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®AKTOPH, 1110 BILIUBAIOTH HA IIIABUINEHUN BMICT 3AJII3A
B OPTAHI3MI AITEHN, XKUTEJIB PAIIOAKTUBHO
3ABPYIHEHUX TEPUTOPIN YKPATHMU, ITICJISI ABAPII HA YAEC

MeTa: ouiHka KniHiKo-remaTonoriyHmx, MetTaboniyHo-6ioxiMmiyHMX NapameTpiB CTaHy KiCTKOBOi TKaHWHM Ta ropmo-
HaNbHOT perynauyii 3aieXHo Bif PiBHIB CMPOBATKOBOIO 3a/i3a i 403 ONPOMiHEHHA [iTeil, )XUTeniB pagioakTMBHO 3a6-
pYLHEHUX TepuTopii Ykpainu, nicns aBapii Ha YAEC.
Marepianu i metogu. 06cTexxeHo 271 AUTUHY, WO NPOXKMBAE HA PafiOaKTUBHO 3abpyAHEHUX TepuTopisx YkpaiHu.
CdhopmoaHo Tpu rpynu 3a piBHAMK cupoBaTkoBoro 3ani3a (C3): I rpyna — piseHb €3 10,0-22,0 mkmonb/n, II rpyna —
piseHb C3 23,0-34,0 mkmonb/n, III rpyna — piseHb C3 Buwe 35,0 mkmonb/n (n = 35). Busyanu Bug natonorii y pogo-
BOAi, Macy Tina AUTUHM NPWU HAPOAXEHHT, CKAPrX Ha ocanrii, nepenomMu KicToK, HasBHICTb aHOManii wenenu, Kapiecy
3y6iB, 0XMpiHHA. AHanizyBann MopdhoMeTpMYHi NapameTpyu epuTPOLMUTIB Ta enemeHTU remorpamu. Jocnigxysanu
6ioxiMiyHi MOKAa3HWKM B CUPOBATL KPOBi: KpeaTuHiH, nyxHy docdarasy, kanbliii, 3aranbHuii 6inok, 3aniso, xonecre-
pUH, 6inipy6iH, TpaHcamiHa3u. AHanizyBanu BMicT 19 BiNbHUX aMiHOKMUCNOT B ceyi. BU3Hayanu ropMoHu wutonoaioHoi
3an03u: BinbHWit TMpoKcuH (FT4), TMpeoTponHuit ropmoH rinodisy (TTI), KOpTM30N B CMPOBATLi KPOBi Ta LWiNbHiCTb
KicTKOBOT TKaHUHW. PO3paxoByBanyu [03M ONPOMiHEHHS [iTei.
Pe3ynbratu. Y 12,9 % obcTexenux piseHb C3 6yB Buwe 35,0 mkmons/n. Y piteit 3 piHem (3 Buue 23,0 MKMOb/N'y
POAOBOAI YacTile nepeBaxanu poanyi 3 eHAOKPUHHUMK xBopobamu. Mpu Bucokomy piBHi C3 cyma BinbHKUX amiHoO-
Kucnot B ceyi 36inbwysanack (p < 0,05), BigbyBanach aerpapalis 6inkis. HaitGinblw BMCOKI piBHi Mann amiHOKMCnO-
T, AKi 6epyYTb y4acTb y CUHTE3i KoNareHy W aHTMOKCUMAAHTHOMY CTaTyCi (anaHiH, CepuH, roTaMiH, acnapariHoBa Kuc-
noTa) Ta 06MiHi 3aniza (apriHiH, neitunH) (p< 0,05). PiBHi BaniHy, Ni3UHY Ta METIOHiHY, AKi NOB’A3aHi 3 MeTaboni3MOM
3ani3a, B ceyi 3HMxKyBanuch (p < 0,05). BctaHoBNEHO 3BOPOTHUIA KOPeNALiiHWIA 3B'A30K MiX piBHEM TUPEOTPOMHOrO
ropmoHy (TTTl) Ta KopTU30/y B CMpOBATLi KPOBi He3anexHo Big Bmicty (3 ( rs=-0,58; p< 0,01). PiseHb TTI B cupo-
BaTLi KPOBi NPAMO KOpPeNtoBaB 3 piBHAMM B ceYi aMiHOKMCNOT, fiKi popmyloTb KonareH. BctaHOBNEHO 3BOPOTHHMIA KO-
pensuiitHnii 38'a30K Mix piBHem TTI B cMpoBaTLi KPOBi Ta piBHEM B CeYi TMPO3UHY, HEOOXILHOMO AN1A YTBOPEHHS rOp-
MOHiB WuTonoai6Hoi 3ano3um (Ts 1a T4) (rs = -0,55; p< 0,001). KopTn3on HeratMBHO BNAUBAB Ha CUHTe3 binka. Bcra-
HOBJIEHT 3BOPOTHi KOpensaLiiHi 38'A3KM MiX piBHEM KOPTM30/y B CMPOBATLi KPOBi Ta piBHEM BifIbHUX aMiHOKWUCIOT B
ceyi, AKi yTBOpIOIOTL KONareH. CepefiHi 3HaYeHHA J03 ONPOMiHEHHA He Po3pi3HANUCH 3anexHo Big Bmicty C3. Bus-
HayeHO 3BOPOTHUI KOpensauiiHUin 3B'A30K MiX L0300 ONPOMiHEHHSA nauieHTa Ta piBHem C3 Buwe 35,0 MKMOab/N
(rs =-0,29; p<0,05).
BucHoBku. MMigsuuiennii pisedb C3 B opraHiami gitei, )MuTenis pagioakTMBHO 3a0pyAHEHUX TepUTOPii, MoXe OyTu
00YMOB/NIEHUN IK TEHETUYHOK KOMMOHEHTOI, TaK i HabyTUMM aKTopamK, WO BNIMBAIOTL HA GiNIKOBWIA Ta MiHepanb-
HUI OOMiH KiCTKOBMX CTPYKTYP, 1 iX rOpMOHaIbHY perynsuito.
KniovoBi cnoBa: aitu, xeopobu y pooBOAI, CUPOBATKOBE 3aNi30, KiCTKOBA TKaHMHA, aMiHOKUCNOTH, TUPEOTPONHUIA
ropMoH rinodisy, Koptuson, aBapis Ha YAEC.
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DRIVERS OF HYPERFERREMIA IN CHILDREN LIVING ON
RADIOLOGICALLY CONTAMINATED TERRITORIES AFTER THE
CHNPP ACCIDENT IN UKRAINE

Objective: assessment of clinical-hematological and metabolic-biochemical parameters of the of bone tissue and
hormonal regulation depending on the serum iron content and radiation dose values in children living on radiolog-
ically contaminated territories after the ChNPP accident in Ukraine.
Materials and methods. Children (n = 271) living on radiologically contaminated territories (RCT) of Ukraine were
involved in the study. Three study groups were formed according to the serum iron level (SIL), namely group I with
SIL 10.0-22.0 umol/L (n = 92), group II with SIL 23.0-34.0 umol/l (n = 144), and group III with SIL above
35.0 umol/L (n = 35). Diseases in the family tree, bodyweight at birth, complaints on osalgia, bone fractures, jaw
anomalies, dental caries, and obesity were accounted. Morphometric parameters of erythrocytes and hemogram ele-
ments were analyzed. Creatinine, alkaline phosphatase, calcium, total protein, iron, cholesterol, bilirubin, and
transaminases were assayed in blood serum. The urine content of the 19 free amino acids, serum content of the free
thyroxine (FT4), pituitary thyroid-stimulating hormone (TSH), and cortisol were assayed both with bone tissue den-
sity. Individual radiation doses were calculated.
Results. In 12.9 % of cases the SIL was > 35.0 umol/L. Relatives with endocrine diseases were often present in the
family tree of children with SIL > 23.0 umol/l. There were increased urine content of the free amino acids (p < 0.05)
and signs of protein degradation under high SIL. Contents of amino acids involved in collagen synthesis and antiox-
idant status (alanine, serine, glutamine, aspartic acid) and iron metabolism (arginine, leucine) were assayed at the
highest levels (p< 0.05). Urinary levels of valine, lysine, and methionine, which are associated with iron metabolism,
were decreased (p< 0.05). An inverse correlation (rs = -0.58; p< 0.01) was established between the serum TSH and
cortisol levels regardless of the SIL. Serum TSH level directly correlated with urine content of amino acids involved
in collagen synthesis. An inverse correlation (rs = -0.55; p < 0.001) was established between the serum TSH level
and urine content of tyrosine that is essential for the thyroid hormone (triiodothyronine and thyroxine) synthesis.
Cortisol was found having a negative effect on protein synthesis. Inverse correlation was established between the
serum cortisol level and urine content of the free amino acids essential for collagen synthesis. There was no depend-
ence of the average radiation dose values on the SIL. An inverse correlation was determined between the patient's
radiation dose and SIL > 35.0 umol/L (rs = -0.29; p< 0.05).
Conclusions. The increased SIL in children living on RCT may occur due to both a genetic predisposition and the
acquired factors driving protein and mineral metabolism of bone and their hormonal regulation.
Key words: children, diseases in the family tree, serum iron, bone tissue, amino acids, pituitary thyroid-stimulating
hormone, cortisol, ChNPP accident.
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BCTVYII INTRODUCTION

