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Pedepar:

1. Incepraliist npucBsYeHa AOCIIIKeHHI0 e(deKTUBHOCTI I0€IHAHOTIO 3aCTOCYBaHHSI HAHOYAaCTUHOK CpibJia Ta
HU3bKOYACTOTHOTO yJIbTPA3ByKy IIPM JIiKyBaHHi IHilHOI XipypriuHoi iHdexkuii. XipypriuHa iHdeK1is WKipu Ta M'IKUX
TKaHVH B Halll Yac 3aliMae OfiHe 3 IIEPIIMX MICIb B CTPYKTYPi XipypriuHoi 3aXBOPIOBaHOCTI i ckiagae 30-45 %.
HesBakarouu Ha JOTPUMAHHS IPUHLMUIIB ACENTUKU | aHTUCENTUKY, PO3BUTOK MajlIOiHBa3MBHUX TEXHOJIOTIH,
IIMPOKE 3aCTOCYBaHHS aHTMOAKTepiaJIbHUX NIPeNnaparis, KiJIbKiCTb XBOPUX 3 THIHHMMY PaHOBMMU NIPOLleCaMU He
Mae TeHJEeHIii 40 3MEHIIEeHHS], a YaCTOTa XipypriuyHoi iH(eKLii 3anuimaeTbcs cTabiJIbHO BUCOKOIO i 3aliMae TpeTe
MicIe y CTPYKTYPi BCiX BHYTPIlIHbO-JIiIKAPHSIHUX iHpeKLill. MeTolo po60TH 6yJI0 eKCIIEPUMEHTAJIbHE

OOI'PYHTYBaHHS [1I0€JHAHOTO 3aCTOCYBAHHS HAHOYACTMHOK Cpibjla Ta HU3bKOYACTOTHOTO yJIbTPA3BYKY IPHU JIiKyBaHHi



THIiMHOI xipypriyHoi iH¢ekuii. BinnosigHO 00 MocTaBleHNX 3a4a4 BUKOPUCTOBYBAJIMCh TaKi METOAY JOCIIiIKEHHS:
3araJibHOKJIiH{YHI, IIaHiMeTpu4dHi, MOPDOMETPUYHi, GAKTEPiOJIOTiYHi, TiICTOJIOTIYHI, IIUTOJIOTiYHI, CTATUCTUYHI,
aTOMHO-€MICIHY CIIEKTPOMETPIIO 3 iHIYKTUBHO 3B'S13aHOIO I171a3MOI0, IIPOCBIYYyI04Yy €JIEKTPOHHY MiKPOCKOIIIIO,
aTOMHO-abCOPOLiNHY CIIEKTPOMETPIIO, PACTPOBY €JIEKTPOHHY MIKPOCKOIIil0, €EHeprogyCIePCiiiHY pEHTTE€HIBCbKY
cnieKkTpockorliio. CUHTe30BaHi HAHOYACTUHKU cpibia, po3amipamu 25-60 HM, BUSIBUIM BUCOKY aHTUMiKPOOHY
aKTUBHICTb BiTHOCHO 30yJHUKIB rHiMHOI xipypriuHoi indexuii (S. aureus, S. pyogenes, E. coli, K. pneumoniae, P.
