O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHI HOMeP: 0825U001686
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 14-05-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Byuuk Anna CepriiBHa

2. Anna Butsyk

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0002-0019-025X

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HaykoBOi crieniaIbHOCTI: 091

Ha3Ba HayKoOBOIi CIIeniaJbHOCTI: Biosoris

T'anmyssp / ranysi 3HaHB: Giosoris

OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: 20729 6iosoris
JaTa 3axHcTy: 20-05-2025

CreniaJbHICTh 32 OCBiTOXO: 091 Biosoris

Micue po60oTH 34,00yBaya: CyMCbKuii epKaBHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micuesnaxo,szeHHa: ByJI. XapKiBCbKa, 6ya. 116, Cymu, Cymcbkuii p-H., 40007, YkpaiHa
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InmenTudikarop ROR:




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi ClelliaJai30BaHOI BYE€HOI pazu). PhD 8364
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChKMIi €PKAaBHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3Haxoa>KeHHSI: By/1. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMCbKUIi J€PKaBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: ByJI. XapKiBcbKa, 6y1. 116, Cymun, Cymcokuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 34.57.21, 76.09.33

Tema gucepranii:
1. EbeKTHBHICTb 3aCTOCYBaHHS [IEPEBI3yBAJIbHUX MATepiajliB Ha OCHOBI N10JIiIMOJIOYHOI KACJIOTH 3 BMICTOM

HAaHOYACTUHOK MiJli (EKCIIEPUMEHTAJIbHE NOCIIiIKEHHS)

2. The effectiveness of dressing materials based on polylactic acid supplemented with copper nanoparticles
(experimental study)

Pedepar:

1. OcranHiMU POKaMU CIIOCTEPIraeTbCs 3pOCTAHHA KiJIbKOCTI MALi€HTIB 3 THIMHO-3aNaJIbHUMU YPAKEHHAMMU IIKIpU.
Taka TeHaeH1lis 3yMOBJIeHa HU3KOIO (PaKTOPiB, 30KpeMa MOMNPEHHSIM XPOHIUHUX 3aXBOPIOBAHb, & TAKOXK
HECBOEYACHOIO Ta HEKOPEKTHOIO [IiarHOCTUKOIO Ta JIIKyBaHHSM. Y 3B'3KY 3 LIUM 3HaYHO 3POCTA€E PU3UK PO3BUTKY
THIMHO-3aNa/IbHUX YCKJIaAHEHB, 110 IIPU3BOIUTDH J10 30i/IbIIEHHS KiJIbKOCTi aHTUOIOTUKOPE3UCTEHTHUX ITaMiB
6akrepiit. Taka TeHIEHLis1 4EMOHCTPY€E HEOOXiIHICTh OWYKY iHHOBALIMHMX MiIXOLiB y JIiIKyBaHHI iHpEKUiTHNX
IIKipHUX ypaxkeHb. OLHUM i3 TaKMX METO/iB € BUKOPUCTAHHS HAHOTEXHOJIOTIH 1151 pOo3p0o0KU Mo (iKoBaHUX
IepeB’sI3yBajIbHUX MaTepiasliB 3 BKIIOUEHUM aHTUMIKPOOHUM areHTOM, TaKUM SIK HAHOYacTUHKY Mizi (CuNPs). Minp
Mae BUpakeHi aHTUMIKpOOHi BIaCTUBOCTI Ta € BiIHOCHO [I€II€BUM MaTepPiasioM, 110 NO3BOJIsIE 3HAYHO 3HU3UTHU
BapTiCTh BUPOOHUIITBA TaKMX MOBSI30K. lucepTaliiiHa po6oTa IpucBsYeHa po3po0lli OB’130K HAa OCHOBI

II0JIIMOJIOYHOI KUCJI0TU 3 JopaBaHHsAM CuNPs 1151 JikyBaHHS HiHUX WKipHUX iHQeKLiil. Byso npoBeneHo



