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JOCBIJ KOPEKIIT EHIOTEJIIAJIBHOI JUC®YHKIIT ¥ TITEM,
MEIIKAHIIIB PAIIOAKTUBHO 3AGPYJIHEHUX TEPUTOPI,
3A IOITOMOTI'OIO IIOTEHIIMHOI'O TOHATOPA OKCUTY
A30TY — HUTPVYJIIHY

MeTa po6oTu: BU3HaYnTU €(HEKTUBHICTb 3aCTOCYBAHHA LUTPYNiHY ANs Kopekuii eHaoTenianbHoi guchyHKLii y gitei,
MelKaHLiB pafiioakTUBHO 3abpyaHEHUX TEPUTOPI.
Marepianu 1a meropu. [na ouiHkM edeKTUBHOCTI Kopekuii eHpoTenianbHoi pUchYHKUIT i3 3acTOCyBaHHAM no-
TeHUiHoro goHatopa NO uuTpyniHy 3a [aHUMW CENEeKTUBHOTO CKpWHiHry Gyna BifibpaHa rpyna AiTeil, MelKaHLiB
pafiioakTMBHO 3a6pyAHEHMX TEPUTOPIN, 3 HAABHICTIO KNiIHIYHMX Ta MApaKNiHIYHMX 03HAK eHAoTeNnianbHOT AUuChyHKLIT.
BusHayanucs 6ioximMiyHi nokasHukM BMicTy cTabinbHux metabonitis NO, L-apriHiHy, NepeKUCHOro OKUCIEHHA Ninigis,
AHTMOKCMIOAHTHUX (hepMEHTIB Y CMPOBATLi KPOBi; MOKA3HMKM KNMiTMHHOTO Ta FyMOpPaNbHOIO iMyHiTeTy, iHCTPYMeEH-
TanbHi NOKa3HWKKU eHAoTeni3anexHoi peakuii cyquMH Ha OKIO3iNHY Npoby, BEHTUAALIAHOT CMPOMOXHOCTI NereHis,
6ioeneKTpMYHOT aKTMBHOCTI MioKappy, BeretaTuBHoi perynauii cepueBo-cyamHHoi cuctemu. 06CTexeHi gitn oTpumy-
Ba/lM KYpC LMTPYNiHy Manaty.
Pe3ynbTati Ta BUCHOBKM. Y fiTeil 3 eHpoTeNianbHOW AUCHYHKLUIED, AKI OTpUMYBaANM KypC LUTPYNiHY Manaty BCTa-
HOBMIEHO MifBMLIEHHS BMiCTy B CMpOBATLi KPOBi L-apriHiHy, HiTpuTy, cymn metabonitie NO. MMicns 3acTocyBaHHs npe-
napaty cnocTtepiranocs ycyHeHHs 6pOHX0CNa3Mmy y 3Ha4yHOT YacTUHM obcTexeHnx. OuiHKa NoKasHUKiB eHaoTeniiisa-
NeXHOT Bazoaunatalii cyguH 3a 4onomoro TepmMorpatiyHoro MeTofy BU3HAUYMIA 3MEHILEHHS nepiofy BifLHOBIEHHS
i 36inblIeHHs Nepioay rinepkomMneHcaulii TepMorpatiyHOro NoKasHUKa KpoBoobiry B npobi 3 NoCTOKN03iMHOW peak-
TUBHOIO rinepemieto, Wo CBiAYMUTL NPO NigBULLEHHA Ba30MOTOPHOT CMPOMOXHOCTI eHfioTeNi0. BigmMivanacs TeHaeHUis
[0 NOMiNWEHHS NPOLECiB BEreTaTUBHOT peryisuii cepueBoro putmy i penonspusalii cepuesoro m's3a. BusHaueHo aH-
TUOKCUAAHTHUI BMIMB 3aCTOCOBAHOMO KYpCY LMTPYNiHY Manaty: 3HWUKEHHA BMiCTy y CMPOBATLi KPOBi KiHLEBMX Npo-
JVKTiB NePeKMCHOro OKMUCNEeHHSA Ninifis, o pearytoTb 3 TiobapbiTypoBO KMCNOTOW, NPYU NiABUILEHHT aKTUBHOCTI aH-
TUOKCUAAHTY — KaTanasu. B guHamili 3acTocyBaHHA UMTPYAiHY Manaty BigMivyanoch nigBuuweHHs Bigcotka T-nimdo-
UMTiB, HOpManisauis ix cy6nonynauinHoro cknagy.
KnioyoBi cnoBa: fiTn, pagioakTMBHO 3abpynHeHi TepuTopii, eHpoTenianbHa AUChYHKLIiA, KOPeKUis, UUTPYNiH.
Mpobnemu padiayitinoi meduyuHu ma padiobionozii. 2017. Bun. 22. C. 463-475.
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Experience of correcting endothelial dysfunction in children-residents of
radioactively contaminated areas by nitric oxide potential donator citrulline

Objective: to determine the effectiveness of citrulline use for correcting endothelial dysfunction in children-resi-
dents of radioactively contaminated areas.
Materials and methods. A group of children-residents of radioactively contaminated areas with the presence of
clinical and paraclinical signs of endothelial dysfunction was selected to assess the effectiveness of correcting
endothelial dysfunction by the usage of NO potential donator — citrulline according to the data of selective screen-
ing. There were determined the biochemical parameters of the content of NO stable metabolites, L-arginine, lipid
peroxidation, antioxidant enzymes in the blood serum; the indices of cellular and humoral immunity; the instrumen-
talindices of vascular endothelium-dependent reaction on occlusion test, the lung ventilation capacity, the bioelec-
tric activity of the myocardium, the autonomic regulation of the cardiovascular system.
Examined children were received a course of citrulline malate.
Results and conclusions. An increased content of serum L-arginine, nitrite, and amounts of NO metabolites was
established in children with endothelial dysfunction who were received a course of citrulline malate. Bronchospasm
elimination was noted in the significant part of examined patients after the drug use. Decreased recovery period
and increased period of hypercompensation for thermographic circulation index in the test with post occlusion reac-
tive hyperemia were detected by an evaluation of indicators for vascular endothelium dependent vasodilatation
using thermographic method indicating an increased endothelial vasomotor capacity. There was tendency to
improve the processes of autonomic regulation of the heart rhythm and repolarization of the heart muscle. The
antioxidant effect of used citrulline malate course was determined as: decreased content of serum LPO end products
that react with thiobarbituric acid under elevated activity of antioxidant — catalase. An increase in the percentage
of T lymphocyte, normalization of their subpopulation composition was noted in dynamics of citrulline malate appli-
cation.
Key words: children, radioactively contaminated territories, endothelial dysfunction, correction, citrulline.
Problems of radiation medicine and radiobiology. 2017;22:463-475.

BCTVYII

TpuBanuii BIIMB bakTOpiB pamialiiiHOl Ta Hepamia-
Lii{HOI MPUPOAU 3yMOBUB CTiliKi HETaTUBHI 3MiHU CTaHY
3I0pOB’S HiTel, sIKi MEIIKaloTh Ha palioaKTUBHO 3a0-
pyaHeHux teputopisx (P3T). Cnocrepiraetbesl minBu-
IIEHHSI TOKAa3HWKIB 3aXBOPIOBAHOCTI Maifke 3a BciMma
OCHOBHUMM KJlacamu XxBopo0O. IIpore mexaHizmu, 1110
JIeXaTh B OCHOBI HECIIPUSITIIMBUX MEAUKO-0i0JOTiYHUX
HAacJIiaKiB, OCTaTOYHO He 3’sicoBaHi [1, 2].

HuHi noBeneHo, 1o eHporetianbHa aucyHkuis (EI)
€ OJJHMM 3 OCHOBHMX JIQHLIOTiB ITaTOreHe3y pi3HO-
MaHITHOI COMaTUYHOI maToJjorii. MexaHi3Mu yJacTi eH-
NOTeJIiI0 Y BUHUKHEHHI Ta PO3BUTKY pPIi3HUX MaTO-
JIOTIYHUX CTaHiB ©OaraTorpaHHi Ta TIOB’S3aHi 3
OPOBIAHOI POJIIIO €HIOTENil0 i 0i0J0riYHO aKTUBHUX
pPEUYOBMH, SIKi BiH TIPOAYKYE, Y KOMIUIEKCHIN perymsiii
(byHKIIIOHATbHOI aKTUBHOCTI Ta CTPYKTYPHUX 3MiH CY-
JUHHOI CTiHKU, MPOLIECiB TPOMOOYTBOPEHHSI, aTepore-
He3y, 3aXUCTY LiJiCHOCTI CynuH Toulo |3, 4].