aeruginosa, P. vulgaris ta C. albicans) in-vitro y koHueHnTpauisx Big 12,5 Mkr/mi 1o 50,0 Mkr/mi1. TloegHane
3aCTOCYBAHHS HAHOYACTUHOK CpibJia Ta HU3bKOYACTOTHOTO YIbTPA3BYKY (26,5 + 1,98 KkI'11) 103B0OJIsIE ICTOTHO
HiACUINTY aHTUMIKPOOGHY aKTHMBHICTh HAHOYACTHHOK cpibJia (MiHiManbHO iHribyio4i Ta 6aKTepruLnIHI KOHIeHTpalLii
3MeHuy0TbCs 1o 0,012 - 0,78 mxr/mi ta 0,05 - 1,6 MKT/MJ1, BiATIOBiHO), CKOPOTUTU WIBUAKICTb €JliMiHalil
30y[JHUKIiB Ta IOKPALIUTYU aHTUOIOIIIBKOBY aKTMBHICTh HAHOYACTUHOK Cpibia. Ha KyJbTypi KIIITUH IepMalbHUX
$i6po61acTiB He crlocTepirasocs LUTOTOKCUYHOI [1ii HAHOYACTHUHOK Cpibsia yepes 72 rof, py KOHLEHTPALisSX HUXKYe
3,2 MKT/MJ1, Ta 4epes 24 rof, — Ipyu KOHIEHTpallisiX HAHOYAaCTUHOK cpibia Huxkue 6,4 MKr/mi1. EdpexTuBHa
aHTHMMIKpPOOHA KOHLIEHTPALlisi HAHOYACTUHOK Cpibsia y MoeqHaHHI 3 HUBbKOYACTOTHUM YJIbTPa3BYKOM (26,5 + 1,98
K[']) He nepeBuIyBala JONYCTUMUAX LATOTOKCUYHUX 3HAYEHb, 110 JO3BOJISIE 32CTOCOBYBAaTA HAHOYACTUHKY Cpibia
IIpM JIiKyBaHHi rHiHOI XipypriuHoi iHdekuii y KOHLeHTpauisax Hik4e 1,6 MK /MJ1. Pe3ysibTaTu eKCliepUMEeHTalbHOTO
IOCTiI)KEeHHS Ha J1ab0paTOPHUX LIypax in-vivo BKa3yloTh HAa MO3UTHUBHY JMHAMIKY 3aTO€HHSI Ta IPUCKOPEHHS BCiX
(a3 paHOBOTO IIPOLLECY TOCTPUX THITHMX PaH Ta HIMHUX PaH, 10 TPUBAJIO HE 3arolI0ThCS IPU OETHAHOMY
BUKOPUCTAHHI HAHOYACTUHOK CPibJla Ta HU3bKOYACTOTHOTO YJIbTPA3BYKy. [loeJHaHe 3aCTOCYBaHHSI HAHOYACTUHOK
cpibJsia Ta HU3bKOYACTOTHOTO YJIbTPa3BYKy (26,5 + 1,98 kI'1y) npu J1iKyBaHHI TOCTPUX THITHUX paH [03BOJISIE
[IPUCKOPUTH 3aTO€HHS 32 PAXyHOK LMIBUAIIOIO OYMIIEHHS PaH Bif FTHIHHO-HEKPOTMYHUX TKAHMH, KPalloi esiMiHarii
6akTepianbHOI MiKpoQI0pH, IIBUALINX TEPMIHIB OSIBU IPaHyJIALil Ta emniTesizatii, nopiBHsIHO 3 JikyBaHHIM 0,05 %
PO34MHOM XJIOPT€KCUMHY, MOHOTEPAIlie€l0 HAHOYACTUHKAMU CPibia Ta HU3bKOYACTOTHUM YJIbTPa3BYKOM. [ToBHE
3aKPUTTSI paHOBUX Jle(EeKTiB rOCTPUX THIMHUX paH HacTtaso Ha 11,3 axis mBuame (p < 0,0001), nopiBHsHO 3
JIiKYBaHHSIM PO3YMHOM XJIOpreKCcUauHy; Ha 5,1 no6u msupe (p < 0,05), MOPiBHSHO 3 MOHOTEpaIli€lo HAHOYACTUHOK
cpi6uia; Ta Ha 2,2 1o6u mBume (p < 0,05), B NOPiBHSIHHI 3 MOHOTEpaIli€l0 HU3bKOYaCTOTHUM YJIbTPa3ByKOM. [Ipu
JIiKyBaHHIi FHIHUX €KCIIEPUMEHTAJIbHUX PaH, 10 TPUBAJIO HE 3arOlI0ThHCS, 3 IIOEJHAHUM BUKOPUCTAaHHAM
HAHOYACTUHOK Cpi6Jia Ta HU3bKOYACTOTHOTO YIbTPa3BYyKy (26,5 + 1,98 k'), y nopiBHsHHI 3 gikyBaHHIM 0,05 %
PO34MHOM XJIOPTEKCUIVHY, MOHOTEPAIi€l0 HAHOYAaCTUHKAMM CPibJla Ta HU3bKOYACTOTHUM YJIbTPA3BYKOM,
CITOCTEPiTrasoch MBUIIE OYUIIEHHS PaH Bifl THINHO-HEKPOTUYHUX TKAHWH, Kpalla eiMiHallisg 6akTepiasbHOI