€KCIIepUMEHTaJIbHE JOCTiIKEeHHS [171s1 OLiHKM e(PEeKTUBHOCTI CUHTE€30BaHUX MEeMOPaH MNpU JiKyBaHHi THilIHOI
iHdexuii mkipu 1a6opaTopHUX TBapuH. JLOCIiIKEHHS BKIIIOYAJIO TaKi MeToau: isnKo-XiMiuHuMil (CKaHyBaJIbHA Ta
IIPOCBiUyloya eJIeKTPOHHA MiKPOCKOIIisl, EeHeprofycIiepciiina peHTreHiBCbKa CIIEKTPOCKOIIisl) MiKpO06iosIoTiuHuiA, in
vitro (DociIpkeHHs Ha KyJbTypi KJITHH), in vivo (BOoCiIpKeHHs Ha 1ab0paTOPHUX TBAPUHAX), FCTOJIOTiYHUN
(3abapByeHHS reMaTOKCUJIIH-€031MHOM), IMyHOTiCTOXiMiuHUII (TaHeJIb MaKpodarajabHUX Ta MieJIOifHIUX MapKepiB
CD68, CD163 Ta MPO) Ta cTaTUCTUYHUI (IapaMeTpUyYHi Ta HellapaMeTpUYHi MOKa3HUKMY). [lucepTaliiine
IOCJiIKEeHHSI IPOBOAUIIOCH Ha 72 1ab0paTOPHUX TBAPUHAX, SIKi OysiM 06'ejHaHi y 4 rpyny 3a/1€>XKHO Bif
CHUHTE30BaHOTO TUIy MEMOPaH, BUKOPUCTAHOTO 715 JTIKyBaHHS TBapUH: rpymna 1 - maTepiaa Ha OCHOBI
nosiMmosiouHoi kucoty (PLA-mMem6paHu); rpyna 2 — MaTepiaj Ha OCHOBI II0JIiIMOJIOYHOI KUCJIOTY 3 JOIaBaHHSIM
xitozany (PLA/Ch-mem6paHnn); rpyna 3 — Marepiaj Ha OCHOBI I10JIiIMOJIOYHOI KUCJIOTY 3 HAHOYACTUHKaMU Mifi
(PLA-CuNPs-memb6paHnn); rpyna 4 — marepiaj Ha OCHOBI I10JIiMOJIOYHOI KACJIOTH 3 JOJABAaHHSM XiTO3aHY Ta
HaHo4yacTUHOK Mifi (PLA /Ch-CuNPs-mem6panu). bibniomeTpuuHuil aHasi3 HayKOBUX ITy6JliKallill BUSBUB, 110
CuNPs noyany akTUBHO BUBYaTUCS NPOTATrOM OCTaHHiX 30-Tu pokiB. OfHAK, JOCiI>)KEHHSI HAHOYACTUHOK Mifli
OO iX BIUIUBY HA 3aTOEHHS PaH MOYaju IPOBOIUTH JIULIE NIPOTSATOM OCTaHHIX 14-Tu pPoKiB, 10 BKasye Ha
3POCTaHHS HAYKOBOT'O iHTE€PECY 10 JAHOTO HIilIOBOTO 3aCTOCYBAaHHS BKa3aHMX HAHOYACTUHOK. AHAJII3
mopdosoriunoi ctpykTypu CuNPs nokazas, 110 BOHM MalOTh IJIOCKY [OJIKONOAI6HY hopMy, a ix po3mip carae ~800
HM Y IOBXUHY Ta ~150 HM y mupuny. AHasniz CuNPs nicss foBroTprBassoro 36epiraHHs BUSIBUB BUCOKUI piBEHb
iXHBOI Jerpazauii y po3yuHi 3a yMOB JOCTYITy aTMOC(EPHOTO KUCHIO. AHAJIi3 TUTOTOKCUMYHOro BIMBY CuNPs Ha
KyJIbTYPY KJIITUH KepaTuHOUUTIB toguHu HaCaT BusIBUB iCTOTHI BiAMiHHOCTI Y JKUTT€30aTHOCTI KJIITUH, SIKi Oysn
iHKy6OBaHi 3 pi3HUMU KOHIIEHTPALisIMU HAHOYAaCTUHOK Mifli. Bys10 BU3HaveHo iHribyBasbHy KOHLIeHTpalio 50%, 1110
