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METUNYYTNIMBUA KOMETHUU ENEKTPO®OPE3:
AHANI3 PIBHA METUNYBAHHSA OAHK Y KNITUHAX FMIOBJIACTOMM NIHII T98G

Memunyymnueuli komemHul enekmpogpope3 6azyembcsi Ha oyiHyi pieHs miepayii QHK i3 iHOugidyanbHuUX nli30o8aHUX KimuH
nicnsi 06pobku MemunYyymaueumu pecmpukma3samu. Bukopucmoeyroyu modesnbHi nimgpoyumu nroduHu, 6yno nidi6paHo onmu-
MasibHy KoMbiHauyiro iHmeHcueHocmi pecmpukyii i Yacy eniekmpoghope3y ma 3anponoHoeaHo Hoeuli nioxid Ansi oyiHeaHHs eio-
HocHoz2o pieHsi memunyeaHHs1 [JHK. Byno ecmaHoesneHo, wo 8 Kynbmypi knimuH ninii T98G, siki akmueHo dinsambcs, pieeHb Me-
munyeaHHs € eUUWUM, HiX y KnimuH, wyo nepebyesaromb Ha cmadii G1 knimuHHozo yukny. lpu ybomy pieeHb memunyeaHHs HK
y G1-knimuHax niHii T98G docmoeipHoO HuXx4uli MopieHsIHO 3 sliM¢hoyumamu.

Knroyoei cnoea: 3nosikicHo-mpaHcghopmoeaHi knimuHu aniobnacmomu, nimgpoyumu nepughepuyHoi kpoesi TroAuHU, Memuily-

eaHHs1 [JHK, komemHul enekmpodghopes.

Bcryn. Ha cborogHi 3aranbHoBigoMUI ToW @akT, Lo
NPUYMHOLO 3MOSAKICHOT TpaHcdopmalii KNiTUH € He nuLie Ha-
ABHICTb MyTaLil y reHax, sKi 3afisiHi y po3BUTKY OHKonaTto-
norin, ane i 3miHu piBHs ekcnpecii unx redis [1, 2]. Lli 3miHu
YyacTo noB'sA3aHi 3 moaynauismn meTunysaHHa OHK y npo-
MoTopax abo 3 nopylleHHsiM meTunyBaHHst OHK knituxHm B
uinomy [3-5]. 3miHa 3aranbHoro piBHa MeTunyBaHHsA OHK
4acTo CYNPOBOAXYE 3MiHY PYHKLIOHaNbHOI aKTUBHOCTI Kni-
TWH i HaBNaku: akTMBaLis TPaHCKPUNLINHUX npoLeciB, Npo-
Lecu getepMiHaLii Ta andepeHuiadii kKniTuH nos's3aHi 3 oa-
HOM enireHeTM4yHo Moaudikauieto [5-6]. Omxe, Takui no-
KasHUK, sk meTunyBaHHsa OHK moxe OyTy ogHMM i3 mapke-
piB, WO BKa3ye Ha NeBHi nepTypbaLii y HopManbHOMY goyH-
KUiOHYBaHHI KNITUHW.

Ons aHanisy sik NOBHOTEHOMHOTO PiBHSI METWUNyBaHHS
OHK, Tak i okpemMux nokycie po3pobreHo A0CTaTHbO BMCO-
KOTOYHUMX nigxoais: metunuytnuea MNP, GicynbdiTHe cek-
BEHYBaHHS, METOAN CEKBEHYBAHHS HOBOIO MOKOSiHHA TOLLIO
[6-7]. OgHMM 3i 3pyyHMX NigXoA4iB A0 aHari3y NMOBHOreHo-
MHoro piBHA MeTunyBaHHA [ HK Ha piBHi i30onboBaHMX KNiTUH
€ MoaudikoBaHa MeToauKa KOMETHOro enektpodopesy
(enektpodopesy OHK i3onboBaHWX KMiTUH) — METUNYYTNK-
BUA KOMETHUIN enekTpodopes [8-9]. Y Takin mogudikauii
iMmmobinisoBaHi Ha NOBEPXHI NPeaMETHOro ckna y Lwapi ara-
po3u KNiTMHW NigaarTbCca nNpoueaypi BUCOKOCOSbLOBOrO fli-
3UCYy 3 METOK OTPUMAaHHA TaK 3BaHWX HYKNeoifiB — CTPykK-
Typ, N036aBNeHUX KITiITUHHUX MeMOGpaH i BinbocTi Ginkis.
OCHOBHOI0 CKNagoBOO HyKIeoiaiB € HagcnipanisoBaHi NeTni
OHK, npueaHaHri oo 3anuwkosmx GiNnKoBUX enemMeHTiB sapa
[10]. Micns nisncy oTpumaHi Hykneoigu nigaaTecs 06pobui
METUMYYTNMBMMU pecTpukTaszamn. 3a3sryan BUKOPUCTOBY-
I0Tb i30LWN30MepHi eHaoHykneasun Hpall i Mspl, aki matoTb
O[HAKOBWUI CanT PeCTPUKLIi, NPOTe IXHA 34aTHICTb po3ni3Ha-
BaTW MOro 3anexuTb Big METUIyBaHHSA HAsIBHUX Y NOCnigo-
BHOCTIi LIMTO3MHIB: HEMETUITbOBaHI CalnTW yNi3HaKTLCA N PO-
3pi3aloTbCsa pecTpukTasow Hpall, metnunboBaHi — Mspl [11—
13]. Micns pecTpukuii Hykneoigu nigaaTbCa enekTpodo-
pesy, nig 4ac skoro dparmeHTn OHK abo penakcoBaHi
netni, oTpumMaHi B pe3ynbTaTi pPecTpuKLii, MirpyloTb A0
aHody, YTBOPKOKOYM  chneundivyHnin - enekTpodopeTUdHMm
TPEK, SKUA Ha3MBaETbCA XBOCTOM koMeTu [14—15]. Bigno-
BiJHO, BifJHOCHA KiNbKIiCTb BHECEHUX TIEH YU iHLLOI €HOOHY-
kneasoto pospusiB [HK BigoOpaxaTtnme piBeHb meTuny-
BaHHst IHK y KniTMHax: Yum BULLMIA Liel piBeHb, TUM Ginb-
woto byae pisHuUs y BigHOCHIN kinbkocTi AHK, wo mirpye y
XBICT KOMETM i3 HykneoifiB, obpobneHnx pecTpukTasow
Hpall, nopiBHsHO 3 06pobneHumn Mspl [8, 12, 13].

HesBaxatoum Ha NpocToTy MeToay, NOro 4OCTaTHLO BUCOKY
YYTNUBICTb i MOXNMBICTb OLiHIOBATW piBEHb METUNyBaHHA
IOHK B okpeMilt KniTWHi, iCHYI0Tb pO36iXKHOCTI Y METOAUYHUX
nigxogax 4O METUNYYTNIMBOro KOMETHOro enekTpodopesy:
BMKOPUCTOBYIOTLCS Pi3HWIA Yac iHKyGauii npenaparis 3 pec-
TPUKTa3amu, Pi3Hi KOHUEHTpaLii (bepMeHTiB i Yac enekTpo-
dopeay, a geski AOCNigHNKM B3arasni NPONOHYTb BUKOPUC-
TOBYBATW NULLE OAHY i3 OBOX i30LLIM30MEPHMX PECTPUKTA3
[8, 16]. Po3BixxHOCTi MiX pi3HMMM NPOTOKONaMN METUMYYT-
NIMBOro KOMETHOIO eNeKTPodope3y CTOCYOTLCS TakoX i Ma-
TeMaTU4HMX NigxoAiB A0 BCTaHOBMEHHSA BiQHOCHOrO piBHSA
MeTunysaHHs [HK Ha OCHOBI OTpMMaHnX ekcnepuMeHTanb-
HUX gaHux [12, 13, 16].

Buxogsauwm i3 BuwesasHayeHoro, metoo poboTtu 6yno
ajanTyBaTy METOAMKY METUIYYTMMBOIrO KOMETHOro ene-
KTpodope3y Ta 3a [4OMNOMOro [aHOro nigxody OuiHUTK
piBeHb MeTunyBaHHsa OHK y kniTuHax rniobnactomu niHii
T98G y kynbTypi i3 cMpoBaTKolo Ta Ha 6e3cpoBaTKOBOMY
cepenoBuLLi.

MaTtepianu Ta meTtoamu pocnigxeHb. OmpumaHHs U
KynbmusygaHHs KiimuH. Y BocnigxeHHi 6ynu BUKopucTaHi
nimcounTn nepundepinHoi KpoBi NIOANHW Ta KNITUHW rNio-
6nactomu niHii T98G. NlimcdoumnTn i3ontoBanm i3 UinbHOT
KpOBi 340pPOBMX [OHOPIB-40OPOBOMBLLUIB LUMASIXOM 30Halb-
HOro UeHTpudyryBaHHs y rpagieHTi winbHocTi Histopaque
1077 (Sigma, CLLA) [14, 17]. OTpuMaHy CycneH3ito KNiTuH
OBiYi BigMMBanNu y po3ynHi XeHkca i BUKOpUCTOBYyBanu Ans
noganblumx gocnimkeHb. Knitnuu ninii T98G kynbTuBy-
Banu y cepeposuwi DMEM i3 10-BigcoTkoBolo cuposar-
Kol Ta aHTubioTmkamu npw 37° C. [na 3HMKEHHS piBHA
TPaHCKPUNUINHMUX NpoLeciB Y UUX KNiTUHaX Ta iXHbOro ape-
WTYy Ha cTagii G1 kniTMHHOro uMkny 6yno NPoBeAEHO iHKY-
bauilo y uboMy camomy cepefoBuLli 6e3 cupoBaTku npo-
Tarom 24 roguH [18-19].

lpuzomyesaHHs npenapamie i 06pobka KnimuH pecmpu-
kma3zamu. Onsa immo6inizauii KniTMH Ha NoBepxHi NpeaMeT-
Horo ckrna, 50 Mkn cycneHsii kniTuH amiwysanu 3i 100 mkn
1 % nerkonnaekoi araposu (Sigma, CLUA) Ta HaHOoCUNN Ha
nonepeaHbLo NiarotoBaHe npegmMeTHe ckno. llicna nonime-
pu3sauii arapo3un oTpMMaHi npenapaTn-cnanam nepeHocunm
B nisytounn 6ydpep (2,5 M NaCl, 0,01 M Tris-HCI (pH 8,0),
0,1 MNazEDTA ta 1 % Triton X-100), wo 6yB 0xonoaxeHuin
o 4° C. Nianc nposoamnu npotarom obu 3a temneparypu
4° C. Micnsa nisucy cnangu Ogivi BigMmBanu Big nisyro4oro
6ydepy B 6ydepi TBE (0,089 M Tris, 0,089 M H3BOs Ta
0,002 M Naz:EDTA, pH 7,5). O6pobky Hykneoigis i3oLm-

© Ceupupgosa K., AdbaHacbeBa K., 2023
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30MepHMMUK pecTpukTasamm Hpall i Mspl (cant pectpukuii
5'-CCGG-3') npoBogunu y BOMOriv kamepi, nonepeaHbo Bu-
TpumaBlin npenapatu y 6ydepi ana pectpukuii (5 MM
TrisHCI, 5 MM NaCl 0,5 mM B-mepkantoetaHon, 1 MM
NazEDTA, pH 7,5) npotarom 10 xB. Ha npenapatu, npuro-
TOBaHi ogHo4acHo, HaHocuny 100 MKN pO34MHY pecTpuK-
Ta3u Hpall abo Mspl y pectpukuinHomy 6ydepi ONE
(EURX, Monbwa) 3 aktmneHicTio 1,5 abo 2,5 oguHuupb aktu-
BHOCTi (U), HaKpmMBanv NOKPUBHMUM CKITOM i BUTPUMYBarm
npotarom 55 xB 3a 37° C. [Ina npunuMHeHHsA peakuii pe-
CTpuKUii npenapaTtu Biammueanu y Oydepi TBE i ogpasy
npoBoAuNu enexkTpodopes.

Enekmpocpopes, sizyanisauis ma aHania npenapamis.
KomeTHui enektpochopes npoeoannu B 6ydepi TBE 3a Te-
Mnepatypu 4° C (HanpyXeHiCTb enekTpuyHoro nons —
1 B/cm, cuna ctpymy 300 mA) npotarom 5, 7 Ta 15 xs. Micnsa
3aKiH4YeHHs enekTpodopesy cnanau dapbysanu dpnyopec-
ueHTHUM GapeHukoMm DAPI (4',6-diamidino-2-phenylindole,
Sigma, CLUA) y koHueHTpauii 1,3 Mkr/mn i aHanisyBanu nig
noMiHecueHTHUM mikpockonom ("JIOMO", CPCP). Bunag-
koBo 06paHi 100 HykneoigiB doTorpadyBann kameporo
Canon EOS 1000 D, nig'eaHaHoto oo Mikpockona, Ta aHani-
3yBanu 306paXeHHs1 3a AONOMOroK NporpaMHoro 3abeane-
yeHHA TriTek Comet Score TM. BusHauyanu BigHOCHUIA

ymicT AHK y XBOCTi KOMETU K BiAHOLLUEHHS PiBHSA iIHTEHCUB-
HoCTi doriyopecLeHLii y XBOCTi KOMETU 4O CYMapHOi iIHTeHCU-
BHOCTi doriyopecueHLii.

BigHocHun piBeHb MmeTunysaHHa JHK ouiHoBanu, BUKo-

pucToByoUM chopmyny:

(MI(M+H)) x 100 %,

e M — vactka OHK, Wwo mMicTutbCs y XBOCTax KOMET nicns
06po6kn Hykneoigie pectpuktasoto Mspl, H — vyactka OHK,
LLIO po3TalloBaHa y XBOCTax KOMeT nicrsi 06pobku HyKneoi-
AiB pecTpukTasoto Hpall (06uaBa 3HaueHHs ABMsTL COO0H
ouiHeHy B ekcnepumeHTi YacTky AHK miHyc K — vactky OHK
Yy XBOCTax KOHTPOSbHMX HEOBPOOBIEHNX peCTPUKTa3amMm Ko-
meT). CTaTucTnyHy o6pobKy pe3ynbTaTiB NPOBOAMIN METO-
Jamu BapiauifiHOi CTaTUCTUKN.

Pe3synbTaTtn Ta ix 06roBopeHHsi. TvnoBsi 306paxeHHs
KOMEeT, OTPUMaHUX i3 Hykneoigis NiMoUMTIB i KIITUH NiHii
T98G po Ta nicnsa obpobku pecTpukTazamu, NnpeacTaBneHi
Ha puc. 1. ina agantauii METOAMKN METUNYYTANBOrO KOMe-
THOro enekTpodopesy BUKOPUCTOBYBANW HYKMeoiam, oTpu-
MaHi i3 nimgoumnTiB NepmudepiiHOT KPOBI MIOAMHU, SIK OAHY i3
HanBIinbLL 3pyYHUX Moaenen Ans NpoBeaeHHs enekTpodo-
pesy AHK isonsoBaHux knituH [13, 16, 17].

Puc. 1. TunogBi 306paxeHHA KoMeT nicna 5-Tu xB enekTpodope3y HykneoiaiB nimdouumTiB (a, 6) i kniTuH niHii T98G (B, r)
Ao (a, B) Ta nicna (6, r) ix o6po6ku pectpukrasoro Mspl

Byno BcTaHOBMEHO, WO NpoBeAeHHst enekTpodopesy
npotarom 15 xB nicnst 06pobku HykneoigiB pecTpukTazamm
sk 3 akTmBHicTio 1,5 U, Taki 2,5 U, € HaaTo TpuBanum, ocki-
NbKM 3a Lei Yyac oTpMMaHi B pesynbTaTi pecTpuKLii cpar-
MeHTn OHK BcTuraoTe MirpyBaTv Ha BenuKy BigCTaHb Bif
ronosu komeTu (ocHoBHOT YacTuHu HK HykneoiaiB) i aHani3
Takvx npenapariB € HEMOXIMBMM. 3MEHLLEHHS Yacy ernekT-
podopeTnyHoro npobiry Ao 7 Ta 5 XxB JO3BONUIO OTpUMaTh
KOMeTW 3i 3Ha4yHuM BigHOCHUM ymictom OHK y xBocTi, npu-
YOMY He3arnexHO Bif akTMBHOCTI pecTpukTasun. Yactka AHK,
Lo MirpyBana y XBiCT KOMETU Ha N'sATi XBUIMWHI enekTpodo-
pe3y, ctaHoBuna 84,5+ 4 % i 94,3 £ 0,9 % nicna o6pobku
Hykneoigis pectpuktazamu Hpall Ta Mspl BignosigHo Ta
852+1,7% i 91,9 +1,9% nicna cemMu XBUMMH eneKkTpo-
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opesy ans Hykneoigis, obpobneHnx BiaNoOBIAHUMKU pecT-
pvkTasamn. Ha ocHoBi oTpumaHux daHux Oyno pospaxo-
BaHO BiAHOCHWUI piBeHb MeTunysaHHA OHK y nimdounTtax
(puc. 2). OTpumaHi pe3ynbTaTu BKasylTb Ha Te, Lo B MiM-
dounTax binblie NONOBUHM CalTIB PECTPUKLIT € METUNBLO-
BaHMMM, a OTXe BiAHOCHUI piBeHb MeTunyBaHHa OHK go-
CTaTHbO BUCOKWUWA, LLIO € TUMOBOK XapakTEPUCTUKOK TepMi-
HanbHO AudepeHuinoBaHNX KNiTUH. YpaxoBylun BiacyT-
HICTb CTATUCTUYHO 3HAYYLUMX Pi3HULb MK pesynbTatamu,
OTpMMaHMMM B yCix BapiaHTax koMGiHaLi Yacy enektpodo-
pesy I aKTUBHOCTI pECTPUKTA3, Y NOAanbLUMX AOCHiIAKEHHAX
MM BUKOPMCTOBYBAnu Taki napameTpu ang MeTUn4yTnmBoro
KOMETHOro enektpodopesy: 4ac enekTpodopeTUHHOro
npobiry — 5 xB, akTUBHICTb pecTpukTas — 1,5 U.
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Puc. 2. BigHocHui piBeHb MeTunyBaHHa [JHK y nimcoumTax, ouiHeHUn 3a JONOMOrolo KOMeTHOro enekrpodopesy:
1 — aKTUBHiCTb pecTpukTasu 1,5U, enekrpocopes 5 XB; 2 — akTUBHICTb pecTpukTasu 1,5 U, enektpocopes 7 xB;
3 — akTMBHicTb pecTpukTasm 2,5 U, enektpodope3s 5 xB; 4 — akTUBHiCTb pecTpukTasm 2,5 U, enektpocopes 7 xB

3a3Ha4mmo, WO Ans po3paxyHKy BiQHOCHOTO PiBHSA Me-
TunyBaHHA [HK Ha ocHOBiI OoTpuMaHWX 3HayeHb BiAcOTKa
OHK y xBocTax komeT nicns enekrpodopesy Hykneoiais,
06pobneHunx pectpukraszamum Hpall (BnisHae HemeTUNbOBaHiI
cantun) Ta Mspl (BnisHae MeTuNbOBaHi canTn), Hamm Gyno
3aCTOCOBaAHO HOBUI MiaXxid, kM Ba3yeTbCA Ha OUiHUI Big-
HoweHHs1 BiacoTky [IHK y xBocTax komeT nicnst o6pobku pe-
cTpuktasoro Mspl go cymapHoro Bigcotky OHK y xBocTax
KOMeT nicnsi obpobku Hykneoigie oboma pecTpukTazamu
(amB. MaTepianu i meTogu gocnigxeHb). Y nonepegHix po-
60Tax, NPUCBAYEHUX PO3POOLI METUNYYTNIMBOrO KOMETHOIO
enekTpodopesy, 6yno 3anpornoHoBaHO Aekinbka BapiaHTiB
po3paxyHkKiB BiAHOCHOro piBHA MeTunyBaHHs [HK, koxHuiA
i3 aKnx goctatHbo AuckycinHmnm [10, 11]. Sokpema, ogHa i3
HaBedeHnx popmyn Ansa po3paxyHKy AoCnigXyBaHOro na-
pameTpa [10] He Aae MOXIMBOCTI OUIHUTU piBEHb METUIY-
BaHHs [HK y gianasoHi Big 0 go 100 %, a oTpumaHi undpu
iHoQji cTaHOBNATL BiA'eMHi 3Ha4YeHHs. O4YeBMAHO, LLIO Taki Nig-
XOOW He 3af0BOSIbHSATL BUMOMM CTOCOBHO OL|iHIOBaHHSA Me-
TunysaHHs JHK. 3anponoHoBaHa Hamu chopmyna [03BONUTb
BM3HAYaTU BiQHOCHUI piBeHb MeTunyBaHHA OHK y kniTuHax
3a wkanoto Big 0 0o 100 %, Wwo nonerwmTb NOPIBHAHHA pe-
3ynbTaTiB, OTPMMAHNX Y Pi3HNX EKCNIEPUMEHTAX.

PesynbTatn aHanisy piBHa metunysaHHa OHK y knitu-
Hax ninii rmiobnactomn T98G nogaHo Ha pwuc. 3. Mop-

70

donoria koMeT nicns 06pobkn HykNeoifiB pecTpukrasamm
3aranom Oyna nogibHowo 00 niMdouUTapHUX HyKneoiais
(puc. 1), npote 4actka HK y xBocTax koMeT nicns enekr-
podhopesy Hykneoiais, 06pobneHnx pecTpukTasamu, 6yna
HWXYe, HiX y nimcouuTis, i He nepesuysana 60 %. Y ky-
NbTYpi KNiTWH, WO aKTUBHO LinNATbCH, piBEHb METUNYBaHHSA
OHK 6yB BuLmi, HiX y nimgouunTax, i ctaHosmB 58,3 +2,8 %
(puc. 3). Llen nokasHuk 30iraeTbCa 3 OTPUMAHMMU 3HAYEH-
HAMM piBHA MeTunyeBaHHA [OHK y kniTMHax kapumHoOMM
HepG2, HaBepgeHumu y gocnimkeHHi Lewies 3i cniBaBTo-
pamu [10]. 3ayBaxwumo, Wo B 060X BMNagKax iaeTbcst Npo
ACUHXPOHHY KyNnbTypy, sika NpeacTaBneHa KniTuHaMu Ha pi-
3HUX CTadisAX KMNITUHHOrO UMKy, Y TOMY YMCAi A KNiTUHaAMM
Ha cTagii G2 i pisHux ctagisx mitody. Moxnuneo, came Has-
BHICTIO TaKUX KNITUH NOSICHIOETLCS AELLO0 BULLWUIA, HIX Y MiM-
douuTiB, piBeHb MeTunyBaHHsa [HK. 3 iHworo 6oky, remime-
TUNbOBaHI B pe3ynbTati pennikauii OHK ginsHkm reHomy
(kniTKHW Ha S-basi KNITUHHOTO LMKITY) MakoTb TAKOX AaBaTtu
CBill BHECOK Y 3HWXKEHHSI 3aranbHOro piBHS MEeTWUIyBaHHS
OHK'y kynbTypi KNiTH. TakuM YMHOM, 3HAYEHHSA OOCNIAXY-
BaHOro NoKasHWKa 3anexaTume Bif TOro, KU BIACOTOK Ki-
TWMH nepebyBae Ha Til YW iHWIA cTadii KNITMHHOrO UMKNy.
Y Takomy BuNagky aHania pisHa metunysaHHa OHK BapTo
NPOBOAUTM Ha CMHXPOHI30BaHMX KynbTypax.

Puc. 3. BigHocHun piBeHb meTunyBaHHsa OHK y nimcdouurax (1), kynbTypi knitud T98G, wo akTMBHO AinATbeA (2),
Ta knituHax T98G, 3aapewToBaHux Ha G1-cTagii KNiTUHHOrO LMKNY

ISSN 1728-2748
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Mpu cuHxpoHisauii kynbTypy knituH T98G Ta iXHbOMY
apewTi Ha cTagii G1 KNITUHHOIO LMKy OUiHEHWI piBEHb Me-
TunyBaHHs OHK ctaHoBuB 47,8 + 1,9 %, WO OOCTOBIPHO HU-
XK4e, HK NOKasHUKKW, XapakTepHi K Ans niMgouunTie, Tak i
Ansa nponidpepytoyoi KynbTypu knituH T98G. OcobnmeicTio
L€l KMNITUHHOT NiHii € Te, WO BOHa Ma€e XxapakTepUCTUKM SK
HopManbHWX (apewT Ha ctagii G1 kniTMHHOro uukny B 6e3-
CUPOBATKOBOMY CeEpefoBuLLi), TaK i 3MosiKicHO-TpaHcdop-
MOBaHMX KIiTUH (He3aneXHicTb Big NPUKPINeHHs Oo noee-
PXHi KynbTypanbHOro nocyay Ta 3gaTHICTb A0 HeCKiHY4eHOoil
KinbkocTi noginie) [20, 21]. Takum YNHOM, 3HMKEHWIA NOPIB-
HAHO i3 NiMdounTamu piBeHb MeTunysaHHsa OHK y umx kni-
TUHaX € O4iKyBaHUM st PaKOBUX KNITUH, Y SKMX aKTUBHICTb
TPaHCKpUNUiIAHUX NpoLeciB 3a3Buyan Buule. 3 iHWOro 6oky,
Len piBeHb 3anunLaeTbCcs 4OCTaTHbO BUCOKMUM, OCKIMNbKN Kri-
TuHW niHii T98G npw apewTi Ha cTagii G1 KNITUHHOrO LKy
YaCTKOBO NMPU3YMUHSIKOTb CUHTETUYHY aKTUBHICTb | BUXOOATb
Ha cTauioHapHy a3y pocTy.

