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Merta po6oTu - BM3Ha4NTV 0COBNMBOCTI BNMBY LIMTUKOMIHY, TioLeTamy Ta chaktopa Tennosoro woky (HSF-1) Ha
CTaH cuctemn okemay asoty (L-apriiny, HiTpuTiB, HiTpoTMpO3NHY, BMICTY INOS i NNOS) y 6asansHomy marHo-
LientonsapHoOMy AP FONOBHOMO MO3KY LLYPIB NPY KONXILWMH-IHAYKOBaHIN HENPOAECTPYKLI.

Martepianu i metoau. ExcnepumeHT npoBeneHo Ha 50 camusx wwypis nikii Wistar (5 rpyn), y sikux Heipoge-
reHepaLjto MogenoBany iHTpaLepebpOBEHTPUKYNSPHUM BBELEHHAM KOMXILMHY 3 HACTYMHOW 14-A€HHO0
thapmaKonoriyHolo KopekLieto LuTukoniHom, Tiouetamom Ta HSF-1. CtaH cuctemm NO ouiHioBanm 3a piBHEM
L-apriHiHy, NOX, HiTpoTUpO3MHy Ta iMmyHodnyopecLeHTHUMK napameTpamu (CTCF, winbhicts) iNOS i nNOS y
GasanbHOMY MarHoLentonsipHomy siapi 3a gonomoroto Imaged. CratucTnyHnin aHanis nepenbayas BUKOPUCTAHHS
NapameTPUYHKNX i HEMAPaMETPUYHINX METOZIB Ta iHTErpanbHe OLHIOBAHHS aHUX METOAOM aHanisy ronoBHNX
kommoHeHT (PCA).

Pesyabtatn. BeegeHHs KonxiuuHy (rpyna 2) npuaseno A0 BUPAXEHOr0 HITPO3aTUBHOMO CTPECY: 3HIMKEHHS! PIBHS
L-apriHiHy Ha 58,1 % Ha doHi baraTokpaTHOro niaBuiLeHHs koHueHTpavint NOX, HITpOTMpO3NHY Ta iHTEHCMB-
HocTi conyopecueHuii INOS. 3actocyBaHHs HelponpoTekTopiB (rpynu 3-5) 3abeaneynno BigHOBNEHHS BMICTY
L-apriHiHy (HanbinbLu cyTTEBO — Npy BBeAeHHi HSF-1) Ta 3HUKEHHS MapKepiB OKCUAATUBHOTO YLIKOMKEHHS 10
3HayeHb, HabnvKeHnx O KOHTPOMK0. IMyHoricToXiMiYHO 3adpikcoBaHo pepykuito ekcripecii INOS Ta 3pocTaHHs
winbHocTi NNOS-N03UTUBHUX HEMPOHIB Y rpynax KopekLii, Npy LboMy TioLeTam MaB HalHmk4y eheKTVBHICTb
wozo BigHoeneHHs nonynauii NANOS*-kniTuH. IHTerpansHuin aHania PCA nigTeepauBs YiTKy Knactepumsaliio rpyn
He/pOonpOTEKLIi, A€ BiAHOBMIEHHS CUCTEMM OKCUAY a30Ty BiaOyBanocs nepeBaxHO BHACMAOK cTabinisallii kinb-
KOCTi HEMPOHIB, @ HE 3MiHW aKTUBHOCTi (PEPMEHTIB B OKPEMUX KIITUHAX.

BucHoBku. BcTaHOBMEHO, LU0 KONXIiLWH-IHAYKOBaHa HelpoaereHepaLlis CynpoBOMXKYETbCS 3HAYHUM AedilnToMm
L-apriHiHy Ta aKTuBaLi€to HITPO3ATUBHOIO CTPECY, NP LibOMY MOBHOT HOpManiaai piBHS cy6CTpaTy [OCATHYTO
nuLLE NPy 3acTocyBaHHi LuTukoniHy abo HSF-1. PanHs 14-geHHa HeponpoTekLyis BCiMa oChimKeHMMm npenapa-
Tamu 3abesneyye noBHy ctabinisauito smicty NOX, HiTpoTMPO3uHy Ta 3anobirae natonorivHin rinepekcnpecii iNOS
Yy HeiipoHax Ba3anbHOro MarHoLentonspHoro sapa. MNokasHuk iHTeHcuBHOCTi dnyopeceHLii NNOS 3anuwascs
cTabinbHO HN3LKUM HE3anexHo Bif Tepanii, a 0Txe JOoCMimKeHi 320U He MOLEntoBany BHYTPILLHLOKNITUHHY
aKTVBHICTb (hEPMEHTY B OKpEMUX HelpoHax. BusHavyanbHUM MexaHi3MoM HenponpoTekLii € 36epexeHHs no-
nynauii NNOS-no3nTUBHUX KNiTWH, Ae 3actocyBaHH HSF-1 3yMOBNIOE yHikanbHUt €heKT 3pOCTaHHS iXHBOI
LWiNbHOCTI HaBiTb NOHAA PiBEHb IHTAKTHOTO KOHTPOIIO.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 3(70). C. 159-167

Evaluation of the nitric oxide system state in the basal magnocellular nucleus
of rat brain following early neuroprotection after intracerebroventricular
administration of colchicine

M. V. Danukalo, D. L. Usenko, A. H. Kaplaushenko, Yu. M. Kolesnyk

Aim. To determine the specific effects of citicoline, thiocetam, and heat shock factor-1 (HSF-1) on the nitric oxide
system (L-arginine, nitrites, nitrotyrosine, iNOS, and nNOS content) in the basal magnocellular nucleus (BMN)
of the rat brain under conditions of colchicine-induced neurodestruction.

Materials and methods. The experiment was conducted on 50 male Wistar rats (5 groups). Neurodegeneration
was modeled by intracerebroventricular administration of colchicine, followed by a 14-day pharmacological
correction with citicoline, thiocetam, and HSF-1. The state of the NO system was assessed by L-arginine levels,
NOx, nitrotyrosine, and immunofluorescence parameters (CTCF, density) of INOS and nNOS in the BMN using
ImageJ software. Statistical analysis included parametric and non-parametric methods, along with an integral
data assessment via principal component analysis (PCA).
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Results. Colchicine administration (Group 2) led to pronounced nitrosative stress: a 58.1 % decrease in
L-arginine levels against a background of a multiple increase in NOX, nitrotyrosine concentrations, and iNOS
fluorescence intensity. The use of neuroprotectors (Groups 3-5) ensured the restoration of L-arginine content
(most significantly with HSF-1 administration) and a reduction in markers of oxidative damage to values close to
control levels. Immunohistochemically, a reduction in iNOS expression and an increase in nNOS-positive neuron
density were observed in the treatment groups, with thiocetam demonstrating the lowest efficacy in restoring the
nNOS+ cell population. PCA confirmed clear clustering of the neuroprotection groups, where restoration of the
nitric oxide system occurred primarily through the stabilization of neuron count rather than changes in enzyme
activity within individual cells.

Conclusions. It was established that colchicine-induced neurodegeneration is accompanied by profound L-argi-
nine deficiency and nitrosative stress activation, while complete normalization of the substrate level is achieved
only with the use of citicoline or HSF-1. Early 14-day neuroprotection with all studied drugs ensures complete
stabilization of NOx and nitrotyrosine levels and prevents pathological INOS overexpression in BMN neurons. The
nNOS fluorescence intensity remains consistently low regardless of therapy, indicating that these agents do not
affect the intracellular activity of the enzyme in individual neurons. The decisive mechanism of neuroprotection
is the preservation of the nNOS-positive cell population density, where the use of HSF-1 results in a unique
effect of increasing their density even beyond the intact control level.

Modern medical technology. 2026;18(3):159-167

Okeng asoty (nitric oxide, NO) — yHikanbHa rasonogi6Ha
MOnekyrna-MeceHmxep, Lo CUHTe3yeTbes B pesynbTari dep-
MEHTATMBHOI aKTUBHOCTI i30¢popM cHTa3n okcuay asoty (NOS)
| BUKOHYE LLIMPOKMIA CIEKTP PerynaTopHUX GoyHKLIN y pisHUX opra-
Hax i TkaHuHax [1]. Mpotsarom Tpueanoro yacy NO 3anumiiaeTbest
00’eKTOM IHTEHCMBHUX JOCTIiIKEHb Y rany3i HeipoHayK, OCKinbku
(pyHAAMEHTaNbHI 3MiHW B CUCTEMI 110r0 NpoayKLii 3achikcoBaHi
NPy HW3Li HeMpoaereHepaTMBHNX 3aXBOPIOBaHb | KOPENIOT 3i
CTyneHeM BTpaTU HEWpPOHIB (30kpeMa xBopobu Anblireimepa
Ta lNapKiHCOHa), FOCTPMX MOPYLLEHHSIX MO3KOBOTO KpoBOOGIry Ta
HelpoTpaemax [2,3,4,5].

Y natodpisionoriuHomy koHTekcTi NO TpaauLiHo Bu3Havyanm
K ECTPYKTUBHUIA YMHHWK, LLO CMIPUYMHSAE HEMPOHAIbHE YLLKO-
[DKEHHS BHACMIZOK PO3BUTKY HerMposananeHHsl, HiTpo3aTuBHOMO
CTpecy Ta akTuBaLlii kackaaiB HenpoanonTody. Buxoasuv 3a Mexi
KOHTPOIbOBAHOIO CUHTE3Y, Lisi CNOMyKa MOXe NpsiIMO Yu onoce-
PELKOBAHO CMIPUYUHATI OKCUAATUBHE NOLUKOMKEHHS KIITUHN [2].

BogHouac HakonuyeHi AaHi ceigyath Npo HEMpPONpOTEKTOP-
Hy ponb MogynsTopis cuctemmn NO [6]. 3rigHo 3 pesynsratamm
yncneHHux gocnimkeHb, NO — KIo4YOBUIA MECEHIKEP Ha Pi3HUX
eranax (hyHKLOHyBaHHS MO3KY Bifi eMOpIOHaNbHOTO PO3BUTKY
[0 NPOLIECIB HABYAHHS, 3aTy4YeHU 0 MeXaHiaMiB CUHAMTUYHOT
naacTUYHOCTI Ta TpyBarnoi noteHuiauii (long-term potentiation,
LTP). Came BoHa € hyHAAMEHTaNbHUM MPOLIECOM, L0 3a6e3-
MEeYye MOCUIEHHS CUHANTUYHKX 3B'A3KIB | NIEXNUTb B OCHOBI
(hopMyBaHHS LOBroTpUBanol nam’ati [7].

OTxe, cyyacHa napagurMa BKasye Ha NoaBiHWIA (HYCO-
nogibHni) xapaktep aii NO: 3 ogHoro Boky, BiH € MefiaTopom
HEMPOTOKCMYHOCTI Ta AereHepalLyii, Lo NpOrpecye, a 3 iHLWoro, — €
HeobXigHUM (i3ioNOriYHMM areHTOM AJ1St BUXMBAHHS Ta (DyHK-
LLIOHYBaHHS! HEMPOHIB, 30KPEMA i CTPYKTYP FONIOBHOTO MO3KY, LUO
BiANOBiOatoThb 3a KOrHITUBHI 34iOHOCTI.

BignoBigHO, BMBYEHHS1 3aKOHOMIPHOCTEN 3MiH Y CUCTEMI
NO Ha hoHi yparkeHHs! HEVPOHIB Y CTPYKTYpaXx, MoB'S3aHuX i3
hopMyBaHHS MaM’sTi Ta KOTHITUBHUMI (PYHKLISIMU, € KPUTUYHO
BAXITMBUM [1151 PO3YMiHHSI MEXi MiX 10ro disionoriyHo (Hen-
POMPOTEKTOPHOK) Ta NATONOMYHOK (HEpOoLereHepaTBHOK)
JiaMu. 30Kpema, 3HaYHWA HAYKOBUI iHTepeC BUKMUKaKTb XO-

niHepriyHi LIEHTpW ronoBHOro Mo3ky, nepeaycim 6asanbHe marHo-
uentonsipHe sapo (BMA). Ockinbkn BMA € ronosHuM gxepenom
aLETUXOMiHY Anst HEOKOPTEKCY, MOro AereHepaLito B1U3Ha4aTb
K (yHOaMeHTanbHY NaHKy PO3BUTKY KOrHITUBHOIO AediLinTy, LLO
MOYMHAETLCA LU Ha AOKMIHIYHOMY eTani AeMeHLi [8].

[1ns BiLTBOPEHHS TaKMX NaTOMOrYHUX CTaHIB PENEBAHTHOKO
€ KONXiLyHOBa MOLeNb HEMpoJecTpyKLii. IHTpauepebpoBeH-
TpukynspHe (IL|B) BBeAeHHs LbOro ankanoigy Aae 3Mory Big-
TBOPUTM KOMMNEKC MPOLIECIB, XapaKTEPHUX ANs CNOpPagnuyHoI
JeMeHLil anbLreiMepiBCbLKOro TUMY, BKIIOYAKUW NOPYLLIEHHS
aKCOHaIbHOTO TPAHCMOPTY, OKCUAATVUBHUN | HITPO3aTHBHIN CTPEC,
Helpo3anarneHHs Ta MacuBHy 3arubenb HelipoHis BMA [9,10].

OTxe, BPaxoByt4M MymnbTUAKTOPHUIA MexaHi3M 3arnbeni
HEMpPOHIB, a TaKOX BTOPUHHWI XapaKTep 3aryyYeHoCTi cucTemu
NO npu KonxiuWH-iHAYKOBaHOMY MOLLUKOMKEHHI akCOHanbHOro
TPAHCMOPTY, BXIMBMM € KOMMNIEKCHe JOCMimQKeHHs ii KOMMo-
HeHTiB (L-apriHiHy, HITPWTIB, HITPOTUPO3MHY Ta eKCNPeCi Takux
iochopm, sk iINOS i nNOS) y BMA Ha dhoHi natoreHeTU4HO
0BrpyHTOBaHOI KOpEKLi.

Takunii nigxig Aae MOXNMBICTb OUIHUTY HanpasreHiCTb
cuctemu NO B Gik HEMpONPOTEKTUBHOTO ab0 HEMPOAECTPYKTHB-
HOTO LLAIAXY | NPK LbOMY BCTAHOBWTW 0COBNMBOCTI Nepebyaosy
GanaHcy Mix CknagoBMMM, LLO OMMUCYBATUMYTL BEKTOP il Aii.
BcTaHoBneHi aaHi 4agyTb 3MOry pO3LIMPUTU YSBIIEHHS MPO
cneundiky 3anyyerocti cuctemu NO Ha ¢hoHi paHHBOro BNAWBY
HeMpONPOTEKTUBHUMM 3ac0baMm Ha Pi3Hi NNaHK1 NaToreHe3y pos-
BUTKY KOMIXLWH-IHAYKOBaHOTO ypaxeHHs HeviporiB BMSA, 3okpema
OKCUOATVBHUIA CTPEC, NOPYLLEHHS NPOTEOCTa3y Ta CUHANTOreHe3y
3 CyMyTHIM PO3BMTKOM Helpo3ananeHHst Ta HepoanonToay.

Merta pobotu

BusHaumtit 0coBnMBOCTI BNAMBY LIMTUKOMIHY, TioueTamy
Ta (hakTopa TEMnoBOro LOKY Ha CTaH CUCTEMM OKCWOY as3oTy
(L-apriHiHy, HiTpuTiB, HiTpOTMpO3NHY, BMicTY INOS Ta nNOS) y
6asanbHOMy MarHOLEMoNApHOMY SApi FONOBHOO MO3KY LLypIB
MpW KONXiLMH-iHOYKOBaHI HerpoaecTpyKuii.
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Marepiaaun i meToAU AOCAIAKEHHSA

EkcnepumenTanbHi rpynu cdopmoBaHi 3 50 cTateBo3pinmx
camuis LLypiB ninii Wistar Bikom 10-11 micsiuis. TBapuH yTpumy-
Banu y BiBapii Har4anbHO-HaykoBOro Meamko-naboparopHoro
LleHTpy 3anopisbkoro AepXaBHOMO MeayKo-hapMaLeBTUYHOIO
YHIBEPCUTETY 3 BiflbHIM JOCTYMOM 10 BOAM Ta KOpMY.

Yci iHBa3uBHi Ta BonicHi BTpy4YaHHs Ha TBapyHaX NPOBOLAMIH
i3 YiTKUM OOTPUMAHHSIM MPUHLMNIB BIOETUKM, 3aKPINNEHUX Y
«3aranbHUX eTUYHNX NMPUHLMNAX NPOBEAEHHS EKCNEPUMEHTIB
Ha TBapuHax» (YkpaiHa, 2001), a Takox Oupektusi 2010/63/€C
€Bponericbkoro napnameHTy Ta Paay Wogo 3axucty XpebeTHnx
TBapWH, SiKi BUKOPUCTOBYKOTLCS Y HaykoBUMX Linsx. Komicis 3
nuTaHb 6ioeTnkn 3anopisbkoro AepKaBHOrO MeauKo-ghapma-
LieBTUYHOTO YHiBepcuTeTy (npotokon Big 20.05.2026 poky Ne 8)
pO3rnsiHyna Matepianu, HaBedeHi y CTatTi, Ta NiaTRepaAuna Big-
MOBIAHICTb METOAOMNOrT EKCIEPUMEHTY BCIM YMHHUM BUMOraM,
LLIO 3a[eKMapOoBaHi B MiXKHapOZHMX Ta HaLjoHanbHNX BOKYMEHTaxX
LLIOJ0 ETUYHOTO BUKOPUCTAHHS TBAPWH Y HAYKOBX AOCTMKEHHSIX
(European Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes, ETS No.
123; Directive 2010/63/EU; 3akoH Ykpainu «[1po 3axvcT TBapuH
Bif] )XOPCTOKOIO MOBOMKEHHSN ).

[o koxHoi 3i chopmoBaHux rpyn Bxoguno no 10 TBapuH:

—rpyna 1 (xubHoonepoBsaHi, HeraTMBHUIA KOHTPOITb) — LLYPK,
SKUM Nig 3aranbHUM 3HEBOMIOBaHHAM BUKOHYBanM BCi €Tanm
XipypriyHOro BTpYYaHHs, ifeHTUYHI eKCnepuMEHTanbHUM rpynam
(dhikcauis B cTepeoTaKkCUYHIN cucTeMi, TpenaHauis), 3 nogans-
wum ILIB BBeaeHHam 3 mkn 0,9 % posunHy NaCl;

—rpyna 2 (IL|B BBeOEHHS KOMXiLMHY, MO3UTUBHMIA KOHTPOIb)
— TBapuWHW, SKUM BUKOHYBanw IL|B BBeaeHHS pO34MHY KOMXIiLMHY
(15 mkry 3 mkn 0,9 % NaCl) ana MogenioBaHHs HelpogereHe-
PaTMBHWX 3MiH;

- rpyna 3 (ILiB BBeaeHHS KONXIiLMHY + LMTUKOMIH) — LLypK 3
IL|B BBEOEHHSAM KOMXILIMHY, KM, MOYMHAKOYM 3 HACTYNHOI 106K
nicnsa onepauii, npotarom 14 Ai6 BBOAMAM LMTUKOMIH y [03i
500 Mr/Kr BHYTpiLLIHEO04EPEBUHHO;

- rpyna 4 (IL|B BBegeHHs KONXiLmHy + TioLeTam) — TBapUHH
nicns LB BBEAEHHS KONXILMHY, SKUM Y nicnsionepawinHomy ne-
piogi npotsirom 14 Oi6 NpoBoaUnM KOpeKL;to TioLEeTaMoM Y A03i
250 Mr/Kr BHYTPILLIHBO04EPEBUHHO;

—rpyna 5 (IL|B BBeaeHHs konxiumHy + ¢hakTop TEMNoBOro
woky (heat shock factor-1, HSF-1)) — wypwm nicns ILIB BBegeHHs
KonxiuuHy, skum npotarom 14 gi6 sBBogmnu pekomBiHaHTHUI
HSF-1y £o3i 200 MKN/Kr BHYTPILUIHEO0YEPEBUHHO.

ILIB BBEAEHHS BUKOHYBANM Mig 3aranbHUM 3HEOOMOBaHHSIM
npenapatoMm «Tenason» (TionetamiH, 3onasenam), skuit BBO-
ONNK BHYTPILLHBOOYEepeBUHHO 3 po3paxyHky 0,1 mn Ha 100 r
macu Tina. Y rpynax MoferntoBaHHs natonorii BBOAUMM PO34MH
konxiuwmHy (15 mkr, posumHernin y 3 mkn 0,9 % NaCl, nigirpitui
10 37 °C). KOHTpOMbHUM TBapWHAM BBOAMIM aHaNOr4HNA 06'eM
disionoriyHoro posynHy. KoopanHat BBeAEHHS Bignosiganm
MPOEKLi NaTepanbHNX LLMTYHOYKIB MO3KY, BU3HAYEHI 3a CTepeo-
TakCWYHUM aTiacom MO3Ky Lypa. MaHinynsauii 3aiicHeHo i3
3aCTOCYBaHHSAM LMhpOBOI CTepeoTakcuyHoi yctaHosku World
Precision Instruments (CLLA). MpuaaTHicTb 3acTOCOBAHOI MO-
Jeni HeMpodeCTPyKLIi nokasaHa panilLe, Ti ouiHioBanm Yepes 14

[JHIB Micnsi onepaT1BHOTO BTPYYaHHS 32 3HKEHHSIM NOKA3HUKIB
MPOCTOPOBOI NMaM'sATi B EKCMEPUMEHTarbHMX Wypis [11].

BignogigHo fo HaBeeHUX MexaHi3miB KOMXiLuH-iHayKOBaHOI
HeMpoHarnbHoi 3arvbeni gocnigpkeHo Taki 3acobm Ans Heponpo-
TEKLT, K LIMTUKOMIH, LLIO CNPUSIE CUHTE3Y aLleTUIXOriHy Ta nokpa-
LLIyE CUHAMTWUYHY TPAHCMICIto, TIOLIETaM — areHT, Lo BNivBae Ha
OKCMAATUBHUIA CTPEC, Ta pekoMBiHaHTHWA HSF-1 — ctumynsTop
YTBOPEHHSI BXIMBIX LLANepoHiB — Ginkie Tennosoro woky (HSP),
TUM CaMWUM NOKPALLLYKOUM NPOTEOCTa3 Y NMOLUKOMKEHNX HENPOHAX
[12,13,14,15].

MoymnHatoum 3 nepLuoi foow nicns IL|B BTpyyaHHs, TRapuHam
rpyn kopekuii (3-5) LoaeHHo NpoTsarom 14 gHIB BHYTPILUHbOOYE-
PEBUHHO BBOAWMM NpenapaTi 3 HEMPONPOTEKTOPHOIO aKTUBHICTHO:
untukonin — 500 wmr/kr (Ferrer Internacional, Icnanis); Tiouetam
(nipaveTam : TioTpiasoniH = 1:4) — 250 mr/kr («ApTepiym», Ykpa-
iHa); HSF-1 (recombinant) — 200 mkn/kr (Sigma-Aldrich, CLUA).

Ha 15 poby nicns IL|B BBeAeHHS hi3ionoriyHOro po3dmnHy
abo konxiuwHy (rpynn 1 Ta 2) Ta 3 KOpeKLiet npenapatamm (3
BBEEHHAM KONXILWHY — rpyni 3—5) LypiB BUBOAWUIN 3 ekcriepu-
MEHTY LUMISIXOM AekaniTauii nig aHecTesieto TioneHTanom HaTpito
(120 mr/kr, BHyTPILLHEO04EPEBMHHO). HerainHo nicns Liboro ronos-
HW MO30K BUSTyYanu, cpikcysanu y po3unHi byeHa 3 noganbwmm
3HEBOLHEHHAM Ta 3arnvBKOK0 Y Napannact. 3 napannactoBux
GroKiB BUrOTOBNSM CEPIlHI MiCTOMNONIYHI 3pi3n MO3KY B MPOEKLi
BM# 3aBToBLIKM 5 MKM 3a gonomoroto Mikpotoma Microm-325
(HimeuumHa). Tonorpadivny igeHTUdiKaLito AocnigKyBaHOI
CTPYKTYpU 34iACHUNM BIBMOBIAHO 4O CTEPEOTaKCUYHOTO atnacy
MO3KY LLypa [16].

Ekcnpecito iHgyumbensHoi isoopmu NOS B HelpoHax
BMA 3gifcHunu 3 BUKOPUCTAHHAM METORY iMyHoyopec-
LIEHTHOI Mikpockonii. MMonepeaHb0 BUrOTOBIEHI FiCTONOrIYHI
3pi3n NOCMIZOBHO NiggaBanu npoueaypam aenapadiHisauii Ta
perigpartauii, nicns Yoro NPOBOAWNM e€Tan LemMackKyBaHHS aH-
TUreHHWX AEeTEPMIHaHT Yy crnevjaniaoBaHoMy Mogyni Harpisy PT
(ThermoScientific, CLLIA) 3 BMkopucTaHHsIM LTpaTHoro ycepa 3
pH 6,0 (ThermoScientific, CLLA). Lle 3abeanevyBano onTrMarnbHi
YMOBM [N151 3B’A3YBaHHS aHTWTIN i3 BiAMOBIAHUMY eniTonamu.

Micns 3aBepLUEHHS NiGroTOBYMX eTaniB Ha 3pi3u HaHOCKUIN
cneumdiyHi Muwadi moHoknoHanbHi aHTuTina npotn INOS abo
nNOS, 6e3nocepeaHb0o KoH'toroeaHi 3 hyopocopom coryopec-
LeiH-isotiouianatom (FITC). IMyHOpeakTuBK 3acTOCOBAHO Y
KOHLIEHTpaLisiX Ta 3a CXeMOH iHKybaLlii, Lo pekoMeHaoBaHi
Bupo6HukoM (Santa Cruz Biotechnology, CLLA) [17].

Bisyanisauito iMyHO(ryopeCLEeHTHOTO CUrHany 3giCHUIM B
ynbTpadioneToBOMY [iana3soHi 3 BUKOPUCTaHHAM CBITNOQinsTpa
38HE Ha gocnigHomy Mikpockoni Axiolmager-M2 («Carl Zeiss»,
HimeuuunHa), popatkoBo 0bnagHaHOMY LycpOBO KaMepor
AxioCam-ERc 5s («Carl Zeiss», HimeuunHa). 3aBasku Lbomy
OTPUMAHO BUCOKOSIKICHI (DOTO3HIMKM [/ HACTYMHOTO aHaniay.

OpnepxaHi Lchposi 306pakeHHs HelipoHiB BMSA onpavtoBanu
KiIbKiCHO, BUKOPUCTABLLIM nporpamHe 3abeaneyeHHs Imaged. Y
HaniBaBTOMATUYHOMY PEXMMI BU3HAYaNW HU3KY napameTpis,
30Kpema:

— CKOPWroBaHy 3aranbHy KniTnHHy coriyopecuieHLito (Corrected
Total Cell Fluorescence, CTCF), koTpy 3acTOCOBYBanu sk Haris-
KifbKICHY XapakTepucTuKy BMICTY iMyHOPEaKTUBHOTO Matepiasny
B MexaXx OKPeMOi KNiTWHW. 3Ha4YeHHs NoKasHWKa HaBEOEHO B
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YMOBHUX 0fuHMLSX iMyHocbnyopecLieHi (Opich) Ta o6umncneHo
3a (popmynoto: CTCF = ID, - (S x ID,), ae ID, - iHTerposaHa
LWiNbHICTb PNyOPECLEHTHOro curHany Bif iMyHOMO3UTUBHOI
KITITVHK, L0 BU3HAYeHa aBTOMAaTUYHO NporpaMH1MK 3acobam,
S — nnowa KNiTWHK, WO Mana cneuudgivHe dryopecLeHTHe
CBITiHHS, ID — iHTErpoBaHa LWinbHICTL dryopecueHLii (oHy,
BU3HAYeHa 3a KMiTMHaMK, L0 He Mank iMyHOPeaKTUBHOCTI;

— LWNBHICTb iIMYHOMO3UTUBHIX KIITUH, KOTPY OBUMCIINIM Sk
KinbKICTb KIITWH, LLO Manu cneumngiuHy dnyopecLeHLito, BigHe-
CEHy [0 OAMHULI NOLL aHani3oBaHoro nonst 3opy. OTpumaHi pe-
3ynbTaTi HAaBEAEHO SIK KITITUHM HA KBaAPATHUIA MIniMETp (Kn/Mm2).,

Hasicky TkaHuHM ronioBHOro Mosky 100 Mr, L0 aHaTOMIYHO
BiAnoBigana po3stawysaHHio bAM, nonepeaHso npoMusanu
i30TOHIYHUM (hi3iONOriYHMM PO3YMHOM, RiCns Yoro nigaasanu
MexaHiuHiln romoreHisauii y OychepHomy cepenosuLi 3 pH 7,4
(caxaposa : Tris-HCI : eTuneHaiamiHTeTpaoLToBa kucnota (EATA)
y cniseigHoLweHHi 250:20:1, Mmonb/n). Yci MaHinynsii BUKOHaHo
3a Temnepatypy +4 °C ans 36epexeHHs GioxiMiuHoi cTabinbHOCTI
LOCNiMKEHNX KOMNOHEHTIB.

MMicns 3aBepLUEHHS NPOLIECY rOMOreHisaLii AN BUAaneHHs
rpyOuX KNITMHHUX eNEMEHTIB | HEAECTPYKTYPOBAHMX TKAHUHHIX
(pparMeHTiB 3MINCHAN NEPBUHHE LIEHTPUMYTYBaHHS B OXONO-
[xeHin (+4 °C) ueHTtpudysi Eppendorf 5804 R (Himeyuuna)
npotsarom 7 xsuavH npu 1000 x g.

OTpumaHni nicna nepLuoro eTany LEeHTPUgYryBaHHs cy-
nepHaTaHT obepexHo Bigbupanu Ta niggasanyt NOBTOPHOMY
LleHTpUGYryBaHHIO B TOMY CaMOMY TeMMepaTypHOMY pexmMi.
[pyrui eTan npoeegeHo Ha LeHTpudysi Sigma 3-30K (Himey-
yuHa) npotsrom 20 xeunuH npu 17 000 x g. lNicns 3aBepLUeHHs
AnbepeHLiioBaHOMo LeHTpUdyryBaHHs HagocagoBy GpakLito
peTenbHO BigokpeMntoBanm Ta 3bepirani 3a Temneparypu -80 °C
[0 HaCTYMHOrO BUKOPUCTaHHS y GIiOXiMIYHMX JOCTIMKEHHSX.

Bwmict cTabinbHux metabonitie okeugy asoty (NOX) y um-
TO30IbHI hpaKLii roMOreHartiB rofloBHOr0O MO3KY BK3HAYEHO
metozom [pica. ONTUYHY TyCTUHY BUMIPSIHO Ha CnekTpodo-
TomeTpi Libra S32 (Biochrom Ltd, CLUA) npu goBxuHi xBuni
540 Hm. KinbkicHe ouiHioBaHHS koHUeHTpaUii NOX 3gilicHeHo Ha
nigcTaBi NiHiNHOT kanibpyBanbHOI Kp1BOi, NOBYA0BaHOI B iHTEPBa-
i KOHLeHTpAaLil HiTpaTy HaTpito Big 0 MKMOIb/N A0 50 MKMObL/1I.
OpepKaHi KOHLEHTPALiNHI 3HAYeHHs AN TKaHWHHKX 3pasKiB
CcroyaTky HaBoAMMM y MKMOMb/M, NiCAs LbOMY pe3ynbraTu ne-
pepaxoByBani y HMob Ha 1 Mr Ginka.

[ns KinbKicHOro OLiHIOBaHHs! 3aranbHoro BMICTY Ginka B Lin-
TONNa3MaTWyHi (hpakLjii roMOreHarTiB royIoBHOMO MO3KY 3aCTOCO-
BaHo GiypeToBy peakLito. ONTUYHY ryCTVHY 3paskiB peecTpyBanm
PV ZOBXMHI XBUNi 546 HM 3 BUKOPUCTaHHSAM CrekTpodoToMeTpa
Libra S32 (Biochrom Ltd, CLLA).

KoHueHTpauito L-apriHiHy y uMTOnnasmaTuyHin dpakuii
rONOBHOMO MO3KYy BU3Hayanu MeTOAOM BUCOKOE(EKTUBHOT
PiVHHOI xpomaTorpadiii 3 Mac-CnekTPOMETPUYHOK AETEKLIER
(BEPX-MC). AHani3 3pjiicHeHo Ha xpomartorpadiyHiii cuctemi
Agilent 1260, ykoMnniekToBaHii 0fHOKBAAPYNONbHAM Mac-Cnek-
TpomeTpom G6120B Single Quad LCMS («Agilent Technologies»,
CiHranyp), Lo obnagHaHui mKepenom ioHisauii Tuny enekTpo-
cnpett (ESI). XpomatorpaciuHe po3aineHHs aHanitis BUKOHaHO
Ha konoHui Zorbax SB-C18 (30 Mm x 4,6 MM, po3mip YacTok —
1,8 MKM) B i30KpaTU4HOMY pexuMi 3a TemnepaTypu TepMocTara

konoxku 40 °C. Pyxoma hasa cknaganacs 3 cymiwli casm A
(Boma 3 gogasanHaM 0,1 % TpudbTopoLTOBOI KKcroTh) Ta hasn b
(aueToHiTpun 30,1 % MypaLLUHOI KUCIIOTK) Y CRiBBIAHOLLEHH] 95:5
(06./06.). LUBnAakicTb noToky cTaHoBmuna 0,4 Mn/xe. [leTekTyBaHHs
3MiNCHEHO 3a JOMOMOrol0 Ai0AHO-MaTpPUYHOMO AeTeKTopa Ha
foexuHi xeuni 200 HM. 3aranbHa TpyBaniCTb OAHOTO aHanisy
CTaHoBWIa 5 XBUMWH, 06’eM iHxekuji — 1 Mkn. Nepen BBEAEHHAM
y XpomatorpadiyHy cuctemy AocnimkeHi 3paskv nigaasanm
inbrpaLii Kpi3b HEMNOHOBI MeMOPaHHi INbTpU 3 fiaMeTpom
nop 0,22 mkm. KinbkicHuit 0GpaxyHOoK KOHLeHTpaLii L-apriHiHy
BWKOHAHO LUMSIXOM 3iCTaBMEHHs OTPUMaHWX CUrHanis 3 kaniopy-
BarbHWM rpacikom, Lo nobyaoBaHuWi 3a pesynbTatamy aHanisy
CTaHOapTHUX 3pa3KiB B iHTAKTHINA NiasMi LWypis.

PiBeHb HITPOTUPO3MHY B CMPOBATLL KPOBi BU3HAYEHO iMYHO-
(PEePMEHTHUM METOAOM 3 BUKOPUCTaHHSM KOMEPLLIHOMO Habopy
Hycult Biotech (Higepnangw) BignoBigHo 4o npoTtokorny BUpob-
Huka. ONTUYHY ryCTUHY 3pas3kiB BUMIPSHO Ha CEKTPOdOTOMETI
Sirio S (Seac, Itanist). OTpumaHi KOHLEHTpaLifHi 3HaYEHHS Ha-
BEEHO Y HMOSL/MJT 3 HACTYMHUM NepepaxyHKoM Ha 1 Mr Ginka.

Yci ekcneprMeHTarnbHi pesynstarii onpaLboBaHo 3 3aCTOCY-
BaHHAM MakeTa NpuKNagHuX i CTaTucTuyHux nporpam Statistica
(nivensis Ne JPZ8041382130ARCN10-J) Ta Microsoft Excel 10.0
(Microsoft Corp., CLUA), BUKOPUCTAHO TaKoX CTATUCTUYHI Ta Bi-
3yanisauiiini 6ibniotekn Python 3.0. OujHioBaHHS BignoBigHOCTI
3aKOHY HOPMarnbHOTO PO3NoAiNy AaHWX y BUBIpKax 3giicH0Banm
3a kputepiem Lanipo-Binka. [Jns BU3HAYEHHS CTATUCTUYHOI
3HAYYLLOCTi BIAMIHHOCTEN MiX eKCepuMEeHTaNbHUMI rpyrnamm
BMKOpHMCTaHO t-kpuTepiit CTblogeHTa y pasi HopMarbHOro po3-
noginy gaHnx abo U-kputepiin ManHa—BiTHi, SKwo po3nogin He
BiZNOBIZAaB 3aKOHY HOPMasibHOTO po3noginy. [ns iHTerpansHoro
OLiHIOBaHHS! BiAMIHHOCTEN MiX ekcnepyMeHTanbHUMM rpynamm
Ta BU3HAYEHHS KITOYOBMX MapkepiB, WO MaloTb HaibinbLUmMi
BHECOK Y AudepeHLiaLlito 4OCMimKeHNX CTaHiB, 3aCTOCOBaHO
aHani3 ronoBHuX KOMMOHeHT (pricpal component analisys, PCA).

Pe3yabtatu

Pe3synbrati JOCTimKeHHs Aanu 3MOory BU3HAYMTU BUPaXeHi
3MmiHu nokasHukis cuctemu NO B BMA Ha choni ILIB BBeAeHHS
KOMXILWHY MOPIBHSIHO 3 FPYMO0 HEFaTUBHOTO KOHTPOMHO (rpyna 1).
Kpim Toro, BCTaHOBWMM 0COBNMBOCTI BNNMBY paHHLOI NaToreHe-
TWUYHO 0BI'PYHTOBAHOT HEMPONPOTEKLIT LLOAO rPYn NO3UTUBHOMO
KoHTponto (rpyna 2).

Tak, BvicT L-apriHiHy B roMoreHatax rorioBHOro MO3Ky TBapyH
2 rpyn i3 BBEAEHHSM KOnXiLmHy 6e3 KopeKLii CTaT1cTUYHO Hal-
HVKYMIA LLIOAO0 NOKA3HWKIB rpynk 1, 3adhikCOBAHO 0T 3HMKEHHS!
Ha 58,1 %. HaTomicTb y rpynax 3-5 piBeHb aMmiHOK1CIIOTH nepe-
BMLLYBAB 3HAYEHHS NMO3WUTUBHOIO KOHTporto Ha 98,4 %, 51,2 %
Ta 123,7 % BignoBigHO. 3-NOMiX AOCTIKEHNX HEPOMPOTEKTOPIB
nuLe y rpyni LWypiB i3 BBeAEHHAM TioLeTamy (rpyna 4) piBeHb
L-apriHiHy 3anmLuaBcs JOCTOBIPHO HIBKYMM 3@ HEraTUBHUNA KOH-
Tponb (rpyna 1) Ha 36,6 %. BignosigHo, BMICT JocnimKkeHoro
cyberparty y rpyni 4 Ha 23,8 % Ta 48,0 % Hux4niA NOPIBHAHO 3
iHLLIMMK rpynamm HerponpoTekuii — 3 Ta 5 BignosigHo (puc. 1).

Y rpyni 2 (i3 BBeOeHHAM KonxiumHy 6e3 KopekLii) Ha oHi
fediuunTy L-apriHiHy BCTaHOBMEHO, L0 MapKepW HITPO3aTUBHOTO
ctpecy (NO, i HITPOTMPO3NH) AOCATaNM MaKkCUMarbHUX 3Ha4YeHb,
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Puc. 1. BmicT L-apriHiHy B roMoreHatax roAOBHOMO MO3Ky LLYPiB eKCePUMEHTAALHUX TPYN (HMOAL/MT BinKa).
1: BiporiAHi BiAMiHHOCTI NokasHukiB (p, < 0,05) woao rpynu 1; 2: BiporiaHi BiAMIHHOCTI nokasHuKiB (p, < 0,05) woao rpynu 2;
3: BipOriAHi BiAMiHHOCTI NokasHukiB (p, < 0,05) woao rpynu 3; 4: BiporiaHi BiAMIHHOCTI nokasHuKiB (p, < 0,05) woao rpynu 4;

5: BipOriAHi BiAMiHHOCT NokasHukis (p, < 0,05) wwoao rpynu 5.
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Puc. 2. CkopuroBaHa 3aranbHa KnituHHa dayopecueHuist (CTCF) iNOS*kaiTnH BMA y WwypiB 3 eKCnepUMEHTaAbHUX Fpyr.
*2 AOCTOBIpHi BIAMIHHOCTI MiX NOKa3HWkamu rpyn nopisHsHHsA (p, < 0,05).

nepesuLLytoum piBHi rpynn 1 Br'atepo ans NOx Ta BaBidi Ans
HITPOTUPO3WHY. Y rpynax, Lo OTPUMYBanM PaHHK HEMpOnpo-
TeKLUito (3-5), BUSIBNEHO CTATUCTUYHO 3HAYYLLE 3HUKEHHS LIUX
napameTpiB LLoAo rpynu 2. BogHouac NOBEpPHEHHS MOKa3HWKIB
[0 3HaYeHb HEraTMBHOTO KOHTPOIo (rpyna 1) BCTAHOBMEHO
nuwwe Ans HITpoTMpPo3uHY, a pisHi NO, y rpynax 3-5 A0CTOBIpHO
nepeBuLLYyBany BignoBiaHi napametpu rpymu 1. Mix rpynamm 3
HenponpoTeKLieto (3-5) CTaTUCTUYHO 3HAYYLLOT Pi3HWLL 32 BMIC-
Tom NO, Ta 3-HITPOTUPO3IHY HE BUABMEHO (Mabst. 1).
OuiHtoBaHHA iHTeHcnBHOCTI nyopecueHuii (CTCF)
iNOS*-knituH y BM{A nokasano, Lo paHHs HerMponpoTeKLis
(rpynun 3-5) crpusina 3HWKEHHIO eKCTpeCii eH3uMYy LLOAO rpynu
MO3MBHOrO KOHTpOnto (rpyna 2) Ha 40,7 %, 53,4 % Ta 47,8 %
BignosigHo. MokasHuk CTCF INOS*-kniTuH y TBapuH 1 rpynu Ha

43,5 % HYK4MiA 38 piBEHb MPYNK 2 | HE MaB CTATUCTUYHO 3HAYYLLMX
BiAMIHHOCTE Bif nokasHuKiB rpyn 3—5. Mixrpynoe NopiBHSHHS
nokasano, Lo Yy WypiB rpynu 4 iHTEHCUBHICTb cpryopecLieHLi
Ha 8,3 % Hkya, HixX y rpyni 3, a Mix rpynamm 3 i 5 JOCTOBIpHUX
BigMIHHOCTE HE BUSIBNIEHO (puc. 2).

MokasHuk CTCF nNOS*-knitnH BM{ xapaktepusyBaBcs iH-
LUVMI OCOBIMBOCTAMM; HAMBULLMIA PiBEHb EKCNPECii 3adlikcoBaHO
y rpyni HEraTMBHOIO KOHTPOIHO (rpyna 1), a B iHLWMX rpynax (2-5)
Liei napameTp Maike BABiYi MeHLNA. CTaTUCTUYHO 3HaYYLLMX
BiZMIHHOCTEV MiX rpymow NO3UTUBHOIO KOHTPOMIO (rpyna 2) Ta
rpynamu i3 HerponpoTekuieto (3-5), Sk i Mixx camumm rpynamu
3-5, 3a UMM MOKa3HWUKOM He BUSIBNIEHO (puc. 3).

AHani3 LWinbHocTi iMyHHOT noanTreHocTi 4o NNOS* Ta iINOS*
[aB 3MOry BCTAHOBMTY BUpaxkeHy nepedynoBy KIITMHHUX Monyns-
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Tabauus 1. MNokasHukK HITPO3aTUBHOIO CTPECY Y FOMOreHarax roOAOBHOTO MO3KY LLypIB 3 KCePUMEHTaAbHUX rpyn, M £ m

EkcnepumeHTanbsHa rpyna NO_, Hmonb/Mr Ginka 3-Hitpotupo3uH, Hmonb/Mr Ginka
pyna 1 (n=10) 0,79+0,19 0,005 + 0,001

pyna 2 (n = 10) 4,77 +0,83' 0,010 0,001

Ipyna 3 (n = 10) 1,40 £0,21"? 0,004 £ 0,0012

pyna 4 (n=10) 1,19 £ 0,04'2 0,0030 + 0,00042

pyna 5 (n = 10) 1,42+ 0,27"2 0,003 £ 0,0012

1: BiporigHi BiAMIHHOCTI nokasHmki (p, < 0,05) Wwogo rpynu 1; 2: siporiaHi BiaMiHHOCTI nokasHukis (p < 0,05) wopo rpynm 2.

Tabanua 2. Moka3HWKK LLIALHOCTI KAITUH | BMS roA0BHOTO MO3KY LLypiB 3 ekcrniepumMerTanbHKx rpyn, Me [Q1; Q3]

ExcnepumeHTansHa rpyna LWinbHicTb iINOS*-kniTHH, KN/MM?2 WinbHicTb NNOS*-kNiTUH, KN/MM?
pyna 1 (n = 10) 84 [40; 92] 159 [133; 186]

pyna 2 (n = 10) 165 [138; 191]' 94 [66; 122]'

Ipyna 3 (n = 10) 185 [145; 224]' 209 [170; 249P

lpyna 4 (n = 10) 158 [138; 191]' 148 [105; 192)2°

pyna 5 (n =10) 171 [158; 224]' 343 [292; 396]"234

1: BiporiaHi BigMiHHOCTI nokasHukis (p, < 0,05) wozo rpynu 1; 2: BiporiaHi BigMiHHOCTI nokasHukis (p,, < 0,05) wopo rpynu 2; 3: BiporiaHi BigMiHHO-
cTi nokasHukis (p, < 0,05) wopo rpynu 3; 4: BiporiaHi BinMiHHOCTI nokasHukis (p < 0,05) wogo rpynu 4.
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Puc. 3. CkopuroBaHa 3aranbHa KAiTHHA dpayopecueHuia (CTCF) nNOS*-kaituH BMA y LypiB 3 eKcnepuMeHTaAbHUX rpy.

*2 AOCTOBIPHi BiAMIHHOCTI LLOAO rpynu 1 (py < 0,05).

uin y BMA. Y TBapuH rpynm 2 nopiBHAHO 3 kKoHTponem (rpyna 1)
BI3HAYEHO 30inbLueHHs LwinbHocTi INOS*-kniTH (Maitxe BaBII)
Ha thOoHi 3HKeHHs LWinbHOCTi NNOS*-kniTuH Ha 41 %. Y rpynax
i3 HemponpoTekLieto wWinbHicTb INOS*-HelpoHiB 3anuwanacs
BICOKOK — BOHA [OCTOBIpHO nepesuLLyBana piBHi rpynu 1 i
(haKTU4HO He Biapi3HANACH Bif 3HA4€Hb NO3UTUBHOTO KOHTPOMHO
(rpynm 2). Mpote wopo nonynsauii NNOS*-kniTH BCTAHOBNEHO
3HaYHe 3pOCTaHHs IXHbOI LLNBHOCTI LOAO rpynK 2 B YCiX Cepisx
i3 kopekuieto. Y rpyni 5 (kopekuis HSF-1) Lei nokasHuk HaBiTb
nepeBuLLMB PiBEHb KOHTPOMIO, a B rpyni 4 (Kopekwjis TioLeTaMom)

3achikcoBaHO HalHkYy WinbHicTb NANOS*-KkNiTUH cepeg, rpyn i3
HeWponpoTekwieto (mabs. 2).

Bepyun go yBarv GaratoakTopHICTb AOCAIZKEHNX NOKa3-
HWKiB, ANs MiHIMi3aLii pO3MIpHOCTI AaHMX i Bidyanisavji cTpyk-
Typy BKGipkn 3actocoaHo MeTog PCA (principal component
analisys). Lie gano amory iHTerpanbHO OLiHWTW BigMIHHOCTI
MiX rpynamy Ta BU3HAYWTU KMIOYOBI MapKepw, Lo MarwTb
HanbinbLLy Bary B AudepeHuiaLii BNAnBY KONXILMHY a Takox
paHHbOI HerponpoTekuii Ha cTaH cuctemm NO B BMA ekcne-
PUMEHTamNbHUX TBAPUH.
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4 PCA Biplot: Po3noai rpyn Ta BIAMB Mapkepis
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Puc. 4. Ipadik PCA cuctemn NO B BMA ekcnepuMeHTaAbHuX LLypiB.

PC1 (42.5 %)

Arginine: L-apriHiH; Nitrotyrosine: HirpotTpo3unH; nNOS dens: LwinbHiCTE NNOS*-KAiTHH; INOS dens: LWiAbHICTb INOS*-KAITUH;
nNOS: knitvHHa dayopecuenis Ao nNOS; iNOS: kaiTnHHa dayopecueHuis Ao iINOS.

3rigHo 3 pesynbTaTamu aHaniay, BCTAHOBIIEHO YiTKy Knac-
Tepwu3aito rpyn. Tak, rpyna HeraTMBHOIO KOHTPOS XapakTepy-
3yBanacsi HU3bkM PiBHEM OKCWAATMBHOIO CTPECY Ta BUCOKOH
ekcnpecieto (CTCF) nNOS. 'pyna 2 (ILLB BBegeHHS KOMXiLMHY)
KapauHanbHO BifpisHANacs Bif, iHWMWX BUCOKUMM MOKa3HUKaMK
HiTposatueHoro cTpecy (NO,, HiTpoTupoauH) Ta exkcripecii iINOS.
[pynu 3 HeponpoTEKLIiE CchopMyBani oOKpemuii Npodins, Lo
XapaKTepu3yBaBCs HKEHHSM NPOSIBIB HITPO3aTUBHOTO CTPeCY
Ha (pOHi BiZHOBNEHHSI KiNbKOCTI (LLiNBHOCTI) iMyHONO3WTUBHUX 0
nNOS knitvH y BM{A. 3ayBaxwimo, L0 BiAHOBMEHHS BinbyBanocs
nepeBaXXHO BHACIAOK 30iNbLUEHHS KINbKOCTI KMITWH, a He Yepes
3pOCTaHHs eKcnpecii (hepMeHTY B OKpEMUX HENpOHaX (puc. 4).

06roBopeHHsA

Y pesynbTaTi AOCMIGKEHHS BCTAHOBMIEHO Cneuudiky Ta
BW3HAYeHO BEKTOP 3MiH MOKa3HWKIB CUCTEMW OKCUAY asoTy i
npu ILIB BBeAEHHI KONXILWHY, i Ha OOHi paHHBOI NaTOreHETUYHO
06r'pyHTOBaHOI HEMPONPOTEKLi.

PesynbraTi fOCRimKeHHs nokasanu, Wwo Ha 14 noby nicns
ILIB BBEAEHHS KOMXILMH NPK3BOAMTL 0 rMibokoi aecTabinisauji
HiTpokemaeprivHoi cuctemm B BMA. OCHOBHVM NaToreHeTUHHUMM
BEKTOPOM LIMX 3MiH € piska akTmeaLlist INOS Ha choHi npurHiYeHHs
nNOS. Takuin gucbanaHc y cuctemi okcuay asoTy € yHiBepcarb-
HOI0 03HAKOK HEMpOAereHepaTUBHOMO Kackagdy, Lo miaTeep-
[PKeHO BUCHOBKaMW JOCTimkeHHs, sike 3aicHunu B. S. Burlaka
et al. [18]. 3okpema, aBTOpY BCTAHOBMIW 3pOCTaHHS aKTUBHOCTI
iNOS sK KIH04OBOrO YMHHMKA BTOPUHHOI anbrepalii 3a yMoB
iLIeMIYHOrO YLUKOMKEHHS MO3Ky. Kpim Toro, y nonepeaHix gocni-
[PKEHHSIX MU 3adDikCyBanu HeO4HOPIAHICTL PO3MOAiNy NokasHuka
nnowi INOS*-kniTuH. Ha nigcTtasi Lyx faHnx GiAwnm BUCHOBKY,
LLO BMCOKMI piBeHb ekcnpecii eHaumy B BMA 3abesneveHuii
3anyyeHHsM i rianbHoro, | HeMpPOHabHOrO KOMMOHEHTIB A0 oMo

yTBOpeHHst [19]. 3aranom, acouiauito ILIB BBeAEHHs! KOMXiLuHY
3 PO3BUTKOM HITPO3ATUBHOIO CTPECy Ta CYnyTHbOK Herlpoae-
CTPYKLIIEK MOKa3aHO Yy HW3Li JOCMIMKEHb i HUHI HE BUKNWKae
cymHiBiB [20,21].

AHanisytoun edpekTn paHHBOi NaTOreHETUYHOT HENPONpPOTEK-
uii Ha cuctemy NO B BM#A, 3a3Haummo, Lo 3acTocoBaHi hapma-
KOOri4Hi areHTI 3araniom HecneLmnmiYHO BAMHYMM Ha 3HKEHHS
BMPaXEHOCTI HITPO3aTUBHOTO CTPECY Ta BiHOBNEHHS KNITUHHOT
nonynsuii NNOS*-kniTuH. MNMpoTe, BpaxoBykuM MynbTUAKTOPHUIA
BB 0BpaHNX HEMPONPOTEKTOPIB Ha PO3BMTOK HeMpo3ananeH-
HSI, BOHW MOXYTb BMSIMBATU HA Pi3HI NaHKN LibOro NMpoLECy.

Tak, BUSIBNEHI pesynbratit Aii LMTUKOMIHY BiANOBIAaOTh
JaHum, Wwo 3adikcysanu C. Mir et al. [22]. 3okpema, aBTopy
BCTaHOBWIW: MonepeaHst iHKybaLlis HENPOHIB i3 LM npenapaToMm
3HUKYE iXHIO 3arnbenb Bif rryTaMaTHOI eKCauTOTOKCUYHOCTI,
O € KPUTUYHO BaXKINMBUM AN 30epexeHHst nyny L-apriHiHy.
30aTHICTb LMTUKOMIHY 3HWUXYBATW piBeHb HITPO3aTUBHOMO
CTpecy niaTBepaxeHo Takox y npaui S. M. Hamdy et al, ki
nokasanu 3HWKEHHsI BMICTY npo3ananbHux mapkepis (IL-1B,
NF-kB) i nokasHukiB okCuZATWBHOTO CTpPecy (ManoHOBOrO
dianbgerigy, npoaykuito NO) Ha ¢hoHi NiABULLEHHS NOKa3HWKIB
QHTUOKCMAAHTHOTO 3aXMCTY (BIiHOBMEHWUI NyTaTiOH) HA Mu-
wavin moaeni xsopobw lMapkiHcoHa, iHAYKOBAHOI POTEHOHOM
[23]. Pesynibtatn gocnimkeHHs, ske agiicHunm O. Hurtado et al.,
MOSICHIOKTb OMKCaHi eheKTH Liboro hapMakosioriYHOro areHTa
yepes 30aTHICTb BMIMBATM Ha €KCMPECito cupTyiHy-1 — Binka,
O Perymnioe KMiTMHHE BWXMBAHHA Yepe3 AeaLeTuITIoBaHHS
HW3KM TPAHCKPUNLIINHMX cpakTopiB, 3okpema NF-kB; Le, cBoeto
yeproto, 6riokye ekcnipecito iINOS [24].

BcraHoBneHe y pesynbTaTi 4OCHIMKEHHS 3HUKEHHS no-
Ka3HWKIB HITPO3aTUBHOIO CTPECy Y rpyni TioLeTamy Kopentoe 3
AaHuMu dyHOameHTansHUx gocnimkeHs (1. F. Belenichev et. al.),
[e TioTpia3oniH (KOMMOHEHT TioLeTamy) nokasas BUPaXeHY
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30aTHICTb 3HKYBATU PiBEHb HITPOTUPO3UHY. ABTOPU MOB’'A3Y-
t0Tb MEXaHi3M fji Liboro npenapary 3 Moro aHTMOKCUAAHTHUMM
Ta aHTWILIEMIYHUMM BNACTUBOCTSAMM, WO AatoTb MOMY 3MOry
mogyntoBaTu ekcripecito MPHK isodopm NOS i 6inbLu ekoHOMHO
1 (hyHKLiOHarbHO BUKOPUCTOBYBATM L-apriHiH, NepeLLKompKatoum
110r0 HEKOHTPONBOBAHOMY 3aryyeHHIo B Npo3anasnbHUin CUHTES
NO [25]. Mpy LbOMY aHTUOKCUAAHTHUIA eheKT TiOTPIa3oniHy,
L0 peani3yeTbCs LUMSXOM BiHOBMEHHS Tion-aucynbigHoi
CUCTEMM, aCOLKETLCS 3i 30iNbLUEHHSIM BMICTY GinkiB Tennosoro
woky (HSP-70) y TkaHnHax Mo3ky. OCcTaHHi BUKOHYHOTb (PYHKLiO
MOIEKYNAPHNX LLANePOHiB, 3a6e3nedyro4n NPaBuUbHA ONANHT
Ginkis, cTabinisaLito MiTOXOHApiansbHUX MeMOpaH Ta npsiMy B3ae-
mogito 3 cuctemoto NO, Lo crpusie 36epexxeHHI0 (YHKLOHaNbHOT
akTueHocTi nNOS [26].

3rigHo 3 pesynsTaTamu HaLLIOM AOCTIMKEHHS, Y rpyni 5, TBa-
PVIHW KOTPOI SIK HEponpoTekTop oTpumyBany HSF-1, Bu3HaveHo
HanbinbLy winsHicTs NNOS*-kniTuH. Lle cBigunTb Npo Te, Lwo
npsiMa Aist Liboro papMakosioriyHoro areHTa, a caMme Hopmarnisa-
Lis npoTeocTasy Yepes akTueaLlito cuHtedy HSF-70, moxe GyTu
€(hEKTVUBHOO B 3aXU1CTi BiNKOBOI CTPYKTYPW EH3UMY Ta NIATPUMKM
ctabiniauji uuTockenety [13]. Pasom 3 TMM MOZyNsiLis CUHTE3Y
LIbOro NpOTEiHY B eKCnepUMEHTax rnokasana Takox BMvB Ha
ekcnpecito INOS yepes npurHiYeHHs il OCHOBHOIO TPAHCKPUMLN-
Horo ¢paktopa — NF-kB [15].

BucHoBKHU

1. MogentoBaHHs HelpoaereHepaLlii WsXOM BBEAEHHS KO-
NXILMHY CYNPOBOMKYETLCSA AOCTOBIPHUM AedilToM L-apriHiHy
B FOMOBHOMY MO3KY EKCNEPUMEHTaNbHMX LLYPIB MOPIBHSHO 3 Mo-
Ka3HWKaMm KOHTPOIbHOI Tpyni. BigHOBNEHHS piBHS cyoCTpaTy Ao
3HaYeHb KOHTPOITHO BiiOYBAETHCS 3@ YMOBM KOPEKLT LIUTUKOMIHOM
abo HSF-1, a BBeOeHHS TioLeTaMy 3anuiae BMICT L-apriHiHy
HVXYMM 32 MOKa3HWKW XMOHOOMEPOBaHUX TBapWH, NpoTe CTa-
TUCTNYHO NEPEBULLYE 3HAYEHHS LLYPIB i3 KONXILWH-IHAYKOBAHUM
YLUKOMKEHHAM 6€3 HEponpOTeKLil.

2. IHTpaLepebpoBEHTPUKYNSPHE BBEAEHHS KONXILIMHY 3yMOB-
1K€ 3Ha4He 3pocTaHs BMicTy NO, Ta 3-HITpOTUPO3MHY B romore-
HaTax rorioBHOMO MO3KY, @ paHHsl NaTOreHeTUYHO 0BrpyHTOBaHa
HEMPOMNPOTEKLiSt i3 3aCTOCYBaHHAM LIMTUKOMIHY, TioLueTamy Ta
HSF-1 npotsrom 14 pi6 3abe3neuyye ixHto NOBHY HOpManisaLlito.

3. TokasHMK CKOpUroBaHOI CyMapHOI KNITUMHHOI chryopec-
ueHuii (CTCF) iINOS-noautmeHux knitmH y BMA y wypis 3
iHTpaLepebPOBEHTPUKYNAPHAM BBEAEHHSAM KOMXILMHY AOCTO-
BIPHO NEPEBMLLYE 3HA4YEHHS! XMBHOONEPOBAHNX TBAPWH. PaHHs!
HEeMponpOoTEKLiS LMTUKONIHOM, TioueTamom i HSF-1 npotsarom
14 pi6 3anobirae ix naTonoriyHoMy MiABMLLEHHK. [TOKa3HMK
NNOS-N03UTUBHMX KIITUH XapaKTepu3yeTbCs OAHAKOBO HI3bKM-
MW 3HAYEHHSAMM LLLOAO KOHTPOIBHOI Fpynu i Mpu MOAENbOBaHI
HelpoaereHepalii, i nicns HeponpPOTeKLT.

4. WinbHictb iINOS-nosutusHMX knituH BMA y wwypiB 3 iH-
TpavepebpOBEHTPHKYNSAPHAM BBEAEHHSIM KOMXILMHY JOCTOBIPHO
BinbLua nopiBHAHO 3 KOHTPoneM. dapmakororiyHa KopekLis He
BMMMHYNa Ha Len nokasHuk y BMA. BogHovac BignosigHMi
napametp NNOS-NO3NTUBHUX KNITUH MiHIMarnbHWN Yy TBApWH i3
KOMNXIiLMH-IHAYKOBaHOK HerpoaereHepauieto. HernponpoTekuis
LIMTMKONIHOM i TioLeTaMoM crnpusie 30epexeHHio nonynsuii

BiANOBIAHUX HEWPOHIB, a 3acTocyBaHHs HSF-1 3ymoBsnioe
[OCTOBIPHE 3POCTaHHS IXHBOI KINbKOCTI, HaBITb NEPEBMLLYIOYY
koHTponb. Came posmip nonynsuii NNOS-N03UTUBHUX KIITWH,
3a pesynbratamu PCA aHanisy, € KMioYOBUM Y 3HVKEHHI Mokas-
HWKIB HITPO3ATMBHOIO CTPECY Y TBApWH 3 EKCNEPUMEHTATbHOK
HEePONpPOTEKLE.

DAeknapauia wopo BukopuctanHs LI

Mig yac nigroToBKW CTaTTi BUKOPUCTAHO TakKi IHCTPYMEHTU LUTYYHOTO iHTENeKTy:
Google Gemini 3.5 Flash. x sacTocoaHo Ans MOBHOIO pefjaryBaHHs Ta
nepeknagy. Yci oparMeHT, CTBOPeHi abo onpaLiboBaHi 3 BukopuctaHHsam LU,
nepeBipeHi Ta BiapeaaroBaHi aBTopamu, siki HeCyTb MOBHY BiAMOBiAANbHICTb 3a
3MICT CTaTTi.

®diHaHcyBaHHA

[ocnimxeHHs BUKOHaHO B pamkax HIP 3anopisbkoro AepxaBHOr0 Meamko-
(hapmaLieBTUYHOTO YHiBepeuTeTy: «AUchyHKLiS Hepo-ryMopanbHoi
perynsiii B natoreHesi MetaboriuHnx po3nais Ta KOrHiTUBHUX NOPYLLEHb
Mpu excriepuMeHTanbHil natonorii. [lepxaBHuii peecTpaLiiiHui Homep

Ne 0123U103051 (2023-2028).

[ocnimpxeHHs diHaHcoBaHe HavjioHanbHM hoHAOM JoCTimKeHb YkpaiHu

B pamkax «KoHkypcy Ha ofiepxaHHs rpaHTiB MpeanaeHTa Ykpainu ans
MIATPAMKN HayKOBWX LOCTiMXKeHb i po3poBOK MOMOANX BYEHUX — JOKTOPIB
dinocodii/kaHamaaTie Hayk (80 35 POKiB BKIHO4YHO)», PEECTPALLiiHUIA HOMep
2025.05/0007, Tema: «OnTumisauis nigxoaiB 4O NATOreHETUYHOI KOPEKLi
MOPYLLEHb aKCOHANBHOTO TPAHCMOPTY NMPU EKCNEPUMEHTaTbHIN HEAPOTPaBMIY,
Ne gorosopy: 267.05/0007.

Bipomocrti npo aBTopiB:

[anykano M. B., PhD, foueHT kadb. natonoriyHoi cisionorii 3 kypcom
HopMarbHoi ¢hisionorii, 3anopisbkiil AepkaBHUA MeanKo-hapMaLeBTUYHMIA
yHiBepcuTeT, YkpaiHa.

ORCID ID: 0000-0003-3413-945X

Ycenko [1. 1., PhD, acucteHT kad. ¢hiskonoigHoi Ta aHaniTnuHoi ximii,
3anopisbkuil fepxkaBHUI MeAVKO-(hapMaLEeBTUYHWIA YHIBEPCUTET,

YkpaiHa.

ORCID ID: 0000-0001-7593-5482

Kannaywetko A. I, a-p dapm. Hayk, npodecop, 3aB. kad. di3konoigHoi
Ta aHaniTMYHOI XiMmii, 3anopisbkui AepxaBHUN Meauko-hapMaLeBTUYHMIA
yHiBepcuTer, YkpaiHa.

ORCID ID: 0000-0003-3704-5539

Konechuk 0. M., o-p meg. Hayk, npodpecop kadp. natonoriyHoi disionorii 3
KypcoM HopMaribHoi dhiionorii; pektop 3anopisbkoro fepaBHOro Meauko-
(hapmaLeBTU4HOTO YHIBEPCUTETY; 3aCRyXeHWU iy Hayku i TeXHikK YkpaiHu.
ORCID ID: 0000-0002-1556-5085

Information about the authors:

Danukalo M. V., MD, PhD, Associate Professor of the Department of
Pathological Physiology with the Course of Normal Physiology, Zaporizhzhia
State Medical and Pharmaceutical University, Ukraine.

