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VIK [616.36-002.2+616.36-004]:577.118

MikpoesieMenTHUI cTaTyC Ta iHOro po.s y nepediry Xponiunoro renatuty C
(orasx gireparypu)

AL CiTKapl, M.A. llep6a}<’, JI.M. Pocroka’

. 3 > . - 1
HABH3 "Yowceopodcekuil nayionansnuti ynisepcumem'", meouunuii paxynsmem, Kageopa nponeoes-
MUKU 6HympIiuHix X6opob, “kagedpa bioxivii ma gapmaronoeii, Yorczopoo

Pedepar

Beryn. Xponiunwmit renatut C (XI'C) € cepito3Horo mpodnemoro CY4acHOI MEIMUMHH. 32 TIeYiHKOBOI NaTOJIOrii pO3MOIin
Ta MeTabomni3M GilbIIOCTi MIKpPOENEMEHTIB HOPYIIYETBCS, a CaM THCETEeMEHTO3 YCKIJIAIHIOE NepeOir renaTury.

Meta gociikenns: y3araabHuTH iHGOPMALIiIO 1010 POITi MIKPOETEMEHTIB y nepebiry xpoHiuHoro renatuty C.

Marepiaan Ta metoan. KoHTeHT-aHamis mitepaTypy 3 nuTaHb JOCTIIKEHD KOHLEHTpauii Ta 6ioToriuHoi posi Mikpo-
eneMeHTiB y xBopux Ha XI'C.

PesyipTaTy pociizkens Ta ix 06roBopeHns. YiaratbHeHo iHGOPMALIIO 1010 poui MikpoenemenTie y nepebiry XI'C.
BusHaueHo akTyanbHiCTh BUBYCHHS Gi00MiUHOT POTi LMHKY B HOpMabHOMY QYHKUIOHYBaHHI MEYiHKH, HOr0 aHTHOKCHIaH-
THi Ta NPOTH3ANa/IbH] BIACTHBOCTI, 3MiHy KOHLEHTpALLi Ta MeTabo1i3M NpH NeYiHKOBIH martosorii. HaBeneHo, 1110 3HIKEHHS
PiBHS Zn 3BOPOTHO KOPENIOE 31 CTYNEHEM ypPaKeHHS MEYiHKH Ta 3MiHOK0 GIOXIMIYHMX NOKAa3HHUKIB, OCKIIbKH aediuut Zn
MO’Ke CIpusATH BUPOOICHHIO KOareHy i akTHBail 3ipyacTux KIiTHH nedinkn. BixsHaueHo 3xaTHicTh Zn B3aemonisty 3 Cu
Ta Fe. 3MeHL1yioun iX BMICT y TKAHMHAX Ta YNOBiTLHIOIOUH TPOLECH OKHCIEHHS. 3TaaaHo, o Ae(iunT Zn 3yMOBIIOE HC-
pery/isuiio y UMTOKIHOBI# JTaHUi IMyHHOT CHCTEMH, 30KpeMa AUCOATaHE Mik ¢ynkuieto Thl i Th2 Ha nepudepii. [pu mpomy
supoGnenns IFN-y ta IL-2, npoxykris Thl 3meHumyerses, Tomi sk BUpoOaeHHs IL-4, IL-6 ta IL-10 Th2 ne 3MiHO€TBCSL.
IIpoananizoBaHo MOKIHBOCTI BHKOPUCTAHHS LIMAKY y CKIaii [POTHBIPYCHOT Teparii y Nali€HTIiB 3 XpOHiYHUM renatutom C
Ta 1e(iUMTOM LMHKY [T NOKDALIEHHS BipYCOJOTI4HOI BiNMOBiAI Ta CHCTEMHOTO imyHiTeTy. Busuaueno pons aediuuty
UMHKY Y BHHHKHEHHI IeraTOUCIIIONAPHOT KapIHHOMH. Y 3araibHeHo iH(pOpMaUio Woa0 poni KedilUTy Yu HALTHIIKY celle-
HY, KypyMy Ta GepyMmy y KHTTEBOMY LHMKII Bipycy renatuty C, NOUIKOMKCHHI TKAHHH, }i6pos3i neyinku Ta ix 3HAYCHHI y
BUINOBII Ha TikyBaHHS. [IpoanamizoBano pos MikpoeneMeHTiB y nepebiry XI'C Ta Bi3Ha4€HO BaKINBICTH MOHITOPHHTY iX
KOHIIEHTpaLii y npomeci iarHOCTHKH Ta JTiKyBaHHS. 3 SCOBaHO NEPCIEKTHBH BHBYCHHS MIKPOEIEMEHTHOTO CTAaTyCy y MaLli-
€HtiB 3 XI'C 1 GisbII TOYHOrO PO3yMiHHS TMaTOreHesy 3aXBOPIOBAHHS Ta MOKPAILEHHS TAKTHKH JIIKyBaHHs.

BucHoBku. [IpoaHanizoBaHi pe3ynbTaTH 10CTIKEHb AOMOBHIOIOTH AaHi MOXO pomi MikpoenemenTis Zn, Fe, Se, Cu y
nepediry XpoHiuHoro renatuty C, Ta MOKIMBOCTI BUKOPHCTAHHS UHMHKY Yy CKJIa/i NPOTHBIpyCHOT Tepanii npu #oro aedinu-
Ti.

Korouosi cosa: sipycuuii renatut C, npotusipycha Tepanis, MIKpPOETIEeMEHTH, LIHHK.

Trace element status and its role in the course of chronic hepatitis C

(literature review)

A.D. Sitkar', M.A. Derbak', L.M. Rostoka’

Uzhhorod National University, Medical faculty, 'Deparrment of propaedeutics of internal medicine,
ZDepartmem‘ of biochemistry and pharmacology, Uzhhorod

Abstract

Introduction. Chronic hepatitis C (CHC) is a serious problem of current medicine. In hepatic pathology, the distribution
and metabolism of most trace elements (micrielements) is disrupted. and dyselementosis itself complicates the course of
hepatitis.