BucHoBKM. Y uii poboTi Mn aganTyBanu Meton MeTun-
YyTNMBOro KOMETHOro ernekTpodopesy i 06panu HanbinbLu
yoanui npoTOKOMN ANl BU3HAYEHHS PIiBHA METUNyBaHHSA
OHK. Byno BCTaHOBMEHO, WO B KyNbTypi KNiTUH niHii T98G,
AKi aKTUBHO LiNATLCS, PiBEHb METUMYBAHHS € BULLUM, HIX Y
KNiTWH, Wwo nepebysatoTb Ha ctagii G1 KNiTMHHOrO LMKIy.
MopiBHsHO 3 miMdoumTammn piBeHb MeTunysaHHa [OHK vy
G1-kniTnHax niHii T98G JOCTOBIPHO HMKYUIA.
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Mopsika. ABTOpU BUCMNOBMIOKTL LUMPY BAAYHICTb KaHA. Gion.
Hayk, cTapLl. HayK. cniBpo6., cniBpoGiTHWKY Biaainy dyHKuioHanb-
HOT reHoMmikn [HCTUTYTY MonekynsipHoi Gionorii i reHeTukn HAHY
Ceprito Kponueky 3a HagaHi knituHu ninii T98G.

METHYLSENSITIVE COMET ASSAY:
ANALYSIS OF DNA METHYLATION LEVEL IN GLIOBLASTOMA T98G CELL LINE

Methylsensitive comet electrophoresis is based on the assessment of the level of DNA migration from individual lysed cells after treatment with
methylsensitive restriction enzymes. Using model human lymphocytes, the optimal combination of restriction intensity and electrophoresis time was
selected and a new approach for evaluating the relative level of DNA methylation was proposed. It was established that in the cells of the T98G culture,
which are actively proliferating, the level of methylation is higher than in cells arrested at the G1 phase of the cell cycle. At the same time, the level of

DNA methylation in G1 cells of the T98G line is significantly lower compared to lymphocytes.
Keywords: glioblastoma cancer cells, human peripheral blood lymphocytes, DNA methylation, comet assay.

ISSN 1728-2748



~10 ~

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

UDC 612.82/83:612.821
DOI 10.17721/1728.2748.2023.92.10-16

Ya. Subin, Master Student,
M. Chernykh, PhD Student,
l. Zyma, Dr. Sci. (Biol.)

ESC "Institute of Biology and Medicine", Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

EEG DYNAMICS DURING EMOTIONAL FACE PERCEPTION
UNDER THE VARIABLE PRESENTATION TIME: AN ERP STUDY

The face is one of the most significant elements of non-verbal communication, which allows humans to quickly get various
types of information about a specific person. Therefore, understanding facial expressions is crucial for normal social interaction,
as it lets us determine the emotional states and intentions of other people. The purpose of this study was to investigate the influence
of the time factor on the happy and fearful facial expression processing, reflected in the structure and components of event-related
potentials (ERPs). Accordingly, two parallel examinations were conducted with stimulus presentation periods of 500 ms and 100 ms. For
the obtained data, two separate analyses (for happy and fearful faces) of the averaged ERP curves corresponding to different
stimulus exposure periods were executed. The initial stages of processing (EPN, P3) demonstrated that the difference in the
structure and amplitude characteristics of the ERP curve was not that significant, but it demonstrated an increase in attentional
resources involvement and a strengthening of the primary emotional analysis. Later ERP components (N400, LPP) showed a more
compelling difference, that reflected the complexity of semantic decoding, subsequent conscious evaluation, and processes
related to decision-making. Thus, reducing the time of image display from 500 ms to 100 ms created the expected difficulties for
the perception and processing of emotional facial expressions and was not sufficient for the normal course of these processes.

Keywords: ERP; EPN; P3; N400; LPP.

Introduction. The face is one of the most significant
elements of nonverbal communication for human social
interactions, that allows the rapid acquisition of various
featuresof a specific person (age, gender, race, etc.) and the
environment (for example, a frightened facial expression
warns others of potential danger). Also, understanding facial
expressions is crucial for determining the psycho-emotional
states and intentions of other people. Therefore, the
exchange of such social cues is important for the
implementation of almost all life aspects [1]. Since the
processing of emotional stimuli tends to be relatively fast
and dynamic, the method of event-related potentials (ERPs)
is one of the best options for studying these processes.

ERPs reflect bioelectrical activity in response to a certain
event (sensory, motor, cognitive), which is the total
activation of excitatory and inhibitory postsynaptic potentials
generated by large populations of neurons. They are
determined by averaging a certain number of segments of
EEG data recorded with synchronization to a specific
stimulus or event presentation. This method provides the
best temporal resolution, but it lacks precision in terms of
spatial characteristics [2].

Several parameters are distinguished in the ERP
curve: latency (time indicator of the response appearance
after exposure to a stimulus), amplitude (magnitude of
voltage change), polarity (positive or negative), and
topographic distribution over the scalp (for example,
frontal, occipital). This activity is identified and named
due to its polarity, approximate latency, topography
(P300, early posterior negativity), as well as functional
value (error-related negativity) [3].

Early posterior negativity (EPN) occurs within 250-350 ms,
reaching its maximum in the occipital cortical regions. EPNs
are usually associated with mechanisms of attention and
emotional processing [4]. Thus, the influence of emotional
facial expressions compared to neutral ones on the EPN
modulation was demonstrated [5].

P300 (or P3) is a positive component of the ERP curve,
which occurs approximately 300 ms after the presentation
of the stimulus and can be registered in all areas of the
cerebral cortex. It is usually recorded during task
performance (for example, the oddball paradigm) in which
frequent (standard) and rare (target) stimuli are presented,
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with larger amplitude values generated in response to the
latter [6]. It can also be divided into two separate
components — P3a and P3b. The first usually has a
frontocentral localization and is an indicator of attention
distribution. The second is characterized by a parietal-
temporal distribution and is associated with memory-
related processes [7].

The N400 (or N400-like activity) usually has a centro-
parietal localization, reaching its peak around 400 ms.
Originally described in linguistic research in the context of
match/mismatch, it has also been found in paradigms that
used faces as stimulus material. It is considered an index of
general semantic evaluation [8].

The late positive potential (LPP) occurs in the time
interval of 300—700 ms after the stimulus onset. In general,
theamplitude increase effect was demonstrated for
emotional stimuli (pleasant and unpleasant) compared to
neutral ones [9]. In particular, this was observed for images
of facial expressions (for example, happy and scared) [10].
However, some studies did not confirm similar effects on
LPP amplitude values [11].

The purpose of this study was to investigate and assess
the influence of the presentation time factor on the
processing of happy and scared facial expressions,
reflected in the structure and corresponding components of
the ERP curve. Therefore, two separate examinations were
conducted with different stimulus presentation periods:
1)500 ms - often used and sufficient for normal
discrimination and processing of facial expressions;
2) 100 ms — common exposure time reduced by five times.

Materials and Methods. 20 healthy volunteer
subjects (10 men and 10 women;) aged 18 to 25 years
participated in this study. EEG data recording was carried
out using the hardware and software complex
"Neurocom" (Kharkiv Aerospace Institute, Kharkiv,
Ukraine). Electrodes were placed on the scalp according
to the "10-20 %" international system.

The experimental structure was designed as follows: a
resting state recording with eyes closed (3 min), a resting
state recording with eyes open (3 min), and the presentation
of two series of images (10 min each), during which the
recording of cognitive ERPs was performed. The first series
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consisted of neutral and positive facial expressions, while
the second series included neutral and negative stimuli.

The stimuli were selected from KDEF (Karolinska
Directed Emotional Faces) [12] and FACES [13]
databases. Valence-neutral photographs of human faces
were selected as frequent stimuli, while positively- and
negatively-valenced images (pictures of happy and fearful
faces, respectively) were selected as rare stimuli. Passive
oddball was chosen as a paradigm. The participants were
instructed to "look carefully at the screen and perceive
images of people's faces". Averaged ERP curves were
constructed based on reactions to rare stimuli (emotional
facial expressions), and frequent stimuli served to create a
neutral context for a better understanding of the
demonstrated emotional stimuli.

Rare stimuli were displayed in a random pattern with a
probability of 30 % (tracking period — 3 s. + 30 %, number
of stimuli in one series — 100). The examinees were divided
into two equal groups (10/10). In the first demonstration
series of the stimulus material, the exposure periodwas
500 ms (4 men, 6 women; group 1), while in the second —
100 ms (6 men, 4 women; group 2). Processing of the
obtained data was performed using the EEGLAB software
package based on the MATLAB environment. Segments of
150 ms before and 1000 ms after stimulus onset were
selected for analysis. Filtering (0.1 — 30 Hz), detection and
rejection of artifact components, ICA analysis, and
subsequent visualization of the obtained averaged ERP
curves were performed.

Two statistical comparisons were performed: the first
was between the averaged ERP curves corresponding to
the presentation of 100 ms and 500 ms stimuli for rare
positive stimuli; the second involved rare negative stimuli,
respectively. The FDR criterion was used to identify areas
with statistically significant amplitude differences (p < 0.05).

Results and Discussion. Comparison of responses to
different valenced stimuli (happy and fearful facial
expressions) of different presentation periods generally
demonstrated a difference in the ERP structure and
component amplitude values. A stimulus presentation time
of 500 ms is widely used in research with emotional
material and is quite sufficient for normal perception and
cognitive processing. In contrast, reducing the display time
to 100 ms created difficulties (lack of time) for these
processes, which is reflected in the ERP structure
differences mentioned above.

When the stimuli were exposed for 500 ms (group 1), in
the time interval of 200-350 ms, positive components of the
ERP appeared generally all over the scalp, with maximum
values (Fig. 1) in the frontocentral cortical areas
(Fz/Cz = +4.7 uV). Within these latencies (250-330 ms), a
negative component also arose, reaching its maximum in
the occipital regions (O1=-6.5uV for happy faces).
Therefore, taking into account the temporal-occipital
distribution (Fig. 2) and the latent period of the component,
it is quite possible to assume that this wave corresponds to
early posterior negativity (EPN).
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It is known that EPN is a negative wave that occurs
within 250-350 ms and has a temporal-occipital distribution
[4]. This component is not always associated with a specific
peak, and sometimes is defined as a decrease in amplitude
within a certain time interval [14]. In our studies, EPN
enhancement was demonstrated for both fearful and happy
facial expressions compared to neutral ones. Therefore, it
can be assumed that this component reflects the
enhancement of emotional processing localized in the
occipitotemporal areas (possibly including the superior
temporal sulcus, occipital and fusiform gyri) [15]. However,
such an EPN effect was also observed while displaying
images of complex visual scenes and words [16]. This
evidence gives reason to consider this component as one of
the indices of general (non-specific) processing of emotions,
which can reflect the use of attentional resources concerning
visual stimuli (including emotional information integration
and attention direction) [17].

Initially, the positive activity described above appears in
the occipital areas, reaching its peak magnitude around
245 ms. In some studies, within the specified latencies, the
P250 component  (modulated by emotional facial
expressions) is distinguished, which has a parieto-occipital
(sometimes occipitotemporal) distribution [18] and a separate
early frontocentral P3, or is indicated in general as an early
P3 (P3a) [19]. Considering also the occurrence of EPN in this
interval, it is quite difficult to distinguish these two components
separately. In addition, in the studyby Schupp et al. [17], EPN
was described as a negative deviation in the temporal-
occipital areas and a corresponding change in polarity in the
frontocentral regions.

P3a itself reaches its maximum in the mid-frontocentral
areas and is considered a marker of directed attention [20].
Pieces of evidence of attentional redistribution have been
associated with the detection of feature changes for rare
stimuli; a greater discrepancy to standard stimuli will
correspond to an increase in amplitude [6]. Given the above,
activity in the time interval of 200-350 ms may correspond
to the direction and use of attentional resources for rare (and
at the same time motivationally important stimuli) to facilitate
further stages of processing, as well as the initial stage of
emotional determination of the stimulus.

In the case of the 100 ms presentation period (group 2),
in the time interval of 200-350 ms similar ERP pattern was
observed. Positive components were also most pronounced
in the mid-frontocentral areas (Cz =5 puV). In general,
withinthe two groups, the difference between the amplitude
value did not exceed 1 pV or was equal. In group 2, the EPN
had a similar localization, reaching its maximum in the
occipital areas (Fig.2), demonstrating an increase in
amplitude compared to group 1 (so the largest difference
was 2.8 uV in the O2 lead for fearful faces perception). In
this case, the increase in amplitude characteristics can be
explained by an increase in attentional resources for
stimulus processing and an enhancement of emotional
processing. However, no statistically significant differences
were found within 200—-350 ms latency.
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Fig. 1. Averaged ERP curves for fearful face perception in the left frontal area (A)
and for happy face perception in the right frontal area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

found in the occipital areas (02 = -11.2 pV, happy faces).
Also, the largest difference for this component was
observed in the occipital zones (3-5pV in two
comparisons). However, it should be noted that when
comparing data from the parietal and occipital areas of two

The ERP data of group 1 demonstrated the appearance
of the negative component N 400, which reached its peak
at 400 ms latency and was observed generally over the
cortex. The largest amplitude values were registered in the
occipital (02 =-7.9 pV, happy faces) and parietal (-5 pV)

zones (Figs. 2 and 3). For group 2, the N 400 was most
pronounced in the occipital, parietal, and posterior
temporal regions. The highest amplitude values were
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subject groups, the first group demonstratedthe maximum
amplitude values within 400 ms, while group 2 reached the
peak values at about 500 ms (Fig. 3).
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Fig. 2. Averaged ERP curves for happy face perception in the left occipital area (A)
and for fearful face perception in the right occipital area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

It is considered [8] that N40O is a general index of
semantic search in available conceptual knowledge related
to any meaningful stimulus. This search depends on
already stored representations and received search
signals created by the previous context. Thus, an increase
in amplitude will correspond to an increase in semantic
processing [21]. Taking this into account, the increase in
N400 amplitude values in occipital areas during 100 ms
stimulipresentation may correspond to the difficulties of
obtaining the meaning of emotions in the created neutral
context. It may also imply the recruitment of additional
semantic information to compensate for the short duration
of the stimulus presentation. In addition, 500 ms
presentation is apparently a sufficient time interval for
normal perception and discrimination of emotional stimuli,
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that is, it allows to involve a larger number of areas for
semantic decoding and evaluation of information.

Next, in the time interval of 400—-800 ms, a late positive
potential (LPP) appeared in group 1, with maximum
amplitude values (Fig. 1) in the frontocentral areas
(Fz=3.5uV — happy faces). It is believed [9] that LPP
characteristics are significantly affected by the emotional
aspect of stimuli. Therefore, emotional stimuli cause an
increase in amplitude values compared to neutral ones (for
example, facial expressions, images of complex scenes,
and gestures). It has been hypothesized that the LPP
reflects the processing of emotion-eliciting stimuli, including
conscious appraisal, enhancedworking memory encoding,
and decision-making processes [17].
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Fig. 3. Averaged ERP curves for happy face perception in the left parietal area (A)
and for fearful face perception in the right parietal area (B), when presented in a neutral context.
The response of group 1 is marked with a dotted black line, and the response of group 2 is marked with a grey line.
Theregions of statistically significant difference are marked with black color (p < 0.05)

It can be seen that for group 2, the LPP lasts within 350—
700 ms and reaches the maximum amplitude values (Fig. 1)
in the frontal areas (F3 = 4.6 pV — fearful faces). Overall, the
two comparisons showed higher LPP amplitude values for
group 2, especially for fearful faces. Although LPP is usually
described in the context of parieto-occipital localization, the
importance of the prefrontal cortex in the generation of this
component has also been demonstrated [22]. For example,
areas of the ventrolateral and dorsomedial prefrontal cortex
are associated with executive functions that reflect the
processes of obtaining relevant knowledge about the stimulus
and choosing among competing interpretations [23].
In general, in subjects of group 2, this component
appeared earlier and lasted less than in group 1. The
dependence of LPP time frames on the duration of stimulus
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presentation was also described in some studies: it can be
expressed during the entire period of the stimulus
presentation and several hundred milliseconds after [9].
Also, at the beginning of this component, in several cortical
areas (F7, F3, F4, Fz, F8, C3, C4, Cz, T3, T4), statistically
significant differences were found in the interval of 350-400
ms only for fearful faces. In these scalp areas, a positive
peak occurred within the indicated latency (Fig. 1), while for
group 1, N400 activity was observed (semantic analysis).
Other statistically significant differences were found
between 700-800 ms for fearful (Fp1, Fp2, F3, F4, Fz, F8,
Cz, C4) and happy facial expressions (F7, F3, Fz, F4, C3,
Cz, C4, T3). Similar differences were found in two
comparisons in occipital regions within 650-900 ms (Fig. 1).
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Conclusions

Thus, reducing the image presentation time from 500 ms
to 100 ms created the expected difficulties for the perception
and processing of emotional facial expressions (500 ms vs
100 ms) andthe 100 ms period is not sufficient for the normal
course of these processes. At the initial stages of ERP
(EPN, P3), the difference in the structure and amplitude
characteristics was not so noticeable, but it demonstrates an
increase in attentional resources and an increase in primary
emotional processing. Later stages (N400, LPP) showed a
more pronounced difference, which was manifested in the
complexity of semantic decoding, subsequent conscious
evaluation, and processes related to decision-making.
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KuiBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LLeByeHka, KuiB, YkpaiHa

OWHAMIKA EET Mg YAC CNPUNHATTA EMOLI,IVIHVI).(. BUPA3IB OBJINY
3A PIBHOIO YACY OEMOHCTPALIII:
AOCHNIMKEHHA NOTEHUIANIB, MOB'A3AHUX I3 MOAIAMU

06nu44s € 00HUM i3 Hali3HaYyHiwux enemeHmie HeaepbanbHOI KOMyHikayil, sikuli do3eosisie weudko ompumamu pisHoMaHimHi munu iHgpopmay,ii
npo KoHKpemHy ocoby. ToMy po3ymiHHSI eupa3ie 0b6nuYy4si Ma€ eupiwanbHe 3Ha4eHHs1 0511 HOpManbHOI coyianbHoi 83aemModii, ockinbku do3eosnsie
eu3Hayamu emMoUyiliHi cmaHu ma Hamipu iHwux ntodeli. Memoto ybo2o docnidxeHHs1 6yn0 eusYyeHHs1 ennuesy ¢hakmopy Yacy Ha rnpoyec o6pobku
wacnueux i HansikaHux eupasie o6nuy. Leli ennue eidob6paxxeHuli y cmpykmypi ma eidnoeiOHuUx nokasHukax nomeHuyiasnie, noe'asaHux i3 nodismu
(). Ans ybo2o 6yno nposedeHo dea napasnesibHi o6cmexeHHs1 i3 4acom demMoHcmpauii cmumynie 500 mc ma 100 mc. [inss ompumaHux 0aHuUXx
6yno 30ilicHeHo Aea oKpemux rMopieHsAHHSA (Ona wacnueux i Ans HansikaHux o6nu4) ycepedHeHux kpueux I Mix pi3HUM Yacom ekcrno3uyii cmu-
mynie. [loyamkoei emanu 06po6ku (EPN, P3) demoHcmpyromb, wo 8ioMiHHicmb y cmpykmypi ma amnnimydHux xapakmepucmuk 1111 He € Hacmi-
JNIbKU nMomimHoro, npome eKa3ye Ha 36iNbweHHs1 pecypcie yea2u ma rnocusieHHs1 NepeuHHo20 eMouyiliHo2o aHanisy. MisHiwi x emanu (N400, LPP)
niomeepdxyromsb 3Ha4HiWy pi3HUUI, WO eUsIBIIEMbCS Y CKIadHOWax ceMaHmMu4yHo20 0ekodyeaHHsl, modasnbuwoi ceidomMoi oyiHKu ma npoyecax,
noe's3aHux i3 npuliHAMmMsM piweHb. TakuM YUHOM, CKOPOYEHHs1 Yacy deMoHcmpauyii 306paxeHb 8id 500 do 100 Mmc cmeoptoe oyikyeaHi mpyOdHow,i
ons cnpuliHamms i 06po6ku eMoyiliHux eupa3sie o61uy ma He € docmamHim A1n1s1 HopmasnbHo20 nepebiay yux npoyecie.
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PATHOGENETIC ASPECTS OF POST-COVID-19 COMPLICATIONS
IN THE BLOOD COAGULATION SYSTEM

Disorders in the blood coagulation system play an important role in the pathogenesis and clinical manifestations of COVID-19
both during the acute phase of the disease and in the post-infectious period. The coronavirus disease is associated with a high
risk of thrombotic and thromboembolic complications due to a prolonged state of hypercoagulation, which can occur even after
recovery. Despite the extremely large amount of scientific data, the pathophysiological aspects of SARS-CoV-2 infection remain
uncertain. The presented review summarizes the results of modern scientific research on pathological changes in the hemostasis
system that can occur against the background of the transferred coronavirus disease, and considers the main mechanisms of the
development of COVID-19-associated coagulopathies. From scientometric databases PubMed, Scopus, Web of science,
ScienceDirect, Google Scholar, etc. the latest publications devoted to this issue were selected and analyzed. Hemostasis is a
dynamic, tightly regulated process which is provided by three closely interrelated links: coagulation, anticoagulation, and
fibrinolytic. Activation of the coagulation cascade and the platelet link of hemostasis, which causes a prothrombotic state in
convalescent patients with COVID-19, is primarily associated with dysregulation of the renin-angiotensin system, a long-term local
and systemic inflammatory reaction, an increase in the immune response due to the release of pro-inflammatory mediators that
interact with platelets, stimulate the expression of tissue factor, suppress the fibrinolytic system and lead to dysfunction of the
endothelial cells of blood vessels, triggering thrombogenesis. Understanding the pathogenetic mechanisms of post-COVID-19
complications and monitoring the main markers of hemostasis (level of D-dimer, fibrinogen, prothrombin time, platelet count, etc.)
are important for the timely detection of disorders in the blood coagulation system, and make it possible, depending on the clinical

situation, to take timely measures for their correction at various stages of pathology development.
Keywords: COVID-19, SARS-CoV-2 infection, post-COVID-19 complications, coagulopathy, hemostasis, thrombosis.

The coronavirus disease (Coronavirus disease 2019,
COVID-19), which is caused by the SARS-CoV-2 virus, has
so far affected more than 674 million people and caused
more than 6.8 million deaths worldwide, and their number
continues to grow steadily. The clinical manifestations of
COVID-19 can be diverse, including both mild and moderate
symptoms of the disease of the upper respiratory tract, and
life-threatening pathological conditions of many organs.
Among the most common causes of serious consequences
of SARS-CoV-2 infection, which cause serious concern, are
respiratory failure, excessive inflammatory response (the
so-called cytokine storm), activation of coagulation,
thrombosis, disseminated intravascular coagulation
(DIC-syndrome), as well as multiorgan syndrome.
Subsequently, it turned out that the transfer of the acute
phase of the coronavirus disease does not yet mean complete
recovery, but is only its initial stage, the severity of which
depends on the prevalence of lesions and biological changes
in various organs. According to the World Health
Organization, the average period from the onset of COVID-19
to clinical recovery in mild cases is about 14 days, in case of
severe or critical disease, more than 3-6 weeks. However, in
many infected people, the symptoms of COVID-19 in the form
of various clinical manifestations can persist much longer and
last more than 6 months, in some cases, exacerbations are
possible [1]. That is why the terms "Long-COVID-19", which
implies the persistence of the SARS-CoV-2 virus, and "Post-
COVID-19" when it comes to the preservation of the
pathological state of the organism after the transferred
coronavirus disease in the absence of an identified pathogen
are increasingly used in the professional literature.

Despite the extremely large number of scientific
research devoted to the study of pathogenetic mechanisms
of SARS-CoV-2 infection and multisystemic aspects of its
acute form, a clear understanding of the distant
consequences of COVID-19 requires clarification and
careful analysis [2, 3]. As is known, structural and functional
disorders of many organ systems are often observed in
patients who have recovered from the coronavirus disease,
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including respiratory, cardiovascular, nervous, digestive,
and musculoskeletal [4]. Pathological symptoms include
rapid fatigue, shortness of breath, headache, arthralgia,
myalgia, chronic cardiovascular complications such as heart
failure, arrhythmia, atherosclerosis, pulmonary hypertension,
arterial aneurysms, etc. [5, 6]. Post-COVID-19 syndrome is
a pathological condition that can occur even after a mild or
asymptomatic course of the disease caused by SARS-CoV-2
infection, and its development cannot be predicted in
advance. Prediction of the degree of severity, duration, risk
of complications after suffering from COVID-19 remains a
relevant issue, especially in patients with comorbid
conditions. Individuals with cardiovascular disease,
cerebrovascular disease, chronic obstructive pulmonary
disease, asthma, chronic renal failure, diabetes, metabolic
syndrome, and obesity have the greatest risk of negative
consequences of SARS-CoV-2 infection [7, 8]. Among the
possible reasons for the development of complications are
the persistence of the pathogen, oxygen insufficiency, a
long-term state of hyperinflammation, autoimmune
processes, individual characteristics of the patient's immune
response, impaired endothelial functions and increased
blood coagulation (hypercoagulation), which leads to
numerous micro- and macrothrombosis. According to
various sources, complications in the form of arterial and
venous thrombosis occur in almost 30% of patients with
confirmed COVID-19 and post-COVID-19 syndrome [9, 10].

