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1. Perenepatiss Miokapay pu 3aCTOCYBaHHI HOBUX MXene-BMiCHUX €JIEKTPOIPOBITHUX MOJIMEPHUX CKa(OIAiB,

OTPUMAaHUX METOJOM €JIeKTPONPSAiHHS
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Pedepar:

1. CepueBo-CyIMHHI 3aXBOPIOBAHHS, B TOMY 4MCJIi imeMivyHa xBopo6a cepug (IXC), e r106ambHOI0 NPO6IEMOIO
0XOpOHH 3710poB'sl. ['ocTpa imemiyHa xBopoba ceplis, B ToMy uncii ingapKT miokapay (IM) € npoBigHUMU
IpUYMHAMU CMEPTi cepef, rpale3jaTHoro HacesaeHHs. OfiHi€l0 3 HAUNOMMPeHIMNX NPUYMH iHPapKTy Miokapaa €
OKJIIO3is1 KPOBOHOCHUX CYJIVH CEPL, 110 32 YMOB BiICYTHOCTI B4aCHOI'O BiJHOBJIEHHSA KPOBOTOKY IIPU3BOIUTD [0

HEKpO3y KapAioMiOLIUTIB Ta yTBOPEHHS HeIIpoBinHOi (pibpo3HOi pydLieBoi TKAaHMHU. B faHOMY BUNIAAKY iCHYIOUi

METOJIM MeJIMKaMEeHTO3HOTI'0 JIiKyBaHHS (0-aApeHO0610KaTOpU, CTaTUHM, 6JI0KATOPU KaJlbllieBUX KaHaJiB, aHTaroHiCTU

P2Y12-peuenropis AZI® npsimoi aii, aHTUapUTMiuHi, aHTUKOATYJISIHTY Ta iH.) Ta XipypriyHoro JikyBaHHS (



