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OCOBJIMBOCTI METABOJII3MY OKCHJTY A30TY TA PU3UK
PO3BUTKY EHJOTEJIAJBLHOI TMCO®YHKIIII Y TITEM 3
4a/4b TIOJJIMOP®I3MOM T'EHA eNOS TP TPUBAJIOMY
HAJIXOJIKEHHI 'Cs 10 OPTAHI3MY

MeTa. Bu3Hauntv 0cob6MBOCTI MeTaboNi3My OKCUAY 30Ty Ta PU3NK PO3BUTKY eHAOTENiaNbHOT ANCHYHKUIT Y AiTeit 3
4a/4b nonimopdizmom reHa e-NOS, ki MmewKaloTb 33 yMOB TPUBANOro HagxomkeHHs *’Cs o opraHismy.
Marepianu Ta meToau. MpoBeaeHo obcTexeHHs 117 fiTeil — MelWwKaHLiB paaioakTUBHO 3abpyaHEHMX TepuTopiii Ta 50
RiTell KOHTpOMbHOI rpynu. BusHayanu piseHb cTabinbHux metabonitie y cuposatyi kposi (NO* ta NO*). [Ons
peecTpauii eHpoTeniiizanexHoi peakuii cygMHHOrO pycia Ha 3MiHW YMOB KPOBOMOCTAYaHHA BUKOPUCTOBYBANN Tep-
morpadiyHmnii cnoci6. BeHTUnALiiHY CNPOMOXHICTb NIereHiB OLiHIOBANM 3a [OMNOMOrol0 MeToay NHeBMoTaxorpadii.
JocnipxkeHHs nonimopdiamy B 4-My iHTpoHi reHa eNOS 3aiiicHIOBanu MeTO[OM NosiMepa3HOi NaHLIOroBOT peakuii.
Bmict *’Cs B Tini giteil BU3HA4anu 3a AONOMOrOK NiYMUIbHUKA BUNPOMiHIOBAHHA NoanHN CKkpuHHep-3M.
Pe3ynbTati Ta BUCHOBKU. Y fiiTeil — MelWKaHLUiB pafioakTMBHO 3a0pyaHEHNUX TepuTopiit 3 reHoTunom 4a/4by nopis-
HAHHI 3 BiTbMK, AKi Manu reHoTun 4b/4b, BigMivyanocs 3HUKEHHS BMiCTy HITPUTY B CMPOBATL KPOBI, 30iNblIeHHs Tep-
MorpadiyHOro noKasHUKa TpUBaANOCTi Nepiody BifHOBNEHHA KPOBOOGiry Ao BUXiAHOTO piBHA Micis OKNO3ilHOT Npo-
6u, Wo BKa3ye Ha 3HMKeHHA NO-CMHTa3HOT aKTUBHOCTI CyAMHHOTO €HA0TENio B 0CiB-HOCITB MIHOPHOTO anens a B 4-my
iHTpoHi reHa eNOS (reHoTun 4a/4b) Ta € akTOpPOM pU3UKY PO3BUTKY eHfoTenianbHoi gucdyHkuii. loBefeHo 3meH-
LWEeHHS NOKa3HMKa eNacTUYHOCTI i pO3TAKHOCTI lereHeBoi TKaHuHKU — GIKEST/HOXKES y niTeit ocHOBHOT rpynu 3 reHo-
TUnom 4a/4b B NOpiBHAHHI 3 AiTbMU 3 reHoTUNOM 4b/4b, Mano Miclle TaKOX 3HWKXEHHS iHTErpanbHOro MoKasHMKa
npoxigHocTi guxanbHux wnsaxis — 00B;/HO®B1. BussneHo 3BOPOTHIO KOPENALiNHY 3aN€XHICTb MiX HAABHICTIO anens
a B reHOTUNi Ta BeMYMHO nokasHukis GIKEN/HOXKEN (r = -0,259; p < 0,05) i 0PB,/HO®B; (r =-0,2627; p < 0,05).
03HakK 6poHx0CMna3My BUsB/EHi y HOCITB anens a B 1,5 pasa yacTilue, HiX y fiiTeil romo3unroT 3 anens b.
KniouoBi cnoBa: fgitw, papioakTuBHWMI Ue3iii, okcupa asoty, 4a/4b nonimopdism reHa eNOS, eHpoTenianbHa auc-
byHKUis.
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FEATURES OF NITRIC OXIDE METABOLISM AND RISK OF
DEVELOPING ENDOTHELIAL DYSFUNCTION IN CHILDREN
WITH e-NOS GENE 4a/4h POLYMORPHISM UNDER LONG-TERM
ENTERING "'Cs TO BODY