MiKpodiopH, MBUALI TEPMiHYM NIOSIBY TPaHYJISILIN Ta eniTesisalii, i, sK Hac/lifgoK, MBUIIe 3aroeHHs paH. [ToBHa
eniTtesizallis rHiMHYUX paH, L0 TPUBAJIO He 3aroll0ThCs, NP IO€IHAHOMY BUKOPUCTAaHHI HAHOYACTUHOK Cpibya Ta
HU3bKOYACTOTHOTO yJIbTPa3BYKy HAaCTynua Ha 6,9 nHiB mBume (p < 0,05), nopiBHsHO 3 jikyBaHHAM 0,05 %
PO3YMHOM XJoprekcuauny; Ha 2,9 no6u msuauie (p < 0,05), mopiBHSIHO 3 MOHOTEpaIlielo HaHOYaCTUHKaMU cpibia;
Ta Ha 4,2 nobu mwBue (p < 0,05), y NOPiBHSIHHI 3 MOHOTEpaIli€lo HU3bKOYACTOTHUM YJIbTPa3ByKoM. I1pu
IOCJIiZIPKEHHI KPOBI 1ypiB, KOHLIEHTpallisl cpibiia He epeBuIyBasla IOKa3HUKM KOHTPOJIbHOI IPYNH i 6ys1a B MeXKax
Big 0,06 mMxr/n1 1o 0,16 MKr /7. MiciieBe BUKOpHUCTaHHSI HAHOYACTUHOK CpibJia SIK Y IKOCTi MOHOTepaIlii, Tak i y
IIO€HAHHI 3 HU3bKOYACTOTHUM YJIbTPa3BYKOM (26,5 + 1,98 kI'1), pu JliKyBaHHi eKCllepUMeHTaIbHUX TOCTPUX
THITHUX paH Ta THIMHUX PaH, 110 TPUBAJO HE 3arolol0ThCs, He 3MiICHIOE CUCTEMHOI pe30pOTUBHOI [1ii, HE BUKJIMKAE
NiABUINEHHS BMICTY cpibJia B KPOBi Ta B IPUJIEIINX [IO PAaHU TKAaHWHAX, OJHAK MA€ TEHAEHII0 10 HAKOIIMYEeHHS

HAaHOYaCTUHOK Cpibiia 6e3nocepesHbO Ha MOBEPXHI HifTHUX paH.

2. The dissertation is devoted to the research of the efficiency of the combined use of silver nanoparticles and
low-frequency ultrasound in the treatment of purulent surgical infection. Surgical infections of the skin and soft
tissues now occupy one of the first places in the structure of surgical morbidity and account for 30-45 %. Despite
adherence to the principles of asepsis and antiseptics, the development of minimally invasive technologies,
widespread use of antibacterial drugs, the number of patients with wound infection does not tend to decrease, and
the incidence of surgical infection remains consistently high and ranks third in nosocomial infections. The aim of
the study was the experimental substantiation of the combined use of silver nanoparticles and low-frequency



ultrasound in the treatment of purulent surgical infection. According to the set tasks the following research
methods were used: general clinical, planimetric, morphometric, bacteriological, histological, cytological,
statistical, inductively coupled plasma atomic emission spectrometry, transmission electron microscopy, atomic
absorption spectrometry, scanning electron microscopy, energy-dispersive X-ray spectroscopy. Synthesized silver
nanoparticles, 25-60 nm sizes, have high antimicrobial activity against purulent surgical infections (S. aureus, S.
