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Exkcnpecis aHriotTeH3uHNepeTBOproBaAbHOIo eH3umy-2 (ACE2)
NpY eKcnepuMeHTaAbHIK AiabeTMuHin peTuHonarii
Ta BNAUB Ha Hei OA0KaAU KAITUHHUX NpoTeiHKiHa3

OpwuriHaAbHiI AOCAIAXKEHHS

K. 0. YceHko®YABCEF C 0, PukoB®*CPE O, 0. Aapauk©®2BCP A 0. TuxomupoB®3BECP, C, B. 3a6AiLeB®1CEF

*HauioHaAbHWI MeAruHHiA yHiBepeuTeT iMeHi 0. 0. BoromoabLis, M. KuiB, YkpaiHa, 2HauioHaAbHUi YHIBEPCHUTET OXOPOHM 3A0POB’A YKpaiHu

imeHi M. A. Lynuka, M. Knig, 3IHcTuTyT Bioximii im. O. B. MaaraaiHa HaujoHaAbHOT akapemii Hayk Ykpainu, M. Kinis

A - KOHLIENLLst Ta AM3alH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

MopyLueHHsi peHiH-aHrioTeH3nHoBoi cuctemn (PAC) oka € YMHHMKOM AiabeTUYHUX MIKPOCYOMHHUX yCKnaaHeHb. MNpotuaie
ecpektam PAC HelLonaBHO BigKpWTa BICb, LLIO BKIHOYAE aHrioTEH3MHNEpeTBOptoBanbHWiA pepmeHT 2 Tuny (ACE2) Ta oro
NPOAYKT @HrioTEeH3WH 1-7.

Meta pobotu — BU3HauMTK ekcnpecito Ta BMicT ACE2 y CiTkiBLi Npu ekcrnepuMeHTanbHil aiabetuyHin petuHonartii (OP) Ta
BCTAQHOBWTY BMIIUB Ha HWUX Brokaay KNiTMHHUX NPOTEiHKIHa3.

Marepianu i metopu. [liabeTuuny petuHonartito MofentoBany y Lypis-camuis niii Wistar. [ing uporo iMm ogHopa3oBo BBO-
Aunv cTpenTo3oTouuH y Ao3i 50 mr/kr (Sigma-Aldrich, Co, Kutait). EkcnepumeHTanbHuX LLypiB NOAINMAN Ha YOTUPK rpynu:
KOHTpOnbHY; 3 BBeeHHsM iHcyniHy 30 Op (NovoNordiskA/S, Bagsvaerd, HimeuunHa); 3 BBeAEHHAM iHribiTopa npoTeiHkiHa3
copadcpeiby (Cipla, IHzis) y gosi 50 Mr/kr; 3 BBeAEHHAM iHCyniHy Ta copadeHiby. Mig yac iMyHOBNOTUHIOBOrO Ta iMyHOTICTOXi-
Mi4HOrO JOCTIMKEHHS 3aCTOCYBanNM MOHOKIOHanbHi aHTuTina npotn ACE2 (EMD Millipore Corporation, CLUA).

Pe3syastati. BctaHoBneHo baratopa3sose 36inbLueHHs BMicTy ACE2 y giabeTuyHi CiTkiBLi: cnodaTky HaKOMMYeHHS! A0ro BifbHUX
i30chopM, a NOTiM — 3B'A3yBaHHS 3 KIITUHHUMK Binkamu. Takox NPOTArOM CNOCTEPEXEHHS BU3HAYEHO 36inbLUeHHs ekcnpecii
ACE?2 y cTiHKax CyauH, L0 NiATBEPAXKYBano 3anyyeHHs Liboro Baxnuneoro perynstopa PAC y natoreHes giabeTnyHoro nowko-
[PKEeHHs! CiTKiBKW. BBeaeHHst iHcyniHy 3HkyBano BmicT ACE2 Ha 21 goby Ta vepe3 2 micsui nikyBaHHs BinbLLOKO Mipoto, HixX
1oro kKoMbiHOBaHe BBeAeHHs 3 copadheHibom abo okpeme BBefeHHS copacheHidy. Yepes 3 micsui 3HwkeHHto BmicTy ACE2,
30Kpema Noro BUCOKOMOMEKYNApHUX hopM, ehekTUBHILLE CpUsNo KOMOIHOBaHe BBEAEHHS iHCyniHY 3 copadeHibom, Hix
OKpeme BBEAEHHS! IHCYIiHY.

BucHoBku. BctaHoBneHo moxnuy ponb 36inblieHHs ekcnpecii ACE2 B naToreHesi giabeTtnyHoi peTuHonarii, a Takox
3achikcoBaHO il 3HMKEHHS Mg Yac NikyBaHHS! iHCYMIHOM | copadheHiBoM, LLO BiAMOBIZAN0 ranbMyBaHHIO PO3BUTKY MOPIONOMYHUX
03Hak aiabeTnyHoi peTuHonari.

Expression of angiotensin-converting enzyme-2 (ACE2)
in experimental diabetic retinopathy and influence
on it of cellular protein kinases blockade

K. 0. Usenko, S. 0. Rykov, 0. 0. Dyadyk, A. 0. Tyvkhomyrov, S. V. Ziablitsev

Disruption of the renin-angiotensin system (RAS) of the eye is a causal factor in diabetic microvascular complications. The
effects of RAS are counteracted by a recently discovered axis involving angiotensin-converting enzyme type 2 (ACE2) and
its product angiotensin 1-7.

Aim: to determine the expression and content of ACE2 in the retina in experimental diabetic retinopathy (DR) and to establish
the effect of blockade of cellular protein kinases on them.

Materials and methods. DR was modeled in male Wistar rats. For this purpose, they were administered streptozotocin once at
adose of 50 mg/kg (Sigma-Aldrich, Co, China). Experimental rats were divided into four groups: control; with the administration
ofinsulin 30 U (NovoNordiskA/S, Bagsvaerd, Germany); with the administration of the protein kinase inhibitor sorafenib (Cipla,
India) at a dose of 50 mg/kg; with the administration of insulin and sorafenib. During immunoblotting and immunohistochemical
studies, monoclonal antibodies against ACE2 (EMD Millipore Corporation, USA) were used.

Results. A multiple increase in the content of ACE2 in the diabetic retina was established, first the accumulation of its free
isoforms, and then binding to cellular proteins. Also, during the observation, an increase in the expression of ACE2 in the
vessel walls was noted, which confirmed the involvement of this important RAS regulator in the pathogenesis of diabetic re-
tinal damage. Insulin administration reduced the content of ACE2 after 21 days and 2 months of treatment to a greater extent
than its combined administration with sorafenib, or separate administration of sorafenib. After 3 months, the content of ACE2,
especially its high-molecular forms, was more effectively reduced by the combined administration of insulin with sorafenib
than by separate administration of insulin.
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Conclusion. The results obtained showed a possible role of increased ACE2 expression in the pathogenesis of DR and
revealed its decrease during treatment with insulin and sorafenib, which corresponded to the inhibition of the development

of morphological signs of DR.

[JiabeTnuHa petuHonaris (OP)— oaHe 3 HaWMOLLMPEHILLMX
CyOVHHUX YCKNaaHeHb Lykposoro aiabety (L), Wwo HuHi
€ OfHI€t0 3 OCHOBHYX NPWYMH BTpaTK 30py B 0CiO npaLie-
3aaTHoro Biky [1].

PeHiH-aHrioTeH3nHoBa cuctema (PAC) Bigirpae
BaXIMBY POIb Y perynsuii aganTuBHUX peakLin cepLie-
BO-CYAMHHOI CUCTEMU, BOAHO-EMEKTPOMNITHOTO OBMiHY
Ta PEMOAENIOBAHHA TKaHMH. [i OCHOBHWI MepiaTop —
aHrioTeHswH |1, wo onocepeaKoBye HeraiHi disionorivHi
eheKTn Ba3OKOHCTPUKLIi Ta perynauii apTepiansHoro
TUCKY, Oepe yyacTb y po3BWUTKY 3ananeHHs, eHpoTeni-
anbHOI AUCMYHKLIT, aTepockneposy, rinepTensii Ta 3a-
cTinHOi cepueBoi HegocTaTHocTi [2]. PAC € YMHHUKOM
[LiabeTNyHMX MIKPOCYAUHHUX YCKMaZHEHb, L0 3yMOBHOE
Pi3HOMaHITHI peakLiii TKaHWH, BKNoYato4m Ba3OKOHCTPMK-
Lito, 3ananeHHs1, OKUCHIOBanbHWIA CTPec, rinepTpodito Ta
nponicepaLito KniTuH, aHrioreHes i ¢ibpo3 [3].

KniHiyni Ta ekcnepumeHnTanbHi mogeni [P Ta aHrio-
reHesy CiTKIBKW, CMPUYMHEHOTO TiMOKCieto, CBiaYaTb Npo
aktuizaujto PAC. Y ciTkiBui aHrioteH3uH |l npu3eogmntb
[10 BA3OKOHCTPWKLi CYAVWH, aKTVUBYE aHrioreHes, a Takox
mopyntoe dyHkuito TAMK-epriyHux mexaHiamiB amakpu-
HOBWX KMiTWH, BNNMBaE Ha rmito [4].

lNMokasaHa edekTnBHiCTb Griokagn PAC ans 3anobi-
raHHsi BUHWKHEHHIO Ta nporpecyBanHio [P. Tak, iHribitop
aHrioTeH3UHNEPETBOPIOBANBHOTO (DEPMEHTY paminpun
i BriokaTop peuenTopi aHrioteH3nny |l TenmicaptaH
CrpVsSN 3MeHLweHHo nporpecyeaHHs [P i Hedbponartii
y CTpenTo3oToLMHOBIN mogeni giabety [5]. Y Mporpami
BUNpobyBaHb brnokatopa PAC kaHaecapTaHy HauioHanb-
HOTO IHCTUTYTY cepus Ta nereHis, (DIRECT); JloHaoH, Be-
nvka bpwTanis) niaTBEPMKEHO, O Npenapar 3HWKyBaB
4acToTy, ane He BMMBaB Ha nporpecysaHHsa AP npu LI
1 Tuny [6]. 3a pe3ynsTratamy AOCTIIKEHHS, LLO 3AiiCHEHe
Ha 6a3i BigaineHHs odTanbmonorii YHiBepcUTeTChKoi
nikapHi B OgeHce (JaHis) — DIRECT-Protect 2, BctaHoB-
NeHO: NiKyBaHHA kaHaecapTaHoM y nauieHTis i3 LY 2 Tuny
MOe CMPUSATI MOKpaLLEeHHto nepebiry nerkoi Ta nomipHoi
[P [7]. Hesgaxaroun Ha Ui No3uTVBHI pe3ynsTtaTu, 6no-
katopn PAC He MOXHa BBaxaTu peTMHONPOTEKTOpPamK,
ockinbkv [1P Mmoxe nporpecyBat 4o Ni3HbOi cTafji, HaBITb
KOMW nauieHT npuimMae Ui npenaparu.

BiOKpWTTS aHrioTEH3MHNEPETBOPIOBAbHOTO (PepMEH-
Ty 2 (ACE2) npuaBeno o Bu3HayeHHs HoBoi oci PAC,
wo Bknodae ACE2, ioro npogykT aHrioTeH3uH 1-7 Ta
peLenTop octaHHbLoro — Mas [8]. Lia BasonpoTekTopHa
BiCb npoTuaie nponicdepatmBHnM, ibpo3HMM, npo3sa-
nanbHUM i rinepTpodiYHMM edekTam KnacuyHoi oci
ACE - aHrioteHsuH |l — peuenTtop aHrioteHauHy Il 1 tuny.
[ucbanaHc Ba30nNpoTEKTOPHOI Ta Ba30KOHCTPUKTOPHOI
oci PAC B OYHIlf TKaHWHI MOXE CMIPUYUHWATY PO3BUTOK i
nporpecyBaHHs [IP, a nocunenHs 3axucHoi oci ACE2 —
aHrioTeH3unH (1-7) npotuaie edpextam aHrioteHauHy Il [8].

Otxe, ctaH PAC i Takoro BaxnvBoro ii perynstopa,
sk ACE2, moxe BigirpaBaTti NeBHy porb y po3suTky [P
yepes BMIMB Ha NPOLECH 3ananeHHst Ta NOLUKOMKEHHS
CYOMWH CiTKiBKM 3a YMOB rinepriikeMii. Y nonepeaHix
LOCTIDKEHHSAX BUSIBIIEHO NMO3UTUBHUIA edhekT Brokaam
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KMITMHHUX NPOTEIHKIHA3 Npu ekcnepumeHTanbHin [P,
LU0 CynpOBOAXKYBANoCs 3MEHLLEHHSAM PiBHS rMikemii Ta
BTPaTK Macy Tina [9], NpUrHiYeHHAM peakTUBHOIO rMio3y
Ta 3anobirano BUHUKHeHHIO paHHix nposisie [P [10]. Ha
niAcTaBi LM AaHUX 06rpyHTOBaHVM BBaXXaEMO BCTaHOB-
NeHHs BNNuBY BGnokaaw KNiTWHHKX NPOTeiHKiHa3 Ha eKc-
npecito ACE2 y ciTkiBLj 3a ymoB ekcnepumeHTansHoi [P.

Merta po6otu

BusHauntu ekcnpecito Ta BmicT ACE2 y ciTkiBLi npm ekc-
nepyvMeHTanbHiN AiabeTnyHin peTuHonarii Ta BCTaHOBUTU
BMMB Ha HYX Brokaam KNiTMHHWX NpOTEiHKiHA3.

Marepianm i meToAM AOCAIAKEHHA

Mg yac focnimkeHHa JOTPYMYBAnMCs HOPM i NPUHLMNIB
€BponencebKoi KOHBEHLi LLLOA0 3axX1CTy XpebeTHuX TBa-
PVH, SIKUX BUKOPWUCTOBYIOTb B EKCMIEPUMEHTASbHIX Ta iH-
Lumx HaykoBux Linsix (Ctpacbypr, 1986), Oupektvsn Pagu
€ponu 86/609/EEC (1986), 3akoHy Ykpaitu Ne 3447-1V
«[po 3axMCT TBapWH Bif XXOPCTOKOrO MOBOMXEHHS,
3aranbHWUX eTUYHUX MPUHLMNIB EKCMIEPUMEHTIB Ha TBa-
puvHax, yxsaneHux lNepLumm HauioHanbHUM KOHrpecom
Ykpainu 3 Bioetukn (2001). OmepxaHo eKCnepTHIA Br-
cHoBok Komicii 3 nTaHb GioeTMYHOI eKcrepTiam Ta eTUKM
HayKOBMX AocnimKkeHb npy HauioHansHoMy MeanyHoMy
yHiBepcuTeTi imeHi O. O. Boromonbus (npoTokon Big
21.11.2022 poky Ne 164).

[Jo pocnigxeHHs 3anyveHo 65 Lwypis-camuiB niHii
Wistar Bikom 3 micsui, maca Tina — 140-160 r. Ekcnepu-
meHTanbHui L i AP mogentoBanu Ha 60 Liyypax LWnsxom
O[}HOPa30BOro BHYTPILLUHbOOYEPEBMHHOTO BBEAEHHS
ctpenTo3oTouuHy (50 mr/kr; Sigma-Aldrich, Co, China),
po3umHeHoro y xonogHomy 0,1 M umtpatHomy Gydepi
(pH 4,5). ins oTpMaHHs BUXIZHUX AaHWX BUKOpUCTa-
HO 5 TBapWH (iHTakTHi). MpoTsrom 16 roauH Ao iHekuii
TBapWH He rogyBanu, a NnpoTaroM 24 roguH nicns noinu
5 % posdnHoM rntoko3n. Hapani koxHi 3 4obu KoHTpo-
NI0BaNN piBEHb rMikeMii 3a 4ONOMOrOK rnokoMeTpa Ta
opHopasosux TecT-cMyxok (ACCU-Chek Instant, Roche,
Mannheim, Germany) y KpoBi, B34TOi 3 XBOCTOBOI BEHM
HaTLe. Yepe3s 3 fobu nicns iH'eKLii BMICT [MtoKo3u Y KpoBi
TBapWH, SIKUM BBOAMMM CTPENTO30TOLMH, CTAaHOBUB HE
MeHLe Hix 15 mmMonb/n. CnoctepexeHHs 3a Lypamu
TpuBasno 3 micaui.

Yepes 7 gi6 TBapuH 3i cTilkoto rineprnikemieto (n = 60)
CinMM paHAoMHUM criocobom noginumu Ha 4 rpynu no 15
0cobuH. Y 1 rpyni (KOHTPONb) rineprrikeMito He NikyBanu.
Y 2 rpyni TBapvHam Yepes AeHb BHYTPILLHbOOYEPEBUHHO
BBOAWNM iHCyniH kopoTkoi Aii (Actrapid HM Penfill, Novo
Nordisk A/S, Bagsvaerd, Denmark) y gosi 30 Oa. Teapu-
Ham 3 rpynu per oS LLoAEHHO BBOAWMM PO34MH iHribiTopa
npoteinkiHa3 copadeHidy (Cipla, IHaist) y fosi 50 mr/kr
(cawe). TeapuHam 4 rpynu BBOAWIM iHCYIIH (33 CXEMOIO
2 rpyniu), a Takox po3quH copadpeHiby (3a cxemoto 3 rpynu).

TBapuH BUBOAMNK 3 eKCepuMeHTy yepe3 7 i 21
L0606y, 2 i 3 micaui no 5 0CoOMH i3 KOXHOT rpyni LNSIXOM
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cmepTenbHoI iH'ekuii TioneHTany (75 mr/kr). Bmict ACE2
y nisatax TKaHWHW CITKIBKW BU3Ha4Yanu MeToAoM iMyHO-
6noTuHry. 3paskyi TKaHWHW BUTPUMYBAIIM Y CKpanieHoMy
as3oTi, nogpibHioBanu Ta romoreHiysanu y 50 Mmonb
Tris-HCI 6ycepi (pH 7,4) 3 nogaBaHHsAM iHribiTopis
doccharas i npoteas (Pierce Protease and Phosphatase
inhibitor, «ThermoScientific», CLUA, #A32961). Enek-
Tpocbopes nposoaun y 8 % noniakpunamigHoMy reni
3 gopeumncynbdatom Hatpito (SDS-PAGE) y kamepi
LNs BEPTUKaNbHOrO renb-enektpocdopesy («BioRady,
CLUA). MpoTeinu 3 rento NeEpeHOCUIN Ha HITPOLLEMNHONO3HY
MeMObpaHy 3a JoNoMOrot enekTpotnoTy. MembpaHm iHky-
©6yBany 3 MOHOKIOHaNbHUMKM aHTuTINamu fo ACE2 (anti-
ACE2; clone 4G5.1; Sigma-Aldrich MABN59, replaces
MAB5676; BupobHuuTBa «EMD Millipore Corporationy;
Temecula, CLUA). Antutina go aktudy (B-actin (loading
control), no. MA5-15739, mouse, 1 : 3,000, Invitrogen,
CLLA) BukopurcTOBYBanu Ans voro AeTekLii Ik KOHTPOmb
HaHECEHHS! MPOTEiHY.

Micns nepBuHHOI iHKyGaLii MemOpaHu BigMvBany Ta
00pobnsanu aHTMBMOOBMMM BTOPUHHUMK aHTUTINAMM,
KOH'tOroBaHVMU 3 MEPOKCMAA30to XpoHy (goat anti-rabbit
or anti-mouse I1gG, Invitrogen, CLUA, cat. nos. G-21234
and 31430, respectively, 1 : 8,000 diluted). Haniskinbkic-
HWUIA aHani3 BUKOHAHO AEHCUTOMETPUYHO, BUKOPUCTAHO
nporpamHe 3abesneyenHHs TotalLab (TL120, «Nonlinear
Inc.», CLWA). Pesyneratyt imyHoOnoT-aHaniay BMicTy
HaBEOEHO B YMOBHUX OAVHULISAX Bif KOHTPOMbHOI BEMNU-
YMHM OMTUYHOI TYCTVHW BiANOBIAHOI NONiNeNTUAHOI 30HM
Ha 6noTtorpamax, L0 HOPMOBaHA 3a BMICTOM aKTWHY B
KOXXHOMY 3pasky.

[ns MopdonoriyHMx JOCHimKeHb 04i 3aHyptoBanu y
10 % po34unH HewTpansHOro opmarniHy Ta 3anvsanu B
napadiH. 3 napaciHoBKX GrokiB Ha poTaLinHOMY MiKpo-
Tomi HM 325 («Thermo Shandon», AHrmist) BUrotoBnsnm
CepilHi ricTonoriyHi 3piav 3aBTOBLLKW 2—3 MKM. EKcripecito
ACE2 oLjjHI0Ban LLMSIXOM iMyHOTCTOXIMIYHOTO OCTIiKEH-
HSl 3 BUKOPUCTAHHAM MOHOKIOHANbHUX @HTUTIN MPOTK
ACE2 (anti-ACEZ2; clone 4G5.1; Sigma-Aldrich MABN59,
replaces MAB5676; «EMD Millipore Corporation»; CLLA).
[insa BMcokoTeMnepaTypHoOi 06pobKY eniToniB aHTUTEHIB
BUKOpMCTaHO LmTpatHui (pH 6,0) i EDTA Bydbep (pH 8,0).
3acrtocyBanu cuctemy aetekuii Master Polymer Plus
Detection «Master Diagnostica» (Icnanis).

3pi3n popaTtkoBo 3abapsnioBanu remaTokcuni-
HoM. MikpockonivyHe JoCnimkeHHs Ta doToapXiByBaHHA
30iNCHUNK, 3aCTOCYBaBLUM CBITIIOONTUYHUIA MiKPOCKOM
«ZEISS» (HimeyunHa) 3 cuctemoro 06pobku pesyneratie
«Axio Imager A2» npw 36inbLueHHi o6’ektuBis y 5, 10, 20,
40 pasig, 6iHokynspHoi Hacagku B 1,5 pasa Ta okynsipa
y 10 pasie 3 kamepamu (ERc 5s «Carl Zeiss» Primo Star
Ta Axiocam 105 color) i cBiTNOONTUYHOMO Mikpockona
«Olimpus BX 40», o gonatkoBo obnagHaHui umgpo-
Boto kamepoto «Olimpus C3030-ADU» i nporpamHum
3ab6esneveHHsM «Olimpus DP-Soft».

[ins cTaTcTYHOro aHanisy 3actocyBanu nporpam-
He 3abesneyeHHs Statistica 10 (StatSoft, Inc., CLUA).
OnucoBwui CTaTUCTUYHUIA aHani3 BUMKOHanu, obpaxy-
BaBLUM CepefHi 3HaYeHHs Ta iXHi cTaHaapTHI NOXMOKY.
BubipkoBi cepeaHi NOpiBHANM, BUKOHABLLIM ANCTIEPCINHNI
aHani3 (ANOVA). BiporigHnmu BBaxkanu BigMiHHOCTI Npu
p <0,05.
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PesyAbTatu

lMicns BBEOEHHS CTPENTO30TOLMHY Y TBapuH 3 YCIX rpyn
BWHWKana CTilika rinepriikemis 3 MakcumarbsH1M BMICTOM
FTIFOKO3M Y KPOBi TBAPWH KOHTPOMBHOIT rpynu Yepes 3 micsi
croctepexeHHs (18,04 + 1,41 mmonb/n). Y 2 i 4 rpynax,
[ie TBapVH nikyBanw iHcyniHoM (MoHoTepanis abo B koM-
6iHaLlii 3 copadheHiboM), BMICT rMHOKO3M 3HaYyLLO MEHLLIMIA
(11,04 £+ 1,02 mmonb/n i 8,38 £ 0,48 Mmonb/n BigNOBIgHO,
p < 0,05). Mpu LoMy rMikemis BiporigHO MeHLa B 4 rpyni
nopiBHaHO 3 2 rpynoto (p = 0,02). Y tBapuH 3 rpynu, ski
OTPVUMYBAINH Tinbkv copacheHit, BMICT rTH0KO3M CTaTneTnY-
HO He Bigpi3HaBCS Big koHTponto (14,00 + 1,06 mmonk/n,
p = 0,09), ane BiporigHO GinbLUMA 3@ NOKa3HWK TBAPWH,
SIKi OTpUMyBanu iHcyniH (p < 0,05). OTxe, MakcuManbHWA
rinornikeMivHM edbekT 3adikcoBaHO Y LLYpIB, siKi OTPUMY-
Banu kKoM6iHOBaHe MikyBaHHs! iHCyniHOM i copadheHioom,
MiHiManbHWA — y pasi BBEOAEHHS Tinbky copadeHioy.

lneprnikemis, Lo BUHUKNA y TBAPWH MiCsi BBEOEHHS
CTPEnTO30TOLMHY BXe Ha CboMy f0By, cynpoBOmKyBana-
€81 paHHiMK MopdonoriyHnmm nposisamu 1P, BectaHoene-
HO 3HVDKEHHS LLINBHOCTI KNITWH Y raHImioHapHOMY Luapi,
HabpsK BHYTPILLHBOrO NNEKCOPMHOTO Lwapy, Aunara-
Liit0 Kaninspis B3AOBX BHYTPILLHLOT MOBEPXHI CiTkiBKW. Ha
21 o6y uji 3MiHW NporpecyBanyt: BUSIBNEHO HabpsiK ycix
LIapiB CiTKiBKM 3 aunartauieto cyauH i MikpoTpoMb6o3om
Y 30BHILLHBOMY MNEeKCUOPMHOMY Lapi, PO3pPIMKEHHS
SAEPHUX LWapiB CiTKIBKK, AINSHKW iLwemii, (hopMyBaHHS
MiKpOaHEBPU3M B3[OBX BHYTPILLHbOI NMOBEPXHI CITKIBKY.
Hagani 3achikcoBaHO O3HaKW AuckoMMnekcaLii CiTKiBKu
i3 BTpaTolo OygoBM LWapiB, a TakoX CneumdiyHi 03HaKK
[P — uncneHHi MikpoaHeBpY3MU Ta CyAMHHI aHoManii Ha
BHYTPILLHIN NOBEPXHI, Y 30BHILLHIX LWapax — PopMyBaHHs
KNITUHHUX Nponidheparis.

BusHaueHHs piBHsa ACE2 y TkaHWHax CiTKiBku LLypiB
MeTOoZ0M iMyHOONOT-aHani3y fano 3Mory BidyanisyBatu
Kinibka 30H cneLmgivHoro 38’a3yBaHHs NpoTeiHy (puc. 1).
Hainerwi 3 HUX Manu MonekynspHy Macy MeHLLE HixX
110 k[a Ta Bignosiganu isohopmam iHTaKTHOrO NPOTEiHY
ACE2[11]. BinbLu BUCOKOMONeEKyNApHi NOMINenTAHi 30HN
manu macy 150-320 k[la Ta Bignosiganu goopmam ACE2,
LLI0 YTBOPHOKOTb CTABIMbHi KOMMNEKCH 3 KITITUHHAMM NiraH-
fdamu. BignosigHo, moxHa 6yno BBaxatu, Lo ¢pakuis
ACE2 110 k[da xapakTepusyBana piBeHb CHTE30BaHOM
eHsumy de novo, a dpakuis ACE2 >110 k[da — cyHKui-
OHanbHO aKTMBHY hopMy Liboro npoTeiHy y cknagi PAC
TKaHVHW.

B iHTakTHUX TBapnH BMicT ACE2 110 k[la y ciTkiBui
— Ha piBHi CnigoBwWx koHUeHTpauin, a ACE2 >110 k[la He
BU3HayeHo (puc. 1). Mpu possutky [P Bxe Ha 7 poby
nokasaHo 36inbLenHs y 10,2 pasa Bmicty ACE2 110 k1,
B 3,9 pa3a — B1cokomonekynsapHoi ppakuii (p < 0,05 ans
060X NOpIiBHSHb).

Yepes 21 0oby BMIiCT eH3My 3au1LIaBCS BUCOKWM,
ane 6inbLUMiA NpupicT 3adikcoBaHO ANt BUCOKOMONEKY-
nsipHoi dopakuii (y 10,7 pasa NopiBHSHO 3 iHTaKTOM), ANs
¢pakuii ACE2 110 kla — y 5,7 pasa (p < 0,05 ans obox
NOPIBHsIHb). Pe3ynkTaT AOCRiMKEHHs Aanu amory nig-
TBepanTY 36inbLuerHs BmicTy ACE2 npw [P, npy ubomy
Ha moyatky ii po3BuUTKY GifbLIOK MIpOK aKTuByBanacs
€KCMpecisl CamMoro eH3nMy, a NisHiLLe BupasHiLLe 30inbLuy-
BaBCS BMICT Or0 3B'33aHOi 3 KNiTUHHUMM Binkamu dhopmu,
LLO CBIAYMNO NpO aKTMBaLito Lboro naHutoxka PAC.
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Puc. 1. CnigigHowweHHs piBHst ACE2 110 / aktiH, ACE2 >110 / akTUH y TKaHWHI CITKIBKM iHTaKTHIX TBApWH (IHT), yepe3 7 i 21 noby, 2 i 3 micsiui. Kout: HenikoBaHi TBapuHu; IHc: BBe-
[leHHst iHcyniHy; Cop: BBeieHHs copadeHiby; IHc + Cop: BBeAeHHS iHCyniHy 3 copadperibom. A: penpeseHTatusHi 6notorpamn ACE2 Ta akTuHy; b: pesynstatit AEHCUTOMETPUYHOTO
aHaniay 6notorpam (CniBBiHOLLEHHS! i3 BMICTOM akTuHY); *: p < 0,05 NOpiBHSHO 3 iHTaKTHUMK; **: p < 0,05 yepes 21 foby, 2 i 3 MicALi NOPIBHAHO 3 BIAMOBIAHUM KOHTPONEM.

JlikyBaHHA cnpuano 3MeHLWeHHo Ha 21 poby
BmicTy 060ox dpakuin ACE2 npw 3acTocyBaHHi iHCy-
nity (y 3,6 pasa ana ACE2 110 k[da, B 4,9 pa3sa ans
ACE2 >110 x[a). 3acTtocyBaHHsa copadeHiby okpemo
ab0 B KOMMIIEKCI 3 iHCYMIHOM He CMIPUYMHSAINO 3MEHLLEHHS!
Bmicty ACE2 110 k[la, ane 3ymMOBMtoBano 3MEHLIEHHS
ACE2 >110 k[la (y 3,2 pa3a i 2,4 pa3a BignosigHo no-
PiBHSIHO 3 KOHTponeM Ha 21 poby, p < 0,05). Lii gaHi nig-
TBEPOMIN 3HWXKEHHS 3B'3yBaHHS EH3UMY 3 KITITUHHUMM
Ginkamu.

Yepes 2 micaui nikyanHs BmicT ACE2 Takox
HWXYMIA, HIXK Y HENIKOBAHOMY KOHTPOSi, CTaTUCTUYHO
3HaYyLLIO — ANS rpynK i3 BBEAEHHSAM iHCYniHY (B 1,7 pasa
ans ACE2 110 ka, B 1,5 pasa ans ACE2 >110 k[a,
p < 0,05). Mpu BukopuCTaHHi copadeHiby, Ha BiAMiHY
Bi TepMiHy 21 foba, 4OCTOBIPHE 3HKEHHS MOPIBHAHO
3 KOHTponem 3adikcoBaHo Ans dpakuii ACE2 110 kla
(B 1,3-2,2 pasa, p < 0,05); e CBigUMNO NPO 3HWKEHHS
YTBOPEHHS EH3VMY.

Yepes 3 micaui BmicT 060x dpakuin ACE2 nopisHs-
HO 3 BiANOBIAHWM KOHTPOMEM ICTOTHILIE 3MEHLUEHWUN Y
pasi BBEEHHS iHCYniHy Ta copadieHiby (B 1,3 pasa ans
ACE2 110«[a, y 4,4 paza ana ACE2 >110 k[la, p < 0,05),
Hi>X Ny 3acToCyBaHHi Tinbku iHcyniHy (B 1,15 Ta 1,50 pasa
BiANOBIAHO, p < 0,05). BinbLumin ehekT BCTAHOBNEHO NS
BUCOKOMONEKYNAPHOI (hpakLil, i TOMY AiMLLAN BUCHOBKY
NP0 3MEHLLEHHS 3B's13yBaHHS! €H3WUMY 3 KMITUHHUMM Npo-
TeiHamu, a OTxe i NpurHiveHHs akTmeHocTi PAC.
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Yepes 2 micaui Ha BnoTorpamax BU3HaveHo noninen-
TOHI 30HK Ha piBHi 150 ka (puc. 1), Wo BignoBigaoTb
rniko3unboBaHin goopmi ACE2 [11], BMICT sikoi o4ikyBaHO
36inbLuyBaBcs y pasi TpuBanoi rinepriikemii. Yepes 3
MicaLi Ui noninenTuaHi 30HU BUSIBIIEHO TiMbKN B OKPEMUX
npo6ax TBapWH i3 HenikoBaHoto [1P.

Y pesynbtati JOCNIMKEeHHS ogepxanu gai, Wwo nig-
TBepaunu Baxnmei acnektn yyacti ACE2 y natoreHesi
[P Ta roro perynauii 3a 4OMNOMOrOK 3aCTOCOBaHOrO
nikyBaHHs1. NigsniwenHs pisHiB ACE2, 3okpema BUCOKO-
MoreKynsipHoi dopakLii, ceiaumno npo aktueaio PAC npu
po3suTKy [1P. Ha paHHix eTanax 3axBoptoBaHHS BUSIBIIEHO
nepesaxHe 36inbLUeHHs ekcripecii BnacHe ACE2, a Ha nis-
HILLMX CTagisX NiABULLEHHS PIBHS BUCOKOMOIIEKYNSPHOI
dhpakuii cBiguMNo Npo 38’A3yBaHHS €H3UMY 3 KNITUHHUMUI
npoTeiHamu, Lo Morno ByT MapkepoM NporpecyBaHHst
XBOPO6Y. JlikyBaHHS IHCYNIHOM CMPUSNO 3MEHLLEHHIO
piBHiB 060x dropm ACE2, Tomy 3pobunu BUCHOBOK Npo
110ro NosnTVBHUI BB Ha perynsuito PAC i noninLueHHs
meTaboniyHoro cratycy. CopadeHib, 3okpema B kombi-
Hauii 3 iHCYMiHOM, eeKTVBHILIE CNPUYNHSB 3HIDKEHHS
piBHsA BucokomonekynspHoi dopmu ACE2. Lie morno
6yTN CBIAYEHHSIM 3MEHLLEHHS 3B’A3yBaHHA €H3uMy 3
KNITVHHUMK niraHgamn Ta NpUrHiYeHHs: NaTonoriYHoro
aktuByBaHHss PAC. BusaBneHi 3oHn Ha piBHi 150 k[a
MOXyTb OyTW iHaukaTopoM rnikosunboBaHoro ACE2,
piBEHb SIKOrO NiABWLLYBABCS NPUW TPUBANIi rinepraikemii,
ane 3MeHLLYyBaBCS Nicns BiANOBIAHOI Tepanii.
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2a

2B

3a

Omxe, pe3ynbrati UuX A4oCHimKEHb Aanm 3Mory BCTa-
HoBWTH, o ACE2 MOXHa BUKOPWUCTOBYBATU SIK MapKep
ANS MOHITOPUHIY NaTomnoriYyHMX 3MiH i edheKTUBHOCTI
nikysanHst [IP. Kpim Toro, niaTBepaxeHo BaXnuBy pornb
kombiHoBaHoI Tepanii B kopekuii nopyLeHs PAC.

IMyHoriCTOXiMIYHE [OCTIDKEHHS MaTepiany, B3ATOro
B iHTaKTHUX LLypiB, Noka3ano siacyTHiCTe ACE2-no3uTtuB-
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26

2r

36

Puc. 2. Mikponpenapat

CITKIBKM iHTaKTHOTO LLypa

(a), Ta y KOHTPOMbHIi
rpyni Ha 7 (6), 21 (B)
no6u Ta yepes 3 micaui
(r). PenpeseHTatusHi
pesynbsTaTy iMyHoricTo-
XiMIYHOrO AOCTIIKEHHS
ACE2; no3abapaneHHs
rematokcuniHom; x400;
6ini cTpinku: imyHonosu-
TUBHO 3abapBrieHi ene-
MEHTY CyAWH CITKIBKM.

Puc. 3. Mikponpenapat
CITKIBKM LLYpiB Yepes 3

MicsLi Ha doHi NikyBaHHS

iHCyniHoM i copadeHi-

6om. PenpeseHTaTuBHi
pesynkTati iMyHoricTo-
XIMIYHOTO 10CTIMKEHHS
ACE2; no3abapsneHHs
reMaTokCUMiHOM;

a: x200, 6: x400.

Horo 3abapBreHHs y CiTkiBui (puc. 2a). Yepes 7 pib Ha
TNi BUHWKHEHHS paHHix o3Hak [1P (BTpaTa raHrnioHapHux
KMITUH, BUP@XEHWA HabpsiK BHYTPILLHIX LapiB CiTKiBKM,
po3pimkeHHs saepHux Wwapis) ekcrnpecito ACE2 He BusiB-
neHo (puc. 26). Tinbku Yepes 21 AeHb iIMyHOTICTOXIMIYHE
focnipxeHHs nokazano ACE2-nosnTueHe 3abapeneHHs
CTIHOK CYAVH B3[0BX BHYTPILUHBOI MOBEPXHi CITKIBKM Ta
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y CyauHHOMY cnneTeHHi (6ini cTpinku, puc. 28). Yepes
3 MicALji BUSIBNEHO AUCKOMMNIEKCALLiO LapiB CiTKIBKY, Y
30BHILLHBOMY Si/€PHOMY LUapi YTBOPIOBANMUCS KIITUHHI
nponicpepaty, Lo NpeacTaBneHi LLNbHO po3TalloBaHNMM
OKpYTIMMY 6a300iNbHUMY KIITUHAMW, SKi IHKOM BUXOAM-
v 3a Mexi Lboro wapy. ACE2-no3nTvBHe 3abapBneHHst
CYAVMHHUX CTIHOK Ginblu BUpPaXeHe, iHTEHCUBHO BMAINS-
TUCS eNEMEHTU BHYTPILLUHBOTO CYAWHHOTO CMETEHHS
CiTKiBKM (6ini cTpinkw, puc. 2e).

MMicna komnekcHoro nNikyBaHHS iHCYMiHOM i copa-
dheHibom npotarom 3 micsuiB MopdonoriyHo BU3HAYEHO
CYTTEBO KpaLLWii CTaH CiTKiBkw (puc. 3).

LLlapwm ciTkiBKv 36€piran CBOK 3BMYalHY CTPYKTYPY,
He BUSIBNEHO CyanHHI abo nponichepaTunsHi amiHu. Moae-
Kyav cyauHu ciTkiBkv manvn ACE2-no3sutueHe 3abapenen-
HS1, IHTEHCUBHICTb SIKOTO Bi3yanbHO 3Ha4YHO MEHLL, HiX Y
koHTponi. Lli cnocTtepexeHHs 3biranvcs 3 pesynsratamu
iMyHOGMOTUHIY Ta yTOYHIOBanM nokanisavito ACE2-no-
3UTUBHOTO 3abapBMEHHS Y CYAUHHUX CTiHKaX CiTKiBKY.
Ekcnpecis eHsvumMy 36inbLuyBanacs cnoyarky B CyAuHax
BHYTPILUHBOI MOBEPXHi CITKIBKM Ta CYAMHHOIO CNNETEHHS,
3roflOM — BHYTPILUHLOrO CMETEHHS CITKIBKY.

06roBopeHHA

Yci komnoHeHTy PAC, 3okpema ACE2, y HopMmi BUSBMSIIOTb
Y CITKiIBLIi NF0AMHM Ta rpusyHis [12]. Mpu ekcnepymeHTanb-
Hin AP pisHi MPHK ACE sHwxeni BaBidi, a pisHi MPHK
ACE?2 icToTHO He 3miHtoBanucs. JlikyBaHHs GriokaTtopomM
PAC paminpunom He BMMMBano Ha eKCMpecil reHa
ACE2. BcraHoBneHo, Lo iMyHHe 3abapeneHHs ACE2
nokaniaoBaHe nepeayciM HAaBKOMO CyAUH Y BHYTPILLIHBOMY
sAepHOMY LUapi; Le BiANoBigano pesynsratam Halloro
[OCHIMKEHHS.

3a iHwwmy paHumm, excnpecis ACE2 y ciTkiBui nto-
gen i3 [P 36inblueHa, npy UbOMY BUSBMSAOTH 3HAYHO
GinbLuy kinbkicte ACE2-nosutuBHMX cyauH [13]. Y usomy
focnigxeHHi ekcnpecito ACE2 BusiBneHo B 6araTtbox
HECYAVMHHUX HEeMpOPETUHAbHUX KIITUHAX, BKITHOYAUM
Lap raHrmio3HUX KNiTUH CITKIBKW, BHYTPILWHIA nnek-
CUPOPMHUI LLIAP, BHYTPILLHIA SAEPHUA Lap i 30BHILLHI
cerMeHTV hoTopeLenTopiB Yy 3pa3kax i HefiabeTnyHoi, i
JiabeTnyHoi ciTkiBku. KpiM Toro, 36inblueHa i exkcnpecis
MeMbpaHo3B’a3aHoi cepnHOBOI Npoteasun 2 (TMPRSS2),
LLO BUSIBNEeHa B GaraTbox HEMPOHANbHUX KMITUHAX CITKIBKY,
CyOUHHUX | NepuBacKyNApHUX KNiTuHax, rmii Mionnepa [13].
3a pe3ynsratamu HaLworo JOCTimKeHHs, ekcripecito ACE2
Y HECYAMHHUX ENEMEHTaX CITKIBKUM HE BUSIBMEHO.

BcraHoBneHo, Lo piBeHb ekcnpecii reHis PAC (ACE
i peuenTopa aHrioteHauHy |l 1 TUNYy) NigBuLLEHWIA, a reHa
ACE2 - 3HvkeHui y nauienTis i3 LI 2 tuny. JocnigHnkm
MOB’A3YI0Tb LIE 3 PO3BUTKOM MIKPOCYANHHWX AiabeTn4HmnX
ycknagHeHb [14]. Taki gaHi neBHOK Mipoko cynepeyaTb
TUM, WO OAEPXanM My Ta iHWi JOCMiIAHWKM B ekcne-
PUMEHTI, @ OTKe Lie NUTaHHA NoTpebye NPOLOBXKEHHS
BUBYEHHS.

MocuneHHs nokanbHOi aKTUBHOCTI 3aXMCHOI OCi
PAC ACE2 / aHrioTeH3uH (1-7) 3a LONOMOrO0 JOCTaBKU
reHiB ACE2, wo onocepenkoBaHa ageHoacowinosa-
HUM BipycoMm (AAV), CnpusiNo 3axuCTy Bif BUHUKHEHHS
[P [8,15]. BHyTpiwHb004He BBeaeHHs AAV-ACE2 / aHri-
OTEH3WH (1-7) CNPUYNHUNO ICTOTHE 3MEHLLIEHHS BUTOKY
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CYAVH CITKIBKW, aLentionsapHUX Kaninspis, iHginsTpauii
3ananbHKX KMiTUH Ta OKUCHIOBAIILHOTO MOLLKOMKEHHS
y MuLwen i Wwypis i3 giabetom [8]. 3 iHworo Boky, BTpaTa
ACE2 nocunioBana o3sHaku [P, 3okpema nokasHuku
enekTpopeTuHorpadii, 36inbluyBana 30HW HEPBOBKX
iHCPaPKTIB i KINbKICTb aLEnNApHUX Kaningpis, WO MO0
OyTW CKOPWUrOBaHWUM BMIIMBOM aHrioTeH3uHy (1-7) [16].
Omxe, WTy4YHe nigBuLeHHs aktuaHocTi oci ACE2 / aH-
rioTeHanH (1-7) cnpusie BigHOBReHH0 GanaHcy PAC i
3abe3nevye 3axucT Big JP.

3Baxatoun Ha Le, BUSBMEHWA 3HAYHUIA i TpUBanumn
(npotsirom 3 micsuis) npupict Bmicty ACE2 y ciTkiBui
nicns moaentoBaHHs [P MOXHa BU3HAYMTK SIK 3aranbHy
akTuBauijto nokanbHoi PAC, Wwo Mae koMneHCaToOpHMI
xapaktep. BBegeHHs iHCyniHy cynpoBodXyBanocs
3MEHLUEHHAM rinepriikemii, i TOMy MOXHa MOSICHUTM 1
3HWXKEHHs peTuHanbHoro BmicTy ACE2. 3aysaxumo, Lo
LS peakuis Byna MakcuManbHO BUpaxeHoto Ha 21 foby,
1 Hagani edoekT Big iHCyniHy 3MeHLyBaBcs. Moxnueo,
BiZOyBanocs HaKoMMYeHHs! MeTabomMiYHNX MOLLKOMKEHb
CiTKiBKI, 11 akTuBaLis PAC onocepenkoByBanacs iHLMMK
MeXxaHi3aMamu, a He rinepriikemieto.

OnHVM i3 TaknMX MexaHi3miB Moxe OyTu akTuBaLis
KNITWHHKX NpoTeiHKiHa3. Bigomo, Lo aHrioTeH3nH |l yepes
peuentopu 1 Tuny aktneye MAP-kiHasn (ERK 1/2, INK,
p38MAPK), peuenTopHi TuposuHkiHasn (PDGF, EGFR,
peuenTop iHCyniHy) Ta HepeLenTopHi TMPO3WHKIHA3K
(Src, JAK/STAT, kiHasa dpokansHoi agresii) [2]. Bnokaga
KMITUHHMX MPOTEiHKIHA3 MYMNbTUKIHA3HWUM iHTiBiTOpOM
copacpeHibom B ymoBax [JP Moxe Yepes NpurHivyeHHs
natorenHoi oci PAC (ACE / aHrioteHauH Il) cnpuymnHaTu
aktusauijto oci ACE2 / aHrioteHauH (1-7). Lium moxHa
nosicHuTun 36inbleHHs Bmicty ACE2 y ciTkiBLi nig
BMIMBOM copadpeHiby Ha 21 1oby Ta Yepes 2 micsui, a
yepe3 3 MicsiLi 3acTocyBaHHs copadeHiby 3HWxyBamno
BMicT ACE2. 3a3Haummo, WO y LUbOMY TEPMiHi y rpyni,
[ie LypamM BBOAMNM iHCYNiH | copadeHib, o3Hakn [IP He
3adpikcoBaHo (Ha BigMiHY Bif, HEMIKOBAHOrO KOHTPOIIO),
CiTKiBKa B HUX Mana MiHiMaribHi 3MiHU1, @ 0TXe O4iKyBaHO
6yna BigcyTHicTb peakuii PAC. Lle morno nosicHioatm
3BOPOTHUI edhekT copadeHioy.

LlikaBo, wo nikyBaHHs aktueatopom ACE2 kcaHTo-
Hom 9 3anobirano 3arvbeni raHrmioHapHUX KIITUH Yepes
3HWKEHHS ekcnpecii kacnaau-3 i anonTosy [17]. Lii Aani
MOXYTb [04aTKOBO MOSICHIOBATU MO3UTUBHUIA €(eKT
aktmBauii oci ACE2 / aHrioteHauH (1-7) npu JP.

BussnenHs HakonuyeHHs ACE2 y ciTkisui npu OP
Marno ocobnvee 3Ha4YeHHs Nif Yac BUBYEHHS MUTAHHS
NpO MOXIMBICTb iHiKyBaHHS KopoHaBipycoM (SARS-
CoV-2). Bigomo, Lo BiH YLIKOAXKYE Malxe BCi cCUCTEMU
Ta OpraHu, € CUIbHUM KOMOPGIaHWUM hakTopom, Lo
noripwye nepebir XpOHIYHKUX 3axXBOPIOBaHb, 30KpeMa
LA [13]. Pesynstatu gocnifxeHb, 3AiiCHEHi B yMO-
Bax nmaHAemii kopoHaBipycHoi xBopobu (COVID-19),
nokasanw: nauientu 3 LI matotb Ginbl Hecnpuatnusi
KMiHiYHi pesynbTaTi Ta BinbLUNA PU3MK PO3BUTKY OYHMX
ycknagHeHb [18]. Ockinbku He BUKNUKAE CyMHIBIB ponb
ACE2 sk BxigHux BopiT Anst SARS-CoV-2, BcTaHOBNEH-
Hs pakTy 30inbLUEHHS 10T0 eKCNpECii y TKaHWUHI CITKIBKM
npu P mMoxe nosiCHIOBATW HECNPUATANBI KNiHIYHI
Hacnigku Ta BUCOKMIA pU3KK noriplueHHs nepebiry [P
npu COVID-19.
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BucHoBKU

1. Mpu excnepumerTanbHin 1P BUsiBneHo 36inbLueH-
Hs ekcnpecii ACE2 y cTiHkax cyauH, Lo niaTBepanno
3anyyeHHs Lboro Baxnusoro perynatopa PAC y nato-
reHe3 AiabeTMyHOro NOLIKOMKEHHS CiTKiBKM. BusiBneHo
Haratopasose 3binbLuieHHs BmicTy ACE2: cnovatky Ha-
KOMWYEHHS NOro BiNbHUX i30600pM, NOTIM — 3B’513yBaHHS
3 KINITUHHUMK Binkamu.

2. 130nboBaHe BBeLAEHHS IHCYniHY 3HVXKYBano BMICT
ACE2 uepes 21 goby i 2 micsiLi nikyBaHHs iCTOTHiLLE, Hix
koMGiHOBaHe BBeEHHS 3 copadheHibom abo okpeme BBe-
LieHHs copadeHiby. Yepes 3 micaui Bmict ACE2, 3okpema
10ro BUCOKOMONEKYNAPHUX hOpM, EPEKTUBHILLE 3HUXKY-
Barno KoMGIHOBaHe BBEAEHHS iHCYniHY 3 copadheHioom,
HDX OKpeMe BBeLEHHS IHCYIiHY.

3. Pe3ynbraTti fOCnimKeHHS Aanu 3aMmory BU3HauUTh
MOXnMBY porb 36inbLueHHs ekcripecii ACE2 y natoreHesi
[P, nokasanw ii 3HWXeHHS Nif Yac nikyBaHHS iHCYniHOM
i copacheHiboM; Lie BiAnoBiaano ranbMyBaHHIO PO3BUTKY
mopdonoriyHux osHak JP.

MepcneKTMBY NOAAABLLMX AOCAIMKEHD. Y nonepeaHix
LOCTIIKEHHSIX NOKA3aHO rarnbMiBHWIA BNNMB copadeHidy
Ha PO3BUTOK EKCMIepUMEHTarBbHOI AiabeT4HOT peTuHona-
Tii, @ B UbOMY — MOXTMBY porib ACE2. BignosigHo, Hapani
06I'PyHTOBaHIM € BVB4YEHHS MEXaHi3MiB Liboro edhekTy Ta
BNNvBY GrokaTopiB peHiH-aHrioTEH3MH-arnbA0CTEPOHOBOI
CUCTEMM Ha PO3BUTOK AiabeTn4HOT peTMHonarii.
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OuiHloBaHHA 3MiH NOKa3HUKIB BYTA€BOAHOT0 06MiHy LuypiB
3 eKcnepuMeHTaAbHUM LyKPOBUM AiabeTom pi3HOro reHesy
Ha ¢oHi BBeAeHHA L-apriHiHy Ta N-aueTuA-L-uucteiHy

M. I. IcaueHKo©®BCP, KO, M. KoneCHUKEAEF

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

OpwuriHaAbHiI AOCAIAXKEHHS

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po60ot1 — BU3Ha4NTV Creumndiky 3MiH ByrneBOAHOro 0OMiHY Y LLYPIB 3 ekcrepyMeHTanbH1M Liykposum giabetom 1 (LA1),
2 (LLA2) Tunie i npoaHanisyBaty kKOpensLinHi B3aeMO3B’A3KM IXHbOT MoaudikaLlii Ha (oHi BBEAEHHS! aMiHOKUCIOT L-apriHiHy
Ta N-auetun-L-uucreiny.

Marepianu i metoau. L1 iHOyKOBaHO Ha cTapyx camusx Lwypax niHii Wistar wnsixom ogHopa3oBoro BBeAeHHs 45 mr/kr cTpen-
TO30TOLMHY. Y LWypiB i3 L2 cnovaTky iHayKyBanu iHCyMiHOPE3UCTEHTHICTb (BUCOKOXMPOBUIA KOMGIKOPM MPOTArOM 8 TUKHIB),
nicns LbOro 04HOPa30BO BBOAWUIM CTPENTO30TOLMH Y A03i 30 Mr/kr. Yepes 6 TWKHIB TBApWH i3 LyKpOBMUM AiabeTom noainunu
3 nigrpynu: 6e3 3acTocyBaHHs! aMiHOKUCIIOT, i3 BBeAEHHSM L-apriHiHy, 3 BukopuctaHHam N-auetun-L-umcteiny.

Pesynbratu. EkcneprmeHTansHe mogentosanHs L1 cnpnimHnio CTivKy rinepriikemito Ta rinoiHCcyniHeMito, 3Ha4HO 3MIHMBLLIN
meTaboniyHi ingekew. Y wypis i3 L2 BuHWKNa rinepriikemis Ha qoHi rinepiHcyniHeMii, a omke cdopMyBanacs iHcyniHope-
3UCTEHTHICTb. BBeaeHHs L-apriiHy Ta N-aueTtun-L-umcteiHy wypam 3 oboma Tunamu fiabety cnpusinio 3HWXKEHHIO PiBHS
ITII0KO3M Ta 3BiMbLLEHHI0 KOHLIEHTpaLii iHCYIiHY, X04a CTaTUCTUYHO 3HAYYLLIOT Pi3HMLI MK LiMU @MiHOKCIOTaMu 3a BMIIMBOM
He BusiBneHo. L-apriHiH cnpuse 3HayHomy 36inbLueHHio iHgekcy HOMA-B y wypis i3 LI 1, nomipHomy —y wypis i3 LA2. Kpim
TOrO, BiH CNPUYKHSAB 3HaYHe 36inblueHHs iHaekcy HOMA-IR y rpyni 3 L1, Wwo cBig4uMTb Npo NOKpaLLEHHs! YyTnMBOCTI [0
iHcyniHy. N-auetun-L-umcTein Takox nokpatyms iHaeken HOMA-B ta HOMA-IR y wypis i3 L1, xo4a roro Bnnue Ha L2 6yB
MEHLL BUP@XXEHWM i He JOCST PIiBHS CTATUCTUYHOI 3HAYYLLOCTI.

BucHoBku. Y Wypis i3 LykpoBum giabeTom 1 Tvny oBuasi aMiHOKMCNOTU CIPUSIIM 3HKEHHIO KOHLIEHTPALi FMoKo3w, Lo
3YMOBIEHO MOKPALLEHHAM (DYHKLIIOHYBaHHSA B-KNiTWH MiALWNYHKOBOI 3ano3un Yyepes 30inbleHHs KOHLEeHTpauii iHCyniHy,
iHoekcy HOMA-[3 nopiBHsIHO 3 nokasHWkamu nigrpynu 6e3 kopekuii, npote cnpuynHuno i nigsuieHHs HOMA-IR, a HasBaHi
NOKa3HWKW He BiOHOBUIMCA 4O KOHTPOMbHMX 3HayeHb. Lli 3MiHW cynpoBoKyBanucs icTOTHAM MopyLUEHHSIM MeTaboniyHux
3B'A3KIB, LLO NiATBEPAXEHO 3a pe3ynbTaTaMy KopensuinHoro aHanidy. Ha coHi po3BuTKy LiykpoBoro giabety 2 tvny obuasi
aMIHOKMCTIOTY 3HWU3WIM KOHLIEHTPALLiHO FIHOKO3W | 36iNbLUMNYM PiBEHb iHCYIiIHY NOPIBHSIHO 3 NOKa3HWUKamMu Nigrpynu 6e3 kopekLii,
ane ingekc HOMA- nokpalumecs nuie y Lypis, Skum BBOAUNM L-apriHiH. 36epexeHa rinepiHcyniHeMmisi B ycix TpboX nigrpynax
cnpuanHuna 36inbLuerHs HOMA-IR nopiBHSIHO 3 KOHTponeMm, 6e3 3HauyLLOi pi3HULi 3a edpekTom amiHoK1CoT. KopensuinHui
aHanis fjaB 3Mory Bu3HaunTK Binbluy 36epexeHiCTb MeTaboniyHnX 3B'A3KiB MOKA3HWKIB BYrneBoaHOr0 06MiHy MOPIBHSHO 3i
Lypamu 3 LiyKpoBWM ZiabeTom 1 Tuny.

Assessment of changes in carbohydrate metabolism parameters in rats with experimental
diabetes mellitus of different origins under L-arginine and N-acetyl-L-cysteine
administration

M. I. Isachenko, Yu. M. Kolesnyk

The aim: to determine the specificity of changes in carbohydrate metabolism in rats with experimental type 1 (DM1) and type
2 (DM2) diabetes mellitus and to analyze correlations of their modification under administration of the amino acids L-arginine
and N-acetyl-L-cysteine.

Materials and methods. DM1 was induced in old male Wistar rats by a single 45 mg/kg streptozotocin. In rats with DM2,
insulin resistance was first induced (high-fat mixed feed for 8 weeks), after which 30 mg/kg streptozotocin was administered
once. After 6 weeks, animals with DM were divided into 3 subgroups: without amino acid administration, rats with L-arginine
and with N-acetyl-L-cysteine.

Results. Experimental modeling of DM1 resulted in persistent hyperglycemia and hypoinsulinemia, which significantly altered metabolic
indices. In rats with DM2, hyperglycemia developed with hyperinsulinemia, indicating established insulin resistance. Administration of
L-arginine and N-acetyl-L-cysteine to rats with both types of diabetes lowered glucose levels and increased insulin concentrations,
although no statistically significant difference was found between the effects of these amino acids. L-arginine significantly increased
the HOMA-B index in rats with DM1 and moderately increased it in rats with DM2. In addition, it caused a significant increase in
the HOMA-IR index in the group with DM1, indicating improved insulin sensitivity. N-acetyl-L-cysteine also improved HOMA-
and HOMA-IR indices in rats with DM1, although its effect on DM2 was less pronounced and did not reach statistical significance.
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Conclusions. In rats with type 1 diabetes, both amino acids cause a decrease in glucose concentration, which is due to
improved pancreatic 3-cell function due to increased insulin concentration, the HOMA-( index compared to the subgroup
without correction, but also causes an increase in the HOMA-IR index, and the listed indicators do not return to control
values. These changes were accompanied by profound disruption of metabolic relationships, which is confirmed by corre-
lation analysis. Against the background of the development of type 2 diabetes mellitus, both amino acids reduce glucose
concentration and increase insulin compared to the subgroup without correction, however, the HOMA-f index improves
only in rats with L-arginine, and the preserved hyperinsulinemia in all 3 subgroups leads to an increase, compared to the
control, in the HOMA-IR index without a significant difference between the effects of amino acids. Correlation analysis
revealed greater preservation of metabolic relationships of carbohydrate metabolism indicators compared to rats with type

1 diabetes mellitus.

Llykposwit giabet (L) € ogHieto 3 HAMMOWMPEHiLLmnX
€HIOKPUHHYMX NaTonori (29,3 MnH XBOpYX Y CBITi) Ta Xa-
paKTEPU3YETLCS MOPYLLEHHAM ByrneBogHOro 0bmiHy [1].
3a pgaHummn BOOS, 3a ocTaHHiI AecaTUniTTa KinbKiCcTb
XBOPWX Ha LiyKpOBUIA AjabeT y CBiTi 3pocna BYETBEPO, i
LIMM 3yMOBMeEHa aKTyarbHiCTb BCEOIYHOrO AOCTILKEHHS
uiei Hozonorii [2].

OCHOBHVMM NATOreHETUYHUMY BapiaHTaMu LiyKpOBO-
ro giaberty € 1 (UA1) i 2 (LO2) Tunm, ski, xoya i npusso-
OSTb [0 rinepriikemii, ane MarTb AELLO pi3Hi MexaHi3Mu
YLIKOMKEHHS opraHiB-milueHen [3]. PisHnus B natoreHesi
umx Tvnis L 3yMoBntoe OOLNbHICTb Pi3HWX NiAX0AiB 40
NiKyBaHHSI Ta KOpeKLii MeTaboniuHMx nopyLieHs. Tpaau-
LinHI MeToaM nikyBaHHS nepenbayaloTb 3aCTOCyBaHHS
iHCYniHy, Npenaparis 3 rinornikeMiyHo Aieto, 3MiHW B
JieTi Ta isnyHin akTuBHoCTi [4]. OcTaHHiM Yacom nocy-
MIOETLCS IHTEpEeC [0 BUKOPUCTaHHS aMiHokucnoT (AK) sk
NOTEHLIAHNX KOPEKTOPIB MeTaboniuHMX ANCHYHKLIN Ta
npsiMoi acouiauii LI i3 nopyLweHHsM iXHbOro eHA0reHHOro
GiocuHTesy [5].

Cepen amiHOKMCIOT, LLO HUHI BUBYaKOTb, L-apriHiH i
L-umcreiH (onocepenkoBaHo Yepes ioro goHaTop N-aLe-
TUN-L-UMCTEIH) MatoTb 3HAYHMIA NOTEHLian 40 NominweH-
HS (OYHKLT B-KNITWH NaHKpeaTUYHUX OCTPIBLB, 3HVMKEHHS
OKCUAATMBHOIO CTPEeCy Ta NOKpaLLeHHs MeTaboniyHmx
MOKa3HWKiB [6]. L-apriiH Moxe cnpuaT NiaBULLEHHIO
NPOAYKLii OKCMay a3oTy, LLO NOKpaLLye MiKpOLWPKynsLito
i B NiALUMYHKOBIl 3aM03i, | B OpraHax-MiLlLeHsiX, Lo MOXe
BMIIMBATW Ha PE3VCTEHTHICTb A0 iHCYMiHy [7,8]. L-umncTtein
€ MOTYXXHUM aHTUOKCWUOAHTOM, SIKUA MOXEe 3axuLiaTvi
KNiTUHW BiZ OKCUAATUBHOIO YLUKOMKEHHS [9].

BuBYEHHS! BNMBY LX aMiHOKMCIIOT Ha MOKA3HUKM
BYIMEeBOAHOTO OOMiHY Y LLypiB 3 eKCepUMEHTanbH1M
L pisHoro reHesy Moxe Aat HOBI BiJOMOCTI, WO
CNPUATAME PO3POBIIEHHIO eDEKTUBHMX TEPANEBTUYHIX
cTpareriii. MeTta LbOro JOCNIMmKEHHS Nonsrana He nuwe
B OL{iHIOBaHHI KOPEKLiHOro eekTy aMiHOKWUCROT, ane
'y BUSIBMEHHI KOPEnsLNHMX 3B’A3KIB MiXX NOKa3HWUKamm
BYIMeBoAHOro 06MiHy. Lle aacTb 3mory cxapaktepusysarm
naToreHeTU4Hi 0coBnMBOCTI ABOX EKCMEPUMEHTamNbHUX
MoZenew Ta OLHUTY TXHIO LIiHHICTb, @ OTXXe CTaHe OCHO-
BO AJ11 HOBUX KIiHIYHUX JOCHIMKEHD.

Merta pobotu

BusHaumT cneumdiky 3MiH ByrneBogHoro 0oMiHy y Lypis
3 eKCNepUMEHTaNbLHUM LiyKpOBUM AiabeTom 1, 2 TwniB i
npoaHanisyBaTti KopensuiiiHi B3aeMO3B'si3KN iXHbOI MO-
andikauii Ha doHi BBeAEHHS aMiHOKMCNOT L-apriHiHy Ta
N-auetun-L-umncreiny.
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Marepianu i meToAU AOCAIAKEHHA

JocnimxeHHst 3giicHunm Ha 6a3i Har4anbHO-HaykoBOro
MefuKo-nabopaTopHOro LIEHTPY 3 BiBapieM 3anopisbkoro
[lEPKaBHOTO MeauKo-hapMaLeBTUYHOMO YHIBEPCUTETY
(cBimouTBO NpO TexHiYHy komneTeHTHiCTe MO YkpaiHu
Big 21.12.2023 poky Ne 181/23, pie 0o 20.12.2028 poky).
EkcnepuMeHT npoBefeHO 3 AOTPUMAHHSAM €TUYHUX
NPUHLMNIB EKCNIEPUMEHTIB Ha TBapyHaX, OAepKaHo [03-
Bin nokanbHoi Komicii 3 nutaHb GioeTukn 3anopisbkoro
[EPXaBHOrO MeavKo-thapMaLeBTUYHOTO YHIBEPCUTETY
(npoTokon Big 19.06.2025 poky Ne 8) [10,11].

EkcneprMeHT 34iNCHUNN Ha HOPMOTNIKEMIYHMX,
HOPMOTEH3MBHUX LLIypax-camLisix niHii Wistar, Bik TBapuH —
18-22 micsuj. LLlypis noginunm Ha Tpu ekcnepuMeHTanbHi
rpynu, ABi i3 HUX Hagani ginunu Ha Tpu nigrpynuy. Ausant
€KCMepUMEHTY HaBeEHO Ha puc. 1.

L1 mogentoBanu 04HOPa3oBUM BBEAEHHSAM CTpen-
To3oToumHy (Streptozocin, S0130-1G, Sigma) y 50 mM
HaTpiit uutpatHomy Bydepi (pH 4,5) y posi 45 mr/kr
BHYTPILLHBOOYEPEBNHHO X fermpore i3 BiNbHAM BUMOKO-
BaHHSM PO34MHOM rmnoKo3u Hagani [12]. Wypawm L2 Ha
eTani 0 MmogentoBany iHCyniHOPE3NCTEHTHICTb, roAYHYM
ix kombikopmoM i3 40 % BMICTOM XUpiB (BHACTIZOK KOM-
6GiHaLji >K1piB POCMIMHHOTO Ta TBAPUHHOTO NMOXOMKEHHS)
npoTsroM 8 TWXHIB i3 po3paxyHky 30 r/goby/TBapuHy [13].
Micns yporo napanensHo 3i Wwypamu rpynu L1 im ogHo-
pa30BO BEMW CTPEenTO30TOUMH Y A03i 30 Mr/Kr.

KOHTpOnbHUM TBApMHaM BBOAMIU MULLIE LIMTPATHUNA
6ycbep y Tomy camomy ob’emi. Yepes 2 TUXHI Big AHS
BBELEHHS CTPENTO30TOLIMHY B 060X EKCTIEPUMEHTANBHIX
rpynax BigibpaHi TBapuHU 3 KOHLEHTPALIEIO rMoKo3n
>15 mM/n.

Yepes 6 TKHIB Bif AHA BBEAEHHS CTPENTO30TOLM-
Hy LWypiB noginunu Ha nigarpynu. Ao nigrpyn LUO1-8-1 i
LA2-8-1 3anyyeHo wwypis i3 L1 i L2 signosigHo, im
He BBOAMMM amiHokuenoTu; ao niarpyn LA1-8-2 i LO2-8-
2 — TBApWH i3 LyKPOBUM ZiabeToMm, SikvM AaBanv po3ymH
L-apriHiHy (2-amiHo-5-ryaHiguHoBanepiaHoBa kucnota,
CH,N,O,, YOA, Kurait) nsixom foAaBaHHS 40 MUTHOT
Bogun y posi 1,5 r/kr/n Ha gexb; oo nigrpyn LA1-8-3 i
L2-8-3 — wypis i3 LykpoBuM AiabeToM i AopaBaHHAM
N-auetun-L-uncteiny (N-auetun-L-umctein, C.HNO,S,
Kutait) oo nuTHOI Boaw B Taki camin [osi, wo 1 L-apri-
HiH. Po34nHmM amiHokcnoT oHoBntoBanu LwoaHs o 08:00,
BBEZEHHA NPOAOBXKYBanM 2 TwxHi. [Micns uboro wwypis
BYBOAMIN 3 EKCTIEPUMEHTY LLMSIXOM OAHOMOMEHTHOI Ae-
kanitauji nig « TioneHTanom» (TioneHTtan Hatpito, 120 Mr/kr
BHYTPILIHbO4YEPEBVHHO).

KoHLUEeHTpauitlo rfoKo3n BUMIpHOBanNu Hatlle B
3pasky KpOBi 3 XBOCTOBOI BEHW 3a [OMOMOIOH KO-
metpa Contour plus (BAYER CONSUMER CARE AG,
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1
[ I'pyna 1: Kontpons-0 (n = 7)

[ Mpyna 2: L{1-0 (n = 40)

[ Ipyna 3: LJA2-0 (n = 35)

Puc. 1. [ln3aiiH ekcnepumeHTy.

LWeenuapis) i Tect-cmyxok Contour plus (i3 rntokosoge-
rigporeHasoto).

KoHueHTpaLito iHCyniHy nna3mu oLuiHIoBanu y 3pasky
KpOBIi 3 XBOCTOBOI BEHW iIMyHO(DEPMEHTHUM METOAOM
BIiANOBIAHO [0 iHCTPyKLUii 4o Habopy Rat Insulin ELISA
Kit (Thermo Scientific, CLLA) Ha cnekTpochoTomeTpi Sirio
S (Seac, Itanis) Ha 450 Hwm.

