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Pedepar:

1. CepueBo-CyIMHHI 3aXBOPIOBAHHS, B TOMY 4Kl ilemMidHa xBopoba cepud (IXC), € rimobanbHOI0 TPO6IEMOI0
OXOpOHH 3710poB's. ['ocTpa imemMiyHa XBOpoba cepis, B ToMy uucii ingapkT miokapay (IM) e nposigHUMU
IIpUYMHAMU CMEPTI cepe], pale3faTHoro HaceseHHs. OfHielo 3 HaloMKpeHimux NpuyrH iHdapKTy MioKapza €
OKJII03i51 KPOBOHOCHMX CYIUH CEepLs, 10 32 YMOB BiICYTHOCTi B4aCHOTO BifJHOBJIEHHS KDOBOTOKY NIPU3BOAUTD 1O
HEKPO3Yy KapAiOMiOLIUTIB Ta yTBOPEHHS HENIPOBiAHOI (iOpO3HOI pybLeBOi TKaHMHU. B faHOMY BUNIAOKY iCHYIOUi
METO/IY MeJIMKaMEHTO3HOTO JIiKyBaHHS (0-a4peH06JI0KaTOPH, CTATUHU, 6JI0KaTOPU KaJibllieBUX KaHAJIiB, aHTArOHICTU
P2Y12-peuentopis AL npsiMoi 1iii, aHTUAPUTMIUHI, aHTUKOATYJISIHTH Ta iH.) Ta XipypriyHOro JiikyBaHHS (
YyepeslKipHe KOPOHAapHE BTPy4YaHHSs1, a0OPTOKOPOHAPHE HIYHTYBaHHS, TPAHCMiOKapiiaabHa peBaCcKyJIIpU3allis,
iMnIaHTOBaHI KapaioBepTepu-1ediopunaTopy, cepleBa peCUHXPOHi3alliiiHa Teparis Ta iH.) B epIly Yyepry