INTRODUCTION

The persistent negative changes in the health of
children living in radioactively contaminated terri-
tories (RCT) were caused by prolonged exposure
to the radiation and non-radiation. There is an
increase in morbidity rate almost by all major
classes of disecases. However, the mechanisms
underlying the adverse biomedical consequences,
are not fully clarified [1, 2].

Now it is demonstrated that endothelial dysfunc-
tion (ED) is one of the main chains in the pathogen-
esis of various somatic diseases. Pathways of endothe-
lial participation in the different pathological condi-
tions are many-sided and associated with the leading
role of endothelium and produced biologically active
substances in the complex regulation of the function-
al activity and structural changes in the vascular wall,
the processes of thrombosis formation, atherogenesis,
protection of the blood vessels integrity etc. [3, 4].
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Hamimu nomnepenHiMyu JOCTIAKEHHSIMUA BU3HA4YEHO,
10 y BigaaaeHuit nepiogq YopHOOMIBCHKOI KaTacTpou
y miteit, memkaHIiB P3T, crocrepiraeTbes psim 03HAK
EN, mo copusie po3BUTKY (pyHKIIOHAIBHUX pO3JadiB 3
00Ky 6araThboX OpraHiB Ta CUCTEM 3 MOJAIbIIOI0 TPaHC-
¢dopmMmali€ro y MmaToyJoTiuyHi mpoLecH, SKi MOTpedyIoThb
cBoevacHol Kopeklii [5, 6].

Hnsa xopekuii EJl BKpaii BaxXJIMBO HajaTu cyocTpar, 3
SIKOTO €HIOTENill MOXe CUHTE3yBaTU MOTPiOHI peyoBU-
Hu. Hecraua cyOcTpary € HalBaXKJIMBIlLIOIO MEPEIIKO-
JTOT0 Ha IUISIXY cTabimi3alil pyHKIIiOHAIbHOTO CTaHy €H-
JOTEJIII0, 1110 MOXHA MTOSICHUTU OCOOJIMBOCTSIMU CUHTE-
3y OKCHUIY a30Ty, SIKi TMOJISIraloTh y TOMY, 11O €IUHUM
cyoctpaToM st cuHTe3dy NO € L-apriHiH.

Ha TenepimHiii 4yac gocTaTHbO BeJiMKa yBara
MPUIINISIETbCA BUBUEHHIO poui i micus L-apriHiny, K
nomnepeaHnKa oKCuay a3ory, B Kopekitii EJI [7, 8].

Bimomo, mo Metabonizm L-apriHiHy 3miliCHIOETHCS
JIBOMa aJlbTepHAaTUBHUMHU nursixaMu: 1) okucHUM (NO-
CUMHTa3HUM) — 3 yrBopeHHsM NO i L-umutpyniny (uei
IIJIIX € OCHOBHUM); 2) HEOKUCHUM (apriHa3HUM) 3 yT-
BOpPEHHIM L-opHiTUHY Ta ceyoBUHU [9].

B Toi1 ke yac gocmigkeHHsI OCTaHHIX POKiB BU3BHAYU-
JIN iCHYBaHHSI TaK 3BAaHOTO LIMKIIY apriHiH-LUTPYJIiH,
MEXaHi3M SIKOTro TMOJSITa€E B TOMY, IO KIITUHM, SKi
MicTsATh NO-CUHTAa3y, MalOTh CIIPOMOXKHICTb PeyTUTi3y-
Batu L-umtpyiid B L-aprinin [9, 10].

TakuMm 4yuHOM, MpernapaTyd LUUTPYJIiHY, MOXYTb pO3T-
JIIAaTUCS SIK MOTeHUiitHi noHatopu NO.

META JOCJIIJIZKEHHA

BuszHaunTtu e(peKTUBHICTh 3aCTOCYBAHHS LIUTPYIiHY IJIsI
KOpEeKIIii eHaoTedianbHOl TUCOYHKIII y AiTel, Mell-
KaHILiB palioaKTUBHO 3a0pyIHEHUX TEPUTOPI.

MATEPIAJIN TA METOJIN DOCIIIZKEHHA
B ymoBax kniniku HHIIPM i3 3acTocyBaHHSIM KOMILIE-
KCHOIO KJIiHiKO-71a00paTOpHOIo Ta iHCTPYMEHTAILHOTO
JTOCITiIKeHHsT o0cTexkeHo 20 miTeil MIKITBHOTO BiKy (Bi
10 mo 17 pokiB), MemkanuiB P3T 3 eHmorenianibHOIO
nuchyHkiiero. Binbip malieHTIB 3 eHI0TeTiaIbHOIO
JUCGYHKIIIEIO TTPOBEACHO 3a JOMOMOIOI PO3pobIeHOL
HaMu MeTogukH [11]. O0cTexXeHi TiTH TTOCTIHHO MPOXM-
Banin y Hapoauubkomy, OBpyubkomy, KopocreHcbkoMy
Ta OJleBCbkOMY paifoHax 2ZKUTOMUPCHKOI 001acCTi.
OxpiM 0a3ucHOI Teparii BOHM OTPUMYyBalu Kypc
npemnapaty CtumMon®, Hil04010 PEeYOBUHOIO SIKOLO €
uutpyainy wmanat (BupooHuk BIOKOJEKC,
®pannist. 3aTBepaxeHo HakazomM MO3 VYkpainu
Ne1048 Bim 14.12.2012. PeecrtpauiliHe mOCBimYeHHS
NeUA/6937/01/01). Ctumon® ripu3HavaBcs per 0s Hac-

A number of ED signs with the development of
functional disorders on the side of many organs and
systems, and the subsequent transformation into the
pathological processes needed the temporal correc-
tion was determined in children-residents of radioac-
tively contaminated territories in remote period of
the Chornobyl disaster by our previous studies [5, 6].

An extremely important is to provide the substrate
from which the endothelium can synthesize necessary
substances to correct ED. Lack of substrate is most
important impediment to the stabilization of the
endothelial functional state, that can be explained by
the peculiarities of the nitric oxide synthesis, that is in
fact the only substrate for NO synthesis is L-arginine.

The sufficiently large attention is paid to studying
the role and place of L-arginine, as a precursor of nit-
ric oxide, in a correction of the ED at present [7, §].

It is known that L-arginine metabolism occurs by
two alternative ways: oxidative (NO synthase) — the
formation of NO and L-citrulline (this is the main
pathway). Non-oxidative (arginase pathway) —
with the formation of L-ornithine and urea [9].

However, recent studies have identified the exis-
tence of so-called cycle of arginine — citrulline,
which mechanism is that cells containing NO-
synthase, have the ability of reutilization of L-cit-
rulline to L-arginine [9, 10].

Thus, drugs citrulline can be considered as
potential donators of NO.

OBJECTIVE

To determine the effectiveness of citrulline use for
correcting endothelial dysfunction in children-
residents of radioactively contaminated territories.

MATERIALS AND METHODS

Using a complex of the clinical, laboratory and
instrumental studies, 20 children of school age
(from 10 to 17 years) with ED — the residents of
the RCT were examined in the clinic of NRCRM.
Patients with endothelial dysfunction were selected
using the following method developed by us [11].
Examined children were permanently resided in
Narodychi, Ovruch, Korosten and Olevsk regions
of Zhytomyr area.

They had received a course of drug Stymol® with
citrulline malate as active ingredient (manufactur-
er BIOKODEKS, France. Approved by the order
of Ministry of Health of Ukraine Nel048 from
14.12.2012. The registration certificate is
NeUA/6937/01/01) in addition to standard treat-
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TYIHAM YMHOM: BMICT 1 MakeTHKa po3BOAWJIM Yy MOJO-
BUHI ckstHKA (100 MJT) TUTHOI BOAM KiMHATHOI TeMITe-
parypu i maBajiu OiTIM 1o 1 TmakeTWKy 2 pa3u Ha J00y
micJist TXi BIpoAoBx 14 mi0.

JHocimkeHHs piBHIB azotucTrx croiyk (NO* ta NO*)
TPOBOJIWIIM 32 CTAHAAPTHOIO METOMKOIO 3 BUKOPUCTAH-
HSIM peakTuBy Ipicca [12].

