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BIIJINB VNTR (4a/b) IIOJIIMOP®I3MY I'EHA eNOS HA PO3BUTOK
EHJIOTEJIIAJIbBHOI IMC®YHKIIII TA IIOPYIIEHb CUCTEMHU
JIUXAHHSA Y JITEA — MEIIKAHIIIB PAIIOAKTBHO
3ABPYIHEHUX TEPUTOPIN

MeTta po6oTu — gocnigntu ponb nonimopdismy reHis eNOSy po3BUTKY €HAOTENTaNbHOT AUCPYHKLIT Ta yHKLiOHANb-
HUX PO3NafiB CUCTEMU [UXAHHA Yy [iTell — MelKaHUiB PafioakTMBHO 3a0pynHEHNX TepUTOPIil.
Marepianu i metoam pocnipkeHHA. [Ins BU3HAYEHHA MOXAMBMX AaCOLiaTUBHUX 3B'A3KiB nonimopdismy y 4-my
iHTpOHi reHa eNOS 3 nokasHWKaMM, WO XapaKTepU3yoTb GYHKLIOHANbHUIA CTaH eHAO0TEN 0 Ta GPOHXONEreHeBoi cuc-
TEMU, NPoBefeHO 00CTeXeHHA 184 piTei. 3 HUX OCHOBHY rpyny cknanu 135 aiteil — MewWKaHUiB paaioakTUBHO 3a0pya-
HEHUX TEPUTOPIii, KOHTPOAbHY — 49 AiTeil, AKi NpoXuMBanu B “4ynctux” WOAO pafioaKTUBHOMO 3a6pyaHEHHs perioHax i
He Hanexanu Jo NOCTPAXAANUX BHACNifLOK YopHOOMNbCbKOT aBapii KOHTUHTEHTIB. [IPOBOAWAN MONEKYNAPHO-TeHe-
TUYHE JOCNIIKEHHA 3 BU3HAYeHHAM nonimopdi3my B 4-Mmy iHTPOHi reHa eNOS. [locnigKeHHA BEHTUNALINHOT cnpo-
MOXXHOCTI JlereHiB OLiHIOBaNK 3a JONOMOro MeTogy nHeBmoTaxorpadii. [ns peectpauii eHgoTeninzanexHoi peakuii
CYAMHHOIO pycnia Ha 3MiHM YMOB KPOBOMOCTAYaHHS BUKOPUCTOBYBaNM TepmorpadiyHmii cnoci6. BusHayeHHs piBHiB
aszotuctux cnonyk NOZ ta NO3- npoBogmnu 3a CTaHAAPTHOI METOAMKOK 3 BUKOPUCTAHHAM peakTusy [picca. PiBeHb
iHKopnopoBaHoro 13’Cs B opraHi3mi BU3Hayanu 3a AONOMOrO Ni4UNbHUKA BUNPOMiHIOBAHHA ntoauHK CkpuHHep-3M
BUPOOHMLTBA IHCTUTYTY eKonorii noauHu.
Pe3ynbratu. [litTv ocHOBHOT rpynu 3a yactoToto nonimopdHux 4a/b reHotunie Ta anenis 4ai 4b reHa eNOS He Bifpi3HsA-
NNCA Bif KOHTPONIO Ta faHWX NiTepaTtypu. Y fiTeil 0CHOBHOT rpynu 3 reHoTunom 4a/4by nopiBHAHHI 3 AiTbMK, AKi Ma-
nn reHotun 4b/4b, Bigmivanocs 36inblWeHHs TPMBANOCTi BifHOBNEHHA KpoBOOOiry [0 BUXifHOro piBHA micns OK-
Nt03iiHOT Npo6K; CnocTepiranocs 3HUKEHHs BMiCTy HITPUTY B CMPOBATLi KPOBi; 3MEHIEHHs iHTerpanbHUX NOKa3HUKIB
€M1aCTUYHOCTI 1 PO3TAXKHOCTI NIereHeBoi TKaHUHU, NPOXiIAHOCTI AMXanbHUX WAsAXiB; y 1,5 pa3a yacTile peecTpyBanucs
03Haku 6poHxocnasmy. Lii Hecnpuatugi ecdekTy Gynm acouiiioBaHi 3 HafABHICTIO y reHOTUNI anenio 43, 03HaK eHpo-
TenianbHOi AMCYHKLIT Ta piBHeM iHKopnopoBaHoro 37Cs.
BucHoBKu. binblw BUpa3sHi 3MiHW eHJoTENi3aNnexHOT peakuii CyAnH Ha OKN03110 Ta BIpOTigHE 3HUXEHHSA PiBHA HITpU-
Ty B CMPOBATLi KPOBi y HOCITB anento 43, 0co6n1BO y AiTel, AKi NPOXKMUBAIOTb Y HECIPUATAUBUX EKONOTTYHUX YMOBAX,
Hafa€ NiACcTaBM BiAHECTYN X [O FPYNu pU3nKY 3 PO3BUTKY eHA0TeNianbHoT AncdyHKLUIT, @ nopyweHHa dyHKLiT nereHis
pO3rAfaTU K OAMH 3 i MPOsBIB.
KntouoBi cnoBa: fitn, YopHoOunbcbka KatacTpoda, paaioakTUBHO 3abpyaHeHi Teputopii, nonimopdism reHa eNOS,
eHfioTenianbHa AUCPYHKLIA, OKCUL a30Ty, CUCTEMA ANXAHHS.
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Influence of e NOS gene 4a/b VNTR polymorphism on development of
endothelial dysfunction and respiratory system disorders in children —

residents of radioactively contaminated areas
Objective is to study the role of eNOS gene polymorphism in the development of endothelial dysfunction and func-
tional disorders of the respiratory system in children - residents of radioactively contaminated areas.
Materials and methods. Total of 184 children were examined to determine the possible associative links between
eNOS gene intron 4m polymorphism and indices characterizing the functional state of the endothelium and the
bronchopulmonary system. Of them the main group of children consisted of 135 children-residents of radioactively
contaminated areas, the control group — of 49 healthy children who lived in “clean” regions by the radioactive con-
tamination and were not belonging to victims of the Chernobyl accident contingents. The molecular genetic study
determining the eNOS gene intron 4 polymorphism was performed. An examination of lung ventilation capacity was
evaluated using the pneumotachography method. The thermographic method was used for registering the endothe-
lium dependent reaction of the vascular bed to changes in blood supply conditions. The levels of nitrogen com-
pounds (NOZ and NO3-) were determined by the standard method using Hriss reagent. The level of body incorporat-
ed 37Cs was determined using human radiation counter Skrynner 3M (Institute of Human Ecology).
Results. Children of the main group did not differ from that of control and literature data by the frequency of geno-
types 4a/b and eNOS gene allele polymorphism. An increase in the duration of circulation restoration up to the ini-
tial level after occlusion test was noted in children of the main group with genotype 4a/4b comparing to children
with genotype 4b/4b; a decrease in the nitrite content was observed in blood serum. The integral indices of elastic-
ity and tensility of the lung tissue, respiratory permeability were decreased; the signs of bronchospasm were record-
ed 1.5 times more often. These adverse effects were associated with the presence of genotype allele 43, the signs of
endothelial dysfunction and the level of the incorporated 137Cs.
Conclusions. More pronounced changes in vascular endothelial reaction to occlusion and the significant decrease
of serum nitrite level in allele 4a carriers, especially in children who live in adverse ecological conditions, give the
right to include them into the risk group for the development of endothelial dysfunction, and to conside pulmonary
dysfunction as one of its manifestations.
Key words: children, the Chernobyl disaster, radioactively contaminated areas, eNOS gene polymorphism, endothe-
lial dysfunction, nitric oxide, the respiratory system.
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BCTYII INTRODUCTION