IIPOIIOHYIOTHh CUMIITOMATUYHE IIOJIETHIEHHS, B TOM 4ac K CcepueBa TKAHMHHA iH)KeHepiH MOXKe 3aIIpOIIOHYBAaTU



LJISIXY pereHepallii NOMKOAKEeHOTo cepleBoro m’a3a. TpuBuMipHi ckadosau A1 TKAHMHHOI iHXeHepii € K1o4oM
IIO YCIIiXy CTBOPEHHS TKAHMHHUX eKBiBasieHTiB. [Ipy 1jpboMy, OKpiM CTaHAApTHUX BUMOT [10 cKadoLiB, SIK TO
6i0CYMiCHICTb, IOPUCTICTh Ta WIBUJIKICTb bioAerpaalii, MmaTepianu 1js peresepallii cepls MaloTh 3ab6e3nedyBaTu
€JIEKTPOIPOBIAHICTD [J151 IPOBEEHHS HEPBOBYX iMIyJIbCiB. Cepen, YNCIEHHUX MiAXO0M1B, 3alIPOIIOHOBAHUX [1JIS
pereHepallii cepLieBOro m'si3aa, BUKOPUCTAHHS €JIEKTPONPOBIIHNAX CEPLEBUX IJIACTUAPIB € OJIHAM 3 HalOibII
MePCIEKTUBHUX. [I711 CTBOPEHHS KapAiaJbHUX MJIACTUPIB BUKOPUCTOBYIOTh €JIEKTPOIPOBiAHI ITOJIIMEPH, 4K
OpraHiuHi, TaK i CUHTETHYHI, HacaMIlepe[l: KoJlareH, XiTo3aH, pi6bpuH, noJinipoJ, noJi (BiHijIoBUIT) cupT, noJi (L-
JIAKTUTJIKOJIA), TOJIi(MOJIOYHO-KO-TJIiKOJIEBA KACJIOTA), o (L-MoJ104Ha KUCI0Ta) Ta iHmi. [IpoTe mBHIKa
Ierpanallis OpraHiyHUX [10JIiMepiB Ta UTOTOKCUYHICTb BUILelepesiueHuX CUHTETUYHUX I10J1iMepiB 0OMeEXYe ix
3aCTOCYBaHHS B TKaHWHHIN iH>KeHepii. HalnepcreKTUBHIINM MOJIIMEPOM 1711 CTBOPEHHSI CEPLIEBOTO IIJIACTUPS €
nostikanposiakToH (PCL) 3aBasIKM IPOCTOTI BUTOTOBJIEHHS, IIPOrHO3YI040i 6iogerpagauii Ta 6iocymicHocTi. s
3a6e31e4YeHHs1 €JIeKTPOIIPOBITHOCTI cKago11iB MU TPOIIOHYEMO BUKOPUCTaHHS HOBUX IBOBUMIPHUX HaHOJIAMiHATIiB
- MXene, s1Ki 37aTHI 3a6e3M1e4YnTy IPOBELEHHS HEPBOBUX IMITYJIbCiB, 30ibIINTH rinpodinbHiCTE MEMOPaHU Ta
nigBUIMTY ii 6i0CcyMicHICTB. 3BakKalouy Ha BiICYTHICTb JAHUX PO MOXKIMBICTb BUKOopUcTaHHsl PCL-MXene
MIOPUCTUX KOMITIO3UTHUX MaTepiaiB, AucepTallisi IPUCBSIYEHA PO3POOJIEHHIO TEXHOJIOTII CTBOPEHHS TPUBUMIPHUX
€JIEKTPOIIPOBiNHUX NoJIiMepHUX ckadoiB 115l pereHepariii TKaHUH ceplisl, BUBYEHHIO iX CTPYKTypH, Gi3uKo-
XiMIYHUMX BJIACTUBOCTEM Ta 610CyMiCHOCTI. Y 4OCIIiyKeHHI BAKOPUCTOBYBAJIN METOL €JIeKTPOIPSLiHHS IJ1s1
OTPUMAaHHS BUCOKOIIOPUCTHX Ta HAHOBOJIOKHUCTUX MEMOPAH Ha OCHOBI 6i0CyMiCHOTO, 6i0ferpanaiyoro,
MEXaHiYHO CTa61IbBHOTO CUHTETUYHOTO 0JliMepy — MOJIiKAIIPOJIaKTOHY. 1715 3a6e3ned4eHHs rigpo@isbHOCTI
MeMOpaH 3 METOIO TOoJIeTIeHHs iMITperHariii MXene My MOpPiBHIOBAIM TPY HAUMOUIMPEHIIUX MeToa 06pobku PCL-
MeMOpaHu (cipuyaHa KUCJI0Ta, ipOKCU]], HAaTPilo Ta KUCHEBA Iy1a3ma). Bei 3a3HayeHi MeToau 103BOJININA 3HAYHO
niaBUIIUTY TigpodinbHi BacTUBOCTI MeMOpaH, HeoOXigHi 11 iMMo6ini3anii 4BOBUMipHMX HAaHOMAaTepiaiB, mpoTe
KUCJIOTHA Ta JIy’KHA 06pO0Ka IpU3Ben 10 30ibLIeHHS TOBIMHN BOJIOKOH Ta 3MEHIIEHHS [IOPUCTOCTi MeMOpaH, 110
MOXKe HeraTUBHO BIUJIMHYTHU Ha NpoJtidepaliiio KIiTUH y TOBILi ckadosny. O6pobdKa KUCHEBOIO I1J1a3MOI0 J03BOJIMIIA
301IbIIMTY MIOPUCTICTD 32 PaXYHOK 3MEHIIEHHS KiJIbKOCTi BOJIOKOH HAHOMETPOBOTO JiaMeTPy. 3MEHIIEHHS
KOHTaKTHOro KyTa nosepxHi PCL mem6panu 3 130+3° o meHuie Hix 80° niciist XimiyHOi 06po6Ku Ta Maibke 1o 0°
I1ics1sl BAKOPMCTaHHS KUCHEBOI I1J1a3MU J03BOJINJIO BUKOpUCTAaTH MeTo, deep coating miis immobinizanii Ti3C2Tx
MXene. [lanuit meTos 3a6e31€4uB piBHOMIpHUII po3noain 2] HaHoMaTepiasiB Mo IO Ta IMM6MHI MeMOpaHH, 1110
MaJlo 3a0€3I1eYNTH BiiTIOBiIHY €JIEKTPOIPOBiIHICTh. MeTO I, €eHeprogucIepCiiHoi ClIEKTPOCKOILil 03BOJIMB
BM3HAUUTY HASBHICTbh TUTAHy B aTOMHIN KOHLeHTpaLii Bif 2,42% 10 5,79%, 10 CBiIYUTbh PO HasBHiCTh MXene Ha
IIOBepXHi MaTepiany. JlonaTkoBa 06pobdka MeMOpaHy KMCHEBOIO I171a3MOI0 3 METOI0 3MEHIIEHHSI KOHTaKTHOTO KyTa
[IOBEPXHi JOCTOBIPHO He BILJIMHYJIA HA BMICT TUTAHy HA IOBEPXHi MeMOpaHu. Pe3ybTaTyl JOCHiIKEHHS
IOCTPYIOTB, 10 PO3PO6JIEH] €/1€KTPONPOBiIHI TPMBUMIPHI MOJIiIMEPHIi CKadOIaM MAIOTh BeJIMYE3Hi IEPCIIEKTUBU B
3a0e31e4eHHi CTPYKTYPHOT'O 3MilJHEHHSI [1OIIKO)KEHO]I €J1eKTPOIIPOBiAHOI TKaHMHU (CceplieBoi, HepBOBOi a60

M3€B0i) Ta Ilepeayi eJIeKTPUYHUX IMITyJIbCiB, €(PEKTUBHO iMITYIOUM OCHOBHY €JIEKTPUYHY IIPOBiIHICTb.