Disturbances in the hemostasis system play an
important role in the pathogenesis and clinical
manifestations of COVID-19 both during the acute phase of
the disease and in the post-infectious period [11, 12]. As you
know, hemostasis is a dynamic, well-regulated process that
is ensured by several interconnected structural and
functional components, which include the procoagulant link
(blood coagulation factors), the anticoagulant link and the
fibrinolytic system. Among the most common pathologies of
the blood coagulation system in patients who have
undergone SARS-CoV-2 infection, there is both latent
hypercoagulation, which can be established only by the
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results of laboratory tests, and severe clinical manifestations
in the form of pulmonary embolism, deep vein thrombosis,
ischemic stroke, myocardial infarction, DIC-syndrome [13].
However, in the majority of published scientific studies
devoted to violations in the hemostasis system during the
coronavirus disease, attention is mainly focused on
thrombohemorrhagic complications during the acute phase
of the disease [14]. Only recently, isolated reports on the
features of the functioning of the hemostasis system in the
post-infectious period began to appear [15-17]. Fan, et al.
showed that in convalescent patients with COVID-19, even
in the absence of significant risk factors for the development
of cardiovascular diseases and thromboembolic
complications, persistent hypercoagulation, endotheliopathy,
and inflammation may persist for a year after recovery [18].
There is an assumption that similar consequences of
COVID-19 in some cases can lead to the development of
acute thrombosis, even after a long period of time from the
first clinical manifestations of the coronavirus disease [19].
According to studies by Patel, et al., in convalescent patients
with confirmed SARS-CoV-2 infection who did not receive
anticoagulant therapy, 30 days after hospitalization, the
cumulative frequency of thrombosis (including arterial and
venous thrombosis) was 2.5%, while the frequency clinically
significant bleeding — 3.6% [20].

As is known, at the basis of intravascular thrombus
formation, regardless of where it occurs — in the arteries,
veins or microcirculatory channel, there are pathological
factors that combine into the classic Virchow's triad: a
change in blood properties (a state of hypercoagulation),
damage to the endothelium of the vascular wall, and
impaired blood flow (stasis). Usually, the etiology of
coagulopathies is associated with  microvascular
dysfunction, the interaction of leukocytes and platelets,
increased expression of tissue factors in response to the
release of inflammatory mediators, and also with the effect
of hypoxia on the regulation of transcription factors [21]. To
explain the occurrence of coagulopathy caused by COVID-19,
various mechanisms are considered, among which the so-
called "immunothrombosis" is identified as one of the key
ones, the basis of which is the close relationship between
inflammation and the blood coagulation system. In
particular, systemic inflammation can induce coagulation
and cause the development of pathological venous and
arterial thrombosis, which, in turn, directly increase the
inflammatory process [22].

Structural and functional disorders of the endothelium,
which lines the inner surface of blood vessels and ensures
their reactivity, play a key role in the development of
coagulopathy and activation of the thrombus formation
process associated with the coronavirus disease. Persistent
endothelial injury is quite common in convalescent patients
with COVID-19 [23]. Damage to the vascular endothelium
can be caused by a long-term effect of a viral infection,
chronic hypoxia, and an inflammatory reaction. Endothelial
cells, as it turned out, are the most susceptible to infection
with the SARS-CoV 2 virus. Vascular endothelial cells and
pericytes, like pulmonary alveolocytes, to a more significant
extent, compared to cells of many extrapulmonary tissues,
express the angiotensin-converting enzyme-2 (ACE-2),
which the coronavirus uses as the main receptor to enter the
cell, causing its damage [24]. In vitro experimental studies,
in which a soluble form of human recombinant ACE-2
(hrsACE-2) was used, proved that SARS-CoV 2 can directly
infect cells of blood vessels [25]. The causative agent of
COVID-19 by binding to the receptor, modulates its activity,
which leads to a decrease in the expression of ACE-2 in
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tissues, and a further increase in the level of its endogenous
substrate — angiotensin Il  (AT-ll), which exhibits
vasoconstrictor, inflammatory, procoagulant and
antifibrinolytic effects [26]. In general, the renin-angiotensin
system (RAS) is one of the main regulatory systems of the
oragnism, which participates in the regulation of many
physiological and pathophysiological states, is responsible
for homeostatic processes, such as vascular tone, blood
pressure level, water-electrolyte balance, etc.

Direct damage by the SARS-CoV-2 virus to endothelial
cells or the indirect action of the infectious agent through
immune reactions, cytokines and free radicals leads
to their dysfunction and the development of
endotheliitis/endotheliopathy [27]. The main manifestations
of endothelial dysfunction are a violation of the bioavailability
of nitric oxide, an increase in the synthesis and expression
of procoagulant factors by endothelial cells, in particular
tissue factor (TF), von Willebrand factor (VWF), selectin,
plasminogen activator inhibitor (PAI-1), endothelin-1.
Violation of the functions of endothelial cells is accompanied
by a change in their properties to procoagulant due to
damage to the glycocalyx and loss of anticoagulant proteins;
inflammation of the inner lining of blood vessels, which
complicates blood flow and may result in microcirculation
disorders; narrowing of blood vessels with subsequent
development of ischemia of organs, inflammation and
swelling of tissues; as well as pathological changes in the
blood coagulation system, which are manifested by a
decrease in the number of platelets (thrombocytopenia),
thrombosis, etc. [27, 28].

The pathophysiological mechanisms that underlie the
activation of coagulation due to COVID-19 still require more
in-depth study. It is likely that they depend more on the
intensity of the individual inflammatory reaction, and not on
direct specific viral activity. There is an assumption that the
hyperimmune reaction, which can develop during the acute
phase of the coronavirus disease, causes the development
of long-term systemic "smoldering" inflammation, which
results in vascular endothelium damage and complications
in the blood coagulation system in the post-COVID-19
period [29]. Clinical studies have shown increased levels of
pro-inflammatory cytokines such as interleukin (IL)-17,
IL-12p70, IL-18, pro-angiogenic macrophage inflammatory
protein-1 (MIP-1p), and vascular endothelial growth factor 6
months after COVID-19, which indicated the development of
chronic inflammation and the process of angiogenesis in
more distant terms after SARS-CoV-2 infection [30].

The relationship between the blood coagulation
system, the immune system, and inflammation is now
being actively studied in various contexts [31]. It is known
that SARS-CoV-2, after entering the organism, activates
the innate immune system, which leads to the release of a
large number of cytokines, chemokines, growth factors and
cell adhesion proteins, in particular monocyte chemotactic
protein 1 (MCP-1), a transforming growth factor ( TGF-1),
tumor necrosis factor alpha (TNF-a), and IL-13, IL-2, IL-6,
IL-8, IL-17, etc. [32]. Excessive synthesis of pro-
inflammatory molecules is one of the possible mechanisms
underlying endothelial damage and uncontrolled activation
of coagulation. Other potential factors include virus-
specific mechanisms, including the interaction of the virus
with components of the fibrinolytic pathway and RAS, and
the influence of comorbid conditions is also important [33].
It is likely that the SARS-CoV-2 virus can directly infect
cells of the innate link of the immune system, that leads to
immune dysregulation and disorders in the blood
coagulation system [34].
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Cytokines have a procoagulant effect by activating
platelets, releasing tissue factor from macrophages/
monocytes and damaged endothelial cells, inhibiting the
anticoagulant link, and inhibiting fibrinolysis. As a result of
the coagulation cascade, thrombin is generated, which
cleaves fibrinogen with the formation of fibrin, enhances
platelet activation, and is a powerful stimulator of protease-
activated receptor-1 (PAR-1), which leads to the development
of thrombosis both in the microcirculatory channel and in large
vessels [35]. It should be noted that persistent prothrombotic
changes associated with increased thrombin generation,
inhibition of plasma fibrinolysis, increased levels of factor VIl,
VWF, and PAI-1 persisted in convalescent COVID-19 patients
4 months after SARS-CoV-2 infection which could indicate
the platelets activation and prolonged intravascular
coagulation in the post-COVID-19 period [19]. In addition,
phosphatidylserine is expressed on various damaged cells and
microvesicles, which enhances the coagulation process [36].

An important prognostic value for the development of
immunoinflammatory reactions during viral diseases is the
complement system, which includes more than 30 proteins
and has an effect not only at the level of systemic circulation,
but also directly in the cells. Complement is considered as
one of the key factors in the pathogenesis of severe form
of COVID-19 [37]. In vitro studies have shown the
activation of the complement system with the participation
of the SARS-CoV-2 spike protein [38]. It is indisputable that
excessive activation and dysregulation of the complement
system during coronavirus infection leads to the
development of endothelial dysfunction, acute and chronic
inflammation, induction of all links of the hemostasis system,
including platelet and plasma, which may result in
post-COVID-19 complications. It has been established that
increased vascular permeability caused by complement
activation, which was observed after SARS-CoV-2 infection,
led to severe, often irreversible changes in tissues and
organs [39]. However, the functioning of the complement
protein system under the conditions of post-COVID-19
syndrome is still a controversial issue. Activation of the
complement system under conditions of COVID-19 can
occur in several ways, including the well-described — lectin,
classical or alternative ways [37]. Some complement
factors, anaphylatoxins C3a and C5a, and the membrane
attack complex activate immune cells, inducing a
significant pro-inflammatory response, releasing the IL-1,
IL-6, and TNF-a, which stimulate TF expression on
endothelial cells and monocytes, thus leading to a
hypercoagulable state. In turn, platelets, which on their
surface contain receptors that bind C3 and C1-q
components of complement, and in granules — heparin-
binding chemokine and other proteins of the thrombosis
system, induce complement activation of thrombosis [40].

Platelets play a key role in maintaining hemostasis and
thrombosis, and also take part in inflammatory processes,
cytokine synthesis, release of vasoactive substances,
angiogenesis, interaction with neutrophils, etc. Activated
platelets release a number of biologically active molecules
(ADP, polyphosphates, blood coagulation factors) and
mediators of the immune system (complement factors),
which cause further activation of platelets and strengthening
of the immune response by a positive feedback mechanism,
contributing to  the hemostatic  process [41].
Thrombocytopenia is a fairly common complication of
pathological conditions caused by viral and bacterial
infections, which is often found in critically ill patients and is
associated with an unfavorable clinical prognosis of the
disease course. A decrease in the number of platelets in the
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longer term after infection with the SARS-CoV-2 virus is a
relatively rare phenomenon. Usually, patients with COVID-19
may have thrombocytopenia of a mostly mild degree, which
worsens as the disease progresses. The exact mechanisms
by which COVID-19 causes thrombocytopenia still need to
be investigated. Among the proposed potential mechanisms
of the decrease in the number of platelets, direct damage to
SARS-CoV-2 cells through CD-13 receptors, immune
system dysfunction and autoimmunity, reduction of
thrombopoietin production due to impaired liver function,
aggregation and consumption of platelets during the
formation of microthrombi in the lungs are considered [42].

In some studies, which are already becoming one of the
priority scientific directions, disorders in the blood
coagulation system during SARS-CoV-2 infection, as well as
in the post-COVID-19 period, are associated with the
formation of neutrophil extracellular traps (NETs) and the
development netosis in response to the persistence of the
pathogen and increased synthesis of pro-inflammatory
mediators [43]. Middleton, et al. convincingly prove the
involvement of NETs in the development of
immunothrombosis and thrombotic complications in patients
with COVID-19 [44]. The release of NETs is a tightly
regulated process involving a number of proteolytic
enzymes and peptidyl-arginine deaminase 4 (PAD4), which
catalyzes histone citrullination, leading to chromatin
decondensation, nuclear membrane disruption, and
cytolysis. An elevated level of extracellular chromatin and
specific markers of NETs — DNA of myeloperoxidase
(MPO-DNA) and citrullinated histone H3 (Cit-H3) [45] was
found in blood serum samples of patients with COVID-19.
NETSs exhibit both pro-inflammatory properties and can exert
a cytotoxic effect on endotheliocytes, damage the
endothelium, activate platelets, enhance thrombin
generation, and inhibit fibrinolysis by "capturing" a specific
tissue factor pathway inhibitor (TFPI), indicating their
thrombogenic properties [46]. The important role of NETs in
blood clot formation is evidenced by their detection in blood
clots of patients with myocardial infarction and stroke [47].

Among the important factors contributing to the
development of thrombosis both by stimulating neutrophils
to release NETs and by activating endothelial cells and
platelets antiphospholipid autoantibodies (aPLs) are noted.
aPLs, including lupus anticoagulant, anticardiolipin, and
antibodies to B-2-glycoprotein |, stimulate the formation of
immune complexes and inflammation of the blood vessel
wall (vasculitis), causing its damage [48]. However, the
relationship between the level of aPLs and thrombotic
complications, the duration of their storage and the role in
the pathogenesis of post-COVID-19 complications remains
a controversial issue that requires further research.

The International Society on Thrombosis and
Haemostasis (ISTH) recommends that all patients
diagnosed with COVID-19, as well as convalescents,
undergo mandatory laboratory monitoring of the main
indicators of pathological changes in the blood, which
allows establishing predictors of negative consequences of
SARS-CoV-2 infection. A generally accepted tactic is to
determine D-dimer, fibrinogen, prothrombin time, the
number of platelets, C-reactive protein (CRP), ferritin, which
makes it possible to predict the course of the disease, its
duration and the risk of complications, as well as to carry out
adequate therapeutic measures in a timely manner. An
important step is the development of effective and safe
protocols for thromboprophylaxis during a disease with
COVID-19. However, when analyzing indicators
characterizing hemostasis, one should take into account the



~ 20 ~

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

presence of concomitant pathological conditions and the
use of anticoagulants, which may cause the risk of an
unfavorable prognosis of the course of the disease [49].
Among the key markers of coagulation activation and
fibrinolysis, the most commonly used is the level of D-dimers
circulating in the blood —products of cleavage of stabilized
fibrin polymers with a wide range of molecular weights. An
increase in the level of D-dimer is observed in various
inflammatory and infectious diseases. In the conditions of
COVID-19, a significant long-term increase in fibrin
degradation products is associated with the severity of the
course of the disease, the risk of coagulation complications
and thrombus formation [50, 51]. It was established that
even 4 months after the disappearance of the manifestations
of an acute SARS-CoV-2 infection in about 25% of
convalescent patients, an increase in the concentration of
D-dimer in blood serum was noted, despite the
normalization of the level of inflammatory markers and other
coagulation indicators [52]. However, the value of D-dimer
cannot be used only as a prognostic marker of the threat of
intravascular thrombosis since its accumulation can occur
both with thrombosis and with hemorrhagic complications.

Thus, disorders in the blood coagulation system are one
of the most important risk factors for adverse consequences
both in acute SARS-CoV-2 infection and in the post-
infectious period. The pathogenesis of post-COVID-19
complications is closely related to endothelial dysfunction,
activation of RAS with the release of procoagulant PAI-1,
activation of the coagulation cascade and inhibition of
fibrinolysis, hyperimmune response with activated platelets,
systemic inflammation and release of neutrophil
extracellular traps. Understanding the mechanisms that
underlie the pathological changes in the hemostasis system
after recovery from COVID-19 is crucial for the targeted
therapy of complications and makes it possible to take
measures to prevent them, especially in patients with a
severe clinical course of the coronavirus disease and
various comorbid conditions, primarily with diseases of the
cardiovascular system.
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KniBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

NATOMEHETUYHI ACNEKTU NOCTKOBIAHNX YCKINAOHEHb
Y CUCTEMI 3rOPTAHHA KPOBI

IMopyweHHs y cucmemi 32o0pmaHHs Kpoei gidizparoms eaxsiuey posib y namozeHe3i ma KniHiyHux eusieax COVID-19 sik nid yac 2ocmpoi ¢hasu
3axeoprosaHHsl, mak i y nocmiHgekyiliHul nepiod. KopoHagipycHa xeopoba acoyitoembcsi 3 BUCOKUM PU3UKOM po38UmKy mpomM6omuyHuUx i mpo-
mM60emMboniyHuUX ycknadHeHb yHacidok mpueasio2o cmaHy 2inepkoaz2ynsiyii, skuli Moxe mpannsimucs i nicns o0yxaHHsi. Hezeaxaroyu Ha Had3eu-
4aliHO 8eJlUKy KinbKicmb Haykosux daHux, namodizionoziyHi acnekmu SARS-CoV-2 inghekyii 3anuwaromscsi docmeMeHHO Hegu3HayeHUMU. Y nped-
cmaesieHoMy 02/1510i y3a2asibHeHO pe3y/bmamu cy4YyacHux Haykoeux docnidxeHb w000 nMamoJsio2iyHuUX 3MiH y cucmemi 2emocmasy, siki MoXXymb
8UHUKamu Ha mii nepeHeceHoi KOPOHagipycHOi x8opobu. Po3ansiHymo ocHO8HI MexaHi3amu po3sumky COVID-19-acouyiliogsaHux Koaz2ynonamii. 3
HaykomempuyHux 6a3 daHux Pub Med, Scopus, Web of science, Science Direct, Google Scholar o6paHo ma npoaHasnizoeaHo HaliHosiwi ny6nikayit,
npucesiyeHi yili npo6nemamuyi. Femocma3s € duHaMidyHUM, YimkKo peaynboeaHull npoyecom, sikuli 3abesne4yyembcsi MpPbOMa MiCHO 83aEMoroe ‘'si3a-
HUMU J1aHKaMu: 320pmaJsibHOI0, MPoMmu320pmasbHO ma hi6puHonimuyHor. Akmueauiss Koa2ynsyiliHo2o kackady ma mpom6boyumapHoi NaHKu
2emMocmasy, wo crnpuYyuHsie MPomMpomM6omuYyHuUli cmaH y peKkoHeanecyeHmHux nayieHmie 3 COVID-19, nepedycim noe'sa3aHa 3 ducpeaynsiyieto peHiH-
aHziomeH3UHO80I cucmemu, mpueasior Micyeeoro Ui CUCMEeMHOR 3anasibHOK peakyicto, MocusieHHsIM iMyHHOT eidnoeidi Yepe3 eueinbHeHHsI Npo3a-
nanbHUx mediamopie, siki 83aemoditomb i3 mpom6oyumamu, CMmuUMyIlOOMb €KCNPecito MKaHUHHO20 ¢hakmopa, npuzHiyyroms hi6puHoNiMuYHy
cucmemy ma npu3eodsimb 0o ucghyHKuii eHOomenianbHUX KIiMUH KPOBOHOCHUX CyOQuUH, 3anyckaro4u mpombozeHe3. Po3ymiHHs namo2eHemuy4yHuUx
MexaHi3mie nocmkoegidHux ycknadHeHb i MposedeHHs1 MOHIMOPUH2y OCHOBHUX MapKepie 2emocma3sy (pieHsi D-Oumepy, ¢hi6puHo2eHy, npompombi-
HO8020 Yacy, Kinbkocmi mpomboyumie ma iH.) € 8axnueumu 0511 84aCHO20 8USIBJIEHHS MOPYWeHb Y cucmemi 320pmaHHs Kposei U Hadaromb 3Mog2y,
3anexHo eid kniHi4YHoT cumyauyil, ceoeyacHo exumu 3axodie O0nsl iXHbOI KopeKyil Ha pi3HUX emanax po3eumky namorsnoaii.

Knroyoei cnosa: COVID-19, SARS-CoV-2 iHghekuisi, nocmkoeidHi ycknadHeHHs1, Koazysionamisi, 2eMocmas, mpom603.
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PARAMETERS OF THE LIPID PROFILE IN DONORS WHO HAD SUFFERED
FROM COVID-19 AND HAD VARIOUS TITERS OF ANTI-SARS-CoV-2 IgG IN BLOOD PLASMA

COVID-19, caused by SARS-CoV-2, is a systemic disorder of with possible pathological complications in human organism. One
of the critical targets of SARS-CoV-2 is the metabolism of lipids and products, which may influence the changes in patients with
illness. Currently, the mechanism of binding between SARS-CoV-2 and lipids, as well as the consequences of these processes, is
unknown. In addition, the long post-COVID-19 period has been confirmed in the majority of people who have suffered from COVID-19;
therefore, additional attention should be paid to studying the biochemical parameters of lipid metabolism after SARS-CoV-2
infection. Our work is aimed the studying of lipid profile including concentration of total cholesterol, high-density lipoproteins (HDL),
low-density lipoproteins (LDL), very low-density lipoproteins (VLDL) and triglycerides (TG) in donor groups who had suffered
from COVID-19 and had different titers of anti-SARS-CoV-2 IgG in blood plasma. We selected donor groups with maximum and
minimum changes of parameters among donor groups with titers of anti-SARS-CoV-2 IgG 2 10 Index (S/C), than we compared
these groups to donor group with titer of anti-SARS-CoV-2 IgG 0 Index (S/C). We established that the donor group with titer of
anti-SARS-CoV-2 95 + 5 Index (S/C) was characterized by the maximum concentration of total cholesterol, LDL, VLDL, TG, while
the donor group with titer of anti-SARS-CoV-2 IgG 75 £ 5 Index (S/C) was determined as the minimum concentration of total
cholesterol, HDL, LDL. In addition, donor group with titer of anti-SARS-CoV-2 IgG 85 * 5 Index (S/C) was described a lower
concentration of VLDL and TG then in donors — 0 Index (S/C). These changes may be linked to a potential risk of cardiovascular
disease (CVD). Our work can be useful for future research targeting the study of the changes in lipid metabolism during
SARS-CoV-2 infection and in the development of the treatment of COVID-19 or laboratory diagnostics of physiological processes

in the post-COVID-19 period.

Keywords: anti-SARS-CoV-2 IgG, total cholesterol, HDL, LDL, VLDL, TG.

Introduction. SARS-CoV-2 is the causative agent of
COVID-19 disease, which caused a pandemic at the end of
2019. COVID-19 is asymptomatic or mild phase in the
majority of patients, but SARS-CoV-2 infection is a risk
factor for mortality in patients because it can lead to acute
respiratory complications and artificial respiratory support,
and fatal consequences in some cases. Frequently, patients
suffering from COVID-19 have not only symptoms of
respiratory system dysfunction, and the development of
concomitant diseases; therefore, SARS-CoV-2 can cause
systemic diseases in the body.

Clinical data have demonstrated that patients with
various infections caused by gram-positive/gram-negative
bacteria, viruses and parasites are characterized by
changes in their lipid profile in the blood [1, 2]. In particular,
a decrease in the concentrations of total cholesterol, HDL
and LDL may be observed, while the concentration of TG
may increasein patients. Generally, deviations from the
normal range of the parameters of lipid profile correlate with
the severity of the main disease; the more difficult the phase
of an infection disorder, the stronger the changes in the
concentrations of lipids and lipoproteins in the blood [3, 4].
Research has described [5] that patients with COVID-19
have decreased levels of total cholesterol, HDL, LDL and
apolipoproteins A-1 and B, similar to other infections.
Moreover, it has been reported that hypolipidemia occurs
even in patients in the light phase of COVID-19 and worsens
with disease progression and severity [6].

During COVID-19 the mechanism of lipid metabolism
defects is currently unknown, but there are discoveries
regarding the participation of lipids in viral pathogenesis [7].
Literature reports on the role of lipids in the composition of
not only the viral membrane, but also the replication and
invasion of the virus. Lipids that participate in the fusion of
membranes and replication during penetration and exit from
the membranes of host cells usually belong to the viral and
human components of the cell. Significant changes in host
lipidomes have been observed in cases of the difficult phase

of SARS-CoV-2 viral infection, resulting in immune system
dysfunction and an increase in viral replication that can
develop in the body [8]. HDL can participate in the
modulation of the immune system and reactions against
infectious agents. HDL binds to and neutralizes the lipids of
pathogens that excessively activate the immune system
during the development of COVID-19. It has been reported
that HDL suppress inflammatory mediators that inactivate
T cells and macrophages. The accumulation of pro-
inflammatory cytokines in COVID-19 leads to the
development of systemic inflammation. HDL can suppress
this inflammatory cascade by inhibiting monocyte and
neutrophil activation and maintaining antioxidant function,
resulting in the neutralization of oxidative lipids and other
factors. This process regulates inflammatory reactions in host
cells [11]. In addition, LDL may oxidize, and lipid
hydroperoxides accumulate during acute inflammatory
reactions. The latter is esterified in oxidized LDL to activate a
cascade of intracellular signaling reactions, leading to acute
inflammatory reactions [9]. Moreover, an increase in the
concentration of TG and a decrease in HDL can directly
influence the endothelia of patients with COVID-19, which are
linked to endothelial dysfunction, activation of thrombocytes
and coagulation disorders. It can lead to thrombotic and/or
cardiovascular disorders. These data have been reported for
patients with diabetes and COVID-19 [10].

COVID-19 is closely associated with changes in the lipid
metabolism. It is necessary to carefully study the main
parameters of the lipid profile during and after COVID-19 for
the appropriate selection of intensive therapy and
prevention of lipid metabolism complications in the body.

The aim of our study was to investigate the potential
changes in parameters of lipid metabolism, such as total
cholesterol, HDL, LDL, VLDL and TG, in donors with
different titers of anti-SARS-CoV-2 in blood plasma.

Materials and methods. People who had suffered with
COVID-19 and agreed to be donors of blood plasma for
biotechnological purposes at "BIOPHARMA-PLASMA" (Kyiv,
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Ukraine). At the time of blood sampling, all participants were
healthy. Blood plasma was collected from donors to 3-6
months after recovery from COVID-19. Donors were
checked by screening tests before blood plasma was used
to produce targeted biotechnological drugs. Wewere sent
the blood plasma of donors with determined titers of anti-
SARS-CoV-2 IgG for further scientific research.All donors
voluntarily agreed to participate in the clinical experiment
and provided written informed consent.

Anti-SARS-CoV-2 IgG titers in the blood plasma were
determined by chemiluminescent microparticle immunoassay
technology using the Abbott SARS-CoV-2 IgG assay
(Abbott Diagnostics, Abbott Park, lllinois, United States). All
donors were selected in groups based on their
anti-SARS-CoV-2 IgG titers. As result, we have had such
donor groups with titers of anti-SARS-CoV-2 IgG: 0 (n = 20),
10+3 (n=20); 55+5 (n=20); 65+5 (n=20); 75+5
(n=20); 85+5 (n=20); 95+ 5 (n=20); 125+ 5 (n = 20);
175 £ 5 (n = 20) Index (S/C).