3aizo € BaxXJIMBUM €JEMEHTOM IIpakKTU4YHO IJisg Bcix  Iron is an important element for almost all types of
TUTIIB KJIITUH 3aBASKU HOro poJii B eHepreTudHoMmy o0-  cells due to its role in energy metabolism, synthe-
MiHi, CMHTe3i HyKJIeIHOBMX KMCJIOT i mpoiidepamii kii-  sis of nucleic acids and cell proliferation [1]. Its
tuH [1]. Moro BMicT B opraHi3Mi miaTpuMmyeThes Bicclo  content in the body is maintained by the hepcidin-
rerncugnH-geponoptuH [2]. B3zaemonis remcuamny ta  ferroportin axis [2]. Interaction of hepcidin and
deporopTuHy 3a0e3nedyye aganTaliiiHi peakuii mpu  ferroportin provides the adaptive reactions to
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3MiHi B MeTaboi3Mi 3aji3a (Timokcist, aHeMmist, 1ediluT
3aj1i3a, rnepeBaHTaXKEeHHs 3aj1i30M i 3ananeHHs) [3]. Bu-
COKHUI1 piBeHb 3ajliza MOXe MPU3BOIUTU OO OKUCHOTO
ctpecy, nomkomkeHHs JIHK ta 3arubeni kmitun [4].

Ponb pero 3amiza B opraHi3aMi BUKOHYE OUIKOBUIA
KOMILIeKC — ¢epuTUH. BomHoyac, BiH € TaKOX OiIKOM
roctpoi ¢a3u 3amnajieHHsl, i Moro piBeHb MiJABUILYETHCS
npu iHgexii. 30epiraroun HaIJIUIIOK iOHIB 3ajiza y
punsini Fe?, Fe’", depuTtun 3amobirae yTBOpeHHIO aK-
TUBHUX (pOopM KUCHIO. BUcokuii piBeHb MOro € mMapke-
pOM TiepeBaHTaXKEHHSI OpraHizMy 3ajlizoM [5] Ta HakKo-
MUYEHHS B OpraHax-MillleHsIX.

V niteii 3 OHKOreMaToJIOTIYHOIO ITaTOJIOTIEI0 CIIOC-
TepiraeTbCs MiABUILEHUN piBeHb CUPOBATKOBOIO 3aji3a
(C3) ta dpepuTHnHYy, 0 HETATUBHO BIUIMBAE HA Tepelir
xBopobu. Tomy ciim 3BepTaT yBary Ha CITiBBiZHOIIIEHHS
(bepuTHHY 3 T100yIiHAMU ¥ AiTel 3arajibHOI MOMYJISLIi,
B s1KuX Bucokuii BMicT C3. BcTaHOBIIEHO TIpsIMY KOpe-
JISILiHY 3a71exXHicTh MiX piBHeM C3 ta peputnny (CD)
(rs=0,56; p < 0,01) [6].

3afizo € KodakKTOpoM BHYTPIITHBOKIIITUHHUX hep-
MEHTIB i 6araTboX KaTaliTHYHUX peakiiil. Floro GamaHc
3a0e3Ieuye B3aEMO/IiI0 MixK PeryasasTOpHUMU Oiakamu [7].
JloBeleHO BIUIMB 3ajlizda Ha MeTaboJ1i3M aMiHOKMCIIOT.
ApriHiH 0epe yJacTb B CUHTE3i MOJiaMiHiB, PETyJIIO€ aK-
TUBHICTbh OCHOBHMX (hepMEHTIB, MiATPUMYE OaNaHC MPHU
OKMCTIOBaIbHOMY cTpeci [8]. Metomom iMyHOTIpe-
LUIIiTanii 0ys0 IMokKa3aHo, 110 AesIKi eTalu BilHOBIEHHS
METIOHiIHY BinOyBalOThCs 3a ydyacTio 3aii3a [9]. AMiHO-
KHCJIOTH 3 pO3Taly>KeHUM JAHIIOTOM, TaKi SIK BaJliH,
JIEMLIMH Ta i30JIeiLIMH, BIUIMBAIOTh HA €pUTPONOE3 i MO-
3UTUBHO KOpPEJIOITh 3 TremoriaodiHoM kposi ta CD.
BBazkaeTbcs, 1110 3aIMILIOK TUPO3UHY MOB’sI3aHMIA 3 0io-
MiHepati3alli€lo KicTok Ta BajgiHoM [10].

TpaHncnopTyBaHHSI i BUKOPUCTAHHSI 3aJli3a KOHTPOJIIO-
10Thes TpaHcKpuniitHumu redHamu [11]. Ten CISD2 (no-
MEH 3aJli3a Ta Cipku) 3abesrneuye (yHKIIiI0 OilKa, SIKAi
MIiCTUTBCS Y MITOXOHAPISIX i KOOY€E 3alli30-CipuyaHuii 10-
MEH, 1110 Biflirpa€ LIEHTPaIbHY POJib Y PETYII0BaHHI TOMe-
ocTasy Kaibliito [12]. Big GanaHcy 3aiiza 3aiexarb op-
raHizallisl OpraHiyHoi Ta MiHepaJbHOI KOMIIOHEHTH
KiCTKOBOI TKaHMHM i MexaHi3Mu 1i pereHepauii [13]. do-
BENIEHO, 1110 3aJ1i30 IIPUTHIYY€E aKTUBHICTB JTY>*KHOI (hocda-
tasu (JID) 3 cunpHimmuMu edexramu Bin Fe**, nix Fe?',
1110 HEraTMBHO BIJIMBA€E Ha MiHepai3allito KicTok [14].

Benuky yBary mOCHiIHUKW MPUAIASIOTH Peryssiii
npolieciB MeTtabotizMy 3aiiza. IlopylleHHs1 peryasiTop-
HOTO IUISIXY, 1110 KOHTPOJIIOE CUHTE3 TeTICUINHY, CIIPUSIE
MiABUIIEHHIO KiJIbKOCTi BicLiepaJibHUX aaMIIOLUTIB Ta
MakpodariB, BUBIIbBHEHHIO LIUTOKiHIiB Ta CUCTEMHOMY
3aImajieHHI0. 3B’SI30K MiXX OXUPIHHAM i JepillnTOM 3a-

changes in iron metabolism (hypoxia, anemia, iron
deficiency, iron overload, and inflammation) [3].
High levels of iron can lead to oxidative stress,
DNA damage, and cell death [4].

Ferritin as a protein complex is the body iron
depot, simultaneously being a protein of acute
phase of inflammation, and its level increases
under infection. By keeping an excess of iron ions
in the form of Fe?* and Fe*', ferritin prevents the
formation of reactive oxygen species. Its high level
is a marker of iron overload in the body [5] and its
accumulation in the target organs.

Elevated contents of serum iron (SI) and ferritin
are found in children with blood malignancies,
which negatively affects the disease course. There-
fore, it is expedient to concern the ratio of ferritin
to globulins in children of the general population,
in whom the level of SI is high. A direct correlation
between the SI and ferritin (SF) levels was estab-
lished (rs = 0.56; p < 0.01) [6].

Iron is a cofactor of intracellular enzymes in-
volved in many catalytic reactions. Its balance en-
sures interaction between the regulatory proteins [7].
The effect of iron on metabolism of amino acids
has been proven. Arginine is a precursor in
polyamine synthesis, one of the regulators of activ-
ity of basic enzymes, and a factor of balance in
oxidative stress [8]. Using the immunoprecipita-
tion method it was shown that some stages of me-
thionine reduction occur with a part of iron [9].
The branched-chain amino acids such as valine,
leucine, and isoleucine affect erythropoiesis, and
their content is positively correlated with hemoglo-
bin and SI levels. The tyrosine residue is believed to
be associated with bone biomineralization [10].

Iron transport and utilization are controlled by
the transcriptional genes [11]. The CISD2 gene
(iron-sulfur domain) provides function of a protein
that is found in mitochondria and encodes an iron-
sulfur domain that plays a central role in calcium
homeostasis regulation [12]. The consistency of the
organic and mineral components of bone tissue
and mechanisms of its regeneration depend on the
iron balance [13]. It has been proven that iron ions
suppress the activity of alkaline phosphatase (APh)
with stronger effects from Fe** than Fe**, which
anyway negatively affects bone mineralization [14].