Objective. To determine the features of the nitrogen oxide metabolism and risk of developing endothelial dysfunc-
tion in children with e-NOS 4a/4b gene polymorphism, who live under prolonged enter **’Cs to the body.
Materials and methods. There were examined 117 children-residents of radioactively contaminated territories and
50 children of control group. The level of stable metabolites was defined in blood serum (NO* and NO*). The ther-
mographic method was used to register the endothelium dependent reaction of the vascular bed to changes in the
blood supply. The ventilation capacity of the lungs was evaluated using this method of pneumotachography.
Polymorphism in intron 4 of the gene e-NOS was studied by the method of polymerase chain reaction. The content
of Cs in the body of children was determined using a human radiation counter Skrynner M-3.
Results and conclusions. In children-residents of radioactively contaminated territories with genotype 4a/4b com-
paring to children who had genotype 4b/4b, the decrease in the nitric content of in the blood serum, the increase in
the thermographic index of the recovery period of blood circulation to the baseline level after occlusion test were
noted, that is indicative of the decreased NO-synthase active of vascular endothelium in the carriers of the minor
allele ain the 4™ intron of gene eNOS (genotype 4a/4b), and is a risk factor for development of endothelial dysfunc-
tion. It was proved a decrease in the index of lung tissue elasticity and stretchability — FVC / NFVC of the lungs com-
paring to children with genotype 4b/4b, there was a reduction of integral index of respiratory tract permeability —
FEV:1/NFEV:. The inverse correlation dependence between the presence of allele ain the genotype and the values of
FVC/NFVC of the lungs (r = -0.259; p <0.05) and FEV:/NFEV; (r = -0.2267; p <0.05) was found. Signs of bron-
chospasm were found in the carriers of the allele ain 1.5 times more often than in children-carriers of homozy-
gotes from allele b.
Key words: children, radioactive cesium, nitric oxide, eNOS 4a/4b gene polymorphisms.
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BCTYII

Bigmomo, 1110 HU3bKi 103U paiallii, OTpUMaHi IPOTITOM
TPUBAJIOrO 4acy, CIIPUYMHSIIOTh 3HAYHI 3MiHU B MyJax
cTabinpbHux MeTabomiTiB NO, 1110 TTpU3BOAUTHL IO PO3-
BUTKY eHnotedianpHol quchyHkiii (EJ) Ta Mmoxe Oytu
npuurHOI0 TnopyueHHs: NO-3anexHux ¢i3ioSorivyHux
¢yHKLi opradiamy [1, 2].

JocmimkeHHIMHN OCTaHHIX pOKiB AOBEAEHO, IO
MMOBIpHICTbh PO3BUTKY Ta TSKKICTh MEpediry mepeBax-
HOI OUIbIIOCTI MYJBTU(AKTOPiaIbHUX 3aXBOPIOBAHb 3a-
JIEXXUTh HE JIMIIE Bif il HeCIPUSTIMBUX (haKTOPiB HAB-
KOJIMIIIHBOTO CepeaoBUIIIa, ajie i Bill FeHOTUITY XBOPOTO,
TEeHEeTUYHUX Bapialiii TeBHUX TeHiB (aJeIbHOTO
noaiMopdizmy). V peryisuii mpoaykilii oKCHUmy a3oTy
€HIOoTeTiaJbHUMM KJIITUHAMU BaXXJIMBa POJIb HaJIEXKUTh
eHpotemianbHili cuHTazi NO — eNOS [3, 4]. Enno-
TeJliaJbHa CHHTa3a OKCHMIY a30Ty € MPOAYKTOM TIeHa
eNOS, sgkuii posralmioBaHuiti Ha xpomocomi 7
(79q35—36), mae po3Mmipu 21 T. 1. H. i Koxye GIIOK 3 MO-

INTRODUCTION

It is known that low doses of radiation received for
a long time, cause significant changes in the pools
of NO stable metabolites, which lead to develop-
ment of endothelial dysfunction and may cause
disorders in NO-dependent physiological body
functions [1, 2].

Recent studies have shown that the probability of
development and the severity of the course of
majority of multifactorial diseases depend not only
on the adverse environmental factors, but also on
the genotype of patient, genetic variations of certain
genes (allelic polymorphism). Endothelial NO-
synthase (eNOS) plays an important role in the reg-
ulation of nitric oxide production by endothelial
cells [3, 4]. Endothelial nitric oxide synthase is a
product of the eNOS gene located on chromosome
7 (7q35—36), has a size of 21 kb. and encodes a pro-
tein with a molecular weight of 135 kD, which con-
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JnekyasapHoi macow 135 x/I, mo ckimamaerbest 3 1203
amiHokucnor [5]. Ha cwhoroaHi onucaHi nojiMopdHi
BapianT reHa eNOS B pi3HHNX OiISHKaX TeHa, Y TOMY
yucnai, B 4-my iHTpoHi — 4a/4b VNTR-nonimopdizm,
JOCJiIKEHHSIM SIKOTO MPUIIISIETbCS BCe OiJIbIe yBaru.
Xoua noJjiiMmopi3M B iHTpOHi 4, mpeAcTaBIeHU ABOMA
anensimu (4a/4b), He € CTPYKTYpHUM, OTpMMaHi HayKOBi
JaHi, gKi BKa3yloThb Ha OioJIOTiuyHY i (PYHKUiOHAJTbHY
pOJib MoJiMOPGHUX BapiaHTiB B HEKOAYIOUMX PerioHax,
1110 BiIKPMBA€E HOBi MOXJIMBOCTI AOCHiIXXEHb MaTOreHe-
3y 6araThbox 3axXBOpIOBaHb [2, 5—7].

