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NEPEKUCHE OKUCHEHHSA NINIAIB Y CUHOBIAMNBbHIA PIAUHI XBOPUX
HA OCTEOAPTPMUT MICNA SARS-CoV2-IHOEKLII

KopoHaeipycHa xeopo6a 2019 poky (Coronavirus disease 2019, COVID-19) cmaHoeums eenuky 3a2po3y Osis1 300poe ‘st /1roac-
mea. Ingpekyis SARS-CoV-2 (Severe acute respiratory syndrome-related coronavirus 2) € pecnipamopHUM 3axe0pH8aHHSAM, W0
Xapakmepu3yembcsi PO38UMKOM 8a)XKUX yCKilaOHeHb, He6e3rne4yHux Onsi )xummsi nroduHu. 3axeoproeaHHss Ha COVID-19 mae 6i-
NbWy cxusibHicmb A0 MsKKo20, a iHOOi U srlemanbHo20 nepebiay, ocobnueo y nimHix nrdel i3 cynymHiMu 3axeoprogaHHsIMU.
AKkmyanbHUM nuMaHHSAM € NPOo2HO3y8aHHs nepebicy XPOHIYHUX 3axeoproeaHb y /rodell, WO Nnepexeopinu Ha KOPOHaegipycHy iH-
¢hekuyiro. Y nimepamypi nosidomnssemnscs npo ece 6inbwy Kinbkicmb eunadkie apmpumy, noe'sizaHo2o 3 COVID-19, wo pobumsb
yeli cmaH eapmum 0Onsi NodanbWwo20 eusyeHHs. Bidomo, ujo pozsumok ocmeoapmpumie noe'sa3aHulli 3 OKUCHUM cmpecoM ma
HadnuwkosuMm npodyKyeaHHSIM akmueHuUXx ¢hopmM KucHo. [Ipodykmu nepeKucHo20 OKUCHEHHS 1linidie Moymb criy>kumu Mapke-
POM iHmeHcueHOCMIi 8inbHOpPaduKanbHUX NMpouyecie.

Memoro po6omu 6yno eauzHa4yumu KOHyeHmpauiro npodykmie nepeKucHo20 OKUCHEHHS ninidie y cuHoeianbHil piOuHi xeopux
Ha ocmeoapmpum nicnsi SARS-CoV2-iHghekuii. Yci yyacHuku docnidxeHHs1 6ynu nodineri Ha dei epynu. lMepwa epyna (n=22) —
nayieHmu 3 ocmeoapmpumom KosniHHux cyano6ie li-lll cmyners, Opyza (n=14) — nayieHmu 3 ocmeoapmpumoM KoJsliHHUX cyaiobie
lI-lll cmyneHs, siki nepeHecnu neeky ma cepedHbomsXKy ¢popmy COVID-19 wicmb — dee’smb micsyie momy. byno 3dilicHeHe
ouyiHr8aHHs NPOOdyKMie NnepeKUcHO20 OKUCHEHHS Jiinidie y cuHoeianbHil piduHi nayieHmie ycix docnidHux epyn. KoHyeHmpauii
dieHoeuX KOH't02amie eu3Ha4asu e 2enmaH-i30nponaHosIbHOMy eKcmpakmi crekmpogomomempuyHUM Memodom, wughghosux
OCHO8 — ¢hriyopumempuyHuUM memodom, TBK-akmueHux npodykmie — 3a peakuiero 3 miobapbimypoeoro kucriomoro (TBK). O6po-
6Ky pe3ynibmamie 0ocnidxeHHs1 NPoeoduUsIU 3a2a/lbHONPUUHAMUMU MemodaMu eapiayiliHoi cmamucmuku.

YcmaHoesneHo, w0 y cuHosianbHill piOuHi nayieHmie 3 ocmeoapmpumom KoniHHUx cyanobis, siki nepexeopinu Ha COVID-19,
KOHUeHmpauisi npodyKmie rnepeKUucHO20 OKUCHEHHSI 1linidie 3pocmae nopieHsIHO i3 2pynor xeopux Ha ocmeoapmpum (dieHosux
KoH'tozamie — y 1,7 pa3a, TbK-akmueHux cnonyk — y 1,5 pa3a, wuggosux ocHoe — y 1,3 pa3a). BusieneHi 3MiHu ceidyamb npo
rnopyweHHs1 OKUCHO-aHMuoKkcudaHmMHoI pieHogazau. Lje Moe ekazyeamu Ha npesasilo8aHHs1 8inbHopaduKabHUX Npoyecis i po3-
8UMOK OKUCHO20 cmpecy 6e3nocepedHbo 8 cyanobi. OmpumaHi pezynbmamu ceid4amsb, W0 y Xe0puUx Ha ocmeoapmpum nicns

iHgpikyeaHHs1 COVID-19 Moxnueuli po3eumok 6inbw 8axKo20 ypaxeHHs cyanobie ma eUHUKHEHHS YCK1aOHeHb.
Knroyoei cnoea: SARS-CoV-2, ocmeoapmpum, cuHogiasibHa piQuHa, nepeKkucHe OKUCHEHHS ninidie, okucHuli cmpec.

Bcryn. WBnake rmobanbHe NOLIMPEHHS BaXKOro roct-
poro pecnipaTtopHoro cuHgpomy (Severe acute respiratory
syndrome-related coronavirus 2, SARS-CoV-2) cTaHOBUTb
Benuky 3arposdy ansa niogen. lNepegycim KopoHaBipycHa
xBopoba 2019 (Coronavirus disease 2019, COVID-19) — 3a-
XBOPIOBaHHSA AUXanbHOI CUCTEMM, LLO Bpaxae MapeHximy
nereHie [1]. OgHak HelwoaaBHI AOCNIMKEHHS NoKasanu, Wwo
COVID-19 Moxe BpaxaTu Kiflbka CUCTEM OpraHiB, BUKIU-
KaTu pO3BUTOK Mo3ariereHeBMX CUMMTOMIB Ta YCKMNaaHH-
BaTW CTaH NauieHTiB i3 KOMOpPOIOHMMK 3axBOPIHOBaAHHSAMU,
Lo Hebe3neyvHo Ans IXHbLOro 340poB's [2].

Y BaXkkux BMNagkax BipyC akTUBYE iMyHHY CUCTEMY, LLIO
npu3BOANTbL 4O CUCTEMHOrO 3ananeHHs Ta iMyHHOI gucpe-
rynauii. YcknagHeHHs BKNIOYalTb HUPKOBY HEAOCTATHICTb,
ONCYHKLIiO Miokapaa, TPOMOOTUYHI SiBULLA Ta NOPYLUEHHS
poboTK TpaBHOI cuctemm [3]. Yepes HOBU3HY LibOro 3axBO-
ptoBaHHA KapTUHa Hacnigkie nicns nepeHeceHoi COVID-19
[OCi 3anuwaeTbesl HeBuBYeHo. OQHMM i3 Takux Hacnigkis
€ PO3BMTOK apTpanrii, ika BupaxaeTbcsi 6onem y cyrnobax
i € ogHMM i3 CMMNTOMIB, WO BUHWKaIOTbL Y MaUieHTIB i3
COVID-19. YcTtaHoBneHo, wo apTpanris HaseHa B 14,9 %
BMNaAKiB y XBOPWX Ha KOPOHaBIpyCHY iHdekuito [4], npoTe
AaHUX Npo peBMaTWYHI Ta 3ananbHi BUSIBU YpaXKeHHs Cyrno-
6iB (Hanp. ocTeoapTpUT) 3a YMOB KOPOHABIPYCHOI iHdeKLT
ayxe mano. OTxe, He3BaXxaruu Ha Te, Lo 3 noyaTtky naH-
aemii 6yno 3pobneHo 6araTo KpokiB ynepen y po3yMiHHi na-
TOreHHOCTIi Bipycy, 6araTo BigganeHux Hacnigkie, nos'sza-
HUX i3 iHdekKui€eto, e NOoTpiBHO 3'acyBaTu. Y nitTepatypi no-
BiZOMNSIETECA NPO BCe BiNnblUy KiNbKiCTb BUNAOKIB apTpuTy,
nos'azaHoro i3 COVID-19, wo pobuTtk Lie cTaH BapTum ang
nogansLioro BuB4eHHs [5—8]. lMoBHi kniHivHi Ta nabopato-
PHi AaHi, peTeribHe CMNOCTEPEXEeHHA 3a NauieHTOM i BU-
BYEHHHA MeXaHi3MiB maToreHesdy MaloTb MepLiopsigHe 3Ha-

YeHHS N5 NpOBeAEHHSA peTenbHOI AndepeHuiansbHoi giar-
HOCTMKM Ta KpaLloro BM3HA4YEHHS O3HaK 3ananbHoro ypa-
XEeHHs cyrnobis, nos'a3aHoro 3 iHdekuieto SARS-CoV2.

Bigomo, Lo po3BUTOK 0CTEOapTPUTIB NOB'A3aHMIN 3 OKM-
CHMM CTPEeCOM Ta HaAMLUKOBMM MPOAYKYBAHHAM aKTUBHUX
dopm kucHio (APK). 3a disionoriyHmx ymos APK perynio-
H0Tb BHYTPILWHBOKMAITUHHI CUTHanNbHIi Npouecu, CTapiHHS i
anonTo3 XOHAPOUMUTIB, CMHTES3 | AerpagaLito No3akniTUHHOIo
MaTpUKCy, a 3a NaTonorii — CUHOBIanbHe 3ananeHHs i anc-
dyHKUit0 cybxoHapanbHOI KicTkM. Hacnigkom HagmipHoro
yTBOopeHHA A®K Ha BioxiMiyHOMY piBHI € ywkomxeHHs1 6io-
noriyHMx Monekyn: Ginkis, ninigie Ta HykNeiHOBUX KWUCMOT.
Cepen HMUX NPOAYKTU NEPEKUCHOrO OKUCHEHHS MinigiB Mo-
XYTb CAYXWUTW MapKepoM iHTEHCUBHOCTI BinbHOpagukanb-
HUX npoLueciB y AOCAiAXyBaHOMY opraHi. ToMy MeTo po-
607K B6yno BM3HAYMTW KOHLEHTPALi0 NPOAYKTIB Nepekuc-
HOrO OKWUCHEHHS NinidiB y CUMHOBIanbHIN pianHi XBOpUX Ha
octeoapTput nicnsa SARS-CoV2-iHdekuii.

OG6'ekT Ta MeTOoAM AochnigAXeHb. Y JocniaxeHHi 6panu
yyacTb 36 nauieHTiB y Biui Big 39 go 70 pokis, Aki nepeby-
Banu Ha crauioHapHomy abo ambynaTopHOMy nikyBaHHi B
OopTONeAMYHOMY  creuianisaoBaHoMy MeAUYHOMY LeHTPi
"OpTokniHika" (TepHoninb, YkpaiHa) i3 npuBogy octeoapT-
puTy. Y nadieHTiB OyB BCTAHOBNEHWI OiarHo3 "octeoapTpuT
koniHHMx cyrno6is II-Ill ctyneHs" Ha nigcTaBi KNiHiYHUX Ta
peHTreHonoriYHux KpuTepiis. Ha eTani Binbopy BCiM XBOpUM
pobunu peHTreHorpadito koniHHMX cyrnobiB y npsamin (ne-
peaHbOo-3aaHin) Ta 6okoBil Npoekuisix. OLiHIOBaHHS IHTEH-
CVBHOCTI 60110 | hyHKLiOHANbHOro CTaHy KOmMiHHWUX cyrnobis
XBOPMX NPOBOAMNN 3a [OMOMOro PO3paxyHKy iHAEKCY
WOMAC (Western Ontario and McMaster Universities
Osteoarthritis Index), skuii nigpaxoByeTbCs B pe3ynbTarTi ca-
MOCTIHOTO MPOXOMKEHHS NauieHTOM TecTy, LIO BKYae

© BopogiH C., Kopotkun O., l0eT A., [iBopLueHko K., 2022
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24 3anuTaHHg, ski BigobpaxaloTb BUMpaxeHicTb 60nbLoBKX
BiguyTTiB (5 3anuTaHb), CKyTOCTI (2 3anuTaHHsA) Ta yHKUjio-
HanbHOi akTUBHOCTI (17 3anuTaHb) [9].

Yci yyacHukn pocnigkeHHs Hagani 6ynu nopineHi Ha
Taki rpynu. lMepuwa rpyna (n=22) — nauieHTn 3 octeoapTpu-
TOM KoniHHUX cyrno6is -1l ctynensi, gpyra (n=14) — nauj-
€HTW 3 OCTEOaPTPUTOM KONiHHUX cyrnobis lI-lll ctynexs, aki
nepeHecnn nerky Ta cepeaHboTskky dopmm COVID-19
WwicTb — AeB'aTb Micauis Tomy. [iarHo3 COVID-19 6yB nigT-
BepOXeHu monekynsapHuMm ananizom (RT-PCR) maska 3
HOCOIMOTKN. YCi y4acHWKW, WO A0OpOBINbHO norogunucs
B3SITU y4acTb Y LIbOMY AOCHIMXEHHi, O3Hanommunucs i nignu-
cann BignosigHy dopmy iHdopmoBaHoi 3roaun. [ocni-
OXKEHHS1 BUKOHaHI 3 JOTPMMAHHSM OCHOBHWX MOMOXEHb
"MpaBun eTUYHUX NPUHLMMIB NPOBEAEHHSA HAYKOBUX Meaun-
YHUX OOCHiSKEeHb 3a yyacTio noanHn", 3aTtBepokeHux e-
nbCiHcbKoO Aeknapauieto (1964-2013), ICH GCP (1996),
Ovpektneun €EC Ne 609 (Big 24.11.1986), Hakasis MOS3
Ykpainm Ne 690 Big 23.09.2009 p., Ne 944 Big 14.12.2009 p.,
Ne 616 Big 03.08.2012 p. Ta cxBaneHi KoMiTeTamu 3 €TUKU
MeauyHoro ueHTpy "OpTokniHika" (TepHoninb, YkpaiHa) i
HaByanbHo-HaykoBoro LeHTpy "lHcTuTyT Gionorii Ta mean-
unHn" KniBCbKOro HauioHanbHOro yHiBepcuteTy imeHi Ta-
paca LleBueHka (KuiB, YkpaiHa). YXuTo BCix 3axoniB Ans
3abe3neyeHHs aHOHIMHOCTI NaLieHTIB.

3abip 6ionoriyHoro maTepiany nposoawnu Ha 6asi cne-
LianisoBaHoro MmeguyHoro LeHTpy "OpTokniHika", M. TepHo-
ninb, YkpaiHa. Y npoBedeHUX AOCAIAKEHHSX OUuiHioBanu
NPOOYKTU NEPEKUCHOrO OKUCHEHHSA MinidiB y CUHOBIANbHIN
piovHi NauieHTiB ycix gocnigHux rpyn. CuHoBianbHy pianHy
36upanu y ctepunbHi Npobipkn 3 renapuHoOM LUNSXOM apT-
poLieHTe3y KoniHHOro cyrnoba BigMoBiAHO 4O CTaHAApPTHUX
NpoToKoMiB 06pobKN. YpaxoBytoun, WO HaWbIinbLi NOpox-
HWHW KONIHHOTO Ta KyrbLUOBOro cyrnobis mMawTb Makcuma-
NbHWUI 06'eM cUHOBIanNbHOT pignHK ao 3,5 mn, 3abip Gionori-
YHOro MaTepiany B YMOBHO 340POBUX Ntofen € Hebeaneu-
HUM | MOXe NPU3BECTU A0 MOPYLUEHHS CTPYKTYPHO-(PYHKLi-
OHanbHOro cTaHy cyrnoba. Y 3B'a3Ky i3 MM y JOCHIOKEHHSIX
rpyna ymoBHO 340pOBMX NIOAEN BiACYTHS.

Y cuHoBIanbHiM piguHi BU3Ha4yanu Taki nokasHuku. Kox-
LeHTpaLii AieHoBUX KOH'loraTiB BU3Ha4anu B rentaH-izonpo-
NaHoNbHOMY eKCTPaKTi CnekTpopoTOMETPUYHUM METOAOM,
LW POBUX OCHOB — hnyopumeTpmudHum metogom [10, 11],
KoHUeHTpauito TBK-akTnBHUX NpoayKTiB — 3a peakuieto 3 Ti-
ob6apbityposoto kucnoToto (TBK) [12]. OTpumaHi aaHi TecTy-
BanM Ha HopMarnbHe pO3MOAINEeHHs 3a JOMOMOroK TECTy
Wanipo — Yinka 3 BMKOPWUCTAHHAM MPOrpamMHOro nakeTy
"GraphPad Prism 8.4.3" ("GraphPad Software Inc.", CLLA).
Mopanblunii oGpaxyHok pesynbTaTiB BiabyBaBcs 3a gono-
moroto H-kputepito Kpyckana — Yonnica i3 noctrectom

HanHa. OTpuMmaHi pesynbTaTu HaBedeHi y BUMMaai cepea-
HbOro apnumMeTUYHOro + cTaHAapTHa Noxmnbka cepeHLOro.
PesynbTaTtn BBaXanu 3Hadvywmmu, konv p < 0,05.

Pe3ynbTaTtk Ta ix o6roBopeHHs. Baxnueoto cknago-
BOK (PYHKLIOHYBaHHS cyrnoba B Mexax (i3ionoriyHoi Ho-
pMu € cknag i ocobnuBocTi MeTaboniaMy CMHOBIANbHOI pi-
OnHn. CYHOBI BUKOHYE LNy HU3KY BaXKNMBUX (OYHKLN: TpO-
hiyHa 3abesneyye MNOXMBHUMW pevOBMHAMU CYrnoboB.i
XpsLLi, meTaboniyHa — BUAaneHHsa ctapux KIiTuH, amopTu-
3aliiHa — 3HWKEHHS HABaHTaXXEHHS Ha CyrnoboBi NoBepXHi
Ta ix nerke KOB3aHHS, 3aX1McHa — yTBOpeHHs 6ap'epa mix cy-
rnoboBMMU CTPYKTYpPaMm 1 MOLLUKOAXYBarbHUMUW areHTamum.
Tomy focnimkeHHA napameTpiB CTaHy CUHOBIaNbHOI PiaVHN
€ BaXIIMBUM KpUTEpPIEM AN PO3YMiHHS PO3BMTKY NaTomnori-
YHOro npotecy B cyrnobi, BCTaHOBMNEHHS AiarHo3y Ta MOHi-
TOPVIHIY NiKyBaHHA 3axXBOPOBaHb Cyrnobis.

MopyLlEHHS OKMCHO-aHTMOKCMAAHTHOI piBHOBarn y 6ik
iHTeHcudikauii BinbHOpaaukanbHNX NPOLECIB Mae BaXnuBe
3Ha4YeHHsA y naTtoreHesi 3ananbHWX npouecis. 3okpema, y
CMHOBIanbHOMy cepefoBuuli cyrnoba BinbHOpaauKanbHi
NpoLEecx BUKOHYHOTb 3HaYHY POrib y PO3BUTKY 3anarnbHOi Bi-
OnoBidi, ninonepokcuaalii Ta cTapiHHi KMiTUH cyrnob6oBoro
xpsLa — xoHapouuTis. MNepekuncy Ninigis € OKMCHEHVMK NPo-
OYKTaMMn HEHAaCUYEHUX XXUPHUX KMCIOT, SKi MOXYTb CIY>XWUTK
iHOUKaTOpaMu OKUCHOIO CTpecy.

Y npoBefeHVX Hamy JOCHiAXEHHAX YCTaHOBMEHO, L0 Y
rpyni NauieHTiB, XBOPUX HA OCTE0APTPUT KOMiHHMX CYyrnooiB,
Yy CWHOBIanbHIM PiAVHI KOHLEHTpaLUis NepBUHHUX NPOAYKTIB
NEepPeKNCHOro OKUCHEHHS MinigiB — AieHOBMX KOH'loratiB —
ctaHoBuna 11,24 + 1,08 mmonb x . Mpu  OocnimkeHHi
KOHLIeHTpaLii LibOro nokasHuKa y CUMHOBIanbHIN piguHi cyr-
no6iB rpynu nauieHTiB 3 0OCTeoapTpUTOM, siki nepexsopinm
COVID-19, koHUeHTpauia AieHOBMX KOH'loraTiB 306inbluy-
€Tbcs B 1,7 pa3a BiOHOCHO rpynu XBOpUX Ha OCTE0aPTPUT.
[NokasaHo, Lo B CUMHOBIanNbHIN pigvHi XBOPUX Ha ocTeoap-
TPUT KOHUEHTpaLis BTOPMHHUX MNPOAYKTIB MEPEKUCHOro
OKMCHeHHA ninigie — TBK-akTMBHMX cnonyk — cTaHoBuna
2,71 £ 0,25 mmornb x i7", [pu BUBYEHHI KOHLIEHTpaL,i goc-
nig)KyBaHOro MokasHuka y CUHOBIanbHIin piguHi cyrnobis
nauieHTiB 3 0CTe0apTPUTOM, SKi NepeHecnn nerky Ta cepe-
OHbOTSXKY cbopmm COVID-19, koHueHTpauia TBK-aktue-
HUX crnonyk 3pocTtana B 1,5 pasa BiJHOCHO rpynun XBopux
Ha ocTeoapTpuT. KOHUEHTpaUis X KiHUeBUX NpoayKTiB ne-
PEKNCHOIO OKMCHEHHS NinifgiB — WnddOBUX OCHOB — Y CU-
HOBiamnbHIN piAVHI rPynNn XBOpUX Ha OCTEOApTPWUT CTaHO-
Buna 1,19 = 0,98 ym. oa. x ™', YcTaHOBMEHO, O KOHLIEH-
Tpauis UbOro rnokasHuka y CUMHOBIanbHiN piguHi cyrnobis
nauieHTiB 3 OCTe0apTPUTOM, ki nepexsopinu Ha COVID-19,
3poctana B 1,3 pasa BiAHOCHO rpynu XBOpUX fuvlle Ha
octeoapTput (Tabn. 1).

Ta6nuys 1. KoHUueHTpauis NpoayKTiB NepeKMCHOro OKUCHeHHs ninigis
Yy CMHOBIianbHii pignHi KoniHHUX cyrno6iB gocnigHux rpyn (Mtm)

lpynu niopei OcreoapTput OcrteoapTpuT + COVID-19
MNokasHuK (=22 (=14
LieHosi Kor_|1'|oram, 1124+ 1,08 18,83+ 1,72"
MMOrb X 11
TBK-akT1BHi npoaykTy, 271+0.25 4,02 + 0,36
mMmonb x 1! L MR
LUnddosi C_)10HOBVI, 119 +0,98 1,57 £ 014"
yM. 0f. X 1l

* — p < 0,05 BigHOCHO rpynu nogen 3 oCTe0apTPUTOM.
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OTpumaHi Hamu pesynbTaTh CBig4aTb NPO HAKOMUYEHHS
npoayKTiB NinigHOI Nepokcuaauii y CMHoBIanbHIM pianHi XBo-
pUX Ha OCTeoapTpuT, AKi nepexsopinu Ha COVID-19, wo nig-
TBEPPKYE MOPYLUEHHS] OKUCHO-aHTUOKCUAAHTHOI piBHOBaru.
Lle Bkasye Ha npeBantoBaHHSA BinbHOpaauKanbHUX NPOLECIB i
PO3BUTOK OKMCHOrO CTpecy 6e3nocepeHbo B Cyrnobi.

3 oaHoro 60Ky, yTBOpEHi NPOAYKTU NEPEKUCHOIO OKUC-
HEHHSA NiNigiB CNIPUYNHIOTb HAKOMUYEHHS TOKCUYHUX CNO-
NyK (anbgerigis, KETOHIB TOLO) | NoAanblle YLWKO4XKEHHS
iHWKnX Giomonekyn (ninigis, GinkiB, HYKNEIHOBUX KMUCNOT).
3okpema, BTOPUHHWIA NPOAYKT NEPEKNCHOIO OKMCHEHHS Mi-
nigis — ManoHoBUW Aianbaerin — 3gaTHUW pearyBaTtu 3
OHK, yteoptotoun OHK-apayktn. Takox 3a paxyHOK B3ae-
mogii 3 e-NHz-rpynamu nisnHy abo N-kiHLeBUMM amiHOKMUC-
notamu 6inkiB, NHz-rpynamu cocdponinigis i rnikozaminis
MarnoHoBun Jdianbaeria PopMye MICTKM BCepeauHi mone-
Kyn Ta MiX HUMU 3 yTBOPEHHAM winddoBunx ocHos. Lie npu-
3BOAWNTb OO0 MOPYLIEHHSA CTPYKTYPHO-(PYHKLiOHaNbHOro
ctaHy 6iomonekyn [13]. Hanpuknag, y [oCnigKeHHAX Ka-
HaACbKUX y4YeHUX Ha mopfeni in vitro nokasaHo, Lo maro-
HOBUI anbAerig oKUCHIOE Binkn xpsiwoBoro MaTpukcy. Le,
y CBOI 4epry, 3yMOBO€E 3MiHM GioxiMiyHMx Ta Biodisuny-
HUX BracTMBOCTEN XPSLLOBOI TKaHUHK [14].

P03BWTOK OKMCHOrO CTPeCy B CMHOBIANLHWUI PigvHI NaLieH-
TiB, XBOPYX Ha OCTE0apTPUT, OyB NoKasaHW HU3KO AOCHiA-
HukiB [15, 16]. HumMn BCTaHOBMNEHO MiABWLLEHHSA MNPOAYKY-
BaHHS aKkTMBHUX popM KncHio (H202, NO*) Ta iHTeHcudikaLito
NPOLECIB MEPEKNCHOTO OKUCHEHHSA MinigiB (30inbLIEHHS BMi-
CTy marnoHoBoro auanegerigy). Mpy LpbOMy BOHU BUSIBUNU
NPUrHiYEHHS aKTUBHOCTI (hePMEHTIB aHTUOKCUAAHTHOrO 3aXu-
cTy (cynepokcupamcmyTasu, kaTtanasu, rrnytaTioH-S-TpaHc-
depasn, rnyTatioHnepokcuaasmn) Ha Tni 3HWKEHHS BMICTY Bia-
HOBMEHOro rnyTaTioHy. IHTeHcudikaLia BinbHOpPaaukansHOro
OKWUCHEHHS | MOCUIEHHS NPOOKCMOAHTHUX BNAcTUBOCTEN CU-
HOBiamnbHOI PiAVHN XBOPVX Ha OCTE0apPTPUT 3anexanv Big Bu-
PaXXeHOCTi NaTororiYHOro Npouecy, TSHKKOCTI onepaTvBHOIO
BTPYYaHHS Mpu apTpockonii, cnpusanu nornubneHHio ae-
CTPYKTUMBHO-AUCTPOpiYHMX 3MiH cyrnoboBoro xpsia Ta nig-
BULLEHHIO PiBHS anonTo3y i HEKPO3y XOHAPOLMTIB.