Regulation of the iron metabolism pathways is
considered extremely important. Disorders of reg-
ulatory pathway that controls synthesis of hepcidin
contributes to increase in the number of visceral

241 ‘&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Bun. 28.

Jli3a MOB’sI3aHUI 3 BUCOKMM piBHEM rercuauny. [1pu-
YUHOIO iHTiOyBaHHS BCMOKTYBAHHS 3ai3a € IiJBUILIE-
Ha eKCIpeCist TeNCUAMHY B XKUPOBiii TKaHuHi [15, 16].
JlucbOanaHc 3ayiza BIUIMBAa€ Ha NOLIKOMXKEHHS eMali
Ta MPOSIBM Kapiecy 3y0iB y aiteit [17].

BaxuBrM acrieKToM € olliHKa 0OOMiHY 3aJti3a i pyHK-
HiOHYBaHHS TUPEOIMHOI CUCTeMU. 3ajTi30BMicHMI (ep-
MEHT NepoKCHaa3a HEeOOXiTHWI mjisg OGiOCMHTE3y Top-
MoHiB [ 18]. ®omiKyasIpHi KIITUHY IATOMOAIOHOT 3aJ10-
31 NMPOAYKYIOTh (PePMEHTH, SIKi KaTali3ylOoTb reHepallito
aKTUBHUX (DOPM KHUCHIO [UISI ITPOAYKYBaHHSI TOPMOHIB.
BogHouac, HedepMeHTaTMBHI AHTUOKCHIAHTU iIOTh
sIK Oychep 11 HelTpaizallii BUIbHUX pagukaiiB. B ymo-
BaxX TEPEBAHTAXEHHSI OPraHi3My 3aJli30M MaTOJIOTil0
IIUTOITOAIOHOI 3aJ103W TIOB’SI3yI0OTh 3 OKMCHHUM CTpE-
coM. Hamnuioxk BiTbHMX paauKasiB BUKIMKAE CTPYK-
TYPHi TOIIKOMXEHHS KJITUH, PyWHYE T€HOMHY CTa-
OiIBHICTh Ta IHOYKYE MEXaHi3MM KaHLeporeHesy [19].

[Mpu HamMIIKy 3a1i3a B opraHi3mi XBopux Ha B-Ta-
JlaceMilo OyJ10 OMUCaHO Tpiaay CMMIITOMIB: TillOTUPe-
03, 3HWXKEHHSI MiHEpaJIbHOI IIJIBHOCTI KiCTKOBOI TKa-
HUHM Ta BUCOKUI pU3MK NepeoMiB KicTok [20].

3MiHM y (hepOKiHEeTUYHUX Mpoliecax BIUIMBAIOTH Ha
nepedir i xapakTep rocTpux JIeMKeMill y miTeit, a Haf-
JIMIIOK 3aJliza MOXe OyTU IMPOMOTOPOM JIeKeMore-
Hesy [21].

BaxuiuBe 3HaueHHS Ma€ MUTAHHS B3a€EMOIi1 MiX i0-
HaMM MeTaJiB, 1110 BHUBUIBHIOIOThCI 3 METAJIEBUX IM-
IUIAHTaTiB i MOXYTb BILJIMBAaTUM Ha KOH(opMalilo Ta
CTPYKTYPHY CTaOiIbHICTh OUIKiB y 0i0NOTiYHUX piou-
"Hax (Mn*", Fe**, Fe**, Co*", Cu*", Zn*") [22].

[TincymoBylouM oTpuMaHi JaHi, MOXHa BiI3HAYUTU
MaToJIOTIYHi 3MiHU, KOTpI ITOB’s13aHi 3 BIUIMBOM 3aJjli3a Ha
Ppi3Hi iepapxiuyHi cTpyKTypu. BogHouac, He onucaHi Me-
Ta0OIiUHI MOKA3HUKM OiOXiMiUHMX MPOLIECIB B OCTEOHI
3aiexkHo Bin BMicTy C3, BIIJIMBY TOPMOHIB, SIKi peryJio-
I0Th CTaH OCTEOYTBOPEHHS, Yy JiTeil, XXUTeJliB pamioak-
TUBHO 3a0pyaHeHux Teputopiii (P3T) Ykpainu, micisa
aBapii Ha YAEC. Hemae ennHoi TyMKH 100 TIATOJIOTI,
MOB’s13aHOi 3 AUCcOaIaHCOM 3alli3a B OpraHi3Mi y IiTeit,
30KpeMa, OXMPIHHAM i KapiecoMm 3y0iB. BuUCBITIIEHHS
LIMX MOPYIIEHb JACTb 3MOTY IMiABUILIUTU €(PEKTUBHICTh
JIiarHOCTUKY Ta METOMAIB KOPEeKllii 3MiH B OOMiHi 3aJ1i3a.

META

OuiHKa KJIiHiKO-TeMaTOJOriYHUX, MeTaboJiuHO-0i0-
XiMIYHUX TIapaMeTpiB CTaHY KiCTKOBOI TKAHWHU Ta
TOPMOHAJIBHOI peryJisilii 3aj1e>KHO Bill piBHiB cUpoBaT-
KOBOTO 3aJji3a i 103 ONMPOMiHEeHHS MiTei, XXUTENiB pa-
JMi0aKTUBHO 3a0pyIHEHUX TEPUTOPii YKpaiHu, Micis
apapii Ha YAEC.

adipocytes and macrophages, release of cytokines
and systemic inflammation. The cross-link between
obesity and iron deficiency is associated with high
levels of hepcidin. Inhibited iron absorption is a
result of increased expression of hepcidin in adipose
tissue [15, 16]. Iron imbalance is relevant in enamel
damage and dental caries in children [17].

Assessment of iron metabolism and functioning of
thyroid system is an important aspect. The iron-con-
taining enzyme peroxidase is required for the hormone
biosynthesis [18]. Thyroid follicular cells produce en-
zymes that catalyze the generation of reactive oxygen
species to produce the hormones. At the same time the
non-enzymatic antioxidants act as a buffer to neutral-
ize free radicals. Under iron overload the thyroid disor-
ders are associated with oxidative stress. Excess of the
free radicals results in cellular structural damage, ge-
nomic instability, and induction of carcinogenesis [19].

A triad of symptoms i.e. hypothyroidism, decreas-
ed bone mineral density, and a high risk of bone frac-
tures was described under an excess of iron in -tha-
lassemia patients [20].

Changes in ferrokinetic processes affect the course
and nature of acute leukemias in children, with iron
excess as a possible promoter of leukemogenesis [21].

Interaction between the metal ions released from
metal implants and being capable to affect the con-
formation and structural stability of proteins in bio-
logical fluids (Mn**, Fe**, Fe**, Co*", Cu*", Zn*") is
of especial importance [22].

So, the abnormalities associated with effect of iron
on various hierarchical structures can be noted. At the
same time, neither metabolic parameters of biochem-
ical processes in osteons depending on the SI content,
nor influence of hormones that regulate the osteoge-
nesis in children living on radiologically contaminat-
ed territories (RCT) after the ChNPP accident in
Ukraine have been described. There is no consensus
on the disorders or diseases associated with iron
imbalance in children, including obesity and dental
caries. Elucidation of these disorders will make it pos-
sible to improve the effectiveness of diagnostics and
methods of correction of changes in iron metabolism.