PoGotamMmn Oaratbox aBTOpPiB AOBemeHO, 110 omHUM 3  Significant health deterioration of the exposed child
HaMOIBII HecnpuITIMBUX HachigkiB YopHoOuabchbkoi  population is one of the unfavourable consequences
KatacTpodu € 3HaYHe TOTipIIeHHs 310poB’s mocTpaxkaa-  of the Chernobyl disaster that is demonstarted by the
JIOTO TUTSI0ro HacesleHHs | 1, 2]. CriocTepiraetbess ckopo- — work of many authors [1, 2]. There is a decrease in
YeHHS YMCEJIbHOCTI MPaKTUIHO 3A0POBUX JiTeli Ta miaBu-  the number of practically healthy children and an
ILIEHHS TTOKa3HUKIiB 3aXBOPIOBAHOCTI Malixke 3a BciMa Kila-  increase in morbidity indices by all the classes of dis-
caMmu XBOpoO, cepell SIKMX MPOBiIHE Miclie MmocifaroTh 3ax-  eases, among which the leading place is occupied by
BOpIOBaHHS opraHiB auxaHHs [3, 4]. IIpote, He3Baxatoun  respiratory ones [3, 4]. However, despite the intent
Ha TIMJIBHY yBary mo IipobsiemMu, TarodisioyoriyHi Me-  attention to this problem, the pathophysiological
XaHi3MM (YHKIIOHAJILHUX PO3JIadiB 3 HACTYMHOIO TpaHc-  mechanisms of functional disorders with subsequent
¢opmaliiero X y XxpoHiuHi HecrieLiniuHi XxBopoodu opraHiB  their transformation into chronic nonspecific respi-
IUXaHHS Yy OiTell — MeEIIKaHIIB 3a0pyIHeHUX TepuTopili  ratory diseases in children — residents of contami-
3aJIMIIAIOTECS OCTATOYHO He3’SICOBAaHUMU [5]. nated areas are remained completely unclear [5].
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JocnimKeHHsT oCTaHHIX AeCITUPiIU IOKa3aliu, IO Y
¢dopMyBaHHI MyJbTU(AKTOPiallbHOI MATOJOTii, B TOMY
yucjai OpOHXOJIEreHEBOI CUCTeMH, BaXJIUBY pOJib
Bifirpae cragkoBa CXUJIbHICTh OO TUX YU iHIIMX 3aXBO-
pIoBaHb, peanizallii IKMX CIPUSIOTh HECTIPUSITIAUBI YMH-
HUKJ HaBKOJMIIHBOro cepepouima [6]. IIpu mbomy
0COOJIMBY yBary IPpUIISIOTH HOJIMOP(i3My MEeBHUX
TeHiB, 110 KOHTPOJIOIOTH METa0O0Ji3M OKCHIY a30Ty,
SIKAI Oepe y4acTb B peryJsisiii 0araTbox (¢hi3ioJoriyHux
Ta natodiziojoriyHuX npouecis [7].

VY perynsuii npoaykiii oKCUay a3oTy eHaoTelialbHU-
MU KJTITUHAMU BaXKJIMBa POJIb HAJIEXKUTh €HIOTeTiaIbHi i
NO-cunTasi (eNOS). IlpurHiyeHHs ii aKTUBHOCTI TTPU3-
BOAUTH A0 MOPYILIEHHS CHUHTE3y OKCHAy a30Ty 3 L-
aprininy [8]. Ha temepimniii yac omnmcani moximMopdHi
BapianTu reHa eNOS y pi3HUX OiIgHKaxX TeHa, B TOMY
yucii, y 4-my iHTpoHi eNOS — 4a/b VNTR-nodi-
Mop@dizM. BruiuB aneinto 4a noB’s1I3y10Th 3 MOPYLISHHSIM
ekcrpecii reHa eNOS, 1110 00yMOBITIOE 3MEHIIICHHST BU-
po6itky NO. HasBHicTb anento 4a B TeHOTUITI PO3TJIsiaa-
I0Th IK YUHHUK PU3UKY 3 PO3BUTKY OPOHXOJIEreHeBOI Ta
cepleBO-CyarMHHOI nartoJjorii [9]. IcHyloTb JiTepaTypHi
JlaHi Mpo OiJbII BUCOKY PadiouyTJIMBICTh HOCIIB ajesio
4a rena eNOS [10].

IIpore y miTeil, sKi MeWIKAalOTh 32 YMOB TPUBAJIOrO
HagxomkeHHs '7Cs g0 opraHidMy, Taki JOCHiIKEHHS
He MPOBOAMINCS. Y 3B’SI3KY 3 IIUM, JTOCIIIXKEHHS Me-
Taboi3My OKcuay a3ory i 4a/b monimopdizmy reHa
eNOS € BaxXJIMBUM JJIs1 BU3HAYEHHS MEXaHi3MiB HecIl-
puITAUBUX edeKTiB YopHOOUIBCHKOI KaTacTpohu y
JiTeit — MellIKaHLiB paJioaKTUBHO 3a0pyIHEHUX TEPU-
TOpifi Ta 3’dCyBaHHS B3a€EMOJii YMHHUKIB HaBKO-
JIMIIIHBOTO CePeAOBUIIA i FEHETUYHOI KOMIIOHEHTH Y iX
peaizaiii.

META

Busznauutu BmiauB 4a/b VNTR-nonimopgizmy reHa
eNOS Ha MeTaboji3M OKCuAy a30Ty, PO3BUTOK €HIO-
TelliabHOI TUCPYHKIIIT Ta PYHKIIIOHATBHUX TTOPYIIEHb
y CUCTeMi IMXaHHS y JiTel, sIKi MEIIKalTh 3a YMOB TpH-
BajIoro HaaxoxkeHHs 3Cs 10 opraHi3my.

MATEPIAJIN I METOJIN

Ju1s1 BCTAaHOBJIEHHSI MOXJIMBUX acOLliaTUBHUX 3B’SI3KiB
noyiimopdizmy y 4-My iHTpoHi reHa e/ NOS 3 TToKa3HUKa-
MM, IO XapaKTepU3yITh (DYHKIIOHAIBHUI CTaH €HIIO-
TeJIil0 Ta OPOHXOJIETeHEeBOI CUCTEMU, ITPOBEACHO 00CTe-
KeHHs 184 nmitefi. 3 HMX IO OCHOBHOI TPyNU YBIMIILIN
135 miTeit — Me1lIKaHIIiB pagioaKTUBHO 3a0PYIHEHUX Te-
puTOpili, 10 KOHTPOJILHOI — 49 miTeit, sIKi MpOoXUBaJIu B
“yrcTnX” MOI0 PagioaKTUBHOTO 3a0pYIHEHHS peTioHax
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Genetic predisposition to certain diseases, the
implementation of which contribute to adverse
environmental factors plays an important role in
the formation of multifactorial pathology, includ-
ing bronchopulmonary system that was demon-
strated by the studies of recent decades [6]. The
particular attention is paid to polymorphism of
certain genes controlling nitric oxide metabolism,
that is involved in the regulation of many physio-
logical and pathophysiological processes [7].

Endothelial NO synthase (e NOS) is of a key role in
regulation of nitric oxide production by endothelial
cells. Inhibition of its activity leads to the distruction
of the nitric oxide synthesis from L-arginine [8].
Nowadays the eNOS gene polymorphism variants,
including in e NOS intron 4 — 4a/b VN'TR polymor-
phism are described in different fields. Effect of
allele 4a is associated with eNOS gene expression
disorder, that is depended on a decrease in the NO
production. The presence of genotype allele 4a is
considered as a risk factor for the development of
bronchopulmonary and cardiovascular pathology
[9]. There are published literature data on higher
radiosensitivity of e NOS gene 4a allele carriers [10].

However, such studies have been not conducted
in children living under the prolonged incorpora-
tion of ¥Cs. In this regard, the study of nitric
oxide metabolism and eNOS 4a/b gene polymor-
phism is important to determine the mechanisms
of adverse effects of the Chernobyl disaster in chil-
dren — residents of radioactively contaminated
areas and to elucidate the interaction of environ-
mental factors and genetic component in their
realization.

OBJECTIVE

To determine the influence of eNOS gene 4a/b
VNTR polymorphism on the nitric oxide metabo-
lism, development of endothelial dysfunction and
functional disorders in the respiratory system in chil-
dren living under the prolonged ¥’Cs incorporation.

MATERIALS AND METHODS

A total of 184 children were examined to establis
possible associative links between e NOS gene intron
4 polymorphism and the indices characterizing
functional state of endothelium and bronchopul-
monary system. Of them, 135 children — residents
from the radioactively contaminated territories
were included into the main group, and 49 children
who lived in “clean” i.e. uncontaminated regions
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i He HaJlexaaud A0 IMOCTpaxAaaaux BHacigoK YopHo-
OMJILCHKOI aBapil KOHTUHIEHTIB.

g Bu3HaYeHHd T10J1iMOopdi3My B 4-My iHTpOHI reHa
eNOS Buninanu renomuy JIHK i3 3aMopoxeHO1 KpoBi,
sgKa Mictuiia aHtukoaryiassHT — EJITA, 3 BUKopucTaH-
HIM KoMepuiitHoro Hab6opy “DiatonDNAPrepl100”
(JITIb “Heoren”, Ykpaina). IlomimepasHa JaHIIOroBa
peakuig (ITJIP) mpoBoaunacs 3a nmpotroxkoJiom [11] 3 Bu-
KOPUCTaHHSAM JIio(GiTi30BaHMX KOMEpPIIiHHUX HaOOpiB
peareHriB ¢ipmu “Izoren” (P®). Cneuudiuni njs
noJjiMopHUX BapiaHTIB OJIITOHYKJIEOTUIHI MHpailMepu
cuHTe30BaHoO (pipmoio “Metabion” (HimeyunHa):

(F) 5-AGGCCCTATGGTAGTGCCTTT-3’;
(R) -TCTCTTAGTGCTGTGGTCAT-3".

[eHOTHMITYBaHHSI TIPOBOAMJIM METOIOM aJiesIb-CIie-
nugiyHOoTO 5’-HyKJIea3HOTO aHadidy Ha TIpuiafdi
AppliedBiosystems 2700 (BenukoOpuTaHis).