Usenko D. L., PhD, Assistant at the Department of Physical, Colloid and
Analytical Chemistry, Zaporizhzhia State Medical and Pharmaceutical
University, Ukraine.

Kaplaushenko A. H., PhD, DSc, Head of the Department of Physical, Colloid
and Analytical Chemistry, Zaporizhzhia State Medical and Pharmaceutical
University, Ukraine.

Kolesnyk Yu. M., MD, PhD, DSc, Professor of the Department of Pathological
Physiology with the Course of Normal Physiology; Rector of Zaporizhzhia
State Medical and Pharmaceutical University; Honored Science and
Technology Figure of Ukraine.

Makcum Janykano (Maksym Danukalo)
danukalo.m.v@zsmu.edu.ua

166 Modern medical technology. Volume 18. Issue 3, July - September 2026

ISSN 2072-9367


https://orcid.org/0000-0003-3413-945X
https://orcid.org/0000-0001-7593-5482
https://orcid.org/0000-0003-3704-5539
https://orcid.org/0000-0002-1556-5085
mailto:danukalo.m.v%40zsmu.edu.ua?subject=

OpwuriHanbHi pochipkeHHs / Original research

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Zhu HY, Hong FF, Yang SL. The roles of nitric oxide synthase/nitric oxide
pathway in the pathology of vascular dementia and related therapeutic
approaches. Int J Mol Sci. 2021;22(9):4540. doi: 10.3390/ijms22094540
Azargoonjahromi A. Dual role of nitric oxide in Alzheimer’s disease. Nitric
Oxide. 2023;134-135:23-37. doi: 10.1016/j.niox.2023.03.003
O’connor JL, Fountos DM, Firouzan B, Azizi F, Ghasemi R, Kashfi K. The role
of gasotransmitters in Parkinson’s disease: Interplay of nitric oxide, carbon
monoxide, and hydrogen sulfide. Neurotherapeutics. 2025;22(6):e00710.
doi: 10.1016/j.neurot.2025.e00710

Wang Y, Hong F, Yang S. Roles of nitric oxide in brain ischemia and reper-
fusion. Int J Mol Sci. 2022;23(8):4243. doi: 10.3390/ijms23084243
Fesharaki-Zadeh A. Oxidative stress in traumatic brain injury. Int J Mol Sci.
2022;23(21):13000. doi: 10.3390/ijms232113000

Jung P, Ha E, Zhang M, Fall C, Hwang M, Taylor E, et al. Neuroprotective
role of nitric oxide inhalation and nitrite in a Neonatal Rat Model of Hypox-
ic-lschemic Injury. PLoS One. 2022;17(5):e0268282. doi: 10.1371/journal.
pone.0268282

Yamamoto K, Chen QY, Zhou Z, Kobayashi M, Zhuo M. Cortical nitric oxide
required for presynaptic long-term potentiation in the insular cortex. Philos Trans
R Soc Lond B Biol Sci. 2024;379(1906):20230475. doi: 10.1098/rstb.2023.0475
Soma S, Suematsu N, Sato AY, Tsunoda K, Bramian A, Reddy A, et al. Ace-
tylcholine from the nucleus basalis magnocellularis facilitates the retrieval
of well-established memory. Neurobiol Learn Mem. 2021;183:107484.
doi: 10.1016/1.nlm.2021.107484

Doulah A, Mahmoodi G, Pourmahdi Borujeni M. Evaluation of the pre-treat-
ment effect of Centella asiatica medicinal plants on long-term potentiation
(LTP)in rat model of Alzheimer’s disease. Neurosci Lett. 2020;729:135026.
doi: 10.1016/j.neulet.2020.135026

Danukalo MV, Kolesnyk YM. [Pathogenetic features of INOS expression
in the basal magnocellular nucleus of rats against the background of ex-
perimental neurodegeneration]. Pathologia. 2024;21(2):93-9. Ukrainian.
doi: 10.14739/2310-1237.2024.2.303264

Danukalo MV, Kolesnyk YM, Hancheva OV. Contemporary comprehensive
approaches to assessing the effectiveness of experimental model of neu-
rodegenerative disorders with cognitive status changes. Modern Medical
Technology. 2023;(4):51-8. doi: 10.34287/MMT.4(59).2023.7

Jasielski P, Piedel F, Piwek M, Rocka A, Petit V, Rejdak K. Application
of Citicoline in Neurological Disorders: A Systematic Review. Nutrients.
2020;12(10):3113. doi: 10.3390/nu12103113

Kim JY, Barua S, Huang MY, Park J, Yenari MA, Lee JE. Heat Shock Protein
70 (HSP70) Induction: Chaperonotherapy for Neuroprotection after Brain
Injury. Cells. 2020;9(9):2020. doi: 10.3390/cells9092020

Qureshi |, Endres JR. Citicoline: a novel therapeutic agent with neuropro-
tective, neuromodulatory, and neuroregenerative properties. Nat Med J.
2010;2(6):11-25.

Belenichev IF, Cherniy V, Nahorna E, Pavlov S, Cherniy T, Bukhtiyarova N,
et al. Nejroprotekcija i nejroplastichnost [Neuroprotection and neuroplasti-
city]. Kyiv: Logos; 2015. 512 p.

Paxinos G, Watson C. The rat brain in stereotaxic coordinates: hard cover
edition. Elsevier; 2006.

Santa Cruz Biotechnology. Immunofluorescence Cell Staining Protocol
[Internet]. [cited 2024]. Available from: https://www.scbt.com/resources/
protocols/immunofluorescence-cell-staining

Burlaka BS, Belenichev IF, Ryzhenko OI, Ryzhenko VP, Aliyeva OG,
Makyeyeva LV, et al. The effect of intranasal administration of an IL-1b
antagonist (RAIL) on the state of the nitroxydergic system of the brain during
modeling of acute cerebrovascular accident. Pharmacia. 2021;68(3):665-70.
doi: 10.3897/pharmacia.68.e71243

Danukalo MV, Kolesnyk YM. [The specificity of INOS expression
indicators in the basal magnocellular nucleus of rats under early
pathogenetic correction in experimental neurodestruction]. Zaporozhye
Medical Journal. 2024;26(5):379-86. Ukrainian. doi: 10.14739/2310-
1210.2024.5.309732

Liang Y, Li S, Wen C, Zhang Y, Guo Q, Wang H, et al. Intrastriatal injection
of colchicine induces striatonigral degeneration in mice. J Neurochem.
2008;106(4):1815-27. doi: 10.1111/j.1471-4159.2008.05526 .

Kumar A, Dogra S. Neuroprotective effect of Carvedilol, an adrenergic
antagonist against colchicine induced cognitive impairment and oxidative
damage in rat. Pharmacol Biochem Behav. 2009;92(1):25-31. doi: 10.1016/.
pbb.2008.10.005

22.

23.

24.

25.

26.

Mir C, Clotet J, Aledo R, Durany N, Argemi J, Lozano R, et al. CDP-choline
prevents glutamate-mediated cell death in cerebellar granule neurons. J
Mol Neurosci. 2003;20(1):53-9. doi: 10.1385/JMN:20:1:53

Hamdy SM, Elsayed NA, Youness ER, Elesh H, Abdel-Salam OM. Effect
of cytidine-5"-diphosphocholine alone, caffeine or their combination on
oxidative stress and inflammatory response in an experimentally-induced
Parkinson’s disease. J Complement Integr Med. 2025;22(3):479-89.
doi: 10.1515/jcim-2024-0447

Hurtado O, Hernandez-Jiménez M, Zarruk JG, Cuartero MI, Ballesteros |,
Camarero G, et al. Citicoline (CDP-choline) increases Sirtuin1 expression
concomitant to neuroprotection in experimental stroke. J Neurochem.
2013;126(6):819-26. doi: 10.1111/jnc.12269

Belenichev IF, Aliyeva OG, Kamyshnyi AM. Long-term results of pharmaco-
logical correction of INOS, eNOS, nNOS mRNA expression disorders in rat
hippocampus after chronic prenatal hypoxia. Biological Markers in Funda-
mental and Clinical Medicine. 2019;3(2):6-15. doi: 10.29256/v.03.02.2019.
escbm02

Belenichev IF, Gorbacheva SV, Bukhtiyarova NV, Levich SV. Dynamics of
changes in the concentration of heat shock protein (HSP70) in the cerebral
cortex and hippocampus in experimental violation of cerebral circulation:
the ability to regulate this process through positive modulation of thiol-di-
sulfide system. Biological Markers and Guided Therapy. 2016;3(1):107-14.
doi: 10.12988/bmgt.2016.6311

ISSN 2072-9367

CyuacHi MeanuHi TexHoaorii. T. 18, Ne 3(70), aMneHb - BepeceHb 2026 p. 167


https://doi.org/10.3390/ijms22094540
https://doi.org/10.1016/j.niox.2023.03.003
https://doi.org/10.1016/j.neurot.2025.e00710
https://doi.org/10.3390/ijms23084243
https://doi.org/10.3390/ijms232113000
https://doi.org/10.1371/journal.pone.0268282
https://doi.org/10.1371/journal.pone.0268282
https://doi.org/10.1098/rstb.2023.0475
https://doi.org/10.1016/j.nlm.2021.107484
https://doi.org/10.1016/j.neulet.2020.135026
https://doi.org/10.14739/2310-1237.2024.2.303264
https://doi.org/10.34287/MMT.4(59).2023.7
https://doi.org/10.3390/nu12103113
https://doi.org/10.3390/cells9092020
https://www.scbt.com/resources/protocols/immunofluorescence-cell-staining
https://www.scbt.com/resources/protocols/immunofluorescence-cell-staining
https://doi.org/10.3897/pharmacia.68.e71243
https://doi.org/10.14739/2310-1210.2024.5.309732
https://doi.org/10.14739/2310-1210.2024.5.309732
https://doi.org/10.1111/j.1471-4159.2008.05526.x
https://doi.org/10.1016/j.pbb.2008.10.005
https://doi.org/10.1016/j.pbb.2008.10.005
https://doi.org/10.1385/JMN:20:1:53
https://doi.org/10.1515/jcim-2024-0447
https://doi.org/10.1111/jnc.12269
https://doi.org/10.29256/v.03.02.2019.escbm02
https://doi.org/10.29256/v.03.02.2019.escbm02
https://doi.org/10.12988/bmgt.2016.6311

DOI: 10.14739/mmt.2026.3.348766

OpwuriHanbHi pAochipkeHHA / Original research

YAK 616.379-008.64:616.1-092]-074:577.112]-092.9:599.323.4

3MiHN PYHKLiOHAABHUX NapameTpiB cepLeBO-CYAMHHOI CUCTEMMU
Y LLypiB 3 eKCnepMMeHTaAbHUM LYKPOBUM AiabeTtom 2 Tuny
i Ha poHi BBeAeHHA L-apriHiHy Ta N-aueTuA-L-umcreiHy

M. I. IcaueHko®*BCP M, 0. KonecHUKDBCEF

3anopisbKnit AEPXaBHUI MEAUKO-GapMaLeBTUUHWI YHIBEPCUTET, YKpaiHa

A - KoHLUeNLjs Ta AU3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTallis AaHnx; D - HanucaHHs cTatTi; E - peaaryBaHHs cTari;
F - octatouHe 3aTBEPAXEHHS CTaTTi
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MeTa po60TH - BUBUMTM (PYHKLIOHAMBHI NapamMeTpu CepLieBo-CyaNHHOI CUCTEMU Y LLYPIB 3 eKCriepUMEHTarnbHUM
LykpoBum giabetom 2 (L2) Tuny Ta npw BeeaeHHi L-apriiny i N-aueTtun-L-umcreiny.

Martepianu i metoam. LLypam i3 LI[12 cnoyaTky iHAyKOBaHO iHCYNIHOPE3UCTEHTHICTb (BMCOKOXMPOBUIA KOMOIKOPM
npoTAroM 8 TUXHIB), Micns Yoro ogHopa3oBo BBoAWNK 30 Mr/Kr CTPenTo30TOLMHY. Yepe3 6 TUxXHIB TBapUH
noginunu Ha 3 nigrpynu: 6e3 BBefeHHs amiHokuenoT, 3 L-apritiHom i 3 N-auetun-L-uucteiHom. B ekcnepume-
TanbHWX LLYpiB BU3HAYEHO CEPEAHI NOKa3HMKW apTepianbHOro TUCKY Ta BUKOHAHO exokapgiorpadito Ha 0, 6i 8
TUXKHSX EKCMIEPUMEHTY.

Pe3yabtatu. [locnimxeHHs Ha wypax i3 L2 nokasano 3HayHe NigBULLEHHS apTepianbHOro TUCKY Ta PO3BUTOK
rinepTpodhii Miokapaa NiBoro LWyHouka. BrsieneHo Takox 36inbLIEHHS MOPOXKHUHI NIBOTO LLMYHOYKA Ta MOPYLUEH-
HS1 I0ro CUCTOMIYHOT (hyHKLi. Lii 3MiHM nporpecyBany NpoTarom ekcrnepuMeHTy. L-apriHiH cnpusie cTaTucTniHo
3HaYyLLOMY 3MEHLLEHHIO apTepianbHOro TUCKY Ta NOKPALLEHHIO OKpeMIX exokapaiorpadidHmx nokasHukis. N-a-
LeTun-L-uncTeiH Takox MaB NO3UTUBHWIA BNIIUB Ha Macy MIBOTO LUMYHOYKa, arne MEHLLOK Mipoto. 3aCTocyBaHHS!
000X peyoByH He 3abe3ne4nno NOBHOTO BiJHOBINEHHS MOKA3HWKIB 4O KOHTPOMBHUX 3HAYEHb.

BucHOBKM. Ha thoHi po3BUTKY eKCiepUMeEHTanbHOrO LyKpoBOro Aiabety 2 Tuny y LLypiB Ha 6 TxHI hopmyeTbes
rinepTpocpisi Miokapza 3 Aunatavieto NiBoro LWyHouYKa Ta CUCTOMIYHOK AMCHYHKLIE, L0 CYNpOBOSXKYETHCS
NigBULLEHHAM apTepianbHOro TMCKy. Ha 8 TvpkHi JocnimkeHHs y LwypiB 6e3 BBEAEHHS aMiHOKUCIOT 3adikco-
BaHO NpOrpecyBaHHA rinepTpodii, Annatauii Ta CUCTONYHOI ANCDYHKLi NOPIBHAHO 3 MOKa3HMKAMM 6 TWXHS,
npoTe MOKa3HUK CepefHbOro apTepianbHOro TUCKY He 3MIHMBCS. 3aCTOCyBaHHS aMiHOKUCNOT — L-apriHiHy Ta
N-aueTun-L-umncTteiHy — NO3WTUBHO BNNWBAE Ha KapAioreMOAMHaMIYHI NOKa3HWUKK Ta apTepiarnbHuii TUCK npu
LlykpoBoMy AiabeTi 2 Tvny, NpoTe NOBHOTO BiAHOBMEHHS A0 (Di3ioNOrivHOI HOPMK He JOCATHYTO; L-apriHiH Mae
6inbLU BUpPaXKEHWIT €CPEKT.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 3(70). C. 168-176

Changes in the functional parameters of the cardiovascular system
in rats with experimental type 2 diabetes mellitus and on the background of
L-arginine and N-acetyl-L-cysteine administration

M. I. Isachenko, M. Yu. Kolesnyk

The aim of the research was to study the functional parameters of the cardiovascular system in rats with exper-
imental type 2 diabetes mellitus and with the administration of L-arginine and N-acetyl-L-cysteine.

Materials and methods. Rats with diabetes mellitus type 2 (DM2) were initially induced with insulin resistance
(high-fat feed for 8 weeks), after which they were administered a single dose of 30 mg/kg of streptozotocin. After 6
weeks, the animals were divided into 3 subgroups: without the administration of amino acids, rats with L-arginine
and with N-acetyl-L-cysteine. To achieve the aim, mean blood pressure was measured and echocardiography
was performed at weeks 0, 6, and 8 of the experiment.

Results. The research showed a significant increase in blood pressure and the development of left ventricular
myocardial hypertrophy in rats with DM2. An enlargement of the left ventricle cavity and impaired systolic function
were also found. These changes progressed throughout the experiment. L-arginine contributed to a statistically
significant decrease in blood pressure and an improvement in certain echocardiographic parameters. N-acetyl-
L-cysteine also had a positive effect on the mass of the left ventricle, but to a lesser extent. Neither substance
was able to fully restore the parameters to control values.

Conclusions. Against the development of experimental type 2 diabetes mellitus in rats at week 6 left ventricle
hypertrophy with dilatation and systolic dysfunction develops, accompanied by an increase in blood pressure. At
week 8 of the experiment, rats without amino acids showed a progression of hypertrophy, dilatation and systolic
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dysfunction compared to week 6, but the mean arterial pressure remained unchanged. The use of the amino
acids L-arginine and N-acetyl-L-cysteine has a positive effect on cardiohemodynamic parameters and blood
pressure in type 2 diabetes mellitus, however, complete restoration to the physiological norm was not achieved,
and the effect was more pronounced with L-arginine.

Modern medical technology. 2026;18(3):168-176

Llykposuin giabet 2 tuny (LJ2) — ogHe 3 HalMOLLMPEHiLLMX
XPOHIYHMX 3aXBOPIOBAHb, WO XapaKTepu3yeTbes iHCYMiHoOpe-
3UCTEHTHICTIO Ta ANMCHYHKLIEID B-KNITUH MiALLTYHKOBOI 3ar03u.
Kpim nopyLueHb ByrnesogHoro obminy, L2 ticHo acouioaHuit
i3 PO3BUTKOM CEPLIEBO-CYANHHNX YCKIAAHEHD, LLO € MPOBIAHO
MPUYMHOIO 3aXBOPIOBAHOCTI Ta cMepTHOCTI nauieHTis [1]. Cepen
LMX yCKMagHeHb 0cobrnmee MicLe nocigae aiabetuyHa kapgiomio-
narisi, WO XapaKTepu3yeTbCs CreLmMiYHNMM CTPYKTYPHAMM Ta
(pyHKLiOHaNBbHUMM 3MiHaMK Miokapaa [2,3].

Y KniHiYHIA NpakTULi rinepTeHsis € NOLUMPEHUM CynyTHIM
3axBoptoBaHHaM nipy LUA2 i 3Ha4HO nocurioe cepLieBO-CyaNHHI
pusunku [4]. TinepTpodis NiBOro LWAyHOYKa, Annatalis noro
MOPOXHMH | NOPYLLEHHS CUCTOMIYHOI Ta AiacToniYHOT (hyHKLIN €
paHHiIMI1 03HakaMm [iabeTnYHOTO ypaeHHs cepus [5).

MaToreHe3 kapaiomionarii, acouiosaHoi 3 L2, € 6ara-
TOHaKTOPHUM | BKMKOYAE XPOHIYHY rinepriikemito, iHCyniHo-
PE3NCTEHTHICTb, NiABULLEHUA OKCUAATUBHWIA CTPEC, XPOHIYHE
3ananeHHsi, NOpyLUEHHs: MeTaboniamy XUPHWX KUCTOT, a Takox
3MiHW B peHiH-aHrioTEH3MH-anbA0CTEPOHOBIN cucTeMi. Lli dak-
TOPY CIPUYMHSKOT PEMOAENIOBAHHS MiOKapaa, LLO NpU3BoanTb
[0 NporpecyBaHHsl cepLeBOi HegocTaTHOCTi [5]. 3Baxatoun Ha
cTpimMke nowmpeHHsa L2 i noB’s3aHux i3 HAM KapgianbHux
yCKMaaHeHb, AOLINBHO PO3pobMsATY HOBI TepaneBTHUYHiI CTpaTerii,
LU0 CNPAIMOBaHI Ha MPOinNaKTVKy Ta KOPEKLIitO LiX NaToNoriYHmnX
3MiH [4].

Taki amiHokucnoTH, sk L-apriHiH i N-aueTun-L-uncTeiH, €
06’eKTOM aKTyarnbHWUX HayKoBUX LOCTIDKEHb, OCKIMbKM YMHSATH
Pi3HOBEKTOPHMI BNAMB. Kpim Toro, nigTBepmKeHo, wo npu LIA2
BUHVKAE AedilmMT LMX aMiHOKMCNOT [6]. L-apriHiH € kr4oBuM
nonepeaHukom okeuay asoty (NO), akuii Bigirpae Br3HavanbHy
ponb y perynsuii CyaMHHOTO TOHYCY, eHAoTENianbHOi yHKLi
Ta MiokapgjianbHoro KpoBoToky [7]. MopywerHs NO-curHaniHry
xapaktepHe ans giabety. N-auetun-L-umcteiH — npekypcop
rNyTaTioHy, NOTYXHOTO aHTUOKCMAAHTA, KU Bepe yyacTb y
HeWTpaniaaLlii OKCUAATUBHOTO CTPECY SIK OAHOTO 3 LIEHTParbHNX
MEXaHi3MiB YLLIKOZKEHHS! Miokapaa npw aiaberi [8].

Merta poboTtu

BrBumMTM (hyHKLOHAMNBHI NapamMeTpu CepLeBO-CYANHHOT CUC-
TEMW Y LLYPIB 3 KCMIEPUMEHTANTbHIM LiyKPOBYM AiabeTom 2 Tuny
Ta npyv BBeAEeHHI L-apriHiHy i N-auetun-L-LmucTeiny.

Marepianu i MeToAM AOCAIAKEHHA

[ocnimkeHHs npoBefeHo Ha 6a3i HaByanbHO-HayKoBOro
MeavKo-nabopaTopHOro LiEHTPY 3 BiBapieM 3anopisbkoro aep-
XaBHOTO MeVKO-(hapMaLeBTUYHOTO YHIBEPCUTETY (CBIZOLTBO
npo TexHi4Hy komneTeHTHicTb MOS Ykpainu Big 21.12.2023 poky
Ne181/23, pie o 20.12.2028 poky). EkcnepuMeHT BUKOHaHO

BiANOBIAHO A0 «3aranbH1X ETUMHMX MPUHLMMIB EKCTIEPUMEHTIB
Ha TBapuHax», 3aTBepaxeHux Il HauioHanbHUM KOHrpecom
(Kwig, 2007), Ta nonoxeHb « EBPONENCHKOI KOHBEHLIiI NP0 3aXuUCT
XpebETHNX TBApWH, LLO BUKOPUCTOBYIOTLCS A1 eKCrepUMeH-
TanbHKX Ta iHWKX Linei» (CtpacBypr, 1986). Min Yac ekcnepu-
MeHTy JoTpumyBanucs 3akoHy Ykpainu «[po 3axucT TBapuH
Bif, »opcTokoro nosomxeHHs» Big 2006 poky Ne 27, ct. 230, 3i
3MiHamm, BHeceHuMmM 3akoHom Big 15.12.2009 p. Ne 1759-VI,
3aranbHuX ETUYHUX MPUHLMNIB EKCIEPUMEHTIB Ha TBapUHax
(I HauioHanbHwii koHrpec 3 6ioeTnku, 20.09.2001 poky, M. Kuis),
ETuyHUX npuHLmMniB ekcnepumeHTiB Ha TBapuHax (I HauioHarnb-
HWIA KoHrpec 3 Bioetuku, 20.09.2001 poky, M. Kuig), ETnyHoro
Kozekcy B4eHmx Ykpainu (HauioHanbHa akagemist Hayk Ykpaiu,
2009). Komicis 3 nutaHb 6ioeTuky 3anopisbkoro AepaBHOro Me-
ANKO-(hapMaLLeBTUYHOTO YHIBEPCUTETY PO3IMsiHYNa MaTtepian,
HaBefeHi y cTaTTi, NopyLUeHb He BusiBneHo (npotokon Ne 2 Big
06.02.2026 poky).

[ocnigxeHHs 3mincHUnm Ha 49 HOPMOTTIKEMIYHUX, HOPMOTEH-
3MBHYX LLYypax-camugsx niHii Wistar, ik TBapuH — 18-20 micsuis.
EkcnepumeHTanbHMX LWypiB Noginvumu Ha 3 ekCnepuMeHTanbH
rpynu, ogHa 3 ik ckrnaganacs we 3 3 migrpyn (puc. 1).

Mepenycim ans mopdentoBarHa L2 y camuis LypiB MiHii
Wistar i3 BUXiZH1MM HOpMarnbHUMK apTepianbHiM Tickom (AT)
i pIBHEM TTIOKO3W iHAYKOBAHO IHCYNIHOPE3UCTEHTHICTb. [ns
L4bOro TBApUMH rogyeanu kombikopmom i3 40 % BMICTOM xmpiB
(komBiHaList XMPiB POCIMHHOMO Ta TBAPWUHHOTO MOXOXKEHHS)
npotsrom 8 TxHiB i3 pospaxyHky 30 r/noby/TBapuHy. Kputepismu
eeKTMBHOCTI iHAYKUii € rineprnikemis HaTwwe (6,2 £ 0,1 mM/n),
rinepraikeMiyHMin TMN KPUBOT 3@ TECTOM TONEPaHTHOCTI 4O rto-
KO3W, BIACYTHICTb 3HAYHMX KOMMBAHb PIBHSI IHOKO3M 32 TECTOM
TONEePaHTHOCTI [0 IHCYNiHY, CTilKe MiABULLEHHS CepeaHbOro
AT (105,0 £ 0,9 mm pT. cT.) [9] Ta NigBULLEHHS KOHLEHTpaLl
iHcyniHy nnasmu (35,3 £ 0,7 MMO/mn) Ta iHgekcy HOMA-IR
(9,8 £0,2) [10].

lineprnikemito K naHKy natoreHesy Tsbkkoro L2 iHivjiosa-
NN OOHOPA30BOI0 BHYTPILLHBO0YEPEBIHHOIO iH EKLEID PO3HMHY
ctpenTo3oTtouuHy (Streptozocin, S0130-1G, Sigma) HaTLe.
Mpenapat posunHanu y 50 MM HaTpii-umtpatHomy Bydepi
(pH 4,5) Ta BBOAMAW Y HU3bKiN £03i 30 Mr/kr. Ticns iH'ekwii cTpen-
TO30TOLMHY LLypaM MOETanHO Hafaeanu AOCTyn [0 PO3YMHIB
FM0KO3W HK3XIiAHOI KoHUeHTpauii (Big 20 % po 5 %) npotsirom 5
[1i6. KoHTponbHil rpyni LypiB BHYTPILUHEOO4YEPEBUHHO BBOAWIH
nuie umTpaTtHuin Bydep B ekBiBaneHTHOMY 00’eéMi. IHTaKTHIN
rpyni MaHinynawii He NPOBOANIIN.

OcKinbKu He BCTAHOBMEHO CTATUCTWYHO 3HAYYLLWX BiAMiH-
HOCTeW MOKa3HUKIB IHTAKTHOI Ta KOHTPOMbHOI rpyn, y CTaTTi
MOPIBHSAHHA eKCMEPUMEHTaNbHOI rpynu ONMUCaHO nuwwe 3
KOHTpOMeM.

Uepes [Ba TVHI Micnst BBEAEHHS CTPENTO30TOLMHY [0 Mo-
[anbLUOro eKCnepyuMeHTY Bigbupanu nuLe TUX TBapuH, y SKUX
KOHLLEHTpaLlisl FT1H0KO3M B KPOBI 3 XBOCTOBOI BEHY NepeByLLyBarna

ISSN 2072-9367

CyuacHi MeanuHi TexHoaorii. T. 18, Ne 3(70), aMneHb - BepeceHb 2026 p. 169



OpwuriHanbHi pocnipkeHHs / Original research

1 e ] [ mwo y
P B R
[ Homow | [ Komowo | v
Pr— P Pr— .
[ we | [ weo | _—
P— ¢ 0 g
2 S | ‘..u.J.._-_
D AT e ST "
)
'!
e
'.E.e...a._._ﬁ
T T c
Eran 0 - MermoBaHunliucyniuopesuerem I
0 4 8 14 16

Puc. 1. Au3aiiH ekcnepumeHTy.

15 MMOnb/N, Ha MiACTaBi YOro NiATBEPAKEHO PO3BUTOK CTIKOMO
Ta He3BOPOTHOTO LykpoBoro Aiabety [11]. Mikemito ouiHoBanm
3a gonomoroto rrokomeTpa Contour plus (BAYER CONSUMER
CARE AG, LUBenuapist) Ta TecT-cmyxok Contour plus.

Hapani wypis yTpuMyBanu Lie NpoTarom 4 TWKHIB, nicns
4Oro B NePLUNIA fieHb 7 TYKHS TBApUH NOAINMAW Ha TpU Nigrpynu.

Migrpyna LUO2-8-1 cknapanacs 3i wypis 3 L2 6e3 gopar-
KOBOI KopeKLiiT amiHokucrnoTamu. Lypu nigrpynu L2-8-2 otpu-
MyBamv po34nH L-apriHiHy (2-amiHo-5-ryaHignHoBanepiaHoBa
kucnora, CH, N,O,, YA, Kutait) y nuTHiii BOAi B A03yBaHHI
1,5 r/kr/n Ha feHb npoTarom 2 TwxHis. Migrpyna L2-8-3 cknapa-
nacs 3i Wwypis 3 L2, Akum y Takvin camui cnoci6 i 4o3i BBOAMMM
N-auetun-L-umctein (N-auetun-L-umnctein, C.HNNO,S, Kutait).
KopekLito NpoBoannu NpoTAroM 2 TWXKHIB.

[lo3y, TepMiH i Wwnsx BBegeHHst 06paHo 415 3a6e3neyeHHs
CTabinbHOI TepaneBTUYHOI KOHLIEHTpaLii aoHaTopiB cuctem NO
i H,S Ans nogonaHHs BUCOKOT aKTUBHOCTI apriHaau Ta MiHimisaLlii
MaHinynauinHoro CTpecy y TBapwH i3 rineprnikemieto [12,13].

CucroniyHui (cAT) i giacToniyHui AT BuMiptoBanu 3a gono-
MOrOH HeiHBa3nBHOrO anapara Blood Pressure Analysis Systems
TM BP-2000 Series Il (Visitech Systems, CLUA) Ha novartky exc-
nepuMeHTY (Lie BOCTimKEHHS BiANOBIAano 8-TvxHeBOMY TEPMiHY
nepebyBaHHS LLYpIB Ha BUCOKOKANopitHoMy kombikopmi) — 0
TWXAEHb, Ha 6 i 8 TxHAX inaykuii LIO2. Y cTaTTi HaBeaeHo AaHi
Loao cepeaHboro AT y AoCRigHUX TBAPUH.

[ns nposeneHHs exokapgiorpadii (Exo-KIM) ainsHky rpyaHoi
KMNiTKN TBApUH PETENbHO ronunu. Ak aHecTesionoriyHuin 3acio
BUKOpUCTaHO «Tenason» (TunetamiHy rigpoxnopug — 250 mr,

Created in BioRender.com bio

3onasenamy rigpoxnopug — 250 mr). [locnigKeHHs BUKOHyBanu,
(DIKCYHOUM TBAPUH Ha CTIMHI 3 BUTATHYTUMM NEPEAHIMM KiHLBKamu,
a Takox Ha nisomy 6oui. Exo-KI' BuKoHyBanu 3a AOMOMOro
ckaHepa Vivid E9 (GE Healthcare, CLUA), 0bnagHaHOro BUCOKO-
yacToTHUM (15 MI'L) MaTpuyHUM RiHinHUM aatymrkom ML6-15-D
i3 BUKOPUCTaHHSIM creLianisaoBaHoro naketa Ans AOCHimKeHHs!
ApibHmx TBapuH Rodent. KopeKTHICTb MO3MLiOHYBaHHSA YIb-
Tpa3BykoBOro NpomeHs nepesipsiny B M-peskumi. CtaHgapTHi Bu-
MIPIOBAHHS! TOBLLMHM MXLLIMYHOYKOBOI NEPETVHKM, 380HB01 CTIHKMA
nisoro wnyHouka (3CJILL), a Takox kiHLeBo-giacToniyHoro (KOP)
Ta KiHueBo-cuctoniyHoro (KCP) po3mipiB BUKOHYBamnu B3OOBX
[0Broi OCi MiBOrO LUITyHOuKa CepLs Ha PiBHi KIHYMKIB CTYMNOK MiT-
panbHoro knanaxa. [JocnimKeHHs 3AINCHUNN Y CiPOLLKaNbHOMY
B-pexxumi 3 napactepHanbHOi Ta anikanbHoi nosuuin. KoxHe
BUMIPIOBAHHS BUKOHYBanM Tpudi, NiCns 4oro ycepeaHioBanu
OTPUMaHi NoKasHMK1. Ha OCHOBI Linx faHnx 0bpaxoByBani Macy
niBoro LwyHouka (r), Aiactonivnui (Mn), cuctonivyHui (Mn) Ta
yaapHuin (M) 06’eM, cepLeBnin BUKME, (MI/XB) Ta BiZHOCHY TOB-
LUKMHY CTiHKKL. [leTanbHiLumin onuc hopmMyn HaBeAEHO Y HaLLOMY
nonepegHLOMY AOCTIigKeHHi [14].

3 eKkcnepumeHTy TBapWH BMBOAWNW Mif aHecTesiel npe-
napatom «TioneHat» (TioneHTan Hatpito 950,0 mr) — 120 mr/kr
Macu Tina Lypa.

CTtaTMCTUYHO pe3ynbTaTi JOCTIMKEHHS onpaltoBanu, Bu-
KOHaBLUM opHOaKTOpHUIA aucnepcinHuin aHanis (ANOVA) y
nporpami Statistica (niuensia Ne JPZ8041382130ARCN10-J).
besnepepsHi 3MiHHI HaBeAEHO K CepeHE 3HAYEHHS + cepeaHs
cTaHgapTHa noxmbka (M = m). Yci napameTpyu nopieHtoBany 3a
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Puc. 2. CepeaHiit apTepianbHWUI TUCK LLPIB eKCepuMEHTaAbHUX rpyn (M + m).

#: CTAaTMCTMYHO 3HaYYLLi BIAMIHHOCTI NOKa3HWKIB LIA2 LLOAO KOHTPOALD Y BIANOBIAHWY TEPMIH (p < 0,05); ~: CTAaTUCTUYHO 3HAUYLLL BIAMiHHOCTI
NOKa3HMKIB LLOAO NapameTpiB LEl caMoi rpynn Ha NonepeAHboMy eTani ekcnepuMeHTy (p < 0,05); $: CTAaTUCTUUHO 3HauyLLi BIAMIHHOCTI

nokasHukis niarpyn LA2-8-2, LIA2-8-3 wopao LA2-8-1 (p < 0,05).

[,0MOMOrOK OAHOCTOPOHHBOTO AUCTEPCIAHOIO aHaniay, a noTim,
Y pasi 3Ha4yLLOCTi, — ABOCTOPOHHLOIO TECTY ThIOKi AN YACHEH-
HUX MOpIiBHSHb. Mg Yac KOpEensLiHOro aHanisy BUKOPUCTAHO
koedivieHT kopensuii MipcoHa. [JBoCcTOpOHHE 3Ha4eHHs p < 0,05
BU3HAYEHO §IK CTATUCTUYHO BipOrigHe Ans BCiX TECTIB.

Pe3yabtatin

3a pesynbratamu, OTPUMaHUMK Y HaLIOMY nonepeaHLOoMyY
pocnimpxeni [9], y wypis i3 rpynu LIA2-0 Ha hoHi po3BUTKY iHCY-
NIHOPE3MCTEHTHOCTI CChopMyBanocs NiaBuULLEHHS cepeaHboro AT
MOPIBHAHO 3 KOHTPOMBHUMY 3HAYEHHAMU (puc. 2).

OocnipxenHs BuxigHnx Exo-KI™ napametpis y wypis L02-0
[arno 3Mory BCTaHOBWUTU CTATUCTUYHO 3HaYyLLi BiAMIHHOCTI Mo-
PIBHSIHO 3 KOHTPOMEM, LU0 3yMOBIEHI nonepeaHiM 8-TvxHeBUM
iHOYKyBaHHsAM iHcyniHopeancTeHTHOCTi [9]. OgHa 3 HuX — 36inb-
LLIEHHS! TOBLLMHY MiZLIKIPHOI X1PoBOi KniTkoBuHM (MTKK) y AinsHuj
cepust Ha 65 % nopiBHAHO 3 koHTporeM (p < 0,05). Tak, y Wwypis i3
rpynv LUA2 Ha O TxHi BCTAHOBMNEHO CTATUCTUYHO 3HauyLLe 30irb-
LLEHHS NOKa3HMKIB Macy MiBOro LuryHouka Ha 19 % Ta TOBLUMHM
3CNLW Ha 7 % (p < 0,05); Le cBiAUNTL NPO PO3BUTOK rinepTpodii

Miokapza nisoro wiyHouka. 36inblenHs KOP Ha 6 % i KOO Ha
19 % € 03HaKOH0 3BiNbLLEHHS MOPOXHWHM NIBOTO LUSTYHOUKA, LLO
CYNPOBOIKYETHCS MOPYLLIEHHSIM CUCTONIYHOT GoyHKLT (3BinbLUeH-
Hs1 KCP Ha 8 % i KCO Ha 25 %) 3i 36inbLueHHsM yaapHoro o6’emy
Ha 18 % i cepueBoro Bukvay Ha 19 % NOPIBHSHO 3 KOHTPOIBHUMMU
3HayeHHamm (p < 0,05) (puc. 3A, 4A).

Uepes 6 TWBKHIB NiCns BBEAEHHS CTPENTO30TOLMHY Lypam
i3 L2 auHamika nigsuiieHHs AT 3bepiranacs. Lie npusseno o
CTaTUCTUYHO 3HaYYLLOro nepeBuLLEHHS CAT Y LLYpIB ekcriepuMeH-
TanbHoI rpynu Ha 8 % MOPIBHAHO 3 iXHIMW BUXIAHUMU JaHUMMK,
a'y TBapuH rpynu KOHTponto — Ha 38 % (puc. 2A). Y pesynerari
aHanisy reMogMHamivHKX napameTpiB y Wwypis i3 L2 Ha 6 TxHi
€KCMEPUMEHTY BU3HAYEHO NOTIPLUEHHS 3MiH, SKi 3adpikcoBaHi
Ha noyaTky ekCrepUMEHTY: NPOrpecyBaHHs rinepTpodii niBoro
LUNYHOYKa (36inbLLeHHs Macy nisoro wnyHouka Ha 19 % i 3CTILL
Ha 8 %) 3i 3BiNbLUEHHSM 10r0 NOPOXHMHK (36inbLueHHs KOP Ha
6 % i KOO Ha 19 %) i cucToniyHoi ancdyHKuii (36inbwerHs KCP
iKCO Ha 7 % i 21 % BignoBigHo), 3pocTaHHsAM yaapHoro o6’emy
Ha 19 % Ha (POHi 3MEHLLEHHS CepeaHbOro MoKasHUKa YacToTy
CepLEBUX CKOPOUEHb Ha 7 % NOPIBHSHO 3 MOKA3HUKaMM LIUX LUy~
piB [0 BBEJEHHs CTpenTo3oToLmHy (p < 0,05). Yci Ui nokasHuku
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Puc. 3. Exorpamy LUypiB i3 LykpoBuM Aiabetom 2 tuny. A: LA2-0; B: LA2-6; C: LIA2-8-1; D: LIA2-8-2; E: LIA2-8-3.

IVSd: MixLIAYHOUKOBaA NepeTnHKa B AiacToAy; LVIDd: KiHLEeBO-AiaCTOAIYHMI pPO3Mip AiBOTO LAYHOUKa; LVPWd: 3aAHS CTiHKa AiBOTO LLUAYHOY-
Ka B AiacTony; IVSs: MiXLIAYHOUKOBa NepPeTMHKa B CUCTOAY; LVIDS: KiHLEBO-CUCTOAIYHMIA PO3MIP AIBOTO LAYHOUKa; LVPWS: 3aaHS CTiHKa
AiBOTO LAYHOUKa B cuctoAy; EF (Teich): dpakuia Bukuay 3a Teichholz; % FS: Biacotok dpakLii ykopoueHHs; SV (Teich): yaapHuit 06’em 3a
Teichholz. M-pexum ckaHyBaHHS, NapacTepHaAbHa NO3WLLA, KOPOTKA BiCb AIBOTO LIAYHOUYKA AWLLIE Ha PiBHI NaMiASIpHKUX M’A3iB.

CTaTMCTWNYHO 3HAYYLLIO NEePEBULLYBANM KOHTPOIbHI 3HAYEHHS HA
BiZnoBigHOMY TepMiHi excriepumeHTy. ToswmHa MKK y wypis i3
nigrpynu LUA2-6 gocToBipHo 3meHwunacs Ha 11 % nopieHsHO
3 L[2-0, npote nepeBuLLyBana nokasHWK KOHTPOMK Ha 43 %
(puc. 3B, 4B).

Ha 8 TvxHi nopiBHAHO 3 6 TWXHEM Y LUypIB Mmiarpynm 6e3
kopexuii (LI12-8-1) nocToBipHi 3miHM CAT He 3adikcoBaHi, npo-
Te MOKa3HMK BCE LLie 3HaYyLLO NepeBuLLyBaB KOHTPOIbHI daHi
(36 %) (puc. 2B). AHani3 nokasHukis Exo-KI™ nokasas noganbLue
36inbLeHHst KOP (Ha 6 %), KOO (Ha 20 %), KCP (Ha 8 %), KCO
(Ha 26 %) Ta ynapHoro o6’emy (Ha 19 %) NOpiBHSHO 3 pe3yrb-

Tatamu 6 TwxHs (p < 0,05) (puc. 3C, 4C). MokasHNK TOBLLWHM
KK 3MeHLIMBCS MOPIBHSIHO 3 BUXiAHMM 3Ha4eHHaM Ha 19 %,
ane 3anuascs BinbLUMM 3a KOHTPOMb Ha 27 %.

Y wypis i3 nigrpynu LIA2-8-1 kopensuiHuia aHania 4as amory
BCTAHOBWTM 3HAYYLLMIA CUMBHWA NO3UTUBHWIN 3B'A30K Mix CAT i
TOBLLWHOK MiXLLTYHO4KOBOI nepeTuHkm (r= 0,8, p = 0,02), piBHem
xonectepury Ta 3CIIW (r = 0,8, p = 0,04), a TaKoX TOBLLMHO
BiMbHOI CTiHKM niBoro wnyHoyka (r = 0,8, p = 0,01). 3ayBaxwmo,
LLO B rPyMi KOHTPOMHO Ha 8 TWXKHI 3HauyLLMMK Bynn cunbHa no-
3uTHBHa Kopensuis MNipcoHa piBHIB TPUILEPUAIB i3 TOBLLMHO0
BiNbHOI CTiHKM niBoro wryHouka (r = 0,9, p = 0,01) Ta mMixwny-
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Puc. 4. BiacoTok 3miH napameTpiB Exo-KT LypiB i3 Lykposum aiabetom 2 tuny. A: LA2-0; B: LIA2-6; C: LIA2-8-1; D: LIA2-8-2; E: LIA2-8-3.
*: CTATUCTUYHO 3HaYyLL BIAMIHHOCTI Noka3HuKiB (p < 0,05).
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Puc. 5. KopeAsiLifnH1in aHani3 3B’3KIB MIOKO3M, CEPEAHBOTO apTePiaAbHOrO TUCKY, PiBHIB XOAECTEPUHY, TPUTAILEPHAIB i TOBLLMHK MXK 3
reMOAMHaMIYHUMK NMOKa3HUKaMM LLYPIB i3 rpynn KoHTpoAto (A), LA2-8-1 (B), UA2-8-2 (C) i LLA2-8-3 (D). Kopeasiuis MipcoHa, r.

HoukoBoi nepetuHkm (r = 0,8, p = 0,01), a cunbHa HeraTuBHa — 3
KCP i KCO (r=-0,9, p = 0,01 obuasa nokasHuku) (puc. 5A,B).
[aHi Wwoao piBHIB X0recTepuHy Ta TpUrniLepuais HaBeoeHo B
nonepeaHin ctarTi [15].

BeneHHs L-apriHiny wypam i3 nigrpynu L2-8-2 cnpuinHmuno
CTaTUCTUYHO 3HauyLLe 3MeHLeHHs CAT Ha 10 % nopiBHSHO 3
LI2-8-1 (Be3 kopekLii), ane nokasHuK BCe LUe NepeByLLYyBaB
KOHTPOIbHI 3HaveHHs Ha 23 % (puc. 2B). Kpim Toro, L-apriHiH
MO3WUTUBHO BMIMHYB Ha MokasHuki Exo-KI, cTaTMCTUYHO 3Ha-
yywo ameHwwmswy KOP (Ha 7 %), KOO (Ha 25 %), macy nisoro
wyHouka (Ha 14 %) Ta yoapHui 06’eM (Ha 22 %) NOPIBHSHO 3i
Lwypamm 6e3 kopekuii (U2-8-1) (puc. 3D, 4D). MpoTe 3ayBaxu-
MO, LLO MOKa3HWUKW BCE X NEPEBULLYBANN 3HAYEHHS KOHTPOIIO
BiAMOBIAHOrO TEPMiHY Ta BUXiZHI TapaMeTpy TBAapUH [0 BBEAEHHS
CTPENTO30TOLWMHY. [MoKasHMK ToBLUMHM KK 3MeHLWwwuBCS nopis-
HSIHO 3 BUXIAHUM 3Ha4eHHsM LLypiB (Ha 11 %), npoTe 3anuwascs
BinbLumm 3a KoHTpOrb (Ha 41 %).

Y pesynerati KOpensuiiHoro aHanisy BCTaHOBMEHO CTaTuc-
TUYHO 3HauyLL 3B'A3kM M CAT i YaCTOTOIO CEPLIEBUX CKOPOUEHD
(r=0,9,p=0,01), ToBwwmHoto 3CIILL (r=-0,8, p = 0,02). Kopensis
MipcoHa mix piBHem xonectepuHy Ta KCP, KCO (r=-0,9, p=0,01,
06uBa NOKa3HWKM) CUIMbHO HEraTvBHa, ane npy KOpertoBaHHi
umx Exo-KI™ nokasHukis i3 TosLmHo KK 3adikcoBaHO cunbHMI
noantueHuM 38's30k (r = 0,8, p = 0,03ir=0,8, p = 0,04 Bignosia-
HO). 3asHaummo, Lo ToBLUmMHa MKK Mana 3HavyLLmin 3B8'30K i3
TOBLLMHOIO BinbHOI CTiHKM NiBOro LWwiyHouka (r = -0,9, p = 0,01)
TaCB (r=0,8, p=0,03) (puc. 5A,B).

BHacnigok BBegeHHs N-auetun-L-umcteiny y migrpyni LIA2-8-3
3achiKCOBaHO Taki 3MiHW: CTAaTUCTUYHO 3HauYyLLe 3MeHLeHHs KOO
(Ha 12 %), macu niBoro LwnyHouka (Ha 13 %) Ta YacToTu cepLeBmx
ckopoueHb (Ha 8 %) nopiBHsHO 3 nigrpynoto 6e3 kopekuii (puc. 3E,
4E). IHwi Exo-KI' napametpu Ta cAT y LLypiB iCTOTHO He 3MiHu-
nmes (puc. 2B). 3ayBaxumo, WO BUPaXeHICTb edekTy nomibHa
[0 nigrpynu TBapWH, SKUM BBOAWNM L-apriHiH, i MOKa3sHWKK He
BiAHOBWMMCS Hi 4O KOHTPOSTBHUX 3HAYEHb, aHi 40 BUXIAHNX JaHWX
rpynu LA2-0. MokasHuk ToBLmHN THKK 3MeHLLIMBCS NOPIBHSHO 3
BUXiZHUM 3Ha4YeHHSM LLypiB (Ha 10 %), ane 3anuwascs BinbLunm
3a KoHTponb (Ha 41 %). AHania kopensuii NipcoHa He BUsIBYB
CTaTUCTUYHO 3HAYYLLi 3B'AA3KM MiXK NOKasHukamu (puc. 5A,B).

06roBopeHHA

L2 - BaratodhaktopHe MeTaboniyHe 3aXBOPIOBaHHS, LLIO 3y-
MOBJTIOE MiABMLLEHNI PU3NK PO3BUTKY MIKPO- Ta MaKpOCYAMHHNX
natonorin. Lli naTonoriyHi 3MiHW pa3om i3 rroKO30TOKCUYHICTIO,
iHCYNIHOPE3NCTEHTHICTIO, MOPYLLEHHAM perynsLii cuMnaTuyHoi
HEPBOBOI Ta PeHiH-aHroTEeH3NH-anb10CTEPOHOBOI CUCTEM, a
TaKOX CUCTEMHUMM META00MIHHUMI MOPYLLEHHSIMW NPU3BOASATH
[0 BUP2XEHOTO YPXKEHHS CEPLIEBO-CYANHHOI C1CTEMM, 0COONMBO
cepus. CykynHICTb LMX 3MiH 3yMOBIHOE CrieLudpiuHe Moro pemo-
[entoBaHHA — Kapgiomionarito [2].

3ayBaxuMo, L0 NUTaHHS LIOZO PONi FiNepTeHsii B iHiLiavii
pO3BUTKY Kapgiomionartii abo ii BNAMBY Ha CTYNiHb BUPXEHOCTI
KOMMOHEHTIB Yy XBOpWX Ha L2 3anuwaeTbcs auckyTabens-
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HWUM. HUHi BU3HaYaloTb Taki paHHi BisyanisaLiiiHi 03Haku kapgjo-
mionarii, Sk rinepTpodis NiBOro LWyHOuKa, AOro AiacToniyHa Ta
CUCTOMIYHA ANCAYHKLIS, @ IHKOIM 1 ypaeHHs NPaBoro LLTyHOuKa
[5]. Tak, 3rigHo 3 BucHoBkamm H. Urlic et al., rineptpodist niBoro
LUNYHOYKa — Neplla HeCnpuATNMBA MPOrHOCTUYHA O3HaKa Ta
ABTOHOMHMI (HAKTOP PU3NKY NATONOTiN CepLIEBO-CYANHHOI CUC-
TEeMU — € HacnigkoM rineprikemii [16].

Y pesynbrati HaLWOro AOCAIMKEHHS OTpUManu AaHi, Wo
MiSTBEPIKYIOTb: Y)Ke Ha Nno4yaTkoBOMY eTani ekcriepumeHTty (0
TWXKAEHD, Micns 8 TWXKHIB iHAYKLT iIHCYNIHOPE3NCTEHTHOCTI) LypK
ekcnepymeHTansHoi rpynu Mamu Exo-Kr-o3Haku 36inbLieHHs
macm NiBoro wryHouka i ToBlmHM 3CJILL, xoua KoHUeHTpaLjis
rMIOKO3K B HUX cTaHoBuna 6,2 + 0,1 MM/n, a nokasuuk cAT
3Ha4HO nepesuLlyBaB HopMmy [9]. ba Ginblue, kOMGIHOBaHMI
MaToreHeTUYHWI BNMMB Ha PO3BUTOK reMOAMHAMIYHIX 3MiH NpK
Kapgiomionarii y LypiB 4OBOAUTL HASIBHICTb CTATUCTUYHO 3Ha-
YyLLMX KOPENsLfHMX 3B'A3KiB MK nokasHukamu Exo-KI™ Ta cAT,
XOMECTEPUHY i TPUMILIEPUAIB, ane BiLCYTHICTb Tak1X BiGHOWEHb
i3 FMIOKO3010 Y LLYpIB 3 eKCriepUMEHTarnbHIX Nigrpyn.

Tomy Bce YacTille po3pisHsoTb (EHOTUMIYHI BapiaHTW Kap-
[Jiomionarii, acouiosaHoi 3 LI12, npu onuci sikux JOChimKyoTh
CamMe NaToreHETWYHI BapiaHTW BMMBY FiNepTeHsii, rnikemii Ta
Jveninigemii i Ha paHHLOMY eTani po3BUTKY 3aXBOPIOBaHHS, | Npy
1oro nporpecyBaHi [17].

36inbwenHs KAP i KOO, noeaHaHe 3i 30inbLueHHsM KCP i
KCO, cBigunTb He NMuLLE Npo AvnaraLlito NOPOXHMHW NIBOTO LLTTy-
HOYKa, ane 1 NPo NOPYLUEHHS CUCTOMIMHOI (hyHKLi. 30iMbLUEHHS!
yAapHoro 06’emMy Ta CepLieBOro Bukuay Y Lypis i3 rpynu LIA2-0,
a Takox nicns BBeAeHHs ctpentosotoumHy (LUA2-6 i Li2-8-1),
IMOBIPHO, Mae KOMNEHCATOPHUI XapaKTep Ha NOCTHaBaHTaXeH-
HS1, LLO MOCKUITIOETLCA, abo € cnpoboIo NiATPUMATN afeKBaTHUIA
KPOBOTIK B YMOBaX BUPaXXEHOro pemogesntoBaHHs cepus. Lii aani
MiLTBEPAKYIOTb, WO TPUBArICTb EKCNEPUMEHTY € LOCTAaTHbOK
A5 hopMyBaHHS CTIMKMUX Kap4ioBacKyNspHUX YCKNagHeHb, WO
nporpecyBanu, y Hawwii mogeni LUA2. Moaibxi pesynsraT onncaHi
Y CXOXiiA CTPENTO30TOLWMHOBIN MoZeni, Ae 3adiKCOBaHO BUPaXeHy
[iacTonivHy Ta CUCTONIYHY AUCAYHKLIO NIBOO LLINYHOYKA YEPes
12 TvkHiB nepebiry piabeTty [18].

BeeneHHs L-apriHiHy wypam i3 nigrpynu LA2-8-2 mano
3HaYyLLMIA NO3UTUBHUI BMIIMB Ha KapAioBaCKyNSpHi napameTpu.
BrsiBrieHo cTatncTMYHO 3Hauylle 3HWKeHHs CAT MOpiBHAHO 3
migrpynoto TBapuH 6e3 KopekLii; Xxoua NoKasHWK He BiHOBMBCS
[0 KOHTPOMbHUX 3HaYeHb, Taka AWHaMika CBIYNTb NPO AOro
cyTTEBE HAbMKEHHST A0 HOpMM. Llen edhekT y3romkyeTbes 3
BIiJOMO ponnto L-apriHiHy sk nonepeaHuka okcuay asoty, Lo
€ KINo4oBMM Basogunaratopom [7]. MokpateHHs NO-3anexHoi
eHpoTenianbHOT (hyHKLIT MOXe CPUSTU 3HKEHHIO nepudepuy-
HOrO CYAMHHOIO OMopy Ta, SK HACTIZOK, apTepianbHOTO TUCKY.

Kpim Toro, L-apriHiH NO3WTUBHO BMMUHYB Ha MOKa3HWUKK
Exo-KI™ — 3adhikcoBaHO CTAaTUCTUYHO 3HaYyLLe 3meHLeHHs KP,
KOO, macu niBoro LUnyHo4ka Ta yaapHoro 06’eMy nopiBHSHO 3
rpynoto 6e3 kopekuii. Lli gaHi ceigyatb npo YacTKoBWIA perpec
rinepTpodpii Ta Aunatadii NiBOro LLUNYHOUKA, @ TaKOX MOKPALLEHHS
HACOCHOI (PyHKLT.

MopiOHi pe3ynsTaT HaBeAeHO B OrMsAAi, AKUIA 3giAcHUNML
M. R. Thakur et al. AsTopu focnigunu nopyLweHHs Metaboniamy
L-apriHiHy Ta 3HWXEHHS M0ro BHYTPILLHLOKMITUHHOMO NyIy, siKi

KOPENIoTh i3 NporpecyBaHHsIM kapgioMionarii, LWo 06rpyHToBye
nofanbLle BUBYEHHS i Oro TepaneBTUYHoro noteHuiany. [19]. L
pe3ynbraTi 36iratoTbCs i3 AaH1MK, 3rigHO 3 Skumm L-apriHiH Moxe
MoKpalLLyBaTh KapaianbHe peMOAENtoBaHHS Ta (oyHKLo NiBoro
LUTYHOYKa Npu AiabeTnyHil kapaiomionarii BHACTIGOK 3HVKEHHS
OKCWMOATWMBHOIO CTPeCy Ta 3amaneHHs, a TakoX MOMinWeHHs
eHepreTnyHoro metaboniamy miokapaa [20].

KopensiwinHnin aHanis, ki 3giicHUNM nig Yac Hawwloro 4ochi-
[PKEHHS!, TaKOX NigTBEpAMB, LU0 L-apriHiH 3MiHIOE B3aEMO3B'3KM
MiX JocnigxeHumm napametpamu. Lii fani nigTBepmkytoTh 10ro
BMMMB Ha NaToisionoriyHi LWAsxy.

Ecbektn N-auetnn-L-umcteiHy AeLo iHWi W MeHWw Komn-
NEKCHi NOpIBHSAHO 3 L-apriHiHOM, X04a Takox no3unTuBHi. BeTa-
HOBMEHO CTATUCTUYHO 3HauyLLe 3ameHweHHs KOO, macu nisoro
LUTYHOYKA Ta YacCTOTV CEPLEBUX CKOPOYEHb, LU0 AAE NiAcTaBy
BM3HAYMTV NEBHWUIA perpec aunartalii Ta rineptpodii. Lie moxe
OyTW NOB'A3aHO 3 aHTMOKCUAAHTHUMK BnactmeocTamm N-aue-
Tun-L-uncTeiny. Ak nonepenHuK rmyTaTioHy Ls amiHokucnota
Gepe yyacTb y NPOTMAji OKCUMAATUBHOMY CTPECY, SIKUI € OQHUM
i3 KIHOYOBMX MEXaHi3MIB KapaianbHOro noLuKkomkeHHs npy LA2
[21]. 3HWKEHHSI YaCTOTU CEpLIEBMX CKOPOYEHb MOXE CMpUSTM
MOKPALLEHHHO AiaCcToNIYHOrO HAMOBHEHHS!, NPOTE, Ha BiAMIHY Bif
L-apriniHy, N-auetun-L-uncTeiH He MaB 3HaJyLLIOrO BMMBY Ha
CAT Ta iHwWi napameTpu Exo-KT, wo cBiguuTs npo GinbLu Brbip-
KOBWI MEXaHi3M 1oro fii.

BucHoBKU

1. Ha ¢hoHi po3BuTKy eKCneprMeHTanbHOro LiyKpoBoro Aiabe-
Ty 2 TNy Y LLYPIB Ha 6 TWXHI BUSBNEHO rinepTpodito Miokapaa 3
Aunatadlieto NiBoro LUMyHOuKa Ta CUCTOMIMHOK AUCEYHKLE, LLIO
CYNPOBOMKYETLCS NiABULLEHHAM apTepianbHOro TUCKY.

2. Ha 8 TwxHi pocnimkeHHs y WwypiB 6e3 BBeOEHHS amiHO-
KCMOT CrocTepirany nporpecyBaHHs rineptpodii, aunartauii
Ta CUCTONIYHOT AUCEYHKLLT NOPIBHAHO 3 MOKA3HUKaMM 6 TUXHS,
NpOTe NOKa3HUK CepeaHboro apTepianbHOro TUCKY He 3MIHWMBCS.

3. 3acTocyBaHHs amiHokucnoT — L-apriniHy Ta N-aue-
TUN-L-LMCTeiHY — NO3UTUBHO BNNWBAE Ha KapaioreMoauHamiuHi
MOKa3HUKK i apTepianbHui Tuck npu LI 2 Tuny. Pasom i3 Tum,
MOBHOTO BiAHOBMEHHS 40 (Pi3iONOrMYHOI HOPMM HE AOCSATHYTO;
L-apriHiH Ma€ BinbLu BUpaXeHni edhexT.

DAeknapauia wopo BukopuctanHs LI

[ig yac nigroToBKK CTaTTi BUKOPUCTAHO TaKi IHCTPYMEHTU LUTYYHOrO

iHTenexty: Gemini 3.5 Flash. Ix 3acTocoBaHo Anst MOBHOTO peaaryBanHs Ta
nepeknagy. Yci coparMeHTI, CTBOPeHi abo onpaLiboBaHi 3 BUkopucTaHHam LU,
nepesipeHi Ta BigpeaaroaHi asTopamu, siki HeCyTb MOBHY BiANOBIAANBHICTb 32
3MicT CTaTTi.

diHaHcyBaHHA

3pircHioeTbes HauioHansHUM hoHaOM AocnigkeHb Ykpaiiu B pamkax
npoexTy «KoHkypc Ha ofepxaHHs rpaHTia MpeanaeHTa Ykpaiku ans
MIATPAMKN HAYKOBWX [OCTIMKEHD | pO3pOBOK MOMOANX Y4EHNX-AOKTOPIB
inocodii / kaHanaaTis Hayk» peecTpaLinHui Homep 2025.05/0004
«KopexLisi CTpyKTYpHO-(pyHKLiOHamNbHIX NepebynoB Miokapaa npu
niabeTnyHin kapaiomionarii NpeLM3ioHHO-TapreTHOI0 MOLYMALIE0 NOPYLLEHb
rasoTpaHcmiTepHoi NO-cuctemmy.
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CBoeyacHa fjiarHocTuka Ta nikyBaHHs! KOTHITUBHIX NOPYLUEHb, SIKi € MapKEPOM i NepeaBiCHUKOM TSXKUMX CTaHiB,
€ BaXJIMBOK CKIa[0BOK BEAEHHs MaLiEHTIB i3 HU3KOK 3aXBOPIOBAHb, 30KPEMA apTepianbHOI0 rNepTeHsIet0.

Merta pob0oTH - BCTaHOBMTM B3aEMO3B'A30K MiX MOKa3H1KaMM OKCUATMBHOTO CTPECY B TKAHWHAX MO3KY LUYpiB
i CTAHOM KOTHITMBHOI Chepu Npu ekcnepuMeHTanbHiN apTepianbHii rinepTeHsii Ta Ha OHI MEQMKaMEHTO3HOI
KOpEeKLIii NiABMLLEHOrO apTepianbHOro TUCKY B-6rnokaTopamm pisHUX NOKOMiHb.

Marepianu i meToau. OLiHIOBanM 3AaTHICTb LLYPIB A0 HABYaHHA Ta 3anam’aTOBYBaHHA aBEPCMBHOMO CTUMYMY
B TeCTi YMOBHOI peakLii nacuBHoro yHukaHHs (YPIY) B ymoBax ekcrnepuMeHTanbHoi ycTaHOBKK «H0BHUKOBA
kamepay. CTaH aHTUOKCAAHTHOT CUCTEMU BUBYANW 3a MOKa3HMKaMu piBHiB cynepokeuaancmyTasu (COL), BigHOB-
NeHoro rnyTaTioHy Ta rnyTatioHnepokcuaasu (MP). Jns BctaHOBNEHHS piBHS OKCUAATUBHOTO CTPECY BU3HAYanu
MapKepu OK1CHeHoi Moaudikawii 6inkis — anbaerindeninrigpasoqu (APT) i kapbokeunderinrigpasonu (KOT).

Pesyabtati. [oKasHVKW KOTHITMBHOI Cdhepy JOCTIMKEHO Y B3aEMO3B'A3KY 3 NOKa3HWUKaMu CTaHy aHTUOKCUAAHTHOI
CUCTEMM i1 OKCUAATMBHOTO CTPECY B TKAHWHAX FONOBHOMO MO3KY eKCepUMEHTarnbHNUX TBAapWH Ha (hOoHi apTepi-
arnbHoi rinepTexsii Ta ii NikyBaHHS MPONPaHOMNONOM (aHanpuniH), KAPBEAWUIIONOM i FiNEPTPUIIOM, ki BBOAWMN B
TepaneBTUYHOMY [03yBaHHi. BCcTaHOBMEHO, WO TpuBana apTepianbHa rinepTeHsia nos’s3aHa 3 NoripLUeHHsM
CTaHy aHTWOKCWAAHTHOI CUCTEMM TOMTOBHOTO MO3KY, iKE CYMpOBOMKYETLCS MOTIPLIEHHAM CTaHy KOrHITUBHOI
cthepy. Kopekuis apTepianbHoi rinepTensii 3 BukopucTaHHsaM B-6rokatopis npu3eoauTb Ao ctabinisauii ap-
TepianbHOro TUCKY, ane aHTUOKCUAAHTHUA eeKT i MOKpaLLeHHs CTaHy KOrHITUBHUX (OYHKLIA CrocTepiraoTbh
TiNbKW NpU BUKOpUCTaHHI HecenekTuBHoOro B-6nokatopa Ill nokoniHHs (kapeeaunony) Ta cynepcenekTMBHOO
B-anpeHobnokatopa 3 NO-mozentoBanbHum edekTom (rineptpuny).