META JOCJIIJI2ZKEHHA

BuszHauntu oco0JMBOCTI MeTab0Ii3My OKCUAY a30Ty Ta
PU3UK PO3BUTKY €HIOTENTiabHOI TUChYHKINT y miTeil 3
4a/4b nonimopdizMom reHa e-NOS, gKi MelIKaOTh 3a
YMOB TPHMBAJIOTO HaaxomkeHHs *'Cs 10 opraHi3my.

MATEPIAJIN TA METOJIH
ITpoBeneHo obcrexxeHHs 117 miTeit — MeIIKaHIIiB Hace-
JieHuX nMyHKTiB Haponuubkoro paitony 2KuToMupchKoi
objacti Ta 50 miTeil TpynM HO30JOTIYHOrO KOHTPOJIIO,
SIKi MPOXUMBAJIU Ha «4YUCTUX» 1OA0 pajialiiiHOro 3a0-
PYAHEHHSI TEPUTOPISIX 1 HE HANEXaIU 10 TTOCTPaXKAaanX
BHacJIimoK YopHOOMIBCHKOI aBapii KOHTUHTEHTIB.
BusHaueHHsI piBHSI a30TUCTUX CIIOJYK Y CHUPOBATLi
kposi (NO* ta NO*) mpoBoImin 3a CTaHIapTHOIO METO-
JUKOIO 3 BUKOPUCTaHHSIM peakTuBy Ipicca [8]; BmicT
apriHiHy B CHUpOBaTLi KpOBi BUBYAIM 3a MeToaoM [9];
eHJoTelii3a/IeXXHy peakililo CyIMHHOro pycja Ha 3MiHU
YMOB KPOBOINOCTa4aHHSI — TepMorpagiuHUM CIOCOOOM
[10]. BenTunswiiiHy CripOMOXKHICTb JIET€HIB OLIiHIOBAIN
3a JOMOMOIOI0 MeToay mnHeBMoTtaxorpadii [11].
IMonimopdizMm B 4-My iHTpoHi reHa eNOS nociiaKyBaiu
3a METOJOM moJjiMepasHoi JaHIroronoi peaxiii (ITJIP),
SIKYy TIPOBOJMJIM 3a MPOTOKOJIOM [12] 3 BUKOPUCTAaHHSIM
JliodinizoBaHMX KOMEPLIMHUX HA0OPiB peareHTiB. BMicT
37Cs B T AiTeil BU3HAYAIU 32 JOIIOMOTOIO JTiUMJIbHUKA
BUTIpOMiHIOBaHHS moanHu CKpuHHep-3M.
CratucTuyHa oOpoOKa OTpUMAHMX JAHUX ITPOBOIU-
Jlach 3a JIONIOMOTOI0 CTaHAAPTHUX IMpOrpaM Ha Tepco-
HaJIbHOMY KOMII'IOTePi 3 BUKOPHUCTAHHSIM ITaKeTy IIPOT-
pam StatSoft, Inc. (2011). STATISTICA (data analysis
software system), version 10 [13].

PE3VYJIBTATU TA OBT'OBOPEHHS

IIpu kJIiHiYHOMY OOCTEXXEeHHi IiTeli OCHOBHOI I'PyIlM BU-
SIBJIEHA MATOJIOTisl Y BUTJISIAI (DYHKIIIOHATBHOI JUCTIETICIT —
y 57,3 %, nuckiHesii )KOBYOBUBITHMX 1LIAXIB — v 68,4 %
niteit. Y 37,6 % niteii BUsIBIIeHa BTOPUHHA KapIioIaris,
gKka 'y 78,6 % BUMNAIKiB CyIpOBOIKYBajacs BereTaTUB-

sists of 1203 amino acids [5]. Currently, polymor-
phic variants of the eNOS gene in different parts of
the gene are described, including the 4™ intron —
4a/4b VNTR-polymorphism, the study of which is
given more and more attention. Although the poly-
morphism in intron 4, represented by two alleles
(4a/4b), is not structural, the obtained scientific
data indicate the biological and functional role of
polymorphic variants in non-coding regions, which
opens up new possibilities for studying pathogenesis
of many diseases [2, 5—7].

OBJECTIVE

To determine the nitrous oxide metabolism and the
risk of developing endothelial dysfunction in chil-
dren with 4a/4b polymorphism of e-NOS gene,
who live under prolonged enter '¥’Cs to the body.

MATERIALS AND METHODS

There were examined 117 children-residents of
settlements of Narodichy district of Zhytomyr
region and 50 children of the nosological control
group who lived in the «clean» radiation contami-
nation territories and did not belong to the contin-
gents affected by the Chornobyl accident.

The level of stable metabolites was defined in
blood serum (NO* and NO*) by standard method
using the Griess reagent [8]; arginine content in
blood serum was studied by the method [9];
endothelium-dependent reaction of the vascular bed
to changes in blood supply — by thermographic
method [10]. The ventilation capacity of the lungs
was evaluated using the method of pneumotachog-
raphy [11]. Polymorphism in intron 4 of the gene
eNOS was studied by the method of polymerase
chain reaction which carried out by the protocol [12]
using commercial kits of lyophilized reagents. The
content of ’Cs in children body was determined
using a human radiation counter Skrynner M-3.