JleTek11ito MPOAYKTIB ajieib-crielupiyHo1 aMILTiika-
Lii TPOBOIMIN METOAOM TOPU30HTAILHOTO eJIeKTPOPO-
pe3y B 2 % arapo3Homy reii “Fermentas” (JIutsa).

Bizyanizamito pe3ynbpTaTiB 3OiACHIOBAIM B YJBT-
padioseToBOMYy CBiT/Ji 3a AOMNOMOIOK aBTOMaTUYHOI
cucTeMU Bigeo3uuTyBaHHs Vi-Tran B TpaHCiIIOMiHAaTOpi
“biokoMm” (P®). [JOBXMHU OTpPUMaAHMUX IIPU aMILIi-
(pikartii (pparMeHTiB aHaTi3yBaIX IUISIXOM ITOPiBHSHHS 3
mapkepHoro JHK “Fermentas” (JIuta). Ilpu
KoMOiHalil anesiB opMyBalnch TpU TeHOTUNU: 4ada
(393 n.H.); 4a4b (393 n.H, 420 n.H.); 4b4b (420 n.H.).

s peecTpallii eHmoTeii3anexkHol peakilii CyIuHHO-
ro pycjia Ha 3MiHM YMOB KPOBOITIOCTa4aHHSI BUKOPUCTO-
BYBaJIM TepMorpadigyamii crrocio. s 1poro 3acTocoBy-
Banu IngukaTtop eHmoTemiaabHOi peakTuBHOCTI [EP-3
BiTuM3HsIHOro BUpooHuLTBa (AIT “HOPT”).

BignosigHo 1o pe3yiabTatiB  TepMorpad)iyHoro
JOCHiAXKEHHS IJIs1 KOKHOTO IalieHTa Ha MiJIiIMETPOBOMY
narnepi KpecJIWin KpUBY TTOCTOKJIIO3iMHOI rinepeMii, 3a
SIKOIO BUHAYWJIM Psil TOKA3HMKIB [12].

HocaigXeHHs1 BEeHTWISILIMHOT CIPOMOXHOCTI JIEreHiB
MIPOBOIMJIN METOIOM ITHeBMoTaxorpadii 3a maHUMM
aHaJli3y neTji “moTik-o0’eM” Ha IMHeBMoTaxorpadi aB-
ToMaTu3oBaHoMy [ITA-1 BiTYM3HSAHOTO BUPOOHMIITBA
(IAIT “ITONUCK”). BuzHavanu ¢opcoBaHy XUTTEBY
eMmHicTb JereHiB (P2KEJ); nikoBy 06’€MHY LIBUIKICTh
Buauxy (ITOUIBum); MakcuMaabHi 00’€MHI IIBUIKOCTI
BUIIMXY BiIITOBiTZHO M0 piBHIB 25, 50 i 75 % ®XKEJI —
MOIlI,s, MOIllsy; MOIIl7s; 06’em ¢hOpcOBaHOTO BUAM-
xy 3a mepmy cekyHay (O®B1). Anami3z moka3HUKIB
MPOBOIMJIN Y BiACOTKAaX Bim HajexkHUX. HanexxHi Bean-
YUHU TOKA3HUKIiB, a TaKOX iX CITiBBiIHOILIEHHS 3
BUMIpSIHIMHU, PO3PaXOBYBAJIMCS aBTOMATUYHO 3aJIEXKHO
Bif cTaTi, BiKy Ta 3pOCTY OOCTEXKyBaHOTO MiKPOIPOLIECO-

and not belonged to contingents of the Chernobyl
accident survivors — into the control group.

Genomic DNA was isolated from the frozen
blood containing an anticoagulant — EDTA, using
commercial kit of “DiatonDNAPrep100” (firm
“Neogen”), Ukraine to determine the eNOS gene
intron 4 polymorphism. Polymerase chain reac-
tion (PCR) was carried out by the protocol [11]
using lyophilized commercial kits of reagents (firm
“Izohen”, Russia). Oligonucleotide primers spe-
cific for polymorphic variants were synthesized by
the firm “Metabion”, Germany:

(F) 5-AGGCCCTATGGTAGTGCCTTT-3’;
(R) 5’-TCTCTTAGTGCTGTGGTCAT-3".

Genotyping was performed by the method of
allele-specific 5’-nuclease analysis with apparatus
AppliedBiosystems 2700, UK.

Detection of allele-specific amplification pro-
ducts was performed by horizontal electrophoresis
in 2 % agarose gel (firm “Fermentas”, Lithuania).

The visualization of results was performed in ultra-
violet light using automatic video reading system Vi-
Tran in transilluminator “Biocom”, Russia. The
lengths of the fragments obtained in amplification
were analyzed by comparison with marker DNA
(firm “Fermentas”, Lithuania) Three genotypes
were formed in alelle combination of: 4a4a (393
p-n.); 4a4b (393 p.n., 420 p.n.); 4b4b (420 p.n.).

The thermographic method was used for register-
ing the endothelium dependent reaction of the vas-
cular bed to changes in blood supply conditions. An
indicator of endothelial reactivity IEP-3 of domes-
tic production (firm “Nort™) was used for this.

A curve of postocclusion hyperemia by which
some indices were identified was drawn on paper
for each patient according to the results of thermo-
graphic study [12].

Examination of lung ventilation capacity was per-
formed by pneumotachography method according
to the analysis of “flow-volume” loop by automated
pneumotachograph PTA-1 of domestic production
(firm “Poisk”). Forced vital capacity (FVC) of the
lung; peak expiratory flow (PEF); maximal expira-
tory flow volume (MEFV) according to 25, 50 and
75 % FVC — MEF,s, MEFsy; MEFs; forced expira-
tory volume in the first second (FEV1) were deter-
mined. An analysis of the indices was carried out by
the percentage from that sypported. Suported values
of the indices and their correlation with measures,
were calculated automatically depending on sex,
age, and subject height by the microprocessor device
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pom nipunany I1TA-1 3rinHo 3 piBHsSIHHsAMU perpecii [13].
Mexi (izioa0riYyHMX KOJMBaHb, TOMiIpHUX Ta BUPA3HUX
NaToJOriYHUX 3MiH BU3HAYaJM BiAMOBIAHO OO KpU-
tepiiB [13].

st BUSIBIIEHHST OpOHXiaJIbHOI TileppeakTUBHOCTI
(NMMpUXOBAHOTO i HEMPUXOBAHOIO OPOHXOCHAa3My) BUKO-
pUCTOBYBaIM (hapMaKOJIOTIUYHY iHTAJIAIINHY Mpooy i3
canpoytamony cyibdaTtoM. ITokazHUKM BEeHTUJISLIAHOI
CIIPOMOXKHOCTI JIETEHIB PEECTPYBaJIM 10 i uepe3 4—5 XB
micJisl ABOX IHTAJISILIMHUX A03 J030BAHOIO aepo30JI0
canpOyTamony cynbdaty (ogHa go3a MicTUTh 100 MKT).
Kputepiem mMo3uTUBHOCTI MpoOM BBaxKaJlu MPUPICT MO-
Ka3HUKiB OpoHXianabHOI poxigHocTi (MOII,s; MO so;
MOIIl5) Ha 12 i 6inblue BiICOTKIB y NOPiBHSIHHI 3 BU-
XimHUMM BenmmuuHamu [13].

HocmimxeHHs piBHIB aszotuctux crojyk (NO?2- ta
NO3-) mpoBOAMIY 32 CTAHIAPTHOIO METOAMKOIO 3 BUKO-
puUcTaHHSIM peakTuBy Ipicca. BimHOBJIEHHST HiTpaTy 10
HITPUTY OPOBOAWIIN METaJliYHUM LIMHKOM B PO34YMHi OlI-
tToBOi KucJioTh. loHn NO?- BUSBIISUIM THAa30pEaKili€io 3
peaktuBoM Ipicca 3 momanblIMM KOJOPUMETPUYHUM
BU3HAUYEHHSM a30CMOJIYKN POXKEBOTO KOJIbODPY.

Po3paxyHOK KiJIbKOCTi HiTpaT-iOHiB MpPOBOAWIN 3a
Pi3HUIIEIO CYMApHOI KiJIbKOCTi HiTpaT- i HITpUT-iOHIB Ta
KiJIBKOCTI HiTpUT-ioHiB. KilbKiCTh HITpUTY Ta HIiTpaTy
pO3paxoByBaIM B MKMOJIb/JI 3a KalliOpyBaJIbHUM Tpa-
(iKOM 3TiZHO 3 METOAMKOIO BU3HAYeHHS [ 14].

Bwmicrt 1¥7Cs B opraHi3mi giTeli BU3Ha4aau 3a JTOTTOMO-
rolo JiYMJbHUKA BUMPOMiHIOBAaHHS JIoAMHU CKpUH-
Hep-3M. PiBeHb iHKOPHOPOBAHOIO 11€3i10 KOJMBAaBCS
Bim 269 mo 7253 Bbk.