3 iHworo 6oky, ninigHi pagukanu 36inbLwyoTe HAOPSK Ta
BMPOGMNEHHs npocTarnaHavHiB, WO NOCUMIE PO3BUTOK 3a-
naneHHs. BBaxarwTb, WO npocTarnaHouHW, siKi BUABMS-
I0TbCA B NiABULLEHNX KifTbKOCTAX Y CUMHOBIANbHIN pianHi Ta
CUHOBIanbHiIh 060MOHLUI, BidirpaloTb KIOYOBY POJib Y PO3BU-
TKy BasogunaTalii, ekcTpaBasadii piguHu Ta 6onto B CUHO-
BianbHUX TKaHWHax. Binblle Toro, 3'aBnseTbCA BCe Ginblue
4oKasiB Toro, Lo npocTarnaHanHu (ocobnmneo npocrarnax-
AvH E2) e megiaTopamu, siki 6epyTb y4acTb y cknagHux B3a-
€MOfisX, WO Npu3BoASaTb A0 PO3BUTKY eposiii CyrnoboBoro
Xpsillia Ta HaBKomocyrnobosoi kicTku [17]. Came ToMmy iHribi-
TOPU CUHTE3Yy npocTarnaHauvHiB (iHriGiTopu UMKNooKcure-
Ha3u-2 Ta HecTepoigHi NpoTM3ananbHi Npenapartu) WNPOoKo
BUKOPWUCTOBYIOTb NPW MiKyBaHHi apTpuUTIB.

OTxe, OKUCHWI CTPEC Bifirpae BaXn1By porb Npu po3Bu-
TKY OCTE0apTPUTY, BUKMUKAKOUYM 3anarneHHs Ta Aerpagawiio
XpsILLOBOro matpukcy B cyrnobax. MNpoaykyBaHHs ADK i no-
Aanblue nepekncHe OKMCHEHHS NinigiB NoB'si3aHi 3 aHTUOKCK-
OAHTHOI 30ATHICTHO XOHOPOLUMTIB, BUKOHYHOUU KITKOHOBY POrb
y ix 3armbeni Ta gerpagadii xpsawa [18, 19].

Taknum YMHOM, ANs KPaLLoro NOsiCHEHHS eTionorii Ta po-
3BUTKY OCTE0apPTPUTY BaXKITMBUMM € NMOKA3HWKN PyNHYBaHHA
cyrno6is, siki € OQHNMM 3 HAWBAXIUBILLNX XapaKTEPUCTUK Y
nporpecyBaHHi 3aXBOpIOBaHHA. BMBUYEHHSs pi3HUX dakTopis
i cMrHanbHUX WnNsxie, Wo 6epyTb yy4acTb y kaTaboniyHomy
NOLUKOXKEHHI Xpsilla, Mae NepLIopsifAHe 3HAYEHHS Ans po-
3yMiHHS1 pO3BUTKY OCTeoapTputy. 3okpema, cepep umx da-
KTOPIB MOKa3HWKWN iHTEHCUBHOCTI BiNbHOpaamKanbHWUX Mpo-
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ueciB (ADK, npoayKTM NEpPEeKUCHOro OKUCHEHHA ninigiB i
BinkiB) € BaXXNMBMMM NapameTpamm OLLIHIOBAHHS CTPYKTYPHO-
yHKUiOHanNbLHOro cTaHy cyrnoba.

3a niTepaTypHMMU AaHUMW BiJOMO, LLO BipYCHI iHdeKLiT
MOXYTb OyTU NPUYNHOK PO3BUTKY rOCTPOi apTpanrii Ta apT-
puTy. Hanpuknag, MOHOApPTUKYNAPHUIA apTPUT MOXE BUHU-
KHYTW Nicns iHGiKyBaHHS PisHUMYK 306yaHMKaMK, BKIOYao4m
Taki, 9k Bipyc renatuty B, Bipyc renatuty C, Bipyc
Enwrtenna — Bappa, Bipyc imyHoaediumTy nioguvHu, na-
PBOBIpYC Ta HM3KY iHWKX BipyciB [20]. Takox pecnipaTopHi
BipYCHi iHbeKLii y 0Ci® Moxmnoro BiKy Ta >iHOK NPU3BOASTb
00 3pOCTaHHSA KifbKOCTi BUNagkiB po3BUTKY peBMaToigHOro
apTputy [21]. BBaxaloTb, WO Ui CUMATOMU NEPEeBaXHO BU-
HMKalTb YHACMigoK 3ananbHUx Ta/abo iMyHHUX peakuii, y
PO3BUTOK SIKMX 3anyyeHi npo3ananbHi UMTOKIHW (iHTepnen-
KiHm 1, 6, 17, pbakTop HEKpPO3y NyXNuH a), O BUBINbHSA-
I0TbCHA NPW anbBEONSAPHOMY Ta CKeNeTHO-M'A30BOMY 3ana-
neHHi [22, 23]. OcobnuBo YyTnMBI 4O PO3BUTKY peakTUBHUX
apTpUTIB, BUKIMKAHUX iHPEKLIMHUMK areHTamun, XBOpi, SKi
MatoTb 40 LIbOro CXMIbHICTb. 30Kpema, ocobnmBy rpyny cra-
HOBNATb NAUEHTH, Y KX BXE AiarHOCTOBaHO OCTE0apPTPUT.
YpaxoBytoun OTpUMaHi HaMu pes3ynbTaTi, BaXknMBUM BBa-
KaeMo nofarnblue JocnigxeHHs nepebiry octeoapTpuTy B
nauieHTiB, ski nepeHecnn COVID-19.

BucHOBKW. YCTaHOBMNEHO, L0 Y XBOPMX HA OCTE0apTpUT
koniHHWX cyrnobis nicna SARS-CoV2-iHdekuii y cuHoBianb-
Hil pianHi 30iNbLIYETLCSA KOHLEHTPAaLs NPOAYKTIB Nepeknc-
HOMO OKMCHEHHS NiNniAiB NOPIBHAHO 3 NauieHTamu, y SKux gi-
arHocToBaHo ocTeoapTpuT. OTpMMaHi HaMu pe3ynbTaTn Ta
npoBeAeHWI aHani3 nitepaTypHUX AaHUX KNiHILMCTIB i3 pi3-
HWX YaCTMH CBITY CBiAYUTb, LUO Y XBOPUX HA OCTEOApTpUT
nicna iHdikyBaHHs COVID-19 moxnusi po3BMTOK GinbLu
BAXXKOTO YPa)KeHHs1 cyrnobiB Ta BUHUKHEHHS YCKMNaaHEHb.
Tomy NoBHi KNiHiYHi Ta NnabopaTopHi AaHi, peTenbHe cnocTe-
peXeHHs 3a NauieHTOM i BUBYEHHS MEXaHi3aMiB naToreHesy
MatoTb NepLIoOpPAAHE 3HAYEHHS ANsi NPOBEeAEHHS NepCcoHidi-
KOBaHOI peTenbHOi andepeHuianbHOi AiarHOCTUKM Ta diT-
KOro BM3HaYEHHs1 03HaK ypaxeHHs cyrnobis, NoB's3aHoro 3
iHdpekuieto SARS-CoV2.
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LIPID PEROXIDATION IN THE SYNOVIAL FLUID OF PATIENTS
WITH OSTEOARTHRITIS AFTER SARS-CoV 2-INFECTION

The 2019 coronavirus disease (Coronavirus disease 2019, COVID-19) poses a great threat to the health of people in all countries of the world.
Infection with SARS-CoV-2 (Severe acute respiratory syndrome-related coronavirus 2) is a respiratory disease characterized by the development of
severe life-threatening complications. COVID-19 is more likely to be severe and sometimes fatal, especially in older people with co-morbidities. A
topical issue is predicting the course of chronic diseases in people who have contracted a coronavirus infection. An increasing number of cases of
arthritis associated with COVID-19 have been reported in the literature, making this condition worthy of further study. It is known that the development
of osteoarthritis is associated with oxidative stress and excessive production of reactive oxygen species. Lipid peroxidation products can serve as
a marker of the intensity of free radical processes.

The aim of the study was to determine the concentration of lipid peroxidation products in the synovial fluid of patients with osteoarthritis after
SARS-CoV2 infection. All study participants were divided into two groups. The first group (n=22) is patients with osteoarthritis of knee joints
1I-1ll degree. The second group (n=14) is patients with osteoarthritis of the knee joints Il-lll degree, who suffered a mild and moderate form of COVID-19
6-9 months ago. In the conducted studies, the products of lipid peroxidation in the synovial fluid of patients of all research groups were evaluated.The
content of diene conjugates was determined in the heptane-isopropanol extract by the spectrophotometric method, Schiff bases by the fluorimetric
method. The content of TBA-active products was determined by the reaction with thiobarbituric acid (TBA). The processing of the research results
was carried out using generally accepted methods of variational statistics.

It was established that in the synovial fluid of patients with osteoarthritis of the knee joints who contracted COVID-19, the concentration of lipid
peroxidation products increases compared to the group of patients with osteoarthritis (diene conjugates — by 1.7 times, TBA-active compounds — by
1,5 times, Schiff bases — 1.3 times). The detected changes indicate a violation of the oxidative-antioxidant balance. This indicates the prevalence of
free radical processes and the development of oxidative stress directly in the joint. The results obtained by us indicate that patients with osteoarthritis
may develop more severe joint damage and complications after infection with COVID-19.

Keywords: SARS-CoV-2, osteoarthritis, synovial fluid, lipid peroxidation, oxidative stress.
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LIMTONOrIYHA AIATHOCTUKA TOHKOIOJIKOBUX NYHKLIIMHUX BIOMNCINA
WwMTONOAIEHOI 3AN03U B YKPAIHI:
3ICTABJIEHHA 3 AAHMMM MDKHAPOOHOI MPAKTUKM

Pak wyumonodi6bHoi 3an03u — oGuH 3 Heba2amboXx pakie, siki diazHoCcmyrMmMbCsi 3a G0MOMO20K0 UUMOJI02iYHO20 OOCITiIOKEHHS
MOHKO020/1K080I MYHKUiliHOT 6ioncii ey3noeux ymeopeHn. [nsi docsizHeHHs1 cmaHdapmus3ayii diagzHocmu4yHoi mepmiHosozii, Mop-
¢honozivHUX Kpumepiie ma pu3suky 3/1051IKicHOcmi 8 ycboMy ceimi sukopucmosyroms wecmupieHeay cucmemy bemesda. Memoro
yiei pobomu 6ynu aHanis pesynbmamie yumosozi4Hux AocideHb MOHKO20/IKo8UX acnipayiltiHux nyHkyitHux 6ioncii (TAIB)
8y3s1ie wyumonodi6bHoi 3a5no3u 3a MixkHapodHotro cucmemoro beme3sda 3a ocmaHHi mpu poku i 3icmaesieHHs ix 3i ceimoeoro npak-
muckoro. Byno npoeedeHo 5687 docnidxeHb, de sidcomok xiHok cmaHoeue 87,9, a Yonoeikie 12,1. HalinowupeHiwum yumorsnoeaiy-
HUM eucHoekom 6ye knac Il (o6posikicHe ymeopeHHs1) — 3061 docnidxeHHsi (57 %). Kinbkicmb eunadkie, iHmepnpemosgaHux sik
knac lll, yeitiwna e mexi peghepeHmHux 3Ha4yeHb (8,2 %). HYemeepmuli knac cmaHoeums 8,2 %, n'amui — 3,5 %, wocmuli — 5 %.
3azanom HasedeHi mpu knacu cmaHoensimb 17,2 %. [opieHAHO 3 peghepeHMHUMU 3HaYeHHAMU ma aHuMu iHwux nabopamopiti
Haw aHaniz eusieue 3icmaeHi pesynbsmamu. AHasi3 cmpykmypu pe3ynbmamie yumosio2iyHux docnidxeHb 3a beme3doro eu3Ha-
4ue eucokuli eidcomok nepuio2o knacy (HeiHgpopmamueHuti), ujo ceidyums npo nompeby 6inbw micHoi e3aeModil Mix KniHiyuc-

mamu ma yumorsiozcamu.

Knroyoei cnoea: uyumonodibHa 3ano3a, pak, nyHkyiliHa 6ioncis, mixHapodHa cucmema beme3sada.

Betyn. B ycbomy CBiTi cnoctepiraetbCa TeHAeHUuisa A0
3pOCTaHHSA eHAOKPUHHUX 3axBOploBaHb. Ha cborogHi Hava-
KTyarnbHiow npobnemoto € TupeoigHa naTonoris, Tomy Ai-
arHoCTUKa Ta NiKyBaHHS By3MNOBUX YTBOPEHb LLIMTOMOAIGHOI
3anoau (LL3) e npioputeTHMM HanpsiMoOM B OHKONATONOTii.

Pak wutonogaibHoi 3anosm (PLLU3) ctaHoBUTE 2 % y CTPY-
KTYpi BCiX OHKOSOrMYHMX 3aXBOPIOBaHb. Y XIHOK BiH LLOCTUI
3a PO3MNOBCIOKEHICTIO, L0 Yy 4YOTUpKU pasu Binblue nopie-
HSHO i3 yonosikamu. bnnabko 2 % npunapae Ha aiten [1].
BwxuBaHicTb nauienTiB i3 PLLU3 3anexuTb Big HU3KM ¢hakTo-
piB, BKIHOYAKOYM CTafil0, Ha Sk Byno AiarHOCTOBaHO Kap-
LUMHOMY, BiK, @ TakoX FCTOMOMYHUA TUN MNyXNUHW. Xo4a
N'ATUpiYHa BUXMBaHICTb Npy naninspHomy PLLU3 ctaHoBUTL
98 %, uel MOKa3HMK 3HAYHO HWXKYUIA MpU MedynsapHuX Ta
aHannacTM4Hux kapumHoMax. Hanpuknag, ans nokanisosa-
Horo aHannacTtuyHoro PLU3 n'aTupivyHa BMXMBaHICTb CTaHo-
BuTb nuwe 31 % [2].

PLU3 Hanexutb 0o ogHoro 3 HebaraTbox BUAIB pakiB, LLO
[iarHOCTylOTbCS 3@  [OMOMOrOK  LMTOSONYHOro  AOCHi-
[DKEHHS1, sike MpoBOASATb Mpw By3nosin nartonorii LWL3. B
YCbOMY CBIiTi BU3HayeHO, WO UWUTOMOriYHe [OCHiAXEHHS
TOHKOrONKOBOI MYHKLiNHOT acnipauiinHoi 6ioncii By3noBumx
yTBOpeHb LLU3 € "3onoTum ctaHaapToM" | TOYHUM Ta eKOHO-
MiYHO OOUiNbHUM METOLOM.

Baxnueo, wWo, okpim AndepeHUiiHOT A4iarHOCTUKM MK
Pi3HMMK NATONOriYHMMM NpoLecamu Ta TMnamum nyxnuH L3,
LMTONOrivYHe JoChigKEeHHS TOHKOIrONKOBMX acnipauiiHmx ny-
HKUinHKX Gioncin (TAMB) nig KOHTPoNeM ynbTpasByKOBOI Ai-
arHocTuku (Y3[) Hapae Baxnuey iHopMaLiio Woao noga-
NbLIOro MeHeAXMEHTY NaujieHTIB.

[na gocarHeHHs cTaHgapTuaauii 4iarHOCTUYHOT TepMi-
Honorii, MopdOnoriYHMX KpUTEpIiB Ta PU3NKY 3MOSIKICHOCTI
Oyno cTBOpeHO LwecTupiBHeBY cuctemy The Bethesda
System for Reporting Thyroid Cytopathology (BSRTC) [3,
4]. KaTeropii Ta py3uk 3nosKiCHOCTI B Hill onmcaHo y Tabn. 1.

Ta6nuys 1. Pusmnku 3nosikicHocTi BiagnoBigHoO Ao knaciB mixkHapogHoi knacudikauii Bethesda

LiarHocTU4HUI Knac Pu3uk 3noskicHocTi (2017) MeHeo)XMeHT nauieHTa
| — HegiarHOCTMYHMI MaTepian 5-10 % MoeTopHe TAB nig ¥Y3[
Il — noBposikicHe ypaxeHHs 0-3 % KniHiyHe Ta coHorpagiyHe CnocTepexeHHs
lll - aTunisi HEBUIHANEHOTO SHAEHHS | MoeTopHe TAB, MonekynsipHe TecTyBaHHsi abo
DoniKynspHe ypaXeHHsi He3po3yMifnoro 6-18 % TOp > ynap Y
FeHeay remiTupeoamnKToMis
IV — dhonikynsipHa Heonnasis / nigospa Ha . .
quni(fynﬂp{iy l-?eonnaairo AO3P 1040 % MonekynsipHe TeCTyBaHHS, reMiTUpeoAnKTOMIs
—nig Ha 310siKiCHe HOBOYTB HHS — o MiTUpeoigeKkToMis
V 03pa Ha 3nosiKicHe HOBOYTBOpe 45-60 % e €0igeKTo
— - — . - = - - -
VI — 3nosiKicHe HOBOYTBOPEHHS 94-96 % TupeoigeKkToMis, remiTupeoigekTomis

lMpumimka: TAMNB — ToHKOronkoBa acnipauiiHa nyHkuiiHa 6ioncis; Y3/ — ynbTpa3sBykoBa AiarHocTuvka.

Knacu lll, 1V, V BBaxatoTb "CipOo 30HOK" Yy LIMTOMOrYHIN
JiarHocTuui, OCKiNbKM iX BW3HA4YEHHSA 3HA4YHO Bapiloe 3a
MOPOMOoriYyHNMN BUSIBAMWU Ta AEMOHCTPYE BMCOKUIA BiOCO-
TOK po3bixHocTen Mixk uutonoramu [5]. Lie Bu3Havae Bax-
NMBICTb PErynspHOro MOHITOPMHIy nauieHTiB Ta OTPUMaHHS
CninbHOI AyMKKM haxiBLiB, a TAaKOX KOMMNMEKCHWUIN aHani3 pe-
3ynbTaTiB KMiHIYHOro 06CTEeXEHHS, LUTOMOPAONOTivYHNX Aa-
HWUX | MOMNEKYNSPHOro TECTYBaHHS ANS NPUAHATTS pilleHb
odo noganblloi  onTuMMmi3auii nikyBaHHSA nauieHTa Ta

ISSN 1728-2748

Npu3Ha4YeHHs NepcoHanizaoBaHNX A0A4ATKOBUX AOCMIAXEHb.
OcTtaHHs Bepcisa knacudikauii Bethesda 6yna 3atBepaxeHa
y 2017 poui. Jlnwe i3 2018 poky Bigbynacs ii imnnemeHTa-
uis B YkpaiHi. [NpoTe koo Mipoto pe3ynbTaTi LUTONOriYHMX
gocnigxeHb B YkpaiHi BignosigaloTb CBITOBIM NpakTuui, Ao-
CTEMEHHO He BigoMO.

Tomy mMeTorO0 po60TK Oyno npoaHaniayBaTu pesynbTtatu
uutornoriyHnx gocnigkeHb TAIMB HoBoyTBOpPEHDb LLU3 3a mix-
HapoaHot knacudikauieto Bethesda 3a octaHHi Tpu poku.
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MaTtepianu i metogm. byno nposeageHo peTpocnekTu-
BHE [JOCMIIKEHHS i3 3anydyeHHAM 0as3n AaHuX nauieHTiB,
AKi KOPUCTYyBanucb MOCIYrol LUMTOMOrYHMX [OChigKeHb
TAMNBLW3 y meaunynin nabopartopii CSD y nepiog 2019-
2021 pokis. JocnigXeHHs BKYano pesynbtaTv LUUMTOMOTri-
YHMX aHani3iB pi3HMX BIKOBUX rpyn i cTaTi y nepioa 3 1 ciuHsA
2019 poky no 31 rpyaHsa 2021 poky. Ans Bidyanisauii knituH
BMKOPUCTOBYBaBCA MeTo 3abapBneHHs 3a [NaneHrerimom.

Byno npoaHanizoBaHo: 1) LMTONOrYHNA BUCHOBOK 3a
MixkHapogHoto knacudikauieto Bethesda; 2) ctatb nauien-
Ta; 3) Bik nauieHTa. [Ins UMTONOrYHOro JOCNIAKEHHS BU-
KOpUCTOBYBaBCA MeToA CBiTNnoBoi Mikpockonii (Leica
Microsystems, DM2000). [1nst onMcoBoi CTaTUCTUKN BUKOPU-
CTOBYBarnu MOKa3HUKW CEPefHbOro Ta CTaHOapTHE BigXu-
neHHs1. MNopiBHSIHHA ABOX He3anexHux BUbipok nposoaunu
3a T-kputepiem CrtbiogeHTa. [ns 3iCTaBNeHHA OaHUX Yy
TpboX i Ginbwe nigrpynax sactocosyBann ANOVA. [Mpwu
aHanisi kaTeropianbHUX JaHUX BUKOPUCTOBYBaNM KpuTepin
xi-kBagpaT. Po36iXHOCTI BBaXanu CTaTUCTUYHO 3HAYYLLMMMU
npu p < 0,05. O6pobKy gaHWMx NpoBOAUNM 3a [AOMNOMOrOH
MS Excel Ta cratuctuyHoi nporpamu Med Calc (Med Calc
Software Inc, benebris).

Pe3ynbTatn gocnigaxeHb Ta ix o6roBopeHHs. 3a fo-
cnigxysaHun nepiog (2019-2021) 3aranbHa KinbkicTb BUNa-
akiB ctaHoBuna 5687, cepen Hux 4999 (87,9 %) xiHok i 688
(12,1 %) donosiki, cepefHin Bik AKX BignosigHo 6yB
46,6 £ 0,19 (95 % [l 46,2 — 47,01) Ta 47,07 £ 0,50 (95 %
Ol 46,08-48,06) (p=0,587). Mn He BusIBUNIN CTATUCTUYHO
3HauyLLMX PO3BiKHOCTEW Yy BiKOBIN KaTeropii. [NepeBaxaHHs
XiHOK gobpe BigoMo ansa GinblocTi 3axBoptoBaHb L3, Lle
cTocyeTbea ancdyHkuii L3, abo By3noBux HOBOYTBOPEHSD,
Bkntovaroun PLUS [6]. Hawi gocnimkeHHa nokasyioTb, LWO

XIHKV 3BepTanuca o nikapis y 7,2 pasa yacTiwe, HixX Yorno-
BikW. JIOrYHO MpUNYCTUTK, WO TaKy Pi3HULIIO MOXe 00yMOB-
ntoBaTN ropMoHanbHUn oH. OaHak aesiki AOCNioKEeHHST He
NnoKasyloTb MPAMOI 3aneXHOCTi MK KiNbKiCTIO FOPMOHIB i
3nosikicHumun ytBopeHHamu L3 [7]. Ponb cTtaTteBnx ropmo-
HiB Yy BMCOKIil YacTOTi 306iB )XiHOK MOXXHa BU3HAYMTU 3a AiyKe
YacTum 36inbweHHaM L3 nig yac BariTHOCTI, Wo Bkasye Ha
ponb ecTporeHiB y nponidepadii TpoumTis [8, 9]. KaptuHa
we Ginblle yCKNagHIETbCS reHAepHMMM 0COGNMBOCTSIMU
noBeaiHKN, WO NPU3BOAATL A0 Ni3HLOI AiarHOCTMKM Ta Binb-
LWKMX NYXIMH Y YOSOBIKiB. AKLIO NOAMBUTUCS HA MOKasn A0
npoeeaeHHs Y3[ L3, sike 3peluTol0 NpMBOANTbL 0 AiarHo-
CTUKM KapLIMHOMM OpraHa, TO BUSIBNSAETbLCS, L0 Y XKIHOK nep-
BiCHi cMnTOMM ab0 NPUUMHKU MeanYHUX 0OCTEXEHDb Halya-
CTile HeBigomi abo He NoB'sA3aHi i3 3axBoptoBaHHAM LL3. IH-
MMM CIIOBaMU, XiHKM YacTille, HiK YOroBikM, NMPOXOAATb
ob6cTexeHHs L3, HesanexHo Big NPpUYMHM 3BEPHEHHS A0 Ni-
Kaps, BKIKOYaK4M perynspHi BisuTu go rinekonora [8, 10].

OGi3HaHiCTb NauieHTIB i 3BEPHEHHS LWOAO AiarHOCTUKK
ctaHy L3 3pocTanu 3a nepioa cnoctepexeHb. Hanpuknag,
y 2019 poui 6yno 12,35 % pocnigxeHb YOnoB.ikiB Bif, IXHbOT
3aranbHoi KinbkocTi, a y 2021 poui KinbkicTb AOCRiAXeHb
3binbwmnack Ha 41,28 %, wo ctaHoBuno 53,63 %. Y XiHok
Len BiacoToK 3a ABa pokum 36inbwmeca Ha 39,77 %. OTxe,
3aranbHa KifnbKiCTb LMTONOrYHUX gocnimkeHs L3 36inbwm-
nacb y 3,9 pasa i3 2019 no 2021 pik.

Matoun Ha MeTi 3po3yMiTi, siKa KiNbKiCTb OOchigXeHb
npuvnagae Ha KOXHWUIA i3 KnaciB MidkHapogHoi knacudikauii
Bethesda, mn npoaHanisyBanu BCi LMTOMOriYHi BUCHOBKU
TAMBL3 3a uieto cuctemoro y nepiog 3 2019 no 2021 pik
(Tabn. 2, 3). I3 3aranbHoro ouiHioBaHHA 5687 Bunaakis 6yna
BU3HaA4eHa KinbKicTb 3a 6 knacamu 3a cuctemoto Bethesda.