Statistical processing of the data was performed
using standard programs on a personal computer
using the StatSoft, Inc. software package (2011).
STATISTICA (data analysis software system), ver-
sion 10 [13].

RESULTS AND DISCUSSION

Pathology in the form of functional dyspepsia was
found in 57.3 %, dyskinesis of the biliary tract — in
68.4 %, secondary cardiopathy — in 37.6 % of chil-
dren, which was accompanied by vegetative dysfunc-
tion in 78,6 %, the presence of latent bronchospasm
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HOW0 AUC(PYHKII€EIO, a B 55,6 % — HasBHICTIO IIPUXOBa-
HOI0 OpPOHXOCIa3My. 3 BOTHMIL XPOHiIYHOI iH(eKIIii BU-
SIBJISLIACST XPOHIYHUIT KOMIIEHCOBAaHUIM TOH3WJIT — Yy
70,9 % Ta kapiec 3y6iB — y 38,5 % niteii. J1o Tpynu HO-
30JI0TYHOr0 KOHTPOJIIO YBiALIM 50 niteit, aKi MelIKaiu
Ha «9MCTUX» IIOJ0 PalioaKTUBHOTO 3a0pyIHEHHS TePH-
TOpisIX 1 He Hajexalau OO0 MNOCTpaxKgaJux BHACJiIOK
YopHOOUIIBCHKOI KaTtacTpodu KOHTUMHTeHTiB. YacTora
KJIiHIYHMX CUMIITOMIB i BUSIBJIEHOI MaTOJIOril y HiTeit
rpyny HO30JOTiYHOrO KOHTPOJIO HE BiApi3HsIacs Bif
JIiTeli OCHOBHOI I'PYIIU.

HocnimxkeHHs: BMicTy iHKopriopoBaHoro “’Cs B Timi
MPOBEACHO Y AiTeH, SKi MOCTiiTHO MPOXUBAIOTh Y Hace-
JIeHUX TyHKTax Hapoauibkoro pailoHy 3i IIJIbHICTIO
3abpyaHenHs rpyHTiB ''Cs Big 185 mo 555 kbk/m2. Ilo-
Ka3aHo, 1110 BiH KOJMBABCSI Y 3HAUHOMY Jiara30Hi — Bif
111 no 7067 Bk, cknamaroun y cepeaHbomy 1069 Bk.
Posmonin aiteii 3a BMicToM iHKOpropoBaHoro '*'Cs B Tii
npeacTaBieHuit Ha pucyHKy 1. Po3paxyHku mokaszanu,
10 11t 1iboro po3noniay 90 % xkBaHTUIb cTaHOBUB 2200
bk. Ile o3nauvae, mo y 90 % oOcTexXeHUX miTeil BMiCT
%Cs B Tini He nepeunryBatume 2200 bk.

Pesynbratu gOCHiIXKEHHS MOKa3aju, 110 cepel JiTei
OCHOBHOI rpynu 4b/4b reHotun BusBIsBca y 78 (66,7
%), 4a/4b — y 39 (33,3 %) niteii, a cepen AiTeil KOHT-
pOJIBHOI rpynu, BimmosigHo, — y 34 (68,0 %) Ta y 13
(26,0 %). Ienotun 4a/4a peectpyBaBcs 3piaka. Bin Bu3-
HayeHUH BChOro y 3 JiTeil KOHTPOJILHOI TPYIIH.

CniBBigHOIIIEHHS ajefiB 4a Ta 4b B OCHOBHil i KOHT-
pOJIbHIN Tpynax TakoxX OyJI0 NMPaKTUUHO OJHAKOBUM i
ckJagaio, BimnosinHo 16,8 % i 18,4 % (p > 0,05) ta
83,2 % i 81,6 % (p > 0,05). OrpuMaHi pe3yabTaTH
CYTTEBO HE Bipi3HSIMCS Bif JaHUX TOCHiAXKEHb iHIIINUX
aBTOpIB [6].

— in 55,6 % inder the clinical examination of chil-
dren of the main group. Chronic compensated ton-
sillitis was detected in 70.9 % and caries of teeth — in
38.5 % of children among the focal chronic infec-
tion. The group of nosological control included 50
children who lived on the «clean» areas of radioactive
contamination and were not part of the contingents
affected by the Chornobyl disaster. The frequency of
clinical symptoms and detected pathology in chil-
dren of the nosological control group did not differ
from the children of the main group.

Content of incorporated '’Cs was studied in chil-
dren living permanently in settlements of
Narodichy district with density of soil contamina-
tion with *’Cs 185—555 kBq/m?. It fluctuated in a
significant range from 111 to 7067 Bq, making an
average of 1069 Bq. Distribution of children
according to incorporated content of *’Cs is pre-
sented in Figure 1. The calculations showed that
the 90 % quantile for this distribution was 2200 Bq.
It means that in the 90 % of examined children, the
content of ''Cs in the body not exceeded 2200 Bq.

Among the children of the main group 4b/4b
genotype was found in 78 (66.7 %), 4a/4b — in 39
(33.3 %) children, and among the control group of
children, in 34 (68.0%) and in 13 (26.0%), respec-
tively. Genotype 4a/4a was registered occasionally,
namely only in 3 children of control group.