Jist cTaTUCTUYHOI 00pOOKM OTPUMAHUX JAHUX BUKO-
PUCTOBYBaJIM TIporpaMHe 3abesrnedyeHHs Microsoft®
Excel 2013, StatSoft, Inc. (2011). STATISTICA (data
analysis software system), version 10 www.statsoft.com Ta
SAS® 9.3 Foundation for Microsoft® Windows® (2013).

PE3VYJIBTATU TA OBT'OBOPEHHS

3a pesynbraraMu JOCIIIKEHb BCTAHOBJIEHO, IO B OC-
HOBHil rpyni reHotun 4a/b susisnsiscst y 34 (33,7 %)
niteii, reHotur 4b/4b —y 67 (66,3 %) niteii, a B KOHT-
POJIbHIM rpymi BiH 3ycTpiyaBcs, BianoBigHo, —y 12 (24,5
%) tay 34 (69,4 %) niteir. Y 3 (6,1 %) niteit KOHTPOJIb-
HOI I'PYIIU peeCcTpyBaBcs reHoTun 4a/4a (tadma. 1).

K BuaHO 3 Tabaui 1, 1iTM OCHOBHOI Ta KOHTPOJILHOT
Tpyn 3a 4acToTOl0 TeHOTUTiB 4a/4b ta 4b/4b wHe Bin-
pisHstucs, p > 0,05. o crocyeTbes reHoTuny 4a/4a,
TO JUISI BUBHAYEHHS AOT0 YacCTOTU HEOOXiTHUM € Oilib-
IIMii 00’eM BUOIPKM, OCKIJIbLKM 1Ieil TEHOTUN y €BPO-
neiicbkol momyJsuii 3ycTpivyaeTbcs 3piaka [15]. He
BiAMiY€HO CTaTUCTUYHO 3HAUYYLIOI Pi3HULII B 4aCTOTi Ta

PTA-1 according to regression equations [13]. The
limits of physiological fluctuations, the moderate
and distinct pathological changes were determined
in accordance with the criteria [13].

Pharmacological inhalation test with salbutamol
sulphate was used to identify bronchial hyperre-
sponsiveness (latent and unlatent bronchospasm).
The indices of lung ventilation capacity were
recorded before and in 4—5 minutes after two doses
of inhaled salbutamol sulphate aerosol (one dose
contains 100 micrograms). An increase in indices of
bronchial permeability (MEF,s; MEFs; MEF75) by
12 percent and more compared with baseline values
was considered a criterion for sample positivity [13].

Studies of the levels of nitrogen compounds
(NO?Z and NO?*) were conducted in accordance
with the standard method using Hriss reagent.
Restoration of nitrate to nitrite was carried out by
metallic zinc in a solution of acetic acid. NO? ions
were revealed by dinitrogen reaction with Hriss
reagent followed by colorimetric determination of
pink colour nitrogen compound.

The calculation of nitrate ion number was car-
ried out by a difference of total number of nitrate
and nitrite ions and the number of nitrite ions. The
quantity of nitrite and nitrate was calculated in
mmol/l by calibration graph according to the
method of definition [14].

Content of '¥Cs in children body was determined
using human radiation counter-Skrynner 3M. Level
of incorporated '¥’Cs ranged from 269 to 7253 Bq.

Misrosoft® Excel 2013, StatSoft, Inc. (2011),
STATISTICA (data analysis of software system),
version 10 www.statsoft.com and SAS® 9.3
Foundation for Microsoft® Windows® (2013) were
used for statistical data processing .

RESULTS AND DISCUSSION

Genotype 4a/4b was detected in 34 (33.7 %) chil-
dren of main group, genotype 4b/4b — in 67 (66.3
%) children and — in 12 (24.5 %), and in 34 (69.4
%) children of the control group respectively.
Genotype 4a/4a was registered in 3 (6.1 %) chil-
dren of the control group (Table 1).

As shown in Table 1, children of the main and
control groups were not differed by the frequency
of genotypes 4a/4b and 4b/4b, p > 0.05. For deter-
mine genotype 4a/4a frequency the larger subject
selection is required because this genotype is sel-
dom occured in European populations [15].
Statistically significant differences in allele fre-
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Ta6auusa 1

Po3nopin piteit 0ocHOBHOT Ta KOHTPONILHOT rpyn 3a yactotolo 4a/b renoTunie Ta anenis 4a i 4b rena eNOS, a6c. (%)

Table 1

Distribution of children in the main and control groups by the frequency of genotypes 4a/b and eNOS gene 4a

and 4b alleles, abs. (%)

Moka3Huk / index Fpyna / group p
OCHOBHa / main, n = 101 KOHTponbHa / control, n = 49
Fenotun / genotype 4a/4a - 3(6,1)
Fenotun / genotype 4a/4b 34 (33,7) 12 (24,5) > 0,05
Fenotun / genotype 4b/4b 67 (66,3) 34 (69,4) > 0,05
Anenb / allele 4a 34 (16,8) 18 (18,4) > 0,05
Anens / allele 4b 168 (83,2) 80 (81,6) > 0,05

CITiBBiIHOIIIEHHI ajeiB 4a i 4b B OCHOBHIil i KOHT-
pOJIBHIN Tpymax, ske ckiagaiao BimmosimHo 0,202 Ta
0,225 (p > 0,05).

Mu nepeBipuau BiAMOBIAHICTh CHiBBIAHOIIEHHS Yac-
TOT aJIeJIiB i TeHOTUIIIB ITOJIiMOp(HUX BapiaHTiB 4a/b re-
Ha eNOS 3akony Xapni-BaiitHOepra. PizHulist Mixk o4iky-
BaHUMMH i CIIOCTEPEKYBAaHUMU YaCTOTAMU T€HOTUITIB B -
SIBUJIACS CTaTUCTUYHO HE3HAUYIIOO.

st BU3HAUEHHST OCOOJIMBOCTEN €HIOTeNli3anexKHOL
peaxlii CyaIuH y AiTell — MEeIIKaHIIiB palioaKTUBHO 3a0-
PYOIHEHUX TEPUTOPi Ta MiTel KOHTPOJBHOI TPYNU 3
noaiMopHUMU TeHoTuramMu 4a/b reHa eNOS nocnin-
JKeHa TPUBAJICTh Tepiomy BimHOBIEHHS TepMorpadid-
HoOro nokasHuka kpoBoo©6iry (TTIB) 7o BUXigHOTO piBHS
Micast OKIIO3iiHOT mpodu (Tabi. 2). 3a TaHUMU AESTKUX
aBTopiB [12, 16, 17], came 1eil TOKa3HUK BBAXKAETHCS
HaMOIMBII iHPOPMATUBHUM IS OLIHKUA CEKPEeTOPHOIL
aKTUBHOCTI €HAOTEeNiaJbHUX KIITUH BiZHOCHO IpPO-
IYKIil Ba30IWISITATOPHUX PEYOBYH.

PesynbraTu, npeacrtaBieHi B TabaulLi 2, BKa3ylOTh Ha
Te, IO y MiTeli OCHOBHOI TPYIIM MpPU TE€HOTUIl 4a/4b
BigMivasiocs 30ibIIeHHST TPUBAJIOCTI BiTHOBIEHHS KPO-
BOOOIry 10 BUXiTHOTO PiBHS TCJs OKJIIO3iAHOI MpoOUu
(3,67 £ 0,25) xB y IOpiBHSIHHI 3 TITbMU, SIKi MaJlld FeHO-
tun 4b/4b (3,00 = 0,21) xB, p < 0,05. 3a tTaHUMM KOpe-

Ta6nuusa 2

quency and allele 4a and 4b ratio in the main and
control groups, that represented, 0.202 and 0.225
(p > 0.05) respectively, were not observed.

Correlation of allele and genotype of e NOS gene
variants 4a/b polymorphism frequencies to the
Hardy-Weinberg law was checked. The difference
between the expected and observed genotypical
frequencies was statistically insignificant.

Duration of renewal period for thermographic
index (TT) of circulation up to the inicial level after
occlusion test was studied to determine the charac-
teristics of endothelium-dependent reactions in
children — residents of radioactively contaminated
areas and in children of the control group with e NOS
gene genotype 4a/b polymorphism (Table 2). Accor-
ding to data of some authors [12, 16, 17], this index
is considered as the most informative for the evalua-
tion of endothelial cell secretory activity in respect to
the production of vosodilatory substances.