Aim. Summarize information of the microelements role in the course of chronic hepatitis C.

Materials and methods. Content-analysis of the literature on studies of the concentration and biological role of trace
elements in patients with CHC.

Results. The information on the role of microelements in the course of CHC is generalized. The relevance of studying the
biological role of zinc in the normal functioning of the liver. its antioxidant and anti-inflammatory properties, changes in
concentration and metabolism in liver pathology. It is shown that the decrease in Zn levels is inversely correlated with the
degree of liver damage and changes in biochemical parameters, as Zn deficiency can promote collagen production and
activation of liver stellate cells. The ability of Zn to interact with Cu and Fe is noted, reducing their content in tissues and
slowing down oxidation processes. It is mentioned that Zn deficiency causes dysregulation in the cytokine chain of the
immune system, in particular the imbalance between the function of Th1 and Th2 in the periphery. The production of IFN-y
and IL-2, Th1 products, decreases, while the production of IL-4, IL-6 and IL-10 Th2 does not change. Possibilities of zinc
use in antiviral therapy in patients with chronic hepatitis C and zinc deficiency to improve virological response and systemic
immunity were analyzed. The role of zinc deficiency in the occurrence of hepatocellular carcinoma has been determined.
Information on the role of selenium, copper and iron deficiency or excess in the life cycle of hepatitis C virus, tissue damage,
liver fibrosis and their importance in response to treatment is summarized. The role of microelements in the course of CHC is
analyzed and the importance of monitoring their concentration in the process of diagnosis and treatment is noted. Prospects
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BHYTPINHI XBOPOEM

for studying the trace element status in patients with CHC have been clarified to better understand the pathogenesis of the

disease and improve treatment tactics.

Conclusion. The analyzed research results complement the data on the role of trace elements Zn, Fe, Se, Cu in the course
of chronic hepatitis C, and the possibility of using zinc as part of antiviral therapy in its deficiency.
Key words: viral hepatitis C. antiviral therapy. trace elements, zinc.

Beryn. Xponiunuit Bipycuuit rematur C (BI'C) e
CEPHO3HOI0 MPOBIEMOIO CYJacHOT MeTULMH, [Tpu6-
7M3HO 3% HaceneHHs CBIiTY iH)IKOBaHO BIpycOM re-
natury C. Xowa y Ginbmiocti KpaiH mommpeHicTh
AaHOT iHQeKuil cTaHOBUTL MeHIie 3%, ajne OIH3bKO
70% roctpoi indexuii BI'C nepexoants y XPOHIYHE
3aXBOPIOBAHHs. 3a OCTaHHIMU TJI00ATEHUMH OLIHKA-
MU, omybnikoBanumu B Global Hepatitis Report
(2017), y 2015 poui nonan 71 mun. moneii Matn Xpo-
Hiuny HCV-indexuio (mo moxna €KCTPanoIroBaTH
K 1% HaceneHns), a B €BpornelickkoMy perioHi
BOO3 - 14 man. oci6. lopoky y cBiti Bix 3yMOBJIe-
Hux HCV-ingekuiero xBopo6 mnewinku (mepesaxHo
IMPO3 MEYIHKH i TemnaTOLeNoIspHa KapIHHOMA) T10-
MHparTh npubau3Ho 399 THe. monei (y 2015 poui —
nonan 400 tuc.). 3rinno 3 noBimomuenusm BOO3. 3
Haroau BceecBitHboro Jlns Tenatutis 2017 pOKy
YkpaiHa BXOAuTh 10 17 KpaiH cBiTy, y sKknx 3agikco-
BaHO BUCOKHMH DiBEHb MOIIMPEHOCTI XPOHIYHUX rema-
THTIB, nepeBaxHo C, i Ha sKi npunamae 70% cBiTOBO-
0 EKOHOMIYHOrO Tsraps wi€i XBOpo6H. 3a cTyneHem
HETaTUBHOIO BIUIMBY Ha 3/10DPOB’S HACEJEHHs Ta piB-
HEM 3aXBOPIOBAHOCTI BipycHi rematutn B YKpaiHi
3alMaloTh I0MiHyI04e MiCLE B CTPYKTYpi iHpeKmiinoi
naroJorii [1, 2, 3, 4].

MikpoenemenTn BifirparoTh Ba)iIMBY ponb y HO-
PMalIbHOMY PO3BHTKY, 3[0POB’T Ta 3aXUCTIi JIHOJCHKO-
ro oprasismy. Ix muc6anauc, AebIOUT Y9M HaIJIHIIOK
MOXKYTb CTaTH MPUYUHOK Pi3HOMAHITHHX 3aXBOPIO-
BaHb. MIKpPOENEMEHTO3M (JIMCeNeMeHTO3H) — THMYa-
CoBe a0 TpHUBajle MOPYLICHHS €IEMEHTHOrO CKIay
OpraHisMmy. AKTyalbHiCTb iX BHBYEHHS MOJIATae B
TOMy, 10 BOHH MOKYTb JOBIOTPUBATMI 4ac KJIiHIYHO
HE MpOABJIATUC, OyTH (QOHOBUMH mpemMOop6iaHUMK
CTaHaMM, SIKi HOTIPUIYIOTH mepebir iHmMX 3aXBOPHO-
BaHb a0o cpusioTh 1X MaHipecTauii. Kpim mporo, npu
Pi3HHX COMATHYHHMX 3aXBOPIOBAHHSIX TAKOX MPOCTe-
KYETbCsI 3MiHA KOHUEHTpalLii abo MOpYLICHHS CIiB-
BIJHOIIEHHS CNEMEHTIB B OpraHi3Mi. Mikpoesnemen-
TH OepyTh y4acTh y GaraThbox MeTaGoNiuHMX MIIIXaX
(bepmenTtatuBHi Gynkuii, cuHTe3 6ilKa, aAHTHOKCH-
JaHTHHUH 3aXHMCT, IMyHOJIOTiUHA BiANOBIiAbL Ta IH.) ¥
UCHTPAJIbHOMY OpraHi 0OMiHy pe4OBHH — nevinmi. 3a
NEYIHKOBOi NaToorii, 30Kkpema XponiuHoro BI'C,
po3moain ta MeTaboi3M OibImocTi MiKpOeIeMeHTiB
TOPYIIYETCA, @ CaM JIMCENTEMEHTO3 YCKIAIHIOE Me-
pebir renatuty. OnHUM i3 KIIOYOBHX i B TOI ke yac
HaHOUIBIN  OCTIKEHUM  MiKpOeIeMEeHTOM 10710
Horo poui B nepe6iry BI'C € muuk (Zn) [3, 5, 6, 7. 8,
9, 10].