The concentrations of total cholesterol, HDL, LDL,
VLDL, and TG were determined spectrophotometrically
on a biochemical analyzer Humalyzer 3000 using
standard test kits [12].

Statistical analysis of the results was performed using the
computer program STATISTICA. The arithmetic mean and
mean squared error indicators were calculated. The hypothesis
of normal distribution was checked using the Shapiro-Wilk and
Kolmogorov-Smirnov tests. All donor groups showed a non-
normal distribution. So, differences between samples were
determined using the Kruskal-Wallis test.

We estimated statistically significant changes in the
analyzed parameters between the donor groups,

p<0.001 p<0.001

depending on the titers of anti-SARS-CoV-2 IgG. We
selected the minimum and maximum changes of
diagnostic parameters among the donor groups with titers
of anti-SARS-CoV-2 IgG = 10 = 3 Index (S/C). The donor
group with titer of anti-SARS-CoV-2 IgG 0 Index (S/C) was
chosen as the reference point.

Results and discussion. The estimation of lipid
metabolism demonstrated that the maximum concentrations
of LDL, VLDL, total cholesterol and TG were in the donor
group with titer of anti-SARS-CoV-2 IgG 95 + 5 Index (S/C)
among all donor groups (Fig. 1). Hyperlipidemia is a critical
factor in the development of CVD. Oxidative stress can be a
risk for the formation of oxidized LDL during COVID-19
infection. The accumulation leads to an imbalance in
cholesterol transport, stimulates inflammation, tissue
destruction and the dysfunction of endothelial cells in the
vessels, resulting in the progression of atherosclerosis [13].
According to the obtained data, we assume that higher
concentrations of LDL and VLDL in the donor group with titer
of anti-SARS-CoV-2 IgG 95 + 5 Index (S/C) are predictors
of endothelial dysfunction that may lead to the development
of atherosclerotic CVD in the post-COVID-19 period [14]. In
addition, it is predicted that in the donor group with titer of
anti-SARS-CoV-2 IgG 95 + 5 Index (S/C) an increase in the
concentration of TG can cause local inflammation and
activation of complement and coagulation cascades,
resulting in degradation of the functional status of
endothelial tissue. It is linked to the accumulation of TG,
which can be a signal for activation of the cleavage enzyme
— lipoprotein lipase. Then, the NF-kB pathway is activated,
resulting in high expression of proinflammatory cytokines,
such as TNF-, IL-1, IL-6 and MCP-1 [15].

p<0.001 p<0.001

0 H

mmol/L

1 2

Fig. 1. The concentration of biochemical parameters of lipid metabolism:
1 — total cholesterol; 2-LDL; 3-VLDL; 4-TG
H The donor group with titer of anti-SARS-CoV-2 IgG 0 Index (S/C)

= The donor group with titer of anti-SARS-CoV-2 IgG 95 + 5 Index (S/C)

We determined that the minimum concentrations of total
cholesterol, HDL and LDL were characterized for the donor
group with titer of anti-SARS-CoV-2 IgG 75 + 5 Index (S/C)
among all donor groups (Fig.2). It is likely that
hypolipidemia in this group binds to the inflammatory
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process during SARS-CoV-2 infection. Notably, the
minimum concentration of HDL can be a predictor of the
destruction of endothelial function and the development of
vascular diseases. In the literature, changes in lipid
metabolism have been linked to changes in the
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dissemination of SARS-CoV-2 in organisms. Therefore,
dyslipidemia in COVID-19 can be correlated with the
replication of SARS-CoV-2 in cells. Changes in the energy

i p<0.001

p<0.02

exchange caused by inflammatory reactions may negatively
influence lipid metabolism, leading to dyslipidemia [16, 17].

p<0.001

10

mmol/L
D

T .

=J

HH -

1

2 3

Fig. 2. The concentration of biochemical parameters of lipid metabolism:

1 — total cholesterol; 2 - HDL; 3 - LDL
H The donor group with titer of anti-SARS-CoV-2 IgG 0 Index (S/C)

= The donor group with titer of anti-SARS-CoV-2 IgG75 + 5 Index (S/C)

According to the obtained lipidogram parameters, the
donor group with titer of anti-SARS-CoV-2 IgG 85 + 5 Index
(S/C) was characterized by the lowest concentration of
VLDL and TG among all donor groups (Fig. 3). Notably, it
may be due to the decreased risk of CVD [18]. However,
research has demonstrated that the concentration of these

<0.01
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1.4
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1.0
0.8 T
0.6

0.4 =1
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mmol/L

parameters of lipid metabolism in the donor group with titer
of anti-SARS-CoV-2 IgG 85 + 5 Index (S/C) was lower than
that in donors with titer — 0 Index (S/C). Because these
processes can disrupt lipid metabolism, they deserve more
attention in future research.

p<0.001
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Fig. 3. The concentration of biochemical parameters of lipid metabolism:

1-VLDL;2-TG
H The donor group with titer of anti-SARS-CoV-2 IgG 0 Index (S/C)
= The donor group with titer of anti-SARS-CoV-2 IgG85 + 5 Index (S/C)
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We discovered that the donor group with the highest
concentration of HDL had titer of anti-SARS-CoV-2 IgG
10 = 3 Index (S/C) (Fig. 4). Clinical data have shown that
a decrease in HDL concentration is often observed in
patients in the difficult phase of COVID-19 disease. HDL
has both antioxidant and anti-inflammatory properties.
Moreover, in vitro experiments demonstrated the antiviral

3.6

ability of HDL with regard to SARS-CoV-2 [19, 20]. We
assumed that changes in HDL concentration could be a
critical factor in predicting COVID-19. In addition, HDL has
sufficient useful abilities; therefore, the increased
concentration in the post-COVID-19 period is one of the
main parameters for safety due to the negative
consequences of disease for the organism.

p<0.02

34
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24
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Fig. 4. The concentration of HDL in donors with titers of anti-SARS-CoV-2 IgG:
1 -0 Index (S/C); 2 - 10 * 3 Index (S/C)

Finally, we calculated the atherogenic index of plasma
(AIP) for all donor groups. According to the results, the
maximum value of AIP was obtained in the donor group
with titer of anti-SARS-CoV-2 IgG 95 + 5 Index (S/C) and
the minimum — 85 £ 5 Index (S/C) (Fig. 5). These findings
support previously described information. In addition, a
high AIP value for the donor group with titer of anti-SARS-

CoV-2 IgG 95+5 Index (S/C) and the maximum
concentration of total cholesterol, LDL, VLDL and TG
reported the risk of CVD development in the post-COVID-19
period. A low AIP value in the donor group with titer of anti-
SARS-CoV-2 IgG 85+5 Index (S/C) and minimum
concentrations of VLDL and TG indicated a lower risk of
CVD in the post-COVID-19 period.

p<0.05
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Fig. 5. The atherogenic index of plasma in donor groups with titers of anti-SARS-CoV-2 IgG:
1 -0 Index (S/C); 2 - 95 * 5 Index (S/C); 3 — 85 * 5 Index (S/C)
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We found that donors with titers of anti-SARS-CoV-2
IgG = 10 + 3 Index (S/C), including 75+ 5,85+ 5and 95 + 5
Index (S/C), have a potentially danger for the development
of CVD. The imbalance in the lipid profile may be
consequences of the inflammatory processes caused by
SARS-CoV-2 and the influence of anti-SARS-CoV-2 IgG
circulating in the blood.

Conclusion. In this study, we established that COVID-19
caused an imbalance in lipid metabolism, leading to
hyperlipidemia, which may be a factor in the development of
CVD and the spread of oxidative stress in the body, systemic
inflammation, activation of complement reactions and the
coagulation cascade. Our work can be useful in creating
protocols for the treatment of COVID-19 and post-COVID-19
therapy to decrease the negative effects of SARS-CoV-2
and regulate lipid metabolism in organisms after recovery.
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'KuiBcbkuMi HauioHanbHMit yHiBepcuTeT imeHi Tapaca LLlesuyeHka, Kuie, YkpaiHa

2TOB "Biodapma Mnasma", Kuis, YkpaiHa

NAPAMETPU NINIAHOI O NPO®IIO Y AOHOPIB, AKI MEPEXBOPITA HA COVID-19
TA MAKOTb PI3HI TUTPU AHTU-SARS-CoV-2 IgG Y MNNA3MI KPOBI

3axeoproeanHss COVID-19, euknukaHe gipycom SARS-CoV-2 — ye cucmemHe ypaxeHHs1 op2aHi3My 3 MOX/TUBUMU amosio2iYyHUMU Hacsiokamu
0ons1 30opoe ‘s ModuHU. Baxxnueumu yinsimu dns SARS-CoV-2 eucmynaroms ninidu ma npodykmu ixHb020 06MiHy, ujo ennueamume Ha 3MiHU Mema-
6onismy y xeopux nayieHmie. Hapasi mexaHiamu e3aemo0ili mix eipycom SARS-CoV-2 i ninidamu HedocmamHbo eidomi, mak caMo siK i Hacioku Ao
SAKUX MOXXYymb nipu3eecmu maki npoyecu. Kpim moeo, y 6inbwocmi nodel, siki nepeHecnu COVID-19, nidmeepdxyembcsi mpusanuii nocmCOVID-19
nepiod. Tomy cnid npudinumu dodamkoey yea2y eue4yeHHIo 6ioxiMiYHUX MOKa3HUKie NiniO0Ho20 06MiHY nicns nepeHeceHol iHghekyii SARS-CoV-2.
Hawa po6oma npucesiyeHa OocniOxeHHIo ninidHo2o npoginto, wo eKIrYae KOHYeHmpauii 3a2anbHo20 xosecmepuHy, ninonpomeidie sucokoi
winsHocmi (JINBLY), ninonpomeidie Husbkoi winbHocmi (JIMHLL), ninonpomeidie dyxe Hu3bkoi winbHocmi (JIMAQHLL) i mpuaniyepudie (TI) y epynax
0JoHopie, siki nepexeopinu Ha COVID-19 ma micmsimb y nna3mi kpoei anmu-SARS-CoV-2 IgG pi3Hux mumpie. Mu eido6bpa3sunu epynu doHopie 3
MakcumansHuUmu U MiHiManbHUMU 3MiHamu napamempie ceped 2pyn doHopie i3 mumpamu aHmu-SARS-CoV-2 IgG 2 10 Index (S/C), nomim nopieHsinu
ui epynu 3 epynoto doHopie i3 mumpom aHmu-SARS-CoV-2 IgG 0 Index (S/C). Mu ecmaHosunu, ujo 0nsi epynu doHopie 3 mumpom aHmu-SARS-CoV-2
IgG 95 * 5 Index (S/C) xapakmepHi MakcuMasibHi KOHYUeHmpauii 3a2anbHo20 xonecmepuHy, JIMHLL, JINQHLY, TI, modi sik y 2pynu doHopie 3 mumpom
aHmu-SARS-CoV-2 IgG 75 + 5 Index (S/C) eusieneHo MiHiManbHi koHyeHmpauii 3azanbHo2o xonecmepuHy, JINBLY, JIMHLY. Kpim ybo20, dns epynu
0oHopie 3 mumpom aHmu-SARS-CoV-2 IgG 85 * 5 Index (S/C) xapakmepHo koHueHmpauii JINTQHLY i TI” Hux4e, HiX Y KOHMPOJILHOI 2pyrnu OOHopIe.
Taki 3MiHU MOXXymb 6ymu noe'si3aHi 3 pu3UKOM 8UHUKHEHHS cepyeeo-cyOUHHUX 3axeoptoeaHb (CC3). Liss po6oma moxe 6ymu KopucHotro y Mmalibym-
Hix docnideHHsIX, AKi cmocylombcsi 3MiH Mmemaboni3my ninidie npu iHgikyeaHHsi SARS-CoV-2, a makox y po3pobuyi nidxodie nikyeaHHss COVID-19
ma Onsi epeayntoe8aHHs1 npoyecie y nocmkoeidHull nepiood.

Knroyoei cnosa: anmu-SARS-CoV-2 IgG, 3azanbHull xonecmepuH, JINBLL, JINHLY, TNAHLY, TT.
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CTATEBI BIAMIHHOCTI PIBHIB MAPKEPIB EHOOMEHHOI IHTOKCUKALII Y LLYPIB
3 EKCNEPUMEHTANBbHUM OXXUPIHHAM
3A YMOB NMPO®UIAKTUYHOIO 3ACTOCYBAHHA OPJICTATY
TA BIOHAHOKOMMNO3UTY HA OCHOBI NAXUTHUKA

O)XUpPiHHSI — KOMIJIEKCHE 3aX80pPrO8aHHS, M08 'si3aHe 3 HaOJITUWKOBOHO KiNTbKICMIO XXUPY e op2aHi3Mi. Sk npaeusio, 80HO Cripu-
YuHeHe HaOMipHUM CrOXXUBaHHSIM Xi ma Masioro hi3u4HOr akmueHicmio. 3yMoesieHe 8UCOKOKasloOpiliIHUM xap4yyeaHHsIM, OXu-
PIiHHSI MOXXe euHUKamu y oci6é o6ox cmamel, ane 6inNbw eupaxkxeHi 3MiHU NMOKa3HUKI8 Kpoei, noe'sizaHi 3 YuM 3axeopro8aHHsIM,
yacmiwe y 4osoegikie. [[pome 2eHOepHi ocobnueocmi MexaHi3Mie po3euUmKy OXUpiHHSA Manoeidomi. Tomy Memotro Hawo20 0ocJli-
O)XeHHs1 610 eu3Ha4YeHHs1 cmameeo-creyugiyHoi peakyii Ha eMicm MosieKkyn cepedHLOI Macu U onizonenmudie y cuposamui
Kpoei wypie 3a yMoe cro)xueaHHs 8UCOKOKaslopiliHoi diemu ma 3a ymoe esedeHHs1 6ioHaHOKOMMIO3umy Ha OCHO8i ¢heHyz2peKy U
opnicmamy. [insi yb020 MU sukopucmosyeanu MmoougikoeaHuli Memod NabpunesiH i MameMamu4Hyo6po6Ky ma cmamucmu4Hul

aHarniz ompumaHux pesysibmamis.

Knroyoei cnoea: oxupiHHsI, MosieKynu cepedHboi Macu, 6ioHaHOKOMMo3um, gheHy2pek, opJslicmam, 8UCOKOKaslopiliHa diema.

Bctyn. OXuMpiHHA — Lie XpoHiyHe BaraTtodpakTopHe Me-
TaboniyHe 3axBOPIOBAHHS, LLO XapakTepusyeTbCca HaaMmip-
HUM HaKOMUYEHHSAM XXMPOBOiI TKaHWHW B OpraHi3mi 1 niasu-
LLEHMM PU3MKOM PO3BUTKY CYMyTHiX 3axBoptoBaHb [1, 2].
MpobGnema oXMpiHHA akTyanbHa He3anexHo Big coujianbHOI
Ta NpodECINHOT HaNEeXHOCTi, 30HU NPOXMBAHHSA, BiKY | cTaTi.
B ekoHOMiIYHO po3BUHEHMX KpaiHax Mamxe 50 % HaceneHHs
MatoTb HaANULLKOBY Bary, i3 HUX 30 % cTpaxaatoTb Ha OXu-
PiHHA, NPY LbOMY XiHKM YacTiwe [3].

BionoriyHi pigvHu opraHiamy npy NaTonoriYHMX npoLecax
XapakTepusyTbCsl BUCOKMM YMICTOM MeTaboniTiB ninigis i
BYITEBO/AiB, & TaKOX aHOMasIbHUX CMOIYK, SIKi TOKCUYHO AiI0Thb
Ha KNiTUHW NeYiHKK, HUPOK i MO3KY [4, 5]. BinbLiCTb LMX TOK-
CVHIB Hanexutb A0 Mornekyn cepefHboi macu (MCM).
AsuLle, sike oTpuMano Ha3By CMHAPOMY €HAOIEeHHOI iIHTOKCU-
kauii (CEl), xapakTepusyeTbca aekinbkoma HecneundidHnmm
BMSIBAMU iHTOKCMKALl OpraHiaMy, L0 BUHWKAE Npy naTonori-
YHUX CTaHax i3 3ananbHumn ecpektammn. MCM — reTeporeHHa
rpyna pe4yoBwH Pi3HOI XiMiYHOT NpUpoan 3 MONEKYNSPHOK Ma-
coto 500-5000 [a. OcHOBHa YacTuHa X Cnosyk — onirone-
nTMau, ki € NpoaykTaMu gerpagadii 6inkiB cMpoBaTKU KPOBI.
3aranom onironenTuau, Wwo Hanexatb Ao MCM, matoTb Baso-,
Kapgio-, Hempo- Ta iMyHOCYnpecuBHi BRacTUBOCTI, BMnvBa-
10Tb Ha 6e3nivy metaboniyHux npouecis Towo [6]. Ockinbku
MCM e mapkepom iHTOKCUKaLii, CTyNiHb NiABULLEHHSA BMICTY
MCM cBiguMTb NPO TSHKKICTb 3aXBOPIOBaAHHA Ta MOro ycknag-
HEHHS1, a TakoX Bigobpaxae ePeKTUBHICTb MiKyBaHHS.

JlikyBaHHA OXUPIHHSA BKMOYAE Kinbka TepaneBTUYHUX
cTpareriin, a came 0bMeXeHHs1 CroXXMBaHHA Kanopin i 36inb-
LUEHHS (i3NYHOI aKTUBHOCTI, ONTOKyBaHHSA BCMOKTYBaHHS! MO-
XXMBHUX PEYOBWH Y KULLEYHUKY, MOAYIALI0 MeTabonismy »xu-
piB, perynsuito BHyTPILUHLOKNITUHHOI CUrHanisauii B XX1poBi
TKaHWHI N KOHTPOIb LEHTPY HaCUYeHHsi. Ane YUCNEHHI Niku,
SIKi IPOTSArom 6araTbox POKIB BUKOPUCTOBYBANMCS Arst MiHiMi-
3auii OXMPIHHA, Ha CbOroAHI BUMyYeHi Yepes iXHi Cepro3Hi no-
OiyHi edpekT. ToMy HEOBXiAHMM € MOLLYK HOBUX PEYOBWH i
cTpaTerin Ana eeKkTUBHOMO NiKyBaHHA, NPOMINakTUKLN OXu-
PiHHA 1 CynyTHIX 3axBoptoBaHb. KOMMOHEHTM HaTyparnbHUX
POCIIMHHWNX MPOAYKTIB LUMPOKO BUKOPUCTOBYIOTECS AK Aitoui
peYvoBMHM Mikapcbkunx 3acobis. 3okpema, Axepenom Ans Big-
KPUTTS HOBMX TepaneBTUYHMX 3acobiB Anst 6opoTboun 3 OXK-
piHHSM € xap4oBi no6asku [7]. Trigonella foenum-graecum,
ab0o NaxXWTHYK — Lie POCNnHA, sika BUKOPUCTOBYETLCS Y (iTO-
Tepanii. NpenapaT Ha OCHOBI NAXUTHUKA BUSBNSAOTD rinori-
nigemMiyHnun edekT, rinornikeMiyHnn edqekT, MalTb aHTU-
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okcuaaHTHI BrnacTmeocTi [8]. Jlikapcbki npenapaTtt Ha OCHOBI
NaXMTHUKa MOXYTb 3MEHLUMTW Macy Tina N XUPOBY Macy,
CTUMYITHOOUN NEPUCTANBbTUKY KULLIEYHUKA Ta MPUTHIYYoUn pe-
abcopOLito 3 HBOrO BYIMEBOAIB i XXUPHUX KUCNOT [9].

IHouBigyanbHi BIOMIHHOCTI B CXUIbHOCTI 4O PO3BUTKY
OXWPIHHA, HEOAHaKOoBICTb y OyaOBI Tina 1 po3noaini Xunpo-
BUX BigKNageHb, CNOXMBaAHHA BUCOKOKaNOpPIiNHOI iXi cnpu-
UYMHSIIOTb PO3BMTOK CYMYTHIX 3aXBOPIOBaHb, MOB'A3aHMX 3
OXUPIHHAM [10—12]. PO3BMTOK OXUPIHHA Y NpeAcTaBHUKIB
pi3HMX cTaTen mMoxe BiabyBaTuCA 3a BiAMIHHUMWU MeXaHi3-
Mamu i, 5K Hacnigok, NoTpebyBaTn BUKOPUCTAHHS Pi3HUX Te-
paneBTMYHUX Nigxoais. Bigomo, Wo acouiioBaHi 3 OXUpiH-
HAM rinepriikemis, rinepxonecrtepuHeMis, iHcyniHopesucTte-
HTHICTb i rinepnenTnHemis GinbL BUpaxeHi y Yonosikis [13].
BogHouac Hapasi manoBigomi reHaepHi ocobnmBocTi mexa-
Hi3MiB PO3BUTKY OXMPiHHSA Ta NOB'sAI3aHMX 3 HUM CTaHiB, OCKi-
nNbkn B BINbLIOCTI eKCnepuMEHTIB 3i CTBOPEHHS1 Mogaernei
OXMPIHHSA Ha TBapuMHaxX BWKOPUCTOBYETbCHA fnuvlle ofHa
cTaTb —4onosiya. TOMy METOK HaLloro AocnigkeHHst 6yno
BU3HAYEHHS cTaTeBo-cneundivHoi peakuii Ha Bmict MCM i
onironenTuaiB y cMpoBaTui KpPOBi LUypiB 3a YMOB CMOXM-
BaHHsa BK[ Ta 3a ymoB BBeEHHSI GiIOHAHOKOMMO3WTY Ha OC-
HOBI cheHyrpeky 1 opnictaTy.

Marepiann Ta metoau. [ocnimkeHHss npoBoavMnu Ha
72 wypax (camugsx i camkax), po3difieHMX Ha LWiCTb rpyn no
LUICTb TBAPWH Y KOXHIl — camui Ta LWiCTb rpyn no LWiCTb TBApUH
Y KOXHiA — camku. TBapyH KOXHOI eKCrepuMeHTarnbHOI rpynm
OKpeMO po3MiLLlyBarnuv B NOMiNPONiSIEHOBMX KIiTKaxX Yy KiMHaTi 3
YUCTUM MOBITPSIM, TemnepaTtypoto 22 + 3° C, umknom 12 rog
cBiTna/12 rog TeMpsiBv Ta BigHOCHOLO BorloricTio 60 + 5 %.

TeapuH 6yno po3aineHo Ha rpynu:

1 — KOHTpOSbHa rpyna TBapuH, sika nepebyBana Ha cTa-
HOAPTHOMY pauioHi Xap4yBaHHS;

2 — KOHTpPOMbHa rpyna, sika 3Haxoaurnacsi Ha ctaHaapT-
HOMY paLioOHi xap4yyBaHHs W oTpumyBana GioHaHokoMmno-
3uT(BHK);

3 — KOHTpOMbHa rpyna, sika 6yna Ha ctaHgapTHOMY pa-
LioHi xap4yBaHHs Ta oTpuMmyBana opnictat (Opn);

4 — TBApPWHW, SIKi CNOXMBArIM BUCOKOKaNopiviHWiA kopm (BKO);

5 — TBapuHW, siKi Bxveanv BKI tabioHaHokomnoauT (BHK);

6 — TBapuHK, Ak cnoxusanu BK ta oTpumysanu opnic-
TaT (Opn) [14].

13 77 no 98 geHb rpynn 2 i 5 oTpumyBanu 6ioHaHOKOM-
no3uT Ha ocHoBi TFG (150 mr/kr macu Tina nepoparnbHo),
ToAi sik rpynu 3 i 6 otpumyBanu opniictat(10 mr/kr macu Tina

© WBeub H0., KoHonenbHok B., ®ananeeBa T., 2023
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nepopansHo) [15]. CnoxuBaHHsa i Ta BoAW BUMIptOBanu
LLOAHSA B oauH i Tor camui vac (3 9:00 go 10:00 rog), a macy
Tina BM3Ha4Yanu OAvH pas Ha TWXKAOEHb.

Ha 99-1 neHb kpoB 36Mpanu 3 peTpoopbiTanbHOro cnie-
TEHHA LWypiB i cMpoBaTKy BigokpemmoBanu UeHTpudyry-
BaHHAM npy 3000 06/xB npoTarom 15 xB. 3pa3ku cuposaTkm
36epiranu npu -80 °C go aHaniay.

HocnigXeHHs BMICTy MONeKyn cepefHboi MONeKynapHoi
Macu nposoaunu 3a metogom [abpuensiH i3 moamdikaui-
Aamu [16]. MeToa OCHOBYETBCSA Ha OCagXEHHi BUCOKOMOe-
KynsipHUX nentugis i 6inkiB GionoriyHMx piavH nig BnIMBom
TPUXITOPOLTOBOT KUCMNOTW i KifTbKICHUM BU3HA4YEHHAM NenTu-
AiB cepeiHbOi MOMEKyNsAPHOI Macwu.

Y ueHTpudyxHi npobipkn BHOcuM 1 Mn cupoBaTkv Ta
0,5 mn posunHy TXO (100 r/n), nepemiwysanu 1 LeHTpudy-
rysanu npotsrom 30 xB npu 3000 g. Bigbupanwu no 0,5 mn cy-
nepHaTaHTy i BHocunu y npobipku 3 4,5 Mn AUCTUNBOBAHOK
Bofol. BusHaueHHsi obcopbuii npoBogunu npu 254 HM.
Ywmict MCM npeacrtaenennin B yM. O4./Mn cupoBaTtku. YMIcT
onironentugis y cknagi MCM BusHadanu 3a piBHeM bGinka B
Hagocagi, BiH npeacTaBneHuii B yM. of./mr binka.