Results, presented in Table 2, indicate that the
prolongation of circulation restoration to the initial
level after the occlusion test (3.67 & 0.25 min) in the
main study group was noted compared to children
with genotype 4b/4b (3.00 = 0.21) min, p < 0.05.
According to the data of correlation analysis a direct

Noka3sHuk TpuBanocTi BigHOBNAEHHA KPOBOOGiry Ao BUXigHOro piBHA Nicns okNt03iinHOT Nnpo6u y AiTeit 0CHOBHOT
Ta KOHTPOJIbHOT rpyn Npu nonimopdHux 4a/4b reHotunax reHa eNOS (X £ m)

Table 2

Index of circulatary restoration duration to the inicial level after occlusion test in children of the main and
control groups in eNOS gene genotype 4a/4b polymorphism (X £ m)

MokasHuk Tle, xB / CRd indices (min)

lpyna / group P
4a/4b reHotun / genotype 4b/4b reHotun / genotype
Main 3.67+0.25 3.00 + 0,21 < 0,05
Control 2.34£0.23 2.04 £0,22 > 0,05
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JISILUIHOTO aHali3y BUSBJICHO MPSAMUN KOpeasuiiHui
3B’I30K MiX HOCIMCTBOM ajieto 4a Ta TPUBAJIICTIO
BiJHOBJIEHHSI KPOBOOOITrY O BUXiIHOTO PiBHSI ITiC/IsI OK-
moziitHoi mpoou (TIIB), r = 0,35491 (p < 0,008).

AHaJioriyHa TeHIeHIlisg criocTepirangacs i y aiTei KOHT-
POJNBHOI TPyIU, IPOTEe CTATUCTUYIHO 3HAUYYIIOTO PiBHS
BOHA He Jocsraja.

Cnig TakoX BiIMITUTH, 110 y HiTeli — MeIIKaHIIiB
pazioakTUBHO 3a0pyTHEHUX TEPUTOPIN BimMivaniocs 1mo-
MoBXeHHs1 mokazHuka TIIB y MOpiBHSIHHI 3 OiTbMU
KOHTPOJIbHOI TPYIIH, K Opu TeHoTu 4b/4b — (3,00 %
0,21) Ta (2,04 £ 0,22) xB, (p < 0,05), Tak i Npy reHOTUITi
4a/4b — (3,67 £ 0,25) ta (2,34 £ 0,23) xB, (p < 0,05).
ITpu oMy TpUBaAIiCTh MEPiOAY BiTHOBIEHHS KPOBO-
00iry 10 BUXiZHOTO piBHSI MiCJsl OKJIIO3iliHOI mpobu
OyJsa acoliifoBaHa 3 BMicTOM iHKopropoBaHoro '37Cs,
(r=0,4147, p < 0,05).

Buxonsum 3 oTpuMaHUX OAHUX, IO TPYIM PU3UKY 3
PO3BUTKY €HIOTEMaTbHOT AUCPYHKIIIT MOXHA BiTHECTH
JiTei-HociiB anento 4a reHa eNOS, oco0IUBO MpPU I0-
JIATKOBOMY BIUIMBI HECITPUSITIIMBUX YMOB HABKOJIUIITHb-
OrO CepeoBHUIIIA.

Cepen cTabiabHUX METAOOJITIB OKCHAY a30Ty Hali-
OinbII iHPoOpMaTUBHUM TOKa3HUKOM NO-CHMHTa3HOI
AKTUBHOCTiI €HIOTEJNiI0 € PiBEHb HITPUTY y CUPOBATIL
KpOBi, 3HIKEHHSI SIKOTO BKAa3ye Ha IMPUTHIYCHHSI aKTUB-
HocTi eNOS [18, 19].

JocmimKkeHHsT BMICTY HITpUTY ToKazaio, 110 y JiTei
OCHOBHOI TpYIIM 3 TE€HOTUNIOM 4a/4b BiH OyB HMXKYe
(5,53 £ 0,26) MKMOJIBb/7 y IOPIiBHSIHHI 3 JiTbMU, SIKi Ma-
nu reHotur 4b/4b (6,99 + 0,38) mxmonb/i, p < 0,01.

IMomi6oHi TenaeHLil crocTepiraaucs i y OiTeil KOHT-
posnbHOi rpynu. Tak, npu 4a/4b reHOTUITI BMICT HiTPUTY
cknaznaB (8,87 = 0,81) MKMOJIb/J1, TOMI SIK Y HOCIIB ajie-
mo a — (7,11 £ 1,10) mxmonas/n. IIpoTte cTaTUCTUYHO
3HAUYILIOro PiBHS Pi3HUI LIMX MTOKA3HUKIB HE OCsTra-
na, p > 0,05.

IIIo cTocyeTbcs piBHSI HITpaTy Ta CyMU MeTaOOJIITiB
NO ("itput + HiTpat), TO y AiTel SIK 3 TeHOTUIIOM 4a/4b,
TaK i 3 TeHOTUNOM 4b/4b, cTaTUCTUYHUX BiAMiHHOCTEH
HE BCTAaHOBJIEHO.

OTpuMaHi HaMU JaHi MOXHA MOSICHUTHU, CIIUPAIOUYUCH
Ha pe3yJbTaTUu AOC/iIKeHb psiay aBTopiB. Tak, 3a JTaHUMU
[18—22], BiTHOCHE 3HMXKEHHSI PiBHSI HITPUTY € TIPOSIBOM
3HUXEHHSI aKTUBHOCTI eHpoTteniaabHOl NO-cuHTa3u
(eNOS). I1pu 1boMy BUPIBHIOBAaHHSI BiTHOCHO KOHTPOJIIO
CyMapHIX TOKa3HUKIB Merabdomizmy NO 3a paxyHOK
HiTpaTy noB’a3y1oTh 3 TtocuwiaeHHsIM [1OJI Ta minBuieH-
HSM aKTUBHOCTI iHayuubenbHoi NO-cunTasu (iNOS).

B excnepuMeHTalibHuX pobdoTax [19, 20], nmpucBsiue-
HUX BUBHAYECHHIO KJIIOUOBUX MEXaHi3MiB, 3aisSITHUX B pe-

correlation between allele 4a carriers and prolonga-
tion of circulatory restoration to the initial level after
occlusion test (OT), r = 0.35491 (p < 0.008) was
revealed.

The similar tendency was observed in children of
the control group, but statistically significant level
was not reached.

It should also be noted that elongation of TI was
revealed in children-residents of radioactively con-
taminated areas comparing to children of the con-
trol group with genotype 4b/4b — (3.00 £ 0.21) min
and (2.04 £ 0.22) min, (p<0.05) and with genotype
4a/4b — (3.67 £ 0.25) min and (2.34 = 0.23) min
(p <0.05). The duration of the circulatory restorstive
period up to the initial level after occlusion test was
associated with the content of incorporated ¥’Cs,
(r=10.4147, p < 0.05).

Based on the data obtained, children-carriers of
eNOS allele 4a gene, especially with the additional
effect of disadvantaged environment can be includ-
ed into the risk group by the development of
endothelial dysfunction.

The most informative index of endothelial NO-
synthase activity is the level of nitrite in the blood
serum, which decrease is the indicator of e NOS inhi-
bition activity among the stable metabolites of nitric
oxide [18, 19].

Study of nitrite content revealed its decrease (5.53 *
0.26) mkmol/1 in children of the main group with
genotype 4a/4b compared to children with genotype
4b/4b (6.99 £ 0.38) mcmol/1, p < 0.01.

Similar tendencias were observed in children of
the control group. Thus, the nitrite content consis-
ted of (8,87 £ 0,81) mkmol/1 in the genotype 4a/4b,
while in allele a carriers — (7,11 £ 1,10) mcmol/1.
However, the difference of these indices did not
reache the statistically significant level, p > 0.05.

Statistical differences were not established in chil-
dren with both genotype 4a/4b and genotype 4b/4b
as for the nitrite level and sum of NO (nitrite +
nitrate) metabolites.

Data obtained can be explained based on the
results of several studies, namely [18—22] i.e. relative
decrease of nitrite level is a manifestation of
decreased endothelial NO-synthase (e NOS) activity.
This levelling relatively to the control of total param-
eters of NO metabolism due to nitrate is associated
with increased lipid peroxidation and increased
activity of inducible NO-synthase (iNOS).

In experimental studies [19, 20] devoted to the
definition of the key mechanisms involved in the

(1) 438



ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

KJTIHIYHI

AOCNIAXKEHHA

ryasuii NO-cucteMud 3a YMOB BIUIMBY MalluX 103
pagianii, BigMi4a€eThbCs TaKe:

3a i3i0JIOTiYHMX YMOB OCHOBHUM IIIJISIXOM CHUHTE3Y
NO B opraHi3mi € KoHCTUTYTUBHUI cuHTe3 NO 3a mii
Ca?*-3ayiexxHoi eHaoresiaabHoI i30popmu NO-cuHTa3u
(eNOS), Tomi K 3a YMOB IaTOJIOTil — iHAYIMOEIbHUIA
cuaTe3 NO Ca?*-He3aJlexXHO0 iHIyInOeIbHOIO0 i130(op-
Mmoo NO-cuHtaszu (iNOS). Sk BignoBigb Ha mOilo
pamiariii, Mae Micue rinepekcrpecisa iNOS, Tomi SK ak-
TUBHICTb e NOS, HaBITaKu, 3HUXKYEThCSI, HE3BaXKalouu Ha
OiABUILIEHUI PiBeHb BHYTPIIIHbOKJIITUHHOTO KaJlbllilo,
110 € OOHUM 3 ii akTuBaTopiB. OTXe, 3a Oii pamialii, 3a-
JIEXKHO Bill TepMiHy 1il Ta 1031, MOXE MaTu Micle SIK
Ca*-3anexxHa, Tak i Ca?t-He3ajexxHa peryJsiilis aKkTUB-
HocTi e NOS.