Mera nociimkenns. Viaraasautu iHbopmario
IION0 poiti MIKpOENeMEHTIB y mepebiry XPOHIYHOTO
BipycHoro renaruty C.

Marepiaan Ta meroan. Konrenr-ananis JiTepa-
TYpHU 3 MHTaHb JOCJiI)KEeHb KOHUEHTpALii Ta 6ioaori-

YHOI POJIi MIKDOENEMEHTIB y XBOPMX HA XPOHIUHHMii
BI'C.

PesyabTaTn nocainkens Ta ix 00roBOpeHHs. Zn
ma namonoeis nevinky. Zn € BaXIHBAM MiKpoeaeme-
HTOM, 010JIOTIYHI QYHKLIT SIKOrO MOKHA PO3IOALIHTH
Ha TPH KaTeropii: y4acTh y KaTamiTHuHIH aKTHBHOCTI
(epmenTiB, 3abe3nedyeHHs CTPYKTYpPHOI LiMiCHOCTI
OLIKIB Ta peryssiuis excnpecii renis. Bin BXoauTs 10
Cknany npubnusHo 250 ¢epMeHTiB, WO BMKOHYIOTH
pisHOMaHITHI QyHKUil B opraHi3mi. BeMmokryBanus Zn
BIAOYBA€TLCS IEPEBAKHO B TOHKOMY KHIICYHUKY.
Hpubausuo 60% Bcboro Zn B opranismi MiCTHTBCS B
KiCTKaX Ta M’si3ax. Zn y KpoBi 3B’A3Y€ThCSA 3 AllbOyMi-
HOM, 0,-MaKpOrio0ylniHOM Ta Kuciotamu [6]. Hedi-
AT ZNn MOKXe BUHMKATH 33 Pi3HOMAHITHUX 3aXBOPIO-
BaHb [I€YIHKH: 3MEHIUEHA KiIbKICTh ZN. 3B S3aHOTO 3
anbOyMIHOM, KOHUEHTpALis AKOrO 3MEHIIYEThCA 3
POrpecyBaHHsM XBOPOOM, a TAKOXK 301JIbIICHA Ki/lb-
KICTb Zn, 3B’5(3aHOTO 3 aMiHOKHCIIOTaMH, IIPU3BOISATH
70 30inbIIEHHS HOro exkckpewii 3 ceuero, 30Kpema
1epe3 LIYHTYBaHHA CUCTEMH MOPTAIBHOIO KPOBOOOI-
Iy, HOPYIICHHA BCMOKTYBaHHsA Zn 4epe3 3MiHMU CJIH-
30BOi OOOJIOHKH KHILIEYHMKA TOHKO! KMIUKM Ta HHK-
Y BMICT Zn B MeYiHUi Yepe3 3HHKCHHA GyHKuii
TeNaToUMTIB. Zn Mae MpOTH3aNaIbHYy, aHTH(DIOpOreH-
HY Ta aHTHKAHUEPOIeHHY M0 MpPH Pi3HUX 3aXBOPIO-
BaHHSX NeYiHKH. J{eski DOCTIiKeHHS MOBiIOMISIOTE
PO 31aTHICTh ZNn B3a€EMOMIATH 3 TAKUMH BaykJIHBHMH
Mikpoenementamu, sk Cu ta Fe, 3MeHuryioun ix smict
Yy TKaHWHAX Ta YIOBLILHIOIOYH MPOLECH OKHCIIEHHS
[8, 10]. ITedinka € BaxIMBOMO A8 perymsuii romeoc-
Ta3y 7Zn Ta iHIMX MIKpOENEMEHTIB, TOM AK Zn Heoo-
XUIHHH 1718 TIPaBHIIbHOT po6OTH MEeYiHKK. 3HMKEeHHS
piBHS Zn NOB’si3aHe SIK 3 FOCTPHMH, TaK i 3 XPOHI4HH-
MH 3aXBOPIOBAHHAMH MEYiHKH, a ediuut Zn y cupo-
BATII KPOBI [0B’sI3aHUIA i3 maTorene3om 3aXBOPIOBaHbL
NeYiHKH. 3HMKEHHs piBHS Zn 3BOPOTHO KOPEJTIO€ 3
CTYNEHEM YpaXX€HHs NEYiHKU Ta, BiAMOBIAHO, 3MiHOK
OioxiMiuHMX mokasHukis. Jlediumt Zn moxke COPHSATH
BUPOOJICHHIO KOJIareHy i aKTHBAIii 3ipuacTux KIiTHH
NEYiHKK Ta HETATUBHO BIUTWBATH Ha TICPEKHUCHE OKHC-
JIeHHs JimigiB y remarountax [11]. Zn ta Cu e auta-
ToHicTamMu, 30kpeMa Zn Moe iHriGysat ¢i6po3
[EYIHKH, 3MCHIIYOYH AKTHBHICTb J3UI-0KCUIA3H, a
Cu naBmaku cmpuse TenaTouentoaspHoMy (GiGposy.
Zn iHribye nepeKucHe OKHCIEHHS JIMi/iB Ta aromTos
KJIITHH, 3B’A3yI09HC i3 GEPUTHHOM, SKMii xenatye Fe
(piBens Fe 3HIKyeTbCs 33 paxyHOK 36iibIIeHHS te-
puTHHy). OKHCIIOBaIbHEI CTpec, BHKIMKaHuii Fe y
TNEYiHLi, 3MEHUIYETHCS i3 3HUKEHHAM HOT0 % KOHIIEH-
Tpalii i, mapanenbHo, MOXE 3MEHIIYBaTHCh TOLIKO-
JokeHHs nevinku. Jlediuut Zn BuKInKae aucGamanc
Mix @ynxuiero Thl i Th2 na nepudepii. Bupobnenns
IFN-y Ta IL-2, nponykrie Thl, 3MEHIYETbCS, TOII K
BHpoGOaenHs IL-4, IL-6 Ta IL-10 Th2 He 3MiHIOETBCS.
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V mamieHTis 3 AedinuToM Zn 3HWKEHa HOTO KOHLEHT-
patlisi y nediHii € OJIHI€r0 3 IPUYHH MOPYIICHHS pere-
Heparii renarouuTis. JloOaBku 7Zn 3a0e3nedyroTh
3aXHCT HA eKCIepPUMEHTATLHUX MOJENAX TBApHH Bil
FOCTPOi Ta XPOHIYHOI TPABMH MEHIHKH, ale i remnaTo-
POTEKTOPHI BJIACTHBOCTI 110 KiHUg He 3 siCOBaHi.
[epopasnbHe BKHBaHHS Zn Y MalieHTiB 3 [IMPO30M
MPU3BOUTE JIO MOJIMIICHHSA (QyHKI nediHKA Ta
3abe3neuye 3HAUHE MOKPALICHHS OloXiMITHHMX MOKa3-
uukis [12. 13, 14].