MaTtemaTtuyHy 06pobKy 11 aHania oTpumaHuxX ekcnepwu-
MEHTanbHNX AaHWX NPOBOAMMM 33 JOMOMOro KoMn'loTep-
HOro nakeTy Anst 06pobku Ta aHamnisy cTaTUCTUYHOI iHcpop-
Mauiji Statistica 8.0. [lns nepesipku rinotes WoAo0 PiBHOCTI
reHeparnbHUX CepefHiX ABOX He3anexHuX, He3B'A3aHNX BU-
6ipok BMkopucToByBanu t-kputepini CTblogeHTa 3 nonepeg-
HbOIKO MEPEBIPKOID HOPMAanbHOCTI PO3MNOAINY 3MiHHMX. Pi3-
HULIO MiXK NOKa3HUKaMW BBaXanu CTaTUCTUYHO 3HAYYLLIOHO
npu p < 0,05. OTpumaHi pesynbTaTtv HaBedeHi y BUrMagi
M £ SD (cepegHe apudmeTuyHe + ctaHgapTHa (cepeaHbo-
KBagpaTunyHa) noxmnbka cepeaHbOoro).

Pe3ynbTaTtu Ta ix o6roBopeHHA. Pe3ynbTatn gocni-
[XeHb cBigYaTb Mpo 3HavHe niaBueHHSA piBHa MCM y
KpOBI LLypiB 060X cTaTel, siki OTpMMyBarnv BUCOKOKanopiiHy
JieTy, WO BKa3ye Ha PO3BUTOK CUHAPOMY €HAOreHHO! iHTOK-
cuKauii. binbw BUpaxeHi 3MiHM piBHA LIbOro Mapkepa BUSB-
neHi y camok (puc. 1).

3acTocyBaHHs sk opnicTary, Tak i 6ioHaHOKOMMNO3NTY Ha
OCHOBI NaxuTHuKa ycyBae Buseu CEl, npo wo ceigunTtb 3Ha-
YHe 3HWkeHHs piBHS MCM y camok i nosiBa BignoBigHoi Te-
HOeHUiT y camuis.

MCM (ywm. oa/min] [camui]
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Puc. 1. YmicT Monekyn cepefHix mac y cupoBaTLi KpOBi LLypiB 060X cTaTen 3a YMOB CNOXMBaHHA BUCOKOKarnopiHOro kopmy
Ta BBeAeHHA 6iOHAaHOKOMMO3UTY 1 opnicTaTy
(cuHin Konip — TBapUHMW, AKI CNOXWBaNM CTaHAAPTHUA KOPM, YePBOHUI KOJip — TBapUHW,
fIKi CMOXMBaNu BUCOKOKANOPiNHNUIA KOPM)

Y cupoBaTLi KpOBi LypiB-caMUIB, SKi OTPMMYBanu BMCO-
KOKanopilHy AieTy, cnoctepiraetbest GinbLue NiaBULLEHHS pi-
BHS onironentuaHoi dppakyii MCM nopiBHSAHO 3i Lypamu iH-
woi craTi (puc. 2).

AHanidytoun nitepatypHi AaHi, MOXHa NpUNycTUTH, Lo
OLHI€I0 i3 NPUYMH BIACYTHOCTI Takmx 3MiH y CamMOK pasom i3
Oinbl BMpaxeHWM nigsuLieHHsM piBHA MCM moxe 6yTu
HasiBHICTb CTaTeBMX BIAMIHHOCTEN Yy SKICHOMY ckrnagi

MOJEKyN CepefHbOi Macu, a caMe — nepeBa)kaHHs y CamoK
HenenTugHux MCM, y ToMy 4ucri NOXigHUX XMPHKX KUCIOT
i TAI [17]. 3rigHO 3 niTepaTypHUMKN OAHUMWU BBaXXaeTbCH,
Lo HakonuyeHHsa nentugy MCM, oo cknagy SiKoro BXOAATb
NpPoAyKTW po3nagy cMpoBaTKOBUX BinkiB i pparmeHTiB Kona-
reHy, € pe3ynbTaToM NiABULLIEHOT aKTUBHOCTI MPOTEONiTNY-
HUX pepmeHTis [18, 19].
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Puc. 2. YmicT onironenTtuais y cupoBarLi KpoBi LypiB 060X cTaTei 3a yMOB CMOXWBaHHSI BUCOKOKaNOpPinHOro KOpMy
Ta BBeAeHHs1 6ioHaHOKOMNO3UTY 1 opricTaTy
(cuHin Konip — TBapMHW, AKi CNOXWBaNu cTaHAAPTHUN KOPM, YePBOHUI KOMip — TBapWuHW,
fAKi CMOXMBanNu BUCOKOKaNOpPiHWUIA KOpM)
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3rigHo 3 niTepaTypHUMK Dkepenamu, OXUPIHHA i cyny-
THi 3aXBOpIOBaHHS NOB'A3aHi 3 NiABULLIEHHAM PiBHS NPOTEO0-
nisy [20]. Kpim TOro, € gaHi Npo Te, WO OKUCNOBaNbHUM
CTpec Bigirpae NpoBigHy porb Y natoreHesi oXxupiHHA. BiH
BiAOyBaETLCA B Pi3HMX TKaHWHAX | 3abe3nevye 3HMKEHHS pi-
BHS INYyTaTiOHY Ta aKTUBHOCTi aHTUOKCUAAHTHUX (DEPMEHTIB
3 0JHOYACHUM MOCUIEHHSIM NMEPEKUCHOTO OKUCHEHHS Ninigis
(MON) i okmncHoi Mmoaudikauii GinkiB, 3okpema iXHbOro Kap-
GoHintoBaHHs [21]. OgHKM i3 HacniakiB okMcHoT MoandikaLii
6inkiB € migBuULLEHa YyTNMBICTb MoaMdikoBaHNUX BinkiB go
npoTeonisy. 3a gaHuMu niTepaTypu, OXUPIHHA XapakTepu-
3yETbCS NMiABULLEHHSAM KapOoHintoBaHHs 6inkis, npnyomy pi-
BHi kapbOHiNboBaHMX GinkiB MO3NTUBHO KOPEOKTL 3 iHAEK-
com Macu Tina (IMT). AkTuBaLisi BinbHOPaAMKanbHOrO OKM-
CHEHHS NMPU3BOAMTbL A0 EHAOreHHOI iHTOKCUKaUil Ta 30inb-
LLIEHHS BMICTY B KPOBi MOMeKyn cepeaHboi macu [22, 23]. IH-
IO NpUYMHOK NigBuLLeHHS BMicTY MCM npu OXWpiHHI
MOXe ByTV NOpYLUEHHSI BUAINbHOT 34aTHOCTI HAPOK [24].
JliTepaTypHi AaHi cBigyaTh, WO PO3BUTOK YPaXKEHHS HU-
POK Npu OXMPIHHI Mae Kinbka ctagin. OaHieto 3 nepLumx 3mMiH
y HUpKax y BiAMNOBiAb Ha OXWPIHHS € PO3BUTOK KIyGOYKOBOI
rinepdpinbTpauii. HactynHi ctagii xsopobu HMpOK, acouino-
BaHOI 3 OXMPIHHAM,, XapakTepusyTbCa 3HWKEHHAM LLIKD
yHacnigok rineptpodii Ta rinepnnasii knyoo4KoBUX KIiTUH,
PO3BUTKOM 3ananeHHs W OKUCHOro ctpecy [25]. No4vaTkosi
eTanu ypaxxeHHs1 HUPOK NPpY OXUPiHHI CYNPOBOAXKYOTLCS Xa-
pakTepHUMU 3MiHaMW NOAOUMTIB. IHWNMK SBULLaMK, Lo 06-
roBOPIOIOTLCA B MiTepaTypi, SKi CynpoBOOXKYIOTb Nporpecy-
BaHHS 3aXBOPOBaHHSA HUPOK NPV OXWPIiHHI, € nponidhepadis
Me3aHrioumTiB, iHINbTPaUis HUPKOBOI TKaHWHU Makpoda-
ramu 1 noganblia CTUMYNSLis LUMW KNiTUHAMK MOTY>KHOroO
CUHTE3Y KOMMOHEHTIB NO3aKNiTMHHOIO MaTpukcy [26].
PesynbTat Hawumx JocnigxeHb cBigyaTb Npo BiAcyT-
HIiCTb CyTTEBUX 3MiH YMicTy MCM y wwypiB-camuis npu npo-
dinakTnyHoMy 3acTtocyBaHHi opnictaty Ta BHK Ha ocHoBi
naxuTHuka: ymict MCM y cupoBaTLi KpoBi LuypiB 3a yMOB
BMCOKOKamnopilHOT AieT Npu 3acTocyBaHHi 060X cnomnyk ic-
TOTHO He BiApi3HATLCA Bif KOHTPOMNBHUX 3HaYeHb (puc. 1).
BoaHouac cnocTepiranucst NOTyKHi 3MiHK y dopakuii oni-
ronentuais. 3aCToCyBaHHsi OPICTaTy HE TiNbKN HE 3HXKYE pi-
BeHb NpoayKTiB Aerpagadii 6inkis y wypis-camuis Ha BUCOKO-
KanopinHin Aieti, ane h BUKIUKAE iXHE CUINbHE YTBOPEHHS B
KOHTPOrbHIN rpyni. MosicHEHHAMY LibOMy MOXYTb ByTi nobi-
YHi ecbekTn Uporo npenapaTty. Kpim cTeatopei — 3aranbHoBi-
AOMOro Hacrnigky opnictaTty — Kifnbka AOChifKeHb yKa3yloTb
Ha NopYLUEHHSI OKUCHO-BIAHOBHOrO 6anaHcy B opraHiamMi npu
MNOro 3aCTOCYBaHHI LLMASXOM 3HWKEHHS PIBHA rMyTaTioHy i, Big-
noBigHO, rNyTaTiOH3aneXHol CUCTEMWN aHTUOKCMOAHTHOIO 3a-
xucTy. BignosigHo 00 niTepaTypHUX AaHuX, Yepe3 MpurHi-
YeHHs1 peabcopbLii XMpY B KULLEYHMKY MOPYLUYETLCSA CMOXK-
BaHHSA BaXIMBUX HeEepMEHTATUBHUX aHTUOKCMOAHTIB, Ta-
Knx, SK BiTamiH A Ta E [27]. P0o3BUTOK OKMCMOBaNbHOMO
CTpecy, CNpusoYn OKUCMOBanbHI Mogudikauii 6inkis, moxe
6paTy y4acTb y NOCUNEHHI IXHbOro kaTaboniamy.
AHanisyloun nitepaTypHi AaHi 3 UbOro NUTaHHS, iHLWMMN
nobiyHuMmn edbekTamm oprnictaTy € po3naam NeyviHku i roctpe
ypaxkeHHs1 Hupok. OpnictaT MoXe BUKNMKaTW roctpe ypa-
YKEHHS1 HUPOK LUMASIXOM CTUMYNSLIT KMLLKOBOI rinepokcanypii,
sIKa TaKOX CNoCcTepiraeTbCs y NauieHTIB i3 MOPYLLUEeHHSAM BCMO-
KTYBaHHS XNpiB. 2Knpu, LLO He BCMOKTYHOTBLCS B TOHKIM KMLLILL,
YTBOPIOIOTb KanbLieBi MUna, ki 3MEHLLYOTb BCMOKTYBaHHS
BifTbHOTO KarmbLil0 B KULIEYHWKY. Y pesynbTaTi Kanbuin He
MOXe 3B'3yBaTV OKCanaTh B KULLEYHHUKY, LLIO NPU3BOAUTL A0
nocunenHs peabcopbuii okcanartie. Lle, y cBow uepry,
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BMKIUKaE MOCWUNeHe BUBEAEHHS okcanariB i3 ceveto. MNepe-
HaCUYeHHs1 KaHamnbLEeBOi PiAWHM OKcanatamu € (hakTopom
pY3KKy YTBOPEHHSI NpeLMniTaTiB okcanaTy KarbLito, Lo MoXe
CMPOBOKYBATU PO3BUTOK FOCTPOro YPaXKeHHs1 HUPOK. Pag no-
BiJOMNEHb CBIAYMTb NPO Te, Lo BMNAMB OPiCTaTy CNpUYMHSE
3HWKEHHSA KyOOoYKoBOI QinbTpaLii, WO TaKoX CMOBINbHIOE
BMBEAEHHS onironenTuaiB 3 opraHiamy [28].

Mwn Takox BUSIBUNN 3HayHe 3HWxXeHHs pisHiB MCM, ane
XOOHWX NofibHMX 3MiH He 3HanaeHo y dpakuii onironenTu-
[iB Yy CaMOK LUypiB, SKi OTpUMYBanNu BUCOKOKaropinHy AieTy
3 opnictaTtoM. Lle Moxe BkasyBaTu Ha cTaTeBi BiAMIHHOCTI y
cknagi MCM, a came nepeBaxaHHsl y caMOK HenenTuaHuX
MCM, y Tomy umcni oparmeHTiB ninigis. Take npunyLLeHHsI
MOXTIVBE B 3B'A3KYy 3 TUM, LLO Li CMOMYyKN HE BUBOOSATHLCS 3
opraHiamy i3 ceyero, TOMy iXHi YMICT y KPOBi He 3anexmTb
BiA OYHKLiOHanbLHOro ctaHy Hupok. OpnictaT, Aitoun AK iHri-
OiTop naHkpeaTu4HOI ninasu, 3anobirae rigponisy ek3oreH-
HUX TAT i BCMOKTYBaHHIO iXHiX KOMMOHEHTIB, @ LUNAXOM Mpu-
rHIYEHHS aKTUBHOCTI CUHTa3U XUPHUX KACMOT — 3HUXKYE EH-
[OreHHy reHepaluito XXUPHUX KUCINOT i TUM caMUM MPUTHivye
YTBOPEHHS NoxigHWX ninigis, ski Hanexate 4o MCM.

PesynbTaTy HaWmx 4OCHiMKEHb YKa3yloTb Ha HasIBHICTb
cTaTeBuX BiAMIHHOCTEN Yy piBHAX onironentugHoi dpakuii
MCM. [ivicHo, Ha BigMiHy Bifg camLuiB, camKu, siki OTpUMy-
Banu BWCOKOKamopiviHy Ai€Ty, XapaKTepu3yloTbCS MeHLU
LWBUOKMM 36iMbLUEHHSAM YMICTY OnironenTuaie, a B KOHTPO-
NbHIA rpyni He cnocTepiranocd 3HA4YHOro CTUMYSbOBAHOro
oprnictaTtom MigBMLLEHHSA piBHA onironentugis. Moxnvmeum
NMOSICHEHHAM LbOro dakTy mMoxe Oyt Binblua CTINKICTb Xi-
HOYMX HMPOK [0 MOLUKOAXKEHb K 338 YMOBMW BUMCOKOKANoOpiii-
HOI AieTu, Tak i Npy 3acToCyBaHHI opricTary.

BusiBneHe B Halumx AOCAISKEHHAX NIABULLIEHHS BMICTY
onironenTuaiB y KOHTPOMbHIN rpyni LWypiB-camuiB 3a yMOBMU
3aCTOCYBaHHSl oprictaty MoOXe — MpWHaMMHi 4acTKOBO —
OyTu cnpyyYMHEHE CUHEPTiYHUM ehEKTOM aHAPOreHy 1 opni-
cTaTy Ha piBHi okcanaTiB Y ceui, ki y pasi HagMipHOro Hako-
MUYEHHST CNPUSAIOTL YTBOPEHHS KpWUCTaniB okcanaTty Kanb-
Lito; moganblla arperauis KpucTarniB Ta ixHa B3aemogis i3
KNiTMHaMK KaHarnbLiB HE(POHIB BUKINNKaIOTb MOLUKOMKEHHS
umnx knitvH. Camui mMatTb BUMLLY 34aTHICTb A0 KpucTanoy-
TBOPEHHS 3aBOSKM CTUMYIOKOMIN Al aHApOreHy Ha ekcnpe-
cito p22-Phox cy6oamnuui HA®H-okcnaasm B Hpkax. Kpim
TOro, aHApPOreHn CTUMYNTbL BIOCMHTE3 okcanaTiB Lng-
XOM NOCUNEHHS eKcnpecii reHa rnikonaTtokcnaasn — Nepok-
cucomarnbHOro hepMeHTy MeviHkW, SKUA KaTanisye OKuC-
HEHHS rMIKONATIB | TAKUM YMHOM reHepye rniokcunat — 6es-
nocepefHiv nonepegHuk okcanary [29].

Ha BiamiHy Big opnictaTy, 6i0HAaHOKOMMNO3UT Ha OCHOBI
NaXXUTHUKa CYTTEBO 3HUXXYE CUPOBATKOBUIA piBEHb ofirone-
NTUAIB y LypiB-caMuiB KOHTPOMbHOI rpynu Ta LwypiB 060X
cTaTen, SKi OTpMMyBanu BUCOKOKarnopinHy giety. B octaH-
HbOMY BMMNaZKy 3Ha4YEHHS LibOro MoKa3HuKa iCTOTHO He Bia-
Pi3HAETLCSA Big HOpMarnbHUX piBHiB. Lii ecbektn MoxHa nosc-
HUTKM 0COBNUBOCTAMMU Aii PEYOBUH, O BXOOATb A0 CKragy
NaXXUTHUKA, Ha Pi3Hi NaHku meTtaboniamy.

OCHOBHVMM KOMMOHEHTaMM MpenapaTy Ha OCHOBI NaXw-
THMKA € TPWU CNONYKW — LiOCreHiH, 4-rigpoKcuisonenunH i
KOMMOHEHTU hpakLii PO3UMHHMUX XapHOBMX BOFNIOKOH MaXUT-
HMKa — ranaktoMaHHaHu. Lli cnonyku BUSBNSAIOTb NOTY>KHUNA
BMNNMB Ha MeTaboniam rnoKo3n Ta NiniaiB, curHanbHy cuc-
TeMy iHCYniHY, YHKUiOHaNbHUIA CTaH NeYiHKMU A HUPOK, po-
3BUTOK 3ananbHux npouecie [30]. YBaxaeTbes, WO Aiocre-
HiH ePeKTUBHUIN NPOTU PIBHOMAHITHUX NaTONOriN, OCKINbKK
BiH HOpManisye romeocTtas [MIOKO3W, Mae renaro-
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NPOTEKTOPHY Ail0 Ta 3MEHLLYE BUSIBU OKUCHOIO CTPEecCy i 3a-
naneHHsa [31]. FanakToMaHHaHW € OCHOBHMMMW KOMTMOHEH-
Tamu BOJIOKOH MaXXUTHUKA. 3a CTPYKTYpoOlo — Lie noriicaxa-
puam, Wo CKrnagatTbes i3 3anuLLKIB MaHO3M Ta ranakTosu.
[anakToMaHaHHM MalTb BMACTUBICTb NiABULLYBATU B'A3-
KiCTb, KON BOHW PO3YMHSIOTLCS Y BOAi, YTBOPKOKYM TakUM
YMHOM B'SI3KWM refb Y KULWEYHMKY. TUnoBuMn ecpektamm Lmx
CMONYK € MOCUNIEHHS NEPUCTanbTUKU KULLEYHMKA, NPUrHi-
YeHHs pepMeHTiB, WO rigponisyoTb Ninign n Byrnesoan y
LUMTYHKOBO-KMLLIKOBOMY TPaKTi, Ta SIK HACNIAOK — MPUTrHIYEHHS
BCMOKTYBaHHS >XMPHUX KUCIOT i FNOKO3M Ta, BigNoBigHO, yC-
YHEHHS rinepninigemii 1 rinepraikemii. IHWoWw HanpasneHi-
CTIO Aii LMX Cnonyk € iXHs 30aTHICTb 3B'si3yBaTM XKOBYHI KMC-
JNIOTU — HeobXigHi KOMMOHEHTU MiLeN; OCTaHHi TaKoX BKIIO-
YalTb XONECTEPUH i XXUPHi KUCIOTK, AIKi TpaHCnopTyBaTu-
MyTbCS Yepe3 MembpaHy eHTepoLuTiB.

BonokHa naxuTHWKa TaKoX YMOBIMNbHIOKTL PO3BUTOK aTe-
pockneposy Yepes 3HwkeHHs1 piBHA JIMHLL, okucnenmx JITTHLL
i romouucTeiHY 3 OHOYACHUM 3GiNbLUEHHSIM KiNbKOCTI rnyTa-
TiOHY Ta a-Tokocpepony. [HLLOK NO3UTUBHOIO Ai€to ranakToMmaH-
HaHiIB € IXHS 3axMcHa Ais Ha PYHKLi0 NeYiHKY i HUpokK [30].

TakuM YMHOM, MOXHa NMPUMYCTUTK, LLO OLHIED 3 MOX-
NUBUX NPUYMH no3mTuBHoro Bnnvey BHK Ha ocHoBi naxu-
THMKa Ha piBeHb onironenTtugie, a omke, i Ha Busie CEl
MOXe OyTu 3aranbHa HopManisauiss MeTaboniamy y camuis
i caMOK LypiB SIK KOHTPOSbHOI rpynu, Tak i nig vac niky-
BaHHS BMCOKOKasopinHoto gietoro. e oagHieto MoXnueoo
nNpuYMHOIO, sika notpebye noganbliMX OOCHIOXEHb, 3HU-
XeHHsA nenTnaHux mapkepis CEl npu BukopuctanHi BHK €
NOTY>XHi @HTMOKCMAAHTHI BMACTUBOCTI NaXUTHUKA 3aBOSAKN
HasABHOCTi Taknx KOMNOHEHTIB, Sk nonicpeHonu Ta 6iodna-
BOHOIAW, CanoOHiHK, BiTaMiHW, ceneH Ta iHwi. YincneHHi go-
CNigKeHHSs MOKa3yoTb, L0 KOMMOHEHTU NaXXUTHWKA MatTb
3gatHicTb nornuHat A®K, npurHiyyBaTtu npouecu nepeku-
CHOIO OKUCHEHHSA MinigiB i cnpusaTn oepMeHTaTUBHUM QY-
HKUiAM aHTuokeuaaHTiB [32]. [lMpodinakTuyHe 3acTtocy-
BaHHS MaXXUTHMKa TakoX MoKpallye YHKLi0 HUPOK 3a pa-
XYHOK 3HAQYHOrO 3HMXXEHHS 3aranbHOro BMICTY KanbLilo B
HUPKOBIM TKaHWHI, 3MEHLUEHHsSI NMpoueciB Kanbuudikauii,
NiABULWEHHST PIBHA aHTUOKCUMAAHTHOrO 3axucTy, 3MEH-
LLIEHHSI BUSIBIB OKMUCITHOBANbHOrO CTPECY, BKITOYa4M Npur-
HiYEeHHS NepPeKNUCHOro OKMCHeHHs ninigis [33].

BucHoBku. Moka3aHo niaBYLLEHHS PiBHA MapKepiB CUH-
OPOMY eHAOreHHOT iIHTOKCMKaLlii — MONeKkyn cepefHbOi Macu
1 onironenTuaiB — y cupoBaTLi KpOBi LLYpiB 3 eKCrnepuMeH-
TanbHUM OXUPIHHSAM, LLO MOXe ByTy HacniaKoM siK iIHTEHCK-
BHOrO NPOTEONi3y, Tak i NOPYLIEHHS BUAiNbHOT 34aTHOCTIi HU-
pok. Binbw BrpaxeHi amiHn piBHa MCM BusBnsOTLCS Y ca-
MOK LLypiB, a BMICTy onironentugis — y camuis. Lie moxe
CBigYMTN NPO HasIBHICTb CTaTeBUX BiAMIHHOCTEN Y SKICHOMY
cknagi MCM, a came npo nepeBaxaHHs HenentuaHux MCM
y CaMOK, Y TOMY YUCHIi NOXigHMX XUPHUX KucnoT i TAT. JTiky-
BaHHs LWypiB obox craTten opnictatom i BHK nigtpumye
BMicT MCM y mexax HopMmu.

PesynbTat npoBegeHMX HaMu OOCHILXEHb YKa3ylTb
Ha iCHyBaHHS cTaTeBMX 0COBNMBOCTEN BNNUBY OpricTaTy Ha
BMICT OnironenTuais y cmpoBartui KpoBi. 3acToCcyBaHHSA Op-
nictaty BMKMMKaE NiABULLEHHS BMICTY onironenTtuais sk y
KOHTPOSbHIN rpyni LWypiB-camuiB, Tak i B LypiB-camuiB B
ymoBax BK[, o moxe 6yTn cnpyuynHeHo BUPaXKEHUMN Mo-
Bi4HMMM edhekTaMm LbOro npenapaTy Ha CTPYKTYPY 1 (oyHK-
LlioHarnbHy aKTUBHICTb HPOK 3@ paxyHOK CTUMYIsLii po3Bu-
TKy rinepokcanypii Ta okcugaTMBHOrO cTpecy. Ha BigMiHy
Bi4 camuiB, camkm 3a ymoB BK[] xapakTtepusyoTbCs MeHLU
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LBMAKMM MigBULLLEHHAM BMICTY oflironenTunais, a B KOHTPONi
He CrocTepiraeTbCs iCTOTHOrO CTUMYIIbOBaHOIo OpIiCTaToM
NiABULEHHA BMICTY onironentugis. MoXnvBMM MOSICHEH-
HSIM Lboro chakTy moxe 6yTun BinbLua CTiNKiCTb HUPOK CamMOK
[0 MNoLKoAXeHb sk B ymoBax BK[, Tak i npu 3acTocyBaHHi
opnictaty. 3HmwkeHHs piBHS MCM, sike cnocTepiraeTbcs y
CcaMoK LLypiB, Siki oTpMMyBanu opnictaT 3a ymosu BK[, pa-
30M i3 BiACYTHICTIO NoAibHUX 3MiH y cbpakuii onironenTtuais,
NiATBEPAKYE iCHYBaHHA CTaTeBMX BiAMIHHOCTERN y cknagi
MCM, Takux, sk nowmpeHicTb y caMok HenentuaHnx MCM,
y TOMY Yncni pparmeHTiB niniais, piBeHb SIKUX Y KPOBi He 3a-
NexuTb Big YHKUIOHANbHOro cTaHy HUPOK, OCKIifbKM BOHU
He BUBOASATLCS 3 OpraHiamy 3i CKnagom ceui.