The correlation of the alleles 4a and 4b in the
main and control groups was also practically the
same and accounted 16.8 % and 18.4 %, p > 0.05
and 83.2 % and 81.6 % p > 0.05, respectively. The
results obtained did not differ significantly from
those of other authors [6].
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Figure 1. Distribution of chil-
dren by the content of incorpo-
rated 137Cs
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st BctaHoBJIeHHST ocoOnmBocTeil NO-CHHTa3HO1 aK-
TMBHOCTI €eHI0Tei10 y aiteit 3 4a/4b noniMmopdizMoM re-
Ha eNOS nocrimkeHa TpUBaNiCTh MEPioAy BiTHOBICHHS
TepMorpadiuHoro moxkazHuka KposoobGiry (TIIB) mo
BUXiJTHOTO PiBHS IMiCJIST OKJTIO3iAHOT TTPOOH.

OTpuMaHi pe3yabTaTi BKa3yloTh Ha Te, 110 Y AiTei oc-
HOBHOI TpyIIM 3 TeHOTUIIOM 4a/4b Bimmidamocst 30i71b-
ILIEHHST TPUBAJIOCTI BiITHOBJIEHHSI KPOBOOOITy 10 BUXilI-
HOTO PiBHS micasl OKJo3iiiHOoI mpoou — (3,67 £ 0,25)
XB, Y TIOPiBHSIHHI 3 IiTbMM, SIKi Maiu reHotun 4b/4b, —
(3,00 = 0,21) xB, p < 0,05. 3a TaHUMU KOPEIALiITHOTO
aHaJii3y BUSBJICHO TIPSIMUI KOPEISALINHUINA 3B’ 130K MiX
HasSIBHICTIO y TEHOTMIII ajiefsl a Ta TPUBAIICTIO BiTHOB-
JIECHHSI KpPOBOOOIry 1m0 BUXiZHOTO PiBHSI ITiCASl OK-
mosiitnol npoou (TIIB), r = 0,3549 (p < 0,01).

AHajoriyHa TeHAeHIIis CriocTepiraiacs y diTeil KOHT-
POJILHOI TPyIU, MPOTE€ CTATUCTUYHO 3HAYYILIOTO PiBHS
BOHA He JocsTraja.

JlocaimkeHHsI BMICTY HITpUTY Y CUPOBATLi KPOBi MOKa-
3aJ10, 110 y IiTeii OCHOBHOI IPYIU 3 TeHOTUIIOM 4a/4b BiH
OyB HIDKYMM, HiX y AiTeH, ki Manu reHotun 4b/4b, —
(5,53 £ 0,26) mxmomab/1 i (6,99 £ 0,38) MKMOIb/T,
BimmosimHo, p < 0,01.

Jlnst BUBHaYeHHST MIMOBIPHOI 3aJIEXKHOCTI PiBHS HITpHU-
TY Y CUpOBATIIi KPOBi Bil BMIiCTy iHKOpropoBaHoro ''Cs
y nitevi 3 4a/4b ta 4b/4b renotuniamu reHa eNOS 3acto-
COBaHO perpeciiiHuii aHaiz. BctaHoBJIeHO, 1110 piBeHb
HITPUTY TIpU TEHOTUIN 4a/4b MaB JiHIlHY 3aJeXHICTb
BiZl BMicTy iHKOpriopoBaHoro ’Cs B Tii (piBHSHHSI per-
pecii (1), puc. 2).

PiBHSIHHS JTiHiIIAHOI perpecii MaJlo HACTYITHUM BUTJISIL;

y=16,82-0,0012 - x (1)

Iie y — piBeHb HITPUTY Y CUPOBATIIi KPOBi, MKMOJIb/JT; X —
BMmict ¥’Cs B Tini, Bk.

To determine the characteristics of endothelial
NO-synthase activity in children with 4a/4b poly-
morphism of eNOS gene the duration of recovery
period of the thermographic index of blood circula-
tion to the baseline after occlusion test was studied.

The obtained results indicate that an increase in the
duration of the blood circulation recovery to the
baseline after the occlusion (3.67 £ 0.25 min) was
observed in children of the main group with genotype
4a/4b in comparison with children with genotype
4b/4b (3.00 & 0.21 min), p < 0.05. A direct correla-
tion between the presence of the allele a in genotype
and duration of recovery of blood circulation to base-
line after occlusion test, r = 0.3549 (p < 0.01) were
revealed according to data of correlation analysis.

A similar tendency was observed in the control
group of children, but it did not reach a statistical-
ly significant level.

The study of nitrite content in serum blood
showed that it was lower (5.53 + 0.26 umol/l) in
children of the main group with genotype 4a/4b,
compared with children who had the genotype
4b/4b (6.99 £ 0,38) umol/1, p < 0.01.

A regression analysis was used to determine the
probable dependence of serum nitrite levels on the
content of incorporated *’Cs in children with 4a/4b
and 4b/4b genotypes of the eNOS gene. It was estab-
lished that the nitrite level in the genotype 4a/4b had
a linear dependence on the content of incorporated
¥7Cs (regression equation (1), Fig. 2).