Ta6nuys 2. Po3noain uurtonoriyHUx gocnigkeHb WMUTONoAiGHOT 3ano3m y YonogikiB 3a knacudikauieto Bethesda no knacax
y nepiog i3 2019 no 2021 pik

[iarHocTuyHa kateropisa Bethesda i Ehan ]
P N docn. N docr. N docr. p
. . 17 61 61
| — HeiHcbopMaTUBHWMI 22% 32% 2.0% 0,018
. 48 104 180
Il — gobposikicHe ypaxeHHs 6.3 % 55% 59 % 0,157
IIl — aTnnis HeBM3HayeHoro reHesy / 3 13 42 0.009
donikynspHe ypaxeHHs HESICHOro I'eHesy 0,4 % 0,7 % 1,4 % ’
IV — donikynspHa Heonnasis / 6 31 33 0.139
nigo3pa Ha donikynsapHy Heonnasito 0,8 % 1,6 % 1,1% ’
V — nigospa Ha 3nosikicHe HOBOYTBOPEHHS 6 14 13 0,225
AO3p yTBOP 08 % 0,7% 04% ’
: 5 11 40
VI — 3nosikicHe HOBOYTBOPEHHSA 0.7 % 0.6 % 1.3 % 0,019

Mpy NOPIBHSAHHI YacTOTU BUSIBNEHHS PI3HMX KnaciB y
yonosikiB 3a Bethesda BM3Ha4yeHO CTaTUCTUYHO 3HAYYLL
po36ixkHocTi woao yactotn | (p=0.18), Il (p=0,009) Ta

VI (p=0.019) knacis. Npu uboOMy BapTO 3ayBaXWTW, LLO BCi
nokasHuku Bynm B Mexax peepeHTHUX 3Ha4eHb.

Ta6nuys 3. Po3noain unrtonorivyHMx AgocnigXeHb WMTONOAIGHOT 3ano3um y xiHok 3a knacudikauieto Bethesda no knacax
y nepioa 3 2019 no 2021 pik

LiarHocTuyHa kaTteropis Bethesda AUk E0Z i
N docr. N docr. N docn. p
| — HeiHdbopMaTUBHUNI 14?:;5% 18150% 1:20% 0,096
Il — noBposikicHe ypaxKeHHs 436 898 1575 0,001
56,8 % 47,8 % 51,8 % ’
IIl — aTunia HeBU3Ha4eHoro reHesy / 31 122 255 <0.001
onikynsipHe ypaKeHHs1 HESICHOTO I'eHe3y 4,0 % 6,5 % 8,4 % ’
IV — conikynsipHa Heonnasisi / 61 179 174 0.001
nigo3pa Ha donikynsapHy Heonnasito 79 % 9,5 % 57 % ’
V — nigospa Ha 3rosikicHe HOBOYTBOPEHHS 19 59 89 0,615
25% 31% 29% '
VI — 3nosikicHe HOBOYTBOPEHHS 3’3'6% 4’717% 41‘230 0,317

ISSN 1728-3817
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Yactota Bu3HadeHHs I (p=0,001), Il (p <0.001),
IV (p=0,001) knacis y »iHOK BapitoBana npu nopiBHsIHHI cTa-
TUCTUYHMX AaHux 3a 2019, 2020 ta 2021 poku, WO MOoxe
OyTu NoB'sA3aHe SK i3 reTeporeHHicTio 0bCcTexeHOi nonyns-
Lji, Tak i 3 po3biKHOCTSIMM LLOAO PEMOPTYBAHHS MK LIUTO-
natonoramu. [lMpote 4yactota penopTtiB i3 V (p=0,615),
VI (p=0,317) knacis, siki HanpsAMy MOB'A3aHi 3 MEHEKMEHTOM
nauieHTiB, He Marna CTaTUCTUYHO 3HAYYLLMX 3MiH Yy AMHAMIL.

Mepwwui knac cuctemn Bethesda onncyeTtbesa sk Hedja-
FTHOCTMYHWIA Yepe3 HeAOCTaTHIO KifTbKICTb ONIKYNAPHMX Kni-
TWH, BEMWKY KiNbKiCTb €pUTPOLUTIB, 3aHaaTo TOBCTI Ta no-
raHo dpikcoBaHi Masku. o6 3pasok L3 GyB 3ago0BinbHUM
ONsi OUiHIOBaHHS, oMYy NOTPIGHO NpMHaMMHI WiCcTb rpyn Ao-
Ope 36epexeHnx onikynApHUX KNiTUH, Npuyomy GaxaHo,
Wwo6 yci wicTb rpyn donikynspHUX KNiTMH 6ynu Ha ogHOMY
npegMeTHOMY CKMi i KOXHa rpyna cknaganacs LoHanme-
HLEe 3 AecAaTu KniTuH. BignosigHO 0O pekoMeHaauin nokas-
HWK HegiarHocTuyHoro npenapaty mae 6yt go 10 %. MNMpoTe
3a JaHUMKM MeTaaHanidy, NpoBeAeHOro 3a pesynbratamu
AocCnigxeHb iHO3eMHMX nabopaTopii, BigCOTOK HeaiarHoc-
TUYHUX penopTiB Konueascs Big 1,8 o 23,6 i3 cepeaHim
3HayveHHsaM 12,9 [11, 12]. 3rigHO 3 HaWMM aHani3oM, HeiH-
dopmaTtBHumn  6ynn  3aranom 17,5 % pocnigxeHb
(Tabn. 4). MNokasHUK € AOCUTb BUCOKUM i CBIigYNTb NPO Has-
BHICTb Npobrnem Ha npeaHaniTM4yHOMy eTani JOCHiOXKEHHS.
[lo oTpMMaHHSA HeAiarHOCTUYHKX NpenapaTiB MOXYTb NpU3-
BOAMTW NONaaaHHs ronkv B CyAVHy, y pe3ynbTaTi npenapar
MICTUTMME BENWKY KinbKiCTb epuTpounTiB. Mpy nyHKUii Kic-
TO3HMX BY3niB Y NpenapaTi nepeBaxae piavHa, a oeTpuTt —
3a Marnoi KinbKoCTi TMPOLUMTIB, O TaKOX YHEMOXIUBMOE
npoBefeHHs1 AocnigXeHHsi. Tak camMo AOCHiIAXEHHS!, 3aCHO-
BaHi Ha npoBeaeHHi TAMBLL3, nokasanu, Lo By3nu 3 GinbLu
HiXX 50 %-t0 KICTO3HOI YaCTMHOK MNiABULLYIOTL IMOBIPHICTb
HepgjiarHocTuyHoro pesynbtaty [13]. MNpn HeiHdopmaTme-
HOMY BWCHOBKY MaLji€HTy MpPOMOHYTb 3p0bUTHM NMOBTOPHE
TATIB, Wwo € nepegycim TpaBMaTUYHUM NpPoLEcoM. ToMy KO-
MYHiKaLisi MK LMTONATONOroMm i KniHiuMcTom mae 6yt npo-
OYKTUBHOLO | pe3yrnbTaTMBHOW, xo4a 6 Anst YHUKHEHHS He-
NoTPiGHOro XipypriYHOro BTpy4aHHs.

Opyruii knac onucyeTbes sik 40OposikicHe yTBopeHHs. [Jo-
OposikicHi acnipatu L3 3a3Bnyan MicTATb pACHi KONoigHi Ta
OOHOLLAPOBI Wapu onikynapHOro enitenito, Wo MarTb CTi-
TNbHUKOBUI BUMMAA. Aapa [obposkicHUX chonikynapHUX Kiii-
TWH HEBENWKi (EKBIBANEHTHi pO3Mipy epUTPOLMTIB), OKpPYTTi 1
O[HOPIZHI, 3 TOHKMM XPOMaTMHOM i rMafKo SAepHOK MeM-
OpaHoto. Benuka KinbkicTb 3ananbHUX KiTUH, 0cobrmBo niM-
douuTie, TakoX cnpusie A0OPOSKICHOMY TUPEOIAUTY.

JiarHocTnyHa TepMiHonorist 1o6posikicHMX ypaxeHs L3,
O BWMKOPUCTOBYETLCS B MNiTepaTtypi, BKMOYaE By3rnoBuin
300, XpOHIYHMI NniMdoLMTapHUA TUPEOIAMT, ageHomMaToia-
HWU By3on i konoigHui By3on [11, 12]. MeTaaHani3 nokasye,

IO OPYrUi KNac € HaMMOLUMPEHILIMM 3 YCiX iCHYHUMX, WO i
NiaTBEPAXYIOTb pe3ynbTaTh HaluxX AOCHiMKeHb. Tak, Ha
[o6posiKicHI ypaxkeHHs npunagae 57 % Big, ycix gocnigkeHb
(tabn. 3). Y vonosikiB 6yno 3adikcosaHo 332 (5,84 %) Bu-
nagkw, y xiHok — 2909 (51,15 %). Taki Bunagkv nepeBaxHo
BKa3yOTb Ha BY3I0BI, KiCTO3Hi 3061 3 BigcyTHiCTio aTunii go-
NiKyNaApHOro enitenito, nepeBaxaHHsAM Konoigy i Hesenu-
KOIO KiMnbKiCTI0 epuTpounTiB, remoceampodaris.

TpeTin giarHOCTUYHWI KNac — Lie reTeporeHHa KaTeropis,
IO BKMOYaE BUMNAAKK, SKi HE MOXHa KracudikyBaTh Hi sK
[0BOpPOoSsIKICHI, Hi K 3nosiKicHi. Pe3ynbTaTn BMNaakie, BigHe-
CeHnX Ao KaTeropii "aTnnis HeBU3Ha4YeHOro reHesy", He € ne-
PEKOHNMMBO [0OPOSKICHUMUK, NPOTE CTYMiHb KMiTUHHOT abo
apxiTekTypHOI atunii HegocTaTHIN Ansa iHTepnpeTauii Heo-
nnasii Y1 Nigo3pu Ha 3rosikicHWI npouec. YkasaHa giarHoc-
TWYHa KaTeropis 3acHoBaHa Ha LIMTOMOPONOriYHil iHTepn-
peTauii, oTxe, € oyxe cyb'ekTuBHOW. Y Byab-akomy BUNaaKy
3 giarHo3oM "aTunia HeBM3Ha4YeHoro reHesy” oguH nartonor
MOXe BBaXkaTu aTunilo peakTUBHOI 3a NPUMPOAOCH, Togi AK
iHLIMIA BBaXaTume, WO CTyMiHb aTunil € AiarHOCTUKOK nani-
nspHoi  kapumHomn W3, Knaclll ©6yno BusBRneHo vy
58 (1,02 %) Bunagkax y yonosikis Ta 408 (7,17 %) — y XiHOK.
®akTn4Hi 3Ha4YeHHs (Tabn. 3) craHoBunu 8,2 %. 3a gaHumun
nitepatypu, 4actota knacy lll 3pocna 3 4 go 8 % i HaBiTb
pocsarna niky 12 % B ocTaHHin aHanisoBaHun pik [14]. Y 6i-
NbLUIR KiNbKOCTI aHanisiB giarHOCTMKa LbOro kracy Konvsa-
nacs B mexax 0,8-28 % [15].

Knac IV 6yB BusBnenun y 70 (1,2 %) pocnigxeHnx 4o-
nosikis i 414 (7,28 %) xiHok. Llen knac xapaktepusyeTtbcs
SIK TiNepKNITUHHWIA acnipaT, Wo, NopiBHSAHO 3 BinbLuicTo ac-
nipaTie A0OPOSIKICHMX KOMOIAHMX BY3MiB, OAEMOHCTPYHOTb
rpynv ponikynspHUX KIiTWH i3 MiHIManbHOIO KiNbKIiCTIO KOMNO-
iay abo noro BiaCyTHICTIO. KniTHM 3a3Buyai posTalloBaHi
y TPMBUMIPHUX CUHUMTIAnNbHUX rpynax i Mikpodonikynax, sKi
BU3Ha4alTbCs AK < 15 onikynapHMX KNiTUH, po3TalloBa-
HMX MO KOIy, L0 CTAHOBWTb LUOHaWMeHLUEe OBi TPETUHWU, 3
NMOMITHUM MEPEKPUTTAM SAep i CKyndeHHsM. Agpa 36inb-
LWeHi 1 YacTo MepenoBHEHi rpybrM XpomaTUHOM i MOMIT-
HUMK sigepusiMu. 3asBuyan GinbLicTb By3niB 3rogom giar-
HOCTYIOTb siK JOBPOSIKICHI, ane 3nosiKiCHICTb LibOro Krnacy Ko-
nuBaetbea B Mmexax 15-30 % [16].

[o kaTteropii V BigHOCATb NiJo3pun Ha naninsapHy kapuu-
HOMY, MeaynisipHYy KapLMHOMY, iHLUi 3MOSAKICHi HOBOYTBO-
peHHs (Hanp. niMcomMmn, meTacTaTu4Hi kKapunHomn) abo Ho-
BOYTBOPEHHS Yepe3 NOBHUIA HEKPO3 ypaXXeHUX KNiTUH (aHa-
nnactuyHa kapuuHoma), Toai sk VI kateropis niaTsepoxye
HasiBHICTb 3noskicHoro npouecy [12, 17]. Li knacu nokasy-
I0Tb HaMBINbLIKMIA BiACOTOK ManirHisawii. 3a Tpu poku y Yo-
noBikiB Ui knacu pasom ctaHoBunu 89 (1,56 %) Bunagkis, a
B XiHOK — 408 (7,17 %).

Ta6nuys 4. PeaynbTaty LUTONOriYHUX AOCHiAXeHb TOHKOrONIKOBOI NYHKLiHOT Gioncii wuTonoAi6Hoi 3ano3u
3a cuctemoro Bethesda B YkpaiHi nopiBHsiHO

3 pethepeHTHUMU 3HAYEHHSAAMU Ta iHWWUMUK CBITOBMMU NabopaTopisimu

PedepeHTHi Aani iHwnx DaKTUYHI
LiarHocTn4yHa KkaTeropisi Bethesda na6oparopin X2
3Ha4YeHHsA [12] 3Ha4YeHHs
| — HeiHdopmaTUBHUIA 0o 10 % 1,8-23,6 % 17,5 % 0,214
Il — nobposikicHe yparkeHHs1 40-70 % 39-73 % 57,0 % 0,887
Il — aTnnist HeBM3HaYeHOro 3Ha4YeHHs / o o o
donikynsapHe ypaxeHHs1 HESICHOTO r'eHe3y po12% 26,6-37,8 %.2 8.2% 0,805
I\_/ - CbOJ'IIKyJ'IﬂpHa Heonnaaia / _ 6% 12_2539, 8.5 % 0782
nigospa Ha gonikynspHy Heonmnasito
V — nigospa Ha 3nosikicHe HOBOYTBOPEHHS 1,56 % 14-6.3% 3,5% 0.718
VI — 3nosikicHe HOBOYTBOPEHHS 2-10 % 2-16.2 % 52 % 1
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BucHoBKKW. Y pocnigkeHHi ©Oyno npoaHanisoBaHo
5687 pesynbTaTiB UMTOMOrYHUX aHanisiB y nepiog i3
2019 no 2021 pik. YactoTa 3BEepHEHHA XiHOK byna y
7,4 pa3a Ginblwa 3a 4YomnoBiKiB, WO NiATBEPOXYE AaHI iH-
Wwnx gocnigpkeHsb. CTpyKTypa UMTOMNOrNYHMX BUCHOBKIB He
Mana CTaTMCTUYHO 3Ha4YyLWnX po3bixkHoCTeN i3 pedepeH-
THUMM 3Ha4YeHHAMU 3a Bethesda.

AHania CTpykTypu pesynbTaTiB LMUTOMOMYHMX [OCHi-
OxeHb 3a Bethesda BusiBMB BUCOKMI BiACOTOK NepLUOi kaTe-
ropii, WO Aae npuBsig 3BEPHYTWU yBary Ha npeaHaniTmyHumn
eTan i KOMyHikauito MK uuTonaTonoramu i KniHiuucramu.
3MEHLUEHHS HeliarHOCTUYHNX NpenapariB CNPUYUHNUTL 3Me-
HLUEHHSA MOBTOPHOrO TPaBMaTUYHOrO BTPYYaHHS Yy nauieHTa.
3 ycix BMnNagkiB HaAMMOLIMPEHILIMM LUUTOSMOrNYHUM BUCHOB-
kom 6yB knac Il (gobposikicHe yTBOopeHHs) — 3061 gocni-
oxeHHs (57 %). PesynbTatv niaTBepaXytoTb MiXKHApOOHY
CTaTUCTUKY Yy NepeBaXkaHHi 3a3HayeHol KaTeropii 3 yCix we-
CTM KnaciB MixHapoaHoi cuctemu Bethesda. Tpertin knac
YBIALWOB y Mexi pedepeHTHUX 3Ha4veHb (8,2 %). Ockinbku
Lel Knac BBaXaeTbCs FETEPOreHHUM, TO LuTonartosioram
cnig i3 0cobnMBOD YBAXHICTIO AiarHOCTyBaTW aHani3. Tak-
TVKa BefeHHSA nauieHTa Hagani nepegbavae we ogHe BTPY-
YaHHs, a came nosTopHe TAlB. Knacu yetBepTui, n'atun
Ta WOoCTuK 3aranom craHoenAtb 17,2 %. MopiBHAHO 3 pe-
dEePEHTHUMIN 3HAYEHHAMU Ta OAHUMU iHLWIMX nabopaTopii
Hall aHani3 nokasye aHarnorivyHi pesynbtaTtu. Takox napa-
NenbHO i3 UUTOMNOrYHMM AOCHIIKEHHAM PEKOMEHOY€ETbCS
NpoXoauTN MONEKYNSPHE TECTYBaHHS A4S 6inbLu AeTanbHOi
AiarHoCTMKN HoBOYTBOpPEHb LL3.
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CYTOLOGICAL DIAGNOSIS OF FINE-NEEDLE PUNCTURE BIOPSIES OF THE THYROIDGLAND IN UKRAINE:
COMPARIS ON WITH INTERNATIONAL PRACTICE

Thyroid cancer is one of the few cancers that can be diagnosed by cytological examination of fine-needle biopsy of nodular formations.
Bethesda's 6-level system is used to achieve standardization of diagnostic terminology, morphological criteria, and risk of malignancy worldwide.
The purpose of the work was to analyze the results of cytological studies of fine-needle aspiration puncture biopsies (TAPB) of thyroid nodules
according to the international Bethesda system over the past three years and compare them with world practice. As a result, 5,687 studies were
conducted, where the percentage of women was 87.9 %, and men 12.1 %. Of all cases, the most common cytological conclusion was class Il (benign
mass) — 3061 studies (57 %). The number of cases interpreted as Class lll was within the reference values, namely 8.2 %. The fourth class is 8.2 %,
the fifth — 3.5 %, the sixth — 5. %. In total, these three classes make up 17.2 %. When compared with reference values and data from other laboratories,
our analysis revealed comparable results. Analysis of the structure of the results of cytological studies according to Bethesda determined a high
percentage of the first class (non-informative), which indicates the need for closer interaction between clinicians and cytologists.

Keywords: thyroid gland, cancer, puncture biopsy, international Bethesda system.

ISSN 1728-2748



~14 ~

B 1 C H U K Kuiscbkoro HauioHanbHoro yHisepcurety imeni Tapaca LleBueHka

UDC 633.11: 632.9
DOI 10.17721/1728.2748.2022.90.14-19

I. Pozhylov', PhD Stud.,
H. Snihur'?, PhD

'ESC "Institute of Biology and Medicine", Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
2Laboratory of plant viruses, D. K. Zabolotny Institute of Microbiology and Virology

of the National Academy of Sciences of Ukraine, Kyiv, Ukraine

INCIDENCE AND SPREAD OF CEREALS VIRUSES
IN 2020-2021 IN UKRAINE

Cereals play a significant role in the Ukrainian economy and agriculture. Viral diseases can cause a serious reduction in yields.
Aim. The aim of the work was to identify and determine the spread of grain viruses in the main cereal-growing regions of Ukraine
in the period 2020-2021 using different methods of virus detection. Methods. Enzyme-linked immunosorbent assay was used to
identify viruses using commercial test systems by for wheat streak mosaic virus (WSMV), barley stripe mosaic virus (BSMV), brome
mosaic virus (BMV), wheat dwarf virus (WDV), High Plainswheat mosaic virus (HPWMoV), barley yellow dwarf virus-PAV (BYDV-PAV),
barley yellow dwarf virus-MAV (BYDV-MAV), andcereal yellow dwarf virus-RPV (CYDV-RPV). Transmission electron microscopy
was used for direct virus detection. Reverse transcription polymerase chain reaction was performed to identify viruses by
molecular methods. Results. Summarizing the results obtained by different methods, we can say about the circulation of WSMV,
HPWMoV, BSMV, BYDV-PAYV, and BYDV-MAY in the Ukrainian agrocoenoses in 2020-2021. Significant prevalence and the dominant
role of WSMV have been shown, with the degree of damage to symptomatic plants reaching 52 %. The spread of HPWMoV in Kyiv
and Poltava regions has been established, although previously the virus was detected only in the eastern part of our country.
WSMV was more likely to induce monoinfection (70 %). Conclusions. During the testing of symptomatic plants in the agrocenoses
of Ukraine in 2020-2021 the most common were WSMV and HPWMoV (52 % and 19 %, respectively), also found BYDV-PAYV in winter

wheat and BYDV-MAY in oats.

Keywords: cereals, virus, detection, enzyme — linked immunosorbent assay, polymerase chain reaction.

Cereals play a significant role in the Ukrainian economy
and agriculture. In particular, 6.5 million hectares of winter
wheat had been expected to besownin2022, while spring
wheat had less attention from Ukrainian farmers — only 174
thousand hectares in 2021. In 2020, Ukraine exported wheat
to 55 countries (mostly in Africa and Asia) for 4.61 billion US
dollars, which accounted for 8.76 % of total Ukrainian
exports. There are currently 7.9 billion people in the world,
but by the end of the 21st century there may be 3 billion more
of us, so the demand for wheat is only growing.

Yields of wheat (Triticumaestivum, L) in Ukraine are at
the world average (about 4 t/ha), while in some Western
European countries this figure reaches 10 t/ha. Viral
diseases can cause a serious reduction in yields. Examples
of this isHPWMoV (High Plains wheat mosaic virus,
Emaravirustritici, Emaravirus, Fimoviridae), which poses a
particular risk of co-infection with other viruses spread by
wheat curl mite (Aceriatosichella, Keifer), WSMV (wheat
streak mosaic virus, Tritimovirus, Potyviridae), and TriMV,
(Triticummosaicvirus, Poacevirus, Potyviridae) together
forming the so-called "WSMD complex” [1]. Viruses of this
complex lead to a loss of an average of 2-3 % of the crop,
and sometimes up to 10 % [2]. Mixed infection can occur
from 2 % [3] to 40 % of cases [4].

In Ukraine, according to the literature, it is known about
the detection of viruses in cereals that cause mosaic
symptoms, in particular, WSMV (Tritimovirus, Potyviridae)
[5-8, 9], HPWMoV[10, 11], barley stripe mosaic virus
(Hordeivirus, Virgaviridae) [6, 8, 12], brome mosaic virus
(Bromovirus, Bromoviridae) [12-14] and barley yellow
mosaic virus (Bymovirus, Potyviridae) [14, 15]. It is also
known about the spread of viruses in the agrocenoses of our
country, which cause symptoms of leaf yellowing/reddening
and plant stunting: wheat dwarf virus (Mastrevirus,
Geminiviridae) [17-21] and barley yellow dwarf virus PAV
(BYDV-PAV) [14, 15,23-26], barley yellow dwarf virus MAV
(BYDV-MAV) [8, 24] and cereal yellow dwarf virus RPV
(CYDV-RPV) [8], belonging to the group barley/cereal
yellow dwarf viruses (B/CYDVSs). It should be noted that in
2021 the taxonomy of viruses that cause yellow dwarf
disease has changed, in particular, BYDV-PAV,
BYDV-MAYV, barley yellow dwarf virus PAS (BYDV-PAS),
barley yellow dwarf virus kerll, and barley yellow dwarf virus
kerlll belong to the genus Luteovirus of the family
Tombusviridae [27]; cereal yellow dwarf virus RPS (CYDV-RPS)
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and CYDV-RPV belong to the genus Polerovirus of the
family Solemoviridae; Barley yellow dwarf virus GPV
(BYDV-GPV) and barley yellow dwarf virus SGV (BYDV-SGV)
are not included in the familySolemoviridae [27, 28].

The aim of the work was to identify and determine the
spread of cereal viruses in the main grain-growing regions
of Ukraine in the period 2020-2021 using different methods
of virus detection.

Materials and methods. To detect grain viruses during
May-June 2020-2021, a survey of grain crops
(Triticumaestivum L., Secalecereale L., Avena sativa L., x
Triticosecalesp.) for the presence of plants with typical viral
symptoms in agrocenoses of major grain-growing regions of
Ukraine, in particular, Vinnytsia, Zaporizhzhia, Kyiv, Poltava,
Kharkiv, Cherkasy and Chernihiv regions was conducted.
Selected plants with symptoms of viral infection were divided
into two groups, the first group included plants with
symptoms of various mosaics, and the second — plants with
symptoms of leaf yellowing/reddeningand plant stunting.

Identification of viruses in selected samples was
performed using Enzyme-Linked Immunosorbent Assay
(ELISA) in various modifications using commercial test
systems. Double Antibody Sandwich-ELISA (DAS-ELISA)
was performed using Loewe Biochemica test systems
(Germany), Triple Antibody Sandwich-ELISA (TAS-ELISA)
was performed using Agdia test systems (USA); two ELISA
modifications were performed according to standard
procedures following the manufacturer's recommendations
[27, 28]. Antibodies conjugated to alkaline phosphatase using
p-nitrophenyl phosphate substrate (Loewe Biochemica
GmbH, Sauerlach, Germany). Absorption values were
measured at 405 nm using a Thermo Lab systems Opsys MR
microtiter plate reader (Thermo Fisher Scientific, Waltham,
MA, USA) with Dynex Revelation Quicklink software.
Absorption values that exceeded the negative controls more
than three times and were = 0.2 were considered positive.