Bukopucmanus Zn 6 nikyeanni Bl C. Icuye Garato
MpPUYHH, YoMy Zn MOKe OyTH KOPHCHHM MpH JIKY-
Banfi rematuty C: aHTHOKCHIAHTHA GbyHKLiA, pery-
asimist mucGanancy Mk Thl i Th2 kniTuHamu, mocu-
nenHs Zn TpOTUBIPYCHHX €(hEKTiB inTepdepony,
iHribyroua ais Zn B CUCTEMI pemtikonis BI'C rta rema-
TONPOTEKTOPHI eEKTH METANIOTIOHETHY. Jlesixi noci-
JGKEHHS in Vitro MpOAEMOHCTPYBalM, IO com Zn
MOXKYTb 3MEHLIMTH PEILIKaLiio BI'C, #MOBIpHO,
inrioyroun PHK-3anexny PHK-nonimepa3sy Bipycy.
K ue 6yso nokasaxo Ha E.coli. Onnaxk JTaHW# MOTEH-
LWiiHHKiT MeXaHi3M He OYB J0CIIIKeHUI B €yKapioTHY-
HUX KIITHHAX, B AKHX roMeoctas Zn CyTTEBO BiApi3-
HsieThes. 3a BizcyTHocTi sikysanHs, BI'C cTae npu-
YUHOK 3HAYHOTO 3HIDKEHHS DiBHS IUTa3MOBOroO Zn.
Tomy n06aBkd Zn B JIOCHIKEHHAX BI'C mamm 3a
MeTy TIOJIMIINTH pPe3yIbTaTH NiKyBaHHS NAlli€HTIB,
30KpeMa 3MEHIINTH 3allaibHui TPOLeC y nediHui Ta
[OCWJINTH BiAMOBiAb HA TPOTHBIPYCHE IIKYBaHHS.
[Moka3aHo, IO CHOKMBaHHI O010OCTYITHOTO Xejnary
[uuk L-kapHosuny y 103i 150 mr/no0y 3menurye
piBeHb MapKepiB 3aMaNeHHs MEYIHKH, 30KpeMa AJIT
ta ACT, B TOMY YHCIIi B IO€/IHAHHI 3 NPOTHUBIPYCHUM
nikysanssiM IFN-a [12, 15]. Binpwe rtoro, unk L-
KapHO3WH 3HAYHO MOKPallyBaB [BHAKICTH eiMiHaIii
Bipycy, OCOOIMBO y MAUIEHTIB 3 MEHLIUM BIPYCHHUM
HAaBAHTaKEHHSAM. MeXaHi3MH, IO JeXaTb B OCHOBI
[IMX CMOCTEPEKEHb, 3AIHIIAIOTLCS HEBU3HAUCHUMU,
O/IHAK MOXIMBE MOEIHAHHS MPSAMUX NPOTHBIPYCHHMX
edexTiB i3 MOCHIICHHAM BipyCOJIOri4HOT BiAMOBIAL.
Takox 100aBKM Zn MarTh NpOoTHU3aNalIbHY iy
XBOPHX Ha XPOHi4HHii BIpYCHHUI renaTut C, 3MeHLIy-
[OuM ITepeBaHTaXEHHs meuinku Fe. Kpim Toro, 30i1b-
menHs piBHA Zn B CHPOBATIi KPOBi Oe3moCepeaHbO
[IOB’s13aHe 3 JIKYBaHHAM MPOTUBIPYCHUMH MpETapa-
tamu npsamoi ail (DAA) i He € pe3ynbTaToM 30171b-
IIeHHs BMiCTy anbOyMiHy. IHTiOyBaHHS HECTPYKTYP-
aux 6i1kiB NS3 Ta NSSA 3a nonomoroo DAA Moxe
GyTH TIOB’S3aHO 3 ONTHMI3aUI€l0 PiBHSA Zn B cHpoOBaT-
ui kposi y xsopux Ha BI'C. B oanomy 3 JOCITiIKEHb,
nauientd 3 xpouiunum BI'C, mwo oTpuMmyBanu Tepa-
niro DAA, nokasajy 3arajbHe 3MEHIIEHHS NediuuTy
Zn mpOTATOM ABOX POKIiB MiCHs CTIHKOT BipycoJoriu-
Hoi Biamosiai (CBB) [16, 17]. Cepen nauientis 6e3
MoJTiMuIeHHs piBHS Zn BUXiAHA TiMOUMHKEMIs Ta rime-
pypuKemiss OyaH NMPOTHOCTHIHUMHU (akropaMH CTii-
xoro nedinuty Zn, Hespaxatouu Ha CBB. lmonuH-
KeMist Oyna CyTTEBO MOB’s3aHa 3 rinoansO0yMiHEMi€r0
Ta (iGpo30M NEYiHKHM, MO BKasye Ha HEeOOXITHICTh
BHKOPHCTaHHS 100aBOK Zn HABITh miciis TOCATHEHHS