Inoekcn HOMA-B (ouiHtoe dyHKuit0 6eTa-KniTUH
MigLWITYHKOBOI 381103, TOBTO 30aTHICTb BUPOBNAT IHCYMIH)
Ta HOMA-IR (B13Ha4a€ iHCYNiHOPE3NCTEHTHICTb) 06paxo-
ByBary 3a oopmynamu: HOMA-B=(20x C))/(C -3,5) Ta
HOMA-IR=(C,x C)/ 22,5, ne C,— KoHLeHTpaLis iHCYyTiHY,
MkMO/Mn, C — KoHUeHTpauis rtokoau, MM/1.

CTaTMCTMYHO pe3ynbTaTu onpauiBanu 3a fo-
NOMOrol 0AHOMaKTOPHOro AMCNEPCINHOIO aHa-
nizy (ANOVA) y nporpami Statistica (niueHsis
Ne JPZ8041382130ARCN10-J). BesnepepBHi 3MiHHi
HaBegeHo sik cepenHe (M) + cepefiHe 3HaYeHHs CTaH-
JapTHoi momunky (m). Yci napameTpu 3icTaBnsanm 3a
Z0MOMOrol OQHOCTOPOHHBOTO AUCTEPCINHOTO aHaniay,
a noTiM, y pasi 3HayyLoCTi, — ABOCTOPOHHBOIO TECTY
ThtoKi ANS YACNEHHMX NOPIBHSHD. ig Yac kopensuinHoro
aHanidy BMKOpUCTaHO KoediLieHT kopensuii MMipcoHa.
[lBocTopoHHE 3HauyeHHs p < 0,05 BU3Ha4eHo sk cTaTuc-
TWYHO 3HaYyLLe Ans BCiX TeCTiB.

PesyAbTati

AHarni3 nokasHuKIB NapameTpiB BYrNeBOgHOMO 0OMiHy B
KOHTPOMbHMX LLypiB Ha 0 i 8 TMXHSAX AaB 3MOry BU3HaYM-
TV eyrmikemito Ta HOpMOIHCyriHeMmito. Ticns obpaxyHky
ingekcie HOMA-B i HOMA-IR BcTaHOBNEHO HOPMaTMBHI
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KonTponb-8 (n=7)

Miarpyna 1: L01-8-1 6e3 AK (n = 7)

Migrpyna 2: L1-8-2 3 L-apriHiHom (n = 7)

Migrpyna 3: LA1-8-3 3 N-auetun-L-yucteitom (n = 7)

BusepneHi (n = 19)

Miprpyna 1: LA2-8-1 6e3 AK (n=7)

Migrpyna 2: LA2-8-2 3 L-apriHiHom (n = 7)

Miarpyna 3: LiA2-8-3 3 N-ayetun-L-uucteinom (n = 7)

BuBepeHi (n = 14)

S U A U D D U A

dianasonu: ansg HOMA-B —y mexax 368-377, ans HOMA-
IR -2,8-3,2 (puc. 2A-C).

Y rpyni KOHTPOMIO KOPensiLinHWA aHani3 3B’A3KiB
KOHLEHTpaLi rMioko3n 3 Ha3BaHWMM MOKasH1Kamn [aB
3MOry BCTAHOBUTU CUIbHY MO3UTUBHY KOPENSLLit0 3 iHCY-
niHom Ha 0 i 8 TwxHsax. 3 iHaekcamn HOMA-IR i HOMA-B
BVSIBIIEHO BUCOKY 3aNeXHICTb, arne pi3Hoi CnpsMOBaHOCTI;
Lie NiaTBEpIXYE BIACYTHICTb PE3UCTEHTHOCTI TKAHWH J0
iHCyniHy Ta 36anaHcoBaHy (hyHKUiOHamNbHY aKTWMBHICTb
B-kniTvH. AHanis kopensuii MipcoHa BMICTY iHCyniHy 3
0bpaxoBaHUMM iHAEKCaMM NOKa3aB Maibke OnTUManbHUIA
[OCTOBIPHMIA NiHINHWIA NO3UTUBHMIA 38’30k 3 HOMA-IR
NPOTAroM 060X TEPMIHIB LOCTIIKEHHS!, ane BUCOKWIA He-
ratusHui —3 HOMA-B Ha O TvpkHi i3 BTPaTOLO 3anexHOCTi
Ha 8 TWxHi (mabn. 1).

ExkcnepumeHTanbHe mogentoBaHHs L1 Ha 8 TvkHi
MPU3BENO A0 CTIMKOT rinepriikemil Ta rinoiHcyniHeMmii, Wwo
CMPUYMHMIO 3MeHLLEHHs iHaekcy HOMA-( i 36inbLueHHs
HOMA-IR nopiBHsiHO 3 koHTponem (puc. 2A-C). Ha ¢oHi
BUSIBNEHMX TpaHCcopMaLlin aHani3 B3aEMO3B's3KiB napa-
MeTpiB, ki BUBYanyu, Ta 0bpaxoBaHKX iHAEKCIB Nokas3aB
3MiHy BeKTOpa NiHINHOI 3aneXHOCTI rMikeMii Ta iHCymiHy
Ha MPOTUNEXHWA HEraTUBHUA 3i 3MEHLLEHHAM i cunu,
a 3B'a3ku 3 iHgekcamm HOMA-IR i HOMA-B 36epernu
3aKOHOMIPHOCTI, K i B KOHTponi. Kopensuisa MipcoHa
MiX iHcyniHoM Ta iHgekcom HOMA-B nokasana 3miHu
HanpaBneHocTi — 3i cnabkoi HeraTMBHOI Ha CUIbHY Mo-
31UTUBHY (mabn. 1).

Y wypis i3 rpynu L2 nopiBHSHO 3 KOHTponem Ha 8
TWXHI AOCNIMKEHHSA KOHLEHTPALIN IMoKO3K Ta iHCYniHY
BUSIBNEHO chopMOBaHy rineprrikemito (Ha piBHi Nokas-
Huka LI1-8-1) Ha cboHi niaBMLLEHOrO PIBHS iHCYNiHY
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Puc. 2. MokasHnku BYrneBoaHoro 06MiHy LLypiB ekcnepumeHTanbHuX rpyn (M + m).
#: CTATUCTMYHO 3HauyLLa pisHULA NokasHukiB LI LWoAo nokasHUKIB KOHTPOMBHOI FpyNK Y BiANOBIAHMIA CTPOK (p < 0,05); ~: CTaTUCTUYHO 3HAYYLLA PI3HULS NOKA3HWKIB rpyn Ha 8 TUXHI

LOAO NOKa3HWKIB Liei camoi rpynn Ha 0 TwxkHi (p < 0,05); $: cTaTUCTMYHO 3HaYyLLA PI3HULIS MOKA3HUKIB NIATPYN LypiB, SIKUM BBOAWUMM aMiHOKUCTOTM, MOPIBHSIHO 3 MOKa3HUKaMm
TBapuH 6e3 kopekuii (p < 0,05); *: cTaTUCTUYHO 3HaYyLLa pisHWLS nokasHukia L1 wopno nokaskukis L2 signosigHoro Tepmiy (p < 0,05).
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 1. KopensuiiHuin aHanis 38’s3kiB napameTpiB ByrneBoaHoro obmiHy (kopensiuisi MipcoHa, r)

Fpynu, nigrpynu

Kopensuis MipcoHa, r

Inioko3a 3

IHCyniH 3

iHcyniHom

KoHTponb KoHTponb-0, n =7 r=0,664; p=0,001*
KoHTtponb-8, n =7 r=0,269; p = 0,560
L1 ua1-0,n=21 r=0,458; p =0,037*
ua1-8-1,n=7 r=-0,601; p=0,154
ua1-8-2,n=7 r=0,129; p = 0,782
ua1-8-3,n=7 r=-0,645;,p=0,118
L2 ua2-0,n=21 r=0,035; p=0,880
ua2-8-1,n=7 r=-0,287; p = 0,533
La2-8-2,n=7 r=-0,050; p=0,915
La2-8-3,n=7 r=0,130; p =0,782

r=-0,966; p = 0,001*
r=-0,901; p = 0,006*
r=-0,900; p = 0,001*
r=-0,865; p=0,012*
r=-0,212; p = 0,648

r=-0,853; p = 0,015*
r=-0,755; p = 0,001*
r=-0,944; p=0,001*
r=-0,623;p=0,135

r=-0,928; p = 0,003*

r=0,919; p=0,001*
r=0,851; p=0,015*
r=0,941; p=0,001*
r=0,279; p = 0,545

r=0,392; p=0,385

r=-0,244; p = 0,598
r=0,496; p = 0,022*
r=0,954; p=0,001*
r=0,463; p = 0,296

r=0,952; p=0,001*

r=-0,780; p = 0,078
r=-0,102; p=0,795
r=-0,299; p=0,188
r=0,914; p = 0,004*
r=0,942; p = 0,002*
r=0,949; p = 0,001*
r=0,619; p=0,003*
r=0,558; p=0,193

r=0,812; p = 0,027*
r=0,206; p = 0,658

r=0,903; p = 0,048*
r=0,733; p = 0,094
r=0,691; p=0,001*
r=0,594; p = 0,160
r=0,963; p =0,001*
r=0,898; p = 0,006*
r=0,885; p=0,001*
r=0,013;p=0,978
r=0,862; p=0,013*
r=0,424; p=0,343

HoWAS ___HOWAR HouAS____HOWATR

*: CTaTUCTUYHO 3HaYyLua pisHnus (p < 0,05).

(Ha 69,2 % nopiBHsiHO 3 koHTponem) (puc. 2A-C). Lle
CMPUYMHUIO 3MeHLLEHHs iHaekcy HOMA-( i 36inbLueHHs
HOMA-IR, ane nopiBHsHO 3 Moka3HWkamu BiamnoBigHOI
nigrpynu 3 LA1 BoHn 6ynu Ginblummn B 3,4 i 3,5 pasa.
KopensiiHnin aHani3 nokasas BTpaTy 38'13Ky NOKa3HUKIB
FTIHOKO3M 3 iHCYNIHOM 3i 30epEXEHHAM Cun Ta CnpsiMoBa-
HOCTi 3aneXHOCTi [11I0K03K 3 06paxoBaHUMU iHOEKCAMY,
a TaKoX MOBHY BTPATy INiHINHOT kopensuii iHCYymiHy 3
iHoekcamn HOMA-B ta HOMA-IR (mab6n. 1).

BeenenHsa L-aprininy wypam LA1-8-2 i LA2-8-2
CMPUANIO 3MEHLLEHHIO KOHLIEHTPALLil [TI0KO3Y MOPIBHSIHO 3
nigrpynamm 6e3 BeegenHst AK (LU 1-8-1 i L42-8-1 signosip-
HO) 6e3 CTaTUCTUYHO 3HaYYLLOI pisHML Mix rpynamm L1 i
LA2 (puc. 2A). Kpim Toro, BUSIBNEHO 36inbLLEHHS iHCYMiHY
y U01-8-2 Ha 41,5 % i LiA2-8-2 Ha 9,5 % nopiBHsAHO 3 nia-
rpynamm Lypis 6e3 BeeaeHHs AK (puc. 2A). Pesynsratom
3MiH X napameTpiB cTanu 3cyBu 06paxoBaHuX iHAEKCIB
HOMA-B y wypis L1-8-2 — 36inbLwiexHs Ha 61,6 %, a
y TBapuH L2-8-2 — 27,0 %. HOMA-IR 3HauyLumx 3MmiH
3a3HaB nuwe y nigrpyni L4 1-8-2 (36inbLueHHs Ha 24,8 %)
nopieHsHo 3 LU 1-8-1 (puc. 2B, C). AHania kopensuiiHmx
3B'A3KiB rMOKO3M 3 iHgekcamu y wypis LI1-8-2 nokasas
3cyBw, nogibHi go nigrpynu 6e3 BeeneHHs AK. Brim, Bu-
SIBNEHO TEHAEHLjt0 0 BiJHOBMEHHSI NO3UTUBHOIO 3B'S13KY
3 iHCcyniHOM (5K Byno B KOHTPOMi), @ TaKOX BiAHOBMEHHS
CUIBbHOTO MO3UTUBHOIO 3B'AI3KY iHCYNiHY 3 iHAEKCOM
HOMA-IR. ¥ wypis i3 LIJ2-8-2 kopensuinHwi aHania
[iaB 3MOry BCTAHOBMTM BTpaTy 3B'A3Ky [THOKO3M 3i BCiMa
napameTpamu, ane, pasoMm i3 TUM, i BIJHOBMNEHHS CTaTuUC-
TWYHO 3HAYYLLOI CUIBHOI MO3MTMBHOI Kopensuii iHCYIiHY
3 iHgekcamy nopiBHAHO 3 migrpynamu 6e3 AK, xouya i He
BiZJHOBMIO 3B's13KM, Ik Y KOHTponi (mabri. 1).

N-auetun-L-uucteiH y wypis o6ox nigrpyn (L4 1-8-3
i L2-8-3) cnpusiB 3HWKEHHIO KOHLEeHTpaLii riokosu
nopiBHsHO 3 nigrpynamu 6e3 BBeaeHHs AK, ane cratuc-
TWYHO 3HaYYLLOT PisHWLI MK rpynamu 3 diabetamn Ta
L-apriHiHOM Lie 3HWXeHHs He Mano (puc. 2A). Taki 3mMiH1
CynpOBOKYBanMChb 30iMbLLEHHAM KOHLEHTPaLii iHCyniHy
Ha 30,6 % y LiA1-8-3 i 10,0 % y L02-8-3 nopisHsHO 3
niarpynamu 6e3 KopekLii, LLio He Marno AOCTOBIPHOT Pi3HML
3 ecbektamu L-apriHiHy (puc. 2A).

NoriyHumm € 3cyBu obpaxoBaHux iHgekcisB HOMA-(
i HOMA-IR. Tak, y wypis i3 nigrpynu LI41-8-3 BoHU
36inbLumMnucs nopieHsHo 3 LIA1-8-1 Ha 46,9 % i 16,4 %,
Lo nepeBuLLyBano nokasHuku LIA2-8-3y 2,7 i 3,1 pasa.

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

3ayBaxuMo, WO NOPIBHAHHSA nokasHukiB LIO2-8-3 i
LA2-8-1 cTaTUCTUYHO 3HAYYLLOI Pi3HULi HE BUSBUIO,
K i pi3HMUi 32 BNMBOM 060X AK Ha ekcnepuMeHTarnbHi
niarpynu (puc. 2B, C).

Ananis kopensuin [MipcoHa nokasas 3HauyLLy 36epe-
XeHICTb CUnK Ta CNPSIMOBAHOCTI 3B’A3KY MiX THOKO30t0
i HOMA-B Ha piBHi KOHTpOMIO B LUypiB 3 060X nigrpyn
(La1-8-3 i LA2-8-3), a Takox rmokos3n 3 HOMA-IR y
L|12-8-3, 1o cTaB CUnbHUM NO3UTUBHUM, @ HE MOMIPHUM,
Ak y koHTponi. Lli aai sictasHi 3 LA2 Ha 8 TvakHi 6e3 AK,
Ha BiAMiHy Bif Nigrpynu 3 L-apriHiHoM, SKUIA Taki 3MiH
He cnpuunHuB. KopensuiiHuin aHania 38'A3KiB iHCYmiHy
1 obpaxoBaHUX iHOEKCIB NMOka3aB Y LypiB i3 nigrpynu
L1[11-8-3 HasiBHICTb KOpEnsLii, WO 3a CUMoo i Hanpae-
neHicTto 3ictasHi 3 LI1-8-2 i L-apriHiHOM, ane y Llypis
i3 nigrpynu LI2-8-3 cTaTMCTUYHO 3HAYYLUMX 3MiH He
BUSIBNEHO (mabn. 1).

06roBopeHHA

Y wypis 3 obox nigrpyn i3 LIA1 i LA2 obuasi amiHokuc-
NnoTH, WO BMBYanNM, nokasanu nOTEHLiNHY 3OaTHICTb
3HWXYBATV KOHLIEHTPALIiHO IMIOKO3W Y KpOBi. Taki Bnactu-
BocTi AK BXe BigoMmi 3a pe3ynsrataMmu AOCTIIKEHHS, L0
apincHunu N. S. Bajwa et al. [6]. Lie 3HWxeHHs, iMOBIpHO,
€ pPe3ynbTaToM MOKPaLLEeHHS PYHKLIOHYBaHHS B-KMiTWH
MigLUIYHKOBOI 3ano3u, WO NiATBepAXeHO 30inblueH-
HSM KOHLiEHTpaLii iHCYyniHy Ta MOpIBHAHO 3 miarpynamu
6e3 BBegeHHa AK. Lli naHi HaBegeHo B MeTaaHanisi
I. T. Forzano et al. [7].

L-apriHiH — Bigomuii nonepenHuk okenay asoty (NO),
MOXe NOKpallyBaTh KpOBOMOCTAYaHHS Ta (OYHKLIO
OCTpiBLIB MiaWwnyHkoBOi 3anosu [14]. 3a gaHumu, Wwo
opepxanu J. Cho et al., Taka iHayKuUis cekpeuil iHCyniHy
noB’si3aHa 3i 36inbLIEHHAM NpoayKLii rmoko3o-6-oc-
dhaty rMIoKOKIHA30K WASAXOM NPSAMOI CTUMYRALIT Ta
3anobiraHHs 1oro aerpaaadii [15].

L-uncTein, 6yayun npekypcopom rnyTaTioHy, mir
61 3HWMXKYBaTW OKCUMAATMBHUI CTPEC, SKUIA MOCUMIOE
MOLUKOKEHHS B-KNiTuH. BTim, 3a peaynsratamu HaLloro
LOCRIIKEHHS!, 3HavyLLe nokpalleHHst ingekcy HOMA-B
3achikcoBaHo nuwe B TBapuH i3 L1, wo noe’szaHo 3
MPUHLMMNOBO Pi3HUMU NaTOreHeTUYHUMM MiLLEHSIMU NPy
Pi3HMX TUNax Lykposoro Aiabety. BTim, y pesynbrarTi
aHarnoriyHoro 3a ekcnepumeHTansHow mogennto L2
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pocnimkeHHs M. Schuurman et al., BUSIBNEHO 3HUXEHHS
OKCUAATUBHOIO CTPECy [B-KMiTWH, NMOKPALLEHHS iXHbOro
dyHKUioHYBaHHS. Lli aaHi nigTBepaXytoTh aa'toBaHTHWIA
TepaneBTUYHWIA noTteHuian N-auetun-L-uncrteiny ans
KOHTpOMto nporpecysanHs LO2 y nogei [16].

HesBaxatoun Ha NO3UTUBHI 3MiHW, MOKa3HWKM, LLIO BU-
BYamu, HE BiZHOBUMMCH 10 KOHTPOMBHMX 3HAYEHb, a OTXE
3po6VIN BUCHOBOK MPO OOMEKEHICT pereHepaTMBHOMO
abo yHKUioHanbLHOro noTeHujiany B-kniTWH B ymoBax
3Ha4HoI gecTpykuii [17].

BcraHoeneHo niasuweHHst inaekcy HOMA-IR y rpyni
LIA1, wo cBig4nTb NPO MOCUMEHHS iHCYMIHOPE3NCTEHTHO-
cTi. BTiM, Le, HaniMOBIpHiLLe, € pe3ynsTaToM BUPaXeEHOT
rineprnikemii B wypis i3 LIA1. 3a pesynsratamu gocni-
IDKEHb, WO 3AIACHWIN B OCTaHHI POKM, MOBIAOMIANM He
TiNbKK NPO PO3BUTOK IHCYNIHOPE3UCTEHTHOCTI, ane i Npo
iHiLiaLito Heto ayToiMyHHOI cepokoHBepcii [18]. Y wwypis i3
L2 BcTtaHoBMEHO 36inbleHHs inaekcy HOMA-IR nopie-
HSIHO 3 KOHTponeM, 6e3 3HaYyLLOi pi3HUL 3a edekTamu
amiHokmcnoT. Lle miaTBepmKye Kmo4YoBy porb iHCYniHO-
pesnCTEHTHOCTI B NatoreHesi L2, a Takox € CBigYeHHAM
TOrO, LLI0 aMiHOKWCIIOTH, XO4a 1 MOXYTb 3HUXYBaTH PiBEHb
TTOKO3W 1 IHCYIiHY, ane He MOBHICTIO YCYBatoTb OCHOBHY
MPUYUHY — PE3UCTEHTHICTb TKaHWH A0 iHcyniHy [19].

KopensiuiiiHnit aHania 4as 3MOry BCTAHOBUTH iCTOTHE
nopyLueHHst metaboniyHmx 3B's3kiB L1. Lle nosicHioe
CKMNagHiCTb BiJHOBIEHHS rOMEOCTa3y BYrNeBOLHOIO
06MiHy HaBiTb 32 YMOB YaCTKOBOTO MOKPALLEHHS iHCY-
niHoBoI cekpeji. Y TBapuH i3 L2 BusiBneHo GinbLuy
36epexeHicTb MeTaboniyHnX 3B’A3KIB MOKa3HWKIB BYr-
NEBOAHOr0 06MiHy NopiBHAHO 3i Wypamu 3 LIA1. Lli gaHi
MiATBEPAXKYIOTb NPUHLMNOBI BigMIHHOCTI B naTodisionorii
diabety umx aBox Tvnie. ba GinbLue, Le Aae 3Mory cxapak-
TepuayBaTy NpeaukTopu, cnpusie knacudikawii nigrvnis
nepenniabeTy, a 0Txe A€ 3MOry OLHATU eheKTUBHICTb
TepaneBTu4Horo nigxogy [20].

Omxe, 3a pesynbratamMmu JOCMimKeHHS, L-apriHiH i
L-umcTeiH MaroTb NeBHWIA TepaneBTUYHUIA NOTEHLian aAns
KOpeKLii MeTaboniyHMiA NOpyLIEHb BYrNEBOAHOMO 0OMiHY
npw 060ox Trnax LI, ane ixHi mexaHiamm Ta cTyniHb edpek-
TUBHOCTI BifgpisHatoTbCS. Y pasi L1 ixHs ais cnpsmosaHa
Ha YacTKoBe MokpaLleHHs dyHKuii B-kniTuH, a npum LIO2
BOHMW BNMUBAIOTb Ha piBeHb [MOKO3U Ta iHCYNiHY, ane
MatoTb 0OMEKEHWIA BMIIMB HA iIHCYMIHOPE3NCTEHTHICTD.
Lli naHi obrpyHTOBYOTb OLINBHICTL NPOLOBXEHHS 4OCTTi-
[DKEHb ANs AeTanbHiLWOoro po3yMiHHA MeXaHi3miB i Lnx
AK Ta iXHEOro NOTEHLLIHOTO 3aCTOCYBaHHS B KOMMIIEKCHIN
Tepanii LykpoBoro aiabery.

BucHoOBKU

1. Y wypis i3 uykpoeum giabetom 1 Tmny obuasi
aMiHOKMCNOTM CNPUYMHSIIOTb 3HWKEHHS KOHLEHTpaLi
TTHOKO3M, L0 3YMOBMEHO MOKPALLEHHSIM (DYHKLIIOHYBaH-
HSA B-KNITWH MiALLAYHKOBOI 3amo3un Yepe3 36inbLlUeHHs
KOHLeHTpaLUii iHcyniHy, iHaekcy HOMA-B nopiBHsiHO 3
niarpynoto 6es KopekLii, ane pasom i3 TUM NPU3BOAUTHL
0o 36inbwerHHs HOMA-IR, a Ha3BaHi NMokasHUKK He
BiJHOBMOOTHCS 40 KOHTPOMNBHMX 3Ha4YeHb. Lli 3MiHu cy-
NPOBOMKYBaNMCh iCTOTHAM MOPYLUEHHAM METabomivHNX
3B'A3KIB, LU0 MIATBEPAXKEHO 3@ pe3ynsratamu Kopens-
LiNHOro aHanisy.
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2. Ha cboHi po3BuTKy LykpoBoro fiabery 2 Tuny
061aBi aMIHOKUCIIOTM 3HIKAKOTb KOHLIEHTPALLO MIHOKO3M
i 30iNbLUYOTb PiBEHb iHCYMiHY MOPIBHSAHO 3 NiATPYMNo
6e3 kopekuii. Brim, iHaekc HOMA-B nokpalumscs nuiie
y LWypiB i3 BBEAEHHAM L-apriHiHy, a 36epexeHa rinepiH-
CyniHeMisi B YCiX TPbOX NiArpynax ekcrnepuMeHTanbHnx
TBapWH cnpuumHsna 36inbweHHs HOMA-IR nopiBHsiHO
3 KOHTponem, 6e3 3Ha4yLLol pisHULi 3a edpekTamu ami-
HOKMCNOT. KopensuinHmiA aHanis gas 3Mory BU3HAYNTK
GinbLLy 36epexeHiCTb MeTaboMIYHMX 3B's13KIB NapaMeTpiB
BYIMEBOAHOTO 0OMiHY NOPIBHSIHO 3 MOKa3HWKaMW LLYpIB i3
LyKpoBKM aiabeTom 1 Tvny.
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YpaxeHHs Manux BHYTPILLHbOMEYIHKOBUX XOBYHWX MPOTOKIB € XapaKTepHUM, ane HeAoCTaTHbO BMBYEHUM KOMMOHEHTOM
ayToiMyHHUX 3axBoptoBaHb nevitkv (A3M) y aiteit. OcobnuBicTb negjatpuyiHux doopm A3IM — noegHaHHSA 03HaK ayTOIMYHHOTO
renatuty (AIl) Ta nepBUHHOrO cknepoadytodoro xonaHrity (MCX), Wo ycknaaHie audepeHLiiHy AiarHoCTUKy, 0cobnneo Konm
BVHWKITO i30M1b0BaHE YPaXKeHHS Manmx XOBYHWUX NPOTOKIB | HeMae TNoBKx o3Hak MNCX, 3a AaHUMKU MarHiTHO-pe30HaHCHOI
xonaHrionaHkpeatorpadii (MPXII).

Meta po6oTu — oLiHWUTK cnekTp i YacToTy BiniapHux ypaxeHb y aiteit 3 All, ACX i MCX i3 3acTocyBaHHsIM MoauchikoBaHOi
wkanu Nakanuma Ta ogaTtkoBux MOpdOnorivYHNX KpUTEpIiB XonecTasy.

Marepianu i metoau. [Jo gocnimxkeHHs 3anyyeHo 69 giten 3 A3MM: 26 nauienTis 3 Alll, 29 — 3 ACX, 14 — 3 [1CX. TicTonorivyHe
OLiHIOBaHHs GionTaTiB neviHkv 3giicHunm 3a knacudikauieto Nakanuma. [JogatkoBo ouiHiOBanu nepuayktansHui ¢ibpos,
03Hakw xonectasy (biniapHui iHTepdelic, 6iniapHi poseTku, 6anoHHa / nip’acta AncTpodis renatouuTie, NopTanbHWiA / nepu-
nopTanbHUA HabpsiK i Mykobinis).

Pesyastatu. MepjaHa Biky fiTel Ha Yac BCTaHOBNEHHS AiarHody ctaHosuna 11 pokis (IQR: 8-14). ®ibpo3 neviHkm F3-F4 3a
Metavir BusineHo y 54 % piteit 3 All, 79 % 3 ACX Ta 43 % i3 NCX. Liupo3 neviHkn giarHocTtoBaHo B 24 % nauieHTis 3 ACX,
19 % — 3 All, 7 % — 3 NCX. 3ananbHi 3aXBOPIOBaHHS! KULLEYHVIKa BUSIBNSANW nepeayciM npu GiniapHux dopmax A3M:y 72 %
aiten 3 ACX, 71 % — 3 MNCX, a npu All" — nuwe B ogHoro naujeHTa (3,8 %). 3a aaHumu MPXIT, ypaxeHHs BENMKMX XKOBYHMX
npoTokiB BUsBMeEHO Yy BinbLuocTi naujenHTis i3 MCX (71 %) Ta ACX (72 %), a i3onboBaHe ypaxeHHs Manux npoTokiB —y 29 % i
28 % BignoBiaHO. 3ananbHi 3aXBOPIOBAHHS KULLIEYHKA AiarHOCTYBanM NEPeBaXHO y NaLieHTiB i3 GiniapHum deHoTMnom —y
72 % pitein 3 ACX i 71 % 3 MNCX, a npu All" — nuwwe B ogHomy Bunagky (p < 0,001). Y nauientie 3 ACX i [CX Bu3HayeHo -
pLuniA cnekTp GiniapHoro ypaxeHHs nopiBHsaHO 3 Al [JoCTOBIpHi BigMIHHOCTi Mix rpynamu BUSIBMEHO 3@ YaCTOTO AYKTOMNEHii
22 ctyneHs (ACX — 52 %, MCX — 64 %, Al — 19 %, p = 0,009), nepuaykTtansHoro ¢ibposy 23 ctyneHs (ACX — 62 %, MCX —
71 %, Al —= 8 %, p < 0,001), HasBHOCTi Myko6inii (ACX — 66 %, NCX — 36 %, Al —4 %, p < 0,001). KomnnekcHe ouiHioBaHHS
MopdororiYHMX 03Hak 4arno amory AocToBipHO BiapisHaT All" (3,4 + 1,4 6ana) Big ACX (6,4 £1,6) TalICX (6,7 £ 1,9, p < 0,001).

BucHoBku. Po3lumpenunii mopdonoriyHmic aHania i3 3actocyBaHHAM knacudikauii Nakanuma Ta 4oAaTKOBUX KpUTepiiB
GiniapHOro YLUKOMKEHHS fae 3Mory TOuHiLLe AiarHocTyeat GiniapHuin coeHoTun A3, 3okpema hopmMu 3 ypakeHHSIM Mannx
XOBYHUX NPOTOKIB. Lle Mae BaxnuBe 3Ha4YeHHs Ans (hopMyBaHHS iHAMBIAyanisoBaHOI cTpaTeril BeAeHHs NaLlieHTiB.

Morphological features of intrahepatic bile duct injury in children with autoimmune
liver diseases

M. B. Dyba, T. D. Zadorozhna, V. S. Berezenko

Involvement of small intrahepatic bile ducts is a characteristic but underexplored feature of autoimmune liver diseases (AILD)
in children. A distinctive aspect of pediatric AILD is the overlap between autoimmune hepatitis (AIH) and primary sclerosing
cholangitis (PSC), which complicates differential diagnosis — especially in cases with isolated small-duct injury and absence
of typical PSC features on MRCP.

The aim of the study was to assess the spectrum and frequency of biliary injury in children with autoimmune hepatitis, autoim-
mune sclerosing cholangitis, and primary sclerosing cholangitis using the modified Nakanuma scoring system and additional
morphological criteria of cholestasis.

Materials and methods. Sixty-nine children with AILD were included: 26 with AlH, 29 with ASC, and 14 with PSC. Liver biop-
sies were evaluated using the Nakanuma classification. Additional features assessed included periductal fibrosis and signs of
cholestasis (biliary interface, rosettes, ballooning / feathery hepatocyte degeneration, portal / periportal edema, and mucobilia).

Results. The median age at diagnosis was 11 years (IQR: 8-14). Advanced liver fibrosis (F3—F4) was present in 54 % of
AlH, 79 % of ASC, and 43 % of PSC cases. Cirrhosis was observed in 24 % of ASC, 19 % of AlH, and 7 % of PSC patients.
Inflammatory bowel disease was common in biliary phenotypes — detected in 72 % of ASC and 71 % of PSC patients, and
in only 3.8 % of AlH cases. According to MRCP, large-duct involvement was seen in 71 % of PSC and 72 % of ASC patients,
while isolated small-duct injury was found in 29 % and 28 %, respectively. ASC and PSC patients showed a broader range of
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biliary lesions compared to AlH. Statistically significant differences were observed in the frequency of ductopenia = grade 2
(ASC - 52 %, PSC — 64 %, AIH — 19 %), advanced periductal fibrosis > grade 3 (ASC — 62 %, PSC — 71 %, AIH - 8 %), and
mucobilia (ASC — 66 %, PSC — 36 %, AIH - 4 %; p < 0.001). Cumulative scoring of biliary features reliably distinguished AIH
(mean 3.4 + 1.4) from ASC (6.4 £ 1.6) and PSC (6.7 £ 1.9, p < 0.001).

Conclusions. Extended morphological analysis using the Nakanuma classification and additional biliary injury criteria improves
diagnostic accuracy for identifying the biliary phenotype of AILD in children, including small-duct variants of ASC and PSC.
This approach supports more precise diagnosis and individualized treatment strategies.

MaTonorist )X0BYHUX NPOTOK Y AITEN 3 ayTOIMyHHUMMU
3axBOPIOBaHHAMYM nediHkn (A3[1) 3anuwaeTbCs oaHieto
3 HalMEHLL BMBYEHMX, arne BoAHOYac HaMCKnagHiLLmX
NS giarHoCTVKK B guTavin renatonorii [1,2,3]. Y 3Ha4Hoi
YaCTWHW NaLieHTiB 3 ayToiMyHHUM renatuTom (AIl) BusiB-
NS0T 03HAKW YPaXKEHHS BHYTPILLHBOMEYIHKOBMX XOBYHUX
MPOTOK, LU0 YCKMNAZHIOE YiTKE BU3HAYEHHSI HANEXHOCTI
LMX 3MiH [0 KOHKPETHOro HO3050ri4HOro BapiaHTa. B
OKpPEMMX BUNafKax ricTonoriyHa kaptmHa Moxe Haragy-
BaTW MOPOOriYHi 03HAKMN, XapaKTEPHi 4Ns NEPBUHHOIO
cknepo3ytodoro xonanrity (MCX) [4].

Y cyyacHin taxoBin nitepatypi AN NO3HaYEHHS
noegHaHHs Al 3 03HaKaMu YpaxeHHs OBYHIX NpOTO-
KiB BYKOPWCTOBYIOTb [iBa TEPMiHU: overlap-cuHApoM Ta
ayToIMyHHUWIA cknepodytouuin xonaHrit (ACX). Obuaga
TEPMIHM 3anuLLalTLCA B HAYKOBOMY 06iry, ane € neBHi
BIAMIHHOCTI y nigxofax PisHMX KNiHIYHUX LK. Y gopocnin
renaronorii YacTille 3aCTOCOBYHOTb TEPMIH overlap-CuH-
apom Al / TICX, a B negiaTpUy4Hin NpakTuLi YacTille
BUKOPUCTOBYIOTb TepMiH ACX 5ik OKpeme 3aXBOpHOBaHHS
3 XapaKTEPHUMMU KMiHIKO-MOPJONOriYHUMM O3HaKaMK, LLIO
noegHykoTb pucn AllC i MCX [5,6,7,8].

Y cyyacHux KiiHiYHMX HactaHoBax [1,3,5] pekoMeH-
[I0BaHO BKITHOYATW MarHiTHO-pe30HaHCHY XoraHrionaH-
kpeatorpadito (MPXI) go anroputMy 06CTEKEHHS BCiX
AiTed, y SKMx npunyckatoTb po3suTok All, abu BUKNouK-
v / nigTBepamTth o3Hakm MNCX. BTiM, HaBiTb SKLLO XOnaH-
riorpamMa HopmaribHa, MOXIVBE i30MbOBaHE yPaXKEHHS
[PiIOHMX BHYTPILLHBLOMNEYIHKOBKX MPOTOKIB (Tak 3BaHWiA
MCX manux npoTokiB), LU0 CKMaAHO BUSIBNAKTL Mif Yac
MPXII [9,10,11,12,13]. Lle obrpyHTOBY€E NpOBiAHY ponb
riCTOMOrYHOTO AOCNIMKEHHS B AiarHOCTULi LUMX hopm
YPaXeHHs!, afpKe B TaKvX BUMaAKax € puU3nK NpormycTuTy
ACX abo NMCX Ta noMWUrKOBO AjarHOCTyBaTV B MaLieHTa
knacuyHmin AllC [14,15,16,17]. Taka giarHOCTUYHa noMurka
MOe NPU3BECTU 10 HEEPEKTUBHOTO MiKyBaHHS Ta Crpu-
YYMHWTY TIPLLMIA MPOrHO3, TOMY MOPCHONOriYHE OLiHIOBaHHS
6GiniapHoro komnoHeHTa HabyBae 0COBMMBOrO 3HAYEHHS.

Tunogi ricronoriyni o3Haky MCX, SK-0T KOHLEHTPWY-
HUM NepuaykTansHWMin Gibpo3 3a TUNOM «LMBYNMHHOI
nyckm» («onion-skiny) i ¢ibpo3Ho-o6niTepytove ypa-
XKEHHS XOBYHMX NPOTOK, HE 3aBXAN MOXYTb ByTH YiTko
ineHTudikoBaHi B HionTaTi, OCKINbKMA YpaXeHHs Mae
ocepenkoBuii, a He andysHuin xapaktep [18,19,20,21].
Y 3B’a3ky 3 LM Byno 3anponoHOBaHO PO3PIi3HATMN TUMOBI
(natorHomoHiuHi) ans MCX i cnineri 3 MCX MopdonoriyHi
03HaKu. AK TUMOBI BU3HAYEHO NepuayKTanbHui Gibpo3
i i6po3HO-06NITEPYIOYE YPAKEHHS XKOBYHWX NPOTOK; K
CiNbHi — AYKTONEHito, AYKTYNAPHY peakLito, Mopono-
riYHi 03HaKK xorecrtasy, a Takox OiniapHy meTannasito
renatouutis [13,19]. Taka knacudikauis gae 3amory
po3WwmpuTK cnekTp MopdonorivyHmnx mapkepis MNCX y
Aiten, nokpawwmty giarHoctuky NMCX manux npoTok y ne-
ZiaTpyyHin nonynsuii, konu He 6yno Tunosux o3Hak MNCX.
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BiniapHi ypaxeHHst npu All" getansHO oxapakTepu-
30BaHi A. J. Czaja et al. y 2004 poui [22]. Lii ypaxeHHs
BKIMOYaOTb HabpsiK, Bakyonisauito enitenito, rinepxpo-
mas3ito gaep, AeCTPyKLito 6asanbHOi MembpaHy Ta nepu-
AyKTanbHUA niMgoumMTapHui iHinsTpat. YactuHa umx
3MiH TpMBanui Yyac 36epiraeTbCst HaBiTb NiCNs NiKyBaHHS,
i, konn Hemae TMNoBKx o3Hak MCX, y GionTati BUHMKaE
pu3nk xMbHOI knacudikauii [14,17,18]. Bpaxoytouu e,
BCE YacTille MOpyLUYTb MUTaHHSA NPO KMiHIYHY 3Havy-
wicTb audepeHuiauii ACX sik okpemoro ceHoTuny A3IM,
[LiarHoCTVIKa SIKOTO € BaXIIMBOIO HE NuLLe B MOpdonoriy-
HOMY acnekTi, ane 1 ans ctpatudikaLlii puanky, NporHosy
nepebiry 3axBoptoBaHHS Ta BUOGOPY TepaneBTUYHOT
TakTvku [18,22].

Y nepjaTpuyHin NpaKTWLi riCTONOrYHE OLHIOBAHHS
4acTo € €AWHIM JOCTYMHUM METOAOM AiarHOCTUKY ypa-
KEHHS1 Marnmx X0BYHMX NpoTok. OpHaK Le OLiHIBaHHS
ycKnafiHeHe TUM, WO AOCi HEMAE YiTKMX AiarHOCTUYHUX
kputepiiB NMCX manux NpoToK y AiTEN i BapiaTMBHICTIO
nposBiB BiniapHoro nowwkomkeHHs npu Al [18,22]. Lle
€ YWMHHVKOM pU3KKy i rinepaiarHoctukm ACX, i Hepooui-
HIOBaHHS GiniapHoro komnoHeHTa npu All. 3Baxatoum
Ha Le, yBara HayKOBLIiB 30cepemKeHa Ha HeobXigHOCTi
CTaHAAPTU30BAHOIO OLiHIOBAHHS BifliapHMX 3MiH.

OpvH i3 NepcnekTUBHUX IHCTPYMEHTIB — cucTema
rictonoriyHoro ouiHtoBaHHs Nakanuma, wo nepenba-
yae rpagalito 6iniapHOro ypaxeHHs 3 ypaxyBaHHSIM
BUPaXEHOCTi AYKTYNAPHOI peakLii, CTyneHs akTMBHOCTI
XOMNaHriTy, HasiBHOCTI AyKToneHii Ta GiniapHoi meTanna-
3ii. U knacudikauis Takox nependayae OLiHIOBAHHS
CTyneHs ibpo3y Ta BU3HAYEHHS CTafii 3aXBOPIOBaHHS
3a cymoto Ganis, L0 jae 3MOTy OLiHATY NPOrpecyBaHHs
nartonoriyHoro npouecy [23,24,25,26]. Takvui nigxig
crnpusie He nuLe 06’ ekTyBI3aLii MOPONOriYHMX 3MiH,
ane 1 CTBOPEHHIO YHI(hiKoBaHOI cuctemu cTpartudikaLii
TSXKOCTI BiniapHoro ypaxeHHs. Lie ocobnneo Baxnmeo,
konw € npunyLeHHs npo ACX abo MNCX manux NpoTok y
AiTel, Hemae NaTOrHOMOHIYHUX O3HaK, a PILLEHHS LWoZo
[iarHo3y Ta HacTynHoi Tepanii noTpebye KOMMIEKCHOM
MOpPEOdyHKLIOHaNBHOrO ouiHtoBaHHS. Kpim Toro, Bpa-
XYBaHHS Takux MOPOnoriYHMX 3MiH Ja€ 3MOry He nuLle
NiABULLIMTW AiarHOCTUYHY TOYHICTb, ane i 3abesneuntu
PaHHIO igeHTUIKaLto AiTel i3 NOTEHLHO arpecuBHUM
nepebirom. Lle obrpyHToByE fouinbHiCTL Moamdikavii
TepaneBTUYHoro nigxoay [18].

MeTta pobotu

OuiHNTK CNeKTp i YacToTy GiniapHMX ypaxeHb Y AiTen 3
AIlL ACX i MCX i3 3acToCyBaHHAM MOAUAIKOBAHOI LLKaN
Nakanuma Ta goaatkoBux MOPAOMNOriYHUX KpUTEPIiB
Xonecrasy.
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Martepianu i meToAU AOCAIAKEHHA

3aiicHMnM peTpocneKkTBHE AOCNIMKEHHS MeUYHOT
[OKyMeHTaUii aiTen, ski nepebyBanu Ha obCTexeHHi Ta
nikyeaHHi B Y «IHCTUTYT nepiaTpii, akyLuepcTea i riHeko-
norii HAMH Ykpainu» B 2018-2025 pokax. Y 2024 poui
yCTaHOBY neperimeHoBaHo Ha 1Y «BceykpaiHCbkuiA LLeHTp
MaTtepuHcTBa Ta autmHetea HAMH Ykpaitny. JocnimkeH-
HA BigNoBigano npuHumnam enbCiHCbKOI AeknapaLlii Ta
CXBarieHe eTMYHUM KOMITETOM YCTaHOBM (MPOTOKON Bif,
11.07.2025 p. Ne 4).

[o aHanisy 3any4eHo nauieHTiB i3 giarHozamm All,
ACX (abo overlap-cungpom Al /TICX) Ta MCX. 3aranom
npoaHanisoeaHo 112 ictopiit Xeopobu AiTen, SKUM BUKO-
Hanm Gioncito neyiHku.

3acTocyBaHHs OHOBMEHOI negiaTpyuyHoI knacudikavii
ayToiMyHHMX 3axBoptoBaHb neviHkn (ESPGHAN) pano
3MOry CTpaTudikyBaTV NaLieHTIB Ha TpY KNiHiko-Mopdo-
noriyHi rpynu; Al ACX ta MCX [1]. Y 8 Bunagkax nepsuH-
HuK giarHo3 All" nepernsHyTo — 3a pesynsratamu MPXTT
i MOBTOPHOTO riCTOMNONYHOrO aHaniay giarHoctoBaHo ACX.

13 gocnigkeHHs BUKIoUMnu 43 nawieHTiB, OCKinbKu
B iXHiX icTOpisix XBopo6u He Byno imyHorictoximii (CK7),
pesyneratis MPXII, a Takox Yepes He[oCTaTHIO KinbKiCTb
nopTankHuX TpakTiB y GionTari (<10).

BpeLuTti o aHanisy 3anyyeHo 69 giten. [ns Beix navj-
€HTIB 3ibpaHo AemorpadiyHi Ta KniHiko-nabopaTopHi AaHi:
BiK, CTaTb, MOKa3HWKN (PYHKLOHANbHWUX TECTIB NeYiHKuW
(anaHiHamiHOTpaHChepasa, acnapTatamiHoTpaHcdepasa
(ACT), y-myTamintpaHcdepasa (I'TT), nyxxHa hoccaTasa
(M), 3aranbHwiA | npsmuia 6inipy6iH, MixkHapoaHe Hopma-
ni3oBaHe BiAHOLLEHHS, piBeHb 1gG, BpaxoByO4mM BIKOBI
Hopmu) i ceponoriyhni npodpins (ANA, SMA, LKM-1, LC1,
pANCA, SLA). fonatkoBo 0bpaxyBany CriBBigHOLIEHHS
ITT /ACT i NN® / ACT sk Henpsimi Mapkepu BiniapHoro
YPaXeHHS.

BionciiHnin maTepian oTpuMaHo 3 apxisy naboparopii
natomopdosorii Y «IHCTUTYT negiatpii, akywepcrsa i
rinekonorii HAMH YkpaiHu», meTogom crinoro nepernsay
11010 MOBTOPHO OL|iHMIM ABA HE3aneXHi naTomMopdornory.
biontatn 06pobunn 3a cTaHgapTHUMWM METOAMKAMMU:
napadiHosi 6noku, 3abapBneHHs reMaTtoKCuniHoM Ta
€031HOM, MiKPOChYKCMHOM 3a BaH [i30HOM i TPUXPOMOM
MaccoHa.

Crapito ibpo3y neyviHkM BU3HAYEHO 3a LLKanow
Metavir, Wo € 3aranbHONPUAHATO METOAMKO, Ta
[0[aTKOBO OLiHIoBanM 3a knacudikauieto Nakanuma.
[ns ouiHBaHHSA XOBYHUX MPOTOKIB, AYKTYNAPHOro
enitenito, AyKTYNsApHOI peakuii Ta BiniapHoi meTannaaii
3aCTOCOBYBanu iMyHOTICTOXIMIYHUIA MapKep eniTenito
aykryn CK7 [27,28]. biniapHe ypaxeHHs oujiHioBanu
3a knacudikadieto Nakanuma, wo nepenbavae Hanis-
KinbkicHe ouiHioBaHHsS B 6anax (0-3; ans aykTynsipHoi
peakuii — 0—4), Wo Br13Ha4a€ HasiBHICTb MOPAOOriYHMX
3MiH. Hagani TepMiH CTyniHb BUKOPUCTAHO SIK BigMOBIAHWK
HarnbHOI OLHKN.

[ykToneHito ouiHioBany 3a wkarnoto: 0 6aniB — He-
mae, 1 6an — BTpaTa npoTok B <1/3 nopTanbHUX TpakTis,
2 6anm — y 1/3-2/3 TpakTiB, 3 6anm — y >2/3 TpakTiB.
AkTVBHICTb xonaHriTy: 0 — Hemae / MiHiManbHa; 1 — <1/3
TpakTiB (1 gyktyna), 2 — >2 gyktyn B 1/3-2/3 TpakTis;
3 — >2/3 TpakTiB i3 4ECTPYKTUBHUMM 3MiHamK. BiniapHa
metannasis (CK7): 0 — Hemae; 1 — CK7+ >10 renatoumtia
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B OHIN NepunopTasnbHii 30Hi; 2 — No3UTUBHICTL Y 1/3-2/3
TpakTie; 3 — y 22/3 TpakTiB. [lykTynspHa peakuis (CK7):
0 - Hemae; 1 — nponicbepauis ayktyn (>4) y TpakTax; 2 —
LyKTynsipHa peakuis + CK7+ nepunoptanbHi renatouuTy;
3 — npomixHi renatountit; 4 — BiNbLWICTb renaTouuTIB
CK7+. TicTonoriyHa akTuBHiCTb renatuTy (3a Nakanuma):
0 — Hemag; 1 — miHiManbHa (210 nimdoumTie B 21 TpakTi
ab0 MiHiManbHWIA NOGYNSPHUMIA renatuT); 2 — nomipHa (210
nimcpouyTiB y 22 TpakTax abo BupaxeHnin NodyNspHNiA
renatur); 3 —Bucoka (iHtepdenc-renatut >20 nimgouunTia
y >50 % TpakTiB, MOCTONOAIGHWI / 30HANBHUI HEKPO3).
®i6po3: 0 — Hemae; 1 — nopTanbHWiA / NepunopTanbHUA
(hibpo3 abo HezaBepLUEHUI CenTanbHuUIA; 2 — MOCTOMNOAI0-
HWUI hibpo3; 3 — LMPO3 i3 By3namu perexHepadlii.

Crapito 3axXBOPIOBAHHS BU3HAYEHO 3@ CyMapHWUM
6anom ¢hibpoay Ta gykToneHii: 1 — Hemae nporpecyBaHHs
(0 6aniB), 2 — mivimansHe (1-2 6anu), 3 — nomipHe (3—4
6anu), 4 — 3HauHe (5-6 Hanig).

[ns ouiHoBaHHSA BiniapHOro ypaxeHHs [OAATKOBO
BPaXOoByBanu nepuaykTansHuii ibpos, sikuil BusHaqanm
HaniBKiNbKiCHO 3a YoTupubansHoto Lwkanoto: 0 6anis —
Hemae, 1 6an — nepuayktansbHuiA ¢ibpos B 1 gykTyni, 2
6anu —y 2 gyktynax, 3 6anv — y 23 gyktynax Giontary.

Okpemo oUiHIOBanM KOHLEHTPUYHWUIA nepuayk-
TanbHWiA ibpo3 («onion-skiny), WO XapakTepuayeTbCs
LIapyBaTuM BiKNafgeHHsaM ibpo3HOT TKaHUHK HABKOMO
MiXKY4aCTOUKOBMX JKOBYHMX NPOTOK, i (hibpo3Ho-06miTe-
pytounii pybeLb — sk noBHy abo marke MoBHy BTpaTy
MPOCBITY NPOTOKM 3 ii 3aMiILLEHHAM KOHLIEHTPUYHUMM 260
HEePIBHOMIPHUMM (iBPO3HMMY CTPYKTYpamu. [loaaTkoBo
OLjHIoBan1 MopdonorivHi Mapkepy BiniapHOro ypakeHHs:
GiniapHi po3eTku, GiniapHuit iHTepdeiic-renatut, 6anoH-
Hy Ta nip’CTy AereHepawilo renatouutis, Mykobinito,
nopTanbHWiA | NepUNopTanbHNiA HabPSIK, — LLIO BU3HAYEHO
SIK HEMPSIMi 03HAKM XONECTaTUYHOIO YLLKOMKEHHS MapeH-
ximm [29,30,31].

banoHHy Ta mip’acTy AereHepauito renatouuTis
aHanisyBanu pa3oM, OCKinbku ix audepeHuiais Ha
npakTuLi Moxe ByTW yTpyaHeHo, ocobnmnBo Ha hoHi
BMCOKOI 3ananbHoi akTyBHOCTI, xapakTepHoi Ans All" Ta
ACX. Li Tvnn 3miH MatoTb NoaibHi MopdonoriyHi 03Haku
(36inbLUEHi KNiTUHKM 3 pO3pidxeHo abo 3epHNUCTOH
LIMTOMIIAa3MOI0), LU0 YCKMaAHIOE TOYHY ineHTudiKaLio 3a
CTaHZapTHUM 3abapBreHHsM reMaToKCUIiHOM Ta eo3u-
HOM. HasiBHICTb CyMyTHIX O3HaK akTWBHOMO 3anarieHHs
npu ACX Lwe Ginblue yCKnapHIe iHTepnpeTawito, Tomy
00’eaHaHHS LyX ABOX TUMIB AereHepaLlii B OAUH NOKasHMK
€ 00rpyHTOBaHUM.

Kpim Toro, ouiHioBanu Hakonu4YeHHs MyLyHOMozi6-
HOrO MaTtepiarny y XOBYHWX NPOTOKax 3a JOMOMOro
PAS-peakuji, Wwo aae 3mory BidyanisyBati HEMTpasbHi
MyKornonicaxapuam Ta rnikonpoteily (Mykobinis).

Ockinbky BinbLicTe MopdonoriyHmx o3Hak biniap-
HOTO ypaxXeHHs! (KpiM KOHLEHTPUYHOIO NepuayKTasb-
Horo hibpo3y Ta hibpo3Ho-obniTepytoyoro pybLs) He €
YiTKO cneumndivHNMK, i TX MOXYTb BUSBMATW HaBIiTb Npu
All’, 3acTocoBaHo iHTerpanbHWI Niaxig 4o iX OuiHIoBaH-
HA. AHanidyBanu CyKymnHiCTb TakuX O3HaK: AYKTOMEHis
(0-3 6anwu), pyktynsipHa peakuist (0—-4 6anu), 6iniapHa
metannasis (0-3 6anu), nepuaykTanbHuii i6po3
(0-3 6anu), 6iniapHun iHTepcenc (0-1 6an), biniapHi
po3etku (0—1 6an), 6anoHHa / nip’acTa gereHepaduis
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renatouuTie (0—1 6an), noptanbHUi i nepunopTansHUi
Habpsik (0—1 6an). MNicnsa HaniBKiNbKICHOrO OLiHIOBaHHS
KOXXHOT 03Haku o64mMcnoBany cymapHui 6an, sikuii xa-
pakTepu3yBaB 3arafnbHui piBeHb BiniapHOro ypaxeHHs
Ta xornecrasy.

lNepeBipKy rinoTe3u LWoA0 HOPManbHOCTI PO3noAiny
3aincHUM 3a kputepiem KonmoropoBa—CmupHoBa. binb-
LiCTb AiAHNX HE BiANoBiAanu 3akoHy HOpManbHOro pos-
noginy, ToMy Ansi CTaTUCTUYHOTO aHaniy BUKOPUCTaHO
HenapameTpuyHi MeToau. KinbkiCHi 3MiHHI HABEAEHO SK
CepefHe 3Ha4eHHs! + cTaHgapTHe BigxuneHHs (SD) abo sik
megiaHy (Me) Ta mixkeapTunbHui iHTepean (Q25-Q75).
[na ananisy MiXrpynoBux BigMiHHOCTEN 3acTocyBanu
kputepin Kpackena—Bonnica. AKLL0 BCTaHOBNEHO CTaTUC-
TWYHO 3HaYyLL BiAMIHHOCTI, BAKOHAHO MOCTXOK aHani3 3a
MeTogoM [laHHa. YacToTHI XapaKTepUCTUKM SKICHUX 3MiH-
HUX NOPIBHAMYM 3@ JOMOMOIO0 TOYHOrO KpuTepito PiLlepa,
BKITHOYaKOMM MOMapHi MOCTXOK MOPIBHSIHHS 3 NOMPaBKOK
Ha MHOXMHHiCTb. CTaTUCTUYHI METOaM OOCHIAXKEHHS
peani3oBaHO 3 BUKOpUCTaHHAM mporpamu GraphPad
Prism 10 (GraphPad Software Inc., CLUA, GraphPad
Prism 10.4.1.627, GPS-2722055-T).

PesyAbTati

[lo nocnimkeHHs 3anyyeHo Aitei Bikom Big 2 4o 18 pokis.
MegpiaHa Biky 06CTEXEHUX NALIEHTIB HA Yac BCTAHOBIEH-
Hs diarHo3y ctaHosuna 11 pokis (IQR: 8—14). Posnogin
nauieHTiB 3a Bikom y rpynax All; ACX ta MCX He maB
CTaTUCTUYHO 3HaYyLmx BigMiHHocTen (p > 0,05). All
JiarHocToBaHo y 26 aitein, i3 Hux 18 (72,0 %) gisyat; ACX
BUSIBNEHO y 29 nauieHTis, i3 Hux 13 (48,5 %) gieyar; MCX
—y 14 0cCi6, i3 H1x 6 (43,0 %) aiByar. KniHiko-nabopatopHa
xapaktepuctuka aiten 3 All, NCX ta ACX HaBeneHo B
mab6nuui 1.

YacTuHa nauieHTiB oTpumyBana iMyHoCynpecvBHY
Tepanito fo Gioncii nevinku: y rpyni Al — 30,7 %, ACX —
31,0 %, MCX - 21,4 %. Y rpyni NCX aBoe aitei oTpumy-
Banu byaeHodanbk, 0aHa — NPEQHI30M0H Yepes CynyTHE
3anarnbHe 3aXBOPKOBAHHS KULLIKIBHUKA.

pynu gocnimxeHHs He Bigpi3HANMCs 3a TPUBanicTio
nikyBaHHs go bioncii (p = 0,33). PiHi TpaHcamiHas (ana-
HiHamiHoTpaHcdepasa, ACT) Havsuwi npu Al Ta ACX,
ane CTaTUCTUYHO 3HAYYLLMX BiAMIHHOCTEN HE BUSIBMEHO.
Hatomictb cnissigHoweHHs 1O / ACT i ITT / ACT sk
HENPsIMi Noka3HWKy BiniapHoro YLIKOLKEHHS LOCTOBIPHO
BigpisHsnucs y rpynax (p = 0,01). Megiana 11® / ACT Han-
Buwa npm MNCX - 2,11 (Q25-Q75: 1,24-4,92) nopiBHsHO
3 ACX - 1,44 (0,68-3,10) Ta All' - 0,67 (0,34-1,30). 3a
pesynsTatamy MapHoro aHaniay, pisHuusa mixx MCX i Al
3anuwwunacs goctosipHoto (p = 0,01).

MopibHy auHamiky BusisneHo ans I'TT / ACT: MCX
- 0,80 (0,29-1,59), ACX - 0,52 (0,22-2,00), AIl" - 0,23
(0,10-0,41). 3aranbHa pisHULS MK rpynamu BiporigHa
(p = 0,01), 3 pocToBipHUMM BigMiIHHOCTSMU MixX TCX i
All (p =0,03), ACXi AIl" (p = 0,03). Lli naHi ceigyats npo
6inbLL BUpaXXeHUI BiniapH1 KOMNOHEHT YPaXKEHHS Npu
MCX ta ACX nopieHsiHO 3 AlT". CniigHoweHHs JT® / ACT
i ITT / ACT moxyTb 6yTu [0OAATKOBUMM HEIHBA3VBHUMU
Mapkepamy GiniapHoro yLwKomKeHHs y Aiteit 3 A3[T.

BinbLUicTb AiTen, 3any4eHnx Ao AOCHIMKEHHS, Manu
BUPAXEHUIA CTynMiHb ¢hibpo3y neviHku F3-F4 3a Metavir.

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

Jisyata, n (%) 18 (69,2) 13 (44,8) 6 (42,9)

Bik, poku 10,5 (8,0; 15,0)  13,0(8,0; 14,00 10,5(7,5; 13,5)
1-6 pokis, n (%) 1(3,8) 1(3,4) 2(143)
7-12 pokis, n (%) 12 (46,2) 13 (44,8) 5(35,7)
13-18 pokis, n (%) 13 (50) 15 (51,7) 7 (50)
Bioncis Ha doHi 8(30,8) 9(31,0) 3(21,4)
TTIIOKOKOPTMKO-

ctepoigis, n (%)

TpwBanicTb nikyanHs 200 (20; 2555) 80 (25; 135) 365 (6; 1000)
[no Gioncii, aHi

TpomBouuTn, 206,5 (178,0; 238,0 (179,0; 292,0 (211,0;
Me (Q25; Q75) 291,0) 308,0) 436,0)
TpombouuToneHis 2(7,7) 5(17,2) -

(<150), n (%)

AnaHiHamiHo- 376 (145; 922) 173 (79; 642) 175 (60; 254)
TpaHcdepasa,

Me (Q25; Q75)

ACT, Me (Q25; Q75) 256 (98; 811) 156 (66; 550) 119 (49; 207)
ITT, Me (Q25; Q75) 70 (31; 141) 105 (59; 226) 103 (32; 275)
ITT <50 Op/n,n (%)  6(23,1) 6(20,7) 3(214)

Jo, Me (Q25; Q75) 227 (152;279) 228 (160;421) 329 (214; 438)
Binipy6iH, Me (Q25; 28 (14; 47) 21 (14; 34) 15 (8; 18)
Q75)

Binipy6i+ >BMH, 9 (34,6) 11 (37,9) 1(7,1)

n (%)

J® / ACT, Me (Q25;  0,7(0,3; 1,3) 1,4 (0,7; 3,1) 2,1(1,2;4,9)
Q75)

ITT/ACT, Me (Q25; 0,2 (0,1;0,4) 0,5(0,2; 2,0) 0,8(0,3; 1,6)
Q75)

1gG, r/n, Me (Q25; 16,5(13,8;23,8) 19,7(13,5;25,3) 9,4 (8,8; 14,8)
Q75)

19G >16, n (%) 12 (46,2) 15 (51,7) 1(7,1)
MixHapoaHe 1,2(1,1;1,3) 1,2(1,1;1,3) 1,2(1,1;1,3)
HopManisoBaHe

BiIHOLLEHHS,

Me (Q25; Q75)

KanbnpotekTuH 31,4 (21; 93) 176 (42,2; 309)  44,7(20,6;338,8)
®ibpo3 F1-2 cT. 3a 12 (46,2) 6(20,7) 8(57,1)
Metavir, n = 62, n (%)

®i6po3 F3-4 cT. 3a 14 (53,8) 23(79,3) 6 (42,9)
Metavir, n = 62, n (%)

Linpoa neviHku, n (%)  5(19,2) 7(24,1) 1(7,1)
MopTanbHa 3(11,5) 6 (20,7) 0
rineptensis, n (%)

CnneHowmeranis, 12 (46,1) 19 (65,5) 7 (50)

n (%)

BPBC n (%) 1(3,8) 3(10,3) 0

MCX Benukoi npotokn — 21(72,4) 10 (71,4)
MCX 3 ypaxeHHsM - 8(27,6) 4(28,6)
TiNbKy Manoi NpoToku

3anarnbHe 1(3,8) 21(72,4) 10 (71,4)
3aXBOpIoBaHHS!

KULIeYHUKa

Tabauus 1. Kniniko-nabopatopHa xapakTepuctuka giteit i3 Al NCX 1a ACX

Mowaw _AILn=26[ACGn=20 _[NCKn=14

0,13**
0,61%
0,3**
0,8**
1,0
0,8
0.33**
0,14*
0,43**
0,06*
0,09*
0,26*
1,0

0,22*
0,04*

0,1*
0,01*
0,01*
<0,01*

0,01*
0,74*

0,33
0,03**

0,04**

0,01*
0,16**

0,32

0,34*
1,0
1,0*

<0,001

*: HenapameTpuyHuit Tect Kpackena—Bonnica; **: TouHuiA kpuTepin ilepa.

Yacrora Tskkoro ¢ibposy (F3-F4) noctosipHo Bigpis-
Hsinacs y rpynax (x2= 6,62, p = 0,04). Y nauiexTie 3 ACX
LIe NOKa3HMK 3Ha4HO BULLMIA, Hix npu MCX (79,3 % npoTu
42,9 %, p = 0,04). MNopieHsBwm ACX Ta All, Bu3Haumnm
TeHaeHUito ao BinbLuoi yactotn F3-F4 npn ACX (79,3 %
npotu 53,8 %, p = 0,09). Cragii hibposy F1-F2 yacriwe
3adikcosani npu MCX (57,1 %) Ta All" (46,2 %) nopieHSHO
3ACX (20,7 %), 3 noctoBipHoto pisHuLeto Mixx ACX i MCX
(p = 0,03). Linpo3 neviHku piarHoctoBaHo y 24 % aiten
3ACX, 19 % —3 AIl, 7 % — i3 TNICX (p = 0,01 mix ACX i
MNCX). O3Hakv nopTanbHoi rinepTeHsii (CnneHomeranis,
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Tabauus 2. TicTonoriyHa XxapakTepucTuka BiniapHoro ypaxeHHs y Aiteil 3 ayToiMyHHUMU 3aXBOPIOBaHHSIMM MeviHKM (3a knacudikauieto Nakanuma)

S Y £ ACK,n =29 ncx.n =14

AKTUBHICTb renaTtuty, cepegHin 6an (+SD) 2,4+0,6
AKTMBHICTb XonaHrity 0 cTyneHs 5(19,2)
1 cTynens 18 (69,2)
2 cTyneHs 1(3,8)
3 cTyneHs 2(7,7)
AKTUBHICTb XONaHriTy, cepepHin 6an (+SD) 1,0£0,7
[lykToneHis 0 cTyneHs 7(26,9)
1 cTynens 14 (53,8)
2 cTyneHs 3(11,5)
3 cTynens 0
[ykToneHis, cepeaniint 6an (+SD) 0,8+0,6
MepuaykTanbHWin 0 cTyneHs 10 (38,5)
ibpos 1 cTyneHs 3(11,5)
2 cTyneHs 11 (42,3)
3 cTyneHs 2(7,7)
MepuaykTanshnin dibpos, cepepHin 6an (+SD) 12+1,1
KOHLEHTpMYHUIA nepuaykTanbHuin hibpos Tuny «onion-skiny 0
®ibpo3sHo-0bniTepytounin pybeLb 0
[ykTynsipHa peakuis 1 cTyneHs 9 (34,6)
2 cTyneHs 11 (42,3)
3 cTyneHs 6(23,1)
4 cTynens 0
[ykTynspHa peakuisi, cepegHini 6an (+SD) 20+0,8
biniapHa metannasis 0 ctyneHs 14 (53,8)
1 cTynens 6(23,1)
2 cTyneHs 6(23,1)
3 cTynens 0
BiniapHa meTannasis, cepeaHiit 6an (+SD) 0,7+0,8
Cragis ¢ibposy 1 cTagis 12 (46,2)
2 cTapis 8(30,8)
3 crapgis 6(23,1)
Crapis ¢ibpoasy, cepeaHint 6an (+SD) 2,0+1,0
Crapis 3a Nakanuma  Cragisi 1 (0 6anis) 0
Crapis 2 (1-2 6anu) 12 (46,2)
Crapis 3 (3—4 6anu) 12 (46,2)
Crapisi 4 (5-6 6aniB) 2(7,7)
Crapis 3a Nakanuma, cepegHiii 6an (+SD) 26+0,6
[lonatkoBsi 03HaKku BiniapHuit iHTepdeinc 5(19,2)
VIR BarlonHa / nip'scTa auctpodis renatoumtia 12 (46,2)
MopTanbHuii i nepunoptanbHin Habpsik 8(30,8)
BiniapHi poseTkn 6(23,1)
Mykobinis 1(3,8)
3aranbHa cyma 6anis*** 3414

24+06 1,71+ 0,61 0004

0 1(7,1) <0,001*

8(27.6) 4(28,6)

8 (27,6) 6 (42,9)

13 (44,8) 3(214)

22+09 1,940,9 <0,001*

2(6,9) 1(7,1) 0,02¢

12 (41,4) 8 (57,1)

15 (51,7 5(35,7)

0 0

14406 13406 0,003

0 0 <0,001

1(34) 0

10 (34,5) 4 (28,6)

18 (62,1) 10 (71,4)

2507 2,7+0,50 <0,001

21(63,6) 13 (92,9) <0,001*

22 (66,7) 11 (78,6) <0,001*

7(24,1) 5(35,7) 0,7*

11(37,9) 6 (42,9)

9(31,0) 3(214)

2(6.9) 0

22+09 19408 0,4*

9(31,0) 5(35,7) 0,48

9(31,0) 4(28,6)

9(31,0) 5(35,7)

2(6.9) 0

11£09 09+09 03"

4(138) 7 (50) 0,05*

13 (44,8) 5(35,7)

12 (41,4) 2(14,3)

23+08 16407 0,07

0 0 0,04

3(12,0) 6(42,9)

20 (69,0) 6 (42,9)

6 (20,7) 2(14,3)

3105 2707 <0,001
4(48,3) 8(57,1) 0,04**
4 (82,8) 8(57,1) 0,02+

20 (69,0) 12 (85,7) 0,001
0(69,0) 10 (71,4) <0,001*
9 (65.5) 5(35,7) <0,001*

6416 67+19 <0,001

*: HenapameTpuyHuit Tect Kpackena—-Bonnica; **: TouHuiA kpuTepint dilepa; ***: 3aranbHa cyma Ganis Bknovana Taki NokasHWKW, K AYKTOMEHis, AyKTynspHa peakuis,
6iniapHa MeTannasisi, nepuaykTanbHuii ibpos, GiniapHuii iHTepdelic, GiniapHi poseTku, 6anoHHa / nip’sicTa AMCTpodis renatouunTie, NOpTanbHUA | NepunopTanbHUt Habpsik.

BapyKo3 cTpaBoxogdy) yacTiwe BussneHi npu ACX, ane
6e3 [OCTOBIPHUX MiXrpynoBux BigmiHHoCTew (p > 0,05).