Astopu [19, 20] HaBOAATH OiOXiMiUHI MeXaHi3MU, 110
MOXYTh 3yMOBUTHM TaKi 3MiHM €KCIIpecii Ta aKTUBHOCTI
pizHux izoopm NOS 3a aii pamianuii, sKi MOJSITalOTh y
HactymHoMY. Excripecisg iNOS iHIyKyeTbcs IIMTOKiHA-
MU, a TAKOXK CTEPOITHUMU TOPMOHAMU. 32 HOPMaAJIbHUX
YMOB piBeHb ekcrpecii iNOS HeBUCOKUI, ajne Mpu
OKMCHOMY CTpEcCi, 1110 € 3arajibHO0 BiMOBIAAI0 KJIITUH
Ha JIi10 TTaTOJOrIYHUX YMHHUKIB, Y TOMY YMCJi pagialii,
piBeHb ekcrpecii INOS Moxe 3HAYHO ITiIBUIITYBATUCS.
3a MX YMOB MiABUILYEThCS TeHepallist 027, SKuil € ny-
Ke MOTY>KHUM migcuinoBaueM ekcrnpecii iNOS. Sk Bino-
MO, 3a [Iii pagialii, y TOMY YMCJIi HU3bKUX 103, 3POCTA€E
reHepanisg O2” pisHuMu oxkcugazamu. OTXe, OKUCHUN
CTpec, 110 BMHMKAE 3a XPOHIUYHOI il HU3BKUX H03
pamiaiii, Moxe OyTHM OCHOBHOIO INPUUYMHOIO TilepeK-
crpecii iNOS.

Excnipecist e NOS 3amycKa€eThbCcs pisHUMU MENTUIAHUMU
TOpMOHAMM, B TOMY UMCJIi aHTioTeH3uHOM II, iHcyniHOM,
FiMoOKCi€lo Ta iHIMMUY (paKTopaMu, MPUIOMY IMTOCUIEHHS
eKcrpecii BimOyBa€eThbes Ipu TigBuIeHHi pisHa H,0,. 3a
Iii pamiaiiii Ma€e Mmiclie 3HauHe minBuIeHHs piBHI H,Os,
oTXe, rinepekcrpecisa eNOS 3a pamialliiiHOro BIUIUBY
MO MaTH 3a IMPUIMHY OKUCHUI CTpeC, SIK i Y BUIIAIKY
3 iNOS. Ha Binminy Big iNOS, aktuBHicTb e NOS 3ane-
JKUTb He JIMIIE Bi piBHA ii eKCIpecii, a 3MiiCHIOEThCS 3a
paxyHok aktuBauii Ca’" um dochopumosanusa Ginka
¢depMeHTy pizHMMU NpoTeiHKiHazamu [20, 21].

SIX mokasanmm eKkcnepruMeHTaNbHI JociimkeHHs |20,
21], GioxiMiYHMM MeXaHi3MOM IOIIKOMIXYIOUOl Aii Ma-
JINX 103 pafiallii Ha CUCTEMY OKCUIY a30Ty € 3HVKEHHS
KOHCTUTYTUBHOTO cuHTe3y NO izodepmenToM eNOS,
Ha 1110 BKa3ylTh HU3bKi PiBHI HITpUT-aHIOHY B Oiocepe-
JOBHIIIAX Ta TKAaHWHAX K MPU OTPMMaHHiI 0JHOPa30BOL
HU3bKOI 1031 i0Hi3yI04OTO BUITPOMiIHIOBaHHS, TaK i MPU
TpUBaJIOMY TIlepeOyBaHHI B YMOBax IiJIBUILEHOIO
panialiitHoro oHy.

regulation of NO-system under the effect of small
radiation doses, the following is observed.

Under physiological conditions the main way of
body NO synthesis is constitutive NO synthesis
under the action of Ca?*-dependent endothelial
NO-synthase (e NOS) isoform, whereas in pathology
it is inducible NO synthesis by Ca?*-independent
inducible NO synthase (iNOS) isoform. The iNOS
overexpression occurs in response to irradiation,
whereas e NOS activity, on the contrary, is decreased
despite the increased level of intracellular calcium,
which is one of its activators. Consequently, Ca2*-
dependent as well as Ca2*-independent regulation of
eNOS activity can occur under the radiation effect,
depending on the duration of action and dose.

Biochemical pathways that can cause such
changes in expression and activity of various NOS
isoforms under the radiation effect, are suggested
[19, 20]. Namely the iNOS expression is induced by
cytokines and steroid hormones. Expression is low
under normal conditions, but under oxidative stress,
which is a common response of cells to the action of
pathological factors, including radiation, the level of
iNOS' expression can be significantly increased.
Under these conditions, O2™ generation, which is a
very powerful amplifier of iNOS expression, is
increased. As is generally known, the O2™ generation
is increased by different oxidases under radiation
impact, including the low dose. Thus, oxidative
stress that occurs under chronic low-dose radiation
can be a principal cause of iNOS overexpression.

The eNOS expression is started by various peptide
hormones, including angiotensin II, insulin, hypox-
ia and other factors. Enhanced expression occurs at
higher H,O, level. A significant increase in H,O,
level takes place under radiation effect, therefore
eNOS' overexpression can be caused by oxidative
stress, as in the case of iVOS under radiation effect.
In contrast to iNOS, eNOS activity is dependent not
only on the level of its expression, but is occurred
owing to Ca?* activation or phosphorylation of
enzyme protein by different protein kinases [20, 21].

As was shown by experimental studies [20, 21],
the biochemical mechanism damaging effect of
small radiation doses on the nitric oxide system is
a decrease of constitutive NO synthesis by eNOS
isoenzyme, that was demonstrated by low levels of
nitrite anion in the biological environment and the
tissues in a single low ionizing radiation, as well as
in prolonged being under elevated radiation back-
ground.
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Ha mincraBi mpoBeaeHUX A0CHiIXeHb aBTOpH [21, 22]
OPUMIILLIN IO 3araiIbHOTO BUCHOBKY, SIKMIA MOJISITAE B TO-
My, 110 HU3bKIi 103U pafdiallii, OTpUMaHi OIPOTSIrOM TpU-
BaJIOro 4acy, COPUYMHSIOTH 3HAauyHi 3MiHM y myJax
cTabinpHuX MeTaboiTiB NO, 1110 Moxke OyTH TPUYUHOIO
nopyiieHb psaay NO-3anexHux ¢hiziosoriyHux ¢GyHK-
mii. 3HaYHe 3HUKEHHS PiBHS HITPUTY 3a 1IMX YMOB MO-
K€ MPU3BOAUTU 10 OKKMCHOIO cTpecy. Bucoki piBHi oji-
HoyacHoi reHepauii O2” Ta NO, 3B’3yI04lCh, MOXYTb
MOPU3BOAUTHU 10 YTBOpeHHs TokcuuHoro ONOO™. Toka-
30M LIOT'O € HU3bKi PiBHi HITPUTY, IKi BAHUKAIOTh CIIOH-
TaHHO 3a HAsIBHOCTI MOJIEKYJISIPHOTO KMCHIO Ha (bOHi
abo0 miABUIIEHUX, a00 KOHTPOJBHUX PiBHIB HIiTpary,
SIKAI B OCHOBHOMY YTBOPIOETHCS MPU Jerpaaallii mepok-
CUHITPUTY, TOOTO MPU BUCOKOMY PiBHI CYyNEepOKCUIHOTO
aHioHY.

TakuM YMHOM, MPOBEACHI HAMU AOCJiIXEHHS MyJIiB
cTabinbHUX MeTaboiTiB OKCUAY a30Ty BUSBUIU Y
JiTeit — MelIKaHLiB paJioaKTUBHO 3a0pyIHEHUX Tepu-
TOpiil 3HMKEHHS PiBHS HITPUTY HaA TJi HE BiIMiHHUX
CYTTEBO BiJl KOHTPOJBbHUX PiBHIB HiTpaTy Ta CyMapHOTO
noka3zHuka metadoiTiB NO, 1110 y3roIKyEThCS 3 eKCIle-
puMeHTaIbHUMU podotamu [21, 22]. Ha mymKy aBTOpiB
ouxX poOiT, momiOHi 3MiHM € XapaKTepHUMHU JJIs
HACJIiIKiB BIJIMBY MaJIMX 103 i0OHI3yIOUOI0 BUMTPOMiHIO-
BaHHSI Ha OpraHi3M.