pyogenes, E. coli, K. pneumoniae, P. aeruginosa, P. vulgaris ta C. albicans) in-vitro at concentrations from 12.5
ug/ml to 50.0 ug/ml. The combined use of silver nanoparticles and low-frequency ultrasound (26.5 + 1.98 kHz)
allows to significantly enhance the antimicrobial activity of silver nanoparticles (minimally inhibiting and
bactericidal concentrations decrease to 0.012 - 0.78 ug/ml and 0.05 - 1.6 pg/ml, respectively), reduce the rate of
elimination of pathogens and improve the antibiofilm activity of silver nanoparticles. No cytotoxic effect of silver
nanoparticles was observed in dermal fibroblast cell culture after 72 h at concentrations below 3.2 pg/ml and after
24 h at silver nanoparticles concentrations below 6.4 pg/ml. The effective antimicrobial concentration of silver
nanoparticles in combination with low-frequency ultrasound (26.5 + 1.98 kHz) did not exceed the allowable
cytotoxic values, which allows the use of silver nanoparticles in the treatment of purulent surgical infection at
concentrations below 1.6 pg/ml. The results of an experimental study in laboratory rats in-vivo indicate a positive
dynamics of healing and acceleration of all phases of the wound process of acute purulent wounds and purulent
wounds that do not heal for a long time with the combined use of silver nanoparticles and low-frequency
ultrasound. The combined use of silver nanoparticles and low-frequency ultrasound (26.5 + 1.98 kHz) in the
treatment of acute purulent wounds can accelerate healing by faster cleansing of wounds from purulent-necrotic
tissues, better elimination of bacterial microflora, faster granulation, and epithelialization, compared with the
treatment of 0.05 % chlorhexidine solution, monotherapy with silver nanoparticles or low-frequency ultrasound.
Complete closure of wound defects of acute purulent wounds occurred 11.3 days faster (p < 0.0001), compared
with the treatment of chlorhexidine solution; 5.1 days faster (p < 0.05), compared with monotherapy of silver
nanoparticles; and 2.2 days faster (p < 0.05), compared with low-frequency ultrasound monotherapy. In the
treatment of purulent experimental wounds that do not heal for a long time, with the combined use of silver
nanoparticles and low-frequency ultrasound (26.5 + 1.98 kHz), compared with 0.05 % chlorhexidine solution, silver
nanoparticles or low-frequency ultrasound monotherapy, rapid ultrasound cleaning wounds from purulent-
necrotic tissues, better elimination of bacterial microflora, faster granulation and epithelialization, and, as a
consequence, faster wound healing. Complete epithelialization of purulent wounds that do not heal for a long time,
with the combined use of silver nanoparticles and low-frequency ultrasound, occurred 6.9 days faster (p < 0.05),
compared with treatment with 0.05 % solution of chlorhexidine; 2.9 days faster (p < 0.05) compared with silver
nanoparticles monotherapy; and 4.2 days faster (p < 0.05), compared with low-frequency ultrasound monotherapy.
In the study of the rats' blood, the concentration of silver did not exceed the indicators of the control group and
ranged from 0.06 pg/1to 0.16 ug /1. Local use of silver nanoparticles both as monotherapy and in combination with
low-frequency ultrasound (26.5 + 1.98 kHz) in the treatment of experimental acute purulent wounds and purulent
wounds that do not heal for a long time does not have a systemic resorptive effect, does not cause increasing
content of silver in the blood and in the tissues adjacent to the wound, but tends to accumulate silver
nanoparticles directly on the surface of purulent wounds.
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