Lli paHi nigTBepmkytoTh arpecuBHiLLmMin nepebir ACX
i3 TeHAeHLi€to A0 LWBMALLIOTO Po3BUTKY Gibpoay i LMpo3y
neviHk1. HatomicTb MeHLL BUpaxeHi cTagii idposy npu
MCX MoXyTb CBIZYATY NPO NOBINbHILWLNIA abo cyOKniHiY-
HWIA nepebir xBopobu Ha Yac BCTAHOBIEHHS fiarHo3y. 3a-
narbHi 3aXBOPIOBAHHS KMLLEYHWKA BUSIBNEH NEPEBAXKHO
y Aiten i3 GiniapHum cpeHoTunom A3IM: 72,4 % — npu ACX,
71,4 % —npu MCX, a npu AIl" — nuwe y 3,8 % navujieHTis
(p <0,001).

Y 6inbLuocTi nauiexTis i3 NCX (71 %) Ta ACX (72 %),
3a aaHumn MPXTTT, BUSIBNEHO YpaXKeHHS )KOBYHUX MPOTOK
BENUKOrO Kaniopy. [3onboBaHe ypaKeHHs1 Manux BHY-
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TPILLHBOMEYIHKOBKX MPOTOK BU3HAYeHO Y 29 % XBOpUX
Ha MNCX i 28 % nauieHTiB 3 ACX. YactoTa BUABNEHHS
(heHOTUNIB 3 ypaXeHHAM BENUKMX YA Manux MpoToK
[0CTOBIpHO He BigpisHsanaca mbx ACX i MCX (p > 0,05),
IO MIATBEPIKYE CXOXWIA CNEKTP BiniapHOro ypaeHHs
npy 060X HO30MOTISIX.

licTonoriyHuin aHania GionTaTiB neyiHk1 JaB 3mory
BCTAHOBWTW XapaKTEPHi O3HAKU YPAKEHHS XXOBYHMX
npoToK y nauieHTiB 3 A3IM. MegiaHa KinbkocTi nopTanbH1X
TPaKTiB, HA OCHOBI SIKMX 34INCHEHO OLiHIOBAHHS, CTaHO-
Buna 12 (11; 13). Lli pani BignosigatoTb Kputepiam agek-
BaTHOCTI GionciiHoro matepiany. Y mabnuyj 2 HaBegeHo
MOPIBHSAMNbHY XapakTepuCTUKy GiniapHuX 3MiH, 3a JaHMu
rictonorii, BianoBiaHo Ao knacudikauii Nakanuma.
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lMcTonoriyHa aKkTMBHICTb remaTuTy 3a knacudika-
uieto Nakanuma JOCTOBIpHO BigpisHAnacs Mixx rpynamm
(H = 11,04, p = 0,004). MocT-xok aHani3 nokasas, LU0
aKTMBHICTb renatuTy icToTHO Huxya npu NCX nopisHsaHO
3 ACX (p = 0,005) Ta AIl" (p = 0,012), a mix AIl" Ta ACX
BigMIHHOCTEN He BusiBneHo (p > 0,99).

AKTVUBHICTb XOMaHriTy, O XapakTepuaye iHTEHCUB-
HICTb 3ananeHHs )XOBYHWX MPOTOK i € BaXMBAM MOp-
¢honoriyHnm kpuTepiem GiniapHnUX ypaxkeHb, JOCTOBIPHO
BigpisHsanack y Tpbox rpynax (H = 22,1, p < 0,001). Ce-
penHi 6anu akTMBHOCTI XOMNaHT Ty BipOriAHO HUXYI B rpyni
AIl nopieHsiHo 3 ACX (p < 0,001) i ICX (p =0,011), a mix
ACX i MCX BiamiHHoCTe He BusiBneHo (p > 0,99). Mpynu
TaKOX BiApPi3HANMCS 3a CTyneHsamMu aktuHocTi (0-3 cT.) —
¥?=26,8,p<0,001.Y 69,2 % nauieHTis 3 All" BU3Ha4eHO
MiHiMarnbHy aKTUBHICTb, & XOMNaHrT 22 CT. 4iarHOCTOBAHO
mwe y 11,5 %. Y rpynax ACX i MCX xonaHrit 22 cT.
BCTaHOBMeHoy 72,4 % i 64,3 % aiten BignoBigHO. TsHKKMN
XOnaHriT (3 ct.) HanvacTiwe mamu gitn 3 ACX (44,8 %),
pigwwe —npu MCX (21,4 %) Ta Al (7,7 %, p = 0,006). Woro
YyacToTa AOCTOBIPHO BuLa B nauieHTiB 3 ACX NopiBHAHO
3 Al (p = 0,003).

[lyKToneHis, Lo xapakTepuaye BTpaTy MiX4aCTOHKO-
BYX )KOBYHUX MPOTOK (puc. 1), AOCTOBIPHO BiApi3HAnacs y
rpynax i 3a cepegHim 6anom (p = 0,003), i 3a po3noginom
cTyneHiB (x2= 11,9, p = 0,02).

[yxTonenito 0-1 ct. BusiBneHo y 81 % nauiexTiB 3
Al ay rpynax ACX i MCX —y 48 % i 36 % BianosigHo
(X2= 9,51, p = 0,009). YacToTa gykToneHii 2 cT. TaKoX
Buwa npu ACX i MCX, Hix npu Al (2= 6,3, p = 0,04).
Y nocTt-xok aHanisi (tect ®diwepa) BiporigHy pisHULIO
BcTaHosneHo Mix All" ta ACX (p = 0,002), a BigmiHHOCTI
mix Al i MCX (p = 0,102) He gocTosipHi. Lle, iMmoBipHO,
MOB’A3aHO 3 HEBEMNWKMM PO3MIPOM BUBIPKU.

Knacudikauis Nakanuma € 3py4HuMm i BigTBOPIO-
BaHUM METOAOM OLiHIOBaHHSA hibpoay, Lo 3icTaBHUN
3i Wwkanoto Metavir. Y 6inbwocTi nauieHTiB Tpbox rpyn
BU3Ha4YeHo ibpo3s 22 ctapii: Al — 54 %, ACX — 86 %,
MCX - 50 % (x2= 8,7, p = 0,01). MocT-xok aHani3 no-
KasaB, Lo YactoTta ibposy 2-3 CT. JOCTOBIPHO BULLA
npu ACX nopisHsiHo 3 All" (p = 0,02) i MCX (p = 0,02), a
mix Al i MCX BigMmiHHOCTEN He BusieneHo (p = 1,0). Lle
nigTBEPOAXYE BUpasHille ¢ibpo3He pemoaentoBaHHs 1
arpecusHiLumin nepebir ACX y aiten.

Knacudgikauis Nakanuma Takox gae 3amory OLiHio-
BaTV CTafito NPOrpecyBaHHs 3aXBOPoBaHHs, 6epyum o
yBaru aykToneHito Ta ¢ibpos. AHania posnoginy craain
(2-6 Ganis) M TpbOMa rpynamv 4as 3MOTy BU3HAYUTU
[ocToBIpHi BigMiHHOCTI (2= 10,0, p =0,04), a 3a cepenHim
6anom — cyTTeBy pisHuLio (p < 0,001). HaiBuLLi 3HaueHHs
3acpikcoBaHo npu ACX. Ctagito 3—4 manm 54 % naujieHTiB
3 AllL 90 % — 3 ACX, 57 % — 3 TCX (x2= 9,6, p = 0,008).
Y nonapHomy aHanisi BigMiHHOCTi 3achikcoBaHO Mix AllC
Ta ACX (p = 0,02), a mix All" i MCX pisHnLs He BUsiBneHa
(p=1,0). MopiBHaHHa ACX i NCX gano 3mory BU3Ha4unTu
TEHAEHLi0 40 YacTiLoro BUSIBNEHHS Mi3HIX cTagiv npu
ACX (p = 0,05).

MepupykTtanbHuin iGPO3 Ak Mapkep XPOHIYHOro
YLLIKOKEHHS! KOBYHUX NPOTOK BUSIBMEHO B YCiX NaLieHTIB
3ACXiMCX,y 61,5 % aiten 3 All" (x>= 32,1, p < 0,001).
MepuaykTanbHuin idpo3 3 CT. (ypaxkeHHs 23 aykTyn y
6GionTari) BusiBneHo y 62,1 % nauieHTis 3 ACXi 71,4 % oci6
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i3 MCX, a cepep Al — nuwe y 7,7 %. MonapHui aHani3
[aB 3mory 3agikcyBaTi JOCTOBIPHI BigMiHHOCTI Mixk All
Ta ACX (p < 0,001), AIl" i NMCX (p < 0,001), BigmiHHOCTE
mix ACX i [CX He BusBneHo (p = 0,73). KoHUEHTpUYHWUIA
nepuaykTansHuiA ibpo3 Tuny «onion-skiny (puc. 2A)
BusiBneHo y 63,6 % aiten 3 ACXi92,9 % 3MCX (p =0,23).

®ibposHo-06niTEPYIOMI PYOL (puc. 2B), Wo xapakTe-
pU3YHOTb MOBHY BTPATy MPOCBITY AYKTYN i3 3aMilLeHHsIM
(hibpo3HoIo TKaHWHO, BUSBNEHO Y 66,7 % aiten 3 ACX
Ta 78,6 % ocib i3 NCX (p = 0,5). Obuaei 03HaKM € Baxmnu-
BVIMW MapKepamu XpPOHIHHOro BiniapHOro yLLKOMKEeHHS Ta
cnpusiioTb Andeperuiaii knacuyHoro All Big BiniapHux
hopM aBTOIMYHHOIO YPaXKeHHS NEYiHKU.

[JyKTynspHy peakuito BU3HAYEHO B YCiX MaLieHTiB,
SKi 3anyyeHi 4O AOCIMKEHHS, ane AOCTOBIPHUX BiAMIH-
HOCTEN He BUSIBMEHO Hi 3a cepeaHim 6anom (H = 1,3,
p = 0,53), Hi 3a poanoainom cTyneHis (2= 0,7). biniapHa
MeTannasis renatoumTiB (puc. 3) Takox He Mana cTa-
TUCTWYHO 3HaYyLLMX BiAMiHHOCTEN y rpynax (H = 2,3,
p=0,32; x2=5,51, p=0,48), xou4a Tskui cTyneHi (2-3 ct.)
yacTiwe BusHaveHo npu ACX. BiniapHuit iHTepdeiic
(puc. 3) BuaHayeHo y 19,2 % nauienTis 3 All, y 44,8 %
niteit 3 ACX 1a 57,1 % Bunagkis MCX (x2= 6,7, p = 0,04).

iz Yac nonapHoro aHarniay BCTaHOBMNEHO LJOCTOBIPHY
pisHuLto Mix Al i TICX (p = 0,031) Ta TeHaeHUito Mix Al
i ACX (p = 0,050), BigmiHHOCTe# Mixk ACX i NCX He BusiB-
neHo (p = 0,53). BanoHHy / nip’acTy gucTpodito renaro-
LMTIB Y NepunopTarnbHin 3oHi (puc. 3) BusieneHo y 46,2 %
aiteit 3 All, 82,8 % — 3 ACX, 57,1 % — 3 MCX (x*= 8,3,
p =0,02). JocToBipHa pisH1Ls BU3HadeHa Mix All" Ta ACX
(p =0,005), a iHLWi NOPIBHAHHS CTATUCTUYHO HEBIPOTiAHI
(p > 0,05). MopTanbHuWiA i NepunopTanbHUi Habpsk Ya-
cTiwe Bu3HayeHo npu ACX (69,0 %) i MCX (85,7 %), Hix
npn AIT" (30,8 %) — 2= 13,76, p = 0,001). JocToBipHiCTb
niATBEPIKEHO 3@ pe3yrnsTaTaMyt MoMapHOro aHaniay ans
All" npotn ACX (p = 0,007) i MCX (p = 0,002), a mixx ACX
i MCX BigmiHHOCTEN He 3adbikcoBaHo (p = 0,29).

BiniapHi poseTkn YacTile BUSBNSANM B NaUieHTiB 3
ACX (69,0 %) i MCX (71,4 %) nopisHsiHO 3 AIl" (23,1 %;
X?= 14,2, p < 0,001). MonapHuin aHani3 nigTBepAWB Ao-
croBipHi BigMiHHocTi Mix AIl" Ta ACX (p = 0,001), mix All"
iMCX (p =0,006), a mixx ACX i ICX pi3HuLs CTaTUCTUYHO
HesHauywa (p = 1,0). Myko6inia (puc. 4), ouiHeHa 3a
PAS-peakujeto, Takox mMana CyTTeBi MiXrpynoBi BigMiH-
HocTi (2= 22,6, p < 0,001).

Y pesynsrari nonapHoro aHanisy [A0CTOBIPHY Pi3HULIO
BusineHo Mix All" Ta ACX (p < 0,001), a Takox mix Al
Ta MNCX (p = 0,014). BigminHocTi mix ACX Ta MCX He
BcTaHoBneHo (p = 0,10). Mykob6inito giarHocToBaHo y
65,5 % aiten 3 ACX, 35,7 % oci6 i3 NCX i nuwe y 3,8 %
xBopux Ha All".

BinbLicTb MopdhonorivyHnx 03Hak BiniapHoro ypa-
JKEHHS1, KpiM KOHLIEHTPUYHOTO NepUayKTanbHoro ibposy
Tnny «onion-skiny i hi6po3Ho-06niTEPyHOHOrO Py6LS, He €
YiTKO CreLmiYHMK Ta MOXYTb ByT1 BUSIBNIEHI NP Pi3HUX
ASI1. [ns uboro 3aiNCHMM OLHIOBAHHS CYKyNHOCTi 03HaK
6iniapHoro ypaxeHHs Ta xornectasy (yKTOMNeHis, JyKTy-
nsipHa peakuis, GiniapHa MeTannasisi, nepuayKTanbHWi
¢hibpo3, biniapHuii iHTepdeiic, GiniapHi po3eTku, 6anoH-
Ha / nip’sacta gucTpodis renaToumTie, NOpTanbHWNA i ne-
punopTanbHuii Habpsik). Cyma 6anis 3a LMy KpuTepismMm
[0CTOBIpHO Bigpi3Hanacs y rpynax (p < 0,001). 3aeasku
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Puc. 1. [lykroneHis y antuhm 3 ACX 3 ypaxeHHsM BenMKuX i ApiBHUX xoBYHMX npoTok. CTapis dibposy neviHkm — F2-3 3a Metavir. A: BupasHa fyKTynsipHa peakLuisi HaBkono nop-
TanbHoro TpakTy. BusHaueHo excnpecito CK7 y renatouuTax i oopMyBaHHsS XorecTaTuyHIX renatouuTapHUX po3eTok. XKOBYHOI NPOTOKM B NOpTanbHOMY TpakTi HeMae. IMyHoricTo-
XimiuHe 3abaperenHs Ha CK7, 36. x200. B: XKoB4Hoi npoToku B nopTanbHoMy TpakTi Hemae. Ocepekosa nimMdountapHa iHdinstpauis. FictoximiuHe 3abapenenHs PAS, 36. x200.

2A 2B

Puc. 2. A: MepuaykTanbHui (hibpo3 OBYHOI NPOTOKW 3a TUMNOM «LMBYRMHHOI LWKIpKKy» (onion-skin) y AuTuHK Bikom 10 poki 3 ACX i ypaxeHHsM Manux xoB4YHUX npoTok. CTagis
ibpoay F2 3a Metavir. 3abapsneHHs nikpodykcuHom, 36. x200. B: GibposHo-obniTepyoumii pybeLib K0B4YHOT NPOTOKM y AuTHHK BikoM 5 pokis i3 MCX. Ctaais ¢ibposy F1-2 3a
Metavir. 3aGapBneHHsi remaTokcUniHOM Ta eo3nHoM, 36. x200.

3 4

Puc. 3. BiniapHuit iHTepdpeic y auTuHM Bikom 14 pokis 3 ACX Ta ypaeHHsIM Manux XOBYHWX NPOTOK, cTagis Gibpoay neviHkv F4-F4 Metavir. lenatounTit nobnusy nopransHoro
TpakTy Habpsikni, 6nigo 3abapeneHi, MicusiMu 3 nooauHOKUMM TinbLsmy Mallory. MopTanbHWiA TpakT PO3LLMPEHUIA, 3i LWiMbHUM NiMONNAa3MOLIMTapHUM iHEINETPaTOM; BUSHAYEHO
BUpaXeHW iHTepdbelic-renatuT. Eniteniit XoBYHOT NPOTOKM YLLKOKEHWIA: 3achikcoBaHO HabpsiK, AeckBamalLlito, HepiBHOMIPHICTb BUCTUNAHHS. 3abapBneHHs nikpodykcuHom, 36. x200.

Puc. 4. MykoGinisi y naujeHTa Bikom 17 pokiB 3 ACX, cTapis ¢ibposy F3—F4 3a Metavir. 3a6apenenHsi PAS, 36. x400.
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LIbOMY YiTKO AncbeperuitoBanm nauieHTis 3AIM (3,4 +1,4),
ACX (6,4 = 1,6)i [MCX (6,7 £ 1,9). BigmiHHocTi mixk ACX i
MCX (p > 0,99) He BMU3HAYEHO, LLO NIATBEPMAXKYE CMiNbHI
MexaHi3MW natoreHesy Ta MopdonoriyHi 0cobnmeocCTi
LIMX 3aXBOPIOBAHb.

06roBopeHHA

Mig vac pocnigkeHHs nopiBHANM MOPMOOrivHi 0co-
6nMBOCTI ypaxXeHHs NeYiHku y TpbOX rpynax Aiten 3
A3[T: ayToiMyHHVM renaTUToM, ayTOIMyHHUM CKIepo3y-
I0YMM XONMaHFTOM | NEPBUHHUM CKMEPO3YHOUMM XOraH-
riTom. 3rigHO 3 pesynbratamu MOpIBHSAHHS, Li HO30Morii
MatoTb i CRinbHI pucK, | cneumdidHi MopdonoriyHi BigMiH-
HOCTI, BaXKNWBI A5 ANEePEHLAHOT AiarHOCTUKM.

3nebinbworo ansa Al y fiTen xapakTepHa BUCOKa
aKTUBHICTb renatuTy 3 GiniapHum komnoHeHToM. Lle
3HaYHO ycknagHe audepeHuiauito 3 ACX, ockinbku
MOXHa i nepebinbLuMTK ponb GiniapHOro YLIKOMKEHHS
i nomunkoBo AiarHoctyBatn ACX, i HedooLiHUTY 3any-
YEHHSI XOBYHUX NPOTOK. Y AiTeit 3 ACX Takox BU3HAYEHO
BUCOKY aKTVBHICTb renatuTy, ane, Ha BigmiHy Big All,
BOHa NoeHyBanacs 3 BUPasH1Mm o3Hakamu BiniapHoro
YLIKOKEHHS, LU0 CBIAYMTb MPO KOMBIHOBaHEe YpaxeHHs
renatouuTis i )oB4HMX NpoTok. LLlogo MNCX 3adikcoaHo
BIiJHOCHO HWXYy aKTUBHICTb renatuTy 3 AOMiHyBaHHAM
03Hak BiniapHoro ypaxeHHs.

[Ins OUHIOBAHHS YpaXXeHHS! XXOBYHUX MPOTOK BUKOPY-
CTaHo knacudikauito Nakanuma, siky TpaguLiiHO 3acToco-
BYIOTb Y IOPOCTIMX, 30KpEMa Mpu NepBuHHOMY GiniapHomy
Ta NEepBUHHOMY CKIIEPO3YKHOMY XonaHriTax [23,24]. Y pasi
All" Lito cncTeMy He BUKOPUCTOBYHOTb, OCKiNbKY yBara 3a3su-
Yail 30cepepKeHa Ha noprarnsHOMY Ta NepuUnopTansHOMYy
3ananeHHi. Brim, came BoHa Jana 3Mory CTaHAapTU30BaHO
OLiHUTK GiniapHuin KOMMOHEHT Npu AT,

Pesynbratit 4OCNImKEHHS, WO 34INCHANK, niaTBEp-
DKYIOTb: aKTUBHICTb XONaHriTy € NpoBigHOK Mopdo-
norivyHoto o3Hakot npu ACX i MNCX. Tak, 3ananeHHs
22 cTyneHs BusiBneHo y 72 % giten 3 ACX i 64 % naujieHTis
3 MCX, a npu AIl" — nuwe 11,5 % Bunagkis. Tsxkun (3
CTyniHb) XxonaHrity nepesaxas came npu ACX (45 %).
Lli naHi 36iratotbesa 3 gaHmmu A. Di Giorgio et al. [18], ski
onvcany MynsTudokanbHUi xonaHriTy 89 % aiteit 3 ACX
nopisHsHO 3 45 % npw AT, Mogi6HicTb YacToTh BUpas-
HOTO XOMaHriTy y Hawin koropTi (72 % 3 22 cTyneHem) Ta
pes3ynbTaris, WO 3adikcoBaHi nig Yac focnigpxeHHs [18],
MiSTBEPMAXYE, LLO 3ananbHUIA MPOLEC Y KOBYHMX MPOTOKax
€ KIMo4oBO MopdonoriyHoto o3Hakoto ACX y fiTen.

Pa3om i3 TM, MiHIManbHUIN XONaHriT 4iarHoCTOBaHO
y 69 % piten 3 AlT. Lle cBigumTh npo o6mexeHe, ane Bce
X 3anyyeHHs )XOBYHWX NPOTOK. BigomocTi haxosoi nite-
paTypu TakoX NiATBEPIKYHOT, LLO B Maxe 12 % Bioncin
npu All" BUSBRAOTE (hoKasibHy AECTPYKLIK0 XOMaHrion
abo iHdinbTpauito enitenito nimdounTamn 6e3 BTpaTH
npotok [32]. OTxe, aKTUBHICTb XOMaHMTy € BaXIMBUM
MOpdOnoriYHMM MapKkepom Ans cTpatudikaLlii nauieHTis
3 A3, npoTe BoHa He 3aBXaM YiTKO KOPemntoe 3 HO30-
NOriYHOK HanexHicTio. Lle obrpyHTOBYE HEOOXIOHICTbL
NOeAHAHHS MOPOSIONYHOO OLHIOBAHHS 3 KNiHIYHUMY,
GioxiMiyHMMK Ta Bi3yanizaLitHUMK JaHUMMU.

[lykToneHis € Baxn1BoK MOPONOriYHOK 03HAKOK
6iniapHoro ypaxeHHs [33,34,35]. Y Hawlomy gocnimkeH-

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

Hi BUKOpWUCTaHO YoTMpMBanbHy LWKany knacudikawii
Nakanuma fnst oLiHI0BaHHS BUPaXXeHOCTi AyKToneHii [23].
Xoya ii TpaguLinHO BM3HAYalOTb SIK Mapkep XonaH-
rionarivt, y Hawin koropTi nerkun ctyniHb (0-1 6an)
Bu3HayeHo i B faitent 3 AllC (81 %). Lle moxe cBiguntu
Mpo MiHiManbHe 3any4eHHs XOBYHUX MPOTOK HaBITb NpU
nepeBaxHO NapeHXiMaTo3HOMY (DeHOTMNI 3aXBOPOBaH-
Hs1. MomipHa pykToneHis (2 6anu) 3Ha4HO MoLLMpeHia
npu ACX (52 %) i MCX (36 %), ii pigwe BuaBnsmm npu
Al (11 %). Lle ninTBepmxye ii AiarHOCTUYHY LHHICTb Sk
iHOMKaTopa 3any4eHHst MKYaCTOUKOBMX KOBYHMX MPOTOK
npw xonaxrionarisix.

3asHaummo, Lo y Tpbox Aiten 3 Al BUsiBNeHo aykTo-
MeHito 2 cTynens. Lle Moxe CBig4YUTM Mpo paHHi NposiBu
GiniapHoro koMnoHeHTa abo NOTEHLHI 3MiHU heHOTM-
ny 3 yacom. Kpim TOro, y 3Ha4yHOi YaCTMHM NaLjeHTiB 3
AIl" Bu3HaueHo 3—4 crapii ibpo3y 3a knacudikauieto
Nakanuma. Le gae nigcrasv npunyctuty, WO B Takux
BUMNaAKax He3Ha4YHa AyKTOMEHis MOrma MaT BTOPUHHUI
xapakTep, 3yMOBMEHMI komnpecieto abo iLuemieto npoTok
Ha Tni BUpaxeHoro ibposy 1 nepebyaoBu TKaHWHW [36].
3a faHMMKW HayKoBOIT NiTepaTypu, BTpata XXOBYHUX NPOTOK
He 3aBxJW MOB’si3aHa 3 MEPBUHHUMK XOMnaHrionartis-
mu [37,38,39,40]. BoHa Moxe BUHUKATM i NPy iLLIEMIYHOMY,
TOKCUYHOMY, iMyHHOMY @00 iH(hEKLIIAHOMY YLLIKOIKEHHI.

Y TakvMx Bunagkax MOXMUBWIA PO3BUTOK CUHAPO-
My 3HWKHEHHS XOBYHMX MpoToK (vanishing bile duct
syndrome, VBDS), skui iHOZji BUSIBNSIOTb SIK TPAH3UTOPHY
AYKTOMeHito 3 MiHiManbHUM ¢hibposom i cnabo Bupa-
XKEHOI JYKTYNsipHOK peakuieto. Taki 3MiHu ocobnuso
XapakTepHi Ans paHHIX CTafin YLUKOMKEHHS Npu Bipyc-
HUX renaTuTax, MeguKaMeHTO3HOMY XonecTasi um nicns
TpaHcnnaHTauii. OTxe, iHTepnpeTauis AyKToneHii y aiten
3 A3l notpebye KOMNMEKCHOro NiaXody, BPaxoBykoum
CTyniHb hibpo3y Ta cynyTHi MopdonoriyHi 3mibu. Lle
CMPUSIE TOYHILLOMY BU3HAYEHHIO XapaKTepy ypaXXeHHs
Ta NOTEHUiINHMX NPOTHOCTUYHMX HACNIaKIB.

3a pesynbratamy HaLLoro AOCHIMKEHHS, ByKTYNSPHY
peakuito ([P) BusiBneHo B ycix Gioncisix He3anexHo Bia
HosonoriyHoi rpynu. Lle nigTeepaxye ii BUCOKy YacToTy
npw pisHnx cpopmax A3y gitenn. [Mpote aHi cepepHin 6an,
aHi po3nogin cTyneHis BupaxeHocTi [1P He nokasanu go-
CTOBIpHUMX BigMiHHOCTEN Mix rpynamm (H =1,3, p = 0,53,
¥2=0,7). Lle cBigunTb npo BigcyTHiCTb cneumdiyHoro
3B'A3KY MiX iHTeHcuBHICTIO 1P i TNoM 3axBoproBaHHS.
3ayBaxwumo, wo [1P BuaBeneHo B ycix giten 3 All; i Ui AaHi
BiANOBIJAOTb pe3ynbTatamM nonepeaHix AocnimxeHs [41].
Pa3om i3 TM YmMano Lmx nauieHTiB Manm TSHKKY CTagito
¢ibpoay, mainke 20 % — LMpPO3, LLIO MOFIIO BMIUHYTY Ha
BupaxeHicTb AP, Ak Bigomo, cTyniHb [1P TicHo noB’s3aHuin
3i cTagieto hibpo3y Ta MOCUITKETLCS 3 MPOrPECYBAHHAM
3aXBOPHOBaHHS [42,43,44].

3asHaummo, Lo HagiTb y rpyni nauieHTis 3 MNCX, ae
umpo3 BusiBnsAnm piako (7 %), AP 2-3 cTyneHis 3adikcosa-
Ho y 64 % Bunagkis. Lie Moxe Bka3dyBaTu Ha Te, L0 aKTu-
BaLlist GiniapHOro pereHepaTopHOro kKackaay BiabyBaeTbCs
HE NULLIe SiK BTOPMHHE sIBULLIE Ha hoHi chibposy, ane 1 sk
CaMOCTiliHa peakuis Ha YLUKOKEHHS XOBYHUX MPOTOK,
TUnoBa Ans xonaHrionariii. OTxe, xo4a [P BusBnsATL
npw Beix Trnax A3, il He MOXHa BUKOPUCTOBYBATU 5K Ca-
MOCTilHWIA KpuTepi ans audepeHuiadii All, ACX i MCX.
BogHouac ii mopdonoriyHi 0cobnnBoCTi B NOEAHaHHI 3
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iHLUMMK O3HaKaMW: yKTONEHIE0, AECTPYKLEI0 XOnaHrion,
nepuaykTansHum ¢ibpo3om i Mapkepamm xomnecrasy, —
LU0 MOXYTb MaTW [OAATKOBE [iarHOCTUYHE 3HAYEHHSs B
KOMMIEKCHOMY OLIiHKOBaHHi GioncinHoro matepiany [45].

MepuoykTanbHuin hibpo3 € XapakTePHOK 03HAKOK
XPOHIYHOIO YLUKOAXEHHSI MiKYACTOUKOBUX KOBUHUX
NPOTOK | TPAAMULINHO acoLlETLCSA 3 XOnaHrionaTiamu,
ak-oT ACX i NCX [17,18,19]. Y Hawomy AoCRiOXeHHi
0ro BUSBUMU B YCiX NaUiEHTIB LMX rpyn, Wo y3roa-
XYETbCA 3 BiLOMWMM NATOrEHETUYHUMI MEXaHi3amMamu
Lmx 3axBoptoBaHb. BogHouac 61 % giten 3 All" Takox
manu nepuayktanbHuin ¢ibpos, Wwo cBig4MTb Npo
MOro NOTEHLINHY HecneundiyHICTb i, IMOBIpHO, peak-
TVBHUI XapakTep Ha (YOHi XPOHIYHOro NMOpTanbHOro
3ananeHHst abo cibpoasy. BTim, BaxnuBoto € He nuwwe
BIlaCHe HasBHICTb, ane 1 nowmpeHicTb y GionTarti. Tak,
nepuaykTansHuin gibpoa y =3 aykTynax TMnosun ans
ACX (62 %) i NCX (71 %), a y rpyni AIl" Taky o3Haky
manu nuwe 8 % nauieHTi. Lli BiaMiHHOCTI cTaTUCTUYHO
ZocToBipHi (p < 0,001). CninbHui BiniapHuil natoreHe3
umx hopM NiATBEPAXKEHUA TUM, WO He 3adikCoBaHO
BiporigHoi pizHuui Mmix ACX i MCX (p = 0,73). Omxe, ne-
puaykTanbHWiA ibpo3 y =3 ayKTynax MoxHa BU3HaUUTH
K JOAATKOBMIA MOPEONOrivYHUIn MapKep XonaHrionarii.
Pa3om i3 TMM, MOOAMHOKI BUNaaKuW, KOnv BUSBNSANMA LitO
o3Haky npu All, noTpebytoTb 06epexHoi iHTepnpeTaLii,
Lo BpaxoBye cTagito ibpo3y, BUpaxeHicTb noprasb-
HOrO 3ananeHHs Ta KNiHivHi gaHi.

KnacuyHoto MopdpororiyHoto o3Hakoto MCX e chibpos-
HO-00ITEPYHOYNIA XONaHTIT, L0 Ha paHHIX CTagisx BUSIB-
NATb AK NepuaykTanbHuiA ¢ibpos Tvny «onion-skiny
HaBKOIMO CEPENHIX | BENMUKMX XXOBYHUX NPOTOK i3 HAcTyn-
HOIO [ecTpykuieto Ta atpodieto enitenito [10,20,46,47].
Y HaLwiin KoropTi KOHLEHTPUYHUIA «onion-skiny ibpo3
BUsiBNeHo y 64 % pitent 3 ACX 1a 93 % i3 MCX (p = 0,23).
LLle ogHa xapakTepHa 03HaKa XxornaHrionartii — hopMyBaH-
Hs1 (pibpO3HO-00MITEPYHOUMX PYOLIB Y 30HI YLLKOMKEHNX
ayktyn. Lis osHaka xapakTepusye noeHy abo manxe
MOBHY BTPATY NPOCBITY XXOBYHOI AYKTYNM i3 3aMiLLEHHAM
WinbHoto ibpo3HOK TKaHWHO, ii BUsIBNEHo y 67 %
naujeHTiB 3 ACX ta 79 % oci6 i3 NCX (p = 0,5). MogibHo
[0 «onion-skin» chibpoay, hibposHo-obniTepyrovi py6Li
€ BaXNMBUMW Mapkepamu XpPOHIYHOro BiniapHoro yLLKo-
[DKEHHS1 Ta MatoTb [iarHOCTUYHE 3HaYeHHs Ans AndepeH-
uiauii knacuyHoro All i GiniapHmx opm ayToiMyHHOrO
YPaXXEHHS NEYiHKM.

biniapHi po3eTkn € mopdonoriyHMM NposiBoM pe-
aKUii renaTouuTIB Ha YLIKOMKEHHS )XOBYHMX MPOTOK,
3okpema npu ix ibposi abo obnitepauii [31,32]. Ix
(hopMyBaHHS MOB’I3aHE 3 XONEeCTaTUYHUM CTPECOM, 3a
SIKOTO renatoLmTy HabyBatoTb GiniapHuX puc, rpynyoThHCS
HaBKOMO AMNaToBaHMX XOBYHWX KaHamMbLLiB, yTBOPHOUM
nceBaOTYOYNSAPHI CTPYKTYpU, Ta eKCrpecytoTb GiniapHi
kepatuHu (3okpema CK7). Lle cBigumTb Npo ceHoTmniy-
Hy TpaHchopMaLto renatouuTiB y Hanpsmi GiniapHoro
andbepeHuitoBaHHs. Taknin heHOMEH BM3HaYaloTh SK
afanTVBHY BIANOBIAb HA XPOHIYHE YPAXKEHHS XOBYOBM-
BiZJHOI CMCTEMMU, LLIO CyNPOBOKYETHCH PEMOAENHOBAHHAM
napeHximu [31]. BBaxatoTb, LU0 BiniapHi po3eTkv MOXyTb
YTBOPOBATUCS y 30HaX nponidepadii APIGHUX XOBYHUX
MPOTOK, CPUSIKOYM MIATPUMLI ApeHaxy xoBui. OTxe, BOHU
€ NPOSIBOM HecneundiYHOT peakLii NeviHKoBOi TKaHWHM
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Ha TpMBanum xonectas. Y nauieHTiB, AKX 3anyy4unu 0o
HaLLIOro JOCHimKeHHs!, BiniapHi po3eTky 3HaYHO YacTile
BusBnamm npu ACX (69 %) i NMCX (71 %) nopisHsiHO 3 Al
(23 %) — x2= 14,2, p < 0,001. Lii pai nigTBepmXytOTh,
Lo X HasBHICTb MOxe ByTu aoaatkoBuM Mopdororiy-
HUM KpuTepiem BiniapHoro eHoTUNy 3axBOpHOBaHHS,
0COBMMBO KOMM KMiHIYHUIA Nepebir cyMHiBHUI abo HeEMae
iH(hopMaTMBHMX NOKa3HMKIB xonaHriorpadii.

BiniapHui iHTepdelnc-renatuT (paHile BiZOMMIA SK
GiniapHniz MocTOMOZIOGHMIA Hekpo3) — BaxnMBa Mopdo-
noriyHa 03HaKa XOnecTaTuYHMX 3aXBOPIOBaHb MEYiHKM.
BiH noegHye xonaTHWi cTas, AYKTYNAPHY peakuiio Ta
¢hibpo3 y pisHMx koMGiHaLisix [32]. AKTUBHUI NOLLIYK LibOrO
(heHOMeHa Ma€ [jiarHOCTUYHE 3HAYEHHSI, 0CODNMBO SKLLO
Hemae xornectasy abo TUMOBUX YLUKOMKEHb XOBYHMX
NpOTOK. TepMiH XonaTHWiA CTa3 OMMCYe 3MiHW renaToum-
TiB Mif Gi€H0 XKOBYHUX KUCMOT: NepunopTanbHi KMiTUHKU
36inbLUytOTECA, HabyBakoTb OKPYrMOl (hOpPMU 3 TPO30POI0
CiTYaCTOK LMTONMAa3MOM0, YacTo 3 HAKOMUYEHHAM Mifi.
Y Bunagkax, Lo NpOrpecyroTb, BUHWKAE nip’acTa fere-
Hepauis renatouuTtie [32,48]. Y Hawwomy OOCTimKeHHi
6iniapHui iHTepdeic BuaBnsanu yacriwe npu ACX (45 %)
i MCX (57 %) nopieHsiHo 3 AIT (19 %) (x*= 6,7, p = 0,04).
Lii naHi nigTBepaXytoTh NepeBaxHe ypaxeHHs! XKOBYHUX
MPOTOK MpW XonaHrionatisx. Pasom i3 TUM, HasiBHICTb
6GiniapHoro iHTepdelicy B YacTuHu nauieHTie 3 Al cBig-
YUTb MPO MOXMMBE 3asyyeHHs GiniapHOro KOMMOHEHTa
Ta notpebye AMHaMIYHOrO MOHITOPWHTY, OCKINbKM Y TaKnX
ZiTeN 3 YacoM Moxe chopmyBaTucst GiniapHUi heHoTUN
ASI. BanoHHy / nip’AcTy AereHepaLlito renaToLuTiB Takox
yacriwe Busenanm B giten i3 ACX (83 %) i MCX (57 %)
nopieHsiHo 3 Al (46 %) — x?= 8,3, p = 0,02). MonapHui1
aHani3 nokasas AOCTOBIpHI BigMiHHOCTI Mix AIl" Ta ACX
(p =0,005), a nopiBHsAHHA AIl i3 MCX (p = 0,7) Ta ACX i3
MCX (p = 0,13) CTAaTUCTUYHO 3HAYYLLMX BiAMIHHOCTEW He
BusiBUNO. OTxxe, ypakeHHs renatouuTis 3a TMNom 6anoH-
HOI / mip’sicTol AereHepaLlii € MapkepoM XonecTaTu4yHoro
Ta 3anarnbHoro BnnvBy Npu BiniapHOMy YLLIKOMKEHHI.

Myko6inist — MopcbonorivHmi heHOMEH HaKOMUYEHHS!
Cnuay (MyuuHy) y NpOCBITi MX4ACTOYKOBUX SKOBYHUX
MPOTOK. Xo4a BiH ONMUCaHU NPU MYLMHMPOAYKYHNX
MyXJMHaX, MyKoGinito BUSBMSKOTL i NPY HU3L HEMYXIIUH-
HUX xonaHrionarin, 3okpema NCX, iHoZi BOHa BUHUKAE K
peakuisi Ha eHOCKOMIYHI Yn XipyprivHi BTpyYaHHs [32].
3a pesynbratamu HaLoro gocnimkeHHsl, PAS-no3ntusHy
riCTOXIMIYHY peakuilo Ha anikanbHii NoBepxHi enite-
nit0 QyKTyn 3HAYHO YacTille BWU3Ha4anu B MauieHTiB 3
ACX (65,5 %) i MCX (36,0 %) nopiHsiHO 3 AIl" (4,0 %)
(p < 0,001). 3BepHeMmO yBary Ha ii BUSBNEHHS B OLHOTO
nauieHTta 3 All Wwo Morno 6yTu HacnigKoM peakTUBHOI
3MiHW, ane 11 He BUKNoYae hopMyBaHHs BiniapHoro de-
HoTuny. Lle 3yMOBiOE OOLINBHICTE YTOYHEHHS diarHo3y
Mig Yac AMHAMIYHOTO CrOCTEPEKEHHS.

Bucoka yacrtota mykobinii npu ACX Ta NCX ciguutb
Mpo ii 3B’A30K 3 iIMYHHUMW XOMaHrionaTisMu. Y KOHTEKCTi
XPOHiYHOro BiniapHoro 3ananeHHs Lei heHoMeH Br3Ha-
YaloTb SK HACNI[OK YLUKOMMKEHHS eniTenito, CEKPETOPHOT
meTannasii Ta aKkTBaLii pereHepaTopHuX npouecis [32].
Xouya Mykobinisi He € cneLmMgIiYHOK 03HaKOK NEBHOI HO-
30110ril, il BUSIBNEHHSI MOXXE MaTU AjarHOCTUYHE 3HAYEHHS,
0CcobnmMBO Konm xonaHriorpadiyHi MeToan HepoCTyMNHi abo
HeiHOPMaTMBHI.
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BinbLuicTe MopdhonoriyHmx 03Hak GiniapHoro ypaxeH-
Hs1, KpiM KOHLIEHTPUYHOTO NepuayKTansHoro ibposy Tuny
«onion-skiny Ta ¢ibpo3Ho-o6niTepytoyoro pybus, He €
yiTkO cneuwmdiyHuMK, ix BusiBnsoTe npu Al ACX ta MCX.
Lle notpebye obepexHoi iHTepnpeTaLlii # KOMMIEKCHOTO
nigxoay, BpaxoBytoun KniHiko-nabopaTtopHi faHi Ta BECb
CNeKTp ricTonoriyHux 3miH. Takui nigxig gonomarae
YHUKHYTW rinepgiarHocTuku GiniapHoro deHoTuny Ta
MOMWIIKOBOI CTpaTudikauii 3axBoproBaHb. |HTerpansHe
OLjiHtOBaHHS MOPOMNOriYHNX O3HAK (BYKTOMEHIs, AYKTY-
nsipHa peakuisi, biniapHa meTannasis, nepuaykTanbHWiA
¢ibpos, GiniapHui iHTEpdeic, BiniapHi poseTku, Ha-
noHHa / nip’Acta AncTpodis renatouuTis, NOPTanbHWIA i
nepunopTanbHWiA Habpsik) 4ano 3Mory BUSBUTY BIipOTigHi
BiAMIHHOCTI Mix rpynamu (p < 0,001). 3a cymoto 6anis
yiTko po3pisHanu All" (3,4 +1,4), ACX (6,4 + 1,6) Ta lNCX
(6,7 = 1,9). Hanbinbly cknagHicTb CTaHOBUTL Aude-
peHuiauisa mix Al Ta iMyHHUX xonaHrionartin. Y Takux
[iarHOCTUYHO HEBM3HAYEHNX BUMaaKax 3anponoHOBaHWIA
nigxig, Mae 0cobnmBy NPaKTUYHY LHHICTb.

BucHOBKU

1. BukopuctaHHs MoangikoBaHoi knacudgikauii
Nakanuma y noegHaHHi 3 oLjiHIOBaHHAM [04ATKOBUX
MOPJONOriYHNX 03HaK XonecTasy Aae 3Mory 06'eKTMBHO
oLjHMTY Ta cTpaTudikyBaTyh GiniapHe ypaxeHHs y aiten
3 ayTOIMYHHUMM 3aXBOPHOBAHHAMM MEYIHKY.

2. [inqa GiniapHoro cheHOTHMy ayTOIMyHHUX 3aXBO-
prOBaHb MeYiHKK (ayTOIMYHHMWIA CKMEPO3yHYMIA XONAHTIT i
NEPBUHHWI CKIEPO3YH4UIA XOMaHTIT) XapaKTepHe YacTile
BUSIBMEHHS XonaHriTy 22 ctynens (72 % npu ACX, 64 %
npu MNCX), pykToneHii 22 ctynens (52 % i 36 % Bigno-
BifHO) Ta nepuayKTanbHoro ibposy 3 cTyneHs (62 % i
71 % BiANOBIAHO) NOPIBHSHO 3 @yTOIMYHHUM renaTuTom
(11,5 %, 11,5 % i 8,0 % BignoBigHO).

3. [HTerpasnbHe oLiHIBaHHA MOPMOSONiYHMX O3HaK
6iniapHOro ypaxeHHs!, O BKIIHOYAE [YKTOMEHIO, AyK-
TYNApHY peakLito, nepuaykTanbHuii dibpos, a Takox
[lofaTKoBI kpuTepii xonecTaay (GiniapHi po3eTky, biniapHa
meTannasisi renatouuTis, BiniapHun iHTepdeic, Mykobi-
i, NopTansHUi i nepunopTarnbHWA HAGPSIK), AaoTb 3MOry
CTpaTudikyBaTyh NaLieHTiB 32 PeHOTUMNOM 3aXBOPIOBAHHSI.
Cyma 6aniB <4 xapaktepu3aye napeHxiMaTo3Huin eHo-
TMN (ayTOIMYHHWIA renatuT), a 26 — GiniapHuii eHoTMN
(ayTOiMyHHUMIN CKNEPO3YHOUMIA XONAHTIT abo NEPBUHHWIA
CKIepo3ytounii xonaHrit). OcobnmBoro 3Ha4eHHs L AaHi
HabyBatoTb, konu Hemae Tunosmx Ans MCX o3Hak.

MepcneKTMBM NOAAABLLMX AOCAIAXKEHB CMIPUSIOTL e-
TanbHILLOMY PO3yMiHHIO MopdbonoriyHmx Mapkepis Biniap-
HOTO YpaXXeHHs! Ta IXHbOrO 3B’A3KY 3 KMiHIYHUM nepebirom
A3IM y piten. Ui gaxi gagyTb 3mory onTuMidyBaTu fia-
THOCTWYHI MIZXOAW, CNIPUSTUMYTh PaHHEOMY BUSIBNEHHIO
6GiniapHoro cheHoTUNY Ta hopMyBaHHH iHAMBIAYyani3oBa-
HUX cTpaTerin nikyBaHHS. Y HacTynHuX nyonikauisx byne
NpeCcTaBneHo aHanis 4oaaTkoBKUX MOPOMNOrivyHMX Ta
iMyHOTICTOXIMIYHWMX MapKepiB YpaXeHHS >KOBYHWUX MPOTOK.
Ha Hawwy aymky, Le AacTb 3mory noninwuti po3ymiHHs
naToreHesy 3axXBOPHOBAHHS Ta NOKPALLMTY e(hEKTUBHICTb
AiarHOCTUKM Y CKMagHMX KNiHIYHWX BUNagKaXx.
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The aim: to analyse the dynamics of TGF-13 and MMP-9 in the blood serum of patients with chronic hepatitis C (HCV) infected
with HCV GT1 on the background of antiviral treatment depending on the severity of liver fibrosis.

Materials and methods. The study included 92 patients with GT1 HCV infection treated with antiviral therapy (AVT) —
OBV /PTV /r+DSV+RBV. The severity of liver fibrosis was determined by elastometry. The content of TGF-1f (Elabscience,
USA) and MMP-9 (Elabscience, USA) in the blood serum was determined by ELISA.

Results. In patients with CHC GT1 before the start of AVT, profibrogenic potential prevailed: increased TGF-1p (p < 0.05),
decreased MMP-9 (p < 0.05) and a higher TGF-18 / MMP-9 ratio (p < 0.05). AVT (OBV / PTV / r+DSV+RBV) slows down
fibrogenesis and activates antifibrotic processes, which is confirmed by an increase in MMP-9 (p < 0.05) and a decrease in
TGF-1B/MMP-9 (p < 0.05) compared to the pre-treatment values. Prior to AVT, patients with GT1 HCV with liver fibrosis F 0-2
had lower MMP-9 levels (p < 0.05) than healthy subjects, with no changes in TGF-13 and TGF-13 / MMP-9 ratio (p > 0.05).
In patients with F 3—4 liver fibrosis, serum TGF-1B and the TGF-18 / MMP-9 ratio were higher, and MMP-9 was lower, both
compared with healthy subjects (p < 0.05) and compared with patients with F 0-2 (p < 0.05). In patients with F 0-2, at the
time of completion of AVT, the studied parameters do not differ from healthy individuals (p > 0.05). In patients with F 3—4 at
the time of completion of AVT, the TGF-1[3 / MMP-9 ratio remains higher both in comparison with healthy individuals (p < 0.05)
and in comparison with patients with CHC GT1 with liver fibrosis F 0-2 (p < 0.05).

Conclusions. We demonstrated more significant dynamics of antifibrotic changes during direct-acting antiviral agents based
AVT in patients with GT1 CHC in the presence of F 0-2 liver fibrosis compared to patients with F 3—4.

Aunamika Bmicty TGF-18 i MMP-9 y cupoBaTLi KpoBi naui€eHTiB
i3 XpoHiuHum renatutom C, iHdpikoBaHux HCV GT1, Ha $oHi npoTUBIpyCHOrO AiKyBaHHA
3aAeXHO BiA CTyneHs BUpaXkeHocTi ¢pibpo3y neviHku

0. B. PA60KoHb, I. B. BeHuupbka, 1. 10. Pa6okoHb

Merta po6otu — npoaHaniaysatu auHamiky Bmicty TGF-13 i MMP-9 y cupoBaTtLi KpoBi NawieHTiB i3 XpoHiuHUM renatutom C
(XIC), iHdhikoBaHx HCV GT1, Ha choHi NpOTUBIPYCHOTO NiKyBaHHS 3aneXHO Bif CTYMNEeHst BUpaxeHOCTi ibpo3y neviHku.

Martepianu i metopu. Obctexunn 92 xsopux Ha XI'C GT1, aki oTpumyBanu npoTusipycHy Tepanito (MBT) —
OBV/PTV/r+DSV+RBV). CtyniHb BUpaxeHocTi hibposy neviHkv BU3Ha4eHo MeTopoM enactometpii. Metogom IOA BusHaveHo
Bmict TGF-1p (Elabscience, CLLUA) Ta MMP-9 (Elabscience, CLUA) y cupoBartLi KpoBi.

Pesyastatu. Y xBopux Ha XI'C GT1 go noyatky MBT Bu3Ha4eHO npeBantoBaHHs NpodibporeHHOro noTeHujiany: niaBULLEeHHS
TGF-1B (p <0,05), 3HvmkeHHs MMP-9 (p < 0,05) i Buwmn koeditieHT TGF-13/ MMP-9 (p < 0,05). NBT (OBV/PTV /r+DSV+RBV)
Crpusie YNOBINbHEHHIO NpoLeci ibporeHesy 1 akTvBaLii aHTUIGPOTUYHIX NPOLIECIB, LLO NIATBEPLKYE NiABULLEHHS BMICTY
MMP-9 (p < 0,05) Ta 3HmkeHHa TGF-13 / MMP-9 (p < 0,05) nopiBHsIHO 3 MOKa3HWUKaMK 40 NoYaTky fikyBaHHS. [o noyatky
MBT y xeopux Ha XI'C GT1 i3 chi6po3om nevikm F 0—2 BmicT MMP-9 Huxxunii (p < 0,05), Hixk y 30opoBux ocib, 6e3 3miH BMiCTY
TGF-1B i koediujeHta TGF-13 / MMP-9 (p > 0,05). Y xBopux i3 ¢ibpo3om neviHku F 3—4 Bmict TGF-1f3 y cupoBatui Kposi
Ta koegpitieHT TGF-1B / MMP-9 Buwwiz, a BMict MMP-9 Huxymnin nopiBHsHO i 3i 3gopoeumu (p < 0,05), i 3 xBopumm 3 F 0-2
(p < 0,05). Y xBopux i3 F 0-2 Ha yac 3aBepLueHHs BT gocnimkeHi NoKasHWky He BigpisHANUCS Bi AaHWX 300pOBUX OCIO
(p > 0,05). Y xBopux i3 F 3—4 Ha yac 3aBepLueHHs MNBT koediuieHT TGF-18 / MMP-9 3anuwaeTbcs BULLMM MOPIBHSHO i 3i
3goposumm (p < 0,05), i 3 xBopumm Ha XI'C GT1 3 ¢hibpo3om neviku F 0-2 (p < 0,05).

BucHoBku. BusiBneHo 6inblu BupaxeHy gnHamiky aHTUGiOGpOTUYHMX 3MiH BHacnigok 3acTocyBaHHs MBT, wo Bknovana
npoTUBIpYCHI NpenapaTu npsmoi 4ii, y xeopux Ha XI'C GT1, aki manu ¢ibpo3 neviHkn F 0-2, nopiBHAHO 3 nauieHTamm
3F 3-4.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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Original research

Chronic hepatitis C (CHC) remains a significant healthcare
burden in many countries around the world [1]. Prolonged
exposure to hepatitis C virus (HCV) provokes the deve-
lopment and progression of liver fibrosis, which leads
to the formation of liver cirrhosis and/or hepatocellular
carcinoma, which are the main causes of death in these
patients [2,3,4]. The highest priority for the treatment of
patients with HCV is etiotropic treatment with direct-act-
ing antiviral agents (DAAs), which allows achieving a
sustained virological response (SVR) in the majority of
treated patients [3]. The possibility of HCV eradication
reduces the likelihood of developing severe disease
complications [3,5,6].

Currently, there are many antiviral therapy (AVT) reg-
imens using DAAs that have proven to be highly effective
in eradicating HCV [3,4,6,7,8]. While the high efficacy of
DAAs in eradicating HCV has been proven [3,4,5,6,9],
the question of whether fibrotic changes in the liver can
regress after DAAs remains open. It is known that AVT
with interferon-containing regimens had, in addition to
antiviral effect, a certain impact on the regression of liver
fibrosis due to immunomodulatory effect [10,11].

For example, study [10] compared histological chang-
es in the liver before and after combined treatment with
peg-interferon and ribavirin in patients with CHC. It has
been shown that patients with liver fibrosis severity F 22
who achieved SVR had a reduced risk of progression of
fibrotic changes in the liver, but did not experience a com-
plete regression of existing changes in liver structure [10].
It is assumed that since the formation of liver fibrosis
involves both extracellular matrix deposition and its deg-
radation, it may be subject to some regression [11,12].
However, the issue of the antifibrotic effect of AVT is quite
controversial and there are currently no convincing data
on the regression of liver fibrosis after AVT with DAAs.
In the current literature, there are few reports on the as-
sessment of liver fibrosis regression both in experimental
models and among patients with liver disease [11,13,14].
At the same time, the accumulation of clinical data on this
issue is still ongoing.

It is known that fibrosis is a dynamic process, which,
on the one hand, is regulated by the effects of profibro-
genic and proinflammatory cytokines, the main of which is
transforming growth factor 18 (TGF-18) [11,12,15,16], and
on the other hand, by the effects of antifibrotic cytokines,
due to various subpopulations of macrophages that induce
the expression of matrix metalloproteinases (MMPs),
which ensures the breakdown of the formed collagen [16].
Pro-fibrogenic mediators are produced in response to
prolonged damage to epithelial and endothelial cells,
inflammatory reactions, and signs of oxidative stress [15].

In the case of prolonged inflammatory factors, as is
the case in patients with CHC, activated myofibroblasts
deposit an abnormally high amount of proteins in the
extracellular space, which leads to fibrotic changes in
the liver [15,16,17]. TGF-1f is a regulator of cell differen-
tiation, migration, and proliferation, i. e., it is involved in
both the reparative response and fibrosis formation [18].
Overexpression of this cytokine contributes to the for-
mation of fibrotic changes, and prolonged induction of
TGF-1B is usually associated with the severity of fibrotic
changes, which may predict the degree of fibrosis pro-
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gression [17,18,19]. At the same time, TGF-1( is released
not only through the synthesis of new molecules, but also
by activating existing latent forms of the cytokine [18].

Therefore, understanding the balance between the
leading mediators of profibrogenic and antifibrotic mech-
anisms is especially important for assessing the intensity
of fibrosis, which is of significant prognostic importance
for assessing not only the natural course of CHC, but also
for assessing the possible regression of fibrotic changes
in the liver after virus eradication.

Aim
To analyse the dynamics of TGF-13 and MMP-9 in the
blood serum of patients with chronic hepatitis C infected

with HCV GT1 on the background of antiviral treatment
depending on the severity of liver fibrosis.

Materials and methods

The study included 92 patients with CHC infected with
HCV GTH1, all of whom had subtype b. Gender compo-
sition: men — 40, women — 52. The patients’ age ranged
from 27 to 72 years, with a median age of 54.5 [44.5; 61.5]
years.

Patients were examined at the Municipal Non-Profit
Enterprise “Regional Infectious Disease Clinical Hospital”
of the Zaporizhzhia Regional Council. All patients received
DAAs under the State Programme in accordance with the
Unified Clinical Protocol for Primary, Secondary (Special-
ised) and Tertiary (Highly Specialised) Medical Care “Viral
Hepatitis C in Adults” (Order of the Ministry of Health of
Ukraine No. 729 of 18.07.2016). The diagnosis of hepatitis
C was etiologically confirmed by the detection of anti-HCV
in the blood by enzyme-linked immunosorbent assay and
RNA-HCV with virus genotyping by polymerase chain
reaction. Patients enrolled in the study received a 12-week
3D regimen (OBV / PTV / r+DSV+RBV) consisting of
ombitasvir (OBV), an NS5A protein inhibitor; pariteprevir
(PTV), an NS3/4A protease inhibitor; ritonavir (r), which
enhances the effects of ATV and dasabuvir (DSV), which
is a non-nucleoside inhibitor of HCV RNA-dependent RNA
polymerase; and in the presence of severe liver fibrosis,
ribavirin (RBV) was added to the regimen [4,6]. According
to the Protocol, the response to AVT was assessed by
biochemical (ALT activity) and virological (detection of
RNA-HCV in the blood) parameters at the time of AVT
completion and 12 weeks after AVT.

The severity of liver fibrosis was determined in all
patients with CHC GT1 by shear wave elastometry.
Depending on the severity of liver fibrosis, patients were
divided into groups: 48 patients with liver fibrosis F 0-2
and 44 patients with F 3—4. All patients were examined in
the dynamics before the start of AVT, after completion of
AVT and 12 weeks after completion of AVT to assess SVR.

On the basis of the Training Medical and Laboratory
Center of Zaporizhzhia State Medical and Pharmaceutical
University the content of transforming growth factor 18
(TGF-1B) (Elabscience, USA) and metallomatrix pro-
teinase 9 (MMP-9) (Elabscience, USA) in the serum of
patients with GT1 CHC and 20 healthy control subjects
was studied by enzyme-linked immunosorbent assay. The
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Table 1. Dynamics of TGF-1f and MMP-9 content in blood serum and TGF-1 / MMP-9 ratio in patients with CHC GT1 in the dynamics of AVT,

Me [Q25; Q75]

Indicator, units of measurement Healthy people, n = 30

TGF-1B, pg/ml
MMP-9, pg/ml
TGF-18 / MMP-9

6.20 [4.90; 7.00]

0.005 [0.004; 0.006]

1269.43 [1088.70; 1331.50]

12.30[7.03; 15.16] *
923.69 [627.13; 1117.96] *
0.013[0.006; 0.023]*

8.16 [5.16; 12.81

Patients with CHC, n =92
before AVT at the time of AVT completing

]1

1259.9 [909.72; 1520.90]
0.008 [0.005; 0.013]"2

1: difference is significant compared to healthy subjects (p < 0.05); 2: compared to the pre-AVT levels (p < 0.05).

TGF-1B / MMP-9 ratio was calculated for each patient
with GT1 CHC and healthy subjects.

Statistical processing was performed using Statis-
tica 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).
The results of quantitative parameters are presented as
median and interquartile ranges Me [Q25; Q75]. To as-
sess the reliability of differences in quantitative indicators,
the Mann-Whitney test was used between independent
samples and the Wilcoxon test between dependent sam-
ples. The x? test was used to assess differences between
qualitative parameters. Correlation analysis (Spearman,
gamma) was conducted. Differences at p < 0.05 were
considered significant.

Results

According to the results of our study, it was found that in
patients with CHC GT1 before the start of AVT with the
OBV / PTV / r+DSV+RBYV regimen, the median content
of the profibrogenic cytokine TGF-18 in the patients’
serum was higher (2-fold, p < 0.05), and the content of
the fibrinolytic cytokine MMP-9 in the serum was lower
(1.4-fold, p < 0.05) compared with healthy subjects.

Before the start of the AVT, the median TGF-
18 / MMP-9 ratio, which reflects the processes of
fibrogenesis / fibrinolysis, was statistically significantly
higher (2.6 times, p < 0.05) than in healthy subjects,
which confirmed the prevalence of profibrogenic poten-
tial. Assessment of the serum levels of these cytokines
at the end of AVT showed that TGF-1B had only a
downward trend (p > 0.05), and MMP-9 levels statistically
significantly increased (p < 0.05) compared with the cor-
responding values before the start of therapy. It should
be noted that at this stage of observation, a decrease
in the median TGF-1B/MMP-9 ratio (1.6 times, p < 0.05)
was recorded compared with the corresponding value
before treatment, but it remained higher (p < 0.05) than
in healthy subjects.

The positive dynamics in the recovery of indicators
reflecting the processes of fibrogenesis / fibrinolysis
suggests a slowdown in fibrogenesis and activation of
antifibrotic processes (Table 1).

When evaluating the efficacy of AVT in patients with
GT1 CHC infection using the OBV / PTV / r+DSV+RBV
regimen, it was found that the frequency of achieving
SVR12 did not depend (p > 0.05) on the severity of liver
fibrosis and was high in both study groups. SVR12 was
achieved in 45 (93.8 %) patients with liver fibrosis F 0-2
and in 42 (95.5 %) patients with liver fibrosis F 3—4. Ac-
cordingly, the absence of virological response to treatment
was recorded in 3 (6.3 %) patients with F 0-2 liver fibrosis
and 2 (5.4 %) patients with severe F 3—4 liver fibrosis, as
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Fig. 1. Frequency of HCV-RNA detection in the blood of patients with CH
of AVT according to the OBV / PTV / r+DSV+RBV regimen depending on t

evidenced by the detection of HCV-RNAin the blood after
completion of the AVT (Fig. 1).

Evaluation of the biochemical response by ala-
nine aminotransferase (ALT) activity in the blood
serum in patients with GT1 HCV during AVT with the
OBV / PTV / r+DSV+RBYV regimen showed that before
the start of AVT, most patients had cytolytic syndrome,
but the frequency of detection of elevated serum ALT
levels was higher in the group of patients with liver
fibrosis F 3—4 compared with patients with F 0-2:
36 (81.8 %) vs. 25 (52.1 %) patients (x2=9.08, p < 0.01).
In the dynamics after AVT in patients with CHC GT1, a
significant decrease in the proportion of patients with
elevated serum ALT activity was noted in both study
groups compared with the baseline.

Thus, among patients with F 0-2 liver fibrosis at the
time of AVT completion, the number of patients with elevat-
ed ALT decreased from 25 (52.1 %) to 7 (14.6 %) patients
(2= 15.9, p < 0.0001) at the time of completion of AVT
therapy and to 4 (9.1 %) at the time of SVR12 assessment
(x2=21.79, p <0.0001) compared with the pre-AVT. And in
the group of patients with F 3—4 liver fibrosis, the number
of patients with elevated ALT decreased from 36 (81.8 %)
to 6 (13.6 %) patients (x?=40.99, p < 0.0001) at the time
of AVT completion and to 4 (8.3 %) at the time of SVR12
assessment (x?= 46.93, p < 0.0001) compared with the
pre-AVT. At the same time, a comparison of the frequency
of elevated serum ALT activity in patients with F 0-2 and
F 34 liver fibrosis did not reveal a statistically significant
difference (p > 0.05) both at the time of AVT completion
and 12 weeks after completion of AVT (Fig. 2).
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Table 2. Dynamics of TGF-13, MMP-9 content in blood serum and TGF-1f / MMP-9 ratio in CHC patients with GT1 in the dynamics of AVT depending

CHC patients, n = 92
F0-2,n=48 F3-4,n=44

on the stage of liver fibrosis, Me [Q25; Q75]

Indicator,
units of
measurement

Healthy people,
n =30

before AVT

at the time of AVT before AVT at the time of AVT
completing completing
6.9 [4.1;10.5] 15.2[13.4; 18.4]"° 9.8 [7.0; 14.8]"2

1348.10 [1041.80; 1654.90]* 725.12 [488.74; 994.71]"* 1070.00 [638.89; 1313.80]**
0.006 [0.004; 0.009] 0.020[0.013; 0.035]"* 0.012[0.007; 0.023]"*

TGF-1B, pg/ml
MMP-9, pg/ml
TGF-18 / MMP-9

6.2[4.9;7.0] 7.0 [4.5; 8.5]
1269.43 [1088.70; 1331.50] 994.03 [753.41; 1151.13]"
0.005 [0.004; 0.006] 0.006 [0.004; 0.010]

1: the difference is significant compared to healthy people (p < 0.05); 2: compared to patients in the corresponding group before the start of AVT (p < 0.05); 3: compared to
patients with liver fibrosis F 0-2 during the corresponding observation period (p < 0.05).
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Fig. 2. The frequency of increased serum ALT activity in patients with CHC GT1 depending on the
degree of liver fibrosis in the dynamics of AVT. 1: the difference is significant compared to F 0-2
(p < 0.05); 2: compared to patients in the corresponding group before AVT (p < 0.001).

Comparison of the severity of cytolytic syndrome
in CHC patients with GT1 with different severity of liver
fibrosis during AVT with the OBV / PTV / r+DSV+RBV
regimen showed that before AVT, the median serum ALT
activity in patients with liver fibrosis F 3—4 was higher
compared with patients with liver fibrosis F 0-2 and was
1.47 [1.01; 2.37] mmol/hour.l versus 0.86 [0.48; 1.33]
mmol/hour.| (p < 0.05). Subsequently, after AVT, both at
the time of AVT completion and 12 weeks after AVT com-
pletion, serum ALT activity in patients, regardless of the
severity of liver fibrosis, was lower (p < 0.05) than before
AVT. It should be noted that after AVT, the median serum
ALT activity in patients of both study groups remained
within the reference values.

According to the results of our study, it was found that
before the start of AVT in CHC patients with GT1 with liver
fibrosis F 0-2, the median TGF-1f content was not statis-
tically different from that of healthy individuals (p > 0.05).
However, the content of MMP-9 in the blood serum was
lower (1.3 times, p < 0.05) than in healthy subjects. At the
same time, the median TGF-1B / MMP-9 ratio before AVT
was not statistically different from the corresponding ratio
in healthy subjects (p > 0.05).

In the group of patients with liver fibrosis severity
F 3-4, the content of TGF-18 in the blood serum was high-
er both in comparison with healthy individuals (2.5 times,
p <0.05) and in comparison with patients with liver fibrosis
F 0-2 (2.2 times, p <0.05). The median content of MMP-9
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in the blood serum of patients with liver fibrosis F 3—4
was significantly lower both in comparison with healthy
individuals (1.8 times, p < 0.05) and in comparison with
patients with liver fibrosis F 0-2 (1.4 times, p < 0.05). At
the same time, the TGF-1 / MMP-9 ratio in patients with
CHC with severe stages of liver fibrosis F 3—4 was 4 times
higher (p < 0.05) compared with healthy subjects, and 3.3
times higher (p < 0.05) than in patients with stages of liver
fibrosis F 0-2, which confirms the greater prevalence of
fibrogenesis over fibrinolysis (Table 2).

At the time of AVT completion with the OBV / PTV /
r+DSV+RBV regimen, a statistically significant increase
in serum MMP-9 levels was observed in CHC patients
with GT1 with F 0-2 liver fibrosis compared with the cor-
responding indicator before AVT (p > 0.05). In patients
with liver fibrosis F 0-2, at the time of AVT completion,
the serum levels of TGF-1f and MMP-9, as well as the
TGF-1B / MMP-9 ratio, did not statistically differ from the
corresponding values in healthy subjects (p > 0.05). In
patients with F 3—4 liver fibrosis, at the time of AVT com-
pletion, a statistically significant decrease in the content of
TGF-1B in the blood serum was noted compared with the
corresponding indicator before AVT (1.6 times, p < 0.05),
but remained statistically significantly higher compared
with healthy subjects (2.5 times, p < 0.05).

When assessing the content of MMP-9 in the blood
serum at the time of AVT completion, an increase (1.5
times, p <0.05) was noted compared with the correspond-
ing indicator before the start of AVT. However, the serum
levels of MMP-9 in patients with F 3—4 liver fibrosis during
this observation period remained lower than in patients
with F 0-2 liver fibrosis (1.3 times, p < 0.05). However,
despite the above-mentioned dynamics of TGF-1B and
MMP-9 in the serum of CHC patients with GT1 with liver
fibrosis F 3—4, the TGF-18 / MMP-9 ratio at the time of
AVT completion remained higher both in comparison with
healthy individuals (2.4-fold, p < 0.05) and in comparison
with CHC patients with GT1 with liver fibrosis F 0-2 (2-
fold, p < 0.05). The indicated dynamics of the studied
parameters suggests a slowdown in fibrosis formation and
activation of fibrinolysis after AVT completion (Table 2).

The Spearman correlation analysis allowed to
demonstrate the interconnections of the studied cytokine
levels with the liver stiffness index according to shear
wave elastometry and laboratory parameters reflecting
the functional state of the liver and hepatitis progression.
Thus, direct correlations were established between the
content of TGF-1 in the blood serum and the index of
liver stiffness expressed in kPa (r = +0.85, p = 0.0001)
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and with the activity of y-glutamyl transpeptidase in the
blood serum (r = +0.70, p = 0.035). There was also an
inverse correlation between serum MMP-9 and liver
stiffness according to elastography (r = -0.36, p = 0.005)
and a direct correlation between MMP-9 and platelet count
(r=+0.27,p=10.02).