CBB. 0co07MBO y MAII€HTIB i3 BUpakeHHM (GiOpo3oM
neuinky [18]. JKopcTke peryntoBaHHs TOMeocTasy Zn
4K CHCTEMHO, TaK i BHYTPIIIHbOKIITUHHO BKa3ye Ha
Te, M0 Zn Biairpa€e BaxIWBY POJb Y 300pOB’T JIFOJTH-
an. Xoua BiH € ckianoBoro npudmzno 10% moncs-
Koro mpoTeomy, Zn (AK BiIbHMIA, T2 i 3B’s13aHUN 3
GiIKaMH) MOJKe BILUTHBATH Ha Pi3HOMAHITHI CHUTHANbHI
LUTSXW. BKJTIOYAKOUH Bipycooriuny Biamosiab. Jloc-
JOKEHHS in Vitro CBiTYaTh Mpo Te, WO BUIBHHUH Zn
MOXKEe MaTH TMOTYXKHHH TPOTHBIpYCHHA edexT, 110
MiATBEpKY€ETHCS BUNPOOYBaHHAMH KpeMiB, MaCTUIIOK
Ta 106aBOK 3 BUCOKHM BMICTOM BibHOTO Zn. BeTano-
BIEHO, 1O ZN MOXE BilirpaBaTH BaXIMBY POJb AK
neraTusHuit perynsrop pemikanii BI'C. binbuie Toro,
OiIKH, 110 3B SA3yIOTh Zn, Taki SK METaJIOTIOHEIH,
MOXKYTh BUKOHYBAaTH TPOTHBIPYCHY ¢ynxuio [19].
[IpoTe nmikyBaHHS Zn, sKe 3aCTOCOBYETBCS Y Teparnces-
THYHill 1031 Ta y npaBHibHIH (GopMI, MOKE CYTTEBO
OCHJINTH eTiMiHALI0 BIpyCY AK IPU XPOHIYHKX, TAK 1
npu rocTpux iHpekuisx. TakuM YHHOM, poJb 7Zn siK
MPOTHBIPYCHOTO TPENapary Mojsrae B Tomy, 1o fioro
MOJKHA BHUKOPHMCTATH LIS TMOKPALIEHHS Bipycosorii-
HOT BLAMOBLII Ta CHCTEMHOTO iMYHITETY Y MALU€HTIB 3
nedinurom Zn abo 3 METOK crienudivHOTO MPUTHi-
yenns pervtikauii Bipycy [20, 21].

Zn i cenamoyenonapua kapyurnoma (I'LUK). Tino-
[IMHKEMis OB si3aHa 3 rernaToKaplUMHOTEHE30M Y XBO-
pUX Ha [HPO3 MEYiHKH, 3yMOBJICHUM BI'C. PiBenb Zn
B CHpOBATII KPOBi 3HIKYBABCS y 3B'S3KY 3 XPOHIY-
HAM [pOrpecyBaHHAM 3aXBOPIOBAHHS neuinku. Ha
07aTOK 10 KOHTpOIo iH(ekuil Bipycy Tremarury,
nediuut Zn Moxe OyTH BaXIHBUM NPOTHOCTHYHAM
(haKTOPOM BH)KMBAHHS Y TIALIEHTIB i3 pannsoro I'TIK.
Uacrora TLIK Oyra 3Ha4HO HWAKYOK B OCIO. AK1
OTpUMYBAIN Zn, L0 MOKE CTaTH OTHUM i3 meTomiB
npodinakruku. OHaK ue Oyio TakoX noB’sizaHe 13
BUXIZHHM piBHEM abOyMiHy. [HIIMMH CIOBAMH, 'K
Tpanusiacs i3 MEHIIOK YacTOTOI B rpymi ocido 3
BUIIMMHM BHX{IHUMH KOHLEHTPALISMH CHPOBATKOBOTO
anpOyMiHy, 0COOIMBO y THX Mali€HTIB, ¥ SKUX KOH-
leHTpawis Zn B CHPOBATILi 3pocia Mmics tepamii Zn. I
HABMAKH, y TPYIi 3 HU3bKMMH BUX1IHAMHU KOHLCHTpA-
[liAMH CHPOBAaTKOBOTO ambOyMiHY, HaBiTh TiCHA CYyT-
TEBOTO IMiIBMINEHHs KOHIEHTpauii Zn B CHPOBATLi
KpOBI mics Teparii, He CIIoCTEpiranoch TeHAeHil 10
sHMskeHHs. KymynsTuHoi yactotn I'LIK. Takox CHiB-
BignomenHss Cu/Zn € NpeaMKTOPOM BHKMBAHHS XBO-
pux na TLIK [9, 16, 22, 23, 24].