Samples were tested for the presence of the most
relevant viruses for Ukraine based on literature data.
Samples from the first group (with mosaic symptoms) were
tested for WSMV, HPWMoV, BSMV, and BMV. Samples
from the second group(with symptoms of leaf
yellowing/reddening and plant stunting) were tested for
WDV, BYDV-PAV, BYDV-MAYV, and CYDV-RPV.

© Pozhylov I., Snihur H., 2022
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Transmission electron microscopy (TEM) was used to
detect causative agents of viral diseases in cereals and to
determine the morphology and size of viral particles.
Preparations were contrasted with 2 % aqueous uranyl
acetate for 10 min [31]. Samples were observed under
JEOL Ltd., Japan (JEM-1400) transmission electron
microscope in the Centre of collective usage NAS of Ukraine at
D.K. Zabolotny Institute of Microbiology and Virology NASU.

Reverse transcription-polymerase chain reaction
(RT-PCR) was performed to identify viruses by molecular
methods. Total RNA was extracted from 0.5 g of
symptomatic or healthy leaf tissues using a Gene JET RNA

Purification kit (Thermo Fisher Scientific) following the
manufacturer's instructions. RT-PCR was performed in two
steps. Reverse transcription was performed using
RevertAid H Minus Reverse Transcriptase (Thermo
Scientific™) with 10  mMdANTP  Mix (Thermo
Scientific™)and specific primers (Table 1).Total RNA
extracted from healthy wheat plants was used as a
negative control. PCR was performed using DreamTaq
Green PCR Master Mix (2X) (Thermo Scientific™)
according to the manufacturer's instructions. Amplification
was performed using PTC-150 Mini Cycler (MJ Research).

Table 1. Sequences of oligonucleotide primers used in this work.

Virus Region Name Sequence Product size | Reference
. . forward WS-8166F GAGAGCAATACTGCGTGT ACG
WSMV' | capsid protein gene = 00 WS 8009R | GCATAATGGCTCGAAGTGATG 750 bp [32]
. forward HPV-F1 TTTATGGCTCTTTGTATTGG
HPWMoV | nucleoprotein gene |0\ oo HPV-RY TATGTTTCCCCTCTTTGTG 339 bp [33]
. forward GTGAGGAGGTGATGGGTAAT
BSMV | Alphaaproteingene = 0o oo TTCCAGTCTTTCAGAATCTCTC 417 bp [14]
BYDVs coat protein gene and | forward BYcpF CCACTAGAGAGGTGGTGAATG 641 b (34]
the intergenic region reverse BYcpR CCGGTGTTGAGGAGTCTACC P
Reactions were performed under the following identified in Kyiv and Poltava regions. HPWMoV was

conditions: initial denaturation for 3 min at 94°C, followed by
35 cycles of denaturation at 94°C for 30 s, annealing at
55°C/53°C/58°C/58°C (for WSMV/HPWMoV/BSMV/BYDVs
accordingly) for 30 s, and extension at 72°C for 1 min. The
final extension was at 72°C for 7 min. PCR products with
DNA markers CSL-MDNA-100BP(Cleaver Scientific), were
separated in a 1.5 % agarose gel stained with ethidium
bromide and visualized under UV light [35].

Results and discussion. Crops of cereals were visually
inspected during May-June 2020-2021 in seven regions of
Ukraine and plants with typical virus-like symptoms were
selected and examined by ELISA. During the visual
inspection, plants with different mosaic symptoms, from
moderate striped mosaics to streak mosaics of different
widths of light green stripes were observed, and some plants
had growth retardation. Summarizing the results of
serological diagnosis of viruses in these samples of winter
wheat, we can say that WSMV is undoubtedly the main viral
threat to cereals in Ukraine, as it affected the largest number
of symptomatic samples in 2020 and 2021 (Table 2). WSMV
was detected in 6/7 of the surveyed regions, with a total
incidence of 52 % in symptomatic plants (27/52).
Interestingly, HPWMoV, in addition to the central-eastern
regions of Ukraine (Zaporizhzhya and Kharkiv regions),
where we detected this virus in previous years [10], was first

detected in 19 % of collected wheat samples (10/52).
Importantly, screening of symptomatic wheat samples for
WSMV and HPWMoV allowed to assess the occurrence of
mono- and mixed viral infections that induce striped mosaic
in winter wheat, as these pathogens have one vector — the
mite Aceriatosichella Keifer (also known as Aceriatritici,
Acarina: Eriophyidae) [36]. It should be noted that WSMV
caused symptoms of distinct fine streak mosaic on winter
wheat plants, while mosaic-like yellowing was caused by
HPWMoV. then, the mixed infection caused the symptoms
of streak mosaic, formed by broad yellow and green bands
on winter wheat leaves (Fig. 1). In 2020, WSMV
monoinfection was recorded for 70 % of symptomatic wheat
plants, while 15 % of samples were infected only with
HPWMoV and 15 % had co-infection (WSMV + HPWMoV).
In 2021, also 70 % of wheat plants were monoinfected with
WSMV, 20 % of wheat plants were monoinfected with
HPWMoV, while mixed infection was registered in only 10 %
of tested plants (Fig. 2). Unlike WSMV and HPWMoV,
BSMV was found in only one sample from the Kyiv region in
2020, which is 2 % of the total number of tested samples.
Symptoms of BSMV on winter wheat plants were in the form
of a distinct striped mosaic (Fig. 1). It should be noted that
BMV was not identified in both 2020 and 2021 (Table 2).

Table 2. Detection of wheat viruses that cause mosaic symptomsin agrocenoses of Ukraine in 2020-2021

Year Region District WSMV HPWMoE/LISA BSMV BMV
Vinnytsia Bershad 2(2) 0(2) 0(2) 0(2)
Zaporizhzhya Vasyliv 1(1) 1(1) 01 0(1)

2020 Kyiv Kyiv-Sviatoshyn 4 (7) 1(7) 1(7) 0(7)
Poltava Poltava 113) 0(3) 0(3) 0(3)

. Vovchansk 2 (6) 1(6) 0(6) 0(6)

Kharkiv Kharkiv 1(3) 1(3) 0(3) 0(3)
Vinnytsia Bershad 2(2) 0(2) 0(2) 0(2)
Zaporizhzhya Vasyliv 2(2) 1(2) 0(2) 0(2)

Kyiv Kyiv-Sviatoshyn 3(5) 0(5) 0(5) 0(5)

2021 Poltava Poltava 5 (10) 4 (10) 0 (10) 0 (10)
Kharkiv Kharkiv 2 (4) 1(4) 0(4) 0(4)
Cherkasy Cherkasy 0 01 01 0(1)
Chernihiv Pryluky 2 (6) 0(6) 0(6) 0(6)

Total percent % | tew | 2% | oo

* number of positive samples (number of tested samples).
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Fig. 2. Incidence of winter wheat WSMV and HPWMoV in mono- and co-infection in 2020-2021

The data obtained on the detection of mosaic pathogens
in winter wheat were confirmed by electron microscopy
studies. Filamentous viral particles about 700 nm and
12-13 nm in diameter, which is characteristic of the genus
Tritimovirus, represented by WSMV were found in the sap
of diseased plants. Viral particles 120-150 nm long and
20 nm in diameter were also found, which are characteristic
for BSMV, a member of the genus Hordeivirus (Fig. 3).

When testing samples with  symptoms  of
yellowing/reddening of leaf blades and growth retardation

ISSN 1728-3817

for B/CYDVs and WDV, BYDV-PAY in winter wheat in 2020
and 2021 was detected. In addition, BYDV-MAV in oats in
2020 was detected; it is important that we first identified
BYDV-MAYV in oats in our country. It should be noted that
the polyclonal test system for the detection of BYDV-PAV by
Loewe, apart from BYDV-PAV, also detects BYDV-MAYV,
because these viruses belong to the genus Luteovirus of
the family Tombusviridae. Interestingly, CYDV-RPV and
WDV were not detected in plants with typical symptoms for
these viruses (Table 3).
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Fig. 3. Morphology of viruses detected in wheat sap with symptoms of striped mosaic using TEM: WSMV (a), BSMV (b).
Bars are indicated on images

Table 3. Detection of cereal viruses that cause symptoms of yellowing/redness and growth retardation in crops of Kyiv region
in 2020-2021 by ELISA

O.D. at 405/630 nm*

Year Plant BYDV-PAV BYDV-PAV BYDV-MAV | CYDV-RPV WDV
Loewe Agdia Agdia Agdia Loewe

winter wheat 3,585 0,455 0,181 0,160 0,154

winter wheat 2,146 0,364 0,149 0,154 0,107

2020 rye 0,164 0,198 0,127 0,094 0,203
spring wheat 0,114 0,201 0,121 0,176 0,180

oats 2,059 0,143 0,594 0,116 0,165

triticale 0,135 0,106 0,118 0,112 0,129

winter wheat 2,592 1,038 0,233 0,086 0,092

2021 winter wheat 0,194 0,173 0,201 0,193 0,093
oats 0,189 0,204 0,198 0,182 0,194

k + 3,276 1,365 1,967 0,794 0,861

controls** k-1 0,182 0,141 0,186 0,165 0,137
k-2 0,094 0,036 0,065 0,058 0,043

* optical density, average value
** "k +" — positive control; "k-1" — negative control, sap of virus-free plants; "k-2" — negative control, buffer.

As a result of total RNA extractionand RT-PCR with the fragments of the expected size for all viruses that were
application of specific primers to the gene fragment of detected in ELISA: WSMV, HPWMoV, BSMV, BYDV-PAV,
viruses detected in ELISA, their identification by molecular and BYDV-MAYV (Fig. 4).
research methods was confirmed. was obtained DNA

Fig. 4. Visualization of PCR products in the agarose gel under UV light for cereal viruses.
Tracks: 1, 2, 3, 5, 6 - WSMV, HPWMoV, BSMV, BYDV-PAV, and BYDV-MAV amplicons of expected size, respectively;
4 — DNA marker CSL-MDNA-100BP (Cleaver Scientific); 7 — negative control

ISSN 1728-2748
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Conclusions. Summarizing the results of serological
screening, direct detection, and molecular detection we can
say about the circulation in the agrocenoses of Ukraine at
least five cereal viruses, in particular, WSMV, HPWMoV,
BSMV, BYDV-PAV, and BYDV-MAV in 2020-2021.
Significant spread and the dominant role of WSMV have
been shown, with the degree of damage to symptomatic
plants reaching 52 %. The spread of HPWMoV in Kyiv and
Poltava regions has been established, although previously
the virus was detected only in the eastern part of our country
[10; 37]. The difference in the symptoms of diseases,
associated with the most common pathogens, WSMV and
HPWMoV, in mono-infection and in their co-infection, was
shown.The EFSA (European Food Safety Authority) Panel
on Plant Health considered that HPWMoV fulfills the criteria
that are within the remit of EFSA to assess for it to be
regarded as a potential Union quarantine pest [38]. WSMV
was more likely to induce monoinfection (70 %of virus-
positive plants), while HPWMoV was detected in both
monoinfection and mixed WSMV infection in the ratioon
average ~1:1 (Fig. 1), which may indicate prolonged
WSMV circulation in Ukrainian agrocenoses, but probably
recent distribution of HPWMoV. The obtained results
regarding the significant spread of WSMV and BYDV in
agrocenoses of Ukraine coincide with other studies of
Ukrainian scientists [5; 7; 9; 12; 16; 23]. However, we
managed to determine which types of yellow dwarf viruses
affected cereal crops in Ukraine in 2020-2021.
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'HHU "IHcTuTyT Gionorii Ta MeanumMHN", KNiIBCLKMI HalioHanbHUIM yHiBepcuTeT iMeHi Tapaca Les4yeHka, Kuis, YkpaiHa,
2lla6opatopis BipyciB pocnuH, IHCTMTYT mikpoGionorii i Bipyconorii imeni [1. K. 3a6onotHoro HAH Ykpainu, Kuis, YkpaiHa

3AXBOPIOBAHICTb TA NMOLUMPEHHS BIPYCIB 3ITAKOBUX KYJbTYP
Y 2020-2021 POKAX B YKPAIHI

3epHosi kynbmypu 3alimaromes 3HaYHy 4acmKy 8 yKpaiHCbKili ekoHOMIyi ma cinbcbkomy 2ocrnodapcmei. BipycHi xeopobu Moxyms 6ymu npu-
4UHO Ceplio3HO20 3MEHWEHHS1 8poxato. ToMy Memoro npornoHoeaHoi po6omu 6yno ideHmudgbikyeamu ma eusHa4yumu rMowupeHHs1 8ipycie 3epHo-
8UX KyJsIbmyp 8 OCHOBHUX 3ePHOCItoYux pez2ioHax YkpaiHu e nepiod 2020-2021 pokie, eukopucmosyroqu pisHi memodu demekuii eipycie. [ins ideH-
mudbikayii eipycie sukopucmosyseanu imyHoghepmeHmHuli aHani3 i3 3acmocyeaHHSIM KOMepUyiliHux mecm-cucmem 9o gipycie cMyaacmoi Mo3aiku
nweHuyi (WSMV), wmpuxyeamoi mo3aiku siumeHto (BSMV), mo3saiku 6pomycy (BMV), kapnukoeocmi nweHuyi (WDV), mo3aiku nweHuuyi Bucokux
pieHuH (HPWMoV), xoemoi kapnukoeocmi siumeHto-PAV (BYDV-PAYV), xoemoi kapnukoeocmi siymeHo-MAYV (BYDV-MAYV) i xoemoi kapnukoeocmi
3nakosux RPV (CYDV-RPV). fins npsimoi demekuyii sipycie 3acmocoeyeanu mpaHcMiciliHy enekKmpoHHy Mikpockonito. [nsi ideHmucdbikayii eipycie
MosieKynsipHUMu memodamu npoeodusnu noniMepasHy f1aHUyt0208Yy peakuyilo 3i 360pOMHOI0 MPaHCKPUNYieto. Y3azanbHIOYU pe3yibmamu pizHUxX
mMemodie, MO)XHa cka3amu npo YUPKysAyiro e azpoyeHo3ax YkpaiHu WSMV, HPWMoV, BSMV, BYDV-PAV i BYDV-MAYV y 2020-2021 pokax. [Toka3aHo
3Ha4He po3no8cro0eHHs1 ma domiHyroua pone WSMV, cmyninb ypaXeHHs SKUM CUMITMOMamu4HUX POC/UH csizae 52 %. YcmaHO08/1eHO NowlupeHHs
HPWMoV y Kuisecbkili i [Tonmasechbkili o6nacmsix, xo4a paHiwe yel gipyc 6ye susieneHull nuwe y cxidHili yacmuHi Hawoi kpaiHu. WSMV yacmiwe
iHdykysae moHoiHekuyito (70 %). Omixe, 8 aepoyeHo3ax YkpaiHu y 2020-2021 pokax npu docnidxeHHi CUMIMOMamuYHUX POC/IUH Hal6inbw nowu-
peHumu 6ynu WSMV i HPWMoV (gidnoeioHo 52 i 19 %), makox eusienneHo BYDV-PAV Ha o3uwmiti nweHuyi ma BYDV-MAYV - Ha sisci.

Knro4voei crioea: 3epHoei Kynbmypu, 8ipyc, eusiesieHHs1, iMyHoghepMeHMHul aHasli3, nosiMepasHa slaHyr0208a peakuisi.
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BIOXIMIYHI NAPAMETPU ®YHKUIOHYBAHHA HUPOK Y OHOPIB
3A HAAIBHOCTI AHTU-SARS-CoV-2 IgG Y KPOBOTOLILI

MMandewmiss, cnpu4yuHeHa weuoKuM po3noectodxeHHsiM eipycy SARS-CoV-2 y ceimi, HecamueHo ennueae Ha eKOHOMiKo-coujia-
JNIbHEe Xummsi ma cucmemy OXOpoHU 300poe ‘s. [MauyieHmu, siki 3axeopinu Ha COVID-19, cmpaxdaromsb eid Hacnidkie yiei xeopobu
we mpueanuli yac nicas odyxaHHs1 Yepe3 me, ujo SARS-CoV-2 suknukae cucmemHe ypaxkeHHs1 op2aHiamy. Ha mni nopyweHb
pobomu pecnipamopHoi cucmemu MOXXymb euHUKamu npo6riemu 3 60Ky mpaeJieHHsl, 320pmaHHsI Kpoei, 2yMopasnbHoi i Hepeoeoil
cucmemM. 30Kkpema, KiiHi4YHi docnidxeHHs1 NidomeepOXyromb 3MiHU (OYHKYIOHa/lbHO20 cmaHy HUPOK y 2ocnimarizoeaHux nayieH-
mis, siki xgopitomb Ha COVID-19, yHacniook 4020 Mae Micye po3eumok namosogiii HUpok y nocm-COVID-19 nepiodi. Hawe doci-
OxxeHHs1 6ys10 30cepedeHe Ha aHani3i 3MiH KoHUeHmpayil anb6yMiHy, KpeamuHiHy, ce4o8UHU ma ce4yoeoi Kucsomu y nnasmi
Kpoei doHopie, y Kpoeomouyi sikux € piaHi mumpu aHmu-SARS-CoV-2 IgG. Byno eudineHo 2pynu oHopie, y siKUx crnocmepiaanu
MakcumarnbHi ma MiHiManbHi 3Ha4YeHHs docnidxyeaHuUXx napamempie 8iOHOCHO KOHMPOJILHOI 2pynu — GOHOpI8, ¥ KPO8OMOUYi SIKUX
eidcymHi aHmu-SARS-CoV-2 IgG. YcmaHoeneHo, wo Onsa e2pynu GoHopie 3 MiHiManbHUM mumpom aHmu-SARS-CoV-2 IgG -
10 * 3 Index (S/C) — xapakmepHi MakcuMasibHi KOHYUeHmpauii KpeamuHiHy, ce408UHU ma ce4oeoi Kucsiomu, modi sik y 2pynu AoHo-
pie i3 mumpom aHmu-SARS-CoV-2 IgG75 * 5 Index (S/C) 3aghikcoeaHo MiHiManbHi KOHUeHmMpauii anb6yMiHy, KpeamuHiHy, ce4yo-
8UHU i ceyoeoi kucriomu. Taki pe3ynbmamu Mu nog’'ss3yemMo 3 nomeHuyitiHum ensiueom sipycy SARS-CoV-2 Ha KnimuHuU HUpPOK i
Hacniokamu iMmyHHOT 8idnoeidi Ha iHghekyiliHuli npoyec, cnpu4yuHeHul 3axeoproeaHHAM Ha COVID-19. Beaxaemo, wjo Hawe AocJli-
O)KeHHS1 Mo)Ke 6ymu KopucHuUM y nikyeaHHi COVID-19, ujo nepedbayamume KiiHi4YHy meparnito, cripsiMogaHy He MiNlbKu Ha 3Hew-
KOO)XeHHS 8ipycy e op2aHi3Mi, ase U Ha 3MeHWeHHs1 He2aamueHO20 HagaHMa)KkeHHs1 Ha HUPKU 01151 3anobizaHHsA po38umKy namo-

Js102iYyHUX cmaHie y nocm-COVID-19 nepiodi.

Knroyoei cnoea: anmu-SARS-CoV-2 IgG, anb6yMiH, KpeamuHiH, ce4oeuHa, ce4oea Kucsoma.

Bctyn. 3a gaHummn BOOS 3apeectpoBaHO 6Gnn3bko
535 mnH Bunagkis 3apaxeHHs SARS-CoV-2 3 MOMeHTy
NpOrosioweHHs rnobaneHoi naHgemii COVID-19 y cBiTi.
SARS-CoV-2 HanexuTb Ao nigrpynu -KopoHaeipycis, Kyam
BiAHOCATL Takox Bipycn SARS-CoV 1a MERS-CoV, 3 sikumu
SARS-CoV-2 mae cxoxicTb npnbnmaHo Ha 80 Ta 50 %, Bia-
noeigHo [1]. Hu3ka kniHiYHUX cnocTepeeHb NiaTBEpAXYE [2,
3], wo COVID-19 BigpisHAETbCS Bifg, paHiwe onucaHux iHde-
KUiiHMX npoueciB, BUKkNMkaHux SARS-CoV 1a MERS-CoV.
OncbanaHc poboTu AnxanbHOI CUCTEMU — OCHOBHUIA KIiHiY-
Hu Busas COVID-19, Wo cnpuYmHsie NOWMPEHHA rOCTPOro
pecnipaTtopHoro auctpec-cungpomy (FPAC), yHacnigok
4Oro 3pocTae iMOBIpPHICTb PO3BUTKY HEDE3NEYHUX AN KUTTS
ycknagHeHb [4]. Hapasi BcTaHOBMEHO, WO Y nauieHTiB, fAKi
nepexsopinu Ha COVID-19, moxe po3BuBaTuCsi MNOCT-
COVID-19 cuHapom, Konu cTpaxaalrTb NnereHesi Ta nosa-
NereHeBi CUCTEMN OpraHiB, 30Kpema HUpPKK [5].

BBaxaeTbcs, L0 NaToreHe3 3axBOPHOBaHHS HUPOK Y na-
uieHTis i3 COVID-19 € baraTodaKkTopHMM, LU0 BKtoyae 6e3-
nocepeaHio LUMTONATUYHY Ailo, MOLIKOMAXKEHHS eHAoTenito,
BidKNagaHHs iMyHHUX KOMMMEKCIB i HAKOMUYEHHS BipyC-iH-
OYKOBaHWX UMTOKIHIB abo megiaTopiB [6]. Xoya € He3HayHa
YyacTka AaHUX Npo YpaXKeHHs1 HUPOK, MPOTE BYEHi HAromnoLuy-
I0Tb Ha TOMy, LIO HUPKM AOCUTb BpasnuBi A0 iHGeEKLii
SARS-CoV-2, ska MoXe HanpsMy MOLLKOAXYBaTU OpraHo-
ian yepes peuentop ACE2 [7], yHacnigok 4oro icHye pusmk
nopyLueHb pyHKUiOHYBaHHsi HUpoK Y nocT-COVID-19 nepi-
oai. Kpim uboro, gocnigxeHHs nokasanu, wo ACE2 B Hup-
Kax eKCrpecyeTbCsl NEPEBaKHO KMiITUHAMM NPOKCUMAarbHUX
KaHanbLiB HUPOK (= 82 %), a TAKOX MEHLLOK MipOH — KNiTu-
Hamu 36MparnbHOi MPOTOKW, HUPKOBKX AMUCTanbHUX Tpyb4ac-
TUX KMITWH, KNyBOYKoBUX NapieTanbHWX KNiTWH enitenito [8].
IHWi gocnigXeHHs NPOAEMOHCTPYBanu HasiBHICTb Ginka Hy-
kneokancugy SARS-CoV-2 y HUpKOBUX TpyB4acTux CTpyk-
Typax i BipyconoAibHnx YacTUHOK y nogounTax Ta enitenia-
NbHUX KNiTUHaX HUPKoBKX KaHanbuis [9, 10]. Okpim HasiBHO-
CTi BipyCHMX YaCTUHOK Y LUTONNa3Mi KNiTMH HUPKOBUX KaHa-
nbuiB, BUABMNEHO HarpomamkeHHs CD68* makpodparie Ta
C5b-9 y geskmx micusix HUPKOBOI TKaHUHW. [punyckatoTb, Lo
HaKoMMYeHHs! TakMx npo3ananbHux dakTopiB bepe ydacTb y
naToreHesi TybynoiHTepCcTULianbHOro NoLLKoaKeHHs [11].
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Y nepeBaxHii GINbLIOCTi KNiHIYHWMX cnocTepexeHb Byno
BMSABIIEHO BMCOKY YaCTKy PaHHbOro MOPYLUEHHS (DYHKLIOHY-
BaHHS1 HUPOK Y XBOPWX, iH(ikoBaHmx SARS-CoV-2 i rocnita-
ni3oBaHuUX y BigAineHHs iHTeHcnBHOI Tepanii. LUBnakicTe kny-
604koBOI hinbTpaLii Ta knipeHcy KpeaTuHiHy 3HM3unach y 22
Ta 24 % nauieHTiB, BiANOBIAHO. Y LbOMY AOCAIOKEHHI TaKoX
Oyno BMCNOBMEHO MPUNYLLEHHS NPO 3B'A30K MK PaHHIM no-
PYLEHHAM (YHKLIA HUPOK i BaXkKMM nepebirom 3axBopto-
BaHHA COVD-19 [12]. IHwe [ocnimKeHHst [EMOHCTPYE 3pOC-
TaHHSA KOHUEHTpaUii kpeaTuHiHY 1 a30Ty CEYOBWHU Y KPOBI.
Mpn ubomy y 43,9 % nauieHTiB onucaHa MpoTeiHypis, a y
26,7 % — rematypis [13]. Kpim uboro, y nauieHTis, ski we He
nponwnun Tepanito npot COVID-19, cnoctepiraetbcs 3Ha-
YHO GinbLue nopyLueHb OYHKLOHYBaHHSI HUPOK MOPIBHSIHO 3
nauieHTamu, ski nepebyBatoTb Ha NiKyBaHHi y BigAinNeHHi iHTe-
HCMBHOI Tepanii. YacToTa mikporemaTypii Ta npoTeiHypii Ta-
KOX Oyna BuLLOO Y Takux xBopux [14]. [aHi, HaBeaeHi BuLLe,
niaTBepaxytoTh, Wwo COVID-19 HeraTMBHO BrnuBae Ha pyH-
KUiT HUPOK | Kopentoe 3i CTyneHem BaXKKOCTi 3aXBOPIOBAHHS.

TakMM YMHOM, Hapasi HakoNU4YyeTbCs iHhopMaLia Wwoao
BBy SARS-CoV-2 Ha (oyHKUiIOHYBaHHS! HAPOK Mig Yac ne-
pebiry iHdekKuinHoro npouecy B opraHiami. Tomy Halle aoc-
NiJKEHHs1 CNpsIMOBaHE Ha OLiHIOBaHHS CTaHy GioXiMiYHMX
napameTpiB HUPOK y AOHOPIB, siki nepexsopinu Ha COVID-19
Ta Y KPOBOTOLi IKMX € pidHOro TuTpy aHTn-SARS-CoV-2 IgG.