BucHoBku. CrioHTaHHa apTepianbHa rinepteHsis (rpyna SHR) cnpuynHse cyTTEBWIA KOTHITUBHUIA AediuuT,
CYMNPOBOMXYETLCA 3HIKEHHSIM 30aTHOCTI 10 HaBYaHHS (BTPUYi NOPIBHAHO 3 HOPMOTEH3UBHUMI TBApUHAMK), @
ycnilwHe hopMyBaHHS HABUYKM BUSHAYEHO NNLLE Y TPETUHM 0COOMH. ApTepianbHa rinepTeH3is NpusBoanTb A0
BUCHaXEHHS1 aHTUOKCMAAHTHOI cucteMm Mo3ky: akTusHiCTb CO[l 3HuxyeTbes Ha 33 %, TP — Ha 20 %, BmicT
rnyTaTioHy — BABIui. L|i 3MiHK BiOyBatoTbCst Ha hOHi iHTEHCHEikaLii BinbHOpaaMKanbHUX MPOLIECIB i3 ABOPa30BMM
NiaBULLEHHSIM MapKepiB OKUCHIOBaNbHOT Moaudikauii 6inkis (APT Ta KOI). MeaunkameHTo3Ha kopekLis nigsuLLe-
HOro apTepianbHOro TVCKy B-BrokaTopamm pi3HNX MOKOMiHb CNpUsiE CTiNkin cTabinisavii Pc/Pa no HopmaTueHuX,
are BB Ha KOTHITVUBHI (OYHKLLT Ta aHTUOKCUAAHTHY CUCTEMY 3aXUCTY BiAPI3HAETLCS. AHaNpuniH Mae HaMeHLLy
€(DEeKTVBHICTb, MOT0 3aCTOCYBaHHS NOMMMOMIOE KOTHITUBHI NOPYLUEHHS Ta MOCKITIOE OKCUAATUBHWA CTPeC, Ao-
[aTKOBO NPUrHiYytoun 3axucHi pepmeHTy. KapBeamnon YWHWUTb HeNTpanbHUi BNMB Ha Nam’aTb, ane NoMipHoO
CTPUMYE OKUCHEHHS BinKiB NOPIBHSHO 3 aHaNpuniHOM. [iNepTpun xapakTepn3y€eTbCs HaNBULLIOK TEPaNeBTUYHOK
e(hEKTVBHICTIO, CPUSIE 3MEHLLEHHIO NPOSIBIB KOTHITUBHOTO AedilinTy (MOKa3HWK HaBYaHHs BULLMIA B 1,6 pa3a) Ta
NPaKTUYHO MOBHICTIO BiAHOBMIOE QHTUOKCUAAHTHWIA CTATYC [0 PIBHIB 300POBMX TBAPHH.

CyuacHi meanuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 177-183

Specific features of the cognitive domain status under conditions of impaired body
antioxidant system function in experiment

I. F. Belenichey, A. O. Svitlytskyi, T. A. Hrekova, T. M. Matvieishyna, 0. M. Kuchkovskyi

Timely diagnosis and management of cognitive disorders, which are both a marker and a predictor of more se-
rious pathology, is a significant challenge in the treatment of several conditions, including arterial hypertension.

Aim. To establish the relationship between the indicators of oxidative stress in rat brain tissues and cognitive
function status in experimental arterial hypertension and against the background of medical correction of elevated
arterial pressure with -blockers of different generations.

Materials and methods. The ability of animals to learn and remember an aversive stimulus was evaluated in
the conditioned passive avoidance response test in a “Shuttle Chamber” experimental setup. The state of the
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antioxidant system was studied using indicators of the levels of superoxide dismutase, reduced glutathione and
glutathione peroxidase. To determine the level of oxidative stress, markers of oxidized modification of proteins
were determined — aldehyde phenylhydrazones (APH) and carboxyl phenylhydrazones (CPH).

Results. The status of cognitive functions was studied in relation to the indicators of the antioxidant system and
oxidative stress in the brain tissues of experimental animals against the background of arterial hypertension
and its treatment with propranolol (anaprilin), carvedilol and hypertril, which were administered at therapeutic
doses. Ithas been established that long-term arterial hypertension is accompanied by a deterioration of the state
of the brain’s antioxidant system, which is associated with a decline in cognitive function. Treatment of arterial
hypertension with B-blockers leads to stabilization of blood pressure, but the antioxidant effect and improvement
in cognitive functions is observed only when using a non-selective beta-blocker of the IIl generation (carvedilol)
and a super-selective -adrenoblocker with a NO-modulating effect (hypertril).

Conclusions. Spontaneous arterial hypertension (SHR group) causes a significant cognitive deficit, accompanied
by a decrease in the ability to learn (compared to normotensives by 3 times), and successful formation of skills
is observed only in a third of animals. Arterial hypertension leads to the depletion of the antioxidant system of
the brain: the activity of SOD decreases by 33 %, GPR - by 20 %, the content of glutathione — twice, against the
background of intensified free radial processes with a two-fold increase in markers of oxidative modification of
proteins (APH and CPH). Pharmacological correction of elevated blood pressure with beta-blockers of different
generations contributes to normalization of systolic and diastolic blood pressure, but their effect on cognitive
function and antioxidant defense system varies. Anaprilin has the lowest effectiveness, aggravating cognitive
impairment and increasing oxidative stress by further inhibiting protective enzymes. Carvedilol shows a neutral
effect on memory but moderately inhibits protein oxidation compared to anaprilin. Hypertril demonstrates the
highest therapeutic efficiency, helps to reduce the manifestations of cognitive deficits (the learning rate is 1.6

times higher) and almost completely restores the antioxidant status to the level of healthy animals.

Modern medical technology. 2026;18(3):177-183

CVMHOPOM KOTHITMBHMX MOPYLUEHb — LI CYKYMHICTb HEBPO-
NOTiYHMX po3najiB BMLLOI HEPBOBOI AisNbHOCTI MIOAMHK, L0
XapaKTepU3yeTbCs 3HUKEHHSIM PO3YMOBHX 34i0HOCTEN, 30KpeMa
nam’siTi, yBary, MUCIEHHS, MOBMEHHS Towo. OCTaHHiM Yacom
BWBYEHHS KOTHITUBHWX MOpYLLEHb HabyBae 0cobmMBOI akTyans-
HOCTI, OCKiMNbKW Ui po3naan — Big nerkux (3abyabkyBarticTs) 40
TSDKKMX OEMEHTUBHIX 3MiH — € MEepLUMM CUMMTOMOM 6aratbox
CKMagH1X HEBPOIOTYHMX 3aXBOPHOBaHb: XBOPOOM [MapkiHCOHa,
Anburefimepa, biHcBaHrepa, iLemMiYHOro Ta remopariqyHoro iH-
CynbTY, eHuedanonarii pisHoro reHesy Towo [1,2,3].

3rigHo 3 pesynkTatamy MeTaaHaniay, Lo 3ajincHeHuin y 2023
poui, y CBITi NOLUMPEHICTb NEerkoi KOrHITUBHOI HeLoCTaTHOCTI
(anrn. mild cognitive impairment) B oci® BikomM MeHLe Hix 50
POKIB, 3@ AaHUMM Pi3HUX AOCHimKeHb, CTaHoBMNa Big 15,6 % 0o
19,7 % [4]. Lli noka3HWKM NporpecrBHO 3pOCTatoTb 3 BIKOM, i Y
BiLli 80-85 pokiB caratoth 25,2 % [4,5].

3a paHmmn pocnimkerHs «mobanbHuii Tarap xsopob» (Global
Burden of Disease), y 2019 poui y cBiTi HanivyBanocs 57,4 MiH
nogen i3 aemeuieto, a go 2050 poky, 3a NporHo3amu, LS Kirb-
KicTb 3pocTe Ao 152,8 MnH [6,7]. CTaHoM Ha kiHeub 2010-x pokis,
CepeaHil NoKa3HWK MOLLMPEHOCTI BCiX hopM AeMeHLji B YkpaiHi
ctaHoswB 99,72 Ha 100 000 oci6 (= 0,1 %, abo 1 Ha 1 000) [8].

Cnip 3ayBaxuTy, Wo B GinbLIOCTI BUNaaKiB B eTionorii 3a-
XBOPHOBaHb, 5iKi CYNPOBOLKYHOTHCS KOTHITUBHAMM MOPYLLEHHSMM
Pi3HWX CTYNEHIB TSXXKOCTI, BU3HAYaKOTb apTepianbHy rinepTeHsito
(AI), 30kpeMa eceHLianbHy Ta iHLLi (hopMU, LU0 MatoTb XPOHIHUIA
nepebir. AHania Cy4yacHWX JaHuX AaB 3MOry BCTAaHOBMTM 30ifb-
LIEHHS PU3VKY NOPYLLEHb Y KOTHITUBHIN cpepi B 1,2-1,5 pasa y
xBopux Ha Al a nikyBaHHs! Al” Npu3BOAUTb [0 3HXKEHHS PU3UKY
aemeHuii Ha 20 % [9].

HuHi nigTBEpmKEHO, LLO TPVBANE NiABULLEHHS apTepianbHOro
TUCKY NMPU3BOAWTL [0 MATONOMYHWMX 3MiH Y CyauHaX OpraHis,
30KpeMa rofoBHOMO MO3KY, BHACMIZOK YOro BUHUKAE iLLeMist.

Came BoHa 3anyckae kackap bioxiMiuH1X Nogii, siki Npr3BOaATL
[0 HagMIpHOTO BUPOONEHHS akTUBHUX PopM KucHio (APK) Ta
akTvBHUX cnomyk asoty (RNS), Lo noxoasTs Big okcuay asoty
(NO), Bigirpatotb krto4oBy ponb y disionoridimx (NO, NO,) i
naronoriyHmx (ONOO-, NOCI) npoLiecax, Ta € 0OfHUM 3 OCHOBHIX
(haKTOpIB YLIKOMKEHHS KNiTUH opraHa [10,11].

Merta pobotu

BcTaHOBWTW B3aEMO3B’130K M MOKa3HWUKaMM OKCUAATUBHOTO
CTPEeCy B TKaHWHax MO3Ky LLypiB i CTAHOM KOTHITMBHOI cdpepu
npu ekcrnepumenTanbHin Al Ta Ha OOHIi MeanKaMeHTO3HOT
KOpEKLii MiABULLEHOro apTepianbHOro TUcky B-bnokatopamu
Pi3HMX MOKOMiHb.

Marepianu i MeToAH AOCAIAKEHHA

[NocnipxeHHs 3piicHeHo Ha 6asi HaB4anbHO-HayKOBOrO
Meauko-nabopaTopHOro LiEHTpY 3 BiBapiem 3anopi3bkoro aep-
XaBHOrO MeayKo-thapMaLeBTUYHOMO YHIBEPCUTETY BigMoBIgHO
[0 BUMOT, 3a[ieKnapoBaHMX HaLliOHaNbHM CTaHAAPTOM « CrifbHi
€TWYHI MPVHLMMW EKCNIEPUMEHTIB Ha TBapuHax» (YkpaiHa, 2001),
LLIO NorofpkeHui 3 nonoxeHHsm Paau 2010/63/EU Esponeicbko-
ro napnameHTy i Pagw i3 3axucTy TBapuH, IKUX BUKOPUCTOBYOTb
y HaykoBuXx Linsx, Big 22 BepecHs 2010 poky (Council Directive
2010/63/EU of the European Parliament and of the Council of
22 September 2010 on the protection of animals used for scientific
purposes). Kowmicisi 3 nutaHb GioeTukn 3anopisbkoro AepxaBHOrO
MeaVKo-thapMaLEeBTUYHOTO YHIBEPCUTETY PO3rNsiHyNa MaTepia-
W, HaBeeHi y CTaTTi, NOpYLUEHb MOPAIbHO-ETUYHIX HOPM MpK
MpOoBEAEHHI HayKOBO-A0CTIAHOT pOBOTY He BUSIBMEHO (MPOTOKON
BiA 16.04.26 poky Ne 6).
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[nsa peanisauii METM AOCNIAXEHHS 34INCHUNN eKkcrnepu-
MeHT Ha 50 cTaTeBO3pinuX Lypax-camusx. [ns nopiBHAHHS
nokasHuKiB BukopuctaHo 10 HopMOTeH3MBHKX LypiB niHii WKR
(normotensive Wistar-Kyoto rats) i3 nouatkoBoro mMacoto Tina
200-220 r (1 rpyna, KOHTpOnbHa). EkcnepumeHTanbHi Ly-
pu-camui SHR — 40 0cobuH — Manu cepeaHio NovaTkoBy Macy
Tina 280-300 r. Binomo, Lo Ans TBApuH i€l NiHii npuTaMaHHWiA
PaHHi PO3BMTOK apTepianbHOI rinepTeHsii, Lo dopmysanacs,
noYmnHaouu 3 6—7 TkHs xuTTs. LWypn SHR ocHoBHOI rpynun —
[PYroro noKosiHHS, Bik TBApUH — 8 MicsiB.

[ins BCTAHOBMEHHs B3aEMO3B’513KY Mix MOKa3HWKaMm okcuaa-
TUBHOTO CTPECY B TKaHNHaX MO3KY Ta CTaHOM KOTHITUBHOI Chepm
npy ekcnepuMeHTansHin Al Ta Ha (hOHI MeaUKaMEHTO3HOI Ko-
pexLji NiABULLEHOTO apTepianbHOro TUCKY B-6riokatopamm pisHIX
nokoniHb Lypis SHR noginunu Ha 4 ofHakoBi rpynu: 2 rpyna
(10 TBapuH SHR) — 6e3 MeankaMeHTO3HOI KOpeKLii; Lypam iHii
SHR 3 3, 4 Ta 5 rpyn aAns MeavkameHTo3HoI KopekLii Al” nepo-
panbHO BBOAWMW Npenapaty, po3segeHi B 1 % kpoxmansHoMy
cnmsi woaeHHo npotsrom 30 Ai6. TeapuHm 3 rpynu oTprMyBanu
nponpaHornon («AHanpuniH-30opos’s», «3nopos’s Ky, Ykpai-
Ha; HecenekTuBHuiA 31, B2-Briokatop, NinodinbHWIA, 3 BUCOKOK
HeypogocTynHicTio) y Aosi 50 mr/kr macu TBapuhu. Lypam 4
rpynu Beoaunu kapaegunon («Kapseaunon-KBy, AT «Kniscbkuin
BiTaMiHHMI 3aBofy, YkpaiHa; amiwanui al, B1, B2, riopuaHuin
a-, B-agpeHobnokaTop 3 aHTUOKCMAATHOK aKTMBHICTIO) Y 403
50 mr/kr. TBapuHam 5 rpynu BBogunu npenapar «lineptpun»
(noxigHa 4-amiHo-1,2,4-tpiasony; HBO «®apmatpoHy, YkpaiHa;
cynepcenekTuBHU B-agpeHobnokatop 3 NO-mogentoBansHum
eekTom) y fo3i 20 Mr/kr.

[n3aiiH ekcneprMeHTanbHOro AoCHiMKEHHS CHOPMOBAHO 3
KOMMIIEKCY MaCOMETPUYHIX, IHCTPYMEHTamNbHUX, (PYHKLOHamMb-
HWX, GIOXIMIYHMX | CTATUCTUYHMX METOAiB. HWHI BUKOPUCTOBYOTL
Pi3Hi MeTOZONOriT Ta MiAX0[M A0 OLHIOBAHHS CTaHY KOTHITUBHOI
(pyHKLT y TPU3YHIB, | KOXHMX i3 HUX Ma€e MeBHi nepeBaru Ta He-
Joniku. Tak, Hanpuknaz, nepesaramu TECTY YMOBHOI peakLii na-
CVBHOTO YHYKaHHs1 (YPTTY) nopiBHSHO 3 METOAMKOK B NaBipuHTi €
MPOCTOTA Ta LIBMAKICTb NPOLIEAYPU, a TaKOX BiLCYTHICTb Xap4OBOi
Aenpugauii. MeTog aae 3Mory YiTko OLiHUTM EMOLLiHY / CTpaxoBy
nam’siTb, Ta, roONoBHe, BiH BUCOKOUYTIIMBUIA 0O aMHECTUYHNX
PEYOBUH i (hapMaKOMOrivYHOMO CKPUHIHTY. Ha nigcTasi NopiBHAHHS
ebeKT1BHOCTI MeTogjiB 06paHo came Tect YPIY [12].

Micns 30-geHHoI KopeKLji NABULLEHOTO apTepianbHOMo TUCKY
BBEZEHHSIM [B-OnokarTopiB LLypiB MOBTOPHO 3BaXKyBarnu, BUMIpHo-
BasIM NOKa3HWKM CUCTOMIYHOIO Ta AiaCTOMIYHOMO apTepianbHOro
Tucky (Pc/Pg), ouiHioBanu 34atHiCTb O HaBYaHHSA Ta 3anam’s-
TOBYBaHHSs1 aBepPCMBHOTO cTUMyny B TecTi YPIY. OuiHtoBanu Taki
€reMeHTU BULLOT HePBOBOI iSNbHOCTI, SIK 3aKPINIEHHS YMOBHUX
3B'A3KIB i BiATBOPEHHS CHOPMOBAHOI HaBUYKM, acoLiaTuBHe
MUCTEHHs Ta naM’aTb. [ins aHanisy i OLiHIOBaHHS 3a3Ha4YeHNX
napameTpiB Sk KpuTepii opmMyBaHHs Ta BigTBOpeHHs YPITY
00paHo IHTErpaTVBHI NOKA3HUKY, L0 XapaKTEPU3YOTb KiHLEBY
pesynbTaTUBHICTb HAaBYaHHS.

BignosigHo ao ctaHgapTHKX pekomeHaauin, Tect YPIY npo-
BEIEHO B eKCrepyMeHTarbHIN YCTaHoBL «oBHVMKOBA Kamepay.
[Npunap cknagaeTbes 3 ABOX BiACikiB po3mipamm no 25 x 25 cv —
OCBITIIEHOI KAaMEPVI Ta 3aTEMHEHOI 3 eMEKTPONPOBIAHO) MiANONOH.
Metoauka nposefeHHs YPIY: Liypa po3MmiLLytoTb Y LIEHTP CBITNOI

Kamepw XBOCTOM [10 0TBOpY neperopoak. Ockirnbku rpusyHu Ma-
t0Tb MPUPOAHNN IHCTUHKT XOBATUCS, EKCIEPUMEHTaNbHA TBAPUHA,
3HANMLLIOBLUM OTBIp MiXX KaMepamu, nepexoamna 3 OCBITIIEHOrO Bi-
CiKy B 3aTEMHEHWI. YNPOZOoBX 3 XB peeCTpyBarv vac nepebyBaHHs
Lypa B TeMHOMY BifCiky Ta ciikCyBanu naTeHTHUI Yac 3axogy
[0 HbOro. [icns 3akiH4eHHs Yacy nepebyBaHHs B TEMHIN kaMepi
TBapWHi Yepe3 NiAnory HaHoCUIM enekTPob0oLOBY CTUMYTIALLO
(50 Tw, 1,5 MA) £OTK, NOKM LLYP HEe BUXOAMB [0 CBITMOrO BiACIKY.
Ao TBapuHa npotsaroM 10 cekyHa 3anuwanacs B CBITiN kamepi,
EKCTIepUMEHT 3aBEPLLYBABCS, TBAPUHY MOBEPTaNM B KITiTKY, arne
SIKLLIO BOHA 3HOB NOBEPTANacs B TEMHY Kamepy, il 3HOB HAHOCWIN
noapasHeHHs. FKicTb HaB4aHHS TBAPWUHM YMOBHIN peakLil nacuBHO-
r0 YHUKaHHs NepeBipsiny Yepes 24 roauHn. 36epexeHHs HaBUYKK
OLIiHKOBaN 3a 3MIHOI0 JTaTEHTHOTO Yacy.

CTaH aHTMOKCIOAHTHOT CUCTEMM Ta OKVUCHIOBaNbHOI Moaudi-
KaLlii GinkiB BU3Ha4anm 3 BUKOPUCTaHHAM BioxiMiuHOrO MeToay.
OB’eKT BOCTiZKEHHS! — TOMOreHaT MO3KY, ki rOTyBanm B roMo-
renisatopi Heidolph Instruments (ser. 091002770, HimewunHa).
[Micns Lboro MeToaoM AndepeHLianbHOro LEHTPUYryBaHHS npu
15000 g Ha ueHTpudysi Sigma Laborzentrifugen (ser. 141672,
Hime4unHa) BUZINSAnM uuTo30MbHY dpakLito.

BioxiMi4HO B romoreHaTax rofioBHOro MO3Ky BU3Hayanu
MapKepy OKMCHIOBarbHOI Moaudikauii Ginkie, 3okpema anbae-
rincpeHinrigpasonn (A®I) i kapbokcundeninrigpadonn (KOT)
B peakuii 3 2,4-AiHiTpoeHiNrigpasMHoM 3a OpuUriHambHOK
meTtoaukoto B. Halliwell [13]. AKTUBHICTb cynepokcuaaucMyTasm
(COL) B13Havanm B peakuii 3 HiTpocuHim Tetpasoniem (HCT).
myTatioH BigHoBNeHu (1) Bu3Hayanu 3a metogom Enmana
(Ellman’s assay) [14], myTarioHnepokcuga3sy (TT1P) BusHavanv 3a
metoaukoto E. Beutler [15], piBeHb Ginka — GiypeToBMM METOAOM.

Yci pesynbraTi, OTpUMaHi NPOTArOM EKCrEPUMEHTY, onpa-
LItOBanM 3 BUKOPUCTAHHAM NakeTa NpUKNagHnX i CTaTUCTUYHNX
nporpam Excel 7.0 (Microsoft Corp., CLLA) Ta nporpamm Statistica
13.0 (niuenais Ne JPZ8041382130ARCN10-J). insl BCix nokasHu-
KiB pO3paxoByBanu cepeaHe apuMETNYHE 3Ha4YEHHS Y BUOIpLL
(M), aucnepcito Ta NOMMUIKY cepeaHboro (m). [1ns ouiHoBaHHS
[OCTOBIPHOCTI BIgMIHHOCTEN pesynbTaTiB AOCTIMKEHb B eKcrepu-
MEHTambHWX | KOHTPOIBHMX rPyNaXx LLypiB BU3Ha4anm koeqijieHt
CrblogeHTa (t). AK JOCTOBIpHI OLHIOBANM 3HAYeHHs, ANs SKNUX
pSt < 0,05.

Pe3yabtatu

MMig yac nepuoro TectyBaHHs YPITY BCTaHOBNEHO, WO NO-
Ka3HWK NaTeHTHOrO Nepiody 3axofy B TEMHY Kamepy TBapuH
YCiX rpyn SOCMIMKEHHS BOCTOBIPHO He BiApisHAnucs (puc. 1).

3a faH MM NOBTOPHOTO TECTYBAHHS BCTAHOBIEHO AOCTOBIPHI
BiAMIHHOCTi MiXX MOKa3HWMKaM1 YMOBHO-PENEKTOPHOI LisiNbHOCTI
Y TBAPUH 3 YCiX rpyn. Y KOHTPOMbHWX TBApWH NAaTEHTHUI Nnepiog
3axofy B TEMHY kamepy CTaHoBMB 147 ¢, wo 6inbLu Hix y 10 pasis
nepeBuLLYyBano 3HaYeHHs B0 HaB4aHHs. B ekcnepumeHTanbHnX
rpynax wypis ninii SHR (2 rpyna) nateHTHMIA nepiog 3axogy B
TEMHY Kamepy NiCNsi HaB4YaHHS CTaHOBMB 54 C (NEpEeBULLEHHS
OinbLL HiX y 4 pasu MOPIBHAHO 3 BUXIGHUMU JAHUMK), Maixe
BTPWUYi MEHLUWIA MOPIBHAHO 3 MOKA3HUKaMU HOPMOTEH3UBHOTO
koHTpomto WKY (1 rpyna); KinbkiCTb TBapuH, WO chopmyBanm
HaBW4Ky, cTaHoBuna Tinbkn 30 % (puc. 1).
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Puc. 1. TpuBanicTb AQTEHTHOTO MEPIOAY 3aX0AY B TEMHY Kamepy (C) AO i NicAA HaBYaHHSA. 1: KOHTPOABHI TBApMHKW; 2-5: rpynu eKcnepumMeH-
TaAbHUX TBAPUH; *: AOCTOBIPHI BIAMIHHOCTI MOKa3HukiB 2-5 rpyn (pSt < 0,05) LWOAO BiANOBiIAHWX 3HAYEHb KOHTPOABHOI TPYMK.
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Puc. 2. CnisBipHOWeEHHS noka3Huki AL, KOT, COA, P, TA ekcnepumeHTanbHKX (2-5) i KOHTPOABHUX TBapHH (100 %). *: AOCTOBIpHI
BiAMIHHOCTI Moka3HukiB 2-5 rpyn (pSt < 0,05) LWOAO BiANOBiIAHWX 3HAYE€Hb KOHTPOABHOI FPYMK.

LLlogo nokasHMKIB aHTMOKCWAAHTHOI CUCTEMW, TO Y TBApUH 2
rpyn¥ BUSIBIIEHO 3HAYHE MPUTHIYEHHS aKTUBHOCTI ii KOMMOHEHTIB
(aocToBipHe 3HukeHHst COL Ha TpeTuHy, [TIP — maiixe Ha 20 %,
BiJHOBMEHOTO rNyTaTioHy GinbLu HiX yaBidi). BHacnigok Lporo
3achikcoBaHO 30iNbLLEHHS MPOAYKTIB NepokeuaaLlii 3 CyTTeBUM
nigeuLLieHHsM piBHiB AT Ta KOT (8,790 + 0,771 ym. og./r Ginka i
17,790 £0,371 ym. of./r Girnka BignoBiaHo) Mavbke BABIYi L0 HOP-
MOTEH3MBHUX TBAPUH KOHTpOnbHOI rpyru (5,110 £ 0,320 ym. oa./r
Binka i 9,350 £ 0,210 ym. on./r 6inka BignosiaHO).

Y tBapuH 3-5 rpyn, kM nposeaeHo 30-4eHHY KOpekLito nig-
BYLLIEHOTO apTepianbHOro TUCKY B-BriokaTopamm pi3HMX MOKOMiHb,
BCTaHOBINEHO NEBHI BIAMIHHOCTI PE3ynbTaTiB OLHKN KOrHITUBHOTO
CTaTyCy Ta NOKa3sHKIB OKCMAATUBHOTO CTPECY. Tak, Y LLypiB 3 rpy-

W, SKi OTPUMYBaNM MeAMKAMEHTO3HY KOPEKLit0 aHanpumiHoM,
BCTAHOBMEHO MNoripLUeHHs nokasHukis YPITY Ginble Hix B 1,5
pasa NopiBHAHO 3i 3Ha4eHHsMM SHR-LypiB 2 rpynu Ta Maike
BM'ATEPO LIOAO MokasHukiB HopmoTeH3anBHUX WKY (1 rpyna).
CtaH aHTMOKCUAAHTHOI CUCTEMU Ha POHI KOPEKLIiT aHanpumiHOM
icToTHO noripLuyBaBcst: nokasHuku COL, ITIP i BigHoBnEHoro rny-
TaTioHy CYTTEBO 3MEHLLYBANMCS HaBITb LLOA0 NapaMeTpiB TBApWH,
SKi MeOMKaMEHTO3HY KopekLito He otpumyeamm (112,1 + 21,1
yMm. og./mr/xs, 50,1 £ 7,1 mkr/mr/xs, 3,65 £ 0,31 MKr/r BignosigHO).
BioximiyHe AocnimKeHHs NOKa3HWKIB OKVCHIOBANbHOT MoaudikaLlii
GinkiB y romoreHaTax Mo3ky LLypiB 3 rpynii 4ano 3Mory BCTaHOBUTU
3HauHe nigsuLLeHHs pisHiB AQT i KOI (9,72 + 0,43 ym. oa./r Binka
i 19,21 £ 0,37 ym. og./r 6inka BignosigHo) (puc. 1, 2).
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Ha doHi BBeaeHHs kapseaunony wypam SHR 4 rpynu
MOPIBHSHO 3 NOKa3Hukamu 2 rpynu wypie SHR 6e3 meaukamen-
TO3HOI KOpEKLT AOCTOBIPHOrO ePeKTy, 3a JaHUMU OLjiHIOBaHHS
KOTHITUBHWX (PYHKLII, He BUsIBrieHO. Tpeba 3ayBaxuTy, L0 YacTka
TBapWH, SKi YCMiLLUHO 3MOMMK peanisyBaTi 3axuCHUIA pedriekc,
craHoBuna 40 %. Ha nigcTasi Lmx gaHnx 3pobuni BUCHOBOK Mpo
IXHIO KpaLly pesynbTaTUBHICTb MOPIBHSAHO 3i Lypamu 2 i 3 rpyn.
OnwcaHi No3nTUBHI epeKTW B KOTHITUBHIN cdpepi TBapuH 4 rpynu
BU3HAYEHO Ha (HOHI BIZHOCHOrO MOSIMLIEHHS CTaHy aHTWUOKCK-
[AHTHOI CCTEMM MOPIBHSHO 3 MOKasHWKamu 3 rpynu. BetaHos-
neHi pisai CO[, IMIP Ta BigHoBREHoro rnyTartioHy (180,4 £ 17,0
yM. of./mr/xB, 56,5 + 3,4 MKr/mr/xB, 4,12 0,35 mMKr/r BignoBigHo)
[OCTOBIPHO BULL, HIX Y LLYPIB 3 rpynu Ta Maiixe He BigpisHanucs
Bif, MOKa3HWKIB 2 rpynu. HaBeaeHi NoKasHUKK 3anuiuanics 3Hu-
XEHUMMU LLIOJI0 HOPMOTEH3MBHUX TBAPUH i3 FPYNM KOHTPOIHO. PiBHi
A®T i KOT (8,00 + 0,11 ym. op./r Binka Ta 14,10 £ 0,28 ym. og./r
Oinka BignoBigHO) HWKYI, HX Y LLypiB 3 Ta 4 rpyn, ane 4O piBHS!
HOPMOTEH3MBHYX TBAPWH He BigHOBMOBanucs (puc. 1, 2).

MakcumarbHy epeKTUBHICTb MOKa3ano BBEAEHHS rinepTpuny
Lypam 5 rpynu. Tak, pesynsratom noro 6aratopasoBoro BUKOpU-
CTaHHs CTano 3MeHLLEHHS NPOSIBIB KOTHITUBHOIO AediunTy. Mpu
LiboMy naTeHTHuiA nepiog YPITY cTaBas B 1,6 pa3a Tpusanimm,
a KifbKiCTb MOBHICTIO HaB4YeHWX TBapuH Ha 50 % nepeswLLyBana
BiANOBIaHI NOKa3HWKM rpynn TBapuH 3 Al Be3 kopekLii (2 rpyna).
OUiHIOBaHHSA CTaHy aHTWOKCMAAHTHOI CUCTEMM TKaHWH MO3KY
[iano 3Mory BCTaHOBWTH, L0 kKopekList Al rinepTpunom npuseo-
Avna no nigeuwenHs pisHis COL, 1P i BigHOBNEHOrO ryTaTioHy
(231,0 £ 16,02 ym. og./mr/xB, 68,7 £ 3,22 mkr/mr/x8, 6,23 £ 0,212
MKT/r BiZNOBIAHO) 4O PIiBHIB HOPMOTEH3VMBHMX LLYpPIB 1 rpynu,
a TaKoX XapaKkTepuayBanacs 3Ha4yHUM MOKPALLEHHSM LLOAO
MoKasHWKiB TBapuWH 2, 3 i 4 rpyn. Pa3om i3 T1M, NPOOKCMAAHTHI
nokasHuku BmicTy A®T Ta KOI (6,25 + 0,17 ym. og./r Binka Ta
12,00 £ 0,23 ym. og./r Ginka) Gy MEHLLMMM MOPIBHSIHO 3 aHUMK

Lypis 2—4 rpyn.

06roBopeHHA

Ony6nikoBaHi AaHi Cy4yacHUX OFMALIB i CUCTEMATUYHIX
aHanisiB LOAO0 NPOCMEKTUBHUX | NEpeXpPeCHUX AOCRIMKEHD i
MeTaaHanisie cBigyatb, O NigBULLEHI MapKEPX OKMCHIOBab-
HOrO CTPECy MOB’Ai3aHi 3 MOTiPLIEHHSM MOKA3HMUKIB KOTHILT Ta
MiABULLEHUM PU3MKOM PO3BUTKY NETKUX KOTHITUBHUX PO3NagiB i
JeMeHuji [16]. Lle nigTBepmxytoTb nepeaycim nokasHukM cTaHy
AHTMOKCMAAHTHOI CUCTEMM, 3riHO 3 pesyrnbTatamu AOCTIMKEHb
Ming-Si Zhang at al. (2022), siki BoBenM 38’A30K HU3LKOIO PiBHS
CO[ y cupoBaTLi KpoBi Ta BUHUKHEHHS MErKUX KOTHITUBHWX
poanagis [17]. Kpim Toro, BCTAHOBNEHO, LLIO i €T, i TSXYi KOr-
HITUBHI pO3naay CynpPOBOMKYIOTLCS 3HAYHUM SHIDKEHHAM PIBHS
BiJHOBIEHOTO [MyTaTiOHY SIK Y TKaHWHaX MO3KY, A 0COGNMBO B
rinokamni, Tak i B cupoBarui kposi [18,19]. Cnig 3a3HaumTy, Wo
y b6aratbox KOropTHUX AOCTIMKEHHAX NaLieHTiB i3 XBopoboto
AnbLreiimepa 40BeAEHO 3HMKeHHS akTMBHOCTI TP, ska € Bax-
NMBNM @HTUOKCHAAHTHIM (hepMeHTOM, Lo aeTokeukye H,0, Ta
opraHiyHi nepokcuan [20].

Y paHHiX (NepeakniHiyHuX) cTagisx — aMHECTUYHUX NErKX
KOTHITUBHWX PO3NaAiB — TaKOX BUSBMAKOTb NiABULLEHHS OKUCHOIO
YLLKODKEHHs! GinKiB i ninigiB y Mo3Ky Ta 3MiLLEHHS! B Bik 3HIKEHIX

QHTUOKCUAAHTHUX 3aXMCHUX CUCTEM (OCOBNMBO FMyTaTIOHY), LLO
MOXe MPU3BOAUTI 4O HEAPOHABHOT ANCYHKLIT Ta mporpecyBaH-
HS1 po3nagiB 0 po3BMTKY XBOpoOu AnbLreiimepa [21].

[loBeneHo, L0 OCHOBHUMY NaTogi3ionorivyHUMK MexaHisMa-
MU BMIIMBY OKCUOATUBHOIO CTPECY HA BUHVKHEHHS! KOTHITUBHUX
MOpYLLIEHb € MITOXOHAPIaNbHa ANCHYHKLS (HaaMipHe YTBOPEHHS
BiNbHWX pagunKaniB), NepeKNCHE OKUCHEHHS NiNifiB 3 yTBOPEHHAM
TOKCWYHIX anb/eriaiB, OKUCHI MoaMdikaLlii KIFOYOBKX CUHANTIAY-
HWX GinkiB Ta B3aemopis i3 HeliposananeHHam. Lii mexaHizmu
MOSICHIOKOTb, YOMY OKVCHMI AncOanaHc npu3BoauTb 4O MOPYLUEHb
CMHANTUYHOI NNACTUYHOCTI Ta Nam’siTi [22].

LLopo mapkepiB okucHoi mogudikauii Binkis A®T i KO,
TO aHania JaHux Cy4acHoi HaykoBOI NiTepatypu He Aae HiTkol
iH(hopMaLlii OO 3B'A3KY LX MOKA3HMKIB 3i CTAHOM KOTHITMB-
HOI ccbepyt. Y GinbLIOCTI JOCNiAXeHb OLIHIOBANM peakTUBHI
anbperian (4-HNE, MDA, cdopmanbgerig Towo) i/abo aktve-
HICTb (bepMeHTiB, siki ix MeTabonisyiotb (ALDH2), a He APT™ sk
OKpeMy KIiHiYHy opuHML0. 3rigHO 3 BUCHOBKaMM OrNsiAOBUX
Ta ekcnepuMeHTanbHUX npalb, NPoayKTU ninig-nepokcuaadii
HaKOMWUYYKTbCS B MO3KY MPW MErkMX KOrHITUBHWX MOPYLLEHHSIX
Ta XBopobi AnbLerelimepa, 3miHoTb Ginku, ninigu 1 OHK, no-
MipLUYIOTb CUHANTUYHY yHKLtO [23].

AHani3 HaykoBMX JOCTIKeHb LLOAO0 3aCTOCYBaHHs aHanpu-
niHy (nponpaHonony) — HecenekTMBHOrO B-agpeHobnokatopa
MNepLLOro MOKOMIHHSA — MiATBEPAMB NOrO HEraTUBHUI BNIIUB Ha
KOTHITMBHY ccpepy npu Al Y HW3UI KIIHIYHWUX Ta eKcnepuMeH-
TanbHUX JOCMIMKeHb Ha Modensx LWypis SHR nokasaHo, Lo
BiH CMPUYMHSIE MOTIPLUEHHS KOPOTKOCTPOKOBOI Nam’sATi. Takui
BMIMB aBTOPM MOB’'A3Y10Tb i3 BrOKYBANEHOIO A€o Npenapary Ha
B-agpeHopeuenTopu Ge3nocepeaHbO B rinokammi Ta amuraani,
LLIO BiAMOBIZaloTb 3a KOHconigauito nam'ati [24]. Y pesynbrari
OMNUTYBaHHS NaLieHTIB, SKi TPMBaNWIA Yac NpuiManit aHanpunix
Ans nikyBaHHa Al BCTAHOBIMEHO CKaprt Ha «TyMaH Y ronosi»,
CMOBINTEHEHHS MICUXOMOTOPHIX PEaKLil i 3HKEHHS KOHLEHTpaLlii
yBaru. 3a JaHUMK HayKoBLiB, ONUCaHWIA HEraTUBHUIA pesyneTat
npenapary Moxe GyTi NOB'sI3aHWI i3 NOTO BIUCOKOK NiNOinbHi-
CTI0, Yepes Lo BiH Nerko aonae rematoeHuUedaniyHuii 6ap’ep i
HaKOMMNYYETBCS B TKAHUHAX MO3KY, 3yMOBIIOKOYM NPSIMUIA BMAMB
Ha LieHTpanbHy HepBoBYy cuctemy [25]. Bussnenun Bnnus
aHanpuniHy Ha NoripLEeHHs! CTaHy aHTMOKCUOAHTHOTO 3axMCTy
MO3KYy AOCRIOHMKWA NOB’A3YH0Tb i3 TUM, IO Npenapat He Mae
BHYTPILLHbOI aHTUOKCWAAHTHOI aKTUBHOCTI (Ha BigMiHY Bif kapBe-
aunony abo HebiBomnony); Lie CNPUYMHSE HAKOMMYEHHS MPOLYKTIB
OKMCHIOBanbHOI MoaudikaLlii Binkis i CTBOPIOE NepesyMoBY Ans
HeWpoaereHepaT1BHMX 3MiH [26].

[Jpyrui npenapat NOpPIBHAHHSA — KapBeaunon — Hecenek-
TMBHWIA B-6nokatop Ill nokoniHHA 3 gopaTkoBumK o1-agpeHo-
BroKyK4MY Ta MOMIPHYMI @HTUOKCUZAHTHYMM BNAaCTUBOCTAMM.
Came ToMy, Ha BigMiHy Bif aHanpuniHy (nponpaHornony), BiH
Ma€ CNpUATIMBILLMIA NPOQifib BNAMBY Ha LieHTpasibHy HEPBOBY
cucTemy. 3a pesynbratamu CyvyacHUX OCTIMKEHb, BUSBMEHO
/I0ro HepONPOTEKTOPHI BMacTMBOCTi [27]. 3rigHo 3 pesynbraTa-
MW PETPOCNEKTVUBHOTO LOCIIMKEHHS, SiKe 3AINCHEHE 3a AaHUMW
Ga3n HauioHanbHWX peecTpiB [daHii Ta Bkoyano noHag 69 000
nauienTie 3 Al' (E. E. Beaman et al., 2023), BcTaHOBMEHO: Npuitom
KapBeamnony acouitoeTbCst 3i CTAaTUCTUYHO HUKYAM PU3UKOM
po3BUTKY XBOPOOM AnbLreimepa Ta aemeruii (OR = 0,80-0,90)
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MOPIBHSHO 3 iHWKMK B-6riokaTtopamu. ABTOPU MPUMYCTUNK,
LU0, Ha BigMiHy Big B-6niokaTopis | NoKoniHHS, KapBeaunon He
CMPUYMHAE 3HAYHOTO 3HIKEHHS CepLEeBOro BUKMAY 3aBOSKM
a1-6nokagi. Taki edoekTn 3abe3nevytoTb CTabinbHUA MO3KOBIA
KpOBOTIK (Nepdy3ito) i € KPUTUYHO BaXNMBUMI ANS MigTPUMKA
KOTHITVBHMX (PYHKLIii Y mavieHTiB noxunoro Biky [28]. 3aBasku
TOMY, L0 KapBEAWUNON Y CTPYKTYPi MICTUTL KapbasonbHy rpyny,
BiH MpaLloe sk nacTka Ans BiNbHWX pagukanis, 3axuLLaoumn
MeMBpaH HEMPOHIB Bif NEPEKMCHOTO OKMCHEHHS NiniAiB KpalLLe,
HiX BiTaMiH E [29].

MakcumansHO pesyrnsTaTyBHUM BUSIBUBCS Npenapar rinep-
TpWI. HYHi 11070 OLHIOKTL SIK OOWH i3 HANBINbLL NEPCNEKTUBHIX
3acobiB Ans nauieHTiB 3 Al siki MatoTb BUCOKMIA PU3NK PO3BUTKY
KOTHITUBHMX NOpYLUEHb. [inepTpun He Tinbkn 3ab6e3neyvye KoH-
TpOrb apTepianbHOro TUCKY, ane W akTUBHO 3axXWLLAE TKaHWHM
MO3KY Bif} OKCMOATUBHOTO NOLLKOMKEHHS, LLO ICTOTHO BigpisHSe
11010 Bifj HECENeKTUBHIX B-6nokatopis (aHanpuniHy). MNepesara
rinepTpuny NOPIBHSIHO 3 KNacuyHUMK B-Briokatopamm nonsrae B
30aTHOCTI He NuLLe 3HWKYBATU apTepianbHuii TUCK, ane 1 CTa-
Ginisyeati MeTabori3M HEMPOHIB rinokamna Ta Kopy rofoBHOTO
MO3Ky, 3anobiratoum po3BuTKY riNepTeH3NBHOI eHLedanonarii
[30,31].

BucHoBKM

1. CnoHTaHHa apTepianbHa rineptensia (rpyna SHR) 3y-
MOBOE CYTTEBWI KOTHITUBHWUIA AEeiLMT, CynpoBOOXYETHCA
3HUKEHHSM 3AaTHOCTI 10 HaBYaHHS (BTPUYI MOPIBHSHO 3 HOp-
MOTEH3VBHUMU TBapyHaMK), @ ycniluHe PopMyBaHHS HaBUYKH
crocTepiranu uwe y TPETUHM 0cobuH. ApTepianbHa rinepTeHsis
MPW3BOAMTb 0 BUCHAKEHHS aHTUOKCUAAHTHOI CUCTEMM MO3KY:
akTuBHicTb COL 3HuxyeTbes Ha 33 %, TP — Ha 20 %, BmicT
TNyTaTioHy — BABIMI (hOHI iHTeHcUdiKkaLii BiNbHOPaanKanbHNUX
MPOLIECIB i3 ABOPA30BIM 3pOCTaHHSIM MapKepiB OKUCHIOBAIBbHOT
MogmdikaLii Binkis (API Ta KOT).

2. MeayvkameHTO3Ha KOPEKLis MiABMLLEHOMO apTepianbHOro
TUCKy [B-OriokaTopamu pi3HKX NOKOMiHb CMPUSIE CTiNKilA cTabini-
3auii Pc/Pp 0o HOpMaTuBHUX, ane BB Ha KOrHITUBHI GoyHKLT
Ta @HTUOKCUOAHTHY CUCTEMY 3aXUCTY BifpPisHAETLCS. AHanpumiH
Ma€e HaMeHLLY eheKTUBHICTb, IOr0 3aCTOCYBaHHs Mormubntoe
KOTHITMBHI MOPYLLEHHS Ta MOCUITHOE OKCUAATUBHUI CTPEC, AofaT-
KOBO NPUrHiYyoun 3axucHi hepmeHTn. KapBeaunon YuHUTbL Helt-
TpanbHWii BMIMB Ha Nam'ATb, ane NoMIpHO CTPUMYE OKUCHEHHS
BinkiB NOPIBHSHO 3 aHaNpUIiHOM. [iNepTPUN XapakTepuayeThCs
HaWBULLOIO TepaneBTUHHO eOEKTUBHICTIO, CIPUSIE 3MEHLLEHHIO
MPOSIBIB KOTHITWBHOMO AedilnTy (MOKa3HWK HaBYaHHS BULLWA B
1,6 pasa) Ta NpaKTU4HO MOBHICTHO BiHOBMKOE AHTUOKCUAAHTHIN
CTaTyC [0 PiBHIB 3[,OPOBKX TBAPWH.

MepcnekTBU NOAANBLUMX AOCAIDKEHb NEpebaYatoTh BUBYEH-
HS1 B3AEMO3B'I3Ky OCOBNMMBOCTEN KOTHITMBHOI Cdepu Ta CTaHy
€HeprooOMiHy B TKaHWHaxX rOMIOBHOTO MO3Ky B HOPMI, Ha (OHi
TpuBanoi apTepianbHoi rinepTeHsii Ta B yMoBax KOpeKLii nigsu-
LLIEHOTO apTepianbHOro TUCKY B-Briokatopamm pidHNX MOKOMiHb.

Aeknapauis wopo BukopuctaHua LI
ABTOPY HE BMKOPUCTOBYBAMM IHCTPYMEHTM LUTYYHOTO IHTENEKTY Mif Yac
MiZroTOBKY PyKOMUCY.
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Primary percutaneous coronary intervention (pPCI) for ST-segment elevation myocardial infarction (STEMI)
may be complicated by imminent hemodynamic collapse. In the absence of access to microaxial pumps (e. g.,
Impella), veno-arterial extracorporeal membrane oxygenation (V-A ECMO) may represent the only full-support
“protected PCI” option.

The aim of the study was to evaluate the effectiveness and safety of planned V-A ECMO support during pPCl in
high-risk STEMI patients in a setting without access to microaxial pumps.

Materials and methods. We performed a prospective single-center cohort study at the State Institution “Heart
Institute of the Ministry of Health of Ukraine” (Kyiv) which included selected adult patients with STEMI who un-
derwent planned femoro-femoral V-A ECMO before the initiation of pPCI (surgical access). The study assessed
angiographic success (final TIMI 3 flow), survival to discharge, neurological status at discharge assessed using
the Cerebral Performance Category (CPC) scale, and in-hospital complications (BARC type 3 bleeding, limb
ischemia/vascular surgery, acute kidney injury (AKI) and renal replacement therapy (RRT).

Results. The study included 21 patients (median age 69 years [64; 75], 61.9 % male). Coronary disease com-
plexity was high (SYNTAX score 29 [26; 32]); the culprit vessel was most commonly the left main coronary artery
or left anterior descending artery (each 33 %). Median door-to-balloon time was 128 [109; 151] min. Final TIMI
3 flow was achieved in 85.7 % (18/21). Survival to discharge was 61.9 % (13/21) and in-hospital mortality was
38.1 % (8/21). Among the 13 surviving patients, 11 (84.6 %) had favorable neurological outcomes at discharge
(CPC 1-2). Major bleeding (BARC 3) occurred in 23.8 % (5/21), limb ischemia in 9.5 % (2/21), and the need
for vascular surgery in 9.5 % (2/21). AKI developed in 42.9 % (9/21) and RRT was required in 14.0 % (3/21).
Median V-A ECMO duration was 72 [48; 96] h.

Conclusions. In the absence of Impella, planned V-A ECMO-assisted pPCl in selected high-risk STEMI patients
was associated with a high rate of coronary blood flow restoration, favorable neurological outcomes among
survivors, and a complication profile typical for full mechanical circulatory support.

Modern medical technology. 2026;18(3):184-190

YepeswkipHe KopoHapHe BTpyuyaHHA npu iHdapkTi miokapaa
3 eneBaujieto cermenta ST i3 3actocyBaHHAM B-A EKMO B ymoBax BiacyTHoCTi
AocTyny Ao cuctemu Impella: 0AHOLLEHTPOBE KOrOpTHE AOCAIAKEHHSA

B. M. Toaypos, M. b. Toaypos, C. P. MapyHsik, C. M. CyaakeBuuy, O. B. 3eneHuyk, C. M. YaiikoBcbka

lMepBuHHe YepesLLKipHe kopoHapHe BTpyyaHHs (YKB) npu iHchapkTi miokapaa 3 enesatieto cermenta ST (STEMI)
Moxe ByTu ycknaHeHe 3arpo3nvBuM reMoauHaMIYH1M KormancoM. FKLO HemMae JOCTyny [0 MiKpoaKcianbHNX
HacociB (Hanpwknag, Impella), BeHo-apTepianbHa ekcTpakopnopansHa MembpaHHa okcureHauis (B-A EKMO)
Moxe OyTn eQuMHO OMNLiEl0 NOBHOLHHOI reMOAMHAMIYHOT NigTPUMKN Y cTpaTerii «3axuiieHnx YKB».

Merta poboTu — OLiHIOBaHHS edbeKTUBHOCTI Ta Besnekn nnaHoBoro 3actocyBaHHsa B-A EKMO nig yac YKB y
naviexTiB 3i STEMI BUCOKOrO pu3uKky, Konm Hemae JOCTyMy [0 MiKpoaKcianbHWUX HacociB.

Martepianu i meToau. [pOBEEHO NPOCNEKTUBHE OAHOLEHTPOBE KOTOPTHE JOCMiMKEHHS Ha 6a3i Y «IHcTuTyT
cepus MiHictepcTBa 0x0opoHmM 30opoB’s YkpaiHn» (M. Knis), fo sikoro 3anyyeHo gopocnux naujexTis 3i STEMI,
koTpum nepen noyatkom YKB nnaHoBo iHivitoBann demopo-themopansHy V-A EKMO (xipyprivhnid goctyn).
OuintoBanu aHriorpadivHmi yenix (KiHueni kposoTik TIMI 3), BUKMBaHICTb A0 BUNMCKM, HEBPOMOTIYHNN CTaTYC
npw sunucui (CPC) Ta rocnitanbHi ycknagHeHHs (kposotedi Tuny BARC 3, iemis KiHLiBKM / CyAWHHI BTPYYaHHS,
rocTpe yLUKOmKeHHst Hupok (IMYH) Ta 3amicHa HupkoBa Tepanis (3HT)).

Pe3yabtatu. [0 gocnimkeHHst 3anyyeHo 21 nauieHta (megiaHa Biky — 69 [64; 75] pokis, 61,9 % — 4onosiku).
KopoHapHe ypaxeHHsi Byno cknagum (SYNTAX score 29 [26; 32]); HarnyacTile BU3Ha4Yanm ypaxeHHs Taknx
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CyAuH, sk CTOBBYp NiBOT KOPOHapHOI apTepii abo nepeaHs MixXLLyHo4KoBa rinka (no 33 %). MeaiaHa yacy «door-
to-balloon» cranosuna 128 [109; 151] xe. KiHueuit kposoTik TIMI 3 gocsarnyto 'y 85,7 % (18/21). Buxusaricts fo
Bunmckn ctaHosuna 61,9 % (13/21), rocnitanbHa netansHicTs — 38,1 % (8/21). B 11 i3 13 nauiexTis, ski Buxunn
(84,6 %), BU3Ha4eHo cnpuaTnuei HeBpornoriyri peynsratv npu sunucli (CPC 1-2). Benuki kposoTeui (BARC 3)
BUHMKIM Y 23,8 % (5/21), iwemis kiHuiBkn — y 9,5 % (2/21), noTpeba y CyaMHHOMY XipypriYHOMY BTpyYaHHi — y
9,5 % (2/21). TYH possuHynocs y 42,9 % (9/21), a 3HT 6yna HeobxigHa y 14,0 % (3/21). MegiaHa TpuBanocTi

B-A EKMO craHoswuna 72 [48; 96] roa.

BucHoBku. B ymoBax BigcyTHocTi Impella nnaHoBe 3actocyBanHs B-A EKMO nig yac YKB y BigibpaHux nauieHTis
BMCOKOro puauky 3i STEMI acowitoeTbCsl 3 BUCOKOK YaCcTOTOH) BiAHOBMNEHHS! KOPOHAPHOTO KPOBOTOKY, CMIPUST-
NIMBMMI HEBPOMOTIYHNMM pe3ynbTaTamMu Cepes, TUX, XTO BUXMB, | NpodinemM ycknaaHeHsb, Lo € TUMOBUM Af1s
MOBHOI MeXaHi4HOI MiATPUMKI KPOBOODIry.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 184-190

ST-segment elevation myocardial infarction (STEMI) remains
a major cause of sudden death and severe acute heart failure.
While primary percutaneous coronary intervention (pPCl) is the
cornerstone therapy, a clinically important subset of patients
presents with profound hemodynamic compromise, including
cardiogenic shock (CS) and/or out-of-hospital cardiac arrest
(OHCA), and mortality in infarct-related CS remains high despite
early reperfusion [1,2].

Temporary mechanical circulatory support (tMCS) is used
to stabilize hemodynamics, preserve end-organ perfusion, and
provide a “time window” for reperfusion and post-PCI recovery.
Routine intra-aortic balloon pump (IABP) support has not demon-
strated a mortality benefit in AMI-related CS, which has shifted
practice toward more selective use and toward devices that pro-
vide greater augmentation of cardiac output, including microaxial
flow pumps and extracorporeal life support [3].

Veno-arterial extracorporeal membrane oxygenation
(V-AECMO) can provide rapid, high-flow circulatory support with
gas exchange, potentially preventing periprocedural collapse
during coronary angiography and PCl when hemodynamics are
otherwise unsustainable. At the same time, V-AECMO introduces
a distinct complication profile — bleeding, vascular injury and limb
ischemia, thromboembolic events, hemolysis, and potential left
ventricular distension — requiring experienced multidisciplinary
management and careful patient selection [4].

Evidence supporting early routine V-AECMO in infarct-related
CS has not been consistent: recent randomized data and me-
ta-analyses do not support unselected early V-AECMO because
of limited or absent survival benefit and increased bleeding and
vascular complications [3].

In parallel, an “ECMO-assisted” or “ECMO-protected” pPClI
strategy has been described, where V-A ECMO is initiated be-
fore or at the very start of PCI to prevent deterioration, facilitate
complex revascularization, and allow controlled post-procedure
stabilization and weaning. Prior observational cohorts have
suggested that earlier initiation (before PCl rather than after dete-
rioration) may be associated with better outcomes in STEMI with
profound shock; however, published data remain heterogeneous
and largely single center [5].

Device choice is also constrained by real-world availability.
In many settings, microaxial pumps are not accessible, leaving
V-A ECMO as the only full-support option for a “protected PCI”
pathway. Evidence from such environments is important to guide
expectations regarding procedural success, survival, and compli-

cation burden, and to ensure transparent reporting of neurological
outcomes in cohorts that include OHCA [6,7].

Accordingly, we report a single-center observational cohort of
STEMI patients undergoing pPCl with planned femoral V-AECMO
support in a setting without access to microaxial pumps.

Aim
To evaluate the effectiveness and safety of planned V-AECMO

support during pPCl in high-risk STEMI patients in a setting
without access to microaxial pumps.

Materials and methods

We conducted a prospective observational cohort study of
selected patients with ST-segment elevation myocardial infarction
(STEMI) who underwent primary percutaneous coronary interven-
tion (pPCl) with planned veno-arterial extracorporeal membrane
oxygenation (V-A ECMO) support (“ECMO-assisted pPCI").
The manuscript was prepared in accordance with the STROBE
statement for reporting observational studies [8].

The study was performed at the State Institution “Heart
Institute of the Ministry of Health of Ukraine” (Kyiv, Ukraine),
a tertiary referral center with a 24/7 STEMI pathway and an
established ECMO program. No inter-hospital transfers were
included. Patients were included in the study from 28 July 2023
to 22 October 2025.

Eligible patients were adults (218 years) with a clinical diag-
nosis of STEMI requiring urgent reperfusion, in whom planned
V-AECMO was initiated before the start of PCI to provide hemo-
dynamic support. STEMI diagnosis was based on contemporary
guideline criteria [1,9].

A planned V-A ECMO strategy was decided by a multidis-
ciplinary on-call team comprising the interventional cardiolo-
gist, cardiac surgeon, and anesthesiologist. The decision to
implement planned support typically rests on the intersection
of three high-risk domains: patient factors, procedural complex-
ity, and hemodynamic factors. Patient factors include ejection
fraction of less than 25-30 %, comorbidities such as advanced
age, chronic kidney disease (stage 3+), or severe peripheral
vascular disease. Procedural complexity includes Left Main
disease, “last remaining” patent vessel, or complex multi-vessel
disease (SYNTAX score >22-33), severely calcified lesions,
and procedures involving long inflation times or high risk of
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‘no-reflow”. Hemodynamic factors that influence the decision
include shock at any pre-PCl time (dependence on high-dose
vasopressors/inotropes, elevated lactate, or cardiac index <2.0
L/min/m? despite medical therapy). Patients presenting with
OHCA were managed according to a protocolized post-cardi-
ac arrest care pathway. Following the achievement of return
of spontaneous circulation, these patients were identified as
high-risk for periprocedural collapse due to “arrest physiology.”
Instead of proceeding to conventional pPCl, they underwent
planned V-A ECMO initiation via surgical cutdown before any
coronary intervention. This strategy was employed to ensure
stable systemic and cerebral perfusion during the high-risk
revascularization of the culprit lesion.

ECMO weaning was initiated once inotrope requirements
were low, lactate had normalized, echocardiography showed
recovery of LV and/or RV contractility, and the patient was he-
modynamically stable during a trial of reducing ECMO flow to
1.0-1.5 L/min. Patients were excluded if V-AECMO was initiated
only as a rescue strategy after failed revascularization or late
clinical deterioration (i.e., notintended to support the index pPCl),
or if the index procedure was not a pPCl for STEMI. Door-to-bal-
loon time was defined as the interval from arrival at our hospital
(“door”) to the first balloon inflation in the culprit coronary artery,
consistent with guideline reporting conventions [1].

All procedures were performed under general anesthesia
with endotracheal intubation. A typical anesthetic regimen in-
cluded propofol and fentanyl, with rocuronium for neuromuscular
blockade.

Cannulation was performed in the cath lab via the surgical
cutdown using a femoro-femoral V-A ECMO configuration, most
commonly involving the right femoral artery and vein. Typical
cannula sizes were 21-25 Fr for the venous drainage cannula
and 15-19 Fr for the arterial return cannula.

Intra-procedural anticoagulation was achieved with an
unfractionated heparin bolus 100 1U/kg to reach an activated
clotting time (ACT) >250 seconds, followed by a continuous
heparin infusion at 10-20 1U/kg/h to maintain ACT 160-200
seconds. ACT was monitored every 30 minutes using an ACT
Plus™ device (Medtronic) during the PCI, and later every
4 hours in the ICU. Antiplatelet therapy for STEMI followed in-
stitutional practice consistent with contemporary acute coronary
syndromes standards. Our institution uses aspirin/clopidogrel
antiplatelet strategy.

A distal perfusion cannula (DPC) was used in all patients
with 7 Frintroducer. To avoid delaying coronary reperfusion, the
DPC was inserted immediately after completion of pPCI. DPC
was placed into the superficial femoral artery. Limb perfusion was
monitored clinically; Doppler assessment was performed when
ischemia was suspected. IABP was used as a left ventricular
unloading adjunct in selected patients, primarily when there was
absent pulsatility on the arterial pressure waveform suggesting
minimal native LV ejection.

Angiographic epicardial flow before and after PCI was
graded using the Thrombolysis in Myocardial Infarction (TIMI)
flow scale (0-3); TIMI 3 denotes complete antegrade perfusion
[10]. Final TIMI 3 was defined as TIMI flow grade 3 on the final
angiographic run.

The anatomical complexity of coronary artery disease was
quantified using the SYNTAX score, calculated with the standard
online calculator and scoring algorithm [11,12].

SCAI shock stages were assigned at the time of presentation
according to the 2022 SCAI clinical expert consensus criteria.
Patients were classified based on the presence of hypotension
(systolic blood pressure <90 mmHg), clinical evidence of hy-
poperfusion (e. g., cold extremities, oliguria, or altered mental
status), and biochemical markers (serum lactate >2.0 mmol/L).
Specifically, Stage C (Classic) was assigned to patients requir-
ing at least one inotrope or vasopressor to maintain perfusion;
Stage D (Deteriorating) to those requiring escalation of support
despite initial therapy; and Stage E (Extremis) to patients in
circulatory collapse or requiring active CPR [13].

Major bleeding was defined as Bleeding Academic Research
Consortium (BARC) type 3 bleeding [14]. Limb ischemia was
defined as clinically suspected or documented ischemia of the
cannulated limb based on clinical findings and/or Doppler assess-
ment. Vascular surgery cases captured surgical management
of access-related complications, including thrombectomy and
angioplasty after removal of the cannulas.

Acute kidney injury (AKI) was defined according to KDIGO
criteria using serum creatinine and urine output when available
[15]. Renal replacement therapy (RRT) included any use of
continuous renal replacement therapy or intermittent hemodi-
alysis during the index hospitalization. Infectious complications
included cannulation-site infection, pneumonia, bloodstream
infection and sepsis. Neurological outcome at discharge was
assessed by a neurologist using the Cerebral Performance
Category (CPC) scale; a “good neurological outcome” was
defined as CPC 1-2 [16].

Data were prospectively collected from medical records.
Standardized case report forms were used to ensure uniform data
acquisition throughout the study period. The primary outcome
was survival to hospital discharge. Key secondary outcomes
included angiographic success (final TIMI 3 flow), in-hospital
complications (major bleeding, limb ischemia, vascular surgery,
AKI, RRT, and infectious complications), V-A ECMO duration,
ICU length of stay, hospital length of stay, neurological outcome
at discharge and MACE.

Given the exploratory nature and limited sample size, analy-
ses were primarily descriptive. Continuous variables are reported
as mean + standard deviation (SD) when approximately normally
distributed or as median (interquartile range, IQR) otherwise.
Categorical variables are reported as counts and percentages.

The study was approved by the Ethics Committee of the
Heart Institute of the Ministry of Health of Ukraine (Protocol
No. 4-18/23, dated 18 June 2023). During the preparation of this
scientific article, the Ethics Committee re-reviewed the materials
presented therein and found no violations (Protocol No. 11/26,
dated 25 March 2026). In accordance with local regulations and
the Declaration of Helsinki, written informed consent was obtained
from each participant or their legal representatives, or its obtaining
had been deferred, as many patients were unable to give informed
consent immediately, given that this cohort included intubated
STEMI patients, shock, and post-arrest cases.
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Results

Between 28 July 2023 and 22 October 2025, 25 selected
adult patients with STEMI underwent V-A ECMO support for
primary PCl at our center. Of these, four patients were excluded
because ECMO in these patients was initiated only as a rescue
strategy. Baseline demographics and admission characteristics
are summarized in Table 1.

The study population was characterized by advanced age,
a high burden of cardiovascular risk factors, and significantly
impaired left ventricular function at presentation, indicating limited
myocardial reserve. Notably, nearly half of the patients presented
with cardiogenic shock, and a considerable proportion required
cardiopulmonary resuscitation prior to admission. Cardiogenic
shock at presentation was documented in 47.6 %, and OHCA/
CPR occurred in 19.0 %. Among these patients, 7 (33.3 %) were
classified as SCAI stage A/B, 7 (33.3 %) as stage C, 3 (14.3 %)
as stage D, and 4 (19.0 %) as stage E.

Baseline renal and coagulation parameters were within
expected ranges for this patient population and provided an
important reference for interpreting subsequent ECMO-related
complications.

The median door-to-balloon time was 128 [109; 151] min,
reflecting the additional procedural steps required for surgical
cannulation and initiation of extracorporeal support. Coronary
anatomy was complex (median SYNTAX score 29 [26; 32]),
consistent with a high-risk PCI population (Table 2).

Procedural and angiographic characteristics are presented in
Table 2. The overall procedural complexity was high, as reflected

Table 1. Baseline characteristics (n = 21)

Characteristic Overall,
n=21

Age, years 69 [64; 75]

Male sex 13 (61.9 %)

Body mass index, kg/m?

29.1[24.3; 35.3]

LVEF on admission, %

34.0 [27.0: 38.0]

Hypertension 15 (71.4 %)
Diabetes mellitus 9(42.9 %)
Chronic kidney disease 6 (28.6 %)

Prior myocardial infarction 11(52.4 %)
Prior PCI 4 (19.0 %)
Shock at presentation 10 (47.6 %)
CPR/OHCA 4 (19.0 %)
Creatinine, ymol/L 103 [87; 132]
Urea, mmol/L 7.61[6.5;9.7]
INR 1.11[1.00; 1.16]
aPTT, s 27.4[25.3; 37.5]

Fibrinogen, g/L

3.60 [3.02; 4.95]

Data are presented as n (%) or median [IQR].

Table 2. Procedural and angjographic characteristics

by elevated SYNTAX scores and the frequent need for multivessel (n=21)

intervention. Preprocedural coronary flow was severely impaired

in the majority of cases; however, successful revascularization Variable Overall, n =21
was achieved .in most patients, with restoration of TIMI 3 flow in Door-to-balloon time, min 128 [109; 151]
a high proportion of procedures.