Clinical and pathogenetic significance of the studied
cytokines in the progression of liver fibrosis and possible
regression of fibrotic changes was confirmed by significant
gamma correlations between the presence of severe liver
fibrosis F 3—4 and the level of TGF-1{ in the blood serum
(gamma +0.96, p =0.0001) and the level of MMP-9 in the
blood serum (gamma -0.28, p = 0.01).

Discussion

In the current literature, many studies from around the
world have confirmed the high efficacy of DAAs in eradi-
cating HCV, in particular, the OBV / PTV / r+DSV+RBV
regimen [7,8,9,20].

For example, study [9] showed that the presence or
absence of previous experience of AVT in patients with
compensated cirrhosis with CHC does not affect the effec-
tiveness of 3D mode therapy and allows achieving SVR
in 100 % of patients. High efficacy of 3D regimen, namely
achievement of SVRin 92.6 %, was also demonstrated in
special groups of patients with CHC GT1 and CHC GT4, in
particular those who required programmed haemodialysis
and had CHC / HIV co-infection [8].

The results of our study showed a high efficacy of
AVT according to the OBV / PTV / r+DSV+RBV regimen,
regardless of the stage of liver fibrosis. Namely, the
frequency of achieving SVR was recorded: in 93.8 % of
patients with liver fibrosis F 0-2 and in 95.5 % of patients
with liver fibrosis F 3—4 (p < 0.05). In addition, the results
of our study demonstrated that the frequency of achieving
a biochemical response after AVT also did not depend on
the severity of liver fibrosis.

The evolution of DAAs and the emergence of new
regimens with DAAs have significantly increased the
frequency of virological response, but the issue of
the antifibrotic effect of AVT is currently being actively
studied. It is known that fibrosis formation in the liver is
constantly progressing without effective HCV eradica-
tion [11]. Therefore, the study of possible regression of
liver fibrotic changes is carried out after successful AVT
with both interferon-containing [10,11,21,22] and interfer-
on-free [15,20,23,24] treatment regimens.

Literature data[10,11,15,20,21,22] support a possible
regression of fibrotic changes in liver tissue after AVT
completion and the formation of SVR in some patients. At
the same time, patients with cirrhotic changes in the liver
show significantly less regression than patients with mild
or moderate fibrotic changes according to the METAVIR
scale [10,11,15,20,21,22].

However, the issue of the antifibrotic effect in the set-
ting of different AVT regimens is still under discussion [11].
Areview article [11] analysed studies that investigated the
possible regression of fibrotic changes in different degrees
of liver fibrosis and liver cirrhosis in patients with CHC on
different AVT regimens. This review demonstrates that
the data from different studies have conflicting findings,
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which can be partly explained by the use of different
methods for verifying liver fibrosis (morphological, serum
markers, different calculation tests, etc.) at different stages
of follow-up [11]. The results of non-invasive methods
for assessing the progression of liver fibrosis are closely
related to the presence of necroinflammatory activity
in the liver, so the difference may be more significant
when assessing the possible regression of liver fibrosis,
as necroinflammatory activity decreases after AVT [11].

The vast majority of literature data on the AVT anti-
fibrotic effect relates to observations of patients treated
with interferon-containing regimens [10,11,21,22]. For
example, study [21] demonstrated a tendency to regres-
sion of fibrotic changes in the liver in CHC patients after
interferon treatment, which was confirmed by an 89 %
reduction in collagen content based on the results of
paired biopsies before and after AVT 61 months after
reaching SVR. Another study [22] demonstrated that 10
years after interferon-containing AVT in CHC patients
with F 4 liver fibrosis, regression of fibrotic changes was
observed in 24 of 43 patients who achieved SVR, as
confirmed by the FibroTest or transient elastometry [22].
However, study [10], based on the study of the dynamics
of histological changes in paired liver biopsy results after
peg-interferon therapy in combination with ribavirin in
CHC patients, demonstrated that for patients with F 0-3
liver fibrosis who achieved SVR, the risk of progression
of fibrotic changes in the liver is reduced, but there is no
complete regression of existing changes.

Recently, in connection with the use of DAAs alone
in clinical practice in AVT, an urgent issue has arisen to
determine the possible regression of liver fibrosis with
interferon-free regimens. Afew studies [15,23,24,25] have
demonstrated a decrease in fibrotic changes in the liver
after AVT completion with DAAs and the achievement
of SVR based on non-invasive methods for determining
the severity of liver fibrosis (elastometry, calculated FIB-
4 and APRI indices). Thus, according to the results of
a study [23], in CHC patients after interferon-free AVT
and the formation of SVR, a decrease in liver stiffness
was found according to shear wave elastometry, but the
coefficient of controlled attenuation increased, indicating
the progression of liver steatosis. A study [24] demon-
strated a decrease in FIB-4 and APRI in CHC patients
and established liver cirrhosis after DAAs treatment in 6
months —in 21 %, and in one year — in 40 % of treated
patients (p < 0.005).

At the same time, in the presence of signs of decom-
pensation of liver cirrhosis among patients who initially
had compensated liver cirrhosis, alcohol abuse during the
observation period was significantly less likely to improve
FIB-4 and APRI based on the statistical odds ratio [24].
The study of liver stiffness in the dynamics was the basis
of a study conducted in South Korea, which compared
the degree of regression of liver fibrosis among patients
treated with peg-interferon and DAAs. It was proven
that liver stiffness was significantly lower in the group of
patients treated with DAAs compared to patients treated
with peg-interferon both after 48 weeks (29 % vs. 9 %)
and 96 weeks (39 % vs. 17 %). The results of this study
concluded that HCV eradication with DAAs treatment may
lead to an improvement in liver stiffness over time [25].
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However, the results achieved in terms of HCV eradication
and reduction in liver stiffness by elastography did not
affect the subsequent risk of developing hepatocellular
carcinoma at 144 weeks of follow-up [25].

In our study, we evaluated the possible antifibrotic
effect of AVT with the OBV / PTV / r+DSV+RBV regimen
based on the dynamics of serum markers that reflect the
activity and ratio of fibrotic and fibrinolytic processes.
According to the results of our study, it was found that AVT
with the OBV / PTV / r+DSV+RBYV regimen slows down
fibrogenesis and activates antifibrotic processes, which
is confirmed by the dynamics of the relevant parameters:
an increase in the content of MMP-9 in the blood serum
(p < 0.05) and a decrease in the TGF-13 / MMP-9 ratio
(1.6 times, p < 0.05), compared with the corresponding
indicators before treatment. Our results are in line with the
current literature on the antifibrotic effect after successful
antiviral therapy with DAAs [23,24,25].

In addition, in our study, we analysed the peculia-
rities of the dynamics of serum markers of fibrosis / fi-
brinolysis depending on the severity of liver fibrosis in
the setting of AVT with the OBV / PTV / r+DSV+RBV
regimen. The results of our study have shown that in
the presence of severe liver fibrosis F 3—4, AVT with the
OBV /PTV/r+DSV+RBV regimen, which is highly effec-
tive in eradicating HCV, decreases TGF-1f (p < 0.05), but
remains higher than in healthy individuals at the end of
AVT (p <0.05). The serum level of MMP-9 increases with
AVT (p < 0.05), but remains lower than in patients with
F 0-2 liver fibrosis (p < 0.05). In patients with F 3—4 liver
fibrosis, at the time of AVT completion, the TGF-13/ MMP-
9 ratio remains higher both in comparison with healthy
individuals (p < 0.05) and in comparison with CHC patients
GT1 with F 0-2 liver fibrosis (p < 0.05). At the same time,
in patients with liver fibrosis F 0-2, the content of MMP-9
in the blood serum increases (p < 0.05) and at the time of
AVT completion, all the studied parameters do not differ
from those of healthy individuals (p > 0.05).

To date, the current literature already contains a few
publications that demonstrate the results of the assess-
ment of antifibrotic changes in the liver in the context of
the 3D treatment regimen. For example, study [20], which
is a phase 3b clinical trial of TOPAZ-l and TOPAZ-II,
evaluated the efficacy, safety, and clinical outcomes
achieved within 3 years after the use of AVT with the
OBV /PTV /r+DSV+RBV regimen in CHC patients GT1.
It was demonstrated that the FIB-4 score improved during
treatment, and patients with liver cirrhosis also had an
improvement in the Child—Pugh score. Within 3 years
after AVT completion, less than 1 % of patients developed
decompensation of liver cirrhosis, and only 1.4 % of pa-
tients were diagnosed with hepatocellular carcinoma in
the setting of existing liver cirrhosis [20].

In our opinion, studies of the possible antifibrotic ef-
fect after AVT using various non-invasive tests, including
understanding the informative value of serum markers,
deserve special attention. For example, study [15] investi-
gated the relationship between the content of angiopoietin
2 (Ang-2) in the serum of CHC patients after successful
eradication of HCV after AVT using DAAs as a possible
marker of fibrotic and antifibrotic processes. It was found
that the initial levels of Ang-2 correlated with the liver
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stiffness index determined by elastometry, splenic index
and the stage of liver fibrosis. At the same time, 75 % of
patients showed regression of liver fibrosis stage after
DAAs. At the same time, a significant association of Ang-
2 content and fibrosis stage progression with the ability
to regress the fibrosis stage after treatment was found.
Thus, in the ROC analysis, the level of Ang-2 2354 pg/ml
(sensitivity — 88 %, specificity — 73 %, AUC-0.855) was
determined, at which the absence of regression of liver
fibrosis after treatment with DAAs is predicted [15].

In our study, using correlation analysis, we demon-
strated the relationship between the levels of the profi-
brogenic cytokine TGF-1f and antifibrogenic MMP-9 in
the blood serum and the liver stiffness index according
to elastography. Namely, a direct correlation of TGF-13
in the blood serum with the index of liver stiffness ex-
pressed in kPa (r = +0.85, p = 0.0001) and an inverse
correlation of MMP-9 in the blood serum with the index
of liver stiffness (r = -0.36, p = 0.005) was proved.
Therefore, the obtained results of changes in the con-
tent of these cytokines in the blood serum during AVT
with the OBV / PTV / r+DSVxRBV regimen suggest a
slowdown in fibrogenesis and activation of antifibrotic
processes, which is confirmed by the dynamics of the
relevant parameters: an increase in the content of MMP-
9 in the blood serum (p < 0.05) and a decrease in the
TGF-1B / MMP-9 ratio (1.6 times, p < 0.05), compared
with the corresponding values before treatment. In our
previous study, we proved the relationship of the studied
cytokines in the progression of liver fibrosis in patients
with chronic hepatitis C GT1 [26].

Conclusions

1. In CHC patients GT1 before AVT, the prevalence
of profibrogenic potential is confirmed by an increase in
TGF-1B (2-fold, p < 0.05), a decrease in MMP-9 (1.4-fold,
p < 0.05) and a higher TGF-18 / MMP-9 ratio (2.6-fold,
p < 0.05) than in healthy subjects. AVT according to the
OBV/PTV/r+DSV1RBYV regimen slows down fibrogene-
sis and activates antifibrotic processes, which is confirmed
by an increase in MMP-9 content (p < 0.05) and a de-
crease in the TGF-1B / MMP-9 ratio (1.6 times, p < 0.05)
compared to the corresponding values before treatment.

2. The effectiveness of AVT in CHC patients GT1
according to the OBV / PTV / r+DSV+RBV regimen in
terms of virological and biochemical responses is high
and independent (p > 0.05) of the severity of liver fibro-
sis, which is confirmed by the achievement of SVR12 in
93.8 % of patients with liver fibrosis F 0-2 and 95.5 % of
patients with F 3—4, as well as the biochemical response
regardless of the severity of liver fibrosis (p > 0.05).

3. Before AVT starting, in CHC patients GT1 with
liver fibrosis F 0-2, the serum MMP-9 content is lower
(p < 0.05) than in healthy subjects, with no changes in
TGF-1B and the TGF-18 / MMP-9 ratio (p > 0.05). In
patients with F 3—4 liver fibrosis, serum TGF-13 and TGF-
18/ MMP-9 ratio were higher, and MMP-9 was lower both
in comparison with healthy subjects (p < 0.05) and in com-
parison with patients with F 0-2 liver fibrosis (p < 0.05).

4.0Onthe background of AVT (OBV/PTV/r+DSV+RBV)
in CHC patients GT1 with liver fibrosis F 0-2, the content
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of MMP-9 in the blood serum increases (p < 0.05) and at
the time of AVT completion all the studied parameters do
not differ from healthy subjects (p > 0.05). In patients with
F 3—4, the content of TGF-1f decreases (p < 0.05), but at
the time of AVT completion remains higher than in healthy
individuals (p < 0.05). The content of MMP-9 in increases
with AVT (p < 0.05), but remains lower than in patients
with F 0-2 (p < 0.05). In patients with F 3—4, at the time of
AVT completion, the TGF-13 / MMP-9 ratio remains higher
both in comparison with healthy individuals (p < 0.05) and
with CHC patients GT1 with F 0-2 (p < 0.05).

Prospects for further research in this area, in our opin-
ion, are to evaluate the antifibrotic effect of pathogenetic
treatment of CHC patients after HCV eradication.
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MaTtomopdonoriuHi 3miHM FOAOBHOr0 MO3Ky
NpU KOpoHaBipycHin xBopobi 2019 (COVID-19)

A. |. Bonoc®YACPEF T A, Ctonap©®28CP

OpwuriHaAbHiI AOCAIAXKEHHS

*AepxaBHe HekoMepLiiiHe NIANPUEMCTBO «\bBIBCbKMIA HALOHAAbHWUI MEAUUHWI YHIBEPCUTET iMeHi AaHWAa FaAnLIbKoro», YKpaia,

2KoMyHaAbHE HEKOMEPLLIHE NiANPUEMCTBO AbBIBCbKOI 0BAACHOT paaK «\bBiBCbka 06AACHA KAIHIUHA AikapHsi», YkpaiHa

A - KOHUENLiA Ta AM3arH AOCAIAKEHHS; B - 36ip aaHux; C - aHaAi3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - ocTatouHe 3aTBEPAXEHHS CTaTTi

Merta po6oti — focriguTi NatomMopdomnoriyHi 3MiHM rofoBHOTO MO3KY MOMEpIMX Bif, YCKNagHeHb KOPOHABIPYCHOI XBOPOGU
2019 (COVID-19) Ta BcTaHOBMTM HeviponaTonoriyHi ocobnmeocti COVID-19.

Marepiaau i meToau. 3airicHnnm mopdhonoriyHe JOCTIMKEHHS ayTONCIMHOrO Matepiany 78 nomepnux Big ycknagHens COVID-19
y nepiop Big 6epests 2020 poky 1o kBiTHA 2021 poky. MicTonoriyHi npenapaTu rofioBHOTO MO3KY Y pisHMX AinsHkax (kopa, bina
pevoBuHa, 6asanbHi raHrmnii, rinokamn, cToBOYp i MO304OK) 4OCMIAMAN MOPONONiYHO Ta iIMYHOTICTOXIMIYHO, BUKOPUCTABLUM
MOHOKIOHanbHi aHTuTina go actpouuTtis (GFAP, Thermo Scientific), mikpornii (CD68, Clone Ab-4, Thermo Scientific) i T-nim-
¢ouurie (CD3, Clone SP7, Thermo Scientific). licTonoriuHe ouiHoBaHHS i MikpodhoTorpadyBaHHs BUKOHAHO i3 3aCTOCYBaHHSIM
yHiBepcanbHoro onTuyHoro Mikpockona Leica DM750 (Leica Microsystems GmbH).

Pe3syabratn. BCTaHOBNEHO, LU0 YPaXKEHHS FONOBHOIO MO3KY Y rocniTaniaoBaHyx nawieHTis 3 iHdekuieto SARS-CoV-2 acoujioBa-
JINCS 3i CTApLUMM BiKOM, TSXKICTHO 3aXBOPIOBAHHS | CyNyTHBO NaTtonorieto. Y pasi Tsikkoro nepebiry KopoHasipyCHOT XBopotu
3 HEBPOMOriYHMM AediLUTOM HENPOBACKYNAPHI Nodii CynpoBOAKYBaMUCS iLIEMIYHUM iH(hapKTOM, TPOMBO30M BEHO3HOMO
CUHyCa Ta BHYTPILLIHEOMO3KOBUMY KPOBOBUIMBaMU. [MOKCUYHO-iLLEMIYHa eHLedanonaris ricTonoriYHo xapakrepuaysanacs
[ereHepaLlieto i YacTKOBOK BTPATOK HEMPOHIB, aKTVBaLietd MIKporii 3 popMyBaHHSIM YACIEHHMX MIKPOTianbHUX BY3MMKIB
Yy KOpi HaBKOSO FMOKCUYHO 3MIHEHWX HEpOHIB, Y Binii pe4oBuMHI, NEPUBACKYMSAPHO | B NepUBACKYNAPHUX NPOCTOPaX Y Pi3HNX
BiZZliNax rofloBHOrO MO3KY, PEaKTUBHIM acTpOrio30M i3 NO3UTUBHWM iMyHOriCTOXiMIYHUM Mapkepom GFAP, nepueackynsipHowo
iHineTpavieto T-nimcouuTamm.

BucHoBku. Ockinbkn SARS-CoV-2 Mae LUMPOKUI TKaHUHHWIA TPOMi3M, MOXYTb BUHUKATU i pecnipaTopHi, N no3anereHesi
yCKIaaHeHHs1. HerponatonoriyHumm ocobnmBoCTSIMM 1 03HaKaMu KOPOHABIPYCHOT XBOPODY TshKKOro nepebiry B CMOCTEPEXEHHSIX,
ki onncanu, 6ynu aereHepauist HEMPOHIB, akTVBaLis Mikpornii, iHginbTpavis CD3-nosuTreHUMM T-niMoLmTamm, peakTUBHIA
acTpornios, B OKpeMuX BUNaaKax — MakpoCKOMiYHi aHoManii, Ik-0T CBixi Ta AaBHi iLueMiyHi iHbapKkTy 1 remoparii.

Pathomorphological brain changes due to coronavirus disease 2019 (COVID-19)

L. I. Volos, H. L. Stoliar

Aim: To investigate the pathomorphological changes in the brains of individuals who died from complications of coronavirus
disease (COVID-19) and to identify the neuropathological features associated with COVID-19.

Materials and methods. A morphological study was conducted on autopsy material from 78 individuals who died due to com-
plications of COVID-19 between March 2020 and April 2021. Histological examinations of various brain regions — including the
cortex, white matter, basal ganglia, hippocampus, brainstem, and cerebellum — were performed using both morphological and
immunohistochemical methods. Monoclonal antibodies were used to detect astrocytes (GFAP, Thermo Scientific), microglia
(CD68, Clone Ab-4, Thermo Scientific), and T-lymphocytes (CD3, Clone SP7, Thermo Scientific). Histological evaluation and
microphotography were carried out using a Leica DM750 universal optical microscope (Leica Microsystems GmbH).

Results. It was found that brain damage in hospitalized patients with SARS-CoV-2 infection was associated with older age,
disease severity, and comorbidities. In cases of severe COVID-19 with neurological deficits, neurovascular incidents were
accompanied by ischemic infarction, venous sinus thrombosis, and intracerebral hemorrhage. Hypoxic-ischemic encepha-
lopathy was histologically characterized by degeneration and partial loss of neurons, microglial activation with the formation
of numerous microglial nodules in the cortex around hypoxically altered neurons, in the white matter, perivascularly, and in
perivascular spaces throughout different parts of the brain, reactive astrogliosis with a positive immunohistochemical marker
GFAP, and perivascular infiltration by T-lymphocytes.

Conclusions. Since SARS-CoV-2 has a broad tissue tropism, both respiratory and extrapulmonary complications can occur. The
neuropathological features and findings in the studied cases with a severe course included neuronal degeneration, microglial
activation, infiltration by CD3-positive T-lymphocytes, reactive astrogliosis, and, in some cases, macroscopic abnormalities
such as fresh and old ischemic infarctions and hemorrhages.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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[HCheKUiHI ypaxeHHs LieHTpanbHOI HepBOBOI cUCTeMU
(LWHC) € cknagHoto Npobnemoto Ta iCTOTHOK 3arpo30t
LNS rPOMaZICbKOr0 3[10POB’sl, OCKIMbKM MOXYTb NMPU3BO-
ATV [0 iHBanigHOCTI Ta cMepTi, 0coBNMBO B pasi TSKKOro
nepebiry [1]. IHdekuinHi 3axBoptoBanHs LIHC moxyTb
OyTu cnpuunHeHi pisHMK 30yaHuKamm: GakTepismm,
rpubkamu, HamnNpOCTILLMMW, HEVPOTPONHUMM Bipycamu
Kopy, repnecy, BIJ1, pecnipatopHumu Bipycamu. PisHi pec-
nipaTopHi BipycK, SIK-0T BipYC rpuny, CUHLMTIaNbLHUIA Bipyc,
KOPOHaBIpyC € areHTamu, Lo MoxyTb ypaxatu LIHC [2].

SARS-CoV-2 (TSKKMIA TOCTpUIA pecnipaTopHUi
CUMHOPOM KOPOHaBIpyC 2) — HOBUI KOPOHaBIipyc, L0
nowmpuecs B ycbomy cBiTi B 2019-2020 pokax, a Takox
CropanyHe BUHWKHEHHS 100 HOBKX TUNIB, Ske 3yMOB-
TtOE cnanaxu 10 CbOroAHi, CTaHOBUTbL CKIMaZHy rnobarnsHy
3arposy Ans 3gopos's [3].

HuHi Bigomo, Lo kopoHaBipycHa xBopoba COVID-19
XapakTepu3yeTbCs PiBHUMU KNiHIYHUMUW BapiaHTamu
nepeodiry Big NErkoro, CepeaHbOTSKKOro A0 rOCTPOro
pecnipaTopHOro AWMCTPeCc-CUHAPOMY, TPOMBOTUYHMX
NPOsIBIB, NONIOPraHHOT HEAOCTATHOCTI | HaBITL CMepTi [4].
3HauHe BMBINbHEHHS 3anarnbHKX LIMTOKIHIB Y Tak 3BaHOMY
«LMTOKIHOBOMY LUTOPMi» MOCUITOE KMiHIYHY KapTuHy [5],
LLI0 MOXe MporpecyBaTi A0 BipyCHOro cencucy 3 rinep-
Koarynsuieto i o TSHKKOrO, KpUTUYHOTO CEMTUYHOTO LLOKY
3 AUCAYHKLIEKD OpraHiB, LU0 CMIPUYUHSIE BUCOKWIA PiBEHb
cmepTHocti [6,7,8].

3a pesynsratamu 6aratbox gocnimkeHb, SARS-CoV-2
Takox moxe ypaxatu LIHC, i noHag 30 % navjeHTis i3
SARS-CoV-2 manu HeBponoriyHi cumnToMu nig Yac
COVID-19 [9,10,11]. CnekTp HEBPOMOTriYHUX MPOSBIB,
cnpuunHeHnx COVID-19, WwmMpokuii | Bapitoe Big, Nerkmx
(kcepocToMmist, aHocMis abo aucres3ist [12], ronoBHMN Binb,
3anamopoyeHHs [13,14]) Lo HanTsbkamx (iHcynst [15,16],
MeHiHroeHuedanit [17], rocTpa HekpoTuaytoya eHueda-
nonaris, cuHapom lMNena—bappe Touwo [18]) cumnTomis.

Mauientn 3 COVID-19, 0cobnngo 3 TshKKOK hopMoto
3axBOPIOBaHHS!, 3a3BM4ali B aHAMHE3i MatoTb KOMOpOiaHy
naTonorito (LyKpoBwii giabeT, apTepianbHa rinepTeHsis,
peBMaTu3M, KonareHo3u, TMPEOTOKCUKO3, 3MOSIKICHI NMyX-
nunn) [19,20]. Komop6igHa natonoris, BnacHe, i Moxe
YCKMaAHUTU PO3YMiHHS TOTO, SIKi NaTomnoriyHi apredakTy
6e3nocepenHbO NOB’'A3aHi 3 NMOLUKOKEHHSIM TOJIOBHOTO
Mo3Ky Bipycom SARS-CoV-2 [21,22].

Bepyun o yeary, wo Bipyc SARS-CoV-2 no6pe Bigo-
MUIA 32 nereHeBMM TPOMi3MOM, PECipaTopHUMY ycKna-
HEHHSIMU Ta riCTONATONONYHUMM 3HAXiAKaMU AUXanbHUX
LUMISIXiB, AOCTMKEHHS HEMPONATONOriYHMX 0COBNMBOCTEN
i ricronatonoriyHux nposieis npu COVID-19 € akTyanbH1m
3aBLaHHAM TEOPETUYHOI Ta MPAKTUYHOT MEAVLIUHW.

Merta po6otu

[Jocnigntn natomopdonoriyHi 3MiHM rONOBHOTO MO3KY
noMepnuX Bif yCKNagHeHb KOPOHaBIpyCHOI XBOPOOM i
BCTaHOBWTM HemponatonoriyHi ocobnueocti COVID-19.

Marepiaau i MeToAU AOCAIAKEHHA

MaTtomopdhonoriyHe JOCMIMKEHHS 3AINCHUM Ha 6aasi
natonoroaHaTomiyHoro BiggineHHs KHIM JTIOP «J1bBis-
Ccbka obrnacHa kniHidHa nikapHs» | kadbeapum naTonoriYHol

ISSN 2306-8027  https://pat.zsmu.edu.ua

aHatowmii Ta cygosoi Meauumuv [HM «J1bBiBCbKMI HaLio-
HanbHW MeanyHWiA yHiBepcuTeT iMeHi fanuna Manuup-
Kkoro». Buunnu aytoncinHwii matepian 78 nomepnux Big
ycknagHenb COVID-19 y nepiop Big 6epesHs 2020 poky
[0 kBiTHS 2021 poky.

Kputepii 3anyyeHHs1 00 AOCHIMKEHHS — NiaTBEpIxKe-
HUI piarHo3 iHgexuii SARS-CoV-2 Ha nigcTasi BUsiBNeHO!
PHK SARS-CoV-2 3a gonomoroto KinbkicHOro aHaniay
RT-PCR ma3kiB i3 HOCOIOTKK, a TAaKOX HasiBHICTb AocTat-
HbOI KINTbKOCTI BUCOKOSIKICHWX FiICTOMOMYHMNX npenaparis
TKaQHWHW NereHb i ronoBHOTO MO3KY.

[Nt BCTAHOBMEHHS NPUYUHU CMEPTI Ta AieTanbHOro
BUBYEHHS! CTPYKTYP FOMOBHOMO MO3KY Y MOMEPNMX Bif
ycknagHeHb COVID-19 npoaHanidyBanu ictopii xBo-
pobun nauieHTiB, nabopaTopHi NOKa3HWKK, pe3ynsTaTi
3aCTOCYBaHHS BidyanisauiiHux MEeTOoAIB i KNiHiYHi gaHi,
BKITO4AKOUM NONEpeHi 3aXBoptoBaHHS | nepebir xeopotu
[0 cMepTi. BrB4ynnu npotokonu po3TuHy, CBigoLTBa Npo
CMepTb, 34iINCHIN KNiHIKO-MOPCHOnOorivyHe NOPIBHAHHS pe-
3ynbratis. [HhopMaLlist 3 NPOTOKONIB PO3TUHY BKMoYana
3ararnbHi pesynbsratit ayToncii Ta MopdonoriyHi 3MiHW B
rONOBHOMY MO3KY Ha MaKpo- i MiKpOCKOMIYHOMY PiBHSIX.
He BusiBUNM o3Hak, Lo BKadyBanm 6 Ha HaCWUIbHULbKY
CMEPTb.

[ocnigpxeHHs 3aiicH1NM, 4OTPUMYHOYUCH MONOXEHb
«[paBunn eTUYHUX NPUHLMNIB MPOBEAEHHS HAYKOBUX Me-
AVMYHUX BOCTIIMKEHD 38 YHACTHO NIOAVMHNY, L0 3aTBEpXKe-
Hi MenbciHcbkoo aeknapaduieto (1964-2013), ICH GCP
(1996), Anpextnea Paamn 86/609/€EC Big 24.11.1986 p.,
Hakasie MO3 Ykpainu Big 23.09.2009 p. Ne 690, Big
14.12.2009 p. Ne 944 ta Bin 03.08.2012 p. Ne 616. 3rigHo
3 BUCHOBKOM KOMICIii 3 NuUTaHb €Tk HayKoBUX OOCHIi-
[PKeHb, eKcrieprMeHTanbHUX po3pobok i HAyKOBUX TBOPIB
[OHMM «JTbBIBCbKWIA HALOHANBHUIA MEANYHWIA YHIBEPCUTET
imeHi laHunna Manuubkoro», AoCiAKeHHs 3ailcHeHo 6e3
nopyLueHb (npotokon Big 20 ntotoro 2023 poky Ne 2).

Cepepniit Bik nawieHTiB cTaHOBMB 66 pokiB (giana-
30H — Big 21 go 97 pokis); 49 (62,82 %) — yonosiku, 29
(37,18 %) — xiHkun. XBopi nepebyBanw Ha nikyBaHHi y Bia-
LineHHsix iHTeHcyBHOI Tepanii. TpueanicTb nepebyBaHHs
y cTauioHapi ctaHoBuna 1-30 pi6. XBopi oTpumyBanm
KucHeBy Tepanito: 37 (47,44 %) navjieHTiB — KMCeHb Yepes
Hocosi kaHtoni, 31 (39,74 % ) — HeiHBa3VBHY BEHTUNALIiO
3no3nTueHUM Tckom, 10 (12,82 %) ocib nepebysanu Ha
KepoBaHil BEHTUNALi nereHb.

Yci nomepni Manu CcynyTHIO NaTosorito (i30nboBaHy
abo B noegHaHHi). Tak, y GinbLwocTi nauieHTis (n = 40,
51,3 %) AiarHocToBaHO rinepToHiYHY XBOpOOy, y 26
(33,3 %) — uykpoBuii giabet 2 TUny Ta rineptensio, y 9
(11,5 %) — LykpoBMIA AiabeT, OXUPIHHS Ta riNepTeH3ito, y 2
(2,6 %)—rinotvpeos, B 1 (1,3 %) BunaaKy 3adikcoBaHo ni-
KOBaHy XpOHi4Hy niMcpoiaHy nenkemito. MpuynHoto cMepTi
Oynn nepeBaXHO TSHKKA NereHeBo-cepLeBa HeQocTaT-
HICTb i3 BipyCHO MHEBMOHIEIO Ik OCHOBHWM 3aXBOPOBaH-
HAM, y 3 0Ci6 — TaKoX Y NOEAHAHHI 3 EHTEPOTOKCYHOBYM
LLIOKOM BHACMifoK aHTVBIOTUK-acoL,iioBaHOro KoniTy, B 1
ocoby — Tpomboembonis nereHeBoi apTepii.

3pasky TKaHUH NereHb i roNoBHOTO MO3KY (Kopa B
penpeseHTaTUBHUX AiNnsiHkax 11060801, CKPOHEBOI, TiM -
HOI Ta MOTWUNMYHOI YacToK, 6asanbHi raHrmii, rinokamn,
CTOBGYP MO3KY, MO3040K) NiCsA 3aranbHOMo AOCHiMKEHHS
¢ikcyBanu B 10 % HelTpansHomy 3abycepeHomy pos-
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YuHi hopmaniHy 3 HACTYNMHUM 3HEBOAHEHHSIM Y CrMpTax
BUCXIZHOT KOHLEHTpaLii Ta 3anvBko0 B napadiHoBUM
6ok 3a cTaHdapTHO MeToaukoto [23]. 3 napadiHoBmx
6rokiB 3i 3pa3kamm TKaHWHK Ha POTaLinHOMY MIKPOTOMI
Leica RM2235 BUroTOBRSNM riCTONOriYHI 3pi3v 3aBTOBLLKM
5+ 1 MKM, SIKi HQHOCUNM Ha NPEeAMETHI cKenbLs 3 agre-
3VBHVM MOKPUTTSAM.

[ns 3aranbHoricTonorivHMx gocnimkeHs Aenapadi-
HOBaHi MCTOMOrYHI 3pi3N TKaHWHW NEereHb i roNoBHOMO
MO3Ky 3abapBntoBanm reMaTokCUniHoM Ta e03NHOM 3a
CTaHZApPTHOI METOAVMKO AJ151 OLIHIOBAHHS ricTonartono-
riYHnX ypaxeHb. Kpim Toro, MikpockonivyHe AOCHiMKEHHS
TOrIOBHOTO MO3KY 34INCHUNM 3 [OAATKOBUM 3abapBreH-
HsM 3a MeTogoM Hiccns. [Ansa ouiHioBaHHS ibpuHy
Pi3HMX CTyneHiB monimepw3aLii B riCTONOrYHNX 3pisax
TKaHWHW NnereHb 3actocoBaHo Metog MSB y moaudikauii
3epbiHo-JlykaceBMY «OpaHXeBUA — YEPBOHWUIA — rO-
ny6uiay. Tak, «Bik» (hibpuHy BU3Ha4anu 3a 3abapBrneHHsaM
y 3pizax: nomMapaH4yeBuU KOMip BNAcTUBUIA MONOZOMY
ibpuHy (0—6 rogwH), pisHi BiATIHKM SCKPABO-4EPBOHOO
Konbopy — 3pinomy (7—24 roguH), cipo-6ypo-ronybwuii —
crapomy (noHaa 48 rogun) [24].

ImyHoricToximiyni (IFX) gocnigkeHHsa 3giicHunn
BIiANOBIAHO [0 NPOTOKONY BUPOOHMKA 3 HEOOXiAHMMU
KoHTponsamu [25,26]. ing IMX-gocnimxeHHs BUKOPUCTaHO
MOHOKIOHarbHi aHTUTINa [0 akTMBOBAHWX acTPOLMTIB
(GFAP, Thermo Scientific), aktnBosaHoi mikpornii (CD68,
Clone Ab-4, Thermo Scientific) i T-nimcpoumTia (CD3,
Clone SP7, Thermo Scientific) y kopi ronoBHoro mo3ky, 6a-
3anbHUX raHrmisx, CToBOypi MO3Ky Ta Mo304ky. [MX-peakuii
Bidyani3oBaHO 3 BUKOPUCTaHHAM cuctemu aeTexuii DAKO
EnVision + System 3 xpomoreHom fiamiHoGeH3MaNHOM
(«DAKO», CLUA).

HactynHuin etan nepen6ayas fo3abapBneHHs 3pisis
rematokcuniHoM Maepa i nomilleHHs npenapariB y kKa-
Hafcbkuii 6anb3am. [icTonorivHe OLiHBaHHS 34IACHANN
3.3aCTOCYBaHHSM yHiBepCaribHOro ONTUYHOTO Mikpockona
Leica DM750 (Leica Microsystems GmbH).

Mig yac BMKOHaHHSA pPoBOTW BUKOPUCTAHO TaKOX
6ibniocemMaHTU4HUIN MeToa, METOAW CUCTEMHOTO aHanidy
11 0NMCOBOI CTaTUCTUKY. iA Yac NOPIBHAHHSA MOKa3HMKIB
MiHIManbHWI piBeHb 3Ha4yLLOCTi cTaHoBwMB p < 0,05.

Pe3yabTati

3a paHumu icTopiit xBopobu, iHdekuito SARS-CoV-2
BU3HAYanNy 3a NOLUMPEHMM CUMMTOMAaMM: JIMXOMAHKOIO,
KaLLInem, BTOMOIO Ta 3a[MLLKOK. Y pasi Tsxkoro nepebiry
KOPOHaBipyCHOT XBOPOOY Y NaLiEHTIB BUHMKaa NHEBMO-
Hisl, FOCTPWiA pecnipaTopHUn AUCTPEC-CHAPOM, cepLieBa
Ta noniopraHHa HegocTaTHICTb. Kpim Toro, KniHivHi gaHi
cBiguunu npo ypaxerHsi LLHC —y noHapg 60 % navieHTis
BUSABMEHO HecneunmiYHi HEBPOMOTiYHI CUMNTOMM, SK-OT
3anamMopoyeHHsi, 6eanepepBHuUiA, MOMipHO abo CunbHO
iHTEHCUBHMIA FONOBHUI Ginb, 6inb y M’si3aX, HyaoTa, 6nto-
BOTa, a TakoX GinbLU cneuudiyHi cumnToMu: rinoresaito,
rino- n aHocmito. Kpim ToOro, 3achikcoBaHO NOPYLUEHHS
CBIJOMOCTI Ta [liarHOCTOBaHO rocTpi LiepebpoBackynsipHi
3aXBOPOBAHHS, BKITKOYAKOUM iHCYNLT, TPOMB03 BEHO3HOMO
CUHyCa Ta BHYTPILLHLOMO3KOBi KDOBOBWIIMBM.

Ockinbkn KopoHaBipycHa xBopoba Bifoma Hacam-
nepeq sk pecnipaTopHe 3axBOPHOBaHHS, a NereHi n
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AnXanbHi WASXU ypaxarTbcs Hanbinblue, AoUinbHO
CroyvaTky HaBecTU pesynbTaTyi MaToMopdonoriYHoro
LOCRigKEHHS NereHb.

MakpockoniyHa kapTuHa ypaxeHwx nereHb JOBOMi
XapakTepHa: nereHi 306inbLueHi, 6e3noBiTpsiHi, BigHOCHO
LWiNbHOT KOHCUCTEHLi, Ha po3pi3i — ApiBHO3epHUCTI
TbMSIHO-4YEPBOHI, i Ha LbOMy (DoHi — TOHKi (Big neab
MOMITHUX [0 BinbLL BUpaXeHWX) CipyBaTi napacenTarnbHi
Ta cybnneBparnbHi TsHKi, HEBENMKA KiNbKiCTb APIOHNX KICT;
nnespa ApibHo ropbucTa, rmageHbka abo 3 He3HaYHUMK
HaLlapyBaHHAMW ibpuHY.

[ns MiKpOCKONIYHOT KAPTUHW XapaKTepHE NOEAHAHHS
eKCyaaTVBHWX i nponichepaTBHMX 3MiH Be3 YiTkoT 3anex-
HOCTI Bifl TPMBANOCTi pecnipaTopHOi NATPUMKA. Tak, y
BCIX MOMEpnX NaLieHTiB B anbBeorax BUSIBIIEHO NOYaCTM
(hparmeHTOBaHi «rianiHOBi MeMbpaHuy 3 iHinbTpaLlieto
nevikoLuTaMu Ta Makpodaramu, rycTy HabpsikoBy piavHy,
[eCKBaMOBaHi Ta METannasoBaHi rinepXpoMHi anbBeono-
LMTK, Makpodark, remoparii; B iHTEPCTULiT BU3HA4YEHO
MOHOHYKMNeapHy iHinsTpauito, (oKycn rpaHynsauinHoi
TKaHWHK Ta rpybuii Cknepos, y YOTMPLOX BUMaZKax — i3
POpMyBaHHSAM «LUINbHUKIBY 3i CMIOLLEHUM eniTeniem,
BUSIBNEHO TakoX emdisemy, atenekrasu, ibpuHoBI
TPOMGYW B MIKpOLMPKYNISATOPHOMY pycrii (puc. 1).

Mig vac peTenbHOro MaKPOCKOMNIYHOMO AOCHIMKEHHS
rorfIoBHOrO MO3Ky y 42 (54 %) nomeprnnx BUSIBIIEHO O3HAKM
nerkoro abo MomipHoro Habpsiky, Lo 3a3BMYal BU3Ha4a-
10Tb SIK HECTIeLM(iYHi aroHanbHi 3MiHK. ApTepiocknepo3
6asanbHUX apTepiit Nerkoro CTyneHs BUMPaXeHOCTi
diarHocTtoBaHo Yy 25 (32,05 %) nomepnux, nomipHoro
cTynens — y 27 (34,62 %), Tsxkoro — B 11 (14,10 %)
Bunagkax. Y 9 (11,54 %) nomepnux y rornoBHOMYy MO3Ky
BM3HAYEHO MaKpOCKOMiYHi aHoManii — CBiXi Ta AaBHi
iLueMiyHi iHdbapkTK, remoparii.

licTonoriyHe JOCNIMKEHHS 3pisiB rONOBHOTO MO3KY,
3abapBreHnx reMaTokCUniHOM Ta €031HOM, Aano 3Mory
BU3HAYMTW TSHKKI FOCTPI MNOKCUYHI 3MiHK 3 PO3CIHUMM
rinepeo3nHOINbHAMM 3MOPLLEHUMI HENPOHAMW B KOPI
TOrIOBHOTO MO3KY, siipax, CToBOypi Ta KnituH MypKiHbE B
raHrnioHapHOMy LLiapi MO304Ka. BuseneHo rocTpi iLuemiyHi
iHbapKTK, remMopariqyHuii iHapKT i3 AiNsHKamMn CBOXUX i
[aBHiX KPOBOBUIUBIB (puc. 2, 3).

Tak, MOpOonoriYHy KapTUHy iLLEMIYHOTO iHCYNBTY
BU3HaudeHo y 4 i3 26 (15,38 %) Bunapkis i3 CymyTHIMM
LlyKpoBWUM AjabeToMm i rinepToHiyHo xBopoboto, y 2 i3
9 (22,22 %) BunapkiB 3 CynyTHIMK LyKpOBUM fiabeTom,
OXMPIHHSIM | FiNepTOHIYHOK XBOPOOOIO, AOCTOBIPHI BiA-
MIHHOCTi 3a(piKCOBaHO LLOA0 BCTAHOBIEHUX BUNAZKIB
iemivHoro iHcyneTy —y 3 i3 40 (7,50 %) cnoctepexeHb
3 i30MbOBAHOI0 CYNYTHBLOIO TiNEPTOHIYHOI XBOPO6OIO,
(p <0,05). Kpim TOro, 3a yMOB NoeaHaHOI CynyTHLOI NaTo-
norii AiarHOCTOBAHO BHYTPILLIHEOMO3KOBWI KPOBOBUIUB i
TPOMBO3 CUHYCIB, TOBTO 3MiH y FTONTOBHOMY MO3KY GirbLL
BUPaXeHIi 1 Tshkui y pasi noegHaHoi KoMopbigHOCTi.

Kpim TOro, B KOpi roNoBHOrO MO3Ky YacTo BU3HaYanm
JereHepaLito HepOoHIB, BUSBNSANN OBOSAEPHI HENPOHM,
0cobnuMBO y pasi TpUBAnoro TsKoro nepebiry kopoHa-
BipyCHOi XBOopoOy. Taki HeMpoHM MiCTUMK ABa S4pa, Wo
Manu 3iCTaBHWUIM po3Mip Ta iOEHTUYHY CTPYKTYpY saep-
HOTO XpoMaTuHy (puc. 3). BUsiBNeHO TakoxX ABOSIOEPHI
HEVpPOHM 3 MOPCOMONYHO Pi3HUMK sapamun. BcetaHos-
NEHO BIpOrigHe nepeBaXaHHs AereHepaTuBHO 3MIHEHUX
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Puc. 1. JlereHeBa TkaHMHa Npy KOPOHABIPYCHIA XBOPODi: NOEAHAHHS ekCyAaTMBHNX Ta nponicepaTiBHNX 3MiH. 3abapBreHHs reMaTokCUNiHOM Ta e03uHOM (a, b, ¢), 3abapereHHs
Pibpury metonom MSB y moandikauii 3epBiHo-ITykaceBuy «opaHxeBuit — 4epBOHWIA — ronyOuit. a: rianiHoBi MembpaHu, iHdbinsTpoBaHi Makpodaramu Ta ibpobnacramu, x100;
b: rpanynsiiiHa TkaHnHa B iHTepeTuLii, x200; ¢: y npocsiTax anbaeon — Makpodary, MeTannasoBaHi Ta jeckBamoBaHi anbseonouuty, x400; d: cknepos i3 hopmMyBaHHAM «LLiNTb-
HUKiBY, (pparmeHToBaHi rianiHoBi MembpaHu, x200.

Puc. 2. TkaHHa ronosHoro mMo3ky npi COVID-19, 3a6aperieHHst reMaTokCniHOM Ta e03MHOM. a: NepUBACcKyNSIPHIA | iepyLEntonsipHuii Habpsik, e03uHoiNbHa AereHepaLis HepoHIB
(4epBoHi HelipoHm), x200; b: rocTpe riNOKCUYHO-LLIEMIYHE NOLLKOAKEHHS! MO304Ka 3 AUCTPOGDIEd Ta YacTKOBO BTpaTok KNiTHH MypkiHbe, x200.

HENPOHIB Y MaLieHTIB i3 CynyTHIMK LyKpOBUM AiabeTom
i riNepToHiYHO XBOPOGOID, TPMBaNMM NepebyBaHHAM Yy
BiAAINEHHAX iIHTEHCVBHOI Tepanii Ha KEPOBaHi BEHTUNALT
nereHb i HeiHBa3MBHil BEHTUMSLT 3 MO3UTUBHUM TUCKOM
MOPIBHSHO 3 BMNaKaMK i30MbOBaHOI CynyTHLOI NaTo-
norii Ta KopoTKOTpUBaNUM NepebyBaHHAM Yy cTalioHapi
(p < 0,05). MNOKCUYHO-ILLEMIYHE YPAKEHHS TOMTIOBHOIO
MO3KY CTUMYIKOE Ta NpU3BOAMTL A0 30iNbLUEHHS Kinb-

122 ISSN 2306-8027 https://pat.zsmu.edu.ua

KOCTi ABOSIBEPHMX HENPOHIB, | TaKuU NiABULLEHWIA BMICT
[BOSIIEPHUX HEPOHIB MOXeE ByTy CTPYKTYPHOK OCHOBOIO
HeMponpPOTEKTOPHMX eCheKTiB aganTaLii 4O FinoKcii.
3BepHynM yBary Ha KnacTepu akTWBOBaHOI MiKpo-
rnii, 0CepenKoBi YNCNEHHI MIKpOrnianbHi By3nuKW B KOPi
HaBKOSO TiMOKCUYHO 3MiHEHUX HEMpOHIB (puc. 3c), y
6iniit pe4oBMHI, NEPUBACKYNAPHO i B NEPUBACKYNAPHUX
MpOCTOpaXx Y Pi3HWX Bigdinax ronoBHOTO MO3KY, MO30UKY,
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3a 3b

3 c Puc. 3. TkaHuHa ronosHoro Mo3ky npu COVID-19, 3abapeneHHs 3a Hiccriem, x1000
(imepcis). a: fereHepalLlisl HEIPOHIB i3 Aechopmallieto Tina, BKOPOYEHHSM BiAPOCTKIB Ta
0CepeaKoBUM TUrponi3om; b: ABOSLEPHIIA HEMPOH KOPY FONIOBHOO MO3KY 3 (hoKanbHUM
TUrponi3oMm; c: akTuBaLisi Mikpornii 3 (hopMyBaHHAM By3nvka [OBKOMA HEMPOHa, Lo
[iereHepye.

Puc. 4. TkaHuHa ronoBHoro Mo3ky. PenpeseHtatusHi pesynetatit IFX ans CD68 (a,
b), CD3 (c), GFAP (d). a: akTuBOBaHi MikpornianbHi kniTukm B kopi, x200; h: akTBOBaHI
MikpornianbHi KniTuHu y 6inii peqoBuHi | nepuBackynsipHix npoctopax (CD68, knoH Ab-
4, Thermo Scientific), x400; c: iHcbinsTpavist T-nimcpoumtamu (CD3, knoH SP7, Thermo
Scientific) nepusackynsipHix npocTopis, x400; d: peakTUBHWIA acTPOMio3 y BiAnoBiAb Ha
rocTpy iemito (acTpoumTaphuit Mapkep GFAP — rnianbHui ibpUnsipHui KNCROTHNIA
6inok, Thermo Scientific), x400.

4a 4b

4c 4d
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0cobnm1BO y pasi TpMBanoro Tskkkoro nepebiry kopoHasi-
PYCHOI XBOpOOM y NaLieHTIB i3 NoeaHaHO KOMOpPOIAHOK
natonorieto (p < 0,05). AKT1BOBaHI MiKpornianbHi KNiTUHU
i BY3nuKu XxapakTepuayBanucs no3autmeHum IMX-3abape-
neHHam ans CD68 (puc. 4a, b).

IFX-pocnigpxexHs Ha mapkep CD3 gano 3mory Bu-
SABUTU NepuBackynsapHy iHdinsTpavijto T-nimgouutamm
HaBKOO BEHYIN Y KOPI Pi3HWX YaCTOK FOrOBHOTO MO3ky, 6a-
3anbHVX raHmisx. HeBenuki ckynyeHHs nepuBackynsapHuX
niMboumTiB 3ahikcOBAHO HABKOMO MEQYNSAPHUX BEHYI.
T-nimcounTn po3TalloByBanUCs BHYTPILUHbOCYAUHHO
B3[OBX CTiHKW CyauHU (puc. 4c). BTim, napenximaTosHi
nimcpouuTapHi iHinsTPaTV piakicHi, y Ginii umn y Ccipii
pEeYoBUHI NOPSAA i3 HEVPOHaMK BU3HAYEHO MOOAWHOKI
CD3-no3unTuBHI KNiTUHMW.

PeakTvBHWI acTpornios i3 noautuesHum I X-mapke-
pom GFAP BusiBNEHO B yCix BUNagkax, ane mMae pisHi
CTyneHi BupaxeHocTi. KpiM rinepnnasii actpouuTis, Bu-
ABNANM rinepTpodoBaHi acTpoLUTH, 0COBNNBO BUCOKMIA
CTYNiHb acTpOrnio3dy BU3HAYEHO Y OPOHTANbLHIN KOpi,
6asanbHUX sapax, NOMipHWIA CTyNiHb — Yy MO304Ky Ta
BEPXHIl, HYKHIN YacTUHAX [JOBracToro Mosky (puc. 4d).

Kpim TOro, BUCOKWI CTYNiHb acTporniosy 3adikcoBaHO
y pasi rocTporo FinoKCUYHO-ILLEMIYHOTO MOLUKOMKEHHS
TONOBHOTO MO3KY 3 AMCTPOMIEI0 Ta YaCTKOBOK BTPATOK
HelpoHiB, 6ins AinsHok eHuedanoMansLii, BHyTPILLHbO-
MO3KOBOIO KPOBOBMIMBY, KOMW B NaLi€HTIB AjarHOCTOBaHO
Komop0biaHi natonorii (LyKpoBuWiA AiabeT, NopyLeHHs
ninigHoro o6MiHy, apTepianbHa rinepTeHsist), NOPiBHSHO
3 BUNagKaMy 3 i30MbOBaHOK0 CyMyTHLOKO MAaTOMOriE Ta
cepeHbO-TSHKKMM nepebirom KopoHaBipyCcHOI XBOpo6K
(p <0,05).

06roBopeHHs

MaHgemis COVID-19, wo cnpuimHeHa HoBuM SARS-CoV-2
KOPOHaBIpyCOM, iCTOTHO BMIMHYNa Ha 300POB'S MoAen y
BCbOMY cBiTi. 3a gaHumm BOO3, ctaHom Ha 01 YepBHs
2025 poky BHacnigok weuakoro noumpeHHs SARS-CoV-2
i PO3BUTKY TSDKKUX YCKNaJHEHb KOPOHABIPYC NpM3BiB 40
noHag 7 MIH cMepTelt y BCbOMY CBiTi, Y 778 MIH ocib
3axBOPOBaHHS NiaTBEpAeHo nabopatopHo [27].

[o rpynu pusunky Hantsbkdoro nepebiry COVID-19
Hanexartb nauieHTn 3 LyKpoBUM fiabeToMm, cepLeBo-Cy-
LVHHAMU 3aXBOPIOBaHHSAMY, apTepiarnbHO0 rNepTeHsieto,
OXMPIHHSAM, XPOHIYHUMMN 3aXBOPHOBAHHSAMU fereHb i
HUPOK, OHKkonaronoriamu. MNauieHTn 3 LykpoBuM aiabe-
TOM i MOEAHAHOI apTepianbHOK riNepTeHsie MakTb
YABIYI BULLMIA PU3UK 3apaxeHHs Ta Tsxkoro nepebiry
COVID-19 [28,29].

Y HaLLoMy ocrimKeHHi noMepni XBOpi Manu CynyTHIO
naTonorito, y BinbLLOCTi 3 HUX AjarHOCTOBAHO MNEPTOHIYHY
XBOPOOY, Y TPETUHM — LIyKPOBWIA diabeT 2 Tvny Ta apTe-
pianbHy rinepteHsito. MoegHaHa komopbigHa natonoris
— LlyKpOBWIA diabeT Ta apTepianbHa rinepTeHsis — Bnnv-
Banu Ha ypaxeHHst LIHC npu iHdikyBaHHi SARS-CoV-2.
Kpim Toro, 3a yMoBM noegHaHoi koMopBiAHOCTI BUSIBNIEHO
BUPaXKEHiLUi 1 TSHKYi 3MiHW Y FOSIOBHOMY MO3KY.

3a pesynsratamu AOCHiKeHb, TSXKICTb i HAaCnigoK
nepebiry saxsoptoBaHHs Ha COVID-19 icToTHO 3ane-
XaTb Bif BiKy nauieHTa. [Jopocni Bikom noHag 65 pokis,
AKi MaKTb CynyTHi 3aXBOPIOBAHHSA Ta € iHikoBaHUMY,

ISSN 2306-8027  https://pat.zsmu.edu.ua

ctaHoBnaTh 80 % BMNaakis rocnitaniadii Ta MatoTb y 23
pasu BULLWIA pU3MK CMEPTI, HiXX MaLEHTW BIKOM MEHLUE Hix
65 pokis [30,31]. Cepepniit Bik nawieHTiB, 3any4eHux go
HaLLIOro JOCiMKEHHS, CTAHOBMB 66 pokiB.

COVID-19 — cknapHe pecnipaTopHe Ta CUCTEMHe 3a-
XBOPHOBAHHS 3 LLUIMPOKUM [liana3oHOM TSHKKOCTI. Ockinbku
SARS-CoV-2 Mae 3HaYHWiA TKaHUHHWIA TPOMi3M, MOXYTb
BUHUKATV | pecnipaTopHi, A no3anereHesi yCknagHeHHs,
AKk-0T HeBpororiyHi [32]. 3rigHo 3 pesynbratamu focni-
[DKeHb, KpiM nereHb i cyanH, SARS-CoV-2 moxe npsiMo
ypaxat LIHC [33]. Henponinib-1 (NRP-1) cnpuunHse
oro notpannsHHa B LUHC uyepes HioxoBuid enitenin
HOCOBOI MOPOXHUHK [34]. HeBponoriyHnn gediunt €
OQHVM i3 HANCKNaZHILLMX ANs 3anobiraHHs Ta MikyBaHHS
yCKInafHeHb, 3a3Buyan BUHUKAE Y pasi TSXKUX popM
3axBoptoBaHHs [35,36]. HesponorivyHnii gediumt moxe
BapiloBaTy Bif NETKMX CUMMTOMIB (QHOCMisi, AUCTeB3is) 10
TSHKYMX YCKINaaHEHb: eHLedanonarii, iHcynsTty, TpoM60o3y
BEH FOMOBHOMO MO3KY, CyAoM, cuHgpomy [ieHa—bappe,
— LU0 BMIMBAKTb Ha 3aranbHWiA pesynbTaT MikyBaHHS
nauieHTis [36,37,38].

3a gaHumu icTopiin xeopobu, noHaa 60 % navjeHTis,
SIKi 3anyyeHi 40 AOCTIMKEHHS, Manu CKapri Ha aHOCMIo
Ta ronoBHWi Binb Ha moyaTtky 3axBoptoBaHHs. BTim, y
pasi Tsbxkoro nepebiry kopoHaBipycHOi xBopobu rono.-
HWUI Binb ByB MEHLL TPUBOXXHUM CUMMTOMOM MOPIBHAHO
3 3aJMLLKOI0 | NIUXOMaHKO, 1 OKpeMi rocnitanizoBaHi
nauieHTX He NoBiZOMMANM Npo HbOro. Lli AaHi 36iratoTbes
3 pesynbratami, WO oaepanu iHwi gocnigHukm [13,39].

[OCTpWiA iLLIEMIYHWIA IHCYNBT — NOLIMPEHa HEMpOBacKy-
nspHa nogis y xsopux Ha COVID-19 i cynyTHi LyKpoBwii
[Liaber, rinepToHiYHy xBopoby. 3icTaBHi JaHi oaepxaHo B
nonepeaHix aocnimkeHHsx [40,41]. Y Takux nauieHTis gia-
FHOCTOBAHO roCTpi iLLEMiYHI iHGhapKTX, BHYTPILUHEOMO3KOBI
KPOBOBUINBY, TPOMBO3 cuHYCiB. MopdonoriuHy KapTuHy
iLiemivHoro iHcyneTy BusiBneHo y 15,38 % Bunapkis i3 cy-
MyTHIMM LyKPOBKM [iabeToMm i rinepToHiYHoK XxBopoboto,
y 22,22 % — i3 CynyTHIMM LIyKPOBUM AiabETOM, OXMPIHHAM
i riNepTOHIYHOK XBOPOOOD MOPIBHSIHO 3 OKPEMUMM BUNaA-
kamu iHeynity (7,50 %), Konn BUSIBNEHO Tirlbkn CyrnyTHIO
rinepToHiyHy xBopoby (p < 0,05). oo remopariyHmx
iHCYIBTIB, TO Mif Yac HaLIOro JOCHIMKEHHS Taki BUNagKu
pioLLi, HX BUNaaKM roCTPOrO iLuemivHoro iHcynety. Lii aaHi
36iraloTbCs i3 BiZOMOCTAMM HaykoBoi nitepatypu [40].

Mposieu 3 6oky LIHC BCTAHOBNEHO Y XBOPUX i3 TSHKKUM
nepebirom COVID-19, BOHU OLjHEHI SIK HECNPUSTIIMBII
MPOrHOCTUYHWI NOKa3HWK. [inepkoarynsuis pasoM 3 eH-
ZoTenianbHUM 3ananeHHsIM € 0CHOBO apTepianbHOro Ta
BEHO3HOro Tpombo3y, no’sizaHoro 3 COVID-19 [40]. Mop-
¢honoriyHi 03HaKM riNOKCUYHO-iLLEMIYHOI eHLedbanonari
(3anexHo Big CTyneHs Ta TPUBANOCTI MMOKCIT Ta iwemii,
CynyTHLOI NaTONOrii) BKIKOYanM aereHepawito HeipoHiB,
0coBnMBO B YYTNMBYX O FMOKCIT AinsiHKax MO3Ky (kopa,
rinokamn i Mo3040K), 3BiNbLUEHHS! KiNbKOCTi ABOSAEPHNX
HENPOHIB (SIK HEPONPOTEKTOPHMIA edpeKT aganTauii 4o
rinoKcii), acTpornio3 Ta akTuBaLlito MikporTii.

BcraHoBneHo JOCTOBIpHE NepeBaxaHHs AereHepa-
TUBHO 3MIHEHWX HEVPOHIB Y NaUieHTIB i3 CynyTHIMK Ly-
KpoBMM fiabeToMm i rinepToHiYHO XBOPOOOIO, TPMBANMM
nepebyBaHHAM Y BiAAiNEHHAX iHTEHCVMBHOI Tepanii Ha
KepoBaHili BEHTUNALIT nereHb i HeiHBa3WBHIN BEHTUNALLT
3 MO3UTVBHUM TUCKOM MOPIBHSHO 3 BUMAgkamu 3 i30-
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NbOBAHOK CYNYyTHBLOK NATOMNOrIEK | KOPOTKOTPUBANUM
nepebyBaHHaM y cTauioHapi (p < 0,05).

Bucokuin cTyniHb acTporniosy 3adhikcoBaHo y pasi ro-
CTPOrO FMOKCUYHO-LLEMIHYHOTO NOLLKOMKEHHS FONIOBHOMO
MO3KY 3 AUCTPOCiEt0 Ta YaCTKOBOK BTPATOK HEMPOHIB,
6ins pinsiHoKk eHuedanomansuii, BHyTPILLHLOMO3KOBOIrO
KPOBOBUMMBY, KOMY B NALLIEHTIB AiarHOCTOBaHO komopbia-
Hy naTornorito (LykpoBuiA AiabeT, NopyLIEHHs NinigHoro
06MiHy, apTepianbHa rinepTeH3is) NopiBHSHO 3 BUNagKamm
3 i30MboBaHoo CynyTHLO narororieto (p < 0,05).

OTxe, 3a pesynbTaTaMyt OOCHIIKEHHS, YpaxeH-
Ha LIHC y rocnitanisoBaHux nauieHTiB 3 iHdeKuUieto
SARS-CoV-2 acoujtoBanics 3i CTapLUMM BIKOM, TSHKKICTHO
3aXBOPIOBaHHA i CynyTHbOIW natonorieto. 3a daHuMmu
icTopiii xBopobu Ta ricTonaTonoriyHMX AOCNIAKEHb,
eHuedanonaris, nos’s3aHa 3 COVID-19, — nowmpeHuit
nposiB 3 6oky LIHC, npote HerposackynsapHi nogii, k-0t
iHCYIBT, TPOM603 BEHO3HOTO CYHYCa Ta BHYTPILLHBOMO3-
KOBI KPOBOBWIIMBU, AjarHOCTOBAHO Yy pa3i TSHKKOro nepe-
6iry KOpOHaBipyCHOI XBOPOOM, BOHM Bynn He3aneXxHUMm
YUHHWUKaMMW PU3KKY BHYTPILLUHBOMIKAPHAHOT CMEPTHOCTI.
Kpim Toro, BnacHe iHdekuis SARS-CoV-2 € HesanexHUM
(haKTOPOM PU3MKY iLLIEMIYHOIO iHCYSIBTY, 3riQHO 3 pesyrb-
TaTamu gocnigkerHs P. Belani et al. [42].

BucHoBKU

1. CynyTHi 3axBoptoBaHHs y naujieHTis i3 COVID-19,
AK-OT LIYKPOBWI AiabeT, apTepianbHa rinepTeH3is, OKMpiH-
HS1, CEpLEBO-CYaVNHHI 3aXBOPIOBAHHS, @ TaKoX MOXWUIUNA
BiK CTAHOBNATbL BinNbLUMIA PU3MK TIPLIOrO MPOrHO3y Ta
CMepTHOCTI. BpaxoBytoum BYCOKY NOLIMPEHICTb LIyKPOBOMO
niabety y CBITi, Ui NawieHTV HanexaTtb 40 rpynu pUsnky
070 iHikyBaHHA SARS-CoV-2.

2. MNowwnpeHi HelponaTonoriyHi aptedakTn B ro-
NoBHOMY MO3Ky nomepnux Big COVID-19 Bkntovanu
peakTUBHUIA acTpornio3 npu iMyHOrCTOXiMIYHOMY BU-
3Ha4eHHi acTpoumTapHoro mapkepa GFAP, i BupaxeHuii
acTpornios 3adikcoBaHO Y (OPOHTaNbHil KOpi, 6asanbHmX
sapax, MOMIPHUA — Y MO304KY Ta BEPXHIW, HKHIN YacTu-
Hax [O0BracTtoro Mosky. PeakTuBHy akTuaLito Mikpormii
3 (DOPMYBaAHHAM MiKpoOrnianbHUX BY3MUKIB BU3HAYEHO
HaBKOIO FMNOKCUYHO 3MIHEHUX HEWpPOHIB, Yy Binii peyo-
BYHi, MEpVBACKYMSAPHO | B NEPUBACKYNAPHUX NPOCTOpax
Yy pi3HUX Biadinax rofloBHOro MO3Ky Ta MO304KY Nput iMy-
HOriCTOXIMIYHOMY BM3Ha4eHHi Mapkepa Mikpornii CD68.
IHinbTpauito CD3-No3NTUBHUMU KIiTUHAMMW 3aranbHoi
nonynsauii T-nimgouuTiB BUSBNEHO NepUBacKynspHo,
a napeHximatosHa iHinsTpauia piakicHa. 36inbLueHHs
KINbKOCTi ABOSIAEPHUX HEMPOHIB MOXHA BBaXatu CTPyK-
TYPHOO OCHOBOIO HEMPONPOTEKTOPHUX edheKTiB aganTaLlii
[0 TiNOKCil.

3.'Y pasi Tspkkoro nepebiry KopoHaBipyCHOT XBopotu
3 HeBpOIoriYHUM AediLMTOM HelpoBacKynapHi nogi
CYNPOBOKYBANMCS iLUEMIYHUM iHCpapKTOM, TPOMOO30M
BEHO3HOTO CUHYCa Ta BHYTPIiLLHHOMO3KOBKMM KPOBO-
BUNWBaMU, BU3HAYEHI SIK HE3anexHi YMHHUKN PU3NKY
BHYTPILUHBOMIKAPHAHOT CMEPTHOCTI.

lepcnekTUBY NoAaAbLIMX AOCAIRKEHb NepesbaqaloTb
KinbKicHe ouiHioBaHHA actporniody (GFAP), mikpornii
(CD68), nimdoigHoi iHdinsTpaii (CD3) 3 nopiBHANBHOK
XapaKTEPUCTUKOK B PIi3HMX BigAinax ronoBHOrO MO3Ky

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

NOMEPINX Bifi KOPOHABIPYCHOT XBOPOOM Ta KOHTPOMBLHOT
rpynw, Lo 3iCTaBHa 3a BiKOM i CTaTTHO.
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Aim. To investigate the content of iodine (1), selenium (Se), zinc (Zn), magnesium (Mg), calcium (Ca) and vitamin D, the thyroid ~ Keywords:
volume and thyroid functional state in patients with autoimmune thyroiditis (AIT) and subclinical hypothyroidism (SCH), to  autoimmune
assess the elemental supply, possibilities and feasibility of preventive and therapeutic use of micro- and macronutrients in  thyroiditis,

the early stages of the disease. subclinical

. . - . hypothyroidism,
Materials and methods. 134 people were examined (13 men, 121 women). Within the entire sample, 2 groups were microelements
formed depending on the presence of functional and laboratory signs of the disease: 1st — control group consisted of 53 macroelementé
healthy individuals without endocrine pathology, average age — 37.9 + 11.8 years, of which 8 were men (15.10 %), and ioduria, Se, Mg ’Ca
2nd group with AIT and SCH - 81 people, average age — 40.0 + 11.1 years, of which 5 were men (6.17 %). Anthropometric vitamin’ o

parameters were determined: age, sex, height, weight, body mass index; thyroid functional state: total thyroid volume,

concentration of thyroid-stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3), level of antibodies to )

thyroid peroxidase (TPOAD), level of antibodies to thyroglobulin (TgAb); level of micro- and macroelement: | in urine, Se, ~ Pathologia.
TR 2025;22(2):127-133

Mg, Ca, vitamin D in serum.

Results. In the group with AIT and SCH, a significant (p < 0.001) increase in thyroid volume, TSH, TPOAb and TgAb levels
and a significant decrease in thyroid hormones T4 (p = 0.008), fT3 (p < 0.001) were found compared to the control group. In
both groups, a slight iodine deficiency in the urine and a deficiency of vitamin D in the serum compared to reference values
were noted. In the group of patients with AIT and SCH, a significant decrease in Se (p = 0.016), Mg (p < 0.001) and total Ca
(p<0.001) was found compared to the control. A pronounced positive correlation of Se /| (r = 0.691) was found. The statistically
significant Odds ratio of AIT progression and overt hypothyroidism with reduced Mg content is OR =2.80 (95 % CI 1.29-6.09,
p = 0.0094), with reduced Ca content — OR = 7.68 (95 % Cl 2.77-21.30, p = 0.0001).

Conclusions. The group with AIT and SCH and the control group have a weak iodine deficiency in the urine and vitamin D
deficiency in the blood serum compared to normal reference values, which indicates a general population deficiency. In the
group of patients with AIT and SCH, a significant decrease in serum Se, Mg and total Ca was found compared to the control. A
significant positive correlation Se /| (r = 0.691) indicates the relationship of these trace elements and confirms their combined
effect on the development of autoimmune disorders and thyroid hormonal changes. A high risk of progression of AT and overt
hypothyroidism exists with reduced Mg and Ca content.

BmicT mikpo- Ta MakpoeAreMeHTiB y nauieHTiB 3 aBTOiIMYHHUM TUPEOIAUTOM Kntouosi croga:
i cy6KAIHIiYHMM rinoTMpeo3om e

. CYBOKAIHIUHWN
B. I. KpaBueHko, T. ®. 3axapueHko, 0. B. Pakos, K. 10. IBacbkiBa, O. |. KoB3yH ri};lompe%

Merta po6oti - gocninuTy BMICT ogly (1), ceneHy (Se), LuHKy (Zn), markito (Mg), kanbLito (Ca) Ta BitamiHy D, 06'em Ta tyHk-  MIKPOBAEMEHTH,

uioHanbHWI cTaH WwyTonoai6Hoi 3anosm (LL3) y nauienTia 3 aBToiMyHHUM TpeoinuTom (AIT) Ta cybkmiHiuHMM rinoTupeosom  MAKPOEAEMEHTH,
(CKT"), oLiHUTY eneMeHTHe 3abeaneqeHHs!, MOXIMBOCTI Ta AOLMbHICTL MPEBEHTUBHOO Ta MikyBanbHOMO 3aCTOCYBaHHS MIKpO- ”9”9"";6' Mg, Ca,
BITaMIH D.

Ta MaKpOHYTPIEHTIB HA paHHiX eTanax 3axBOPHOBAHHS.