MeToto pob6oTm Oyno gocnignTy NOTEHUiNHI 3MiHK Gio-
XiMiYHUX NapameTpiB PYHKLIOHYBAHHSA HUPOK, TaKMX SIK anb-
OyMiH, KpeaTWHiH, Ce4YoBMHA, Ce4yoBa KuCroTa Yy nna3mi
KPOBI BCiX AOCNIAHNX rPpyn AOHOPIB.

Matepianu i metoau. Y pocnigpkeHHi Opanu ydacTb
noau, siki nepexsopiny Ha COVID-19 Ta nicnst noBHoro oay-
XaHHsa norogununce 6yTn foHOpaMy Nna3mu Kposi. 3a gono-
moroto TecT-cuctemn Abbott SARS-CoV-2 IgG, npuHumn po-
60T AKOI I'PYHTYETLCHA Ha XEMIFOMIHICLEHTHOMY iMyHOaHa-
ni3i Ha MiKpo4acTMHKax, yci OOHOpW Oynu posgineni Ha
rpynu 3anexHo Big TuTpy aHTu-SARS-CoV-2 IgG. Y pesyrnb-
TaTi 6ynu cdhopmoBaHi Taki rpynu AOHOPIB i3 TUTpPaMM aHTK-
SARS-CoV-2 IgG: 10+ 3; 55+ 5; 65+5; 75+5; 85+ 5;
95+ 5; 125+ 5; 175 = 5 Index (S/C). 3a KOHTpONbHY rpyny
6yno o6paHo AOHOPIB, Y KPOBOTOLIi IKMX HE BUSIBNIEHO aHTU-

© KpeHuubka [1., PaukoBcbka A., CaBuyk O., Kap6oBcbkun B., 2022
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SARS-CoV-2 IgG. Yci noHopu [oBpoBineHO Noroannucs Ha y4-
acTb Yy KNiHIYHOMY eKcrepyMeHTi Ta Hagarnv NMMCbMOBY 3rofy.

KoHueHTpauito anbbymiHy, kpeaTuHiHy, Ce4OBUHM Ta ce-
YOBOI KMCMOTW BU3HAYanun cnekTpodoTOMETPUYHO Ha Bioxi-
MiyHOMYy aHanizatopi Humalyser 3000 3 BMKOpPUCTaHHAM
cTaHgapTHUX TecT-Habopis [15].

KoHueHTpauito anbbymiHy BU3Ha4yanu peakuieto 6pomk-
pe3ornioBoro 3efieHoro 3 anbbymiHOM, y pesynbTaTi AKOi
yTBOpIOBaBCA 3abapeneHunin komnnekc. Abcopbuito komnie-
Kcy BuMiptoBanu y BixpomaTtHin peakuii (600/800 HM). IHTe-
HCUBHICTb 3abapBneHHs peakuiiHOi cyMilli npsiMo nponop-
LiMHa KoHUeHTpauii ansbymiHy y npobi.

MpUHUMN BU3HAYEHHS KOHLEHTpauii KpeaTuHiHy nons-
rae y Tomy, Lo cnovaTky KpeaTuHKiHa3a rigponisye kpeatu-
HiH OO KpeaTuHy. YTBOPEHU KpeaTuH rigponisyeTbcs Kpea-
TMHA30l0 4O CapKo3uHy Ta ceyoBuHM. CapkosmHokcuaasa
KaTanisye OKUCHIOBanbHE AeMEeTUIOBaHHSA CapKO3uHYy [0
rniynHy, oopMmanbsgerigy Ta nepekucy BoAgH. Y NpucyTHO-
CTi Mepokcnaasn nepokcug BoaH 3abesnedye peakuito Ki-
NbKICHOIO OKUCHIOBanbHOro koHaeHcyBaHHs N-(3-cynbdgon-
ponin)-3-MeToKeu-5-meTunamity Ta 4-amiHoOaHTUNYpUHY A0
YTBOPEHHS B6NaknTHOro nirmeHTy. KoHUeHTpauis KpeaTuHiHy
npsiMo nponopuinHa 3MiHi abcopbuii npn 600/700 HM.

KoHueHTpaLito ce4oBUHM BU3Ha4Yanu 3a paxyHok ii 3aa-
THOCTI rigponiayBaTncs y NpMCcyTHOCTI BOAM A0 aMOHiaKy Ta
BYrNEKMCNOro rasdy. AMOHiaK, yTBOPEHWIA y Xo4i peakuii, pe-
arye i3 2-okcornytapatom Ta HALH y npucyTtHocTi rnyTta-
MaTgerigporeHasn i3 opmyBaHHAM rnyTamaty i HAQ+.
3HWxeHHs nornnHaHHa HAIH B oamHuui Yacy nponopuiiHo
KOHLeHTpauii ce4oBuHM y Npobi.

BusHayeHHs cevoBOi kMCrOTU BigbyBanocs nig gieto
ypuKkasu, sika po3knagae ceyoBy KUCIOTY Ha anaHToiH i ne-
pokeua BoaHto. Nepeknc BogHio pearye i3 3,5-auxnopo-2-
rigpokcubeHeHCcynb(POHOBOK KUCNOTO Ta 4-amiHodeHa-
30HOM Y MPUCYTHOCTI NepoKCnaasn 3 yTBOPEHHSIM YEPBOHO-
ioneToBOro XiHOHIMiHY, HAKOMUYEHHS SIKOro BU3HAYaETLCA
GixpomaTtnyHo npu 660/800 HM. IHTEHCMBHICTL 3abapB-
NEeHHS peakuinHOoT cyMiLli NpsiMO NponopLiiHa KOHUeHTpauii
CeY4OoBOI KMCMOTK Y Npobi.

CratuctnyHy obpobKky ofepxaHux pesynbTaTtiB MpoBO-
OUnun 3a JONOMOro MeTOAIB BapiauiiHOI CTaTUCTUKN 3 BU-
KopuctaHHam komn'toTepHoi nporpamu STATISTICA. MNepe-
BipKy rinoTe3n HOPManbHOro po3noAiny BUGIPKU 3A4iIACHIO-
Banu 3a gonomoroto kputepiis Lanipo — Yinka ta Konmoro-
posa — CmipHoBa. Byno BcTaHOBMEHO, O eKcrnepuMeHTa-
NbHi TPynu AOHOPIB He MiANOPSAKOBYIOTLCS 3aKOHY HOp-
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MarnbHOro po3noginy, TomMy BifMiHHOCTI MiX BMGipkamu Bu-
3Hayanu 3a gonomoroto kputepito Kpackena — Yonica.

Pe3ynbTatn gocnigxeHb Ta obroBopeHHs. Y gocni-
[PKEeHHi 0yrno npoaHanisaoBaHO NOTEHLiVHI 3MiHK BioXiMIYHNX
napameTpiB HUPOK: anbbyMiH, KpeaTuHiH, ce4oBMHA, cevoBa
kucnota. Mu BigokpeMunu rpynu JOHOPIB i3 TUTpaMn aHTU-
SARS-CoV-2 IgG, fe cnoctepiranu MiHiManbHi Ta MakcMma-
NbHi 3HAYEHHAMM SOCNIAXYBaHUX NapameTpiB.

Y nepeBakHi BiNbLIOCTi AOHOPIB 3@ HAsIBHOCTI Y KPOBO-
Toui aHTU-SARS-CoV-2 IgG KoHueHTpauis anbbyMiHy 3ve-
HLUYyBanacb NOPIBHSHO i3 rpyrnoto OOHOPIB, Y KPOBOTOL SIKMX
He 6yno aHTM-SARS-CoV-2 IgG. MNpy uboMy B AOHOPIB i3
TMTpoM aHTU-SARS-CoV-2 IgG 10 = 3 Index (S/C) BmicT
anbbymiHy 3pocTaB BiHOCHO KOHTPOINbHOI rpynu Ta 6yB
MaKkCMMarnbHUM cepef, YCiX eKCnepuMeHTarnbHUX rpyn
(H=57,54; p <0,00001). MiHiMmaneHUn BMICT anbbymiHy
XapaKTepHUi onsa goHopiB i3 TuTpom aHTU-SARS-CoV-2 IgG
75+ 5 Index (S/C) (puc. 1). AnbOymiH, OKpiM OCHOBHUX
yHKUIN (MiATPUMKN OHKOTUYHOIO TUCKY, pH KpoBi, TpaHcno-
pTy kaTioHiB MeTanis), 3abesnevye 3B'A3yBaHHS aKTUBHWX
OPM KUCHIO i aKTMBHMX hOpM a30Ty Nif Yac 3ananeHHs,
nepeLUKoMKaymM KIMiTMHHOMY MoLKoAKeHHKo [16]. Hakonu-
YeHHS1 HeNTpOQIniB y rocTpi asi 3ananbHOI peakuii cy-
NPOBOOXKYETHCS 3POCTAHHSAM BMiCTY aKTUBHUX (DOPM KUCHIO.
MepenbavaeTbes, WO HAAMIPHUIA OKUCHIOBarNbHUA CTpec,
AKUA MOXHa cnocTepiratn npu nepebiry COVID-19, moxe
BUKIMKATK MOLLKOAXKEHHSA anbbymiHy y kposi [17]. Bigno-
BiAHO OO pe3ynbTaTiB eKCMEepPUMEHTY MW CrocTepiraeMo
36inbLUeHHs1 BMiCTY anbbymiHy B IOHOPIB i3 HANMEHLUWUM TK-
Tpom aHTN-SARS-CoV-2 IgG, 4oro He ckaxeLl Npo iHwWi Ao-
cnigHi rpynu. Mu nporHosyemo, Wo y rpyni 4OHOPIB i3 TU-
TpoM aHTU-SARS-CoV-2 IgG 10 £ 3 Index (S/C) roctporo
OKMCHIOBanbHOro gucbanaHcy BAanocb YHUKHYTU 3a paxy-
HOK Aii anbOyMiHy Sk aHTMOKCHAAHTY, NPO WO CBIigYUTb Nig-
BULLEHHST KOHLEHTpaLii OCTaHHbOoro. [locnigkeHHsa niaTeep-
PKYHOTb, LLO 3pOCTaHHSA BMICTY anbOymiHy MiHiMi3ye iMoBip-
HICTb PO3BWUTKY FOCTPOro pecnipaToOpHOro AMCTPEC-CUHA-
pomy (FPAC) [18]. Woao iHwwux rpyn aoHopis, TO i3 36inb-
WweHHAM TUTpy aHTM-SARS-CoV-2 IgG nepepbavaeTtbes no-
LLIMPEHHSI OKMCHIOBANbHOIO CTPECY B OpraHi3Mi, Lo N BUKIN-
Karo MoLUKOXKEHHS CUPOBATKOBOrO anbOyMmiHy. I3 KniHiYHMX
[OCrimpKeHb BiJOMO, O HU3bKWUIA BMICT anbbyMmiHy B nawlieH-
TiB i3 COVID-19 acouitoeTbCst i3 KPUTUYHUMK CTaHaMmn abo
noniopraHHo aucdyHkuieto. MnoanbbymiHemis, sika cno-
CTepiraeTbCsl y NepeBaxHin GinbLIOCTi LOHOPCHKUX rpym,
Moxe ByTn MapkepoMm BinNKoBOi HE4OCTATHOCTI, L0 € MPUYn-
HO ycKknagHeHb nepebiry xsopobu.
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Puc. 1. BmicT anb6ymiHy y nna3mi kpoBi AoHOPIB i3 TUTPoM aHTU-SARS-CoV-2 IgG:
1-0Index (S/C); 2-10 £ 3 Index (S/C); 3 — 75 £ 5 Index (S/C)
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B 1 C H U K Kuiscbkoro HauioHanbHoro yHisepcurety imeni Tapaca LleBueHka

Mwu npoaHanisyBanu 3miHVM KOHLEHTPaLi KpeaTuHIHY 9K
npegmkTopa hyHKUIOHANbLHOrO CTaHy HUPOK ceper, AOHOPCh-
Kux rpynax. BignoeigHo 0o pe3ynbTaTiB OCHiIKEHb MOXHA
NOAINUTN JOHOPIB, Y AKUX NpUCYTHI aHTM-SARS-CoV-2 IgG
y KpoToBOLUi, Ha ABi NiArpynu — 3i 3HMXEHO Ta 3 Niasu-
LLEeHOK KOHUeHTpauieo kpeaTuHiHy (H = 57,59;
p < 0,00001). MNpw LUbOMY MakcumarnbHa KOHLEHTpauis Kpe-
aTWHIHY XapakTepHa Afs rpyny OOHOPIB i3 TUTPOM aHTu-
SARS-CoV-2 IgG 10+£3 Index (S/C), MiHiManbHa -—
75 = 5 Index (S/C) (puc. 2). Bucoka koHLeHTpaLisi kpeaTtu-
HiHY MOXe OyTW curHanom nopyLleHHs PyHKLiOHanbLHOro
CTaHy HMPOK, BUKMIMKAHOro iHdikyBaHHaM SARS-CoV-2.
3 nitepaTypu BigomMo, wWo y nadieHTiB i3 COVID-19 3poc-
TaHHSA KOHLEHTPAaLii KpeaTuHiHY y KpOBi Ta 3pOCTaHHA BMICTY
anbOyMmiHy y cedi cBigyaTb Npo MikpoanbOyMiHypito, Lo cTa-
HOBUTb PU3WK BUHUKHEHHS HUPKOBWMX YCKNagHeHb npu
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HecBoeYacHOMYy nikyBaHHi [19]. Y Takomy Bunagky mu nigk-
pecnoemo noTpeby npoBedeHHs1 4OAATKOBOI KMiHiuHOI Ajar-
HOCTVKM AN YHUKHEHHSI PO3BUTKY 3a3HaveHux naTornoriy-
HMX cTaHiB HMpoK. Kpim Toro, 3adikcoBaHi 1 BUNagKku nopy-
LWeHb dOYHKUI HUPOK Y NauieHTIB 3i 3HMXXEHOIO KOHLEHTpa-
uieto kpeaTuHiHy nig yac COVID-19 [20]. OaHak 3HWXEHHS
KOHLeHTpaLii KpeaTuHiHy LIBMALlEe BUHUKAE BHACNIOOK M's-
30BOI aTpoqii Mig Yac NOLWMPEHHS 3ananbHOro NpoLecy npu
iHpikyBaHHi SARS-CoV-2 [21]. Ockinbkun kpeaTuHiH He 3B'a-
3yeTbcs 3 Binkamu nNnas3mu KpoBi, He 3anacaeTbes | He Me-
TabonisyeTbCcs B OpraHiami, a LUBMAKO BMBOAUTLCH Yepes
inbTpaLilo y HAPKOBUX KrybGoukax, To Oyab-ski 3MiHW KOH-
LieHTpaLii KpeaTuHiHy 3a Mexamu HOPMU MOXYTb nonepe-
[Katn nNpo Moxnuey Hebesneky po3BUTKY AMCAYHKLIT HU-
pok. Takoxx ocobnuBy yBary BapTo Npuainut gyHKLioHarnb-
HOMY CTaHy M'AI30BOi TKaHWHU [22].
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Puc. 2. KoHueHTpauis kpeaTUHiHy y nna3mi KpoBi AOHOPIB i3 TUTPpoM aHTU-SARS-CoV-2 IgG:
1-0Index (S/C); 2-10 % 3 Index (S/C); 3 — 75 £ 5 Index (S/C)

Y xoai ekcnepMMeHTy 6yno BUABMEHO 3MiHW KOHLIEHTpa-
Liii CE4YOBMHU B AOHOPCBLKMX rpynax, Yy KPOBOTOL SIKMX Oynu
NpUCyTHi NneBHoro TTpy aHTn-SARS-CoV-2 IgG, nopiBHsAHO
3 KOHTpOnbHOW rpynoto aoHopis (H=49,84; p < 0,00001).
KoHLeHTpaUis ce4oBMHU y NepeBaXkHil BINbLIOCTI ekcnepu-
MeHTanbHWUX rpyn 6yna 6inbLUoto, HiX Y KOHTPOMbLHIWA rpyni.
Jlnwe B goHopiB i3 TTpom aHTU-SARS-CoV-2 IgG 75+ 5
Index (S/C) KOHLEeHTpaLisi CEe4OBMHU 3MEHLLYBanach cepen
yCiX foCnigHMX rpyn. 3asHaymMmo, LU0 MakcMmarbHa KOHLEHT-
pauis ce4oBMHM Byna xapakTepHa ONna OOHOPIB i3 TUTPOM
aHTN-SARS-CoV-2 IgG 95 £ 5 Index (S/C) (puc. 3). 36inb-
LLIEHHS KOHLIEHTpaUii ce4oBMHM MOXe BigobpaxaTu cknag-
HUA B33AEMO3B'A30K MiXK CTaHOM XapuyyBaHHs, OinkoBMM
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06MIHOM i OYHKLIIOHYBaHHAM HUPOK NauieHTiB. 3 nitepaTypu
Bigomo, o SARS-CoV-2 Moxe akTVBYBaTWU PeHiH-aHrioTeH-
3MH-anbAOCTEPOH Ta BUKIMKATW HUPKOBY BAa30KOHCTPMK-
Lito, YNOBiNbHEHHS1 KaHamnbLEBOro NOTOKY Ta rinoginbTpa-
Ljit0 HUPKOBUX KIyOOYKiB, L0 NPU3BOANTbL 40 3HWKEHHS BU-
BEJEHHS CEYOBUHM i NiABULLEHHS BCMOKTYBaHHSA BOAM Ta
iOHIB HaTPIl0 Y HUPKOBMX KaHanbLsAX i NacMBHOi peabcopb-
uii ceyoBuHM [23, 24]. BignoBigHO 0O LUBOro My Npunycka-
€MO, L0 3POCTaHHSA KOHLIEHTPALiT CEYOBUHU B NepeBaxHin
OinbLUOCTI rpyn AOHOPIB NOB'A3aHe 3 HEraTUBHUM BMSINBOM
SARS-CoV-2 Ha (pyHKUIOHYBAHHSI HMPOK, LUO CMPUYUHSE
3MiHK BOOHO-COMNMbOBOro Ta 6inkoBoro 6anaHcy B opraHiami.

T

1

1

2 3

Puc. 3. KoHueHTpauis ce4oBUHM y Nna3Mi KPoBi AOHOPIB i3 THTpoM aHTU-SARS-CoV-2 IgG:
1 -0 Index (S/C); 2 -85 * 5 Index (S/C); 3 - 75 % 5 Index (S/C)
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o Toro x 6yno npoaHanisaoBaHO NOTEHLiMHI 3MiHWN KOH-
LleHTpaLii ce4yoBOi KMCMOTU y rpynax OOHOPIB, Y KPOBOTOL
aknx 6ynun aHTn-SARS-CoV-2 IgG, nopiBHAHO 3 KOHTPOSb-
Hoto rpynoto (H=40,08; p < 0,00001). BignosigHo go pe-
3ynbTaTiB AOCNiMKEHb 3MiHW ByNn HEOAHO3HAYHUMK cepef,
pocnigHux rpyn. TuM He MeHWw My 3'scyBanu, LWo Hamnbi-
nblUa KOHLEHTPALis CEYOBOI KMCMOTW XapaKkTepHa Ans [o-
HopiB i3 TuTpoM aHTU-SARS-CoV-2 IgG y kpoBoTOUi
10 £ 3 Index (S/C), a HaimeHwa — ana 75 + 5 Index (S/C)
(pwuic. 4). 3 niTepatypu Bigomo, wo 6nu3eko 50 % aHTMOK-
CUOAHTHOI Aii 3yMOBNEHO aKTMBHICTIO CEYOBOI KMCNOTU
[25]. Harapaemo, Wwo y rpynu OOHOPIB i3 TUTPOM aHTK-
SARS-CoV-2 IgG 10 £ 3 Index (S/C) 6yno 3adikcoBaHo 1
MaKCcMMarbHy KOHLEHTpaLilo anbbymiHy, wWo, iMoBipHO, Ta-
KOX BUKOHYE aHTUOKCUAAHTHY Aito nig yac nepebiry COVID-19.
Taki 3MiHM JO3BOMNAOTL NPUNYCTUTK, WO B WiET rpynu go-
HopiB Oyno BAano HenTpanisoBaHO BIiPYCHi YaCTMHKK
SARS-CoV-2 we Ha no4aTkoBMX eTanax nepebiry xsopobu

700
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100

3a paxyHOK aKkTuBi3aLii NEPBMHHOI NaHKM iIMyHiTeTy, e ro-
NOBHY POSib BUKOHYIOTb HEMTPOInK, a ceyosa K1croTa 3a-
6esneyvye 3axmCT Bifj NOLUMPEHHS OKUCHIOBANIbHOMO CTPecy
B OpraHiami, Npo sikn nosigomnsinocs suile. MNpoTte He BU-
KIMOYaEMO BIMUBY BUCOKUX KOHLIEHTPALL CEHOBOI KMCNOTK
Ha noripweHHs1 YHKLIOHaNbHOro CTaHy HUpOK. Ak BigoMo,
3pPOCTaHHS KOHLEHTPaLi Ce4OBOI KMCNOTU Y KPOBi CBIAYNTb
NpoO 3HMKEHHS LWBUAKOCTI knyboykosoi dinbTpauii [26]. Ta-
KMM YMHOM, FOCTPUI 3ananbHWUN NPoLEeC, BUKINKAHWUIN Hera-
TMBHOMO fieto SARS-CoV-2, Np13BOANTb A0 3POCTaHHA KOH-
LeHTpaLii cevyoBOi KMCIOTM abo 3a paxyHOK akTuBi3aLii aH-
TUOKCUAAHTHUX BiacTuBoOCTen, abo BHACNiAOK NpUrHivysanb-
HOro BMNMMBY Ha (PyHKUIOHaNbHWUI cTaTyc HUPOK. Todi Xy Ao-
HopiB 3 Binbwmmy TuTpamm aHTN-SARS-CoV-2 IgG crnocTepi-
ranocb pi3ke 3HWKEHHS KOHLIEHTpaLii ce4oBOi KUCMOTW Nopi-
BHSAHO 3 KOHTPOMNbHOI rPYMoto, LU0 CBIiQYNTL MPO MOXINBUINA
PO3BUTOK YCKNaAHeHb Ha Tri iHTEHCMBHOIO 3anarnbHOro npo-
Liecy, 3yMOBIEHOrO LUKIANMBMAM BNSIMBOM BiPYCHUX YaCTUHOK.

T

1

1

2 3

Puc. 4. KoHueHTpaLisfi ce4oBOi KUCNIOTU Y Nna3mi KpoBi AOHOPIB i3 TUTpom aHTU-SARS-CoV-2 IgG:
1-0Index (S/C); 2—-10 % 3 Index (S/C); 3 - 75 * 5 Index (S/C)

TakMM YMHOM, pe3ynbTaTu NpoBeAeHNX A0CHioKEHb Ae-
MOHCTPYHOTb, WO Yy OOHOPIB 3 MiHIManbHUM TUTPOM aHTU-
SARS-CoV-2 — 10 £ 3 Index (S/C) cnocTepiraetbcsi Makcu-
MarnbHa KOHLUEHTpaLis anbOyMmiHy, KpeaTuHiHy Ta Ce40BOi
kncnotn. Mu npunyckaemo, Lo BKasaHi 6ioxiMiyHi napame-
TPV 3afisiHi B MexaHiaMax HenTpanisauii BipyCHUX 4YacToK,
OfHaK He BUKIOYAETLCS BUCOKA WMOBIPHICTb HEraTUBHOMO
BnnmBy SARS-CoV-2 Ta rocTpoi hasu 3ananbHoOro npouecy
Ha PO3BUTOK 3aXBOPHOBaHb HUPOK. 3MEHLLUEHHSA KOHLEHTpa-
Ui anbOyMiHy, KpeaTHHiHY, CEYOBMHM Ta CEYOBOI KUCINOTH B
OOHOPIB i3 TUTPOM aHTU-SARS-CoV-2 IgG75 + 5 Index (S/C)
MOXe BKa3yBaTW Ha HWU3bKY iMYHHY aKTMBHICTb YHaCnigoK
pynHiBHoro Bnnusy Bipycy SARS-CoV-2. Kpim uboro, Taci
NpoLEeCH CNPUYMHATUMYTb ANCHYHKLiK0 pOBOTU HUPOK.

BucHoBku. Hawe gocnimkeHHs nigTBepaxye 3miHun Gi-
OXiMiYHMX NapameTpiB PyHKUIOHYBaHHS HUPOK Y NauiEHTIB,
Aki nepexsopinn Ha COVID-19 Ta y KpoBOTOLi SKMX HasiBHI
pi3Hi TMTpM aHTU-SARS-CoV-2 IgG. Mu npunyckaemo, wWo
3MiHa BMICTy anbbyMiHy Moxe OyTu Giomapkepom po3BUTKY
OKVCHIOBANbHOro CTPecy B OpraHiami, a KpeaTuHiH, cevo-
B/MHaA Ta Ce4YoBa KUCMNOTa — MOTEHUINHMMU NPeaUKTOpamMm
ONCYHKLIA HUPOK Yy ntoden, wo xsopinu Ha COVID-19.
OTpuMaHi pesynbTaTi 403BONSATL 3pOOMTN BUCHOBOK NPO
Te, Wwo SARS-CoV-2 6esnocepeHbo BNMBaE Ha pyHKUIO-
HYBaHHS HUPOK, YHacnigoK Yoro BMHUKae notpeba npose-
OeHHsa nabopaTopHUX AOCHIAKEHb WOAO 3MiH BGioXiMiYHMX
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napameTpiB PYHKUIOHYBaHHS HUPOK y NauieHTiB, siki XBOpi-
10Tk abo nepebysatoTb y nocT-COVID-19 nepiogi.
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BIOCHEMICAL PARAMETERS OF KIDNEY FUNCTION IN DONORS UNDER THE PRESENCE
OF ANTI-SARS-CoV-2 IgG IN BLOOD

Pandemic caused by SARS-CoV-2 virus in the world influences negatively on economic and social life, health care system. Conctracted COVID-19
patients suffered from outcome this disease after recovery because of SARS-CoV-2 has affected system disorder of body. Problems of digestion,
blood coagulation, humoral and nervous systems could be discovered background disorder of respiratory system working. Besides, the clinical
researches agree the changes of functioning kidneys in hospitalized patients suffered by SARS-CoV-2 virus. Therefore the pathological status of
kidneys could develop in post-COVID-19 period. Our research is aimed to analysis of changes of concentration albumin, creatinine, urea and urea
acid in blood plasma of donors with different titers of anti-SARS-CoV-2 IgG. Groups of donors were selected, in which the maximum and minimum
values of the studied parameters were observed relative to the control group — donors without anti-SARS-CoV-2 IgG in blood. We determined that
donor group with minimum titer of anti-SARS-CoV-2 IgG — 10 * 3 Index (S/C) — have been characterized the maximum concentration of creatinine,
urea and urea acid. Moreover the donor group with titer of anti-SARS-CoV-2 IgG 75 + 5 Index (S/C) had the minimum concentration of albumin,
creatinine, urea and urea acid. Obtained results could be linked with the potential influence of SARS-CoV-2 virus to kindey cells and consequents of
immune response to infection caused by COVID-19 disease. Our research could be useful for treatment of COVID-19, which would involve the clinical
therapy aimed not only at neutralizing the virus in the body, but also at reducing the negative load on the kidneys to prevent the development of
pathological conditions in the post-COVID-19 period.