OBJECTIVE

Assessment of clinical-hematological and metabol-
ic-biochemical parameters of the of bone tissue and
hormonal regulation depending on the serum iron
content and radiation dose values in children living
on radiologically contaminated territories after the
ChNPP accident in Ukraine.
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MATEPIAJI TA METOJIUN
32008 poky o 2016 pik y BiamiieHHi pamialiiiHoOl re-
MAaTOJIOTi1 IUTSYOro BiKy 00cTexxeHo 271 mutuny. itn
oynu xutensmu P3T KwuiBcbkoi Ta 2KutomMupchbKkoi
obOyiacTeit YkpaiHnu. XJIOMYMKIB i TiBYaT OyJIO MOPiBHY.
it He MajM TocTpux iH(eKLiil, He XBOPiIU MPOTI-
TOM TPBhOX OCTaHHIX MiCSIIiB 10 OOCTeXKeHHs. 3a piB-
HsaMu C3 Ha OCHOBI cepeTHbO1 KBaApaTUIHOI BETUYU-
HU (SD) cdhopMoBaHo 3 rpymnu ciocTepexXeHHs: | rpy-
na — piBeHb C3 Bix 10,0 MKMoIb/1 10 22,0 MKMOJIB/JT
(n = 92), Il rpyna — piBens C3 Bix 23,0 MKMOIb/JT 10
34,0 mxmonn/n (n =144 ) ta I1I rpyna — piBens C3 Bu-
e 35,0 mxmousb/n (n = 35). BpaxoByBaniu Buj Mato-
Jiorii y poauyiB aiteit (6aTbku, 6adyci Ta mimyci mo giHii
Matepi Ta 6aTbka) (n = 1626), a came: X)KOBYHOKAM sTHA
(?KKX) Ta ceyokam’siHa xBopoou (CKX), oHKOIOTiuHi
1 eHIOKPUHHI XBOPOOU. AHATI3yBaIM CKapIu AiTei Ha
ocaJlrii, epeJioMU KiCTOK, Macy Tijla AUTUHU MpPU Ha-
POJKEHHI, HasIBHICTb aHOMaAJIil 1IeJenu, Kapiecy 3y-
0iB, oxxHpiHHA. MophoMeTpUYHI MOKAa3HUKU €PUTPO-
LIUTIB, CEpeHill 00’eM, CEpeIHii BMICT TeMOTI00iHY B
€pUTPOLIMTI, KiJAbKiCHI pe3yJbTaTh reMorpaMu BUBYA-
M Ha remoanarizatopi MicroCC-18 (CILA). ITapa-
METpU MeTaboJIi3My KiCTKOBOI TKaHWHiI B CHMpPOBATIIi
KpoBi (kpeaTuHiH, JID, kanbLiii), 6ioxiMiuHi mokas-
HUKM (3arajbHUil Oi0K, 3aj1i30, X0JEeCTEpUH, OLITipy-
0iH o0uIBi (paxilii, TpaHcaMiHA3M — aJlaHiHAMIHOT-
paHcoepasza (AJIT), acmapratramiHoTpaHcdepasa
(ACT) pochimxyBanu Ha OioXiMiYHOMY aHaji3aTopi
Humostar-600 (HiMmeuunHa). AMiHOKHCIOTHUN CKJIal
cedi 3a 19 BUIbHMMM aMiHOKHMCJIOTaMU BU3HA4yaIyd Ha
aMiHOKHUCJIOTHOMY aHafizatopi tumy T-339 (Yexis).
BuBuanu ropMoHU IIMTONOAIOHOT 3a7103U: BiIbHUIA TH-
POKCHH, TUpeoTpoInHuii ropmoH rinodisy (TTT), kop-
TU30J1 B CUPOBATLi KPOBi 3a JOIMOMOTO0 paaioiMyHHO-
ro metony (RIA-Kits). HlinbHIiCTh KiCTKOBOI TKAHUHU
BuU3HavYaiuM Ha aeHcutoMeTpi Ultrasonometer Lunar
(CIIA). 1o3u onpoMiHeHHSI AiTeil po3paxoByBau 3Tij-
HO 3 [23]. OrmcoBi Ta aHAIITUYHI TOCITIIKEHHS HamaHi
B MOPiBHSUILHOMY acMeKTi 3aieXXHo Bin rpamaniin C3.
CTaTUCTUYHY 00POOKY OTPUMaHUX JAaHUX TTPOBOIUIIN
3 BUKOPUCTAHHSIM KOPEJISILIAHOro aHajizy: KoedilieH-
TiB Kopendwii Cripmena, Cr’'iogenra, U-tecta (Man-
Ha—YiTHi), y>-kputepis [lipcona (https://www.socscis-
tatistics.com/tests/).

PE3VYJIBTATU TA OBI'OBOPEHHS

Pesynbratn obctexkeHHs1 271 OUTUHU TIpeacTaBeHi
3ajiexXHO Bifg Tpbox rpagauiii C3. XionmuyukiB Oyio
51,7 %, niBuat — 48,3 %. 3anexxHO BiI 0COOIMBOCTEN
KPOBOTBOPEHHSI Ta TOPMOHAJIBLHOTO CTaTycCy, OyJIO

MATERIAL AND METHODS
Children (n = 271) living on RCT of the Kyiv and
Zhytomyr oblasts of Ukraine were examined since
2008 till 2016. There were equal numbers of boys and
girls. Children had no acute infections and were not
ill during the last three months before the examina-
tion. According to the SI level (SIL) and featuring
the mean square value (SD), three study groups were
selected, namely Group I with SIL 10.0—22.0 umol/1
(n = 92), Group II with SIL 23.0—34.0 umol/1
(n = 144), and Group III with SIL > 35.0 umol/1
(n = 35). The types/groups of diseases, namely
cholelithiasis (CL), urolithiasis (UL), cancer and
endocrine disorders in the children’s relatives i.e. par-
ents, maternal and paternal grandparents (n = 1626)
were taken into account. Children’s complaints on
osalgia, bone fractures in a history, birth weight, jaw
anomalies, dental caries, and obesity were account-
ed and analyzed. Morphometric parameters of ery-
throcytes, their average volume, average content of
hemoglobin in erythrocyte, and quantitative data of
hemogram were assayed on the MisroCC-18 hemo-
analyzer (USA). Parameters of bone tissue metabo-
lism in blood serum (creatinine, alkaline phos-
phatase — APh, calcium), biochemistry (total pro-
tein, iron, cholesterol, bilirubin in both fractions,
alanine aminotransferase — ALI, aspartate amino-
transferase — AST) were assayed on the Humostar-
600 biochemical analyzer (Germany). The amino
acid composition of urine (19 free amino acids) was
assayed on the amino acid analyzer type T-339
(Czech Republic). Serum contents of the free thy-
roxine (FT4), pituitary thyroid-stimulating hormone
(TSH), and cortisol were determined using the
radioimmunoassay method (RIA-Kits). Density of
bone tissue was measured on the Ultrasonometer
Lunar densitometer (USA). Individual radiation
doses were calculated in accordance with [23].
Descriptive and analytical studies were provided in a
comparative aspect depending on the SI gradations.
The obtained data were statistically processed
through the correlation analysis featuring correla-
tion coefficient of Spearman, Student’s t-test,
Mann—Whitney U-test, and Pearson’s y’-test
(https://www.socscistatistics.com/tests/).

RESULTS AND DISCUSSION

Results of examination of children (n = 271) are pre-
sented depending on the three gradations of SI. There
were 51.7 % boys and 48.3 % girls. Depending on the
characteristics of hematopoiesis and hormonal status,
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copMoBaHO 4 BIKOBUX I'pymnu: AiTH A0 7 pokiB, 7—10
pokiB, 10—14 pokiB i crapuii 14 pokiB. CepenHiil Bik
niteit B rpynax ckiagas: (6,1 £ 0,9); (8,4 £ 1,2);
(12,6 = 1,3); (16,3 £ 1,7) pokis, BinnosigHo). Po3-
noxin ngireit 3a piBHsaAmMu C3 HaBegeHO B Tabaui 1.
HaiimeH1na xinbKicTh aiteid Oyna 10 7 pokKiB, pelurta
0Ci0 1OCTOBIPHO HE PO3Pi3HSIIACh.

¥ niteii 3 piHeM C3 Buie 23,0 MKMOJIb/JT Y pOIOBO/I
nepeBaxaad poaAWYi 3 €HIOKPUHHUMM XBOpOOaMu
nopiBHsIHO 3 piBHeM C3 (10—22) MKMOIb/1T (TAOII. 2).

Maca Tina AUTUHU OpU HAPOJKEHHiI HE 3ajiexasa
Bif BU3HaueHUX B nopanbliomy piBHiB C3. OmHak,
BCTAHOBJIEHO TIPSIMY KOPEJSLINHY 3aJIeXHICTh MiX
Macolo Tijla AUTUHU MPU HApOIXKeHHi Ta piBHeM C3
noHan 35,0 MKMOJIb/JT Ha 4ac ii 0OCTexXeHHs (rs =
0,22; p <0,05).

Ckapru Ha ocaJrii, mepejJoMU KiCTOK y AiTell, aHo-
MaJii meenu, Kapiec 3yoiB Ta OXUpiHHS NpeAcTaBie-
HO B TaOimiIi 3.

Ocaunrii Ta OXXUPiHHS YacTile Oyau y JiTeil 3 HopMa-
TUBHUMH piBHSIMU C3 mtopiBHSHO 3 iHIMMHU (p < 0,05).
YactoTa mnepesoMiB KiCTOK, aHOMaJil IIeJieru Ta
Kapiec 3y0iB y miTeli He 3ajexaia Big piBHiB C3.

IToxa3HUKM epUTPOLIMTApPHOI, JIEHKOLUMTApHOI Ta
TPOMOOLIMTAPHOI JIJAHOK MeprudepruIHOI KPOBi Y JiTei

four age groups were selected, namely under 7 years
old, 7—10 years old, 10—14 years old, and > 14 years
old. The average age of children in the groups was
(6.1 +£0.9) years, (8.4 + 1.2) years, (12.6 & 1.3) years,
and (16.3 + 1.7) years, respectively. Distribution of
children according to the SIL is shown in Table 1. The
lowest number of children was under 7 years old, the
rest was of no significant difference.