2. Cardiovascular disease, including coronary heart disease (CHD), is a global health problem. Acute ischemic heart
disease, including myocardial infarction (MI), is the leading cause of death among the working-age population. One
of the most common causes of myocardial infarction is occlusion of the blood vessels of the heart, which, in the
absence of timely restoration of blood flow, leads to cardiomyocyte necrosis and the formation of non-conductive
fibrous scar tissue. In this case, the existing methods of medical treatment (n-adrenergic blockers, statins, calcium
channel blockers, direct-acting P2Y12 ADP receptor antagonists, antiarrhythmics, anticoagulants, etc. ) and
surgical treatment (percutaneous coronary intervention, coronary artery bypass grafting, transmyocardial
revascularization, implantable cardioverter-defibrillators, cardiac resynchronization therapy, etc.) primarily offer
symptomatic relief, while cardiac tissue engineering may offer ways to regenerate damaged heart muscle. Three-
dimensional scaffolds for tissue engineering are key to the success of creating tissue equivalents. In addition to the
standard requirements for scaffolds, such as biocompatibility, porosity, and biodegradation rate, materials for
cardiac regeneration must provide electrical conductivity for nerve impulses. Among the numerous approaches
proposed for cardiac muscle regeneration, the use of electrically conductive cardiac patches is one of the most



promising. Electrically conductive polymers, both organic and synthetic, are used to create cardiac patches,
primarily: collagen, chitosan, fibrin, polypyrrole, poly(vinyl alcohol), poly(L-lactide glycolide), poly(lactic-co-
glycolic acid), poly(L-lactic acid), and others. However, the rapid degradation of organic polymers and cytotoxicity
of the above synthetic polymers limits their use in tissue engineering. The most promising polymer for creating a
cardiac patch is polycaprolactone (PCL) due to its ease of manufacture, predictable biodegradation, and
biocompatibility. To ensure the electrical conductivity of scaffolds, we propose the use of new two-dimensional
nanolaminates - MXene, which can provide nerve impulses, increase the hydrophilicity of the membrane and
improve its biocompatibility. Taking into account the lack of data on the possibility of using PCL-MXene as porous
composite materials, this thesis is devoted to the development of technology for creating three-dimensional
conductive polymer scaffolds for heart tissue regeneration, studying their structure, physicochemical properties,
and biocompatibility. The electrospinning method was used to produce highly porous and nanofiber membranes
based on a biocompatible, biodegradable, mechanically stable synthetic polymer, polycaprolactone. To ensure the
hydrophilicity of the membranes in order to facilitate MXene impregnation, we compared the three most common
PCL membrane treatments (sulfuric acid, sodium hydroxide, and oxygen plasma). All of these methods significantly
increased the hydrophilic properties of the membranes, which are necessary for the immobilization of two-
dimensional nanomaterials, but acid and alkaline treatments led to an increase in fiber thickness and a decrease in
membrane porosity, which can negatively affect cell proliferation in the scaffold thickness. Oxygen plasma
treatment increased the porosity by reducing the number of nanometer-diameter fibers. The reduction of the
contact angle of the PCL membrane surface from 130+3° to less than 80° after chemical treatment and to almost 0°
after the use of oxygen plasma allowed the use of the deep coating method for the immobilization of Ti3C2Tx
MXene. This method ensured a uniform distribution of 2D nanomaterials over the area and depth of the
membrane, which was to provide appropriate electrical conductivity. The EDS method made it possible to
determine the presence of titanium in an atomic concentration of 2.42% to 5.79%, indicating the presence of
MXene on the surface of the material. Additional treatment of the membrane with oxygen plasma to reduce the
surface contact angle did not significantly affect the titanium content on the membrane surface. The results of the
study illustrate that the developed electrically conductive three-dimensional polymer scaffolds have great
prospects in providing structural strengthening of damaged electrically conductive tissue (cardiac, nervous or
muscle) and transmission of electrical impulses, effectively simulating the basic electrical conductivity.
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