Keywords: anti-SARS-CoV-2, albumin, creatinine, urea, urea acid.
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MIXED VIRAL INFECTIONS IN VEGETABLES IN UKRAINE

Aim. Screening of vegetable crops for mixed viral infections caused by 8 viruses, and evaluation of relative share for different
combinations of pathogens using serological methods for plant virus diagnostics.Methods.Double-antibody sandwich enzyme-
linked immunosorbent assay (DAS-ELISA) was performed for detection of viral antigens.Results.For this study, the samples from
plants with virus-like symptoms were collected from the agroecosystems in 4 regions of Ukraine during three vegetative seasons
in 2019-2021. Plant samples were tested for presence of the following viruses: cucumber mosaic virus (CMV), watermelon mosaic
virus 2 (WMV?2), zucchini yellow mosaic virus (ZYMV), tomato mosaic virus (ToMV), tobacco rattle virus (TRV), potato virus Y (PVY),
potato virus X (PVX),and tomatospottedwiltvirus (TSWV).Among the screened plants with virus-like symptoms, three viruses were
the most common: CMV, WMV2 and ZYMV, with the incidence rate of 32 %,33 % and 29 %, respectively. Apart from monoinfected
plants, several patterns of mixed infections were shown typically induced by two and less commonly by three viruses
(CMV+WMV2+ZYMV). From these patterns of mixed infections, five groups of pathogens were registered. Conclusions. In this work,
we have analyzed cucurbit and solanaceous vegetable crops with virus-like symptoms for viral infections caused by 8 pathogens,
and established virus combinations inducing mixed infections in the field. Five groups of pathogens were demonstrated as such
combinations: CMV+ToMV, CMV+PVY, CMV+WMV2, CMV+ZYMV, andWMV2+ZYMV, with CMV+ToMV being the most common for
tested plants. Also, there was one group of pathogens formed by three viruses CMV+WMV2+ZYMV. CMV has been shown present
in every group of mixed viral infections in plants from both families, CucurbitaceaeandSolanaceae. The incidence rate for these
combinations differed from 4 to 8 %. The presented results are important in the context of ecology and epidemiology of viral
diseases of vegetables.

Keywords: viruses, mixed infections, vegetable crops, Ukraine.

Introduction. Viral plant diseases can be caused by
either monoinfection or mixed infection involving two or more
viruses. Simultaneous infection caused by different viruses or
different strains of the same virus is not uncommon in nature
[1, 2]. In plants, simultaneous infection with different viruses
can lead to a phenomenon described as neutrality, when
viruses do not interfere with replication, accumulation and
transmission of each other [3]. Sometimes this can also lead
to antagonism when one virus reduces the infection or
accumulation of another virus [4], or synergism when a mixed
infection leads to increased symptoms and/or elevated virus
content. Synergistic interactions between plant viruses can
lead to increased disease rate in crops that are susceptible to
different viral combinations [5,6]. In addition, viral synergies
can lead to resistance or limited spread of another virus. A
significant increase in symptoms' severity in case of dual
infection as compared to a single infection has been observed
in several studies involving a combination of potyviruses and
viruses belonging to other genera [7].

In nature, synergistic interactions affect the level of
vector transmission, which can lead to changes in the
ecology and epidemiology of the pathogens involved.
Studies show that the level of vector transmission often
positively correlates with mixed infections, due to increased
titers of viruses in the plant [8], or to changes in tropism, and
in some cases, due to the fact that plants with mixed
infections are more attractive to insect vectors (probably due
to the weakening of phloem transport and the accumulation
of sugars in the areas affected by the two viruses).

Infections of cucurbit species induced by such viruses as
ZYMV, WMV-2 or CMV are very common and cause
significant damage worldwide in the form of severe
epidemics, either in single or double infection. Synergism is
often observed between WMV-2 and other viruses infecting
cucurbits, which can be expressed either by higher rate of
virus replication or more severe symptoms. This was
demonstrated, in particular for mixed infection caused by
WMV-2 and poleroviruses, such as cucumber aphid-born
virus (CABYV) [9].

The interaction between WMV-2 and ZYMV, two closely
related viruses from Potyviridae family, is of particular

interest because these genetically distinct viral species
belong to the same subgroup and occupy similar ecological
niches, suggesting that competition between these viruses
may be important factor influencing their evolution. WMV-2
and ZYMV have similar host ranges (primarily cucurbits),
cause similar symptoms and are mostly transmitted by the
same aphid species, although with a different efficiency.
Mixed infection of WMV-2 and ZYMV in the same host
populations and in individual plants is equally common for
both cultured and wild host species. Such mixed infection,
however, does not cause such severe synergistic effects as
reported for double infections induced by potyviruses and
viruses from other genera like cucumoviruses (Bromoviridae
family) or potexviruses (Alphaflexiviridae family) [10].

The aim of the study. Screening of vegetable crops for
mixed viral infections caused by 8 viruses, and evaluation of
relative share for different combinations of pathogens using
serological methods for plant virus diagnostics.

Materials and Methods. Samples of vegetable plants
from Cucurbitacea and Solanaceae families were collected
basing on visual screening of crops for virus-like symptoms
in several parts of Ukraine: Vinnytsia, Kyiv, Poltava, and
Cherkasy regions.

Plant samples were tested for presence of the following
viruses: cucumber mosaic virus (CMV), watermelon mosaic
virus 2 (WMV2),zucchini yellow mosaic virus (ZYMV), tomato
mosaic virus (ToMV), tobacco rattle virus (TRV), potato
virus Y (PVY), potato virus X (PVX), and tomato spotted wilt
virus (TSWV). For virus diagnostics, a double-antibody
sandwich enzyme-linked immunosorbent assay (DAS-ELISA)
was used [11, 12] with specific diagnostic kits from Loewe
Biochemica GmbH (Germany) and following the
manufacturer's recommendations. Absorbance values at
405 nm were measured using a BioTek pQuant microtiter
plate reader (USA). Absorbance values greater than three
times those of the negative controls, were considered positive.
Mathematical processing of experimental data (mean values,
standard deviation) was carried out using Origin 9.1 software.
Variation statistics methods were used for statistical analysis
of the obtained results. Significance of differences between
the values was determined by Student's t-test at p = 0.05.

© Shevchenko T., Bederak R., Taher K., Snihur H., Shevchenko O., 2022
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Results and Discussion. For this study, the samples
from plants with virus-like symptoms were collected from the
agroecosystems in 4 regions of Ukraine during three
vegetative seasons in 2019-2021. The screening included
cucurbit and solanaceous plants with the symptoms of dark
green mosaic along the leaf veins, yellow-green interveinal
mosaic of leaf blades, deformation of leaf blades and fruits
(Fig. 1). The manifestation of symptoms was different, from
a barely noticeable mosaic to a severe deformation in the

form of filamentous leaves. Taking into account the available
data [2, 7], such a variety of symptoms could be the result of
a mixed viral infection. Thus, collected experimental
samples were tested by DAS-ELISA to determine the
species composition of viruses that could cause such
symptoms. In total, 161 plant samples were tested for eight
viruses characterized either by a wide (CMV, PVY, TRV,
PVX, TSWV, ToMV) or narrow host range (ZYMV, WMV2).

Fig. 1. Virus-like symptoms on leaves o fpumpkin (a), custard squash (b), squash (c), melon (d), sweet pepper (e), and tomato (f)

Among the total number of 161 samples of vegetable
plants analyzed for virus infections, 135 samples were
collected from plants belonging to Cucurbitaceae family and
26 samples — from plants of Solanaceae family. Given the
different number of samples by family and the different
species composition of viruses for which different plants

were analyzed, it is not the number of positive samples that
is considered informative, but their percentage values. Thus,
among plants with virus-like symptoms, the three most
common viruses were CMV, WMV2 and ZYMV, which were
detected in 32%, 33% and 29 % of the samples,
respectively (Table 1).

Table 1. Virus detection in vegetable crops by DAS-ELISA

Virus cMVv PVX PVY ToMV TRV TSWV | WMV2 | ZYMV
Numberofpositivesamples 52 1 3 7 2 1 44 39
Percentofpositivesamples, % 32 4 12 27 8 4 33 29
Number of samples 161 26 26 26 26 26 135 135
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Apart from monoinfected plants, several patterns of
mixed infections were shown for tested samples. Such
mixed infections were induced by two and less commonly by
three viruses (CMV+WMV2+ZYMV). From these patterns of
mixed infections, five groups of double infections were
registered: CMV+ToMV, CMV+PVY, CMV+WMV2,
CMV+ZYMV, andWMV2+ZYMV. The incidence rate for
these virus combinations in plants from both families,
Cucurbitaceae andSolanaceae, differed from 4 to 8 % (Fig. 2).

CMV has been shown present in all but one group of
mixed viral infections. These data can be explained by the
fact that CMV belongs to viruses with an extremely wide host
range and therefore may persist in the same agriecosystem
despite the crop rotation and other measures. CMV was
found in mixed infection among the representatives of both
Cucurbitaceae and Solanaceae families (Fig. 2).
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Groups of mixed infections

Fig. 2. Mixed infections found in solanaceous (CMV+ToMVandCMV+PVY)
and cucurbit (CMV+WMV2, CMV+ZYMV, WMV2+ZYMV, andCMV+WMV2+ZYMV) crops

In general, mixed CMV and ZYMV infections
characterized with more severe symptoms. According to
the literature, the co-infection of CMV and ZYMV is an
example of synergism, as it leads to a stronger
manifestation of symptoms [2, 6].

The occurrence of mixed infection caused by CMV and
PVY on tomatoes is confirmed by literature data, which
leads to an increase in the concentration of both viruses in
the plant and is important for the epidemiology of these
viruses [13].

Despite the fact that CMV and ToMV have wide host
ranges and in our studies they were detected with a
incidence of 32 % and 27 %, respectively, the studies on
mixed infections caused by these viruses on tomato and
pepper have been published only recently. Particularly,
when these crops were cultivated in one of the provinces in
Turkey, the percentage of mixed infection on tomato and
pepper was 5.31 % and 1.11 %, correspondingly, which is
lower than in our studies [14].

The interaction of WMV and ZYMV is significantly
different from that of ZYMV and CMV, because the former
are the members of the same genus and have a similar
ecological niche. This suggests that competition between
viruses may be an important factor influencing their
evolution. WMV and ZYMV have overlapping host ranges,
cause similar symptoms on the plants, and are transmitted
non-persistently mostly by the same aphid species,
although with different efficiency. As already mentioned,
WMV and ZYMV are often found in the same populations
of host plants and in individual plants, which is

ISSN 1728-3817

characteristic of both cultivated and wild plants, and leads
to more severe symptoms [15].

ZYMV isolates replicate at a similar rate at mono- and
mixed infection, whereas WMV isolates accumulate to much
lower levels in presence of ZYMV. In addition, ZYMV
induces changes in leaf coloration and the production of
volatile substances enhancing the attraction of aphids to
infected plants. In contrast, WMV does not have a strong
effect on the plant-aphid interactions. However, WMV can
take advantage of a mixed infection and be easily
transmitted to other plants in such case [16].

Plants affected by three viruses (CMV, WMV-2, and
ZYMV) were also found. The incidence of such plants was
7 %. Dark green mosaic, leaf blade deformation, and
blistering were observed on melons and pumpkins, some of
them were fruitless.

According to the results of the study, CMv was the most
common virus found in collected samples of vegetable crops
of Cucurbitaceae and Solanaceae families. This may be due
to the fact that, unlike ZYMV and WMV-2, CMV can be
transmitted not only by aphids but also by dodder and seed.
To date, it has been confirmed that various species of wild
flora may be the source of CMV in Ukraine [17], serving as
additional risk factor for agricultural plants. In addition, there
is evidence of CMV interaction with members of Potyvirus
family. According to it, when found in mixed infection in
some plants, CMV titer will increase compared to
monoinfection, while the titer of the second pathogen may
remain unchanged, which increases the efficiency of vector
transmission of CMV. Wide spread of ZYMV in the screened
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regions can be explained by the fact that despite a rather
narrow host range, the virus does not cause severe
symptoms on plants that do not belong to Cucurbitaceae
family. Therefore, this virus can survive in natural reservoirs
unnoticed. Given the wide host range of WMV-2, it may be
preferable for it to switch to other hosts rather than
competing with ZYMV, which has a limited ability to
reproduce in plants outside Cucurbitaceae family and hence
is forced to maintain its niche more aggressively.

Conclusion. In this work, we have analyzed cucurbit
and solanaceous vegetable crops with virus-like symptoms
for viral infections caused by 8 pathogens, and established
virus combinations inducing mixed infections in the field.
Five groups of pathogens were demonstrated as double
combinations: CMV+ToMV, CMV+PVY, CMV+WMV2,
CMV+ZYMV, andWMV2+ZYMV, with CMV+ToMV being
the most common for tested plants. Also, there was one
group of pathogens formed by three viruses
CMV+WMV2+ZYMV. CMV has been shown present in
every group of mixed viral infections in plants from both
families, Cucurbitaceae and Solanaceae. The incidence rate
for these combinations differed from 4 to 8 %. The presented
results are important in the context of ecology and
epidemiology of viral diseases of vegetables.
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KuiBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

3MILLAHI IHOEKLIi OBOYEBUX KYNbTYP B YKPAIHI

lpoaHanizoeaHo oso4esi KynbmMypu Ha 3MiwaHri 8ipycHi iHghekuyii, Wjo Moxyms 6ymu cnpu4uHeHi sicbMoMa gipycamu, i eCmaHo8sIeHHs! ix 8io-
COMmMKO8020 3HaYeHHs1 Onsl Pi3HUX 2pyn KoM6iHauii eipycie 3 eukopucmaHHsIM ceposio2iYHUXx memodie idenmudpikayii eipycie pocnuH. Jemekyito
sipycie y pocnuHax ogoyesux Kysbmyp npoeoodusiu 3 UKOPUCMaHHAM iMyHoghepMeHmMHo20 aHanisy y modudpikayii DAS-ELISA. [ns docnidxeHb
8id6bupanu 3pa3Ku poc/iuH 3 a2poyeHo3ie i3 Homupbox obs1acmeli MPOMsIi20M MPbLOX 8e2emayiliHux ce3oHie y nepiod i3 2019 no 2021 pik ekOYHO
minbku 3 eipyconodi6HuMu cumnmomamu. 3pa3ku POC/IUH mecmyeanu Ha HasieHicmb makux eipycie: cucumbermosaicvirus (CMV),
watermelonmosaic virus 2 (WMV2), zucchiniyellowmosaicvirus (ZYMV), tomatomosaicvirus (ToMV), tobaccorattlevirus (TRV), potatovirusY (PVY),
potatovirusX (PVX) andtomatospottedwiltvirus (TSWV). Ceped npoaHanizoeaHux pocsiuH 3 gipyconodi6HuMu cumnmomamu Halidacmiwe 3ycmpiya-
nucb mpu eipycu: CMV, WMV2 ma ZYMV, siki demexkmyeanucs y 32, 33 ma 29 %, eidnoeioHo, ceped docnidHuUx 3pa3kie. Y npomecmosaHux 3pa3Kkax
oeoyesuUX Kysnibmyp, OKpiM MOHOIiHgheKyil, 3ycmpidanacb 3miwaHa iHghekuyisi, suknukaHa deoma eipycamu 3 nepesiky eipycie, Ha siki mecmyeanu
pocnuHu, i Hagimb 6yna oOHa 2pyna 3miwaHux iHgekyil, sska cknadanacsk i3 mpbox eipycie, a came CMV+WMV2+ZYMV. Ceped 3miwaHux iHghekyid,
Aki micmunu dea eipycu, 6yno n'ame epyn. Y xo0i sukoHaHHs1 docnidxeHb 6yno npoaHanizoeaHo oeo4vesi Kynbmypu poduH Cucurbitaceae ma
Solanaceae 3 gipyconodi6HuMu cumMnmomamMu Ha HasieHiCMb 8ipycHuUX iHgbekuill, cnpuYuHeHuUXx eicbMoMa eipycamu, ma ideHmugbikoeaHo KoMbiHayii
sipycie, wo suknukaroms 3Miwani eipycHi iHghekyil. YcmaHoeneHo, ujo ceped 3mMiwaHux iHgekuil, siki mMicmunu dea eipycu, 6yno n'smsb 2pyn:
CMV+ToMV, CMV+PVY, CMV+WMV2, CMV+ZYMV ma WMV2+ZYMV. CMV 3ycmpivyaecsi y euansdi 3miwaHoi iHgekyii ceped npedcmasHukie deox
poduH: Cucurbitaceae ma Solanaceae. Hali6inbwuli eidcomok mana 3miwaHa iHgekuisi, suknukaHa CMV+ToMV. OdHa epyna 3miwaHux iHgekyiti
cknadanacb i3 mpbox gipycie, a came CMV+WMV2+ZYMV. Yacmoma ideHmudpikayii yux epyn ceped 0ocs1iOHUX POCSIUH 0804Ye8UX KY/1bmyp poOuH
Cucurbitaceae ma Solanaceae 6yna e diana3oHi 6id 4 do 8 %. Pesynbmamu yiei po6omu € akmyanbHUMU 3 eKoJ1020-enidemMiono2i4Ho20 noansdy.

Knroyoei cnoea: gipycu, 3miwati iHghekuyii, osoqesi Kynbmypu, Ykpaiva.
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OKPEMI NAPAMETPU CUCTEMMU FrEMOCTA3Y TA NOKA3HUKM OBEMIHY TPUNTTO®AHY
B NMALIETIB 3 IWEMIYHOIO XBOPOEOIO CEPLA

B ocHoei ¢hyHKUioHye8aHHsI cucmeMu 2eMocma3sy Jjiexxums 36anaHcoeaHa e3aeModisi Mix if koa2ynsiyiliHoro, aHmukoa2ynsyiti-
Horo ma ¢pibpuHonimuYyHoro naHkamu. 3a aHUMU cy4acHoOI Haykoeoi nimepamypu, decmabinizayisi 2eMoeacKynsipHo20 20MeOocC-
mas3sy Hanexumb 00 OCHOBHUX MeXaHi3Mie npoapecyeaHHs iwemiyHoi xeopobu cepuysi. Ponbs mpuzepie cepyeeo-cyOUHHUX 3axe8o0-
proeaHb nopsiod i3 3a2asibHONPUUHIMUMU ¢hakmopaMu, MaKuMu siK OXXKUPIHHSI, apmepianbHa 2inepmeH3is, yykpoeul diabem i mro-
mroHonaniHHsA, MOXymb eUKOHyeamu 6i0/102i4HO aKmueHi pe4o8UHU eHO02eHHO20 MOXO0OXEeHHs1. YcmaHoe1eHHs1 Npupodu ghak-
mopie reHe3y ma MexaHi3mie npozpecyeaHHsi cepyeeo-cyOQUHHUX cumnmomie nidsuwums iMogipHicmMb MO3UMUEBHO20 NPO2HO3Y
9Ons nayieHmie 3 iweMiyHOI X80pPO6OKO cepusi, AKa 3aJluWIaEMbCS HAUNMOWUPEHIWOo NMPUYUHOI0 CMEePMHOCMi HaceJleHHsI po3eu-
HeHux KpaiH ceimy. Memoro ybo20 docnidxeHHs1 6yno 3'acyeamu pieeHb Oesikux 6i0s1I02iYHO aKMUBHUX PeYO8UH, ceped SIKUX
oKpeMi ¢hakmopu Koac2ynsyiliHo2o kackady ma cucmemu i6bpuHonisy, nokasHuku obmiHy mpunmodgpaHy ma 6inku mennoeo2o
woky (HPS 60 ma HPS 70) y nayieHmis 3 iwemi4Hot xeopoboro cepys. Y docnidxeHHi e3sanu yyacmeb 66 nayieHmis: y 20 3 Hux
6ye niomeepoxeHuti diaezHo3 "cmabinbHa cmeHokapdia”, y 28 — "npoepecyroya HecmabinbHa cmeHokapdis”, y 18 — "iHghapkm
miokapoa”. Pe3ynbmamu docnidxeHHs nokasanu nideuujeHe npodyKyeaHHs npompombéomuyHux mediamopie (¢hakmopa Bine-
6paHda, cepomoHiHy) y nna3mi kpoei nayienmie 3 iwiemiyHoro xeopoboro cepys. Takox 6ys10 3a3Ha4eHO NMopyweHHs1 6anaHcy Mix
MKaHUHHUM aKmueamopoM f1a3MiHo2eHy ma lo20 iH2ibimopom, w0 Moxe 6ymu OoCHO8HUM haKmMoOPOM 3HUXEHHST Pi6puHoIi-
muYyHo20 nomeHuyiasny nna3Mu Kpoei Ha mni kapdioeackynsipHux nodil. YcmaHoesieHo, w0 Osis1 nayieHmie 3 iwemi4Hor xeopo-
6010 cepysi, He3anexHo 8i0 hopMu 3axeoproeaHHs, xapakmepHe gipozidHe nideuwieHHs1 emicmy nna3moeo2o 6iflka mensioeo2o
woky, a came HPS 60. Taki peaynbmamu Hawmoexyroms Ha GYMKY MPo MOXXJiuee 3ajly4eHHs1 Ub0o20 bisika 00 namosio2i4Hux pea-
Kyill i MOXXnueicmb (1020 sUKOpUCMaHHS siKk 6iomapkepa cepyeeo-cyOUHHUX 3aX80PHO8aHb.

Knroyoei cnoea: inghapkm miokapda, cmeHokapOdisi, iwemMidyHa xeopoba cepysi, mKaHUHHUU aKmueamop rny1a3mMiHo2eHy, iH2ibi-
mop akmueamopa nna3miHozeHy, gpakmop BinnebpaHda, cepomoHiH, mpunmoghaH, MOHoaMiHOKcuda3a, 6ir1ku mersi0e020 WOKY.

BcTyn. lwewmiyHa xBopoba cepus (IXC) — Hannowmpe-
Hilwa popmMa cepLeBo-CyaNHHMX 3aXBOPIOBaHb, sika YacTo €
NPUYUHOKO MOCTINHOI Y TMMYacOBOiI BTpaTu npauesgaTHo-
CTi cepeq couianbHO aKTUBHOIO HacCemneHHs KpaiH YCbOoro
cBiTy [1]. HesBaxatoum Ha NeBHi JOCATHEHHS Y PO3yMiHHI na-
ToreHesy IXC, neBHi acnekTy LibOro 3axBOpOBaHHSA 3anuLua-
IOTbCSl HEPO3KPUTMMM A0 KiHUSA, a KOro Megmko-coliarnbHe
3HaYeHHs LWOpPiYHO 3pocTae [2]. Taka HeBTiWHA AWHaMika
obymoBneHa, 3 ogHoro 60Ky, HeyXubHUM 3POCTaHHAM Mo-
Ka3HWKIB 3aXBOPIOBAHOCTI, @ 3 iHLIOro — 3HAa4YHUMK BUTpa-
TaMu Ha [iarHOCTUKY i NiKyBaHHS. YchillHe po3B's3aHHSA
npo6nemu IXC 3anexutb Big po3yMiHHsi MexaHi3MmiB ii pos-
BUTKY Ta@ MOXIMBOCTI NPOrHO3YBaHHS YCKNagHeHb, Lo BU-
3Hayae cTpaTerito nikyBaHHS i BUBip cxemu Tepanii. CBoeva-
CHa fiarHocTuka 1 e(eKTUBHe MiKyBaHHS 3HWKYIOTb iMOBIp-
HICTb PO3BUTKY KOPOHaPHWUX YCKNagHeHb i MO3UTUBHO BMN-
BalOTb Ha KMiHIYHUIA Nepebir 3aXBOpPIOBaHHS, LLIO, 3aranom,
NOKpaLLye AKICTb XUTTS NauieHTiB.

Ha cborogHillHin AeHb HAKONMMYeHO MacuB ekcrepume-
HTanNbHUX Ta KMiHIYHUX AaHUX LWOAO0 MeXaHi3MiB pO3BUTKY
iLemii BiHLEBUX CyanH, (OOPMYBaHHS i MporpecyBaHHs aTe-
pOCKrnepo3y Ta cepLeBoi HeAOCTaTHOCTI. YCTaHOBMEHO, LU0
BaXXNMBa pofib Y NOPYLUEHHi BIHLEBOI reMoaMHaMikn B Mic-
LSIX aTepOCKIepOTUYHOIO 3BY)KEHHS CyauH cepus Hane-
XWUTb eHAOTENI BiHUEBMX CyauH [3], horo B3aeMogii i3 ¢o-
PMEHVMWN enemMeHTaMu KpoBi, 30kpema Tpombouutamu, Ta
iHLWMMK BioNOriYHO aKTUBHWMK rymopanbHUMK hakTopamm
KpOBI, L0 3any4eHi y NigTpUMaHHsA KoarynsiuinHoro remoc-
Ta3y Ta MoAynsuii 3ananbHuUX peakuin [4, 5].