Relatives with endocrine diseases were often present
in the family tree of children with SIL > 23.0 wmol/1
vs. those having got SIL 10—22 umol/1 (Table 2).

There was no dependence of birth weight of chil-
dren on the later determined SIL. A direct correla-
tion was established, however, between the birth
weight and SIL above 35.0 umol/l at the time of
study (rs = 0.22; p < 0.05).

Data on the complaints on osalgia, bone fractures
in a history, jaw anomalies, dental caries, and obesi-
ty are presented in Table 3.

Osalgia and obesity were more common in children
with normative SIL compared to others (p < 0.05).
Incidence of bone fractures, jaw anomalies and den-
tal caries did not depend on SIL.

Parameters of erythrocyte, leukocyte and platelet
components of peripheral blood in all observation

Ta6nuusa 1

Po3nogin piteit 3a BikoBuMu rpynamm 1a pisHamu C3

Table 1

Distribution of children by age groups and SI level

Bikosi rpynu, poku Pisenb C3, mkmonb/n // Sl level (umol/l) Bcworo / Total

Age groups (years) 10-22 23-34 >35 abc.y4./n Biacotok
Jo7/Upto7 4 15 2 21 78

7-10 28 38 3 69 25,5
10-14 40 43 12 95 35,0

>14 20 48 18 86 31,7
Beboro / Total 92 144 35 2n 100,0
Ta6nuua 2

Po3nopin piteit 3a Bupom x8opo6 y pogoeogi 1a pisHamu (3

Table 2

Distribution of children by the disease types in the family history and SI level

Pisenb C3 Kianic_Tb Bup natonorii y pogosogi

(Mkmonk/n) poAntie KX / CL CKX / Ul OHKOMOTi4Hi XBOPOOM  EHAOKPUHHI XBOPOOM
Sl level N cancer endocrine diseases
pumol/l of next of kins a6c.y./n % abc.y./n % abc.y. /n % abc.y. /n %
10-22,n =92 552 27 49 31 5,6 44 8,0 43 78
23-34,n=144 864 53 6,1 41 47 73 8,4 98! 11,3
>35,n=235 210 8 3,8 8 3,8 25 11,9 26! 12,3
Bcboro / Total, n = 271 1626 88 5,4 80 49 142 8,7 160 9,8

Mpumitka. 1Pi3HNLA MiX NOKa3HUKOM NOpiBHIHO 3 piHem C3 (10-22) mkmons/n, p < 0,05 3a 2

Note. 'Difference vs. SIL (10—22) umol/I (p < 0.05) (according to x2-test).
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Ta6nuusa 3
Po3nogin piteit 3a Bugom naronorii Ta pieHammu (3

Table 3

Distribution of children by the disease types and SI level

PiseHb C3, Mkmonb/n Ocanrii Mepenomu kictok  AHomanii wenenu Kapiec 3y6is OXMPiHHS
Sl level, umol/I Osalgia Bone fractures Jaw anomalies Dental caries Obesity
10-22,n =92 45 16 37 36 14!
23-34,n=144 35 21 40 78 5
>35n=35 5 5 8 1 3
Beboro / Total, n = 271 85 (31,4 %) 42 (15,5 %) 85 (31,4 %) 125 (46,1 %) 22 (8,1 %)

Mpumitka. 'Pi3HNLA MiX NOKa3HUKOM B Mexax Bugy natonorii Ta C3, p < 0,05 3a 2
Note. 'Difference within disease type vs. SIL (p < 0.05) (according to y2-test).

BCiX IPYTI CITOCTEPEXXKEHHS 3HAXOAUIUCH B MEXKax HOpMa-
TUBHMX BEJIMUYMH 1 HE PO3Pi3HSUIMCH MixX cO0010. BuHsTOK
CTAaHOBUJIM piBeHb FeMOIJIOOIHY Ta cepeaHs] KOHILIEHTpa-
11is1 TeMOIJIO0iHY B €pUTPOLINTI, SIKi OyJIM BipOTiTHO BMIILL
y miteii 3 piBHeMm C3 monaz 35,0 Mxmomb/1 (p < 0,05), xo-
ya 00uaBa ITOKAa3HUKM 3HAXOOWINCh Y MeXaX ped)epeHT-
HUX 3HAUYEHb.

IMTpu Bucokomy C3 piBeHb 3araiapHoro oOinka i JID
3HVKYBaJIMCh, i, HABMNAKU, BMIiCT KpeaTUHiHY, 3araJIbHO-
ro OimipyOiHY Ta KajbIlilo ITiIBUIIYBanuch (Tad. 4).
binbl1 BUcoOKMIT piBeHb 3arajbHOro OiIipyOiHYy mpu
HE3MiHHii1 ioro mpsiMiii ppaxiiii Moxke OyTH MOB'sI3aHUI
3 pYWHYBaHHSIM €PUTPOLIMTIB 3a PaXyHOK aKTHUBALlii
OpoLECiB MEePeKUCHOr0 OKMCIEHHS JiMiaiB MeMOpaH.
Hamu BcTaHOBIIEHO TIpSIMY KOPENSILiiHY 3aJIeXXKHIiCTh
Mix piBHeM C3 Buie 27,0 MKMOJIb/JI i KaJIbLIiI0 B CUPO-
BaTLi KpoBi Bullle 2,4 Mmmonb/J (rs = 0.47; p < 0,01).

BwMmict B cedi nmiTeil Takux BIJIbHMX aMiHOKMCJIOT, K
TiCTUAMH, TIILWAH, TJI0TaMiHOBA KHUCJIOTa, OKCUIIPOJIiH,
MpOoJIiH, TPeOHiH, (deHillalaHiH, He 3ajiexkaB Bil piBHIB
C3 (tab6n. 5). Ilpu BucokoMy piBHi C3 BMiCT OesIKHUX

Ta6nuusna 4
bioximiuHi nokasHuku Kposi Ta piBHi C3 y piteit (M £ m)

Table 4
Blood biochemistry and SI content (M + m)

groups were within normative values and with no
difference among themselves. The level of hemo-
globin and average concentration of hemoglobin
in erythrocyte were an exception, which were signif-
icantly higher in children with SIL > 35.0 umol/1
(p < 0.05), although both parameters were within
reference values.

Levels of total protein and APh were decreased,
and, conversely, the creatinine, total bilirubin,
and calcium contents were increased in cases of
elevated SIL (Table 4). A higher level of total
bilirubin with its unchanged direct fraction could
be associated with destruction of erythrocytes due
to activation of membrane lipid peroxidation.
We have established a direct correlation between
SIL > 27.0 umol/1 and serum calcium > 2.4 mmol/I
(rs=0.47; p <0.01).

The urine content of histidine, glycine, glutamic
acid, oxyproline, proline, threonine, phenylala-
nine did not depend on SIL (Table 5). There was
higher content of some amino acids in cases of

Mokasuuk / Parameter

Pisenb C3, kmonb/n, n = 271 / Sl level, umol/l (n = 271)

10-22, n =92 23-34,n =144 >35,n=35

3aranbHuit 6inok, r/n // Total protein, g/! 73,1 £0,41 736+0,9 71,6 0,6
KpeatuHin, Mkmonb/n // Creatinine, pmol/l 68,1 £ 0,8’ 67,8 +1,3 746+0,8
NI®, on/n // APh, U/I 451,1 £ 10,8 408,9 + 14,3 3149+938
XonectepuH, Mmonb/n // Cholestering, mmol/l 42+0,2 433+0,3 39+0,2

Binipy6in 3aranbhuii, Mkmons/n // Bilirubin total, pumol/l 11,17 £1,01" 15,1 £ 1,1 17,0+ 0,9
Binipy6iH npsimuia, mkmonb/n // Bilirubin direct, wmol/l 1,46 £0,13 224+04 1,23 £0,11
ANT, Op/n // ALT, U/l 18,3+ 0,6 18,6 £0,5 19,2+ 0,4
ACT, Oa/n // AST, U/l 26,3 +0,7 295+0,8 253+1,2
Kanbuiii, mmonb/n // Calcium, mmol/l 2,31 +0,01" 2,36 0,02 2,48 £ 0,07

Mpumitka. 'PisHuLg Mix nokasHUKOM nopisHsHO 3 C3 10—22 mMkmonb/n Ta > 35,0 Mkmonb/n, p < 0,05.