Bwmicr aprininy B cupoBarTili KpOBi BU3HAYAJIU 32 METO-
nom K. H. Bepemeenko [13].

st peecTpaliil eHaoTelii3aaeskHol peakilii CyTMHHO-
ro pycjia Ha 3MiHI YMOB KPOBOITIOCTa4aHHST BUKOPUCTO-
ByBasIv TepMorpadiyHuii criocio. st 1boro 3acTocoBy-
Baim [HAMKaTOp eHaoTeNiaJbHOI peakTuBHOCTI [EP-3
BiTuM3HsiHOro BUpooHuuTBa (IIT «<HOPT»).

BigmoBimHO 10 pe3yabTaTiB TepMOTpadidHOTO TOCITiI-
JKEHHSI KOXHOTO TMalliEHTa Ha MiJiMeTpoBOMY Iariepi
KpEeCIWJIM KPUBY ITOCTOKIIO3iHOI TimepeMii, 3a sSIKOIO
BU3HAYMIIU Psif TIOKA3HUKIB [14].

bioenekTpruuHy aKTUBHICTh MiOKapJy BUBYAIU METO-
nom EKI' y ctanmapTHUX BinBeAeHHSIX.

CraH BereTaTMBHOI HEPBOBOI CHCTEMM BUBYAaBCS 3a
JIOTIOMOIOI0 aHaJli3y BapiabeJbHOCTI CEepLIEBOTO PUTMY
(kapmioinTepBanorpadis) y Mo€gHaHHI 3 aKTUBHOIO
KJIiHoOpTOocTaTuyHOIO mpoodoio (KOIT).

IToka3HWKN TEPEeKUCHOTO OKUCJIEHHS JiMifiB (BMiCT
npoaykTiB ITOJI, 1m0 pearyioTh 3 Tio0apOiTypOBOIO KUC-
JIOTOI0) Ta aHTUOKCHUIAHTHOTO 3axUcTy (LiepyJIoll-
JIa3MiH, KaTajiaza) JOCTiIKyBalu 3a Metogamu [15].

HocnimkeHHsT BEHTWISILIIHHOT CITPOMOXKHOCTI JIET€HiB
MPOBOAWIM 3a JIOTMIOMOTOI0 METOMy TTHeBMOTaxorpadii,
3a JaHWMU aHaJi3y MeTi «IT0TiK-00’eM», Ha TTHEBMOTAa~
xorpacdi aBromatnuzoBaHoMy [1TA-01 BiTYM3HSIHOTO BU-
poonuutrsa (HTIT «ITOMCK»). st BUSIBAEHHS paHHiX
3MiH BEHTWISILIAHOT CIPOMOXHOCTI JIer€HiB —
OpOoHXiaJbHOI TilleppeakTUBHOCTI (IIPUXOBAHOIO i HEM-
PUXOBAHOTO OPOHXOCIIa3My) BUKOPUCTOBYBaJIM (hapMa-
KOJIOTIYHY iHTAJSLIAHY Tpo0y 3 OPOHXOPO3IIMPIOBAIb-
HMM TIperapaToM — cajib0yTaMoJI, 1110 BIUTMBAE Ha [3;-aj-
peHepriuHi peLienTopu jereHis [16].

BuznaueHHs1 monmyJsLiiHOro i CyoNoOmyasLiiiHOTO
CKJIay iIMyHOKOMITETEHTHUX KJIITUH TTepudepryHOi KPOBi
OPOBOAUIIM METOJOM TIpsiMoiiMmyHodyopecueHiiii. Ila-
Henb aHTUTIT BKMoyasna: CD3/19, CD4/8, CD3/16/56.
AHaJti3 mpoBOINIIN Ha JIa3epHOMY ITPOTOYHOMY LIUTODITY-
opumeTpi FACScan (BectonDickenson, CIIIA).

PiBeHb CMPOBATKOBMX iMyHOIJI00Y/1iHiB OCHOBHMX KJ1aCiB
A, M, G BM3HaYayIM 3a JIOTIOMOTOIO0 iMyHO(EpMEHTHOL
TecT-cucteMu «Vitrotests (TOB «IHHOBalliiiHO-BUpOOHMYA
KoMmIaHisl «PaMiHTeK», YKpaiHa) y I1a3Mi KpOBi JTIOIUHMU.

st oumiHKM (DYHKLiOHAJBHOIO CTaHy HeWTpodiiB
nepudepudHoi KpOBi BU3HAYaANM X TMOTJIWHAJILHY

ment. Stymol® was prescribed per os as follows: the
contents of 1 package was diluted in 1/2 cup (100 mL)
of drinking water at room temperature and 1 package
was given to children BID after meals for 14 days.

The investigation of the levels of nitrogen com-
pounds (NO* and NO*) was performed by the
standard method using Griess reagent [12].

The content of serum arginine was determined
by the K.N. Veremeenko method [13].

The thermographic method was used to register
the endothelium-dependent response of vasculature
bed to changes in blood supply conditions. The
indicator of endothelial reactivity IER-3 of domes-
tic production (SC «North») was used for this.

The curve of postocclusive hyperemia identify-
ing a number of indicators was drawing on graph
paper for each patient in accordance with the
results of thermographic study [14].

Bioelectric activity of the myocardium was stud-
ied by the ECG method in the standard deviations.

State of the autonomic nervous system was stud-
ied by analyzing the cardiac rhythm variability
(cardiointervalography) combined with active
clino-ortostatic test (COT).

Indices of lipid peroxidation (content of LPO
products that react with thiobarbituric acid) and
antioxidant protection (ceruloplasmin, catalase)
were studied by the following methods [15].

An examination of lung ventilation capacity was
carried out by pneumotachographic method,
according to the data analyzing the loop «flow-
volume» with automated pneumotachograph
PTA-01 of national production (NTP «POISKb»).
Pharmacological inhalation test with bronchial
dilator — salbutamol effecting the [,-adrenergic
receptors of the lung was used to detect the early
changes in lung ventilation capacity — bronchial
hyperresponsiveness (hidden and overt bron-
chospasm) [16].

Definition of population and subpopulation
composition of peripheral blood immune cells was
performed by direct immunofluorescence. The
panel includes antibodies: CD3/19, CD4/8,
CD3/16/56. Analysis was performed on laser flow
cytometry FACScan (Becton Dickenson, USA).

The level of serum immunoglobulins of major
classes A, M, G was determined using test system
«Vitrotest» (Ltd «Innovation and production com-
pany» Ramintek», Ukraine) in the human plasma.

The absorbing ability was determined by setting
the phagocytosis reaction with latex particles to

(1) 466
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3aTHICTh IIJISIXOM ITOCTAHOBKM peakilii (arouuTosy 3
YaCTMHKAMU JIATEKCY.

PiBeHb LMPKYJIIOWYUX IMyHHUX KOMILIEKCIB JOCTiA-
JKYBaJIM IIUISIXOM CEeJIEKTUBHOI MPELMITITallil KOMITJIEKCiB
y 3,75 % po3uuHi MOJIETUIEHIJIKOMIO 3 HACTYITHUM
BUMIPIOBAHHSIM CBITJIONOINIMHAHHS MPO0 Ha CIIEKTPO-
doromeTpi [17].

Bwmict Cs B oprani3mi aiTeil BU3Ha4YaIn 3a JOIIOMO-
rol0 JiYMJbHUKA BUIMPOMiHIOBAaHHS JIoAMHU CKpUH-
Hep-3M. PiBeHb iHKOPHOPOBAHOIO 11€3i10 KOJMBaBCS
Bim 269 mo 6253 Bbk.

OOcTexXeHi miTh 3 eHAoTeNiaaIbHOI TUC(HYHKIIIEID He
MaJIu TTaToJIoTii OpraHiB AUXaHHS Ta MaTOJIOTil CepleBO-
CYOIUHHOI CUCTEMH OPTaHIIHOI'O XapaKTepy.

JI1st cTaTUCTUYHOT OOPOOKM OTPUMAHUX JAaHUX BUKO-
PUCTOBYBaJIM IIporpaMHe 3abe3rnedyeHHs1 Microsoft®
Excel 2002, StatSoft, Inc. (2011). STATISTICA (data
analysis software system), version 10 www.statsoft.com Ta
SAS® 9.3 Foundation for Microsoft® Windows® (2013).