MopyLeHHsa remoBacKynspHOro romeocTasy, Wo Bupa-
XaeTbesa y eHpoTenianbHin aucdyHKuUii, nocuneHHi arpera-
LLiIiHOT @aKTMBHOCTI TpOMOOLMTIB, rinepkoarynsii Ta genpecii
iOpPUHONITUYHOT CMCTEMM, BU3HAHO OCHOBHUM (DAKTOPOM
nporpecyBaHHs IXC. EHgoTenianbHi knitTuHu 6epyTb y4acTb
y perynsuii npoueciB 3BYXEHHS Ta pPO3LUMPEHHsT CYyauH, pe-
rynsauii remocrasy, aHrioreHesy, iMyHHOI BignoBigi TOLLO.
PerynatopHi edekT eHAoTenito € HacmnigkoM Noro BUCOKOT
GIOCUHTETUYHOT aKTUBHOCTI. Tak, eHOoTeniounTu CUHTE3Y-
I0Tb Ta CEeKpeTylTb HU3Ky MeaiaTopiB nponicepadii Ta
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3arnaneHHs, PeYoBUH 3 MPO- Ta aHTUKOArynsAUiiHoOK yHK-
uieto, perynsatopis npouecy ibpuHoniay [3, 6, 7]. 3a gisio-
NOriYHOT HOPMU eHAOTENIN NepeBaXHO CeKpeTye CyauHO-
3BYXYHOUi (hakTopu Ta AEMOHCTPYE aHTUTPOMBOTUYHY aKTu-
BHiCTb. Pa3om i3 TuM, 3a yMOB Aii NEBHUX perynsaTopHMX
YMHHUKIB, EHOOTENIN MOXe 3MiHIOBaTK CBIil aHTUTPOMBOTK-
YHWI NOTEHLian Ha TpoMOoreHHWI. [ucdyHKLis engoTenito
€ CyMnyTHIM pO3ragoM aTepockriepoay i Bigodpaxae BUCOKUI
PU3MK PO3BUTKY MIKPO- i MaKpOCYAMHHUX yCKNaaHeHb [8]. IMo-
ps4 3 eHAoTenianbHUMK KNiTMHaMKU mxepenom GionoridyHo
aKTUBHUX PEYOBUH 3 ePeKTOPHOI (OYHKLIEIO 3a BigHOLLEH-
HAM [0 KOMMNOHEHTIB reMOBacKynspHOro roMeocTasy € Tpo-
MboumTU. Pe3ynbTatin NeBHUX AOChiAKeHb 3a3Havanu no-
CUINEHHS He nuLle arperauinHoi dyHKuii TpomboumnTiB y na-
uieHTiB 3 IXC, a 1 rinepnpodyKyBaHHA HUMW MeAiaTopiB, SKi
NiABULLYOTb PU3NK TPOMBOTUYHMX YCKNaaHeHb [9].

Omxe, He3BaXaluM Ha HU3KY (PaKTiB, IO MiaTBEPOXKY-
I0Tb B3aEMO3B'SI30K Mi>X AncbanaHcoM y cuctemMi remocrasy
Ta NporpecyBaHHAM aTepockneposy W iHiliauie cyanHHNX
ycknagHeHb npu IXC, iHTepec 0o 3a3HaYeHoro NMTaHHA Bia-
pPOAMBCS B OCTaHHi pOKM Yepes3 HOBi ekcrepuMeHTarnbHi AaHi
B PO3YMiHHI MpoueciB i MexaHi3amiB TPOMOOYTBOPEHHS.
MeToto Hawoi poboTtn Byno gocnigntu piBeHb gesakux bio-
NOriYHO aKTUBHUX PEYOBUH, cepes KX oKpeMmi hakTopu Ko-
arynsauifHoro kackagy ta cucteMmu gidpuHoniay, NoKasHMKK
06MiHy TpunTodaHy Ta Ginku TENMOBOro LLIOKY Y NaLUieHTiB 3
iLuemiyHoI XBOpOOGOIO cepus.

Marepianu Ta MeToaum. Y gocnigxeHHsi 6yno sany4yeHo
66 nauieHTiB (BikoM Big 46 fo 75 pokiB), Wo nepebyBanu Ha
nikyBaHHi B kapgionoriyHoMy BigaineHHi KuiBcbkoi Micbkoi
nikapHi Ne 12. Y 20 nauieHTiB OyB nigTBEpIKEHWUIA aiarHO3
"cTabinbHa cTeHokapgis”, y 28 — "nporpecytova HecTabinbHa
cTeHokapgis”, y 18 — "iHdapkT miokapaa". KoHTponbHy rpyny
ctaHoBunm 20 BiAHOCHO 340pOBUX AOHOPIB, 6e3 BusBIB IXC B
aHaMHesi, ki 3a BiKOM i CTaTTIO BiAnoBiganu rpynam nauieH-
TiB. YCi naujeHT Ta goHopu Gynu o3HamoMIeHi i3 NpoToKo-
1IOM eKcrnepuMeHTY Ta A0DOpOBINbHO NoroaMnuUcst B3siTU y4-
acTb Y JOCNIOKEHHI, NignucaBLLKn iHHPOPMOBaHy 3roay.

© MapwuHeHko T., FaneHoBa T., 2022
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3abip kposi Ans GioxiMiuHMX JOCNIOXEHDb 34iNCHIOBaNn y
AeHb iXHbOI rocnitanisauii, 40 MOMEHTY NpU3HAYeHHs Bia-
NOBIAHOro NikyBaHHs. ®pakLii CEpOTOHIHY Ta TpUNTOgaHy i3
KpOBi OTPMMYBaru, BUKOPUCTOBYHOUYM iIOHHO-0OMiHHY Xpoma-
Torpadito (Bio Rad, Biologic LP, Richmond, USA) [10]. KoH-
LieHTpaLilo CEPOTOHIHY Ta TpunTodaHy BU3Ha4anu cnekTpo-
dnyopumeTpunyHo (Shimadzu RF-1501, AnoHist) 3a AOBXUHM
XBUNi 30y0XKeHHS! (Aabypx) 295 HM Ta BUNPOMIHIOBAHHS (Asunp)
550 Hm [11, 12]. BusHayeHHss MmoHoamiHokeugasHoi (MAO)
aKTMBHOCTi MPOBOAUIIM 32 METOAOM, Lo onncaHo y poborTi [13].
BwmicT 6inka Bu3Havanu metogom Bradford [14].

PiBeHb pgesikux cpaktopiB cuctemu remocrtasy (PAI-1,
tPA, caktopa BinnebpaHga) Ta 6GinkiB TEnmnoBoro LUOKY
(HSP 60 Ta HSP 70) y nna3mi KpoBi B1U3Ha4anM MeTO4oM
TBEpAodasHoro iMyHodepMeHTHOro aHanisy 3rigHo 3i cTa-
HOAPTHMM npoTokosnoMm. naamy kposi possogunu 50 MM
Tpuc-HCI 6ydepHnm posunHom, pH 7,4, y cniBBigHOLWEHHI
1: 100 Ta iHkybyBanu npu +4 °C BnpogoBx Houi. Hecopbo-
BaHWW martepian BMaansinvm TpMpasoByMM MPOMUBAHHSM Iy-
Hok 50 MM Tpunc-HCI 6ydepHum posunHom, pH 7,4, o mic-
T1B 0,05 % TBiH-20. [Inst 6GnokyBaHHSA BiNbHMX MicLb Hecne-
LUMiYHOro 3B'A3yBaHHA BUKOpUcTOBYBann 5 %- posunH
3HeXxunpeHoro moroka. BignosigHi nepeuHHi (Sunta Cruz,
CLIA) Ta BTOPWHHI aHTUTINA, KOH'tOroBaHi 3 Nepokcuaasor
XpoHy (Sigma, CLUA), roTyBanu 3rigHO 3 pekoMeHaaLuismm
hipM-BNpOOHUKiB, iHKybaujito nposogmnu 3a +37 °C ynpo-
aoex 1 rog. Bisyanisauiio peakuii npoBogunu, BUKOPUCTO-
BYIOUM XPOMOTFEHHUWM cybcTpat —  o-gheHineHgmMamiH
(BioRad, CLUA). OnTnyHy WinbHicTb Npob BM3Ha4anu 3a oo-
BXuHM xBuni 405 HM 3a OONOMOrOK MiKPOMMaHLLIETHOro
cnektpodotomeTpa pQuant (Bio Tek Instruments, CLUA).

MaTemaTnyHy 06po6Ky Ta aHarmni3 oTpUMaHux ekcrnepu-
MEHTanbHNX AaHWX NPOBOAUNM 3a OOMOMOro KoMmn'loTep-
HOro nakeTy Ansi 06pobku 1 aHaniy cTaTUCTUYHOI iHcop-
Mauii Statistica 8.0. [Ina nepeBipku rinotes won0 pPiBHOCTI
reHepanbHUX CepefHix ABOX He3anexHuX, He3B'a3aHnX BU-
6ipok BukopuctoByBanu t-kputepin CTblogeHTa 3 nonepea-
HbOIO MEPEeBIPKOID HOPMAarbHOCTI Po3nodiny 3miHHuX. Pis-
HULIKD MiXK MOKa3HUKaMKU BBaXanu CTaTUCTUYHO 3HAYYLLO
npy p < 0,05. OTpumaHi pesynbTatv HaBedeHi y BUrMAgi
M £ SD (cepenHe apudmeTnyHe + cTaHgapTHa (cepeaHbo-
KBagpaTnyHa) noxmbka cepeaHbLoro).

Pe3ynbTatu Ta ix o6roBopeHHs. 3a disionoriyHoi Ho-
pMU eHAoTenih NiATPUMYE piBHOBary B CUCTEMi remocTasy
LNsIxoMm 36anaHcoBaHOro NPoAyKyBaHHS eHaoTeniounTamm
PEYOBUH K i3 NPO- Ta @aHTUKOAryNAHTHUMU, TaK i PiGpMHO-
NiTM4HUMKM BnacTueocTamu [3, 6—8], Hanpuknag npocrauu-
KniHy, TKaHWHHOrO akTMBaTopa nnasmiHoreHy (t-PA), iHribi-
TopiB akTMBaTopiB nnaamiHoreHy (PAI-1 ta PAI-2), Tpombo-
MoayniHy, daktopa Binnebpanga, aHTuTpombiHy Il Ta iH.
TkaHWHHWIA akTMBaTOp NnasmiHoreHy (t-PA) € ocHoOBHMM pisi-
onoriYHnM akTmeaTopom ibpuHoni3y y npocsiTi cyamHu [15].

3a npupogoto t-PA HanexuTb 4o BUcokocneundiuHnx cepu-
HOBWX MpoTeas, €OUHVMM [OOBeAeHVMM cybCcTpaToM WMoro €
nnasmiHoreH. MepesaxHum micuem cuHTesy t-PA € eHpoTe-
nin, ofHaK iCHYTb OOOATKOBI AXeperna, 30KpemMa MOHO-
LMTK, MerakapiounTn, mesoTesnianbHi KNiTMHW, M'A30Bi Kni-
TUHW cyauH, hibpobnactu cepus Towo. MNMepeBaxHa Ginb-
wicTb nnasmosoro t-PA 3B'd3aHa 3 MOro OCHOBHWUM iHAKTU-
BaTOPOM — iHriGITOPOM akTuBaTopa nna3miHOreHy nepLuoro
Tmny (PAI-1). OcTaHHIh nepeBaXXHO MPOOYKYETLCA eHOoTe-
nianbHUMK KniTuHamm i TpomboumTammn. Came aucbanaHc
Mk akTuBHicTio/BMmicToM t-PA i PAI-1 Bigirpae knto4oBy posnb
y naTonoriYyHOMy NopyLUeHHi iGpuHoni3y, TMM caMuM cyT-
TEBO 30inbLUye pU3NK PO3BUTKY TPOMOBOTUYHMX YCKNAAHEHb.

Mwu pgocnignnum Bmict t-PA Ta PAI-1 y nna3mi kpoBi naui-
eHTiB 3 IXC 3anexHo Big hopmMmn 3axBOpOBaHHS. YCTaHOB-
neHo, wo piseHb PAI-1 3poctaB 3a ymoB ycix ¢popm IXC.
Hamsuwii noka3Hmkm nnasmosoro pisHA PAI-1 cnocTtepiranu
3a Nporpecyyoi HecTabinbHOI CTeHOKapaii, Ae BOHM nepe-
BMLLYBanu MOKa3HWKM BiQHOCHO 340POBUX OOHOPIB y Tpu
pasn. MocuneHa cekpeuia PAI-1 eHgoTeniouMtamm moxe
OyTV BUKIMKaHA BNMBOM Ha KNiTUHM NINONPOTEIHIB AyXXe HU-
3bKOI LLIINBbHOCTI, OKUCHEHWX NINonpoTeiaiB i AeAKMX LIUTOKIHIB
(Hanp. -1, ®HMM-a), piBeHb SKUX 3pOCTaE NpW 3anarnexHi,
aTepocKneposi Ta KapaioBacKynsapHUX nartonorisx. Y cBoto
yepry, BUCOKMI piBeHb PAI-1 y nnasmi moxe npurHivysaTu di-
OpPVHOMITUYHY aKTUBHICTbL KPOBi Ta CNPUSATK 3CYBY reMocTaTy-
yHoro 6anaHcy B 6ik TpoMOOreHHoro. 3rigHO 3 OTPUMaHUMM
pe3ynbTaTamu, TPOMOOreHHU NoTeHuian nna3Mu Hanbinb-
LLIOKO MipOIO BUSIBMSBCA Y NaLUieHTiB 3 iHbapkToM miokapaa, y
AKMX Ha TNi NigBULLEHNX nokasHukiB PAI-1 3a3Hayanu 3Hu-
XeHi nokasHukm pisHa t-PA (Tabn. 1).

EHgoTenin, nopsg i3 TpombountaMu Ta Merakapiouu-
Tamu, € Jxepernom gaktopa BinnebpaHaa, sk HanexunTb
[0 OCHOBHMX MPOKOAryNsHTHUX PeYOBWH nna3mu. MNpu nowwu-
KOMPKEHHI CYAMHHOI CTiHkM dhakTop BinnebpaHaa B3aemogie
Hacamnepep, i3 konareHom i Mikpodibpunammn cybeHgoTe-
nito, 3abe3nevytoum aaresito TPOMOOUUTIB, Bigirpatym porb
CBOEPIQHOro MicTKa Mixk TPOMBOLMTOM i OroneHum cybeHgo-
TeniansHUm wapom [16]. Binbwe Toro, cdaktop Binnebpa-
HOA 3anyyvyeHun 0 KoarynsuinHoi NnaHKM remoctasy: B3ae-
Mogitoun i3 dpaktopom VIl cuctemum aroptaHHs KpoBi, BiH 3a-
XWULLE€E MOro Bif NPOTEOni3y.

Y xogdi npoBefeHMX JOCNigKEeHb MU HE 3a3Hauunm cra-
TUCTMYHO AOCTOBIPHUX BiOXMIEHb CEPEOHBbOro MOKa3HWMKa
piBHs1 chakTopa BinnebpaHnaa y nnasmi nauieHTiB 3 IXC Big
piBHA cepedHbOro MokasHuKka Yy rpyni BiLHOCHO 340pOBMX
noHopiB (Tabn. 1). OgHak HeobxigHo HaronocuTy, wo 30 %
(n=6) y rpyni nawuieHTiB i3 XpOHi4HOlO cTabinbHOK CTeHoKap-
aieto 1a 25 % (n=7) y rpyni nauieHTiB i3 Nporpecyyoto He-
cTabinbHOK CTEeHOKapAield Manu NiaBULLEHI NOKA3HMKK pi-
BHS nna3moBoro d¢akrtopa Binnebpanpga (0,18 £ 0,02 Ta
0,16 + 0,02, BignoBigHo).

Ta6nuys 1. PiBeHb Aesiknx dakTopiB cMCTeMu reMocTa3y y nna3Mi KpoBi NnauieHTiB 3 iLleMi4yHO XBOpo6oto cepusi

Pocnimxysana rpyna PAI-1, t-PA, ®dakTop BinnebpaHaa,
yM. og./mn yMm. og./mn yM. og./mn
AoHopw (n=20) 0,15+ 0,03 0,23 + 0,02 0,12 + 0,02
XpOHivHa cTabinbHa cTeHokapgis (n=20) 0,33 +0,15* 0,21+ 0,04 0,16 £ 0,04
nporpecytya HectabinbHa cTteHokapgisa (n=28) 0,45+ 0,10 0,23 £ 0,03 0,15+ 0,03
iHpapkT miokapaa (n=18) 0,35+ 0,15* 0,16 + 0,05* 0,13 £ 0,02

* — 3MiHV [OCTOBIPHI MOPIBHSIHO 3 NOKa3HMKaMW Bi4HOCHO 340pOBMX AoHOpIB, p < 0,05.

MWTaHHS OUiHIOBaHHA NOKa3HMKIB 0OMiHY TpunTodhaHy B
nauieHTiB 3 IXC cTaHOBUTb HAayKOBUI iIHTEPEC, OCKINbKU Ce-
POTOHIH, OAMH 3 MeTaboniTiB Uiel NaHkK, € NPUHLMMNOBO Ba-
XINMBUM MeaiaTopoM (DYHKLiIOHYBaHHS TPOMOOUMTIB SIK Y
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HOPMI, TaK i 3@ yMOB PO3BMUTKY NaTONOMYHUX CTaHIB, 30K-
pema naTonorin cepueBo-CyANHHOT CUCTEMM.

Y nna3smi kpoBi nauieHTiB 3 IXC 3anexHo Big opmu 3a-
XBOPIOBaHHS criocTepiranu 3MiHW NokasHukiB 0OMiHy Tpun-
TopaHy. KoHUeHTpaLis CepoTOHIHY pi3HOK Mipoto 3pocTana
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3a pi3Hmx popm IXC. Hameuwli nokasHmkm 3a3Hadanum y nna-
3Mi KpoBi MauieHTiB 3 iHgapkToM Miokapaa. KoHueHTpauis
TpunTodaHy, amiHOKUCINOTU-NONepeaHNKa CUHTE3Y CepOTO-
HiHy, y Nna3Mi KpoBi NauieHTIB i3 Nporpecyo4oo HecTabinb-
HOO CTEHOKapaieto Ta iHpapKkToM Miokapaa nepesuLLyBana
NoKasHWKN BiQHOCHO 340POBUX OOHOPIB Yy YOTMPWU Ta Tpu
pasu, BiANOBIgHO, TOAi SIK 32 YMOB XPOHi4YHOI cTabinbHOT
CTeHokapaii 3a3Hayanu nuwe TeHAEHLI A0 3POCTaHHA
KOHLeHTpaLii nnasmoBoro TpuntodaHy, ogHaK cepenHin

MOKa3HMK CTaTUCTUYHO HE BIiOPi3HABCH Bid NMoOKasHMKa Bia-
HOCHO 300pOoBMX OOHOpIB (Tabn. 2). MoHoamiHOokcMaasa
(KD 1.4.3.4) € NpUHLMMNOBO BAXITMBUM E€H3MMOM Yy MeTabo-
niamMi CepoTOHiHY, OCKinbku BiH 3abe3nedye kaTaboniam
OCTaHHbOrO LUMISIXOM OKWCHIOBANbHOro [e3aMiHyBaHHS.
OTpumaHi pesynbTati ceigvaThb, WO 3a pi3HUX dopm IXC
crnocTepiraetbCsi 3HMWXKeHHA MAQO akTMBHOCTI, O MOXe
OyTU NPMYMHOIO NIABULLEHOrO PiBHA CEPOTOHIHY B Nnasmi 3a
YMOB CepLeBO-CyAMHHOI NaTonoril.

Ta6nuys 2. KoHUueHTpaLis cepoTOHiHY Ta TpunTodaHny,
a TakoXX MoHoamiHokcuaasHa (MAO) akTuBHICTb y Nna3mi KpoBi NalieHTIB 3 ilueMiYHOO XBOpo6oIo cepus

RocnimkysaHa rpyna CepoTOHiH, TpuntodaH, MAO,
MKr/mn MKr/Mn yM. oA./Mr Ginka
HoHopw (n=20) 1,7+0,3 16,1+25 51+£20
XPpOHiYHa cTabinbHa cTeHokapais 11,1+ 2,6* 23,8+95 1,1+0,4%
nporpecytoya HectabinbHa cTeHokapais (n=28) 74+1,3" 65,6 + 12,8* 0,7+0,3*
iHcpapkT miokapaa (n=18) 19,7+ 5,1* 53,2+ 12,6* 1,2+0,6*

* — 3MiHM [OCTOBIPHI MOPIBHSIHO 3 NOKAa3HMKaMW Bi4HOCHO 340pOBUX AoHOpIB, p < 0,05.

Binkn Tennosoro woky (heatshockproteins — HSPs) —
BMCOKOKOHCEPBATMBHI BiNlk1, NOCUNEHWI CUHTES SIKUX B Op-
raHiami cnocrtepiraeTbCsi 3a HasiBHOCTi CTPECOBMX YMOB, 30-
Kpema npu roctpomy Ta XPOHIYHOMY 3ananeHHi. CborogHi
O0BEeOEeHO, L0 BOHM 3anyyeHi y naToreHe3 NpakTU4HO BCiX
3axXBOpHOBaHb, OfHaK iHpopMaLis Wo[o iX piBHSA 3a yMOB
IXC i MOXnMBOI poni y po3BUTKY Ta MpOrpecyBaHHi cepLEeBo-
CYOVHHUX YCKNaAHEeHb BiCYTHS.

Y xogdi npoBefeHuX OOChiAXeHb NOKasaHo, L0 piBEHb
HSP 60 3pocTaB y nauieHTiB i3 XpOHi4YHO CTabinbHo cTe-
HoKapAielo Ta iHpapkToM Miokapaa, ToAi SK 3a YMOB Mpo-
rpecyto4oi HecTabinbHOI CTeHoKapaii M1 He 3a3Havanu cTa-
TUCTMYHO 3HAYYLLMX 3MiH LIbOrO NMOKa3HMKa BiAHOCHO MoKas-
HMKa rpynu AoHopiB. Takox Gyno BCTAHOBMEHO, LIO BMICT
HSP 70 He 3miHloBaBCs y nnasmi nauieHTiB 3 IXC Hesane-
XKHO Big (oOpM 3aXBOPHOBaHHS i 3anuvLlaBcs Ha piBHi cepea-
HbOr0 MOKa3HWKa BiQHOCHO 3[10POBUX AOHOPIB (Tabn. 3).

Ta6nuys 3. PiBeHb 6inkiB Tennosoro woky (HSP 60 Ta HSP 70) y nna3mi KpoBi nauieHTiB 3 iluemMi4HOI0 XBOpoGoIO cepLs

[ocnigxyBsaHa rpyna HSP 60, HSP 70,
yM. oa./mn yMm. oa./mn
[oHopw (n=20) 0,202 + 0,021 0,168 + 0,020
XpOHi4yHa cTabinbHa cTteHokapgis (n=20) 0,257 + 0,030* 0,165 £ 0,016
nporpecyto4da HecTabinbHa cTeHokapais (n=28) 0,200 + 0,036 0,137 + 0,024
iHbapkT miokapaa (n=18) 0,259 + 0,024 0,157 + 0,010

* — 3MiHV OOCTOBIPHI MOPIBHAHO 3 NOKa3HUKaMW BiAHOCHO 340pOBUX AOHOPIB, p < 0,05.

BucHoBku. He3Baxatroum Ha HasiBHICTb BENMKOIO HAayKoO-
BOrO i NPaKTUYHOro Matepiany LWoAO0 OCHOBHUX NPUHLMMIB i
3aKOHOMipHOCTeN nepebiry ilemiyHoi xBopobu cepus, Oa-
raTto NUTaHb, MOB'A3aHKX i3 MEXaHI3MOM MaToreHesy Lboro
3aXBOPIOBAHHS, 3anualnTbca He3'dcoBaHUMWU. BuBYEHHSA
dakTopiB reHesdy Ta MexaHi3MiB nporpecyBaHHs cepLeBo-
CYOVHHUX CUMMTOMIB 3HA4YHOI MipOl BM3HAYa€e nepcrnek-
TMBM LWOAO0 (QOPMYBaHHS TOYHOrO MPOrHO3Y MOXIMBUX
yCKnagHeHb i HaBiTb CMEPTHOCTI. Y HawoMy AOCRifKEHHI
npoBeAeHO aHani3 AesKMX NOKa3HUKIB CUCTEMU reMoCTasy,
00MiHy TpunTodhaHy Ta GinkiB TENMOBOro LWOKY B CUpOBATLI
KpOBI NaLieHTiB 3 pisHuMu doopmamu IXC. YcTaHoBneHo nia-
BULLEHHSI PiBHA NpoTpoMOOoreHHWx megiatopiB (dakTopa
BinnebpaHaa, cepoToHiHy), Lo MOXe 06yMOBIOBaTH BUCO-
KWUIA pU3NK TPOMBOTUYHKX YCKNaAHEHb 3a YMOB CEpLIEBO-CY-
OWHHOI naTtonorii. 3HWXKEHHS NMOKa3HMKIB CniBBigHOLUEHHSI
t-PA/PAI-1 y nauienTiB 3 IXC € gokasom npurHivyeHoro ¢i6-
PVHONITUYHOrO NOTEHUiany nNnasmu Ta Moxe OyTu goaaTko-
BMM (bakTopom 3cyBy GanaHcy B cuctemi remoctasy B Oik
TpomboreHHoro. NokasaHo nigBuLeHHs BMicTy Ginka Ten-
nosoro woky, a came HPS 60, y nnasmi nauieHTiB 3 iluemiy-
Hoto xBopoboto cepus. OgHak Koro NoTeHLiiHa porb y po3-
BUTKY CepLieBO-CYAUHHOI naTonorii notpebye 4oaaTkoBOro
BMBYEHHA. OTpMMaHi Hamu pe3ynbTaTi MOXYTb CTaTh Niac-
TaBO A5 BOOCKOHANEHHs1 cTpaTerii 4iarHOCTMKM Ta MOHi-
TOpUHry edoekTmBHoCTI Tepanii IXC.
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CERTAIN PARAMETERS OF THE HEMOSTASIS SYSTEM AND INDICATORS OF TRYPTOPHANE METABOLISM
IN PATIENTS WITH CORONARY HEART DISEASE

The hemostasis system is a functional system of the human body that ensures the integrity and patency of the vessels of the circulatory system,
prevents or stops bleeding, and also maintains the blood in a liquid state. The functioning of the hemostasis system is based on a balanced interaction
between its coagulation, anticoagulation and fibrinolytic links. According to modern concepts, destabilization of hemovascular homeostasis is one
of the main mechanisms of progression of coronary heart disease (CHD). Biologically active substances of endogenous origin can play the role of
triggers of cardiovascular events, along with generally accepted factors such as obesity, arterial hypertension, diabetes and smoking. Establishing
the nature of genesis factors and mechanisms of progression of cardiovascular symptoms will increase the probability of a positive prognosis for
patients with coronary heart disease, which remains the most common cause of mortality in the population of developed countries. The purpose of
this study was to find out the level of some biologically active substances, including certain factors of the coagulation cascade and the fibrinolysis
system, parameters of tryptophan metabolism and heat shock proteins (namely, HPS 60 and HPS 70), in patients with coronary artery disease.
66 patients diagnosed with coronary artery disease took part in the study: 20 of them had a confirmed diagnosis of stable angina, 28 had progressive
unstable angina, and 18 had myocardial infarction. The results of the study showed an increased production of prothrombotic mediators (Willebrand
factor, serotonin) in the blood plasma of patients with coronary artery disease. An imbalance between tissue plasminogen activator and its inhibitor
was also noted, which may be the main factor in reducing the fibrinolytic potential of blood plasma under cardiovascular events. It has been
established that patients with coronary heart disease, regardless of the form of the disease, are characterized by a significant increase in the plasma
content of heat shock protein, namely HPS 60. Such results suggest the possible involvement of this protein in the pathological reactions that occur
during coronary heart disease, and the possibility of its use as a biomarker of cardiovascular diseases.