The linear regression equation was as follows:

y=6.82-0.0012 - x (1)

where y is the level of nitrite in serum, umol /1; x is
content of '’Cs in the body, Bk.

MKMonab/n/ pmol/L

PucyHoK 1. 3anexHictb piBHA
HiTPUTY y CUpPOBaATLi KPOB Bif BMicTY
iHKopnopoBaHoro ’Cs B Tini y piten
3 reHoTUNOM 4a/4b reHy eNOS

Figure 1. Dependence of the serum
nitrite level on the content of 37Cs
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KoediuieHT kopensuii craHoBus r = -0,340, (p <0,001),
KoediuieHT gerepminanii R2 = 0,115, (p < 0,001).

VY niteit 3 4b/4b TeHOTUIIOM, TaKOX CIIOCTEpirajiacs
TeHACHIIiST 1O 3HMXKEHHSI PiBHS HITPUTY NPU IMiIBU-
meHHi BMicTy ''Cs B Tijii, mpoTe BOHA He Aocsrajia cTa-
TUCTUYHOI 3HaUy1ocTi (p > 0,05). IIlo crocyeThCs piBHS
HiTpaTy Ta cyMHu MeTabositiB NO (HITpUT + HITpaT), TO
y IiTei 1K 3 TeHOTUIIOM 4a/4b, TaK i 3 reHOTUTIOM 4b/4b,
CTaTUCTUYHUX BiIMiHHOCTE He BCTAHOBJIEHO.

OtKe, 3icTaBJACHHSI BMiCTy HITPUTY B CUPOBATLI KPOBi Ta
TPUBAJIOCTI TIepioAy BiTHOBIEHHSI TepMorpagiyHOro Io-
Ka3HMKa KPOBOOOIry IO BHUXITHOrO piBHSI MICIS OK-
JIO3iitHOI MpoOM 3 BMicTOM iHKopriopoBaHoro *’Cs B TiJii y
niTeii 3 4a/4b i 4b/4b reHOTUTIAMY CBiTYUTH MPO 3HIKEHHS
NO-crHTa3HO1 aKTUBHOCTI €HIIOTETiI0 Y HOCIiB MiHOPHOTO
anenst a reHa eNOS Ta HasBHICTb JIiHIiTHOI 3a1€>KHOCTI
PiBHSI HITPUTY Bill BMiCTy iHKopriopoBaHoro *’Cs B TiJi.

PospaxyHku BizHocHOro pusuky (RR) po3BUTKY eH-
noTeianbHOI IUCQYHKINI mpu 4a/4b reHoTUIll TeHa
eNOS noxka3zanu, 110 BiH gopiBHIoBaB 1,600 (95,0 %; CI:
1,168—2,192, p < 0,01), T06TO ImiTH 3 TeHOTUIIOM 4a/4b
Majy IIBUINCHUI PU3UK PO3BUTKY €HIOTEIiaJIbHOI
IUCOYHKIII Y TIOPiBHSHHI 3 4b/4b reHOTUIIOM.

Bizmomo, 1110 3HMXKeHHS TTPOAYKILii OKCUIY a30Ty €HI0-
TeJiaJbHUMU KJIIITMHAMU CYIIPOBOKYETBCSI IOPYIIEH-
HAIM (YHKILII AMXaAbHOI CUCTEMU 3 PO3BUTKOM OPOH-
xocmasmy [14, 15]. 3 ornsamy Ha OiTBII TPUBAIWI TIEPioxn
BiTHOBJIEHHSI KPOBOOOIry IiC/sl OKJI03il i HU3bKUIA
piBeHb HITPUTY y HOCIiB ajlesid @, MA BBaXXajlu TOLLIb-
HUM MpoaHali3yBaTU CTaH BEHTUJISLIAHOI CIPOMOX-
HOCTI JIETEHIB y IiTeit 3 momiMopdizMoM y 4-My iHTpOHI
reHa eNOS.

IIpu aHani3i cepedHiX IMOKa3HUKIB BEHTWISILiHHOL
CIIPOMOXKHOCTI JIETEHb Y AiTeli OCHOBHOI I'PYNU 3 T€HO-
TUIoOM 4a/4b BUSIBICHO 3MEHIICHHS MOKa3HMUKA ejlac-
TUYHOCTI i pO3TSKHOCTI JiereHeBoi TKaHuHU — DAKET /
H®XKE (90,5 £+ 2,1) % B nOpiBHSAHHI 3 AITHbMU 3 TEHO-
tunom 4b/4b — (96,7 = 1,8) % (p < 0,05); mao micue Ta-
KOX 3HMXKEHHSI iHTerpajbHOTO MOKa3HUKA MPOXiTHOCTI
auxaabHuX nuisxis — O®B;/HO®B, — (93,3 +2,8) % i
(100,8 £2,1) % (p < 0,05). BusiBjIeHO 3BOPOTHIO KOPEJISI-
LiAHY 3aJ€KHICTh Mi>K HOCIICTBOM aJieJisl @, BETUYMHOIO
noka3HukiB OKEJI/HOXKEIL (r = -0,259; p < 0,05) i
O®B;/HODB, (r = -0,263; p < 0,05).