PE3VYJIBTATU TA OBTOBOPEHHS
B nuHaMili 3acTocyBaHHS Kypcy LIMTPYJIiHY MaJiaTy BU3-
HauyeHo, 110 Yy JiTeli-MellKaHIIiB pagioaKTUBHO 3a0py/-
HEHUX TePUTOPIiii, B MOPiBHSIHHI 3 JaHUMU IMEPBUHHOTO
00CTEeXEeHHS CIIOCTEPIraJloch JOCTOBIpHE MiIBUILIEHHS B
cupoBaTli KpoBi BMicTy L-aprininy — 3 (59,72 £ 5,54)
1o (79,33 + 6,23) mxmoinb/a, p < 0,05; piBHSI HITpUTY —
3 (7,09 = 1,17) no (12,71 £ 1,51) mxmoub/a, p < 0,02;
cymu cTabiapHux MetabdosiTiB NO — 3 (32,72 £ 1,44) no
(38,04 = 2,14) mxmonn/1, p < 0,05. PiBenp HiTpaty
NpakTUYHO He 3MiHMBca — (25,68 £ 2,03) : (25,33 £
1,95) mxmonb/m, p > 0,05 (Taba. 1)

ITosicHeHHST 10 pe3yabTaTiB HAIIUX TOCIiIXKEeHb CUCTE-
MU OKCHUJY a30Ty MOXXHA 3HAWTH 1IUISIXOM 3aJTy4eHHSI 1a-

Ta6nuusa 1

assess the functional status of peripheral blood
neutrophils.

The level of circulating immune complexes was
investigated by selective precipitation of complex-
es in 3.75 % solution of polyethylene glycol, fol-
lowed by measuring the light absorption of samples
with spectrophotometer [17].

The content of ¥'Cs in children body was deter-
mined using human radiation counter Skriner-
3M. The level of incorporated cesium ranged from
269 to 6253 Bq.

No respiratory pathology and pathology of the
cardiovascular system of organic nature were noted
in examined children with endothelial dysfunction.

Software Misrosoft® Exel 2002, StatSoft, Inc.
(2011); STATISTICA (data analysis software sys-
tem), version 10 www.statsoft.com and SAS® 9.3
Foundation for Microsoft® Windows® (2013) were
used for statistical processing of the data obtained.

RESULTS AND DISCUSSION
The children-residents of radioactively contaminat-
ed territories compared with the data of initial exam-
ination had a significant increase in serum L-argi-
nine content — from (59.72 + 5.54) to (79.33 £ 6 23)
mmol/L, p <0.05; nitrite levels — from (7.09 £ 1.17)
to (12.71 = 1.51) mmol/L, p < 0.02; the amount of
NO stable metabolites — from (32.72 £ 1.44) to
(38.04 = 2.14) mmol/L, p < 0.05 in dynamics of
citrulline malate course. No changes were practi-
cally noted in the level of nitrate — (25.68 = 2.03):
(25.33 £ 1.95) mmol/L, p > 0.05 (Table 1).

An explanation for the results of our studies for
nitric oxide system can be found through the

QiuHamika BMmicTy apriHiHy Ta cTa6inbHMX MeTaboniTiB OKCMAY a30Ty B CUpOBaTLi KPoBi AiTei, MewKaHyie P3T,

B MpoLeci 3aCTOCyBaHHA Kypcy uuTpyniHy manary (X £ m).
Table 1

Dynamics of serum arginine content and stable nitric oxide metabolites of children-residents of RCA in the

process of citrulline malate course (X + m).

Do 3acTocyBaHHs npenapary

Micnga 3actocyBaHHsl npenapaty

Mokagnuk / indices Before use After use P
L-apriHiH, MKMOnb/N 59,72 £ 5,54 79,33 = 6,23 < 0,05
L-arginine, mmol/L
Hitput, MKMonb/n 7,09 1,17 12,71 = 1,51 < 0,02
Nitrite, mmol/L
Hitpat, MkMonb/n 25,68 + 2,03 25,33+ 1,95 > 0,05
Nitrate, mmol/L
Cyma metabonitie NO (HITpUT+HITPAT) MKMONb/N 32,72 1,44 38,04 £2,14 <0,05

Integral NO metabolites i.e. (nitrite+nitrate) mmol/L
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HUX JliTepaTypu Mpo MeTadomi3m L-apriHiny Tta L-1mut-
pyainy [10, 18].

TomeocTa3 mia3MeHHOI KoHLeHTpallii L-apriHiny 3a-
JIEXKUTDh BiJl CMIOKMBAHHS apriHiHy 3 Xeto, CUuHTe3y L-
apriHiHy, Kpyroo0iry OiKiB i piBHS MeTabo0i3My B Op-
raHizmi.

OCHOBHVM OpPTaHOM, B IKOMY BilOYBa€ThCs CUHTE3 L-
apriHiHy, € HUPKM, 1€ apriHiH (GopMyeTbcsa 3 L-1uT-
pyainy. ITpu LiboMy Ti 3K KJITUHMU, sIKi MicTATh NOS, Ma-
IOTh CIPOMOXHICTh peyTuiizyBatu L-uuTpyiaiH B L-
apriHiH B TaK 3BaHOMY LIMKJIi apriHiH-UUTpyJiH. Tomy
NpM HaaXoIXeHHi L-uuTpyniHy 330BHI cuHTe3 L-
apriHiHy mocwmoeTbes [18].

L-apriHiH 6e3nocepenHbO MiABUILYE PiBeHb YTBOPEH-
Hg NO. 3a gaHUMHU KIIHIYHAX Ta eKCIIepUMEHTAIBHUX
nociimkensp [19, 20], npu niaBUILEHHI KOHLIEHTpalLii L-
apriHiHy B KpOBi BiAMiYa€TbCs CYTTEBE 3POCTaHHS
BMiCTy cTabiibHUX MeTaboaiTiB NO. TakuMm yuHOM, B
JUHaMILi 3aCTOCYBaHHSI KypCy LMTpPYJIiHY MajaTy IJist
Kopeklii eHaoTemianbHOl AUCPYHKINT y AiTel, Melll-
kaHliB P3T, BusABIeHO 3pOCTaHHS BMICTy apriHiHY,
HIiTpUTY, cymu MeTtaboitiB NO B cuposatili Kposi. Ile
CBIIUUTH MPO T€, LIO LUTPYJIiH MOXHA PO3IJSIAATU SIK
e(eKTUBHUI 3aci0 KOpeKllil MopylIeHHsI MeTaboJ1i3My
OKCH[y a30Ty.

B nuHaMili 3acTocyBaHHSI LUUTPY/IAiHY MajaTy BU3HaA-
YeHi MO3UTUBHI 3MiHU €HIOTeNii3alekHOl peaklil cy-
JUH Ha OKJIIO3iliHy MpoOy. Ha 11e BKa3yBajio 3MeHIIIeHHS
TPUBAJIOCTI TIepiony BimHOBIeHHs (Ha 26,3 %, p < 0,05)
i 30UIbLIEHHSI TPUBAJOCTI MepioAy TinmepKOMIIeHCcallil
(Ha 30,8 %, p < 0,05) repMmorpadiyHoro mokasHuKa Kpo-
BOOOITy TTiCJIST OKJTI03ifiHOI TPOoOMU.

OTpuMaHi HaMUW pe3yJbTaTh €HAOTEeiN3aIeXXHOI pe-
aKUii CyouH 3HaXOOdITh IEBHE ITiATBEPIKEHHS B psAi
MOBiIOMJIEHb.

Sk cBimuath pobotu [10, 21], mpu aepodHOMY (OC-
HOBHOMY) IUISIXYy MeTa0oji3My L-apriHiH rimpokcu-
JoeTbes B N-rigpokcu-L-apriHiH 3 HACTYITHUM OKMC-
moBaHHAM 1o NO ta L-uumrpyniny. NO audyHaye y
IIageHbKOM I30Bi KJIiITUHU CYAWH, aKTUBYE TyaHinaT-
UKJIa3y i iHOAYKy€e LUKIIYHUNA TyaHO3WH-3,5-MOHO-
dochar (uI'MD), 3 gxkuM OB ’sA3aHE pPO3CIaOJICHHS
IIageHbKOM SI30BUX KJITUH IIJISIXOM  aKTHBaIlii
ul'M®d-3anexHoi nporeinkiHazyu G 3 HACTyNMHUM (ocC-
¢dopuntoBaHHAM OiJIKiB KaJlieBUX KaHaIiB, 3HUKEHHSIM
pPiBHS 10HIB KaJbllil0 B LUTO30Ji KJIITUH i AEMOJSIPU-
3alli€lo Jerkux JaHioriB Mio3uHy. Lleit npouec, sikuii
Ha3MBAETHLCSI €HOOTENil3allexkHOI0 Ba3oauJaTalli€lo,
JIEXXUTh B OCHOBI PETyJIsiilii perioHaJIbHOTO KPOBOTOKY.
Tomy npu 306inbiieHHi piBHI NO B KpoBi (Ipo 110
CBITYNTH MiABUIIEHHS BMicTy MeTabomiTiB NO) 3poc-
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involvement of the literature data regarding the L-
arginine and L-citrulline metabolism [10, 18].