B3acrtocyBaHHA BHK Ha ocHoBI heHyrpeKky 3HUXKYE piBEHb
onironenTuaiB y LWypiB-caMmuiB KOHTPOMbHOI rpynu Ta Hop-
Marisye 3a3Ha4yeHun NokasHuWK y LypiB 060x cTaTten B ymo-
Bax ekcrnepumeHTy. OgHVMM i3 NOAICHEHb LbOro Moxe 6yTu
HasABHICTb Y NaXXUTHUKY aKTUBHWX IHIPEAIEHTIB, ki MOXYTb
nigBuLLYyBaTV aHTUOKCUOAHTHUIN 3axXUCT i, Nopsa i3 Hopma-
nizaujieto ninigHoro M ByrneBogHoOro obMiHy, nokpailysaTu
po6oTy opraHy, Wo 3abe3neyvye BUBINbHEHHS] €HOOreHHUX
TOKCUHIB, SIKi HaneXaTtb [0 onironenTuais.

BusasneHi Hamn ctaTtesi BigMIHHOCTI B CMPOBaTKOBUX Pi-
BHAX mapkepiB CEl moxyTb 6yTn 3ymoBneHi ocobnmeoc-
TAMW BNIUMBY CTATEBMX MOPMOHIB Ha PYHKLiOHaNbHUIA CTaH
HUpOK. TOMy B camLiiB 32 YMOBW BMCOKOKASTOPIMHOIo Xapyy-
BaHHS XapaKTepHWUI LUBUOKUA | BUPQXKEHUA PO3BUTOK IMO-
Mepynocknepoasy i hibpo3y HMPOK, a y caMku € BinbLu CTin-
KMMK [0 NporpecyBaHHs HWpKOBOI nartonorii. OTxe, cTtaTh
Moxe 6yTu ogHUM i3 hakTopiB, O BM3HaYaloTb Nporpecy-
BaHHS YPAXXEHHSA HUPOK.
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SEX DIFFERENCES IN THE LEVELS OF MARKERS OF ENDOGENOUS INTOXICATION
IN RATS WITH EXPERIMENTAL OBESITY UNDER CONDITION OF PREVENTIVE ADMINISTRATION OF ORLISTAT
AND BIONANOCOMPOSITE BASED ON FENUGREEK

Obesity is a complex disease involving an excessive amount of body fat. Obesity is generally caused by eating too much and physical activity
too little. High-calorie diet-induced obesity occurs in both sexes, but more pronounced changes in blood parameters associated with this disease are
more common in men. However, the gender-specific mechanisms of obesity development are little known. Therefore, the purpose of our study was
to determine the sex-specific response to the content of the middle mass molecules and oligopeptides in the serum of rats under conditions of high-
calorie diet consumption and after administration of a bionanocomposite based on fenugreek and orlistat. To do this, we used a modified Gabrielian
method and mathematical processing and statistical analysis of the results.

Keywords: obesity, the middle mass molecules, bionanocomposite, fenugreek, orlistat, high-calorie diet.
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A. MupoHeHko, cTyA.

KuiBcbkui HauioHanbHUI yHiBepcuTteT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa,

I. 3uma, a-p Gion. Hayk
HHU "lHcTuTyT Gionorii Ta meauuuHK",

KuiBcbkui HauioHanbHUM yHiBepcuTeT iMeHi Tapaca LLeB4yeHka, KuiB, YkpaiHa

KOrHITUBHI NOTEHUIANX ronoBHOro MO3Ky 4onosiKiB,
BUKINUKAHI CTPUAHATTAM OBJIUY OCIB PI3HOI CTATI
3 PI3HOIO EMOLIIMHOIO MOAAJBHICTIO

3ditlicHeHo o6paxyHOK pi3HuUyi nikie, noe'a3aHux 3 nodicto mnomeHyianie y 4yosnoeikie npu ekcno3uyii pis3Hocmameaux obnuy i3
dugpepeHyitiosaHuM emMoyiliHum 3abapesieHHsIM 3a orMomMoz20+o npozpamHozo komnnexkcy MATLAB i EEGLAB.

lpoeedeHo peecmpauito enekmpu4Hoi akmueHocmi Mo3Ky 20-mu cmydeHmie 4osioeidoi cmami Kuiecbko20 HayioHanbHO20
yHisepcumemy imeHi Tapaca LlleeyeHka 3a0nsi eusiesIeHHs1 pi3HUYi 8 akmueauii Mo3koeux cmpyKkmyp y xo0i ekcrio3uuii mopmpe-
mie pi3Hoi cmami 3 No3umueHoro Ui HecamueHor eMOoUiliHo ModasibHicmio.

CmamucmuyHo docmoeipHi eidMiHHOCcmi nikoeoi amnnimydu 6yno 3aghikcoeaHo Onsi komnoHeHmie N250, N400 ma P300 3a
yMoeu rnodaHHsi o6CcmexyeaHUM 4YoJ108i4ux i XIHOYUX rMopmpemie 3 MO3UMUEBHOK €eMOUiliHo MoOdasbHicmro, modi sk npu
ekcrno3uuii cepili 306paxeHb 3 He2amMuUeHO eMOoUyiliHor ModanbHicmM0 cmamucmuYyHux eiOMiHHocmell He 6yJ10 3apeecmposaHo

8 JXOOHOMY i3 KOMMOHeHmie.

Knroyoei cnoea: enekmpoeHyedganozpadpis; euknukaHi nomeHyianu; nomeHyianu, noe's3aHi 3 nodieto; 3opoei nomeHyianu;

emMouii; cmameei eiOMiHHOCMI.

BcTyn. Mimika 061144 — oauH i3 OCHOBHKX 3acobiB Co-
LlianbHOI KOMYHiKaLlii, 3a ONOMOroH SKOro B NIOAEN € MOX-
NYBICTb WBMAKOrO (MEHLLe CeKyHaM) aHanidy BEenuUKOi Kinb-
KOCTi MOKa3HUKIB, L0 HagXOoAsTb Big o0'ekTa yBaru, sik-oT
pacwu, cTari, Biky, emouii, Hamipis ToLwo [1].

HesBaxaroum Ha po3BUTOK HOBUX METOAIB HEMpPOBI3yani-
3auii, enektpoeHuedanorpadisa (EEIN sanvwaetbcst Baxnu-
BMM KOMMOHEHTOM [iarHOCTYBaHHSI OKPEMUX MCUXIYHUX PO3-
napgis, 3aXBOPIOBaHb i CTaHIB, @ TAKOX aKTUBHO BUKOPUCTOBY-
€TbCA Ans HerpoaizionoriyHnx gocnigxeHs [2]. MoTeHuianw,
noe'a3aHi 3 nogieto, abo MMM, BigobpaxalTeca AK AINAHKA
EEl, wo reHepyloTbCa B pisHUX Bigainax LeHTpanbHOI Hep-
BoBOI cuctemn (LUHC) y Bignosigb Ha neBHi noAii un ctumynu.
Ockinbku MMM npuB'aA3aHi 3a Yacom 40 CEHCOPHMX, MOTOPHUX
YM KOTHITUBHWX MOZii, BOHN 3abe3ne4vytoTb 6e3nevHnin HeiH-
Ba3UBHWI Niaxig A0 BUBYEHHS NCUXOi3ioNoriYHnX KopensTiB
ncuxivHnX npotecis [3]. Y cBow Yepry, 30poBi noTeHuianu —
Lie eNneKkTPUYHi CUrHanmu, Lo reHepyrTbCst Hacamnepes B 30-
POBIVi KOpi Y BIAMNOBIAb Ha 30BHILLUHIO BidyanbHy CTUMYMSLLIO.
[1o0 OCHOBHWX (PyHKLIi 30pPOBOI KOPM, LLIO 3HaX0AMTbCH B MO-
TUNMYHOMY BiAAINIi MO3KY, HanexaTb iHTerpauis, cermeHTauis
N 0bpobka BidyanbHOi iHdopMauii, a i akTuBauis Biobysa-
€TbCA Yepes LieHTpanbHe norne 3opy [4]. Ockinbku 30poBi no-
TeHuianu MoaynoTbCA B MOMEHT AeTeKLii NeBHOro nogpa-
3HUKa, IXHE PEECTPYBaHHS 3abe3nevye HeiHBa3MBHUI MeTos
OoCnigKeHHs1 OYHKUiOHanbLHOI 30poBOI CUCTEMU FHOAWHU
LLUMASXOM BUSIBNEHHST aKTUBHOCTI IPyMn HEMPOHIB, LLIO pearyoTb
Ha 30poBi NoapasHuku [5, 6].

Y HaykoBil niTepaTypi onucaHo 6arato BiAMIHHOCTEN Y
KOTHITUBHUX 3AiOHOCTAX YOMOBIKIB i »KiHOK. [10 HUX BiAHOCATb
3aBaHHA Ha NPOCTOPOBE MUCHEHHS [7], BNpasu 3 choTorpa-
(hi4HO (30pOBOID) NaM'sATTIO [8], BNpaBu Ha KOHLEeHTpaLlito
yBaru, 34aTHICTb po3ni3HaBaHHsI MiMik1 06NNY, BU3HAYEHHS
IXHBbOT eMoUiHOT MoganbHOCTI Towo. byno nokasaHo, Lo
3a OOHAKOBMIA MPOMDKOK Yacy >XiHKW 3[4aTHi AeTanbHiwe
onpaubOoBYyBaTU BidyarnbHy iHOpMaLiito, MOB'A3aHy 3 poa3ni-
3HaBaHHAM ntoAacbkux obnuy [9]. Tomy komnoHeHT N170,
Lo B niTepatypi TpaauuiHO NOB'S3aHUA i3 po3ni3HaBaHHAM
0o6nuy, y xiHok mae Buwly amnnityay [10]. ba 6inbLue, cepis
OOCNIAXeHb i3 BUKOPUCTaAHHAM DYHKLIOHaMNbHOI MarHiTHO-
pe3oHaHcHoi Tomorpadii (PMPT) npogemoHcTpyBanu pis-
HULO akTuBaLii MurganenogibHoro Tina y 4onosikiB Ta xi-
HOK yNpOAO0BX cnocTepiraHHA 06nuy i3 NO3UTUBHOK eMOLin-
HOK MoAarnbHIiCTio. [O3MTUBHI CTUMYNM B YONOBIKIB BUK-
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nVKalTb akTMBaLilo MurganenogibHoro Tina B npasii nis-
Kyni FONOBHOrO MO3Ky, Y TOM Yac §iK Ti cami CTUMYNK B >KiHOK
BMKNVKaOTb akTueadito nisoi niskyni [11]. Kpim Toro, 6yno
BUSIBMIEHO cTaTeBi BiAMIHHOCTI, nos'a3aHi 3 murganenopio-
HUM TifIOM, YNPOOOBX CMOCTEpPIraHHs XiHOYMX €eMOLNHO
HelTpanbHUX o6nuY: y YONOoBIKIiB List AiNsHKa rofioBHOrO MO-
3Ky akTuByBanacs cunbHiwe [12].CtaTeBi BigMiHHOCTI Byno
Takox 3adikcoBaHo B moaynsuii komnoHeHTy N200, wo no-
CUMIOBABCS Y XIHOK MPU CMPUNHATTI HEraTMBHUX CTUMYNIB
nopiBHAHO 3 yonosikamu [13]. A komnoHeHTn P300 Tta LPP
(Late Positive Potential), wo BignosigatoTe 3a GinbLl ckna-
[OHi KOFHITUMBHI npouecu W po3ni3HaBaHHSA eMmoLi, Manu
BULLY aMMIiTYAy Y XIHOK, HixX Y YonoBikis [14].

3 ornagy Ha Te, Lo cy4vacHi couianbHi TeHaeHLii cnps-
MOBaHi Ha BperynioBaHHA Ta BPIBHOBaXXEHHS PoOrii 4ono-
Bika 1 XiHKW B CyCNiNbCTBi, NMTaHHsI 3a40BONEHHS NoTpeb
6yab-Akoi cTaTi 3anuwaeTbcs BigkpuTUM. MexaHiamu HaB-
YaHHS, BIOTBOPEHHS Ta aHani3dy iHopmauii Yonosikamu
XiHKamMun CnpuMrnMarTbCsa No-pi3HOMY BHachigok Mopdorno-
riYHO-(PYHKLUiIOHANBbHNX, EHOOKPUHHUX | FEHETUYHUX BiAMIH-
HOCTeW cammnx opraHiamis, LLO 06YMOBIOE OCOBNMBY akTy-
anbHiCcTb Uiei poboTu.

MaTtepianu Ta mMeToau AocnimXeHb. Y LOCNIAXEHHI
B3anun yyacTb 20 ctygeHTiB KNiBCbKOro HauioHanbHOro yHi-
BepcuTeTy iMeHi Tapaca LlleByeHka 4onosivoi cTtaTti BikoM
17-22 poku (n = 20). Ekcnosuuis 3o06paxeHb i peecTpauis
Mrn y kopkosux Bigainax LUHC nposogunucs 3 Bukopuc-
TaHHAM MporpamMHo-anapaTHoro komnnekcy "Hevipokom"
(XAl Meguka, m. XapkiB, YkpaiHa) Ta creuianbHO CTBOPEHOI
MEeTOANKM AN NpPOBeAeHHs pocnigkeHHs (wabnoH). Ha-
KnadaHHs eneKkTpoaiB Ha LLKIpYy ronosu o6cTexyBaHUM nNpo-
BOOMIIOCS BiAMOBIAHO 40 MiXXHapoaHoi cuctemun "10-20".

LabnoH ekcnepumeHTy BKIOYaB 3anuc enekTpoeHLe-
danorpamu 3 geMOHCTpaLielo 06CTexXyBaHUM YOTUPbOX
cepin 306paxeHb TpmBanicTio 10 xB koxHa. Nepepn ekcno-
3uuieto 306paxeHb nposoauecs 3anuc EEI i3 3akputumn
(3 xB) Ta BigkpuTMMK (3 xB) oumMa. [ns LEMOHCTPYBaHHS
NO3NTUBHO W HEraTMBHO €MOLINHO 3abapBneHux BMpasiB
ob6nnyusa 6yna BukopuctaHa MixHapogHa cuctema adek-
TMBHUKX 300paxeHb (IAPS), wo mictnTb cepito cTaHgapTu-
30BaHuX dotorpadint y BinbHOMy goctyni. NapameTpamu
OLiHIOBaHHS1 BUKNUKaHWX noTeHuianis (BM) 6yno BusHa-
YeHO NaTeHTHICTb Ta iXHI0 NiKOBY aMnniTydy 3 yCix BigBe-
OeHb rofloBHOrO MO3KY.

© MupoHeHko 1., 3uma l., 2023
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Mporpama ctumynadii mictuna 4acti CTUMynu: NoO3nNTK-
BHO 3abapeneHi (M =4.11, SD 1,72 po M =5.71, SD 1,70)
XiHoui 1 vyonosivi (M = 4,81, SD 1,56 no M = 5,43, SD 1,50).
PigkicHMMu ctumynamm 6yno BU3HaAYeHO XiHOYi HEWTpanbHi
(M=1,81, SD0.67) i yonosiui HentpaneHi (M =1,29,
SD 1,31). CTumMynu AgemoHCTpyBanucs 3 AOBINbHUM natep-
Hom npoTarom 500 Mc He3anexHo Bif eMOUiNHOT CKNagoBoi,
a BiporigHicTb NosBK pigkicHoro ctumyny ctaHosuna 30 %.

O6pobka 3anucie EET, wo 6ynu HanpauboBaHi B xoai A4o-
CNipKeHHs1, 3ailcHIOBanacsa B NporpamMmHoOMy iHCTpyMeHTapil
EEGLAB nporpamHoro 3atesnevyeHHs MATLAB. [aHi o6po-
onsanuca wnsxom nposeneHHst ICA-aHaniay ans BuaaneHHs
apTedakTHUX enemeHTiB (M'I30Bi, OKOpYXOBi Ta iH.). [ns Bu-
SIBMEHHS AINsHOK 3i CTaTUCTUYHO OOCTOBIPHUMU BigMIHHOC-
Tamm amnnitygm (p < 0.05) 6yno 3actocoBaHo kputepin fdr. Y
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XOpi Bidyanisauii oTpumaHux gaHux 6yno BUKOPUCTaHO nakeT
"ggplot2" y nporpamHomy cepegosuli RStudio.

Pe3synbTaTtu Ta ix 06roBopeHHsi. AHani3 30poBux no-
TeHUianiB y obcTexyBaHMX YOIOBIYOi CTaTi YNpOa4OBX eKc-
no3uuii cepirt YonoBivMX i XiHOUMX 06MIMY i3 NO3UTUBHOIO 1
HEraTMBHOK EMOLINHOK MOLAMNbHICTIO BUSIBUB HasIBHICTb
koMnoHeHTy P100 B 30Hax poHTanbHux (F3-F4) i ueHtpa-
nbHux (C3-C4) BigBeaeHsb. lNikoBa amnniTyga 4aHOro KOM-
noHeHTy 6yna 0,5 mkB anga xiHounx i 0,0 mkB — gna vyonosi-
Ymx o6nnY i3 NO3UTUBHOI 1 HEraTUBHOK eMOLiHOK Moaa-
nbHicTio (puc. 1). NateHTHicTb cTaHoBuna 100-120 mc. Yn-
pofoBx aHanizy komnoHeHTy P100 cTaTUCTUYHUX BigMiHHO-
cTen Mix BMGipkamu 3 YONoBiYMMM Ta XKIHOYMMUK 300paXKeH-
HsIMW He Byno BUSIBMEHO.

25 ol
b ol
N250  N40O
0.0 é—{—
P00 P300  LPP
-2.5

Puc. 1. MikoBi amnnityau B (MkB) y o6¢cTexxyBaHMX YONOBivOi cTaTi ynpoAoBXK eKCrno3uLii cepii YonoBiunx (6nakuTHUM konip)
i )XiHOuUMX (poxxeBUI Konip) 06nMY 3 NO3UTUBHOIO (+)
Ta HeraTMBHOIO (—) eMOoLiHO MoAanbHICTIO

KomnoHeHT P100 nos'a3aHui i3 paHHiMu cTagismu o6-
pobku BidyanbHoi iHpopMauii, y ToMy Ymcni noacbkux o6-
nuy. Byno NnpogeMoHCTPOBaHO, WO amnniTyaa KOMMOHEHTY
P100 Gyna BuWWOK YNPOOOBX €KCrno3uuii 306paxeHb i3
TNOACBKUMU 06NNYYAMM NOPIBHSIHO 3 iHLWMMK BidyanbHUMM
ctumynamu [15]. Kpim Toro, nateHTHicTb komnoHeHTy P100
3MiHIOBanacsi 3anexHo Bifg Toro, skuin ctumyn (Gyaiens,
TNIOACBKUIA NOPTPeT, nensax Towo) 6yno npoaeMOHCTpo-
BaHo pecnoHaeHTam [16]. KomnoHeHT P100 moxe 6yTu 3a-
OiSHUM Y BU3HAYEHHI KOMbOpy BidyanbHOro nogpasHuka,
MNOro ACKPaBOCTI 1 3any4eHUIn y NpoLecn paHHboi Moaynsuil
yBaru, a Takox Crpusie MPOCTOPOBOMY BM3HAYEHHIO CTUMY-
niB [17]. KomnoHeHT P100 He 6epe yyacTi B gudepeHuiadii
€eMoLi Ta iIXHbOT iHTerpauii B nonepeaHin koHTekcT [18].

KomnoHeHT N250 6yno BusIBNEHO B 30HaX OKuuMMiTanb-
Hux (01-02), napietansHux (P3-P4) i TemnopanbHux (T5-
T6) enexkTpodiB yNpOAOBX eKCno3uLii cepin 306paxeHb Yo-
NOBIYMX Ta XIHOYMX OBNKY i3 MO3WUTUBHOIO I HEraTUBHOI
eMoLirHOo MoganbHicTo. ikoBa amnniTyga KOMMOHEHTY
N250 y BuGipui 3 MO3NTUBHUMK CTMMyNnamu CTaHOBMIa
0,0 MkB gnsa xiHounx obnuy Ta -2,0 MKB — ansa yonoBiunx
0o6nuny. Ynpooosx ekcrnosuuii cepiii 3o6paxeHb 3 HeraTue-
HOK eMOLiNHOK MOJAnbHICTIO NikoBa amnniTyda noTeHLUi-
any N250 craHosuna -1,0 mkB ansa o6ox cepiii 306paxeHs.
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JlateHTHicTb noTeHuiany N250 — 250-300 mc. AHani3 Kom-
noHeHTy N250 BusSBMB CTaTUCTUYHI BiaMiHHOCTI cepef Bubi-
pOK 3 MO3NTUBHO 3abapBreHVMN CTUMYamMn B 30Hi eNekT-
poais O1-0O2. AHani3 komnoHeHTy N250 ynpogoBx ekcno-
3uLii HeraTMBHO 3abapBreHUX YOMOBIUYNX i XKIHOUMX 06InY
CTaTUCTUYHMX BiOAMIHHOCTEN HE BUSIBUB.

KomnoHneHT N250 BuHukae B npomixkky 230-300 mc i
TpagMUiHO CMPUNMAETBLCS SK OOMH i3 KOPenATiB BidyanbHOI
06pobku 3Hanommnx o6nm4. 3okpema, Oyno nokasaHo 3poc-
TaHHS amnniTyam komnoHeHTy N250 ynpofoBx 4eMOHCTpa-
Lii ob6cTexxyBaHUM 3HanoMux obnmny NOPIBHSAHO 3 HE3HaMo-
MUMKU abo MepcoHarnbHO 3HAMOMMKX MOPIBHSIHO 3 MOpTpe-
Tamu 3HameHutocTen [19]. Mpu ubOMy B Aeaknx ekcnepu-
MeHTax nigTBepaAXeHo, Wo amnnitTyga komnoHeHTy N250 ni-
OBULLYETLCS NPY MOBTOPHIN €KCno3uuii He nuLle Nioacbkux
06nuny, ane n iHWKx o6'ekTiB, 300paxkeHHs skMxX Byno no-
faHo Bnepuwe [20]. TigBYLLEHHS aMnniTyau KOMMOHEHTY
N250 ynpoaoBx NOBTOPHOI AeMOHCTpauii 06nuy abo iHLwmnX
npeaMeTiB MOB'A3YHOTb i3 akTuBauieo poboyoi nam'ati [21].
3 ornsay Ha ue, komnoHeHT N250 6epe yyacTb y dopmy-
BaHHi KOPOTKOCTPOKOBOI Nam'aTi [22].

KomnoHeHT N400 BusiBneHo B 3oHi enektpogis 01-02
YyNpoaoBX eKCrno3uuii cepil XiHoumx i Yonosiunx obnuy 3
NO3UTMBHOK W HEraTMBHOK €EMOLINHOK MOAAmNbHICTHO.
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MikoBa amnnityga komnoHeHTy N400 ctaHosuna -6,0 mkB
ans 3o0bpaxeHsb i3 xiHouMMu Ta -5,0 MkB ans 300paxeHb
i3 YoNoBiYMMU NO3UTUBHO 3abapBreHnMy obnuyuamu. Ans
BUBIpOK 3 HeraTMBHo 3abapBreHMMN YOMOBIYMMU 1 XKiHO-
ynmn obnuyysiMK nikoBa amnnitTyga craHosuna -5,0 kB
ans xiHounx Ta -6,0 MkB ans yonosiunx 306paxeHsb. Jla-
TeHTHiCTb komnoHeHTy N400 — 380-500 mc. KomnoHeHT
N400 Takox 6yno BUSIBMIEHO B 30HaX LieHTpanbHo-napieTa-
NbHUX enekTpogie Pz. 3Hauyuwi BigAMIHHOCTI nig Yac aHa-
ni3y komnoHeHTy N400 6yno 3HangeHo B 30Hi enekTpoais
01-02 mix cepieto YONOBIUMX i XKIHOYMX MO3UTMBHUX 30-
OpaxeHb. AHani3 komnoHeHTy N400 ynpogoBx ekcnosuuii
HeraTMBHO 3abapBreHNX YOmnoBivMX Ta XiHOYMX 06nmY cTa-
TUCTUYHMX BiOMIHHOCTEN HEe BUSBUB.