HocnimkeHHsT BEHTWISLIIHHOT CITPOMOXKHOCTI JIET€HiB
CBiMUYaTh Mpo Te, 10 O3HAKU OPOHXOCITa3My BUSIBJICHI Y
66,7 % niteir 3 4a/4b renoruriom i y 44,12 % niteii 3
4b/4b renotunom (p < 0,05), ToOTO MOPYILIEHHS BEHTU-
JISIIAHOT CIIPOMOXKHOCTI JIET€HIB y HOCIIB ajens a
Bim3Havammcsa B 1,5 pasa yacrilne, HiX y miteit 3 4b/4b
TEHOTUIIOM.

Coefficients of correlation and determination were
r=-0.340 (p < 0.001) and R*=0.115 (p < 0.001).

In children with genotype 4b/4b, there was also a
tendency to decrease the level of nitrite when *’Cs
content was increased in the body, not reaching sta-
tistical significance (p > 0.05). Regarding the nitrate
level and the amount of NO metabolites (nitrite +
nitrate), no statistical differences were found in
children with both 4a/4b and 4b/4b genotypes.

Hence, the comparison of serum nitrite content
and duration of recovery of thermographic index in
circulation to the baseline level after the occlusion
test, in children with genotypes 4a/4b and 4b/4b
indicates a decrease in the endothelial NO-synthase
activity in the carriers of minor allele a of the eNOS
gene and a presence of linear dependence of the
nitrite level on the content of incorporated '¥’Cs.

Relative risk for the development of endothelial
dysfunction at genotype 4a/4b of the eNOS gene
was 1.600 (95.0 %; CI: 1.168—2.192, p < 0.01),
that is, children with genotype 4a/4b had an
increased risk of developing endothelial dysfunc-
tion compared with genotype 4b/4b.

It is known that the decrease in the nitric oxide
production by endothelial cells is accompanied by
a disorder of the respiratory system with the devel-
opment of bronchospasm [14, 15]. Considering
the longer period of post-occlusion recovery and
the low level of nitrite in carriers of allele a, we
considered advisable to analyze the state of lung
ventilation in children with polymorphism in the
4™ intron of eNOS gene.

In the analysis of ventilation capacity of lungs in
children of the main group with genotype 4a/4b, the
decrease in the index of elasticity and stretchability
of lung tissues — FVC/ NFVC (90.5 * 2.1) % com-
pared with children of the genotype 4b/4b —
(96.7 £ 1.8) % (p < 0.05) was noted; there was also
a decrease in the integral index of respiratory tract
permeability — FEV,/NFEV, — (93.3 = 2.8) % and
(100.8 £ 2.1) % (p < 0.05). The inverse correlation
between the carrier of allele @ and the values of the
FVC/NFVC parameters (r = -0.259; p < 0.05) and
FEV,/NFEV, (r = -0.263; p < 0.05) was found.

Studies of lung ventilation capacity indicate that
signs of bronchospasm were detected in 66.7 % of
children with genotype 4a/4b and in 44.12 % of
children with genotype 4b/4b (p < 0.05), that is,
the disorders of lung ventilation capacity in carri-
ers of allele @ were occurred 1.5 times more fre-
quently than in children with genotype 4b/4b.
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ITaroizionoriuHi MexaHi3MM BUSIBIEHUX (YHKIIiO-
HaJIbHUX 3MiH Yy CUCTEMi AMXaHHS MOXHa PO3MIsAaTH 3
HACTYITHUX To3uiiit. BBaxkaiorh, mo Hectaua NO
CTipusi€ TIABUILNEHHIO TOHYCY TIJIaAeHbKUX M I3iB
OpOHXiB Ta 1X 3BY>KEHHIO TTPU OOCTPYKTUBHUX 3aXBOPIO-
BaHHsX jiereHiB [16, 17]. [Ipo maroreHeTUYHE 3HAYEHHS
pedpinnty NO mpu oOCTPYKTUBHUX OpPOHXOJIETEHEBUX
3aXBOPIOBAHHSIX CBITYUTH TOM (DaKT, 1110 iHTAIALi HU3b-
KX KoHUeHTpauii NO mamTh COPUSTIMBUN Tepares-
TUYHUI €(PEKT CTOCOBHO YCYHEHHsI OpOHXOCIa3My i Jie-
reHeBoi rireprensii [16]. 3a ganumu [15, 17], y oiteit 3
PEeLUINBYIOUMM OOCTPYKTUBHUM OpPOHXiTOM i OpOHXi-
aJlbHOIO acTMOIO BUSIBJIEHA HAsSBHICTh €HAOTeNialbHOI
IUCGYHKILT, MPOsSBaMU SIKOI € HU3bKUI PiBEHb HITPUTY,
noB’sg3aHuit 3 mpurHideHHSIM NO-CHMHTa3HOI aKTUB-
HOCTi €HIO0Telli10.