Amixed revascularization strategy was employed, including SYNTAX score 2926, 32]
both culprit-only and immediate multivessel PCI, depending on Culprit vessel: LMCA 7(33.3%)
clinical and anatomical con3|dgrat|ons. Mechamcal mrculatow Culprit vessel: LAD 7(33.3%)
support was complemented by intra-aortic balloon pump use in :
selected patients for left ventricular unloading. The duration of Culprit vessel: LCX 4(19.0%)
ECMO support reflected the severity of the clinical condition and Culprit vessel: RCA 2(9.5%)
the need for ongoing hemodynamic stabilization. . ] o

In-hospital outcomes are summarized in Table 3. Survival to Culprt vessel: OM 1(48%)
discharge was 61.9 % (13/21), corresponding to an in-hospital TIMI flow pre (0-1) 18 (85.7 %)
mortality of 38.1 % (8/21). Taking into account only the discharged TIMI flow pre (2-3) 3(14.3 %)
patients, neurological recovery among them was favorable: 11 , )
survivors had CPC 1-2, the remaining 2 patients had CPC 3. Final TIMI 3 18 (85.7 %)

The resource intensity of care was substantial. Median Number of stents 31,3
ICU length of stay was 7 [5; 13] days, hospital length of Any left main stenting 12 (57.1 %)
stay 18 [11; 24] days, and mechanical ventilation duration _ )

20 [6; 192] hours, highlighting prolonged critical care needs in a Any LAD stenting 16 (762 %)
subset of patients. IABP 5(23.8 %)
LMCA: left main coronary artery;
: H LAD: left anterior descending;

Discussion LCX: left circumflex artery;

In this single-center cohort of planned femoro-femoral gﬁqurL?S;eC?;ZTSﬁjﬁfzch
V-A ECMO-ass!sted primary PClI for S.TEMI with anticipat- IABP: intra-aortic balloon pur‘np;
ed hemodynamic collapse, several findings stand out. First, data are presented as n (%) and median [IQR].
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Table 3. In-hospital outcomes and complications (n = 21)

Outcome / complication Overall, n =21
Survival to discharge 13 (61.9 %)
Death before decannulation 5(23.8 %)
Good neurological outcome among survivors | 11/13 (84.6 %)
(CPC 1-2)

ICU length of stay, days 71[5;13]
Hospital length of stay, days 18 [11; 24]
Mechanical ventilation duration, hours 20 [6; 192]
Acute kidney injury (KDIGO) 9(42.9 %)
Renal replacement therapy 3(14.3 %)
Major bleeding (BARC type 3) 5(23.8 %)
Limb ischemia 2(9.5%)
Vascular surgery 2(9.5%)
Infectious complications 7(33.3 %)

Data are presented as n (%) or median [IQR].

angiographic reperfusion was high, with final TIMI 3 flow in
18/21 (85.7 %). Second, short-term outcome was favorable
for such a critically ill population, with survival to discharge in
13/21 (61.9 %) and good neurological outcome in 11 out of 13
survivors as defined by CPC categories 1-2. Third, the burden
of limb and access complications was comparatively low: limb
ischemia occurred in 2/21 (9.5 %), and vascular surgery in 2/21
(9.5 %). Major bleeding events (BARC type 3) were present but
remained within the range expected for full-support V-A ECMO
and emergent PCI (5/21, 23.8 %).

Our results align closely with the seminal single-center
registry by van den Brink et al. (2018), who reported survival to
discharge of 67 % and generally good neurological outcomes in
V-A ECMO-supported pPCI for STEMI, despite frequent cardiac
arrest and profound shock at presentation. Importantly, their com-
plications were mainly cannulation-site bleeding and limb ischemia,
similar to the complication profile observed in our cohort. Still, it
is important to keep in mind that van den Brink’s cohort was very
small and included a high proportion of arrest/shock patients, so it
is more of a descriptive comparator than a benchmark [6].

Earlier Asian series also support the concept that earlier
(pre-PCl) initiation of V-A ECMO may be beneficial in selected
STEMI patients with profound shock or post-arrest physiology.
In a cohort from Taiwan, early ECMO-assisted primary PCl was
associated with improved short-term outcomes in STEMI com-
plicated by profound cardiogenic shock [17]. Likewise, studies
comparing ECMO initiation before versus after PCI have sug-
gested improved survival when V-A ECMO is established early
in refractory shock, at the cost of some delay in reperfusion time
- highlighting the importance of fast, protocolized cannulation
and cath-lab workflow [18]. While these observational data can-
not prove causality, they provide biological and clinical rationale
for our strategy of planned support to maintain perfusion during
complex culprit-lesion PCI.

At the same time, randomized evidence in infarct-related

cardiogenic shock has tempered enthusiasm for routine ear-
ly V-A ECMO. The ECLS-SHOCK ftrial did not demonstrate a
mortality reduction with an early V-A ECMO strategy in acute
myocardial infarction complicated by cardiogenic shock, and
bleeding was increased in the ECLS group [3]. Consistent findings
were reported in an individual-patient data meta-analysis of ran-
domized trials of ECLS in infarct-related shock [19]. These trials,
however, addressed a broader shock population and were not
designed around the specific question of planned periprocedural
“protected PCI” in patients judged to be at high risk of collapse
during revascularization. In practice, the key distinction is patient
selection and timing: our cohort excludes “rescue” ECMO and
focuses on a predefined multidisciplinary decision for support
prior to wiring, in a pathway that aims to protect both systemic
perfusion and the conduct of PCI.

The 61.9 % survival to discharge in our cohort should be
interpreted in the context of a very high-risk STEMI phenotype
(anticipated collapse, SCAI C-E, left main/last patent vessel or
post-arrest physiology). Contemporary guidelines emphasize
immediate reperfusion, shock recognition, and escalation path-
ways in hemodynamically unstable acute coronary syndromes
[1]. In this setting, we view V-A ECMO as an “enabling therapy”:
it can provide immediate circulatory and respiratory support while
definitive reperfusion is achieved.

Aparticularly encouraging sign was the recovery of the nerv-
ous system. Using the Cerebral Performance Category (CPC)
scale —where CPC 1-2 represents a favorable outcome —the fact
that 11 out of 13 discharged patients achieved CPC 1-2 suggests
that rapid restoration of perfusion and oxygenation during PCI
may contribute to neurological preservation in such high-risk
patients, as also highlighted in earlier ECMO-supported STEMI
series [7,17]. Still, these data must be interpreted with caution,
as the number of patients in our report is very low.

Bleeding remains a central limitation of V-AECMO and emer-
gent PCI. Our BARC 3 bleeding rate (23.8 %) is consistent with
the expectation that full heparinization, large-bore cannulation,
dual antiplatelet therapy, and critical iliness will jointly increase
bleeding risk; BARC definitions provide a standardized framework
for reporting clinically meaningful bleeding events in cardiovas-
cular trials [14]. Importantly, in randomized and meta-analytic
ECLS literature, bleeding has been one of the most consistent
“trade-offs” of V-A ECMO strategies [3,19].

Conversely, the low limb ischemia rate (9.5 %) in a fully
femoral approach is notable and likely reflects the routine use
of a DPC. Systematic reviews and meta-analyses indicate that
prophylactic DPC or other limb-perfusion protection strategies
are associated with a substantial reduction in limb ischemia
during peripheral V-A ECMO [20,21,22]. Our practice of placing
DPC immediately after PCI to avoid delaying reperfusion — may
represent a pragmatic balance between door-to-balloon targets
and limb protection.

Acute kidney injury and renal replacement therapy remain
frequent in shock and V-A ECMO populations. The requirement
for RRTin 14 % of patients in our cohort is within the broad range
reported across V-A ECMO registries and observational series,
where renal injury reflects shock severity, hemolysis, inflamma-
tion, and exposure to nephrotoxins and contrast.
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Recent evidence from microaxial LV assist device ftrials,
such as DanGer Shock, has reignited interest in percutaneous
mechanical circulatory support in infarct-related cardiogenic shock
[23]. However, many regions face real-world constraints — device
availability, procurement barriers, and cost — that limit access to
such technologies. Our data support the pragmatic notion that
V-AECMO can be feasible when it is the only full-support device
available, provided a multidisciplinary shock/ECMO team and
standardized protocols are in place.

Strengths and limitations. This report reflects a real-world, pro-
tocolized, multidisciplinary pathway in a center with 24/7 STEMI
coverage. We report clinically relevant outcomes (angiographic
reperfusion, survival, neurological status) and key complications
using standardized definitions (CPC; BARC).

The study is limited by its unrandomized prospective sin-
gle-center design, small sample size, and absence of a contem-
poraneous control group. Residual confounding by indication is
unavoidable: the decision to deploy planned V-A ECMO reflects
clinical judgement and local expertise, and our findings may not
generalize to centers with different volumes, cannulation strate-
gies, or access-site management. Finally, our results should not
be interpreted as evidence that early V-A ECMO improves out-
comes versus other strategies, given the neutral randomized data
in broader infarct-related shock populations [3,19]. Rather, they
describe the feasibility and outcomes of a structured “ECMO-pro-
tected pPCI” approach in a resource-constrained setting.

Conclusions

1. In a health-care setting without access to Impella, planned
V-A ECMO-assisted primary PCI for STEMI was associated with
high final TIMI 3 flow, acceptable discharge survival, and favorable
neurological outcomes among survivors, with manageable rates of
bleeding and low limb ischemia under a distal-perfusion strategy.

2. These findings suggest that planned V-A ECMO-assisted
pPCl is feasible in a highly selected cohort of STEMI patients
who are at risk of periprocedural hemodynamic collapse in the
absence of access to microaxial pumps.

Prospects for further research. Future studies should fo-
cus on defining optimal patient selection criteria for planned
V-A ECMO-assisted primary PCI, particularly in differentiating
patients who may benefit from pre-procedural support versus
those suitable for conventional strategies .Prospective multicenter
studies and registries are needed to compare planned “EC-
MO-protected PCI” with rescue ECMO and alternative mechanical
circulatory support approaches, including microaxial pumps, with
particular attention to the timing of procedure initiation. Further
research should also address protocol optimization, including
strategies to minimize door-to-balloon delays, standardize
anticoagulation and antiplatelet therapy regimens, and reduce
ECMO-related complications, especially bleeding and vascular
injury. The role of adjunctive left ventricular unloading strategies
in this setting requires dedicated evaluation. Importantly, future
investigations should incorporate standardized reporting of neu-
rological outcomes and long-term survival, as well as cost-effec-
tiveness analysis in resource-limited environments where device
availability constrains therapeutic options.
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Merta poboTu - npoaHanisyBaTy cyyacHi Nigxoam 4o NikyBaHHSA AeeKTIB M’SIKUX TKaHUH KiHLBOK Yy BIMCbKOBMX
KOHpnikTax Ta OLHATI POMb CUHEprii MiX piBHAMU MeguyHoi gonomory Role 2 i Role 3 siK knto4oBOro YnMHHMKA
eheKTNBHOTO (PYHKLIIOHANBHOTO 3aKPUTTS paH | 30epeXeHHst PEKOHCTPYKTUBHOTO MOTEHLjiany.

Martepianu i MeToau. 3AilICHEHO CMCTEMATWU30BAHMIA MOLLYK i KPUTUYHWUIA @aHani3 MpodinbHOi HaykoBoi niTepa-
Typw, onybnikoBaHoi nepeayciM y nepiog i3 2021 go 2026 poky. Mowwyk oxonntoBas ny6nikavii, iHaekcoBaHi y
NpOBIZHWX HayKOMeTpU4HUX 6asax Ta enekTpoHHUX pecypcax — PubMed, Google Scholar, Web of Science. [lo
aHanisy 3any4eHo [kepena, y sKUX BUCBITINEHO JOCBIA NikyBaHHS DOMOBUX YLUKOMKEHb KiHLBOK, NPUHLMNML
eTanHocTi MeanyHoro 3abesneyerHst 3a ctaHgaptamu HATO, cyyacHi MeToam niaroToBKkM paHOBOrO Noxa Ta
TeXHONOrii PEKOHCTPYKLi M'SKMX TKaHUH Yy KoHnikTax Ha bnnsbkomy Cxopi, B AdraHicTtai, Ipaky Ta nig vac
NOBHOMACLLTABHOT POCIACHKO-YKPATHCLKOT BiliHN.

Pesyabtati. BCTaHOBMEHO, LUO KIMOHOBMMM YMHHUKAMM, SIKi YCKNAAHIOKTb PaHHE 3aKpUTTS AedeKTiB M SKnx
TKaHWH, € iHgeKList Ta GionniBka, HAsBHICTb AeBiTaNi30BaHNX TKaHWH i HEAOCTATHS! MiArOTOBKA PAHOBOTO NoXa.
lMokasaHo, L0 arpecuBHi XipypriuHi BTpy4aHHs Ha piBHi Role 2, 3okpema HagMipHUi AeOpuaMEHT i MOpyLLEHHS
CYLMHHOI apXiTeKTypy, MOXYTb iCTOTHO 0BMeXyBaTi MOXIMBOCTI 3aCTOCYBaHHS NOKamnbHUX i perioHanbHNX
knantiB Ha Role 3. HatomicTb noetanHuii, WagHuit nigxig 3i 30epexeHHsIM aHaTOMIYHUX CTPYKTYP CTBOPHOE
nepeaymMoBY s BUKOPUCTaHHS Cy4acHUX METOAIB MiArOTOBKW PAHOBOTO foXa Ta eqheKTUBHOI PEKOHCTPYKLLT —
BiA NPOCTMX NOKanbHUX KNanTiB 4o NepOpaHTHUX YK BiMbHUX TKAHWHHUX TPAHCMMaHTaTIB.

BucHoBKHM. EchekTMBHE NikyBaHHS AedheKTiB M'SKMX TKaHUH KiHLBOK Y BICbKOBMX YMOBax MOXIIMBE NLLE 3a
YMOBY TiCHOI TicHOi koopauHaii Mix Role 2 i Role 3 Ta yiTkoro poamexyBaHHs ixHix 3aBaaHb. OpieHTauis Ha
30epexeHHs PEKOHCTPYKTUBHIX ONLil Ha paHHiX eTanax, 3acToCyBaHHs Cy4acHWUX METOZIB MiSrOTOBKM PAHOBOIO
noxa Ta noetanHuii BUBip PEKOHCTPYKTVUBHIX pillieHb AaKTh 3MOry NOKpaLMTW (DYHKLIIOHAMNbHI pesynsTaTi Ta
NiABULLMTY LUIAHCU NOBEPHEHHS MOPAHEHMX [0 aKTUBHOTO XUTTS abo cryxou.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 191-199

Interaction between Role 2 and Role 3 echelons
in preserving reconstructive potential in soft tissue limb injuries

lu. 0. Mikheiev, R. M. Kuziv, D. V. Tkachuk, I. M. Bielkin, B. M. Holdovskyi,
D. S. Mialkovskyi, S. M. Machuskyi

Aim. To analyze modern approaches to the treatment of soft tissue defects of the extremities in military conflicts
and to evaluate the role of synergy between Role 2 and Role 3 medical care levels as a key factor in effective
functional wound closure and preservation of reconstructive potential.

Materials and methods. A systematized search and critical analysis of relevant scientific literature published mainly
between 2021 and 2026 was conducted. The search included publications indexed in major scientometric data-
bases and electronic resources: PubMed, Google Scholar, and Web of Science. The analysis involved sources
covering experience in treating combat extremity injuries, the principles of echeloned medical support according
to NATO standards, modern methods of wound bed preparation, and soft tissue reconstruction technologies in
conflicts in the Middle East, Afghanistan, Iraqg, and during the full-scale Russo-Ukrainian War.

Results. It was established that the primary factors complicating early soft tissue defect closure are biofilm-as-
sociated infections, the presence of devitalized tissues (“gray zone” of ischemia), and insufficient wound bed
preparation. It was demonstrated that aggressive surgical interventions at the Role 2 level, specifically excessive
debridement and disruption of vascular architecture, can significantly limit the options for applying local and re-
gional flaps at Role 3. Conversely, a staged, tissue-sparing approach that preserves anatomical structures creates
the necessary conditions for utilizing advanced wound bed preparation methods and effective reconstruction,
ranging from simple local flaps to perforator flaps and, where indicated, free tissue transfers.
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Conclusions. Effective treatment of extremity soft tissue defects in military settings is only possible through close
synergy between Role 2 and Role 3 and a clear delineation of their respective tasks. Focusing on the preservation
of reconstructive options at the early stages, the application of modern wound bed preparation methods, and a
staged approach to reconstructive decisions improve functional outcomes and increase the chances of returning
the wounded to active life or military service.

Modern medical technology. 2026;18(3):191-199

lNopaHeHHs KiHLJBOK i3 AeeKTamm M'SKUX TKaHWH € OfHIEr0 3
HanoLLMpeHiLLMX hopm GONOBOT TPaBMM Y Cy4aCHWX 30POIHIX
KOHdnikTax. 3a JaH!M aHanisiB BiiCbKOBMX ONepaLlii OCTaHHIX
JecsTuniTh, Bifg 55 % 1o 70 % ycix GoloBMx nopaHeHb Npunaaae
came Ha KiHLiBKM, @ 3Ha4yHa YacTuHa 3 HUX CynpPOBOMKYETLCS
3HaYHUMKM gedhekTamMi LWKipK, NIGLWKIPHOT KMITKOBUHK, dhacLyi i
m'a3iB [1,2,3,4]. JomMiHyBaHHS BACOKOEHepreTUYHWUX BorHenarb-
HWX | BUOYXOBMX ypaxeHb 3yMOBHOE HE NULLE 3HAYHWUIA oBcsr
MEPBMHHOTO YLLIKOMKEHHS, ane i hopMyBaHHS 30HW BTOPUHHO-
0 HEKPO3y B TaKMX paHax, Lo iCTOTHO yCknaaHoe noparnblue
niKyBaHHs.

[OedekTn M'SKMX TKaHUH KIHLIBOK YacTO CTaloTb MPUYMHOKD
BEMNUKOI KiNbKICTi MOBTOPHUX OMepaTuBHWX BTPyYaHb i MakTh
HE3aA0BINbHUA KIHLEBUI (PYHKLIOHANBHUA pe3ynbtat. BoHu €
O[HI€Et0 3 MPOBIAHVX MPUMMH TPVBAIOI BTPATY NpaLe3aaTHOCTI, iH-
BanigM3aLlii Ta HEMOXITMBOCTi MOBEPHEHHS BiiCBKOBOCITY)KOOBLiB
[0 aKTUBHOI cry»01 abo MOBHOLLIHHOTO XWTT [5,6]. Heaaxatoum
Ha HaKoMnM4eHWn JOCBIA BiiCbKOBOI Xipypril, Nigxoan Ao nikysak-
HS TaKUX YLIKOMKEHb Y OOMOBMX YMOBAX 3amnmLLAloTLCS BKpali
HecTaHaapTu3oBaHUMK. [oci 6pakye yHihikoBaHWX NPOTOKOMIB i
BUYEPIHIX PEKOMEHAALLI, sIKi BU3HaYanm 6 TakTuKy, onTumasbHi
TEPMiHU | NOCMIAOBHICTb NiKyBanbHUX eTanis.

Pocilicbko-ykpaiHCbka BiliHa cTana npuknagoM KOHMMIKTY,
IO CMPWUYMHWB CYTTEBI 3MiHU TPAANLINHOIO YSBMEHHS NPO
iHTEHCMBHICTb BOOBMX Ailh | XapakTep caHiTapHux BTpat. Bupi-
LanbHAM YMHHUKOM TpaHcdopmaLlii nons 60k CTano macose
3aCTOCYBaHHS JELEBWX | TEXHOMOMYHO AOCTYMHMX 6e3ninoTHUX
cucteM. besninoTHi nitanbHi anapat BOMiHYIOTb y cucTemax
po3Bigk/ Ta 3abesnevytoTb MOCTIMHY CUTYaLinHy 06i3HaHICT,
a FPV-gpoHu 3a6e3neyytoTb BUCOKOTOYHE TOYKOBE YPaXEHHS.
Y pesynbrari 36inblumnacs yactka BUBYXOBMX YLUKODKEHD,
CMPUYMHEHNX MarnuMK 3a Macolo, ane BUCOKOEHEPreTUYHUMM
Goenpunacamu, ski 4acTo CTalTb NPUYMHOK BENMUKUX | MHO-
KMHHUX OeheKTiB M'SIKUX TKaHUH i KICTOK; KpiM TOro, BU3Ha4atoTb
30inbLUEHHS BUNAAKIB ypaxeHb KiHLBOK, LUMI Ta iHLLMX Mano3a-
XWULLEHNX aHAaTOMIYHMX 30H [7].

OcobnuBoi akTyanbHoOCTi npobnema nikyBaHHs fedekTis
M'SIKVX TKaHUH HabyBa€ B KOHTEKCTi ETAMHOI CUCTEMU MEAUYHOTO
3abe3neyeHHs, Ae OONOMOry HafakTb MOCIIAOBHO Ha Pi3HUX
piBHsIX. PileHHs, yxBaneHi Ha paHHix eTanax, 6esnocepenHso
BW3HAYal0Tb NOAANbLUI MOXIMBOCTI PEKOHCTPYKLT Ta doyHKLjo-
HanbHWA NPOrHo3. HegocTaTHs KOOPAMHOBAHICTb il Ha Role 2
Ta Role 3 yacto npu3BoaMTL 4O BTPATU PEKOHCTPYKTUBHOIO
noTeHLiany TKaHWH, 0BMeXeHHS BUBOPY XipypriYHX METOAIB i
MOIPLUEHHS KIHLEBWX Pe3ynbTaTiB NiKyBaHHS.

Merta poboTtu

[NpoaHaniayBaTi cyyacHi nigxoau 4o nikyBaHHs AedekTis
M'SIKMX TKQHUH KiHLBOK Y BIMCbKOBUX KOHQMIKTaX Ta OLHUTK

POMb CUHEPTiT MiX piBHSMU MeauyHoi gonomory Role 2 i Role 3
K KITF0HOBOTO YMHHYIKA €GhEKTUBHOIO YHKLIIOHAMBHOIO 3aKpUTTS
paH i 30epEXEHHS PEKOHCTPYKTUBHOTO NOTEHLjiany.

Marepianu i MeToAU AOCAIAKEHHA

3pircHunu ornsg HaykoBWx nyBnikavii, NPUCBAYEHUX Niky-
BaHHH0 60OBMX YLLKOZKEHb M’SIKUX TKAHWUH KIHLIBOK Y Cy4acHNX
BiICbKOBMX KOHEDIIKTAX, i3 JOTPUMAHHAM OCHOBHMX MPUHLMNIB
PRISMA wwogo ineHTudikauii Ta Binbopy nitepaTtypHux mxepern.
[lo aHani3y BKnoueHo nepeaycim nyonikadii 3a nepiog 3 2021 go
2026 poky, Lo iHaekcytoTbes B 6azax aaHux PubMed, Scopus Ta
Web of Science. NMowwyk npodhinbHoi HaykoBoi niTepaTypu 3ainc-
HWUIK 3 BUKOPMUCTAHHAM TaKUX KIKOUYOBUX CriB Ta iX KOMOIHaLii:
combat extremity injury, soft tissue defect, reconstructive surgery,
Role 2, Role 3, forward surgical team, wound bed preparation,
military trauma.

Ha nepLuomy etani 3a pesynsratamut MOLUYKY ineHTUIKO-
BaHo 134 nyGnikauii. Micns BuganeHHs aybnikatis Ta aHaniay
3arofoBkiB BigibpaHo 86 npaub AN NoAanbLIOro BUBYEHHS
aHotauiin. OCHOBHI KpuTEpIi 3any4eHHs — BignoBIgHICTb TeMa-
TULi B6OMOBOI TPaBMM KiHLBOK, BUCBITIEHHS NUTaHb €TaMHOCTI
HapaHHs meguyHoi gonomory (Role 2, Role 3) ta nybnikauis y
BiANOBIAHWUI Nepiog (KpiM OCHOBOMOMOXHMX NpaLlb, HEOOXigHWX
[Ns 'PYHTOBHOTO BUBYEHHS NOpYyLLEeHOi npobniemu). Ak kputepii
BUKJTHOYEHHS! B3HAYEHO OMNMC TiSbKK LUMBINBHOT TPaBMU, HEBIA-
MOBIAHICTb TEMATWL €TaMHOI BiCbKOBOI MENYHOI JONOMOrH,
BiACYTHICTb MOBHOIO TEKCTY CTaTTi abo HEBIgMOBIAHICTL METO-
[OMOriYHUM BUMOraM ornsaay. Y pesynsrati KpUTUYHOrO aHanisy
[0 hiHarnbHOro ornsay 3anyyeHo 52 mxepena, LWo JatoTb 3Mory
HaNMOBHiLLE BUCBITNUTI Cy4acHUii cTaH npobrnemu Ta Bigno.i-
JatoTb METi AOCTIMKEHHS.

[o ornagy 3anyvanu cuCTEMATUYHI Ta HapaTUBHI OrNSaM,
KMiHiYHi cepii, pekoMeHaaLii BilicbkOBO-MeaUYHNX cnyx6 Ta
aHaniTyHi nybnikavji, Lo BMCBITNIOIOTb AOCBIA Pi3HWX TeaTpiB
Gorosux gin (Brmabkuin Cxig, AdpramictaH, Ipak, Ykpaina). Y
3B'A3KY 3 reTepOreHHICTI0 AM3alHIB JOCTiMKeHb hopManbHe
OLHIOBaHHSI PU3NKY CUCTEMATUYHUX NOXMOOK He 3jiiCHI0BanM.

OTpumaHi faHi y3aranbHeHO 3 aKLEHTOM Ha NOPIBHAMbHUIA
aHanis 3aBfaHb, pecypcis Ta 0bmexeHb Role 2 Ta Role 3 y niky-
BaHHi AeheKTiB M'SIKUX TKAHUH KiHLIBOK. BinbLUiCTb BKIHOYEHNX
[0 ornsay AocnimkeHb Bignosiganu pisHam aokasosocTi |-V,
Lo Binobpaxxae 06’eKTUBHI 0OMEXEHHS XipYpriYHX LOCTImKEHD Y
BoiioBMX yMOBaX; AiaHi 3 BUCOKUM piBHEM Aoka3oBocTi (I-I1) cno-
pafuyHi, NpeacTaBneHi NepeBaxHO CUCTEMATUYHUMM OrMsAamMu
Ta KOHCEHCYCHUMYU pekomeHaaLismu. PiBHi LOKa30BOCTi OLLiHH0-
Baru SKiCHO 3 BYKOPUCTaHHSAM CrpoLLeHoi knacudikauii Oxford.

Oxpemo npoaHaniaoBaHO CyyacHi iHHOBALMHI Migxoan [o
MiAroTOBKM PAHOBOTO NOXa Ta PEKOHCTPYKLT M'SKVX TKaHMH i3 no-
3L X NOTEHUIHOT aganTaLlii 0 YMOB BIiICLKOBUX KOHCMIKTIB.
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Pe3yabtati

AHanis cy4acHWX HayKoBIX [pxepen nokasas, Lo npobnema
nikyBaHHs! AeheKTIB M'AKWX TKaHWH KIHLBOK Y BIMCbKOBUX yMOBaX €
Ha3BMYaIHO CKITAZHO0 | He Moxe ByTu 3BeaeHa 10 i30Mb0BaHOMO
BMOOPY XipypriYHOT TEXHIKM Y1 TEXHIKM BTPYYaHHS! Ha OKPEMOMY
eTany nikyBaHHs. Kmto4oBUM YMHHUKOM, LU0 BU3HaYaE KiHLEBMI
(pyHKLIOHaNbHWIA pe3ynbTaT, € NOCRILOBHICTb i Y3rOmKEHICTb
PiLLieHb, YXBANEHUX Ha PI3HWX PIBHSX MEAVNYHOTO 3abe3neyeHHs.
OcobnmBo Lie CTOCYETLCS NO4ATKOBUX ETaNIB HaaHHs JOMOMOTH,
e 3aKMNaaaeTbCa NoTeHLian Ans nofarnbLwol nigroToBKWM paHOBOTO
oXXa Ta PEKOHCTPYKLT. Y LibOMY KOHTEKCTi aHani3 pori Ta obme-
xeHb Role 2 i Role 3 gae amory BUSIBUTY CUCTEMHI MOMUITKA, LLIO
MOBTOPIOKOTLCS B PI3HUX BIiICbKOBMX KOHADMIKTaX, HE3ANEXHO Big
reorpadii 4n piBHS TEXHOMOMYHOO 3a6e3MneyeHHs.

3rigHo 3 pesynbratamMmu AOCHIIXKEHHS, Cy4acHi BUKNUKM
OoiioBOi TpaBMM, 30KpEMA 3MiHa MEXaHI3MIB ypaXeHHs!, BICO-
Ka YacToTa iH(EKLIMHNX YCKNagHEeHb i CKNagHiCTb paHoBOro
CepenoBuLLa, 3yMOBMIOIOTL HEOOXiAHICTb Nepernsaay Migxomis
[0 NiAroToBKM PaHOBOTO NTOXa Ta BUOOPY Yacy PeKOHCTPYKL.
Po3BuTOK iHHOBALiMHWUX MeTOAIB NiKyBaHHS PO3LLMPIOE Tepane-
BTWYHI MOXIMBOCTI, O4HaK IXHS €DeKTUBHICTb NPSMO 3aneXuThb
BiZ, AOTPUMaHHs1 6a30BVX MPUHLMNIB €TANHOCTi Ta 30EPEXeHHS
TKaHWH. HaBefeHi YAHHMKM (DOPMYIOTb MiArPYHTS 4515 KOMMIeK-
CHOrO aHariay YoTMpbOX KITIOYOBWX HANPsAMIB, HaBedeHVX Jani;
KOXEH i3 HUX PO3KPVBAE OKPEMMIA aCMEKT, ane pasoM BOHW (op-
MYIOTb 3araibHy KOHLIENLit NikyBaHHS AeeKTiB M'AKUX TKaHWH
KIHLBOK Y Cy4aCHWX BIACbKOBWX KOH(DITIKTaX.

ETranHi ymoBM HapaHHsA XipypriuHoi Aoonomoru npu pedektax
M’'IKMX TKaHWH KIiHLIBOK Yy CyuyaCHMX BiCbKOBMX KOHQAIKTaX.
CyuvacHi BiliCbkoBi KOH(IIKTU BUCOKOI IHTEHCUBHOCTI XapakTe-
PU3YIOTBCS 3HAYHOHO KiMBbKICTIO MOpaHeHb KiHLBOK i3 MacUBHUM
YP@XEHHAM M’SIKUX TKaHWUH, L0 CMIPUYMHSIIOTH CYTTEBE HaBaH-
TaXEHHS Ha CUCTEMY BIlICbKOBO-MEANYHOTO 3abe3neyqeHHs.
YCniLWHICTb NiKyBaHHS TakuX NOpPaHeHb BU3HAYAETLCS He NULLe
MOXJITMBOCTSIMI PEKOHCTPYKTUBHOI Xipyprii, ane 1 3Ha4HOK Miporo
SKICTIO NEPBUHHUX XiPYPriYHWX PiLLEHb, YXBaNEeHWUX Ha paHHix
eTanax MeauyHoi eakyalii.

EtanHa cuctema HagaHHsa meguyaHoi fonomoru (Role-based
care), npuiHsTa B kpaiHax HATO, 4iTko po3mMexoBye 3aBLaHHs
KOXHOrO piBHS. [poTe came npw nikyBaHHi AedekTiB M’ SKuX TKa-
HVH KIHLBOK Lii MEXi YacTO CTatoTb HEUITKAMM, LLIO MOXe 3yMOBUTM
TaKTWUYHI nomMurki. [Jocsig pisHUX BiliCbKOBUX KaMMaHil nokasas,
LU0 (pyHKLiOHaNbHe HanoBHeHHs Role 2 Ta Role 3 ictoTHo 3ane-
XWTb Bif reorpadii, TpMBANOCTi KOHANIKTY, NOMCTUKM Ta PIBHS
3arposu. Tak, y koHdnikTax Ha bnmsbkomy Cxopi, 3okpema B
I3paini, KopoTKi eBakyaLinHi nevi AaBany 3Mory LUBMAKO TpaH-
CropTyBaTH NOPaHEHNX 40 BUCOKOCMNELiani3oBaHNX LEHTPIB, LLO
3MEHLLYBaso TUCK Ha Role 2 i 06MexyBano 110ro porb NepeBaxkHo
crabinisavieto Ta damage control. HatomicTb y kamnanisix CLUA
Ta koaniuinHmx cun B AdpraHictaHi 1 Ipaky, ae eBakyauis morna
TpUBATW roaMHK, a iHogi 1 fobw, Forward Surgical Teams yacTo
3MyLUeHi bynun npawtoBaTi B yMOBaX TPMBASIONO YTPUMaHHS naLy-
€HTIB 1 yXBaMoBaTy CKIaaHi PiLLEHHS, Konu He Byrno MOXIMBOCTI
LBMAKOro nepesefeHHs Ha Role 3 [4].

Role 2, abo Forward Surgical Team, chyHKLioHye B ymMOBaXx,
MaKC/ManbHO HabMKEHUX A0 30HK OOMOBUX Ajid, | MAE Ha METi

MOPSITYHOK XWUTTS, KOHTPOIb 3arpO3nMBKX CTaHIB i cTabinisaviio
MoOpaHEeHOro Nepes eBakyaLjieto Ha HacTynHi eTanm [4]. ObMexeHi
4acoBi pamky, AedilmT NnepcoHany Ta pecypcis, a TakoX BiacyT-
HICTb MOXTMBOCTI TPUBANOro NicnsionepawiiiHOro CrnocTePEKEHHS
BW3HAYal0Tb XapaKTep BTPyYaHb Ha LIbOMY PiBHi. Y KOHTEKCTi
YLWKOIKEHb M'SIKMX TKaHWH KiHLBOK Ha Role 2 BXuBatoTb nuiue
0a3oBux 3axopiB, 30KpEMA 34iACHIOTL KOHTPOMb KPOBOTEM,
ipuravito Ta 4eOpUAMEHT OYEBUOHO HEXUTTE3AATHUX TKAHUH
AN 3HWKEHHS IHPEKUINHOTO HaBaHTaXeHHs. Pasom i3 Tum,
HaKOMWUYEHUA KMiHIYHUA JOCBIA PI3HUX KOHAMIKTIB CBigYUTD,
LLO arpecvBHa NepBuHHA XipypriyHa obpobka, crpsiMoBaHa Ha
MaKC/MarbHe «O4ULLEHHSI» PaHK, He 3aBXaW € BUNPaBL4aHOM0 3
no3uLii NoaanbLLUOi PEKOHCTPYKLii [5,6].

Ocobnueoi yBaru notpebye 36epexeHHs CYanHHOI apxi-
TEKTYPU TKaHUH. HeoBrpyHTOBaHe MOLUKOmKeHHst abo nepeTuH
nepcOpaHTHUX CYAVH, @ TaKOX XaoTWYHi abo MiHilHI po3piau
0e3 ypaxyBaHHS1 ManOyTHIX PEKOHCTPYKTUBHUX Ol CYTTEBO
0OMEXYHTb MOXITMBOCTI 3aCTOCYBAHHS NOKANbHMX i PerioHasnb-
HWX KIanTiB Ha HaCTYMHUX eTanax nikysaHHs [8]. AHani3 gocsigy
BilICbKOBWX onepaLivi B AdoraHicTaHi Ta Cupiii fas amory 3pobuti
BMCHOBOK, LLIO came BTpaTu nepdopaHTiB Ha paHHbOMY eTari
Oy ofHi€t0 3 FONIOBHMX MPUYMH NEPEXOAY Bif NIOKAmNbHOI PEKOH-
CTPYKLIT 0 GinbLL TpaBMaTUYHUX METOZIB Ha Mi3HILLMX CTagisX. Y
LIbOMY KOHTEKCTI Aeaani GinbLloro noumpeHHst Habyeae miaxig,
3a aKkuM Role 2 He NOBMHEH HamaraTucst OCTAaTOMHO BUPILLMTY
npobnemy aedekTy M’'Skux TKaHWH. HaBnaku, onTuMasnbHOK
cTparerieto € MiHiManbHO JOCTaTHE BTPYYaHHs!, CNPsIMOBaHE Ha
cTabinisaLjlo CTaHy NopaHEHOro Ta MakcMarnbHe 30epeXeHHs
TKaHuH. MpuHLMN leave options open cTae KIlo4YOBKM Y Cy4acHiN
BiICbKOBIl Xipypril.

[ocgig BiricbkoBwx kamnain CLUA Ta koaniuiiHmnx cun B Ad-
raHicTaHi NPOAEMOHCTPYBaB, LU0 PO3LWMPEHHS PyHKLIK Forward
Surgical Teams 3a yMOB Tp1Banoro eBakyaLiiHoro nreya 4acto
CYNpOBOKYBariocst Cnpobami «0CTaTOMHOTO» BUPILLEHHS Mpo-
Ornemm fedekTy M'sknX TKaHWUH yxxe Ha piBHi Role 2 [9]. Y HuaLi
KMiHIYHMX Cepii Lie Npy13BOAMIIO A0 HAAMIPHOTO BUCIHEHHS TKaHWH
i BTpaTh nepdopaHTiB, Lo Hajasi obMexyBaso 3acToCyBaHHS
noKanbHUX i nepchopaHTHUX KNanTiB i NiaBuLLYyBano notpedy y
BiNbHUX MIKPOCYOUHHUX TpaHcepax Ha nisHiwmx etanax [10].
AHarnorivHi 3aKOHOMIPHOCTI OMMUCaHO LWOAO CUPIACHLKOMO KOH-
(nikTy: HEQOCTATHBO YiTKa KOOPAMHALS MiX PIBHSIMW 4OMOMOTM
cnpuumHana 30inbLUEeHHS YacToTh amnyTauin abo CknagHux
PEKOHCTPYKL i3 CyMHIBHUM (DYHKLOHANbHAM pesynsTraToM. Y
LIbOMY KOHTEKCTi Cy4acHi pekoMeHzaLjii HaronoLwytTb Ha Heob-
XigHOCTi yiTKoro obmexeHHs obesry BTpyyaHb Ha Role 2 npu-
uunamu damage control Ta 36epexeHHsM PEKOHCTPYKTUBHUX
ONLif Ans HacTynHWX eTanis [9].

Ha sigmiHy Big Role 2, Role 3 npeacrasneHwin cTavioHapHUmm
abo HanicTaLioHapHUMK BICHKOBUMM rOCMITaNsIMK 3i 3HA4YHO
LWMPLLMMM LiarHOCTUYHAMMW Ta NiKyBarbHUMU MOXIMBOCTSIMM.
Came Ha uboMy piBHI hopMyeTbCsa CTpaTeris 0CTaTOYHOro
nikyBaHHs1 AeeKTiB M'KMX TKaHWH KiHUiBoK [11]. HasBHiCTb
MYyNbTUANCLUNIIHAPHNX KOMaHL, MOXIUBICTb CEPINHUX PEBIil
paHu Ta JOCTYN 40 Cy4acHUX METOLIB MigrOTOBKY PAHOBOTO NoXa
[atoTb 3MOry peanisyBaTi KOHLIENLt0 eTanHoro nikyBaHHs paH
(staged wound management) i nepenTn 4o 3BAXEHOTO MyaHy-
BaHHS PEKOHCTPYKLLT, BPaxoByKOUM PYHKLIOHANbHI pesynsTaTy.
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Tabauusa 1. Katouosi BiAMIHHOCTI Ta KAiHIYHI 3aBA@HHSA Role 2 i Role 3 npu AikyBaHHI AedeKTIB M'IKUX TKaHUH KiHLBOK

Kputepin Role 2 (Forward Surgical Team)

Role 3 (BilicbkoBMI rocnitansb)

OcHoBHa MeTa MOPATYHOK XMUTTS Ta KiHLIIBKM

OCTaTOYHE 3aKpUTTS fedeKTy Ta BiAHOBNEHHS (yHKLji

Yacoswit pecypc obmexeHun (roguHu)

TpuBanuiA (GHI — TVXKHI)

Migxig

[0 [ebpuaMeHTy JaTHUX TKaHUH

LaZHMI1 (EKOHOMHMIA): BUAANEHHS! JIULLE SBHO HEXUTTES-

paguKanbHUi Ta eTanHuin: NOBHE OYULLEHHS «CIPOi 30HUY,
CepilHi peBisii paHu

[HeKLUHMIA KOHTPONb
konpodinakTuka

MEepBUHHE 3HIMKEHHS KOHTaMiHaLlii, CMCTEMHA aHTUBIoTK-

aHTUBIOTMKOTepanist 3a NOKa3aHHAMM; SIKLLO AOCTYMHO, —
tharoTepanisi, aHTUGIONMIBKOBI @HTUCENTUKM

Tun pexkoHCTpyKUii

3a3BW4ali He BUKOHYIOTL (MpUHLMN leave options open)

nokarbHi, nepdopaHTHi, NponenepHi Ta BinbHi knanTi

CyauHHa cTparerist MaKcuMarbHe 36epexeHHs NepthopaHTiB

BUKOPUCTaHHA 366pe)KeHVIX CyOuH Anst KnanTis

|HHOBaLiHI MeToan obmexeHi abo HeooCTyMHi

Giomartpuken, aHTBionniBkoBi TexHOMOTii

HaivacTilwi TakTUyHi
MOMUITKMA

PEeHHA OGCHI'y onepaTtuBHUX BTPYy4aHb

HaaMIpHUI eGPUAMEHT; XaoTWYHI po3pisu; nepeavacHe
HaKrnagaHHs! NepPBUHHKX LUBIB Ta iHLUI HEAOLNbHI po3Lwn-

He00LjHKa «Cipoi 30HMY; irHopyBaHHs Gionniskw; BUGIp
3aHaATO CKNaAHOI METOAMKM 32 HAsiBHOCTI NPOCTILLOT

[ocBig pobotn koaniuiHmx rocnitanis y Ipaky Ta AdraHicTani
MoKasas, L0 KOHLEHTpaLis pPEKOHCTPYKTUBHUX MOXIMBOCTEN
came Ha Role 3 cyTTeBO nokpallye pesynbTaTi NikyBaHHA 3a
YMOBM NPaBUIbHKX pillleHb Ha nonepegHLoMy eTari.

EBakyaLjiiiHuiA WASX NOPAHEHOrO Y Cy4acHWX KOHAiKTax
yacTto BapiabenbHuiA. Lie CnpuumMHsEe 3HaYHI KOMMBaHHS Yacy
Mix Role 2 Ta Role 3. 3ayBaxumo, L0 YacoBuin hakTop He €
CWHOHIMOM FOTOBHOCTI paHu 4O PEKOHCTPYKLIT, @ nepeadvacHi
cnpobun «3aBepLUMTUY NiKyBaHHs Ae(EKTY HAa paHHBOMY eTani
MOXYTb MaTu BIiACTPOYEHi HeraTuBHI Hacnigkv [12,13]. AHanis
KniHiYHOrO AOCBiQY MOKasaB: NOMUMKK, SKUX NPUNYCTUAKCS
Ha Role 2, Hepigko BuaBnstoTbL uwe Ha Role 3, konn Bubip
PEKOHCTPYKTUBHIX METOZB cTae 0bMexeHM abo BU3HaYarTh
NOTipLLEHHS (PYHKLIOHANBHOTO MPOrHO3Y.

OTxe, Role 2 Ta Role 3 cnig aHanisyeatut He sik i3011b0BaHi
PiBHi, @ SIK B3AEMOMOB'13aHi eNeMeHTH eauHOI 6e3nepepBHOI
CUCTEMW MEOMYHOI JOMOMOrY, He3anexHo Big reorpadii uu
TMNY KOHAMIKTY. Krko4oBi BiGMIHHOCTI Yy CTpaTerisix Ta KOHKPETHI
KMiHIYHi 3aBAAHHA 4115 KOXKHOTO 3 LyX eTaniB CUCTEMATU30BaHO
B mabnuui 1.

CuHeprist BXUTUX 3aXOfiB, WO IPYHTYETHCA Ha CMiNlbHOMY
PO3YMiHHI KIHLIEBOI METU NiKyBaHHS Ta YiTKOMY PO3MeXyBaH-
Hi 3aBdaHb KOXHOrO eTany, € KMo4YoBOH YMOBOKO YCMiLLHOIO
(hyHKLIOHAMBHOTO 3aKpPUTTS AEEKTIB M'KMX TKAHUH KIHLIBOK Y
BilICbKOBMX YMOBaX.

MaToreHeTUYHi Ta KAIHIYHi YAHHUKK, LLLO YCKAAAHIOIOTb PaHHE
3aKpUTTA AedEKTIB M'AKMX TKaHWH KiHLiBOK. HesBaxatoun Ha
CYTTEBUI MPOrpec Y BICLKOBIN Xipypril Ta PO3BUTOK CUCTEMM
€TanHoro MeguyHoro 3abesneyeHHsl, paHHe (YHKLiOHaMbHe
3aKPUTTS AedIEKTIB M'SIKUX TKAHUH KiHLBOK Y MOPAHEHUX 3amnu-
LIAETLCS CKMaAHO KIiHIYHO Npobriemoto. Y BinbLLOCTi BUNaakiB
HEMOXNMBICTb PaHHBOI PEKOHCTPYKLIT 3yMOBMEHA NOEAHAHHAM
naTogi3ionoriyHMx MexaHiamis, Lo dopMytoTbesl | 6esnocepen-
HbO B MOMEHT TPaBMMU, i MPOTSITOM NEPLUMX Ji6 | TVXKHIB NiKyBaHHS.
Lli YuHHVKM He gitoTb i301bOBAHO, @ POPMYHOTH XMOHE KOMo, Y
AKOMY [HCDEKLS, TKAHMHHA iLLeMist Ta MOPYLLEHHS pereHepauii
NOCUAIOTL 0fHe oaHoro [14,15,16].

OpHa 3 KITK4O0BUX MPUYMH 3aTPUMKN 3aKpUTTS paH — iHgek-
LK1 npouec. Bonosi nopaHeHHs MPUHLMMNOBO BiApi3HAOTHCS

Bif LMBINbHOI TpaBMM 3a CTYNEHEM i XapaKTepOM KOHTaMiHaLji.
BucokoeHepreTuyHi BMOYXOBi Ta BOTHeNanbHi YpaXeHHs Cy-
MPOBOMKYIOTECS MOTPANMSHHAM B paHy CTOPOHHIX Tifl, I'PyHTY,
4acToK ofsry, MeTany Ta 6ionoriyHMx MaTtepianis, LLO CTBOPHOE
CNpUSITIIVBI yMOBW AMS NONiMIKpoBHOT iHdbekwji. [locBig cy4acHmx
KOHCPNIKTIB NOKa3aB, L0 BXe Ha paHHiX eTanax y Takux paHax
4acTo BUSIBMAKOTb PaMHEraTvBHI 30yOHWKM 3 BUCOKUM PIBHEM
aHTNBIOTUKOPE3NCTEHTHOCTI; Lie 3HAYHO YCKNaaHIE KOHTPOSb
iHcbekuii cTaHaapTHUMK MeToaamu [17,18,19,20].

[NopiBHSIHHS MiKpOGIONOTiYHIX XapakTepuCTHK BOMOBMX paH
Y Pi3HNX KOHGAIKTaX Aano 3mMory YiTko BU3HAYMTW €BOMHOLHO iH-
dbekujnHoro npodinto. Y nepioa kamnaHii B Ipaky Ta AdraHictani
nepeBaxarny rpaMno3nTVBHI 30yAHVKV 3 MTOCTYNOBUM 3BifbLUEH-
HaM vacTku Acinetobacter baumannii Ta Enterobacteriaceae y
rocnitanbHUx ymoBax [3]. Y BinbLu nisHix KOHMiKTax, 30kpema
B Cupii Ta JliBii, @ TakoX Mi Yac pOCINCHKO-YKPaiHCLKOI BiliHN,
BCTAHOBMEHO 3HAYHO OBirbLUy MOLIMPEHICTb NOMIPE3NCTEHTHNX
rpaMHeraTVBHIX MiKpOOpraHiamiB, WO GopMytoTb CTiliki Bio-
MAiBKV Ta YCKIMaAHIOKTb NiBroToBKY paHoBoro noxa [18,21]. L
TEeHAEHLUis iCTOTHO BNMBae Ha BUOIP TaKTUKM PEKOHCTPYKLi
Ta 3yMOBME HEOOXiAHICTb BiNbLL TPMBAMOro eTany KOHTPOIHO
iHCheKLUii nepen 0CTaTOYHUM 3aKPUTTAM AeGeEKTY.

Ocobnuey porb y naToreHesi iHeKLiHNX ycknaaHeHb Bigi-
rpae opMyBaHHs 6akTepianbHUX Bionnisok. bionniska — CTpyk-
TYPOBAHO OpraHi3oBaHa MikpoOHa CrinbHOTa, iHKancynboBaHa
y MO3aKMITUHHUIA MaTPUKC, Lo 3abe3nevye MikpoopraHiamam
3aXWCT Bif IMyHHIX MeXaHi3MiB Ta aHTMOAKTEpianbHUX npena-
pariB. Y Bunagkax hopMyBaHHS Ha paHi GionmiBKM BU3HaYatoTb
MOPYLLEHHS KMIOYOBKX €TaniB penapaLii: 3HWKEHHS akTUBHOCTI
hibpobnacTiB, NPUrHIYEHHS aHrioreHeay, MOCUIEHHS! XPOHIYHOTO
3ananenHst [22,23]. [Ing nopaHeHuX BiCbKOBKX Lt mpobnema
Mae 0cobrvBe 3HaYeHHs!, OCKiNbku BaratoeTanHe nikyBaHHs,
MOBTOPHI XipypriyHi peBisii Ta TpuBana ekcno3uuis paHu 4o
30BHILLHBOrO CEpeaoBMLLA CTBOPIOKTL YMOBY ANs CTabinbHOMo
iCHyBaHHs GionniBKOBMX POPM iHGIEKLII.

[pyrvin BU3Ha4anbHUi YAHHWK — HAsIBHICTb AEBITaNi30BaHMX
TKaHWH | Tak 3BaHOI Cipoi 30HM — AINSAHOK i3 NOPYLUEHO, ane
He MOBHICTIO BTPa4eHO nepdysieto. Y BUCOKOEHEPreTUYHNX
MOpaHEHHsIX 30Ha MEPBYHHOTO MEXaHIYHOTO YLLKOKEHHS Mali-
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e 3aBXOM OTOYEHA 30HOK BTOPMHHOI ileMmil, Ae ocTaTovHa
JemMapkaLjisi HeKpo3y MOXe TpUBaTH Bif KiNbKOX [ib 4O TUXHIB
[16,24]. Y uei nepiog TkaHWHM NepebyBatoTh Y AUMHAMIYHOMY
CTaHi, i iXHS XWUTTE3AaTHICTE MOXE 3MIHIOBATUCS 3anexHO Bif
TaKUX CUCTEMHUX PaKTOPIB, K MNOTEH3is, aHEMIS Y IH(EKLLS.

3a Takux ymoB BMOIp 06cary 4ebpuaMEHTY CTae KpUTUYHO
BaXnuBuM. HaaMipHO paguvkanbHe BUCIHEHHS TKaHWH, BUKOHa-
He Ha paHHix eTanax, Moxe NPU3BECTW 4O BTPaTU NOTEHLINHO
(PYHKLiOHAMBHO 3HAYYLLWX CTPYKTYP, 30Kpema M’'s3iB abo Lukip-
HO-(hacujianbHUX eneMeHTiB, siki Morn 6 6yTu BUKOpUCTaHi Ans
nokarnbHoi pekoHCTPYKLUiT. 3 iHLworo 60Ky, HeLOCTaTHE BUAANEHHS
HEXMUTTE3AATHNX TKAHWH CTBOPOE YMOBM ANS MepCUCTeHLii iH-
tbekLii Ta noTpedu y NOBTOpHUX HekpekToMmisx [7,14,15]. Came
Lei BanaHc Mix paguKanbHICTIO Ta PEKOHCTPYKTUBHOK 0be-
PEXHICTIO € OZHIEI0 3 HANCKNAZHILLUX AMneM BIiCbKOBOI Xipyprii.

HaBiTb 3a BiiCyTHOCTi ABHOI iHGYEKLIiT NOPYLLEHHS MiKpOLMp-
Kynsiuii HasiBHICTb (PiOPUHO3HMX HallapyBaHb, XPOHIYHE 3anarneH-
HSI Ta AediunT 3pinoi rpaHynsLiHOT TKAHWHW ICTOTHO 3HWXKYIOTb
eDeKTUBHICTb Byab-SKMX PEKOHCTPYKTUBHMX BTpyYaHb [21]. Y
BIICbKOBMX YMOBaX Lii MpoGremm NoCumTLCS Yepe3 TprBani
eBaKyaLiliHi MapLLpyTW, 0OMEXeHi MOXTMBOCTI CTaHAAPTU30Ba-
HOro A0rMsAY 3a paHaMy Ta BapiabenbHICTb NikyBanbHOI TaKTWKK
Ha NpoMkHKX etanax [18,19].

NiaroToBKa paHoBOro AoXa npu 60/ 0BUX YLUKOAKEHHAX KiH-
LiBOK: CyyacHi Ta nepcneKTUBHI NiaAXoAM. Y CyyacHiN BiiCbKOBIN
Xipyprii NiAroToOBKY paHOBOTO J10Ka BI3HAYa0Tb HE K MaCKBHMI
eTan OoviKyBaHHSI PEKOHCTPYKLT, @ Ik aKTUBHWA i KepoBaHUI
npouec, Lo 6e3nocepenHbO BMNMBaE Ha ycnix NoAanbLIOro
XipypriyHoro BigHOBNeHHs. Mepexia Big 3actapinoi KoHUenwit
SKHAWNLWIBUALIOTO 3aKpUTTS Byab-AKOK LiHOK A0 NMPUHLMNIB
CTafiHoro MeHemKkMeHTy paHu (staged wound management)
3YMOBIEHUI PO3YMIHHAM TOrO, WO GionoriyHa roToBHICTb TKa-
HUH [0 CMPUMHATTS TPaHCMMaHTata € KPUTUYHO BaXIIMBOK
Ans oro BkmBaHHs. OcobrnmBoi akTyanbHOCTI Lie HabyBae B
YMOBaX Cy4acHUX BUCOKOIHTEHCUBHUX 30OPOHUX KOHCMIKTIB:
KOHLeNLjis MO4OBXEHOT MEAUYHOI JOMOMOrY Y MOMbOBKX YMOBaX
(prolonged field care) nepenbavae, Lo Xipypru 3ailicHIBaTUMY T
CMOCTEPEXEHHS Ta MiKyBaHHS paH Ha BCix eTanax baratonaHko-
BOI eBakyalLlii. KoxxeH eTan eBakyaLiHOro LUnsxy 104ae HOBUX
PU3VKIB KOHTaMiHaLji, Lo pobuTb AMHAMIYHY MIATOTOBKY NoXa
JYXe BaxXNMBOK Ans 30epeeHHs KiHLiBKM Ta afeKBaTHOro
(yHKLiOHaNbHOro pesynbraty [25].

BaxnuBumM natoreHeTU4HUM Gap’epom Ha LnsXy 4o disio-
OTYHOrO 3aroeHHs 60MOBMX MOpaHeHb € POPMYBaHHs bakTe-
pianbHux Gionnisok. Lli cknagHi MikpoBHi cninbHOTH, 3aHYpeHi
Y 3aXVCHUI NONIMEPHUI MATPUKC, XapaKTepuayTbCa Haa3Bu-
YalHOIO CTIMKICTIO | O CUCTEMHUX @HTMOIOTWKIB, i JO IMYHHOI
BignoBigj opraiamy rocnogaps [26]. IHHOBALHIM PiLLIEHHSIM L€
npobremy CTano BUKOpPUCTaHHS char-acoLliioBaHnX hepMEHTIB,
30KpeMa eHaoni3unHiB. Lii Monekynu MatoTb yHikanbHy 34aTHICTb
[0 LWBMAKOI Aerpafallii nenTuaornikaHy KMiTUHHOI CTIHKW naTo-
reHiB, WO 3abe3neyye NOTYXHWIA BGakTepuumaHiA ePeKT HaBiTb
MPOTY LUTAMIB i3 MHOXUHHOK aHTWOIOTUKOPE3UCTEHTHICTHO, SIKi
4acTo KOMOHI3Yt0Tb PaHU NaLlieHTIB Y BIMCLKOBMX rocniTansx [27].
Kpim GioxiMi4HOTO BMAMBY, KPUTUYHE 3HAYEHHS Mae isnyHa
LECTPYKLIis iHGheKLiMHOro cepenosuLla. H1U3bKO4aCTOTHUI Yrib-
Tpa3ByKoBWA AeOPUOMEHT 3aBasKM edpekTy MikpokasiTaLii fae

3MOry MeXaHi4HO pyliHyBaTW CTPYKTYpy GionmiBoK B aHaTOMIYHO
CKIagHuX Ans gocTyny AinsHKax i Buaanstv Mikpoocepeakm He-
kpo3y. Takui nigxin 3abeanevye npewmsiiiHe O4NLLEHHS! PaHOBOI
MOBEPXHi, 30epiratou LiniCHICTb MONOAVX rPaHYMALIN | CyaUHHNX
CTPYKTYP, LLIO HEMOXITMBO NPY TPAAMLINHOMY IHCTPYMEHTaNbHO-
My nebpuameTi [28].

3acTocyBaHHsA Bakyym-acucToBaHoi Tepanii (negative
pressure wound therapy, NPWT) npu Benvkux TpaBMaTuyHuX
JedekTax M'sIKIX TKaHWH CTIpUSIE 3MEHLLIEHHIO ekcyaalLlii, HabpsiKy
TKaHWH i GakTepianbHOrO HaBaHTaXEHHS!, BOOHOYAC CTUMYTIHOIOUM
aHrioreHe3 Ta (OpMyBaHHs 3pinoi rpaHynsLINHOT TkaHWHW. 3a
JaHUMu cucTeMaTYHNX ornsgis, BukopuctaHHs NPWT BiporigHo
3HUKYE YaCTOTY PaHOBUX iHGOEKLLiV NOPIBHSIHO 3i CTAHAAPTHUMM
MOB’3KaMK Ta CKOPOYYE TPMBAMICTb MiArOTOBKM PAHOBOIO NoXa
[0 OCTaTOMHOrO 3aKpUTTS. Y KOHTEKCTi GOMOBMX YLLKOMKEHD
NPWT Bu3Ha4aloTb K Kn4oBWIA KOMMOHEHT staged wound
management Ha eTani Role 3, 3okpemMa npw BigTepMiHOBaHOMY
MIacTUYHOMY 3aKpUTTi Ta HEOOXIAHOCTI B MOBTOPHMX XipyPriYHNX
peBisisix [27,29,30].

BaxnvBnm enemeHToM KOHTPOH MiKpOOHOTO HaBaHTaXeEH-
HS Y nepiog MK onepaTMBHUMM BTPYYaHHSM Ta MOBTOPHUMM
LebpyavMeHTamm 3anuLIaloTbCs CyqacHi MoB’S3kM 3 HAHOYACTUH-
kamu cpibna. BoHu 3abe3neqytoTb NponoHroBaHy aHTUCENTUYHY
Zito, 3anobiraroun pekoHTaMiHaLlii paHm Mig Yac TPaHCMOPTYBaHHS!
nopaHeHoro [31]. MpoTe nuLe 60poTbby 3 iHekuieto HepocTaT-
HbO ANS MOBHOLIHHOI pereHepaLlii, 0cobnneo B 30Hax BTOPUHHOI
iLemii («cipint 3oHi»). ins akTMBaLii MeTaboniyHMx NpoLeciB y
TaKuX JinsHKax 3aCTOCOBYIOTb TOMIMHY OKCUreHoTepanito. Ha-
CMYEHHs! TKaHWH KUCHEM nig NokanbHUM Tuckom 6eanocepen-
HbO CTUMYMIOE aHriOreHes, MOCUIE (haroLMTapHy akTUBHICTb
NEeRKOLWMTIB i MPUCKOPIOE CUHTE3 KonareHy ibpobnactamu, Lo
€ KITKO4OBUM YMHHUKOM AMst (hOPMYBaHHS KUTTE3ATHOIO MoXa
[32]. JopaTkoBMM (hi3UHHWM CTUMYNSITOPOM MOXYTb ByTH enek-
TPOAKTMBHI MOB’A3KM, SIKi 3@ JONOMOrOK CMIPSIMOBAHMNX ENEKTPUY-
HWX NOMIB CNPUSIKOTL MirpaLlii eniTeniouuTiB | CTOBOYPOBMX KNITUH
Y LEHTP AedheKTy, 3Ha4HO CKOpoUytoum (hasy 3ananeHHs [33].

PaLioHarnbHe noegHaHHs Lyx METOZIB i3 TOMIYHO aHTUMi-
KpOBHOLO Tepanieto Aae 3Mory po3ipBaTt XMOHE KOMO XPOHIYHOTO
3anareHHsl, XxapakTepHe Ans cknagHux Tpaem [34]. Baxnuso
PO3yMiTH, LU0 iHCDEKLIiT, acoLliioBaHi 3 GionniBkamu, MOXYTb MOB-
HicTto GriokyBaTK nponicepaTnBHY dhasy 3aroeHHsl, NepeBoasHH
paHy y CTaH nepcucTeHTHoro aedpekty [35]. Y pasi macuBHMX
BTPAT M'sIKMX TKaHWH, i€ HEMOXIIMBE NEPBUHHE 30MIKEHHS KpaiB,
30/10TUM CTaHOAPTOM CTaE 3aCTOCYBaHHS AepMarnbHIX 3aMiHHN-
kiB. Lli BUCOKOTEXHOMOrIYHI MaTepiany CTBOPIOTL TUMYACOBUI
Kapkac, sKui iMiTye CTPYKTypy AepmMiu Ta 3abesneyye yMOBM
L0151 BPOCTaHHS BMAcHUX KNiTWH nauieHTa [36]. Ocobnmsy yeary
Y LIbOMY KOHTEKCTi MPMBEPTaOTb CUHTETUYHI GiogerpanabentHi
MatpuLi. Ha BigmiHy Big GionoriyHnx aHanoris, BOHU MakoThb BU-
COKY CTIMKICTb [0 MPOTEONITUYHIX (DEPMEHTIB B iH(pikoBaHOMY
cepenoByLLI Ta 3abe3nevyioTb PIBHOMIPHY BacKynsipu3aaLlito BCiei
niowi aedgoexty [29,37].

AnbTEpHATUBHUM i BIONOriYHO aKTMBHUM METOLOM € BUKO-
PUCTaHHs1 KCeHorpadhTiB Ha OCHOBI aLEMNIONSAPHOI LKipW pubu.
3aBLsK1 NPUPOLHINA NOPUCTOCTI Ta BUCOKIN KOHLIEHTpaLLii oMmera-3
KMPHMX KUCNOT Taki NOKPUTTA He NULE BUKOHYHOTb (DYHKLIHO
3axucHoro Gap’epa, ane 1 akTUBHO MOAYMHOOTL LMTOKIHOBUIA
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npodinb y paHi, TpaHCchopMytoUX Npo3ananbHe cepeaoBuLLe Yy
npopereHepatusHe [30,38]. [ins noganbLuoi amnnidikauii Big-
HOBMKOBANbHWX MPOLLECIB JOLIINIbHO 3aCTOCOBYBATYH ayTONOTYHY
nnasmy, 36ara4eHy TpombouymTamm (platelet-rich plasma, PRP).
BoHa BUKOHYE ponb Aeno (hakTopiB poCTy, L0 3anyckakTb
Kackag, KniTMHHOro noAiny Ta audoepeHujtoBarHs [39]. BepLumHoto
pereHepaTMBHOIO NiAXOY € KNiTUHHA Tepanisi i3 3aCTOCYBaHHSAM
Me3eHXiMarbHUX CTOBOYPOBMX KITiTUH, SIKi MOXYTb 3aMilLlyBaTh
BTpayeHi nonynauii KT i CTUMyIoBaT opraHocneuudivHe
BiAHOBNEHHS TKaHuH [40].

[muboke po3yMiHHS 0COBNMBOCTEN iHeKLIIHOro Mikpocepe-
[oBuLLa BOMOBOI paHu Aae 3MOry Xipypry BigilTy Bif LLUAGIOHIB i
3aCTOCOBYBATU NEPCOHari3oBaHy TakTUKy NiaroToBku noxa [41].
Y LbOMY KOHTEKCTi charotepanisi ik METog TO4KOBOTO BionoriyHoro
KOHTpOIio 3abe3nevye enimiHaLito 30yaHWKIB HaBITb Y MNGOKO
PO3TaLLOBaHUX aHaTOMIYHNX dDyTnsApax, A& CUCTEMHA KOHLIEH-
TpaLlist aHTUOIOTMKIB MOXeE OyTI HELOCTATHLOK YEPES MOPYLLIEHHS
nepdysii [42]. Came cuHepris isndHNX, GIOXIMIYHIX | KIITUHHIX
TeXHOIOrin hopMye PyHOAMEHT ANS YCMiLLHOTO Nepexoy Bif
eTany OYWLLEHHS PaHW A0 OCTATOYHOrO PEKOHCTPYKTWUBHOIO
3aKpUTTS, LLO € 3anOpyKOK MaKCUManbHOro GhyHKLiOHanbHOro
BiJHOBSIEHHS! KIHLiBKM Y MOPaHEHUX.

XipypriuHe 3aKpuTTa AedeKTiB M'AKUX TKAHUH KiHLIBOK:
€BOAIOLLiSi PEKOHCTPYKTUBHUX pilleHb i npiopuTeT Ha QpyHKLio-
HaAbHicTb. PEKOHCTPYKLiS AedeKTIB M SKUX TKAHWUH KiHLIBOK Yy
BilICbKOBMWX MOPAHEHMX € 3aBepLUanbHAM eTanoMm fikyBasibHOro
npouecy, Lo pa3oM i3 TUM TiCHO NOB’'A3aHWiA 3 NonepeaHimm
cTagismu. Yenix Uboro eTany BrU3Ha4atoTb HE JIULLE TEXHIYHi
HaBUYKK Xipypra Yn LOCTYMHICTb PEKOHCTPYKTUBHUX METOANK,
anepeaycim AKICTb pilleHb, yXBaneHnx Ha NonepeaHix piBHsX
MeaWYHOT eBakyauii. Y Cy4acHWX yMoBax PeKkOHCTPYKTUBHA
cTpareris Mae hopMyBaTUCS 3 ypaxyBaHHAM YCbOro KNiHIYHOMO
LUNSIXY NOPaHEHOTO, BKITKOYHO 3 XapakTepoM NepBUMHHONO YLLKO-
[PKEHHSI, CTAHOM PaHOBOTO N0Xa, IHDEKUINHUM HaBaHTaXeH-
HsIM | 30epeXxeHiCTIo CyanHHOI apxiTekTypy. KiHLEeBOK MeToK
TaKoro Miaxody € He nuLle 3akpuTTS AedekTy, a JOCArHEeHHS
(byHKLiOHANbHO 3HAYYLLOro pesynbTary, Lo 3abe3nevye 36e-
PEXEeHHS ONMOPO3AaTHOCTI KiHLiBKK, MiHiMi3aLito ycknagHeHb
i MOXNMBICTb NOBEPHEHHS NaLlieHTa A0 aKTUBHOTO XMTTS abo
cnyx6m [43,44].