Tnwii mikpoenemenmu. Cenex (Se) € BayK/IMBHM MiK-
pOENTEMEHTOM, IO M€ JIy)Ke BY3bKHH Jiana3oH KOHLe-
HTpAli# WO0 ONTHMYMY, Aediuuty Ta TOKCHYHOCTI.
Se HeoOXiqHMii [ CHHTE3y Pi3HOMAaHITHHX 3aXHCHHX
GiNKiB, CeIeHONPOTEiHiB Ta iX MeTabOoMNiTiB, SKi MaKTh
BHpIlIAIbHE 3HAYEHHS [UIs MIATPUMKH AHTHOKCHIAHT-
HOro/ MPOTH3ANATLHOTO TOMEOCTasy. Se TaKOK € BaK-
JIMBHM KOMIIOHEHTOM (PEPMEHTY IJTyTaTiOHNEepOKCHIa-
34, AKHH 3amobirae MOIIKOPKEHHIO KJIITHH BUILHUMHU
pamukanamy. Pi3Hi JOCHIDKCHHA TOKa3amu HIDKIY
KOHLIEHTpaIIil0 Se y CHpOBATI KPOBI Ta epUTPOLIATAX
xpopux Ha rematut B ta C. B onHOMY 3 JIOCITiKEHb
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OLIHIOBAIM KOHIEHTpalito Se Ta Zn y 0ionorivnHux
3paskax (cupoBaTka Ta kpoB) xBopux Ha BI'C 10 Ta
micad 30 auiB npuifoMy POCIHHHHX Ta MyJIbTHMiHE-
panbuux  (apmareBTHuHMX 106aBok. KonTposem
Gynu 3/0pOBi JIIOAM BiAMOBIAHOI BiKOBOI Kareropii.
Byso BusiBIeHO H¥K4i piBHi Zn i Se B GionorivHux
3paskax nauienTiB i3 BI'C. Taki ocHOBHI MiKpoeieMe-
HTH, 9k Zn, Se Tta Cu, He TIIBKHA JAiI0Th SIK AHTHOKCH-
JaHTH, ajde TAKOK BiMirparoTh BaKIMBY poib y Oara-
TbOX MeTaboJi9HuX mporecax y nedinui. IlopymeHss
ix romeoctasy Moske mnocwauTu perumikauio BI'C,
$i6po3 mediHKH Ta IHCYIIHOPE3UCTEHTHICTh, 3MCH-
urytouu eeKTHBHICTb IPOTUBIPYCHOI Tepamii y XBO-
pux Ha xponiunuii BI'C. Konuenrpauis Se y KpoBi

3MEHLIYEThCS TPOMOPIIHHO TSHKKOCTI YPAKEHHS Ie-
yinky, coprauneHoro BI'C. B oxHOMY 3 MOCIIIKEHb.
onnoyacHa HasHiCTh BI'C-iHbexnii Ta HeaaKoroJb-
HOi xupoBoi xpopobu neuinkn (HAMKXIT) npusro-
JUTh [0 OLIBII CepHO3HMX HOPYIIeHb B TOMEOCTasl
OCHOBHHMX MiHepanbHux pedoBur (Zn, Se Ta Cu).
[OCHITIOIOYH OKHCIIOBAIBHHI CTpeCc Ta 3amajieHHs.
Taki cTaHM MOXKyTb CIPHYHHUTH HU3bKMH DIBEHb
CBB 10 tepanii nporu BI'C. Xoua mexaHisMm, sKuii
JIeXKUTH B OCHOBI 3B 13Ky MK MiHEpaJbHUMH PEYOBH-
pamu 11a3mMu Ta HAJKXIT y naui€eHTiB i3 XpOHI9HHM
renatutom C, HeBimomuii, po3sutok HAXXII moxe
MOTEHLIMHO CHPUATH [OPYLIEHHIO TOMEOCTa3y LHX
minepadis [8, 10, 25, 26, 27].

Tabauus 1

Y3aranbHeHa poiib AedKuX MikpoereMentis y BI'C-indekuii Ta imynHiii Bianosizi [8]

Mexanizm gediuury/
HA/UTHIIKY

PoJib y :KHTTEBOMY
nukai BI'C

PoJib y MOUIKO/KEHHI TKa-
uun/ ¢ioposi

Poab y Binnosini
HAa JiKYBaHHs

Toctpuit BI'C cTtumy-
aroe 1Hykuito [L-6,
CTHMYJIIOIOUH MOIIH-
HaHHA Zn renaTouuTaMu
4Yepe3 TPAHCIIOPTEp
MHKY Zip14.

Zn € HEraTUBHUM
PEryIsITOPOM PerLIi-
kauii BI'C

Zn npurHivye npodidepaitiio Ta
CHHTE3 KOJIATeHY B 31p4acTHX
KJIITHHAX MEYiHKU 32 PaXyHOK

301IbIIEHHS. METAJIONPOTEIHA3H

13. Cripusie anomnTo3y 31puacTux

KJIITHH Ta 3MEHIIY€E pieHb Koja-
ren IV tuny. IuriGye IFN-A3.

JloGaBku Zn 3Me-
HIIYIOTb peruliKa-
uiro BI'C in vitro.
MOKPAIIYIOTh Bil-
noBias Ha [FN-a
Ta 30UIBLIYIOTh
eniminauito BI'C.