OT1xe, pe3yabraTd MPOBEACHUX MOCIiIXEHb BKa3y-
I0Th Ha 3HWXXEeHHSI NO-CHHTa3HOiI aKTUBHOCTI €HI0-
TeJIiI0 Y HOCIiB ajiefis a, ToMy OiTeli 3 reHoTuiiom 4a/4b
MOXHa BiTHECTU 10 TPYIU PU3UKY 3 PO3BUTKY €HIO-
TeJlialbHOI TUC(YHKIIi1, 0COOJIMBO MPU MPOXKMWBaHHI B
€KOJIOTIYHO HECHpPUITIUBUX yMOBax, a (YHKIiO-
HaJIbHi MOPYIIEHHS CUCTeMU OIUXaHHS PO3IJISIaTH sSIK
il IposIBU.

BUCHOBKU

1.V pgiteii — MelIKaHILiB pafioaKTUBHO 3a0pYIHEHUX Te-
pUTOPIli 3 TEHOTUTIOM 4a/4b y MOPiBHSHHI 3 OiThbMU, SIKi
Maju reHotun 4b/4b, Bimmiyanocsi 3HUKEHHSI BMICTy
HITPUTY B CHUPOBATLi KPOBi, 30iJbILIEHHS TEePMOT-
padiyHOro MokKa3HMKa TPUBAJIOCTI MEPioay BiIHOBJIEH-
HsI KPOBOOOIrY 10 BUXiIHOIO PiBHS IMiCJsS OKJIIO3ilHOL
npoou, 110 BKa3zye Ha 3HUKeHHSI NO-CHUHTa3HOI aKTUB-
HOCTi CYIMHHOIO €HIOTEJil0 B 0CiO-HOCIiB MiHOPHOTO
ajens a B 4-My iHTpoHi reHa eNOS (renorun 4a/4b), Ta
€ (akTOpoM PHU3UKY PO3BUTKY EHIOTENialbHOI IHC-
GyHKII.

2. JloBeaeHO 3MEHILEeHHS MOKa3HMKa eJJAaCTMYHOCTI i
PO3TSKHOCTI JiereHeBol TKaHuHu — OXKEJI/HDXKE
y IiTei OCHOBHOI I'PYMHU 3 TEHOTUIIOM 4a/4b TIopiBHSIHO
3 IiTbMU 3 TeHOTUIIOM 4b/4b, Majio Miclle TaKOX 3HU-
JKEHHSI iHTerpajbHOTO MOKa3HWKA MPOXiAHOCTI Au-
xalbHUX NUIsixiB — O®B,;/HO®B,. BussieHo 3BopoT-
HIO KOPEJISLiiiHY 3a7eKHICTh MiXK HasgBHICTIO ajieNs a B
TEHOTHUIII Ta BEIMYNHOIO moKa3HuKiB ®XKEJI/HDXKETT
(r=-0,259; p < 0,05) i O®PB;/HO®B; (r = -0,2627;
p <0,05). O3Hakm OpoHXOCTa3My BUSIBJICHI y HOCIiB
anmens a B 1,5 pasza vacrile, HiX y AiTefi-TOMO3UTOT 3
anens b.

(1) 468

The pathophysiological mechanisms of the
revealed functional changes in respiratory system can
be considered from the following positions. It is
believed that the lack of NO promotes an increase of
the smooth muscle tone in bronchi and their narrow-
ing in obstructive pulmonary diseases [16, 17]. On
the pathogenic role of NO deficiency in the obstruc-
tive bronchopulmonary diseases is evidence the fact
that inhalations of low NO concentrations provide
beneficial therapeutic effect in respect of eliminating
bronchospasm and pulmonary hypertension [16].
According to [15, 17], in children with recurrent
obstructive bronchitis and bronchial asthma,
endothelial dysfunction was detected, the manifesta-
tion of which is the low levels of nitrite associated
with inhibition of endothelial NO-synthase activity.

Therefore, the results of conducted studies indi-
cate a decrease in endothelial NO-synthase activi-
ty in the carriers of allele a, therefore, children of
genotype 4a/4b can be considered a risk group for
the development of endothelial dysfunction, espe-
cially when living in environmentally unfavorable
conditions, and functional disorders of the respira-
tory system should be regarded as manifestations.

CONCLUSIONS

1. In children-residents of radioactively contami-
nated territories with genotype 4a/4b compared
with children who had genotype 4b/4b, there was
the decrease in the serum nitrite concentration,
the increase in the thermographic index of the
recovery period of blood circulation to the baseline
after occlusion test, indicating a decrease of NO-
synthase activity of vascular endothelium in the
carriers of the minor allele a in the 4™ intron of the
gene eNOS (genotype 4a/4b), and is a risk factor
for development of endothelial dysfunction.

2. In children of the main group with genotype
4a/4b the decrease in the index of elasticity and
stretchability of lung tissue — FVC/NFVC of the
lungs comparing to children with genotype 4b/4b
is proved, along with a reduction of integral index
of respiratory tract permeability — FEV;/NFEV,.
A reverse correlation between the presence of
allelle a in the genotype and the value of parame-
ters indices FVC/NFVC of the lungs (r = -0.259; p
< 0.05) and FEV,;/NFEV, (r = -0.2267; p < 0.05)
was found. Signs of bronchospasm were found in
the carriers of the allele a in 1.5 times more often
than in homosygous children with allele b.
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