Marepianv i metoan. O6cTexunm 134 oci6: 13 vonosikis i 121 XiHKy. Y mMexax BUGIpKM CHOPMOBAHO [BI IPYNN 3aNEXHO  naronoris. 2025.
BiZl HAsIBHOCTi (hyHKLiOHamNbHMX i TabopaTopHMX 03HaK 3axXBOPIOBaHHS: A0 1 (KOHTPOMbHOI) rpynu 3amy4eHo 53 300poBUX  T.22, Ne 2(64).
oci6 6e3 eHIOKPUHHOI NaTororii, cepeHin Bik — 37,9 * 11,8 poky, i3 HUx 8 yonosikis (15,10 %), Ao 2 rpynn — 81 xBoporo Ha €. 127-133
aBTOIMYHHUI TUPEOIAMT i CyOKNiHIYHMIA riNoTMPeo3, cepeHin Bik — 40,0 £ 11,1 poky, i3 HWX 5 vonosikis (6,17 %). BuaHayeHo

TaKi aHTPOMOMETPUYHI NOKa3HWUKK, SIK BiK, CTaTb, 3piCT, Maca Tina, 0bpaxoBaHo iHaekc Macu Tina. OuiHUM yHKUiOHaNbHWIA

craH LL3, 30kpema Bu3Haummm i cymapHuii 06’em, KOHLEHTpaLto TpeoTponHoro ropmoHa (TTT), BinbHOro TMPOKCKHy (BT4),

BifIbHOrO TPUMOATMPOHIHY (BT3), piBeHb aHTWTIN A0 Tnpeonepokcuaasu (TPOAD), piBeHb aHTUTIN Ao Tvpeornobyniny (TgAb),

a TaKoX piBeHb Mikpo- Ta MakpoenemeHTis (I B cevi, Se, Mg, Ca, BitamiHy D y cupoBaTLi KpoBi).

Pesyastatu. Y rpyni nauieHTiB 3 AIT i CKI™ BuaHaveHo ictotHe (p < 0,001) 36inbwenHs o6'emy L3, piHst TTI, TPOAb Ta
TgAb Ta iCcTOTHe 3HKEHHS TUPeOiaHUX ropMmoHiB fT4 (p = 0,008), fT3 (p < 0,001) NOpiBHAHO 3 BiANOBIAHUMM NOKA3HUKaMK
KOHTpOIbHOI rpynu. B o6cTexeHnx 3 060x rpyn BUSIBNEHO crnabkui iiopoaediuuT y cedi Ta HeAoCTaTHICTb BiTamiHy D y
CUpoBaTLi KPOBI MOPIBHSAHO 3 pedpepeHTHUMY 3HaYeHHsaMK. Y rpyni nauieHTiB 3 AlT i CKI™ BCTaHOBWM 3HAYHE 3HIMKEHHS Se
(p=0,016), Mg (p < 0,001) Ta 3aransHoro Ca (p < 0,001) NoOpiBHSHO 3 KOHTPOMNEM. BUsiBUNK BUpaXxeHy NO3UTUBHY KOpensLio
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Se /I (r=0,691). CtaTucTyHo BiporigHe cniBBigHOLWEHHS LWaHciB nporpecii AIT Ta SIBHOrO rinoTnpeo3y Ha OHi 3HKEHOI
KOHLeHTpauii Mg ctaHoBuTb OR = 2,80 (95 % CI 1,29-6,09, p = 0,0094), Ha choHi 3meHLueHoro BmicTy Ca— OR =7,68 (95 %

Cl 2,77-21,30, p = 0,0001).

BucHoBku. ObcTexeHi 3 rpynu AIT i CKT, sik i 3 KOHTPONBHOI, MaroTh Cnabkuii ogoaediunT y cedi Ta HeQOCTaTHICTb BiTamiHy D
y CVpOBATLi KPOBi MOPIBHAHO 3 HOPMamnbHUMMW MOKa3HWKaMK; Lie CBIAYMTL NPO 3ararnibHy NonynsuiiHy He[oCTaTHICTb.
Y rpyni nauienTiB 3 AIT i CKI" BCTaHOBNEHO iCTOTHE 3HWXKEHHA B cpoBaTLi Kposi Se, Mg i 3aranbHoro Ca nopiBHAHO 3
KoHTponeM. 3Ha4Ha nosuTueHa kopenauis Se/ | (r=0,691) nigTBepaxye B3aEMO3B'A30K LIMX MIKPOENEMEHTIB i iXHilt noeaHaHNI
BMSIMB HAa PO3BWUTOK aBTOIMYHHMX NOPYLUEHb | FOPMOHanbHUX 3MiH Y LLI3. Bucokuii pusunk nporpecii AIT Ta siBHOro rinotupeosy

BU3HAYEHO Yy pasi 3HikeHoro BMicTy Mg i Ca.

Autoimmune thyroiditis / Hashimoto’s thyroiditis (AIT/HT)
is one of the most common pathologies among endocrine
diseases and is the most common cause of hypothyroid-
ism. Autoimmune thyroiditis begins asymptomatically, is
associated with damage to thyrocytes, and the synthesis
of autoantibodies is the final stage of the immune re-
sponse to the autoantigens TPO (thyroid peroxidase) and
Tg (thyroglobulin). The prevalence of thyroid antibodies
—TPOADb (11.3 %) and TgAb (2.0 %) in euthyroid subjects
was observed in 15.3 % of individuals [1]. Over time, latent
AIT progresses to subclinical and manifest thyroiditis
with hypothyroidism. Subclinical hypothyroidism (SCH)
is a persistent increase in the level of thyroid-stimulating
hormone (TSH) with normal values of thyroid hormones
(TG). Subclinical hypothyroidism is relatively common dis-
order, and most population studies have demonstrated a
prevalence of approximately 5-10 % of the population [2].
In Ukraine, the incidence of AIT in the population is 43.1
cases per 100 thousand population, the prevalence is
almost 10 times higher (421.2 cases per 100 thousand
population) [3].

The implementation of genetic factors of autoimmune
thyroid diseases (AITD) depends on various environ-
mental influences, such as stress, smoking, bacterial
and viral infections, chemical pollutants, and dietary
iodine [4]. The autoimmune process in the thyroid is
closely associated with oxidative stress (OS), a process
that damages cellular structures, including lipids and
membranes, proteins, and DNA[5]. Excessive formation
reactive oxygen species (ROS) are involved in various
stages of the pathogenesis of thyroid diseases and even
endemic goiter [6].

As external factors, trace elements in appropriate
concentrations are necessary for the proper functioning
of the thyroid gland. lodine (1), selenium (Se), zinc (Zn),
iron (Fe), copper (Cu), manganese (Mn) are part of en-
zymes involved in the reduction of OS [7,8].

lodine deficiency in nutrition is a global problem
that affects all segments of the population and exists
in many countries around the world [9]. lodine is need-
ed for the synthesis of TG, and | deficiency leads to
insufficient production of thyroxine and related thyroid
diseases [10]. lodine deficiency in the thyroid causes an
increase in the content of ROS, which is formed from
hydrogen peroxide, which is involved in the synthesis
TG [11]. Insufficient | intake (<100 pg/L) is associated
with an increased incidence of thyroid nodules [12]. Both
deficiency and excess | intake can serve as risk factors
for thyroid diseases. Excessive | intake in the population
due to poorly controlled iodine prophylaxis programs
can cause euthyroid or subclinical hypothyroid AIT [13].
In regions with excess | intake, an increased incidence
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of AIT is observed, characterized by high TPOAb and
TgAb titers [14].

lodine and Se play a key role in the development of
AITD. Selenium is a component of deiodinases, enzymes
responsible for homeostasis and control of TG activity. Se
deficiency reduces the expression and activity of antioxi-
dantenzymes [7]. Selenoproteins prevent excessive ROS
formation, which can lead to thyroiditis or chronic inflam-
mation. Epidemiological data indicate the prevalence of
thyroiditis in Se deficiency [15]. Although some authors
did not note the relationship between the prevalence of
HT and Se content [16].

Zinc is involved in TG metabolism by regulating the
activity of deiodinases, TRH (thyrotropin releasing hor-
mone) and TSH, and by modulating the structures of key
transcription factors involved in TG synthesis [17]. There is
a relationship between Zn deficiency and TG levels [18].
Zn acts as an antioxidant by inhibiting DNA / RNA and
protein oxidation, as well as the inflammatory response,
which leads to a decrease in ROS production [19].

Altered Ca?* regulation in lymphocytes, which disrupts
the control of metabolism, proliferation, differentiation,
antibody secretion, cytokines and cell cytotoxicity, leads to
autoimmune and inflammatory diseases [20]. Intracellular
mitochondrial Ca?* is a key regulator of cell apoptosis. Ca?*
uptake and mitochondrial metabolism underlie the survival
of Treg cells under OS conditions [21]. Ca?* signaling
activates the proliferation and survival of B lymphocytes
that produce autoantibodies [22]. The main mechanism
of increased intracellular Ca?*is the deficiency of intracel-
lular Mg?*, which can cause immunodeficiency, increased
acute inflammatory response, decreased antioxidant re-
sponse and OS. Magnesium regulates the balance of Ca
and phosphorus (P) through its effect on vitamin D [23].

The active metabolite of vitamin D (1,25(0H),D,), in
addition to its main function in the body — maintaining Ca
and P homeostasis, performs a number of non-classical
effects, including reducing OS, antimicrobial protection,
anti-inflammatory effect [24]. Vitamin D affects innate and
adaptive immunity and may have an immunomodulatory
effect on AIT [25].

Treatment of patients with AIT associated with SCH
remains controversial today, most patients are under
observation without treatment [26]. Treatment is recom-
mended to start with levothyroxine (L-T4) with a serum
TSH level 210 mIU/L, as this TSH level is associated
with an increased incidence of cardiovascular events and
cardiovascular mortality [27]. Therefore, it is important to
understand the factors that influence the immune system
in patients with AIT associated with SCH.
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Aim

To investigate the content of iodine, selenium, zinc,
magnesium, calcium and vitamin D, the thyroid volume
and thyroid functional state in patients with autoimmune
thyroiditis and subclinical hypothyroidism, to assess the
elemental supply, the possibilities and feasibility of pre-
ventive and therapeutic use of micro- and macronutrients
in the early stages of the disease.

Materials and methods

An open randomized controlled study was conducted
to assess the content of micro- and macronutrients,
the thyroid volume and thyroid functional indicators in a
group of patients with AIT and SCH. The study protocol
was conducted in accordance with the principles of the
Declaration of Helsinki and approved by the Bioethics
Committee of the State Institution “V. P. Komisarenko
Institute of Endocrinology and Metabolism of the Nation-
al Academy of Medical Sciences of Ukraine” (Protocol
No 43/1-KE dated 06/06/2022). All subjects provided
informed consent.

134 subjects (13 men, 121 women) were examined.
Within the entire sample, 2 groups were formed depending
on the presence of functional and laboratory signs of the
disease: the 1st — control group consisted of 53 healthy
individuals without endocrine pathology, average age —
37.9 £ 11.8 years, of which 8 were men (15.10 %), and
the 2nd group with AIT and SCH — 81 people, average
age—40.0 £ 11.1 years, of which 5 were men (6.17 %). An-
thropometric indicators were determined: age, sex, height,
weight, and body mass index (BMI) was calculated.

Thyroid functional state: concentration of thy-
roid-stimulating hormone (TSH), free thyroxine (fT4), free
triiodothyronine (fT3); immunological indicators: level of
antibodies to thyroid peroxidase (TPOAD), level of anti-
bodies to thyroglobulin (TgAb), level of vitamin D in blood
serum — were determined on the Cobas e 411 analyzer
(“Roche Diagnostics”, Germany). The total thyroid volume
was determined by the Brunn method (Terason 2000
scanner with a linear sensor with a frequency of 10 MHz
(“Terason Ultrasound”, USA).

The concentration of | in the urine was determined
by the cerium-arsenite Sandell-Kolthoff method modified
by J. T. Dunn et al. on a UV-1280 spectrophotometer
(“Shimadzu”, Japan). The method for determining ioduria
undergoes external quality control at the Center for Dis-
ease Control and Prevention (CDC) in Atlanta (USA). The
Se content in serum was determined by the fluorometric
method (“Hitachi MPF-4” spectrofluorometer) after acid
mineralization, conjugation with 2,3-diaminonaphthene
and extraction from acidic aqueous solutions with cy-
clohexane. The content of Mg, Ca in blood serum was
determined photometrically using the Cobas 6000 C501
analyzer (“Roche Diagnostics”, Switzerland). The content
Znin blood serum was determined by atomic absorption
spectrometry (spectrometer “Labor Berlin”, Germany). In
regions with sufficient | content, the maximum range of
reference values for thyroid volume by sex and body area
is 4.25-20.98 cm? for men and 3.44-18.31 cm? for women.
Reference values for serum TSH are 0.27-4.20 mIU/L,
fT4 — 0.93-1.71 ng/dl, fT3 — 2.02—4.43 pg/ml, TPOAb
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— up to 34 IU/ml, TgAb — up to 115 [U/ml. Reference
values for | in urine — 100.0-200.0 ug/L, Se in serum
— 60-120 pg/L, vitamin D (25(0OH)D) in serum in adults
30.0-50.0 ng/ml, Zn in serum — 70.0-150 pg/dl, total Mg
in serum — 0.66—1.07 mmol/L at the age of 18-60, total
Ca in serum — 2.15-2.5 mmol/L at the age of 18-60.

Statistical analysis was performed using the statis-
tical software MedStat and MedCalc Software Ltd. To
check the law of distribution of quantitative data, the
Shapiro-Wilk test was used. For data with a normal
distribution, the arithmetic mean with standard deviation
was calculated. In the case of a non-normal distribution,
the median (Me) and interquartile range (QI; QIIl) were
used. Comparisons were performed using the Student’s
test or the Wilcoxon W-test, respectively. In all tests, the
value p < 0.05 was considered significant. To assess
the relationships between the indicators, Pearson’s cor-
relation coefficient was applied for normally distributed
variables, while Spearman’s rank correlation was used
for non-normally distributed ones. The calculation of the
risk of AIT and SCH in the groups was carried out with
the determination of the Odds ratio, confidence interval,
significance level (OR, 95 % Cl, p).

Results

A comparative study of anthropometric indicators and
thyroid function in the group of patients with AIT and
SCH revealed a significant (p < 0.001) increase in thyroid
volume, TSH level and a significant decrease in thyroid
hormones fT4 (p =0.008), fT3 (p < 0.001) compared to the
control group. Although the medians of thyroid hormones
in the study group were at the lower limit of the reference
norm. In the group of patients with AIT and SCH, a sig-
nificant (p < 0.001) increase in TPOAb and TgAb titers
was recorded compared to the control. In terms of age
and BMI, both groups did not differ statistically (Table 1).

The study of thyroid dimensions showed that in the
control group as a whole, the mean value (M + SD) of
the thyroid volume was 10.9 + 3.2 cm®. In the majority of
the examined women in this group (n = 45), the thyroid
volume was 10.95 + 3.2 cm®. In men (n = 8), the thyroid
volume was 10.87 + 3.5 cm?®. That is, the thyroid volume
in women and men of the control group did not differ
(p = 0.952). In the research group (AIT with SCH), the
mean value (M = SD) of the thyroid volume was larger
(p < 0.001) and was 24.7 + 11.3 cm®. This group also
had a predominance of women (n = 76) and the thyroid
volume was 24.8 + 11.4 cm?®. In men (n = 5), the thyroid
volume was 23.8 + 10.8 cm?, indicating no (p = 0.850)
difference depending on sex, despite some differences in
the reference values of thyroid volume (4.25-20.98 cm?
for men and 3.44-18.31 cm? for women).

It should be noted that the study group (AIT and SCH)
consisted of patients who had positive TPOADb (100 %)
and TgAb (60 %). Among them, 59 patients (72.8 %) had
signs of SCH — elevated TSH and normal TG levels, the
remaining 22 patients (27.2 %) had elevated TSH and TG
levels at the lower limit of reference values or decreased.
In most patients in research group (76.5 %), the thyroid
volume exceeded the upper limits of the reference value
for men and women.
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Table 1. Anthropometric and thyroid parameters in patients in the control group and
in the group with autoimmune thyroiditis and subclinical hypothyroidism

Indicator, units of Control group (1st), Research group (2nd),
measurement n=53 n=381

Age, years 379+118 40.0+11.1 0.282
BMI, kg/m? 255+4.0 255+338 0.992
Thyroid volume, cm?® 10.9+3.2 247+113 <0.001
TSH, mlU/L 1.38(0.9; 2.1) 6,54 (5.2;8.1) <0.001
T4, ng/dl 1.22 (1.01; 1.46) 1.08 (0.99; 1.24) 0.008
T3, pg/ml 3.24 (2.98; 3.60) 2.99 (2.14; 3.19) <0.001
TPOADb, 1U/ml 7.1(1.9;11.7) 270.0 (164.0; 410.0) <0.001
TgAb, IU/ml 14.0 (0.0; 57.5) 155.0 (89.0; 250.0) <0.001

Mean values with standard deviation and medians with interquartile ranges (Q1; Q3) are
presented. Comparisons were made using Student’s t-test or Wilcoxon’s W-test.

Table 2. Content of micro- and macroelements in the blood serum of patients
in the control group and the group with autoimmune thyroiditis and subclinical

hypothyroidism
Indicator, units of Control group (1st), Research group (2nd),
measurement n=53 n=81

Urine iodine, pg/L 84.0 (69.0; 120.5) 82.0 (69.8; 112.0) 0.667
Selenium, pg/L 75.0 (62.0; 85.1) 67.0 (53.0; 78.0) 0.016
Zinc, ug/dl 82.6 (72.0; 90.1) 79.0 (75.0; 86.0) 0.288
Magnesium, mmol/L 0.76 (0.14) 0.66 (0.01) <0.001
Calcium, mmol/L 2.30(2.21; 2.38) 2.18(2.01;2.33) <0.001
25(0OH)D, ng/ml 28.4 (9.8) 26.0 (7.2) 0.150

Mean values with standard deviation and medians with interquartile ranges (Q1; Q3) are
presented. Comparisons were made using the Student's test or Wilcoxon's W-test.

The study of micro- and macronutrient content
revealed mild iodine deficiency compared to the normal
reference value (100-200 pg/L) and vitamin D (25(OH)D)
deficiency in serum compared to the normal reference va-
lue (30.0-50.0 ng/ml) in both the control and experimental
groups. The level of other elements was also at the lower
limit of the reference values in both groups. In the group of
patients with AIT and SCH, a significant decrease in serum
Se (p = 0.016), Mg (p < 0.001) and total Ca (p < 0.001)
was found compared to the control (Table 2).

To determine diagnostic markers of the disease,
correlation studies of micro- and macronutrients, thyroid
status indicators in the groups of subjects were con-
ducted. In the control group, Pearson’s linear correlation
studies revealed a strong positive relationship between
thyroid volume and TSH level (r = 0.979) and a negative
relationship between Se and TgAb (r = -0.429), as well
as between | and TgAb (r = -0.410). Correlation analy-
sis (Spearman’s rank correlation) of the parameters in
the group of patients with AIT and SCH revealed the
expected significant positive correlation between thyroid
parameters — thyroid volume / TPOADb (r = 0.675), thyroid
volume / TgAb (r = 0.525), TPOAb / TgAb (r = 0.551)
and a negative correlation between TSH and thyroid
hormones —TSH /T4 (r=-0.472), TSH /T3 (r=-0.491).
Regarding micro- and macroelements in the studied
group, a pronounced positive correlation Se /| (r=0.691)
and moderate positive and negative correlations between
different elements were established (Table 3).

To assess the risk of onset and progression of AIT
with SCH and AIT with overt hypothyroidism with reduced
micro- and macronutrient content, the Odds ratio (OR) and
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confidence intervals (95 % Cl) of the study groups were
calculated. It was found that the risk of progression of AIT
and overt hypothyroidism is significant (p = 0.0094) with
reduced (<0.66—1.07 mmol/L) Mg content (OR = 2.80;
95 % CI 1.29-6.09), and also significant (p = 0.0001) with
reduced (<2.15-2.50 mmol/L) Ca content (OR = 7.68;
95 % CI 2.77-21.30) in serum (Table 4).

Discussion

The results of the study of the group of patients with AIT
and SCH revealed a significant increase in the mean value
of the thyroid volume, TSH level, TPOAb and TgAb titer
and a significant decrease in the median of the thyroid
hormones fT4, fT3 (within the lower reference range)
compared to the control, which indicates the presence of
SCH, activation of the autoimmune process in the thyroid
gland. Both in the control and in the AIT and SCH groups,
a mild degree of iodine deficiency was found compared
to the normal reference value (100-200 pg/L), which
indicates a general population iodine deficiency.

Our results on the increase in thyroid volume, TSH
level with a decrease in the concentration of | in urine and
Se in serum in patients with AIT and SCH are consistent
with studies that have shown that insufficient | intake
(<100 pglL) is associated with an increased frequency of
thyroid nodules and autoimmune pathology [12]. lodine
deficiency is considered to be much more harmful than
excess |, as it affects entire populations, while excess |
affects only a small percentage of individuals susceptible
to AITD, as it can impair thyroid function through OS [28].
The possible early increase in thyroid antibodies after |
consumption is mostly transient, varies between popula-
tions under the influence of genetic and environmental
factors, and does not always coincide with the presence
or subsequent development of AITD. The use of | sup-
plements in the general population should not be limited
by the possible increase in the prevalence of AITD. |
consumption at a concentration not exceeding 300 pg/L is
safe and outweighs the risk of autoimmune disorders [29].

The study of correlations between the content of
micro- and macroelements, thyroid status indicators
revealed in the group of patients with AIT and SCH the ex-
pected significant positive correlation between thyroid in-
dicators — thyroid volume / TPOAD, thyroid volume / TgAb,
TPOAb / TgAb and a negative correlation between TSH
and thyroid hormones — TSH /T4, TSH/fT3. The results
of the study established a negative relationship between
Se / TgAb and | / TgAb in both studied groups, which
indicates the significance of the deficiency of these es-
sential microelements in the occurrence and development
of AIT with SCH.

In the group of patients with AIT and SCH, a significant
decrease in serum Se, Mg and total Ca was found com-
pared to the control. The level of other elements is at the
lower limit of reference values in both groups. In the study
group, a strong positive correlation of Se /| and moderate
positive and negative correlations between different ele-
ments were noted, in particular — a positive relationship of
Zn with I, Se, Mg, Ca. The positive correlation of Se /| in
the AIT and SCH group indicates the relationship of these
trace elements and confirms their combined effect on the
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Table 3. Correlation coefficients of the content of micro- and macroelements,
indicators of thyroid status in the groups of examined

Control group Research group

development of autoimmune disorders and hormonal
changes in the thyroid. The ratio of trace elements, in
particular Se / I, can be considered a diagnostic marker
of AIT with SCH and AIT with hypothyroidism.

Correlation between

Other researchers have also reported on the re- nelcators __
duced content of micro- and macroelements in SCH, Thyroid volume / TSH 0.979 <0.001 - -
hypothyroidism and AlIT, as well as ways to compensate ~ Thyroid volume / TPOAb - - e R
for their deficiency and influence on pathophysiological ~ Thyroid volume / TgAb - - 0.525 <0.001
processes. Thus, insufficient Se intake increases sus- 1M/ T4 - - 0472 <001
ceptibility to thyroid diseases associated with OS [30].  TSH/fT3 - - 0491 <001
Se supplementation in patients with euthyroid, subclinical TPOAD/ TgAD - = 0551 <0.001
or overt hypothyroid HT not only reduces the level of ~ 5¢/T9AP 0429 <0.01 0.239 <005
thyroid autoantibodies, TSH, fT4 / fT3, but also reduces 23'2“ ] B ggi; :g'g?
OS and inflammatory state, and improves the structure Se./ 25(0H)D ~ ~ 0' 73 <0'05
and thyroid volume [12,31]. The use of microelements Se |/ TgAb 0.410 <0.01 _(').227 <0'05
and Zn has been proposed to reduce oxidative thyroid T=E N o FEEE <0:05
damage in HT [12,32]. 1/ Mg _ _ 0.227 <0.05

The results of the study of the content of micro- and 1/ 25(0H)D _ _ 0.252 <0.05
macroelements in the group of patients with AIT and Zn / Thyroid volume 0274 <0.05 _ _
SCH correspond to the study of patients with latent AIT Zn I Mg _ _ 0.246 <0.05
with high titer. Significantly lower serum concentrations Zn/Ca _ _ 0.349 <0.05
of Mg and Fe were in HT patients with positive TPOAb Mg / TSH 0.273 <0.05 _ _
and TgAb [33]. Lower serum Ca and higher serum P Ca / Thyroid volume _ _ 0.236 <0.05
levels have been reported in hypothyroidism compared Ca/25(0H)D _ _ 0.331 <0.05

with SCH [34]. In patients with hypothyroidism, mean
serum Ca and Mg levels are decreased, while serum P
levels are increased. A statistically significant negative
correlation between Ca, Mg, and TSH was observed
among hypothyroidism cases [35]. The calculation of
Odds ratios (OR) and confidence intervals (95 % Cl) of
the study groups revealed a significant risk of progres-
sion to AIT and overt hypothyroidism with decreased
(<0.66—1.07 mmol/L) Mg content (OR = 2.80; 95 % Cl
1.29-6.09) and with decreased (<2.15-2.50 mmol/L)

Control group: pairwise correlation coefficients (Pearson); study group: rank correlation
coefficients (Spearman); values of coefficients that differ from 0 (p < 0.05) are given;

—: the absence of correlation.

Table 4. Calculation of Odds ratio of progression of autoimmune thyroiditis or overt

hypothyroidism with reduced content of micro- and macroelements

Micro-, macronutrient Control Research | OR (95 % CI)
group, n group, n
31 56 - -

Urine iodine, decreased

Ca content (OR = 7.68; 95 % Cl 2.77-21.30) in serum. "™ 22 25 159(077-8.27)  0.2081
A similar prediction has been made in studies by other Selenium, decreased 12 %0 - -
authors. Thus, very low serum Mg levels are associated norm 41 >t 201(092-441) 00816
with an increased risk of TgAb, HT, and hypothyroidism. Zinc, decreased ’ ! R R
The risks of SCH and hypothyroidism in the group with :Aoa:;esium decreased ‘1‘3 ;g 046(0.16-1.33) 01523
the lowest Mg level (£0.55 mmol/L) were higher than in ’
the group witﬁ normrgll Mg levels [3(%]. ’ gjl::um decreased :2 32 3'80 B ?'0094
The Ilteraturg on the relationship _between vitamin D norm 48 45 768 (277-21.30)  0.0001
Ieyels and AITQ is somewhat contradictory. The mecha- 25(0H)D, decreased 33 60 B B
nisms of vitamin D’s effect on AITD are still unknown, Norm 20 2 173 (0.82-3.65) 01488

but may be related to its anti-inflammatory and immuno-
modulatory properties [25]. There is a study that failed
to find a relationship between vitamin D deficiency and
a higher prevalence of HT [37]. No effect of vitamin D on
the levels of TSH, T3, and fT4 hormones was found [38].
This ambiguity regarding the relationship between vitamin
D and TSH, TG, and the prevalence of HT is likely due
to the fact that susceptibility to AITD may be influenced
by polymorphisms in some vitamin D-related enzymes
and proteins, such as CYP28B1, CYP2R1, CYP24A1,
VDBP, and VDR [39].

The data obtained in our study showed that both
the control and AIT and SCH groups had a deficiency
of 25(OH)D in serum compared to the normal reference
value (30.0-50.0 ng/ml), indicating a deficiency of vitamin
D at the population level. The results of our study on the
level of 25(0OH)D in serum were confirmed by the works of
scientists who believe that the population needs to main-
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tain 25(OH)D concentrations above 40 ng/mlin the range
of 40-80 ng/ml, which is optimal for disease prevention
and reducing the severity of various conditions, such as
cardiovascular and metabolic diseases, autoimmune di-
seases, infections and cancer, as well as mortality without
side effects [24]. In addition, in patients with HT, reduced
levels of vitamin D were found, negatively correlated with
TSH and positively with fT3 and fT4 [25,40]. HT is more
closely associated with vitamin D deficiency than with its
insufficiency. However, additional treatment with chole-
calciferol is associated with a decrease in TPOAb and
TgAb levels in patients with AITD with both insufficiency
and deficiency of vitamin D [11].

According to our data in the AIT and SCH group, vita-
min D showed a weak positive relationship with |, Se and
Ca, which does not contradict the literature data on the
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enhancement of the effect of vitamin D by the use of Sein
patients with HT. Thus, daily intake of vitamin D (4000 IU)
for 6 months increased the level of 25-hydroxyvitamin D,
reduced serum TPOAb and TgAb titers in women with
HT. The effect on antibody titers was more pronounced
in women with HT who received daily selenomethionine
(200 pg) for 12 months before the start of the study [38].
The presence of element deficiencies in AIT patients with
SCH, the high risk of SCH transitioning to overt hypothy-
roidism, and the absence or limited treatment with L-T4
suggest the use of these elements for the prevention of
the next stage of AIT with overt hypothyroidism.

Conclusions

1. In the group with autoimmune thyroiditis and sub-
clinical hypothyroidism, a significant (p < 0.001) increase
in thyroid volume, TSH level, TPOADb and TgAb titer and a
significant decrease in thyroid hormones fT4 (p = 0.008),
T3 (p < 0.001) were found compared to the control group.

2. Mild iodine deficiency in urine and vitamin D de-
ficiency in serum compared to normal reference values
were found in the group with autoimmune thyroiditis and
subclinical hypothyroidism, as well as in the control group,
which indicates a general population deficiency.

3. Inthe group of patients with autoimmune thyroiditis
and subclinical hypothyroidism, a significant decrease
in serum Se (p = 0.016), Mg (p < 0.001) and total Ca
(p < 0.001) was found compared to the control.

4. The pronounced positive correlation Se / |
(r = 0.691) indicates the relationship of these trace ele-
ments and confirms their combined effect on the deve-
lopment of autoimmune disorders and thyroid hormonal
changes.

5. A significant risk of progression of autoimmune
thyroiditis and overt hypothyroidism exists with a reduced
serum Mg content (OR = 2.80, 95 % CI 1.29-6.09,
p =0.0094) and with a reduced Ca content (OR = 7.68,
95 % Cl2.77-21.30, p = 0.0001).

Prospects for further research are to continue study-
ing the micro-macronutrient composition in patients with
autoimmune thyroiditis and subclinical hypothyroidism.
For individuals with insufficiency / deficiency of micro-,
macronutrients, changes in functional and sonographic
thyroid indicators, to continue studying the possibility and
feasibility of prophylactic use of drugs / food supplements
to reduce the risk of disease onset and progression.
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AHani3 KAiHIYHKX | MopdoAOriYHUX 0c0OAMBOCTEN NOLLMPEHUX POPM
NyCTYAbO3HOrO ncopia3sy
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OcTaHHiMM JecATURITTAMM 3Ha4HO 3BinbLuKnnack YacToTa BUNaaKie NoLLMpeHX hopM NyCTYNbLO3HOTO NCopiasy, Lo Hepiako
NepPBVHHO BU3HAYaLOTh K iHLLIi XPOHIYHI AepmaToau: eksemy, Byrnbo3Hy Tokcuaepmito, repnec, 6aktepua nycTynbo3Hun EHapioca,
nycTynb0o3 CyOKOpHeanbHuiA Towwo. BHacnigok Lboro nawieHToBi NisHO NpU3HaYatoTb ONTUMarbHE NiKyBaHHS, 3aXBOPIOBaHHS
HabyBae TspkKoro nepebiry, ax 40 MOXMMBOTO MEeTanbHOTO HacmiaKy.

Merta po6oT1 — npoaHaniayBaTty ricTonori4Hi 0cobrMBOCTi NOLUMPEHUX hOpPM NYCTYNBO3HOIO NCOopiasy 3anexHO Bif KMHIYHMX
nposiBiB iEpMaTO3y.

Marepianu i metoaum. Mg cnoctepexeHHsm nepebysanu 57 nauieHTiB i3 nycTynbo3H1Mu opmamu ncopiasy: 34 (60 %) xso-
pux 3 06MexeHUMM hopmamu NyCTynbLo3Horo ncopiasy, 23 (40 %) — 3 noLumpeHumMmn dhopmamm (i3 HUX 12 — i3 NOLUMPEHNUMK,
11 — 3 reHepanisoBaHUMu). Ycim navjieHTam i3 nowmpeHnMy hopmMamu NycTynbO3HOro Ncopiasy Asidi BUKOHAHO TiCTONOrivHe
[OCTIIKEeHHs METOZOM NaHy-6ioncii — o novaTky nikyBaHHA Ta Yepe3 7 AHIB NiCns 3HWKHEHHS MyCTYNbO3HNX eNEMEHTIB 3
ocepeakiB hoHOBOI epuTemu. 3paski 3abapBeHo reMaToKCUIHOM Ta €03VHOM.

Pesyabtati. Y pesynbtarti aHaniay KniHiYH1x ocobnmBoCTei NyCcTynb03HOTO Ncopiady BCTAHOBEHO, LU0 XapaKTEPHOK 03Ha-
KO MOLUMPEHNX GopM, KpiM MHOXMHHKX NycTyn, Byna cTilika (hoHoBa epuTeMa, sika y BinbLIOCTi NauieHTiB 3'aBnsnacs Ha
rnoyaTky 3axBOpIOBaHHS, 3bepiranack NPOTAroM TPUBAJIOrO Yacy, HaBiTb NICMS 3aKiHYEHHS NiKyBaHHS, @ CTyMiHb ii NposiBy MaB
KOpEensLjto 3 TSXKKICTIO 3aXBOPIOBAHHA. Y pesynbTaTi MCTONoriYHoro aHanisy martepiasy, B3siTOro 3 0CepenkiB 3rpynoBaHux
nycTyn i OHOBOI epuUTEMM, BCTAHOBIEHO 3B’A30K MiX IHTEHCUBHICTIO (DOHOBOI epuTEMM, XapakTepoM MOPOMNOriYHMX 3MiH
LUKipW Ta BiaganeHnm NporHo3oM Aepmaroay.

BucHoBku. DoHOBa epuTeMa — BaXIMBWIA AiarHOCTUYHUIA KpUTEPIN NOLLMPEHKX (hOPM MYCTYNBO3HOTO Ncopiasy, LLO XapakTepuaye
CTYNiHb HEMTPOWINBHOI IH(INBTPALLl LLKIPW, PU3NK BUHMKHEHHSI CBIXKUX MYCTYI | NPOrpecyBaHHs AepMaTo3y 3arasnom.

Analysis of clinical and morphological features of common forms
of pustular psoriasis

M. E. Zapolskyi, T. V. Sviatenko, T. V. Chaban, D. M. Zapolska, L. M. Tymofieieva

In recent decades, the frequency of cases of widespread forms of pustular psoriasis has significantly increased, which are
often mistaken for other chronic dermatoses: eczema, bullous toxidermia, herpes, Andrews’ pustular bacterid, subcorneal
pustulosis, etc. —and as a result, late appointment of adequate treatment, severe course of the disease, possible fatal outcome.

The aim of the work is to analyze the histological features of widespread forms of pustular psoriasis depending on the clinical
manifestations of dermatosis.

Materials and methods. 57 patients with pustular forms of psoriasis were under observation: 34 (60 %) patients with limited
forms of pustular psoriasis, 23 (40 %) — with widespread forms (12 of them — with widespread and 11 — with generalized). All
patients with widespread forms of pustular psoriasis underwent histological examination twice by punch biopsy: before the
start of treatment and 7 days after the disappearance of pustular elements from the foci of background erythema. The obtained
samples were stained with hematoxylin and eosin.

Results. When analyzing the clinical features of pustular psoriasis, it was found that a characteristic feature of widespread
forms, in addition to multiple pustules, was persistent background erythema, which appeared in most patients at the begin-
ning of the disease, persisted for a long time, even after the end of treatment, and the degree of its manifestations correlated
with the severity of the disease. Histological analysis of the material taken from the foci of grouped pustules and background
erythema revealed a relationship between the intensity of background erythema, the nature of morphological changes in the
skin and the long-term prognosis of dermatosis.

Conclusions. Background erythema is an important diagnostic criterion for common forms of pustular psoriasis, char-
acterizing the degree of neutrophilic infiltration of the skin, the risk of fresh pustules and the progression of dermatosis
in general.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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OcTaHHIMM AeCATURITTAMM 3HaYHO 30inbLUMNack Yactota
BUMaAKIB NOWMPEHNX DOPM MyCTYNbO3HOMO ncopiasy,
LU0 MOXYTb iCTOTHO BMAMBATK Ha AKICTb XWUTTS XBOPUX,
TPMBAno 3HWXYyBaTW NpaLe3faTHiCTb, NopyLlyBaTh
afanTauito B yCix cdepax XUTTeAianbHOCTI. Bigomo,
LU0 NYCTYNbO3Hi PopMM Ncopiady BUHMKAKOTb BHACHIAOK
TpaHcdopmaLii Bxe HasBHUX BnswkoBux dopm abo
NEPBMHHO — B abGCOMTHO 340pOBMX OCi6. 3asBuyait y
NpaKTuLi AepMartoriora reHepanisoBaHui NycTynbO3HUNA
ncopias (M) TpannseTbCs 3Ha4HO piaLLe 3a BnALIKOBI
dhopmu Ta cTaHOBUTL Malxe 2 % BUNaAKIB Bif 3aranbHOI
KinbkocCTi XBopuX Ha ncopias [1,2,3,4,5].

Ananisytoun Bnnue daktopis aktueauii [N, He-
00XiQHO PO3PI3HATY ABi rpynu TpUrepiB, — 30BHILLHI Ta
BHYTPILLHI. 3-NOMiX OCHOBHMX NiKapCbkux 3acobiB, IO
CMPUYMHSAKOTL PO3BUTOK MYCTYNbO3HMX hOpPM Ncopiasy,
BUPI3HSIIOTb CUCTEMHI KOPTUKOCTepOiau, 6eTa-6rnokaropy,
aHTUGIOTUKM, NPOTM3ACTYaHI, aHTUManApiliHi 3acobm
TOLWO [2,6,7]. TTIM acouitoeTbCs 3 BUPAKEHUMM CUCTEMHM-
MU O3HaKamu, MOXe NPYU3BOAMTM 40 BUHVKHEHHS yCKra-
HEHb, L0 3arpoXyloTb XMTTIO XBOpUX (bakTepianbHa
cynepiHdekuis, cencuc), notpebye HeraHoi iHTEHCUMBHOT
Tepanii BXe 3 NepLUMX rognH 3aXBOPIOBAHHSI.

Y pesynbraTi cydacHWX JOCMimpkeHb AOBEAEHO, LUO
MyCTYNbO3HWIA Ncopia3 NoB’A3aHuii i3 AMCHYHKLIED
BPOMXXEHOO IMYHITETY, CIPUYMHSIE CTINKY aKTuBaLito
ayTo3ananbHUX NpoLeciB B opraHiami nogukn [3,4,8,9].
Akwwo npm xBopobi LiymbyLua npusHayeHo HeaaekBaTHe
nikyBaHHs1, NeTanbHIcTb cTaHoBUTL 2—4 % [10,11,12].

[iarHocTnka BnswwkoBux ¢opm ncopiasy 3a3suyan
HE BWKIWKAE TPYAHOLLIB, 0COBMMBO KOMW MAETLCS Npo
OBTsKEHWI CiMEHWIA aHamHe3. [poTe NyCcTynbO3Hi
¢opmu ncopiagy (MIM1), 3a AgaHUMK HayKOBOI NiTepaTypy,
HEPIOKO BU3HAYatoTb K ek3eMy, Oynbo3Hy TOKCUAEPMIto,
repnec, Gaktepua nycTynbosHuii EHaproca, nycTynbo3
cybkopHearnbHui ToLo. BHacnigok Lpboro nauieHToBi ni-
3HO NMPM3HAYaKTh OMTYMAsbHE NiKyBaHHS!, 3aXBOPIOBAHHS
HabyBae Tspkkoro nepebiry, ax 40 MOXIMBOIO NIETANTbHOTO
Hacniaky [5,8,13].

3ayBaxuMo, Lo CBOEYacHa AiarHoctuka Ta Bubip
pauioHanbHOI Tepanii 3 nepwux AHIB 3aXBOPIOBAHHS
CYTTEBO BMIIMBAKTb HA NPOrHO3 Aepmatoasy [2,7,8,14]. Ha
HalLLl NormsgA, KOMMNMeKCHWIA niaxia, Wwo nepeadavae aHanis
[aHuX 3 aHamHesy, kniHiYHux npossis MMy noeaHaHHi 3
pesyrnbratamu ricToMNOorYHOro AOCHIMKEHHS, € AOLINbHUM
i HaleheKTMBHILLMM Y NpaKTWLi AepmaTtonora. Beaxaemo,
LLI0 NpaBWIibHa iHTepRpeTaLlis Ta cucTemaTmaalis KniHiy-
HUX, MOPONOTIYHUX KPUTEPITB CIPUATUME CBOEYACHOCTI
1 NiABULLEHHIO SIKOCTi AiarHOCTUKM MYCTYMNbO3HWUX hopM
ncopiasy.

Merta po6otu

MpoaHanidyBaty ricTonoriyHi 0CoGMMBOCTI MOLLMPEHNX
dopM NyCTYynNbO3HOrO Ncopiasy 3anexHo Big KMiHIYHUX
NposiBiB AepMaTosy.

Marepiaau i MeToAH AOCAIAKEHHA

Mig cnoctepexeHHam nepebysanwv 57 nauieHTis i3 ny-
CTyNbO3HWMM hopmamu ncopialy. BoHn nepebysanm
Ha nikyBaHHi B KHIN «Opecbkunii 06nacHwii LKipHO-Be-

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

HeponoriyHni gucnaHcep» OOP Ta B baratonpo-
dinbHOMY MeanyHOMY LeHTpi «PernecaHc-Megikan»
(m. Opeca).

[locnigyxeHHs BUKOHAHO BigNoBigHO 40 BUMOTr [efb-
CIHCbKOT AeknapaLlii Ta iHLUMX HOPMAaTUBHUX JOKYMEHTIB,
LLO pernamMeHTyoTb 34iINCHEHHS OOCNIMKEHDb 3a Y4acTHo
MIOOMHK, @ TakoX YMHHOrO 3aKOHOZABCTBa YKpaiHu.
OtpumaHo o3sin Komicii 3 nutaHb GioeTukn Opgecbkoro
HaLjoHaNbHOroO MEANYHOTO YHIBepcuTETY (MPOTOKON Bif
13.01.2024 p. Ne 19). KoxxHoro naLieHTa noiHdopmysanu
o0 Moro npas, 000B’A3KIB, MOXMUBOCTI NPUMUHUTK
yyacTb Y AOCTIIKEHHI B Oyab-Akvii MOMEHT 6€3 MOsiCHEHb
npuymH. Big nauieHTiB ogepxanui nMcbMOBI 3roaum Ha BUKO-
PUCTaHHS faHVX KIiHIYHOrO Ornsay Ans HayKoBoi poboTy.

Cepegn obctexeHux 25 (43,8 %) yonogikiB i 32
(66,2 %) xiHkn. Kputepii 3any4eHHs [0 AOCTIMKEHHS —
Bik 18—70 pokiB, KniHiYHi NPOsIBM MYCTYNbO3HOI hopMM
ncopiasy, HasiBHICTb OBPOBINbHOT iHpopMOBaHOi 3roau.
Kputepii BUKMIOYEHHSA — AiarHOCTOBaHi XPOHiYHi CynyTHi
3axBOPIOBaHHS Y CTafii 3arocTpeHHs1 abo AekomneHcallii,
BIJ1-iHcbekuist, BariTHICTb, iHLII AepmaTosu.

Micna peTenbHoro 36opy aHamHe3sy, 06’€KTUBHOMO
obcTexenHs y 34 (60 %) xBopux AiarHOCTyBanm obMexeHi
chopmu MM, y 23 (40 %) — nowumpeHi. 3-nomix nowumpe-
HUX hOPM MYCTYNbO3HOrO NCOopiasdy PO3pi3HANK BrnacHe
noLMpeHi (nnotua ypaxeHHs Wwkipy ctaHosuna Big 30 %
[0 75 %) Ta reHepaniaoBaHi (NnoLLa ypaxeHHst — NoHaz,
75 % wkipn). OB6paxyHK\ BUKOHYBanu, BUXOASYM 3 TOTO,
LU0 MIIoLa LWKIPHOrO MOKPUBY rofioBu ctaHoBuTb 10 %,
BEPXHiX KiHLiBOK — 20 %, Tynyba — 30 %, HKHIX KiHLBOK
—40 % Big 3aranbHOT NoBepxHi LuKipy [15].

[o pocnimxeHHs 3anyyeHo 12 XBopyX i3 NOLUMPEHU-
mu cpopmamu 1M1, 11 ocib — i3 reHepanisoBaHnMu. 3rigHo
3 JaHNMW, LLIO HaBeaeHi B mabnuyj 1, y L rpyni nauieHTiB
[lelo nepeBaxanm xiHku — 13 (56,4 %) oci6 (3 oboma
¢opmamm TMM). CepenHst TpMBaniCTb 3aXBOPIOBAHHS Y
nauieHTiB i3 noLLMpeHrMM hopMamm NycTyrbO3HOro NCo-
pia3y 6inbwa B 1,3 pasa (p < 0,05), craHosuna 8,2 £ 0,7
micaug, a npu MM - 6,3 £ 0,4 micaus.

Y BCiX XBOpWX aHani3yBarnu xapakTep LLKIpHOrO BUCK-
My, iIHTEHCUBHICTb epuTeMM, ii TPUBAMICTb | TEPMIH 3HUK-
HEeHHS1. BigoMmo, Lo iHTEHCUBHICTb YOHOBOT epUTEMU NPK
I'TIM xapakTepusye CTyniHb 3aranbHO-TOKCUYHNX SBHLL B
OpraHiami XBoporo, ePeKkTUBHICTb NpW3HadYeHol Tepanii
Ta PU3VKM BUHVKHEHHS peLmnameis. PoHOBa eputema 3a-
3BU4an QOPMYETLCS Ha GOOHI CTANIoro 3anasneHHs LLUKipK,
a i nocuneHHs ceigYNTb NPO HeobXiAHICTb 36iNbLUEHHS
iHTEHCMBHOCTI AeTOKCUKaLiHOi abo iMyHOCYnpecuBHOI
Tepanii [8,11,14].

Ha Haww nornsp, hoHoBa epuTema pi3HOI iHTEHCKB-
HOCTI Mpy MyCTYNMbO3HWX hopmax rcopiasy Moxe matu
ricTONOriYHi BigMIHHOCTI. BMBYEHHS! LMX BigMIHHOCTEN
[acTb 3MOry AeTarbHiLle 3p03yMiT MaTtoreHe3 Xsopoou,
CMpUSITVME MOKPALLEHHIO [iarHOCTUKU Ta BU3HAYEHHHO
ONTUManbHWX HAaNPSAMIB Tepanii. IHTEHCUBHICTb epuTEMM
B ypaxeHux AinaHkax M ouiHoBanm 3a n'atnbansHo
LuKanoto: 1-2 6anm — poxeBwii Konip, NOMipHa epuTemMa;
3 6anu — 6nigo-4epBOHUI KOMIp, CEPENHS IHTEHCUBHICTD;
4-5 GaniB — HacM4eHUIn YepBOHMIA KONip, IHTEHCMBHA
eputema.

Ycim navjieHTam i3 nowmpeHummn cpopmamu M ggidi
3qjicHUNK rictonoriyHe gocnimpxeHHs. Martepian 6panm
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Tabauusa 1. Po3nogin nauieHTis i3 noumpeHumMn popmamu nycTyribO3HOMO Ncopiady 3a CTaTTio Ta TPUBANICTHO 3aXBOPIOBaHHS (n = 23)

®opma MN

Mowwpennia MMM, n =12
'eHepanisosanuit MM (hopma Liymbywa), n = 11 5

5 21,8 7
21,8 6

Yonosiku, n =10 KiHku, n =13 CepepHs TpuBanicTb 3aXBOPIOBaHHS,
micsui (M £ m)
% %

30,4
26,0

8,2+0,7
6,3 +0,4*

*: p < 0,05 - BiporigHa pi3HMLA NokasHyka NOpiBHAHO 3 nowwmpeHum MM (cTatneTuyHui kpuTepin Kpyckana—Bonnica).

Tabauua 2. Po3noain XBopux i3 pi3HOK IHTEHCUBHICTIO epuTeMY 3a CTaTTH, CEPEeHbOI) LBMAKICTIO PEFPECY Ta CepefHbO YacToTow peunameis, M + m

IHTeHCMBHICTL (hoHOBOT

eputemMu

MomipHa, n = 6
CepegHsi, n =8
IHTeHcHBHa, N = 9

Yonosiku, n =10 XiHkn, n =13

CepepHs WBMAKICTb

perpecy eputemu, micsui

CepepHs YacToTa peuuanBiB
yepe3 6 micsLiB nicnsA AOCArHEHHA
pemicii, BUnagku

3 13,0 3 13,0 3,7+09 0
3 13,0 5 21,8 5,6 +0,6* 31+£05
4 17,4 5 21,8 7,3+0,8%* 49+0,7*

*: p < 0,05 - BiporigHa pi3H1LA NOPIBHAHO 3 NaLieHTamu 3 NOMIpHOK epuTemoto; **: p < 0,05 — BiporigHa pisHULIA NOPIBHAHO 3 XBOPUMM 3 CEPEAHBbOI IHTEHCUBHICTIO epuTeMn
(ctatncTnynnii kputepit ANOVA).
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6e3nocepeHbOo 3 MapriHanbHUX AiMSHOK ypaXXeHHs METo-
[0M NaHy-6ioncii 4o novaTtky NikyBaHHS Ta yepes 7 AHiB
MICNS 3HWKHEHHS MYCTYNbO3HUX €MNEMEHTIB (MOBTOPHO
3 ocepefikiB )OHOBOI eputeMM MaTepian 6panu, Konm
MPOTSIOM TVDKHS HE BUSIBINANM MyCTYnK).

B 1 (4,3 %) nauieHTa matepian B34TO 3i LUKipy Lwui, y
8 (34,8 %) — 3 ginaHkn cnunm, y 7 (30,4 %) — 3 xuBOTa,
y 4 (17,4 %) — 3 BepxHix kiHuiBOK (nneve), y 3 (13,0 %)
— 3 HWXHIX KiHUiBOK (cTerHa). Y 9 (39,1 %) nauieHTiB
martepian ans Gioncii 6panm 3 gingHoK, Ae nycTynu Bu-
Huknm BnepLue, y 14 (60,7 %) Bunagkax — 3 ocepeakis
PELMAMBHUX NYyCTYI.

OnepxxaHi 3pasky 3abapBrieHi reMaTokCUniHOM Ta
e03vHoM. [locnimkeHHs maTepiany 3aincHunm B nabopa-
Topii «[im Mopdonorii» (M. Oneca). Yci 3pasku onmcaHo,
chotorpachoBaHo, BHECEHO A0 NPOTOKOITY.

Y nepiog 3arocTpeHHs NowmMpeHux opm nycTy-
NbO3HOrO Mcopiasy BCi NaujeHTu, koTpi nepebysanu nig
CMOCTEPEXEHHSAM, OfIEPKYBaNu CUCTEMHY Tepanito, Lo
BKIKO4ana CUCTEMHI KOPTUKOCTEPOIaM B CEPEAHiX A03ax
Big 0,5 mr/kr go 1,0 mr/kr Ha goby (npotarom 20-90 gHis),
CUCTEMHI PETUHOIAW (aUMTPeTuH) abo MeToTpeKcaT, Npu
cTanomy nepebiry — iHriditopw IJ1-17.

[insi cTaTMCTMYHOTO ONpaLtoBaHHS Pe3ynsTaTiB BUKO-
puctaHo nporpamu Microsoft Excel 2017 i Statistica for
Windows. O6paxyBanu cepeiHe apuiMeTu4He Bapiauii-
Horo psgy (M) i cepenHto noMunky cepeaHbLoro apugme-
Tn4Horo (m). CTaTUCTUYHI BiGMIHHOCTi JaHUX OLiHIOBany,
3acTocoBytoum napameTpuyHui kputepin ANOVA. Akwo
BUSIBMNANMU CyTTEBI PO3GKHOCTI abCOMIOTHUX AaHKX Y
BMBIpLI, BUKOPUCTOBYBANMN HeNnapameTpuyHUin KpuTepin
Kpyckana—-Bonnica. BigmiHHOCTi BBaxanu CTaTUCTUYHO
fgocToBipHUMK npm p < 0,05.

PesyAbTati

Y pesynbrati OUiHOBAHHS IHTEHCMBHOCTI epuTeMU
BCTaHOBJIEHO: NMOMipHa epuTeMa AjiarHOCTOBaHa fnwe y
6 (26 %) xBopwx Ha [, a came y 3 4oNoBIKiB i 3 >iHOK
(no 13 % Bunagkis) (mabr. 2).

Ha Lwukipi xBopux Ha nowuvpeni chopmu MM i3 nomip-
HOI epuTEMOIO Ha nepuddepii Cipo-6naknTHOI epuTeMM
BM3HAYEHO NOOAMHOKI MIKpONYCTYNbO3Hi enemMeHTH,
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MHOXMWHHI enifepmManbHi CKOPUHKK, AiNSHKM Aemapkaii
MK 340POBOK0 Ta YPaXKEHOH LLKIPO NOMapaH4eBoro
Koneopy (puc. 1).

®oHOBY epuTEMY CepeaHbOi IHTEHCUBHOCTI BUSIBNIEHO
y 8 (34,8 %) nauieHTiB. Y Takux XBopux Lukipa Habyeana
POXeBO-4YEPBOHOIO KOrbopy, 36inbLUyBanach KinbKicTb
MyCTyNbO3HMX enemeHTiB. Mepebir 3axBoproBaHHs CTaBaB
CTiKAM, NPOTSAroM J06U 3'ABMSANUCS HOBI NOPOXHYHHI
€rieMeHTH, Lo 3rpynoByBannch y Koo, no nepudepii
BinbyBanocs nyLeHHs (puc. 2).

Hanuactiwe npw MM giarHocTyBanu iHTEHCUBHY
toHoBy eputemy (5 6anie) — 9 (39,1 %) nauieHTis
(mabn. 2). XapakTepHi 03HaKku iHTEHCUBHOI (POHOBOI
epuTeMM — 3aCTINHO-CUHIOLLIHUIA KOMIP YPaXeHOi LLKipy,
HaKOMWYeHHS Ta 3'eHaHHS MyCTYNbO3HUX ENEMEHTIB NO
nepugepii AiNSHOK ypaXKeHHs, NOBTOPHE POPMYBaHHS
MycTyn B OAHMX | TUX CaMuX Micusax (puc. 3).

3ayBaxumo, LU0 Y XBOPMX i3 MOMIPHOIO EpPUTEMOIO
He 3acbikcoBaHo Bunagku peunamsy [N npotarom 6
micsauis (mabn. 2). LBnakicTb NOBHOTO perpecy eputemm
y HUX HambinbLa. MauieHTn 3 cepeaHbOo IHTEHCUB-
HicTio eputemu (8 (34,8 %) ocib) manu BULLMIA PU3NK
BUHVIKHEHHS peumamBy. B ocib 3 iHTeHCBHO0 (hOHOBOKO
eputemoto (9 (39,2 %) BUNagkiB) cepenHst LWBUAKICTD i
perpecy HanHwk4a (perpec maike BABIYI MOBIMbHILLNIA,
Hi>XX NPy NoMipHin epuTtemi, p < 0,05), a cepeaHs yacToTa
peumamnsie npotarom 6 micauis 6yna Hameuwioto, B 1,6
pasa nepesuLlyBana BiAnoBigHUA MOKa3HWK MaLieHTiB
3 epuTEMOI0 cepeaHboi iHTeHcuBHOCT (p < 0,05). Mpu
LIbOMY MPOSIBU CEpPefHbOl Ta IHTEHCUBHOI eputeMu Ya-
criwe dikcyBanm B xiHOK (10 (58,8 %) Bunagkis), HiX y
yonosikis (7 (42,2 %) oci6).

lMpoaHanisyBasLUK KMiHiYHi 0COBNMBOCTI NYCTYNbO3-
HOro Mcopiasy, BCTaHOBWIY, LLO XapaKTEPHOK 03HAKOH
MoLUMPEHUX hOPM, KpiM MHOXVHHWX MycTyn, Byna CTiiika
(cboHoBa) epuTeMa, sika y BiNbLLIOCTi NaLieHTIB 3'ABNAnacs
Ha no4aTKy 3axBOptoBaHHs i 3bepiranacsa TpuBanuin vac
HaBITb Nicns 3akiHYeHHs NikyBaHHs. Tak, (hoHoBa epuTe-
ma 3bepiranack noHaa 5 micauis y 15 (65,2 %) nauieHTis
i Ha (hOHi OCHOBHOI CUCTEMHOI Tepanii, i Aani — nig vac
nigTpumysanesHoi Tepanii. Y 8 (34,8 %) nauieHTis dpoHoBa
epuTema 3HuKana micns OCHOBHOTO KypCy CUMCTEMHOI
Tepanii yepes 2-3 micsi.
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lMouaTtkosi nposien hoHoBOI eputemu npu MM manu
KOpEensLito 3 TSXKKICTIO 3aXBOPIOBaHHS. [aLieHTy 3 iHTeH-
CVBHOK (POHOBOK EPUTEMOIO BXE HA NMOYaTKy XBOPOOM
Manu BUPaXeHi 3aranbHOTOKCUYHI CUMMTOMM: rapsiuKy,
mianrito, apTpanrito, cnabkicTb, CKyTICTb TOLLO.

[lonaTkoBo 34iMCHWMM FCTONOTIYHMIA aHani3 MaTepia-
1y, LLIO B3ATUI 3 OCEPe/KIB 3rpynoBaHnX MycTyn i OHOBOI
epuTemn. BCTaHOBMEHO 3B’A30K MiXK iHTEHCUBHICTIO (hOHO-
BOi epUTEMM Ta XapakTePOM MOPCONONYHUX 3MiH LLKIpK,
BiJJaneHMM nNporHo3oM AepMartody (marepian 6panu B
rocTpin ¢hasi xBopobu Ta Yepe3 7 AHIB MICMS 3HUKHEHHS
nyctyn). Tak, y maTepianax i3 4insHoK LLKipy 3 NOMipHOH
(hPOHOBOI €pUTEMOIO BUSIBIIEHO O3HaKV po3LLapyBaHHs
enigepmarbHUX LapiB Ha piBHI WMNyBATOro LWapy; B
pOroBOMY Ta 3€PHUCTOMY LLapax BUsIBNeHa 0cepeaKoBa
iH(biNbTpaLia cermeHTosAepHUMI HenTpodinamu 3
noYaTKoBUMM CTagisMu popMyBaHHs ncesgonyctyn. B
OfIHOMY 3 KpaiB BUSIBMIEHO O3HaKW rinorpaHynbosy eni-
LlepMmicy, HeperynsipHoro ncopiasnopMHOro akaHToay,
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Puc. 1. [eHepanizoBaHuii NycTynbo3-
HWIA Ncopia3, NoMipHa iHTEHCUBHICTb
cboHoBOi eputemn (1-2 Ganm).

Puc. 2. TeHepani3oBaHWUi NyCTynb03-
HWIA ncopias, cepeaHs IHTEHCUBHICTb
choHoBOT eputemm (3 6anm).

Puc. 3. leHepaniaoBaHuit NycTynb03-
HWiA ncopias, iHTeHCMBHA (hOHOBA
eputema (4-5 6anis).

YyacTMHa aKaHTOTUYHUX TSKIB 3nMBanucs, opmyoym
MOCTUKONOZIOHI CTPYKTYpU (puc. 4).

Y matepiani, B3ATOMY 3 AiNSHOK LLKipU 3 CepeaHbOo
iIHTEHCUBHICTIO epuTeMu (puc. 5), BU3Ha4eHo hokarbHUi
napakeparos, NOMipHWii rinepkepaTos, CKyN4YeHHs 3Hau-
HO GinbLUOI KINbKOCTI cermeHTosaAepHUX HeWTpodinis
(nopiBHAHO 3i 3paskamu nomipHoi eputemu). locniamns-
LUK cepito 3pisiB, BUSABUIK OiNsSHKM CybGkopHeansbHoro
aKaHTOni3y 3 (HOPMYBaHHSM LLNIMHOMNOAIOHUX MPOMIXKIB.
Ha 6inbLwin BigcTaHi BM3Ha4YeHO NcopiasndopmHui
aKaHTO3 enigepmicy 3 AinsHKamm CNOHrio3y Ta eK30Lm-
TO3y CErMeHTosAAepHNX HenTpodinis. COCo4KOBUN LLAp
[AEPMMW — 3 MOMIPHUMYW NPOSIBAMM iHTEPCTULAHOTO Ha-
6psiKy, NepMBaCcKyNsAPHO — CKYMYEHHS rpyn NiMdoLunTiB.
Y pesynbrati AOCHIIKEHHA PETUKYNIAPHOTO LUapy AepMu
BM3HA4YeHO MOMIPHUI NiMPOLMTAPHUIA iH(INbTPpaT i3
MOOAVHOKUMK €03MHOMINaMn Ta CErMeHTOSAEPHUMU
HenTpodinamu. MigWwkipHO-XMpoBa KniTkoBUHA 6e3
NaToNOriyHNX 3MiH.
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56

66

Puc. 4. TTIMN, ocepenok i3 NoMipHOIO epuTtemoto, 3abapBneHHst reMaToKCUiHOM Ta eo3uHoM. a: x40; 6: x100.

Puc. 5. I'TIM, cepeaHs iHTEHCUBHICTb epuTemn. 3abapBneHHs reMaToKCuriHOM Ta eo3uHoM, x100.

Puc. 6. ['TIM, iHTeHcMBHa epuTeMa, 3abapBreHHst reMaTokcuiHOM Ta eo3nHoM. a: x40; 6: x100.

Y matepianax i3 AinsiHOK LLKipX 3 iIHTEHCUBHOIO epu-
Temolo (puc. 6) BU3HaYanu rinepkepaTo3 i pokanbHWiA
napakepato3 enigepmicy. Y 30Hax napakeparosy BusiB-
NEHO iHTPaKopHeanbHE CKYMYEHHSI CErMEHTOSAEPHUX
HenTpodiniB, hparMeHTOBaHMX POroBKX Mac i KOMOHil
GakTepiit. 3achikcoBaHO 03HaKK NCopiasndoPMHOI rinep-
nnasii, 0cepeaKoBOro rinorpaHynboay.

MopiBHAHO 3 MOPOMOriYHMMKM MaTepianamm 3
[iNsHOK NOMIpHOI Ta cepeaHbOi IHTEHCUBHOCTI epuTeEMM
(puc. 4, 5), BU3Ha4eHO Binblu BUpaxeHe iHTpaenigep-
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MarsbHe i iHTpagepMarnsHe HakonmyeHHs HerTpodinie 3
03HaKaMV NOPYLLIEHOTO XEMOTAKCHCY.

BusiBneHo fAinsiHkM posiiapyBaHHs LIXNYBaTOro,
3epHUCTOrO LWapiB enigepMicy, opMyBaHHS NceBao-
nycTyn, nimdountapHy iHINbTpaLilo COCOYKOBOrO
Wwapy aepmu. B cocoykoBoMy Luapi AepMy BUSIBNEHO
PO3LUMPEHi KPOBOHOCHI CYAUHU, @ TaKOX M'SKUIA nepu-
BaCKYNAPHWIA NiMoLMTapHUI iHINETPaT i3 AOMiLLKa-
MU Nna3mMouuTiB. Y rnmbokux Wapax 4epMm BU3HA4EHO
NOMipHUI HabPSK.
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Y pesynbrati aHanisy KniHiyHWX i MOPAONOriYHMX 0co-
6nmBocTelt NoLIMpeHnX hopM MyCTyNbLO3HOTO Ncopiasy
BCTAHOBIIEHO: Y NaLIEHTIB i3 MOMIPHOK (POHOBOK epu-
TEMOK HenTpodinbHa iHinsTpaLis WwKipy BupaxeHa
HaMeHLLe, HabpsK i nepuBackynspHy nimdoumTapHy
iHPINBTPALL0 BU3HAYEHO NULLE HA OKPEMUX HiNsHKaX,
03HaKm GakTepianbHoT KoroHisaLiji He BusiBNeHi. Kpim Toro,
nomipHa eprTeMa MopgonoriYHoO XxapakTepuayBanach He-
perynspH“M ncopiasnopMHUM akaHTO30M, HE3HAYHUM
rinorpaHynbo3oM. LLBMAKICTb perpecy eputemMm y Takux
XBOPWX HaMBWLLA, NPOTArOM 6 MicsuiB He 3ad)ikcoBaHO
BUNaAKV peunamByBaHHs. Ha niacrasi umx gaHux 3po-
6MnK BUCHOBOK, LLIO NYCTYNbO3HUIA Ncopias i3 NoOMipHO
(hOHOBOK epUTEMOKD — BapiaHT Hannerworo nepebiry
[T i3 HU3BKOK aKTUBHICTIO HEVTPOINBHOI MirpaLlii.

Pesynbratit HaLoro JOCMIMKEHHS WOAO pori Hen-
TpohiniB y niaTpUMaHHi 3ananexHs npw MM, ixHboT
30aTHOCTI MirpyBaTV B JiNSHKW LWKIPW 3 IHTEHCUBHUM
npo3anarnbH1M LTOKIHOBIM HaBaHTaXeHHsAM 30iratoTbest
3 AaHumu, Wwo ogepxanu A. Baldo et al. Tak, gocnigHwku
BCTaAHOBWINK, LLIO HEVTPOMInu MOXyTb BriokyBaTy npoLie-
C1 HopMasbHOI AndbepeHLiaLii kepaTuHOLWMTIB Ta onoce-
PeLKoBaHO CTUMYMOBATW HAAMIpHUIA cuHTe3 IJ1-26 [16].

Y nauieHTi 3 111 cepeaHbO0 IHTEHCUBHICTIO epuTe-
MM MOpONOriyHi 3MiHY B enigepMici Xxapaktepuaysanimcs
ncopiasnOpMHIM akaHTO30M, AiNsHKaMu eK30LMTo3y
CErMeHTOSAEePHNX HENTPOQiniB. BusHauyeHo ckynyeHHs
BENMMWKOI KifIbKOCTi CErMEHTOSAEPHNX HENTpodiniB B
enigepmasnbHo-aepManbHuX wapax. 30inbWeHHs Kinb-
KOCTi HEMTpOiNiB B enigepMmici i CroHrios caigumnmu npo
CXWIBHICTb 10 (hOPMYBaHHS MOPOXKHWUHHKX ENEMEHTIB. Y
TaKuX XBOPKX perpec eputemu BigbyBaBCs MOBIMbHLLE,
CepenHs YacToTa peuuamBiB Yepes 6 MicauiB nicns Jo-
CArHeHHs pewmicii ctaHosuna 3,1 £ 0,5 Bunagky.

Mig yac mopooriYHOro aHanidy 3paskis Big XBOPUX
Ha NyCTYyNbO3HWIA Ncopia3 3 iIHTEHCUMBHOK epUTEMOLD
BW3HAYEHO MapakepaTtos, CMOHrio3, 3HaYHe iHTpakop-
HearnbHe CKYMYeHHS CEerMeHTOSAepHUX HenTpodinis,
(pparmeHTOBaHUX POroBux Mac. Ha qooHi iHTEHCUBHOT
epuTeMy nocuntoBanach ekcynauis i 36inbLuyBaBcs Ha-
Opsik enigepmoumTiB, 3pocTana KinbkicTb 6akTepianbHUX
KOTOHIN; TaKi sBuLLA 3athikCOBAHO Y NALIEHTIB i3 NOMIPHOIO
eputemoto. CyTTeBO 3binbLUyBanocs iHTpaenigepmansHe
M iHTpagepMaribHe HaKONMMUEHHS HEMTPOGINiB, po3Luapy-
BaHHS Ha PiBHi LUMNYBATOro, 3€PHUCTOrO LUIapiB enigep-
MicCy; BHaCMigoK Lboro 36inbLUyBanacs KinbKicTb CBiXWX
MyCTYNbO3HNX eNeMEHTIB. 3ayBaXumo, L0 CTilKy NocT-
3ananbHy eputemy npu [N okpemi aBTopyY BU3HAYa0Th
AK HECMPUATINBWIA (DaKTop, LLO CBIAYMTL NPO HaAMIpHe
HaKOMWYeHHs! HeUTPOINIB Yy LUKIPI Ta NOraHWii MPOrHo3
o0 CTiKoCTi pemicii [8,15,16].