craHoBuna 19,078 Mkr/mi Ha 1-i1 geHs i 12,951 MKr/MJ1 Ha ieHb 3 Bif Io4YaTKy eKcriepuMenTy. OTprUMaHi faHi
BKa3YIOTh HA 3HAYHUI IUTOTOKCUYHUN BIUIMB BUCOKUX KOHLeHTpawnin CuNPs. JlociiiKeHHs CHHTE30BaHUX
MeMOpaH BUSIBUJIO OJHOPITTHICTh BOJIOKOH Ta OJTHAKOBI cepedHi niamerpu. BosokHa PLA-mMeM6paHu manu po3Mipu
171 x 120 uM, a BosiokHa PLA /Ch-mem6panu - 175 x 63 HM. JlofaBaHHS XiTO3aHy JO MEMOpaH IIO3UTHUBHO BILJIMHYJIO
Ha iX CTPYKTypy, 30KpemMa MEMOpaHU MaJly Oijblll ONHOPiAHUNI PO3Mip BOJIOKOH Ta YTBOPIOBAHMUX HUMMU IIOP.
EneproaucnepciiiHa peHTreHiBCbKa CIIEKTPOCKOIIisl BUSIBUJIA Miflb Y JOCIIIKYBaHUX 3pa3Kax MEMOpaH, 1[0 BKa3ye
Ha ycrimny inkopropatito CuNPs y cTpyKTypy BoJIOKOH. JJociiKeHHs aHThOaKTepiaabHUX BJIAaCTUBOCTEN
MeMOpaH IIJISIXOM iX iHKyOallii 3 F(paMIIO3UTHBHUMU Ta TPAMHETaTMBHUMMU 110KAa3aB 3HAYHUN aHTUOAKTEPiaIbHUN
e(eKT CUHTe30BaHMX MeMOpaH, [0 IKuX O0yJv JOJaHi HAHOYACTUHKU Mifi. [I7aHiMeTpUYHa OLiHKa PAaHOBOTO
nedekry BusiBuia eQeKTUBHICTb y 3BMEHILIEHHI po3Mipy paH NpoTarom 21-ro [Hs jIiKyBaHHS 3a JOIIOMOTOI0 TIOB'SI30K
3 mojaBaHHAM xiTo3aHy Ta CuNPs. [IpoBeneHa ricTosioriyHa OLiHKa TKaHWH IIKipY BUSIBAJIA 3MEHIIEHHS
€KCYLATUBHUX IIPOSIBiB y TBAPHH, sKi oTpuMyBainu jJikyBaHHS PLA /Ch-CuNPs-memb6paHamuy, 110 BIJIMBAJIO HA
3MEHILIEHHS YacCy 3arO€HHS PaH MOPIBHAHO 3 IHIIMMU JOCIIIKYBaHUMU IPyNIaMy. IMyHOTICTOXIMIYHMI aHAaIi3
BUSIBUB HalOLIbII CIPUSTIAUBY AUHAMIKy ekcripecii M1 tuny makpodaris y rpyni PLA /Ch-CuNPs-meM6paH, ze
BeJIMKA iX KiJIbKiCTb Ha IIOYATKy [TOCTYIIOBO 3HMXYBAJach 0 KiHIs eKciepuMeHTy. KinpkicTe M2 Tuny makpodaris
30isblIyBasIach y IPYriil YaCTUHI €KCIIEPUMEHTY, IO € 3aKOHOMIPHUM [1J1s1 LIbOTO TUIY KJIiTMH. BUsIBJIEHA BUCOKA
KiJIbKicTh HEUTpOodisIiB Ha TOYaTKy JIiKyBaHHS 3 ii IOJaIbIINM 3MEHIIEHHSIM CBiTYUTb IIPO PO3BUTOK T'OCTPOTO
3aMaJILHOTO IMIPOLECY 3 NOCTYIIOBUM 3arO€HHAM paHU. [ICTOJIOrYHMN aHasli3 TKAHMH [IapEHXIMAaTO3HMX OpPraHiB
€KCIIEPMMEHTAJIbHUX TBAPVH HE BUSIBUB BUPA3HOi crieln(iyHoi pe3opO6TuBHOI fii, cnpuunHeHoi CuNPs, mo BXoasTh