KomnoHeHT N400 TpaauLuiiHO po3rnagaeTbes SK Heratu-
BHa XBWMenoaioHa akTUBHICTb, MiK SIKOI CTAHOBUTb GNM3bKO
400 mc nicnsa npeq'siBNEHHs1 CTUMYIY. XapakTepHor ocobnu-
BiCTIO JAHOrO KOMMOHEHTY € 3POCTaHHsA MOro amnniTyau pa-
30M 3i CKMagHICTHO iHTerpauii cTumyny B nonepenHii KoH-
TekcT. Ha HelpodisionoriyHomy piBHi Lie BinbyBaeTbCs 3a pa-
XYHOK TOrO, Lo Anst o6pobku neBHoro Tuny iHdopmalii yTeo-
proeTbea Ginblua KinbKiCTb MOCTCUHANTUYHUX MOTeHUianis
abo 3anyyaeTbcs Binblua KinbkicTb HEMPOHIB. OTxe, Npu Ha-
CTYMHIN eKCno3auLii BXe BidoOMOro CTumyny amninityaa KoMro-
HeHTy N400 moxe 3meHwyBatucsa [23]. JocnimkeHHs noka-
3anu, wo amnnityga N400 nocunoeTbea Npu AeMOoHCTpaLii
PiAKICHMX CTUMYIB, @ NaTEHTHICTb MOXe NPOoHryBaTnCs 40
600 mc 3a paxyHok noTpebu GinbLUOT KiNbKOCTI Yacy ans ine-
HTUdpikaLii o6'ekta [24]. Y HaykoBil nitepaTypi onncaHo, Lo
amnnityga komnoHeHTy N400 nigBuwyeTbCa YNpoaoBX Ae-
MOHCTpaUii He3HaioMMx NpuBabNMBMX OGNMY NPOTUNEXHOI
cTarTi, Wo NiATBEPAKYETLCA B HALLOMY AOCHIMKEHHI [25]

KomnoHeHT P300 6yno 3HanaeHo B 060X rpynax BUbipok
y 30Hi nobHux (Fp1-Fp2), dpoHTanbHux (F3-F4, F7-F8),
ueHTpanbHux (C3-C4) i TemnopanbHux enektpogis (T3-T4,
T5-T6). MNikoBa amnnityaa komnoHeHTy P300 y B1Oipui 3 no-
3UTUBHUMM 300paXkeHHsAMU cTaHoBuna 3,2 MkB ans xiHo-
ynx i 3,0 MkB anst yonoBiunx 306paxeHb y 30Hi enekTposis
F3-F4. Y BnGipui i3 cepisiMn HeraTuBHO 3abapBrneHnx Yono-
BiUMX Ta XiHOYMX OGnMY nikoBa amnniTyga KOMMOHEHTY
P300 craHoeuna 2,5 mkB y 3oHax enekTpogis F4, F7. Ynpo-
OOBX aHanidy komnoHeHTy P300 mix cepiamu 306paxeHb
YOJOBIYMX i XKIHOYMX NO3UTUBHO 3abapBreHNx 06y 3Hal-
OeHO CcTaTUCTUYHI BIOMIHHOCTI B 30Hax enektpogis T4, T6,
C4. Anani3 komnoHeHTy P300 ynpoaoBx ekcrnosuuii Heratu-
BHO 3a0apBrieHMX YOMoBiUMX Ta XIHOYMX 06NNy cTaTUCTUNY-
HUX BiAMIHHOCTEN HEe BUSIBUB.

KomnoHeHT P300 — ue No3nTUBHE BIOXWNEHHS, LWO
3'aBnseTbcA Ha 3anuci mix 250 i 500 mc nicna npea'ss-
neHHsa ctumyny. HenporeHepatopom noteHuiany P300 €
npedpoHTanbHa Kopa rofioBHOro Mo3ky. Ha BigamiHy Big
Aeskux paHHix noteHuianisa (P100, P200), KOMMOHEHT
P300 6inbLue 3anexunTb Bif, KOHTEKCTY, Y SIKOMY PO3MiLLy-
€TbCS NOAPa3HuK, Ta KiNbKOCTi yBaru, Lo BUMaraeTbCsi aAnsi
noro o6po6ku. BiH NoB'A3aHMin 3 yceigoMneHnMu ctagismm
06pobkM eMoUiHMX BUpas3iB 0bnMYYsl, a TakoX yBaXa-
€TbCS NPOBIAHUM KOMMOHEHTOM Yy MPOLECi MPURHATTA pi-
lWeHb | kaTeropu3auii emouin. AmMnniTyga KOMMNOHEHTY
P300 3gaTHa aMiHIOBaTUCS 3anexHo Big Tuny npeacrasne-
HOro 3aBAaHHA (30poBe, cnyxoBe Towo). Hanpwuknag no-
KasaHo, Wwo amnnityga komnoHeHTy P300 € Buwoto ans Bi-
3yanbHUX CTUMYFIB MNOPIBHAHO 3i cnyxoBumu [26]. Kpim
Toro, amnnityga komnoHeHTy P300 3pocTae y Bignosigb Ha
eKcrnosuuio 306paxeHb i3 HeraTUBHMMM eMoLissMn Ha 06-
nuydi. 3okpema, YMOBHO "3ni" BUpa3u o6nmyys 3anyyarTb
Oinble yBarnm NOPiBHAHO 3 NO3UTMBHUMMMK OBNUYYAMYK, a
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HeraTusHi BUpa3sun obnmyys (Cym, nnayv) BUKNNKaKTb CUMb-
HiLlY eMOLiHY BiANOBIAb, HK NO3UTUBHI [27].

KomnoHeHT LPP 6yno BusiBNeHo B 30HaX LeHTpanbHMX
(C3, Cz), dpoHTanbHux (F3-F4,F7-F8), nobHux (Fp1-Fp2),
napieHTanbHux (P3-P4) i femnopanbHux(T4-T5) enekTpoais
YNPOAOBX €KCNo3uLii HoNoBIUMX Ta XiHOYMX MOPTPETIB 3 NO-
3UTUBHOIO N HEraTMBHOK eMOLNHOK MofanbHicTio. MikoBy
amnnitygy komnoHeHTy LPP y BuGipui 3 no3ntuBHumun 30-
OpaxeHHAMN 3adpikcoBaHO B 30Hi enekTtpoay F3. BoHa cTa-
HoBuna 3,2 MKB gnsi 306paxeHb i3 XiHOUMMKU nNopTpeTamMm
Ta 2,9 MkB — ans Yonosiunx nopTpeTiB. Y BMOIpUi 3 Heratu-
BHUMW 300paKeHHSMM NiKOBY amMnniTyay KOMNoHeHTy LPP
6yno 3adikcoBaHo B 30Hi enektpoay F4 (1,8 MkB gns xiHo-
ynx Ta 2,0 MkB — gns yonosiunx 06nm4). CTaTUCTUYHUX Bia-
MiHHOCTEW yNpoAoBX aHanisy komnoHeHTy LPP ans BuGipok
3 YOMNOBIYMMM N XKIHOYMMU OBNMYYSIMM 3 PI3HOKO €MOLLIHO
MoAanbHICTb He Byno 3adikcoBaHo.

LPP TpaguuiiHO BBaaeTbCs MO3UTMBHUM BiOXWUMEH-
HSAM, LLO 3'ABNSETbCA Ha 3anuci B giana3oHi 300—-600 mc ni-
cns npep'saBnexHHs ctumyny. 3a iHpopmalieto 3 HaykoBoi i-
Tepatypu, LPP € uytnMBuM 0o eMouiiHOl cknagoBoi CTu-
Myny Ta CTUMYIOE MOTUBALLiHI NpoLecu B MO3KY MOOUHM.
Mpumipom, amnnityaa komnoHeHTy LPP nigBuwyeTtbes 3a
npeg'sBneHHsa CTUMYIiB, Ha sKuMX 306pakeHo noackbki 06-
NNYYst 3 NEBHOK €MOLINHOK MOAAMbHICTHO MNOPIBHSAHO 3 HEW-
TpanbHUMK cTuMynamu [28]. Buiia yyTnmBiCTb KOMMNOHEHTY
LPP o 306paxeHb 3 NO3MTUBHOIK €MOLIMHO MOAASBHICTHO
BijoOpaxkae NPUXMUIBHICTb MOTUBALLIMHMX i KOTHITUBHUX pe-
CypciB MNoAvHW OO Takoro Tuny ctumynis [29]. Takox Bax-
JIMBUM 3anuLLIaeTbCs acrnekT BULLIOIT iIHCTUHKTUBHOI LLiHHOCTI
Ons nopTpeTiB NPOTUNEXHOI CTaTi, WO NPOoAEeMOHCTPOBaHO
B HaLLOMYy JOCHiaXeHHi [25].

BucHoBku. Takum ymHom, aHanis kpusux MMM BuaBsmB
cTaTUCTUYHI BigMiHHOCTI komnoHeHTiB N250, N400 ta P300
3a YMOBM NMpeAcTaBneHHs 0b6CTexyBaHNM YOOBIYMX Ta Xi-
HOUYMX NOPTPETIB 3 MO3UTUBHOK €MOLIIMHOI MOAANbLHICTIO.
3okpema, aHani3 komnoHeHTy N400 BusiBMB, LLO Ha dpisiono-
riYHOMY PiBHi, CIPUNHATTA 1 OLiHKa eMOLiNHOI MoganbHOCTI
YOmnoBiKaMM XiHOYMX 06NUY BUMarae GinbLIOT KinbKoCTi 3a-
Ny4YeHUX HEeMpoHIB i NOCTCUHANTUYHUX MOTeHUianie nopis-
HSIHO 3 YOIOBIYMMU NopTpeTamn. Ha HerMponcuxonoriyHomy
PiBHI Lie O3Hauyae, WO iHTerpadia iHdopmaldii, NoB'aA3aHoi 3
XIHOUMMK MopTpeTamu, Ta ii CTPYKTYpyBaHHS € BinbLu ckna-
OHUM MPOLECOM, HiXX Ang Yonosiunx o6nud [23]. AmnnitTyaa
komnoHeHTy P300 € HarBULLOIO 3a eKCro3uLii NO3UTUBHUX
XiHoumx obnmy. Lle moxe OyTu noB'a3aHO 3 TUM, LIO Mo-
[aHHs 06CTeXXyBaHUM NOPTPETIB iHLWOI cTaTi BUMarae binb-
LLOT KINbKOCTI yBaru NopiBHSHO 3 YONOBIYMMU NOPTPETaMM,
OCKINbKM >KiHOYI MopTpeTn € OBinbll MOTUBALINHO-3HAYY-
wmmm [30]. KomnoHeHT N250 Gepe yyacTb y chopmyBaHHI
KOPOTKOCTPOKOBOI Mam'aTi [22]. Y cBOK 4epry, aHani3 Kpu-
Bux MMM, wo Oynu oTpumaHHi Npu ekcnosuii cepin 306pa-
eHb 3 HeraTUBHUMW MIOACBKMMY NOPTPETaMu, HE BUSIBUB
CTaTUCTUYHUX BiAMIHHOCTEN Y XOAHOMY 3 KOMMOHEHTIB. Lie
MOXHa MOSICHUTU TUM, L0 YOroBikKM BinbLL YyTTEBO peary-
I0Tb Ha 06NUYYS 3 MO3UTMBHOK EMOLLIHOK MoAanbHICTIO, Y
TOW Yac KoM XiHKW € BinbLl CIPURHATAVBAMU A0 HeraTue-
HMx obnuy [10]. Ha ocHOBI LbOro MoXHa 3pobuTn Npuny-
LLIEHHS!, IO YONOBIKM CNpMIAMaloTb MO-Pi3HOMY MO3UTMBHO
3abapBreHi YONoBiYi 1 XiHOYi 00NMYYsA, TOAI SIK CNPUAHATTS
300paXeHb i3 HEraTUBHOK MOLASBbHICTIO HE BiOpPi3HAETLCSA
051 NOPTPETIB Pi3HOI CTaTi.
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COGNITIVE POTENTIALS OF THE MALE BRAIN EVOKED BY PERCEIVINGHUMAN'S FACES
WITH DIFFERENT EMOTIONAL MODALITIES

The calculation of the difference in peaks of the event-related potential in men during exposure to different-sex faces with differential emotional
modality using the MATLAB and EEGLAB software packages.

The electrical activity of the brain of 20 male students of Taras Shevchenko Kyiv National University was recorded to identify the difference in
the activation of brain structures during the demonstration of portraits of different sexes with positive and negative emotional modalities.

Statistically significant differences in peak amplitude were recorded for components N250, N400, and P300 when subjects were presented with
male and female portraits with a positive emotional modality, while when exposed to a series of images with a negative emotional modality, no
statistical differences were registered in any of the componenStatistically significant differences in the peak amplitude were recorded for the N250,
N400, and P300 components when subjects were presented with male and female portraits with a positive emotional modality, while when exposed
to a series of images with a negative emotional modality, no statistical differences were registered in any of the componentsts.

Keywords: electroencephalography; evoked potentials, event-related potentials; visual potentials; emotions; gender differences.
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0. KoBaneHko, acucr.,
M. Makapuyk, A-p 6ion. Hayk
HHU "lHcTuTyT Gionorii Ta meauuuHK",

KuiBcbkui HawioHanbHUM yHiBepcuteT iMmeHi Tapaca LlleByeHka, KuiB, YkpaiHa

MIKNIBKYJIbHA ACUMETPIA TONTIOBHOINO MO3KY TA METABOIJIIYHI 3MIHU
Y IWYPIB 3 PI3HOIO ANNIKOroJibHOIO MOTUBALLIEIO

lpoeedeHo aHaniz MOMOPHOI MixnieKynbHOI acumempii y wypie, siki 8iOpi3HsIUCA cmyneHeM anlko2os1bHOi Momueayii ma
30amHicmio 00 HaeYaHHs1 Ha Pi3HUX cmadisix XPOHIYHOI ankozonizayii. BusHa4yeHo sikicHUl i KinbkicHuUl cknad ninidie kpoei sk
iHmezpanbHull NOKa3HUK cmyrneHsi ensiusy emaHoJsly Ha memaboniyHi npoyecu Ha pi3Hux cmadisix XpoHi4HOi ankozaonizayii. Ompu-
MaHi pe3ynibmamu eKka3yroms Ha MeeHoIo Mipoto npaeonieKynbHUl xapakmep amepanisayii "anko2onbHoi doMiHaHMu", OCKinbKu
ceped cxunbHUX G0 aJIko20J1bHOI 3anexHocmi wypie yacmiwe 3ycmpidanucs meapuHu came 3 J1ie06i4Y4HOHO MOMOPHOIO acumem-
piero. Y XxpoHi4yHO ankozosizoeaHux meapuH 6ye eusiesieHull ensiue asiko20J1t0 Ha iHOueidyanbHi npogini hyHKkyioHanbHoOI acume-
mpii ma 3miHy GoMiHyeaHHsI NieKyJb, W0 eusiesIsIock y Modynsauii nieux npogpinie MomopHoi acumempii ma npuzHiyeHHI npouye-
cie nepepobku iHghopmauii e npasiii niekyni. Okpim mozo, ceped wypis, W0 Masiu eucoKy 36amHicmb Ao Hag4yaHHsI, 6ys10 docmo-
8ipHO 6inbwe meapuH i3 NpasobiYyHOO MOMOPHOI acumempietro. XpoHiyHa ankozonizayisi npuszeoduna Ao iHmeHcudikayii kama-
6os1iyHUX Npouyecie 8 opaaHi3Mi, NPO W0 ceidyumsb 3pocmaHHsl KOHUeHmpauii mpuaniyepudie i 8inbHUX XUPHUX KUC/IOM y Kpoei
wypie, wjo Kopesoe 3 hopMyeaHHSIM aslKO20JIbHOI 3anexHocmi. 36inbweHHs KOHUeHmpayii ninidie kopentosano 3i cmadiero

¢hopMyeaHHs asniko20s1bHOI 3aJ1eXKHOCM.

Knroyoei cnoea: acumempisi, ninidHuli o6MiH, anko2osbHa Momueauisi.

Bctyn. 3Hauvywictb npobnemu ankoroniamy Bu3Hauya-
€TbCS 5K OrO BENMMWKOI PO3MOBCIOXKEHICTIO, TaK i BAXKUMU
couianbHO-MeAUYHUMM  Hacnigkamu. 3a  OLiHIBaHHAM
BOQOS, xBopobu, ski CNPUYNHAIOTLCA ankoronem, 3aiMatTb
Ha CBITOBOMY piBHi N'aTe Micue B rpyni YNHHWKIB, SKi Npu3-
BOAATb OO BaXKMX 3aXBOPIOBaHb 3i CMepTENbHUMMN Hacnia-
kamu [1-3]. Bnnue eTaHony Ha opraHiam 3anexwuTb Big 6a-
raTbox ¢oakTopiB i MOro Aia Mae 4OBOSIi pPisHOCNPSAMOBAHUN
xapakTep. Bigomo, Lo ankoronisauis B nepLuy yepry nopy-
wye BULWi YHKUIT MO3KYy | MOXe CMPUYMHATA NOBEeniHKOBI
3MiHW, OCKifbKM CaMe HepBOBa TKaHMHA € HaWYyTNMBILLO
Ao BnnuBy etaHony [4—8]. KniHiuHi gocnimpkeHHa n TecTy-
BaHHsi HA Mogensix (PoOpMyBaHHS ankorornbHOI 3anexHOCTi y
TBapWH MoKasanu, WO CMOXWUBAHHSA arkorosno BMMMBaE Ha
BUPaXEHICTb NPOCTOPOBO-MOTOPHOI acumeTpii [9-10].

Okpim Toro, ankoronb ik oaKToOp HEraTMBHOIO BMMMBY
Ha OpraHiam crnpuymHse metaboniyHi 3miHn [11-17]. Ha
CbOrofHi iCHY€e cepia ekcnepuMeHTanbHUX i KMiHIYHUX cno-
CcTepexeHb, B SKMX NOKa3aHo, WO HEOAHOPIAHICTb Henpo-
izionoriyHMX HacniakiB ankoronbHOI iHTOKCUKaLii 00ymo-
BMNIOETbCA 0COBNMBOCTAMU iHOMBIAyaNbHOI peakTUBHOCTI
cucTeM HecneundivHoi akTMBauii Mo3sky [18—22]. Y Tol ca-
MUI Yac OCUTb 0OMEXEHUMM € AaHi LWOA0 B3aEMO3B'A3KY
MK CMOXWBaHHSIM eTaHony, yHKUiOHaNbHUM CTaHOM
LIHC i ninigHum o6miHoM.

Ockinbkn cnpaBeAnMBICTb Pi3HUX KOHLEMLI PO3BUTKY 1
dopMyBaHHSA ankororniamy i 4OCi 3anvLaeTbca NpeameToM
AVCKYCii, AaTh iM TOYHY OLiHKY CknagHo. TOMy B OCTaHHi
poku Bce Ginblly yBary npuBepTae KOMMMEKCHUI aHarni3
B3aEMO3B'A3KY MiXK piBHEM arnkoronbHOi MOTMBAUji Ta pis-
HMMW acrnekTamm NoBeaiHKM i BIOXIMIYHUX 3MiH.

MeTta gocnigxeHHsA. YCTaHOBUTN 3aKOHOMIPHOCTI 3MiH
MOTOPHOI MiXMiBKYNbHOT acUMeTpii LWypiB 3 pPi3HUM piBHEM
ankoronbHOi MOTMBALji Ta PO3KPUTM MPUYMHHO-HACNIAKOBI
B32EMO3B'A3KMN MiX iHTerpanbHMMM NokasHukaMmm metaboni-
3My, dyHkuioHansHoro craHy LIHC i npouecamu BWHWMK-
HEHHS anKorosbHOI 3aneXHOoCTi.

Matepiann Ta metoaun. OG'ekToM JocCnigkeHHsa Oynu
6ini wypwm Baroto 180—-220 r Ha no4aTKy ekcnepumeHTy. [Jo-
CnigXeHHsi NPOBOAWIM 3a 3aranbHUMK NpaBunamMmm i MixkHa-
poaHMMK BioeTUYHMMMK NpUHLMNaMn €BPonencbKkoi KoHBe-
HUii Npo OXOpPOHY XpebeTHMX TBapWH, siki BMKOPUCTOBY-
I0TbCS AN AOCAIOHUX Ta iHLIMX HAyKOBUX Linen, a Takox 3a
3aranbHO-eTUMHUMKU NpUHUMNamu, 3ateepgxeHumu [lep-
UMM HauioHaNbHUM KOHrpecoM YKpaiHu 3 nutaHb GioeTukm
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Ta 3aKkoHy Ykpainu [23-25]. LLlypie po3noainsanu Ha 36anaH-
COBaHi BUOIpKM 3a 34aTHICTIO 4O HaBYaHHS B padianbHOMY
nabipuHTi (PJ1) [26], Ta 3anexHOo Big cXxemu NoegHaHHs an-
Koronisauii Ta HaB4YaHHS:

BMbipka A — yMOBHUI pecbnekc y pagianbHoMy nabipu-
HTi BUPOONABCS Y LLYPIB A0 XPOHIYHOI ankorosisauii;

BubGipka B — ymMoBHUIA pedbnekc y pagiansHomy nabipu-
HTi NMPOAYKYBaBCS Y LUYPIB NiCAS XPOHIYHOIO 3MOBXUBaHHS
ankoromnem.

Micnsi 3akiHYeHHS HaBYaHHSA 1 ankoronisauii BuGipkn A
Ta B Oynu posgineHi Ha Tux, Wwo gobpe i noraHo HaBYanucs,
Ta CXWUIMbHUX | HECXUITbHMX A0 aINKOroso:

| rpyna — "koHTponb OH" — iHTakTHi TBapuHK, Ski noOpe
HaBYanuch y NadipuHTi;

Il rpyna — "koHTponb MNMH" — iHTaKTHi TBapUHW, LLO NOraHo
HaB4Yanuck y nNabipuHTi;

Il rpyna — "ETaHon + AH" — TBapuHu, Aki nig vyac anko-
roniszauii HagaBanu nepesary eTaHony i Job6pe HaBYanucb
y nNabipuHTi;

IV rpyna — "EtaHon + NMH" — TBapuHK, Wo nig 4ac XpoHi-
YHOI ankoronisaujii HagaBanu nepeBary €TaHosny i noraHo
HaBYanuch y NadipuHTi;

V rpyna — "Boga + [AH" — TBapuHw, ki nig 4ac XpoHiYHOI
ankoronisauji HagaBanu nepesary Bogi i Jobpe HaB4anuch
y NabipuHTi;

VI rpyna — "Boaa + MNH" — TBapuHuK, Wo nig yac XpoHiy-
HOI ankoronisauii HagaBanu nepesary BofAi Ta NoraHo Ha-
BYanucb y nabipuHTi.

XpoHivyHa ankoronisauis nposoaunnacsa y Asa etanu: Ha
NnepLUOMY BU3HAYanu CXUNbHICTb YpaXXeHHs 40 eTaHony me-
TOAOM "ABOX MNAWOK". TBaApWHW, SKi paHille He Mann KOH-
TakTy 3 eTaHoroM, nomiliany B OKpeMi KMiTUHW i3 ABoma
nnsiWkaMmn, ogHa 3 Bogoto, a iHwa — 3 15-BigcoTkoBUM po3-
YMHOM eTaHony. Ha ubomy eTani Bnpogosx 14-tu OHiB TBa-
pVYHU Manu BiNbHWIA BUGIP MiXX PO34YMHOM eTaHony Ta BO-
noto. BenuumHa iHamBigyanbHOro obcsry cnoXxmneaHoro an-
KOrorno 3a ogmHuuto yacy (r/ kr / goby) i BigcoTkoBOro cnis-
BiJHOLLEHHS1 CMOXMBAHOIO arnkoromn 1 obcary uinbHoi pi-
OVHN pO3paxoBYeETbCA OANH pa3 Ha Joby. Ha gpyrii ctagii
BMMYLLEHA ankoronisawisi NpOBOAMNACcS LUMNSIXOM YBELAEHHS
eTaHony siK eguHOro mxepena pianHu npotaroMm 30-Tu gHiB.
Micna uboro ANs OUIHKM iHOWBIQYanNbHOrO PiBHS CMOXW-
BaHHSI arkorosito MpOTSAroM YOTUPbOX [AHIB KNiTkKM Gynu
3HOBY 0OnagHaHi ABOMa Mnsilkamu (04Ha 3 BOAOHK), iHWa —
3 15-BiACOTKOBMM PO34MHOM eTaHony) [27].

© KoBaneHko O., Makapuyk M., 2023
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[na pocnigpxeHHs MOTOPHOT acMMeTpii Ta i CTINKOCTI Ao
4ii ankoronisauii BuKopuctoByBanu metog T-nogibHoro na-
OipyHTY. Y KOXHOI 0CcOBUHM oBumncnoBany koedilieHT acu-
meTpii (Kac) — nokasHvk nepeBarn HanpsiIMKy pyxy, sikui siB-
nsie coboo BigHOLWEHHS Pi3HMLi npaBobivHux (1) i niBobiu-
HUX (JT) Npobi>kok A0 IXHbOT CyMU, BUPaXEHUI Y BiACOTKaxX:
Kac= (M - 1)/ (M + 1) x 100 %. 3a pesynstatamn TecTy-
BaHHS BCi TBapuHW Oynu po3gineHi Ha Tpu rpynu: Lwypu i3
npaBobiyHOO  MOTOPHOKW  acumeTpieto —  "npasBui”
(Kac > 20), wypn 3 niBOGIYHOK MOTOPHOK acMMeTpie —
"wynern" (Kac < -20) i wypw, Ski He MalTb BUPaXeHOI Mo-
TopHOi acumeTpii — "ambigekcTpu" (-20 < Kac < 20) [28].
EkcnepumeHT 6Gyno 3anncaHo 3a JOMOMOro0 Bifeokamepu.
Yca noBefiHka peecTpyBanach W aHanisyBanacb 3a Aomno-
Moroto nporpamu Real Timer.

BunsHayeHHs KinbKkiCHOro Ta sKiCHOro cknagy ninigis y
nnasmi KpoBi NPOBOAMIM METOL0M TOHKOLLApOBOi XpOMaTo-
rpadii [9]. Y yacTuHu WwypiB KpoB Gpanu NpoTAroM nepiogy
ankoronisadii, a came Ha 14 Ta 48 goGy ankoronisaLii.