Haronocumo, Lo B Takux NawieHTiB Ha MovaTky XBo-
po6u BUSIBNIEHO BUP@XXEHi 03HaKM 3arasibHOI iHTOKCUKaLi,
¢hoHoBa epuTema 36epiranacs TpuBanuii yac, ii perpec
BinOyBaBCS HaWMOBINbHille, @ YacToTa BUHWUKHEHHS
peunameiB byna Hanbinbwoto. OTxe, came nepebir
nowmpeHoro MMM 3 iHTEHCUBHOK (DOHOBOKD EPUTEMOID
cnif BBaXaTu HaWTSX4YWUM, BiH 3yMOBIOE AOLINbHICTb
HEeramHoro NpU3HayYeHHs: ONTUMAsbHOrO NikyBaHHS Ta
TPMBAMOro CrOCTEPEXEHHS 32 XBOPUMU.
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BucHoBKHU

1. Y xBopux i3 nowmpeHumu hopmamu N BctaHo.-
NEeHO 3B’A30K MK KNiHIYHMMMW NposiBaMK Ta Mopdonoriy-
HUMKW 03HaKaMy (DOHOBOI epUTEMU: TSKKICTb nepebiry
XBOPOG6M 30iMbLUYETLCS 3 NPOrpecyBaHHSM IHTEHCUBHOCTI
eputemu.

2. MopconorivHi 3miHn npu MM € pisHnMun Ta
3anexartb Bif IHTEHCMBHOCTI (hOHOBOI epuTemu. Y pasi
nomipHoi hOHOBOI epuUTEMM enigepmarnbHa iHginbTpaLis
CErMEHTOSAEPHMI HENTPOMINaMu MiHiMansHa, B13Ha-
YyeHo noyaTkoBi abo HesaBepLueHi cTadii opmyBaHHs
ncesgonycTyn. IHTEHCMBHa hoHOBa epuTEMa CynpoBo-
[bKyBanacs nigBuLLEHHAM iHTpaenigepmanbHOro 1 iHTpa-
[epMarnbHOro HaKoMMYEeHHS! HEMTPOINiB, MOPYLLEHHAM
NPOLIECIB XeMOTaKCUCy, po3LLapyBaHHAM enigepmicy Ha
PiBHi LLMNYBATOrO Ta 3€PHWUCTOrO LLaPIB.

3. ®oHoBa epuTEMA € BAXKIMBIM [iarHOCTUMHIM KpK-
Tepiem [TIMN, Wo xapakTepusye CTyMiHb HENTPOQINbHOI
iHINbTPALLi LLKIPW, PUSMK BUHWUKHEHHS CBIXKVX NYCTyn i
NpOrpecyBaHHs 4epMaTo3y 3arasiom.

MNepcneKTUBY NOAAAbILMX AOCAIAXKEHb MONAralTb
y po3pobneHHi meToaiB MigBULLEHHA e(EKTUBHOCTI
MiKyBaHHS, WO CNpATUMYTb 3anobiraHHio peLyameam
reHepaniaoBaHoro nycTyrbO3HOrO Ncopiasy.
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QAochipkeHHs € dparmertom HAP OAECbKOro HaLLiOHaABHOMO
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OpwuriHaAbHiI AOCAIAXKEHHS

Bu3HaueHHA CTPYKTYPHOro CKAaAy GionTariB i3 30HM ayrmeHTaLii
BEePXHbOLLEAENMHUX CUHYCIB 3a AonoMOroto Marepiany HaHorpadt

(NanoGraft)

0. C. KociHoB®*8P 0, M. MiwieHKo®ACEF

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po60TH — BU3HaUMTVN CTPYKTYPHWIA Cknag 6ionTaTiB i3 30HM ayrMeHTaL|ii BepXHbOLLENENHUX CUHYCIB MiCs 3aCTOCYBaHHA
Giomatepiany HaHorpadt (NanoGraft).

Marepianu i metoau. 3aiicHnnu ricTonoriyHe JOCMIMKEHHS BionTaTiB, OTPUMAHUX Mif Yac CUHYC-TNIPTUHTY 3 BUKOPUCTaHHAM
matepiany Haxorpadr. 3pasku dpikcysanu y 10 % HeliTpansHomy dopmaniHi npotsrom 48—72 roguH, Nicns Lboro ix gekarb-
umHyBsanu (Kaltek, Itanis), gerigpatyBanv 1 3anuBanu y napadiH 3a CTaHgapTHAM NpoTokornom Y rictonpouecopi LOGOS
(Milestone, Itanist). MapadiHosi Grokv BuroTonanu Ha craHuii HistoStar (Thermo Fisher Scientific, CLUA), cepiiiHi 3pisu
3aBTOBLLKM 4 MKM OTpUMYyBanu 3a gonomoroto Mikpotoma HM 340E. 3abapeneHHs — rematokcusiiHom Ta eosunHom (Dako
CoverStainer, Agilent, CLLA), noaaTtkoBO 3giicHUNM ricToxiMivyHe 3abapBreHHs TONYiQMHOBUM CUHIM. AHani3 BUKOHamM 3
BUKOPUCTaHHAM CBITMOBOrO Mikpockona Leica.

Pesyabtatu. Y Bcix 6iontatax BUSIBNEHO (hOpMyBaHHS KICTKOBYX Tpabekyr, 03HaKu akTUBHOTO OCTEOreHe3Y, peMOLENtOBaHHS
3 3aMiLLeHHSIM rpyBOBOINOKHUCTOI KICTKM NMAaCcTUHYaCTo, 3 hopMyBaHHsSIM 0CTeOHIB. O3HaK 3ananbHoI peakuii, Lo ceigunna
61 Npo iIMyHOrEHHICTL MaTepiany, He 3adikCoBaHo.

BucHoBku. Biomatepian HaHorpadhT xapakTepusyeTbcs 0CTEOIHAYKTUBHOK Ta BioCTUMYNIOBANbHOK AisiMU, Mae XOpOLLy
BiocymicHicTb i Moxe ByT1 edbeKTUBHUM 3acoBOM ANs ayrMeHTaLii BepXHbOLLENenHUX CUHYCIB.

Determination of the structural composition of biopsies from the maxillary sinus
augmentation zone using the NanoGraft material

0. S. Kosinov, 0. M. Mishchenko

Aim. This study aimed to evaluate the structural composition of biopsy samples from the augmented maxillary sinus region
using the NanoGraft biomaterial.

Materials and methods. Biopsy specimens from sinus lift procedures involving NanoGraft were histologically examined.
Samples were fixed in 10 % neutral buffered formalin for 48—72 hours, decalcified using a rapid decalcifier (Kaltek, Italy), and
processed in paraffin using an automated tissue processor (Milestone LOGOS, Milestone, Italy). Paraffin blocks were prepared
with the HistoStar embedding workstation (Thermo Fisher Scientific, USA), and 4 um serial sections were obtained using
the Thermo Scientific HM 340E rotary microtome. Sections were stained with hematoxylin and eosin (Dako CoverStainer,
Agilent, USA), and toluidine blue staining was performed manually. Morphological analysis was carried out using a Leica light
microscope to assess bone structure, surrounding connective tissue, resorption dynamics, and new bone formation.

Results. All samples revealed newly formed trabecular bone, active osteogenesis, and progressive remodeling, with replace-
ment of coarse fibrous bone by lamellar bone containing osteons. No significant inflammatory response to the biomaterial
was observed.

Conclusions. NanoGraft exhibited high biocompatibility, along with osteoinductive and biostimulatory properties, making it a
promising material for maxillary sinus augmentation procedures.

ATpois anbBeon BHacMifOK BIKOBUX 3MiH i BMAUBY
naTonoriYH1X NpoLiecis NpuU3BOAUTL A0 BTpaTh 3y6iB,
napofoHTUTY Towo. MopyLueHHst po3MipiB anbBeonsp-
HOTO BiPOCTKA TaKOX HEraTvBHO BMIMBA€E Ha BCTAHOB-
neHHs imnnaHTariB. KicTkoBa nnacTuka cnpsiMoBaHa Ha
¢hopmyBaHHs fOCTaTHLOrO 06’EMY KICTKM Ta € OfHUM i3
HaVMOLLMPEHILLMX METOAIB MiKYyBaHHS B LLefenHo-nnLe-
Bii xipyprii [1]. Xo4ya 30M0TUM CTaH#APTOM BBaXatoTb
BUKOPUCTaHHS ayTOMOMYHOI KICTKM, LS MeToauka Mae

HU3KY HEAOMIKIB, BKIOYAKYM YpPaKEHHS JOHOPCHKOI
AinsHky, 6inb i BioNoBigHe nopyLUeHHs yHKLIT, a Takox
obmexeHu 0b’eM i SiKiCTb OCTYMHOI KICTK [2]. TOMY HUHI
B YCbOMY CBITi CTanu HaaBaTyi nepeBary BUKOPUCTaHHIO
anoreHHoi NACHKOI KICTKM Ta iHLWUM iHHOBALIMHAM Ma-
Tepianam [3] ANst CUHYC-TIPTUHTY.

dopmyBaHHSI HOBOI KICTK i BNIMBOM TpaHCNaH-
TaTiB € KIMYOBOK METOK CUHYC-TICPTUHTY, LLIO MOXeE ByTH
peanizoBaHe LUNSAXOM OCTeoreHesy, OCTeOiHAYKUii Ta
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ocTeokoHaykuii. OcTeoreHes BiAbyBaeTbCA B ayTOTPaHC-
nnaHTatax BHacnigok opMyBaHHs Kapkacy, haktopis
pOCTYy ANt OCTeoreHe3y Ta KMiTWH, L0 NPoAyKyTb Ma-
TPUKC KiCTK1. MexaHiam 0CTeOoiHAYKLIT XapakTepHuiA Ans
ayTOreHHOI KICTKW, anoreHHOI KICTKM Ta KCeHOTPaHCMIaH-
TaTiB, nepeabayae audepeHLUitoBaHHA OCTEOTEHHNX
KMiTUH Y BiANOBIAb Ha OCTEOIHAYKTOPU — MOPPOrEHETUYHI
6inku kicTku abo iHLLi pakTopu pocTy. B 0cHOBI MexaHiamy
OCTEOKOHAYKLiT (0cTeonpoBiaHOCTI), Wo nepenbdayae
BMKOPUCTaHHS! TPUBUMIpHMX BionoriyHmx ckadongis,
— YTBOPEHHS HOBOI KICTKV MOBEPX TpaHcnnaHTaty; npu
LbOMy rpadT MOXe 3a3HaBaTW peBackynspu3sadii Ta
iHKopropaLlii B HOBY KICTKOBY TKaHWHY [4,5].

KniHiyne 3actocyBaHHs Gyab-sikux GionoriyHnx ma-
Tepianis noTpedye JOTPUMAHHS KIKYOBWX BAMOT LLOAO
HUX, @ TaKOX AOKa3iB iXHbOI Ge3neku 1 eheKTUBHOCTI.
O6O0B’13KOBUMYM BUMOTaMm LLIOLO BUKOPUCTaHHS Biono-
riYHUX MaTepianis i3 KiCTKOBOI TKaHWHW € [6]:

— ckachonam MatoTb GyTW TPUBUMIPHUMM | MaTu Jo-
CTaTHIO NMOLLY NOBEPXHi Ans B3aemogii 3 KniTuHamm ta
TKaHUHAMW B 30Hi BUKOPUCTAHHS;

—Martepian mae 6yT NopUCTUM | MaT 3'€QHaHHS Mix
nopamu — Lie nepeaymoBa ans 3abe3neyeHHs KMiTUHHOI
afresii, Mirpauii Ta nponidepadii KiCTKOBUX KNIiTUH Y
BignoBigHoMy Hanpsimi. EdpexkTuBHa agresis knitvH oo
GiomaTtepiany Ta CTPyKTypHa aHi3oTponis BN1BaTh
Ha HaCTyMHY OpieHTaLito KMITUH | B3aEMOZI0 KMITUHW —
MaTpVIKC;

— Giomartepian mMae ByTW HETOKCUYHWM | 3a3HaBaTK
6iogerpagadii, ane npu Lbomy 3pasku BionoriyHnx mate-
pianis MatoTb 6YTU MILIHUMY, | Lii XapaKTepUCTVKN MatoTb
6yT1 3iCTaBHUMM 3 MILHICTIO KOPTUKANBHOI KICTKM.

Ocobnuei nepesaru matoTb BionoriyHi Matepiany, Lo
MOXYTb YTPUMYBaTK (DaKTOPK POCTY, aHTUbAKTEpianbHi
KOMMOHEHTW, BioakTMBHI Monekynu. 3a uyx yMoB pearniay-
€TbCs 6iocTUMyNoBanbHWIA edhekT. Y pasi 3acTocyBaHHS
ckacpongis i3 KICTKOBOI TKaHWHM KNOYOBY POsb Bifirpae
niaTPYMaHHS GanaHcy Mix AndepeHLitoBaHHSM 0CTEO0-
EHHUX KIiTUH B 0CTE0OnacTv Ta oopMyBaHHsAM / aKTuB-
HIiCTIO OCTEOKNaCTIB.

Okpemoro pocnimkeHHs notTpedye NUTaHHS WoAo
iMyHoreHHocTi BiomaTepianis. HezanexHo Big cneumdiku
BVKOPUCTaHWX ANs ayrMeHTaLii KICTKOBWX TpaHCMnaHTa-
TiB, X iMNNemMeHTaList CynpoBOAXKYETCS IMYHOMOMYHOK
BiAMOBIAA Ha uyxopigHi cybcTaHuii. MokasaHo, Wwo,
He3Baxatoum Ha petenbHy 0BpobKy, anoreHHa KicTka
36epirae NOTEHLHY aHTUrEHHICTb, SiKa iHAYKye ono-
cepegkoBaHy T-KniTMHaMU iMYHHY BiAMOBiAb NPOTK
anotpaHcnnaHTary [7]. Lie noB’si3aHo 3 HasiBHICTIO Mone-
Ky OCHOBHOTO KOMMIIEKCY FCTOCYMICHOCTI B anoreHHnxX
KICTKOBMX Briokax.

3ayBaxuMo, WO peakuis iIMyHHOI cucTeMu Ha
KICTKOBI TpaHCNNaHTaTV € KOMMNMEKCHO, Nependayae
y4acTb KIITUH | BPOZKEHOTO, | cneLmdivHoro (aganTme-
HOro) iMyHiTeTy. 3anyck iMyHHOI peakuii 3ymoBneHun
fAeTekuieto iIMYHOMOrivYHO YyXopigHoro matepiany
LAEHOAPUTHUMM KNiTuHamu. Boxu BigirpatoTb Baxnmey
posib Y pO3ni3HaBaHHI Yy>KOpiAHOro MaTtepiany i aktu-
BaLjii aaanTuBHOT iIMyHHOI BigNoBiAi, TONepaHTHOCTI 4O
GionoriyHux marepianis [8].

Lli cnewianizoBaHi aHTUreHNpe3eHTyBasnbHi KNiTUHU
MOZYNIOKTL B3aeMofilo Mix GiomaTepianom Ta opra-
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Hi3MOM NtoAWMHW. AKTMBOBAHI NPOTHArOM MiAroTOBYMX
MaHinynauin, AeHAPUTHI KNiTUHK 3anyyalTbcs L0
po3ni3HaBaHHS Ta NPOLECUHTY aHTUTEHIB YyXXOPiAHOMO
6iomatepiany 3 HacTynHoto akTuauieto CD4+ i CD8*
T-kniTWH, CcTUMYnALiE0 iXHbOI Nponidepauii Ta au-
hepeHLitoBaHHA B peakTUBHI ehekTopHi KNiTuHu [9].
lMpoTte aHani3 y4acTi AeHAPUTHUX KNITUH Y peanidauii
iMyHHOT BignoBiai Ha BionoriyHi MaTepiany o6MexeHun
BapiabenbHicTio cy6TMNIB 3pinuX i HE3PINUX AEHOPUTHNX
KniTuH. ba GinbLue, ouiHoBaHHSA eHEeKTOPHOI MaHKW iMyH-
HOI BiZNOBIAi, HanNpuknag T-UMTOTOKCUYHUX NIMCGOLMTIB,
[ae 3mory oTpumaTti iHpopmaLito LWoao BUPaXeHOCTi
iIMYHHOI peakLii.

MexaHiamn BNnuBYy pisHux BiomaTepianiB Ha iH-
Terpawito, pemMogentoBaHHa Ta iMyHOOriYHy peakLiio
nicns npoueaypy ayrMeHTaLli 3anuLaoTbea NpeamMeTom
HayKoBWX JOCHiMKeHb. Y AOCTYMHIN haxoBiii niTepaTypi B
[10BOIi 0GMEXeHil KinbkocTi npaub HaBeaeHo akTUYHI
[JaHi Woao peakuii TkaHUH MapofoHTa i cneumaiku CTpyk-
TYPHOrO CKragy B 30Hi ayrMeHTaLlii CUHYCIB 3a 4OMOMOro
anoreHHux Giomarepianis.

licTonoriyHe OLiHIOBAHHA BIAMOBIAI HA 3arOEHHS
KICTKV Micnst TpaHCnnaHTawii pisH1X BUAIB KicTkoBoro bio-
martepiany B OpraHiam MioavHM NONerLUMTb BUKOPUCTaHHS
Xipyprom matepiasny KiCTKOBOrO TpaHCnnaHTaTy 1 factb
3MOry BU3HAYMTV Nepiof 3aroeHHs iMnnaHTaty BignoBigHO
[0 KIiHIYHWX YMOB Y KOHKPETHOTO navieHTa. OLiHIoBaHHS
peakuii iIMyHHUX, aHrOTEHHNX Ta OCTEOrEHHMX KITITUH Ha
3actocoBaHuii 6iomatepian HaHorpadt (NanoGraft)
[acTb 3MOry [ieTanbHille po3KpUTU MexaHismMu Mopdo-
reHeTUYHMX edpekTiB KiCTKOBOrO Giomarepiany.

Merta po6otu

BusHaunTy CTpyKTypHWUIA cknag GionTaris i3 30HM ayrmeH-
Tauii BepXHbOLLENenHUX CUHYCIB NiCns 3acToCyBaHHS
Giomarepiany HaHorpadr.

Martepianu i meToAU AOCAIAKEHHA

[nsa pocnigxeHHs MopdoreHeTUYHNX eekTiB Ta iMyHO-
reHHocTi 6iomatepiany HaHorpadT, BUKopuCTaHoro s
CUHYC-NIPTUHTY, 3QIACHUMN TICTONOTIYHE OLIHIOBAHHS
GionTaris i3 BiZNOBIAHUX 30H iHTEpECY.

[JocnimkeHHst 3aiicHMNM Ha KniHiYHUX 6asax kade-
Apw cTomartonorii NicnsaaunnoMHoi OCBiTM 3anopi3bkoro
[lepXaBHOTO MeauKo-hapMaLEeBTUMHOTO YHIBEPCUTETY:
KHIM «Micbka nikapHs eKCTpeHoi Ta LUBMAKOI Meauny-
Hoi gonomorn Ne 5» 3MP ta CtomaronoriyHa KniHika
«Ekcimay. Y pocnimkeHHi B3anu yyacTb 22 nauieHTy,
Aki nepebysanu Ha peabiniTauii 3 NpUBOAY BTOPUHHOT
YacTKOBOI afieHTii LLNSXOM AeHTarnbHoi imnnaHTau;i. Ma-
LieHTaM 3ailicHUNM cybaHTparbHy ayrMeHTaLliio B AinsHLi
BEPXHbOLLENENHOI Nasyxu. Yci nauieHTu, 3anyyeHi Jo
OOCNIIKEHHS, BigNOBIgany TakuM KpUTEpIisiM: BIACYTHICTb
3aranbHOCOMaTUYHKX 3aXBOPOBaHb, Bik MoHaA 18 pokis,
a came Big 39 [0 75 pokiB, KpiM TOrO, BOHW HE NpuiMani
CUCTEMHI aHTMBIOTUKM NPOTArOM LLIOHAWMEHLLIE 3 MiCALLB
[0 NoYaTKy AOCTIKEHHS.

Yci nauieHT Haganu nMCbMOoBY IHGOPMOBaHY 3ro-
[y Ha yyacTb pocnimkeHHi. Komicis 3 nutaHb BioeTvkn
3anopi3bkoro AepxaBHOro Meauko-tapMaLleBTUYHOro
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Puc. 1. CTpykTypHuit cknap bionTartis i3 30HK ayrmMeHTaLii cuHyciB. A: ricTonoriynmit npenapar. 3abapBneHHst reMaToKCUIIHOM Ta eo3nHoM, 30. x40; b: nTOMI Mol KICTKOBIX
Tpabekyn (BT), cnonyyHoi Tkahukm (CT) Ta sanuwwukis HaHorpadty (NG).

YHIBEpPCUTETY 3AiACHUINA ETUYHY EKCMEPTU3Y, NOPYLLEHD
He BMABMNEHO (MpoTokon 3acigaHHs Big 22 TpasHs 2025
poky Ne 7).

[octyn fo ayrmeHTauii 34icHUNW nig Yac BCTAHOB-
neHHs imnnanTatiB. OTpumanui GioncivHun matepian
hikcyBanm y 10 % posqnHi 3abychepeHoro HeirTpansHoro
¢hopmaniy nporsirom 48—72 roguH. Micns Lboro 3minCHMM
[lekanbLyHaLliio MaTepiany 3 BUKOPUCTaHHSM LUBUIKOTO
dexanbuymdikatopa Kaltek (Italy). Micnsa aekanbuyHawii
npoBozky Giomarepiany (aerigparaliio Ta MPOCoYyBaHHs!
napachiHoM) BYKOHanM aBTOMaTK30BaHNM METOLOM Bif-
MOBIJHO A0 CTaHAAPTHOrO MPOTOKOIY B ricToNpoLecopax
(Milestone LOGOS Microwave Hybrid Tissue Processor,
Milestone, ltaly). Micna npoBogku marepian 3anunu y
napacpiH (Paraplast), nigrotysanu napadiHosi 6nokv Ha
CTaHL{isX 3amnmBKM Ta BUrOTOBMEHHS NapadiHOBMX OrOKiB
Thermo Scientific HistoStar (Thermo Fisher Scientific, USA).

[icTonoriyHi 3piav 3aBTOBLUKM 4 MKM BUFOTOBIEHO Ha
HaniBaBTOMaTN30BaHOMY POTaLiiHOMY MikpoToMi Thermo
Scientific HM 340E.

Mpenapatu 3abapenioBanu reMaToKCUMiHOM Ta
€03VHOM 3 BMKOPWCTaHHSIM aBTOMAaTW30BaHOMO KOBep-
crenHepa Dako CoverStainer (Agilent, USA). TictoximiuHe
3abapBneHHs TONYiAMHOBMM CUHIM BUKOHAHO MaHyarnbHO
3a CTaHAApPTHVM NPOTOKOIOM.

lcTonoriyHo npenapatyt 4ocniauK, 3acTocyBaBLLN
cBiTnoBwit Mikpockon Leica (Leica Microsystems GmbH,
Wetzlar, Germany), Ha TpbOX FiCTONOrYHMX Npenaparax
CEpIViHNX 3pi3iB, MPUHANMHI B TPbOX penpe3eHTaTUBHUX
[iNsiHKax KOXHOTrO 3 TPbOX TICTOMOrYHUX Mpenaparis
ayrMeHTaTiB CUHYCIB i3 BenukuM 30inblueHHsam. i yac
MOPOSONYHOMO JOCHIKEHHS OLHIOBaNN CTPYKTYpY
(hparmeHTiB ayrmeHTary, OynoBy KiCTKOBOI TKaHUHU Ta
HaBKOMWLLUHBLOI CMOMYYHOI TKaHWHW, AMHaMIKy npoLlecy
pe3opbuii Ta opMyBaHHS HOBOI KICTKM B AiNsHKax
cuHyc-nidTuHry 3a gonomoroto NanoGraft. Kpim Toro,
BM3HaYanu HasiBHICTb, BUPA3HICTb | XapakTep 3ananbHoi
peakuii Ha biomatepiarn.

[icTonoriyHi npenapatn 4OCHiann, BUKOPUCTOBYHOYM
KpuTepii penapadii Ta pemogentoBaHHs Kictkv. [Ins uboro
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B MeXax KOXHOTO Craigy BU3HAYEHO YacTKy NpocTopy
(MrToMMIN 06’€M), 3aMOBHEHOTO KICTKOBMMY Tpabekynamu,
rpadpToM i CnonyyHow TkaHWHOK. OUiHIOBanM Takox
TOBLLWHY KICTKOBMX Tpabekyn.

3aranom npoaHanizoBaHo 52 gingHku ayrmeHTauii
Ta 67 [insAHOK BnacHoi KicTku. [ns NOpiBHAHHSA BUKOPU-
CTaHO AiNsHKN ayrMeHTaLii Ta HaTUBHOI KICTKM B OOHOTO
i TOr0o caMoro nauieHTa 3 OJHOro i TOro camoro Micus
iMnnaHTauji. TakuM YUHOM BAANOCS YHUKHY TV aHaTOMIY-
HO 3YMOBEHWX CTPYKTYPHUX BiAMIHHOCTEW MiX KICTKOI
Ta ayrMeHTaLliet B Pi3HNX AiNgHKax BepXHbOLLENenHol
nasyxu 1y pi3HUX naieHTis.

Pesynbratn gocnigxeHHs npoaHanidysBanu, 3a-
CTOCYBaBLUM CTATUCTUYHUN NaKeT MiLeH3ilHoI npo-
rpamun Statistica, Bepcis 13 (Copyright 1984-2018
TIBCO Software Inc. All rights reserved. INiuensisa
Ne JPZ8041382130ARCN10-J). HopmanbHicTb po3nogi-
Ny KinbKiCHWX O3HaK aHanisyBanu 3a [ONOMOroK TecTy
Lanipo-Binka. Ana napameTpis, WO Manin HopManbHUN
po3nogin, On1coBY CTAaTUCTUKY HABEAEHO siK CEpPENHE Ta
cepenHbokBagpaTuyHe BigxuneHHs (M + SD).

Pe3ynbTatu

MopdonoriyHe oLiH0BaHHS Aano 3Mory BUSIBUTY O3HAKM
aKTMBHOTO OCTEOreHe3y B 30HaX iHTepecy. Benwki ginsH-
kv bionTatiB c)OPMOBAHO po3ranyXeHUMU KICTKOBUMU
Tpabekynamu, TOBLUMHA SKVX cTaHoBMNa Big 20 MkM 4O
190 MKM. Y Mexax KICTKOBUX TpabeKyn BUSHAYEHO [insH-
k1 NanoGraft, wo 6ynm nopi6Hi fo rnmbok (rpaHyn), ki 3
ycix BOKiB OTOYEHI HOBOYTBOPEHOHO KICTKOBOK) TKAHWHOH
(puc. 1A). Kpim Toro, B HE3HaYHI KinNbKOCTi BUMNaakiB
BMSIBMEHO BiNMbHO po3TalloBaHi 3anvwku HaHorpadty
ab0 noyacTn OTOYeHi KICTKOBOK TKaHWHOK OCEepesKu
Giomatepiany. JinsHku Mix KicTKOBUMY Tpabekyrnamm 3a-
MOBHEHi CMOMYYHOK TKAHMHOH) 3 YACTIEHHUMY CYAMHAMU
MiKPOLIMPKYNSITOPHOTO pycna.

[ig yac rictoMopdoMEeTPUYHOTO aHanisy CTPYKTYpHO-
ro ckragy TkaHuH BionTari i3 30H ayrMeHTaLlii CUHYCIB BU-
3Hau4eHo: KicTKoBi Tpabekynu cTaHoBunn 44,60 + 1,73 %
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2A 2b

Puc. 2. [HTpa- Ta ekcTpaTpabekynspHe posTallyBaHHs 3anuLukis HaHorpady.

A: 3anuwwki GiomaTepiany BU3HAYEHO BCEPeaNHi KICTKOBOT Tpabekymni, BOHU 0TONEHI MiHepani3oBaHM MaTPUKCOM KICTKOBOI TkaHWHW. 3aBapBrieHHsi reMaTokCUmiHOM Ta 031HOM,
36. x400; B: excTpatpabekynsipHuit ocepenok 3anuLkis HaHorpadty (cnpasa). 3abapereHHst TonyiauHoBUM ciHiM, 36. x400.

3A 3b

Puc. 3. BapiabenbHictb 6yaosu kicTkosux Tpabekyn y 6ionTaTi 3 30HM ayrMeHTaLji CUHYCY.

A: kicTkoBa Tpabekyna, yTBOpeHa rpyboBONOKHNCTO KICTKOBOK TKaHUHO. 3abapBrerHs TonyiauHOBIM CuHIM, 36. x400;
B: kicTkoBa Tpabekyna 3 03Hakamu peMofentoBaHHs Ta 3aMiLLieHHs! rpyB6OBOMOKHIUCTOT KICTKOBOI TKaHWHIN NNACTUHYACTO0 KiCTKOK0. 3abapBneHHs ToNyiAnHOBMM CuHiM, 36. x200.

4A 4b

Puc. 4A. ®parmeHTH KiCTKOBIX Tpabekyn, CPOPMOBaHMX MACTMHYACTOH KICTKOBOK TKaHWHOK. 3abapBneHHs TonyiauHOBIM CuHIM, 36. X400.

Puc. 4b. ®parmeHT KicTkoBOi Tpabekynu, yTBOPEHOI NNACTUHYACTOIO KICTKOBOKO TKaHUHOIO 3 (hOpMYBaHHSIM OCTEOHIB. 3abapBneHHst reMaTokcuiHOM Ta eoauHoM, 36. x200.
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(95 % [l 41,1-48,2 %). MuTtomuit 06’em cnonyyHoi Tka-
HUHK 3icTaBHW — 46,60 £ 1,70 % (95 % [143,1-50,1 %).
3anuwwku HaHorpadhTy He3HauHi, iXHs YacTka cTaHoBMNa
9,70 £ 0,99 % (95 % Al 7,6-11,8 %) (puc. 15).

3anuwkn HaHorpadTy BM3HaYanu nepeBaxHO
iHTpaTpabekynsipHO — BCEpeawHi KicTkoBux Tpabekyn,
manu rnobynspHy dopMy Ta MOPUCTY CTPYKTYPY, Mg
Yyac 3abapBneHHs TiCTONoriYHMX npenaparie rema-
TOKCUMNIHOM Ta €031HOM OTpUMaHo cnabo 6asodinbHy
peakuito (puc. 2A).

Y HeaHauHil KinbKOCTI BUNagKiB BUSIBNEHO ekcTpaTpa-
6eKkynsapHi 3anuLwku 6iomatepiany, LLO Manu aHanoriyHy
CTPYKTYPY, arne 330BHi OTO4EHi CMOMYYHOK TKaHUHOI Ta
HEBETMKOIO KINbKICTIO KNITWH (puc. 25).

AHani3 6ygoBu kicTkoBux Tpabekyn gas 3mory
BCTAHOBWTU rETEPOrEHHICTb iXHBOI FCTOMNOMYHOI CTPYK-
Typu: YacTuHa Tpabekyn npeacTaBneHa nepeBaxHO
rpyOOBONOKHUCTOK (PeTUKynodibpO3HO) KICTKOBOT
TKaHWHOH. KicTkoBI Tpabekynu, Lo aHacTOMO3yBanu Mix
€00010, XapaKkTepudyBanucs BapiabenbHiCTHO TOBLUMHM.
Ha ixHiln noBepxHi BU3Ha4eHo nepeBaxHo ocTeobnacTu,
Lo popmyBanu CyLinbHWiA Wwap. B iHWMX AinsHkax Bu-
SIBMEHO 30HM pe3opbuii 3 po3TaLLOBaHUMI HA MOBEPXHI
Tpabekyn octeoknactamu. BcepeauHi kicTkoBux Tpabe-
Kyn BU3HAYEHO YUCNEHHI MaKyHu 3 OCTEOLMTaMu, pos-
TalloBaHi nepeayciM HepiBHOMIPHO, Ha Pi3Hii BigCTaHi
ofHa Bia oaHoi. MNpocTopu MiX nakyHamm 3anoBHEHi
FOMOTeHHUM SCKPaBO-OKCUMINbHUM KICTKOBUM MaTpUK-
com (puc. 3A) npu 3abapBrieHHi reMaToKCcMITiHOM Ta
€03nHoM. [epunakyHapHWii NpoCTip xapakTepuayBaBcs
MOMIPHOK METaxpoMasieto MaTpuKCy Npu 3abapBreHHi
TONYiAYHOBUM CUHIM.

Y 3HauHil YacTvHi Tpabekyn BUSBMEHO O3HaKV aKTVB-
HOTO PEMOAENIOBAHHS 3 3aMiLLIEHHSM rpyOOBOMNOKHUCTOT
KICTKOBOI TKaH1HW MacTUHYaCTOLO KicTKoto (puc. 3A, b). Y
ii cknagi YiTKo BidyanidyBasnocs YepryBaHHs napanensHo
pO3TaLlOBaHMX CBITMKX i TEMHWUX KICTKOBMX MNACTMH,
PErynsipHoO OPIEHTOBAHWX NaKyH 3 OCTEOLMTaMK.

MeBHa KinbKiCTb KiCTKOBUX Tpabekyn yTBOpeHa
BTOPUHHOK (NNaCcTUHYaCTOK) KICTKOBOK TKaHUHOK
(puc. 4A, B).

YactuHa Tpabekyn Manu 3HaqHy TOBLLWHY, YTBOPEHI
NNacTUHYaCTO KICTKOBO TKAHWMHO, MiCTUIIM OCTEOHMU,
O Manu TUMOBY CTPYKTYPY: HABKOMO LEHTPanbHOro
KaHany po3TaLlOBYBarnmcs KOHLEHTPUYHO OpiEHTOBaHI
KICTKOBI NNACTVHW, yTBOPEHI OKCUINBbHUM MaTpUKCOM, Ta
pagianbHo OpieHTOBaHa NnakyHapHoO-KaHarbLieBa cuctema
(puc. 46). Y cknapi pesikux Tpabekyn, KpiM OCTEOHIB,
BUSIBMEHO 3anuiwku HaHorpadoty.

OTxe, 3a pesynbsraTamu oLjiHIOBaHHS cknagy bionTa-
TiB, OTPUMAHWX i3 30H CUHYC-NITUHIY, Binblua YacTuHa
HaHorpadty 3amillieHa KiCTKOBOK Ta CMOMyYHOK TKa-
HUHaMMW.

06roBopeHHA

3a AaH1mm ricToMopdOMETPUYHOTO aHaniay, binbLua no-
LLja 3aMMLLKIB TPAHCMNAHTAaTY B 30HAX ayrMeHTaLljii KOHTaK-
TyBasia came 3 HOBOYTBOPEHOH KICTKOBOK TKaHWHOI0. Lie
€ YiTKUM CBIJYEHHSIM OCTEOKOHAYKTUBHUX BNAcTUBOCTEN
NanoGraft — 3gaTHocTi 6yTW NpOBIgHUKOM Ans pocTy
KICTKOBWX CTPYKTYp. Takui mexaHiam fii € dyHaamen-
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TanbHWUM AN BCix 6iomaTepianis, LLIO NO3WLIOHYOTLCS K
OCTEOIHTErpaTmBHi, i BiANOBiAae KOHLUENLi cnpsiMoBaHOT
KicTKoBOI pereHepalLii (guided bone regeneration, GBR).

3ridHO 3 pesynbTataMu NonepeaHix AOCMioKeHb,
MopdonoriyHuii cknag GionTatie nicns CUHyC-MiPTUHrYy
CyTTEBO 3aNeXuTb Bif NPMPOAM BUKOPUCTAHOMO MaTepi-
any. Tak, 3a pesynsratamu gocnimkeHHs S. Corbella et
al., ayToreHHa KicTka 3Ha4yHO eeKTUBHIlLE CTUMYMOE
ocTeoreHes, Hix GichasHnin docdar kanbLito, Makym
6inbLLMIA BIGCOTOK HOBOYTBOPEHOI KICTKM | HYXYMIA PiBEHD
3anuwkis matepiany [10]. Danesh-Sani S. A. et al. BcTa-
HOBUMH, LLO Yeped 6-8 MicauiB nicns onepaduii YacTka
HOBOYTBOPEHOI KIiCTKM B 30Hax ayrmeHTaLii cTaHoBWNa
28,2 % pna BidasHoro ocdaty kanbuito, 36,8 % —y
pasi 3aCToCyBaHHS ayToreHHol KicTku [11]. Pasom i3 Tum
3anuwku BicpasHoro docdaTy kanbLilo CTaHOBUNM A0
32,9 %, wo Jano nigctaBn 3pobKTM BUCHOBOK MPO MO-
BiNbHY LWBMAKICTb GioaerpanaLii, a 3anuLLK1 ayTOreHHoro
martepiany —4,8 %, i ToMy 10ro BU3HaA4€eHO K ONTMMarb-
HUM NSt CUHYC-NICPTHHTY [2].

Omxe, pesynbraTi, BCTAHOBMEHI B HALLOMY AOCHi-
[DKEHHI, NoKasarnu iCTOTHY OCTEOKOHOYKTUBHY 1 OCTEOIH-
LYKTUBHY aKTUBHICTb MaTepiany Harorpadr. MNokasHuku
HOBOYTBOPEHOI KICTKM 3iCTaBHi 3 TUMM, LLIO BCTAHOBJIEHI
ANsl ayTONoriYHoro TpaHcnnaHTaty, a 0b’'eM 3anuLukiB
marepiany 3Ha4YHO MEHLUWI, HiX y pasi 3aCTOCyBaHHS
6GidhasHoro cbocpaty kanbLito. Ha nigcrasi umx gaHux
3pobunu BUCHOBOK Npo fobpe 3banaHcoBaHy Gioge-
rpapauito NanoGraft, Lo 3abe3nevye ofHO4ACHO CTPyK-
TYPHY NiATPUMKY Ta CTBOPEHHS YMOB ANt (DOPMYBaHHS
€HIOMEeHHOI KICTKOBOI TkaHUHW. KpiM TOro, 3ayBaxmmo:
martepian HaHorpadT He iHAyKyBaB BUpaXeHOi 3anarnb-
HOI peakuji, Lo € 4OAATKOBUM CBiYEHHSIM OTO BUCOKOI
6iocymicHocTi.

3a pesyrnsratamy NOPIBHAHHS 3 anoreHHUMW MaTepia-
namu, Wwo 3ajiricHnnu J. Lorenz et al., Takox BUSIBNEHO ne-
pesarv NanoGraft: y pasi 3acTocyBaHHS anoreHHoi KicTku
HOBOYTBOPEHa KicTka cTaHoBuna nuwe 18,65 + 12,20 %,
a yacTka CrosyyHoi TKaHWHU cTaHoBuna noHag 50 %.
Ha nigcTasi umx gaHux 3pobunu BUCHOBOK MPO 3HAYHO
MeHLLY edbeKTUBHICTb iHkopriopauii [12]. OTxe, maTepian
HaHorpadhT He nuLe nepesepLUye TpaauLinHi MaTepia-
v 3@ MOPHOMNOTYHUMI KPUTEPISMU, ane N Mae BUCOKY
MPOrHO30BaHICTb pesynbTaTis. Lie Bkpan BaxnvMBo Ans
nnaHyBaHHS PEKOHCTPYKTUBHWUX BTPyYaHb y AiNsHLI
BEPXHbOLLENENHUX CUHYCIB.

3a3HaunMmo, WO pesynsTaTv LbOro AOCHiAKEHHS
3iCTaBHi 3 MOKa3HMKaMK, L0 BCTAHOBMEHI Nig Yac Bu-
KOPUCTaHHS CyvacHux ribpuaHmnx ckadongis Ha OCHOBI
rigpokcmanatuTy, nonieTuieHaMiHy Ta NoniMONOYHOI KuC-
notu (M. Stevanovic et al.), siki noeaHytoTb GiokepaMiyHi
Ta noniMepHi BNaCTUBOCTI, AEMOHCTPYHOUM CUHEPTitO MiX
MexaHiYHOK CTabiNbHICTIO Ta KepoBaHo Giogerpada-
uieto [13]. Brim, nepesaroto Matepiany HaHorpadr € roro
FOTOBHICTb A0 KMiHIYHOO 3aCTOCyBaHHS 6e3 HeobxigHOCTi
iHOVBIZyanbHOrO MOLENtoBaHHS CTPYKTYpW abo HaHeCeH-
HS1 A0AATKOBMX GiOaKTUBHMX NOKPUTTIB.

licTomopdhomeTpisi Jana 3MOry He NuLe BUSHAYNTK
NPOMNOPLIHUIA CKNag HOBOYTBOPEHOI KICTKM, COMYyYHOT
TKaHWHW Ta 3anuLLKIB TPaHCMNaHTaTy, ane v OuiHUTK
CTYNiHb [,03piBaHHSA KiCTKOBOI TKaHWHW. Y BinbLlwocTi
6ionTatie BUSBNEHO CTPYKTYpW, XapakTepHi ans Il cta-
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Oii ocTeoreHesy — pemMofentoBaHHa 3 NepexoaoMm Bif
PETMKYNOGiOPO3HOI A0 MnacTUHYACTOl KiCTKW. Y noHag
25 % Tpabekyn BMSIBNEHO O3HAKW BUCOKOI 3pinocTi —
(hopMyBaHHS OCTEOHIB, LLO CBIAYMTH MPO 3aBEPLLEHHS
MiHepanisauii Ta cTabinbHy iHTerpadito.

Lli mopdhonoriyHi cnocTepexeHHsi 3biraoTbcs 3
pesynisratamu, wo opepxanu O. Solakoglu et al. Tak,
3a IXHIMK JaHuMu, Taka CTPyKTypa KiCTKU koperntoBana
3 BMCOKOHO aKTMBHICTIO ocTeobnacTis [5]. Octeobnactu
SIK KITHOYOBI KIMITUHU OCTEOreHe3y NPoayKyHTb OpraHiyHy
maTpuLito (KonareH | Tuny, npoTeorikaHu, rikonpoTeiw),
iHiLitotoTb MiHepaniaaLito, a TakoX eKCNPeCyTb CUTrHamMb-
Hi MOMeKynu, WO perynioTb peMogentoBaHHs. lMicns
3aBepLUEHHs akTUBHOI hasun AudepeHuialii YacTuHa
0CTeobnacTiB iHKancymoeTbLCa y NakyHW Ta TpaHcdop-
MYETBCS B OCTEOLMTN — CEHCOPHI KMITUHK, LLO MOXYTb
pearyBaTu Ha MExaHi4YHe HaBaHTaXEHHS i NiTPUMyBaTU
romeoctaa matpukcy [14,15].

KrtouoBy ponb y 3anycky ocTeoreHesy Bifirpae TpaH-
ckpunuirHni haktop RUNX2, Wwo iHijtoe andepeHLiadio
Me3eHXiMarbHX CTOBOYPOBWX KITITUH Y HAanpsiMi ocTeo-
6nacris [16]. Came RUNX2 Br3Ha4eHo sk Mapkep paH-
HbOT OCTEOreHHOI NiHil, i Moro ekcnpecist Bkpait HeobxigHa
NS No4aTKOBOro (POPMyBaHHS OCTeOiaa.

OTxe, 3rigHO 3 pesynbTataMu LOCHIgXEHHS,
NanoGraft He nuLe cnpusie CTPYKTYpPHi OCTEOKOHAYKLT,
ane 1 eheKTVBHO BKIMIOYAETLCS Y PETYNATOPHY MEpexy
0CTeoreHesy, 3yMOBIIHOOYM (POPMYBaHHS 3pifoi, QyHK-
LioHanbHO aKTWMBHOI KICTKOBOI TKaHWHWU. Bpaxosyoum
BiocyMmicHiCTb, KOHTPONBOBaHY AerpazaLlito Ta NigTPUMKY
MIKPOOTOUEHHS, CNPUSTIIMBOTO Ars AndpepeHLiaLlii octeo-
Gnacris, Matepian HaHorpadT Moxe ByTu MOBHOLHHO
anbTEPHATVBOK AyTOMOMNYHUM TPaHCMIaHTaTaM y npo-
Lieaypax KiCcTKoBOI pereHepaLlii.

BucHOBKU

1. BukopuctaHui gns cuHyc-nipTuHry matepian
HaHorpadT xapakrepuayetbcst GiocTUMynoBanbHUM Ta
OCTEOIHAYKTUBHIUM eheKTaMu.

2.Y bionTatax ycix 4OCNiIKEHNX BUNAAKIB BUSIBNIEHO
CMINETIHHSA KICTKOBUX Tpabekyr.

3. AyrmeHTauis cuHyciB HanorpadTom cnpusna
CTUMYNALT OCTEOreHHOro AMMepeHL|itoBaHHSA KNiTUH Ta
AKTMBHOTO OCTEOreHe3y 3 O3HaKaMu PEeMOAENOBAHHS
Ta 3aMilleHHsIM rpyb6oBONOKHUCTOI (DiBPO3HOI KiCTKM
NMNacTUHYaCTOK KICTKOBOK TKAHUHOK 3 YTBOPEHHSM
OCTEOHIB.

MepcneKTUBU NOAAABLLIMX AOCAIAXKEHb MONSAraldTh
Y BU3HAYeHHi Ta NiaTBepmKEHHI GiocTMMynoBanNbLHOrO
1 0CTEOIHAYKTMBHOMO edekTy matepiany HaHorpadTt
npu onepavii 3 CUHYC-MIPTUHTY B HACTYMHUX KMiHIYHUX
[OCTiIKEHHSIX.
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Quantitative assessment of mitochondrial DNA copy number is an emerging field of study in the diagnosis and evaluation of
age-related pathology and frailty in the elderly, along with the assessment of other acute and chronic diseases that are often
necessary within this patient cohort.

Aim: to analyze current advances in the quantitative assessment of mitochondrial DNA copy number as a tool for diagnosing
and evaluating age-related pathology, frailty, and comorbid conditions in the elderly.

Material and methods. The author independently conducted a thorough review of literature available from the NIH, PubMed
database, providing a detailed narrative of updates in the field. As clinical trials seek to further develop practical techniques,
the author then undertook a search of relevant trials at ClinicalTrials.gov, including this as a table in the body text.

Results. The review provides a thorough examination of the theoretical foundation of mitochondrial biogenesis, fusion-fission
processes, and control and repair of mitochondrial genetic material, and how advances in these topics may be applied to
better understand the processes being measured in quantitative mitochondrial DNA analysis.

Conclusions. Detailed examination of the crosstalk between mitochondrial control proteins and nuclear factors, and the
fundamental role of energy homeostasis apparatus within ageing processes underpins the advances in translational aspects
of mitochondrial medicine and allows more effective exploitation of this emerging field.

Kinbkictb Konii MTAHK: MmoAeKyAsipHa AlarHOCTMKA Ta MIiTOXOHAPiaAbHO-AAEPHI
nepexpecHi 3B’A3KU NPU KPUXKOCTI Ta CTaPiHHI

Y. Ax. Bapa

KinbKicHe BU3HaYeHHs KinbKOCTi konii MiToxoHapiansHoi AHK — HoBa rany3b JoCnimKeHb Y AiarHOCTUL Ta OLiHIOBaHHi Biko-
BOI maTonorii Ta KpUXKOCTi B OCIB NOXMIOrO BiKy, NOPSZ 3 BUBYEHHSIM IHLLIMX FOCTPUX i XPOHIYHUX 3aXBOPIOBaHb, L0 4acTo €
[JOLINbHUMMN NS TAKUX NaLLieHTiB.

Merta po60oT — NpoaHanisyBaTi Cy4acHi AOCATHEHHS LLOAO KiNbKICHOMO BU3HAYEHHs Koni MiToxoHapiansHoi JHK sk iHcTpy-
MEHTa fjarHOCTVKM Ta OLiHIOBaHHS BIKOBOI MaTONOrii, KPUXKOCTI Ta CyMyTHIX 3aXBOPOBaHb B OCID NOXMMOro Biky.

Marepianu i metoau. 3piicHeHO peTenbHWiA ornsg axoBoi nitepatypy, WO iHaekcyeTbes B 6a3i gaHnx NIH, PubMed, 3
[eTanbHUM OMMCOM HAMHOBILLIMX JOCArHEHb Y Ui rany3i. Ockinbku nig Yac KniHivHMX BUNpoOyBaHb NparHyThb 40 PO3BUTKY
NPaKTUYHUX METOLIB, Ha HACTYNHOMY eTani 3aiNCHEHO NOLLYK AaHWX LWOAO BianosigHux BunpobysaHs Ha ClinicalTrials.gov.

Pesyabtati. 3aiicHEHO JOCNIIKEHHS TEOPETUYHNX OCHOB MITOXOHApIanbHOro GioreHe3y, NPOLECiB 3NUTTS Ta NOAiNY, a Takox
KOHTPOIIO Ta penapaLlii MiTOXOHAPIanbHOro reHeTu4Horo matepiasny. OnucaHo, ik AOCATHEHHS Y JOCTIMKEHHI 3 LX TEM MOXYTb
6yTy 3aCTOCOBaHI AN KPALLOTO PO3yMIHHS MPOLIECIB, LLIO BUMIPIOIOTLCS Mid Yac KinbkicHOro aHanisy MitoxoHapiansHoi AHK.

BucHoBku. [leTanbHe JOCRimKEeHHs B3aeEMOZji MK MITOXOHApPIanbHUMU KOHTPOMbHUMY Binkamu Ta saepHuMmn aktopamu,
a TakoX hyHAaMeHTanbHOi poni anapaTty eHepreTMYHoro roMeocTasy B npouecax CTapiHHSA € MiarpyHTsM Ans po3BuTKY
TPaHCNALINHMX acneKTiB MITOXOHApPIaNbHOI MeanLIHK Ta 3abeanedye GinbLu eekTYBHE BUKOPUCTaHHS LibOro HOBOTO HanpsiMy.

Quantitative assessment of mitochondrial DNA copy
number is an emerging field of study in the diagnosis
and evaluation of age-related pathology and frailty in the
elderly, along with the assessment of other acute and
chronic diseases that are often necessary within this
patient cohort.

Materials and methods

The author independently conducted a thorough review
of literature available from the NIH, PubMed database,
providing a detailed narrative of updates in the field. As
clinical trials seek to further develop practical techniques,
the author then undertook a search of relevant trials at
ClinicalTrials.gov, including this as a table in the body text.
Aim This review explores the molecular crosstalk between
the nuclear proteins and the mitochondrial compartment

To analyze current advances in the quantitative assess- and its role within ageing, with specific focus on the po-

ment of mitochondrial DNA copy number as a tool for
diagnosing and evaluating age-related pathology, frailty,
and comorbid conditions in the elderly.

tential use of mitochondrial DNA (mtDNA) copy number in
assessing age-related pathology, frailty syndrome and the
diagnosis of acute and chronic disease. The usefulness

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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and validity of quantitative mtDNA analysis in clinical
practice rests upon the foundational science of molecular
ageing, and itis vital that this mechanistic process is fully
explored before such advances can be translated into
tools that might be useful at the bedside.

The mitochondrial theory of ageing, concepts of frailty
and frailty syndrome and the investigation of molecular
biomarkers related to ageing occupy the opening sections
of this review. This is followed by a discussion on the role
of quantitative mtDNA analysis and a detailed examination
of the molecular nature of ageing in both nuclear and
mitochondrial contexts, and the degree to which both
processes rely on each other for progression. The final
sections are an examination of past and current clinical
trials, a critique of the validity of mtDNA copy number
analysis, and a short discussion on the ethical consi-
derations implicit in age-related and transgenic research
before concluding remarks on the application of theoretical
science to translational medicine and the future direction
of travel in this exciting subject.

Results

The mitochondrial theory of ageing. Mitochondria
have long been central to the understanding of the
of ageing. Via the generation of ATP, reactive oxygen
species (ROS) and age-related degenerative decline,
ageing cells release components required for oxidative
phosphorylation (OXPHOS), resulting in decreased
ATP production [1]. A true breakthrough in molecular
mitochondrial gerontology came with a 2004 landmark
study generating mice expressing defective mtDNA
polymerase y1 (Pol y1). During the earliest part of their
lives the mice were phenotypically normal, yet they quickly
displayed signs of ageing including alopecia, kyphosis,
osteoporosis, anaemia, heart enlargement and greatly
reduced fertility. During the animals’ lifespan the number
of mutations in mtDNA increased exponentially and
the study determined a direct and causal link between
increased mtDNA mutation, mitochondrial dysfunction in
oxidative phosphorylation and the ETC and age-associ-
ated phenotypes [2].

Age-related pathology in the clinic and laboratory.
Age-related pathology results in adverse outcomes in
hospitalisation, quality of life and mortality. It is diagnosed
clinically via assessments such as the mini-mental state
exam (MMSE) [3]. Fried L. P. et al. defined a “phenotype
of frailty” that could be used to identify aged patients at
risk of morbidity, defining frailty syndrome where three
or more of the following criteria are present: “shrinking”
— unintentional weight loss 210 Ibs in the past year or
>5 % of body weight at annual follow-up; weakness as
measured by grip strength; self-reported exhaustion,
poor endurance and energy; slow walking speed; low
physical activity [4].

Molecular investigations in age-related pathologies
are a long-running priority in gerontology and a signifi-
cant literature exists regarding the molecular aspects of
the ageing endocrine system. Insulin-like growth factor
1 (IGF-1) [5,6], SIRT1, growth differentiation factor 15
(GDF-15) [7], sex hormones such as testosterone and
their precursors such as dehydroepiandrosterone (DHEA)
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and DHEA sulphate (DHEAS) [8] are the main candidates
under investigation. Low serum IGF-1 has been associat-
ed with decreased cognitive and physical function in aged
persons and provides the most well explored biomarker
of age-related infirmity [6,9]. The causal linkage between
decreased endocrine activity and frailty has yet to be
established and, while well explored, it remains to be
seen as to whether the age related decreased of these
markers is causal of biological ageing or as a subsequent
response to another process [10].

The main immunological markers associated with
ageing are interleukin 6 (IL-6), CRP and TNF-q, along
with alterations in the function of heat shock proteins
(Hsps) [11] while alterations in small Hsps may be linked
with reductions in muscle function [12]. Paradoxically,
reduced Hsp function in rat models conferred resistance
to myocardial ischaemia [13]. C-X-C motif chemokine
ligand 10 (CXCL10) is a small protein chemokine secreted
by neutrophils, eosinophils and lymphocytes in response
to viral infection [14]. While strongly implicated in viral
response [15], chemokines have also been implicated
in autoimmune disease [16], as a novel mode of immu-
notherapy in cancers [17] and in age-related pathology.
CXCL10 is induced in response to interferon-y (IFN-y)
or viral infection and decreases mitochondrial activity,
induces apoptosis and reduces cellular proliferation.
Serum CXCL10 is increased in ageing and CXCL10
knockout animals have decreased response to interferon
mediated immune responses [7]. Genetic material and
nuclear proteins are also affected by ageing. Older cells
have reduced histone synthesis, altered chromatin struc-
ture, reduced epigenetic histone methylation or acylation
modification and overall loss of heterochromatin across
the organism [18].

While clinical trials are progressing, the study of
mtDNA is an underutilised and poorly explored aspect of
molecular pathology of ageing.

The utility of mtDNA copy number in quantitative
mtDNA assessment. mtDNA copy number is a measure-
ment of the amount of mitochondrial genetic material in
cells, assessed by quantitative real-time PCR (qPCR)
and providing a quantitative assessment of the mito-
chondrial compartment of the cell [19]. Mitochondria are
highly plastic organelles that adapt in form and quantity
to cellular energy requirements, and it is anticipated that
quantitative analysis of the mitochondrial compartment
could provide an easy, cheap and effective understanding
of the OXPHOS system of the cell from readily available
peripheral blood samples [20].

The cellular mitochondrial compartment is highly
heterogeneous and carries much variation across tis-
sues with different energy requirements and across the
organism in different physiologic states. In mice, primary
oocytes have around 100,000 copies of mtDNA while
sperm have around 100 [21]. Oocyte mtDNA copy number
decreases with age and results in reduced reproductive
success in both mice [22] and humans, also providing
an avenue for fertility studies [21,23]. Similar changes in
mtDNA copy number are true of other energy-rich tissues
such as skeletal muscle, where mtDNA copy number
can be used to predict the severity of sarcopenia in the
aged [24] and nervous tissue, where reduced mtDNA
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correlates with incipient Alzheimer’s disease, Parkinson
disease and other neurodegenerative conditions [25,26].

Attempting to determine association between mito-
chondrial dysfunction, oxidative stress, ageing and mortal-
ity, Ashar Moes et al. assessed alterations in mtDNA copy
number against all-cause mortality and prevalent frailty.
Using gPCR to determine mtDNA copy number in 13,444
patient samples from participants in the 1989-2006
Cardiovascular Health Study (CHS) and the 1987-2013
Atherosclerosis Risk in Communities (ARIC) study. Across
the sample they determined a global reduction in mtDNA
copy number against increasing indicators of frailty even
while individual parameters of frailty did little to change
the mtDNA copy number [27].

In 2010 J.-W. Lee et al. used gPCR to measure
mtDNA copy number in peripheral leukocytes of 107
women aged over 60 in South Korea, finding that
women who scored highly on tests for cognitive decline
had significantly reduced mtDNA copy number when
compared with those who were apparently healthy
and performed significantly worse in mini-mental state
examination, 6-minute walking test and chair-stand test-
ing [28]. Similarly, muscle biopsies from 15 octogenarian
world-class track and field master athletes revealed
significantly higher mtDNA copy number among octoge-
narian master athletes when compared to control group
non-athletes, along with greater preservation in muscle
mass, increased abundance of mitochondrial proteins
(specifically those involved in OXPHOS and the elec-
tron transport chain) and greatly increased abundance
of mitochondrial ribosomes [29]. Mengel-From J. et al.
used gPCR to measure the mtDNA copy number of 1,067
participants aged between 18 and 93 years. They noted
age related decline in mtDNA copy number from 48 years
old onwards with consistent association between higher
mtDNA copy number and better physical and mental
health outcomes, both in terms of physical performance
and by self-rated questionnaire. Higher mtDNA copy
number in aged participants was also associated with
higher scores in cognitive testing [30].

Chronic disease and mtDNA copy number. Patients
with chronic kidney disease (CKD) have sarcopenia,
muscle weakness and limited exercise tolerance. Muscle
atrophy and weakness correlates with impaired mito-
chondrial respiratory function and reduced mtDNA copy
number [31]. Data from the ARIC study revealed that
patients with CKD had a lower circulating mtDNA copy
number and that a high mtDNA copy number reduced the
incidence of CKD [32].

In advancing age the substantia nigra pars compacta
(the primary site for dopamine production in the brain)
has a particularly high level of mtDNA deletions when
compared to other areas of the brain and immunohisto-
chemistry reveals a higher rate of cytochrome c oxidase
(Complex 1V) depletion as age progresses [33,34]. A
number of studies report that ageing brains acquire
mutations in mtDNA rendering respiratory chain proteins
defective and potentially providing for the pathogenesis
of neurodegenerative diseases most commonly seen in
the aged such as Parkinsonism [33,34]. This area could
in future provide a rich seam of novel therapeutic endeav-
ours for future research.
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Nevertheless, in conducting quantitative mtDNA
analysis it is necessary to understand the mechanistic
process by which mtDNA is generated, degraded and
controlled throughout the organism. The following section
provides an undertaking of this aspect of subcellular and
molecular ageing.

Failure of the mitochondrial fusion-fission cycle in
the pathophysiology of ageing. Wakabayashi T. defined
structural change of mitochondria as a function of simple
swelling. Free radicals and ROS produce change in
the inner and outer mitochondrial membrane allowing
accumulation of structural deficits and failure of normal
fusion and fission, resulting in the formation of so called
“megamitochondria”. When these organelles become so
dysfunctional that their membrane potential decreases
sufficiently, cytochrome c is released causing caspase
activation and induction of apoptosis [35]. He determined
that mitochondrial swelling and the formation of pathologi-
cal mitochondrial structures could be linked to free radical
and ROS related degradation [36,37].

Mitochondria exist within a fluid continuum of fis-
sion-fusion events [38,39]. Large mitochondria spit into
smaller more manageable units while smaller, more motile
fragments coalesce. Taken as a whole, the mitochondrial
mass of the cell can be considered a “compartment” re-
sponsible for energy production and with diverse functions
controlling the innate immune system. Failure of the mito-
chondrial fusion-fission cycle has been linked to diseases
as diverse as hepatocellular carcinoma, pancreatic adeno-
carcinoma, “triple-negative” breast cancers, neurological
conditions such as sporadic type Parkinson disease and
certain variants of Charcot-Marie-Tooth disease [39],
along with hereditary inborn errors of the OXPHOS system
including certain variants of subacute necrotising ence-
phalomyelopathy (“Leigh syndrome”) [40,41].

This cycle is tightly regulated by a series of inner
mitochondrial, outer mitochondrial and cytosolic proteins.
Inner membrane optic atrophy-1 protein (Opal) controls
fusion of the inner membrane. Drosophilia flies with
mutated non-functional Opal soon display mitochon-
drial fragmentation and neural degeneration [31]. In the
outer membrane, mitofusins -1 & -2 (Mfn-1 & Mfn-2) are
highly conserved dynamin-related GTPases with diverse
functions in the cell. While the two proteins are highly
homologous, they are not functionally identical. Mfn-1
has the highest GTP affinity and is largely responsible
for mitochondrial fusion [42]. Mfn-2 is best known as the
defective protein in Charcot-Marie-Tooth (type lla) sen-
sory neuropathy. It is essential for the proper function of
mitochondria as it tethers mitochondria to the endoplasmic
reticulum (ER) and regulates ER shape and aspects of
ER-mitochondrion calcium transfer [43].

During chronic disuse of skeletal muscles Mfn-2 and
Opal are downregulated, leading to reduced fusion of
mitochondria, increased organelle fragmentation and
reduced mitochondrial mass within myofibrils [38]. In the
innate immune system both Mfn-1 [44] and Mfn-2 activate
mitochondrial antiviral signalling protein (Mavs) which,
via activation of nuclear factor kB (NF-kB) upregulates
production of interferons type | & Il when activated by viral
states or the release of mitochondrial RNA (mtRNA) [45].
Mfn-1 & -2 deficiency results in significant reduction in

Pathologia. Volume 22. No. 2, May - August 2025


https://pat.zsmu.edu.ua/

Fig. 1. Mitochondrial dynamics, showing fusion-fission apparatus of mitochondria (created in Biorender.com).

mitochondrial encoded electron transport chain com-
plex proteins, yet no change in expression of nuclear
encoded proteins of the TOM complex. Similarly, gross
deficiency of Tfam expression is seen even while levels
of Tfam-encoding mRNA remain constant, suggesting that
mitofusins play a key role in post-transcription expression
of Tfam. Other mitochondrial gene expression proteins
such as Pol-y and Twinkle remain constant, indicating
alternative methods of modulating mtDNA replication
take precedence [42].

Mitochondrial fission is controlled by dynamin-related
protein (Drp1) and fission protein 1 (Fis-1). Drp1 is a
GTPase which translocates to the outer mitochondrial
membrane and develops active fission sites when recruit-
ed by Fis-1 [46]. Proinflammatory cytokine IL-6, highly
expressed in chronic low-level inflammatory states in
ageing tissue, stimulates production of Drp-1 and results
in mitochondrial fission throughout skeletal muscle, which
suggests a link between chronic inflammation of ageing
and sarcopenia seen in advanced frailty syndrome [47].

Mitochondrial fusion and fission is a tightly controlled
process regulating the size and surface area of organelles.
Fusion is controlled by mitofusins 1 and 2 (Mfn-1 and
Mfn-2) in the outer membrane and optic atrophy protein
(Opal) in the inner membrane. Fission is controlled by out-
er membrane proteins dynamin related protein 1 (Drp1l),
a GTPase which is recruited to the outer mitochondrial
membrane by fission protein 1 (Fig. 1).

Expression of mtDNA and mtDNA copy number is
responsive to Mfn-1 Mfn-2 activity and both proteins are
required to maintain proper mitochondrial structure. In
mouse model studies, animals deficient in Mfn-1 alone
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had disorganised and fragmented mitochondria yet
nevertheless maintained normal mtDNA copy number,
maintaining glucose homeostasis in pancreatic f cells
despite this fragmentation. Animals deficient in both Mfn-1
and Mfn-2 had fragmented mitochondria with reduced
mtDNA copy number and were unable to maintain glucose
homeostasis [42]. Traditional models of glucose tolerance
dysregulation in ageing have focused on alterations in
insulin receptor expression, function and response of
second messenger systems [48,49,50,51]. The finding
that mitochondrial aberrations can produce similar clinical
results provides a fascinating alternate explanation and
complements the hypothesis that correct mitochondrial
homeostasis and morphological dynamics are essential
to the proper functioning of metabolism.

Mitochondrial nucleoids house genetic information.
Mitochondrial genetic material is housed in nucleoid
DNA-protein (“nucleoprotein”) configurations associated
with the inner mitochondrial membrane (IMM) [52]. mtDNA
polymerase (Pol y1) is encoded in autosomal DNA and
has both replicative and repair functions [53,54], showing
a high degree of similarity to yeast and bacterial DNA
polymerases [55]. Twinkle protein is a nuclear encoded
mtDNA helicase with intramitochondrial nucleoid locali-
sation, responsible for priming and unwinding mtDNA in
replication and repair [53].

Of the many hundreds of proteins present in the mito-
chondrion, only 13 are encoded by mtDNA and all of those
are subunits or components of subunits in the respiratory
chain [56]. This complex interplay of nuclear and mitochon-
drial elements requires constant communication between
nucleus and mitochondria, and this is accomplished via
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nuclear respiratory factors 1 and 2 (NRF-1, -2). In addi-
tion to upregulating production of mitochondrial proteins
such as cytochrome c oxidase, NRF-1 and -2 are the key
activators of mitochondrial transcription factor A (Tfam).
Tfam was one of the earliest proteins to be localised in
both the nucleus and mitochondrion, and it holds a central
role co-ordinating nuclear command and control of mito-
chondrial energy generation [52]. Tfam links NRF-1 & -2 to
mitochondrial transcription and replication apparatus [57].
NRF-1 or -2 binding to Tfam causes activation of mitochon-
drial transcription, production of mtDNA and mitochondrial
rRNAs and tRNAs. Tfam negative mice develop respiratory
chain deficiencies, various cardiac abnormalities including
arrhythmia and cardiomyopathy and have greatly reduced
longevity [58]. On translation, nuclear-encoded proteins are
conveyed via dense reticular networks to mitochondria,
where they enter through translocator of outer membrane
(TOM) complexes. The TOM complex is the primary means
of transport for more than 90 % of mitochondrial proteins
into the organelle and allows delivery of pre-protein com-
ponents to mitochondrial sorting systems [59].

Repair and maintenance of the mitochondrial genome.
Deletions and point mutations in mtDNA and mitochon-
drial tRNA cause diseases with typically heterogenous
presentation and variable penetrance, the most common
of which is subacute necrotising encephalomyelopathy
(“Leigh syndrome”) [40,41]. While mitochondria are
the major cellular origin of oxidative stress, they do not
appear to have a unique pathway of genetic repair and
much of the nuclear DNA repair apparatus is “shared” with
mitochondria. Excision repair apparatus is shared almost
entirely with nucleic genetic material whereas mismatch
repair is more reliant on mitochondrial proteins.

Oxidative damage is largely repaired by base excision
repair, either by short-patch (SP) or long-patch (LP) path-
ways. SP repair is used when DNA polymerase-y1 (Pol
y1) can repair a single nucleotide gap between a free 3’
hydroxyl group and a 5’ phosphate, while LP repair is used
when there is a 5’ end that cannot be ligated by a single
nucleotide and a short single-stranded DNA (sSDNA)
“patch” must be generated to fill the gap [54]. The LP repair
system was first discovered in mitochondria in 1998 when
it was demonstrated that oligonucleotides were utilised
by mtDNA ligase and Pol y1 to repair abasic sites [60].

Telomeric ageing controls mitochondrial ageing. Telo-
merase reformulates eukaryotic chromosomal telomeres
by the addition of nucleotide tandem repeats allowing
continued replication of chromosomes [61], and subse-
quent discoveries have demonstrated that telomerase is
highly conserved across eukaryotic kingdoms [62]. Chro-
mosomal telomere dysfunction activates p53 to arrest
growth, produce senescence and initiate apoptosis. While
commonly described as a tumour-suppressor gene and
the “guardian” of the genome, the role of p53 is varied,
wide ranging and displays many characteristics of both
a classical tumour suppressor gene and oncogene. Wild-
type p53 acts as a negative regulator of cell growth, yet
the atypical variants found in cancers express multiform
gain of function mutations that drive tumour growth [63].
p53 is the most prolific mutation found in cancer and, most
understandably, its role in oncogenesis has been by far
its most studied aspect [64].
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It is now clear that the role of p53 in governing mito-
chondria and energy balance across the cell is vital to its
function as a key regulator of cell growth and differentia-
tion. This relationship was first elucidated by the discovery
that p53 activation suppressed “Warburg-type” glycolysis
and increased cytochrome ¢ production and aerobic mi-
tochondrial respiration in severely nutrient depleted glio-
blastoma cells [65]. This is achieved through activation of
proliferator-activated receptor gamma, coactivator 1 aand
B (PGC-1a and PGC-1pB) and PGC-1-related coactivator
(PRC) which act as high-level regulators of mitochondrial
function and are regulated by P53 (Fig. 2) [66]. PGC-1a
was first discovered as a cold-induced coactivator of
thermogenic-associated nuclear receptors increasing
transcriptional activity of PPARy and thyroid hormone
receptors in thermogenic tissue. Activation of PGC-1a
promotes expression of mitochondrial respiratory chain
enzymes, thermogenic uncoupling protein 1 (UCP-1) and
increases the expression of mtDNA across the cell [67].
PRC is not upregulated in thermogenic tissue and does
not have the same cold-induction properties of PGC-1a/B
and is instead expressed constitutively in skeletal and
cardiac muscle [68].