Haibinbll nowmpeHummn Ta BiLTBOPOBAHUMM METOLAMM
PEKOHCTPYKLi 3anmMWarTbCs NOKanbHi i perioHanbHi knanri,
ki y GaraTbOX BUMagKax CTAHOBMSATb OCHOBY XipyprivyHOI Tak-
UKW, IXHA nNepesara nonsrae y BiAHOCHIM TEXHIYHIA NPOCTOTi
Ta MiHiManbHOMY NOLIKOKEHHI OHOPCLKOI 30HM, KpiM TOro,
Hemae noTpebu y cknagHoOMy MiKpoXipypriYHoMy 0bnaaHaHHi. 3a
YMOBY 30EPEXEHHS alEKBATHOIO KPOBOMOCTAYaHHS Taki KnanTi
[atoTb 3MOry epeKT1BHO 3aKpuBaTi AedekT Maux i CepeaHix
PO3MIpIB i3 MPUAHATHUMM (PYHKLIOHANBHUMM Ta €CTETUYHUMM
pesynsTatamu [45]. BogHouac ix 3aCTOCyBaHHS KPUTUMYHO 3are-
XMTb Bifl @HATOMIYHOI LiNICHOCTI TKaHWH, L0 YacTo nopyLueHa
BHACTIOK arpeCcuBHIIX ab0 HepaLioHamNbHIX BTPYYaHb Ha paHHIX
eranax JlikyBaHHs.

OcobnvBy yBary B LibOMY KOHTEKCTi npuBepTae keystone-kna-
noTb, SIKUIA NOEAHYE HALIAHICTb i3 BIZHOCHOIO NPOCTOTOKO BUKO-
HaHHS. 3aBasku GaratonepopaHTHOMY KPOBOMOCTAYaHHKO Ta
MiHiMarbHOMY HaTsry TKaHuH Liei MeTog JoDOpe aganToBaHwuil

[0 YMOB BI/ICbKOBOI TpaBMM, [ NoKanbHa ilemis, HabpsiK i
MOBTOPHI XipypriYHi BTPYYaHHS € 4acTUMM CYMyTHIMU YUHHK-
kamu [43,46]. YHiBepcanbHicTb keystone-knants pobuTtb 1oro
OOHUM i3 HalBINbL NepcneKTUBHUX BapiaHTIB AJiS LLIMPOKOrO
BMPOBADKEHHS Y BIACbKOBMX rocniTansx, 0cobnmeo B ymMoBax
0OMEXEHNX PeCypCiB.

P03BUTOK peKOHCTPYKTUBHOI Xipyprii AeheKTiB M’ SKUX TKaHUH
MoB’sA3aHNIA i3 3aCTOCYBaHHSIM NEPdOPaHTHUX i NPOMeNepHUX
KnanTie, ki 4aloTb 3Mory GinbLL TOYHO aganTyeati opmy Ta
06'eM TKaHWH 40 KOHKPETHOTO AedoekTy. Lli MeToamku cnpsiMoBaHi
Ha 36epexeHHst MaricTpanbHUX CyauH i SMEHLLEHHS LOHOPCBKOI
MopBiaHoCTi, Lo Mae 0cobnvBe 3HAYEHHS Y MOPAHEHUX i3 MHO-
XUHHUMK yLukomkeHHsaMu [10,47,48]. OgHak yCnilHICTb Takux
PEKOHCTPYKLIiM ICTOTHO 3anexuTb Bif 30epexeHHst nepopaHTiB,
LLIO, Y CBOIO YEPTY, BU3HAYAETHCS XipypPriYHOK TAKTUKOKO Ha PiBHI
Role 2. HeobrpyHTOBaHi po3piau, arpecuBHIiA 4ebpuameHT abo
MOLLIKODKEHHS CyAMH Ha PaHHIX eTanax MoXyTb CyTTEBO 0OMe-
KMTU MOXMMBOCTI 3aCTOCYBaHHS! X METOAIB Haaani.

[laHi nopiBHSANBHUX AOCTIIgKeHb, OTPUMAHI Nif, Yac TpUBarnoro
CMOCTEPEXeHHs 3a nopaHeHnMu B AdpranicTani Ta Ipaky, 3okpema
B Mexax gocnimxeHHs METALS, nokasanu, L0 (yHKLiOHaNbHI
pe3ynbTaTi 30epeeHHs KiHLBKY NPy CKMagHUX AedekTax M skux
TKaHWH MOXYTb OyT 3iCTaBHUMM 3 pesynbTatami amnyTawii 3a
YMOBM afieKBATHOI PEKOHCTPYKLI Ta peabiniTauii. BogHouac Ui
pesynbTaTit 3HaYHOK MIPOK0 3anexanit Bif SKOCTi NePBUHHMX
XipypriYHMX pilleHb i MOXIIMBOCTI 3aCTOCYBaHHS PEKOHCTPYK-
TUBHWX METOLiB 6e3 BTpaTh CyaAMHHOIO NoTeHLiany. Y cy4acHux
KOHERiKTax i3 BUCOKOK 4acTOTOK IHEKLIMHWX YCKNaaHEHD i
MHOMXVHHWX YLLIKODKEHb Ponb Staged-pekoHCTpyKLi 3 noeTanHo
NiArOTOBKOK PAHOBOTO NOXa CTaE BU3HAYaNbHOK A7 JOCATHEH-
HS PYHKLIOHAMNBHO NPUIHATHOTO pesynbraty [10,44].

BaxnvBum i BogHOYAC AUCKYCIHAM aCMeKTOM PEKOHCTPYKLii
€ B1Oip onTManbHoOro Yacy Ans 3akputTs aedbekTy. MNepeaqacHe
BUKOHAHHSI PEKOHCTPYKL|ii 32 yMOB NEPCUCTEHTHOI iH(beKLii abo
He3pinoro paHOBOTO N0Xa aCOLETLCS 3 BUCOKM PU3NKOM He-
Kpo3y KnanTsi, iIHeKLiHNX YCKNaaHEeHb i noTpebun y MOBTOPHMX
OonepaTuBHUX BTPyYaHHsX. 3 iHWoro 6oKy, HagmipHe BigTep-
MiHyBaHHSI PEKOHCTPYKLIii MOXEe MpW3BOAUTM [0 HOPMYBaHHS
pyOLEBUX 3MiH, KOHTPAKTYp i MOripLIEHHST (hyHKLIOHaNbHOTO
pesynbraty [49,50]. Y ubomy koHTekcTi staged-nigxia e ontuMans-
HOKO cTparTerieto, Lo nepenbadae noeTanHy NigroToBKy paHu 3
BUKOPMCTaHHSAM Cy4acHUX METOLiB KOHTPOMHO iHAbeKLii Ta Gioak-
TMBHUX MaTepianis 3 0CTAaTOMHUM 3aKpUTTAM AedekTy Haaani.

BinbHi MikpocyauHHI KnanTi 3anuwaloTbCs OnTUMansbHAM
iIHCTPYMEHTOM PEKOHCTPYKLIT Benukux i cknagHux gedekTis
M’SIKUX TKaHWH. BOHM JaloTb 3MOry OHOMOMEHTHO BiLHOBUTH
3HaYHMIN 06’eM TKaHMH | aaeKBaTHe KPOBOMOCTAYaHHS, Lo po-
OUTb iX HE3AMIHHUMM Y BUNAAKaX MacUBHUX YLLKOMKEHb [51].
BogHouac y BilicbkOBWX YMOBaX iX 3aCTOCyBaHHS 4acTo obme-
XEHE MOTICTUMHUMU YMHHMKaMu, NOTpeboto Yy cnevianisoBaHin
KOMaHZi Ta cknagHoOMy nicnsionepaviiHoMy MOHITOPUHTY. Tomy
3aCTOCYBaHHS BiNbHUX KNaMTIB 3a3Buyail € BifCTPOYEHUM abo
pesepBHIIM METOLOM, LLIO OCTYMHUI NepeBaxHO Ha piHi Role 4
abo y TMNoBMxX cnevianisoBaHNX LEHTpaXx.

CyyacHa peKOHCTPYKLIS AedeKTiB M'SKUX TKaHWH KiHLIBOK
Y BIICbKOBUX KOH(hMIKTaX rPyHTYETHCA Ha NpuHLMNax etan-
HOCTi, 36epexeHHs! TKaHUHHOTO NoTeHLjarny Ta (YHKLOHaNbHOI
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Tabauus 2. MpakTuuHi pekomMeHAALi LLOAO MEHEAKMEHTY AedeKTiB M'IKUX TKaHWH Ha eTanax Role 2 1a Role 3

Hanpsam Pekomenpauii ans Role 2 (Forward Surgical Team) PekomeHgaLii ans Role 3 (BilicbkoBuiA rocnitans)

XipyprivHui goctyn BUKOHYBATV JWLLIE CTAHAAPTHI MO3AOBXHI PO3PI3N; YHIKATW | BUKOPUCTOBYBATM CTapi po3pian 4N1s 4OCTyny; 3a noTpedu
nonepeYHmX i S-nofibHYX Po3pisis, L0 NEPETUHAKOTL 30HM | PO3LLMPIOBATY iX 3 ypaxyBaHHAM Au3aiiHy ManbyTHbOI
MOTEHLAHMX KNanTiB (OKkpiM dhacLioToMii Ha nepeanniyyi) | NNacTukm

Pobora 3 cyauHamu He koarynoBaTi nepdopaHTHi CyANHU Ha KiHLiBKaX, SKLO | NPOBOAMTY PEBI3ito CyANHHOI apXiTEKTOHIKM (donnep / aH-

noYacTy oroneHi

HeMae kpoBoTeui; 30epiraTi CyanHU, HaBITb SKLLO BOHM

riorpadhist); NpeLm3inia AUCEKLS PeLMiEHTHNX CYAnH

MeHemKMeHT paHu
TUCENTUKOM); He 3aLLMBaTV paHu

TMYacoBe NOKpUTTA (I'IyXKa TamnoHaja, CepBETKN 3 aH-

paHHst BAK-Tepanis (NPWT); BukopucTaHHst aepManbHuX
matpuub (BTM) npu fediumTi BnacHUX TKaHuH

KoHTponb iHdekuii
Ha ipurayjis isionoriYHMM po3YnHOM

cucTeMHa aHTMbioTHKoTEpanisa 3a npoTokonom JTS; psic-

YNbTPa3sByKoBUA AEOPUAMEHT ANs PyNHYBaHHS BiONMIBOK;
OLiHMTI AOLIMBHICTb aHTUbaKTepianbHOi Tepanii (3a noka-
3aHHaMu), charoTepanii (BnbipkoBo)

KomyHikauis mix Role 2

HOro etany and nnaHyBaHHA NNacTukn

choTodpikcalLlis paHu nicns nepBUHHOI XipypriyHoi 06po6-
i3 ku; nepegada oTo-, Bigeomatepianis Xipypram HacTyn-

3BOPOTHWIA 3B'5130K Ha Role 2 oo sKoCTi nepBUHHOIO
AebdpuameHTy Ta 36epeeHoCTi CyanH

[MpioputeT MeTogy

«MaHeBpy» NNacTu4Horo Xipypra

36epe)KeHHFIZ 3anMLIMTL KOMOra BinbLue TKaHWH Ans

BIOHOBMEHHS!: Nepexif Bif NuLLe 3aKpuTTs A0 (yHKLjo-
HanbHOT PEKOHCTPYKLUT KnanTamu

JoUinbHOCTI. BUBip peKOHCTPYKTUBHOMO MeToLy Mae BU3Hada-
TUCA He NuLLe po3Mipamu JedekTy, ane i KOHTEKCTOM YCbOoro
NiKyBanbHOrO NPOLECY, BKMOYHO 3 PILLIEHHAMW, YXBaneHUMN
Ha paHHix eTanax meauyHoi gonomorn. Ans 3abe3neyeHHs
(byHKLiOHaNbHOO 3aKpUTTS AedekTiB Ta 3anobiraHHs TMNOBUM
TaKTUYHUM NOMUIKaM AOLINBHO BUKOPUCTOBYBATW CTPYKTYPOBaHI
pekoMeHzaLli LWoao MeHeMKMEHTY paHu Ha etanax Role 2 Ta
Role 3 [9,52] (mabn. 2).

Came y3romKeHiCTb i TOCNIQOBHICTb MIAXOAIB Ha LyX eTanax
popMytoTb OCHOBY ANS AOCATHEHHS OMTUMAMNBHUX KIHIYHMX i
(pyHKLIOHANbHUX pe3ynbTaTiB y NikyBaHHI NOpaHeHuX i3 aedek-
TaMW M'SIKUX TKaHWH KiHUiBOK [9,51,52].

BucHoBKHU

1. MikyBaHHS AedeKTiB M'SKMX TKAHWH KiHLIBOK Y BICbKO-
BWX YMOBaX NoTpebye CUCTEMHOTO ETAMHOTO MigX04y, OCHOBOK
SIKOrO € YiTka koopanHaList Ha piBHsX Role 2 Ta Role 3. Taktuka
MiHiManbHO AOCTaTHLOMO BTPYYaHHS Ha AOrocnitanbHoOMy Ta
paHHbOMY rocnitanbHoMy etanax (Role 2) i3 npioputeToM Ha
KOHTPOIb iHCDEKLi Ta LaaHUi AeOPUAMEHT € BU3HAYaNbHO Ans
36epeXeHHs PEKOHCTPYKTUBHOTO NOTEHLjiany TKaHMH.

2. Ha eTani HagaHHsa cneuianisoBaHoi gonomoru (Role 3)
BNpoBaKeHHS KoHUenLii staged wound management y noeg-
HaHHi 3 AMHaMIYHUM OLLIHIOBAHHAM TaK 3BaHOI Cipoi 30HM Aae
3Mory ebeKTMBHO NepeiTy Big cTparterii 30epexeHHs KiHLBKM
[0 BiOHOBMeHHs! il doyHKUii. PavioHansHWii BUBIp peKOHCTPYK-
TUBHOI TakTWKW (BiZ NOKamnbHWX i NepopaHTHUX KnanTiB Ao
MIKPOXipypriYHMX TpaHcepiB) Mae BpaxoByBaTW Hacamnepesn
QHrioapXiTEKTOHIKY Ta CTaH foKarnbHOro CyaUHHOIO pycna.

3. CyyacHa napagurma nigroToBKW paHOBOTO NoXa I'PyHTY-
€TbCA Ha iHTerpauii iHHOBaLHMX aHTUBIONSTIBKOBYX TEXHOMOTIN i
BioakTVBHWX MaTepianis. BukopucTaHHs BiotpaHcopMyBanbHX
[epMarbHUX MaTPUKCIB i Cy4aCHUX aHTUMIKPOBHMX NOB'A30K Aae
3MOry CTBOPUTY KOHTPOMbOBaHe CepefoBuLLE ANs pereHepaLii
HaBiTb Y pas3i CKNagHUX KOHTaMiHOBaHUX NOPaHEHb.

4. TepcnekTMBHUMM HanpsiMamu NigBULLEHHS eheKTUBHOCTI
nikyBaHHs1 OOWOBNX TPaBM € BNPOBAaZXEHHS METOZIB TOYKO-
BOro 6ionoriYHoOro KOHTponto (dparotepanis), disnyHoi caHawji
(ynbTpasBykoBa KaBiTalist) Ta CTUMYMSALIT KMITUHHOI Mirpauii
(enekTpoakTuBHi Matepiani). Ix paLiioHanbHe BKMIOYEHHS B
KIiHIYHi NPOTOKOMM CMPUSITUME ICTOTHOMY 3HWKEHHIO YacTOTL
iHGOEKLINHMX YCKNagHeHb, a OTXe NiABULLMTL MPOrHO30BaHICTb
XipypriyHoro pesynerarty.

5. MopanbLunii pO3BUTOK BINCHKOBOI PEKOHCTPYKTUBHOI
Xipyprii Mae ByTu CnpsiMOBaHWIA Ha aganTaLlito BUCOKOTEXHOMO-
rYHUX METOAIB 4O peanin baraToetanHoi eakyallii Ta po3pobky
YHihiKoBaHUX anropuTMIB NiBroTOBKM PaHOBOIO NOXa, LLIO NOe-
HYI0Tb KIaCW4Hi XipypriYHi NPUHLMINK 3 HOBITHIMU JOCArHEHHAMM
pereHepaTnBHOI MEAULIMHM.

Aeknapauis wopo BukopuctanHs LI

[iA yac nigroToBKM CTaTTi BAKOPUCTAHO TaKi IHCTPYMEHTU LUTYYHOrO IHTENeKTY:
Google Gemini Al. [HCTpyMeHT 3aCTOCOBaHO Anst NepeBipkii MOBHOMO
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LlykpoBuit piabet, meTabonivyHMin CUHAPOM Ta iHCYNIHOPE3UCTEHTHICTL 06 €HYIOTb BENUKY rpyny MeTaboniyHnx
nopyLUeHb 3i CMiNbHUMKU NaToi3ioNOoriYHUMM MexaHi3MaMu Ta CynpoBOMKYKOTLCA XPOHIYHUM 3anarneHHsMm,
OKCWAATMBHUM CTPECOM i eHAOTENianbHOK AUCYHKUieto. BioxiMivHi Mapkepn MIKDOCYAWHHOTO YLUKOMKEHHS
He HanexaTb 0 PYTUHHUX MeTOZiB 06CTEXEHHS HAaceNeHHs. HelipocyaHHY CTPYKTYpPY CITKIBKW OLHIOTb Anst
BUSIBNEHHSI PAHHIX 3MiH NPY CUCTEMHI MeTabonivHiN ANcAyHKLI.

MerTa po6oTu — y3aranbHeHHS | aHani3 AaHuX HAyKOBOI JiTepaTypu LWOAO MOXMBOCTI BUSIBNEHHS AOKMIHIYHIX
MOpYLUEHb CITKIBKM Y NALLIEHTIB i3 LIyKPOBUM [iabeToM, iHCYNiHOPE3UCTEHTHICTIO Ta METABOMIYHUM CUHAPOMOM.

Marepianu i meToau. [ins ornsgy 3AiCHANM NOLLYK (haxoBoi NiTepaTypu y HaykoMeTpuyHnx 6asax aaHnx PubMed,
Google Scholar, npoinbHUX 0thTanbMONOrivYHNX XypHanax 3a TakMMu1 KIloYOBUMM CIOBaMM Ta ix komBiHaLlis-
MW: LlyKpoBWiA Aiabet, MeTaboniyHMin CUHAPOM, IHCYNIHOPE3NUCTEHTHICTb, PaHHi 3MiHW CITKIBKW, MIKPOCYAUHHI Ta
HenpofereHepaTuBHI 3MiHW, ONTYHA KOrepeHTHa ToMorpadis.

Pesyabtatu. 3riJHO 3 pe3ynsTatamy aHaniy BiJOMOCTEN HAayKOBWX [KEPEN, 3MiHW CITKIBKM BUHMKAIOTb LUe Ha
BOKMiHIYHUX CTafisx BUBYEHMX CTaHiB. OnTuyHa KorepeHTHa Tomorpadis (OKT) BUSBNSIE paHHi 03HakW Hel-
poaereHepaTnBHUX 3MiH, 30KpEMa 3MEHLLEHHS! TOBLUWHM LIapy HEPBOBWX BOMOKOH i KOMMMEKCY raHrmio3HNX
KNiTWH ciTkiBku. AHrio-OKT gae 3mory oLiHUTK 3MiHY LLINBHOCTI Kaninspis y PisHUX CyOAUHHUX CMNETIHHSX, 3MiHY
(hoBEONSAPHOT aBACKYNAPHOI 30HM O MOSABY KMiHIYHMX 03HAK peTUHONaTIl.

BucHoBku. CiTkiBKa — YyTNMBWIA iHOVMKATOP paHHiX MeTaboniuHux ypaxeHb, a metoaun OKT Ta aHrio-OKT patotb
3MOry BUSIBNSATY 3MiHW HA MIKPOCYAVNHHOMY Ta HEMPOCYAMHHOMY PiBHi A0 BUHVKHEHHS TUMOBWX KIHIYHNX O3HaK.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 200-204

The retina as a target of early changes in diabetes, metabolic syndrome, and
insulin resistance (literature review)

0. A. Isakova, M. M. Mylytsia, K. M. Mylytsia

Diabetes mellitus, metabolic syndrome, and insulin resistance represent a broad spectrum of metabolic disorders
sharing common pathophysiological mechanisms and associated with chronic inflammation, oxidative stress,
and endothelial dysfunction. Biochemical markers of microvascular damage are not routinely used in clinical
practice for large-scale screening of the general population. The neurovascular structure of the retina may serve
as a sensitive indicator of early changes in systemic metabolic dysfunction.

The aim: to summarize and analyze literature data on the possibility of detecting preclinical retinal disorders in
patients with diabetes mellitus, insulin resistance, and metabolic syndrome.

Materials and methods. A literature review was conducted in the scientific databases PubMed, Google Scholar,
and specialized ophthalmological journals. The following keywords were used: diabetes mellitus, metabolic
syndrome, insulin resistance, early retinal changes, microvascular changes, neurodegeneration, and optical
coherence tomography.

Results. The analyzed literature sources demonstrate that retinal changes occur at preclinical stages of the
studied conditions. Optical coherence tomography (OCT) reveals early signs of neurodegeneration manifested
by thinning of the retinal nerve fiber layer and the retinal ganglion cell complex. OCT angiography indicates
changes in capillary density within different vascular plexuses and a change of the foveal avascular zone prior
to the development of clinically apparent retinopathy.

Conclusions. The retina is a sensitive indicator of early metabolic impairment, and OCT and OCT angiography en-
able the detection of microvascular and neurovascular alterations before the onset of overt clinical manifestations.

Modern medical technology. 2026;18(3):200-204
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OcTaHHiMM pokamm B yCbOMY CBITi BU3HAYaloTb 30iMbLLeH-
HS YMCENBbHOCTI XBOPUX Ha LyKpOBWIA AiabeT, a MeTabonivHmi
CWHAPOM Ta iHCYMIHOPE3UCTEHTHICTb € CYTTEBUMU (PaKTOpamm
PU3NKY.

MertaboniuHuii cuHapom (MC) — Lie komnneke MeTaboniyHmx
po3nagis, SKWiA BKIOYae iHCYMiHOPe3nCTeHTHICTL (IP), abnomi-
HarnbHe OXUPIHHS, AucninigeMito Ta apTepianbHy rinepTeHsito Ta
36inblUye pu3nK po3BUTKY LiykpoBoro giabety (L) y 5 pasis [1].
FonosHUMK cknagosuMu MC € NOpyLLEHHS! FIIHOKO3HOO romMeo-
crasy Ta IP, L0 3Ha4HO MiABULLYIOTL pU3unK po3suTky LI 2 Tuny;
Lie ninTBEpMKYIOTL enigemionorivxi aaHi. Mowwupenicts MCy 3a-
ranbHin nonynsuii Lopocnmx cTaHoBnTb A0 25 %, 36inbLUyeTHCS
3 BiKOM, | Oro JiarHocTytoTb yacrille, Hix LI [2,3,4].

3rigHo 3 pesynkTatamu LOoCTimKeHb, SKi 3OINCHUIM YKpaiHCHK
HaykoBLi, npobnema MC 3anmLIaeTbest akTyarnbHOK B MpakTuL
nikapie pisHUX cneujanbHocTen. Lle moe'sa3aHo 3 TM, WO BiH
CyTTEBO 306inbLUYE PU3NKN CEPLIEBO-CYANHHUX 3aXBOPIOBaHb, a
OTXXe NoTpebye CBOEYACHOI AiarHOCTVIKY i NTikyBaHHS, 30KpeMa i3
3acTocyBaHHAM MeTogiB BapiatpuyHoi Xipyprii [5,6].

LI i MC matoTb CninbHi MexaHiamm po3BUTKY, TOMY BaXJIT1BY
ponb Bigirpae NoLUyK Pi3HOMaHITHUX MapKkepiB Ans BUSIBMEHHS
MIKPOCYAMHHMX 3MiH Ha paHHiX cTadisx [7]. He3saxatoum Ha
3HayHun nporpec y posymiHHi MC i L1, paHHs piarHocTuka
MIKPOCYANHHUX YLWKOMKEHb 3aSULIAETLCS CKNAAHUM KIiHIY-
HAM 3aBAaHHAM. HUHI BU3HAYeHO HM3KY BioXiMiYHUX MapkepiB
MiKPOCYOMHHOTO YPaXeHHs, SK-0T Mapkepy eHpoTenianbHoi
OMCAYHKLIT, XPOHIYHOrO 3ananeHHsl, OKCMAATUBHOTO CTPECY,
nopyLweHb perynsiuii aHrioreHesy. OpHak GinbLuiCTb i3 HUX He BXO-
[JSTb 10 CTAHAAPTHWX CKPUHIHIOBUX NPOrpaM, MatoTb 0OMeEXeHy
[OCTYMHICTb, BUCOKY BapTICTb 200 HEAOCTaTHIO iHDOPMATUBHICTb
[0S LUIMPOKOTO CKPUHIHFOBOTO 3aCTOCyBaHHS [8,9].

IHCYNIHOPE3WCTEHTHICTb — CTaH, MPY SKOMY TKaHWHMW OpraHiamy
3HWKYIOTb CBOK YyTNMBICTb [0 IHCYIiHY, BHACMIZOK Yoro Binby-
Ba€TbCS NIABMLLEHHS KOHLEHTpaUji iHCyniHy ans 30epexeHHs
romMeocTasy rmokosu. Lle sBulLe fyxe Yacto nepenye po3suUTKy
LI i acoujroeTbes 3 iHWMMK kKomnoHeHTamm MC, € He3anexHm
(hakTopOM PU3MKY Ans NOPYLUEHHS CYAWMHHOI Ta HEMpOHAaNbHOT
yHKuii, 3okpema ciTkiBkv oka [10,11,12]. [locnimkeHHs OCTaHHiX
POKiB CBiAHaTb, LU0 iHCYNIHOPE3NCTEHTHICTL MOXe BeanocepeaHs0
MO3HaA4YaTVCS Ha CTaHi CITKIBKM LUNSXOM BMVBY Ha eHOoTenianbHy
OMCYHKLIO, OKCUOATUBHUIA CTPEC, XPOHIYHE 3anareHHs Ta Hel-
pofereHepaTuBHI 3MiHW, LLO CMPWSIE NPOrpecyBaHHI0 MaTomnorii
CiTKiBKW, 30Kpema fiabeTnyHoi petuHonarii (API) [10].

BigTak cTae 3posyminum, Lo CiTkiBka Moxe OyTh YyTnuBium
iHOMKATOPOM He TinbKK rinepriikemii, ane 1 iHW1X CUCTEMHUX Me-
TabonivyHMx nopyLweHb, y Tomy uncni npu MC i IP. Lie 3ymoBneHo
aHaTOMi4HOK BYA0BOO CITKIBKM, CRINbHICTHO il eMOpiOHaNbHOrO
MOXOMKEHHS 3 LIEHTParbHOK HEPBOBOK CUCTEMOKD Ta BUCOKOH
MeTabomMi4HO aKTUBHICTO, LLIO PODUTL MOXITMBIM BUKOPUCTAHHS!
Cy4aCHWX MeTOAIB AOCIIMKEHHS CITKIBKM NS BUSBIIEHHS PAHHIX
MIKPOLIMPKYNATOPHUX i HEMPOHANbHUX 3MiH, SKi NepeayTb
KMiHIYHMM MposiBam 3axBOptoBaHHS. Came TOMy JOCTigKeHHs
CTPYKTYPHUX i (PYHKLIOHAMBbHUX 3MiH CITKIBKM 3a [OMOMOrOH0
Cy4YaCHUX METOfiB, SIK-OT OMTUYHOI KOrepeHTHOI Tomorpadii
(OKT) Ta OKT-aHriorpadii, HabyBatoTb BaXIMBOTO 3HA4EHHS At
BWSIBNIEHHS! PaHHIX 3MiH Y MaLliEHTIB i3 PisHUMM MeTabomiyHUMm
MOpYLLEHHsIMM Ta LiykpoBuM giabeTom [13,14,15].

Merta pobotu

Y3aranbHeHHs | aHania faHnx HayKoBOi MiTepaTypy LLOAo0
MOXITUBOCTI BUSIBNEHHSA JOKMIHIYHUX MOPYLLEHb CITKIBKM Y
NaviexTIB i3 LyKPOBUM [iabeToM, iHCYNiHOPE3UCTEHTHICTIO Ta
MeTaboniYHNM CUHLPOMOM.

Marepianu i MeToAU AOCAIAKEHHA

JocnimkeHHs 30iCHEHO Y hopmaTi HapaTUBHOIO Ornsay 3
€ereMeHTamMy CYCTEMAT30BAHOMO MOLLYKY NiTepaTypy Y HayKOBUX
6asax PubMed / MEDLINE, Scopus, Web of Science ta Google
Scholar y nepiog i3 ciuns 2020 poky o ntotoro 2026 poky. [do-
[1aTKOBO MpOaHaniaoBaHo npad, Lo MICTATb (hyHAaMEeHTarbHi
JaHi Ta ony6bnikoBaHi y NpodinbHUX 0TaNbMONONYHUX Ta
€HOOKPUHOSOTIYHNX XypHanax.

iz Yac noLuyKy fxxepen BUKOPUCTaHO Taki KNioYoBi CroBa Ta
ix komBiHaLii: LykpoBuiA fiabeT, MeTaboniYHNA CUHAPOM, iHCYTi-
HOPE3WCTEHTHICTb, CITKIBKa, HEpoaereHepaLyis CiTKiBKW, ONTUYHa
korepeHTHa Tomorpadisi, OKT-aHriorpadis, MikpoLupKynsuis
CITKIBKM, CYOKMiHI4Hi 3MiHM CITKIBKN.

[o pocnimkeHHs 3anyyany opuriHanbHi KNiHiYHI JoChimxeH-
HS1, CUCTEMATWYHI OrNSAM N MeTaaHaniau, NPUCBSYeHi BUBYEH-
HIO CTPYKTYPHUX abo MIKpOLIMPKYMSTOPHUX 3MiH CITKIBKM Mpw
LLYKPOBOMY AjiabeTi, iHCYniHOPE3NCTEHTHOCTI Yn MeTaboniyHoMy
cuHApoMi 3 3acTocyBaHHAM MeToaiB OKT abo OKT-aHriorpadpii,
Lo onyBnikoBaHi yKkpaiHCbKoK abo aHrmifcbKo MoBaMm Ta Ao-
CTYMHi B NOBHOTEKCTOBOMY hopmaTi Yepes IHCTUTYLLiIHI pecypcu
abo y Bigkputomy goctyni. Mpauj, Lo He MICTUAKM KiNbKICHOO
OLiHIOBaHHS CTPYKTYPHMUX ab0 MIKPOCYAMHHUX 3MiH CiTKiBKMY,
eKcnepuMeHTarbHi poboTth 6e3 KniHivHOI kopensvii, NOoANHOKi
KNiHiYHi BUNagky Ta nybnikavii 3 He[oCTaTHLEO0 METOAONOMYHOK
iHGhopMaLLieto BUKIIOYEHO 3 aHaniay.

lMepBuHHMIA NOWYK 4aB 3MOry igeHTudikysatn 214 nybni-
Kauin. Micns BuaaneHHst gyonikaTtiB Ta CKPUHIHIY 3aronoBkiB i
aHoTauin BigibpaHo 78 mxepen AN NOBHOTEKCTOBOTO aHanisy. 3a
pesynbTratamu OLiHIOBaHHS BiAMOBIAHOCTI KPUTEPISAIM 3anyYeHHs!
[0 (hiHanbHoro aHanisy Byno B3aTo 30 HalbinbLL peneBaHTHUX
nybnikain. AHania mxepen 3aiNCHEHO LUMAXOM y3ararbHEHHS
JaHVX LWoA0 MopchOMETPUYHUX MOKa3HMKIB CITKIBKM, NapaMeTpiB
MIKPOLMPKYNALi Ta iXHBOTO 3B's3Ky 3 METabO0MIYHMM NOPYLLEH-
HAMW, OKPEMO aKLIEHTOBAHO Ha JOKMIHIYHMX 3MiHaX.

Pe3yabTatu

LleHTpanbHuin natodisionoriyHui mexaHiam po3sutky MC
i L0 2 Tuny — po3suToK iHCyniHopesncTeHTHocTi. Came [P
CMPUYMHSIE NOPYLLIEHHS TONEPaHTHOCTI 0 MOKO3W, rinepiHCy-
niHeMmilo, aTeporeHHy AUCINiAEMil0 Ta apTepianbHy rinepTeH-
3it0, WO HOPMYIOTb NIAFPYHTS AN PO3BUTKY MIKPOCYOAUHHMX
ycknagHeHb [16,17]. Ha kniTMHHOMY piBHI iHCYNIHOPE3NCTEHT-
HICTb 3MEHLUYE MOTNMHAHHS MIOKO3K M’SI30BOI0, KMPOBOIO Ta
NEYiHKOBOK TKaHWHaMW, LLO CYNpOBOIXYETLCH aKTUBaLie
OKCUOATUBHUX i 3ananbHux npouecis [16]. OnucaHi GioxiMiuHi
MpOoLLecH TICHO MOeAHaHi 3i 3HKEHHSIM NMPOAYKLi OKCuay asoTy
Ta XPOHIYHUM HWU3bKOIHTEHCUBHIUM 3ananeHHsM, AncbanaHcom
ninigHoro meTaboniamy, Lo i CNPUYKHSAE YPaXKEHHS APIOHNX
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CYZVH, NOPYLLEHHS MIKpOLMpKyNALii Ta aTeporeHesy, 3okpema
i B ciTkiBLUi [10].

Mpn MC poBoni YacTo BU3HAYatoTb NiABULLEHI PiBHI TpUMMi-
Lepuais, aucbanaHc ninonpoTeigis, NiABULLEHY EKCTPECito
npo3anarbHUX LIMTOKMHIB, LLIO AOAATKOBO NOCKITIOE MIKPOCYAMHHI
nopyLueHHsi [18,19]. 3Baxatouu Ha Ui MexaHiamu, y CyqacHuX or-
nspax AocnimpKysany porb OKUCHIOBANBHOMO CTPECY, NOPYLLUEHHS]
HeipoHanbHOT AMCYHKLT, HeMpoaereHepaLi Ta XpOHIYHOrO 3a-
ManeHHs ik CRinbHUX NaHOK Mixk METABO0NIYHVMI NOPYLUIEHHSIMM i
PO3BUTKOM MIKPOCYAMHHMX YCKIaaHEHb, BKITHOYHO 3 YPaXKEHHAMM
citkisku [20].

[ocnimxenHs, 3aincHeHi 3 BukopucTanHam OKT Ta aHrio-OKT,
MiATBEPANNN: CTPYKTYPHI Ta PYHKLIOHAMbHI 3MiHU CITKIBKM MO-
XYTb BUHUKATY LLIE 10 BUHWUKHEHHS! KITIHIYHMX 03HAK AiabeTnyHoI
petuHonartii y nauieHTis i3 LI, MC Ta IP. 3rigHo 3 pesynsratamm
JocnigpkeHb, Wo 3pincHeHi B. Li et al. (2022) ta M. Vinkovi¢
et al. (2025), BCTaHOBNEHO 3HAYYLLE 3MEHLUEHHS TOBLLMHM
raHrnioHapHOMo KOMMAEKCY | NOro KOMMOHEHTIB y XBopux Ha LI
LLe 40 BUSIBNEHHS KNiHIYHMX o3HaK [Pl [21,22]. OTpumaHi gaHi
MiATBEPAUNN, WO HenpodereHepalis € paHHiM i NepBUHHUM
KOMMOHEHTOM [iabETN4YHOIO YpaXeHHS CITKIBKM, @ He BTOPUHHUM
HaCMiAKOM CYAUHHUX 3MiH.

Y cyvacHux gocnimkeHHsix S. Oliveira et al. (2025) onucaHo
TaKOX HOBMI MiaXig [0 TEKCTYpHOro ouiHtoBaHHs OKT-306pa-
XEHb, L0 AaE 3MOry BUSIBMATU CyOKIiHIYHI 3MiHM B CITKIBL Y
mogeni LI 2 Tuny we Ao KniHiYHWX 03HaK peTuHonarii, a came
3MiHU Y BHYTPILLHEOMY MNEKCM(OPMHOMY LUAPI, BHYTPILLHIX i
30BHILLHiX (hoTopeLenTopax [23].

OuiHtOBaHHIO TOBLUMHM CITKIBKW Ta LLILHOCTI Kaninspis y
naujieHTi i3 LI 2 Tvny Ta 38'13k0M 3 XBOPOOOH HUPOK 3a JOMOMO-
roto swept-source OKT npucesaueHo gocnimkeHHs M. O. da Silva
etal. (2021). Y uin npaLi nokasaHo TakoX 3MEHLLIEHHS TOBLLWHM
BHYTPILLHIX LIAPIB CITKIBKM Ta 3HVXEHHS LLiNbHOCTI Kaninspis y no-
€0HaHHI 3 PO3LLMPEHHsIM hoBearnbHOI aBaCKyNSAPHOI 30HW came
y naujenTie i3 LIl 6e3 kniHiyHnx nposgie JPI1, Wwo nigTeepaxye
PaHHI0 HENPOCYANHHY ANCHYHKLO [24].

AHani3 HaBefieHUX MKepen Aae 3mory 3pobuTi BYCHOBOK
MPO BIJHOCHY Y3rOMKEHICTb AAHWX LLOAO PaHHLOTO BUTOHYEH-
HS BHYTPILLHIX WwapiB ciTkiBkv npu LU 2 tuny Ta IP. BogHouac
3ayBaXMMO, WO GinbLLICT MpaLb MatoTb NONepeyHnii AnsanH
Ta oOmexeHy BMOIpKY, IO He Aae 3MOTM OfHO3HAYHO BCTa-
HOBUTM MPUYMHHO-HACMIAKOBUIA 3B'A30K MiXX MeTaboniyHumm
MopyLUEHHSMY Ta HermpoaereHepaTUBHUMM 3MiHamMu. Kpim Toro,
MeToAoNOriYHI BigMiHHOCTI (pisHi OKT-nnarcopmu, anroputmu
cerMeHTalLlji, KpUTepii 3anyyeHHs nauieHTiB) MOXYTb BNIMBATH
Ha BapiabenbHIiCTb OTPUMaHUX pesynbTaTiB.

38’430k IP i 3MiH CiTKiBKM NOKa3aHo B focnigxeHHi Z. Zheng
et al. (2023). ABTOpyW BMSBUNM MOPCHONONiYHI 3MiHW CITKIBKM Y
nauienTis i3 L 2 tuny 6e3 piabetnyHoi peTuHonarii, a came
3MEHLLEHHS TOBLLWHW CITKIBKM B MaKynspHin AinsHui Ta wapy
FaHrMIO3HUX KNITUH i BHYTPILUHLOTO NNEKCUOPMHOrO Lwapy,
0C0O0IMBO B HUXHBOCKPOHEBI AinsHLUi. Mpu LbOMY BUCOKMI
iHEKC Macu Tirna KopentoBaB 3i SMEHLLIEHHSM TOBLLMHN BHYTPLL-
HbOTO NneKkcMopMHOTo Lapy. BogHovac BUSIBMEHO BiporigHy
KOpPEnsiLio 3 TakuMu MeTaboniYHUMMU NoKasHUKaMK, K iHOeKC
HOMA, pieHi ninonpoteigis Ta C-peaktneHoro 6inka. [Jocnig-
HUKU QiAW BUCHOBKY, L0 BUTOHYEHHS CITKIBKM Ha pPaHHiX

ctagiax LU 2 Tuny nos’sizaHe 3 MeTaboniyHUMM NOPYLLIEHHSMM
Ta OXMPIHHAM [25].

Y pocnimxeHHi rpynu astopis BJ. Ly, et al. (2024) npoaHa-
ni30BaHO 3MiHW MIKpOLMPKYNsLii CITKIBKM Y NaLjieHTiB 3 nepea-
[LiabeToM nif Yac KOPOTKOUYACHOTO NIABWLLEHHS PIBHS FTIOKO3M B
kposi. [1ig yac 4oCniZKEeHHS BUKOPUCTAHO HeiHBa3WBHM METOL
fiarHocTuky — aHrio-OKT [26]. Tak, y nauieHTiB i3 NopyLLIeHHAM
PIBHSI [MHOKO3M HaTLLE Ta NOPYLUEHHSM TONEepPaHTHOCTI 4O fto-
K031 MpY KOPOTKOYACHOMY NiABULLEHHI PIBHS MIOKO3U B KPOBI
BW3HAYEHO MOTIPLUEHHS! CTaHy MIKpOLMPKYNALii LIEHTpanbHOi
LiNSHKN CITKIBKMW, @ CaMe 3HKEHHS LLLINbHOCTI CYAWH, LUINbHOCTI
nepdhy3ii Ta PO3LWMPEHHS NnoLli oBeanbHOI aBackynsipHoi
30HM [26].

Bnnve meTabonivHmx NopyLUeHb Ha CTaH KPOBOTOKY CiTKIBKM
y nauienTis i3 L noeeneHo Takox y gocnimkenni H. C. JyueHko,
T. C. Kupunosoi (2025) [27]. AsTopM 3a JoMoMOoro aHrio-OKT
BUSIBUINN KOPENSLO MK 3MEHLUEHHSM LLiNbHOCTI KPOBOTOKY Y
MoBEPXHEBOMY CMIETIHHI | B Makyri, | Ha nepudepuyHuX Bigainax
CITKIBKM 3 MiOBULLEHNM PIBHEM [TIHOKO3M, 36iNbLUEHHAM iHLEKCY
HOMA Ta piBHeM Tpurmiuepwngis. Bigrak Byno BCTaHOBMEHO, WO
nopyLUeHHs MeTaboniamy rmioko3i, IP Ta nigBuLLEHi piBHi NiNigB i
rOMOLMCTEiHY ICTOTHO MOTipLUYHTH KPOBOOBIr Y CiTkiBLIi, 0cOBMMBO
B Makyni Ta nepudepuyHuX ainsHkax [27].

HesBaxatun Ha y3romXeHiCTb JaHuX WOAO 3HWKEHHS
LWiNbHOCTI CyauH i nepdysii Npu NOPYLIEHHSX FMOKO3HOMO
06MiHy, BinbLUICTb JOCTIMKEHb Many KOPOTKUI NEpPIo CnocTe-
pexeHHs abo nig Yac HUX BUBYaANM rocTpi MeTaboniyHi 3MiHu.
Lle neBHUM YMHOM OOMeEXYe eKCTpanonsLito pesynbraTiB Ha
XPOHIYHMI Nepedir iHCyNiHOPE3UCTEHTHOCTi Ta METaboMiYHOro
cuHapomy. Kpim Toro, pisHa TpuBanicte nepeaaiabety un LI
y DOCRifKyBaHUX rpynax MOXe BNMMBaTW Ha iHTepnpeTaLito
JaHux aHrio-OKT.

[HCYniHOPE3WCTEHTHICTb cTana rmobanbHot Npobnemoo, Lo
3YMOBMEHO CTPIMKMM NOLUMPEHHSIM OXMPIHHS Ta MeTaboniyHoro
cuHapomy. lNokasaHo, Wwo IP NOTEHLINHO MOXe 3arpoxyBaTu
30pYy Yepes po3BMTOK 3aXBOPHOBaHb Oka, 3okpema [P [10]. 3a
pesynbsrataMmy aHaniay axoBoi nirepatypu, BCTaHOBMEHO, Lo IP
NPU3BOANTb A0 NOPYLLIEHHS BHYTPILLHBOKITITUHHOTO iHCYMIHOBOIO
CUrHaniHry B CITKiBLI, LLIO CyNpPOBOMLKYETLCS PO3BUTKOM OKCUAa-
TMBHOTO CTPECY, HeMpO3ananeHHs Ta HEMPOHANbHOT AMCYHKLT.
BHacnigok uboro BigOyBaeTbCs akTMBaLis rMianbHUX KNiTWH,
NiABMLLEHHS MPOAYKLii Npo3ananbHUX LMATOKIHIB i 3pOCTaHHS
YYTAUBOCTI TKAHWH [0 OKCWMAATUBHOTO YLIKOMXEHHS. Lle 3y-
MOBIHOE MOPYLLEHHS LiNICHOCTI reMaTo-peTuHanbHoro bap’epa,
YLWIKODKEHHS NEPULMTIB Ta eHAOTENi0 Kaninspis, a Takox npu-
3BOAMUTb A0 CTPYKTYPHO-OYHKLOHANbHMX 3MiH hoTOpeLenTopiB
Ta HeMpOHarnbHKX LapiB CiTkiBkW [28].

Bpaxosytoun, wo IP ta MC marTb CninbHi MexaHi3Mu
PO3BUTKY, JOCIIMKEHHS 3MiH CiTKiBKM Npu MC Takox € akTyanb-
Hum. TMpaugs E. Polat et al. npucesveHa NUTaHHIO 3MEHLLEHHS
TOBLLMHU BHYTPILLHIX LLIAPIB CITKIBKM, 30KpeMa Luapy HepBOBUX
BOJTOKOH i F@HrMiOHAPHOTO LUapy, Lo aBTOPK BYBYaNM Sk MPosiB
PeTVUHanNbLHOI HelipoaereHepaluii. BusisneHi amiHu acouinoBaHi 3
IHCYMIHOPE3UCTEHTHICTIO Ta XPOHIYHUM 3ananeHHsMm, iHgyKoBa-
HWUM BiCLIeparibHO XMUPOBOIO TKAHUHOIO, LLIO CYMPOBOLKYETHCS
MPOAYKLIE0 Npo3anaribHUX LMTOKIHIB | pO3BUTKOM OKCUAATUBHOIO
ctpecy [29]. Lle pocnimkeHHs nigTBepamno Aawi npo Te, wo MC
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BMMBaE Ha CiTKiBKY Yepe3 MeTaboniyHi i 3ananbHi MexaHiamu,
a He NuLLe Yepes HasBHICTb rinepriikemii.

Otxe, Taki cknagosi MC, sk oxwvpiHHs, gueninigemis, [P Ta
apTepianbHa rinepTeHsist, CPUYMHSIOTb CUCTEMHE 3amnaneHHs Ta
MopyLUYTb MIKPOCYAUHHY perynsuito citkisku [30].

3ayBaxmMo, LLO KiNbKICTb JOCTIMKEHb, MPUCBAYEHUX CaMe
nauieHTam i3 MeTaboniyHMM CUHAPOMOM 6€e3 BCTAHOBNEHOTO
LIyKpOBOro fiabeTy, € 00MEXeHO, a OTpUMaHi pesynbTati He
3aBXAW € OOHO3HAYHUMK. Y YacTuHI npalb 3adikcoBaHO MiHi-
MarbHi 3MiHV TOBLLWHY CiTKiBKW @bo Taki, L0 He AoCsran piBHS
CTaTUCTUYHOI 3HAYYLLOCTI; Lie MOXe ByTh MOB’S3aHO 3 Pi3HOH
TPUBANICTIO METabomMiYHMX NOPYLUEHb | HEOAHOPIAHICTIO AOoCHi-
[PKEHVX MOMynsLin.

Y3aranbHIOuM HaBEAEHI [aHi, MOXHa KOHCTaTyBaTH, LU0
HWUHI HAaKOMYEHO NEPEKOHNMBI AOKA3W PaHHIX HelipoaereHepa-
TUBHWX i MIKDOCYAWHHMX 3MiH CITKIBKW Npu LyKPOBOMY Aiaberi.
Pasom i3 Tnm, fokasoBa 6asa o4O i30MbOBAHOI IHCYNIHO-
PE3NCTEHTHOCTI Ta MeTaboniYHoro CUHAPOMY 3aNMULAETHLCS
MEHLL CTPYKTYPOBaHO Ta NoTpebye NoAanbLIoro PO3LIMPEHHS.
BusieneHi 3miHn, 3a pesynsratamu BinbwocTi JocnigxeHb, €
cyOKniHiYHMMK Ta NepegytoTb PO3BUTKY MaHidecTHoI aiabe-
TWYHOI peTuHonarTii, ogHak cTaHgapTuaadis npotokonis OKT Ta
aHrio-OKT, a TakoxX 3aiiCHeHHS MacLUTabHUX 6araToLEHTPOBMUX
JOCTIiIKEHb € HEOOXIgHMMM 471 POPMYBAHHS YiTKWX KITIHIYHUX
peKoMeHAaaLlin.

BucHoBKH

1. HeipoaereHepaTtuBHi Ta MIKPOCYOUHHI 3MiHU CITKIBKM ¢hop-
MYIOTbCS Ha OKIIHIMHOMY eTani LykpoBoro AiabeTy Ta MOXyTb
BWHIKATM LLE Ha CTagji iHCYNiHOPE3UCTEHTHOCTI 1 METAbOMIYHOrO
cuHapomy. Lle nigTBepmxye KOHLEMNLL0 paHHBOT HEAPOCYAUHHOT
AMChYHKLIT SIK CRinbHOI NaHKk1 MeTabonivHUX NOpPYLUEHb.

2. CiTKiBKa € YyTNMBIM iHOMKATOPOM PaHHiX METabomivyHMX
ypaxeHb, a MeTogn OKT Ta aHrio-OKT gatoTb 3mory 06’ eKTUBHO
BUSIBNSATI CYOKMiHIYHI CTPYKTYPHI Ta nepdya3iiHi 3MiHW, Lo no-
TEHLIIHO MOXYTb BYTU BUKOPUCTaHI SIK HEIHBA3WBHI iHAVKATOPK
CYCTEMHOI MiKpOaHrionarTii y NaLieHTIB i3 rpynn puamky.

3. Xo4a oTpuMaHi pesynsTaT € NePCnekTUBHUMM, OBMexXeHa
KifIbKiCTb MPOCNEKTUBHUX AOCAILKEHDb | BIGMIHHOCTI Y MeTog0-
norii notpeByloTb NOAANBLLIOMO Y3rOMKEHHS KPUTEPITB PaHHBOTO
0HTanbMOIONYHONO CKPUHIHIY NP IHCYMIHOPE3UCTEHTHOCTI Ta
MeTaboniYHOMY CUHOPOMI.

MepcnekTMBY NopanbLUMX AOCAiAkKeHb. OLiHIOBaHHS MiKpo-
LIMPKYNATOPHKX i MOPEPOMONiYHMX 3MiH CITKIBKM 32 JOMOMOIOK
OKT Ta aHrio-OKT € nepcnekTMBHUM HaNpsIMOM NS paHHbOro
BUSIBNEHHS CUCTEMHIX METaBbOMiYHMX MOPYLLEHb Ta MOHITOPUHTY
3MiH Npu LykpoBoMy AiabeTi, iHCyniHOpeanUCTEHTHOCTi Ta MeTa-
BoniyHoMy CHHIPOMI.

Aeknapauif wopo BukopuctanHs LI
ABTOpU He BIKOPVCTOBYBANM iHCTPYMEHTY LUTYYHOTO iHTEMEKTY Mif Yac
MiAroTOBKY PYKOMMCY.
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Anc6io3 AK KAOUOBUW NATOr€HETUYHWUN YUHHUK PO3BUTKY OXKUPIHHA

T. B. BorochaB@*F, A, A, Aawkyn@AF

3anopi3bkni AepxaBHUIA MeAUKO-GapMaLIEBTUUHUIA YHIBEpCUTET, YKpaiHa
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Merta po6oth — aHani3 Cy4acHoi HaykoBOI niTepaTypy LOAO PONi KWLLKOBOrO AMCHio3y sk KI4OBOro narore-
HETUYHOTO YMHHUKA PO3BUTKY OXMPIHHS 3 aKLEHTOM Ha MexaHi3Mu NOro BMvMBY Ha EHEPTETUYHUIA TOMEOCTa3,
iHCYMIHOPE3UCTEHTHICTb, XPOHIYHE HM3bKOPIBHEBE 3ananeHHs Ta HaKOMUYEeHHS XMPOBOI TKAHWHW, a Takox
y3aranbHeHHsl CydacHWX NiaxofiB A0 TepaneBTUYHOI MOZyNsALil KULLKOBOI MikpobioTh Ta iXHbOro noTeHLiany B
npodinakTLi 1 NikyBaHHi OXWPIHHS.

Marepianu i meToam. Mowwyk mxepen 3giicHeHo B 6asax PubMed, Scopus, Web of Science Ta Embase 3 Buko-
PUCTaHHAM BiAMNOBIAHMX @HIMOMOBHWX KNKOYOBKX cniB. [lo aHanisy BkrnioyeHo 47 nybnikauin (2021-2025 pp.),
30KpeMa ekcnepuMeHTasbHi Ta KIiHiYHI 4OCRIZKEHHS, CUCTEMATWYHI OTNSAM Ta MeTaaHaniaw, NpucBsYeHi poni
KMLUIKOBOI Mikpo6ioTh npu oxmpiHHi. Bigbip npaub 3miicHEHO 3a Ha3BamK, aHOTaLIMK Ta MOBHUMM TEKCTaMu;
y3aranbHeHHsl — MeTogamu aHanisy, nopiBHAHHA Ta cuctemaruaalii.

Pesyabtaty. Y3aranbHeHHs Cy4acHnx AaHnx CBiAYNTb, WO KMLLKOBA MiKpObioTa € aKTUBHUM PErynsaTopoM eHep-
reTM4HOro Ta MeTaboniyHoro romeoctasy, a NopyLUEeHHs i cknagy i (hyHKUiN Biairpae Knto4oBy porb y PO3BUTKY
OKUPIHHS1. [1c6io3 acoLLitoeTbCA 3 NIABMLLEHOK NPOHUKHICTHO KMLLIKOBOTO 6ap’epa, METabosivHOK EHAOTOKCEMIELD,
XPOHIYHMM 3ananeHHaM Ta iHCYniHOpe3nCTeHTHICTI0. MikpobioTa Yepes yTBOPEHHS KOPOTKOMAHLIOrOBIX XMPHIX
KMCNOT i B3aEMOZI0 3 FOPMOHaNbHUMY Ta LiMpKaaHUMKU MexaHi3Mamu BNIYBae Ha aneTuT, eHepreTuyHi BUTpaty
i ninoreHes, a ii TepaneBTUYHA MOAYNIAILLS 3@ LOMOMOrO Npo- i NpebioTukiB, CUHBIOTHKIB | NOCTBIOTMKIB Cpusie
3HIDKEHHIO Macu Tina, 3ananeHHs 1 NokpaLLeHHio MeTabonivHoT perynauii npy OXWpPiHHI.

BucHoBku. KuwwikoBuii ancbios Bigirpae Kio4oBy porb y NaTOreHesi OXMpiHHSA, OCKINbKW MOPYLLEHHS cknagy Ta
(OYHKL MiKpOBIOTM CNpUUMHSIE AUCPerynsLito eHepreTYHOro 0OMIHY, MiABMLLEHHS MPOHUKHOCTI KULLKOBOTO
6ap’epa, MeTaboniyHy eHAOTOKCEMIO, XPOHIYHE 3ananeHHs i iHCyMiHOPE3UCTEHTHICTb. TepaneBTnyYHa MogynsLis
KWLLKOBOI MikpoBioTn 3a gonomoroto npobioTukie, npebioTukie, CMHBIOTMKIB | NOCTOIOTUKIB € NEPCNEKTUBHUM
HanpsiMoM NpodinakT1KX Ta KOMMMEKCHOTO NiKyBaHHS OXUPIHHSI, OCKINbKM CPUSIE BiAHOBMEHHO MIiKpOGiOMHOI
piBHOBAru, 3MEHLLUEHHIO 3anarbHMX NPOLECIB | NOKPaLLEHHIO MeTaboniyHoi perynsuii.

CyuacHi meauuHi TexHoAorii. 2026. T. 18, Ne 3(70). C. 205-211

Dyshiosis as a key pathogenetic factor in the development of obesity
T. V. Bohoslav, D. A. Lashkul

Aim: to analyze current scientific literature on the role of intestinal dysbiosis as a key pathogenetic factor in the
development of obesity, with a focus on the mechanisms through which it affects energy homeostasis, insulin
resistance, chronic low-grade inflammation, and adipose tissue accumulation, as well as to summarize modern
approaches to the therapeutic modulation of intestinal microbiota and their potential in the prevention and
treatment of obesity.

Materials and methods. The literature search was conducted in the PubMed, Scopus, Web of Science and
Embase databases using relevant English keywords. The analysis included 47 publications (2021-2025),
covering experimental and clinical studies, systematic reviews and meta-analyses devoted to the role of intestinal
microbiota in obesity. Selection was based on titles, abstracts and full texts; synthesis was performed using
methods of analysis, comparison and systematization.

Results. The synthesis of current data indicates that the intestinal microbiota is an active regulator of energy and
metabolic homeostasis, and that disruption of its composition and functions plays a key role in the development
of obesity. Dysbiosis is associated with increased intestinal barrier permeability, metabolic endotoxemia, chronic
inflammation, and insulin resistance. The microbiota, through the production of short-chain fatty acids and
interaction with hormonal and circadian mechanisms, influences appetite, energy expenditure, and lipogenesis,
while its therapeutic modulation using probiotics, prebiotics, synbiotics, and postbiotics contributes to weight
loss, reduction of inflammation, and improvement of metabolic regulation in obesity.

Conclusions. Intestinal dysbiosis plays a key role in the pathogenesis of obesity, as disruption of the composition
and functions of the microbiota leads to dysregulation of energy metabolism, increased intestinal barrier
permeability, metabolic endotoxemia, chronic inflammation, and insulin resistance. Therapeutic modulation of
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the intestinal microbiota using probiotics, prebiotics, synbiotics, and postbiotics is a promising approach to the
prevention and comprehensive treatment of obesity, as it contributes to the restoration of microbiome balance,
reduction of inflammatory processes, and improvement of metabolic regulation.

Modern medical technology. 2026;18(3):205-211

HWHi OXMPIHHA BU3HaYaloTb SIK OAHY 3 HaUCKNagHiWmX Me-
AVKo-coLlianbHMx npobnem rmobansHoro Mactutaby, wo Habyna
XapakTepy naHgemii, a 1oro MOLUMPEHICTb HEBMUHHO 3pOCTaE i
cepeq AopOCoro HaceneHHs, i cepen aiten i mignitkis. BctaHos-
TEHO, LLIO OXMPIHHS CYTTEBO NiABULLYE PU3NK PO3BUTKY LIYKPOBOIO
Jiabety 2 Tuny, cepLEeBO-CYANHHIX 3aXBOPHOBaHb, METABOMYHOTO
CUHOPOMY, HEanKoroNbHOI XMPOBOi XBOPOOM NEYiHKN Ta MOXe
3HKyBaTU TPMBAMICTb i AKICTb XUTTS. TpaguLiiHO natoreHes
OXWPiHHS NOB’A3yBanu 3 AucbanaHcom Mix eHepreTM4HUM Cro-
XMBAHHSM | BUTpATaMM, FEHETUYHOK CXMIBHICTHO, MaropyXimBIM
CnocoboM XWUTTS Ta rOPMOHanbHUMK NopyLweHHamMW. OgHak
[OCIIMKEHHS! OCTaHHIX JEeCATUPIY nokasanw, WO L YAHHWKN He
MOXYTb MOBHOKO MipOK NMOSICHUTU CKMaAHICTb i BapiabenbHiCTb
(heHOTUNIB OXMPIHHS, LLIO 3yMOBWIIO MOLLYK HOBWX NaToreHeTHY-
HUX MexaHi3miB.

Y LIbOMY KOHTEKCTi HayKOBUI iHTEPEC MPUBEPTAE KNLLKOBUIA
MikpoGioM, SIKUIA MOXEe BNnMBaTK Ha romeocTas eHeprii, ninia-
HWA | BYrNeBOOHWIA OBMiH, perynsuilo aneTuty, iMyHHi peakuji
Ta CUCTEMHE 3ananeHHs. 3rigHo 3 pesynbTatamit YMCHEHHWX
JocnigpxeHb, 3MiHW KiNbKICHOTO Ta SIKICHOrO Cknagy KMLLKOBOI
MikpobioT (ancbios) acoLliioBaHi 3 PO3BUTKOM iHCYMiHOpe3WC-
TEHTHOCTI, XPOHIYHOTO HU3LKOPIBHEBOTO 3anasieHHs Ta HagMip-
HOrO HaKOMMYEHHS X1POBOT TkaHuHK [1,2,3]. BcTaHoBREHO, WO B
MaLieHTIB 3 OXMPIHHAM B3HAYaOTb 3HUKEHHS MIKPOBHOTO pi3HO-
MaHiTTS, NOPYLUEHHS CNiBBIAHOLIEHHS OCHOBHUX GaKTepianbHMX
inymi Firmicutes Ta Bacteroidetes, 3MEHLLEHHS YNCENbHOCTI
GakTepii-NnpogyLEeHTIB KOPOTKOMNAHLIOTOBNUX XUPHUX KUCIOT
(KXK), sokpema Faecalibacterium, Roseburia Ta Ruminococcus,
a TakoX 30irbLUEHHS NOTEHLIMHO Npo3ananbHux Tunis Blautia,
Collinsella i Streptococcus. Taki 3MiHM CynpOBOIXYHOTHCS MOPY-
LeHHaM npoaykuii KKK, nigBuULLEHHSM NPOHWUKHOCTI KLLKOBOTO
Gap’epa Ta po3BMTKOM MeTabonivyHOi eHO0TOKCEMIl, WO crpu-
YuHSE HOPMYBaHHS XPOHIYHOTO HU3LKOPIBHEBOTO 3anarneHHs 1
MeTaboniyHmx nopyLueHs [4,5].

3 ornsgy Ha 3Ha4HWA 0BCAr HAKOMMYEHNX HAYKOBUX AaHMX,
KULLKOBWIA ANCBI03 HWHI BU3HAYAKOTb SIK BRXKIMBUIA NAaTOreHeTNY-
HU YUHHWK PO3BUTKY OXMPIHHS, NPOTE MEXaHi3MM 11010 BNIuBY €
CKNagHUMK, 6araToKOMMNOHEHTHUMM Ta NOTPEBYOTh NOAANbLLOr0
yTo4HeHHs. Ocobnneoi yBaru notpebye BCTAHOBMNEHHS MPUHH-
HO-HaCniAKOBWX 3B'513KIB Mix 3MiHaMM MikpOBIOTM Ta PO3BUTKOM
OXMPiHHSI, 30KpeMa BU3Ha4YeHHs! poni Anchiosy sk iHiLto04oro
abo MoaNdiKyH4Or0 YNHHIKA METABOIIHHIX MOPYLUEHD.

OcobnvBoi akTyansHocTi Habysae npobnema igeHTudika-
Ui KMt040BMX MiKpOOHMX MapkepiB Anchiosy, acowiioBaHNX 3
OXUPIHHSM, @ TaKOX BU3HAYEHHS MEXaHi3MiB iXHbOTO BAMBY
Ha MeTabonivHi MpoLeck opraHiamy nioanHu. HepoctaTtHso Bu-
BYEHMMW 3aMMLLAIOTLCA 1 TepaneBTUYHI CTpaTerii, CpsMOBaHi
Ha BiJHOBNEHHSI MikpoBioMHOro 6anaHcy: 3acTocyBaHHs npobio-
TUKiB, NPebioTuKiB, CUHBIOTMKIB, NOCTOIOTMKIB, — @ TAKOX iXHS
[OBrOCTPOKOBA ECDEKTUBHICTL | Ge3neka B NiKyBaHHI OXMPIHHS.

Merta pobotu

AHaria cy4acHoi HayKoBOI NiTepaTypy OO POITi KULLKOBOrO
Anchio3y SK KMYOBOr0 NaTOreHETUMHOMO YMHHKKA PO3BUTKY
OXMPIHHA 3 aKLEHTOM Ha MeXaHi3MW MOro BMSMBY Ha eHepre-
TWYHUI FOMEOCTa3, IHCYMIHOPE3UCTEHTHICTb, XPOHIYHE HU3bKO-
piBHEBE 3anarneHHs Ta HAaKOMUYEHHS! KUPOBOT TKAHUHM, a TaKoX
y3arafbHeHHs! Cy4acHuUX NigxoaiB 4o TepaneBTUYHOI MogynsLii
KWLLKOBOI MIKpOBIOTW Ta IXHBOrO MOTeHLUjany B npodinakTui i
NiKyBaHHi OXMPIHHS.

Marepianu i meToAU AOCAILKEHHA

[Mowwyk HaykoBMX DKepen 34iINCHEHO B MiXHAPOAHUX Hay-
komeTpuyHMX 6asax gaHux PubMed, Scopus, Web of Science,
Embase. [Insi nowwyky BukopucTaHo kombBiHaLii Kno4oBKx chis
i TEpMiHIB aHrMiCLKO MOBOK: obesity, gut microbiota, gut
dysbiosis, intestinal permeability, metabolic endotoxemia, short-
chain fatty acids, insulin resistance, inflammation, Firmicutes,
Bacteroidetes.