Note. 'Difference vs. Sl level 10-22 pmol/l and vs. Sl level > 35,0 umol/l, p < 0.05.
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Taoauua 5

Cknap Ta piBHi BinbHUX amiHokucnoT B ceyi Ta C3 y pitei (M = m)

Table 5

Content and levels of the free amino acids in urine and SI level (M + m)

AmiHokucnora, MKMonb/n

Pisenb C3, mkmonb/n // Sl level, umol/I (n = 94)

Amino acids in urine, umol/I 10-22, n=52 23-34, n=27 > 35, n=15
AnaniH / Alanine 6,44 + 0,05 6,49 £ 0,22 6,93 £ 0,08
ApritiH / Arginine 0,76 £ 0,01" 0,69 £0,12 0,98 £ 0,05
AcnapariHoBa k-T1a / Aspartic acid 4,56 % 0,05' 5,62+ 0,15 579+0,13
Banin / Valine 1,02 + 0,06 0,72 £ 0,02 0,74 = 0,06
lictuamn / Histidine 29,12+ 1,15 28,48 + 1,06 27,59+ 2,12
IniumH / Glycine 17,19 £ 0,04 18,26 + 0,05 17,14 £ 0,14
IniotamiHoBa Kk-Ta / Glutamic acid 2,41 £0,04 2,38 £ 0,05 2,24 £0,12
niotamiH / Glutamine 78,54 + 1,60 69,09 + 3,11 97,01 £0,91
I3oneiuuH / Isoleucine 0,58 + 0,05 0,57 £ 0,03 0,66 £ 0,07
Jliaun / Lysine 3,59 + 0,09 2,89 +0,21 2,94 +0,17
JleiumH / Leucine 0,91 +0,02! 0,89 £0,12 1,20 £ 0,04
MeTuoHiH / Methionine 1,31 = 0,04 0,94 £0,22 0,86 £0,10
Oxcunponit / Oxyproline 12,69 = 0,31 12,67 £ 0,70 13,15 £ 0,34
Mponit / Proline 1,37 £ 0,03 1,01 £0,04 1,36 £ 0,13
Cepu / Serine 7,27 +0,12! 7,65+0,11 8,31 £ 0,08
TupoauH / Tyrosine 3,48 £0,11" 3,42 £0,26 2,93 +£0,12
TpeoiH / Threonine 3,51+0,13 3,46 £ 0,20 3,73 0,10
@eninanani / Phenylalanine 1,87 £ 0,05 1,68 £ 0,04 1,89 £ 0,09
Liucrin / Cystine 1,57 + 0,05 1,58 £ 0,21 1,94 £ 0,09
Cyma / Total sum 178,19 £ 0,19! 181,49 £ 0,35 197,39 £ 0,24

Mpumitka. 1PisHnug Mix nokasHukom C3 (10—22) Mkmonb/n 1a > 35 Mkmonb/n, p < 0,05.
Note. 'Difference in Sl levels 10—22 pmol/l vs. > 35.0 umol/l, p < 0.05.

AMiHOKUCJIOT OYB [IEII0 BUIIMM, HixX TP HOPMATHUBHO-
my C3. PiBHI acmmapariHoBoi KMCIIOTH Ta aJlaHiHy MiTBU-
IIyBaJIUCh. 3pOCTaB BMICT ajaHiHy, KU, 3a JaHUMU
[24], € ocHoBolO OinkoBoro kapkacy. KoHueHTpallist
MIIOTaMiHOBOI KMCJIOTH, BiIOMOI $IK HeilpomesaiaTtop i
CTUMYJISITOP OKMCIIIOBAJIbHUX IIPOLIECIiB, CIIOJIYKHU, IO
Oepe yJacThb B peakllisix repeaMiHyBaHHSI aMiHOKHCIIOT B
OpraHi3mi, B OiIKOBOMY Ta BYIJIEBOAHOMY OOMiHi, 3HAaXO-
JIUJIACh Y 3BOPOTHOMY KOPEJISILIiAHOMY 3B’S13KYy 3 piBHEM
Oinka B cuposaTii KpoBi (rs = -0,38; p < 0,01). KoHueHT-
pallisi II0TaMiHY B cedi MinBulllyBaiach. PiBeHb apriHiHy
KOMIIEHCAaTOPHO 3pOCTaB 3a YMOB HAUIMIIKY 3ai3a, 110
MoOXe OyTM MOB’$13aHO 3 MOro y4yacTio y CUHTe3i Oinka i
BUPOOJIEHHI OKCUAY a30Ty, KPEaTUHiHY, NiATPUMLI LIUK-
JIy CEYOBMHU Ta AeTOKcHKalii amiaky [25]. Kpim Toro,
apriHiH € MeTabOIIYHOIO CITOJTYKOIO MiX 3aJ1i30M i OKHC-
HUM cTpecoM [26]. PiBeHb LIMCTUHY B cedi 30iIbIIYBaBCs,
1110 MOXK€ CBITYUTU IIPO po3aj OiIKiB B OpraHi3Mi giTei.

KonueHTpalisi aMiHOKMCIIOT 3 po3raly>kKeHUM JIAHIII0-
TOM, 30KpeMa, JISMLUHY Ta i30JIEUIIMHY TiABUIIYyBaJIaCh
i e BiAmoBigae ix MeTaboJiYHOMY LILISIXY LIOJ0 OOMiHY
3amiza [10]. PiBenn cepuny OyB Bulle rmpu Brucokomy C3.
ITokazaHo, 110 BiH Bimirpa€ BaxKJUBY POJb Y CHUHTE31
Oinka, LUK (DOJTIEBOI KUCIOTHU Ta METIOHIHY, a TAKOX
HeoOXigHUM [JIS1 TTOJIIPHOCTI OLIKiB i 3B’s13yBaHHS (hoc-
darnoi rpyrm [27].

(1) 246

high vs. normative SIL. Aspartic acid and alanine
levels were increased. According to Kubyshkin,
Budisa (2019), alanine is essential for the con-
struction and maintenance of protein carcass [24].
Content of glutamic acid, being a neurotransmitter
and stimulator of oxidative processes, involved in
reactions of transamination of amino acids, and in
protein and carbohydrate metabolism, was inverse-
ly correlated with serum protein level (rs = -0.38;
p < 0.01). Urine content of glutamine was in-
creased. Level of arginine was increased compensa-
tory under the iron excess, which could be related to
its role in protein synthesis and production of nitric
oxide, creatinine, both with maintenance of the
urea cycle and ammonia detoxification [25]. In
addition, there is a metabolic link between iron and
oxidative stress [26]. Level of cystine in urine was
increased, probably indicating a protein catabolism.

Content of the branched-chain amino acids, in
particular leucine and isoleucine, was increased
corresponding to their metabolic role within iron
metabolism [10]. Level of serine was elevated at
high SIL. The latter was shown playing an impor-
tant role in protein synthesis, folate and methion-
ine cycle, being also required for the protein polar-
ity maintenance and phosphate binding [27].
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PiBHi Basiny, JIi3MHY Ta METIOHIHY B C€Yi MPU BUCOKO-
my C3 3HUXKyBaUCh. BajliH BXOAWTH 10 CKJIaday Maiixe
BCiX OLIKiB Ta He3aMiHHMX aMiHOKMCIOT. JIi3UH € nuc-
TaJIbHUM TEMOBMM JIiTaHAOM $SIK IIpU OKucieHHi Fe**,
tak i Fe?* [28]. [1pu 36inbienHHi piBHs C3 3HIKYBalach
KOHIIEHTpAllisl aMiHOKUCJIOTA TUPO3UHY, 1O € TOXiI-
HUM MaTepiajioM IJIsl CHHTe3y TUPEOIIHMUX TOPMOHIB.

Cyma BiTbHUX aMiHOKHCJIOT B Cedi 3pocTalia Iapa-
JenbHo 3 migBuieHHsM C3 (p < 0,05), 1o cBimuuTh
npo aerpajallito OiJIKiB i BUBiLIbHEHHS 3a1i3a.

Hamu BcTaHOBIEHO TIPSIMUIT KOPETSILIAHNANT 3B'I30K
MiX BMICTOM TJIIOTaMiHy Ta BikoM AUTUHU (15 = 0,24;
p < 0,05), 3BOpOTHUI KOPEJISLIMHNI 3B'I30K MiXK piB-
HeM 3arajibHoro 0ijika B CHpOBaTLi KPOBi Ta acrapa-
riny B ceui ( rs= -0,38; p < 0,01), 1m0 MOXe CBiTUMTHU
PO CTaH a30TUCTOro oOMiHY B 1iyiomy. BcraHoBiaeHO
NpSIMUAI KOpEJISILiHHUI 3B'SI30K MiX piBHEM KpeaTu-
HiHY Ta IIiIKMHY B cupoBatli KpoBi (rs = 0,19; p <0,05)
i 3BOPOTHUI KOPENIILIHHNN 3B'I30K 3 BMiCTOM THPO-
3uny (rs = -0,30; p < 0,01). Binomo, 110 onepeaHuUK
KpeaTuHiHYy, KpeaTUH MiCTUTh y CBOEMY CKJIadi psif
aMiHOKMCJIOT, B TOMY YMCJIi DiuuH [29], 1o Bigirpae
BasKJIMBY POJIb y (PYHKIIIOHYBAaHHI OCTCOHY.