Homeostasis of plasma L-arginine concentra-
tion is dependent on the arginine consumption
with food, L-arginine synthesis, protein circula-
tion and level of the body’s metabolism.

The kidneys are the main organ, where L-arginine
synthesis is occurred, and arginine is formed from L-
citrulline. At the same time, the same cells contain-
ing NOS have the ability to reutilize L-citrulline into
L-arginine in the so-called arginine-citrulline cycle.
Therefore, when L-citrulline is introduced from the
outside, the L-arginine synthesis is enhanced [18].

The level of NO formation is directly increased by
L-arginine. According to clinical and experimental
studies [19, 20] the significant increase of NO stable
metabolite content is noted with an increase of the
blood L-arginine concentration. Thus, an increase
in the content of arginine, nitrite, the amount of
NO metabolites in blood serum was found in the
dynamics of citrulline malate course used for cor-
recting endothelial dysfunction in children-resi-
dents of RCT. This indicates that citrulline can be
considered as an effective means for correcting the
disorders of nitric oxide metabolism.

The positive changes in vascular endothelium
dependent reaction on occlusion test are deter-
mined in the dynamics of citrulline malate usage,
indicating the reduced recovery period (by 26.3 %,
p < 0.05) and increased duration of the hypercom-
pensation period (by 30.8 %, p < 0.05) of thermo-
graphic circulation index after occlusive test.

The results of vascular endothelium dependent
reaction obtained by us are apparently confirmed
in several reports.

According to the following studies [10, 21] argi-
nine is hydroxylated into N-hydroxy-L-arginine,
followed by oxidation to NO and L-citrulline under
aerobic (primary) pathway. NO diffuses into vascu-
lar smooth muscle cells, activates guanylate cyclase
and induces cyclic guanosine-3.5-monophosphate
(cGMP), which is associated with the relaxation of
smooth muscle cells by activating the cGMP-
dependent protein kinase G, followed by phospho-
rylation of potassium channel protein, a decrease in
the level of calcium ions in the cell cytosol and
depolarization of myosin light chains. This process
that is called endothelium dependent vasodilation
underlies in the basis of the regional blood flow reg-
ulation. Therefore, indices of endothelium depend-
ent vasodilatation are increased with increasing the
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TalOTh MOKA3HUKU €HIOTelili3aeKHOl Ba3zoauaaTallii.
3a oCTaHHi POKHU PSIAOM JOCIiMHUKIB OIy01iKOBaHi po-
00TH, B SIKUX IiATBEPIKYETHCS MO3UTUBHUI BILIUB
npenapatiB L-apriHiHy Ha eHgoTemilizane:kHy Ba30oan-
Jnatawio [22, 23].

OTxe B AMHaMIlli 3aCTOCYBaHHS LIUTPYJIiHY MaJia-
Ty BU3HAUEHO MO3UTMBHI 3MiHU €HAOTeJii3anex-
HOI BazoamjaTtalii mpu TepMorpadiyHoMy HTOCITia-
>KEHHI.

3a pe3yJibTaTaMU KOMIIJIEKCHOI OL[IHKM BereTaTUBHOI
peryJsiiii cepLeBO-CyAUMHHOI CUCTEMU y JiTeid B MpoO-
1ieci JIiKyBaHHSI LIMTPYJIiHY MaJlaTOM Maja Miclle TeH-
JEHIIisT 10 TIOJMIMIIEHHS aganTaliifHO-IPUCTOCYBab-
HUX MexaHi3MiB. Ha mouaTky Tepamii 3HMXKEeHUI cTaH
ajarnTaliiHO-IIPUCTOCYBaJIbHUX MeXaHi3MiB BU3HAUaB-
cay 60,0 % niteit, a HanpuKiHLi Tepamnii — y 45,0 %
nIiTei.

BuBueHHsI BereTaTUBHOI PEaKTUBHOCTI 3a TOTIOMOTOI0
akTuBHOI KJiHoopToIpoou (KOIT) B muHaMilli 3acToCy-
BaHHS MperapaTy Mmokasajo, 110 IMepeBaxkHa OibIIiCTh
IiTell Majla HOpMaJIbHY BereTaTMBHY PEaKTUBHICTh MPU
MepBMHHOMY 00cTexXeHHi (65,0 %), 3 TeHIEHLIEI 10
MigBUILIEHHST HANpUKiHLI Kypcy JjikyBaHHs (75,0 %).
YacToTa maToNOTiYHMUX BapiaHTIB BEreTaTUBHOI peak-
TUBHOCTI B JMHAMIlli 3aCTOCYBaHHSI IIperapaTy TaKOX He
MaJja BipoTiZHUX BiAMiHHOCTEIA.

IIpu anHanizi pe3ysbraTiB BereTaTUBHOTO 3a0e3IeueH-
H4 pismeHOocTi (B3/1), HopManbHuii BapianT B3] Ha mo-
yaTKy JIiKyBaHHs Bu3HauyaBcg y 60,0 % niteii, a Har-
puKiHLi Kypcy naikyBaHHst — y 70,0 %. Cepen marto-
JIOTIYHUX BapiaHTiB JOMiHyBajJld BapiaHTU 3 HeIOC-
TaTHIM BKJIIOYEHHSIM CUMIIaTO-aapeHaIOBOI CUCTEMHU, a
came, acummnaTukotoHiuauii (35,0 i 25,0 %) ta cumma-
TUKoacTeHiyHui (5,0 % Ha movyaTKy Ta HAIIPUKIHII Te-
partii).

Amnani3 pesynbraTiB crangaptHoi EKI' B nmHamini 3ac-
TOCYBaHHsI LIMTPYJIiHY MajaTy CBiIUMTh PO HasSIBHICTh
TeHIEHUIl OO0 IOJIIIIEHHS MOPOLECiB penosgpusallii
(TIpu TIEpBMHHOMY OOCTEXXEeHHI HETaTUBHI 3MiHUM KiHIIE-
BOi YaCTUHM IIUIYHOYKOBOIO KOMILIEKCY BUSIBUJIUCS Y
70,0 % niteii, a Ticas Kypcy TpOBEIEHOI Teparii y
45,0%). I1poTe, He BCTAHOBJIEHO 3MEHIIEHHS YaCTOTU
HOMOTOITHUX i TeTepPOTPOITHMX MOPYIIEHb CEPILIEBOIrO
pUTMY Ta TIPOBiTHOCTI.

AHaJi3 pe3yabTaTiB 3aCTOCYBaHHSI LUTPYJIiHY MayaTy
JIJISl KOPEKLil MposiBiB eHA0TeiaIbHOI AMCHYHKIIIT 3 60-
Ky CepLeBO-CYIMHHOI CUCTeMHU Yy JiTeii-MellKaHIIiB
palioakTUBHO 3a0pyIHEHUX TEPUTOpiil, MOKa3aB Ha-
SIBHICTb TEHJEHLIi1 1O MOJIiMIIEeHHS MPOLEeCiB BereTaTuB-
HOI peryJsiiii cepLeBoro puTMy i pernoJjsgpusallii cepie-
BOTO M’si3a.

NO levels in the blood (as evidenced by the increase
in the content of NO metabolites). The positive
effect of L-arginine drugs on endothelium depend-
ent vasodilation is confirmed by a number of
recently published scientific articles [22, 23].

So, the positive changes in the endothelium
dependent vasodilatation are identified in dynam-
ics of citrulline malate usage under thermographic
examination.

There was a tendency to improvement of adaptation
and adaptive mechanisms in children during treat-
ment process with citrulline malate by the results of a
comprehensive evaluation of autonomic regulation of
the cardiovascular system. The decreased state of
adaptation and adaptive mechanisms was determined
in 60.0 % of children at the beginning of therapy, and
in 45.0 % of children — at the end of therapy.

The study of autonomic reactivity using the
active clino-ortostatic test (COT) in the dynamics
of the drug usage showed that the vast majority of
children had normal autonomic reactivity during
the initial examination (65.0 %), with a tendency
to an increase at the end of treatment course (75.0
%). No significant differences were also noted in
the frequency of abnormal autonomic reactivity
variations in the dynamics of the drug use.