[o aHanisy BkntoueHo 47 nybnikavin (2021-2025 pp.), cepen
HWX — OpUriHanbHi eKCNepUMEHTarnbHi Ta KMiHIYHi JOCTIMKEHHS;
cvCTEMATWYHI OrIsam Ta MeTaaHaniav; JOCTIMKEHHS, MPUCBSYEHI
3MiHaM cknagy Ta (yHKLL KULLKOBOT MIKPOBIOTW NpU OXMPIHHI,
iHCYNIHOPE3NCTEHTHOCTI Ta METAbONIYHOMY 3ananeHHi.

[NepeBary HagaBanu opuriHanbHAM KIiHIYHUM Ta ekcne-
PUMEHTanNbHUM AOCRIDKEHHAM, @ CUCTEeMaTUYHI ornaay Ta
MeTaaHanisv BUKOPVCTOBYBAMM NEPEBAXHO N5 y3ararbHEHHS
[0Ka30Boi 6aau. Binbip 3gificHMnKM LUNsxom aHanisy Hass, aHo-
TaLlil i NOBHWX TEKCTIB.

[ns ysaranbHeHHs OTPUMaHWX pesynbTaTiB 3acTOCOBaHO
METOAM aHarniay, NOPIBHAHHS Ta cucTemMarmuaaLlii JaHux.

Pe3yabtatu

Baktepii Firmicutes, Bacteroidetes, Actinobacteria, Proteo-
bacteria, Fusobacteria Ta Verrucomicrobia hopMytoTb OCHOBHE
TaKCOHOMIYHE SiAPO KILLIKOBOrO MiKpoBiomy NnioauHi, came Lij 6ak-
TepiarnbHi TMNY SOMIHYIOTb Yy KuLeyHuky [6,7,8]. MpeactaBHMKM
Lwx cpinymiB 6epyTb aKTUBHY y4acTb y poLecax NepeTpaBneHHs
Ta hepMeHTaLji NOKMBHWX CyOCTpaTiB, perynsLii eHepreTM4Horo
GanaHcy opraHiamy, a TakoxX y MiATPUMAaHHI CTPYKTYpPHOI Ta
(DYHKLiOHaNbHOI LinicHOCTI crmaoBoro kuwkosoro 6ap’epa [9)].
[aHi, oTpuMaHi nepeBaxHo B KIiHIYHUX AOCAIMKEHHSX, NiATBEP-
[KYKOTb: MOPYLUEHHS cknagy Ta (byHKUiOHanbHOI akTUBHOCTI
MikpoGiomy, LLO 3yMOBHE KMLWKOBUI AUCOi03, BU3HAYAKOTb K
OLVH i3 BXITMBUX YMHHMKIB PO3BUTKY METAOOMIYHUX NOPYLLEHD,
30kpema oxupiHHs [10,11].

OXMpiHHS € cKnagHUM MeTaboniuHUM 3aXBOPHOBAHHSAM,
LLIO PO3BMBAETLCS BHACMIAOK NOPYLLEHHs BanaHcy Mix eHep-
FETUYHUM HaLXOMKEHHAM | BUTPaTamu, LLO CYNpPOBOMKYETLCS
rMBoKMMM po3nagamm NinigHOro Ta TIoKO3HOTO 06MiHy [12].
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Lli meTaboniyHi NOpyLEHHs! BKIHOYaOTb aHOMambHO BUCOKi
KOHLeHTpaLii ninigis y nnaami, rinepninigemito, HeeekTMBHe
BUKOPUCTAHHS [MOKO3M, iHCYNIHOPE3UCTEHTHICTb Ta iCTOTHO
MiABWLLEHNA PU3MK PO3BUTKY LIYKPOBOTO Ajabety 2 tuny [13]. Y
LIbOMY KOMMIIEKCHOMY MeXaHi3Mi BaXIMBY porib Bifirpae KULLIKO-
Ba MikpobioTa, Lo B3aeMofi€ 3 Ninigamu 3 Xap4oBOro paLjioHy,
MOZMiKytoUM iXHI0 hepMeHTaLLito Ta CTBOPHOKOYM MeTaboniTy,
SKi MOXYTb BNIIMBATY Ha METABOMIYHI LUNSAXM Ta iMYHHI npoLecu.
Jlinign, Wo HagxoasTh i3 ixeto, po3LLennioTbCs B TPABHOMY
TPaKTi 3 yTBOPEHHSM XMPHUX KUCMOT, SIKi He nLue abcopbytoTb-
cs, ane it MoXyTb 3MiHIOBaTK cknag Mikpobiotn. Okpemi knacm
KMPHUX KUCMOT MatoTb aHTUMIKPOBHY aKTMBHICTb i BMIIMBAKTb
Ha eHepreTUYHUA MeTaboniaM BakTepii, Lo, CBOEK Yepro,
MOXe MO3HAYaTMCs Ha MeTaboniYHMX mpoLecax opraHiamy Ta
MOB’'AA3aHIX i3 HUMU 3aXBOPOBaHHSIX [14].

Y pesynbraTi KMiHIYHUX AOCAigKeHb JOBEAEHO, WO no-
PYLUEHHs cKnapy Ta PYHKLiIOHANbHOI aKTUBHOCTI KULLKOBOTO
MikpoBioMy iICTOTHO BMMBAKTL Ha PETYMAL0 EHEPreTUYHOro
roMeocTasy Ta iMyHHOI BinoBiai B 0Ci0 3 OXMpPiHHAM. Taki 3MiHU
CYMPOBOMKYHOTHCS OCMabneHHsM 6ap’epHOT (PYHKLUi KULLEYHMKA,
LLIO MPU3BOAMUTL A0 MPOHUKHEHHS! MiKPOBHMX KOMMOHEHTIB Yepe3
eniTenin y CUCTEMHWIA KPOBOTIK Ta iHILOE PO3BUTOK XPOHIYHOMO
CUCTEMHOTO 3anarneHHs [15].

EkcnepumeHTasnbHi AOCRImKEHHS OCTaHHIX POKIB Ha MuLIAX
3 OXKUPIHHAM MiATBEPIKYIOTh BAXIMBY POMb KULIKOBOI MIKpO-
GioTv B perynsiiii eHepreTyHOro 06MiHy Ta PO3BUTKY OXMPIHHS.
Y mogensix AieT-iHayKOBaHOMO OXMPIHHS BUSIBIIEHO XapaKTepHi
3MiHM CTPYKTYPM KULLKOBOTO MikpoBiomy, 3okpema 3BinbLueHHs
cnieBigHowWeHHs Firmicutes / Bacteroidetes, 110 acouiloeTbes
3 MiABMLLEHO E€(EKTUBHICTIO 3aCBOEHHS eHeprii 3 i Ta Ha-
KOMUYEHHAM XMPOBOT TKaHuHW. Lli 3MiHu cynpoBomxyroThes
MOpYLUEHHSIM MeTaboMiYHOro roMeocTasy Ta PO3BUTKOM iHCYIi-
HOPE3WUCTEHTHOCTI, LLO CBIAYNTH MPO BAXINBY POfb KULLKOBOTO
ancbiosy y hopmyBaHHI OXUPIHHSA [16].

CknagHi ByrneBoau, siki NOBHICTIO HE NEPETPaBIOTLCS Y
BEPXHIX Bif/inax TPaBHOMO TPakTy, 3a3HatoTb hepmeHTaLii i
Ji€to KMLLKOBOI MikpobioTi 3 yTBOpeHHaM KXKK, siki novacty ab-
copOytoTbCA eniTeniem KuLLEYHUKa abo BUBOAATLCA 3 OpraHiaMy
3 KanoBMUMK Macamu.

KniHiyHi gocnimkeHHs nigTBepmkytoTh, Wwo KXK sigirpatots
KIKOYOBY porb Y NiATPUMaHHI eHepreTUYHOro roMeocTasy opra-
Hi3My, a iX OCHOBHUMW MpeaCTaBHWKaM € aleTart, NpomioHar i
OyTvpart. AueTar onocepenkoBaHO BNMBAE Ha EHEPreETUMHMIA 00-
MiH Yepes CTUMYISLLitO CeKpeLlil rnrokaroHonoaibHoro nenTuay-1,
nentuay YY Ta iHLLMX eHTEPOTOPMOHIB, LLO CIPUSIE NOKPALLEHHIO
meTaboniyHoi perynsuii. Kpim Lboro, auerat Moxe akTuByBaTm
MPOLIECY OKUCHEHHS! XXMPHUX KCIOT, 3MEHLLYBATW CUHTE3 Npo3a-
nanbHUX LMTOKIHIB, MPUrHivyBaTh NiNoni3 y nepuepuyHnX TkaHm-
Hax i NigBuLLYyBaTY 3ararbHi eHepreTUyHi BUTpaTu opraHiamy [17].

lMponioHat Bepe yyacTb y perynsuii ninigHoro obmiHy Ta
eHepreT1YHoro 6anaHcy, Bin1Batoymn Ha akTUBHICTb CUTHANBHKX
LUNSIXiB, MOB'A3aHMX i3 METABOMI3MOM XXMPHUX KCTIOT, MiNOsi3oM i
MiATPUMAHHSIM eHepreTudHoro romeoctasy. CyyacHi ekcrepumMeH-
TanbHi 4OCIMKEHHS NoKasasu, Lo NponioHaT Moxe MoAyroBaTy
MeTaboniYHi MPOLIECH B KMLLEYHUKY Ta NEPUDEPHNYHIX TKaHUHAX,
CMPUSAIOYM MOKPALLEHHIO MiNiGHOTO NPOinto Ta 3MEHLUEHHIO
HaKOMWUYEHHS XXMPOBOI TKaHWHM [18]. ByTupart € 0CHOBHIM eHep-

reTM4HUM CyOCTpaToM A71s KNiTUH eniTeNito TOBCTOI KULLKK, e
BiH OKVCHIOETbCS | 3a0€e3medye 3HauHy YacTuHy noTped B eHepril.
MigBuLWEeHHS npogykuii 6yTupaty BakTepismu-npogyLeHTamu
LbOro mMeTabonity crnpusie onTumisadii ninigHoro mMetaboniamy
yepe3 akTugaLto curHansHoro Wwnsixy SESN2/CRTC2. BogHovac
HagMipHa KOHLieHTpaLlist GyTypary MoXe MaTh 3BOPOTHUIA ek,
nocnabntoloun nesHi MeTaboniyHi NepeBary Ta 3MEHLLYHMH
BIOHOCHY KiNbKICTb KOPUCHMX MPOBIOTUYHIX MIKPOOPraHiamiB y
cknagi KuLwkoBoi Mikpobiotw [19].

EkcnepumeHTanbHi Ta KniHiYHI gocnigxeHHs cBigyaTb,
Lo cknag i yHKLiIOHaNbHa aKTMBHICTb KWLLKOBOI MikpobioTy
MoB’si3aHi 3 0COBNMBOCTAMM HAKOMMYEHHS! Ta (PYHKLOHYBaHHS!
XUPOBOI TKaHWHW. BusBneHo acouialito MiX cneungiyHuMm
MIKpOBHMMM NPOiNsaMu, CTyNeHeM aguno3HOCTi, 3ananbHUMm
3MiHamMu y BicLieparbHii XUPOBIl TKaHUHI Ta MeTaboniYHUMM
nokasHukamn oxupinHg [20,21]. Kuwkoa mikpobiota 6epe
y4acTb y perynsuii metaboniamy ByrneBogis i ninigis, BNMBa04y
Ha 3aCBOEHHSI MOXWBHUX PEYOBWH i MPOLIECH CUHTESY XUPHNX
KWUCNOT i3 ByrneBoaHux cybeTpartia y neviHui. Baaemopis mix
KMLLKOBOK MIKpOBIOTOK Ta BYCOKOBYIMEBOAHWUM Xap4yBaHHSIM
CYNpOBOAXYETHCS aKTUBALIE TPAHCKPUMLIAHOMO YMHHMKA
SREBP-1c¢, nigBULLEHHAM eKkcnpecii NinoreHHUX epmMeHTIB i
HaKOMUYEHHAM TpUrniLepuaiB y nevdiHui. Lii 3MmiHu 3yMoBioTb
MOCWMEHHS CUHTE3Y KUPHWX KUCIOT i PO3BUTOK MeTaboniyHnx
NopYyLLEHb, XapaKTePHUX NS OXUPIHHS [22].

KunwkoBa mikpobioTa € akTUBHUM PerynsiTopoM CUCTEMHOMO
roMeocTasy opraHiamy, 30kpema npoLEeCiB EHEPrETUMHOTO 0OMIHY
Ta MeTabonivyHOI piBHOBAry, BNIMBaKOUM Ha MeXaHi3My HaKkomw-
YeHHs! Ta BUKOPUCTaHHS MiNiAiB y CKeneTHI Myckynatypi [23].
KpimM LbOro, MiKpoopraHiamm KLWEYHWKa CUHTESYHOTb LUMPOKMIA
cnekTp HionoriyHo aKTUBHUX METABONITIB, SIKi MOXYTb MOAUIKY-
BaTV NinigHWin 0BMiH rocnopaps. o Takux cnonyk Hanexatb KKK,
KOBYHI KMCIOTY Ta iXHi NOXiAHI, aMIHOKACIIOTW 3 PO3rasyXeHnm
naHutorom, Tpumetunamit N-okeua, metabonitn TpuntodaHo-
BOTO LUMSIXY, @ TAKOX iHLLi NpoAyKTU MikpoBHoro metaboniamy,
30KpeMa CyKLMHaT i noniamiHu, siki 6epyTb y4acTb y perynauii
MeTaboniYHMX i CUrHaMbHUX NPOLIECIB OpraHiamy [24,25].

Kpim npsimoro BnnuBy Ha MeTaboniam nimigis, KULLKOBa
MikpobioTa MOXe MOAYMBaTU LMpKagHi puTMu opraHiamy
3anexHo Bi 0cobBNMBOCTEN xapyyBaHHS [26]. MopyLweHHs go-
6oBMxX BiOPUTMIB aCOLIOETLCS 3 NIABULLEHHSM PU3KKY PO3BUTKY
OXMPIHHS, OCKIMbKWA MIKPOOPraHi3My Yepes perynswito Lmpkag-
HOrO TPaHCKPUNLLHOrO YMHHUKa NFIL3 KOHTpontoTh npoLieck
CMOXMBAHHA Ta AEenOHYBaHHS Ninigis. FK KMOYOBUI MEXaHi3M
B3aemMogiji MikpobioTu 3 LIMpKagHUM FOAUHHUKOM BU3HAYaoTb
curHanbHui kackag ILC3-STAT3. 3rigHo 3 cyyacHuMmM JaHnmuy,
KuLwkoBi BakTepii MOXYTb iHOYKYBaTX PUTMIUHI enireHeTUYHi
3MiHW B EHTEpOLMTaX, 30KpEMa aLETUSIIOBAHHS MiCTOHIB Yepes
perynsiLilo ekcnpecii ricToHgealetunasm 3, Wo 3yMOBIOE [0-
GoBy BapiabenbHICTb TPAHCKPUNLLT reHa TpaHcrmopTepa ninigie
Cd36. AkTrBaLlis LIbOro MexaHiaMy Npu3BOAWUTb A0 MOCUMEHHS
KULLKOBOO BCMOKTYBaHHS MiniZiB i porpecyBaHHs OXMPIHHS [27].

Y KOHTEKCTi OXWpPiHHS BigOyBaeTbCA 3MiHa iMyHHOrO Ta
3ananbHOro CTaHy OpraHiamy, L0 BUSBMSIOTL 3a CTiKUM, ane
NOMIPHAM CUCTEMHWUM 3ananeHHsIM, sike TiCHO MOB’s3aHe 3
HaOMIPHUM BiOKITAAEHHAM XUPOBOi TkaHUHM [28]. Lli iMyHHi
peakLii BigirpatoTb KMOYOBY POMb Y PO3BUTKY Ta 3arOCTPEHHI
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Puc. 1. KuwikoBui AMc6io3 y natoreHesi 0OXMpiHHS.

iHCYNiHOPE3UCTEHTHOCTI, MOCUIIOKYN MeTabOoMIuHY ANCEYHK-
Uito. IHiLjanbHUMK ocepeakamu 3ananbHOro NPOLECY B XUPOBIK
TKaHWHI € nNpo3ananbHi Mediatopy (hakTop HEKPO3Yy MyXIUH a
(TNF-a), iHTepnelikiim IL-6 Ta IL-1[3, XEMOKiH MOHOLMTapHOro
xemoarpakTaHTHoro 6Ginka-1 (MCP-1/CCL2), a Takox nentuH
i PE3UCTUH), CUHTE3 SKUX CTUMYMIOE 3anyyeHHs Ta akTuBaLlilo
Makpodaris B agunosHux geno. Hagani ue npusBognTb 40
MPOrpPecyBaHHs 3ananbHOro LKAy, SKWiA NigTPUMYETLCS | pe-
3UAEHTHUMU, 1 HEAABHO PEKPYTOBAHUMW MakpodaranbHUMM
MoNyNALSMY, LLO, CBOEID YEPTOH, MPOAYKYHOTH LUMPOKMUIA CMEKTP
npo3ananbH1X LMTOKiHIB [29].

KniniyHi gocnimkeHHs fanu 3aMory BCTaHOBWTM, LU0 B 0Cib 3
OXXMPIHHAM BUSIBNAOTL 03HAKWM METaboniYHOI eHOOTOKCEMIl, LLO
CyNPOBOMKYHOTHCS MiABULLEHHSM KOHLEHTPALi LpKyIHOHYMX
BakTepianbHUX eHAOTOKCHHIB Ta aKTMBALjEl0 CUCTEMHOMO 3ana-
neHHs.. MigsuLLeHi piBHi eHOOTOKCHHIB acoLliioBaHi 3i 30inbLLUeH-
HSIM eKcnpecii npo3ananbHuX LUTOKiHIB, 3okpema TNF-a Ta IL-6,
a TaKOX i3 MOTiPLUEHHSIM METabOMYHMX MOKA3HWKIB i PO3BUTKOM
iHcyniHopesucTeHTHocTi [30,31]. Lli faHi nigTBEpmKY0Th BAXMMBY
ponb TpaHcrokaLii MIKPOBHUX KOMMOHEHTIB Yepes KULLIKOBMIA
Gap’ep y hopMyBaHHi XPOHIYHOTO METABbOMIYHOrO 3ananeHHs
NPY OXMPIHHI.

[opartkosi Aokasu porni MikpobioT B nopyLLeHHi MeTabo-
NiYHOI perynsuii OTPUMaHO y pesynbTaTi eKCrepuMeEHTaNbHUX
pocnigpkeHb. Tak, 6e3MiKpoOHUM MULLIaM TpaHCINaHTyBanm Mi-
KpoBioTy Nnioael i3 NopyLIEHUM LMPKaaHM PUTMOM, 3yMOBIIEHUM
3MIHOK YaCOoBYX MOSCIB, a TaKoX 0CiO 3i cTabiNbHUM 0OO0BUM
pUTMOM. Y TBAPWH, Siki OTpUManm MikpobioTy Bif JOHOPIB i3 Mopy-
LLIEHWUM LIMpKaaH1M PUTMOM, 3apiKCOBAHO PO3BUTOK OXMPIHHS Ta

e MowkoaXeHHs 6ap'epa Ta 3ananeHHs

(NFIL3, Cd36 7a it.)

+ TocuneHe HaKOMMYEeHHs
XMPOBOI TKAHUHM

4
L

«—

o IMyHHa aKT1BaLlif e LinpkaaHi nopylueHHs

iHCYniHOPe3nCTEHTHOCTI. OTXKe, AECUMHXPOHI3aLlist PEXUMY Xap4y-
BaHHS, MOB’3aHa 3i 3MiHOK0 YaCOBVIX MOSICIB, iHAYKYE MiKpOOHMIA
anchios, Lo cnpuumHsie hopMyBaHHs HEMEPEHOCHOCTI TTHOKO3M
Ta 36inbLUeHHs MacK Tina. MogibHUI 3B'A30K MiXK MOPYLUEHHAM
LIMPKaZHOro pUTMY, 3MiHaMM KULLIKOBOI MikpobioTy Ta meTaboniy-
HAMW NMOPYLLEHHAMU JOCAIMXKEHO i B HLUUX eKCrIepUMEHTANbHUX
mogensix [32].

OCHOBHI MexaHi3Mu BNMBY KULLKOBOTO AMchio3y Ha pO3BUTOK
OXUPIHHS y3aranbHeHo Ha puc. 1.

OTpumaHi AaHi NigTBEpmIKYIOTh, L0 KMLLKOBA MikpobioTa He
n1LLe pearye Ha 0cobnmMBOCTI Cnocoby XWTTS rocnogaps, ane i
aKTVBHO perynoe MeTaboniyHi npoLecy, WO MOoXe iHiLjtoBaTu
abo nocunoBaTy PO3BUTOK OXKUPIHHS. BUSBNEHUI NPUYMHHO-Ha-
CriZKOBWIA 3B’A30K MiXK LiMPKAZHOK fesopraHisauieto, Mikpob-
HWAM O1COi030M | MeTaboMYHUMK NOPYLUEHHSMU MiATBEPAKYE
MOTEHLIiHY 3BOPOTHICTb LMX 3MiH 3@ YMOBMU LiNecnpsiMOBaHOro
BTPYYaHHs B Mikpobiom.

Y LIbOMYy KOHTEKCTi 0cOBMMBOI HayKOBOI Ta KMiHIYHOI yBarm
noTpebyloTb CyyacHi migxoau [O TepaneBTUYHOI Mogynauii
KWLLKOBOI MiKpoBioTH, L0 (hOpMYOTb NEPCTNEKTUBHWN HaNpsiM
NPOgiNakTKL Ta NikyBaHHA OXMPiHHA. [Jo Takux ctpaterin
HaneXuTb 3acTOCyBaHHs NpoBioTMKiB, NPeBIOTUKIB, CUHOIOTVKIB
i nOCT6IOTUKIB, CNPSIMOBAHWX Ha BiBHOBMNEHHS MIKPOBIOMHOI piB-
HOBAr, 3MEeHLLEHHst MeTaboniyHOro 3ananeHHs Ta MOKPaLLeHHs!
YYTAMBOCTI [0 IHCYMIHY.

3a pesynsratamm MeTaaHanidy BCTAHOBMEHO, LU0 3acTo-
CyBaHHs NpobiOTWKIB acoLliioBaHe 3i CTAaTUCTUYHO Ta KNMIHIYHO
3HaYyLLMM 3MEHLLEHHSM NoKa3HwKiB Macy Tina (MD =-0,38, 95 %
Jl:-0,60, -0,16; p < 0,001; I = 81,8 %, p < 0,001), iHgekcy macy
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Tina (MD =-0,21; 95 % [JI: -0,30, -0,13, p < 0,001; I* = 83,0 %,
p < 0,001) Ta okpyxHocTi Tanii (MD = -0,60; 95 % [I: -0,89,
-0,31; p < 0,001; 12 = 89,1 %, p < 0,001), Lo NiATBEPXKYE iXHIN
MoTeHLian y kopekLii HagMipHoi Macu Tina [33,34].

EdbekT npobioTukiB 45151 3HIKEHHSI Macy Tina peaniayeTbest
yepes KOMMIIEKC B3aEMONMOB'A3aHMX MEXaHi3MiB, cepen SKux
KIIO4YOBUMU € HopMarisawis cknagy Ta qyHKLioHanbHoT akTve-
HOCTI KULUKOBOI MikpoGioTw, peryrisiist eHepreTuyHoro 6anaHqcy Ta
BB Ha NinigHUiA 06MiH. OkpeMi NpoGioTHYHI LTaMK CrpUSITL
3HVDKEHHIO JKMPOBOI Macy Ta MPUIHIYEHHHO 3ananbHyX NpoLecis
yepes BiZHOBMEHHs MIKPOBHOrO pi3HOMaHITTSI, sike 3a3Buyait
3MEHLLIEHE B 0Cib 3 OXMpiHHAM. Ha piBHi LLleHTpanbHoi perynsii
npoBioTMKM MOXYTb MocrabnioBaTh 3ananeHHs B rinoTanamivyHux
CTPYKTYpax, MiaBULLYBaTV YYTAMBICTb TKAHUH A0 iHCYMiHY Ta
MOZYMNoBaTU HENPOEHAOKPUHHI MEXaHiI3MM KOHTPOIO aneTuty
11 HACMYEHHS YepPe3 aKTVBALK CUrHAMbHUX LLNSIXiB Brykar4oro
Hepea. Kpim Toro, ix 3acTocyBaHHs NMOB'si3aHe 3i 30iMbLUEHHSIM
CekpeLlii KMoYOoBMX KULLKOBUX FOPMOHIB i NenTuiB, 30Kkpema
rTOKaroHonoAiGHoro nenTuay-1, NENTUHY, XONELMCTOKIHIHY Ta
nentuay YY, WO cnpusie NOCUNEHHIO BigYyTTS CUTOCTI, yno-
BifTbHEHHIO CIOPOXHEHHS! LLUMNYHKA Ta 3MEHLLEHHIO CMOXKMBAHHS
eHeprii [35,36].

B onHoMy 3 ekcnepuMeHTanbHNUX JoChimpkeHb 6yno npoaHa-
ni3oBaHo noTeHuian wramy Lactobacillus paragasseri SBT2055
(LG2055) 11000 3MEHLUEHHS MacK Tina MULLEHA 3 OXUPIHHAM,
LU0 iHAYKOBaHe BUCOKOXMPOBOH AieTow. OTpuMaHi pesynsraty
nokasarnu, Lo BeeaeHHs LG2055 cyTTeBo 06MeKyBasno npupict
Macu Tina Ta 3MEeHLLYBaro HakonMM4eHHs Ginoi X1POBOi TKaHWHM
MOPIBHSIHO 3 TBapWUHaMK, ki nepebyBany Ha BUCOKOXWPOBIl
gieTi. MpobioTyHe BTPyYaHHS CYMNpPOBOMKYBANIOCS SHIKEHHAM
eKCrpecil HU3K reHiB, 3any4eHuX 4o NPOLECIB KULLIKOBOTO TPaHC-
nopty Ta abcopbuii ninigis (CD36, FATP4, Fabp1/2 Ta ApoB48).
[onatkoBo 6yrno BCTaHOBMEHO, LU0 3acTocyBaHHS LG2055 noau-
TUBHO BMIMBAIIO Ha CTPYKTYPY KMLLKOBOrO Mikpobiomy, 30kpema
CNpYANO 3POCTaHHI0 MOT0 TAKCOHOMIYHOIO Pi3HOMAHITTS, LUO
MOXe OyTW OAHWM i3 YMHHMKIB peanisauii 1oro meTaboniyHo
cnpuaTnueoi gji [37].

[MpoBioTUYHI MIKPOOPraHiaMu MOXXYTb BMIIMBATY HA PETYTsLi0
eKCrnpecii YMHHWKIB XMPOBOTO 0OMiHY, 30Kpema iHZyKOBaHOrO
rorioAyBaHHAM XUPOBOTO YUHHYKA, SKWIA Bifirpace KIto4oBY Porb
y rarnbMyBaHHi akTUBHOCTI NiNOMpoTEiHNiNasm Ta 0oMexye Hako-
MUYEHHS TPUMMILEPUIB Y XMPOBIN TKaHWHI. 3aBAAKN 3MILHEHHIO
(byHKLiOHaNbHOT LinicHOCTI k1LwkoBoro 6ap’epa Ta MogudikaLi
iMYHHMX | MeTabomiYHMX CUTrHamNbHYX LUASXIB NPoBioThkM 6epyTb
y4acTb Yy perynsiyii CUCTEMHOTO eHepreTM4HOro obMmiHy. Takui
BN/IMB CYNPOBOMXYETbCA 3MEHLLUEHHAM BiguyTTs ronogy Ta
MoZynALieto i LeHTpanbHuX, i nepucepuyHMX MexaHiamiB KOHT-
OO CMIOXMBAHHS iXi, LLIO OBI'PYHTOBYE iXHE BXKIMBE 3HAYEHHS
ANst KOMMAEKCHOI perynsauii aneTuty 11 eHepreTuyHoro 6anaqcy
opraHismy [38,39].

MpebioTKKM — XapyoBi IHrPedieHTH, WO He nepeTpaento-
t0TBCA Y LLSTYHKOBO-KMLLKOBOMY TPaKTi Ta 3a3HatoTb BUOIPKOBOI
tbepMeHTaLjii KMLLKOBOK MIKPOBIOTO; BOHW YMHATL MO3UTUB-
HWIA BNIMB Ha OpraHisM rocnogaps 3aBasku CTUMYMsLi pocTy
i MeTaboniYHOI aKTUBHOCTI KOpUCHUX DakTepill, Hacamnepes
pogis Bifidobacterium i Lactobacillus [40]. Hannowumperiummm
npebioTUYHMMKM cronykamu € iHyniH, dpykToonirocaxapuau,

ranaktoonirocaxapuau, onirocaxapuau rpyaHoro Monoka Ta
PE3NCTEHTHI Kpoxmarni, Lo B 3HAYHMX KifIbKOCTAX MICTATHCS B
TaKuX NPOAYKTaX, K YaCHWK, Lnbyns, KopiHb LKopito, 6aHaHm
Ta LiNbHO3EPHOBI 3Maku.

Ha BigmiHy Big npobioTukie, siki nependadaloTb ek3oreHHe
BBEEHHS XMBWX MIKPOOPraHi3MiB, MpebioTuk1 BUKOHYHOTb POrb
NOXMBHUX CYBCTPaTiB ANs BXe HasIBHOI KMLIKOBOI MiKpoBioTw.
BoHu nigTpumytoTh i doyHKLiOHaMNbHY CTabinbHICTb | CNpUsioTL
CENEKTUBHOMY POCTY MIKPOOHMUX MOMynsLii, acoLiioBaHmX i3
NO3NTVBHUMY eDEKTaMM [AN151 300POB’S FOCNOAaps, NEPEBAKHO B
TOBCTOMY KMLLEYHMKY. [PeBIOTYHI COMyKW YNHATL KOMMMEKCHUIA
BMIMB Ha NpOLIeCH, NOB'A3aHi 3 PO3BUTKOM OXMPIHHS, Hacamne-
pen Yepes 3MiHy TaKCOHOMIYHOrO CKnady Ta QYHKLUiOHaNbHOTo
MoTeHLiany K1LWKOBOI MikpobioTh. Y pesynbrari ix dhepmeHTaLji
B TOBCTIl KULLILi aKTUBYETLCS CUHTE3 KOPOTKOMAHLIOrOBUX KNP~
HWX KUCIOT (aueTarty, nponioHaty 1 ByTtupaty). YTBopeHi KKK
OepyTb yyacTb y perynsii MetabonivyHux npoLiecie, B3agMOgitoum
3 peuenTopamu, 34ennexHnmn 3 G-6inkamm (GPR41 i GPR43).
AKTMBaLliS LMX peLenTopiB CTUMYMIOE CEKPELt0 FOPMOHIB, LLIO
3HUXYIOTb aneTuT, 30Kpema rKaroHonogioHuin nentug-1 ta
nentua YY. AKTMBALiS! X rOpMOHarbHUX MEXaHI3MIB MOCKIoE
BiAYYTTS HACWMYEHHS, OBMEXYE eHepreTMyHe CrOXMBaHHS Ta
cnpusie NiABULLEHHIO YYTAMBOCTI TKAHWH [0 iHCYMiHY, WO Mae
Ba)XNMBE 3HAYEHHS OIS KOPEKLii MeTaboniyH1x nopyLieHb npu
OXUPIHHI [41].

CvHbioTukM aBnst0TL COBOK NOegHAHHS MPOBIOTUYHMX
MikpoopraHiamiB i mpebioTu4HMX cybCTpaTiB, KOHLENL SKNX
3anpornoHoBaHo [ibcoHom i Pobepdpoigom y 1995 poui, o6
NigKPEeCcnUTY iXHI0 B3aEMOAOMOBHIOBANbHY Ta CUHEPriYHY Aii.
3aB[sikM TaKOMY MOeAHAHHI0 CUHBIOTVKM MOXYTb 3abe3nevyBaTm
BUpaXeHWiA GionoriuHniA edhekT NOPIBHAHO 3 BUKOPUCTAHHSM
npobioTukie abo npebioTukie okpemo [42].

3 ornsigy Ha Ui BNAcTMBOCTI, CUHOIOTWUYHI KOMMEKCH npu-
BEPHYNM yBary AOCTIAHVIKIB SIK MOTEHLIAHWIA IHCTPYMEHT KopekLji
OXMPIHHS. Y cucTemMaTUYHOMY OrnsAi Ta MeTaaHaniai KIiHiYH1X
JocnimpkeHb 6yno OuUiHEHO BMMB CUMHGIOTUYHMX 10OABOK Ha
MOKa3HWKKM, acoLliioBaHi 3 HaAMIpHOK Macoto Tina. OTpumaHi
pe3ynkTaTv Janu 3Mory BCTaHOBUTH, L0 3aCTOCYBaHHs CUHGIO-
TUKIB CyNPOBOAKYBaNOCS CTaTUCTUYHO 3HAYYLLM 3MEHLLIEHHSIM
Macy Tina Ta OKPYXHOCTI Tarii. IMOBIPHO, Lii ecpeKTI peaniaytoTbest
Yepes 3MiHy TaKCOHOMIYHOTO CKray Ta YHKLiOHaNbHOT akTyB-
HOCTi KMLUKOBOI MikpoGioTy, L0 NigTBEpMKYe NEPCMNEKTUBHICTL
CUHOIOTMKIB Y KOMNIEKCHIl Tepanii oxmpiHHS [43].

[MocTBIOTMKM BI3HAYAIOTb SIK penapaTy, O MiCTATb HEXMBI
MiKkpoopraHi3mm Ta/abo ixHi CTPYKTYpHI KOMMOHEHTM, SIKi 3MiACHHO-
t0Tb NO3UTVBHWIA BMIMB Ha 300POB ' rocroaaps [44]. B ocHoBi Liei
KOHUenLii — BionoriyHa akTUBHICTb NPOAYKTIB MiKpOBHOO Noxo-
[keHHs1 (MeTaboniTiB, KNITMHHUX dhpaKLiii i Ni3aTiB), LLO MOXYTb
MOoZyrnoBaTK hisionoriyHi npoLecy opraxiamy. Po3pisHatoTh ABi
OCHOBHI rpyny Takvx 6i0akTUBHYIX CTIONYK: MIKpOOHI MeTaboniTu Ta
CTPYKTYPHI KOMMOHEHTM KMiTUH. [10 MikpoGHIUX MeTaboniTis Harne-
Xarb hepmMeHTH, Binku Ta NenTmam, eksonoricaxapuau, OpraHivHi
KUCIOTH, BITaMiHW, (heHOMbHI NOXiAHI, apOMaTYHI aMIHOKCAOTH,
a Takox ninigHi cnonyku, 3okpema KXKK. MikpoBHi CTPyKTYpHI
KOMMOHEHTW NpeACTaBneHi eneMeHTamm KIITUHHOI CTiHKK, cepen
HUX — NINOTENX0EBi Ta TENXOEBI KUCMOTK, NenTUAornikaH, Binku
MOBEPXHI KNITWH i nonicaxapuan [44,45].
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[MopIBHSAHO 3 XMBUMW NPOBIOTUYHUMK MIKpOOPraHiaMamu,
nocTBIOTMKM XapakTepW3yTbes BULMM npodinem Gesne-
KU, OCKIfbKM aCOLitoTbCSA 3 MEHLIMM PUMKOM iHADEKLINHIX
yCKnaaHeHb, GakTepianbHOi TpaHCNOoKaLlii Ta ropu30HTabHOro
MepeHoCy reHiB aHTMOIOTHKOpe3nCTEHTHOCTI. Kpim Toro, BoHM €
cTabinbHILLMMK, LLO NOMerLuye iX TpaHCNopTyBaHHS Ta 36epiraH-
Hs1. MenTnaornikaHn KMiTUHHOI CTiHKM GaKTepii MOXYTb B3aEMO-
JiFT 3 peuenTopamu BpomkeHoro iMyHiTety (NOD-nogioH1mu
peLenTopamm), MOZYIHOYM 3anasibHi peakLiii Ta BNMBaKYM Ha
meTaboniyHuii romeocTas. MNonicaxapuay Ta ekaononicaxapuam
BakTepianbHOro NOXomKeHHs 6epyTb y4acTb Y perynsuii iMyHHOI
BIZNOBIA], 3HWXYIOTb piBEHb NPO3ananbHUX LATOKIHIB | MOXYTb
BNAMBaTU Ha Bap’epHy (YHKUiO KuwevHuka. JlinoTenxoesi
KCAIOTK, KpiM IMyHOMOAYIHOBASbHOI Aii, MOXYTb BNAMBaTK Ha
MeTaboniam NinigiB i HAKONUYEHHS XXMPOBOT TKaHWUHM [46].

OcTaHHiIM Yacom aKTMBHO 4OCHiMKYOTb BMACTUBOCTi MOCT-
BioTHKiB NPy OXMPIHHI. 30Kkpema, NinoTexoeBa KCNoTa, OTpu-
MaHa 3i wramy Bifidobacterium animalis subsp. lactis CECT,
MOXE 3MEHLLIYBATW HakomuieHHs ninigis y mogeni Caenorhabditis
elegans, o cBigYMTL Npo ii NOTeHuian y npodinakTuui Ta
KOpeKUii OXMpiHHS. Y pesynbraTi JoChimKeHb BUSBIEHO MOX-
NMBY y4acTb NenTUOorNikaHiB i GakTepianbHUX nonicaxapuais
Y 3HIDKEHHI CUCTEMHOIO 3ananeHHs Ta NOKPaLLEHHi Yy TIIMBOCTI
[0 iHcyniHy. OfHak i edbekT NiATBEPIKEHO HUHI NepeBaXHO
B eKCMEPUMEHTamNbHUX MOZENsX, a OTXe BOHWU NoTpebytoTb
nofanbLUOi KniHivHOT Bepudikauii [47].

BucHoBKU

1. Y3aranbHeHHs Cy4acHUX eKCrnepuMeHTarnbHNX i KIiHIYHNX
JaH1X CBiAYUTb, LLO KULLIKOBUIA ANCOIO3 € OAHWUM i3 KITOYOBUX
NaToOreHeTUYHUX YNHHWUKIB PO3BUTKY OXUPIHHA. lopyLueHHs
TaKCOHOMIYHOrO CKnagy Ta (yHKUiOHamNbHOI aKTUBHOCTI KMLL-
KOBOI MiKpoBIOTW NPU3BOAUTL [0 AUCPErYNsLii eHEPreTUMHOro
roMeocTasy, 3MiH MPOZyKLiii KOPOTKONAHLIOTOBUX KUPHMUX KUCIIOT,
MigBULLEHHS MPOHWKHOCTI KMLLKOBOTO 6ap’epa Ta po3BuTKy Me-
TaboniyHoi eHOOTOKCEMIl, LLO HILIIOE XPOHIYHE HU3bKOPIBHEBE
3ananeHHsi Ta iHCyMiHOpEe3NCTEHTHICTb. B3aemogist MikpobioTy 3
ninigHUM i BYrneBOAHUM 0OMIHOM, IMYHHOI CUCTEMOIO Ta Lmp-
KaHUMV pUTMamm NATBEPAXKYE iT aKTUBHY POnb Y OPMYBaHHI
Ta NPOrpecyBaHHi OXMPIHHSI, a He MLLIEe BTOPUHHY peakLito Ha
CNOCIO XUTTS YK XapyyBaHHs.

2. CyyacHi nigxoay [o TepaneBTUYHOT MOaynALil KULLKOBOT
MiKkpoBioTh: 3acTocyBaHHs MpobioTukiB, NpebioTukiB, CMHBIOTY-
KiB i mOCTOIOTUKIB — Nokasanyu noTeHLian Ans npodinakTukm Ta
KOMMNIIEKCHOrO TMiKyBaHHS OXMPIHHS. IXHil NO3UTUBHMIA BB
peaniayeTbcs Yepes BifHOBMNEHHs] MikpoBioMHOI piBHOBarw,
3MeHLLEHHS MeTaboniYHOro 3ananeHHsl, NOKPaLLEeHHS Yy TIUBOCTI
[0 iHCYMiHY Ta perynsiLito aneTuTy N eHepreTMyHoro 6anaHcy.

MepcneKTMBYM NOAAABLLNX AOCAIAKEHB NONSATAOTh Y BUBYEHHI
eeKTMBHOCTI NPOBIOTIKIB SK NPEBEHTMBHOMO 3acoby npodi-
NaKTWKW KULLKOBOTO Auchiody Ans 3anobiraHHst po3BuTKY Ta
KopekLii oxupiHHS. OcobnuBy yBary Crig NPUAINUTY BU3HAYEHHIO
ONTUManbHUX LITaMiB, [O3yBaHb | TPUBANOCTI 3aCTOCYBaHHS
npobioTVKIB, @ TaKOX OLJHIOBaHHIO iX BMIMBY Ha MeTaboniyHi
MOKa3HUKK, IMyHHY BiAMOBIAb i PErynsLit0 eHepreTYHoro rome-
0CTagdy B Pi3HUX rpynax naLieHTis.
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Aim: to analyze and synthesize current scientific evidence on the effectiveness of physical therapy interventions
for managing lumbopelvic pain and pelvic floor dysfunction in women during the perinatal period, and to outline
prospects for integrating a biopsychosocial approach into functional rehabilitation programs.

Materials and methods. An analytical narrative review of contemporary scientific publications indexed in PubMed,
Google Scholar, and the Cochrane Library was conducted. The analysis included full-text articles, findings from
randomized controlled trials, and clinical guidelines on physical therapy for lumbopelvic pain and pelvic floor
dysfunction during the perinatal period. The information was synthesized using methods of critical analysis and
a structured synthesis of the available scientific data.

Results. A review of the literature indicates that physical therapy and individualized exercise programs are
considered a safe and effective first-line non-pharmacological treatment for lumbopelvic pain and pelvic floor
dysfunction in perinatal women. Most studies describe the highest effectiveness for structured rehabilitation
programs combining core muscle stability training with targeted activation of the transversus abdominis muscle.
Particular attention is given to biofeedback techniques, including transabdominal ultrasonography, as tools to
enhance control of pelvic floor muscle function. The publications also emphasize the importance of a biopsy-
chosocial approach for comprehensive functional recovery of women.

Conclusions. Synthesized evidence supports the use of physical therapy as a key component of conservative
management for lumbopelvic pain and pelvic floor dysfunction during the perinatal period. Integrating structured
exercise programs, biofeedback methods, and biopsychosocial principles may improve rehabilitation outcomes
and enhance the safety of recovery.

Modern medical technology. 2026;18(3):212-219

CyuacHi niaxoau Ao ¢pisMuHoi Tepanii nonepekoBo-Ta30Boro 60A0
Ta AMCQYHKLi TAa30BOro AHA Y NepMHaTaAbHOMY nepioaj

A. M. AMuTpeHKo, . K. Xyaeubkui

Merta po6otu - aHani3 Ta y3aranbHEHHS JaHWX Cy4acHOi HayKOBOI JiTepaTypu LOAO eheKTUBHOCTI METOMIB
hisnyHoI Tepanii y nikyBaHHi NoNepekoBo-Ta30Boro 6010 Ta AMCHYHKLT Ta30BOro AHa Y XIiHOK y NepuHaTanb-
HOMY nepiogi, @ TakoX BU3HAYeHHsI NEPCNEKTVB BMPOBaKeHHs BioncuxocoLianbHoro nigxogy y nporpamu
(pyHKLIOHANBHOrO BiHOBMEHHS.

Martepianu i metoau. MpoBeneHO aHaniTUYHUIA OfNsiL CyqacHUX HayKoBWX ny6nikauii, iHoekcoBaHux y 6asax
paHux PubMed, Google Scholar Ta Cochrane Library. AHania oxonnioBaB noBHOTEKCTOBI nybnikauii, pesysnb-
TaT¥ paHOOMI30BaHMX KOHTPOMNbOBAHWX AOCHIMKEHb i KMiHIYHI HACTaHOBM, MPUCBAYEHi didnyHii Tepanii npw
nonepekoBo-Ta3oBOMY 601110 Ta ANCYHKLIT TA30BOMO AHA Y XIHOK y NepuHaTarnbHOMY nepiogi. Y3aranbHeHHs
iHchopmaLlil 3QiNCHUIN 3 BUKOPUCTAHHAM METOAIB KPUTUYHOTO aHarni3y Ta CUCTEMHOIO CUHTE3Y HayKOBMX JaHMX.

Pesyabrati. Pesynstatv aHanisy AaHnx HaykoBoi nitepaTypu csigyathb, LUO disuyHa Tepanis Ta iHauBiayanisosaHi
nporpamu Bnpas — 6e3neyHa 1 ecoekTUBHa NepLUa NiHis HeMeaYKaMEHTO3HOTO NikyBaHHS MONEPeKOBO-Ta30BOoro
6onto Ta AUCyHKLIT Ta30BOro AHa Y XiHOK y nepuHaTanbHoMy nepiogi. Y BinbwocTi gocnimkeHb sk HaibinbL
pe3ynsTaTiBHI ONCaHO CTPYKTYPOBaHi peabiniTavjiHi nporpamu, Lo NOEAHYI0TL TPEHYBaHHS CTabinbHOCTI M'A3iB
Tyny6a 3 LinboBOK akTMBaLiEl NonepeyHoro M's3a xmsoTa. Okpemy yBary NpuaineHo BUKOPUCTAHHIO METOAIB
6GionoriyHoro 3BOPOTHOIO 3B'A3KY, 30KpeMa TpaHCcabAoMiHaNbHOI ynsTpacoHorpadii ik iHCTpYMEHTa MigBMLLEHHS
KOHTPOMHO 3a (hyHKLi€E0 M'S13iB Ta30BOr0 AHa. Y nybnikaLlisix Takox nokasaHo 3HauyLLicTb BioncuxocouianbHoro
nigxoady Anst KOMMEKCHOTO (hyHKLOHANBbHOrO BiJHOBMEHHS! XiHOK.

BHCHOBKM. Y3aranbHeHi AaHi cy4acHoi (haxoBoi NiTepaTypu NiATBEPAKYIOTb AOLNBHICTb 3aCTOCYBaHHS (hi3nyHOT
Tepanii K KM4YOBOro KOMMOHEHTa KOHCEPBATUBHOMO MiKyBaHHS MONEPEKOBO-Ta30BOro 60M0 Ta ANCAYHKLT
Ta30BOr0 AHa Y XiHOK y NepuHaTanbHOMy Nepioai. IHTerpayis CTpykTypoBaHux nporpam Brnpae, MeTogis Gio-
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NOTiYHOro 3BOPOTHOTO 3B'A3KY Ta MPUHLMNIB bioncyxocoLjanbHOro Niaxoay cnpusie NiABULLEHHI0 eheKTUBHOCTI

peabiniTaLii Ta 6e3nekn BigHOBNEHHS.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 3(70). C. 212-219

Pregnancy and the postpartum period are characterized by
substantial physiological, hormonal, and biomechanical changes
in a woman’s body, which inevitably contribute to a high preva-
lence of musculoskeletal complications. Among the leading caus-
es of reduced quality of life and work capacity in perinatal women
are complaints of pain in the lumbar and pelvic regions [1,2].

Low back pain (LBP) and pelvic girdle pain (PGP) are current-
ly recognized as the most common musculoskeletal conditions
during pregnancy. According to global data, 50-80 % of pregnant
women experience LBP, while approximately 20-25 % report
clinically significant pelvic pain that limits daily activities [1,3]. In
addition, pelvic floor dysfunction and diastasis recti abdominis
(DRA) are frequently diagnosed and, if left unaddressed, may
contribute to the chronification of pain and functional impairment
in the long term [2].

Conventional treatment approaches, particularly phar-
macotherapy, are considerably limited during pregnancy and
the postpartum period due to potential risks to the fetus or
the breastfed infant [3,4]. This limitation has led to sustained
scientific interest in physical therapy as a primary modality of
conservative management. Contemporary approaches based
on the biopsychosocial model identify physical therapy and
targeted exercise interventions as key tools for addressing
these conditions [4,5].

The effectiveness of therapeutic exercise combined with
biofeedback techniques for pelvic floor muscle rehabilitation and
lumbopelvic stabilization has been supported by a high level of
evidence [6,7]. When appropriately prescribed and dosed, these
interventions have been shown not only to match but, in some
cases, to exceed the effectiveness of passive conservative
treatment modalities [8].

In recent years, the volume of research addressing rehabil-
itation during the perinatal period has increased substantially.
Nevertheless, despite the broad recognition of the benefits of
physical activity, clinical standards and rehabilitation protocols re-
main insufficiently standardized. In particular, uncertainties persist
regarding the optimal timing of intervention initiation — especially
during the so-called “fourth trimester” — the appropriate intensity
of exercise in the presence of DRA, and the relative effectiveness
of home-based programs versus supervised training [9].

Given its non-invasive nature, favorable safety profile, and
lack of systemic adverse effects, physical therapy represents one
of the most promising and effective approaches for managing
musculoskeletal disorders in women. The need to systematize
existing evidence and to develop individualized strategies for func-
tional recovery underpins the rationale for conducting this review.

Aim
To analyze and synthesize current scientific evidence on

the effectiveness of physical therapy interventions for managing
lumbopelvic pain and pelvic floor dysfunction in women during

the perinatal period, and to outline prospects for integrating a
biopsychosocial approach into functional rehabilitation programs.

Materials and methods

This study was conducted as an analytical narrative review
of contemporary scientific literature. Relevant publications were
identified through searches of major bibliographic databases,
including PubMed, Google Scholar, and the Cochrane Library.
The analysis focused on publications covering the period from
2019 t0 2025.

The review included full-text scientific articles, findings from
randomized controlled trials, and current clinical guidelines ad-
dressing physical therapy interventions for lumbopelvic pain and
pelvic floor dysfunction in perinatal women. The search strategy
was developed using key terms and their combinations, including
“physical therapy”, “pelvic girdle pain”®, “pelvic floor dysfunction”,
“core stability training”, and “postpartum recovery”.

To support the structured interpretation of evidence, the PICO
framework was applied: P (Population) — women in the perinatal
period with musculoskeletal disorders; | (Intervention) — physical
therapy interventions, including targeted exercise programs and
biofeedback technologies; C (Comparison) — standard care or
absence of specific intervention; O (Outcome) — changes in pain
intensity and indicators of functional recovery.

The synthesis of scientific information was performed using
methods of systemic analysis, comparative evaluation, and critical
appraisal of the available evidence.

Results

Treatment of musculoskeletal complications during pregnancy
and the postpartum period depends on the type of pathology and
symptom severity and may range from surgical and pharma-
cological management to predominantly non-pharmacological
and physiotherapeutic interventions [10]. The scientific literature
indicates a need for further well-designed clinical studies to eval-
uate the effectiveness of interventions for most musculoskeletal
complications and pain syndromes in the postpartum period.
Publications also emphasize that optimal therapy should account
for individual physiological and anatomical characteristics, while
contemporary approaches (2019-2025) highlight the importance
of comprehensive assessment of factors associated with pain
development during pregnancy and after childbirth, including
physical, behavioral, and psychoemotional components.

Review studies suggest that patient education programs
may reduce pain intensity and related functional limitations;
however, greater effectiveness is reported when education is
combined with active treatment approaches, including therapeutic
exercise programs and physiotherapeutic procedures [6]. At the
same time, a substantial proportion of the available studies do
not provide a clear differentiation between LBP and PGP, which
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complicates comparisons across findings and the selection of
therapeutic strategies. The literature emphasizes the relevance
of individualizing management plans with consideration of pain
phenotype, physical activity level, sleep quality, and stress as fac-
tors associated with the risk of pain chronification. Differentiation
between LBP, PGP, and lumbopelvic pain (LPP) is described as
an important prerequisite for appropriate selection of treatment
and prevention strategies [6].

A separate body of evidence addresses safety in clinical
management and timely recognition of symptoms that may indi-
cate serious or potentially life- or function-threatening conditions
(“diagnostic red flags”) requiring urgent specialist assessment.
Key neurological and systemic red flags associated with low back
pain include features of cauda equina syndrome: sudden loss of
sensation in the perineal region (saddle anesthesia), new-onset
urinary or fecal incontinence, and acute foot drop [7]. Other
potentially alarming symptoms requiring urgent evaluation and
further diagnostics due to the risk of spinal infection, pathological
fracture, or malignancy include pain that does not resolve with rest
or persists at night, as well as fever, chills, and/or deterioration
in general condition [11]. Timely identification of these signs is
associated with the opportunity for prompt laboratory and in-
strumental assessment (MR, inflammatory markers, ultrasound
examination of lower-limb veins) and subsequent referral to an
appropriate specialist (neurologist, neurosurgeon, orthopedist,
or infectious disease specialist), thereby increasing the safety of
care in the perinatal period.

For pregnant and postpartum women, the literature em-
phasizes the importance of identifying specific obstetric red
flags and rare but potentially dangerous complications that may
accompany musculoskeletal pain [12]. These include signs of
venous thromboembolism (sudden severe calf pain and swelling),
symptoms suggestive of preeclampsia (severe headache, visual
disturbances, upper abdominal pain), as well as vaginal bleeding
or uterine contractions accompanied by low back pain. It is also
noted that informing patients about these warning signs may
improve the safety of care, particularly in the postpartum period,
when the risk of certain serious conditions, such as thrombosis
and postpartum preeclampsia, remains increased [6].

Synthesized evidence indicates that management of mus-
culoskeletal pain typically combines non-pharmacological and
pharmacological approaches, whereas surgery is considered
mainly in emergency situations, such as acute intervertebral disc
herniation [13]. Publications note that minimizing pharmacological
therapy is a priority in postpartum care due to potential risks for
both mother and child [10]. For symptom relief during pregnancy,
analgesics such as paracetamol are described, while non-steroi-
dal anti-inflammatory drugs (NSAIDs) may be appropriate after
delivery [14]. In cases of inadequate response to conservative
management or severe localized pain, local injections of anes-
thetics and corticosteroids are considered; however, during lac-
tation, the need for an individualized risk-benefit assessment is
emphasized [15,16,17]. Muscle relaxants and strong opioids are
generally not recommended due to their transfer into breast milk
and potential adverse effects in infants. In particular, opioids (e.g.,
hydromorphone) may cause drowsiness and central nervous
system depression in infants; therefore, their use is described as

short-term and requiring careful monitoring [18]. Muscle relaxants
(e.g., cyclobenzaprine) also pass into breast milk, which neces-
sitates caution regarding their use during breastfeeding [19].

Nutritional support is described as an important component
of recovery. Adequate calcium and vitamin D intake is associated
with maintenance of bone mass during lactation, whereas vitamin
D deficiency may exacerbate musculoskeletal pain and fatigue
[20]. Given the increased micronutrient requirements during
pregnancy and lactation, balanced nutrition is emphasized as
important for connective tissue formation and recovery.

Physical methods and regular exercise therapy are described
as the basis of non-pharmacological management of musculo-
skeletal disorders in pregnant and postpartum women and are
associated with reductions in chronic pain as well as improve-
ments in strength, flexibility, and endurance [8,21]. At the same
time, publications underscore the importance of considering
contraindications to exercise. Absolute contraindications include
preterm labor, bleeding during the second or third trimester, pla-
centa previa after 26 weeks, uncontrolled cardiovascular disease,
and severe preeclampsia [22]. Relative contraindications requiring
individualized assessment include severe anemia, uncontrolled
diabetes, and excessive or insufficient body weight [22].

For patients after cesarean section, the literature describes
the need for a specific recovery protocol: return to moderate
physical activity is typically initiated no earlier than 4-8 weeks
postoperatively and after medical consultation [23,24]. It is also
noted that early stages of recovery should avoid high intra-abdom-
inal pressure and intensive exercises, with a focus on restoring
the transversus abdominis and pelvic floor muscles until complete
tissue healing [25].

Recent systematic reviews (2019-2025) indicate that the
most effective rehabilitation strategies are structured programs
that include trunk muscle stability training, including strengthen-
ing of the abdominal, pelvic floor, and hip muscles, as well as
stabilization exercises [9,26]. Particular attention is given to DRA
management. Clinical guidelines emphasize exercises targeting
activation of the transversus abdominis (TrA), which is associated
with restoring tension of the linea alba and reducing inter-recti
distance [27]. Rehabilitation programs are often initiated with
isometric contractions (e.g., abdominal drawing-in) that do not
excessively increase intra-abdominal pressure [28,29], followed
by progression to functional exercises with moderate load [30].
A key principle described is training correct activation of deep
muscles prior to movement [31]. Caution is also emphasized
regarding traditional crunches and sit-ups in early recovery due
to the risk of bulging and deformation of the linea alba. Monitoring
of DRA by a physiotherapist through palpation or ultrasound as-
sessment is described as an important component of conservative
management [32,33].

Among adjunct non-pharmacological approaches described
for pain relief and functional improvement are acupuncture,
dry cupping therapy, kinesio taping, aquatic therapy, manual
therapy, and massage [34,35,36]. European clinical guidelines
for the diagnosis and management of pelvic girdle pain remain
a key reference source and support maintaining physical activity
during pregnancy and individualized treatment programs, includ-
ing specific stabilization exercises after delivery [37]. Data from

214 Modern medical technology. Volume 18. Issue 3, July - September 2026

ISSN 2072-9367



Oranap aitepatypu / Reviews of literature

2023-2025 support the effectiveness of this approach, while
maintaining an emphasis on differentiating between low back
pain and pelvic girdle pain, which require different therapeutic
strategies [38,39,40].

Clinical recommendations describe the use of low-impact
aerobic exercise for reducing acute low back pain and consider
the McKenzie method (MDT) as a therapeutic option, particularly
in the presence of centralization phenomena [37]. Contemporary
recommendations (2021-2025) confirm the priority of non-phar-
macological management and maintaining activity in acute
pain; in chronic pain, the focus shifts toward trunk coordination,
strengthening and endurance exercises, resistance training, as
well as approaches such as yoga and pilates [37,41,42].

International recommendations indicate the appropriateness
of resuming light physical activity immediately after delivery
(e. g., walking and stretching) and completing at least 150 min-
utes per week of moderate-intensity aerobic exercise [23]. This
standard is supported by more recent recommendations that
also emphasize the inclusion of a variety of aerobic activities
and bodyweight-based strength training [35]. The American
College of Obstetricians and Gynecologists encourages women
to engage in aerobic and strength training during pregnancy,
recommending gradual increases in aerobic activity duration
toward daily 30-minute sessions [23]. Clinical recommenda-
tions (2022) also emphasize the inclusion of physiotherapy in
the “fourth trimester” for early assessment and conservative
management of functional impairments, including pelvic floor
dysfunction (PFD) and DRA[8].

The literature reports that physical activity during pregnancy
and the postpartum period is associated with relief and improved
control of negative physical and psychological symptoms, main-
tenance of healthy body weight and cardiometabolic health,
reduction in musculoskeletal complaints, improved posture
and movement mechanics, and prevention and management
of conditions related to gestational diabetes, hypertension, and
preeclampsia [43]. Systematic reviews further indicate that reg-
ular moderate physical activity may reduce the risk of obstetric
complications (gestational diabetes, preeclampsia) [44], im-
prove cardiometabolic health and support more effective weight
management [45], reduce symptoms of postpartum depression
and anxiety [46], and enable strength training to safely improve
musculoskeletal health and reduce low back pain [47]. Additional
postpartum exercise benefits described include obesity preven-
tion, improved fitness and muscle strength, optimization of bone
health, and improved mood and self-esteem [46,47,48,49].

Additional data support physical activity as a non-pharmaco-
logical strategy: a systematic review and meta-analysis reported
reductions in postpartum depression and anxiety symptoms
[50], and updated recommendations indicate reduced overall
fatigue and improved sleep quality [46]. A systematic review by
J. M. Mérida-Téllez et al. demonstrated that targeted exercise
programs during pregnancy, including yoga and Pilates, are as-
sociated with enhanced maternal well-being, quality of life, and
reduced lumbopelvic pain [51].

Adverse effects associated with physical therapy programs
are described as relatively rare but possible, including muscu-
loskeletal injuries, temporary pain exacerbation, dehydration,

hypo- or hyperthermia, and, in more severe cases, respiratory
or cardiovascular complications [22]. At the same time, it is em-
phasized that supervised exercise under qualified professionals
is appropriate for risk minimization [52]. For low back pain relief,
relaxation exercises and postural correction techniques are de-
scribed, while aquatic therapy is considered an adjunct method
that reduces mechanical load related to uterine enlargement
during pregnancy and alleviates symptoms associated with
postpartum musculoskeletal changes [53].

The effectiveness of postpartum exercise programs has been
evaluated in several randomized controlled trials [54], most of
which reported beneficial effects on pain reduction compared with
standard care. A longitudinal prospective cohort study including
504 postpartum women further demonstrated that early initiation
of low-impact exercise was associated with a significant reduc-
tion in pelvic girdle pain severity over the first postpartum year,
whereas women who did not exercise reported no improvement
in pain and an increase in stress urinary incontinence from 3 to
12 months postpartum [55]. Systematic reviews indicate that
targeted trunk stabilization exercises initiated postpartum are
safe and effective for DRA management [56,57].

Evidence regarding the effectiveness of stabilization exer-
cises for postpartum low back pain varies and largely depends
on the intervention format. Systematic reviews and meta-ana-
lyses indicate that home-based stabilization exercise programs
alone demonstrate limited and inconsistent benefits, and may
not surpass the natural clinical course when delivered without
professional supervision [58]. In contrast, supervised and individ-
ually tailored stabilization programs have been associated with
significant reductions in pain and disability in the short term, with
high-level evidence supporting their effectiveness in postpartum
women with lumbopelvic pain [26]. These findings are consistent
with a literature review [59] supporting stabilization exercises as
a non-pharmacological approach capable of reducing low back
pain and improving quality of life in postpartum women.

An randomized controlled trial also examined the combined
effect of stabilization exercises and acupuncture in postpartum
women with sacroiliac joint pain; the group receiving the com-
bined intervention reported greater pain reduction and improved
functional outcomes compared with the acupuncture-only group
[60]. Additional evidence suggests that targeted training of the
transversus abdominis and multifidus muscles contributes to
improved lumbopelvic stability and may reduce postpartum low
back pain, though the relationship between changes in muscle
morphology and clinical outcomes remains inconsistent across
studies [20].

Regarding PFD, a randomized controlled trial involving post-
partum women demonstrated that individualized pelvic floor mus-
cle exercises (PFME) performed over 6 months was associated
with improved anal incontinence symptoms compared with the
control group [61]. PFME is recognized as a first-line approach
for urinary incontinence. A systematic review and meta-analysis
also confirmed that pelvic floor muscle training has a significant
positive effect on female sexual function, including improvements
in arousal, orgasm, and satisfaction [62].

At the same time, systematic reviews [63,64] indicate higher
effectiveness of comprehensive, structured programs integrating
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biofeedback (e. g., wireless Kegel trainers) and/or electrical stimu-
lation [65,66]. In particular, a clinical study by I. . Churpii-Dydyrko
et al. reported that a 3-month multimodal program (therapeutic
exercises + wireless Kegel trainer + electrical myostimulator)
was associated with improved pelvic floor muscle tone and
clinical outcomes compared with the control group [67]. Clinical
relevance was supported by improvements measured using vali-
dated quality-of-life and functional instruments (PFDI-20, PFIQ-7,
FSFI-19). Consequently, biofeedback and electrical stimulation
are described as adjunct approaches for improving motor control
and adherence to therapy [66,68].

A prospective cohort study (177 women) found no evidence
that early initiation of general exercise (within 6 weeks post-
partum) negatively affects pelvic floor muscle function (vaginal
pressure, strength, endurance) or increases the risk of stress
urinary incontinence or pelvic organ prolapse at 12 months
postpartum [69]. An randomized controlled trial compared
PFME with and without transabdominal ultrasonography vis-
ualization (biofeedback); the biofeedback group showed lower
levels of pain and disability compared with the control group
[70]. Integrated training with biofeedback is described as an
effective approach to reducing pain and disability in women
with postpartum PGP.

Discussion

Heterogeneity in study designs, intervention protocols, and
outcome measures substantially limited the feasibility of quan-
titative synthesis and direct comparison of findings, which is
consistent with conclusions from recent systematic reviews ad-
dressing perinatal musculoskeletal disorders [9,26]. Nevertheless,
qualitative synthesis of the available evidence made it possible to
outline key directions in the development of contemporary physi-
cal therapy and to identify aspects that require further clarification
in this patient population.

Although the overall body of literature supports the effective-
ness of physical therapy interventions for lumbopelvic pain, pelvic
girdle pain, diastasis recti abdominis, and pelvic floor dysfunction,
the available evidence is characterized by considerable variabil-
ity depending on study design and intervention characteristics
[9,26]. In particular, differences have been described between
home-based exercise programs and interventions delivered under
professional supervision, as well as between isolated exercise
protocols and multimodal approaches combining therapeutic
exercise with biofeedback, manual therapy, or educational compo-
nents [40]. In several randomized controlled trials, unsupervised
home programs did not demonstrate superiority over the natural
clinical course [39], whereas structured programs with profes-
sional supervision were associated with more consistent pain
reduction and improvements in functional outcomes [71]. These
findings suggest that the effectiveness of physical therapy may
depend on intervention format, controlled progression of load,
and patient adherence.