Benuky yBary npuAiIsiiOTh €HIOKPUHHINM PeryJisiiii
0iIKOBOro oOMiHy, 30KpeMa TOPMOHAM IUTONOAiOHOL
3aJI03U Ta KOPTU30JTy. BCcTaHOBIEHO 3BOPOTHUI KOpe-
JISLIMHWN 3B'I30K MixXX piBHeM Koptnsony Ta TTT B cu-
poBartili KpoBi He3ajexkHo Bif BMicTy C3 (rs = -0,58; p <
0,01). Binomo, 1110 1IMTOIOAIOHA 3a/I03a B CTaHi €yTU-
peo3y CTUMYJIIOE METab0Ii3M BYIJIEBO/IB Ta aHA00i3M
npoteiHiB. TupeoigHi TOpMOHU BILIMBAIOTH SIK HA OCTE-
OYTBOpEHHS, TaK i KicTKoBy pe3opbuiro [30]. BctaHoB-
JieHi KopesiiiHi 38's13ku Mixk TTI' B cupoBariii Kposi
Ta OKCUITPOJIIHOM B CeUi — MapKepoM Jaerpaaallii kosia-
TeHy. 3BOPOTHUI KOPEJISLiMHNI 3B'130K BiIMiueHO MixX
piBiem TTI Ta aMiHOKMCIOTOIO THUPO3MHOM, IO €
LIUTKOM (hi3i0JTIOTIYHMM, OCKIJTBKY TUPO3UH HEOOXiTHUI
JIJIS YTBOPEHHSI TOPMOHIB ILIMTOMNOAIOHOI 3amo3u T3
(TputionTpoHin) Ta T4 (3aranpHMii THpOKCHH) [31].

BwMmicT BiIbHOTO TMPOKCHHY Y 3KOAHOTO MAalliEHTa He
BHMXOJIMB 3a MeXi pehepeHTHUX 3HaYeHb. B Tabmuii 6
HajaHi KoedillieHTU KOpPesILii.

Koptu3zon iHridye cuHTe3 0ijika sIK yepe3 Moro mpsi-
MU BIUIMB Ha MOJINENTUIHUNA JaHIIOT KOJIareHY, Tak
i aKTUBHICTh (DEPMEHTIB, SIKi O€PYTh y4acTh y HOCTTpa-
HCILiHUX Moaudikalisx. BcTaHoBJIeHI 3BOPOTHI
KOpPEJISIILiliHI 3B’I3KM MiX piBHEM KOPTU30JYy B CUPO-
BaTLi KPOBi Ta aMiHOKMCJIOTaMu B cedi (Tab:. 6). Kop-
TU30J1 MiIBUIIYE PiBEHb BUTBHUX aMiHOKHWCJIOT Y Ceyi,
MepeLIKOIKAE YTBOPEHHIO KOJIareHy i MpUrHiyy€e CUH-
Te3 Oinka [32].

Levels of valine, lysine, and methionine in urine
were decreased with high SZ. Valine is a part of the
almost all proteins, while lysine is a distal heme ligand
in both Fe** and Fe** oxidation [28]. Content of tyro-
sine, which is a derivative material for thyroid hor-
mone synthesis, was lowered under the increased SIL.

The total amount of free amino acids in urine was
increased in parallel with the SIL increase (p < 0.05),
indicating the degradation of proteins and release of
iron.

A direct correlation was established between the
content of glutamine and age of the child (rs = 0.24;
p < 0.05), and an inverse correlation between the
level of total serum protein and asparagine content
in urine (rs = -0.38; p < 0.01), which could reflect
the state of nitrogen metabolism in general. A direct
correlation was established between the serum levels
of creatinine and glycine (rs = 0.19; p < 0.05), and
an inverse correlation with the content of tyrosine
(rs=-0.30; p <0.01). Creatine as a precursor of cre-
atinine is known containing a number of amino
acids, including glycine [29], which plays an impor-
tant role in the osteon function.

The endocrine regulation of protein metabolism,
in particular thyroid hormones and cortisol, are of
especial concern. Inverse correlation was established
between the serum levels of cortisol and TSH
regardless of the SI content (rs = - 0.58; p < 0.01).
Thyroid in a state of euthyroidism is known stimu-
lating the carbohydrate metabolism and protein
anabolism. Thyroid hormones influence both osteo-
genesis and bone resorption [30]. Correlation was
established between the levels of serum TSH and
oxyproline in urine (the latter is a marker of collagen
degradation). An inverse correlation was noted
between the serum level of TSH and amino acid
tyrosine, which is quite physiological, since tyrosine
is required for the synthesis of thyroid hormones tri-
iodothyronine (T3) and thyroxine (T4) [31].

Serum content of the T4 did not exceed the refer-
ence values in any patient. Correlation coefficients
are given in Table 6.

Cortisol inhibits protein synthesis both through its
direct effect on the collagen polypeptide chain and
the activity of enzymes involved in the post-transla-
tional modifications. Inverse correlations were
established between the serum level of cortisol and
amino acid content in urine (Table 6). Cortisol pro-
motes the increased level of free amino acids in
urine, prevents collagen formation, and inhibits pro-
tein synthesis [32].
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Ta6nuusa 6

MNoka3HuKKM Ta BennumHU KoedpiuieHTiB Kopenauii mixk TTT i KopTU3onOM B cupoBaTLi KPOBi Ta BiNIbHUMK

amiHOKucnoTamu B ceyi
Table 6

Correlation values for the serum TSH and cortisol with free amino acids in urine

AmiHokucnora

KoediuieHTn kopensauji Mk ropmoHamu Ta amiHokucnotamu / Correlation values

Amino acids

TIT B cupoBarui kpoBi / Serum TSH

KopTtuson B cuposarui kpoBi / Serum Cortisol

Ananin / Alanine -

ApriHiH / Arginine -
AcnapariHoa k-Ta / Aspartic acid -
Banin / Valine rs=-0,42; p< 0,01
lictuain / Histidine rs=-0, 34; p< 0,05
[niuwn / Glycine rs =0, 48; p < 0,001

niotamiHoBa k-1a / Glutamic acid -
I30neiumH / Isoleucine -
Jliaun / Lysine -
JleiupH / Leucine
MetuoHin / Methionine
Oxcunponin / Oxyproline
Mponiv / Proline

CepwH / Serine
TupoauH / Tyrosine

rs=-0,32; p< 0,05
rs =0, 50; p< 0,001
rs=0,51; p< 0,001

rs = -0,55; p< 0,001
TpeoHiH / Threonine rs=0,41; p<0,01

(MeninanaHiv / Phenylalanine rs = -0, 55; p < 0,001
Lncriu / Cystine -

rs = -0, 57; p < 0,001
rs = -0, 61; p< 0,001

= -0, 58; p< 0,001

=-0, 63; p< 0,001

=-0, 30; p< 0,05
rs = -0, 48; p < 0,001
rs = -0, 63; p< 0,001
rs = -0, 58; p < 0,001
rs = -0, 57; p< 0,001
rs = -0, 59; p < 0,001
rs = -0, 67; p< 0,001
rs = -0, 42; p < 0,001
rs = -0, 66; p < 0,001
rs = -0, 58; p < 0,001
rs = -0, 63; p< 0,001
rs = -0, 65; p < 0,001
rs = -0, 67; p< 0,001
rs = -0, 63; p< 0,001

IIinpHICTh KICTKOBOI TKAHWHU Y AiTe 3HAXOAUJIACh Y
3BOPOTHOMY 3B’SI3KY 3 PiBHSIMHU TJIyTaMiHOBOI KHCJIOTH,
IIiUMHY Ta ajlaHiny, BignoBigHo 1s = -0, 30; p < 0,05;
s = -0, 35; p <0,05; rs =-0,43; p < 0,01, ToO6TO 3 amMiHO-
KHCJI0TaMu, 1110 0epyTh y4acTh y Mpoliecax KoJareHoyT-
BOPEHHS.

Jlo3n ompoMiHEHHSI AiTeli 3HAXOOWIMCh B MeXKax Bil
0,098 m3B 1o 7,031 m3B. CepenHi 3HaYeHHS 103 HafaHi B
Tabnuui 7. Pi3HUIII B 103aX ONMPOMiHEHHS Y JiTel 3a71eXXHO
Bin BMicTy C3 He BcTaHOBJeHO. OMHAK, HAMM BU3HAYEHO
3BOPOTHUI KOPESILIMHUIA 3B’SI130K MiX 03010 OIPOMi-
HeHHs nauieHTta Ta C3 Buiue 35,0 Mkmoub/1 (s = -0,29;
p < 0,050), 110 miATBepIKYETHCS TaKOX NEIKMMU aBTO-
paMu i TOTpedye MOJANBIINX JOCTIIKEHb [33].