Analyzing the results of vegetative support activ-
ities (VSA), normal variant of VSA was determined
in 60.0 % of children at the beginning of treat-
ment, and in 70.0 % at the end of treatment. The
variants with the insufficient inclusion of sympa-
thoadrenal system, namely asympathicotonic
(35.0 and 25.0 %) and sympathicotonic variants
(5.0 % at the beginning and end of therapy) were
dominated among pathological variants.

Analysis of the standard ECG results in the
dynamics of citrulline malate use indicates the
tendency to improved processes of repolarization
(the negative changes were detected in the final
part of ventricular complex in 70.0 % of children,
and after a course of therapy — in 45.0 %).
However, no a decrease in the frequency of nomo-
topic and heterotrophic disorders of cardiac
rhythms and conduction were revealed.

Analyzing the results of citrulline malate usage for
the correction of endothelial dysfunction manifesta-
tions on the side of the cardiovascular system in chil-
dren-residents of radioactively contaminated terri-
tories showed the presence of a tendency to improv-
ing the processes of autonomic regulation of cardiac
rhythm and repolarization of the heart muscle.
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Mo:kHa BiIMITUTH, 110 HA CbOTOAHI iCHYE TOCTAaTHHO
nokasiB Toro, mo uisgx L-aprimin-NO-ul’'M®
BiJirpa€ BaxJIMBY HeWPOMOAYIIOWYY poJib Y (DyHK-
LiOHYBaHHiI BereTaTMBHOI HEPBOBOI CUCTEMU: 30ib-
IIy€ BaryCHUM BIJIMB Ta iHTiOy€ CUMMOATUUYHUIA KOM-
noHeHT [10].

IIpoBeneHo aHami3 BIUIMBY Kypcy LUUTPYJiHY MajnaTty
Ha mokasHuku ITOJI Ta aHTMOKCHMAAHTHOTO 3aXUCTY
(Tab. 2)

B nuHaMili 3acTocyBaHHS LUTPYJIiHY MajaTy B MOpPiB-
HSIHHI 3 JTaHMMU TIEPBUHHOIO 0OCTEXKEeHHSI CIIOCTepiraao-
csl JOCTOBipHE 3HMKEHHSI BMICTy y CHUpPOBATLi KpOBi
KiHueBux npoaykTiB [TOJI, 110 pearyioThb 3 TiobapoiTypo-
Bolo kuciaorow: (2,74 = 0,51) nporu (5,13 £ 0,71)
HMmonb/MiI, p < 0,02. Mao Micue miImBUILEHHS aKTUB-
HocTi Karaiasu — 3 (20,95 = 2,57) no (28,71 £ 2,71)
MKat/n, p < 0,05, nmpu Bupa3Hiii TEeHIEHILiT 10 MiABUIICH-
Hs BMIiCTy B CHUpPOBATLi KpOBi LiEepyJoIia3MiHy — 3
(141,77 £ 25,34) no (205,43 * 24,58) mr/n, p > 0,05.

Bussneni B guHaMilli 3acToCyBaHHS LUTPYJIiHY Majia-
Ty (mpemnapatr CrimMona®) 3MiHM TOKa3HUKIB OajaHCy
Opo- Ta aHTUOKCUIAHTIB, sIKi MOJISITaloTh y 3HMXKEHHI
BMICTY B CHUpOBATILi KpoBi KiHIeBUX TpoaykTiB ITOJI,
1110 pearyoTh 3 Tio0apOiTypOoBOIO KUCIOTO, Ta IMiABU-
ILIEHHS piBHSI aHTMOKCUAAHTA KaTajia3u, 3HaXOASTh [eB-
He MiATBepIKeHHs B iHopMallii, HaBeleHil y JxKepeaax
JIiTepaTypu.

Tak, 3a manumu [10], MexaHi3M MeTabOJIiYHOI KO-
pexllii MoJisirae B TOMY, 1110 MajiaT BUCTYIIA€ B pOJi MeTa-
0O0JIiYHOro MocepeJHMKa, 1110 JoIoMarae€ o0iiTh amiay-
HUIA OJIOK OKMCHOTO LLJISIXY i OOMEXUTU HAKOMUYEHHS

0iK IJIIOKOHEeOoreHe3y, a LIMTPYJIiH, SIK TPOMiKHUI Mpo-

Ta6nuusa 2

You can see that today there is sufficient evi-
dence that the way of L-arginine-NO-cGMP plays
an important neuromodulating role in functioning
the autonomic nervous system: increases the
impact of vagal effect and inhibits the sympathetic
component [10].

The effect of citrulline malate course on indices
of LPO and antioxidant protection was analyzed
(Table 2).

A significant decrease of serum LPO end products
content that react with thiobarbituric acid (2.74 =
0.51) nmol/ml vs (5.13 = 0.71) nmol/ml, p < 0.02
was observed in the dynamics of citrulline malate
use compared with the data of initial examination.
There was the increased activity of catalase — from
(20.95 £+ 2.57) mcat/L to (28.71 £ 2.71) mcat/L,
p <0.05, with a clear tendency to increased content
of serum ceruloplasmin — from (141.77 £ 25.34)
mg/L to (205.43 £ 24.58) mg/L, p > 0.05.

The changes in the balance indices of pro- and
antioxidants, discovered in the dynamics of cit-
rulline malate (drug Stimol®) use, which consists
in reducing the content of serum LPO end prod-
ucts that react with thiobarbituric acid and
increasing the level of antioxidant, catalase, are
confirmed by the definite information given in
some literature sources.

So, according to the following data [10], the
mechanism of metabolic correction is that malate
acts as a metabolic mediator that helps to bypass the
ammonia block of oxidative path and to limit the
accumulation of lactic acid using its reorientation
toward gluconeogenesis side, and citrulline, as an

NvHamika BMicTy KiHUEeBUX NPOAYKTIB NePeKMCHOro OKMCNEHHA NiniaiB i aHTMOKCMAAHTIB Y cUpPOBATLi KpoOBi
y AiTei, MeWKaHLiB pafioaKTMBHO 3a6pyAHEHUX TEPUTOPii, B Npoueci 3aCTOCYBaHHA KypCy LUTPYNiHYy ManaTty

(X £ m).
Table 2

Dynamics of end products of lipid peroxidation and antioxidants in serum of children-residents of radioac-
tively contaminated territories in the process of using cutrulline malate course (X + m).

ho 3aCcTOCyBaHHS npenaparty

Micnga 3acTocyBaHHs npenapary

Mokagxuk / indices Before use After use P
KiHuei npoayktu MOJ, wo pearytotb 513 +0,71 2,74 £ 0,51 <0,02
3 Ti06apbITYpOBOIO KMUCNOTOKD, HMOMb/M
End products of LPO, reacting to
tiobarbituric acid (nmol/mL)

Karanasa, mkat/n 20,95 + 2,57 28,711 2,71 <0,05

Catalase (mcat/L)
Liepynonnaamin, mr/n 141,77 = 25,34 205,43 + 24,58 > 0,05

Cerulosoplasmin (mg/L)

(1) 470
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JYKT LUAKIY CEYOBUHM, CIIPUSIE TIPUCKOPEHHIO JAHOTO
LMKJy i BUBeAeHHIO amiaky. I[TpenapaT e(heKTUBHO CTU-
myiroe uuki Kpebca, 3amobira€ po3BUTKY MOJOYHOIO
aiuao3y. Bce 1e, 3 ogHOro OOKY, CIpUsIE 3HUXKEHHIO
iHTeHcuBHOCTI npoueciB [TOJI, a 3 iHIIOro — MoXe CTH-
MYJIIOBaTU BUPOOJEHHSI OCHOBHOTO BHYTPilIHbOKJTITUH-
HOI'0 aHTMOKCUAaHTa — KaTtana3u. KpiM 1boro, SIK BUI-
HO 3 HaBeJIEHMX BUIE JAaHMX HAIIOTO IOCIiIXKEHHS,
MicJisl 3aCTOCYBaHHSI Kypcy LUTPYIiHy MajlaTy y o0cTe-
JKEHMX JiTeil crocTepiraiocs IiIABUILIEHHS PiBHS B CU-
poBaTli KpoBi L-apriHiHy, MiATBEpIKEHHS aHTUOKCH-
JNAHTHMX BIACTUBOCTEH SIKOIO HaJa€ThCs Y MOBIAOMIIEH-
HSIX pSAy DOCTiAHUKIB [21—23].

