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Pedepar:

1. OcTaHHIMHM pOKaMM CIIOCTEPIra€TbCsl 3pOCTAHHS KiJIbKOCTI MALI€HTIB 3 THIMHO-3ala/IbHUMU YPOKEHHSIMU LIKipY.
Taka TeHAeHL1is1 3yMOBJIeHa HU3KOI0 (GaKTOPiB, 30Kpema MOMKUPEHHSIM XPOHIUHUX 3aXBOPIOBAHb, a TAKOXK
HECBOEYACHOIO Ta HEKOPEKTHOIO [IiarHOCTUKOIO Ta JIIKyBaHHSIM. Y 3B'I3Ky 3 LIUM 3HAYHO 3POCTA€ PUBUK PO3BUTKY
THiITHO-3aMajbHUX YCKJIAJHEHD, 10 TPU3BOIUTD A0 30iIbIIEHHS KiIbKOCTi aHTMOiOTUKOPE3UCTEHTHUX MITaMiB
Oakrepiil. Taka TeHIEHLis JeMOHCTPY€E HEOOXiHICTh MOUIYKY iIHHOBALiHMX MiIXOLiB y JIiKyBaHHI iHpeKIiltHuX
IIKipHUX ypakeHb. OHUM i3 TaKMX METO/iB € BUKOPUCTAHHS HAHOTEXHOJIOTIH /1151 pO3p00KU MO (iKOBaHUX

IIepeB’sI3yBaIbHUX MaTepiaiB 3 BKIIOYEHUM aHTUMIKpOOHUM areHTOM, TaKUM SIK HaHo4acTUHKU Mifi (CuNPs). Minp