Since this discovery, the pathway through which
PGC-1a/B and PRC regulate high-level mitochondrial
function and energy homeostasis has been further re-
searched. Increasing cellular NAD+ (indicating low cellular
energy balance) activates mitochondrial deacylase silent
information regulator 1 (Sirt-1) which deacylates and
activates PCG-1a and PCG-1B. In contrast, increased
cellular acetyl-CoA (indicating high cellular energy state)
activates general control non-repressed protein 5 (GCN5),
an acyltransferase inhibiting PCG-1a [69].

Similarly, increased circulating IL-6 as seen in low
level chronic inflammation causes suppression of PCG-1a
gene expression via activation of extracellular regulated
kinase 1/2 (ERK1/2), resulting in mitochondrial depletion
and skeletal muscle catabolism [47]. Specifically, IL-6
causes inactivation of MEK [70] (the primary downstream
target of second messenger Raf [71]), which downregu-
lates a mitogen activated protein kinase (MAPK) and the
MAPK signalling pathway, resulting in reduced translation
and mRNA expression of PCG genes [70].

In mouse models, telomere dysfunction directly caus-
es quantitative deficits in downstream PCG-1a and PCG-
1B expression resulting in downregulation of genes for
oxidative phosphorylation proteins, defence against ROS
(such as glutathione peroxidase), gluconeogenesis, and
the synthesis of fatty acids and cholesterol. Consequently,
cellular mitochondrial mass and energy production are
inversely proportional to the degree of telomere dysfunc-
tion. The is especially marked in tissues with a high basal
rate of ATP production such as the heart and liver which,
in ageing, show reduced mtDNA copy number, reduced
Complex | & IV activity and reduced ATP production [72].

Potentially, neoplastic cells with inappropriately ac-
tivated telomerase maintain telomere stability allowing
pathological hyperplasia and hypertrophy. Aged cells with
reduced telomere stability show a concomitant reduction
in activation of PCG-10/f and therefore decreased mi-
tochondrial gene expression, function and mass within
the cell.
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Fig. 2. The effect of ageing on nuclear regulation of mitochondrial energy homeostasis.

Sirtuins, klotho & fibroblast growth factors in
mitochondrial ageing. Sirtuins are the protein product
of silent information regulator (SIR) genes and act as
NAD-dependent acylases / deacylases found throughout
the cytoplasm, nucleus and mitochondria. Sirtuin protein
complexes are highly expressed in the nucleolus and
regulate the transcription of ribosomal subunits. In the
simple yeast Saccharomyces cerevisiae, sirtuins 2, 3
and 4 are linked to longevity, and knockout cells with
inactivated Sirt-2, -3 & -4 have significantly shortened
lifespans [73].

Sirt-3 also functions as a major mitochondrial
NAD-dependent deacylase responsible for epigenetic
deacylation of lysine residues. In mitochondria, Sirt-3
deacylation of TCA cycle malate dehydrogenase and
complexes Il and V of the ETC produces increased
ATP levels, while deacylation of superoxide dismutase
(SOD) of the antioxidant system provides much needed
protection against the ROS so readily produced in the
matrix [74,75]. Sirt-3 also directly regulates complex |
of the ETC. Mitochondria deficient in Sirt-3 have around
50 % lower resting ATP levels in comparison to controls,
along with increased complex | activity on addition of ex-
ogenous Sirt-3 [76]. Glutamate dehydrogenase (GDH) is
a significant target of Sirt-3 deacylation, inducing enzyme
activation and increasing production of a-ketoglutarate,
stimulating OXPHOS within the cell [74].
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Sirt-3 has another intriguing role as the regulator of
mitochondrial permeability via Sirt-3 cyclophilin D (cypD)
interaction. CypD is a chaperone of the mitochondrial
permeability transition pore (mPTP) which, when induced
to bind to adenine nucleotide translocator, initiates the
opening of the pore allowing transfer of material between
the mitochondrial matrix and the cytosol, loss of mem-
brane potential, disruption of calcium metabolism and the
OXPHOS system and cell death [77,78].

Klotho, which has been linked to age-related patho-
logy suppression, is a three-isoform protein co-receptor
allowing fibroblast growth factor (FGF) binding to the
receptor complex. All isoforms are transmembrane pro-
teins acting in association with FGF receptor 1 (FGFR1)
complexes, and there also exists a soluble form found in
circulation [79,80]. Klotho proteins are essential for the
binding of FGF-19, FGF-21 and FGF-23 to FGF receptor
1 (FGFR1) complexes. FGF-21 is a stress hormone pro-
duced in response to starvation and exercise [75], FGF-19
results from satiety [80] while FGF-23, in association with
vitamin D and parathyroid hormone (PTH), regulates
calcium and phosphorus balance [81].

FGF-21 and Klotho promote Sirt-3 expression and
are essential control points in the maintenance of mito-
chondrial OXPHOS and antioxidant systems. FGF-21
binding FGFR1 induces a MAPK cascade converging
on transcription factor forkhead box protein O3 (FOXO3)
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which, via FOXO3 response elements (FRE) stimulates
production of Sirt-3. This has been demonstrated in
FOXO3 inhibited mouse models where FGF-21 is no
longer able to induce production of Sirt-3 [75]. Inmediate
control of Sirt-3 is provided for via the SENP1-Sirt-3 axis,
where small ubiquitin-like modifier (SUMO) proteins are
covalently attached to Sirt-3 by SUMO-specific protease
SENP-1 [82]. In addition to the action of FGF-21, Klotho
acts as an anti-ageing protein by preventing senescence
through suppression of RIG-1 mediated activation of
NF-«B [83,84] and the decreased ability of ROS to activate
the caspase-9 and -3 apoptotic pathway [85].

In tissues undergoing normal oxidative phosphoryla-
tion, PGC-1a/j sit at the centre of nuclear control of metab-
olism. P53, acting via PRC activates it, as does a reduced
energy balance across the cell (signified by increased
NAD+), which acts via Sirtl. When there is a high energy
balance across the cell (signified by increased acetyl-CoA),
PGC-10/B is deactivated. Activation of PGC-1a/B causes
translocation of Tfam to the mitochondrial matrix where,
acting through Pol y1 and Twinkle, mtDNA replication and
the production of mitochondrial OXPHOS proteins is upreg-
ulated. Similarly, the activation of Sirt3 results in increased
production of OXPHOS proteins, increased glutamate
dehydrogenase (GDH) activity (resulting in increased a-ke-
toglutarate and increased tricarboxylic acid cycle flux) and
increased superoxide dismutase activity, resulting in less
ROS production. Acting via cyclophilin D, Sirt3 modulates
the activity of the mitochondrial permeability transition
pore (mPTP), resulting in membrane potential stability,
maintenance of proper calcium balance and reduction in
apoptosis (Fig. 2).

Ageing organisms encounter persistent low-level
inflammation and the depletion of necessary cofactors,
such as Klotho, required for the binding of FGF-21. Via
a series of intracellular cofactors such as MEK, MAP
kinase (MAPK), forkhead box protein O3 (FOXO3) and
FOXO3 response element (FRE), production of essential
modulators of cellular energy metabolism PGC-1a/ and
Sirt3 are downregulated. This causes downregulation of
mitochondrial energy metabolism, mtDNA transcription,
and mitochondrial protein synthesis, along with reduced
mitochondrial stability, disruption of membrane potential
and ultimately apoptosis.

Discussion

Relevant clinical trials. A number of clinical trials have
been conducted or are currently taking place investigating
the application of quantitative mtDNA analysis into the
diagnosis or evaluation of risk or progression in disease
and ageing. Several focus on the use of mtDNA copy
number as a biomarker in disease states, frailty syndrome.
Of particular interest is the use of mtDNA copy number
to assess risk of neurocognitive impairment, sarcopenia
and muscle function. A full list of past and current trials
can be found in Table 1.

A critique of the validity of mtDNA copy number. In
peripheral blood there are a wide variety of cells and
cellular components that have a greatly varying mito-
chondrial complement. Red blood cells have a negligible
mitochondrial fraction and contain only trace amounts of
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mtDNA, which is why peripheral blood mononuclear cells
(PBMCs) are the tested fraction in whole blood [20]. This
“buffy coat” includes a wide and uneven distribution of
CD4+ Th cells, CD8+ Tc cells, B cells, NK cells, neutro-
phils, monocytes, eosinophils and basophils; all present
in different samples in differing quantities, influenced by a
wide variety of physiological and pathological factors and
themselves having different energy requirements and mi-
tochondrial composition [86]. Platelets do not have nuclear
DNAyet do have mitochondria and mtDNA and frequently
contaminate and “stick” to fractioned PBMCs, potentially
altering the observed mtDNA copy number [87,86].

While it is often thought that decreased mtDNA copy
number is indicative of disease states some studies have
reported a paradoxical rise in mtDNA. In cell lines derived
from an individual with chronic progressive external oph-
thalmoplegia, a disease-causing weakness of the eye
muscles resulting from mtDNA deletions of components of
the OXPHOS system or mtDNA maintenance apparatus,
an increased in mtDNA copy number and mitochondrial
mass within the cell was observed even while OXPHOS
was absent [88]. Similarly, diseases exist which logically
exclude the utility of quantitative mtDNA analysis. Leber
hereditary optic neuropathy, for example, is an inherited
mitochondrial disease resulting from mtDNA base pair
mutations in ETC complex |. Patients often display
increased mitochondrial mass and mtDNA copy num-
ber in comparison to controls owing to a hypothesised
upregulation of mitochondrial genetic material and mito-
chondrial biogenesis in order to compensate for reduced
OXPHOS capacity [89]. While researchers have produced
techniques and proposed correction formulae to reduce
introduced bias [90], there nevertheless remain questions
about whether studies of mtDNA copy number are truly
comparing like with like, and whether the techniques can
overcome these challenges to gain validity at the bedside.

Ethical considerations. Advances in medical tech-
nology inevitably open new frontiers in medical ethics.
Whether ageing should be considered as a disease
(and should therefore be treated) or as a natural part of
the pattern of life is as much a question of philosophy as
medical science. The topic is discussed at length in both
the scientific literature [91,92,93] and the popular press,
eliciting strong and sometimes polarising reactions.
Changes in life expectancy brought by life-extending
medical treatments and declining patterns of fertility in
Western nations also stimulates discussion regarding
future demographic and economic challenges in countries
with declining birth rates and ageing populations [94,95].

Meanwhile, emerging transgenic mitochondrial
fertility treatments produce debate regarding the ethical
considerations, with early concerns raised regarding
the long-term downstream effect of “transmitochondrial
babies”, and arguments made for renewed public and
legal scrutiny [96]. These topics should be discussed
sensitively and in depth, with full regard to cultural ex-
pectations which may differ across communities [97]. A
thorough examination of these topics remains beyond
the scope of this article, yet it is nevertheless important
that research into ageing, life-extending treatment and
transgenic cellular biology is conducted within a robust
ethical and philosophical framework.
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Table 1. Clinical trials relevant to the quantitative study of mtDNA, the effects on ageing and mitochondrial diseases (from ClinicalTrials.gov, National
Library of Medicine, Bethesda, MD USA)

Tial D Star Date investigation Hyperini

To determine the role of POLG Unknown
mutation in diseases of mtDNA

NCT00831948

NCT02132091

NCT01931540

NCT01993082

NCT02116166

NCT03290040

NCT02500823

NCT02472340

NCT03077672

NCT03340571

NCT03929458

NCT04763291

NCT05600192

NCT05123859

NCT03539497

NCT06334107

NCT06433427

01/12/2008

01/03/2011

01/06/2012

01/01/2014

01/05/2014

01/01/2015

01/04/2015

01/06/2016

10/02/2017

12/03/2018

07/05/2019

01/09/2021

18/10/2021

05/01/2022

06/12/2023

01/05/2024

29/05/2024

Identification of Large-Scale
Mutations of POLG Gene

by QMPSF in Patients With
Mitochondrial DNA Instability

Practicality of Intermittent Fasting
and Its Effect on Markers of
Aging and Oxidative Stress

Developmental ORIgins of
Healthy and Unhealthy AgeiNg:
the Role of Maternal Obesity

(DORIAN)

Fitness, Cellular Aging, and
Caregiver Stress Study (FAST)

Skeletal Muscle Inflammation,
Oxidative Stress and DNA Repair
in Age-Related Sarcopenia

dentification of Predictors for
Early Cognitive Decline in Men

Association Between

Mitochondrial DNA Copy Number
in Peripheral Blood Cells and
Risk of Developing Coronary

Heart Disease

Assessment and Reproducibility
of Mitochondrial Function and
Mitophagy Measurements in
Human Muscle Tissue of Active
and Pre Frail Elderly Males

Mitochondrial DNA as a
Biomarker of Sepsis Severity

mtDNA Damage in Alzheimer's

Disease (AD)

Association of Uremic

Sarcopenia and Mitochondrial
Copy Number and Its Clinical

Correlates

Cardiovascular and
InflammAging Study

Target Mitochondrial Fitness,
Chronobiology and Metabolism

Patterns of Natural Aging and the
Role of Senescence Registry

Prognostic Value of Plasma
Mitochondrial DNA and
Cytochrome C After Cardiac

Arrest

Mitochondrial DNA Signatures
of Poor Aerobic Exercise
Trainability in Young Adults Born

Preterm

Metabolic Dysregulation as
Biomarker of Frailty: Role of
the Mitochondrial Dysfunction

(FRAMITO)

Nice, France

Gainsville,
Florida, USA

Turku,
Finland

San
Francisco,
USA

Gainsville,
Florida, USA

Glostrup,
Denmark

Xi'an, Shanxi,
China

Leiden,
Netherlands

New York,
USA

Durham,
North
Carolina,
USA
Taichung,
Taiwan

Graz, Austria

Malaga,
Spain

Chapel
Hill, North
Carolina,
USA
Ljubljana,
Slovenia

Lubbock,
Texas

Ferarra, Italy

instability

To determine the effect of intermittent ~ Completed
fasting on markers of ageing (ROS,

sirtuins, mitochondrial biogenesis

factors) and oxidative stress

To determine the effect of obesity

Completed

on ageing using biomolecular
markers, PET-CT imaging and clinical

parameters
Assessment of mitochondrial func-

Completed

tion and telomere length (among
other parameters) and determination
of whether aerobic training alters
patterns of immune cell ageing

Investigating the molecular basis of

Completed

age-related sarcopenia with multi-

omics techniques

Assessment of mitochondrial genetics Completed
(and other molecular and clinical
features) to explore age-related brain

pathology

To determine the association between ~ Completed
mtDNA copy number from peripheral

blood and risk of coronary heart

disease in 200 previously healthy

individuals
Assessment of decline in

Completed

mitochondrial health associated
with impairment in muscle function,
along with levels of mitophagy and
autophagy using mitochondrial

biomarkers

Determination of sepsis severity using Completed
mtDNA from peripheral blood

Analysis of blood biomarkers of

Completed

mtDNA damage to determine
diagnosis and disease progression in
Alzheimer disease patients

To determine whether mtDNA copy

Completed

number can be used to predict age-

related sarcopenia

To determine whether ingestion of

Recruiting

encapsulated juice powder and plant

based omega fatty acid supplements

affect biomarkers of cardiovascular

health and biological ageing

To determine the effect of aerobic and  Unknown
anaerobic exercise on mitochondrial

function at different times of day

Collecting age-related biomarkersto ~ Completed
model ageing across cohort lifespan

To determine whether plasma mtDNA  Active
copy number and cytochrome c holds
prognostic valye after cardiac arrest

To determine whether a specific

Recruiting

mtDNA profile is associated with
poor aerobic exercise tolerance in
individuals born extremely

preterm

Assessment of the role of mitochondrial  Not yet
dysfunction in frailty through analysis of recruiting
peripheral blood mononuclear cells

https://clinicaltrials.
gov/study/
NCT00831948

https://clinicaltrials.
gov/study/
NCT02132091

https://clinicaltrials.
gov/study/
NCT01931540

https://clinicaltrials.
gov/study/
NCT01993082

https://clinicaltrials.
gov/study/
NCT02116166

https://clinicaltrials.
gov/study/
NCT03290040

https://clinicaltrials.
gov/study/
NCT02500823

https://clinicaltrials.
gov/study/
NCT02472340

https://clinicaltrials.
gov/study/
NCT03077672

https://clinicaltrials.
gov/study/
NCT03340571

https://clinicaltrials.
gov/study/
NCT03929458

https://clinicaltrials.
gov/study/
NCT04763291

https://clinicaltrials.
gov/study/
NCT05600192

https://clinicaltrials.
gov/study/
NCT05123859

https://clinicaltrials.
gov/study/
NCT03539497

https://clinicaltrials.
gov/study/
NCT06334107

https://clinicaltrials.
gov/study/
NCT06433427
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Conclusions

1. Advanced techniques in molecular biology have
allowed the detailed elucidation of the control systems
that govern mitochondrial biogenesis, degradation and
repair, and it is particularly fascinating that this energy
metabolism apparatus directly participates in the mole-
cular process of ageing. The high degree of influence by
nuclear factors on these systems allows a mechanistic
explanation of how ageing organelles and cells can
produce clinical syndromes that are seen in the clinic.
Detailed examination of the role of ROS in producing
genetic mutation and the fascinating apparatus, highly
conserved across millennia, that exists to repair this
damage enables much greater understanding of ageing
as a molecular process and potentially provides avenues
for investigation and treatment.

2. Nevertheless, much work remains to be done
to translate these advances into practical techniques
that can be employed at the patient’s bedside. Despite
concerns around theoretical viability and practical employ-
ment, investigation of mtDNA copy number remains a field
where significant developments may yet be made. As a
general summary, high mtDNA copy number in PBMCs
corresponds to states of health and positive activity or
diseases of low penetrance and severity, while low mtDNA
copy number is a poor prognostic marker and is linked
to frailty and a wide range of disease states. Current and
ongoing trials aim to further clarify this while also deter-
mining whether the techniques can prove to be widely
applicable in day-to-day practice.

3. Whether this is causative has yet to be determined,
and the answer will be key to producing treatments for
the many diseases in which mitochondrial dysfunction is
an aetiological agent. The elucidation of mitochondrial
repair mechanisms and the further determination of the
molecular basis of mitochondrial dysfunction open new
pathways for the treatment and management of many
currently incurable diseases. The prospect of a quick, sim-
ple, bedside method to quantitatively determine the risk
of frailty and age-related pathology is tantalisingly close.
While it is tempting to opine that all that remains is the
refinement of the method and production of commercial
standards, the basic methods employed need further de-
velopment. Advances in understanding the fundamental
background of mitochondrial biogenesis, control of energy
homeostasis and the implicit role of these processes in
ageing enable us to answer with greater clarity when,
on drawing the peripheral blood sample for quantitative
mtDNA analysis, we ask what, exactly, are we looking at?
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B3aEMO3B’A3KY 0CTEOMNOPO3Y, iLleMivHOi XxBopobu cepus (IXC) Ta OKMPIHHA Y KiIHOK Y MOCTMEHoNay3ansHOMY nepiogi.

Marepianu i meToau. 34iINCHUNM CUCTEMATW30BaHWIA aHani3 HaykoBMX Nyonikain, LWwo iHaekcyoTbea y 6asax gaHux PubMed,
Scopus, Web of Science, Google Scholar, a Takox y LOCTYNHUX Ha HaLlioHamNbHUX MEANYHUX iHOpMaLiHUX pecypcax YkpaiHu.
[lo aHani3y BKnYEHO HayKOBI CTaTTi, LLIO BiANOBIZANM KPUTEPIAM 3ary4eHHs 3a TEMATUKOIO, MOBHOTOIO TEKCTY i akTyanbHICTHO.

Pesyastati. Octeonopos, IXC Ta 0XMpiHHS — TPM HaWMOLUMPEHILLiI 3aXBOPIOBAHHS Y KOFOPTi XIHOK y mocTMeHonayai. Lli 3a-
XBOPKOBaHHS MalOTb BRXKIMBE MEAMKO-COLianbHE 3HAYEHHs1 BHACMIQOK XPOHIYHOTO nepebiry, BUCOKOI 4acToTH yCKNaaHeHb,
BMIMBY Ha OyHKLOHAmNbHY 34aTHICTb i SIKICTb XWTTS. [edilnT eCTporeHiB y XiHOK MiCnis MEHOMNAY3N € KMOYOBUM TPUTEPOM
NaTororiyHNX 3MiH y KICTKOBOMY, MeTaboniyHoMy Ta CyAWHHOMY roMeocTasi.

Y pe3ynbraTi LoCnimKeHb NiGTBEPMKEHO CMiflbHi NAaTOreHETUYHI TAHKM LIMX CTaHIB, SIK-OT XPOHIYHE HU3bKOPIBHEBE 3anasieHHs,
eHpoTenianbHa AMCKYHKLIA, AedilMT eCTPOreHiB, iHCYMIHOPE3UCTEHTHICTb, NOPYLIEHHS MinigHoro obMiHy Ta AucbanaHc
AAMMOKIHIB. 3HVKEHHS MiHepanbHOI LWinbHOCTI KicTkoBOI TkaHWHM (MLLIKT) kopernioe 3 aTepocKnepoTUIHUMI YpaKEeHHIMM
CyOWH, a kanbLudikalis CyanH 4acTo CynpOBOMKYETLCSA BTPATOK KICTKOBOI Macu. OCTEOTPONHi Ginku BUABNAKTL TakoX Y
CYOVHHWX CTiHKaX, LLO CBIfYMTbL NPo GioNoriYHMIA Nepexia Mix KICTKOBOI Ta CyAMHHOK TkaHnHaMu. Husbka MLLKT acouiioBaHa
3 NiABULLEHNM PU3NKOM CEPLIEBO-CYANHHOI CMEPTHOCTI, 0COBMNBO B OCIO NOXMIIONO BIKY.

OXUPIHHS TAKOX YMHWUTb CUCTEMHWIA HETAaTUBHMIA BIIMB HA CTaH KICTKOBOI TKAHWHW | CEPLIEBO-CYANHHY CUCTEMY Yepes akTi-
BaLlit0 Npo3ananbHWX LMTOKIHIB | CTUMYNALto pe3opbuii kicTkn. Pazom i3 TvM, y HaykoBwx nyonikawisix HaBeAeHo cynepeyniBi
[aHi Wwoao BnnmBy oxupiHHsa Ha MLLUKT: nomipHMiA HagMLLoK Macw Tina MoXe MaTu 3axucHwii edoekT wogo srpat MLLKT,
ane oxwmpiHHs |I-1l cTyneHiB 4OCTOBIPHO acoLitOETHCS 3 MIABULLEHNM PU3MKOM OCTEONOPOTUYHMX Nepenomis. Lie saymoentoe
[OUINbHICTb cTpaTudiKaLii puanKy, BpaxoBytoum CTyMiHb OXMPIHHS Ta CynyTHLOI kapaiomeTaboniyHol naTonorii.

BucHoBKK. HasiBHICTb CRiNbHUX MaTOreHeTYHUX MexaHiamiB octeornoposy, IXC Ta oXupiHHA NigTBEpAXYE AOLIMBbHICTL
PO3pOoBNeHHs KOMMMEKCHX NiAX0AIB A0 NPOINAKTUKA, PaHHBOI AiarHOCTVKM Ta NiKyBaHHS LX CTaHIB Y XiHOK Y MOCTMeHoMaysi.

Osteoporosis in postmenopausal women: pathogenetic relationships
with coronary heart disease and obesity (literature review)

N. S. Mykhailovska, I. O. Stetsiuk, S. M. Manuilov, Ya. M. Mykhailovskyi,
0. 0. Lisova, 0. V. Shershnova

Aim: to summarize and analysis of current literature data on the pathophysiological mechanisms of the relationship between
osteoporosis, coronary heart disease and obesity in postmenopausal women.

Materials and methods. A systematic analysis of scientific publications presented in the databases PubMed, Scopus, Web of
Science, Google Scholar, as well as in national medical information resources of Ukraine was conducted. The work included
scientific articles that met the inclusion criteria for the topic, completeness of the text, and relevance.

Results. Osteoporosis, coronary heart disease, and obesity are the three most common diseases among postmenopausal
women, which have a high level of medical and social significance due to their chronic course, high incidence of complica-
tions, and impact on functional capacity and quality of life. Estrogen deficiency in postmenopausal women is a key trigger for
pathological changes in bone, metabolic, and vascular homeostasis.

Recent studies demonstrate the presence of common pathogenetic links for these conditions, such as chronic low-level
inflammation, endothelial dysfunction, estrogen deficiency, insulin resistance, lipid metabolism disorders, and adipokines
imbalance. Decreased bone mineral density (BMD) correlates with atherosclerotic vascular lesions, and vascular calci-
fication is often accompanied by bone loss. Osteotropic proteins are also found in vascular walls, indicating a biological
transition between bone and vascular tissues. Low BMD is associated with an increased risk of cardiovascular mortality,
especially in the elderly.
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Obesity also has a systemic negative impact on bone and cardiovascular health through activation of pro-inflammatory cy-
tokines and stimulation of bone resorption. However, the current literature contains conflicting data on the impact of obesity
on BMD: moderate excess body weight may have a protective effect on BMD loss, but obesity of II-Ill degree is significantly
associated with an increased risk of osteoporotic fractures. This necessitates the need for risk stratification taking into account
the degree of obesity and concomitant cardio-metabolic pathology.

Conclusions. The presence of common pathogenetic mechanisms of osteoporosis, coronary heart disease, and obesity
confirms the feasibility of developing comprehensive approaches to the prevention, early diagnosis, and treatment of these

conditions in postmenopausal women.

Y CTPYKTYpi Cy4acHOi 3aXBOPHOBAHOCTI BU3HAYEHO CTillke
306iMbLUIEHHSI YaCTOTH XPOHIYHUX HEIHGPEKLIIiHNX 3aXBOPHO-
BaHb, 11 0COBMMBOI yBary 3-NMoMi HUX NOTPebyHOTL 0CTEO0-
nopos, iwemivyHa xsopoba cepus (IXC) Ta oxmpiHHs. Li
naTonorii MaloTb BaXIVBe MeAVKO-CoLjianbHe 3Ha4YeHHS,
apKe CMPUYMHAIOTL TPUBAne 3HWKEHHS SKOCTI XUTTS,
3yMOBMOKOTH BTPATY MpaLe3aaTHOCTI, iHBaniausavio ta
€ OfHI€I0 3 MPOBIAHMX NPUYMH NepeaYacHOi CMEPTHOCTI
cepeq HaceneHHs [1].

OcTeonopo3 xapaKkTepru3yeTbCsl 3HUKEHHAM MiHe-
panbHOI LWinbHOCTI KicTKOBOI TkaHuHu (MLLUKT) i nopy-
LUEHHAM i MIKpOCTPYKTYPU, L0 3yMOBMOE MiABULLEHY
KPUXKICTb KICTOK i PU3MK OCTEOMOPOTUYHUX NEpenoMis,
30kpema xpebTa, LUNAKL CTerHa Ta AUCTanbHoOro nepea-
nnivys. IXC, wo BUHUKAE BHACNIAOK aTEPOCKIIEPOTUHHOIO
YPaXKEHHs1 KOPOHAPHUX CYAVH, NOCiAae oaHe 3 NPOBIAHNX
MicUb Yy CTPYKTYpi CepLEeBO-CYAUHHOI CMEPTHOCTI i B
YkpaiHi, 'y BCboMy CBITi. OXMPIHHS, CBOEIO Yeproto, € He
nuwe hakTopom punKy Ans possutky IXC, ane n YnHHK-
KOM, LLO HeraTyBHO BMIMBAE Ha CTaH KiCTKOBOI TKaHUHM
yepes ckragHy B3aeMOito eHOOKPUHHIX, MeTabomiYH1X
i MexaHiYHMX MexaHiamiB [2,3].

HwHi Ui 3axBOpIOBaHHS BCE YacTilLe BU3HaYaloTb He
K i30/1b0BaHi HO30/10riYHI POPMY, @ IK KOMNOHEHTMN €A~
HOrO NaTomNOr4YHOrO KOHTUHYYMY, B OCHOBI IKOTO — CMifbHi
naToreHeTWYHi MexaHiaMu. Tak, CUCTEMHE 3ananeHHs
HU3BLKOTO CTYMeEHS, iHCYNIHOPE3WNCTEHTHICTb, OKCMAATMB-
HWUIA CTpec, Aucninigemis, NopyLLeHHs MeTaboniamy BiTa-
MiHy D, a TakoX 3MiHu B cekpeLii agunokiHis (Hanpuknag,
NEeNnTUHY i aaMMNOHEKTVHY) € NaHKkamu, Lo ob'eaHyoTL
ocTeonopos, IXC Ta oxupiHHA B €AUHY NaTodisionoriyHy
mogenb. Lii mexaHismn HabyBatoTb 0COBMMBOro 3Ha4eHHs!
3a YMOB MOCTMeHOMay3anbHOro AedilmTy eCTPOreHis,
AKUIN € YAHHUKOM GaraTboX 3MiH Y XKIHOHOMY OpraHiami [4].

Bepyun go yBaru nigsuLLEHY CNIPUNHATIIMBICTb XXIHOK
y NoCTMeHonay3anbHOMY nepiogi O PO3BUTKY OCTEO-
nopoay, IXC Ta OXuUpiHHSA, NPOAOBXEHHS OOCNIKEHHS
CMiNbHWX NATOrEHETUYHMX JTAHOK LIMX CTaHIB Mae KIovoBe
3HaYeHHs Ansa opMyBaHHsA NEPCOHaNI30BaHUX NiOX0AiB
[0 iX NpodinakTvkv Ta MikyBaHHS.

MeTta po6otu

Y3aranbHeHHs 1 aHani3 BiOMOCTelN Cy4acHOi HayKOBOI
niTepaTypu LWoAo natodisionoriyHnX mMexaHiamis B3a-
€MO3B’A3Ky 0CTEoNopoay, iLuemi4Hoi xBopobu cepus 1
OXMPIHHS Y XIHOK Y MOCTMEHONay3anbHOMY nepioi.

Martepianu i meToAU AOCAIAKEHHA

Y npoueci niaroToBKM LOro ornsay 3[iicHUnm Beebiy-
HUIA aHani3 HaykoBOi NiTepaTypy OO0 B3aEMO3B'A3KY
Mix 0cTeonopo3oM, IXC Ta OXUPIHHSAM Y KOropTi XIiHOK,
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30KpemMa B MocTMeHonay3anbHoMy nepiofi. IHopma-
LiHAA MOWYK 3AINCHUNN B MDKHAPOAHUX HaYKOBUX
6a3ax gaHux PubMed, Scopus, Web of Science, Google
Scholar, a TakoX Ha HaLliOHaNbHUX MeANYHUX iHopMa-
LinHUX pecypcax Ykpaiuu. [Ins nowwyky BMKOPUCTaHO
Taki Kno4oBi crnoBa, sik bone remodeling, ischemic heart
disease, obesity, bone mineral density, osteoporosis,
postmenopause, metabolic syndrome, osteocalcin,
osteoprotegerin, inflammation, hormonal changes, a
TaKoX XHi BiAMOBIAHWKM YKPAIHCLKOK MOBOIO.

[o aHanidy 6panu HayKkosi cTaTTi, Lo onybnikoBaHi
nepeBaxHO MPOTArOM OCTaHHix 5 pokis (2020-2025
poku). OCHOBHI KpUTepii 3aMy4eHHs — HasiBHICTb MOBHOTO
TEKCTY, aKTyarnbHICTb JOCMIMKEHHS OO0 TeMu CTaTTi,
BUKOPWCTaHHS BanifoBaHWX METOLIB OLiHIOBAHHS OXM-
piHHs, MLLUKT i giarHoctukm IXC. CtartTi, Wo He manu
MOBHOrO TEKCTy abo MICTUNM HEQOCTATHLO PENEBAHTHY
iHpopMmaLLito, BUKIKOYEHO 3 aHanisy.

Pesynbratyt y3aranbHunu, npoaHaniaysanu i iHtep-
npeTyBanu, BpaxoByK4u CyvyacHe po3yMiHHA naTtodi-
3i0MOriYHMX MexaHi3MiB po3BuTKy ocTeonoposy, IXC Ta
OXVPIHHS.

Pe3ynbTatn

AHani3 BiJOMOCTeli Cy4acHOi HayKOBOI niTepatypu AaB
3MOry BUSIBUTW TICHWI NaTOreHETUYHWUIA Ta enigemio-
NorivyHuIA 3B'A30k Mix IXC, OXMpiHHAM Ta naTtosnorieto
KICTKOBOI TKaHWHW, 30KpemMa 3 OCTEONOPO30M, Y XIHOK Y
nocTMeHonaysansHoMmy nepiogi. Octeonopos BU3Haya-
I0Tb SIK CUCTEMHE 3aXBOPHOBAHHS CKENETA, L0 XapakTe-
PU3YETLCA 3HWKEHHSIM KICTKOBOI Macu Ta MOpYLLEHHSIM
MiKPO@PXITEKTOHIKW KICTKOBOT TKAHWUHM; Lii YUHHWKM pa3om
3yMOBIOKOTb NiABULLEHY NAMKICTb KICTOK i 30inbLUylOTh
pu3uK nepenomis [5].

3a paHumu MixHapogHoro doHZy 0CTeonopoasy,
mabke 7 MIH XiHoK (Maixe 28 %) B YkpaiHi B nOCTMeHo-
naysi MarTb 0CTeonopo3 abo octeoneHito [6,7]. Bucoka
MOLLUMPEHICTb OCTEONOPO3Y Ta NMOB'A3aHNX i3 HAM NEpero-
MiB poOWTb Lit0 NaTOMOrit0 OOHIEH0 3 KIHOYOBKX Npobrem
Cy4yacHoi MeanumHu. 3a ouiHkamm ekcnepTie BeecBiTHLOT
opraHisauji oxopoHu 3gopos’st (BOO3), octeonopoa no-
cifae TpeTe Micle cepes OCHOBHMX MEAMKO-CoLianbHMX
BUKIIUKIB CbOTOZIEHHSI, MOCTYNAKYMCh NILLE CEPLIEBO-CY-
LVHHVM 3aXBOPIOBaHHSAM i LlyKpoBOMY fiabeTy. Taka 3Ha-
YyLLCTb 3yMOBIIEHA NEPEYCIM TSHKKUMM YCKMaAHEHHSMM,
SIK-OT nepernomamu Tin xpebLii, NpoKCUManbLHoro Biaainy
CTErHoBOi Ta MPOMEHEBOI KIiCTOK, LLIO YaCTO CNPUYMHSIIOTb
iHBanigu3aLito i nepegYacHy CMepTHICTb BHACIIAOK Cy-
nyTHiX po3nagis i3 6oKy cepLeBO-CyANHHOT Ta AuxanbHoi
cuctem [8]. Y nartoreHesi 0CTeOnoposy Knto4yoBy porb
Bigirpae aucbanaHc Mix npoLecamm KicTkoBoi pe3opouii
Ta peMoentoBaHHs: NiABMLLEHA aKTUBHICTb OCTEOKNACTIB
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y NOEOHAHHI 3i 3HWKEHOI (DYHKLIOHANBHOK 3AaTHICTHO
0CTE00NACTIB 3yMOBIHE 3MEHLLIEHHS KICTKOBOI LLiSIbHOCTI
Ta NopyLUeHHs i CTPYKTYpHOI LinicHocTi [9].
Ocobnusoi yBaru 3acnyropye nocTtmeHonay-
3anbHUIA 0CTeomnopo3 — HambinblWw nowmupeHa dopma
3aXBOPIOBAHHA B XIHOK. /10ro MyckoBUM MexaHiaMom
€ eCTPOreHHNN AediunT, Lo BUHUKAE NiCNs 3racaHHs
yHKLUIT SeYHMKIB. TOPMOHanbHI 3MiHU LibOro nepioay
CMPUYMHAIOT 3HAYHE MPUCKOPEHHS BTPAaTW KiCTKOBOI
macu, Wo BuaHavaTb Y 25-40 % KiHOK. 3HUXEHHS
PiBHS €CTPOreHIB Yy NOEAHAHHI 3 NiABULLEHHAM NPOAYK-
Lii npo3ananbHKX LUTOKIHIB, 30KpeMa iHTeprenkiHiB-1
Ta 6, 3yMOBMIOE AM3perynsuilo NpoueciB KiCTKOBOrO
pemogentoBaHHs. B ymoBax ectporeHopediunTy Bia-
6yBa€eTbCs aKTVBALlis OCTEOKNACTOreHesy, Lo Crnpuym-
HSAE NepeBaxaHHs pe3opbuiii KICTKOBOI TKaHWHK Hag, ii
¢opmyBaHHaM. Lle 3ymMOBMOE po3BUTOK HEraTMBHOIO
KicTKOBOro HanaHcy, sikuii BU3Ha4atoTb 32 BUTOHYEHHSIM
i nepcopadieto TpabekynsapHUX CTPYKTYP, MOPYLLEHHSM
TXHbOO apXIiTEKTOHIKM, SIKe, CBOED YEPTOH, MPU3BOANTL
[0 CYTTEBOTO 3HWMXXEHHS MIKPOCTPYKTYPHOI LiifiCHOCTI Ta
MeXaHiYHOT MiLHOCTI KicTkoBOI TkaHuHM [10]. 3a cTaTtnc-
TWKOI0, 0CTEONOPO3 ypaxae A0 50 % XiHOK y NOCTMEHO-
naysi. 3a cBiToBUMU oLiHkaMu, noHag 200 MITH XiHOK y
CBITi BXX€ MatOTb AjiarHOCTOBaHMIM ocTeonopo3 [11]. Kpim
TOro, MeHonaysa CynpOBOKYETbCS NPOrpecyBaHHAM
aucninigemii, LeHTpanbHOro OXUPIHHS, eHgoTenianbHol
AMCAYHKUIT Ta ICTOTHUM 3BinbLUEHHAM YacToTH ceplie-
BO-CYAMHHMX 3aXBOptOBaHb, Hacamnepes IXC [12].
Cy4acHa pgiarHocTuka 0CTeonoposy I'pyHTYETbCS Ha
NOEAHaHHI IHCTPYMEHTaNbHMX, MabopaTopHUX i KNiHIYHKX
meTogiB. Lle 3abe3nevye komnnekcHUii nigxia Ao BUsIB-
NEHHS 3aXBOPIOBAHHS HA paHHiX eTanax. [4ns oLiHBaHHS
iHAMBIOYyaNbHOrO PU3KKY OCTEONOPOTUYHUX NEPESTOMIB i
3abe3neyeHHst 6a30BUX JaHUX 1S HACTYMHOTO MOHITO-
PUHry CTaHy nauieHTa ouiHtotoTe MLLKT, T06T0 BM3Hava-
t0Tb ii Macy LWof0 oanHMLI 06’eMy (06’€MHa LUINBHICTD).
Lleit nokasHuk moxe GyTW OLiHEHWIA in VIVO WNsSXOM
3aCTOCYBaHHS JEHCUTOMETPUYHIX METOLB.
HaiinowwmpeHiwuid i HanbinbL JoKa3oBWiA MeToz,
y [iarHoCTuULi 0CTeonopo3y — ABOXEHEPreTUYyHa PeHT-
reHiBcbka abcopbuiometpis (DXA, Dual-energy X-ray
Absorptiometry), LLO Ma€e BUCOKY TOYHICTb | XapaKTepuay-
€TbCA BiATBOPIOBAHICTIO Pe3ynbTaTiB Mif Yac OLiH0BaHHS
CTaHy KiCTKOBOI TkaHuHW. Lleit meTog fae 3Mory TO4HO
BumiptoBatn MLKT y kntovoBmx 30Hax, nepegycim y
nonepekoBoMy Biaini xpebTa Ta WKL CTErHOBOI KICTKY.
Pesynkratv aHani3ytoTb BianosigHo Ao T-kpuTepito (nopis-
HSIHHSI 3 MIKOBOH KICTKOBOK MacOH0 Y 300pOBMX MOMOAWX
[0pOCnvX): HopManbHU cTaH (3miHa MLLKT y mexax
OfIHOTO CTaHAAPTHOTO BiaxuneHHs SD Bia pecdepeHTHOro
3Ha4eHHst), ocTeoneHis (3HmxeHHs MLUKT Ha >1,0 SD i
<2,5 SD Big pedhepeHTHOro 3Ha4eHHST), 0CTEONOPO3 (3HM-
xeHHs MLUKT Ha >2,5 SD Big pedpepeHTHOro 3HauYeHHs).
HesBaxxaroum Ha ANCKyCii Woa0 AOLINbHOCTI TPAKTyBaHHS
0CTeOneHii Ik CaMOCTINHOro AdiarHo3y, CTaTUCTUYHO J0-
BEEHO, WO Yy BinbLIOCTI 0Cib 3 OCTEONEHIE BNPOAOBK
HACTYMHOTO AECATUMITTA BUHMKae ocTeonopos [13].
Kpim TOro, 3aCTOCOBYIOTb KiflbKICHY KOMM'OTEPHY
Tomorpadito, WO € METOAOM TPUBKUMIPHOMO aHanisy
KICTKOBOI TKaHWHW, Ta YNbTPa3ByKOBY AEHCUTOMETPIIO SK
CKPUHIHTOBMIN METOA ANS OLiHIOBaHHS CTaHy KiCTKOBOI
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TKaHWHW Ta BUSIBNEHHS OCTEONOPO3Y Ha PaHHIX CTafisix.
[opaTtkoBe 3Ha4eHHs ANs 4iarHOCTVKW OCTEONOPO3y Mae
BU3HAYEHHS piBHS KanbLito, docdopy, BitamiHy D i map-
KepiB KicTkoBOro Metaboniamy. Cnig Takox BpaxoByBaTu
TaK 3BaHi «be33By4Hi» Nepenomu (Hanpyknag, KOMMpeciit-
Hi nepenomm Tin xpe6LjiB), L0 YaCTO € NEPLLIOKO KITIHIYHOKO
03HaKOI 0CTeomnopo3y. BussneHHs Takmx nepenomis 3a
[I0NOMOrO0 peHTreHorpadii abo MarHiTHo-pe3oHaHCHOI
Tomorpadii Mae BaxIMBe 3HaYEHHS At BCTAHOBMNEHHS
diarHosy [14].

KpiMm HasBaHvx MeTofiB, Y AiarHOCTULi nopyLieHb
MLKT BaxnuBy porb Bifirpae OLiHIOBAHHA 3a anro-
putmom FRAX. 3a aHanorieto go wkanu SCORE (oui-
HIOBaHHS pU3NKy haTasnibHUX CEepLEeBO-CYANHHMX MOiN
Bnpogoex 10 pokis) anroputm FRAX aae amory ouiH1Tu
pU3MK NepenomMy KiCTOK NpoTAroM HacTynHux 10 pokis.
OnutyBanbHKK po3pobneruii LieHTpom 3 meTaboniyHmx
3aXBOPIOBaHb KIiCTOK, Lo cniBnpautoe 3 BOO3, y 2008
poui. BiH BpaxoBye KniHiyHi haktopn pusnky i MLLKT
(9KLLO € pe3ynbTaTi AeHCUTOMETPIT). AKLLO 0cTeonopo3
BXE [iarHOCTOBaHO (3a AaHUMMK AeHCUTOMETpIl Ta/abo
KO € OCTEONOPOTUYHUIA NEPENIOM), OLIHKOBAHHS PU3NKY
nepenomy 3a goromoroto FRAX He 0bos’askoBe. OgHak y
pasi ocTeoneHii abo Ko He MOXIMBO BUKOHATU AEHCU-
TOMETPILO Y XiHOK Bikom noHaa 40 pokiB i HOMOBIKIB BIKOM
noHag 50 pokis, came onutyBanbHuk FRAX gae amory
OLHNTU pU3MK Nepernomy, o noTpebye NpusHayeHHs
aHTMOCTEONOPOTUYHOIT Tepanii [15].

TpuBanuin 4yac octeonopos Ta cepLeBo-CyaANHHI
3axBoptoBaHHa (CC3) BMBYAMM $K BiZOKpeMIeHi nato-
iorii, NOB’A3aHi Hacamnepeq i3 BikoBUMM 3MiHaMu. BTim,
y pesynerarti Cy4acHWX JOCTILKEHb BUSIBIIEHO YNCIEHHI
naTowisionoriyHi 38'A3KNM MiX LMMKU 3aXBOPIOBAHHAMM.
3a paHumu H6aratbox aBTopIB, ocTeonopos i CC3 matoTb
CninbHi haKTopu PU3KKY, SK-OT KYPIHHA, rinoguHaMis, Ly-
KpoBuIA fiabeT, apTepianbHa rinepTeH3is, HeAOCTaTHICTb
(hi3nyHNX HaBaHTaXeHb, 3MIOBXVBAHHS ankoronem ToLLo
(ma6n. 1) [16,17].

MpoaTeporeHHuMin 3cyB MiNigHOrO cnekTpa, Migsu-
LLIeHHs1 KOHLeHTpaLii MapkepiB 3ananeHHst Ta po3BrUTOK
eHgoTenianbHoi AMCDYHKLITT — He Tinbky NigTBEpOKEHi
dhakTopy pU3KKY PO3BUTKY CepLIEBO-CYOAMHHOI NaTonorii,
ane i NpeavKTop MOpPYLUEHHS HOPMAarbHUX NPOLECiB
peopraHisaLuii KiCTKOBOI TKaHWHW. BTpaTy MiHepanbHoi
LLiNBbHOCTI KICTKM BU3HAYatOTb SIK OAWH i3 NPEaUKTOpIB ypa-
JXEHHS1 KOPOHAPHMX apTepiit, @ HN3bKY MLLIKT — sk GinbLu
3HaUYLLWIA, HDX piBEHb TUCKY | XONecTepuHy, hakTop pu-
31Ky rOCTPUX KOPOHAPHWX MOAiN B OCIO MOXMIIOrO BiKY.

BcTaHosneHo, wo Huabka MLKT kopentoe 3 niasu-
weHum pusnkom CC3, 30kpemMa aTepockreposy, Moxe
6yTV HesanexHWM NPeanKToOpoM CepLEeBO-CYANHHOT
cmepTHocTi [18]. Y pesynbrati gocnimkeHHs T. L. Chuang
et al. BcTaHoBNeHO niaBuLLEHHs 10-pivHOro pu3nKy nepe-
NOMy CTErHa Ta BEUKUX OCTEOMOPOTUYHIX NEPETIOMIB,
LLO BM3HaYeHi 3a AOMOMOIO IHCTPYMEHTY OL|iHIOBaHHS
pu3nky nepenomis FRAX, k1 CyTTEBO Ta He3anexHo
NOB’A3aHuUiA i3 ripMMK NoKasHUKaMu kanbLudikauii
kopoHapHux apTepin [19]. Kpim Toro, B nauienTis i3 CC3
yacTilLe BU3HaYanw BTpaTy KICTKOBOI Macy, LU0 3yMOBIIOE
BYLLYY MMOBIPHICTb PO3BUTKY OCTEONOPOTUYHUX NEPENo-
miB [18,19]. 3rigHo 3 BUCHOBKaMu, siki 3pobunu P. K. Stein
et al., nauieHTn 3 H13bkoto MLLKT MaroTb BULLMIA piBEHb
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Tabauusa 1. OcHoBHi cninbHi hakTopu pr3nKy po3BKUTKY ocTeonopo3sy Ta IXC

®daKTop pU3NKY MaToreHeTUYHWIA BNNUB Npy ocTeonoposi MaToreHeTnyHwit Bnnue npu CC3

Bik

MocTmeHonay3anbHui
ecTporeHogediunT

Oucninigemis
XpoHiYHe 3ananeHHs
(I11-1, 1N-6, TNF-a)

FinoguHamis

KypiHHs

Ankoronb (HaAMipHe BXUBaHHS)

ApTepianbHa rinepreHsis
[ediuuT BiTamiHy D

IHCYniHOPE3NCTEHTHICTD,
LlyKpoBwiA fjiabeT 2 TUny

3HWKEHHS1 0CTE0BNacTUYHOT aKTUBHOCTI, BTpaTa KiCTKOBOT Macy

MigBULLEHHS! OCTEOKNACTUYHOI aKTUBHOCTI, 3HUKEHHS! PiBHS

OCTEOMNPOTErepuHy

OKwCHeHi Ninigy NpUrHiYyTb 0CTEOreHes, CTUMYMIOTL
CYAVHHY KanbLudikaLito

AKTWBALLiS OCTEOKNACTiB, MOCUNEHHS! KICTKOBOI pe3opbuyii

3MEHLUEHHS! MEXaHIYHOrO HaBaHTaXEHHS, iHrOyBaHHS
0CTEOCHHTE3Y

TOKCUYHWIA BNIMB Ha 0CTE06NacTH, MoripLUEHHS]
KPOBOMOCTaYaHHS KiCTKU

3MeHLLeHHs nepdy3ii KICTKOBOI TKaHUHW, MiKPOMOLLKOAKEHHS

MopyLueHHst MiHepaniaaLii KiCTKOBOI TKaHUHK

[NoripLUeHHs MIKpoapXiTEKTYpK KICTKW, 3HUKEHHS Ti MiLHOCTI

MpurHiveHHs dyHKuii ocTeobnacTis, cTumMynsuis peop6uii

MocTynoBe ypaxeHHs! CYANHHOT CTiHKW, PO3BUTOK
aTepockneposy

MopyLueHHs ninigHoro obMiHy, eHaoTenianbHa AMCHYHKLIS
dopMyBaHHsI aTEPOCKNIEPOTUYHUX BSILLIOK, CyAUHHA XOPCTKICTb

YLLIKOMKEHHS eHAoTenito, NPorpecyBaHHs aTepoCKIIePOTUMHOMO
npouecy
MopyLueHHs reMoguHamiku, MiABULLEHHS apTepianbHOro TUCKY

MipBULLIEHHS PU3KKY iLLEMIYHOT XBOPOGM cepLst Ta IHCYNbTY

MiokapaioTOKCUYHICTb, PO3BUTOK rinepTeHail
linepTpodist CYANHHOT CTiHKK, YCKNaAHEHHS aTepockneposy
[MoripLueHHs eHgoTenianbHOT YHKLT, kKanbLudikaLlis cyamH

CnpuunHsie aTeporeHes, ypaxeHHs MiKpoLMPKYNSTOPHOMO
pycna
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cmepTHocTi npu CC3 NopiBHSAHO 3 TUMK, Y KOTo 36epexe-
HUI HOPMaIbHUIA CTaH KiCTKOBOI TKaHWHM [20].

CninbHicTb naTtoreHeTMYHMX npoueciB Mix IXC Ta
0CTEO0MNOPO30M MOMSArae B CXOXKUX MEXaHi3Max KIiTUHHOT
AudepeHuiauii. Tak, MOHOLMTWN MOXYTb TpaHcdop-
MyBaTuCcs i B MakpodaronogibHi NiHUCTI KNiTUHW Npu
aTepockneposi, i B 0CTeoKNacTonoaibHi kniTuHK nig vac
PEMOZENNOBAHHS KICTKOBOT TKaHuHM [21]. KpiM Toro, 6in-
KW, L0 TUMOBO acoLiloThCA 3 MeTaboniaMoM KicTKOBOT
TKaHWHW, SK-OT OCTEOKarbLWH, KICTKOBUIA MOPGOreHHNI
6inok, matpukcHU Gla-6inok, OCTEOHEKTWH, OCTEOMOHTMH
TOLLO, BUSIBNSAOTb TAKOX Y CKNafdi CyAMHHOTO MaTpuKkcy
NPy NPOrpecyBaHHi atepocknepoay, a ixHin piBeHb Mae
TeHZeHUjlo Jo nigsuweHHs [21,22]. Y cknagi CyauHHNUX
KanbLmdikaTi BUSBNSKOTb KOMMOHEHTW, XapakTepHi Ans
KICTKOBOI TKaHWHK, 30KpeMa rigpoKcmanaTuT, KanbLiesi
coni, gocdpaTn Ta konareH Tuny |, Wo CBifYATL NpOo Ha-
ABHICTb CMiNbHUX MOPOMONiYHMX | MOMEKYNAPHUX 03HaK
MiX KICTKOBOKO Ta CYAMHHOK TKAHWHAMMW.

AKyMynsiLis OKUCHEHWX RinigiB y CTiHKax apTepin
CMPUYMHSE ocTeobnacTuyHy AudepeHuialio eHgo-
TenianbHUX KMiTUH Ta akTWBYE NpoLecu BacKynsipHol
MiHepanisaLii, a Takox CTUMYITIOE eKCNPECito eHaoTenio-
LmMTamm hakTopis, 3any4eHnX L0 OCTEOKIIACTOreHesy, Lo
NpU3BOANTL A0 pe3opbLii KICTKOBOI TKaHUHK. Y npoueci
PO3BUTKY OCTEOMNOPO3y aKTWBYKTLCS Taki MOMNeKynu,
AK OCTeoKanbLH, KICTKOBUA MOporeHHni Ginok, ma-
TpukcHuii Gla-6inok, OCTeOHeKTUH, cianonpoTeiH Ta
OCTEOMNOHTUH, 5iKi, KpiM yyacTi B GiomiHepaniaauii KicTko-
BOI TKaHWHW, BigirpatoTb ponb Yy hOpMyBaHHI CyOUHHUX
KanbuudikaTis. BctaHoBNEHO, LLO 338 YMOB OCTEONOPO3Y
BM3HAYaOTb CXOXMIA Mpo3ananbHuin NPoqinb Y CyanHHIN
i KICTKOBIN TKaHUHax [23,24]. OTxe, KiCTKOBa Ta CyauHHa
TKaGHWHU MatoTb CXOXi MOPEONOriYHi Ta MONEKyNsApHi
XapaKTepUCTUKU.

Oucninigemia Bnnueae Ha MLLUKT, ii BusHavatoTh
AK NOTEHLNHUIA CMiNbHUA NATOreHETUYHUIN YUHHUK, LLO
NOEAHYE OCTEONOpPO3 Ta atepocknepos. Peaynsratu
€KCNepUMEeHTanbHUX AOCHIMKEHb MOKa3anu: cupoBar-
KOBI MinonpoTeign MoxyTb 6e3nocepeHb0 MOAymnoBaTu
(hyHKLOHaNbHY aKTUBHICTb KIITWH KICTKOBOI TKAHWUHU — OC-
Teobnacris i ocTeoknacTi. KpiMm npoBigHoi poni B po3suT-
Ky aTepoCKIepoTUYHNX ypaxeHsb, Lii Giomonekynm MoxyTb
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BiZirpaBaTy KIMo4oBY porib y NaTOreHETUYHOMY NEPEXpPeC-
Ti Mk IXC Ta octeonoposom. 3okpema, BCTaHOBIEHO, LLO
HaKOMWYeHHSI OKUCHEHWX MiniaiB y cybeHaoTenianbHOMy
Luapi apTepianbHOi CTiHKK, SKe CyNnpOBOAKYETLCS Nporpe-
CyBaHHAM CyAMHHOI KanbLydikauii, 0gHO4acHO iHribye
npouec MiHepanisavjii KictkoBoi TkaHuHM [23]. Mpu LboMy
OKMCHeHi ninign YnHATL GINONSPHUIA BNNMB Ha OCTEOreHes:
BOHW CTUMYMIOIOTb AUGEPEHLIIOBAHHS KITITUH Y HAaNpsMi
KanbLudikaLil y BacKynsipHUX CTPYKTypax, BogHOYac
iHriOyroUM OCTEOTEHHY aKTUBHICTb 0CcTeobnacTis. [lo mone-
KyMSIpHWX MeaiaTopiB Takoi Aii HanexaTb MOHOLUTapHWUIA
xemotakcmyHun 6inok-1 (MCP-1) Ta makpodaransHui
kornoHiectumyntoansHuin daktop (M-CSF), ekcnpecis
SIKUX @KTUBYETLCS Nif, BNMBOM OKUCHEHUX MINONpOTETHIB
HU3bKOI LLiNbHOCTI, LU0 NPOAYKYOTLCS eHAoTeNianbHUMM
KniTuHamu. BcTaHOBNEHO, WO NINONPOTEIHN HU3LKOI
LLiNBHOCTI MOXYTb iHiLitoBaTV pe3opOLiito KICTKOBOI TKa-
HUHM LLNSIXOM aKTMBALii OCTEOKNAcTiIB, i Lie Npu3BOaUTb
[0 OCTEONOPOTUYHUX 3MiH. Pasom i3 TumM ninonpoteiHn
BMCOKOI LLiNIbHOCTI MOXYTb 3HWXYBaTW EKCTPECII0 NyX-
HOi dhocchaTaau sk 0gHOro 3 MapKepiB 0cTeobnacTuyHol
AndpepeHuialii, a Takox onocepeakoBaHO MPUrHIYYOTb
ehekTn NINoNpPOTEIHIB HU3bKOI LWibHOCTI Ta aKTUBHICTb
npo3ananbH1X LIMTOKIHIB, LLIO MOXE CTPUMYBATU PO3BUTOK
CyOVHHOI Kanbumdikauii [23].

ErpoTenianbHy AncyHKL0 BU3HaYatoTb SK KITHO4YOBY
CMiNlbHy NaHKy B NaTOreHesi i atepockneposy, N 0cTeo-
nopoay, Lo NiATBEPMAKEHO y pe3ynsraTi AOCNImKEHHS
P. Singh et al. [25]. [i po3BuTOK 3yMOBMEHWI BNAMBOM
OKCWIATVBHOTO CTPECY, aKTUBALLIEH Ba3OKOHCTPUKTOPHUX
areHTiB, MiABULLEHUM PIBHEM MpO3ananbHUX LIMTOKIHIB,
dhakTopa pocTy eHgoTenito cyanH (VEGF), romoumcTeiny,
a TaKox nopyLueHHsm cuHTesy okeugy asoty (NO). NO
YTBOPIOETLCA 3 aMiHOkMcnoTh L-apriHiby nig gieto dep-
meHTy NO-cuHTa3w i Bigirpae BaxnvBy ponb y perynsii
kicTkoBoro metaboniamy. 3 ogHoro 6oky, NO 3aateH npu-
rHiYyBaTV (hOPMYBaHHS KICTKOBOI TKaHWHW, 3yMOBHOUM
anonTo3 ocTeobnacTis, WO CNPUYMHSE OCTEONOpPOo3. 3
iHLIOro BOKY, OKCUZ a30Ty MOXe BUSIBMIATY | NPOTEKTOPHI
edheKTu: 3a OKPEMUMM JaHWUMMK, BiH CTUMYIIOE nporice-
paLito, AnepeHLitoBaHHS Ta BXKMBAHHSA 0CTe0bnacTis,
a TaKoX MPUrHiYye aKTWBHICTb OCTEOKNAcCTIB — KNiTWH,
BignoBiganbHMx 3a pe3op6uito kicTku [25]. Taka noagin-
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Tabauus 2. Knacudikauis oxupiHHs 3a IMT i 3anexHicTb puanky po3suTky XBopob Big o6Boay Tanii

Pu3uk po3BuTKY XBOpo6 npu o6BoAi Tanii*

Knacudikauis IMT, kr/m?

<102 cm (4on.), <88 cm (xiH.) 2102 cm (4on.), 288 cM (xiH.)

3HmkeHa mMaca Tina <18,5
Hopma 18,5-24,9
HagmipHa maca Tina 25,0-29,9
OXUpiHHS, | cTyniHb 30,0-34,9
OxwpinHs, |l cTyniHb 35,0-39,9
OxmpiHHs, Il cTyniHb >40,0

MigBuLLEHNIA MigBuLLEHNIA
Husbkuin MigBULLEHNIA
MigBULLEHNIA Bucokuit
Bucokuit [lyxe BUCOKMIA

[lyxe Bucokui [lyxe Bucokni

HapnsevyaiiHo BUCOKWIA

*: 3rigHo 3 pekomeHnpaaLismMu MixHapogHoi deaepauii giabety (2005), puank po3BuTKY XBOpobM 36inbLLYETLCS NPK Takux NokasHWkax o6sody Tanii: 294 cM y yonogikis, 280 cm y

XKIHOK.

HicTb Aii NO nigkpecrioe cknagHicTb Moro poni B perynsuii
KICTKOBOTO roMeocTady Ta 0brpyHTOBYE AOLINMbHICTb MO-
JanbLlUmX AOCNIAXKEHb.

OpwH i3 NOTeHUiNHMX NaToisioNoriYHMX MexaHiamiB,
Lo noeaHye IXC Ta ocTeonopos, NoB’sa3aHui i3 BNIVBOM
npo3anasibHUX LIMTOKIHIB, XapakTepHUM Ansi MOCTMEHO-
naysanbsHoro nepiogy. Llen BnnuB peanisyetbcs yepes
iHTepnevikitv (I1-1, I11-3, I11-6), chakTop HEKPO3Y MyXIHU
o (TNF-a) Ta octeonpoterepuH. Tak, I[1-6 cnpuunHsie
aKTVBALLil0 OCTEOKIIACTOreHesy /i OnocepeakoBaHo (4e-
pe3 octeobnactu), i 6e3nocepenHLO (BNNMMBaKYK Ha
OCTEOKNacCTH), L0 NPU3BOANUTb [0 3HWMXKEHHS KICTKOBOI
macy. Kpim Toro, Makpodharm 3yMOBIOKOTh iHribyBaHHs
ocTeobnactnyHoi andepeHuiadii wnsxom cexkpedii TNF-a
Ta MakpodparanbHoro 3ananbsHoro 6inka 1-a (CCL-3) —
iHribiTopiB octeobnactoreHesy. Lintokin 1/1-3 gopartkoo
npurHivye hopMyBaHHs 0cTeobnacTiB. AKTMBALS HyKIe-
apHoro cakTopa KB y Makpodharax Ta ocTeoknacrax Big-
6yBaeTbCa BHACNAokK Aii T-niMoLwTiB, LLO CEKPETYHOTh
BigMoBigHi Npo3ananeHi megiatopu. BctaHosneHo, wo
KinbKiCTb Makpodaris NpsiMO KOPEIOE 3 BUPAXEHICTIO
paHHbOI KanbLudikaLii cepus Ta CyauH, a iIHTEHCUBHICTb
3ananbHoro mpouecy 06epHeHO MPOMopLIiiHa CTYMeHo
MiHepanisaLii KiCTKOBOT TKaHWHM [26].

Baxnusy ponb y po3BUTKY OCTEONOPO3y Bidirpae
OCTeonpoTerepuH — rMikonpoTeiH cynepcimencTea
(haKTOpiB HEKPO3Y MYXMUH, L0 BUKOHYE (PYHKLtO eHao-
reHHoro iHri6iTopa ocTeoknacToreHesy. Moro ronosHa
6ionoriyHa ponb nonsrae y 3B’A3yBaHHi niraHga akTu-
BaTopa pelenTtopa siaepHoro daktopa kB (RANKL),
3anobiraoyn B3aemopii 0CTaHHBLOro 3 peLenTopoM
RANK Ha ocTeoknactax Ta ixHix nonepegHukax. Y
Takum cnocié octeonpoterepunH 6rnokye npouec auge-
PEHLitOBaHHS, akTuBaLii Ta BUXMBAHHA OCTEOKIIACTIB,
3anobiraloun HagMmipHin pesopbuii KiCTKOBOI TKaHM-
HU [27]. Y KOHTEKCTi 0CTeOonopo3y 3HWKEHHS eKcnpecii
ocTeonpoTerepuHy abo NopyLUeHHs BanaHcy B CUCTEMI
RANK / RANKL / OPG cnpuumnHsie nocuneHHst pe3opo-
TWBHUX NPOLIECIB Y KICTKOBIN TkaHWHi. Ocobnueo ue
aKTyarnbHO B yMOBax eCTporeHoaediLImMTy, Kornm cekpeLis
oCTeonpoTerepuHy 3HWXYeTbCs, a npogykuis RANKL
MOCUMIOETLCA N BNAVBOM MpOo3ananbHUX LUTOKIHIB
(1N-1, I11-6, TNF-a). Takwit aucbanaHc npu3soanTs 40
nepeBaXxaHHs OCTEOKINAaCTUYHOI aKTUBHOCTI HaJl OCTEO-
6nacTnyHO0, 3yMOBIIOKYM BTpaTy KICTKOBOI Macu Ta
noripLueHHs il MikpoapxitekTypu [28].

£K 0auH i3 (hakTopiB PU3UKY PO3BUTKY OCTEONOPO-
TUYHUX NEPESIOMIB HAYKOBWI iHTEPEC NpuBepTaE Miasw-
LLeHHs1 piBHs1 C-peakTnBHOro Girka — 0fHOTO 3 OCHOBHIX

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

MapKepiB CyOKMiHIYHOrO cMCTEMHOrO 3ananeHHs. C-pe-
aKTUBHWI BiNOK CUHTE3YETHCA renaToLmMTamMm NepeBaxHo
B MeviHUi y BIiANOBiAb HA CTUMYNALiO Npo3ananbHUMK
LMTOKiHamK, 3okpema iHTepneiikiHamu IL-1 Ta IL-6. BiH
moxe iHgykyBaTtu ekcripecito RANKL — niraHaa akTuBa-
Topa peuentopa NF-kB, cTumynitooum B Takuii cnocio
OCTEOKNACTOreHe3 i CpUUMHAYM NOCUNEHHs pe3opoLiT
KICTKOBOI TKaHWHM [29].

OTxe, npoateporeHHa 3MiHa ninigHoro npodginto,
MiABULLEHHS PIBHSA 3ananbHUX MapKepiB i PO3BUTOK EH-
foTenianbHol AUCPYHKLIT € He nuie nigTBepmiXeHUMI
dhakTopamu pusrKy CepLEeBO-CYAUHHMX 3aXBOPHOBAHD,
arne 1 caigyaTb Npo IMOBIPHICTb NOPYLLEHHS Gi3ioNOoriYHUX
npoLeciB peMoAentoBaHHs KICTKOBOI TKAHWHW.

HeopnHo3HauHy ponb y npoLeci MiHepansHOro 06MiHy
Ta PO3BUTKY OCTEONOPO3Y Bifirpae OXMPIHHSA — XPOHIYHE
3aXBOPOBaHHS, L0 XapaKTepu3yeTbCA HaAMIpHUM Ha-
KOMMYEHHSIM XUpY B OpraHiami. OXWPIHHS — XPOHIYHe,
peLnavBHE | MynbTUaKTOPHE 3aXBOPIOBAHHS, PO3BUTOK
SIKOrO 3yMOBIEHWI CYKYMHICTIO FEHETUYHMX, COLlianbHUX,
MOBEAIHKOBYX | HENPOEHAOKPUHHUX YMHHUKIB, @ TaKoX
ocobnmsocTamn metabonismy [30].

B ocTaHHi pokn NornmnbnieTbCA akTyanbHICTb Npo-
6nemm oxmpiHHS. MNoSICHIETLCA Lie 3BiNbLIEHHSIM YacToTy
PO3BUTKY OXKMPIHHS Y 3B'513KY 3i 30iMTbLUEHHSIM TPUBAOCTi
KWTTSI, HAAMULLIKOBAM XapyyBaHHSM, 3MEHLLEHHSM di-
3WYHOI aKTUBHOCTI.

3a ouiHkamn BOOS, noHaa 2,5 mnpa ntofen y CaiTi
MalTb HafMIpHY Macy Tifa He3anexHo Bif BiKy, CTaTi,
perioHy NpoXuBaHHS 4K couianbHoro cTtatycy [31]. B
YKpaiHi, 3rigHO 3 OCTaHHIMU CTAaTUCTUYHUMM LAHWUMMU,
maixe 20 % ocib npave3naTHOro Biky MatoTb OXUPIHHS,
25 % — HagnuwkoBy Macy Tina [32].

Y KRiHIYHIA NpakTUUi ANS OUIHIOBaHHSA CTymneHs
OXMPIHHA BUKOPUCTOBYKOTL iHAekC Macu Tina (IMT) sk
BiZHOLLIEHHS Macy Tina (kr) go 3pocty (M2). IMT mae He
NNLLE AiarHOCTUYHE, arne i NPOrHOCTUYHE 3HAYEHHS LLOAO
PO3BUTKY CYMyTHIX METabOoNiYHMX i CEepLeBO-CyAMHHNX
ycknagHeHb. Npo Hagnuwkosy macy Tina ceiguutb IMT
25,0-29,9 kr/m?, npo oxupiHHa — IMT >30,0 kr/m?. Hait-
MOLUMPEHILLOD € KnacudikaLis OXUpiHHS, po3pobneHa
¢haxisusmm BOOS Ha ocHosi IMT (mabn. 2) [32].