Fe

Yepe3 OKHCIIIOBAIbHHUH
CTpec, ONOCepeKoBa-
uuii 6inxamu BI'C,
rerCHIHH 3HHKYETBCS,
30UTBLIYIO9H (hepornop-
THH-OTIOCEPEIKOBaHE
BCMOKTYBaHHs Fe.

Fe cnipusie BI'C ue-
pe3 daxrop inimianii
3, ouku La, Ta
3B’sI3yBaHHs KJIITHH-
HuxX (akTopiB i3
BHYTPIIIHIM MicLIEM
BXO/[KEHHS pHbOCo-
mu BI'C. Tlpuraiuye
AKTMBHICTB T0JIMe-

pa3u NS5B.

Binknanenns Fe B nediHui xBo-
pux Ha BI'C cnipusie yTBOpEHHIO
aKTUBHUX (OPM KHCHIO, 1HIY-
KYIOUYH MEPEKUCHE OKUCICHHS
nimigiB Ta UChYHKII0 MITOXO-
napii. Fe aconitoetbes 3 Giib-
IO MOUIMPEHICTIO TenaTole-
JIOJISIPHOT KapLIMHOMH Y XBOPHUX
Ha BI'C.

®nedoToMis He-
3HAYHO TTOCHIIIOE
CTiliKy BipycoJIOri-

YHY Bi/IMOBI/Tb.
IMpu repamnii IFN,
3meninye ACT Ta
HEKpOTHYHE 3ara-
JICHHSL.

Se

MoskuBe NOPYLIEHHS
BCMOKTYBaHHs a0o Bi-
pyCHa CeKBecTpalLlis.

BI'C npurHiuye ekc-
Hpecio CeIeH3aNexk-
HOT IJIyTaTioH-
MepOKCHIA3H, CTH-
MYITHOIUH
BHYTPILUIHBOKIITHHHE
nomupenns BI'C Ta
30LIBIIYI0YH BIPYCHI
HaBaHTaKEHHS.

PiBeHb Se 3HMKYETbCA IPONIOP-
uiliHo y neuinkosomy ¢ibpo3y i
NPU3BOINTE O HAKOIIUYEHHS
nepokcuiB ainiaiB. Le npus-
BOJMTB JIO €KCIIpecii CyAMHHOTO
eHao0TeanTbHOro (haKTopa poc-
Ty Ta IL-8, NpUCKOPIOI0YH PICT
renaToeioIsIpHOT KAPIHHOMH.

Se 3 0-TiM0€BO0
KHCIIOTOIO Ta CH-
JTiMapuHOM
MOKpAlILy€e piBEeHb
AJIT / Ilpu npn-
fiomi 3 BiTaMiHOM
E ta ackopOiHo-
BOKO KHCJIOTOIO —
HE BILTMBAE Ha
AJIT BipycHe Ha-
BaHTa)XEHHS.

Cu

ITeyiHKOBE HAKOMUYCH-
Hst Cu-MeTanoTioHeTHy
Crpusi€ epeBaHTaKEH-
as nevinku Cu.
3MEHIIEHHS KOBYHOT
cexpeii Cu.

HanouacTuHKH OK-
cuny kynpymy (CuO)
iHriOyrOTh 1H(EeKuii-

HIiCTh (3apa3HICTh)

BI'C in vitro.

MeuinkoBui Cu 301bIIYyETHCS
npu Gi6po3i nediHKu
1 MO3UTHBHO KOPEJIOE 3 Kojare-
oM IV tumy. Cu, kUit
3B’A3aHHUH 3 METATOTIOHOM,
CTHMYJTFOE YTBOPEHHS I'1IPOK-
CWJIbHHX PaJuKaliB y MIypiB,
BUKJIMKAIOUH MMOIIKOKEHHS
ne4iHku Ta $ibpos.

JaHi BigCyTHI.
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V OC/TiDKeHHSIX, 10 CTOCYBAIUCH BUBICHH MIKpO-
eJleMEHTIB-MeTalliB, BUSBJICHO MOMITHI po30LKHOCTL Y
PO3IOALT BHIICHHX MIKpOEJIeMeHTIB Y KPOBI XBOPHX Ha
renatut C y MOpIiBHSHHI 31 3710POBHMH. CepenHi piBHI
GiIBLIOCTI eCEHIATbHUX MeTaJIiB Oy [IOMITHO BHLIMMH
B KPOBi 3/[0pOBUX OCIO; TMM HE MEHIL, xpom (Cr) peect-
pyBIU Y MiIBUIEHMX KOHIICHTpAIIAX y KPOBl XBOPHX Ha
BI'C. Tax camo cepemsi pisri K. Mg, Zn. Li ta Co He
CYTTEBO BIIPI3HSUTHCS B Kkposi 0Gox rpyn (puc.1). PiBHi
JIOCITUKYBAHUX METAIB TAKOXK BISBIIAIN TeHIEpH] HC-
mponopttii B KPOBi [awienTiB Ta 370poBux 10HOpiB. Kope-
JAIiiHe JOCIDKEHHS BUSABUIO TIOMIiTHO pi3Hi B3a€MHI
Bapialii MIKPOENIEMEHTIB Y KpOBi BOX IpPYyM. AHAi3
OCHOBHHMX KOMIIOHCHTIB Ta KIacTepHUi aHaJi3 TAKOXK
MiTBEpIATH Pi3HOMAHITHICTH BMICTY MiKpOEJIEMEHTIB Yy
KPOBi XBOPHX Ha TENATHT Ta 310POBUX, IO CBITUUTDH MPO
Te, 1o HasBricTh BI'C CyTTEBO BILUIMBAC Ha GanmaHc MiK-
poenemeHTiB [28]. B iHIIOMY JOCTDKEHHI KOHIEHTpaLii
Zn y miasmi KpoBi Oy/ii 3HAYHO HIDKIHMH y TALI€EHTIB 13
nosurusanM anti-HCV, HiK y KOHTpOJIBHIi rpyni. O1HaK
xontenTpauii Cu ta Fe y rnasmi KpoBi y 0cib. sk Ma