Mae€ BHUpakeHi aHTUMIKpOOHi BIaCTMBOCTI Ta € BiTHOCHO [I€II€BUM MaTeEpPiasioM, 110 JO3BOJIsIE 3HAYHO 3HU3UTHU
BapTiCTh BUPOOHUIITBA TAKUX MOBA30K. [lncepraniiiHa po60Ta MPpUCBSIYeHa PO3POOIIi MOB’I30K HA OCHOBI
I10J1IMOJIOYHOI KUCJIOTU 3 JopaBaHHsAM CuNPs 1151 JikyBaHHS THiHUX WKipHUX iHQeKLiil. Byso npoBeneHo
€KCIIEPMMEHTAJIbHE IOCII)KEHHSI 1711 OLiHKU €(PEKTUBHOCTI CUHTE30BAaHUX MEMOPAH IPH JIiKyBaHHi THilTHO]
in¢exuii mKipy 1a60paTOPHUX TBAPUH. JI0CIIiIKEHHS BKJIIOYasIO TaKi MeToAU: (Pi3suKO-XiMiuHNMI (CKaHYBaJIbHA Ta
IIPOCBiUyloya eJIeKTPOHHA MiKPOCKOIIisl, eHeprofycIiepciiina peHTreHiBCbKa CIIeKTPOCKOIIisT) MiKpOo6iosoriuHuiA, in
vitro (mocif>keHHs Ha KyJbTypi KJITUH), in vivo (DocigpykeHHs Ha 1ab0paTOPHUX TBAPUHAX), FCTOJIOTiYHUN
(3abapBJI€HHS FeMAaTOKCUIIIH-€03UHOM), IMyHOTICTOXIMIUHNM (TaHEeJIb MaKpO@parajJbH1X Ta Mi€JIOiTHUX MapKepiB
CD68, CD163 Ta MPO) Ta cTaTuCTUYHUY (IapaMeTpUYHi Ta HellapaMeTpUYHi MOKa3HUKMY). [lucepTaliliine
IOCJIiIKEeHHsI IPOBOAUIIOCH Ha 72 1ab0paTOPHUX TBApUHAX, SIKi Oysin 06'ejHaHi y 4 rpyny 3a/1€5XKHO Bif
CHAHTE30BaHOTO TUIy MEMOPaH, BUKOPUCTAHOTO 715 JTIKyBaHHS TBApUH: rpyna 1 — maTepiaa Ha OCHOBI
110J1iM0JI04HOI KcsioTU (PLA-MeMO6paHn); rpymna 2 — maTepiajl Ha OCHOBI I10JIiIMOJIOYHOI KMCJIOTH 3 10AABAHHIM
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 JOJABaHHSIM XiTO3aHy Ta
HaHo4yacTUHOK Mizli (PLA /Ch-CuNPs-mem6panu). bibniomeTpuyHuil aHasi3 HayKOBUX ITy6JliKallill BUSBUB, 110
CuNPs novany akTUBHO BUBYaTUCS NPOTATrOM OCTaHHix 30-Tu pokiB. OfHAK, JOCiI)KEHHSI HAHOYACTUHOK Mifli
OO iX BIUIMBY Ha 3aTO€HHS PaH I10Yajv IIPOBOAUTH JIULIE IIPOTATOM OCTaHHIX 14-TH POKiB, 10 BKa3ye Ha
3POCTaHHS HAYKOBOT'O iHTE€pPEeCY 10 JAHOTO HilIOBOrO 3aCTOCYBAaHHS BKa3aHUX HAHOYACTUMHOK. AHAIIi3
mopdosoriunoi ctpykTypu CuNPs nokazas, 1jo BOHY MalOTh IJIOCKY TOJIKONOAI6HY ¢hopMy, a ix po3mip carae ~800
HM Y OBXUHY Ta ~150 HM y mupuny. AHasniz CuNPs nicss noBroTprsasnoro 36epiraHHs BUsSBUB BUCOKUI piBeHb
iXHbOI Jerpazauii y po3uuHi 3a yMOB JJOCTYITy aTMOC(EPHOT0 KUCHIO. AHajIi3 HTUTOTOKCUMYHOro BIMBY CuNPs Ha
KyJIbTYPY KJIiTUH KepaTUHOUMUTIB noguHu HaCaT BUSBUB iCTOTHI BiAMIHHOCTI Y >KUTTE€3ATHOCTI KJIITUH, 5IKi Oyu
iHKy60BaHi 3 pi3HUMU KOHILIEHTPALisIMA HAHOYACTUHOK Mifli. Bysi0 BU3Ha4YeHo iHribyBasbHy KOHLeHTpalio 50%, 1m0
craHoBuna 19,078 Mkr/mi Ha 1-i1 geHs i 12,951 MKr/MJ1 Ha ieHb 3 Bif, IoYaTKy ekcriepuMenTy. OTpyuMaHi faHi
BKa3yIOTh Ha 3HAYHUI LIMTOTOKCUYHUI BIUIMB BUCOKMX KOHLIeHTpauin CuNPs. JlocmiIKeHHs CUHTE30BaHNUX
MeMOpaH BUSIBAJIO OJHOPiIHICTh BOJIOKOH Ta OJJHAKOBi cepeHi fiameTpu. BonokHa PLA-meM6panu manu po3mipu
171 x 120 HM, a BosiokHa PLA /Ch-mem6panu - 175 x 63 HM. JloZjaBaHHS XiTO3aHy JO MeMOpaH IIO3UTHUBHO BILJIMHYJIO
Ha iX CTPYKTypy, 30KpemMa MEMOpaHU MaJy 6iblll ONHOPIZHUNI PO3Mip BOJIOKOH Ta YTBOPIOBAHUX HUMMU I1OP.
EHeprogucnepciiiHa peHTreHiBCbKa CIIEKTPOCKOIIISI BUSIBAJIA Miflb Y AOCIIPKyBaHMX 3pa3Kax MeMOpaH, 0 BKa3ye
Ha ycnimHy iHkopnopauito CuNPs y CTpyKTypy BOJIOKOH. JI0CIiIKeHHS aHTU6aKTePialbHUX BJIaCTUBOCTEN
MeMOpaH IJISXOM iX iHKyOallii 3 F(paMIO3UTMBHUMY Ta TPaMHETaTMBHUMMU 110KAa3aB 3HAYHUN aHTUOAKTEePiaIbHUM
eeKT CUHTe30BaHMX MeMOpaH, [0 IKux O0yJv AOJaHi HAHOYACTUHKU Mifi. [I1aHiMeTpUYHa OLiHKa PAaHOBOTO
nedexTy BUIBUIA €(PEKTUBHICTb Y 3MEHILIEHH] pO3Mipy paH NpoTIrom 21-ro AHs jiKyBaHHS 3a JOIIOMOTOIO MOB'SI30K
3 mojaBaHHAM xiTo3aHy Ta CuNPs. [IpoBeneHa ricTosoriyHa OliHKa TKaHWH IIKipY BUSIBAJIA 3MEHIIEHHS
€KCYLATUBHUX IIPOSIBiB y TBAPHH, sKi oTpuMyBainu jJikyBaHHS PLA /Ch-CuNPs-memb6paHamy, 110 BIJIMBAJIO HA
3MEHILIEHHS YacCy 3arO€HHS PaH MOPIBHAHO 3 IHIMMMU JOCIiIKYyBaHUMU IPyNiaMy. IMyHOTICTOXIMIYHMN aHAaIi3
BUSIBUB HalO/IbII CIPUSTINBY AUHAMIKY eKcripecii M1 tuny makpodaris y rpyni PLA /Ch-CuNPs-mem6paH, ne
BeJIMKA iX KiJIbKiCTb Ha ITOYaTKy [TOCTYIIOBO 3HMXYBAJach 0 KiHIs eKcriepuMeHTy. KinpkicTe M2 Tuny makpodaris
30i/blIyBasIach y Apyriil YaCTUHI €KCIIEPUMEHTY, 10 € 3aKOHOMIPHUM [1J1s1 LIbOTO TUIY KJIiTMH. BUsiBJIeHa BUCOKa
KiZIbKiCTb HEMTPO(isIiB HA MOYATKY JiKyBaHHS 3 ii MOaIbIIMM 3MEHIIEHHSM CBiJUNUTb [IPO PO3BUTOK TOCTPOrO
3aMaJILHOTO MPOLECY 3 NOCTYIIOBUM 3arO€HHAM paHU. [iCTOIOrYHMN aHasli3 TKAaHMH NIapEHXIMaTO3HYX OpPraHiB
eKCIIepUMEeHTAaJIbHUX TBApUH He BUSIBUB BUPa3Hoi crienudiyHoi pe3opoTuBHoOi fii, cipuunHeHoi CuNPs, 110 BXOISTh

IO CKJIafly IepeB’sI3yBabHIX MaTepiaiB.

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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