Tak, y poOoTi [24] aBTOpM AOCTiAXYyBaau pagionpo-
TEKTOPHY i aHTUCTPECOBY aKTUBHICTb L-apriHiHy B eKc-
nepuMeHTi. [IJ1st OlliHKY piBHS MEPEKUCHOIO OKUCIEHHS
JIiMiiB B OpraHi3Mi, BU3HaYaJd B CUPOBATL KPOBi BMICT
KiHueBux npoaykTtiB ITOJI, gKi pearyioTh 3 Tio6apOiTy-
POBOIO KHCJIOTOI0 — MaJIOHOBOro auanbaeriny (MJIA).
BcTtaHoBieHO, 110 OMPOMIHEHHS i CTPECOBUI BIUIMB
301IbIITYBAJIM B OpraHi3Mi JaOOpaTOPHUX TBAPUH PiBEHb
BUPAXKEHOCTI IMepoKcuaalii JiMmiaiB, mMpo 1O CBIAYMIO
nigBuieHHs: BMicty MIA B cupoBaTli Kposi. Ilepo-
paJibHe BBelIeHHs TBapuHaM L-apriHiHy MpU3BOINIO 10
3HWXKEeHHs piBHSA MJIA B cupoBaTLi KpOBi SIK MPU OIl-
POMiHEHHI, TaK i MPU CTPECOBOMY BILIMBI.

A. B. baoymkina [20, 22| ToBigZoMJISIE TIPO TOCITiIKEeH-
HsI 0Ci0 3 rinmepxoyieCTepUHEMI€I0, Y IKUX MTicasa iH]y3ii
L-apriHiHy BMSIBJI€HO 3HWXXEHHS KOHIIEHTpallil Map-
KepiB JIiMiAHOT NepOKCUAALIil — peYOBUH, SIKi pearyloThb 3
Ti00apOITYpPOBOIO KUCIOTOIO.

I1. I1. TonikoB Ta cmiBaBT. [25], IKi BUBUAIM XapaKTep
B3a€EMO3B’ 513Ky OKCHUAy a30Ty 3 MJIA B cupoBaTLi KPOBi,
BUSIBUJIM OOEPHEHY KOPEJSLiI0 MiX CyMapHUM BMiCTOM
meTabositiB NO i piBHeM MIA.

IleBHe minTBepIKeHHS BUSBICHUX HAMHU 3MiH aHTHU-
OKCHUJIAHTHOI CHUCTEMU IIpM 3acTOCyBaHHi L-apriHiHy
HaBefieHO y poboTax [26, 27]. ABTOpPU OCIIIXYBaIU
3MiHM aKTMBHOCTI aHTUOKCUAAHTIB — CYNEePOKCUIANC-
MyTa3M, LiepyJIoIlIa3MiHy, KaTajaa3u, a TaKoX CyMapHOI1
KOHIIEHTpallii HiTpaTy/HUTPITy y MaILliEHTIB i eKCIepH-
MCHTAJIbHUX TBapuWH, SIKUM IIPOBOAWIM Tepamito L-
apriHiHOM JJIs 3arno0iraHHsl PO3BUTKY €HIOTelialbHOI
JUCGYHKIIII Ta CHHAPOMY TI0JiOpraHHOI HEJOCTAaTHOCTI
MpU IIOKOBUX CcTaHax. Bu3HavyeHo, 110 Micis 3acTocy-
BaHHS mpenapatiB L-apriHiHy cymapHuil piBeHb MeTa-
6oitiB NO B cupoBarTIli KpoOBi JOCTOBIpHO ITiIBUIIIYBaB-
cs. [Ipy 1uboMy aHTMOKCUIAHTHA aKTUBHICTh (DEPMEHTIB
KpOBi 3a3HaBaja 3HAYHUX 3MiH Ha TTOYAaTKy Ta Hall-
PUKiHLI JiKyBaHHSI, a TaKOX 3aJieKHO BiJ TUITy IaTo-
JIOTiYHOTO Tipoluecy. B 1ii1oMy aKTUBHICTb CyIIepOKCU/I-

intermediate product of the urea cycle, contributes
to the acceleration of this cycle and the ammonia
excretion. The drug effectively stimulates the Krebs
cycle, prevents the development of lactic acidosis.
All this helps to reduce the intensity of LPO
processes on the one hand, and can stimulate the
production of the main intracellular antioxidant —
catalase, on the other hand. In addition, an increase
in serum L-arginine levels, confirmation of which
antioxidant properties is provided in the notices of
some researchers, was noted in examined children
after using the course of citrulline malate as one can
seen from the above data of our study [21—23].

The radioprotective and anti-stress activities of
L-arginine was investigated in the experiment by
the following scientists [24]. The serum LPO con-
tent of end products that react with thiobarbituric
acid — malonic dialdehyde (MDA) was detected to
assess the level of lipid peroxidation in the body. It
was established that the level of the manifested
lipid peroxidation was increased in the body of lab-
oratory animals by the radiation and the stress
effects, as evidenced by increased content of serum
MDA. Oral administration of L-arginine into ani-
mals led to decrease in serum MDA level both in
radiation and in stress exposure.

A. V. Babushkina [20, 22] reported on the stud-
ies of persons with hypercholesterolemia, indicat-
ing the decreased concentration of lipid peroxida-
tion markers — substances which react with thio-
barbituric acid after L-arginine infusion.

An inverse correlation between the total content of
NO metabolites and MDA was found by P. P. Golikov
et al. [25] who studied the character of the relation-
ship between serum nitric oxide and MDA.

The certain confirmation of changes in antioxidant
system identified by us using L-arginine is given in
the following articles [26, 27]. The authors investigat-
ed the changes in activity of antioxidants-superoxide
dismutase, ceruloplasmin, catalase and also total
concentration of nitrate / nitrite in patients and
experimental animals that were undergoing to L-
arginine therapy to prevent the development of
endothelial dysfunction and syndrome of polyorgan
failure under shock conditions. It was determined
that total level of NO metabolites in serum was signif-
icantly increased after the use of L-arginine drugs.
The antioxidant activity of blood enzymes was
undergone to significant changes at the beginning
and at the end of treatment, and was also dependent
on the type of pathological process. In general,
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JUCMyTa3u i Karajga3u Majld CTiiiKy TeHACHILIil0 0
OiABUIIEHHS. 3MiHM B PiBHi LiepyJoIjia3MiHy CYTTEBO
BIAPI3HSUINUCS MiX Pi3HUMM IpyHaMu OOCTEXEHUX: Bif
JOCTOBIpPHOTO MiABUIIEHHSI IO JOCTOBipHOIO 3HMXKEH-
Hs. Taki 3MiHM BMIiCTy aHTMOKCHUIAHTIB aBTOPU IMOSIC-
HIOIOTH IX BHTpaTaMHM Ha B3aEMOMII0 3 IIPOIyKTaMM
ITOJI.

JocnimkeHHsT BEeHTWISILIIHOT CITPOMOXHOCTI JIETeHiB
y AWHAaMilli 3aCTOCYBaHHS LIUTPYJIiHY MajaTy BUSIBUIO
3HMUKEHHSI YaCTOTU OpOHXOCIa3My IpU MOBTOPHOMY
obcrexkenHi 3 60,0 mo 25,0 %, p < 0,05. Businene
MOJIMIIeHHST BEHTUJISLIMHOI CIIPOMOXKHOCTI JIeTeHiB
MOXHa TMOSICHUTH, CIIMpalyuch Ha AaHi JliTepaTypu
[28], 3rigHo 3 IKMMU TTpu3HaYeHHs noHaTopiB NO B 0a-
raTbOX BHUITAQAKaX CTBOPIOE OPOHXONITUYHUI e(EKT.
ITpu 11boMy BCTAHOBJIEHO 3HAYHE MiABUILEHHS L-1mT-
pyJIiHY B ILTa3Mi KpOBi, 110 BKa3y€ Ha MOCUJIEHHS ITPO-
aykuii NO.

IToka3HUKM KJIITUHHOI JaHKMU IMYHITeTy MiCJisl 3aCTO-
CYyBaHHsI KypcCy LIUTPYJIiHY MaJaTy, XapaKTepu3yBaJlHCs
MNeBHUMHU TO3UTUBHUMMU 3MiHAMM, a came: 3pocia
BimHocHa Kinbkicte CD3%19 nimpouuris no (68,54 +
1,11) % — nopisasano 3 (60,12 + 1,09) %, p < 0,05;
36itbIMBCs Bincorok CD4*8™ miMmdoruTis o (34,76 +
1,01) % — nopiBHsHO 3 (28,24 £ 1,04) %, p < 0,05; cyT-
TEBO MiABUILMBCS i MaliKe HOpMaJli3yBaBCsl iMyHOPEry-
JISTOPHU iHAEeKC, TK1it 30inburyBascs 1o (1,17 £ 0,04)
nopiBHsHO 3 (0,90 £ 0,04), p < 0,05.