Takum ymHOM, TinBuilleHU piBeHb C3 B opranizmi
niteit, ki memkaioTh Ha P3T, Moxe OyTH 3a paxyHOK Te-
HETUYHOTO Pi3HOMAHITTS, BILUIMBY (DaKTOPiB JOBKIJIJIS,
1110 BUIO3MIHIOIOTh MeTa00J1i3M MeTaJjliB, OpraHiyHoOi Ta
MiHepaabHOI KOMIIOHEHTU KiCTKOBOI TKAHUHM, a TAKOX

Ta6nuua 7
Nlo3u onpomiHeHHA piten Ta piBeHb C3 (M + m)

Table 7
Radiation doses and SI level (M + m)

The mineral density of bone tissue was inversely
related to the content of glutamic acid, glycine,
and alanine (rs = -0.30, p < 0.05; rs = -0.35, p <
0.05; rs=-0.43, p <0.01, respectively) that is, with
amino acids involved in the pathways of collagen
formation.

Individual radiation doses ranged from 0.098
mSv to 7.031 mSv. Average dose values are given in
Table 7. No difference in radiation doses depend-
ing on the SI content has been established.
However, an inverse correlation was found
between the radiation dose and SIL > 35.0 umol/I
(rs = -0.29; p < 0.050), which is confirmed by
some authors and requires further research [33].

Thus, the increased SI level in children who live
on the RCT can be due to genetic diversity, impact
of environmental factors that change the metabo-
lism of metals, organic and mineral components of
bone tissue, as well as endocrine regulation of the

Pisenb C3, mkmonb/n // Sl level, umol/l, n = 139

Llo3u onpomineHHs, m3B / Radiation doses, mSv

10-22,n =42
23-34,n =81
> 35, n=16

0,94 + 0,05
0,98 + 0,04
1,14 +0,13
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E€HIIOKPUHHOI perymsiii mporueciB. IlinrpyHTaM mis
NOJANbIIMX TOCHIIKXEHb € MeXaHi3M KOHKYPEHTHOIL
B3a€EMO/Ii1 3a/1i3a 3 iHIIMMU MeTajlaMU B OpTraHi3Mi.

BUCHOBKU

1. ¥ 12,9 % nireit, xuteniB P3T, pisens C3 OyB BuUlLEe
35,0 mxmonb/11. Y pomoBoi miteii 3 piBHeM C3 BuIle
23,0 MKMOJIb/ 4YacTillle TepeBakaau eHIOKPUHHI
XBopoOu, Hix mpu piBHi C3 10—22 MkMoib/i. Bera-
HOBJICHO TIPSIMY KOPEJISILIHY 3aJIeXKHICTh MK Macolo
TiJJa IUTUHU TIpU HapoIKeHHi Ta piBHeM C3 moHan
35,0 mxmonb/a (rs = 0.22; p < 0,05).

2. 3a HasgBHOCTI BMcokoro piBHs C3 6ioxiMiuHi mokas-
HUKU KPOBi y AiTel 3a3HaBaiud OESIKMX 3MiH, OIHAK
3HaAXOIWJINCh B MeXaxX HOPMaTUBHUX BeJIn4uH. Bera-
HOBJIEHO MPSIMY KOPeJISLiiiHy 3a/eXXHICTh MixX piBHEM
C3 Buiie 27,0 MKMOJIB/JT i KaJblIil0 B CUPOBATLi KPOBi
Buie 2,4 mmoinb/n (s = 0.47; p <0,01).

3. 3 migBumeHHAIM piBHSI C3 cyMa BiTbBHUX aMiHOKMC-
JIOT B cedi 30inbiryBayiach (p < 0,05), 1110 CBIZYUTH ITPO
nerpapalito OinkiB. HailGinemr BHCOKI piBHI Maiu
aMiHOKHCJIOTH, SIKi O€pyTh y4acThb y CUHTE3i KOJIareHy
1 aHTMOKCUAAHTHOMY CTaTyci (aJlaHiH, CepWH, TIIy-
TaMiHOBa Ta acrnapariHoBa K-TH) Ta 0OMiHi 3aii3a (ap-
ridix, neiuuH) (p < 0,05). PiBHi BajiHy, Ji3MHY Ta Me-
TiOHIHY B ceyi, SIKi MOB’s3aHi 3 MeTaboJIi3MOM 3aJi3a,
3HKyBauch (p < 0,05)

4. Mix piBHem TTI Ta KopTHU30/1y B CUpPOBATILIi KPOBi y
JIiTeii BCTAHOBJIEHO 3BOPOTHMIA KOPEISLIAHUIA 3B 130K
He3anexkHo Bin BMicTy C3 ( rs= -0,58; p < 0,01). PiBeHb
TTT B cupoBatii KpoBi NpsIMO KOPEIIOBAB 3 KOHLIEHT-
palii€ro B cedi aMiHOKHUCIIOT, sIKi (pOpMYIOTh KOJIareH Ta
OoCTeoH. BcTaHOBIEHO 3BOPOTHUI KOPENSLIIMHUN 3B’ S~
30K MixX piBHeM TTT B cupoBaTLi KpoBi Ta TUPO3MHOM B
ceui, SIKUii € HEOOXimHMIA AJ1s1 YTBOPEHHSI TOPMOHIB 111 -
tornoxionoi 3ano3u (T3 Ta Ty), (rs = -0,55; p < 0,001).

5. Mix piBHEM KOPTHM30Jly B CUPOBATIli KPOBi Ta BiJib-
HUMM aMiHOKKMCJIOTAMU B Ceyi, sIKi YTBOPIOIOTh KoJa-
TeH, BCTAHOBJIEHI 3BOPOTHI KOPENALiiHI 3B’ I3KH1, 110
CBiIYUTH MPO HETaTUBHUIA BIUIMB KOPTU30JIy Ha CUH-
Te3 OiKa.

6. 1o3u onpoMiHeHHs aiteit craHoBuau Big 0,098 M3B
1o 7,031 m3B. CepenHi 3Ha4eHHS 103 OIIPOMiHEHHS HE
PpO3pi3HSINCH 3aexxHo Big BMicTy C3. Bu3zHayeHo 3BO-
POTHUI KOpesIUiiiHUI 3B’S130K MiX 103010 OIMpPOMi-
HeHHs gutuHU Ta C3 Bume 35,0 MkMmoub/1 (1s = -0,29;
p <0,05).

CNMUCOK BUKOPUCTAHUX AXKEPEN

respective processes. Mechanism of competitive
interaction of iron with other metals in the body is of
a concern in the further research.

CONCLUSIONS

1. In 12.9 % of children living on RCT the SI level
was higher than 35.0 umol/l. Endocrine diseases
prevailed more often in the next of kins of children
having got a SI level > 23.0 umol/I than a SI level
10—22 wmol/l. A direct correlation was established
between the birth weight and SI level above 35.0 umol/1
(rs =0.22; p <0.05).

2. In case a high SI level the blood biochemistry
parameters were subject to some deviations, remain-
ing however within range of normative values. A di-
rect correlation was established between the level of
SI above 27.0 umol/I and calcium in blood serum
above 2.4 mmol/l (rs = 0.47; p < 0.01).

3. Total amount of the free amino acids in urine
increased following the increased SI level (p < 0.05),
indicating protein degradation. Amino acids involved
in collagen synthesis and antioxidant status mainte-
nance (alanine, serine, glutamine and aspartic acid)
and iron metabolism (arginine, leucine) were assayed
in the highest amount (p < 0.05). Urine levels of
valine, lysine, and methionine, which are related to
iron metabolism, were decreasing (p < 0.05).

4. An inverse correlation was established between the
serum levels of TSH and cortisol, regardless of the SI
content (rs = -0.58; p < 0.01). Serum level of TSH
was directly correlated with urine content of amino
acids required for the collagen and osteon forma-
tion. An inverse correlation was established between
the serum level of TSH and urine content of tyro-
sine, which is essential for the thyroid hormone (T3
and T3) synthesis (rs = -0.55; p < 0.001).

5. The inverse correlation have been established
between the serum level of cortisol and urine content
of the free amino acids that form collagen, which
indicated a negative effect of cortisol on protein syn-
thesis.

6. Individual radiation doses ranged from 0.098 mSv
to 7.031 mSv. There was no difference between the
average values of radiation doses depending on the
SI content. An inverse correlation was found
between the individual radiation doses and SI con-
tent above 35.0 umol/I (rs = -0.29; p < 0.05).
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