BinoMo, 1110 3HMKEHHS MPOAYKIIil OKCUIY a30TYy €HI0-
TeJiaJJbHUMU KJIITUMHAMU CYIIPOBOIXKYETHCS IMOPYIIEH-
HAMU (PYHKIIII AUXaTbHOI CUCTEMU 3 PO3BUTKOM OpOH-
xocnazMmy [14, 23]. BpaxoBywouu Oinbll TpuUBaIUi
nepio BiIHOBIEHHSI KPOBOOOITY ITic/isl OKJII03ii Ta HUXK-
Yyl piBeHb HITPUTY y HOCIiB ajieJlio 4a, MU BBaXKalau 3a
TOLITbHE TIpOaHali3yBaTW YacTOTYy ITOPYIIEHb BEHTH-
JISILAHOI CIPOMOXKHOCTI JIEreHiB y JiTeil 3 moaiMopd-
HUMU 4a/b reHOTHIIaMU Te€Ha €HIOTEIialbHOI CUMHTAa3U
OKCHUJy a30Ty.

CepenHi MOKa3HUKW BEHTWISLIIHHOT CIIPOMOXHOCTI
JIETEHIB SK MpU reHoTuti 4a/4b, Tax i renoruni 4b/4b B
OCHOBHI Ta KOHTPOJILHIN Ipymax, rnepedyBain B Mexax
¢dizionoriunux KonupaHb [13]. [Ipote y miteit ocHOBHOI
TPyNU TNpU TeHOTUMi 4a/4b BU3Hayagocs 3MEHIIECHHS
MOKa3HMKA €JaCTUYHOCTI i pO3TSKHOCTI JIereHeBOi TKa-
HUHU — CIIBBiZHOIIEHHSI (POPCOBAHOI IKUTTEBOIL
€MHOCTi JereHiB 3 HajiexxHoto (DPXKEJI/HPXKE) B
MOpiBHSHHI 3 HiTbMM, sIKi Manu reHoTumn 4b/4b,
BimmosigHo, — (90,5 £ 2,1) i (96,7 £ 1,8) %, p < 0,05;
MaJjio MicClle TaKOX 3HWUKEHHSI iHTErPaJIbHOTO MOKAa3HU-
Ka MPOXiTHOCTI NMXaJbHUX ILISIXiB — CHiBBiIHOIIEHHS
00’eMy (popcoBaHOTO BUIMXY 3a TMeplly CEKYHAY 3 Ha-
nexxauMm OPB,;/HO®B,, BimnosigHo, — (93,3 + 2.,8) i
(100,8 + 2,1) %, p < 0,05. 3a TaHUMM KOPEJALIIHOrO
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On the basis of some studies, the authors [21, 22]
came to the general conclusion, that low doses of
radiation received during long time, cause the sig-
nificant changes in the pools of stable NO metabo-
lites, which can be a cause of disorders in some
NO-dependent physiological functions. A signifi-
cant nitrite decrease under these conditions can
result in oxidative stress. High levels of simultane-
ous Oz and NO generations, in a case of binding,
can lead to the formation of toxic ONOO™. An
argument of this areThe low nitrite levels sponta-
neously occurred in the presence of molecular
oxygen against a background of increased or con-
trol levels of nitrate, which is mainly formed by the
peroxynitrite degradation that is at a high level of
superoxide anion are an confirmation of this.

Thus, the nitrite decreased level was revealed in
children-residents of radioactively contaminated
areas by our studies of pools of stable NO metabo-
lites against a background of significantly undiffer-
ent levels of nitrate and total index of NO metabo-
lites from that of control, which is consistent with
experimental work [21, 22]. Such changes are spe-
cific for the consequences of low dose ionizing
radiation effect on the body according to data of
these authors.

It is known that the decrease in nitric oxide pro-
duction by the endothelial cells is accompanied by
respiratory dysfunction with the bronchospasm
development [14, 23]. Taking into account a
longer period of circulatory restoration after
occlusion and lower nitrit level in allele 4a carriers,
we decided that will be advisable to analyze the
frequency of lung ventilation capacity disorders in
children with endothelial nitric oxide synthase
gene genotype 4a/b polymorphism.

Average indices of lung ventilation capacity in
genotype 4a/4b, as well as in genotype 4b/4b of the
main and control groups were within ranges of
physiological variations [13]. However, the
decrease in elasticity and extensubility indices of
the lung tissue — the ratio of forced vital capacity of
the lungs with proper (FEV/IFEV) was detected in
children of the main group in the genotype 4a/4b
compared to children with genotype 4b/4b — (90.5 =
2.1) % and (96.7 = 1.8) %, p < 0.05, respectively;
the integral index of respiratory permeability — the
ratio of forced expiratory volume for the first second
with proper FEV,/IFEV, was also decreased —
(93.3£2.8 %) and (100.8 £2.1 %), p < 0.05, respec-
tively. The feed-back between the allele 4a carrier
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aHaJlizy BUSBJIEHO 3BOPOTHUI KOPETSLiMHUI 3B’SI30K
MiXX HOCIICTBOM ajiefilo 4a Ta BEJIMYMHOIO TMOKa3HMKa
OAKEI/HDXKEIL, r = -0,2590 (p < 0,05) i nokazHUKA
O®B,/HO®B,;, r = -0,2627 (p < 0,05 ). AHaJyioriuHa
TEHIEHILisl cTIocTepiragacs i y AiTeit KOHTPOJbHOI IPYIIH,
MPOTe CTATUCTUYHOI 3HAYYIIOCTi BOHA HE J0csTaIa.

Crig 3a3HauMTH, IO Yy JiTeil — MEIIKaHIIIB pagioaK-
TUBHO 3a0pyQHEHMX TEepUTOpill cIlocTepiragacst TeH-
JeHLIisT 10 3HUXKEHHSI MMOKA3HMKIB BEHTUJISILIIAHOI CITPO-
MOXHOCTI JIET€HiB y TTOPiBHSIHHI 3 TiTbMU KOHTPOJBbHOIL
TPynu, SIK OpU T€HOTUIN 4a/4b, Tak i mpu T€HOTUII
4b/4b.

OtpuMaHi pe3yJbTaTh CBigYaThb MpPO Te, IO O3HAKHU
MPUXOBAHOro OpoHXocHasMmy BUsBIsUHCT vy 66,70 %
niteii 3 4a/4b renotuniom iy 44,12 % niteii 3 4b/4b reHo-
tunioMm (p < 0,05), ToOTO OpoOHXiaJdbHa Tineppeak-
TMBHICTb y HOCIiiB ajento 4a 3ycTpivanucsa B 1,5 pasa
yacTillle, HiX y miTeit 3 4b/4b reHOTUIIOM.

INaroizionoriudi MexaHi3MM BUSIBIEHUX (PYHKIIIO-
HaJIbHUX 3MiH Yy CUCTEMi AMXaHHS MOXHa PO3IIsIaTH 3
HACTYMHMX TO3MLii. 3a gaHumu [23, 24|, y aiteir 3
OpOHXiaJIbHOIO OOCTPYKILIi€0 3HAYHO 3HUXEHE, Y
MOPIBHSIHHI 31 310POBUMMU AiTbMU TOTO X BiKY, yTBOPEH-
Hs NO, 110 y3roIXyeTbcsl 3 eKCIIepMMEHTaIbHUMU Ta
KJTIHIYHUMM JaHWUMHU, SKi CBimYaTh IMpPO BUpakKeHUM
oponxonitTnuHuit edpexkr NO y nereHsx [23]. ABTopu
BBaXaloTh, 110 HecTtaya NO cripuse IMiaBUIIEeHHIO TOHY-
Cy THageHbKMX M’s13iB OpOHXiB Ta iX 3BY:XEHHIO IIpU
OOCTPYKTMBHUX 3aXBOPIOBAHHSX JIETEHIB (OpoHXiaibHa
acTMa, peuMauBYIOUMA OpoHXiT). 3a AymMKolo [24], B oc-
HOBIi gedinuty NO mpu Iux 3aXBOPIOBAHHSIX MOKIIBO
JIEXKUTh 30MTKOBE YTBOPEHHSI €HIOTeHHUX iHTIOITOpIB
NO-cuHTa3m.

IIpo maroreHeruuyHe 3HayeHHs Aediuuty NO mnpu
OpoHXxiajibHilt aCTMi Ta iHIIUX OOCTPYKTUBHUX OPOHXO-
JIeTeHEeBHMX 3aXBOPIOBAHHSX CBiTUUTH TO# (haKT, 1110 iHTa-
JISIil HU3bKUX KOHIeHTpaliit NO naioTb COpUSTIMBUN
TeparneBTUYHUN e(eKT CTOCOBHO YCYHEHHSI OpPOHXOC-
na3My Ta JIEeTeHEeBOI TinepTeHsii [25].

3a panumu [23, 26|, y niTeil 3 peLUIMBYIOUUM
OOCTPYKTUBHMM OPOHXITOM Ta OpPOHXiadbHOIO aCTMOIO
BUSIBJIEHA HAasIBHICTh €HAOTEiallbHOT MUCOHYHKIIIT,
MIPOSIBAMM SIKO1 € HU3BbKWI piBEHb HITPUTY, TTOB’ I3aHU I
3 MPUTHiYeHHSIM eHaoTtenianbHol NO-cuHTasu (e NOS),
i TiABUWINEHHS piBHS HIiTpaTy, OOyMOBJE€HE MaTo-
JIOTIYHOIO aKTUBHICTIO iHAyHuo6eabHoi NO-cuHTa3u
(iNOS).