AHaJti3 KOHIEHTpallii ApiOHOAMCIIEPCHUX Ta BEJIUKO-
JUCMECHUX LIUMPKYJIIOIOUYNX iIMyHHUX KOMILUIEKCIB ITicCJs
3aCTOCYBaHHSI KypCy LUTPYJIiHY MajlaTy BUSIBUB UiTKY
TeHAeHLil0 10 ix 3HMXeHHs 3 (184,12 = 14,15) no
(151,33 £ 10,08) on. onT. 1. Ta 3 (19,8 £ 1,7) no (15,4 £
1,5) on. ont. w1., BignosigHo (p > 0,05). 3 60Ky mokas-
HUKIB TYMOPaJbHOI JIJAHKM IMYHITETY TaKOXK CIIOCTepira-
JIUCS TIO3UTMBHI TeHAEHIIi A0 HOpMai3allil KOHLIEHT-
pallii BCiX OCHOBHMX KJIAaCiB CMPOBAaTKOBUX IMYHOTIJIO-
OyJIiHiB, OMHAK BipOriIHOI Pi3HMIII 3 TaHUMMU, SIKi OyJIu
OTpHMMAaHi 10 3aCTOCYBAHHS KypCy LIMTPYJiHY MaJjary,
BOHM He HaOyBaJIu.

BiporimHux 3MiH 3 00Ky IMOKa3HUKIB (DYHKIIOHAJIBHOI
aKTHUBHOCTI HEUTPOMLIiB Mic/sl 3aCTOCYBaHHSI Mpenapa-
Ty BCTAHOBJIEHO He 0OyJ10.

OTtpuMaHi gaHi MiATBEepIKYIOThCSI TUM, 10 L-apriHin
€ TIOTEHUIHHUM iMYHOMOIYJSITOPOM. 3aCTOCYBaHHS
npenapary peryjroe iMmyHHi akTopu. ITpy miaBuiLeHHi
KOHILIEHTpallil B I1a3Mi L-apriHiHy OigBUILYETbCSI aK-
TUBHICTb JiM(OLMTIB — HOPMAIbHMX i JiM(OKiHAKTHU-
BOBaHMX KiJiepiB, MOCUIIOETHCS MPOAYKIisl iHTep-
JIeliKiHy-2. L-apriHiH migBuIlye aKTUBHiCTb T-KJTHH
Ta Ma€ iMmyHocTabimizyounii epext [10].

superoxide dismutase and catalase activities had the
steady tendency to increase. The changes in the level
of ceruloplasmin were significantly different between
the various groups of examined patients: from signif-
icant increase to a significant decrease. Such changes
in antioxidants content the authors explain by their
spending for interaction with LPO products.

Investigation of lung ventilation capacity in the
dynamics of citrulline malate use showed a
decrease in bronchospasm frequency from 60.0 to
25.0 %, p < 0.05 with repeated examination. The
observed improvement in lung ventilation capacity
can be explained based on the literature data [28],
according to which the prescription of NO dona-
tors creates the broncholytic effect in many cases.
A significant increase in plasma L-citrulline, indi-
cating the increased production of NO was estab-
lished in this case.

Indicators of cellular immunity were characterized
by certain positive changes after use of the citrulline
malate course, namely: the increased relative number
of CD3"19” lymphocytes to (68.54 £ 1.11) % compa-
red to (60.12 £ 1.09) %, p < 0.05; the increased per-
centage of CD478” lymphocytes to (34.76 £ 1.01) %
compared to (28.24 £ 1.04) %, p < 0.05; immunoreg-
ulatory index was significantly increased and was
almost returned to norm, which was increased to
(1.17 = 0.04) compared to (0.90 + 0.04), p < 0.05.

Analyzing the concentration of finely dispersed
and highly dispersed circulating immune complex-
es a clear tendency to their decrease was showed
from (184.12 = 14.15) u.opt.density to (151.33 =
10.08) u.opt.density and (19.8 £ 1.7) u.opt.density
to (15.4 = 1.5) u.opt.density p > 0.05 after use of
citrulline malate course. A positive tendencies to
normalizing the concentration of all major classes
of serum immunoglobulins was also observed from
the side of humoral immunity indices, but no sig-
nificant difference was noted between the data
received before the course of citrulline malate.

No significant changes were established from the
side of indices regarding neutrophil functional
activity after the drug usage.

The obtained data are confirmed by the fact that L-
arginine is a potential immunomodulator. Use of the
drug regulates the immune factors. With increasing
the plasma L-arginine concentration, the activity of
lymphocytes — normal and lymphokine-activated
killers — is increased, the production of interleukin-2
is intensified. The activity of T-cells is increased by
L-arginine and has imunostabilizing effect [10].

(1) 472



ISSN 2304-8336. lpobnemn pagiauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

CLINICAL

RESEARCH

BUCHOBKU

3acTocyBaHHSI Kypcy LUTPYJiHY MajaTy sl KOpeKlil
eHJoTeianbHOl AUCPYHKIIT y MAiTell, MEIIKaHIIiB
pagioakTUBHO 3a0pyIHEHUX TEPUTOPIii,

> TMPU3BOAWIO IO MiABUILEHHS BMICTy Y CHpPOBAaTII
KpoBi L-apri”iHy Ta cTabiibHux MeTabouitiB NO
(HITPUT, CyMa HITPUTY i HITpaTy);

> CIPUSJIO 3MEHIIEHHIO TPUBAJOCTI MEpioay BiTHOB-
JIEHHS i 30UTBIIIEHHIO TPUBAJIOCTI MEPioay rimepKOMIIeH-
cauii TepMorpaciyHOro Mmoka3HuMKa KpoBOOOiry B OK-
JII03iiHIM po0i 3 peakTUBHOIO TilepeMi€lo, 110 CBif-
YUTH MiABUIIEHHS €HIOTeil3aaexHoi Ba3oamiaTallii i
Ba30MOTOPHOI CITPOMOKHOCTi €HAOTEJTiIO;

> MaJI0 aHTUOKCUIAHTHUI BIUIMB. 3HIDKEHHSI BMICTY Y
cupoBarTili KpoBi KiHLeBuX MpoaykTiB [1OJI, mo peary-
IOTh Ti00apOITYpOBOIO KUCIOTOIO TMPU MiABUIIEHHI aK-
TUBHOCTi aHTUOKCUAAHTY KaTajasu;

> TIPU3BOJIWJIO 10 CYTTEBOIO 3HMXKEHHSI 4YaCTOTH OPOH-
XOCIa3My y 00CTeXKeHUX JiTel;

> 3iICHIOBAJIO iIMyHOMOAY/IIOIOUMIA eheKT: MiABUIIEH-
Hs BincoTKy T-1iMdoLmTiB, HOpMaizailito X cyornomny-
JISILAHOTO CKady;

> XapaKTepU3yBajocCsl HasIBHICTIO TeHAEHLT A0 IOJIiIl-
IIEHHS TPOLECiB BEreTaTMBHOI PETyslii CepleBOro
pUTMY i perossipu3allii cepleBOro M’s13a.
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CONCLUSIONS

Use of the citrulline malate course to correct
endothelial dysfunction in children-residents of
radioactively contaminated territories

> resulted in the increased content of serum L-
arginine and NO stable metabolites (nitrite,
amount of nitrite and nitrate);

> it contributed to reduce the duration of recovery
period and to increase the duration of the hyper-
compensation period of thermographic circulation
index at occlusive test with reactive hyperemia,
indicating an increase of endothelium dependent
vasodilatation and endothelial vasomotor capacity;
> it had the antioxidant effect: a decrease in con-
tent of serum LPO end products that react with
thiobarbituric acid under the increased activity of
antioxidant catalase;

> it led to significant decrease in frequency of
bronchospasm in examined children;

> it made the immunomodulatory effect: an
increase of T-lymphocytes percentage, and nor-
malization of their subpopulation composition;

> it was characterized by the presence of a tendency
to improve the processes of autonomic regulation of
cardiac rhythm and repolarization of the heart muscle.
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