IIO CKJIazly IepeB’sI3yBajIbHIX MaTepiais.

2. In recent years, there has been an increase in the number of patients with purulent-inflammatory skin lesions.
This trend is driven by several factors, such as spread of chronic diseases, delayed and improper diagnosis and
treatment. In this context, the risk of developing purulent inflammatory complications is significantly increasing
and leads to an increase in the number of antibiotic-resistant bacterial strains. This trend highlights the need to
find innovative approaches for the treatment of infectious skin lesions. One of the methods is the use of
nanotechnology to develop modified dressing materials with the inclusion of an antimicrobial agent, such as
copper nanoparticles (CuNPs). Copper has pronounced antimicrobial properties and is a relatively inexpensive
material, which allows for a significant reduction in the cost of producing such dressings. The dissertation is



devoted to the development of dressings based on polylactic acid supplemented with CuNPs for the treatment of
purulent skin infections. An experimental study was conducted to assess the effectiveness of synthesized
membranes in the treatment of purulent skin infections in laboratory animals. The study included the following
methods: physicochemical (scanning and transmission electron microscopy, energy dispersive X-ray
spectroscopy) microbiological, in vitro (cell culture study), in vivo (laboratory animal study), histological
(hematoxylin-eosin staining), immunohistochemical (panel of macrophage and myeloid markers CD68, CD163 and
MPO) and statistical (parametric and non-parametric criteria). The dissertation was conducted on 72 laboratory
animals, which were combined into 4 groups depending on the membranes used for the treatment of animals:
group 1 - material with polylactic acid (PLA-membranes); group 2 — material with polylactic acid and chitosan
(PLA/Ch-membranes); group 3 - material with polylactic acid and copper nanoparticles (PLA-CuNPs-membranes);
group 4 - material with polylactic acid, chitosan and copper nanoparticles (PLA /Ch-CuNPs-membranes).
Bibliometric analysis of scientific publications revealed that CuNPs have been actively studied over the past 30
years. However, research on their effect on wound healing has only been conducted over the past 14 years, which
indicates a growing scientific interest in this specific application. Morphological structure analysis of CuNPs
showed that they have a flat needle-like shape with a size reaching ~800 nm in length and ~150 nm in width.
Analysis of CuNPs after long-term storage revealed a high level of their degradation in solution under the impact of
atmospheric oxygen. Analysis of the cytotoxic effect of CuNPs on the culture of human keratinocyte cells HaCaT
revealed significant differences in the viability of cells incubated with different concentrations of copper
nanoparticles. The 50% inhibitory concentration was determined to be 19,078 ug/ml on day 1 and 12,951 ug/ml on
day 3 from the beginning of the experiment. The obtained data indicate a significant cytotoxic effect of high
concentrations of CuNPs. The study of the synthesized membranes showed the homogeneity of the fibers and the
same average diameters. The PLA membrane fibers had dimensions of 171 x 120 nm, and the fibers of the PLA /Ch
membrane - 175 x 63 nm. The addition of chitosan to the membranes had a positive effect on their structure, in
particular, the membranes had a more uniform size of the fibers and the pores formed by them. Energy-dispersive
X-ray spectroscopy detected copper in the membrane samples, indicating the successful incorporation of CuNPs
into the synthesized fiber. The study of membranes antibacterial properties by incubating them with gram-
positive and gram-negative bacteria showed a significant antibacterial effect of the synthesized membranes to
which CuNPs were added. Planimetric evaluation of the wound defect revealed the effectiveness in reducing the
size of wounds during the 21-day treatment using dressings with the addition of chitosan and CuNPs. Histological
evaluation of skin tissues revealed a decrease in exudative manifestations in animals treated with PLA /Ch-CuNPs
membranes, which contributed to a shorter wound healing time compared to the other study groups.
Immunohistochemical analysis revealed the most favorable dynamics of expression of M1 type macrophages in the
PLA/Ch-CuNPs-membrane group, where their initially high number gradually declined toward the end of the
experiment. The number of M2 type macrophages increased in the later stages, which aligns with their expected
role in tissue repair. The high number of neutrophils was observed at the beginning of treatment, followed by a
subsequent decrease, indicating the progression of an acute inflammation that led to gradual wound healing.
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