CTaTucTU4HUIA aHani3 gaHux NpoBOAWMMM 3a LOMOMO-
roto nporpamu Statistica 7.0. 3rigHo 3 kpuTepiem LLanipo-
Binka BusiBUnocs, o BMOIpKK AaHUX akTUBHOCTI noBepi-
HKM HanexaTb 0O HeHopMarbHO po3nofineHux. Tomy no-
BEAiHKOBI Noka3HMKM 00pobnsanu 3a 4ONoOMOrow Henapa-
MeTpUYHOro kputepito MaHHa-YiTHI Ta npeacTaBnany y Bu-
rmnagi meaianun (25 % i 75 % ksaptunis). [Ans nopiBHAHHSA
AVHaMikn 3MiH NokasHuka 3 yacom npu baratopa3oBomy
BWKOPWCTaHHI OOHOr0 TECTYy BWKOPWCTOBYBanu KpuUTeEpin
BinkokcoHa. HopmanbHo po3nogineHi Bubipku obpobnanm
3a JonoMorow napameTpuyHoro t-kputepito CT'iogeHTa.

KpuTnyHuiA piBeHb 3HaYyLLOCTi Npu nepesipui CTaTucTuy-
HUX rinotes npunmanu < 0,05.

Pe3synbTaty Ta 06roBopeHHA. [JOoCnimKeHHS MiKNiBKY-
NbHOI acuMeTpii 3 BUKOpUCTaHHSAM T-nogibHoro naGipuHTy
nokasano, Lo 3a BUXiQHUM piBHEM MOTOPHOT acUMeTPIl LLy-
piB ekcnepumeHTanbHUX rpynu (Bubipok A i B) MoxHa pos-
noginuTu Ha Tpu rpynu: 45 % i3 npaBobiYHOIO MOTOPHOIO
acumeTpieto abo "npaswi"; 33 % wypiB, SKi He Manu Bupa-
XXeHOI MOTOpHOI acumeTpii abo "ambigekcTpn”, i 22 % — 3
niBOGIYHOI MOTOPHOK acMMeTpielo abo "Wwynbrn'.

IHTaKTHi TBapWHM 3 Pi3HUM Npodinem MOTOPHOT acume-
Tpii ("mpaBwi", "wynbrn" i "ambigekcTpu") posnoginanuco
MK ekcrnepuMeHTanbHumMu rpynamu OH i MH Ta "cxunb-
HUX" i "HecxmMnbHUX" TaknMm YnHoMm: y nigrpynax AH gocrto-
BipHa GinbLWicTb WypiB 6yny 3 AOMIHYBaHHSAM NiBOI NiBKYMi
abo "ambigekcTtpu” (p < 0,05) (y BmOipui A cepea AH 79 %
— "npasui", 13 % — "ambigekctpn" i 8 % — "wynbrn"; y Bu-
Oipui B cepen OH 80 % — "npaBwi", 13 % — "amb6igekctpn"
i 7% — "wynern"), Togi Ak y MNH GinbwicTs TBapMH Manu
npaBobiyHy MoTOpHY acumeTpieto (p < 0,05) (y Bmbipui A
cepen MNMH 20,3 % — "npaBwi", 43,5 % — "ambGigekcTpn" i
36,2 % — "wynbrn"; y Bubipui B cepea MNMH 22,6 % —
"npaBwi”, 50,4 % — "ambigekctpn" i 27 % — "wynbrn")
(p < 0,05). Y rpynax "cxmnbHux" i "HeCXmMnbHUX" TEX CNoc-
Tepiranacb neBHa HepiBHOMIPHICTb posnoginy. 3okpema,
cepeq "cxunbHuX" TBapWH BIACOTOK LypiB 3 MiBOGIYHOWO
MOTOPHOI acnmeTpieto OyB BinbLUWIA, HixX cepen "HeCXuUnb-
Hux" (y Bubipui A 40 % — "wynbrun”, 37,5 % — "npaBwi" i
22,5 % — "ambigekctpun"; y rpyni B 51 % — "npaBwi", 34 %
— "ambigekctpun" i 15 % — "wynbrn").

Ta6bnuuys 1

KoediuieHTn moTopHoi acumeTpii (Kac) y uypiB Bubipku A
nig BNNUBOM ankoronisauii W HaBYaHHA Ha pi3HUX eTanax ekcrnepumeHTy (%; M * SD)

PYNA A
koedidieHT acumertpii (Kac)
Mpyna Do nouarky ankorosizauif 20-Ta no6a ankoronizaii Micnsa 3aBepLUeHHs ankoronizauii

W HaBYaHHA B PJ1 W HaB4YaHHsA B P11

I (A) 55,0 £3,2 53,0+5,1 51,5+7,7

11 (A) 28,0+7,1 289+35 292+8,6
I (A) -6,3+£1,0 °°°° 22,6 £ 2,5%*** °00° -15,6 £ 5,9 ***°°°°
IV (A) -37,7+4,4 °°°° 40,7 £ 7 4% °°°° -43,6 + 0,00%** °°°°
V (A) 476 -1 ° 60,6 £ 8,1 *** °°°° -25,8 £ 6,8**** °°°°
VI (A) 19,755 ° 55,14£11,5%*** °°°° -61,8 £ 1,1**** °°°°

lMpumimku: 1) * — p < 0,05; ** — p < 0,02; *** - p < 0,01; **** — p < 0,001 — NOPIBHAHO 3 BUXigHMMM NOKA3HWKaMW Nigrpynm;

2)°-p<0,05; °°-p<0,02; °°°* = p < 0,01; °°*°~ p < 0,001 — NOPIBHAHO 3 KOHTPONbHNMM MOKA3HUKAMU;

3) no3uTmBHWI 3HaK Kac xapaktepusye npaBobiyHy, HeraTuBHUI — NiBOBIYHY MOTOpHY acumeTpito, (Kac > 20) — wypu 3 npaBobivHoo
MOTOpPHOIO acumeTpieto — "npasuwi”, (Kac <-20) — wypwu 3 niBobiuyHO MOTOpPHOI acumeTpieto — "wynbrn” i (-20 <Kac <20) — wypw, Ski He

MaloTb BUPaXXeHOI MOTOPHOI acumeTpii — "ambigekcTpu'.

Y TBapvH KOHTPOMbHMX IPyn 3 Pi3HUM PiBHEM MOTOPHOI
nartepanisadii koediuieHT acumeTpii (Kac) goctoBipHO He
3MiHIOBaBCs NpoTArom ycboro ekcrniepumeHTy(l (A) t = 3,52;
I (B) Il (A)t=5,1, 11 (B)t=6,2). Y TBapuH, aki oTpumysanmu
po3unH eTaHony, 6ynu 3apeecTpoBaHi neBHi 3miHu Kac,
npoTe BOHW Manu pPisHWiA CTyNiHb BUSABY i 3anexanu Big Bu-
XigHOT MOTOPHOI Natepanisadii (tabn. 1, 2). Y subipui A nig
BM/IMBOM XPOHIiYHOI ankoronisauii y TBapuH i3 rpyn lI (A) i IV
(A) Buxighu Kac Ha 20-Ty o6y ankoronisauii 3pocTtaB Ha
52 i 78 % sBignosigHo (t=0,32, p<0,001) (t=2,3,
p < 0,001). Cxoxa TeHAeHLUist BiabyBanacb i y HECXUIMbHUX
Ao ankoroniamy TBapuH. Y rpynax V (A) i VI (A) Kac 3poctas
Ha 35 i 45% BignosigHo (t=5,7, p<0,01) (t=27,
p <0,001). Ui 3miHn matoTb Binbll BMpaxeHWn xapakrep
came B rpynax NH wypis IV (A) i VI (A), Lo moxe BkadyBaTu
Ha GinbLUy YyTNUBICTb IHAMBIAYaNbHOrO NPOINo MOTOPHOT
acMMeTpii Jo Aii ankorof y TBapuUH 3 HWU3bKOK CUIIOH
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HepBoBuMx npoueciB y LIHC. Okpim Toro, y BCix ankoroniso-
BaHWX LLypiB Micnsi 3aBepLUeHHs ankoronisauii Kac Habysas
Big'eMHoOro 3HaydeHHs1. MNpumipom, y rpynax NH ankoroniso-
BaHux wypiB VI (A) i VI (A) Kac sHmxyBaBcs: y rpyni VI (A)
Ha 35 % nopiBHAHO 3 BUXiAHWM piBHeM (t = 3,1, p < 0,01); y
rpyni VI (A) Ha 34 % nopiBHsIHO 3 BUXiAHWUM piBHeEM (t = 5,3,
p < 0,002). Y rpynax [1H TBapuvH piBeHb Kac Takox HabyBaB
BiJ'EMHOro 3Ha4YeHHs Nicnsi 3aBepLUEHHs ankoronisadii, ane
Take 3HWKEHHS € He HaCTIMbKM BUpaXeHuM, Hix y MNH TBa-
pvH (Tabn. 1). Y BuGipui B 3mMiH1 MoTopHOI acumeTpii manu
cninbHy 3 BUbipKoto A TeHaeHUito (Tabn. 2). Takum YnMHOM,
3a pesynbTaTaMu TecTyBaHHs Ha 20-Ty oby ankoronisauii
He3anexHo Bif 34aTHOCTI 10 HaBYaHHS 1 PiBHS ankoronbHoOi
MoTuMBaLii Kac y ankoronizoBaHux LuypiB 3pocTaB i cTaBaB
NMO3NTUBHUM, @ Ha TpeTio o0y Micns 3aBepLUeHHS ankoro-
nisauii HaBnNakn — HabyBaB Bif'€MHOr0 3Ha4YEHHS.
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Tabnuys 2

KoediuieHT moTopHoi acumertpii (Kac) y wypiB BuGipku B
nia BNNUBOM ankoronisaudii M HaBYaHHA Ha pPi3HUX eTanax ekcnepumeHTy (%; M * SD)

rPYNA B
koediuieHT acumerpii (Kac)
Fpyna Do n?qa'n(y ankoronisauii 20-Ta no6a ankoronizauii Micna 3ajaepmeHHa ankoronisauii
1 HaB4YaHH#A B PN W HaB4YaHHsA B PJ1
1 (B) 56,0 £ 8,44 56,7+ 9,6 56,1+ 11,7
Il (B) 26,2+5,3 25,5+4,7 234+4,6
I (B) 8,56+1,1°°° 25,3 £3,0 ¥** °°°° -19,1 £ 4,8 **** °°°°
IV (B) 1, 721,4°°°° 60,5 £ 7,4 **** °°°° -56,0 £ 0,2 **** °°°°
V (B) 52,7+12,3 71,3 £ 10,1 *** °°°° -35,7 £ 5,2 **** °°°°
VI (B) 275+64 59,0 £ 11,5 **** °°°° -72,9 £ 3,0 **** eoe°

lMpumimku: 1) * — p < 0,05; ** — p < 0,02; *** - p < 0,01; **** — p < 0,001 — NOPIBHAHO 3 BUXigHMMM NOKA3HWKaMW Nigrpynm;

2)°-p<0,05; °°-p<0,02; °°°* = p < 0,01; °°°°~ p < 0,001 — NOPIBHAHO 3 KOHTPONbHNMM MOKA3HUKAMU;

3) no3uTmBHWI 3HaK Kac xapaktepusye npaBobiyHy, HeraTuBHUI — NiBOBIYHY MOTOpHY acumeTpito, (Kac > 20) — wypu 3 npaBobivHoo
MOTOpHOIO acumeTpieto — "npaswwi”, (Kac < -20) — wypwu 3 niBobi4YHOW MOTOpPHOK acumeTpieto — "wynbrn” i (-20 < Kac < 20) — wypw, ski He

MaloTb BUPaXXeHOI MOTOPHOI acumeTpii — "ambigekcTpu'.

Okpim TOro, y LUypiB 3 HA3bKOIO ankororbHOK MOTUBAL0
V (A) (B)i VI (A) (B) Ha BigMiHY Big CXUINbHUX 4O ankoroniamy
wypis Il (A) (B) i IV (A) (B) konuBaHHSA piBHS Kac Ha pisHuX
eTanax TecTyBaHHSA Marno Ginbll BUPaXKEHUA XapaKkTep i ue
He 3BaXkatoun Ha Te, Lo BUXigHWMi pieHb Kac y rpynax V (A)
i VI (A) DocToBIpHO He BIiApPI3HABCH Bif PiBHA KOHTPOSBbHMX
TBapuH. MoxHa ckasatu, wo y Bubipkax B Ta A amiHu Kac
Manu cninbHW XxapakTep, ane cnocrepiranvcb i NeBHi BigMiH-
HocTi. [pumipom, y ankoronisoBaHux TBapuH BuWOipkn B
BNNVB €TaHorny Ha CTyniHb i piBeHb natepanisauii maB 6inbLu
BUPaXXEHWUI XapakTep, HiX y Bubipkn A, 0cobnmBo y HeCxunb-
HWUX 0O BXMBaHHS ankoronto TBapuH. Ha 20-Ty goby xpoHiy-
HOi ankoronisadii y BuGipui B y HecxunbHMx go ankoronismy
TBapuH V (B)iVI(B)KacbysHa 9,6 iHa6 % (t = 4,0, p < 0,05)
(t=3,1, p < 0,02) GinbLue, HiX Y HECXUINBHUX A0 ankoroniamy
TBapuH BUBipkM A. Ha TpeTio foby nicns ankoronisadii Kac y
"HecxunbHUX" TBApUH BUGipkK B ByB GinbLumm, Hix Yy "Hecxu-
nbHnx" TBapuH BMBIpkn A Ha 10 % ana nigrpynmn Vi 18 % —
ans nigrpynm VI (t= 2,6, p < 0,02) (t= 3,2, p < 0,01) (Tabn. 2,
3.). MNMeBHOK Mipoto BinbLL NOBINbHE BiQHOBINEHHS NOKA3HUKIB
nartepanisauii nicna ankoronizauii 'y "cxunbHux" TBapWH
rpynu B moxe ByTn nos'sizaaHo 3 GinbLu BUpaXKeHUM HeraTuB-
HVMM BMNIIMBOM arnKoronto Ha HEpBOBY CUCTEMY i piBEHb MeTa-
BG0oniYHMX NPOLIECIB Y LMX TBAPUH.

Buxogsuu 3 oTpumMaHux pesynbTaTiB, MOXHa roBOpUTH,
npo NpaBoNiBKYNbHUIA MEBHOK MIPOI0 XapakTep narepani-
3auii "ankoronbHOi JOMIHAHTU", OCKINbKM Cepen CXMITbHUX
00 ankorofbHOI 3anexHOCTi LWypiB YacTile 3ycTpivyanucb
TBapWHU caMe 3 NiBoBiYHO MOTOPHOK acumeTpieto. Okpim
TOro, cepej LWypiB, WO Manu BWUCOKY 34aTHICTb 4O HaB-
YaHHs, OOCTOBIpHO Ginblie 6yno TBapuH i3 nNpaBobivyHO
MOTOPHOK acuMMeTpie. Y XPOHIYHO arnkoromnisoBaHMx

TBapuH 36inNbLUEHHS BUXigHoro pieHsa Kac nig yac ankoroni-
3auii BKasdye Ha HasIBHICTb BNMMBY arikorosto Ha iHaueigya-
nbHi Npodpini pyHKUiOHaNbHOI acumeTpii Ta 3MiHy AOMiHY-
BaHHSA NiBKYsb, WO BUSIBNSAETLCA B MOAYNSAUii NiBMXx npodi-
niB MOTOPHOI acMMeTPIi 1 NPUrHiYeHHi NpoLeciB Nnepepodku
iHpopmaLii B npagin niBkyni. OckinbkM MOTOpHa acumeTpis
MOXe BUCTYNaTW SK NOKa3HUK, Lo Bigobpaxae yHKLioHa-
NbHUIM CTaH HEPBOBMX MPOLIECIB, TaKi 3MiHW € HENPSIMUM CBi-
OYEHHSAM pi3HOCNPSIMOBAHOrO BMNUBY ankoronisawii Ha TBa-
PVH 3 Pi3HNUMK NOBEAIHKOBUMY XapaKTepucTukamu.

JocnipgxeHHs BNNuBy eTaHony Ha ninigHWin obmiH noka-
3ano, Lo XPOHiYHa ankoronisauis cnpusina 3pOCTaHHI0 KOH-
LeHTpauii ninigie y KpoBi LWypiB, L0 CBiAYNTL NPO NOMipHUIA
[ecTabiniayrouunin BNnvB eTaHormy Ha XUpoBuin obmiH. Xpo-
HiYHa ankoronisauis npu3BoauTb A0 iHTeHcudikauii kaTabo-
NiYHMX NpoueciB B opraHi3mi, HacniaKoM 4oro € 36inbLIeHHs
BmicTy Tpurniuepugis (TT) i BinbHMX xupHUX kucnot (BXKK)
Y KPOBi ankoroniaoBaHux LLypiB Ha (POHi HE3MIHHOTO PiBHA
xonectepony (Xc). 3septae Ha cebe yBary nigBULLEHHS pi-
BHs1 oocdponinigie (PJ1) y Kposi LypiB, WO Moxe 6yTn Hac-
nigKoM pyMHIBHOrO BNAMBY Ha KNiTUHHI MeMbBpaHu Takoi To-
KCMYHOT pe4oBMHU, K eTaHon. [icnsa npunuHEHHs ankoroni-
3auii BMLLEe3a3HayYeHi NOKas3HUKM NoBepTanucb 4O KOHTPO-
NbHUX 3HadveHb. Lle we pa3 niaTBepmxye Ge3nocepepHin
BMNNUB eTaHomny Ha ninigHuiA obmiH y wypis. Micnsa BigMiHKW
€TaHOony y LypiB CNOCTEPIranocb 3HWKEHHS KOHLEHTpaUii B
kposi docconinigis (PJ1), BinbHUX XMpHUX KMcnoT (BXKK) i
Tpurniuepigis (TI) nopiBHAHO 3 kKOHTpornieM. Taki 3MiHM Bynu
OinbL BMpakeHi y TBapyH BUGIpkM A. Y "cxunbHux" TBapuH
rpynu A piBeHb ninigis nicns 3aBepLUeHHs ankoronisawii 6ys
HUXYe, HiX Yy "HecxnnbHux" (Tabn. 3.).

Ta6bnuys 3
KoHueHTpauis ninigis y kpo.i wypis Bubipku A (M * SD)
FPYNA A
KoHueHTpauisa ninigiB y KpoBi WypiB nig Yyac ankoronisauii (Mr, %)

Pocdoninigun (®J1) BinbHi xxupHi kncnotu (BXKK) Tpurniuepuam (TI) Xonectepon (Xc)

KoHTporib ankoronto 327 [323; 332] ° 36 [32; 38] ° 58 [56; 61] ° 51 [49; 53]
KoHueHTpauis ninigiB y KpoBi y WypiB nicna 3akiH4eHHsA ankoronisauii

pyna docdoninign (P1) BinbHi xupHi kucnotn (BXXK) Tpurniuepwam (TI) Xonectepon (Xc)
| (A) 284 [278;293] 27 [26;28] 40 [35;43] 49 [49;53]
1l (A) 281 [278;293] 26,3[25;27] 39 [38;42] 48 [47:51]
I (A) 285 [288;310]* 27 [24;29]* 41 [40;43]* 47 [45;49]
IV (A) 287 [295;318]* 26 [23;28]* 42 [40;44]* 46 [44,50]
V (A) 310 [315;320]* 31[29;34] 44 [41;45]* 48 [46;51]
VI (A) 289 [311;328]* 29 [26;32]* 46 [42;46]* 49 [50;52]

lMpumimku: 1) * — p < 0,05 — NOpIBHSIHO 3 NOKa3HUKaMK LLypiB N4 Yac ankoronisadii;
2) ° — p < 0,05 — nopiBHAHO 3 HeankoronizoBaHUM koHTporiem (rpynu | (A);ll (A)).
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Ona TBapuH BUGipkn B uga TeHaeHuia 36epiraetbes, ane
piBHi ninigie G6inbw Hu3bki. AH i NMH TBapuHM (BUCOKO- i
HU3bKOAKTMBHI) HE Manu BiOMIHHOCTEN 3a KOHLEHTpaLiet
ninigiB y KpoBi, 3a BUHATKOM ymicTy T, skuii OyB nigsuLLe-
HMA y TIH "HecxunbHux" TBapuH y Bubipui A Ha

14 %(p < 0,04) i y Bubipui B Ha 21 % (p < 0,03), Hix y "cxu-
nbHUX", a Takox ymicty ®J1, akmii y Bubipui A 'y OH "cxunb-
HUX" TBapuH 6yB MeHwMn Ha 6 % (p < 0,03), Hix y MH. Le
MoXe BigoGpaxaTy Binbll BUCOKMIA piBEHb 3MiH MinigHOro
cknagy KpoBi M BMSIMBOM €TaHOIMy Y UUX TBapuH (Tabn. 4).

Ta6nuysa 4
KoHueHTpauisa ninigiB y kpoBi y wypiB Bubipku B (M + SD)
rPYNA B
KoHueHTpauisa ninigiB y KpoBi WypiB nig yac ankoronisauii (Mr, %)

®Docdoninigu (PJ1) BinbHi xupHi kucnotu (BXK) | Tpurniuepugmu (TI) | Xonectepon (Xc)

KoHTponb ankoronw 329 [325; 336] ° 37 [34; 40] ° 57 [58; 60] ° 49 [47; 54]
KoHueHTpauis ninigiB y KpoBi y WypiB nicna 3akiH4eHHs ankoronisauii

Migrpyna Ddocdoninign (PJ1) BinbHi xupHi kncnotun (BXXK) Tpurniuepuam (TI) XonecTepon (Xc)
| (B) 282 [275; 290] 26 [24; 27] 41 [37; 45] 47 [45; 50]
Il (B) 280 [276; 292] 25 [23; 26] 38 [36; 42] 46 [44; 51]
I (B) 283 [280; 295]* 27 [24; 29]* 41 [40; 43]* 41 [38; 46]
IV (B) 285 [282; 298]* 26 [23; 28]* 43 [41; 46]* 43 [39; 45]
V (B) 292 [290; 306]* 32 [28; 34]* 45 [40; 49] 47 [45; 50]
VI (B) 289 [311; 328]* 30 [28; 33]* 50 [48; 53]* 49 [47; 52]

lMpumimku: 1) * — p < 0,05 — NOPIBHAHO 3 NOKa3HMKaMW LLYPIB Nig Yac ankoronisawii;
2) ° — p < 0,05 — nopiBHsAHO 3 HeankoronizoBaHum koHTponem (rpynu | (A); Il (A)).

BucHoBkn. 3miHn dyHKuioHanbHoro ctaHy LIHC y pe-
3ynbTaTi XPOHIYHOIO BXMBAHHS €TaHOosy KOpentowTb 3i 3Mi-
HaMV MOTOPHOI MKMIBKYIbHOI aCUMETPIl rOfIOBHOTO MO3KY 1
BUSIBNSIIOTLCS Y NPUTHIYEHHI NpoLeciB nepepobku iHdopmallii
B Mpasiln NiBkyni B nepiog ankoronisadii. IHBepcis MOTopHOI
acvmeTpii Mae GinbLL BUPaXKeHWN i CTINKUIA xapakTep y TBa-
PVIH 3 HU3bKOIK 34aTHICTIO A0 HABYaHHS B pagiansHomy nabi-
pYHTI. CXUNBHICTb 40 anKoronbHOI 3aneXHOCTi KOPEnoe 3 pi-
BHEM MOTOPHOI acUMeTPii, O BUSBNSETLCS Y LOCTOBIPHOMY
nepeBaxaHHi NiBnx Npodinie narepanisauii MOTOPHMX 03HaK
Y LLypiB 3 BUCOKOKO arnkororbHOK MOTUBALE. XPOHidHa an-
Koronisavisi npu3BoauTb A0 iHTeHcudikaLii ninigHoro obmiHy
B OpraHi3mi, Npo LU0 CBiAYNTb 3POCTaHHSA KOHUEHTpaLii Tpu-
rniyepurais i BINbHUX XXUPHUX KUCIOT Y KPOBI LLYPIB, sike kope-
ntoe 3 POPMYBaHHAM arkorofibHOI 3anexHocTi. MigBULLEHHS
piBHS dhocchoninigis y KpoBi LWypiB Yy npoueci ankoronisavii
MOXe OYyTW HacnigKOM PYWMHIBHOTO BMMBY Ha KMNITUHHI MeM-
©OpaHu TaKoi TOKCUYHOI PEYOBUHM, SIK ETAHOJ.
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INTERHEMISPHERIC BRAIN ASYMMETRY
AND METABOLIC CHANGES IN RATS WITH DIFFERENT ALCOHOL MOTIVATION

The analysis of motor inter hemispheric asymmetry in rats differing in the degree of alcohol motivation and learnin gability at different stages of
chronic alcoholization was performed. The qualitative and quantitative composition of blood lipids was determined as an integral indicator of the
degree of ethanol influence on metabolic processes at different stages of chronic alcoholization. The obtained results indicate a certain
right-hemispheric character of lateralization of the "alcohol dominant”, since among alcohol-dependent rats, animals with left-sided motor a symme
try were more common. In chronically alcoholic animals, the effect of alcohol on individual profiles of functional a symme try and changes in
hemispheric dominance was found, which was manifested in the modulation of left motor a symme try profiles and inhibition of information
processing in the righ the misp here. In addition, among rats with high learnin gability, there were significantly more animals with right-sided motor
asymmetry. Chronic alcoholization led to an intensification of catabolic processes in the body, as evidenced by an increase in the concentration of
triglycerides and free fatty acids in the blood of rats, which correlates with the formation of alcohol dependence. The increase in lipid concentration

correlated with the stage of alcohol dependence formation.
Keywords: asymmetry, lipid metabolism, alcoholic motivation.
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