Ha cyyacHomy eTami piBeHb HITPUTY B KpOBI
PO3LIHIOETHCS SIK MPEAUKTOP aKTUBHOCTI €HAO0Teialb-
HOl eNOS. Moro 3HIXeHHSI BKa3ye Ha IPUTHIUYEHHS
eNOS [23].

and the size of FEV/IFEV index, r = -0.2590
(p < 0.05) and of FEV,/IFEV, indices, r = -0.2627
(p < 0.05) was revealed according to the data of
correlation analysis. A similar tendency was also
observed in children of the control group, but with-
out reaching the statistical significance.

It should be noted that the tendency to decrease
of pulmonary ventilation capacity indices were
observed in genotype 4a/4b, as well as in genotype
4b/4b in the children-residents of radioactively
contaminated areas compared to children of con-
trol group.

Received results indicate that the signs of latent
bronchospasm were detected in 66.70 % children
with genotype 4a/4b, and in 44.12 % children with
genotype 4b/4b (p < 0.05), i.e. 1.5 times more often
bronchial hyperresponsiveness was noted in allele
4a carriers than in children with genotype 4b/4b.

Pathophysiological mechanisms of identified
functional changes in pulmonary system can be
examined from following positions. NO formation is
significantly decreased in children with bronchial
obstruction compared with healthy children of the
same age [23, 24,], that is consistent with experi-
mental and clinical data indicating a pronounced
bronchodilator effect of NO in the lungs [23]. The
authors consider that NO deficiency contributes to
the increased tone of bronchial smooth muscles and
their constraction in obstructive lung diseases
(bronchial asthma, recurrent bronchitis). According
to other authors [24] the possible damaged forma-
tion of endogenous NO-synthase inhibitors can be
the basis of NO deficiency in these diseases.

Concerning the pathogenetic importance of NO
deficiency in bronchial asthma and other obstruc-
tive bronchopulmonary diseases is evidenced by
the fact that inhalations of low NO concentrations
give favorable therapeutic effect for bronchospasm
removal and pulmonary hypertension [25].

According to some data [23, 26], the presence of
endothelial dysfunction manifested by the low
nitrite level that is associated with endothelial NO-
synthase (e/NOS) inhibition and increased nitrate
level caused by abnormal activity of inducible NO-
synthase (iNOS) were revealed in children with
recurring obstructive bronchitis and bronchial
asthma.

At present stage the nitrite level in the blood is
considered as a predictor of endothelial eNOS
activity. eNOS inhibition is explained by its
decrease [23].

441 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

TakuM 4YuMHOM, pe3yJbTaTu AOCHiAXKeHb BEHTHU-
JISILIAHOI CIPOMOXKHOCTI JIEreHiB BU3HAYMIIM Y AiTel —
MeEIIKaHIiB paJioaKTUBHO 3a0pyJIHEHUX TEPUTOPiid
3HMXKEHHSI IHTErpajlbHMX MOKAa3HMKIB BEHTWJISLiHOI
CIIPOMOXHOCTi JIET€HiB, BHUCOKY 4YacTOTy IPUXOBaHOI
OpoHXiaJlbHOI OOCTPYKIIil, 110 MOXE 3HAWUTH YaCTKOBE
MOSICHEHHS! Y 3a3HauyeHill Bulle crielu@illi 3MiH piBHIB
CTabiIbHUX METaOOJITIB OKCUAY a30Ty i BiIMOBimHii
NO-cHuHTa3Hiil aKTUBHOCTI.

Otxe, pe3yJibTaTu NPOBEACHUX JOCTIIKEHb BKA3yIOTh
Ha Te, IO IiTel-HOCIIB ajento 4a MOXHA BiZTHECTU IO
TPYNU PU3UKY 3 PO3BUTKY €HIOTEIiaIbHOI AUCHYHKIIIT,
0COOJIMBO MPU NPOXKMBAHHI B €KOJIOTIYHO HECTIPUSITIM -
BUX YMOBaX, a PyHKIIiOHAIbHI MOPYILLIEHHS CUCTEMU d1-
XaHHSI PO3IJISIIATHU SIK OJIHI 3 11 POSIBIB.

BUCHOBKU

1. Ipynu giteit — MelIKaHLiB pagioaKTUBHO 3a0py-
HEHUX TEepUTOPii 1 miTeid, sIKi MPOXMBAIOTh B “UYuUC-
TUX” IIOJO PamioakKTUBHOI'O 3a0pYIHEHHS perioHax
(KOHTpOJIbHA TpyTIa), 32 YaCTOTOIO TEHOTUITIB 4a/4b Ta
4b/4b i aneniB 4a Ta 4b reHa eNOS IOCTOBIpHO He
BiIPI3HSIUCS.

2.V nmiteil — MeIIKaHIIiB palioaKTUBHO 3a0pyIHEHUX Te-
pUTOPIii 3 FTeHOTUIIOM 4a/4b y MOpiBHSIHHI 3 AiTbMH, SIKi
MaJIi TeHOTUII 4b/4b, BimMidaaocs 30iIbIIeHHS TEPMOT-
padiyHOro MokKazHMKa TPUBAJIOCTI MEPiOaY BiIHOBJIEH-
HsI KPOBOOOITrY 10 BUXiIHOIO PiBHS IMiCJsS OKJIIO3iliHOL
MpoOH; CITOCTEPIrayiocsl 3HUKEHHS BMIiCTY HITPUTY B CH-
poBaTLi KpOBi; 3MEHILIEHHS iHTErpaJbHUX MOKAa3HUKIB
OpoHXxiaJbHOI MPOXiAHOCTI Ta €JaCTUYHOCTI JIeTeHeBO1
TKaHWHU; y 1,5 pasza yacTillle peecTpyBajucsl O3HAKU
MPUXOBAHOTO OpoHXOcTa3My. Y iTeil KOHTPOJIbHOI Ipy-
Ny BU3HAYAJIMCS aHAJIOTiYHi TeHACHLI, TpOoTe BOHU OYy-
JI1 MEHII BHUPa3sHMUMM, HiX y JiTeli — MeEILIKaHIIiB
panioakKTUBHO 3a0pyIHEHUX TEPUTOPIIA.

3. 3MiHM eHImoTesil3aaexXHol peakllii CyIuH Ha OK-
JII03iliHY mpoOy (3aTpUMKa BiTHOBJIEHHS KPOBOOOITy) Ta
3HUXKEHHSI PiBHSI HITPUTY y CUPOBATLi KPOBi Y HOCIIB
ajnesto 4a, ocoOJIMBO y NiTel, sIKi TPOKMBAIOTh 32 YMOB
TpuBajaoro HaaxomxeHHs ’Cs g0 opraHidMy, Hamgae
MiACTaBY BiTHECTH iX 10 TPYNU PU3UKY 3 PO3BUTKY €HI0-
TellalbHOI AMCPYHKIIII, a (GYHKIIOHATbHI MOPYIICHHS
CUCTEeMU JUXaHHS pO3MISIIATH SIK OJHi 3 11 TIpOsIBiB.
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Thus, a decrease of the integral indices of lung
ventilation capacity, high incidence of latent
bronchial obstruction, which can be partially
explaned by the above specifics of the changes in
the levels of stable nitric oxide metabolites and
appropriate NO-synthase activity were deter-
mined by the results of lung ventilation capacity
studies in children — residents of radioactively
contaminated areas.

Thus, obtained results indicate that children-allele
4a carriers can be attributed to the risk group for the
endothelial dysfunction, especially when they are
living in ecologically unfavorable conditions, and
functional disorders of the respiratory system can be
considered as one of its manifestations.

CONCLUSIONS

1. Groups of children — residents of radioactively
contaminated areas, and children living in “clean”
by radioactively contaminated regions (control
group) were not significantly different by the fre-
quency of eNOS gene genotypes 4a/4b and 4b/4b
and allele 4a and 4b.

2. Increase in thermographic index of the restoration
circulatory period duration to the initial level after
occlusion test was noted in children — residents of
radioactively contaminated areas with genotype
4a/4b compared with children with genotype 4b/4b;
the nitrite level in blood serum was dwcreased; the
decreased integral indices of bronchial permeability
and elasticity of the lung tissue were observed; the
signs of latent bronchospasm were recorded 1.5
times more frequently. The similar tendencies were
noted in children of the control group but they were
less pronounced than in children — residents of
radioactively contaminated areas.

3. Changes in vascular endothelium dependent reac-
tion to occlusion test (delay in restoration of blood
circulation) and nitrite level decrease in blood serum
of allele 4a carriers, especially in children with pro-
longed incorporation of '¥’Cs, gives reason to include
them into risk group for the endothelial dysfunction
development and functional disorders of the respira-
tory system to consider as one of its manifestations.
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