The analyzed literature consistently emphasizes the need for
accurate diagnostic differentiation between low back pain, pelvic
girdle pain, and lumbopelvic pain, as these clinical entities differ
in their underlying pathophysiological mechanisms and require

distinct therapeutic strategies. The lack of clear differentiation
among these syndromes in some studies may partially explain the
observed variability in outcomes [9]. At the same time, programs
focused on trunk muscle stability training appear to demonstrate
the greatest effectiveness when adapted to the specific pain
subtype and associated functional impairments [26,56].

Alogical extension of differential diagnosis is the integration
of safety considerations and timely recognition of symptoms that
may indicate serious or potentially life-threatening conditions. The
literature highlights the importance of clinical vigilance regarding
neurological and systemic signs in patients with low back pain,
particularly manifestations of cauda equina syndrome [7], as well
as symptoms suggestive of infectious, oncological, or other urgent
causes of pain. For pregnant and postpartum women, specific
emphasis is placed on obstetric “red flags” and rare but potentially
dangerous complications that may accompany musculoskeletal
pain [12]. Incorporation of these safety aspects into clinical deci-
sion-making processes may enhance the safety of conservative
rehabilitation during the perinatal period.

With respect to diastasis recti abdominis, available evidence
supports the effectiveness of rehabilitation programs targeting
activation of the transversus abdominis muscle, which is widely
recognized as a core component of conservative management
[27,28]. However, optimal timing of intervention initiation, exer-
cise intensity, and progression remain insufficiently standardized
[29,30]. Evidence suggests that early rehabilitation emphasizing
neuromuscular control and minimization of excessive intra-ab-
dominal pressure may be more appropriate than traditional
abdominal strengthening exercises, which, when introduced
prematurely, may be associated with worsening of clinical mani-
festations [31]. In this context, regular monitoring using palpation
or ultrasound-based methods is considered an important element
of individualized rehabilitation strategies [32,33].

Pelvic floor muscle exercises are currently regarded as first-
line therapy for pelvic floor dysfunction. At the same time, findings
from systematic reviews and randomized studies indicate that
comprehensive, structured programs integrating biofeedback or
electrical stimulation may provide more pronounced clinical ben-
efits compared with isolated exercise interventions [63,64,65,66].
In particular, the use of transabdominal ultrasonography as a
biofeedback tool has been associated with greater pain reduction,
functional recovery, and improvements in neuromuscular control
[70], supported by evidence demonstrating enhanced accuracy
of muscle activation and improved adherence to therapy [65,67].

The scientific contribution of this review lies in the integrative
analysis of physical therapy interventions within a biopsychosocial
framework while explicitly considering safety aspects relevant to
the perinatal period. In contrast to previous reviews that primarily
focused on the effectiveness of individual exercises [9,26], the
present manuscript emphasizes the clinical relevance of pain
subtype differentiation, the role of structured and multimodal
rehabilitation programs, and the necessity of systematic screen-
ing for diagnostic “red flags” in perinatal practice [7,12,22]. This
perspective provides a foundation for safer and more reproducible
implementation of physical therapy in clinical settings.

Beyond musculoskeletal outcomes, synthesized evidence
indicates that regular physical activity confers broader systemic
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benefits, including reduced risk of obstetric complications such
as gestational diabetes and preeclampsia, improved cardiomet-
abolic health, and reductions in postpartum depression, anxiety,
and fatigue [44,45,46,50]. These findings are consistent with
international clinical recommendations advocating routine incor-
poration of physical therapy and structured exercise programs
during pregnancy and the postpartum period, particularly within
the “fourth trimester” framework [8].

Effective management of musculoskeletal disorders and
pelvic floor dysfunction during the perinatal period requires an
interdisciplinary approach. Available evidence suggests that
hormonal changes, nutritional status — including vitamin D suf-
ficiency —and psychosocial factors substantially influence mus-
culoskeletal pain, fatigue levels, and recovery trajectories [20].
Accordingly, coordinated collaboration among physical therapists,
obstetricians-gynecologists, and other healthcare professionals
represents a key condition for optimizing long-term maternal
health outcomes [72,73].

Conclusions

1. Musculoskeletal disorders and pain syndromes during
pregnancy and the postpartum period represent clinically sig-
nificant conditions that require a comprehensive, individualized,
and safety-oriented approach to patient management. Synthesis
of current evidence indicates that non-pharmacological inter-
ventions, particularly physical therapy, play a central role in the
conservative management of low back pain, pelvic girdle pain,
diastasis recti abdominis, and pelvic floor dysfunction during the
perinatal and postpartum periods.

2. Clinical practice should be based on accurate differentiation
of pain types and functional impairments, which enables optimi-
zation of therapeutic strategies and improves the effectiveness
of rehabilitation programs. Structured interventions with gradual
progression of load and adaptation to the individual condition of
each woman are associated with better functional outcomes and
improved symptom control.

3. Adherence to safety principles is a key component of peri-
natal care, including timely identification of neurological, systemic,
and obstetric warning signs that may indicate serious or potentially
life-threatening conditions. Integration of these considerations into
clinical decision-making processes contributes to higher quality
of care and reduces the risk of complications.

Prospects for further research. Further integration of physical
therapy into perinatal and postpartum care requires alignment of
clinical approaches and interdisciplinary collaboration to ensure
safe and effective recovery for women across different stages
of motherhood.
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KinbkicTb 3anpoBagXeHNX enekTpoHHIX CepBICIB, NiAKMIOYEHUX 3aKnafiB, 3apeecTPOBaHNX KOPUCTYBAYIB Xapak-
Tepuaye macluTab LmdpoBisaLii, ane He Aae 3MOrM NOBHOK MIPOK BU3HAYNTY Ti ynpaBniHCEKY eDEKTUBHICTD.
B ymoBax BOEHHOTO CTaHy, 0BMEXeHNX pecypciB i EBPOMENCLKOI iHTerpaLlii 0cobnmneoro 3HaveHHst Habysae
hopMyBaHHS! KOMMIIEKCHOTO NiAXOAY [0 OLiHIOBaHHS LnchpoBoi TpaHcdopmaLlii oxopoHu 3aopos’s (LITO3).

Merta po6oTu - TeopeTuyHe 06r'pyHTYBaHHS NiAX0AIB 40 oLiHoBaHHS edpekTBHOCTI LITO3, a Takox BU3HaYEHHS!
OCHOBHUX KpUTepiiB, iHAMKATOPIB Ta yNpaBMniHCbkMX 0OMEXeHb Takoro OLiHIOBAHHS B YMOBAX BOEHHOTO CTaHy,
€BPONENCHKOI iHTEerpaLlii Ta NicNBOEHHOIO BiJHOBMEHHSI.

Martepianu i metoan. Emnipuyny 6asy 4ocnimkeHHs CTaHOBUIM CTaTUCTUYHI Ta aHaniTuyHi matepianu Minictep-
CTBa OXOPOHM 3A0POB’A Ykpaiu Ta HavuioHanbHoi cnyx6un 3nopos’s YkpaiHu, BcecBiTHBOT opraHisaLii 0XopoHu
300pOoB’st Ta €Bponeicbkoro Cotody, pesynbsraTi CoLionoriyHux QOCTipKeHb, a TakoX HayKOBI AOCTIMKEHHS Ta
NPaKTUYHI NPUKNaamn yHKLIOHYBaHHS LIMPPOBUX MeaUyHUX cucteM. MeTogamu JOCILKEHHS € CUCTEMHUN,
IHCTUTYLIAHWIA, NOPIBHANBHO-aHANITUYHWIA, METOA aHanidy nMyonivHoT NOMiTKM, CTPYKTYPHO-GOYHKLIIOHamNBHUIA,
a TakoX aHaniay, CUHTe3y il y3ararnbHeHHS.

Pesyabratu. O6rpyHTOBaHO HEOOXIOHICTb NEPEX0ay Bif NEPEBaXHO TEXHIYHUX i KiNbKICHUX MOKa3HMKIB LndpoBi-
3aLii 4O KOMMIEKCHOTO OLiHIOBAHHS Ti yNpaBniHCbKOT ePeKTUBHOCTI. BU3HaUEHO OCHOBHI KpUTEPIT OLiHIOBAHHS
edpektuBHOCTi LITO3: goCTYNHICTb LMGPOBIX MEAUYHIX CEPBICIB, 6E3NEPEPBHICTL MEAUYHOI LOMOMOTH, SIKICTb
i CBOEYACHICTb YNPaBiHCLKMX pillieHb, iHTeponepabenbHICTb LMMPOBUX CUCTEM, 3aXUCT MEAUYHWX AaHWX i
AOBIpa KOPUCTYBauiB, MiA3BITHICTb CyD’eKTiB LMdPOBOI EKOCMCTEMM, KPU3OBA CTINKICTb i JOKA30BICTb MyOniYHOI
noniTikW. 3anponoHOBaHO CUCTEMY KiNbKICHIX Ta SIKICHWX iHOMKaTOpIB, & TAKOX aBTOPCHKY MOAENb, Sika NOEAHYE
KpUTEPIi OLiHIOBAHHS, KOHKPETHI NOKa3HWKM, [Kepena [aHuX, BianosigansHiCTb cy6'ekTiB. BCTaHOBNEHO Taki
OCHOBHi 0OMEXEHHS OLIiHIOBaHHS, SIK HELLOCTATHS SIKICTb AaHKX eNEKTPOHHOI CYCTEM OXOPOHY 340POB’S, BNNWB
BOEHHOTO CTaHy, pu3uk (hopmManbHOr0 BUKOPUCTaHHS! KiNbKICHUX MOKa3HWKIB.

BucHoBku. OBrpyHTOBaHO, LU0 OLiHI0BaHHS edekTuBHOCTI NybniyHoi nonitkm LITO3 mae 6yTi komMnnekcHuM,
GaraTopiBHEBWM | NOEAHYBATW TEXHIYHI, YNPaBRiHCHKI, IHCTUTYLiHI, NpaBoBi Ta 6e3neKoBi NokasHuky. [Joseae-
HO, L0 pesynbTaTit OLiHoBaHHS Tpeba BUKOPUCTOBYBATM He NMULIE ANS 3BiTyBaHHS, ane n ANns KOpuUryBaHHs
YNPaBMiHCbKUX PiLieHb, YCYHEHHS LiMPOBOI HEPIBHOCTI, 3MILIHEHHS CMPOMOXHOCTI LIMPPOBOT MEANYHOI CUCTEMMU.

CyuacHi meauuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 220-227

Criteria, indicators and limitations for assessing the effectiveness
of the digital transformation of Ukraine’s healthcare system

0. H. Aleksieiev, R. I. Rudenko

The number of electronic services implemented, healthcare facilities connected to digital systems, and registered
users characterises the scale of digitalization but does not fully demonstrate its administrative effectiveness. In
the context of martial law, limited resources, and European integration, developing a comprehensive approach
to evaluating the digital transformation of healthcare is becoming particularly important.

The aim of the study is to provide a theoretical justification for approaches to evaluating the effectiveness of the
digital transformation of healthcare and to identify the main criteria, indicators, and administrative constraints of
such evaluation under martial law, European integration, and post-war recovery.

Materials and methods. The empirical basis of the study comprises statistical and analytical data published by the
Ministry of Health of Ukraine, the National Health Service of Ukraine, the World Health Organization, and the European
Union; the results of sociological surveys; scientific studies; and practical examples of the functioning of digital health-
care systems. The research methods include the systemic, institutional, comparative and analytical, structural and
functional methods, the public policy analysis method, as well as the methods of analysis, synthesis, and generalization.

Results. The need to move from predominantly technical and quantitative indicators of digitalization towards a
comprehensive evaluation of its administrative effectiveness is substantiated. The principal criteria for evaluating
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the effectiveness of the digital transformation of healthcare have been identified: accessibility of digital health
services; continuity of healthcare provision; quality and timeliness of administrative decisions; interoperability of
digital systems; protection of health data and user trust; accountability of the actors within the digital ecosystem;
crisis resilience; and evidence-based public policy. A system of quantitative and qualitative indicators and an
original evaluation model combining evaluation criteria, specific indicators, data sources, and the responsibilities
of relevant actors are proposed. The principal evaluation constraints are identified, including the inadequate
quality of data within the Electronic Healthcare System, the impact of martial law, and the risk of the formal use
of quantitative indicators.

Conclusions. It is substantiated that the evaluation of the effectiveness of public policy on the digital transfor-
mation of healthcare should be comprehensive, multilevel and combine technical, administrative, institutional,
legal, and security indicators. It is demonstrated that evaluation results should be used not only for reporting
but also for adjusting administrative decisions, eliminating digital inequality, and strengthening the capacity of

the digital healthcare system.

Modern medical technology. 2026;18(3):220-227

Lindpposa TpaHcdopmalist oxopoHu 3nopos’s (LTO3) Ykpa-
HW MOCTYNOBO Mepeiiluna Bif eTany BNPOBAKEHHS OKPEMMX
€reKTPOHHUX CepBICiB 40 (HOPMYBaHHS LinicHOI LMdpoBoi
ekocuctemu. EnektpoHHa cuctema oxoponu 3gopos’st (ECO3),
€reKTPOHHI HanpaBneHHs, enekTPOHHI peuenTu Ta MeanyHi
BVCHOBKM, LiCHPOBI peeCTpy Ta MeAUYHI iHhopMaLLiiHi cuctemm
BXeE € NOBCAKAEHHOK peanbHiCTI0 MeauyHoi cuctemm. Pasom 3
TUM, Cam (haKT HasIBHOCTI LDPOBMX CEPBICIB LLE He CBIAYNTb
Mpo edpeKTMBHICTb NyBNiYHOI NOMITUKM B Ll cdepi.

AKTYyanbHICTb JOCTIIKEHHS 3yMOBREHa TUM, LLO B YMOBaX
BOEHHOTO CTaHy, 0BMEXEHNX PecypciB, pi3HOi LMdpoBOI Crpo-
MOXHOCTi OKpeMuX MEAWYHUX 3aknagiB, a Takox HeobxigHoi
€BpOiHTerpaLii 0cobnueoi yBaru Habysae NUTaHHs LLOZO OLliHio-
BaHHS! pe3yrnsTaTMBHOCTI BNpoBamkeHHs LITO3. [ing nybniuHoro
yNpaBniHHS BaXMMBO HE NULLE BCTAHOBMUTU, CKiNlbKU LMGPOBKX
pecypciB 3anpoBazpkeHo abo CKiMbKv MEAUYHIX 3aMNCIB BKIKOYAE
ECOS, a, ronoeHe, 3'sacyBatu, 4n 3abe3nevyioTb L iIHCTPYMEHTU
[OCTYMHICTb MEAUYHOT LONOMOrK, Ge3nepepBHICTL NOCYT i AKICTL
YNpaBniHCbKMX PiLLeHb, 3aXMCT MEAUYHIX AaHWX Ta iHTeponepa-
BenbHICTb cuctem.

Y HayKoBOMY Ta YnpaBMniHCLKOMY AMCKYPCi eeKTUBHICTb
LITO3 yacTo ouiHIo0Tb 3a KifbKICHUMW NOKa3HWUKaMmm, 30Kpe-
Ma 3a KinbKIiCTI0 eneKTPOHHUX 3anmuCiB i HampaBneHb, YUCIIOM
3apeecTpoBaHMX KOPUCTYBaYiB i NigKMIOYeHUX 3aknagis. Taki
MOKa3HWKW € BaXKNMBKMW, ane BOHU XapaKTepn3ytoTb Maclutab
UnchbpoBi3aLii, a He peanbHWIn ynpaBniHCbKMIA peynbtar. [Myoniy-
Ha nonitka LiTO3 noTpebye LwmpLLoro nigxomy A0 OLiHIOBaHHS,
SIKVIA OXOnTtoBaB By piaHi 3a 3MICTOM KpUTEpIi: couiarbHi, NpaBoBi,
TEXHIYHI Ta IHCTUTYLINHI. Ha HaLly AymKy, 38 YMOB BIiiiHW OLLiHtO-
BaHHs1 edpektmBHocTi LITO3 mae Gytn cnpsiMoBaHe He nuwe
Ha (pikcaLito TEXHIYHOrO NPOrpecy, ane 1 Ha BU3HAYEHHS TOrO,
HaCKIrNbKW eneKTPOHHI IHCTPYMEHTU NOCUITIOTL CPOMOXHICTb
[EpaBu yNpaBNsT! CUCTEMOIO OXOPOHU 3[40POB'S.

Y UbOMY KOHTEKCTi BU3HAYEHHS KpUTepiiB Ta iHAMKaTopiB
OUiHtoBaHHs ny6nivHoi nonituki LTO3 € He nuiue HaykoBuM,
ane i NpakTUYHUM 3aBhaHHAM. Big SKoCTi Takoro OUiHIBaHHS
3anexuTb 30aTHICTb flep)xaBy CBOEYACHO BUSIBNSITY YNIPaBITiHCBK
0OMeXeHHs1, KopuryBatu LudpoBy MOMITUKY, paLioHanbHO Bu-
KOPWCTOBYBATM PECYpCH Ta 3abesnevyBaTit pO3BUTOK LMPOBOI
Me[NYHOI EKOCUCTEMU.

Mpobnematyika LmdpoBoi TpaHchopMaLlii € akTyanbHOK B
yKpaiHCbkoMy Ta 3apy6iKHOMY HayKOBOMY AMCKYPCi. YKpaiHCbki

aBTOPW aHanisyloTb HacaMnepes 3aranbHi TeHAEHLT PO3BUTKY
eHealth [1], BnpoBamKeHHs ENEKTPOHHWX CepBiCiB [2], Teneme-
AnuyHn [3], MeanyHMX iHopmMaLinHux cuctem [4], umdposux
KOMMNETEHTHOCTEN [5] Ta HOpMaTVBHO-NPABOBOTO 3abe3neyeH-
Ha LITO3 [6]. Brim, y 6inbLUOCTi Takux npaub NUTaHHS OO0
e(eKTUBHOCTI NOB’A3YI0Tb i3 (haKTOM YNPOBaIKEHHS LIMPPOBUX
IHCTPYMEHTIB, @ NMUTaHHS LLOAO KpUTepiiB Ta iHAMKaTopiB edek-
TuBHoCTi LUITO3 3anuiiaetbest HeloCTaTHHOK BUBYEHUM.

Okpemunid HampsiM BKITOYAE MpaLli, MPUCBSYEHI MUTAHHAM
LmMcpoBi3aLii MEANYHOI CUCTEMM Ha MICLEBOMY PiBHI. Tak,
C. Ksitka Ta B. LLlebaHOB npoaHaniaysani npoecy Lmdposisaji
CMCTEMM OXOPOHU 300POB’S Y CiNMbCbKNX TEPUTOpianbHIX rpoMa-
Jax YkpaiHu B KOHTEKCTi ny6nivyHoro ynpaeniHHs [7]. EdekTus-
HICTb aBTOMATWU30BaHOI CUCTEMMW MOHITOPUHIY CUCTEMIU OXOPOHU
300pOB’s Ha MicLeBoMY piBHI gocniguna H. B. KopobunHebka [8].
[o HanpsMiB yOoocKoHaneHHst peanisalii opraHamm MicLEeBoro
CamOBPSAYBaHHS AEPXaBHOI NONITUKK Y Chepi OXOPOHH 300POB's
A. B. Backo knacudikye 3anpoBapKeHHs eNeKTPOHHUX PEECTPIB
i CepBiciB y cdhepi 0XopoHM 300opoB’s [9].

Y MiXXHapOZHIl HAYKOBIi NiTepaTypi MMTaHHS OO OLiHI0-
BaHHS LiMhpOBOro 340POB’st AOCAIZKYIOTh BinbLL CUCTEMHO.
Tak, K. Palm et al., ananisytoun ges’atb cTpaTeriit enekTpo-
HHOT OXOPOHM 300POB’Sl, XapaKTepuaytoTb ix 6a4eHHs Ta Lini,
3acobu JOCATHEHHS UMX LiNen i CTPYKTYpW NopanbLUnx gin
[10]. Y npaui L. Woods et al. 3anponoHoBaHO aBTOPChKMiA
nigxia 4o OUiHKBaHHSA MoZenen uudgpoBoi 3pinocTi y cdepi
0xopoHw 3gopoB’s [11]. EBontouito meTogonorin ans npose-
[EHHSI CBOEYACHMX, EKOHOMIYHO eDEKTUBHMX i HAZINHUX OLi-
HOK LIMppOBYX pilleHb Y chepi OXOPOHM 300POB’'S HAaBeAEeHO
y npaui C. Guo et al. [12].

Oxpemo cnif HasBaT METOANYHI MaTepiany BcecBiTHbOI
opranisauii oxopoHu 3gopos’s (BOO3). Tak, y BnpoBagmKeHoMy
y 2016 poui HaB4anbHOMY NOCIOHMKY «MOHITOPUHT Ta OLiHKa
UMPOBIMX MEONYHWX IHTEPBEHLi» HaBEAEHO MOKPOKOBI PEKO-
MeHZaLiT LWLoao NOKpaLLeHHs AKOCTi Ta LiHHOCTI 3yCWrb 3 MOHITO-
PYHry Ta oujHioBaHHS (M & E) y KOHTEKCTi LM poBMX MEANYHMX
BTpyyaHb [13]. Y MmobanbHii cTpaterii udpoBoi 0XOPOHU 340~
poB’s (2020-2025) HaronoLeHo Ha HEOBXiAHOCTI MOHITOPUHTY 1A
OLIiHIOBaHHS! LichpOBOTO 300POB’S HA HaLoHanbHOMY piBHi [14].

OprarHizaLisi eKOHOMIYHOMO CniBpOBITHULTBA Ta PO3BUTKY
(OECP) Takox po3pobnisie OKYMEHTY LLIOAO LM POBOro 300poB's
Ta BiKPMBAE HOBI MOXIMBOCTI ANst CUCTEM OXOPOHM 3[0POB'S,
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ane noTpebye ynpaBniHHs pu3nKkamii Ta BUTPAT Ha BNPOBAKEH-
HS MexaHi3miB 3axucty nogen [15].

€sponericbkuin Coo3 NocTynoBo opMye BracHy crctemy
iHaMKaTOpIiB OLiHIOBAHHS LM POBOro 340poB’s. 30Kkpema, Y
3BiTi «Ludppose gecatunitra 2025: [ocnimKeHHS NOKasHWKIB
€NeKTPOHHOI OXOPOHU 340POB’S» OLHEHO AOCTYN rPOMasH
[0 BENUKOI KINbKOCTI €NeKTPOHHUX PecypciB 3a Hanpsmamu
(ineHT1dbiKaLis, NepcoHarnbHa iHopMaLis, enekTpoHHi peLen-
T, ENEKTPOHHI MPU3HAYEHHS, MEOUYHI 300paeHHs TOLLO) Ta
CTPYKTYPOBaHO AepxaBi 3a PiBHEM L(POBOI 3PiNOCTi OXOPOHU
3n0poB's [16].

EmnipuuHi faHi ceiguats, o LITO3 yxe focTatHb0 AeTanbHo
LOCTIDKEHO SIK NPOLEC, LU0 MAE TEXHOMOTYHNM, IHCTUTYLINHUA,
NpaBOBWI Ta OpraHizauiHuin acnektu. BTim, nuTaHHa LWoado
OLiHtoBaHHs ecbekTuBHocTi LITO3 came sik ny6rivHOT nonitukm
PO3KPUTO HEAOCTATHBO CUCTEMHO. CyyacHi migxoaw 30cepemKeHi
nepeBaxHO Ha MacluTabax BNpoBamKEHHS LMGPOBYX CEpBICIB,
a ans nybniyHoro ynpasniHHS NPUHLMMNOBE 3HAYEHHS Mae oL
HIOBaHHS TXHbOTO BMMMBY Ha AOCTYMHICTb MEAWYHOI AOMOMOTH.

Merta poboTtu

TeopeTnyHe 06IpyHTYBaHHSA NigxodiB 4O OLiHIOBAHHS
eekTHocTi LITO3, a Takox BU3Ha4EHHS OCHOBHIX KPUTEIIB,
iHOMKaTOpIB Ta YNpaBIiHCbKMX 0OMEXEHb TAKOTO OLIiHIOBaHHS! B
YMOBaX BOEHHOIO CTaHy, EBPONENCHKOI iHTerpaLlii Ta nicnsiBoeH-
HOTO BiJHOBNEHHS.

Marepianu i MeToaU AOCAIAKEHHA

Emnipuyny 6a3y gocnimkeHHs CTaHOBUIM HayKoBi nyonikavyii
3npobnem LmdpoBoi TpaHcopMalii cheprt OXOPOHM 3I0POB’s,
OLHI0BaHHS LMchpoBoro 3a0poB’s, eHealth-iHaukatopis, ny-
GniyHoro ynpaeniHHs Ta 4OKa30BOI NOMITUKK Y cPepi OXOPOHM
3[10POB’S; CTATUCTUYHI N aHaniTU4Hi maTepianu MiHicTepcTea
OXOPOHM 300poB’st YkpaiHu Ta HaujioHanbHoi cryx6u 30opos’s
YkpaiHun, BcecBiTHbOI opraHisaLlii OXOpOHK 300poB’s Ta €Bpo-
nemncskoro Cotosy, pesynbsraTi CoLonoriYHMX AOCTImXEHb LWOAO
[OCTYMHOCTi MEAWYHOI AONOMOTU, [OBIPU 0 pedhOpMM OXOPOHH
310POB’St Ta KOPUCTYBaHHS LIMPOBMMU CEPBICaMU, @ TaKOX
NPaKTUYHI NpuKnagn yHKLIOHYBaHHS LMGPOBUX MELNYHNX
cucTeM B YkpaiHi Ta iHLLMX KpaiHaXx.

JocnigxeHHs BUKOHAHO sk TEOPETU4HO-METOAOINONHHY PO3-
poOKy i3 3aCTOCYBaHHSIM CUCTEMATM30BaHOO OrMsAY NitepaTypu
Ta HOPMaTUBHO-TPABOBVIX [Kepern. Takuii opmat obpaHo, 3Ba-
XaK4u Ha Te, L0 METO poboTH € came NobyaoBa y3aranbHeHol
CUCTEMM KpUTEPIIB, IHOMKATOPIB Ta yNpPaBMiHCbKNX OOMEXeHb
OLjiHIOBaHHS LchpoBOi TpaHcopmaLlii OXOPOHM 300pOB’'a SK
ob’ekta nybniyHoi nonituku. Mowwyk mxepen 3aiicHiOBanM y
Kinbka eTanis. Ha nepLuomy etani npoBEAEHO MOLLYK HayKOBUX
ny6nikauin y 6asax PubMed, Scopus, Google Scholar, a Takox
y (haxoBux YKpaiHCbKMX BUOAHHAX 3 My6rniyHOro ynpasniHHs,
coujianbHOI MeAULMHA Ta MeAUYHOrO Npaga. [JoaaTkoBo aHani-
3yBanu odpiLlini noptanu BOO3, E€sponeiicskoi komicii, OECP,
Minictepctaa oxoponu 3gopos’s (MO3) Ykpainu, HauioHanbHoi
cnyx6u 3nopoB’st Ykpainu (HC3Y) ta ECO3, a Takox BigkpuTi
aHanituyHi naxeni HC3Y. [ns nowwyKy aHrmoMOBHUX MKepen

BMKOPWCTaHO Taki KMo4OoBi crioBa Ta ix kombiHaii: digital health,
electronic health records access, health data governance, public
police evaluation, interoperability, health system resilience. Mowwyk
B YKPAiHOMOBHOMY CErMeHTi 34iCHEHO 3a TaKUMM KITOHOBUMM
crnosamu: LnchpoBa TpaHcdopmMaList 0xopoHm 3nopos’s, ECO3,
iHaukaTopu eHealth, LdhpoBa CNIPOMOXHICTL 3aknagiB OXOPOHM
300pOB’sA, NybniyHe ynpaeniHHS OXOPOHOHD 300POB’s, JOKa30Ba
nonituka y cpepi OXOPOHY 300POB'S.

Ha gpyromy etani BUKOHAHO KpUTWUYHY Cenekuito mxepen.
[lo aHanisy 3anyyeHo nybnikauii Ta aHaniTUYHI JOKYMEHTH,
LLO BiANOBigaNM TakuM KpuTepisM: onyonikoBaHi NepeBaXHoO y
2020-2026 pokax, kpim 6a30Bux gokymeHTiB BOO3 Ta iHLUMX MiX-
HapOZHMX OpraHiaaLiin; 6e3nocepeHLO CTOCYHOTLCS OLiHIOBAHHS
LMchpOBOro 300POB's, LMPOBOI 3pinocTi, eHealth-iaukaTopis,
nyoniyHoro ynpasniHHsl, iHTeponepabensHOCTI, 3aXMCTy Meany-
HWX CUCTEM i CTIIKOCTi CICTEM OXOPOHM 300POB’St; MICTATh ONUC
KpuTepiiB, iHAMKaTOPIB, MOAENEN, YNPaBMiHCLKUX MeXaHi3miB
anst oujHioBaHHA LITO3; matoTb YiTKO BCTAHOBMEHE aBTOPCTRO,
OpraHizaLiiiHe noxomxeHHs abo odiLliiHMIA cTaTyC; MOXYTb OyTH
BUKOPUCTaHi 1151 00r'pyHTYBaHHA oLiHtoBaHHS LITO3 came sik ny-
OniyHOT NoniTVKK, @ He NWLLE SIK CyKYMHOCTI TEXHIUHMX LMpOoBMX
pilueHb. AK KpuTepii BUKMIOYEHHS BU3HAYEHO: NPEeACTaBNsoOTL
CYTO TEXHiYHI IHCTPYKLUii 4O MeanNYHUX iHGhOpMAaLiiHUX CUCTEM
6e3 ynpaBniHCLKOr0 KOMMOHEHTa; PeKMaMHi Y/ Npe3eHTauinHi
MaTepianu po3poBHWMKIB LMpOBKX NPOAYKTIB; mybnikauii, wo
aybnoBanu Bxe BpaxoBaHi aHaniTUYHI 3BiTM 6€3 JoAaBaHHS
HOBUX faHuX; mxepena 6e3 BepnchikoBaHOrO MOXOMKEHHS.

Ha TpeTbomy eTani 3 BigibpaHux MKEPEen BUOKPEMIOBAN
©a30Bi METPUKY, LLO HaYaCTiLLe BUKOPUCTOBYHOTb AMS OLiHt0-
BaHHS LIMcHpOBOrO 300POB’Si: SOCTYN [0 ENEKTPOHHUX MEANYHNX
3anucis, piBeHb BUKOPUCTAHHS E€MEKTPOHHUX CEPBICIB, iHTep-
onepabenbHiCTb cUCTeM, SKICTb | NIOBHOTA AaHuX, kibepbeaneka,
LmdbpoBa 3pinicTb 3aknagis, KOPUCTYBALIbKWIA JOCBIL, IHCTUTYLiN-
Ha BigNOoBIAanbHICTb, 30aTHICTb CUCTEMM NPaLIKOBATH B KPU30BIX
nyBniyHOro ynpaBiHHS: 4M MOXe BOHa OyTV [yKkepernoM ynpasniH-
CbKOrO PILLEHHS, YW MaE BU3HAYEHWIA Cy0’ ekT BiANOBiAanbHOCTI,
Y1 @€ 3MOry BUSBUTY He NnLe MacLuTab undpoBisaLii, a ii pe-
arbHWA BNNMB Ha YYHKLIOHYBaHHS CUCTEMU OXOPOHI 300POB’S.

Ha uetBepToMy €eTani 3aiNCHEHO CUHTE3 KPUTEPIIB Ta iHAW-
kaTopiB. 3a gonomoroto cuctemHoro Metogy LITO3 posrnsiganu
K 6araTopiBHEBY LM(POBY MEANYHY EKOCUCTEMY, LLO MOELHYE
navieHTiB, MEOUYHUX NPaLBHUKIB, 3aKaan OXOPOHW 300POB's,
HC3Y, MO3 Towo. IHCTUTYUINHNIA METOA 3aCTOCOBAHO Ans
BCTaHOBIEHHS BiANOBIAANbHOCTI Cy6 eKTiB OLjHIoBaHHS. CTpyk-
TYPHO-(PYHKLIOHANbHWA METO, AaB 3MOTYy BU3HAYUTW OCHOBHI
kpuTepii edpektnHocTi LITO3. 3a gonomorot nopiBHALHO-
aHaniTMYHOro METOAY 3iCTaBUIW YKPAIHCLKWIA JOCBIf OLliHIOBaHHS
LITO3 i MmixHapoaHi nigxoau [0 OLHIOBAHHS Ta MOHITOPUHTY
LMchpOoBOro 300pOB’s, 3okpema nigxogu BOOS, €sponeicbkoro
Coto3y Ta OECP. Metog aHanisy my6niyHoi nonituki 3actoco-
BaHO AN TOro, W06 OLHATY, HAcKiNbkK UMGPOBI IHCTPYMEHTU
y cchepi OXOpOHM 300POB'St 3abe3nevytoTb JOCATHEHHS Linen
JepXaBHOI MOMITUKM.

MeToam aHaniay, CUHTe3y 11 y3aranbHEHHS BUKOPUCTAHO Ans
(hopMyBaHHs aBTOPCLKOTO NiAX0AY A0 OLiHIOBaHHS €heKTUBHOCTI
nybniyHoi nonitukn LITO3, BU3HaYeHHSI OCHOBHUX iHAMKATOPIB
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TaKOro OLliHIOBaHHS Ta BUOKPEMIEHHS yNPaBiHCbKMX OOMEKeEHD,
LU0 BMMBAKOTb Ha MO0 MPaKTUYHY LHHICTb.

3aBepLuarnbHWA eTan — KOHCTPYIOBaHHS aBTOPCHKOI MaTpny-
Hoi Mogeni owjiHioBaHHs edpekTHOCTI LITOS, y Aikii Ans KOKHOrO
KpUTEPIKD BW3HAYEHO BIAMOBIAHI iHOMKATOPW, MKEpena AaHuX,
cy6’exTiB BiBNOBIgANbHOCTI Ta MOXINBI YNPABIHCBKI PILLEHHS.

[NepBuHHI NepcoHanbHi MeauyHi AaHi nauieHTiB nig Yac go-
CTIKEHHS He aHani3yBanu.

Pe3yabtati

3 noauuin nybniyHoro ynpaeniHHs OLiHOBaHHS €GhEKTUBHOCTI
LITO3 He moxe OyTn obmexeHe dikcaLlieto enekTpOHHMX pe-
LienTiB, NiAKTOYEHNX 3aKNaAiB i 3apeecTpOBaHNX KOPUCTYBaYIB.
HesBaxatoum Ha Te, WO Taki MoKasHUKW, 6E3yMOBHO, BaXMMBI
(ockinbky xapakTepuaytoTe MacluTab LudpoBisalii), ane BOHM
He JarTb BUYEPNHOI BiAMOBIAI HA rOSIOBHE MUTAHHS MPO Te, YK
CTana MeanyHa cuctema GinbLL kepoBaHO, Be3neyHoo Ta nia-
3BiTHO. OuiHioBaHHs LITO3 mMae BU3HaumTH, 4n 3abe3nevyrotb
LIMCPpOBI IHCTPYMEHTM LUBUALLMIA AOCTYN NaLlieHTa 4O MEOUYHNX
nocnyr, 6e3nepepBHiCTb MEANYHOI JOMOMOrM, CBOEYACHICTb
YNpaBiHCLKMX pPiLLEHb, 3aXUCT MEAWNYHMX AaHux Towo. Came
TaKWU KOHTEKCT NOKAa3HUKIB Jae 3MOry NepenTy Bif OLiHIOBaHHS
LITO3 sk TexHomoriyHoro npouecy [0 ii CNpuiHATTS sk 06'ekTa
ny6nivyHoT noniTukm. Mpu LOMY NMUTaHHS LLOAO CiBBIAHOLLEHHS
KiNbKICHWX i IKICHUX MOKa3HWKIB € 0COBNMBO BXKITMBUM.

Mepexin Bif TEXHIYHUX NOKA3HWUKIB A0 yNpaBRiHCbKOI
e(eKTMBHOCTI € HEOOXIAHOK YMOBOK CUCTEMHOTO OLjiHKOBAHHS
ny6niyHoi nonitvkm LITO3. KinbKicHi nokasHWKM 3anmLuaioTbest
BaXIMBVMMW, arie BOHU MatoTb By TU ONOBHEHI KpUTEPISMU AKOCTI,
[OCTynHOCTi, 6e3neku, iHTeponepabenbHOCTI, LidPOBOI PIBHOCTI
Ta anropuTMiYHOI nigasiTHOCTI. Ak kpuTepin ecpekTusHocTi LITO3
BM3HA4YaEMO XapaKTepUCTUKY, 3a SONOMOTOH SIKOi MOXHa BCTaHO-
BWTW, HacKirnbky LncpoBa TpaHcopmaLlis cnpusie JOCArHEHHIO
Linen AepxaBHOI NOMITUKM y Cdhepi OXOPOHM 300POB'S.

3a pesynbratami CUCTEMATU30BAHOMO aHanidy HayKoBMX,
HOPMATUBHWX Ta aHamTUYHIX Sxepen ChopMOBaHO aBTOPCLKMIA
nipxig £o ouiHoBaHHs ecbexTuBHOCTI LITO3 sik Hanpsamy ny@nivHoi
noniTuky. Moro BIUXiAHOK NO3MLIE € pO3MEXyBaHHS MaciTaby
umncbpoBi3aLji Ta il ynpasniHcbkoi ecpekTBHoCTi. MacluTtab und-
poBi3aLlii B13HaYa€e KiNbKICTb MigKNIOYEHNX 3aKnagis, enexkTpo-
HHWX 3anuCiB, PELENTIB, HanpaBneHb abo KopKUCTYyBauiB.

Y pocnifxeHHi 3anponoHoBaHO 9 KpUTEpiiB OLiHIOBAHHS
eekTsHocTi LITO3.

Mepwui kputepin edektmsHocTi LULTO3 - goctynHicts
LMPOBUX MEOUYHUX CEPBICIB. |AeTbcs came npo peanbHy
MOXMNMBICTb MaLIEHTIB i MEANYHUX MPaLiBHUKIB KOPUCTYBATMUCS
TaKAMM iHCTPYMEHTaMM HE3anEeXHO Bifj MiCLIS NPOXWUBAHHS, CTaHy
300pPOB'S Y COLiaNbHOro CTaHOBULLA. FKLLO LiMdhpoBMIA CEPBIC
iCHY€, @ 3Ha4YHa YacT1Ha KOpUCTYBaYIB (PakTUYHO HE MOXE Oro
3aCTOCOBYBATH, TaKUI CEPBIC HE MOXHA BU3HAUMTM K eheKTB-
HWIA 3 nornsgy NyBniYHoro ynpaeniHHS. AK iHAWKaTopy BU3HaYae-
MO YacTKy 3aKnagis OXOPOHM 300pOB's, Lo nig’eaHaHi 4o ECOS;
KiflbKiCTb MEAUYHMX NpaLiBHVIKIB, ki hakTU4HO BUKOPUCTOBYHOTh
€rEKTPOHHI CepBiCK Yy LIoAEHHIN poboTi; BiACOTOK NaLlieHTis,
SKi MaKTb JOCTYN A0 BMACHUX ENEKTPOHHUX MEONYHUX JaHuX;
piBEHb BUKOPUCTAHHS ENEKTPOHHWX PeLenTiB, HanpasneHsb i

MeAMYHUX CepBiciB. Baxnueo npu LibOMY OLHIOBATW He nuLle
cam hakT ZOCTyny, a Moro pearibHy 3py4HiCTb Ans nauieHTa.

HacTynHuii kpuTepiin — 6e3nepepBHICTb HaAaHHS MeaNYHOI
ponomory. Lincdposa TpaHcdopmaLis mae 3abeanevysaty 36e-
PEXEHHS Ta JOCTYMNHICTb MeaUYHOI iHchopMaLLii, MOXIMBICTb Npo-
LOBXEHHS NMiKyBaHHS! B iHLLOMY 3aKnagj abo perioHi, y3romKeHHs
Jin mix nikapsamu, 3aknagamu, HC3Y Ta iHwmmmu cy6’ektamu.
Oco6nmBO BaXnMBMM LIEN KPUTEPIi € B YMOBAX BOEHHOTO CTaHY,
MirpaLlii HaceneHHsl Ta PyMHYBaHHS YaCTUHU MeaUYHOI iHdpa-
cTpykTypu. 3a Taknx yMoB edekTmBHicTb LITO3 Br3HauaeTbes
30aTHICTIO NiATPUMYBATU HAZLAHHS MEAWYHOT JONOMOTU HaBiTb Y
KpM30BMX yMOBaX. L|to 30aTHICTb MOXHA OLiHUTY 3a BignoBigHMMM
iHOMKaTOpaMK, SIKi 4aK0Tb 3MOTY BU3HAUUTU, HACKINbKW LMdgpoBa
cucTema 3abesnedye 36epeXeHHs Ta AOCTYMHICTb MEAUYHOI iH-
¢hopmaLii. [lo Taknx iHAMKATOPIB HanexaTb MOXIMBICTb OTPUMaH-
HS NikapeM akTyarnbHoi iHbopMalii Npo nonepeaHe nikyBaHHs!
navujieHTa, HasiBHICTb eMNeKTPOHHOT iICTOpIl 3BePHEHb, OCTYMHICTb
€eKTPOHHNX HanpaBneHb B Pi3HUX perioHax TOLLO.

Ak kpuTepin ouiHtoBaHHS edpekTueHocTi LITO3 BU3HauYaeMo
TaKOX SKICTb | CBOEYACHICTb YNpaBIiHCbKMX pilleHb. Lindposa
MeOuYHa eKocUCTeMa Mae He TirlbK HakonuyyBaTW MeauyHi
[aHi, ane i CTBOPIOBATM YMOBYW 4151 iX BUKOPUCTAHHA Mif Yac
nnaHyBaHHs, NPOrHO3yBaHHs Ta (PiHAHCYBaHHS OXOPOHM 3[0-
POB’sl. IHaMKaTopamu B LibOMY acnekTi € LWBMUAKICTb POpMyBaHHS
aHaniTUYHOI 3BITHOCTI, BUKOopUcTaHHs fgaHux ECO3 nig yac nna-
HYBaHHS1 MEAUYHWX MOCIYT, TOYHICTb NPOrHO3yBaHHS NoTpeb y
MeAUYHil JONOMO3i, YacTka yNpaBMiHCHKYX piLLeHb, 00rpyHTOBa-
HWX JaHWMW, CBOEYACHICTb BHECEHHSI Ta OHOBMEHHS iHpopMalLlii.

UeTBepTuid KpuTepiit — iHTeponepabenbHiCTb LMcpoBiMX
cucteM. Lindhposa TpaHcdopmaList He Moxe ByTr eheKTUBHOM,
SIKLLO OKpeMi iHpopMaLliiiHi cUCTeMM (PYHKLIOHYHOTb i30Mb0BaHO,
ayoniooTb faHi abo He 3abe3nevytoTb HanexHOro 0OMiHy iH-
thopmatieto. Came iHTeponepabenbHicTb 3abe3neyye LinicHICTb
UMHPOBOI MEANYHOI EKOCUCTEMM Ta 3MEHLLYE HaBAHTaXEHHS
Ha MeguyHMX NpaLiBHUKIB. IHOVMKaTOpaMu iHTeponepabensHo-
CTi LUMPOBMX CUCTEM € KiMbKICTb IHTErpavuii 3 AepxaBHUMK
peecTpamu, YacTka npoLeciB, Y SIKUX AaHi nepeaatoTbes as-
TOMaT130BaHo, AyOntoBaHHA 3anuciB, BiAMOBIAHICTL hopmaria
[aHWX BCTAHOBMEHUM CTaHAapTaMm, HasiBHICTb TEXHIYHOTO Ta ce-
MaHTWUYHOTO Y3rOKEHHS MiXK CCTEMaMM. 3a3HaueHi iHaykaTopu
xapakTtepuyroTb 3aatHicTb ECO3, MeguyHmnx LpoBmx cUCTeM
i EPXaBHUX peECTpiB 0BMIHIOBaTUCS AaHUMK 6e3 oyOnoBaHHS
Ta BTpatt iHchopmaLlii.

LLle oguH KpuTepiin — 3aXMCT MeAMYHUX JaHuX i AoBipa 4o
uncbpoeoi cucTemu. MeauyHi JaHi HanexaTtb [0 HanoINbL YyT-
nmBoI iHgopmaLii, Tomy edektrBHicTb LITO3 6e3nocepeaHso
3anexwuTb Big piBHS Kibepbeaneky, 3akoHHOCTI 0OpobKM AaHmX
Ta [0BipY NALJEHTIB 40 ENEKTPOHHMX CEPBICIB. AKLLO KopUCTyBaui
He BMeBHEHI B 3aXUCTi CBOIX NEPCOHANbHUX AaHUX Y MEAUYHMX
iHbopMaLiiHMX cucTemax, Le 0DOB'SI3KOBO MO3HAYNTLCSA Ha
€(EeKTUBHOCTI BUKOPUCTaHHS LichpOBMX CEPBICIB. IHaMKaTopamm
LIbOro KpUTEPItO € KiNbKICTb 3adhikcOBaHMX NOPYLLEHb Kibepbes-
NeKM, HASIBHICTb MPOLEAYP KOHTPOITIO ZOCTYNY, MOXIMBICTb 115
KOpUCTyBaYa oTpuMaTyt iHchopmaLito Npo 4OCTYn 40 MOro AaHuX,
piBeHb NOIHGOPMOBAHOCTI NaLieHTiB NPo LMdpoBi NpaBa, piBeHb
[OBIipK NaLiEHTIB | MEAUYHMX NPALIBHUKIB 4O ENEKTPOHHMX
CepBiciB.
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Min3BiTHICTL Cy6’eKTIB LMPOBOI EKOCUCTEMU € LLOCTUM
kpuTepiem. Cy6’exTHUI cknag LITO3 goBoni WMpokui, BKtovae
HEe TiNbKWM OpraHW AepxaBHOI Bnagw, ane i agmiHictpaTopis
ECO3, HC3Y, MeanuHi 3aknaam, MeauyHi iHopmaLiiiHi cucte-
My TOLLO. TOMYy eqpeKTUBHICTb MOMITUKMA 3aneXuTb Bif YiTKOCT
pO3Moainy BigNoBIAaNbHOCTI M MMM cyG’ekTamu, MPO30pPOCTi
YXBaneHHs pillieHb, HAsiBHOCTI MEXaHi3MiB KOHTPOMIO Ta ayauTy.
FAK iHaMKaTOpK BU3HAYEHO TaKi 03HaKW, SK HAsIBHICTb MpoLeayp
ayauTy UnMdpoBmMX CEPBICIB, MEXaHi3MiB pearyBaHHs Ha LUGpOBi
MOMMIKK, KaHaniB NO4aHHSI CKapr, YCYHEHHSs MOPYLUEHb TOLLO.

HacTynHuin kpuTepin — LdpoBa CNPOMOXHICTb 3aknagiB
OXOPOHW 3[0POB'S Ta TEPUTOPIanbHUX rpomaa. HaeiTb SKiCHO
po3pobneHa gepxaBHa uudpoBa nonituka He Byae maTu
MOBHOLHHOTO e(PeKTY, AKLLO Ha MiCLSX He BUCTaYaE pecypcis
— KagpoBUX, TEXHIYHNX YK piHaHcoBuX. CaMe TOMY OLiHIOBaH-
Ha LITO3 mae BknmovaTh aHanmia Toro, Hackinbku rpomagmn i
OKpeMi 3aknaaw 3OatHi He Tinbku opManbHO MiaKMoUMTHC,
ane 1 eheKTUBHO BUKOPUCTOBYBATW LMGPOBI IHCTPYMEHTW Y
LOAEHHIN NpaKTWLi. [HaMKaTopaMu y LibOMY BUNaaKy € piBeHb
TEXHIYHOTO 3abe3neyeHHs, SKiCTb IHTEPHET-3'€AHaHHS!, LM POBI
KOMMETEHTHOCTI NepcoHany, HasiBHICTb NOKanbHKUX Nporpam
LMPOBOro PO3BUTKY, 34aTHICTb KEPIBHWKIB OpraHisyBatu
poboTy 3 eNeKTPOHHUMM cepaicamu, noTpeba B AOAATKOBOMY
(hiHaHcyBaHHi abo HaB4aHHi.

Kpw3oBy CTilKiCTb LihpoBOi MeANYHOI crcTeMM 0BOB'I3KOBO
Cnig BUSHAYMTL SIK KpUTEPIN OLiHI0BaHHS. B ymoBax BiliHu, kibep-
arak, pyiHyBaHHs iHPpacTpyKTypu, BIGTOKY NpoeCinHUX kaapis
UMPOBI pilLEHHsT MatoTb 3abe3nedyBaTi 30epeKeHHs AaHuX,
Oe3nepepBHICTb POBOTY KPUTUYHMX CEPBICIB | MOXIMBICTb LLBM-
KOro BigHOBMeHHs. [lo inaukaTopis Hanexatb 3aaTtHicTb ECO3 i
MOB’si3aHMX LchpOBMX CEPBICIB NpaLoBaTK B yMoBax kibeparak,
nepeboiB enekTponocTa4aHHs, MOLLKOMKEHHS iHPacTPYKTypH,
eBaKyaLlii MeauyHuX 3aknagis i MirpaLii HaceneHHs. Baxnusumu
MoKasHWKaMy € MOXMWBICTb PE3EPBHOTO KOMitOBAaHHS AaHMX,
ansTepHaTVUBHI peXUMI JOCTYMY, 3aXUCT KPUTUYHOI LIMPOBOT
iHCbpacTpyKTypy TOLLO.

FAK LWe oauH KpUTEpin NPOMOHYEMO BU3HAYUTU JOKA30BICTb
ny6niuHoi nonituki. LITO3 mae CTBOptoBaTYH HE TNLLIE ENEKTPOHHI
cepsicu, ane 1 iHpopMaLjiiiHy OCHOBY A JOKa30BOi MOMITUKA.
[aHi, Wo opmytoTbCa B LMPOBINA MEOUYHIN CUCTEMI, MatoTb
OyT BUKOPUCTaHI NSt BU3HAYEHHS MOTPED HaceneHHs, 3ano-
GiraHHs opraHisauiiHM abo TEXHOMONYHUM MOMUIKaM, Lo
MoB'si3aHi 3i 3HaYHUMKM biHaHcoBUMM BUTpaTamu (aK-oT NPfIT
y Benukin BpuraHii, wo kowTtyeana gepxasi noHag 10 mnpa
(yHTIB). IHAMKaTOpPaMK € perynspHiCTb BUKOPUCTaHHS JaHUX
ECOS y crpateriyHoMy nyiaHyBaHHi, KifbKiCTb YMpaBRiHCbKMX
pilLeHb, 00r'pyHTOBAHNX aHaMITUYHUMM LaHUMK, BUKOPUCTaHHS!
UMPOBIMX AaHUX A4S OLiHIOBAHHS MOTPed HaceneHHs, BrnmB
aHaniTMkA Ha (iHaHCYBaHHS, MapLUPYTW NaLieHTIB i PO3BUTOK
Mepei 3aknaais.

KpuTepii ouiHtoBaHHSI eheKTUBHOCTI NyOMivHOI NoniTukK
LITO3 matotb GyTn GaraToBuMipHMM, 30KpeMa MatoTb 00'ef-
HyBaTW TeXHIYHWIA, ynpaBniHCbKWIA, coLianbHU, NpaBoBUM
Ta GesnekoBuii acnektn. Takuin migxig AacTb 3amory 3anobirtu
opHobiyHocTi ouiHtoBaHHa LITO3 i nepeittn fo aHanisy Toro,
HacKinbKkW LudpoBa TpaHcgopmaLis nigBuLLYE CNPOMOXHICTb
JepxaBu yNpaBnsTi CUCTEMOK) OXOPOHM 30POB’S.

Bw3HaueHHs kputepiis nybniyHoi nonituku LITO3 obrpyHTO-
BYE AOLIMbHICTb AETaNbHOr0 aHasnidy cucTeMu iHamMkaTopis, Lo
[afyTb 3MOry OUIHUTU He nulle opManbHe BNpOBaMKEHHS!
LMHPOBYX CEPBICIB, ane i iXHil peanbHWN BNAMB Ha (PYHKLIOHY-
BaHHSI CCTEMU OXOPOHM 3[0POB’Sl. Y LibOMY KOHTEKCTI iHAMKaTop
BM3HaYEHO SIK KOHKPETHIA BUMIPHOBAITbHIIA MOKA3HWK, 3@ AOMOMO-
rOt0 SIKOr0 MOXHA BCTAHOBUTY CTYMiHb OCArHEHHS! KOHKPETHOrO
KpuTEPIt0 €PEKTUBHOCTI.

Cuctema iHauKaTopiB, SIK i KpUTEPIIB OLiHIOBaHHS edeKTUB-
HocTi LITO3, mae ByTn GaraToBeKTOPHO Ta NOEAHYBATY SKICHI
Ta KirbKiCHi XapakTepucTuki. Jlulle nepenik NokasHUKiB He 3a-
Ge3neyye NPaKTNYHOI LIHHOCTI OLiHKOBAHHS, SIKLLIO HE BU3HAYEHO,
XT0 36Mpae i aHani3ye BiANOBIAHI AaHi Ta SKUM YUHOM OTPUMAHI
pe3ynkTaTi MOXyTb ByTY BUKOPUCTaHI 4115 KOpUryBaHHs nyoniy-
HOI NoniTukW. 3 Ornsay Ha Le, aBTOPCbKY MOAEMb OLIHIOBAHHS!
HaBeqdeHo y mabnuuj 1.

3anponoHoBaHa Mofenb NOeaHYe aHaniTUYHUA Ta ynpas-
NIHCBKUIA PiBHI OLiHIOBaHHS. MMpaKkTuyHe 3HayeHHst Liei mogeni
rnonsrae y TOMy, LLI0 BOHa NePETBOPIOE pe3yNnbTaTi MOHITOPUHTY
Ha NiacTaBy KOHKPETHMX pilleHb WoAo (hiHaHCYyBaHHS Ta po3-
BUTKY LHPOBOT iH(OPACTPYKTYpU. AKICTb MEAUYHUX JaHWX Y Ll
MOZENi He BUOKPEMITEHa SiK CAMOCTIHWUI KpUTEIiA, a BU3HAYeHa
SIK HacKpi3Ha yMOBa JOCTOBIPHOCTI OLiHIOBaHHS. BoHa BnnuBae
Ha SKICTb YNPaBRiHCLKUX pillieHb, iHTeponepabenbHiCTb, 3aXMcT
[aHuX, 0OKa30BICTb i NiA3BITHICTL NONITUKKA. [J0 HACKPI3HMX iHaK-
KaTopiB SKOCTI JaHUX HanexaTb NOBHOTA, aKTyanbHICTb, CBOE-
YacHICTb BHECEHHS, piBeHb AyOnoBaHHS, YacTka NOMUIKOBUX
3anuciB i MOXIMBICTb iHdopmMaLi. Pasom i3 TMM, OLiHIOBaHHS
ecbextvBHOCTi LITO3 Mae HU3Ky 0OMEXeHb, L0 BNIMBAKOTL | HA
AKICTb AaHMX, | HA MOXIMBICTb iX €PEKTUBHOTO BUKOPVCTaHHS B
YNpaBIiHCLKOMY MPOLECi.

lMNepwmm oBMexeHHsM € pisHa LydpoBa CPOMOXHICTb Te-
puTopianbHUX rpomag,. PisHuii piBeHb TeXHIYHOTO 3abe3nevyeHHs,
[OCTyNy [0 iHTEPHETY, KaZpOBOI NiArOTOBKW Ta (hiHAHCOBKX pe-
CYpCiB 3yMOBIOE HEPIBHI YMOBU A1S1 BUKOPUCTAHHS LIMGPOBUX
iHCTPYMEHTIB. 3a TaKWX YMOB H3bki NTOKa3HWKM ByayTb CBidUMTI HE
Npo HU3bKy edpekTrBHICTb LITOS, a npo HeoCTaTHIO CPOMOXKHICTb
rpomag, ii peanisauii. LLle ogHe obmexeHHs NoB'sa3aHe 3 SKICTHO
naHux B ECOS3: HenoBsHi, HeCBOEYaCHi, MOMUMKOBI 3anucy 3Hu-
YHOTb AOCTOBIPHICTb aHaMITUKM | MOXYTb MPU3BOANTH A0 XMOHMX
ynpaBniHCbKKX pilleHb. KpiM Toro, Taki Aii NoB’A3aHi 3 BUCOKOH
iIMOBIPHICTIO 3arofisiHHS! LUKOAM 300POB’t0 Ta XWTTH rPOMaasiH, a
TaKoX BTpaTamMu AepxasHoro 6romxeTy. Lie ogHe Bkpait 3HavyLLe
0OMEXEHHSI — BOEHHWI CTaH, alKe PYVHYBaHHS iHpacTpyKTypu,
nepeMiLLieHHs1 HaceneHHs, NpobremHe enekTponocTavaHHs ic-
TOTHO BMSIMBAOTb Ha MOKa3HWKN eDEKTUBHOCTI (hYHKLIOHYBaHHS
LITOS, wo mae 6yTn npoaHanizoBaHa 3 ypaxyBaHHsIM KPU30BOrO
acnekty. Puauk ¢hopManbHOro OLHIOBaHHS TaKOX € CYTTEBUM
0OMEKEHHSIM OLliHIOBaHHS: 3HaYHa KiNbKICTb EMEKTPOHHMX 3amnncCiB
MoXxe ByTW HaCTiAKOM aKTUBHOCTI BUKOPUCTaHHS! LIMKDPOBMX CEPBI-
CiB, ane He NoB’s3aHa 3 NiABMLLIEHHSIM SKOCTi MEOVYHOT AOMOMOTH.

Otxe, 06’ekTMBHE OLiHIOBaHHS edekTmBHocTi LITO3 no-
Tpebye BpaxyBaHHs perioHanbHUX BiAMIHHOCTEN, SKOCTi AaHNX,
KPU30BMX YMOB, KOPUCTYBALLbKOTO AOCBIAY Ta iHCTUTYLINHOI
BignoBiganbHocTi. be3 ypaxyBaHHs X 0OMEXeHb NOKa3HUKY
UMchpOoBI3aLlii MOXYTb He BU3HAYaTM pearbHi pesynsrati edhek-
TueHocTi LITOS.
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Tabauusa 1. Moaenb OLiHIOBaHHS edeKTUBHOCTI LMdPOBOI TpaHChOpMaLii 0XOPOHHM 3A0POB'S

KpuTepiit ouiHIOBaHHSA

OcHoBHi iHAnKaTopu

[kepena gaHux

BignosiganbHi
cy6’eKTu oLjiHI0-
BaHHA

MoxnuBi ynpaBniHCbKi piLueHHs

[ocTynHicTb LpoBMX
MEOUYHIX CEPBICIB

YacTka 3aknapis, nif’eaHaHnX [o
ECOS; yactka MegnyHux npawliBHu-
KiB, SIKi KOPUCTYIOTLCS LM POBUMU
cepaicamut; YacTka nauieHTiB, sKi
MatoTb OCTYN 0 BACHWX AaHUX

ECOS, aHanitnyHi
naHeni (gaww6opan
HC3Y)

MO3; HC3Y;
micLeBa Bnaaa; ke-
PIBHUKM MEANYHUX
3aknapis

Po3twmpenHs umdposoi iHdpa-
CTPYKTYpW; NiATPUMKA rpomag, ski
MatoTb 0OMEXEHNI PECYpC; PO3BY-
TOK LiMPOBUX KOMMETEHTHOCTEN

BesnepepsHicTb Meany-
HOI lonomoru

[locTynHiCTb eneKkTpoHHoI icTopii
XBOpOOU nalieHTa

ECOS; paHi 3a-
Kragis; 3BEpHEHHS
navujeHTis

MOS3; HC3Y; aami-
Hictpatopu ECO3;
3aKragm OXOpOoHH
300pOB’a

YA0CKOHaneHHs MiXperioHansHoro
0BMiHy faHUMW; YCyHEeHHs npora-
NWH Y MapLUpyTi naujeHTa

HOCTi NaLjieHTIB

FKicTb | CBOEYaCHICTb BukopuctanHs gaHux ECO3 y nna- | ECOS, 3sitn HC3Y, | MO3; HC3Y; OA | KopuryBaHHs chiHaHCyBaHHS; nepe-
yNpaBniHCbKMX pilleHb | HyBaHHI; WBMAKICTb POPMYBaHHS CTaTUCTUYHI Ta po3nozin KagpoBuX Pecypeis
aHanTMYHOI 3BITHOCTI; TOYHICTb ¢hiHaHCOBI 3BITU
NpOrHo3yBaHHs NoTpe6
IHTeponepabenbHiCTb YacTka cuctem, Lo 0OMiHIHTLCA TexHiuHi xypHanm | MO3; agmiHi- YHidikauis cTaHaapTie; goonpavo-
UMpOBMX CUCTEM JaHumm 6e3 pybntoBaHHs; kinbkicTs | ECO3; pesynbtatn | ctpatopy ECO3, | BaHHS TEXHIYHWX BUMOT
iHTErpaLin i3 aepxaBHUMM pee- TexHiyHoro ayanty, | MiHumdpu
cTpamu gani MIC
3axuct MmeaunyHux aaHux | Kinbkictb 3achikcoBaHux nopyLueHb | XKypHanu 6esneky; | MO3; agmini- MocuneHHs kibepaaxucty; 3miHa
i 4OBIpa KOPUCTYBaYiB kibepbe3neku; BUNaaky HenpaeoMip- | NOBiZOMMEHHs npo | ctpatop ECOS3; npoueayp AoCTyny; iHhopMaLinHi
HOro JOCTyny; piBeHb NOIH(OPMOBA- | IHLMAEHTM [epxcneuss’sasky | kamnaii

Mig3BiTHICTb Cy6'exTiB
LMpoBOI ekocucTemu

HasBHicTb yiTkoro posnoginy signo-
BiA@NbHOCTI; perynspHicTb ayauTy;
KiNbKICTb PO3INSHYTUX CKapr

HopmatusHi akTu;
ayauTopChbKi 3BiTH;
PEECTpM ckapr

MOS3, HC3Y; agmi-
Hictpatop ECOS3,
OOA

YTOUYHEHHS NOBHOBaXEHb; MybnivHe
3BITYBaHHS!

Lincposa cnpomoxHicTb
3aknagis i rpomag

PiBeHb TeXHIYHOMO 3abe3neYeHHs;
AKICTb IHTEPHET-3'eAHaHHS; LKPOBI
KOMMETEHTHOCTi NPALiBHUKIB

3BITHICTb 3aknaaiB
i rpomMag; onuTy-

BaHHS NepcoHany;
MicLieBi mporpamu

OOA; MOS; kepis-
HVKV 3aKnagis

LlinboBe ¢hiHaHCYBaHHSI; OHOBMEH-
HS! TEXHIKM; MigBULLEHHS KBanidi-
Kauii

KpusoBa CTinkiCTb Lndp-
POBOI MeANYHOI exocuc-
Temu

HasiBHiCTb pe3epBHOTO KOMitoBaHHS;
yac BiBHOBMEHHSI CUCTEM; MOX-
nueicTb poboTy nig yac nepebois
€eKTPOnoCTaYaHHs!

TexHiuHi 3BiTY;
KYpHanW iHumaeH-
TiB; AaHi 3aknagis

MOS; agmiHictpa-
Top ECO3;
[epxcneuss’ssky

CTBOPEHHSI pe3epBHIX KOHTYPIB;
MOCUNEHHS 3aXWUCTY KPUTUYHOI iHGD-

PacTpyKTypun

[okasoBicTb nyoniyHoi
noniTkK

PerynsipHicTb BUKOPUCTaHHS AaHnX
ECO3 y nnaHyBaHHi; KinbkicTb
pilLeHb, 06rpyHTOBaHUX aHaniTu4-
HAMU AaHNMK

AHaniTUYHi 3BITU
MO3 ta HC3Y:;
fani ECOS; cTpa-
TeriYHi JOKYMEHTU

MOS3; HC3Y; KMY;
HayKOBi YCTaHOBM

KopuryBaHHs aepxaBHuUX nporpam;
3MiHa npiopuTeTiB hiHaHCYBaHHS;
BNPOBAKEHHS HOBWX MOAENen
HagaHHS MeuYHOI JONoMOorK

06roBopeHHsA

3anponoHoBaHa aBTopchbka Mogenb Mae OyTu po3rmsiHyTa y
3iCTaBNEeHHI 3 MiXKHAPOAHWUMY MigX0AaMy [0 OLiHIOBaHHS Lnd-
POBOIO 310POB’s1. Hanbnkummm Ans nopiBHsHHS € Moaeni und-
posoi 3pinocTi HIMSS [17], eBponeticbkuin focsig o eHealth y
mexax Digital Decade / DESI, a Takox pekomeHzauii BOO3 wopo
PO3BUTKY, MOHITOPWHIY 1 OLLiHIOBAHHS LIMEPPOBOTO 340POB'S.

