoaykrtiB ITOJI cBiguuTh mpo mgoc-
TaTHICTh KOMIIEHCAaTOPHUX MOXJIMBOCTEI aHTUOKCHIA-
HTHOI CUCTEMU Y JiTeil — MEIIKaHIIiB palioaKTUBHO 320-
pyaHeHuX TepuTopiii 3 BMicToM '*7Cs Bix 269 10 6253 bk
Y TiJIi.
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CONCLUSIONS

1. Study of the nitric oxide metabolites in serum
of children residing on contaminated territories
showed a significant reduction of nitrite concen-
tration along with no significant differences of
nitrate and of total index of NO metabolites
content.

2. Activation of the main intracellular antioxidant
catalase along with no significant changes in the
content of MDA as final product of lipid peroxida-
tion indicates to a sufficient compensatory capac-
ity of antioxidant system in children-residents of
contaminated territories with incorporated '’Cs
level 269 to 6253 Bq.
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