Keywords: myocardial infarction, angina, coronary heart di: , tissue pl inogen activator, plasminogen activator inhibitor, Willebrand
factor, serotonin, tryptophan, monoamine oxidase, heat shock proteins.
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MELATONIN IMPROVES SPLEEN HISTOPHYSIOLOGY
OF RATS WITH DIET-INDUCED OBESITY:
CHRONOTHERAPY APPROACH

One of the most commoncharacteristics of obesity is the development of a systemic low-grade proinflammatory state in the
entire body, including the immune organs. Spleen enlargement during diet-induced obesity contributes to the development of
chronic inflammation. Melatonin due to immunomodulatory, antioxidant, and systemic metabolic rolesis proposed to be an
effective candidate for anti-obesity therapy. As immune systems demonstrate pronounced circadian rhythmicity and immune cells
have different types of melatonin receptors, a chronotherapeutic approach might be used to choose the most effective regimes
of melatonin administration for the correction of obesity-provoked damage to the spleen. Thus, the main goal of our research
was the analysis of the rats' spleen histophysiology during the development of high-calorie diet-inducedobesity (HCD) after
administering melatonin daily at different times (morning or evening). Melatonin was administered by gavage for 7 weeks in the
dose of 30 mg/kg 1 h before lights-off (HCD ZT11, M ZT11, evening), or 1 h after lights-on (HCD ZT01, M ZT01, morning). For
assessment of the morpho-functional state of the spleen,the histopathological evaluation of red and white pulp in different zones
of lymphoid follicles was implemented. It was observed that obesity development wasaccompaniedbyhyperemia and vessel
dilatation in the red pulp; while in the white pulp notable deformation of germinal centers and destroyed borders between zones of
lymphoid follicles were noticed.The HCD group demonstrated a decrease inthe relative amount of the white pulp, the cross-
sectional area of germinal centers, and the cross-sectional area of the marginal zone; whilethe increased relative amount of red
pulp and marginal zone/germinal centers ratiowere detected compared with control. Melatonin administration to obese rats
increases the relative amount of the white pulp (HCD ZT11 group), the cross-sectional area of germinal centers (HCD ZT01 and
HCD ZT11 groups), and the cross-sectional area of the marginal zone (HCD ZT11 group), and decreasesmarginal zone/germinal
centers ratio (HCD ZT01 group) in comparison with the HCD group.Also,it was demonstrated that a choice between the morning
or evening regimes of the melatonin treatment did not affect the histophysiology of the spleen in rats receivingthe standard diet
(M ZT01 and M ZT11 groups). These results indicate that melatonin can be considered to be a powerful potential therapeutic agent

for the amelioration of obesity-induced changes in the spleen.

Keywords: chronobiology, high-calorie diet-induced obesity, white pulp, red pulp, germinal centers, marginal zone.

Introduction

The morphological state of the spleen depends on met-
abolic disorders in the body [16]. Previous studies have re-
ported an association between obesity and an enlarged
spleen or non-alcoholic fatty liver disease [3, 27]. The
spleen, as a peripheral organ of the immune system, reacts
to any immunopathological process in the body, ensures
erythrocyte homeostasis, participates in the effector phase
of the humoral immune response and hematopoiesis, me-
tabolism, and it is one of the main blood depots [14]. The
spleen affects glucose-induced insulin secretion from pan-
creatic islets and simultaneously modulates glucose toler-
ance [20]. Clinical data show that the incidence of diabetes
is significantly higher in patients who have undergone partial
pancreatectomy and splenectomy than in those who have
undergone pancreatectomy alone. In addition, the spleen af-
fects glucose homeostasis in obesity [11]. The mechanism
of splenomegaly in obesity remains unclear [26, 5, 12]. One
explanation for this is that the spleen, as an organ of the
immune system, can become enlarged as a result of the
chronic inflammation associated with obesity [2, 15]. This in-
flammatory state is the result of overproduction of inflamma-
tory mediators such as tumor necrosis factor-a and interleu-
kin-6 and a decrease in the production of anti-inflammatory
interleukin-10 [1, 13, 8, 9]. With an unbalanced diet and fail-
ure to maintain a healthy lifestyle, a significant decrease in
lymphocytes, coarsening of the reticular fibers of the spleen
stroma, and mucoid swelling of the vessel walls of the mi-
crocirculatory bed are observed [25]. An excess of dietary
unsaturated fatty acids in the range of 800-1200 mg/kg
causes significantoxidative stress, which provides a possi-
ble pathway for splenocyte apoptosis [22]. The degree of the
detected disruptionsdepends on the strength of the high-cal-
orie load and is a manifestation of the body's general

adaptive response. In addition, an increase in the mass of
the spleen, but a decrease in the cellularity of the organ, was
found in animals that consumed a high-calorie diet [17].
Splenomegaly without an increase in the cellularity in obe-
sity may be a consequence of a prolonged efferent phase
during the activation of antibody production [28, 24]. Such
indicators may indicate possible exhaustion of compensa-
tory and adaptive mechanisms and homeostatic imbalance.

Melatonin is a multifunctional signal molecule with a pro-
nounced immunomodulatory function [6]. The best-charac-
terisedfunction of melatonin is the regulation of the circadian
rhythm of the whole body. Desynchronosisof an endoge-
nous circadian rhythm with external conditions leads to de-
pression, decreased immunity, and, as a result, neurologi-
cal, autoimmune, metabolic, endocrine, and oncological dis-
eases. The basis of the development of all these diseases
is the failure of endocrine, neuronal, and immune regulatory
mechanisms. Currently, melatonin is receiving special atten-
tion in the search for effective and safe pharmacological cor-
rectors for pathological conditions, in particular, obesity [4].
Its biological significance is determined by its regulatory in-
fluence on all types of biological rhythms that underlie life
processes and occur at all levels of organization: cellular,
tissue, organ, and system. Melatonin regulates the rhythmic-
ity of lymphoid organs through the activation of nuclear and
membrane melatonin receptors [19].

Therefore, the main aim of our research was to analyze
the histophysiology of rat's spleen (relative amount of white
and red pulp, the cross-sectional area of germinal centers
and marginal zone in the white pulp, marginal zone/germi-
nal centers ratio) after different melatonin regiments
(morning and evening) during the development of high-cal-
orie-diet-induced obesity.

© Kalmukova O., Shemetova H., Skrypnyk N., Savchuk O., Dzerzhynsky M., 2022
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Materials and methods

White nonlinear male rats (11010 g bodyweight) were
used in this study. The light cycle was set as 12-h light and
12-h darkness, with lightsoff at 19:00 (ZT12). All experi-
ments on animals were carried out in compliance with the
international principles of the European Convention for the
Protection of Vertebrate Animals used for experimental and
other scientific purposes (European Convention, Strasburg,
1986), Article 26 of the Law of Ukraine "On the Protection of
Animals from Cruelty" (No.3447-1V, February 21, 2006) as
well as all norms of bioethics and biological safety.

During the first week, all animals received standard ro-
dent chow (15,3 kJ+g™"). Food and water were available ad
libitum. Animals were kept under standard housing condi-
tions with constant temperature and humidity. On the 8th
day, rats were divided into two groups: control animals re-
ceived standard chow for 13 weeks and experimental rats
received a high-calorie diet (HCD, 22,4 kJ+g™"), consisting of
standard chow (60 %), lard (10 %), eggs (10 %), sugar (9 %),
peanut (5 %), dry milk (5 %) and vegetable oil (1 %) [10]. To
confirm the development of obesity, animals were weighed
once a week until the average body weight gain reached a
significant difference of at least 30 %. Then animals were
classified as having normal body mass (Control) and those
with developed obesity (HCD). Rats of control and HCD
groups were further divided into three subgroups each:

1. Control group — no administration of melatonin, stand-
ard diet (15,3 kJ.g™");

2. Group M ZT01 — melatonin in the morning (1 hour af-
ter light-on), standard diet (15,3 kJ-g™");

3. Group M ZT11 — melatonin in the evening (1 hour be-
fore light-off), standard diet (15,3 kJ*g™");

4. Group HCD - no administration of melatonin, high-
calorie diet (22,4 kdJ-g™");

5. Group HCD ZT01 — melatonin in the morning (1 hour
after light-on), high-calorie diet (22,4 kJ+g™");

6. Group HCD ZT11 — melatonin in the evening (1 hour
before light-off), high-calorie diet (22,4 kJ+g™").

Melatonin (Alcon Biosciences, USA) was diluted in drink-
ing water and administered daily by single oral 2 mL gavage
in the dose of 30 mg/kg bodyweight. The administration
lasted for 7 weeks. Melatonin treatment began duringthe 6th
week after the inductionof obesity.

For the treatment of many experimental disease models [23]
and also in the case of clinical trials [7], the use of different
doses, methods, and times of melatonin administration had
been employed. In our experiments, the lowest dose of mel-
atonin was chosen, at which it was observed both a simulta-
neous decrease in weight gain of obese rats and the appear-
ance of beige adipocytes, as we are interested in obesity
therapy through beige and brown adipocyte activation.

On the last day of the experiment, the animals were sac-
rificed by carbon dioxide asphyxiation and decapitated, and
then spleen tissue samples were isolated and weighted.

A histopathological examination was performed to char-
acterize the morphology and functional status of the spleen.
Fragments of the spleen in the size of 5 x 5 mm were fixed
in 4% paraformaldehyde in 0.1 M phosphate buffer for 72 h,
dehydrated, embedded into the paraffin, and cut into 7 ym
sections according to standard procedures. Slides were
stained with Bemer'shematoxylin and eosin (H&E).

Quantitative determination was performed using digital
microphotographs. All captures were obtained using a light
microscope BX41 (Olympus, Japan) with a4xobjective lens.
Microphotographs were taken using the DP20 (Olympus,
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Japan) digital camera andanalyzed with the QuickPHOTO
MICRO software (Promicra, Czech Republic).

Histological evaluation was performed by accounting
relative amounti of the white and red pulp, the cross-sec-
tional area of germinal centers, and the marginal zone in
the white pulp, marginal zone/germinal centers ratio. All
parameters were measured with the ImagedJ software (Na-
tional Institutes of Health, USA). For morphometric anal-
yses we analyzed 2 slides from each experimental animal.
The number of observations for each group was 50 per
each morphometric parameter.

Statistical data analysis was performed using Statistica
6.0 (StatSoft, USA) and Microsoft Excel 2010 software (Mi-
crosoft, USA). The obtained data were presented as means
* standard error of the mean (SEM). The distribution of data
was assessed with the Shapiro-Wilk normality W-test. Since
the analyzed distributions were considered normal, we used
one-way ANOVA followed by Dunnet’s multiple comparison-
test to evaluate the differences between the means. The dif-
ferences with the probability of the null hypothesis of
p < 0.05 were considered significant.

Results and Discussion

Normally (Fig. 1, control group), the spleen of rats is
surrounded by a capsule of fibrous, dense connective tissue.
It has numerous elastic and collagen fibers, and smooth
muscle cells, and it is covered with mesothelium on the out-
side. Trabeculae depart from the capsule into the inner part
of the organ, and blood vessels are located in their thick-
ness. In the spleen of rats, two functional zones can be
clearly distinguished —the white and red pulp. The white pulp
is represented by spherical formations that are made of lym-
phocytes surrounding arterioles. Clusters of T-lymphocytes
form a periarteriolar lymphocyte sheath. B-lymphocytes
form lymphoid follicles that have clearly defined germinal
centers and mantle zone surrounded by a loosely distributed
marginal zone. The red pulp is made up of sinusoidal capil-
laries and splenic cords located between them, which anas-
tomose with each other. Splenic cords are clusters of blood
cells: erythrocytes, macrophage cells, and leukocytes, in-
cluding T- and B-lymphocytes at various stages of differen-
tiation. The stroma of the red pulp is made of reticular tissue.

In the HCD group (Fig. 1), the share of thewhite pulp
volume decreases, and the number of cells in it also de-
creases. The mass of the spleen increases as a result of
swelling of the parenchyma and the overfilling of vessels
with the blood. The number of secondary lymphoid nodules
in the part of the white pulp increases, and the germinal cen-
ters aredeformed; the boundaries between the zones be-
come unclear. In the organ parenchyma, the number of mac-
rophages, monocytes, plasma cells, and myeloid cells in-
creases. Macrophages are in an active state, the cytoplasm
is filled with remnants of cells, hemosiderin, and erythro-
cytes. In the red pulp of obese rats, vascular disorders man-
ifested in the form of swelling of the splenic stroma and
blood vessels, dilation of the marginal sinuses, and hypere-
mic blood vessels are also observed. In the white pulp, the
zone of lymphoid follicles becomes looser and lighter than
normal, and the number of lymphoid elements decreases
compared to the control group.

Melatonin administration to rats on a standard diet
(group M ZT01 and M ZT11) did not induce morphological
changes in any applied regime.

Melatonin administration to rats with a high-calorie diet
(group HCD ZT01 and HCD ZT11) improved the morpho-
logical state of both white and red pulp of the spleen: the
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amount of blood in the venous sinuses of the spleen de-
creased. Macrophages that are completely filled with he-
mosiderin and elements of other cells are less common.
The nuclear envelope of lymphocytes hadclear contours,

but the cytoplasm was clear and did not contain organelles
with any signs of swelling and damage. The lumen of the
capillaries wasnarrowed, and the wall of the venous si-
nuses was not thickened.

Fig. 1. Microphotographs of rats' spleen sections: H&E staining; scale bar: 50 ym

Morphometric analysis of the obtained data demon-
strated a significant decrease by 34% inthe relative amount
of the white pulp in obese rats after consuming a high-calorie
diet compared to the control (Fig. 2). Melatonin administra-
tion during HCD-induced obesity prevented the decrease of
the relative amount of the white pulp after evening interven-
tions: this parameter increased by 22% in comparison to the

Relative amount of white pulp
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HCD group, but it was still low in comparison with control —
in HCD ZT11it decreased by 20% and in the HCD ZT01- by
26%. The relative amount of the white pulp in the M ZT01
and M ZT11 groups did not differ from the control value.
There was no observed difference in the relative amount of
white pulpbetween morning and evening regimes of melato-
nin administration in the HCD ZT11 and HCD ZT01 groups.
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Fig. 2. Relative amount of the white and red pulp of the spleen

Notes:

* — difference between the control and experimental groups are significant at p < 0.05;

# — difference between the HCD group and HCD ZT01, HCD ZT11 is significant at p < 0.05;

The number of observations for each group was 50

HCD-induced development of obesity resulted in a sig-
nificant increaseof the relative amount of the red pulp by
19%, compared to the control group (Fig. 2). High level of
the relative amount of red pulp also was fixed in HCD ZT01:
itincreased by 14% in comparison with the control group.
The relative amount of the red pulp in the HCD ZT11 group
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hasan intermediate value: its level did not significantly differ
from the control and the HCD groups. Also, morning and
evening melatonin regimes did not influence the relative
amount of the red pulp in rats consuming a standard diet.
There was no observed difference in the relative amount of
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red pulpbetween morning and evening regimes of melatonin
administration in the HCD ZT11 and HCD ZT01 groups.
Also, morphometric parameters of lymphoid follicles
have been analyzed (Fig. 3). The cross-sectional area of
germinal centers in obese rats (HCD group) decreased by
64% in comparison with the control. Administration of mela-
tonin in both morning and evening regimes to rats with HCD
(groups HCD ZT01 and HCD ZT11) resulted in a 2-fold

The cross-sectional area of germinal centers
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increasein the cross-sectional area of germinal centers in
comparison with the HCD group. Their values reached the
control level. Interestingly, the morning administration of
melatonin to rats with a standard diet increasedthe cross-
sectional area of germinal centers by 74% in comparison
with the control, while evening administration of melatonin to
rats without obesity did not influence this parameter.
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Fig. 3. Morphometric parameters of lymphoid follicles: the cross-sectional area of germinal centers,
the cross-sectional area of marginal zone, and marginal zone/germinal centers ratio

Notes:

* — difference between the control and experimental groups is significant at p < 0.05;

# — difference between the HCD group and HCD ZT01, HCD ZT11 is significant at p < 0.05;

The number of observations for each group was 50

The cross-sectional area of the marginal zone (Fig. 3) in
the HCD group increased by 46% comparedto the control.
In case of the cross-sectional area of the marginal zone dif-
ferent regimes of melatonin administration affected obese
rats differently: the morning regime (HCD ZTO01 group) did
not causeany rise in this parameter, but it is still decreased
by 47% in comparison with the control. However, the even-
ing regime of melatonin administration induced an increase
of the cross-sectional area of the marginal zone by 66%
compared with HCD and did not significantly differ from the
control. Like in the case with the cross-sectional area of ger-
minal centers, the morning regime of melatonin administra-
tion affected the cross-sectional area of the marginal zone
in rats with a standard diet (group M ZT01) increasing it by
63% comparedto the control. Evening melatonin administra-
tion regimes did not affectthecross-sectional area of the
marginal zone in rats consuming a standard diet.

The marginal zone/germinal centers ratio parameter
(Fig. 3) demonstrates interrelationbetween the different
zones of lymphoid follicles and changes in a mixed popula-
tion with T-, B- lymphocytes and macrophages. The
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marginal zone/germinal centers ratio in the HCD group in-
creased 2.3-fold compared to the control. The morning re-
gime of melatonin administration in obese rats decreased
the marginal zone/germinal centers ratio by 67% compared
with the HCD group and reached control level. Whilethe
marginal zone/germinal centers ratioin the HCD ZT11 group
has an intermediate value: its level did not significantly differ
from both control and the HCD group.Also, morning and
evening melatonin regimes did not affectthemarginal
zone/germinal centers ratio in rats consuming a standard
diet (groups M ZT01 and M ZT11).There was no observed
significant difference in the marginal zone/germinal centers
ratiobetween morning and evening regimes of melatonin ad-
ministration in the HCD ZT11 and HCD ZT01 groups.

Taking into account the results of morphological obser-
vations and morphometric analysis, melatonin was shown to
have the corrective effect on the spleen histophysiologydur-
ing obesity development without any negative influence on
the spleen of rats consuming a standard diet.

The potential mechanisms of melatonin action on ame-
lioration spleen function during obesity development are
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reduction of oxidative stress and activation of splenocyte
proliferation [21]. Lymphocyte proliferation can be trans-
duced throughmembrane melatonin receptors Mel1b,
Mel1c, andnucleus receptors RORa/RORYy for T-lympho-
cyte; and throughmembrane melatonin receptors Mel1a,
Mel1c, and RORa B-lymphocyte proliferation [29]. In
Alloxan-model of diabetes it was shown that melatonin
(melatonin treatment intraperitoneally at a dose of
10mg/kg™" per day for 15 days) inhibited the production of
proinflammatory cytokines (serum IL-1B) and tissue mast
cell accumulation in the spleen, thymus, and lymph node [18].
Also melatonin induces M2 polarization of macrophages
through STAT3 pathway [30].

Conclusions

Daily administration of exogenous melatonin (30 mg/kg
for 7 weeks) in different regimes improves the morpho-func-
tional state of the spleen during high-calorie diet-induced
obesity that manifested in decreased swelling of the paren-
chyma and hyperemic blood vessels in the red pulp, reor-
ganization of the different zones of white pulp. This effect
developswithout any pathological influence on the spleen of
rats that consumed a standard diet. It is shown that the
morning administration of melatonin induced the cross-sec-
tional area of the germinal center and the marginal zone/ger-
minal centers ratio wererestored back to the control values;
whileevening administration inducedchanges of the cross-
sectional area of the marginal zone, the cross-sectional area
of the germinal center, and the relative amount of the white
pulp as compared with obese rats.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

MEJTATOHIH NOKPALLYE MNCTO®I3IONONI0 CENEIIHKA LLYPIB 3 IHAYKOBAHUM OXUPIHHAM:
XPOHOTEPAMNEBTUYHUWX NMIAXIAQ

OOHielo 3 03HaK OXKUPIHHSI € PO38UMOK CUCIMEMHO20 Npo3anasbH020 cMaHy HU3bKO20 PieHs1 8 YCbOMY Op2aHi3Mi, 8K/Tl04aroYU op2aHu iMyHHOT
cucmemu. 36inbWeHHs1 cenesiHKu Npu O)XXUpiHHI, CPUYUHEHOMY COXUB8aHHSIM 8UCOKOKaJlopiliHoi diemu, cripusie po3e8umKy XPOHIYHO20 3arnaseHHs:.
MenamoHiH 3aedsiku iMyHoMoOyntoro4ili, aHmuokcudaHmHili ma Mmema6onidHili pyHKUisIM eeaxaembcsi egpekmueHuUM kaHOudamom Ansi mepanii
OXUPIHHS. OCKiNbKU iMyHHa cucmema 0eMOHCMpPY€E UPaXeHy YupkadHy pummivyHicms, a iMyHHI knimuHu Maroms pi3Hi munu peyenmopie menamo-
HiHY, mo xpoHomepanesmuy4Hulii nidxid moxe 6ymu eukopucmaHul npu eu6opi Halibinbw eghekmueHUX pexxumie eeedeHHs1 Me/lamoHiHy Onsl Kope-
KUil nowkKodxeHHs1 cenesiHKu, Cripo80oKo8aHO20 OXUPIHHSIM. OmiKe, 0OCHOBHOI Memoto Haulo20 docidxeHHs1 6ye aHani3 2icmogbizionoaii cenesiHku
wypie nio 4ac po3eUMKyY OXXUPIHHSI, CIPUYUHEHO20 CTOXXUB8aHHSIM 8UcoKokKaslopiliHoi diemu (HCD) nicns pizHo2o 4Yacy (epaHyi a6o eseyepi) ujo0eH-
HO20 88edeHHs1 MenlamoHiHy. MenamoHiH eeodunu Yyepe3 30HO npomsizoM 7 mukHie y 4o3i 30 me/ke 3a 1 200uHy 0o euMKHeHHs1 ceimna (HCD ZT11,
M ZT11, eeyip) abo 4epe3 1 200uHy nicns eknro4eHHsi ceimna (HCD ZT01, M ZT01, paHok). ns oyiHroeaHHs1 MOpghoyHKYiOHanIbHO20 cmaHy cese-
3iHKU eukopucmoeyeanu namozicmosnoziyHe AocnidKeHHs1 Y4epP8OHOI, 6inoi NynbLNU ma pi3HUX 30H JiMgoiOHUX ¢hosiKysie. PO38UMOK OXUPIHHSI
cynpoeodxyeaecs 2inepemieto i po3wupeHHsIM cyOuUH 4ep8OHOI Nynbnu; Npu yboMmy 8 6inili nynbni 3a3Havanu nomimdy deghopmayito 3apodKosux
yeHnmpie i 3pyliHoeaHi Mexi Mixx 30Hamu nimghoidHux ¢ponikynie. Fpyna HCD demMoHcmpye 3MeHWeHHs1 8i0HOCHOI Kinbkocmi 6inoi nynbnu, nnowi
nonepeyHoz20 rnepepisy 3apodKo8UX YyeHmpis i nowi nonepe4Ho20 nepepisy kpaliogoi 30HU Npu Nideuw,eHHi 8iOHOCHOI KiflbKocmi 4ep8oHOT nynbLnu
ma cnieeiOHoweHHs1 kpalioeoi 30HU / 3apOOKOBUX UYeHmpie NopieHsIHO 3 KOHMposieM. BeeOeHHs1 MefTamoHiHy ujypam 3 OXXUPIHHSIM 36inbuwye 8iOHO-
CHY Kinbkicmb 6inoi nynbnu (2pyna HCD ZT11), nnowy nonepeyHozo nepepisy 3apodkosux yeHmpis (2pynu HCD ZT01 i HCD ZT11), nnowy nonepe-
4YHO20 nepepisy Kpalioeoi 30HU (2pyna HCD ZT11) i 3meHwye cniesiOHOWeHHs1 Map2iHasIbHOI 30HU / 3apodkoeux yenmpie (2pyna HCD ZT01) nopie-
HsiHO i3 e2pynoto HCD. Takox nikyeaHHs1 MeslamoHiHOM epaHyi abo eeeyvepi He enuHyso Ha 2icmodgbizionozito cenesiHku wypie, sIKi cnoxueanu
cmaHdapmHy diemy (epynu M ZT01 ma M ZT11). Lji pe3aynbomamu noka3anu, Wo MesamoHiH MO)XHa po3anisidamu siK nomy)xHuli nomeHyiliHuii mepa-
neemuyHuli 3aci6 0nsi 8i0HOBIeHHS1 3MiH cene3iHKU, CIPUYUHeHUX OXUPIHHSIM.

Knrouyoei cnoea: xpoHob6ionoezis, iHAykoeaHe saucokokasiopiliHoto diemoro oxxupiHHs, 6ina nynsna, YepeoHa nynbna, 2epMiHamueHi yeHmpu,
Kpatiosa 30Ha.
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