Baxnuee 3HaveHHs Mae TN PO3NOAiny XvWpoBoi
TKaHVHK B OpraHiami: aboomiHanbHWA (y BEPXHI nono-
BWHI Tyny6a — rpyau, XuBiT, Tanis), fHOIOHWIA (Y HUXHINA
MOIOBUHI Tynyba — CigHWLI Ta cTerHa) um aMiLuaHmii. Y yo-
nogikiB 3 068o0M Tanii noHag 102 cM i xiHoKk 3 06BoAOM
Tanii noHag 88 cM pu3KK Po3BUTKY KapdioBaCKynsipHOI
naTonorii Haa3BUYanHO BUCOKUIA.
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1 Pe3uctuH
AHrioTeH31HOreH

MpocTtarnaHavHmn

MoHoGyTHpUH

AgRP
Acnaprar A,EIVI nounT
IGF-1
APO-E
NentuH ALUNOHEKTUH
Crepoiamn

Puc. 1. bionoriyHo akTUBHI peYOBMHM, LLO MPOAYKYIOTLCS aaMnoLmMTamm.

OxmpiHHS, 0co6nmBoO abgomiHanbHOMO TUny, € He
NULLIe He3anexHUM hakTopoM pusmnky po3suTky IXC, ane
11 YUHHUKOM, LLIO BNMBAE Ha MPOLIECK KICTKOBOTO pEMO-
[lentoBaHHs Ta PO3BUTKY OCTEOMOPO3y BHACMAOK MOpy-
LUEHHS! FTOPMOHAIbHOMO roMeOoCTasy, CeKpeLjii aannokiHiB
i XPOHIYHOTO HU3bKOIHTEHCMBHOTO 3ananeHHs. Lli edpexTu
0COBNMBO BUpaxeHi B XIHOK y NOCTMEHoMnay3anbHOMy
nepioaj, Konm o4HOYaCHO 3pOCTae PU3VK KapaioBacKynsip-
HUX yCKNafHeHb i yactota nopyLuers MLKT [5,30,33].

PariLue ocTeonopos Ta OXMPIHHS BBaXanu Hesanex-
HUMM OVH Bifj OOHOTO CTaHaMK, OfHaK, 3a pesynbrara-
MW HaHOBILUMX AOCMIMKEHb, MiATBEPMIKEHO CKMaaHMN
6aratopisHeBWIA 3B'330K Mk ctaHoM MLLIKT, dyHkuieto
XVUPOBOI TKAHUHU Ta Perynsuieto eHepreTMYHoro obmi-
Hy [30]. Tak, nopyLueHHs ochOopHO-KarnbLieBOro me-
Taboniamy 3a y4acTi napaTvpeoigHOro ropMoHa MOXYTb
BMIMBATV HAa CYHTE3 MaHKPeaTUYHWX FOPMOHIB (IHCYMiH,
aMiniH, NpenTuH), i Lue No3HayaeTbCs Ha GIOXiMIYHUX i
6ioMexaHi4HMX BNacTUBOCTAX KICTKOBOI TKaHUHK [34].

IHCyniH, WO € cUCTeMHUM aHaBOoMNIYHUM FOPMOHOM,
CTUMYNIOE AndepeHLiallito octeobnacTis, i y Takui
cnoci6 3abesneyye HOpManbHWiA PiCT cKeneTa, CUHTE3
KICTKOBOTO MaTPUKCY Ta XpsLLa, @ TakoX NOCKITIOE BCMOK-
TYBaHHS KanbLjto B KULLEYHUKY, CMIPUYUHSE 30iNbLUEHHS
3aXOMNMEHHs1 aMiHOKUCIIOT i BKIKOYEHHS X Y KICTKOBY
TKaHWHY. Ha membpaHax ocTeobnacTi BUSIBNEHO iHCY-
niHOBI peLenTopu, Yepes siki peanisyeTbcst aHabonivyHa
Jist IHCYMiHY LUNSIXOM aKTVBaLlii cUrHanbHUX wnsxis IRS-1
1a IRS-2. | HaBnakw, Taki 6iomapkepw Kanbumdikadii, Sk
OCTeOKarbLMH, CUHTESYIOTLCS B CKENET, ane perynioTb
BYrNEBOAHMI 06MiH | cekpedijto iHcyniHy. OcteobnacTu i
aaunoumMTH YTBOPIOKOTLCS 3 3aranbHOi Me3eHXiManbHOT
CTOBOYPOBOI KIiTUHW-NONEpeaHVKa. B3aemHa Heyarompke-
HICTb Al Mk ocTeobnactamm i agunoumuTamm y Mikpo-
OTOYEHHI KICTKOBOrO MO3KY Bifjirpae B13HavasbHy posib y
PEMOAENtOBaHHI KICTKOBOI TkaHWHY [35].
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AneniH

®akTop KomnniMeHTa

TGF-a

Bicdatun

ApuncuH

IHTepnenkiH-6

TNF-a

PAI-1

TkaHuHHUIA hakTOp

XupoBa TkaHWHa (DYHKUIOHYE SK aKTUBHWI eHpo-
KPUHHWIA OpraH i CEKPETYE YMMano ropMOHiB, LIUTOKIHIB i
meTaboniTie (puc. 1). 3a ymOBM TPMBANOro NO3UTUBHOTO
eHepreTu4Horo 6anaHcy 1 3BinbLIEHHS Macy Tina BUHM-
Kae cTaH ANCYHKLIT XUPOBOT TKaHWHW, MOCUITIOETLCS 1T
CEKPETOPHA aKTWBHICTb, LIO MPU3BOAMTHL 4O PO3BUTKY
MeTaboni4HMX NOPYLLEHb, SIKi CYNPOBOLKYIOTb OXUPIHHS.

JIenTuH, WO CEKPeTYETLCS XKMUPOBOK TKaHUHOM,
peryntoe Metaboniam KiCTok Yepes LieHTpanbHy HEPBOBY
CUCTEMY, NPUTHIYYIOYM YTBOPEHHS KICTKOBOI TKAHUHW Ta
36inbLUyrouM npu LboMy i pesopbuito. KoHueHTpauis
iHLIOrO aMMOKIHY — afAWMOHEKTUHY, 3HKYETbCA B pasi
OXMPIHHSA i 36iMbLLIYETLCSA B OCIO NOXMINOrO BiKYy, @ TaKOX
CTUMYyME ocTeobnacT-peLentTopy ANns NOCUIIEHHS
ocTeobnacToreHesy, onocepeaKoBaHo rarbMye OCTeo-
KnactoreHe3. HagMipHa cekpeLisi nenTuHy Ta 3HKeHa
NPOAYKLUIS aAuNOHEKTUHY B pasi OXUPIHHA He nuiie
nornuonIoTL 3ananbHUi NpoLUec, ane i BNIMBaKTb
Ha TPAHCKPUNLHI MEXaHi3M1 PEMOLENOBAHHS KIiCTKY,
3okpema yepes Bicb RANK / RANKL / OPG i NF-kB. Lle
nigcuntoe pesopobuito KicTkn Ta cnpuynHsie ii aereHepa-
Lito [36].

HuHi B HayKOBIl NiTepaTypi HeMae KOHCEHCYCY LLOA0
BMMMBY CYNyTHHOMO OXMPIHHA Ha CTaH MiHepanisauii
KICTKOBOI TKaHWHM Y XiHOK 3 IXC. PaHiwe oxupiHHs -1
CTYMEHIB BU3HAYanm sk NOTEHLAHUA 3aXUCHWUIA YUHHUK
LLOAO 3HUKEHHS PU3NKY OCTEOMOPOTUYHMX 3MiH BHACHi-
[IOK MEXaHIYHOTO HABAHTAXEHHS, LLIO MAE NPOTEKTUBHWIA
edheKT, ane HWHI Ui AaHi BBAaXatOTb JOBONI Cynepeynu-
BUMW. Tak, pesynsratv enigeMionoriyHnX i KniHiYHWX
AOcCnigkeHb fanu 3Mory BCTaHOBMUTK, LLO BENUKa YacTka
XVPOBOI TKaHWHKM MOXe ByTy HesanexHum hakTopom
PU3M1KY PO3BUTKY OCTEOMOPO3Y, 30KPEMA He 3axuLLaE Bif
nepenomiB y XiHOK y nepiog noctmeHonayaw [30,37]. 3a
[@HMU OKpEMIX JOCTIIKEHb, YacToTa TakvX Nepenomis
BULLIA B OCI0 i3 BENMKIM BiL,COTKOM XMPOBOI TKAHWUHU He-
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3anexHo Big 3aranbHoi Macy Tina. Ak iMOBIpHI MexaHi3mu
LIbOro SIBMLL BU3HAYEHO MOPYLUEHHS MIKPOAPXITEKTYPU
KICTKOBOI TKaHWHM, 3HWXEHHS 1T SKOCTi, @ TaKoX iHLLUi
¢hakTopw, NoB’A3aHi 3 MiLHICTHO KicTok [30].

Kpim TOro, KOMNOHEHTM MeTaboniYHOro CUHAPOMY,
LLO CYNPOBOMXKYIOTb OXMPIHHSA, K-0T NiABULLEHWIA apTe-
pianbHWA TUCK, MNEPTPUMMILEPULEMIS | HU3bKUIA piBEHb
ninonpoTeiHiB BUCOKOI LLINLHOCTI, MOXYTb 6yTI acouiio-
BaHi 3 NOPYLLEHHSIM MiHeparbHOi LiNMbHOCTI KICTOK i Mig-
BULLEHHAM YaCTOTW NepenioMiB y NaLieHTiB NOXMMOrO Biky.
3a faH1MK HU3KW JOCTImKEHDb, Y XBOPUX, SIKi NepeHecnn
nepenomu, Yacto BUSIBMAMM NOPYLUEHHS TONEepaHTHOCTI
[0 IMoKo3W abo HepiarHoCToBaHWI LykpoBui Aiaber. Lii
hakTn 06rpyHTOBYIOTE AOUIMBHICTL KOMMIIEKCHOTO OLi-
HIOBaHHS1 MeTaboniYHOro CTaTycy B Takux Bunaakax [38].

OpnHa 3 NpoBigHMX NaHOK, Lo 06’eAHYE Ui naTonorii, —
CHCTEMHE HU3bKOPIBHEBE 3anarneHHs, LLO BUHUKAE B pasi
OXMPIHHS Ta CNPUYMHSIE aTePOCKNEPO3, NPOrpecyBaHHs
IXC, a Takox 3HMKEeHHSI aKTUBHOCTi 0CTe0obnacTiB i3 BTpa-
TOt Hagani kicTkoBoi Macy. 3a gaHumu H. B. Mpurop’esoi
Ta CniBaBT., HAANMULLKOBUI BiCLIEParbHWA Xvp CNPUYUHSE
aKTMBaLjto Npo3ananbHux uutokiHis (PHM-a, IL-1, IL-6),
ki 6epyTb y4acTb y MOpPYLUEHHI piBHOBAry Mixx 0CTeo-
6nactamu 11 ocTeoknacTamu, NOCUMKYM pesopobLio
KicTkoBOT TKaHUHK. OgHOYacHo Leit caMuid 3ananbHum
¢hoH NigTPUMYE aTePOCKNEPOTUYHI 3MiHM B CyAMHAX, LLO
ycknagHtoe nepebir IXC [39].

lMpunyckatoTb, WO BMNAVB OXUPIHHSA Ha MiHepanbHy
LWinNbHICTb | MeTaboni3am KiCTKOBOT TKaHWHN TaKoX MOXe
BiZpi3HsATUCS B 0CiO pisHoro Biky. B ocib monogoro Biky
HagMipHa Maca Tifla YacTo acoLKETLCS 3 MiABULLEHUM
HaBaHTaXEHHSIM Ha KICTKU; Lie MOXe CTUMYTOBaTK KiCTKO-
Be (hopmyBaHHs Ta 3abesnedysat 6inbLuy MLLKT nopie-
HSIHO 3 0BCTEXEHNMI 3 HOPMANbHOK Macoto Tina. Briv 3
BikOM, 0COBNMBO B XiHOK NiCnsi MeHoNay3u, ropMOHarbHi
3MiHW (3HKEHHS €CTPOreHy) B MOEAHAHHI 3 XPOHIYHUM
3ananeHHsM, iHCYnMiHOPE3UCTEHTHICTHO | CapKOMeHIet MOo-
XyTb HiBEMOBaTN ab0 HaBiTb NEPEBEPHYTM LIEN 3aXMCHNIA
egekT. 3 BiKOM 3MIHIOETLCA | SIKICTb KICTKOBOI TKaHUHM.
3okpema, 36inbLyeTbCA NOPUCTICTb, NOPYLLYETLCS
MikpoapxiTekTypa, HaBiTb fkwo MLUKT 3anuwaetsea
crabinbHoto abo nigeuLLEeHot. Lie nosicHioe, Yomy B oci6
MOXWIIOrO BiKy 3 OXMPIHHAM MOXe 30epiraTucst BUCOKMI
PU3MK NepenoMiB, He3BaXaroum Ha HopMarbHi MOKa3HUKM
LWinbHOCTI, 3a AaHnmm aeHemtometpii [30].

He MeHLL 3Ha4yLLIMM YUHHUKOM € AedilnT eCcTporeHis
y nocTMeHonay3anbHOMY nepiodi, IKUA Mae CUCTEMHUIA
BMIIMB Ha OOMiHHI mpouecu. 3HMKEHHS eCTPOreHHOro
(POHY CMPUYMHSE HE NWLUe aKkTMBALil0 OCTEOKNacTiB i
ranbMyBaHHs1 0CTE06NACTiB, 3yMOBMIOYM BTPATY KICTKO-
BOi TKaHWHW, ane 1 Npu3BoauTb 4O PO3BUTKY EHAOTEN-
anbHOi ANCAYHKLUIT Ta opMyBaHHS aTEPOCKNEPOTUHHIUX
6nsLok —ocHosw natoreHesy IXC. OTxe, aediunt ectpo-
TEHIB € KPUTUYHUM TPUrepOoM, LLI0 aKTUBYE KackaaHi 3MiHU
0fAHOYACHO Y KICTKOBIl, CepLIeBO-CYANHHIN | MeTaboniyHin
cuCTeMax XiHkv B nocTMeHonayai [40,41].

Omxe, ocTteonopos, IXC Ta OXMUPIHHA — TPU KITKOYOBI
naTonorii, Wo HaA3BMYanHO MOLUMPEHI cepen XKiHOK
y NoCTMeHonaysanbHOMY NepioAi, MakTb cknagHy 1
B3AEMONNOB’'SI3aHy NATOreHEeTUYHY OCHOBY. Y pesyrbrari
OOCNiMKeHb NiATBEPIKEHO HASBHICTL CMINIbHUX MEXaHi3-
MiB, LLIO 06’€AHYIOTb Lii CTaHK, 30KpeMa Yepes NOopYLLUEHHS
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iMYHHOrO, FOPMOHaMLHOTO Ta METabomMiYHOTO rOMEOCTa3Y.
AHani3 BigoMOCTel HayKoBOI NniTepaTypy CBigYMTb, L0
Monpu YMMany KinbkicTb AOCTILKEHb HI3Ka acreKTiB B3ae-
MO Mixk OCTEOMNOPO30M, OXVPiHHAM Ta IXC 3anuwaeTbes
HEOO0CTaTHBO 3'ICOBAHOMD. Tak, BNMB OXVPIHHS Ha Karb-
uin-chocchopHnin 0BmiH € Joci cynepeunveum. Lie moxe
OyTn 3yMOBNEHO po30iKHOCTAMM B METOAOSOr AOCHIi-
[PKeHb, 0COBMMBOCTSIMM BiKY, TPMBAIICTIO MOCTMEHOMAY3u,
KpUTEPISIMU 3a5Ty4eHHS Ta HasiBHICTHO CynyTHLOI NaTornorii.

BucHoBKHM

1. OcTeonopos, iLemiyHa xeopoba cepList 1 OKUPIHHS
— MOLUMpPEHi Ta B3aEMHO MOB’si3aHi MaTosorii, Wo Haw-
YacTiLLe AiarHoCTyITb Y XIHOK Y NOCTMeHOoMay3anbsHOMY
nepiogi. 38’A30K LMX CTaHIB 3yMOBIEHUIA HU3KOIO CTIINbHIX
NaToOreHETUYHUX MEXaHI3MIB, i KIOYOBY POFb 3-MOMIX HUX
BiirpaloTb XPOHiYHE CUCTEMHE 3anasieHHs), eHoTeNianb-
Ha AUCYHKLIS, MpoaTeporeHHi 3MiHu ninigHoro npodisio,
meTaboniyHi nopyLeHHs Ta AedilunT ecTPOreHis.

2. XpoHi4He H3bKOPIBHEBE 3ananeHHs, 3yMoBreHe
OXVPIHHSAM, 0COBIMBO BiCLepanbHOro TUMY, CIPUYMHSE
aKTVBALLit0 OCTEOKNACTIB i pe30pOLito KICTKOBOI TKaHWHM,
a TaKOX PO3BUTOK aTEPOCKNEPOTUYHUX YPaXKeHb CYaANH.
BarxnumBy ponb y natoreHesi Lboro KOHTUHYyMY Bigjirpa-
10Tb aMMOKIHW (NEeNTWH, aguNOHEKTUH), npo3ananbHi
umTokiHm (IL-6, TNF-a) Ta MonekynsipHi MexaHiamu,
nos'asaHi 3 RANK / RANKL / OPG i TpaHCKpunuiiHim
aktopom NF-kB. Taka B3aemogis NigTBEPAXKYE MiLlHWIA
GioXiMiYHWIA i hi3iONOriYHMI 3B’A30K MidK OCTEOMOPO30M,
OXmMpiHHsaM Ta IXC.

3. KoHuenuis «octeo-kapaio-MeTaboniyHoro KoHTH-
Hyymy» NoTpebye 3anpoBaKeHHs MynsTUAMCLUNITIHAP-
HOro, CTpaTUiKoBaHOrO NiAX0AY [0 BeAeHHS NaLieHToK
y nocTMeHonay3ansHOMYy nepiogi.

MepcneKTMBU NOAAAbLLMX AOCAIAKEHb. 3 OrnsAay Ha
BUSIBMEHY CKagHy B3aEMOLjt0 Mk octeonoposom, IXC
Ta OXVPIHHAM Y XIHOK y NOCTMEHoMay3ansHOMY nepiofi,
nodanbLui HayKoBi OCNImKEHHS MatoTb By Ty CNpsMOBaHI
Ha AeTanbHille BUBYEHHS MOMEKYNAPHUX i KMITUHHWX
MexaHi3MiB, LLO NnexaTtb B OCHOBI 0CTe0-kapaio-MeTabo-
TIYHOTO KOHTUHYYMY.
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The aim of this work is to describe a clinical case of acquired perforating dermatosis within the context of an interdisciplinary
approach to patient management, taking into account a comprehensive therapeutic and dermatological diagnostic and thera-
peutic algorithm.

Materials and methods. A personal observation is described of a 70-year-old patient with clinical manifestations of acquired
perforating dermatosis and multimorbid somatic pathology, the verification of which was carried out taking into account the
results of laboratory and instrumental diagnostic methods. The dermatological diagnosis was established based on the mor-
phological assessment of a skin biopsy.

Results. A clinical case of a patient with skin lesions of the trunk and upper extremities is described. Visual manifestations of
dermatosis are represented by a papular rash with a central depression, erosions, hyperkeratotic changes, and pronounced
itching, which in general mimic a wide range of nosologies: from lichen planus, prurigo to multiple keratoacanthomas. Given
such clinical non-specificity of the pathological process on the skin, only morphological diagnostics can contribute to the final
verification of the dermatological diagnosis. In addition, an important aspect was the assessment of the patient’s somatic status,
which revealed the presence of multimorbidity, in particular concomitant cardiovascular pathology, chronic kidney disease,
cryptogenic liver cirrhosis, and portal hypertension. The general therapeutic direction of this disease is to compensate for the
underlying somatic pathology. That is why, given the clinical complexity of the condition, patients in this category require the
mandatory involvement of physicians from related specialties. In this case, the patient requires constant therapeutic support,
including in the conditions of an inpatient ward. Given the severe general status of the patient, it was decided, in parallel
with the treatment of somatic pathology, to have a rather gentle effect on the efflorescence, only with the use of systemic
antihistamines and topical therapy with glucocorticosteroids. The positive dynamics within the skin justify the expediency of
continuing the planned comprehensive therapeutic tactics.

Conclusions. Morphological examination is the gold standard for verifying pathological processes in the skin. Considering the
rather variable nosologies in the context of multimorbidity in one patient, as well as the clear dependence of the course of
dermatosis on somatic pathology, a mandatory stage in the management of such patients is the joint interdisciplinary work of
specialists of both dermatological and therapeutic profiles.

MixxaucuunAiHapHUi NiaXia A0 BEAEHHA NaLEHTIB i3 neppopaTUBHUM AEPMaTO30M
(KAiHiYHMIA BUNAAOK)

B. A. Bisip, I. I. MakypiHa, 0. B. AemupeHko, A. 0. lfopoaokiHa

Merta po6oTu - onucaTy KniHiYHUIA BUNagok HabyToro nepdopaTUBHOIO AepMaTo3y B KOHTEKCTI MiXXAMUCLMMNIHAPHOTO MigXoay
[10 BE[IEHHS NAL|iEHTIB, BPaX0BYH4M KOMMIIEKCHUI TePaneBTUYHWIA | AePMaTONOTiYHUI 4iarHOCTUYHO-NIKYBabHU anropuTM.

Marepiaau i meTopu. OnmcaHo BnacHe CMocTEPEXEHHS 3a naLieHToM Bikom 70 pokiB i3 KNMiHIYHMMK NposiBaMK HabyToro
nepchopaTBHOMO AepMaTo3y Ta MyNnsTUMOPGIAHOK COMAaTUYHOK NaTororieto, siky BepudikyBanm 3a pesynstatamu nabo-
PaTOPHWX Ta IHCTPYMEHTarnbHUX METOAIB AOCTIMKEHHS. [lepMaTonoriYHuii fiarHo3 BCTAHOBIEHO Ha NiacTasi MOPgONoriYHOMo
OLiHIOBaHHs BionTaTy LKipw.

Pesyasrati. OnncaHo kniHiYHMIA BUNaaoK NaLieHTa 3 ypaxeHHsAMU LKipy Tyny6a Ta BepxHiX KiHLIBOK. BisyanbHi nposisu gep-
Matosy NpefcTaBneHi Nanynb03HOK BUCUMKOK 3 LIEHTPanbHUM 3anafiHHAM, SBULLAMU epo3yBaHHs, rinepkepaToTUYHUMK
3MiHaMW Ta BMpa3HUM cBepbexeM, Lo 3aranoMm iMiTyTb BEMUKUIA CNEKTP HO30IMOrNA — Bif YEPBOHOTO NMOCKOrO MLLAo,
NPYypUro 40 MHOXWHHUX KepaTtoakaHTOM. BpaxoBytoum Taky KiHiYHy HecneummiyHiCTb NaTonoriYyHoro npoLecy Ha Lwkipi,
nuLLe MopdororiyHa AiarHoCTMKa MOXe CrpUSiTU OCTaTOYHIN BepudikaLlii AepmaTtonoriyHoro AiarHo3y. Kpim Toro, Baxnmeum
aCrneKToM CTaro OLHIOBaHHS COMaTUYHOTO CTaTyCy NauieHTa, Lo Aano 3MOory BCTaHOBUTW MyNbTUMOPOIAHICTb — CyMyTHIO
CepLeBO-CyAMHHY MaTonorito, XPOHIYHY XBOPOOY HUPOK, KPUMTOrEHHUI P03 NEYiHKM, CUHAPOM NOPTaNbHOI riNepTeH3ii.

3aranbHui TepaneBTUYHUIA HANPSIM NONSrae B KOMNEHcaLii OCHOBHOI coMaTuyHoI natosorii. Came Tomy, 3BaXatoum Ha KIiHiuHy
CKIMafHICTb CTaHy, Taki nawjieHTV noTpebytoTb 060B'A3KOBOO 3anyyeHHs dhaxiBLiB CyMixHMX crielianbHocTen. B onucaHomy
KniHiYHOMY BUNaAKy nauieHT notpebyBas NoCTiHOT TEpaneBTUYHOI NIATPUMKM, 30KpEMa B yMOBaX CTaLliOHAPHOTO BiAAiNeHHS.
BpaxoBytoun TSKKUIA 3aranbHWA CTaH XBOPOrO, BUPILLEHO napanenbHo i3 NikyBaHHAM COMaTUYHOT NaTonorii 4OCUTb LaaHO
BNMBATK Ha eprnopucLEHLl — NULLE i3 3aCTOCYBaHHAM CUCTEMHWX aHTUriCTaMiHHWX 3acobiB i TOMIYHOI Tepanii roKoKop-
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KAIHIYHMM BMNAAOK

TUKOCTEepoiaamu. Mo3uTMBHA AMHaMiKa B MeXaXx LUKIPHUX MOKPUBIB 0BIPYHTOBYE AOLIMBHICTb MPOLOBXEHHS 3annaHoBaHOl

KOMMNIEKCHOT TepaneBTUYHOT TaKTUKN.

BucHoBku. MopdonoriyHe JOCMimKeHHS € 30M0TUM CTaHAapTOM BepudikaLlii naTonoriyHoro npouecy Ha Lwkipi. Bpaxosyroun
[0CuTb BapiabenbHi HO30MOrii B KOHTEKCTI MynbTUMOPOIAHOCTI B OQHOMO MauieHTa, a TakoX uiTKy 3anexHicTb nepebiry
[epmaroasy Bif comMaTu4Hoi natosorii, 060B’A3KOBMM €TanoM B MEHE)KMEHTI Takux XBOpPMX € CriflbHa MikaucumnniHapHa
poboTa (haxiBLiB AEPMATONONYHOTO Ta TepaneBTUHHOMO NPOInto.

Perforating dermatosis is a general term for rare skin
lesions, some variants of which are associated with
somatic pathology. According to research, the incidence
is 2.53 per 100,000 population per year [1]. However,
these indicators may vary and depend on the comorbid
background. The sample of hemodialysis patients in the
study by S. E. Roldan—Contreras et al. with manifestations
of acquired perforating dermatosis was 11 % [2]. While
in the work of Z. Gao et al., among patients with this der-
matosis, concomitant chronic renal failure was recorded
in 18.9 % of people [3]. Not only is kidney damage seen
in this condition, acquired perforating dermatosis can be
associated with diabetes mellitus, thyroid disease, HIV
infection, and malignant neoplasms [3,4,5].

Given the limited prevalence of these skin mani-
festations in the general population, their classification
lacks a clearly defined structure. Therefore, “perforating
dermatosis” is represented by a heterogeneous group
that includes the following nosologies: serpiginous per-
forating elastosis, Kirle’s disease, perforating folliculitis,
and acquired reactive perforating collagenosis. Integra-
tive in this case may be both potentially similar clinical
manifestations in the form of papular efflorescences with
a central depression, and histological parameters due to
the transepidermal elimination of dermal structures. The
latter, according to T. Kawakami et al., stands out as a
separate differential aspect between clinical variants in
the group of perforating dermatoses, taking into account
the type of material involved in the pathological process:
elastic, collagen fibers, or keratin [6]. In earlier works,
A. J. Garcia—Malinis et al. even reported the possibility
of involving both types of fibers in pathomorphological
evaluation [7].

Such visual and morphological similarity provides the
logic of combining the above-mentioned skin manifesta-
tions under a unified definition of “Perforating dermatosis”.
At the same time, the interpretation of “acquired” addi-
tionally indicates the appearance in adulthood and the
association with systemic pathology [8,9].

The key pathogenetic mechanisms of manifestation
and progression of skin lesions that meet the criteria
for acquired perforating dermatosis are also not fully
defined, demonstrating multi-vector nature: ranging
from microcirculatory disorders and oxidative stress to
increased accumulation of glycation end products in
the skin or excessive expression of transforming growth
factor beta 3 (TGF-$3) [1,4,9]. Particular attention should
be given to the study by B. Liu et al., which addresses
the effective treatment of acquired reactive perforating
collagenosis with dupilumab, a therapy targeting the
IL-4 and IL-13 signaling pathways. The observed clinical
outcome, manifested by the resolution of efflorescences
and reduction of pruritus, opens new diagnostic and thera-
peutic perspectives regarding the potential involvement
of Th2-type inflammation in the pathological process [10].
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Therefore, considering the infrequent occurrence
of this dermatosis, the diversity of classification criteria,
the complexity of clinical and morphological verification,
as well as its association with systemic pathology, such
skin lesions require a comprehensive evaluation not
only by dermatologists but also by specialists in internal
medicine. Accordingly, broader awareness of the com-
mon “problematic aspects” of perforating dermatoses
will facilitate their timely assessment and appropriate
further management.

Aim

The aim of this work is to describe a clinical case of
acquired perforating dermatosis within the context of an
interdisciplinary approach to patient management, taking

into account a comprehensive therapeutic and dermato-
logical diagnostic and therapeutic algorithm.

Materials and methods

The assessment of visual manifestations of dermatosis
was carried out at the Department of Dermatovenerology
and Aesthetic Medicine of the Zaporizhzhia State Medical
and Pharmaceutical University. Ageneral examination and
analysis of the severity of the patient, taking into account
comorbid somatic pathology, was carried out with the
involvement of specialists from the Department of Internal
Medicine No. 2 of the Zaporizhzhia State Medical and
Pharmaceutical University.

The final verification of the dermatological diagnosis
was determined by morphological assessment of the
skin biopsy. A punch biopsy with a diameter of 5 mm
was performed. The material was immediately placed in
10 % buffered formalin solution (pH 7.4) with subsequent
fixation for 24 hours, preparation of paraffin blocks, and
sections 4 ym thick. Determination of histological patterns
of dermatosis was carried out when evaluating sections
stained with hematoxylin and eosin.

This work was performed in accordance with the
ethical standards of IGH/GCP, the Declaration of Helsinki
(1964 with amendments), the Council of Europe Conven-
tion on Human Rights and Biomedicine, and the legislation
of Ukraine. The study was approved by the Bioethics
Commission of the Zaporizhzhia State Medical and Phar-
maceutical University (protocol No. 8 dated 19.06.2025).

Clinical case

A patient born in 1955 presented to a dermatologist with
complaints of a rash primarily affecting the skin of the
trunk and upper limbs. According to the patient, the first
efflorescences on the back were noticed approximately
four months before seeking specialized medical care.
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Fig. 1. Dermatosis manifestations observed during the baseline clinical assessment before initiating treatment.

However, in addition to the rash, which became wide-
spread, the dominant complaint was unbearable itching.
This feeling accompanied the patient throughout the
day, significantly disrupting both sleep and subsequent
high-quality daytime functioning.

Objectively: the maximum concentration of rash
elements is observed on the skin of the back, to a lesser
extent, on the shoulders and forearms, where single mor-
phological elements are present. Clinically, efflorescences
are represented by hemispherical papules with a tendency
to perifollicular formation, pink in color, some with a li-
lac-brown tint. Also noteworthy is the presence within the
papular elements of a central depression, which is repre-
sented by erosion or hyperkeratotic changes (Fig. 1). On
the skin of the forearms, excoriations and the appearance
in these places of new, but corresponding to the above
description, elements are observed. The latter thesis
meets the criteria of the Koebner phenomenon, which
additionally indicates the activity and progression of the
process. While the presence of scratching is an objective
marker of itching, as one of the leading phenomena of
this pathological condition on the skin.

The clinical manifestations observed gave rise to a
broad range of potential differential diagnoses, including
lichen planus, prurigo, and multiple keratoacanthomas.
That is why the next diagnostic step in the context of
the final verification of dermatological nosology was
morphological examination. Thus, when evaluating
a skin biopsy, the epidermis is identified with hyper-
keratosis, hypergranulosis, and focal invagination of
the epidermis is observed, which is filled with keratin
masses and accumulations of neutrophils. In this area,
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transepidermal elimination of collagen and elastic fibers
is observed. Moderate diffuse spongiosis is identified
in the epidermis. In the adjacent dermis, there are cic-
atricial changes and focal moderate lymphohistiocytic
infiltration. After performing additional sections of the
material from the paraffin block, the histological picture
did not change. When staining for elastic fibers, trans-
epidermal elimination of elastic fibers is observed. Thus,
this morphological picture, taking into account the clinical
manifestations, most closely corresponds to acquired
perforating dermatosis (Fig. 2).

While awaiting the morphological assessment of the
skin biopsy, the patient was urgently hospitalized in the
internal medicine department with complaints of general
weakness, inhibition, intermittent nosebleeds, shortness
of breath on minimal physical exertion, abdominal disten-
sion, and lower limb edema.

From the patient’s somatic history, it is known that
he has been suffering from hypertension for over fifteen
years, with maximum blood pressure spikes reaching
230/100 mmHg (with a baseline of 130/80 mmHg). How-
ever, in recent times, he has shown a tendency toward
hypotension, with episodes of blood pressure dropping
to 90/60 mmHg. Since 2023, the patient has exhibited
clinical signs of heart failure stages IIB-lll, including as-
cites and hydrothorax. He underwent inpatient treatment
courses 2-3 times per year. Recently, there has been a
marked increase in the frequency of hospitalizations due
to decompensated heart failure. Critical aortic stenosis
was detected on echocardiography, ascending aortic
aneurysm with an ejection fraction of 27 %. Also in Feb-
ruary 2024, coronary angiography was performed: right
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3 Fig. 2. Morphological features of acquired perforating dermatosis, H & E, Mag.: x50.

Fig. 3. Clinical manifestations of dermatosis one week after the start of topical therapy.

coronary artery — stenosis 5070 %, circumflex branch
of the left coronary artery — stenosis 30-70 %, anterior
interventricular branch — stenosis 60 %.

In August 2024, he was consulted by a cardiac
surgeon with recommendations for further conservative
therapy, taking into account the existing associated risks.
In January 2025, he had erysipelas of the left lower limb,
erythematous form against the background of obliterating
atherosclerosis of the lower limbs. He takes empagliflozin,
torasemide, xipamide, rivaroxaban and rosuvastatin on
an outpatient basis.

At the time of the most recent hospitalization, the
patient’s general condition was severe. Height— 170 cm,
body weight — 110 kg. Respiratory rate — 18 breaths per
minute. Heart rate — 70 beats per minute, with an irregular
rhythm. Blood pressure — 100/70 mmHg. Body tempera-
ture — 36.8 °C. There is lower legs edema to the level of
the upper third of the anterior abdominal wall. Irregular
heart sound, the tones are significantly muffled, a rough

Matonoria. Tom 22, Ne 2(64), TpaBeHb - cepneHb 2025 p.

aortic systolic murmur and the accentuated pulmonary
component of the second heart sound. Breath sounds
are harsh over the lungs, without wheezing. There is
abdominal distension due to ascites, and palpation of the
internal organs is difficult.

The most clinically significant laboratory test results
are listed below. In the general blood test: Hb — 106 g/L,
erythrocytes — 3.6 x 10%?/L, platelets — 127 x 10°L, ESR
— 12 mm/h, total protein — 57.7 g/L, albumin — 30.1 g/L,
creatinine —292.0 pmol/L, urea—53.3 mmol/L, total bilirubin
—52.4 umol/L, direct bilirubin — 30.8 umol/L, uric acid —
752.7 pmol/L, prothrombin index — 52 %. General urine test:
specific gravity — 1010, proteinuria — 0.108 g/L. According
to electrocardiography data: voltage is normal, heart rate
— 71 beats/min. Atrial fibrillation. Left bundle branch block.
According to abdominal and renal ultrasound: echographic
signs of hepatomegaly, ascites, portal hypertension, chronic
cholecystitis, hepatic fibrosis, slight reduced kidney size,
moderate thinning of the parenchyma.
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Thus, the somatic condition is represented by the
following diagnosis: Ischemic heart disease: stable angina
pectoris, functional class Ill. Obstructive coronary artery
atherosclerosis (Coronary angiography dated 14.02.2024:
right coronary artery — 50-70 % stenosis; circumflex
branch of the left coronary artery — 30-70 % stenosis; an-
terior interventricular branch — 60 % stenosis). Critical aor-
tic stenosis. Tricuspid regurgitation I1l, pulmonary arterial
hypertension Ill, permanent atrial fibrillation with controlled
ventricular rate. CHA2DS2-VASc 3 point, HAS-BLED 4
point. Ascending aortic aneurysm. Essential hypertension,
stage lll, grade Il with very high cardiovascular risk, left
ventricular hypertrophy. Chronic kidney disease stage IV
(glomerular filtration rate 26 ml/min/1.73 m?). Hypertensive
nephropathy. Heart failure stage D with reduced ejection
fraction (38 %). Chronic heart failure Ill. Cryptogenic
liver cirrhosis, Child—Pugh class C, portal hypertension.
Ascites. Peripherial arterial disease. Encephalopathy of
mixed genesis (metabolic, hypertensive, atherosclerotic).
Anemia of chronic disease. Received inpatient treatment
for a comorhid somatic condition: human albumin, empag-
liflozin, xipamid, rosuvastatin, pantoprazole, furosemide,
enoxaparin, citicoline sodium.

Somatic compensation of comorbid pathology plays a
key role both in the overall stabilization of the patient’s con-
dition and in the course of the potential resolution of the
skin manifestations of perforating dermatosis. Therefore,
the treatment of skin lesions, which serve as an additional
burden and complicate the patient’s overall condition,
requires decisive yet gentle therapeutic measures. For
this patient, the management algorithm for perforating
dermatosis included the use of a second-generation
non-sedating systemic antihistamine (fexofenadine
180 mg) once daily, along with a topical glucocorticoste-
roid — specifically, betamethasone valerate cream applied
twice daily. Figure 3 shows the clinical manifestations
of the dermatosis one week after the initiation of topical
therapy: flattening of most rash elements is noted, and
the patient reports a significant reduction in pruritus
intensity. The use of topical therapy resulted in positive
clinical dynamics, which allows further continuation of
the application of corticosteroid cream, but once a day.
However, taking into account the chronic relapsing course
of acquired perforating dermatosis and its pathogenetic
association with severe somatic comorbidity, such therapy
should be considered only as one of the components of
a comprehensive treatment strategy.

Long-term maintenance of the clinical effect and pre-
vention of further progression of dermatosis are possible
only under conditions of a multimodal approach, which
includes targeted correction of concomitant somatic
pathology, in particular, cardiovascular, nephrological,
endocrine, and hepatobiliary. Systemic monitoring of
the patient’s general condition over time, combined with
individualized dermatological management, is critically
important for achieving sustained remission and improving
disease prognosis.

Discussion

Acquired perforating dermatosis is a nosology that
satisfies the professional interest not only of dermatol-
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ogists but also of general practitioners. After all, on the
one hand, there is a skin lesion, on the other hand, a
comorbid pathology that does not claim to be secondary
and stereotyped in management. Considering perforat-
ing dermatosis from the point of view of changes in the
skin, it is worth focusing on the diagnostic complexity,
starting with a visual assessment of the pathological
process. Thus, the clinical pattern of papules with a
centrally located depression and the formation of an
erosive or keratotic surface is not pathognomonic for only
one group of dermatoses. These visual characteristics
may correspond to prurigo nodularis, folliculitis, kera-
toacanthoma, lichen planus, or pityriasis rubra pilaris.
Whereas clinical manifestations with a tendency towards
an annular, serpiginous arrangement mimic granuloma
annulare, porokeratosis, or sarcoid-like changes [11].
On the other hand, the presence of intense itching and
excoriations meets the criteria for both papulosquamous
dermatoses and infectious skin lesions. The clinical case
described by A. Agrawal et al. demonstrates the high
mimicking potential among the aforementioned condi-
tions: the visual manifestations during the differentiation
between perforating dermatosis, nodular prurigo, and
papulonecrotic tuberculid ultimately masked scabies
upon final verification [12].

Acquired perforating dermatosis typically develops
in the context of severe systemic disease, supporting its
interpretation not only as an isolated dermatological entity
but also as a clinical marker of systemic pathology char-
acterized by marked metabolic or vascular disturbances.

According to the data presented in the study by
Y. C. Edek et al., 65.26 % of the patients included in the
cohort were verified to have a comorbidity in the form of
diabetes mellitus, while arterial hypertension and cardio-
vascular diseases were recorded in 56.84 % and 45.26 %
of those examined, respectively. In addition, there is a
distinct emphasis on kidney and hepatobiliary system
damage [9]. Comparing the above-mentioned data with our
clinical case, the patient also presents with cardiovascular
pathology, renal involvement, and hepatobiliary system
disorders, which are consistent with the literature. Howev-
er, such multimorbidity complicates the timely differential
diagnosis of both somatic and dermatological conditions,
affecting the scope of further diagnostic evaluation.

Acquired perforating dermatosis can occur in patients
with a history of malignancy and may also represent
an early clinical manifestation of a neoplastic process.
Thus, N. Imran presented a clinical case of a patient
with diabetes mellitus and end-stage chronic renal
failure, in whom skin lesions phenotypically consistent
with perforating dermatosis preceded the registration of
regionally disseminated renal cell carcinoma [13]. This
thesis emphasizes the potential role of various nosolo-
gical forms from the heterogeneous group of perforating
dermatoses as dermatological markers of paraneoplastic
transformation, which expands the clinical significance of
these conditions and requires their mandatory analysis in
the differential diagnostic algorithm.

In light of current post-pandemic trends, it is important
to consider the possible impact of coronavirus infection
as a potential trigger for the emergence of cutaneous
efflorescences of diverse etiology. Thus, S. Wang et al.

Pathologia. Volume 22. No. 2, May - August 2025


https://pat.zsmu.edu.ua/

described a case of an asymmetric, unilateral skin process
in the form of acquired reactive perforating collagenosis
3 weeks after recovery from COVID-19 [14]. The oc-
currence of exacerbation of dermatosis has also been
demonstrated, but already after SARS-CoV-2 vaccination
in a patient with comorbid but compensated background:
renal failure, hypertension, diabetes mellitus, and a history
of pulmonary tuberculosis [15].

Acquired perforating dermatosis can also be consid-
ered in the context of drug-induced pathological process,
often through molecular targeted therapy [16,17,18]. In
general, there are no gender preferences in perforating
dermatoses; however, for nosologies associated specifi-
cally with taking medications, there is an emphasis on the
male population over 50 years of age [15].

Special attention is required to discuss acquired per-
forating dermatosis within the framework of Wolf's isotopic
response, which is characterized by the manifestation
of efflorescences directly at the site of regression of the
previous dermatosis, but of a completely different origin.
Thus, the case described by X. H. Du et al. demonstrates
the appearance of clinical manifestations of acquired
perforating dermatosis within the area of herpes zoster
resolution in a patient who, in accordance with the general
trend, also had a more than 10-year history of comorbidity,
namely diabetes mellitus [19].

The general therapeutic direction of this disease
management is to compensate for the underlying somatic
pathology. That is why, given the clinical complexity of the
condition, patients in this category require the obligatory
involvement of physicians from related specialties. In this
case, the patient demonstrates a characteristic multimorbid
condition necessitating ongoing therapeutic management,
including periods of hospitalization for adequate med-
ical support. Accordingly, restoring functional capacity
through compensatory mechanisms is essential not only
for the healing of skin lesions but also for sustaining the
patient's overall life activity and systemic stability. If this
condition is considered solely from the perspective of the
pathological process affecting the skin, there is a specific
arsenal of therapeutic agents available, ranging from
topical corticosteroids and keratolytics to the systemic use
of antihistamines, allopurinol, tetracyclines, retinoids, or
phototherapy [20,21].

Understanding the pathogenetic mechanisms of this
dermatosis contributes to the integration of both classical
drugs, taking into account new approaches, emphases,
and modern means of immunobiological therapy into treat-
ment protocols. Taking into account the literature, individ-
ual cases of successful treatment of acquired perforating
dermatosis with colchicine are described, suggesting a
potential anti-inflammatory and antifibrotic activity [22,23].
Ye B. et al., one of the first to demonstrate the positive
effect of itraconazole on acquired reactive perforating
collagenosis, considering both its anti-inflammatory and
antiangiogenic effects [24]. On the other hand, the active
use of targeted biological therapy continues [25,26].

Thus, given the severe general condition of the patient
in this study, it was decided to treat the efflorescences
gently, in parallel with the treatment of somatic pathology,
using only a systemic antihistamine and a topical corti-
costeroid. Positive dynamics within the skin allow us to
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continue the planned treatment regimen with an emphasis
on a comprehensive approach to the management of
this patient.

Conclusions

1. The diagnosis of acquired perforating dermatosis is
often challenging due to the nonspecific clinical manifes-
tations and the need for extensive differential diagnosis
with other dermatoses. For this reason, morphological
examination remains the “gold standard” for verifying the
pathological process in the skin.

2. Familiarization with the clinical manifestations of
rare skin lesions within the spectrum of perforating derma-
toses by specialists from various medical fields, as well as
recognition of their visual mimicking potential, contributes
to a deeper understanding of dermatological pathology in
the context of systemic body function.

3. Considering the rather variable nosologies in the
context of multimorbidity in one patient, as well as the
clear dependence of the course of dermatosis on somatic
pathology, a mandatory stage in the management of such
patients is the joint interdisciplinary work of specialists of
both dermatological and therapeutic profiles.

Funding

The description of this clinical case is a fragment of the research
project of the Zaporizhzhia State Medical and Pharmaceutical
University: “Development of personalized approaches to the
treatment of inflammatory dermatoses, hair diseases, STls,

and correction of age-related skin changes, taking into account
comorbid pathology, aesthetic, and psychopathological factors”,
state registration No. 0124U003220 (2024-2029).

Conflicts of interest: authors have no conflict of interest to declare.
KoHOAIKT iHTepeciB: BiACyTHil.

Haailiaa po pepakii / Received: 22.04.2025
Micas poonpautoBaHHs / Revised: 30.06.2025
CxBaneHo A0 Apyky / Accepted: 03.07.2025

Information about the authors:

Vizir V. A., MD, PhD, DSc, Professor of the Department of Internal
Medicine No. 2, Zaporizhzhia State Medical and Pharmaceutical
University, Ukraine.

ORCID ID: 0000-0002-5486-2963

Makurina H. I., MD, PhD, DSc, Professor, Head of the Department
of Dermatovenerology and Aesthetic Medicine, Zaporizhzhia State
Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0002-3293-2748

Demidenko 0. V., MD, PhD, Associate Professor, Head of the
Department of Internal Medicine 2, Zaporizhzhia State Medical and
Pharmaceutical University, Ukraine

ORCID ID: 0000-0001-8431-037X

Horodokina L. 0., MD, PhD, Assistant of the Department of
Dermatovenerology and Aesthetic Medicine, Zaporizhzhia State
Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0002-3057-8685

BinpomocTi npo aBTopiB:

Bisip B. A., A-p MeA. Hayk, Tpodecop kad. BHYTPILLHIX XBOpOO 2,
3anopiabkuit AepPXaBHUIA MEAVKO-GapMaLEBTUYHIUI YHIBEPCHTET,
YkpaiHa.

Makypina I. I., A-p Mea. Hayk, npodecop,

3aB. kad. AepPMaTOBEHEPOAOTi Ta ECTETUUHOT MEAULIMHM, 3anopi3bKui
AepXaBHUI MeANKo-GapMaLLeBTUUHUI YHIBEpCHTET, YkpaiHa.

ISSN 2306-8027  https://pat.zsmu.edu.ua

173


https://pat.zsmu.edu.ua/
https://orcid.org/0000-0002-5486-2963
https://orcid.org/0000-0002-3293-2748
https://orcid.org/0000-0001-8431-037X
https://orcid.org/0000-0002-3057-8685

174

Case report

AemipeHko O. B., KaHA. MEA. HayK, AOLEHT, 3aB. Kad. BHYTPILLHiX
XBOPO6 2, 3anopi3bkuii AepXaBHUIA MEAUKO-GaPMaLIEBTUUHMI
YHiBEpCHTET, YKpaiHa.

TopoaokiHa A. 0., A-p dinocodii, acUCTEHT Kad. AepMaTOBEHEPOAOTii
Ta €CTETUYHOT MEANLIMHM, 3aMOPi3bKui AEPXABHUIA MEAUKO-
dapmaLeBTUYHUI yHIBEpCKTET, YKpaiHa.

|

Liliia Horodokina (Ainist TopoaokiHa)
lilgrdkn@gmail.com

References

1.

10.

11.

12,

13.

14.

15.

16.

17.

18.

Harbaoui S, Litaiem N. Acquired Perforating Dermatosis. [Updated
2023 Feb 13]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK539715/

Roldan-Contreras SE, Mendoza Martinez JR, Marin-Hernandez E,
Coronado-Malagén M. Acquired Perforating Dermatosis and Derma-
tology Life Quality Index in Patients Receiving hemodialysis. Nefrologia
(Engl Ed). 2024;44(2):251-5. doi: 10.1016/j.nefroe.2024.03.006

Gao Z, Lu SJ, Shan SJ. Acquired perforating dermatosis: A clinicopath-
ologic study, and the features of dermoscopy and reflective confocal
microscopy of 37 cases. Skin Res Technol. 2023;29(7):e13416. doi:
10.1111/srt.13416

Mima'Y, Ohtsuka T, Ebato I, Nishie R, Uesugi S, Sumi M, et al. A Case of
Acquired Reactive Perforating Dermatosis with Complete Resolution of
Eruptions on Upper and Lower Limbs During the Treatment of Diabetes
Mellitus and Peripheral Artery Disease. Medicina. 2025;61(1):36. doi:
10.3390/medicina61010036

Garrido PM, Queirds C, Borges-Costa J, Soares-Almeida L, Filipe P. Ac-
quired perforating dermatosis: clinicopathologic study of a 10-year
period at a tertiary teaching hospital. Int J Dermatol. 2020;59(4):445-50.
doi: 10.1111/ijd.14760

Kawakami T, Akiyama M, Ishida-Yamamoto A, Nakano H, Mitoma C,
Yoneda K, et al. Clinical practice guide for the treatment of perforating
dermatosis. J Dermatol. 2020;47(12):1374-82. doi: 10.1111/1346-
8138.15647

Garcia-Malinis AJ, Del Valle Sanchez E, Sanchez-Salas MP, Del
Prado E, Coscojuela C, Gilaberte Y. Acquired perforating dermatosis:
clinicopathological study of 31 cases, emphasizing pathogenesis and
treatment. J Eur Acad Dermatol Venereol. 2017;31(10):1757-63. doi:
10.1111/jdv.14220

Wang MF, Mei XL, Wang L, Lin-Feng L. Clinical characteristics and
prognosis of acquired perforating dermatosis: A case report. Exp Ther
Med. 2020;19(6):3634-40. doi: 10.3892/etm.2020.8651

Edek YC, Aypek Y, Ogiit B, Erdem O, Adisen E. Acquired Perforating
Dermatosis: Clinical and Histopathological Analysis of 95 Patients
From One Center. Dermatol Pract Concept. 2024;14(2):2024100.
doi: 10.5826/dpc.1402a100

Liu B, Wu Y, Wu X, Zhong X, Xue R, Zhang Z. Dupilumab improve
acquired reactive perforating collagenosis characterized by type
2 inflammation. Front Immunol. 2023;14:1240262. doi: 10.3389/
fimmu.2023.1240262

Metterle L, Magro CM, Zang JB. Giant variant of acquired perforating
dermatosis in a renal dialysis patient. JAAD Case Rep. 2017;3(1):42-4.
doi: 10.1016/j.jdcr.2016.10.004

Agrawal A, Singal A, Devanda R, Arora VK. Scabies surrepticius
masquerading as perforating dermatosis. Indian J Dermatol Venereol
Leprol. 2024:1-4. doi: 10.25259/1JDVL_834_2023

Imran N. Acquired Perforating Dermatosis as a Paraneoplastic Feature:
A Case Report, Literature Review, and Novel Association. Case Rep
Nephrol Dial. 2023;13(1):36-44. doi: 10.1159/000530756

Wang S, Min X, Wang X, Cheng L, Qiu L. A case of acquired reactive
perforating collagenosis after COVID-19 infection. Postepy Dermatol
Alergol. 2024;41(5):536-7. doi: 10.5114/ada.2024.142575
Sciamarrelli N, Siliquini N, Mastorino L, Senetta R, Dapavo P, Ribero S,
etal. Exacerbation of acquired perforating dermatosis following SARS-
CoV-2 vaccination. J Eur Acad Dermatol Venereol. 2023;37(9):¢1091-3.
doi: 10.1111/jdv.19137

Madrzak L, Staniszewska |, Moskwa A, Kalinska-Bienias A. Drugs as
a cause of perforating dermatoses — a literature review. Dermatology
Review/Przeglad Dermatologiczny. 2024;111(3):209-21. doi: 10.5114/
dr.2024.144652

Fisher RM, Hadley G, leremia E, Moswela O, Zaki F, DeLuca GC,
et al. Natalizumab-induced acquired perforating dermatosis. Clin Exp
Dermatol. 2021;46(7):1373-5. doi: 10.1111/ced. 14699

Liu X, Wang H, Wan Y, Guo Y, Shan SJ. Acquired Perforating Derma-
tosis Induced by PD-1 Inhibitor: A Case Report. Am J Dermatopathol.
2021;43(12):942-4. doi: 10.1097/DAD.0000000000002026

ISSN 2306-8027  https://pat.zsmu.edu.ua

19.

20.

21

22.

23.

24.

25.

26.

Du XH, Huang SY, Zeng XF, Lu SJ, Gao Z. Acquired Perforating Der-
matosis After Herpes Zoster: Wolf Isotopic Response. J Cutan Pathol.
2025;52(1):16-9. doi: 10.1111/cup.14728

Tai A, Prakash S, Lade S, McCormack CJ, Goh MS. Two cases of
acquired perforating dermatosis successfully treated with allopurinol.
Australas J Dermatol. 2022;63(1):121-4. doi: 10.1111/ajd.13712
Schremser V, Tittes J, Tanew A, Radakovic S. Sustained clearance of
acquired perforating dermatosis after narrowband UVB phototherapy:
A retrospective cohort study on seven patients. J Eur Acad Dermatol
Venereol. 2023;37(6):e747-8. doi: 10.1111/jdv.18904

Kharghoria G, Grover C. Treatment of acquired perforating dermato-
sis with colchicine. Indian Dermatol Online J. 2022;13(1):131-2. doi:
10.4103/idoj.IDOJ_163_21

Gil F, Cardoso JC, Gil J. Successful Treatment of Acquired Perforating
Dermatosis with Colchicine. Indian Dermatol Online J. 2021;12(2):355-
6. doi: 10.4103/idoj.IDOJ_504_20

Ye B, Cao 'Y, Liu Y. Successful treatment of acquired reactive perforating
collagenosis with itraconazole. Eur J Med Res. 2021;26(1):74. doi:
10.1186/s40001-021-00542-6

Gori N, De Luca E, Chiricozzi A, Sfregola S, Di Stefani A, Peris K.
Successful Use of Dupilumab in the Treatment of Acquired Perforating
Dermatosis Associated with Atopic Dermatitis. Case Rep Dermatol Med.
2024;2024:6265608. doi: 10.1155/2024/6265608

Alsebayel MM, Alzaid T, Alobaida SA. Dupilumab in acquired perforating
dermatosis: A potential new treatment. JAAD Case Rep. 2022;28:34-36.
doi: 10.1016/j.jdcr.2022.08.013

Pathologia. Volume 22. No. 2, May - August 2025


https://pat.zsmu.edu.ua/
mailto:lilgrdkn%40gmail.com?subject=
https://www.ncbi.nlm.nih.gov/books/NBK539715/
https://www.ncbi.nlm.nih.gov/books/NBK539715/
https://doi.org/10.1016/j.nefroe.2024.03.006
https://doi.org/10.1111/srt.13416
https://doi.org/10.3390/medicina61010036
https://doi.org/10.1111/ijd.14760
https://doi.org/10.1111/1346-8138.15647
https://doi.org/10.1111/1346-8138.15647
https://doi.org/10.1111/jdv.14220
https://doi.org/10.3892/etm.2020.8651
https://doi.org/10.5826/dpc.1402a100
https://doi.org/10.3389/fimmu.2023.1240262
https://doi.org/10.3389/fimmu.2023.1240262
https://doi.org/10.1016/j.jdcr.2016.10.004
https://doi.org/10.25259/IJDVL_834_2023
https://doi.org/10.1159/000530756
https://doi.org/10.5114/ada.2024.142575
https://doi.org/10.1111/jdv.19137
https://doi.org/10.5114/dr.2024.144652
https://doi.org/10.5114/dr.2024.144652
https://doi.org/10.1111/ced.14699
https://doi.org/10.1097/DAD.0000000000002026
https://doi.org/10.1111/cup.14728
https://doi.org/10.1111/ajd.13712
https://doi.org/10.1111/jdv.18904
https://doi.org/10.4103/idoj.IDOJ_163_21
https://doi.org/10.4103/idoj.IDOJ_504_20
https://doi.org/10.1186/s40001-021-00542-6
https://doi.org/10.1155/2024/6265608
https://doi.org/10.1016/j.jdcr.2022.08.013

	Патологія. Том 22. № 2 (64), травень – серпень 2025 р.
	Головний редактор 
	Заступник головного редактора 
	Відповідальний секретар
	Редакційна колегія
	Адреса редакції та видавця

	Pathologia. Volume 22, No. 2, May – August 2025
	Editor-in-Chief 
	Deputy Editor-in-Chief 
	Executive secretary 
	Editorial Board
	Editorial office

	Зміст
	Contents
	85-92
	Усенко К. О., Риков С. О., Дядик О. О., Тихомиров А. О., Зябліцев С. В. [Експресія ангіотензинперетворювального ензиму-2 (АСЕ2) при експериментальній діабетичній ретинопатії та вплив на неї блокади клітинних протеїнкіназ]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author

	References
	Рисунки
	Рис. 1. Співвідношення рівня ACE2 110 / актин, ACE2 >110 / актин у тканині сітківки інтактних тварин (Інт), через 7 і 21 добу, 2 і 3 місяці. Конт: неліковані тварини; Інс: введення інсуліну; Сор: введення сорафенібу; Інс + Сор: введення інсуліну з сорафенібом. А: репрезентативні блотограми АСЕ2 та актину; Б: результати денситометричного аналізу блотограм (співвідношення і
	Рис. 2. Мікропрепарат сітківки інтактного щура (а), та у контрольній групі на 7 (б), 21 (в) доби та через 3 місяці (г). Репрезентативні результати імуногістохімічного дослідження АСЕ2; дозабарвлення гематоксиліном; ×400; білі стрілки: імунопозитивно забарвлені елементи судин сітківки.
	Рис. 3. Мікропрепарат сітківки щурів через 3 місяці на фоні лікування інсуліном і сорафенібом. Репрезентативні результати імуногістохімічного дослідження АСЕ2; дозабарвлення гематоксиліном; а: ×200, б: ×400.



	93-99
	Ісаченко М. І., Колесник Ю. М. [Оцінювання змін показників вуглеводного обміну щурів з експериментальним цукровим діабетом різного ґенезу на фоні введення L-аргініну та N-ацетил-L-цистеїну]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author
	References
	Таблиці
	Таблиця 1. Кореляційний аналіз зв’язків параметрів вуглеводного обміну (кореляція Пірсона, r)

	Рисунки
	Рис. 1. Дизайн експерименту.
	Рис. 2. Показники вуглеводного обміну щурів експериментальних груп (M ± m).



	100-110
	Диба М. Б., Задорожна Т. Д., Березенко В. С. [Морфологічні особливості ураження внутрішньопечінкових жовчних шляхів у дітей з аутоімунними захворюваннями печінки]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author

	References
	Таблиці
	Таблиця 1. Клініко-лабораторна характеристика дітей із АІГ, ПСХ та АСХ
	Таблиця 2. Гістологічна характеристика біліарного ураження у дітей з аутоімунними захворюваннями печінки (за класифікацією Nakanuma)

	Рисунки
	Рис. 1. Дуктопенія у дитини з АСХ з ураженням великих і дрібних жовчних проток. Стадія фіброзу печінки – F2–3 за Metavir.
	Рис. 2. A: Перидуктальний фіброз жовчної протоки за типом «цибулинної шкірки» (onion-skin) у дитини віком 10 років з АСХ і ураженням малих жовчних проток. Стадія фіброзу F2 за Metavir. Забарвлення пікрофуксином, зб. ×200. B: Фіброзно-облітеруючий рубець жовчної протоки у дитини віком 5 років із ПСХ. Стадія фіброзу F1–2 за Metavir. Забарвлення гематоксиліном та еозином, зб
	Рис. 3. Біліарний інтерфейс у дитини віком 14 років з АСХ та ураженням малих жовчних проток, стадія фіброзу печінки F4–F4 Metavir. Гепатоцити поблизу портального тракту набряклі, блідо забарвлені, місцями з поодинокими тільцями Mallory. Портальний тракт розширений, зі щільним лімфоплазмоцитарним інфільтратом; визначено виражений інтерфейс-гепатит. Епітелій жовчної протоки
	Рис. 4. Мукобілія у пацієнта віком 17 років з АСХ, стадія фіброзу F3–F4 за Metavir. Забарвлення PAS, зб. ×400.



	111-118-en
	Riabokon O. V., Venytska H. V., Riabokon Yu. Yu. [Dynamics of TGF-1β and MMP-9 content in the serum of patients with chronic hepatitis C infected with HCV GT1 on the background of antiviral treatment depending on the severity of liver fibrosis]
	Article info
	UDC
	DOI
	Key words

	Introduction

	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Prospects for further research
	Ethical approval
	Funding
	Conflicts of interest
	Information about authors
	Corresponding author
	References
	Tables
	Table 1. Dynamics of TGF-1β and MMP-9 content in blood serum and TGF-1β / MMP-9 ratio in patients with CHC GT1 in the dynamics of AVT, Me [Q25; Q75]
	Table 2. Dynamics of TGF-1β, MMP-9 content in blood serum and TGF-1β / MMP-9 ratio in CHC patients with GT1 in the dynamics of AVT depending on the stage of liver fibrosis, Me [Q25; Q75]

	Figures
	Fig. 1. Frequency of HCV-RNA detection in the blood of patients with CHC GT1 on the background of AVT according to the OBV / PTV / r+DSV±RBV regimen depending on the severity of liver fibrosis.
	Fig. 2. The frequency of increased serum ALT activity in patients with CHC GT1 depending on the degree of liver fibrosis in the dynamics of AVT. 1: the difference is significant compared to F 0–2 (p < 0.05); 2: compared to patients in the corresponding group before AVT (p < 0.001).



	119-126
	Волос Л. І., Столяр Г. Л. [Патоморфологічні зміни головного мозку при коронавірусній хворобі 2019 (COVID-19)]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author
	References
	Рисунки
	Рис. 1. Легенева тканина при коронавірусній хворобі: поєднання ексудативних та проліферативних змін. Забарвлення гематоксиліном та еозином (a, b, c), забарвлення фібрину методом MSB у модифікації Зербіно–Лукасевич «оранжевий – червоний – голубий. a: гіалінові мембрани, інфільтровані макрофагами та фібробластами, ×100; b: грануляційна тканина в інтерстиції, ×200; с: у прос
	Рис. 2. Тканина головного мозку при COVID-19, забарвлення гематоксиліном та еозином. a: периваскулярний і перицелюлярний набряк, еозинофільна дегенерація нейронів (червоні нейрони), ×200; b: гостре гіпоксично-ішемічне пошкодження мозочка з дистрофією та частковою втратою клітин Пуркіньє, ×200.
	Рис. 3. Тканина головного мозку при COVID-19, забарвлення за Нісслем, ×1000 (імерсія). a: дегенерація нейронів із деформацією тіла, вкороченням відростків та осередковим тигролізом; b: двоядерний нейрон кори головного мозку з фокальним тигролізом; c: активація мікроглії з формуванням вузлика довкола нейрона, що дегенерує.
	Рис. 4. Тканина головного мозку. Репрезентативні результати ІГХ для CD68 (a, b), CD3 (c), GFAP (d). a: активовані мікрогліальні клітини в корі, ×200; b: активовані мікрогліальні клітини у білій речовині і периваскулярних просторах (CD68, клон Ab-4, Thermo Scientific), ×400; c: інфільтрація Т-лімфоцитами (CD3, клон SP7, Thermo Scientific) периваскулярних просторів, ×400; d



	127-133-en
	Kravchenko V. I., Zakharchenko T. F., Rakov O. V., Ivaskiva K. Yu., Kovzun O. I. [Content of micro- and macroelements in patients with autoimmune thyroiditis and subclinical hypothyroidism]
	Article info
	UDC
	DOI
	Key words

	Introduction

	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Prospects for further research
	Funding
	Conflict of interest
	Corresponding author
	Information about the authors
	References
	Tables
	Table 1. Anthropometric and thyroid parameters in patients in the control group and in the group with autoimmune thyroiditis and subclinical hypothyroidism
	Table 2. Content of micro- and macroelements in the blood serum of patients in the control group and the group with autoimmune thyroiditis and subclinical hypothyroidism
	Table 3. Correlation coefficients of the content of micro- and macroelements, indicators of thyroid status in the groups of examined
	Table 4. Calculation of Odds ratio of progression of autoimmune thyroiditis or overt hypothyroidism with reduced content of micro- and macroelements



	134-140
	Запольський М. Е., Святенко Т. В., Чабан Т. В., Запольська Д. М., Тимофєєва Л. М. [Аналіз клінічних і морфологічних особливостей поширених форм пустульозного псоріазу]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author
	References
	Таблиці
	Таблиця 1. Розподіл пацієнтів із поширеними формами пустульозного псоріазу за статтю та тривалістю захворювання (n = 23)
	Таблиця 2. Розподіл хворих із різною інтенсивністю еритеми за статтю, середньою швидкістю регресу та середньою частотою рецидивів, M ± m

	Рисунки
	Рис. 1. Генералізований пустульозний псоріаз, помірна інтенсивність фонової еритеми (1–2 бали).
	Рис. 2. Генералізований пустульозний псоріаз, середня інтенсивність фонової еритеми (3 бали).
	Рис. 3. Генералізований пустульозний псоріаз, інтенсивна фонова еритема (4–5 балів).
	Рис. 4. ГПП, осередок із помірною еритемою, забарвлення гематоксиліном та еозином. а: ×40; б: ×100.
	Рис. 5. ГПП, середня інтенсивність еритеми. Забарвлення гематоксиліном та еозином, ×100.
	Рис. 6. ГПП, інтенсивна еритема, забарвлення гематоксиліном та еозином. а: ×40; б: ×100.



	141-147
	Косінов О. С., Міщенко О. М. [Визначення структурного складу біоптатів із зони аугментації верхньощелепних синусів за допомогою матеріалу Нанографт (NanoGraft)]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Обговорення 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author
	References
	Рисунки
	Рис. 1. Структурний склад біоптатів із зони аугментації синусів.
	Рис. 2. Інтра- та екстратрабекулярне розташування залишків Нанографту. 
	Рис. 3. Варіабельність будови кісткових трабекул у біоптаті з зони аугментації синусу. 
	. Рис. 4. Фрагменти кісткових трабекул, сформованих пластинчастою кістковою тканиною.



	148-158-en
	Ward C. G. [mtDNA copy number: molecular diagnostics and mitochondrial-nuclear crosstalk in frailty and ageing]
	Article info
	UDC
	DOI
	Key words

	Introduction

	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Funding
	Conflicts of interest
	Information about the author
	Corresponding author
	References
	Figures
	Fig. 1. Mitochondrial dynamics, showing fusion-fission apparatus of mitochondria (created in ).
	Fig. 2. The effect of ageing on nuclear regulation of mitochondrial energy homeostasis.

	Tables
	Table 1. Clinical trials relevant to the quantitative study of mtDNA, the effects on ageing and mitochondrial diseases (from , National Library of Medicine, Bethesda, MD USA)



	159-167
	Михайловська Н. С., Стецюк І. О., Мануйлов С. М., Михайловський Я. М., Лісова О. О., Шершньова О. В. [Остеопороз у жінок у постменопаузі: патогенетичні взаємозв’язки з ішемічною хворобою серця та ожирінням (огляд літератури)]
	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Вступ

	Мета роботи 
	Матеріали і методи дослідження 
	Результати 
	Висновки 
	Перспективи подальших досліджень
	Фінансування
	Конфлікт інтересів
	Відомості про авторів
	Corresponding author
	References
	Таблиці
	Таблиця 1. Основні спільні фактори ризику розвитку остеопорозу та ІХС 
	Таблиця 2. Класифікація ожиріння за ІМТ і залежність ризику розвитку хвороб від обводу талії

	Рисунки
	Рис. 1. Біологічно активні речовини, що продукуються адипоцитами.



	168-174-en
	Vizir V. A., Makurina H. I., Demidenko O. V., Horodokina L. O. [Interdisciplinary approach to the management of patients with perforating dermatosis (clinical case)]
	Article info
	UDC
	DOI
	Key words

	Introduction

	Aim 
	Materials and methods 
	Clinical case 
	Discussion 
	Conclusions 
	Funding
	Conflicts of interest
	Information about the authors
	Corresponding author
	References
	Figures
	Fig. 1. Dermatosis manifestations observed during the baseline clinical assessment before initiating treatment.
	Fig. 2. Morphological features of acquired perforating dermatosis, H & E, Mag.: ×50.
	Fig. 3. Clinical manifestations of dermatosis one week after the start of topical therapy.