Mogeni HIMSS, sokpema EMRAM, opieHTOBaHi nepeBaxHo
Ha OLiHIOBaHHS LMPOBOI 3pINocTi MeAMYHUX 3aKknagis Ta pis-
HSI BNPOBAKEHHSI ENEKTPOHHNX MeANYHUX 3anuciB. Y moaeni
EMRAM nepenbayeHo cim eTaniB Lwkanu ouiHiBaHHs — Big 0
(BiocyTHiCTb aBTOMaTM3aLi) 40 7 (AMHaMivHa MeguyHa KapTa).
CunbHolo CTOpOHOIO Liel Moaeni € 3po3yMina rorika nokpoko-
BOCTI, a[lKe KOXEH 3aKnaf MOXe OLHWTW, Ha SKOMY piBHI BiH

nepebyBae 3apa3 i AKk1X 3axofiB NOTPIGHO BXMUTK, OO NepenTu
[0 BULLIOTO piBHA LmdopoBisaLlii. BogHovac aBTopy nepekoHaHi,
Lo, sKLLo 6paTty ouiHioBaHHs LITO3 came sk 06’ekta ny6niuHoi
nonitukn, To Ans Ykpainu nigxogy mopenen HIMSS 3amano,
afxe yKpaiHCbka MOZENb MOBWHHA OXOMMKBATU HE TiMbKM
nikapHto abo KOHKPETHUIA MEOUYHMIA 3anuc, ane 1 B3aeMOLIo
MO3, HC3Y, agminictpatopa ECO3, micuesux rpomag, meauy-
HWX NpaLiBHUKIB i navjieHTiB [18]. Came Tomy aBTOpCbKa MOAENb
[OMOBHIOE NOTiKY LUMHPOBOI 3pinocTi TakUMK KpUTEpiSMU, 5K
NiA3BITHICTb, L(POBA CMIPOMOXHICTb FPOMa, KPU30Ba CTilKICTb
i JOKa30BICTb LMhPOBOI MOMITUKA.

Y koHTekcTi Digital Decade 2030 Ta ingekcy DESI undoposi-
3aLlis OXOPOHW 300POB’S BU3HAYEHA K OAMH i3 HAUMOMOBHILLMX
npioputeTia. OLiHKa KpaiH 3a LM iHAEKCOM 3MiINCHI0ETLCS 3a 12
cybiHankaTopamm, siki 00'egHaHi B HOTUPW TEMATUYHUX OroKu:
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LOCTYMHICTb NS rpoMajsiH, kateropii MeQUYHNX JaHnX, TEXHO-
noriyHa iHTerpauis, 6esneka Ta ineHTudikais [19]. OcHoBHOW
nepeBarok Lboro iHAEeKCY € MOXMUBICTb MiXAEPXaBHOMo Mno-
PIBHSIHHS Ta MOHITOPUHTY NPOrpecy NpoLEciB OTPUMaHHSA navji-
€HTaMW JOCTYNy 40 eNeKTPOHHUX MEAUYHUX AaHUX | pecypeis.
Pa3oM 3 TUM, Takui Nigxig He NOBHICTIO XapaKkTepuaye creumaiky
KpaiH, L0 TpaHCGOpMYIOTb CUCTEMY OXOPOHY 3[0POB'S B yMOBaX
BillHW. ABTOPCbKa MOAENb He 3anepeqye 3Ha4eHHS €BPONENCHKIX
iHOMKaTopIB, ane po3LWMptoe X YNpaBMiHCbKUA BUMIP: KOXEH
KpUTEpil NOB'A3aHUI He NuLLIE 3 BUMIPIOBAHVM MOKA3HUKOM, ane
i 3 [HKEPenoM aHwx, BignosigansH1M Cy6' eKTOM Ta MOXITUBUMM
YNPaBRiHCLKM PiLLEHHSM.

Mipxoon BOO3 [0 ouiHoBaHHS LM POBOro 300pOB’st MatoTb
LWMPLUWIA CTpaTeriyHMn XxapakTep. BOHM IpyHTYIOTLCA Ha Takux
YOTUPLOX KITKOYOBUX MPUHLMNAX (CTpaTeriyHmnX Linsx), sk cnpu-
SHHS rnobarnbHOMY CriBPOGITHULITBY, NPOCYBaHHS HALliOHAMBbHUX
cTparteriit LmMdpoBoro 340pPOB’s, 3MiLLHEHHS! HOPMaTUBHOI 6a3u
Ta ynpaeniHHA, opieHTauis Ha loauHy Ta iHKM3uBHICTL [20].
ABTOpCbKa MOAENb PO3BMBAE LIK0 NOTiKY HA PiBHI KOHKPETHOMO
IHCTPYMeHTY ans YkpaiHu. [i 0coBnuBicTIO € Te, WO 3ararbHi
MPUHLMNK LMGPOBOrO 300POB’S NEPETBOPIOIOTLCS Ha CUCTEMY
OLIHKOBaHHS, NPWAATHY 47151 BAKOPVUCTaHHS OpraHamu my6miyHoro
YNpaBIiHHSA: KPUTEPI — IHAMKATOp — KEPEeno AaHuX — Bignosi-
JanbHUi cy6'ekT — yNpaBriHCbKe PilLeHHS.

Tpeba 3ayBaXxuTH, LLIO NOPIBHSHO 3 MiXXHAPOAHUMU CXEMAMM
3anpornoHoBaHa Mofenb Mae Kinbka BigmiHHOCTeN. [Mo-nepLue,
BOHa ouiHtoe LITO3 He nule sk TEXHOMOrYHMIA NpoLec, a sk
iHCTPYMEHT MybniyHOro ynpaeniHHA CUCTEMO) OXOPOHM 3[0-
pos's. [1o-apyre, BOHa OLHIOE | HASIBHICTb LIMPPOBUX CEPBICIB, |
iXHI0 yNpaBniHCbKy CKIagoBy: Y1 4OMOMaratoTb BOHM MiaHyBaTy
nocnyri, NgTPUMYBaTU MapLUpYT NaLieHTa, BUSBNSATYA LIOPOBY
HEPIBHICTb | KopUryBaTtu nonituky. Mo-TpeTe, Moaenb aganTo-
BaHa [10 YMOB KpU30BOro (PYHKLIOHYBaHHS AepKaBu, OCKINbKM
BKJTOUAE KPUTEPIT CTIMKOCTI Ta LchPOBOI CNIPOMOXHOCTI rpoMag.
[No-yeTBEPTE, BOHA NOEAHYE SKICHI Ta KiNMbKICHI iHOMKaTOpH, WO
HeoOXigHO Ans OLiHIOBaHHS A0BIpM, NiA3BITHOCTI, AOCBIAY Ta
BiANOBiganbHOCTI.

[o3nTMBHUM acnekToM 3anponoOHOBAHOrO MiAX0AY € NOro
GaratoBuUMipHicTb. Mogenb NoeaHye TEXHIYHMIA, coLianbHMR,
yNpaBniHCLKWIA, NPABOBUI, IHCTUTYLINHMI | 6E3NEKOBUIA acnek-
TV LUmncpoBoi TpaHchopmaLii. Lie gae amory He obmexysaTu
OLiHIOBAHHS KiNbKICTIO €NEeKTPOHHUX PeLenTiB, HanpasneHb
abo 3anwucis. BaxnuBolo € Takox afantauisi yKpaiHCbKOro
KOHTEKCTY BOEHHOTO CTaHy: LM poBa c1cTema OXOPOHM 300~
POB’Sl OLHIOETLCA HE TirlbKK 3a 03HaKaMu po3BUTKY, ane 1 3a
30aTHICTIO NpaLoBaTW B yMOBAX PyNHYBaHHS iHGhpaCTpYKTypH,
nepeMiLLEHHs HaceneHHs, kKibepaTak Ta 0OMeXeHUX pecypcis
[21]. NMepeBarot Mogeni € ynpasniHCbKa CNPSIMOBAHICTb,
OCKifbKy iHaMKaTopn 6e3nocepeaHbO NOB'A3YIOTHCS 3 PiLLEH-
HSMM WOAO (hiHAHCYBaHHSI, HABYAHHSA MepcoHany, TEXHIYHOI
MOAepHisaLii Towwo.

Pa3om i3 Tum, Mogenb Ha LibOMy eTani Mae NeBHi 0OMEXeEHHS!
Ta HeZoniku. 30KpeMa, Ha CbOrofHi BOHa € TEOPETUKO-METO-
[I0M0ri4HOI0 Po3pobKoo Ta noTpebye npakTuyHoi anpobauii. [i
3aCTOCYBaHHS MOXe OyTu ycknagHeHe pisHUMU dhakTopamu,
SK-OT Pi3HOK0 SKICTIO NEPBUHHMX AaHuX, ki BHocATb o ECOS,
BiAMIHHOCTSMW LEPPOBOI CNPOMOXHOCTI 3aknagis i rpomag,

00MEXEHM JOCTYNOM A0 OKPEMUX YNPABIIHCLKMX ab0 TEXHIY-
HWUX gaHux Towwo. Kpim Toro, YacTuHa iHaMKaTopiB Mae SKiCHUI
XapakTep, L0, B CBOK Yepry, Moxe notpebyBaTn eKCrnepTHOI
OLLIHKI, NOB'SI3aHOI 3 pu3ikamm cy6'ekTBHOTO Migxoay. [ns nogo-
NaHHs! X 0BMEXEHb AOLINBHO PO3POBUTY LKAy OLHIOBAHHS,
BW3HaYNTK Bary KOEMILJEHTIB i MiHIManbHi NOPOroBi 3HAYEHHS.

OBMmexeHHAM AOCTIMKEHHS € BiACYTHICTb EMMNIPUYHOI anpo-
Gavuji Mmogeni Ha noBHomy Macmsi faHux ECO3 abo Ha BubipLi
3aKI1aziB OXOPOHM 300POB’S 3 Pi3HKX PErioHiB. Kpim TOro, BOEHHNI
CTaH CyTTEBO BMIIMBAE Ha 3iCTABHICTb PEriOHabHMX NMOKa3HMKIB,
OCKifbKW [OCTYMHICTb CEpBICIB, KaApOBUI NoTeHLjan, iHppa-
CTPYKTypa Ta eNeKTPONOCTa4YaHHs B Pi3HUX PErioHaX MatoTb PiHi
YMOBY (PYHKLOHYBaHHSI.

3anponoHoBaHy MoZenb AOLIMbHO PO3rNsaaT ik KoHLen-
TyanbHy Ta ynpaBniHCbKy OCHOBY st po3p0oBneHHs NpUKNagHoi
METOAMKM OLLIHIOBaHHS. HacTynHUM eTanom Mae cTatu nNinoTHe
3aCTOCYBaHHS Ha PiBHI OKPEMUX perioHiB abo rpyn MeauyHux
3aKnagis i3 nogasbLlUM YTOUHEHHSM IHAVKATOPIB, [yKepen daHuX,
BiANOBiKanbHUX Cy6'eKTIB i NPOLEaYp BUKOPUCTaHHS Pe3ynbTaTiB
OLHIOBaHHS! y mpakTui nybnivyHoro ynpasniHHs LITOS3.

BucHoBKU

1. EchekTuBHICTL MyBRiyHOT noniTyki LMcpoBoi TpaHchopma-
Liii OXOPOHM 300POB'St He MOXe ByTK OLiHEHA NLLIE 3 KINbKICTHO
UMHPOBYX CEPBICIB, MigKIIOYEHNX 3aKnaaiB abo chopMOBaHUX
B ECOS3 3anuciB. Taki nokasHWKk1 onu1cyroTb MacliTab uudposi-
3allii, ane He XapakTepuaytoTb i1 ynpaBiHCbKY e(DeKTUBHICT.

2. 5K OCHOBHI KpuTepii oLjiHtoBaHHs1 edekTuBHocTi LITO3
3anpornoHOBaHO BWU3HAYUTU JOCTYMHICTb LUM(POBUX CEPBICIB,
Ge3nepepBHICTb MeANYHOI JOMOMOrM, SKICTb | CBOEYACHICTb
YNpaBniHCbKMX pillieHb, iHTeponepabenbHICTb, 3aXUCT MEQUYHIX
[aHwX, Nia3BITHICTb Cy6'eKTiB, LIMPOBY CMPOMOXHICTb 3aKknaiB
i TepuTOpianbHNUX rpomag,.

3. [Ins oLiHtOBaHHS KPUTEPITB 3aMPOMNOHOBAHO 3aCTOCOBYBATM
CUCTEMY KiNbKICHWX Ta SKICHUX IHAMKATOPIB, SIKi XapaKTepu3yTb
He TiNbKM BUKOPUCTaHHS LPPOBUX IHCTPYMEHTIB, ane i SKiCTb
[JaHnX, KOPUCTYBaLIbKWA AOCBIL, IHCTUTYLIAHY BiANOBIAamNbHICTb
i IPaKTUYHY KOPUCHICTb LMPOBIX YNPABMIHCHKUX PiLlieHb.

4. OB’eKTUBHICTb OLiHKOBaHHSI OOMEXYIOTb HEPIBHOMIPHA
LncpoBa CMPOMOXHICTb TepUTOpianbHNX rpoMag, HegoCTaTHs
skicTb gaHnx ECOS, BOEHHWI CTaH i pu3uk hopMarbHOro BUKOPH-
CTaHHs KinbKicHUX nokasHmkis. OLiHoBaHHS edhektuBHOCTi LITO3
Mae ByTy KOMMNEKCHUM i GaraToBUMIPHIM, @ NOro pesynbraTh
[OLiNbHO BUKOPUCTOBYBATU He TiNbKW N5 3BITYBaHHS, ane i Ans
YXBaneHHs Ta KOPUryBaHHs YNpaBMiHCbKMX piLllieHb.

MNepcnekTMBM NOAAABLLIMX AOCAIAXKEHb MONAraTh Y pPo3-
pOOneHHi iHTerpoBaHOi METOAUKM OLLiHIOBAHHS epeKTUBHOCTI
nyBniyxoi nonitukn LITO3 Ta ii anpobaLii Ha ocHoBi 6a3u gaHnx
ECOS, pesynbratiB onuTyBaHb NaLlieHTiB, MEAWUYHIX NPaLiBHUKIB
i KEPIBHUKIB 3aKMazjiB OXOPOHY 30POB'S.

Aexnapauif wopo BukopuctaHHa LI
ABTOPU He BUKOPUCTOBYBANM IHCTPYMEHTY LUTYYHOTO IHTENEKTY Mif Yac
MiZroTOBKY PyKOMUCY.
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diHaHCyBaHHA
[ocnimpxeHHs 3piicHeHo 6e3 hiHaHCOBOI MIATPUMKN.
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AtporeHHnin 6oTyniam — pigkicHa dopma BoTyniamy, WO BUHMKAE BHACTILOK BUKOHAHHS MEANYHUX NpoLeayp,
MOB’A3aHUX i3 BBEAEHHAM GOTYNOTOKCUHY B TepaneBTUYHIX abo KOCMETONOTIHHMX LiNsiX.

Merta po6oTi — npoaHanisyBaty kniHiYHWi nepebir aTporeHHoro 60Tyniamy nicns BBegeHHs npenapary BoNT/A
3 KOCMETOIOTYHOK METOH0 Y MaLEHTKW BIKOM 58 pokiB.

Martepianu i meToau. [poaHanisysanu KniHiYHWiA BUNAZLOK ATPOreHHoro 60Tyniamy nauieHTku €. Bikom 58 pokis,
sika nepebyBana Ha nikyBaHHi y BiaAineHHi aHecTesionorii Ta iHTeHCBHOI Tepanii KomyHanbHoro HenpubyTkoBoro
nignpuemctea «ObnacHa iHdekuiitHa kniHivHa nikapHs» 3anopisbkoi obnacHoi paau B 2025 poui.

Pesyabtati. HaBezieHO KniHiYHe CMOCTEpEXEHHS BUNaaKy STPOreHHOro 60Tyniamy, Lo PO3BUHYBCS Y NaLiEHTKN
BikoM 58 pokiB micns 3acTocyBaHHS HenileH3oBaHoro npenapaty BoNT/A, sikuil BBeAEHO Nif Yac KOCMETONOriY-
Horo BTpyyaHHs full face. KniHiuHMI npuknag AeMOHCTPYe 0COBNMBOCTI KMiHIYHMX NPOSBIB, TPYAHOLL KMiHIYHOT
AiarHoCTUKM Nig Yac NePBUHHOIO OrnsAy, AMHaMIKy MaHidecTalii CUMNTOMIB STPOreHHOro 6OTYMi3My, @ TaKoX
MOBINbHUIA PErpec HEBPOSOTYHOT CUMMTOMATHKM MiCNs CeLmdivHOro NikyBaHHS. [puBepTae yBary 3Ha4HO NoBiNb-
HilLle HAPOCTaHHS KNiHIYHOT CUMNTOMATYKW, Ha BiAMiHY Bif NPUPOAHOTO iH(iKyBaHHS 3 (hOPMYBaHHSIM XapHOBOrO
60Tyni3My, a TakoX NEBHa AMCOLjiaList KIiHIYHMX O3HaK, 30KpeMa BiACYTHICTb Mifpiady NpoTsrom BCiei XBOopooy.

BucHoBKU. HaBefeHe kniHiYHe CrocTepexeHHs BUNaaKy STPOreHHoro 60Tyniamy, Lo PO3BUHYBCS Y NALiEHTKM
BikOM 58 pokiB micns 3aCToCyBaHHs HeniLeH3oBaHoro npenapary BoNT/A, skuii BBegeHo nig yac KocMeTorno-
rivHoro BTpyyaHHs full face, AemMOHCTPye 0COBNMBOCTI KNiHIYHNX NPOSBIB, TPYAHOLLI KNIHIYHOI AiarHOCTUKM Npu
nepBYHHOMY Ornsdi, AMHaMiKy MaHipecTaLii CUMNTOMIB ATPOreHHOro 60Tyni3My, a TakoX perpec HEBPOMOTiYHOI
CUMNTOMATUKM NICAS CNEeLMMIYHOrO MiKyBaHHS.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 3(70). C. 228-234

latrogenic botulism in cosmetology: a case from practice

0. V. Riabokon, H. I. Makurina, O. I. Andriienko, T. V. Ryzhenko,
K. V. Kalashnyk, Yu. Yu. Riabokon, 0. 0. Korniienko

latrogenic botulism is a rare form of botulism resulting from medical procedures involving the administration of
botulinum toxin for therapeutic or cosmetic purposes.

Aim - to analyze the clinical course of iatrogenic botulism after the BoNT/A administration for cosmetic purposes
in a 58-year-old female patient.

Material and methods. A clinical case analysis of iatrogenic botulism was conducted in patient E., aged 58, who
was treated in the Anesthesiology and Intensive Care Unit Department of the Municipal Non-Profit Enterprise
“Regional Infectious Disease Clinical Hospital” of the Zaporizhzhia Regional Council in 2025.

Results. The paper presents a clinical observation of iatrogenic botulism case that developed in a 58-year-
old female patient after the use of an unlicensed drug BoNT/A, which was used during a “full face” cosmetic
procedure. The clinical case demonstrates the peculiarities of clinical manifestations, the difficulties in clinical
diagnosis during the initial examination, the dynamics of iatrogenic botulism symptoms manifestation, as well
as the slow neurological symptoms regression after specific treatment. It is noteworthy that the dynamics of the
increase in clinical symptoms is much slower, in contrast to natural infection with the formation of food botulism,
as well as a certain dissociation of clinical signs, in particular the absence of mydriasis throughout the disease.

Conclusions. The clinical observation we have provided of iatrogenic botulism case that developed in a 58-year-old
patient after the use of an unlicensed BoNT/A drug. The drug was used in a “full face” cosmetic procedure and
demonstrates the characteristics of clinical manifestations, the difficulties in clinical diagnosis during the initial
examination, the dynamics of the manifestation of symptoms of iatrogenic botulism, as well as the regression
of neurological symptoms after specific treatment.

Modern medical technology. 2026;18(3):228-234
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AtporeHHmin 6oTyniam — pigkicHa hopma 6oTynismy, Lo Bu-
HWKaE BHACTMBOK MeAUYHIUX MPOLeayp, NOB'S3aHMX i3 BBEAEHHSIM
OOTYNOTOKCHHY B TEPANEBTUYHIX ab0 KOCMETONOTYHMX LinsiX.
dapmaLeBTYHI NpenapaTti MICTATb O4YULLEHUIA Ta CUITBHO PO3-
BefleHui 60TynoToKewH, HanyacTiwe — Tvn A (BoNT-A), skuii
OTPUMaHWIA NPU BUKOPUCTaHHI KynbTypu 30yaHuka Clostridium
botulinum. Y kniHiuHin npakTuLi BONT-A BBOASATb BHYTPILLIHEOM S-
30BO 3a MPOTOKOMamm nikyBaHHS noHag 20 HEBPOMOrivHUX i
HeHeBpororiYHKx po3nagis. [poTe 0CTaHHIM YacoM CTae noLuu-
peHiLLmM BUKoprcTaHHA BoNT-A B KoCMeTONOrii Ans AOCSTHEHHS
BaxxaHoro kocMeTonoriyHoro edpekTy. Huska dhakTopis, 3o0kpema
BUCOKI 4031 BONT-A, HEKOPEKTHE 110r0 3aCTOCYBaHHS Ta BUKO-
PUCTaHHS HeniLeH30BaHWX npenapartis, MOXe Npu3BecTu [0
CMCTEMHOTO NoLwMpeHHs BONT-A, Lo cnpuimnHsie naparniy M'ssis,
BUKINMKAI04M TaKi CUMMTOMM, ik M'I30Ba CiabKiCTb, NOPYLUEHHS!
30py, 6ynbbapHi po3naam ToLwLo. Po3LwiMpeHHs cnekTpa nokasaHb
Ans 3actocysaHHsi BONT-A Ta BifiCyTHICTb YHihikoBaHUX NpoTo-
KOmMiB CnpuymHsie 30iNbLUEHHS KiNbKOCTi BUMAZKIB SATPOrEHHOro
Botynismy y caiTi [1,2,3].

FATporeHHMI 6OTYMI3M HHI € HOBOH KMiHIYHOK NPOGneEmoto,
OCKIMbKW PEECTPYIOTb BUMNaAKW NOr0 BUHUKHEHHS HaBiTb Mpu
3aCTOCYBaHHiI NiLEH30BaHNX npenapariB. 3aXBOPOBAHHS MOXe
PO3BUHYTUCS Y pasi BAKOPUCTaHHS JOCUTb LUMPOKOTO AianasoHy
103 BoNT-A-Big 100 O go 2000 OLI. Mepebir xeopobu xapak-
TEPU3YETLCS KMIHIYHO 3HAYYLLIO CUMMTOMATUKOH, LLO Y nepe-
BaXHOI BinbLLOCTi BUNaakiB notpebye BBEAEHHS BOTYMIHIYHOTO
QHTWUTOKCHMHY, @ YacTuHa XBOPKX NOTpebyBany HaBiTb LUTYYHOT
BEHTUMALi nereHb [1].

Tak, xipypru 3 [optyranii 3achikcyBanu BUNagok ATPOreHHoro
Borynismy nicnst iH'ekuii BONT-A, L0 BYKOHaHa ik AOMOBHEHHS
[0 PEKOHCTPYKLii YepeBHOI CTiHKM Npu nicnsionepauinHii rpu-
xi [3]. Y cyyacHin xipyprii cknagHux nicnsonepauiniux rpmk
BBeaeHHs BONT-A BUKOPUCTOBYIOTH ik JONOMDKHUI MeTOA Npu
XipYPriyHIii PEKOHCTPYKLi YepeBHOI CTiHKM, OCKINbKK iH'eKuis
BoNT-A cnpuimHsie po3crnabneHHst M’si3iB i 30inbLLIEHHS IOBXMHM
M’SI30BUX BOJOKOH, L0 A€ 3MOry 3akputu dacuito 6e3 Heob-
XiOHOCTi 3aCTOCYBaHHS CkrnagHux TexHik. Came nig yac Takoro
ornepaTuBHOMO BTPYYaHHS y 65-piyHOroO nauieHTa, Skomy nig
KOHTpOMeM ynbTpa3ByKOBOrO AOCHILKEHHS MPOBEAEHO iH EKLiO
niueHsoBaHoro npenapaty BoNT-A B YepeBHy CTiHKY, Yepes 5
[JHIB 3'IBUNVCS AN3apTpisi, M's30Ba CMabKiCTb, 3aMLLKa Npu He-
BENMUKOMY (hi3M4HOMY HaBaHTaXeHHI, 3aKkpen, a LWBKAKe nporpe-
CyBaHHS A1XanbHOI HeaoCcTaTHOCTI NoTpedyBano rocnitanisawi
[0 BifAineHHs HeBiAKMagHOI JONOMOrY Ta MPOBEAEHHS LUTYYHOI
BEHTUNALT nereHb. Micns BUKIHOYEHHS IHLWXX HEBPOMOTiYHMUX
CTaHiB Yy MaLlieHTa [iarHOCTOBAHO STPOreHHMIn 6oTyniam, oMy
BBELEHO BOTYNIHIYHMI @HTUTOKCKH [3].

EHgockonivyHe BHYTpilLHbOLWNYHKOBE BBeAeHHS BoNT/A €
OOHUM i3 CyyacHWX BapiaHTIB NikyBaHHS, IO CrpsIMOBaHe Ha
3HWKEHHS Macyi Tina Npy OXMpiHHi. MNeBHWIA Yac Npy 3aCTOCYBaHHi
TaKOro NikyBaHHs HE NOBIZOMMSANYM NPO Tsbkki NOBiYHI edhekT, Lo
CMOHYKas0 OKpeMi EBPONENCHKI KpaiHW CXBaNMTX NOTO BUKOPK-
craHHs (off-label) Ta nikysatu navieHTiB Ha MiXXHapOLHOMY piBHi B
KOHTEKCTi Meau4Horo Typuamy [4,5,6]. Y chaxosin nitepatypi Ha-
BELIEHO HU3Ky BUNaAKiB 60Tyni3aMy nicnsi BHYTPILLUHBOLLMYHKOBIX
iH'exUin BoNT/A ons nikyBaHHS OXMPIHHS B TYPELIbKMX JIKAPHSIX
[4,5,6]. Micns Takux iHEKLiN NaLieHTW 3BepTannucs No MeauyHy

J0MOMOTY 3 03HaKaMm ypaxeHb YepenHux HepBis, OynbbapH1MK
CUMMNTOMaMM Ta HU3XIGHUM Nape3om, Lo noTpebyBano BBEAEHHS!
BOTYNHIYHOMO aHTUTOKCKHY Ta 3aCTOCYBaHHS aHTUXOJIHECTepas-
HWX 3aco0iB. 3ayBaxMMO, LLO NPOTArOM KiflbKOX TWXKHIB MO BCill
€Bponi 3apeecTpoBaHo noHag 80 BunaakiB ATporeHHoro 6oty-
ni3my nicnst igeHTUYHUX BHYTPILUHBOLLITYHKOBYX iH'eKLin BONT/A
[5]. Lli BMnagkv 4eMOHCTPYHOTb puanky iH ekuin BONT/A, sikwwo ix
He 3aCTOCOBYIOTb Y pamKax [0Ka30Boi MeauumHu. [JouinbHum
€ PO3pObneHHsT MiXXHAaPOAHUX PEKOMEHZALL ANs BU3HAYEHHS
nokasaHb i 6e3neyHoi cxemu Ao3yBaHHs [4,5,6].

3HayHe pO3LUMPEHHS! KOCMETONOTYHMX MOCMYT Ta aKTUBHE
BUKopucTaHHs npenapatiB BoNT/A y cyyacHii kocmetonorii
3yMOBWIIO CYTTEBE 3BiNbLLEHHS BUMAAKIB ATPOrEHHOro GoTyniamy
nicns ix HagaHhs [1,7]. 3a maHuvy 10-pivyHOrO PeTpoCneKkTMB-
HOro aHanisy, Lo 3aincHunu gocnigHuky 3 Kutato, Kinbkictb
CEPEeHbOTSKKMX | TSKKMX (hOpM STPOreHHoro 60Tyniamy nicnst
3actocyBaHHsi npenapatiB BoNT/A y kocmeTonorii 3Ha4yHO
30inbLumnacs, noumHatoun 3 2024 poky, i npy LbOMy NonoBKHa
nauieHTiB notTpebysanu rocnitanisavii Ta cneyndiyHoi Tepanii
GOTYNiHIYHAM aHTUTOKCUHOM [7].

OTe, po3LUMPEHHs! criekTpa BUKkopucTaHHst BONT/A 3 niky-
BarnbHO Ta KOCMETOMOMNYHOK METOH), BIACYTHICTb MXXHAPOAHWX
MPOTOKOIB 3aCTOCYBaHHS GOTYniHOTEpPanii Npu3Beno Ao 30inb-
LEHHsI BUMaZKiB ATporeHHoro 6oTyniamy Ta chopmyBasno HoBY
MeauuHy npobnemy. Lli daktn oBrpyHTOBYI0T HEOOXIiAHICTD
aHanisy KniHiYHWX BUNaZKiB, BU3HAYEHHS 0COBNMBOCTEN nepe-
Giry arporeHHoro GoTyni3My, BCTAHOBMEHHS (haKTOPIB pU3NKy
Ta HaKOMUYeHHs KMiHIYHOro A0CBIAY MiKyBaHHS TaKMX XBOPUX.

Merta pobotu

lMpoaHanisyBatu KniHiYHWiA Nepebir STporeHHoro BoTyniamy
nicns BeegeHHs npenapaty BoNT/A 3 koCMETONOrYHOI0 METOKO
y nauieHTkM BikoM 58 pokiB.

Marepianun i meToAU AOCAIAKEHHA

[NpoaHaniaoBaHo KMiHiYHMIA BUNAZOK ATPOrEHHOro 60Tyni3my
nauieHTkn €. Bikom 58 poki, sika nepebyBana Ha nikyBaHHi y
BinAiNeHHi aHecTe3ionorii Ta iHTeHCKBHOI Tepanii KomyHanbHoro
HenpubyTkoBoro nignpuemctaa «ObrnacHa iHgekuiiHa KriHiYHa
nikapHst» 3anopisbkoi obnacHoi pagym B 2025 poui.

Pe3yabTati

Ha 10 goby xsopobw navjeHTka €. (Bik — 58 pokis) nepese-
[eHa 3 HeBPOMOriYHOrO BifAineHHst 6aratonpodinkHoI NikapHi 4o
BifAineHHs aHectesionorii Ta iHTeHcmBHoi Tepanii KHIM «ObnacHa
iHbekwinHa KniHivHa NikapHs» 30P 02.04.2025 poky 3i ckapramu
Ha BMpaXeHy 3arafibHy crabKiCTb, XWTKICTb XOAM, MOPYLLEHHS
30py (OBOTHHS B 04ax), HEMOXIMBICTb BIZKPUTU OYi Yepes NTo3
MOBIK, NOPYLLEHHS KOBTAHHS, @ CAMe HEMOXTMBICTb MPOKOBTHYTU
HaBITb CIUHY.

3 aHaMHe3y xBopobu BCTaHOBIEHO, WO 3axBopina
22.03.2025 poky, Big4yBLUM OHIMIHHS HYXHBOT TPETUHW 0BMMYYS,
LM, HKHIX noBik. 3 24.03.2025 poky BU3HAYana HapoCTaHHs!
cnabkocTi, CyxicTb CM3oBMX 0BOMOHOK poTa Ta o4elt, 3'sBuna-
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Puc. 1. KAiHiuHi HEBPOAOTIUHI NPOABK ATPOreHHOro 60TYAI3MY Y XBOPOi €. Bikom 58 pokiB: NT03, BUpaxeHui biablue npaBopyu (A), Bia-

CyTHICTb pyXiB BEPXHbOI rybu (B).

€S An3apTpis. Y HacTynHi gHI BUHUK CTIMKMIA 3akpen. Bneplue
no meauyHy gomnomory 3sepHynacst 26.03.2025 poky (4 poba
XBOpobu) 4O HeBponora 3a MiCLEM NPOXMBaHHS. BUCHOBOK
nikapsi-HeBposora nNpu NePBUHHOMY 3BEPHEHHI: «[OCTpe nopy-
LEHHs] MO3KOBOTO KpoBOOGiry B CTOBOYpi rOMOBHOMO MO3KY, Y
BepTebpo-6asunsapHomy baceiHi, BynbbapHuUin cuHAPOM, nopy-
LIEHHS] OKOPYXOBWX HEPBIB MPABOPYY, binareparbHe ypa)eHHs
NWLEBOro HepBa, nape3 M'A3iB 00M1YYs MOMIPHOTO CTYMeHs.
MiacTteHiyHui cuHgpom (?)». MauieHTka rocnitanisosaHa 4o
HEBPOIIONYHOrO BiadineHHs 6aratonpodinbHOro CraLioHapy,
Mpn3Ha4eHo ODCTEKEHHS: MarHiTHO-pe30HaHCHY ToMorpadito
TONIOBHOMO MO3KY, BBEAEHHS aHTUTIN A0 aHTUXOMIHECTEpasHNX
peLenTopiB i NPOBEAEHHS MPO3EPUHOBOI NPOGM.

3a pesynbratamm MarHiTHO-pe3oHaHCHOI Tomorpadii ro-
nosHoro mMo3ky Big 26.03.2025 poky, ocepenkoBoi natonorii
He BuABneHo. MpoBoannK NikyBaHHS aHTUXOMIHECTEPA3HUMM
npenaparamu, arne HeBpOrorivyHa CUMMTOMaTUKa NPOgoBXyBana
HapocTatu. 3 27.03.2025 poky 3'9BUnMCS NepLUi NposiBv nopy-
LUEHHS KOBTAHHS, YaCTKOBWI NTO3 i po36ixHa KOCOOKICTb, 0OMe-
KEHHS1 PyXiB O4HMX AOMYK, 4UNONis NPSIMO Ta MPaBopy AOTOpU.
301.04.2025 poky cyxiCTb y poTi CTana 3Ha4Ho, 3atikcoBaHO
adbarilo, BUpaxeHy An3apTpito, ANCOHItO, IIIOTKOBOTO pedriek-
cy He 6yno, fiarHOCTOBAHO Mape3 KWLLKIBHWKA, MEHIHreanbHux
3HakiB He Oyno, BUSIBNEHO Nerky atakcito B npobi Pombepra.
MavuieHTLi BCTAHOBMNEHO HA30racTpasibHUM 30H4,

Ha dboHi noripLueHHs cTaHy nauieHTka nosigoMuna, Lo opi-
€HTOBHO 2 TVXXHI TOMY OTpuMyBana iH’ekuii npenapary BoNT/Ay
kocmetororiyHomy kabiHeTi. Ha koHcynbtauito 02.04.2025 poky
BUKMMKAHO iH(hEKLiOHICTa. YTOUHEHHS A0 enigeMionoriYHoro
aHaMHe3y: 3a [iBa TVKHI O MoYaTKy XBOpoOM navieHTka 3Bep-
Hynacb [10 CBOEi 3HaOMOI, L0 HaZae KOCMETOMOriYHI mocnyry,
ans 6otyniHoTepanii; i npoeegeHo npoueaypy full face, a came
3pobneHo iHekuji npenapary BoNT/A y Takux nokaniaawisx, sk

nob, mixbpiBHa AinsHKka, nepiopbitanbHa 30Ha, CMHKa Hoca,
nepiopanbHa 30Ha, HKHA TPETUHa 0bnnyys, nnatuama. lNpo-
TArOM OCTaHHiX 4 pokiB 3 iHTepBanom 4-8 micsuiB naujeHTka
BXe oTpymyBana iH'exuii BONT/A B okpeMi nokanisavii 0bnnyus,
onHak full face 3pobneHo BnepLLe.

[osy BoNT/A, siky Byno BBeieHO, YTOMHUTW He BAANOCS, 3i
cnie xsopoi, — 100 Ofl. Pasom i3 TuMm, nauieHTka YiTko noBigo-
Muna, o Byno 3acTocoBaHO He MiLEH30BaHWA Y HALLIN KpaiHi
npenapat BoNT/A, skuin BoHa npuabana B peXUMi «pPyYHMX
MPOAaXiB 3a CKaACbKMY LiiHamMmny. 3ayBaxuMO, LLO BXe BAOMa
navwjieHTka caMOCTiiiHO 3pobuna iH eKLiito aHTUXOMNIHECTEPa3HOro
npenapary 3a pekoMeHzaLlieto kKocMeTonora, npote 6e3 edhexTy.

BpaxoBytouu KITiHIYHY CUMITOMATWKY, AaHi enigemMionoriyHoro
aHamMHesy Ta BUKITHOYEHHS OpraHiYHol HeBpOoriYHoT natonorii,
BCTaHOBMNEHO AiarHo3: ATporeHHWin 6oTynism, bynbbapHuii
CMHOpPOM, ABOGIYHA HEBPOMaTis NMLEBOrO HepBa, YaCTKOBO —
ocbTanbMonapaniTMIHNIA CUHAPOM; TSDKKWA Nepebir. MNauieHTky
nepeBeaeHo A0 BiAAINeHHs aHeCTesionorii Ta iHTEHCWBHOI Tepanii
KHIN «ObnacHa iHdekuiHa kniHivHa nikapHs» 30P. BctaHosne-
HWIA diarHo3 oqhiLlinHO 3apeecTpOBaHO Ta 3amM0OBHEHO EKCTPEHe
MOBIAOMIEHHSI.

Mg yac ornsgy BUSBNEHO NTO3, BUPaxeHui BinbLue npaso-
pyd, po3bixHY KOCOOKICTb MpaBOpyY, OOMEXEHHS PyXiB O4HNX
A0nyK, unnonito NpsMo Ta NpaBopyY AOTOPM, BIACYTHICTb
pyxiB BEPXHbOI rybu, adarito, An3apTpito, AUCPOHItO, CyXiCTb
CnmM30BMX 0BOMOHOK, BIACYTHICTb FOTKOBOMO pediriekcy, Nerky
atakcito B npobi Pombepra. [uxaHHs B NaLliEHTKM CaMOCTilHe,
ebeKkTuBHE, 6€3 NiATPUMKM KUCHEM; reMogmnHamika KOMNEHCo-
BaHa; NepUCTanbTUKY KALLEYHWKA HE BUSIBNIEHO — Mapes3 KLY~
HWKa (BIZCYTHICTb BUNOPOXHEHb NPOTArOM TUXHS). BiacyTHiCTb
nepucTanbTUKN KMLWEYHWKA MIATBEPAKEHO 3@ pesynsratamu
YNbTPa3BYKOBOrO AOCHimKeHHS. i Yac OUiHI0BaHHSA KNiHIYHMX
NposiBiB NPUBEPHYIa yBary BiACYTHICTb Migpiasy (puc. 1).
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Puc. 2. Perpec KAiHIYHOI CMNTOMATUKK ATPOreHHoro 60TyAi3My Ha 24 poby xBopobu (14 poba micas BBeaeHHs 1 A03M 6OTYAIHIUHOMO

AHTUTOKCUHY rentaBane HTHOFO).

MauieHTLi HeraHo BHYTPILLUHBOBEHHO BBEOEHO OAHY A03Y
BoTyniHiYHOro aHTUTOKCMHY renTtasanexTHoro (A, B, C, D, E, F,
G), NpoOBXeEHO BBEAEHHS aHTUXONiIHECTepa3HuX 3acobiB; xap-
JyBaHHs1 — Yepe3 HasoracTparbHui 30H4. epen NpoBeAeHHM
cneumgiYHoro NikyBaHHs y NaLieHTKM B3SITO KPOB ANs NPOBELEH-
H8 BionorivHoT Npobu Ha MULLIaX Ans BUSHAYEHHS BOTYNOTOKCHHY.
3 4acom OTPUMAHO HEraTUBHWIA Pe3ynbTaT LbOro AOCHImKEHHS.

3a pesynbratamm CroCcTEPEXEHHS, perpec KniHiYHOi cmn-
TOoMaTuKK BigbyBaBcs nosinbHo. Tak, 03.04.2025 poky (11 goba
xBopobu, Yepe3 1 foby nicns BBELEHHS BOTYMIHIYHOMO aHTK-
TOKCUHY) NULLIE 3@ pe3ynTaTamut yNsTPasByKOBOMO AOCTIMKEHHS
BWSIBNIEHO NEPUCTAnNbTUKY KULWKIBHUMKA. [NepLui 03Haku perpecy
Avnnonii Ta 3HWKHEHHs aTakcii B no3i Pombepra 3achikcoBaHo
04.04.2025 poky (12 noba xBopobu, Yepes 2 fobm nicns BBELEH-
Hs1 6OTYNIHIYHOrO aHTUTOKCUHY). BiHOBMEHHS NnepucTansTUKA K-
LLIEYHMKA, 3MEHLLIEHHS IHTEHCMBHOCTI MTO3Y NOBIK, NOSIBY POHALii
M'sikoro nigHe6iHHs Bu3HaueHo 06.04.2025 poky (14 noba xsopo-
o1, yepes 3 4obm nicnsi BBeAEHHs 6OTYMIHIYHOrO aHTUTOKCHHY). 3
LIbOro Yacy navjieHTKy nepeBeseHo A0 BiaaineHHs HeMpoiHpek-
LI, NPOOOBXEHO XapUyBaHHS Yepe3 Ha3oracTparbHUiA 30HA.
Jlnwe 3 10.04-11.04.2025 poky (18-19 noba xsopobu, yepes 8
46 nicns BBeAEHHS GOTYMIHIYHOTO @HTUTOKCKHY) Maiixe BiHO-
BUnacs hoHaList M'SKOro MigHeBIHHS, YiTKO 3'SBUBCS MMOTKOBMI
pecbriekc, TOMy HasoracTparbHUIA 30H4 Oyno 3HATO, naLieHTka
po3royara CamoCTilHE XapyyBaHHs NPOTEPTOLO iXeto (puc. 2).

Ha 25 po6y xeopobu (15 poba nicnst BBeAEHHs GOTYRiHIY-
HOTO aHTUTOKCWHY) NaLieHTKy nepeBefeHo Ans peabinitauii oo
HEBPOSIONYHOrO BifdiNeHHs 3a MiCLEM NPOXKMBaHHS.

OTxe, HaBeeHWi KIIHIYHWIA NPUKIag AEeMOHCTPYE BUNASoK
ATPOreHHoro 6oTyni3My, WO PO3BUHYBCA Y NaLieHTKU BikoM 58
POKIB Micrs 3aCTOCYBaHHA HeniLeH30BaHoro npenapaty BoNT/A,
BBEJEHOro Nig yac KoCMeTonoriyHoro BTpyYaHHs full face.
OnmcaHo 0cobnMBOCTI KIMIHIYHUX MPOSBIB, TPYAHOLLi KMiHIYHOI
[iarHoCTVKY Mg Yac NepBUHHOTO OrNsaY, AMHaMiKy MaHidbecTavji

CUMMNTOMIB SITPOreHHOro GOTYNi3aMy, @ TaKoX NOBINbHWA Perpec
HEBPOMOrYHOT CUMMTOMATMKM MICIs NPOBEAEHHS CreLndivHOro
nikyaHHs. puBepTae yBary 3Ha4yHO MOBIMbHILLE HApPOCTaHHS
KMIHIYHOT CUMMNTOMATMKW, Ha BiAMIHY Bif MPUPOLHONO iHDiKyBaHHS
3 (hOpMyBaHHsIM Xap4oBoro 6oTyni3my, a TakoX NeBHa AMCOL-
auis KIiHIYHMX 03HaK, 30KpemMa BiACYTHICTb Migpiasy NpoTAroM
BCiei XBOpPOOMU.

06roBopeHHA

Y HayKoBIil niTepaTypi NPOTArOM OCTaHHIX KiflbKOX POKIB
3'ABUNMCS NpaL, WO NpucBsYeHi npobnematuui STPOreHHoro
GoTyniamy, 3okpema onybnikoBaHO OMMCK OKPEMMX KITiHIYHWX
cnocTepexeHsb [3], cuctemaTuyHi ornsaau [1] Ta HaBiTb peTpo-
CMeKTVBHI aHaniam [7].

Po3BuToK ATpOreHHoro 60Tyri3aMy ONMCaHO Npu BUKOPHCTaH-
Hi npenapatisa BoNT-A i 3 nikyBanbHO0, i 3 KOCMETOMOMYHO
metoto [1,3,4,7]. 3a pesynsratamu cuctematyHoro ornsagy [1],
[0 PO3BUTKY STPOreHHOro BOTYNi3My MOXYTb NPU3BECTU MiLIEH-
30BaHi (34 %), Ta HeniueH30BaHi (46 %) npenapati BoNT-A,
a Takox iHWi HeskasaHi npodyktn BoNT-A (10 %). Y pasi 3a-
CTOCYBaHHs HeniLeH3oBaHWx npenapartis BoNT-A, 3okpema i 3
nikyBanbHOK METO, ONCaHO crnarnaxu STPoreHHoro BoTynis-
My [8]. Tak, B 04HIN i3 kniHik €runTy B YepsHi — nunHi 2017 poky
Byno 3acpikcoBaHo 9 BUNaAKIB ATPOreHHoro 6oTyniaMy nicns
BHYTPILIHBOM'I30BMX iH’E€KLi HeMiLeH30BaHUM npenapaTom
BoNT-A B gosi 200-300 MO npwu nikyBaHHi LiepebpanbHoro
napanivy (7), cnactnyHoi aucToHii (1) Ta rineprigposy (1) [8].
MauieHTiB rocnitanisoBaHo Yepe3 5-10 gHiB nicna iH’ekuii
BoNT-A. Ckapru BKntoYanu M'si30By CrabKiCTb y BEPXHIX i
HWKHIX KiHLiBKaX, Aucdarito, 3anaMOpoYeHHs, 3aauLLKy, Anc-
dhoHito, AnsapTpito, Aunnonito Ta poamuTiia 3ip. disnkansHe
00CTEXEHHS NMoKa3ano ABOOIMHWUIA NTO3, 3HMKEHWI TMOTKOBUN
pednekc, odTanbmonapes, nape3 obnuyys. Y BCix Bunaakax
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[JiarHo3 BCTAHOBIEHO 3a JaHNMU aHaMHe3y Ta XapaKTepHoI A4S
G0Tyni3amy KnMiHiYHOI KapTUHK, BiH He NOTpebyBaB NPOBEAEHHS
niaTBEPIKYBaNbHUX TeCTiB. YCi XBOpi OTpUManu cneuudiyHe
nikyBaHHS — NOMNiBaneHTHWA BOTYMIHIYHWIA @aHTUTOKCKH. YCi na-
LiiEHTY He NoTpedyBanm LUTY4YHOT BEHTUNSILYi NereHb. Y AMHaMiIL
cnocTepirann YCyHeHHs HaUTSHKYMX CUMMTOMIB, NPOTe TPUBaso
3bepiranacs nepuceprnyiHa M’'s308a cnabKiCTb pi3HUX CTYNEHIB
BUpaxeHocTi. [oBHe ofgyxaHHs noTpebysano 612 TkHiB [8].

OnucaHe y i nybnikawji kniHiYHe CNOCTEPEXEHHS LEMOH-
CTPY€e PO3BUTOK SATPOrEHHOrO GOTYMi3My y NauieHTku BikoMm 58
POKIB MpYW BUKOPUCTaHHI HeniLleH3oBaHoro npenapaty BoNT-A
mig, Yac kocmeTonoriyHoro BTpyyaHHs full face. 3ayeaxumo, wo
HaM He BAarocs OTpUMaTh NEPEKOHMBY iHGhopMaLliio LLIOAO A03K
npenapary, sika, 3i cniB nawieHTku, ctaHoBuna nvwe 100 Of.

i vac aHaniay KniHiYHOT CUMNTOMaTUKK NPUBEPHYNa yBary
MOCTyNoBa MaHihecTauis Ta nornubneHHs KIiHiYHOi cumnTo-
MaTuKI X 40 po3BUTKY BynbbapHUX NopyLUeHb, a came adarii
Ha 10 poby xBopobu. Kpim Toro, neBHa Aucouiauis KniHiYHOI
CUMMTOMATUKK, 30KpeMa BIACYTHICTb Migpiasy, ycknagHtoBana
KniHiYHY AiarHocTuky 60TynisMy Npu NepBUHHOMY OrnsAi navi-
EHTKM NiKapsiMK HeiHdeKLiHOro npodirio.

3rigHO 3 AaHVMK CMCTEMATWNYHOTO OrMSiAY, PO3BMTOK STPO-
reHHoro 6oTyniaMy 3achikcoBaHO MpU 3aCTOCYBaHHI LUMPOKOTO
Jiana3oHy go3yBaHHs npenapaty BoNT-A - Big 100 O go
2000 Of, y cepenHbomy — 487 O[] [1]. Y3aranbHeHuit aHanis
KNiHIYHWX MPOSIBIB ATPOreHHoro 60TyniaMy AaB 3MOry BCTaHOBU-
TH, LLO CUCTEMHI CUMNTOMM 3a3BMYali PO3BMUBANMCS NPOTArom 4
[JHiB micnst iH'ekuii. FOMOBHMMM KNiHIYHMMM 03HaKamMu € gucdaris
(82,3 %), nTo3 (78,8 %), 3aranbHa crnabkicTtb (65,5 %) i po3BUTOK
AnxarnbHOi HeOCTaTHOCTI, WO NoTpebye NPOBEAEHHS LWUTYYHOI
BeHTUNALIT nerexb (12,4 %). JikyBaHHs sTporeHHoro GoTynis-
My y 59,3 % nauieHTiB notpebyBano BegeHHs! 60TyniHIYHOTO
AHTUTOKCKHY Ta 3aCTOCYBaHHSI aHTUXOMIHECTepasHuX 3acobis
(24,8 %) [1].

Y HaLLOMy KNiHIYHOMY CMOCTEePEXEHHI NEPLLI KMiHIYHI NposiBu
ATPOrEHHOT0 BOTYIi3MY 3'ABUNNCS Y NaLLiEHTKM Maibxe Yepes 14
Ji6 nicns BBeneHHs npenapaty BoNT-A Ta nporpecysanu npoTsi-
rom 10 7i6 ax fo nosiey GynbBapHUX NopyLLEHb, SK-0T adbarii. [po
TpuBanicTb iHKybaLliiHoro nepiogy Ao 17 Ai6 NoBiZOMASANM iHLWi
JOCIAHUKIA, 3a3HAYMBLLM MPY LIbOMY, LLO, 33 AaHuMK 10-piyHoro
aHanisy KriHiYHUX BUNaakiB ATporeHHoro 6oTyniamy, MediaHa
iHKy6aLliiHoro nepiogy cTaHoBWTL 3 JOOM [7].

Y HaLoMy KniHIYHOMY CMIOCTEPEXEHHi AiarHo3 STPOreHHoro
GoTyniamy 3a yMOB NOCTYNOBOrO MPOrpecyBaHHs HEBPOIONiYHOI
CUMNTOMATUKV BCTaHOBMeHo nuwe Ha 10 goby xBopobu Ha nip-
CTaBi KNiHIKO-eMiAeMIONOrivHMX AaHUX i BUKITIOYEHHS OpraHiYHOi
HEBPOMOriYHOT NATONOrii 3 BUKOPUCTaHHAM METOZIB Bidyanisallji.
Tomy BBeAeHHs BOTYNiHIYHOMO renTaBaneHTHOr0 aHTUTOKCUHY
3ailicHeHo Tinbki Ha 10 goby xBopobu.

3a3Haunmo, Lo B HAYKOBIN NiTepaTypi ONMCaHO aHamnoriyHi
KNiHiYHi BUNaAKM LOAO BiACTPOYEHOTO NiKyBaHHS 60TYMiHIYHIM
AHTUTOKCMHOM XBOPWX Ha ATPOrEHHW GOTyni3Mm nicns iH'ekuin
BoNT-A B kocmetonoriyHin npaktuui [9]. Y Lbomy onuci ABOX
KMiHIYHWX BUNaAKIB NaLieHTKW 3BEPHYNUCS MO MEAUYHY LONOMOry
Ha 7 i 9 neHb nicng iv'ekuin BONT-A, He3Baxatoum Ha BUHUKHEH-
HS1 KIIHIYHUX MPOSIBIB ATPOreHHoro 60Tyniamy Ha 3 foby micns
3actocyBaHHs npenaparty. KniHivHi nposiu sTporeHHoro 60Ty-

ni3amy y LiMX XBOpUX 3yMOBMIOBanu HEObXiAHICTb cneumndivHoro
niKyBaHHs1, TOMYy iM BBEAEHO BOTYIMiHIYHMIA aHTUTOKCUH. B 060X
nauieHToOK BUSIBNEHO KNiHIYHEe MOKpaLLeHHS nicns BBEOEHHS
QHTUTOKCUHY [9].

[JiarHo3 siTporeHHoro 60TyniaMy B HALLIOMY KMiHIYHOMY crio-
CTEPEXEHHI BCTAHOBIMEHO Ha NiACTaBi KMHIYHOI CUMMTOMATUKM,
[aHnX enigemionoriyHoro aHaMmHesy Ta BUKITHOYEHHS OpraHiuHol
HeBpornoriyHoi natonorii. MpoeeaeHa bionoriyHa npoba Ha Mu-
Lax Ha BUsBNEHHst 60TynoToKcKHy 6yna HeraTuHot. Bigomo,
LLIO BW3HAYEHHS fiarHo3y GoTyniaMy rpyHTYeTbCS Hacamnepes
Ha KniHiYHMX gaxux [10,11].

OUiHIOBaHHK KIIHIYHMX JaHUX 3HAYHO CTIPUSIE KOPEKTHUIA
aHanis enigemionoriyHoro aHamHesy nif 4ac [iarHoCTUKM i
Xapu4oBOrO, i ATpOreHHoro 6otyniamy. [ing nabopaTtopHoro nig-
TBepIkeHHs GionoriyHa npoba Ha MULLIAX € CTaHAAPTHAM TECTOM
A5 BUSIBNIEHHS BOTYMIHIYHOrO HEMPOTOKCHY, MPOTE i YyTIMBICTb
HeBucoka. TOMy OTPUMaHHS! HEraTUBHOTO PE3ynbTaTy LIbOro TECTy
He 3anepeyye KniHiYHy fiarHocTuKy GoTynismy.

Po3pobneHo Takuit MeTog nigTBEPMKEHHS AiarHosy 6o-
Tyniamy, ik MaTpM4YHO-acCMCTOBaHa NasepHa aecopbuis / ioHi-
3auia 3 mac-cnektpomertpieto, Wwo B 10-100 pasis yyTnueila
3a GionoriyHy npoby Ha Muwax. BTim, Lei MeToA HUHI He €
LUIMPOKOZOCTYMHUM Ta Ma€ BUCOKY BapTiCTb. ANbTEpHATUBHUM
BapiaHTOM NOLyKy GOTYNOTOKCMHY MOXe ByTu nocuneHui
NOMIHECLIEHTHUIA TOMOTeHHWIA aHani3 HaBNMXeHHS, NOEAHaHWIA
3 iMmyHocop6eHTHUM aHanisom (AlphalISA) [12]. AlphaLISA He
notpebye nonepenHLOi CTagii NPOMUBAHHS, MaE MEHLLY TpuBa-
nictb (npubnnaHo 30 XBUMMH), BUCOKY YyTIMBICTb BUSIBIEHHS
BorynotokcuHy (Big 0,05-0,10 Hr/Mn) Ta MeHLLY LiHy NOPIBHSHO
3 Mac-cnekTpomeTpieto. Mpote Len meTog we nepebyBae Ha
eTani oLiHoBaHHS eheKTUBHOCTI Ha pi3HUX MaTpuusx [12]. Taki
LOCRigKeHHS 3aCTOCOBYIOTb Nif Yac BUBYEHHS CnanaxiB TSHKKOTO
ATporeHHoro 6oTyniamy. Tak, y 3BiTi ONMCAHO BUNAAKM, Y SKUX
CMpoBaTKa KpoBi CMoYaTKy BUSIBUMACS HEraTyBHOK Ha 6oTyni-
HIYHWUA HEPOTOKCUH 3a AaHuMK BionoriyHoi Npobu Ha MuLax,
arne OTPUMaHO NO3WUTWBHWIA Pe3ynbTar MaTPUYHO-aCCTOBAHOI
nasepHoi aecopbuii / ioHisauji 3 Mac-cnektpometpieto [13].

Kpim TOro, HiHi Nig Yac po3cnigyBaHHs crianaxis ATPOreHHoro
GoTyniamy BUKOPWUCTOBYIOTb MOMEKYNSAPHO-TEHETUYHI METOAN,
SK-OT noniMepasHy NaHLOroBy peakLito Ans ineHTudikauii 60-
TYNOTOKCWHY B CUPOBATLi KPOBI. Y IOCAiMKEHH 3a pesyrsrataMu
BMBYEHHS MacLLTabHOro cnanaxy STporeHHoro 6oTynismy micns
BHYTPILUHBOLLINYHKOBWX iH' kL npenapaty BoNT-A, nos’siaaHoro
3 MEOUYHNM Typr3MoM 10 TypeyunHm B B6epesHi 2023 poky, y vo-
TUPBOX EBPONENCHKUX KpaiHax (HimeuunHa, Lseinuapis, ABCTpis,
®paHuis) foBegeHo 34 Bunagkn ATporeHHoro 6otynismy [6].
HesBaxatoum Ha 3aCTOCyBaHHSIM KOMMIEKCY METOANK, @ came Bio-
NOriYHOI MPOBY Ha MULLIAX Ta KiNbKICHOTO aHanidy nonimepasHoi
NaHLtoroBOi peakLiii Ha KnacTepy reHiB 60TYNOTOKCKHY, BOanocs
OTpPUMATH igeHTUAIKAL,it0 TOKCUHY Tinbku y 9 i3 34 xBopwX [6].

Tomy paHHsi came KriHiYHa giarHocTika GoTyniamy noTpe-
Bye ocobnmeoi yBaru. Ockinbku napaniy y Xxsopux Ha 6oTyniam
PO3BMBAETLCA yXe LUBMAKO, OOTYMIHIYHUIA aHTUTOKCKH Chig
MpW3Ha4aT emnipuiHo Anst GinNbLIOCTI BUNaAKiB, KoM 3a KIi-
HIYHUMW JaHUMK € NPUMYLLEHHS PO PO3BUTOK 6OTYNi3My, abu
3anobirT NporpecyBaHHIO 3aXBOPIOBaHHS Ta PO3BUTKY AyXasb-
Hoi HegocTatHocTi [10,11,13].
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Y HaLLIOMY KNiHIMHOMY CIOCTEPEXEHHI 3BEPHYNM yBary Ha rno-
BiMbHWI PErPEC KIiHIYHOT CUMMTOMATVKN STPOrEHHOT0 60TYni3mYy,
Lo noTpebyBarno nepeBeaeHHs B HEBPOMOTiYHeE BiAANEHHS Ans
peabinitaji. 3rigHo 3 pesynsTaTamu AOCTIMKEHb iHLWIKX aBTOPIB,
He3BaXatouM Ha YCYHEHHS HAWTSHKYMX CUMMTOMIB SITPOTEHHOTO
Botyniamy nicns BBeAeHHs 60TYNIHIYHOrO aHTUTOKCUHY, Y na-
LieHTiB 306epiranacs nepudepriHa M’'s30Ba CnabkicTb pisHOro
CTYMeHs BUPaXXeHOCTi. [insi NOBHOO Ofly)xaHHS iHogi Moxe ByTu
noTpibHo noHag 6 micauis [1,8].

Y HayKoBill nitepatypi 0coONMBUIA akUEHT 3pobrneHo Ha
BUNaZKN STPOreHHOro 60Tyni3My Micns 3aCTOCyBaHHS HeMiLeH-
30BaHuWx npenapartis BoNT-A[7,8] abo npenapartis BoNT-A, 1o
He NpW3HaYeHi Ans MeAUYHOrO BUKOPUCTaHHS [14].

Y pocnimkerHi D. S. Chertow et al. HaBeagHO KniHiYHY xapak-
TEPUCTUKY 4 NaLliEHTIB i3 TsHKKM nepebirom STporeHHoro 6oTynis-
My (BCi BUMagky abopaTopHO MigTBEPMKEHI), siki noTpebyBanm
MPOBEAEHHs TPUBANOI LUTYYHOI BEHTUNALT nereHb i TpuBanoi
isnuHoi peabinitauii [14]. AtporeHHun 60Tyni3M poO3BUHYBCA
nicns 4—6 BHYTPILUHEOM 'S30BUX iH' €KL i3 KOCMETUYHOK METOKD
y OiNsHLi ABOCTOPOHHIX «ryCsiMX fanoky», Ha nepericci Ta yoni.
OcobnuBicTb LpOro cnanaxy — BukopuctaHHs BoNT-A, skui
npu3HaYeHuin 4ns nabopaTopHUX LOCTIMKEHb | MaB BiANoOBiaHe
MapKyBaHHS: «Tinbkv Ans OCAigHUX Winen. He ans Bukopu-
CTaHHs NiognHotox. BignosigHo, npenapar He OyB niLeH30BaHNIA
A5 BUKOPUCTaHHS 3 MEANYHOI0 Yi KOCMETOMONYHOK Linmko.
PoacnigyBaHHs LbOro cnanaxy aTporeHHoro 6oTynismy nepep-
Bayano TecTyBaHHs 3a gonomoroto BioTecty HedTpanisauii Ha
MULLIAX 3paskiB MaLlieHTiB i BMICTY (PrnakoHy 3 TOKCUHOM 3 Tiel
camoi napTii BUPOBHWKa, LLO 1 TOKCUH, MOB’A3aHNIA i3 3aXBOpIO-
BaHHAM LyX 4 navjeHTi. BCcTaHOBMEHO, WO piBEHb TOKCUHY B
CMpOBATL}i KPOBi XBOPWX i3 BKPaW TSHKKIM NepebiroM ATporeHHoro
BoTyniamy 4o cneumgivHoro NikyBaHHS ekBiBaneHTHUN Big 21 00
43 po3paxyHKOBUX NeTanbHUX 403 Ans noguHu [14]. 3a pesynb-
TaTamMu PO3ChiZyBaHHS LIbOro cranaxy STporeHHoro 6otynismy,
0Ci0, sIki HEHaNEeXHUM YMHOM NpoLaBanu Ta BUKOPUCTOBYBanM
HeniueHaosaHi npogykT BoNT-A, npuTardyTo Ao KpuMiHansHoi
BignosigansHocTi [14].

Bepyuu 10 yBarv 3poCTaHHs KinbKOCTi BUNaAKIB ATPOreHHOro
BoTyniamy y CBITi, KMHILMCTY MatoTb iHPOPMYBATM MaLLiEHTIB NPO
MOXTVBI HeOaxaHi Hacriaky nicnst BBeaeHHs npenaparis BoNT-A
Ta 3a6e3ne4yBaTi MOHITOPUHI HEBPOIOTIYHUX CUMMTOMIB MiCAS
nikyBaHHs. Hoa npobnema sTporeHHoro 60Tyrniamy 3yMOBMHOE
HeobXigHICTb NiABULLEHHS 06i3HaHOCTI nikapiB i po3pobneHHs
pekoMeHzaLlii, y SKWX 3a JaHUMK [J0Ka30BOi MEAULIMHU MatoTb
OyTn CcTaHOapTM30BaHi MeToau BBeAeHHs npenapatis BoNT-A,
ONTUMI30BaHi 4031 Ta MiCLiA BHYTPILLHBOM'SI30BUX iH €KL, Kpim
TOro, cnip nepeadadunT nofarbLue CocTepeXeHHs NaLieHTiB,
a mixgueumnniHapHi nigxogyn OyoyTe MaTh BupilLanbHe 3Ha-
YeHHs! Anst 3MEHLLEHHS! PU3MKIB PO3BUTKY STPOreHHOro BoTyris-
my [1,2,3,15].

BucHoBKH

HaBegeHe KIiHiYHe CMNOCTEPEXEHHS BUNAZKY STPOTEHHOrO
Borynismy, 4O PO3BUHYBCA Y MaLlieHTKM BikoM 58 pokis nmicns
3aCTOCYyBaHHS HeniLeH3oBaHoro npenapaty BoNT/A, skwii BBe-
[eHo nig Yac kocMeTonorivHoro BTpyyaHHs full face, nemMmoHcTpye

0COOMMBOCTI KINIHIYHMX NPOSIBIB, TPYAHOLL KMiHIYHOT AiarHOCTHKM
npW NEPBUHHOMY OMIAgI, AMHAMIKy MaHiecTauii cumnTomis
ATPOrEHHOr0 6OTYIi3MY, @ TAKOX perpec HeBPOMOTiYHOT CUMMTO-
MaTWKm nicnsi NpoBefeHHs cneuudiHOro NikyBaHHS.

MNepcnekTMBM NOAAALLLMX AOCAIAXEHDb MOMNAraTh Y PO3-
LUMPEHHI JaHUX MPO MOXIIUBI BapiaHTW PO3BUTKY STPOTEHHOrO
Botyniamy Ans nigBMLLEHHS IHPOPMOBAHOCTI MPAKTUYHIX NikapiB
Pi3HKX cnewianbHOCTeN.

ETMuHe cXxBaneHHA

Yci npoueaypu, siki BUKOHanw nig Yac AOCRIMKEHHS, BiANOBIAANM YUHHUM
€TNYHUM CTaHAAPTaM LLOAO KIHIYHOI NPaKTVKK, HopMaM [enbCiHCLKOT
peknapauii 1964 poky 3 nonpaskamy Ta «3aranbHoi Aeknapalii npo 6ioeTuky
Ta npaea noanHu (FKOHECKO)». Kowmicist 3 nutaHb Gioetukn 3anopiabkoro
[iepXaBHOr0 MeamKo-hapMaLieBTUYHOTO YHIBEPCUTETY PO3rmsiHyna matepiany,
HaBefeHi y nybnikavyii, nopyLueHb He BusBneHo (npotokon Big 20.05.2026
poky Ne 8). MauieHTka Hagana nucbMoBY iHPOPMOBAHY 3rofly Ha y4acTb Yy
[0CHifKeHHI Ta nybrikaLjto aHOHIMI30BaHUX AaHMX.

DAeknapauia wopo BukopuctanHs LI
ABTOPM HE BUKOPUCTOBYBANM IHCTPYMEHTM LUTYYHOrO HTENEKTY Mif Yac
NiAroTOBKM pyKOMMCY.
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