anti-HCV (+), Oyau 3HaYHO BHIIMMU, HDK Y 340pOBHUX
oci6. Te came CTOCYETHCS xontentparii Pb, Cd ta Al 1T
TOpYIIEHHs, IMOBIPHO, [OB’si3aHi 3 X OKMCJIHOBATIbLHUM
ctpecom. JucbanaHe POOKCHIAHTHOI T4 AaHTHOKCHIAHT-
HOT CHCTEM MOke OyTH TIPMUMHOIO 3amajibHIX peaxiiiit i,
TAKHM YHHOM, MPOTPECYBaHHs yPaXKCHHA neuinkn [29]. Y
{HILIOMY JIOCITI/DKEHHI OLIHIOBA/TH TAKOXK 3B’ 430K MaKpO- 1
MIKpO€JIEMEHTIB 3 TOKa3HUKaMU iMyHiTeTY, 30Kpema y
XBOPHX Ha XPOHI4HUHA BI'C (puc. 2). byno BCTaHOBIICHO,
1110 Y XBOPHUX Ha xponiunmit BI'C cepent [UTOKIHIB HAHOi-
JIBIIe YMCIIO 3B S3KIB BCTAHOBJIEHO IUIA ®HII-a ('aTh
xopensuiit) i UI-6 (dotipn 3p’si3kn). OHIL-0 BUSBUB
JIOCTOBIpHI 3BOPOTHI KOpe/siilii 3 Zn, K, Na, nepynoruias-
winy i npsamy 3 Cu. 1J1-6 yTBOpIOE TIpsiMi 3B A3KH 3 TaITO-
ioGinom, Zn, Fe i 3BopoTHHUH 3 K [30]. OTxe, HAsIBHICTb
XPOHIYHOTO 3aMajbHOrO MPOLECY Y xpopux Ha XI'C
cripusie BUHMKHCHHIO MaKpo- i MIKpOENeMeHTO3iB, sIKi
MAKOTh [ATOTEHETHUHY Jil0 Ha OOMiH [UTOKIHIB, IO €
peryasTopamu (yHKIIOHYBaHH:A IMyHHOT ~ CHCTEMIL
OtpumaHi pe3y/bTaTH 3yMOBJIOIOTH HEOOXIIHICTb 1013~
imx ocimkens [21, 28. 29, 30].

Hepatits patients (2771 Healthy donors (=71

Range Mean  Median SD Skew Range Mean  Median  SD Skew
Ca 20.00 19.25 6,190 047 7.246-62.35 2835 2798 13,40 0366
Cd 0.005—0.280 0068 0.035 0.072 1.55 GO0R=0269 0100 0091 0.068 0702
Co 0.020-1.396 0492 0416 0343 0683 0.011-2.3069 05379 0397 0.338  Lo6U
Cr 0.011=6.537 0.730 0141 1466 2.778 00270812 .36 0337 0.236 033X
Cu 0.297-1.396  0.672 0.643 0.180 [.633 0.270-1 893 01.897 (.843 0368 (1.509
Fe 46 90=-267 3 102.5 /R H2 19.24 1456 44694309 3325 2499 1259 —0.082
K (48 7-7546 3610 356.7 o Loz 1809=T223 4068 3427 173.3 0.644
Li 0.005=0.640  O.LH 0.071 0113 2506 (3.003-0.564 (1.095 0.039 O LIN 2100
Mg 34589298 24.60 23.50 1196 281 93634028 2439 2415 S504 0 0632
Ma 0.007-0.490 0117 Q0RO 0. 110 1.82 GOUd—0.528 0163 011 0.151 1.001
Na 344.1-2.547  YIRT 782.9 IR6T 1.515 266.0-2.831 1.509 1.834 7770 0 0264
Pb 0.031=20.89 1.397 (.504 3.239 4.9R5 0.078=5.355 1960 1628 1345 0962
n 351530079 9429 R.263 4.423 2752 [.11R-14.52 {799  ROK2 27251 —0.470

[Ipumitka: Hepatitis patient — TIAlli€HTH 3 BI'C: healthy donor

s — 310poBi 0coOu; ppm (parts per million) — MinbifOHHA 4acCT-

Kka; range — Jiana3oH; mean — CEPeIHe apudmernune; median — Mmexiana; SD — cTaHIapTHE BiIXUIEHHS: Skew — KoedimieHT

acuMeTpIlL.

Puic. 1. CTaTMCTHUHI NapaMeTpy PO3Moiny st KOHLIEHTpalli MeTaiB (ppm) y KpOBI XBOPHX Ha BI'C Tta 310po-
Bux ocio6 [30].

Puc. 2. Kopensuiiina CTpyKTypa B3a€MOIii MAKpO- i MIKPOEJIEMEHTIB i3 MOKa3HMKaMM iIMYHITETY Y XBOpUX Ha
xponigauit BI'C [28].
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BucnoBkn. IlpoananizoBaHi pe3ynbTaTu A0CHi-  palleHHs BipyCOJOTi4HOI BiAMOBiAI Ta CHCTEMHOTO
JKEHb JOTOBHIOKOTH MaHi IOJ0 POJli MIKpOeNeMeH-  IMyHITeTy.
TiB Zn, Fe, Se, Cu y nepebiry xpoHiuHOrO remnaru- ITepcekTHBOIO MOAANBIIMX JAOCHIIKEHDb € BH-
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