YepeslKipHe KOPOHApHE BTPy4YaHHs1, a0OPTOKOPOHAPHE HIYHTYBaHHS, TPAHCMiOKapiaabHa peBaCKyJIIpU3allis,
iMIIJIaHTOBAaHI KapaioBepTepu-IediopuisiTopy, cepleBa peCUHXPOHi3alliliHa Tepariis Ta iH.) B nepury yepry
IIPOIIOHYIOTh CUMIITOMATUYHE TOJIETIIEHHS, B TOM 4ac SIK CepL,eBa TKAHWHHA iH)KEHEPis MOXKe 3alIpOIIOHYBATU
LJISIXY pereHepallii MOoMKOAKEeHOTo ceplieBoro m’sa3a. TpuBuMipHi ckadosauy A1 TKAHMHHOI iHXeHepii € K1o4oM
IIO YCIIiXy CTBOPEHHS TKAHMHHUX eKBiBasieHTiB. [Ipy 1jpboMy, OKpiM CTaHAApTHUX BUMOT 110 CKadoLiB, SK TO
6i0CyMiCHICTb, IOPUCTICTh Ta MIBUJIKICTb Oiogerpazaliii, MaTepianu 1J1s peresepaliii ceplis MatoTh 3ab6e3redyBaTu
€JIEKTPOIIPOBIAHICTD [J151 IIPOBENEHHS HEPBOBYX iMIyJIbCiB. Cepen, YNCIEHHUX MiIXO0M1B, 3alIPOIIOHOBAHUX [IJIS
pereHepatlii CEpL,eBOro M'si3a, BAKOPUCTAHHS €JIEKTPONPOBIIHNX CEPLEBUX IVIACTUPIB € OJHUM 3 HaNOiIbII
MEePCIEKTUBHUX. [I711 CTBOPEHHS KapAiaJbHUX MJIACTUPIB BUKOPUCTOBYIOTh €JIEKTPOIPOBiAHI ITOJIMEDPH, 4K
OpraHiuHi, TaK i CUHTETHYHI, HacamIepe[i: KojlareH, XiTo3aH, pi6bpuH, noJinipoJ, noJi (BiHijIoBUit) cupT, noJi (L-
JIAKTUTJIKOJIM), TOJ1i(MOJIOYHO-KO-TJIiKOJIEBA KACJIOTA), o (L-MoJy104Ha KUCI0Ta) Ta iHi. [IpoTe mBUKa
Ierpazallis OpraHiyHUX MoJliMepiB Ta HIUTOTOKCUYHICTb BUllleNlepeliueHUX CUHTETUYHUX T0JliMepiB 06Mexye ix
3aCTOCYBaHHS B TKaHWHHIN iH>KeHepii. HalnepcrnekTUBHIIINM MOJIIMEPOM [1J1S1 CTBOPEHHSI CEPLIEBOTO IIJIACTUPS €
nostikanposiaktoH (PCL) 3aBAsIKM IPOCTOTI BUTOTOBJIEHHS, IIPOrHO3YI040i 6ioferpasalii Ta 6iocymicHocTi. Ims
3a6e31e4yeHHs eJIeKTPOIIPOBITHOCTI cKago11iB MU TPONIOHYEMO BUKOPUCTAaHHS HOBUX JIBOBUMIPHUX HaHOJIAMiHATIiB
- MXene, sKi 37aTHI 3a6e3M1e4YnTy IPOBELEHHS HEPBOBUX IMITYJIbCiB, 30iMbIINTH rinpodinbHiCTE MEMOPAHU Ta
nigBUIMTH ii 6i0CcyMicHICTb. 3Bakalouy Ha BiICYTHICTb AaHUX [IPO MOXKJIMUBICTh BUKOopUcTaHHsl PCL-MXene
MIOPUCTUX KOMITIO3UTHUX MaTepiaiB, IucepTallisi IPUCBSIY€Ha PO3POO6JIEHHIO TEXHOJIOTII CTBOPEHHS TPUBUMIPHUX
€JIEKTPOIIPOBIHUX NOJIIMEPHUX CKa(OJIIiB 1151 pereHepallii TKAaHWH Ceplisl, BABYEHHIO iX CTPYKTYPH, Pi3UKO-
XiMIYHUX BJIACTUBOCTEMN Ta 610CyMiCHOCTI. Y 4OCIIiIKeHHi BAKOPUCTOBYBAIN METOL €JIeKTPOIPSLiHHS IJ1s1
OTPUMAaHHS BUCOKOIIOPUCTHX Ta HAHOBOJIOKHUCTUX MEMOPAH Ha OCHOBI 6i0CyMiCHOTO, 6ioferpanaiyoro,
MEXaHI4YHO CTabiIbHOTO CUHTETUYHOIO MOJIiIMEPY — MOJIIKANPOIaKTOHY. [lj1s1 3a6e3ne4YeHHs rilpo@ilbHOCTI
MeMOpaH 3 METOIO MOoJIeTHIeHHs iMIperHailii MXene Mmu nopiBHIOBaJIM TPY HAUTIOMUPEHINX MeTona o6pobku PCL-
MeMb6paHu (cipyaHa KUCJIO0Ta, TNigpoKCU HaTPilo Ta KUCHeBa My1a3Ma). Bei 3a3HaueHi MeTony J03BOIUIN 3HAYHO
MigBUIIUTY TigpodinbHI BIaCTUBOCTI MeMOpaH, HeoOXifaHi 11 iMMobinizallii ABOBUMipHMX HaHOMAaTepiasiB, IpoTe
KMCJIOTHA Ta JIY>KHa 06pO0OKa MPU3BEJIM 10 30i/bLIeHHS TOBLUIMHYU BOJIOKOH Ta 3MEHILIEHHS IOPUCTOCTi MeMOpaH, 110
MO>Ke HeraTMBHO BIUIMHYTH Ha nposidepaliio KIiTuH y ToBli ckadosnny. O6podka KUCHEBOIO I1J1a3MOI0 J103BOJIMIIA
301IbLIIMTY MIOPUCTICTD 32 PaXYHOK 3MEHIIEHHS KiJIbKOCTi BOJIOKOH HAHOMETPOBOTO JiaMeTpy. 3MEHILIEHHS
KOHTaKTHOro KyTa nosepxHi PCL mem6panu 3 130+3° o meHuie Hix 80° niciis ximivHOi 06po6Ku Ta Maibke 1o 0°
Iics1s1 BUKOPUCTAHHS KUCHEBOI I1J1a3MU JO3BOJINJIO BUKOpHUCTAaTH MeToh, deep coating niis immobinizanii Ti3C2Tx
MXene. [lanuit meTo 3a6e31ne4uB piBHOMIpHUI po3noain 2]l HaHoMaTepiasiB Mo IO Ta IIM6MHI MeMOpaHH, 1110
MaJlo 3a0€3I1eYNTH BiATIOBiIHY €JIEKTPOIPOBiIHICTh. MeTO I, €eHEprogucIepCiiHoi ClIEKTPOCKOILii J03BOJIMB
BM3HAUUTY HAsBHICTh TUTAHy B aTOMHII KOHLeHTpalii Bif 2,42% 10 5,79%, 10 CBiI4UTh [IPO HasBHiCTh MXene Ha
NoBepXxHi MaTepiany. JlonaTkoBa 06pobdka MeMb6paHy KMCHEBOIO I171a3MOI0 3 METOI0 3MEHIIIEHHSI KOHTaKTHOT'O KyTa
IIOBEPXHI OCTOBIPHO He BIIJIMHYJIA HA BMICT TUTaHy Ha IOBEPXHi MeMOpaHu. Pe3ybTaTul JOCiIKEHHS
i7IOCTPYIOTH, 1110 PO3PO0JIEH] €JIEKTPOIIPOBIIHI TPUBUMIPHI NOJiMEPHi cKadogy MalOTh BEJIMYE3H] [1IEPCIIEKTHBU B
3a0e31e4eHHi CTPYKTYPHOTO 3MilJTHEHHSI [TOIIKOKEHOI €JIeKTPOIIPOBiAHOI TKAaHMHY (CepLieBoi, HEpBOBOi a60

M’g3€B0i) Ta Iepeayi 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 (o-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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